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LA FE PS5 48 , 55 A A5 W AH L 2ok 4 B b B A R AW B AT A, DT S B = AL NRR.
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G SRR F R HER 32 40 s A 85 FH T 5 28000 NRR i 4k 50 18 I k8. % 8 %) Co Ni fE T 2 A =2 h
FEI B AL DL R ALY T2 42 L 445 2 B 1L B (Co-Ni, PO AR AG 7T AE 23 G 450 b 141 425 00 Ak e Ak 4 10 vl - 45 4
SEIE R A NRR W6 55 A6 i IR 499 0K BR A P 38 I 8 00 16 1 407 050 28 58 2 1w 1 10 2 5 el i Ak R L O FL
FCE R L AR A R 1 4 e Ak s . Bt FRATT T Ok G T AROIR 48 4 AL ER 90 oK Bk T R A
NRR {407, FAR U, 32 35 F 1 22 0036 P07 5 DL RO PROE  fe P36 B8 B 48 24 AL B2 19 NRR 36 4 K 15 KR
BEER T AE—0.2 V AL F CRHXT TARES B AR)  H NH, 2%k 45,6 pg « h '« mg.. . U] i & T 4l ol 4k 27
(17.0 pg« h™" « mge! ). [, 78 A [ FRL A T B 48 2% (0 B AL R A 2 B0 i o B MO PSR AR (7.1 V) L i i T
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{8 8 92 D6 A SR K R 1 L A 260 D A ) A o B R T — AR BT B AR

[IE Y <515

L1 S e
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1.2 S bR

RUSKP) A5 B B 40 mL 285 F /K B F 50 mL B rh, FE R S B FE TR OIM A 14 mmol JRE 5 0. 1
mmol FFEERR = 4H . Bk 10 min FRAT B IH 7 BV W BE O Bk T 0 W P 4k SE in A 0. 3 mmol R & 5
1. 2 mmolfiff FRER % I T 4k 225 ZUA FF 120 min B 2 4By . A5 IRA5 00 S VR & 50 mL R PUH 20 P i
HOROK RS RS S B E BT 150 Crym S T IRA P R IE 24 b fr AR A S 0 LB 7K. OB
DR BOR . B T 515 3 B A AT Ik .

Co-Ni, P 4 B : BT IR 50 mg & T4 b i A0 — M, [R5l B B B R 4h 0. 5 g B T E 1 —fl,
AARY T 300 CHgbe 3 h 75 5] Co-Ni, P[40k .

Ni, P (& i NL P (& 876 5 bR I vk — 30, O b I A I A Gl R 4
1.3 RAETFB

Xt T A L Co-Ni P LK Niy P AR RIS T 3 4000 45 4 Ao R AE 20 M. 8 T 3 Hr A4 BHIE SRR AE . R
L F 48 W B (Helios FIB)FE 10. 0 KV A9 il 38 o R 1) SR A2 4R A A0SR T2 SRR 1F LA K X i 6 BB 3% (EDS).
an R AH 73BT B Rigaku Smart Lab 9 kW SRR X 5 A7 5 &% (XRD) , B Cu Ko #1285 X OB IE (2 =0.
15406 m) 5% 4 1 B8 6 1% 15 B AR B9 TE L 10°-70°. 20 — A 55 O 0. 01°/20. FIF AT Y B Ak 2 0 3K 6 1
CHI660B i fb 2zl I 47 A FHARE Y = il R 5.
L4 Hfespmig

DL H 7 E S R Sy i i E A7 R A2 . DL Ag/ AgCl LI S 25 H R B o e 438 Dby X Ei A 35 A A4 R 1) ik
YA TAEHLAR , LA R 0.1 M HCL . 1 56 - 16 = F M IR 2 P R A7 0 S AR e 3k ol R o 305 Ak 1 3R R %
WA R DX JE] 2 0-— 1.0 VOHHXT Ag/AgClHLMD fem LA 0 VL B fIRAA. — 1.0 VL. Rtz 0 VL. & gk
A —1.0 V. 3 %K 0. 05 V/s. SRAEMFE R 0. 001 V, 5 B8 8] R 2 s HHBEEC R 500, L8 AR 2%
AR5 » LA TR A B35 24 B L B A B 208 0 T VR A 7 = LM IR 28 P B A7 4R 1 ol F 0 0, /b R IX ) Ry 0-—
1.0 VU Ag/AgClL LMD . FIERHAL R 0 VL 2k By — 1.0 V. FHIEZ R 5 mV/s. RAERFE R 0. 001
V. H B 2 s, B G 1) HL A OB AU 30 min DUHEH HL TR A R 0 AUS R S SR RS SR AT A —
YR LM B R R IR SR ) EE R TR P T AEU 30 min. fE RS RIS HEAT A Uk 4k R AL %o i
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A 30 AT K IR ] A A 7 20 3t F 57 40 3R S — 0. 35, —0.45,—0.55,—0.65 ,—0.75,—0.85 V(A X}
Ag/AgCDm4TH}a] R 7200 s.
1.5 LA iyl o

