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Calculation of TON and TOF
Turnover number (TON) and Turnover frequency were calculated using the formula given below. 

The gas was collected at room temperature for all the reactions.

TON = n(H2)/n(catalyst)

TOF = TON/time

Where n(H2) is the number of millimoles of gas released, was calculated by considering Vm,H2,25°C 

values from Vander Waals equation as shown in the previous work,S1 and n(catalyst) is the 

millimole of catalyst used for the catalytic reaction.

Calculation of conversion, selectivity, yield, and carbon balanceS2

Conversion = [Ci(GLY) - Cf(GLY)]/Ci(GLY)×100 (%)

Selectivity = Cf(P)/Cc(GLY)×100 (%)

        Yield = Cf(P)/Ci(GLY)×100 (%)

Carbon Balance = [1-Conv.GLY + YSL + YSG + YPD + YSF] ×100 (%)

Where Ci(GLY) =  millimoles of carbon in the initial glycerol

             Cf(GLY) =  millimoles of carbon in the final glycerol

             Cc(GLY) = millimoles of carbon in the converted glycerol

                   Cf(P) = millimoles of carbons in the final product

Calculation of metal dispersionS3, S4

‘Metal Dispersion’ describes the distribution of metal nanoparticles over the support, where high 

dispersion indicates that the nanoparticles are uniformly distributed, resulting in a greater surface 

area of the active component being available for catalysis, whereas low dispersion signifies that 

the nanoparticles are clustered or aggregated, thereby reducing the available active surface area. 

In our study, ‘dispersion’ refers to the particle size of Ru nanoparticles. Particle size measured 

using TEM is used to estimate the dispersion by assuming metal nanoparticles as spherical 

particles, as explained in the following sections.

 Let’s consider a collection of ni spherical particles of diameter di, of area Ai (or πdi
2) and of 

volume Vi (or πdi
3/6). As two mean particle sizes are usually considered, the length-number 

mean diameter, dLN = Σnidi/Σni and the volume-area mean diameter, dVA = Σnidi
3/Σnidi

2. 

 The surface area occupied by an atom m on a polycrystalline surface is given by

am = 1/ns
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where ns is the mean number of atoms (For Ru, am = 6.35 Å2).

 The volume Vm occupied by an atom m in the bulk of the metal is given by

        Vm = MRu/(ρ×NA)                                                           (1)

where MRu = Atomic weight of Ru metal and ρ = Density of Ru metal, NA = Avogadro’s number

 The relation between specific surface area (Ssp) and mean particle size (dVA) is

Ssp = ΣniAi/(ρΣniVi)                              (2)

Since, Ai = πdi
2
 and Vi = πdi

3/6,

                        Therefore, Ssp = 6/(ρ×dVA)                                        (3)

 The relation between specific surface area (Ssp) and metal dispersion (D) is

Ssp = am×(NA/MRu)×D                                      (4)

 The relation between metal dispersion (D) and mean particle size (dVA):

We can write from eq. (3)

                                                       dVA = 6/(ρ×Ssp)                                                             (5)

Using eq. (1), (4) and (5); we can write

                                      dVA = 6/[(am/Vm)×D]                                                       

                                      D = 6[(Vm/am)/dVA]                                                     (6)

Putting the value of Vm from eq. (1) in eq. (6);

                                       D = (6 × MRu)/(ρ×dVA×am×NA)

                                       D (%) = (600×MRu)/(ρ×dVA×am×NA)                        (7)     

where MRu = Atomic weight of Ru metal and ρ = Density of Ru metal

dVA = Particle size in nm, estimated from TEM analysis

                                am = Atomic surface area of Ru metal

The surface area occupied by an atom (am) is related to the mean number of surface atoms per unit 

area (ns) by the equation am = 1/ns. For Ru, which adopts a hexagonal close-packed (hcp) structure, 

the number of surface atoms (ns) was determined based on the (001) plane using the lattice 

parameters of ruthenium.S4 The calculated value of am for Ru (6.35 Å2) was also adopted by other 

authors.S3
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Table S1 Comparison with hydrogen production systems from glycerol in the literature.

