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B OE BABERNESRTHEIBEHRNEL M (SPEO) A TR ERSPERSRT S
(BMA)ZEZ. B/ KBRS R oA SR TRZ _SEAMNEPEDINME TR (PBMA-¢- PEC)H T T
BER  PBMA-g-PEG L B 00 R A/ B IE R A0 B BER A8 B, R0 S5 AT, (K R B BMA I At P
AESBHTLEMB 4FHARAMRES EHER AR FHEVIERERNARMER. AIEHE T2ME
(TEM) HI#OE B (US) M AMA RN R RRERSHATRE . RNFEEHERS THRBESARRA
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BEF, . RINELRAXS TREZ S8
BRHEASETRIIMUEELR BT EABE
i R BRARB Y ZELE - EW OIS
BATHER ELR TR FRENMHENE
(N-RTREFRBE) S R(N-ZHEERT B
MO RPREFERT) MBANMREORS
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FEK G FRES S8 o fOE R BB, R
MIEREHT 3 BB R, Bk . Ko+ 3
ERMGI AR T EBRER LA TP, HET AR
R & B A R N T A B B B R R AL
KB LUREY S FHEBHGERGERRE, KE
HHE R AY R HE T B RR RE B OB, e R IARE OO
HETHMENESYHBELETHRENAE, WA X
A F SR B A St B S BE I b T RO SR FE X
HRFGE R S, SR 8O A AR H
HEATHEME K R, A B R T R RIER G R
HLER, B A R AT S At e B A Y B 4 B R
fy 3 72 T 2 00 15 3R 69 T A . Kawaguchi 5 7E 738
SYEOL R RN, R A RS e T A OB
ZERREE X FRATERREN, FRO% K
FPEZAONM RSP HEERAXR, BREHN

BERERERER. FFERINELB KA FEYE
LB 2 R HE A T R YA M R R e, R
BN R T LS B 30% M B
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AIEE RHE LW B 5 ¥ B L B (S1-PEG)
RO FREWERE, EZ5PRERNBHTEH
(BMAVTEA R LBy Z B/ Kk i TR G
B2 R, WAL R 7= A i & M EE A S TP B9 SR P
B2 ) Vg ORI & ST TR
8 (TEM) B 3806 06 B3 (LIS) X RUR B & K
BAR AT VLI | 3 %5 58 SRR ORL A% Bl A B 1 R 0 A2
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1 XBRPH

1.1 #EH

PEG{ Me-O-PEG-OH) R R MM A HEE L
e (CMSt, 86 KT 99% , i B 2= Bg 2> Al SR 4L),
FALB(NaH, 25 E K 60% , A AR ¥ H o dE£)3
IR EEER . EA -5 T (AIBN, H A #fXt
NEIAEFIVZLEPES R TENBRT N
(BMA) . PO 5% W ( THF) (43 87 &5, b ¥ L % 5037
ANEVEFE), LM, blEkRMET T &
PR3 MR A MER S E A .
1.2 St-PEG XS FREMNER

FRHC 5 g Me-O-PEG-OH i B E T 100 mL
=T, A 30 mL THF, 7ERE D #EH T 5
ROBBRADBREEWER, A 2 5 PEG KR
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P EE R B NaH(IrH B 100% ), 7€ 40°C T R AL
2 h, FEIA 45T PEG {K B BE /R CMSt, TE
34°C T BRI 24 b ¥ B R Ja B 7 W on B g
B (THF EBKM 20 F) W 2P EZ U0, 338,
Bl PLIE =Y MU = %, B T THF,
BmAZEMZEES, 38 Iml . itk i & 8 1E
3K, B 5 T8 St-PEG Ko F8 ik R A B
mMRER R,
H-fOCHgCHg—);O—CH;M
(2) CMSt

CH,=CH

H,—~-OCH;CH;5-0—CH;

Scheme 1 Synthesis of 5t-PEG macromonomer

1.3 REHHE
R —ER A St-PEG X4 T ¥k . BMA
# AIBN TERERMED, MAEREHN ZE/KE
GWH RO TEEM AIBN BRE,HRS 10
min i EEHS, REHESRUEET OCHER
KGR PR (FE 160 o/min} L 24 b H SR
B T % H7 B (Cutoff mass £ 14000) H, LAZER K N
BRSBTS K, 8 BHBE NEER S ER E
£ . ERE RN R RER 2 iR,
CH;

