534 B 2 T HL ik 2% 2 Eird Vol.34 No.2
2018 4 2 J1 CHINESE JOURNAL OF INORGANIC CHEMISTRY 409-414

LAY 275 iR B F R A [DEME][BF.] & & B $HM KR F

E O oxmck*? FEAALS EERAE ! R4 R R B! HmES
(PREILRPHIERFZR T BRI RIZMLE
A XEHHBERELZERET S RE  150001)
CRRIMBRFAZLENF TAZFR SRE  150022)
CRIN L3 A A T3] KI] 518119)

FEE a1 7 L OB TE B AR N, V- 2 N- Y N (2- HH 480 BE 20 8 ) i O U B T2 2 (DEME || BI,) Y, 78 B B i % b 11
& T HAABURL , 1 e BRSE T AN 6] TR o 3RS [ 0 R B T X 0 44 Kok SOD I S0 1 52 0 |t SEML AN TEM BLZ RAE2.5 V' T
U 480 s 1l 75 I A AN A KL 1 - BPR AR 29y 2.38 nm, 1 FH 5 43 98 337 5 il I S0 (HR TEM) F R 177 5 (SAED) X L it A 45
FHEAT AL UEWT T B0 A0 KRE T 0 S 5 (fee) MR S5 K, A8 R Hh a0 2909 AORE 7 (0 AL P R R 3 L3 8 11 T iy (110) AN
(100) AR AT, HE—5 X0 % o TOARAT S 0EA 7 B0 52 2 B0, PuV)I T 25 30 S Fh 9 1o A2 R i, A o ol e [ ol

KRG & TWUR; B RUUER, ORI
HESES: 0614.82'6 CEAARIRAD . A MEHS . 1001-4861(2018)02-0409-06
DOI:10.11862/CJIC.2018.045

Preparation of Platinum Nanoparticles via Electrochemical Method in
N,N-diethyl-N-methyl-N-(2-methoxyethyl)ammonium tetrafluoroborate Ionic Liquid
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Abstract: Platinum nanoparticles were prepared via a potentiostatic electrodeposition method on a glassy carbon
electrode from N,N-diethyl-N-methyl-N-(2-methoxyethyl)ammonium tetrafluoroborate ([DEME][BF,]) ionic liquid.
At first, the effects of different deposition potentials and deposition times on the micromorphology of platinum
nanoparticles were investigated. It has been found that the mean size of Pt nanoparticles obtained at =2.5 V for
480 s was estimated to be ca. 2.38 nm from the SEM and TEM images. Its face-centered cubic ( fcc) erystal structure
was confirmed by high-resolution transmission electron microscopy (HRTEM) and electron diffraction (SAED). At
the same time, Platinum nanoparticles exposed significant (110) and (100) planes in sulfuric acid. Further study
of the deposition behavior of platinum reveals that the diffusion process and the electrochemical process controll

the two-step reduction of Pt(V) together.
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As a promising catalyst, Pt has been widely used
for decades due to its high catalytic activity in oxygen
reduction reaction, hydrogen oxidation reaction, alcohol
and acid oxidation reaction for fuel cells as well as
organic reactions for petroleum chemistry. On account
of the high cost of platinum, it is significant to reduce
the particle size to improve electrochemical active
area and utilization of the platinum. Platinum particles
can be produced by the method of chemical reduc-

impregnation”, microemulsion™, microwave

[7-11]
°

s 12
tion! ],

assisted ™, electrodeposition magnetron sputter-

1251 and some other methods. Electrodeposition

ing
method is a low cost and environmentally friendly way
to synthesis most metals compared to other methods.
Hence, there are some studies on the electrodeposition

