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Formation process of VO-VC composite: During the thermal treatment, vanadium precursor
(VOSO4-xH,0) undergoes dehydration and decomposition, followed by conversion to vanadium
oxide under an inert atmosphere in the presence of the carbon matrix. The overall transformation

can be described in a simplified form as follows:

Step 1: Dehydration:

VOSO,xH,0 — VOSSO, + xH,01
Step 2: Thermal decomposition under an inert atmosphere:

VOSO,4 + C — VO + SO,1 + COyt
Step 3: Carbothermal reduction (carbon-assisted formation of vanadium oxide and carbide phases):

VO, +C — VO +COt
V+C—-VC

Under the carbon-rich and reducing environment generated during pyrolysis, partial reduction of
vanadium species leads to mixed VO/VO, formation, while simultaneous carbon-vanadium
interaction at higher temperature facilitates VC formation, resulting in the VO-VC heterostructure

embedded in the carbon matrix.

S2



a 3.0

—0.1A g 115 cyele)

2.5 —2" cycle

—024Ag1

2.0 —03Ag]

%, ——05A4g1

o —10Ag]
=
=)
-

5y
=

=
tn

0.0+

0 20 40 60 80 100
Specific Capacity(mAh g'l)

Figure S1.
densities.

S3

bs.o

— (0.1 A g~ (15t Cycle)

25 —2Nd cycle

—02Ag"

s 2.0 —03Ag]

1 e 0.5 A g1

1.5 —1.0Ag!

=

o

>

0 100 200 300 400 500 600 700 800
Specific Capacity(mAh g™)

Charge-discharge curves of bare VO and VO-VC@700 electrode at different current
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Figure S2. Nyquist plots of the fabricated Li-ion batteries using various electrodes after cycling
stability.
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Figure S3. Long-term cycling stability of Li-ion battery cell fabricated with VO-VC@800
electrode and corresponding post-cycling SEM images of the VO-VC@800, and post-cycling
XRD analysis of the corresponding electrode.
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Figure S4. (a) Schematic representation and (b-c) SEM images of the rotten-bread-derived carbon

after annealing at 800 °C under Ar gas flow.
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Figure S5. CV and charge-discharge curves of a Li-ion battery fabricated using bread-derived

carbon.
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Figure S6. The modified power law derivatives and relationship of v!/Z vs. i/v!/2,
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Figure S7. Charge-discharge curves of ZIB with a higher mass loading of the VO-VC@800

electrode.!2
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Figure S8. (a) Synthesis process of glucose-assisted synthesis of VO-GC (V,05-V,C), which was
carried out using the similar procedure used for bread-derived VO-VC@800. (b) FE-SEM images
of VO-GC], showing the randomly distributed particle shape with dense surface morphology and
c¢) XRD spectrum of VO-GC. Li-ion battery performance of VO-GC as anode in comparison with
bread-derived VO-VC@800; d) galvanostatic charge-discharge profiles of VO-GC-based cell at
different current densities, ) comparative charge-discharge profiles of VO-GC and VO-VC@800-
based cells at a current density of 0.1 A/g. f) Comparative dq/dV profiles and g) capacity plots of
VO-GC and VO-VC@800- based Li-ion battery cells. (h) CV curves of the VO-GC at different
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scan rates of 0.1-1 mV/s.

The structural comparison between bread- and other carbon-precursor based vanadium-carbon

sample was also examined. Figure S8a shows the preparation process of glucose-derived V205-
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V2C carbon sample prepared under similar conditions of VO-VC@800. Figure S8a and S8b shows
the FE-SEM images of glucose-derived VO-GC (V,05-V,C), which shows interconnected layered
structures with bulk morphology. Under the magnified condition (inset of Figure S8b), the SEM
images show the surface of VO-GC particles showed dense morphology without porous features,
as like VO-VC@800 derived from the waste bread-based precursor. The dense architecture of VO-
GC could be expected to provide low active surface areas and facilitate poor electrolyte
penetration. The XRD pattern of VO-GC in Figure S8c shows more crystalline peaks related to
V,05 (JCPDS: 072-0598) and relatively low peaks were noticed for V,C (071-1272), indicating
the heterostructure formation in glucose derived VO-GC is relatively poor. The electrochemical
and structural properties of the glucose derived VO-GC electrode were systematically investigated
to evaluate its lithium-ion storage performance. This behavior suggests that the heterostructure
formation is crucial to provide lower charge transfer resistance for efficient charge transport within
the electrode. The charge-discharge profiles in Figure S8d exhibit the VO-GC sample showed
lithium-ion insertion/extraction behavior with moderate polarization, confirming the VO-GC
material showed the specific capacity of 484.4 mAh/g and 165.3 mAh/g for the 1% and 2™ cycles
at a current density of 0.1 A/g. When the current density was increased to 1 A/g, the capacity of
VO-GC cell only showed a capacity of 9 mAh/g with a poor rate capability 0.05%. The poor rate
capability could be ascribed due to the increased polarization, and it indicates relatively lower
charge-storage capability and slower electrochemical kinetics. The comparative capacity plots and
dg/dv of VO-GC with VO-VC@800 sample were included in Figure S8e-g, which clearly
demonstrate that the VO-VC@800 derived-from the bread outperform the glucose-derived VO-
VC and these results confirm the waste- carbon source of bread is crucial in controlling the
structural and electrochemical performance. Additionally, the redox behaviour was further
validated, as presented in Figure S8h. The CV curves recorded at different scan rates of VO-GC
based cells show distinct redox peaks associated with the reversible oxidation/reduction reactions
of vanadium species are observed, confirming the pseudocapacitive contribution of the electrode.
Nevertheless, the broader peak shape and slight peak shifts suggest comparatively slower electron-
transfer kinetics and reduced reversibility than VO-VC@800. Although the glucose-derived
carbon matrix provides conductive pathways and electroactive sites, the electrochemical
performance remains lower due to insufficient graphitization and reduced conductivity. However,

