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Self-Polyaddition and Their Copolymerization
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ABSTRACT: Polyguanamine macromonomers were synthesized by self-polyaddition reaction
of 2-amino-4-(m-amino-N-alkylanilino)-6-isopropenyl-1,3,5-triazines. Alkyl groups were ethyl and
octadecyl. Molecular weight of the macromonomers was determined to be 3000—4000 (number
average molecular weight) by their '"H NMR spectra and gel permeation chromatography.
Copolymerizations of the macromonomers with styrene and methyl methacrylate were carried out
to give the graft copolymer. Glass transition temperature (7,) and decomposition temperature were
determined by thermal analysis. Only a single T, was observed for the resulting graft copolymers.
The thermal properties of the graft copolymers were compared with those of random copolymers.
KEY WORDS Isopropenyltriazines / Polyguanamines / Self-Polyaddition /
Macromonomer / Graft Copolymer / Glass Transition Temperature /

The macromonomer technique is the most Oda et al. found that a vinyl group attached

useful method to prepare graft copolymer
having branches with welldefined length.!
Michael type self-polyaddition for monomers
containing both vinyl group activated by
electron withdrawing group and nucleophilic
group is expected to form the macromonomer
with one polymerizable functional group as
an end group.

CHy
— My F—CHy~C
‘d

CH3
_CHZ_(E_
COOCH

M, : -CHZ—CH- s

N“ N
HZN)*NJ\ N-@- NH
R

directly to triazine ring reacted with nucleo-
philic reagents such as amines and thiols.?
By application of this reaction, we reported
previously the synthesis - of polyguanamine
by self-polyaddition of 2-amino-4-(m-amino-
anilino)-6-isopropenyl-1,3,5-triazine.> The re-
sulting polymer exhibited excellent thermal
stability. However, copolymerization of the
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macromonomer could not be carried out
because of poor solubility. The introduction
of alkyl group into the monomer unit would
be expected to improve the solubility of the
macromonomer. Graft copolymers obtained
from the copolymerization of the resulting
macromonomers with conventional comono-
mers can be expected for good thermal
stability. In addition, the copolymerization
of the macromonomer containing long alkyl
group gives specific structural polymer which
has long alkyl side-chains in the branches
(comb-like branch) of the graft copolymer.
This paper describes the preparation of 2-
amino-4-(m-amino-N-alkylanilino)-6-isopro-
penyl-1,3,5-triazines whose alkyl groups are
ethyl and octadecyl, and the self-polyaddition
of these monomers to produce polyguanamine
macromonomers. Further, characterization of
graft copolymers obtained by the copolymer-
ization of the resulting macromonomers with
styrene or methyl methacrylate is presented.
The structure of the graft copolymers synthe-
sized in this study is shown in Scheme 1.

EXPERIMENTAL

Materials and Instruments

The starting material, 2-amino-4-(m-nitro-
anilino)-6-isopropenyl-1,3,5-triazine (ANIT)
was prepared by the reaction of 1-(m-nitro-
phenyl)biguanide with methacryloyl chloride
as described in the previous paper.* Styrene
(St) and methyl methacrylate (MMA) were
purified by usual procedures. Benzene, N,N-
dimethylformamide (DMF), N,N-dimethyl-
acetamide (DMAc), and dimethyl sulfoxide
CH,=C-CH

CH,=C-CH,

(DMSO) were dried and purified by distil-
lation. Other reagents were obtained commer-
cially and used without further purification.

'H NMR spectrum was obtained with a
Varian XL-200 (200 MHz). Gel permeation
chromatography (GPC) was carried out on a
TOSOH HLC-803D with G2000, G3000, and
GMH TSK gel-columns and a differential
refractometric detector in tetrahydrofuran
(THF). The columns were calibrated with a set
of monodisperse polystyrene standards. Melt-
ing temperatures (mp) and glass transition
temperatures (7,) of polymers were determined
by differential scanning calorimetry (DSC) on
a Rigaku-Denki DSC-8230 at a heating rate of
20°Cmin~!. DSC at low temperature region
was measured from —120°C to 150°C on a
Rigaku-Denki Thermoflex with a low tem-
perature unit (Rigaku-Denki DSC-8131BL) at
the heating and cooling rates 10°Cmin~>.
Thermal stability of the polymers was ex-
amined by thermogravimetry (TG)-differential
thermal analysis (DTA) on a Rigaku-Denki
TG-DTA-8110 at a heating rate of 10°C min ~*
in an atmosphere of air.

