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HIE, % AKE VG ZAB-HS R, HRIRE
FEiH (FAB) FAWE, REOEEHA A RS E
UV-2501PC % 4hRT A6 X6 2 , 'H-NMR %
2 E Varian INOVA-500 ¥ B 3t 3% I it {0 0 2,
CDCL, A%, TMS A4S, B AES TX4’
BEAMNRE (BETRRIE).

PRI R Fluck W], H T X E P 4047 g ik
i, ZB-THF-H3H DMF BB K RERLHE.

* BEWA: ERARPFRSTBINE (99413055)

TS 0529-6579 (2001) 04-0066-04

1.2 H8PHER
BRI 1.

1.2.1 4-BRXAZREEBEE (2) 94 &
BRBRXM [5] #4T. 0. 165 ~ 166.5
C; 'HNMR: 1.30~1.45 (3H, t, - CH;), 4.30
~4.50 (2H, q, CHy), 5.60 ~6.30 (I1H, b, -
OH), 6.85~7.05 (2H, d, =CH,), 7.80 ~8.00
(4H, m, =CH,,), 8.10~8.25 (2H, d, =CHy);
MS (m/z): 2711 (M+1%); LRI (w/'%,
FSREMBMERNITHEME): C66.38 (66.65); H
5.31 (5.22); N 10.20 (10.36).

1.2.2 N6 RS EAF=d (1a) 946K H3g
BRM, 20 mL 1, 6-—“RC K. 3 mg MA TS5
R=HR (CTAB), 50 mL THF % 7 mL 16 mol/L
NaOH /KW AT 100 mL B8R, BB 48
h, B&Z: THF, f0A 50 mL 7K, FH 30 mLCH,Cl, %
B, MEFREHE CHLC,, BREAEZHAN
1, 6- 2R, BMRYAHAMBELK, 8%
HEBEK.kS4g TR R%; 0,,: 68~69 C;
'HNMR: 1.32~1.52 (4H, m, CH,), 1.77 ~ 1.86
(2H, m, CH;), 1.86~1.96 (2H, m, CH,), 3.30

~3.42 (2H, t, - CH,Br), 4.28 ~ 4.40 (2H, 1,
NCH;), 7.20~7.26 (2H,t, =CH,,), 7.37~7.43
(2H, d, =CH,,), 7.43~ 7.52 (2H, t, =CH,,),

8.07~8.16 (2H, d, =CH,,).

1.2.3 N2-RZAF2(Ib)H4KR W3 gk
B30 mL —®Z b5 mg MATE=2Z R (TE-
BA) .10 mL 16 mol/L NaOH /K ## i A %] 100

WA ER: 2000-11-27; {EEMM: HHK (1976-), B, WL, ERBEKA: Shiits.
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CZ=carbazole
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Fig.1 The synthesis of compounds

mL B, BIWRMN 12 h, KEKRBER %
CH,CL, FARBGFFMELSS, BRELHR
Ak 3.0 g, F: 13%; 6,,: 131 ~ 131.5 C;
'H NMR: 3.82~3.90 (2H, t, - CH,Cl), 4.60 ~
4.68 (2H, t, NCH,), 7.22~7.29 (2H, m, =
CH,,), 7.40~7.43 (2H, d, =CH,,), 7.43~7.52
(2H, t, =CH,,), 8.07~8.13 (2H, d, =CH,,).
1.2.4 4 k2 A4 ZEELABEE (3a)

¥0.087 g SR T 2 mL 2B Z BT
W, WAEY 2 69 DMF ¥ (0.215 g/mlL)
B, BifE 0.5 h, BHEALEY 1a 8 DMF B
(0.18 g/mL), F 80 TR 24 h. REIHEA 50
mLKH, FLARGIESR, Wik, THREZ
MELRE, BRAEREMA1.0g &R 51%;
Omp: 119~120 C; 'H NMR: 1.38~1.46 (3H, t,
-CH;), 1.46~1.60 (4H, m, CH,), 1.73~1.84
(2H, m, CH,;), 1.88~2.00 (2H, m, CH,), 3.96
~4.04 (2H, t, - OCH; ), 4.30~4.37 (2H, 1,
NCH,), 4.37~4.46 (2H, q, - CO,CH;), 6.90 ~
7.00 (2H, d, =CH,,), 7.18~7.26 (2H, m, =
CH.), 7.36~7.43 (2H, d, =CH,), 7.43~7.52
(2H, m, =CH,,), 7.85~7.98 (4H, m, = CHy,),
8.07~8.14 (2H, d, =CH,), 8.14 ~8.23 (2H,
d, =CHp,); MS (m/z): 520 (M+1*); TESH

W o(w/%, FHSBRARENITHEME): C76.08
(76.27); H6.50 (6.40); N 7.95 (8.09).

