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Equation derivation

The derivation process of the total activation energy formula is as follows:
The total reaction rate r is represented by the sum of the reaction rate of each type of
active sites:

n
r= Zyiri#(l)
1

where n is the number of the type of active sites, y; is the fraction of each type of active
sites and r; is the reaction rate of specific active sites.
Assume that the hydrogenation reaction rate expression of L-alanine is:

r= kC"11C"22#(2)

where k is the reaction rate constant, c; is the concentration of L-alanine and ¢, is the
concentration of Hy, n; and n, are the reaction orders of L-alanine and H, respectively.
Substituting Eq. 2 to Eq. 1 gives:

n
n, n n, n
kc 11(: 22 = Zyikic llc 22#(3)
1

n, n

1.
Divide both sides of the Eq. 3 by €162 gives:

n
k= Z yk#(4)
1

where k; is the reaction rate constant of each type of active sites.
The reaction rate constant is also expressed by:

E

k=A-exp(—R—;

)#(5)

where A is the pre-exponential factor, E, is the activation energy, R is the universal gas
constant and T is the absolute temperature.
Substituting Eq. 5 to Eq. 4 gives:

Ea . Ei
A-exp (— ﬁ) = Zyi'Ai-exp ( _ﬁ)#(@
1

The logarithm of Eq. 6 gives Eq. 7:

Ea ‘ Ei
InA + (— ) =lIn Zyl»Ai'exp ( _ﬁ)

— #(7
o7 (7)
Taking the derivative of Eq. 7 with respect to T gives Eq. 8:
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The simplification of Eq. 8 gives Eq. 9:




Model calculations

The total number of Ru atoms (N) in nanoparticles can be calculated from Eq. 10:

1
ru parizcle = 1105 X N X dp, #(10)

d

where “Ruparitcle is the statistical average particle size of Ru nanoparticles, and dry is

the diameter of Ru atom. The number of atoms locating on the equivalent edge (corners

included) m can be given by Eq. 11:
Ny =0.25 x (14m> - 21m® + 14m - 4)#(11)

The number of atoms on different active sites of each Ru particle can be calculated from

Eq. 12 -Eq. 15:
Ncorner = 12#(12)
Ngqge = 18m — 40#(13)

N go1) = 1.5 X (m - 2)*#(14)

N (101) = 6m* - 26m + 28#(15)

The surface atom number of each Ru particle can be obtained from Eq. 16:
N¢=7.5m? - 14m + 6#(16)

The reaction rate for L-alanine conversion or alaninol formation and apparent

activation energy were calculated using Eq. 17 and Eq. 18:

dnL - alanine/Alaninol
dt

T = i
iitial = 2o ount X loadingp,,
MRu
Tinitial
TOFapp = N #(18)
S
Ny

where amount, loadingp, and Mpy, are the amount of catalyst, the loading of Ru and

the molecular weight of Ru, respectively, while " - alanine and "Alaninol are the number

of moles of L-alanine and alaninol, respectively.



Table S1. Initial reaction rate for L-alanine conversion on Ru/CNT catalysts at different

temperatures.
Catalysts Temperature (°C) Rin (MOl ptanine- Molg, " -min™)
85 0.023
920 0.035
1.3-RwW/CNT
95 0.049
100 0.071
85 0.030
90 0.045
1.7-Ru/CNT
95 0.062
100 0.089
85 0.039
90 0.049
2.2-Ru/CNT
95 0.074
100 0.112
85 0.032
90 0.044
2.5-Ru/CNT
95 0.067

100 0.095




Table S2. Initial rate of alaninol formation on Ru/CNT catalysts at different

temp eratures.
Catalysts Temperature (°C) Rin (Mol gjaninor molg,™ -min")
85 0.020
90 0.025
1.3-Ru/CNT
95 0.038
100 0.051
85 0.024
90 0.037
L.7-RW/CNT
95 0.049
100 0.077
85 0.030
90 0.040
2.2-Ru/CNT
95 0.064
100 0.086
85 0.028
90 0.040
2.5-Ru/CNT
95 0.059

100 0.072
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Figure S1. H,-TPR profiles of differently sized Ru/CNT catalysts.
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Figure S2. L-alanine conversion as a function of time over the 2.2-Ru/CNT catalyst at
95 °C.
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Figure S3. Concentrations of L-alanine and alaninol versus reaction time for L-alanine

hydrogenation over the 2.5-Ru/CNT catalyst at (a) 100 °C, (b) 95 °C, (c¢) 90 °C and (d)

85

°C.
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Figure S4. Concentrations of L-alanine and alaninol versus reaction time for L-alanine
hydrogenation over the 2.2-Ru/CNT catalyst at (a) 100 °C, (b) 95 °C, (c¢) 90 °C and (d)
85 °C.
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Figure S5. Concentrations of L-alanine and alaninol versus reaction time for L-alanine

hydrogenation over the 1.7-Ru/CNT catalyst at (a) 100 °C, (b) 95 °C, (c¢) 90 °C and (d)

85

°C.
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Figure S6. Concentrations of L-alanine and alaninol versus reaction time for L-alanine

hydrogenation over the 1.3-Ru/CNT catalyst at (a) 100 °C, (b) 95 °C, (c¢) 90 °C and (d)

85 °C.
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Figure S7. Conversion of L-alanine and selectivity to alaninol over (a) 2.5-Ru/CNT,

(b) 2.2-RwW/CNT, (c) 1.7-Rw/CNT and (d) 1.3-Ru/CNT at 480 min.
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Figure S8. Plots of Ry, for L-alanine conversion over differently sized Ru/CNT

catalysts as a function of temperature.
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Figure S9. The fraction of different type of surface sites as a function of the Ru particle

size.
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Figure S10. The number of each type of active site per mole of Ru as a function of the

Ru

particle

size.
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Figure S11. Schematic diagrams of clean (a) Ru(101), (b) Ru(001) and (c) Ru(111)

surfaces.
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Figure S12. Adsorption energies and configurations of H, on the Ru(101), Ru(001) and
Ru(111) surfaces.



