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iniferter 3 A1 45 & 15 (9 R W 5 o — A0 AR SEANOEAR WVER S TR X SER R T A AL F R K
BOF 51 & SR TR eI (AM) FERGR R SEAT U0 sl K Bl 20 A A S 5
TEE B R A, 15 B 3R 10 R K A AR (raspberry- CIROBLT YR IE K 2 30 KA AL/ HLSOCHL TR
like) T fiE PSU/PAM fBk (18 1,11). AR AR KT A WL/ B AR T AE

5L R ERL 7 A L, R SRR 7 HAT B A SR — OB R W] R A A AR T fE
B A RIS BE | R BB O B AR BT RTA.

AIBN, NaSS MAEDCA
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Fig. 1  Preparation of monodisperse PSt particles-containing photoiniferter groups of MAEDCA by two-step
dispersion polymerization ( I ) and further achievement of raspberry-like PSt/PAM microspheres by a surface

grafting polymerization under UV irradiation ( II )
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N I Tt R M ( NaSS, TCT 24 | ) ; PN 45 ok Jiie ( AML, b 5t

1.1 XA RS 27 ilR A wl) B (MeOH ) | £ B (EWOH)
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Fig. 2 Chemical structure of MAEDCA

MAEDCA 4% #7 45 . FTIR: 1731 cm ™' MAEDCA (6 wt% ~ 20 wt% , 1%} St) . AIBN (2
(—0—C=10),1633 ¢cm ' (—C = C—), 1277 wt% ) NaSS (2 wt% ) . (4.5 mL) 57K (0.5
em ' (—C = S).1151 em ™' (—C—0—C—). mL) IR G W4k S s 5 h, T 15 7= 1) 28 85 0 43

UV-Vis: A, =211 nm(—C = C—), A, =246 & WEVEE THREGE QK PStRERR AR
nm(0—C=0),A.. =278 nm(EL,NC(S)S). 'H- i, 5 >98%.

NMR:5 =6. 11 (1H,a),5.55(1H,b),4.37 (20,  1-3-2 MAEDCA ATy 5
) .4.33(2H.d) 4. 13(2H,e) .3.97(2H.1) .3. 74 WIARRCTT 5 1. 3. 1P 3 h A 3 SRE 3 h

(2H,g),1.90(3H,h) ,1.28(3H,i),1.21(3H,j) iR I St(1.25 mL)  MAEDCA (12 wi% , # Xt
1.3 REEEE PSt Bk H & St) AIBN (2 wt% ) . NaSS (2 wi% ) . H [ (4.5
1.3.1 MAEDCA i A (4 5 mL) 57K (0.5 mL) /A [l 52 e 41 4 4% 22 ) 0L 5
Y6 SU(2.5 mL)  AIBN (2 wi% , A% Sty g PRI ELG S E R DE T TR A E
11 PSU KBRS A BRI > 98% .
L4 REEEHSIEEERRERESA
W T A5 B PStER (0. 05 ) 48 4 BT

NaSS(2 wi% ) 5 H EE(22.5 mL) fI7K (2.5 mL) {1
REWIMAZEA B PR R BB =
o, T 75°C &M 3 hy &b St (1.25 mL) |
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AR SF R CVOIT R W ) s R85 TEM i
F, R R A3 BT 8 B it 30 ATtk i) 37 1 4% 2

