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R FE XHATEFLANBEL 2R ERARNEBESRAKA(NRDC), HELREBBIRBE N, 35
AAS FERLMDS) AN EXR N ECEFEBEMBS XL URE BAREHRERZEEBARSY.
BRERSNERIHT YN AR S X s FEAEABE PR ERBEeREZERE—
EMBEEERAEAEREN CHR T RLRESWE R0 RREOR R, (R ZRR AR

BRI T B HY pH SRR

X EREZH. BERLY. BEKE, pH HBEHK

BEZEEBEAREMNBERERNWEENY
BOEREERAYEEMN A, 8 THE
BHERALEREE BREZCKERRFPAER
K5 T8 K" . Bachman VB REHRHKL
1518 i 35 1k ( Nitzation) . 35 B ( Reduction ) . T & &
( Diazotization ) ¥ {8 & ( Coupling ) 9 & & [ & & {8
HEAY, MM NRDC RO B CHREAMET
NRDC R BRI EEZHEEARETYUNEER
Rt S FamE" 240" Beupik
AemppsE W BdFECREBREAEN
HESHEBROHE T ERMNELZREREYE
HEAY Y BIHX A RBER AR A NRDC K
MUBRELHRERERWKES EREMF A
NRDCRMNHEBEZAFHEBERSYHNIR
F.lFETTEHRS TR, EB G KNP
HER G TRAZCKEERZSREL, AmE™
WA, BRE T EMR Y

HER ERBAERXEANESYSIET
EMB ETHFERBEEANME RAFERM
R tE, BERSGY T A TEHE
RAGEEREEINGH. EXFECHARESE
MHRRED A ABARAYHERNE
EMNAMAMER AXS EXBERELSE
A AR BERANEERMEETERARS
#. 52 REWR MY, HH NRDC TR B8 2R
BE—4B50FRNBEGRMRENTFE, HP ik
IR IR B RN R B R 2 100% . 5 R R 6L A5 F
HABHRBREERZLETLURESHFETERML

Ehi, HEZTLEAALPN KRG TTERE
{ Macromolecular diazonium salt, MDS) . MDS 5 A& dl
MBSHMRNBIATREZHBEBERESY,
BRIt AR SRTEAT FONEREE.
EEERMAEFEEAERKHELT . REZHSEL
EE AR EE A B R R A ARG ARE
100%#7  HEFL-ERLRANEIERE £
MAPEH, BAERELECESUNREATIEP
SRETBRRA, = eiEgtt AdEES
R G R MBLLTE, MR TRAEREL,
HRIAMBEEZERARRCWAGRENER
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AXHFEHRFFERLRUET MR
EHBARSYNERER MARFELHEKX
SFERAE.TUELMBAMGAOERABEK
ML AESIEHBEENRLEERSY.
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Wg BREZBET 10l AIWHEREPSL
HIZE 15°C, 80 mL W AEER (65% ) F1 20 ml ¥k B
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BoEmTE BRNERARE I0CHPE 12 1.
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Scheme | NRDC synthesis route of PS-based azo polymers

EWMAERZIE(PS-NO,) MBI MR B E B .M
HERHZAGTHEME 200 Ll BAESH B ER
VIR ARABEEER, €0CTTH. ™Y
£ 100 ml. DMF/200 mL & W BLE M-I g 841, 3F
TESOCT HZ T8 42 h, W & 95% . '"H-NMR
(DMS0):81.6(3H,PS chain C—H),6.80(2H, Ar—
H, m-t0-NO, ), 7.80 (2H, Ar—H, 0-10-NO, ). IR
(KBr): 2930. 2850 cm ' (PS chain C—H), 1350
em™' (Ar—NQ,) ,860 cm™' ( p-substituted Ar) .
1.2 ¥R

