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Segiit P 30 min, & AR K 0. 24 ¢ 51 & 7 KPS
VT 10 mL 7K A, B RO S Do 3 SR A A
B WA R, 78 T0C R IR KR OB 7 b 15
B [E 5 7R 10. 2% 1 PSt FlFELK.
1.3 P(St-NVP) ZFEMIKM & &

W1 iR, 4% 30 g PSt R TR (& 3.06 g

PSt FLE KL ) AR Ak B 51 & R KPS (A2 Bk 7] MBA
150 mL ZE 18K 438 T = B, 4k 30 min, 45
JEMA — & & 1Y FK NVP F S, 5 & SR 9,
70°CE K R 6 he 455 1k i, B0 JE bk,
FHE B FKMIIK CBEZ IR BEB T 1845 3] P(St-
NVP) ¥ 7e il k.

Table 1  Synthesis of composite particles
Samplecode St(g) NVP(g) MBA((g) KPS(g) PSt seed(g)
PSN-1 6.35 5.23 0. 0503 0.2698 30
PSN-2 6.35 5.23 0. 0760 0.2680 30
PSN-3 6.35 5.23 0. 1049 0.2656 30
PSN-4 6.35 5.23 0. 0760 0.2620 35
PSN-5 6.35 5.23 0. 0760 0.2661 40

1.4 P(St-NVP)/Ag EGHEKHH &
PRI — € f /Y P (St-NVP) ik, 70 8T 50
mL F5 8K b B B S FLM, A S mL Y R R
5x 10 mol/mL () AgNO, %W, 2 i T i +E 12
h SR JE M A 10 mL ¥ EE R 5 x 10 ° mol/mL
NaBH, , R HEFE 2 b fli0E, peik, TR R4S P(St-
NVP)/Ag 5 & HOK. Hil st B2 anEl 1 s,

NVP, St E
KPS, MBA

PSt seed

AgNO;

® Ag nanoparticles

P(St-NVP)/Ag composite particles

P(St-NVP)/Ag*

Fig. 1 Scheme for preparation process of P ( St-NVP)/Ag

composite particles
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HEAT AR 43 BT 5 R Bl JSM-5610LV %0 49 4 B 7 i
ks (SEM) Ff1 JEM-1230 #13% 5 B 7 & 15 %5

(TEM ) W £ Bk 1 2 T 5 5 SR FH 1813320 ALK
JCATT S L BE 23 B A R 5 R R AR A S 3 A
K H B A JEOL 2\ 5] Quest Level-2 Bl X &2k GE1i%
ST CEDS ) I3 £l 35K 3% T 42 90 K hr - 7 .
FH NaBH i 5t 4-fiFf % Wy oy 4- %0k % M) 19 52 b
SR 52 52 5 T BR B0 i AL R BE. K 0. 015 ¢ 5
BRAMAE] 80 mL e BZ 2 4. 18 g/mlL {4505 il 1 4 13
B, In A 0.055 ¢ NaBH, , k& ] UV-2550 £ 4p-
A UL A3 66 BE T I S5 BN A FR AR AN [) B[] R 114 48
HPGETE AR AT D 250 ~ 550 nm.
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Fig. 2 FTIR spectra of PSt and P ( St-NVP)/Ag composite

particles
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64. 5°F1 77. 4°Kb H BLAR B , 5 21 AR 40 K kL AT
SR O, B — 0, R T AR N KR IO ST T A
f(111),(200), (220) F1(311) Ay 4 At
FE i A S A AR B, 0 Y 5 Rk b A iR AR
i i B A

12000

(111)
10000}

8000 -

6000

4000} o e
2000+

0OFr

Intensity (Counts)

10 20 30 40 50 60 70 80
20(°)

Fig. 3 XRD patterns of P(St-NVP) /Ag composite particles
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Fig. 4 SEM images of P(St-NVP)/Ag composite particles (a) PSN-2, (b) PSN-3, (c¢) PSN-4 and TEM images of PSN-3 (d)
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Fig. 5 Particle diameter distribution of the PSN-3

composite particles

Table 2 Particles size and PDI of P ( St-NVP)/Ag composite
particles
P(St-NVP)/Ag Particles size Wy,
PDI

code (pm) (% )
PSN-1 1.22 1.79 24.2
PSN-2 1.01 1.37 24.6
PSN-3 0.82 1.33 22.5
PSN-4 0.83 1.20 23.4
PSN-5 0.74 1.20 21.6

