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Ionic Graft Copolymerization.
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N-Vinylcarbazole onto Trunk Polymer Containing
Carboxylic Acid, Sulfonie Acid, and Their Salis
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Synopsis

It was pointed out in previous papers that both cationic and anionic polymerization
might be involved simultaneously in grafting onto trunk polymers containing —COOH
or —SO;Na. The graft copolymerization of g-propiolactone (BPL)-N-vinylcarbazole
(NVCZ) onto styrene-divinylbenzene copolymers containing carboxylic acid, sulfonic
acid, and their salts was carried out in order to distinguish between the polymers pro-
duced by anionic and cationic mechanisms. The polymer obtained by the polymeriza-~
tion of SPL-NVCZ with BF;-OEt,, a typical cationic catalyst, consisted mainly of
NVCZ units, but the polymer obtained with BuLi, a typical anionic catalyst, consisted
mainly of SPL units. In the graft copolymerization of NVCZ-SPL onto trunk polymer
containing —COOH, the NVCZ contents of the branch polymer and the toluene-
insoluble fraction were estimated to be ca. 50 mole-%,; therefore these polymers were
produced by both cationic and anionic mechanisms. In the case of graft copolymeriza-
tion onto the trunk polymer containing SO;Na, it was found that both cationic and
anionic polymerization also occurred simultaneously.

INTRODUCTION

Ionic compounds composed of a pair of ions can be used as cationic,
anionic, or relatively neutral catalysts, depending on the nature of the
combination of cation and anion.

A series of studies!-? has been carried out of the polymerization of 8-
propiolactone (BPL) by neutral catalyst. It was reported in the previous
paper,'—* that polymerizations by cationic and anionic mechanisms might
coexist in the polymerization of SPL with a neutral catalyst. In this paper
the graft copolymerizations of BPL~N-vinylcarbazole (NVCZ) onto trunk
polymers containing —COONa, —COOH, —80;Na, or —SO;H are
studied. Many attempts to copolymerize SPL with various monomers such
as g-lactones,* 3,3-bis(chloromethyl)oxetane,?-¢ epichlorohydrin,” propylene
oxide,” acrylonitrile,® styrene,®'® and ethyleneimine'! have been made.

NVCZ was used in the present study for the following reasons: (I)
this monomer is easily polymerized, even by a cationic catalyst of low
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activity, such as arelatively neutral salt or weak acid; (2) the composition
of polymer produced is easily determined by elementary analysis for nitro-
gen; (3) the copolymer obtained is a powderlike material and is easily
handled.

It is well known that NVCZ polymerizes very easily by a cationic
mechanism and BPL polymerizes easily by either a cationic or anionic
mechanism. A polymer consisting mainly of NVCZ units is obtained in
the copolymerization of BPL and NVCZ by a typical cationic catalyst such
as BF;-OEt.. On the other hand, a polymer consisting mainly of SPL
units is obtained in the copolymerization of SPL and NVCZ by a typical
anionic catalyst such as BuLi. Therefore, the polymer obtained by cationic
mechanism is possibly separated from the polymer by anionic mechanism.
The polymer obtained was separated by the solvent extraction to a toluene-
soluble fraction (Fpnvcz), a chloroform-soluble fraction (Fpgpr), and an
insoluble fraction of grafted material (Fg). The polymerization mecha-
nisms were investigated by the determination of the compositions of these
polymer fractions. In the graft copolymerization of SPL and NVCZ onto
trunk polymer containing carboxyl group (RCOOH) as a relatively co-
valent neutral catalyst, the cationic polymerization of NVCZ by H* and the
anionic polymerization of SPL by RCOO—- occur simultaneously in the
same reaction system. Also, in the graft copolymerization onto trunk
polymer containing sodium sulfonate (RSO;Na) as a ionic neutral catalyst,
both cationic and anionic polymerization occur simultaneously.

EXPERIMENTAL

Reagents

BPL was purified by CaCl, as shown in a previous paper.!? NVCZ was
recrystallized three times from purified n-hexane solution. The various
trunk polymers used were prepared by the same methods as desecribed in
our previous paper.?

Procedure of Graft Copolymerization

Toluene solution of BPL and NVCZ was added onto 100-200 mesh pow-
der of dried trunk polymer and then was polymerized in vacuo at 60°C
under polymerization conditions shown in Table I. In the case of

Fxiracted [-Soluble fraction
with toulene {Fenvez!

