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1. Experimental details
1.1. Pre-treatment of substrate

The as-purchased nickel foils of thickness 0.125 mm were sonicated in 3 M HCI for 3 h
to improve the surface roughness of the material. Our experiments observed that the
surface roughed surfaces show better adhesion to the deposited platinum than nickel

foils purchased.

1.2. Synthesis of mesoporous catalysts
The HPC catalysts were synthesized using electrodeposition technique at -0.4 vs.
Ag/AgCl in an aqueous solution 100 mM hexachloroplatinic acid, 200 mM H3;BOs, 25
mM NH,4CI, and 1 wt% of pluronic F-127!. All the chemicals are purchased from Sigma
Aldrich and used without purification. The pH of the solution was adjusted between 2.5
-3 using HCI. Boric acid maintains pH buffer,?> whereas pluronic F-127 was used as the
template. Cubic pores and linear pores catalyst (CPC & LPC) were synthesized using
phytantriol templating adapted from previous reports:>> A three-electrode
electrochemical cell with 50 ml volume with platinum mesh counter electrode, Ag/AgCl
reference electrode, and pre-treated 0.5 cm? nickel substrate is wused for
electrodeposition. Hexachloroplatinic acid, phytantriol, and 0.12 mm thick nickel
substrate were purchased from Sigma Aldrich and used as received without any
purification. The CPC and LPC are synthesized by dip-coating a Ni substrate in
phytantriol, followed by 100 mM platinic acid infiltration for 1 h. The as-infiltrated Pt
was potentiostatically electrodeposited on to the substrate using a potential of -250 mV
vs. Ag/AgCl. The infiltration and deposition temperature for CPC and LPC were
maintained at 25 °C and 50 °C respectively. The template was further removed by

washing the deposited substrate on ethanol.

1.3. Material characterization
The mesoporous thin films were characterized using microscopic, spectroscopic, and
diffractometric tools. A Bruker D5000 #-26 parallel beam diffractometer with a Cu
microfocus X-ray source (A=1.54 A) and a charge coupled device (CCD) detector was
used to study the crystalline quality of the mesoporous thin films in Grazing Incidence
X-ray Diffractometer (GIXRD) mode. X-ray Photoelectron Spectroscopy (XPS)

measurements were carried out using a physical electronics Quantera 2 XPS with



monochromatic Al operated at 15 kV with a total power of 50 W and a spot size of 100
um. The base pressure in the measurement chamber was maintained at about 7 x 1010
bar. Four different regions in the sample were selected for the survey scan examined.
Similar results from all the selected regions demonstrate the film's uniformity. The
survey was obtained in quintuplicate in the region 0-1040 eV, using a pass energy of
224 eV and a step size of 0.1 eV. High-resolution spectra were acquired using 26 eV

pass energy spectra and a 0.05 eV resolution.

1.4. Electrochemical cell set up
All electrochemical experiments were undertaken in a 10 mL divided cell in which 5
mL of the respective electrolyte was taken for each study in each compartment. The
working electrodes (Pt-based catalysts on Ni foil) were held using a stainless-steel
electrode holder adjacent to a Luggin capillary with a Hg/HgO (1 M NaOH) reference
electrode in the anode compartment. In the cathode compartment, the counter electrode
was a Pt grid. Hg/HgO (1.0 M NaOH)) is used as reference electrode and the conversion

to reversible hydrogen electrode (RHE) is done using

R M
Erie = Engitgo + Eng tigo + (0.0591 X pH)

