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KR JLRE, PVC, RATHIEN, HEILERY, WEME

PVC J&—Fp 3z i F /38 A AL, %R A
R Ak dl & m Tk Ve SRR H B
BK, FifG PVC 43 T 4548 rp i & M 9 3l RUAR
SRR E | X 2L B [ 25 A B IS, i PV C RS E
BEAG , AN T S2 b i

IR AT & PVC AT K IR 2 fii
W, PVC SR e M | IR I A] AR 28 B 2R A5 ik B
LY. SN A X A SRR RS B A ) Ve
WPER AT A PVC SR S5 4T & — 1R Kok
i BEAN T Ve Ml H R A2 S
PEFN AR A 7= 58 1, TN 2% R (ARIR) R ok BT 7
IR MG & A H ARG PVC B 3 A 5l ik
Bty A R PVC IR E M SR A
REPL R (9 PVC TIRem kL 38R Z RIS H 1Y) 12
KPE. .40 CFF %S (cobalt) A7 H 3R A
45 B W R £ U T8 (PVA) L PVC (4 i B Ik B8
Py R AR R (BPO) B & TR A R B+
PR R F O R IR Friedel-Crafts F2 W 4%
BB 20 (PSH) M AT R PVC T B A3 i o A
SCHL PVC 5 PSt [H] S5 S A7 3 25

PVC 7 ¥4 b4 N B B 5 AN T e 45 4
VA A N e E N B SR (SSE & 1.3
B TE Et, AICTH B TiCl, \Cu(0) B{ Cu (1) AL 77

R, RHE T HBERE, AT Co-I81y
MR T ARERAE Y K& PVC
PR ALY EaRFIH PVC BREE 51 & AR A
WFoT K 2 8 FH 4 0@ AL R0, B Ry it B — A48 s
(90 ~120 °C ), HLAr H PVC k[ B0 A R #kse
BLPVC RS20 % R, T B PVC i 2
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ARCHH UV EBT Ve A5k &5l &
(W5 T 3 B 2% BB -BIITX, S 9 26 B 4% 74 -
ITX) 51 % VC B4, % & VC A1 PVC X UV SRy
TR A BARAG S IR Z B IE SR PVC; TRl AR
R R - R e Rtz S S e B O i RS D o
RN JE BN AN ITX AR AE T c—C 55k
ERE] PVC 4% I db A, AR 1 2 i 78 50 560 =
F &2 AR5 &R EEAE L (50 ~90 <C)
PER T FRE K1 A th 5] & R m A A PR ak
WIWR AW A T R 5] &
BIITX. BITX A 7EARIRE T P | & 2o i, B 4B
ITX « A W3S K0 F A A 11X 5%t
S5O F) PVC BE L B A TTX 58 35 B 5 435 g 5
VERERE & 5, A R T PVC R R A, 3% Fh R
UV OBRE A PVC 8551 A £ Bl B 45 54 AT
1) B2 A IV 5 -TTX B8 35k A A 5 f D, 41 38

AICHESE UV OGRS B 51 % (BITX # ITX 5]
K VCRE RN EE Frid PVC S5 FAE & H 5]
REETT I B S AL R Y 1 e P

1 SLEES

1.1 ZIRkH

VG, K% RS T 0F 58 B ITX, 43 #r 4l
Alfa 28 5] BERY, 43 M 46, Alfa 23 W 3 &AL, 53 BT
ali bt fb 2250 2 7 ; DMAEMA , 4344, Alfa
o\ THF 43 Ar 4l il Sk 79 B A T4 BR 2 &)l
HZEARORG 1 5 FHE, 2 #r 2l b st 3R 2R O S 4k
AT BR A H].

1.2 BITX &/

Z T K NH,Cl A K % W 27 mL, B B
2.73 g V& T 45 mL THF % ITX (4. 59 g) WA
— 100 mL F 7B i B 1 (V(NH,C1) /V( THF)
=3/5, n(Zn)/n(THF) =1/2) i ££ EE G I 0
TR 24 h.