7814 and  the results

of platinum in aqueous solution
show that it is difficult to obtain a few nanometers of
platinum nanoparticles in aqueous solution. In
addition, electrodeposition in aqueous solution is often
accompanied with hydrogen evolution reaction,
resulting in the emergence of pinholes on the coating,
which can seriously affect the coating performance.
Therefore, electrodeposition in the nonaqueous
solution shows its advantages and necessity. In recent
years, ionic liquids have attracted intensive attention
as new possible solvents for fabrication of both noble
metals and non-noble metals due to its many
advantages'™'9, such as a wide electrochemical window,
high ionic conductivity, good thermal stability, and etc.
In order to obtain more smaller and uniform Pt
nanoparticles, there are some efforts have been made
to deposit Pt in ionic liquids. Some researchers
investigated the electrodeposition of platinum in 1-n-
butyl-3-methylimidazolium tetrafluoroborate ([BMIM]
[BE)",

phosphate

1-n-butyl-3-methylimidazolium hexafluoro-
((BMIM][PF)!'™™ and N, N-diethyl-N-
methyl-/V-(2-methoxyethyl)ammonium tetrafluoroborate
((DEME] [BF,]) ™. These are mainly focused on the
electrodeposition behavior of Pt, and the investagation
about the catalytic performance of Pt, which electrode-

posited in ionic liquids, is still rare.
In  this

study, electrodeposition of Pt

nanoparticles was carried out on a glassy carbon
[DEME][BF,] containing chloroplatinic
acid hexahydrate at 60 °C . And the catalytic

electrode in

performance of Pt nanoparticles was also investigated.
The mean size of as prepared Pt nanoparticles is
estimated to be ca. 2.38 nm, which also exhibit good

catalytic performance.
1 Experimental

1.1 Materials
[DEME][BF,] was
Chengjie Chemical Co., Ltd. The ionic liquid was

purchased from Shanghai

dried under vacuum at a temperature of 80 C for
more than 24 h before using. H,PtCls-6H,0 and H,S0,
were obtained from Sinopharm Group Chemical
Reagent Co., Ltd. Both of them were analytical grade
and used without further purification.
1.2 Methods

The electrodeposition was performed by a three-
electrode system. Glassy carbon (GC, @=3 mm) was
used as a working electrode (WE). A Pt wire (©=0.5
mm) acted as the quasi-reference electrode and a Pt
foil (1.2 emx1.2 c¢m) served as counter electrode (CE).
A constant potential was applied to the working
electrode for 480 s to generate Pt nanoparticles on the
GC at 60 C.
1.3 Characterization and testing

The catalytic test was also proceeded by a three-
electrode system, in which Pt supported on GC acted
as WE, Saturated calomel electrode (SCE) and Pt foil
served as RE and CE, respectively. The cyclic
voltammelry measurements were also carried out by a
three electrode system, and the only difference was
that a Pt wire was used as a quasi-reference electrode.
All of the electrochemical measurements were carried
out on a CHI750D electrochemical workstation. The
microstructure of the Pt particles was characterized by
scanning electron spectroscope (SEM, SU8010, Hitachi,
15 kV), transmission eletron microscope (TEM, Tecnai
G2 F20 S-TWIN, FEI, 200 kV), high-resolution trans-
mission electron microscope (HRTEM, 200 kV) and
selected area electron diffraction (SAED).

2 Results and discussion

2.1 Micromorphology of the Pt particles
SEM images of the Pt nanoparticles obtained at
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different electrodeposition potential are showed in Fig.
1. When the potential is negatively shifted from -2.0
to =2.5 V, the particles are more uniform, and become
smaller at =2.8 V. According to the metal electrode-
position theory, the nucleation rate is greater than the
growth rate with the cathode overpotential increasing
so that it can obtain smaller and dense deposition.
The particle size of Pt particles is obviously larger

when the potential is -3.0 V, which is due to

apparently agglomeration of the nanoparticles.

