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DMX 500 B RAG B AN A TFENMEE b, mREHERN S DI(RIPT35) B4k, Ak E A
F-F Waters 515 B BERE B S5 (03 {0, DL THF ik  SIBOLEESET SR ETBINTE L,
W, ED AN EREZ BN BT RRER WA IEBE(Z 25T ERETEL
W RIS 52 mm B RELRBRATU- &, EESEHT 75 em LHBEBERN 2 mm /L
1901 JX R S /h-7T WA X T HI I AR R MG (PALEHEBE R $=0.12), MK ER I
MR R ZABBEAREANDT.ERE  ERSRRKKERSERIE, —FARHEN 2 D2
Continuum 45 7 ) ns/ps A Q F5MIN: YAGEU 648, B, 1R il E R R IR R S 5 B — IR AINE X
WK 532 nm, KR S ns, EEMERN | Hz, A BXE,BHENH D3 BERHAADLIKESE

HERES LK EEY 04, BEAALKE  HEAHAANES.
REERN 26 pm, MOLMW M ETIRY 236 1.2 BEWNER"
CW/em LI FF ARG RE R ML S BE N 1 mm, £ & 1 Al~A3 BE(DAER,T A4 R2H A3 5X

YRE % 0.1 mg/mL(¥ 7 THF,POLYB3 M¥RE R  ZHE M (2)NA K. B4k B M G) LG M
0.02mg/mL) BAEFIECATHEE. ASKE B, BAMEMMEAREY.
AAERRE, B RESEFAR. —REREE

NaNGy /HCI
QR, + R;@NHZ RZONENQRI %)
A

CH, CHa
Al; R, = OH,R, = NO; A2: R, = N , Ry= NO, A3: R, = N , By= Br
CH,CH,0H CH,CH, OH

CH;

PdCl, ( PPhs )3/ Cul
oDy IS (7 (T
THEF/Ets N — —

CH,CH, 0H
A4
CH,
a4 R = X , R =©—:
CH,CH, 0H
DCC,DMAP
Ai + CH,—CH—COOH" Bi PolyBi {3)
i=1~4

121 BRAEEAFAMNEGR 4HEEBEE FADDMWERBE2.76 g HHERXEET 6.9
BALMERER 2.76 ¢ HHHEEKE T 6.9 mL W EEBE A, KK B 20, EHRER AT ®om
mLiRE B P, KK, ERE R N Em 1.52 g NaNO, B UK /KWW (15% ), 2 PL IR B8 2 i
1.52 g NaNO, B9 7K7K 3 M (15% ), IR B i B 42 4 ESTRUT . EXKBETHE 15mn J5,8 0.2¢
FESTUT . ZEWRKBETERE 15mn J5,%0.2¢ RERGBERKER BADNERLP. BREL
REFABEABKEE MASERAERE Y BRET BHTHEE, RGN EEEEOTRALER. R
BN MR, EBTHERRNEARER & 3.17g N-P#E , N-BZEREE T 200 mL & -
1.97 ¢ BT 0.90 g NaOH K ¥ W P I 81 A R E R (pH A28 6), IR IB ¥ A,
200 mL EALE-EUK N EMBERT (pH AN 9), 7k B TEEBMERDLEE BB 20, FhiE,
KEGH HHTEESHAERDFER . SN 2 K A BEESERGEARFRAEE, "X 81%.
h, ML AT pHIEZ 5~ 6, R138, K¥E, H L FTIR (KBr /& H, em™' }: 3497 (—OH); 2958
BMELR, TREEFBISHELHRBE, & (—CH,);1599, 1515, 1421 (—Ar);1335(—N0, ).
87% . FTIR (KBr /& ', em™' ):3416 (—OH);1593,  "H-NMR (CDClL,,8):1.28 (1H,s,0H) ;3.27(3H,
1508, 1458 ( —Ar); 1335 (—NO,). 'H-NMR 5 CH,);3.73(2H,t, J = 5.1, CH,CH,0H); 3.96

(CDCL,,48),5.34(1H, s, 0H);6.98(2H, d, Jy » = (24, t, CH,CH,0H);6.96 (2H, d, Jy,» = Jo s =
Jsw=8.5, 3-and 5'-H);7.94 (2H,d,2'- and 6'- 8.6, 3’- and 5'-H);8.03 (4H,d,2’-,6'-, 2- and 6-
1);7.99(2H,d, Jos = J,, =8.7,2- and 6-H); 8.37  H); 7.87 (2H,d, J,, = Js 5 =8.6,3- and 5-H).

