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Fig. S1. TEM images of (a) as-prepared VONTs, (b) Ni-VONTs, (c) Ni-FONPs, (d) Fe-
VONTs and (e) Fe-FONPs. Lattice spacings measured from TEM images using digital
micrograph software for and (f) as-prepared VONTSs, (g) Ni-VONTs, (h) Ni-FONPs, (i) Fe-

VONTs and (j) Fe-FONPs.



X-ray diffraction patterns for NiVO; phase are confirmed as the phase of the Ni-FONPS.
Both NiVO; and a related triclinic CoVO; phase show very good agreement with the
experimentally acquired pattern for Ni-FONPs. Relative intensity differences from certain
planes exist likely between the nanoscale nature of the FONPs compared to the bulk crystal
analysed in the original NiVO; studies, that were limited to ~56 degrees double angle. We
find no other patterns that closely match the pattern apart from NiVOs, including other nickel
vanadates such as Ni3V,0g (JCPDS 00-74-1484). We find no clear evidence that other
isostructural compounds of different crystalline materials match the reference pattern, other
than NiVOs.
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Fig. S2. XRD pattern for Ni-FONPs and reference stick patterns for NiVO; (JCPDS No. 00-
027-1308) and CoVO; (JCPDS No. 00-026-0496).

SEM images of the ion-exchanged VONTSs and heat treated FONPs are shown in Fig.

S3. The tubular morphology of the Ni-VONTSs and Fe-VONTSs can be clearly seen in Fig. S3a



and d. The morphologies of the heat treated Ni-FONPs and Fe-FONPs are shown in Fig. S3b
and e, respectively. FONPs are comprised of beaded rods of fused nanoparticles as can be
seen the SEM images. SEM images of Ni-FONPs and Fe-FONPs after 500 galvanostatic
cycles, with an applied specific current of 200 mA/g are shown in Fig. S3c and f,
respectively. Energy-dispersive X-ray spectroscopy (EDS) spectra for ion exchanged
VONTs, as-prepared FONPs samples and FONP samples after 500 galvanostatic cycles were
acquired over the areas shown in the SEM images in Fig. S3a-f. The presence of peaks
attributed to the presence of Ni can be seen in the spectra for Ni-VONTSs and Ni-FONPs,
before and after cycling. The relative amounts of each element present in the samples are

listed in Table 1.

Table S1. Atomic % of elements present from EDS measurements.

Atomic %
Element Ni- Ni- I\ilf-tl:? 51\(1)1())S Fe- Fe- FaleftI(:r() 51\(1)1())S

VONTs FONPs cycles VONTSs FONPs cycles
Vv 27.93 24.74 12.60 25.24 26.95 6.38
O 54.48 43.88 56.87 4941 41.93 56.94
Fe - - - 14.43 19.45 5.40
Ni 5.95 19.75 3.83 - - -
C 10.06 11.63 18.55 9.78 11.67 20.94
Cl 1.58 - 0.29 1.14 - 1.18
Si - - 0.34 - - 0.40
P - - 1.45 - - 1.01
F - - 6.07 - - 7.75

The spectra for the Fe-VONTSs and Fe-FONPs confirm the presence of Fe, V, O and C
within the structure. The characteristic C peak at ~ 0.27 keV is likely due to presence of the
hydrocarbon chain of any amine molecules remaining after the ion exchange reaction in the
case of the Ni and Fe-VONTs and the thermal decomposition of amines in the case of the

FONP samples, as well as adventitious carbon on the surface of the nanostructures. A low



intensity peaks associated with Cl is present due to Cl based precursors which were used as a
source of both Fe and Ni ions. However, traces of Cl were not observed in the EDS spectra

for the heated FONP samples.
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Fig. S3. SEM images of (a) Ni-VONTs, (b) Ni-FONPs, (c) Fe-VONTs and (d) Fe-FONPs. (e)
EDS spectra for ion-exchanged VONT and heated FONP samples acquired from the areas
shown in (a)-(d).

Ni and Fe-FONP samples after electrochemical testing contained traces of Si, P and F
which were not observed in the spectra for the ion exchanged VONT samples or the FONP

samples prior to electrochemical testing. The Si observed is due to the glass fibre separator

which was used for all electrochemical tests, and P and F are present from the electrolyte



which was used (a 1 mol dm™ solution of LiPF¢ in a 1:1 (v/v) mixture of ethylene carbonate

in dimethyl carbonate with 3 wt% vinylene carbonate).

Elemental maps were acquired from scanning transmission electron microscope
energy-dispersive X-ray spectroscopy in order to determine the distribution of each element
present in Ni-FONPs and Fe-FONPs, as shown in Fig. S4. It can be seen from the elemental
maps that Ni, V and O are homogeneously distributed within the Ni-FONPs. Likewise, Fe, V

and O are also homogeneously distributed within the Fe-FONPs.

