Electronic Supplementary Material (ESI) for Sustainable Energy & Fuels.
This journal is © The Royal Society of Chemistry 2021

Electronic supplementary information (ESI)

A feasible strategy of coating CoMo0Q, on Co(HPO3)s(OH)s nanorods for
improved practical application in supercapacitors
Wei Guo?, Tao Yang®, Lianjie Huang®, Wei Hou®, Shuang Wang®<"*

a. College of Physics and Optoelectronics, Taiyuan University of Technology,
Jinzhong, 030060, P.R. China;

b. College of Environmental Science and Engineering, Taiyuan University of
Technology, Jinzhong, 030600, P.R. China;

c. Shanxi Key Laboratory of Gas Energy Efficient and Clean Utilization, Taiyuan

University of Technology, Taiyuan, 030024, P.R. China.

*Corresponding author.
E-Mail address: wangshuang@tyut.edu.cn (S. Wang)



1. Experimental section
1.1 Materials

Sodium hypophosphite (NaH,PO,-H,O, 99%), cobalt nitrate hexahydrate
(Co(NO3),-6H,0, 99%), sodium molybdate dihydrate (NaMoO, -H,O, 99%) and
potassium hydroxide (KOH, AR) were obtained from Aladdin Industrial Corporation,
China. And acetone (AR), ethanol (AR) and hydrochloric acid (HCI) were purchased
from Sinopharm Chemical Reagent Co., Ltd, China. All chemicals and solvents used
in the experiment were not further purified.
1.2 Preparation of Co(HPO3)s(OH)s NRs

The detail of Co;;(HPO3)3(OH)s growth process has been reported by our
previous investigation'. In a typical synthesis process, the 30 mL solution containing
0.098 g Co(NO3),-6H,0 and 0.159 g NaH,PO,-H,0 was stirred for 30 min, then the
mixture was poured into the vessel with a piece of nickel foam (NF, 2x2.2 cm?) that
was pre-treated with ethanol, HCI and acetone. Subsequently, the solution was heated
to 140 °C for 12 h. Finally, pink Co;;(HPO3)3(OH)s on NF was obtained after drying
at 60 °C for 6 h. The mass loading of Co;;(HPO3)3(OH)s on NF is about 3.7 mg/cm?.
1.3 Preparation of Co{(HPO;)s(OH)s@CoMo0O, via hydrothermal method

Co11(HPO3)3(OH)s@CoMoO,4 was prepared by hydrothermal method as follows:
First, the 15 mL solution containing 0.124 g NaMoO4H,O and 0.145 g
Co(NOs3),-6H,0 was prepared. After stirring for 30min, the solution was transferred
to the reaction kettle included NF (2x2.2 c¢cm?) with Co;;(HPO3)3(OH)s. Then the

solution was heated at 120, 140 and 160 °C for 5 h, respectively. After that, the



samples were rinsed with ethanol and deionized water (DI), and dried at 60 °C for 6 h.
Finally, the sample was calcined in muffle furnace at 400 °C with the heating rate of 2
°C/min for 2 h in air. The mass loading of Co;;(HPO;)s(OH)s@CoMoOy, is about 4.1
mg/cm’. The synthesis method of CoMoQ, is the same as above; the blank NF
without Coq;(HPO3)g(OH)s was placed in the reaction kettle, which was the only
difference.
1.4 Preparation of Co(HPO;)s(OH)s@CoMo0O, via reflux method

0.124 g NaMoO,4-H,0 and 0.145 g Co(NOs3),-6H,0 were dissolved in 15 mL DI
water, and stirred for 30 min. Then the solution and NF (2x2.2 cm?) with
Co11(HPO3)3(OH)¢ were transferred to a three-mouth bottle, placed in an oil bath, and
refluxed at 60 °C for 6 h under stirring. After the reflux, the NF with the as-prepared
materials was took out and rinsed with water and ethanol three times. Finally,
Co11(HPO3)3(OH)¢ that coated by CoMoQO,4 was obtained. The mass loading of active
material is about 2.5 mg/cm’. The synthesis method of CoMoO,4 was the same as
above, the blank NF without Co,;(HPO3)g(OH)s was placed in the three-mouth bottle,
which is the only difference.
1.5 Structure characterization

