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Abstract

CuoS;s ultra-long nanowires array was synthesized by hydrothermal method with high-purity nick-
el foam growth substrate. The ultra-long nanowire array can provide more active sites for OER by
a large length to diameter ratio. The composition and morphology structure of the catalyst were
characterized by X-ray diffraction, X-ray photoelectron spectroscopy, scanning electron micro-
scopy and transmission electron microscopy. The electrocatalytic properties for OER were studied
by linear sweep voltammetry, Tafel curve and chronopotentiometry. The results show that Ni
foam supported CusSs nanowire array exhibits a low overpotential of 295 mV at 10 mA/cm?, a Ta-
fel slope of 80 mV/dec and a charge transfer resistance of 4.9 Q in 1.0 mol/L KOH electrolyte.
Therefore, the CusSs ultra-long nanowires electrode has potential value in OER (Oxygen evolution
reaction) water splitting.
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B KRA R, ARG NS KBRS & T CusSsHB KK LS, XKL A B RKK
e, RUNBEATE R SR G 2 FTE AL R, XA AR R LTI RR M 255 T I OERMEAL I RE .
BATFIAXFLATHAC XBHEERTRENE . T T EMENES BT BMEEX T ARk
ITRAE, FHESLMEARHRZME. BIERIMLE. T ZF I IESE AT R REREAT T RS
T S5 RR Y, #£1.0 mol /L KOH MR, % FAARRIL AL 7 K9 s AT S Ak e, 72 PR TR B 10 mA/cm?
i RA{UN295 mV, BEIFE/RFZEN80 mV/dec, FHEF{N4.9 QR RFHEBHEE. FHi, ZCuSsH#
GOREAEAT R AL R A TE R LR B
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1. 5|8

B N At b AR R, NZRIETHIG A A BEE H Rk 8 Rt ] 3R 42 RS IR 7 SR AS 16 K 7 7 02 Bk
GR[1]e FEGAAT AR I AR 8 PR B A . BRI S5TS S HER, 2% R85 RO K 11
P, MIHEZD T RMESA . PAORFN 1 B e & e MR R R M 9T . BHF TR R T — 9408
REVREOAR, Bl Ee . KBRS HIFAREAEI W fESs, (BIXSEHRBEE AR, S BA R IR .
ARIE N AR, H&mROtis g mmis, Ry mraei st s R EERFEZ —2]. H
i K i L R R SRR V2 . R ARSI v RIS e S A s RO B AN vk —, AH T B
AT A ML (OER)E K 2 L Fid 2, B Ji#iB4%, FHEHZ) T B KHI S R3], Hik, ®it5HkK
e 5 LR FH BT S AR RO T JLEE R 7T 30 . SRR (IrO,) A1 — AL AT (RuO,) 51 4 J& ik
FIFE OER fifbid e BA R s pgii v, HE I ARSI R m AR e 2, ™ E RG] T H R
BRAE 4]0 SRR, BRI I 42 8 FE A AU TR B 2 BB U R4S OER EALTRI, 12 HAA A RDES
HA SBR R A5 0 3E 5 4 B AT AU RE F A AR S IS Ao, AR B dE T ARIRI ST 4K 6], gk
LR 7] VA K KA 8155

SRS AEY), WTEANRN P S XREEER, HZBREE M0, Ex RS s
PITERSME 2514 F (1) OER A6 BE S I AUAIC, AT V2 IR S 25 181[9]. R T ik — 20 SO (i A R 0 fE AL P
FBHEETARE NIAT R TR 22y, B =M. A - ROBIEE A . SR AR
P O 5 0 K 85 A DA I A M7 S5 10] 6

BT FRARE, SO MR AN K G5 AL S 10 b Ak T 7 s R (Y — R i, AT DA — D
L) OER b VERE. fift, 76 OER AL, BRI I & 2 56 b T 9K B A 9K R 55 o
T i1l 25 S 2 R R URE AT PR ORI RSHEAE A Gy sl B 1R, X BRI T 25 OER /K& AL A1)
FiE. Bk, FRATAERPBRKYCKRE LRI, FER B KPR L B & B KA L3k ecs
AL ) OER 1t B8 o A S, FRATTIE I 7K A 12 AV R N S HE ) 4% 7 s 3L CuoSs K K 2R B 51,
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FEH T AT R TR 58 o 12 BHE RS H A B5R 1) OER fEALIERE, JL7E 10 mA/om® FEJR A & ik B
295 mV HY{IKId AL AT 80 mV/dec FURIEIE/R B BbAh, AL CTAB & FLRIEH] % 1 40KTE4S
FIH) CueSs, FHHT 5 CuoSs KR RIARAILLEL. AFFTH, WA IR . AR SRS AT 1 3%
AEGP T, [RIIS XS 3L OER MEALYTE PEAH K IO AL 2k . R AL~ B BTG (BIS) A IR & 1 45 kAT 1 RGE R
T G LA R AL OER HUAK A FIR AL T — Rt 7T LK

