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Fig.1 SEM images of different LDH samples: (a) CoFe, (b) CoFeZn-1, (¢) D-CoFeZn-0.6, (d) D-CoFeZn-0.8, (¢) D-CoFeZn-1, and

(f) D-CoFeZn-1.2
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Fig.2 TEM images (a—) and element mappings (f) of D-CoFeZn-1; HRTEM images corresponding to the area A (d) and B (e) in Fig.2¢c
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Fig.3 Electronic state analysis of various electrocatalysts: (a) XPS spectra; (b—e) XPS high-resolution spectra of Co 2p, Fe 2p, Zn 2p, and

Ols



<1332+ Wil e mieL S TR %54 %
800 e @j=100 mA-cm” b 500 o D-Co,Fe Zn-1.2 [
o 400 } ——D-Co,Fe Zn-1.2 @ e
= 2 600 - g @/-500 mA-em® o D-Co Fe Zn-1
° ——D-Cofeznl > 400 > D-Co,Fe Zn-0.8
< 200t ——D-Co,Fe Zn-0.8 =) -243297 =) 400 e )
= ! = 6 = o D-Co,Fe, Zn-0.6 .
= —D-Co,Fe, Zn-0.6 = 200f = Core 225.7 mV-dec
Z 0 5 0 5 PC
= 2 8 o PUC
S 1<) S 300 +
Z 200 5200 5
§ . 3 -400 3
S -400 -600 200 + A q\\\\‘vé ’
A L . . . .
-04-03-02-0.11314 1516 1.7 _828\7, ?61 A0 ?67;\ Co?e\ RO 12 1.5 1.8 21 24 27 30
Potential/V vs. RHE DL LT Lo g Cos lg(i/mA-cm™)
S00F D-Co,Fe Zn-1.2 d 12 —— D-Co,Fe Zn-1 e 20 T
© D-Co,Fe Zn-1 o 10 | —+— Co,Fe, | D-Co.Fe Zn-1
% 0 D-Co,Fe, Zn-0.8 1023 mYdee —e—PiC 1o ——Co Foc2 )
3 400f °D-C01Fezi$;,/ 8} ——nNF bl o
£ o CoyfFe, 77.8 mV-dec” g 6 @ ——\F
g o110, NSO N
= oNF 73.6 mV-dec” L 8r
g 300 L m eC ‘ .'. 4
S al
75.8 mV-dec” 2r
200 ! L L L 0 L L 1 1 0 L L 1
1.2 16 20 24 28 32 5 10 15 20 25 4 8 12 16 20
lg(j/mA-cm™) VAL VALS)
0.24 500 1000 -
o o D-Co,Fe Zn-1 g “.‘E ——D-Co,Fe,Zn-1| D-Co,Fe Zn-1 /=100 mA-cm™ 1
g o Co,Fe, 2 400 —P¥¢ | Py 00k
< 020 o NF = E PUC | 110,
g 12.5 mF-cm™ E‘ 300+ § 600F
'z 0.16 5 E,
A e o 2 2001 2. 400f D-Co,Fe,Zn-1 || D-Co,Fe,Zn-1
- D me-cm o 5] N N
5 e Cell voltage=1.69 V >
g 012+ E 100 fesssionaes A 3
E 6.2 mF-cm” (3 ! 200
U 1
0.08 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1
10 20 30 40 50 1.0 1.2 1.6 1.8 20 0 3 6 9 12 15
Scan Rate/mV-s™ Voltage/V Time/h

K&l 4 AS[E AL FILE 1 mol/L KOH i fk 24 A
Fig.4 Electrochemical performance of different electrocatalysts in 1 mol/L KOH: (a) LSV curves, (b) overpotential, (c) Tafel slopes for HER,
(d) Tafel slopes for OER, (e) EIS curves for HER, (f) EIS curves for OER, (g) C, values, (h) LSV curves, and (e) constant current curves
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Fig.5 Electronic state analysis of D-CoFeZn-1 before and after HER or OER: (a) XPS spectra; (b—e) XPS high-resolution spectra of Co 2p, Fe 2p,
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[ XPS Y itk , il DL H HER 3R % d b 480 (M-0) [ 52 i
ANK S 1T OER i #2325 39 i M-O ik B . Her, M-O
WP (3G & YR T 4 8 2 A AT R T . R
BEAT UL, FELE HER AT OER X HEL{#AL 57 1) LIRS B )
Kagma , FoAR b & 5 AL PR 58 (HER #7348 7 7 F1 OER
AL D A B

4 £ ig

1)K PR 25 48 B ) K AR T v Ja 0 4 1) 4 i 2R 1)
WP, AT LA B AR K AR VPR 45 R 111 1Y) CoFeZn LDH 442K
¥, L E 42N 50~100 nm.