Monomers

The monomers used in this study were
synthesized according to Scheme 2.

2-Amino-4-(m-amino-N-ethylanilino)-6-
isopropenyl-1,3,5-triazine (AN2). At first, 2-
amino-4-(m-nitro-N-ethylanilino)-6-isopro-
penyl-1,3,5-triazine (NN2) was prepared by
the alkylation of ANIT (54.8 g, 0.2 mmol) with
ethyl iodide (31.2g, 0.2mol) in the presence
of potassium hydroxide (14.0g, 0.25mol) in
DMF (600 ml) at 30°C for 20h. The reaction

CH,=C-CH

2 2~C-CHy 2=C-CHy
NN RX NN Fe—FeSO4 NT |N
- | - >
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n-CghyBr NN18: R=n-C,gH,, ANIB: R=n-C gHs

Scheme 2.
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mixture was poured into a large excess of
water to precipitate the solid. The crude
product was recrystallized from methanol:
yield 48.4g (81%), mp 119°C. Elemental
analysis. Caled for C,,H,(N¢O,: C, 55.99%;
H, 5.37%; N, 27.98%. Found: C, 55.80%; H,
5.63%; N, 27.92%.

AN?2 was prepared by reduction of NN2.
NN?2 (40.0g, 0.13 mol) was added to mixture
of ethanol (500 ml) and water (150ml) in the
presence of iron powder (100g) and iron(II)
sulfate heptahydrate (40.7g, 0.15mol), and
the mixture was refluxed with stirring for 5h.
After filtration of the reaction mixture, the
filtrate was poured into a large excess of water
to precipitate the solid. The crude product
was purified by reprecipitation from methanol
into water: yield 19.4g (54%), mp 130°C.
Elemental analysis. Calcd for C,,H;gNg: C,
62.20%; H, 6.71%; N, 31.09%. Found: C,
62.45%; H, 6.75%; N, 31.13%. 'H NMR
(DMSO-dy), 61.14 (t, 3H, CH;), 2.00 (s, 3H,
CH,;), 3.90 (q, 2H, CH,), 5.27 (s, 2H, NH,),
5.43 (s, IH, =CH), 6.26 (s, 1H, =CH), 6.79
(s,2H,NH,), 6.38—7.14 ppm (m, 4H, CcH,,).

2-Amino-4-(m-amino- N-octadecylanilino)-
6-isopropenyl-1,3,5-triazine (AN18). 2-Amino-
4-(m-nitro- N-octadecylanilino)-6-isopropenyl-
1,3,5-triazine (NN18) was prepared by the
reaction of ANIT with octadecyl bromide
similarly to the preparation of NN2. The
crude product was recrystallized twice from
methanol: yield 82%, mp 83°C. Elemental
analysis. Calcd for C;H,4NgO,: C, 68.67%;
H, 9.22%; N, 16.02%. Found: C, 68.67%; H,
9.26%; N, 15.85%.

ANI18 was prepared by reduction of NN18
similarly to the preparation of AN2. The crude
product was recrystallized from n-hexane, and
further recrystallized from methanol: yield
62%, mp 86°C. Elemental analysis. Calcd
for C30H;5oNg: C, 72.83%; H, 10.19%; N,
16.99%. Found: C, 72.85%; H, 10.30%; N,
16.93%. 'H NMR (CDCl;), §0.88 (t, 3H,
CH,), 1.26 (m, 30H, C,sH;,), 1.61 (m, 2H,
CH,), 2.09 (s, 3H, CH,;), 3.82 (s, 2H, NH,),
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3.89 (t, 2H, CH,), 5.44 (brs, 3H, NH, and
=CH), 6.34 (s, 1H, =CH), 6.46—7.22 ppm
(m, 4H, C¢H,).

