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DFT Study on the Nonlinear Optical Properties of Bisimidazole and
Bistrazole Benzenes and their Derivatives
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Abstract: The UB3LYP(B3LYP)/6-31+G™ method of density functional theory (DFT) was employed to optimize
the geometrical structures of bisimidazole and bistriazole benzenes and their derivatives. In addition, the nonlinear
optical (NLO) coefficients of these systems were calculated and combined with a finite field (FF) approach. Results
show that the a and vy values of all systems increase by introducing a donor NH, or an acceptor NO,. For the diradical
systems, the o and y of these systems with a donor are larger than those with an acceptor, which is opposite to the
behavior of closed shell systems. By analyzing the effect of the diradical character and charge on the second
hyperpolarizability, we demonstrate that the neutral molecule with intermediate diradical character exhibits a much
larger y value than the neutral closed shell molecule with a similar 7 conjugation length. The charged diradical systems
with a donor and an acceptor exhibited large y values compared to the neutral diradical systems.
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Fig.1 Geometrical structures of bisimidazole and bistriazole benzenes, theirs charged systems and substituents
a) R=H, b) R=NH,, ¢) R=NO,
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*1 WEBHEAZE la-1c 1 2a-2c HEK(nm)
Table 1 Bond lengths (nm) of diradical systems
la-1c and 2a-2c
System la 1b lc 2a 2b 2c
C—-C«C-N; 0.1391 0.1394 0.1385 0.1331 0.1340 0.1320
C-C, 0.1354 0.1352 0.1363 0.1352 0.1342 0.1353

Cs—Cs 0.1364 0.1369 0.1354 0.1354 0.1365 0.1355
C—Ng(N—-Ny) 0.1390 0.1371 0.1391 0.1390 0.1331 0.1382
N;—Co 0.1390 0.1404 0.1396 0.1390 0.1403 0.1389
Co—Cyo 0.1309 0.1323 0.1300 0.1300 0.1344 0.1296
Ci—Ny 0.1309 0.1308 0.1307 0.1300 0.1294 0.1302

C—Nu(N;;-N;) 0.1470 0.1467 0.1466 0.1485 0.1475 0.1477

K2 HEEBMAZ 3a-3c 1 4a-4c %K (nm)
Table 2 Bond lengths(nm) of closed shell systems
3a-3c and 4a-4c
System 3a 3b 3c da 4b 4c
C—-C«C-N;) 0.1470 0.1452 0.1453 0.1420 0.1384 0.1392
C-C, 0.1344 0.1346 0.1341 0.1323 0.1328 0.1324

Cs—Cs 0.1384 0.1394 0.1392 0.1390 0.1387 0.1386
C—Ng(N—-Ny) 0.1344 0.1373 0.1336 0.1338 0.1356 0.1329
N;—Co 0.1344 0.1351 0.1408 0.1338 0.1334 0.1348
Co—Cyo 0.1352 0.1347 0.1367 0.1332 0.1332 0.1327
Ci—Ny 0.1352 0.1376 0.1287 0.1332 0.1328 0.1327

C—Nu(N;-N;) 0.1404 0.1401 0.1422 0.1411 0.1424 0.1410
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Table 3 Components and theirs average values a,
(a.u.) of polarizabities of systems

System Ay Qy o, Q;
la 745.715 79.466 133.481 319.554
1b 983.991 90.276 156.060 410.109
lc 915.365 89.513 178.765 394.548
2a 537.149 63.457 115.401 238.669
2b 940.638 73.243 144.969 386.283
2c 656.843 76.134 158.302 297.093
3a 348.674 112.598 174.677 211.983
3b 399.100 120.614 191.648 237.121
3c 462.963 106.270 230.027 266.420
4a 267.294 78.115 138.266 161.225
4b 329.210 88.459 154.803 190.824
4c 345.753 87.541 180.617 204.636

The date of «,,, a,,, and «,, are the components of « in x—direction,

y—direction, and z—direction, respectively.
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Fig.2 The second hyperpolarizabilities ly| (a.u.) of
these systems 1la-1c, 2a-2c, 3a-3c and 4a-4c
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Table 4 The second hyperpolarizabities y(a.u.), radical character (y) and frontier molecular orbital energy gap
AE (a.u.) of these systems

System 107 Yy 1072 vy 107 y.... 1072 102 v, 102 y,,.. 1072y, y AE
la -8900.273  158.363 211.889 438.855 708.322 66.430 —1220.561(6534)" 0.4186 0.0648
1b —-17008.158  178.158 305.171 461.124 1120.871 80.538 -2639.953 0.5872 0.0519
lc -12677.769  120.625 280.495 141.358 1551.300 50.232 -1758.174 0.5402 0.0634
2a -3913.805 58.164 97.730 80.063 684.378 22.620 -436.758 0.4073 0.0565
2b —-26837.139 78.347 127.605 162.992 147.237 33.399 -5188.786 0.4366 0.0490
2c 13906.344 56.156 166.570 74.009 1843.139 25.315 3602.799 0.3135 0.0275
3a 9591.723  824.008 574.026 1357.676 492.963 400.036 3098.221 0.1310
3b 13885.086  699.602 662.230 1079.323 394.552 410.119 3802.981 0.0866
3c 19582.984  274.825 268.050 117.814 645.765 149.064 4390.229 0.1173
4a 3100.491  182.188 173.992 140.387 59.186 75.612 801.408 0.1847
4b 6366.484  201.412 209.684 147.149 73.823 84.154 1477.566 0.1570
4c 6773.670  128.849 196.952 196.952 369.753 57.395 1669.534 0.1495

(6534”) is the caculated value of system 1a'”, because the possibility of chosen basis set is different, it is disagreement with

caculated result of the text.
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