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Even though Pt is a standard catalyst for fuel cells, new advanced materials with low activation energy and high specific 
surface area are required. Researches proved that conducting oxides are the emerging candidates as support for Pt cata-
lysts targeting replacement of nanocarbons. This paper proposes a study on the properties of a new anode electrocatalyst 
based on nanosized TiO2/SiO2 coated with Pt nanoparticles. Pt catalyst supported on nanoparticles SiO2 and TiO2 with dif-
ferent size and morphologies were deposited by sol-gel process. Dimensional analysis on the nanoelectrocatalysts showed 
a 20-56 nm particle diameter interval. The electrochemical activity of the obtained structures was measured by cyclic volt-
ammetry where high double layer capacity and low electrocatalytic activity has been identified. Large double layer capacity 
recommends Pt coated SiO2 and TiO2 toward photocatalytic applications. 
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1. Introduction  
 
Fuel cell electrocatalysts are designed for specific 

range of temperatures, different types of fuel cell, resistant 
to CO/ CO2/ H2S poisoning and long life cycle. Each type 
of electrocatalyst depends on the nature of the fuel (the 
oxidant) and on the working conditions. Thus, at high 
temperatures, low activity catalysts are accepted since the 
already high thermal energy reduces the activation barrier. 
Other properties should be considered as well: solubility, 
self recovering of the active site and resistance to oxida-
tion or poisoning. Usually in polymer electrolyte mem-
brane fuel cells (PEMFC), the electrocatalyst nanoparticles 
are spread at membrane-gas diffusion layer interface aim-
ing for a high specific surface area [1]. The fuel splitting 
into electrons and protons requires a double interface in 
order to transfer the electrons to the collector electrode and 
the protons through the electrolyte. This function is ac-
complished by the catalyst support. At their interface, a 
phase separation layer appears, known as the three-phase 
boundary [2].  

Platinum, the most common catalyst for hydrogen 
oxidation in fuel cells, has been used in different forms, 
such as alloyed with Ru [3], Ni [4], Pd [5], deposited on 
nanocarbon [6] or nanooxides (aluminium oxide [7], sili-
con dioxide [8], titanium oxide [9], zinc oxide [10], copper 
oxide[11] ) either to decrease poisoning or to increase the 
electrocatalytic activity. The electrocatalytic activity be-
tween nanoxides as support and platinum has been less 
investigated. While oxides are, in general, catalyst for dif-
ferent chemical reactions, nanooxides have a specific be-
haviour related to the conduction mechanisms and electro-

chemical activity via ion and defects on their surface. On 
the other hand Pt catalyst has a specific behaviour to the 
hydrogen oxidation via electron transfer. It is expected for 
systems metal-coated nanooxides to get high electrocata-
lytic activity for specific applications, particularly to the 
fuel cells. 

The purpose of this work is to study the behaviour of 
the nanometric Pt particles on nanometric TiO2 and SiO2 
substrate. Silicon dioxide has good affinity to the hydro-
gen adsorption leading to hydroxylation and titanium diox-
ide (rutile and anatase form) are p-type semiconductors. In 
most catalytic reaction systems, the anatase is accepted as 
having a better activity than rutile. The obtained structures 
have been analyzed dimensional and the electrochemical 
activity by cyclic voltammetry 

 
 
2. Experimental 
 
2.1 Synthesis of silica nanoparticles 
 
The silica nanoparticles are synthesized in Aerosol-

OT (Fluka) surfactant micelles. The micelles systems were 
prepared by dissolving 0.22 g of Aerosol-OT and 400 µL 
of 1-butanol (Merck) in 5 mL distilled water under stir-
ring. In the final stage was added in dropwise 30 µL of 
chloroform (Fluka) and stirring until a transparent solution 
forms. In the subsequent stage was added vinyl trietoxisi-
lan, (VTES)  the precursor for silica sol. 50 µL of VTES 
(Merck) were added to the micelle system, 30 min con-
tinuous stirring. The hydrolysis reaction, in order to initial-
ize the silica polymerization process, was performed by 
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dropwisse of 10 µL of ammonium hydroxide (33%). The 
sol solution was left to mature under stirring for 20 hours 
at room temperature, stage where the nucleation and 
growth of the silica nanoparticles takes place in the mi-
celles solution. The Aerosol-OT surfactant and the 1-
butanol co-surfactant were removed by water dialysis 
through a cellulose membrane between 12-14 kDa for 50 
hours. The dialyzed solution was filtered using a 0.2 µ 
cellulose filter. The filtrate left on membranes was dried 
and stored at RT. 

