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ABSTRACT: New isopropenyl-1,3,5-triazines, e.g., 2-amino-4-(N-propyl(N3), hexyl(N6), 

octyl(N8), decyl(NlO), dodecyl(Nl2), tetradecyl(Nl4), hexadecyl(Nl6), octadecyl(Nl8), and 

decosyl(N22)anilino)-6-isopropenyl-l,3,5-triazine, were prepared by the reaction of 2-amino-4-

anilino-6-isopropenyl-1,3,5-triazine with corresponding alkyl bromides in the presence of sodium 

hydride in dimethyl sulfoxide. The alkylation reaction proceeded selectively on the imino group, 

and the products were obtained in high yields. Polymerizations of these monomers were carried 

out using azobisisobutyronitrile as an initiator. Glass transition temperature of the polymers 

decreased with increasing the numbers of carbon atoms in alkyl side-chain. The crystallization of 

the alkyl side-chains in the comb-like polymers was investigated by differential scanning calorimetry 

(DSC). The crystallization exothermic and the melting endothermic peaks based on the side-chains 

of the polymers containing long alkyl groups in excess of 14 carbon atoms were observed in DSC 

thermo grams. 

KEY WORDS Isopropenyl-1,3,5-triazines / Alkylation Reaction/ Glass 
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Since the polymerization of n-alkyl acrylates 

were reported by Rehberg and Fisher,1 a lot 

of articles have been published concerning the 

syntheses, structure, properties, and applica

tions of the polymers having long alkyl 

side-chains, so-called comb-like polymers. 

Kaufman et al. 2 found that alkyl groups of 

poly(n-alkyl acrylates) undergo side-chain 

crystallization. Wiley et al. 3 and Rogers et al. 4 

reported the relationships between the glass 

transition temperature (Tg) and the length of 

alkyl groups of poly(n-alkyl methacrylate). 

Subsequently, many studies on the Tg, the 

crystallization of side-chains, and the mech

anical properties were reported for poly(p-n

alkylstyrenes ), 5 poly(n-alkyl vinyl ethers), 6 

poly(N-n-alkylmaleimides), 7 poly(n-alkyl ita

conates), 8 and poly(N-n-alkylacrylamides). 9 

Yokota et al.1°- 13 investigated the synthsis, 

structure, and thermal properties of widely

spaced comb-like polymers. In addition, 

polymerized Langmuir-Blodgett (LB) film was 

obtained by the polymerization of N-octadecyl

acrylamide in LB multilayers. 14 
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Comb-like polymers having rigid backbone 

as well were reported. For example, Takayanagi 

et al. 15 •16 found that N-alkylated poly(p

phenylene terephthalamide), prepared by poly

mer reaction, exhibit good solubility, thermo

plastic processability, peculiar mechanical 

properties and ability of liquid crystal forma

tion. 

We have been investigated the synthesis and 

polymerization of isopropenyl-1,3,5-tri

azines, 1 7 - 19 and found that the polymers are 

one of the highest Tg and best thermal sta

bility among vinyl polymers so-far studied 

owing to the rigidity and the hydrogen bond-
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ing of amino group. Therefore, introduction 

of the flexible alkyl side-chains into these 

polymers is of interest in thermal properties 

and mechanical properties. In this paper, we 

describe the synthesis and polymerization of 

2-amino-4-( N-n-alky lanilino )-6-isopropenyl. 

1,3,5-triazines, and discuss the crystalliza

tion of alkyl side-chains of the obtained poly

mers. 

EXPERIMENTAL 

Materials 

Dimethyl sulfoxide (DMSO), N,N-dimethyl

acetamide (DMAc), tetrahydrofuran (THF), 

and benzene were purified by the ordinary 

methods and distilled over calcium hydride 

under nitrogen. Sodium hydride as a suspen

sion in paraffin and alkyl bromides were 

reagent grade and were used as received. 

