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Electrocatalytic Water Splitting over Nickel Iron
Hydroxide-cobalt Phosphide Composite Electrode
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Abstract: NiFeOH/CoP/NF composite electrode was fabricated by constructing a metal hydroxide layer on the
surface of cobalt phosphide via hydrothermal, phosphating, and electrodeposition methods. The electrolytic water
splitting to hydrogen performance by as-prepared electrode was investigated in 1.0 mol/L KOH medium.
NiFeOH/CoP/NF composite electrode exhibited excellent water electrolysis performance, and the required
overpotentials for HER and OER at 100 mA/cm’ current density were 141 and 372 mV, respectively. When
NiFeOH/CoP/NF electrode served as both cathode and anode for water splitting, only 1.61 V voltage was required
to reach current density of 10 mA/cm’. Because NiFeOH protection layer enhanced the electrocatalytic activity and
stability of CoP for water splitting, NiFeOH/CoP/NF composite electrode exhibited high stability during the

galvanostatic electrolysis in the HER and OER, and its activity could maintain 60000 s without significant
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performance degradation. The photovoltaic-electrolytic water cell constructed with two NiFeOH/CoP/NF electrodes

and GaAs solar cell showed 18.0% efficiency of solar to hydrogen under 100 mW/cm® simulated solar irradiation

and worked stably for 200 h.

K ey words: cobalt phosphide; metal hydroxide protection layer; electrocatalytic water splitting; stability
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BTN 0.01~100000 Hz. OER H1[) EIS HIE 45
HLA7 8 1.60 V (vs. RHE), MRJEHEIN 0.01~100000
Hz. HLB I HLAL 5 X2 B2 R FH AR 2R (CV)
0.10~0.20 V (vs. RHE)HL 3 [X |A] &, CV $#3 %4y
54 204 40, 60, 80. 100. 120. 140, 160. 180 &
200 mV/so K HIE HE I I 34 00 B A Y HER
Al OER #&5E 1% - NiFeOH/CoP/NF-200s [7] i} F/E B «
BH AR 7E 79 B A A R o DU G F A A 4 K o0 i 1 e
LSV 2k 43 35E RN 10 mV/s. S HE BRI
REEEVTAE NiFeOH/CoP/NF-200s {1 >y Hi fif 7K X 3 fig
OB PRI RS P o e P 2 PR 4 22 1 ) 5
AR, THER BT FE A AR ) Ha R Oy, 5 00 A
(9247 552 % . NiFeOH/CoP/NF-200s [FIE 49 «
FHARZ /K B3 B 5 GaAs KPHBE H A 3 4 R
HeR-HE KD R R, R Xe T(300 W)L
420 nm A 1EEE A BAUR BH O 0 U, &K H g
BA R AR
13 RfEAZE

KHM AR X S EAT5 1 (Powder X-ray Diffrac-
tometer, XRD, Smartlab-SE, Cu # 1=0.1542 nm, T.
fEH & 40 kv, TAEH I 40 mA, H#7E H
260=10°~80°) Wl = iy 1] & FLAR 1) A AH AL Ao SR A3 K
B 3% & B ¥ 2 70 8% (Field Emission Transmission
Electron Microscope, FETEM, Tecnai-G2-TF20, Hi
T UM L 200 kV) AL F i 2% B AR R T30 A5
M5 o K 3 K 454 FB ¥ 4408 (Field Emission
Scanning Electron Microscope, FESEM, JEOL JSM
6701, LA HLE 5 KV)RI AR T3 . K

X G286 H 1 BE il (X-ray Photoelectron Spectroscopy,

XPS, ESCALAB 250 Xi, #& 5 Jf: ¥ Al Ko
(hv=1486.6 eV))FRAE HL AR 12 T 76 2 2H B S 2= A0
B, LERLEAHERH Cls (284.8 eV)IZIE

2 #R5WHE

2.1 FEREH &R SR
K a7 B R K - - TR = 2D il 4 T

NiFeOH/CoP/NF Hitlk, &R iEnsEanE 1@Ms.
SEM 2 (K 1(b))F1 TEM F& A (B S1(a))sE 7~ Co Al
YRR BT R ERIRIES, 1T HLAE NF RE A A,
BEAGIE CoP AR AN 4 K BURLAR (B 1(c)
Kl S1(b)), XiE BB AL B FE G AR T Co AT ERIA R
JE$i . CoP/NF % M £, 5 NiFeOH 2 ] % ) NiFeOH/
CoP/NF-200s FIEZ(E 1(d)FME S1(c))5 CoP/NF
AHABL, X R B FLAL AU NiFeOH )2 9 A A48
COoP/NF {13 A JE 314300,