¢ /d S
NH,CI b}QICIQ
0

28 _— N~ —~OH

= Zn, THF aHO(:(CD
W A

BIITX

RN EE R B R o s A LR Z e
ZEBR & THE, 6 43 ) o0 fin 2] K 4k 1F & ke, B +F
15 min. K AT P 08 3 5 07 F IE C BBk 3
~4 G BR B AR ITX, F 25 CH% T4 12 h.
PR 43 BITX %% 529% , UV-Vis (THF), A, :

239, 258 nm;'H-NMR ( CDCl,, 400 MHz, §):
1.0 ~1.2 (—CH,, ¢, 12H), 2.6 ~2.8 (—CH
(CH,),, b, 2H), 3.60 (—OH, a, 2H), 6.8 ~
7.4 (—C,H,/—C,H,, d, 14H); IR (KBr, v,
em ') : 3432 (—OH), 1041(—C—OH).
1.3 UVEER VCES

P 2 B IR A RS THF (15 ~ 18 mL) 1Y
%5 DAY [BH s B R B 3 VKR (0 °C) Hh, s il 7
AAMER 2 10 W5, 4208 B SO 9 VE(10
~12.5 g, W 40 wit% ~ 50 wi% ), A 5| % 7l
(WRFE 0.01% ~0.2% , X VC EE/RE /350 , 1
TR ZK IR (25 °C) sovKis (0 °C) g S i 0T &
T-500 W oRAT T OCHR R (CFF 58 BRI T RON R
LA A =254 nm BR300 E G R DL R OR A
SR 1, wW/em®) . FHEFE 0 1 ORI 5@ 5% 10
R OIFERT AR Mk E % 3 min, 25 C R4 R
J5 ¥ BORLRUE T KA R (4 °CH @ AL 2 W R
DUVE B0 43 85 THE W fig A RE D0 E 270 3 IR
&, T 20 CEAHEAR R R fE
1.4 PVCSIAEHRE

BTG PVC (1 g) YERRGF5l&FImA
— BT IR BN K, in A DMAEMA (2 g) #lI
THF (12 mL) ,% M) 65 F 50 CKRE T, 9
P E A BR A 30 min S5 &N — € B[] 729 R
i IUVE B0 43 25 THE 35 i A B0 UE &2
D3RI, F 20 CEASMA T TR EEE.
1.5 ERYKRE&E

# PVC-g-PDMAEMA (0.025 ~0.08 g) & T
THF (5 mL) BCSC W, B FF T B0 12005 W% TR T A
pH =3 7K (35 mL) 4kt £ 2 b J5 7  ZEMT
A8 (B F R 3000) BT 3 ~5 K.
1.6 R1E

K I FR B ke iR G 4 . R A HPLC/
GPC515 W& R A W) 47+ & M H o3 A, b b oy 1R
IR A K S THE, i 1. 0 mL/min, 45
ARG, RS T THF J5 & UV-Vis %
(GBC Centra 20) , % /] KBr & A 1l 2 FTIR St
7% ( Thermo Nicolet Nexus 670,73 %% 4 cm ') , LA
CDCl, J i 2 ' H-NMR ¥ ( Bruker AV-400).
PVC-g-PDMAEMA " PDMAEMA & & R 5 & =
4.14 fb—CH,—O—4FFfE T L A, 5 6 =4.3 ~
4.8 fb—CHCI—HFEWET A A, 7157

A,/2
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2.1 UVHIERVCES
2.1.1 HI3lKRVCRE
VC W A A | i T T 5 & R A
(R (1))
H, c=CH "1, c=cH + cr Y pve