(2H,d,3- and 5-H). 4B-4-[(N-FE, V-BLE)AE]HAX

4-TEE4-[(N-FRE NBZEIKEIBRA (AW AREREEISgHRERET 1.52¢
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NaNO, MIPKZR B (15% ), vKK S 20 B BUHEHE T
ZEA 8 mL I HCl R MR EE R STCTUT.
HEKKBTHE Smin 5,602 REHFEER
BKER BANEAL T BREIENTHER,
TG R R 2 oz B B R AR VU

3,17 g N-H 3, N-BZ BRI T 200 mL
LE-ZBWM B E MR (pH A2 6), vhok & ¥
H OMHETEEHME R ER . SR 2 h, W
oK HIEESRBRAEREE, &F
70% . FTIR (KBr FE Fr, em ' ): 3352 (—OH);
2950,2914 (—CH,); 1598, 1511 (—Ar). H-NMR
(CDCL,,8):1.57 (1H,s,0H);3.14 (3H,s,CH,);
3.64(2H,t, J = 5.5, CH,CH,0H); 3.90 (2H, t,
CH,CH,0H);6.83 (2H,d, J;, = Jy» =8.9 , 3'-
and 5'-H);7.60 (2H,d, J,, = Js¢ = 8.6,3- and 5-
H);7.73 (2H,d,2- and 6-H};7.87(2H,d,2’- and
6'-H) .

1-HE 2-[4-(N-FE N-EZEVEERE
FERIZB(ADHERER Om =R _&
{48 ,7 mg Cul 1 2.5 g A3 BT 20ml = 28 (T
M )M 25 mL k(TR . EE)HERYT
B.EACSSmL ELH , RAKLEMASKRYIT
Ef R 3 b WEERE S UL, BB ERE R
5 51 [E AR 8, L= M T I S ki, K
LBIAMBELSBIERLARE, X
86% .FTIR (KBr JE H',em™'):3385 (—OH); 2919
(—CH,); 1598 (—Ar).'H-NMR (CDClL,, 8):1.26
(H,s,OH); 3.17(3H,s,CH,);3.65(2H,t, J = 4.9,
CH,CH,0H); 3.91 (2H,t,CH,CH,0H); 6.89 (2H,
d,Jyy = Jye =6.6, 3'- and 5'-H};7.36 (3H,1t,
9-, 10- and 11-H) ;7.55 (2H.d, J,, = J5,s =8.1,3-
and 5-H);7.63 (2H,d, Jso = J12,; =8.2,8- and 12-
H}; 7.87 (2H,d,2- and 6-H); 7.93 (2H,d,2’'- and
6'-H) . ” C-NMR (DMSO, §):39.5 (CH,); 54.9,
60.5 (CH,); 89.7,91.4 ( (=C);112.0, 122.5,

123.3, 124.4, 125.5, 131.8, 132.6, 144.1,
152.2, 152.5 (Ph) :
1.2.2 WHBEAEENS K XA 30 mL LK

TEFPREANBEEERS, MA 10 mmol F EEM
BEELESY (AL~ A4), 11 mmol ) 5 T HB
BEIE A (DCC), 12 mmol #IFIHHER , | mmol K 4-( X,
N-" RS E M E (DMAP) , A5 F T B
HOEEAMMBELN, KN 72 h G BB EE

B CE MR IR R R R A e, 8 3
HEEE T THE B, P S Es a8, 5%
JERH OB LR OB = 4:1, BaOREE,™
R 67% ~80% .

P ER (4-FH AR A %) & B (B1), FTIR (KBr
EH,em™): 1730 (C = 0); 1595, 1529 , 1491
(—Ar) ;1342 (—NO, ). 'H-NMR (CDCl,, §):6.09
(1H,d, J =10.3,Ha) ;6.36 (1H,q.Hc); 6.67(1H,
d,J=17.5 ,Hb) ;7.35 2H,d, J., = Js ¢ = 8.5,
3'- and 5'-H); 8.04 (4H,d,2’-, 6'- ,2- and 6-H);
8.39 (2H,d, Js5 = J,, =8.9, 3- and 5-H) .