Co R RAAR/NF () XRD 3 B (K 1(e)) &7 il % 1)
Co Wi UK #& A IE &2 M K & & & L ik R &
(Co(CO5)5(OH)-0.11H,O(PDF 48-0083))*” . CoP/
NF [ XRD i B (&l 1(H)H 260=31.6°. 36.3°. 46.3°
A48 3°MINTHUE 7 HJE T IEACAH CoP [9(011)-
(111)~ (112)FI211)f I (PDF 29-0497)P% & Wik
it FE % DK A 3K AR % 46 CoP . NiFeOH/CoP/
NF-200s ] XRD i &5 CoP/NF 1Lk, Jo#isk
NiFeOH HIATH %, X8 AL PR NiFeOH )2 M
ToEMEE 1(g)-

Co IR HRTEM H& (B S1(d))H11) 0.293 nm
(1 A% 25 SUH & T 1R AR KA S AR IR G 111(300)
feE . CoP B9 HRTEM M (18 S1(e))hIAIFE Ny
0.247 nm (11548 2 8UR T IE 2 CoP [HI(111) 5,
Il £ NiFeOH/CoP/NF-200s [f] HRTEM & Fy o B
T A A XA B A X AT, HHh AR X
) A% 2 S0 J8 T 45 & CoP, T J6 5 AL AH X I &
T NiFeOH #1# (& S1(f)). NiFeOH/CoP/NF-200s 7£
S IX IR X B AT S () B T B T 2 i CoP
AT SR R T T s R X 48 LT AT (B S1(h))
NAERATESER, %R T NiFeOH ZM2 . NiFeOH/CoP/
NF-200s ] HAADF-STEM X % 49 K &7~ Ni.
Fe. Co. P. O ¥J5)0r 4 THTiE X4, FH CoP £
[l 56 4= 4% NiFeOH Z AT 2 (B S1d, j))-

SR FH XPS RAE il £ 4% i ¥ 2 T 0 36 4H s Fi 4k 2
KA. K 2(a) A Co FIIK{A/NF. CoP/NF 1 NiFeOH/
CoP/NF-200s [ Ni2p XPS &, Co FiJX44/NF [¥] XPS
T B 856.3 F1 873.9 eV 145 & el )& TS LR,
861.9 Al 880.0 eV ANy TR, X FRIHIK M
J& NF R ENEE . DR K
T4 Ni VAP A A8, Rtk CoP/NF I Ni2p XPS
T FRE I T Ni-P Y00 Ni2ps,, F1 Ni2p, , 45 A Relg
(853.0 #1 869.7 eV). # kK07 NiFeOH Ja,
NiFeOH/CoP/NF-200s ] Ni2p XPS & F & 4L 2510 Ni
WIFh 1) 455 REIE(856.5 eV)HH X T CoP/NF (856.4 €V)
Al 4 A RS . Co HTIRAAR/NF (1) Co2p XPS 1]



¥, S SRR SEAY-BEAL B R A R R AL 0 AR KT T 377

@ R A .
a .
= :.:[ , 52:. W
Hydrothermal Phosphorization Electrodeposition

|
| > d I|||||||||}

Co precursor/NF

525 A~ 1 WS el e
'\“ ‘;\.‘» .,.2 y

o o ‘.-
S 2%
[ L

%%,
L

Metal hydroxides@CoP/NF

(®

®
CoP/NF NiFeOH/CoP/NF
3 3| m Nickel foam | m Nickel foam
s S| PDF:70-1849 5| PDF: 70-1849
Z > Z|e CoP Z| e CoP o
2 2| PDF:29-0497 2| PDF:29-0497
g Nickel foam E’ o o E
= PDF: 70-1849 = 5
o C0(CO,),sOH-0.11H,0
_ PDF:48-0083
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
20/(°) 20/(°) 20/(°)

B AR S R OR B B (a) & Co FTYE{A/NF(b, €)« CoP/NF(c, f)fll NiFeOH/CoP/NF-200s(d, g
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Fig. 1

Synthesis diagram of electrodes (a), SEM images (b-d) and XRD patterns (e-g) of

Co precursor/NF (b, e), CoP/NF (c, f), and NiFeOH/CoP/NF-200s (d, g)
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Fig. 2 Ni2p(a), Co2p(b), P2p(c), and Fe2p(d) XPS spectra of Co precursor/NF, CoP/NF, and NiFeOH/CoP/NF-200s
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Fig. 3 HER electrocatalytic properties of bare NF, Co precursor/NF, CoP/NF, and NiFeOH/CoP/NF-200s

(a) LSV curves; (b) Corresponding Tafel plots; (c) Nyquist plots at —0.20 V (vs. RHE); (d) Chronopotentiometry
plots of CoP/NF and NiFeOH/CoP/NF-200s at the current density of —10 mA/cm?
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Fig. S3  Anode LSV curves of CoP/NF and NiFeOH/CoP/NF-xs prepared with different electrodeposition time (a), XRD and SEM

characterization of NiFeOH/CoP/NF-200s after cathode and anode chronopotentiometry test (b-d)
(b) XRD spectra after HER and OER; (c) SEM image after HER; (d) SEM image after OER
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Fig. S4 XPS characterization of NiFeOH/CoP/NF-200s before and after HER and OER chronopotentiometry test
(a) Ni2p; (b) Co2p; (c) P2p; (d) Fe2p