Cl

ARFEZ&MHET, A5k VC B A& BIRE %
(C%) J=W45y 14 (M) K A3 A4 (PDI) WL 1.
ALV B A0 5T, AR B (e (Wt% ) ) 1
I, 3R G B E R R B B A R R ) 43
PR, W oy R A M AR AN R (3R 1, X L
No.5 ~7 58 ~10). B Wi (1) BEAR, B =4
TP IR A i 55 H Wb G RN R
REA, SR IL AL R T B ™ W 40 F 5 A3 BT 3 i, (H
AN E, 5 Fao e AR (% 1,No. 1, 3,
4,No.5 ~7,No. 8 ~10). ¥ h A h A% B 81
BT, %18 VC R A B Bk L RS W RO K, Ky
T eR B ) ARG B ) W A B IR B
TEAR VL] (¢ (h) ) SRS AL R BT = 9 5%
Fim N, AR TS (1, % No. 5 ~7 5No. 1,
3, 4) . JGIREE K PVC Wikl etk ok, &%
B BRI o A AR TEL K ROV IR (T) M
20 CPEZE 0 C, B4 R FPBEAL, — & i (7] Y
RN ) O i N (A R S T R NS

(1)

Table 1
(M, ) and

Monomer conversion ( C% ), polymer molecular weight
its distribution ( PDI ) obtained in VC-initiated

polymerization under different conditions

‘M Iy t T
No. C% M, PDI
(wt% ) (de/cmz) (h)y (€)
1 40 180 36 20 77 6300 2.13
2 0 47 13000 1.63
3 40 120 36 20 58 6700 2.35
4 90 23 6800 2.43
5 40 180 16 20 57 6200 2.08
6 120 41 11000 1.56
7 90 28 12000 1.55
8 50 180 16 20 72 13100 1.54
9 120 53 13800 1.56
10 90 34 14100 1.64

RPN, AR TS - o i RSy =)
A% (£ 1,No. 1, 2).
2.1.2 BITX/ITX 5% VC B4

D2 B0 ITX 4548 C—C B 1Y e 5% 52 BHL %
ITX " [ F SR AR 5 8 ) BIITX 1] 76 42 A%
T BOE T B A A B ITX T B . ITX A
H LA ) SR OE AT 1R R, PR R S
Bl &ERBA (X (2)) A ITX, [/ ] 5 K 5
FHBREMA ZIE RS AmE (BRI
] 5L ) B TTX B 4 42 21 G5 W ik (6% ity %
) B (X(3)).

cl
h I
BITX — 25, $»OH —= H;C-CH + ITX )
0°C .
VCL - pyc
ATX®
cl e I
v (CHy~CH), e =—= »(CHy=CH),, v ITX 3
50°C

JERER ITX AT BCRAR | H, 7= A K [
Bk Ve Ra (X (4)), R ™A /9 1TX " [[] ke
AR H R RS Ko7 A G

~OH +H,C=¢"

hv

=0 +H2C=$H — S
Cl Cl

W M

ITX ITx’ \V—C» PVC

BITX = ITX 5% VC & IR 1k FBE
TN [R] 3 A0 34 (IR 1) 7= W) o3 4 S o0 A B
R ALE N TR AR % N NI {0 i R T NS P VA T
JIEAG 72 W) 53 5 i B 3 A 17 0 UL BT 1 A A R
). & ® ot 51 & F H &, W% BITX H & M
0.01% 5 % 0.05% ,1TX H M 0. 1% £ 5 7

“)

ok M, PDI
. BITX (%) 0.1 7000 2.04
° 0.2 7000 2.06
oBIITX (%) 0.01 16300 1.74
60 o 0.05 13400 1.84 - [
< | m " e
g ey e
© . ® o
B o
30F o
gt ® o
o o o o © o
0 00 o |O 1 1 1 1 1
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Fig. 1 Monomer conversion ( C% ), molecular weight

