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ABSTRACT: Radical copolymerization of N-isopropylacrylamide (NIPAAM) with methyl
methacrylate (MMA) was carried out in 1,4-dioxane using 2,2 -azobisisobutyronitrile (AIBN).
To investigate the reactivity ratios of NIPAAM and MMA at different reaction temperatures,
the copolymerization was allowed to proceed to low conversion (less than 10 wt%), and the
reaction temperatures were 50, 60, and 70 C. The monomer reactivity ratios of NIPAAM and
MMA were estimated by the graphical methods according to the Finemann-Ross equation.
The 7, and #, values for NIPAAM-MMA were 0.259 and 2.782 at 50 C, 0.271 and 2.819 at
60 C, and 0.286 and 2.915 at 70 °C, respectively. As the reaction temperature increased, the »
and 7, values increased. The activation energy difference was estimated by comparing the
reactivity ratios at different reaction temperatures.
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Figure 1. 300 MHz 'H-NMR spectrum of PNIPAAM-
PMMA random copolymers in CDCl;.
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Scheme 1. Random copolymerization of PNIPAAM-
PMMA.
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Table 1. Reaction Conditions® and Results of the Copolymerization of NIPAAM with MMA

Feed ratio of Polymerization time (min.)

Yield in weight (%)

NIPAAM in copolymer,
mole fraction

NIPAAM/MMA 50 C 60 °C 70 C 50 ¢ 60 C 70 C 50 C 60 C 70 C
85/15 16 9 5 3.7 4.0 6.2 0.618 0.624 0.628
80/20 18 13 6 47 52 74 0.552 0.553 0.556
70/30 20 13 7 2.7 43 6.1 0.427 0438 0.441
63/37 24 17 9 1.7 3.2 6.0 0.357 0.359 0.361
55/45 25 17 10 2.6 4.0 3.9 0.301 0.295 0.304
40/60 60 30 15 42 6.8 45 0.184 0.185 0.173
25/75 90 45 21 32 59 7.7 0.098 0.096 0.093
10/90 125 70 35 47 9.4 9.8 0.036 0.036 0.035

@ Initiator : 2 mg of AIBN was used for each reaction.
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Figure 2. Finemann-Ross plots for copolymerization 0.0 0.2 0.4 0.6 0.8 1.0

of NIPAAM (M,) and MMA (M,).

Table 2. Monomer Reactivity Ratios on the
Copolymerization of NIPAAM () with MMA ()
Determined by Finemann-Ross Method

50 C 60 C 70°C
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Figure 3. Copolymer composition curve for copoly-
merization of NIPAAM (M) and MMA (M,).
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Figure 4. Instantaneous copolymer composition with
conversion for NIPAAM (M)-MMA (M,) with » =
0.271, »,=2.819 (estimated by Finemann-Ross meth-
od) at 60 C.
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Figure 5. Cumulative copolymer composition with
conversion for NIPAAM (M,)-MMA (M,) with r =

0.271, r,=2.819 (estimated by Finemann-Ross meth-
od) at 60 C.
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Figure 6. Expectations of feed and copolymer compo-
sition with conversion for NIPAAM (M,)-MMA (M,)
with £/=0.98, f,=0.02 at 60 C. »=0271, »=2.819
(estimated by Finemann-Ross method).
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Figure 7. Activation energy difference from plots of
the reaction temperature vs., the monomer reactivity
ratios (estimated by Finemann-Ross method). (a) E,-
E,,=4.56 k]/mole and (b) E,,- E;; =2.14 k]/mole.
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