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Experimental Methods

S2.1 Chemicals

Copper chloride (CuCl2, anhydrous, 99%), cerium ammonium nitrate pentahydrate 

((NH4)2Ce(NO3)6, 99%), HNO3, polyvinyl-2-pyrrolidone (PVP), potassium chloroplatinate 

(K2PtCl4) and chloroplatinic acid (H2PtCl6.6H2O) were purchased from Alfa Aesar. Copper 

sulphate pentahydrate (CuSO4.5H2O, extrapure AR) was purchased from SRL chemicals. Tri 

sodium citrate dihydrate (99%) was purchased from Sigma Aldrich. All the reagents were used 

without further purification. Deionized water (TKA, 18.2 MΩ.cm) was used throughout the 

syntheses and measurements.

S2.2 Synthesis 

S2.2.1 Synthesis of 200 nm Cu2O Nanocubes (Cu2O_NC(200 nm))

Cu2O_NC(200 nm) with an approximate edge length of 200 nm were synthesized using the 

strategy outlined by Zhang et al.1 A 100 mL aqueous solution of CuCl2 (0.01 M) was slowly 

hydrolyzed with 10 mL 2.0 M aqueous NaOH solution. The solution immediately turned turbid 

(blue in color) and was stirred for 30 min. An aqueous solution of 10 mL 0.6 M ascorbic acid 

was added dropwise. The final solution was stirred at 55 °C for 5 h. The resulting precipitate 

in bright orange color which was collected by centrifugation (6000 rpm), washed with distilled 

water for 3-4 times, and finally vacuum dried at room temperature for 24 h. 

S2.2.2 Synthesis of 50-150 nm Cu2O Nanocubes (Cu2O_NC(50-150 nm))

Various sizes of Cu2O_NC with were synthesized by a similar strategy reported in the 

literature.2 The reduction of Cu(OH)2 was done using ascorbic acid in the presence of different 

amounts of sodium citrate. The synthetic conditions varied for different sizes include 
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CuSO4:C6H5Na3O7.2H2O:NaOH in the ratio 1:0.25:4, 1:1:4 and 1:1.25:4 for 50, 100 and 150 nm, 

respectively.

S2.1.2.3 Synthesis of CeO2@Cu2O Core-Shell Nanocubes (Cu2O@CeO2 CS-NC)

A template assisted route reported by Bao et al3 was employed for the synthesis of 

Cu2O@CeO2 CS-NC. In a typical synthesis, 0.855 M NaCl aqueous solution was added to a 

suspension of the synthesized Cu2O nanocubes in ethanol.  The suspension was adequately 

dispersed for 30 min under ultrasonication. The (NH4)2Ce(NO3)6 ethanol solution (0.4 mM) 

was added to the above suspension dropwise at 40 oC in an oil bath under vigorous stirring. 

The reaction was allowed to proceed for an additional 1 hr at the same reaction condition. The 

solid product was collected by several rinse−centrifugation (5000 rpm) cycles and then dried 

in vacuum at room temperature. For different CeO2 shell thickness, the 0.4 mM 

(NH4)2Ce(NO3)6 was varied from 0.2-1.0 mM.

S2.1.2.3 Synthesis of Pt on Cu2O@CeO2 Core-Shell Nanocubes (Pt/(Cu2O@CeO2 CS-NC)

In a typical synthetic operation, the yield obtained from the second step (synthesis of 

Cu2O@CeO2 CS-NC) were ultrasonically dispersed in 20 mL doubly distilled water. 

Appropriate amounts of K2PtCl4 aqueous solution was added to the suspension.  The reaction 

was initiated by adding 3-4 drops of glacial acetic acid under constant sonication. The solution 

immediately turned black, indicating the formation of platinum nanoparticles. The reaction was 

maintained undisturbed for 1 h and the black precipitate was collected by centrifuging and 

rinsing with doubly distilled water to remove generated Cu2+ ions.

S2.1.2.4 Synthesis of Pt on CeO2 Nanoboxes (Pt/CeO2_NB)

In order to obtain Pt/CeO2_NBs, the product obtained from the above reaction was etched with 

1 M HCl for 2-3 h to completely get rid of the Cu2O template.

S2.1.2.5 Synthesis of 50 nm Pt Nanoboxes (Pt_NB)

Pt_NBs with an average edge length of 50 nm was synthesized using the same synthetic 

procedure as in the case of Pt/CeO2_NBs without the addition of (NH4)2Ce(NO3)6. 