100 mL 3Kk EEBR AR ZE 60°C, A 20 g WX
AR B .5 g PS-NO, #EF 50 mL DMF P 3#5d
BRI BIMBEER D BN EPRE
BT 60~70 CHEAMNBBFEEHWHATE S
BES ARZI0CHBE 24 L ERZPBRERSL
HERRNFEBREERA 1000 ml. TKZED,H
EEELE (PS-NH,)H= S 2R RB & &
P ST BRFE 100 mL P REAPIF R T, £E 300 mL
LEhnEL AaEE. BT o8£I, PS—NH,
BENR/CEBTFERAREHEZRTES TR
BhWEIO% HTHLEH, mHERISE

MBETKAERHEREMNSEB EGERATFT %
KB . 'H-NMR(D,0):81.3(3H,PS chain C—H),
6.40(2H, Ar—H, m-to-NH, ) ,6,.80(2H, Ar—H, o-
to-NH, ). IR (KBr) : 3330 em™' (N—H), 2910. 2840
em™' (PS chain C—H), 1615, 1260 em™* ( Ph—
NH, ) ,860.540 em™ ' ( p-substituted Ph) .
1.3 EBEHH

g EEEBXEZHE (8.4 mmol , I5HEE ST
B, TR T 20 mL K, MIA 2.8 mL # 38R,
HHEEREHE BKKBRHD0-5C.1.2¢
FHEBRMUET 10 mL K, ZRMAS LABTK
FORMEREK KB THREhFAELTE
R BEZRERAE(PS-N, VERETE 7
FEXKBD EEHTRARNM HERERS
BERMYHEARZSEMHR, N 8.4 mmol.
14 BEREHEREEZBERAESY
1.4.1 B{4-[4(N,N-"HE ]| EREBEXZ
B EREEZ M (PS-az-DMA)4 mL 3 & N,
N-Z“H R (DMAE T 100 mL DMF A 3t i ok
KBBHB O~5C MU —RAHBHANTE
ALBAHERFETH I W ERMAR LARE R
O ORBFFE 10 h B RERERERT ST N
TEREBSRMIERABENELARA . B
MERABREOC HFE L EuBRBMBFE
5 g KAKEBREIH 400 mL K (60°C ) Hh, =t Yy 8
BUIRES AR, =Y B/ RN’
TER-TIERS. MR LR S8 DMA NS F
BR.BEGYANEFERE BEEEETHES
F4& .' H-NMR(CF,C00D) : 1.6(PS chain C—H),
3.5(N—CH,),6.6 ~7.8(Ph—H E&HIE). IR
(KBr): 1910, 2840 c¢m™' (PS chain C—H), 2780
em '(C—H of NCH, ), 1260 em™' ( Ph—NR, ), 810
em™ ' ( p-substituted Ph) .
1.4.2 R[4 (N N-ZE)EREBREEKZ
- EREEZ B (PS-az-DEA) & B
5 PS-ax-DMA HIL, B R 2B E KA TERLS
N, N %% ¥ (DEA) {8 & K M. '"H-NMR
(CF,COOD): 61.4 (PS chain C—H fI--CH, & &%
¥),3 . 8(N—CH,—),6.6 ~7.8(Ph—H EH#K).
IR(KBr):2960 cm™' ( C—H of N—CH,—), 2910,
2840 cm™ ' (PS chain C—H),1615.1260 cm ™' ( Ph—
NR,)810 em ™' ( p-substituted Ph) .
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1.4.3 BI4-[2-(N-ER)IFEBRBREXZ H-H-
SRR Z | (PS-az-PAN) S5g it N-EE-
2-Z M (PNA)E T 100 mL DMF 3 KK B %
HPO~5C, A4 FERLEHRETHI h EH
MAZ ERERS (BE R FFEE 10 h 7] af R
RMEBEET SC.HEMERFHRE 40C, HH
6h. REMEEE I®R SEEHRKE. =AM
Lk MR, T THBE(30 ~ 60°C) TLEE . A BR & PNA
N F BEYAHARBTARR . BEEEERTEHE
T+ # . 'H-NMR(CDC), ): §1.6(PS chain C—H),
6.4 ~7.8(Ph—H E 4 ) IR(KBr): 3420 cm™'
(N—H), 29102840 em™' (PS chain C—H) 1630,
1365 cm ' (Ph—NHR),810.740 em™ ' (namphthyl) .
1.4.4 Bl4-(4-HER IS _HFHE)ELBRE
LAFR-3-3F R B K & M ] (PS-22-ODMA ) 2 mL
SRS _HEER(ODMA)B T 5 nl BEEF, B
KAKBAHBO~5C. XA TERAEEF WAL
FRBFHRS . FEMERTRENARBRA K
WY pH=5~6 (B84 R MIFFT, FRFER M
HEO~-SCHEME 7 h. R B EETIE, B
AEET KGR ABHECRUAZTREER
FoolPET BA520 . kEFKEABIL
BFR . ZBRERSBFEP Timk3 40Ca B
FE6 h, L I8, IR AE 60°C Y B B8 K B B P UL
HEeEE ELEAAEEFKSEEE, AT
MERTHERBESYBEHUBRERAHNS_F
HERE ST EHEFRTES TH.'HNMR
(CF,CO0OD): 81.6 (PS chain C—H), 2.3 ( Ph—
CH;),6.2 ~ 8.0(Ph—H E & ¥ ). IR(XBr):3380
em ' (N—H), 1980 cm™' (C—H of —CH, ), 2910,
2860 cm ™' (PS chain C—H), 1620,1300 em ' ( Ph—
NH,).