the structural compactness and limited conductive network may restrict rapid ion/electron transport
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during cycling. Overall, these results shows that glucose derived VO-GC electrode exhibits Li-ion
storage electrochemical activity; however, its performance is comparatively lower than that of
bread-derived VO-VC@800. The improved performance of VO-VC@800 can be attributed to
enhanced carbon graphitization, improved electrical conductivity, faster ion diffusion, and better

structural stability achieved at the optimized carbonization temperature of 800 °C.
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Figure S9. a) Linear fitting plots of @12 versus Z’ in the low frequency regions of Li-ion battery
cells using bare VO, bare carbon, VO-VC@700, VO-VC@800. b) Comparison of linear fitting
plots of before and after cycling of Li-ion battery cell with VO-VC@3800. c) Linear fitting plots of
7’ versus @12 of VO-VC@800 obtained from in-situ EIS measurements at different Voltages for
the VO-VC@800 ZiB electrode. (d) circuit diagram.
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Table S1. Comparative electrochemical performance of vanadium-based materials with our VO-

VC@800 materials.
Material Synthesis Current 1t Capacity | Reference
density charge | (mAh g)/
(mA g') | Capacity | cycle no.
(mAh g
D)
Li;VO,/C Sol-gel method 100 405
281 3
V203/C Sol-gel thermolysis 100 302
335 4
LVO/C Ball-milling and 100 902 561
calcination method
5
V,05/C Facile synthesis
100 508 460 6
VO,/C 50 860 569 7
V,05/C electrospinning
100 680 570 8
V,05/G Solid State Synthesis
50 1097 610 ?
V,0,/C Solvothermal 100 641 386 10
Synthesis
V,05/C Facile Synthesis
100 1258 856 1
Solvothermal method
V,0,/C and Heating Process 12
100 475 508
V:C-/RGO Hydrothermal
synthesis /annealing 13
100 1280 1059
V,03/ordered -
mesoporous carbon) 100 857 536 14
VO-VC Impregnation method This Work
100 1508 759.2
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Electrode Material Synthesis Method Diffusion Coefficients(cm?/s- References
")

VO-VC Impregnation Method 9.26 % 10! This work

V,0s/carbon Nano Solvothermal 544 x 1012 15
tubes
2D V,05@C NS Precipitation 6.42 X 1014 16
CVO(CoV,0) Coprecipitation 2.65 %1013 17
V,05/MWCNT Solvothermal 2.01 x 1012 18
V,05@C - 3.86 101 19
Ga-doped VO3 Solvothermal Method 3.63x 1014 20
V,0s/Carbon — 3.78 X107 2l
Nanotube

Table S2. Comparison of Diffusion Coefficients of Vanadium-based materials with our sample.

Voltage(V) Sigma Values Diffusion coefficients (cm? s™!)

1.05 (OCV) 183.248 1.81 x 10’ ®
1.3 59.445 1.72 x 10° 14
1.6 52.410 2.21 x 10714
1.3 63.321 1.51 x 10° 14
1.0 52.52 2.20 x 107 14
0.8 54.59 2.04 x 10° 14
0.4 56.37 1.91 x 10° 14
0.2 39.25 3.95 x 107 14
0.4 39.25 3.95 x 10’ 14
0.8 39.27 3.94 x 107 1*

Table S3. Calculated diffusion coefficients of Zn?" in the zinc ion battery at different Voltages.
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