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Experimental Section 

Unless stated otherwise, all materials were purchased from Wako Pure Chemical Industries, Ltd. N-
Isopropylacrylamide (NIPAm, Sigma-Aldrich) was recrystallized from hexanes and dried in vacuo prior 
to use. The cross-linker N,N’-methylenebisacrylamide (BIS, Kanto Chemical Co., Inc), the initiator 
azobis-amidinopropane dihydrochloride (V-50) were all used as received. Ruthenium(II)(4-vinyl-4’-
methyl-2,2’-bipyridine)bis(2,2’-bipyridine)bis(hexafluorophosphate) [Ru(bpy)3 monomer] was 
synthesized according to the previous work.[1,2] Malonic acid (MA), sodium bromate (NaBrO3, Kanto 
Chemical Co., Inc), nitric acid (HNO3, Kanto Chemical Co., Inc), cerium(IV) sulfate tetrahydrate 
[Ce(SO4)2·4H2O], cerium(III) sulfate n-hydrate (n=5) [Ce2(SO4)3·5H2O], and sodium chloride (NaCl) 
were all used as received. Water for all reactions, solution preparation, and polymer purification was first 
distilled then ion-exchanged.  
 The Ru(bpy)3 copolymerized pNIPAm microgels were synthesized by surfactant-free aqueous radical 
precipitation polymerization. A mixture of NIPAm (1.663g), Ru(bpy)3 (0.135 g), BIS (0.023 g), and 
water (95 mL) was poured into a 200-mL three-neck, round-bottom flask equipped with a stirrer, a 
condenser, and a nitrogen gas inlet. Under a stream of nitrogen to purge oxygen and with constant stirring, 
the solution was heated in an oil bath to 70 °C. After stabilizing the solution for 1 h, the V-50 initiator 
(0.054 g) dissolved in 5 mL water was added to the flask to start the polymerization, which then 
continued for 6 h. After polymerization, the dispersion was cooled to room temperature. The obtained 
microgels were purified by centrifugation/re-dispersion with water four times using a relative centrifugal 
force (RCF) of 43 378 x g for approximately 10 h, and by daily changes of water by means of dialysis for 
a week. 
 Microgel sizes were determined by dynamic light scattering (DLS, Malvern, Zetasizer3000HSA). 
Diluted microgels were analyzed in a quartz cuvette. The samples were allowed to equilibrate at the 
desired temperature for 10 min before data collection. Scattered light was collected at 90°.  

Optical transmittance data of microgel oscillations were collected on a Shimadzu UV-2500PC 
spectrophotometer. The microgels (0.05 – 0.25 wt%) were dispersed in the aqueous solution containing 
the reactants of the BZ reaction: MA (62.5 mM), NaBrO3 (84 mM), and HNO3 (0.3 M). Under constant 
temperature and stirring conditions, the time course of transmission was monitored. The 570-nm 
wavelength was selected to detect the transmittance changes (see SI Figure 2). 
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SI Figure 1. Self-oscillation of the microgel coupled with the BZ reaction. 
 

 
 
 
 
 
 
 
 
 



 
SI Figure 2. Absorption spectra for Ru(bpy)3 monomer for the reduced Ru(II) state in 1 mM Ce(III) and 
0.3 M HNO3 solution (orange line), and the oxidized Ru(III) state in 1 mM Ce(IV) and 0.3 M HNO3 
solution (green line). Each Ru(bpy)3 monomer concentration was 0.01 wt.%.  
  
As shown in SI Figure 2, the Ru(bpy)3 complex has different absorption spectra in the reduced Ru(II) 
state and the oxidized Ru(III) state as an inherent property. The solution exhibited the absorption 
maximum at 453 nm in the reduced state and at 421 nm in the oxidized state, and has isosbestic point at 
570 nm. In this study, our aim is to detect the optical transmittance changes based on swelling/deswelling 
changes of the microgels. Therefore, the 570 nm wavelength was used in this study. 