Ha He
~

/C=C\ 32 2 3
Hb COO@—N:N‘QNOI
[ 6 5

FHERIN-(GTHEEREERRE), (N-FE)K
#:1.2-Z, B (B2) FTIR (KBr JE H, em™"): 2927,
2855 (—CH, ;1722 (C = 0);1600,1514,1443 (—
Ar); 1335 (—NO, ). '"H-NMR ( CDCL, §): 3.20
(3H,s, CH,); 3.82(2H,t, J = 5.6, CH,CH,0);
4.42(2H,1,CH,CH,0);5.86(1H,d, J = 10.4,Ha);
6.10{1H,q,He);6.67(1H,d, J = 17.3,Hb); 6.87
(2H,d, Jy, = Js¢ =8.8,3- and 5'-H) ;8.02
(4H,d,2'-,6'-,2- and 6-H);8.33 (2H,d, J, s = J,,
=8.7,3- and 5-H).

2 2 3 CE He He
? y; 3\ P N
NOZ—Q—N=N—<:>—N\ /c=c\
56 6 5 CH, CH,00C Hb

AHEBRIN-(-REEEE), (N-HE)EE]-
2-Z B8 (B3), IR (KBr E K, em™'): 2927, 2855
(—CH,); 1714 (C=—0); 1647, 1604, 1545, 1516
(—Ar).'H-NMR (CDCL,&):3.14 (3H,s, CH,);
3.77 (2H,t, J = 5.9, CH,CH,0); 4.40 (2H, t,
CH,CH,0);5.84 (1H,d, J =10.5,Ha)};6.10 (1H,
q.He);6.38 (1H,d, J = 17.2,Hb);6.82(2H ,d,
Joa=Jyy =89, 3- and 5-H);7.59 (2H,d, J,,
=J,s=8.6, 3 and 5-H);7.65 (2H,d,2- and 6-

H);7.91(2H,d,2'- and 6'-H) .
32 2 3 /CH;. Hc\ /Ha
v d N —
s S Sod
56 85 CH,CH,00C Hb
FHBIN-- R LR ) BEEE], (N-H
E)HH}-2-Z.8(B4),IR (KBr EH ,em™"): 2919
(—CH,); 1720{C—0); 1599, 1511 (—Ar).'H-
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NMR (CDCl,,8):3.10 (3H,s, CH,);3.78(2H,t, J
=5.8, CH,CH,0H);4.40(2H,t, CH,CH,0);5.85
(1H,d, J=10.5,Ha);6.10 (1H,q,He);6.39 (1H,
d,]=17.4,1b);6.82 (2H,d, J,» = Jy¢ =8.7,
9 8
. —

1112

1.2.3 BaPméem REABFRRAEERES.
ERASH A 3.0 mmol BKFN 0.24 mmol 57|
AR ABN, HES-FEAS 3 KEHEA 10 ml
DMF, BESMRIP T T 7T0CK I 48 h. R SR IG &
AR S T ¥ RO R AN 2 200 mL FREHIR
i, A TREaEEEESY. LEY BL.
B2.B3 Fl B4 ¥R A L&A, SRLR L.

Table 1 Yield and molecular weight of polymers

Sample Yield M, %1073 PDI
PolyB1 35.4% 4.94 1.73
PolyB2 36.8% 2.91 1.15
PolyB3 37.9% 3.52 1.18
PolyB4 32.2% 5.63 1.31

'"H-NMR ZH A KB G5 5.8~6.7 Z B HY
CH—CH, 3 HIEiH &, B 6.8 ~ 8.4 Z MK
R RFIEER,£1.0~2.1 ZEEHR—-HFH
TRREE XIFHAEEETRS. BRI TTRE
W FREBRER MR S R AR HERER
BLERTREYHNFTERS.

2 HFRIEWIE

2.1 AEFHHRL

2.1.1 EAMESR MK EREE FFE
Riha B, R pH A9 18 A, i B B4 0F I ok A 1
KOEBEEENE, UHE pHEN S AR, ARG
RMEEALE, —~HEF pH M KB 1.0 L, E
AEETARAERAMRE . EEXFABRTH. A
W 3 F A2 T AIRA pH 4920 6 M ZBR- L BRM
EWISTARE TR T AL, N TEH LBl s, 7
FWERGTHTERL, NFERELE-ZKE
MR, RGN R RAMEETHT . h
FEALBARE . BERNEEREME F (O
~5°C) 7T .