1.2.5 4 F ZE X4 ZEBEXBEE (3b)
ek ARIER (3a), E: ST%; O
192.5~194 C; 'HNMR: 1.35~1.46 (3H, t, -
CH;), 4.35~4.46 (2H, q, - CO,CH,), 4.46 ~
4.52 (2H, t, - OCH,), 4.73 ~ 4.85 (2H, t,
NCH,), 6.80 ~7.00 (2H, d, = CHy,), 7.20 ~
7.32 (2H, m, =CH,,), 7.42~7.59 (4H, m, =
CH,.), 7.80 ~ 7.98 (4H, m, = CH,,), 8.05 ~
8.13 (2H, d, =CH,,), 8.14~8.23 (2H, d, =
CHy,); MS (m/z): 464 (M + 1*); TR
(w/%, HWESBMPEHITHMAE): C 74.93
(75.15); H5.46 (5.44); N8.90 (9.06).

1.2.6 42 ZHEEXA4THREXBEE (42)
e BO0.5gAY3b. 10 mL IETEF 10
mL BZXTF 50 mL 8P, ABAIMA 15 mg X
R, MBEIR 6 h, S3KBHHEZBHY
3y, HEWR I h, BREBF, BRXVPE-A4
MBAES R 3K, BEREH 0.27 g, XK.
51%; Omp: 150.5~152 C; 'H NMR: 0.95~1.06
(3H, t, - CH3), 1.40 ~ 1.58 (2H, m, CH,),
1.70~1.88 (2H, m, CH,), 4.30 ~4.40 (2H, t,
- CO,CH,), 4.40 ~4.50 (2H, t, - OCH,), 4.70
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~4.85 (2H, t, NCH,), 6.85 ~7.02 ( = CHy,),
7.20~ 7.30 (2H, m, =CH,,), 7.42~7.59 (4H,
m, =CH,), 7.80~8.00 (4H, m, =CH,), 8.05
~8.14 (2H, d, =CH,,), 8.14~8.24 (2H, d, =
CHp); MS (m/z): 492 (M +1%); TR
(w/%, HSBRHERITHME): C 75.58
(75.74); H6.02 (5.95); N 8.37 (8.55).

1.2.7 4-F4CEE4TEEXSEE (4b)
e R BARFTER (4a), £ 60.7%;
Omp: 138 ~140 C; 'H NMR: 0.87~0.98 (3H, t,
-CH;), 1.10~1.50 (6H, m, CH,), 1.71~1.85
(2H, m, CH,), 4.28 ~4.39 (2H, t, - CO,CH,),
4.43~4.50 (2H, t, - OCH,), 4.73 ~4.83 (2H,
t, NCH,), 6.80~7.00 (2H, d, =CH,), 7.20 ~
7.32 2H, m, =CH,,), 7.42~7.60 (4H, m, =
CH.), 7.80 ~7.95 (4H, m, = CH,), 8.05 ~
8.13 (2H, d, =CH,,), 8.14~8.23 (2H, d, =
CH,); MS (m/z): 520 (M +1*); STED#H
(w/%, FESEMBPEATHE): T 76.10
(76.27); H6.52 (6.40); N7.91 (8.09).

1.2.8 42 ZE XA FEBEEBIE (40)
e s AR (4b), =K 57%; O:
132~133.5 °C; 'HNMR: 0.84~0.95 (3H, t, -
CH;), 1.15 ~1.50 (10H, m, CH,), 1.74 ~ 1.85
(2H, m, CH,), 4.30~4.38 (2H, t, - CO,CH,),
4.42~4.50 (2H, t, - OCH,), 4.74 ~ 4.83 (2H,
t, NCH;), 6.88~7.00 (2H, d, =CH,,), 7.23 ~
7.32 (2H, m, =CH,), 7.45~7.59 (4H, m, =
CH,), 7.84 ~7.95 (4H, m, = CH,,), 8.05 ~
8.13 (2H, d, =CH,,), 8.14~ 8.23 (2H, d, =
CH.,); MS (m/z): 548 (M+1*); L&D
(w/%, /S EMPEAITHME): C 76.51
(76.76); H6.93 (6.91); N 7.45 (7.67).
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R RA AW, FBFF 5T HIRMA CTAB
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Tab.1 The different substituting groups and
the &, value of the binary compounds