“

Fig. S4. Scanning transmission electron microscope (STEM) energy-dispersive X-ray
spectroscopy (EDS) elemental maps for Ni-FONPs and Fe-FONPs illustrating the distribution
of each element present.
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Table S2. XPS binding energies for fitted peaks (in eV). The relative amounts of each
vanadium oxidation state are shown in parentheses

Fe 2p;p Ni2p 3 V 2psp
Sample Fe3* Fe? Ni¥* Niz* V3 %48 Ols
Fe-VONTs 820/50; Zgo/lj - i;;é;‘ 5(195%7)7 530.19
Foronps 71089 TIL s sise g,
NeVONT .o S SIS SlTas o SisR g
NN oo MR s s sism g

The high resolution spectra for the O 1s region for all samples, contained three oxygen
contributions, as shown in Fig. S5. The peak at ~ 530.2 eV is archetypal of metal-oxygen
bonds. 2 The peak at ~ 531.4 eV can be assigned to defects and a number of surface species
including hydroxyls, chemisorbed oxygen or under-coordinated lattice oxygen. 3 # The peak

present at ~ 533.3 eV can be attributed to multiplicity of physi- and chemisorbed water at or

near the surface. -2

Fig. S5. XPS spectra of the O 1s regions for (a) Ni-VONTSs, (b) Ni-FONPs, (¢) Fe-VONTSs

and (d) Fe-FONPs

Intensity (a.u.)

(a) 0O1s Ni-VONTs

Intensity (a.u.)

L L L 1
(c) O1s Fe-VONTs

Binding Energy (eV)

536 534 532 530 528

526

53 534 532 530 528
Binding Energy (eV)

526

Intensity (a.u.)

(b) O1s Ni-FONPs

Intensity (a.u.)

(d) O1s Fe-FONPs

Binding Energy (eV)

536 534 532 530 528

526

536 534 532 530 528
Binding Energy (eV)

526



(a) (b)
E E
2 2
@) c
< <

1% Charge 1* Discharge

—— Ni-FONPs ——Ni-FONPs

Fe-FONPs Fe-FONPs

00 05 10 15 20 25 3.0 00 05 10 15 20 25 30

Voltage (V) Voltage (V)

Fig. S6. Differential capacity plots calculated from (a) the first charge and (b) the first
discharge voltage profiles for Ni-FONPs and Fe-FONPs, cycled galvanostatically using a
specific current of 200 mA/g.
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Fig. S7. Comparison of the specific capacity values obtained for Ni-FONPs and Fe-FONPs
over 500 cycles in potential windows of 3.0 — 0.01 V and 3.0 — 0.2 V with an applied specific
current of 200 mA/g.



Fig. S8. SEM images of Ni-FONPs (a) before and (b) after 500 galvanostatic cycles and Fe-
FONPs (c) before and (d) after 500 galvanostatic cycles using an applied specific current of
200 mA/g. The Fe,O3 and V,03 nanocomposite material appears coated with the Li,O phase,
completely absent in the NiVOj; cycled anode material. Note: All images were acquired at the
same magnification ( 20,000x).
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Fig. S9. Comparison of reported specific capacity values for NizV,0g3 and V,0;
nanostructures from the literature: Ni;V,0g nanoparticles®, Ni;V,0g nanofibers®, Ni;V,0z

nanoparticles’, flower-like NizV,0g%, V,03; nanorods®, yolk-shell V,0;3°, RGO/ V,03
composite!!, V,03 nanoparticles!?.

Table S3. Comparison of capacities obtained for various Ni;V,0g and V,03 nanostructures from the literature

Charge Capacity mAh/g
Material C-rate 10th | 25th | 50th | 100th | 200th | 250th Ref.
Ni-FONPs 50mA/g | 607.9 | 565.9 | 484.6 | 422.6 - - This work
Ni-FONPs 200 mA/g | 177.2 | 182.7 | 191.8 | 201.3 | 204.7 | 202.5 | This work
Ni;V,04 Nanoparticles 1000 mA/g | 670.8 | 670.7 | 617.7 | 547.8 - - 1
Ni;V,05 Nanofibers 300 mA/g | 375.0 | 252.7 | 187.5 | 138.6 | 195.7 | 236.4 2
Ni3V,05 Nanoparticles 200 mA/g | 696.4 | 638.0 | 547.4 | 459.7 - - 3
Flower-like Ni3;V,0g 200 mA/g | 778.2 | 716.9 | 696.5 | 622.9 | 553.4 | 524.8 4
V,0; nanorods 100 mA/g 1809 | 180.3 | 178.3 | 183.6 - - 5
Yolk—Shell V,05; Microspheres 100 mA/g | 446.8 | 433.3 | 431.8 | 425.8 - - 6
RGO/V,03; Composite 100 mA/g | 386.0 | 388.8 | 360.8 - - - 7
V,0; nanoparticles 100 mA/g | 106.2 | 109.2 | 120.3 | 131.4 | 1455 | 143.6 8
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