Prodicte Ixtracted Soluble fraction
with CHCLa [FrByLl

Insoluble fraction—

Tusoluble fraction
Fa

Fig. 1. Fractionation of graft copolymer of BPL-NVCZ onto trunk polymer (St-DVB
copolymer).
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cationic catalyst, such as BF;-OEt; or RSO;H, copolymerization was
carried out at 0°C in nitrogen because of the high polymerization reactivity
even at room temperature.

Separation of Graft Copolymer

PNVCZ dissolves in toluene, P-8PL does not dissolve in toluene but
dissolves in chloroform, and the graft copolymer is insoluble in both,
because of crosslinking of the trunk polymer. The crude product was
separated into three fractions by the solvent extraction as shown in Figure 1.

Measurement of Intrinsic Viscosity

The intrinsic viscosity of the polymer mainly consisting of SPL units was
measured at 35°C in chloroform solution and that of the polymer mainly
consisting of NVCZ units was measured at 25°C in benzene.

RESULTS

Polymerization of SPL-NVCZ without Catalyst

BPL and NVCZ might be polymerized without catalyst for the following
reasons: (1) existence of anionic polymerization of BPL initiated by the
high basicity of NVCZ; (2) occurrence of spontaneous polymerization of
BPL; (8) occurrence of radical polymerization of NVCZ; (4) strong
electron-donor character'*—1% of NVCZ. NVCZ might be polymerized
through an electron donor-acceptor complex by some compounds such as
toluene and the divinylbenzene units and styrene units in the reaction
system. GBPL and NVCZ were polymerized in toluene in the presence of
St~-DVB copolymer without catalyst under the same conditions as graft
copolymerization. Such a secondary reaction can be eliminated under the
grafting conditions, considering the very much lower conversion of the
polymerization without catalyst relative to that of the grafting, as shown
in Table II.

Copolymerization of SPL-NVCZ by BF;- OEt,

BPL and NVCZ were copolymerized by BF;-OEt: as a typical cationic
catalyst under milder conditions than the other copolymerization runs, and
then the reaction mixture was poured into an excess of ammoniacal metha-
nol in order to stop the reaction and isolate the polymer produced (Table
III). The rate of copolymerization increased with increasing NVCZ con-
tent in the monomer mixture. These results show that NVCZ has higher
polymerization activity by a cationic mechanism than SPL. Only a
toluene-soluble fraction was obtained with the typical cationic catalyst.
The compositions of polymers were determined from their nitrogen con-
tents. The NVCZ content of polymer obtained was determined to be
88-95 mole-%,; the copolymer counsists of mainly NVCZ units.
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TABLE III
Copolymerization of BPL-NVCZ by BF;-OLity*
Analysis
NVCZ
content
Con- . . in
Fract. tion,
NVCZ Time, version, Zrachionation, & polymer,
NVCZ + gPL min % Fenvez Fegrr N, % %
0.466 6 23.3 0.7253 0 7.1 95.2
0.333 6 13.4 0.3618 0 7.1 95.2
0.20 8 2.1 0.0485 0 7.0 91.3
0.133 9 17.8 0.3780 0 7.0 91.3
0.066 15 10.6 0.2052 0 6.9 88.2

a BFy:OEt,, 6.6 X 107 mole; monomer mixture, 2.42 X 10~2 mole; total volume,
7.5 ce; in toluene, in nitrogen, 0°C.

Copolymerization of SPL-NVCZ by BuLi

The SPL and NVCZ monomer mixture was copolymerized by Buli as a
typical anionic catalyst (Table IV). Crude polymer was separated to
Fpgpr, and a small amount of Fexvez. Freepr consists of only SPL units.
Therefore, in the polymerization of 3PL and NVCZ by the anionic mecha-
nism, the polymer obtained consists of mainly SPL units.

On the other hand, the polymer obtained in cationic polymerization
consists mainly of NVCZ units (Table III).

Graft Copolymerization of SPL-NVCZ onto Trunk
Polymer Containing SO,H

The results of graft copolymerization of BPL-NVCZ onto the trunk poly-
mer containing SO;H are summarized in Table V. BPL is hardly poly-
merized under such mild conditions (0°C, for 5 min), but the rate of poly-
merization onto RSO;H increases with increasing NVCZ content in the
monomer. The grafting efficiency is very low (1-59%,). A large amount
of toluene-soluble fraction (Fryvcz) and a trace of graft polymer (Fg) were
obtained. The toluene-soluble fraction consists mainly of NVCZ units.