HUS mg MRHFHET 0.5 mL £8F/K5 0.5 mL Jo/K ZBER AW, A 0. 05mL Nafion J& # 4
2 ho B 40 pL 0 BRI R R AR R 1 em X 1 em B9BREE I, TS 1F 9 TAE A R 17 s it AL R R id
JE ) 3.
1.6 NH, T-fi th £k 2 H1

DL A (NH, CD R iR 7E 0. 1 mol/L (3R F i W b 43 I B il 0.0 ,0.1.0.2,0.3 ,0.4.,0.5.0.6,
0.7.0.8 .0.9.1.0 pg/mL (AR X FEEAT €0 5 n e 6 . AR HEVS W 2 mL JimA 1 mol/L &
SEALENIA W 2 mL P& 5 wt % KB RR LK 5 wt% — K-SR B SR 5 A 0. 05 mol/L WA R &%
W1 mLRJEIA 5 wt% “ K ARSI 0. 2 mL. 5 IRBOC A 8 W0 2 h J5is F 4] W20 6t
JEiHAE 550-800 nm P K5 Bl ]I REAT G TE S48 . 10 5% 655 nm Kb WG BE KR - 15 vk B AR R4S B TR b 2.

S i M 2 B AS HLAL R 24T 2 h S I AL AR 2 mL, A 1 mol /S8 AL IIE W 2 mL L4 & 5
wt % K AG IR LI K 5 wt% ZoK A AR M) SR J5 A 0. 05 mol/L WA 1 mL, E 5 IMA 5 wt% —K
AR AT 0. 2 mL. B AR T #HE 6 2 h RIS TSI AR 550-800 nm PBEATGIE 4 L OF L
S 655 nm AWV BE A L 5 AR M 4R 25 G 5 405 B 20 i vk B 2 50l Ak BRI TE SR S L A5 R e Ak T 20
)
L7 ™8 A fh 2k 220

LUK A E R AR MR R AE 0. 1 mol/L £k BR 1A T P 4> 5 i1 0.0.0.1 .0.2.0.3.0.4.0.5 .0.6.0.7.0.8.
0.9.1.0 pg/mL {447 A7 WX 247 8 (0 B 1 I W o B f €0 50 P B 5 L S FR 3 O R S
A 300 mL JE/K Z B .30 mL EhEaHEFE 2 h BPAf. U5 mL 8515 5 mL AL AR5 W RIR A 5 AL # B 20 min
Je AT E AN O BE I, K S LA 0 410-500 nm, {5 455 nm b A IO BE I 55 e B AR A B T AR R 4%

F i R R 7 ) U 5 AR R W AL 5 D AR HEVE O 4 5 mL WU R A TR B D RO
— 3,
1.8 isiak

P T

CXV
t X m

vyield rate =

Horp CoAX IR NH; (pg « mL™") WREE V2B A (FRAT1# 10 50 mL) ¢ A7t G% TAEH
2 by mEEAFI R 0.2 mg).