1.4.5 Bl4-(4-HEL£L3,5-ZHE)EXBAE
ZH-F B E L | (PS-az-MDMA) 1 %

F#k S PA-za-ODMA HI{l, BEZBE KRS TE
Fih 548 — H R K M (MDMA) {8 4 X B . ' H-NMR
{CF,COOD): 81.6 (PS chain C—H). 2.5 (Ph—
CH;),6.2 ~ 7.8 (Ph—H E & ). IR(KBr):3380
em ' (N—H), 2970 em™' (C—H of —CH, ), 2910,
2850 em™' (PS chain C—H), 1140 ecm™' (C—N),
1600,1330 cm™ ' (Ph—NH,) .

1.4.6 EB4--BE)BEBEEXZHILXE
HHE 7 4% ] (PS-az-NP) S5gilB2EMS5,
TK Bk B4 40 mL KBS, FIVK KB HB 0~
SC,AATFTEABEHEFTHL hEHBMAR L
BB AR BIFEE 10 h B R RN R E
BF ST HRAKRERABRE 40C, BEH 6 h. KA
WEESE, 28 FKEREH. FORAGE
R OMBC0~60C)IE. . ARMIFAGREES
V. BEEEZRBTHZ TH#H. 'HNMR(CDCL ): 4
1.6(PS chain C—H),5.4 ~8.4(Ph—H E& ¥ ).
IR(KBr) : 3430 cm™' (—OH),2910.2840 cm™' (PS
chain C—H), 1240 em™' (C—0), 820, 750 cm™'
{ Naphthyl) .

2 SRR

2.1 WHEE
XTFREFZHHOMULINALRZH
Y e TN TEX ME TR MR M
BRIBAR . LBP A HEEER Y ERER
E A BEZBAMALTY PS-NO, AR FME R
%, 05 B AW B BB AL BRI 75 B Ui A
T, 40 R WA R B IE B W B RCFL R, AT 4R 1
TR KHEMMARN AT, Xt Ed
Philippides F#' ERBR XML RFP KT E
— LW PREBEENTY, RIIBH TR
R ERCH  EIR LR EZ ARG il
LB BRI IRE RIS R ,5=6.80 8

Fig. | "H-NMR spectrum of (a)PS-NO, (DMS0-dg), (b)PS-NH,(D;) and {c)PS-22-DMA{CF;COOD)
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=7.70 MFE N E IR E W i B E, RIRT BA R
ARMEREE, LER B FE X 100% H B
Reenfial{t TEXREERRELSAK
BEw SR, ek 4:3, iE8) 7T X—55
®.

