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2 2k : N-methylolacrylamide (M, ) ¢} styrene (M,) < a, a’'-azobisisobutyronitrile-g initiator
2 3l 3% {9 &ul(dimethyl sulfoxide, ethanol '2 dioxane) FollA] 70ColA] vy ¥
Z3 A7t} Kelen- Tudos @ 0.8 78k whakd wb3-Anj = t}-S3} 7+ehd, Dimethyl sulfoxide,

=0.12, ;=259 ; Ethanol, r,=0.29, r,==1.28 ; Dioxane, r,=1.30, r,=1.35 k] 5l 4n]
of &3t Luffo] JaFo] w2 om, N-methylolacrylamideo] ths+ 8wl 2] & 3k amide
C=07]2} amide N-H7] 9] 2] ~#H ¥ 7] o] peak?] o] ¥ 0 2 WL E] gelslgl e} & wavenumber
() Zo& C=07]9 peak olFo] Z5+& MY XZFAF9 N-methylolacrylamide]
sheFe A3t ol e Habe o] AHE(SAE 375 o&Eshe £4 HE)

1, =224z 43 A8-o] N-methylolacrylamide? 2% ZAgrel A n wkg-Aoll gk
& v 7] gEQl Aoy FzrEny,

Abstract : The free radical copolymerization of N-methylolacrylamide(M,) with styrene
(M,) was studied in three different kinds of solvents(ie., dimethyl sulfoxide, ethanol, and
dioxane) at 70°C using a, a’-azobisisobutyronitrile as an initiator. The monomer reactivity
ratios by Kelen- Tiidos method were calculated as follows : Dimethyl sulfoxide, r,=0.12,
r,==2.59 ; Ethanol, r,=0.29, r,=1.28 . Dioxane, r,=1.30, r,=1.35. A strong influence of solvent
on the monomer reactivity ratios was observed, and the effect of solvent upon the N-methy
lolacrylamide was confirmed by the shift of the peaks corresponding to the amide carbonyl
and amide N-H group in the infrared spectra of the solution, The greater is the shift
in the C=0 absorption peak towards lower wavenumber (v}, the smaller is the amount
of the N-methylolacrylamide in the prepared copolymers. It can be concluded with these
results that the hydrogen bonding and dipole-dipole interaction depending on the nature
of solvents (polarity, dielectric constant etc.) could affect the polarity and reactivity of
the double bond in the N-methylolacrylamide.
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N-MAM¢} STO] 3ol v]x&= &o) 73}

Table 1. Copolymer Composition as a Function of Monomer Composition for the System N-MAM(M,)-ST
(M:) Polymerized at 70°C in DMSO, E.OH, and DO. AIBN : 3.05% 10 *mol / 1. Monomer Concentration

1 0.8mol /1. Total Volume : 50ml

Monomer DMSO0 E,OH DO Copolymer Composition
Composition Reaction Conversion N% in |Reaction Conversion N% in Rea.ction Conversion N% in (£)

(F) (T‘:[;r:(; (%)  Copolymer] ;I;:;]e) (%)  Copolymer 8:;13 (%)  Copolymer | DMSO E.OH DO
0.10 125 9.79 0.65 100 5.15 1.00 60 3.16 1.20 0.048 0.074 0.089
0.20 120 10.14 0.97 90 4.67 1.95 50 222 2.09 0072 0144 0.155
0.30 110 - 1.67 70 1.90 2.86 45 3.36 3.56 0.124 0211 0.262
0.40 100 10.22 2.39 70 3.16 4.08 40 5.34 4.97 0.177 0301 0.366
0.50 95 - 3.23 65 6.05 4.98 30 4.79 6.55 0.239 0367 0.480
0.60 90 7.0 4.24 65 6.05 6.17 20 5.10 8.79 0313 0453 0.642
0.70 90 7.88 4.85 65 7.62 7.54 15 6.81 10.13 0.357 0.552 0.737
0.80 85 7.19 7.19 60  10.81 8.45 10 12.84 11.50 0.527 0.617 0.835
0.90 90 8.02 8.36 60 9.92 9.92 8 3.04 12.54 0.611 0.722 0.908

