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Fig. S1 XRD patterns of three particle sizes of hierarchical micro/nano-
10 TiN spheres.

Fig. S1 presents that XRD patterns of the resultant samples.

All the diffraction peaks can be indexed to cubic TiN (JCPDS 87-
0633), belonging to the space group Fm3m. No obvious evidence

15 of rutile or anatase TiO, can be found in the XRD pattern, which
exclude the presence of TiO,. Similar to our previous work, the
diffraction peaks of hierarchical micro/nano-TiN shift to higher
angles, which indicates a partial formation of TiN-TiO solid
solution and nonstoichiometric TiNx.! Furthermore, no obvious

20 broadening of the diffraction peaks is observed in the samples
with decreasing spheres size. It is confirmed that hierarchical
micro/nano-TiNs are made up of densely packed similar sizes of
primary nanoparticles and it is consistent with microscopy
characterizations.

[e2]
o

(41
o

N
o

w
o

N
o

-
o

Quantity Adsorbed (cm’g”, STP)

L L L
0.0 0.2 0.4 0.6 0.8 1.0

Relative Pressure (P/P )
25

Fig. S2 Nitrogen-adsorption and desorption isotherms of P25 and P200.

As shown in Fig. S2, the N, adsorption-desorption curves of

P25 and P200 have been carried out to evaluate the porosr[y and

w0 the surface areas of P25 and P200 is 36.6 and 14.0 m’g’,
respectively.
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Fig. S3 Impedance spectra of the symmetric cells with two identical
35 counter electrodes (a) Nyquist plots and (b) Bode phase plots. The
symbols and lines correspond to the experimental and simulated data,

respectively.
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40 Fig. S4 The conventional equivalent circuit of the symmetric cell. Rg:
series resistance; Ry charge transfer resistance of one electrode; Npux:
Nernst diffusion impedance between the electrodes; CPE: constant phase
element of one electrode, Ny.: Nernst diffusion impedance within
electrode pores.
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Fig. S5 Cyclic voltammograms of P25, P200, TiN-1 and Pt/FTO electrode
at a scan rate of 20 mVs™ in 10 mM Lil, ] mM I, acetontrile solution
containing 0.1 M LiClO; as the supporting electrolyte.
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As shown in Fig. S5, P25 and P200 led to similar results,
even if P25 hold bigger surface area. There could be ascribed to
two reasons: 1) the aggregate of P25 sacrifices portion surface
area; 2) abundant grain boundaries limit the electron-transport. As
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for TiN-1, the current baseline is obviously high which is similar
to the reported mesoporous carbon, owing to the generation of
enormous active interface are
as.> That can be partly attributed to the double layer
s capacitance characteristic, which confirmed the porous structure
of hierarchical micro/nano-TiNs.? Besides, in comparison with P-
TiNs, hierarchical micro/nano-TiNs exhibit a higher peak current
density, which indicating a faster reaction rate presented owing to

a larger active surface.”
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Fig. S6 Cyclic voltammograms of TiN-1, TiN-2, TiN-3 and Pt/FTO
electrodes at a scan rate of 20 mVs™ in 10 mM Lil, 1 mM I, acetontrile
solution containing 0.1 M LiClOy, as the supporting electrolyte.

15 Cyclic voltammogram (CV) was performed on hierarchical
micro/nano-TiNs to evaluate their electrochemical performance.
As shown in Fig. S6, for Pt electrode, two pairs of redox peaks
are observed, which is similar to the previous literature.” The
relatively negative pair is attributed to reaction (1) (eq 1 ) and the

20 positive one is attributed to reaction (2) (eq 2).°

I, +2¢ =31 1

3L, +2¢ =215 )
In contrast, the cathodic peak of hierarchical micro/nano-TiNs
referred to the reduction reaction of triiodide ions is absent, and

25 instead there is a downward slope in the range from 0 V to 0.5 V.
This phenomenon is also observed in carbon material and other
inorganic materials.”” In addition, the formal potential shifts
more positively for hierarchical micro/nano-TiNs, which might

give rise to the gain of V.'"'?
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Fig. S7 XPS spectra and curve fitting of C 1s spectra (a) and N 1s (b) of
TiN-3.

35 Fig. S7a exhibits three peaks by curve fitting of the C 1s
spectrum of TiN-3. The peak at 284.4 ¢V is related to amorphous
C, while the two weak peaks located at 285.7 and 287.5 eV
reflect the different bonding structures of the C-N bonds,
corresponding to the N—sp2C (C2) and N-sp3C bonds (C3),

a0 respectively.'> ' The N 1s peak can also be split into two peaks
as shown in Fig. S7b. The major N 1s peak at 396.5 eV is typical

for nitrogen shifts in metal nitrides and oxynitrides."*"” The
smaller intensity N 1s peak at 397.9 eV is related to C-N.'8 1

45 An additional measurement was performed to qualitatively
examine the mechanical adhesion of the hierarchical micro/nano-
TiNs. The adhesive tape peel test was taken by sticking a Unipex
adhesive tape on the hierarchical micro/nano-TiNs film and then
peeling off the tape.20 It was found that the adherence to the

so substrates was adequate for good mechanical stress during the
cell manufacturing.

Table S1 Fitted electrochemical parameters from Electrochemical
Impedance Spectra (EIS)
55

sample Rs C Ret
(Qcm?) (F) (Qcm?)

TiN-3 0.65 2.54E-05 5.49

TiN-2 0.77 2.08E-05 3.81

TiN-1 0.84 2.16E-05 3.67
P25 0.29 7.28E-06 10.36

P200 0.41 7.37E-06 3.97

Pt foil 0.15 6.56E-05 2.62

Table S2 Elemental Composition of three different particle sizes of
hierarchical micro/nano-TiNs

samples N% C%
TiN-1 18.2940.03 0.641+0.06
TiN-2 17.1+2.31 0.088+0.02
TiN-3 16.92+1.24 0.11140.01
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