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ABSTRACT : Polystyrene particles (PS) with poly(ethylene glycol) units on surface were formed by an
emulsifier-free emulsion polymerization using styrene, poly(ethylene glycol) methacrylate (PEG-MMA) or
poly(ethylene glycol) dimethacrylate (PEG-diMMA) at pH 7, and followed by freeze-drying to give the
corresponding powders. The structures of PS particles were confirmed by FT-IR spectroscopy, and the
particle size and distribution the PS particle were observed by scanning electron microscopy and particle
analyzer. Monodisperse polymer particles were obtained at a concentration of PEG-MMA 2~5 mol% or
PEG-diMMA 1 mol% relative to styrene. The highest zeta potential of polymer surface was measured to be
183 mV at a polymer of PEG-MMA 5 mol%, which was measured in dielectric medium by means of ELS-
8000 dynamic light scattering.

Keywords : emulsfier-free emulsion polymerization, poly(ethylene glycol) methacrylate, poly(ethylene glycol)
dimethacrylate, polystyrene powders, zeta potential.
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Table 1. Polymerization Using PEG-MMA (Mn 475)%

Sample Styrene  PEG-MMA D S.D.
Codes (mol) (mol%)® pH (nm)®  (nm)°
PM -1 0.174 2 7 310 62
PM -2 0.174 3 7 307 61
PM-3 0.174 4 7 306 63
PM -4 0.174 5 7 300 75

& Polymerization condition: KPS 0.7 g, water 200 g, 6 hours, 250 rpm,
70=1 C. °mol% relative to styrene. °Number-average diameter of
PS powders. ¢ Standard deviation.

Table 2. Polymerization Using PEG-diMMA®

Sample Styrene PEG-dIMMA ¥ D SD.
Codes (mol) (mol%)® (hm)®  (nm)*
PDM-1 0.174 0.5 7 - -
PDM-2 0.174 1 7 410 52
PDM-3 0.174 2 7 400 102
PDM -4 0.174 4 7 - -

®Polymerization condition: KPS 0.7 g, water 200 g, 6 hours, 250 rpm,
70£1 C. "mol% relative to styrene. “Number-average diameter of
PS powders. “Standard deviation.

T4, Mw cut-off 12000~14000)2 Ag-3te] FA A7t} o]
2AZTFTE WL 23] ZolgHA wubr] (Vison 7
3}, KM.C-8480 SFN)E AR&-3te] 40 Cell4] 747k sRkst
Ak

i) Az AR EZeiEE FRo)E §o2 50
mL 4 224 Ee=z g Fel Yo 2537] (Coe
Parmer AL, 8853)5 AR&-8te] 2417k F<¢F 22| & ZnkR o
A Axr2 FA F, 572 1Ax7] (¥4 Lab A}, FD 55059
£ ARgshe] 7997 A xSk

7171 B4, $EEY 7= IS fst 44 2d
A} w25 Perkin ElmerAl2] spectrum GX FT-IR +%7]
2} SENS IR technology A1) ATR AA|je} & o]8-3}]
Asigiet Al ] 7] Aol 2% (TE S48
$Jste] AlA} FAF D7) (DSC) (DupontAl, DSC 2010)%-
ARgBRgle) o] qlAl AF Aol A A27)1E 54
317] $18te] FAF A2 dv)F (SEM) (HITACHI AL S
2500C) .= #Haslgich w3k f-A v kel Ae] ¢
¥4 Beckman Coulter k2] LS230S ARE-319la, &
A 5= Otsukarke] ELS-80002 AH&-3le] SAslgdch

9

Sh

—_—

cH

3. 27 2 EE

PEG-MMA FXx°9] 93 2 4794 PEG-MMAE
AElgt o] f+, vlo]&A F3HAlY] EAS 71A17] wiEel
A WA F3to] rhsdlar, T3 dEFA Y] IS

526 74

=
°©

ot

Polymer (Korea), \Vol. 28, No. 6, 2004

x

Cup=z

s17] witell AERlY FFdte] A=A, ¢
o PEGZ|7} & W] EA17)7] $3kelglek &
Me PEGE dhe &8l 9= 5, 435
A PEGMMASL o] -5 =4 PEG-dMMAS
sto] ~EjRITEe] FH A 353 23S AR 4
gRle] o2 248l PEG-MMAS] = F71H4)7]
Ao W3ls Akt PM-1, PM-2, PM-3, PM-4
2 F A, 257 AR, 2 Az SAME E
spsigltt. Teble 10 21 A3E A=siglar, 2HE2] SEM
A< Figure 10 Uepiglct. SEM APAlellA] Bz ws}
Zro] PEG-MMAS] w57} 2E]le| tfdle] 2~5 mol%el]
A §4AF 271 300~310 nmE 7HAE wi- T Ld Ak
5 2L 5 ek 53] PEG- MMAS] 55 2 mol%d] =
4= ol T3 iAkEol Al Hell ZAAH
15ko] Akt At 2lsto] AYE]E ofzhe] Hehl