F, : mole fraction of the N-MAM in the comonomers

f, : mole fraction of the N-MAM in copolymers
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Fig. 1. Monomer-polymer composition curves in
the copolymerization of N-MAM with ST
at 70C. (O), DO: (@), E.OH : (), DMSO.
The solid curves represent the Mayo-Lewis
equation(eq. 1 with the values of r; summarized
in table 3).
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Fig. 2. IR spectra(KBr) for the copolymers of N-MAM and ST, From

above monomer feed ratios of N-

MAM /ST are F,=0.3, 0.5, and 0.8, respectively. (a) in DMSO : (b) in E OH: (¢) in DO.
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N-MAMS}L ST & mzle &ojat

Table 2. Solubility of N-MAM /ST Copolymers® in Various Solvents

Solubility?' Dielectric® f,
Solvent Parameter  Constant(®) 474 0,144 0.211 0301 0.367 0453 0552 0617 0722 19
(cal / cm) (at 25C)
DO 9.90 2.21 S S s s s S s i i i i
CCl, 8.60 2.25 s $ s i i i i i i 1 1
Benzene 9.15 2.28% s s s s SW i i i i i 1
Toluene 8.90 2.38 s 3 S SwW i i i i i i i
CS, 10.00 2.64* s E] s s i i i i i i i
THF® 9.10 2.95 S S S s s s s i i i i
Ethyl Ether 7.40 4.34* SW SW SwW i i i i i i i i
Chlorobenzene 9.50 5.62 s s s s SW 1 i i i i i
Ethylacetate 9.10 6.02 s s s s SW i i i i i i
2-Butanone 9.30 18.50%* s s s s s SW i i i i i
Acetone 9.90 20.70 s S s s s s SW SW SW i i
E.OH 12.70 24.30 i i i i i i SW SW SwW s s
Methanol 14.50 32.63 i i i SW s 8 s s s s s
DMF? 12.10 37.65 s s s s S s s s i i i
DMSO 12.00 46.60 i s s S s s s S s s s
H,0 23.40 78.54 i i i i i i i i i s s

Copolymers obtained in ethanol
Y ref. 24)

< ref. 25), 26)

® Tetrahydrofuran

? N, N’-dimethylformamide

s : soluble, SW ; swelling, i : insoluble

* at 20C
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Fig. 3. Kelen- Tiidds plots for N-MAM / ST system
in DO(C), E.OH(@®), and DMSO(D)

Table 3. Copolymerization Parameters for N-MAM
(M,) with ST(M,) System

Reactivity Ratio
r, I,
Solvent
DMSO 0.12 2.59
E.OH 0.29 1.28
DO 1.30 1.35
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|_._,

‘*‘?LX}-‘“?L'AP AL S Jree] A7)

Loz g vl ard gl
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vhe] FrUge e ke EqaA g
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T AUk

IS R EA |
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4 peakoll &5y wave number® Table 5
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3 Hed siQgch &
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N-H group?] bending peak®= &wje] H&g ut
Flg=
N-MAM &9} dA35lE radicale] =:A4 &
vfofl ofair AW e] HEE wred vde] ST
B rZ4 N-MAMB o =2 moment?} 2%}
o, DMSO¢} EtOH&w ol +424gs d4

a2 2
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Table 4. Properties of the Solvents and Solvent Effects on N-MAM

Dielectric Dipole Moment Solvent Effect
Solvent Constant of Significant Dipole -dipole H-bonding H -bonding
(at 257) Groups Interaction to Amide to Carbonyl
DMSO 46.60 3.96 v \Y Sor O
EOH 24.30 1.69 M \Y \%
DO 2.21 0 S \Y 0

V=very strong, M=moderately strong,

210

S=slightly, O=none
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Fig. 4. The relationship between reactivity ratio
of N-MAM and dielectric constant ; DMSO
(46.6), E;OH(24.3), DO(2.2).

Table 5. Infrared Absorption of Monomeric N-MAM
in Different Solvents

Characteristic = DMSO E.OH DO
Absorption (cm™) (cm™) (cm™)
C=0 1679 1674 1686
N — H 1551 1553 1538
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