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Theoretical Studies on Frequency-Dispersion Effect of First
Hyperpolarizabilities of Hemicyanine Derivatives

Li Haipeng' Han Kui' Shen Xiaopeng' Huang Zhimin' Wang Qun'*?
<1 Department of Physics, China University of Mining and Technology, Xuzhou 221008)
2 Department of Physics, Xuzhow Normal University, Xuzhou 221116

Abstract: The first hyperpolarizabilities B{ —2w; w>w) and f(—w;w,0) of hemicyanine derivatives chromophore,
4-N,N-dimethylamino-4-N-methyl stilbazolium (DAS), are calculated by using time-dependent Hartree-Fock ( TDHF)
and sum over states (SOS) method at infrared wavelength, respectively. Frontier molecular orbitals are also
computed by INDO/CI method. The numerical results indicate that maximum absorption wavelengh is about 480 nm
which agrees well with the experimental data, and nonlinear optical properties are determined by the first excited
state. In infrared region (800 ~ 2500 nm), with the increase of fundamental frequency, secondary harmonic
generation (SHG) B(—2w;w,w) and electrooptic effect (EOE) B(—w;w,0) also become larger, but f(—2w;w,w)
increased greater than f(—w;w,0). In off-infrared region, f(—2w;w,w) dispersion curve is flat while sharp caused
by resonance enhancement in near-infrared region (<1300 nm). B(— 2w;w,w) equals to (380+E5)X10 % esu at
1064 nm calculated by TDHF. However, for the higher frequency, other excited states should be considered in SOS
calculation. Moreover, influence of basis set effect upon TDHF calculation is also discussed.
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Fig. 1 Type molecular structure of hemicyanine derivatives,
(a) With long alkyl chain, (b) DAST cation,
abbreviated to DAS
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Table 1 DAS molecular frontier obitals calculation

using INDO/CI (N =10)

State G—E* A /nm f CI coef,
1 46—>47  480.03 1.428 0.946(90%)
2  46—>48  315.05 0. 005 0.893(80%)
3 46—>50  310.59 0.001 0.657(43%)
4 4649 283,22 0.058 0. 900(81%)
5  44—>47  274.59 0.106 0. 893(80%)
6 4547  269.16 0.124 0.721(52%)
7  43—47 254,24 0.138 0.878(77%)
8  46—51  231.05 0.028 0.859(74 %)
9 4652  224.82 0 0.672(45%)
10 46—>56  210.65 0 0.734(54%)

* No. 46 and No. 47 represent HOMO and LUMO,

respectively
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Table 2 UV-visible spectra of DAS

) Counter Amex /M
Cation - -
anion Cale. (in gas) Exp. * (in solvent)

DAS 480. 03

DAS tosylate 4800197

DAS I 458~4827
476[8]

DASPC, Br~ 400 in water™™

477 in DMSO?
* Ref. [19] in methanol, Ref. [18] in DMF, Ref, [8] in

methanol
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WIBBETRR PR ETERLWE., TR w0 IHEEBMN f(—wsw, 0, RN 55K
DAS % — @M B EEX — W BN E R, R INDO/SOS Fit B4 R TR, S REHEEK 3
Fi ab inito/& B #8 & WL 7 By AU AE 3-21G.6-  FIK 4, FNEAER 2 FE 2(b) FLE 2(a) H/h
31G.6-31G(d, p) AT DAS ALK BN B(—2wsw,w)TE 150 X107 ~450 X 107 esu
(#§ 2500~800 nm) ¥ Bl A — WIE BB BC—2w5  ZIBHIBCKE ],
% 3 DAS “REW f(— 205wy w) IR H A B (107% esw
Table 3 Frequency dispersion effect of SHG (—2w;w,w) of DAS (107 esu)

Energy (wavelength) TDHF Other
SOS INDO Exp.
/(eV /nm) 3-21G 6-31G 6-31G(d, p) calculations
2411 * 100110
0.0 167. 06 172,54 165. 68 121. 63 240, 4097 b 37001
0. 50(2480) 187. 87 194. 64 187. 39 153. 26
0. 55(2254) 192, 66 199,75 192,42 161. 54
0. 60(2066) 198. 14 205. 59 198.17 171. 45
0. 65(1907) 204,74 212. 64 205,14 183. 35 119, 901
0.70(1771D) 211, 87 220. 29 212. 69 197.76
0.75(1653) 220.49 229.52 221.83 215. 35
0. 08(1550) 229, 80 239. 54 231,77 237,12
0. 85(1459) 240. 44 251.02 243. 17 264. 49
0.90(1378) 253, 37 265, 00 257.10 299, 64
0.94(1319) 264. 20 276.75 268. 25 335.63 267. 801
0. 95(1305) 267.52 280, 37 272.43 346, 04
0. 954(1300) 270. 89 282.22 274. 29 357. 65 = 140+ 10824
1. 00(1240) 283.91 298. 23 290. 33 409. 54
1. 05(1181) 304, 18 320,43 312. 64 500, 88
1.10(1127) 326. 88 345,42 337.88 642, 04
1.15(1078) 355,52 377.18 370. 09 866. 16
1.165(1064) 364.02 386. 65 381. 36 992.77 ¢ 500~1500
1. 20(1033) 388, 38 413. 90 407, 60 1402, 68
1. 25(992) 428,58 459, 28 454, 29 3179. 35
1. 30(954) 481, 89 520. 20 517.58 —
1. 311(946) 494,93 535. 24 533. 31 —
1.40(886) 632. 83 697. 45 705. 83 —
1.50(827) 935, 37 1075, 50 1129. 00 —
1. 55(800) 1237.8 1487.1 1626. 62 —