Synthesis of Macromonomers; APAN2 and

APANI8

Self-polyaddition of AN2 or ANI18 was
carried out at 120°C in DMACc. After the poly-
merization, the reaction mixture was poured
into methanol-water (4:1, v/v) to precipitate
the solid. The resulting macromonomer was
purified by reprecipitation from THF into
benzene in the case of self-polyaddition of
AN2, and from THF into methanol-water
(10:1, v/v) in the case of that of ANIS.
Molecular weight of the resulting macro-
monomers was determined by GPC. That was
also estimated from peak intensity ratio of
methyl proton of isopropenyl group in end-
group and phenyl proton (m-position toward
both amino groups, 7.06 ppm) in the '"H NMR
spectra.

Copolymerization

The copolymerizations of the macromono-
mers with St and MMA were carried out
using 2,2-azobisisobutyronitrile (AIBN) as an
initiator in benzene or DMAc at 60°C. The
required volumes of monomers and AIBN
solutions were charged into polymerization
tubes and sealed under vacuum. The tubes
were placed in a constant temperature bath for
specified times. The polymerization mixture
was poured into a large excess of methanol.
The precipitated polymer was purified by
repeated reprecipitations from THF into
methanol in the case of copolymerizations
of macromonomers from AN2, and from
benzene into n-hexane in the case of those
from ANI18. The copolymerizations of AN2
and AN18 with St and MMA were carried out
in a similar manner to the copolymerization
of the macromonomers. The compositions of
the copolymers were calculated by elemental
analysis of carbon and nitrogen content.
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Table I. Homopolymerization of AN2 and AN18?*
Time Yield Neplc® M.,k M T¢ T,
Monomer
h % dig™! x1073 x1073 °C °C
AN2 7 33 0.30 3.5 1.6 224 365
ANI18 50 8 0.12 33 2.0 163 370
2 Polymerization conditions: [M],=0.4mol 1™, [AIBN]=1.5mmol 1~ ! at 60°C in DMAc.
® ¢=0.2gdl"?! at 30°C in DMSO for poly(AN2), in THF for poly(AN18).
¢ Determined by GPC.
4 Measured by DSC at a heating rate of 20°Cmin 1.
¢ 5% Weight loss temperature observed by TG.
CH2=C—CH3 CH2=C-CH3
P 120°C PN
_
|
HZN/‘*N)'\ N@NH2 DMAC HZN)%N*N©NH CH, CHCH,
d ; PN
“ L
NS
NH1+-H
AN2, AN18 HZN N w@
R n-1
APAN2: R=C2H5
APAN18: R=n—Cl8H37
Scheme 3.
RESULTS AND DISCUSSION Table II. Monomer reactivity ratios
. M M
Preparation of Monomers 2 ! " "2
AN2 and ANI18 were prepared from ANIT AN2 St 0.55+0.18 0.79+0.19
as shown in Scheme 2. The alkylation of ANIT MMA 0.60+0.15  0.54+0.12
took place selectively toward the nitrogen ANI18 St 0.32£0.06  039+0.28
MMA 0.46+0.04 0.25+0.08

atom of anilino group. The reduction of nitro
group in NN2 and NNI8 could be achieved
without side reactions by use of iron and
iron(Il) sulfate as the reducing agent. Struc-
ture of the monomers was confirmed by 'H
NMR, IR, and elemental analysis.

Vinyl Polymerization of AN2 and ANI18
Homopolymerization of AN2 and ANIS8
and their copolymerization with St and MMA
were carried out using AIBN as an initiator in
DMAc at 60°C. The results of the homo-
polymerization are shown in Table I. The
molecular weight of the both polymers was
lower than that of poly(2-amino-4-(N-alkyl-
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anilino)-6-isopropenyl-1,3,5-triazine)s.> This
would be due to the chain transfer of prop-
agating radical to amino group on benzene
ring. The polymerization yield of AN18 was
lower than that of AN2. Because the solubility
of the polymer containing long alkyl groups
is similar to that of the monomer, the low
yield would owe to loss of oligomer, which is
evolved by chain transfer, in the isolation of
the polymer by reprecipitation. The resulting
polymers showed relatively high T, and de-
composition temperature (7,) in vinyl poly-
mers.