1.5. Electrochemical surface area, ECSA

To measure ECSA, solutions of N,-saturated 0.1 M NaOH and a Nafion 212 membrane
were used at ambient temperature (22 — 24 °C). In addition, cyclic voltammetry in the
potential window -0.863 to -0.338 V vs. Hg/HgO (1.0 M NaOH) at a scan rate of 50
mV-s! (see figure S1a) was undertaken, and the area of the oxidation (desorption) peaks
was discerned (see table in figure S1c). A specific charge of 210 pnC-cm was used for
the polycrystalline Pt electrocatalysts.®” The electrochemical surface area (ECSA) was
determined by calculating the Coulombic charge passed from the hydrogen
underpotential deposition (HUPD) due to the adsorption and desorption of H atoms at
the catalyst surface.®’ The ECSA of the mesoporous catalysts and the commercial
catalyst Pt/C calculated by integrating HUPD curves are shown in Figure Sla from 0.1
to 0.45 V vs RHE. The hydrogen absorption and desorption peaks are more evident in
commercial Pt/C and CPC compared to HPC and LPC which is also reflected in
calculated ECSA. The ECSA of the studied systems are CPC (55.6 cm?) > Pt/C (26 cm?)
HPC > (14.4 cm?) > LPC (10.6 cm?).



B.r
< 0f
E
2+
L 1 | 1 1 1 |
0.0 0.2 0.4 0.6
E (V) vs RHE
b i)
<
£
=5
——HPC
—CPC
——LPC
_10 1 | 1 1 1 1
0 150 300 450
t(s)
n —— Mass ECSA
(mg) (cm2)
Hierarchical pores 0.313 14.35
Linear pores 0.232 10.56
Cubic pores 0.3 55.61
Pt/C 0.32 26.59

Figure S1: (a) HUPD curves of mesoporous catalysts that are used for ECSA calculations, (b)
deposition current vs time during the potentiostatic electrodeposition of Pt in each mesoporous
system, (c) Mass deposited and ECSA of each catalyst calculated from the figure Sla and
figure S1b. All the CV were carried out at a scan rate of 50 mV-s! in 1 M NaOH solution.



1.6. Glycerol electrooxidation
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Figure S2: Glycerol electrooxidation studies in 0.1 M glycerol + 1 M NaOH on linear pores

with different stirrer rates.

A Ny-saturated 1 M of NaOH and 0.1 M of glycerol solution at 60 °C was used to study
the GEOR in the setup described above. A Nafion 212 membrane and FuMA-Tech
Fumasep FAA-3-50 alkaline exchange membrane (F-AEM) were used (both with
thicknesses of approximately 50 um) to compare which membrane provided the best
performance and the least amount of crossover. We measured CV at different rotation
rates (200, 400, and 600 rpm) to optimize the stirrer bar rotation rate. It can be seen in
figure S2a that 400 rpm provides the highest peak current density compared to a lower
and higher RPM of 200 and 600, and thus, 400 rpm was used in the anodic compartment
for all experiments. The LPC was used to analyse the effect of the membrane in the
divided cell. This was done to study both the effect on the glycerol electrooxidation
reaction (GEOR) performance (see figure S3a & S3b) and glycerol and glycerol
oxidation product crossover from the anode compartment to the cathode compartment
(see table in figure S3c). Figure S3a shows that the peak current density for the alkaline
exchange and Nafion membrane was approximately 5.70 mA-cm= and 5.50 mA-cm™.
Table S3c shows that at every interval at which a 100 pLL sample was taken from the
cathode compartment in the study of the alkaline exchange membrane and Nafion

membranes, there was a more significant concentration of glycerol in the alkaline
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exchange membrane. This indicates a higher amount of crossover. As a result of Nafion
having an approximately equal performance for the Pt linear pores but a minor
crossover, it was used for the ongoing experiments to compare the different structures

for the performance and glycerol oxidation products analysis via HPLC.
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Background CE 0.15 1.50 043 Background CE - 0.62 0.03
Background WE 0.17 96.56 0.07 Background WE 0.49 97.97 0.14
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Figure S3: (a) Comparison of alkaline exchange membrane (AEM) and Nafion on glycerol
electrooxidation with 0.1 M glycerol + 1 M NaOH at scan rate 10 mV-s!' at 60 °C. (b)
Chronoamperometric curves at constant potential 0.69 V vs RHE. (c) HPLC catalysis of GO
products of LPC catalyst electrolysed at AEM and Nafion membranes.
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Figure S4: (a) SANS data of the 1 wt% pluronic acid micelles in water. (b) SAXS data of
cubic crystal phase of phytantriol.

