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Abstract: In this research, nanoporous platinum film is synthesized by using the dealloying method
Platinum-copper (Pt-Cu) alloy films with approximately 50nm are prepared on the glass by using
the magnetron co-sputtering technique. In order to obtain nanoporous Pt, Pt-Cu alloy films are deal-
loyed in 1 M nitric acid solution for different times. It is observed that when dealloyed in the nitric
acid solution for 5 h, Cu was completely removed from the alloy, and nanoporous Pt with a regular
pore structure was obtained. The fabricated nanoporous Pt film is tested for hydrogen detection in
the concentration range of 10 ppm—>5% hydrogen at various temperatures. The results demon-
strated that the sensitivity of nanoporous Pt is about 6.5 for exposure to 1% hydrogen, and the sens-
ing mechanism of nanoporous Pt could be explained with the surface scattering phenomenon.

Keywords: platinum; nanoporous; resistive sensor; hydrogen sensor; co-sputtering; dealloying
method

1. Introduction

Hydrogen, an abundant element in the universe, is an efficient, clean, and a renewa-
ble future energy source. Hydrogen is also an industrial gas used in many areas such as
chemistry (as a reducing medium in crude oil refining, plastics, flat glass industry, etc.),
semiconductors (as process gas in thin film deposition and annealing atmospheres), food
products (for oils and fats hydrogenation), and transportation (in cars, trains, fuel cells,
and spacecraft) [1]. However, it is a gas with a lower explosion limit of 4% in air and a
low ignition energy. Therefore, a slight gas leak can cause serious concern, and the use of
hydrogen poses a severe safety concern. Hydrogen gas cannot be detected by the human
senses, and is tasteless, colorless, and odorless. So, when hydrogen or hydrogen contain-
ing gases are used, the safety is an important parameter. Therefore, the development of
hydrogen sensors is vital and this sensors should respond quickly, have a wide sensing
range, and are capable of being deployed in city scale networks [2]. In addition, a lot of
research is underway to continuously improve sensor parameters such as selectivity, sen-
sitivity, reliability, and response time, as well as diminish cost, sensor size, and power
consumption, to meet future demands for the use of hydrogen in technology [3].

Metal and metal alloy nanomaterials, which have very good physical and chemical
properties, have attracted great attention due to their important applications in various
fields such as catalysis, battery, actuator, optics, sensors and medical therapy [4-6]. The
performance of nanomaterials can be increased by adjusting parameters such as size,
shape, morphology, composition and structure. Porous nanomaterials have superior
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physical properties such as very good geometric structure, large surface area, fine pores
and stability [7-11]. Dealloying, one of the porous material production methods, is a cor-
rosion process where the selective dissolution of an active component from a homogene-
ous, single-phase alloy consisting of bi- or multi-component metals with different chemi-
cal activities under suitable corrosion conditions leaves a porous residue behind [12,13].
The network architectures of dealloyed metals contain nanoscale struts and ligaments.
Such a structural feature enhances the mechanical performance for their applications as
functional or lightweight high-strength materials in sensing and actuating devices [14].

Platinum (Pt), which is one of the noble metals, makes these materials widely used
in areas such as chemical, petrochemical, pharmaceutical, electronic and automotive in-
dustries, thanks to its very good resistance to corrosion and outstanding catalytic and
electrical properties [10,11]. Pt, Pd and their alloys with other metals are used as sensing
layer for resistive metallic hydrogen sensors [15]. They are also used as a sensing layer for
optical, magnetic, mechanical hydrogen sensors, and as contact material for semiconduc-
tor resistive hydrogen sensors and work function based hydrogen sensors. Absorption of
molecular hydrogen by Pd or Pt, changes in physical properties such as electrical, mass,
volume and magnetic can be used to develop hydrogen sensors [16]. There are a few stud-
ies about Pt based resistive hydrogen sensor compared to Pd based resisitive hydrogen
Sensors.

In this report, nanoporous Pt films are fabricated by using dealloying method. The
temperature and concentration dependent hydrogen gas sensing properties of these films
are studied.

2. Materials and Methods

Platinum-copper (Pt-Cu) alloy films with approximately 50nm are coated on a mi-
croscope glass slide by using the magnetron co-sputtering method with an atomic ratio of
15:85, respectively. In order to obtain nanoporous Pt, Pt-Cu alloy films are dealloyed in 1
M nitric acid (HNOs) solution for different times (from 15 min to 20 h). NANOVAK 400
PVD system is used for all metallic film coating and is consist of two sputtering and two
thermal evaporator sources. The schematic representation of nanoporous Pt production
using the dealloying method is given in Figure 1a. Nanoporous Pt, which dealloyed for 5
h, is heat treated at different temperatures from 200 °C to 500 °C.