2-Amino-4-anilino-6-isopropenyl-1,3,5-tri

azine (AAIT) was prepared as described in the 

previous paper. 1 7 

Measurements 

Nuclear magnetic resonance (NMR) spec

troscopy was done in perdeuteriodimethyl 

sulfoxide (DMSO-d6) or deuteriochloroform 

solutions on a Hitachi R-600 spectrometer 

operated at 60 MHz. Tg and mp were 

determined by differential scanning calorimetry 

(DSC) on a Rigaku-Denki DSC-8230 at the 

heating rate 20°c min- 1 . DSC at low tempera

ture was carried out from - 100 to 100°C on 

a Rigaku-Denki Thermoflex with a low 

temperature unit at the heating and cooling 

rates of l0°C min - 1 . Molecular weight of 

polymers were determined by gel-permeation 

chromatography (GPC) on a TOSOH HLC-

803D with G2000H, G30001-l, and G5000H 

TSK gel-columns and a differential refracto

metric detector in THF. The columns were 

calibrated with a set of monodisperse poly

styrene standards. 
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Monomers 

2-Amino-4-(N-propylanilino )-6-isoprope

nyl-1,3,5-triazine (N3). AAIT (22. 7 g, 0.1 mol) 

was added to dimethyl sulfoxide (300 ml) in the 

presence of sodium hydride (60% suspension 

in paraffin) ( 4.Q g, 0.1 mol) with stirring, and 

stirring was continued at 30°C for 2 h. Then, 

propyl bromide (12.3 g, 0.1 mol) was added 

dropwise and the mixture was stirred at 30°C 

for 24 h. The reaction mixture was poured into 

a large excess of water to precipitate the solid. 

The solid was filtered, and washed several times 

with water. The product was recrystallized four 

times from methanol. 1H NMR (DMSO-d6), 

J 0.88 (t, 3H, CH 3), 1.67 (m, 2H, CH 2), 1.98 

(s, 3H, CH 3), 3.93 (t, 2H, CH2 ), 5.41 (brs, lH, 

CH), 6.23 (brs, lH, CH), 6.76 (s, 2H, NH2), 

7.38 ppm (s, 5H, C6H 5). 

2-Amino-4-( N-hexylanilino )-6-isopropenyl-

1,3,5-triazine (N6). N6 was synthesized by the 

reaction of AAIT with hexyl bromide similarly 

to the synthesis of N3. The product was 

recrystallized three times from n-hexane. 1 H 

NMR (DMSO-d6), J 0.84 (t, 3H, CH 3), 1.26 

(m, 8H, C4 H 8), 1.98 (s, 3H, CH3), 3.93 (t, 2H, 

CH 3), 5.40 (br s, lH, CH), 6.20 (br s, lH, CH), 

6.68 (s, 2H, NH2), 7.30ppm (s, 5H, C6H 5). 

2-Amino-4-(N-octylanilino )-6-isopropeny 1-

1,3,5-triazine (N8). N8 was synthesized by the 

reaction of AAIT with octyl bromide similarly 

to the synthesis of N3. The product was 

recrystallized three times from n-hexane. 1 H 

NMR (DMSO-d6 ), J 0.84 (t, 3H, CH 3), 1.22 

(m, 12H, C6H 12), 1.98 (s, 3H, CH 3), 3.94 (t, 

2H, CH2), 5.40 (br s, IH, CH), 6.20 (br s, lH, 

CH), 6.68 (s, 2H, NH2), 7.30ppm (s, 5H, 

C6 H 5). 

2-Amino-4-(N-decylanilino )-6-isopropenyl-

1,3,5-triazine (NlO). NlO was synthesized by 

t}:l.e reaction of AAIT with decyl bromide 

similarly to the synthesis of N3. The product 

was recrystallized three times from n-hexane. 
1 H NMR (DMSO-d6 ), J 0.86 (t, 3H, CH3), 

1.24 (m, 16H, C8H 16), 1.98 (s, 3H, CH3), 3.95 

(t, 2H, CH2), 5.40 (brs, lH, CH), 6.21 (brs, 

lH, CH), 6.68 (s, 2H, NH2), 7.30ppm (s, 5H, 
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C6Hs)-

2-Amino-4-( N-dodecylanilino )-6-isoprope

nyl-1,3,5-triazine (Nl2). Nl2 was synthesized 

by the reaction of AAIT with dodecyl bromide 

similarly to the synthesis of N3. The product 

was recrystallized three times from methanol. 
1H NMR (DMSO-d6), b 0.82 (t, 3H, CH3), 