Graft Copolymerization of SPL-NVCZ onto Trunk Polymer
Containing SO;Na

The relationships of total conversion, per cent grafting, and grafting
efficiency against NVCZ content in the monomer mixture are shown in
Figure 2. The total conversion increases but the per cent grafting and the
grafting efficiency tend to decrease with increasing NVCZ content in the
monomer because of the increase in cationic polymerizability. The crude
polymer was separated into three fractions by the methods shown in
Figure 1. The conversions and the polymer compositions of each polymer
fraction are shown in Figure 3. The conversion of Fpxvcz increases and



T. SHIOTA, Y. GOTO, K. HAYASHI, S. OKAMURA

2468

TN UL‘D,0€ ‘09 ¢*/ OWN[0A [8}0} {3usnjo} ul {ajowr,_QT X 9°9 ‘rIng ‘ejow ,_ QT X Z§'g ‘@IN)XIW ISUIOUOTN «

0 — €LE6°0 - 6°€¢ 0t 0 L6LD
o~ - cs1e’0 0200°0 6°%1 4 €8¢l F1-6LD
0~ - g0 0 0200°0 1°¢1 4 0°0g €T-6LD
0o~ — 80S2°0 6%00°0 76 (4 g'¢e S1-6L0
- 001 — L600°0 99°0 01 001 0-6LD
Ta8d g ZOANd [ 1464 y ZOAND 1 9, urw ‘QuuiL, 0/, -a10wt ‘ou "3dxyg

£ ¢
%Yp-ar0w ‘rewfjod 8 ‘uorysuonoriy HORIBAIOD 1d¢ + ZOAN
UL Juajuod ZOAN ZOAN

sVIng £q ZOAN-TdS Jo uopeziewsodop)

Al HTIVL



2469

VI

IONIC GRAFT COPOLYMERIZATION.

0,0 ‘EN UT ‘0uSN{o} Ul (00 ¢ ‘QWIN[OA [810} {8[0W 50T X 19T ‘@InjxXIu wouow djout, 01 X $F ‘HQ§— ‘Jur o1 ‘wwhfod Junag, «

010070 0 0~ - 0~ 10 g 0 9-€2D
(¢'¢8)
0 865070 1€00°0 '€ 1€ 1L € €'¢ ¢-8TD
(€°26)
0 19€1°0 L¥00°0 ¥'e L'y 801 4 9'9 $-€8D
(¢°26)
0 9€60°0 9200°0 L'g 9'¢ c'9 T 02 £CLD
(¢'86)
0 91¥1°0 €600°0 €% €€ 0°8 1 €e IO
(oo1)
0 1L€6°0 S100°0 91'0 ¢'1 8°€6 ¢ 00T =15
3 ‘fuonosiy (ZOAN %-e10m) 3 ‘rowkrod Y% % % urnu 9,-oj0u1 ou "ydxH
quIos-,IDHD 3 ‘uonoely Funpousag ‘Kouatoyye ‘Bunjein) ‘UOISIOAUOD ‘ourt ], ‘r1dg + ZOAN
aqunios-ausn[o], Fup yern) %101, .!1%

Uuor)BUONIBI ]

JHEOS Futureyuoy) wwiod yuniy, 03uo ZHAN-TJ¢ Jo voneziowiiodoy 181
A HTdVL



2470 T. SHIOTA, Y. GOTO. K. HAYASHI, S. OKAMURA
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Fig. 2. Graft copolymerization of NVCZ~8PL onto trunk polymer containing SO;Na.