Polym. J., Vol. 23, No. 12, 1991



1661 T1 "ON ‘€T '[OA [ "WA[od

6SPI

Table III. Self-polyaddition of AN2 and AN18

Polymerization condition® GPC NMR
Yield NplC© T T,f
Run  Polymer Feed DMAc Time M, M, M,
Monomer ———— Cat.® % dig™? » 7 7l °C °C
g ml h x 1073 x1073 x1073
1 APAN2 AN2 1.0 3 Cu(CH;CO0), 300 46 0.10 2.7 20 74
2 1.0 3 LiCl 330 33 0.10 34 24 8.9
3 1.0 3 — 330 35 0.09 2.8 22 8.1 24 89
4 14.9 15 — 320 96 0.30 4.5 33 122 34 124 114 347
5  APANI8 ANI8 1.0 3 Cu(CH;C00), 320 48 0.19 3.7 20 40
6 1.0 3 LiCl 320 67 0.21 4.6 30 6.0
7 1.0 3 — 330 72 0.20 4.2 3.1 6.3
8 5.4 4 — 240 95 0.30 6.1 42 85 3.7 7.4 52 377

* Polymerization temperature, 120°C.

® Catalyst: Cu(CH,COO),, 15mg; LiCl, 80 mg.

¢ Measured in DMAC at a concentration of 0.2gdl™* at 30°C.
¢ Measured in DMSO-dg for APAN2, in CDCI, for APANIS.
¢ Determined by DSC at a heating rate of 20°C min ™.

5% Weight loss temperature observed by TG.
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In the copolymerizations of AN2 and AN18
with St and MMA, yields of the copolymers
were kept below 15%. Copolymer composition
was calculated from carbon-nitrogen ratio in
the elemental analysis. The monomer reac-
tivity ratios r, and r,, determined by the
Kelen-Tiidés method,® are shown in Table II.
The values indicated that random copolymers
could be obtained by copolymerization.

Synthesis of Macromonomers

In order to synthesis the polyguanamine
macromonomers, self-polyaddition reaction of
AN2 and AN18 was carried out in DMAc at
120°C (Scheme 3). Oda et al. reported that
copper(Il) acetate was efficient catalyst for the
addition reaction of 2,4-diamino-6-vinyl-1,3,5-
triazine with nucleophilic reagents such as
amines and thiols.? In addition, lithium chlo-
ride is known to be effective for the Michael
type polyaddition of N,N-dimethacryloylhy-
drazine with dithiols.” Therefore, the self-poly-
addition was examined by use of copper(Il)
acetate or lithium chloride as the catalyst
according to the previous papers. The results
of the self-polyaddition are summarized in
Table III. Significant effects of the catalysts
on the yield and molecular weight of the
polyguanamine macromonomers were not ob-
served. Both yield and molecular weight
increased by increase in monomer concentra-
tion (runs 4 and 8 in Table III). Crosslinked
polymer (insoluble polymer), which would be
derived by simultaneous occurrence of vinyl
polymerization with the self-polyaddition, was
not obtained. The possibility of vinyl polym-
erization during the self-polyaddition was
examined by reaction of 2-amino-4-(N-ethyl-
anilino)-6-isopropenyl-1,3,5-triazine (N2) or 2-
amino-4-(N-octadecylanilino)-6-isopropenyl-
1,3,5-triazine (N18) under the same conditions
as the self-polyaddition of AN2 and ANI183.
Both reactions did not produce the polymer,
and only unchanged N2 and N18 was re-
covered. This result indicates that the vinyl
polymerization does not proceed simultan-
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eously with self-polyaddition under the present
condition. This would be due to the low ceiling
temperature of isopropenyltriazines. We re-
ported in the previous papers that the ceiling
temperatures in bulk were 163°C for N28 and
below 130°C for NI18,° respectively. The
ceiling temperature at the monomer concen-
tration of the present self-polyaddition would
be below 120°C. The above result also indicates
that amino group directly attached to triazine
ring (2-position) does not participate in the
self-polyaddition. This is attributed to the
weak nucleophilicity of the amino group
caused by the electron-attracting character of
the triazine ring.

The 'H NMR spectra of the polyguanamine
macromonomers are shown in Figure 1,
together with those for monomers. Signals of
methylene and methyne protons in polymer
main-chain are observed at 3.1 and 2.8 ppm,
respectively. The signal of the imino proton
is also observed at 5.8 ppm for APAN2 and
at 4.6ppm for APANIS. In addition, small
signals based on the terminal isopropenyl

a
L
b
d
L 1 b 1 1 1 - 1 4
8 6 4 2 0
PPm

Figure 1. . 'H NMR spectra of (a) AN2 in DMSO-dg, (b)
APAN2 in DMSO-d;, (c) ANI8 in CDCl;, and (d)
APANI18 in CDClj;.

