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Abstract 

 

Computational studies are very important for biologically active molecules and for the 

development of new drugs, because the biological activities depend on their molecular structures 

and properties. This work presents the results of a conformational study of selected sulfonylureas 

molecules in vacuo. Sulfonylureas are a class of synthetic organic compounds containing a 

thiourea group (sulfonyl and urea groups bonded together) attached to a benzene ring, a substituent 

(R) on the thiourea, and another substituent (R) linked to the benzene ring by a two– or three– 

carbon atom chain attached to an oxygen atom which is directly attached to the benzene ring in 

para position with respect to the thiourea group. The interest in this class of compounds is that 

some compounds are used in the treatment of type 2 diabetes. Molecules with different R and R 

substituents have been considered. Full-optimization calculations were performed in vacuo using 

Density Functional Theory (DFT) and Hartree Fock (HF) methods. Attention was given to the 

identification of stable conformers of each of the molecules considered (obtainable by rotation of 

relevant bonds) and of the conformers’ stabilizing factors. The molecular properties considered 

include the relative energies of the conformers, the parameters of the intramolecular hydrogen 

bonds (IHBs), the dipole moments, the HOMO–LUMO energy gaps, and the vibrational 

frequencies of relevant bonds (in particular, the N–H bonds, because the N–H groups may be IHB 

donors).  

The results indicate that the number and type of IHBs are the major stabilizing factors. A maximum 

of three simultaneous IHBs are possible in the thiourea group. This includes the presence of 

bifurcated IHBs (bifurcation on the hydrogen atom of the donor), which are present in most of the 

stable conformers. The vibrational frequencies of the N–H bonds show changes occurring when 

these bonds form IHBs. The changes showed a rare phenomenon, that is, a blue shift (frequency 

increase) for certain IHBs, and also a much more common phenomenon (red shift. i.e., frequency 

decrease) for other IHBs. The geometry of the thiourea moiety, the nature of R and R, the 

orientation and the length of the chain between the benzene ring and R also show some influence 

on the calculated molecular properties.  

 

 



 

iv 
 

 

Acronyms 

ATP: Adenosine triphosphate 

CHPC: Centre for High Performance Computing 

DFT: Density Functional Theory 

DME: Diabetic macular edema 

GGA: Generalized gradient approximation 

GTOs: Gaussian type orbitals  

HF: Hartree-Fock  

HOMO: Highest Occupied Molecular Orbital  

IHB: Intramolecular Hydrogen Bond 

KATP: ATP-dependent K+ 

LCAO: Linear Combination of Atomic Orbitals  

LDA: Local Density Approximation 

LUMO: Lowest Occupied Molecular Orbital 

MP2: Møller-Plesset second order Perturbation Theory  

MOs: Molecular Orbitals  

NPDR: Non-proliferative diabetic retinopathy 

PAD: Peripheral artery disease 

PDR: Proliferative diabetic retinopathy 

QSAR: Quantitative Structure–Activity Relationship 

SCF: Self-Consistent Field 

STOs: Slater Type Orbitals  



 

v 
 

PES: Potential energy surface 

ZPE: Zero Point Energy 

 

 

 

  



 

vi 
 

List of figures 

Figure 1.1. General structure of the sulfonylureas molecules ………………………………….1 

Figure 1.2. General structures of the sulfonylureas molecules considered in this study ……….2 

Figure 2.1. Structure of the ethane molecule …………………………………………………...6 

Figure 2.2. Decrease in the bond angle as the number of lone pairs of electrons in the molecule 

increases ………………………………………………………………………………………..7 

Figure 2.3. Example of a two-dimension potential energy surface (PES) showing local minima, 

the global minimum and a maximum …………………………………………………………..8 

Figure 2.4. Example of a three-dimensional PES also considering a chemical reaction ………9 

Figure 2.5. A flow chart showing the steps involved in the HF method ………………………14 

Figure 2.6. Harmonic oscillator potential and the Morse potential ……………………………30 

Figure 2.7. Dipole moments of individual bonds and dipole moment of the water molecule and 

the carbon dioxide molecule …………………………………………………………………...32 

Figure 2.8. Illustration of a hydrogen bond ……………………………………………………33 

Figure 2.9. The weak hydrogen bond present in the carboxylic (COOH) group ……………...33 

Figure 2.10. Examples of intermolecular and intramolecular hydrogen bonds ……………….34 

Figure 2.11. Example of hydrogen bonds bifurcated on the hydrogen atom ………………….35 

Figure 3.1. Phenomena involved in type 1 diabetes …………………………………………...37 

Figure 3.2. Difference between a healthy eye and a diabetic eye ……………………………...43 

Figure 3.3. Blood glucose control including the actions of insulin in the body and their pathways 

………………………………………………………………………………………………….47 

Figure 3.4. General structure of sulfonylureas molecules  …………………………………….49 

Figure 3.5. Examples of first-generation sulfonylureas ……………………………………….50 



 

vii 
 

Figure 3.6. Examples of second-generation sulfonylureas …………………………………….50 

Figure 4.1. General structure of the sulfonylureas molecules considered in this work and atom 

numbering utilized for the atoms that are present in all the molecules ………………………..53 

Figure 4.2. Illustration of the hierarchy of the classification criteria used for the sulfonylureas 

molecules and letters selected to denote the characteristics for each criterion ………………..54 

Figure 4.3. Examples of conformers containing three IHBs simultaneously …………………62 

Figure 4.4. Different orientations of the thiourea group and corresponding values of the C4–S8–

N11–H11 dihedral angles ……………………………………………………………………..63 

Figure 4.5. Illustration of the different geometries of the chain between O7 and N18 with respect 

to the benzene ring ……………………………………………………………………………64 

Figure 4.6. Space filling image of conformer CJP-m-r-w1, having three simultaneous IHBs .68 

Figure 4.7. Space filling image of conformer AJQ-k-q-u1, which has two simultaneous IHBs 

…………………………………………………………………………………………………69 

Figure 4.8. Space filling image of conformer CLQ-j-r-w5 – a conformer without any IHB …70 

Figure 4.10. Representative shapes of HOMOs of sulfonylureas molecules …………………86 

Figure 4.11. Representative shapes of the LUMOs of sulfonylureas …………………………86 

Figure 6.1. Optimized geometries of the calculated conformers of compound AGP ……….247 

Figure 6.2. Optimized geometries of the calculated conformers of compound AGQ ………248 

Figure 6.3. Optimized geometries of the calculated conformers of compound AJP ………..250 

Figure 6.4. Optimized geometries of the calculated conformers of compound AJQ ……….251 

Figure 6.5. Optimized geometries of the calculated conformers of compound ALP ……….253 

Figure 6.6. Optimized geometries of the calculated conformers of compound ALQ ………255 

Figure 6.7. Optimized geometries of the calculated conformers of compound BGP ………256 

Figure 6.8. Optimized geometries of the calculated conformers of compound BGQ ………258 



 

viii 
 

Figure 6.9. Optimized geometries of the calculated conformers of compound BJP  ……….259 

Figure 6.10. Optimized geometries of the calculated conformers of compound BJQ ………261 

Figure 6.11. Optimized geometries of the calculated conformers of compound BLP ………262 

Figure 6.12. Optimized geometries of the calculated conformers of compound BLQ .……..264 

Figure 6.13. Optimized geometries of the calculated conformers of compound CGP ……...266 

Figure 6.14. Optimized geometries of the calculated conformers of compound CGQ ……..268 

Figure 6.15. Optimized geometries of the calculated conformers of compound CJP ………269 

Figure 6.16. Optimized geometries of the calculated conformers of compound CJQ ………270 

Figure 6.17. Optimized geometries of the calculated conformers of compound CLP ………272 

Figure 6.18. Optimized geometries of the calculated conformers of compound CLQ ………274 

Figure 6.19. Optimized geometries of the calculated conformers of compound DGP ………275 

Figure 6.20. Optimized geometries of the calculated conformers of compound DGQ ……...277 

Figure 6.21. Optimized geometries of the calculated conformers of compound DJP ……….278 

Figure 6.22. Optimized geometries of the calculated conformers of compound DJQ ………280 

Figure 6.23. Optimized geometries of the calculated conformers of compound DLP ………282 

Figure 6.24. Optimized geometries of the calculated conformers of compound DLQ ……...284 

Figure 6.25. Optimized geometries of the calculated conformers of compound EGP ………285 

Figure 6.26. Optimized geometries of the calculated conformers of compound EGQ ……...287 

Figure 6.27. Optimized geometries of the calculated conformers of compound EJP ……….289 

Figure 6.28. Optimized geometries of the calculated conformers of compound EJQ ………290 

Figure 6.29. Optimized geometries of the calculated conformers of compound ELP ………292 

Figure 6.30. Optimized geometries of the calculated conformers of compound ELQ ………294 

Figure 6.31. Optimized geometries of the calculated conformers of compound FGP ………296 



 

ix 
 

Figure 6.32. Optimized geometries of the calculated conformers of compound FGQ ……...298 

Figure 6.33. Optimized geometries of the calculated conformers of compound FJP ……….299 

Figure 6.34. Optimized geometries of the calculated conformers of compound FJQ ………301 

Figure 6.35. Optimized geometries of the calculated conformers of compound FLP ………303 

Figure 6.36. Optimized geometries of the calculated conformers of compound FLQ ……...305 

Figure 6.37. Shapes of HOMO and LUMO for the calculated conformers of compound AGP 

……………………………………………………………………………………………….307 

Figure 6.38. Shapes of HOMO and LUMO for the calculated conformers of compound AGQ 

……………………………………………………………………………………………….309 

Figure 6.39. Shapes of HOMO and LUMO for the calculated conformers of compound AJP 

……………………………………………………………………………………………….310 

Figure 6.40. Shapes of HOMO and LUMO for the calculated conformers of compound AJQ 

……………………………………………………………………………………………….311 

Figure 6.41. Shapes of HOMO and LUMO for the calculated conformers of compound ALP 

……………………………………………………………………………………………….313 

Figure 6.42. Shapes of HOMO and LUMO for the calculated conformers of compound ALQ 

……………………………………………………………………………………………….314 

Figure 6.43. Shapes of HOMO and LUMO for the calculated conformers of compound BGP 

……………………………………………………………………………………………….315 

Figure 6.44. Shapes of HOMO and LUMO for the calculated conformers of compound BGQ 

………………………………………………………………………………………………..317 

Figure 6.45. Shapes of HOMO and LUMO for the calculated conformers of compound BJP 

……………………………………………………………………………………………….318 

Figure 6.46. Shapes of HOMO and LUMO for the calculated conformers of compound BJQ 

……………………………………………………………………………………………….319 



 

x 
 

Figure 6.47. Shapes of HOMO and LUMO for the calculated conformers of compound BLP 

……………………………………………………………………………………………….321 

Figure 6.48. Shapes of HOMO and LUMO for the calculated conformers of compound 

BLQ………………………………………………………………………………………….322 

Figure 6.49. Shapes of HOMO and LUMO for the calculated conformers of compound CGP 

……………………………………………………………………………………………….324 

Figure 6.50. Shapes of HOMO and LUMO for the calculated conformers of compound CGQ 

……………………………………………………………………………………………….326 

Figure 6.51. Shapes of HOMO and LUMO for the calculated conformers of compound 

CJP…………………………………………………………………………………………..327 

Figure 6.52. Shapes of HOMO and LUMO for the calculated conformers of compound CJQ 

………………………………………………………………………………………………328 

Figure 6.53. Shapes of HOMO and LUMO for the calculated conformers of compound CLP 

………………………………………………………………………………………………329 

Figure 6.54. Shapes of HOMO and LUMO for the calculated conformers of compound CLQ 

………………………………………………………………………………………………331 

Figure 6.55. Shapes of HOMO and LUMO for the calculated conformers of compound DGP 

………………………………………………………………………………………………332 

Figure 6.56. Shapes of HOMO and LUMO for the calculated conformers of compound DGQ 

………………………………………………………………………………………………333 

Figure 6.57. Shapes of HOMO and LUMO for the calculated conformers of compound DJP 

………………………………………………………………………………………………334 

Figure 6.58. Shapes of HOMO and LUMO for the calculated conformers of compound DJQ 

………………………………………………………………………………………………336 

Figure 6.59. Shapes of HOMO and LUMO for the calculated conformers of compound DLP 

………………………………………………………………………………………………338 



 

xi 
 

Figure 6.60. Shapes of HOMO and LUMO for the calculated conformers of compound DLQ 

……………………………………………………………………………………………….339 

Figure 6.61. Shapes of HOMO and LUMO for the calculated conformers of compound EGP 

……………………………………………………………………………………………….340 

Figure 6.62. Shapes of HOMO and LUMO for the calculated conformers of compound EGQ 

……………………………………………………………………………………………….342 

Figure 6.63. Shapes of HOMO and LUMO for the calculated conformers of compound EJP 

……………………………………………………………………………………………….343 

Figure 6.64. Shapes of HOMO and LUMO for the calculated conformers of compound EJQ 

……………………………………………………………………………………………….345 

Figure 6.65. Shapes of HOMO and LUMO for the calculated conformers of compound ELP 

………………………………………………………………………………………………346 

Figure 6.66. Shapes of HOMO and LUMO for the calculated conformers of compound ELQ 

………………………………………………………………………………………………348 

Figure 6.67. Shapes of HOMO and LUMO for the calculated conformers of compound FGP 

………………………………………………………………………………………………349 

Figure 6.68. Shapes of HOMO and LUMO for the calculated conformers of compound FGQ 

………………………………………………………………………………………………351 

Figure 6.69. Shapes of HOMO and LUMO for the calculated conformers of compound FJP 

………………………………………………………………………………………………352 

Figure 6.70. Shapes of HOMO and LUMO for the calculated conformers of compound FJQ 

………………………………………………………………………………………………353 

Figure 6.71. Shapes of HOMO and LUMO for the calculated conformers of compound FLP 

………………………………………………………………………………………………355 

Figure 6.72. Shapes of HOMO and LUMO for the calculated conformers of compound FLQ 

………………………………………………………………………………………………356 



 

xii 
 

Figure 6.73. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound AGP ………………………………………………………………………….359 

Figure 6.74. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound AGQ …………………………………………………………………………360 

Figure 6.75. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound AJP……………………………………………………………………………361 

Figure 6.76. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound AJQ …………………………………………………………………………..362 

Figure 6.77. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound ALP …………………………………………………………………………..363 

Figure 6.78. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound ALQ ………………………………………………………………………….364 

Figure 6.79. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound BGP ………………………………………………………………………….365 

Figure 6.80. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound BGQ …………………………………………………………………………366 

Figure 6.81. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound BJP …………………………………………………………………………..367 

Figure 6.82. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound BJQ ………………………………………………………………………….368 

Figure 6.83. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound BLP ………………………………………………………………………….369 

Figure 6.84. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound BLQ ………………………………………………………………………….370 

Figure 6.85. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound CGP ………………………………………………………………………….371 



 

xiii 
 

Figure 6.86. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound CGQ …………………………………………………………………………..372 

Figure 6.87. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound CJP ……………………………………………………………………………373 

Figure 6.88. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound CJQ ……………………………………………………………………………374 

Figure 6.89. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound CLP ……………………………………………………………………………375 

Figure 6.90. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound CLQ …………………………………………………………………………...376 

Figure 6.91. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound DGP …………………………………………………………………………...377 

Figure 6.92. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound DGQ …………………………………………………………………………..378 

Figure 6.93. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound DJP ……………………………………………………………………………379 

Figure 6.94. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound DJQ …………………………………………………………………………...380 

Figure 6.95. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound DLP ……………………………………………………………………………381 

Figure 6.96. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound DLQ ……………………………………………………………………………382 

Figure 6.97. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound EGP ………………………………………………………………………….…383 

Figure 6.98. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound EGQ …………………………………………………………………………….384 



 

xiv 
 

Figure 6.99. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound EJP ……………………………………………………………………………..385 

Figure 6.100. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound EJQ …………………………………………………………………………….386 

Figure 6.101. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound ELP …………………………………………………………………………….387 

Figure 6.102. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound ELQ ……………………………………………………………………………388 

Figure 6.103. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound FGP …………………………………………………………………………….389 

Figure 6.104. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound FGQ …………………………………………………………………………….390 

Figure 6.105. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound FJP ………………………………………………………………………………391 

Figure 6.106. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound FJQ ……………………………………………………………………………..392 

Figure 6.107. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound FLP ……………………………………………………………………………..393 

Figure 6.108. Diagrams comparing the DFT and HF relative energies of the calculated conformers 

of compound FLQ ……………………………………………………………………………..394 

Figure 6.109. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound AGP ………......396 

Figure 6.110. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound AGQ ………….397 

Figure 6.111. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound AJP …………...398 



 

xv 
 

Figure 6.112. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound AJQ ………...399 

Figure 6.113. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound ALP ………...400 

Figure 6.114. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound ALQ ………...401 

Figure 6.115. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound BGP …………402 

Figure 6.116. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound BGQ …………403 

Figure 6.117. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound BJP …………..404 

Figure 6.118. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound BJQ ………….405 

Figure 6.119. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound BLP ………….406 

Figure 6.120. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound BLQ ………….407 

Figure 6.121. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound CGP ………….408 

Figure 6.122. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound CGQ …………409 

Figure 6.123. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound CJP …………..410 

Figure 6.124. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound CJQ ………….411 



 

xvi 
 

Figure 6.125. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound CLP …………412 

Figure 6.126. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound CLQ …………413 

Figure 6.127. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound DGP ………….414 

Figure 6.128. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound DGQ …………415 

Figure 6.129. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound DJP …………..416 

Figure 6.130. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound DJQ ………….417 

Figure 6.131. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound DLP …………418 

Figure 6.132. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound DLQ …………419 

Figure 6.133. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound EGP …………420 

Figure 6.134. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound EGQ …………421 

Figure 6.135. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound EJP …………..422 

Figure 6.136. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound EJQ …………..423 

Figure 6.137. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound ELP ………….424 



 

xvii 
 

Figure 6.138. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound ELQ ………….425 

Figure 6.139. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound FGP ………….426 

Figure 6.140. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound FGQ …………427 

Figure 6.141. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound FJP …………..428 

Figure 6.142. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound FJQ …………..429 

Figure 6.143. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound FLP …………..430 

Figure 6.144. Diagrams comparing the uncorrected relative energies, relative energies corrected 

for ZPE and Gibbs free energies of the calculated conformers of compound FLQ ………….431 

 

  



 

xviii 
 

List of tables 

Table 3.1. Classes of antidiabetic medications against type 2 diabetes ………………………….49 

Table 4.1. Atom numbering of the different R and R appearing in the compounds considered …53 

Table 4.2. Letters used to denote the characteristics related to the classification of the compounds 

considered in this work ………………………………………………………………………….54 

Table 4.3. List of the compounds considered in this work ……………………………………...55 

Table 4.4. Characteristics of the conformers of the molecules considered and letters utilized to 

denote them concisely …………………………………………………………………………...61 

Table 4.5. Ranges of relative energies, relative energies corrected for ZPE (Ecorr), and Gibbs free 

energy corrected for the sum of electronic and thermal free energies (Gcorr) of each conformer 

type for each of the compounds considered ……………………………………………………..87 

Table 4.6. Ranges of the ZPE corrections to the energy and of the thermal correction to the Gibbs 

free energy for each of the compounds considered ……………………………………………..91 

Table 4.7. Ranges of the parameters of the N14–H14∙∙∙∙O10 IHB for all the compounds in which 

it is present ………………………………………………………………………………………92 

Table 4.8. Ranges of the parameters of the N14–H14∙∙∙∙O9 IHB for all the compounds in which it 

is present …………………………………………………………………………………………94 

Table 4.9. Ranges of the parameters of the N11–H11∙∙∙∙O13 IHB for all the compounds in which 

it is present ………………………………………………………………………………………95 

Table 4.10. Ranges of the parameters of the N11–H11∙∙∙∙O10 IHB for all the compounds in which 

it is present ………………………………………………………………………………………97 

Table 4.11. Ranges of the parameters of the N11–H11∙∙∙∙O9 IHB for all the compounds in which 

it is present ………………………………………………………………………………………98 

Table 4.12. Energy difference between lowest energy conformer without any IHB and the highest 

energy conformer with at least one IHB for the calculated conformers of the considered compounds 

……………………………………………………………………………………………………99 



 

xix 
 

Table 4.13. Ranges of the dipole moments for each of the molecules considered  ……………100 

Table 4.14. Ranges of dipole moments for each conformer type in each of the compounds 

considered ……………………………………………………………………………………...101 

Table 4.15. Ranges of dipole moments of molecules for each of the conformer type …………107 

Table 4.16. Ranges of the HOMO-LUMO energy gaps for each of the compounds considered 

………………………………………………………………………………………………….107 

Table 6.1. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound AGP ………………………………………………………………..115 

Table 6.2. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound AGQ ……………………………………………………………….115 

Table 6.3. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound AJ………………………………………………………………….116 

Table 6.4. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound AJQ ……………………………………………………………….116 

Table 6.5. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound A-L-P ……………………………………………………………..117 

Table 6.6. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound ALQ ………………………………………………………………117 

Table 6.7. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound BGP ……………………………………………………………….118 

Table 6.8. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound BGQ ……………………………………………………………….118 

Table 6.9. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound BJP ……………………….………………………………………..119 

Table 6.10. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound BJQ ………………………………………………………………..119 



 

xx 
 

Table 6.11. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound BLP ………………………………………………………………120 

Table 6.12. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound BLQ ………………………………………………………………120 

Table 6.13. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound CGP ……………………………………………………………….121 

Table 6.14. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound CGQ ………………………………………………………………121 

Table 6.15. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound CJP ………………………………………………………………..122 

Table 6.16 Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound CJQ ……………………………………………………………….122 

Table 6.17. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound CLP ……………………………………………………………….123 

Table 6.18. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound CLQ ……………………………………………………………….123 

Table 6.19. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound DGP …………………………………………………………….…124 

Table 6.20. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound DGQ ……………………………………………………………….124 

Table 6.21. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound DJP …………………………………………………………………125 

Table 6.22. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound DJQ …………………………………………………………………125 

Table 6.23. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound DLP …………………………………………………………………126 



 

xxi 
 

Table 6.24. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound DLQ ………………………………………………………………126 

Table 6.25. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound EGP ……………………………………………………………….127 

Table 6.26. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound EGQ ………………………………………………………………127 

Table 6.27. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound EJP ………………………………………………………………..128 

Table 6.28. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound EJQ ………………………………………………………………128 

Table 6.29. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound ELP ………………………………………………………………129 

Table 6.30. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound ELQ ………………………………………………………………129 

Table 6.31. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound FGP ……………………………………………………………….130 

Table 6.32. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound FGQ ……………………………………………………………….130 

Table 6.33. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound FJP …………………………………………………………………131 

Table 6.34. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound FJQ …………………………………………………………………131 

Table 6.35. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound FLP …………………………………………………………………132 

Table 6.36. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound FLQ …………………………………………………………………132 



 

xxii 
 

Table 6.37. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound AGP …………………………………………………………………………...133 

Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers of compound 

AGQ ………………………………………………………………………………………….134 

Table 6.39. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound AJP …………………………………………………………………………….134 

Table 6.40. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound AJQ …………………………………………………………………………….135 

Table 6.41. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound ALP ……………………………………………………………………………135 

Table 6.42. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound ALQ ……………………………………………………………………………136 

Table 6.43. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound BGP …………………………………………………………………………….136 

Table 6.44. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound BGQ ……………………………………………………………………………137 

Table 6.45. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound BJP ……………………………………………………………………………..137 



 

xxiii 
 

Table 6.46. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound BJQ …………………………………………………………………………….138 

Table 6.47. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound BLP …………………………………………………………………………….139 

Table 6.48. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound BLQ ……………………………………………………………………………139 

Table 6.49. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound CGP …………………………………………………………………………….140 

Table 6.50. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound CGQ …………………………………………………………………………….141 

Table 6.51. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound CJP ……………………………………………………………………………..141 

Table 6.52. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound CJQ …………………………………………………………………………….142 

Table 6.53. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound CLP ……………………………………………………………………………142 

Table 6.54. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound CLQ ……………………………………………………………………………143 



 

xxiv 
 

Table 6.55. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound DGP …………………………………………………………………………….143 

Table 6.56. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound DGQ ……………………………………………………………………………144 

Table 6.57. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound DJP ……………………………………………………………………………..144 

Table 6.58. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound DJQ …………………………………………………………………………….145 

Table 6.59. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound DLP …………………………………………………………………………….146 

Table 6.60. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound DLQ ……………………………………………………………………………146 

Table 6.61. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound EGP …………………………………………………………………………….147 

Table 6.62. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound EGQ ……………………………………………………………………………147 

Table 6.63. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound EJP …………………………………………………………………………….148 



 

xxv 
 

Table 6.64. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound EJQ …………………………………………………………………………….149 

Table 6.65. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound ELP ……………………………………………………………………………149 

Table 6.66. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound ELQ ……………………………………………………………………………150 

Table 6.67. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound FGP ……………………………………………………………………………150 

Table 6.68. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound FGQ ……………………………………………………………………………151 

Table 6.69. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound FJP ……………………………………………………………………………..152 

Table 6.70. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound FJQ …………………………………………………………………………….152 

Table 6.71. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound FLP …………………………………………………………………………….153 

Table 6.72. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE 

(Ecorrected, kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers 

of compound FLQ ……………………………………………………………………………154 



 

xxvi 
 

Table 6.73. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound AGP ……………………………………………………………………………..155 

Table 6.74. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound AGQ ……………………………………………………………………………..155 

Table 6.75. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound AJP ………………………………………………………………………………156 

Table 6.76. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound AJQ ………………………………………………………………………………156 

Table 6.77. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound ALP ………………………………………………………………………………157 

Table 6.78. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound ALQ ………………………………………………………………………………157 

Table 6.79. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound BGP ………………………………………………………………………………158 

Table 6.80. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound BGQ ……………………………………………………………………………...158 

Table 6.81. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound BJP ……………………………………………………………………………….159 



 

xxvii 
 

Table 6.82. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound BJQ ……………………………………………………………………………….159 

Table 6.83. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound BLP ……………………………………………………………………………….160 

Table 6.84. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound BLQ ……………………………………………………………………………….160 

Table 6.85. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound CGP ……………………………………………………………………………….161 

Table 6.86. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound CGQ ……………………………………………………………………………….161 

Table 6.87. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound CJP …………………………………………………………………………………162 

Table 6.88. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound CJQ …………………………………………………………………………………162 

Table 6.89. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound CLP …………………………………………………………………………………163 

Table 6.90. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound CLQ ………………………………………………………………………………...163 



 

xxviii 
 

Table 6.91. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound DGP ………………………………………………………………………………164 

Table 6.92. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound DGQ ………………………………………………………………………………164 

Table 6.93. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound DJP ………………………………………………………………………………..165 

Table 6.94. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound DJQ ……………………………………………………………………………….165 

Table 6.95. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound DLP ……………………………………………………………………………….166 

Table 6.96. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound DLQ ………………………………………………………………………………166 

Table 6.97. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound EGP ……………………………………………………………………………….167 

Table 6.98. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound EGQ ……………………………………………………………………………….167 

Table 6.99. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound EJP …………………………………………………………………………………168 



 

xxix 
 

Table 6.100. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound EJQ ………………………………………………………………………………..168 

Table 6.101. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound ELP ………………………………………………………………………………..169 

Table 6.102. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound ELQ ……………………………………………………………………………….169 

Table 6.103. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound FGP ………………………………………………………………………………..170 

Table 6.104. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound FGQ ……………………………………………………………………………….170 

Table 6.105. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound FJP ………………………………………………………………………………...171 

Table 6.106. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound FJQ ………………………………………………………………………………...171 

Table 6.107. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound FLP …………………………………………………………………………………172 

Table 6.108. ZPE correction to the electronic energy (correction (ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction (TG), kcal/mol) of the calculated conformers of 

compound FLQ…………………………………………………………………………………172 

Table 6.109. Parameters of the hydrogen bonds in the conformers of compound AGP………..173 



 

xxx 
 

Table 6.110. Parameters of the hydrogen bonds in the conformers of compound AGQ ……..174 

Table 6.111. Parameters of the hydrogen bonds in the conformers of compound AJP ………174 

Table 6.112. Parameters of the hydrogen bonds in the conformers of compound AJQ ………175 

Table 6.113. Parameters of the hydrogen bonds in the conformers of compound ALP ………176 

Table 6.114. Parameters of the hydrogen bonds in the conformers of compound ALQ ………177 

Table 6.115. Parameters of the hydrogen bonds in the conformers of compound BGP ………177 

Table 6.116. Parameters of the hydrogen bonds in the conformers of compound BGQ ………178 

Table 6.117. Parameters of the hydrogen bonds in the conformers of compound BJP ………..178 

Table 6.118. Parameters of the hydrogen bonds in the conformers of compound BJQ ……….179 

Table 6.119. Parameters of the hydrogen bonds in the conformers of compound BLP ……….180 

Table 6.120 Parameters of the hydrogen bonds in the conformers of compound BLQ ……….181 

Table 6.121. Parameters of the hydrogen bonds in the conformers of compound CGP ………182 

Table 6.122. Parameters of the hydrogen bonds in the conformers of compound CGQ ………183 

Table 6.123. Parameters of the hydrogen bonds in the conformers of compound CJP ………..183 

Table 6.124. Parameters of the hydrogen bonds in the conformers of compound CJQ ……….184 

Table 6.125. Parameters of the hydrogen bonds in the conformers of compound CLP ……….185 

Table 6.126. Parameters of the hydrogen bonds in the conformers of compound CLQ ………186 

Table 6.127. Parameters of the hydrogen bonds in the conformers of compound DGP ………186 

Table 6.128. Parameters of the hydrogen bonds in the conformers of compound DGQ ………187 

Table 6.129. Parameters of the hydrogen bonds in the conformers of compound DJP ………..188 

Table 6.130. Parameters of the hydrogen bonds in the conformers of compound DJQ ……….188 

Table 6.131. Parameters of the hydrogen bonds in the conformers of compound DLP ……….189 

Table 6.132. Parameters of the hydrogen bonds in the conformers of compound DLQ ………190 



 

xxxi 
 

Table 6.133. Parameters of the hydrogen bonds in the conformers of compound EGP ………191 

Table 6.134. Parameters of the hydrogen bonds in the conformers of compound EGQ ………192 

Table 6.135. Parameters of the hydrogen bonds in the conformers of compound EJP ………..192 

Table 6.136. Parameters of the hydrogen bonds in the conformers of compound EJQ ………..193 

Table 6.137. Parameters of the hydrogen bonds in the conformers of compound ELP ……….194 

Table 6.138. Parameters of the hydrogen bonds in the conformers of compound ELQ ………195 

Table 6.139. Parameters of the hydrogen bonds in the conformers of compound FGP ……….195 

Table 6.140. Parameters of the hydrogen bonds in the conformers of compound FGQ ………196 

Table 6.141. Parameters of the hydrogen bonds in the conformers of compound FJP ………..197 

Table 6.142. Parameters of the hydrogen bonds in the conformers of compound FJQ ……….197 

Table 6.143. Parameters of the hydrogen bonds in the conformers of compound FLP ……….198 

Table 6.144 Parameters of the hydrogen bonds in the conformers of compound FLQ ……….199 

Table 6.145. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound AGP ………………………………………………………………………………..200 

Table 6.146. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound AGQ ……………………………………………………………………………….201 

Table 6.147. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound AJP ………………………………………………………………………………...201 

Table 6.148. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound AJQ ………………………………………………………………………………..202 

Table 6.149. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound ALP ………………………………………………………………………………..202 

Table 6.150. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound ALQ ……………………………………………………………………………….203 



 

xxxii 
 

Table 6.151. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound BGP ………………………………………………………………………………..203 

Table 6.152. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound BGQ ……………………………………………………………………………….204 

Table 6.153. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound BJP ………………………………………………………………………………...204 

Table 6.154. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound BJQ ………………………………………………………………………………...205 

Table 6.155. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound BLP ………………………………………………………………………………...205 

Table 6.156. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound BLQ ………………………………………………………………………………..206 

Table 6.157. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound CGP ………………………………………………………………………………..206 

Table 6.158. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound CGQ ……………………………………………………………………………….207 

Table 6.159. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound CJP ………………………………………………………………………………...207 

Table 6.160. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound CJQ ………………………………………………………………………………..208 

Table 6.161. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound CLP ………………………………………………………………………………..208 

Table 6.162. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound CLQ ……………………………………………………………………………….209 

Table 6.163. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound DGP ……………………………………………………………………………….209 



 

xxxiii 
 

Table 6.164. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound DGQ ………………………………………………………………………………210 

Table 6.165. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound DJP ………………………………………………………………………………..210 

Table 6.166. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound DJQ ……………………………………………………………………………….211 

Table 6.167. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound DLP ……………………………………………………………………………….211 

Table 6.168. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound DLQ ………………………………………………………………………………212 

Table 6.169. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound EGP ……………………………………………………………………………….212 

Table 6.170. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound EGQ ………………………………………………………………………………213 

Table 6.171. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound EJP ………………………………………………………………………………..213 

Table 6.172. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound EJQ ………………………………………………………………………………..214 

Table 6.173. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound ELP ………………………………………………………………………………..214 

Table 6.174. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound ELQ ……………………………………………………………………………….215 

Table 6.175. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound FGP ………………………………………………………………………………..215 

Table 6.176. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound FGQ ……………………………………………………………………………….216 



 

xxxiv 
 

Table 6.177. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound FJP …………………………………………………………………………………216 

Table 6.178. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound FJQ ………………………………………………………………………………...217 

Table 6.179. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound FLP ………………………………………………………………………………..217 

Table 6.180. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound FLQ ……………………………………………………………………………….218 

Table 6.181. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound AGP containing IHBs …………………………………………219 

Table 6.182. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound AGQ containing IHBs …………………………………………220 

Table 6.183. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound AJP containing IHBs …………………………………………..220 

Table 6.184. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound AJQ containing IHBs ………………………………………….221 

Table 6.185. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound ALP containing IHBs …………………………………………221 

Table 6.186. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound ALQ containing IHBs …………………………………………222 

Table 6.187. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound BGP containing IHBs …………………………………………222 

Table 6.188. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound BGQ containing IHBs …………………………………………223 

Table 6.189. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound BJP containing IHBs …………………………………………..224 



 

xxxv 
 

Table 6.190. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound BJQ containing IHBs ………………………………………….224 

Table 6.191. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound BLP containing IHBs ………………………………………….225 

Table 6.192. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound BLQ containing IHBs …………………………………………226 

Table 6.193. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound CGP containing IHBs …………………………………………226 

Table 6.194. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound CGQ containing IHBs ………………………………………...227 

Table 6.195. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound CJP containing IHBs ………………………………………….227 

Table 6.196. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound CJQ containing IHBs …………………………………………228 

Table 6.197. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound CLP containing IHBs …………………………………………228 

Table 6.198. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound CLQ containing IHBs ………………………………………...229 

Table 6.199. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound DGP containing IHBs ………………………………………...230 

Table 6.200. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound DGQ containing IHBs ………………………………………..230 

Table 6.201. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound CJP containing IHBs …………………………………………231 

Table 6.202. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound CJQ containing IHBs ………………………………………….231 



 

xxxvi 
 

Table 6.203. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound DLP containing IHBs ………………………………………….232 

Table 6.204. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound DLQ containing IHBs …………………………………………233 

Table 6.205. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound EGP containing IHBs …………………………………………233 

Table 6.206. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound EGQ containing IHBs ………………………………………...234 

Table 6.207. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound EJP containing IHBs ………………………………………….235 

Table 6.208. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound EJQ containing IHBs …………………………………………235 

Table 6.209. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound ELP containing IHBs …………………………………………236 

Table 6.210. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound ELQ containing IHBs ………………………………………...236 

Table 6.211. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound FGP containing IHBs …………………………………………237 

Table 6.212. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound FGQ containing IHBs ………………………………………...238 

Table 6.213. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound FJP containing IHBs ………………………………………….238 

Table 6.214. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound FJQ containing IHBs …………………………………………239 

Table 6.215. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound FLP containing IHBs …………………………………………239 



 

xxxvii 
 

Table 6.216. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in 

the conformers of compound FLQ containing IHBs …………………………………………240 

Tables 6.217. Ranges of the Vibrational frequency changes according to compound and conformer 

type…………………………………………………………………………………………….241 

Table A1. Input geometries and resulting optimized conformers for compound AGP ………447 

Table A2. Input geometries and resulting optimized conformers for compound AGQ ………447 

Table A3. Input geometries and resulting optimized conformers for compound AJP ………..448 

Table A4. Input geometries and resulting optimized conformers for compound AJQ ……….449 

Table A5. Input geometries and resulting optimized conformers for compound ALP ……….449 

Table A6. Input geometries and resulting optimized conformers for compound ALQ ………450 

Table A7. Input geometries and resulting optimized conformers for compound BGP ………451 

Table A8. Input geometries and resulting optimized conformers for compound BGQ ……...451 

Table A9. Input geometries and resulting optimized conformers for compound BJP ……….452 

Table A10. Input geometries and resulting optimized conformers for compound BJQ ……..453 

Table A11. Input geometries and resulting optimized conformers for compound BLP ……..454 

Table A12. Input geometries and resulting optimized conformers for compound BLQ …….454 

Table A13. Input geometries and resulting optimized conformers for compound CGP …….455 

Table A14. Input geometries and resulting optimized conformers for compound CGQ ……455 

Table A15. Input geometries and resulting optimized conformers for compound CJP ……..456 

Table A16. Input geometries and resulting optimized conformers for compound CJQ …….457 

Table A17. Input geometries and resulting optimized conformers for compound CLP …….457 

Table A18. Input geometries and resulting optimized conformers for compound CLQ …….458 

Table A19. Input geometries and resulting optimized conformers for compound DGP …….459 



 

xxxviii 
 

Table A20. Input geometries and resulting optimized conformers for compound DGQ ……459 

Table A21. Input geometries and resulting optimized conformers for compound DJP ……..460 

Table A22. Input geometries and resulting optimized conformers for compound DJQ ….....461 

Table A23. Input geometries and resulting optimized conformers for compound DLP ……461 

Table A24. Input geometries and resulting optimized conformers for compound DLQ …...462 

Table A25. Input geometries and resulting optimized conformers for compound EGP ……463 

Table A26. Input geometries and resulting optimized conformers for compound EGQ …...463 

Table A27. Input geometries and resulting optimized conformers for compound EJP …….464 

Table A28. Input geometries and resulting optimized conformers for compound EJQ ……465 

Table A29. Input geometries and resulting optimized conformers for compound ELP ……465 

Table A30. Input geometries and resulting optimized conformers for compound ELQ  …..466 

Table A31. Input geometries and resulting optimized conformers for compound FGP ……467 

Table A32. Input geometries and resulting optimized conformers for compound GQ …….467 

Table A33. Input geometries and resulting optimized conformers for compound FJP …….468 

Table A34. Input geometries and resulting optimized conformers for compound FJQ ……469 

Table A35. Input geometries and resulting optimized conformers for compound FLP ……469 

Table A36. Input geometries and resulting optimized conformers for compound FLQ ……470 

Table A37. Compounds with R= pyrrolidine and types of conformers possible and what they 

optimize to …………………………………………………………………………………..471 

Table A38. Compounds R= morpholine and types of conformers possible and what they optimize 

to …………………………………………………………………………………………….471 

Table A38. Compounds R= Diethylamine and types of conformers possible and what they 

optimize to …………………………………………………………………………………..472 



 

xxxix 
 

Table of contents 

Declaration ………………………………………………………………………………………i 

Acknowledgments ………………………………………………………………………………ii 

Abstract …………………………………………………………………………………………iii 

Acronyms ……………………………………………………………………………………….iv 

List of figures .…………………………………………………………………………………..vi 

List of tables …………………………………………………………………………………..xviii 

Chapter 1 ………………………………………………………………………………………..1 

1.1. Background information ..………………………………………………………1 

1.2. Objectives of the study ..………………………………………………………..2 

1.3. Justification of the study .……………………………………………………….3 

1.4. Computational methods and materials used ..…………………………………..3 

1.5. Organization of the materials ..…………………………………………………4 

Chapter 2 ....…………………………………………………………………………………….5 

2.1. Importance of the computational study of molecules ……………………………..5 

2.2. The description of molecules ……………………………………………………...5 

2.3. Computational methods for the study of molecules ………………………………9 

2.3.1. The Schrödinger equations………………………………………………………9 

2.3.2. The Born-Oppenheimer approximation ………………………………………..11 

2.3.3. Ab initio methods ………………………………………………………………12 

2.3.3.1. The Hartree-Fock method ……………………………………………………12 

2.3.3.2. Linear combinations of atomic orbitals (LCAO) and the variational principle 

…………………………………………………………………………………………15 



 

xl 
 

2.3.3.3. Complying with the antisymmetry requirements …………………………….18 

2.3.3.4. Electron correlation …………………………………………………………..20 

2.3.3.5. Basis sets ……………………………………………………………………...20 

2.3.3.2.1. Types Functions involved in basis sets ..……………………………………20 

2.3.3.5.2. Minimal basis set ……………………………………………………………21 

2.3.3.5.3. Polarized basis set …………………………………………………………...22 

2.3.3.5.4. Diffuse basis set ……………………………………………………………..22 

2.3.3.4. Post-Hartree-Fock methods …………………………………………………...22 

2.3.4. Density functional theory (DFT) ………………………………………………..23 

2.3.4.1. General features of DFT ………………………………………………………23 

2.3.4.2. The Hohenberg and Kohn theorem …………………………………………....24 

2.3.4.3. Kohn and Sham method ……………………………………………………….25 

2.3.4.3. DFT functionals ……………………………………………………………….26 

2.4. Molecular properties considered in this work …………………………………….27 

2.4.1. Conformers’ relative energies …………………………………………………..27 

2.4.2. Vibrational frequencies and thermodynamic properties ………………………..27 

2.4.3. Zero-point corrected energy …………………………………………………….31 

2.4.4. Molecular orbitals (HOMO and LUMO) ……………………………………….31 

2.4.5. Dipole moments …………………………………………………………………31 

2.3.6. Hydrogen bonds …………………………………………………………………32 

2.3.7. Red shift frequencies …………………………………………………………….35 

Chapter 3 ……………………………………………………………………………………….36 

3.1. Diabetes mellitus …………………………………………………………………..36 



 

xli 
 

3.1.1. Different types of diabetes ……………………………………………………….36 

3.1.1.1. Type 1 diabetes ………………………………………………………………...36 

3.1.1.2. Type 2 diabetes ………………………………………………………………...37 

3.1.1.3. Gestational diabetes ……………………………………………………………38 

3.1.2. Diabetes in South Africa …………………………………………………………38 

3.1.3. Most common symptoms of diabetes …………………………………………….39 

3.1.4. Diabetes related complications …………………………………………………...40 

3.1.4.1. Diabetic nephropathy …………………………………………………………...40 

3.1.4.2. Diabetic cardiomyopathy ……………………………………………………….41 

3.1.4.3. Diabetic eye diseases …………………………………………………………...41 

3.1.4.3.1. Diabetic retinopathy ………………………………………………………….42 

3.1.4.3.2. Diabetic macular edema ……………………………………………………...43 

3.1.4.3.3. Glaucoma …………………………………………………………………….44 

3.1.4.3.4. Cataract ………………………………………………………………………44 

3.1.4.4. Diabetic neuropathy ……………………………………………………………44 

3.1.4.4.1. Types of diabetic neuropathy ………………………………………………...44 

3.1.4.4.2. Complications related to diabetic neuropathy ………………………………..45 

3.1.4.4.2.1. Amputations ………………………………………………………………..45 

3.1.4.4.2.2. Other complications ………………………………………………………..46 

3.1.5. Insulin ……………………………………………………………………………46 

3.1.5.1. The action of insulin ….……….……………………………………………….46 

3.1.5.2. Insulin resistances .……………………………………………………………..48 

3.1.6. Classification of antidiabetic drugs/agents ………………………………………47 



 

xlii 
 

3.2. Sulfonylureas ………………………………………………………………………49 

3.2.1. Description of Sulfonylureas ……………………………………………………49 

3.2.2. Mechanism of action of sulfonylureas ………………………………………….51 

Chapter 4 ………………………………………………………………………………………52 

4.1. Molecules considered ……………………………………………………………..52 

4.1.1. Description of the molecules considered ………………………………………..52 

4.1.2. Classification and naming of the molecules considered ………………………...53 

4.1.3. List of the molecules considered ………………………………………………...55 

4.2. Selection of the computational methods …………………………………………..59 

4.3. Preparation of inputs ………………………………………………………………60 

4.4. Computational results ……………………………………………………………..60 

4.4.1. Identification and naming of conformers ……………………………………….60 

4.4.2. Organization of the material presenting results …………………………………65 

4.4.2.1. Organisation criteria …………………………………………………………..65 

4.4.2.3. Summary of tables in chapter 6 ……………………………………………….65 

4.4.2.3. Summary of figures in chapter 6 ……………………………………………...66 

4.4.2.4. Appendix A …………………………………………………………………...66 

4.4.3. Relative energies ………………………………………………………………..67 

4.4.3.1. Factors influencing conformers’ relative energies …………………………....67 

4.4.3.1.1. Conformers differing by the intramolecular hydrogen bonds present and the 

related geometry of the thiourea group ………………………………………………..67 

4.4.3.1.2. Conformers differing by the orientations of the chain between O7 and N18 with 

respect to the benzene ring ……………………………………………………………70 



 

xliii 
 

4.4.3.1.3. Influence of the nature of R on the conformational preferences of the 

compounds …………………………………………………………………………….71 

4.4.3.1.4. Relative energies corrected for ZPE and Gibbs free energy ………………..72 

4.4.3.2 Comparison of conformational preferences and energetics in the HF and DFT 

results ………………………………………………………………………………….73 

4.4.3.2.1 Comparisons of the relative energies ………………………………………..74 

4.4.3.2.2. Comparison of the influence of the orientations of the chain between O7 and 

N18 with respect to the benzene ring …………………………………………………74 

4.4.3.2.3. Comparison of the influence of the nature of the R group ………………...75 

4.4.3.2.4. Comparisons of uncorrected relative energies, relative energy corrected for 

ZPE and Gibbs free energy ……………………………………………………………76 

4.4.3.3. Characteristics of the intramolecular hydrogen bonds ……………………….77 

4.4.3.4. Influence of the nature of R …………………………………………………..80 

4.4.3.4.1. Comparisons of compounds with different R and R = pyrrolidine (G 

compounds) ……………………………………………………………………………80 

4.4.3.4.2. Comparisons of compounds with different R and R = morpholine or R = 

diethylamine …………………………………………………………………………...80 

4.4.3.5. IR Vibrational frequencies ……………………………………………………81 

4.3.3.6. Changes in the IR vibrations of the N11–H11 and N14–H14 bonds when forming 

IHBs …………………………………………………………………………………...82 

4.4.3.7. Dipole moments ………………………………………………………………83 

4.4.3.8. The HOMO–LUMO energy gaps …………………………………………….85 

Chapter 5 ……………………………………………………………………………………...108 

5.1. Overall discussions and inferences ………………………………………………108 



 

xliv 
 

5.2. Way forward ……………………………………………………………………..112 

Chapter 6 ……………………………………………………………………………………..112 

6.1. Tables ………………………….………………………………………………...114 

6.1.1. Relative energies, HOMO–LUMO energy gaps and dipole moments of the 

conformers of each of the compounds considered .…………………………………..114 

6.1.2. Uncorrected relative energies, relative energies corrected for ZPE and Gibbs free 

energies and corresponding corrections for each compound considered …………….133 

6.1.3. Parameters of the intramolecular hydrogen bonds present in the calculated 

conformers of the compounds considered ……………………………………………173 

6.1.4. The vibrational frequencies of the N–H bonds in the calculated conformers of each 

of the compounds considered ………………………………………………………...200 

6.1.5. Changes in the vibrational frequencies, caused by the formation of IHBs …….219 

6.2. Figures presenting molecular structures ………………………………………….246 

6.2.1. Optimized geometries of the calculated conformers of all the compounds 

considered. …………………………………………………………………………….246 

6.2.2. Shapes of the frontier molecular orbitals (HOMO and LUMO) of the calculated 

conformers of the compounds considered …………………………………………….307 

6.3. Figures presenting the comparative diagrams for the energy values ……………..358 

6.3.1. Diagrams comparing the HF and DFT relative energies of the calculated 

conformers of each of the compounds considered …………………………………….358 

6.3.2. Diagrams comparing the uncorrected relative energy (E), relative energy 

corrected for ZPE (Ecorrected) and Gibbs free energy (G) of the conformers of each of 

the compounds considered ..……………………………………………………………395 

References………………………………………………………………………………………432 

Appendix……………………………………………………………………………………… .447 



 

1 
 

Chapter 1 

Introduction 

 

This chapter provides information about the objectives and justification of the study presented in 

this thesis, the computational methods utilised, and the organization of the material in this thesis. 

 

1.1. Background information 

This thesis presents the results of a computational study of selected sulfonylureas (figure 1.1). 

Sulfonylureas are synthetic organic compounds which are used in medicine as antidiabetic drugs. 

They are used for the treatment of type 2 diabetes [1]. They are commonly classified as first and 

second-generation sulfonylureas [2]. These compounds stimulate the production of insulin in the 

body. Some of them were found to have severe side effects; therefore, there is a need to search for 

new compounds which will work effectively with minimal or no side effects. The search for new 

antidiabetic drugs is very important because diabetes can lead to severe or life-threatening 

complications, including blindness and amputations. 

 

Figure 1.1. General structure of the sulfonylureas molecules 

 

Since the biological activities of molecules depend on their molecular properties, it is essential to 

find detailed information about the molecular properties of the compounds of interest. This 

information is relevant to understand the action of the given molecules, and in the development of 

new molecules (from drug design), and it is obtained through computational studies.  

This work focuses on the computational study of 36 new selected sulfonylureas. These compounds 

are being considered for synthesis by organic chemistry researchers at the University of Venda. 
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Figures 1.2 shows the general structures of the two classes of sulfonylureas molecules investigated 

in this study. Six different substituents are considered for the R group (substituent attached to the 

sulfonylurea moiety) and three different substituents are considered for the R group (substituent 

attached to a carbon atom chain attached to an oxygen atom bonded to the benzene ring). Although 

the nitrogen atom (N) is part of R, it is indicated individually in the structures for clarity reasons. 

 

Figure 1.2. General structures of the sulfonylureas molecules considered in this study. The two structures 

differ by the length of the chain between the oxygen atom attached to the benzene ring and the nitrogen 

atom belonging to R.  

 

1.2. Objectives of the study 

The broad objective of the study is to obtain information about the selected sulfonylureas 

molecules. The specific objectives are the following: 

• To identify the stable conformations of the selected sulfonylureas molecules, considering 

all the possible geometries obtainable by rotations about relevant single bonds. 

• To identify the conformers’ stabilizing factors. 

• To determine the molecular properties of these molecules, such as conformational 

preferences, characteristics of intramolecular hydrogen bonds (IHBs), dipole moments, 

HOMO-LUMO energy difference, and IR vibrational frequencies of relevant bonds.  

• To compare the molecular properties of different molecules in order to identify the effects 

of the various R and R substituents considered and, possibly, also to identify trends or 

patterns in these effects.  
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1.3. Justification of the study 

Research on drugs for the treatment of diabetes is important because of the high number of people 

affected by the disease and the high number of deaths it causes. This work falls within a world-

wide active search for improved sulfonylureas molecules for the treatment of diabetes, where 

‘improved’ refers mostly to a decrease in the drawbacks of currently-used sulfonylureas, i.e., the 

occurrence of hypoglycemia episodes and the gradual decrease in the pancreas response to the 

drugs. An option for trying to improve on known drugs involves modifications of the molecular 

structure by using different substituents.  

As already mentioned, the biological activity of molecules depends on their molecular properties; 

therefore, it is important to know as much as possible about these properties. In modern chemistry, 

there is an increasing tendency to interface experimental and computational research, as 

computational research can provide information that is useful for the interpretation of experimental 

findings. This work follows this trend and aims at providing new information which will add to 

the information currently available on sulfonylureas and may also contribute to the interpretation 

of the results of an experimental project conducted by other researchers in the same institution.  

 

1.4. Computational methods and materials used 

Electronic structure methods are selected for the molecular calculations in this study because they 

give more reliable information than non-quantum methods [3]. Both ab initio and Density 

Functional Theory (DFT) methods were used. This is because the use of different methods 

provides more complete information through the comparison of their results.  For the ab initio 

calculations, the Hartree-Fock (HF) method was used with the 6-31G(d,p) basis set. The B3LYP 

functional with the 6-31+G(d,p) basis set was used for the DFT calculations. All the calculations 

were carried out with full geometry optimization (fully relaxed geometry), to identify stable 

conformations for each input geometry.   

 

The Gaussian 16 [4] software was used for all the calculations, and GaussView [5] was used for 

visualization. 
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1.5. Organization of the materials 

This thesis is organized in 6 chapters and an appendix, with the following roles: 

Chapter 1 provides a quick background information about sulfonylureas, the justification and the 

objectives of the study and the tools and methods used for it. 

Chapter 2 provides the theoretical background of the computational methods used in the study of 

molecules and information about molecular properties that can be calculated. 

Chapter 3 provides information from literature on diabetes and on the sulfonylureas molecules. 

Chapter 4 provides the results obtained in this study and their analysis and discussions. 

Chapter 5 provides overall discussions and conclusions based on all the observation noted during 

the analysis of the results reported in chapter 4, and considerations for future studies on the same 

class of molecules. 

Chapter 6 presents most of the tables reporting numerical results, and most of the figures showing 

the obtained optimized molecular geometries, selected molecular orbitals, and comparison 

diagrams for relevant values. They are grouped in a separate chapter because they are very bulky, 

and they would disrupt the readability of the text if inserted in it.  

Literature references for the whole thesis are listed after chapter 6. 

Appendix A presents additional tables that may be useful for the analysis of some results. 
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Chapter 2 

Theoretical background 

 

2.1. Importance of the computational study of molecules 

The computational study of molecules is important for determining molecular properties such as 

conformational preferences, geometry (bond lengths, bond angles and dihedral angles), dipole 

moments, molecular orbitals, and others. This study is important for molecules that are biologically 

active because biological activities depend on the molecular properties. It is particularly useful for 

the determination of molecular properties that are inaccessible experimentally, and it can help 

establish better understanding of the activities of biologically active molecules. It can also enable 

us to predict the molecular properties of molecules that have not yet been synthesized.    

  

2.2. The description of molecules 

A molecule is a stable assembly of nuclei and electrons. We can see it as being made of atoms. 

Each molecule is characterized by its composition (type and number of atoms), by its structure 

(arrangement of atoms in the molecule) and by properties that depends on the structure [6, 7]. The 

molecular structure can be determined experimentally using different spectroscopic techniques [8-

11]. The chemical and physical properties of substances are different due to different molecular 

properties [12].  

A molecule can take many geometries, with each geometry defined by three sets of parameters, 

i.e., bond length, bond angles and dihedral angles.   

A bond length is defined as the average distance between the nuclei of two bonded atoms and it is 

expressed in Angstrom (1 Å = 10-10 m) or pico-meter (1 pm = 10-12 m) [9]. In a molecule, we 

consider a bond length for each pair of bonded atoms. For example, the bond lengths of the ethane 

molecule (figure 2.1) are the following distances: C1–C2, C1–H3, C1–H4, C1–H5, C2–H6, C2–

H7, C2–H8. The bond length is influenced by the size of the bonded atoms and by the multiplicity 

of the bonds. The bigger the atom size, the longer the bond length, and the smaller the atom size, 
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the shorter the bond length. When the number of bonds between two bonded atoms increases, the 

bond length between them decreases [13, 14]. For instances, the length of the C–C single bond 

(1.54 Å) is greater than the length of the C=C double bond (1.34 Å), which is greater than the 

length of the C≡C triple bond (1.20 Å).  

 

 

Figure 2.1. Structure of the ethane molecule. 

 

A bond angle () is the average angle between two consecutive bonds, that is, it is the angle 

identified by three subsequently bonded atoms [13, 15]. For example, the bond angles of the ethane 

molecule (figure 2.1) are the following: C1–C2–H6, C1–C2–H7, C1–C2–H8, C2–C1–H3, C2–

C1–H4, C2–C1–H5, H3–C1–H4, H3–C1–H5, H4–C1–H5, H6–C2–H7, H6–C2–H8, H7–C2–H8. 

Bond angles are influenced by the hybridization of atomic orbitals, the presence of lone pairs of 

electrons and the electronegativity of the atoms. When the s- character of hybrid orbitals increases, 

the bond angle between two consecutive bonds increases. For example, the angle between two sp3 

hybrid orbitals is 109.5°, the angle between two sp2 hybrid orbitals is 120° and the angle between 

two sp hybrid orbitals is 180°. The lone pairs of electrons tend to occupy more space than the pairs 

engaged in a bond; therefore, each lone pair tries to “squeeze” the bonded pairs closer to each other 

and the bond angle decreases. The higher the number of lone pairs, the smaller the angle between 

the bonds. An example is shown in figure 2.2: the HĈH bond angle in the methane molecule (with 

no lone pairs) is 109.5°; the HN̂H bond angle in the ammonia molecule (with one lone pair) is 

107.0°; and the HÔH bond angle in the water molecule (with two lone pairs) is 104.5° [15-18].  
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Figure 2.2. Decrease in the bond angle as the number of lone pairs of electrons in the molecule increases. 

Methane has no lone pair; ammonia has one lone pair and water has two lone pairs [19]. 

 

A dihedral or torsion angle is defined for groups of four atoms subsequently bonded in a chain 

[13]. If we number the four atoms as atoms 1, 2, 3 and 4, the dihedral angle can be defined as the 

angle between the plane identified by the first three atoms (atoms 1, 2 and 3) and the plane 

identified by the last three atoms (atoms 2, 3 and 4); it can also be seen as the angle by which the 

3–4 bond must be rotated so as to eclipse the 1–2 bond. In the case of the ethane molecule (figure 

2.1), we can identify the following dihedral angles: H3–C1–C2–H6, H3–C1–C2–H7, H3–C1–C2–

H8, H4–C1–C2–H6, H4–C1–C2–H7, H4–C1–C2–H8, H5–C1–C2–H6, H5–C1–C2–H7, H5–C1–

C2–H8. 

A molecule can take several different geometries. It can change from one geometry to another by 

rotation around a single bond. Some of these geometries correspond to minima on the potential 

energy surface (PES, a multi-dimension diagram obtained by changing molecular parameters such 

as bond length, bond angles or dihedral angles by specific amounts [20, 21]). The geometries 

corresponding to the minima on the PES are called conformers [22]. A search for the conformers 

of a given molecule is referred to as conformational search. 

 

Bond lengths, bond angles and dihedral angles are the internal coordinates of a molecule [3]. When 
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preparing inputs for calculations, we can describe the starting geometry of the molecule in terms 

of the internal coordinates (Z matrix), or we can give the cartesian coordinates (x, y, z) of each 

atom. Each atom in a molecule has three coordinates and, therefore, it has 3 degrees of freedom. 

If there are N atoms in a molecule, the total number of degrees of freedom is 3N. In this work, all 

the inputs were prepared using the cartesian coordinates of the atoms [23]. 

As already mentioned, the PES is a multi-dimension diagram. It shows how the energy changes 

when some of the parameters of the molecule are changed. It can be visualized only in two or three 

dimensions [3, 23]. A two-dimension PES shows how the energy changes when one parameter is 

changed. A three-dimension PES shows how the energy changes when two parameters are 

changed. The stationary points on the PES are the points where the first derivative of the energy 

with respect to the parameter that is being changed is zero [3]. They can be minimum, maximum 

or saddle points. In order to know whether a stationary point identified by an optimization 

procedure is a minimum, we consider the vibrational frequencies. If all the vibrational frequencies 

are real for that geometry, then that point is a minimum point. There can be more than one 

minimum in the PES. Figure 2.3 shows an example of a two-dimension PES, where there are 

several local minima. The minimum which correspond to the lowest energy is called global 

minimum. There can be also several maxima and saddle points.  

  

Figure 2.3. Example of a two-dimension potential energy surface (PES) showing local minima, the global 

minimum and a maximum [24].   
 

The PES can also be considered for chemical reactions [25]. The equilibrium geometries of the 

reactants and products correspond to minimum points and the transition states are represented by 

first order saddle points, as illustrated in figure 2.4. 
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Figure 2.4. Example of a three-dimensional PES also considering a chemical reaction [20] 

  

2.3. Computational methods for the study of molecules 

Molecules can be studied using different methods. These methods can be classified into electronic 

structure methods and molecular mechanics [26]. The electronic structure methods comprise ab 

initio, semi-empirical and Density Functional Theory methods. This works uses electronic 

structure methods and, therefore, these are the methods discussed in the next sections. The 

electronic structure methods consider solving the Schrödinger equation. 

 

2.3.1. The Schrödinger equations 

In quantum mechanics, an atom or a molecule is described by the solutions of its Schrödinger 

equation [27–30]. The general form of the Schrödinger equation is the following: 

 

Ĥ ψi = Ei ψi                                                                                                                                                                          (1) 

 

where  Ĥ is the Hamiltonian operator, i.e., the energy operator 

i is the total wavefunction of the ith state (eigenfunction)   

Ei is the energy value corresponding to ψi (eigenvalue corresponding to ψi). 
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The solution of the Schrödinger equation for a molecule are the molecular orbitals (MOs) of that 

molecule. 

 

The Hamiltonian operator contains all the energy terms of the system, comprising both kinetic and 

potential energies. The kinetic energy terms are expressed in the form: 

  

𝐸𝑘𝑖𝑛𝑒𝑡𝑖𝑐 = −
ħ2

2𝑚
 ( 2

2

x


+  

2

2

y


+ 2

2

z


)                                                                                         (2) 

 

where m is the mass of the particle, ħ is the Planck’s constant divided by 2 (ħ =
ℎ

2
) and the terms 

in parentheses are the Laplacian operator ∇2  

 

∇2 = 2

2

x


+ 

2

2

y


+ 2

2

z


                                                                                                        (3) 

The potential energy terms are the terms expressing the electrostatic attractions or repulsion 

between the particles. 

 

The complete Hamiltonian for the study of a molecule can be expressed by [29]: 

 

      Ĥ = −∑
ħ2

2𝑚ₑ

𝑁
𝑖  ᵢ2 − ∑

ħ2

2𝑚ₖ

𝑀
𝑘  ₖ2 − ∑ .𝑁

𝑖  ∑
𝑒2𝑍ₖ

𝑟ᵢₖ

𝑀
𝑘 + ∑

𝑒2

𝑟ᵢⱼ

𝑀
𝑖<𝑗 + ∑

𝑒2𝑍ₖ𝑍𝑝

𝑟𝑘𝑝

𝑀
𝑘<𝑝                           (4) 

 

where: i and j are electrons 

k and p are nuclei 

  is the Planck‘s constant divided by  2 

me is the mass of the electron 

mk is the mass of nucleus k       

e is the charge of the electron 

N is the number of electrons in the molecule 

M is the number of nuclei in the molecule 
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Zk is the atomic number of nucleus k                                             

Zl is the atomic number of nucleus l                                                   

rjk is the distance between electron i and nucleus k                                                 

rij is the distance between electron i and electron j                        

rkl is the distance between nucleus k and nucleus l                     

 ᵢ2 is the Laplacian operator of electron i 

          ₖ2 is the Laplacian operator of electron k 

 

The first term in the Hamiltonian (equation 4) represents the kinetic energy of the N electrons in 

the molecule and the second term represents the kinetic energy of the M nuclei. The third term is 

the potential energy of the electrostatic attraction between the nuclei and the electrons, the fourth 

term is the potential energy of the electron-electron repulsion and the last term is the potential 

energy of the nuclei-nuclei repulsion [31]. 

The Schrödinger equation grows more complex as the number of electrons in the system increases. 

It can be solved exactly (analytically) only for one-electron systems. In all the other cases, we need 

to use approximations.  

 

2.3.2. The Born-Oppenheimer approximation 

All the terms in the Hamiltonian are necessary for a full description of a molecule. On the other 

hand, it is not possible to solve the equation exactly. Approximations of different types are 

introduced, and the most common approximation is the Born-Oppenheimer approximation. In a 

molecule, the nuclei move much more slowly than the electrons because they have much greater 

mass. The Born-Oppenheimer approximation considers the nuclei as stationary and the 

Schrödinger equation is written only for the motion and the energy terms pertaining to the electrons 

[32–34]. Therefore, within this approximation, the Hamiltonian is the electronic Hamiltonian and 

is expressed by: 

Ĥₑₗ = −∑
ħ²

2𝑚ₑ

𝑁
𝑖  ᵢ² − ∑ .𝑁

𝑖  ∑
𝑒²𝑍ₖ

𝑟ᵢₖ

𝑀
𝑘 + ∑

𝑒²

𝑟ᵢⱼ

𝑁
𝑖<𝑗                                                                         (5) 

 

When we study a molecule, we consider a certain set of nuclear distances and calculate the energy. 

Afterwards, we change the nuclear distances and other parameters and calculate the energy again. 
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The procedure is repeated until we find the geometry that give the lowest energy. 

 

2.3.3. Ab initio methods 

Ab initio means “from the beginning” [35]. It involves solving the Schrödinger equation 

analytically, which means that all the integrals are solved with mathematical methods, whether 

they are solved exactly, or whether they are solved using mathematical approximations, but 

without including any experimental values [36, 37]. The most common ab initio methods are 

Hartree-Fork (HF), Møller-Plesset Perturbation Theory (MP2) and a variety of configurations 

interaction (CI), which are usually post Hartree-Fock methods. In this work, MP2 and CI are not 

used, so they will not be discussed in detail.  

 

2.3.3.1. The Hartree-Fock method 

The HF method is a recursion procedure, i.e. a series of steps are repeated, with each of them 

giving better results than the previous step. The easiest way to explain a recursion procedure is by 

considering all the steps of the Hartree procedure for the study of a multi-electron atom with atomic 

number Z, i.e. an atom with Z electrons [38–42]:  

• Step 1: We consider the Z electrons to be moving independently; we can then consider a 

guess potential as a sum of a set of Z identical net potentials, with each set depending on 

the radial coordinate (r) of only one electron.   

• Step 2: We use the net potential to express the Hamiltonian operator and the Schrödinger 

equation for the atom.  

• Step 3: By applying the separation of variables technique to solve the Schrödinger equation, 

we obtain Z identical differential equations, each of them depending on the coordinates of 

one electron. 

• Step 4: Each of the obtained differential equation is solved, and we obtain the wavefunctions 

and the corresponding energy values.  

• Step 5: We consider the filling of the newly found quantum states and write the electronic 

configuration of the ground state of the atom.   

• Step 6: The charge distribution of each electron is evaluated as a product of its charge and 

the probability density function.  

• Step 7: The charge distribution of Z-1 electrons is then added to the nuclear charge in order 
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to find the total charge distribution of the atom as seen by a typical electron. 

• Step 8: On the basis of the charge distribution, we can calculate the produced electric field 

by using Gauss’s law of electrostatics.  

• Step 9: The integral of the electric field is evaluated, and it is a more accurate estimate of 

the net potential experienced by a typical electron.  

• Step 10: The obtained net potential is compared with the value of the potential used at the 

beginning of the loop. If the difference is greater than a preselected value, the new potential 

is used to write the Hamiltonian and the Schrödinger equation (as in step 2), and the series 

of steps (3 to 10) is repeated. If the difference is less than the preselected value, then we say 

that the procedure has converged. The net potential is the self-consistent solution and the 

obtained wavefunctions describe the ground state of the atoms. The self-consistency is 

related to the fact that we obtain the results by using several cycles of steps. 
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Figure 2.5. A flow chart showing the steps involved in the HF method [43] 

 

Starting step: make a guess for the potential 

Use the guess potential to write the Hamiltonian and the 

Schrödinger equation 

Use the obtained results to calculate a new value of the 

potential 

Compare the potential obtained at this stage with the 

potential used at the beginning of the loop 

IF 

The values found in 

this loop are the 

solutions for that 

atom (self-consistent 

field results) 

Set of steps to solve the Schrödinger equation 

If the difference between 

the new potential and the 

previous one is  a 

preselected value 

If the difference between 

the new potential and the 

previous one is  a 

preselected value 
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2.3.3.2. Linear combinations of atomic orbitals (LCAO) and the variational principle  

The solutions of the Schrödinger equations for a molecule are the molecular orbitals. Since we 

cannot solve the Schrödinger equation exactly, we have to use approximation methods. One of the 

approximations concerns the way of expressing the molecular orbitals. It is convenient to express 

them in terms of the atomic orbitals of the atoms of which a given molecule consists [44–46]. 

Therefore, this approximation expresses the molecular orbitals as a linear combination of atomic 

orbitals (LCAO). 

𝜓 = ∑ 𝑐ᵢ𝜒ᵢᵢ                                                                                                                           (6) 

 

where, 𝜓 is a molecular orbital (MO)  

𝜒ᵢ are the atomic orbitals used for the expansion of 𝜓 

𝑐ᵢ are the atomic orbital coefficients. 

  

We consider atomic orbitals for each atom in the molecule. All the 𝜒ᵢ used for the MOs of a 

molecule constitute the basis set of the expansion. The atomic orbitals coefficients ci are related to 

the contribution of a given orbital (χᵢ) to the whole molecular orbital [47].  

 

As already mentioned, whenever we solve a Schrödinger equation, we are looking for a minimum 

in the potential energy surface of the system considered (section 2.2). This means that we want to 

minimize the energy. In order to do this, we write the expression of the energy, we express the 

wavefunction in terms of equation 6, and we consider the conditions for the energy to be minimum. 

This will enable us to find the value of the coefficients ci in the expansion. The variational principle 

ensures that, by using this method, we do not find energy values that are lower than the real value 

[48].  

 

The variational principle states that, if a trial wavefunction is used to calculate the energy, the 

obtained values will not be less than the true energy value. The function expressed in terms of 

equation 6 is the trial function in the LCAO procedure. The energy value is expressed as an 

expectation value: 
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𝐸 =
∫𝜓∗Ĥ𝜓𝑑

∫𝜓∗𝜓𝑑
                                                                                                (7) 

 

If we consider real wavefunctions, we can then write: 

 

𝐸 =
∫𝜓Ĥ𝜓𝑑

∫𝜓2𝑑
                                                                                                  (8) 

 

By substituting equation 6 into equation 7, the expectation value of the energy can be written as 

 

𝐸 =
∫(∑ 𝑐ᵢ𝜒ᵢᵢ )Ĥ(∑ 𝑐ᵢ𝜒ᵢᵢ )𝑑

∫(∑ 𝑐ᵢ𝜒ᵢᵢ )
2
𝑑

                                                                                                  (9) 

 

In order to find the minimum energy, we have to take the first derivative of the expectation value 

with respect to each of the coefficients and set it to be equal to zero. In this way we obtain a set of 

equations having the mathematical form 

 

(
𝐸

𝑐𝑖
)  j, ji = 0                                                                                                                     (10) 

 

By replacing the expression of E from equation 9 in each of these equations, we obtain a set of 

equations where the unknown quantities are the coefficients ci and the energy E. These equations 

that are called the secular equations. In order to solve them, we have to set the determinant of the 

coefficients of the unknown quantities equal to zero. The determinant is called the secular 

determinant [41, 42].  

 

For illustration purpose, we can consider the case of two atoms, i.e. the case of a heteronuclear 

diatomic molecule consisting of two atoms, A and B. The wavefunction can be expressed as 

 

𝜓 = 𝑐𝐴𝜓𝐴 + 𝑐𝐵𝜓𝐵                                                                                                             (11) 

 

where 𝜓𝐴 and 𝜓𝐵 are the atomic orbitals contributing to the molecular orbital 𝜓, and 𝑐𝐴 and 𝑐𝐵 are 
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the coefficients to be determined. 

 

By substituting equation 11 into equation 7, the expectation value becomes 

 

𝐸 =
∫(𝑐𝐴𝜓𝐴+𝑐𝐵𝜓𝐵)Ĥ(𝑐𝐴𝜓𝐴+𝑐𝐵𝜓𝐵)𝑑

∫(𝑐𝐴𝜓𝐴+𝑐𝐵𝜓𝐵)2𝑑
                                                                            (12)                                                                      

 

By expanding the expressions of the numerator and the denominator, we obtain certain integrals 

that are given specific names; these are the Coulomb integrals (α), the resonance integrals (β) and 

the overlap integrals (S). They are defined as follows:  

 

𝛼𝐴 = ∫𝜓𝐴 Ĥ𝜓𝐴𝑑                                                                                                     (13a) 

 

 𝛼𝐵 = ∫𝜓𝐵 Ĥ𝜓𝐵𝑑                                                                                                   (13b) 

 

𝛽 = ∫𝜓𝐴 Ĥ𝜓𝐵𝑑                                                                                                       (14) 

 

𝑆𝐴𝐵 = ∫𝜓∗
𝐴
𝜓𝐵𝑑                                                                                                     (15) 

 

In order to solve the secular equations, we set the secular determinant equal to zero. 

 

              |
𝛼𝐴 − 𝐸
𝛽 − 𝐸𝑆

           
𝛽 − 𝐸𝑆
𝛼𝐵 − 𝐸

| = 0                                                                 (16) 

 

The determinant is expanded to a quadratic equation in E and then solved. The roots obtained are 

the energies of the bonding and antibonding molecular orbitals formed from the basis sets 

considered. The introduction of those energy values into the secular equation yields the 

coefficients 𝑐𝐴 and 𝑐𝐵. 
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2.3.3.3. Complying with the antisymmetry requirements 

For any multi-electron system, we have to consider the spin of the electrons. Therefore, the total 

wavefunction is a function of the space coordinates of the electrons and the total spin angular 

momentum [30, 38, 47–51].  

total wavefunction = (space wavefunction) x (spin wavefunction)                                 (17) 

In the case of molecules, these wavefunctions are called spinorbitals. The spinorbitals can be 

expressed in the form:  

 

χ(𝑥⃗i)= 𝜙(𝑟)σ                                                                                                                     (18) 

 

where 𝜙(𝑟) is a function depending on the space coordinates of the electron, 𝑟 is a vector of the 

space coordinates of the electron and σ is a spin component taking into account the spins of all the 

electrons. For N electrons, the wavefunctions are written as the product of the spinorbitals, and 

this is called the Hartree product. 

 

Since the electrons are fermions, we have to consider the Pauli’s exclusion principle. The principle 

can be expressed through any of the following conditions [38]:  

• Weaker condition: in a multi-electron atom, there can never be more than one electron in 

a given quantum state.  

• Stronger condition: a system with several electrons must be described by an antisymmetric 

total wavefunction.  

A function is antisymmetric if it changes sign when the two particles are exchanged (this is 

equivalent to changing the labelling of the two electrons). In the case of two particles, we can have 

only one exchange of the particles, so, there is only one permutation and the function can change 

sign. The total wavefunction can be antisymmetric with one of the two following options: 

(antisymmetric total wavefunction) = (symmetric space wavefunction) x (antisymmetric 

spin wavefunction)                                                                                                        (19a) 

 

(antisymmetric total wavefunction) = (antisymmetric space wavefunction) x (symmetric 
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spin wavefunction)                                                                                                        (19b) 

 

In the case of many electrons, there are many options for permuting two of them. Therefore, it is 

possible to have many permutations of two particles simultaneously. Each permutation implies a 

change in the sign of the wavefunction. Whether the overall sign of the wavefunction changes 

depends on the number of permutations considered. If the number of permutations is odd, the 

overall result is the change of sign [49, 52, 53]. If the number of permutations is even, there will 

be no change in sign in the overall result. In order to consider the overall outcome, the 

wavefunction is written in the form of a Slater determinant [52]: 

 

                       ΦSD= 
1

√N!
  

[
 
 
 
𝜒₁(𝑥⃗₁) 𝜒₂(𝑥⃗₁) ⋯ 𝜒

𝑁
(𝑥⃗1)

𝜒₁(𝑥⃗₂) 𝜒₂(𝑥⃗₂) ⋯ 𝜒
𝑁
(𝑥⃗2)

⋮ ⋮ ⋱ ⋮

𝜒₁(𝑥⃗𝑁) 𝜒₂(𝑥⃗𝑁) ⋯ 𝜒
𝑁
(𝑥⃗𝑁)]

 
 
 

                                           (20)  

 

where:  the electrons are numbered 1, 2,.., N 

𝛷 is the wavefunction 

1

√N!
 is the normalisation coefficient. 

N is the total number of electrons 

𝑥⃗𝑖 are coordinate vectors 

𝜒𝑖(𝑥⃗𝑗) is the function of the electron i considered for the coordinate vector 𝑥⃗𝑗 

 

The Hartree-Fock approximation uses a single Slater determinant for the description of electronic 

wavefunctions [54]. The Hartree-Fock energy can be written in terms of integrals. Considering 

two-electron operators, it is expressed as 

 

𝐸𝐻𝐹 = ⟨ΦSD|Ĥ|ΦSD⟩ = ∑ ⟨𝑖|ℎ̂|𝑖⟩𝑁
𝑖 +

1

2
∑ ∑ 𝑖𝑖𝑗𝑗𝑁

𝑗
𝑁
𝑖 + 𝑖𝑖𝑗𝑗                                       (21)      

 

where  𝑖𝑖𝑗𝑗 = ∬|𝜒𝑖(𝑥⃗1)|
2 1

𝑟12
|𝜒𝑖(𝑥⃗2)|

2𝑑𝑥⃗1𝑑𝑥⃗2                                                                      (22) 

              ⟨ΦSD|Ĥ|ΦSD⟩ = ∫ ΦSD ĤΦSD𝑑 (assuming that the wavefunction is normalized) 
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The resulting two-electron integral is given by  

 

𝑖𝑖𝑗𝑗 = ∬𝜒𝑖(𝑥⃗1)𝜒𝑗
∗ (𝑥⃗1)

1

𝑟12
𝜒𝑗(𝑥⃗2)𝜒𝑖

∗ (𝑥⃗2)𝑑𝑥⃗1𝑑𝑥⃗2                                                      (23) 

  

2.3.3.4. Electron correlation 

In the HF method, the motion of each electron is viewed as not being influenced by the motion of 

the other individual electrons (the repulsion with the other electrons is averaged). In reality, 

electrons influence each other’s motions. It is said that their motions are correlated [55]. The 

energy associated with this correlation is called correlation energy and it is viewed as the difference 

between the exact energy and the energy of the best possible HF calculation (energy of the HF 

limit).  

 

2.3.3.5. Basis sets 

A basis set is defined as a set of functions used to create molecular orbitals [47, 56]. The MOs are 

expanded as a linear combination of atomic orbitals with coefficients to be determined (eqn. (6); 

section 2.3.3.2). Choosing the right basis set is very critical for the quality of the results.  

Atomic orbitals contributing to the formation of molecular orbitals include:  

• Core orbitals, which are the orbitals of the inner, closed shells of the atom  

• Valence orbitals, which are the orbitals of the valence shell of the atom 

• Virtual orbitals, which are orbitals that are unoccupied in the ground state of the atom 

[57, 58]. 

Basis sets may include different numbers and types of orbitals (sections 2.3.3.5.2−2.3.3.5.4). 

 

2.3.3.5.1. Types of functions involved in basis sets 

The most straightforward way would be to use atomic orbitals directly, for example, the solution 

of the hydrogen atom. The difficulty was that they have to be supplemented for completeness. The 

Slater type orbitals (STOs) were used in the early days in quantum chemistry as basis functions 

due to their similarities with the wavefunctions of the hydrogen atom [54, 59, 60].  

 

𝑅(𝑟) = 𝑁𝑟𝑛−1𝑒−𝜉𝑟                                                                                                          (24) 



 

21 
 

 

where  R is the radium of the atomic nucleic distance 

N is a normalisation constant 

 n is a natural number representing a principal quantum number, n = 1, 2…., 

 ξ is a constant related to the effective charge of the nucleus 

 r is the distance of the electron from the atomic nucleus 

 

An advantage of the STOs was their direct physical interpretation [60–65]. However, STOs had a 

severe shortcoming, because the integrals required during the SCF procedure must be calculated 

numerically, which reduces the computational speed.  

 

Gaussian type orbitals (GTO) were then introduced to approximate the STOs, by expressing them 

as linear combinations of gaussian orbitals. GTOs are referred to as gaussian primitives, which are 

usually obtained from quantum calculations of atoms [62, 66].  

 

𝐺𝑛𝑙𝑚(𝑟, , 𝜑) = 𝑁𝑛𝑟𝑛−1𝑒−𝛼𝑟2
𝑌𝑙

𝑚(, 𝜑)                                                                          (25) 

 

where:  n, m, l are the quantum numbers 

 , 𝜑 are the angular coordinates. 

 

The exponents are varied until the lowest possible energy is obtained. 

 

2.3.3.5.2. Minimal basis set 

A minimal basis set is a basis set containing only the functions necessary to accommodate the 

electrons in the atom [47, 67]. Usually, a single basis function is used in the Hartree-Fock 

calculations of a free atom (for instance, 1s for the H atom). The most common minimal basis set 

is STO-nG, where n is an integer representing the number of GTOs used to approximate the STOs 

for both the valence and core orbitals. Since this basis set is not flexible, the use of additional 

functions is considered a better option to represent orbitals more accurately.  For example, the 1s, 

2s, 2px, 2py, 2pz functions will be used for a lithium atom. 
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2.3.3.5.3. Polarized basis set 

Polarisation refers to the distortion in the shape of an atomic orbital when the molecule is formed, 

due to the attraction of the electrons by the other nuclei [47, 69]. To take this phenomenon into 

account, basis functions with higher angular momentum quantum number (d and f type) are added 

so as to increase the flexibility of the resulting MOs. The additional flexibility provided by the 

polarization functions enables the MO to be asymmetric about the nucleus [69]. This allows for 

more accurate description of the bonding between atoms by removing the spherical symmetry 

around an atom. The polarisation functions are essential for a better description of chemical 

bonding and should be considered in all calculations where electron correlation is important. An 

asterix (*) is used to inform that a polarization function has been added to the heavier atom, and a 

double asterix (**) is used to inform that the polarisation function is added to both the heavier and 

the lighter atoms. For example, 6-31G* (or 6-31G(d)) informs that the polarization function has 

been added to the heavier atoms, that is, d orbitals have been added for carbon and other atoms of 

the second period. 6-31G** (or 6-31G(d, p)) informs that the polarisation function has been added 

to both the heavier and the lighter atoms, that is, d orbitals have been added for atoms of the second 

period and the p orbital have been added for hydrogen atoms. 

 

2.3.3.5.4. Diffuse basis set 

Diffuse basis sets are basis sets which contain diffuse functions. The diffuse functions are usually 

of the s and p type orbitals [70]. They are considered important for the description of anions and 

weak bonds correctly and are relevant in the calculation of molecular properties such as dipole 

moments. The presence of diffuse function is denoted by +. For example, the basis set 6-31+G** 

is a basis set in which polarisation functions have been added for both the light and heavy atoms 

and the diffuse functions have been added for heavy atoms. The basis set 6-31++G** is a basis set 

in which polarisation functions have been added for both the light and heavy atoms and the diffuse 

functions have also been added for both the light and heavy atoms. 

 

2.3.3.4. Post-Hartree-Fock methods 

The post HF methods are methods that are developed as an improvement on the HF results. They 

include electron correlation as a more accurate way to consider the electron-electron repulsions 

than in the HF method [65, 70]. Some of the methods are MP2 and CCSD(T), (coupled cluster 
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methods); they will not be discussed here because they have not been used in this work. 

 

2.3.4. Density functional theory (DFT) 

 

2.3.4.1. General features of DFT 

The DFT method is one of the most commonly used computational method for predicting the 

properties of chemical systems [71, 72]. Since the energy of the molecule can be determined in its 

ground state (E0) from the electron density (𝜌), DFT attempts to calculate the ground state 

molecular properties from the ground state electron density without using the wavefunction of the 

system [73, 74]. DFT considers the energy as a function of the electron density 

E = E (𝜌)                       (26 a) 

Since  is a function of the position [ = 𝜌(r)], the energy is a  function of a function (functional), 

as expressed by the equation: 

 

E =  E [(𝑟)]                                                                                                                 (26 b)   

 

DFT takes into account electron correlation (section 2.3.3.4.) and it has the advantage that it 

requires less computing power in comparison to most of the post HF-methods. The DFT theory is 

also based on the idea that an external potential (Vext) originating from a position of the nuclei in 

a molecule is a function of the electron density [75–79]. Due to this, two different external 

potentials can only yield different ground state electron densities.  