1.21 (m, 20H, C10H 20), 1.96 (s, 3H, CH3), 3.94 

(t, 2H, CH2), 5.40 (br s, lH, CH), 6.25 (br s, 

lH, CH), 6.68 (s, 2H, NH2), 7.30ppm (s, 5H, 

C6Hs)-
2-Amino-4-(N-tetradecylanilino )-6-isopro

penyl-1,3,5-triazine (Nl4). Nl4 was synthe

sized by the reaction of AAIT with tetradecyl 

bromide similarly to the synthesis of N3. The 

product was recrystallized from n-hexane, and 

further recrystallized three times from metha

nol. 1 H NMR (DMSO-d6), b 0.84 (t, 3H, CH3), 

1.22 (m, 24H, C12H 24), 1.96 (s, 3H, CH3), 3.92 

(t, 2H, CH2), 5.40 (brs, lH, CH), 6.24 (brs, 

lH, CH), 6.68 (s, 2H, NH2), 7.30ppm (s, 5H, 

C6Hs)-

2-Amino-4-(N-hexadecylanilino )-6-isopro

penyl-1,3,5-triazine (Nl6). Nl6 was synthe

sized by the reaction of AAIT with hexadecyl 

bromide similarly to the synthesis of N3. The 

product was recrystallized in a similar manner 

as Nl4. 1H NMR (DMSO-d6), b 0.82 (t, 3H, 

CH 3), 1.20 (m, 28H, C14H 28), 1.96 (s, 3H, 

CH 3), 3.92 (t, 2H, CH2), 5.38 (brs, lH, CH), 

6.25 (brs, lH, CH), 6.65 (s, 2H, NH2), 

7.29ppm (s, 5H, C6H 5). 

2-Amino-4-(N-octadecylanilino )-6-isopro

penyl-1,3,5-triazine (Nl8). Nl8 was synthe

sized by the reaction of AAIT with octadecyl 

bromide similarly to the synthesis of N3. The 

product was recrystallized in a similar manner 

as Nl4. 1 H NMR (CDC13), b 0.88 (t, 3H, CH 3), 

1.24 (m, 32H, C16H32), 2.03 (s, 3H, CH 3), 3.96 

(t, 2H, CH2), 5.38 (br s, 3H, CH+ NH 2), 6.28 

(brs, lH, CH), 7.29ppm (s, 5H, C6H 5). 

2-Amino-4-(N-docosylanilino )-6-isoprope

nyl-1,3,5-triazine (N22). N22 was synthesized 

by the reaction of AAIT with docosyl bromide 

similarly to the synthesis of N3. The product 

was recrystallized three times from n-hexane. 
1H NMR (CDC13), b 0.87 (t, 3H, CH3), 1.23 

(m, 40H, C20H 40), 2.03 (s, 3H, CH3), 3.96 (t, 

2H, CH2), 5.16 (s, 2H, NH 2), 5.42 (brs, IH, 

CH), 6.30 (brs, IH, CH), 7.32ppm (s, 5H, 

Table I. Synthesis of 2-amino-4-(N-alkylanilino)-6-isopropenyl-1,3,5-triazines 

Yield mp Elemental analysis (calcd) 

Monomer R 

% oc C¾ H¾ N¾ 

N3 n-C3H 7 91.7 107 66.69 7.21 25.90 

(66.89 7.11 26.00 ; C1sH19Ns) 

N6 n-C6H 13 97.3 68 69.06 8.06 22.39 

(69.42 8.09 22.48 ; C1sH2sNs) 

N8 n-C8H 17 98.1 62 70.95 8.62 20.76 

(70.76 8.61 20.63 ; C20H 29N 5) 

NlO n-C10H 21 97.9 68 71.98 8.79 18.99 

(71.90 9.05 19.05 ; C22H 33N 5) 

N12 n-C12H 25 99.8 63 72.63 9.52 17.70 

(72.87 9.43 17.70 ; C24H31Ns) 

N14 naC14H 29 92.5 64 74.01 9.96 16.03 

(73.71 9.75 16.53 ; C26H4,Ns) 

N16 n-C16H33 94.5 68 74.43 10.19 15.33 

(74.45 10.04 15.50 ; C2sH4sNs) 

N18 n-C1sH31 98.4 72 75.28 10.44 14.59 

(75.11 10.29 14.60 ; C30H49Ns) 

N22 n-C22H4s 98.1 80 76.03 11.07 12.90 

(75.63 11.07 13.04 ; C34Hs1Ns) 
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C6Hs)-

The yields, mp, and elemental analytical data 

of the synthesized monomers are give in Table 

I. 