ERE A € S
_3XCXVXF

FE = Q X 1000000

Ho CHXFRIA NH, (ug  mL™ ") B,V R AR (FRATHEHI A 50 mL) , F ¥ 37 55 % % (96485),
Q WA 72 rp ) L PG AL B

2 HiR5vhig

2.1 FeSh iy M o by

F TS Co-Ni, PUNi, P fiy 1A 25 46 L R 2 5, FRATT XS FLHEAT T 1R 40 09 3R AE. o T ¥R 52 M B 1k 45
¥ SR REEAT T X SR AT S M (XRD) , Wil 1 Ca) fifzs. IR AT LU H L 5 T R 48 4 0 BE dh G L 2R
260, BN BT IR 52 26 Hu X T Ni, P kR (JPSD Card NO. 03-0953) 3% A5 AT ] — 4> 2= 5 i 14 30, 9F HLIK
rF 40, 8%,44. 67,47, 3°LA f 54. 2 " AN 4 B F Ni, P(111),(201) 4 (210) L S (300) & 1T » 3% 1F B
TMRESE G A G5 A RN R A B AR R BT BE B AR S RO AR AR SR AR IR 1 Th QR E AL S E T AT LA

’
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i 52l Ni, P AR LG 6 151 A5 XRD fif G WA & A= 284k 67 T 40. 8°,44. 6°L) J 47, 3°0) = A~ E g 5 I
ARAL. A OEIE I B DR B 2 5 MORMESR R 5 25 NL P 0 R AF SR Z5 4. b oh . o T HIES2 4 R i T 51 A,
IIXH B 245 A RHEAT T X SRR IS (EDS) 20 87 (I 3 iz ) » Bl v o] L BH i b YU 262 3] % 06 25 19 0 75 i b
TIE B AE SR8 I AR R 6 5 B S B T 45824 NL P & al. F i & e B & Eh itk 1 b 2]
LA H Co B2 K& R 20 Y. B T o3 brieds Co Ak 2A M 24 DL K Ni ik 2# 0 28 AT X Co-Ni, P #E 47
T XPSOEIE AT, B 1) B X Co By & 43 BEOGIE #4780 & K Co M HL FREIS HY 6 g2 i, Hovh
803.3 eV .785.6 eV &by Wi A1 4> B B F Co JTZ M9 TR, 798. 4 eV .796. 8 eV 4b (1 W 4> W X i F + 2
#r Co iy Co 2p, &84 KB T Co™ MAFAE"" . [RAIEF Co 2ps, 74> AL A 1R 5 SCIRIRTE /Y Co® MW 4
PE—HAESE T Co Lh+2 ML B 220 A NLP @i . B 1o 4848 T Ni 2p (5 XPS 3%, W H Co
BZR)5 Ni 2p H+2 M ASHAL(874.5 eV,856. 7 eV 4 BIXF R T +2 M A9 Ni 2py .- Ni 2p,.) . BE4h.Ni 2p
i AT L S A O E — A B 5 Y 06 (853. 0 e V) L 5 Sk X b ik — /NS IR I T 4 JB A NI s NidT (8
B RO e i BUR T Co 51 A Ni P2 A (52 . 254 % & 138 XRD.XPS Ll K& EDS St i 45
ST DLW i A S 48 T AL R T A L.

Co-Ni,p
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#£1 EDSHIEBHMTESE

Elt. Line Intensity(c/s) Conc. Units Error 2-sig MDL 3-sig
P Ka 305. 22 33.719 wt. % 0.731 0. 296
Co Ka 46. 31 22.907 wt. % 1. 370 0.928
Ni Ka 69. 85 43.375 wt. % 2.070 1.273
100. 000 Wt. % Total

2.2 Fedh i IESL 5 B

N T RFER R R T SURFAE . % Co-Ni, P #EAT T HL 371 1 2 Sl BT (SEMD AL (& 4 B, T XL
FRATF R AL T 46 N P Ay i 73 BB R & 4 il LA L Co-NiL, P BAT R/ A1 i sk &5 4, H
RN 1 pm. N T HE— B BT ANORER R A5 K . FRATIR AL T RiAf 9 SEM [ I 4 (b) fr  BOR 250 %
T FH AR 20 0K 2 21 R AT S AR T RELIR 45 4 32 0 ) T 300 45 A A R0 T PR % 1 07 0 % e T 2 T A T 4 T
PR T3 51 2 1R TR IR 24 K BR 45 08 A7 1) 7 388 0B R El 3% T BR B T 39 56 A AL 35 k. RIS 260 NiL P Y
R E A A LAAE R 4o LA K (D) A ) P b m] LA U8 B BROR S5 4 . LB AR 2900 3 pm. I Ho L IUBCR
[ SEM [ v AT LA M % BRAR S H 2 T O 400K ROIR 45 0. 5 4 Ni P AR L B IR T8 20 e HoA /N E A
I HLANAK R A2 D9 AR ANOK L TEA ) T 55 P 02 e 9 22 i R0 6 T AR 6 o DALt 4 B 1 D 3 PR D T 1B 20 )
A M T N P S PRI OF B Co IR 51 A TEA F T 1 AR 250 B9 . AT TARSE . A8 1
B 2% R ML R AR TR S48 Ha O ELE 1) A JSCIE AR S0 45 4