The Hamiltonian (Ĥ), is a functional of the electron density given by [29]: 

 

Ĥ= 𝑇̂+𝑉̂ee+𝑉̂ext                                                                                                       (27)                                                                                               

 

where: 𝑇̂ is the kinetic energy of the non-interacting electrons 

𝑉̂ee is the external potential related to the classical electron-electron repulsion 

𝑉̂ext is the external potential related to the nuclear-electron interaction 

 

The energy of a molecule in its ground state (E0), generated from the ground state electron density, 

can be expressed by the equation: 
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E0 = E [(r)]                                                                                                                    (28) 

 

By re-writing E [(r)] as functionals of the electron density (r), one obtains: 

 

E0 (ρ0] = T [ρ0] + Eee [ρ0] + Ene [ρ0]                                                                               (29) 

 

The terms T [ρ0] and Eee [ρ0] in equation 29 are system independent, whereas Ene [ρ0] represents 

the potential energy due to the attractive interaction between nuclei and electrons and it is system 

dependent. Equation 29 can be split into specific components as follows 

 

E [(r)] = Tni [(r)] + Vne [(r)] + Vee [(r)] + T [(r)] + Vee [(r)]                          (30)  

 

where: Tni is the kinetic energy of non-interacting electrons 

 Vne is the potential energy corresponding to the nucleus-electron interaction 

 Vee is the potential energy corresponding to the electron-electron interaction 

T is the change in kinetic energy 

Vee is the change in potential energy of the electron-electron interaction 

All these terms are written in equation 30 as functionals of the probability density. 

 

2.3.4.2. The Hohenberg and Kohn theorem 

Hohenberg and Kohn developed two theorems. The first Hohenberg-Kohn theorem considers the 

ground state energy generated from the Hohenberg-Kohn functional when the ground state 

electron density is specified [74, 75, 80]. The second Hohenberg-Kohn theorem considers the 

ground state electron density and any guess electron density, and uses the variational principle. 

The first three terms in equation 30 form the Hohenberg-Kohn functional (FHK [0]), and they are 

system independent, while the last two terms are system dependent. 

 

FHK [0])= Tni [(r)] + Vne [(r)] + Vee [(r)]                                                                            (31) 
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The guess electron density [trial] results in an external potential giving a higher energy value than 

that of the ground state electron density  

 

E [trial] = T [trial] + Eee [trial] + Ene [trial]  E0                                                             (32) 

 

The application of DFT within the Hohenberg-Kohn approximation failed because the kinetic 

energy expression from the Hohenberg-Kohn functional was not well established. 

 

 

2.3.4.3. Kohn and Sham method 

Kohn and Sham develop a method yielding the Kohn-Sham equations. The theory focused on a 

system of non-interacting electrons (in general, the wavefunction and electron density of non-

interacting electrons differ from those of interacting electrons). This approach includes the 

construction of a non-interacting system in a way that the density is the same as that of the 

interacting electrons. After discovering a correspondence of the Slater determinant which 

approximates the N-electron wavefunction with the true wavefunction for a non-interacting 

electron system from the HF approximation, they could conclude that [77] 

 

THF =χi|
2|χi                                                                                                                  (33) 

 

where  χi are the spinorbitals 

 THF is the HF approximation 

The ground state wavefunction can then be expressed using the Slater determinant s. 

 

s = 
1

√N!
   

[
 
 
 
𝜑₁(𝑥⃗₁) 𝜑₂(𝑥⃗₁) ⋯ 𝜑

𝑁
(𝑥⃗1)

𝜑₁(𝑥⃗₂) 𝜑₂(𝑥⃗₂) ⋯ 𝜑
𝑁
(𝑥⃗2)

⋮ ⋮ ⋱ ⋮

𝜑₁(𝑥⃗𝑁) 𝜑₂(𝑥⃗𝑁) ⋯ 𝜑
𝑁
(𝑥⃗𝑁)]

 
 
 

                                                               (34)                   

 

The orbitals (𝜑𝑖) in the Kohn-Sham theory are similar to those considered in the HF theory, and 

are related to the eigenvalue, 𝜀𝑖, through the eigenvalue equation: 
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𝑓𝐾𝑆 𝜑𝑖 = 𝜀𝑖𝜑𝑖                                                                                                                                                                          (35) 

 

where 𝑓𝐾𝑆 is the Kohn-Sham operator, which contains the effective potential 𝑉𝑆(𝑟): 

 

𝑓𝐾𝑆 =
1

2
∇2 + 𝑉𝑆(𝑟)                                                                                                         (36) 

 

Consequently, the Hohenberg-Kohn function within the Kohn-Sham approach can be written as 

  

EDFT[ρ] = Ts[ρ] + Ene[ρ] + J[ρ] + Exc[ρ]                                                                          (37) 

 

where: Ts[ρ] represent the kinetic energy of non-interacting electrons 

 Ene[ρ] represent potential nucleus-electron interaction potential energy 

 J[ρ] is the electron-electron interaction potential energy 

 Exc[ρ] is the exchange correlation energy  

 

Exc[ρ] is calculated with an exchange-correlation functional and takes into account part of the 

electron correlation energy [74–80]. 

 

2.3.4.4. DFT functionals  

The DFT method is focused towards the design of functionals which relate the electron density to 

the energy of the system. These functionals are classified based on their level of sophistication. 

The simplest functional is the LDA (Local Density Approximation), which is based on the 

assumption that the exchange correlation energy at any point in space is the only function of the 

electron on that point in space [81]. Consequently, LDA functional systems can be represented by 

a homogenous electron gas of the same density [82, 83]. Another functional is the GGA 

(Generalized Gradient Approximation) method which depend on both the electron density and the 

gradient. Since most molecular systems are spatially inhomogeneous and are different compared 

to a homogeneous electron gas, GGA is considered a significant improvement with respect to 

LDA. 
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Meta-GGA methods, which are methods which incorporate the kinetic energy density, and the 

hybrid density functionals combining the exchange-correlation of GGA with some level of HF 

exchange, have been developed. The hybrid functionals include the dependence on the kinetic 

energy density. One of the most commonly used hybrid functionals in quantum chemistry is the 

exchange correlation functional, B3LYP [84–87]. 

 

2.4. Molecular properties considered in this work 

 

2.4.1. Conformers’ relative energies 

In the conformational study of molecules, it is interesting to compare the energy of the conformers 

whenever a molecule has more than one conformer). The outputs give the energies in Hartree, and 

these values are not convenient for comparisons to use in analysis. The easiest way to compare the 

energies of the conformers is by considering their relative energies. This is done by assigning zero 

value to the energy of the lowest energy conformer and considering the differences of the other 

energy values with respect to it. These differences are the relative energies of the individual 

conformers. Because of the way in which they are calculated, relative energies are always positive. 

 

2.4.2. Vibrational frequencies and thermodynamic properties 

In a molecule, different types of motions are possible and can influence its energy and physical 

properties [88, 89]. The motions comprise: 

• translational motion: concerns the motion of the whole molecule in space  

• rotational motion: concerns the rotation of molecules around the three axes (x, y, z) in space  

• vibrational motion: it is related to the periodic motion of the atoms within a molecule. 

 

These motions are a major contribution to the energy of the molecule [50, 89]. Their contributions 

sum up and yield the thermal energy (Eth) of a molecule 

 

Eth = T+R+V                                                                                                                (38) 

 

where  T corresponds to the translation contribution 

R corresponds to the rotational contribution 
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V corresponds to the vibrational contribution 

 

The total energy of the molecule (E) is given by the sum of the thermal energy and the electronic 

energy (E) and can be written as  

 

E = T+R+V+E                                                                                                       (39) 

 

The degrees of freedom of a particle are defined as the number of variables needed to give a 

complete description of its motion. They are expressed in terms of the coordinates in space (x, y, 

z). The motion of an atom moving in three-dimensions (translational motion) is described by three 

coordinates; therefore, the atom will have three degrees of freedom. For a molecule with N atoms, 

the total number of degrees of freedom is 3N, because each atom has 3 degrees of freedom. Three 

of these 3N degrees of freedom correspond to the translational motion of the molecule, which is 

the motion of the whole molecule in space. To know the degrees of freedom for rotational motion, 

we need to distinguish whether a molecule is linear or non-linear. For a non-linear molecule, there 

are three degrees of freedom for rotation because rotation is possible around all the three axes. For 

a linear molecule, the rotation around the molecular axis is not allowed; therefore, there are two 

degrees of freedom for rotation.  

 

The degrees of freedom for vibrational motion are given by 

 

Vibrational motion degrees of freedom = total degrees of freedom - translational degrees 

of freedom - rotational degrees of freedom                                                               (40) 

 

Therefore, the vibrational degrees of freedom are 3N-6 for non-linear molecules and 3N-5 linear 

molecules [90]. 

 

Vibrational motions of a molecule can occur in all phases of matter (solid, liquid and gas). The 

simplest description for a molecular system with more than one vibrational mode considers the 

vibrations of a tri-atomic molecule, i.e. a molecule with only two bonds. The type of vibrations 

possible are  
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• symmetric stretching: the two bond lengths alternatingly increase and decrease  

simultaneously by the same amount  

• asymmetric stretching: alternatingly, one bond lengths increase as the other decreases by 

the same amount  

• bending: the bond angle between the two bonds changes  

As the number of atoms increases, the type and number of  vibrations also increases. Vibrational 

motions can also change the shape of a molecule. The lower energy vibrational motions can also 

change the shape of the benzene ring. 

 

A molecular vibration is excited when a molecule absorbs a quantum of energy corresponding to 

the given vibrational frequency [91, 92]. Since the vibrations in a molecule are periodic motions, 

the harmonic approximations (harmonic oscillator) is the simplest approach. Using this 

approximation, the motion in a normal vibration can be described as a simple harmonic motion.  

The energy of a particle oscillating harmonically has two components, the kinetic energy and the 

potential energy. The vibrational potential energy (V) is a quadratic function with respect to the 

atomic displacement [50, 52].  

 

𝑉 =
1

2
𝑘𝑥2                                                                                                                 (41) 

 

where:  k is the restoring force constant 

 𝑥 is the displacement along the x direction  

                        

Therefore, the Schrödinger equation for a particle with a mass m oscillating harmonically is given 

by the equation 

  

−
ℎ²

2𝑚

𝜕²

𝜕𝑥²
+

1

2
𝑘𝑥² = E                                                                                            (42) 

 

The first term on the left-hand side corresponds to the kinetic energy of the particle and the second 

term to its potential energy. By solving the Schrödinger equation, we obtain the energy values, 

given by   
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𝐸𝑣 = (𝑣 +
1

2
)ħ𝜔                                                                                                          (43) 

 

where  v is the vibrational quantum number 

𝜔 is related to the force constant by the equation 

 

𝜔 =
1

2𝜋
√

𝑘

𝑚
                                                                                                                 (44) 

 

Considering the harmonic oscillator potential (figure 2.6), the spacing between the energy levels 

is constant and is equal to ħ𝜔. This is one of the limitations of the harmonic approximation, which 

would imply that all the transitions between two neighboring levels occur at the same frequency 

(𝐸𝑣+1,𝑣 = ħ𝜔) [52]. Anharmonic corrections may be introduced to improve the results with 

respect to the harmonic oscillator. A frequent approximation is the Morse potential, which also 

takes into consideration bond dissociation. As the quantum number increases, the spacing between 

neighboring energy levels decreases. The Morse potential is a better representation of the potential 

energy for the vibrations in a molecule.  

 

Figure 2.6. Harmonic oscillator potential and the Morse potential [93] 
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2.4.3. Zero-point corrected energy 

The frequency calculations also give us the zero-point energy (ZPE), that is the difference between 

the lowest part of the potential (V = 0) and the first vibrational energy level (corresponding to v = 

0). This energy difference is equal to  
1

2
ħ𝜔 for the harmonic oscillator. This correction must be 

included to get the total energy of the molecule. When we consider the energy with this correction, 

we call it the zero-point corrected energy [52, 94, 95].  

 

2.4.4. Molecular orbitals (HOMO and LUMO) 

Molecular orbitals are the solutions of the Schrödinger equations and are built with the LCAO 

approximations (section 2.3.3.2). Molecular orbitals can be either bonding or antibonding [96, 52]. 

A bonding molecular orbital, when occupied, decreases the energy of the system with respect to 

the separated atoms. An antibonding molecular orbital, when occupied, increases the energy of the 

system with respect to the separated atoms. Therefore, the bonding molecular orbital has a 

stabilizing effect on the system, when they are occupied, and the antibonding molecular orbital has 

a destabilizing effect on the system. 

Two molecular orbitals are particularly important for the description of a molecule because they 

relate to its properties: the Highest Occupied Molecular Orbital (HOMO) and the Lowest 

Unoccupied Molecular Orbital (LUMO). The energy difference between these molecular orbitals 

(HOMO-LUMO energy gap) is related to some molecular properties, including the reactivity of 

the molecules [97–100]. The most stable molecules have a higher energy gap, and the less stable 

molecules have a smaller energy gap. Molecules with smaller energy gaps may undergo chemical 

reactions more easily. The energy gap also relates to the ability of a substance to conduct electric 

current; a smaller gap is related to better conductivity [101]. 

 

2.4.5. Dipole moments 

The electric dipole moment () is defined for a pair of opposite charges of magnitude q, as the 

magnitude of the charge multiplied by the distance between them. The direction of the resulting 

dipole moment vector (⃗⃗⃗) is toward the positive charge [102, 103]. A bond is polar when the two 

bonded atoms have different electronegativities. Each polar bond has a dipole moment. There is a 

dipole moment for the whole molecule if the sum of the vectors of all the dipole moments of the 
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bonds is not zero. The sum is given by the equation. 

 

⃗⃗⃗  = ∑ 𝑞𝑖𝑖 𝑟𝑖                                                                                                               (45)    

                           

where: ⃗⃗⃗ is the resulting dipole moment vector of the molecule 

𝑞𝑖𝑟𝑖 is the dipole moment of bond i 

 

 

Water molecule                                        Carbon dioxide 

Figure 2.7. Dipole moments of individual bonds and dipole moment of the water molecule and the carbon 

dioxide molecule.  

 

The sum of the vectors depends on their mutual orientations. Figure 2.7 shows the case of water 

and the case of carbon dioxide (CO2). Both molecules have two polar bonds, but, in the water 

molecule, the sum of the vectors is not zero because the two vectors form a non-zero angle, 

whereas in the CO2 molecule, the sum of the vectors is zero because the two vectors are opposite 

and equal (angle equal to 180º) [103, 104]. 

 

2.4.6. Hydrogen bonds 

Hydrogen bond is considered as a type of dipole-dipole attraction which occurs when a hydrogen 

atom (H) is bonded to a more electronegative and small-size atom (X), and another electronegative 

atom is available in the vicinity (100-102). A hydrogen bond can be illustrated as an interaction 

between a donor X–H and an acceptor Y (figure 2.8). X can be an electronegative atom such as 

oxygen (O), nitrogen (N) and fluorine (F) but, in some instances, it can be a carbon (C) atom. The 

acceptor Y can be an electronegative atom such as O, N or F. The Y atom usually has at least one 

electron pair available. Hydrogen bonds are usually denoted by denoted segments. 
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Figure 2.8. Illustration of a hydrogen bond 

 

Different hydrogen bonds have different characteristics according to the nature of X and Y, and 

also to the molecular context. We usually describe the hydrogen bonds through their parameters: 

bond length, donoracceptor distance (XY), and XĤY bond angle. The parameters also provide 

information about the hydrogen bond strength. The stronger hydrogen bonds are characterized by 

1.2–1.5 Å HY bond length, with 2.2–2.5 Å  XY donoracceptor distance, and 170–180° XĤY 

bond angles. Moderate hydrogen bonds are characterized by 1.5–2.2 Å HY bond length, with 

2.5–3.2 Å XY donoracceptor distance, and 130–150° XĤY bond angles. Weaker hydrogen 

bonds are characterized by 2.2–3.2 Å HY bond length, with 3.2–4.0 Å XY donoracceptor 

distance, and 90–120° XĤY bond angles [105–107]. An example of a weak hydrogen is shown in 

figure 2.9. The sp2 O of the COOH group forms a hydrogen bond with the hydrogen on the OH 

group; this hydrogen bond is weak because of the small OĤO bond angle [108]. 

 

 

  

 

Figure 2.9. The weak hydrogen bond present in the carboxylic (COOH) group. The acetic acid molecule is 

selected as illustrative example. 

 

There are two types of hydrogen bonds: intermolecular hydrogen bonds and intramolecular 

hydrogen bonds [109]. 

 

Intermolecular hydrogen bonds are hydrogen bonds which occurs between separate molecules. 

The donor belongs to one molecule and the acceptor belongs to another molecule. An example is 
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given by a hydrogen bond between two water molecules (figure 2.10).  

 

Intramolecular hydrogen bonds (IHBs) are hydrogen bonds which occur within a molecule. 

Both the donor and the acceptor belong to the same molecule. For such a hydrogen bond to form, 

the donor and the acceptor atoms must be able to come close to each other. An example is the 

hydrogen bond present in the salicylaldehyde molecule (Figure 2.10). IHBs are important in 

biomolecules, for example, proteins and DNA [109, 110]. It is important to consider the IHBs 

when studying a molecule because they stabilize a molecule and also influence its geometry. They 

are also particularly important for the study of biologically active molecule because they may be 

involved in the mechanism by which the biologically active molecules interact with the biological 

target . 

 

 

 

                Intermolecular hydrogen bond                                Intramolecular hydrogen bond in   

                between two water molecules                                 salicylaldehyde [111] 

 

Figure 2.10. Examples of intermolecular and intramolecular hydrogen bonds 

 

There are instances in which two hydrogen bonds share the same donor or acceptor; such bonds 

are termed bifurcated hydrogen bonds [112, 113]. For example, one hydrogen bond donor can 

be bonded to two hydrogen bond acceptors (e.g. C=O⋯H⋯O=C); this is called a bifurcation on 

the hydrogen. Figure 2.11 shows an example of hydrogen bonds bifurcated on the hydrogen atom. 

It may also happen that two hydrogen bond donors are bonded to the same hydrogen bond acceptor 

(e.g., N—H⋯O⋯H—N); this is called a bifurcation on the oxygen atom. In some cases, the 

acceptor may be over coordinated.  
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Figure 2.11. Example of hydrogen bonds bifurcated on the hydrogen atom. 

The H atom bonded to the N which is bonded to the S atom is IHB donor to two O atoms – the O atom 

bonded to the S atom and the O atom bonded to the C atom between the two N atoms. The two IHBs are 

represented by dashed segments. 

 

2.4.7. Red shift in the vibrational frequencies of the donor 

The red shift is the decrease in the IR vibrational frequency of the bonds involved in the hydrogen 

bonding. The red shift is related to the elongation of the X–H (proton donor) bond length in the 

X–H⋯Y system. The red shift is correlated to the strength of an IHB [114]. 
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Chapter 3 

Literature review 

 

This chapter presents information about diabetes as a disease and about the sulfonylureas 

molecules which are used for its treatment. 

 

3.1. Diabetes mellitus 

Diabetes mellitus [1, 115, 116], commonly referred to as diabetes, is a group of metabolic diseases 

characterized by high blood sugar (glucose) levels that result from defects in insulin secretion, or 

in its action, or both [1, 117]. Insulin is a hormone that the body needs to get glucose from the 

bloodstream into the cells of the body [118]. Diabetes mellitus was first (in the ancient world) 

identified as a disease associated with "sweet urine" and excessive muscle loss. The occurrence of 

diabetes is rapidly increasing in recent times and diabetes has become a worldwide health threat 

in the past decades. According to a statistical report, it is estimated that 382 million people 

worldwide, or 8.3% of the adult population, had diabetes in 2013; if these trends continue, the 

number will rise to 592 million by 2035 [117]. Furthermore, diabetes creates a favorable situation 

for the development of cardiovascular diseases, which are currently the first cause of death 

worldwide. 

 

3.1.1. Different types of diabetes 

There are three main types of diabetes, namely, type 1 diabetes, type 2 diabetes and gestational 

diabetes.  

3.1.1.1. Type 1 diabetes 

Type 1 diabetes is usually diagnosed in children and young adults and was previously known as 

juvenile diabetes [1]. Only 5–10% of diabetes cases are of this type. In this type of diabetes, the 

body does not produce insulin. People with type 1 diabetes rely on insulin injections or on 

continuous infusion of insulin via an insulin pump. There has been a rapid evolution in the care 

and treatment for people with type 1 diabetes, such as genetically engineered insulin and glucose 
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monitoring devices, to control the blood glucose levels and to prevent or delay the diabetes-related 

complications [119, 120]. 

 

Figure 3.1 outlines the various phenomena which are involved in type 1 diabetes. The process 

includes various stages. The carbohydrates entering the body with food are converted to glucose 

(stage 1). The glucose then enters the blood stream to help the pancreas in the production of insulin 

(stage 2). If the pancreas produces little or no insulin (stage 3), the insulin that gets into the 

bloodstream is insufficient (stage 4). Then, not enough glucose is removed from the bloodstream 

to the cells. As a consequence, glucose builds up in the bloodstream (stage 5), thus resulting in 

type 1 diabetes [117]. 

 

 

Figure 3.1. Phenomena involved in type 1 diabetes [117] 

 

3.1.1.2. Type 2 diabetes 

Type 2 diabetes constitutes the vast majority (about 90%) of the cases of diabetes [115]. It is 

commonly diagnosed in the population over the age of 45 years [121, 122]; in recent decades, it is 

increasingly developing also in younger people, even children under 14 years of age. It is a long 

term metabolic disorder that is characterized by high blood sugar levels caused by lack of insulin, 

in turn due to insulin resistance. In the early stages of the disease, the insulin levels in the blood 

https://en.wikipedia.org/wiki/Metabolic_disorder
https://en.wikipedia.org/wiki/Hyperglycemia
https://en.wikipedia.org/wiki/Insulin
https://en.wikipedia.org/wiki/Diabetes_mellitus


 

38 
 

are mostly normal or slightly elevated; at this early stage, people can usually manage their 

conditions so as to delay – and, in some cases, even prevent – the disease, by adopting a healthy 

lifestyle, including regular physical activities, healthy food intake and losing excess body weight 

[123]. However, at a later stage of the disease, patients become insulin-deficient and may require 

oral medications; eventually, when other medications fail to control the blood glucose level 

adequately, they need insulin injections. In the worst scenarios, diabetes may cause gangrene of 

the lower limbs, which results in the need for their amputation. It can also lead to blindness, and 

to heart and kidney failure. 

 

3.1.1.3. Gestational diabetes 

Gestational diabetes is a form of diabetes characterised by high glucose levels in the blood during 

the later stages of pregnancy [120, 124]. Gestational diabetes is said to affect about 4% of 

pregnancies worldwide and can cause complications to both mother and baby [1]. Gestational 

diabetes usually resolves after the delivery of the baby, but women with gestational diabetes and 

their children are at a higher risk of developing type 2 diabetes [124]. Approximately half of the 

women with a history of gestational diabetes have developed type 2 diabetes within five to ten 

years after delivery [125]. Since gestational diabetes can affect both mother and baby, it is 

important for it to be treated as early as possible. Treatments for gestational diabetes include 

special dietary plans and regular physical activities to keep normal blood glucose level, which are 

similar to those pregnant women should do [126]. In more serious cases, the treatment may also 

include daily blood glucose testing and insulin injections. 

 

 

3.1.2. Diabetes in South Africa 

According to a 2017 report based on the information released by Statistics South Africa on the 

causes of deaths in the country, there has been a significant increase in deaths due to diabetes 

[127]. The report says that the majority of people with diabetes have type 2 diabetes. The 

prevalence of type 2 diabetes was estimated at 4.5 % in 2010 [128, 129]. Over the past years, 

diabetes moved from being the 5th biggest killer (in 2013) to be the second biggest killer in South 

Africa (responsible for 5.4% deaths in 2015, [130-132]) and the leading cause of death among 

https://en.wikipedia.org/wiki/Diabetes_mellitus
https://en.wikipedia.org/wiki/Diabetes_mellitus
https://en.wikipedia.org/wiki/Diabetes_mellitus
https://en.wikipedia.org/wiki/Diabetes_mellitus
https://en.wikipedia.org/wiki/Diabetes_mellitus
https://en.wikipedia.org/wiki/Diabetes_mellitus


 

39 
 

females. Diabetes was found to have been the number-one cause of death in the Western Cape 

Province. The reports suggest that in 2016 women were 36% more likely to die due to diabetes 

than from the combination of other causes [133]. Experts suggested that up to 7% of South 

Africans aged 21 to 79 (3.85 million people) had diabetes by then [129, 130]. The increase in the 

cases of people getting sick with diabetes is due to poor diet (unbalanced diet) and obesity. 

Excessive consumption of calories and sedentary lifestyles, and high consumption of soft and 

energy drinks, are also main contributors to the development of diabetes, because of their high 

sugar content [133]. 

Type 2 diabetes is said to be placing a large burden on the healthcare system. This is because of 

the costs associated with the management of diabetes, which may effectively require daily 

treatment and a regular monitoring, a healthy diet and lifestyle and diabetes-based education to 

ensure awareness [130]. The costs may also include hospital and medication costs and government 

provided disability grants. The health expenditure in relation to diabetes is said to be increasing 

yearly since 2010, and the costs are becoming alarming. A high presence of diabetes in the country 

can also affect work productivity in an indirect way, as healthy employees remain absent in order 

to care for sick relatives. Reports indicate that 76% of diabetes-related deaths occur amongst 

people below the age of 60, which is said to be the economically productive population [131, 132].  

 

3.1.3. Most common symptoms of diabetes 

The symptoms may develop gradually, not in direct relationship to whether an individual has 

insulin resistance. The body may manage with lower insulin levels for a certain period, but some 

symptoms eventually begin to be noticed; these include [134-138]:  

• Fatigue: the body may not be getting the needed energy from the consumed foods, which 

results in a person feeling tired;  

• Extreme thirst: the tissues get dehydrated when there is too much glucose in the blood, 

because the body will often pull the fluids from the tissues to the blood in an attempt to 

keep the blood diluted and to also counteract the high glucose levels. Consequently, the 

dehydrated tissues will relay a message that more water is needed;  
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• Frequent urination: it is due to drinking a lot of water to stay hydrated; it is also an attempt 

by the body to get rid of the excess glucose through urination;  

• Extreme hunger: due to the body’s insulin resistance, the glucose is prevented from 

entering the muscles and providing energy; therefore, the muscles and other tissues will 

relay a hunger message even after the individual has eaten, because they are not getting the 

needed energy; 

• Weight loss: when the body does not get the energy it needs from food, it breaks down the 

fat and the muscles in order to create some energy, and this results in weight loss;   

• Infections: the body may experience frequent infections due the effects of type 2 diabetes. 

Bacteria are known to flourish when the levels of glucose in the blood are high, and this 

makes it difficult for the body to fight off infections;  

• Slow wound healing: the functionality of the white blood cells, which are responsible for 

wound healing, is affected by the high levels of glucose in the blood; therefore, it may take 

longer for wounds to actually heal;  

• Blurry vision: the body may pull fluids from the eyes in an attempt to counteract the high 

levels of glucose in the blood; this may cause problems with focusing, resulting in blurry 

vision. 

 

3.1.4. Diabetes related complications 

When diabetes is present in the body for many years, it can result in several complications 

including heart (cardiomyopathy) and kidney (nephropathy) diseases, diabetic eye diseases 

(including retinopathy), and problems to the nervous system (neuropathy) [115]. Some of these 

complications can become extremely damaging to the body if left untreated. For instance, 

retinopathy can result in blindness [139]. The interference of diabetes with wound healing may 

result in ulcerations, leading to amputations in the worst cases [140, 141].  

 

3.1.4.1. Diabetic nephropathy 

Diabetic nephropathy is a kidney disease which is as a result of diabetes [142]. It affects the 

kidney’s ability to do their usual work of waste products and extra fluid removal from the body. 
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Diabetes affects the tiny blood vessels in the glomerulus, a key structure in the kidney composed 

of capillary blood vessels and critical for the filtration of blood to remove waste products [142-

147]. Diabetic nephropathy is a leading cause of kidney failure worldwide. More than 40% of the 

people with diabetes are likely to develop diabetic nephropathy.  

The association of kidney disease and diabetes is worse than the presence of kidney diseases alone. 

This is because there is a high possibility that people with diabetes have also other diabetes-related 

medical conditions such as high blood pressure, high cholesterol, blood vessel diseases, and 

progressively impaired kidney function. People with diabetes are also more likely to have kidney-

related diseases such as nerve damage to the bladder and bladder infections [146, 147]. When 

diabetic nephropathy is severe, an individual may experience kidney failure (end-stage renal 

disease) and, as a result, he/she may require kidney dialysis or worse, a kidney transplant [148].  It 

is said that about 1 in 4 women and 1 in 5 men with type 2 diabetes develops diabetic nephropathy.  

 

3.1.4.2. Diabetic cardiomyopathy 

Diabetic cardiomyopathy is a major cause of heart failure among people with diabetes. It is one of 

the cardiovascular diseases which are leading cause of death amongst diabetic patients [146, 149]. 

People with diabetes are 2–5 times more likely to develop heart failure as compared to non-diabetic 

patients [150, 151]. Diabetic cardiomyopathy is known as a specific form of heart disease which 

is promoted by resistance in the heart tissue to the metabolic actions of insulin (insulin resistance). 

It is defined as the presence of abnormal cardiac structure and performance in the absence of 

coronary artery disease, hypertension, and significant valvular disease [152, 153].  

 

3.1.4.3. Diabetic eye diseases  

Diabetic eye diseases are a group of eye conditions affecting people with diabetes [154, 155]. 

These conditions may affect different parts of the eye including the retina, macula, lens and the 

optic nerve. They are often differentiated based on the parts of the eye that is mostly affected. They 

include diabetic retinopathy, diabetic macular oedema (DME), diabetic cataract and glaucoma. 

They can potentially cause severe vision loss and blindness. 
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3.1.4.3.1. Diabetic retinopathy 

Diabetic retinopathy is a very serious sight-threatening complication of diabetes [156, 157]. It is 

the most common cause of the loss in vision, and a leading cause of blindness and vision 

impairment, amongst the people with diabetes and the working-age adults. It affects the retina – a 

light sensitive tissue lining the back of the eye, which is responsible for detecting and converting 

light to signals sent through the optic nerve to the brain. Retinopathy is a result of the damage 

caused by diabetes on the tiny blood vessels located in the retina [158]. The damage to these blood 

vessels is also associated with chronically high levels of glucose in the blood. As a result, the 

retinal blood vessels may end up leaking fluid into the macula, which is the part of the retina 

enabling us to see different colours and fine details and, therefore, is the part responsible for clear 

vision. The macula may swell because of the excess fluid, and this results in blurred vision.  

New blood vessels may form on the surface of the retina as an attempt to improve the blood 

circulation. Since these new blood vessels are very fragile, they can possibly bleed into the back 

of the eye resulting in the blockage of vision [159, 160].  

Diabetic retinopathy can be classified into two types: non-proliferative and proliferative. Non-

proliferative diabetic retinopathy (NPDR) is the earlier stage of the disease, where the symptoms 

are mild. During this stage,  the tiny blood vessels in the retina are weak. There are tiny bulges in 

the blood vessels (microaneurysms) which may begin leaking fluid into the retina. Due to this 

leakage, the macula may swell.  

Proliferative diabetic retinopathy (PDR) is the most advanced stage of the disease, where there are 

circulation problems which can deprive the retina of oxygen. Cosequently, there is a growth of 

new and fragile tiny blood vessels in the retina and into the vitreous fluid (the gel-like fluid filling 

the back of the eye). These tiny blood vessels may leak blood into the vitreous, resulting in a 

clouded vision [159-162]. 
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Figure 3.2: Difference between a healthy eye and a diabetic eye [1163]. 

 

Figure 3.2 shows the difference between a heathy eye and an eye affected by diabetic retinopathy 

and other diabetic eye conditions. It also shows the presence of the abnormal tiny blood vessels 

which are most likely to form on the surface of the retina in an attempt to increase the circulation 

of blood. 

 

3.1.4.3.2. Diabetic macular edema 

Diabetic macular oedema (DME) is characterized by the presence of retinal thickening or the 

accumulation of fluid in the macula from the damaged blood vessels. DME is the most common 

cause of vision loss among the people with diabetic retinopathy, and it is said that about half of 

the people with diabetic retinopathy may develop DME [164]. It is most likely to occur in a 

worsened case of diabetic retinopathy, but can also occur in any stage of the disease [156, 162, 

165]. 
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3.1.4.3.3. Glaucoma 

Glaucoma is a group of eye conditions which damages the optic nerve (bundle of nerve fibres 

connecting the eye and the brain). It is also associated with elevated pressure inside the eye [158, 

166]. Glaucoma is known to affects adults, but its risk is doubled for people with diabetes.  

 

3.1.4.3.4. Cataract 

Cataract is the clouding of the eye’s lens. It is more likely to develop in adults with diabetes than 

in those without it. It can also develop in people with diabetes at a younger age than for people 

without diabetes [167, 168]. 

 

3.1.4.4. Diabetic neuropathy 

Diabetic neuropathy is a very serious and most common complication of diabetes. It is a type of 

nerve damage which can occur among the people with diabetes [169]. It most commonly affects 

the nerves of the legs and feet. There are many symptoms of diabetic neuropathy, depending on 

the nerves damaged, and some damages to the nerves can lead to disability in the worst cases [170]. 

 

3.1.4.4.1. Types of diabetic neuropathy 

There are four different types of diabetic neuropathy, and it is highly possible for a person to have 

more than one type. The symptoms develop gradually; therefore, an individual may not notice the 

damage until a considerable damage to the nerves has already occurred.  

These diabetic neuropathy types differ according to the part of the body where the affected nerves 

are [169-171]:  

• Peripheral neuropathy is the most common type of neuropathy and it mostly affects first 

the legs and feet and then the hands and arms. Its symptoms include tingling, sharp pains 

and increased insensitivity. It may lead to the need for amputation.  

• Autonomic neuropathy affects the autonomic nervous system, which is the one that 

controls the heart, stomach, intestines, bladder and the eyes. The nerves in any of these 
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areas may be affected, resulting in bladder problems, persons’ lack of awareness of the low 

blood sugar levels and increased heart rate.  

• Radiculoplexus neuropathy affects the nerves in the hips, thighs and legs. It is most 

common among people with type 2 diabetes and adults. It usually affects only one side of 

the body.  

• Mononeuropathy (also referred to as focal neuropathy), is the damage due to diabetes to 

a specific nerve in the face, middle body and the legs. It is most common among adults and 

can cause severe pain but not long-term problems. It can also cause problems in the eyes 

resulting in double vision. 

 

3.1.4.4.2. Complications related to diabetic neuropathy 

Diabetic neuropathy may lead to severe complications. They are outlined in the next paragraphs. 

3.1.4.4.2.1. Amputations (mostly loss of a foot or leg) 

Diabetes has been found to be one of the leading causes of amputation of the lower limbs 

throughout the world [115, 141]. Charity Diabetes UK noted that foot problems are the most 

frequent reasons for hospitalization amongst patients with diabetes [172]. Reports suggests that 

people with diabetes are up to 30 times more likely to undergo amputations than those who don’t 

have it [172-175]. Amputations are more common among the elderly and their rate increases with 

age [141]. 

Diabetes can lead to peripheral artery disease (PAD) due to elevated blood glucose levels [176, 

177]. PAD causes the narrowing of the blood vessels and also a reduction in the amount of blood 

flowing to the legs and feet [178]. This may result in the nerve damage known as peripheral 

neuropathy and can prevent a person from feeling pain. This means that individuals may not realize 

if they have a wound or ulcer on the feet. Continued pressure on the affected area can then cause 

the ulcer to grow and become infected [177]. Reduced blood flow can slow wound healing and 

make the body less effective in fighting infections, which results in healing failure for that wound. 

Tissue damage or gangrene may also inset, and the existing infection may spread to the bones. If 

the infection does not respond to treatment, or if it is irreparable, then amputation may be 

necessary. Amputations of toes, feet, and lower legs are the most common [178]. 
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3.1.4.4.2.2. Other complications 

Urinary tract infections and urinary incontinence: Damage to the nerves that control the 

bladder may cause an individual to be unable to empty the bladder fully. There can also be a build-

up of bacteria in the bladder and kidneys, causing urinary tract infections. An individual may also 

be unable to feel the need to urinate or also be unable to control the muscles that release urine 

which may results in the leakage of urine (incontinence) [171]. 

Digestive problems: If the nerves in the digestive tract are damaged, an individual may experience 

diarrhoea or constipation. The nerve damage due to diabetes cause gastroparesis, which is a 

condition in which the stomach is very slow to empty wastes or even fails to do it. As a 

consequence, there might be an interference with the digestion, which may severely affect the 

levels of glucose in the blood. The symptoms may include vomiting and bloating. 

Joint damage: Diabetes-related nerve damage can also cause the joints to deteriorate [179]. The 

deterioration usually occurs in the feet and affects the small joints. The symptoms may include 

sensitivity loss and swelling, instability and deformity of joints.  

Increased or decreased sweating: The nerve damage due to diabetes can cause disruption of the 

functionality of the sweat glands; therefore, the body may have difficulties controlling the 

temperature properly. People with autonomic neuropathy may experience excessive sweating 

during the night or even when they are eating. Too little or no sweating at all may be life-

threatening [169, 170]. 

Sharp drops in blood pressure: If the nerves that controls the flow of blood are damaged due to 

diabetes, the body’s ability to adjust blood pressure may be affected. This may result in sharp drops 

in the blood pressure when an individual stands and may cause dizziness and even fainting [170]. 

 

3.1.5. Insulin 

 

3.1.5.1. The action of insulin 

Insulin is a major metabolism-regulating hormone which is secreted by β-cells in the pancreas 
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[180]. The major function of insulin is that of countering the actions of some of the hormones 

which generate hyperglycaemia and also maintaining low levels of glucose in the blood. In 

addition to its role in regulating glucose metabolism, insulin stimulates lipogenesis and increases 

the transportation of amino acids into cells [181]. Insulin also has a role in promoting the storage 

of dietary calories, thus lowering the circulating levels of glucose coming from carbohydrate 

throughout the whole body. 

 

Figure 3.3 outlines some of the phenomena that occur in the body and some pathways involving 

insulin. The liver, skeletal muscles, and adipose tissues are the main target tissues of insulin. 

Insulin increases the activity of enzymes enhancing glycogen, lipid and protein synthesis in the 

liver. At the same time, insulin also suppresses the activity of enzymes catalyzing gluconeogenesis 

and glycogenolysis, which break down the glycogen stored in the liver and muscles into glucose 

[181, 182]. Insulin stimulates the uptake of glucose, fatty acids and amino acids from the blood, 

permitting synthesis and storage of glycogen, carbohydrates, lipids, and proteins in the skeletal 

muscles. 

 

Figure 3.3. Blood glucose control including the actions of insulin and glucagon and their pathways [183]. 
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Insulin also promotes lipogenesis to store substrates and inhibits lipolysis (breakdown and release 

of fatty acids by adipose tissue) in adipose tissue. Most of the glucose (80%) that is taken up by 

peripheral tissues is utilized by muscles with a relatively smaller amount being turned into fat or 

deposited in the liver [182, 184]. 

 

3.1.5.2. Insulin resistances 

Insulin resistance is a condition in which the cells in the body are resistant to the effects of insulin; 

this means that there is a reduction in the response to a given amount of insulin [185]. As a 

consequence, higher amount of insulin will be required for it to affect the body properly, the 

pancreas then compensates by producing even more insulin. The resistance may be caused by 

genetic factors and also some medications can be contributing factors, and is common in people 

with obesity and during pregnancy. It may occur in response to the body’s own insulin or when 

insulin is administered by injection. 

 

3.1.6. Classification of antidiabetic drugs/agents 

Different types of medicines involved in the treatment of diabetes are referred to as antidiabetic 

agents [186]. These agents aim at reducing the blood sugar levels to an acceptable range and 

relieving symptoms of diabetes such as thirst, excessive urination, and ketoacidosis [187]. 

Antidiabetic agents also prevent or slow down the development of diabetic complications, 

including neuropathy and retinopathy [188]. 

 

Table 3.1 outlines the main classification of known antidiabetic agents, including the known drugs 

for each class and their principal modes of action. Different classes of antidiabetic drugs have 

different modes of action and are applied in the treatment of different types of diabetes [186–189]. 

The current work focusses on sulfonylureas. 
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Table 3.1: Classes of antidiabetic medications against type 2 diabetes 

Class Examples Principal mode of action 

Sulfonylureas Glimepiride, Glipizide 

Gliclazide, Tolbutamide, 

Glyburide, chlorpropamide 

Stimulate insulin secretion 

Thiazolidinediones Pioglitazone, Rosiglitazone Increase insulin action 

Alpha-glucosidase 

inhibitors 

Acarbose, Miglitol Slow down the rate of carbohydrate ingestion 

Biguanides Metformin, Buformin, 

Phenformin 

Improve insulin action 

Amylin analogs Pramilintide Decrease glucose levels 

Sodium Glucose CO -

Transporter 2 

inhibitors 

Remogliflozin, Dapagliflozin Reduce glucose reabsorption in the proximal 

renal tubules and lowers renal glucose 

threshold 

 

 

3.2. Sulfonylureas 

 

3.2.1. Description of Sulfonylureas 

Sulfonylureas are a class of organic compounds used in medicine as antidiabetic drugs [190]. 

Figure 3.4 shows their general molecular structure. It comprises a benzene ring with two mutually 

para substituents: an R1 group and the thiourea group (a sulphonyl group to which a urea group is 

attached). A substituent R2 may be attached to the urea group. Different molecules differ by the 

nature of R1 and R2, which can be either cyclic or acyclic organic groups [191]. 

 

 

 

Figure 3.4. General structure of sulfonylureas molecules 
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The sulfonylureas molecules are further divided in two categories, namely, first-generation and 

second-generation sulfonylureas molecules [192]. The main difference between the two classes is 

the way in which they bind to the sulfonyl receptor, with the second generation binding more 

tightly and thus requiring a lower dose to stimulate the secretion of the same amount of insulin [2, 

193]. First generation sulfonylureas include chlorpropamide and tolbutamide (figure 3.5). The 

second-generation sulfonylureas include glipizide and glimepiride (figure 3.6) [192].  

                      

                 Chlorpropamide                                                                    Tolbutamide 

Figure 3.5: Examples of first-generation sulfonylureas  

 

 

Glipizide 

 

Glimepiride 

Figure 3.6: Examples of second-generation sulfonylureas 
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3.2.2. Mechanism of action of sulfonylureas 

Sulfonylureas are widely used in the management of type 2 diabetes mellitus, when it is still 

possible to manage it without insulin injections. Sulfonylureas lower blood glucose levels by 

stimulating insulin release from the β-cells of the pancreas [194]. Their action depends on the 

presence of functioning β-cells; so, they are ineffective where there is absolute deficiency of 

insulin production, such as in type 1 diabetes, or in post-pancreatectomy situations.  

 

Sulfonylureas stimulate insulin release by blocking ATP (adenosine triphosphate) sensitive 

potassium channels in the β-cells, thus reducing potassium permeability. They bind to an ATP-

dependent K+ (KATP) channel on the cell membranes of pancreatic β-cells, thus inhibiting a tonic, 

hyperpolarizing outflux of potassium, which would cause the electric potential over the membrane 

to become more positive. This causes depolarization of the cell membrane and increases calcium 

entry [195]. The rise in intracellular calcium leads to increased fusion of insulin granules with the 

cell membrane and, therefore, increases the secretion of insulin.  

 

Sulfonylureas can also sensitize β-cells to glucose, in such a way that they limit the production of 

glucose in the liver in order to decrease lipolysis (breakdown and release of fatty acids by adipose 

tissue) and also decrease the clearance of insulin by the liver [196, 197]. Moreover, they inhibit 

glucagon secretion and sensitize target tissues to the action of insulin. These drugs rapidly lower 

the blood sugar level but also run a risk of causing hypoglycaemia. 
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Chapter 4 

Results 

 

This chapter presents the results of the calculations on the sulfonylureas molecules considered in 

this study. The chapter analyses the results according to selected criteria. The conclusions will then 

be summarised in chapter 5. 

 

4.1. Molecules considered 

 

4.1.1. Description of the molecules considered 

The molecules considered in this work are sulfonylureas (section 3.2) with specific characteristics. 

Figure 4.1. shows the general structure of the considered sulfonylureas molecules and the atom 

numbering for the atoms that are present in all these molecules. It is considered important to give 

the same numbers to the atoms present in the same positions in all the molecules to facilitate 

descriptions and comparisons. 

All the molecules have the sulfonylurea moiety attached to a benzene ring (a group typical of 

sulfonylureas molecules) and an oxygen atom (O7) attached to the benzene ring in para position 

with respect to the sulfonylurea moiety; furthermore, a group R is attached to the outer nitrogen 

atom of the thiourea group, and an alkylic chain is attached to O7 and ends with a nitrogen atom 

(N18), to which another group, R, is attached. Substituents R and R can be either cyclic or acyclic. 

The length of the chain between O7 and N18 is not constant, as the chain may contain either two 

or three carbon atoms. The general atom numbering (figure 4.1) is referred to the case where the 

chain contains three carbon atoms (figure 4.1 left). When it contains only two carbon atoms, the 

number 16 is not present (figure 4.1, right.). The hydrogen atoms take the numbers of the atoms to 

which they are attached; for instance, H2 is a hydrogen atom attached to the C2 carbon atom.  

R and R may have different nature and, therefore, different numbers of atoms. The atoms of R are 

numbered before the atoms of R. The lowest atom number in 19 for all the R groups; the highest 

atom number (23) pertains to the pentagonal R. In order to ensure that the same R has the same 
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atom numbering in all the compounds (whichever the R), the numbering of the atoms of R starts 

with the number 24. Table 4.1 shows the numbering of the atoms of the different R and R. 

 

 

 Three carbon atoms between O7 and N18                Two carbon atoms between O7 and N18 

Figure 4.1. General structure of the sulfonylureas molecules considered in this work and atom numbering 

utilized for the atoms that are present in all the molecules. The sulfonylurea moiety is coloured in red. 

 

Table 4.1. Atom numbering of the different R and R appearing in the compounds considered.  

Group Structures of the groups with atom numbering 

 

 

R 

 

  

   

    

 

R 

 

  

 

 

4.1.2. Classification and naming of the molecules considered 

The molecules considered were classified on the basis of their differences. This yields three 

criteria, namely, the nature of R, the nature of R, and the length of the chain between O7 and N18. 

The classification hierarchy is illustrated by the flow chart in figure 4.2. 
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Figure 4.2. Illustration of the hierarchy of the classification criteria used for the sulfonylureas molecules 

and letters selected to denote the characteristics for each criterion. 

 

The compounds and their conformers are concisely denoted by acronyms, in which each of the 

features corresponding to the classification criteria is denoted by an upper-case letter, as shown in 

figure 4.2 and table 4.2. Using acronyms reflecting this classification is important because it 

facilitates comparisons of compounds with one or more similar characteristics. 

 

Table 4.2. Letters used to denote the characteristics related to the classification of the compounds 

considered in this work. 

Characteristics Letter Description Characteristics Letter Description 

Nature of R A Cyclopentane Nature of R G Pyrrolidine 

B Cyclobutene  J  Morpholine 

C Cyclopropane L  Diethylamine 

D Methane    

E Ethane Length of chain 

between O7 and 

N18 

P 3 carbons  

F Propane Q 2 carbons  

 

1. The nature of R: A, B, C, D, E, F 

2. The nature of R: G, J, L 

3. The length of the chain between 

O7 and N18: P, Q 

Characteristics of the conformers of 

individual molecules: lower case letters 

(table 4.3) 
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4.1.3. List of the molecules considered 

36 compounds were considered in this work. Table 4.3 lists all the compounds, showing their 

structures and giving their chemical names and the acronyms used in this work to denote them 

concisely. The molecules are grouped into 6 groups on the basis of the nature of R (groups A, B, 

C, D, E and F, table 4.2). 

 

Table 4.3. List of the compounds considered in this work. The space under each structure reports the 

IUPAC name of that structure, and (in a separate line) the acronym used in this work 

Group A molecules 

 
 

 
 

 

N-(cyclopentylcarbomyl)-4-(3-(pyrrolidin-1-yl) 

propoxy) benzosulfamide 

 AGP 

N-(cyclopentylcarbomyl)-4-(2-(pyrrolidin-1-yl) 

ethoxy) benzosulfamide  

AGQ 

  

 
 

 
 

 

N-(cyclopentylcarbomyl)-4-(3-morphilinopropoxy) 

benzosulfamide  

AJP 

N-(cyclopentylcarbomyl)-4-(2-morphilinoethoxy) 

benzosulfamide 

 AJQ 

  

 
 

 
 

 

 

N-(cyclopentylcarbomyl)-4-(3-(diethylamino)propoxy) 

benzosulfamide  

ALP 

N-(cyclopentylcarbomyl)-4-(2-(diethylamino)ethoxy) 

benzosulfamide  

ALQ 

  



 

56 
 

Group B molecules 

 
 

 
 

 

N-(cyclobutylcarbomyl)-4-(3-(pyrrolidin-1-yl) 

propoxy) benzosulfamide  

BGP 

N-(cyclobutylcarbomyl)-4-(2-(pyrrolidine-1-yl) 

ethoxy) benzosulfamide  

BGQ 

  

 
 

 
 

 

N-(cyclobutylcarbomyl)-4-(3-morphilinopropoxy) 

benzosulfamide  

BJP 

N-(cyclobutylcarbomyl)-4-(2-morphilinoethoxy) 

benzosulfamide  

BJQ 

  

 
 

 
 

 

N-(cyclobutylcarbomyl)-4-(3(diethylamino)propoxy) 

benzosulfamide  

BLP 

N-(cyclobutylcarbomyl)-4-(2-(diethylamino)ethoxy) 

benzosulfamide  

BLQ 

 

Group C molecules 

 
 

 
 

 

N-(cyclopropylcarbomyl)-4-(3-(pyrrolidin-1-yl) 

propoxy) benzosulfamide  

CGP 

N-(cyclopropylcarbomyl)-4-(2-(pyrrolidine-1-yl) 

ethoxy) benzosulfamide  

CGQ 
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N-(cyclopropylcarbomyl)-4-(3-morphilinopropoxy) 

benzosulfamide  

CJP 

N-(cyclopropylcarbomyl)-4-(2-morphilinoethoxy) 

benzosulfamide  

CJQ 

  

 
 

 

 
 

 

N-(cyclopropylcarbomyl)-4-(3(diethylamino)propoxy) 

benzosulfamide  

CLP 

N-(cyclopropylcarbomyl)-4-(2-(diethylamino)ethoxy) 

benzosulfamide  

CLQ 

 

 

Group D molecules 

 
 

 
 

 

N-(methylcarbomyl)-4-(3-(pyrrolidin-1-yl) propoxy) 

benzosulfamide  

DGP 

N-(methylcarbomyl)-4-(2-(pyrrolidine-1-yl) ethoxy) 

benzosulfamide  

DGQ 

  

 
 

 
 

 

4-(3-(morphilinopropoxy)-N-(methylcarbomoyl) 

benzosulfamide  

DJP 

4-(2-morphilinoethoxy)-N-(methylcarbomoyl) 

benzosulfamide  

DJQ 
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4-(3-(diethylamino)propoxy)-N-(methylcarbomoyl) 

benzosulfamide  

DLP 

4-(2-(diethylamino)ethoxy)-N-(methylcarbomoyl) 

benzosulfamide  

DLQ 

  

Group E molecules  

 
 

 
 

 

 

N-(ethylcarbomyl)-4-(3-(pyrrolidin-1-yl) propoxy) 

benzosulfamide  

EGP 

N-(ethylcarbomyl)-4-(2-(pyrrolidine-1-yl) ethoxy) 

benzosulfamide  

EGQ 

  

 
 

 
 

 

 

 

4-(3-(morphilinopropoxy)-N-(ethylcarbomoyl) 

benzosulfamide  

EJP 

4-(2-morphilinoethoxy)-N-(methylcarbomoyl) 

benzosulfamide  

EJQ 

  

 
 

 
 

 

 

4-(3-(diethylamino) propoxy)-N-(ethylcarbomoyl) 

benzosulfamide  

ELP  

4-(2-(diethylamino)ethoxy)-N-(ethylcarbomoyl) 

benzosulfamide  

ELQ 
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Group F molecules  

 
 

 
 

 

N-(propylcarbomyl)-4-(3-(pyrrolidin-1-yl) propoxy) 

benzosulfamide  

FGP 

N-(propylcarbomyl)-4-(2-(pyrrolidine-1-yl) ethoxy) 

benzosulfamide  

FGQ 

  

 
 

 
 

4-(3-(morphilinopropoxy)-N-(propylcarbomoyl) 

benzosulfamide  

FJP 

4-(2-morphilinoethoxy)-N-(propylcarbomoyl) 

benzosulfamide  

FJQ 

  

 

 
 

4-(3-(diethylamino)propoxy)-N-(propylcarbomoyl) 

benzosulfamide  

FLP 

4-(2-(diethylamino)ethoxy)-N-(propylcarbomoyl) 

benzosulfamide  

FLQ 

 

4.2. Selection of the computational methods 

The selection of the computational methods for this study was based on a balance between results’ 

accuracy and affordability of the computational cost.  

All the calculations were done in vacuo using two methods with different nature: Hartree-Fock 

(HF), an ab initio method, and the Density Functional Theory (DFT) method. All the calculations 

were performed with full geometry optimization to identify the closest stable conformation for 
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each input considered. The 6-31G(d,p) basis set was used for HF calculations. This level had 

proven to be the simplest, less expensive method capable of giving reasonable views of 

conformational preferences for other classes of molecules [198, 199].  

The DFT calculations utilized the Becke, 3-parameter, Lee–Yang–Parr (B3LYP) functional [84–

87] with the 6-31+G(d,p) basis set. It was decided to use a basis set containing also the diffuse 

functions on the heavy atoms because this contributes to a better description of hydrogen bonding.  

Frequency calculations were performed at both the HF/6–31G(d,p) and the DFT/B3LYP/6-

31+G(d,p) levels. They were performed as single point calculations on the corresponding (HF and 

DFT) optimized geometries. The calculated frequencies were scaled by 0.8992 for HF calculations 

and 0.9648 for DFT calculations [200].   

 

4.3. Preparation of inputs 

Different inputs were prepared considering the relevant aspects by which the conformers may 

differ, resulting in criteria for identifying the conformers. These include considering different 

orientations of the thiourea group with respect to the benzene ring by rotation of the C4–S8 bond; 

different orientations of the atoms in the thiourea group by rotating single bonds; and different 

orientations of the chain between O7 and N18 with respect to the benzene ring, by changing the 

C6–C1–O7–C15 dihedral angle. The geometry of the rest of the chain between O7 and N18 was 

taken as linear, as the usually preferred one. 

 

4.4. Computational results 

 
4.4.1. Identification and naming of conformers 

The energy and the geometry of the conformers are influenced by the following factors: the 

presence of intramolecular hydrogen bonds (IHBs); the orientation of the chain between O7 and 

N18 with respect to the benzene ring (C6–C1–O7–C15 dihedral angle); the orientation of R with 

respect to the sulfonylurea moiety. The orientation of the sulfonylurea moiety with respect to the 
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benzene ring and the geometry of the sulfonyl urea moiety itself are determined by the IHBs and, 

therefore, they are not considered separately. 

The description of a conformer must specify all these characteristics. In order to specify them 

concisely, lowercase letters are utilized to denote each of them. The letters are combined into 

acronyms used to denote individual conformers. Letters in combination with numbers are used to 

denote identified different orientations of R with respect to the benzene ring, in correspondence to 

the different dihedral angles. All the letters and their meanings are listed in table 4.4. 

 

Table 4.4. Characteristics of the conformers of the molecules considered and letters utilized to denote them 

concisely. 

Symbol  Meaning  

m Three simultaneous IHBs present (H11∙∙∙∙O10, H11∙∙∙∙O13 and H14∙∙∙∙O9); 

the C4–S8–N11–H11 dihedral angle is   86°  

p Three simultaneous IHBs present (H11∙∙∙∙O9, H11∙∙∙∙O13, H14∙∙∙∙O10); 

the C4–S8–N11–H11 dihedral angle is  -86°  

k   Two simultaneous IHBs present (H11∙∙∙∙O13, H14∙∙∙∙O10);  

the C4–S8–N11–H11 dihedral angle is  -55°  

g One IHB present (H11∙∙∙∙O9);   the C4–S8–N11–H11 dihedral angle is  109°  

j The C4–S8–N11–H11 dihedral angle is  -42°  

q The C6–C1–O7–C15 dihedral angle is 180º 

r The C6–C1–O7–C15 dihedral angle is  0° 

s The C6–C1–O7–C15 dihedral angle is  90°  

t The C6–C1–O7–C15 dihedral angle is  -90° 

u1 The H14–N14–C19–H19 dihedral angle is  163° for A 

u2 The H14–N14– C19–H19 dihedral angle is  12° for A 

u3 The H14–N14– C19–H19 dihedral angle is  -163° for A 

u4 The H14–N14– C19–H19 dihedral angle is  -12° for A 

v1 The H14–N14– C19–H19 dihedral angle is  163° for B 

v2 The H14–N14– C19–H19 dihedral angle is  12° for B 

v3 The H14–N14– C19–H19 dihedral angle is  -163° for B 

v4 The H14–N14– C19–H19 dihedral angle is  -12° for B 

v5 The H14–N14– C19–H19 dihedral angle is  98° for B 

w1 The H14–N14– C19–H19 dihedral angle is  133° for C 

w2 The H14–N14– C19–H19 dihedral angle is  19° for C 

w3 The H14–N14– C19–H19 dihedral angle is  -113° for C 

w4 The H14–N14– C19–H19 dihedral angle is  -19° for C 

w5 The H14–N14– C19–H19 dihedral angle is  90° for C 

w6 The H14–N14– C19–H19 dihedral angle is  -90° for C 

x1 The H14–N14– C19–C20 dihedral angle is  40° for E and F 

x2 The H14–N14– C19–C20 dihedral angle is  90° for E and F 

x3 The H14–N14– C19–C20 dihedral angle is  -40° for E and F 
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x4 The H14–N14– C19–C20 dihedral angle is  -90° for E and F 

 

Five different types of IHBs can be present in these molecules, for a maximum of three in each 

conformer. These IHBs are: N11–H11O9, N11–H11O10, N11–H11O13, N14–H14O9 

and N14–H14O10. The N11–H11O9 and N11–H11O10 IHB cannot be present 

simultaneously in the same conformer; similarly, the N14–H14O9 and N14–H14O10 IHBs 

cannot be present simultaneously in the same conformer.  

When three IHBs are present simultaneously in a conformer, the two following combinations are 

possible: N11–H11O9, N11–H11O13 and N14–H14O10 or N14–H14O9, N11–

H11O13 and N14–H14O9. They are denoted as m and p respectively, and they correspond to 

opposite orientations of the C4–S8–N11–H11 dihedral angle. Therefore, these conformers are 

symmetrical. The three simultaneous IHBs involve bifurcation on the H11 hydrogen atom (N11–

H11O9 and N11–H11O13, or N11–H11O10 and N11–H11O13). Figure 4.3 shows these 

two combinations. Altogether, all the five different IHBs are shown in the figure 4.3.  

When two IHBs are present simultaneously in a conformer, the following options are possible: 

N11–H11O13 and N14–H14O9 or N11–H11O13 and N14–H14O10; there is no 

bifurcation. The N11–H11O13 IHB is always present when two or three IHBs are present 

simultaneously in a conformer. When only one IHB is present in a conformer, it is either N11–

H11O9 or N11–H11O10. 

 

                             
   m                                                                                 p 
 

 

Figure 4.3. Examples of conformers containing three IHBs simultaneously. 
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The figure shows the two possible combinations, respectively denoted as m and p. The IHBs are indicated 

by dotted segments and different colours are used for each IHB: blue for H11O10, red for H14O9, 

green for H11O13, purple for H14O10, dark orange for H11O9.  

 

Five different orientations are possible for the thiourea group with respect to the benzene ring. 

They differ by the value of the C4–S8–N11–H11 dihedral angle (table 4.3, figure 4.4). 

 

                                         

     C4–S8–N11–H11  -86º    (p)                                   C4–S8–N11–H11  86º    (m) 

 

 

 

                                

      C4–S8–N11–H11  -55º       (k)                   C4–S8–N11–H11 109º     (g) 

 

 

                                                 

                                                         C4–S8–N11–H11  -42º     (j) 

                                                                                         

Figure 4.4. Different orientations of the thiourea group with respect to the benzene ring and corresponding 

values of the C4–S8–N11–H11 dihedral angles. The letters denoting the given orientations in the 

conformers’ acronyms are indicated in parentheses. 
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Four different orientations of the chain between O7 and N18 with respect to the benzene ring are 

possible, corresponding to four different values of the C6–C1–O7–C15 dihedral angle. The 

orientations are denoted by the letters q, r, s and t (table 4.3) as illustrated in figure 4.5. The 

orientations corresponding to the letters q and r are the most frequent.   

             

                C6–C1–O7–C15  180º  (q)                                    C6–C1–O7–C15  º0  (r)  

 

               

                  C6–C1–O7–C15  90º  (s)                                        C6–C1–O7–C15  -90º  (t)        

 

Figure 4.5. Illustration of the different geometries of the chain between O7 and N18 with respect to the 

benzene ring. The value of the C6–C1–O7–C15 dihedral angle is shown under each image, followed by the 

letter denoting these features in the conformers’ acronyms. 

 

The conformational preferences of individual molecules are mostly influenced by the 

intramolecular hydrogen bonds (IHBs), and therefore, the characteristics of the IHBs will be given 

specific attention (section 4.4.3.3). On comparing different molecules, it is clear that the nature of 

R and R have greater influence than the length of the chain between O7 and N18. Therefore, this 

influence will be analysed more in detail. Since two computational methods have been used in this 

study, it is also interesting to compare the trends identified by the results of the two methods. 
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4.4.2. Organization of the material presenting results 

4.4.2.1. Organisation criteria 

The data obtained for the computational results are organized in tables, and those that require 

images are also organized in figures. All these tables and figures are at the end of the thesis in a 

separate chapter (chapter 6); including them in the text would make readability difficult because 

they are bulky. Only tables and figures that are sufficiently small and essential for the 

comprehension of the text are inserted in the text. Tables presenting the ranges of each of the 

molecular properties considered in the analysis are included at the end of this chapter (tables 

4.5−4.15).  

Both in the tables and in the figures, the compounds are listed according to their groups (A, B, C, 

D, E and F). Within each group, the compounds are listed in alphabetical order based on the letters 

denoting the different R (G, J, L) and the letters denoting the different O7 to N18 chain lengths 

(P and Q). For example, in group A, the compounds are listed as follows: AGP, AGQ, AJP, AJQ, 

ALP, ALQ. The conformers of the same compound are listed in order of increasing DFT relative 

energies. 

 

4.4.2.2. Summary of tables in chapter 6 

In all the tables reporting numerical values, both the HF and DFT results are included. The tables 

are grouped according to the properties considered, and, for each property, there is one table for 

each compound. The contents of the tables are as follows: 

• Table 6.1–6.36 report the relative energies, the HOMO-LUMO energy gaps and the dipole 

moments of individual conformers for each of the compounds considered. These properties 

were grouped together in order to avoid increasing the number of separate tables for 

different properties, and also to be able to easily identify possible relationship or 

correspondences between the relative energies and the other two properties. As will be 

explained later, in many cases, conformers with very close, almost identical relative 

energies were obtained from different inputs, with both calculation methods; all these 

conformers were included in the tables to present all the results obtained.  
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• Tables 6.37–6.72 report the relative energies corrected for zero-point energy and the Gibbs 

free energies (sum of electronic and thermal free energies) from the frequency calculations. 

The uncorrected energies (from tables 6.1–6.36) are reported in the first column for 

comparison purposes. 

• Tables 6.73–6.108 report the ZPE corrections and the corrections to the Gibbs free 

energies.  

• Tables 6.108–6.144 report the parameters of the hydrogen bonds (bond lengths, NO 

distances (donoracceptor distances), and NĤO bond angles). All the IHBs present in the 

conformers are included. The conformers without any IHB are not included in these tables. 

• Tables 6.145–6.180 report the vibrational frequencies (harmonic approximation) of the 

N11–H11 and N14–H14 bonds for all conformers in each of the molecules considered.  

• Tables 6.181–6.216 show the red shifts (section 4.3.3.6) in the vibrational frequencies of 

the N11–H11 and N14–H14 bonds for all the cases in which these two bonds are engaged 

in an IHB. 

 

4.4.2.3. Summary of figures in chapter 6 

There are four sets of figures, namely: 

• Figures 6.1–6.36, showing the optimized geometries of the calculated conformers of each 

compound 

• Figures 6.37–6.72, showing the shapes of the HOMO and LUMO molecular orbitals of the 

calculated conformers of each compound 

• Figures 6.73–6.108, showing graphs comparing the relative energies from the DFT and HF 

results. 

• Figures 6.109–6.144, showing graphs comparing the uncorrected relative energies, the 

relative energy corrected for ZPE, and the Gibbs free energies from DFT and HF results. 

 

4.4.2.4. Appendix A 

This appendix contains tables providing information about relations between inputs and outputs, 

to highlight cases where different inputs optimise to the same outputs: 
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• Tables A1–A36 shows the input geometries and the resulting outputs conformers for all 

the compounds. 

• Table A37–A38 shows the types of conformers and what they optimized to for different R 

group.  

 

4.4.3. Relative energies 

 
4.4.3.1. Factors influencing conformers’ relative energies  

4.4.3.1.1. Conformers differing by the intramolecular hydrogen bonds present and the 

related geometry of the thiourea group 

The relative energies of the conformers (tables 6.1–6.36) are greatly influenced by the types and 

numbers of the IHBs present and by the associated geometry of the thiourea group. 

For most of the molecules considered, most conformers have relative energies below 4 kcal/mol 

and contain IHBs. The majority of the low energy conformers have three simultaneous IHBs (m 

and p conformers); others have two simultaneous IHBs (k conformers); and few conformers have 

only one IHB (g conformers). Most of the conformers whose relative energy is not much greater 

than 4 kcal/mol have one IHB (g conformers). The highest energy conformers have no IHBs (j 

conformers). Conformers of different types have different relative energy ranges, depending on 

the compound; the ranges are shown in table 4.5.  

The lowest energy conformer of each of the molecules considered has three simultaneous IHBs, 

with the exception of the BLP-k-q-v1 conformer, with relative energies 0.000 kcal/mol/DFT and 

0.132 kcal/mol/HF (table 6.11, figure 6.11), which has only two simultaneous IHBs.  

Figure 4.5 shows a conformer (CJP-m-r-w1) with three simultaneous IHBs, visualized using a 

space filling model to better highlight the IHBs. The image shows all the IHBs possible for the m 

combination. The H14O9 IHB appears in the bottom part of the image. The bifurcated 

H11∙∙∙∙O10 and H11∙∙∙∙O13 IHBs are seen in the top part of the image. The two sp2 oxygen atoms 

O10 and O13 are on either side of H11and each of them forms an IHB with H11 (H11O10 and 

H11O13 respectively); in this way, H11 is donor to both O10 and O13. The image also shows 

the better directionality of the H14O9 IHB and the poorer directionality of the two bifurcated 
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IHBs (H11O9 and H11O13). The directionality of the H14O9 IHB suggests that it is 

stronger than the bifurcated IHBs. The fact that H14O9 closes a six-member ring also suggests 

that it is stronger than the other two IHBs, which close four member rings. The conformer shown 

in fig. 4.6 is an m conformer; similar situations can be observed for the p conformers. 

 

 

Figure 4.6. Space filling image of conformer CJP-m-r-w1, having three simultaneous IHBs.  

(Relative energy of this conformer: 0.229 kcal/mol/DFT and 0.664 kcal/mol/HF). 

 

The m and p conformers differ only by the combinations of three simultaneous IHBs. They are 

symmetrical (section 4.4.1). They mostly have the same relative energies, or their energy 

difference is negligible. For example, conformers AJQ-p-r-u3 and AJQ-m-q-u1 have very close 

relative energies (0.615 kcal/mol/DFT, 0.707 kcal/mol/HF and 0.617 kcal/mol/DFT, 0.713 

kcal/mol/HF respectively; table 6.4, figure 6.4). When conformers differ by other factors besides 

the IHBs, their energies can be significantly different. For example, the relative energies (kcal/mol) 

of CJP-p-q-w3 and CJP-m-q-w2 are 0.000/DFT, 0.000/HF and 2.830 /DFT, 3.663/HF respectively 

(table 6.15); this relative energy difference may be due to the different orientations of the 

R=cyclopentyl group (as indicated by the w3 and w2 symbols).  

Figure 4.7 shows space filling models of a sample k conformer (AJQ-k-q-u1). The molecule is 

viewed from two different perspectives to better highlight the two IHBs. The directionality of the 

H14O10 IHB is clearly better than the directionality of the H11O13.  
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              Focusing on the H14O10 IHB      showing both IHBs 

 

Figure 4.7. Space filling images of conformer AJQ-k-q-u1, which has two simultaneous IHBs. 

(Relative energy of this conformer: 1.175 kcal/mol/DFT and 1.466 kcal/mol/HF). 

    

In most cases, the k conformers have higher relative energies than the m and p conformers, 

although remaining in the range of the lower energy conformers. This is because the k conformers 

have one IHB less than the m and p conformers, implying that the m and p conformers are more 

stabilized than the k conformers. Their relative energies are comparatively close; for instance, the 

highest energy k conformer of compound AJQ (AJQ-k-r-u1) has relative energies 1.974 

kcal/mol/DFT and 2.390 kcal/mol/HF (table 6.4) (the lowest energy k conformer of AJQ is shown 

in fig. 4.7). 

The only case where a k conformer has the lowest relative energy concerns compound BLP, where 

the BLP-k-q-v1 conformer has 0.000 kcal/mol/DFT and 0.132 kcal/mol/HF relative energy.  

There are also cases in which some k conformers have relative energies slightly lower than that of 

some m and p conformers. An example is offered by conformer ALQ-k-r-u1, with relative energies 

1.365 kcal/mol/DFT 1.661 kcal/mol/HF, which is lower than that of conformer ALQ-m-r-u2, with 

relative energies 1.764 kcal/mol/DFT and 1.801 kcal/mol/HF, (table 6.6.). This may be related to 

the fact that the N14–H14O9 IHB has shorter bond length in ALQ-k-r-u1 than in ALQ-m-r-u2, 

suggesting that the IHB is stronger in ALQ-k-r-u1 than in ALQ-m-r-u2. More detailed analysis of 

the IHBs and their stabilizing effect is presented in section 4.4.3.3.  

Conformers with only one IHB (g conformers) are observed only in some of the molecules. Their 

relative energies still remain comparatively low, mostly between 3 kcal/mol and 5 kcal/mol. For 

example, the relative energies of FGP-g-r-x1 are 4.949 kcal/mol/DFT and 3.327 kcal/mol/HF; the 

relative energies of FGQ-g-r-x1 are 4.917 kcal/mol/DFT and 3.371 kcal/mol/HF; and the relative 

energies of DGP-g-r are 4.630 kcal/mol/DFT and 3.002 kcal/mol/HF.  
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Conformers with no IHB (j conformers) are the ones with the highest relative energies for all the 

compounds. For example, CLQ-j-r-w5 has relative energies 9.967 kcal/mol/DFT and 9.442 

kcal/mol/HF. The space filling models in fig 4.8 illustrate the probable reasons. The model on the 

left indicates the presence of repulsion between the two nitrogen atoms because, with this 

geometry, they are very close to each other and their repulsion is not smoothed by an IHB between 

them. The model on the right indicates that the three oxygen atoms are also sufficiently close to 

each other to perceive mutual repulsion. 

 

     

Figure 4.8. Space filling images of conformer CLQ-j-r-w5 – a conformer without any IHB. 

The two images show two different perspectives. 

(Relative energy of this conformer: 9.967 kcal/mol/DFT and 9.442 kcal/mol/HF). 

 

The importance or the stabilizing effect of the IHBs is also shown by the fact that some of the 

inputs without IHBs optimized to conformers with one or more IHBs, yielding conformers which 

are mostly among those with the lowest relative energies. In this way, some low-energy 

conformers were obtained from more than one calculation, with different inputs, as indicated in 

the appendix (tables A1-A36). For example, conformer BJP-p-q-v3 was obtained from the 

calculations of different inputs (table A9). The fact that some conformers were obtained from 

different inputs supports the assumption that the conformational search that has been performed in 

this work is sufficiently complete to include all the low energy conformers. 

  

4.4.3.1.2. Conformers differing by the orientations of the chain between O7 and N18 with 

respect to the benzene ring 

For most molecules, the relative energies of the individual conformers also differ by the orientation 

of the chain between O7 and N18 with respect to the benzene ring (indicated by the C6–C1–O7–
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C15 dihedral angle). In q and r type conformers, the chain is on the same plane as the benzene 

ring, and its orientations in the two conformers are symmetrical, as shown by the values of the C6–

C1–O7–C15 dihedral angle (table 4.4). When the other characteristics are the same, the q and r 

conformers have very close relative energies. For example, the AJQ-m-q-u2 conformer has relative 

energies 0.465 kcal/mol/DFT and 0.456 kcal/mol/HF and the AJQ-m-r-u2 conformer has relative 

energies 0.470 kcal/mol/DFT and 0.455 kcal/mol/HF (table 6.4, figure 6.4).  

In s and t type conformers, the chain between O7 and N18 is perpendicular to the plane of the 

benzene ring, and its orientations in the two conformers are symmetrical, as shown by the values 

of the C6–C1–O7–C15 dihedral angle (table 4.4). When the other characteristics are the same, the 

s and t conformers have very close relative energies. For example, the BGP-p-s-v3 conformer has 

relative energies 0.000 kcal/mol/DFT and 2.428 kcal/mol/HF and the BGP-p-t-v3 conformer has 

relative energies 0.000 kcal/mol/DFT, 2.454 kcal/mol/HF, (table 6.7, figure 6.7). 

Both the q and the r conformers are present in all the considered compounds, whereas the s and t 

conformers may be present together, or only one for a given compound, or not present at all. The 

s conformers are mostly observed in the compounds with three carbons between O7 and N18 (P 

compounds) and the t conformers are mostly observed in the compounds with two carbons between 

O7 and N18 (Q compounds). 

 

4.4.3.1.3. Influence of the nature of R on the conformational preferences of the compounds 

Three different R groups may be present in the compounds considered in this work (figure 4.2): 

pyrrolidine, morpholine and diethylamine, respectively denoted as G, J and L in the compounds’ 

acronyms (table 4.1). All of them contain a nitrogen atom (N18). Twelve compounds have been 

considered for each R group, and this enables reliable comparisons for the identification of the 

influence and effect of each R group.  

The same geometry of the rest of the molecule has been used for inputs with each of the three 

different R. The outputs show that R can influence the geometry of the thiourea group even if it 

is comparatively far away from it; therefore, the nature of R influences the types and number of 
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IHBs that can be formed and because of this, some conformers are not possible for certain 

compounds with a given R group. 

Most of the compounds with R=pyrrolidine can have all the conformer types; in few cases, some 

types are not possible, and inputs of that type optimized to other geometries (table A37). For the 

compounds with R=morpholine and R=diethylamine, the g conformers are not observed, and the 

g-type inputs optimized to different geometries (tables A38 and A39). This observation further 

highlights the influence of the R on the type of stable geometries of the given compound. It is also 

to be noted that the k conformers are not possible for the compounds of group C, regardless of the 

type of R present, whereas the m and the j conformers are possible for all the compounds.  

 

4.4.3.1.4. Relative energies corrected for ZPE and Gibbs free energy  

The calculation of vibrational frequencies also provides the relative energies corrected for ZPE 

(zero point energy) and the Gibbs free energies (sum of electronic and thermal free energies). The 

uncorrected relative energies, the relative energy corrected for ZPE and the Gibbs free energies 

are compared in tables 6.37–6.72 and their trends are highlighted in the diagrams of figures 6.109–

6.144.   

For most compounds, the energy increasing sequence is the same or very similar for the three 

cases; where there are reversals between energetically neighbouring conformers, they usually 

involve marginal differences, mostly below 0.1 kcal/mol; there are only few cases in which the 

difference is greater than 0.1 kcal/mol, but it remains smaller than 0.5 kcal/mol. These trends can 

be better illustrated through examples. Figures 6.122 and 6.128, concerning compounds CGQ and 

DGQ respectively, are here selected as illustrative examples. The energy difference among the 

first four conformers of these compounds is marginal. The energy differences between 

neighbouring conformers with different number of IHBs show correspondence of trends for the 

uncorrected relative energy, the relative energy corrected for ZPE and the Gibbs free energy. For 

all compounds, and for all these three types of energies, the energy difference between the highest 

energy conformer having at least one IHBs and the lowest energy conformer without any IHB is 

large, confirming the dominant role of IHB on conformational preferences.  
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The energy differences between neighbouring conformers with different number of IHBs (m/p, k, 

g and j conformers) are comparable for the uncorrected relative energies, relative energies 

corrected ZPE and the Gibbs free energy. This is the same for all the compounds considered. It 

can also be noted that the energy difference between the neighbouring conformers are mostly 

slightly smaller for the Gibbs free energy than for the ZPE-uncorrected and corrected relative 

energies. This is easily observed in most of the relative energies diagrams for most of the 

compounds considered (figures 6.109–6.144). 

The three quantities often have close values for the lower energy conformers, with no regular 

pattern about which is greater. For instance, for compound BKLP (figure 6.119) the values of the 

Gibbs free energy are greater than the other two, except for the high energy conformers 

(conformers without IHBs).  For high energy conformers, the uncorrected relative energy is mostly 

greater than the corrected one, and the Gibbs free energy is smaller than the other two. 

Table 6.73–6.108 report the ZPE corrections for the electronic energy and the thermal corrections 

for the Gibbs free energy. They are also obtained from the frequency calculations. Their ranges 

are reported I table 4.6, to enable a comparison of these properties within the same group of 

molecules and also across all the group of all the molecules considered.  

The ZPE corrections are different for different molecules, but very close for the individual 

conformers for each of the molecules considered. The values of the ZPE corrections are always 

greater than the values of the thermal corrections for the Gibbs free energy for each of the 

molecules considered. The corrections are greater for the conformers of the compounds of group 

A. The ZPE corrections of the individual conformers of the same compound differ by less than 3 

kcal/mol for all the compounds considered, and the thermal corrections to the Gibbs free energy 

of the individual conformers differ by less than 5 kcal/mol. 

 

4.4.3.2 Comparison of conformational preferences and energetics in the HF and DFT results 

The comparison of the results obtained with the two methods follows a similar pattern (in terms 

of analysis terms) as the analysis in the previous section. Furthermore, these comparisons mostly 

utilise tables and diagrams already mentioned in the previous analysis, because they report both 

the DFT and the HF results.  
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4.4.3.2.1 Comparisons of the relative energies  

For most of the molecules considered, the conformer with the lowest relative energy is the same 

for both DFT and HF (with the same or similar geometry in the two cases). An example is offered 

by the ALQ-m-r-u1 conformer (table 6.6, figure 6.6).  

In other cases, the conformers with the lowest relative energies are different for the two methods. 

For example, for compound BLP, the conformer of with the lowest relative energy is BLP-k-q-v1 

for DFT and BLP-m-r-v1 for HF.  

For the other conformers besides for the lowest energy one, the conformers’ relative energy 

sequence is the same in the HF and DFT results for most compounds, but there are reversals for 

some conformers. When the values of the relative energies are different, but very close, the 

geometries of the concerned conformers are identical. In most cases, the difference in the relative 

energies of the lower energy conformers is very small for both methods.  

 

4.4.3.2.2. Comparison of the influence of the orientation of the chain between O7 and N18 

with respect to the benzene ring  

As already mentioned, (section 4.3.2.1.1), the pairs of q/r and s/t conformers of the same compound 

have the same or very close relative energies with both the methods. This is because the two 

conformers of a pair are symmetrical, and all their features are the same except for the different 

orientation of the chain − parallel to the plane of the benzene ring (q/r) or perpendicular to it (s/t).  

Conformers not belonging to the same q/r or s/t pairs may have different relative energies with the 

two methods. This may happen for q and t, q and s, r and t or r and s conformers. For example, the 

BLP-k-r-v1 and the BLP-k-s-v1 conformers have the same relative energies with DFT (0.219 

kcal/mol), but different relative energies with HF (0.377 kcal/mol and 2.755 kcal/mol respectively; 

table 6.11, figure 6.11)  The two conformers are both k conformers with the same geometry of the 

R group, which may account for the similarity in their DFT relative energies, although in one of 

them the chain between O7 and N18 is perpendicular to the plane of the benzene ring and in the 

other is parallel, which may account for the different HF relative energies. 
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It also happens that s conformers may have the same DFT relative energies as either the r or the q 

conformers of the same compound, but very different HF relative energies. For example, the BJQ-

p-r-v3 conformer has relative energies 2.133 kcal/mol/DFT, 2.171 kcal/mol/HF and the BJQ-p-s-

v3 conformer has relative energies 2.133 kcal/mol/DFT, 4.589 kcal/mol/HF (table 6.10, figure 

6.10). In BJQ-p-r-v3, the orientation of the chain between O7 and N18 is parallel to the plane of 

the benzene ring, and in BJQ-p-s-v3 conformer it is perpendicular. These cases suggest that the 

HF calculation method gives more importance to the orientation of the chain between O7 and N18 

than DFT.   

It happened that different inputs resulted in conformers with the same HF relative energies, but 

different DFT results. These conformers have symmetrical geometries. For example, BLP-p-q-v4 

has relative energies 1.679 kcal/mol/DFT, 1.419 kcal/mol/HF and BLP-p-r-v4 has relative energies 

1.708 kcal/mol/DFT, 1.419 kcal/mol HF, (table 6.11 and figure 6.11, table A11); the two 

conformers have symmetrical geometries.  

There are also conformers with different geometries but very close or the same relative energies. 

For example, AGP-m-q-u1 has relative energies 0.036 kcal/mol/DFT, 0.031 kcal/mol/HF and 

AGP-p-r-u3 0.037 kcal/mol/DFT, 0.030 kcal/mol/HF (table 6.1, figure 6.1). This may be due to 

the fact that, in both conformers, the orientation of the chain between O7 and N18 is parallel to the 

plane of the benzene ring, and to the fact that geometry difference in the R group do not have much 

influence on the relative energies of the conformers.  

There are also several cases where conformers with different geometries have the same or very 

close DFT relative energy. For example, AJQ-p-q-u3 has relative energy 0.583 kcal/mol/DFT, 

0.000 kcal/mol/HF and AJQ-m-r-u1 r has relative energy 0.583 kcal/mol/DFT, 0.689 kcal/mol/HF 

(table 6.4, figure 6.4). The orientation of the chain between O7 and N18 is parallel to the plane of 

the benzene ring in both conformers. The difference in the geometry of the R group may be 

responsible for the difference in the HF relative energies of the two conformers.  

 

4.4.3.2.3. Comparison of the influence of the nature of the R group 

For most of the considered compounds (and for all the G, J and L compounds), the conformers 

with the lowest relative energy are the m/p conformers, with both DFT and HF methods. The only 
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exception is BLP, whose lowest energy conformer is a k conformer for DFT and an m/p conformer 

for HF. For all these compounds, the relative energies of individual conformers having IHBs are 

mostly below 3 kcal/mol in the DFT results; however, for the G compounds, the g conformers may 

have DFT relative energies around 4 or 5 kcal/mol. 

The corresponding HF relative energies of individual conformers are mostly close to the DFT ones. 

However, some s and t conformers have higher HF relative energies in all the compounds, and the 

difference can reach 3 or 4 kcal/mol with respect to the DFT results.  

 

 

4.4.3.2.4. Comparisons of uncorrected relative energies, relative energy corrected for ZPE 

and Gibbs free energy. 

Tables 6.37–6.72 report both the DFT and the HF results for the uncorrected relative energies, 

relative energies corrected for ZPE and Gibbs free energies (corrected for the sum of the electronic 

and thermal free energies) of the individual conformers for each of the molecules considered. 

Figures 6.109–6.144 report diagrams comparing the trends of these three quantities (uncorrected 

relative energies, relative energy corrected for ZPE and the Gibbs free energy). To facilitate the 

comparisons, the diagrams of the DFT and HF results for the same compound are reported in the 

same page (one page for each compound). The energy ranges are reported in table 4.5.  

The comparison of the uncorrected relative energies, relative energy corrected for ZPE and Gibbs 

free energy, show that, in most cases, the conformer with the lowest energy is the same with both 

DFT and HF. The comparative diagrams show similar trends for the DFT and HF results in a 

number of cases. However, in other cases the low energy conformers have very close energy values 

in the DFT results, but not in the HF results; furthermore, it may happen that the three types of 

energy have very similar trends in the DFT results, but not in the HF results. For example, for 

compound CGP (figure 6.121), the DFT results show very close values for the first six conformers 

and similar trends for the three quantities, whereas this is not true for the HF results.   

The comparative diagrams also show that the energy trends are more similar for the compounds 

with two carbon atoms in the chain between O7 and N18 (Q compounds), than for the compounds 
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with three carbon atoms in the chain between O7 and N18 (P compounds) for both the DFT and 

HF results. This observation is true whether the DFT and HF results are similar or not, as 

highlighted, for example, by Figure 6.145 (compound FLP), where the trends of HF and DFT are 

identical, and figure 6.146 (compound FLQ) where there are some differences in the DFT and HF 

results. 

Tables 6.73–6.108 reports the ZPE corrections for the electronic energy and the thermal 

corrections for the Gibbs free energy. The values of corrections for the individual conformers of 

the considered compounds are greater in the HF results than the DFT results.  

 

4.4.3.3. Characteristics of the intramolecular hydrogen bonds 

The IHBs have the strongest influence on the geometry preferences and the relative energies of the 

conformers and, therefore, they are given specific attention in this section. As already described in 

section 4.4.1., the IHBs that may be present in the calculated molecules are H14O9 or 

H14O10 (not present simultaneously), and H11O13, which may be present simultaneously 

with either H11O9 or H11O10; in the latter case, the two IHBs are bifurcated on H11. When 

a conformer contains three simultaneous IHBs, it contains H14O9 or H14O10, H11O13, 

and H11O9 or H11O10. 