Powder X-ray diffraction (XRD, Rigaku MiniFlexIl X-ray diffraction, 30 kV,
I15mA, A=0.15418 nm) test was performed on the samples and the data were
compared with the standard cards in the JCPDS to determine the phase and analyze
the crystallization. The morphology of the samples was characterized by a scanning

electron microscope (SEM, Hitachi SU8010, 10.0 kV). The microstructure and lattice



fringes of the samples were characterized by high resolution transmission electron
microscope (TEM, FEI Tecnai G2F20, 200kV). N, adsorption/desorption (TriStar II
3020) was measured at 77 K and the specific surface area, pore size distribution and
pore volume of the samples were analyzed. The specific area surface was calculated
using the Brunauer-Emmet-Teller (BET) method. The chemical composition and
elemental valence states of the samples were analyzed by X-ray photoelectron
spectroscopy (XPS, ESCALab 250X; Monochromatic Al Ka source, 1486.6 ¢V).
1.6 Electrochemical characterization

The electrochemical performance of the samples was estimated in 2 M KOH
solution using the electrochemical workstation (VersaSTAT3). The three-electrode
system was constructed using Co;;(HPO3)s(OH)s@CoMoO, grown on the NF (1x1
cm?) as the positive electrode, a platinum foil as the counter electrode and a Hg/HgO
electrode as the reference electrode. Cyclic voltammetry test (CV) was carry out at a
range of 0-0.7 V from 10-50 mV/s. Galvanostatic charge-discharge test (GCD) was
carried out within the 0-0.5 V from 1-20 A/g. The electrochemical impedance
spectroscopy (EIS) analysis was performed in a frequency range of 0.01 Hz-10° Hz,
and the amplitude was 5 mV. The specific capacity (C, C/g), coulomb efficiency (7,
%), specific energy (£, Wh/kg) and specific power (P, W/kg) can be calculated
according to the formula®+:
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Where I, m, t4, t. and AV are current density (A/g), loading mass (mg), discharge time
(s), charge time (s) and voltage window (V), respectively.

The scan rate has a great influence on the response current during the CV test. In
general, the formulas (S5) and (S6) that obeyed the powers law can illustrate the
relationship between the current density and the scan rate> ¢

i=av’ (S5)

log(i) = blog(v) + log(a) (S6)
Where i represents current density (A/g); v represents the scan rate (mV/s); a and b
are constants. Among them, the b-valued is connected to the electrochemical process.
If »=0.5, the electrochemical reaction is a diffusion-controlled (battery-type) process,
whereas b=1 indicates surface-controlled (capacitive) process’.

The capacitive contribution is analyzed according to the following formula?:

i=kv+ky'"? (S7)

Where kv is surface-controlled process and k,v!? is diffusion-controlled reaction.



2. Figures and Tables
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Fig. S1 XRD patterns: (a) CO]](HPO3)8(OH)6; (b) COMOO4—H.
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Figure S2 SEM of Co;;(HPO;)s(OH)s@CoMoO,—H at different temperatures: (a—b)

120 °C and (¢—d)160 °C.
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Figure S3 The electrochemical performance of Ni foam: (a) CV curves at 10-50

mV/s and (b) GCD curves at 1 A/g.
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Figure S4 The CV curves at different scan rates and GCD curves at various current

densities of (a and ¢) Coy;(HPO3)3(OH)g; (b and d) CoMoO4—H.



Table S1 The specific capacities of Co;(HPO3)3(OH)s, CoMoOs,~H and

Co;1(HPO3)s(OH)s@CoMo0O4—H and —R at different current densities.