Catalyst Solvent Base
(equiv.)

T(°C)
/t(h)

Gas/
p(bar)

Conv. 
(%)

Sel. of 
LA 
(%)

Contaminants Sel. of 
H2/{n(H2)/
n(GLY)}

Ref.

Ru/La(OH)3 water NaOH
(2.0)

130/4.5 Ar >99 86 n. d. >99.9%/1.4 This 
work

Ru water NaOH
(2.0)

110/10 Ar >99 70 n. d. >99%/1.6
S2

Ru-NMC-3 water - 250/12 N2/40 92 - CO, CO2, CH4 88.5/-
Ru-Pt-NMC-3 water - 250/12 N2/40 87.9 - CO, CO2, CH4 82.2/- S3

Ru/NaY - - 250/12 N2/40 88.1 - CO, CO2, CH4 68.1/- S5
PtMo/C water - 230/720 Ar/31 26 - CO2, CH4 55.3/- S6
PtRe/C water KOH 225/- N2/29 58.5 - CO, CO2, 

Alkane
24.5/- S7

Ni/Al2O3-
La2O3

water - 225/2.5 -/30 37 - CO, CO2, CH4 32/- S8

Pt-
Cu/Mg(Al)O

water - 200/5 -/29 98 - CO, CO2, CH4 55.3/- S9

Pt/Al2O3 water - 225/24 N2/29 83 - CO2, Alkane 75/- S10

Pt-KHT/28 water - 250/4 N2/45 83 - CO2, Alkane 67.4/- S11

1Pt-
3Ni/MWCNT

water - 250 -/40 99 - CO, CO2, CH4 90.9/- S12

PtFe/ γ-Al2O3 water - 225/- -/27.6 66 - CO, CO2, CH4 45.8/- S13

Pt/SiO2 water - 230/4 -/32 10.8 - CO, CO2, 
Alkane

71.8/- S14

Ce-Sm-5Cu water - 400-
750/6

- 80 - CO, CO2, CH4 44-75/- S15

Ru/Y2O3 water - 600/24 - >99 - CO, CO2, CH4 90 S16
Ru/Al2O3 water - 900 - 58 - CO, CO2, CH4 42 S17
Ru/Al2O3 water - 350-500 -/10 50 - CO, CO2, CH4 58.3 S18
Ru/Al2O3 water - 400-600 - 92 - CO, CO2, CH4 68 S19
Pt/ZrO2 water NaOH (1.5) 160/4.5 N2/20 96 95 n. d. - S20

100/12 vacuum 26.7 80.1
120/12 vacuum 42.2 81.8

vacuum 72.8 83.6

Ru-Zn-
Cu(I)/HAP

water
NaOH (1.5)

140/12
140/21 vacuum 100 82.7

CH4 S21

Pt-Co/CeOx water NaOH (1.0) 200/4 N2/10 85 88 CO2, CH4 - S22
Au/HAP/BN water NaOH (1.0) 100/2 Air/1 100 99.5 n. d. - S23

Pt/C water NaOH 
(1.17)

140/3 C2H4/60 ~100 95 n. d. - S24

Pt/C water NaOH (1.8) 180/24 He/30 100 80 n. d. - S25
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Pt/C - KOH (1.1) 160/18 N2/1 95 93 n. d. - S26
PtRu/C water NaOH (0.8) 200/1.5 H2/40 100 37 CO2, CH4 - S27
Pd/HAP water NaOH (1.1) 230/1.5 - 99 95 n. d. - S28
Rh/ZnO water NaOH (0.8) 180/12 He/20 ~100 68 n. d. - S29