IHBs are described through their parameters: bond length, donor-acceptor distance, and bond 

angle. The parameters of the IHBs in the conformers of the calculated molecules are reported in 

tables 108–144. Their ranges are summarized in tables 4.7–4.11, devoting one table to each IHB, 

and the values are analysed in terms of the different compounds; since, for the two IHBs with H11 

as donor, it is important to know whether there is bifurcation or not, the symbol α is used for the 

bifurcated cases and the symbol β to specify that there is no bifurcation.  

When comparing IHBs, we consider that, generally, shorter bond length corresponds to greater 

strength. Comparisons of the parameters of the IHBs present in the calculated molecules shows 

that H14O9 and H14O10 have the shortest bond length and, therefore, they are the strongest 

IHBs. This is related to the fact that the acceptor is an sp2 O atom (O9 or O10), and also to the fact 

that they close a six membered ring, which is a favourable ring-geometry. Although they are the 



 

78 
 

strongest in these molecules, H14O9 and H14O10 cannot be considered strong IHBs, because 

their directionality (NĤO bond angle) deviates considerably from linearity. H14O9 and 

H14O10 are present in symmetrical conformers of the same molecule: H14O9 is present in 

m conformers and H14O10 in p conformers. H14O9 is only present in m-type conformers, 

which are conformers with three IHBs present in all the molecules considered. It is stronger in the 

compounds of group C; for instance, its length-ranges for compounds CLQ are 2.058−2.065/HF 

and 2.025–2.034/DFT (table 4.6).  

As for the IHBs for which H11 is the donor, H11O13 has shorter bond lengths than either 

H11O9 or H11O10. All three of them (H11O9, H11O10 and H11O13) are weak IHBs. 

Their situation seems analogous to that of the IHB between the OH and the sp2 O in the carboxylic 

group (COOH): an IHB that closes a four membered ring with a very small bond angle (section 

2.3.4). It may even be questioned whether they can be truly considered IHBs, because of the bond 

angle. They are considered IHBs here because the conformers’ energy values show that they have 

a stabilising effect. 

When three IHBs are present (i.e., when there is bifurcation on H11, like in the m conformers), the 

bond lengths of all the IHBs are longer than when only two IHBs are present, like in the k and the 

p conformers; this suggests that the bifurcation on H11 decreases the strength of the IHBs. For 

example, the length ranges (table 4.7) of the H14O10 IHB in compound ELP are 1.974–1.977 

Å/DFT and 2.028–2.033 Å/HF in conformers with two IHBs (no bifurcation) and 2.084–

2.091Å/HF and 2.054–2.055Å/DFT in conformers with three IHBs (where there is bifurcation on 

H11); thus, it appears that the presence of bifurcation on H11 influences not only the two bifurcated 

IHBs, but also the other IHB present.   

The H11O9 IHB is present either simultaneously with H11O13 (p-type conformers) or in 

conformers in which it is the only IHB present (g-type conformers). The ranges of its length are 

similar for molecules pertaining to the same group (same R), but slightly different for molecules 

of different groups. The length is also different in different conformer-types (p or g). For example, 

its bond lengths are 2.446Å/DFT, 2.396Å/HF for EGP-g-r-x1 and 2.595Å/DFT, 2.505Å/HF for 

EGP-p-q-x3.   
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The H11O10 IHB is present only simultaneously with H11O13 (m-type conformers), never 

alone. The ranges of its length are similar for molecules of the same group and slightly different 

in molecules of different groups. For example, the ranges of its bond lengths (table 4.10) in the 

compound AGP, AGQ and ALP are 2.590–2.598/DFT and 2.499–2.512/HF. 

The H11O13 IHB is present in the m, p and k conformers; it is never present alone in a 

conformer, but only simultaneously to at least another IHB. Its bond length differs in conformers 

of different types. For example, in the ALQ compound, its bond length is 2.386–2.390/ DFT and 

2.354–2.364/HF for m-type or p-type conformers (where there is bifurcation on H11), and 2.347–

2.348/DFT and 2.313–2.314/HF in k-type conformers, where the other IHB present is H14∙∙∙∙O10. 

For each of the groups of molecules considered, the parameters of each of the IHB present are very 

close in conformers of the same type, in the results of the same method. Comparison of the results 

from HF and DFT shows that, in most cases, the bond length in the DFT results is shorter than in 

the HF results. For instance, in the case of k conformers, the length of the H14O9 IHB is mostly 

below 2.0 Å in the DFT results, and longer in the HF results. This is consistent with the known 

tendency of HF to underestimate the strength of hydrogen bonds and of DFT to overestimate it. 

However, there are cases where the bond lengths are longer in the DFT results than in the HF 

results; this is notable in cases where there is bifurcation. 

Furthermore, the similarities of the parameters of the IHBs in a given set of molecules may differ 

in the results of the two methods. For instance, the NO distances for the H11O13 IHB are the 

same (2.280 Å) in the DFT results for the molecules of group D, whereas they are different in the 

HF results. 

The parameters of hydrogen bonds are related to their strength. It is not easy to determine the 

energy of individual IHBs, because their removal would substantially change the geometry of the 

molecule. An idea of the stabilising effect of the IHBs could be given by the difference between 

the energy of the lowest energy conformer without any IHB and the energy of the highest energy 

conformer with at least one IHB (table 4.12 ). These differences are different for different types of 

compounds. The greatest differences are observed for the JP compounds (R=morpholine, two 

carbons in the chain between O7 and N18) and the smallest for G compounds (R=pyrrolidine). 

This shows that the length of the chain between O7 and N18has some influence on the relative 



 

80 
 

energies of the conformers and on the stabilizing effects of the IHBs present in a conformer. The 

differences are very close for most of the L compounds (R=diethylamine). 

 

4.4.3.4. Influence of the nature of R 

Investigating possible influences by the nature of R entails comparisons of molecules with 

different R and the same R. Therefore, the comparisons in this section will be grouped according 

to the types of R; for each R, the compounds will be sub-grouped according to the length of the 

chain between O7 and N18 and also to similarities in some observations made. 

 

4.4.3.4.1. Comparisons of compounds with different R and R= pyrrolidine (G compounds)  

The G type compounds with the chain between O7 and N18 containing three carbons (GP 

compounds) are AGP, BGP, CGP, DGP, EGP and FGP. The G type compounds with the chain 

between O7 and N18 are AGQ, BGQ, CGQ, DGQ, EGQ and FGQ. The analysis of the results 

confirms that the type of lowest energy conformer does not depend on R, as the conformers with 

the lowest relative energies are m/p conformers for all the compounds.  

The nature of R may influence the types of conformers that are possible. For example, g 

conformers are observed only in G compounds, but not in all of them (they are not observed for 

compounds BGQ and CGQ). Compounds with R=cyclopropane do not have the k conformers. 

 

4.4.3.4.2. Comparisons of compounds with different R and R= morpholine or R= 

diethylamine 

The J type compounds (compounds with R= morpholine) comprise JP compounds (AJP, BJP, 

CJP, DJP, EJP, FJP, with of the chain between O7 and N18 containing three carbons), and JQ 

compounds (AJQ, BJQ, CJQ, DJQ, EJQ and FJQ, with the chain between O7 and N18 containing 

two carbons). The L (R = diethylamine) type compounds comprise LP compounds (ALP, BLP, 

CLP, DLP, ELP and FLP, with the chain between O7 and N18 containing three carbons) and LQ 
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compounds (ALQ, BLQ, CLQ, DLQ, ELQ and FLQ with the chain between O7 and N18 

containing two carbons).  

These two classes of compounds (J and L) are considered together in this part because of their 

similarities. Their relative energies show similar trends; there is not much influence of the nature 

of R on the type of lowest energy conformer (which is an m/p conformer, with the exception of 

compound BLP, whose lowest energy conformer is a k conformer). Most of the other conformers 

of these compounds are also m/p conformers; some compounds do not have k conformers. This 

shows that there is not much influence of the nature of R on the conformational preferences of the 

compounds of these two groups. The parameters of the IHBs are also very similar for these 

compounds.  

 

4.4.3.5. IR Vibrational frequencies 

The IR vibrational frequencies (harmonic approximation, section 2.4) were calculated for all the 

conformers of all the considered compounds. The analysis is particularly interesting for the bonds 

that can make IHBs, i.e., the N11–H11 and N14–H14 bonds. Their IR vibrational frequencies are 

reported in tables 6.180-6.216. The changes in their IR vibrational frequencies when they form 

IHBs are analysed in detail in section 4.3.3.6.  

The vibrational frequencies of the N11–H11 bond are always greater when it forms IHBs than 

when it does not form any, and they are related to the types of IHBs it forms and to the presence 

or absence of IHB formed by N14–H14. The frequency is highest when it forms H11O9 without 

bifurcation, and without the presence of IHBs formed by N14–H14; it is lowest when it forms 

H11O13 without bifurcation and with the presence of H14O10; it is intermediate in either of 

the two bifurcated cases, whether the IHB formed by N14–H14 is H14O9 or H14O10. 

The vibrational frequencies of the N14–H14 bond are very close whether it forms H14O9 (m-

type conformers) or H14O10 (p-type and k-type conformers); in the latter case, the frequency 

is slightly greater in the k conformers than in the p conformers. 

The vibrational frequencies of the N11–H11 and N14–H14 bonds are very similar when neither of 

them is engaged in an IHB (j conformers).  
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The two bonds often have coupled vibrations when N11–H11 forms the H11O9 IHB and N14–

H14 is not engaged in IHBs (g conformers). In these cases, both the symmetric and asymmetric 

vibrations appear with the same frequency values for the two bonds; they are reported together for 

the two bonds in tables 6.145–6.180 

The vibrational frequencies of N11–H11 and N14–H14 are comparatively close in the HF and 

DFT results, and the main differences may be related to the presence and the type of IHBs. The 

differences are also related to how HF and DFT estimate the strength of hydrogen bonds, and 

therefore they will be analysed in section 4.3.3.6.  

 

4.4.3.6. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds when 

they form IHBs 

Tables 6.181–6.216 report the changes in the IR vibrational frequencies of the N11–H11 and N14–

H14 bonds when they form IHBs, and table 6.217 reports their ranges. The changes are taken as 

the difference between the average vibrational frequency of the given N–H bond over the 

conformers where it does not form IHBs and its vibrational frequency in the considered conformer 

where it forms an IHB. In this way, a positive change indicates a decrease in the vibrational 

frequency and a negative change indicates an increase.  

In most cases, the formation of a hydrogen bond causes a red shift in the vibrational frequency of 

the donor (section 2.3.5), i.e., the frequency decreases. This is also observed for N14–H14 when 

it is engaged in IHBs. However, the frequency of N11–H11 increases when it forms IHBs. The 

phenomenon is called blue shift [201–207]. The literature [206–207] reports a blue shift in the 

frequency of the amino N–H bond when it is involved in bifurcated hydrogen bonds, which is 

comparable to the case of N11–H11 in the compounds considered in this work. A blue shift is 

accompanied by a contraction of the donor X–H bond length in the X–HY system. Both red 

shifts and blue shifts can be related to the strength of the hydrogen bond [203]. For this reason, it 

is also interesting to compare the magnitude of the red shifts or the blue shifts with the IHB bond 

lengths, to have a better idea of the relative strengths of the various IHBs. 

From the tables, it is clear that the blue shift is smallest (close to negligible) when N11–H11 forms 

the H11O13 IHB and H14O10 is also present (k conformers); it is greatest when N11–H11 
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forms the H11O9 IHB and no other IHB is present (g conformers); and intermediate in all the 

cases where N11–H11 forms bifurcated IHBs whether H11O13 plus H11O9 or H11O13 

plus H11O10, and whichever IHB is formed by N14–H14 (m/p conformers). In this way, the 

blue shift is greatest when H11O9 is not bifurcated and smallest when H11O13 is not 

bifurcated; it is intermediate when there is bifurcation on H11. The IHB bond lengths suggest that 

either H11O9 or H11O13 are stronger when they are not bifurcated (with H11O13 always 

being slightly stronger than H11O9, whether alone or bifurcated). 

The red shifts for the vibration of the N14–H14 bond are all comparable, but slightly greater when 

N14–H14 forms the H14O10 IHB and N11–H11 simultaneously forms H11O13 (k 

conformers). The bond lengths of H14O9 and H14O10 are very similar when the IHBs 

bifurcated on H11 are also present, and so are their red shifts. However, the bond length of 

H14O10 suggests that it is stronger when the IHBs bifurcated on H11 are not present, as 

indicated also by the greater red shift.  

DFT and HF results show comparable trends for both blue shifts and red shifts for all the 

conformers except the k conformers. The increase for the blue shift or decrease for the red shift is 

much smaller in the HF results than in the DFT results because HF underestimates the strength of 

the hydrogen bonds while DFT/B3LYP overestimates it. In the case of k conformers, the DFT 

results show a small blue shift for N11–H11, whereas the HF results show a small red shift; 

however, the small values of these changes could be comparable to the overestimation or the 

underestimation of the strength of the hydrogen bonds by the two methods, with respect to the 

actual strength. Furthermore, there are cases in which N14–H14 shows red shift with the DFT 

results and blue shift in the HF results. For example, in compound AJP (table 6.183), there is a red 

shift with the DFT results and blue shifts with the HF results for conformers AJP-m-r-u2, AJP-m-

s-u2 and AJP-m-q-u2. 

 

4.4.3.7. Dipole moments  

The dipole moments of all the conformers of all the studied molecules are included in tables 6.1–

6.36. Their ranges can be analysed in terms of the different compounds (table 4.13), in terms of 
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compounds and conformers (table 4.14), or in terms of conformer types across compounds (table 

4.15). 

For each compound, the dipole moments can vary significantly across conformers. The ranges of 

the dipole moment depend on the substituents and the type of IHBs present. The difference for 

different compounds is largely related to the number and type of polar bonds that are present. This 

also means that it is related mostly to the nature of R because that is the part that can differ by the 

type and number of polar bonds. For example, R= morpholine (J compounds) contains two 

electronegative atoms (oxygen and nitrogen), R= pyrrolidine (G Compounds) and R= 

diethylamine (L compounds) contain one nitrogen atom. As a result, the dipole moments are lower 

in the J compounds than in the G and L compounds. For example, across the compounds of group 

B, the dipole moments ranges (Debye, DFT results) are 4.5103–8.2516 for BJP, 5.2828–9.9492 

for BGP, 6.0489–9.7683 for BLP (table 4.12).  

The dipole moments of the m and the p conformers (tables 4.14 and 4.15) are very close in most 

of the molecules in which they are both present. For example, in compound BGP, the ranges of 

the dipole moments are 6.3073–7.1291 Debye/DFT, 5.7919–6.9927 Debye/HF for m-type 

conformers and 6.2528–6.2533 Debye/DFT, 5.4640–5.8287 Debye/HF for the p-type conformers. 

This is related to the fact that the two conformer types are symmetrical and other geometrical 

differences do not have great effect on their dipole moments. The dipole moments of k conformers 

are very close to those of the m/p conformers. For example, in the same compound BGP, the ranges 

of the dipole moments of the k conformers are 6.2109–6.9481 Debye/DFT, 5.7070–6.8235 

Debye/HF, which are close to those of the m and p conformers.  

The dipole moments are highest for j conformers, that is, the conformers without any IHB. This 

highlights the influence of IHBs on the dipole moments, which somehow may partially 

compensate for the effects of the polarity on the donor. The lowest dipole moments pertain to the 

g conformers in G compounds (R=pyrrolidine). 

The dipole moments are comparable in both the DFT and HF results, both in terms of compound 

types and of conformer types.  
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4.4.3.8. The HOMO–LUMO energy gaps 

The HOMO–LUMO energy gaps for the considered compounds are also included in tables 6.1–

6.36; the ranges of their values and the range-widths for each compound are reported in table 4.16. 

On analysing and comparing their values, it has to be taken into account that the DFT values are 

much smaller than the HF values, as a well-known phenomenon of the two methods; this is the 

reason for comparing the ranges-width. The overall ranges, considering the smallest value and the 

highest value of these energy gaps across all the compounds are 115.233–122.563 kcal/mol 

(compounds DLQ and BJQ respectively) in the DFT results and 272.301–286.263 kcal/mol 

(compounds BLQ and AGQ respectively) in the HF results. The width of the ranges for most of 

the molecules are below 8 kcal/mol; some exceptions in which the ranges are above 9 kcal/mol 

concern some of the J (R=morpholine) and L compounds (R=diethylamine). 

The comparison of the ranges of the P (compounds with 3 carbons in the chain between O7 and 

N18) and Q compound (compounds with 2 carbons in the chain between O7 and N18) having the 

same R and R helps highlight possible dependence on R and R. In the DFT results, the difference 

in the ranges for P and Q compounds is not large for G compounds (R= pyrrolidine). Similarly, 

there is not much difference for the L compounds, except for B (R = cyclobutyl) and D (R = 

methyl) compounds. There is considerable difference for the J compounds, except for F 

compounds (R = propyl). For Q compounds, the gap is greatest for all the J compounds and for 

some of the L compounds (BLQ and DLQ).  

The width of the ranges of the HOMO–LUMO energy gaps are comparable for the DFT and the 

HF results for all the compounds except for the J compounds, for which there is   a big difference 

between P and Q in the HF results.  

The calculation outputs also enable the visualization of the shapes of the HOMO and LUMO 

molecular orbitals, showing the distribution of the electron density for each orbital in the different 

parts of the molecule. Thus, it can be seen whether the distribution of the electron density is 

preferably on the benzene ring, on the thiourea moiety, or on the R and R of each molecule. 

The shapes of representative HOMOs and LUMOs, with different distributions within the 

molecules, are shown in figures 4.9 and 4.10 respectively. The distribution of the electron density 

does not depend significantly on R and R. For the HOMO, the distribution of the electron density 



 

86 
 

depends mostly on the type of conformers and only slightly on the nature of R. For the majority of 

conformers across compounds, the distribution of the HOMO is similar to that of the CJP-p-s-w5 

conformer (figure 4.9), that is, it is mostly on the benzene ring and also on the electronegative 

atoms of the thiourea group. For some conformers, the HOMO is distributed mostly on the benzene 

ring and the R group, similar to the CGP-p-q-w5 example (figure 4.9). There are also conformers 

in which the HOMO is distributed only on the R group, as in the DGP-k-s example (figure 4.9), 

or mostly on the benzene ring, but also on the thiourea group, and on some atoms on the R group, 

as in the DGQ-j-t example (figure 4.9). The distribution of the LUMO is similar in all the 

conformers across compounds, prevalently on the benzene ring and on the thiourea moiety.  

 

 

                       

                CJP-p-s-w5                   CGP-p-q-w5                        DGP-k-s                         DGQ-j-t  

Figure 4.9. Representative shapes of HOMOs of sulfonylureas. 

 

                     

               CJP-p-s-w5                   CGP-p-q-w5                        DGP-k-s                         DGQ-j-t 

 

Figure 4.10. Representative shapes of LUMOs of sulfonylureas. 
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Table 4.5. Ranges of relative energies not corrected for ZPE (E), relative energies corrected for ZPE 

(Ecorr), and Gibbs free energy corrected for the sum of electronic and thermal free energies (Gcorr) 

of each conformer type for each of the compounds considered. 

 
Mole 

cules 

Conformer 

type 
E (kcal/mol) Ecorr (kcal/mol) Gcorr (kcal/mol) 

DFT HF DFT HF DFT HF 

AGP m 0.000–1.763 0.000–2.428 0.010–2.014 0.000–2.143 0.023–2.820 0.000–2.951 

p 0.003–0.037 0.030–2.450 0.000–0.060 0.014–2.095 0.000–0.253 0.014–0.535 

k 1.154–1.379 1.440–1.679 1.099–1.251 1.364–1.576 0.326–0.653 1.035–1.189 

g 4.532–4.664 2.880–3.119 3.869–4.020 2.307–2.548 3.545–3.797 2.398–2.653 

j 10.245–10.351 9.554–

11.782 

9.671–9.746 9.008–

10.886 

9.266–9.445 8.948–9.733 

AGQ m 0.000–1.774 0.000–1.811 0.000–2.004 0.000–2.147 0.000–2.852 0.000–2.953 

k 1.082–1.238 1.441–1.660 1.082–1.239 1.373–1.567 0.454–0.459 1.038–1.176 

g 4.496–4.662 2.917–5.438 3.870–4.012 2.350–4.539 3.715–3.772 2.439–3.192 

j 10.248–10.279 9.564–

12.269 

9.679–9.689 9.024–

11.163 

9.236–9.544 8.950–12.163 

AJP m 0.000–1.842 0.000–4.220 0.000–2.058 0.000–4.196 0.000–2.838 0.000–3.761 

k 1.171–1.392 1.458–4.025 1.103–1.272 1.379–3.572 0.532–0.639 1.029–1.815 

j 17.994–18.137 17.097–

19.349 

17.129–

17.238 

16.299–

18.199 

16.398–

16.545 

15.854–

16.648 

AJQ m 0.052–0.617 0.045–3.109 0.047–0.776 0.029–0.880 0.312–1.412 0.030–1.724 

p 0.000–0.615 0.000–3.115 0.000–0.793 0.000–0.927 0.000–1.721 0.000–1.733 

k 1.170–1.974 1.466–2.390 1.107–1.761 1.387–2.116 0.643–1.050 1.044–1.313 

j 8.670–8.838 8.027–8.271 8.234–8.352 7.630–7.839 7.812–7.942 7.543–7.680 

ALP m 0.000–1.780 0.000–4.242 0.000–1.993 0.000–4.219 0.000–2.682 0.000–3.747 

k 1.367–1.679 1.443–3.905 1.110–1.457 1.366–3.905 0.777–1.108 1.027–1.849 

j 10.540–10.647 9.899–

12.129 

9.856–9.932 9.325–

11.206 

9.708–9.857 9.595–10.358 

ALQ m 0.000–1.775 0.000–1.807 0.000–1.992 0.000–2.150 0.000–2.743 0.000–2.959 

k 1.315–1.365 1.444–1.661 1.602–1.227 1.337–1.570 0.377–0.484 1.028–1.167 

j 10.255–11.778 9.564–

10.907 

9.681–10.971 9.028–9.918 9.326–

10.286 

8.632–8.971 

BGP m 0.001–1.569 0.000–3.834 0.007–1.745 0.000–3.734 0.000–2.469 0.000–3.074 

p 0.000 2.428–2.454 0.000 2.070–2.098 0.080–0.082 0.540–0.782 

k 1.079–1.300 1.366–3.962 1.026–1.209 1.324–3.542 0.686–0.819 0.783–1.478 

g 4.572–4.712 2.940–3.183 3.848–4.000 2.350–2.595 3.243–3.620 2.373–2.631 

j 10.319–10.423 10.421–

10.642 

9.735–9.805 9.770–

11.643 

9.452–9.584 9.780–10.544 

BGQ m 0.000–1.558 0.000–1.400 0.000–1.748 0.000–1.655 0.000–2.337 0.000–2.250 

k 1.083–1.289 1.368–1.590 1.029–1.197 1.328–1.526 0.575–0.725 0.772–0.935 

j 10.327–10.353 9.649–

12.362 

9.738–9.745 9.093–

11.441 

9.265–9.503 9.010–12.223 

BJP m 1.548–1.621 1.399–3.817 1.763–1.813 1.659–3.717 2.436–2.439 2.234–3.047 

p 0.000–0.087 0.000–2.418 0.000–0.078 0.000–2.059 0.000–0.032 0.000–0.813 

k 1.095–1.312 1.384–3.959 1.040–1.226 1.341–3.538 0.482–0.808 0.778–1.483 

j 18.067–18.210 17.182–

19.437 

17.201–

17.304 

16.374–

18.277 

16.498–

16.669 

15.923–

16.712 

BJQ m 1.518–1.570 1.380–3.897 1.364–1.724 1.361–3.435 1.370–2.265 1.394–2.242 

p 0.000–2.133 0.001–4.589 0.000–1.869 0.000–3.948 0.000–1.715 0.000–2.254 
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j 10.261–10.427 0.000–9.816 9.676–9.727 9.030–9.239 9.387–9.409 8.961–9.093 

BLP m 0.133–0.168 0.000–2.448 0.166–0.169 0.000–2.088 0.511–0.589 0.718–1.515 

p 0.131–1.708 1.419–3.860 0.153–1.920 1.657–3.765 0.545–2.872 1.657–3.765 

k 0.000–0.219 0.132–2.755 0.000–0.174 0.014–2.257 0.000–0.063 0.000–0.657 

j 9.243–9.351 9.177–

11.425 

8.707–8.786 8.458–

10.351 

8.865–8.909 8.997–9.758 

BLQ m 1.465–1.479 1.225–1.236 1.288–1.259 0.757–0.766 0.688–1.118 0.000–0.124 

p 0.000–1.560 0.000–3.833 0.000–1.737 0.000–3.020 0.000–2.430 0.712–3.554 

k 1.081–1.290 1.358–1.597 0.992–1.194 1.320–1.534 0.576–0.892 1.486–1.646 

j 8.913–8.947 8.085–

11.605 

8.309–8.346 7.454–

10.531 

7.941–8.162 7.930–12.031 

CGP m 0.233–2.782 0.668–6.101 0.222–2.884 0.610–5.865 0.000–3.185 0.397–4.784 

p 0.000–0.029 0.000–2.415 0.000–0.039 0.000–2.059 0.105–0.114 0.000–0.732 

g 3.417–4.580 3.004–3.288 3.941–4.110 2.483–2.760 4.041–4.217 2.625–2.907 

j 9.899–9.994 9.312–

11.552 

9.413–9.505 8.843–

10.732 

8.971–9.365 8.788–9.575 

CGQ m 0.002–0.255 0.008–0.679 0.001–2.227 0.019–0.631 0.003–0.071 0.004–0.423 

p 0.000–0.014 0.000–0.012 0.000–0.006 0.000–0.023 0.000–0.051 0.000–0.008 

j 9.902–9.926 9.336–

10.052 

9.439–9.440 8.875–

11.226 

9.146–9.275 8.806–12.004 

CJP m 0.229–2.830 0.664–6.087 0.208–2.931 0.604–5.853 0.388–3.452 0.395–4.763 

p 0.000–0.036 0.000–2.405 0.000–0.005 0.000–2.046 0.000–0.371 0.000–0.798 

j 17.645–17.786 16.853–

19.117 

16.867–

16.965 

16.131–

18.041 

16.334–

16.384 

15.708–

16.504 

CJQ m 0.000–2.378 0.000–5.282 0.000–2.100 0.000–4.585 0.000–1.682 0.000–2.270 

p 1.529–2.117 1.496–4.163 1.389–1.888 1.365–3.970 1.173–1.660 1.389–2.256 

j 9.841–10.002 9.272–9.512 9.390–9.515 8.819–9.024 9.159–9.167 8.772–8.902 

CLP m 0.231–2.789 0.667–6.109 0.229–2.877 0.611–5.875 0.115–3.202 0.398–4.772 

p 0.000–0.678 0.000–2.425 0.000–0.046 0.000–2.070 0.000–0.044 0.000–0.678 

j 9.590–10.841 8.948–

12.611 

9.258–10.047 8.508–

11.493 

8.980–9.207 8.121–9.977 

CLQ m 0.014–3.149 0.033–0.275 0.020–0.218 0.001–2.745 0.000–0.296 0.013–0.494 

p 0.000–2.471 0.000 0.000–0.001 0.000–2.127 0.331–0.332 0.000–0.783 

j 9.297–11.601 9.893–9.967 9.396–9.467 8.828–

10.794 

9.258–9.402 8.779–9.557 

DGP m 0.000–0.044 0.001–2.445 0.018–0.047 0.000–2.082 0.095–0.105 0.000–0.847 

p 0.002 0.000–2.460 0.000 0.000–2.100 0.000–0.005 0.002–0.754 

k 1.090–1.310 1.346–3.945 0.949–1.121 1.210–3.424 0.258–0.334 0.774–1.471 

g 4.630–4.775 3.002–3.250 4.068–4.215 2.472–2.721 3.948–4.090 2.620–2.875 

j 10.365–10.425 9.675–

11.915 

9.885–9.923 9.174–

11.061 

9.704–9.748 9.134–9.913 

DGQ m 0.000–0.031 0.000–0.016 0.024–0.033 0.000–0.008 0.000–0.216 0.008–0.023 

p 0.003 0.003 0.000 0.004 0.041 0.000 

k 1.093–1.299 1.351–1.573 0.961–1.126 1.218–1.145 0.452–0.539 0.781–0.934 

g 4.601–4.771 3.045–5.580 4.062–4.236 2.516–5.736 4.087–4.327 2.661–5.736 

j 10.374–10.399 9.690–

12.411 

9.898–9.910 9.191–

11.545 

9.849–9.860 9.146–12.319 

DJP m 0.000–0.041 0.003–0.031 0.000–0.053 0.000–0.021 0.000–0.338 0.000–0.074 

p 0.000–0.041 0.000–2.424 0.000–0.053 0.001–2.065 0.003–0.337 0.040–0.865 

k 1.108–1.320 1.363–3.940 0.939–1.135 1.226–3.420 0.114–0.478 0.808–1.518 
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j 18.116–18.260 17.219–

19.484 

17.309–

17.440 

16.471–

18.680 

16.588–

16.733 

16.096-

16.887 

DJQ m 0.000–2.144 0.000–4.593 0.000–1.873 0.000–3.942 0.000–1.570 0.000–4.471 

p 1.577–2.139 1.467–2.172 1.384–1.879 1.324–1.852 1.443–1.589 1.357–1.522 

k 1.088–1.291 1.349–1.584 0.949–1.111 1.212–1.422 0.416–0.473 0.769–0.918 

j 2.666–2.788 2.129–2.318 2.386–2.481 1.787–1.948 2.530–2.571 2.062–2.177 

DLP m 0.000–0.049 0.001–2.454 0.024–0.026 0.000–2.092 0.018–0.160 0.000–0.824 

p 0.002–0.051 0.000–2.470 0.000–0.030 0.001–2.109 0.000–0.034 0.006–3.070 

k 1.093–1.312 1.349–3.955 0.963–1.118 1.212–3.436 0.318–0.372 0.773–1.450 

j 10.365–10.476 9.676–

11.917 

9.886–9.955 9.176–

11.065 

9.763–9.810 9.138–9.901 

DLQ m 1.419–2.903 1.563–2.796 1.433–2.703 1.640–2.391 1.410–2.343 1.076–3.221 

p 0.000 0.000 0.000 0.000 0.000 0.000 

k 1.090–1.233 1.348–1.568 0.968–1.076 1.213–1.409 0.378–0.380 0.777–0.918 

j 10.374–10.412 9.686–

12.444 

9.899–9.927 9.186–

11.584 

9.728–9.821 9.142–12.437 

EGP m 0.000–0.359 0.000–2.754 0.000–0.223 0.000–2.278 0.068–0.363 0.008–1.359 

p 0.316 0.322–2.741 0.179 0.205–2.267 0.000–0.006 0.000–0.788 

k 1.159–1.374 1.662–4.311 1.047–1.225 1.507–3.722 0.747–0.911 0.914–1.662 

g 4.794–4.948 2.232–3.480 4.116–4.241 2.598–2.846 4.074–4.078 2.583–2.836 

j 10.527–10.628 9.908–

12.141 

9.900–9.963 9.288–

11.170 

9.799–9.839 9.089–9.869 

EGQ m 0.000–0.339 0.000–0.327 0.000–0.219 0.000–0.208 0.177–0.507 0.000–0.093 

p 0.358–0.375 0.378–0.379 0.276–0.294 0.307–0.317 0.000–0.189 0.236–0.260 

k 1.152–1.358 1.361–1.581 1.064–1.225 1.292–1.487 1.177–1.269 1.103–1.245 

g 4.764–4.939 3.276–5.806 4.110–4.266 2.639–2.846 4.302–4.379 2.605–3.166 

j 10.531–10.556 9.923–

12.636 

9.904–9.920 9.303–

11.649 

9.826–9.920 9.084–12.277 

EJP m 0.000–0.083 0.000–2.419 0.000–0.065 0.000–2.058 0.167–0.403 0.077–0.110 

p 0.083–0.361 0.321–2.733 0.065–0.248 0.204–2.258 0.000–0.401 0.000–0.809 

k 1.177–1.389 1.733–4.306 1.055–1.244 1.520–3.175 0.912–1.674 0.601–0.722 

j 18.275–18.423 17.452–

19.709 

17.363–

17.440 

16.581–

18.485 

16.552–

16.740 

16.000–

16.791 

EJQ m 0.000–2.461 0.000-4.916 0.000–2.112 0.000–4.160 0.000–1.417 0.000–1.417 

p 1.833–2.457 1.801–4.922 1.606–2.106 1.551–4.164 1.142–1.417 1.285–2184 

k 3.286–3.435 3.558–3.788 2.957–3.106 3.182–3.389 2.198–2.402 2.501–2.691 

j 10.468-10.634 9.859–

10.102 

9.866–9.996 9.256–9.465 9.367–9.433 1.142–1.417 

ELP m 0.000–0.361 0.000–2.448 0.000–0.236 0.000–2.287 0.210–0.462 0.000–0.905 

p 0.315 0.321–2.751 0.177–0.178 0.205–2.277 0.000–0.004 0.001–0.709 

k 1.160–1.377 1.719–4.321 1.064–1.220 1.509–3.732 0.879–0.890 0.911–1.633 

j 10.223–10.630 9.544–

12.142 

9.711–9.982 8.953–

11.172 

8.411–9.846 9.564–9.928 

ELQ m 0.000–0.343 0.000–0.324 0.000–0.213 0.000–0.210 0.000–0.591 0.000–0.087 

k 1.147–1.359 1.349–1.589 1.076–1.233 1.283–1.495 1.169–1.252 1.096–1.247 

j 10.488–10.755 9.860–

12.428 

9.866–10.755 9.246–

11.425 

9.710–9.799 9.029–9.965 

FGP m 0.000–0.372 0.000–2.856 0.000–0.293 0.000–2.381 0.000–0.247 0.000–0.882 

p 0.337–0.374 0.427–2.843 0.248–0.300 0.311–2.369 0.002–0.131 0.004–0.763 

k 1.163–1.375 1.837–2.075 1.059–1.239 1.640–1.865 0.774–0.990 0.742–2.623 

g 4.949–5.099 3.327–3.575 4.227–4.379 2.684–2.933 3.823–3.998 2.562–2.818 
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j 10.679–10.855 10.006-

12.235 

10.020–

10.090 

9.378–

11.257 

8.875–9.657 9.086–9.871 

FGQ m 0.000–0.350 0.000–0.434 0.000–0.270 0.000–0.314 0.000–0.199 0.000–0.163 

k 1.362 1.580 1.245 1.487 1.009 1.209 

g 4.917–5.094 3.371–5.898 4.227–4.395 2.726–4.920 3.715–3.983 2.596–3.301 

j 10.684–10.783 10.021–

12.730 

10.014–

10.053 

9.393–9.444 8.843–9.586 9.092–12.291 

FJP m 0.000–0.081 0.000–2.416 0.000–0.048 0.000–2.057 0.000–0.126 0.068–0.850 

p 0.342–1.394 0.427–0.461 0.264–1.254 0.309–2.360 0.032–0.713 0.000–0.815 

k 1.184–1.394 1.853–2.424 1.057–1.255 1.653–3.849 0.461–0.722 0.769-1.571 

j 18.429–18.573 17.549–

17.802 

17.463–

17.570 

16.670–

18.571 

16.401–

16.464 

16.003–

16.793 

m 0.000–0.350 0.000–0.435 0.000–0.297 0.000–0.321 0.058–0.315 0.001–0.042 

p 0.338–0.347 0.372–0.438 0.272–0.278 0.292–0.326 0.000–0.126 0.000–0.167 

j 10.406–10.717 9.831–

12.867 

9.810–10.078 9.271–

11.707 

9.270–9.681 8.908–12.305 

FLP m 0.000–0.378 0.000–2.865 0.000–0.298 0.000–2.390 0.101–0.303 0.039–0.868 

p 0.337 2.427–2.853 0.253 0.310–2.378 0.000–0.004 0.004–0.730 

k 1.165–1.379 1.839–4.439 1.082–1.241 1.642–3.865 0.870–0.949 0.743–1.471 

j 10.374–10.779 9.641–

12.236 

9.839–10.114 9.041–

11.258 

9.306–9.750 8.416–9.850 

FLQ m 0.001–0.347 0.000–0.432 0.004–2.287 0.003–0.316 0.073–0.212 0.000–0.051 

p 0.000–0.353 0.007–0.439 0.000–0.284 0.000–0.315 0.000–0.168 0.002–0.181 

k 1.147–1.368 1.347–2.059 1.082–1.266 1.283–1.842 0.681–1.101 0.736–1.214 

j 10.635–10.769 9.958–

10.166 

9.989–10.095 9.337–9.516 9.409–9.474 9.037–9.174 
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Table 4.6. Ranges of the ZPE corrections to the energy and of the thermal correction to the Gibbs 

free energy for each of the compounds considered. 

 

Molecule ZPE correction (kcal/mol) Thermal correction to G (kcal/mol) 

DFT HF DFT HF 

AGP 297.544–298.459 319.911–321.150 256.341–258.452 279.031–282.230 

AGQ 279.722–280.392 300.864–302.114 239.803–241.924 261.073–264.479 

AJP 300.806–301.954 323.849–325.336 259.117–261.785 282.646–286.489 

AJQ 283.022–283.836 305.131–268.214 242.351–244.678 264.506–268.214 

ALP 310.179–311.116 333.199–334.459 267.815–269.549 291.560–294.480 

ALQ 292.544–293.387 314.083–315.421 250.220–253.428 273.827–277.154 

BGP 278.870–279.791 300.006–301.265 238.761–240.923 260.076–263.402 

BGQ 261.140–261.957 281.049–282.234 222.562–224.440 244.112–245.651 

BJP 282.184-283.305 304.034–305.456 241.986–244.446 264.095–066.813 

BJQ 264.446–265.209 285.328–286.239 225.365–227.130 246.183–249.370 

BLP 291.514–292.302 231.219–314.555 250.510–252.145 272.239–275.964 

BLQ 273.738–274.524 294.201–295.540 234.301–235.788 255.542–258.325 

CGP 260.650–261.263 280.564–281.511 221.930–222.966 242.156–244.451 

CGQ 242.817–243.305 261.518–262.355 205.615–206.434 225.979–226.375 

CJP 263.832–264.774 284.502–285.700 224.737–226.764 245.775–248.698 

CJQ 246.075–246.566 265.653–266.359 208.211–209.157 227.080–230.091 

CLP 272.840–273.778 293.552–294.796 232.254–234.515 254.053–257.006 

CLQ 255.427–255.928 274.804–275.611 217.025–217.992 235.972–238.626 

DGP 239.219–239.740 257.407–258.261 202.018–203.124 220.095–222.574 

DGQ 221.339–221.884 238.360–239.228 185.625–186.602 204.163–204.903 

DJP 242.394–243.228 261.345–262.449 204.767–206.591 224.186–226.826 

DJQ 224.846–225.025 242.582–243.233 188.403–189.222 205.232–209.091 

DLP 251.717–282.264 270.695–271.548 213.240–214.395 232.617–235.723 

DLQ 233.967–234.474 251.598–252.534 197.119–198.123 215.546–217.682 

EGP 239.219–239.740 257.407–258.261 202.018–203.124 220.095–222.574 

EGQ 221.339–221.884 238.360–239.228 185.625–186.602 204.163–204.903 

EJP 260.183–261.166 280.322–281.546 221.061–223.253 241.788–244.788 

EJQ 242.438–243.080 261.561–262.328 204.769–205.992 223.756–226.494 

ELP 269.540–270.198 289.673–290.643 229.875–231.128 250.316–253.087 

ELQ 251.747–252.437 270.626–271.630 213.484–215.035 232.623–235.451 

FGP 274.688–275.515 295.390–296.369 234.055–236.282 255.795–258.201 

FGQ 256.883–257.658 276.343–277.337 217.594–219.729 237.806–240.446 

FJP 278.007–279.011 299.327–300.559 237.469–239.708 259.407–262.458 

FJQ 260.232–260.884 280.301–281.288 221.082–222.534 243.105–244.183 

FLP 287.340–288.006 308.702–309.656 246.104–247.404 267.744–270.756 

FLQ 269.553–270.227 289.991–290.643 229.790–231.253 251.910–253.122 
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Table 4.7. Ranges of the parameters of the N14–H14∙∙∙∙O10 IHB for all the compounds in which it is 

present.  

The symbols α and β are used to indicate the presence of bifurcation. 

Molecule Bond length ranges (Å) N∙∙∙∙O distance range (Å) NĤO bond angle ranges (º) 

DFT HF DFT HF DFT HF 

AGP   α 2.054-2.056 2.086-2.088 2.866-2.869 2.858-2.861 135.34-135.44 132.92-132.94 

        β 1.990-1.993 2.026-2.031 2.827-2.829 2.818-2.823 137.87-137.95 134.93-134.96 

AGQ 1.991-1.992 2.026-2.030 2.827-2.829 2.819-2.823 137.20-137.93 134.93-134.97 

AJP 1.993-1.989 2.026-2.030 2.826-8.829 2.818-2.823 137.93-137.97 134.93-134.96 

AJQ   α 2.056-2.058 2.079-2.088 2.867-2.870 2.853-2.862 135.25-135.32 132.78-133.06 

       β 1.991-1.989 2.025-2.031 2.826-2.828 2.818-2.823 137.92-137.95 134.92-134.96 

ALP 1.979-1.993 2.008-2.031 2.821-2.830 2.805-2.823 137.91-138.47 134.93-135.46 

ALQ 1.990-1.993 2.026-2.030 2.827-2.829 2.818-2.823 137.90-137.92 134.93-137.97 

BGP  α 2.047 2.080-2.082 2.863 2.855-2.856 135.72 133.01-133.04 

          β 1.980 2.010-2.016 2.822 2.812-2.818 138.52-138.53 135.87-135.92 

BGQ 1.979-1.982 2.011-2.016 2.821-2.24 2.813-2.818 138.50-138.51 135.86-135.93 

BJP   α 2.049 2.077-2.083 2.864-2.865 2.851-2.858 135.62-135.74 132.98-133.06 

         β 1.979-1.981 2.010-2.016 2.822-2.823 2.812-2.817 138.52-138.53 135.88-135.81 

BJQ 2.049-2.051 2.077-2.084 2.864-2.867 2.851-2.857 135.62-135.75 132.97-133.07 

BLP   α 2.033-2.047 2.061-2.082 2.863-2.864 2.855-2.859 135.72-137.48 133.01-134.89 

          β 1.981 2.011-2.017 2.823 2.812-2.818 138.52-138.53 135.87-135.91 

BLQ  α 2.032-2.050 2.061-2.084 2.862-2.867 2.850-2.860 135.72-137.46 133.06-134.90 

          β 1.980 2.012-2.016 2.822 2.813-2.817 138.52 135.87-135.92 

CGP 2.063-2.065 2.098-2.104 2.866-2.869 2.858-2.865 138.38-134.52 131.52-131.71 

CGQ 2.063-2.067 2.098-2.105 2.866-2.871 2.858-2.866 134.41-134.49 131.55-131.71 

CJP 2.064-2.066 2.099-2.104 2.867-2.870 2.858-2.865 134.36-134.48 131.48-131.64 

CJQ 2.064-2.065 2.100-2.104 2.867-2.869 2.858-2.863 134.32-138.38 131.41-131.54 

CLP 2.063-2.064 2.098-2.104 2.866-2.869 2.858-2.865 134.37-134.53 131.53-131.73 

CLQ 2.063 2.099-2.104 2.866 2.858-2.864 138.38-134.39 131.51-131.60 

DGP  α 2.051 2.085-2.086 2.856 2.849-2.850 134.69-134.70 132.10-132.15 

          β 1.980-1.981 2.019-2.023 2.810-2.811 2.805-2.809 137.23-137.24 134.31-134.33 

DGQ  α 2.051 2.080 2.856 2.845 134.72 132.16 

           β 1.981 2.019-2.024 2.810-2.811 2.806-2.810 137.23-137.28 134.29-134.34 

DJP   α 2.052 2.081-2.088 2.857-2.858 2.845-2.852 134.66-134.76 132.10-132.14 

          β 1.980-1.982 2.018-2.025 2.810-2.811 2.804-2.810 137.22-137.25 134.28-134.32 

DJQ   α 2.053-2.054 2.079-2.088 2.857-2.859 2.844-2.853 134.61-134.67 132.06-132.13 

          β 1.979-1.980 2.019-2.023 2.809-2.810 2.805-2.809 137.26 134.30-134.33 

DLP  α 2.050-2.052 2.080-2.087 2.855-2.859 2.845-2.853 134.69-134.83 132.09-132.22 

          β 1.980-1.982 2.019-2.024 2.810-2.811 2.805-2.810 137.21-134.24 134.30-134.33 

DLQ   2.05 2.080 2.857 2.845 134.69 132.16 

EGP  α 2.054 2.085-2.090 2.864 2.854-2.859 135.12-135.13 132.45 

          β 1.973-1.975 2.009-2.029 2.814 2.803-2.820 138.25-138.26 134.44-134.48 

EGQ  α 2.037-2.040 2.070-2.080 2.859-2.862 2.847-2.856 136.49-136.55 133.47-133.41 

          β 1.986-1.988 2.021-2.026 2.820-2.822 2.813-2.817 137.67-137.69 134.80-134.85 



 

93 
 

EJP    α 2.055 2.085-2.092 2.865-2.866 2.853-2.860 135.13-135.28 132.38-132.47 

          β 1.974-1.975 2.028-2.033 2.814 1.816-2.821 138.25-138.26 134.42-134.46 

EJQ   α 2.055-2.056 2.086-2.090 2.864-2.867 2.854-2.861 135.04-135.20 132.35-132.43 

          β 1.987-1.988 2.021-2.026 2.821 2.812-2.817 137.65-137.66 134.79-134.83 

ELP   α 2.054-2.055 2.084-2.091 2.859-2.861 2.853-2.859 135.14-135.15 132.45 

          β 1.974-1.977 2.028-2.033 2.813-2.816 2.816-2.821 138.24-138.27 134.43-134.47 

ELQ 1.987-1.988 2.022-2.026 2.821 2.813-2.816 137.65-137.67 134.81-134.85 

FGP   α 2.038-2.039 2.084-2.091 2.859-2.861 2.854-2.860 136.44-136.55 132.61-132.70 

          β 1.977 2.028-2.031 2.816 2.819-2.823 138.27-138.28 134.78-135.15 

FGQ  α 2.037 2.069 2.859 2.847 136.48 133.50 

          β 1.989 2.026 2.823 2.817 137.70 134.89 

FJP    α 2.039 2.085-2.091 2.860-2.861 2.855-2.861 136.41-136.42 132.55-132.64 

          β 1.975-1.977 2.028-2.032 2.815-2.816 2.819-2.823 138.28-138.29 134.71-134.75 

FJQ   α 2.038-2.043 2.070-2.093 2.859-2.864 2.854-2.863 136.42-136.47 131.58-133.45 

          β 1.986-1.988 2.021-2.026 2.820-2.821 2.813-2.817 137.70-137.70 134.87-134.93 

FLP   α 2.038 2.084-2.090 2.859 2.854-2.860 136.44 732.60-132.61 

          β 1.976-1.978 2.028-2.032 2.815-2.817 2.819-2.823 138.25-138.28 134.75-134.79 

FLQ  α 2.036-2.054 2.076-2.091 2.858-2.864 2.854-2.861 135.18-136.52 132.62-133.02 

          β 1.975-1.988 2.021-2.032 2.815-2.822 2.813-2.823  134.76-134.90 
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Table 4.8. Ranges of the parameters of the N14–H14∙∙∙∙O9 IHB for all the compounds in which it is 

present.  

The symbols α and β are used to indicate the presence of bifurcation. 

Molecule Bond length ranges (Å) N∙∙∙∙O distance range (Å) NĤO bond angle ranges (º) 

DFT HF DFT HF DFT HF 

AGP 2.040-2.055 2.070-2.088 2.864-2.869 2.853-2.861 135.32-136.86 132.87-132.94 

AGQ 2.041-2.059 2.070-2.089 2.866-2.871 2.853-2.862 135.35-136.88 132.87-134.15 

AJP 2.042-2.045 2.071-2.078 2.866-2.869 2.854-2.861 136.80-136.86 134.06-134.11 

AJQ 2.042-2.057 2.070-2.088 2.866-2.868 2.853-2.860 132.26-136.84 132.78-134.10 

ALP 2.041-2.055 2.071-2.089 2.866-2.870 2.853-2.862 135.33-137.02 132.85-134.14 

ALQ 2.041-2.059 2.070-2.089 2.866-2.871 2.853-2.862 135.36-136.87 132.87-134.15 

BGP 2.033-2.050 2.061-2.082 2.862-2.866 2.851-2.858 135.76-137.47 133.04-134.91 

BGQ 2.031-2.051 2.060-2.084 2.861-2.867 2.850-2.859 135.73-137.48 133.08-134.90 

BJP 2.034 2.062-2.068 2.864 2.852-2.859 137.35-137.43 134.80-134.86 

BJQ 2.033-2.049 2.061-2.083 2.862-2.866 2.851-2.861 135.63-137.44 132.92-134.86 

BLP 2.047-2.049 2.076-2.082 2.863-2.865 2.851-2.857 135.76-135.77 133.04-133.12 

BLQ 2.046-2.049 2.075-2.083 2.863-2.866 2.850-2.858 135.82-135.83 133.06-133.14 

CGP 2.025-2.033 2.059-2.065 2.852-2.859 2.844-2.852 136.80-137.15 134.29-134.42 

CGQ 2.033-2.062 2.058-2.097 2.858-2.866 2.844-2.857 134.46-136.87 131.57-134.38 

CJP 2.027-2.033 2.059.2.066 2.854-2.858 2.844-2.852 136.75-137.10 134.22-134.36 

CJQ 2.030-2.068 2.060-2.106 2.858-2.871 2.844-2.866 134.34-136.78 131.43-134.27 

CLP 2.025-2.034 2.058-2.065 2.853-2.858 2.844-2.852 136.80-137.14 134.29-134.41 

CLQ 2.032-2.063 2.059-2.104 2.857-2.867 2.844-2.865 134.51-136.87 131.68-134.37 

DGP 2.050-2.052 2.080-2.087 2.856-2.858 2.845-2.852 134.71-134.81 132.14-132.22 

DGQ 2.050-2.052 2.079-2.088 2.856-2.859 2.845-2.853 134.76-134.82 132.08-132.23 

DJP 2.052 2.076-2.087 2.857-2.858 2.842-2.852 134.66-134.76 132.17-132.27 

DJQ 2.052-2.053 2.081-2.088 2.857-2.858 2.846-2.852 134.60-134.71 132.01-132.15 

DLP 2.050-2.052 2.080-2.087 2.856-2.858 2.845-2.852 134.72-134.80 132.15-132.22 

DLQ 2.049-2.053 2.079-2.087 2.855-2.859 2.845-2.853 134.72-134.84 132.16-132.26 

EGP 2.052-2.054 2.079-2.090 2.863-2.866 2.850-2.860 135.17-135.32 132.44-132.87 

EGQ 2.052-2.053 2.078-2.093 2.864-2.867 2.850-2.857 135.21-135.30 132.44-132.86 

EJP 2.054-2.055 2.079-2.086 2.863-2.865 2.850-2.857 135.05-135.18 132.74-132.75 

EJQ 2.052-2.057 2.079-2.092 2.862-2.867 2.850-2.860 135.06-135.19 132.35-132.75 

ELP 2.052-2.054 2.079-2.090 2.862-2.865 2.853-2.860 135.17-135.35 132.43-132.87 

ELQ 2.051-2.055 2.078-2.092 2.862-2.866 2.850-2.861 135.20-135.28 132.43-132.86 

FGP 2.038-2.055 2.078-2.091 2.859-2.866 2.851-2.862 135.20-136.54 132.61-132.96 

FGQ 2.037-2.055 2.077-2.085 2.858-2.866 2.850-2.857 135.20-136.49 132.62-132.95 

FJP 2.054-2.055 2.084-2.085 2.863-2.865 2.855-2.856 135.14-135.23 132.83-132.90 

FJQ 2.036-2.056 2.078-2.095 2.858-2.867 2.858-2.867 135.13-136.48 132.59-132.89 

FLP 2.037-2.054 2.078-2.091 2.859-2.865 2.851-2.861 135.19-136.55 132.60-132.95 

FLQ 2.036-2.055 2.084-2.093 2.858-2.866 2.850-2.864 135.19-136.53 132.62-132.94 
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Table 4.9. Ranges of the parameters of the N11–H11∙∙∙∙O13 IHB for all the compounds in which it is 

present.  

The symbols α and β are used to indicate the presence of bifurcation. 

Molecule  Bond length ranges (Å) N∙∙∙∙O distance range (Å) NĤO bond angle ranges (º) 

DFT HF DFT HF DFT HF 

AGP  α 2.386-2.390 2.354-2.364 2.277-2.279 2.235-2.236 71.33-71.57 70.39-70.83 

          β 2.347-2.348 2.313-2.314 2.276-2.277 2.235 73.40 72.93-72.95 

AGQ  α 2.386-2.390 2.358-2.364 2.276-2.279 2.325-2.326 71.34-71.54 70.40-70.83 

           β 2.347-2.348 2.313-2.314 2.276 2.325 73.40-73.41 72.93-72.95 

AJP    α 2.386-2.390 2.354-2.361 2.278-2.279 2.235-2.236 71.32-71.57 70.40-70.83 

           β 2.347 2.312-2.314 2.276 2.235 73.42-73.43 72.95-72.98 

AJQ   α 2.386-2.390 2.354-2.364 2.278-2.279 2.235-2.237 71.34-71.58 70.40-70.82 

           β 2.46-2.347 2.312-2.313 2.276 2.235 73.42-73.44 72.96-72.99 

ALP   α 2.386-2.390 2.355-2.364 2.278-2.279 2.235-2.236 71.33-71.45 70.40-70.77 

           β 2.344-2.348 2.308-2.314 2.275-2.277 2.234-2.235 73.34-73.53 72.93-73.14 

ALQ   α 2.386-2.390 2.354-2.364 2.278-2.279 2.235-2.236 71.34-71.57 70.39-70.82 

           β 2.347-2.348 2.313-2.314 2.276 2.235 73.40 72.93-72.95 

BGP   α 2.383-2.389 2.351-2.363 2.277-2.278 2.234-2.236 71.36-71.64 70.43-70.94 

           β 2.346 2.307-2.309 2.275 2.232-2.233 73.37-73.41 73.08-73.11 

BGQ   α 2.383-2.389 2.350-2.363 2.277-2.278 2.234-2.236 71.36-71.63 70.43-70.95 

           β 2.344-2.346 2.308-2.309 2.274-2.275 2.233 73.38-73.39 73.08-73.10 

BJP    α 2.386-2.389 2.351-2.363 2.277-2.278 2.234-2.236 71.35-71.65 70.42-70.94 

           β 2.345-2.346 2.307-2.308 2.274-2.275 2.232-2.233 73.40-73.41 73.11-73.13 

BJQ     2.384-2.389 2.353-2.363 2.277-2.278 2.234-2.236 71.37-71.64 70.42-70.94 

BLP   α 2.384-2.389 2.350-2.363 2.277-2.278 2.234-2.236 71.37-71.65 70.43-70.96 

          β 2.346-2.347 2.307-2.308 2.275 2.232-2.233 73.37-73.39 73.11 

BLQ   α 2.383-2.389 2.351-2.363 2.277-2.278 2.234-2.236 71.36-73.20 70.43-70.94 

           β 2.346 2.308-2.309 2.275 2.233 73.38-73.39 73.08-73.10 

CGP 2.384-2.399 2.352-2.370 2.277-2.282 2.234-2.237 70.85-71.73 70.08-70.92 

CGQ 2.389-2.399 2.357-2.370 2.277-2.282 2.236-2.238 70.85-71.58 70.09-70.85 

CJP 2.384-2.399 2.352-2.370 2.277-2.282 2.234-2.237 70.83-71.74 70.08-70.91 

CJQ 2.389-2.399 2.357-2.370 2.277-2.282 2.236-2.238 70.85-71.59 70.09-70.84 

CLP 2.384-2.399 2.352-2.371 2.277-2.282 2.234-2.238 70.85-71.73 70.04-70.92 

CLQ 2.389-2.396 2.355-2.370 2.277-2.282 2.236-2.238 70.84-71.58 70.08-70.92 

DGP   α 2.397-2.399 2.365-2.370 2.280 2.237-2.238 71.01-71.11 70.20-70.38 

           β 2.358-2.359 2.319-2.321 2.280 2.237-2.238 73.05-73.08 72.73-72.76 

DGQ   α 2.397-2.399 2.365-2.370 2.280 2.237-2.238 71.02-71.10 70.21-70.37 

           β 2.358 2.320-2.321 2.280 2.237-2.238 73.07-73.08 72.73-72.75 

DJP    α 2.397-2.399 2.364-2.370 2.280 2.236-2.238 71.02-71.10 70.20-70.37 

           β 2.358 2.319-2.320 2.280 2.237-2.238 73.07.73.07 72.47-72.77 

DJQ    α 2.396-2.398 2.362-2.370 2.280 2.237-2.238 71.03-71.11 70.20-70.38 

           β 2.358 2.320 2.280 2.237-2.238 73.08 72.75 

DLP    α 2.396-2.399 2.365-2.370 2.280 2.237-2.238 71.01-71.11 70.20-70.38 

           β 2.358-2.359 2.319-2.321 2.280 2.237-2.238 73.05-73.08 72.73-72.76 
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DLQ   α 2.397-2.398 2.366-2.370 2.280 2.237-2.238 71.03-71.10 70.19-70.37 

          β 2.358 2.320-2.321 2.280 2.237-2.238 73.05-73.07 72.73-72.74 

EGP   α 2.391-2.393 2.360-2.367 2.277-2.279 2.236-2.237 71.19-71.30 70.24-70.55 

           β 2.349 2.312-2.318 2.276 2.235-2.237 73.31-73.35 72.79-73.02 

EGQ   α 2.386-2.393 2.360-2.367 2.277-2.279 2.236-2.237 71.18-71.54 70.24-70.55 

           β 2.352 2.315-2.316 2.277-2.278 2.235-2.236 73.23-73.24 72.88-72.89 

EJP     α 2.391-2.393 2.360-2.367 2.277-2.279 2.236-2.237 71.17-71.32 70.24-70.56 

           β 2.348-2.349 2.317-2.318 2.276 2.236-2.237 73.33-73.35 72.81-72.84 

EJQ    α 2.391-2.393 2.360-2.367 2.277-2.279 2.236-2.237 71.17-71.29 70.25-70.56 

           β 2.351 2.314-2.315 2.277 2.235-2.236 73.27-73.29 72.91-72.93 

ELP    α 2.391-2.393 2.361-2.367 2.277-2.279 2.236-2.237 71.17-71-30 70.24-70.55 

           β 2.348-2.349 2.317-2.319 2.276 2.236-2.237 73.33-73.35 72.79-72.83 

ELQ   α 2.391-2.393 2.363-2.367 2.277-2.279 2.236-2.237 71.18-71.29 70.24-70.56 

           β 2.352 2.315-2.316 2.277-2.278 2.236 73.23-72.25 72.88-72.89 

FGP    α 2.387-2.393 2.360-2.366 2.278-2.279 2.236-2.237 71.24-71.53 70.27-70.58 

           β 2.349 2.314-2.316 2.277 2.235-2.236 73.34-73.37 72.86-72.95 

FGQ   α 2.387-2.393 2.659-2.366 2.278-2.279 2.236-2.237 71.25-71.51 70.28-70.67 

           β 2.352 2.315 2.278 2.236 73.27 72.90 

FJP     α 2.387-2.393 2.360-2.366 2.276-2.279 2.236-2.237 71.24-73.35 70.28-70.58 

           β 2.348-2.349 2.315-2.316 2.236 2.235-2.236 73.35-73.37 72.87-72.90 

FJQ    α 2.387-2.399 2.359-2.366 2.279-2.279 2.236-2.237 71.26-71.51 70.27-70.67 

           β 2.351 2.314-2.315 2.277 2.235-2.236 72.27-73.28 72.92-72.93 

FLP    α 2.387-2.393 2.360-2.366 2.278-2.279 2.236-2.237 71.25-71.53 70.28-70.58 

           β 2.348-2.349 2.315-2.316 2.276-2.277 2.235-2.236 73.34-73.37 72.86-72.90 

FLQ   α 2.397-2.393 2.360-2.367 2.278-2.279 2.236-2.237 71.25-71.51 70.25-70.58 

           β 2.349-2.352 2.314-2.316 2.276-2.278 2.235-2.236 73.26-73.34 72.86-72.91 
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Table 4.10. Ranges of the parameters of the N11–H11∙∙∙∙O10 IHB for all the compounds in which it 

is present.  

The symbols α and β are used to indicate the presence of bifurcation. 

Molecule Bond length ranges (Å) N∙∙∙∙O distance range (Å) NĤO bond angle ranges (º) 

DFT HF DFT HF DFT HF 

AGP 2.591-2.599 2.499-2.512 2.497-2.499 2.428-2.431 73.03-73.34 73.87-74.34 

AGQ 2.590-2.598 2.499-2.512 2.497-2.498 2.428-2.431 73.07-73.40 73.86-74.37 

AJP 2.592-2.598 2.499-2.511 2.498-2.499 2.429-2.431 73.10-73.34 73.88-74.35 

AJQ 2.592-2.598 2.500-2.512 2.497-2.499 2.429-2.431 73.08-73.32 74.07-74.34 

ALP 2.591-2.598 2.499-2.512 2.497-2.499 2.428-2.431 73.07-73.37 73.87-74.35 

ALQ 2.590-2.598 2.504-2.512 2.497-2.499 2.428-2.431 73.09-73.39 73.87-74.37 

BGP 2.594-2.600 2.502-2.513 2.498-2.500 2.429-2.431 73.03-73.25 73.83-74.25 

BGQ 2.592-2.601 2.501-2.513 2.498-2.500 2.429-2.432 72.99-73.29 73.81-74.23 

BJP 2.596-2.599 2.505-2.511 2.499-2.500 2.430-2.432 73.06-73.15 73.94-74.14 

BJQ 2.595-2.601 2.502-2.513 2.498-2.500 2.429-2.432 73.00-73.21 73.83-74.25 

BLP 2.594-2.598 2.502-2.509 2.498-2.499 2.429-2.431 73.09-73.23 73.98-74.25 

BLQ 2.593-2.597 2.502-2.509 2.498-2.499 2.429-2.431 73.11-73.26 73.97-74.26 

CGP 2.600-2.607 2.505-2.521 2.500-2.501 2.430-2.433 72.70-72.99 73.47-74.14 

CGQ 2.587-2.607 2.498-2.521 2.497-2.501 2.428-2.433 72.72-73.53 73.46-74.40 

CJP 2.600-2.607 2.505-2.521 2.500-2.501 2.430-2.433 72.71-73.01 73.47-74.14 

CJQ 2.582-2.607 2.491-2.521 2.495-2.501 2.427-2.433 72.71-73.73 73.47-74.71 

CLP 2.600-2.607 2.505-2.521 2.500-2.501 2.430-2.433 72.71-73.00 73.47-74.14 

CLQ 2.584-2.608 2.491-2.523 2.496-2.501 2.427-2.433 72.70-73.64 73.39-74.68 

DGP 2.599 2.509-2.511 2.499 2.431 73.03 73.89-74.00 

DGQ 2.594-2.598 2.502-2.511 2.498-2.499 2.429-2.431 73.07-73.20 73.88-74.21 

DJP 2.595-2.598 2.503-2.513 2.498-2.499 2.429-2.431 73.08-73.17 73.81-74.19 

DJQ 2.595-2.599 2.503.2.511 2.498-2.499 2.429-2.431 73.05-73.17 73.89-74.19 

DLP 2.595-2.599 2.503-2.510 2.498-2.499 2.429-2.431 73.03-73.19 73.91-74.19 

DLQ 2.595-2.599 2.503-2.511 2.498-2.499 2.429-2.431 73.03-73.20 73.90-74.22 

EGP 2.592-2.597 2.498-2.508 2.497.2.499 2.428-4.431 73.14-73.30 73.93-74.39 

EGQ 2.591-2.597 2.498-2.510 2.497-2.499 2.428-2.431 73.13-73.33 73.91-74.41 

EJP 2.592-2.597 2.503-2.510 2.498-2.499 2.429-2.431 73.14-73.30 73.93-74.21 

EJQ 2.591-2.595 2.499-2.510 2.497-2.499 2.428-2.431 73.15-73.33 73.93-74.37 

ELP 2.591-2.597 2.498-2.510 2.497-2.499 2.428-2.431 73.14-73.32 73.93-74.39 

ELQ 2.591-2.597 2.498-2.510 2.497-2.499 2.428-2.431 73.13-73.32 73.90-74.40 

FGP 2.592-2.605 2.502-2.510 2.497-2.499 2.429-2.431 72.75-73.30 73.92-74.25 

FGQ 2.592-2.605 2.497-2.511 2.498-2.500 2.428-2.431 72.76-73.30 73.90-74.44 

FJP 2.592-5.596 2.503-2.510 2.498-2.499 2.429-2.431 73.15-73.30 73.92-74.21 

FJQ 2.592-2.605 2.498-511 2.498-2.500 2.428-2.431 72.74-72.89 73.90-74.19 

FLP 2.593-2.605 2.498-2.510 2.498-2.499 2.428-2.431 72.74-73.26 73.93-74.41 

FLQ 2.592-2.599 2.495-2.510 2.498-2.499 2.427-2.499 72.97-73.30 73.90-74.52 
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Table 4.11. Ranges of the parameters of the N11–H11∙∙∙∙O9 IHB for all the compounds in which it is 

present.  

The symbols α and β are used to indicate the presence of bifurcation. 

Molecule Bond length ranges (Å) N∙∙∙∙O distance range (Å) NĤO bond angle ranges (º) 

DFT HF DFT HF DFT HF 

AGP  α 2.591.2.596 2.499-2.505 2.497-2.499 2.428-2.430 73.17-73.34 74.17-74.36 

          β 2.440-2.443 2.939-2.394 2.464 2.404-2.405 79.27-79.38 78.63-78.67 

AGQ 2.440-2.443 2.390-2.392 2.464 2.404-2.405 79.28-79.38 78.63-78-68 

AJQ 2.594-2.595 2.500-2.511 2.498-2.499 2.429-2.431 73.21-73.33 73.86-74.35 

BGP  α 2.598 2.507 2.499 2.431 73.09 74.07-74.09 

          β 2.436-2.439 2.391-2.392 2.464 2.404-2.405 79.46-79.61 78.71-78.75 

BJP 2.594-2.598 2.502-2.509 2.498-2.499 2.429-2.431 73.11-73.25 73.98-74.25 

BJQ 2.593-2.598 2.502-2.509 2.498-2.499 2.429-2.431 73.12-73.26 73.99-74.26 

BLP 2.597-2.600 2.505-2.513 2.499-2.500 2.430-2.432 73.04-73.13 73.81-74.14 

BLQ 2.592-2.598 2.501-2.513 2.498-2.500 2.429-2.432 73.02-73.29 73.82-74.28 

CGP   α 2.583-2.587 2.491-2.498 2.496-2.497 2.427-2.428 73.51-73.67 74.40-74.69 

           β 2.435-2.438 2.386-2.389 2.470 2.406 79.8179.95 78.99-79.10 

CGQ 2.582-2.587 2.491-2.498 2.495-2.497 2.427-2.428 73.53-73.72 74.42-74.70 

CJP 2.582-2.587 2.489-2.496 2.495-2.497 2.427-2.249 73.53-73.73 74.40-74.68 

CJQ 2.583-2.587 2.496-2.499 2.496-2.497 2.429 73.54-73.67 74.37-74.41 

CLP 2.583-2.587 2.490-2.498 2.496-2.497 2.426-2.428 73.51-73.67 74.41-74.73 

CLQ 2.587 2.496-2.498 2.497 2.428 73.51 74.42-74.54 

DGP   α 2.599 2.508-2.511 2.499 2.431 73.03 73.88-74.02 

           β 2.445-2.446 2.395-2.396 2.464-2.465 2.405 79.13-79.19 73.52-78.56 

DGQ  α 2.598 2.511 2.499 2.431 73.06 73.90 

           β 2.445-2.446 2.395-2.396 2.465 2.405 79.13-79.20 78.51-78.56 

DJP 2.595-2.598 2.504-2.511 2.498-2.499 2.429-2.431 73.08-73.18 73.91-74.17 

DJQ 2.595-2.598 2.503-2.511 2.498-2.499 2.429-2.431 73.0773.19 73.88-74.20 

DLP 2.594-2.600 2.503-2.511 2.498-2.499 2.429-2.431 73.01-73.20 73.89-74.20 

DLQ 2.598 2.510 2.499 2.431 73.07 73.90 

EGP   α 2.595 2.503.2.505 2.498 2.430 73.17-73.18 74.12-74.23 

           β 2.244-2.446 2.395-2.396 2.464-2.465 2.405 79.14-79.20 78.53-78.57 

EGQ   α 2.600-2.605 2.506-2.515 2.499-2.493 2.429-2.432 72.73-72.91 73.69-74.05 

           β 2.444-2.446 2.395-2.396 2.464-2.465 2.405 79.14-79.20 78.53-78.58 

EJP 2.591-2.594 2.499-2.506 2.497-2.498 2.497-2.498 73.22-73.33 74.10-74.38 

EJQ 2.591-2.595 2.504-2.506 2.497-2.498 2.430 73.17-73.33 74.10-74.21 

ELP 2.594 2.503-2.506 2.498 2.430 73.20 74.09-74.23 

FGP     α 2.600-2.605 2.498-2.505 2.498-2.499 2.428-2.430 72.76-72.91 74.13-74.42 

            β 2.445-2.443 2.394-2.396 2.464-2.465 2.404-2.405 79.18-79.24 78.55-78.59 

FGQ    α 2.605 2.516 2.500 2.432 72.76 73.66 

            β 2.444-2.445 2.394-2.396 2.464-2.465 2.404-2.405 79.19-79.23 78.55-78.60 

FJP 2.598-2.604 2.498-2.505 2.499-2.607 2.428-2.430 68.72-72.79 74.14-74.41 

FJQ 2.599-2.604 2.497-2.516 2.498-2.500 2.428-2.432 72.78-72.98 73.66-74.46 

FLP 2.605 2.502-2.505 2.499 2.430 72.75 74.14-74.27 
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FLQ 2.596-2.600 2.498-2.509 2.498-2.500 2.428-2.430 72.76-73.16 73.95-74.41 

 

 

Table 4.12. Energy difference between lowest energy conformer without any IHB and the highest 

energy conformer with at least one IHB for the calculated conformers of the considered compounds. 

Compounds Energy difference (kcal/mol) 

DFT HF 

AGP 5.581 6.435 

AGQ 5.586 6.450 

AJP 16.152 15.263 

AJQ 6.696 5.637 

ALP 8.760 8.083 

ALQ 8.480 7.836 

BGP 5.607 7.229 

BGQ 8.768 8.249 

BJP 16.446 15.760 

BJQ 8.128 4.983 

BLP 7.535 7.758 

BLQ 7.353 6.693 

CGP 5.319 6.024 

CGQ 9.647 8.653 

CJP 14.815 13.190 

CJQ 7.463 6.403 

CLP 7.312 5.282 

CLQ 9.618 8.603 

DGP 5.590 6.425 

DGQ 5.603 6.442 

DJP 16.796 13.279 

DJQ 0.522 0.048 

DLP 9.053 5.721 

DLQ 7.741 6.890 

EGP 5.579 6.428 

EGQ 5.592 6.444 

EJP 16.886 13.146 

EJQ 7.033 6.071 

ELP 8.856 5.223 

ELQ 9.129 8.271 

FGP 5.580 6.431 

FGQ 5.590 6.447 

FJP 17.035 13.125 

FJQ 9.029 8.246 

FLP 8.895 5.202 

FLQ 9.267 7.899 
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Table 4.13. Ranges of the dipole moments for each of the molecules considered. 

Molecule Dipole moments ranges (Debye) 

DFT HF 

AGP 5.3973–9.7881 5.3625–10.0639 

AGQ 5.5198–9.8865 5.5540–10.2168 

AJP 4.4163–8.1508 4.0082–8.4151 

AJQ 3.7197–9.5732 3.6429–9.9673 

ALP 5.6355–9.6009 5.0445–9.8593 

ALQ 6.1064–9.7569 6.1217–10.0688 

BGP 5.2828–9.9492 5.3039–10.1800 

BGQ 6.3620–10.0437 6.3568–10.3030 

BJP 4.5103–8.2516 4.0658–8.4950 

BJQ 3.8621–9.7088 3.3352–10.0634 

BLP 6.0489–9.7683 5.3142–9.9915 

BLQ 6.3974–9.6951 5.8227–10.1763 

CGP 5.3526–9.9031 5.5723–10.1733 

CGQ 6.6208–9.9946 6.3982–10.2990 

CJP 4.6196–8.1671 4.0945.8.4467 

CJQ 4.0729–9.6308 3.8585–10.0419 

CLP 6.1990–9.9657 5.4210–10.2186 

CLQ 5.5314–9.0720 4.9051–9.3851 

DGP 5.2093–10.0722 5.1915–10.2986 

DGQ 5.3279–10.1681 5.4160–10.4330 

DJP 4.6408–8.3605 4.1473–8.5981 

DJQ 3.9729–8.7584 3.4082–9.0396 

DLP 6.1499–9.8573 5.4098–10.0933 

DLQ 6.4780–10.0361 6.3602–10.3085 

EGP 5.4058–10.0076 5.3329–10.2601 

EGQ 5.5091–10.1133 5.5456–10.3893 

EJP 4.5201–8.3318 4.0380–8.5786 

EJQ 4.0324–9.7683 3.7890–10.1501 

ELP 5.9929–9.8160 5.4065–10.0562 

ELQ 6.3959–10.0201 6.2967–10.3603 

FGP 5.5460–10.0423 5.4192–10.2785 

FGQ 5.6310–10.1372 5.6311–10.4033 

FJP 4.3584–8.3566 3.9488–8.6026 

FJQ 5.8391–9.9058 5.9340–10.3731 

FLP 5.9160–9.8431 5.4829–10.0755 

FLQ 6.1762–10.0225 6.0928–10.3684 
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Table 4.14. Ranges of dipole moments for each conformer type in each of the compounds considered.  

Molecules Conformer type Dipole moments ranges (Debye) 

DFT HF 

AGP m 6.2094–7.1485 5.7648–7.0273 

p 6.1758–7.1539 5.8802–6.9837 

k 5.9887–6.8125 5.9565–6.7316 

g 5.3973–6.5944 5.3625–6.9499 

j 9.3860–9.7881 7.9106–10.0639 

AGQ m 6.3812–7.1274 6.3442–6.9493 

k 6.1490–6.7902 6.1884–6.7155 

g 5.5198–6.5046 5.5540–6.7883 

j 9.4825–9.8865 9.7609–10.2168 

AJP m 4.4163–5.8197 4.0082–5.6497 

k 4.3272–5.3519 4.2145–5.2782 

j 7.8330–8.1508 7.7998–8.1305 

AJQ m 4.9202–6.2182 4.0775–6.1856 

p 3.8264–5.1049 3.6625–4.9481 

k 3.7197–4.7512 3.6429–4.6444 

j 8.7689–9.5732 9.0824–9.9673 

ALP m 5.8707–6.3711 5.0445–6.1044 

k 5.6355–6.6809 5.4478–6.6236 

j 9.3083–9.6009 7.6413–9.8593 

ALQ m 6.3329–6.9510 6.2829–6.8002 

k 6.1064–6.6381 6.1219–6.5639 

j 9.4618–9.7569 9.1294–10.0688 

BGP m 6.3073–7.1291 5.7919–6.9927 

p 6.2528–6.2533 5.4640–5.8287 

k 6.2109–6.9481 5.7070–6.8235 

g 5.2828–6.5638 5.3039–6.9663 

j 9.5200–9.9492 8.0190–10.1800 

BGQ m 6.4424–7.1450 6.3568–6.9420 

k 6.3620–6.9358 6.3242–6.8197 

j 9.6228–10.0437 9.8651–10.3030 

BJP m 4.6160–5.6943 4.0516–5.5240 

p 4.5102–5.7824 4.0658–5.6077 

k 4.5610–5.4554 4.3269–5.3389 

j 7.9502–8.2516 7.8660–8.2140 

BJQ m 3.8620–6.2479 3.3352–6.1893 

p 4.9244–5.9974 3.6951–5.9499 

j 8.9230–9.7088 9.1869–10.0634 

BLP m 6.0907–7.0266 5.8932–6.8995 

p 6.0489–7.0048 5.3142–6.8329 

k 6.0954–6.8532 5.6731–6.7793 

j 9.5050–9.7683 7.7789–9.9915 

BLQ m 6.5790–7.1674 6.3465–6.9648 



 

102 
 

p 6.3974–7.1683 5.8227–6.8021 

k 6.4103–6.7045 6.3351–6.5986 

j 9.6923–9.9151 9.9063–10.1763 

CGP m 6.3633–7.1340 5.8395–6.9585 

p 6.4380–7.2370 5.5858–7.0506 

g 5.3526–6.7464 5.5723–7.3460 

j 9.4778–9.9031 8.0340–10.1733 

CGQ m 6.4906–7.1576 6.3982–6.9791 

p 6.6208–7.2367 6.5220–7.0402 

j 9.5669–9.9946 9.8442–10.2290 

CJP m 4.5690–5.7338 4.1094–5.5368 

p 4.7012–5.8300 4.1254–5.6555 

j 7.8621–8.1671 7.8072–8.1758 

CJQ m 4.9229–6.3519 4.0938–6.2980 

p 4.0729–5.2175 3.8462–4.8212 

j 8.8641–9.6308 9.1706–10.0419 

CLP m 6.1511–7.0316 5.6514–6.9207 

p 6.2373–7.1236 5.4261–6.9555 

j 9.2238–9.9657 7.9328–10.2186 

CLQ m 5.5314–6.5640 5.3199–6.3706 

p 5.6566 4.9731–5.4503 

j 9.0272–9.0720 7.4177–9.3851 

DGP m 6.4319–7.1882 5.8713–7.0240 

p 6.3647–6.3649 5.8325–6.1666 

k 6.3231–7.0475 5.8271–6.9188 

g 5.2093–6.5873 5.1915–6.9199 

j 9.6673–10.0722 8.1770–10.2986 

DGQ m 6.6176–7.2176 6.4448–6.9951 

p 6.5488 6.4240 

k 6.4646–7.0454 6.4206–6.9168 

g 5.3279–6.4706 5.4160–6.7369 

j 9.7579–10.1681 10.0064–10.4330 

DJP m 4.6410–5.8197 4.4624–5.6271 

p 4.6408–5.8197 4.1473–5.6279 

k 4.6849–5.5527 4.4388–5.4269 

j 8.0528–8.3605 7.9514–8.3241 

DJQ m 3.9727–6.4008 3.4082–6.2425 

p 4.0262–5.1710 3.7847–4.9724 

k 5.9002–6.2918 5.8825–6.2394 

j 8.4357–8.7584 8.8201–9.0396 

DLP m 6.2201–7.0876 5.6831–6.9872 

p 6.1648–7.1232 5.4098–6.9233 

k 6.1499–6.9135 5.7085–6.8028 

j 9.5719–9.8573 9.7872–10.0933 

DLQ m 6.5061–7.2407 6.3602–7.0092 

p 6.5523 6.4197 

k 6.4780–6.9493 6.4212–6.8213 

j 9.8169–10.0361 10.0673–10.3085 

EGP m 6.2746–7.2621 5.7703–7.1062 
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p 6.3666–6.3675 5.5593–6.1859 

k 6.1658–6.8686 5.6640–6.8092 

g 5.4058–6.7092 5.3329–7.0159 

j 9.5883–10.0076 8.1125–10.2601 

EGQ m 6.4572–7.2718 6.3629–7.0531 

p 6.6145–7.2855 6.4777–7.0336 

k 6.4264–7.0188 6.4090–69001 

g 5.5091–6.6296 5.5456–6.8402 

j 9.6750–10.1133 9.9404–10.3893 

EJP m 4.4781–5.7258 4.0380–5.5667 

p 4.6275–5.9186 4.1570–5.7170 

k 4.5201–5.3749 4.3056–5.3008 

j 8.0117–8.3318 7.9454–8.5756 

EJQ m 5.0760–6.1891 4.1858–5.9219 

p 4.0324–5.2480 3.7890–5.0376 

k 4.8574–4.9889 4.6893–4.8452 

j 8.9685–9.7683 9.2669–10.1501 

ELP m 6.0605–7.1687 5.5782–7.0136 

p 6.1632–6.1637 5.4065–5.9741 

k 5.9929–6.7318 5.5519–6.6613 

j 9.3328–9.8160 8.4049–10.0562 

ELQ m 6.3959–7.1218 6.2967–6.9042 

k 6.4670–6.7946 6.4121–6.6889 

j 9.1213–10.0201 7.5112–10.3603 

FGP m 6.1572–7.3633 6.0198–7.1690 

p 6.5199–7.3754 5.5995–7.1438 

k 6.0882–6.7550 5.9353–6.6975 

g 5.5460–6.8802 5.4192–7.0978 

j 9.5095–10.0423 8.1102–10.2785 

FGQ m 6.3364–7.3684 6.2743–7.1118 

k 7.0580 6.9282 

g 5.6310–6.7434 5.6311–6.9241 

j 9.6351–9.9410 10.4047 

FJP m 4.3584–5.6388 3.9488–5.4980 

p 4.7762–5.2520 4.2076–5.7888 

k 4.4441–5.2519 4.2580–5.226 

j 8.0422–8.3566 7.9805–8.6026 

FJQ m 5.8391–6.4866 5.9340–6.3594 

p 6.3011–6.4050 6.1336–6.3542 

k 6.0053–6.0962 6.1045–6.1088 

j 8.7672–9.9058 9.1057–10.3731 

FLP m 5.9419–7.2493 5.4892–7.0785 

p 6.3142–6.3145 5.4458–5.9985 

k 5.9160–6.6205 5.4829–6.5841 

j 9.3586–9.8431 7.8391–10.0755 

FLQ m 6.2737–7.2279 6.2101–6.9681 

p 6.2510–7.1957 6.2299–6.9699 

k 6.1762–6.8330 6.0928–6.7233 

j 9.6246–10.0225 9.8165–10.3684 
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Table 4.15. Ranges of dipole moments of molecules for each of the conformer type.  

Molecules are arranged in order of increasing DFT dipole moments. 