1.7. Characterization of templates

Figure S4 a represents the small angle neutron scattering (SANS) pattern of pluronic F127
micelles formed in the electrolyte solution. ® The micelles of F127 (1 wt%) are modelled using
the form factor P(Q) as described in Pedersen et al. ? considering that the micelles of F127
block polymer consist of a spherical core of hydrophobic chains (PPO) with a corona of
hydrophilic chains (PEO).!° The core radius is found to be around 4.5 nm, while the radius of
gyration of the PEO blocks is found at 2.2 nm. forms micelles above the critical micellar

concentration'! which deposit on the cathode templating the deposition of platinum.®!2

The small angle X-ray scattering (SAXS) of Q224 of phytantriol at room temperature shows

four distinct reflections with relative positions of 1/d in ratios V2:V3:vV4:V6, which can be



indexed to (hkl)=(110), (111), (200) and (211) reflections of a cubic lattice of crystallographic
space group Pn3m (Q224)*3

1.7.1. Theoretical details of SANS
For polydispersed systems, d2/d(2in equation (2) is modified as:
dx dxz
= 0)=[£2(0,R) f(R)dR + B S1
(@ =[O R f(R)dR + (S1)

where f{R) is the size distribution and usually accounted by log normal distribution as given by

R 2
(ln /R ‘med j

1
f(R)= mexp g (S52)

where R,,.; and o are the median value and standard deviation, respectively. The mean (R,,)

and median values are related as R,,= R,,.q €xp(c°/2).

1.8. Electrochemical studies of Ni substrate
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Figure S5: CV of N1 RDE at 60 °C. Experiment is carried out in 0.1 M glycerol + 1 M NaOH
at scan rate 10 mV s at 500 rpm.



1.9. Oxidation product analysis
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Figure S6: HPLC calibration plots of (a) Oxalic acid (OA), (b) Tartronic acid (TA), (c)
Glyoxylic acid , (d) Glyceraldehyde, () Glyceric acid (GLA), (f) Glycolic acid (GA), (g) Lactic
acid (LA), (g) Glycerol, (i) Dihydroxy acetone (DHA).
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Figure S7: HPLC calibration plots for(a) Formic acid (FA), (b) Mesoxalic acid, (c) Acetic acid
(AA), (d) Hydroxy pyruvate (HDP), (e) Glycolaldehyde dimer, (f) Glyoxal, (g) Formaldehyde.
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2. Additional Results

2.1. Grazing incidence X-ray diffraction, GIXRD

——HPC
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Figure S8: GIXRD of pristine HPC, CPC and LPC deposited on nickel substrate. * indicates
the diffraction peaks of the Ni substrate.

GIXRD measurements are shown in figure S8. All the three different types of
mesoporous thin-film catalysts show (111), (200), (220), (311), and (222) reflections
that correspond to the polycrystalline platinum with the fcc unit cell.!* The HPC, CPC,
and LPC lattice parameter was calculated using the Braggs law and found to be 0.390
nm, 0.389 nm, and 0.389 nm, respectively. A slight contraction of the platinum lattice
is observed in all three thin films compared to pure platinum (¢ = 0.392 nm). The
compressive strain induced on the platinum atoms upon electrodeposition on a metal
substrate with smaller lattice constant could be the reason.'*!> The GIXRD peaks
observed at 44.48 ©, 51.80 °, and 76.42 © correspond to the (111), (200) and (220) planes

of nickel substrate.!¢

2.2. Xray-Photoelectron Spectroscopy

Figure S6 shows the XPS spectrum of the pristine mesoporous catalysts. The XPS 4f
spectra of all the catalysts show doublet peaks at 71.3 eV and 74.7 eV, each of which

can be further deconvoluted into three different peaks corresponding to Pt°, Pt!l, and PtV

12



oxidation states.!”-!8 The integrated area of the deconvoluted peaks was quantified, and
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the ratio of metallic platinum to the platinum oxides (PtO + PtO,) follows the ratio, LPC
(1.33) > HPC (1.32) > CPC (1.30) respectively for each of the catalysts. Thus, the

catalytic surface mainly consists of metallic Pt atoms, and fewer platinum oxides are

4f7!2

HPC

I (a.u)

I (a.u)

I (a.u)

also present.
Figure S9: XPS studies of pristine (a) HPC, CPC, and LPC, respectively.
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2.3. Mass activity and geometric activity
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Figure S10: Mass activities, i, (black), and geometrical current densities, i, (red) of HPC,
CPC, LPC and Pt/C catalysts at scan rate 10 mV s at 60 °C. All the experiments were carried

out with stirring at 400 rpm.