Trunk polymer, 100 mg; SO;Na content, 4.5 X 10~* mole; monomer mixture, 1.61 X
10~ mole; total volume, 5 cc; in toluene; in N3; 60°C; 258 hr.

mole %

[
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S
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NVCZ in branching polymer
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10
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Fig. 3. Fractionation of the graft copolymer of NVCZ-8PL onto trunk polymer contain
ing SO:Na.

the conversions of Fg and Fpgpr, decrease with increase of NVCZ content
in monomer. Polymer fractions Fg and Fpger, consist mainly of gPL
units and Fpnvez has a composition intermediate between the polymers
obtained by anionic and cationic mechanism. Therefore, these results
demonstrate that Fg and Fegpr, were produced by an anionic mechanism
and Fpxvez was produced by both anionic and cationic mechanism.
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Graft Copolymerization of SPL and NVCZ onto Trunk Polymer
Containing COOH

BPL and NVCZ were graft copolymerized onto the trunk polymer con-
taining COOH at 80°C for 2 days. NVCZ and SPL hardly polymerize
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Fig. 4. Graft copolymerization of NVCA-SPL onto trunk polymer containing COOH.
Trunk polymer, 100 mg; COOH content, 4.5 X 10~* mole; monomer mixture, 1.61 X
10~* mole; total volume, 5 cc; in toluene; 80°C; 2 days.
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without catalyst, even under such severe conditions (Table II, G15-4).
Plots of the total conversion, the per cent grafting and the grafting efficiency
against monomer composition are shown in Figure 4. Total conversion
and per cent grafting increase with NVCZ content in the monomer, but
grafting efficlency decreases. The crude polymer was separated into
three fraction as shown in Figure 1. The conversions and the composition
of Fenvez, Frspr, and Fg are shown in Figure 5. The composition of
Fexvoz, which is the main product, corresponds whieh that of polymer
obtained by cationic mechanism. Fg and Fpgpr, have compositions inter-
mediate between the polymers obtained by anionic and cationic mecha-
nisms, therefore, it is presumed that these polymers are produced by both
cationic and anionic mechanisms. NVCZ which is not polymerized by an
anionic mechanism is unexpectedly contained in the branch polymer
produced by an anionic mechanism. Such an unexpected result is attrib-
uted to the termination reaction between growing cation of PNVCZ and
COO~ in the trunk polymer as shown in Table VI.

Graft Copolymerization of SPL and NVCZ onto Trunk Polymer
Containing COONa

Graft copolymerization of SPL and NVCZ onto the trunk polymer con-
taining COONa as anionic initiator was carried out. Total conversion,
per cent grafting, and grafting efficiency decrease with increasing NVCZ
content in the monomer (Fig. 6). These results indicate that polymeriza-
tion by COONa proceeds by an anionic mechanism. The crude product
was separated into three fractions. Conversions of Fg and Fpgpr decrease
but that of Fenvcz increases with increasing NVCZ content in the mono-
mer mixture (Fig. 7). Therefore the decrease of grafting efficiency is attrib-
uted to production of Fpxvcz.
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Fig. 6. Graft copolymerization of NVCZ-8PL onto trunk polymer containing COONa
Trunk polymer, 100 mg; COONa in trunk polymer, 4.4 X 10~*mole; monomer mixture,
1.61 X 102 mole; total volume, 5 ce; in toluene; in N»; 60°C; 5 hr.
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Fig. 7. Fractionation of graft copolymer of NVCZ-8PL onto trunk polymer containing
COONa.

The composition of each polymer fraction is shown in Figure 7. Fg and
Fpgpr are the polymers obtained by an anionic mechanism and Fpnvoz
is the polymer obtained by cationic mechanisms.

Comparison of Graft Copolymerization of SPL and NVCZ onto
Various Trunk Polymers

The graft copolymerization of SPL and NVCZ onto the various trunk
polymers was compared with the copolymerization of 8PL and NVCZ by a
typical cationic catalyst and a typical anionic catalyst (Fig. 8). The rate
of copolymerization decreases in the order BF,0Et, > —SO;H > Buli >
—COONa > —COOH > —S0;Na. On the other hand, grafting efficiency
increases gradually to the trunk polymer containing anionic catalyst from
the trunk polymer containing cationic catalyst. A large amount of
Fencvz is produced in the cationic copolymerization of SPL and NVCZ, and
the copolymer consists mainly of NVCZ units. In the anionic copolymeri-
zation of BPL and NVCZ, however, a large amount of Fpgpy, is produced and
the copolymer consists mainly of 8PL units. It was concluded from the
polymer compositions that the trunk polymer containing —SO;H initiates
cationic polymerization and the trunk polymer containing —COONa
initiates anionic polymerization, but the trunk polymers containing
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—COOH or —S0OyNa simultaneously initiate both cationic and anionic
polymerization.