22 BRER

BEBRARTRAEIEHEY WMULEREZ
Hi=Y 2 DMF 5 R il A E
AragiEsEn BN TERRERRER
BPFERMGRERF EEMEFRLEAE
EEAVESETRERT EEREHHE
BXEZH(PS-NH)FR . AT X—FRATN
SABEB S B E N, YE LR VEEEE
B, KBRS SANERE DY KBEENRSY
Wik e Sk THRA MUESEILERR
bt MHE B EEERBEN B PRAEH™
YRS TS EZEYROBFEFAER.F
A TER B/ 2B R R R, AT A3
BAWBESY ZEoEWE TR U ERMETE
AL B

BREEw AR (LA 1), ™7 6 =6.46
H6=6.80 % B  TEAG R &0 0%, R SROR A
= F AT S A X IEANEEER
WRBANEE, AEEE LA 100%, WA RHEAL
BEZ AR W B SCER 8 AR RE X A B RYIE
P
2.3 ERMMBEER

REEKRZAETURESHEKBERFTHE
BERAmASMER N BARBENREZAEX
STEREBE ERERET XHRFTFERA
IHFE 20°CH I LB E . BT R BRI R
7RG ERELREE 100%" .

BT iREBREZHE NRDC B FRERIEL T
—MHAHEMERZrZHHERARSYHNE
72 RMNERT=HXEHEEENEHNESH
IOy AR N-RBRESTRE EURER AR, 255
BEZBAS FEALR N, AT MM
AESY HHARNBEET FERHARDY
B Hb N-BESBEESFRBERN
EEFPHEB A THEG. OB GG TFHET
DMEF, [} 2 o 55 bn 8 RUEL L 18 & 10 g BB B T
AT#T, A RAEARSWABEEPTIL . R
1B & R £E 55 R A SRR N IS W P 21T . B
SHERESR ST 8 28R 3 =R 547, fE35 30

EEBAtrSEALEERBS ERAEENES
R, A FEEREG S ERRAERMERE
AAEEY HEAMBRAEESERALNR
LRAEEBRY EXHAHTHTEERNF
THER, Fe5RBFFRYERLRN HER
Bt FH B FEA, FFBRE LB RN
TG FREMAMEY pHEF 5~ 6 HH M
¥, 6 {84 gE4T W A B R R B 2L

HFAXPEEZLSERXSTFEERVRS
B, —MENEERENEAEERSMES N
RASEERUTHERNEYE EREERSY
MBAERBREIBRPERD ELERMN, W& WH
YR .ER PR, Y4 R AR WRIRIA
FZR RS W vh I B 3 2 3 ok i, e AT AT LLAR &
WHEFHERN YEEETREINNAERFEER
FHE L/, P4 W25 AR R T ROk i # R
REEBEAFHEEK B EEFTUE
maEX k.

HTHEBXHAR, BIIFART R TER
RBEE F2BRTASTFERE(PH=
2)7F 20°C FI 40°C T 94 3 78 . & 0 A /] fn 34 )
R E A R E - A, 7E 277 nm )
BAMUESESE rERPEREN SR
EERMBREME S TERLML BHAEFR
FREERENE S MB 2R UEL,EE
BEET(H20C)EALBRERE. BE40CTFN
Rth#h 4 25T 6 b B9 40°C TR, TR BRI
e ATk IRHERLCETE DR,

Diazo groups remained (percent)

0

L I ) A i I L .
0 50 100 150 200 250 300 350 400 450
Heating time (min}

Fig. 2 Thermolysis of P$-based macromolecular diazonium salt

BOCHS ), R R AR E A&
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MRS TERAMS A RN ABEES
025 BE A WH B, AT S04 E 1
& .