Polym. J., Vol. 23, No. 12, 1991
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group can be detected at 2.0 ppm, 5.4 ppm,
and 6.3 ppm. Molecular weight of the macro-
monomers was calculated from the integral
ratio of the methyl protons of the isopropenyl
group (6 2.0 ppm) to one of the phenyl protons
(67.2ppm) in the 'H NMR spectra, and was
shown in Table III. The resulting molecular
weights are close to the values determined by
GPC.

The solubility of resulting polyguanamine
macromonomes was good in contrast to that
of polyguanamine prepared by self-polyaddi-
tion of 2-amino-4-(m-aminoanilino)-6-isopro-
penyl-1,3,5-triazine.> APAN2 was soluble in
THF, chloroform, 1,4-dioxane, pyridine, and
polar aprotic solvents such as N-methyl-
2-pyrrolidone, DMF, DMAc, and DMSO.
APANI18 was soluble in these solvents and in
benzene, toluene, and diethyl ether. It was
revealed that the introduction of alkyl groups
into the polyguanamine backbone resulted in
a improvement of solubility.

Synthesis of Graft Copolymers

In the homopolymerizations of APAN2
and APANI18, the homopolymer could not
be obtained and the macromonomers were
recovered. This would be due to the low
ceiling temperature of the macromonomers.
The macromonomers (M,) could be copo-
lymerized with St and MMA (M,). Figure 2
shows typical GPC curves for graft copolymer
obtained by the copolymerization of APAN2
with St together with that for APAN2. The
GPC curve of the copolymerization product
precipitated into methanol shows two peaks
based on the macromonomer and graft co-
polymer (Figure 2, b). The graft copolymer
could be isolated by repeated reprecipitations
as shown in Figure 2, c. The other graft
copolymers could be also isolated by the
reprecipitations.

Results of the copolymerizations are sum-
marized in Table IV. The rates of the
copolymerizations with St were lower than
those with MMA. This would be due to low

Polym. J., Vol. 23, No. 12, 1991
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Figure 2. GPC curves of (a) APAN2 (M,=3300), (b)
precipitate obtained from a solution of copolymerization
of APAN2 with St into methanol (run 1 in Table IV), and
(c) graft copolymer purified twice by reprecipitations from
THF into methanol (M, =22400).

propagation rate constant in homopolymeriza-
tion of St compared with that of MMA,
because the copolymerizations were carried
out at high fraction of M; (St or MMA)
feed.2° The macromonomer (M,) content in
the graft copolymer (dm,) was calculated
from carbon-nitrogen ratio in the elemental
analysis. Under the limiting conditions of
[M,]/[M,]1>»>1, Mayo-Lewis copolymeriza-
tion equation (eq 1)!° can be reduced to
equation 2,112

d[M,] _ 1+r,[M,1/[M,]
d[M,]  147,[M,]/[M,]
dM] _ [M]
dM,] ' [M,]

M

03

The monomer reactivity ratio r, was calculated
from equation 2, and is shown in Table IV.
r, for the copolymerizations of APAN2 with
St and MMA were close to those for the
copolymerizations of AN2 with St and MMA
(Table II). It has been reported that the relative
reactivity (1/r,) of the terminal double bond
of several macromonomers decreases when the
molecular weight of the macromonomers is
high.*2 715 Our results might be due to the low
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Table IV. Copolymerization of polyguanamine macromonomers*

