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Experimental section

Fig. S1 XRD patterns of Nip(CO;3)(OH), and NCO samples.

Fig. S2 XRD patterns of Ni(OH),, NSO-0.1, NSO-0.3 and NSO-0.5 samples.
Fig. S3 XRD pattern of clean NSO-0.5 sample.

Fig. S4 Structural refinement results of XRD data for NSO-0.3 sample.

Fig. S5 FESEM images of Ni,(CO;)(OH),, Ni(OH),, NSO-0.1, NSO-0.3, and NSO-0.5 samples.
Fig. S6 SEM images of NCO.

Fig. S7 STEM images of NSO-0.3.

Fig. S8 XPS spectra of NSO-0.3.

Fig. S9 FTIR spectra of Niy(CO3)(OH), and NSO-0.3 samples.

Table S1 EXAFS fitting parameters of various samples.

Fig. S10 GCD curves tested at different current densities.

Fig. S11 CV and GCD curves of NSO-0.3 electrode.

Fig. S12 CV and GCD curves of AC electrode.
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Figure S1. XRD patterns of Ni,(CO;)(OH), and NCO.
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Figure S2. XRD patterns of Ni(OH),, NSO-0.1, NSO-0.3 and NSO-0.5.
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Figure S3. XRD pattern of NSO-0.5 sample with multiple washes.
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Figure S4. Rietveld refinement of NSO-0.3 sample.



Figure S5. FESEM images of (a, b) Niy(CO3)(OH),, (c, d) Ni(OH),, (e, f) NSO-0.1, (g, h) NSO-
0.3, and (i, j) NSO-0.5.



Figure S6. (a, b) Enlarged SEM images of NCO.

Figure S7. (a-f) Magnified STEM images of representative NSO-0.3 nanosheets. The obtained
hybrid materials possess many porous units through the whole structure, providing the 3D

accessible of the melocules, which has great application potential for supercapacitors.



Growth mechanism analysis

According to the characterization results, a possible growth mechanism was inferred.
Niy(CO5)(OH), was formed by hydrolysis of urea during the initial hydrothermal process. The

involved reactions show in below -2 :

H,NCONH, +H,0 — 2NH; + CO, (1)
NH, -H,O0 — NH} + OH" )
CO, +H,0 - CO; +2H" 3)

2Ni** +2CO7F +20H" — Ni, (CO,)(OH), (4)

The Niy(CO3)(OH), is readily converted to B-Ni(OH), due to its thermal instability with
subsequent hydrothermal treatment. The morphological evolution from Niy(CO;)(OH), nanowire
to irregular sheet shaped B-Ni(OH), in micrometer scale was observed by SEM (Figure S6). The
intrinsic growth of B-Ni(OH), tends to grow alone <110> direction to form the 2D structure 3.
However, the existence of different ions as well as the ion concentration can cause the specific
variation in the final morphology 4 The added S? would be oxidized to SO,* under the high
temperature and pressure > ¢ and the generated SO,> anions inserted into the inter-layer of

Ni(OH); based on XRD refinement calculation result.
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Figure S8. (a) Survey XPS of NSO-0.3.
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Figure S9. FTIR spectra of Ni,(CO3)(OH), and NSO-0.3 samples.



Table S1. EXAFS fitting parameters at the Ni K-edge various samples (Sy*>=0.79).

o2x103
Sample Path CN. R (A) (A AE (eV) | R factor
Ni foil Ni-Ni 12 2484001 | 6.1202 | 6.6:03 | 0.001
NiO | 17403 | 2.06£0.01 | 2.841.4 | 29+7
0. 01
NSO-03 NI [ 07203 | 3.0720.02 | 2.122.9 | 4047 | 2018
Ni-O | 3.8405 | 2.06:0.01 | 3.741.1 | -2.6£1.9
i(OH .
NiOH): = Ni | 29208 | 3.1320.01 | 67211 | 19216 | 000

C.N.: coordination numbers; R: bond distance; ¢%: Debye-Waller factors; AE: the

inner potential correction. R factor: goodness of fit. * fitting with fixed parameter.




0.74 —5Ag" b 0.74 —5Ag" cu,r —5Ag"
g0 g0 —BAQ"‘ gose —8Ag"
—10AQg" T —10Ag"
o5l I 051024 H
gn‘s g,o,s F: —15Ag" i,:,u.s — 15Ag"
v 0.4 4 0.44 —20Ag" 0.4 ——20Ag"
> > >
20.34 Z0.34 203
= s =
E 0.2 £ 0.2 202
2 2 2
& 0.1 £0.14 S04
0.0 0.04 0.0
0 50 100 150 200 0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time (s) Time (s) Time (s)
do.?- —5Ag" 0.74 —5Ag"
=06l —8Ag" =06 —8Ag!
gos —10Ag" 906 o
Z 0.5 — 15Ag" L o5 —10Ag
T “aag| T —s Ay
404 o %041 ——20Ag"
203 20.34
= =
£0.24 £ 0.2+
g g
201 £ 0.1
0.04 0.0
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300

Time (s) Time (s)

Figure S10. GCD curves tested at different current densities. (a) Nip(CO3)(OH),, (b) Ni(OH),, (¢)
NSO0-0.1, (d) NSO-0.3, (e) NSO-0.5.
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Figure S11. (a) CV curves of NSO-0.3 electrode at different scanning rates, (b) The linear relation

between the anodic/cathodic peak current and the scan rates, (¢) GCD curves of the NSO-0.3

electrode at different current densities.



a

30 _— e —— 3 b 0.0

~ 20 / 5

£ p = S,

::.7 10 /,::_;—_::__:J im 0:2

20 7 %

g e — §-04

—

5-10 .‘; J/_/// >

E .20 [ 2l 506

8301 L —smvs" —aomvs' | 5o

40 — 10mvs! —somvs? [ &7
—20mV-s? —— 100 mv-s!
-50 T T T T T T -1.0 + T T ¥ T T T
10 -08 -06 -04 -02 0.0 0 100 200 300 400 500 600 700
Potential (V vs. Hg/HgO) Time (s)

C 400 d 140 120
~360 _

2320 £1201 ud P8
gzao \H\___ E 100 g
§200 e - ot g
2 200 T———. | £ 30 Lao 5
o 3 ©
160 g =

[
£120 z 601 E
£ @ F60 S
o 80 -3 =}
o & 404 (3]
® 40
0 T T T T T T 20 T T T T 40
0 5 10 15 20 25 30 0 2000 4000 6000 8000 10000
Current density (A-g”) Cycle number

Figure S12. (a) CV and (b) GCD curves of AC electrode. (c) Specific capacitance values of AC
electrode plotted against different current densities. (d) Cycling stability and coulombic efficiency

of AC electrode.

The electrochemical performance of the activated carbon (AC) electrode is presented in Figure
S11. All CV curves exhibited the rectangular shape at scan rate from 5 to 100 mV s7!, indicating
the typical electric double layer energy storage mechanism during charge-discharge process. The
GCD curves of AC sample showed nearly isosceles triangle (Figure S11b), which confirmed near-
ideal electric double layer capacitance behavior. The specific capacitance values were 311, 294,
282,271, 250, 233, 218, 205 and 191 F g! at current density of 1, 2, 3, 5, 10, 15, 20, 25 and 30 A
¢!, respectively. Additionally, the AC electrode maintained a high capacitance retention rate of
99.1% and coulomb efficiency of 100.1% after 10,000 charge-discharge cycles at a current density
of 5 A g7!. These excellent electrochemical properties reveal the great application potential of AC

as a negative electrode for assembling hybrid supercapacitors.
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