AN, X
Polar solvent Non polar solvent
eg Hy0O e.g. polymer matrix
Art+ Ny + X° Arr + N+ X7
Pathway A Pathway B

Fig. 3 Decomposition of diazonium salt depending on the

polartty of surrounding medium

EEXLERXS TEELHNBERN T,
HTEESYHFESEEMERAEENHSE
BRAMMEEN, DELIBEEHR MR, E
IR 100% B BRAY FTREEBEAES
e TR E R ERERR D RRH
HRLEIEE B R ATERD THRIEK.
RTHESINBE™YBEKZINRFAERLE,
FHATE A B R ZH NRDC B e i f5 18
BT Rk A E oy Ra S SR A N2 1
OCHF I THEEMBEESTT, AW LEE
b TEBHASSEERRESFHTNRIFAES
FBiF. EX - SBP RATHERTESTHKHE
HABRFEEIBmERE BTN ERELHERSD
FERELMARNERTR,IEHX -2 258
% B R Z M6 i NRDC I 4 7T 251 o R
BRESYRLEN.

MEREZHREBARSYNEAETHE
B ERIEESPITREESEH FITE L

Table I Azo coupling rates of PS-based azo polymers and A, of their

UV-Vis spectra
Azo coupling Ame (nm} of A (nm) of 2. {am) of

rate(% ) solution 1*  solution 2* film
PS-az-DMA 72 507 405 401
PS-az-DEA 62 514 413 409
PS-az-PNA 36 489 487 495
PS-az-0DMA 45 494 390 385
PS-az-MDMA 69 485 365 361
PS-az-NP 33 484 480 485

*Formic acid as soivent for PS-az-OMA , PS-22-DEA . PS-52-O0MA , PS-az-
MDMA ; chloroform as solvent for PS-az-PNA , PS-az-NP;

YTHF as solvent for all polymers

PL PS-az-DMA A @, A 1 HEEESWNH
BHIEEEE 5=6.6~7.8 4|5 PS—NH, F
B REREESH, 6 =3.5 4 N—CH, §,6 =

1.6MERREXRZHEAEL RTYEBHKEN «,
W o« AT A AT EE S

(4 + 4x)/6x/3 = 5,/8,/8,
Hi 5,.8,.5, 4B REFH 2 & H =18/
By, BT RIER G Y 8 sr i, mRE 4R
B s, U wiEERERITH.

MFE LRI LAE S, S NRDC RR7 B4R TE
B RERERA-EHBE TEIR 100%8
RERFHE ERERT . BREARSYNEBHEERH
BEMBARN SREASEEBEAIR
e, B 707 M S EEKRE AN FERAR
HEBMARMZE. CREMHER, b TRk
MAFEREMAGREIESN R, BROMER
P BB E R T 20% .

M [ 1 & 20 53 BFF X 157 £ {1 K 38 6T 1 J Tt
B, EEerFHHEBL IS EEESE, O
5 N-EHE2-FREESH EH PS-a-PNA ERKE
AE3%,.5 N, N-ZH BRAER B EHZ8 PS-az-
DMA RIAET 70% . X8, K FEHLAFEH
RHIRNEN, AR R EEEMER T,
HNM A AL HEEENEEZERE., MK
PS-az-ODMA 5 PS-az-MDMA B3R BN & K W,
mTRERS X eE i, AEEEIER T
HEMAUAMWHE Tz EE . FH FH EamERL
W, MR R T @A RN B #EAT 18 B (B =
BE; A REE RS e MR T8 kR, %t
ITAIOE: 38 3 N g 1A
2.4 EitiEHw

ERBEEZHEEBREES PR EM LG HER
WG EMEE, BE W0 ENIR
WA I BRI A R T O R A G B vE R - [ &
ME X TEREHTHEBAENILAINIETF
BT (U0 PS-az-DMA, PS-az-DEA, PS-az-ODMA #fi
PS-az-MDMA) , BT JE2 B B 18 R 45 fa 0 S % (8 2%
BRI EEESWE TR MRA
MR AR R, R PR EM R B A", M
WA 4 E R Lk XU E M IR 74 (K #k
EFHE(LE 4).

PS-az-PNA MBI RTE—E L LR E
) 7 ] AR A7 O, B TR BN W] BE R A R K B
KRR B B T e et X — R
XA HEEE,fF 20 min BIE B GE, KR
BEXARFITSHERMEH.

