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Fig.1 Cyclic voltammograms of ionic liquids at 25 ‘C (scan

rate: 50 mV/s)

%1 [BMP|THLN BFRAERERE THRALZED
Table 1 Electrochemical window of [BMP] Tf,N ionic liquid

at different temperatures
Anode window/V

Temperature/'C Cathode window/V

25 2.8 -3.2
60 2.5 -3.0
80 2.5 -2.8
100 2.4 2.7

120 2.3 —2.7
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Fig.2 Cyclic voltammograms of MoCls-[BMP]Tf,N at different

temperatures (scan rate: 50 mV/s)

);)‘( -
W ARG
N y

4 .

» -
5.00um | 84800 5.0kV 8.2mm x10.0k SE(M) 10/20/2015 09:13 5.00um | $3400 15.0kV 38.6mm x3.00k SE 6/24/2015 11:22

3 MoCls-[BMP]TEN 7R F HHE A7 HLTAR 1 h STERPIIK SEM
Fig.3 SEM images of deposition obtained by potentiostatic electrolysis for 1 h in MoCls-[BMP]T;N melt: (a) —2.7 V at 100 C,

(b) 2.2V at 120 C, and (¢c) 2.7 Vat 120 C

% 2 MoCls-[BMP|TEN K& fhE B AL ITFR 1 h STAR4Y
# EDS 947
Table 2 EDS analysis of deposition obtained by potentiostatic
electrolysis for 1 h in MoCls-[BMP]|Tf,;N melt (w/%)

Element 100 C,-2.7V 120 C,-22V 120 C,-2.7V
Mo 342 459 53.1
Cl 2.4 33 4.7
C 30.1 27.1 28.5
O 333 23.7 13.7
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Fig.4 XPS spectrum of deposition obtained by potentiostatic
electrolysis for 1 h at —2.7 V in MoCls-[BMP]Tf,N melt at
120 C: (a) survey scan and (b) Mo 3d scans

&3 Mo 3d B XPS HERE
Table 3 Binding energies (eV) of Mo 3d orbital obtained by

XPS

o 3dsp o 3ds Ref.

binding energy/eV  binding energy/eV
Mo 227.9 231.1 [17]
MoCl; 230.0 233.2 [18]
MoCly 230.6 233.8 [18]
MoCls 231.0 2342 [18]
MoO, 232.0 235.2 [18]
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5 MoCls-[BMP]TEN A& H1, 120 C. —2.2 V E A YT | h JURAK R FEY TEM B 5 FIAT 5 fE FF
Fig.5 TEM images (a, b) and diffraction pattern (c) of deposition powder obtained by potentiostatic electrolysis at —2.2 V for 1 h in
MoCls-[BMP]T;N melt at 120 C
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Fig.6 TEM images (a~c) and selected area electron diffraction pattern (d) of deposition powder obtained by potentiostatic electrolysis

at—2.7 V for 1 h in MoCls-[BMP]Tf;N melt at 120 C
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Fig.7 EDS analysis of deposition powder obtained by
potentiostatic electrolysis at —2.7 V for 1 h in MoCls-
[BMP]T;N melt at 120 C
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Electrodeposition of Molybdenum in the [BMP]Tf,N Ionic Liquid at Low Temperature

Yang Huiling', Ding Jingjing®, Jiang Yidong®, Ling Guoping'
(1. Zhejiang University, Hangzhou 310027, China)
(2. China Academy of Engineering Physics, Jiangyou 621907, China)

Abstract: Electrodeposition of molybdenum in the 1-butyl-1-methylpyrrolidinium bis (trifluoromethylsulfonyl) amide ((BMP]Tf;N) ionic
liquid was investigated. MoCls-[BMP]Tf,N was used as the electrolyte of electrodeposition and cyclic voltammetry curves were tested at
various temperatures ranging from 25 °C to 120 °C. Electrodeposition was carried out using a potentiostatic method. Deposits were
observed and characterized by SEM, EDS, TEM and XPS. The results show that the electrochemical reduction behavior of Mo changes
significantly when the temperature above 100 °C in the temperature range of 25~120 °C. The metallic molybdenum can be obtained
potentiostatically at —2.2 V and —2.7 V on platinum electrode at 120 °C. Deposit obtained at —2.2 V is flat without cracks, while deposit
obtained at —2.7 V contains crystalline molybdenum with cracks in the deposited layer. The reduction product for Mo(V) is insoluble
substance so that Mo(0) cannot be obtained at 60 °C. Mechanism of the electrochemical reduction of molybdenum in the [BMP]Tf,N was
also discussed.

Key words: Mo; [BMP]Tf,N; ionic liquids; electrodeposition
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