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Table 1  Effect of different monomers copolymerized with Bis on the characteristics of polymers ( Dose rate:25.1 Gy/min, Dose:1 kGy)

Concentration{ mol/L)

Transmissivity {800 nm, % )%

No. Monomer Characters after irradiation R, (nm}
Monomer Bis a b
1 4-VP 0.04 0.2 Translucent emulsion ) 86.7 97.4 56.2
2 MAA .04 0.2 White emulsion : <0.01 62.8
3 AA 0.04 0.2 White emulsion <0.01 49.8
4 AM 0.04 0.2 White bulk gel
5 0.2 White bulk gel

a) Original emulsion; b) Emulsion diluted by 100 times

Fig. 1 TEM photograph of poly(Bis-co-4-VP) microgel
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Fig. 2 Effect of dose on the copolymerization of 4-VP and Bis
{[4-¥P] = 0.04 moliL, [ Bis] = 0.2 mol/L)

a) The gel ratio curve of copclymerization of Bis and 4-VP and
the linear relation between sol ratic s and 1/D (Dose rate:
24.5 Gy/min }: b} Average hydrodynamic radius and
absorhance of microgels (wavelength: 700 nm) affected by the
given dose {Dose rate; 25.1 Gy/min)
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Fig. 3 Effect of dose rate on gel ratio (a)} and on the
absorbance of microgels (b)
[4-VP] = 0.04 mol/L, [Bis] = 0.2 mol/L; Dose: about 1
kGy; Wavelength: 700 nm
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Fig. 4 Effect of the 4-VP conient on the average
hydrodynamic radius of microgels

Dose: 3 kGy; a) [4-VP] + [Bis] = 0.24 mol/L; b) [Bis]
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Table 2 The characteristic peak ascription and change of peak position before and after polymerization
Before polymerization After polymerization
a 4-VP b Bis ¢ d
Y—y 3307 cm Broaden Broaden
V mi—H 3026 cm ! 3068 cm Conecealed by vy_y peak
Voo 1658 cm Broaden Broaden
¥ o—c 1633 em ™! 1627 cm Concealed by v og peak
v oy {Pyridine ring) 1596 cm ™! 1603 cm ™' (shoulder} 1603 cm ™!
& —o—n 089 ¢m™! 993 em” 989 em ! ( weak )
8 praidine cing 992 cm”* 1002 cm ™! 1002 em™!
In the IR spectrum of 4-VP, 8 _c—y and & ;i ring combine into a split-peak.
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Fig. 5 IR specira of the microgels and menomers

a) 4-VP, b) Bis; c) Poly{Bis-ca-4-VP) {[4-VP]:[Bis] =1 )
:5, [Bis] = 0.2 mol/L), d) Poly{Bis-co-4-VP} ([4-VP] =
[Bis] = 0.12 mol/L}
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VPEEBESYNEBEAETENE S (LR R 4-
VP MBS AL E N 415 K'P) &4 IR MM s
BOATUAAH A 4-VP 5 Bis TEAK I D 2 4E

2.7 RHEREEVENNRT

B F 4-VP 53 FHH I 2R Sk 3808 5 3
R B gaERBEREAE NS
FrESMERERBIMENR £, FREEH
HBRE F4-VPHESRMEFE/ANW &,
ko k" (IR 3, &, &, 57 50 8538 K R R 8
ML ILEREW BEERS £ /5"” BIEH),
BiAZ g, B REEA L. 540, Bis (95—
BEE5RAGR EME_NRBWENEEHT
WD X PR, R 3R A B0 BE 5 B 34k BE B B0 40 o

 EEY MEAVPH B RENRERE, OHERA

W R AL BT R S Y EE P Bis TR
B R LT N R R, FEK R A
TERTMKARET H ,JE R EA TR F AT
BF—BIER, (@K 8 A d 2 E
MESR Bis T4 W KA, MERNEKERES
WK BHE WO B B, B R TR R
PLHIZCHRIT S M R AR A R 5 B — 1



64 B

4 F

¥ & 2005 4F

EEE S . T ER AL, R
FREDAHYHBEHNBE R, EREIRF
BERENESELRE RS MEG. AL
B T O B B R PR e, IR DR JLER B

Table 3 kp , k,and kp.’k:’z of different monomers(23%C)