2.4. Chronoamperometric curves
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Figure S11: Chronoamperometric curves, (igsc4 Vs £) of HPC, CPC, LPC and Pt/C catalysts at
applied potential of 0.69 V vs RHE at 60 °C. All the experiments were carried out with stirring
at 400 rpm.
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2.5. Tafel slopes
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Figure S12: Electrochemical studies of mesoporous catalysts at 60 °C: Tafel slope of HPC,
LPC, CPC and Pt/C calculated from the polarization curves shown in Fig. 2b. All the
experiments are carried out in 0.1 M glycerol + 1 M NaOH at scan rate 10 mV-s-! at 400 rpm

stirring rate.
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2.6. Glycerol conversion rate
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Figure S13: Glycerol conversion percentages per ECSA of mesoporous catalysts at 60 °C.

All the experiments are carried out in 0.1 M glycerol + 1 M NaOH at scan rate 10 mV-s-!

at 400 rpm stirring rate.

2.7. Electrochemical performance at room temperature
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Figure S14: Electrochemical studies of mesoporous catalysts at 25 °C: CV of HPC, CPC, and
LPC. All the experiments are carried out in 0.1 M glycerol + 1 M NaOH at scan rate 10 mV-s’!

at 400 rpm stirring rate.
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3. Comparison with the literature

Table S1: Comparison of electrochemical performance of the present mesoporous catalysts

and previously reported values.

Scan rate

Catalyst Electrolyte (mV-s) ircs4 (MA-cm2) Ref.
HPC 0. II\/IMN(:gI; ! 10 6.94 This work
CPC 0 11\/IMNCaHOyH+ ! 10 3.26 This work
LPC 0. II\AMN(;‘gI; ! 10 5.62 This work

ngrrgrzx?e:zﬁ)) 0.IMGly +1 10 1.63 This work
catalyst M NaOH '

nanostflictured 0.11\/11\/[N(231HjL 1 L 129 v

Pt suppgrted on 1M Elg; IM 50 3.00 2

Biblek 11\\4421&; e 50 2.50 2

apmen mwenies o ax
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Table S2: Typical oxidation products reported in the literature. All the potentials are

represented with respect to RHE and all variables are at 60 °C except *.

Catalyst Electrolyte T(¢°C) EWV)/t(h) f% Ref.
GLA TTA GD DHA OA FA GA
HPC 0.1 MGly+ 60 0.69/1 59 10 0 0 6 18 This work
1 M NaOH
CPC 0.1MGly+ 60 0.69/1 58 5 0 0 14 14 This work
1 M NaOH
LPC 0.1 M Gly + 60 0.69/1 60 7 0 0 2 17 This work
1 M NaOH
Pt/GNS 0.5 M Gly+ 60 0.67/ 2 ~16 ~2 ~31 - ~11 - ~37 %
0.5 M KOH
Pt/C 1 M Gly + 60 0.73/2 41 40 - - - - 18 24
2 M KOH
Pt/C (20 1M Gly + 60 ~1  ~72 - - ~18 - 3 23
wt%) 4 M KOH
Pt/C (40 1MGly+ 60 ~13  ~67 - - ~15 - =5 %
wt%) 4 M KOH
Pt/C (60 1M Gly + 60 ~12 ~64 - - ~25 ~3 2
wt%) 4 M KOH
*Pt/CNT 0.5M Gly + - 0.72/2.5 ~75  ~1 - 3 - 26
0.5 M KOH
*Pt/C (40 0.5 M Gly + RT 0.7/ - ~4 - ~13  ~45 ~6 ~20 2
wt%) 0.5 M KOH
Pt - 0.1 M Gly + 60 0.83/2 47 3 - 20 7 0 23 28
VGCC 1M KOH
Pt 0.1 M Gly + 25 0.8/1 76 3 0 0 4 9 5 2
nanoparti 1 M KOH
cles
Pt/C 0.1 M Gly + 25 0.8/1 73 14 0 0 7 4 2
1 M KOH
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4. Computational methods