Conformer type Molecules Dipole moments ranges Debye) 

DFT HF 

m BJQ 3.8620–6.2479 3.3352–6.1893 

DJQ 3.9727–6.4008 3.4082–6.2425 

FJP 4.3584–5.6388 3.9488–5.4980 

AJP 4.4163–5.8197 4.0082–5.6497 

EJP 4.4781–5.7258 4.0380–5.5667 

CJP 4.5690–5.7338 4.1094–5.5368 

BJP 4.6160–5.6943 4.0516–5.5240 

DJP 4.6410–5.8197 4.4624–5.6271 

AJQ 4.9202–6.2182 4.0775–6.1856 

CJQ 4.9229–6.3519 4.0938–6.2980 

EJQ 5.0760–6.1891 4.1858–5.9219 

CLQ 5.5314–6.5640 5.3199–6.3706 

FJQ 5.8391–6.4866 5.9340–6.3594 

ALP 5.8707–6.3711 5.0445–6.1044 

FLP 5.9419–7.2493 5.4892–7.0785 

ELP 6.0605–7.1687 5.5782–7.0136 

BLP 6.0907–7.0266 5.8932–6.8995 

CLP 6.1511–7.0316 5.6514–6.9207 

FGP 6.1572–7.3633 6.0198–7.1690 

AGP 6.2094–7.1485 5.7648–7.0273 

DLP 6.2201–7.0876 5.6831–6.9872 

FLQ 6.2737–7.2279 6.2101–6.9681 

EGP 6.2746–7.2621 5.7703–7.1062 

BGP 6.3073–7.1291 5.7919–6.9927 

ALQ 6.3329–6.9510 6.2829–6.8002 

FGQ 6.3364–7.3684 6.2743–7.1118 

CGP 6.3633–7.1340 5.8395–7.0181 

AGQ 6.3812–7.1274 6.3442–6.9493 

ELQ 6.3959–7.1218 6.2967–6.9042 

DGP 6.4319–7.1882 5.8713–7.0240 

BGQ 6.4424–7.1450 6.3568–6.9420 

EGQ 6.4572–7.2718 6.3629–7.0531 

CGQ 6.4906–7.1576 6.3982–6.9791 

DLQ 6.5061–7.2407 6.3602–7.0092 

BLQ 6.5790–7.1674 6.3465–6.9648 

DGQ 6.6176–7.2176 6.4448–6.9951 

    

p AJQ 3.8264–5.1049 3.6625–4.9481 

DJQ 4.0262–5.1710 3.7847–4.9724 

EJQ 4.0324–5.2480 3.7890–5.0376 

CJQ 4.0729–5.2175 3.8462–4.8212 

BJP 4.5102–5.7824 4.0658–5.6077 

EJP 4.6275–5.9186 4.1570–5.7170 
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DJP 4.6408–5.8197 4.1473–5.6279 

CJP 4.7012–5.8300 4.1254–5.6555 

FJP 4.7762–5.2520 4.2076–5.7888 

BJQ 4.9244–5.9974 3.6951–5.9499 

CLQ 5.6566 4.9731–5.4503 

ELP 6.1632–6.1637 5.4065–5.9741 

DLP 6.1648–7.1232 5.4098–6.9233 

AGP 6.1758–7.1539 5.8802–6.9837 

CLP 6.2373–7.1236 5.4261–6.9555 

FLQ 6.2510–7.1957 6.2299–6.9699 

BGP 6.2528–6.2533 5.4640–5.8287 

FJQ 6.3011–6.4050 6.1336–6.3542 

FLP 6.3142–6.3145 5.4458–5.9985 

DGP 6.3647–6.3649 5.8325–6.1666 

EGP 6.3666–6.3675 5.5593–6.1859 

BLQ 6.3974–7.1683 5.8227–6.8021 

CGP 6.4380–7.2370 5.5858–7.0506 

DGQ 6.5488 6.4240 

DLQ 6.5523 6.4197 

FGP 6.5199–7.3754 5.5995–7.1438 

EGQ 6.6145–7.2855 6.4777–7.0336 

CGQ 6.6208–7.2367 6.5220–7.0402 

    

k AJQ 3.7197–4.7512 3.6429–4.6444 

AJP 4.3272–5.3519 4.2145–5.2782 

FJP 4.4441–5.2519 4.2580–5.226 

EJP 4.5201–5.3749 4.3056–5.3008 

BJP 4.5610–5.4554 4.3269–5.3389 

DJP 4.6849–5.5527 4.4388–5.4269 

EJQ 4.8574–4.9889 4.6893–4.8452 

ALP 5.6355–6.6809 5.4478–6.6236 

DJQ 5.9002–6.2918 5.8825–6.2394 

FLP 5.9160–6.6205 5.4829–6.5841 

AGP 5.9887–6.8125 5.9565–6.7316 

ELP 5.9929–6.7318 5.5519–6.6613 

FJQ 6.0053–6.0962 6.1045–6.1088 

FGP 6.0882–6.7550 5.9353–6.6975 

BLP 6.0954–6.8532 5.6731–6.7793 

ALQ 6.1064–6.6381 6.1219–6.5639 

AGQ 6.1490–6.7902 6.1884–6.7155 

DLP 6.1499–6.9135 5.7085–6.8028 

EGP 6.1658–6.8686 5.6640–6.8092 

FLQ 6.1762–6.8330 6.0928–6.7233 

BGP 6.2109–6.9481 5.7070–6.8235 

DGP 6.3231–7.0475 5.8271–6.9188 

BGQ 6.3620–6.9358 6.3242–6.8197 

BLQ 6.4103–6.7045 6.3351–6.5986 

EGQ 6.4264–7.0188 6.4090–69001 

DGQ 6.4646–7.0454 6.4206–6.9168 
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ELQ 6.4670–6.7946 6.4121–6.6889 

DLQ 6.4780–6.9493 6.4212–6.8213 

FGQ 7.0580 6.9282 

    

g DGP 5.2093–6.5873 5.1915–6.9199 

BGP 5.2828–6.5638 5.3039–6.9663 

DGQ 5.3279–6.4706 5.4160–6.7369 

CGP 5.3526–6.7464 5.5723–7.3460 

AGP 5.3973–6.5944 5.3625–6.9499 

EGP 5.4058–6.7092 5.3329–7.0159 

EGQ 5.5091–6.6296 5.5456–6.8402 

AGQ 5.5198–6.5046 5.5540–6.7883 

FGP 5.5460–6.8802 5.4192–7.0978 

FGQ 5.6310–6.7434 5.6311–6.9241 

    

j AJP 7.8330–8.1508 7.7998–8.1305 

CJP 7.8621–8.1671 7.8072–8.1758 

BJP 7.9502–8.2516 7.8660–8.2140 

EJP 8.0117–8.3318 7.9454–8.5756 

FJP 8.0422–8.3566 7.9805–8.6026 

DJP 8.0528–8.3605 7.9514–8.3241 

DJQ 8.4357–8.7584 8.8201–9.0396 

FJQ 8.7672–9.9058 9.1057–10.3731 

AJQ 8.7689–9.5732 9.0824–9.9673 

CJQ 8.8641–9.6308 9.1706–10.0419 

BJQ 8.9230–9.7088 9.1869–10.0634 

EJQ 8.9685–9.7683 9.2669–10.1501 

CLQ 9.0272–9.0720 7.4177–9.3851 

ELQ 9.1213–10.0201 7.5112–10.3603 

CLP 9.2238–9.9657 7.9328–10.2186 

ALP 9.3083–9.6009 7.6413–9.8593 

ELP 9.3328–9.8160 8.4049–10.0562 

FLP 9.3586–9.8431 7.8391–10.0755 

AGP 9.3860–9.7881 7.9106–10.0639 

ALQ 9.4618–9.7569 9.1294–10.0688 

AGQ 9.4825–9.8865 9.7609–10.2168 

CGP 9.4778–9.9031 8.0340–10.1733 

BLP 9.5050–9.7683 7.7789–9.9915 

FGP 9.5095–10.0423 8.1102–10.2785 

BGP 9.5200–9.9492 8.0190–10.1800 

CGQ 9.5669–9.9946 9.8442–10.2290 

DLP 9.5719–9.8573 9.7872–10.0933 

EGP 9.5883–10.0076 8.1125–10.2601 

BGQ 9.6228–10.0437 9.8651–10.3030 

FLQ 9.6246–10.0225 9.8165–10.3684 

FGQ 9.6351–9.9410 10.4047 

DGP 9.6673–10.0722 8.1770–10.2986 

EGQ 9.6750–10.1133 9.9404–10.3893 

BLQ 9.6923–9.9151 9.9063–10.1763 
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DGQ 9.7579–10.1681 10.0064–10.4330 

DLQ 9.8169–10.0361 10.0673–10.3085 

 

 

Table 4.16: Ranges of the HOMO–LUMO energy gaps for each of the compounds considered. 

Molecule HOMO–LUMO energy gap ranges 

DFT HF Width of the ranges 

DFT HF 

AGP 111.552–118.392 278.890–285.542 6.840 6.652 

AGQ 115.207–121.232 278.903–286.263 6.025 7.360 

AJP 108.973–111.452 277.779–282.448 2.479 4.669 

AJQ 107.034–117.940 276.267–282.348 10.906 6.081 

ALP 106.068–112.456 276.593–282.166 6.388 5.573 

ALQ 108.421–116.372 278.426–282.122 7.951 3.696 

BGP 113.239–118.085 278.250–283.371 4.846 5.121 

BGQ 114.891–119.057 278.255–286.207 4.166 7.952 

BJP 108.685–111.232 278.488–282.404 2.547 3.916 

BJQ 108.101–117.664 276.995–282.304 9.563 5.309 

BLP 108.954–114.213 278.997–283.207 5.259 4.210 

BLQ 105.597–117.225 272.301–284.870 11.628 12.569 

CGP 112.104–117.576 278.727–285.096 5.472 6.369 

CGQ 115.675–118.787 278.702–286.119 3.112 7.417 

CJP 108.904–111.000 277.353–282.341 2.096 4.988 

CJQ 107.555–117.432 278.947–282.235 9.877 3.288 

CLP 108.779–111.264 278.432–282.153 2.485 3.803 

CLQ 109.519–112.619 278.921–282.210 3.100 3.289 

DGP 111.201–117.765 278.256–285.109 6.564 6.853 

DGQ 114.872–120.639 278.244–286.138 5.767 7.894 

DJP 108.471–111.025 277.365–282.354 2.554 4.989 

DJQ 107.812–122.163 275.953–282.323 14.351 6.370 

DLP 107.812–111.966 277.786–282.072 4.154 4.286 

DLQ 105.233–117.526 278.256–284.748 12.293 6.492 

EGP 111.377–118.078 278.099–285.316 6.701 7.217 

EGQ 114.972–121.003 278.294–286.213 6.031 7.919 

EJP 108.716–111.377 277.572–282.404 2.661 4.832 

EJQ 107.850–117.727 275.866–282.310 9.877 6.444 

ELP 107.982–112.722 277.943–282.115 4.740 4.172 

ELQ 112.010–116.083 278.325–282.285 4.073 3.960 

FGP 111.395–118.179 278.413–285.435 6.784 7.110 

FGQ 115.035–121.122 278.281–286.238 6.087 7.957 

FJP 108.816–111.314 277.679–282.423 2.489 4.744 

FJQ 113.661–117.765 278.551–285.454 4.104 6.903 

FLP 108.026–112.305 278.407–282.247 4.279 3.840 

FLQ 112.054–116.177 278.232–282.134 4.123 3.811 
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Chapter 5 

Discussion and conclusions 

 

This chapter presents the discussion and the conclusions based on all the observations noted during 

the analysis of the results, as reported in chapter 4, and considerations for future studies on the 

molecules considered. 

 

5.1. Overall discussions and inferences  

The computational studies of the sulfonylureas molecules reported in this work have all been done 

in vacuo. Only new sulfonylureas, which are yet to be synthesized, were studied. The objective 

was to provide information about these compounds, which could be relevant to researchers 

working on them experimentally. Different R and R were considered, so that this study covers a 

broad variety of sulfonylureas molecules with groups that can be of interest in view of medically 

related properties.  

Both DFT and HF methods were used in this study because of the advantages of obtaining results 

from two different methods. The HF/6-31G(d,p) is the cheapest option that can give reasonable 

results; it was considered interesting to evaluate its performance for these molecules in view of the 

possibility that it can be used for fast screening of a large number of molecules. The DFT/B3LYP 

results were used as reference in organizing the materials considered in the analysis; it appears 

reasonable to consider the DFT results as benchmarks because DFT takes into account also part of 

the electron correlation.  

The most stable conformers of each of the compounds considered were successfully identified. 

The results show how different factors can influence the molecular properties. They show the 

importance of the intramolecular hydrogen bonds (IHBs) as a stabilizing factor influencing the 

energy of the conformers. The presence, the number, and the type of IHBs all have significant 

influence on the relative energy of individual conformers. The greater the number of IHBs, the 

lower the relative energies of the conformers. The importance of the IHBs is also made evident by 

the fact that the highest energy conformers are characterized by the absence of IHBs, and the 
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energy difference between the highest energy conformer with at least one IHB and the lowest 

energy conformer without any IHBs is at least 5 kcal/mol (often greater).  

Five different conformer types were identified across all the compounds considered and were 

denoted by m/p, k, g and j. They differ by the number and type of IHBs present and by some 

relevant geometrical features. The different conformer types have different relative energy ranges 

across conformers. The number of individual conformers and the conformer types differ for 

different compounds. 

The m/p conformers (conformers with three IHBs) are the conformers with the lowest relative 

energies in most of the compounds considered. The k conformers (conformers with two IHBs) are 

also amongst the lowest energy conformers and they are also the ones with shortest IHBs, both for 

the H14O10 and the H11O13 IHBs. The g conformers (with only the H11∙∙∙∙O9 IHB) were 

found to have higher relative energy than the m/p and k conformers. The j conformers (conformers 

without IHBs) are always the conformers with the highest relative energies in all the compounds.  

Given their importance in stabilizing the molecules, the IHBs were given specific attention. The 

m/p conformers differ from the other conformer types because of the presence of two IHBs with 

the same proton donor and two different proton acceptors (the proton acceptors are the sp2 

hybridized oxygen atoms O13 and O10). These are known as bifurcated hydrogen bonds; the 

bifurcation is on the hydrogen atom H11. This bifurcation plays an important role in the 

stabilization of the conformers because it allows the presence of three simultaneous IHBs, while 

when there is no bifurcation, only two IHBs may be present. It may happen that, in some cases, 

the combined effects of these two IHBs can have comparable or greater stabilizing effect than the 

three IHBs of the m/p conformers, but in the majority of cases, the three simultaneous IHBs have 

an overall greater stabilizing effect. The bifurcation affects the parameters of the IHBs 

(H11O9/H11O13 and H11O10/H11O13) because the bond length in the case of 

bifurcation is longer than when the same IHB (H11O9 or H11O13) is present alone in a 

conformer. The presence of the bifurcated IHBs also causes a slight increase in the length of the 

H14O10 and H14O9 IHBs in comparison to the cases where one of these IHBs is present in 

a conformer when there are no bifurcated IHBs.  
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It is also interesting to note that R has some influence on the type of IHB formed. Comparisons 

of molecules with different R shows that R = pyrrolidine allows the possibility of conformers 

with only one IHB, namely H11O9 (while the N14–H14 bond does not form any IHB in those 

conformers). The nature of R has also some influence on the IHBs; for instance, it was found that 

R = cyclopropyl (group C) prevents the formation of non-bifurcated IHBs; this is typical of 

cyclopropyl and not of the other cyclic R considered. It has to be recalled also that the number of 

IHBs depends on the geometry of the thiourea group; therefore, this geometry has influence on the 

relative energies of the individual conformers across the compounds. The length of the chain 

between O7 and N18 also has some effect on conformational preferences. It was observed that the 

energy difference between the lowest energy conformer without any IHB and the highest energy 

conformer with at least one IHB is greatest in JP compounds (J means R = morpholine and P 

means that there are three carbon atoms in the chain between O7 and N18).  

The IR vibrational frequencies (harmonic approximations) are analyzed for the N11–H11 and 

N14–H14 bonds because they can form IHBs and the formation of the IHBs may affect the 

vibrational frequencies of the donor. 

Red shifts (decrease of the vibrational frequency of the donor) are observed for N14–H14 when it 

forms H14∙∙∙∙O9 or H14∙∙∙∙O10, and the red shifts is greater for IHBs with shorter bond length 

(stronger IHBs). The most interesting thing – because it does not occur often – is the presence of 

blue shifts in the vibrational frequencies of the N11–H11 bond when it forms IHBs. In the DFT 

results, this blue shift is greater when N11–H11 forms a single IHB (H11∙∙∙∙O9 or H11∙∙∙∙013) than 

when it forms the bifurcated ones. The blue shifts are greater when the bond lengths of the IHBs 

formed by N11–H11 are longer (when the IHBs are weaker). This observation will require further 

investigation in future, through the consideration of additional sulfonylurea molecules. It is 

interesting to note that the situation discussed for these molecules is similar to the case where the 

amino N–H bond forms an IHB with a possibility of bifurcation. This also suggests the importance 

of further investigation of the blue shifts in sulfonylureas.  

The study considered also the energy corrected for ZPE and the Gibbs free energy. The trends of 

these energies, and of the uncorrected ones, are very similar for some of the compounds 

considered. Where there are some reversals in the relative energy sequences for some conformers, 

their differences are often marginal. The values of the ZPE corrected energy are often smaller than 



 

111 
 

those of the uncorrected energy. The values of the Gibbs free energies can be higher or lower than 

the values of the other quantities.  

Besides the number and types of IHBs, other factors have some influence on the relative energies 

of the conformers. The influence by the nature of R and R mainly concerns the IHBs that can be 

formed, as already discussed. Conformers may also differ by the orientation of the R groups 

(except when R=methyl); however, these different orientations of R do not have much influence 

on the energy of the conformers (different orientation has been denoted with different lower-case 

letters combined with numbers in the naming of the conformers to facilitate comparisons). The 

relative energy of the individual conformers is also influenced by the orientation of the chain 

between O7 and N18. It was found that the more stable orientations are parallel to the plane of the 

benzene ring (denoted by q/r) or perpendicular to the plane of the benzene ring (denoted by s/t). 

The influence of this orientation is however limited. 

The dipole moments are influenced by the nature of R and also by the IHBs present. For all the 

conformers, the dipole moments are lower in the J compounds (R=morpholine) than in the G 

(R=pyrrolidine) and L (R=diethylamine) compounds. The IHBs do not have a significant 

influence on the dipole moments of the conformers with two or three IHBs (k and m/p conformers 

respectively). The m/p and k conformers have very close dipole moments, while the dipole 

moment is lowest in the conformers with one IHB (g conformers in G compounds) and highest in 

the conformers without any IHB (j conformers). 

The HOMO–LUMO energy gaps show some dependence on the nature of R. Considering the 

ranges of all the energy gaps of all the compounds considered, it can be established that R 

determines whether the range of the energy gaps is broad or narrow. The ranges of the HOMO–

LUMO energy gaps of the P and Q compounds (compounds with three or two carbon atoms in the 

chain between O7 and N18, respectively) are not much different when R=pyrrolidine (G 

compounds) and R=diethylamine (L compounds), with some exceptions; the range width is 

slightly greater when R=morpholine (J compounds). The distribution of the electron density for 

the HOMO and the LUMO depends on the conformer types and not significantly on the nature of 

R and R. Similar distributions were observed in corresponding conformers across compounds, 

regardless of their R and R. The electron density distribution is more on the benzene ring for most 
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conformers; the HOMO shows some distribution on O7 and N18, while for some conformers, the 

HOMO is distributed only on the R group. 

The DFT and the HF results show a large number of similarities. There are some differences in the 

optimization results: in some cases, different inputs optimized to the same conformer with DFT 

and to different conformers with HF. This also means that the HF method gave more individual 

conformers than the DFT method for most of the compounds considered. The relative energies of 

the q/r conformers are very similar with both DFT and HF, while the s/t conformers have higher 

relative energies in the HF results than in the DFT results. While the HOMO–LUMO energy–gap 

values are very different with DFT and HF, the width of the gap ranges for each compound do not 

differ much and are very close for the P and Q compounds. 

DFT and HF differ also concerning the effects of the formation of the IHBs on the vibrational 

frequencies of the donor (N–H). When both N11–H11 and N14–H14 form IHBs, their 

simultaneous presence may influence the changes in their vibrational frequencies (the presence of 

each of the IHBs influences the vibrational frequency change of the donor of the other IHB). When 

N11–H11 forms bifurcated IHBs and N14–H14 also forms an IHB, the vibrational frequency of 

N11–H11 shows a blue shift with both DFT and HF, and the vibrational frequency of N14–H14 

shows a red shift with DFT and may have either a red shift or a blue shift with HF, depending on 

the conformers. When N11–H11 forms H11∙∙∙∙O13 IHB and N14–H14 forms H14∙∙∙∙O10 IHB, the 

vibrational frequency of the N11–H11 bond shows a small blue shift with DFT and a small red 

shift with HF, and the vibrational frequency of N14–H14 show the greatest red shifts observed for 

these compounds with DFT and either a red shift or a blue shift with HF. When N11–H11 forms 

H11∙∙∙∙O9 and N14–H14 does not form any IHB, the vibrational frequency of N11–H11 has 

comparatively great blue shifts with both DFT and HF. 

 

5.2. Way forward 

The study presented here is the first type of study that is performed on molecules, i.e., the 

conformational study in vacuo. The results are interesting, and so they suggest that it is very 

important to find additional information that is considered relevant to the study of biologically 

active molecules. Additional studies of these molecules in vacuo will involve the use of MP2, 
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because MP2 takes into account both correlation energy and dispersion contributions. It may also 

be interesting to try DFT calculations with another functional that can be considered suitable for 

these molecules and has different properties than B3LYP. Also details that have not been taken 

into account in the present study will be added, for example, the different geometries of the R 

moiety when it can take significantly different geometries, like in the case of R = morpholine, 

which may exhibit both the chair and the boat conformations.  

Since these molecules are biologically active, it is important to study them in solution because the 

biological activity is exerted in solution; therefore, it is important to investigate how different 

solvents with different polarities affect the molecular properties. Solvents with different polarities 

will be considered because molecules in the organisms can be present in media with different 

polarities. The solvents will include water because water is the main component of the body.  

The study will also expand to include other molecules, namely, molecules that are already in use 

in the treatment of diabetes, to enable comparisons of the molecular properties of the new 

sulfonylureas considered here and those that are being used. This will also be useful to search for 

pattern and similarities that will be suitable to understand the activities of these molecules, also in 

view of the fact that the activities of the compounds that are already in use are known. After enough 

information is collected, it will be possible to do Quantitative Structure–Activity Relationship 

(QSAR) analysis, trying to identify the new compounds that can be more active.   

In addition, there will be studies investigating the interaction between all the molecules considered 

and proteins that are considered suitable targets in the treatment of diabetes.  
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Chapter 6 

Tables and figures 

 

This chapter presents the tables and figures showing the results for all the calculated conformers 

of each of the compounds considered. The compounds and their conformers are denoted with 

acronyms using the symbols shown in tables 4.2 and 4.4. 

 

6.1. Tables  

This section presents the tables reporting the values of the relevant quantities from the results 

obtained. The table for each set of related property are grouped in individual sections. For each 

property, individual tables are devoted to individual compounds. Each table reports the results 

from the DFT/B3LYP/6-31+G(d,p) and HF/6-31G(d,p) calculations in vacuo, respectively 

denoted as DFT and HF in the columns’ headings (in the cases where different inputs optimized 

to the same geometry with the DFT results, the DFT energy values are repeated). All the 

calculations for conformational studies were done with totally relaxed geometry (full 

optimization). The conformers are listed in order of increasing DFT relative energies in all the 

tables. 

 

6.1.1. Relative energies, HOMO–LUMO energy gaps and dipole moments of the conformers 

of each of the compounds considered. 

This section presents the tables reporting the relative energies, HOMO–LUMO energy differences 

and dipole moments of the conformers of the compounds considered. Considering these quantities 

together helps investigate possible relationships between the relative energies and the other 

quantities. For instance, if two conformers have the same relative energies, dipole moments can 

be used to confirm whether the concerned conformers have the same or different geometry.  
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Table 6.1. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound AGP  

The absolute energy of the lowest energy conformer (AGP-m-r-u1) is -1604.8614678/DFT and -

1596.6844934/HF. 

Conformers  Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

AGP-m-r-u1 0.000 0.000 112.870 278.959 6.2095 6.0556 

AGP-m-s-u1 0.000 2.428 112.864 283.584 6.2094 5.7648 

AGP-p-t-u3 0.003 2.450 112.851 283.647 6.1758 5.8802 

AGP-m-q-u1 0.036 0.031 113.115 279.160 7.1485 7.0273 

AGP-p-r-u3 0.037 0.030 113.134 279.179 7.1539 6.9837 

AGP-k-q-u1 1.154 1.440 112.381 280.001 5.9887 5.9565 

AGP-k-r-u1 1.379 1.679 111.552 278.407 6.8125 6.7316 

AGP-m-r-u2 1.763 1.806 112.669 278.890 6.3459 6.1787 

AGP-g-r-u3 4.532 2.880 118.392 280.358 5.3973 5.3625 

AGP-g-q-u3 4.664 3.119 118.380 280.283 6.5944 6.9499 

AGP-j-q-u3 10.245 9.554 115.838 282.172 9.7881 10.0639 

AGP-j-r-u3 10.351 9.659 115.305 281.162 9.3860 9.6275 

AGP-j-s-u3 10.351 11.782 115.311 285.542 9.3863 7.9106 

 

 

Table 6.2. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound AGQ  

The absolute energy of the lowest energy conformer (AGQ-m-r-u1) is -1565.5437451/DFT and -

1557.6472956/HF. 

Conformers  Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

AGQ-m-r-u1 0.000 0.000 116.336 278.903 6.3812 6.3442 

AGQ-m-q-u1 0.015 0.004 116.738 279.135 7.1274 6.9493 

AGQ-k-q-u1 1.156 1.441 115.972 279.919 6.1490 6.1884 

AGQ-k-r-u1 1.366 1.660 115.207 278.382 6.7902 6.7155 

AGQ-m-r-u2 1.761 1.799 116.161 278.846 6.5371 6.4193 

AGQ-m-q-u2 1.774 1.811 116.449 278.991 7.0916 6.9330 

AGQ-g-r-u3 4.496 2.917 121.232 280.346 5.5234 5.5540 

AGQ-g-t-u3 4.496 5.438 121.238 284.563 5.5198 6.7032 

AGQ-g-q-u3 4.662 3.114 121.307 280.246 6.5046 6.7883 

AGQ-j-q-u3 10.248 9.564 119.330 282.090 9.8865 10.1960 

AGQ-j-r-u3 10.279 9.635 118.803 281.130 9.4825 9.7609 

AGQ-j-t-u3 10.279 12.269 118.803 286.263 9.4823 10.2168 
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Table 6.3. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound AJP  

The absolute energy of the lowest energy conformer (AJP-m-r-u1) is -1680.0729544/DFT and -

1671.5328934/HF.   

 

Conformers Relative energy (kcal/mol) HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

AJP-m-r-u1 0.000 0.000 111.414 279.223 4.4163 4.3183 

AJP-m-s-u1 0.000 2.406 111.414 280.503 4.4168 4.0242 

AJP-m-q-u1 0.092 0.034 111.653 279.430 5.8197 5.6497 

AJP-k-q-u1 1.171 1.458 110.962 280.277 4.3272 4.2957 

AJP-k-r-u1 1.392 1.703 110.065 278.658 5.3509 5.2782 

AJP-k-s-u1 1.392 4.025 110.065 279.016 5.3519 4.2145 

AJP-m-r-u2 1.770 1.810 111.207 279.154 4.5815 4.4517 

AJP-m-s-u2 1.770 4.220 111.207 280.170 4.5805 4.0082 

AJP-m-q-u2 1.842 1.834 111.452 279.323 5.7133 5.5146 

AJP-j-q-u3 17.994 17.097 109.488 282.448 7.8330 8.1305 

AJP-j-r-u3 18.137 17.257 108.973 281.400 8.1497 8.4151 

AJP-j-s-u3 18.137 19.349 108.973 277.779 8.1508 7.7998 

 

 

Table 6.4. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound AJQ  

The absolute energy of the lowest energy conformer is -1640.7423255/DFT (AJQ-p-q-u5) and -

1632.4828216/HF (AJQ-p-q-u3). 

 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

AJQ-p-q-u5 0.000 0.464 108.873 279.304 3.8264 3.7717 

AJQ-m-q-u1 0.052 0.045 109.212 279.555 5.0595 4.9281 

AJQ-m-q-u2 0.465 0.456 115.010 279.233 6.0186 6.0565 

AJQ-m-r-u2 0.470 0.455 114.784 279.097 6.2182 6.1856 

AJQ-p-q-u3 0.583 0.000 104.399 279.354 4.9145 3.6625 

AJQ-m-r-u1 0.583 0.689 108.151 279.398 4.9202 4.7034 

AJQ-p-q-u5 0.583 1.156 108.176 279.336 4.9096 4.8046 

AJQ-m-s-u1 0.583 3.109 108.139 276.267 4.9211 4.0775 

AJQ-p-r-u3 0.615 0.707 108.578 279.599 5.1049 4.9481 

AJQ-p-s-u3 0.615 3.115 108.572 276.066 5.1034 4.1154 

AJQ-m-q-u1 0.617 0.713 108.528 279.580 5.0958 4.9294 

AJQ-k-q-u1 1.175 1.466 108.496 280.396 3.7197 3.6429 

AJQ-k-q-u1 1.770 2.162 107.781 280.421 4.6112 4.4892 

AJQ-k-r-u1 1.974 2.390 107.034 278.827 4.7512 4.6444 

AJQ-j-q-u1 8.670 8.027 117.940 282.348 8.7689 9.0824 

AJQ-j-r-u1 8.838 8.271 117.526 281.312 9.5732 9.9673 
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Table 6.5. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound ALP  

The absolute energy of the lowest energy conformer (ALP-m-r-u1) is -1606.0689394/DFT and -

1597.8459495/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

ALP-m-r-u1 0.000 0.000 107.354 279.047 5.8707 5.6320 

ALP-m-s-u1 0.000 2.431 107.348 276.939 5.8711 5.0445 

ALP-m-q-u1 0.029 0.017 107.662 279.260 6.3711 6.1044 

ALP-k-q-u1 1.156 1.443 106.915 280.107 5.6355 5.4879 

ALP-k-r-u1 1.367 1.681 106.068 278.501 6.0059 5.8268 

ALP-k-q-u1 1.448 1.788 109.030 279.995 5.8060 5.7733 

ALP-k-r-u1 1.667 2.029 108.176 278.394 6.6809 6.6236 

ALP-k-s-u1 1.667 4.384 108.176 278.087 6.6806 5.4478 

ALP-k-r-u3 1.679 2.123 108.277 278.112 6.6274 6.5627 

ALP-m-r-u2 1.768 1.806 107.153 278.978 5.9602 5.6921 

ALP-m-s-u2 1.768 4.242 107.147 276.593 5.9598 5.0486 

ALP-m-q-u2 1.780 1.816 107.430 279.154 6.3619 6.0676 

ALP-j-q-u3 10.540 9.899 112.456 282.166 9.6009 9.8593 

ALP-j-r-u3 10.647 10.012 111.973 281.162 9.3083 9.5564 

ALP-j-s-u3 10.647 12.129 111.973 281.651 9.3083 7.6413 

 

 

Table 6.6. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound ALQ  

The absolute energy of the lowest energy conformer (ALQ-m-r-u1) is -1566.7512114/DFT and -

1558.8085966/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

ALQ-m-r-u1 0.000 0.000 113.385 278.934 6.3329 6.2829 

ALQ-m-q-u1 0.011 0.001 113.792 279.172 6.9790 6.8002 

ALQ-k-q-u1 1.159 1.444 113.021 279.957 6.1064 6.1219 

ALQ-k-r-u1 1.365 1.661 112.243 278.426 6.6381 6.5639 

ALQ-m-r-u2 1.764 1.801 113.196 278.878 6.4747 6.3495 

ALQ-m-q-u2 1.775 1.807 113.510 279.028 6.9510 6.7866 

ALQ-j-q-u3 10.255 9.564 116.372 282.122 9.7569 10.0688 

ALQ-j-r-u3 10.341 9.643 115.826 281.162 9.4618 9.1294 

ALQ-j-q-u3 11.692 10.764 108.779 281.996 9.6311 9.8698 

ALQ-j-r-u3 11.778 10.907 108.421 281.024 9.6957 10.0134 
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Table 6.7. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound BGP  

The absolute energy of the lowest energy conformer is -1565.517238/DFT (BGP-p-s-v3) and -

1557.6175979/HF (BGP-m-r-v1). 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 
Dipole moment (Debye) 

DFT HF DFT HF DFT HF 
BGP-p-s-v3 0.000 2.428 112.481 283.283 6.2528 5.4640 

BGP-p-t-v3 0.000 2.454 112.475 283.371 6.2533 5.8287 

BGP-m-r-v1 0.001 0.000 112.506 278.928 6.3073 6.1008 

BGP-m-s-v1 0.001 2.440 112.506 283.364 6.3074 5.7975 

BGP-m-q-v1 0.031 0.031 112.682 279.053 7.1291 6.9927 

BGP-k-q-v3 1.079 1.366 112.061 279.875 6.2109 6.1013 

BGP-k-r-v3 1.300 1.607 111.239 278.250 6.9474 6.8235 

BGP-k-s-v3 1.300 3.962 111.239 281.808 6.9481 5.7070 

BGP-m-r-v2 1.548 1.395 112.337 278.827 6.3999 6.2056 

BGP-m-s-v2 1.548 3.834 112.337 283.057 6.3993 5.7919 

BGP-m-q-v2 1.569 1.416 112.487 278.997 7.0962 6.9574 

BGP-g-r-v1 4.572 2.940 118.085 280.321 5.2828 5.3039 

BGP-g-q-v1 4.712 3.183 118.097 280.220 6.5638 6.9663 

BGP-j-q-v5 10.319 10.412 115.524 282.134 9.9492 10.1800 

BGP-j-r-v5 10.423 10.511 115.016 281.130 9.5209 9.6946 

BGP-j-s-v5 10.423 12.642 115.016 285.385 9.5200 8.0190 

 

 

Table 6.8. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound BGQ  

The absolute energy of the lowest energy conformer (BGQ-m-r-v1) is -1526.1995171/DFT and.-

1518.5804025/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 
Dipole moment (Debye) 

DFT HF DFT HF DFT HF 
BGQ-m-r-v1 0.000 0.000 115.989 278.865 6.4424 6.3568 

BGQ-m-q-v1 0.016 0.008 116.321 279.041 7.1450 6.9432 

BGQ-k-q-v1 1.083 1.368 115.694 279.781 6.3620 6.3242 

BGQ-k-r-v1 1.289 1.590 114.891 278.255 6.9358 6.8197 

BGQ-m-r-v2 1.546 1.389 115.882 278.777 6.5702 6.4453 

BGQ-m-q-v2 1.558 1.400 116.064 278.928 7.0798 6.9420 

BGQ-j-q-v3 10.327 9.649 119.057 282.046 10.0437 10.3030 

BGQ-j-r-v3 10.353 9.719 118.530 281.086 9.6234 9.8651 

BGQ-j-t-v3 10.353 12.362 118.530 286.207 9.6228 10.2961 
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Table 6.9. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound BJP  

The absolute energy of the lowest energy conformer (BJP-p-q-v3) is -1640.7287187/DFT and -

1632.4659954/HF. 

Conformers Relative energy (kcal/mol) HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

BJP-p-q-v3 0.000 0.000 111.057 279.191 4.5102 4.3543 

BJP-p-s-v3 0.000 2.418 111.057 280.289 4.5103 4.0658 

BJP-p-r-v3 0.087 0.034 111.232 279.336 5.7824 5.6077 

BJP-k-q-v1 1.095 1.384 110.649 280.139 4.5610 4.4538 

BJP-k-r-v1 1.312 1.631 109.776 278.488 5.4554 5.3389 

BJP-k-s-v1 1.312 3.959 109.783 278.815 5.4554 4.3269 

BJP-m-r-v2 1.548 1.399 110.887 279.091 4.6160 4.4735 

BJP-m-s-v2 1.548 3.817 110.887 280.001 4.6160 4.0516 

BJP-m-q-v2 1.621 1.422 111.038 279.260 5.6943 5.5240 

BJP-j-r-v3 18.067 17.182 109.199 282.404 7.9502 8.2140 

BJP-j-s-v3 18.210 17.341 108.685 281.356 8.2516 8.4950 

BJP-j-q-v3 18.210 19.437 108.678 277.597 8.2513 7.8660 

 

 

Table 6.10. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound BJQ  

The absolute energy of the lowest energy conformer (BJQ-p-r-v3) is -1601.4005076/DFT and -

1593.4182525/HF. 

Conformers Relative energy (kcal/mol) HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

BJQ-p-r-v3 0.000 0.000 114.972 279.242 5.9974 5.9499 

BJQ-m-s-v1 1.518 3.877 108.534 277.033 3.8621 3.3352 

BJQ-m-t-v1 1.518 3.897 108.540 276.995 3.8620 3.5966 

BJQ-m-q-v2 1.540 1.380 114.878 279.223 6.0914 5.9757 

BJQ-m-r-v2 1.552 1.400 114.545 279.003 6.2479 6.1893 

BJQ-m-q-v1 1.570 1.508 108.791 279.461 5.0277 4.8881 

BJQ-p-q-v3 2.101 1.463 107.806 279.329 4.9283 3.6951 

BJQ-p-q-v3 2.101 2.154 107.800 279.361 4.9244 4.6979 

BJQ-p-r-v3 2.133 2.171 108.101 279.505 5.0970 4.9278 

BJQ-p-s-v3 2.133 4.589 108.107 275.878 5.0986 4.0987 

BJQ-j-q-v3 10.261 9.572 117.664 282.304 8.9230 9.1869 

BJQ-j-q-v3 10.427 9.816 117.263 281.268 9.7088 10.0634 
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Table 6.11. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound BLP  

The absolute energy of the lowest energy conformer is -1566.7244485/DFT (BLP-k-q-v1) and -

1558.7785037/HF (BLP-m-r-v1). 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

BLP-k-q-v1 0.000 0.132 110.743 279.850 6.0954 6.0017 

BLP-p-s-v3 0.131 2.438 109.130 279.518 6.0490 5.3142 

BLP-p-t-v3 0.131 2.463 109.136 279.480 6.0489 5.6394 

BLP-m-r-v1 0.133 0.000 109.174 278.928 6.0907 5.8932 

BLP-m-s-v1 0.133 2.448 109.180 279.480 6.0909 5.6049 

BLP-m-r-v1 0.168 0.034 109.306 279.066 7.0266 6.8995 

BLP-k-r-v1 0.219 0.377 109.902 278.225 6.8532 6.7793 

BLP-k-s-v1 0.219 2.755 109.902 279.624 6.8531 5.6731 

BLP-p-q-v4 1.679 1.419 108.954 278.997 6.1678 6.8329 

BLP-p-s-v4 1.679 3.834 108.954 279.210 6.1674 5.3573 

BLP-p-t-v4 1.679 3.860 108.954 279.141 6.1676 5.6614 

BLP-p-r-v4 1.708 1.419 109.130 278.997 7.0048 6.8329 

BLP-j-q-v5 9.243 9.177 114.213 282.109 9.7683 9.9915 

BLP-j-r-v5 9.351 9.289 113.698 281.118 9.5052 9.7163 

BLP-j-s-v5 9.351 11.425 113.698 283.207 9.5050 7.7789 

 

 

Table 6.12. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound BLQ  

The absolute energy of the lowest energy conformer (BLQ-p-q-v3) is -1527.4069852/DFT and -

1519.7417033/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

BLQ-p-q-v3 0.000 0.000 113.039 278.903 6.3974 6.2938 

BLQ-p-r-v3 0.015 0.005 113.378 279.078 6.9990 6.7943 

BLQ-p-r-v3 0.017 0.011 113.347 279.047 6.9595 6.8021 

BLQ-k-q-v1 1.081 1.358 112.745 279.831 6.4103 6.3351 

BLQ-k-r-v1 1.290 1.597 111.966 278.256 6.7045 6.5986 

BLQ-m-r-v1 1.465 1.225 105.597 278.758 6.5790 6.3465 

BLQ-m-q-v1 1.479 1.236 105.854 278.896 7.1674 6.9648 

BLQ-m-s-v1 1.479 3.833 105.848 272.301 7.1683 5.8227 

BLQ-p-q-v4 1.551 1.394 112.883 278.796 6.4812 6.3717 

BLQ-p-r-v4 1.560 1.392 113.234 279.003 6.9778 6.7886 

BLQ-j-q-v3 8.913 8.085 117.714 282.053 9.9151 10.1763 

BLQ-j-q-v5 8.913 8.859 117.721 282.053 9.9135 10.1750 

BLQ-j-r-v3 8.947 8.174 117.225 281.093 9.6951 9.9317 

BLQ-j-r-v5 8.947 8.945 117.225 281.099 9.6923 9.9063 

BLQ-j-t-v3 8.947 10.835 117.225 284.864 9.6923 10.1682 
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BLQ-j-t-v5 8.947 11.605 117.225 284.870 9.6930 10.1536 

 

 

Table 6.13. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound CGP  

The absolute energy of the lowest energy conformer (CGP-p-q-w5) is -1526.192343/DFT and -

1518.5726605/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 
Dipole moment (Debye) 

DFT HF DFT HF DFT HF 
CGP-p-q-w5 0.000 0.000 112.111 278.752 6.4382 6.2715 

CGP-p-s-w5 0.000 2.415 112.104 282.963 6.4380 5.5858 

CGP-p-r-w5 0.029 0.011 112.450 279.154 7.2370 7.0506 

CGP-m-r-w1 0.233 0.668 112.236 278.846 6.3640 6.1579 

CGP-m-s-w1 0.233 3.107 112.243 283.076 6.3633 5.8418 

CGP-m-q-w1 0.270 0.693 112.387 279.047 7.1340 7.0181 

CGP-m-r-w2 2.758 3.651 112.211 278.727 6.4096 6.2190 

CGP-m-s-w2 2.758 6.101 112.205 282.837 6.4098 5.8395 

CGP-m-q-w2 2.782 3.664 112.299 278.878 7.1168 6.9585 

CGP-g-r-w5 4.417 3.004 117.576 280.528 5.3526 5.5723 

CGP-g-q-w5 4.580 3.288 117.507 280.214 6.7464 7.3460 

CGP-j-q-w5 9.899 9.312 115.236 282.059 9.9031 10.1733 

CGP-j-r-w5 9.994 9.411 114.734 281.055 9.4799 9.6989 

CGP-j-s-w5 9.994 11.552 114.734 285.096 9.4778 8.0340 

 

 

Table 6.14. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound CGQ  

The absolute energy of the lowest energy conformer is -1486.8746263/DFT (CGQ-p-q-w5) and -

1479.5354864/HF (CGQ-p-r-w5). 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 
Dipole moment (Debye) 

DFT HF DFT HF DFT HF 
CGQ-p-q-w5 0.000 0.012 115.675 278.702 6.6208 6.5220 

CGQ-m-q-w3 0.002 0.008 115.700 278.718 6.6642 6.5151 

CGQ-p-r-w5 0.014 0.000 116.114 279.116 7.2367 7.0402 

CGQ-m-r-w1 0.234 0.679 115.744 278.783 6.4906 6.3982 

CGQ-m-q-w1 0.255 0.683 116.077 279.016 7.1576 6.9791 

CGQ-j-q-w5 9.902 9.336 118.787 281.977 9.9946 10.2990 

CGQ-j-r-w5 9.926 9.402 118.254 281.017 9.5676 9.8442 

CGQ-j-t-w5 9.926 12.052 118.260 286.119 9.5669 10.2478 
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Table 6.15. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound CJP  

The absolute energy of the lowest energy conformer (CJP-p-q-w3) is -1601.4038186/DFT and -

1593.4210477/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

CJP-p-q-w3 0.000 0.000 110.705 279.022 4.7017 4.5357 

CJP-p-s-w3 0.000 2.405 110.705 279.957 4.7012 4.1254 

CJP-p- r-w3 0.036 0.016 111.000 279.411 5.8300 5.6555 

CJP-m-r-w1 0.229 0.664 110.812 279.110 4.5690 4.4093 

CJP-m-r-w2 2.754 3.649 110.755 278.991 4.6203 4.4791 

CJP-m-s-w2 2.754 6.078 110.755 279.800 4.6196 4.1094 

CJP-m-t-w2 2.754 6.087 110.755 279.794 4.6196 4.0945 

CJP-m-q-w2 2.830 3.663 110.843 279.147 5.7338 5.5368 

CJP-j-q-w1 17.645 16.853 108.904 282.341 7.8621 8.1758 

CJP-j-r-w1 17.786 17.007 108.390 281.300 8.1643 8.4467 

CJP-j-s-w1 17.786 19.117 108.390 277.353 8.1671 7.8072 

 

 

Table 6.16. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound CJQ  

The absolute energy of the lowest energy conformer (CJQ-m-q-w6) is -1562.0756132/DFT and -

1554.3733544/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

CJQ-m-q-w6 0.000 0.000 114.834 279.361 6.1986 6.0656 

CJQ-m-r-w6 0.006 0.032 114.382 278.947 6.3519 6.2980 

CJQ-p-q-w5 1.529 1.496 108.214 279.160 4.0729 3.8585 

CJQ-m-q-w1 1.811 2.201 108.559 279.455 5.0135 4.8992 

CJQ-p-q-w5 2.117 1.499 107.486 279.204 5.0551 3.8462 

CJQ-p-q-w5 2.117 2.189 107.486 279.191 5.0538 4.8212 

CJQ-p-s-w5 2.145 4.163 107.919 275.545 5.2175 4.1971 

CJQ-m-r-w1 2.343 2.849 107.555 279.285 4.9229 4.7228 

CJQ-m-s-w1 2.343 5.282 107.555 275.878 4.9242 4.0938 

CJQ-m-q-w1 2.378 2.869 107.837 279.461 5.1213 4.9545 

CJQ-j-q-w5 9.841 9.272 117.432 282.235 8.8641 9.1706 

CJQ-j-r-w5 10.002 9.512 116.987 281.206 9.6308 10.0419 
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Table 6.17. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound CLP  

The absolute energy of the lowest energy conformer (CLP-p-q-w5) is -1527.3993433/DFT and -

1519.7335655/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

CLP-p-q-w5 0.000 0.000 108.779 278.758 6.2373 6.0700 

CLP-p-s-w5 0.000 2.425 108.779 279.179 6.2374 5.4261 

CLP-p-r-w5 0.033 0.015 109.080 279.154 7.1235 6.9532 

CLP-p-r-w5 0.033 0.016 109.080 279.185 7.1236 6.9555 

CLP-m-r-w1 0.231 0.667 108.879 278.840 6.1511 5.9515 

CLP-m-s-w1 0.231 3.116 108.892 279.191 6.1513 5.6514 

CLP-m-q-w1 0.271 0.696 109.017 279.034 7.0316 6.9207 

CLP-m-q-w2 2.757 3.652 108.867 279.727 6.1990 6.0219 

CLP-m-s-w2 2.757 6.109 108.860 278.953 6.1990 5.6538 

CLP-m-q-w2 2.789 3.666 108.936 278.871 7.0104 6.8566 

CLP-j-q-w5 9.590 8.948 109.751 282.153 9.2238 9.3833 

CLP-j-r-w5 9.716 9.097 109.249 281.130 9.2679 9.4951 

CLP-j-s-w5 9.716 11.239 109.256 278.432 9.2712 8.2964 

CLP-j-q-w6 10.774 10.395 112.023 282.159 9.9657 10.2186 

CLP-j-r-w6 10.841 10.483 111.251 281.187 9.4207 9.7448 

CLP-j-s-w6 10.841 12.611 111.264 281.463 9.4225 7.9328 

 

 

Table 6.18. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound CLQ  

The absolute energy of the lowest energy conformer (CLQ-p-q-w5) is -1488.081854/DFT and -

1480.6963878/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

CLQ-p-q-w5 0.000 0.000 109.525 278.921 5.6566 5.4503 

CLQ-p-s-w5 0.000 2.471 109.519 278.093 5.6566 4.9731 

CLQ-m-q-w1 0.033 0.014 109.864 279.304 6.5641 6.3706 

CLQ-m-r-w1 0.237 0.666 109.626 279.003 5.5315 5.3276 

CLQ-m-r-w1 0.237 0.667 109.626 279.009 5.5315 5.3199 

CLQ-m-s-w1 0.237 3.149 109.626 278.219 5.5314 4.9051 

CLQ-m-q-w1 0.275 0.694 109.864 279.204 6.5095 6.3231 

CLQ-j-q-w5 9.893 9.297 112.619 282.210 9.0272 9.2227 

CLQ-j-r-w5 9.967 9.442 112.092 281.224 9.0685 9.3851 

CLQ-j-s-w6 9.967 11.601 112.098 280.057 9.0720 7.4177 
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Table 6.19. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound DGP  

The absolute energy of the lowest energy conformer is -1448.8035537/DFT (DGP-m-r) and -

1441.7002616/HF (DGP-p-q). 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 
Dipole moment (Debye) 

DFT HF DFT HF DFT HF 
DGP-m-r 0.000 0.001 112.312 278.878 6.4326 6.1914 

DGP-m-s 0.000 2.445 112.312 283.151 6.4319 5.8713 

DGP-p-q 0.002 0.000 112.286 278.878 6.3649 6.1666 

DGP-p-s 0.002 2.434 112.286 283.088 6.3649 5.5591 

DGP-p-t 0.002 2.460 112.286 283.220 6.3647 5.8325 

DGP-m-q 0.044 0.029 112.475 279.047 7.1882 7.0240 

DGP-k-q 1.090 1.346 112.035 279.882 6.3231 6.1995 

DGP-k-r 1.310 1.587 111.207 278.256 7.0475 6.9188 

DGP-k-s 1.310 3.945 111.201 281.689 7.0472 5.8271 

DGP-g-r 4.630 3.002 117.765 280.289 5.2093 5.1915 

DGP-g-q 4.775 3.250 117.740 280.195 6.5873 6.9199 

DGP-j-q 10.365 9.675 115.299 282.078 10.0722 10.2986 

DGP-j-r 10.425 9.780 114.809 281.080 9.6699 9.8655 

DGP-j-s 10.425 11.915 114.815 285.109 9.6673 8.1770 

 

 

Table 6.20. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound DGQ  

The absolute energy of the lowest energy conformer (DGQ-m-r) is -1409.4858356/DFT and -

1402.6630721/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 
Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

DGQ-m-r 0.000 0.000 115.832 278.834 6.6176 6.4448 

DGQ-p-q 0.003 0.003 115.801 278.821 6.5488 6.4240 

DGQ-m-q 0.027 0.009 116.114 279.022 7.2176 6.9951 

DGQ-m-q 0.031 0.016 116.070 278.978 7.1668 6.9931 

DGQ-k-q 1.093 1.351 115.656 279.794 6.4646 6.4206 

DGQ-k-r 1.299 1.573 114.872 278.244 7.0454 6.9168 

DGQ-g-r 4.601 3.045 120.639 280.271 5.3279 5.4160 

DGQ-g-t 4.601 5.580 120.632 284.011 5.3295 6.4632 

DGQ-g-q 4.771 3.248 120.752 280.151 6.4706 6.7369 

DGQ-j-q 10.374 9.690 118.863 281.996 10.1681 10.4330 

DGQ-j-r 10.399 9.761 118.348 281.042 9.7598 10.0064 

DGQ-j-t 10.399 12.411 118.348 286.138 9.7579 10.4038 
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Table 6.21. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound DJP  

The absolute energy of the lowest energy conformer is -1524.0150266/DFT (DJP-m-r) and -

1516.5486541/HF (DJP-p-q). 

Conformers Relative energy (kcal/mol) HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

DJP-m-r 0.000 0.003 110.831 279.141 4.6410 4.4624 

DJP-p-s 0.000 2.424 110.843 280.076 4.6408 4.1473 

DJP-p-q 0.041 0.000 111.025 279.147 5.8200 4.4456 

DJP-m-q 0.041 0.031 111.025 279.311 5.8197 5.6271 

DJP-p-r 0.041 0.032 111.025 279.311 5.8197 5.6279 

DJP-k-q 1.108 1.363 110.592 280.145 4.6849 4.5655 

DJP-k-r 1.320 1.609 109.745 278.514 5.5527 5.4269 

DJP-k-r 1.320 1.610 109.751 278.507 5.5527 5.4263 

DJP-k-s 1.320 3.940 109.745 278.702 5.5519 4.4388 

DJP-j-q 18.116 17.219 108.973 282.354 8.0528 8.3241 

DJP-j-s 18.260 17.380 108.477 281.312 8.3574 8.5981 

DJP-j-r 18.260 19.484 108.471 277.365 8.3605 7.9514 

 

 

Table 6.22. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound DJQ  

The absolute energy of the lowest energy conformer (DJQ-m-q) is -1484.6868132/DFT and -

1477.5009145/HF. 

Conformers Relative energy (kcal/mol) HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

DJQ-m-q 0.000 0.000 114.552 279.085 6.4008 6.2425 

DJQ-k-q 1.088 1.349 114.351 280.032 6.2918 6.2394 

DJQ-k-r 1.291 1.584 113.592 278.457 5.9002 5.8825 

DJQ-m-r 1.514 1.466 108.377 279.273 3.9733 3.7722 

DJQ-m-s 1.514 3.886 108.383 276.844 3.9729 3.4082 

DJQ-m-t 1.514 3.907 108.377 276.895 3.9727 3.5598 

DJQ-m-s 1.514 4.593 108.377 275.953 3.9731 4.1147 

DJQ-m-q 1.576 1.508 108.609 279.442 5.0746 4.9100 

DJQ-p-q 1.577 1.467 108.365 279.279 4.0262 3.7847 

DJQ-m-r 2.105 2.155 107.643 279.317 5.0239 4.7569 

DJQ-p-q 2.106 2.158 107.612 279.311 5.0335 4.7536 

DJQ-p-r 2.139 2.172 107.900 279.486 5.1710 4.9724 

DJQ-m-q 2.144 2.177 107.875 279.467 5.1708 4.9691 

DJQ-j-q 2.666 2.129 122.163 282.323 8.7584 9.0396 

DJQ-j-r 2.788 2.318 121.749 281.306 8.4357 8.8201 
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Table 6.23. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound DLP  

The absolute energy of the lowest energy conformer is -1450.0105569/DFT (DLP-m-r) and -

1442.8611673/HF (DLP-p-q). 

Conformers Relative energy (kcal/mol) HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

DLP-m-r 0.000 0.001 108.954 278.878 6.2205 5.9872 

DLP-m-s 0.000 2.454 108.961 279.260 6.2201 5.6831 

DLP-p-q 0.002 0.000 108.942 278.878 6.1650 5.9656 

DLP-p-s 0.002 2.444 108.942 279.298 6.1648 5.4098 

DLP-p-t 0.002 2.470 108.942 279.354 6.1652 5.6364 

DLP-m-q 0.049 0.032 109.124 279.047 7.0876 6.9280 

DLP-p-r 0.051 0.033 109.136 279.053 7.1232 6.9233 

DLP-k-q 1.093 1.349 108.678 279.869 6.1499 6.0237 

DLP-k-r 1.312 1.592 107.825 278.250 6.9135 6.8028 

DLP-k-s 1.312 3.955 107.812 277.786 6.9124 5.7085 

DLP-j-q 10.365 9.676 111.966 282.072 9.8573 10.0933 

DLP-j-s 10.430 11.917 111.471 281.237 9.5719 7.9034 

DLP-j-r 10.476 9.789 111.477 281.086 9.5728 9.7872 

 

 

Table 6.24. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound DLQ  

The absolute energy of the lowest energy conformer (DLQ-p-q) is -1410.6955599/DFT and -

1403.826859/HF. 

Conformers Relative energy (kcal/mol) HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

DLQ-p-q 0.000 0.000 114.489 278.821 6.5523 6.4197 

DLQ-k-q 1.090 1.348 114.338 279.806 6.4780 6.4212 

DLQ-k-r 1.233 1.568 113.592 278.256 6.9493 6.8213 

DLQ-m-r 1.419 1.563 112.826 278.852 6.5061 6.3602 

DLQ-m-q 1.442 1.567 113.184 279.053 7.0718 6.8480 

DLQ-m-r 2.887 2.787 105.233 278.702 6.6874 6.4227 

DLQ-m-q 2.903 2.796 105.685 278.915 7.2407 7.0092 

DLQ-j-q 10.374 9.686 117.526 281.996 10.0361 10.3085 

DLQ-j-r 10.412 9.776 117.056 281.049 9.8189 10.0673 

DLQ-j-t 10.412 12.444 117.062 294.634 9.8169 10.2785 
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Table 6.25. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound EGP  

The absolute energy of the lowest energy conformer (EGP-m-r-x4) is -1488.1239664/DFT and -

1480.7412028/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 
Dipole moment (Debye) 

DFT HF DFT HF DFT HF 
EGP-m-r-x4 0.000 0.000 112.494 278.896 6.2754 6.1077 

EGP-m-s-x4 0.000 2.439 112.487 283.258 6.2746 5.7703 

EGP-m-q-x4 0.036 0.024 112.707 279.085 7.0879 6.9664 

EGP-m-r-x1 0.313 0.320 112.537 278.890 6.4241 6.1883 

EGP-m-s-x1 0.313 2.754 112.531 283.383 6.4242 5.8931 

EGP-p-q-x3 0.316 0.322 112.512 278.871 6.3675 6.1859 

EGP-p-s-x3 0.316 2.741 112.519 283.283 6.3666 5.5593 

EGP-m-q-x1 0.359 0.350 112.807 279.147 7.2621 7.1062 

EGP-k-q-x1 1.159 1.716 112.217 279.988 6.1658 6.0164 

EGP-k-r-x2 1.374 1.662 111.395 278.099 6.8686 6.8092 

EGP-k-q-x1 1.374 1.954 111.377 278.388 6.8668 6.7741 

EGP-k-s-x1 1.374 4.311 111.383 281.846 6.8669 5.6640 

EGP-g-r-x1 4.794 2.232 118.078 280.340 5.4058 5.3329 

EGP-g-q-x1 4.948 3.480 118.060 280.258 6.7092 7.0159 

EGP-j-q-x3 10.527 9.908 115.581 282.128 10.0076 10.2601 

EGP-j-r-x3 10.628 10.012 115.060 281.124 9.5886 9.7996 

EGP-j-s-x3 10.628 12.141 115.066 285.316 9.5883 8.1125 

 

 

Table 6.26. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound EGQ  

The absolute energy of the lowest energy conformer (EGQ-m-r-x4) is -1448.8062434/DFT and -

1441.7040137/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 
Dipole moment (Debye) 

DFT HF DFT HF DFT HF 
EGQ-m-r-x4 0.000 0.000 115.995 278.852 6.4572 6.3629 

EGQ-m-q-x4 0.021 0.013 116.271 279.022 7.0516 6.9328 

EGQ-m-r-x1 0.312 0.325 116.033 278.840 6.5640 6.4488 

EGQ-m-q-x1 0.339 0.327 116.459 279.116 7.2718 7.0531 

EGQ-p-q-x3 0.358 0.378 115.913 278.796 6.6145 6.4777 

EGQ-p-r-x3 0.375 0.379 116.284 279.066 7.2855 7.0336 

EGQ-k-q-x4 1.152 1.361 115.744 279.838 6.4264 6.4090 

EGQ-k-r-x4 1.358 1.581 114.972 278.294 7.0188 6.9001 

EGQ-g-r-x1 4.764 3.276 120.927 280.327 5.5139 5.5456 

EGQ-g-t-x1 4.764 5.806 120.927 284.356 5.5091 6.6557 

EGQ-g-q-x1 4.939 3.479 121.003 280.214 6.6296 6.8402 

EGQ-j-q-x3 10.531 9.923 119.076 282.046 10.1133 10.3893 

EGQ-j-r-x3 10.556 9.993 118.562 281.086 9.6779 9.9404 
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EGQ-j-t-x3 10.556 12.636 118.562 286.213 9.6750 10.3791 

 

 

Table 6.27. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound EJP  

The absolute energy of the lowest energy conformer (EJP-m-s-x4) is -1563.3354469/DFT and -

1555.5895988/HF. 

Conformers 

 

Relative energy (kcal/mol) HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

EJP-m-s-x4 0.000 0.000 111.038 279.166 4.4790 4.3679 

EJP-m-r-x4 0.000 2.419 111.038 280.183 4.4781 4.0380 

EJP-m-q-x4 0.083 0.028 111.239 279.348 5.7258 5.5667 

EJP-p-s-x4 0.083 2.733 111.239 280.296 5.7256 4.1570 

EJP-p-q-x4 0.315 0.321 111.094 279.160 4.6275 4.4439 

EJP-p-r-x4 0.361 0.353 111.377 279.411 5.9186 5.7170 

EJP-k-q-x1 1.177 1.733 110.780 280.258 4.5201 4.3801 

EJP-k-r-x1 1.389 1.976 109.921 278.645 5.3747 5.3008 

EJP-k-r-x1 1.389 1.977 109.914 278.645 5.3749 5.2994 

EJP-k-s-x1 1.389 4.306 109.914 278.852 5.3746 4.3056 

EJP-j-q-x3 18.275 17.452 109.212 282.404 8.0117 8.2985 

EJP-j-r-x3 18.423 17.611 108.722 281.356 8.3318 8.5756 

EJP-j-s-x3 18.423 19.709 108.716 277.572 8.3296 7.9454 

 

 

Table 6.28. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound EJQ  

The absolute energy of the lowest energy conformer (EJQ-m-q-x4) is -1224.0072361/DFT and -

1516.5418831/HF. 

Conformers Relative energy (kcal/mol) HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

EJQ-m-q-x4 0.000 0.000 115.048 279.304 6.0126 5.9215 

EJQ-m-r-x4 0.003 0.019 114.677 279.311 6.1891 5.9219 

EJQ-p-q-x4 1.833 1.801 108.578 279.292 4.0324 3.7890 

EJQ-p-q-x4 2.425 2.493 107.850 279.329 5.0586 4.8035 

EJQ-m-r-x1 2.426 2.490 107.894 279.239 5.0773 4.8037 

EJQ-m-s-x1 2.426 4.916 107.894 276.192 5.0760 4.1858 

EJQ-p-r-x4 2.457 2.507 108.270 279.580 5.2444 5.0376 

EJQ-p-s-x4 2.457 4.922 108.270 275.866 5.2480 4.2043 

EJQ-m-q-x1 2.461 2.513 108.258 279.568 5.2544 5.0297 

EJQ-k-q-x4 3.286 3.558 107.542 280.340 4.8574 4.6893 

EJQ-k-r-x4 3.435 3.788 106.783 278.733 4.9889 4.8452 

EJQ-j-q-x3 10.468 9.859 117.727 282.310 8.9685 9.2669 

EJQ-j-r-x3 10.634 10.102 117.300 281.275 9.7683 10.1501 



 

129 
 

 

Table 6.29. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound ELP  

The absolute energy of the lowest energy conformer (ELP-m-s-x4) is -1489.3309682/DFT and -

1481.9021084/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

ELP-m-s-x4 0.000 0.000 109.136 278.890 6.0605 5.9044 

ELP-m-q-x4 0.000 2.448 109.143 279.367 6.0607 5.5782 

ELP-m-q-x4 0.040 0.027 109.350 279.078 6.9808 6.8699 

ELP-m-r-x1 0.314 0.320 109.180 278.890 6.2101 5.9802 

ELP-m-s-x1 0.314 2.762 109.180 279.493 6.2097 5.6978 

ELP-p-s-x4 0.315 0.321 109.180 278.890 6.1637 5.9741 

ELP-p-s-x4 0.315 2.751 109.174 279.536 6.1632 5.4065 

ELP-m-q-x1 0.361 0.353 109.450 279.141 7.1687 7.0136 

ELP-k-q-x1 1.160 1.719 108.873 279.982 5.9929 5.8393 

ELP-k-r-x1 1.377 1.958 107.982 278.382 6.7317 6.6613 

ELP-k-s-x1 1.377 4.321 107.982 277.943 6.7318 5.5519 

ELP-j-q-x3 10.223 9.544 110.096 282.222 9.3328 9.4793 

ELP-j-r-x3 10.355 9.698 109.582 281.199 9.3993 9.6064 

ELP-j-s-x3 10.355 11.828 109.588 278.652 9.3993 8.4049 

ELP-j-q-x3 10.527 9.908 112.199 282.115 9.8160 10.0562 

ELP-j-r-x3 10.630 10.020 111.722 281.130 9.4973 9.7237 

ELP-j-s-x3 10.630 12.142 111.722 281.444 9.4949 7.8380 

 

 

 

 

Table 6.30. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound ELQ  

The absolute energy of the lowest energy conformer (ELQ-m-r-x4) is -1450.0137157/DFT and -

1442.8653131/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

ELQ-m-r-x4 0.000 0.000 113.065 278.884 6.3959 6.2967 

ELQ-m-q-x4 0.021 0.007 113.341 279.060 6.9128 6.7826 

ELQ-m-r-x1 0.322 0.324 113.065 278.878 6.5289 6.3880 

ELQ-m-q-x1 0.343 0.323 113.535 279.154 7.1218 6.9042 

ELQ-k-q-x4 1.147 1.349 112.788 279.875 6.4670 6.4121 

ELQ-k-r-x4 1.359 1.589 112.010 278.325 6.7946 6.6889 

ELQ-j-q-x3 10.488 9.860 116.083 282.109 9.6101 9.8082 

ELQ-j-r-x3 10.622 10.068 115.656 281.099 10.0201 10.3603 

ELQ-j-q-x3 10.672 10.133 112.889 282.285 9.1213 9.3177 

ELQ-j-r-x3 10.755 10.281 112.437 281.275 9.2248 9.4981 

ELQ-j-s-x3 10.755 12.428 112.437 280.239 9.2245 7.5112 
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Table 6.31. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound FGP  

The absolute energy of the lowest energy conformer (FGP-m-r-x4) is -1527.441576/DFT and -

1519.7791999/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 
Dipole moment (Debye) 

DFT HF DFT HF DFT HF 
FGP-m-r-x4 0.000 0.000 112.537 278.903 6.1577 6.0198 

FGP-m-s-x4 0.000 2.437 112.537 283.320 6.1572 5.6820 

FGP-m-q-x4 0.031 0.023 112.776 279.091 6.9880 6.8933 

FGP-m-r-x1 0.334 0.426 112.494 278.903 6.5638 6.2161 

FGP-m-s-x1 0.334 2.856 112.494 283.483 6.5636 5.9453 

FGP-p-q-x4 0.337 0.427 112.475 278.909 6.5199 6.2082 

FGP-p-s-x4 0.337 2.843 112.468 283.371 6.5200 5.5995 

FGP-m-q-x1 0.372 0.458 112.788 279.166 7.3633 7.1690 

FGP-p-r-x4 0.374 0.457 112.776 279.166 7.3754 7.1438 

FGP-k-q-x1 1.163 1.837 112.243 280.013 6.0882 5.9353 

FGP-k-r-x1 1.375 2.073 111.395 278.413 6.7550 6.6975 

FGP-k-r-x1 1.375 2.075 111.395 278.419 6.7549 6.6794 

FGP-g-r-x1 4.949 3.327 118.179 280.365 5.5461 5.4203 

FGP-g-r-x1 4.949 3.328 118.179 280.365 5.5460 5.4192 

FGP-g-q-x1 5.099 3.575 118.135 280.277 6.8802 7.0978 

FGP-j-q-x3 10.679 10.006 115.675 282.147 10.0423 10.2785 

FGP-j-r-x3 10.776 10.109 115.167 281.143 9.5781 9.7997 

FGP-j-s-x3 10.855 12.235 115.123 285.435 9.5095 8.1102 

 

 

Table 6.32. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound FGQ 

The absolute energy of the lowest energy conformer (FGQ-m-r-x4) is -1488.1238524/DFT and -

1480.7420108/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 
Dipole moment (Debye) 

DFT HF DFT HF DFT HF 
FGQ-m-r-x4 0.000 0.000 116.070 278.865 6.3364 6.2743 

FGQ-m-q-x4 0.013 0.011 116.334 279.028 6.9571 6.8562 

FGQ-p-q-x4 0.336 0.364 116.001 278.281 6.7064 6.5429 

FGQ-m-r-x1 0.336 0.432 116.001 278.852 6.7062 6.4860 

FGQ-m-q-x1 0.350 0.434 116.409 279.141 7.3684 7.1118 

FGQ-k-r-x4 1.362 1.580 115.035 278.300 7.0580 6.9282 

FGQ-g-r-x1 4.917 3.371 121.028 280.346 5.6335 5.6311 

FGQ-g-t-x1 4.917 5.898 121.034 284.418 5.6310 6.7648 

FGQ-g-q-x1 5.094 3.574 121.122 280.239 6.7434 6.9241 

FGQ-j-q-x3 10.684 10.021 119.164 282.072 10.1372 10.4047 

FGQ-j-r-x3 10.704 10.091 118.637 281.105 9.6720 9.9410 

FGQ-j-t-x3 10.783 12.730 118.618 286.238 9.6351 10.4033 
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Table 6.33. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound FJP  

The absolute energy of the lowest energy conformer (FJP-m-r-x4) is -1602.6530627/DFT and -

1594.6275975/HF. 

Conformers Relative energy (kcal/mol) HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

FJP-m-r-x4 0.000 0.000 111.100 279.179 4.3602 4.2807 

FJP-m-s-x4 0.000 2.416 111.094 280.246 4.3584 3.9488 

FJP-m-q-x4 0.081 0.026 111.314 279.361 5.6388 5.4980 

FJP-p-q-x4 0.342 0.427 111.044 279.179 4.7764 4.4693 

FJP-p-s-x4 0.342 2.835 111.050 280.409 4.7762 4.2076 

FJP-k-q-x1 1.184 1.853 110.818 280.283 4.4441 4.3029 

FJP-p-r-x1 1.394 0.461 109.946 279.423 5.2520 5.7888 

FJP-k-r-x1 1.394 2.095 109.946 278.670 5.2513 5.2266 

FJP-k-s-x1 1.394 4.424 109.940 278.947 5.2519 4.2580 

FJP-j-q-x3 18.429 17.549 109.331 282.423 8.0422 8.3237 

FJP-j-r-x3 18.573 17.708 108.816 281.381 8.3565 8.6026 

FJP-j-s-x3 18.573 19.802 108.823 277.679 8.3566 7.9805 

 

 

Table 6.34. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound FJQ  

The absolute energy of the lowest energy conformer (FJQ-m-q-x4) is -1563.3245053/DFT and -

1555.579682/HF. 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

FJQ-m-q-x4 0.000 0.000 114.978 279.267 5.8391 5.9340 

FJQ-m-r-x4 0.008 0.002 114.690 279.110 6.0847 6.0984 

FJQ-p-r-x4 0.338 0.412 115.066 279.398 6.3011 6.1336 

FJQ-p-q-x4 0.347 0.372 114.615 279.060 6.4047 6.3476 

FJQ-p-q-x4 0.347 0.438 114.615 279.097 6.4050 6.3542 

FJQ-m-q-x1 0.349 0.435 114.953 279.329 6.2180 6.1646 

FJQ-m-r-x1 0.350 0.432 114.684 279.122 6.4866 6.3594 

FJQ-k-q-x4 1.175 1.383 114.395 280.082 6.0053 6.1088 

FJQ-k-r-x4 1.378 1.585 113.661 278.551 6.0962 6.1045 

FJQ-j-q-x3 10.406 9.831 117.834 282.329 8.9799 9.2697 

FJQ-j-r-x3 10.570 10.075 117.382 281.287 9.7943 10.1693 

FJQ-j-r-x3 10.688 10.067 117.250 281.325 8.7688 9.1057 

FJQ-j-t-x3 10.688 12.687 117.250 285.454 8.7672 9.1141 

FJQ-j-q-x3 10.717 10.062 117.765 282.304 9.9058 10.3731 
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Table 6.35. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound FLP  

The absolute energy of the lowest energy conformer (FLP-m-r-x4) is -1528.6485771/DFT and -

1520.9401057/HF. 

Conformers Relative energy (kcal/mol) HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

FLP-m-r-x4 0.000 0.000 109.193 278.903 5.9419 5.8158 

FLP-m-q-x4 0.034 0.026 109.412 279.097 6.8814 6.7975 

FLP-m-r-x1 0.334 0.426 109.143 278.903 6.3503 6.0055 

FLP-m-s-x4 0.334 2.446 109.143 279.436 6.3508 5.4892 

FLP-m-s-x1 0.334 2.865 109.149 279.605 6.3503 5.7484 

FLP-p-q-x4 0.337 0.427 109.143 278.903 6.3142 5.9985 

FLP-p-s-x4 0.337 2.853 109.136 279.649 6.3145 5.4458 

FLP-m-q-x1 0.378 0.461 109.406 279.160 7.2493 7.0785 

FLP-k-q-x1 1.165 1.839 108.898 280.001 5.9160 5.7587 

FLP-k-r-x1 1.379 2.077 108.026 278.407 6.6205 6.5841 

FLP-k-s-x1 1.379 4.439 108.032 278.005 6.6202 5.4829 

FLP-j-q-x3 10.374 9.641 110.172 282.247 9.3586 9.4948 

FLP-j-r-x3 10.503 9.795 109.676 281.218 9.4018 9.6175 

FLP-j-s-x3 10.503 11.922 109.682 278.758 9.4018 8.4192 

FLP-j-q-x3 10.676 10.006 112.305 282.147 9.8431 10.0755 

FLP-j-r-x3 10.779 10.117 111.822 281.149 9.4841 9.7242 

FLP-j-s-x3 10.779 12.236 111.816 281.551 9.4843 7.8391 

 

 

Table 6.36. Relative energies, HOMO-LUMO energy gaps and dipole moments of the calculated 

conformers of compound FLQ  

The absolute energy of the lowest energy conformer is -1489.3313178/DFT (FLQ-p-q-x2) and -

1481.9033104/HF (FLQ-m-r-x4). 

Conformers Relative energy 

(kcal/mol) 

HOMO-LUMO energy 

difference (kcal/mol) 

Dipole moment (Debye) 

DFT HF DFT HF DFT HF 

FLQ-p-q-x2 0.000 0.007 13.096 278.821 6.2510 6.2299 

FLQ-m-r-x4 0.001 0.000 113.134 278.903 6.2737 6.2101 

FLQ-m-q-x4 0.009 0.005 113.403 279.072 6.8155 6.7052 

FLQ-p-q-x4 0.339 0.429 113.083 278.903 6.6941 6.4292 

FLQ-m-r-x1 0.339 0.431 113.046 278.896 6.6588 6.4273 

FLQ-m-q-x1 0.347 0.430 113.485 179.179 7.2279 6.9617 

FLQ-m-q-x1 0.347 0.432 113.485 279.172 7.2279 6.9681 

FLQ-p-r-x4 0.353 0.370 113.441 279.034 7.1957 6.9498 

FLQ-p-r-x4 0.353 0.439 113.447 279.154 7.1955 6.9699 

FLQ-k-q-x4 1.147 1.347 112.839 279.888 6.4851 6.4263 

FLQ-k-q-x1 1.165 1.844 112.908 279.957 6.1762 6.0928 

FLQ-k-r-x4 1.362 1.587 112.054 278.332 6.8330 6.7233 

FLQ-k-r-x1 1.368 2.059 112.111 278.445 6.6126 6.5322 
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FLQ-j-q-x3 10.635 9.958 116.177 282.134 9.6246 9.8165 

FLQ-j-r-x3 10.769 10.166 115.757 281.118 10.0225 10.3684 

 

 

6.1.2. Uuncorrected relative energies, relative energies corrected for ZPE and Gibbs free 

energies and corresponding corrections for each compound considered. 

In this section, tables 6.37–6.72 reports the uncorrected relative energy, relative energy corrected 

for ZPE (sum of electronic and zero-point energies) and Gibbs free energies (sum of electronic 

and thermal free energies) for the calculated conformers of all the compounds considered. Tables 

6.73–6.108 reports the ZPE corrections to the electronic energy and thermal corrections to the 

Gibbs free energies for each of the compound considered. All these results were obtained through 

frequency calculations (harmonic-approximation).  

 

Table 6.37. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

AGP.  

The absolute values for the lowest energy conformers for Ecorrected are -1604.386243/DFT (AGP-p-t-u3) 

and -1596.173253/HF (AGP-m-r-u1); the absolute free energy of the lowest energy conformer is -

1604.451283/DFT (AGP-p-t-u3) and -1596.236560/HF (AGP-m-r-u1). 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

AGP-m-r-u1 0,000 0,010 0,041 0.000 0.000 0.000 

AGP-m-s-u1 0,000 0,010 0,040 2.428 2.070 0.850 

AGP-p-t-u3 0,003 0,000 0,000 2.450 2.095 0.535 

AGP-m-q-u1 0,036 0,028 0,023 0.031 0.018 0.032 

AGP-p-r-u3 0,037 0,060 0,253 0.030 0.014 0.014 

AGP-k-q-u1 1,154 1,099 0,653 1.440 1.364 1.035 

AGP-k-r-u1 1,379 1,251 0,326 1.679 1.576 1.189 

AGP-m-r-u2 1,763 2,014 2,820 1.806 2.143 2.951 

AGP-g-r-u3 4,532 3,869 3,545 2.880 2.307 2.398 

AGP-g-q-u3 4,664 4,020 3,797 3.119 2.548 2.653 

AGP-j-q-u3 10,245 9,671 9,266 9.554 9.008 8.948 

AGP-j-r-u3 10,351 9,746 9,445 9.659 9.091 8.991 

AGP-j-s-u3 10,351 9,746 9,445 11.782 10.886 9.733 
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Table 6.38. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

AGQ.  

The absolute values for the lowest energy conformer for Ecorrected are -1565.096946/DFT (AGQ-m-r-u1) 

and -1557.166398/HF; the absolute free energy of the lowest energy conformer is (AGQ-m-r-u1) -

1565.159933 / DFT  and -1557.227671/HF. 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

AGQ-m-r-u1 0.000 0.000 0.000 0.000 0.008 0.000 

AGQ-m-q-u1 0.015 0.037 0.210 0.004 0.000 0.010 

AGQ-k-q-u1 1.156 1.082 0.459 1.441 1.373 1.038 

AGQ-k-r-u1 1.366 1.239 0.454 1.660 1.567 1.176 

AGQ-m-r-u2 1.761 2.004 2.780 1.799 2.145 2.953 

AGQ-m-q-u2 1.774 2.016 2.852 1.811 2.147 2.971 

AGQ-g-r-u3 4.496 3.872 3.724 2.917 2.350 2.439 

AGQ-g-t-u3 4.496 3.870 3.715 5.438 4.539 3.192 

AGQ-g-q-u3 4.662 4.012 3.772 3.114 2.552 2.649 

AGQ-j-q-u3 10.248 9.689 9.544 9.564 9.024 8.950 

AGQ-j-r-u3 10.279 9.680 9.236 9.635 9.078 8.975 

AGQ-j-t-u3 10.279 9.679 9.237 12.269 11.365 12.163 

 

 

Table 6.39. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

AJP.  

The absolute values for the lowest energy conformers for Ecorrected are -1679.592155/DFT (AJP-m-s-u1) 

and -1671.014974/HF (AJP-m-r-u1); the absolute free energy of the lowest energy conformer is -

1679.657476/DFT (AJP-m-q-u1) and -1671.078163/HF (AJP-m-r-u1). 

  

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

AJP-m-r-u1 0.000 0.001 0.100 0.000 0.000 0.000 

AJP-m-s-u1 0.000 0.000 0.089 2.406 2.047 0.816 

AJP-m-q-u1 0.092 0.071 0.000 0.034 0.019 0.020 

AJP-k-q-u1 1.171 1.103 0.532 1.458 1.379 1.029 

AJP-k-r-u1 1.392 1.272 0.639 1.703 1.596 1.185 

AJP-k-s-u1 1.392 1.269 0.604 4.025 3.572 1.815 

AJP-m-r-u2 1.770 2.018 2.838 1.810 2.147 2.951 

AJP-m-s-u2 1.770 2.018 2.836 4.220 4.196 3.761 

AJP-m-q-u2 1.842 2.058 2.635 1.834 2.158 2.975 

AJP-j-q-u3 17.994 17.129 16.398 17.097 16.299 15.854 

AJP-j-r-u3 18.137 17.238 16.545 17.257 16.435 15.949 

AJP-j-s-u3 18.137 17.237 16.539 19.349 18.199 16.648 
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Table 6.40. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

AJQ.  

The absolute values for the lowest energy conformer for Ecorrected are -1640.290527/DFT (AJQ-p-q-u5) and 

-1631.995754/HF (AJQ-p-q- u3); the absolute free energy of the lowest energy conformers is -

1640.354408/DFT (AJQ-p-q-u5) and -1632.057430/HF (AJQ-p-q- u3). 

 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

AJQ-p-q-u5 0.000 0.000 0.000 0.464 0.405 0.371 

AJQ-m-q-u1 0.052 0.047 0.088 0.045 0.029 0.030 

AJQ-m-q-u2 0.465 0.793 1.721 0.456 0.873 1.733 

AJQ-m-r-u2 0.470 0.776 1.412 0.455 0.880 1.724 

AJQ-p-q- u3 0.583 0.498 0.489 0.000 0.000 0.000 

AJQ-m-r-u1 0.583 0.489 0.315 0.689 0.521 0.115 

AJQ-p-q-u5 0.583 0.498 0.488 1.156 0.927 0.489 

AJQ-m-s-u1 0.583 0.488 0.312 3.109 2.605 0.679 

AJQ-p-r-u3 0.615 0.495 0.161 0.707 0.528 0.166 

AJQ-p-s-u3 0.615 0.494 0.158 3.115 2.607 0.889 

AJQ-m-q-u1 0.617 0.517 0.471 0.713 0.533 0.152 

AJQ-k-q-u1 1.175 1.107 0.643 1.466 1.387 1.044 

AJQ-k-q-u1 1.770 1.574 0.699 2.162 1.913 1.145 

AJQ-k-r-u1 1.974 1.761 1.050 2.390 2.116 1.313 

AJQ-j-q-u1 8.670 8.234 7.942 8.027 7.630 7.543 

AJQ-j-r-u1 8.838 8.352 7.812 8.271 7.839 7.680 

 

 

Table 6.41. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

ALP.  

The absolute values for the lowest energy conformers for Ecorrected are -1605.573575/DFT (ALP-m-q-u1) 

and -1597.313492/HF (ALP-m-r-u1); the absolute free energy of the lowest energy conformer is -

1605.640892/DFT (ALP-m-q-u1) and -1597.378497/HF (ALP-m-r-u1). 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

ALP-m-r-u1 0.000 0.009 0.111 0.000 0.000 0.000 

ALP-m-s-u1 0.000 0.008 0.107 2.431 2.073 0.799 

ALP-m-q-u1 0.029 0.000 0.000 0.017 0.004 0.014 

ALP-k-q-u1 1.156 1.110 0.777 1.443 1.366 1.027 

ALP-k-r-u1 1.367 1.265 0.764 1.681 1.576 1.181 

ALP-k-q-u1 1.448 1.295 1.073 1.788 1.685 1.686 

ALP-k-r-u1 1.667 1.453 1.102 2.029 1.898 1.849 

ALP-k-s-u1 1.667 1.454 1.108 4.384 3.905 2.418 

ALP-k-r-u3 1.679 1.457 0.892 2.123 1.972 1.513 
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ALP-m-r-u2 1.768 1.990 2.658 1.806 2.144 2.952 

ALP-m-s-u2 1.768 1.990 2.656 4.242 4.219 3.747 

ALP-m-q-u2 1.780 1.993 2.682 1.816 2.142 2.966 

ALP-j-q-u3 10.540 9.856 9.708 9.899 9.325 9.595 

ALP-j-r-u3 10.647 9.932 9.857 10.012 9.416 9.642 

ALP-j-s-u3 10.647 9.931 9.852 12.129 11.206 10.358 

 

 

Table 6.42. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

ALQ.  

The absolute values for the lowest energy conformer for Ecorrected are -1566.284348/DFT (ALQ-m-r-u1) and 

-1558.306498/HF (ALQ-m-q-u1); the absolute free energy of the lowest energy conformer is -

1566.348909/DFT (ALQ-m-r-u1) and -1558.368761/HF (ALQ-m-q-u1). 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

ALQ-m-r-u1 0.000 0.000 0.000 0.000 0.011 0.003 

ALQ-m-q-u1 0.011 0.025 0.195 0.001 0.000 0.000 

ALQ-k-q-u1 1.159 1.062 0.377 1.444 1.377 1.028 

ALQ-k-r-u1 1.365 1.227 0.484 1.661 1.570 1.167 

ALQ-m-r-u2 1.764 1.992 2.743 1.801 2.150 2.948 

ALQ-m-q-u2 1.775 1.974 2.621 1.807 2.146 2.959 

ALQ-j-q-u3 10.255 9.681 9.519 9.564 9.028 8.950 

ALQ-j-r-u3 10.341 9.732 9.326 9.643 9.089 8.971 

ALQ-j-q-u3 11.692 10.905 10.286 10.764 9.796 8.632 

ALQ-j-r-u3 11.778 10.971 9.551 10.907 9.918 8.733 

 

 

Table 6.43. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

BGP.  

The absolute values for the lowest energy conformer for Ecorrected are -1565.071676/DFT (BGP-p-s-v3) and 

-1557.137916/HF (BGP-m-r-v1); the absolute free energy of the lowest energy conformer is -

1565.134631/DFT (BGP-m-r-v1) and -1557.199181/HF (BGP-m-r-v1). 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

BGP-p-s-v3 0.000 0.000 0.080 2.428 2.070 0.782 

BGP-p-t-v3 0.000 0.000 0.082 2.454 2.098 0.540 

BGP-m-r-v1 0.001 0.007 0.000 0.000 0.000 0.000 

BGP-m-s-v1 0.001 0.008 0.003 2.440 2.081 0.842 

BGP-m-q-v1 0.031 0.036 0.291 0.031 0.019 0.031 

BGP-k-q-v3 1.079 1.026 0.686 1.366 1.324 0.783 
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BGP-k-r-v3 1.300 1.209 0.819 1.607 1.539 0.951 

BGP-k-s-v3 1.300 1.208 0.816 3.962 3.542 1.478 

BGP-m-r-v2 1.548 1.745 2.381 1.395 1.655 2.236 

BGP-m-s-v2 1.548 1.745 2.380 3.834 3.734 3.074 

BGP-m-q-v2 1.569 1.744 2.469 1.416 1.665 2.262 

BGP-g-r-v1 4.572 3.848 3.243 2.940 2.350 2.373 

BGP-g-q-v1 4.712 4.000 3.620 3.183 2.595 2.631 

BGP-j-q-v5 10.319 9.735 9.452 10.412 9.770 9.780 

BGP-j-r-v5 10.423 9.805 9.582 10.511 9.844 9.814 

BGP-j-s-v5 10.423 9.805 9.584 12.642 11.643 10.544 

 

 

Table 6.44. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

BGQ.  

The absolute values for the lowest energy conformer for Ecorrected are -1525.782383/DFT (BGQ-m-r-v1) and 

-1518.131055/HF (BGQ-m-q-v1); the absolute free energy of the lowest energy conformer is (BGQ-m-r-

v1) -1525.843109/DFT and -1518.190287/HF. 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

BGQ-m-r-v1 0.000 0.000 0.000 0.000 0.003 0.000 

BGQ-m-q-v1 0.016 0.025 0.083 0.008 0.000 0.011 

BGQ-k-q-v1 1.083 1.029 0.575 1.368 1.328 0.772 

BGQ-k-r-v1 1.289 1.197 0.725 1.590 1.526 0.935 

BGQ-m-r-v2 1.546 1.748 2.337 1.389 1.654 2.234 

BGQ-m-q-v2 1.558 1.743 2.331 1.400 1.655 2.250 

BGQ-j-q-v3 10.327 9.745 9.503 9.649 9.093 9.010 

BGQ-j-r-v3 10.353 9.738 9.272 9.719 9.145 9.029 

BGQ-j-t-v3 10.353 9.737 9.265 12.362 11.441 12.223 

 

 

Table 6.45. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

BJP.  

The absolute values for the lowest energy conformer for Ecorrected are (BJP-p-q-v3) -1640.277586/DFT and 

-1631.979636/HF; the absolute free energy of the lowest energy conformer is (BJP-p-q-v3) -

1640.340589/DFT and -1632.040791/HF. 