2.3 B pE Ak 8 53 B

R T W5 U G Dk A AR R SR RE AR T AE L AT AE 0.1 M HCL A s A H R
fife Rl B B P 5) P U/ AN R SR AT T A i A R Ak 2R . DUBR B R X B A . Ag/ AgClL S LB L TR A
PEAL T B4 TAE R X Co-Ni, P #F 47 1 &1 i s Ak 220 (B 6 B ). [Rlis Sk 17 8 g b X B, 46 N, P
W AT T A R A E Ak 2 . Ak il 10 Sl — b ER B A B AR R RE VTN T B R 2 B R L B 6 () R T
Co-Ni, P 78 &0 8RS A 5 P A Ak il 26 . B b o] LU 5 G S0 R Joi A e Ak il R A0 B /UL T
(AR #E — 0. 1-—0.°5 V' 3l [l PN PO, 30 288 P88 B 30 398 K, IR B 17 JEL ol Ak 00 D 0 iR T . O T i — 2B R O
Co-Ni,P /) NRR PERE . F&ATTFE 45 A ML AL T HEAT 1 A A A0 R MR L B 6 Ch) . Db iy - i 2 mT LA
A /NI P A Al AR A AR E . O L FR AT LA S BT TR AT T R T R A g, an Al 6
(o). ELRM )y 4R A T S2 50 3 43 . SR AN G EE I AT LA —0. 2 V B R 7E 655 nm &b iy Il
B G T A LA L SR — 0.2 VR IZA R S i i AR R SRR B S T R — 2B A ARG A 1 A
L VAR E N JFORHE 0.1 MOHCT 3 Bt B T — 2 50 438 W BE /b o ¥ 0 0T 32 AR 9 ik it 47 Wl
Xt H R AT 2R A3 6 BE R IR0 5% 655 nm Kb MROGEE  HE I 4 TAE R 2k (B D). T ix TAEM L4 1 h
BT B 7= R MR B RN 6 (D IR, —0.2 V R P& B 1K 45. 6 pg « h!' « mg.! LR BOR R I ik
e (7.1 %), X —m A A NRR WGP 800 T B 2338 A0 3 o i 3 2 I8 Ak S W A 57 (38 3 T 0. 3 ok
—0.2 Vi 20 e A SR SR BRI i T A R X E A AN 7 I - (1) L R IR Tk 4R
PERCIE AT 5 1 S R R 5 (2) L I A R A B A JE-H B K, HER S8 5 AN m] Z 0. 8 T
TG 6 EE L 4 N Pl R 25 SRt 324 18] 6 Ce) , I o] LAS X6 F 40 N, P (7= & = (U 17.0 pg « h!
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© mge EHLEEBORAN 3.0 Vo, AT RS IET 4B A S i S A T R JEE £ TR ORLRUE TR RE.

ARIITJE A SO0 SR A v 3 S B R A TR RS AR T FL T B RS R ) R B AL AL R O TR O T
TG B BIE 5 Al i X L T e A% R 4% . Co-Ni, P LAz N, P it BEBT 35 1B S AR I 6 CO vh. Bl AW & i
afi Ni, P Al AT e R R 0o 64 Q.88 20 R s e RS B 0 By 22 QL R BT IR 1% Ni, P AT B4 #9 WL 7 9

PR A7 T DR f P i A A I B) Ty 2 i e
£ 2 BRUEEELTIEI L

PEERER / R ROR /

H47/V vs. RHE

24 h™! mged %
—0.1 25.0 6.0
—0.2 45.6 7.1
¥ Co-Ni, P —0.3 17.5 1.9
O
' %‘j —0.4 9.6 1.0
< —0.5 4.6 0.3
—o0.1 13.5 2.1
—0.2 17.0 3.0
Ni, P —0.3 13.1 1.3
—0.4 5.3 0.06
Bl 5 R e i 2 —0.5 2.7 0.01
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04 Ar
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£-10] g
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%204 e
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E i £ 220
T 30 P 304 8 £
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2 20 & 2204 E N
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O - 0 0 . . :
-05 -04 -03 -02 -0.1 20 40 60 30
HL{V/V vs.RHE Ni,P Co-Ni,P Z' lohm