1% PS-az-MDMA, PS-az-OMDA, PS-az-DMA #!
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Recovery time (min)
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Fig. 4 Max UY-Vis absorbance peak recovery process of PS-
az-PAN

PS-az-DEA W BBHEAEZEFARE , EEER
BTFARRERE. TUHBIBARBMEEAKE
W.ERBRD,BERESPOESRE SRR
B R pH SN ARMERAVHERAY
BEHEA  ERES — D W MR R e T,
R B T4 P4 58 A e o 48 I o B P M AR
BTFE—MRRKMLTE.

e s B, gk - 500 nm AN RR IR E
B pH {H L 71 i & 2 T & . PS-az-DMA #9K 3 &
pH E7EE T 6 RS EIE LA, R4 RUGEEARHE
0 578 4k . BB R TR i HH BRLAE 400 nm. 2 pH EfK
F 5 6, B Wl 65 Bl pH {H FER M R KL 2
475 nm, P ISR B EHAE AT RLG.

FTREH, K4 TFEAEE(MDS)E R —FF R
NS F RS SRS TRE, TUREE
MOEEEECY FXABBREMARERS

1 1 i j I
250 350 450 550 650
A (nm)

Fig. 5 pH sensitivity of PS-az-DMA aqueous solution on UV-Vis

spectra

A AT REAN CREBFE FRXLEE
BERLOHRAFTNATEZAHESFF AXN
THEELIRHE.

BRZELTWHA R ERABE LN
Z(NRDC B RIE T RENREELEREBR
BAY RN AT ERERAHEIWNEH
REBEXE 100%,. 23 KX FERLHES
ENBINEARBRENZEBERSY.BR
ERBANSBEHEN EERBRESYER
ERrte FEIE A, ERS KNG A LT
£B ATUERATEREIR NG, T AP TR
HESRLEN BHEL RS LIMERMRE
Fh-n] B 43T 45 SR AEUR T #7548 B AT MR M
EAPRLEN BBt EiE. asMEEn gt
AT WA ERIER TH XS YH SR
B
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SYNTHESIS AND CHARACTERIZATION OF POLYSTYRENE BASED AZO POLYMERS

ZHANG Jing, WANG Xiaogong
{ Depariment of Chermnical Engineering , School of Materials Science and Engineering ,
Tringhua University , Beijing  100084)

Abstract  Azo polymers were reported to be prepared from polystyrene through a nitration-reduction-diazotization-
coupling (NRDC) reaction route . However, azo-coupling rates of the products were rather low because of the several
steps of macromolecular reaction with low reaction yield in each step, or the obtained azo polymers could not be
dissolved in any solvent due to the use of cross-linked polystyrene as precursor. Recently, photoresponsive azo
polymers have become actively researched objects, but ne PS-based azo polymers have been used as photo-responsive
polymers so far due to above reasons. In this work,three kinds of soluble polystyrene-based azo polymers with high
coupling rates have been synthesized through a medified NRDC procedure from polystyrene matrix. Both steps of the
nitration and the reduction have nearly 100% reaction yields . Macromolecular diazonium salis (MDS) prepared were
reacted with /¥-alkyl aniline,substituted aniline and phenol type compounds through the azo coupling reaction. The
intermediates and final products were characterized by 'H-NMR, IR and UV-Vis spectroscopy . Even though high
coupling rates were obtained, diazenium salt groups could not be totally consumed due to the steric hindrance in the
macromolecular reactions . The decomposition and cross-linking of these residual diazo groups were found to be the
reason for losing of selubility of the products.The thenmolysis process of the diazonium salt group was studied and a
heating step of reaction mixture was added after the azo coupling reaction. In this step, the unreacted diazo groups
were converted to phenclic hydroxyl groups, which was found to be essential for preparing soluble PS-based azo
polymers .

Key words Polystyrene, Azo polymer, Azo coupling reaction, pH-Sensitive