Feh o= 33tk PEGMMAS] =0 m} A} =2
3

i1

AU

M 2 ¢

F
M o

B
2

b

2

(

g

rir
¥e

AR, AAF 2717} ok FhashEA
Faslg o) A gk Gk F2] sk

Z SAEC] glo] A=, LA FHF
A7 71 AL A ez <dsiA Akke] vk
o] T3] AEPoS AT = 93ick Fgure 2=
2E]H7 PEGMMAS 353 st @2 £ FT-IR
£33 2HERS Yedglth EE|aEAe 53 va
(3= C=C, 1500 cm™* #-2)2]ol] PEG-MMA®] 2]3t 7]
= 1727 em™E-2o)lA C=0 =2} 1111 em Lol A]
C-O-C gretching -5l 93t &3 3|32E Els}gict
PEG-MMA %7} 27182 c=0 329} C-O-C 3=
o 27| S/ FIE 5 98y, ¢]Zle®E PEG
MMAS 443k ool tiste] 7<) nj=|4 2= PEGMMA
Ads R deS & 5 ik

PEG-diMMA ¥%¢] 3. o]#54 PEG-dMMA:
PEG7]el 23t ixte] oA A} ~ElRlHe] Tlas
oo, 7t 2EA GAE Pk A e 54
2 A $4 2EjRle) ke 18l PEG-AMMA
9] ok TMIFIHA Ake] WslE SIStk PDM-L,
PDM-2, PDM-3, PDM-4 B5 =3 & =4 225} 3¢,
T2 Az £A4R LEs}slgich Tale 20 1 A7=E
Aeste, w52 SEM ARZS- Figure 391 YL
th SEM ARzlef|A] Bz ule} Fro] 2Ejlle] o] PEG-
diMMA 05 mol%el| A= s =7} U5 Yol ek A}
AAF FA=A] A, 1 mol%el| A58 A 27 410
nmE 7HAE vl 743 dAE 2 5 Adeh 19
32 mo% o)tE] 2318 {AF 2719 e EE A4St
dom 2 Fel= Bty YA T AR
PEG-dMMAZ®] 5x7} =olAd, iAol 7k whg-2e

N oo g2 N o ofo A
lo go Lo .
L
2
2
N
b

(0]

Ir

mN' r

17

EZ2|H, A)28¥ A|6%, 20041



Polymer (Korea), Vol. 28, No. 6, 2004

B2B. Bk 1.398um

(c) PM-3

Polystyrene Particles Containing PEG Groups 527

(d) PM-4

Figure 1. Scanning eectron micrographs of poly(styrene-co-PEG-MMA); mol% relative to styrene (8) PEG-MMA 2 mol% (PM-1), (b)
PEG-MMA 3 mol% (PM-2), (c) PEG-MMA 4 mol% (PM-3), and (d) PEG-MMA 5 mol% (PM-4).
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Figure 2. FT-IR spectra of poly(styrene-co-PEG-MMA); mol%
relative to styrene (@) PEG-MMA 0.5 mol%, (b) PEG-MMA 3
mol%, (c) PEG-MMA 4 mol%, and (d) PEG-MMA 5 mol%.
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(c) PDM-3
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Figure 3. Scanning eectron micrographs of poly(styrene-co-PEG-diMMA); mol% relaive to styrene (a) PEG-diMMA 0.5 mol% (PDM-
1), (b) PEG-diIMMA 1 mol% (PDM-2), (c) PEG-diIMMA 2 mol% (PDM-3), and (d) PEG-diMMA 4 mol% (PDM-4).
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Figure 4. FT-IR spectra of poly(styrene-co-PEG-diMMA); mol%
relative to styrene (a) PEG-diMMA 0.5 mol%, (b) PEG-dMMA 1
mol%, (c) PEG-diIMMA 2 mol%, and (d) PEG-diIMMA 4 mol%.
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Figure 5. DSC thermograms of polymer powders a a heating
rate of 10 “C/min (second heating): (8) PEG-diIMMA 1 mal%, (b)
PEG-diIMMA 2 mol%, and (c) PEG-diIMMA 4 mol%.

Table 3. Zeta Potential and Electrophoretic Mobility in
Dielectric Fluid

Zeta Potential Electrophoretic M obility
Sample Codes (mV) (cm?IVs)
PM -1 104 1.24x10°
PM -2 119 1.42x10°
PM -3 138 1.67x10°
PM -4 183 2.21x10°
PDM-1 42 0.51x10°
PDM -2 91 1.09x10°
PDM-3 58 0.69<10°
PDM -4 56 0.62107
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