e  3a 3b 4a 4b dc
4'fL%e
WA 2 2 2 2
4 ke
A 2 2 4 6 8

0“/0(: 119~ 192.5~ 150.5~ 138~ 132 ~
120 194 152 140 133.5
2.2 ZRUR/VMHBRUKBE Bery,

2.2.1 Bk # EITESYHEIRK
Jeilh, MR RISEERSN o KE.
n>n" BREME &M, 7E 300 ~ 450 nm ETE B —
MRFEXE (RFE2).

HERRBEN D, AwBEEARENL (A<
nm), A T BEE TR AR v T =4 B B I8
(AA;=5 nm) . 1% Rau XHERALEYH r>n” .
n—x* RIFH AT RHKS, H54E42 1
B, TUIAN An LA EMF R KRN, 2,
A EBER K RHE o>r BRIT AT KM AR
W, ERABEAKEE, KRR EOIERERLE
BEME S WER. BEAFLMEEREL
Ja, APISEEEBECH 2 Mk A&, B TrRlR
RN KA BB, EREFR A £,
HRWE4 B8, BEEREENRENHEK,
XFFE A WG, TbEEE A 4A B TN AR
W= A LT/ . TR i ) 72 ) X 1 e ) B i
.

A2 REHAEFRREMN P UV - Vis Bk
Tab.2 The UV - Vis absorption of the binary
compounds in different solvents
CHCl
Ay Emm A2 €
2 368.53.79 356.5 3.85
3a 348.52.33 366.5 2.19 347.5 2.72 361.0 2.46
3b 343.52.28 361.52.22 343.52.76 354.5 2.53
4a 344.02.51 361.0 2.43 343.0 3.10 353.5 2.84
4b 343.52.34 362.0 2.32 343.5 2,94 355.0 2.67
d4c 344.02.36 361.5 2.29 343.5 2.54 355.0 2.33

1) B7:A/mm, /10 * mol~'*Lecm™!

ooy — 2

max Emex AZ €2
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222 ZAKEWY Boap, T HIHRALE
(Bor) SHESERE () WEASERKE
Palay FMARE R RIE M AL B ik,
FEFA R T R AR AR b P R 28

Berptg = 4.612 x 105 F(1)eAv 200> /AF(D)
K, F(R) = ABa4/0(a% - aa)(X2 - D],
F(D) =2(D-1)/(2D +1),¢,Av15,4v,a, D,
AN SRR EE R R, FEFEE.
EARBER P RAREENCE ., 2 FER. B
M ER . BMASRBERMELEEK. 4
F¥R o % Immirzi F Perini BNELP HHE. &
SCE B4 T AR WCHE NI EAREE, A B
1 064 nm, i FEBEALE cgs #il, HHRIITES3.

A3 b Bop, Atk EAKY
Tab.3 The composite value of the nonlinear optical
second — order polarizabilities and the ground state

permanent dipole moments of the binary compounds

DMF CHC!
P 3
&Y A & Avn, FQQ) 2 Av @  Perpg

2 368.5 3.80 4502 10.93356.5 913 0.468 335
3a 366.52.19 4032 10.63361.0 416 0.572 139
3b 361.52.22 4290 9.92 354.5 546 0.542 156
4a 361.0 2.43 4257 9.85 353.5 588 0.559 199
4b 362.02.32 4323 9.99 355.0 545 0.575 197
4c 361.52.29 4311 9.92 355.0 507 0.590 194
1) ¥ B % 8 DMF 34 36.7 D;CHCl, 7 4.81 D;
iﬁ[:/\/nm;ez/(lo“ mol ' Leem™!);Av/em™ '
F(2) x 10%; a/nm; Berpe,/ (10~ PesuD)

Berp BRIEIELMCEMHENEESI.
SRRYURE LU EYAH SRR
B, BEEMEARBAHK LR Berp, KM
BN, A FhEW 2, REREBLE, By,
A BB/, HIRERGEELF A IR a0
T HBMEBREE. HIK, BN T

NS, IR Borp, AR —EENEK. &Zh
Frid, AREE B — KA RS R R iR
- EmEA LY, B BUESF R KE
ME 0, BT AR, H AR EFER ERA
BB REEPOMREHWHE oy, B
MiEY, BB RARBBULELRE, K
[E3ESRBNLGE . HEREIL R B/ T PR AR
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Synthesis and Second-order Nonlinear Optical Properties
of Carbazole-azo Binary Compounds

HUANG Xiong-fei, YAN Xiong-zhong , SHAO Wei-yan, YAO Jing-hua, ZHONG Shi-zhou
(Instrumention Analysis and Research Center, Zhongshan University, Guangzhou 510275, China)

Abstract: One type of carbazole-azo binary compounds was synthesized on the base of 4'-hydroxy-4-ethoxycarbony-
lazobenene . Their melting points were modulated by alterating the length of the substituting groups. A special double

absorption peaks was observed in their UV-Vis spectra. The composite values of the nonlinear optical second-order

polarizabilities and the ground state permanent dipole moments of them were about 200 x 10™¥ esu*D.
Keywords: carbazole; azobenene; nonlinear optical second-order polarizabilities; synthesis