2)¥4 CoFeZn LDH 7E B I 0 HH 34T Zn™ 1O %0 Tl Ak
B, HAO TS 2 R AR R, SR A g oKk R i AR K
HEE /N RS RIAK  , RIS R RT3

3B Z 1 J5 () D-CoFeZn 7E 1 mol/L KOH H 2 B H
It 5 ¥ HER Al OER 14 ¢ , AL ¥) D-CoFeZn-1 73 51X 75
224 54236 mV 13 AL AT 523 100 mA -em™ [ HER B
OER HLJL % B2 o Wi B T 2K i, A 75 1.69 V {#
AT SEIL 100 mA-em” [ HLIR %, H AT 7R IR % S T AR
SEIZAT 15 h, MERE AR T 7 F PY/C A TrO, 2H BRI LA

Sk
[11He Zhenli, He Yuehui, Qiu Yue et al. Applied Catalysis B:
Environmental[J], 2024, 342: 123386

References

[2] Yu Ziyou, Yu Duan, Feng Xingyu et al. Advanced Materials[J],
2021, 33(31): 2007100
[3] Zhou Lingxi,
Communications[J], 2023, 14: 7644
[4] Wang M, Ma W, Tan C W et al. Small[J], 2024, 20(14): 2306631
[5] Kibsgaard J, Chorkendorf 1. Nature Energy[J], 2019, 4(6): 430
[6] Chen FY, WuZ Y, Adler Z et al. Joule[J], 2021, 5(7): 1704
[7] Xu Haoxiang, Cheng Daojian. Green Energy & Environment[J],
2020, 5(3): 286
[8] Muzammil A, Haider R, Wei Wenrui et al. Materials Horizons[J],
2023, 10: 2764
[9] Li Ang, Zhang Ling, Wang Fangzheng et al. Applied Catalysis B:
Environmental[J], 2022, 310: 121353
[10] Chatenet M, Pollet B G, Dekel D R et al. Chemical Society
Reviews[J], 2022, 51(11): 4583
[11] Li Songsong, Gao Yangqin, Li Ning et al. Energy & Environmental
Science[J], 2021, 14(4): 1897
[12] Han Jingyi, Guan Jingqi. Nano Research[J], 2023, 16(2): 1913
[13] Wan Xin, Song Yingjie, Zhou Hua et al. Energy Materials
Advances|[J], 2022, 9: 9842610
[14] Zhang Tianyu,
Communications[J], 2022, 13: 6875
[15] Wang Zekun, Wang Chao, Ye Lin et al. Inorganic Chemistry[J],
2022, 61(38): 15256
[16] Chen Luyao, Wang Haiyan, Tan Lei et al. Journal of Colloid and
Interface Science[J], 2022, 618: 141

Shao Yangfan, Yin Fang et al. Nature

Jin Jing, Chen Junmei et al. Nature



© 1334« WA EEMES TR 554235

[17] Liang Ranran, Zhang Bin, Du Yunchen et al. ACS Catalysis[J], [21] Fan Binbin, Wang Haozhi, Han Xiaopeng et al. Chemical
2023, 13(13): 8821 Communications[J], 2022, 58(59): 8254

[18] Xie Weiwei, Huang Jianhao, Huang Liting et al. Applied Catalysis [22] Lv Junjun, Liu Panpan, Li Rushuo et al. Applied Catalysis B:
B: Environmental[J], 2021, 303: 120871 Environmental[J], 2021, 298: 120587

[19] Sun Fengchao, Zhou Yan, You Zihan et al. Small[J], 2021, [23] Peng Lishan, Yang Na, Yang Yuqi et al. Angewandte Chemie-
17(46): 2103307 International Edition[J], 2021, 60(46): 24612

[20] Xue Shixiang( ¥ tH #), Wu Pan( %% #£), Zhao Liang(#&X %) [24] Zhai Panlong, Xia Mingyue, Wu Yunzhen et al. Nature
et al. Progress in Chemistry(1b 3t f2)[1], 2022, 3(12): 2686 Communications[J], 2021, 12: 4587

Effect of Zn** Vacancies on the Electrocatalytic Performance of D-CoFeZn LDH
for Water Splitting

Rong Wan'?, Chen Angi’, Liu Jianfei', Zhang Bowei', Cao Qigao’, Wu Junsheng'
(1. University of Science and Technology Beijing, Beijing 100083, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: In this experiment, CoFeZn layered double hydroxide (LDH) was grown on the surface of foam nickel by hydrothermal method with
metal nitrate as the metal source, urea as the precipitator, and ammonium fluoride as the structure directing agent. LDH (D-CoFeZn) with Zn*
vacancy defect was obtained by alkaline etching. The effects of alkaline etching treatment and Zn content on the performance of electrocatalytic
hydrogen evolution reaction (HER) and oxygen evolution reaction (OER) were analyzed using a three-electrode system in 1 mol/L KOH aqueous
solution. The results of morphology and structure show that both CoFe and CoFeZn LDHs are smooth nanorods, and alkaline etching results in the
growth of smaller-sized nanosheets on the surface of CoFeZn LDH, but the valence states of the surface elements barely change. The
electrochemical results show that Zn®* vacancy defects greatly enhance the HER and OER performance of the electrocatalyst. The optimized
D-CoFeZn-1 can achieve a current density of 100 mA-cm™ at only 224 mV for the HER and 236 mV for the OER, making it suitable for the all
water electrolysis and superior to commercial catalysts in performance.

Key words: Zn*> vacancies; layered double hydroxide; hydrothermal method; hydrogen evolution reaction; oxygen evolution reaction

Corresponding author: Rong Wan, Candidate for Ph. D., Northwest Institute for Nonferrous Metal Research, Xi’an 710016, P. R. China, E-mail:
wgysgs0000@163.com