Copolymer compositions of total polymer produced by various trunk
polymer are plotted against monomer composition (lig. 9). The order of
cationic polymerization activity is BF;OEt, = SO;H > —COOH >
—S03Na > —COONa > Buli.

HﬂmmFﬂ

BF,OEt, -50 -SO0,Na -COOH -COBNa BuLi

__.-—ﬁﬁ’_

-S0H -SO,Na -COOH -CoONa
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Fig. 8. Summary of the graft copolymerization of SPL-NVCZ onto various trunk
polymers. NVCZ in monomer, 20 mole-%,.
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Fig. 9. Copolymer composition curves for graft copolymerization of NVCZ-8PL onto
various trunk polymers.
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Graft Copolymerization by Means of Chain Termination
Reaction of Growing Cation onto COO~ in Trunk Polymer

Although NVCZ is not polymerized by an anionic mechanism, a large
amount of NVCZ is contained in the branch polymer which is produced by
an anionic mechanism. This unexpected result is elucidated by considering
the chain termination of the PNVCZ growing cation with COO~ in the
trunk polymer. Then, NVCZ or 8PL was polymerized by cationic catalyst
in the presence of the trunk polymer containing —COOH or —COONa.
The graft copolymer was obtained as shown in Table VI but, grafting effi-

ciency is very low.

Comparison between Graft Copolymerization of SPL and NVCZ
onto —SO;Na Trunk Polymer in Bulk and in Toluene

It was presumed in our previous paper!-? that the mechanism of initiation
by the addition product of SPL and —SO;Na predominates in the polymer-
ization in toluene, but the mechanism of initiation by cation exchange
between —SO;Na and acrylic acid predominates in bulk polymerization.

Graft copolymerization in bulk and in toluene of BPL and NVCZ onto
—8S0;Na trunk polymer was also compared (Table VII). In the graft
copolymerization of 8PL of NVCZ onto —SO;Na trunk polymer in bulk,
the grafting efficiency is very low (1.689%,), and the polymer produced by
cationic mechanism (NVCZ content of Feyvez, 91.6 mole-%,) and the
polymer produced by anionic mechanism (NVCZ content of Fegpr, ~0
mole-9,) are obtained as separate fractions. On the other hand, in the graft

RSO,Na + CH,—CH, -—— RSO,CH,CH,COONa oY)
0—C=0

RSO,CH,CH,COONa + gPL + NVCZ —
RS0,9® ((IJH—CHZ),L—CHQCHZCOO(CHZCHZCOO),,,@Na@

I | ) @

RSO,H + (I3H=CH' ((ITH—CHz),,_I—CHZCHZCOO(CHchZCOO)mNa
gRplgNe
block polymer
RSO,Na + CH,==CHCOOH = RSO,H + CH,==CHCOONa (4)

RSO,H + NVCZ — RSOS® (H(IJ—-CHZ),,——H

N
gRng
CH,=~CHCOONa + (lng—(l?Hg —> CH,==CH,—COO(CH,CH,C00),Na
O—ﬁ ®)
0

®)
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copolymerization in toluene, the grafting efficiency is comparatively high
(29.19;), and there is a polymer fraction (Fenxvez) produced by both of
cationic and anionic mechanism (NVCZ content of Fenvez, 51.5 mole-9).
These results demonstrate that the mechanism shown by eqgs. (1)-(3)
predominates in the graft copolymerization in toluene, but the mechanism
shown by egs. (4)~(6) predominates in bulk.

When equivalent acrylic acid was added in the graft copolymerization
system in toluene, the same behavior as in bulk was observed (Table VII,
G 76-2). This result supports the mechanism shown by eqs. (4)-(6) for
the graft copolymerization of SPL and NVCZ onto —SO;Na trunk polymer
in bulk.

Intrinsic Viscosity of Fpspr, and Fenvoz Obtained in the
Graft Copolymerization onto Various Trunk Polymers

It was found that both a polymer produced by anionic mechanism and a
polymer produced by cationic mechanism are obtained in the polymeriza-
tion of BPL and NVCZ by a neutral catalyst. Intrinsic viscosities of these
fractions were measured (Table VIII). Intrinsic viscosities of the polymer
fractions (Fpxvez) obtained in the grafting onto various trunk polymers
are very much larger than that of N-ethylcarbazole, therefore these frac-
tions are polymers.

