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Figure S1. a) Rietveld refinement of vanadyl glycolate structure from PDF: 00-049-2497. b) In-
situ XRD monitoring of thermal decomposition of vanadyl glycolate complex to C-V203
composite: The lowest temperature required to form the intermediate C-V203 was determined
using an in situ XRD heating experiment. We observed a decrease in lattice parameter for a and ¢
axes, and lattice parameter increase for b axis of vanadyl glycolate. The change in b axis is
dominating, which induces unit cell volume expansion as temperature ramps up. After 390 °C,
there is a sudden collapse of crystalline structure to an amorphous form. At 500 °C, the cubic
crystal structure of V203 was formed. The final structure consists of both cubic and trace amounts
of rhombohedral phases of V20s.



Figure S2. SEM images of VGC product.



DF-STEM

Figure S3. DF-STEM image and the corresponding spatially-resolved EDX maps for individual
elements in the V203 — carbon composite.
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Figure S4. TGA curve for C-V203. TGA was carried out in air from 25 °C to 700 °C at a heating
rate of 5 °C/min. Oxidation of V203 to V20s leads to a mass gain, and mass loss at about 325 °C
is attributed to the decomposition of carbon.
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Figure SS. Raman spectra acquired from a) C-V203 and b) CHVO samples showing D and G
bands of amorphous carbon.
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Figure S6. XPS survey spectrum of CHVO showing the existence of V, O and C in the material.
Faint In3d signal is from the indium substrate used for sample preparation.
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Figure S7. Discharge curves for CHVO material at different specific currents. Curves
correspond to the 10™ discharge of each current step in the rate capability test.



Figure S8. a) SEM image of a CHVO electrode slurry coated on the Cu current collector. b)

SEM image of the electrode after operating the battery for 600 cycles at a specific current of
1000 mA/g.
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Figure S9. Cycling performance of fully hydrated vanadium oxide (VsO12.6H20) at a specific
current of 1000 mA g!. The fully hydrated form of CHVO (V5012.6H20) can be obtained via
exposure to moisture or direct mixing with water. This material delivered a very low specific
capacity of 211.6 mAh g! after 90 cycles, as opposed to 664.4 mAh g! by V5012.0.4H20 material.
Hence, too much hydration clearly has a detrimental effect to the battery performance. Another
study specifically investigated the effect of water content on the electrochemical performance (as
cathode at high potentials) of a hydrated vanadium pentoxide (V205.nH20) xerogel.! Those
authors found that significant amounts of water can lead to adverse reactions with lithium, leading
to low specific capacity. In their study V20s5.0.3H20 xerogel displayed the best specific capacity
(185 mAh g! — as cathode). The fully hydrated form has been recently investigated for an aqueous

Zn-ion battery.?
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Figure S10. 41% to 50™ CV profiles of CHVO electrode (scan rate: 0.5 mV s™) after
galvanostatic (dis)charge of a cell for 40 cycles at a specific current of 100 mA g,
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Figure S11. CV profiles for CHVO material collected at different scan rates from 0.1 to 2 mV -
!. CV curves at different scan rates were collected after cycling the half cell for 30 cycles at a
specific current of 100 mA g

Cathodic (b =0.89)

LY
AT
ae
s
AT
:

|

©

N
|

Anodic (b =0.92)

S o
(o) ~
| |

°

1

@

[0}
|

Log (peak current, mA)

¢ .-
‘1 .0 "T—‘

1.2 1 1 1 1 1 1
“-1.0 -08 -06 -04 -02 0.0 0.2

Log (scan rate, mV s™)

Figure S12. log (peak current) vs log (scan rate) plots for anodic and cathodic peaks at 1.20 V
and 0.96 V, respectively.
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Figure S13. Capacitive (light blue) contribution at scan rates of 0.1, 0.2, 0.5 and 2 mV s™'.



Calculation of Q¢ and Q;

For a known voltage scan rate, the total gravimetric charge (Qt) was found from the CV curve
according to the following:

1 integrated absolute area under CV curve

Qr=5X%

2 scan rate X active material mass

Q:was determined for all scan rates (0.1, 0.2, 0.5, 1 and 2 mV s™). The intercept of plot of Q;vs
v~1/2 gives the surface controlled capacitive charge (Qs) (Figure S12).3

Q= kv~t/2 4 Qs
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Figure S14. Plot of total gravimetric charge (Q:) vs reciprocal square root of scan rate (v~/2)



&
o
1)

Quantity adsorbed (cm3/g STP)

(9]
o

N w e
o o o

_
o

S
o

014 0:6 Oj8
Relative Pressure (P/Po)

0.2

1.0

b) 0.0020

dVv/dD Pore Volume (cm?/g.nm)

0.0015

0.0010

0.0005

0.0000

o

10

20 30
Pore diameter (nm)

40

50

Figure S15. a) N2 adsorption-desorption isotherm recorded for CHVO material at 77 K. b) Pore
size distribution as determined from the adsorption isotherm by BJH method.
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Figure S16. Ex situ XRD data of CHVO electrodes separated from disassembled batteries at 30™
charge, 31% discharge and 31 charge.
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Figure S17. a) V 2p ex-situ XPS data for fully charged (3.0 V) electrode without any etching. b)
and ¢) V 2p ex-situ XPS data for partially discharged (1.2 V) electrode before and after etching. d)
and e) V 2p ex-situ XPS data for fully discharged (0.01 V) electrode before and after etching.
Etching was performed using the argon gas cluster ion source (10 keV, Ar1000") in Kratos Axis

supra XPS machine for 1 min.
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Figure S18. a) Cycling performance of HVO (i.e. after removing the carbon component; the
battery was cycled at a specific current of 1000 mA g™'. b) EIS curve of HVO/Li cell recorded after
the 20" dis(charge) cycle.



Estimation of theoretical specific capacity of CHVO

Assuming an overall conversion of VsO12to VO:
14e~ + V8t - 5p2+

Molar mass (Mw) of V5012.0.4H20 = 453.90 g mol’!

theoretical capacity = = 827 mAh g1

n
3.6 XM,
F is the Faraday constant.

Considering the relative amounts of Vs012.0.4H20 and amorphous carbon in the composite:

827 (V5012.0.4H20) x 0.95 + 470 (amorphous carbon)* x 0.045 = 807 mAh g!



Table S1: The electrochemical performance of vanadium oxide-based electrodes cycled to

potentials below 1 V (in literature) compared to the CHVO materials produced in this work.

Reversible Capacity

Material
(mAh g
o 1000
Vanadium oxide aerogel®
700
2D V20s
600
sheet network®
V205 nanobelt array’ 650
mixed-valance VOx
1050
microspheres®
Amorphous V205’ 600
Amorphous vanadium
900
oxide/graphene!?
2D vanadium oxide 793
@carbon nanosheet!! 802
Sandwich like 1006
V20s/graphene!? 734
1161
This work 675
(CHVO) 525

381

Current Density
(mA g)

118
590

100

1200

100

100

200

500
1000
500
900
100
1000
1000
4000

Cycle number

50

40

50

140

50

100

60
200
300

60
150
200
600
250
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