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Figure S1. Curve fitting for power law model at 80 °C (H,05).
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Figure S2. Curve fitting for power law model at 80 °C (Cyclohexanone).
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Figure S3. Curve fitting for power law model at 80 °C (NH3).
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Figure S4. Curve fitting for power law model at 70 °C (H,05).
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Figure S5. Curve fitting for power law model at 70 °C (Cyclohexanone).
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Figure S6. Curve fitting for power law model at 70 °C (NH3).



0.025 *
2
0.020 -
A A Experimental rates of H,0,

< A Calculated rates of H,0,
£ 0.015 1 A
£
=
©
£ 0010 2
o)
= A
o A A

0.005 - A

AN
22
0.000 A A A
A 2 2aA & 2242 4 é$
T T T T T T T
0 20 40 60 80 100 120 140

t (min)

Figure S7. Curve fitting for power law model at 60 °C (H,05).
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Figure S8. Curve fitting for power law model at 60 °C (Cyclohexanone).
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Figure S9. Curve fitting for power law model at 60 °C (NH3).



Deviation of rate law
Following is the development of the rate law that describes the intrinsic kinetic based on

the L-H mechanism:

Define site [A] = 0, and site [B] = 0,. The site with adsorbed molecule is presented in

the form of O For example, the Ti active site with adsorbed H,O,; is

site, adsorbed molecule *

presented as 8, ,, , and the vacant Ti active site is presented as 0, etc.

The rate law of the RDS, Eq. (10), can be written as,

R= kL}el,HZOZ el,NH362,Cyclo (SD)

The rate equation of H,O, adsorption is,

L= klelvcHzo2 - k—lel,HZOZ

0 k
r =k, {61VCHZO2 - %2102} where Klzk—1

Considering surface reaction is rate controlling, therefore

k <<k, k,, k;

. T , L

je. a0 3
k1 kz k3

Hence, 6, , =K,0,,C; 0, (S2)



Similarly, the rate equation of NH3 and cyclohexanone adsorption steps give,

E)LNH3 = KZE)WCNH3 and (S3)

OZ,Cyclo = KsevaCyclo (54)

Site balance for [A] gives,

1=0,, + OI,HZOZ +61,NH3 (S5)

Substitute Egs. (20) and (21) into Eq. (23) becomes,

0 - 1 ($6)
1+K,Cyp, TK,Cyy,

Site balance for [B] gives,

1=0,, +0, .0, (S7)

Substitute Eq. (22) into Eq. (25) gives,

Oy = (S8)
1+ K,Cryo

Finally, by substituting Eqgs. (S2), (S3), (S4), (S6) and (S8) into Eq. (S1), which is the
RDS of the proposed mechanism, leads to the rate law that describes the intrinsic kinetic

based on the L-H model:

R — k;K1K2K3 : CHZOZ CNH3 CCyclo (89)

2
’ Cyclo )

(1+K,Cyo, +K,Cpy,) +(1+K,C

Similarly, the corresponding rate models derived from the E-R-1 and E-R-2 proposals are

presented in Egs. (S10) and (S11):



_ k;KICHZOZC CCyClo (SIO)
(1 +K,Cy 0, )

NH,

R = k'9K1K3CHZOZCCy010CNH3 (S11)
(1+ K Cyo, )(1 + KCopo)




Plotting In k versus 1/T,
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Figure S10. In k vs 1/T plot for determination of activation energy and preexponential

factor.

E, = (11887 x 8.314) J/mol
=9.883 x 10* J/mol
and k= €”*” =8.590 x 10" (with the same unit as k)