CuPd/rGO water NaOH (1.1) 140/6 N2/14 56 88 n. d. - S30
Cu/SiO2 water NaOH (1.1-

1.5)
240/6 N2/14 75 82 CO2, Alkanes - S31

CuO/CeO2 water NaOH (1.0) 220/8 N2/20 87 74 n. d. - S32
Ni0.3/graphite water NaOH (1.1) 230/2 N2/1 97 92 n. d. - S33

NMC – N-doped mesoporous carbon, NaY – sodium zeolite, KHT – K-promoted hydrotalcite, MWCNT – multiwalled carbon 
nanotubes, HAP- hydroxyapatite, BN- boron nitride, rGO – reduced graphene oxide, n. d. – not determined
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Scheme S1 Possible pathways for the catalytic conversion of GLY to H2 gas and valuable 

co-products. 
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Scheme S2 Key reactions involved in the transformation of glycerol to H2 gas. 
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Fig. S1 P-XRD pattern of the ruthenium-based supported catalysts. 
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Fig. S2 (a-b) SEM images and (c) corresponding EDX spectra of Ru/La(OH)3 catalyst.
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(a) (b) (c)

Fig. S3 (a) HR-TEM, (b-c) HAADF-STEM images and corresponding EDS elemental map 

of elements (d) Ruthenium (dark yellow), (e) Lanthanum (orange) and (f) Oxygen (cyan) 

of Ru/La(OH)3 catalyst.
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Fig. S4 (a) SEM image and (b) corresponding elemental mapping showing the presence 

of (c) Ru (cyan), (d) La (red), and (e) O (green) in the Ru/La(OH)3 catalyst.
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Fig. S5 (a-b) SEM images and (c) corresponding EDX spectra of Ru/ZnO catalyst.
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Fig. S6 (a) SEM image and (b) corresponding elemental mapping showing the presence 

of (c) Ru (purple), (d) Zn (red), and (e) O (green) in the Ru/ZnO catalyst.
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Fig. S7 (a-b) SEM images and (c) corresponding EDX spectra of Ru/Mg(OH)2 catalyst.
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Fig. S8 (a) SEM image and (b) corresponding elemental mapping showing the presence 

of (c) Ru (cyan), (d) Mg (red), and (e) O (green) in Ru/Mg(OH)2 catalyst.
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Fig. S9 (a-b) SEM images and (c) corresponding EDX spectra of Ru/ZrO2 catalyst.
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Fig. S10 (a) SEM image and (b) corresponding elemental mapping showing the presence 

of (c) Ru (cyan), (d) Zr (red), and (e) O (green) in Ru/ZrO2 catalyst.
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Fig. S11 (a-b) SEM images and (c) corresponding EDX spectra of Ru/TiO2 catalyst.
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Fig. S12 (a) SEM image and (b) corresponding elemental mapping showing the presence 

of (c) Ru (purple), (d) Ti (red), and (e) O (cyan) in Ru/TiO2 catalyst
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Table S2. Textural properties of supported Ru catalysts.

Entry Catalyst Specific 
surface area 

(m2/g)a

Metal 
loading
(wt. %)b

Metal 
particle size

(nm)c

Metal 
dispersion

(%)d

1 Ru/La(OH)3 81 9.0 1.5 87

2 Ru/ZnO 30 8.2 1.5 87

3 Ru/Mg(OH)2 172 7.5 1.7 76

4 Ru/ZrO2 30 8.3 1.8 72

5 Ru/TiO2 27 8.6 1.5 87

aCalculated using N2 adsorption-desorption isotherms. bCalculated using ICP-AES. 
cParticle size was calculated by TEM analysis. dDispersion was calculated using the 
equation described in Ref. S3.
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Fig. S13 Effect of different supports on the dehydrogenation of GLY to H2 gas and SL. 