Kl 6 (a)Co-Ni, P 4y I BA RSl SO0 BRI B AL 285 () Co-Ni, P gAML T 2 h iy it 25 (o) % AN i T 1L fif
2 h A e RSB 5 () Co-Ni P g AN LB I HU R IS ™ 2588 A RE B 58 3K 5 (¢) Co-Ni, P 5 Nip P A i i
HL AL TS R 7 S R BA B Tk B 5B BRI 5 (D) Co-Ni, P 45 Ni, P AE 0. 1 M HCL# #P —0. 2 V(vs. RHE) ¥ FLHi Bl 1%

®3 UESELEUEMEEI LR

AL e g 5T P IES PR/ CiRA
FoAT Y A Ak 551 0.1 M HCl 7.1% 45.6 pg» h™' « mga! —0.2 Vvs. RHE
Bl MoS, 4y 4 412 0.1 M Na; SO, 8.34 % 29.3 pg+ h !+ mgat! —0.4 Vvs. RHE
Nb. Os 4 K £ 21 0.1 M HCI 9.26 % 43.6 pg+ h™! » mga! —0.55 V vs. RHE
125 Cr, O3 k2 0.1 M Na; SO, 6.78 % 25.3 pg* h ™!+ mga! —0.9 Vvs. RHE
a-Bi, V, 011 /CeQ, 28] 0.1 M HCI 10.16 % 23.2 pg+ h™! » mga! —0.2 V vs. RHE

a-Au/CeOx-RGO™ 0.1 M HCI 10.10 % 8.30 pg+ h™! » mga! —0.2 Vvs. RHE
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@ 06 s (0.0 g # L s 0.1 g # ML s 0.2 g » mL| ® 05
|03 pge L 04 pgemL 0.5 pg-mL-! y=0.051+0.493x
===0.6 pg* mL"' 0.7 pgemL~" 0.8 pg+ mL"] 044 R=0.999
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P 7 (a) 250 b ol 37 3 0 €2 0 ¥ SR80 D6 1% 5 (D) 655 nm KB R G 55 3k JEE A 1A it 2% 5
(c) — & Fil b ol 7 0 58 €0 0 19 B €0 B 088

T k2L AEN] Co-Ni, Py &4 4 i A Ak ZUE I3 P 4 T X LE Se s S /e 1 8 b [ 8 () JE7R T =
AN ZEHLGE S 09 58 AN OE T AL < SR U AR AR D JRORE A 0 Bl AR A D AR AR LA RO L ] 8
(b) 1, = ANXF H S B0 H2 30 B 7= & UE B T Co-Ni, P &0 4 A0 75 M. R B L o8 1 2 — 25 TIF 52 H i b U8
JEUH 5 P 9 OB T 0 AT T T U R SRR O JRURE A I 2R/ RS AR S TR
7R AR LA RE PR RCR B RR T 8o v, BT A A R O JEURE U A 2 R ) 38 R A L Ik 5
TR R SOR TR T U D380 D T 28 R R AR it DL LA PR ER Y R 0 A6 FRL A RIS Y

0.30 e 50
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025{ AT
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7 g L
ij‘f M4 i i:f 201
o0l A
L2 Pl
Jas st
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0 Lo 0 —
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Pl 8 (a) XTI IG5 (D) X Bk 45 15 Co-Niy P i 7 5t 0 Lo bR Pl 5 (o) B il B
A g BORE T 7™ 4 i R A B 3K S i AR P Bl 5 () LR 9 98 0 0 B