Samples Specific capacities (C/g)

1A/g | 2A/lg | 5A/g | 10A/g | 15A/g | 20A/g

Co1(HPO;3)3(OH)s 97.3 90.8 69.0 48.0 30.0 16.0

CoMoO4s—H 159.7 146.0 118.0 85.0 55.5 28.0

120°C | 247.0 | 2212 182.5 146.0 115.5 88.0

Coy1(HPO3)s(OH)s@CoMoO,—H | 140°C 495.1 447.0 371.0 294.0 238.5 186.0

160 °C 392.0 | 350.6 | 278.5 209.0 156.0 104.0

Co;1(HPO3)s(OH)s@CoMoO4—R 60 °C 837.1 744.2 586.0 442.0 351.0 302.0

Fig. S5 SEM images of Co;;(HPO3)3(OH)s@CoMoO,—H after 4000 charge/discharge
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Fig. S6 The -electrochemical performance of Co;;(HPO3)3(OH)s@CoMoO,—H
obtained at 120, 140 and 160 °C: (a) CV curves at 10 mV/s; (b) GCD curves at 1 A/g;

(c) the specific capacities at 1-20 A/g.
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Fig. S7 The Nyquist plots of Co;(HPO3)3(OH)s, CoMoO4H, and

Co, 1(HPO3)8(OH)6@COMOO4—H.
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Fig. S8 The Nyquist plots of Co;;(HPO3)s(OH)s@CoMoO4—H before and after 4000

cycles.
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Fig. S9 The electrochemical performance of AC: (a) CV curves at 10-50 mV/s and (b)

GCD curves at 1 A/g.
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Fig. S10 The CV curves of the CHPO@CMO-H //AC HSC device under different

operating voltage windows.
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Fig. S11 XRD patterns of CoMoO4—R.



s
z
'z
=
@
E
LJ T T T T T
1200 1000 800 600 400 200 0
Binding Energy (eV)
Mo 3d
(c) Mo 3d,,
g Mo 3d,,
g
£
w
=
-}
=
T * T = T ™ L T T T T
238 236 234 232 230 228 226
Binding Energy (eV)
(e) P2p
s
&
£z
@
=
=
=
1 T L) 1
141 138 135 132 129 126
Binding Energy (eV)

Intensity (a.u.)

Intensity (a.u.)

T T T T T T
810 805 800 795 790 785 780 775
Binding Energy (eV)

(d) Ols

T T ¥ T ¥ T T T u T T
538 536 534 532 530 528 526
Binding Energy (eV)

Fig. S12 The XPS spectra of Co;;(HPO3)s(OH)s@CoMoO4—R: (a) Survey spectrum,;

(b) Co 2p; (c) Mo 3d; (d) O Is and (e) P 2p.
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Fig. S13 The CV curves at 10-50 mV/s and GCD curves at 1-20 A/g: (a-b)

Co, 1(HPO3)8(OH)6; (C—d) CoMoO4—R.
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(c) Specific capacities at 1-20 A/g.
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Fig. S16 Surface and diffusion—controlled contributions to charge storage of as—
prepared samples at 10 mV/s. (a) Co;;(HPO3)s(OH)s@CoMoO4—H; (b)

Co, 1(HPO3)8(OH)6@COMOO4—R.
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Fig. S17 Surface and diffusion—controlled contributions to charge storage of as—

prepared Coq;(HPO3)s(OH)s@CoMoO,—H at different scan rates: (a) 20 mV/s; (b)
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Table S2 Comparison of the specific energy and power of different devices

assembled in our work and by some recent literatures.

) . Energy density Corresponding power
Asymmetric supercapacitor . references
(Wh/kg) density (W/kg)

ZnC0,04//Ni,Co,(OH)gx 26.2 511.8 9
Co3(POy), 26.66 750 10
NiCo(PO,)/GF 34.8 377 11
NaNig33C00,6,PO4 H,O 29.85 374.95 12
Mn;(PO,),/GF 7.6 360 13
Coy(HPO3)s(OH)s 14.5 799.4 1
CHPO@CMO-H 23.84 849.9 This work
CHPO@CMO-R 38.4 850.7 This work
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