Ky k, k k"

(Lemol™'+s7')  (Lemol™'+s™') (L-mol~'+s~')#*
4-yp° 12 3x 10 0.007
MAAY 4.64%x 107 1.13x 107 1.38
AA® 2.93 % 10% 1.8 x 107 2.18
AMP 7.31x 10° 6.11 x 108 2.96

£ Value taken from Ref[25]; ¥ Value calculated from Ref[27]}

T3 EAXHE Bis LERILTBEE
Bk, Ak /k7 E, T ELEH AM > AA > MAA
> > 4-VP. RE LRI, 5 Bis BB I
BAEDERKREMAFER AM > AA > MAA
>> 4VP.AM 5 Bis £ B VBB RN E S T
FRMKBERFELBIEBN, REYSPER
HBEEPETEBRIFLME. T AALMAA S
Bs XEVHMERNEAYEG TRES>EE
H B K -—C00™ 5—CONH,; % 4% B 1 th 11 £ 1%
BB R X Bis 5 AM L RE RS, EE

SERE K RN B 4T, Bis 1 AM B 3 JE 7B o7 FE MK,
KHRAVNZE N TEE EAS, B TFREY
HER,EXESFAZKNEN, CEREST
B A ER ,EHEKPHERBETE REREMED
B M KAEAT L . A R B AR Sk A
Rk ARRHFTRES S, INBES YRR
T £ MEER . TS RARP LML, IF
HEEB TR S Kt g, &
PS8 BEAZE M7E AA MAA 5 Bis EEBH&F,
TR FEE R R AR T 4 FH T8,
AR T 4 F AR BB .

LR, EMEER 251 Gy/min . R E Y
Rl kGy &% F,4-VP(0.04 mol/L) 5 Bis (0.2
mol/L) I FKIF K - INE B LRI R SR
PIES BN 3.4% FHRE N FEEEN 56.2
nm F SR PE R E T EEL I 5 Bis AR
e, 2L 4-VP RIBOR B, I B BF S OB B K
/ANET LAH i3t W YACSH] B B M X R o o R
TIRE, AR RENEEWEA K 4-VP AHENK
B, 0 btk B, B THBIMER. XTREEK
BRFAREEECHBERKNEBSREAFTHERNL.

REFERENCES

1 Mumay M J,Snowden M J. Adv Colloid Interf Sci,1995,54:73 ~ 91

2 Cao Tongyu(® @ %) , Liu Qingpu (3l K # ), Hu Jinsheng{ & % *£ ) . Polymer Emulsion ; Synthesis Principles , Performances and Applications{ ¥ & %7
FLESRER PERE R ) . Beijing(dL BT ) : Chemical Industry Press(fb2: Tk i K3t ), 1997.452 ~ 461
3 Xu Deheng(##48H) , Guan Yunlin(# z #) . Functional Emulsion & Latex(IhREYE FLHEEFL) . Shanghai{ I #F ) : Shanghai Science & Teehnology

Press( b P 5 i B4t ), 1989.78 ~ 86 & 67 ~ 68
Saunders B R, Vincent B. Adv Colloid Interface Sci, 1999,80:1 ~ 25
Pelton R. Adv Colloid Interface Sei,2000,85:1 - 33

DR - h ot

Kiser P F,Wilson G, Needham D). Nature, 1998, 394:459 ~ 461
10 Jeong B,Bae Y H,Lee D 5,Kim S W. Nature, 1997,388: 860 ~ 862

Pichot C, Elaissari A, Duracher D, Meunier F, Sauzedde ¥. Macromol Symp,2001,175: 285 ~ 297
Xu 5,Zhang J,Paquet C,Lin Y, Kumacheva E. Adv Funct Mater,2003,13:468 ~ 472
Debord J D, Eustis S, Debord S B, Lofye M T, Lyon L A. Adv Mater, 2002, 14:658 ~ 662

11 Puig L J, Sanchez-Diaz J C, Villacampa M, Mendizabal E, Puig J E, Aguiar A, Katime I.] Colloid Interf Sci,2001,235:278 ~ 282

12 Antonietti M, Rosenauer C. Macromolecules, 1991,24:3434 ~ 3442
13 Pelion R H, Chibante P. Colloids and Sudfaces, 1986,20:247 ~ 256