(M) of polymer and its distributions (PDI) as a function
of reaction time (¢) in BIITX/ITX-initiated polymerization
under UV irradiation, ¢y =50 wt% , I, = 140 wW/cm? and
T=0C
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0.2% , AREAL R A T FE. L5 R FI RS K,
PR RIS H O AR, A R ) A B A
T, 3 B8 3 2R R AR Ak R IR

2.2 PVC &HIRAE

UV-Vis SGi 538 VC H 51 &1 PVC (K&l 2
(a)Mik 1, 2) 7£ 228 ~290 nm i 3 B g 9K +7 5%,
4 W (240, 260, 270, 278 nm) W, H H
SRR ISR K (UV-PVC 2) (HIEIE 2516 A
A, Ul B 43 T BE b SRR DL IR ST A e AL BE R 51
EUBUTX/ITX 5| % B & Fr % PVC ( BITX-
PVC, ITX-PVC, K 2(a)#hi&k 4, 5) 7 247 nm At
BRI O $ F 51 R TS PVC TR T g A BT
%, HIETE AR Ak, X ITX 19 UV-Vis
Jeig (2 (a) Mgk 3), 7 LLFE ] BITX-PVC Al
ITX-PVC 7¥ 280, 290, 330 ~ 380 nm 4k H ¥ ITX
I7 B IR AE W Y g, He R ITX-PVC B 1TX 35
T PRAFAE W A0 B 5. 1R S5 U6 B, BITX-PVC
FITX-PVC B & B Bs S 451 4h 38 & 1TX 5k 2
H ITX-PVC LA ITX 53 H £, '"H-NMR 43 #7
(Fl2(b)) #ZMArid PVvCc L& W k-
—CH,Cl (8§=3.89) . —CH,(5=1.28) i H ¥#iF
e L CDCL, b N G H-NMR 3% B, 85 b
A ITX 583 (X PVC R 5 /D) I35 & 3K H 4F1E
g 57 9k 7 791 0 A 6 1T LA UL 4% 31 5 FTIR b3 (&
2(c) ) HBLIRSZ AU (1667 em ') FIAS 6] K JE 3L
B XU (1700 ~ 1560 em ™) il W Yig 0 >0 56 0 ir
73 PVC HPAFTERUR M T FE A 45 4
2.3 PVCS|LZERES

JiiAg PVC 73 14 b0 P 3k S BORCE &) i B
B RS+ A mE (K(5)) , 8o B b &
(9 ITX FREE7E 50 CIMEH F WA S 5 5 + 5 i
ZUMT A R A d (K (6)), X SEHE AT 1E
J PR R N B & 5] &% DMAEMA #4748
& (7))

t 2% 2 WA, G 32> PVC (UV-PVC 1)
GURAERCR G AT AR A R BIK T B R R 2
PVC (UV-PVC 2) 5% ITX 5% %L PVC (BITX-PVC
FLITX-PVC) 51 & B A P15 S0 5 A R HR B e
Horp BUTX-PVC 5] &k 42 B0 R G 1 B R 5% 4k SR
i, AT AE BITX 51 & BAME L2 1TX 4 M4
LAk Ry At A T R AT Al EE ) ik
AL JLAE R B B 45 48 R B — s 0 HIE
i BUTX-PVC kB 45 4 A B i 2D, WA fiff i —
L ERCR G 2 B .

Absorbance

1 1
200 300 400
Wavelength (nm)

1.28

{

=

1700 1600 1500

. 4000 3200 2400 1600 800
Wavenumber (cm™")

Fig. 2 UV-Vis® (a),'H-NMR (b) and FTIR (c¢)
spectra analyses on PVC produced by self-initiated, or
BITX/ITX initiated polymerization under UV light: 1-UV-
PVC1, 2-UV-PVC 2, 3-ITX, 4-BITX-PVC and 5-ITX-
pPvC