AIBN
pCHy=CH + g¢CH,—CH
=0
( | Hy)3 CHy+OCH;CH,3-0CH;
CH;
CHj

|
—(CHZ—ClH-},-,-fCHz—CH—)E

%ZO
( H2)3
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CH;

CH,+OCH,CH>3,0CH;

Scheme 2  Synthesis of PBMA- g-PEG nanospheres
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KA FHENSFRAS TR T HERKS
%@ (GPC) (Agilent1100) M E, HF S H
DMF,JiE % 0.6 mL/min, BE X 35C. KA T &
KRS EGER(C—=C)& &' H-NMR ( Bruker
DMX500,500 MHz) il 58 15 . % BK 9 i 4 1 2 4
B (R, BRI B 3 B BOR B GRS, 1

1.4

FEFE(25+0.1)C F#fr, k28 A ALV-5000e, ¥
eI K 632.8 nm, RS M 80°, R, RH A4 H
CONTIN ##I318 HERNESHAESE T EHMR
(TEM) ( Hitachi H-7010A )17 W% S A
1 TU-1800 XU Y6 B €M BT W40 S B it ik 47 .

2 SRS

2.1 St-PEG KT FHEENEMK
AR A, B EM S-PEG K F 8
BB FREHE GPC ME N 2240 (M /M, =
1.26) .St-PEG K4+ F M ik #) " H-NMR & B 1 B
A BREESH, KO TFEERRNEE § =
5.2,5.7(2H) ® 6.7 (1H), PEG * % 1% (—
CH,CH,—)7E 6§ =3.5 ~ 3.8 &, 6 =3.38 0 K %%
CH,0—H#% , & = 4.46 X phCH,0—+ ¥9—CH,—
B Y5 6=3.5~3.8 f14.46 & P& p 2 T AR
HHEEFBRS TFHRERRNESEN91.6%.

9 &8 7 6 5 4 3 2 1 0
8
Fig. 1 'H-NMR spectrum of 5t-PEG macremonomer in DMSO
2.2 WEHMERN

& 2 #7183 PBMA-¢-PEG 4+ TR i) TEM
BE () MBI BB HWBE R, AHE (D). A
TEMBHAIUEZHR, BEMERERER. EE
HEEARTNATEE HFEFHEE R 12
nm. ¥ H B B AR BN TS R, =
128 nm B it CONTIN KRB MEEM R, 5

i, I ENFAS R RS B
2.3 NRAMAEMNEREENOEE

3 4 BMA .St-PEG KA F &K Z8E/KiR
SN REZRR S HE . h BN, £ S-PEG K
S FRKIKE —ER, FEE BMA WA RN & A
HRZEEEMNE /N ARS BB HEERAH
HERNET BMA SZHEERTFRERENE, ™
RE TR KSR MER NS FOERE, 15
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Fig. 2 (a) TEM image and (b) R, distribution of
nanospheres obtained by dispersion copolymerization
of BMA (5.0 mmol) and S-PEG (0.033 mmol} at
the presence of AIBN {1 mol% to total monomer) in
ethanol/water (V/V, 7/3, 5 mL} at 60°C

HES BMA MERERE, EME BMA IKER
BERNETAKER=60%H , ARSEWME LH
PIBMA N E, THIMZEMAKRERMHEEKER.
Sy BUEE T WA RE RSP X (190 ~ 340 nm) i
R, S REH, T HERETE 256 nm(I
AR WA B T St-PEG K4 F B4 K sm A& 3
o BEH)HEEATRRHRIIE, KBEMA

MEZE D St-PEG K4 FHEESHEL ZBEAK

RHEMTHAP.
ARARRELXBRRMNERMN, 2HE 4 #F
BlH9ARS, B W FLIE A DLIE s BE IR B
LB AR (ME 4), AERTE, A EPEKER
F109% ,H BMA M FE KT 1 mol/L Af, KALE IR
FiEREZEHER, AR BIHEROFE, B
FAEaRNRETHRIZENIBEISSHECE
VIR H . XEH TROZEEBRN PBMANR
BRL AR KBERN, KR4 MR ILRY
162 B 454 F BT DL MR TE A R, T A A AR oM

o oo e 8 O Clear

® Milk

& Two phase
000 oo R B B

' o o oo® 8 8 B

' s o o oobe B B A

BMA/St-PEG (moi/mol)