Polymerization 

The polymerizations of the synthesized 

monomers were carried out using azobisiso

butyronitrile (AIBN) as an initiator in DMSO, 

DMAc, or benzene at 60°C. Monomer and 

AIBN concentrations were 0.15---0.40 mo11- 1 

and 1.4 mmo11- 1 , respectively. The required 

volumes of monomers and AIBN solutions 

were charged into polymerization tubes, 

followed by degassing via three alternate 

freeze-pump-thaw cycles. After sealing, the 

tubes were placed in a constant temperature 

bath for specified times. After removal from 

the bath, the polymers were precipitated in 

excess methanol, filtered, dried in vacuo, and 

weighed. 

RESULTS AND DISCUSSION 

Synthesis of Monomers 

Previously, 2-amino-4-(N-alkylanilino )-6-

1) HCl 

2) NaOH 

NaH-DMSO 

CH •C-CH 
2~ 3 
N:;.,- N 

isopropenyl-1,3,5-triazines were prepared by 

two pathway. One is the reaction of l-alkyl-1-

phenylbiguanides, prepared from N-alkyl

anilines, with methacryloyl chloride (eq 1). 17•18 

Another is the reaction of phenylbiguanide 

with ethyl iodide, followed by the treatment 

with methacryloyl chloride (eq 2). 19 However, 

these methods were limited to below 4 car

bon numbers for alkyl group. In order to in

troduce longer alkyl groups, we investigated 

here the reactions of AAIT with alkyl halides 

in the presence of sodium hydride. 

The reaction of AAIT with ethyl iodide was 

followed by the NMR spectroscopy as a model 

reaction (Figure 1 ). When AAIT was treated 

with an equimolar amount of sodium hydride 

in DMSO-d6 , the spectrum of AAIT was 

changed significantly. The signal of imino 

proton on anilino group of AAIT at 9.32 ppm 

was disappeared, and the chemical shift of 

phenyl protons was displaced to higher field. 

The changes in the chemical shifts of phenyl 

protons were 0.21, 0.15, and 0.33ppm for the 

ortho-, meta-, and para- hydrogens, respec

tively. Ide et al. 20 compared the 1H NMR 

chemical shifts of aniline derivatives with 

1) NaOH 

RX 

CH •C-CH 
2./2-... 3 
N;.,, N 

H2NA:N)l..~-@ 

R 

R•CH3, C2H5, n-C4Hg 

(1) 

(2) 

(3) 

H N~NJJ.-N{S\ 
2 

Na 

X=I, Br R=C2H 5, n-C3H 7 , n-C6H 13, n-C8H 17 , 

n-C10H21, n-C12H2s, n-C14H29, 

n-C16H33• n-C1sH31, n-C22H45 
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b 

C 

10 8 6 4 2 0 
ppm 

Figure 1. 1H NMR spectra of (a) AAIT in DMSO-d6 , 

(b) AAIT in NaH-DMSO-d6 solution, and (c) after the 

addition of excess ethyl iodide to (b ). 

those of corresponding anilide anions, and 

found that the change in the chemical shift for 

para-hydrogen was greater than those for 

ortho-, and meta-hydrogens. A similar behavior 

in the chemical shift of phenyl protons was 

observed in this study. Therefore, it was 

thought that anilide anion was produced 

readily by the abstraction of proton from 

anilino group of AAIT by the treatment with 

sodium hydride in D MSO. The NMR spectrum 

after addition of excess ethyl iodide into a 

solution of anilide anion was shown in Figure 

l(c). The spectrum agreed completely with 

2-amino-4-(N-ethylanilino )-6-isopropeny 1-

1,3,5-triazine reported previously, 18 except for 

the signals based on excess ethyl iodide (<5 1.77 

and 3.24ppm). Signals of ethyl protons 

attached to amino group could not be 

observed. It can be considered that the stability 

of amide anion of amino group is lower than 

anilide anion. These results indicate that the 

Polym. J., Vol. 22, No. 7, 1990 

N-alkylation to anilino group of AAIT occurs 

selectively through the anilide anion (eq 3). 

According to the above information, 2-

amino-4-(N-alkylanilino )-6-isopropenyl-1,3,5-

triazines were synthesized from the reactions 

of AAIT with nine alkyl bromides, such as 

propyl, hexyl, octyl, decyl, dodecyl, tetradecyl, 

hexadecyl, octadecyl, and docosyl bromides, in 

DMSO in the presence of sodium hydride. The 

abbreviation of the monomers and the results 

of the synthesis are shown in Table I. The 

structures of the monomers were confirmed by 

IR, NMR, and elemental analysis. These 

monomers were obtained almost quantitatively 

without side reactions. 