 
 
2.2 TiO2 nanoparticles 
 
TiO2 rutile phase.The TiO2 rutile phase structure was 

obtained by TiCl4 (Fluka) hydrolysis using the sol-gel 
method similar with the methods described elsewhere [12-
13]. The rutile phase was confirmed by Raman spectros-
copy.  

TiO2 anatase phase. The anatase form was bought it 
from TiPe-TitanPE Technologies, grade TIPE X 550, yel-
lowish transparent liquid: Nano Titanium Dioxide, anatase 
<8nm average diameter, dispersant water –based. Coagu-
lation index: 2-4. 

TiO2 anatase, platinum coated. Grade Pt 600, from 
TiPe-TitanPE Technologies, water-based nano TiO2 sol, 
yellowish transparent liquid: Nano Titanium Dioxide, 
Nano Platinum Cluster (not specified concentration), ana-
tase <8nm average diameter. Coagulation index: [2-4]. 

 
 
2.3 The synthesis of a Pt/TiO2(SiO2) catalyst by  
       NaBH4 reduction  
 
Pt/TiO2 and Pt/SiO2 catalysts were obtained by Pt pre-

cipitating on TiO2 and SiO2 nanoparticles using the reduc-
tion reaction of H2PtCl6 (Merck) with NaBH4 (Lachema):  

2H2PtCl6+3H2O+NaBH4→ 

2Pt+NaCl+11HCl+H3BO3  

An H2PtCl6 (10%) solution was added, under constant 
stirring, to a certain amount of TiO2/SiO2 for a 20% Pt 
load. Next, the adequate quantity of NaBH4 (15 mM) was 
added in dropwise under constant stirring at room tem-
perature. After stirring the substance for 1 hour, the sus-
pension was filtered. The solid filtered part was washed 
until a neutral pH and then, dried at 70 0C in air for 3 
hours [14].  

 
 
2.4 Characterization methods 
 
To identify the particles size, the obtained samples 

were investigated by DLS, NanoZeta Sizer (ZEN 3600) 
with a red laser at 633 nm. The Zetasizer Nano System 
combines dynamic, static and electrophoretic light scatter-
ing technologies enabling the measurement of particle 
size, zeta potential and molecular weight. The sample so-
lution used in DLS contained: 1 mg sample dispersed in 

water by ultrasonation for 5 min using ultrasonic processor 
UIP 1000hd (Hielscher Ultrasound Technology). 

Cyclic voltammetry (CV) was performed on a Volta-
Lab PGZ 301 potentiostat (Radiometer) with a three-
electrode electrochemical cell. The working electrode 
(WE): polished spectroscopic graphite. A mixture contain-
ing 1 mg of the sample, 25 µL Nafion and 75 µL isopropyl 
alcohol was drop cast and dried on 1cm2 WE. Auxiliary 
electrode: Pt XM140, Reference electrode: standard calo-
mel electrode (SCE). Measurements were performed at 
different H2SO4- electrolyte concentrations: 0.5 M, 1M 
and 3 M. 

 
 
3. Results and discussion 
 
The support material was investigated by DLS in or-

der to determine the dimensional range of the particles 
(Table 1). 

 
Table 1. DLS dimensional analyses. 

 
Sample Diameter (nm) 

SiO2 19.86 
TiO2 56.09 
X550 25.78 

 
 
SiO2 catalytic activity was studied for three different 

electrolyte concentrations: 0.5M, 1M, 3M H2SO4 (Fig. 1). 
Two peaks assigned to oxidation around 580-600 mV, 
respective 200 mV for reduction vs. SCE were identified. 
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Fig. 1. Cyclic voltammograms for the SiO2 vs SCE 
 reference electrode. 

 
 

For Pt supported on SiO2 the cyclovoltammograms 
show a specific behaviour (Fig. 2). The hydrogen desorp-
tion on Pt sites seems to be independent of the ionic 
strength of the electrolyte solution. 
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Fig. 2. Cyclic voltammograms for the Pt deposited SiO2 

 vs. SCE reference electrode. 
 