2.1.2 BAREZHHA B (Ad)™ A4 X
PACL, ( PPh, ),/Cul 7 fi# 4. 7] #F 4T Sonogashina Sz hi

3 and 5'-H); 7.37 (3H,t,9- 10- and 11-H); 7.56
(2H,d, Jy, = Jss = 6.7, 3 and 5-H); 7.64 (2H,
d,Jss = Jun =7.6, 8 and 12-H);7.85 (2H,d,2-
and 6H); 7.90{2H,d,2'- and 6'-H) .

/CH3 He Ha

32 3
@*(§N=NQN\ >c=c<

CH, CH, 00C Hb

(PhP),PdClL,
Cul HC=CR
Et;NH C(NEIZHZ)CI
(PhyP),Pd(C=CR),

N~ RC=C—C=CR

(Ph,P),Pd°

RC=(C—C=CR
Unreactive cycle

AC=CR
Reactive cycle

Scheme I The reaction mechnism of PACl, (PPhy ), as catalyst

BE,AEE Ly SRR SRR TSR
A AR Z i pL e REHLE A 4,
B OREEREARTEAN . HHEXAYIEEE
Kl , PO &M B SR B WRMTA S S
KASYWEN EREBER T HER" Y.
HAEET,.PdEHT cu R ELGYHET
WERER;ELEFG T . EX -4 B
W RN AAELREEGETHT A THREAEE=
TR EEERE,RBMA NS kM ERER . =
LR ER BUSRITNEG R Fet, B T L
Frh 5 4 %8 (B A7 B K, 8 )R TE Bl AR & T
AT, KK T R, 388 1%

2.1.3 HAHBEAHSH B b B — R ol 2R
3 1 1 L R RE , (H7™= AN 75 Al SR SR MR
R B SE, B SRR, A RER, SN RE
Z B % KR A 304 X B % I FE DCC #7 DMAP
AL T L BR (FRER ) M B (A RALE ) B
B, A EM, BBEAS, CRE, EEHT
BN TR R R — R R, R A&
B R R i) SO ) I AT L RV T BRFLIO TR
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Fig. | The UY absorption spectra of polymer
a)PolyBl; b)PolyB2; c¢}PolyB3; d}PolyB4

Concentration; 1 10™% mg/mL; Solvent: THF

2.2 YeHFiEek
2.2.1 BFRIELE H 1 28 % PolyBl,
PolyB2 . PolyB3 Fl PolyBd fy 1 R W%, B E 1
A1 PolyB1 B 6 B X WR W 7E 338 nm, PolyB2
) 6 1 B K I i W 7E 465 nm, T PolyB3 # PolyB4
B Y 12 B R IR A I 43 3] 6 F 427 nm #1433 nm. i
HAT L PolyB2 2H H B A H FHEEE, HIKA
PolyB4, PolyBl HE B/ B F . X AlgE M T
PolyB2 1 PolyB3 4+ FH R B MR B F 45 14,
PolyBd 7+ F A LR EMMEBLER T ERXMI
kRN R.
2.2.2 JELRHEHEEERE ek FEHERE
B -B#BE AR, EE R Q HH Nd: YAG #k
2 KN S22 om, TR 8 ns, EEHE N | He,
ASRHES EHRAEREN 0.4 m], BRE AL
R AR K 26 pm, BOCWIEH IR RN 2.36
CW/em LB FF A FE B E N 1 mm, B A H)
W R 0.1 mg/mL(JE 3 : THF, PolyB3 () i & ¥k &
3 0.02 mg/mL) .