Dealloyed Pt-Cu
alloy in 1 M HNO;

(a) (b)

Figure 1. Schematic diagrams of the fabrication of nanoporous Pt with dealloying method (a) and
resistive gas sensing measurement setup (b).
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Scanning Electron Microscopy (SEM) and energy-dispersive X-ray spectroscopy
(EDX) that directly attached to the SEM are used to clarify the morphologies of and the
composition of nanoporous Pt and Pt-Cu alloy film, respectively. In order to determine
hydrogen gas sensing properties, two silver (Ag) electrodes are coated on the top of na-
noporus Pt by using a thermal evaporator with a shadow mask for measuring the two-
point resistance. Figure 2 shows a schematic illustration for a resistive type sensor device
measurment setup. The resistance of nanoporous Pt is continuously recorded by utilizing
a two point-probe, with Keithley 2700 multimeter during changing the atmosphere of a
home-made measurement cell. The measurement cell is a flow-type aluminum chamber
and is included a heatable sample holder. Two mass flow control units (Alicat) are used
for controlling hydrogen gas concetration from 10 ppm to 5%. A schematic diagram of
hydrogen gas sensor measurement system is given in Figure 1b. Lakeshore 335 tempera-
ture controller is used for changing the temperature from 25 °C to 150 °C. All measure-
ment data were recorded using LabVIEW program with a GPIB data acquisition system
connected to a personal computer.
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Figure 2. SEM images of Pt-Cu alloy film (a) and nanoporous Pt film (b) that fabricated with deal-
loying method in 1 M HNOs for 5 h. EDX spectrums of Pt-Cu alloy film (c) and nanoporous Pt film

(d).

3. Results and Discussion

Figure 2a shows SEM image of Pt-Cu alloys before dealloying and Figure 2b shows
SEM image of Pt-Cu alloys after dealloying in 1 M HNO:s for 5 h. According to the sem
results, it was seen that the films dealloying for 5 h had a structure of small-grained and
smooth porous. EDX spectrum results of Pt-Cu alloy before dealloying and nanoporous
Pt etched in 1 M HNO: solution for 5 h are given in Figure 2c,d, respectively. The peaks
of elements such as Ca, Mg, Al, Si, O, Pt and Cu were determined in the samples prepared
according to the EDX results. The peaks of the Ca, Mg, Al and Si elements originate from
the material in the structure of the microscope glass substrate. The EDX peaks of Cu and
Pt elements come from Pt-Cu alloy film that coated on glass as seen in Figure 2c. When
the two graphs are compared, it is understood that when the Pt-Cu alloy containing 85%
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Cu is dealloying in 1 M HNO:s solution for 5 h, Cu is completely removed from the struc-
ture. Because there is no peak of Cu element in the EDX results given in Figure 2d. So, It
is observed that when dealloyed in nitric acid solution for 5 h, Cu was utterly removed
from the alloy and nanoporous Pt with regular pore structure was obtained.

Figure 3a shows the resistance change of nanoporous Pt film during exposure to var-
ious hydrogen concentrations in the range of 10 ppm to 5% at the temperature of 150 °C.
The resistance of nanoporous Pt film is decreased when the measurement cell is purged
with 10ppm hydrogen and then during cleaning of the measurement cell with high purity
dry air the resistance increases slowly. Similar behaviors are obtained for the remaining
indicated hydrogen concentration. The change in the resistance of nanoporous Pt en-
hances while hydrogen concentration increases. The hydrogen sensing mechanism could
be explained as follow. During the resistance of nanoporous Pt film measurement under
dry air flow, the surface of the film is covered with adsorbed oxygen. While hydrogen is
exposed to the film, hydrogen atoms dislocate with oxygen atoms, and the number of
electron surface scattering decreases. So the decrease in the resistances of the film could
be elucidated with the surface scattering phenomenon. Similar behavior was reported for
Pt nanowire [17] and Pt thin films [18-20]. Figure 3b shows the sensitivity as a function of
logarithmic hydrogen concentration of nanoporous Pt film at 150 °C and the sensitivity is
increased as the concentration enhances. Figure 3c shows the sensitivity versus tempera-
ture curve of nanoporous Pt exposed to 1% hydrogen. The sensitivity of nanoporous Pt
film rises with the temperature, and this behavior could be related to the activation pro-
cess.
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Figure 3. The resistance versus time graph (a) and sensitivity as a function of concentration chart
(b) of nanoporous Pt film exposed to broad hydrogen concentration (10 ppm—5%) at the tempera-
ture of 150 °C. (c) The sensitivity versus temperature curve of nanoporous Pt exposed to 1% hydro-
gen.
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4. Conclusions

Nanoporous Pt film is successfully fabricated by using dealloying of Pt-Cu alloy thin
films that are coated on microscope glass substrates with the magnetron co-sputtering
method. Temperature and hydrogen concentration-dependent gas sensing properties of
the nanoporous film are studied. Nanoporous Pt film could be potentially used for low
concentration hydrogen detection, such as safety issues, hydrogen leak detection, and also
detection of molecular hydrogen in exhaled breath for diagnosis.
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