5 6 3] SRR S U NEAR B 42 2 WAL B A R K 1 o 9 B G m AL R S PR RE 5 51

VS WA HEAT T 5850 43 60 BE DA, ] 8 (D) AT LU H 55 FL At I A L o FE AR 95 W P B AR O B A 2 TT AR B
FL i B IV S I A 1) 77 2 A R A AL R T AR IR SE T b ek S LA R A A L £ L PTAAR  l aT —
FRYXF LG S g 45 5 . Co-Ni, P #f 52 5 A & 2800 B A Ak /008 B 36 M0 B HA AUUE B B UfEFE T A e
A1 R S5 77 2 S

e DR D BB TR JE 2 2 A0 8 AT A R 9 B0 DO FR AT T A UL B 0 gk (N, HLD
HEAT TR DT TTAS B4 6 9 2 B 1. 38 F 22 8 i Watt-Chrisp 3% Co-Ni, P £~ H A7 T 09 B i Wi 47 17 &l
PR R R R AN EIE TR O L A AL R I 54 0. 1 M HCI AR — B, R/
ABA R A BT Co-NiL P i #60E. S 1 i — 2P XG0 19 VP A4 &I 7= 4 & 5 UKB BE A Bkt E )
— F Y TAEM Ziz 1] Watt-Chrisp ¥ #4T TAEMMZe 6 an & 9 (b, BT 8 7= TAE 4. e A s 7 HL i
2 h e HLRECR N, H R #GE T2 (F 101D it —2E B T Co-Ni, P iy i pE 8 1.

“TT @ - 0o (b)
| * = 00pgml y=0.044+0.721x
— 0.1 pgemL"! )

- — 02 pgeml” R?=0.999
g = 4 £
| 0.3 pg-mL 2 0.4
b 0.4 pg-mL" b
<t <t
L 0.8 0.5 pg+mL™! L
hon o — - -1 B,
= 0.6 pg-mL =
R 3R 0.2
= 041 =

0.0 . ; ; ; 0.0 ; : T

420 440 460 480 500 0.0 0.2 0.4 0.6
Wi /mm HeRE/N,H,, g s mL

Bl 9 (a)No FLy i) — 28 50 b of v 38 b €8 Js 388 U % 5 (b) 455 nm Ak WG JEE 15 3 JI6 0y I £ ot 25
() — R B b hie 7% St €8 s 19 €5 6B 5K

1.0 1.0
01V
8- — 02V 0.8
03V -
s 6 — 04V Ti 0.6
o) —— 05V 3
By = 04
Y
) ¥ 02
0 T . . . ; 0.0
400 420 440 460 480 500 01 -02 03 04 05
K mm H37/V vs.RHE
Pl 10 4% Hn o I AL A o8 o 16 0 7™ 0 4K 5 e 3% P11 T 10 il 2R 43 20 04 4% o 1 HL AR I A I 00 0 ik )

Be A RS VAR O B A S 80— BRAEARE AR R BT e 2 EL 25 B9 PERE. FRATIXE 5 B Co-NiL P kAT T4
FE IR (IR 12) .4 T Co-Ni. P AEALTAITE 6 YCIH PR Y 7 08 A4 i 1 28 R0, I8 12 o AT LR L 7R K
I I6a) 8 58 P P /DN IR DAL R AL R A DR AN A e U B R DR A 22 R BT T BB B AR E . SIS 2K
A8 BRI S B F L 3 AR [R] A 5 12 64T T R 0 LRSS o I, S T R — 2 R S e AR E L R T AR
b A O 3T B0 7 S T AR L R 0 L S A RS ORS f  H SE AR B, P 12Ch) . BT AT LR R DL
LR ROCRAEE IR I A2 P 35— 20 IR SE T Co-Ni, Py e 1.



52 LI SN S AQ = I S == 9

6.0 - 10
() B NH,/"# -%- FE (b)
07 2
- e = e
E 2 40-
2 P L6 =
21 <= <
E 2 ®
= H 4 =
L % 204 =
B 44 oct &
kel z ,
-6 . . . . ’ 0+ 0
0 2 4 6 8 10 1 2 3 4 5 6
i E)/h TEIRIREL

P12 Co-NiP BAK Nip P W EE MR (a) T I b 3 it s (b) A3 G005 26 ik

3 &g

ST 2 FATT 38 5 7Kk LUK i Al e B H) 45 i 1 9 HECIR B 2 2% O WAL B - 32 4 T 90 AR 45 4 R Y
Pl 2 THI AR LA K 8 22 4 35 P 67 i+ M AR T35 P A B AT R T [RT R o A8l D748 2 T 3t A 4% T Wi AL R A R T4 1"417
SCHL T PR A AT R R HARR B A IR T B AR A AT R RS LB th 64 Q [l 22 QAR TR B) ) 2
o AT 3 — 20 4R TH AR AT . 32 45 T U0 A6 B9 B B4 A LA B v 7 45 44 9 9 4% . Co-Ni, P i%f)‘ﬁtﬂﬁtﬁéﬁ%ﬂc
WEPE,—0.2 VAR P E AR RIS 45.6 pg « h ' mea! JTERRBOR L 7.1 20 ARG T — R R R T
B2 ) SR 38 5 WA R 1 e B BEL T L R 334 35 M ke R — 25 4R T NRR AL 37 . 32 A A0 570 B4 12 45 A
SRR ST AL BEAR F A SRR SRR ) B T A BRI T 4R S AR

