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Table S1. Atomic parameters of NNP based on the XRD analysis by refinement, where O: oxygen
of the NO group; O1: coordinated water; O2, O3, O4, O5: weakly bonded with water [S1].

Atom Occ. x/a y/b z/c
Fe 0.125 0.000000 0.000000 0.012000
Ni 0.125 0.000000 0.000000 0.511500
Ceq 0.5 0.000000 0.000000 0.189200
Cax 0.125 0.000000 0.000000 -0.180100
Neq 0.5 0.000000 0.000000 0.302000
Nax 0.125 0.000000 0.000000 0.172400
0] 0.125 0.000000 0.000000 0.282600
Ol 0.5 0.000000 0.000000 0.299900
02 0.091 0.000000 0.000000 0.000000
03 0.115 0.199300 0.199300 0.199300
04 0.13 0.234900 0.234900 0.234900
05 0.148 0.000000 0.000000 0.259000
Table S2. Crystal structural parameters of NNP.
Parameter Standard values® and formula (hkl) Estimated
values
D= K2
Crystallite size (D) ploso
(nm) Scherrer’s . . . . 037, 8.61,
formula where, K is a dimensionless shape factor (0.9), A is 8.83, and 7.52
the X-ray wavelength, f3 is the full width at half
maxima, and 0 is the Bragg angle
dut (A) 5.09, 3.60, 2.54, and 2.80 (002), ~ 5.02,3.56,
i (0%2),46;@2.53, and 2.26
. . 17.65, 24.99,
Diffraction peak 20 17.404, 24.71, 35.2265, and 39.55 35.40, and
(degree) 39 85

aStandard values based on the computed results obtained from VESTA.
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Figure S1. Raman spectra of NNP.
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Figure S2. UV-Visible absorption spectra of NNP, SNP, and NiClz, measured after dispersing in
ethanol by sonication.



Figure S3. Photographic images of Tyndall light scattering experiments for SNP and NiCla.
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Figure S4. (a) FE-SEM image of the selected area and EDS elemental mapping of (b) C, (c) N, (d) O, (e) Fe, and (f) Ni in
NNP.



Table S3. Values of binding energies of elements and functional groups in NNP.
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Figure S5. (a) CVs of I/Is™ electrolyte at NNP/GnP/FTO electrodes (scan rate: 100 mV/s) with dif-
ferent wt% of GnP. (b) Variation of the Jyek and AEp against the wt% of GnP for the redox reaction
of I-/I5 electrolyte.



1. Fabrication of symmetrical dummy cell

Symmetrical dummy cells were fabricated with two identical NNP-, GnP-, Pt-, and
NNP/GnP-FTO electrodes, separated by 60-um thick Surlyn (Solaronix, Switzerland) film
as the spacing and sealing materials (Figure Sé6a). The active area of all the dummy cells
was about 0.40 cm2.  The I-/Is~ electrolyte solution was injected into the cells through a
hole in the CEs. The hole was sealed by using scotch tape.
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Figure S6. (a) Schematic of the structure of symmetrical dummy cells and (b) equivalent circuit to
fit the EIS spectra.

2. Calculation of exchange current density (Jo)
The Jo for all the CEs was determined according to the following equation S1.

RT
J =— S1
iy (S1)

ct

where, R is the gas constant, T is the absolute temperature, 7 is the number of electrons, F
is the Faraday constant, and Rctis the charge transfer resistance obtained from the EIS
spectra of symmetrical dummy cells.

3. Calculation of Diffusion coefficient (Dx)
The Dn for all the CEs was determined according to the following equation S2.

by
_ im_ )
" 2nFC (52)

where, [ is the distance between electrodes in a symmetric dummy cell, C is the concen-
tration of I/Is electrolyte, n (=2) is the number of electrons involved in the Is reduction,
and F is the Faraday constant.
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Figure S7. Photocurrent density (J)-voltage (V) plot of four DSSCs devices based on NNP/GnP

hybrid CEs.

Table S4. ]-V parameters of four DSSCs devices based on NNP/GnP hybrid CEs.

DSSCs Jie (mA/cm?) KD (‘;S llf/oE)
Device 1 (champion) 14.22 0.628 68.68 6.13
Device 2 13.63 0.642 68.95 6.03
Device 3 13.35 0.645 68.95 5.93
Device 4 13.23 0.640 68.85 5.83




Table S5. PV parameters of DSSCs, mediated by I7/Is~ electrolyte, and based on the reported Ni and its compounds-based
composite CEs, together with the present NNP/GnP-CE.

Methods for Methodsfor —r., Jie PCE
TiO: . Voc FF PCE
CEs CE scattering  (mA/ o o,~ comparedto Ref.
. photoanode 2 W) (%) (%)
preparation . layer cm’) Pt-CE
preparation
NiS/PEDOT: PSS DB SP Yes 16.05 0.76 67  8.18 5.38%lower S2
. Electrodeposi- N
Nifgraphene 1/  oin coat- 1585 076 6005 724  103% S3
nanoplatelets ing SP Yes lower
)
NiO/PEDOT-PSS DB DB No 22 0.748 46  7.58 1140' gv(;f’ S4
Ni-CNT-CNF DB DB Yes 15.83 0.80 63 796 4.52%lower S5
Ni—polyaniline—graphene Spin coating Sp Yes 13.43  0.745 58 5.80 8.62% higher  S6
Nii-Mo,S Elecm(’)iepos‘“ DB No 1721 065 64 715 0.70%lower S7
Nig.853e/rGO Spin coating DB Yes 1994 0.751 652 9.75 8.82% higher S8
NiS/acetylene black Ele"“‘;iep"s‘“ DB No 1401 072 67 675 6.66%lower  S9
. Drop cast and 16.66%
NiO/graphene PLD DB No 8.04 0.71 63 3.06 lower S10
Ni/graphene like N
carbon HFCVD DB No 10.03  0.663 45 3.1 90.3% lower S11
Ni-NPs/PEDOT: PSS DB . Yes 1556 074 68 781 230%higher L2
Ni-NPs DB 4.19 0.67 8 0.24 3080% lower
)
NiO@NiS@graphene Spray coating Spray coating No 4.86 0.76 56 2.10 311()'\2/(;? S13
Graphene/CNFs—Ni  Electrospinning DB Yes 14.31 0.84 60  7.14 5.92%lower Sl14
NNP/GnP DB SP No 1422  0.628 68.68 6.13 3.90% lower \zzili

Note: CNT = carbon nanotube, CNF = carbon nanofiber, NF = nanofiber, rGO = reduced graphene oxide, NPs = nanopar-
ticles, SP = Screen printing, DB = doctor blade, HFCVD = hot filament chemical vapor deposition, PLD = pulsed laser

deposition.

-30
?
25 @ GnP 9
=27 @ NNP @
@ Pt °
__ 20{ ~9-NwPcP @ o9
@ ¥
§ sl o " o
c [ P Y
~ 9 >
: .10 o 9§ Y
N 29 LI od
5
0 T v
0 10 20 30 40 50
b Z' ©Qem?
R Re
R, Zsnsson
—
CPE, CPE,
L L J

CE/Electrolyte TiOy/Electrolyte

Figure S8. (a) Nyquist plots (high frequency region) of DSSCs based of different CEs and (b)
equivalent circuit model to fit the plots.
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