(2) =2.0 V; (b) =2.5 V; (¢) ~2.8 V; (d) =3.0 V

Fig.1 SEM images of the Pt nanoparticles obtained in
[DEME][BF,] containing 30 mmol - .! H,PtCl¢ by
potentiostatic electrodeposition at 60 °C for 600 s

with different potentials

The morphologies of Pt particles deposited for
different deposition time are shown in Fig.2. When the
deposition time is 120 s, the obtained particles are
less and dispersed. The particles deposited for 300 s
are uniformly distributed, but become more locally
stacked and agglomerated when the deposition time
increases to 480 s. As shown in Fig.2, a dense
deposition was formed due to lengthen deposition time
to 600 s causing the particles serious agglomeration. It
is obvious that the agglomeration of the particles
become more seriously with the deposition time
increasing.

Fig.3 shows TEM images and the size distribution
of Pt nanoparticles. The Pt nanoparticles obtained at
the two different electrode potentials are both well

dispersed and uniform. The average sizes (in diameter)

of the Pt nanoparticles obtained by electrodeposition
at =2.5 and -3.0 V are estimated to be 2.38 and 3.10
nm, respectively. It has been reported that when the
particle size of platinum nanoparticles is 2.5~3.5 nm,
the electrocatalytic activity of platinum catalyst can be
greatly improved®. Hence, it can be speculated that
the prepared nanoparticles have good electrocatalytic

activity.

(a) 120 s; (b) 300 s; (c) 480 s; (d) 600 s
Fig.2 SEM images of the Pt nanoparticles obtained in
[DEME][BF,] containing 30 mmol - L. H,PtCl¢ by
potentiostatic electrodeposition with =2.5 V at 60
°C for different times
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Fig.3 Transmission electron microscopy and size
distribution of the Pt nanoparticles obtained in
[DEME][BF,] containing 30 mmol - L™ H,PtCls
by potentiostatic electrodeposition at 60 °C for
480 s with different potentials
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2.2 Crystal structure of Pt

In order to investigate the microstructure of Pt
nanoparticles more closely, the HRTEM images and
SAED patterns of the catalysts are presented in Fig.4.
The HRTEM image of Pt nanoparticles shown in Fig.
4a demonstrates clear lattice fringes with an inter
fringe distance of 0.221 nm corresponding to the
lattice spacing of Pt(111) plane. The HRTEM image
shown in Fig.4b displays the inter fringe distance of
approximately 0.196 nm analogous to the Pt (200)
plane. Its SAED pattern reveals the face-centered cubic
(fcc) Pt crystal structure, which is indexed as (111),
(200), (220) and (311) lattice planes of Pt.

=

’W o ? " o (b)

2 nm

2 nm
5 nm™!

Fig4 HRTEM images and SAED patterns of Pt
nanoparticles obtained in [DEME][BF,]
containing 30 mmol - L™ H,PtClg by
potentiostatic electrodeposition with =2.5 V

at 60 °C for 480 s

2.3 Electrocatalytic evalution of Pt

To electrochemically evaluate the platinum
nanoparticles, the CV curve of as prepared GC/Pt
electrode were conducted with potential scanned from
-0.25 to 1.25 V. (SCE), as shown in Fig.5. Hydrogen
adsorption and desorption curve each containing two
separate peaks is due to the exposure of the different
crystal planes of platinum nanoparticles® . The
catalytic peaks of Pt(110) and (100) planes gradually
exposed with the scanning progress. The peak at about
-0.07 V originates from the hydrogen adsorption/

desorption on the Pt (100) plane, and its intensity

reflects the fact that how many Pt(100) planes are
present on the surface of nanoparticles™. These results
demonstrate that the Pt nanoparticles prepared at —=2.5
V are relatively enriched in Pt(110) and (100) planes,
when these planes are compared. This is consistent
with the results of the HRTEM images and SAED
patterns in Fig.4. The crystal planes of Pt nanoparticles
can greatly affect the electrocatalytic activity of the