2. 3§
2.1. CllgSs E‘J*u%

A28 i K A % DL 4V IR AR (Nickel Foam, NF) A4 KIERAEH EA K CuoSs K gk L[4
Blo fEA RS, EAIKER(>99.99%) KR~ A 2 cm x 3.5 cm. il &L B BT A AL 224 S N
i, WA muE— A . TR IR A L S K . BRI A BRI, BRI
RERAE 1.0 mol/L HCL. JorK WA 2 B /K i &l S AR BE 20 40, DA BRI b i) S LR A B A i o
HARKIR, ¥ Cu(NO;),3H,0 (2 mmol). fiifIR(5 mmol)fRAE 10 mL & —FEA1 30 mL /K, R4S —
BB HER, R FIRIEEEE 100 mL ) Teflon W4T, FH7E Teflon PIAH I —H 2L AL L)
TERER, FHEIRERAE Teflon W4T HEENE. A5, K&EEFZAE 100°CH Y F P18 he ML,
WG, FrmEER RS, WA I B R BEE SR gk 25, HEEMAE 60°CIHEZS TRAME
HTFR 12 h, 192K YKL CugSs/NF HIARA BT AR “Nanowire/NF” ). I RIFE 751, @ #HME
HI10.55 mmol F 7Nt ik = F L IRAL B (TRTFR “ CTAB” )iEAT TR 3 42 B D il £ HH 49K 78 CugSs/NF HLER AL
BLIEFR “Nanoflower/NF” ).,

2.2. HERIRIE

K Bruker DS Advance X 5 A7 5o BT A i 1 R 20 A AR 45 440 SR FH S4800 414 H 1 5 At A
JEOL JEM 1200 i i H8 7- WAU B WU 22 FE S 23 2544 FIIF ESCALAB 250Xi X S2R 6 H T RE i (SCR R
i PRI T HE T 4544

2.3. EALEFMEEERI

AL A AL A E A CHIT60E Hfb 5= TARSE (R4S, E L), fEFRE=BliE R
f, LA 1.0 mol/L KOH A HLf#, Nanowire/NF 5% Nanoflower/NF 4 T{F B (I F14 1.0 cm?®), Hg/HgO
N2 L BRI Fr it FEAREEAT A 2K, I ELPE AR A T 2800 it iR RS T DA T S R 2 HEL BEL ) 520
MR 45 E(RHE) = E(Hg/HgO) + 0.098V + 0.059 x pH ¥l & fiAH*+ T He/HgO KT A iof v 344
AT AT S AR (TR “RHE” )i i34 . Jil it 28 M4 £k % 7% (linear sweep voltammetry, LSV) A
1 mV/s F4#E7E 1.0 mol/L KOH FEMHE -l il pr 73 B AR AT R OER TERE. T EIAMA % (cyclic vol-
tammograms, CVS){U& Aj(j, — jo)5 1 R M2 1R k1T X H JZ HL % (electrochemical double-layer
capacitance, Cg) M 1070 AT AE 5 1) HE AL 27 3 14 T #7 (electrochemical surface areas, ECSA). HL{L2ZBHPTHE
(electrochemical impedance spectroscopy, EIS)IRLE 1 x 10°~1 x 107> Hz FIFZRTE Bl P HEAT - K Ra e vl
A I e B TR (R IR BE A 10 mA/em®) RN 22 20 i B R V2EA T

3. &R 5
3.1. 9t
AETESR CueSs AV BRIEIREE M WIE 1 Fiom. W& 1), FATH LA ZE ] CueSs gHK 26545
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FILAAE XPIRZS A A AEW IR ER b, 0 FRAR G OK e ik — 5 T5OK W] LU 5 21 90 K 2 14 2 T 2 R R 1 8 g (1<
1(a)ffiE); Eid TEM BT DS BZAK LK EL A 40 pm HERAZ 400 nm (5 1(b)), KX
YKL R KAR LA 100:1. W 1(c)ffias, @ik CTAB &FEMIHE, WIIHI% T 90KAE CuoSs, I35
Mo A AE VL ARER B @i TEM UG AT DU SE RGN AK AL B AN K Fy 2H R 1T 1o G oK 2R B A X Bl TR 3 454
FHXFRAC A BRI AR L, IXFER 45 HRE 25 Bh T B L 52 52 58 £ (1) OER V& A7 25, XHAELA
5 1) OER PERERIHE s A W HAE