DISCUSSION

Proposed Mechanism of Polymerization by Sodium Sulfonate

The polymerization behaviors of SPL by sodium sulfonate which has
been investigated in this paper and our previous paper!:? is summarized as
follows.

Homopolymerization of SPL. The rate of polymerization by CHs-
¢S0;Na in bulk is quite fast but that in toluene is very slow.

BPL is converted easily into acrylic acid by heating in bulk, but it is
almost never converted in toluene.

The rate of polymerization of SPL by CH3¢SO;Na in toluene is acceler-
ated by addition of acrylic acid.

The polymer obtained by CH;¢S0;Na has a double bond at one end and a
carboxyl group at another end.

Graft Copolymerization of SPL. Grafting efficiency is lower than
that in the grafting onto trunk polymer containing anionic catalyst
(—COONa), but is a little higher than that in grafting onto the trunk poly-
mer containing catalyst (—SO;H).

Grafting efficiency in bulk is very much lower than that in toluene.

BPL is polymerized only on the surface of trunk polymer. The homo-
polymer by-product is produced in low amounts because of the low poly-
merization activity.
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Graft Copolymerization of SPL and NVCZ. The rate of polymerization
increases, but per cent grafting and grafting efficiency decrease with in-
creasing NVCZ content in monomer.

Fg and Fegpr consist of only 8PL units, but Fexvez has a composition
intermediate between the polymers obtained by cationic and anionic
mechanisms. These results demonstrate that the initiation mechanism
shown by eq. (1) predominates in the polymerization in bulk and that
shown by eq. (4) predominates in toluene.

When BPL and NVCZ are polymerized by sodium sulfonate, both
anionic and cationic polymerizations oceur simultaneously in the same
reaction system.

Proposed Mechanisms of Polymerization by Carboxylic Acid

Two polymerization mechanisms, namely cationic polymerization initi-
ated by a proton and anionic polymerization initiated by a carboxyl anion,
are proposed for the polymerization by carboxylic acid.

The results on polymerization behavior of SPL with carboxylic acid!-2
are summarized as follows.

For polymer obtained with acetic acid, about 509, of polymers have
acetyl groups and carboxyl groups at each polymer chain end. In addi-
tion, the other 509, of polymers have double bonds and carboxyl groups.

The characteristic bands corresponding to acid anhydride, which must be
observed in the polymer produced in cationic mechanism, could not be
detected in the infrared spectrum of low molecular weight polymer ob-
tained by acetic acid.

The grafting efficiency is relatively higher than in the case of trunk poly
mers containing cationic or ionic neutral catalyst, but lower than in
those with anionic catalyst.

In the graft copolymerization of SPL and NVCZ, both cationic and
anionic polymerization occur simultaneously.

In the graft copolymerization onto RCOOH trunk polymer, it was
expected that graft copolymer might be produced by the termination
reaction of growing cations initiated by the proton with carboxyl anion in
the trunk polymer (Table VI). The grafting efficiency in the graft copoly-
merization by chain termination between the growing cation and the
carboxyl anion in the trunk polymer is very low, but the grafting efficiency
onto the trunk polymer containing —COOH was relatively high.

These results demonstrate that the polymerization of SPL by carboxylic
acid proceeds predominantly by the anionic mechanism, and the copoly-
merization of BPL and NVCZ by carboxylic acid proceeds simultaneously
by both anionic and cationic mechanisms.

CONCLUSION

Initiation mechanisms of ionic neutral and covalent neutral catalysts
were investigated by means of graft copolymerization of SPL and NVCZ.
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The order of the rate of polymerization and the grafting efficiency are
SO;H > COONa > COOH > S0O;Na and COONa > COOH > SO;Na >
SOzH.

Since the polymers obtained by the cationic and anionic mechanism
consist of mainly NVCZ and BPL, respectively, they could be separated
conveniently.

In the graft copolymerization of SPL and NVCZ onto SO;Na trunk
polymer, small amount of Fg and Fpgpr, consist mainly of BPL units, which
Fenvez has a composition intermediate between the polymers obtained by
anionic and cationic mechanisms.

Therefore, it was concluded that Fg and Fpgpr are produced by an
anionic mechanism and Feyvez is produced by both anionic and cationic
mechanisms.

Also, simultaneous polymerization by cationic and anionic mechanisms
was observed in the grafting onto the trunk polymer containing COOH.
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