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B E ADJAURBESESRT —MHMENBARUME BEASR 24 REXERIXEIZR
{PCAPEA) . VESIBIFE T PCAPEA 7K ¥ M0 pH B B0 3 5.0 WL o i 0 0 o o 5 B9 B2 W . T 32 R B, PCAPEA K
BERHNEN BN S pH ERARERRE FHEFR pHEEFTHEMEHFERALZH XHEHME
BT PCAPEA A FTHHMEEEEALEKBERPEEREN T KIEEWRRT PCAPEA SR R _ ¢
HEEASE(PPACOEFFABM T WBLER A% . Ui E B/, PCAPEA 117K A HLET W oy IR & 15 M o 7T i 3k
HITAHE X—FHEVHATKBESEENEQREY A4k,

XA MERARE, kWi, pH HEEE, A4ER

BARADHARHHE, RRAZH
EEEHEHANY NBSESYY LY
KEHRY SR NAEARD MREER
HHY %% BRACHAREEMNHGEZ —B#E
BT HNE S, X T TEEM,
HERHERBAATF XS FETREEAM
N BELEYEKBRPFERBETE . E
KEAFH BRUAR TR EREALSONE
EERAEHe" EEERBED FHELW
MYE AKBERMENUEE TR BEERAN NS TR
ALAYRNEERTE SR —EFHERNDEH
¥

B 1991 4F Decher R MBHAZ HHEHA
EASKE™ 3 77 ok 08 A0 0 4R B9 B 7 AR N BF 5T B9 1,
OB EAWR T HHAKBRYESH . 4 FES
HNERBEH TRENINRY B, $oe#
BATABHAERE, LHENNELCRAT
AHEERRTWES B AW ST #
HHEBAERAWNERA XM RHEEHRT
A EREHM N, A TFREENEIRLR
BRAHERFER . BHTREEGRAHHEE
ZAEENITHANE .

AXRHFERT -FMHERBARSY.
BFRMSE-2-[4-(4 R EFEBA)EE] LM
(PCAPEA) . ZESYHBRECHARENRE R
KEMRE IRFEGSEARAYEAREMNK
BEHEHBETAHAEOPR . MR T PCAPEA

TKEE WA pH (A % 0 4 o] I ot 1% 0 e e R HE 9
Ewm RABEEERMATER KSR BN
E-HREFE(PDAC)HE K £ 2 B . PCAPEA
EREM pHERBABEFARFHNBARHY
ft .5 A PCAPEA WS ok m/K B ¥ 5 PDAC K%
B—REETTRYAE. B THINALELE
R 3 — 3 AR 15 BH K B B T R A D K P
MRS FRITHEAREAHR MR THAE
1 96 f %  0 AT i AG RE FE L

1 ZLBPH

1.1 &#H

1,4- 20, 5SEAEEEIRL h, Bt &4k
Y. AE5WER 20 BRAK REEERE, WE
101 ~ 101 SCHE S AWM, SEAEHEFR 1
h, BRI EAY, S@EFK 120, BRK,REFHER
B & 30-~60CHIBS. =21, A4 FiRR
KN, N-ZHEHERBERE,500ml ¥V, V- _HFEH
Bic A 50 mL %, ZBB EE S5 KIE R K
BYBOCLUTHES), E 6 R.BERME, K
£ 58~59C/4.0kPa B4 WHBRE,. S BIUARE
(], EXxLXREFHE,IIFEXEITHRIL R
B B X, 20% KE®, M, = 20,000
~35,000, Aldrich fb22 M2 A] . KR A B H M
K04 4y B R, R — A AL TR
1.2 (4%
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AM-500 #% B £ 48 {¥ ; Perkin Elmer Lambda Bio-40
%50 0] BB ; PL-GPC210 ¥ ¢ 8 % 5, 3% (L (il
YRl Ak, IR ERZ M) ; TA DSC
2910; Heratus CHN-Rapid JT 3 4+ H71X .