Reaction Conditions: Ru/support (100 mg), GLY (13.68 mmol), NaOH (27.36 mmol), 

water (41.04 mmol), 130 °C, 4.5 h, and 600 rpm.
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Fig. S14 Effect of different supports in the turnover number (TON) on the 

dehydrogenation of GLY to H2 gas and SL. Reaction Conditions: Ru/support (100 mg), 

GLY (13.68 mmol), NaOH (27.36 mmol), water (41.04 mmol), 130 °C, 4.5 h, and 600 rpm.
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Fig. S15 TEM image of (a-c) Ru/La(OH)3 catalyst, and red circled dark spot represent the 

Ru nanoparticles, (b) lattice fringes corresponding to La(OH)3 support in Ru/La(OH)3 

catalyst, (d) La(OH)3 support alone, (e) lattice fringes corresponding to Fig. (d), and (f) 

SAED pattern of La(OH)3 support.
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Fig. S16 N2 adsorption-desorption isotherm of (a) Ru-supported catalysts and (b) 

Ru/Mg(OH)2 catalyst.
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Fig. S17 CO2 TPD profiles for supported Ru catalysts. 
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Fig. S18 Wide scan XPS spectra of the Ru/La(OH)3 catalyst.
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Fig. S19 XPS spectra of the Ru 3d region of the Ru/La(OH)3 catalyst. 
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Fig. S20 XPS spectra of the O 1s region of the Ru/La(OH)3 catalyst.
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Fig. S21 (a) GC-TCD analysis of the gas produced from the reaction during 

dehydrogenation of glycerol and (b) standard mixture of gases with the composition of 

CO (24.965%), CO2 (24.962%), CH4 (25.012%), and H2 (25.061%).  
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Fig. S22 Effect of water content: time course plot for hydrogen production from glycerol 

over the Ru/La(OH)3 catalyst. Reaction conditions: Ru/La(OH)3 (100 mg, 9 wt% Ru), 

glycerol (13.68 mmol), NaOH (27.36 mmol), water (0-20 equiv.), 130 °C, and 600 rpm.
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Fig. S23 Effect of base concentration: time course plot for hydrogen production from 

glycerol over the Ru/La(OH)3 catalyst. Reaction conditions: Ru/La(OH)3 (100 mg, 9 wt% 

Ru), glycerol (13.68 mmol), NaOH (0.5-2.0 equiv.), water (41.04 mmol), 130 °C, and 600 

rpm.
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Table S3  Effect of base and temperature in hydrogen production from glycerol over the Ru/La(OH)3.a

Ru/La(OH)3

Ar, 90-130 °C, base, H2O
OH

OH
HO H2

OH

O

O-

Yield of products (%)cEntry Base
(2.0 

equiv.)

T (°C)
/t (h)

H2 
gas 

(mL)b

n(H2)/
n(GLY)

Conv. 
(%)

SL (sel. %) SG PD SF

CB 
(%)d

Initial 
TOF 
(h-1)e

1 NaOH 130/4.5 470 1.4 >99 86 (86) - - 12 98 105
2 KOH 130/8 308 0.9 88 72 (82) 2 2 7 95 56
3 KOtBu 130/8 208 0.6 72 62 (86) 2 1 5 98 38
4 Na2CO3 130/4.5 - - n. r. - --- - - -
5 K2CO3 130/4.5 - - n. r. - - - - - -
6 NaOH 90/14 326 1.0 91 80 (88) 2 - 6 97 31
7 NaOH 100/12 360 1.1 95 85 (89) 1 - 6 97 41
8 NaOH 110/9 460 1.4 >99 87 (87) - - 11 98 57
9 NaOH 120/6.5 466 1.4 >99 86 (86) 1 - 10 97 77