4.1. Computational details

Adsorption energies of glycerol intermediates were calculated for Pt(111) and Pt(100)
surfaces. The models of the catalytic surfaces (see Figure S15) were constructed using
the Atomic simulation environment (ASE).3? The calculations were carried out on a
(4x4x4) slab with a vacuum of 20 A to avoid interactions between periodic images. The
structures were optimized to energy and atom force convergence criteria of 10> eV and
0.01 eV-A-!, respectively. The bottom two atomic layers of the slab were kept fixed.
From the pre-optimized surfaces, intermediates were placed above the topmost atoms
and re-optimized. All calculations were performed using Density functional theory
(DFT) as implemented in the Vienna ab initio simulation package (VASP).3! The
exchange-correlation functional was approximated as the Bayesian Error Estimation
Functional (BEEF-vdW)3? with an additional nonlocal correlation term. Khon-Shan
equations were solved using the projected augmented wave (PAW)3334 method to
describe the ionic cores, whereas the valence electrons were treated by plane-wave basis
set with a cutoff of 450 eV. Brillouin-zone sample was performed in a reciprocal grid
with a space resolution of 2z x 0.04 A~!, here equivalent to a Monkhorst-Pack 4x4x1
k-point mesh. The Methfessel-PaxtonField approach with a gaussian width of 0.2 eV

was employed for all systems, and all energies were extrapolated to 7= 0 K.

H O

AG
The adsorption free energies ( CxHJ/OZ) of the intermediates (CX ¥~7) in the reaction

were referenced with respect to the gas phase energies of H,, H,O and CH,4 molecules.

AG
CXHYOZ is defined as:

y
AchHyoz = Ggap + €0, ~ Glap = X (GCH W ZGHZ) - EGHZ -z (GHZO - GHZ)' (S3)
G G G G
where stab + CXHYOZ, Gslab, CH4, HZO, and 2 are the energies of the adsorbed

intermediate, pure slab, CH4 molecule, H,O molecule, and H, molecule, respectively.
X, y, and z represent the molecule’s number of carbon, hydrogen, and oxygen atoms. To
obtain reaction free energies, DFT total energies were corrected by zero-point energies
(ZPE) and thermal contributions of the reference compounds. The harmonic
approximation was employed for the vibrational frequency calculations, and all

vibrational modes of the adsorbates and molecules were calculated. Henry’s law was

20



used to link the gas phase pressure to the aqueous concentration using constants obtained
from the NIST-JANAF? tables. A concentration of 0.1 mol-L-! was used for glycerol,
and the temperature was set to 298 K. The electrochemical environment was modelled

based on the computational hydrogen electrode.?¢ The free energy of a proton-electron

. : . 172Gy —eUppyg Gy, .
pair (H" + e°) is determined as: 2(9) , where "2(9) is the free energy of the

hydrogen at standard conditions, and Urne the potential against the reversible hydrogen
electrode. Solvation effects were considered using an implicit solvent correction3’-38
implemented in VASP.3! We note that it is necessary to include explicit water to entirely
obtain the solvation effect on the electrochemical interface. However, we have
previously shown that implicit solvation can describe electrode/electrolyte interfaces
with reasonable accuracy.!! Thus, we choose to use implicit solvent correction that
partially captures the effect of the solvation energies. Reaction energetics including

thermodynamics corrections are shown in an Excel file in Supplementary Material.

Pt (111) Pt (100)

Top view Top view

3K X (X
59 %) X

AN J

Figure S15: Slab models used to calculate adsorption energies. (left) and (right) show glycerol
adsorption on Pt (111) and Pt (100), respectively. The two bottom layers were fixed during

structure optimization.