B, M RERE P

D, = (idi)/n

{ Z (dl _ D”)ZII/Z
n -1
D,

Hr d, 5 BAHEK R, n 248 ST R A

CV = x 100%

2 BR5UE

2.1 SEHMERSEREKRE &
2.1.1 MAEDCA Jin A & XF s BRE 31 L R~ ] 5=
T 2L 5 1) 5% W)

HEE/ KRG B, St 28R A 3 h J5, il
IO 450, SR % Ak 22 0T 35 80% LA I, ki ¥ Lk
BAGE , Wi ¥ MAEDCA ¥ T &8 43 S B (A &
NaSS) AR R, LR EGHRB RSB REY
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Yy kL 2% 1Y) 20 %€ s TR AT R B i SE 2 Y 3
LT AE— 2 TR L A, R BT Rk
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fife MK 22 (I 4VP A 57 pH > 8) |, FE B W I 25 T vE
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MAEDCA #i1 St iyt 5 ¥y m) PSt 3R 1 R £ VL
PR BRI, HAL R Yy b iy 7 St FoT e o T i 4
K, H 5 PSt F 0y AT MR AT O 2 DL 3 s
WY R EE B LR R T 2 MAEDCA it A &
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MAEDCA #70 HBK i A 6 SR ¥ 15 PSe 1 AH
FEEAR I, D MR R T S ml A /N BURE 5
PR T L A HLBE AN DG . 24 MAEDCA il A B4k 2%
WK 2 20% BF, — J7 kL 5 5 i 3L R Y T
MAEDCA Z5 4 BLo0H 2, HoAfe 4 Jo p Hofy — E i

figp VAR 5 T A ARG (18] 3 (e) ) 5 75—,

S B 5 PR B S8 R W o T I A R AN
PR Tl A, = B T RO IE BB/ R AR fRER
(B 3(E)) A7 i oy BrE s 2 1 R, A8 5 &
OV AR K. X LR BON FE B G O R
ISR £ SR AW A TG S
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Fig. 3 SEM,TEM (inserted) images of particles produced by a supplement of MAEDCA after polymerization had been performed

for 3 h,and the corresponding particle sizes(g)

Supplementation; MAEDCA content related to weight of St: (a) 0 wt% ,(b) 6 wt% ,(c) 12 wt% ,(d) 16 wt% ,(e) &(f) 20 wt%

St: 1.25 mL; AIBN: 2 wt% ; V(MeOH)/V(H,0) =9/1

RZ A MAEDCA J5 fF 45 sk FTIR Sti¥
(F4(a)) [ 1731 em ™" 4b B T fig 3 (—0—C

= 0) By 45 4z 2h 0, 10 B G o 3 R e o
MAEDCA 54 B 50 i 3 45 & 76 PSt {3k 1. A PSt
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B b AN B SR A T A A R 3 (= C—H,
545 om ) MRS Shy AR T 04 5 22 T L 1 06 T
P (S, /S,) B MAEDCA & 5 i iy 42 & , i ]
Bk B MAEDCA BITIES & e 2 i LTt
UV-Vis JE3% (K 4 (b)) 7087 [7 FE AT DL 21
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Fig. 4
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S)H n— ™ BRIE W W g (280 nm [ i) W B
MAEDCA F &Ry 88 hn g g o, B A 0%, &
WIfsk 3k b 45 & ) MAEDCA 50 & & & Wi 3
K. "H-NMR 4347 ([ 4 (c)) W], %M il MAEDCA
JE BT A5 Bk 7E 8 = 4.12 (—CH,—, e) . 4.01 FlI
3.75(—CH,CH, ,f,g) &b 1 L MAEDCA %514 Fic0
P4 AR AR 82 M 0
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i

300
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XPS
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'H-NMR

\
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FTIR (a),UV-Vis (b) and 'H-NMR (c¢) spectra of particles obtained with various content of MAEDCA
supplemented in system: (1)6 wit% , (2)12 wt% , (3) 16 wi% and (4)20 wit% ;

Related to weight of St; the

corresponding sulfur content evaluated by 'H-NMR and XPS analyses (d)

F ' H-NMR % & |- MAEDCA %54 5.0 |
M H I 10H i i AR 5 2R B8 1 /] X)o7 3H 0 A AR
TFRREKA S TR & &, IF 5 XPS A 45 3 K
(E4(d)), mTUAE BBk RTINS THRS
AR BE MAEDCA i A & 48 &5 1 35 n. oK #b i
MAEDCA B, XPS 43 i i Bk 3R 110 S ST R & &5
0.41 mol% ,1fii ' H-NMR 4 7 B i, 3X 345 S 3k
H NaSS, Ui H] NaSS K H G ¥y 3 253 11 76 (K
Flm ] T AR 09 5 BORE VE . H-NMR 4347
STILER HF &L T XPS /pHrai e, i S TR F %