 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

BJP-p-q-v3 0.000 0.000 0.000 0.000 0.000 0.000 

BJP-p-s-v3 0.000 0.000 0.002 2.418 2.059 0.813 

BJP-p-r-v3 0.087 0.078 0.032 0.034 0.022 0.028 



 

138 
 

BJP-k-q-v1 1.095 1.040 0.482 1.384 1.341 0.778 

BJP-k-r-v1 1.312 1.226 0.813 1.631 1.561 0.944 

BJP-k-s-v1 1.312 1.226 0.808 3.959 3.538 1.483 

BJP-m-r-v2 1.548 1.763 2.438 1.399 1.659 2.234 

BJP-m-s-v2 1.548 1.763 2.439 3.817 3.717 3.047 

BJP-m-q-v2 1.621 1.813 2.436 1.422 1.671 2.265 

BJP-j-r-v3 18.067 17.201 16.498 17.182 16.374 15.923 

BJP-j-s-v3 18.210 17.304 16.669 17.341 16.509 16.014 

BJP-j-q-v3 18.210 17.304 16.669 19.437 18.277 16.712 

 

 

Table 6.46. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

BJQ.  

The absolute values for the lowest energy conformer for Ecorrected are (BJQ-p-r-v3) -1600.978154/DFT and  

-1592.962532/HF; the absolute free energy of the lowest energy conformer is (BJQ-p-r-v3) -

1601.039708/DFT and -1593.022214/HF. 

 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

BJQ-p-r-v3 0.000 0.000 0.000 0.001 0.000 0.000 

BJQ-m-s-v1 1.518 1.364 1.183 3.877 3.411 2.223 

BJQ-m-t-v1 1.518 1.364 1.185 3.897 3.435 1.834 

BJQ-m-q-v2 1.540 1.717 2.265 1.380 1.640 2.231 

BJQ-m-r-v2 1.552 1.724 2.113 1.400 1.669 2.242 

BJQ-m-q-v1 1.570 1.426 1.370 1.508 1.361 1.394 

BJQ-p-q-v3 2.101 1.868 1.715 1.463 1.330 1.360 

BJQ-p-q-v3 2.101 1.868 1.711 2.154 1.852 1.475 

BJQ-p-r-v3 2.133 1.869 1.365 2.171 1.859 1.525 

BJQ-p-s-v3 2.133 1.869 1.367 4.589 3.948 2.254 

BJQ-j-q-v3 10.261 9.676 9.409 9.572 9.030 8.958 

BJQ-j-r-v3 10.427 9.797 9.387 9.816 9.239 9.093 
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Table 6.47. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

BLP.  

The absolute values for the lowest energy conformer for Ecorrected are -1566.258990/DFT (BLP-k-q-v1) and 

-1558.277647/HF (BLP-m-r-v1); the absolute free energy of the lowest energy conformer is -

1566.324531/DFT (BLP-k-s-v1) and -1558.341174/HF (BLP-k-q-v1). 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

BLP-k-q-v1 0.000 0.000 0.063 0.132 0.014 0.000 

BLP-p-s-v3 0.131 0.154 0.547 2.438 2.079 1.417 

BLP-p-t-v3 0.131 0.153 0.545 2.463 2.109 1.254 

BLP-m-r-v1 0.133 0.166 0.511 0.000 0.000 0.688 

BLP-m-s-v1 0.133 0.166 0.514 2.448 2.088 1.515 

BLP-m-r-v1 0.168 0.169 0.589 0.034 0.021 0.718 

BLP-k-r-v1 0.219 0.174 0.007 0.377 0.231 0.170 

BLP-k-s-v1 0.219 0.173 0.000 2.755 2.257 0.657 

BLP-p-q-v4 1.679 1.901 2.868 1.419 1.657 2.930 

BLP-p-s-v4 1.679 1.902 2.872 3.834 3.735 3.656 

BLP-p-t-v4 1.679 1.901 2.864 3.860 3.765 3.464 

BLP-p-r-v4 1.708 1.920 2.806 1.419 1.667 2.951 

BLP-j-q-v5 9.243 8.707 8.865 9.177 8.458 8.997 

BLP-j-r-v5 9.351 8.786 8.909 9.289 8.546 9.042 

BLP-j-s-v5 9.351 8.786 8.909 11.425 10.351 9.758 

 

 

Table 6.48. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

BLQ.  

The absolute values for the lowest energy conformer for Ecorrected are  -1526.969799/DFT (BLQ-p-q-v3) and 

-1519.271152/HF (BLQ-p-r-v3); the absolute free energy of the lowest energy conformer is -

1527.032344/DFT (BLQ-p-r-v3) and -1519.332520/HF (BLQ-m-r-v1). 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

BLQ-p-q-v3 0.000 0.000 0.107 0.000 0.004 0.712 

BLQ-p-r-v3 0.015 0.005 0.076 0.005 0.000 0.719 

BLQ-p-r-v3 0.017 0.003 0.000 0.011 0.005 0.722 

BLQ-k-q-v1 1.081 0.992 0.576 1.358 1.320 1.486 

BLQ-k-r-v1 1.290 1.194 0.892 1.597 1.534 1.646 

BLQ-m-r-v1 1.465 1.288 1.118 1.225 0.757 0.000 

BLQ-m-q-v1 1.479 1.259 0.688 1.236 0.766 0.124 

BLQ-m-s-v1 1.479 1.258 0.665 3.833 3.020 3.554 

BLQ-p-q-v4 1.551 1.737 2.430 1.394 1.659 2.947 

BLQ-p-r-v4 1.560 1.717 2.258 1.392 1.647 2.951 

BLQ-j-q-v3 8.913 8.309 7.943 8.085 7.454 7.930 
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BLQ-j-q-v5 8.913 8.309 7.941 8.859 8.143 8.704 

BLQ-j-r-v3 8.947 8.346 8.162 8.174 7.524 7.962 

BLQ-j-r-v5 8.947 8.346 8.158 8.945 8.208 8.734 

BLQ-j-t-v5 8.947 8.346 8.159 11.605 10.531 12.031 

BLQ-j-t-v3 8.947 8.346 8.157 10.835 9.847 11.280 

 

 

Table 6.49. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

CGP.  

The absolute values for the lowest energy for Ecorrected conformer are -1525.776190/DFT (CGP-p-q-w5) and 

-1518.124245/HF (CGP-p-r-w5); the absolute free energy of the lowest energy conformer is -

1525.837196/DFT (CGP-m-q-w1) and -1518.183609/HF (CGP-p-q-w5). 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

CGP-p-q-w5 0.000 0.000 0.109 0.000 0.004 0.000 

CGP-p-s-w5 0.000 0.000 0.105 2.415 2.059 0.732 

CGP-p-r-w5 0.029 0.039 0.114 0.011 0.000 0.008 

CGP-m-r-w1 0.233 0.222 0.144 0.668 0.610 0.397 

CGP-m-s-w1 0.233 0.222 0.142 3.107 2.690 1.256 

CGP-m-q-w1 0.270 0.234 0.000 0.693 0.626 0.434 

CGP-m-r-w2 2.758 2.882 3.090 3.651 3.777 3.960 

CGP-m-s-w2 2.758 2.881 3.085 6.101 5.865 4.784 

CGP-m-q-w2 2.782 2.884 3.185 3.664 3.780 3.981 

CGP-g-r-w5 4.417 3.941 4.041 3.004 2.483 2.625 

CGP-g-q-w5 4.580 4.110 4.217 3.288 2.760 2.907 

CGP-j-q-w5 9.899 9.413 8.971 9.312 8.843 8.788 

CGP-j-r-w5 9.994 9.504 9.365 9.411 8.922 8.837 

CGP-j-s-w5 9.994 9.505 9.365 11.552 10.732 9.575 
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Table 6.50. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

CGQ.  

The absolute values for the lowest energy conformers for  Ecorrected are -1486.486895/DFT (CGQ-p-q-w5) 

and -1479.117415/HF (CGQ-p-r-w5); the absolute free energy of the lowest energy conformer is -

1486.545713/DFT (CGQ-p-q-w5) and -1479.174734/HF (CGQ-p-r-w5). 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

CGQ-p-q-w5 0.000 0.000 0.000 0.012 0.023 0.008 

CGQ-m-q-w3 0.002 0.001 0.003 0.008 0.019 0.004 

CGQ-p-r-w5 0.014 0.006 0.051 0.000 0.000 0.000 

CGQ-m-r-w1 0.234 0.206 0.054 0.679 0.631 0.405 

CGQ-m-q-w1 0.255 0.227 0.071 0.683 0.626 0.423 

CGQ-j-q-w5 9.902 9.440 9.275 9.336 8.875 8.806 

CGQ-j-r-w5 9.926 9.439 9.146 9.402 8.924 8.823 

CGQ-j-t-w5 9.926 9.439 9.149 12.052 11.226 12.004 

 

 

Table 6.51. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

CJP.  

The absolute values for the lowest energy conformer for Ecorrected are (CJP-p-q-w3) -1600.982066/DFT and 

-1592.965951/HF; the absolute free energy of the lowest energy conformer is -1601.043433/DFT (CJP-p- 

r-w3) and -1593.025216/HF (CJP-p-q-w3). 

 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E (kcal/mol) Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

CJP-p-q-w3 0.000 0.000 0.371 0.000 0.000 0.000 

CJP-p-s-w3 0.000 0.001 0.371 2.405 2.046 0.798 

CJP-p- r-w3 0.036 0.005 0.000 0.016 0.003 0.012 

CJP-m-r-w1 0.229 0.208 0.388 0.664 0.604 0.395 

CJP-m-r-w2 2.754 2.874 3.325 3.649 3.771 3.959 

CJP-m-s-w2 2.754 2.874 3.320 6.078 5.840 4.763 

CJP-m-t-w2 2.754 2.874 3.323 6.087 5.853 4.295 

CJP-m-q-w2 2.830 2.931 3.452 3.663 3.778 3.982 

CJP-j-q-w1 17.645 16.867 16.334 16.853 16.131 15.708 

CJP-j-r-w1 17.786 16.965 16.378 17.007 16.262 15.801 

CJP-j-s-w1 17.786 16.965 16.384 19.117 18.041 16.504 
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Table 6.52. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

CJQ.  

The absolute values for the lowest energy conformer for Ecorrected are (CJQ-m-q-w6) -1561.682692/DFT and  

-1553.948900/HF; the absolute free energy of the lowest energy conformer is -1554.006636/DFT (CJQ-m-

r-w6) and -1554.006681/HF (CJQ-m-q-w6). 

 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

CJQ-m-q-w6 0.000 0.000 0.010 0.000 0.000 0.000 

CJQ-m-r-w6 0.006 0.010 0.000 0.032 0.042 0.028 

CJQ-p-q-w5 1.529 1.389 1.173 1.496 1.365 1.389 

CJQ-m-q-w1 1.811 1.649 1.502 2.201 1.995 1.795 

CJQ-p-q-w5 2.117 1.888 1.660 1.499 1.373 1.409 

CJQ-p-q-w5 2.117 1.888 1.657 2.189 1.888 1.512 

CJQ-p-s-w5 2.145 1.874 1.209 4.163 3.970 2.256 

CJQ-m-r-w1 2.343 2.080 1.590 2.849 2.487 1.891 

CJQ-m-s-w1 2.343 2.080 1.589 5.282 4.585 2.270 

CJQ-m-q-w1 2.378 2.100 1.682 2.869 2.503 1.972 

CJQ-j-q-w5 9.841 9.390 9.167 9.272 8.819 8.772 

CJQ-j-r-w5 10.002 9.515 9.159 9.512 9.024 8.902 

 

 

Table 6.53. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

CLP.  

The absolute values for the lowest energy conformer for  Ecorrected are -1526.963275/DFT (CLP-p-s-w5) and  

-1519.263978/HF (CLP-p-r-w5); the absolute free energy of the lowest energy conformer is -

1527.026328/DFT (CLP-p-s-w5) and -1519.324508/HF (CLP-p-q-w5). 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

CLP-p-q-w5 0.000 0.001 0.003 0.000 0.003 0.000 

CLP-p-s-w5 0.000 0.000 0.000 2.425 2.070 0.678 

CLP-p-r-w5 0.033 0.046 0.044 0.015 0.004 0.013 

CLP-p-r-w5 0.033 0.046 0.044 0.016 0.000 0.007 

CLP-m-r-w1 0.231 0.229 0.150 0.667 0.611 0.398 

CLP-m-s-w1 0.231 0.229 0.149 3.116 2.700 1.237 

CLP-m-q-w1 0.271 0.254 0.115 0.696 0.629 0.430 

CLP-m-q-w2 2.757 2.898 3.202 3.652 3.778 3.954 

CLP-m-s-w2 2.757 2.897 3.191 6.109 5.875 4.772 

CLP-m-q-w2 2.789 2.877 3.058 3.666 3.784 3.985 

CLP-j-q-w5 9.590 9.258 8.980 8.948 8.508 8.121 

CLP-j-r-w5 9.716 9.372 9.207 9.097 8.634 8.202 

CLP-j-s-w5 9.716 9.371 9.204 11.239 10.445 8.918 
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CLP-j-q-w6 10.774 9.994 9.212 10.395 9.622 9.212 

CLP-j-r-w6 10.841 10.047 9.051 10.483 9.668 9.172 

CLP-j-s-w6 10.841 10.044 9.025 12.611 11.493 9.977 

 

 

Table 6.54. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

CLQ.  

The absolute values for the lowest energy conformer for Ecorrected are (CLQ-p-q-w5) -1487.674007/DFT and 

-1480.257172/HF); the absolute free energy of the lowest energy conformer is -1487.734990/DFT (CLQ-

p-q-w5)  and -1480.316111/HF (CLQ-m-r-w1). 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

CLQ-p-q-w5 0.000 0.000 0.000 0.000 0.000 0.332 

CLQ-p-s-w5 0.000 2.127 0.783 2.471 0.001 0.331 

CLQ-m-q-w1 0.033 0.001 0.013 0.014 0.020 0.296 

CLQ-m-q-w1 0.275 0.623 0.430 0.694 0.218 0.225 

CLQ-m-r-w1 0.237 0.607 0.400 0.666 0.167 0.000 

CLQ-m-r-w1 0.237 0.616 0.421 0.667 0.167 0.005 

CLQ-m-s-w1 0.237 2.745 0.494 3.149 0.167 0.001 

CLQ-j-q-w5 9.893 8.828 8.779 9.297 9.396 9.258 

CLQ-j-r-w5 9.967 8.950 8.862 9.442 9.467 9.402 

CLQ-j-s-w6 9.967 10.794 9.557 11.601 9.467 9.399 

 

 

Table 6.55. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

DGP.  

The absolute values for the lowest energy conformer for Ecorrected are -1448.421533/DFT (DGP-p-s) and -

1441.288696/HF (DGP-m-r); the absolute free energy of the lowest energy conformer is -

1448.480010/DFT (DGP-p-s) and -1441.345575/HF (DGP-m-r). 

Conformers  HF DFT 

Enot corrected 

for ZPE 

 for ZPE G Enot corrected 

for ZPE 

Ecorrected for 

ZPE 

G 

DGP-m-r 0.000 0.018 0.097 0.001 0.000 0.000 

DGP-m-s 0.000 0.019 0.095 2.445 2.082 0.847 

DGP-p-q 0.002 0.000 0.005 0.000 0.000 0.002 

DGP-p-s 0.002 0.000 0.000 2.434 2.071 0.754 

DGP-p-a-t 0.002 0.000 0.002 2.460 2.100 0.404 

DGP-m-q 0.044 0.047 0.105 0.029 0.016 0.033 

DGP-k-q 1.090 0.949 0.258 1.346 1.210 0.774 

DGP-k-r 1.310 1.121 0.334 1.587 1.424 0.937 

DGP-k-s 1.310 1.118 0.301 3.945 3.424 1.471 
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DGP-g-r 4.630 4.068 3.948 3.002 2.472 2.620 

DGP-g-q 4.775 4.215 4.090 3.250 2.721 2.875 

DGP-j-q 10.365 9.885 9.748 9.675 9.174 9.134 

DGP-j-r 10.425 9.922 9.704 9.780 9.258 9.188 

DGP-j-s 10.425 9.923 9.710 11.915 11.061 9.913 

 

 

Table 6.56. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

DGQ.  

The absolute values for the lowest energy conformer for Ecorrected are -1409.132250/DFT (DGQ-p-q) and -

1402.281841/HF (DGQ-m-q); the absolute free energy of the lowest energy conformer is -

1409.188812/DFT (DGQ-m-q) and -1402.336692/HF (DGQ-p-q). 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

DGQ-m-r 0.000 0.029 0.216 0.000 0.003 0.008 

DGQ-p-q 0.003 0.000 0.041 0.003 0.004 0.000 

DGQ-m-q 0.027 0.033 0.178 0.009 0.000 0.019 

DGQ-m-q 0.031 0.024 0.000 0.016 0.008 0.023 

DGQ-k-q 1.093 0.961 0.452 1.351 1.218 0.781 

DGQ-k-r 1.299 1.126 0.539 1.573 1.415 0.934 

DGQ-g-r 4.601 4.062 4.087 3.045 2.516 2.661 

DGQ-g-t 4.601 4.064 4.093 5.580 4.714 5.736 

DGQ-g-q 4.771 4.236 4.327 3.248 2.724 2.875 

DGQ-j-q 10.374 9.898 9.862 9.690 9.191 9.146 

DGQ-j-r 10.399 9.909 9.850 9.761 9.244 9.175 

DGQ-j-t 10.399 9.910 9.849 12.411 11.545 12.319 

 

 

Table 6.57. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

DJP.  

The absolute values for the lowest energy conformer for Ecorrected are (DJP-m-r) -1523.627438/DFT and -

1516.130416/HF; the absolute free energy of the lowest energy conformer is (DJP-m-r) -1523.686275/DFT  

and -1516.187251/ HF. 

 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

DJP-m-r 0.000 0.000 0.000 0.003 0.000 0.000 

DJP-p-s 0.000 0.000 0.003 2.424 2.065 0.856 

DJP-p-q 0.041 0.053 0.337 0.000 0.001 0.040 

DJP-m-q 0.041 0.053 0.338 0.031 0.021 0.074 

DJP-p-r 0.041 0.053 0.337 0.032 0.023 0.073 
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DJP-k-q 1.108 0.939 0.114 1.363 1.226 0.808 

DJP-k-r 1.320 1.135 0.475 1.609 1.448 0.990 

DJP-k-r 1.320 1.134 0.477 1.610 1.451 1.002 

DJP-k-s 1.320 1.135 0.478 3.940 3.420 1.518 

DJP-j-q 18.116 17.309 16.588 17.219 16.471 16.096 

DJP-j-s 18.260 17.440 16.733 17.380 18.380 16.887 

DJP-j-r 18.260 17.438 16.726 19.484 16.609 16.199 

 

 

Table 6.58. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

DJQ.  

The absolute values for the lowest energy conformer for Ecorrected are (DJQ-m-q) 1484.328009/DFT and -

1477.113298/HF; the absolute free energy of the lowest energy conformer is (DJQ-m-q) -

1484.385269/DFT  and -1477.168605/HF. 

 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

DJQ-m-q 0.000 0.000 0.000 0.000 0.000 0.000 

DJQ-k-q 1.088 0.949 0.416 1.349 1.212 0.769 

DJQ-k-r 1.291 1.111 0.473 1.584 1.422 0.918 

DJQ-m-r 1.514 1.386 1.471 1.466 1.323 1.357 

DJQ-m-s 1.514 1.386 1.469 3.886 3.408 2.211 

DJQ-m-t 1.514 1.873 1.424 3.907 3.430 4.471 

DJQ-m-s 1.514 1.386 1.467 4.593 3.942 1.298 

DJQ-m-q 1.576 1.424 1.378 1.508 1.353 1.396 

DJQ-p-q- 1.577 1.384 1.443 1.467 1.324 1.357 

DJQ-m-r 2.105 1.861 1.570 2.155 1.846 1.493 

DJQ-p-q 2.106 1.854 1.563 2.158 1.848 1.486 

DJQ-p-r 2.139 1.879 1.589 2.172 1.852 1.522 

DJQ-m-q 2.144 1.873 1.424 2.177 1.857 1.530 

DJQ-j-q 2.666 2.386 2.530 2.129 1.787 2.062 

DJQ-j-r 2.788 2.481 2.571 2.318 1.948 2.177 
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Table 6.59. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

DLP.  

The absolute values for the lowest energy conformer for Ecorrected are -1449.608590/DFT (DLP-p-q) and -

1442.428429/HF (DLP-m-r); the absolute free energy of the lowest energy conformer is -1449.669152/DFT 

(DLP-p-r) and -1442.486476/HF (DLP-m-r). 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

DLP-m-r 0.000 0.026 0.158 0.001 0.000 0.000 

DLP-m-s 0.000 0.026 0.160 2.454 2.092 0.824 

DLP-p-q 0.002 0.000 0.034 0.000 0.001 0.006 

DLP-p-s 0.002 0.000 0.033 2.444 2.083 0.713 

CLP-p-t 0.002 0.000 0.033 2.470 2.109 3.070 

DLP-m-q 0.049 0.024 0.018 0.032 0.019 0.034 

DLP-p-r 0.051 0.030 0.000 0.033 0.019 0.035 

DLP-k-q 1.093 0.963 0.365 1.349 1.212 0.773 

DLP-k-r 1.312 1.113 0.318 1.592 1.431 0.954 

DLP-k-s 1.312 1.118 0.372 3.955 3.436 1.450 

DLP-j-q 10.365 9.886 9.806 9.676 9.176 9.138 

DLP-j-s 10.430 9.920 9.763 11.917 11.065 9.901 

DLP-j-r 10.476 9.955 9.810 9.789 9.267 9.191 

 

 

Table 6.60. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

DLQ.  

The absolute values for the lowest energy conformer for Ecorrected are (DLQ-p-q) -1410.321937/DFT and -

1403.424542/HF; the absolute free energy of the lowest energy conformer is (DLQ-p-q) -1410.380072/DFT  

and -1403.480638/HF. 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

DLQ-p-q 0.000 0.000 0.000 0.000 0.000 0.000 

DLQ-k-q 1.090 0.968 0.378 1.348 1.213 0.777 

DLQ-k-r 1.233 1.076 0.380 1.568 1.409 0.918 

DLQ-m-r 1.419 1.442 1.571 1.563 1.640 1.790 

DLQ-m-q 1.442 1.433 1.410 1.567 1.632 1.798 

DLQ-m-r 2.887 2.659 2.149 2.787 2.391 1.076 

DLQ-m-q 2.903 2.703 2.343 2.796 2.366 3.221 

DLQ-j-q 10.374 9.899 9.728 9.686 9.186 9.142 

DLQ-j-r 10.412 9.927 9.821 9.776 9.258 9.179 

DLQ-j-t 10.412 9.927 9.819 12.444 11.584 12.437 
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Table 6.61. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

EGP.  

The absolute values for the lowest energy conformer for  Ecorrected are -1487.713325/DFT (EGP-m-s-x4) and 

-1480.299208/HF (EGP-m-r-x4); the absolute free energy of the lowest energy conformer is (EGP-p-q-x3) 

-1487.774143/DFT and -1480.358035/HF. 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

EGP-m-r-x4 0.000 0.001 0.363 0.000 0.000 0.084 

EGP-m-s-x4 0.000 0.000 0.360 2.439 2.078 0.926 

EGP-m-q-x4 0.036 0.011 0.362 0.024 0.013 0.114 

EGP-m-r-x1 0.313 0.200 0.100 0.320 0.204 0.008 

EGP-m-s-x1 0.313 0.200 0.101 2.754 2.278 0.858 

EGP-p-q-x3 0.316 0.179 0.000 0.322 0.205 0.000 

EGP-p-s-x3 0.316 0.179 0.006 2.741 2.267 0.778 

EGP-m-q-x1 0.359 0.223 0.068 0.350 0.222 0.052 

EGP-k-q-x1 1.159 1.047 0.747 1.716 1.507 0.914 

EGP-k-r-x2 1.374 1.224 0.902 1.662 1.542 1.010 

EGP-k-q-x1 1.374 1.225 0.911 1.954 1.717 1.067 

EGP-k-s-x1 1.374 1.224 0.906 4.311 3.722 1.662 

EGP-g-r-x1 4.794 4.116 4.078 2.232 2.598 2.583 

EGP-g-q-x1 4.948 4.241 4.074 3.480 2.846 2.836 

EGP-j-q-x3 10.527 9.900 9.799 9.908 9.288 9.089 

EGP-j-r-x3 10.628 9.963 9.839 10.012 9.372 9.140 

EGP-j-s-x3 10.628 9.963 9.837 12.141 11.170 9.869 

 

 

Table 6.62. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

EGQ.  

The absolute values for the lowest energy conformer for Ecorrected are (EGQ-m-r-x4) -1448.424059/DF and  

-1441.292348/HF; the absolute free energy of the lowest energy conformer is -1448.483098/DFT (EGQ-p-

q-x3) and -1441.349124/HF (EGQ-m-r-x4)). 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

EGQ-m-r-x4 0.000 0.000 0.507 0.000 0.000 0.073 

EGQ-m-q-x4 0.021 0.003 0.381 0.013 0.004 0.093 

EGQ-m-r-x1 0.312 0.203 0.177 0.325 0.208 0.000 

EGQ-m-q-x1 0.339 0.219 0.209 0.327 0.201 0.017 

EGQ-p-q-x3 0.358 0.276 0.000 0.378 0.317 0.236 

EGQ-p-r-x3 0.375 0.294 0.189 0.379 0.307 0.260 

EGQ-k-q-x4 1.152 1.064 1.177 1.361 1.292 1.103 

EGQ-k-r-x4 1.358 1.225 1.269 1.581 1.487 1.245 
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EGQ-g-r-x1 4.764 4.110 4.302 3.276 2.639 2.605 

EGQ-g-t-x1 4.764 4.109 4.300 5.806 4.834 3.166 

EGQ-g-q-x1 4.939 4.266 4.379 3.479 2.846 2.819 

EGQ-j-q-x3 10.531 9.904 9.826 9.923 9.303 9.084 

EGQ-j-r-x3 10.556 9.920 9.920 9.993 9.355 9.104 

EGQ-j-t-x3 10.556 9.920 9.915 12.636 11.649 12.277 

 

 

Table 6.63. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

EJP.  

The absolute values for the lowest energy conformer for Ecorrected are (EJP-m-s-x4) -1562.919252/DFT and 

-1555.140926/HF; the absolute free energy of the lowest energy conformer is (EJP-p-q-x4) -

1562.980183/DFT and -1555.199635/HF. 

 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

EJP-m-s-x4 0.000 0.000 0.168 0.000 0.000 0.077 

EJP-m-r-x4 0.000 0.000 0.167 2.419 2.058 0.892 

EJP-m-q-x4 0.083 0.065 0.403 0.028 0.016 0.110 

EJP-p-s-x4 0.083 0.065 0.401 2.733 2.258 0.809 

EJP-p-q-x4 0.315 0.205 0.000 0.321 0.204 0.000 

EJP-p-r-x4 0.361 0.248 0.039 0.353 0.225 0.053 

EJP-k-q-x1 1.177 1.055 0.601 1.733 1.520 0.912 

EJP-k-r-x1 1.389 1.244 0.722 1.976 1.738 1.080 

EJP-k-r-x1 1.389 1.244 0.718 1.977 1.739 1.076 

EJP-k-s-x1 1.389 1.244 0.717 4.306 3.715 1.674 

EJP-j-q-x3 18.275 17.363 16.740 17.452 16.581 16.000 

EJP-j-r-x3 18.423 17.440 16.560 17.611 16.717 16.094 

EJP-j-s-x3 18.423 17.440 16.552 19.709 18.485 16.791 
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Table 6.64. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

EJQ.  

The absolute values for the lowest energy conformer for Ecorrected are (EJQ-m-q-x4) -1523.619869/DFT and 

-1516.123850/HF; the absolute free energy of the lowest energy conformer is -1523.678970/DFT (EJQ-m-

r-x4) and -1516.180941/HF (EJQ-m-q-x4). 

 

Conformers HF DFT 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

EJQ-m-q-x4 0.000 0.000 0.002 0.000 0.000 0.000 

EJQ-m-r-x4 0.003 0.012 0.000 0.019 0.028 0.007 

EJQ-p-q-x4 1.833 1.606 1.142 1.801 1.551 1.285 

EJQ-p-q-x4 2.425 2.070 1.221 2.493 2.076 1.420 

EJQ-m-r-x1 2.426 2.062 1.205 2.490 2.074 1.420 

EJQ-m-s-x1 2.426 2.062 1.201 4.916 4.160 4.506 

EJQ-p-r-x4 2.457 2.106 1.417 2.507 2.081 1.478 

EJQ-p-s-x4 2.457 2.106 1.415 4.922 4.164 2.184 

EJQ-m-q-x1 2.461 2.112 1.417 2.513 2.086 1.468 

EJQ-k-q-x4 3.286 2.957 2.198 3.558 3.182 2.501 

EJQ-k-r-x4 3.435 3.106 2.402 3.788 3.389 2.691 

EJQ-j-q-x3 10.468 9.866 9.367 9.859 9.256 8.964 

EJQ-j-r-x3 10.634 9.996 9.433 10.102 9.465 9.103 

 

 

Table 6.65. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

ELP.  

The absolute values for the lowest energy conformer for Ecorrected are -1488.900396/DFT (ELP-m-q-x4) and 

-1481.438940/HF (ELP-m-s-x4); the absolute free energy of the lowest energy conformer is -

1488.963379/DFT (ELP-p-s-x4) and -1481.498921/HF (ELP-m-r-x1). 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

ELP-m-s-x4 0.000 0.010 0.462 0.000 0.000 0.076 

ELP-m-q-x4 0.000 0.009 0.461 2.448 2.088 0.905 

ELP-m-q-x4 0.040 0.000 0.254 0.027 0.016 0.110 

ELP-m-r-x1 0.314 0.206 0.210 0.320 0.204 0.000 

ELP-m-s-x1 0.314 0.206 0.213 2.762 2.287 0.831 

ELP-p-s-x4 0.315 0.177 0.000 0.321 0.205 0.001 

ELP-p-s-x4 0.315 0.178 0.004 2.751 2.277 0.709 

ELP-m-q-x1 0.361 0.236 0.265 0.353 0.226 0.048 

ELP-k-q-x1 1.160 1.064 0.879 1.719 1.509 0.911 

ELP-k-r-x1 1.377 1.220 0.889 1.958 1.723 1.072 

ELP-k-s-x1 1.377 1.219 0.890 4.321 3.732 1.633 

ELP-j-q-x3 10.223 9.711 9.566 9.544 8.953 8.411 

ELP-j-r-x3 10.355 9.807 9.564 9.698 9.081 8.496 
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ELP-j-s-x3 10.355 9.807 9.568 11.828 10.882 9.204 

ELP-j-q-x3 10.527 9.893 9.788 9.908 9.289 9.083 

ELP-j-r-x3 10.630 9.982 9.928 10.020 9.379 9.132 

ELP-j-s-x3 10.630 9.982 9.921 12.142 11.172 9.846 

 

 

Table 6.66. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

ELQ.  

The absolute values for the lowest energy conformer for Ecorrected are (ELQ-m-q-x4) -1449.611480/DFT and  

-1442.432445/HF; the absolute free energy of the lowest energy conformer is (ELQ-m-r-x1) -

1449.671977/DFT and -1442.490225/HF. 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

ELQ-m-r-x4 0.000 0.031 0.591 0.000 0.002 0.073 

ELQ-m-q-x4 0.021 0.000 0.341 0.007 0.000 0.087 

ELQ-m-r-x1 0.322 0.185 0.000 0.324 0.210 0.000 

ELQ-m-q-x1 0.343 0.213 0.051 0.323 0.200 0.011 

ELQ-k-q-x4 1.147 1.076 1.169 1.349 1.283 1.096 

ELQ-k-r-x4 1.359 1.233 1.252 1.589 1.495 1.247 

ELQ-j-q-x3 10.488 9.866 9.719 9.860 9.246 9.029 

ELQ-j-r-x3 10.622 9.962 9.710 10.068 9.426 9.166 

ELQ-j-q-x3 10.672 10.054 9.721 10.133 9.470 8.887 

ELQ-j-r-x3 10.755 10.132 9.799 10.281 9.593 8.965 

ELQ-j-s-x3 10.755 10.132 9.795 12.428 11.425 9.680 

 

 

Table 6.67. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

FGP.  

The absolute values for the lowest energy conformer for Ecorrected are -1527.002518/DFT (FGP-m-q-x4) and 

-1519.306906/HF (FGP-m-r-x4); the absolute free energy of the lowest energy conformer is -

1527.065430/DFT (FGP-m-s-x1) and -1519.367799/HF (FGP-m-r-x1). 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

FGP-m-r-x4 0.000 0.003 0.247 0.000 0.000 0.037 

FGP-m-s-x4 0.000 0.003 0.246 2.437 2.078 0.882 

FGP-m-q-x4 0.031 0.000 0.137 0.023 0.012 0.066 

FGP-m-r-x1 0.334 0.254 0.002 0.426 0.309 0.000 

FGP-m-s-x1 0.334 0.254 0.000 2.856 2.381 0.855 

FGP-p-q-x4 0.337 0.248 0.003 0.427 0.311 0.004 

FGP-p-s-x4 0.337 0.248 0.002 2.843 2.369 0.763 



 

151 
 

FGP-m-q-x1 0.372 0.293 0.224 0.458 0.329 0.047 

FGP-p-r-x4 0.374 0.300 0.131 0.457 0.329 0.045 

FGP-k-q-x1 1.163 1.059 0.774 1.837 1.640 0.742 

FGP-k-r-x1 1.375 1.239 0.988 2.073 1.849 0.904 

FGP-k-r-x1 1.375 1.239 0.990 2.075 1.865 2.623 

FGP-g-r-x1 4.949 4.227 3.823 3.327 2.684 2.562 

FGP-g-r-x1 4.949 4.227 3.824 3.328 2.682 2.550 

FGP-g-q-x1 5.099 4.379 3.998 3.575 2.933 2.818 

FGP-j-q-x3 10.679 10.020 9.607 10.006 9.378 9.086 

FGP-j-r-x3 10.776 10.090 9.657 10.109 9.461 9.135 

FGP-j-s-x3 10.855 10.031 8.875 12.235 11.257 9.871 

 

 

Table 6.68. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

FGQ.  

The absolute values for the lowest energy conformer for Ecorrected are (FGQ-m-r-x4) -1487.713259/DFT and  

-1480.300046/HF; the absolute free energy of the lowest energy conformer is -1487.774004/DFT (FGQ-p-

q-x4) and-1480.358905/HF (FGQ-m-r-x1). 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

FGQ-m-r-x4 0.000 0.000 0.195 0.000 0.000 0.036 

FGQ-m-q-x4 0.013 0.019 0.199 0.011 0.003 0.055 

FGQ-p-q-x4 0.336 0.270 0.000 0.364 0.299 0.163 

FGQ-m-r-x1 0.336 0.270 0.002 0.432 0.314 0.000 

FGQ-m-q-x1 0.350 0.280 0.054 0.434 0.307 0.019 

FGQ-k-r-x4 1.362 1.245 1.009 1.580 1.487 1.209 

FGQ-g-r-x1 4.917 4.229 3.730 3.371 2.726 2.596 

FGQ-g-t-x1 4.917 4.227 3.715 5.898 2.934 2.810 

FGQ-g-q-x1 5.094 4.395 3.983 3.574 4.920 3.301 

FGQ-j-q-x3 10.684 10.046 9.586 10.021 9.393 9.092 

FGQ-j-r-x3 10.704 10.053 9.478 10.091 9.444 9.110 

FGQ-j-t-x3 10.783 10.014 8.843 12.730 11.736 12.291 
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Table 6.69. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

FJP.  

The absolute values for the lower energy conformer for Ecorrected are -1602.208430/DFT (FJP-m-s-x4) and -

1594.148625/HF (FJP-m-r-x4); the absolute free energy of the lowest energy conformer is -

1602.208353/DFT (FJP-m-s-x4) and -1594.209411/HF (FJP-p-q-x4). 

 

Conformers  DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

FJP-m-r-x4 0.000 0.001 0.126 0.000 0.000 0.038 

FJP-m-s-x4 0.000 0.000 0.118 2.416 2.057 0.850 

FJP-m-q-x4 0.081 0.048 0.000 0.026 0.014 0.068 

FJP-p-q-x4 0.342 0.264 0.035 0.427 0.309 0.000 

FJP-p-s-x4 0.342 0.264 0.032 2.835 2.360 0.815 

FJP-k-q-x1 1.184 1.057 0.461 1.853 1.653 0.769 

FJP-p-r-x1 1.394 1.254 0.713 0.461 0.332 0.056 

FJP-k-r-x1 1.394 1.255 0.722 2.095 1.867 0.941 

FJP-k-s-x1 1.394 1.254 0.713 4.424 3.849 1.571 

FJP-j-q-x3 18.429 17.463 16.401 17.549 16.670 16.003 

FJP-j-r-x3 18.573 17.570 16.464 17.708 16.806 16.097 

FJP-j-s-x3 18.573 17.569 16.460 19.802 18.571 16.793 

 

 

Table 6.70. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

FJQ.  

The absolute values for the lower energy conformer for Ecorrected are (FJQ-m-r-x4) -1562.908774/DFT and  

-1555.131432/HF; the absolute free energy of the lowest energy conformer is -1562.970377/DFT (FJQ-p-

q-x4) and -1555.190619/HF (FJQ-p-q-x4). 

 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

FJQ-m-q-x4 0.000 0.009 0.315 0.000 0.000 0.042 

FJQ-m-r-x4 0.008 0.000 0.169 0.002 0.008 0.033 

FJQ-p-r-x4 0.338 0.278 0.126 0.412 0.292 0.002 

FJQ-p-q-x4 0.347 0.272 0.000 0.372 0.314 0.167 

FJQ-p-q-x4 0.347 0.272 0.000 0.438 0.326 0.000 

FJQ-m-q-x1 0.349 0.297 0.310 0.435 0.316 0.018 

FJQ-m-r-x1 0.350 0.272 0.058 0.432 0.321 0.001 

FJQ-k-q-x4 1.175 1.092 0.973 1.383 1.319 1.074 

FJQ-k-d-r-x4 1.378 1.231 0.872 1.585 1.498 1.205 

FJQ-j-q-x3 10.406 9.810 9.270 9.831 9.271 8.908 

FJQ-j-r-x3 10.570 9.949 9.431 10.075 9.481 9.039 

FJQ-j-r-x3 10.688 10.045 9.678 10.067 9.429 9.081 

FJQ-j-t-x3 10.688 10.045 9.681 12.687 11.707 12.305 
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FJQ-j-q-x3 10.717 10.078 9.653 10.062 9.438 9.122 

 

 

Table 6.71. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energy (Gcorrected, kcal/mol) of the calculated conformers of compound 

FLP.  

The absolute values for the lower energy conformer for Ecorrected are (FLP-m-r-x4) -1528.189610/DFT and  

-1520.446637/HF; the absolute free energy of the lowest energy conformer is -1528.254743/DFT (FLP-p-

s-x4) and -1520.508698/HF (FLP-m-r-x1). 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

FLP-m-r-x4 0.000 0.000 0.211 0.000 0.000 0.039 

FLP-m-q-x4 0.034 0.018 0.303 0.026 0.014 0.070 

FLP-m-r-x1 0.334 0.262 0.109 0.426 0.309 0.000 

FLP-m-s-x4 0.334 0.262 0.117 2.446 2.086 0.868 

FLP-m-s-x1 0.334 0.262 0.101 2.865 2.390 0.842 

FLP-p-q-x4 0.337 0.253 0.004 0.427 0.310 0.004 

FLP-p-s-x4 0.337 0.253 0.000 2.853 2.378 0.730 

FLP-m-q-x1 0.378 0.298 0.160 0.461 0.332 0.050 

FLP-k-q-x1 1.165 1.082 0.870 1.839 1.642 0.743 

FLP-k-r-x1 1.379 1.241 0.949 2.077 1.854 0.909 

FLP-k-s-x1 1.379 1.240 0.945 4.439 3.865 1.471 

FLP-j-q-x3 10.374 9.839 9.306 9.641 9.041 8.416 

FLP-j-r-x3 10.503 9.952 9.567 9.795 9.170 8.498 

FLP-j-s-x3 10.503 9.952 9.564 11.922 10.968 9.208 

FLP-j-q-x3 10.676 10.038 9.721 10.006 9.378 9.088 

FLP-j-r-x3 10.779 10.113 9.749 10.117 9.467 9.136 

FLP-j-s-x3 10.779 10.114 9.750 12.236 11.258 9.850 
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Table 6.72. Uncorrected relative energy (E, kcal/mol), relative energy corrected for ZPE (Ecorrected, 

kcal/mol) and Gibbs free energies (Gcorrected, kcal/mol) of the calculated conformers of compound 

FLQ.  

The absolute values for the lower energy conformer for Ecorrected are (FLQ-p-q-x2) -1488.900683/DFT and  

-1481.440145/HF; the absolute free energy of the lowest energy conformer is -1488.963060/DFT (FLQ-p-

r-x4) and -1481.500008/HF (FLQ-m-r-x1). 

Conformers DFT HF 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

E 

(kcal/mol) 

Ecorrected 

(kcal/mol) 

Gcorrected 

(kcal/mol) 

FLQ-p-q-x2 0.000 0.000 0.168 0.007 0.000 0.021 

FLQ-m-r-x4 0.001 0.006 0.212 0.000 0.003 0.037 

FLQ-m-q-x4 0.009 0.004 0.100 0.005 0.000 0.051 

FLQ-p-q-x4 0.339 0.284 0.126 0.429 0.314 0.002 

FLQ-m-r-x1 0.339 0.286 0.073 0.431 0.316 0.000 

FLQ-m-q-x1 0.347 0.287 0.097 0.430 0.306 0.016 

FLQ-m-q-x1 0.347 0.287 0.099 0.432 0.311 0.015 

FLQ-p-r-x4 0.353 0.283 0.001 0.370 0.296 0.181 

FLQ-p-r-x4 0.353 0.283 0.000 0.439 0.315 0.031 

FLQ-k-q-x4 1.147 1.084 1.027 1.347 1.283 1.060 

FLQ-k-q-x1 1.165 1.082 0.681 1.844 1.650 0.736 

FLQ-k-r-x4 1.362 1.266 1.101 1.587 1.497 1.214 

FLQ-k-r-x1 1.368 1.224 0.764 2.059 1.842 0.893 

FLQ-j-q-x3 10.635 9.989 9.409 9.958 9.337 9.037 

FLQ-j-r-x3 10.769 10.095 9.474 10.166 9.516 9.174 
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Table 6.73. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound AGP. 

 

 

 

Table 6.74. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound AGQ. 

Conformers  DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
AGQ-m-r-u1 280.370 240.846 301.775 263.318 

AGQ-m-q-u1 280.392 241.039 301.763 263.325 

AGQ-k-q-u1 280.296 240.148 301.699 262.915 

AGQ-k-r-u1 280.244 239.934 301.674 262.834 

AGQ-m-r-u2 280.613 241.865 302.114 264.472 

AGQ-m-q-u2 280.613 241.924 302.104 264.479 

AGQ-g-r-u3 279.747 240.074 301.201 262.840 

AGQ-g-t-u3 279.745 240.064 300.869 261.073 

AGQ-g-q-u3 279.722 239.956 301.206 262.853 

AGQ-j-q-u3 279.811 240.141 301.228 262.705 

AGQ-j-r-u3 279.771 239.803 301.210 262.659 

AGQ-j-t-u3 279.771 239.803 300.864 263.212 

 

 

 

 

Conformers  DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 
AGP-m-r-u1 298.218 257.436 320.81 281.08 

AGP-m-s-u1 298.218 257.435 320.45 279.50 

AGP-p-t-u3 298.205 257.392 320.45 279.17 

AGP-m-q-u1 298.199 257.382 320.79 281.08 

AGP-p-r-u3 298.231 257.611 320.79 281.07 

AGP-k-q-u1 298.153 256.893 320.73 280.68 

AGP-k-r-u1 298.080 256.341 320.70 280.59 

AGP-m-r-u2 298.459 258.452 321.15 282.23 

AGP-g-r-u3 297.544 256.408 320.23 280.60 

AGP-g-q-u3 297.564 256.528 320.24 280.62 

AGP-j-q-u3 297.634 256.416 320.26 280.48 

AGP-j-r-u3 297.603 256.488 320.24 280.41 

AGP-j-s-u3 297.603 256.489 319.91 279.03 
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Table 6.75. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound AJP. 

 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
AJP-m-r-u1 301.708 260.817 324.999 285.347 

AJP-m-s-u1 301.706 260.805 324.640 283.758 

AJP-m-q-u1 301.685 260.625 324.984 285.334 

AJP-k-q-u1 301.637 260.077 324.920 284.919 

AJP-k-r-u1 301.586 259.963 324.893 284.830 

AJP-k-s-u1 301.583 259.929 324.546 283.138 

AJP-m-r-u2 301.954 261.785 325.336 286.488 

AJP-m-s-u2 301.954 261.782 324.976 284.888 

AJP-m-q-u2 301.921 261.509 325.323 286.489 

AJP-j-q-u3 300.842 259.120 324.201 284.105 

AJP-j-r-u3 300.806 259.124 324.177 284.039 

AJP-j-s-u3 300.806 259.117 323.849 282.646 

 

  

Table 6.76. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound AJQ. 

 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 
AJQ-p-q-u5 283.507 243.422 305.581 266.844 

AJQ-m-q-u1 283.502 243.457 305.624 266.922 

AJQ-m-q-u2 283.836 244.678 306.056 268.214 

AJQ-m-r-u2 283.814 244.363 306.064 268.206 

AJQ-p-q-u3 283.423 243.337 305.471 266.370 

AJQ-m-r-u1 283.423 243.327 305.411 266.270 

AJQ-p-q-u5 283.423 243.328 305.640 266.937 

AJQ-m-s-u1 283.413 243.153 305.471 266.363 

AJQ-p-r-u3 283.413 243.151 305.134 264.506 

AJQ-p-s-u3 283.387 242.968 305.460 266.396 

AJQ-m-q-u1 283.387 242.964 305.131 264.711 

AJQ-k-q-u1 283.408 243.275 305.459 266.376 

AJQ-k-q-u1 283.440 242.891 305.561 266.516 

AJQ-k-r-u1 283.312 242.351 305.389 265.920 

AJQ-j-q-u1 283.294 242.498 305.365 265.861 

AJQ-j-r-u1 283.072 242.694 305.242 266.453 

AJQ-p-q-u5 283.022 242.395 305.208 266.346 
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Table 6.77. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound ALP. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 
ALP-m-r-u1 310.904 268.757 334.122 293.330 

ALP-m-s-u1 310.904 268.753 333.764 291.699 

ALP-m-q-u1 310.866 268.617 334.109 293.328 

ALP-k-q-u1 310.849 268.267 334.044 292.914 

ALP-k-r-u1 310.793 268.043 334.017 292.831 

ALP-k-q-u1 310.742 268.271 334.019 293.229 

ALP-k-r-u1 310.681 268.081 333.992 293.150 

ALP-k-s-u1 310.682 268.087 333.643 291.366 

ALP-k-r-u3 310.673 267.859 333.971 292.721 

ALP-m-r-u2 311.116 269.537 334.459 294.477 

ALP-m-s-u2 311.116 269.534 334.100 292.836 

ALP-m-q-u2 311.108 269.549 334.447 294.480 

ALP-j-q-u3 310.211 267.815 333.548 293.027 

ALP-j-r-u3 310.180 267.857 333.526 292.961 

ALP-j-s-u3 310.179 267.852 333.199 291.560 

 

 

Table 6.78. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound ALQ. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
ALQ-m-r-u1 292.961 252.448 315.083 276.004 

ALQ-m-q-u1 292.975 252.633 315.070 276.000 

ALQ-k-q-u1 292.865 251.666 315.005 275.585 

ALQ-k-r-u1 292.823 251.568 314.981 275.507 

ALQ-m-r-u2 293.190 253.428 315.421 277.148 

ALQ-m-q-u2 293.161 253.295 315.410 277.154 

ALQ-j-q-u3 292.387 251.713 314.535 275.387 

ALQ-j-r-u3 292.352 251.433 314.516 275.328 

ALQ-j-q-u3 292.175 251.043 314.103 273.869 

ALQ-j-r-u3 292.154 250.220 314.083 273.827 
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Table 6.79. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound BGP. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 
BGP-p-s-v3 279.594 240.169 300.646 260.914 

BGP-p-t-v3 279.594 240.171 300.649 260.647 

BGP-m-r-v1 279.600 240.088 301.005 262.560 

BGP-m-s-v1 279.600 240.091 300.646 260.963 

BGP-m-q-v1 279.599 240.348 300.993 262.560 

BGP-k-q-v3 279.541 239.696 300.963 261.977 

BGP-k-r-v3 279.503 239.609 300.936 261.904 

BGP-k-s-v3 279.503 239.606 300.584 260.076 

BGP-m-r-v2 279.791 240.923 301.265 263.402 

BGP-m-s-v2 279.791 240.921 300.905 261.800 

BGP-m-q-v2 279.770 240.989 301.254 263.406 

BGP-g-r-v1 278.870 238.761 300.416 261.993 

BGP-g-q-v1 278.882 238.997 300.417 262.008 

BGP-j-q-v5 279.010 239.221 300.362 261.928 

BGP-j-r-v5 278.977 239.248 300.338 261.863 

BGP-j-s-v5 278.977 239.250 300.006 260.463 

 

 

Table 6.80. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound BGQ. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
BGQ-m-r-v1 261.755 223.650 281.973 244.801 

BGQ-m-q-v1 261.764 223.716 281.961 244.804 

BGQ-k-q-v1 261.701 223.141 281.930 244.205 

BGQ-k-r-v1 261.664 223.086 281.905 244.146 

BGQ-m-r-v2 261.957 224.440 282.234 245.645 

BGQ-m-q-v2 261.940 224.423 282.224 245.651 

BGQ-j-q-v3 261.174 222.826 281.414 244.162 

BGQ-j-r-v3 261.140 222.569 281.396 244.112 

BGQ-j-t-v3 261.140 222.562 281.049 244.662 
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Table 6.81. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound BJP. 

 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 
BJP-p-q-v3 283.089 243.554 305.195 266.819 

BJP-p-s-v3 283.090 243.557 304.836 265.214 

BJP-p-r-v3 283.082 243.500 305.183 266.813 

BJP-k-q-v1 283.035 242.941 305.151 266.213 

BJP-k-r-v1 283.003 243.055 305.124 266.132 

BJP-k-s-v1 283.003 243.050 304.774 264.344 

BJP-m-r-v2 283.305 244.444 305.456 267.655 

BJP-m-s-v2 283.305 244.446 305.096 266.049 

BJP-m-q-v2 283.282 244.370 305.444 267.662 

BJP-j-r-v3 282.224 241.986 304.387 265.561 

BJP-j-s-v3 282.184 242.014 304.363 265.492 

BJP-j-q-v3 282.185 242.015 304.034 264.095 

 

 

Table 6.82. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound BJQ. 

 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
BJQ-p-r-v3 265.030 226.405 285.968 248.517 

BJQ-m-s-v1 264.876 226.070 285.502 246.863 

BJQ-m-t-v1 264.876 226.072 285.507 246.454 

BJQ-m-q-v2 265.209 227.130 286.229 249.370 

BJQ-m-r-v2 265.203 226.966 286.239 249.361 

BJQ-m-q-v1 264.887 226.206 285.822 248.404 

BJQ-p-q-v3 264.798 226.019 285.836 248.415 

BJQ-p-q-v3 264.798 226.014 285.666 247.838 

BJQ-p-r-v3 264.767 225.637 285.657 247.871 

BJQ-p-s-v3 264.767 225.640 285.328 246.183 

BJQ-j-q-v3 264.446 225.552 285.427 247.904 

BJQ-j-r-v3 225.365 225.365 285.392 247.795 
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Table 6.83. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound BLP. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
BLP-k-q-v1 292.079 251.014 314.174 274.296 

BLP-p-s-v3 292.102 251.368 313.933 273.407 

BLP-p-t-v3 292.102 251.366 313.938 273.219 

BLP-m-r-v1 292.112 251.331 314.292 275.116 

BLP-m-s-v1 292.112 251.333 313.932 273.495 

BLP-m-r-v1 292.080 251.373 314.278 275.112 

BLP-k-r-v1 292.034 250.739 314.146 274.221 

BLP-k-s-v1 292.034 250.733 313.793 272.329 

BLP-p-q-v4 292.302 252.141 314.555 275.964 

BLP-p-s-v4 292.302 252.145 314.193 274.250 

BLP-p-t-v4 292.302 252.138 314.197 274.032 

BLP-p-r-v4 292.291 252.050 314.540 275.960 

BLP-j-q-v5 291.544 250.574 313.574 274.250 

BLP-j-r-v5 291.516 250.510 313.549 274.182 

BLP-j-s-v5 291.515 250.510 313.219 272.761 

 

 

Table 6.84. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound BLQ. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 
BLQ-p-q-v3 274.339 235.198 295.279 257.478 

BLQ-p-r-v3 274.329 235.152 295.270 295.270 

BLQ-p-r-v3 274.324 235.074 295.269 257.476 

BLQ-k-q-v1 274.250 234.585 295.237 256.894 

BLQ-k-r-v1 274.242 234.693 295.212 256.816 

BLQ-m-r-v1 274.162 234.744 294.808 255.542 

BLQ-m-q-v1 274.119 234.300 294.806 255.653 

BLQ-m-s-v1 274.117 234.276 294.462 256.487 

BLQ-p-q-v4 274.524 235.970 295.540 258.319 

BLQ-p-r-v4 274.495 235.788 295.530 258.325 

BLQ-j-q-v3 273.733 234.120 294.644 256.612 

BLQ-j-q-v5 273.734 234.119 294.559 256.611 

BLQ-j-r-v3 273.738 234.306 294.625 256.554 

BLQ-j-r-v5 273.738 234.302 294.539 256.555 

BLQ-j-t-v5 273.738 234.304 294.201 257.191 

BLQ-j-t-v3 273.738 234.301 294.287 257.211 
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Table 6.85. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound CGP. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
CGP-p-q-w5 261.140 222.966 281.388 244.134 

CGP-p-s-w5 261.140 222.963 281.028 242.450 

CGP-p-r-w5 261.149 222.943 281.374 244.131 

CGP-m-r-w1 261.128 222.769 281.327 243.862 

CGP-m-s-w1 261.129 222.767 280.968 242.282 

CGP-m-q-w1 261.104 222.588 281.317 243.874 

CGP-m-r-w2 261.263 223.190 281.511 244.442 

CGP-m-s-w2 261.263 223.184 281.149 242.816 

CGP-m-q-w2 261.241 223.260 281.501 244.451 

CGP-g-r-w5 260.664 222.483 280.864 243.755 

CGP-g-q-w5 260.670 222.495 280.857 243.751 

CGP-j-q-w5 260.654 221.930 280.915 243.609 

CGP-j-r-w5 260.650 222.230 280.896 243.560 

CGP-j-s-w5 260.651 222.229 280.564 242.156 

 

 

Table 6.86. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound CGQ. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 
CGQ-p-q-w5 243.305 206.396 262.355 226.371 

CGQ-m-q-w3 243.303 206.397 262.354 226.371 

CGQ-p-r-w5 243.297 206.434 262.344 226.375 

CGQ-m-r-w1 243.276 206.216 262.296 226.102 

CGQ-m-q-w1 243.277 206.211 262.287 226.115 

CGQ-j-q-w5 242.843 205.768 261.883 225.845 

CGQ-j-r-w5 242.817 205.615 261.865 225.797 

CGQ-j-t-w5 242.818 205.619 261.518 226.327 
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Table 6.87. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound CJP.  

 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 
CJP-p-q-w3 264.654 226.516 285.577 248.388 

CJP-p-s-w3 264.654 226.516 285.218 246.781 

CJP-p- r-w3 264.622 226.109 285.564 248.384 

CJP-m-r-w1 264.632 226.304 285.518 248.119 

CJP-m-r-w2 264.774 226.716 285.700 248.698 

CJP-m-s-w2 264.773 226.711 285.340 247.074 

CJP-m-t-w2 264.773 226.714 285.343 246.595 

CJP-m-q-w2 264.754 226.767 285.691 248.707 

CJP-j-q-w1 263.876 224.835 284.855 247.244 

CJP-j-r-w1 263.832 224.737 284.832 247.182 

CJP-j-s-w1 263.832 224.743 284.502 245.775 

 

 

Table 6.88. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound CJQ.  

 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 
CJQ-m-q-w6 246.562 209.157 266.349 230.091 

CJQ-m-r-w6 246.566 209.142 266.359 266.359 

CJQ-p-q-w5 246.422 208.791 266.218 229.983 

CJQ-m-q-w1 246.400 208.838 266.143 229.685 

CJQ-p-q-w5 246.332 208.689 266.223 230.001 

CJQ-p-q-w5 246.332 208.686 266.048 229.414 

CJQ-p-s-w5 246.290 208.211 265.707 227.734 

CJQ-m-r-w1 246.299 208.394 265.988 229.133 

CJQ-m-s-w1 246.299 208.393 265.653 227.080 

CJQ-m-q-w1 246.284 208.451 265.983 229.194 

CJQ-j-q-w5 246.110 208.473 265.896 229.590 

CJQ-j-r-w5 246.075 208.305 265.862 229.482 
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Table 6.89. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound CLP. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
CLP-p-q-w5 273.637 234.074 294.674 256.687 

CLP-p-s-w5 273.637 234.070 294.316 254.941 

CLP-p-r-w5 273.649 234.082 294.661 256.686 

CLP-p-r-w5 273.649 234.081 294.654 256.678 

CLP-m-r-w1 273.635 233.989 294.614 256.418 

CLP-m-s-w1 273.635 233.989 294.255 254.809 

CLP-m-q-w1 273.619 233.915 294.604 256.422 

CLP-m-q-w2 273.778 234.515 294.796 256.990 

CLP-m-s-w2 273.777 234.504 294.436 255.350 

CLP-m-q-w2 273.725 234.340 294.788 257.006 

CLP-j-q-w5 273.305 233.460 294.230 255.860 

CLP-j-r-w5 273.292 233.561 294.207 255.791 

CLP-j-s-w5 273.292 233.558 293.876 254.365 

CLP-j-q-w6 272.857 232.508 293.897 255.504 

CLP-j-r-w6 272.843 232.280 293.856 255.377 

CLP-j-s-w6 272.840 232.254 293.552 254.053 

 

 

 

Table 6.90. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound CLQ. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 
CLQ-p-q-w5 255.928 217.992 275.611 275.611 

CLQ-p-s-w5 255.928 217.991 275.269 236.939 

CLQ-m-q-w1 255.857 217.423 275.554 238.361 

CLQ-m-q-w1 255.914 217.923 275.599 238.626 

CLQ-m-r-w1 255.857 217.427 275.561 238.381 

CLQ-m-r-w1 255.871 217.610 275.541 238.363 

CLQ-m-s-w1 255.857 217.424 275.208 235.972 

CLQ-j-q-w5 255.430 217.025 275.144 275.144 

CLQ-j-r-w5 255.428 217.095 275.120 238.047 

CLQ-j-s-w6 255.427 217.092 274.804 236.583 
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Table 6.91. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound DGP. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
DGP-m-r 239.740 203.124 258.261 222.569 

DGP-m-s 239.740 203.122 257.899 220.971 

DGP-p-q 239.720 203.029 258.261 222.571 

DGP-p-s 239.720 203.024 257.899 220.889 

DGP-p-t 239.719 203.027 257.900 220.513 

DGP-m-q 239.725 203.088 258.248 222.574 

DGP-k-q 239.582 202.195 258.125 221.997 

DGP-k-r 239.533 202.051 258.098 221.920 

DGP-k-s 239.530 202.018 257.740 220.095 

DGP-g-r 239.159 202.345 257.731 222.188 

DGP-g-q 239.161 202.342 257.732 222.195 

DGP-j-q 239.241 202.409 257.761 222.028 

DGP-j-r 239.219 202.306 257.739 221.976 

DGP-j-s 239.220 202.312 257.407 220.568 

 

 

Table 6.92. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound DGQ. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
DGQ-m-r 221.907 186.602 239.228 204.815 

DGQ-p-q 221.875 186.422 239.227 204.803 

DGQ-m-q 221.884 186.537 239.216 204.816 

DGQ-m-q 221.871 186.354 239.218 204.813 

DGQ-k-q 221.746 185.744 239.093 204.235 

DGQ-k-r 221.705 185.625 239.068 204.168 

DGQ-g-r 221.339 185.871 238.697 204.422 

DGQ-g-t 221.341 185.877 238.360 204.963 

DGQ-g-q 221.343 185.940 238.703 204.434 

DGQ-j-q 221.402 185.873 238.728 204.262 

DGQ-j-r 221.388 185.836 238.709 204.220 

DGQ-j-t 221.388 185.834 238.361 204.715 
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Table 6.93. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound DJP. 

 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 
DJP-m-r 243.215 206.295 262.445 226.780 

DJP-p-s 243.216 206.297 262.089 225.215 

DJP-p-q 243.228 206.590 262.449 226.823 

DJP-m-q 243.228 206.591 262.437 226.826 

DJP-p-r 243.228 206.591 262.440 226.825 

DJP-k-q 243.047 205.300 262.311 226.230 

DJP-k-r 243.030 205.450 262.286 226.165 

DJP-k-r 243.030 205.451 262.289 226.176 

DJP-k-s 243.030 205.453 261.928 224.361 

DJP-j-q 242.409 204.767 261.700 225.660 

DJP-j-s 242.395 204.767 261.345 224.186 

DJP-j-r 242.394 204.760 261.677 225.603 

 

 

Table 6.94. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound DJQ. 

 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
DJQ-m-q 225.153 189.222 243.233 208.528 

DJQ-k-q 225.014 188.550 243.096 207.947 

DJQ-k-r 224.972 188.403 243.071 207.862 

DJQ-m-r 225.025 189.178 243.091 208.419 

DJQ-m-s 225.025 189.176 242.755 206.852 

DJQ-m-t 224.882 188.502 242.756 209.091 

DJQ-m-s 225.025 189.175 242.582 205.232 

DJQ-m-q 225.001 189.024 243.077 208.415 

DJQ-p-q 225.019 189.147 243.091 208.417 

DJQ-m-r 224.909 188.686 242.924 207.866 

DJQ-p-q 224.900 188.679 242.923 207.855 

DJQ-p-r 224.894 188.673 242.912 207.878 

DJQ-m-q 224.882 188.502 242.914 207.881 

DJQ-j-q 224.873 189.086 242.890 208.460 

DJQ-j-r 224.846 189.004 242.864 208.387 
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Table 6.95. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound DLP. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
DLP-m-r 252.264 214.392 271.546 235.121 

DLP-m-s 252.264 214.395 271.186 233.492 

DLP-p-q 252.235 214.266 271.548 235.128 

DLP-p-s 252.235 214.265 271.186 233.392 

CLP-p-t 252.235 214.266 271.187 235.723 

DLP-m-q 252.213 214.204 271.534 235.124 

DLP-p-r 252.217 214.183 271.533 235.125 

DLP-k-q 252.107 213.507 271.411 234.547 

DLP-k-r 252.040 213.240 271.386 234.484 

DLP-k-s 252.043 213.295 271.027 232.617 

DLP-j-q 251.759 213.676 271.047 234.584 

DLP-j-s 251.727 213.567 270.695 233.106 

DLP-j-r 251.717 213.569 271.026 234.525 

 

 

Table 6.96. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound DLQ. 

 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
DLQ-p-q 234.452 197.972 252.458 217.257 

DLQ-k-q 234.329 197.259 252.323 216.685 

DLQ-k-r 234.294 197.119 252.298 216.607 

DLQ-m-r 234.474 198.123 252.534 217.483 

DLQ-m-q 234.443 197.940 252.523 217.488 

DLQ-m-r 234.225 197.234 252.062 215.546 

DLQ-m-q 234.251 197.411 252.028 217.682 

DLQ-j-q 233.977 197.325 251.958 216.713 

DLQ-j-r 233.967 197.380 251.940 216.659 

DLQ-j-t 233.967 197.379 251.598 217.250 
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Table 6.97. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound EGP. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
EGP-m-r-x4 257.682 219.880 277.355 240.525 

EGP-m-s-x4 257.681 219.878 276.995 238.928 

EGP-m-q-x4 257.656 219.843 277.345 240.532 

EGP-m-r-x1 257.569 219.305 277.239 240.129 

EGP-m-s-x1 257.569 219.306 276.880 238.545 

EGP-p-q-x3 257.545 219.201 277.238 240.119 

EGP-p-s-x3 257.545 219.206 276.881 238.478 

EGP-m-q-x1 257.545 219.227 277.228 240.144 

EGP-k-q-x1 257.570 219.105 277.146 239.639 

EGP-k-r-x2 257.531 219.045 277.237 239.790 

EGP-k-q-x1 257.532 219.054 277.119 239.555 

EGP-k-s-x1 257.531 219.049 276.767 237.793 

EGP-g-r-x1 257.003 218.800 276.721 239.792 

EGP-g-q-x1 256.974 218.644 276.721 239.798 

EGP-j-q-x3 257.054 218.790 276.736 239.622 

EGP-j-r-x3 257.016 218.728 276.716 239.570 

EGP-j-s-x3 257.016 218.727 276.384 238.169 

 

 

Table 6.98. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound EGQ. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 
EGQ-m-r-x4 239.825 203.284 258.324 222.769 

EGQ-m-q-x4 239.806 203.137 258.315 222.777 

EGQ-m-r-x1 239.715 202.641 258.207 222.372 

EGQ-m-q-x1 239.705 202.647 258.197 222.386 

EGQ-p-q-x3 239.743 202.419 258.263 222.555 

EGQ-p-r-x3 239.743 202.591 258.252 222.577 

EGQ-k-q-x4 239.736 202.801 258.254 222.439 

EGQ-k-r-x4 239.691 202.689 258.229 222.360 

EGQ-g-r-x1 239.171 202.315 257.687 222.025 

EGQ-g-t-x1 239.169 202.313 257.351 220.056 

EGQ-g-q-x1 239.151 202.216 257.691 222.036 

EGQ-j-q-x3 239.196 202.070 257.704 221.857 

EGQ-j-r-x3 239.188 202.141 257.686 221.807 

EGQ-j-t-x3 239.189 202.137 257.337 222.338 
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Table 6.99. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound EJP. 

 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
EJP-m-s-x4 261.166 223.100 281.546 244.783 

EJP-m-r-x4 261.165 223.098 281.186 243.179 

EJP-m-q-x4 261.149 223.253 281.534 244.788 

EJP-p-s-x4 261.149 223.250 281.071 242.782 

EJP-p-q-x4 261.055 222.616 281.429 244.385 

EJP-p-r-x4 261.053 222.609 281.418 244.405 

EJP-k-q-x1 261.044 222.356 281.334 243.885 

EJP-k-r-x1 261.021 222.264 281.308 243.809 

EJP-k-r-x1 261.021 222.261 281.309 243.805 

EJP-k-s-x1 261.021 222.260 280.955 242.074 

EJP-j-q-x3 260.254 221.396 280.676 243.254 

EJP-j-r-x3 260.183 221.068 280.653 243.189 

EJP-j-s-x3 260.183 221.061 280.322 241.788 

 

 

Table 6.100. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound EJQ. 

 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
EJQ-m-q-x4 243.076 205.992 262.319 226.494 

EJQ-m-r-x4 243.086 205.987 262.328 226.482 

EJQ-p-q-x4 242.850 205.299 262.070 225.979 

EJQ-p-q-x4 242.722 204.786 261.903 225.421 

EJQ-m-r-x1 242.713 204.769 261.903 225.424 

EJQ-m-s-x1 242.713 204.766 261.563 226.084 

EJQ-p-r-x4 242.726 204.950 261.893 225.466 

EJQ-p-s-x4 242.726 204.948 261.561 223.756 

EJQ-m-q-x1 242.727 204.946 261.893 225.449 

EJQ-k-q-x4 242.748 204.902 261.944 225.437 

EJQ-k-r-x4 242.747 204.958 261.920 225.398 

EJQ-j-q-x3 242.474 204.889 261.716 225.600 

EJQ-j-r-x3 242.438 204.789 261.683 225.494 
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Table 6.101. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound ELP. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
ELP-m-s-x4 270.198 231.128 290.643 253.079 

ELP-m-q-x4 270.197 231.126 290.282 251.461 

ELP-m-q-x4 270.148 230.880 290.631 253.087 

ELP-m-r-x1 270.079 230.561 290.526 252.683 

ELP-m-s-x1 270.081 230.564 290.168 251.073 

ELP-p-s-x4 270.049 230.350 290.527 252.684 

ELP-p-s-x4 270.050 230.354 290.168 250.962 

ELP-m-q-x1 270.062 230.570 290.515 252.699 

ELP-k-q-x1 270.091 230.384 290.433 252.196 

ELP-k-r-x1 270.030 230.177 290.406 252.117 

ELP-k-s-x1 270.030 230.178 290.054 250.316 

ELP-j-q-x3 269.676 230.008 290.052 251.871 

ELP-j-r-x3 269.639 229.875 290.026 251.802 

ELP-j-s-x3 269.640 229.879 289.696 250.380 

ELP-j-q-x3 269.554 229.926 290.023 252.178 

ELP-j-r-x3 269.540 229.963 290.002 252.116 

ELP-j-s-x3 269.540 229.956 289.673 250.707 

 

 

Table 6.102. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound ELQ. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
ELQ-m-r-x4 252.437 215.035 271.630 235.444 

ELQ-m-q-x4 252.385 214.764 271.622 235.451 

ELQ-m-r-x1 252.269 214.122 271.514 235.047 

ELQ-m-q-x1 252.277 214.152 271.504 235.059 

ELQ-k-q-x4 252.335 214.466 271.561 235.118 

ELQ-k-r-x4 252.280 214.336 271.536 235.030 

ELQ-j-q-x3 251.785 213.676 271.014 234.540 

ELQ-j-r-x3 251.747 213.533 270.986 234.469 

ELQ-j-q-x3 251.788 213.492 270.965 234.125 

ELQ-j-r-x3 251.783 213.487 270.940 234.055 

ELQ-j-s-x3 251.783 213.484 270.626 232.623 
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Table 6.103. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound FGP. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
FGP-m-r-x4 275.515 236.282 296.369 258.195 

FGP-m-s-x4 275.515 236.281 296.009 256.602 

FGP-m-q-x4 275.482 236.141 296.358 258.201 

FGP-m-r-x1 275.433 235.702 296.252 257.731 

FGP-m-s-x1 275.433 235.701 295.894 256.157 

FGP-p-q-x4 275.424 235.701 296.253 257.734 

FGP-p-s-x4 275.424 235.700 295.895 256.078 

FGP-m-q-x1 275.434 235.887 296.240 257.747 

FGP-p-r-x4 275.438 235.792 296.241 257.746 

FGP-k-q-x1 275.408 235.645 296.172 257.063 

FGP-k-r-x1 275.377 235.648 296.145 256.989 

FGP-k-r-x1 275.377 235.650 296.159 258.705 

FGP-g-r-x1 274.791 234.909 295.726 257.392 

FGP-g-r-x1 274.791 234.909 295.723 257.380 

FGP-g-q-x1 274.792 234.934 295.726 257.400 

FGP-j-q-x3 274.854 234.963 295.741 257.238 

FGP-j-r-x3 274.826 234.917 295.721 257.184 

FGP-j-s-x3 274.688 234.055 295.390 255.795 

 

 

Table 6.104. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound FGQ. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
FGQ-m-r-x4 257.651 219.729 277.337 240.438 

FGQ-m-q-x4 257.658 219.719 277.328 240.446 

FGQ-p-q-x4 257.585 219.197 277.272 240.202 

FGQ-m-r-x1 257.586 219.198 277.220 239.970 

FGQ-m-q-x1 257.581 219.237 277.210 239.988 

FGQ-k-r-x4 257.534 219.180 277.244 240.031 

FGQ-g-r-x1 256.962 218.346 276.692 239.627 

FGQ-g-t-x1 256.952 218.421 276.358 237.806 

FGQ-g-q-x1 256.961 218.331 276.696 239.638 

FGQ-j-q-x3 257.014 218.436 276.708 239.473 

FGQ-j-r-x3 256.999 218.307 276.691 239.421 

FGQ-j-t-x3 256.883 217.594 276.343 239.964 
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Table 6.105. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound FJP. 

 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 
FJP-m-r-x4 279.011 239.708 300.559 262.453 

FJP-m-s-x4 279.011 239.701 300.200 260.849 

FJP-m-q-x4 278.978 239.502 300.548 262.458 

FJP-p-q-x4 278.933 239.275 300.441 261.989 

FJP-p-s-x4 278.933 239.273 300.084 260.396 

FJP-k-q-x1 278.884 238.859 300.360 261.331 

FJP-p-r-x1 278.871 238.901 300.430 262.010 

FJP-k-r-x1 278.872 238.910 300.332 261.261 

FJP-k-s-x1 278.871 238.901 299.984 259.562 

FJP-j-q-x3 278.045 237.555 299.681 260.871 

FJP-j-r-x3 278.008 237.473 299.658 260.805 

FJP-j-s-x3 278.007 237.469 299.327 259.407 

 

 

Table 6.106. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound FJQ. 

 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
FJQ-m-q-x4 260.884 222.534 281.281 244.183 

FJQ-m-r-x4 260.867 222.380 281.288 244.172 

FJQ-p-r-x4 260.815 222.007 281.161 243.730 

FJQ-p-q-x4 260.800 221.871 281.223 243.935 

FJQ-p-q-x4 260.800 221.871 281.169 243.703 

FJQ-m-q-x1 260.823 222.180 281.162 243.723 

FJQ-m-r-x1 260.797 221.927 281.170 243.710 

FJQ-k-q-x4 260.793 222.016 281.218 243.832 

FJQ-k-r-x4 260.727 221.712 281.194 243.760 

FJQ-j-q-x3 260.279 221.082 280.722 243.218 

FJQ-j-r-x3 260.254 221.080 280.687 243.105 

FJQ-j-r-x3 260.232 221.209 280.643 243.155 

FJQ-j-t-x3 260.232 221.211 280.301 243.758 

FJQ-j-q-x3 260.236 221.154 280.657 243.201 
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Table 6.107. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound FLP. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 
Correction (TG) 

(kcal/mol) 
FLP-m-r-x4 288.006 247.345 309.656 270.751 

FLP-m-q-x4 287.991 247.404 309.645 270.756 

FLP-m-r-x1 287.934 246.910 309.539 270.286 

FLP-m-s-x4 287.934 246.918 309.296 269.135 

FLP-m-s-x1 287.934 246.902 309.181 268.690 

FLP-p-q-x4 287.922 246.801 309.540 270.289 

FLP-p-s-x4 287.922 246.798 309.181 268.590 

FLP-m-q-x1 287.927 246.917 309.527 270.300 

FLP-k-q-x1 287.924 246.840 309.459 269.616 

FLP-k-r-x1 287.868 246.705 309.433 269.544 

FLP-k-s-x1 287.868 246.701 309.083 267.744 

FLP-j-q-x3 287.471 246.066 309.056 269.488 

FLP-j-r-x3 287.456 246.199 309.031 269.415 

FLP-j-s-x3 287.455 246.196 308.702 267.998 

FLP-j-q-x3 287.368 246.179 309.028 269.794 

FLP-j-r-x3 287.340 246.104 309.006 269.732 

FLP-j-s-x3 287.340 246.105 308.678 268.326 

 

 

Table 6.108. ZPE correction to the electronic energy (correction(ZPE), kcal/mol) and thermal 

correction to the Gibbs free energy (correction(TG), kcal/mol) of the calculated conformers of 

compound FLQ. 

Conformers DFT HF 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 

Correction (ZPE) 

(kcal/mol) 

Correction (TG) 

(kcal/mol) 
FLQ-p-q-x2 270.227 231.253 290.633 253.089 

FLQ-m-r-x4 287.934 246.918 290.643 253.113 

FLQ-m-q-x4 288.006 247.345 290.635 253.122 

FLQ-p-q-x4 270.173 230.871 290.526 252.648 

FLQ-m-r-x1 270.173 230.819 290.525 252.645 

FLQ-m-q-x1 270.167 230.835 290.517 252.661 

FLQ-m-q-x1 270.167 230.837 290.520 252.660 

FLQ-p-r-x4 270.157 230.733 290.566 252.887 

FLQ-p-r-x4 270.157 230.733 290.516 252.667 

FLQ-k-q-x4 270.165 230.965 290.576 252.788 

FLQ-k-q-x1 270.144 230.601 290.446 251.968 

FLQ-k-r-x4 270.132 230.825 290.550 252.703 

FLQ-k-r-x1 270.084 230.481 290.423 251.910 

FLQ-j-q-x3 269.581 229.859 290.020 252.155 

FLQ-j-r-x3 269.553 229.790 289.991 252.084 
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6.1.3. Parameters of the intramolecular hydrogen bonds present in the calculated conformers 

of the compounds considered. 

This section presents the tables reporting the parameters of the intramolecular hydrogen bonds 

(IHBs) present in the calculated conformers of the compounds considered. It can be recalled that 

the parameters of the IHBs are the following: bond length (H∙∙∙O), donor-acceptor distance (N∙∙∙O) 

and bond angle (NĤO). For each conformer, the IHBs present are indicated individually. When 

two IHBs have the same donor (H11), it indicates that they are bifurcated on H11. Conformers 

with no IHBs do not appear in these tables (j conformers). 

 

Table 6.109. Parameters of the hydrogen bonds in the conformers of compound AGP. 

Conformers  IHB 

considered 

H∙∙∙O bond length 

(Å) 

N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

AGP-m-r-u1 H11∙∙∙∙O10 2.595 2.506 2.498 2.430 73.20 74.09 

 H11∙∙∙∙O13 2.388 2.360 2.277 2.235 71.41 70.56 

 H14∙∙∙∙O9 2.055 2.082 2.867 2.855 135.32 132.87 

AGP-m-s-u1 H11∙∙∙∙O10 2.595 2.504 2.498 2.430 73.20 74.18 

 H11∙∙∙∙O13 2.388 2.361 2.277 2.235 71.41 70.49 

 H14∙∙∙∙O9 2.055 2.087 2.867 2.860 135.32 132.87 

AGP-p-t-u3 H11∙∙∙∙O9 2.596 2.505 2.499 2.430 73.17 74.17 

 H11∙∙∙∙O13 2.388 2.362 2.277 2.236 71.42 70.49 

 H14∙∙∙∙O10 2.054 2.086 2.866 2.858 135.34 132.82 

AGP-m-q-u1 H11∙∙∙∙O10 2.591 2.499 2.497 2.428 73.34 74.34 

 H11∙∙∙∙O13 2.390 2.364 2.278 2.236 71.33 70.39 

 H14∙∙∙∙O9 2.055 2.088 2.869 2.861 135.46 132.94 

AGP-p-r-u1 H11∙∙∙∙O9 2.591 2.499 2.497 2.428 73.34 74.36 

 H11∙∙∙∙O13 2.390 2.364 2.278 2.236 71.33 70.39 

 H14∙∙∙∙O10 2.056 2.088 2.869 2.861 135.44 132.94 

AGP-k-q-u1 H11∙∙∙∙O13 2.347 2.313 2.276 2.235 73.40 72.95 

 H14∙∙∙∙O10 1.990 2.026 2.827 2.818 137.95 134.96 

AGP-k-r-u1 H11∙∙∙∙O13 2.348 2.314 2.277 2.235 73.40 72.93 

 H14∙∙∙∙O10 1.993 2.031 2.829 2.823 137.87 134.93 

AGP-m-r-u2 H11∙∙∙∙O10 2.599 2.512 2.499 2.431 73.03 73.87 

 H11∙∙∙∙O13 2.386 2.354 2.279 2.235 71.57 70.83 

 H14∙∙∙∙O9 2.040 2.070 2.864 2.853 136.86 134.11 

AGP-g-r-u3 H11∙∙∙∙O9 2.443 2.394 2.464 2.405 79.27 78.63 

AGP-g-q-u3 H11∙∙∙∙O9 2.440 2.393 2.464 2.404 79.38 78.67 
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Table 6.110. Parameters of the hydrogen bonds in the conformers of compound AGQ. 

Conformers IHB 

considered 

H∙∙∙O bond length 

(Å) 

N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

AGQ-m-r-u1 H11∙∙∙∙O10 2.595 2.506 2.498 2.430 73.18 74.08 

 H11∙∙∙∙O13 2.388 2.360 2.278 2.235 71.42 70.56 

 H14∙∙∙∙O9 2.054 2.082 2.866 2.854 135.35 132.87 

AGQ-m-q-u1 H11∙∙∙∙O10 2.590 2.499 2.497 2.428 73.40 74.37 

 H11∙∙∙∙O13 2.390 2.364 2.278 2.326 71.34 70.40 

 H14∙∙∙∙O9 2.059 2.089 2.871 2.862 135.38 132.94 

AGQ-k-q-u1 H11∙∙∙∙O13 2.347 2.313 2.276 2.235 73.41 72.95 

 H14∙∙∙∙O10 1.991 2.026 2.827 2.819 137.93 134.97 

AGQ-k-r-u1 H11∙∙∙∙O13 2.348 2.314 2.276 2.235 73.40 72.93 

 H14∙∙∙∙O10 1.992 2.030 2.829 2.823 137.20 134.93 

AGQ-m-r-u2 H11∙∙∙∙O10 2.598 2.512 2.499 2.431 73.07 73.86 

 H11∙∙∙∙O13 2.386 3.354 2.279 2.235 71.58 70.83 

 H14∙∙∙∙O9 2.041 2.070 2.866 2.853 136.85 134.12 

AGQ-m-q-u2 H11∙∙∙∙O10 2.594 2.504 2.498 2.429 73.21 74.17 

 H11∙∙∙∙O13 2.388 2.358 2.279 2.236 71.50 70.67 

 H14∙∙∙∙O9 2.044 2.078 2.868 2.861 136.88 134.15 

AGQ-g-r-u3 H11∙∙∙∙O9 2.443 2.390 2.464 2.405 79.28 78.63 

AGQ-g-t-u3 H11∙∙∙∙O9 2.443 2.394 2.464 2.405 79.28 78.65 

AGQ-g-q-u3 H11∙∙∙∙O9 2.440 2.392 2.464 2.404 79.38 78.68 

 

 

Table 6.111. Parameters of the hydrogen bonds in the conformers of compound AJP. 