1.3 MERABARENE R

1.3.1 4-(¢-BREXEEB)EM(CAP) HHEHE
X (13.7 5,0.1 mol) ¥ HCI(36% ,30 mL) HI
EZBFKC0 mL)IBE, MEMAR . HIKKBEEH
ZEMHET 0~5C, I NaNO, BI¥% KB (10.35 ¢,
0.15mol,52 mL H,0) , B H R N ZEHBFEESH KI
AW B E 29 30 min, BRHCEHEE SR
V.REE LR CEFRERAEZEFRKKEEN
K BBRAHEMN E8(8.5g,0.09 ml)HFT
NaOH( 10 ,0.25 mol) 7K ZE ¥ 120 mL T3 ¥ H .85
ARERLERMMAERER D, KKBEH
HEHRNL 30 min. BRI EEEHTLRE, B pH
HA2-3, B, KERERBEL T4, Fi&
R CHR-ZBMIBEG: ) RERF M2
BERTY . REZHIEHBER(EEYAAR
B Z R, MBS NaOH KB WIRA
BE . BAKHEROE, MEARKREE, 5 HKME
WpHEN 2~3, 8 KEINE, i, TH . 8~
A% 20.0g (X 91.8%). IR(KBr)(em™'):3120
(0—H), 1590, 1500 1470 {aromatic v 4 , ), 1680
(C=0),1286,1245 (C—0) .'H-NMR (DMS0-d, ) :
8d=8.12 (d,2H, Ar—H, o-tc —COOH), 7.90(t,
4H,Ar—H, o-toe —N—N—), 6.98(d,2H, Ar—H

, o-to —0— ),

132 2[4 (4 BRBXEFEOXRIZLE
(CAPE) 2-%F ZEi(15mL,0.22 mol),CAP(13.8¢g,
0.057 mol), XL 7K K,CO, (25 g, 0.181 mol), KI
(0.5g),DMSO (250 mL) R A BT F LW+,
LIOCH BRI 7 h, ¥R R BLA 1000 mL
Wk, ARG, M pHEN 2~ 3,3,
KBEEZMEE P, TR HPLAEER 2 KUK
ai =55 BT 200 mL 10% #) NaOH 38, I0A 5
mL Z EEFE ] 3 4 h, S0 A 100 mL 25 B 7k 4k 4k
2] 3t 4 h. B RE 7€ 56 5 ot 3 , 7 9 AR R (200 mL
0.1 mol/L) R4k, it 38, ¥ B K e E P8, TR
PR 8.5 g(FH.52.1%). TESWSHME (L
#)(%):C 62.94(62.93), H 4.91(4.93), N 9.88
{9.79}. IR(KBr) (¢cm™" ): 3280 (0—H), 1600, 1581,
1500 ( aromatic v }, 1683 (C—0), 1250, 1296

