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Figure S1. Time profiles of the increase of absorbance at 353 nm and the corresponding
production of I3 in the presence of 104 and FFA during freezing. Experimental conditions were
as follows: [104 ] = 100 uM, [FFA] =20 uM, pH = 3.0, and freezing temperature = —20 °C. The
concentration of I; was calculated by assuming that the absorbance at 353 nm is only due to the
generation of I5 .
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Figure S2. Degradation of FFA in the presence of 104 during freezing. Experimental conditions
were as follows: [104 ] =100 uM, [FFA] =20 uM, pH = 3.0, and freezing temperature = —20 °C.
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Figure S3. Degree of solidification of the solution containing 104 and FFA as a function of
reaction time. Experimental conditions were as follows: [I04 ] = 100 uM, [FFA] =20 uM, pH =

3.0, and freezing temperature = —20 °C.
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Figure S4. Total iodine mass balance (i.e., reduced [IO4 ] vs. generated [IO3 ] + generated [I ]| +
2 x generated [I;]) in the course of FFA degradation by 104 (IO4 reduction by FFA) during
freezing. Experimental conditions were as follows: [104 ] = 100 uM, [FFA] = 20 uM, pH = 3.0,

and freezing temperature = —20 °C.
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HsIOg <> HylOs + H', pKa) = 1.64
H,I0s > H3I06* + H', pK,, = 8.36
H3l0s> o H,10¢ + HY, pKys = 12.20
H,I0 < 104 + 2H,0, Kp = 40

2H3IO62_ > H2120104_ + 2H20, KX =141 1\/[_1
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(S3)

(S4)

(S5)

Equilibria among various iodine"" species, where pK,), pKan, and pK,; are the acid dissociation

constants, and Kp and K are dehydration and dimerization constants, respectively.'
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Figure S5. pH-dependent speciation of [0, at [IO4 | = (a) 100 uM, (b) 100 mM, and (c) 100 M.
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Figure S6. Degradation of FFA in the presence of 10; in water and during freezing.
Experimental conditions were as follows: [I0; ] = 100 uM, [FFA] = 20 uM, pH = 3.0, water

temperature = 25 °C, and freezing temperature = —20 °C.
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Figure S7. Degradation of FFA in the presence of (a) I and (b) I, in water and during freezing.
Experimental conditions were as follows: [I ] = 100 uM for part a, [I;] = 100 uM for part b,
[FFA] =20 uM, pH = 3.0, water temperature = 25 °C, and freezing temperature = —20 °C.
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Figure S8. UV—visible absorption spectra of CR as an in situ pH probe before and after freezing
the aqueous solution of I04 and CR. Experimental conditions were as follows: [104 ] = 100 puM,
[CR] =20 uM, pH = 3.0, water temperature = 25 °C, and freezing temperature = —20 °C.
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Figure S9. pH-dependent speciation of cresol red (CR). The acid dissociation constants (pK,) of
CR were obtained from references 2 and 3 (pK,; = 1.10 and pK,, = 8.15).
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Figure S10. Reduction of 104 by FFA and the concurrent production of 105 , I, and I, during
freezing at (a) —10 °C, (b) —20 °C, and (c¢) —30 °C. Experimental conditions were as follows:
[104 ] =100 uM, [FFA] =20 uM, and pH = 3.0.
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Figure S11. (a) Degradation of various substituted phenols (4-nitrophenol (4-NP), 2-nitrophenol
(2-NP), 4-bromophenol (4-BP), 4-chlorophenol (4-CP), 2-chlorophenol (2-CP), phenol (P), 4-
methylphenol (4-MP), and 2,4-dimethylphenol (2,4-MP)) in the presence of 104 during freezing.
(b) Correlations between degradation rate constants (k) and Hammett constants (o).
Experimental conditions were as follows: [[04 ] = 100 uM, [substituted phenol] = 20 uM, pH =
3.0, and freezing temperature = —20 °C. The Hammett constants of the substituted phenols were

obtained from references 4 and 5.
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Discussion on the effect of cooling method on the induction period. The freezing-induced
degradation of FFA in the presence of 104 is initiated when the aqueous solution is almost
solidified (i.e., when the concentrations of 104 , FFA, and protons reach the minimum level for
inducing the degradation process). Therefore, the cooling rate (i.e., the solidification rate) is a key
factor in determining the induction period. The aqueous solution is solidified more rapidly when
a substance with higher specific heat capacity and density is used as a coolant. The specific heat
capacity (C,) of ethanol is twice that of air (2.0 kJ/kg-°C for ethanol vs. 1.0 kJ/kg-°C for air). The
density of ethanol (1) is much higher than that of air (g) (827.0 kg/m’ for ethanol vs. 1.4 kg/m’ for
air). In addition, the circulation of cold ethanol in a cryogenic ethanol bath contributes to the
rapid solidification of the aqueous solution. These can help explain why the induction period in

outdoor experiments is much longer than that in laboratory experiments.
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