 
+ 

Conformers 
 

IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

AJP-m-r-u1 H11∙∙∙∙O10 2.595 2.506 2.498 2.430 73.20 74.08 

 H11∙∙∙∙O13 2.388 2.360 2.278 2.235 71.43 70.56 

 H14∙∙∙∙O9 2.056 2.083 2.867 2.855 135.25 132.82 

AJP-m-s-u1 H11∙∙∙∙O10 2.595 2.504 2.498 2.430 73.20 74.19 

 H11∙∙∙∙O13 2.388 2.361 2.278 2.235 71.43 70.49 

 H14∙∙∙∙O9 2.056 2.088 2.867 2.860 135.26 132.82 

AJP-m-q-u1 H11∙∙∙∙O10 2.592 2.499 2.498 2.429 73.34 74.35 

 H11∙∙∙∙O13 2.390 2.364 2.278 2.236 71.32 70.40 

 H14∙∙∙∙O9 2.055 2.089 2.868 2.862 135.41 132.87 

AJP-k-q-u1 H11∙∙∙∙O13 2.347 2.313 2.276 2.235 73.43 72.97 

 H14∙∙∙∙O10 1.989 2.026 2.826 2.818 137.97 134.96 

AJP-k-r-u1 H11∙∙∙∙O13 2.347 2.314 2.276 2.235 73.42 72.95 

 H14∙∙∙∙O10 1.993 2.030 2.829 2.823 137.93 134.93 

AJP-k-s-u1 H11∙∙∙∙O13 2.347 2.312 2.276 2.235 73.42 72.98 

 H14∙∙∙∙O10 1.993 2.026 2.829 2.819 137.93 134.93 
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AJP-m-r-u2 H11∙∙∙∙O10 2.598 2.511 2.499 2.431 73.10 73.88 

 H11∙∙∙∙O13 2.386 2.354 2.279 2.235 71.57 70.83 

 H14∙∙∙∙O9 2.042 2.071 2.866 2.854 136.80 134.06 

AJP-m-s-u2 H11∙∙∙∙O10 2.598 2.509 2.499 2.431 73.10 73.99 

 H11∙∙∙∙O13 2.386 2.355 2.279 2.235 71.57 70.76 

 H14∙∙∙∙O9 2.042 2.077 2.866 2.859 136.80 134.06 

AJP-m-q-u2 H11∙∙∙∙O10 2.593 2.504 2.498 2.429 73.27 74.18 

 H11∙∙∙∙O13 2.388 2.358 2.279 2.236 71.48 70.65 

 H14∙∙∙∙O9 2.045 2.078 2.869 2.861 136.86 134.11 

 

 

Table 6.112. Parameters of the hydrogen bonds in the conformers of compound AJQ. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

AJQ-p-q-u5 H11∙∙∙∙O9 2.594 2.511 2.498 2.431 73.24 73.87 

 H11∙∙∙∙O13 2.388 2.360 2.278 2.237 71.42 70.63 

 H14∙∙∙∙O10 2.057 2.080 2.868 2.854 135.28 133.06 

AJQ-m-q-u1 H11∙∙∙∙O10 2.592 2.500 2.497 2.429 73.32 74.34 

 H11∙∙∙∙O13 2.390 2.364 2.278 2.236 71.34 70.39 

 H14∙∙∙∙O9 2.057 2.089 2.869 2.861 135.36 132.87 

AJQ-m-q-u2 H11∙∙∙∙O10 2.596 2.504 2.499 2.430 73.17 74.17 

 H11∙∙∙∙O13 2.388 2.358 2.279 2.236 71.51 70.67 

 H14∙∙∙∙O9 2.042 2.078 2.867 2.861 136.84 134.10 

AJQ-m-r-u2 H11∙∙∙∙O10 2.598 2.512 2.499 2.431 73.08 73.85 

 H11∙∙∙∙O13 2.386 2.354 2.279 2.235 71.58 70.82 

 H14∙∙∙∙O9 2.042 2.070 2.866 2.853 136.78 134.08 

AJQ-p-q-u3 H11∙∙∙∙O9 2.595 2.507 2.499 2.430 73.21 74.07 

 H11∙∙∙∙O13 2.388 2.360 2.278 2.236 71.42 70.57 

 H14∙∙∙∙O10 2.056 2.083 2.867 2.855 135.25 132.78 

AJQ-m-r-u1 H11∙∙∙∙O9 2.595 2.511 2.499 2.431 73.21 73.86 

 H11∙∙∙∙O13 2.388 2.360 2.278 2.237 71.42 70.63 

 H14∙∙∙∙O10 2.056 2.079 2.867 2.853 135.25 133.06 

AJQ-p-q-u5 H11∙∙∙∙O9 2.595 2.506 2.499 2.430 73.21 74.09 

 H11∙∙∙∙O13 2.388 2.360 2.278 2.235 71.42 70.56 

 H14∙∙∙∙O10 2.056 2.083 2.867 2.855 135.25 132.79 

AJQ-m-s-u1 H11∙∙∙∙O10 2.594 2.507 2.498 2.430 73.25 74.07 

 H11∙∙∙∙O13 2.388 2.360 2.278 2.236 71.42 70.57 

 H14∙∙∙∙O9 2.057 2.083 2.868 2.855 132.26 132.78 

AJQ-p-r-u3 H11∙∙∙∙O10 2.594 2.504 2.498 2.430 73.24 74.20 

 H11∙∙∙∙O13 2.388 2.361 2.278 2.235 71.42 70.49 

 H14∙∙∙∙O9 2.057 2.088 2.868 2.860 135.26 132.79 

AJQ-p-s-u3 H11∙∙∙∙O9 2.592 2.500 2.498 2.429 73.33 74.35 

 H11∙∙∙∙O13 2.390 2.364 2.278 2.236 71.35 70.40 

 H14∙∙∙∙O10 2.058 2.089 2.870 2.862 135.32 132.85 

AJQ-m-q-u1 H11∙∙∙∙O9 2.592 2.505 2.498 2.431 73.33 74.18 

 H11∙∙∙∙O13 2.390 2.361 2.278 2.235 71.35 70.49 

 H14∙∙∙∙O10 2.058 2.088 2.870 2.859 135.32 132.79 
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AJQ-k-q-u1 H11∙∙∙∙O13 2.346 2.313 2.276 2.235 73.44 72.98 

 H14∙∙∙∙O10 1.991 2.026 2.828 2.819 137.95 134.95 

AJQ-k-q-u1 H11∙∙∙∙O13 2.346 2.312 2.276 2.235 73.44 72.99 

 H14∙∙∙∙O10 1.989 2.025 2.826 2.818 137.92 134.96 

AJQ-k-r-u1 H11∙∙∙∙O13 2.347 2.313 2.276 2.235 73.42 72.96 

 H14∙∙∙∙O10 1.992 2.031 2.828 2.823 137.93 134.92 

 

 

Table 6.113. Parameters of the hydrogen bonds in the conformers of compound ALP. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

ALP-m-r-u1 H11∙∙∙∙O10 2.595 2.507 2.498 2.430 73.22 74.07 

 H11∙∙∙∙O13 2.388 2.360 2.278 2.235 71.41 70.56 

 H14∙∙∙∙O9 2.055 2.082 2.867 2.854 135.34 132.85 

ALP-m-s-u1 H11∙∙∙∙O10 2.595 2.505 2.498 2.430 73.22 74.18 

 H11∙∙∙∙O13 2.388 2.361 2.278 2.235 71.42 70.49 

 H14∙∙∙∙O9 2.055 2.087 2.867 2.860 135.33 132.85 

ALP-m-q-u1 H11∙∙∙∙O10 2.591 2.499 2.497 2.428 73.37 74.35 

 H11∙∙∙∙O13 2.390 2.364 2.278 2.236 71.33 70.40 

 H14∙∙∙∙O9 2.057 2.089 2.870 2.862 135.43 132.91 

ALP-k-q-u1 H11∙∙∙∙O13 2.347 2.313 2.276 2.235 73.42 72.96 

 H14∙∙∙∙O10 1.990 2.026 2.827 2.818 137.97 134.97 

ALP-k-r-u1 H11∙∙∙∙O13 2.348 2.314 2.276 2.235 73.34 72.94 

 H14∙∙∙∙O10 1.993 2.031 2.829 2.823 137.91 134.93 

ALP-k-q-u1 H11∙∙∙∙O13 2.347 2.313 2.276 2.235 73.41 72.96 

 H14∙∙∙∙O10 1.990 2.026 2.827 2.818 137.95 134.97 

ALP-k-r-u1 H11∙∙∙∙O13 2.348 2.314 2.277 2.235 73.40 72.93 

 H14∙∙∙∙O10 1.993 2.030 2.830 2.823 137.91 134.93 

ALP-k-s-u1 H11∙∙∙∙O13 2.348 2.313 2.277 2.235 73.40 72.97 

 H14∙∙∙∙O10 1.993 2.026 2.830 2.819 137.91 134.94 

ALP-k-r-u3 H11∙∙∙∙O13 2.344 2.308 2.275 2.234 73.53 73.14 

 H14∙∙∙∙O10 1.979 2.008 2.821 2.805 138.47 135.46 

ALP-m-r-u2 H11∙∙∙∙O10 2.592 2.512 2.499 2.430 73.07 73.87 

 H11∙∙∙∙O13 2.386 2.354 2.279 2.235 71.57 70.83 

 H14∙∙∙∙O9 2.041 2.071 2.866 2.853 136.86 134.09 

ALP-m-s-u2 H11∙∙∙∙O10 2.598 2.510 2.499 2.431 73.07 73.98 

 H11∙∙∙∙O13 2.386 2.355 2.279 2.235 71.57 70.77 

 H14∙∙∙∙O9 2.041 2.076 2.866 2.859 136.86 134.09 

ALP-m-q-u2 H11∙∙∙∙O10 2.593 2.503 2.498 2.429 73.24 74.19 

 H11∙∙∙∙O13 2.388 2.358 2.279 2.236 71.45 70.66 

 H14∙∙∙∙O9 2.042 2.078 2.868 2.861 137.02 134.14 
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Table 6.114. Parameters of the hydrogen bonds in the conformers of compound ALQ. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

ALQ-m-r-u1 H11∙∙∙∙O10 2.596 2.506 2.499 2.430 73.17 74.08 

 H11∙∙∙∙O13 2.388 2.360 2.278 2.236 71.42 70.55 

 H14∙∙∙∙O9 2.053 2.082 2.866 2.854 135.36 132.87 

ALQ-m-q-u1 H11∙∙∙∙O10 2.590 2.499 2.497 2.428 73.39 74.37 

 H11∙∙∙∙O13 2.390 2.364 2.278 2.236 71.34 70.39 

 H14∙∙∙∙O9 2.059 2.089 2.871 2.862 135.37 132.93 

ALQ-k-q-u1 H11∙∙∙∙O13 2.347 2.313 2.276 2.235 73.40 72.95 

 H14∙∙∙∙O10 1.990 2.026 2.827 2.818 137.92 134.97 

ALQ-k-r-u1 H11∙∙∙∙O13 2.348 2.314 2.276 2.235 73.40 72.93 

 H14∙∙∙∙O10 1.993 2.030 2.829 2.823 137.90 134.93 

ALQ-m-r-u2 H11∙∙∙∙O10 2.598 2.512 2.499 2.431 73.09 73.87 

 H11∙∙∙∙O13 2.386 2.354 2.279 2.235 71.57 70.82 

 H14∙∙∙∙O9 2.041 2.070 2.866 2.853 136.86 134.11 

ALQ-m-q-u2 H11∙∙∙∙O10 2.595 2.504 2.498 2.429 73.19 74.17 

 H11∙∙∙∙O13 2.388 2.358 2.279 2.236 71.51 70.67 

 H14∙∙∙∙O9 2.043 2.078 2.868 2.861 136.87 134.15 

 

 

Table 6.115. Parameters of the hydrogen bonds in the conformers of compound BGP. 

Conformers IHB 

considered 

H∙∙∙O bond length 

(Å) 

N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

BGP-p-s-v3 H11∙∙∙∙O9 2.598 2.507 2.499 2.431 73.09 74.09 

 H11∙∙∙∙O13 2.387 2.360 2.277 2.235 71.44 70.52 

 H14∙∙∙∙O10 2.047 2.082 2.863 2.856 135.72 133.04 

BGP-p-t-v3 H11∙∙∙∙O9 2.598 2.507 2.499 2.431 73.09 74.07 

 H11∙∙∙∙O13 2.387 2.361 2.277 2.236 71.44 70.52 

 H14∙∙∙∙O10 2.047 2.080 2.863 2.855 135.72 133.01 

BGP-m-r-v1 H11∙∙∙∙O10 2.598 2.509 2.499 2.431 73.08 73.97 

 H11∙∙∙∙O13 2.387 2.359 2.277 2.235 71.43 70.59 

 H14∙∙∙∙O9 2.046 2.076 2.862 2.851 135.77 133.07 

BGP-m-s-v1 H11∙∙∙∙O10 2.598 2.508 2.499 2.431 73.08 74.07 

 H11∙∙∙∙O13 2.387 2.360 2.277 2.235 71.43 70.53 

 H14∙∙∙∙O9 2.046 2.081 2.862 2.855 135.78 133.04 

BGP-m-q-v1 H11∙∙∙∙O10 2.594 2.502 2.498 2.429 73.25 74.25 

 H11∙∙∙∙O13 2.389 2.363 2.278 2.236 71.36 70.43 

 H14∙∙∙∙O9 2.050 2.082 2.866 2.857 135.76 133.12 

BGP-k-q-v3 H11∙∙∙∙O13 2.346 2.308 2.275 2.233 73.41 73.10 

 H14∙∙∙∙O10 1.980 2.011 2.822 2.813 138.52 135.91 

BGP-k-r-v3 H11∙∙∙∙O13 2.346 2.309 2.275 2.233 73.38 73.08 

 H14∙∙∙∙O10 1.980 2.016 2.822 2.818 138.53 135.87 

BGP-k-s-v3 H11∙∙∙∙O13 2.346 2.307 2.275 2.232 73.37 73.11 

 H14∙∙∙∙O10 1.980 2.010 2.822 2.812 138.53 135.92 
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BGP-m-r-v2 H11∙∙∙∙O10 2.600 2.513 2.500 2.432 73.03 73.83 

 H11∙∙∙∙O13 2.384 2.351 2.278 2.234 71.64 70.94 

 H14∙∙∙∙O9 2.033 2.061 2.863 2.851 137.43 134.84 

BGP-m-s-v2 H11∙∙∙∙O10 2.600 2.511 2.500 2.432 73.03 73.93 

 H11∙∙∙∙O13 2.383 2.352 2.278 2.234 71.64 70.88 

 H14∙∙∙∙O9 2.033 2.066 2.863 2.856 137.43 134.85 

BGP-m-q-v2 H11∙∙∙∙O10 2.597 2.505 2.499 2.430 73.13 74.13 

 H11∙∙∙∙O13 2.385 2.355 2.278 2.235 71.57 70.77 

 H14∙∙∙∙O9 2.034 2.068 2.864 2.858 137.47 134.91 

BGP-g-r-v1 H11∙∙∙∙O9 2.439 2.392 2.464 2.405 79.46 78.71 

BGP-g-q-v1 H11∙∙∙∙O9 2.436 2.391 2.464 2.404 79.61 78.75 

 

 

Table 6.116. Parameters of the hydrogen bonds in the conformers of compound BGQ. 

Conformers IHB 

considered 

H∙∙∙O bond length 

(Å) 

N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

BGQ-m-r-v1 H11∙∙∙∙O10 2.598 2.509 2.499 2.431 73.08 73.98 

 H11∙∙∙∙O13 2.387 2.359 2.277 2.235 71.44 70.58 

 H14∙∙∙∙O9 2.047 2.075 2.863 2.850 135.73 133.08 

BGQ-m-q-v1 H11∙∙∙∙O10 2.592 2.501 2.498 2.429 73.29 74.23 

 H11∙∙∙∙O13 2.389 2.363 2.278 2.236 71.36 70.43 

 H14∙∙∙∙O9 2.051 2.084 2.867 2.859 135.81 133.12 

BGQ-k-q-v1 H11∙∙∙∙O13 2.346 2.308 2.274 2.233 73.38 73.10 

 H14∙∙∙∙O10 1.979 2.011 2.821 2.813 138.51 135.93 

BGQ-k-r-v1 H11∙∙∙∙O13 2.344 2.309 2.275 2.233 73.39 73.08 

 H14∙∙∙∙O10 1.982 2.016 2.824 2.818 138.50 135.86 

BGQ-m-r-v2 H11∙∙∙∙O10 2.601 2.513 2.500 2.432 72.99 73.81 

 H11∙∙∙∙O13 2.383 2.350 2.277 2.234 71.63 70.95 

 H14∙∙∙∙O9 2.031 2.060 2.861 2.851 137.48 134.86 

BGQ-m-q-v2 H11∙∙∙∙O10 2.598 2.505 2.499 2.430 73.10 74.12 

 H11∙∙∙∙O13 2.385 2.354 2.278 2.235 71.58 70.79 

 H14∙∙∙∙O9 2.033 2.068 2.863 2.858 137.48 134.90 

 

 

Table 6.117. Parameters of the hydrogen bonds in the conformers of compound BJP. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

BJP-p-q-v3 H11∙∙∙∙O9 2.597 2.509 2.499 2.431 73.11 73.98 

 H11∙∙∙∙O13 2.387 2.359 2.277 2.235 71.45 70.59 

 H14∙∙∙∙O10 2.049 2.077 2.864 2.851 135.62 133.01 

BJP-p-s-v3 H11∙∙∙∙O9 2.598 2.507 2.499 2.431 73.11 74.08 

 H11∙∙∙∙O13 2.387 2.360 2.277 2.235 71.45 70.52 

 H14∙∙∙∙O10 2.049 2.082 2.864 2.856 135.62 132.98 

BJP-p-r-v3 H11∙∙∙∙O9 2.594 2.502 2.498 2.429 73.25 74.25 
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 H11∙∙∙∙O13 2.389 2.363 2.278 2.236 71.35 70.42 

 H14∙∙∙∙O10 2.049 2.083 2.865 2.858 135.74 133.06 

BJP-k-q-v1 H11∙∙∙∙O13 2.345 2.307 2.274 2.233 73.41 73.13 

 H14∙∙∙∙O10 1.979 2.011 2.822 2.813 138.52 135.91 

BJP-k-r-v1 H11∙∙∙∙O13 2.346 2.308 2.275 2.233 73.40 73.11 

 H14∙∙∙∙O10 1.981 2.016 2.823 2.817 138.52 135.88 

BJP-k-s-v1 H11∙∙∙∙O13 2.346 2.307 2.275 2.232 73.40 73.13 

 H14∙∙∙∙O10 1.980 2.010 2.822 2.812 138.53 135.93 

BJP-m-r-v2 H11∙∙∙∙O10 2.599 2.513 2.500 2.432 73.05 73.84 

 H11∙∙∙∙O13 2.383 2.351 2.278 2.234 71.65 70.94 

 H14∙∙∙∙O9 2.034 2.062 2.864 2.852 137.35 134.78 

BJP-m-s-v2 H11∙∙∙∙O10 2.599 2.511 2.500 2.432 73.06 73.94 

 H11∙∙∙∙O13 2.383 2.352 2.278 2.234 71.65 70.88 

 H14∙∙∙∙O9 2.034 2.067 2.864 2.857 137.35 134.80 

BJP-m-q-v2 H11∙∙∙∙O10 2.596 2.505 2.499 2.430 73.15 74.14 

 H11∙∙∙∙O13 2.386 2.355 2.278 2.235 71.55 70.77 

 H14∙∙∙∙O9 2.034 2.068 2.864 2.859 137.43 134.86 

 

 

Table 6.118. Parameters of the hydrogen bonds in the conformers of compound BJQ. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

BJQ-p-r-v3 H11∙∙∙∙O9 2.593 2.502 2.498 2.429 73.26 74.24 

 H11∙∙∙∙O13 2.389 2.363 2.278 2.236 71.37 70.44 

 H14∙∙∙∙O10 2.051 2.083 2.867 2.857 135.75 133.07 

BJQ-m-s-v1 H11∙∙∙∙O10 2.598 2.507 2.499 2.431 73.10 74.09 

 H11∙∙∙∙O13 2.387 2.360 2.277 2.235 71.45 70.52 

 H14∙∙∙∙O9 2.048 2.083 2.863 2.856 135.64 132.96 

BJQ-m-t-v1 H11∙∙∙∙O10 2.598 2.507 2.499 2.431 73.10 74.08 

 H11∙∙∙∙O13 2.387 2.631 2.277 2.236 71.45 70.52 

 H14∙∙∙∙O9 2.048 2.082 2.863 2.855 135.63 132.92 

BJQ-m-q-v2 H11∙∙∙∙O10 2.595 2.504 2.499 2.429 73.21 74.18 

 H11∙∙∙∙O13 2.385 2.355 2.278 2.234 71.57 70.78 

 H14∙∙∙∙O9 2.036 2.070 2.866 2.861 137.44 134.86 

BJQ-m-r-v2 H11∙∙∙∙O10 2.601 2.513 2.500 2.432 73.00 73.83 

 H11∙∙∙∙O13 2.384 2.351 2.278 2.234 71.64 70.94 

 H14∙∙∙∙O9 2.033 2.061 2.862 2.851 137.36 134.80 

BJQ-m-q-v1 H11∙∙∙∙O10 2.595 2.502 2.498 2.429 73.21 74.25 

 H11∙∙∙∙O13 2.389 2.363 2.278 2.236 71.37 70.42 

 H14∙∙∙∙O9 2.049 2.083 2.865 2.857 135.73 133.04 

BJQ-p-q-v3 H11∙∙∙∙O9 2.597 2.509 2.499 2.431 73.13 73.99 

 H11∙∙∙∙O13 2.387 2.359 2.278 2.235 71.44 70.56 

 H14∙∙∙∙O10 2.049 2.077 2.864 2.851 135.62 132.98 

BJQ-p-q-v3 H11∙∙∙∙O9 2.598 2.509 2.499 2.431 73.12 73.99 

 H11∙∙∙∙O13 2.387 2.359 2.278 2.235 71.44 70.58 

 H14∙∙∙∙O10 2.050 2.077 2.864 2.851 135.62 132.99 

BJQ-p-r-v3 H11∙∙∙∙O9 2.595 2.502 2.498 2.429 73.21 74.26 
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 H11∙∙∙∙O13 2.389 2.363 2.278 2.236 71.38 70.42 

 H14∙∙∙∙O10 2.050 2.084 2.865 2.858 135.71 133.03 

BJQ-p-s-v3 H11∙∙∙∙O9 2.595 2.508 2.498 2.431 73.21 74.07 

 H11∙∙∙∙O13 2.389 2.360 2.278 2.235 71.38 70.52 

 H14∙∙∙∙O10 2.050 2.082 2.865 2.855 135.70 132.97 

 

 

Table 6.119. Parameters of the hydrogen bonds in the conformers of compound BLP. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

BLP-k-q-v1 H11∙∙∙∙O13 2.346 2.308 2.275 2.233 73.39 73.11 

 H14∙∙∙∙O10 1.980 2.011 2.822 2.813 138.51 135.91 

BLP-p-s-v3 H11∙∙∙∙O9 2.598 2.507 2.499 2.431 73.09 74.09 

 H11∙∙∙∙O13 2.387 2.360 2.277 2.235 71.45 70.53 

 H14∙∙∙∙O10 2.047 2.082 2.863 2.856 137.71 133.04 

BLP-p-t-v3 H11∙∙∙∙O9 2.598 2.507 2.499 2.431 73.09 74.08 

 H11∙∙∙∙O13 2.387 2.361 2.277 2.236 71.44 70.52 

 H14∙∙∙∙O10 2.047 2.081 2.863 2.855 135.72 133.01 

BLP-m-r-v1 H11∙∙∙∙O10 2.598 2.509 2.499 2.431 73.09 73.98 

 H11∙∙∙∙O13 2.387 2.359 2.277 2.235 71.44 70.59 

 H14∙∙∙∙O9 2.047 2.076 2.863 2.851 135.76 133.06 

BLP-m-s-v1 H11∙∙∙∙O10 2.598 2.507 2.499 2.431 73.09 74.07 

 H11∙∙∙∙O13 2.387 2.360 2.277 2.235 71.43 70.53 

 H14∙∙∙∙O9 2.047 2.081 2.863 2.855 135.77 133.04 

BLP-m-r-v1 H11∙∙∙∙O10 2.594 2.502 2.498 2.429 73.23 74.25 

 H11∙∙∙∙O13 2.389 2.363 2.278 2.236 71.37 70.43 

 H14∙∙∙∙O9 2.049 2.082 2.865 2.857 135.76 133.12 

BLP-k-r-v1 H11∙∙∙∙O13 2.347 2.309 2.275 2.233 73.38 73.08 

 H14∙∙∙∙O10 1.981 2.017 2.823 2.818 138.52 135.87 

BLP-k-s-v1 H11∙∙∙∙O13 2.347 2.307 2.275 2.232 73.37 73.11 

 H14∙∙∙∙O10 1.981 2.011 2.823 2.812 138.53 135.91 

BLP-p-q-v4 H11∙∙∙∙O9 2.599 2.513 2.500 2.432 73.04 73.81 

 H11∙∙∙∙O13 2.384 2.350 2.278 2.234 71.65 70.96 

 H14∙∙∙∙O10 2.033 2.061 2.863 2.851 137.42 134.83 

BLP-p-s-v4 H11∙∙∙∙O9 2.600 2.510 2.500 2.432 73.04 73.95 

 H11∙∙∙∙O13 2.384 2.352 2.278 2.234 71.65 70.88 

 H14∙∙∙∙O10 2.033 2.067 2.863 2.857 137.42 134.84 

BLP-p-t-v4 H11∙∙∙∙O9 2.599 2.511 2.500 2.432 73.05 73.95 

 H11∙∙∙∙O13 2.384 2.353 2.278 2.234 71.65 70.86 

 H14∙∙∙∙O10 2.033 2.066 2.863 2.856 137.42 134.77 

BLP-p-r-v4 H11∙∙∙∙O9 2.597 2.505 2.499 2.430 73.13 74.14 

 H11∙∙∙∙O13 2.385 2.355 2.278 2.235 71.57 70.78 

 H14∙∙∙∙O10 2.033 2.068 2.864 2.859 137.48 134.89 
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Table 6.120 Parameters of the hydrogen bonds in the conformers of compound BLQ. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

BLQ-p-q-v3 H11∙∙∙∙O9 2.598 2.509 2.499 2.431 73.08 73.98 

 H11∙∙∙∙O13 2.387 2.359 2.277 2.235 71.44 70.58 

 H14∙∙∙∙O10 2.047 2.076 2.863 2.850 135.72 133.06 

BLQ-p-r-v3 H11∙∙∙∙O9 2.592 2.501 2.498 2.429 73.29 74.28 

 H11∙∙∙∙O13 2.389 2.363 2.278 2.236 71.37 70.43 

 H14∙∙∙∙O10 2.051 2.084 2.867 2.859 135.80 133.11 

BLQ-p-r-v3 H11∙∙∙∙O9 2.594 2.502 2.498 2.429 73.25 74.24 

 H11∙∙∙∙O13 2.389 2.363 2.278 2.236 71.37 70.44 

 H14∙∙∙∙O10 2.050 2.082 2.866 2.857 135.78 133.12 

BLQ-k-q-v1 H11∙∙∙∙O13 2.346 2.308 2.275 2.233 73.39 73.10 

 H14∙∙∙∙O10 1.980 2.012 2.822 2.813 138.52 135.92 

BLQ-k-r-v1 H11∙∙∙∙O13 2.346 2.309 2.275 2.233 73.38 73.08 

 H14∙∙∙∙O10 1.980 2.016 2.822 2.817 138.52 135.87 

BLQ-m-s-v1 H11∙∙∙∙O10 2.593 2.508 2.498 2.431 73.26 74.06 

 H11∙∙∙∙O13 2.389 2.360 2.278 2.235 71.36 70.53 

 H14∙∙∙∙O9 2.049 2.080 2.866 2.855 135.83 133.06 

BLQ-m-r-v1 H11∙∙∙∙O10 2.597 2.509 2.499 2.431 73.11 73.97 

 H11∙∙∙∙O13 2.387 2.359 2.277 2.235 71.43 70.59 

 H14∙∙∙∙O9 2.046 2.075 2.863 2.850 135.82 133.10 

BLQ-m-q-v1 H11∙∙∙∙O10 2.593 2.502 2.498 2.429 73.26 74.26 

 H11∙∙∙∙O13 2.389 2.363 2.278 2.236 71.36 70.43 

 H14∙∙∙∙O9 2.049 2.083 2.866 2.858 135.83 133.14 

BLQ-p-q-v4 H11∙∙∙∙O9 2.600 2.513 2.500 2.432 73.02 73.82 

 H11∙∙∙∙O13 2.383 2.351 2.277 2.234 71.63 70.94 

 H14∙∙∙∙O10 2.032 2.061 2.862 2.851 137.44 134.84 

BLQ-p-r-v4 H11∙∙∙∙O9 2.595 2.504 2.499 2.429 73.20 74.16 

 H11∙∙∙∙O13 2.385 2.352 2.278 2.234 73.20 70.78 

 H14∙∙∙∙O10 2.036 2.069 2.866 2.860 137.46 134.90 
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Table 6.121. Parameters of the hydrogen bonds in the conformers of compound CGP. 

Conformers IHB 

considered 

H∙∙∙O bond length 

(Å) 

N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

CGP-p-q-w5 H11∙∙∙∙O9 2.587 2.498 2.497 2.428 73.51 74.40 

 H11∙∙∙∙O13 2.396 2.366 2.277 2.236 70.95 70.29 

 H14∙∙∙∙O10 2.063 2.098 2.866 2.858 134.38 131.52 

CGP-p-s-w5 H11∙∙∙∙O9 2.587 2.496 2.497 2.428 73.52 74.54 

 H11∙∙∙∙O13 2.396 2.367 2.277 2.236 70.95 70.20 

 H14∙∙∙∙O10 2.063 2.104 2.866 2.864 134.38 131.63 

CGP-p-r-w5 H11∙∙∙∙O9 2.583 2.491 2.496 2.427 73.67 74.69 

 H11∙∙∙∙O13 2.399 2.370 2.277 2.237 70.85 70.08 

 H14∙∙∙∙O10 2.065 2.104 2.869 2.865 134.52 131.71 

CGP-m-r-w1 H11∙∙∙∙O10 2.607 2.521 2.501 2.433 72.71 73.47 

 H11∙∙∙∙O13 2.389 2.356 2.282 2.237 71.59 70.85 

 H14∙∙∙∙O9 2.033 2.059 2.858 2.844 136.80 134.29 

CGP-m-s-w1 H11∙∙∙∙O10 2.607 2.519 2.501 2.433 72.70 73.59 

 H11∙∙∙∙O13 2.389 2.358 2.282 2.237 71.59 70.78 

 H14∙∙∙∙O9 2.033 2.064 2.858 2.849 136.81 134.32 

CGP-m-q-w1 H11∙∙∙∙O10 2.604 2.512 2.500 2.431 72.82 73.80 

 H11∙∙∙∙O13 2.391 2.361 2.282 2.238 71.50 70.68 

 H14∙∙∙∙O9 2.033 2.065 2.859 2.851 136.88 134.39 

CGP-m-r-w2 H11∙∙∙∙O10 2.603 2.512 2.501 2.431 72.88 73.84 

 H11∙∙∙∙O13 2.384 2.352 2.280 2.234 71.73 70.92 

 H14∙∙∙∙O9 2.025 2.058 2.852 2.845 137.10 134.38 

CGP-m-s-w2 H11∙∙∙∙O10 2.604 2.511 2.501 2.432 72.87 73.93 

 H11∙∙∙∙O13 2.384 2.353 2.280 2.234 71.73 70.85 

 H14∙∙∙∙O9 2.025 2.063 2.852 2.849 137.11 134.36 

CGP-m-q-w2 H11∙∙∙∙O10 2.600 2.505 2.500 2.430 72.99 74.14 

 H11∙∙∙∙O13 2.386 2.356 2.280 2.235 71.66 70.75 

 H14∙∙∙∙O9 2.026 2.065 2.854 2.852 137.15 134.42 

CGP-g-r-w5 H11∙∙∙∙O9 2.438 2.389 2.470 2.406 79.81 78.99 

CGP-g-q-w5 H11∙∙∙∙O9 2.435 2.386 2.470 2.406 79.95 79.10 
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Table 6.122. Parameters of the hydrogen bonds in the conformers of compound CGQ. 

Conformers IHB 

considered 

H∙∙∙O bond length 

(Å) 

N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

CGQ-p-q-w5 H11∙∙∙∙O9 2.587 2.498 2.497 2.428 73.53 74.42 

 H11∙∙∙∙O13 2.397 2.366 2.277 2.236 70.94 70.27 

 H14∙∙∙∙O10 2.063 2.098 2.866 2.858 134.41 131.55 

CGQ-m-q-w3 H11∙∙∙∙O10 2.587 2.498 2.497 2.428 73.53 74.40 

 H11∙∙∙∙O13 2.397 2.366 2.277 2.236 70.93 70.27 

 H14∙∙∙∙O9 2.062 2.097 2.866 2.857 134.46 131.57 

CGQ-p-r-w5 H11∙∙∙∙O9 2.582 2.491 2.495 2.427 73.72 74.70 

 H11∙∙∙∙O13 2.399 2.370 2.277 2.237 70.85 70.09 

 H14∙∙∙∙O10 2.067 2.105 2.871 2.866 134.49 131.71 

CGQ-m-q-w1 H11∙∙∙∙O10 2.602 2.512 2.500 2.431 72.89 73.82 

 H11∙∙∙∙O13 2.391 2.360 2.282 2.238 71.51 70.69 

 H14∙∙∙∙O9 2.036 2.067 2.861 2.852 136.87 134.38 

CGQ-m-r-w1 H11∙∙∙∙O10 2.607 2.521 2.501 2.433 72.72 73.46 

 H11∙∙∙∙O13 2.389 2.357 2.282 2.238 71.58 70.85 

 H14∙∙∙∙O9 2.033 2.058 2.858 2.844 136.80 134.30 

 

 

Table 6.123. Parameters of the hydrogen bonds in the conformers of compound CJP. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

CJP-p-q-w3 H11∙∙∙∙O9 2.587 2.489 2.497 2.428 73.53 74.40 

 H11∙∙∙∙O13 2.396 2.366 2.277 2.236 70.94 70.29 

 H14∙∙∙∙O10 2.064 2.099 2.867 2.858 134.36 131.48 

CJP-p-s-w3 H11∙∙∙∙O9 2.587 2.496 2.497 2.429 73.53 74.54 

 H11∙∙∙∙O13 2.396 2.367 2.277 2.236 73.53 70.19 

 H14∙∙∙∙O10 2.064 2.104 2.867 2.864 134.36 131.58 

CJP-p- r-w3 H11∙∙∙∙O9 2.582 2.491 2.495 2.427 73.73 74.68 

 H11∙∙∙∙O13 2.399 2.370 2.277 2.237 70.83 70.08 

 H14∙∙∙∙O10 2.066 2.104 2.870 2.865 134.48 131.64 

CJP-m-r-w1 H11∙∙∙∙O10 2.607 2.521 2.501 2.433 72.71 73.47 

 H11∙∙∙∙O13 2.389 2.356 2.282 2.237 71.59 70.85 

 H14∙∙∙∙O9 2.033 2.059 2.858 2.844 136.75 134.25 

CJP-m-r-w2 H11∙∙∙∙O10 2.603 2.512 2.501 2.432 72.90 73.84 

 H11∙∙∙∙O13 2.384 2.352 2.280 2.234 71.74 70.91 

 H14∙∙∙∙O9 2.027 2.059 2.854 2.845 137.10 134.31 

CJP-m-s-w2 H11∙∙∙∙O10 2.603 2.511 2.501 2.432 72.90 73.94 

 H11∙∙∙∙O13 2.384 2.353 2.280 2.234 71.74 70.85 

 H14∙∙∙∙O9 2.027 2.064 2.854 2.849 137.02 134.29 

CJP-m-t-w2 H11∙∙∙∙O10 2.603 2.510 2.500 2.432 72.90 73.98 

 H11∙∙∙∙O13 2.384 2.354 2.280 2.235 71.74 70.82 

 H14∙∙∙∙O9 2.027 2.065 2.854 2.850 137.01 134.22 

CJP-m-q-w2 H11∙∙∙∙O10 2.600 2.505 2.500 2.430 73.01 74.14 
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 H11∙∙∙∙O13 2.386 2.356 2.280 2.235 71.65 70.75 

 H14∙∙∙∙O9 2.027 2.066 2.854 2.852 137.05 134.36 

 

 

Table 6.124. Parameters of the hydrogen bonds in the conformers of compound CJQ. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

CJQ-m-q-w6 H11∙∙∙∙O10 2.582 2.491 2.495 2.427 73.73 74.71 

 H11∙∙∙∙O13 2.399 2.370 2.277 2.237 70.85 70.09 

 H14∙∙∙∙O9 2.068 2.106 2.871 2.866 134.43 131.67 

CJQ-m-r-w6 H11∙∙∙∙O10 2.587 2.498 2.497 2.428 73.53 74.41 

 H11∙∙∙∙O13 2.397 2.366 2.277 2.236 70.93 70.26 

 H14∙∙∙∙O9 2.063 2.098 2.866 2.858 134.37 131.50 

CJQ-p-q-w5 H11∙∙∙∙O9 2.586 2.498 2.497 2.428 73.58 74.43 

 H11∙∙∙∙O13 2.396 2.366 2.277 2.236 70.94 70.28 

 H14∙∙∙∙O10 2.066 2.100 2.868 2.859 134.34 131.43 

CJQ-m-q-w1 H11∙∙∙∙O10 2.604 2.513 2.500 2.431 72.82 73.80 

 H11∙∙∙∙O13 2.391 2.360 2.282 2.238 71.51 70.68 

 H14∙∙∙∙O9 2.035 2.067 2.859 2.852 136.78 134.25 

CJQ-p-q-w5 H11∙∙∙∙O9 2.587 2.499 2.497 2.429 73.54 74.37 

 H11∙∙∙∙O13 2.396 2.365 2.277 2.236 70.95 70.31 

 H14∙∙∙∙O10 2.064 2.100 2.867 2.858 134.33 131.41 

CJQ-p-q-w5 H11∙∙∙∙O9 2.587 2.498 2.497 2.429 73.54 74.41 

 H11∙∙∙∙O13 2.396 2.366 2.277 2.236 70.94 70.28 

 H14∙∙∙∙O10 2.065 2.100 2.867 2.858 134.32 131.43 

CJQ-p-s-w5 H11∙∙∙∙O9 2.583 2.496 2.496 2.429 73.67 74.52 

 H11∙∙∙∙O13 2.399 2.367 2.277 2.236 70.86 70.20 

 H14∙∙∙∙O10 2.066 2.104 2.869 2.863 134.38 131.54 

CJQ-m-r-w1 H11∙∙∙∙O10 2.607 2.521 2.501 2.433 72.72 73.47 

 H11∙∙∙∙O13 2.389 2.357 2.282 2.237 71.59 70.84 

 H14∙∙∙∙O9 2.034 2.060 2.858 2.844 136.74 134.23 

CJQ-m-s-w1 H11∙∙∙∙O10 2.607 2.518 2.501 2.433 72.71 73.61 

 H11∙∙∙∙O13 2.389 2.358 2.282 2.237 71.59 70.77 

 H14∙∙∙∙O9 2.034 2.065 2.8`58 2.850 136.74 134.27 

CJQ-m-q-w1 H11∙∙∙∙O10 2.605 2.512 2.500 2.431 72.81 73.81 

 H11∙∙∙∙O13 2.391 2.631 2.282 2.238 71.52 70.69 

 H14∙∙∙∙O9 2.035 2.068 2.859 2.852 136.78 134.26 
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Table 6.125. Parameters of the hydrogen bonds in the conformers of compound CLP. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

CLP-p-q-w5 H11∙∙∙∙O9 2.587 2.498 2.497 2.428 73.51 74.41 

 H11∙∙∙∙O13 2.396 2.366 2.277 2.236 70.95 70.28 

 H14∙∙∙∙O10 2.063 2.098 2.867 2.858 134.37 131.53 

CLP-p-s-w5 H11∙∙∙∙O9 2.587 2.496 2.497 2.428 73.51 74.54 

 H11∙∙∙∙O13 2.396 2.367 2.277 2.236 70.96 70.20 

 H14∙∙∙∙O10 0.063 2.104 2.866 2.864 134.37 131.62 

CLP-p-r-w5 H11∙∙∙∙O9 2.583 2.491 2.496 2.427 73.67 74.69 

 H11∙∙∙∙O13 2.399 2.370 2.277 2.237 70.85 70.08 

 H14∙∙∙∙O10 2.064 2.104 2.869 2.865 134.53 131.70 

CLP-p-r-w5 H11∙∙∙∙O9 2.583 2.490 2.496 2.426 73.67 74.73 

 H11∙∙∙∙O13 2.399 2.371 2.277 2.237 70.85 70.04 

 H14∙∙∙∙O10 2.064 2.103 2.869 2.865 134.53 131.73 

CLP-m-r-w1 H11∙∙∙∙O10 2.607 2.521 2.501 2.433 72.72 73.47 

 H11∙∙∙∙O13 2.389 2.356 2.282 2.237 71.60 70.85 

 H14∙∙∙∙O9 2.034 2.059 2.858 2.844 136.80 134.29 

CLP-m-s-w1 H11∙∙∙∙O10 2.607 2.519 2.501 2.358 72.71 73.59 

 H11∙∙∙∙O13 2.389 2.358 2.282 2.237 71.60 70.78 

 H14∙∙∙∙O9 2.033 2.064 2.858 2.849 136.80 134.32 

CLP-m-q-w1 H11∙∙∙∙O10 2.604 2.513 2.500 2.431 72.81 73.79 

 H11∙∙∙∙O13 2.391 2.360 2.282 2.238 71.50 70.69 

 H14∙∙∙∙O9 2.032 2.065 2.858 2.851 136.89 134.37 

CLP-m-q-w2 H11∙∙∙∙O10 2.603 2.512 2.501 2.431 72.88 73.84 

 H11∙∙∙∙O13 2.384 2.352 2.280 2.234 71.73 70.92 

 H14∙∙∙∙O9 2.025 2.058 2.853 2.845 137.09 134.40 

CLP-m-s-w2 H11∙∙∙∙O10 2.603 2.511 2.501 2.432 72.88 73.93 

 H11∙∙∙∙O13 2.384 2.353 2.280 2.234 71.73 70.85 

 H14∙∙∙∙O9 2.025 2.063 2.853 2.849 137.10 134.35 

CLP-m-q-w2 H11∙∙∙∙O10 2.600 2.505 2.500 2.430 73.00 74.14 

 H11∙∙∙∙O13 2.386 2.356 2.280 2.235 71.66 70.75 

 H14∙∙∙∙O9 2.026 2.065 2.854 2.852 137.14 134.41 

 

 

 

 

 

 

 

 

 



 

186 
 

Table 6.126. Parameters of the hydrogen bonds in the conformers of compound CLQ. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

CLQ-p-q-w5 H11∙∙∙∙O9 2.587 2.498 2.497 2.428 73.51 74.42 

 H11∙∙∙∙O13 2.396 2.366 2.277 2.236 70.94 70.28 

 H14∙∙∙∙O10 2.063 2.099 2.866 2.858 134.39 131.51 

CLQ-p-s-w5 H11∙∙∙∙O9 2.587 2.496 2.497 2.428 73.51 74.54 

 H11∙∙∙∙O13 2.396 2.367 2.277 2.236 70.95 70.20 

 H14∙∙∙∙O10 2.063 2.104 2.866 2.864 134.38 131.60 

CLQ-m-q-w1 H11∙∙∙∙O10 2.608 2.521 2.501 2.433 72.70 73.47 

 H11∙∙∙∙O13 2.389 2.356 2.282 2.237 71.58 70.85 

 H14∙∙∙∙O9 2.032 2.059 2.857 2.844 136.79 134.27 

CLQ-m-q-w1 H11∙∙∙∙O10 2.584 2.491 2.496 2.427 73.64 74.68 

 H11∙∙∙∙O13 2.399 2.370 2.277 2.237 70.84 70.08 

 H14∙∙∙∙O9 2.063 2.104 2.867 2.865 134.51 131.68 

CLQ-m-r-w1 H11∙∙∙∙O10 2.608 2.523 2.501 2.433 72.70 73.39 

 H11∙∙∙∙O13 2.389 2.355 2.282 2.238 71.58 70.92 

 H14∙∙∙∙O9 2.032 2.060 2.857 2.844 136.79 134.18 

CLQ-m-r-w1 H11∙∙∙∙O10 2.603 2.513 2.500 2.431 72.85 73.79 

 H11∙∙∙∙O13 2.391 2.360 2.282 2.238 71.49 70.68 

 H14∙∙∙∙O9 2.034 2.065 2.859 2.851 136.87 134.37 

CLQ-m-s-w1 H11∙∙∙∙O10 2.607 2.518 2.501 2.433 72.70 73.61 

 H11∙∙∙∙O13 2.389 2.358 2.282 2.237 71.58 70.78 

 H14∙∙∙∙O9 2.032 2.064 2.857 2.849 136.79 134.31 

 

 

Table 6.127. Parameters of the hydrogen bonds in the conformers of compound DGP. 

Conformers IHB 

considered 

H∙∙∙O bond length 

(Å) 

N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

DGP-m-r H11∙∙∙∙O10 2.599 2.511 2.499 2.431 73.03 73.89 

 H11∙∙∙∙O13 2.397 2.365 2.280 2.237 71.10 70.38 

 H14∙∙∙∙O9 2.050 2.080 2.856 2.845 134.71 132.14 

DGP-m-s H11∙∙∙∙O10 2.599 2.509 2.499 2.431 73.03 74.00 

 H11∙∙∙∙O13 2.397 2.367 2.280 2.237 71.10 70.31 

 H14∙∙∙∙O9 2.050 2.085 2.856 2.850 134.72 132.16 

DGP-p-q H11∙∙∙∙O9 2.559 2.511 2.499 2.431 73.03 73.88 

 H11∙∙∙∙O13 2.397 2.365 2.280 2.237 71.11 70.38 

 H14∙∙∙∙O10 2.051 2.080 2.856 2.845 134.68 132.14 

DGP-p-s H11∙∙∙∙O9 2.599 2.509 2.499 2.431 73.03 74.01 

 H11∙∙∙∙O13 2.397 2.367 2.280 2.237 71.11 70.31 

 H14∙∙∙∙O10 2.051 2.086 2.856 2.850 134.70 132.15 

DGP-p-t H11∙∙∙∙O9 2.599 2.508 2.499 2.431 73.03 74.02 

 H11∙∙∙∙O13 2.397 2.367 2.280 2.238 71.10 70.29 

 H14∙∙∙∙O10 2.051 2.085 2.856 2.849 134.69 132.10 

DGP-m-q H11∙∙∙∙O10 2.595 2.503 2.498 2.429 73.19 74.19 
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 H11∙∙∙∙O13 2.399 2.370 2.280 2.238 71.01 70.20 

 H14∙∙∙∙O9 2.052 2.087 2.858 2.852 134.81 132.22 

DGP-k-q H11∙∙∙∙O13 2.358 2.320 2.280 2.237 73.08 72.75 

 H14∙∙∙∙O10 1.980 2.019 2.810 2.806 137.24 134.33 

DGP-k-r H11∙∙∙∙O13 2.358 2.321 2.280 2.238 73.06 72.73 

 H14∙∙∙∙O10 1.981 2.023 2.810 2.809 137.24 134.31 

DGP-k-s H11∙∙∙∙O13 2.359 2.319 2.280 2.237 73.05 72.76 

 H14∙∙∙∙O10 1.981 2.019 2.811 2.805 137.23 134.31 

DGP-g-r H11∙∙∙∙O9 2.446 2.396 2.465 2.405 79.13 73.52 

DGP-g-q H11∙∙∙∙O9 2.445 2.395 2.464 2.405 79.19 78.56 

 

 

Table 6.128. Parameters of the hydrogen bonds in the conformers of compound DGQ. 

Conformers IHB 

considered 

H∙∙∙O bond length 

(Å) 

N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

DGQ-m-r H11∙∙∙∙O10 2.598 2.511 2.499 2.431 73.07 73.88 

 H11∙∙∙∙O13 2.397 2.365 2.280 2.237 71.09 70.37 

 H14∙∙∙∙O9 2.050 2.079 2.856 2.845 134.76 132.08 

DGQ-p-q H11∙∙∙∙O9 2.598 2.511 2.499 2.431 73.06 73.90 

 H11∙∙∙∙O13 2.397 2.366 2.280 2.237 71.10 70.37 

 H14∙∙∙∙O10 2.051 2.080 2.856 2.845 134.72 132.16 

DGQ-m-q H11∙∙∙∙O10 2.594 2.502 2.498 2.429 73.20 74.21 

 H11∙∙∙∙O13 2.399 2.370 2.280 2.238 71.02 70.21 

 H14∙∙∙∙O9 2.052 2.088 2.859 2.853 134.80 132.23 

DGQ-m-q H11∙∙∙∙O10 2.595 2.503 2.498 2.429 73.17 74.18 

 H11∙∙∙∙O13 2.399 2.369 2.280 2.238 71.02 70.21 

 H14∙∙∙∙O9 2.051 2.087 2.857 2.852 134.82 132.22 

DGQ-k-q H11∙∙∙∙O13 2.358 2.320 2.280 2.237 73.08 72.75 

 H14∙∙∙∙O10 1.981 2.019 2.811 2.806 137.24 134.34 

DGQ-k-r H11∙∙∙∙O13 2.358 2.321 2.280 2.238 73.07 72.73 

 H14∙∙∙∙O10 1.981 2.024 2.810 2.810 137.23 134.29 

DGQ-g-r H11∙∙∙∙O9 2.446 2.396 2.465 2.405 79.14 78.51 

DGQ-g-t H11∙∙∙∙O9 2.446 2.396 2.465 2.405 79.13 78.53 

DGQ-g-q H11∙∙∙∙O9 2.445 2.395 2.465 2.405 79.20 78.56 
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Table 6.129. Parameters of the hydrogen bonds in the conformers of compound DJP. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

DJP-m-r H11∙∙∙∙O10 2.598 2.513 2.499 2.431 73.08 73.81 

 H11∙∙∙∙O13 2.397 2.364 2.280 2.236 71.10 70.39 

 H14∙∙∙∙O9 2.052 2.076 2.857 2.842 134.66 132.27 

DJP-p-s H11∙∙∙∙O9 2.598 2.509 2.499 2.431 73.08 74.16 

 H11∙∙∙∙O13 2.397 2.367 2.280 2.237 71.10 70.30 

 H14∙∙∙∙O10 2.052 2.086 2.857 2.850 134.66 132.10 

DJP-p-q H11∙∙∙∙O9 2.595 2.511 2.498 2.431 73.18 73.91 

 H11∙∙∙∙O13 2.399 2.366 2.280 2.237 71.02 70.37 

 H14∙∙∙∙O10 2.052 2.081 2.858 2.845 134.76 132.10 

DJP-m-q H11∙∙∙∙O10 2.595 2.503 2.498 2.429 73.17 74.19 

 H11∙∙∙∙O13 2.399 2.370 2.280 2.238 71.02 70.20 

 H14∙∙∙∙O9 2.052 2.087 2.858 2.852 134.76 132.17 

DJP-p-r H11∙∙∙∙O9 2.595 2.504 2.498 2.429 73.17 74.17 

 H11∙∙∙∙O13 2.399 2.369 2.280 2.238 71.02 70.22 

 H14∙∙∙∙O10 2.052 2.088 2.858 2.852 134.76 132.14 

DJP-k-q H11∙∙∙∙O13 2.357 2.319 2.280 2.237 73.10 72.77 

 H14∙∙∙∙O10 7.980 2.019 2.810 2.805 137.25 134.32 

DJP-k-r H11∙∙∙∙O13 2.358 2.320 2.280 2.238 73.08 72.47 

 H14∙∙∙∙O10 1.981 2.024 2.810 2.809 137.25 134.29 

DJP-k-r H11∙∙∙∙O13 2.358 2.320 2.280 2.238 73.08 72.75 

 H14∙∙∙∙O10 1.981 2.025 2.810 2.810 137.25 134.28 

DJP-k-s H11∙∙∙∙O13 2.358 2.319 2.280 2.237 73.07 72.77 

 H14∙∙∙∙O10 1.982 2.018 2.811 2.804 137.22 134.31 

 

 

Table 6.130. Parameters of the hydrogen bonds in the conformers of compound DJQ. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

DJQ-m-q H11∙∙∙∙10 2.598 2.511 2.499 2.431 73.07 73.88 

 H11∙∙∙∙O13 2.397 2.366 2.280 2.237 71.08 70.37 

 H14∙∙∙∙O9 2.054 2.079 2.857 2.844 134.63 132.13 

DJQ-k-q H11∙∙∙∙O13 2.358 2.320 2.280 2.237 73.08 72.75 

 H14∙∙∙∙O10 1.979 2.019 2.809 2.805 137.26 134.33 

DJQ-m-r H11∙∙∙∙O10 2.599 2.510 2.499 2.431 73.06 73.93 

 H11∙∙∙∙O13 2.397 2.366 2.280 2.237 71.11 70.36 

 H14∙∙∙∙O9 2.052 2.082 2.857 2.846 134.60 132.07 

DJQ-k-r H11∙∙∙∙O13 2.358 2.320 2.280 2.238 73.08 72.75 

 H14∙∙∙∙O10 1.980 2.023 2.810 2.809 137.26 134.30 

DJQ-m-s H11∙∙∙∙O10 2.599 2.508 2.499 2.431 73.05 74.02 

 H11∙∙∙∙O13 2.397 2.367 2.280 2.237 71.11 70.30 

 H14∙∙∙∙O9 2.052 2.087 2.857 2.851 134.62 132.08 

DJQ-m-t H11∙∙∙∙O10 2.599 2.509 2.499 2.431 73.05 74.02 

 H11∙∙∙∙O13 2.396 2.367 2.280 2.238 71.11 70.29 
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 H14∙∙∙∙O9 2.052 2.086 2.857 2.850 134.60 132.01 

DJQ-m-s H11∙∙∙∙O10 2.599 2.508 2.499 2.431 73.06 74.03 

 H11∙∙∙∙O13 2.397 2.367 2.280 2.237 71.11 70.30 

 H14∙∙∙∙O9 2.052 2.086 2.857 2.851 134.61 132.08 

DJQ-m-q H11∙∙∙∙O10 2.595 2.503 2.498 2.429 73.17 74.19 

 H11∙∙∙∙O13 2.398 2.370 2.280 2.238 71.03 70.20 

 H14∙∙∙∙O9 2.053 2.087 2.858 2.852 134.71 132.15 

DJQ-p-q H11∙∙∙∙O9 2.598 2.510 2.499 2.431 73.07 73.92 

 H11∙∙∙∙O13 2.397 2.366 2.280 2.237 71.11 70.37 

 H14∙∙∙∙O10 2.053 2.082 2.857 2.846 134.61 132.07 

DJQ-m-r H11∙∙∙∙O10 2.598 2.511 2.499 2.431 73.07 73.89 

 H11∙∙∙∙O13 2.397 2.365 2.280 2.237 71.10 70.38 

 H14∙∙∙∙O9 2.052 2.081 2.857 2.845 134.63 132.06 

DJQ-p-q H11∙∙∙∙O9 2.597 2.511 2.499 2.431 73.11 73.90 

 H11∙∙∙∙O13 2.397 2.365 2.280 2.237 71.10 70.37 

 H14∙∙∙∙O10 2.054 2.081 2.858 2.846 134.62 132.06 

DJQ-p-r H11∙∙∙∙O9 2.595 2.503 2.498 2.429 73.19 74.20 

 H11∙∙∙∙O13 2.398 2.370 2.280 2.238 71.03 70.20 

 H14∙∙∙∙O10 2.054 2.088 2.859 2.853 134.67 132.12 

DJQ-m-q H11∙∙∙∙O10 2.596 2.503 2.498 2.429 73.16 74.18 

 H11∙∙∙∙O13 2.398 2.369 2.280 2.238 71.04 70.21 

 H14∙∙∙∙O9 2.053 2.088 2.858 2.852 134.66 132.12 

 

 

Table 6.131. Parameters of the hydrogen bonds in the conformers of compound DLP. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

DLP-m-r H11∙∙∙∙O10 2.599 2.510 2.499 2.431 73.03 73.91 

 H11∙∙∙∙O13 2.397 2.366 2.280 2.237 71.10 70.37 

 H14∙∙∙∙O9 2.050 2.080 2.856 2.845 134.72 132.15 

DLP-m-s H11∙∙∙∙O10 2.599 2.509 2.499 2.431 73.03 74.01 

 H11∙∙∙∙O13 2.397 2.367 2.280 2.237 71.10 70.31 

 H14∙∙∙∙O9 2.050 2.085 2.856 2.850 134.72 132.16 

DLP-p-q H11∙∙∙∙O9 2.600 2.511 2.499 2.431 73.01 73.89 

 H11∙∙∙∙O13 2.397 2.365 2.280 2.237 71.11 70.38 

 H14∙∙∙∙O10 2.050 2.080 2.855 2.845 134.69 132.13 

DLP-p-s H11∙∙∙∙O9 2.600 2.508 2.499 2.431 73.01 74.02 

 H11∙∙∙∙O13 2.397 2.367 2.280 2.237 71.11 70.31 

 H14∙∙∙∙O10 2.050 2.086 2.855 2.851 134.70 132.15 

CLP-p-t H11∙∙∙∙O9 2.599 2.508 2.499 2.431 73.01 74.02 

 H11∙∙∙∙O13 2.396 2.367 2.280 2.238 71.11 70.29 

 H14∙∙∙∙O10 2.050 2.085 2.855 2.849 134.71 132.09 

DLP-m-q H11∙∙∙∙O10 2.595 2.503 2.498 2.429 73.19 74.19 

 H11∙∙∙∙O13 2.399 2.370 2.280 2.238 71.02 70.20 

 H14∙∙∙∙O9 2.052 2.087 2.858 2.852 134.80 132.22 

DLP-p-r H11∙∙∙∙O9 2.594 2.503 2.498 2.429 73.20 74.20 

 H11∙∙∙∙O13 2.399 2.370 2.280 2.238 71.01 72.20 
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 H14∙∙∙∙O10 2.052 2.087 2.859 2.853 134.83 132.22 

DLP-k-q H11∙∙∙∙O13 2.358 2.320 2.280 2.237 73.08 72.75 

 H14∙∙∙∙O10 1.980 2.019 2.810 2.805 137.24 134.33 

DLP-k-r H11∙∙∙∙O13 2.358 2.321 2.280 2.238 73.06 72.73 

 H14∙∙∙∙O10 1.982 2.024 2.811 2.810 137.23 134.30 

DLP-k-s H11∙∙∙∙O13 2.359 2.319 2.280 2.237 73.05 72.76 

 H14∙∙∙∙O10 1.982 2.019 2.812 2.805 137.21 134.31 

 

 

Table 6.132. Parameters of the hydrogen bonds in the conformers of compound DLQ. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

DLQ-p-q H11∙∙∙∙O9 2.598 2.510 2.499 2.431 73.07 73.90 

 H11∙∙∙∙O13 2.397 2.366 2.280 2.237 71.10 70.36 

 H14∙∙∙∙O10 2.051 2.080 2.857 2.845 134.69 132.16 

DLQ-k-q H11∙∙∙∙O13 2.358 2.320 2.280 2.237 73.07 72.74 

 H14∙∙∙∙O10 1.980 2.020 2.810 2.806 137.26 134.34 

DLQ-k-r H11∙∙∙∙O13 2.358 2.321 2.280 2.238 73.05 72.73 

 H14∙∙∙∙O10 7.975 2.023 2.809 2.809 137.29 134.31 

DLQ-m-r H11∙∙∙∙O10 2.598 2.511 2.499 2.431 73.08 73.90 

 H11∙∙∙∙O13 2.397 2.366 2.280 2.237 71.10 70.36 

 H14∙∙∙∙O9 2.051 2.080 2.857 2.845 134.72 132.16 

DLQ-m-q H11∙∙∙∙O10 2.595 2.502 2.498 2.429 73.20 74.22 

 H11∙∙∙∙O13 2.398 2.370 2.280 2.238 71.03 70.19 

 H14∙∙∙∙O9 2.053 2.087 2.859 2.853 134.79 132.26 

DLQ-m-r H11∙∙∙∙O10 2.599 2.511 2.499 2.431 73.03 73.90 

 H11∙∙∙∙O13 2.397 2.366 2.280 2.237 71.09 70.37 

 H14∙∙∙∙O9 2.049 2.079 2.855 2.845 134.78 132.18 

DLQ-m-q H11∙∙∙∙O10 2.595 2.503 2.498 2.429 73.16 74.20 

 H11∙∙∙∙O13 2.398 2.370 2.280 2.238 71.03 70.20 

 H14∙∙∙∙O9 2.051 2.087 2.857 2.853 134.84 132.24 
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Table 6.133. Parameters of the hydrogen bonds in the conformers of compound EGP. 

Conformers IHB 

considered 

H∙∙∙O bond length 

(Å) 

N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

EGP-m-r-x4 H11∙∙∙∙O10 2.596 2.510 2.499 2.431 73.15 73.93 

 H11∙∙∙∙O13 2.391 2.360 2.279 2.236 71.30 70.55 

 H14∙∙∙∙O9 2.053 2.079 2.863 2.850 135.17 132.79 

EGP-m-s-x4 H11∙∙∙∙O10 2.597 2.508 2.499 2.431 73.14 74.02 

 H11∙∙∙∙O13 2.391 2.362 2.279 2.236 71.30 70.49 

 H14∙∙∙∙O9 2.052 2.083 2.863 2.855 135.18 132.80 

EGP-m-q-x4 H11∙∙∙∙O10 2.592 2.502 2.497 2.429 73.30 74.21 

 H11∙∙∙∙O13 2.393 2.365 2.279 2.237 71.21 70.39 

 H14∙∙∙∙O9 2.054 2.085 2.865 2.857 135.28 132.87 

EGP-m-r-x1 H11∙∙∙∙O10 2.594 2.505 2.498 2.430 73.20 74.11 

 H11∙∙∙∙O13 2.391 2.363 2.277 2.236 71.25 70.41 

 H14∙∙∙∙O9 2.054 2.085 2.865 2.853 135.22 132.44 

EGP-m-s-x1 H11∙∙∙∙O10 2.594 2.504 2.498 2.430 73.20 74.22 

 H11∙∙∙∙O13 2.391 2.364 2.277 2.236 71.25 70.35 

 H14∙∙∙∙O9 2.054 2.090 2.865 2.858 135.22 132.46 

EGP-p-q-x3 H11∙∙∙∙O9 2.595 2.505 2.498 2.430 73.18 74.12 

 H11∙∙∙∙O13 2.391 2.363 2.277 2.236 71.25 70.42 

 H14∙∙∙∙O10 2.054 2.085 2.864 2.854 135.13 132.45 

EGP-p-s-x3 H11∙∙∙∙O9 2.595 2.503 2.498 2.430 73.17 74.23 

 H11∙∙∙∙O13 2.391 2.364 2.277 2.236 71.26 70.35 

 H14∙∙∙∙O10 2.054 2.090 2.864 2.859 135.12 132.45 

EGP-m-q-x1 H11∙∙∙∙O10 2.592 2.498 2.497 2.428 73.30 74.39 

 H11∙∙∙∙O13 2.392 2.367 2.277 2.237 71.19 70.24 

 H14∙∙∙∙O9 2.054 2.091 2.866 2.860 135.32 132.52 

EGP-k-q-x1 H11∙∙∙∙O13 2.349 2.318 2.276 2.236 73.35 72.82 

 H14∙∙∙∙O10 1.975 2.028 2.814 2.816 138.27 134.48 

EGP-k-r-x2 H11∙∙∙∙O13 2.349 2.312 2.276 2.235 73.31 73.02 

 H14∙∙∙∙O10 1.974 2.009 2.814 2.803 138.26 135.23 

EGP-k-q-x1 H11∙∙∙∙O13 2.349 2.319 2.276 2.237 73.32 72.79 

 H14∙∙∙∙O10 1.973 2.032 2.814 2.820 138.25 134.47 

EGP-k-s-x1 H11∙∙∙∙O13 2.349 2.317 2.276 2.236 73.32 72.82 

 H14∙∙∙∙O10 1.975 2.029 2.814 2.817 138.26 134.44 

EGP-g-r-x1 H11∙∙∙∙O9 2.446 2.396 2.465 2.405 79.14 78.53 

EGP-g-q-x1 H11∙∙∙∙O9 2.444 2.395 2.464 2.405 79.20 78.57 
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Table 6.134. Parameters of the hydrogen bonds in the conformers of compound EGQ. 

Conformers IHB 

considered 

H∙∙∙O bond length 

(Å) 

N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

EGQ-m-r-x4 H11∙∙∙∙O10 2.597 2.510 2.499 2.431 73.13 73.91 

 H11∙∙∙∙O13 2.391 2.360 2.279 2.236 71.29 70.55 

 H14∙∙∙∙O9 2.052 2.078 2.862 2.850 135.22 132.81 

EGQ-m-q-x4 H11∙∙∙∙O10 2.593 2.503 2.498 2.429 73.27 74.20 

 H11∙∙∙∙O13 2.393 2.364 2.279 2.237 71.22 70.40 

 H14∙∙∙∙O9 2.054 2.085 2.864 2.857 135.27 132.86 

EGQ-m-r-x1 H11∙∙∙∙O10 2.595 2.506 2.498 2.430 73.20 74.10 

 H11∙∙∙∙O13 2.391 2.363 2.277 2.236 71.25 70.41 

 H14∙∙∙∙O9 2.053 2.084 2.864 2.853 135.21 132.44 

EGQ-m-q-x1 H11∙∙∙∙O10 2.591 2.498 2.497 2.428 73.33 74.41 

 H11∙∙∙∙O13 2.392 2.367 2.277 2.237 71.18 70.24 

 H14∙∙∙∙O9 2.055 2.093 2.867 2.862 135.30 132.53 

EGQ-p-q-x3 H11∙∙∙∙O9 2.605 2.515 2.499 2.432 72.73 73.69 

 H11∙∙∙∙O13 2.386 2.360 2.278 2.237 71.54 70.63 

 H14∙∙∙∙O10 2.037 2.070 2.859 2.847 136.49 133.37 

EGQ-p-r-x3 H11∙∙∙∙O9 2.600 2.506 2.493 2.429 72.91 74.05 

 H11∙∙∙∙O13 2.388 2.364 2.279 2.238 71.44 70.47 

 H14∙∙∙∙O10 2.040 2.080 2.862 2.856 136.55 133.41 

EGQ-k-q-x4 H11∙∙∙∙O13 2.352 2.315 2.277 2.235 73.24 72.89 

 H14∙∙∙∙O10 1.986 2.021 2.820 2.813 137.69 134.85 

EGQ-k-r-x4 H11∙∙∙∙O13 2.352 2.316 2.278 2.236 73.23 72.88 

 H14∙∙∙∙O10 1.988 2.026 2.822 2.817 137.67 134.80 

EGQ-g-r-x1 H11∙∙∙∙O9 2.446 2.396 2.465 2.405 79.14 78.53 

EGQ-g-t-x1 H11∙∙∙∙O9 2.446 2.396 2.465 2.405 79.14 78.55 

EGQ-g-q-x1 H11∙∙∙∙O9 2.444 2.395 2.464 2.405 79.20 78.58 

 

 

Table 6.135. Parameters of the hydrogen bonds in the conformers of compound EJP. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

EJP-m-s-x4 H11∙∙∙∙O10 2.596 2.510 2.499 2.431 73.15 73.93 

 H11∙∙∙∙O13 2.391 2.360 2.279 2.236 71.31 70.56 

 H14∙∙∙∙O9 2.055 2.079 2.863 2.850 135.05 132.74 

EJP-m-r-x4 H11∙∙∙∙O10 2.597 2.508 2.499 2.431 73.14 74.03 

 H11∙∙∙∙O13 2.391 2.362 2.279 2.236 71.32 74.49 

 H14∙∙∙∙O9 2.054 2.084 2.863 2.855 135.05 132.75 

EJP-m-q-x4 H11∙∙∙∙O10 2.592 2.503 2.498 2.429 73.30 74.21 

 H11∙∙∙∙O13 2.393 2.365 2.279 2.237 71.21 70.38 

 H14∙∙∙∙O9 2.055 2.086 2.865 2.857 135.18 132.82 

EJP-p-s-x4 H11∙∙∙∙O9 2.593 2.503 2.498 2.430 73.29 74.22 

 H11∙∙∙∙O13 2.393 2.364 2.279 2.236 71.22 70.35 

 H14∙∙∙∙O10 2.055 2.091 2.865 2.859 135.19 132.40 
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EJP-p-q-x4 H11∙∙∙∙O9 2.594 2.506 2.498 2.430 73.22 74.10 

 H11∙∙∙∙O13 2.391 2.363 2.277 2.236 71.26 70.41 

 H14∙∙∙∙O10 2.055 2.085 2.865 2.853 135.13 132.38 

EJP-p-r-x4 H11∙∙∙∙O9 2.591 2.499 2.497 2.428 73.33 74.38 

 H11∙∙∙∙O13 2.393 2.367 2.277 2.237 71.17 70.24 

 H14∙∙∙∙O10 2.055 2.092 2.866 2.860 135.28 132.47 

EJP-k-q-x1 H11∙∙∙∙O13 2.348 2.317 2.276 2.236 73.35 72.83 

 H14∙∙∙∙O10 1.974 2.028 2.814 2.816 138.26 134.45 

EJP-k-r-x1 H11∙∙∙∙O13 2.349 2.318 2.276 2.237 73.33 72.81 

 H14∙∙∙∙O10 1.975 2.033 2.814 2.821 138.25 134.44 

EJP-k-r-x1 H11∙∙∙∙O13 2.349 2.318 2.276 2.237 73.33 72.81 

 H14∙∙∙∙O10 1.975 2.033 2.814 2.821 138.25 134.46 

EJP-k-s-x1 H11∙∙∙∙O13 2.349 2.317 2.276 2.237 73.33 72.84 

 H14∙∙∙∙O10 1.975 2.029 2.814 2.817 138.25 134.42 

 

 

Table 6.136. Parameters of the hydrogen bonds in the conformers of compound EJQ. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

EJQ-m-q-x4 H11∙∙∙∙O10 2.592 2.508 2.497 2.431 73.32 74.03 

 H11∙∙∙∙O13 2.393 2.362 2.279 2.236 71.22 70.49 

 H14∙∙∙∙O9 2.057 2.084 2.867 2.855 135.19 132.75 

EJQ-m-r-x4 H11∙∙∙∙O10 2.596 2.510 2.499 2.431 73.15 73.93 

 H11∙∙∙∙O13 2.392 2.360 2.279 2.236 71.29 70.56 

 H14∙∙∙∙O9 2.052 2.079 2.862 2.850 135.14 132.74 

EJQ-p-q-x4 H11∙∙∙∙O9 2.594 2.505 2.498 2.430 73.22 74.12 

 H11∙∙∙∙O13 2.391 2.363 2.277 2.236 71.26 70.41 

 H14∙∙∙∙O10 2.056 2.086 2.865 2.854 135.11 132.36 

EJQ-p-q-x4 H11∙∙∙∙O9 2.595 2.506 2.498 2.430 73.17 74.10 

 H11∙∙∙∙O13 2.391 2.363 2.277 2.236 71.25 70.43 

 H14∙∙∙∙O10 2.055 2.086 2.864 2.854 135.04 132.35 

EJQ-m-r-x1 H11∙∙∙∙O10 2.595 2.506 2.498 2.430 73.18 74.09 

 H11∙∙∙∙O13 2.391 2.363 2.277 2.236 71.25 70.43 

 H14∙∙∙∙O9 2.055 2.086 2.865 2.853 135.06 132.35 

EJQ-m-s-x1 H11∙∙∙∙O10 2.595 2.503 2.498 2.430 73.17 74.24 

 H11∙∙∙∙O13 2.340 2.364 2.277 2.236 71.26 70.34 

 H14∙∙∙∙O9 2.055 2.091 2.864 2.859 135.06 132.38 

EJQ-p-r-x4 H11∙∙∙∙O9 2.591 2.499 2.497 2.428 73.33 74.37 

 H11∙∙∙∙O13 2.393 2.367 2.278 2.237 71.17 70.25 

 H14∙∙∙∙O10 2.056 2.090 2.867 2.861 135.19 132.43 

EJQ-p-s-x4 H11∙∙∙∙O9 2.591 2.504 2.497 2.430 73.33 74.21 

 H11∙∙∙∙O13 2.392 2.364 2.277 2.236 71.17 70.34 

 H14∙∙∙∙O10 2.056 2.090 2.867 2.858 135.20 132.37 

EJQ-m-q-x1 H11∙∙∙∙O10 2.591 2.499 2.497 2.428 73.33 74.37 

 H11∙∙∙∙O13 2.393 2.367 2.278 2.237 71.17 70.25 

 H14∙∙∙∙O9 2.056 2.092 2.866 2.860 135.19 132.43 

EJQ-k-q-x4 H11∙∙∙∙O13 2.351 2.314 2.277 2.235 73.29 72.93 
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 H14∙∙∙∙O10 1.987 2.021 2.821 2.812 137.65 134.83 

EJQ-k-r-x4 H11∙∙∙∙O13 2.351 2.315 2.277 2.236 73.27 72.91 

 H14∙∙∙∙O10 1.988 2.026 2.821 2.817 137.66 134.79 

 

 

Table 6.137. Parameters of the hydrogen bonds in the conformers of compound ELP. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

ELP-m-s-x4 H11∙∙∙∙O10 2.597 2.510 2.499 2.431 73.14 73.93 

 H11∙∙∙∙O13 2.391 2.361 2.279 2.236 71.30 70.55 

 H14∙∙∙∙O9 2.052 2.079 2.862 2.850 135.17 132.79 

ELP-m-q-x4 H11∙∙∙∙O10 2.597 2.508 2.498 2.431 73.13 74.02 

 H11∙∙∙∙O13 2.391 2.362 2.279 2.236 71.30 70.49 

 H14∙∙∙∙O9 2.052 2.084 2.862 2.855 135.18 132.79 

ELP-m-q-x4 H11∙∙∙∙O10 2.593 2.502 2.498 2.429 73.28 74.21 

 H11∙∙∙∙O13 2.393 2.365 2.279 2.237 71.21 70.39 

 H14∙∙∙∙O9 2.054 2.085 2.865 2.857 135.28 132.87 

ELP-m-r-x1 H11∙∙∙∙O10 2.594 2.505 2.498 2.430 73.21 74.11 

 H11∙∙∙∙O13 2.391 2.363 2.277 2.236 71.25 70.41 

 H14∙∙∙∙O9 2.054 2.085 2.865 2.853 135.22 132.43 

ELP-m-s-x1 H11∙∙∙∙O10 2.494 2.504 2.498 2.430 73.20 74.22 

 H11∙∙∙∙O13 2.391 2.364 2.277 2.236 71.25 70.35 

 H14∙∙∙∙O9 2.054 2.090 2.865 2.858 135.22 132.45 

ELP-p-s-x4 H11∙∙∙∙O9 2.594 2.506 2.498 2.430 73.20 74.09 

 H11∙∙∙∙O13 2.391 2.363 2.277 2.236 71.25 70.42 

 H14∙∙∙∙O10 2.054 2.084 2.865 2.853 135.15 132.45 

ELP-p-s-x4 H11∙∙∙∙O9 2.594 2.503 2.498 2.430 73.20 74.23 

 H11∙∙∙∙O13 2.391 2.364 2.277 2.236 71.25 70.35 

 H14∙∙∙∙O10 2.055 2.091 2.859 2.859 135.14 132.45 

ELP-m-q-x1 H11∙∙∙∙O10 2.591 2.498 2.497 2.428 73.32 74.39 

 H11∙∙∙∙O13 2.392 2.367 2.277 2.237 71.17 70.24 

 H14∙∙∙∙O9 2.054 2.091 2.866 2.860 135.35 132.54 

ELP-k-q-x1 H11∙∙∙∙O13 2.348 2.318 2.276 2.236 73.35 72.81 

 H14∙∙∙∙O10 1.974 2.028 2.813 2.816 138.27 134.47 

ELP-k-r-x1 H11∙∙∙∙O13 2.349 2.319 2.276 2.237 73.33 72.79 

 H14∙∙∙∙O10 1.977 2.033 2.816 2.821 138.24 134.45 

ELP-k-s-x1 H11∙∙∙∙O13 2.349 2.317 2.276 2.236 73.33 72.83 

 H14∙∙∙∙O10 1.977 2.029 2.816 2.817 138.24 134.43 
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Table 6.138. Parameters of the hydrogen bonds in the conformers of compound ELQ. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

ELQ-m-r-x4 H11∙∙∙∙O10 2.597 2.510 2.499 2.431 73.13 73.90 

 H11∙∙∙∙O13 2.391 2.360 2.279 2.236 71.29 70.56 

 H14∙∙∙∙O9 2.051 2.078 2.862 2.850 135.21 132.80 

ELQ-m-q-x4 H11∙∙∙∙O10 2.593 2.503 2.498 2.429 73.26 74.21 

 H11∙∙∙∙O13 2.393 2.364 2.279 2.237 71.22 70.39 

 H14∙∙∙∙O9 2.053 2.085 2.864 2.857 135.26 132.86 

ELQ-m-r-x1 H11∙∙∙∙O10 2.594 2.505 2.498 2.430 73.23 74.11 

 H11∙∙∙∙O13 2.391 2.363 2.277 2.236 71.25 70.41 

 H14∙∙∙∙O9 2.054 2.084 2.865 2.853 135.20 132.43 

ELQ-m-q-x1 H11∙∙∙∙O10 2.591 2.498 2.497 2.428 73.32 74.40 

 H11∙∙∙∙O13 2.392 2.367 2.278 2.237 71.18 70.24 

 H14∙∙∙∙O9 2.055 2.092 2.866 2.861 135.28 132.53 

ELQ-k-q-x4 H11∙∙∙∙O13 2.352 2.315 2.278 2.236 73.25 72.89 

 H14∙∙∙∙O10 1.987 2.022 2.821 2.813 137.65 134.85 

ELQ-k-r-x4 H11∙∙∙∙O13 2.352 2.316 2.277 2.236 73.23 72.88 

 H14∙∙∙∙O10 1.988 2.026 2.821 2.816 137.67 134.81 

 

 

Table 6.139. Parameters of the hydrogen bonds in the conformers of compound FGP 

Conformers IHB 

considered 

H∙∙∙O bond length 

(Å) 

N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

FGP-m-r-x4 H11∙∙∙∙O10 2.596 2.510 2.498 2.431 73.18 73.92 

 H11∙∙∙∙O13 2.391 2.360 2.279 2.236 71.33 70.58 

 H14∙∙∙∙O9 2.054 2.078 2.864 2.851 135.19 132.88 

FGP-m-s-x4 H11∙∙∙∙O10 2.596 2.508 2.498 2.431 73.18 74.02 

 H11∙∙∙∙O13 2.391 2.361 2.279 2.236 71.33 70.52 

 H14∙∙∙∙O9 2.054 2.083 2.864 2.855 135.20 132.88 

FGP-m-q-x4 H11∙∙∙∙O10 2.592 2.502 2.497 2.429 73.30 74.21 

 H11∙∙∙∙O13 2.393 2.364 2.279 2.237 71.24 70.41 

 H14∙∙∙∙O9 2.055 2.085 2.866 2.858 135.30 132.96 

FGP-m-r-x1 H11∙∙∙∙O10 2.605 2.504 2.499 2.430 72.75 74.15 

 H11∙∙∙∙O13 2.387 2.362 2.278 2.236 71.51 70.44 

 H14∙∙∙∙O9 2.037 2.085 2.859 2.855 136.46 132.61 

FGP-m-s-x1 H11∙∙∙∙O10 2.605 2.503 2.499 2.430 72.75 74.25 

 H11∙∙∙∙O13 2.387 2.363 2.278 2.236 71.51 70.38 

 H14∙∙∙∙O9 2.038 2.090 2.859 2.860 136.45 132.63 

FGP-p-q-x4 H11∙∙∙∙O9 2.605 2.505 2.499 2.430 72.76 74.13 

 H11∙∙∙∙O13 2.387 2.362 2.279 2.236 71.53 70.45 

 H14∙∙∙∙O10 2.038 2.084 2.859 2.854 136.44 132.61 

FGP-p-s-x4 H11∙∙∙∙O9 2.605 2.502 2.499 2.430 72.76 74.26 

 H11∙∙∙∙O13 2.387 2.363 2.279 2.236 71.53 70.38 

 H14∙∙∙∙O10 2.038 2.090 2.859 2.860 136.44 132.63 
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FGP-m-q-x1 H11∙∙∙∙O10 2.599 2.498 2.498 2.428 72.95 74.41 

 H11∙∙∙∙O13 2.389 2.366 2.279 2.236 71.42 70.28 

 H14∙∙∙∙O9 2.040 2.091 2.862 2.862 136.54 132.68 

FGP-p-r-x4 H11∙∙∙∙O9 2.600 2.498 2.498 2.428 72.91 74.42 

 H11∙∙∙∙O13 2.389 2.366 2.279 2.236 71.43 70.27 

 H14∙∙∙∙O10 2.039 2.091 2.861 2.862 136.55 132.70 

FGP-k-q-x1 H11∙∙∙∙O13 2.349 2.315 2.277 2.236 73.37 72.88 

 H14∙∙∙∙O10 1.977 2.028 2.816 2.819 138.28 134.79 

FGP-k-r-x1 H11∙∙∙∙O13 2.349 2.316 2.277 2.236 73.34 72.86 

 H14∙∙∙∙O10 1.977 2.031 2.816 2.822 138.27 134.78 

FGP-k-r-x1 H11∙∙∙∙O13 2.349 2.314 2.277 2.235 73.34 72.95 

 H14∙∙∙∙O10 1.977 2.029 2.816 2.823 138.27 135.15 

FGP-g-r-x1 H11∙∙∙∙O9 2.445 2.396 2.465 2.405 79.18 78.55 

FGP-g-r-x1 H11∙∙∙∙O9 2.445 2.396 2.465 2.405 79.18 78.56 

FGP-g-q-x1 H11∙∙∙∙O9 2.443 2.394 2.464 2.404 79.24 78.59 

 

 

Table 6.140. Parameters of the hydrogen bonds in the conformers of compound FGQ. 

Conformers IHB 

considered 

H∙∙∙O bond length 

(Å) 

N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

FGQ-m-r-x4 H11∙∙∙∙O10 2.597 2.511 2.499 2.431 73.12 73.90 

 H11∙∙∙∙O13 2.391 2.360 2.279 2.236 71.33 70.58 

 H14∙∙∙∙O9 2.052 2.077 2.862 2.850 135.20 132.88 

FGQ-m-q-x4 H11∙∙∙∙O10 2.592 2.503 2.498 2.431 73.30 74.20 

 H11∙∙∙∙O13 2.393 2.364 2.279 2.237 71.25 70.42 

 H14∙∙∙∙O9 2.055 2.085 2.866 2.857 135.29 132.95 

FGQ-p-q-x4 H11∙∙∙∙O9 2.605 2.516 2.500 2.432 72.76 73.66 

 H11∙∙∙∙O13 2.387 2.359 2.279 2.237 71.51 70.67 

 H14∙∙∙∙O10 2.037 2.069 2.859 2.847 136.48 133.50 

FGQ-m-r-x1 H11∙∙∙∙O10 2.605 2.504 2.500 2.430 72.76 74.15 

 H11∙∙∙∙O13 2.387 2.362 2.278 2.236 71.51 70.44 

 H14∙∙∙∙O9 2.037 2.084 2.858 2.854 136.49 132.62 

FGQ-m-q-x1 H11∙∙∙∙O10 2.599 2.497 2.498 2.428 72.96 74.44 

 H11∙∙∙∙O13 2.389 2.366 2.279 2.236 71.43 70.28 

 H14∙∙∙∙O9 2.040 2.092 2.862 2.863 136.54 132.71 

FGQ-k-r-x4 H11∙∙∙∙O13 2.352 2.315 2.278 2.236 73.27 72.90 

 H14∙∙∙∙O10 1.989 2.026 2.823 2.817 137.70 134.89 

FGQ-g-r-x1 H11∙∙∙∙O9 2.445 2.396 2.465 2.405 79.19 78.55 

FGQ-g-t-x1 H11∙∙∙∙O9 2.445 2.395 2.465 2.405 79.20 78.57 

FGQ-g-q-x1 H11∙∙∙∙O9 2.444 2.394 2.464 2.404 79.23 78.60 
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Table 6.141. Parameters of the hydrogen bonds in the conformers of compound FJP. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

HF DFT HF DFT HF DFT 

FJP-m-r-x4 H11∙∙∙∙O10 2.510 2.596 2.431 2.499 73.92 73.16 

 H11∙∙∙∙O13 2.360 2.391 2.236 2.279 70.58 73.16 

 H14∙∙∙∙O9 2.079 2.054 2.851 2.863 132.82 135.14 

FJP-m-s-x4 H11∙∙∙∙O10 2.508 2.596 2.431 2.499 74.03 73.15 

 H11∙∙∙∙O13 2.361 2.391 2.236 2.279 70.52 71.34 

 H14∙∙∙∙O9 2.084 2.054 2.856 2.863 132.83 135.14 

FJP-m-q-x4 H11∙∙∙∙O10 2.503 2.592 2.429 2.498 74.21 73.30 

 H11∙∙∙∙O13 2.364 2.393 2.237 2.279 70.41 71.24 

 H14∙∙∙∙O9 2.085 2.055 2.858 2.865 132.90 135.23 

FJP-p-q-x4 H11∙∙∙∙O9 2.505 2.604 2.430 2.499 74.14 72.79 

 H11∙∙∙∙O13 2.362 2.387 2.236 2.279 70.45 71.52 

 H14∙∙∙∙O10 2.085 2.039 2.855 2.860 132.55 136.42 

FJP-p-s-x4 H11∙∙∙∙O9 2.503 2.604 2.430 2.499 74.26 72.79 

 H11∙∙∙∙O13 2.363 2.387 2.236 2.279 70.38 71.52 

 H14∙∙∙∙O10 2.091 2.039 2.860 2.860 132.57 136.41 

FJP-k-q-x1 H11∙∙∙∙O13 2.315 2.348 2.236 2.276 72.90 73.37 

 H14∙∙∙∙O10 2.028 1.975 2.819 2.815 134.75 138.29 

FJP-p-r-x1 H11∙∙∙∙O9 2.498 2.598 2.428 2.607 74.41 68.72 

 H11∙∙∙∙O13 2.366 2.387 2.236 2.276 70.28 73.35 

 H14∙∙∙∙O10 2.091 2.039 2.861 2.861 132.64 138.28 

FJP-k-r-x1 H11∙∙∙∙O13 2.316 2.349 2.236 2.276 72.87 73.36 

 H14∙∙∙∙O10 2.032 1.977 2.823 2.816 134.73 138.28 

F-J-P-3a H11∙∙∙∙O13 2.315 2.349 2.235 2.276 72.90 73.35 

 H14∙∙∙∙O10 2.029 1.977 2.819 2.816 134.71 138.28 

 

 

Table 6.142. Parameters of the hydrogen bonds in the conformers of compound FJQ. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

FJQ-m-q-x4 H11∙∙∙∙O10 2.592 2.503 2.498 2.429 73.33 74.19 

 H11∙∙∙∙O13 2.393 2.364 2.279 2.237 71.26 70.42 

 H14∙∙∙∙O9 2.057 2.085 2.867 2.857 135.19 132.89 

FJQ-m-r-x4 H11∙∙∙∙O10 2.597 2.511 2.499 2.431 73.13 73.90 

 H11∙∙∙∙O13 2.391 2.360 2.279 2.236 71.33 70.57 

 H14∙∙∙∙O9 2.053 2.078 2.863 2.850 135.13 132.85 

FJQ-p-r-x4 H11∙∙∙∙O9 2.599 2.497 2.498 2.428 72.98 74.46 

 H11∙∙∙∙O13 2.389 2.366 2.279 2.236 71.44 70.27 

 H14∙∙∙∙O10 2.043 2.093 2.864 2.863 136.47 132.66 

FJQ-p-q-x4 H11∙∙∙∙O9 2.604 2.516 2.500 2.432 72.79 73.66 

 H11∙∙∙∙O13 2.387 2.359 2.279 2.237 71.51 70.67 

 H14∙∙∙∙O10 2.038 2.070 2.859 2.847 136.42 133.45 

FJQ-m-q-x1 H11∙∙∙∙O9 2.604 2.505 2.500 2.430 72.78 74.14 

 H11∙∙∙∙O13 2.387 2.362 2.278 2.236 71.49 70.44 
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 H14∙∙∙∙O10 2.038 2.084 2.859 2.854 136.43 132.58 

FJQ-m-r-x1 H11∙∙∙∙O10 2.601 2.498 2.499 2.428 72.89 74.38 

 H11∙∙∙∙O13 2.389 2.366 2.279 2.236 71.44 70.30 

 H14∙∙∙∙O9 2.040 2.091 2.861 2.861 136.46 132.63 

FJQ-m-r-x1 H11∙∙∙∙O10 2.605 2.505 2.500 2.429 72.74 74.12 

 H11∙∙∙∙O13 2.387 2.362 2.278 2.236 71.49 70.44 

 H14∙∙∙∙O9 2.036 2.084 2.858 2.854 136.48 132.59 

FJQ-k-q-x4 H11∙∙∙∙O13 2.351 2.314 2.277 2.235 73.28 72.93 

 H14∙∙∙∙O10 1.986 2.021 2.820 2.813 137.73 134.93 

FJQ-k-r-x4 H11∙∙∙∙O13 2.351 2.315 2.277 2.236 73.27 72.92 

 H14∙∙∙∙O10 1.988 2.026 2.821 2.817 137.70 134.87 

 

 

Table 6.143. Parameters of the hydrogen bonds in the conformers of compound FLP. 