Figure 1. (a) SEM images; (b) TEM image of CuySs ultra-long nanowire arrays; (c) SEM images; (d) TEM image of CuoSs

nanoflower
1. Cu,Ss BB ELEFIRY (a) SEM Elf&; (b) TEM ElE; CueSs 49K AY(c) SEM Elf%; (d) TEM Elf%
3.2. a3

T AHTRER RSy, BATS RS T XRD 40b. [l 2 /& CugSs 19 XRD i BRI XPS 5 1&. *f
CugSs #4T XRD MR 2(a) i, MEH AT LA HAE 260 18 27.78°, 29.25°, 32.18°. 35.80°. 39.27°.
41.45°, 46.16°. 49.37°. 54.73° KL BTN T CueSs #7[K1(0015). (107) (1010). (1013). (0021).
(0117)~ (0120)+ (119)FI(1115) &1 (PDF#88-2158), HI XRD i &t AT LLIEHFRATTI@ I CTAB 1R+ 5 2h
Hu )& T AN REIE SR CuoSs &4

(0120) ___ Nanowire s2p, S2p
——Nanoflower u
—_ (0015) (1010) —_
E 3 3
Ji (0021)  J1(119) (1115) z sf' s2p,,
2 2 2
@ L 7]
E c 5 sat.
E £ E
PDF#88-2158
20 30 40 50 60 70 965 960 955 950 945 940 935 930 925 170 168 166 164 162 160 158
Degree (26) Binding energy (eV) Binding energy (eV)

(a) (b) (c)

Figure 2. (a) XRD patterns of CuoS;s electrode. The high-resolution XPS spectra of (b) Cu 2p; (c) S 2p for CuoSs ultra-long
nanowires electrode

[& 2. (a) XRD iZ&[E; (b) CuoSs BBIKMKLLHI Cu 2pXPS FEE; (c) CuoSs BBIKLLH S 2pXPS iL[E

RN T AR R T A 2R AR FRATINT CuoSs B Gk 2R B i St 1 XPS 4347 . 4 1€ 2(b) CuoSs
FAK AR LZE T Cu2p XPS B AR, Cu2p AT LAMLA H AN BEgiE, Hrb 931.7 eV (Cu2ps ) Fl 951.5 eV
(Cu2pip) &5 ErBEAL Ty Cu' B FILEIE, 933.3 eV (Culpsn) il 953.5 eV (Culp,,) I PN/ Ns B /b & Cu? 1)
TELE[11]. BEAL, 7E 942.9 F1 962.0 eV [AHXT I 4 A Re b A AR SN LRV, 3 —DuEs] 1Akl -
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Cu™ IR A [ 117 I 2(c) AT BAE TR 2R 3 E 0 =AM, 160.8 eV (S2ps,) Fll 162.0 eV (S2pyj)
fRIUE AT 23 S50 T CuoSs Hh 8%, TS B fE N 168.2 eV AL S BRERIR 25 1 (SO2 YA 55[12] [13],

3.3. EfELATEMRES AT

FESLAE 1.0 mol/L KOH HLAEH H il OER P£BE, MIE 3(a). K&l 3(b)H #] LU Hi Nanowire/NF HEARTE
BB B R AT S, ERRFEE 10 mA/em® T EANE 295 mv, B BT
Nanoflower/NF. IrO,/NF F1#f NF #J OER &1, I HAEKHEF % E T Nanowire/NF 11 EH 0 B 114 gE 4
o [F M 3(c) & 3(d) AT LA H Nanowire/NF .5 80 mV/dec /s Tafel 1%, B & /N F Nanoflower/NF
IrO,/NF I NF [ Tafel %, U] Nanowire/NF HLEEMFHA A OER 3 /)7l #E[14]. Kl 3(e)i2
Nanowire/NF Fl1 Nanoflower/NF #F it {) B3 AL 2235 P AR DI BT, B a) LA Y Nanowire/NF AU H )25 HY
H(Cq) N 5.0 mF/em?®, %14 KT Nanoflower/NF [ 3.6 mF/em®, X BB KAKL CusSs B B KK HAL
SEVE MR AR, T AT DA R 58 2 S AL . ] 3(F) & Nanowire/NF Al Nanoflower/NF ¥ /i 1) 1) 58 22
K, ME T LLE 1 Nanowire/NF HEFRALE 4.9 Q KIHfr#4 2 HiBH (charge transfer resistance, Ry), /N T
Nanoflower/NF [#] 10.1 Q, XK HIEKGNIKELL CuoSs AT LA I L fFR S5 VA R HL A A4 77 ] 110 Rk v ey 2 # 0od
FEIF I SN )30 F1 5[ 15] o

o 2000\ owirelNF 7501 jz1omAcm? ~ Nanowire/NF 400 mp om?
E —— Nanoflower/NF - Nmo“%:;’:: 615
< 150 — IrO,INF 600 — Bare NF