O O o 0O 0D @ 8B B B

10 C 1 i 1
4] 20 40 60 80 100
Content of water (vol%0)

Fig- 3 Simple phase diagram of the water/ethanol/BMA
mixed system

[st-PEG]: 10 mmol/L
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Fig. 4 Effects of water content and amount of monomer on
the nanosphere formation in the copolymerization of the St-
PEG macromonomer {0.05 mmol) with BMA using AIBN
{1 mol% to BMA) as an initiator in ethanol/water mixtures -

(1otal 5 mL) at 60°C for 24 h

WMATPKERN 20% ~ 60%A ,IEH BMA
HREABARSBHNABER(E 4, TP
1 TEM B F 70 3 25 306 b 5t # & iR 9 R
BEAE B T A 4 R L — A 5 BMA YR B L
REBAERPANSE, FYPEFHEATRER
BE.VHEIAME4ER YA EPEKE
=40%0f, 8 4 FHBERAEHIER SHH A
EE 3 o B R W B AR R MG S M
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FEMmEES LRI FERR TR EmE S,
5 T4 B ULIE . Kawaguchi BV B, E— W
BT HEENMEPAKIENNEM, BMA 5 PEC
RO TFHREAMKBENMNAPHSTHARRE
HAREETRNABRES M TFEEFERPEA N
ATXMEBETELETELE—SWPR.

EFIKEBTE20% ~30% ,BMA ¥ E =2 mol/L #
KRB HIWTE, RITVASR2 B THEEN BMA
W M A M 5 R . BMA & PBMA #
BHMREN,HX PECHEREAREN, KN
R Pk R BE & BMA K AU N &R AR 4k, FR4E R
BRRPEmE KR PECEBEMEER
M54, #3845 PEC BB B G AN &, A
ML T PEC XEEMBHRNBEEE, Bk L&
A BMAMKEED —EHE . ERELS~AT
¥ .

RIATRARMAEREERET,BFH

MEMBEEHESY S FRURES . MAEF
ATEN RN RNEE SN 61.86~75.03 2
EEf el B E B BB MR, S EHNEE
ZHOERB 9.2 0, RGBS BHETHEE
HEZPSBEERRESE . XTRERN, BE
“HLEEEMN A RESEREASABRTERGS =
36.36)ME S BB BT et (L B/IKN 91 B4
=57 48) BGYENM T FAERAXNERE
MARBERER (B4, EBFSHREBERTNMR
F(8=279.02), M EMBEYNERREIRE, T
B s RSB, LB E B M PEC BTIE
BB SE IR, T S BR MR 12 2 B I
AT

MRl PEAIEERBMAERNESY S TR
B BRI DN T/, BB E 5 Paine''? 5578
HREIe -,

Table 1  Effect of reaction parameter on the R, of nanospheres and M, of polymers

Concentration ( mmol/L) Reaction medium

M.bx 1P MM R,"(nm) PD.1.°
BMA Mactomonomer Water/Ethanol ( ¥/ V)  §(J/em® )"
500 10 2:8 51.86 1.67 1.42 56 0.0678
500 10 3:7 66.25 1. 4 1.92 76 0.0054
500 10 4:6 70.64 1.05 1.61 124 0.0035
500 10 5:5 75.03 0.84 1.44 140 0.0172
500 10 6:4 79.42 1.26 1.33 2004 0.186
250 10 3:7 66.25 1.73 2.92 36 0.046
1000 10 3:7 66.25 1.09 1.73 128 0.001
1500 10 3:7 66.25 .77 1.56 214 0.0445

* Solubility parameter 6 = Z 8,@, , where @, is the volume fraction of the ith component. &, = 96.98(Fem’ )%, 8 yua = 53.09(J/em® ) V3

® Obtained by GPC measurement; ° Obtained by DLS measurement; ¢ Little aggregation was observed .