 

Typically, Pt electrode in 1M H2SO4 electrolyte pre-
sents the oxidation and reduction peaks at 800 mV, respec-
tively at 550 mV [15]. In this case, due to the chemical 
bonding to SiO2 which is an ion conductor, the double 
layer capacity and the magnitude of the peak currents de-
crease. Having this said the oxidation and reduction peaks 
are shifted to 400 mV respectively 300 mV.  

 
Table 2. 

 
Sam-
ple 

H2SO4 
concentration 

Cd 
(µF/cm2) 

QT 
(mC/cm2) 

3M 8.5 5.5 
1M 4.0 5.1 

SiO2 

0.5M 7.5 2.5 
3M 1.9 0.70 
1M 1.9 0.71 

Pt/SiO2 

0.5M 1.9 1.55 
 
 
Double layer capacity, Cd, (mF/cm2) and total specific 

charge transfer, QT, (mC/cm2) were calculated for each CV 
corresponding to SiO2 and Pt deposited on SiO2 for all 
electrolyte concentrations (Table 2). Fig. 3 represents the 
cyclic voltammograms of the rutile, where a very low oxi-
dation and reduction potential are indexed. The sample 
shows a dynamic double electric layer because the current 
density increases with applied voltage. 
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Fig. 3. Cyclic voltammograms of TiO2 (rutile) response  

vs SCE   reference electrode. 
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Fig. 4. Cyclic voltammograms on the Pt deposited TiO2 

 (rutile) response vs SCE   reference electrode. 
 
 

The curves on Figs. 3 and 4 (rutile and Pt on rutile), 
has a symmetric oxidation and reduction peaks centred on 
0.35mV and 0.45mV. The catalytic activity of both sam-
ples depends on the ionic strength of the electrolyte solu-
tion. 

The samples were prepared differently. On one hand 
the Pt/TiO2 sample was doped with Pt by NaBH4 reduction 
of, while on the other the Pt600 is a solution from TIPE, 
which has in composition Pt. This solution has a good 
photocatalytic response, due to its TiO2 support. The dou-
ble layer capacity makes the difference between anatase 
(X550) represented in Fig. 5 and rutile. 
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Fig. 5. Cyclic voltammograms of X 550 (anatase TiO2)  

vs SCE   reference electrode. 
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Fig. 6. Cyclic voltammograms of Pt600 (Pt deposited on  
anatase TiO2) vs SCE   reference electrode. 
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The oxidation and reduction effect is reduced due to 
the p-type semiconductor character of TiO2 and due to the 
interaction of TiO2 microstructure with protons inside the 
electrolyte. Data in the Table 3 show that the double layer 
capacity for Pt/TiO2 (rutile) is approximately two times 
lower than the double layer capacity of TiO2(rutile).  In 
case of Pt –anatase (Pt600) the double layer capacity is 
approximately 3 times higher than regular anatase X550. 
The double layer is not dependent of acid concentration. A 
first conclusion is that rutile is more appropriate support 
for electrocatalyst and anatase form is recommended for 
photocatalytic activity [16]. 
 
 

Table 3. 
 

Sample 
 

H2SO4 
conc 

Cd 
(µF/cm2) 

3M 8.6 
1M 9.2 

TiO2 
(rutile) 

0.5M 8.0 
3M 4.5 
1M 3.1 

Pt/TiO2 
(Pt/ rutile TiO2) 

0.5M 4.3 
3M 6.1 
1M 5.3 

X550 
(anatase TiO2) 

0.5M 4.1 
3M 15.2 
1M 15.9 

Pt 600 
(Pt/anatase TiO2) 

0.5M 12.0 
 
 
4. Conclusions 
 
Pt supported on SiO2 and TiO2 nanoparticles are not 

presenting any specific characteristics for the PEMFC 
catalyst applications. Even though Pt nanoparticles exhibit 
high catalytic activity for the oxidation reaction, TiO2 or 
SiO2 are not presenting a good support for Pt, regarding 
PEMFC applications. Also, Pt 600 did not present any 
catalytic activity for PEMFC applications. It can be con-
cluded that both TiO2 and SiO2 as support for Pt particles 
are not presenting a good answer concerning the oxidation 
reaction in PEMFC. 
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