S2.1.2.6 Synthesis of Solid CeO2 Nanocubes (CeO2_SC)

A modified version of the synthetic strategy reported by Yang et al4 was utilized in order to 

synthesize ~50 nm CeO2_SC. An aqueous solution of 30 mL 10.6 M NaOH was rapidly added 

to another aqueous solution of 10 mL 0.23 M Ce(NO3)3·6H2O under vigorous stirring resulting 

in a light yellow slurry. The mixture was further stirred for 30 min and finally transferred to a 

50 mL autoclave filled 80% with doubly distilled water and the above contents were transferred 

into it. The autoclave was heated at 180 ◦C for 24 h and was then allowed to cool to room 



temperature normally. The grayish product was collected by centrifugation at 5000 rpm and 

subsequent washing with doubly distilled water and dried at 60 ◦C.

S2.1.2.7 Synthesis of Hollow CeO2 Nanospheres (CeO2_HNS)

Monodispersed hollow CeO2_HNS were synthesized using a protocol previously reported by 

Yang et al.5 In a typical synthesis of CeO2_HNS, 0.1 g of CeCl3, 7H2O and 0.18 g of PVP 

were dissolved in 19 mL of deionized water under vigorous magnetic stirring. 1 mL of 

formamide and 0.1 mL of H2O2 were then added into the solution under continuous stirring for 

30 min. The as-formed yellow solution was transferred into a teflon-lined autoclave of 23 mL 

capacity and heated for 24 h at 180 oC. After the autoclave was cooled to room temperature 

naturally, light brown products were collected and washed with deionized water 4 times. 

Finally, the products were washed with absolute ethanol and dried in an electric oven for 6 h 

at 70 oC.

S2.1.2.8 Synthesis of Pt on CeO2 solid cubes and hollow nano spheres (Pt/CeO2_SC and 

Pt/CeO2_HNS)

CeO2_SC and CeO2_HNS (10 mg in each case) were dispersed in 10 mL deionized water 

under ultrasonication and then mixed with appropriate amounts of K2PtCl4 solution under 

vigorous stirring for 1 h. Finally, K2PtCl4 was reduced to metallic Pt with the addition of a 

reducing agent NaBH4 (5 wt%) under stirring for another 1 h.

S2.1.2.9 Sample Preparation for electrochemistry

All the samples were supported on Vulcan XC-72R by taking appropriate amount of the 

catalyst such that final Pt loading was maintained as 0.01 mg and 0.5 mg of Vulcan XC-72R 

in 1 mL isopropanol/water (1:1 v/v) mixture and ultrasonicated for 30 min.

S2.1.2.10 Preparation of Pt/CeO2_NB on reduced grapheme oxide (Pt/CeO2_NB/RGO)

Reduced graphene oxide was synthesized using a modified Hummers method.6, 7 Graphite 

flakes 500 mg in a 250 mL round bottom flask and then 12 mL of H2SO4 and 12 mL 

HNO3 were slowly added to it at low temperature (0–5 °C) with constant stirring. This was 

followed by addition of 1.5 g of KMnO4. The temperature was slowly raised to 35 °C and 

stirred for 30 min. Water (22 mL) was then added slowly to the thick slurry. The temperature 

was further raised to 98 °C and kept for another 15 min. The mixture was diluted to 66 mL 

with warm water after cooling it down to room temperature. Finally, 30 mL of 30% H2O2 was 

added to it. The brown colored product was filtered and washed repeatedly with 1 M HCl to 

get rid of the ions, followed by rigorous washing with hot distilled water. Then it was collected 

in a dialysis bag (12000 DA) and dialyzed for 7 days to bring the pH close to 5. The final 

product graphite oxide (GO) was collected and dried in a vacuum oven at 80 °C. To obtain 



rGO, 100 mg of GO was dispersed in 100 mL of water followed by the addition of 1 mL 85% 

hydrazine monohydrate. The dispersion was then refluxed for 5 h. The black precipitate was 

washed thoroughly with distilled water and dispersed in distilled water by ultrasonication for 

1 h to obtain 1 mg/ mL reduced graphene oxide (rGO).

In order to synthesize Pt/CeO2_NB/RGO with 20% Pt loading, a dispersion of 5 mg 

Pt/CeO2_NB in 1 mL isopropanol was rapidly added to 1 mL aqueous dispersion of rGO under 

vigorous stirring followed by ultrasonication for 30 min. 

S2.3 Powder X-ray Diffraction (PXRD)

 PXRD measurements were done at room temperature on a Rigaku Miniflex X-ray 

diffractometer with a Cu−Kα X-ray source (λ = 1.5406 Å), equipped with a position sensitive 

detector in the angular range of 10° ≤ 2θ ≤ 90° with the step size 0.02° and a scan rate of 0.5 

s/step calibrated against corundum standards. The experimental patterns were compared to the 

pattern calculated from the single crystal structure refinement. 