(C—0). 'H-NMR (DMSO0-d,): 46 = 8.12 (d, 2H,
Ar—H, oto —COOH), 7.93(t, 4H, Ar—H, oto
—N—=N—), 7.17(d, 2H, Ar—H, ote —0—),
4.12 (v, 2H, Ar—0—CH,—C—), 3.75 (1, 2H,
Ar—0—C—CH,—0—). UV-Vis (water): A_ =
350 nm.mp 255°C.
1.3.3 NER2-4-W-BEXREFBEIER]Z
Bi (CAPEA) CAPE (5.0 g) % T U & Bk W
(TS mL)M=ZH (15 mL) B A ENR S . W HE
WP 2% 48 7% im 73 48 Bt 3K (30 mL) F PO & uk g (50
mL) R GRB, Emd B Pk K ERH A RBE
ERHESTUT . AMEEEERRIMN 24 h HA
KPR . TR ZHBETFT NN-—HFEH
B (30 mL) T, B A NaHCO, B9H RIS, 3% 1%
FWMpHENXN 75 ERR M Sh. HARKER
(40 mL 0.1 mol/L) P ULE, T3, Kk ZHBEE T
tH,T#H B s5.84g (%E.98.3%) LRI
S () (%): C 63.42 (63.53), H 4.69
(4.74), N 8.29 (8.23). IR(KBr) (cm™'): 3400
(O0—H), 179 ( CH,—cCH), 1600, 1581, 1500
(aromatic v ¢ ), 1730(C=0R§), 1680(C=0% %),
"H-NMR (DMS0-d, ): 8 = 8.13(d,2H, Ar—H , o-te
—COOH), 7.93(t,4H, Ar—H, oto —N=N—),
7.20(d,2H, A—H, o-to —0—), 6.37 5.98(d,2H,
CH,—C—C00),6.24 (m, 1H, —C—CH—C00),
4.50(t, 2H, Ar—0—C—CH,—0—), 4.38 (t, 2H,
Ar—0—CH,—C—).
1.3.4 RARK2-[4-(¢- BREFRME) XL
ZMi(PCAPEA) CAPEA(4.0g)%ET N, N-—H
HEHEBE (30 mL) B, MARERE 9% K AIBN
fEREI &M N, R F 60CES 100 h. B AL
B2 (40 mL 0.1 mol/L) iU LE, 13 38 . F 4% . LA E
W/ OTMBEE UL 4 K, #TRE. 2 FREHA M,
= 3435, M, = 4044, MWD = 1. 177. IR ( KBr)
(ecm™ ): 3400 (0—H), 1730, 1700 ( C—0), 1600,
1580, 1500 ( aromatic v ¢ ), 1250 (C—O0, str) . 'H-
NMR(DMSO-d,): & = 13.08(1H,—COOH), 8. 04
{2H,Ar—H,0-to —COOH),7.75 (4H, A—H, o-to
—N=N—1), 7.01(2H, Ar—H, o-to —0—),4.31
(4H, —O—CH,—CH,—0Q ), 1. 82, 1.65,1.20
(3H,—C—CH,—CH{C00)—C—) .
1.4 HEAXBENH&E
BHERAMNEREFERER _SRE_
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A 3t 8 1k 2% [ Poly ( diallydimethylammonium chloride)
(PDAC) I KEBR. EHBFHERARMS. — 2
PCAPEA K75 . Rl i B 40 T ¥ PCAPEA 8 A
FERAS, A LE NaHCO, B3 . ff PCAPEA &
BEMEAKBBREMERE EHY pH EH
HCl # NaOH ##% . — & PCAPEA B /K 5 /& vk wg
MBSAR. RMETSENT % PCAPEA B T &R
maEskw REEMBEBE FRKREERE
W (A SKEERLR 1:20) EELLE
RS TFERKEHN 0.1 mml/L(EE 8
LR E) RERMMKER AR HEFE > 18
MO - cmf¥) B8 Bl 7K .98 % B FE B BR .30% #) H, 0, .
Bk AEFERABRATET.
HEARFFHERRAXERF EEATHA
W AL B . JE 7 98% MY PR GR BR 1 30% &9 H,0,
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HOCH, CH, €1
03 {5 )—coom LU0,
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REBBRIBER(ALT 1h), RsABAS KR
El. EEEEERAFBRA HOHOMEAK
S 1L EHBEMEBRPRE(RLT 1) . &
E R BERA REEYE, AESWT.

EOWAM AT MEd Fikg
BENEREAEEBARBE F(PDAC)ERTD
10min, RAFHH I\ EFR: BEERRARBAET
AW 10 min, BUB BEAFR T H & Sh-AT ROEE
{39 52 L 1) 3 S R W il 2R OB B AT LR R AR
BEE ALK,

2 GR5itie

2.1 REEERRMEN
APHARBESRERLE BRENT &
FRBRERBER, 5 EBEMT -

o
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Fig.1 'H-NMR spectrum of PCAPEA in DMSO-dg

CAP 5 2- W Z B 1T R BBV L BY , BR B

BRASELSRERBERN, EERE FEH
Y= A NaOH /K %5 W [0 3 B9 2% 14 7 X H#E 47 K
R,.ZEEINEAERHEBEHENIER.CAPE5A
HRBRERNN EESBREEARNA ZRE, RN
HRLSESREEHE N A RBRN. AT HIER
KA, F R NaHCO, X BERT S 17 K| .3
AREERANLERES T4 EAE, H51 R CAPEA
MEA,ABN HEANEEREMN 9% . HRHE
GURANREASMN T ERA, BEBRAS TR
SHEARTAAETRBREYW(M, = 3435,
M_= 4044 , MWD = 1.177) . TR A 7 M B 18 0 47
BiESDE =% PCAPEA G5 HM Mg M1
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BT PCAPEA MM REE . A BXE R ol LAER HY
BA =YW 5 PCAPEA.

