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Effect of Polymerization Condition on Atom Transfer Radical Copolymerization Behaviors
of Styrene with Methyl Acrylate
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Abstract — Investigated was the effect of the crucial polymerization conditions such as methyl acrylate(MA) mole
fraction in feed, polymerization temperature and time on Atom Radical Transfer Polymerization(ATRP) behavior of sty-
rene and methyl acrylate(MA). As MA mole fraction in feed increased, molecular weight(tMW) of the resulting copol-
ymer increased. At polymerization time of 3 hrs the composition of MA in the resulting copolymer was shown to have a
linear relationship with the mole fraction of MA in feed. MW was increased and the composition of MA in copolymer
was decreased as the polymerization time increased, showing the characteristics of ATRP. MW was also increased as
polymerization temperature increased, and the composition of MA in copolymer was shown to be increased drastically

at polymerization temperature of 110 °C.
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Table 1. Chemical structure of materials

Material Structure
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Table 2. Results on atom transfer radical copolymerization of styrene and methyl acrylate®

Styrene in feed MA in feed Temp. Time

Yield

Conversion MA content

(mmol) (mmol) (°C) (hr) (2) (%) in Polymer (%) Mn PDI
220 0 85 3 143 62.4 0.0 7400 1.12
209 11 85 3 12.7 55.9 5.9 8200 1.11
198 22 85 3 14.4 63.9 12.7 8700 1.11
187 33 85 3 14.7 65.8 15.6 9000 1.10
165 55 85 3 14.6 66.6 21.9 9600 1.10

0 220 85 3 b b 100.0 14000 1.10
187 33 85 1 8.9 39.9 20.4 4500 1.19
187 33 85 2 113 50.6 16.7 6700 1.13
187 33 85 5 17.3 775 12.3 17000 1.10
187 33 65 3 6.3 282 19.7 3400 1.19
187 33 110 3 b b 488 17000 1.07

“Polymerization condition: Cu(T)Br = 1.1 mmol, DMDBHD = 1.1 mmol, PMDETA =1.1 mmol.

’Not measurable because of sticky material.
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Mn=14000 PDI=1.10 MA=10.0

Mn=9600 PDI=1.10 MA=21.9
Mn=9000 PDI=1.10 MA=15.6
Mn=8700 PDI=1.11 MA=12.7
Mn=8200 PDI=1.11 MA=5.9
Mn=7400 PDI=1.12 MA=0.0

Rl response

12 14 16 18 20
Elution volume(ml)

Fig. 1. GPC curves of styrene-MA copolymers with respect to MA
mole fraction in feed.
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Fig. 2. Number-averaged MW and PDI of styrene-MA copolymers with
respect to MA mole fraction in feed. Polymerization condition:
Temp=85 °C, time=3hrs.
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Fig. 3. MA composition of styrene-MA copolymers with respect to MA
mole fraction in feed. Polymerization condition: Temp=85 °C,
time=3hrs.
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Fig. 4. Conversion of styrene-MA copolymers with respect to copo-
lymerization time. Polymerization condition: Temp=85 °C, MA
mole fraction in feed=0.15.
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Fig. 5. GPC curves of styrene-MA copolymers with respect to copo-
lymerization time. Polymerization condition: Temp=85 °C, MA
mole fraction in feed=0.15.
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Fig. 6. Number-averaged MW and PDI of styrene-MA copolymers
with respect to copolymerization time. Polymerization condi-
tion: Temp=85 °C, MA mole fraction in feed=0.15.
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Fig. 7. MA composition of styrene-MA copolymers with respect to
copolymerization time. Polymerization condition: Temp=85 °C,
MA mole fraction in feed=0.15.
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Fig. 8. GPC curves of styrene-MA copolymers with respect to copo-
lymerization temperature. Polymerization condition: time=3hrs,
MA mole fraction in feed=0.15.
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Fig. 9. Number-averaged MW and PDI of styrene-MA copolymers with
respect to copolymerization temperature. Polymerization condi-
tion: time=3hrs, MA mole fraction in feed=0.15.
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Fig. 10. MA composition of styrene-MA copolymers with respect to
copolymerization temperature. Polymerization condition: time
=3hrs, MA mole fraction in feed=0.15.
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