S2.4 Elemental Analysis

Quantitative microanalysis on all the samples was performed with an FEI NOVA NANOSEM 

600 instrument equipped with an EDAX instrument. Data were acquired with an accelerating 

voltage of 20 kV and a 100 s accumulation time. The EDAX analysis was performed using the 

P/B-ZAF standardless method (where Z = atomic no. correction factor, A = absorption 

correction factor, F = fluorescence factor, P/B = peak to background model) on selected spots 

and points. 

S2.5 Transmission Electron Microscopy (TEM)

TEM images and selected area electron diffraction (SAED) patterns were collected using a 

JEOL 200 TEM instrument. Samples for these measurements were prepared by sonicating the 

nanocrystalline powders in ethanol and dropping a small volume onto a carbon-coated copper 

grid. 

S2.6 X-ray Photoelectron Spectroscopy (XPS) 

XPS measurement was performed on an Omicron Nanotechnology spectrometer using a 

Mg−Kα (1253.6 eV) X-ray source with a relative composition detection better than 0.1%. 

S2.7.1 Electrochemical Studies 

A three-electrode setup was used with a glassy carbon electrode with a diameter 3 mm as 

working electrode, platinum wire as counter electrode, and Ag/AgCl (1 M KCl) as reference 

electrode. All the solutions were purged with nitrogen gas for 20 min prior to measurement. 

The catalyst ink was prepared by dispersing 2.5 mg of catalyst in 1 mL of mixed solvent 

solution (IPA:H2O = 1:1 v/v) and 10 μl of 0.05 wt % Nafion binder. The Nafion binder (Sigma 



Aldrich, 5 wt %) was diluted to 0.05 wt % with isopropyl alcohol (IPA). A 20 μl aliquot of the 

catalyst ink was drop casted onto a glassy carbon (GC) electrode and dried overnight at room 

temperature. Before depositing the catalyst, the GC was polished with 0.05 μm alumina slurry 

and washed several times with distilled water (18.2 MΩcm), and IPA. Commercial Pt/C (20 

wt%, Sigma Aldrich) was used for comparison of activity with the Pt/CeO2_NBs catalyst. The 

blank cyclic voltammetry (CV) measurement was carried out in 0.1 M HClO4 aqueous solution 

at a scan rate 50 mV/s. CV and chronoamperometry (CA) were performed in 0.1 M HClO4/1 

M FA electrolyte solution at a scan rate 50 mV/s. We have maintained the same loading of Pt 

(0.01 mg) in all the catalysts. 

S2.7.2 Calculation of ECSA 

Electrochemically Active Surface Area (ECSA) was calculated considering the hydrogen 

desorption region from the CV curves obtained to check catalyst stability. The charge obtained 

from hydrogen desorption peak was integrated considering the value of 210 µC/cm2 for Pt 

based catalyst.8



Table S1. Illustrates the specific activity at a particular overpotential for various samples with its ECSA values.

Sample ECSA
(m2/g) 

Overpotential at 
peak
(V) 

vs Ag/Agcl

Specific 
Activity

 (2nd cycle)
(mA/cm2) 

Overpotential at 
peak
(V) 

vs Ag/Agcl

Specific Activity
 (100th cycle)

(mA/cm2) 

Overpotential at 
peak 
(V)

Specific 
Activity

(250th cycle)
(mA/cm2) 

Pt/CeO2_NB
(50 nm) 

22.75 0.845 4.520 0.745 2.287 0.765 1.670

Pt/CeO2_NB
(100 nm)

15.60 0.875 1.787 0.815 1.177 0.775 0.921

Pt/CeO2_NB
(150 nm)  

13.77 0.795 1.723 0.775 1.574 0.745 1.244

Pt/CeO2_NB
(200 nm)  

3.40 0.725 1.608 0.735 1.126 0.705 0.689

Pt/CeO2_HNS  1.38 0.743 0.766 0.675 0.114 - -

Pt/CeO2_SC 2.06 0.692 1.713   0.735 0.749 - -

Pt_NB 18.55 0.818 1.783 0.755 0.522 - -

Pt/C 18.50 0.746 0.905 0.735 0.663 - -

Pt/CeO2_NB/rGO 13.70 0.782 1.159 0.725 0.639 - -
Note: CV measurements were performed only till 100 cycles. Therefore overpotential and specific activity are not mentioned in few cases for 250th 
cycle.



Table S2. The surface area and pore volume of Pt, Ce and Cu acquired in different samples 
from BET (error value in parenthesis), respectively. 