T kR UED] MAEDCA By RG E2EE
FEAH LI AL, fff MAEDCA 4544 5050 32 52 53 17 78 il
BRI
2.1.2 MAEDCA Ji A J5 X0 BRI 3 RS &
R T 4H 18 B 52 TR

IR AP RS R MAEDCA ¥ fi# T
AN T 2 SR SE R I, T A5 Bk ) SEML IR R L
B S RLAs K A R v B T S JT R F 4y
Prafi R ik 1.

H¢ MAEDCA # T St i (] 5(a)) gliif T H
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B/ KR A R (B 5 (b)) A SRR &, SEM
WL 3 ek 2 18] Hi LA ORS 1 BE 4. 25 A2 N
PRIV B AR LR T R TR S R CV R
FIER (5 (a)), W Ao s J7 X0 B ek 19
RS I WA — FE 2T

K MAEDCA ¥ 40 46 2 77 25 )l e 107 3
ARZR (B S(e)), BERE CV AR, AT BE AN B4
S BRI NaSS n] Sy /v AE 1 48 155 AR HT, 4 207y

% 2 2012 4
Table 1 Particle size and S content
cv n(S) (mol% )
No. D,(nm)
(%) "H-NMR XPS
a 1290 14.3 0.20 0.91
b 1100 6.9 0.14 0.99
¢ 1190 9.6 0.17 1.07
d 1320 5.4 0.15 0.91

Fig. 5 SEM images of particles produced by changing the supplemented reagents: (a) MAEDCA + St, (b) MAEDCA + ( MeOH/
H,0),(c)MAEDCA + St + AIBN + NaSS + (MeOH/H,0) , (d) MAEDCA + AIBN + (MeOH/H,0)
MAEDCA: 12 wt% ,St: 1.25 mL,V(MeOH)/V(H,0) : 9/1 ,AIBN (2 wt% ) ,NaSS (2 wt% )

# MAEDCA % T W /K IR & 7 57 b, 8] i
M AIBN, SEM i 7 fi Bk 22 8] Kl % ™ & (& 5
(d)), AT REAMIN A 51 K 300 B 1 55 v A A 3 252 AH
) 5 IO 35 M L T 1 e 3R v S K 4 K R T
AN, AR R G W R AR ORI

LA IR, 2. 1.1 1 TR f MAEDCA %
TAE NaSS 1)) by 41 Bl 2 R W, By 45 31 36 1
TEB R AT RAR B B 3R W ek
2.2 SEHUE PStFEKSIAREINIEERES

¥ R M & photo-iniferter %t FI-MAEDCA 45 #4)
ATTY PSt GLER 43 80T & B4R AM i HY I W
o7 UVORER BT 51 & AM iF 47 2% 1 U0 UE $2 4L
KA. FIR 4 7 % B T 159 108k A AE 3421 ,3175
em ' Rb H B E B 3 AT 9 N—H {41 45 9% 3h i, 7F
1660 cm ™' &b Hy BT R M 56 A 1k i i 4 % sh i
(FE 6),iE3 T PAM B #E# fE ek m 1.

TEM W5 A PAM Ji5 fil 3k 2% 1wl W i K o
Ag GKARLF (B 7(b)) , miAH R 4500 2 10 K 42

4000 3000 2000 1000
Wavenumber (cm™)

Fig. 6 FTIR spectra of particles grafted with PAM on surface

K PAM R A /b 5 NaSS 45 44 550 A 776 AT
BHAR it Ag g KR T (B 7(a) ). UV JedE BT,
FM R PAM (2 N 0 5 Ag™ B JF6 Ag”
JEUE I SR Ag 4Kk T TR 4R TR, X
YLEH T R R PAM BAFAE.
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b 500 nm