[M,] Time Yield dm, NeplC° GPC T,
Run M, M, r,®

mol% h % mol% dig™! M,x10"% M,x107* °C

1 APAN2 St 0.58 20.5 6.3 14 041 040 4.75 2.24 98
2 0.94 3.5 5.1 1.7 057 045 4.71 1.07 108
3 2.29 17.0 6.7 39 051 0.5 7.42 1.16 132
4 4.52 27.0 24.1 69 0.65 0.26 7.23 1.42 134
5 14.71 27.0 39.6 176 0.75  0.65 3.31 1.76 140
6 MMA 1.19 3.0 10.5 1.2 059 093 11.59 1.59 129
7 2.33 33 6.2 39 0.62 0.34 8.27 1.37 129
8 2.45 32 10.6 5.1 047 048 6.49 1.03 131
9 5.03 2.5 18.1 11.2 042 0.53 4.57 1.32 139
10 17.75 3.5 14.5 20.1 0.75 0.50 2.81 0.56 145
11 APANI18 St 0.65 20.5 9.9 1.1 0.60 0.65 8.86 4.50 90
12 3.78 17.0 12.8 42 088 0.61 9.23 4.19 72
13 7.28 17.0 5.7 102  0.70 0.55 8.20 5.27 80
14 MMA  3.64 4.5 5.5 43 085 129 16.27 7.01 88
15 7.02 4.5 7.7 9.3 073 147 9.89 3.49 92
16 8.29 23.0 11.6 142 0.55 1.22 7.49 1.75 88

* Polymerization conditions: [M,]+[M,]=1—3mol 7', [AIBN]=2—7mmol 1" ! at 60°C in DMAc for APAN2
(M,=3.3x10%), in benzene for APAN18 (M,=4.2 x 10%).

® Monomer reactivity ratio, d[M,]/d[M,]=r,[M,]/[M,] (IM,]1/[M,]>1).

¢ ¢=02gdl"! at 30°C in DMAc (M, =APAN2), in THF (M, =APANIS).

molecular weight of the macromonomer. On
the other hand, r, for the copolymerizations
of APANI18 with St and MMA in benzene
(0.60—0.88 for St, 0.55—0.85 for MMA) were
higher than those for copolymerizations of
AN18 with St and MMA in DMACc (0.32 for
St, 0.46 for MMA). This would be due to
the change in solvent because the monomer
reactivity ratio of isopropenyltriazines depends
on the solvent significantly as reported
previously.t®

The polymers containing triazine rings in
the main-chain or side-chains show the poor
solubility owing to the rigidity and the
hydrogen bonding. The solubility of the
resulting graft copolymers was better than
that of random copolymers, although these
polymers have different structure of segment.
For example, poly(AN2-co-ST) was soluble in
1,4-dioxane, m-cresol, polar aprotic solvents,
and strong acids, while the graft copolymer
obtained from APAN2 with St was soluble
in these solvents, THF, chloroform, and

1462

ppm
Figure 3. 'H NMR spectra of (a) graft copolymer of

APAN2 (M,) with St (M,) (run 1 in Table IV) in CDCl;,
(b) graft copolymer of APAN2 with MMA (run 6) in
CDCl;, and (c) graft copolymer of APAN2 with MMA
(run 6) in DMSO-d;.

pyridine.
'H NMR spectra of the graft copolymers
are shown in Figure 3. The spectra of the graft

Polym. J., Vol. 23, No. 12, 1991



Graft Copolymers from Polyguanamine Macromonomers

copolymers obtained from APAN2 with St
and MMA, measured in CDCl,, show small
broad signals based on the polyguanamine
branches with relative sharp signals assigned
to poly(St) or poly(MMA) backbone (a and b
in Figure 3). The signals of polyguanamine
segment become sharp peaks and signals of
the poly(MMA) segment become broad peaks
in the spectrum measured in DMSO-dg (Figure
3, ¢). This may indicate that CDClI; is a poor
solvent for the polyguanamine, a good solvent
for poly(St) and poly(MMA), whereas DMSO
gives the reverse solubility. Similar behavior
was observed in the graft copolymers of
poly(MMA)-poly(dimethylethylammonium-
ethyl methacrylate)!” and aromatic poly-
amide-poly(MMA).'#

DSC measurement was carried out in order
to estimate the miscibility of the branches and
backbone in the graft copolymers. Only a
single T, was detected in the DSC thermo-
grams for all the resulting graft copolymers as
shown in Table 1V. This would suggest that
the branches and backbone are miscible.
Figure 4 shows the relationships between T,
and composition for the graft copolymers of
APAN?2 and random copolymers of AN2. For

o
o>
o
o
200 &2
0
06
)
~ R
[S) 4 I
< 7
,
3 /0
150 |- p s
S -
-
/ P - A'ﬁ’r a
SN 0T L
- 2
/I” —’
L, .
AT
A
P
100F A
1 1 1 1