* Sample concentration: 10 mg/mL

GPC 43 M1 PVC AR5 4> & M Hoor A, ]
IFE S, BB 8> PVC (UV-PVC 1) 34 i 5 B
S I I S U (A T T E AN
SELE AN ITX R LAY PVC BB W T B4
fr A AR AE , HoaxX R AR AR A 5 3 B AR
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~CHy-CH=CH-CH-CHy» .. ~vCH,~CH=CH-CH-CH,~~
¢l CHCl c1 — ¢l CHCI ¢l (5)
~nvCH,~CH-CH,~C-CH,~CHw wCHz-CH-CHZ-é-CHZ-CHm
1
¢! 50°C ¢ . 6
"W'(CHZ—(]:H)HVW\PITX — v (CH,—CH),, v o+ ITX ( )
pvc* DMAEMA PVC-g-PDMAEMA (7)

Table 2 Grafting polymerization of DMAEMA initiated by PVC-containing labile chloride or/and ITX residues

Sample M, PDI Sample C% M, PDI PDMAEMA * (mol% )
UV-PVC1 12300 2.00 55 12400 1.92 7.4
UV-pPVC2 9200 2.39 PVC-g- 87 12600 1.92 22.5

BIITX-PVC 13400 1.84 PDMAEMA 70 19950 1.56 15.2
ITX-PVC 7000 2.04 76 11000 1.62 28.6

Time: 40 h, # analysized by ' H-NMR

4000 3000 2000 1000
Wavenumber (cm™")

Fig. 3 'H-NMR (a) and FTIR (b) spectra analyses on
PVC-based graft copolymers: 1-BIITX-PVC- g-PDMAEMA ,
2-UV-PVC1-g-PDMAEMA , 4-UV-PV(C2-g-PDMAEMA , 5-
ITX-PVC-g-PDMAEMA

(A Y, BRI I ITX 3R A R T PV
HE SR 45 T R HE BB 22 0 S0 3
R 0 2B GPC 4 T ESE (B B 5
THRAEE AW G

X} H AT PVC (] 2(b), 2(¢)),'H-NMR
(—CH,, 6=0.94;CH,—N—, §=2.40,—CH,—
N—, § =2.70;—CH,—0—,8 = 4. 14) Al FTIR
(—N (CH,),, 2820, 2766 cm ';—C =0, 1720
em™") SAHTERY (E 3 (a), 3(b)) . HEHIFM
PVC 13 PDMAEMA 19 55 1k M i e | ik — 25 430 1
T & B EL/ R ITX 583 PVC 95| & fE 1 & PVC
RS R IE . I H-NMR 3% B o PVC &%
Bk FJLARAE IS (5 =4.3 ~4.8) 5 PDMAEMA 4
B TR S AR W SE R AE 16 (6 = 4. 14) 11 06 i £
HE R IL R Y PDMAEMA & & (% 2), /%
ER LB PVC (UV-PVC 2) 5 [a] if 2 B g Al
ITX 5N PVC #B Al 45408 2 PDMAEMA.

PVC-g-PDMAEAM F: ¥ 7E7K (pH =3) th4f
BN T RE e S BRTE I AR (1 4) |, Ui B %
FERCL R Y B A PR, 257K PDMAEAM %5 Bt [n]
KA I B RA B 5T )2 S5, B 7K PVC 4% Bt
Wk RPN #4514 . PDMAEAM % & 0 fIK
Pk Y (UV-PVC1-g-PDMAEAM ) #i 3% ¥ K~
FECANREIE R . AR W) PDMAEAM % &34
15. 2% B, GETE I o, AE A% -7 &5 44 AN B iy ( €] 4
(b)), PDMAEAM & & 1§ K F] 22. 5% F1 28. 6%
i, AT 2 ] A -Fe g5 M (B 4 (a), 4(c) NG
B, 5e 23 27 (B 4 (a) AR R, Z -
25200 nm) #1132 nm ([E 4 (c) NHER,IZ K TY
190 nm). b4k, Bl 4 (a) P H K/ 50 ~ 250
nm, & 4(c) PR HE K /N K 50 ~200 nm H/NSF
WEHRAELE 4 (a) th 2 3% 58 W R BT A PVC 4%
GET L/ LF e S8 TR
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Fig. 4 SEM and TEM (the inserts) images of micelles assembled by PVC-based graft copolymer in water (pH =3) . (a) UV-PVC2-g-
PDMAEMA, (b) BITX-PVC-g-PDMAEMA and (c¢) ITX-PVC-g-PDMAEMA