10f NaOH 130/8.5 88 0.3 52 41 (79) 2 - 5 96 10
11g NaOH 130/10 144 0.4 70 56 (80) 3 - 6 95 21
12h NaOH 130/6.5 354 1.1 95 79 (83) 2 - 11 97 52

aReaction conditions: Ru/La(OH)3 (100 mg, 9 wt% Ru), GLY (13.68 mmol), base (27.36 mmol), water (41.04 
mmol), 90-130 °C and 600 rpm. bVolume of gas was measured by water displacement method. cYield was 
calculated by 1H NMR using sodium acetate as an internal standard. dCB is carbon balance. eTurnover frequency 
was calculated based on the volume of H2 gas released in initial 1 h; TOF = TON/t. fRu/La(OH)3 catalyst (100 mg, 1 
wt% Ru), gRu/La(OH)3 catalyst (100 mg, 2.5 wt% Ru), hRu/La(OH)3 catalyst (100 mg, 5 wt% Ru). The results 
reported are the average of at least two repeated reactions. SL (sodium lactate), SG (sodium glycolate), PD 
(1,2-propanediol), and SF (sodium formate). n. r. (no reaction)
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Table S4. Recyclability data at the intermediate conversion of GLY.a

Sr. 
No.

Catalytic 
run

GLY 
conv. (%) 

n(H2)
/n(GLY)

Selectivity (yield) (%) on carbon basis

SL SG PD SF

1 Run 1 62 0.45 87 (54) 3 (2) 2 (1) 6 (4)

2 Run 2 62 0.45 87 (54) 3 (2) 2 (1) 6 (4)

3 Run 3 62 0.45 87 (54) 3 (2) 2 (1) 6 (4)

4 Run 4 62 0.45 87 (54) 3 (2) 2 (1) 6 (4)

5 Run 5 62 0.45 87 (54) 3 (2) 2 (1) 6 (4)

6 Run 6 62 0.45 87 (54) 3 (2) 2 (1) 6 (4)

7 Run 7 60 0.43 88 (53) 2 (1) 2 (1) 3 (2)

8 Run 8 60 0.43 88 (53) 2 (1) 2 (1) 3 (2)

9 Run 9 58 0.41 86 (50) 2 (1) 2 (1) 3 (2)

10 Run 10 56 0.39 86 (48) 2 (1) 2 (1) 3 (3)

aReaction conditions: Ru/La(OH)3 (100 mg, 9 wt% Ru), GLY (13.68 mmol), NaOH 
(27.36 mmol), water (41.04 mmol), 130 °C, 1.5 h, and 600 rpm. 
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Table S5. Recyclability data at the complete conversion of GLY.a

Sr. 
No.

Catalytic 
run

GLY 
conv. (%) 

n(H2)

/n(GLY)

Selectivity (yield) (%) on carbon 
basis

SL SG PD SF

1 Run 1 >99 1.4 86 (86) - - 12 (12)

2 Run 2 >99 1.4 86 (86) - - 12 (12)

3 Run 3 >99 1.4 86 (86) - - 12 (12)

4 Run 4 >99 1.4 86 (86) - - 12 (12)

5 Run 5 >99 1.4 86 (86) - - 12 (12)

6 Run 6 96 1.34 85 (82) 2 1 6 (6)

7 Run 7 96 1.34 85 (82) 2 1 6 (6)

8 Run 8 92 1.3 85 (78) 2 1 6 (6)

9 Run 9 89 1.2 84 (75) 2 1 7 (6)

10 Run 10 88 1.17 84 (74) 2 2 7 (6)

aReaction conditions: Ru/La(OH)3 (100 mg, 9 wt% Ru), GLY (13.68 mmol), 
NaOH (27.36 mmol), water (41.04 mmol), 130 °C, and 600 rpm. 
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Mass transfer limitations: It has been observed that the GLY conversion and the selectivity for 

H2 and SL increased linearly with the increase in stirring speed up to 600 rpm but does not change 

significantly for stirring speed ≥ 600 rpm, suggesting that external mass transfer limitations are 

not applicable for the stirring speed of ≥ 600 rpm.S34-S35

Table S6 Effect of stirring speed on the dehydrogenation of GLY over the Ru/La(OH)3 catalyst.a

