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S 1. Structural comparison of different CeO2 structures: (red) XRD pattern of as-prepared CeO2 representing a triclinic 
(COD ID: 96-721-7888) with a low angle shoulder cubic (COD ID: 96-434-3162); (black) XRD pattern of commercial CeO2 
powder purchased from Sigma. Reference patterns are obtained from crystallographic open database (COD).



S 2. XRD peak Intensity ratios of CeO2/CeVO4 representing the phase segregation of CeO2 and CeVO4 in xVCeO2 (x=5-
75%).



 Methane conversion

T 1. Methane conversion (XCH4) by pure ceria and CV25 samples during MPO–CDS, MPO–WS, MPO–WS–CDS and 
MPO–CDS–WS redox cycles

Methane conversion was calculated by:
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 and  are the number of moles of Methane going into and out from the reactor
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Materials
Process Ceria CV25

MPO–CDS 0.1158 0.12
MPO–WS 0.034 0.072

MPO–WS–CDS 0.059 0.09
MPO–CDS–WS 0.0323 0.077



S 3. Production rates of H2 (blue), CO (red) and CO2 (black) during: (a) MPO–WS and (b) MPO–CDS–WS on pure nano-
structured ceria; (c) MPO–WS and (d) MPO–CDS–WS on CV25. High CO2 production rates relative to the CO rates are 
presented in MPO–WS cycles. MPO–CDS–WS represents incomplete oxidation of methane, resulting high H2 rates.



S 4. Real-time reactant and product gas production profiles measured by mass-spectrometer during MPO–WS–CDS 
redox cycles.



S 5. Thermochemical performance evaluation of nano-ceria during MPO–CDS and MPO–WS–CDS redox cycles: (a) and 
(b) H2 and CO production rates; (c) and (d) average yield per 5 cycles; (e) and (f) 5 post 100 cycles.



Table T2. Performance evaluation of pure ceria and CV25 samples in terms of H2/CO ratio, CO selectivity and fuel yield during oxidation and reduction steps of MPO–
CDS and MPO–WS cycles.

MPO–CDS MPO–WS

Reduction Oxidation Reduction Oxidation

Material Cycle 
(#)

H2 yield
(mL g-1

MO)
CO yield

(mL g-1
MO)

SCO (%) H2/CO CO yield
(mL g-1

MO)
H2 yield

(mL g-1
MO

CO yield
(mL g-1

MO)
SCO (%) H2/CO H2 yield

(mL g-1
MO)

2 78.27 39.12 66.52 2.01 42.47 107.1 26.11 89.59 4.1 21.62

4 68.4 37.4 59.06 1.83 43.2 93.8 19.1 87.1 4.92 20.1

6 59.9 33.8 50.55 1.77 38.8 78.2 19.9 59.26 3.93 23.2

8 51.58 29.14 76.8 1.78 34.49 78.62 14.52 36.74 5.87 19.15

CeO2

10 43.9 26.2 49.6 1.73 23.7 65.8 15.7 24.15 4.17 23.3

2 157 94.9 86.03 1.95 82.6 520 117 84.96 4.46 32.4

4 128.34 74.51 85.35 2.12 65.39 477.92 112.45 77.92 4.25 51.522

6 120.8 71.72 78.29 2.15 56.82 417.57 132.98 74.5 3.14 26.45

8 114 65.91 83.75 2.22 43.75 389.2 152 67.69 2.56 67.04

CV25

10 109.19 62.39 90.14 2.18 39.85 344.02 131.06 63.25 2.52 71.69



Table T3. Performance evaluation of pure ceria and CV25 samples in terms of H2/CO ratio, CO selectivity and fuel yield during oxidation and reduction steps of MPO–
WS–CDS and MPO–CDS–WS cycles.

MPO–WS–CDS MPO–CDS–WS

Reduction Oxidation Reduction Oxidation

H2 yield CO yield H2 yield H2 yield CO yield CO yieldMaterial Cycle (#)

(mL g-1
MO) (mL g-1

MO)

SCO (%) H2/CO

(mL g-1
MO) (mL g-1

MO) (mL g-1
MO)

SCO (%) H2/CO

(mL g-1
MO)

2 112.27 56.01 88.38 2.01 50.26 131.62 32.05 87.73 4.1 17.91

4 84.8 46.42 88.4 1.82 16.66 112.3 22.49 85.7 4.99 19.49

6 70.34 33.13 88 2.23 14.23 102.5 16.27 71.4 6.29 9.48

8 58.14 32.17 84.95 1.75 20.36 82.82 27.54 42.16 3 7.92

CeO2

10 54.68 27.6 84.8 1.98 29.09 79.5 13.07 27.8 6.08 6.85

2 171.2 65.38 92.8 3.16 54.5 161.25 34.28 94.2 4.7 27.41

4 153.48 54.19 92.2 2.32 42.78 142.87 29.33 88.49 4.87 30.35

6 138.26 51.84 90.29 2.29 36.52 116.51 25.81 55.1 4.38 17.7

8 125.78 48.66 90.13 2.41 36.52 121.39 27.98 37.43 4.45 31.14

CV25

10 109.16 46.12 89.89 2.37 34.15 138.81 31.47 26.3 4.41 18.72



Selectivity of CO during the MPO steps were calculated by: 
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n(i)MPO denotes the total amount of evolution of species “i” during MPO steps.