* HRS exp. applying two-level model, ® SHG exp. , © the vaules of y in pm/V
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B2 (@ p(—2wiwr0)s (b)) (w30, O FHEKAKMRXE
Fig. 2 The relationship of (a) f(—2w;wrw)s (b) (—w;w,0) and wavelength A
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# 4 DAS BB f(—wswsw) RIS R BRI (107 esw)
Table 4 Frequency dispersion effect of f{—w;w,0)

of DAS electrooptical effect (in 10™% esu)

Energy (wave

TDHF
length) INDQ/SOS

/(eV/nm) 3-21G 6-31G  6-31G(d, p)

0.50(2480) 173.57 179.44 172.44 130. 94
0.55(2254) 174,95  180.91 173.88 133.03
0. 60(2066) 176.49 182,53 175.49 135. 39
0. 65(1907) 178,28 184,43 177. 35 138.02
0.70(1771) 180.14  186.41 179. 30 140. 96
0.75(1653) 182.29 188.70 181. 54 144,22
0. 80(1550) 184.51  191.06 183. 87 147. 84
0. 85(1459) 186.92 193,62 186. 39 151, 84
0.90(1378) 189.66 196,56 189. 30 156. 28
0.94(1319) 191.86  198. 89 191,57 160. 21
0. 95(1305) 192.51  199.58 192. 25 161.18
1. 00(1240) 195.56  202.84 195. 46 166. 62
1.05(1181) 199.04  206. 55 199.12 172, 64
1.10(1127) 202.60 210, 36 202. 88 179. 32
1.15(1078) 206,66 214, 69 207.15 186. 76
1.165(1064) 207.78 215,89 208. 34 189. 16
1. 20(1033) 210.80  219.13 211.54 195. 03
1.25(992) 215.26  223.91 216. 27 204. 28
1. 30(954) 220,33 229,35 221. 66 214. 63
1. 311(946) 221.45 230,55 222.84 217. 37
1.40(886) 231.11 240,94 233.14 239. 37
1.50(827) 244,02  254.85 246. 96 271.18
1. 55(800) 251.48  262.91 254. 99 290. 56

B3R 2 A LAE W, [ 5 A B (HRS) 5250 44
SRAAEL , A & B TR O Bk T B 2R — AR L
R AN LR L. 5AF, 1300 nmif 2 2 SLH E 1
2B ERERESERERENENFES B F
FHOREAONE S I RONE S 734 3l A% B 8 7 B 4%
HRERMIREHRRELE W, TUERZ, I
Ab FISCHERCI1 M T3 45 SR 1, & i A AL T B
fEAE A=1907 nm B A 22 JE—%, T 7E 1319 nm B AH
ZINFET 4%, ToWE.

M 2 ] LAE 5 A0 B 058 — @ AR A R
B 2w 0, T fl—w;w,0) FE M LB &, L H 27
ELSMX . WEE AS OGRS K, & MHEE IR A
INDO/SOS F ¥ HE K f(— 2w w,0) Tl f{—wsw,0)
AR, ERBBHRMET,B(— 205w, 0 Fl
B—wsw,O B KR, HEB T ELDIKX
(A<C1300 nm) i}, —F B LB RIZL, I H f(—20ws5w,
o) B SE 4R SR 8, . INDO/SOS 5 iy H1 4% 1
Zy24 960 nm, T & W 4H -G TR0 Jr 5 11 55 i 3t 4 e )

A X,

ABF A EC A 7 S R B SRR & K
W A(—2wsws0) B R IEL A Nd: YIG BOESS .
B F Nd* YIG B0t &% 7T L& 3% K 946 nm,
1064 nm. 1319 nm F 1907 nm (1907 nm N H
1064 nmBOL LT HL 8B = 4D LM, TR
THHEEHEFDAS EREFTERKTH
B(—2w;sws)F B(—w;w,0) , G RUFE 3 AFE 4 HF
B, HR 2 AT, 1 TEEH S T RABIEBH K
2y 47010 nm, T DL BT T B A B S5
P S I SRR IR A 1064 nm K,
BORE T L3R A3 4 6 B B 532 nm Y RE A , [R] B
3 S L i 4 5 AN X A TR 3 K B B FE
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4 5 B
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FEEH D—x— A 4 @ H HE T DAS(4-N, N-
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