Yield of byproducts (% C)bEntry RPM conv. 
(%)

t 
(h)

n(H2)
/n(GLY) SL (sel. %) SG PD SF CB

Average 
reaction rate 

(mol/gRu/h×10-1)
1 - 91 6 1.1 75 (82) 3 2 7 96 2.07
2 200 93 6 1.3 78 (84) 4 1 7 97 2.12
3 400 >99 5 1.4 82 (82) 2 - 11 96 2.73
4 600 >99 4.5 1.4 86 (86) - - 12 98 3.04
5 800 >99 4.5 1.4 84 (84) - - 12 96 3.04

aReaction conditions: Ru/La(OH)3 (100 mg, 9 wt% Ru), GLY (13.68 mmol), NaOH (27.36 mmol), water 
(41.04 mmol), 130 °C. bYield was calculated by 1H NMR using sodium acetate as an internal standard. 
CB is carbon balance.
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Fig. S24 Effect of temperature in hydrogen production from glycerol over the Ru/La(OH)3 

catalyst. Reaction conditions: Ru/La(OH)3 (100 mg, 9 wt% Ru), glycerol (13.68 mmol), 

NaOH (27.36 mmol), water (41.04 mmol), 90-130 °C, and 600 rpm.
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Arrhenius equation for the calculation of activation energy

k = Ae-Ea/RT

ln k = ln A + (-Ea/RT),

where Ea is the activation energy, R is the molar gas constant (8.314 J/K/mol), and T is 

the temperature in Kelvin (363 K - 403 K).

2.50 2.55 2.60 2.65 2.70 2.75

3.4

3.6

3.8

4.0

4.2

4.4

4.6

ln
TO

F 
(h

-1
)

1/Tx103 (K-1)

-4.5104 ± 0.1234Slope
0.99703Adj. R-Square

lnTOF (h-1)TOF (h-1)H2 (mL)
in 1 h

1/Tx103 

(K-1)
T (K)Entry

3.435431.0457762.75483631

3.709840.84961002.68093732

4.046357.18951402.61093833

4.351777.61431902.54453934

4.6576105.39212582.48134035

(a)

(b)

Fig. S25 (a) Data table for calculation of activation energy (b) Arrhenius plot of initial TOF 

values (1 h). Reaction conditions: Ru/La(OH)3 (100 mg, 9 wt% Ru), glycerol (13.68 mmol), 

NaOH (27.36 mmol), water (41.04 mmol), 90-130 °C, 1 h, and 600 rpm. 
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Scheme S3 Control experiments to elucidate the reaction intermediates in the catalytic 

transformation of GLY to H2 and SL. (a) Catalytic reaction for hydrogen production from 

glyoxal without catalyst. Reaction conditions: Glyoxal (13.68 mmol), NaOH (27.36 mmol), 

water (41.04 mmol), 130 °C, and 600 rpm. Catalytic dehydrogenation from (b) glyoxal, (c) 

glycolic acid, (d) formic acid, and (e) lactic acid over the Ru/La(OH)3 catalyst. Reaction 

conditions: Substrate (13.68 mmol), Ru/La(OH)3 (100 mg, 9 wt% Ru), NaOH (27.36 

mmol), water (41.04 mmol), 130 °C, and 600 rpm.
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Fig. S26 1H NMR spectra of the crude reaction mixture of the catalytic reaction for 

hydrogen production from glyoxal without catalyst. Reaction conditions: glyoxal (13.68 

mmol), NaOH (27.36 mmol), water (41.04 mmol), 130 °C, and 600 rpm.
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Fig. S27 1H NMR spectra of the crude reaction mixture of the catalytic reaction for 

hydrogen production from glyoxal over Ru/La(OH)3 catalyst. Reaction conditions: 