MAL ¥ 4 ¥k B, PCAPEA R A LL T #1E:
(DHKWERERECH WA FKNRREA;
QOBREAAEDT - T HRENFEEEEN TS
i (3) Wi L REEANERARAAN R4 H
AR . X EE R4 F i {48 PCAPEA TT LAA K
BF 3T B 43 33 B SR K -BK OF 85 1 8w LA (%
Roa: B B9 28 4k (I HL e, B4 3 B R [B) 2 4
sy sh, A2 PCAPEA B A TR RFHRE
M EE, ATLAS AT - R (NERK
pH &) 3k 8% PCAPEA ¥ WO B 4 35 IR 1) 5 7 4
it .

2.2 REEEMRBEANMAERENR

Bl 2% 1 T PCAPEA 75 ¥R B 5 717 W i
JeHEB pH {89745 4k . PCAPEA 7K 75 ¥ A5 S Y 4 {18
FHRAL &Y B % 5h- 7T L 38 FF4E . 350 nm
450 nm Z2 A B R AT I B FREEBRAR
" M on-nt BFERRFREH . ERE pH £
F ,PCAPEA IR KR I W 3T R, 40 T 8| 3
KB (345 mm A H), M#E pH HBERBEZFHT,
PCAPEA ¥ W% W i i T A T ) R T L 1] 1 3B 6 O
MwRE BRABRUMEEEE 3125 m AL .
pH=7~8.5 B B A, PCAPEA I¥] MR Wi 3 1 1 it
KA BERELERDE XETEARETRY
PCAPEA FI/KIE WM BiEIT X pH EEEEE
Rtk FEREEMEACHRRENBERE
BBl pH B E™ BEE pH M BT R ES
EHHEEESTHREES TXETLSRB
TERWKEE. N FRHAROBER L AN
PCAPEA M E & B BIRE (/A 3 i) . %
HE 2. & 3 #7084 5] L& B PCAPEA B % SM R i
FeiE & A AN pH WHE 5 PCAPEA 182 t &
ML SR .

pH A EE B P ERB RN FTFER
SRR BEAS)ERAER NFEERBFR
Kk, AYHERN pHER FERREBRPERY
B 2 F A% .M pH Xf PCAPEA MIREWIEE H &
 HTREEMATEAKOBRERERA, T TA
MEK-FKEE. SR FEEARMATLE
A, UESFRIGECHEER, ERENEKE
WP RAENERNHRUEEE Bsga T
EAR pHE& 4T ,PCAPEA KIFBA LI R
MEMXIEE/ EESNCBLUN, £XRL

e
>
T

Absorbance {a.u.)
e
-
T

e
o ™
T

0. 1 1 X 1
200 250 300 350 400 450 500
A (nm}

Fig. 2 UV-Vis absorption spectra of PCAPEA aqueous
solution changing with pH
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Fig.3 Titration curve of PCAPEA
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Fig.4 Maximum absorance of PCAPEA aqueous solution changing
with pH

PCAPEA BRI B EMR A WBFE, ML %4
¥ BB W R B - R 3R B K O S, RS
R BT (5 B He AR AT LA 6L 89 DAL BRRT 5 B OL BE
B R(R = Ao /A ) RBER MBS HTLLE
i ,PCAPEA £ R[] pH &% T #06 W B 17 A A 1R
RER CBEFG TREECHAEYN THE
KBS K ENABET, KEINIE LHER
ARWHMNERBETRE, ALLKEHZEE(W
B s pH=9.22 FIHIZR) , BB n-n” BRAE X7 A9
057 W B 5 4% tm . T PCAPEA B (0@ S P pH
=4.60 MR ) K #E (B 5% pH=7.39 Kl
$)AHT,ME XS RHT . AR EE
BETHKE,M A EEOE, BEER/N ABKN
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BEASYEEINI AR T, w-n” BRI X R AR
WREFSETRE, A EZLHEEE XIRELBR
HESEMRABENAELEAHABRER L, &
R A W2 108 R A £ B B i 4 B I 4 BT IR Bk
B JEHEHFAE . PCAPEA 72 pH=9.22 KB WP K%
BEERFE T X — AR -NER G ERRE.
PCAPEA TEMRME M MK PIE R AR
BRI IE AN AR S A ARNHEERR.
M PCAPEA M5y FHHMEER, 7 FHHEEE
KOGERE)-BK(EFEMBEE) V&, RRENE
BSERETE. YEELTRERS BEWE
AR K PRI hn , A8 &5 0 55 P50 e f] 5 HE R o B
ST, (8 S0 4 ik A 8 e ) % A B A PRI 380 B
PLERESS THEASE &L K-kt
ZAMMBEAE O EMTE. M YRELT
FREREN, BEAHEBRNBRAFLAS L
W&, T 00 R E A 6 TR B AR R X B
Al REWBESE X —XETH ST EHERE
DM FEARBERPERL M ETHE -
M e B L BH FANSH B BEL R
RN 7 BN, B R EREARE
OB S HESNTIE R T X AT
RESHR NTERABRKEIBMAZER.
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Fig.5 Photoresponsive behavior of PCAPEA aquecus salution
in different pH conditions