Mz content (wt%,)

Figure 4. Relationships between T, and M, content in
the copolymers. Copolymer types are: (O), AN2-St; (@),
AN2-MMA; (A), APAN2-St; (A), APAN2-MMA.
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the random copolymers, Ts increased almost
linearly with the content of AN2 and reached
T, of poly(AN2). T, of graft copolymers was
lower than that of random copolymers at the
region of higher M, content. The reason for
this is that the T, of APAN2 is lower than that
of poly(AN2), although the molecular weight
of APAN2 is not high enough to neglect
dependence on T,

DSC curves of the graft copolymers of
APANI18 with St and MMA are shown in
Figure 5 together with that of APANIS.
Endothermic peaks on the heating processes
and exothermic peaks on the cooling processes
were observed at the temperature below the T,.
On the basis of extensive studies on conven-
tional comb-like polymers,'® the endothermic
peaks should be ascribed to the melting of
crystallized octadecyl side-chains, and exo-
thermic peaks should be ascribed to their
crystallization. Even if the octadecyl side-
chains are attached to branches in the graft
copolymer, they could be crystallized. The
transition temperatures and heats of transition
determined from the DSC curves are summar-
ized in Table V, which give the melting point
on first heating process T,,,, crystallization

ml»

-100

1 ul 1 1 1
-50 0 50 100 150

Temp. (°C)

Figure 5. DSC curves of (a) APANIS, (b) graft
copolymer of APANI18 (M,) with St (dm,=10.2mol%),
and (c) graft copolymer of APANI8 with MMA
(dm,=9.3mol%) at the scanning rate of 10°Cmin~".
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Table V. Thermal properties of the graft copolymers

Transition temperature
M, in copolymer

Heat of transition

Polymer °C kcal AN18 unit™ ' mol~?
mol%
Tml Tcr Tm2 AI-Iml —AH, AHmZ
Poly(APAN18-co-St) 42 — — — — — —
10.2 —28 —36 -29 0.19 0.18 0.16
Poly(APAN18-co-MMA) 43 —31 —-33 —4 0.30 0.32 0.32
9.3 —19 —-36 —-20 0.33 0.27 0.27
Poly(AN18) —15 —24 —15 1.09 1.04 1.03
APANI18 —18 —-29 —-19 0.61 0.63 0.57
Table VI. Thermal stability of the graft copolymers ~ on access of the branches to each other.
- The thermal stability of the graft copolymers
M, in Weight loss w05 examined by TG-DTA. The results are
temperature . . . .
copolymer summarized in Table VI. To investigate the
Polymer W | S 0% influence of triazine rings in the branches of
0 g
- — the graft copolymer on thermal stability, the
¢ € Table includes the results of the random
Poly(APAN2-co-St) 35.4 360 420 copolymers for comparis.on although‘ the
56.3 292 452 structure of a polyguanamine segment differs
70.2 339 459 from that of a segment of random copolymer.
87.1 322 489 0 0 :
Poly(APAN2-co-MMA) 286 296 254 The 5% and 50% weight los§ tgmperatures of
573 343 51 the graft copolymers were similar Fo that of
63.9 293 454 random copolymers. These are relatively high
80.6 291 496 temperatures for graft copolymers composed
89.2 295 516 £
Poly(APANI8-co-St) 639 388 wa © the poly(St) or poly(MMA) segment as the
82.1 402 458 backbone.
Poly(APAN18-co-MMA) 65.4 304 432
81.2 323 456
87.4 309 476 REFERENCES
Poly(AN2-co-St) 77.9 344 525 ’
Poly(AN2-co-MMA) 65.4 298 459 1. P.F.Rempp and E. Franta, Adv. Polym. Sci., 58, 1
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temperature 7T,,, melting point on second
heating process T,,,, heat of fusion on first
heating process AH,,,, heat of crystallization
AH_,, and heat of fusion on second heating
process AH,,. The heat of transition for
APAN18 was lower than that for poly(ANI18).
This indicates that the degree of crystallinity
would be lowered by the wide spacing between
the side-chains in APANI18. The values further
decreased for the graft copolymers. This would
be due to the interfering effect of the backbone
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