4.2. Calculated free energies and reaction intermediates
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As indicated in Figure S16, glycerol oxidation reactions can be classified into three groups:

deprotonation, hydrolysis, and hydrogen rearrangement. In the deprotonation reaction, a

HYOZ) loses a proton, and an electron forming chemical bonds with

reaction intermediary (Cx
the closest reactive site (M) on the surface. In the hydrolysis, water reacts with the carbonyl
group attached to the surface, forming the carboxyl group. Hydrolysis reactions can occur in
two different ways: 1) the water adsorbed on the surface loses a proton and then the hydroxyl
reacts with the carbonyl group, 2) a concerted mechanism where the water molecule loses the
proton, and at the same time the OH group react with the carbonyl. Finally, 3) hydrogen

rearrangement occurs breaking carbon-carbon bonds.

Three assumptions have been considered to simulate glycerol oxidation reactions. First, all
reactions take place in the vicinities of the electrode surface. Second, it will always have a site
(M) available to react, thus forming M-O and M-C chemical bonds on the surface. Third, all
the liquid products (indicated in figure 4) are formed on the electrode surface, and once the

liquid product is formed, it moves to the electrolyte leaving the surface free to react.
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Deprotonation

OH OH
HO \A//O . Ho 0
Glyceraldehyde -(H"+e€)

=

(GD)
. /
Hydrolysis
4 OH + H,0 OH N
HO o] — > HO OH
4 -(H*+¢e)
M o]
Glyceric acid
(GLA)

-

Hydrogen rearrangement

4 OH OH '

HO\NOH — (OH \.HrOH
. | H
@]

OH O - o
Forrg;:l;)aCld Glycolic acid
(GA)
\_ J

Figure S16: Examples of the three reactions considered in this work. All the elementary steps

to obtain glycerol oxidation products are shown in the following figures.
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OH OH O
HO \A/DH s HE sk OH e HD\)K/DH
Glycerol -(H™+6) M -(H"+e) Dihydroxyacetone
(Gly) Pt(111): -0.12 Pt(111): 0.21 (DHA)
Pt(100): -0.20 Pt(100): 0.33

-(H* + ) Pt(111): -0.15
Pt(100): -0.23

0 0 0
HO 0 s HO o w0 \)K/DH
-(H"+ &) -(H" + &) x
M Pt(111): -0.42 M Pt(111): 0.35 M
Pt(100): -0.35 Pt(100): 0.28

+ H,0 ‘H, :
l ““PY(111): 0.33 20 Pt(111): 0.81

Pt(100): 0.25 (H*, o) Pt(100): 0.72
O (0] 0
HO 0 — HO 8] —_— - HO COH
-(H" + &) (H* +e)
M Pt(111): 0.87 M pt111): -0.48 o .
M---OH, Pt(100): 0.43 M—oOH  Pt(100): 0.13 Hydrox?er;ijflc acid

Figure S17: Illustration showing all the elementary steps and free energy differences for
reactions (1) and (1°) in figure 4. The letter “M” represents the closest site on the surface.

AGlnitial state ~ AG

Reaction energies are calculated as: Final state, Here, free energies were

calculated considering potential of 0 V vs. RHE. All the values are in eV.
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OH OH OH
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Glycerol -(H*+ ) H -(H*+e) Glyceraldehyde
(Gly) Pt(111): 0.01 M Pt(111): 0.29 (GD)
Pt(100): -0.19 Pt(100): 0.39
L(H* + )| Pt(111): -0.56
Pt(100): -0.78
OH OH o OH
+
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Pt(111): -0.38 o
l Pt(100): 0.28 x N2 o
x X
OH J\g
HONOH
Pt(111): 0.69
.0 Pt(100): 0.91
Glyceric acid
(GLA)

Figure S18: Illustration showing all the elementary steps and free energy differences for

reaction (2) and (2’) in figure 4. The letter “M” represents the closest site on the surface.

Reaction energies are calculated as:

AGFinal state ~ AG

Initial state, Here, free energies were

calculated considering potential of 0 V vs. RHE. All the values are eV.
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FA Pt(100): -0.69
OH + H,0 OH OH
OH —_— OH E— OH
”)\( M&f (H"+ @) M&f
0 Pt(111): 0.37 0 Pt(111): 0.43 0
Pt(100): 0.19 M---OH,  Pt(100): 0.30 M—OH
2 P(111): 0.01
T, Pt(111): 0.81 A4
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Formic acid Formic acid Pt(111): -0.41 O
(FA) (FA) Pt(100): -0.50

Figure S19: Illustration showing all the elementary steps and free energy differences for

reaction (3) and (3’) in figure 4. The letter “M” represents the closest site on the surface.

