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Abstract : In plasma-processing using organic vapors, two types of polymerizations are known; plasma-
state polymerization which forms a unique plasma-polymerized thin film, and a novel method for
plasma-induced radical chain polymerization of vinyl monomers which is referred to as plasma-initiated
polymerization. Although a variety of unusual reaction features and interesting applications have so
far been reported in the plasma-initiated polymerization, much remains to be seen including the
polymerization mechanism. In this review, we delineate the mechanism which we believe can clarify
ambiguities posed in plasma-initiated polymerization, and a novel polymerization technique derived from

such studies for elucidation of the mechanism which we refer to as a new plasma-initiated polymerization.
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Fig. 1. Apparatus for plasma-state polymerization.
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Fig. 2. Apparatus for plasma-initiated polymerization.
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Fig. 3. Schematic representation for the polymerization induced by plasma-driven ultrathin film.

Table 1. Polymerization of MMA induced by various organic plasma-driven ultrathin film

Initial rate of

Organic vapors Propagation .

for plasmolysis period (hr) Yield (%) convertion Ry(M/1 - sec)
Methyl isobutyrate(MIB) 41 6.7 4.28X10¢
Methyl methacryrate(MMA) 21 5.9 7.29%10°¢
4-Methyl-1-pentene(MP) 21 5.2 6.47X10°¢
Propen tetramer(PT) 30 4.0 3.48%X10°6

(blank) 24 trace

Plasma generation ; 50W, 60s : Postpolymerization temperature ; 65°C

7o TNVRTHEADER 75 X< 2 EERRA 3¢ (13.56 MHz O AR EERE 2 B OB EEER50W, 60
sec), FIEDEMMEHIEEL NE T 2 2REL E, HItEREDO = VvEe s v — (MMA) 2BHEHAVES
IS RRAIZ, T DFHE, Table 1 ITRINZHKIC, VTN IEGREFRIQETTSC L8RS, BENpE0E
FHAEEER oV E 2 v - BHMEMCEEL, 77 ABHY I ARAVPRESCEE LRI RO LMWL
DI ST, COEEE, ot 7y A<D E /v - HEPEK T A 2A0HFE S EAEERLTU B
RARTILNVZ &EBRL TU 5 363D

b. EREEEE TS X< B H 7 2K mOWE R

bibogic, T AHBERICBT ST 7 A<ME Y 7 AKAOEEECHE S T, HaxOERKAKOER 75
R <[4 H 7 A DK%, ESR, SEM, XPS, ##filfy, KAESEEEZOUHEAHEFBRICL - THEIL I,
WAL oA 7 5 212, Fig 4 WRTRIC, 7o TVEOD TS X< HEARBHIC I A= H I RAR2HED T 7
X7 BEEESAE & S ICREMAUVELORET T, 77 XML 7z, ESR HIEICH T, I (Pyrex),
FRdE, BKE N T 2B RAOCT, it ERGCUBEL 72,

COBRZUTELNIER S <B4 5 7 2D ESR 2<% bk, BETI X<BHY I ADZNEITE
A EERENIEL, T AT - THERU 2K 7 AR OB BEFRLO A 2R, 33006 R OGRS D
FIMCHEL S TV AIOBES 512, F12, SEM HRUTHWT S, HEBS L O 7 A<@BatE die 75 X< H
JLBE T 5 A & L THISITRE L 2B 6 N8 h 5 12,
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Fig. 4. Schematic representation for preparation

of plasma-exposed glass sample.

