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A Suitable Method for Quantum Chemical Calculations on Large
Mesogen and the Study of 1,3,5-Benzenetrisamide Liquid Crystal
Substituted with Three Hexaalkoxytriphenylene Groups

DING, Fu-Jiang* ZHAO, Ke-Qing
(College of Chemistry and Material Science, Sichuan Normal University, Chengdu 610066)

Abstract The properties of discotic mesophases are determined by the interactions of molecules forming
mesophases. It is difficult to do quantum chemical calculation on so large molecule pairs. Various level cal-
culations have been performed on pairs of benzene derivatives and 1,3,5-benzenetrisamide. The results have
been compared with those by high level ONIOM [MP2/6-31G*(0.25):HF/6-31G(d,p)] calculations, finding
that the results with ONIOM (HF/STO-3G:AM1:UFF) level caculations are best. The hydrogen bond is
dominated by the electrostatic contributions, well covered at the HF/STO-3G level. The stabilization of the
stacked molecules was mostly assumed to be due to the dispersion energy, which could be estimated with a
UFF method. Triphenyl substituted trimesamide is then optimized a8 ONIOM (HF/STO-3G:AM1:UFF)
level, and the result is in good agreement with the crystallographic data. As an example, 1,3,5-benzenetri-
samide with three pendant hexaalkoxytriphenylene groups has been calculated at ONIOM (HF/STO-3G:
AML:UFF) level. The results reported here supported the previous assumption about good charge transfer
property of thisliquid crystal.
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Tablel Stuctures and names of model molecules of benzene derivatives
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Table2 Stuctures and names of model molecules of 1,3,5-benzenetrisamide derivatives

R R’ Formula Abbrev.
CHj CgHa(CONHCH); BTA
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HN_ O
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R'O OR'
R 3 AIARIE ST IR TR R AL 2
Table3 Optimized geometries of molecule pairs of benzene derivatives
. Disk-disk Hydrogen bond
Molecule pair —— - - -
Disk-disk distance/nm  Rotational angle between the discy/(°) R(N—O) distance/nm Angle ZN-H-O/(°)
(mol-amide), 0.3407 47.57 0.3182 173.73
(mol-ester), 0.3334 54.47
(mol-akyle), 0.3378 56.32
(BTA), 0.3370 53.83 0.3131 161.35
‘o
¥
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B 1 (mol-amide)y(Z)FI(BTA)(41) W5 T Kt Ak i 1
Figurel Optimized geometry of (mol-amide), (left) and (BTA), (right) molecule pair
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Table4 Optimized geometries of model molecule pairs by various level calculations
Molecule pair
Calculation level (mol-amide). (mol-ester),
Disk-disk Rotational angle R(N—O) distance/ Angle £/N-H-O/ Disk-disk distance/  Rotational angle
distance/nm between the discg/(°) nm (°) nm between the discg/(°)
UFF 0.3545 21.29 0.3443 70.76 0.3533 20.97
Dreiding 0.3572 15.92 0.3577 117.96 0.3727 23.68
AM1 0.6436 14.56 0.3097 157.51 0.4750 90.00
PM3 0.4535 101.66 0.3355 129.19
HF/STO-3G 0.3802 41.90 0.2971 175.47 0.4022 57.75
HF/6-31G 0.4290 36.82 0.2987 174.51 0.4324 82.14

P HF6-31G ()i A e I IE A I A (R e . (3
ST DI TR R B IE M A B G R, A A
HEEE 2OKOK, 209k 0.344 A1 0.358 nm (IEffi{E & 0.318
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Table5 Theresultsof ONIOM calculations employed in the various partitioning schemes (rea system used UFF)

Molecule pair
Highlayer High level (mol-amide), (mol-ester), (mol-alkyle),
partition  calculation  pjg_disk Rotational angle R(N—O) Angle Disk-disk Rotational Disk-disk Rotational
distance/nm between the discy distance/ £N-H-O/ distance/nm angle between distance/nm angle between
) nm ) the discs/(°) the discs/(°)

XY AM1 0.3486 41.14 03136 171.47 0.3524 28.95 0.3468 41.14
CH.XY AM1 0.3480 29.10 0.2991 133.87 0.3478 38.58 0.3489 29.10
XYCHjs AM1 0.3461 40.82 0.3148 167.98 0.3464 41.40 0.3472 40.82
CH,XYCH; AM1 0.3472 37.54 0.3098 152.03 0.3442 60.77 0.3432 65.30
XY HF/STO-3G  0.3453 31.83 0.2906  169.75 0.3542 25.72 0.3453 31.83
CH,XY HF/STO-3G  0.3491 42.33 0.2966 175.24 0.3435 64.91 0.3491 42.33
XYCHjs HF/STO-3G  0.3537 40.89 0.2936 177.20 0.3487 33.61 0.3537 40.89
CH,XYCH; HF/STO-3G 0.3491 41.36 02992 176.31 0.3435 70.74 0.3434 66.95
CH,XYCH; HF/6-31G 0.3492 37.10 0.2973  180.00 0.3516 31.57
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Table6 Comparison of two level calculations on model molecules

Molecule pair
(mol-amide), (mol-ester), (mol-alkyle),

level 12 level 22 level 17 level 22 level 17 Level 22
Disk-disk distance/nm 0.3407 0.3491 0.3334 0.3442 0.3378 0.3432
Rotational angle between discs/(°) 4757 41.36 54.47 60.77 56.32 65.30
R(N—O) distance/nm 0.3138 0.2992
Angle ~N-H-0/(°) 173.73 176.31
Interaction energy/a.u. 0.038780 0.037381 0.019051 0.01752 0.013228 0.015269

2level 1: ONIOM(MP2/6-31G* (0.25):HF/6-31G(d,p)); level 2: ONIOM(HF/STO-3G:AM1:UFF).
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Table 7 Crystallographic data and ONIOM optimized geome-
tries of molecule pairs of 1,3,5-benzenetrisamide

Crystallographic  Optmized

data geometry
Disc-disc vertical separation/nm 0.341 0.347
Disc-disc horizontal displace/nm 0.429 0.390
Rotational angle between discs/(°) About O About 0
R(N—O) distance /nm 0.287,0.293  0.291, 0.298
Angle ZN-H-O/(°) 136.7,154.9 168.8, 165.3
Torsional angle around the bonds
between the central benzene ring 24~34 5~42
and amide group/(°)
Torsional angle between the outer 453 4398

benzene ring and amide group/(°)
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Figure 2 Crystalographic (top) and optimized (bottom) ge-
ometry of triphenyl trimesamide molecule pair
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Table 8 Optimized geometries of molecule pairs of 1,3,5-ben-
zenetrisamide with three pendant hexaal koxytriphenylene groups

Moleculepair 1  Molecule pair 2

Total energy/a.u. —1230.685583 —1230.791075
Disc-disc distance/nm 0.4178 0.3437
Rotational angle between

discs/() 55.32 58.11
R(N—O) distance/nrm 0.2922 0.2961
Angle ZN-H-0/(°) 169.14 169.25
Distance between

triphenylenes/nm 0-360
Rotational angle between 3158

triphenylenes/(°)

i, FTURJE BB YN R TR 20 W1
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Figure 4 Optimized geometries of molecule pairs of 1,3,5-
benzenetrisamide with three pendant hexaalkoxytriphenylene
groups
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