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Fig. 1 IR spectra of dpim, Ni(dpim),Cl, and (NiCl, + dpim)
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Fig. 2 The cyclic voltammograms recorded on GC electrode
a. CH;CN solution containing 0.1 mol L' TPABF,
under N, atmosphere; b. Solution (a) saturated with
CO,; c. Solution (a) after addition of 8 mmol L'
Ni(dpim),Cl,; d. Solution (c¢) saturated with CO,; e.
Solution (d) after addition of 7.2 mmol-L"' CH;OH
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Fig. 3 The electroreduction behaviors of Ni(dpim),Cl, (8
mmol - L") on GC electrode in CH;CN solution con-
taining different concentrations of methanol under N,

atmosphere
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Fig. 4 The electroreduction behaviors of Ni(dpim),Cl, (8

mmol-L") on GC electrode in CH;CN solution con-

taining different concentrations of methanol under

CO, atmosphere
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Fig. 5 The electroreduction behaviors of Ni(dpim),Cl, on GC
electrode
a. CH;CN solution containing 8 mmol - L Ni(dpim),Cl,
and 7.2 mmol -L"' CH;OH under N, atmosphere; b.
The 1st scanning after Solution (a) saturated with CO,;
c. The 50th scanning after Solution (a) saturated with
CO,
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Fig. 6 The electroreduction behaviors of Ni(dpim),Cl, (8 mmol-L") on GC electrode in CH;CN solution under N, atmosphere

A. The cyclic voltammograms of Ni(dpim),Cl, electroreduction at different scanning rates; B. linear relationship between

iy and v'?
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Fig. 7 The electrochemical redox behaviors of Ni(dpim),Cl,
(8 mmol-L") on GC electrode in CH;CN solution by
altering the scanning potential ranges under N, atmo-
sphere. a. the background curve; b. the scanning po-
tential range of 1.0 ~ 2.0 V; c. the scanning potential
range of -1.1 ~ 2.0 V. The inset shows the electro-
chemical oxidation of ClI" in CH;CN solution contain-
ing 8 mmol-L"' TEACI
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Fig. 8 The effect of scanning rate on the electrochemical
behaviors of Ni(dpim),Cl, (8 mmol-L") on GC elec-
trode in the CH;CN solution under N, atmosphere
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RARABUTFWRSE T AR 8 -1 - F ik i s gk
fECNERICT  AL AT, SRS RN El 9
Fiios. INEL 9 ol LA fE I HE e By, 2 =
2R FE-1- B LR A JBl 1) 6 B2 SR 20 mmol - L B {NFE
1.8 V HLA7 T B 52 8] — AN AN AT 3 S fh g, ik
W5 B 0 5 H 3L A AR Ak gk S i R gk -1
JEL I e ke £ v 5 3] 40 mmol - L B % B AR 2 B0
W1 A A8 )5 AT O, H S Ni(dpim),Cl, B L b
JRAT A AT (BN 2 B (CV ik o) T LLE i
Ni(dpim),Cl, [P A~ i J52 06 1) S 46 38 Ji i o7 14 A
B 3k AT RE A H T R -1 B BR e B 5 NiCl,
Z RN FCALAE FH R B AR ™ B 0 B PRI

TEAR G- 2, e SR &I ,-1.3
V BAL T ig/i, (RIAR AT CO, 4514 F L3R 5 1
AE AR Z G TR BM L) 1.51, 0 F
iliy < 2,5 2% SCHRPIAS A2 % WA T B A ) 7E
T AL B T CO, 11 3t B i ATh Sy B f - FL IR AL T
TEBA SRR T i, AR 1.09, 467
0.4463 f

n

;.
LC&t

# TOF =

3 2
Fon 4B
R;( (5), A5 AT

SIEAT B TOF {24350 0.17 s F10.11 s, %0,
FONVERLSS H %, 96485 C-mol™; T N4 X il & 298
K; R MEERSARH %,8.314 J-K' -mol*;n, A N,
A -1.3V TSRS T =150 R
HHEH A 0.02 Ves'sng B CO, AP -13V F
i B R YA L TR = 1l IR Z L.