Fig. 7 TEM images of PSt particles without (a) or
with (b ) grafted PAM chains, Ag nanoparticles
(NPs) adsorbed

SEM W EE 4k PAM 3k i) R E L LA T
Wt A8 A, R TH HE A PAM 43~ B 7R R [ 5 1
P PR B 5 R R R A R A s L DTRUE R T
FEUE RN URL (B 8 (a) ). B 3R T2 B RN R 2
Ko PAM TR 75 43 H0T ik 5K BTR G
AILAE B oK 2 4% PAM Bk 4> 80 F 12 & ik A
(& 8(b)-L) 7 F i #e kL PAM G 3k W) 35 57 43 H
TRIZAKAMCE 8(b)-R). LW KM E PAM 4
Jo , R R E M AR R A T AR K AR AL, B B K P A
R K

3 i

TE 73 BICR & BUZ I 5 A S e 26 3 A I
T BT ARRORR B B3 O e S 3R THT 2 BE TR A

Fig. 8 SEM image of particle grafted with PAM on
surface (a),and (b) dispersion of PSt particles (L)
or PSt/PAM particles (R) in a mixture of water and

ethyl ether

AL T — SRR AR (H 2, BN 2 e A TE S
JE A J5E B 2 5 7K A R HG B B T P 2 ) ) RE ik
PHTE SIOBR 19 53 A B A0k 19 T8 350, 5% il ) i & A1
TE SRR TH 1 45 5 B AR SCR 20 BOR & P20
Rkhl s T REE & o mARE LGN
(DC) Ay 573 BOROER , B — F i 3k E 2 AY photo-
iniferter. | X Fh i BR photo-iniferter 5| & AM 7E
HOA BP0 v AT TR 26 T UL T B R, R L
BRERMIIEAT TR KBt IR 2R A5 T — Fh ke R E
Hi (raspberry-like ) i) 2R & ¥/ R G W 2 G k.
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PREPARATION OF PHOTOSENSITIVE MONODISPERSE CORE-SHELL
RASPBERRY-LIKE PSt/PAM MICROSPHERES

CAO Le, LIU Lianying, YANG Wantai

(Key Laboratory of Carbon Fiber and Functional Polymers, Ministry of Education; College of Materials
Science and Engineering, Beyjing University of Chemical Technology, Beiing 100029)

Abstract Monodisperse core-shell microspheres of polystyrene (PSt) contained photo-iniferter moieties were
prepared first by a two-stage dispersion polymerization in which B-methacryloxylethyl 2-N N-
diethyldithiocarbamylacetate (MAEDCA) was charged into a reaction system after nucleation. Subsequently,
raspberry-like PSt/poly acrylamide ( PAM) particles were achieved by an ultraviolet light-induced surface
grafting polymerization of acrylamide ( AM) using the as-prepared photosensitive PSt particle as an initiator,
and in a medium of methanol which is not a good solvent for the grafted chain of PAM. The morphology and
core-shell structure of as-produced particles were revealed by scanning electron microscope ( SEM ) and
transmission electron microscope ( TEM ) observation. Fourier transform infrared spectroscopy ( FTIR ),
ultraviolet and visible absorption spectroscopy ( UV-Vis) , nuclear magnetic resonance ('H-NMR) and X-ray
photoelectron spectroscopy ( XPS) analyses demonstrated that the degree of incorporated photo-iniferter
moieties on particle surface improved with the increase of MAEDCA added in system. In addition, it is
advantageous to achieve narrowly distributed microspheres when a mixture of MAEDCA , styrene (St),2,2'-
azodiisobutyronitrile ( AIBN) ,methanol (MeOH) and H,O were introduced into the system in the second stage
of dispersion polymerization. The surface of PSt particles grafted with PAM became hydrophilic, and on which
Ag nano-particles were attached readily.

Keywords Dispersion polymerization, Monodispersity, Core-shell structure, Photosensitive, Rraspberry-like

microspheres