BRI A3 PCAPEA T LI AR S50 pH
HEIN SPDACHEfT A%, BEEMREKRE
pHHI BT AR .E 6 44 T PCAPEA/PDAC H
HERMAEAEEXEKBEEHRE RO XE.
350 nmZ: A ) B K A1 W I e Y R 38 K R W
PCAPEA EKEBR P RARE M B A%k 1
Bt PCAPEA /K% H i) pH {4 6.0, PDAC /K
f pH ¥ 6.6.

5 030
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Fig.6 Linear incressing of the ahsorption intensities at A ., of
PCAPEA/PDAC multilayers with the number of dipping circles

EMBRIEMETRIAN  REREENRE
fii#% PCAPEA EWMER PHEH T T LABRIFH
KEtE  BEEEABRNMNGEKIERERESH
REEMBEMKBELEE Bk, RIEHRT
PCAPEA S KA MAEHWMEBEABEBMN A HERT
h. B 6 XBH T PCAPEA TETI S kM 57K (1:
20, VIVYIB AW TS PDAC(pH=6.6 BRI KB
BHTEAEBINBHEEMEN SR KX
RNEE R ELRE TUEY, 5 EER K
R W I 2= 3486 T £ 14 4% K, U BH PCAPEA #E U
XM S KHIBAFR PRI S GHRM Y
FHETHGTHRUEMALAE X -FhhEdH
THRERERE T KO EEBWANAAE, v HE
R R EA A RMBA N HRE THE. WA
6Pl F , ERAH M (LA S KERE1:
20) P HHAKXFBIMBAN KL KERR . XTF
BEEENZHUENRNEBEBREEFERNE
BRESHFLES, EE#F—-FHEZ .
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SYNTHESIS AND PROPERTIES OF A NOVEL SIDE-CHAIN
AZQ POLYELECTROLYTE

CHENG Hao, TUO Xinlin, GAO Weiwei, WANG Xiaogong
( Departmens of Chemical Engineering , Instiiute of Polymer Science and Enginsering . Tsinghua University, Beijing  100084)

Abstract A side-chain azo polyelectrolyte, poly(2-[4-(4’-carboxyphenylazo) phenoxy Jethyl acrylate) { PCAPEA)
was synthesized through free radical polymerization. Influences of solution pH values on the UV-Vis absorption
specira and photo-responsive behaviors of PCAPEA in aqueous solution were studied . The results showed that the
UV-Vis absorption spectra of PCAPEA in aqueous solutions change with the solution pH value, and its photo-
responsive behaviors also significantly depend on the solution pH value. This observation indicated that ionization
degree changing with pH variation controls the existing conformation or aggregation of PCAPEA in the solution.
PCAPEA not only in aqueous solution but also in water-tetrahydrofuran mixture was successfully fabricated into self-
assembled multilayers with poly ( diallydimethylammonium chloride ) by an electrostatic layer-by-layer process. This
new self-assembly technology supplied a feasible way for the electrostatic self-assembly of the polyelectrolytes with
poor agueous solubility .

Key words  Azo polyelectrolyte, Photo-responsive behavior, pH Sensitivity, Self-assembled multilayers