7% SCHRE2I0] ) TE SR AR TE Y S5 1 A HL
S JEBLA Y MEALR R CO, 4 CO Byt 72N W
TN, 456 ARLK P CO, EEBE =Y N
CO. L, fEZHEM CO, it 5 i) 3 F2 24 [Ni(dpim),]
TR A Y R CO, A ML TR g kN
Ni'"*(dpim),, ¥4 CO, LB N CO, S i ik 72 4n
FEE 6 Frs. BRie g E AR S 1) Nit(dpim), A fig
Bl i 1 FEL B 3 1T A4 [N (dpim),] 34 5l Ni%(dpim),
(= 7.8) , FAHE A L) FE (i, < 2) AT,
-1.3 V HLAL Y F A 2 0 it AR Dy B R SN
JrfE 4 7 ANAIREIEIES & 4B DL Nit(dpim), T EES
FHL B 2 1T A [Ni(dpim),] & 28 R (J =X 8) , A B
Ni’(dpim),.

CO,

cat \ P

—— [Ni'*(dpim); ]

~

CO + H,0

[Ni(dpim); | ——=— [Ni(dpim); |"

( C,(HO)O

H

(6)
€
e (N
[Ni™"(dpim); ]

Ni(dpim), (7-8)

[Ni(dpim), |



552 3

K T3 AN L XL - 1- P DK e gt S A B 04 o A S HG L A AL it

L CO, BIAITSE <109 -

ZE B Rk #E I Ni(dpim),CL, fi# L34 5 CO, Hl
FRUNPE 10 FF 7~ Ni(dpim),Cl, 7£-0.7 V [ HL AL R i
o PRSP AS L R J 5 B0 Ni-Cl g B 24 A Bl
Ni’(dpim), #1 CI', $ % Ni’(dpim), ££-1.3 V 1 B fif
T 15— A~ # 7 A [N (dpim),], [Ni (dpim),] 7] ¥
CO, LR )5 R CO, I H A B A4k Nit(dpim),,
% 5 Ni'"(dpim), 5 HL % 2% 11 /9 [Ni(dpim),] J [
i AE B Ni(dpim),, 58 B AL 40 J ik A8 | S0 U5 1 A7 A
A B SRR AR A o N

Ni?*(dpim),Cl,

Cl\—/ 26

Ni’(dpim), (
K i(dpim), | \

Ni'*(dpim
[Ni"(dpim), ] INi(dpim),

C02
co+ H2 Nl(dplm)2 ‘\

H+

[ 10 Ni(dpim),Cl, Bt &9 Bt Ak ik Ji5 CO, 19 7] g S I it
(e
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reduction of CO, with Ni(dpim),Cl, complex
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Preparation of Ni(dpim),Cl, Complex for
the Electrocatalytic Reduction of CO,

ZHANG Li-pu, NIU Dong-fang, ZHANG Xin-sheng"
(State Key Laboratory of Chemical Engineering, East China University of Science and
Technology, Shanghai 200237, China)

Abstract: A new Ni(dpim),Cl, complex using 2-(diphenylphosphino)-1-methylimidazole (dpim) as a ligand was prepared and
served as a catalyst for the electrochemical reduction of CO,. The electrochemical redox behavior of Ni(dpim),Cl, in CH;CN/TPABF,
solution under nitrogen atmosphere showed the two-electron irreversible reduction at -0.7 V and one-electron quasi-reversible re-

duction at -1.3 V. After bubbling CO, into the electrolyte, the reduction peak appeared at -1.3 V became irreversible and the peak
current increased from 0.48 mA -cm? to 0.55 mA -cm™ Moreover, the peak current at -1.3 V could further increase to 0.72 mA - cm™
in the presence of proton source (CH;OH). These observations indicate that the Ni(dpim),Cl, exhibited a good electrocatalytic per-
formance toward CO, reduction and the electrocatalytic reduction process followed the ECE mechanism. The reduction products
obtained by the potentiostatic electrolysis (at -1.3 V) were identified to be mainly CO with the catalytic conversion frequency of
0.17 s

Key words: Ni(dpim),Cl,; methanol; CO,; electrocatalysis
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