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

FLP-m-r-x4 H11∙∙∙∙O10 2.596 2.510 2.499 2.431 73.17 73.93 

 H11∙∙∙∙O13 2.391 2.360 2.279 2.236 71.34 70.58 

 H14∙∙∙∙O9 2.054 2.078 2.864 2.851 135.19 132.88 

FLP-m-q-x4 H11∙∙∙∙O10 2.593 2.503 2.498 2.429 73.26 74.21 

 H11∙∙∙∙O13 2.393 2.364 2.279 2.237 71.25 70.41 

 H14∙∙∙∙O9 2.053 2.085 2.865 2.857 135.31 132.95 

FLP-m-r-x1 H11∙∙∙∙O10 2.605 2.504 2.499 2.430 72.75 74.15 

 H11∙∙∙∙O13 2.387 2.362 2.278 2.236 71.52 70.45 

 H14∙∙∙∙O9 2.038 2.085 2.859 2.855 136.45 132.60 

FLP-m-s-x4 H11∙∙∙∙O10 2.605 2.508 2.499 2.431 72.74 74.02 

 H11∙∙∙∙O13 2.387 2.361 2.278 2.236 71.52 70.52 

 H14∙∙∙∙O9 2.037 2.083 2.859 2.855 136.45 132.88 

FLP-m-s-x1 H11∙∙∙∙O10 2.605 2.503 2.499 2.430 72.74 74.25 

 H11∙∙∙∙O13 2.387 2.363 2.278 2.236 71.52 70.38 

 H14∙∙∙∙O9 2.037 2.090 2.859 2.860 136.45 132.63 

FLP-p-q-x4 H11∙∙∙∙O9 2.605 2.505 2.499 2.430 72.75 74.14 

 H11∙∙∙∙O13 2.387 2.362 2.278 2.236 71.53 70.45 

 H14∙∙∙∙O10 2.038 2.084 2.859 2.854 136.44 132.60 

FLP-p-s-x4 H11∙∙∙∙O9 2.605 2.502 2.499 2.430 72.75 74.27 

 H11∙∙∙∙O13 2.387 2.364 2.278 2.236 71.53 70.37 

 H14∙∙∙∙O10 2.038 2.090 2.859 2.860 136.44 132.61 

FLP-m-q-x1 H11∙∙∙∙O10 2.601 2.498 2.498 2.428 72.91 74.41 

 H11∙∙∙∙O13 2.389 2.366 2.279 2.236 71.43 70.28 

 H14∙∙∙∙O9 2.039 2.091 2.861 2.861 136.55 132.70 

FLP-k-q-x1 H11∙∙∙∙O13 2.348 2.315 2.276 2.236 73.37 72.89 

 H14∙∙∙∙O10 1.976 2.028 2.815 2.819 138.28 134.79 

FLP-k-r-x1 H11∙∙∙∙O13 2.349 2.316 2.277 2.236 73.34 72.86 

 H14∙∙∙∙O10 1.978 2.032 2.817 2.823 138.25 134.77 

FLP-k-s-x1 H11∙∙∙∙O13 2.349 2.315 2.277 2.235 73.34 72.90 

 H14∙∙∙∙O10 1.978 2.029 2.817 2.819 138.26 134.75 
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Table 6.144 Parameters of the hydrogen bonds in the conformers of compound FLQ.  

Conformers IHB 

considered 

H∙∙∙O bond length (Å) N∙∙∙O distance (Å) NĤO bond angle (º) 

DFT HF DFT HF DFT HF 

FLQ-p-q-x2 H11∙∙∙∙O9 2.596 2.509 2.498 2.430 73.16 73.95 

 H11∙∙∙∙O13 2.391 2.361 2.279 2.236 71.33 70.53 

 H14∙∙∙∙O10 2.054 2.076 2.864 2.850 135.18 133.02 

FLQ-m-r-x4 H11∙∙∙∙O10 2.597 2.510 2.499 2.431 73.11 73.90 

 H11∙∙∙∙O13 2.391 2.360 2.279 2.236 71.33 70.58 

 H14∙∙∙∙O9 2.052 2.077 2.862 2.850 135.19 132.89 

FLQ-m-q-x4 H11∙∙∙∙O10 2.592 2.503 2.498 2.429 73.30 74.20 

 H11∙∙∙∙O13 2.393 2.364 2.279 2.237 71.25 70.42 

 H14∙∙∙∙O9 2.055 2.085 2.866 2.858 135.28 132.94 

FLQ-p-q-x4 H11∙∙∙∙O9 2.605 2.505 2.500 2.430 72.76 74.12 

 H11∙∙∙∙O13 2.387 2.362 2.278 2.236 71.48 70.45 

 H14∙∙∙∙O10 2.036 2.084 2.858 2.854 136.51 132.62 

FLQ-m-r-x1 H11∙∙∙∙O10 2.605 2.505 2.500 2.430 72.75 74.14 

 H11∙∙∙∙O13 2.387 2.362 2.279 2.236 71.51 70.44 

 H14∙∙∙∙O9 2.036 2.084 2.858 2.854 136.49 132.62 

FLQ-m-q-x1 H11∙∙∙∙O10 2.599 2.497 2.498 2.428 72.97 74.43 

 H11∙∙∙∙O13 2.389 2.366 2.279 2.236 71.43 70.28 

 H14∙∙∙∙O9 2.039 2.092 2.863 2.863 136.53 132.70 

FLQ-m-q-x1 H11∙∙∙∙O10 2.599 2.495 2.498 2.427 72.97 74.52 

 H11∙∙∙∙O13 2.389 2.367 2.279 2.237 71.43 70.25 

 H14∙∙∙∙O9 2.041 2.093 2.863 2.864 136.53 132.72 

FLQ-p-r-x4 H11∙∙∙∙O9 2.600 2.508 2.498 2.430 72.92 73.99 

 H11∙∙∙∙O13 2.389 2.363 2.279 2.238 71.44 70.50 

 H14∙∙∙∙O10 2.040 2.077 2.862 2.854 136.52 133.55 

FLQ-p-r-x4 H11∙∙∙∙O9 2.600 2.498 2.498 2.428 72.92 74.41 

 H11∙∙∙∙O13 2.389 2.366 2.279 2.237 71.44 70.27 

 H14∙∙∙∙O10 2.040 2.091 2.862 2.861 136.52 132.68 

FLQ-k-q-x4 H11∙∙∙∙O13 2.351 2.314 2.277 2.235 73.27 72.91 

 H14∙∙∙∙O10 1.986 2.021 2.820 2.813 137.72 134.93 

FLQ-k-q-x1 H11∙∙∙∙O13 2.349 2.315 2.276 2.236 73.34 72.88 

 H14∙∙∙∙O10 1.975 2.028 2.815 2.819 138.30 134.80 

FLQ-k-r-x4 H11∙∙∙∙O13 2.352 2.315 2.278 2.236 73.26 72.90 

 H14∙∙∙∙O10 1.988 2.025 2.822 2.816 2.82 134.90 

FLQ-k-r-x1 H11∙∙∙∙O13 2.349 2.316 2.277 2.236 73.34 72.86 

 H14∙∙∙∙O10 1.977 2.032 2.816 2.823 138.27 134.76 
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6.1.4. The vibrational frequencies of the N–H bonds in the calculated conformers of each of 

the compounds considered. 

This section presents the tables reporting the vibrational frequencies (harmonic approximations) 

of the N–H bonds in the conformers of each of the compounds considered. The calculated 

frequencies were scaled by 0.9648 for DFT calculations and 0.8992 for HF calculations. When 

there are two values for the same bond and in the same conformer, it shows that they correspond 

to two vibrations that are coupled: the symmetric and asymmetric vibrations.  

 

Table 6.145. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound AGP. 

Symbols are used to indicate the symmetric () and asymmetric () vibrations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conformers Vibrational frequencies (kcal/mol) 

N11–H11 N14–H14 

DFT HF DFT HF 

AGP-m-r-u1 3465.3 3458.2 3429.9 3462.4 

AGP-m-s-u1 3465.3 3457.1 3429.9 3463.7 

AGP-p-t-u3 3465.2 3457.4 3429.6 3462.8 

AGP-m-q-u1 3465.6 3458.5 3429.6 3462.5 

AGP-p-r-u3 3465.5 3458.5 3429.8 3462.5 

AGP-k-q-u1 3438.0 3435.3 3421.3 3471.6 

AGP-k-r-u1 3437.4 3434.2 3422.5 3471.7 

AGP.m-r-u2 3463.5 3456.5 3447.8 3480.4 

AGP-g-r-u3   3477.5 3475.0 3479.5 3475.0 

 3484.8 3482.9 3484.8 3482.9 

AGP-g-q-u3  3477.9 3474.9 3477.9 3474.9 

 3485.3 3482.8 3485.3 3482.8 

AGP-j-q-u3 3429.7 3440.2 3476.3 3472.3 

AGP-j-r-u3 3429.4 3440.6 3476.5 3472.7 

AGP-j-s-u3 3429.4 3438.4 3476.5 3472.8 
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Table 6.146. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound AGQ. 

Symbols are used to indicate the symmetric () and asymmetric () vibrations 

Conformers  Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

AGQ-m-r-u1 3465.3 3458.1 3429.9 3462.3 

AGQ-m-q-u1 3465.5 3458.6 3430.4 3462.7 

AGQ-k-q-u1 3437.8 3435.4 3421.5 3471.5 

AGQ-k-r-u1 3437.7 3434.0 3422.0 3471.6 

AGQ-m-r-u2 3463.4 3456.3 3448.0 3480.4 

AGQ-m-q-u2 3463.7 3456.9 3448.1 3480.7 

AGQ-g-r-u3   3477.3 3475.0 3477.3 3475.0 

 3484.6 3482.9 3484.6 3482.9 

AGQ-g-t-u3   3477.3 3474.6 3477.3 3474.6 

 3484.7 3482.5 3484.7 3482.5 

AGQ-g-q-u3   3477.9 3474.9 3477.9 3474.9 

 3485.3 3482.8 3485.3 3482.8 

AGQ-j-q-u3 3429.5 3440.3 3476.5 3472.3 

AGQ-j-r-u3 3429.3 3440.9 3476.5 3472.5 

AGQ-j-t-u3 3429.3 3438.2 3476.5 3472.8 

 

 

Table 6.147. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound AJP. 

Conformers  Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

AJP-m-r-u1 3464.8 3458.0 3430.1 3462.3 

AJP-m-s-u1 3464.9 3457.0 3430.1 3463.6 

AJP-m-q-u1 3465.6 3458.2 3429.9 3462.6 

AJP-k-q-u1 3437.9 3435.0 3421.4 3471.9 

AJP-k-r-u1 3437.1 3434.6 3422.0 3471.9 

AJP-k-s-u1 3437.1 3432.8 3422.0 3473.6 

AJP-m-r-u2 3463.5 3456.3 3448.1 3480.4 

AJP-m-s-u2 3463.5 3455.3 3448.1 3481.9 

AJP-m-q-u2 3464.0 3456.6 3448.6 3480.8 

AJP-j-q-u3 3429.0 3439.7 3476.5 3472.4 

AJP-j-r-u3 3428.9 3440.1 3476.7 3472.7 

AJP-j-s-u3 3429.0 3437.9 3476.8 3472.9 
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Table 6.148. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound AJQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

AJQ-p-q-u5 3465.1 3457.3 3430.3 3474.7 

AJQ-m-q-u1 3465.4 3458.1 3430.2 3462.5 

AJQ-m-q-u2 3463.6 3456.8 3447.9 3480.5 

AJQ-m-r-u2 3463.1 3456.1 3448.3 3480.5 

AJQ-p-q-u3 3464.7 3458.0 3430.2 3462.4 

AJQ-m-r-u1 3464.8 3457.7 3430.3 3462.3 

AJQ-p-q-u5 3464.7 3457.2 3430.2 3474.7 

AJQ-m-s-u1 3464.7 3457.0 3430.3 3463.6 

AJQ-p-r-u3 3465.3 3458.1 3430.5 3462.5 

AJQ-p-s-u3 3465.3 3456.9 3430.5 3463.6 

AJQ-m-q-u1 3465.2 3458.1 3430.2 3462.4 

AJQ-k-q-u1 3437.3 3434.9 3421.8 3472.1 

AJQ-k-q-u1 3437.6 3434.9 3422.1 3472.1 

AJQ-k-r-u1 3437.3 3434.4 3422.5 3472.2 

AJQ-j-q-u1 3428.6 3439.7 3476.6 3472.5 

AJQ-j-r-u1 3429.0 3440.3 3476.6 3472.6 

 

 

Table 6.149. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound ALP.  

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

ALP-m-r-u1 3465.2 3458.0 3429.9 3462.3 

ALP-m-s-u1 3465.2 3457.1 3429.9 3463.6 

ALP-m-q-u1 3465.6 3458.4 3429.9 3462.5 

ALP-k-q-u1 3436.8 3435.2 3421.2 3471.7 

ALP-k-r-u1 3437.3 3434.8 3422.1 3471.8 

ALP-k-q-u1 3438.0 3435.3 3421.4 3471.6 

ALP-k-r-u1 3437.3 3434.7 3422.0 3471.7 

ALP-k-s-u1 3437.2 3433.0 3422.0 3473.3 

ALP-k-r-u3 3437.9 3434.1 3419.8 3476.2 

ALP-m-r-u2 3463.8 3456.4 3447.9 3480.4 

ALP-m-s-u2 3463.8 3455.5 3447.8 3481.8 

ALP-m-q-u2 3464.6 3456.8 3447.7 3480.8 

ALP-j-q-u3 3429.6 3440.3 3476.2 3472.2 

ALP-j-r-u3 3429.4 3440.5 3476.5 3472.7 

ALP-j-s-u3 3429.4 3438.6 3476.6 3472.8 
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Table 6.150. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound ALQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

ALQ-m-r-u1 3465.2 3458.1 3429.7 3462.2 

ALQ-m-q-u1 3465.4 3458.6 3430.4 3462.6 

ALQ-k-q-u1 3438.1 3435.3 3421.6 3471.6 

ALQ-k-r-u1 3437.6 3434.8 3422.2 3471.7 

ALQ-m-r-u2 3463.5 3456.3 3447.9 3480.4 

ALQ-m-q-u2 3463.7 3456.9 3448.1 3480.7 

ALQ-j-q-u3 3429.5 3440.2 3476.4 3472.3 

ALQ-j-r-u3 3429.5 3440.8 3476.5 3472.6 

ALQ-j-q-u3 3429.7 3440.5 3476.5 3472.3 

ALQ-j-r-u3 3429.8 3441.0 3476.5 3472.6 

 

 

Table 6.151. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound BGP. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14-H14 

DFT HF DFT HF 

BGP-p-s-v3 3464.1 3456.6 3429.6 3463.9 

BGP-p-t-v3 3464.1 3456.7 3429.5 3463.0 

BGP-m-r-v1 3464.4 3457.5 3429.4 3462.7 

BGP-m-s-v1 3464.4 3456.4 3429.4 3463.9 

BGP-m-q-v1 3464.4 3457.8 3429.8 3462.7 

BGP-k-q-v3 3438.3 3435.0 3419.3 3467.8 

BGP-k-r-v3 3438.3 3434.4 3420.1 3467.9 

BGP-k-s-v3 3438.4 3432.9 3420.1 3469.6 

BGP-m-r-v2 3462.7 3455.9 3438.8 3475.0 

BGP-m-s-v2 3462.7 3454.9 3438.8 3476.5 

BGP-m-q-v2 3471.4 3456.4 3438.9 3475.3 

BGP-g-r-v1   3479.1 3475.9 3479.1 3475.9 

 3488.6 3484.3 3488.6 3484.3 

BGP-g-q-v1   3479.4 3475.9 3479.4 3475.9 

 3489.6 3484.0 3489.6 3484.0 

BGP-j-q-v5 3429.7 3440.6 3480.5 3479.5 

BGP-j-r-v5 3429.6 3441.0 3480.9 3480.1 

BGP-j-s-v5 3429.6 3438.8 3480.9 3480.6 
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Table 6.152. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound BGQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

BGQ-m-r-v1 3464.3 3457.5 3429.7 3462.5 

BGQ-m-q-v1 3464.6 3457.5 3430.1 3462.9 

BGQ-k-q-v1 3438.7 3435.0 3419.6 3467.7 

BGQ-k-r-v1 3438.0 3434.5 3420.1 3468.0 

BGQ-m-r-v2 3463.1 3455.7 3438.5 3474.9 

BGQ-m-q-v2 3462.9 3456.3 3438.6 3475.3 

BGQ-j-q-v3 3429.7 3440.1 3480.5 3474.2 

BGQ-j-r-v3 3429.7 3440.6 3480.8 3474.5 

BGQ-j-t-v3 3429.7 3437.9 3480.8 3474.7 

 

 

 

Table 6.153. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound BJP. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

BJP-p-q-v3 3463.9 3457.7 3430.0 3462.7 

BJP-p-s-v3 3463.9 3456.3 3430.0 3463.9 

BJP-p-r-v3 3464.4 3457.5 3430.0 3462.7 

BJP-k-q-v1 3438.4 3434.7 3419.8 3468.1 

BJP-k-r-v1 3438.1 3434.2 3420.4 3468.3 

BJP-k-s-v1 3438.2 3432.7 3420.4 3469.9 

BJP-m-r-v2 3462.6 3455.8 3439.2 3475.0 

BJP-m-s-v2 3462.6 3454.8 3439.2 3476.5 

BJP-m-q-v2 3463.0 3456.1 3439.1 3475.4 

BJP-j-r-v3 3429.2 3439.9 3481.1 3474.7 

BJP-j-s-v3 3429.3 3437.7 3481.0 3474.6 

BJP-j-q-v3 3429.1 3439.5 3480.7 3474.4 
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Table 6.154. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound BJQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

BJQ-p-r-v3 3464.5 3457.7 3430.2 3462.7 

BJQ-m-s-v1 3464.1 3456.2 3430.1 3464.0 

BJQ-m-t-v1 3464.0 3456.5 3430.1 3463.0 

BJQ-m-q-v2 3463.0 3456.3 3439.5 3475.5 

BJQ-m-r-v2 3462.6 3455.7 3438.9 3474.8 

BJQ-m-q-v1 3464.3 3457.4 3430.2 3462.7 

BJQ-p-q-v3 3463.8 3457.2 3430.2 3462.6 

BJQ-p-q-v3 3463.8 3457.2 3430.2 3462.6 

BJQ-p-r-v3 3464.4 3457.5 3430.3 3462.8 

BJQ-p-s-v3 3464.3 3456.2 3430.3 3463.9 

BJQ-j-q-v3 3429.0 3439.5 3481.0 3474.5 

BJQ-j-r-v3 3429.3 3440.1 3481.0 3474.6 

 

 

Table 6.155. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound BLP. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

BLP-k-q-v1 3438.4 3435.0 3419.4 3467.8 

BLP-p-s-v3 3464.0 3456.5 3429.6 3464.0 

BLP-p-t-v3 3464.1 3456.7 3429.6 3463.0 

BLP-m-r-v1 3464.4 3457.5 3429.5 3462.6 

BLP-m-s-v1 3429.5 3456.4 3464.4 3464.0 

BLP-m-r-v1 3464.3 3457.8 3429.7 3462.7 

BLP-k-r-v1 3438.0 3434.3 3419.8 3467.9 

BLP-k-s-v1 3438.0 3432.9 3419.9 3469.6 

BLP-p-q-v4 3462.7 3455.8 3438.8 3474.9 

BLP-p-s-v4 3462.7 3455.1 3438.8 3476.4 

BLP-p-t-v4 3462.7 3455.2 3438.8 3475.4 

BLP-p-r-v4 3462.8 3456.2 3438.9 3475.4 

BLP-j-q-v5 3429.8 3440.6 3480.4 3479.4 

BLP-j-r-v5 3429.6 3441.0 3480.8 3479.9 

BLP-j-s-v5 3429.6 3438.9 3480.9 3480.2 
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Table 6.156. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound BLQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

BLQ-p-q-v3 3464.2 3457.4 3429.7 3462.5 

BLQ-p-r-v3 3464.6 3457.8 3430.2 3462.9 

BLQ-p-r-v3 3464.5 3457.8 3429.9 3462.7 

BLQ-k-q-v1 3438.3 3434.7 3419.4 3467.8 

BLQ-k-r-v1 3438.4 3434.6 3420.0 3467.9 

BLQ-m-r-v1 3464.4 3457.5 3429.4 3462.5 

BLQ-m-q-v1 3464.6 3458.0 3429.6 3462.8 

BLQ-p-q-v4 3463.0 3455.9 3438.6 3474.8 

BLQ-p-r-v4 3463.0 3456.4 3439.2 3475.4 

BLQ-m-s-v1 3464.6 3456.6 3429.6 3463.7 

BLQ-j-q-v3 3429.8 3440.1 3480.5 3474.2 

BLQ-j-q-v5 3429.8 3440.7 3480.5 3479.4 

BLQ-j-r-v3 3430.0 3440.7 3480.9 3474.6 

BLQ-j-t-v5 3429.9 3438.7 3480.9 3480.0 

BLQ-j-r-v5 3429.9 3441.4 3480.9 3479.8 

BLQ-j-t-v3 3429.8 3437.8 3481.0 3474.7 

 

 

Table 6.157. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound CGP. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

CGP-p-q-w5 3467.8 3458.1 3432.5 3463.4 

CGP-p-s-w5 3467.8 3457.5 3432.5 3464.4 

CGP-p-r-w5 3468.1 3458.7 3432.4 3463.4 

CGP-m-r-w1 3460.8 3455.3 3438.0 3480.9 

CGP-m-s-w1 3460.9 3454.4 3437.9 3482.4 

CGP-m-q-w1 3461.2 3455.8 3438.2 3481.5 

CGP-m-r-w2 3463.0 3456.5 3434.6 3469.7 

CGP-m-s-w2 3463.0 3455.4 3434.6 3471.1 

CGP-m-q-w2 3463.1 3456.8 3434.8 3470.0 

CGP-g-r-w5 3456.6 3464.4 3479.9 3484.7 

CGP-g-q-w5 3455.8 3464.2 3480.8 3485.2 

CGP-j-q-w5 3431.2 3440.2 3469.2 3467.9 

CGP-j-r-w5 3431.1 3440.4 3469.6 3468.3 

CGP-j-s-w5 3431.0 3438.5 3469.5 3468.4 
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Table 6.158. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound CGQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

CGQ-p-q-w5 3467.8 3458.2 3432.3 3463.4 

CGQ-m-q-w3 3467.9 3458.1 3432.2 3463.4 

CGQ-p-r-w5 3468.3 3458.8 3432.5 3463.4 

CGQ-m-r-w1 3460.7 3455.3 3437.9 3480.8 

CGQ-m-q-w1 3461.2 3455.8 3438.5 3481.6 

CGQ-j-q-w5 3431.2 3440.2 3469.2 3467.9 

CGQ-j-r-w5 3431.1 3440.5 3469.6 3468.3 

CGQ-j-t-w5 3431.0 3438.1 3469.5 3468.4 

 

 

Table 6.159. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound CJP. 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

CJP-p-q-w3 3467.7 3457.9 3432.6 3463.3 

CJP-p-s-w3 3467.6 3457.3 3432.6 3464.4 

CJP-p- r-w3 3468.3 3458.5 3432.4 3463.3 

CJP-m-r-w1 3460.6 3455.1 3438.2 3480.9 

CJP-m-r-w2 3462.9 3456.3 3435.1 3469.7 

CJP-m-s-w2 3462.9 3455.2 3435.1 3471.2 

CJP-m-t-w2 3462.9 3455.7 3435.1 3470.1 

CJP-m-q-w2 3463.1 3456.6 3435.2 3470.0 

CJP-j-q-w1 3430.1 3439.6 3469.2 3468.1 

CJP-j-r-w1 3430.3 3439.8 3469.5 3468.4 

CJP-j-s-w1 3430.5 3437.9 3469.5 3468.5 
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Table 6.160. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound CJQ.  

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

CJQ-m-q-w6 3468.1 3458.7 3432.8 3463.5 

CJQ-m-r-w6 3467.6 3458.0 3432.3 3463.3 

CJQ-p-q-w5 3467.6 3463.4 3432.8 3463.4 

CJQ-m-q-w1 3460.7 3455.5 3438.6 3481.8 

CJQ-p-q-w5 3467.6 3457.7 3432.7 3463.6 

CJQ-p-q-w5 3467.5 3457.8 3432.8 3463.4 

CJQ-p-s-w5 3467.8 3457.1 3432.6 3464.3 

CJQ-m-r-w1 3460.4 3455.0 3438.4 3480.9 

CJQ-m-s-w1 3460.4 3454.3 3438.4 3482.5 

CJQ-m-q-w1 3460.7 3455.3 3438.5 3481.7 

CJQ-j-q-w5 3430.2 3439.5 3469.5 3468.2 

CJQ-j-r-w5 3430.4 3440.2 3469.5 3468.3 

 

 

Table 6.161. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound CLP. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

CLP-p-q-w5 3467.8 3458.2 3432.6 3463.4 

CLP-p-s-w5 3467.8 3457.5 3432.5 3464.4 

CLP-p-r-w5 3468.1 3458.7 3432.3 3463.4 

CLP-p-r-w5 3468.1 3458.9 3432.3 3463.2 

CLP-m-r-w1 3460.7 3455.3 3438.1 3480.9 

CLP-m-s-w1 3460.8 3454.4 3438.0 3482.5 

CLP-m-q-w1 3461.1 3455.7 3438.0 3481.5 

CLP-m-q-w2 3463.1 3456.5 3434.6 3469.6 

CLP-m-s-w2 3463.1 3455.4 3434.7 3471.2 

CLP-m-q-w2 3463.1 3456.8 3434.8 3470.0 

CLP-j-q-w5 3430.9 3440.0 3469.3 3468.0 

CLP-j-r-w5 3430.7 3440.2 3469.4 3468.3 

CLP-j-s-w5 3431.0 3438.3 3469.5 3468.4 

CLP-j-q-w6 3433.9 3445.1 3500.2 3506.2 

CLP-j-r-w6 3438.1 3447.7 3494.3 3505.6 

CLP-j-s-w6 3437.8 3443.7 3494.7 3505.5 
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Table 6.162. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound CLQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

CLQ-p-q-w5 3467.8 3458.1 3432.4 3463.4 

CLQ-p-s-w5 3467.8 3457.4 3432.4 3464.4 

CLQ-m-q-w1 3468.1 3458.6 3432.0 3463.4 

CLQ-m-r-w1 3460.7 3454.5 3437.9 3480.7 

CLQ-m-r-w1 3460.7 3455.2 3437.9 3480.9 

CLQ-m-q-w1 3461.1 3455.6 3438.3 3481.5 

CLQ-m-s-w1 3460.8 3454.5 3437.9 3482.4 

CLQ-j-q-w5 3430.6 3440.0 3469.3 3468.0 

CLQ-j-r-w5 3430.5 3440.2 3469.6 3468.4 

CLQ-j-s-w6 3430.7 3438.2 3469.7 3468.5 

 

 

Table 6.163. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound DGP. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

DGP-m-r 3466.9 3458.3 3451.9 3477.9 

DGP-m-s 3466.9 3457.3 3451.8 3479.2 

DGP-p-q 3466.9 3458.3 3451.9 3477.9 

DGP-p-s 3467.0 3457.4 3451.7 3479.3 

DGP-p-a-t 3467.0 3457.7 3451.8 3478.9 

DGP-m-q 3467.3 3458.7 3451.5 3478.1 

DGP-k-q 3439.5 3435.6 3448.7 3491.1 

DGP-k-r 3439.4 3435.0 3449.4 3491.1 

DGP-k-s 3439.4 2534.3 3449.4 3493.1 

DGP-g-r 3480.9 3477.6 3502.6 3493.4 

DGP-g-q 3481.6 3477.9 3502.6 3492.9 

DGP-j-q 3430.8 3439.6 3497.4 3486.1 

DGP-j-r 3430.6 3439.9 3497.9 3486.6 

DGP-j-s 3430.6 3437.9 3497.7 3486.6 
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Table 6.164. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound DGQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

DGQ-m-r 3466.9 3458.2 3451.7 3478.1 

DGQ-p-q 3466.8 3458.4 3451.8 3477.9 

DGQ-m-q 3467.4 3458.8 3451.8 3478.2 

DGQ-m-q 3467.4 3458.8 3451.3 3478.1 

DGQ-k-q 3439.4 3435.6 3448.7 3491.0 

DGQ-k-r 3439.5 3435.0 3449.4 3491.2 

DGQ-g-r 3481.0 3477.7 3502.7 3493.3 

DGQ-g-t 3480.9 3476.9 3502.7 3493.4 

DGQ-g-q 3481.8 3477.9 3502.7 3492.9 

DGQ-j-q 3430.8 3439.6 3497.5 3486.1 

DGQ-j-r 3430.8 3440.1 3497.5 3486.4 

DGQ-j-t 3430.7 3437.5 3497.6 3486.6 

 

 

Table 6.165. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound DJP. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

DJP-m-r 3466.9 3459.1 3452.0 3478.2 

DJP-p-s 3466.8 3457.2 3432.7 3479.2 

DJP-p-q 3467.2 3458.2 3451.7 3477.9 

DJP-m-q 3467.1 3458.5 3451.7 3478.1 

DJP-p-r 3467.1 3458.3 3451.7 3478.1 

DJP-k-q 3439.4 3435.3 3449.1 3491.6 

DJP-k-r 3439.3 3434.8 3449.6 3491.5 

DJP-k-r 3439.3 3434.7 3449.6 3491.4 

DJP-k-s 3439.2 3433.3 3449.7 3493.6 

DJP-j-q 3430.2 3439.0 3497.8 3486.3 

DJP-j-s 3430.2 3437.2 3497.8 3486.8 

DJP-j-r 3430.2 3439.2 3497.9 3486.5 
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Table 6.166. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound DJQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

DJQ-m-q 3466.7 3457.9 3451.7 3478.0 

DJQ-k-q 3439.3 3435.1 3449.1 3491.4 

DJQ-k-r 3439.7 3435.1 3449.6 3491.4 

DJQ-m-r 3466.7 3458.2 3452.2 3478.0 

DJQ-m-s 3466.7 3457.1 3452.1 3479.2 

DJQ-m-t 3466.6 3457.5 3452.1 3478.2 

DJQ-m-s 3466.8 3457.2 3452.1 3479.1 

DJQ-m-q 3467.0 3458.4 3452.1 3478.1 

DJQ-p-q 3466.8 3458.1 3452.2 3477.9 

DJQ-m-r 3466.7 3457.9 3452.2 3477.9 

DJQ-p-q 3466.7 3458.0 3452.3 3477.8 

DJQ-p-r 3466.9 3458.4 3452.2 3478.1 

DJQ-m-q 3466.8 3458.3 3452.1 3477.9 

DJQ-j-q 3430.2 3439.1 3497.6 3486.4 

DJQ-j-r 3430.1 3439.5 3498.1 3486.6 

 

 

Table 6.167. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound DLP. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

DLP-m-r 3466.9 3458.4 3451.8 3478.0 

DLP-m-s 3466.9 3457.3 3451.8 3479.2 

DLP-p-q 3466.8 3458.3 3451.8 3477.9 

DLP-p-s 3466.9 3457.4 3451.7 3479.3 

DLP-p-t 3466.9 3457.7 3451.6 3478.4 

DLP-m-q 3467.2 3458.7 3451.7 3478.1 

DLP-p-r 3467.3 3458.7 3451.6 3478.2 

DLP-k-q 3439.7 3435.6 3448.7 3491.2 

DLP-k-r 3439.2 3435.0 3449.3 3491.2 

DLP-k-s 3439.1 3433.5 3449.3 3493.2 

DLP-j-q 3430.9 3439.6 3497.5 3486.1 

DLP-j-s 3430.6 3437.9 3497.7 3486.7 

DLP-j-r 3430.6 3439.8 3497.8 3486.5 
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Table 6.168. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound DLQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

DLQ-p-q 3466.9 3458.4 3451.9 3477.9 

DLQ-k-q 3439.6 3435.6 3448.5 3491.0 

DLQ-k-r 3440.0 3435.2 3449.3 3491.1 

DLQ-m--r 3466.9 3458.3 3451.8 3477.9 

DLQ-m-q 3467.4 3458.9 3451.9 3478.0 

DLQ-m-r 3466.9 3458.4 3451.4 3477.9 

DLQ-m-q 3467.3 3459.0 3451.5 3478.2 

DLQ-j-q 3430.8 3439.6 3497.4 3486.1 

DLQ-j-r 3430.9 3440.0 3497.6 3486.4 

DLQ-j-t 3430.8 3437.6 3497.6 3486.7 

 

 

Table 6.169. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound EGP. 

Symbols are used to indicate the symmetric () and asymmetric () vibrations 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

EGP-m-r-x4 3465.4 3457.8 3443.3 3471.6 

EGP-m-s-x4 3465.4 3456.8 3443.3 3472.8 

EGP-m-q-x4 3465.9 3458.2 3443.1 3471.7 

EGP-m-r-x1 3467.1 3458.6 3435.2 3464.3 

EGP-m-s-x1 3467.1 3457.6 3435.2 3465.5 

EGP-p-q-x3 3466.9 3458.6 3435.3 3464.5 

EGP-p-s-x3 3466.9 3457.7 3435.3 3465.6 

EGP-m-q-x1 3467.3 3459.0 3434.9 3464.4 

EGP-k-q-x1 3439.3 3435.4 3434.5 3475.5 

EGP-k-r-x2 3439.6 3434.5 3435.4 3485.6 

EGP-k-q-x1 3439.3 3434.9 3435.4 3475.5 

EGP-k-s-x1 3439.4 3433.2 3435.4 3477.3 

EGP-g-r-x1   3478.9 3474.8 3478.9 3474.8 

 3486.8 3482.1 3486.8 3482.1 

EGP-g-q-x1   3479.5 3474.8 3479.5 3474.8 

 3487.2 3482.1 3487.2 3482.1 

EGP-j-q-x3 3430.1 3439.8 3481.0 3472.4 

EGP-j-r-x3 3429.9 3440.1 3481.4 3472.9 

EGP-j-s-x3 3429.8 3438.2 3481.4 3473.0 
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Table 6.170. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound EGQ. 

Symbols are used to indicate the symmetric () and asymmetric () vibrations 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

EGQ-m-r-x4 3465.6 3457.7 3443.1 3471.5 

EGQ-m-q-x4 3465.8 3458.2 3443.0 3471.6 

EGQ-m-r-x1 3467.0 3458.6 3435.0 3464.2 

EGQ-m-q-x1 3467.4 3459.1 3435.4 3464.6 

EGQ-p-q-x3 3464.7 3457.3 3446.6 3484.4 

EGQ-p-r-x3 3465.2 3457.8 3447.8 3485.1 

EGQ-k-q-x4 3438.6 3435.3 3436.8 3481.8 

EGQ-k-r-x4 3438.5 3434.8 3437.9 3481.9 

EGQ-g-r-x1   3479.0 3474.8 3479.0 3474.8 

 3486.9 3482.1 3486.9 3482.1 

EGQ-g-t-x1   3479.0 3474.5 3479.0 3474.5 

 3486.9 3481.8 3486.9 3481.8 

EGQ-g-q-x1  3479.5 3474.7 3479.5 3474.7 

 3487.2 3482.0 3487.2 3482.0 

EGQ-j-q-x3 3430.0 3439.9 3481.1 3472.4 

EGQ-j-r-x3 3430.1 3440.3 3481.3 3472.7 

EGQ-j-t-x3 3429.9 3437.8 3481.3 3473.0 

 

 

Table 6.171. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound EJP. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

EJP-m-r-x4 3465.3 3456.6 3443.7 3472.8 

EJP-m-s-x4 3465.3 3457.6 3443.7 3471.4 

EJP-m-q-x4 3465.7 3458.0 3443.6 3471.7 

EJP-p-s-x4 3465.7 3457.5 3443.6 3465.5 

EJP-p-q-x4 3466.9 3458.4 3435.5 3464.3 

EJP-p-r-x4 3467.3 3458.7 3435.2 3464.3 

EJP-k-q-x1 3468.4 3435.1 3434.9 3476.0 

EJP-k-r-x1 3439.4 3434.7 3435.7 3475.8 

EJP-k-r-x1 3439.4 3434.7 3435.7 3475.7 

EJP-k-s-x1 3439.4 3432.8 3435.7 3477.7 

EJP-j-q-x3 3429.5 3439.3 3481.4 3472.6 

EJP-j-r-x3 3429.5 3439.4 3481.5 3472.8 

EJP-j-s-x3 3429.4 3437.5 3481.4 3473.1 
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Table 6.172. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound EJQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

EJQ-m-q-x4 3465.9 3458.2 3443.6 3471.8 

EJQ-m-r-x4 3465.2 3457.7 3443.1 3471.3 

EJQ-p-q-x4 3466.8 3458.4 3435.6 3464.3 

EJQ-p-q-x4 3466.8 3458.2 3435.6 3464.2 

EJQ-m-r-x1 3466.8 3458.1 3435.6 3464.2 

EJQ-m-s-x1 3466.7 3457.5 3435.6 3465.5 

EJQ-p-r-x4 3466.9 3458.5 3435.5 3464.5 

EJQ-p-s-x4 3466.9 3457.3 3435.5 3465.5 

EJQ-m-q-x1 3466.9 3458.6 3435.4 3464.3 

EJQ-k-q-x4 3438.2 3434.9 3437.8 3482.4 

EJQ-k-r-x4 3438.5 3434.3 3438.0 3482.4 

EJQ-j-q-x3 3429.4 3439.3 3481.4 3472.8 

EJQ-j-r-x3 3429.7 3439.9 3481.4 3472.8 

 

 

Table 6.173. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound ELP. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

ELP-m-q-x4 3465.4 3456.7 3443.3 3472.8 

ELP-m-s-x4 3465.4 3457.8 3443.2 3471.5 

ELP-m-q-x4 3465.9 3458.2 3443.1 3471.6 

ELP-m-r-x1 3466.9 3458.6 3435.3 3464.3 

ELP-m-s-x1 3466.9 3457.6 3435.2 3465.6 

ELP-p-s-x4 3467.0 3458.6 3435.4 3464.3 

ELP-p-s-x4 3466.9 3457.8 3435.3 3465.6 

ELP-m-q-x1 3467.3 3459.0 3434.9 3464.4 

ELP-k-q-x1 3439.7 3435.4 3430.7 3475.6 

ELP-k-r-x1 3438.8 3434.9 3435.3 3475.5 

ELP-k-s-x1 3438.8 3433.1 3435.3 3477.3 

ELP-j-q-x3 3429.9 3439.6 3481.2 3472.5 

ELP-j-r-x3 3429.9 3440.0 3481.4 3472.9 

ELP-j-s-x3 3429.9 3437.9 3481.4 3473.1 

ELP-j-q-x3 3430.1 3439.8 3481.0 3472.4 

ELP-j-r-x3 3429.9 3440.0 3481.5 3472.9 

ELP-j-s-x3 3429.8 3438.1 3481.5 3473.0 
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Table 6.174. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound ELQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

ELQ-m-r-x4 3465.6 3457.6 3443.0 3471.5 

ELQ-m-q-x4 3465.8 3458.2 3443.0 3471.6 

ELQ-m-r-x1 3467.0 3458.6 3435.2 3464.2 

ELQ-m-q-x1 3467.4 3459.1 3435.3 3464.5 

ELQ-k-q-x4 3438.4 3435.1 3437.4 3481.9 

ELQ-k-r-x4 3438.5 3434.9 3437.8 3481.9 

ELQ-j-q-x3 3430.0 3439.7 3481.0 3472.6 

ELQ-j-r-x3 3430.0 3440.2 3481.3 3472.8 

ELQ-j-q-x3 3429.9 3439.6 3481.1 3472.5 

ELQ-j-r-x3 3429.7 3439.8 3481.5 3472.9 

ELQ-j-s-x3 3429.6 3437.9 3481.6 3473.1 

 

 

 

Table 6.175. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound FGP. 

Symbols are used to indicate the symmetric () and asymmetric () vibrations 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

FGP-m-r-x4 3465.1 3457.8 3444.2 3472.4 

FGP-m-s-x4 3465.2 3456.7 3444.2 3473.7 

FGP-m-q-x4 3465.6 3458.2 3444.0 3472.5 

FGP-m-r-x1 3465.0 3458.7 3448.5 3464.2 

FGP-m-s-x1 3465.0 3457.7 3448.5 3465.5 

FGP-p-q-x4 3464.8 3458.7 3448.1 3464.2 

FGP-p-s-x4 3464.8 3457.9 3448.1 3465.5 

FGP-m-q-x1 3465.3 3459.1 3448.9 3464.3 

FGP-p-r-x4 3465.2 3459.0 3448.6 3464.4 

FGP-k-q-x1 3438.8 3435.5 3435.2 3473.2 

FGP-k-r-x1 3438.7 3435.0 3436.0 3473.2 

FGP-k-r-x1 3438.7 3434.8 3436.0 3471.6 

FGP-g-r-x1   3478.8 3475.3 3478.8 3475.3 

 3488.1 3482.7 3487.3 3482.7 

FGP-g-r-x1   3478.8 3475.5 3478.6 3475.5 

 3488.1 3482.9 3488.1 3482.9 

FGP-g-q-x1   3479.4 3475.3 3479.4 3475.3 

 3488.5 3482.6 3488.5 3482.6 

FGP-j-q-x3 3429.5 3439.8 3482.9 3473.5 

FGP-j-r-x3 3429.5 3440.2 3483.3 3474.0 
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FGP-j-s-x3 3430.2 3437.9 3514.0 3474.1 

 

 

Table 6.176. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound FGQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

FGQ-m-r-x4 3465.2 3457.6 3443.9 3472.4 

FGQ-m-q-x4 3465.5 3458.2 3444.0 3472.5 

FGQ-p-q-x4 3464.8 3457.2 3448.2 3484.7 

FGQ-m-r-x1 3464.8 3458.7 3448.1 3464.1 

FGQ-m-q-x1 3465.2 3459.2 3448.9 3464.5 

FGQ-k-r-x4 3438.0 3457.2 3438.7 3484.7 

FGQ-g-r-x1 3478.9 3475.3 3488.2 3482.7 

FGQ-g-t-x1 3478.9 3474.9 3488.3 3482.5 

FGQ-g-q-x1 3479.6 3475.3 3488.0 3482.6 

FGQ-j-q-x3 3429.5 3439.8 3483.1 3473.5 

FGQ-j-r-x3 3429.6 3440.3 3483.2 3473.8 

FGQ-j-t-x3 3430.2 3437.7 3513.7 3474.1 

 

 

Table 6.177. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound FJP.  

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

FJP-m-r-x4 3465.0 3457.6 3444.2 3472.3 

FJP-m-s-x4 3465.0 3456.6 3444.1 3473.6 

FJP-m-q-x4 3465.5 3457.9 3444.2 3472.5 

FJP-p-q-x4 3464.8 3458.5 3448.9 3464.2 

FJP-p-s-x4 3464.7 3457.5 3448.9 3465.5 

FJP-k-q-x1 3439.1 3435.2 3435.6 3473.7 

FJP-p-r-x1 3438.6 3458.8 3436.1 3464.3 

FJP-k-r-x1 3438.6 3434.8 3436.1 3473.8 

FJP-k-s-x1 3438.7 3432.9 3436.2 3475.3 

FJP-j-q-x3 3428.9 3439.2 3483.0 3473.7 

FJP-j-r-x3 3429.0 3439.5 3483.2 3474.0 

FJP-j-s-x3 3428.9 3437.4 3483.3 3474.2 
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Table 6.178. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound FJQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

FJQ-m-q-x4 3465.2 3458.1 3444.3 3472.3 

FJQ-m-r-x4 3464.9 3457.4 3444.2 3472.4 

FJQ-p-r-x4 3465.0 3459.1 3449.4 3464.6 

FJQ-p-q-x4 3464.7 3457.0 3448.6 3484.7 

FJQ-p-q-x4 3464.7 3458.5 3448.6 3464.2 

FJQ-m-q-x1 3465.0 3458.9 3448.9 3464.4 

FJQ-m-r-x1 3464.7 3458.3 3448.4 3464.2 

FJQ-k-q-x4 3438.5 3435.2 3437.9 3482.4 

FJQ-k-r-x4 3438.3 3434.5 3439.2 3482.5 

FJQ-j-q-x3 3428.9 3439.2 3483.0 3473.8 

FJQ-j-r-x3 3429.2 3439.8 3483.4 3473.9 

FJQ-j-r-x3 3429.3 3440.0 3483.2 3473.8 

FJQ-j-t-x3 3429.2 3437.2 3483.2 3474.4 

FJQ-j-q-x3 3429.0 3439.4 3483.3 3473.6 

 

 

Table 6.179. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound FLP. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

FLP-m-r-x4 3465.1 3457.8 3444.1 3472.3 

FLP-m-q-x4 3465.5 3458.2 3443.9 3472.5 

FLP-m-r-x1 3465.0 3458.7 3448.4 3464.3 

FLP-m-s-x4 3465.0 3456.7 3448.5 3473.7 

FLP-m-s-x1 3465.0 3457.7 3448.4 3465.6 

FLP-p-q-x4 3464.8 3458.7 3448.2 3464.2 

FLP-p-s-x4 3464.9 3457.9 3448.2 3465.5 

FLP-m-q-x1 3465.2 3459.0 3448.5 3464.4 

FLP-k-q-x1 3439.2 3435.4 3435.3 3473.2 

FLP-k-r-x1 3438.5 3435.0 3436.1 3473.2 

FLP-k-s-x1 3438.5 3433.1 3436.0 3474.8 

FLP-j-q-x3 3429.4 3439.6 3483.1 3473.6 

FLP-j-r-x3 3429.4 3440.0 3483.1 3474.0 

FLP-j-s-x3 3429.4 3437.9 3483.2 3474.1 

FLP-j-q-x3 3429.6 3439.8 3482.8 3473.5 

FLP-j-r-x3 3429.5 3440.0 3483.5 3474.0 
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FLP-j-s-x3 3429.4 3438.1 3483.5 3474.1 

 

Table 6.180. Vibrational frequencies of N11–H11 and N14–H14 in the calculated conformers of 

compound FLQ. 

Conformers Vibrational frequencies (cm-1) 

N11–H11 N14–H14 

DFT HF DFT HF 

FLQ-p-q-x2 3465.2 3458.3 3444.0 3473.5 

FLQ-m-r-x4 3465.2 3457.6 3443.9 3472.4 

FLQ-m-q-x4 3465.5 3458.2 3444.0 3472.5 

FLQ-p-q-x4 3465.0 3458.5 3448.4 3464.2 

FLQ-m-r-x1 3464.8 3458.7 3448.2 3464.2 

FLQ-m-q-x1 3465.1 3459.1 3449.0 3464.6 

FLQ-m-q-x1 3465.1 3459.3 3449.0 3464.2 

FLQ-p-r-x4 3465.0 3457.6 3448.6 3485.1 

FLQ-p-r-x4 3465.0 3459.1 3448.6 3464.3 

FLQ-k-q-x4 3438.5 3435.1 3437.9 3482.2 

FLQ-k-q-x1 3439.2 3435.5 3435.2 3473.1 

FLQ-k-r-x4 3438.1 3434.9 3438.5 3482.2 

FLQ-k-r-x1 3436.1 3435.0 3439.0 3473.2 

FLQ-j-q-x3 3429.4 3439.7 3483.0 3473.7 

FLQ-j-r-x3 3429.4 3440.2 3483.2 3473.8 
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6.1.5. Changes in the vibrational frequencies, caused by the formation of IHBs. 

This section presents the tables reporting the changes in the vibrational frequencies of N11–H11 

and H14–H14 bonds when they form IHBs. The table also indicate the IHB formed by the given 

N–H bonds. The changes are calculated as the difference between the average vibrational 

frequency of the given N–H bond over the conformer where it does not form any IHB and its 

vibrational frequency in a conformer where it forms an IHB. In this way, a negative change 

indicates an increase of the vibrational frequency, that is a blue shift, and a positive change 

indicates a decrease of the vibrational frequencies, that is a red shift. 

 

Table 6.181. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound AGP containing IHBs. 

 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

AGP-m-r-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.8 -18.7 H14∙∙∙∙O9 46.5 10.2 

AGP-m-s-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.8 -17.6 H14∙∙∙∙O9 46.5 8.9 

AGP-p-t-u3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.7 -17.9 H14∙∙∙∙O10 46.8 9.8 

AGP-m-q-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.1 -19.0 H14∙∙∙∙O9 46.8 10.1 

AGP-p-r-u3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.0 -19.0 H14∙∙∙∙O10 46.6 10.1 

AGP-k-q-u1 H11∙∙∙∙O13 -8.5 4.2 H14∙∙∙∙O10 55.1 1.0 

AGP-k-r-u1 H11∙∙∙∙O13 -7.9 5.3 H14∙∙∙∙O10 53.9 0.9 

AGP-m-r-u2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.0 -17.0 H14∙∙∙∙O9 28.6 -7.8 

AGP-g-r-u3 H11∙∙∙∙O9 -48.0 -35.5    

  -55.3 -43.4    

AGP-g-q-u3 H11∙∙∙∙O9 -48.4 -35.4    

  -55.8 -43.3    
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Table 6.182. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound AGQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

AGQ-m-r-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.9 -18.3 H14∙∙∙∙O9 46.6 10.2 

AGQ-m-q-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.1 -18.8 H14∙∙∙∙O9 46.1 9.8 

AGQ-k-q-u1 H11∙∙∙∙O13 -8.4 4.4 H14∙∙∙∙O10 55.0 1.0 

AGQ-k-r-u1 H11∙∙∙∙O13 -8.3 5.8 H14∙∙∙∙O10 54.5 0.9 

AGQ-m-r-u2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.0 -16.5 H14∙∙∙∙O9 28.5 -7.9 

AGQ-m-q-u2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.3 -17.1 H14∙∙∙∙O9 28.4 -8.2 

AGQ-g-r-u3 H11∙∙∙∙O9 -47.9 -35.2    

  -55.2 -43.1    

AGQ-g-t-u3 H11∙∙∙∙O9 -47.9 -34.8    

  -55.3 -42.7    

AGQ-g-q-u3 H11∙∙∙∙O9 -48.5 -35.1    

  -55.9 -43.0    

 

 

Table 6.183. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound AJP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

AJP-m-r-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.8 -18.8 H14∙∙∙∙O9 46.4 10.4 

AJP-m-s-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.9 -17.8 H14∙∙∙∙O9 46.4 9.1 

AJP-m-q-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.6 -19.0 H14∙∙∙∙O9 46.6 10.1 

AJP-k-q-u1 H11∙∙∙∙O13 -8.9 4.2 H14∙∙∙∙O10 55.1 0.8 

AJP-k-r-u1 H11∙∙∙∙O13 -8.1 4.6 H14∙∙∙∙O10 54.5 0.8 

AJP-k-s-u1 H11∙∙∙∙O13 -8.1 6.4 H14∙∙∙∙O10 54.5 -0.9 

AJP-m-r-u2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.5 -17.1 H14∙∙∙∙O9 28.4 -7.7 

AJP-m-s-u2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.5 -16.1 H14∙∙∙∙O9 28.4 -9.2 

AJP-m-q-u2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.0 -17.4 H14∙∙∙∙O9 27.9 -8.1 
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Table 6.184. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound AJQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

AJQ-p-q-u5 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.8 -17.3 H14∙∙∙∙O10 46.3 -2.1 

AJQ-m-q-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.1 -18.1 H14∙∙∙∙O9 46.4 10.1 

AJQ-m-q-u2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.3 -16.8 H14∙∙∙∙O9 28.7 -7.9 

AJQ-m-r-u2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.8 -16.1 H14∙∙∙∙O9 28.3 -7.9 

AJQ-p-q-u3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.4 -18.0 H14∙∙∙∙O10 46.4 10.2 

AJQ-m-r-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.5 -17.7 H14∙∙∙∙O9 46.3 10.3 

AJQ-p-q-u5 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.4 -17.2 H14∙∙∙∙O10 46.4 -2.1 

AJQ-m-s-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.4 -17.0 H14∙∙∙∙O9 46.3 9.0 

AJQ-p-r-u3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.0 -18.1 H14∙∙∙∙O10 46.1 10.1 

AJQ-p-s-u3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.0 -16.9 H14∙∙∙∙O10 46.1 9.0 

AJQ-m-q-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.9 -18.1 H14∙∙∙∙O9 46.4 10.2 

AJQ-k-q-u1 H11∙∙∙∙O13 -8.0 5.1 H14∙∙∙∙O10 54.8 0.5 

AJQ-k-q-u1 H11∙∙∙∙O13 -8.3 5.1 H14∙∙∙∙O10 54.5 0.5 

 

 

Table 6.185. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound ALP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

ALP-m-r-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.7 -18.2 H14∙∙∙∙O9 46.5 10.3 

ALP-m-s-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.7 -17.3 H14∙∙∙∙O9 46.5 9.0 

ALP-m-q-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.1 -18.6 H14∙∙∙∙O9 46.5 10.1 

ALP-k-q-u1 H11∙∙∙∙O13 -7.3 4.6 H14∙∙∙∙O10 55.2 0.9 

ALP-k-r-u1 H11∙∙∙∙O13 -7.8 5.0 H14∙∙∙∙O10 54.3 0.8 
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ALP-k-q-u1 H11∙∙∙∙O13 -8.5 4.5 H14∙∙∙∙O10 55.0 1.0 

ALP-k-r-u1 H11∙∙∙∙O13 -7.8 5.1 H14∙∙∙∙O10 54.4 0.9 

ALP-k-s-u1 H11∙∙∙∙O13 -7.7 6.8 H14∙∙∙∙O10 54.4 -0.7 

ALP-k-r-u3 H11∙∙∙∙O13 -8.4 5.7 H14∙∙∙∙O10 56.6 -3.6 

ALP-m-r-u2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.3 -16.6 H14∙∙∙∙O9 28.5 -7.8 

ALP-m-s-u2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.3 -15.7 H14∙∙∙∙O9 28.6 -9.2 

ALP-m-q-u2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.1 -17.0 H14∙∙∙∙O9 28.7 -8.2 

 

 

Table 6.186. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound ALQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

ALQ-m-r-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.6 -17.5 H14∙∙∙∙O9 46.8 10.3 

ALQ-m-q-u1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.8 -18.0 H14∙∙∙∙O9 46.1 9.9 

ALQ-k-q-u1 H11∙∙∙∙O13 -8.5 5.3 H14∙∙∙∙O10 54.9 0.9 

ALQ-k-r-u1 H11∙∙∙∙O13 -8.0 5.8 H14∙∙∙∙O10 54.3 0.8 

ALQ-m-r-u2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.9 -15.7 H14∙∙∙∙O9 28.6 -7.9 

ALQ-m-q-u2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.1 -16.3 H14∙∙∙∙O9 28.4 -8.2 

 

 

Table 6.187. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound BGP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

BGP-p-s-v3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.5 -16.5 H14∙∙∙∙O10 51.2 16.2 

BGP-p-t-v3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.5 -16.6 H14∙∙∙∙O10 51.3 17.1 

BGP-m-r-v1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.8 -17.4 H14∙∙∙∙O9 51.4 17.4 

BGP-m-s-v1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.8 -16.3 H14∙∙∙∙O9 51.4 16.2 

BGP-m-q-v1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.8 -17.7 H14∙∙∙∙O9 51.0 17.4 



 

223 
 

BGP-k-q-v3 H11∙∙∙∙O13 -8.7 5.1 H14∙∙∙∙O10 61.5 12.3 

BGP-k-r-v3 H11∙∙∙∙O13 -8.7 5.7 H14∙∙∙∙O10 60.7 12.2 

BGP-k-s-v3 H11∙∙∙∙O13 -8.8 7.2 H14∙∙∙∙O10 60.7 10.5 

BGP-m-r-v2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.1 -15.8 H14∙∙∙∙O9 42.0 5.1 

BGP-m-s-v2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.1 -14.8 H14∙∙∙∙O9 42.0 3.6 

BGP-m-q-v2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-41.8 -16.3 H14∙∙∙∙O9 41.9 4.8 

BGP-g-r-v1 H11∙∙∙∙O9 -49.5 -35.8    

  -59.0 -44.2    

BGP-g-q-v1 H11∙∙∙∙O9 -49.8 -35.8    

  -60.0 -43.9    

 

 

Table 6.188. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound BGQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

BGQ-m-r-v1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.6 -18.0 H14∙∙∙∙O9 51.0 12.0 

BGQ-m-q-v1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.9 -18.0 H14∙∙∙∙O9 50.6 11.6 

BGQ-k-q-v1 H11∙∙∙∙O13 -9.0 4.5 H14∙∙∙∙O10 61.1 6.8 

BGQ-k-r-v1 H11∙∙∙∙O13 -8.3 5.0 H14∙∙∙∙O10 60.6 6.5 

BGQ-m-r-v2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.4 -16.2 H14∙∙∙∙O9 42.2 -0.4 

BGQ-m-q-v2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.2 -16.8 H14∙∙∙∙O9 42.1 -0.8 
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Table 6.189. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound BJP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

BJP-p-q-v3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.7 -18.0 H14∙∙∙∙O10 50.9 11.9 

BJP-p-s-v3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.7 -16.6 H14∙∙∙∙O10 50.9 10.7 

BJP-p-r-v3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.2 -17.8 H14∙∙∙∙O10 50.9 11.9 

BJP-k-q-v1 H11∙∙∙∙O13 -9.2 5.0 H14∙∙∙∙O10 61.1 6.5 

BJP-k-r-v1 H11∙∙∙∙O13 -8.9 5.5 H14∙∙∙∙O10 60.5 6.3 

BJP-k-s-v1 H11∙∙∙∙O13 -9.0 7.0 H14∙∙∙∙O10 60.5 4.7 

BJP-m-r-v2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.4 -16.1 H14∙∙∙∙O9 41.7 -0.4 

BJP-m-s-v2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.4 -15.1 H14∙∙∙∙O9 41.7 -1.9 

BJP-m-q-v2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.8 -16.4 H14∙∙∙∙O9 41.8 -0.8 

 

 

Table 6.190. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound BJQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

BJQ-p-r-v3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.2 -18.0 H14∙∙∙∙O10 50.8 11.8 

BJQ-m-s-v1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.8 -16.5 H14∙∙∙∙O9 50.9 10.5 

BJQ-m-t-v1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.7 -16.8 H14∙∙∙∙O9 50.9 11.5 

BJQ-m-q-v2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.7 -16.6 H14∙∙∙∙O9 41.5 -1.0 

BJQ-m-r-v2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.3 -16.0 H14∙∙∙∙O9 42.1 -0.3 

BJQ-m-q-v1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.0 -17.7 H14∙∙∙∙O9 50.8 11.8 

BJQ-p-q-v3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.5 -17.5 H14∙∙∙∙O10 50.8 11.9 

BJQ-p-q-v3 H11∙∙∙∙O9 -34.5 -17.5 H14∙∙∙∙O10 50.8 11.9 



 

225 
 

H11∙∙∙∙O13 

BJQ-p-r-v3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.1 -17.8 H14∙∙∙∙O10 50.7 11.7 

BJQ-p-s-v3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.0 -16.5 H14∙∙∙∙O10 50.7 10.6 

 

 

Table 6.191. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound BLP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

BLP-k-q-v1 H11∙∙∙∙O13 -8.7 5.2 H14∙∙∙∙O10 61.3 12.0 

BLP-p-s-v3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.3 -16.3 H14∙∙∙∙O10 51.1 15.8 

BLP-p-t-v3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.4 -16.5 H14∙∙∙∙O10 51.1 16.8 

BLP-m-r-v1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.7 -17.3 H14∙∙∙∙O9 51.2 17.2 

BLP-m-s-v1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.7 -16.2 H14∙∙∙∙O9 51.0 15.8 

BLP-m-r-v1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.6 -17.6 H14∙∙∙∙O9 51.0 17.1 

BLP-k-r-v1 H11∙∙∙∙O13 -8.3 5.9 H14∙∙∙∙O10 60.9 11.9 

BLP-k-s-v1 H11∙∙∙∙O13 -8.3 7.3 H14∙∙∙∙O10 60.8 10.2 

BLP-p-q-v4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-33.0 -15.6 H14∙∙∙∙O10 41.9 4.9 

BLP-p-s-v4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-33.0 -14.9 H14∙∙∙∙O10 41.9 3.4 

BLP-p-t-v4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-33.0 -15.0 H14∙∙∙∙O10 41.9 4.4 

BLP-p-r-v4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-33.1 -16.0 H14∙∙∙∙O10 41.8 4.4 
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Table 6.192. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound BLQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

BLQ-p-q-v3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.3 -17.5 H14∙∙∙∙O10 51.1 14.6 

BLQ-p-r-v3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.7 -17.9 H14∙∙∙∙O10 50.6 14.2 

BLQ-p-r-v3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.6 -17.9 H14∙∙∙∙O10 50.9 14.4 

BLQ-k-q-v1 H11∙∙∙∙O13 -8.4 5.2 H14∙∙∙∙O10 61.4 9.3 

BLQ-k-r-v1 H11∙∙∙∙O13 -8.5 5.3 H14∙∙∙∙O10 60.8 9.2 

BLQ-m-r-v1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.5 -17.6 H14∙∙∙∙O9 51.4 14.6 

BLQ-m-q-v1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.7 -18.1 H14∙∙∙∙O9 51.2 14.3 

BLQ-p-q-v4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-33.1 -16.0 H14∙∙∙∙O10 42.2 2.3 

BLQ-p-r-v4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-33.1 -16.5 H14∙∙∙∙O10 41.6 1.7 

BLQ-m-s-v1 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.7 -16.7 H14∙∙∙∙O10 51.2 13.4 

 

 

Table 6.193. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound CGP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

CGP-p-q-w5 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.7 -18.4 H14∙∙∙∙O10 36.9 4.8 

CGP-p-s-w5 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.7 -17.8 H14∙∙∙∙O10 36.9 3.8 

CGP-p-r-w5 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.0 -19.0 H14∙∙∙∙O10 37.0 4.8 

CGP-m-r-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-29.7 -15.6 H14∙∙∙∙O9 31.4 -12.7 

CGP-m-s-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-29.8 -14.7 H14∙∙∙∙O9 31.5 -14.2 

CGP-m-q-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-30.1 -16.1 H14∙∙∙∙O9 31.2 -13.3 
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CGP-m-r-w2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-31.9 -16.8 H14∙∙∙∙O9 34.8 -1.5 

CGP-m-s-w2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-31.9 -15.7 H14∙∙∙∙O9 34.8 -2.9 

CGP-m-q-w2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-32.0 -17.1 H14∙∙∙∙O9 34.6 -1.8 

CGP-g-r-w5 H11∙∙∙∙O9 -25.5 -24.7    

CGP-g-q-w5 H11∙∙∙∙O9 -24.7 -24.5    

 

 

Table 6.194. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound CGQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

CGQ-p-q-w5 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.7 -18.6 H14∙∙∙∙O10 37.1 4.8 

CGQ-m-q-w3 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.8 -18.5 H14∙∙∙∙O9 37.2 4.8 

CGQ-p-r-w5 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.2 -19.2 H14∙∙∙∙O10 36.9 4.8 

CGQ-m-r-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-29.6 -15.7 H14∙∙∙∙O9 31.5 -12.6 

CGQ-m-q-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-30.1 -16.2 H14∙∙∙∙O9 30.9 -13.4 

 

 

Table 6.195. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound CJP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

CJP-p-q-w3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.4 -18.8 H14∙∙∙∙O10 36.8 5.0 

CJP-p-s-w3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.3 -18.2 H14∙∙∙∙O10 36.8 3.9 

CJP-p- r-w3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-38.0 -19.4 H14∙∙∙∙O10 37.0 5.0 

CJP-m-r-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-30.3 -16.0 H14∙∙∙∙O9 31.2 -12.6 

CJP-m-r-w2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-32.6 -17.2 H14∙∙∙∙O9 34.3 -1.4 

CJP-m-s-w2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-32.6 -16.1 H14∙∙∙∙O9 34.3 -2.9 
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CJP-m-t-w2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-32.6 -16.6 H14∙∙∙∙O9 34.3 -1.8 

CJP-m-q-w2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-32.8 -17.5 H14∙∙∙∙O9 34.2 -1.7 

 

 

Table 6.196. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound CJQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

CJQ-m-q-w6 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.8 -18.8 H14∙∙∙∙O9 36.7 4.8 

CJQ-m-r-w6 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.3 -18.1 H14∙∙∙∙O9 37.2 5.0 

CJQ-p-q-w5 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.3 -23.5 H14∙∙∙∙O10 36.7 4.9 

CJQ-m-q-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-30.4 -15.6 H14∙∙∙∙O9 30.9 -13.5 

CJQ-p-q-w5 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.3 -17.8 H14∙∙∙∙O10 36.8 4.7 

CJQ-p-q-w5 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.2 -17.9 H14∙∙∙∙O10 36.7 4.9 

CJQ-p-s-w5 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.5 -17.2 H14∙∙∙∙O10 36.9 4.0 

CJQ-m-r-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-30.1 -15.1 H14∙∙∙∙O9 31.1 -12.6 

CJQ-m-s-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-30.1 -14.4 H14∙∙∙∙O9 31.1 -14.2 

CJQ-m-q-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-30.4 -15.4 H14∙∙∙∙O9 31.0 -13.4 

 

 

Table 6.197. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound CLP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

CLP-p-q-w5 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.1 -15.7 H14∙∙∙∙O10 50.8 23.6 

CLP-p-s-w5 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.1 -15.0 H14∙∙∙∙O10 50.9 22.6 

CLP-p-r-w5 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.4 -16.2 H14∙∙∙∙O10 51.1 23.6 
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CLP-p-r-w5 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.4 -16.4 H14∙∙∙∙O10 51.1 23.8 

CLP-m-r-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-27.0 -12.8 H14∙∙∙∙O9 45.3 6.1 

CLP-m-s-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-27.1 -11.9 H14∙∙∙∙O9 45.4 4.5 

CLP-m-q-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-27.4 -13.2 H14∙∙∙∙O9 45.4 5.5 

CLP-m-q-w2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-29.4 -14.0 H14∙∙∙∙O9 48.8 17.4 

CLP-m-s-w2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-29.4 -12.9 H14∙∙∙∙O9 48.7 15.8 

CLP-m-q-w2 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-29.4 -14.3 H14∙∙∙∙O9 48.6 17.0 

 

 

Table 6.198. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound CLQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

CLQ-p-q-w5 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.2 -18.6 H14∙∙∙∙O10 37.1 4.9 

CLQ-p-s-w5 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.2 -17.9 H14∙∙∙∙O10 37.1 3.9 

CLQ-m-q-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.5 -19.1 H14∙∙∙∙O9 37.5 4.9 

CLQ-m-r-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-30.1 -15.0 H14∙∙∙∙O9 31.6 -12.4 

CLQ-m-r-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-30.1 -15.7 H14∙∙∙∙O9 31.6 -12.6 

CLQ-m-q-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-30.5 -16.1 H14∙∙∙∙O9 31.2 -13.2 

CLQ-m-s-w1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-30.2 -15.0 H14∙∙∙∙O9 31.6 -14.1 
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Table 6.199. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound DGP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

DGP-m-r H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.2 -19.2 H14∙∙∙∙O9 45.8 8.5 

DGP-m-s H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.2 -18.2 H14∙∙∙∙O9 45.9 7.2 

DGP-p-q H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.2 -19.2 H14∙∙∙∙O10 45.8 8.5 

DGP-p-s H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.3 -18.3 H14∙∙∙∙O10 46.0 7.1 

DGP-p-t H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.3 -18.6 H14∙∙∙∙O10 45.9 7.5 

DGP-m-q H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.6 -19.6 H14∙∙∙∙O9 46.2 8.3 

DGP-k-q H11∙∙∙∙O13 -8.8 3.5 H14∙∙∙∙O10 49.0 -4.7 

DGP-k-r H11∙∙∙∙O13 -8.7 4.1 H14∙∙∙∙O10 48.3 -4.7 

DGP-k-s H11∙∙∙∙O13 -8.7 4.8 H14∙∙∙∙O10 48.3 -6.7 

DGP-g-r H11∙∙∙∙O9 -50.2 -38.5    

DGP-g-q H11∙∙∙∙O9 -50.9 -38.8    

 

 

Table 6.200. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound DGQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

DGQ-m-r H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.1 -19.1 H14∙∙∙∙O9 45.8 8.3 

DGQ-p-q H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.0 -19.3 H14∙∙∙∙O10 45.7 8.5 

DGQ-m-q H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.6 -19.7 H14∙∙∙∙O9 45.7 8.2 

DGQ-m-q H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.6 -19.7 H14∙∙∙∙O9 46.2 8.3 

DGQ-k-q H11∙∙∙∙O13 -8.6 3.5 H14∙∙∙∙O10 48.8 -4.6 

DGQ-k-r H11∙∙∙∙O13 -8.7 4.1 H14∙∙∙∙O10 48.1 -4.8 

DGQ-g-r H11∙∙∙∙O9 -50.2 -38.6    

DGQ-g-t H11∙∙∙∙O9 -50.1 -37.8    

DGQ-g-q H11∙∙∙∙O9 -51.0 -38.8    
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Table 6.201. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound CJP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

DJP-m-r H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.7 -19.6 H14∙∙∙∙O9 45.8 8.3 

DJP-p-s H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.6 -17.7 H14∙∙∙∙O10 65.1 7.3 

DJP-p-q H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.0 -18.7 H14∙∙∙∙O10 46.1 8.6 

DJP-m-q H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.9 -19.0 H14∙∙∙∙O9 46.1 8.4 

DJP-p-r H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.9 -18.8 H14∙∙∙∙O10 46.1 8.4 

DJP-k-q H11∙∙∙∙O13 -9.2 4.2 H14∙∙∙∙O10 48.7 -5.1 

DJP-k-r H11∙∙∙∙O13 -9.1 4.7 H14∙∙∙∙O10 48.2 -5.0 

DJP-k-r H11∙∙∙∙O13 -9.1 4.8 H14∙∙∙∙O10 48.2 -4.9 

DJP-k-s H11∙∙∙∙O13 -9.0 6.2 H14∙∙∙∙O10 48.1 -7.1 

 

 

Table 6.202. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound CJQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

DJQ-m-q H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.5 -18.6 H14∙∙∙∙O9 46.2 8.5 

DJQ-k-q H11∙∙∙∙O13 -9.1 4.2 H14∙∙∙∙O10 48.8 -4.9 

DJQ-k-r H11∙∙∙∙O13 -9.5 4.2 H14∙∙∙∙O10 48.3 -4.9 

DJQ-m-r H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.5 -18.9 H14∙∙∙∙O9 45.7 8.5 

DJQ-m-s H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.5 -17.8 H14∙∙∙∙O9 45.8 7.3 

DJQ-m-t H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.4 -18.2 H14∙∙∙∙O9 45.8 8.3 

DJQ-m-s H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.6 -17.9 H14∙∙∙∙O9 45.8 7.4 

DJQ-m-q H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.8 -19.1 H14∙∙∙∙O9 45.8 8.4 

DJQ-p-q H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.6 -18.8 H14∙∙∙∙O10 45.7 8.6 

DJQ-m-r H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.5 -18.6 H14∙∙∙∙O9 45.7 8.6 

DJQ-p-q H11∙∙∙∙O9 -36.5 -18.7 H14∙∙∙∙O10 45.6 8.7 
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H11∙∙∙∙O13 

DJQ-p-r H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.7 -19.1 H14∙∙∙∙O10 45.7 8.4 

DJQ-m-q H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.6 -19.0 H14∙∙∙∙O9 45.8 8.6 

 

 

Table 6.203. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound DLP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

DLP-m-r H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.2 -19.3 H14∙∙∙∙O9 45.9 8.4 

DLP-m-s H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.2 -18.2 H14∙∙∙∙O9 45.9 7.2 

DLP-p-q H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.1 -19.2 H14∙∙∙∙O10 45.9 8.5 

DLP-p-s H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.2 -18.3 H14∙∙∙∙O10 46.0 7.1 

DLP-p-t H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.2 -18.6 H14∙∙∙∙O10 46.1 8.0 

DLP-m-q H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.5 -19.6 H14∙∙∙∙O9 46.0 8.3 

DLP-p-r H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.6 -19.6 H14∙∙∙∙O10 46.1 8.2 

DLP-k-q H11∙∙∙∙O13 -9.0 3.5 H14∙∙∙∙O10 49.0 -4.8 

DLP-k-r H11∙∙∙∙O13 -8.5 4.1 H14∙∙∙∙O10 48.4 -4.8 

DLP-k-s H11∙∙∙∙O13 -8.4 5.6 H14∙∙∙∙O10 48.4 -6.8 
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Table 6.204. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound DLQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

DLQ-p-q H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.1 10.7 H14∙∙∙∙O10 45.6 8.5 

DLQ-k-q H11∙∙∙∙O13 -8.8 33.5 H14∙∙∙∙O10 49.0 -4.6 

DLQ-k-r H11∙∙∙∙O13 -9.2 33.9 H14∙∙∙∙O10 48.2 -4.7 

DLQ-m--r H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.1 10.8 H14∙∙∙∙O9 45.7 8.5 

DLQ-m-q H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.6 10.2 H14∙∙∙∙O9 45.6 8.4 

DLQ-m-r H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.1 10.7 H14∙∙∙∙O9 46.1 8.5 

DLQ-m-q H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.5 10.1 H14∙∙∙∙O9 46.0 8.2 

 

 

Table 6.205. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound EGP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

EGP-m-r-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.5 -18.4 H14∙∙∙∙O9 38.0 1.2 

EGP-m-s-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.5 -17.4 H14∙∙∙∙O9 38.0 0.0 

EGP-m-q-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.0 -18.8 H14∙∙∙∙O9 38.2 1.1 

EGP-m-r-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.2 -19.2 H14∙∙∙∙O9 46.1 8.5 

EGP-m-s-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.2 -18.2 H14∙∙∙∙O9 46.1 7.3 

EGP-p-q-x3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.0 -19.2 H14∙∙∙∙O10 46.0 8.3 

EGP-p-s-x3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.0 -18.3 H14∙∙∙∙O10 46.0 7.2 

EGP-m-q-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.4 -19.6 H14∙∙∙∙O9 46.4 8.4 

EGP-k-q-x1 H11∙∙∙∙O13 -9.4 4.0 H14∙∙∙∙O10 46.8 -2.7 

EGP-k-r-x2 H11∙∙∙∙O13 -9.7 4.9 H14∙∙∙∙O10 45.9 -12.8 

EGP-k-q-x1 H11∙∙∙∙O13 -9.4 4.5 H14∙∙∙∙O10 45.9 -2.7 

EGP-k-s-x1 H11∙∙∙∙O13 -9.5 6.2 H14∙∙∙∙O10 45.9 -4.5 

EGP-g-r-x1 H11∙∙∙∙O9 -49.0 -35.4    
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  -56.9 -42.7    

EGP-g-q-x1 H11∙∙∙∙O9 -49.6 -35.4    

  -57.3 -42.7    

 

 

Table 6.206. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound EGQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

EGQ-m-r-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.6 -18.4 H14∙∙∙∙O9 38.1 1.2 

EGQ-m-q-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.8 -18.9 H14∙∙∙∙O9 38.2 1.1 

EGQ-m-r-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.0 -19.3 H14∙∙∙∙O9 46.2 8.5 

EGQ-m-q-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.4 -19.8 H14∙∙∙∙O9 45.8 8.1 

EGQ-p-q-x3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.7 -18.0 H14∙∙∙∙O10 34.6 -11.7 

EGQ-p-r-x3 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.2 -18.5 H14∙∙∙∙O10 33.4 -12.4 

EGQ-k-q-x4 H11∙∙∙∙O13 -8.6 4.0 H14∙∙∙∙O10 44.4 -9.1 

EGQ-k-r-x4 H11∙∙∙∙O13 -8.5 4.5 H14∙∙∙∙O10 43.3 -9.2 

EGQ-g-r-x1 H11∙∙∙∙O9 -49.0 -35.5    

  -56.9 -42.8    

EGQ-g-t-x1 H11∙∙∙∙O9 -49.0 -35.2    

  -56.9 -42.5    

EGQ-g-q-x1 H11∙∙∙∙O9 -49.5 -35.4    

  -57.2 -42.7    
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Table 6.207. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound EJP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

EJP-m-r-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.8 -17.2 H14∙∙∙∙O9 37.7 0.0 

EJP-m-s-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.8 -18.2 H14∙∙∙∙O9 37.7 1.4 

EJP-m-q-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.2 -18.6 H14∙∙∙∙O9 37.8 1.1 

EJP-p-s-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.2 -18.1 H14∙∙∙∙O10 37.8 7.3 

EJP-p-q-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.4 -19.0 H14∙∙∙∙O10 45.9 8.5 

EJP-p-r-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.8 -19.3 H14∙∙∙∙O10 46.2 8.5 

EJP-k-q-x1 H11∙∙∙∙O13 -8.9 4.3 H14∙∙∙∙O10 46.5 -3.2 

EJP-k-r-x1 H11∙∙∙∙O13 -9.9 4.7 H14∙∙∙∙O10 45.7 -3.0 

EJP-k-r-x1 H11∙∙∙∙O13 -9.9 4.7 H14∙∙∙∙O10 45.7 -2.9 

EJP-k-s-x1 H11∙∙∙∙O13 -9.9 6.6 H14∙∙∙∙O10 45.7 -4.9 

 

 

Table 6.208. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound EJQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

EJQ-m-q-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.4 -18.6 H14∙∙∙∙O9 37.8 1.0 

EJQ-m-r-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.7 -18.1 H14∙∙∙∙O9 38.3 1.5 

EJQ-p-q-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.3 -18.8 H14∙∙∙∙O10 45.8 8.5 

EJQ-p-q-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.3 -18.6 H14∙∙∙∙O10 45.8 8.6 

EJQ-m-r-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.3 -18.5 H14∙∙∙∙O9 45.8 8.6 

EJQ-m-s-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.2 -17.9 H14∙∙∙∙O9 45.8 7.3 

EJQ-p-r-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.4 -18.9 H14∙∙∙∙O10 45.9 8.3 

EJQ-p-s-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.4 -17.7 H14∙∙∙∙O10 45.9 7.3 

EJQ-m-q-x1 H11∙∙∙∙O10 -37.4 -19.0 H14∙∙∙∙O9 46.0 8.5 
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H11∙∙∙∙O13 

EJQ-k-q-x4 H11∙∙∙∙O13 -8.7 4.7 H14∙∙∙∙O10 43.6 -9.6 

EJQ-k-r-x4 H11∙∙∙∙O13 -9.0 5.3 H14∙∙∙∙O10 43.4 -9.6 

 

 

Table 6.209. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound ELP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

ELP-m-q-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.5 -17.5 H14∙∙∙∙O9 38.0 0.0 

ELP-m-s-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.5 -18.6 H14∙∙∙∙O9 38.1 1.3 

ELP-m-q-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.0 -19.0 H14∙∙∙∙O9 38.2 1.2 

ELP-m-r-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.0 -19.4 H14∙∙∙∙O9 46.0 8.5 

ELP-m-s-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.0 -18.4 H14∙∙∙∙O9 46.1 7.2 

ELP-p-s-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.1 -19.4 H14∙∙∙∙O10 45.9 8.5 

ELP-p-s-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.0 -18.6 H14∙∙∙∙O10 46.0 7.2 

ELP-m-q-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.4 -19.8 H14∙∙∙∙O9 46.4 8.4 

ELP-k-q-x1 H11∙∙∙∙O13 -9.8 3.8 H14∙∙∙∙O10 50.6 -2.8 

ELP-k-r-x1 H11∙∙∙∙O13 -8.9 4.3 H14∙∙∙∙O10 46.0 -2.7 

ELP-k-s-x1 H11∙∙∙∙O13 -8.9 6.1 H14∙∙∙∙O10 46.0 -4.5 

 

 

Table 6.210. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound ELQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

ELQ-m-r-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.8 -17.8 H14∙∙∙∙O9 38.3 1.3 

ELQ-m-q-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.0 -18.4 H14∙∙∙∙O9 38.3 1.2 

ELQ-m-r-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.2 -18.8 H14∙∙∙∙O9 46.1 8.6 

ELQ-m-q-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-37.6 -19.3 H14∙∙∙∙O9 46.0 8.3 
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ELQ-k-q-x4 H11∙∙∙∙O13 -8.6 4.7 H14∙∙∙∙O10 43.9 -9.1 

ELQ-k-r-x4 H11∙∙∙∙O13 -8.7 4.9 H14∙∙∙∙O10 43.5 -9.1 

 

 

Table 6.211. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound FGP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

FGP-m-r-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.4 -18.5 H14∙∙∙∙O9 49.2 1.5 

FGP-m-s-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.5 -17.4 H14∙∙∙∙O9 49.2 0.2 

FGP-m-q-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.9 -18.9 H14∙∙∙∙O9 49.4 1.4 

FGP-m-r-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.3 -19.4 H14∙∙∙∙O9 44.9 9.7 

FGP-m-s-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.3 -18.4 H14∙∙∙∙O9 44.9 8.4 

FGP-p-q-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.1 -19.4 H14∙∙∙∙O10 45.3 9.7 

FGP-p-s-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.1 -18.6 H14∙∙∙∙O10 45.3 8.4 

FGP-m-q-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.6 -19.8 H14∙∙∙∙O9 44.5 9.6 

FGP-p-r-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.5 -19.7 H14∙∙∙∙O10 44.8 9.5 

FGP-k-q-x1 H11∙∙∙∙O13 -9.1 3.8 H14∙∙∙∙O10 58.2 0.7 

FGP-k-r-x1 H11∙∙∙∙O13 -9.0 4.3 H14∙∙∙∙O10 57.4 0.7 

FGP-k-r-x1 H11∙∙∙∙O13 -9.0 4.5 H14∙∙∙∙O10 57.4 2.3 

FGP-g-r-x1 H11∙∙∙∙O9 -49.1 -36.0    

  -58.4 -43.4    

FGP-g-r-x1 H11∙∙∙∙O9 -49.1 -36.2    

  -58.4 -43.6    

FGP-g-q-x1 H11∙∙∙∙O9 -49.7 -36.0    

  -58.8 -43.3    
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Table 6.212. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound FGQ containing IHBs. 