4|

surface™. Accordingly, these results demonstrate that

the prepared catalyst has good electrocatalytic
performance. Of course, it’'s also need to make some
efforts on optimizing the electrocatalytic performance

of the Pt nanoparticles.
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Fig.5 Cyclic voltammogram curve of GC/Pt electrode
obtained in [DEME][BF,] containing 30 mmol - L™
H,PtClg by potentiostatic electrodeposition at
-2.5 V (vs Pt) in 0.5 mol - L™ H,SO, with a scan
rate of 50 mV-s™

2.4 Electrodeposition behavior of Pt

Fig.6 displays the cyclic voltammogram of the GC
electrode in [DEME][BF,] (Fig.6a) and [DEME][BF,]
containing 30 mmol - L™ H,PtCls (Fig.6b). As shown in
Fig.6, the ionic liquid is relatively stable in the range
of the potential from 1.5 to =3.5 V (vs Pt). When the
potential is negatively shifted to =3.5 V (vs Pt), the
decomposition of the cation [DEME]" begins to occur,
and becomes seriously after —4.1 V (vs Pt). As can be
seen from Fig.6b, there are two reduction peaks in the
negative scanning process. The first reduction peak ¢,
appears at the potential of —-0.8 V (vs Pt) and the
second reduction peak ¢, appears at —=1.7 V (vs Pt). It's
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(a) [DEME][BF.]; (b) [DEME][BF,] containing 30 mmol - L™ H,PtCl,

Fig.6  Cyclic voltammograms of the GC electrode in different electrolytes at 60 °C with a scan rate of 50 mV-s™

possibly corresponding to the two-step reduction of
chloroplatinic acid™. The first step is the process of
reduction of Pt(V) to Pt(I) at -0.8 V (vs Pt), and the
second step is the process of Pt(Il) to Pt at —1.7 V (vs
Pt).

oxidation peak a; occurs at -0.4 V

In the positive scanning process, only one
(vs Pt), which
corresponds to the oxidization of Pt () to Pt (V).
However, the area of peak a, is small compared with
the reduction peaks. It's likely to be that some of the
[PtCL*" is reduced to Pt metal when the potential is
negatively shifted during the scanning process.

The

carried out to have an in-depth study on the

CV curves at different scan rates were

electrodeposition behavior of platinum. Fig.7 displays
the CV curves of [DEME][BF,] containing 30 mmol - L™
H,PtCls at 60 °C with a sacn rate of 10, 20, 40, 60,

80, 100 mV -s ', respectively. If a reaction is a

reversible reaction, the peak potential £, will maintain
constant because of the different scan rates. But for
irreversible reactions, the peak potential £, will move.
In Fig.7, the scan rate increases from 10 to 100 mV -
s', and the second reduced peak potential (c,) E, is
negatively shifted. It indicates that the reaction of
Pi(II) to Pt is an irreversible reaction™?",

(1) and curve (2)
obtained according to the peak ¢, and ¢, are y=

0.368x+0.677, y=0.361x+0.964, respectively. From
the fitting formula and Fig.7, it is obvious that j, and

The fitting equation of curve

v" have a good linear relationship and the fitting
curve does not go through the origin, indicating that
the processes of Pt(lV) reduced to Pt(I) and Pt (I)
reduced to Pt are both controlled by diffusion process

and electrochemical process together.
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Fig.7 (a) Cyclic voltammograms of the GC electrode in [DEME][BF,] containing 30 mmol - L™ H,PtCly

at 60 °C with different scan rates; (b) Fitting curve of peak current density j, and v"*
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3 Conclusions

In conclusion, platinum nanoparticles with a
mean size of ca. 2.38 nm were prepared via a
potentiostatic electrodeposition method on a glassy

[DEME]|[BF,] at —2.5 V. The

and cyclic voltammogram curve

carbon electrode from
HRTEM
confirm that the Pt nanoparticles show relatively high
(110) and (100)

planes. Likewise, it is confirmed that the two-step

images
catalytic performance due to its

reduction of Pt(lV) is controlled by diffusion process
and electrochemical process together. However, the
catalytic performance should be improved further. It's
necessary to optimize the electrodeposition process of

the Pt nanoparticles in the further research.
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