Polymerization 

The results of the polymerization are shown 

in Table II. Because of the solubilities of 

monomers, the polymerization were carried out 

in DMSO for N3, N6, N8, NIO, and Nl2, in 

DMAc for N12, N14, N16, and Nl8, and in 

benzene for N22, respectively. All monomers 

could be polymerized and white solid polymers 

were obtained. The polymerization yields and 

the molecular weight of the polymers were 

decreased by changing of polymerization 

solvent from DMSO to DMAc. However, they 

were not influenced by the length of alkyl gro1w 

of the monomers in the same solvent. 

The Tg of the polymers are plotted in Figure 

2 against the carbon numbers of the alkyl 

side-chains for the polymers. Figure 2 includes 

the previous data for poly(AAIT) (Tg = 230 
0 C), 21 2-amino-4-(N-methylanilino )-6-isopro

penyl-1,3,5-triazine (Nl) homopolymer (T8 = 
202°C),22 poly(N2) (Tg=222°C), 18 and 2-

amino-4-(N-butylanilino )-6-isopropenyl-1,3,5-

triazine (N4) homopolymer (Tg= l96°C). 22 

The Tg of the polymers decreases with 

increasing the carbon numbers of the alkyl 

side-chains. This result might be due to the 

decrease in intermolecular interaction of the 

polymer such as hydrogen bonding with the 

increasing carbon numbers of the alkyl groups. 
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Table II. Polymerization of isopropenyl-1,3,5-triazines• 

Time Yield T' g 'f/,p/cd Q• w Q• 
n Mw 

Monomer Solventh 

h % oc dlg- 1 X 10- 4 X 10- 4 M. 

N3 DMSO 5 50.7 207 o.s1r 

N6 DMSO 5 57.3 171 0.53 27.4 12.8 2.15 

NS DMSO 5 49.7 150 0.38 22.2 11.7 1.90 

NIO DMSO 5 33.2 144 0.38 13.0 5.5 2.36 

N12 DMSO 5 51.8 142 0.94 23.6 9.3 2.53 

N12 DMAc 8 16.4 140 0.20 3.6 1.3 2.83 

N14 DMAc 8 16.9 140 0.18 7.6 3.3 2.31 

N16 DMAc 8 14.7 136 0.19 6.3 4.0 1.56 

N18 DMAc 8 19.6 132 0.15 6.7 4.4 I.SO 

N22 benzene 3 8.2 122 2.14 19.1 7.1 2.69 

• Polymerization condition; [M]0 =0.4moll- 1 for N3-N18, [M]0 =0.15moll- 1 for N22, [AIBN]= l.4mmoll- 1 , 

at 60°C. 

h DMSO, dimethyl sulfoxide; DMAc, N,N-dimethylacetamide. 

' Measured by DSC at a heating rate of 20°C min - 1• 

d c=0.2gdl- 1 at 30°C in tetrahydrofuran. 

• Determined by GPC. 

f c=0.2gd1- 1 at 30°C in DMSO. 

0\ 
220 O 

\ 
200 O b 

\ 
160 \ 

o, 
D-g._o 140 

-o--o 

120 

0 4 8 12 16 20 

Carbon Numbers (n) 

Figure 2. The relationship between T8 of polymers and 

the carbon numbers of the alkyl side-chains (n). 

Crystallization of Alkyl Side-Chains 

The crystallization behavior of alkyl side

chains for the resulting comb-like polymers are 

investigated by DSC measurement. The 

polymer sample was first heated from - 100°C 
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to + 100°C, then cooled to - 100°C, and again 

heated to + 100°C. For the polymers having 

alkyl side-chains up to 12 carbon numbers, no 

peaks were observed in this temperature region. 

On the other hand, endothermic and exother

mic peaks were observed in DSC curves for the 

polymers containing above 14 carbon numbers 

of alkyl side-chains. DSC curves of poly(N14), 

poly(N16), poly(N18), and poly(N22) are 

shown in Figure 3. On the basis of extensive 

studies on conventional comb-like polymers,23 

the endothermic peaks observed on the heating 

processes should be ascribed to the melting of 

crystallized alkyl side-chains, and the exother

mic peaks on the cooling processes should be 

ascribed to the crystallization of alkyl side

chains. 