£ _ Bare NF ) 45 494
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Figure 3. Electrochemical OER performance. (a) LSV curvesin 1.0 mol/L KOH solution; (b) The comparison of overpoten-
tial at 10 mA cm * and 100 mA cm 2 of different samples; (c) Tafel plots; (d) The comparison of corresponding Tafel slopes;
(e) The plots of AJ versus scan rates for the Nanowire/NF and Nanoflower/NF, respectively; (f) Nyquist plots of the Nano-
wire/NF and Nanoflower/NF. The inset is the equivalent circuit model that contains the electrolyte resistance (Ry),
charge-transfer resistance (R.;) and constant phase element (CPE)

3. BB{L¥ OER MREMIR. (a) 7 1.0 mol/L KOH Ff#K - &R MAIRILHILL(LSY BhLk); (b) BFRARRERE
73 10 mA/em® §1 100 mA/cm’ BYRYIT B ALELERE; () BHEMED Tafel Bi%k; (d) SHEMED Tafel RELLEE; (o) B
YKL CugSs FIFKTE CuoSs KIEBLFEMHEIRMLE; () BRIKL CuoSs KT CuoS; HIBEERTHFE. 1hE
EEYERERE, HhaSBEMRREAR,). BEEHEHER)FMIEENIBA A TER(CPE)
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R Ml R AR ME RE I B 2 S 8. 18] 4 2 %EX) Nanowire/NF LB BIARE M. & 4(a)s2
THIT 2285 53 M i 22, NI H ] LUE H Nanowire/NF HLARZIE 18 h i IS , L2 A TR B 70%,
ZZ W] Nanowire/NF il B BIFHIFaE M . 4(b)/& Nanowire/NF HELAR £ 51+ AT 2k, M HH]
DLW S 2 B S BT ER AR AL, IX R B Nanowire/NF HLAR B0 AL PR RE . T Bt FIMLIGR B[ 16] .
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Figure 4. (a) Current density versus time (i-t) curves of the Nanowire/NF for 18 h at 10 mA/cm?; (b) Multistep
chronopotentiometric curve of Nanowire/NF

4. (a) Nanowire/NF BJEE At 2 B S RHE(i-) B X REA%E; (b) Nanowire/NF 8925 5 EFER (i Lk

EIREERIRY], Nanowire/NF HUHEALT BAT R AT AL TS MERE( 5), HLAL R PERE AT 2 21T+
AR JUANTTH: 1) CuoSs KR AT EBA BRI KAR LA R AL 22 TR PR AR, 7 R KT 42U
[ AT CASR L BE 2 S PEAL A, IX— 238 ECSA HEW] . 2) CueSs /& —F B AT KT &8 T LRI AL,
A B T AT R AL 55 A R TR] ) 7, 3X— R 233 EIS HIEH . 3) CuoSs B AR L 5l iR B 2 [H]
X B R A BEBE T R CuoSs AL TR SR 2 18] B St Rz, FF 22k OER JIIA] AN CuoSs B IAHR K HEL 71538 -
4) 3D CuySs H KR LRI E A KAEIRER Ll b 7 R SR & RO, XAV 1 RAF HIH LI
Fhia EA R4 St T HIE B F2 B2 A EAL R . 5) S RERINF) B 5IATT BLE— B4R s e &
Rk, CuoSs/NF 3 HEL IR i T- bRk A ey e RS A7 S 35 5, TEL, NF X T CuoSs AL PERE IR i th
AR BRI, DLEARAESEAE 1 CuoSs B K AR LRSI 7 1) OER TERE

Figure 5. The illustration of 3D CuySs ultra-long nanowire arrays on Ni foam for OER

5. HIETEMRE R 3D Cu,Ss BRAKLEREF] OER BBk & E
4. &g

AT & T KPR EAGPRAE P A FTEFR I CuoSs M4 HUEEAL . 1% CuoSs HH AR 26 HL)
MK R 100:1, AHIEFYORIEEA B R R AGEIE A, A B TR BT 2 g A, R
R OER fEfLYERE, 7FFIREEE 10 mA/em’ B i A2 295 mV, E53E/RALERACA 80 mV/dec. %
A EA B 47K OER fEAGMERET B AL B & ifae e, &0k 18 h &S iTHir 2255 /0 il 5
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AL BERFF 70%. HIIBETT A CuoSs B AN K L — Fibl Bl 5 ) OER FLMEALFIREEL, A4
AT A RERT FUIR AL TR A 7

E&WE
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