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¢ 1  25 qT2345C£¤UVWX�`¥¥S 50 mV/s 

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

rate: 50 mV/s)   
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Temperature/q Anode window/V Cathode window/V 

25 2.8 –3.2 
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120 2.3 –2.7 
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Fig.2  Cyclic voltammograms of MoCl
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Fig.3  SEM images of deposition obtained by potentiostatic electrolysis for 1 h in MoCl

5

-[BMP]Tf

2

N melt: (a) –2.7 V at 100 q,    

(b) –2.2 V at 120 q, and (c) –2.7 V at 120 q 

 

� 2  MoCl

5

-[BMP]Tf

2

N������� 1 h��� 

� EDS�� 

Table 2  EDS analysis of deposition obtained by potentiostatic 

electrolysis for 1 h in MoCl

5

-[BMP]Tf

2

N melt (ω/%) 

Element 100 q, –2.7 V 120 q, –2.2 V 120 q, –2.7 V 

Mo 34.2 45.9 53.1 

Cl 2.4 3.3 4.7 

C 30.1 27.1 28.5 

O 33.3 23.7 13.7 

'��«ÑÒÓP³ 5b �³ 5a �q84 HRTEM�

Y<ÔÕNkm«Ñ4F6(³ 5c�sp'4ÇÎ

KÏH�ÎK´÷Ö��«ÎK×��`�ØÃp'

�s�ÄF6( 

³ 6_ 120 ��–2.7 V4O�ÙÍ¦§�ÎK

¦§(Y³ 6a�Ø�lm�ÔÐwx4p'´÷ÙÚ

��Ûe�ÜÝÙ²�boÞ)�Ä[s�Äzô(

³ 6b �³ 6a e��.�q84¦§�Ø}q�Q

Dße(1�Fjbo�s�cà\�� Mo 4

�110�c(³ 6c��Ä�s�Äàá�.4 HRTEM� 

-3 -2 -1 0 1

 

C
u
r
r
e
n
t
 
D

e
n
s
i
t
y
/
m

A
·
c
m

-
2

1 2 0  �

1 0 0  �

8 0 �

2 5  �

R5

R 5

R 4

R1

R 5

R 3

R4

R 2

R 1

R 5

R 3

R 4

R 2

R 1

R 4

R 3

R 2

R 1

R 4

R2

Poten tial (vs .P t)/V  

1.5 m A ·cm

-2

R 1

60  �

a 

b c 



 1526                                         ¡�/�����                                             � 47� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¢ 4  MoCl

5

-[BMP]Tf

2

N5I&�120 qc–2.7 VY#ZDE 

1 hDE'C XPS«eh Mo 3d¬ XPSe 

Fig.4  XPS spectrum of deposition obtained by potentiostatic 

electrolysis for 1 h at –2.7 V in MoCl

5

-[BMP]Tf

2

N melt at 

120 q: (a) survey scan and (b) Mo 3d scans 
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Table 3  Binding energies (eV) of Mo 3d orbital obtained by  

XPS 

 

3d

5/2

 

binding energy/eV 

3d

3/2

 

binding energy/eV 

Ref. 

Mo 227.9 231.1 [17] 

MoCl

3

 230.0 233.2 [18] 

MoCl

4

 230.6 233.8 [18] 

MoCl

5

 231.0 234.2 [18] 

MoO

2

 232.0 235.2 [18] 

 

¦§�Nâ�.´s�Ä��A�·�.ã��Ä4

e�(³ 6d � 120 ��–2.7 V ]^z4ä�Ç

ÎKÏH�·³Ø³sÎKÏH�`{ÎK×�w�

sÎK×;Ù²�{ÎKå��ros]^z_��

4(�æç�Æ�nq4ÎK×� Mo4�110��c�

B[³ 6b_`I4(/q_r�[ÉÊ[9,10]ù0�S

ÃüvÒ4 Mo]^'�s�Ä°�¸��·Ù�Ä( 

) TEM çèQR��X EDS ÙU�Fjû³ 7

�k(Ø}]^zwF_ Mo�B/�`�ØÃ TEM

Oç14�Äzô��� Mo(³Q� Cu� CÞß

�
2"4�_5`�¶�4 PtÞßÞ)_ZNp'

RJ+ó¤ã;�I(Â¶4 ClÞß�
 MoCl

5

( 

 

�

�

�

�

�

�

�

 

¢ 5  MoCl

5

-[BMP]Tf

2

N5I&�120 qc–2.2 VY#Z#DE 1 hDE'®¯°C TEM©ªh±g²° 

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 
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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 MoCl
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Fig.7  EDS analysis of deposition powder obtained by 

potentiostatic electrolysis at –2.7 V for 1 h in MoCl
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Electrodeposition of Molybdenum in the [BMP]Tf
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Abstract: Electrodeposition of molybdenum in the 1-butyl-1-methylpyrrolidinium bis (trifluoromethylsulfonyl) amide ([BMP]Tf

2

N) ionic 

liquid was investigated. MoCl

5

-[BMP]Tf

2

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( )�  is insoluble 

substance so that Mo(0) cannot be obtained at 60 °C. Mechanism of the electrochemical reduction of molybdenum in the [BMP]Tf

2

N was 

also discussed. 

Key words: Mo; [BMP]Tf

2

N; ionic liquids; electrodeposition 
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