 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

FGQ-m-r-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.4 -18.3 H14∙∙∙∙O9 49.2 1.4 

FGQ-m-q-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.7 -18.9 H14∙∙∙∙O9 49.1 1.3 

FGQ-p-q-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.0 -17.9 H14∙∙∙∙O9 44.9 -10.9 

FGQ-m-r-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.0 -19.4 H14∙∙∙∙O9 45.0 9.7 

FGQ-m-q-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.4 -19.9 H14∙∙∙∙O9 44.2 9.3 

FGQ-k-r-x4 H11∙∙∙∙O13 -8.2 7.9 H14∙∙∙∙O10 54.4 -10.9 

FGQ-g-r-x1 H11∙∙∙∙O9 -49.1 -36.0    

FGQ-g-t-x1 H11∙∙∙∙O9 -49.1 -35.6    

FGQ-g-q-x1 H11∙∙∙∙O9 -49.8 -36.0    

 

 

 

Table 6.213. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound FJP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

FJP-m-r-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.1 -18.4 H14∙∙∙∙O9 39.0 2.7 

FJP-m-s-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.1 -17.4 H14∙∙∙∙O9 39.1 1.4 

FJP-m-q-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.6 -18.7 H14∙∙∙∙O9 39.0 2.5 

FJP-p-q-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.9 -19.3 H14∙∙∙∙O10 34.3 10.8 

FJP-p-s-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.8 -18.3 H14∙∙∙∙O10 34.3 9.5 

FJP-k-q-x1 H11∙∙∙∙O13 -10.2 4.0 H14∙∙∙∙O10 47.6 1.3 

FJP-p-r-x1 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.6 -19.6 H14∙∙∙∙O10 34.4 10.7 

FJP-k-r-x1 H11∙∙∙∙O13 -9.7 4.4 H14∙∙∙∙O10 47.1 1.2 

FJP-k-s-x1 H11∙∙∙∙O13 -9.8 6.3 H14∙∙∙∙O10 47.0 -0.3 
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Table 6.214. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound FJQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

FJQ-m-q-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.1 -19.0 H14∙∙∙∙O9 38.9 1.6 

FJQ-m-r-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.8 -18.3 H14∙∙∙∙O9 39.0 1.5 

FJQ-p-r-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.9 -20.0 H14∙∙∙∙O10 33.8 9.3 

FJQ-p-q-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.6 -17.9 H14∙∙∙∙O10 34.6 -10.8 

FJQ-p-q-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.6 -19.4 H14∙∙∙∙O10 34.6 9.7 

FJQ-m-q-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.9 -19.8 H14∙∙∙∙O9 34.3 9.5 

FJQ-m-r-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.6 -19.2 H14∙∙∙∙O9 34.8 9.7 

FJQ-k-q-x4 H11∙∙∙∙O13 -9.4 3.9 H14∙∙∙∙O10 45.3 -8.5 

FJQ-k-r-x4 H11∙∙∙∙O13 -9.2 4.6 H14∙∙∙∙O10 44.0 -8.6 

 

 

Table 6.215. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound FLP containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

FLP-m-r-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.6 -18.6 H14∙∙∙∙O9 39.1 1.6 

FLP-m-q-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.0 -19.0 H14∙∙∙∙O9 39.3 1.4 

FLP-m-r-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.5 -19.5 H14∙∙∙∙O9 34.8 9.6 

FLP-m-s-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.5 -17.5 H14∙∙∙∙O9 34.7 0.2 

FLP-m-s-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.5 -18.5 H14∙∙∙∙O9 34.8 8.3 

FLP-p-q-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.3 -19.5 H14∙∙∙∙O10 35.0 9.7 

FLP-p-s-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.4 -18.7 H14∙∙∙∙O10 35.0 8.4 

FLP-m-q-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.7 -19.8 H14∙∙∙∙O9 34.7 9.5 
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FLP-k-q-x1 H11∙∙∙∙O13 -9.7 3.8 H14∙∙∙∙O10 47.9 0.7 

FLP-k-r-x1 H11∙∙∙∙O13 -9.0 4.2 H14∙∙∙∙O10 47.1 0.7 

FLP-k-s-x1 H11∙∙∙∙O13 -9.0 6.1 H14∙∙∙∙O10 47.2 -0.9 

 

 

Table 6.216. Changes in the IR vibrational frequencies of the N11–H11 and N14–H14 bonds in the 

conformers of compound FLQ containing IHBs. 

Conformers Vibrational frequency change (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

FLQ-p-q-x2 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.8 -18.3 H14∙∙∙∙O10 39.1 0.3 

FLQ-m-r-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.8 -17.6 H14∙∙∙∙O9 39.2 1.4 

FLQ-m-q-x4 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.1 -18.2 H14∙∙∙∙O9 39.1 1.3 

FLQ-p-q-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.6 -18.5 H14∙∙∙∙O10 34.7 9.6 

FLQ-m-r-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.4 -18.7 H14∙∙∙∙O9 34.9 9.6 

FLQ-m-q-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.7 -19.1 H14∙∙∙∙O9 34.1 9.2 

FLQ-m-q-x1 H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.7 -19.3 H14∙∙∙∙O9 34.1 9.6 

FLQ-p-r-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.6 -17.6 H14∙∙∙∙O10 34.5 -11.3 

FLQ-p-r-x4 H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.6 -19.1 H14∙∙∙∙O10 34.5 9.5 

FLQ-k-q-x4 H11∙∙∙∙O13 -9.1 4.9 H14∙∙∙∙O10 45.2 -8.4 

FLQ-k-q-x1 H11∙∙∙∙O13 -9.8 4.5 H14∙∙∙∙O10 47.9 0.7 

FLQ-k-r-x4 H11∙∙∙∙O13 -8.7 5.1 H14∙∙∙∙O10 44.6 -8.4 

FLQ-k-r-x1 H11∙∙∙∙O13 -6.7 5.0 H14∙∙∙∙O10 44.1 0.6 
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Tables 6.217. Ranges of the Vibrational frequency changes according to compound and conformer 

type. 

Compound Conformer 

type 

Ranges of vibrational frequency changes (cm-1) 

N11–H11 N14–H14 

IHB DFT HF IHB DFT HF 

AGP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.0 –  

(-36.1) 

-17.0 –  

(-19.0) 

H14∙∙∙∙O9 28.6 – 

46.8 

-7.8 –10.2 

p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.7 – (-

36.0) 

-17.9 –  

(-19.0) 

H14∙∙∙∙O10 46.6 – 

46.8 

9.8 – 10.1 

k H11∙∙∙∙O13 -7.9 –  

(-8.5) 

4.2 – 5.3 H14∙∙∙∙O10 53.9 – 

55.1 

0.9 – 1.0 

g H11∙∙∙∙O9 -48.0 – 

 (-48.4) 

-35.4 – 

 (-35.5) 

   

-55.3 –  

(-55.8) 

-43.3 –  

(-43.4) 

   

AGQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.0 –  

(-36.1) 

-16.5 –  

(-18.8) 

H14∙∙∙∙O9 28.4 – 

46.6 

-8.2 – 

10.2 

k H11∙∙∙∙O13 -8.3 –  

(-8.4) 

4.4 – 5.8 H14∙∙∙∙O10 54.5 – 

55.0 

0.9 – 1.0 

g H11∙∙∙∙O9 -47.9 –  

(-48.5) 

-34.8 –  

(-35.2) 

   

-55.2 –  

(-55.9) 

-42.7 –  

(-43.1) 

   

AJP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.5 –  

(-36.6) 

-16.1 –  

(-19.0) 

H14∙∙∙∙O9 27.9 – 

46.6 

-9.2 – 

10.4 

 k H11∙∙∙∙O13 -8.1 –  

(-8.9) 

4.6 – 6.4 H14∙∙∙∙O10 54.5 – 

55.1 

0.8 

AJQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.3 –  

(-.53.9) 

-16.1 –  

(-18.1) 

H14∙∙∙∙O9 28.3 – 

46.4 

-7.9 – 

10.3 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.4 –  

(-36.0) 

-16.9 –  

(-18.1) 

H14∙∙∙∙O10 46.1 – 

46.4 

-2.1 – 

10.2 

 k H11∙∙∙∙O13 -8.0 –   

(-8.3) 

5.1 H14∙∙∙∙O10 54.5 – 

54.8 

0.5 

ALP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.3 –   

(-36.1) 

-15.7–

18.6 

H14∙∙∙∙O9 28.5 – 

46.5 

-9.2 – 

10.3 

 k H11∙∙∙∙O13 -7.3 –  

(-8.5) 

4.5 – 6.8 H14∙∙∙∙O10 54.4 – 

56.6 

-3.6 – 1.0 

ALQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.9 –  

(-35.8) 

-15.7–  

(-18.0) 

H14∙∙∙∙O9 28.4 – 

46.8 

-8.2 – 

10.3 

 k H11∙∙∙∙O13 -8.0 –  

(-8.5) 

5.3 – 5.8 H14∙∙∙∙O10  0.8 – 0.9 

BGP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.1 –  

(-41.8) 

-14.8 – 

(-17.7) 

H14∙∙∙∙O9 41.9 – 

51.4 

3.6 – 17.4 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.5 -16.4 –  

(-16.5) 

H14∙∙∙∙O10 51.2 – 

51.3 

16.2 – 

17.1 

 k H11∙∙∙∙O13 -8.7 –  

(-8.8) 

5.1 – 7.2 H14∙∙∙∙O10 60.7 – 

61.5 

10.5 – 

12.3 

 g H11∙∙∙∙O9 -49.8 –  

(-49.9) 

-35.8    
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 -59.0 –    

(-60) 

-43.9 –  

(-44.2) 

   

BGQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.4 –  

(-34.9) 

-16.2 –  

(-18.0) 

H14∙∙∙∙O9 42.1 – 

51.0 

-0.8 – 

12.0 

 k H11∙∙∙∙O13 -8.3 –  

(-9.0) 

4.5 – 5.0 H14∙∙∙∙O10 60.6 – 

61.1 

6.5 – 6.8 

BJP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.4 – 

(-33.8) 

-15.1 –  

(-16.1) 

H14∙∙∙∙O9 41.7 – 

41.8 

-1.9 – 

(-0.4) 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.7 –  

(-35.2) 

-16.6 –  

(-18.0) 

H14∙∙∙∙O10 50.9 10.7 – 

11.9 

 k H11∙∙∙∙O13 -.8.9 –  

(-9.2) 

5.0 – 7.0 H14∙∙∙∙O10 60.5 – 

61.1 

4.7 – 6.5 

BJQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-33.3 –  

(-35.0) 

16.0 –  

(-16.8) 

H14∙∙∙∙O9 41.5 – 

50.9 

-1.0 – 

11.8 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.5 –  

(-35.2) 

-16.5 –  

(-18.0) 

H14∙∙∙∙O10 50.7 –  

50.8 

10.6 – 

11.9 

BLP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.6 –  

(-34.7) 

-16.2 –  

(-17.6) 

H14∙∙∙∙O9 51.0 – 

51.2 

15.8 – 

17.2 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-33.4 –  

(-34.4) 

-14.9 –  

(-16.5) 

H14∙∙∙∙O10 41.5 – 

51.1 

3.4 – 16.8 

 k H11∙∙∙∙O13 -8.3 –  

(-8.7) 

5.2 – 7.3 H14∙∙∙∙O10 60.8 – 

61.3 

10.2 – 

12.0 

BLQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-34.5 –  

(-34.7) 

-16.7 – 

(-18.1) 

H14∙∙∙∙O9 51.2 – 

51.4 

13.4 – 

14.6 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-33.1 –  

(-34.7) 

-16.0 –  

(-17.9) 

H14∙∙∙∙O10 41.6 – 

51.1 

1.7 – 14.6 

 k H11∙∙∙∙O13 -8.4 – (-

8.5) 

5.2 – 5.3 H14∙∙∙∙O10 60.8 – 

61.4 

9.2 – 9.3 

CGP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-29.7 – 

(-32.0) 

-14.7 –  

(-17.1) 

H14∙∙∙∙O9 31.2 – 

34.8 

-14.2 – 

(-1.5) 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.7 –  

(-37.0) 

-17.8 –  

(-19.0) 

H14∙∙∙∙O10 36.9 – 

37.0 

3.8 – 4.8 

 g H11∙∙∙∙O9 -24.7 – 

(-25.5) 

-24.5 –  

(-24.7) 

   

CGQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.7 -18.6 H14∙∙∙∙O9 37.1 4.8 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-29.6 –  

(-37.2) 

-15.7 – 

(19.2) 

H14∙∙∙∙O10 30.9 – 

37.2 

-13.4 – 

4.8 

CJP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-30.3 – 

(-32.8) 

-16.0 –  

(-17.5) 

H14∙∙∙∙O9 31.2 – 

34.3 

-12.6 –  

(-1.4) 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.3 –  

(-38.0) 

-18.2 – 

(-19.4) 

H14∙∙∙∙O10 36.8 – 

37.0 

3.9 – 5.0 

CJQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-30.1 – 

(-37.8) 

-14.4 –  

(-18.8) 

H14∙∙∙∙O9 31.0 – 

37.2 

-14.2 – 

5.0 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.2 –  

(-37.5) 

-17.2 –  

(-23.5) 

H14∙∙∙∙O10 36.7 – 

36.9 

4.0 – 4.9 

CLP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-27.0 –  

(-29.4) 

-11.9 – 

(-14.3) 

H14∙∙∙∙O9 45.3 – 

48.8 

4.5 – 17.4 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.1 – 

(-34.4) 

-15.0 – (-

16.4) 

H14∙∙∙∙O10 50.8 – 

51.1 

22.6 – 

23.8 
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CLQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-30.1 –  

(-37.5) 

-15.0 –   

(-19.1) 

H14∙∙∙∙O9 31.2 – 

37.5 

-14.1 – 

4.9 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.2 -17.9 –  

(-18.6) 

H14∙∙∙∙O10 37.1 3.9 – 4.9 

DGP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

36.2 –  

(-36.6) 

-18.2 –  

(-19.6) 

H14∙∙∙∙O9 45.8 – 

46.2 

7.2 – 8.5 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.2 –  

(-36.3) 

-18.3 –  

(-19.2) 

H14∙∙∙∙O10 45.8 – 

46.0 

7.1 – 8.5 

 k H11∙∙∙∙O13 -8.7 –  

(-8.8) 

3.5 – 4.8 H14∙∙∙∙O10 48.3 – 

49.0  

-6.7 –  

(-4.7) 

 g H11∙∙∙∙O9 -50.2 –  

(-50.9) 

-38.5 –  

(-38.8) 

   

DGQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.1 –  

(-36.6) 

-19.1 – 

(-19.7) 

H14∙∙∙∙O9 45.7 – 

46.2 

8.2 – 8.3 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.0 -19.3 H14∙∙∙∙O10 45.7 8.5 

 k H11∙∙∙∙O13 -8.6 –  

(-8.7) 

3.5 – 4.1 H14∙∙∙∙O10 48.1 – 

48.8 

-4.8 –  

(-4.6) 

 g H11∙∙∙∙O9 -50.1 – (-

51.0) 

-37.8 –  

(-38.8) 

   

DJP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.7 – 

(-36.9) 

-19.0 – 

(-19.6) 

H14∙∙∙∙O9 45.8 – 

46.1 

8.3 – 8.4 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.6 – 

(-37.0) 

-17.7 – 

(-18.8) 

H14∙∙∙∙O10 46.1 – 

65.1 

7.3 – 8.6 

 k H11∙∙∙∙O13 -9.0 –  

(-9.2) 

4.2 – 6.2 H14∙∙∙∙O10 48.1 – 

48.7 

-7.1 –  

(-4.9) 

DJQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.4 – 

(-36.8) 

-17.8 – 

(-19.1) 

H14∙∙∙∙O9 45.7 – 

46.2 

7.3 – 8.6 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.5 –  

(-36.7) 

-18.7 –  

(-19.1) 

H14∙∙∙∙O10 45.6 – 

45.8 

8.4 – 8.7 

 k H11∙∙∙∙O13 -9.1 –  

(-9.5) 

4.2 H14∙∙∙∙O10 48.3 – 

48.4 

-4.9 

DLP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.2 –  

(36.5) 

-18.2 –  

(-19.6) 

H14∙∙∙∙O9 45.9 – 

46.0 

7.2 – 8.4 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.1 –  

(-36.6) 

-18.3 – 

(-19.6) 

H14∙∙∙∙O10 45.9 – 

46.1 

7.1 – 8.5 

 k H11∙∙∙∙O13 -8.4 – 

(-9.0) 

3.5 – 5.6 H14∙∙∙∙O10 48.4 – 

49.0 

-6.8 –  

(-4.8) 

DLQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.1 –  

(-36.6) 

10.1 –

10.8 

H14∙∙∙∙O9 45.6 – 

46.1 

8.2 – 8.5 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.1 10.7 H14∙∙∙∙O10 45.6 8.5 

 k H11∙∙∙∙O13 -8.8 –  

(-9.2) 

33.5 – 

33.9 

H14∙∙∙∙O10 48.2 – 

49.0 

–4.7 –  

(-4.6) 

EGP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.5 – 

(37.4) 

-17.4 – 

(-19.6) 

H14∙∙∙∙O9 38.0 – 

46.4 

0.0 – 8.5 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.0 -18.3 – 

(-19.2) 

H14∙∙∙∙O10 46.0 7.2 – 8.3 

 k H11∙∙∙∙O13 -9.4 –  

(-9.7) 

4.0 – 6.2 H14∙∙∙∙O10 45.9 –

46.8 

-12.8 –  

(-2.7) 
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 g H11∙∙∙∙O9 -49.0 –  

(49.6) 

-35.4    

-56.9 –  

(-57.3) 

-42.7    

EGQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.6 –  

(-37.4) 

-18.4 – 

(-19.8) 

H14∙∙∙∙O9 38.1 – 

46.2 

1.1 – 8.5 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-34.7 – 

(-35.2) 

-18.0 – 

(-18.5) 

H14∙∙∙∙O10 33.4 – 

34.6 

-12.4 – 

(-11.7) 

 k H11∙∙∙∙O13 -8.5 – 

(-8.6) 

4.0 – 4.5 H14∙∙∙∙O10 43.3 – 

44.4 

-9.2 –  

(-9.1) 

 g H11∙∙∙∙O9 -49.0 – 

(-49.5) 

-35.2 – 

(-35.5) 

   

-56.9 – 

(-57.2) 

-42.5 –  

(-42.8) 

   

EJP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.8 –  

(-36.2) 

-17.2 – 

(-18.6) 

H14∙∙∙∙O9 37.7 – 

37.8 

0.0 – 1.4 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-36.2 –  

(-37.8) 

-18.1 –  

(-19.0) 

H14∙∙∙∙O10 37.8 – 

46.2 

7.3 – 8.5 

 k H11∙∙∙∙O13 -8.9 –  

(-9.9) 

4.3 – 6.6 H14∙∙∙∙O10 45.7 – 

46.5 

-4.9 – 

(-2.9) 

EJQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

35.7 – 

(-37.4) 

-17.9 – 

(-19.0) 

H14∙∙∙∙O9 37.8 – 

46.0 

1.0 – 8.5 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.3 – 

(.37.4) 

-17.7 –  

(-18.9) 

H14∙∙∙∙O10 45.8 – 

45.9 

7.3 – 8.6 

 k H11∙∙∙∙O13 -8.7 – 

(-9.0) 

4.7 – 5.3 H14∙∙∙∙O10 43.4 – 

43.6 

-9.6 

ELP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.5 – 

(-37.4) 

-17.5 – 

(-19.8) 

H14∙∙∙∙O9 38.0 – 

46.4 

0.0 – 8.5 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-37.0 – 

(-37.1) 

-18.6 – 

(-19.4) 

H14∙∙∙∙O10 45.9 – 

46.0 

7.2 – 8.5 

 k H11∙∙∙∙O13 -8.9 – 

(-9.8) 

3.8 – 6.1 H14∙∙∙∙O10 46.0 – 

50.6 

-4.5 – (-

2.7) 

ELQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.8 –  

(-37.6) 

-17.8 –  

(-19.3) 

H14∙∙∙∙O9 38.3 – 

46.1 

1.2 – 8.6 

 k H11∙∙∙∙O13 -8.6 –  

(-8.7) 

4.7 – 4.9 H14∙∙∙∙O10 43.5 – 

43.9 

-9.1 

FGP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.3 – 

(35.9) 

-17.4 – 

(-19.8) 

H14∙∙∙∙O9 44.5 – 

49.4 

0.2 – 9.7 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.1 – 

(-35.5) 

-18.6 –  

(-19.7) 

H14∙∙∙∙O10 44.8 – 

45.3 

8.4 – 9.7 

 k H11∙∙∙∙O13 -9.0 – 

(-9.1) 

3.8 – 4.5 H14∙∙∙∙O10 57.4 – 

58.2 

0.7 – 2.3 

 g H11∙∙∙∙O9 -49.1 – 

(-49.7) 

-36.0 – 

(-36.2) 

   

-58.4 – 

(-58.8) 

-43.3 – 

(-43.6) 

   

FGQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.0 – 

(-35.7) 

-18.3 – 

(-19.9) 

H14∙∙∙∙O9 44.2 – 

49.2 

1.3 – 9.7 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.0 -17.9 H14∙∙∙∙O10 44.9 -10.9 
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 k H11∙∙∙∙O13 -8.2 7.9 H14∙∙∙∙O10 54.4 -10.9 

 g H11∙∙∙∙O9 -49.1 – 

(-49.8) 

-35.6 – 

(-36.0) 

   

FJP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-36.1 – 

(-36.6) 

-17.4 – 

(-18.7) 

H14∙∙∙∙O9 39.0 – 

39.1 

1.4 – 2.7 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.8 – 

(-35.9) 

-18.3 – 

(-19.6) 

H14∙∙∙∙O10 34.3 – 

34.4 

9.5 –10.8 

 k H11∙∙∙∙O13 -9.7 – 

(-10.2) 

4.0 – 6.3 H14∙∙∙∙O10 47.0 – 

47.6 

-0.3 – 1.3 

FJQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.6 – 

(-36.2) 

-18.3 – 

(-19.8) 

H14∙∙∙∙O9 34.3 –  

(39.0) 

1.5 – 9.7 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.6 – 

(-35.9) 

-17.9 – 

(-20.0) 

H14∙∙∙∙O10 33.8 – 

34.6 

-10.8 – 

9.7 

 k H11∙∙∙∙O13 -9.2 – 

(-9.4) 

3.9 – 4.6 H14∙∙∙∙O10 45.3 – 

44.0 

-8.6 –  

(-8.5) 

FLP m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.5 – 

(-36.0) 

-17.5 – 

(-19.8) 

H14∙∙∙∙O9 34.7 – 

39.1 

8.4 – 9.7  

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.3 – 

(-35.4) 

-18.7 – 

(-19.5) 

H14∙∙∙∙O10 35.0 8.4 – 9.4 

 k H11∙∙∙∙O13 -9.0 –  

(-9.7) 

3.8 – 6.1 H14∙∙∙∙O10 47.1 –

47.9 

-0.9 – 0.7 

FLQ m H11∙∙∙∙O10 

H11∙∙∙∙O13 

-35.4 –  

(-36.1) 

-17.6 – 

(-19.3) 

H14∙∙∙∙O9 34.1 –

39.2 

1.3 – 9.6 

 p H11∙∙∙∙O9 

H11∙∙∙∙O13 

-35.6 –  

(-35.8) 

-17.6 – 

(-19.1) 

H14∙∙∙∙O10 34.5 – 

39.1 

-11.3 – 

9.6 

 k H11∙∙∙∙O13 -6.7 – 

(-9.8) 

4.5 – 5.1 H14∙∙∙∙O10 44.1 – 

47.9 

-8.4 – 0.6 
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6.2. Figures presenting molecular structures 

This section presents the figures of the molecular structures of the optimized geometries of all the 

calculated conformers and the shapes of the HOMO and LUMO frontier molecular orbitals. The 

results are obtained from full optimization calculations. The conformers are listed in order of 

increasing DFT relative energy. All the figures are presented with a similar orientation (the 

thiourea group on the right side of the benzene ring, and the chain to which R is attached on the 

left side of the benzene ring) to facilitate geometry comparisons. 

 

6.2.1. Optimized geometries of the calculated conformers of all the compounds considered.  

This section presents the figures of the optimized geometries of the calculated conformers of each 

of the compounds considered. The geometries reported are from the HF results. This is because 

some of the inputs optimized to the same conformer with DFT calculations, and it is interesting to 

view the additional conformers obtained from HF calculations (Appendix A show the inputs which 

optimized to the same output). In most cases conformers, the geometry types are similar in the 

DFT and HF results, and the interesting parameters to differentiate are the parameters of the IHBs 

which are reported in tables separately (section 6.1.3).  
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Figure 6.1: Optimized geometries of the calculated conformers of compound AGP. 

 

 
 

 

 
 

AGP-m-r-u1 AGP-m-s-u1 

 

 

 

 
 

AGP-p-t-u3 AGP-m-q-u1 

 

 
 

 

 

AGP-p-r-u3 AGP-k-q-u1 

 

 

 
 

 

 
 

AGP-k-r-u1 AGP-m-r-u2 
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AGP-g-r-u3 AGP-g-q-u3 

 

 
 

 

 
 

AGP-j-q-u3 AGP-j-r-u3 

 

 
 

 

AGP-j-s-u3  

 

 

Figure 6.2: Optimized geometries of the calculated conformers of compound AGQ. 
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AGQ-k-q-u1 AGQ-k-r-u1 

 

 
 

 

 

AGQ-m-r-u2 AGQ-m-q-u2 

 

 
 

 

 
 

AGQ-g-r-u3 AGQ-g-t-u3 
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AGQ-j-r-u3 AGQ-j-t-u3 
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Figure 6.3: Optimized geometries of the calculated conformers of compound AJP. 
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AJP-m-q-u2 AJP-j-q-u3 

 

 
 

 

 

AJP-j-r-u3 AJP-j-s-u3 

 

 

Figure 6.4: Optimized geometries of the calculated conformers of compound AJQ. 

 

 
 

 

 
 

AJQ-p-q-u5 AJQ-m-q-u1 

 

 
 

 

 
 

AJQ-m-q-u2 AJQ-m-r-u2 

 



 

252 
 

 

 

 

 
 

AJQ-p-q-u3 AJQ-m-r-u1 
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253 
 

 

 
 

 

 
 

AJQ-k-q-u1 AJQ-r-u1 

 

 
 

 

 
 

AJQ-j-q-u1 AJQ-j-r-u1 

 

 

Figure 6.5: Optimized geometries of the calculated conformers of compound ALP. 
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ALP-k-r-u1 ALP-k-q-u1 

 

 
 

 

 
 

ALP-k-r-u1 ALP-k-s-u1 
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ALP-j-q-u3 ALP-j-r-u3 
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ALP-j-s-u3  

 

 

 

Figure 6.6: Optimized geometries of the calculated conformers of compound ALQ. 
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ALQ-j-q-u3 ALQ-j-r-u3 

 

 

 

 
 

ALQ-j-q-u3 ALQ-j-r-u3 

 

 

 

Figure 6.7: Optimized geometries of the calculated conformers of compound BGP. 
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Figure 6.8: Optimized geometries of the calculated conformers of compound BGQ. 

 

 
 

 

 

BGQ-m-r-v1 BGQ-m-q-v1 

 

 
 

 

 
 

BGQ-k-q-v1 BGQ-k-r-v1 

 

 
 

 

 
 

BGQ-m-r-v2 BGQ-m-q-v2 



 

259 
 

 

 

 

 
 

BGQ-j-q-v3 BGQ-j-r-v3 

 

 
 

 

BGQ-j-t-v3  

 

 

 

Figure 6.9: Optimized geometries of the calculated conformers of compound BJP. 
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Figure 6.10: Optimized geometries of the calculated conformers of compound BJQ. 
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Figure 6.11: Optimized geometries of the calculated conformers of compound BLP. 

 

 

 

 
 

BLP-k-q-v1 BLP-p-s-v3 

 

 
 

 

 

BLP-p-t-v3 BLP-m-r-v1 



 

263 
 

 

 
 

 

 

BLP-m-s-v1 BLP-m-r-v1 

 

 
 

 

 
 

BLP-k-r-v1 BLP-k-s-v1 

 

 
 

 

 

 
 

BLP-p-q-v4 BLP-p-s-v4 

 

 
 

 

 

 

BLP-p-t-v4 BLP-p-r-v4 



 

264 
 

 

 

 

 
 

BLP-j-q-v5 BLP-j-r-v5 

 

 
 

 

BLP-j-s-v5  

 

 

 

Figure 6.12: Optimized geometries of the calculated conformers of compound BLQ. 
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Figure 6.13: Optimized geometries of the calculated conformers of compound CGP. 
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Figure 6.14: Optimized geometries of the calculated conformers of compound CGQ. 
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Figure 6.15: Optimized geometries of the calculated conformers of compound CJP. 

 

 
 

 

 

CJP-p-q-w3 CJP-p-s-w3 

 

 
 

 

 
 

CJP-p- r-w3 CJP-m-r-w1 

 

 
 

 

CJP-m-r-w2 CJP-m-s-w2 



 

270 
 

 

 
 

 

 

CJP-m-t-w2 CJP-m-q-w2 

 

 
 

 

 
 

CJP-j-q-w1 CJP-j-r-w1 

 

 
 

 

CJP-j-s-w1  

 

 

Figure 6.16: Optimized geometries of the calculated conformers of compound CJQ. 
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Figure 6.17: Optimized geometries of the calculated conformers of compound CLP. 
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Figure 6.18: Optimized geometries of the calculated conformers of compound CLQ. 
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Figure 6.19: Optimized geometries of the calculated conformers of compound DGP. 
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Figure 6.20: Optimized geometries of the calculated conformers of compound DGQ. 
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Figure 6.21: Optimized geometries of the calculated conformers of compound DJP. 
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Figure 6.22: Optimized geometries of the calculated conformers of compound DJQ. 
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Figure 6.23: Optimized geometries of the calculated conformers of compound DLP. 
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Figure 6.24: Optimized geometries of the calculated conformers of compound DLQ. 
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Figure 6.25: Optimized geometries of the calculated conformers of compound EGP. 
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Figure 6.26: Optimized geometries of the calculated conformers of compound EGQ. 
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Figure 6.27: Optimized geometries of the calculated conformers of compound EJP. 
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Figure 6.28: Optimized geometries of the calculated conformers of compound EJQ. 
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Figure 6.29: Optimized geometries of the calculated conformers of compound ELP. 

 

 
 

 

 
 

ELP-m-q-x4 ELP-m-s-x4 

 

 
 

 

 
 

ELP-m-q-x4 ELP-m-r-x1 

 

 
 

 

 

ELP-m-s-x1 ELP-p-s-x4 



 

293 
 

 

 
 

 

 
 

ELP-p-s-x4 ELP-m-q-x1 

 

 

 

 
 

ELP-k-q-x1 ELP-k-r-x1 

 

 
 

 

 
 

ELP-k-s-x1 ELP-j-q-x3 

 

 
 

 

 

 

ELP-j-r-x3 ELP-j-s-x3 

 

 
 

 

 
 

ELP-j-q-x3 ELP-j-r-x3 



 

294 
 

 

 

 

ELP-j-s-x3  

 

 

 

Figure 6.30: Optimized geometries of the calculated conformers of compound ELQ. 
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Figure 6.31: Optimized geometries of the calculated conformers of compound FGP. 
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Figure 6.32: Optimized geometries of the calculated conformers of compound FGQ. 
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Figure 6.33: Optimized geometries of the calculated conformers of compound FJP. 
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Figure 6.34: Optimized geometries of the calculated conformers of compound FJQ. 
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Figure 6.35: Optimized geometries of the calculated conformers of compound FLP. 
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Figure 6.36: Optimized geometries of the calculated conformers of compound FLQ. 

 

 
 

 

 
 

FLQ-p-q-x2 FLQ-m-r-x4 

 

 
 

 

FLQ-m-q-x4 FLQ-p-q-x4 

 

 

 

 
 

FLQ-m-r-x1 FLQ-m-q-x1 

 

 
 

 

 
 

FLQ-m-q-x1 FLQ-p-r-x4 



 

306 
 

 

 
 

 

 

FLQ-p-r-x4 FLQ-k-q-x4 

 

 

 

 
 

FLQ-k-q-x1 FLQ-k-r-x4 

 

 
 

 

 

FLQ-k-r-x1 FLQ-j-q-x3 

 

 
 

 

FLQ-j-r-x3  

 

 

 

 



 

307 
 

6.2.2. Shapes of the frontier molecular orbitals (HOMO and LUMO) of the calculated 

conformers of the compounds considered.  

This section presents the shapes of the HOMO and LUMO for the calculated conformers of each 

of the compounds considered. The shapes are from the HF results (for the same reasons explained 

in section 6.2.1). HOMO and LUMO is indicated next to the names of each of the conformers in 

all the tables.  

 

 

 

 

Figure 6.37: Shapes of HOMO and LUMO for the calculated conformers of compound AGP. 
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Figure 6.38: Shapes of HOMO and LUMO for the calculated conformers of compound AGQ. 
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Figure 6.39: Shapes of HOMO and LUMO for the calculated conformers of compound AJP. 
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Figure 6.40: Shapes of HOMO and LUMO for the calculated conformers of compound AJQ. 
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Figure 6.41: Shapes of HOMO and LUMO for the calculated conformers of compound ALP. 
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Figure 6.42: Shapes of HOMO and LUMO for the calculated conformers of compound ALQ. 

 

 
 

 

 
 

 

 
 

 

 
 

ALQ-m-r-u1   HOMO ALQ-m-r-u1   LUMO ALQ-m-q-u1   HOMO ALQ-m-q-u1   LUMO 

 

 
 

 

 
 

 

 
 

 

 
 



 

315 
 

ALQ-k-q-u1   HOMO ALQ-k-q-u1   LUMO ALQ-k-r-u1   HOMO ALQ-k-r-u1   LUMO 

 

 
 

 

 
 

 

 
 

 

 
 

ALQ-m-r-u2   HOMO ALQ-m-r-u2   LUMO ALQ-m-q-u2   HOMO ALQ-m-q-u2   LUMO 

 

 
 

 

 
 

 

 
 

 

 
 

ALQ-j-q-u3   HOMO ALQ-j-q-u3   LUMO ALQ-j-r-u3   HOMO ALQ-j-r-u3   LUMO 

 

 
 

 

 
 

 

 
 

 

 
 

ALQ-j-q-u3   HOMO ALQ-j-q-u3   LUMO ALQ-j-r-u3   HOMO ALQ-j-r-u3   LUMO 

 

 

 

Figure 6.43: Shapes of HOMO and LUMO for the calculated conformers of compound BGP. 
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Figure 6.44: Shapes of HOMO and LUMO for the calculated conformers of compound BGQ. 

 

 
 

 

 
 

 

 
 

 

 
 

BGQ-m-r-v1   HOMO BGQ-m-r-v1   LUMO BGQ-m-q-v1   HOMO BGQ-m-q-v1   LUMO 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

BGQ-k-q-v1   HOMO  BGQ-k-q-v1   LUMO BGQ-k-r-v1   HOMO BGQ-k-r-v1   LUMO 

 

 
 

 

 
 

 

 
 

 

 

BGQ-m-r-v2   HOMO BGQ-m-r-v2   LUMO BGQ-m-q-v2   HOMO BGQ-m-q-v2   LUMO 

 

 
 

 

 
 

 

 
 

 

 
 

BGQ-j-q-v3   HOMO BGQ-j-q-v3   LUMO BGQ-j-r-v3   HOMO BGQ-j-r-v3   LUMO 

 

 
 

 

 
 

  

BGQ-j-t-v3   HOMO BGQ-j-t-v3   LUMO   

 

 

 



 

318 
 

Figure 6.45: Shapes of HOMO and LUMO for the calculated conformers of compound BJP. 

 

 
 

 

 
 

 

 
 

 

 
 

BJP-p-q-v3   HOMO BJP-p-q-v3   LUMO BJP-p-s-v3   HOMO BJP-p-s-v3   LUMO 

 

 
 

 

 
 

 

 

 
 

 

 
 

BJP-p-r-v3   HOMO BJP-p-r-v3   LUMO BJP-k-q-v1   HOMO BJP-k-q-v1   LUMO 

 

 
 

 

 
 

 

 

 

 

 
 

BJP-k-r-v1   HOMO BJP-k-r-v1   LUMO BJP-k-s-v1   HOMO BJP-k-s-v1   LUMO 

 

 
 

 

 
 

 

 

 
 

 

 
 

BJP-m-r-v2   HOMO BJP-m-r-v2   LUMO BJP-m-s-v2   HOMO BJP-m-s-v2   LUMO 

 

 
 

 

 
 

 

 

 
 

 

 
 

BJP-m-q-v2   HOMO  BJP-m-q-v2   LUMO BJP-j-r-v3   HOMO BJP-j-r-v3   LUMO 



 

319 
 

 

 
 

 

 
 

 

 
 

 

 
 

BJP-j-s-v3   HOMO BJP-j-s-v3   LUMO BJP-j-q-v3   HOMO BJP-j-q-v3   LUMO 

 

 

 

 

Figure 6.46: Shapes of HOMO and LUMO for the calculated conformers of compound BJQ. 
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Figure 6.47: Shapes of HOMO and LUMO for the calculated conformers of compound BLP. 
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Figure 6.48: Shapes of HOMO and LUMO for the calculated conformers of compound BLQ. 
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Figure 6.49: Shapes of HOMO and LUMO for the calculated conformers of compound CGP. 
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Figure 6.50: Shapes of HOMO and LUMO for the calculated conformers of compound CGQ. 
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Figure 6.51: Shapes of HOMO and LUMO for the calculated conformers of compound CJP. 
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Figure 6.52: Shapes of HOMO and LUMO for the calculated conformers of compound CJQ. 
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Figure 6.53: Shapes of HOMO and LUMO for the calculated conformers of compound CLP. 
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Figure 6.54: Shapes of HOMO and LUMO for the calculated conformers of compound CLQ. 
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Figure 6.55: Shapes of HOMO and LUMO for the calculated conformers of compound DGP. 
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Figure 6.56: Shapes of HOMO and LUMO for the calculated conformers of compound DGQ. 
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Figure 6.57: Shapes of HOMO and LUMO for the calculated conformers of compound DJP. 
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Figure 6.58: Shapes of HOMO and LUMO for the calculated conformers of compound DJQ. 
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Figure 6.59: Shapes of HOMO and LUMO for the calculated conformers of compound DLP. 
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Figure 6.60: Shapes of HOMO and LUMO for the calculated conformers of compound DLQ. 
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Figure 6.61: Shapes of HOMO and LUMO for the calculated conformers of compound EGP.  
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Figure 6.62: Shapes of HOMO and LUMO for the calculated conformers of compound EGQ. 
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Figure 6.63: Shapes of HOMO and LUMO for the calculated conformers of compound EJP. 
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Figure 6.64: Shapes of HOMO and LUMO for the calculated conformers of compound EJQ. 
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Figure 6.65: Shapes of HOMO and LUMO for the calculated conformers of compound ELP. 
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Figure 6.66: Shapes of HOMO and LUMO for the calculated conformers of compound ELQ. 
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Figure 6.67: Shapes of HOMO and LUMO for the calculated conformers of compound FGP. 
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Figure 6.68: Shapes of HOMO and LUMO for the calculated conformers of compound FGQ. 
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Figure 6.69: Shapes of HOMO and LUMO for the calculated conformers of compound FJP. 
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Figure 6.70: Shapes of HOMO and LUMO for the calculated conformers of compound FJQ. 
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Figure 6.71: Shapes of HOMO and LUMO for the calculated conformers of compound FLP. 
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Figure 6.72: Shapes of HOMO and LUMO for the calculated conformers of compound FLQ. 

 

 

 

 

 

 
 

 

 
 

FLQ-p-q-x2   HOMO FLQ-p-q-x2   LUMO FLQ-m-r-x4   HOMO FLQ-m-r-x4   LUMO 

 

 

 

 
 

 

 

 

 

FLQ-m-q-x4   HOMO FLQ-m-q-x4   LUMO FLQ-p-q-x4   HOMO FLQ-p-q-x4   LUMO 



 

357 
 

 

 

 

 

 

 

 

 
 

FLQ-m-r-x1   HOMO FLQ-m-r-x1   LUMO FLQ-m-q-x1   HOMO FLQ-m-q-x1   LUMO 

 

 
 

 

 

 

 
 

 

 
 

FLQ-m-q-x1   HOMO FLQ-m-q-x1  LUMO FLQ-p-r-x4   HOMO FLQ-p-r-x4   LUMO 

 

 

 

 

 

 

 

 
 

 

FLQ-p-r-x4   HOMO FLQ-p-r-x4   LUMO FLQ-k-q-x4   HOMO FLQ-k-q-x4   LUMO 

 

 

 

 

 

 

 

 
 

FLQ-k-q-x1   HOMO FLQ-k-q-x1 LUMO FLQ-k-r-x4   HOMO FLQ-k-r-x4   LUMO 

 

 

 

 

 

 

 

 
 

FLQ-k-r-x1   HOMO FLQ-k-r-x1   LUMO FLQ-j-q-x3   HOMO FLQ-j-q-x3   LUMO 

 

 
 

 

 

  

FLQ-j-r-x3   HOMO FLQ-j-r-x3   LUMO   



 

358 
 

6.3. Figures presenting comparative diagrams for the energy values. 

This section presents comparative diagrams of the relative energies of the conformers for each of 

the compounds considered. The conformers are denoted by numbers along the x-axis, for space 

reasons; each diagram has an associated table indicating the number () representing the individual 

conformers. All the conformers are listed in order of DFT relative energy. In some of the diagrams, 

straight line-segments are used instead of curves for clarity reasons and to prevent the curves from 

extending to the negative section.  

 

6.3.1. Diagrams comparing the HF and DFT relative energies of the calculated conformers 

of each of the compounds considered. 

This section presents the diagrams comparing the HF and DFT relative energies of the calculated 

conformers of each of the compounds considered. The HF and DFT series are represented by 

different colors: blue for DFT and orange for HF. 
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Figure 6.73. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound AGP. 

 

 

conformers  Conformers   Conformers  Conformers  

AGP-m-r-u1 1 AGP-p-r-u3 5 AGP-g-r-u3 9 AGP-j-s-u3 13 

AGP-m-s-u1 2 AGP-k-q-u1 6 AGP-g-q-u3 10   

AGP-p-t-u3 3 AGP-k-r-u1 7 AGP-j-q-u3 11   

AGP-m-q-u1 4 AGP-m-r-u2 8 AGP-j-r-u3 12   

 

 

 

 

 

 

 

 

 

 

 

 

0

2

4

6

8

10

12

14

1 2 3 4 5 6 7 8 9 10 11 12 13 14

R
el

at
iv

e 
en

er
g
iy

 (
k
ca

l/
m

o
l)

Conformers (denoted by numbers)



 

360 
 

Figure 6.74. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound AGQ. 
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Figure 6.75. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound AJP. 
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Figure 6.73. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound AGP  

 

 

 

conformer  Conformers   Conformers  Conformers  

AJQ-p-q-u5 1 AJQ-p-q-u3 5 AJQ-p-r-u3 9 AJQ-k-q-u1 13 

AJQ-m-q-u1 2 AJQ-m-r-u1 6 AJQ-p-s-u3 10 AJQ-k-r-u1 14 

AJQ-m-q-u2 3 AJQ-p-q-u5 7 AJQ-m-q-u1 11 AJQ-j-q-u1 15 

AJQ-m-r-u2 4 AJQ-m-s-u1 8 AJQ-k-q-u1 12 AJQ-j-r-u1 16 

 

 

 

 

 

 

 

 

 

 

 

0

1

2

3

4

5

6

7

8

9

10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

R
el

at
iv

e 
en

er
g
y
 (

k
ca

l/
m

o
l)

Conformers (denoted by numbers)



 

363 
 

Figure 6.77. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound ALP. 
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Figure 6.78. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound ALQ. 
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Figure 6.79. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound BGP. 
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Figure 6.80. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound BGQ. 
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Figure 6.81. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound BJP. 
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Figure 6.82. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound BJQ. 
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Figure 6.83. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound BLP. 
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Figure 6.84. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound BLQ. 
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Figure 6.85. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound CGP. 
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Figure 6.86. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound CGQ. 
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Figure 6.87. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound CJP. 
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Figure 6.88. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound CJQ. 
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Figure 6.89. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound CLP. 
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Figure 6.90. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound CLQ. 
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Figure 6.91. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound DGP. 

 

 

 

conformer  Conformers   Conformers  Conformers  

DGP-m-r 1 DGP-p-t 5 DGP-k-s 9 DGP-j-q 12 

DGP-m-s 2 DGP-m-q 6 DGP-g-r 10 DGP-j-r 13 

DGP-p-q 3 DGP-k-q 7 DGP-g-q 11 DGP-j-s 14 

DGP-p-s 4 DGP-k-r 8     

 

 

 

 

 

 

 

 

 

 

0

2

4

6

8

10

12

14

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

R
el

at
iv

e 
en

er
g
y
 (

k
ca

l/
m

o
l)

Conformers (denoted by numbers)



 

378 
 

Figure 6.92. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound DGQ. 
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Figure 6.93. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound DJP. 
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Figure 6.94. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound DJQ. 
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Figure 6.95. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound DLP. 
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Figure 6.96. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound DLQ. 
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Figure 6.97. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound EGP. 
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Figure 6.98. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound EGQ. 

 

 

 

conformer  Conformers   Conformers  Conformers  

EGQ-m-r-x4 1 EGQ-p-q-x3 5 EGQ-g-r-x1 9 EGQ-j-q-x3 12 

EGQ-m-q-x4 2 EGQ-p-r-x3 6 EGQ-g-t-x1 10 EGQ-j-r-x3 13 

EGQ-m-r-x1 3 EGQ-k-q-x4 7 EGQ-g-q-x1 11 EGQ-j-t-x3 14 

EGQ-m-q-x1 4 EGQ-k-r-x4 8     

 

 

 

 

 

 

 

 

 

0

2

4

6

8

10

12

14

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

R
el

at
iv

e 
en

er
g
y
 (

k
ca

l/
m

o
l)

Conformers (denoted by numbers)



 

385 
 

Figure 6.99. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound EJP. 
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Figure 6.100. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound EJQ. 
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Figure 6.101. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound ELP. 
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Figure 6.102. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound ELQ. 
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Figure 6.103. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound FGP. 
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Figure 6.104. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound FGQ. 
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Figure 6.105. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound FJP. 
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Figure 6.106. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound FJQ. 
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Figure 6.107. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound FLP. 
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Figure 6.108. Diagrams comparing the DFT ( ) and HF ( ) relative energies of the calculated 

conformers of compound FLQ. 
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6.3.2. Diagrams comparing the uncorrected relative energy (E), relative energy corrected 

for ZPE (Ecorrected) and Gibbs free energy (G) of the conformers of each of the compounds 

considered. 

This section presents diagrams comparing the uncorrected relative energies (E), relative energies 

corrected for ZPE (sum of electronic and zero-point energies, Ecorrected) and Gibbs free energies 

(sum of electronic and thermal free energies, G). The energy series are represented by different 

colours: blue for E, orange for Ecorrected  and green for G.  

For each compound, separated diagrams are made for the DFT and HF results (respectively 

denoted as DFT and HF and indicated on top of each diagrams). In both HF and DFT diagrams, 

the conformers are listed in order of increasing DFT relative energies; for this reason, there might 

be cases in which the HF results show apparently abnormal behaviour (not always increasing; for 

example, figures 6.112 and 6.115), when there are discrepancies in the relative energy sequence 

between the DFT and HF results. 
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Figure 6.109. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

AGP. 
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Figure 6.110. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

AGQ. 
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Figure 6.111. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

AJP. 
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Figure 6.112. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

AJQ. 
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Figure 6.113. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

ALP. 
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Figure 6.114. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

ALQ. 
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Figure 6.115. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

BGP. 
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Figure 6.116. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

BGQ. 
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Figure 6.117. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

BJP. 
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Figure 6.118. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

BJQ. 
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Figure 6.119. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

BLP. 
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Figure 6.120. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

BLQ. 
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Figure 6.121. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

CGP. 
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Figure 6.122. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

CGQ. 
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Figure 6.123. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

CJP. 
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Figure 6.124. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

CJQ. 
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Figure 6.125. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

CLP. 
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Figure 6.126. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

CLQ. 
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Figure 6.127. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

DGP. 
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Figure 6.128. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

DGQ. 
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Figure 6.129. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

DJP. 
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Figure 6.130. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

DJQ. 
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Figure 6.131. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

DLP. 
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Figure 6.132. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

DLQ. 
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Figure 6.133. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

EGP. 
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Figure 6.134. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

EGQ. 
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Figure 6.135. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

EJP. 
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Figure 6.136. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

EJQ. 
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Figure 6.137. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

ELP. 
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Figure 6.138. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

ELQ. 
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Figure 6.139. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

FGP. 
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Figure 6.140. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

FGQ. 
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Figure 6.141. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

FJP. 
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Figure 6.142. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

FJQ. 
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Figure 6.143. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

FLP. 
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Figure 6.144. Diagrams comparing the uncorrected relative energies ( ), relative energies 

corrected for ZPE ( ) and Gibbs free energies ( ) of the calculated conformers of compound 

FLQ. 
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Appendix A 

 

This section presents additional tables which may be useful in the analysis of results. In the tables 

for inputs and output geometries, m1 and m2 indicates different geometries considered in the 

preparation of inputs. 

 

Table A1. Input geometries and resulting optimized conformers for compound AGP. 

Inputs  Outputs  
AGP-m1-r AGP-m-r-u1 
AGP-m1-t 

AGP-m1-s AGP-m-s-u1 
AGP-p-s AGP-p-t-u3 
AGP-m1-q AGP-m-q-u1 
AGP-p-q AGP-p-r-u3 
AGP-k-r AGP-k-q-u1 
AGP-k-q AGP-k-r-u1 
AGP-k-s 

AGP-m2-q AGP-m-r-u2 
AGP-m2-t 

AGP-m2-s 

AGP-g-q AGP-g-r-u3 
AGP-g-t 

AGP-g-s 

AGP-g-r AGP-g-q-u3 
AGP-j-r AGP-j-q-u3 
AGP-j-q AGP-j-r-u3 
AGP-j-s  

AGP-j-t AGP-j-s-u3 

 

 

Table A2. Input geometries and resulting optimized conformers for compound AGQ. 

Inputs  Outputs  
AGQ-m1-s AGQ-m-r-u1 
AGQ-m1-r 

AGQ-p-s 

AGQ-p-r 

AGQ-m1-q AGQ-m-q-u1 
AGQ-p-q 

AGQ-p-t 

AGQ-m1-t 

AGQ-k-s AGQ-k-q-u1 
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AGQ-k-r 

AGQ-k-q AGQ-k-r-u1 

AGQ-k-t 
AGQ-m2-q AGQ-m-r-u2 
AGQ-m2-t 

AGQ-m2-s AGQ-m-q-u2 
AGQ-m2-r 

AGQ-g-q AGQ-g-r-u3 
AGQ-g-t 

AGQ-g-s AGQ-g-t-u3 
AGQ-g-r AGQ-g-q-u3 
AGQ-j-r AGQ-j-q-u3 
AGQ-j-q AGQ-j-r-u3 
AGQ-j-t 

AGQ-j-s AGQ-j-t-u3 

 

 

Table A3. Input geometries and resulting optimized conformers for compound AJP. 

Inputs  Outputs  
AJP-m1-s AJP-m-r-u1 
AJP-m1-r 

AJP-p-s 

AJQ-p-r 

AJP-m1-t AJP-m-s-u1 
AJP-p-t 

AJP-m1-q AJP-m-q-u1 
AJP-p-q 

AJP-g-r AJP-k-q-u1 
AJP-k-r 

AJP-g-q AJP-k-r-u1 
AJP-g-s 

AJP-k-q 

AJP-k-s 

AJP-g-t AJP-k-s-u1 
AJP-k-t 

AJP-m2-q AJP-m-r-u2 
AJP-m2-s 

AJP-m2-t AJP-m-s-u2 
AJP-m2-r AJP-m-q-u2 
AJP-j-r AJP-j-q-u3 
AJP-j-q AJP-j-r-u3 
AJP-j-s 

AJP-j-a AJP-j-s-u3 
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Table A4. Input geometries and resulting optimized conformers for compound AJQ. 

Inputs  Outputs  
AJQ-g-s AJQ-p-q-u5 
AJQ-m1-s AJQ-m-q-u1 
AJQ-m2-s AJQ-m-q-u2 
AJQ-m2-r 

AJQ-m2-q AJQ-m-r-u2 

AJQ-m2-t 
AJQ-p-s AJQ-p-q-u3 
AJQ-m1-r AJQ-m-r-u1 
AJQ-g-r AJQ-p-q-u5 
AJQ-m1-t AJQ-m-s-u1 
AJQ-p-q AJQ-p-r-u3 
AJQ-p-a AJQ-p-s-u3 
AJQ-m1-q AJQ-m-q-u1 
AJQ-k-s AJQ-k-q-u1 
AJQ-k-r AJQ-k-q-u1 
AJQ-k-q AJQ-k-r-u1 
AJQ-k-t 

AJQ-j-t AJQ-j-q-u1 
AJQ-j-r 

AJQ-j-q AJQ-j-r-u1 

AJQ-j-s 

 

 

Table A5. Input geometries and resulting optimized conformers for compound ALP. 

Inputs  Outputs  
ALP-m1-s ALP-m-r-u1 
ALP-m1-r 

ALP-p-s 

ALP-p-r 

ALP-m1-t ALP-m-s-u1 
ALP-p-t 

ALP-m1-q ALP-m-q-u1 
ALP-p-q 

ALP-k-r ALP-k-q-u1 
ALP-k-q ALP-k-r-u1 
ALP-k-s 

ALP-g-r ALP-k-q-u1 
ALP-g-q ALP-k-r-u1 
ALP-g-t ALP-k-s-u1 
ALP-g-s ALP-k-r-u3 
ALP-m2-q ALP-m-r-u2 

ALP-m2-s 
ALP-m2-t ALP-m-s-u2 
ALP-m2-r ALP-m-q-u2 
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ALP-j-r ALP-j-q-u3 
ALP-j-q ALP-j-r-u3 
ALP-j-s 

ALP-j-t ALP-j-s-u3 

 

 

Table A6. Input geometries and resulting optimized conformers for compound ALQ. 

Inputs  Outputs  
ALQ-m1-s ALQ-m-r-u1 
ALQ-m1-r 

ALQ-p-s 

ALQ-p-r 

ALQ-m1-q ALQ-m-q-u1 
ALQ-p-q 

ALQ-m1-t 

ALQ-p-t 

ALQ-k-s ALQ-k-q-u1 
ALQ-k-r 

ALQ-k-q ALQ-k-r-u1 
ALQ-k-t 

ALQ-m2-q ALQ-m-r-u2 
ALQ-m2-t 

ALQ-m2-s ALQ-m-q-u2 
ALQ-m2-r 

ALQ-g-r ALQ-j-q-u3 
ALQ-g-q ALQ-j-r-u3 
ALQ-g-t  

ALQ-j-r ALQ-j-q-u3 
ALQ-j-q ALQ-j-r-u3 

ALQ-j-a 

ALQ-j-s 
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Table A7. Input geometries and resulting optimized conformers for compound BGP. 

Inputs  Outputs  
BGP-p-t BGP-p-s-v3 
BGP-p-s BGP-p-t-v3 
BGP-m1-s BGP-m-r-v1 
BGP-m1-r 

BGP-p-r 

BGP-m1-t BGP-m-s-v1 
BGP-m1-q BGP-m-q-v1 
BGP-p-q 

BGP-k-r BGP-k-q-v3 
BGP-k-q BGP-k-r-v3 

BGP-k-s 
BGP-k-t BGP-k-s-v3 
BGP-m2-q BGP-m-r-v2 

BGP-m2-s 
BGP-m2-t BGP-m-s-v2 
BGP-m2-r BGP-m-q-v2 
BGP-g-q BGP-g-r-v1 
BGP-g-t 

BGP-g-s  

BGP-g-r BGP-g-q-v1 
BGP-j-r BGP-j-q-v5 
BGP-j-q BGP-j-r-v5 
BGP-j-s 

BGP- BGP-j-s-v5 

 

 

Table A8. Input geometries and resulting optimized conformers for compound BGQ. 

Inputs  Outputs  
BGQ-m1-s BGQ-m-r-v1 
BGQ-m1-r 

BGQ-p-s 

BGQ-p-r 

BGQ-m1-q BGQ-m-q-v1 
BGQ-m1-t 

BGQ-p-q 

BGQ-p-t 

BGQ-k-s BGQ-k-q-v1 
BGQ-k-r 

BGQ-g-q BGQ-k-r-v1 
BGQ-g-t 

BGQ-m2-q BGQ-m-r-v2 
BGQ-m2-t 

BGQ-m2-s BGQ-m-q-v2 
BGQ-m2-r 
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BGQ-j-r BGQ-j-q-v3 
BGQ-j-q BGQ-j-r-v3 
BGQ-j-t 

BGQ-j-s BGQ-j-t-v3 

 

 

Table A9. Input geometries and resulting optimized conformers for compound BJP. 

Inputs  Outputs  
BJP-g-s BJP-p-q-v3 
BJP-g-r 

BJP-m1-t 

BJP-m1-s 

BJP-m1-r 

BJP-p-s 

BJP-p-r 

BJP-p-t BJP-p-s-v3 
BJP-g-q BJP-p-r-v3 
BJP-g-t 

BJP-m1-q 

BJP-p-q 

BJP-k-r BJP-k-q-v1 
BJP-k-q BJP-k-r-v1 
BJP-k-t BJP-k-s-v1 
BJP-m2-q BJP-m-r-v2 
BJP-m2-s 

BJP-m2-t BJP-m-s-v2 
BJP-m2-r BJP-m-q-v2 
BJP-j-r BJP-j-r-v3 
BJP-j-q BJP-j-s-v3 

BJP-j-s 
BJP-j-t BJP-j-q-v3 
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Table A10. Input geometries and resulting optimized conformers for compound BJQ. 

Inputs  Outputs  
BJQ-g-s BJQ-p-r-v3 
BJQ-g-q 

BJQ-k-q 

BJQ-k-s 

BJQ-g-t 

BJQ-k-t 

BJQ-g-r 

BJQ-k-r 

BJQ-m1-t BJQ-m-s-v1 
BJQ-m1-s BJQ-m-t-v1 
BJQ-m2-t BJQ-m-q-v2 
BJQ-m2-r 

BJQ-m2-s BJQ-m-r-v2 
BJQ-m2-q 

BJQ-m1-r BJQ-m-q-v1 

BJQ-m1-q 
BJQ-p-s BJQ-p-q-v3 
BJQ-p-r BJQ-p-q-v3 
BJQ-p-q BJQ-p-r-v3 
BJQ-p-t BJQ-p-s-v3 
BJQ-j-t BJQ-j-q-v3 

BJQ-j-r 
BJQ-j-q BJQ-j-q-v3 
BJQ-j-s 

 

 

Table A11. Input geometries and resulting optimized conformers for compound BLP. 

Inputs  Outputs  
BLP-k-r BLP-k-q-v1 
BLP-p-t BLP-p-s-v3 
BLP-p-s BLP-p-t-v3 
BLP-m1-s BLP-m-r-v1 
BLP-m1-r 

BLP-p-r 

BLP-m1-t BLP-m-s-v1 
BLP-m1-q BLP-m-r-v1 
BLP-p-q 

BLP-k-q BLP-k-r-v1 
BLP-k-s 

BLP-k-t BLP-k-s-v1 
BLP-m2-r BLP-p-q-v4 
BLP-m2-t BLP-p-s-v4 
BLP-m2-s BLP-p-t-v4 
BLP-m2-q BLP-p-r-v4 
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BLP-g-r BLP-j-q-v5 
BLP-j-r 

BLP-g-q BLP-j-r-v5 
BLP-g-s 

BLP-j-q 

BLP-j-s 

BLP-g-t BLP-j-s-v5 
BLP-j-t 

 

 

Table A12. Input geometries and resulting optimized conformers for compound BLQ. 

Inputs  Outputs  
BLQ-p-s BLQ-p-q-v3 
BLQ-p-r 

BLQ-p-q BLQ-p-r-v3 
BLQ-p-t 

BLQ-k-s BLQ-p-r-v3 
BLQ-k-t BLQ-k-q-v1 
BLQ-k-r 

BLQ-k-q BLQ-k-r-v1 
BLQ-m1-s BLQ-m-r-v1 
BLQ-m1-r 

BLQ-m1-q BLQ-m-q-v1 
BLQ-m1-t BLQ-m-s-v1 
BLQ-m2-s BLQ-p-q-v4 
BLQ-m2-r 

BLQ-m2-t BLQ-p-r-v4 
BLQ-m2-q 

BLQ-j-r BLQ-j-q-v3 
BLQ-g-r BLQ-j-q-v5 
BLQ-j-q BLQ-j-r-v3 
BLQ-j-t 

BLQ-g-q BLQ-j-r-v5 
BLQ-g-t 

BLQ-j-s BLQ-j-t-v3 
BLQ-g-s BLQ-j-t-v5 
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Table A13. Input geometries and resulting optimized conformers for compound CGP. 

Inputs  Outputs  
CGP-k-t CGP-p-s-w5 
CGP-k-s 

CGP-p-t 

CGP-k-r CGP-p-q-w5 
CGP-p-s 

CGP-p-r 

CGP-k-q CGP-p-r-w5 
CGP-m1-s CGP-m-r-w1 
CGP-m1-r 

CGP-p-q 

CGP-m1-t CGP-m-s-w1 
CGP-m1-q CGP-m-q-w1 
CGP-m2-q CGP-m-r-w2 
CGP-m2-s 

CGP-m2-t CGP-m-s-w2 
CGP-m2-r CGP-m-q-w2 
CGP-g-r CGP-g-r-w5 
CGP-g-q 

CGP-g-t 

CGP-g-r CGP-g-q-w5 
CGP-j-r CGP-j-q-w5 
CGP-j-s CGP-j-r-w5 
CGP-j-q 

CGP-j-t CGP-j-s-w5 

 

 

Table A14. Input geometries and resulting optimized conformers for compound CGQ. 

Inputs  Outputs  
CGQ-k-s CGQ-p-q-w5 
CGQ-g-s 

CGQ-g-r 

CGQ-k-r 

CGQ-p-r 

CGQ-m2-s 

CGQ-m2-r 

CGQ-p-s 

CGQ-m2-q CGQ-m-q-w3 
CGQ-m2-t 

CGQ-k-q CGQ-p-r-w5 
CGQ-g-q 

CGQ-g-t 

CGQ-k-t 

CGQ-p-q 

CGQ-p-t 
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CGQ-m1-s CGQ-m-r-w1 
CGQ-m1-r 

CGQ-m1-q CGQ-m-q-w1 
CGQ-m1-t 

CGQ-j-r CGQ-j-q-w5 
CGQ-j-s CGQ-j-t-w5 
CGQ-j-q CGQ-j-r-w5 
CGQ-j-t 

 

 

Table A15. Input geometries and resulting optimized conformers for compound CJP. 

Inputs  Outputs  
CJP-k-s CJP-p-q-w3 
CJP-k-r 

CJP-p-s 

CJP-p-r 

CJP-g-s 

CJP-g-r 

CJP-g-t CJP-p-s-w3 
CJP-k-t 

CJP-p-t 

CJP-g-q CJP-p- r-w3 
CJP-k-q 

CJP-p-q 

CJP-m1-t CJP-m-r-w1 
CJP-m1-s 

CJP-m1-r 

CJP-m1-q 

CJP-m2-q CJP-m-r-w2 
CJP-m2-t CJP-m-s-w2 
CJP-m2-s CJP-m-t-w2 
CJP-m2-r CJP-m-q-w2 
CJP-j-r CJP-j-q-w1 
CJP-j-s CJP-j-r-w1 
CJP-j-q 

CJP-j-t CJP-j-s-w1 
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Table A16. Input geometries and resulting optimized conformers for compound CJQ. 

Inputs  Outputs  
CJQ-m2-t CJQ-m-q-w6 
CJQ-m2-r 

CJQ-m2-s CJQ-m-r-w6 
CJQ-m2-q 

CJQ-k-s CJQ-p-q-w5 
CJQ-m1-s CJQ-m-q-w1 
CJQ-g-s CJQ-p-q-w5 
CJQ-p-s 

CJQ-g-r CJQ-p-q-w5 
CJQ-k-r 

CJQ-k-q 

CJQ-g-q 

CJQ-p-q 

CJQ-p-r 

CJQ-g-t CJQ-p-s-w5 
CJQ-k-t 

CJQ-p-t 

CJQ-m1-r CJQ-m-r-w1 
CJQ-m1-t CJQ-m-s-w1 
CJQ-m1-q CJQ-m-q-w1 
CJQ-j-t CJQ-j-q-w5 
CJQ-j-r 

CJQ-j-q CJQ-j-r-w5 
CJQ-j-s 

 

 

Table A17. Input geometries and resulting optimized conformers for compound CLP. 

Inputs  Outputs  
CLP-k-s CLP-p-q-w5 
CLP-k-r 

CLP-p-s 

CLP-p-r 

CLP-k-t CLP-p-s-w5 
CLP-p-t 

CLP-p-q CLP-p-r-w5 
CLP-k-q CLP-p-r-w5 
CLP-m1-s CLP-m-r-w1 
CLP-m1-t CLP-m-s-w1 
CLP-m1-q CLP-m-q-w1 
CLP-m1-r 

CLP-m2-q CLP-m-q-w2 
CLP-m2-s 

CLP-m2-t CLP-m-s-w2 
CLP-m2-r CLP-m-q-w2 
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CLP-j-r CLP-j-q-w5 
CLP-j-q CLP-j-r-w5 
CLP-j-s 

CLP-j-t CLP-j-s-w5 
CLP-g-r CLP-j-q-w6 
CLP-g-q CLP-j-r-w6 
CLP-g-s  

CLP-g-t CLP-j-s-w6 

 

 

Table A18. Input geometries and resulting optimized conformers for compound CLQ. 

Inputs  Outputs  
CLQ-k-s CLQ-p-q-w5 
CLQ-k-r 

CLQ-m2-q 

CLQ-m2-t 

CLQ-m2-s 

CLQ-p-s 

CLQ-p-r 

CLQ-k-t CLQ-p-s-w5 
CLQ-p-t 

CLQ-m2-r CLQ-m-q-w1 
CLQ-k-q 

CLQ-p-q 

CLQ-m1-r CLQ-m-r-w1 
CLQ-m1-s CLQ-m-r-w1 
CLQ-m1-t CLQ-m-s-w1 
CLQ-m1-q CLQ-m-q-w1 
CLQ-g-r CLQ-j-q-w5 
CLQ-j-r 

CLQ-g-q CLQ-j-r-w5 
CLQ-g-s 

CLQ-j-q 

CLQ-j-s 

CLQ-g-t CLQ-j-s-w6 
CLQ-j-t 
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Table A19. Input geometries and resulting optimized conformers for compound DGP. 

Inputs  Outputs  
DGP-m2-r DGP-m-r 
DGP-m2-s 

DGP-m1-s 

DGP-m1-r 

DGP-m2-t DGP-m-s 
DGP-m1-t 

DGP-p-r DGP-p-q 
DGP-p-t DGP-p-s 
DGP-p-s DGP-p-t 
DGP-m1-q DGP-m-q 
DGP-m2-q 

DGP-p-q 

DGP-k-r DGP-k-q 
DGP-k-q DGP-k-r 
DGP-k-s 

DGP-k-t DGP-k-s 
DGP-g-q DGP-g-r 
DGP-g-s 

DGP-g-t 

DGP-g-r DGP-g-q 
DGP-j-r DGP-j-q 
DGP-j-q DGP-j-r 
DGP-j-s  

DGP-j-t DGP-j-s 

 

 

Table A20. Input geometries and resulting optimized conformers for compound DGQ. 

Inputs  Outputs  
DGQ-m2-q DGQ-m-r 
DGQ-m2-t 

DGQ-k-s DGQ-p-q 
DGQ-m1-s 

DGQ-m1-r 

DGQ-p-s 

DGQ-p-r 

DGQ-m1-q DGQ-m-q 
DGQ-m1-t 

DGQ-p-q 

DGQ-p-t 

DGQ-m2-s DGQ-m-q 
DGQ-m2-r 

DGQ-k-r DGQ-k-q 
DGQ-k-q DGQ-k-r 
DGQ-k-t 
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DGQ-g-s DGQ-g-t 
DGQ-g-q DGQ-g-r 
DGQ-g-t 

DGQ-g-r DGQ-g-q 
DGQ-j-r DGQ-j-q 
DGQ-j-q DGQ-j-r 
DGQ-j-t 

DGQ-j-s DGQ-j-t 

 

 

Table A21. Input geometries and resulting optimized conformers for compound DJP. 

Inputs  Outputs  
DJP-m2-s DJP-m-r 
DJP-g-t DJP-p-s 
DJP-m2-t 

DJP-m1-t 

DJP-p-t 

DJP-g-s DJP-p-q 
DJP-g-r 

DJP-m2-q 

DJP-m1-s 

DJP-m1-r 

DJP-p-s 

DJP-p-r 

DJP-m2-r DJP-m-q 
DJP-m1-q 

DJP-p-r 

DJP-g-q DJP-p-r 
DJP-k-r DJP-k-q 
DJP-k-s DJP-k-r 
DJP-k-q DJP-k-r 
DJP-k-t DJP-k-s 
DJP-j-r DJP-j-q 
DJP-j-t DJP-j-s 
DJP-j-q DJP-j-r 
DJP-j-s 
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Table A22. Input geometries and resulting optimized conformers for compound DJQ. 

Inputs  Outputs  
DJQ-k-t DJQ-m-q 
DJQ-k-r DJQ-k-q 
DJQ-k-s DJQ-k-r 
DJQ-k-q 

DJQ-m2-q DJQ-m-r 
DJQ-m2-t DJQ-m-s 
DJQ-m2-s DJQ-m-t 
DJQ-m1-t DJQ-m-s 
DJQ-m2-r DJQ-m-q 
DJQ-g-s DJQ-p-q 
DJQ-p-s 

DJQ-m1-r DJQ-m-r 
DJQ-g-r DJQ-p-q 
DJQ-p-r 

DJQ-g-q DJQ-p-r 
DJQ-p-q 

DJQ-m1-s DJQ-m-q 
DJQ-m1-q 

DJQ-j-t DJQ-j-q 
DJQ-j-r 

DJQ-j-q DJQ-j-r 
DJQ-j-s 

 

 

Table A23. Input geometries and resulting optimized conformers for compound DLP. 

Inputs  Outputs  
DLP-m2-q DLP-m-r 
DLP-m2-s 

DLP-m1-s 

DLP-m1-r 

DLP-m2-t DLP-m-s 
DLP-m1-t 

DLP-p-r DLP-p-q 
DLP-p-t DLP-p-s 
DLP-p-s CLP-p-t 
DLP-m2-r DLP-m-q 
DLP-m1-q 

DLP-p-q DLP-p-r 
DLP-k-r DLP-k-q 
DLP-k-q DLP-k-r 
DLP-k-s 

DLP-k-t DLP-k-s 
DLP-j-r DLP-j-q 
DLP-g-r 
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DLP-g-t DLP-j-s 
DLP-j-t 

DLP-g-q DLP-j-r 

DLP-g-s 

DLP-j-q 

DLP-j-s 

 

 

Table A24. Input geometries and resulting optimized conformers for compound DLQ. 

Inputs  Outputs  
DLQ-k-s DLQ-p-q 
DLQ-k-r DLQ-k-q 
DLQ-k-q DLQ-k-r 
DLQ-k-t 

DLQ-m2-t DLQ-m-r 
DLQ-m1-q DLQ-m-q 
DLQ-m1-t 

DLQ-m1-s 

DLQ-m1-r 

DLQ-p-q 

DLQ-p-t 

DLQ-p-s 

DLQ-p-r 

DLQ-m2-s DLQ-m-r 
DLQ-m2-r DLQ-m-q 
DLQ-g-r DLQ-j-q 
DLQ-j-r 

DLQ-g-q DLQ-j-r 
DLQ-g-t 

DLQ-j-q 

DLQ-j-t 

DLQ-g-s DLQ-j-t 
DLQ-j-s  
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Table A25. Input geometries and resulting optimized conformers for compound EGP. 

Inputs  Outputs  
EGP-m2-q EGP-m-r-x4 
EGP-m2-s 

EGP-m2-t EGP-m-s-x4 
EGP-m2-r EGP-m-q-x4 
EGP-m1-s EGP-m-r-x1 
EGP-m1-r 

EGP-m1-t EGP-m-s-x1 

EGP-p-s EGP-p-q-x3 
EGP-p-r 

EGP-p-t EGP-p-s-x3 
EGP-m1-q EGP-m-q-x1 
EGP-p-q 

EGP-k-r EGP-k-q-x1 
EGP-k-s EGP-k-r-x2 
EGP-k-q EGP-k-q-x1 
EGP-k-t EGP-k-s-x1 
EGP-g-q EGP-g-r-x1 
EGP-g-t 

EGP-g-s 

EGP-g-r EGP-g-q-x1 
EGP-j-r EGP-j-q-x3 
EGP-j-s EGP-j-r-x3 
EGP-j-q 

EGP-j-t EGP-j-s-x3 

 

 

Table A26. Input geometries and resulting optimized conformers for compound EGQ. 

Inputs  Outputs  
EGQ-m2-q EGQ-m-r-x4 
EGQ-m2-t 

EGQ-m2-s EGQ-m-q-x4 
EGQ-m2-r 

EGQ-m1-s EGQ-m-r-x1 
EGQ-m1-r  

EGQ-p-r  

EGQ-m1-q EGQ-m-q-x1 
EGQ-m1-t 

EGQ-p-q 

EGQ-p-t 

EGQ-k-s EGQ-p-q-x3 
EGQ-k-t EGQ-p-r-x3 
EGQ-k-r EGQ-k-q-x4 
EGQ-k-q EGQ-k-r-x4 
EGQ-g-q EGQ-g-r-x1 
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EGQ-g-t 

EGQ-g-s EGQ-g-t-x1 
EGQ-g-r EGQ-g-q-x1 
EGQ-j-r EGQ-j-q-x3 
EGQ-j-q EGQ-j-r-x3 
EGQ-j-t 

EGQ-j-s EGQ-j-t-x3 

 

 

Table A27. Input geometries and resulting optimized conformers for compound EJP. 

Inputs  Outputs  
EJP-m2-s EJP-m-s-x4 
EJP-m2-q 

EJP-m-2t EJP-m-r-x4 
EJP-m2-r EJP-m-q-x4 
EJP-g-t EJP-p-s-x4 
EJP-m-t 

EJP-p-t 

EJP-g-s EJP-p-q-x4 
EJP-g-r 

EJP-m1-s 

EJP-m1-r 

EJP-p-s 

EJP-p-r 

EJP-g-q EJP-p-r-x4 
EJP-m1-q 

EJP-p-q 

EJP-k-r EJP-k-q-x1 
EJP-k-s EJP-k-r-x1 
EJP-k-q EJP-k-r-x1 
EJP-k-t EJP-k-s-x1 
EJP-j-r EJP-j-q-x3 
EJP-j-q EJP-j-r-x3 
EJP-j-s 

EJP-j-t EJP-j-s-x3 
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Table A28. Input geometries and resulting optimized conformers for compound EJQ. 

Inputs  Outputs  
EJQ-m2-t EJQ-m-q-x4 
EJQ-m2-r 

EJQ-m2-s EJQ-m-r-x4 
EJQ-m2-q 

EJQ-g-s EJQ-p-q-x4 
EJQ-p-s 

EJQ-p-r EJQ-p-q-x4 
EJQ-m1-r EJQ-m-r-x1 
EJQ-m1-t EJQ-m-s-x1 
EJQ-g-q EJQ-p-r-x4 
EJQ-p-q 

EJQ-g-t EJQ-p-s-x4 
EJQ-g-r 

EJQ-p-t 

EJQ-m1-s EJQ-m-q-x1 
EJQ-m1-q 

EJQ-k-s EJQ-k-q-x4 
EJQ-k-r 

EJQ-k-q EJQ-k-r-x4 
EJQ-k-t 

EJQ-j-t EJQ-j-q-x3 
EJQ-j-r 

EJQ-j-q EJQ-j-r-x3 
EJQ-j-s 

 

 

Table A29. Input geometries and resulting optimized conformers for compound ELP. 

Inputs  Outputs  
ELP-m2-s ELP-m-s-x4 
ELP-m2-q 

ELP-m2-t ELP-m-q-x4 
ELP-m2-r ELP-m-q-x4 
ELP-m1-s ELP-m-r-x1 
ELP-m1-r 

ELP-m1-t ELP-m-s-x1 
ELP-p-s ELP-p-s-x4 
ELP-p-r 

ELP-p-t ELP-p-s-x4 
ELP-m-q ELP-m-q-x1 
ELP-p-q 

ELP-k-r ELP-k-q-x1 
ELP-k-s ELP-k-r-x1 
ELP-k-q 

ELP-k-t ELP-k-s-x1 



 

466 
 

ELP-j-r ELP-j-q-x3 
ELP-j-q ELP-j-r-x3 
ELP-j-s 

ELP-j-t ELP-j-s-x3 
ELP-g-r ELP-j-q-x3 
ELP-g-s ELP-j-r-x3 
ELP-g-q 

ELP-g-t ELP-j-s-x3 

 

 

Table A30. Input geometries and resulting optimized conformers for compound ELQ. 

Inputs  Outputs  
ELQ-m2-t ELQ-m-r-x4 
ELQ-m2-q 

ELQ-m2-s ELQ-m-q-x4 
ELQ-m2-r 

ELQ-m1-s ELQ-m-r-x1 
ELQ-m1-r 

ELQ-p-s 

ELQ-p-r 

ELQ-m1-q ELQ-m-q-x1 
ELQ-m1-t 

ELQ-12 

ELQ-p-t 

ELQ-k-t ELQ-k-q-x4 
ELQ-k-r 

ELQ-k-s ELQ-k-r-x4 
ELQ-k-q 

ELQ-g-t ELQ-j-q-x3 
ELQ-g-r 

ELQ-g-s ELQ-j-r-x3 
ELQ-g-q 

ELQ-j-r ELQ-j-q-x3 
ELQ-j-s ELQ-j-r-x3 
ELQ-j-q 

ELQ-j-t ELQ-j-s-x3 
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Table A31. Input geometries and resulting optimized conformers for compound FGP. 

Inputs  Outputs  
FGP-m2-s FGP-m-r-x4 
FGP-m2-q 

FGP-m2-t FGP-m-s-x4 
FGP-m2-r FGP-m-q-x4 
FGP-m1-s FGP-m-r-x1 
FGP-m1-r 

FGP-m1-t FGP-m-s-x1 
FGP-p-s FGP-p-q-x4 
FGP-p-r 

FGP-p-t FGP-p-s-x4 
FGP-m1-q FGP-m-q-x1 
FGP-p-q FGP-p-r-x4 
FGP-k-r FGP-k-q-x1 
FGP-k-q FGP-k-r-x1 
FGP-k-s FGP-k-r-x1 
FGP-g-q FGP-g-r-x1 
FGP-g-t FGP-g-r-x1 
FGP-g-s  

FGP-g-r FGP-g-q-x1 
FGP-j-r FGP-j-q-x3 
FGP-j-q FGP-j-r-x3 
FGP-j-s 

FGP-j-t FGP-j-s-x3 

 

 

Table A32. Input geometries and resulting optimized conformers for compound GQ. 

Inputs  Outputs  
FGQ-m2-q FGQ-m-r-x4 
FGQ-m2-t 

FGQ-m2-s FGQ-m-q-x4 
FGQ-m2-r 

FGQ-k-s FGQ-p-q-x4 
FGQ-m1-s FGQ-m-r-x1 
FGQ-m1-r 

FGQ-p-s 

FGQ-p-r 

FGQ-m1-t FGQ-m-q-x1 
FGQ-m1-q 

FGQ-p-q 

FGQ-p-t 

FGQ-k-q FGQ-k-r-x4 
FGQ-k-t 
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FGQ-g-q FGQ-g-r-x1 
FGQ-g-t 

FGQ-g-r FGQ-g-q-x1 
FGQ-g-s FGQ-g-t-x1 
FGQ-j-r FGQ-j-q-x3 
FGQ-j-q FGQ-j-r-x3 
FGQ-j-t 

FGQ-j-s FGQ-j-t-x3 

 

 

Table A33. Input geometries and resulting optimized conformers for compound FJP. 

Inputs  Outputs  
FJP-m1-s FJP-m-r-x4 
FJP-m1-q 

FJP-m1-t FJP-m-s-x4 
FJP-m1-r FJP-m-q-x4 
FJP-g-s FJP-p-q-x4 
FJP-g-r 

FJP-m1-s 

FJP-m1-r 

FJP-p-s 

FJP-p-r 

FJP-g-t FJP-p-s-x4 
FJP-m1-t 

FJP-p-t 

FJP-k-r FJP-k-q-x1 
FJP-g-q FJP-p-r-x1 
FJP-m1-q 

FJP-p-q 

FJP-k-q FJP-k-r-x1 
FJP-k-s 

FJP-k-t FJP-k-s-x1 
FJP-j-r FJP-j-q-x3 
FJP-j-q FJP-j-r-x3 
FJP-j-s 

FJP-j-t FJP-j-s-x3 
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Table A34. Input geometries and resulting optimized conformers for compound FJQ. 

Inputs  Outputs  
FJQ-m2-s FJQ-m-q-x4 
FJQ-m2-r 

FJQ-m2-t FJQ-m-r-x4 
FJQ-m2-q 

FJQ-p-q FJQ-p-r-x4 
FJQ-p-t 

FJQ-k-s FJQ-p-q-x4 
FJQ-p-s FJQ-p-q-x4 
FJQ-p-r 

FJQ-m1-q FJQ-m-q-x1 
FJQ-m1-s 

FJQ-m1-t FJQ-m-r-x1 
FJQ-m1-r 

FJQ-k-r FJQ-k-q-x4 
FJQ-k-q FJQ-k-r-x4 
FJQ-k-t 

FJQ-j-t FJQ-j-q-x3 
FJQ-j-r 

FJQ-j-q FJQ-j-r-x3 
FJQ-j-s 

FJQ-g-t FJQ-j-r-x3 
FJQ-g-q 

FJQ-g-s FJQ-j-t-x3 
FJQ-g-r FJQ-j-q-x3 

 

 

Table A35. Input geometries and resulting optimized conformers for compound FLP. 

Inputs  Outputs  
FLP-m2-s FLP-m-r-x4 
FLP-m2-q 

FLP-m2-r FLP-m-q-x4 
FLP-m1-s FLP-m-r-x1 
FLP-m1-r 

FLP-m2-t FLP-m-s-x4 
FLP-m1-t FLP-m-s-x1 
FLP-p-s FLP-p-q-x4 
FLP-p-r 

FLP-p-t FLP-p-s-x4 
FLP-m1-q FLP-m-q-x1 
FLP-p-q 

FLP-k-r FLP-k-q-x1 
FLP-k-s FLP-k-r-x1 
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FLP-k-q 

FLP-k-t FLP-k-s-x1 
FLP-j-r FLP-j-q-x3 
FLP-j-q FLP-j-r-x3 
FLP-j-s 

FLP-j-t FLP-j-s-x3 
FLP-g-r FLP-j-q-x3 
FLP-g-q FLP-j-r-x3 
FLP-g-s 

FLP-g-t FLP-j-s-x3 

 

 

Table A36. Input geometries and resulting optimized conformers for compound FLQ. 

Inputs  Outputs  
FLQ-g-s FLQ-p-q-x2 
FLQ-m2-t FLQ-m-r-x4 
FLQ-m2-q 

FLQ-m2-s FLQ-m-q-x4 
FLQ-m2-r 

FLQ-p-t FLQ-p-q-x4 
FLQ-p-r 

FLQ-m1-s FLQ-m-r-x1 
FLQ-m1-r 

FLQ-m1-q FLQ-m-q-x1 
FLQ-m1-t FLQ-m-q-x1 
FLQ-k-s FLQ-p-r-x4 
FLQ-p-q FLQ-p-r-x4 
FLQ-p-s 

FLQ-k-t FLQ-k-q-x4 
FLQ-k-r 

FLQ-g-r FLQ-k-q-x1 
FLQ-k-q FLQ-k-r-x4 
FLQ-g-q FLQ-k-r-x1 
FLQ-g-t 

FLQ-j-t FLQ-j-q-x3 
FLQ-j-r 

FLQ-j-s FLQ-j-r-x3 
FLQ-j-q 
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Table A37. Compounds with R= pyrrolidine and types of conformers possible and what they 

optimize to. 

Compounds Type of conformers possible 
 m  p   k  g  j 

AGP Possible possible Possible Possible Possible 
AGQ Possible Optimized to m Possible Possible Possible 
BGP Possible Possible Possible Possible Possible 
BGQ Possible Optimized to m Possible Optimized to k Possible 
CGP Possible Possible Optimized to p Possible Possible 
CGQ Possible Possible Optimized to p Optimized to p Possible 
DGP Possible Possible Possible Possible Possible 
DGQ Possible Possible Possible Possible Possible 
EGP Possible Possible Possible Possible Possible 
EGQ Possible Possible Possible Possible Possible 
FGP Possible Possible Possible Possible Possible 
FGQ Possible optimized to m Possible Possible Possible 

 

 

Table A38. Compounds with R= morpholine and types of conformers possible and what they 

optimize to. 

Compounds Type of conformers possible 
 m  p   k  g  j 

AJP Possible optimized to m Possible Optimized to k Possible 
AJQ Possible Possible Possible Optimized to p Possible 
BJP Possible Possible Possible Optimized to p Possible 
BJQ Possible Possible optimized to p Optimized to p Possible 
CJP Possible Possible Optimized to p Optimized to p Possible 
CJQ Possible Possible Optimized to p Optimized to p Possible 
DJP Possible Possible Possible Optimized to p Possible 
DJQ Possible Possible Possible Optimized to p Possible 
EJP Possible Possible Possible Optimized to p Possible 
EJQ Possible Possible Possible Optimized to p Possible 
FJP Possible Possible Possible Optimized to p Possible 
FJQ Possible Possible Possible Optimized to j Possible 
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Table A38. Compounds with R= Diethylamine and types of conformers possible and what they 

optimize to. 

Compounds Type of conformers possible 
 m  p   k  g  j 

ALP Possible Optimized to m Possible Optimized to k Possible 
ALQ Possible Optimized to m Possible Optimized to j Possible 
BLP Possible Possible Possible Optimized to j Possible 
BLQ Possible Possible Possible Optimized to j Possible 
CLP Possible Possible Optimized to p Optimized to j Possible 
CLQ Possible Possible Optimized to p Optimized to j Possible 
DLP Possible Possible Possible Optimized to j Possible 
DLQ Possible Possible Possible Optimized to j Possible 
ELP Possible Possible Possible Optimized to j Possible 
ELQ Possible Optimized to m Possible Optimized to j Possible 
FLP Possible Possible Possible Optimized to j Possible 
FLQ Possible Possible Possible Optimized to k Possible 

 

 

 

 

 

 