2.4 AR A% W

EARMIRERRY EHERREP, R
WAEHHER AR EEEEENER.ES
AR A EEE R, SREMERKTRY
*AF . HETLLEN BMA 5 S-PEGC K F 8
TR — o), MR AR ER S K S EHEM
MK, X5 PEG Ko FHIAFEZ 7 Z Rk
HFRPHTHHLEEBSAMBEAR . WEE
R - o , 3 B PNIPAM'Y & PNVIBA' K4+ T
BRSBIGEZBHT o EIE RN, AR TR
BREEMEKETRE MM/ MBS Ak
W ERSTRESSNABERREE B, RS
B AR ENEmAERRTRE, BEMAfLRR
ME T EERYFRE.
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Fig. 5 The effects of solvent property on the R, of

nanosphere

{0} : BMA/SI-PEG { mol/mol ) = 12.5; (©): BMA/St-
PEG {mol/mol) = 25;(a): BMA/S-PEG (mol/mol) =
50: (¢ ) : BMA/St-PEG(mol/mol) = 100
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ZUIMREY MR RTEEE S FEEXN R
REIMBERNBRRTHENMNEDPHRHESR, H
VT AR 9 BR B0k R B R R R OK & B 8 N T
BAATMRENBHMARMNBHE BLHERT
BMASMMFT M A ROLEE HBRREENEERER
. —JFE, BMA 890 A ¥ F— 25 in B Bk
BENMRME L 5—F @, EX PBMA & B R)
FREF, KEEMHEMEERNMTAT LR R
SY RN RERBA, RIE Paine £ HRME
B RETEEYBRAEKNEDERHERE
REGBET FEEEMWNERSYETEEELR
EHHE ATMERER L, BEREHE AN
B

HES KA EL, A AT SKE—EN, BEE
BMA/St-PEG L il B9 58 IR S pi e 2 B s 1 fm
BB XATEE A H BMA RBEER AN &%
AP FZ R At SR AP, B T PEG STHEEXT IR AOER

EYR EAVERKNBUHENEX; B -FE,
B R 22U 3 i R BT R X PEG #:4%
M PSRRI HITHABHN —CHEKRPER
EAHERSFREIFERENEER Y —EHMNS
W KA TEERE -E6, KR ENAREH
o — % %0, BMA DA B K380, M £ 1k R IR
m T R E R BN BB KRR,

g LT, R A BE PP IR X Se-PEG K4 F
BikE BMATEZ /KA BRPHITHIHERER
MAEHBRRMER, FEENEEROEL, N AR
MBEXRYNEMNR-BARTEHEREERR
HEREAFMRE ERNEEN R KSR
TEHT 20% ~60% X M NG B 8 — @, KB 4 A
BENHR ARLEZAMBRNEMERFKE
B0 BMA ¥ 38 i v ok, B O R OE A 08 15 1K
FZHKMEEM BMA F¥E , LA BEHEEN
Hi.
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THE EFFECT OF ETHANOL/WATER MEDIUM ON THE DISPERSION
COPOLYMERATION OF BUTYL METHACRYLATE WITH
POLY(ETHYLENE GLYCOL) MACROMONOMER

ZHANG Kun, NI Zhongbin, CHEN Mingqing, CAI Jie, LIU Xiaoya, YANG Cheng
{ School of Chemical and Material Engineering , Southern Yangize Universiy, Wuxi  214036)

Abstract Polymeric nanospheres consisting of poly(butyl methacrylate) (PBMA) cores and poly( ethylene glycol )
(PEG) branches on their surfaces were prepared by free radical copolymerization of butyl methacrylate (BMA) and
PEG macromonomer with a p-vinylbenzyl end group in ethanol/water mixed medium. It was found that the
solvophilic/solvophobic balance between the copolymers and mediums had great effect on the formation of
nanospheres . The obtained polymer dispersion exhibited four kinds of states : clear solution , particle dispersion (milky
solution) , milky solution with gel/precipitation and gel with varying the BMA concentration and water content in the
mixed medium. The particle size and morphology of obtained nanospheres were characterized by the iransmission
electron microscopy and laser lighter scattering . The nearly monodispersed nanospheres with particle sizes from 40 nm
to 500 nm could be obtained by controlling the BMA concentration and water content in mixed medium.

Key words Poly(ethylene glycol) macromonomer, Dispersion copolymerization, Polymeric nanospheres,

Dispersion medium