U U2hss, XPS HIERRIZBL 2 HE Y 7 AvBERB Tk ka uZb%2/RU 12, Table 2 iz, 4D
T X< fRE A 7 AD XPS JEKR 2 r#E (1s), BFE (1s), HiF (2p) DMEHIT X - T/RU 12, Table 2 > 5 H3
I RRICHEE T A< BN & o T, RILE Y 7 ARE & REL LV, BT I X~BHIBNTE, RED
FESIRE DR & 77 AHBRITTHRDERDOEL WETHBRIN, FIAREBSFEEINT VS C & 2l RBL T,

F 12, Table 3 ICHAD 75 X<IBHF 5 AD, K, =FL ¥y =, bbx a3 0ORIEREE»
AT (Y ANOMEE, O AFIVY T VBN T RBANT TS A UBU 1ZHIEE). Table 3 585 b 20k
i, VI URDVTIE, WIFNE T 50 7 EEBROC EWRINID, e FeFov#Er§ okRi=Fro s
) =L T, BT 7 AN I A TR R0, AT 5 X<RE» 7 2 CREGECENEEDS

Table 2. Relative atomic intensity? of XPS spectra on various plasma-treated glasses

plasma source C(1s)/0(ls) O(s)/Si(2p) C(1s)/Si(2p)
* inorganic plasma = R
He 0.29 2.21 0.63
N2 0.21 4.82 1.96
(02 0.18 2.05 0.36
blank 0.39 2.02 o 0.80
» organic plasma _ o
MIB® 5.00 301 19.91
MPe 35.79 9.29 332.35
CH4 66.43 ooe. coe

a2 The relative atomic sensitivity was considered to be 0.817 for Si(2p), 1.00 for C(ls) and 2.93 for
O(ls). ®

b Methyl isobutyrate.

¢ 4-Methylpent-1-ene.

4 Cyclohexane.

e Si(2p) peak was negligible.
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Table 3. Contact angle of plasma-treated glass?

cos ¢

plasma treatment water ethylene glycol toluene

blank 0.93 0.93 1.00
(—0.12) (0.05) (0.86)

N2 1.00 1.00 0.99
(1.00) (1.00) (1.00)

O 1.00 1.00 1.00
(1.00) (1.00) (1.00)

MIB 0.00 0.34 1.00
(—0.10) (0.28) (1.00)

CH 0.00 0.38 1.00
(0.00) (0.39) (1.00)

MAc 0.21 0.57 1.00

MIB — N2 0.98 0.98 1.00

MIB — O: 1.00 - 1.00 1.00

CH — N2 0.76 1.00 1.00

CH — 02 1.00 1.00 1.00

MIB — washed with benzene? 0.68 0.80 1.00
(—0.07) (0.24) (0.91)

CH — washed with benzene= 0.20 0.36 1.00
(—0. (0.41) (1.00)

01)

a2 The values in parentheses are for the DMCS-precoated glass.
b Washed for 2h at 60°C and dried.
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— T, A N T o P FER, GEGT U AVORBEREBS L OEEBRCHCONAFETHD ,PBN(l)c;t,Eq. 1
DRFIT T 2 HIVER » ERIGU TEINCEEL = b F v FORE R 2 54 % .42

Fig. 6 i MIB 75 X<M&t 7 Fv%, PBN OV ¥UEiREFIGSEERB S5 PBN 2 v o
ESR 2RZ7 bWV ERUIZEDTH S, HEMMEDESEL L DAY M VBB REFLI OB VDAE
I ThH %, COFEDRARY VX, ZOMEL DAEKAED 77 X< BHT » TP TORIGKBNTERD S
nichs, zOHERZEENE, —EMNL ELORRFICE Y 2 &0 A IOERLED 51, G 7 © 1 VIR IERITRIK



rf
generator

(13.56MHz)

W77 X<GRES - WAEBRZ

open

organic
vapor
(0.5 Torr)

matching
network

rf

oA

dry N2 gas
spin trap
in benzene

sealed
el

(1072 Torr)

AN o

T

P

ESR tube—|

J

Fig. 5. Schematic representation for ESR spectral measurements of the spin adduct.
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Fig. 6. ESR spectrum of the PBN spin adduct

obtained in an MIB plasma-exposed

glass ampule.
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Fig. 9. Representative reaction scheme for plasma-polymerization.
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