14 Pitarresi G, Licciardi M, Craparo E F,Calderaro E, Spadaro G, Giammona G. Radiat Phys Chem,2002,65:15% ~ 167

15 Ulanski P, Rosiak J M. Nucl Instram Meth B, 1999,151:356 ~ 360

16 Zhai Maolin( E %K) ,Ha Hongfei(ﬂ%i‘g—li) , Fumio Y, Keizo M. Acta Polymerica Sinical B4 F 238 },2000, (6) :663 ~ 667

17 Yoshida M, Asano M, Kaetsu !. Yakuzaignku, 1982,42: 137 ~ 145

18 Wang B, Mukataka S, Kedama M, Kokufuta E. Langmuir, 1997,13:6108 ~ 6114

19  Schmidt T, Querner C, Arndt K. Nuecl Instrum Meth B,2003,208:331 ~ 335

20 Kadlubowski S, Grobelny I, Olejniczak W, Cichomski M, Ulanski P. Macromolecules , 2003, 36: 2484 ~ 2492
21  Kim W S,Se0 K H,Hwang Y Y.J Polym Sci: Polym Lett Ed, 1988 ,26:347 ~ 350



] BREKIES . N, N - TR ENRRBE S 4- BB LR BEREY »-HREAReM 65

22 Rivas B L,Pooley $ A, Aceiton E, Geckeler K E.J Appl Polym Sci,2002,85:2559 ~ 2563

23  Pinkrah V T, Snowden M J, Miichell J C, Seidel J, Chowdhry B Z,Fem G R.Langmuir,2003,19:585 ~ 590

24 Zhou Zukang{ FI# ), Gu Tiren{ B{18 A ) , Ma Jiming( 25 F4Z) . Foundation of Colloid Chemistry BE R b4 BBl } . 2nd ed. Beijing( L 5 ) : Peking
University Press( b0 FC 25 i) L 1996 .200 ~ 203

25 Brandrup J, Immergut E H. Polymer Handbook . 3™ ed. New York:John Wiley & Sons Inc,1989. V1/227 & 11/76

26 Tobita H, Hamielec A E. Polymer.1990,31:1546 ~ 1552

27 Gromov V F,Galperina N I,0smanov T O, Khomikovskii P M, Abkin A D.Eur Polym J, 1980, 16:529 ~ 535

28 Lin Shang’ an{ K% %), Lu Yun( Bz ), Liang Zhaoxi (3 JE 28 ) . Polymer Chemistry (3 4+ F fE24 ) . Beijing( JL 50 ) : Science Press (3 i Rii3E),
1998 . 487 ~ 488

SYNTHESIS OF POLY( N, N'-METHYLENEBISACRYLAMIDE-co-4-VINYLPYRIDINE)
MICROGELS BY v-RAY IRRADIATION

CHEN Qingde, SHEN Xinghai, GAO Hongcheng .
{ Department of Applied Chemisiry, College of Chemistry and Molecular Engineering , Peking University , Beijing  100871)

Abstract  y-Ray irradiation was successfully used in the surfactant-free emulsion copolymerization of N, N'-

methylenebisacrylamide( Bis) and 4-vinylpyridine{4-VP) , leading to a series of microgels with average hydrodynamic

radius { E,i) ranging from 56 nm to 152 nm. However, when acrylic acid ( AA), methacrylic acid (MAA) or
acrylamide( AM) were used instead of 4-VP, unstable white emulsions or white bulk gels were obtained. The poly
( N, N'-methylenebisacrylamide- co-4-vinylpyridine ) ( poly ( Bis-co-4-VP)) microgels were characterized by infrared
spectroscopy, differential scanning calorimetry and transmission electron microscopy. The effects of the ratio of
monomers , absorbed dose and dose rate on the synthesis of poly( Bis- cos-4-VP) microgels were studied through I_i,, )
absorbance and gel ratio. The results showed that the size of microgels could be contrelled either by the absorbed
dose or by the ratio of monomers.The mechanism concemning the formation of microgels was also discussed.

Key words Microgel(s), 4-Vinylpyridine, N, N'-Methylenebisacrylamide, Y-Ray irradiation, Surfactant-free

emulsion copolymerization



