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Figure 1. Radical polymerization of tert-butyl methacrylate
(fBMA) initiated with di-terz-butyl peroxide.
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Figure 2. (Color online) ESR spectra during actual radical
polymerization of fBMA at 150°C in mesitylene.
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Figure 3. GPC elusion diagrams of mixture of oligomers (solid
gray line), dimer (solid line), trimer (dotted line), tetramer (dashed
line), and pentamer (chain line), of H-({BMA)n-Br respectively.
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Figure 4. Scheme of generation of model propagating radicals
from model radical precursors with pre-determined structures.
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Figure 5. ESR spectrum of model dimeric propagating radical of
H-EMA-BMA * at 150°C in mesitylene.
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Figure 6. Experimental and simulated spectra of dimeric model
radical of /BMA. In an each set, the upper spectrum is the exper-
imental and lower one is the simulated spectrum. Experimental
spectra were observed at 120°C (a), 90°C (b), and 60°C (c) in

*44%

ESR of Methacrylate Radical

tH—
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mesitylene (a) and in toluene (b and c).
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Figure 7. Newman projection of the propagating radical of
methacrylate.
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Figure 8. Arrhenius plot for the dimeric model radical of /BMA.
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Electron Spin Resonance (ESR) Studies of Radicals in the Initial Stage of Radical Polymerizations of zer~-Butyl Methacrylate Using Model
Radicals

Hiroki Nakanma®! and Atsushi Kanwara*®
*\Nara University of Education (Takabatake-cho, Nara 6308528, Japan)

Electron Spin Resonance (ESR) spectroscopic studies directed at clarifying the fundamentals of radical polymerizations have been conducted.
Optimization of measurement conditions allows direct detection of radicals in polymerization reactions and well-resolved ESR spectra can be obtained.
The spectra provide information not only on the structure, properties, and concentration of radicals but also information on the initiating and
propagating (oligomeric and polymeric) radicals in radical polymerizations. A combination of ESR and atom transfer radical polymerization (ATRP)

1

provided significant new information on the properties of radicals in radical polymerization, e.g. dependency of chain length, dynamics, and reactivity
(hydrogen transfer) of propagating radicals. Up to now, it has been extremely difficult, even impossible, to obtain such information from ESR spectra
during conventional radical polymerization. To overcome this difficulty radical precursors of oligo- and poly(meth)acrylates were prepared by ATRP
and purified. Model radicals, with given chain lengths were generated by the reaction of well defined radical precursors with an organotin compound
and were observed by ESR spectroscopy. tert-Butyl methacrylate (lBMA) radicals with various chain lengths showed clear chain length dependent
ESR spectra. Especially, the ESR spectra of the dimeric model propagating radical were examined in detail at various temperatures.

KEY WORDS Radical Polymerization / ESR/EPR / Methacrylate / Chain Length Dependence / ATRP /

(Received February 1, 2019: Accepted April 25, 2019: Advance Publication June 17, 2019) |Kobunshi Ronbunshu, 76, 305—311 (2019)]
©2019, The Society of Polymer Science, Japan

15T T SCEE, Vol. 76, No. 4 (2019) 311


http://dx.doi.org/10.1007/BFb0024045
http://dx.doi.org/10.1016/S0079-6700(99)00012-X
http://dx.doi.org/10.1002/pola.10092
http://dx.doi.org/10.1002/pola.10092
http://dx.doi.org/10.1002/1521-3900(200203)179:1%3C53::AID-MASY53%3E3.0.CO%3B2-R
http://dx.doi.org/10.1002/1521-3900(200203)179:1%3C53::AID-MASY53%3E3.0.CO%3B2-R
http://dx.doi.org/10.1002/masy.200750206
http://dx.doi.org/10.1295/koron.61.237
http://dx.doi.org/10.1515/pac-2018-0401
http://dx.doi.org/10.1021/ma021205q
http://dx.doi.org/10.1021/ma021205q
http://dx.doi.org/10.1021/ja00125a035
http://dx.doi.org/10.1021/ja00125a035
http://dx.doi.org/10.1021/ma00127a042
http://dx.doi.org/10.1021/ma00127a042
http://dx.doi.org/10.1016/S0040-4039(00)74162-1
http://dx.doi.org/10.1063/1.1730955
http://dx.doi.org/10.1063/1.1730955
http://dx.doi.org/10.1021/ma9518666
http://dx.doi.org/10.1021/ma9518666