The transition temperatures determined 

from the peak tops in DSC curves are shown 

in Table III, which give the melting point on 

first heating process Tm,, crystallization tem

perature Tw and melting point on second 

heating process Tm,· Table III also shows the 

heat of fusion on first heating process LJHm,, 

heat of crystallization LJH0 ,, and heat of fusion 

Polym. J., Vol. 22, No. 7, 1990 
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Table III. Thermodynamics parameters of poly(Nl4), poly(Nl6), poly(N18), 

and poly(N22) determined by DSC. 

Transition temperature 

Polymer 
oc 

Tm, Tc, Tm, 

poly(N14) -25 -48 -34 

poly(N16) -29 -44 -29 

poly(N18) -14 -24 -15 

poly(N22) 10, 38 4 8 

Heat of transition 

kcal unit- 1 mo!- 1 

/JHm, -/JHc, 

0.25 0.27 

0.65 0.58 

0.98 1.43 

3.43 3.19 

/JHm, 

0.23 

0.61 

1.44 

3.20 

0.3 

0.8 

2.0 

4.4 

• Number of crystallizing CH2 groups calculated from /JHm,· 

-=a=-----~ 

---~-------- E 

-------------------ll--

b 

I ,,'.c __ -~ : 
~- ~------

d 

-100 -50 0 50 100 

Temp. °C 

Figure 3. DSC curves of (a) poly(N14), (b) poly(N16), 

(c) poly(N18), and (d) poly(N22) at the scanning rate of 

l0°Cmin- 1 . 

on second heating process AHm2 , which were 

estimated from the DSC peak areas. The 

transition temperatures and the heats of 

transition increase with increasing the carbon 

numbers of alkyl side-chains for the polymers. 

Polym. J., Vol. 22, No. 7, 1990 

This indicates that the crystallinity and the 

perfection of the crystals are dependent on the 

side-chain length. This is a general trend for 

comb-like polymers.23 Poly(N22) shows two 

endothermic peaks on the first heating process 

at 10°c and 38°C, respectively. A endothermic 

peak at 38°C is probably due to the melting of 

crystal which formed on standing at room 

temperature after the polymerization, whereas 

a endothermic peak at l0°C is attributed to the 

melting of the crystal formed during the cooling 

from room temperature to - I00°C before the 

DSC measurement. 

It is well known that the alkyl side-chains of 

conventional comb-like polymers crystallize in 

hexagonal form. 23 The IR spectra of the 

present polymers showed a single absorption 

peak at 725 cm - 1 , corresponding to the C-H 

vibrations of the methylene chain, which 

indicate that the alkyl side-chains of the 

polymers crystallized in hexagonal form. 

Therefore, the numbers of crystallizing CH2 

groups (Ne,) were calculated from AHm2 on the 

basis of the heat of fusion of n-alkanes in the 

hexagonal packing (735 cal CH2 -
1 mol - 125). 

Because the values of AHm2 have same thermal 

history in the DSC measurement, the Ne, 

numbers were evaluated by the use of the AHm2 • 

As shown in Table III, the heat of fusion on 

second heating is almost the same as the heat 

of crystallization on cooling. The Ne, numbers 

are shown in Table III. Ne, numbers of 

conventional comb-like polymers are 9.4 for 
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poly(octadecyl acrylate), 14.2 for poly(docosyl 

acrylate), 5.7 forpoly(N-octadecyl acrylamide), 

and 10.9 for poly(N-docosyl acrylamide), 

respectively. 25 The present polymers give 

smaller Ne, than that of conventional comb-like 

polymers as shown in Table III. The melting 

point of the present polymers are also lower 

than that of the conventional polymers which 

are 56°C for poly(octadecyl acrylate), 40°C for 

poly(octadecyl methacrylate), and 48°C for 

poly(N-octadecyl acrylamide ), respectively. 25 

These results indicate the low crystallinity of 

the present polymers compared with the 

conventional comb-like polymers. Hirabayashi 

et al. 26 reported that the crystallization of alkyl 

side-chains is influenced by the flexibility of the 

polymer main-chain and that the less flexible 

main-chain would be unfavorable to the 

side-chain crystallization. The glass transition 

of the convensional comb-like polymers were 

observed at the melting point of the side-chains 

crystal. Therefore, the main-chain would be 

flexible enough to allow the side-chain packing. 

On the other hand, Tgs of the present polymers 

are higher than the melting points of the 

side-chains, and the side-chains crystallized 

below the Tg of the main-chain. Consequently, 

the less flexible main-chain of the present 

polymers would prevent the side-chains crys

tallization and would give the smaller Ne, 

numbers. 
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