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Details of the reduction potential calculation about HO-adduct radicals. The B3LYP/6-31+G(d)
method was used for the gas phase geometry optimizations and frequency calculations. The Gibbs free
energy of each species was calculated using the B3LYP/6-311++G(2df,2p) electronic energy and the
zero-point vibrational energy and thermal corrections (0 — 298 K) obtained at B3LYP/6-31+G(d) level
(unscaled). We employed the most recent version of the polarized continuum solvation model (PCM),
that is, integral equation formalism PCM (IEF-PCM)' to calculate the solvation free energies (with the
gas-phase optimized structures and the radii scale factor of 1.2°*). The single-point PCM calculations
were also performed at B3LYP/6-311++G(2df,2p) level. The standard reduction potentials (E° vs. NHE)
of HO-adduct radicals were obtained by

E'=(G. -G, +AG_, —AG,)x27.2116 - 4.44 (1,

rsol

where G, G,, AGyso and AG,g, are the Gibbs free energies and solvation free energies of the HO-
adduct radical and its corresponding anion, respectively. The last term, -4.44 (unit: V) is the free energy
change associated with the reference NHE half-reaction (2H'(aq) + 2¢'(g) — Ha(g)).>° The results were
further corrected by adding 0.28 V, because the B3LYP/6-311++G(2df,2p)//B3LYP/6-31+G(d) method
systematically underestimates the adiabatic electron affinity by 0.28 eV.’

Estimation about the reduction potential of ey,". For colloidal TiO,, the reduction potential of e,
(i.e. the quasi-Fermi level of ey, ) expressed with respect to NHE varies with the pH value of the

suspension according to®

E(e, )" =—0.13—0.059pH (vs. NHE) Q).



Table S1. The reported relative yields of m-, p- and 0-HO-BAs formed in the photocatalytic oxidation

of BA
entry m- (%) p- (%) 0- (%) reference
1 26 25 49 9
2 52 34 14 10
3 44 23 33 11
4 29 28 43 12
52 36 64 --- 13

“ 0-HO-BA was detected but not quantified in this study, so in the calculations about the relative
yields of p- and m-HO-BAs, the concentration of 0o-HO-BA is not counted in.

Table S2. The relative yields of m-, p- and o-hydroxylated products formed in the photocatalytic

oxidation of BA and NB*
entry condition time m- (%) p- (%) 0- (%)
la 20 mM BA, 0.1 atm O, 45 min 63.5 16.5 20.0
1b 20 mM BA, 0.1 atm O, 90 min 63.7 16.9 19.4
2a 20 mM BA, 0.2 atm O, 45 min 58.5 18.6 22.9
2b 20 mM BA, 0.2 atm O, 90 min 58.8 19.0 222
3a 20 mM BA, 0.4 atm O, 45 min 53.6 21.5 25.0
3b 20 mM BA, 0.4 atm O, 90 min 54.3 21.8 239
da 20 mM BA, 0.6 atm O, 45 min 51.8 233 24.9
4b 20 mM BA, 0.6 atm O, 90 min 51.9 23.5 24.6
5a 20 mM BA, 0.8 atm O, 45 min 50.1 24.1 25.8
5b 20 mM BA, 0.8 atm O, 90 min 51.1 24.0 25.0
6a 20 mM BA, 1.0 atm O, 45 min 49.5 24.6 259
6b 20 mM BA, 1.0 atm O, 90 min 50.5 24.6 24.9
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20 mM BA, 2.0 atm O,
20 mM BA, 2.0 atm O,
5mM NB, 0.1 atm O,
5mM NB, 0.1 atm O,
5mM NB, 0.2 atm O,
5 mM NB, 0.2 atm O,
5 mM NB, 1.0 atm O,
5 mM NB, 1.0 atm O,
1 mM BA, air
1 mM BA, air
2 mM BA, air
2 mM BA, air
5 mM BA, air
5 mM BA, air
10 mM BA, air
10 mM BA, air
15 mM BA, air
15 mM BA, air
20 mM BA, air
20 mM BA, air
saturated BA (~25 mM), air
saturated BA (~25 mM), air
20 mM BA, F-TiO;
20 mM BA, F-TiO;

45 min
90 min
45 min
90 min
45 min
90 min
45 min
90 min
45 min
90 min
45 min
90 min
45 min
90 min
45 min
90 min
45 min
90 min
45 min
90 min
45 min
90 min
45 min

90 min

47.0
47.1
62.9
63.3
46.9
47.3
42.7
43.2
52.5
53.9
53.5
54.1
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553
56.7
56.1
57.8
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58.7
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38.9
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25.7
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22.1
19.6
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19.2
17.8
18.2
222
21.4

27.3
26.4
11.1
11.2
22.0
22.2
23.4
23.0
22.6
21.5
222
20.7
22.0
21.4
22.3
21.8
22.6
222
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23.0
22.9
23.7
38.9
38.7

“1 g/L TiO; (P25), 50 mL H,0. " 1 g/L F-TiOx.



Table S3. The calculated reduction potentials (E° vs. NHE) of the HO-adduct radicals of BA and NB in

H,0, and the reduction potentials of the eq,” of TiO, (E(ew)") at the pH of the photocatalytic systems

HO-adduct radical E° (V) pH E(ew)’ (V)
m-HO-BA -0.66
p-HO-BA -0.22 2.7 -0.29
0-HO-BA -0.27
m-HO-NB -0.39
p-HO-NB 0.34 3.3 -0.32
0-HO-NB 0.31

“2 g/L TiO,, 20 mM BA, 5 mL H,0. ” 2 g/L TiO,, 0.5 mL NB, 5 mL H,O.