Z % X W

(1] T, NG, 48 A PUE 2R T 2 00 e it il =P R n sl w7 LT ], AR 2 2 3R (A AR BE2 0, 2017, 30 (1) :56-60.

[2] Chen P,Zhang N,Wang S,et al. Interfacial engineering of cobalt sulfide/graphene hybrids for highly efficient ammonia electrosynthesis
[J]. Proc Natl Acad Sci,2019,116:6635-6640.

[3] HanJ,Liu Z.Ma Y,et al. Ambient N, fixation to NH; at ambient conditions; Using Nb, Qs nanofiber as a high-performance electrocata-
lyst[J]. Nano Energy,2018,52:264-270.

[4] LiX,Li T.Ma Y,et al. Boosted electrocatalytic Ny reduction to NH; by defect-Rich MoS; nanoflower[J]. Adv Energy Mater, 2018, 8
1801357.

[5] Lv C,Yan C,Chen G,et al. An AmorphousNoble-Metal-Free electrocatalyst that enables nitrogen fixation under ambient conditions[]].
Angew Chem Int Ed. 2018, 57:6073-6076.

[6] Mehta P,Barboun P,Herrera F A, et al. Overcoming ammonia synthesis scaling relations with plasma-enabled catalysis[ J]. Nat Catal,
2018, 1:269-275.

[7] Leégaré M,Bélanger-Chabot G,Dewhurst R D, et al. Nitrogen fixation and reduction at boron[J]. Science, 2018, 359:896-900.

[8] Wu X,Xia L,Wang Y, et al. Mn; O, nanocube: an efficient electrocatalyst toward artificial N, fixation to NH;3[]]. Small, 2018, 14.
1803111.

[9] Yang X,Nash J,Anibal J,et al. Mechanistic insights into electrochemical nitrogen reduction reaction on vanadium nitride nanoparticles[J].
J Am Chem Soc, 2018, 140:;13387-13391.

[10] ZhaoS,Lu X,Wang L. et al. Carbon-Based Metal-Free catalysts for electrocatalytic reduction of nitrogen for synthesis of ammonia at am-
bient conditions[]]. Adv Mater, 2019, 31:1805367.

[11] Zhang L,Ding L. X,Chen G F,et al. Ammonia synthesis under ambient conditions: selective electroreduction of dinitrogen to ammonia on
black phosphorus nanosheets[ ]J]. Angew Chem Int Ed, 2019, 58:2612-2616.

[12] Zhang N,Jalil A,Wu D, et al. Refining defect states in W13Oy49 by Mo doping: a strategy for tuning N, activation towards solar-driven ni-
trogen fixation[ J]. ] Am Chem Soc, 2018,140:9434-9443.

[13] #aks, JR 0, F AR 2%, 5. 2 ALK BT R S8 R Ak i s i LT ], B e bt . 2016, (3) « 243-263.

[14] UG 0 , SR SC, 4 BT 5. 7 JRME AR Ak 7R A AL H O 238 SN WSS LT 1. BIBOR 2 24 C B AR B2 00D 5 2009, 22 (4) + 37-40.

CL5] wimm , B IR, i fi e D S fh = @ J W ke 22 | SO AR D AT S S L L ] TR 22 224 CH AR B2 R 5 2019, 32 (5) 1 42-47.

[16] Li SJ.Bao D,Shi M M, et al. Amorphizing of Au nanoparticles by CeO,-RGO hybrid support towards highly efficient electrocatalyst for
N, reduction under ambient conditions[J]. Adv Mater,2017, 29:1-6.



55 6 1 SRR S U NEAR B 42 2 WAL B A R K 1 o 9 B G m AL R S PR RE 5 53

[17] Lv C.,Qian Y, Yan C,et al. Defect engineering metal-free polymeric carbon nitride electrocatalyst for effective nitrogen fixation under ambi-
ent conditions[ J]. Angew Chem Int Ed, 2018, 57:10246-10250.