2.5 fEUEHERES T

9 T WESE P(St-NVP) /Ag 55 TR 19 i Ak 14
e, LAAK K 2 WA B, L NaBH, 38 J5 4-fiff 5L 4 1
PR 4SRRI (Y SN A S SR B . A 5 AT
UG 4 B DR A WAE 399 nm b B B 1Y
W AU | 420 % TV W AE 297 mm Ab A TR S 0
TS AR &R AU AR JE ) NaBH, T AN INE &
Bk, Rl 2630 24 h, 4-ff 3 2K B 7 WFE 399 nm
Ak 11 W AU A, AN 55, #E 297 nm Kb oA H B 451 0
JE W e (I 6a). 6 B AE I SE B A1
NaBH, I A B IE I 4-fi SR . 00— /i &2
BBk s NaBH, & BCAE Ry 4- 56 08 1 44 Ak i 5t
Ak R0 1 B2 R0 T A B R IO A R v B VS Y B
W R 25, 22 HOGE 399 nm Ab 4-fiF B R 19 1Y)

MR WA e 3 T AR, () BSF 297 mm Kb 4% 5 2 1y 1) 1
WA U 5 2 AN T4 . SR 36 min J5,399 nm 4F
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By C 2 e Pl IO 4- @ R E. ik T i G
PR X T NaBH, 8 Jir X il 425 4% M) 14 52 o 2L AT B
AR AL TG P R A2 TRk A i R AL TS P, R B
& T A JE 98 ROk T AE SR A AR L T
BH, 5652 51| 4 25 % By D10 A 20 4 ok J5 o
4R

TR AR A2 1Y 2 i 9N KR T i T S AR AL R
[RYSi ey N ibboR/Y N FVEL N b e A T
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R HE AR A T DUAR B 55 S - 1] UL O3 v 4 - 2
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Fig. 6 UV-Vis absorption spectra for the reduction of 4-

nitrophenol to 4-aminophenol at different reaction times

without (a) and with (b) composite particles
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PREPARATION AND PROPERTIES OF
POLY (STYRENE-N-VINYL-2-PYROLIDONE ) /Ag COMPOSITE PARTICLES

Gui-ying Li, Ting Zhang, Jian-wen Liu, Min-yi Qi
(School of Chemistry and Materials Science, Ludong University, Yantai 264025)

Abstract Polymer particles with core-shell structure, P ( St-NVP) | based on styrene (St) and N-vinyl-2-
pyrrolidone (NVP) were prepared through emulsion polymerization using potassium persulflate ( KPS) as the
initiator , methylenebisacrylamide (MBA ) as the crosslinker in the presence of polystyrene ( PSt) seed latex
particles synthesized by surfactant-free emulsion polymerization. Using the P ( St-NVP) particles as template,
P(St-NVP)/Ag composites were obtained by chemical deposition. The morphology, component, structure and
catalytic performance of the composite particles were characterized and investigated by Fourier transform
infrared spectroscopy, X-ray diffraction, scanning electron microscopy, transmission electron microscopy , laser
diffraction particle size analysis and UV-visible spectroscopic techniques. The results revealed that the P ( St-
NVP)/Ag composite particles were of spherical particles with quite narrow size distribution. The particle size
was between 400 nm and 700 nm, depending on the preparation conditions. The size decreased with the
increase in the amount of the crosslinker and the concentration of the seed latex polymer. Ag nanoparticles of
about 10 nm in diameter were well coated on the surface of, or implanted inside, the particles due to the
complexation of functional groups on polymer chains. The observed diffraction peaks of the composite particles
showed that the Ag particles were of face centered cubic crystal structure. The composite particles with Ag
nanoparticles were used as the oxidant in 4-nitrophenol reduction to 4-aminophenol with NaBH, as the
reducer,and the reduction was significantly enhanced with the presence of Ag nanoparticles.

Keywords Styrene, N-vinyl-2-pyrrolidone, Composite particles, Silver nanoparticles, Catalytic performance