Reaction energies are calculated as: AGrinatstate = Al mitial state, Here, free energies were

calculated considering potential of 0 V vs. RHE. All the values are in eV.
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OH OH OH
HD\A(DH —_— HO\)\(GH — HDWDH
-[H* + &) - -(H* + &)

0 Pt(111): -0.12 M O Pt(111): 0.06 M O
Glyceric acid  Pt(100): -0.20 Pt(100): -0.04
(GLA)
-(H* + e7)| Pt(111):-0.33
Pt(100): -0.22
OH OH OH
+H20
0 OH " 0 OH 0 OH
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M
OH D.\\ D
HO OH —_— HO OH —= HO OH
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Tartronic acid ~ Pt(100): 0.54 Pt(100): -0.37 Mesoxalate acid
ARE (MLA)

Figure S20: Illustration showing all the elementary steps and free energy differences for

reaction (4) and (4°) in figure 4. The letter “M” represents the closest site on the surface.

Reaction energies are calculated as: AGrinaistate = AGmitial state, Here, free energies were

calculated considering potential of 0 V vs. RHE. All the values are in eV.
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OH
HO OH

0O 0
Tartronic acid
(TTA)

OH

OH
o

(8]
Oxalic acid
[OA)

Figure S21: Illustration showing all the elementary steps and free energy differences for

reaction (5) in figure 4. The letter “M” represents the closest site on the surface. Reaction

energies are calculated as:

Formic acid
(FA)

— Jr{-'a'-\b

AGFinal state ~ AG

g +H20

considering potential of 0 V vs. RHE. All the values are in eV.
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OH

H(OH
-(H+ + e‘)
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Glycolic acid ~ Pt(111): -0.03
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Figure S22: Illustration showing all the elementary steps and free energy differences

difference for reaction (6) in figure 4. The letter “M” represents the closest site on the surface.

Reaction energies are calculated as: AGrinatstate = Al mitial state, Here, free energies were

calculated considering potential of 0 V vs. RHE. All the values are in eV.
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o} O o

HO\)k/OH M\)k/OH )K(OH
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OH o) - 0 o
2\ H &OH AP AP
M ) € -H0  pyryvaldehyde
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M
OH
A
0
Lactic Acid
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Figure S23: Illustration showing all the elementary steps and free energy difference for

reaction (7) and (7’) in figure 4. The letter “M” represents the closest site on the surface.
Reaction energies are calculated as: AGrinal state = AUpmitial state, Here, free energies were

calculated considering potential of 0 V vs. RHE. All the values are in eV.
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4.3. Potential determining step of all liquid products

o) OH OH
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Figure S24: Illustration showing all the reactions considered in this work. Here the PDS
(potential-determining step) values were calculated for both Pt (111) and Pt (100) surfaces
based on Figures S17-S23.
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Table S3: PDS values for the formation of all products starting from glycerol molecule. All

values were obtained by analyzing Figure S25.

Pt(111) Pt (100)
DHA 0.21 DHA 0.33
PV 0.26 LA 0.34
GD 0.29 GD 0.39
LA 0.58 GA 0.40
GLA 0.69 GLA 0.41
TTA 0.69 PV 0.43
OA 0.69 HPA 0.43
GA 0.69 FA 0.43
FA 0.69 TTA 0.48
MLA 0.76 OA 0.51
HPA 0.81 MLA 0.54
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4.4. Free energy step diagram
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Figure S25: Free energy step diagram representing the formation of glyceric acid (GLA) and
hydroxyl pyruvic acid (HPA) on Pt (111) and Pt (100) catalysts. The double-arrows represent
the determinant reaction step, used to calculate PDS values. Inset downhill steps for GLA and
HPA formation. This figure shows how PDS was calculated in Figure S17 and S18. Reaction
energetics for all the reactions depicted in Figures 4 and S25 are shown in the Excel file,

“Energetics Pt111 Pt100.xIsx”.
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