
Polymer Chemistry

One-pot synthesis of structure-controlled temperature-
responsive polymer gels

Tomoki SAKAI1, Nagisa ITO1, Mitsuo HARA1, Takahiro SEKI1, Mineto UCHIYAMA1,
Masami KAMIGAITO1, Kotaro SATOH2, Taiki HOSHINO3, and Yukikazu TAKEOKA1
1Graduate School of Engineering Nagoya University, Furo-cho, Chikusaku, Nagoya 464-
8603, Japan, 2Department of Chemical Science and Engineering School of Material
Chemical Technology Tokyo Institute of Technology, 2-12-1 Ookayama, Meguro-ku,
Tokyo 152-8550, Japan, 3RIKEN Spring-8 Center, Sayo, Hyogo 679- 51982, Japan

2Tel: +81-3-5734-2162, Fax: +81-3-5734-2162, E-mail: satoh@cap.mac.titech.ac.jp
1Tel: +81-52-789-4670, Fax: +81-52-789-4669, E-mail: ytakeoka@chembio.nagoya-
u.ac.jp

Supporting Information

Electronic Supplementary Material (ESI) for Polymer Chemistry.
This journal is © The Royal Society of Chemistry 2022

mailto:satoh@cap.mac.titech.ac.jp
mailto:ytakeoka@chembio.nagoya-u.ac.jp


Figure S1. 1H NMR spectra of difunctional RAFT agents DVE-TTC and DVE-DTC.
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Figure S2.  Polymerization of IBVE and BDDA with DVE-TTC/ZnCl2/TPO just 
under LED irradiation as a control experiment. 

J: IBVE
J: BDDA

IN085 IBVE   /  BDDA /  DVE-TTC /  ZnCl2 /   TPO      in toluene/Et2O (9/1)           
           3000   /    300   /        30      /    7.5    /   15         mM  at 20 °C              Blue LED(470 nm), 70 mW
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IN051 IBVE   /  BDDA /  DVE-TTC /  ZnCl2 /   TPO      in toluene/Et2O (9/1)           
           3000   /    300   /        15     /      5     /     5          mM  at 20 °C              Blue LED(470 nm), 70 mW
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IN116 IBVE   /   BDDA  /  DVE-TTC /    ZnCl2  /   TPO      in toluene/Et2O (9/1)           
           2250   /     225    /        7.5      /     2.5     /    2.5       mM  at 0 °C             Blue LED(470 nm), 70 mW
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Figure S3. Cationic polymerization with ZnCl2.
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●, ▲ : (A) Without added base at −40 !C       ●, ▲ : (C) [THF] = 800 mM at −30 !C
●, ▲ : (B) [THF] = 800 mM at 0 !C

Figure S4. Cationic polymerization with trithiocarbonate RAFT agent.

M
MM

M
M

M

(a) (b) 

(c) 



Figure S5. Effect of various RAFT agents.
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Figure S6. 1H NMR spectra of PEO2 with various RAFT agents.



●, ▲ : (A) [Et3Al2Cl3]0 = 10 mM                 ●, ▲ : (B) [Et3Al2Cl3]0 = 15 mM

Figure S7. Cationic polymerization with another Lewis acid.
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Figure S8. Effect of irradiation start time of blue LED on this reaction system,
polymerization was performed using 20 equivalents of cross-linker relative to initiator at an
EO2 monomer concentration of 1.0 mol L-1(denoted by M in Figure) (the ratio of initiator,
monomer, and cross-linker preparation was 1:100:20)
(a) Reactivity of crosslinker when exposed to light after EO2 has completely reacted (open
circles) or with 10% EO2 remaining (solid circles), (b) Time dependence of the SEC of the
polymer obtained by light irradiation after EO2 has completely reacted, (c) Time
dependence of SEC of polymer obtained by light irradiation with 10% EO2 remaining
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Figure S9. (a) Dependence of value of hsp on concentration of 100-mer 
PEO2. (b) Plots of hsp/C vs concentration of 100-mer PEO2.
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Figure S9. (c) Both log-log plots in Figure (a)
The slope of the log plot of reduced viscosity versus polymer concentration
is 1, indicating that this solution is a dilute solution with no interactions
between the polymers. When the slope approaches 2, the solution is semi-
dilute and the macromolecules are packed together in a pressed state with no
entanglement between the macromolecules. When the slope reaches 14/3,
the polymers are entangled with each other.
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Figure S10. (a) Dependence of value of hsp on concentration of 200arm 
PEO2. (b) Plots of hsp/C vs concentration of 200-mer PEO2.

h s
p

[–
]

Concentration [mg/mL]

𝜂 = 0.0155 [mL/mg]

h s
p/C

[m
L/

m
g]

Concentration [mg/mL]

(a)

(b)



Figure S10. (c) Both log-log plots in Figure (a)
The slope of the log plot of reduced viscosity versus polymer concentration
is 1, indicating that this solution is a dilute solution with no interactions
between the polymers. When the slope approaches 2, the solution is semi-
dilute and the macromolecules are packed together in a pressed state with no
entanglement between the macromolecules. When the slope reaches 14/3,
the polymers are entangled with each other.
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Figure S11. Effect of cross-linker concentration on gelation
(a) Time dependence of the reaction at a concentration of 450 mM of cross-linking agent
(divinyl adipate), (b) Time dependence of the reaction at a concentration of 525 mM of
cross-linking agent, (c) Time dependence of the reaction at a concentration of 600 mM
of cross-linking agent, (d) Time dependence of the reaction at a concentration of 750
mM of cross-linking agent, (e) Gelation time obtained from (a)~(d)
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Figure S12. ATR-FTIR spectra of (A) PEO2, (B) Cross-linker, and (C–F) Gels 
obtained by adding different amounts of cross-linkers 
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