Table S4. Percentages of 'O in the hydroxyl groups of HO-BAs formed in

10, (air)/H,"*0/H,'°0,/BA/UV systems”

entry time m- (%) p- (%) 0- (%)
1 lh 2.3 2.6 3.2
2 2h 23 3.1 3.4

“20 mM BA, 10 mM H, °0,, 1 mL H, 0, irradiation time: 1 and 2 h.
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Figure S1. (A) Consumption of BA (black) and total yield of monohydroxylated products (red) during
the photocatalytic degradation of BA with initial concentration of 1 (circle) and 2 mM (square). (B) and
(C) The concentrations of m-, p- and 0-HO-BAs in the 1 and 2 mM BA systems, respectively. Insets of

(B) and (C): the corresponding relative yields of HO-BAs.

As shown by the black straight lines in Figure S1A, the degradation of BA follows zero-order kinetics.
The apparent consumption rate constants of BA were 1.78 and 1.83 uM/min for the systems with initial
BA concentration of 1 and 2 mM, respectively, indicating that the consumption rate of the substrate is
not remarkably affected by its initial concentration. However, the accumulation of HO-BAs was
observed to be largely facilitated by the increase of initial substrate concentration. For example, at

irradiation of 90 min, the total concentration of three HO-BAs was 45.8 uM with initial BA

concentration of 1 mM and 62.5 uM in the case of 2 mM. The accumulation of HO-BAs is determined



by their formation and consumption during the reaction. The formation and consumption of HO-BAs
were tentatively fitted with zero-order and first-order reactions, respectively. As shown by the red lines,
such a fitting was in well agreement with experimental data. The apparent formation rate constants of
HO-BAs were 0.874 and 0.925 pM/min for the 1 and 2 mM BA systems, respectively, which is
consistent with the similarity in the consumption rate of BA. In both systems, the total formation rate of
HO-BAs accounts for ca. 50% of the consumption rate of BA, which means that they are the main
primary photocatalytic oxidation products of BA. In contrast to the formation, the consumption rate
constant of HO-BAs for the 2 mM BA system (0.0065 min™") was much lower than that with 1 mM BA
(0.0126 min™), indicating that the effect of initial BA concentration on the accumulation of HO-BAs is
mainly due to its influence on the consumption, rather than the formation of them. It is obvious that high
initial substrate concentration inhibits the secondary reactions of hydroxylated intermediates, which is
probably caused by the competition between BA and HO-BAs for surface adsorption sites and reactive
species.

Figures S1B and S1C illustrate the individual concentrations of three HO-BAs in the 1 and 2 mM BA
systems, respectively. It is obvious that the accumulation of each HO-BA slowed down with reaction
time in both systems, indicating that their secondary reactions become more significant when reaction
time is prolonged. The insets of Figures S1B and S1C illustrate the relative yields of HO-BAs (the ratios
of the individual concentration of one HO-BA to the total concentration of three HO-BAs). Although
the relative yields of HO-BAs changed slowly with reaction time, their relative yields of 45 and 90 min
reactions were generally very close. For example, in the 2 mM BA system, the relative yield differences
of m-, p- and 0-HO-BAs between 45 and 90 min reactions were 0.6%, 0.8% and 1.4%, respectively. It is
indicated that, during the first 90 min of the reaction, the yield distribution of HO-BAs is stable and not
remarkably affected by their secondary reactions. Due to the inhibition of BA on the secondary
reactions of its hydroxylated products, it is expected that the effect of secondary reactions on the yield
distribution of HO-BAs would become more insignificant at higher substrate concentrations (5-25 mM

in this study).
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Figure S2. Adsorption amounts of m-, p- and 0-HO-BAs in the presence of BA. 5 g/L TiO, (P25), cga’

=10 mM.

0.10+
e m-HO-BA
—, e p-HO-BA
0.08+ S s+ 0-HO-BA

0.00 T T T T T T T T T T T T T 1
0 20 40 60 80 100 120

Time (min)

Figure S3. Photocatalytic degradation of m-, p- and 0-HO-BAs.1 g/L TiO, (P25), Cmona’ = 0.1 mM,

Cp.Ho-BAO =0.1 mM, CO.H()-BAO =0.1 mM.
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Figure S4. Adsorption isotherm of BA on TiO,. 10 g/L TiO, was dispersed in the solutions of BA with
concentration from 0.2 to 1.5 mM. The suspensions were stirred for 8 h in the dark to achieve
adsorption-desorption equilibrium. The concentrations of BA, before and after adsorption were
determined by HPLC method, and quantified from its absorbance at 230 nm. The relationship between
the concentration of BA and the adsorbed amount was correlated with the Langmuir isotherm. The
obtained maximum adsorbed amount (/) was 0.062 mmol/g, and the adsorption constant (K) was

2.78 mM". This result is in well agreement with the reported values.'*
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Figure S5. Abundances of 'O in the hydroxyl groups of HO-NBs formed in the photocatalytic
oxidation of NB, using aerial 190, as oxidant and H,'®O as solvent. 2 g/L TiO; (P25), 1 mL H,'*0, 100

uL NB.
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