Sample Surface Area (m2/g) Pore 
volume(cc/g) 

Pt/CeO2_NB(50) 62.9 0.142 
Pt/CeO2_NB(100) 49.8 0.070 
Pt/CeO2_NB(150)  39.4 0.085 
Pt/CeO2_NB(200)  30.2 0.060 
Pt/CeO2_HNS  8.4 0.084 
Pt/CeO2_SC 45.4 0.1153 

Table S3 : Illustrates the specific activity at peak potential for Pt/CeO
2
_NB(50 nm) for MeOH 

and EtOH oxidation with its ECSA values.

Sample Oxidati
on 

reaction

ECSA 
(m2/g)

Peak
Potential

Specific Activity
 (2nd cycle)
(mA/cm2) 

Overpo
tential 

(V)

Specific Activity
(250th cycle)

(mA/cm2) 

Pt/CeO
2
_NB 17.20 0.725 0.756 0.665 1.105

Pt/C 

MO

4.33 0.701 0.497 0.709 0.502

Pt/CeO
2
_NB 2.40 -0.205 1.113 -0.205 5.337

Pt/C 

EO

8.80 -0.165 5.204 -0.195 3.247

Table S4: Specific activity of already reported Pt, Pd compounds for FAO, MOR and EOR.

S.No Reaction Catalyst Specific activity
(mA/cm2)

Ref

1 Pt-Cu cubic 3.0 9

2 Pt80Cu20 2.15-2.29 10

3 Pt–Cu(1:1.2)/RGO 2.08 11

4 Pd6Co/3DG 0.80 12

5
FAO

Pd-P/carbon cloth 4.9 13

1 Pt3Cu(icosahedra) 2.14 14

2 Pt-Zn NCs (spherical) 0.90 15

3 Pt60Cu40 4.90 16

4 Pt-Cu nanocrystals 0.96 17

5 Pt-Cu nanocubes 4.70 18

6 PtPd/PPy/PtPd TNTAs 0.90 19

7 Auoct@PdPt NPs 2.19 20

8 Pt-Pd NCs 1.49 21

9

MOR

Pd-Ni-Pt NPs ̴0.80 22

1 PtRhSnO2/C 7.50 23

2 PtPd/PPy/PtPd TNTAs 2.50 19

3
EOR

Pd-Ni-Pt NPs ̴7.00 22



Figures

Figure S1: The comparison of powder XRD patterns of Cu2O@CeO2 CS-NCs synthesized 
using template assisted colloidal method for Ce concentration and nanocube size dependent 
study.

Figure S2: (a) A TEM image exhibiting the uniformity of size Pt/CeO2_NB(50 nm), (b) 
HRTEM image of 50 nm Cu2O template showing (200) plane, (c) HRTEM of CeO2 (200) on 
Cu2O@CeO2 CS-NC, (d) exposed plane of Pt (111) on CeO2_NBs and (e) SAED displays the 
different planes corresponding to Pt (indexed pattern on Figure S2a).



Figure S3. A characteristic CV curve of the catalyst in 0.1M HClO4 showing the disappearance 
of Cu-O oxidation peak during repeated cycling.

Figure S4: TEM images of Cu2O@CeO2 CS-NC(200) with different Ce precursor 
concentration varying shell thickness. (a) Cu2O@CeO2 CS-NC(0.1 mM) showing a very thin 
shell, (b) Cu2O@CeO2 CS-NC(0.4 mM) with a distinct shell but retaining the core, (c) 
Cu2O@CeO2 CS-NC(1.0 mM) shows a complete disrupted shell, (d) broken Pt/CeO2_NB 
(200).



Figure S5: TEM images of Pt/Cu2O@CeO2 CS-NC(200) (a) without linker AHA and 40% Pt 
loading (b) with linker AHA and 20% Pt loading. In both the cases excess Pt is seen in the 
background.



Figure S6. BET absorption desorption curves of different samples.



Figure S7. CV and CA curves measured in 0.1 M HClO4 containing 1 M HCOOH for different 
samples studied. Concentration and size dependent specific activity of samples at 250th cycle 
over a scan rate of 50 mV/s are represented in (a) and (b), respectively. Concentration, size, 
and shape dependent chronoamperometric (CA) measurements are shown in (c), (d), (e) and 
(f), respectively. Figure (f) represents CA comparison of Pt supported on various different 
supports with commercial Pt/C.



Figure S8. TEM images of electrode slurry (a-b) before and (c-d) after 250 cycles CV 
measurements showing the presence of  Pt/CeO2_NBs(50)/vulcan.

Figure S9. CV curves measured in 0.5 M H2SO4/1 M MeOH and 0.5 M KOH/EtOH at a scan 
rate of 50 mV/s showing specific activity of Pt/CeO2_NB(50) for MeOH oxidation (a) 2nd cycle 
(b) 250th cycle and EtOH oxidation (c) 2nd cycle and (d) 250th cycle respectively.
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