M4 PR AL~ A RO EIEN R 4 TR
HSBEES PolyBl. PolyB2 .PolyB3 #1 PolyB4, % Z-H
ARSI E A8 e E ST R B 2(a) ~

20D AERH TN PR FILEIE. M 4 7
BRWHERMRY Z-AMEHE DT E S, H— Ikt
BEEEAFHEAESLE -THEHE,XRHA
AT RFREEREE R IEL R BERE
PRI BT B ETN ZH4ELER
BFER H T IERER X T 5T

BB SR TE 532 nm K MR PEBIS R T, FIAE
RMEE Ll = - InT,/L LT E RS
ESR2mERHOREBRBERE:H « MLHFA
Lyp=(1-e ™) e, LI EBE L, BRENX
(O AHFLE -/ BE#H T RENE, T8
BRI ERERE 3. BHARK ¢ = 9x
10° i e /20 (RLFEBURES BT ny ML T ¥ THF
Wi 3, n, = 1.42,¢, = 8.85 x 107%F/m,c=3
x 10° /) A BB BRSSP0 = Hr kit
A VOB IAK2H.

Table 2 Nonlinear optical properties of polymers

Polymer Ty «(1/m) Lg(m) B{m/W} xm(esu)
PolyBl 73% 315 8.57x10°* 2.88x10°" 5.87x10°"2
PolyB2 31% 1171 5.89x10°* 4.49%x10°" 9.16x10° "2
PolyB3 62% 478 7.94x107* 2.96x10°" 6.(2x10" "%
PolyB4 479% 755 7.02x10°* 3.71x10°" 7.57x10°"°
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Fig. 2 Normalized open-aperture Z-scan transmittance cf pelymer
a)PolyBl;b)polyB2; ¢)PolyB3; d)PolyB4

The solid curve is the theoretical result.

T(z,s = 1) = Z%,ﬁ)rlqol<l

(4)
Ht, go(z,6) = Bl () L/ (1 + 2°/23)
MER2WMUESL, 4 8BS PolyB2 M3E
©HREREAM Y ARK RN EERE
¥, PolyB4 ﬁ:{k,PolyBl gE.
MNREYIMEW ST .4 M REYH LA
H,AREfMEREREETENER, T ELEH
MMM A MERKN .4 T RESYNELEE
GHBRREBEAERED, PyB2 HEBEXEERES
W% 8, 3 —NO, Fi{k FE—N(CH;)CH,CH,—,

ERT D-n-A%H . EZRESTHERHES,
T PolyBl 4+ FH—OR EHFKEBFHIAR
—N(CH, )CH, CH, ; PolyB3 18 8 L B H—
Br 9 % 1 1 §& F7 3% /s F—NO,, B It PolyB1
PolyB3 #J JE £& )6 % 1 #E LE PolyB2 2% . PolyB4 Y
BEF EMFEZREMBEERERT BRI
LI R K, MR ER M, k¥ T
BB M, B UL PolyB4 AEREFEHBET
PolyB3;{H i T PolyB4 A JE M D-=-A &5#9, HiE
LR A MEBE A T PolyB2.3X 5 8 4 -] i TR
WOt R A R B — B .
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EFFECT OF SIDE-CHAIN STRUCTURE ON THE THIRD-ORDER NONLINEAR
OPTICAL PROPERTIES OF ACRYLATE POLYMERS

FANG Min', XU Hongy.aol , GUANG Shanyil , TANG Ben Zhongl’ ? JIANG Minhua’
{' Faculty of Chemistry and Chemical Engineering , The Key Laboratory of Environment-Friendly Polymer Moterials of Anhui Prosince,
Anhui University , Hefei  230039)
(* Department of Chemistry, Hong Kong University of Science and Technonlogy , Kowlon, Hong Kong)
(3 Institute of Crystal Materials , Shandong University, Jinan  250001)

Abstract A serials of acrylate monomers containing long conjugated azobenzene groups were prepared and
polymerized in N, N-dimethylformamide ( DMA) using 2,2’-azobis{ isobutyronitrile) ( AIBN) as initiator at 70C .
The monomers and polymers were characterized by FTIR,'H-NMR and UV. The molecular weights of polyacrylates
were determined by gel permeation chromatography ( GPC). The third-order nonlinear optical properties of these
polymers were determined by the Z-scan technique with 8 ns pulses at 532 nm, and the relationship between
nonlinear optical properties and the molecular structures of substituted chromophores was investigated. The results
revealed that all these palymers possessed well nenlinear absorption, and enlarging n-electron conjugated length and
strengthening D-n-A push-pull capacity of side-chain chromophores of polymers will effectively enhance the third-
order nonlinear optical properties of polymers.
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