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Radiation Exposure Characteristics of Some Polymers
with Perfluorinated Alkyl Groups

Hideo SHUYAMA

Some polymers containing perfluoroalkyl groups (R;) were prepared and their radiation exposure

characteristics were investigated. The electron beam exposure experiments of poly (a-methylstyrene) (Pa—

MeSt) with R; groups on its aromatic rings revealed that the molecular weight of the resin increased by

radiation exposure (negative type) in contrast to ordinary Pa-MeSt which suffered degradation (positive

type). Deep UV irradiation of R—Pa-MeSt, on the other hand, resulted in the extensive fission of polymer

chains.

Poly (phenyl methacylate) (PPhMA) bearing R; groups on aromatic rings behaved also as a negative-type
polymer toward electron beam. Contrary to R~Pa-MeSt and R~PPhMA, poly-(phenyl a-trifluoro-
methylacrylate) was shown to be a highly sensitive positive-type polymer.
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Table 1 Perfluoroalkylation of poly (a-methyl-
styrene)
No M, of Pa-MeSt R; group Eslrlfl;zga(lg/{oy;la-
1 4.0X 10t CiFs 24
2 2.7X105* C,F; 24
3 4.0x10* iso—C;F; 10
4 4.0Xx104 n—-C,Fy 33

* Solvent;CHCl;/CH,CN (CHCly;60 vol%)
*(CHCl; 62 vol%)
Temp.;75°C
Time;FITS addition time (10 min)
+reaction time (10 min)

N, ThbDEFROETRBHEB & FERO Pa-
MeSt o zh & 58T, REMIEL LT Fig. 1 2R,
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Fig. 1 Electron beam exposure characteristics of
poly (a-methylstyrene)* and perfluoro-
alkylated poly (a-methylstyrene) in-
dicated in Table 1
No. 1 (—e—), No. 2 (—0—), No. 3
(—A—), No. 4 (—A—)
poly (a-methylstyrene) (——-— )

* M, =4.0x10*
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Fig. 2 Deep UV exposure characteristics of poly
(a-methylstyrene)* (—O—) and perfluoro-
ethylated poly (a-methylstyrene)**
(—eo—)
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Table 2 Perfluoroalkylation of poly (phenyl

methacrylate)
No M, of PPhMA R; group gznrﬂ;(gga(l;sgla-

1 3.0x10¢ C,Fs 11

2 3.0x10¢ iso—-C,F; 17

3 7.5X10¢ n-C,Fy 28

4 3.0Xx104 n—C5F13 36
Solvent; CHCl;/CH3;CN (CHCl3;60 vol%)
Temp.;80°C

Time;FITS addition time (10 min)
+reaction time (5 min)
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Fig. 3 Electron beam exposure characteristics of
poly (phenyl methacrylate)*, trifluoro-
methylated poly (phenyl methacrylate)
and perfluoroalkylated poly (phenyl
methacrylate) indicated in Table 2
No. 1 (—e—), No. 2 (—0—), No. 3
(—A—), No. 4 (—A—)

P-CF;PhMA (—m—), PPhMA-CF,
PhMA (—o—)
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Fig. 4. Electron beam exposure characteristics

of poly (phenyl methacylate) (————— } and
poly (phenyl a-trifluoromethylacrylate)
(—o—)
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X Loy

1) a) S. Imamura; J. Electrochem, Soc., 126, 1628
(1979)
b) T. Hirai, Y. Hatano and S. Nonogaki; J. Elec-
trochem, Soc., 118, 669 (1971)
¢) M.J. Bowder, L.F. Thompson, S.R.
Fahrenholtz and E. M. Doerries; J. Elec-

trochem, Soc., 128, 1304 (1981)
2) a) M. Kabuchi, S. Sugawara, K. Murase and K.
Matsuyama; J. Electrochem, Soc., 124, 1648
(1977)
b) T. Fujii, T. Deguchi and H. Inukai; Prepr.
Third Tech. Conf. Photopolymers, Tokyo, p.
21 (1982)
¢ ) T. Tada; J. Electrochem, Soc., 126, 1829
(1979)
3) R&D vaR— bk No. 16 “7 v FE(LEHDORIURIC
BHE#T v —x= b — (1981) p. 139, 140.
4) J.N. Helbert and M. A. Schmidt; Am. Chem.
Soc., Ser., 1982, 184, 61.
5) A7 AT T F ALK
R 3 n—-CpFomy1-I(Ph)-0S0,CF; (FITS-m &
77)
B ; iso—CFr—I1—0 SO:CFs (FITS(F)-3i &4
T)

F

6) T. Umemoto, Y. Kuriu, H. Shuyama, O. Miyano
and S. Nakayama; J. Fluorine Chem., 20, 695
(1982)

7) Pa-MeSt ® M, 7 4.0x10¢ DR, 7 v ahki
LEED 60vol% DEEEEE, X 2.7X10° Ok
X 62vol% DD EHV.

8) RV~—0REMMC I IEELTLERET IV R
D= RART bk HEE.

9) &% ; [x/(x+¥))x100% (x, y OEKITRX (1)
)

10) FITS-4 i, M, %% 7.5x10* » PPhMA i BJ5&
+, FITS-6, FITS-2 Rt FITS(F)-3i i IVIw pil
3.0x10¢ » PPhMA iz kG & ¥z,

11) % [x/(x+2)IX100% (x, y DEKIIR(2)S
)

12) K. Harada; J. Appl. Polym. Sci., 1981, 26(16),
3395.

13) p-Y7 At aNu¥ o 2 NEERE L L, PF-NMR
nE—r EEILL Y KD,

14) Pa-MeSt; ¥ vyv-2x% /77—, Ri (L
Pa-MeSt ; ¥ v, PPhMA, R; {& PPhMA,
PCF;-PhMA, PPhMA-CF;-PhMA, Pa-CF;
PhA; AFNA Y TFNT v b-A Y Tr)N ) — )b

15) A. A. Miller; J. Polym. Sci., 14, 503 (1954)

16) T. Umemoto, Y. Kuriu and H. Shuyama; Chem.
Lett., 1981, 1663.

(8)