Ru/La(OH)3 (100 mg, 9 wt% Ru), glyoxal (13.68 mmol), NaOH (27.36 mmol), water (41.04 

mmol), 130 °C, and 600 rpm.
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Fig. S28 1H NMR spectra of the crude reaction mixture of the catalytic reaction for 

hydrogen production from glycolic acid over Ru/La(OH)3 catalyst. Reaction conditions: 

Ru/La(OH)3 (100 mg, 9 wt% Ru), glycolic acid (13.68 mmol), NaOH (27.36 mmol), water 

(41.04 mmol), 130 °C, and 600 rpm.
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Fig. S29 1H NMR spectra of the crude reaction mixture of the catalytic reaction for 

hydrogen production from lactic acid over Ru/La(OH)3 catalyst. Reaction conditions: 

Ru/La(OH)3 (100 mg, 9 wt% Ru), lactic acid (13.68 mmol), NaOH (27.36 mmol), water 

(41.04 mmol), 130 °C, and 600 rpm.
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Fig. S30 1H NMR spectra of the crude reaction mixture of the catalytic reaction for 

hydrogen production from formic acid over Ru/La(OH)3 catalyst. Reaction conditions: 

Ru/La(OH)3 (100 mg, 9 wt% Ru), formic acid (13.68 mmol), NaOH (27.36 mmol), water 

(41.04 mmol), 130 °C, and 600 rpm.
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Fig. S31 Hg poisoning experiment to validate the heterogeneous of Ru/La(OH)3 catalyst. 
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Fig. S32 Time course plot for the large-scale production of hydrogen gas from ethylene 

glycol over Ru/La(OH)3 catalyst. Reaction conditions: Ru/La(OH)3 (100 mg, 9 wt% Ru), 

ethylene glycol (68.4 mmol), NaOH, water (205.2 mmol), 130 °C, and 600 rpm.
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Fig. S33 Recyclability experiment for hydrogen production from glycerol over the 

Ru/La(OH)3 catalyst at (a) initial complete GLY conversion and (b) intermediate GLY 

conversion (1.5 h). Reaction conditions: Ru/La(OH)3 (100 mg, 9 wt% Ru), GLY (13.68 

mmol), NaOH (27.36 mmol), water (41.04 mmol), 130 °C, and 600 rpm. 



S40

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
0

5

10

15

20

25

30

35

40

 

 

C
ou

nt

Particle size (nm)
10 nm

(b)(a)

Fig. S34 (a) TEM image, and (b) corresponding particle size distribution graph of the 

recovered Ru/La(OH)3 catalyst after ten cycles. 
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Fig. S35 P-XRD pattern of the spent Ru/La(OH)3 catalyst.
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Fig. S36 1H NMR spectra of the crude reaction mixture of the catalytic reaction for 

hydrogen production from crude glycerol over the ruthenium catalyst. Reaction 

conditions: Ru/La(OH)3 (100 mg, 9 wt% Ru), crude GLY (1.25 mL), NaOH (27.36 mmol), 

water (41.04 mmol), 130 °C, 7 h, and 600 rpm. 
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Fig. S37 Reaction setup for measuring the volume of gas generated during the catalytic 

dehydrogenation of glycerol over the ruthenium catalyst (1. Hot plate stirrer, 2. Two neck 

test tube, 3. Condenser, 4. Gas Burette, 5. Jack).
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Fig. S38 1H NMR spectra of the crude reaction mixture (a) without sodium acetate as an 

internal standard, (b) with sodium acetate as an internal standard of the catalytic reaction 

in D2O:H2O (1:9) for hydrogen production from glycerol over La(OH)3 catalyst. Reaction 

conditions: Ru/La(OH)3 (100 mg, 9 wt% Ru), glycerol (13.68 mmol), NaOH (27.36 mmol), 

water (41.04 mmol), 130 °C, and 4.5 h.
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Fig. S39 1H NMR spectra of pure lactic acid in D2O.
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Fig. S40 13C NMR spectra of pure lactic acid in D2O.
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