[18] Shi M M, Bao D,Li S J,et al. Anchoring PACu amorphous nanocluster on graphene for electrochemical reduction of N, to NH3z under ambi-
ent conditions in aqueous solution[ J]. Adv Energy Mater, 2018, 8:1800124.

[19] Gao R,Li Z Y.Zhang X L,et al. Carbon-dotted defective CoO with oxygen vacancies: a synergetic design of bifunctional cathode catalyst
for Li-O, batteries[J]. ACS Catal, 2015, 6:400-406.

[20] Wu Z S,Ren W C,Gao L B,et al. Graphene anchored with Co3z ), nanoparticles as anode of lithium ion batteries with enhanced reversible
capacity and cyclic performance[ J]. ACS Nano,2010,4:3187-3194.

[21] Sun Y ,Hang L,Shen Q.et al. Mo doped Ni, P nanowire arrays: an efficient electrocatalyst for hydrogen evolution reaction with enhanced
activity at all pH values[J]. Nanoscale,2017,9:16674-16679.

[22] Wang X,Zhou H,Zhang D,et al. Mn-doped NiP; nanosheets as an efficient electrocatalyst for enhanced hydrogen evolution reaction at all
pH values[]]. ] Power Sources, 2018, 387:1-8.

[23] Li X,Li TsMa Y,et al. Boosted Electrocatalytic N, reduction to NHj by defect-Rich MoS, nanoflower[ ] ]. Adv Energy Mater, 2018, 8.
1801357.

[24] Han J,Liu Z,Ma Y,et al. Ambient N; fixation to NHj; at ambient conditions: using Nb; Os; nanofiber as a high-performance electrocatalyst
[J]. Nano Energy, 2018, 52.:264-270.

[25] Zhang Y.Qiu W,Ma Y, et al. High-Performance electrohydrogenation of N» to NHj catalyzed by multishelled hollow Cry; O3 microspheres
under ambient conditions[J]. ACS Catal, 2018, 8:8540-8544.

[26] Lv C,Yan C,Chen G,et al. An amorphous noble-metal-free electrocatalyst that enables nitrogen fixation under ambient conditions[ ]J]. An-
gew Chem Int Ed, 2018, 57:6073-6076.

[27] Li S J.Bao D,Shi M M,et al. Amorphizing of Au nanoparticles by CeOx-RGO hybrid support towards highly efficient electrocatalyst for

N, reduction under ambient conditionset[ J]. Adv Mater, 2017, 29.1-8.

Fabrication and Research of Electrochemical
Performance of Co-doped Ni,P with Urchin-likes
Structures for Reduction Nitrogen

GUO Cheng-ying GAO Ling-feng ZHAO Ming-zhu MA Xiao-jing
YIN Shi-xin LI Shi-jing YU Xiao-yan SUN Xu

(Key Laboratory of Interfacial Reaction & Sensing Analysis in Universities of Shandong.School of

Chemistry and Chemical Engineering, University of Jinan,Jinan 250022, China)

Abstract Co-doped Ni, P was successfully prepared by the simple and safe one-step hydrothermal and
phosphating reaction. The doping of Co atoms successfully regulated the morphological, electronic struc-
ture and active sites of the material, thus greatly enhancing the catalytic activity of electrocatalytic nitrogen
reduction reaction (NRR). X-ray powder diffraction (XRD), scanning electron microscopy (SEM) and X-
ray energy spectrum (EDS) were used to characterize the materials. Meanwhile, the electrochemical prop-
erties of the catalyst were studied by adopting it as working electrode for NRR. Under room temperature, the
NH; yield and Faradaic efficiency was 45.6 pg+ h ' * mg.' and 7.1 % at —0.2 V. Furthermore, compared with
pure Ni, P, the changer transfer resistance reduced from 64 Q to 22 Q after doped Co atoms, which was in
favor of fast kinetics process. This strategy of decreasing charge transfer resistance and increasing active
sites by doping Co atoms provides a way to design more efficient NRR catalysts.

Key words electrocatalytic; nitrogen reduction reaction (NRR); heteroatom ammonia; nickel phos-

phide; doped; heteroatom