3 #Fig

UVOLHR T i@ A 51 &  BUTX/ITX 5| &
VC H SR AT & T 8 Bl b 45 0 B IR s 5 Gl
FITX FRFL [ PVC. 7] PVC BE (AR sk | ) 51 A
ITX R ELHG N T 51 & He BN 23, A R T it — 25
MR RN . A PVC R F 5l &/, e T

DMAEMA 7ERAAME (50 C) THERRE, X
JR T — R B 0 & PVC SEECIL R YO
e A0 ) G PR R A A5 B B W OE ik B LB Y, T AR
PVC R IE Y 7E /K (pH 3) H H A TE L T 54
TEN-FE I, s T LW R M SR B8R i B A
% PDMAEMA 27K, JE BB 3 B A 56 2, 17 i 7K
PVC 355 B 40 i
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Photo-induced Synthesis of PVC Macroinitiators and
Preparation of Amphiphilic Graft Copolymers

Xiao-man Zheng' , Lan-ying Du’, Yu-hong Ma', Lian-ying Liu'* , Wan-tai Yang'
(' State Key Laboratory of Chemical Resource Engineering, College of Materials Science and Engineering ,
Betjing University of Chemical Technology, Betjing 100029 )

? Cangzhou Medical College, Heibei 061000 )

Abstract To increase number of labile sites on PVC and thus facilitate grafting from PVC by aids of free
radical polymerization ( FRP) under mild conditions, self-initiated, or bi-isopropyl thioxanthone ( BIITX) and
isopropylthioxanthone (ITX) initiated FRP of vinyl chloride (VC) in THF at 0 °C or 20 “C was carried out
under UV irradiation. Influences of monomer concentration, incident light intensity, reaction time and
temperature on monomer conversion, polymer molecular weight and its distribution were investigated. Radical
ITX " produced by dissociation of BIITX or by H abstraction of ITX from monomer could combine with a
macroradical. This allowed ITX residues to be incorporated onto PVC via weak C—C bonds which could be
cleaved easily to regenerate radicals under UV light or heat stimuli, and thus yielded new labile sites on PVC
for initiation. UV-Vis,'H-NMR and FTIR spectra analyses demonstrated the presence of labile chlorines and
ITX residues on the resultant PVC, and indicated that PVC resulted from self-initiated or ITX initiated FRP
contained great labile sites. Using the PVC as a macroinitiator, grafting polymerization of N, N-
dimethylaminoethyl methacrylate (DMAEMA) in THF at 50 °C was started, and PVC-based graft copolymer
(PVC-g-PDMAEMA) was synthesized. Compared with the initial PVC used, the graft copolymer achieved an
increased molecular weight and narrowed molecular weight distribution. 'H-NMR and FTIR analyses further
confirmed the formation of PVC-based graft copolymer, and revealed that more labile chlorines or ITX residues
on PVC favored initiation of graft polymerization. SEM and TEM observations showed that the graft copolymers
containing more than 15 mol% ( analyzed by 'H-NMR) of PDMAEMA segments could assemble into stable
core-shell micelles in water (pH 3). The grafted hydrophilic PDMAEMA stretched towards aqueous media,
forming the shell, while hydrophobic PVC portion coiled up to the core. This phenomenon suggested an
amphiphilicity of the graft copolymers. In contrast, the copolymer with less content (only 0. 15% ) of grafted
PDMAEMA could not form micelles due to its insufficient amphiphilicity.
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