L aNixFe;.xOzthin films: p-type ethanol sensors
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Abstract

Sol-gel LaNi 2sFey 7505 thin films were deposited by
means of spin-coating. After three depositions on
allumina substrates, the films were annealed at 873 K.
The films morphology was observed by AFM. The
structural characterization was performed by means of
Wide Angle X-ray diffraction (WAXRD), Glancing
Incidence X-Ray diffraction  (GIXRD), and
microdiffraction. The gas sensing response for two
alcohol were tested. The results show that
LaNig 2s5Feg.7503 thin films have a p-type response and
may be a good candidate to detect low ethanol
concentrations.

1. Introduction

LnTOs3 (Ln = rare earth and T = transition meta)
phase generadlly have a distorted perovskite-type of
structure. They are typicaly p-type semiconductor, in
which substitution of low valence cations produces
additional mobile anion vacancies [1]. They often exhibit
highly non-stoichiometry compositions, that make these
oxides particularly attractive for many technologica
application, as for example, for sensors devices. |ndeed,
different LnTO5 phases were proposed for detection of
humidity [2], acohal [3], oxygen [4], CO [5], and NO [6].

For the preparation of LnTOs; phases, severa
methods have been proposed, including sol-gel,
hydrothermal treatments, pyrolysis or combustion,
thermal decomposition of wet-chemically precipitation
and sputtering [7-12].

The chemical route results very suitable for sensible
films deposition. Until now, amost al studies about
these compounds have been performed on single crystals
and powders obtained by solid-state reactions [13]. This
techniqgue has several drawbacks, like poor phase
homogeneity and scarce control of the particle size. On
the contrary, sol-gel preparations present severa
advantages like low processing temperatures, and control
of the stoichiometry, size and shape of the particles[14].
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In a recent paper [15], we reported the
characterisation of LaNiO; LaFeO; and their solid
solution LaNig3Fey70; powders, prepared by sol-gel.
For treatments at temperatures lower than 1023 K, both
LaFeO; and LaNigsFep70; phases were indexed by a
cubic structure, while for high temperature treatments
(1173 and 1273 K) reflections characteristic of the
orthorhombic phase were detected.

In this study the structural and electrical properties
of LaNig 2sFep 7503 thin films, prepared by sol-gel and
deposited by spin-coating, are described. In particular it
is shown that this material, differently from powders, is
poorly crystallised after the treatment at 873 K. Indeed
the crystallisation of the film is complete only after a
thermal treatment at 1023 K. Moreover preliminary
results on sensor activity are reported from which it
appears that these films are potentia candidate for use as
ethanol sensor.

2. Preparation method

The preparation of LaNigsFey 7505 was carried out
starting from three precursor solutions.
Lanthanum(l11)acetate hydrate 5.05 g,
nickel (11 acetatetetrahydrate 0.095 g and iron(ll1)citrate
3.15 g were separately dissolved in water. A little amount
of propionic acid was added to the first solution for
favoring salt dissolution. The three solutions were then
mixed together and appropriate amount of citric acid (1
equivalent of citric acid per equivalent of cation) was
added. Ammonia was also added in order to have all the
componentsin solution.

Film deposition by spin-coating were performed
onto of 3° 3 mm? (250 nm thick) and 10" 10 mm? (500
mm thick) allumina substrates for electrical and structural
characterisation, respectively. On the former substrates
platinum interdigitated system and bonded gold contacts
were deposited. After the deposition by SCS 8’ Desk-
Top Precision Spin Coating System Model P-6708D,
films were heated at 773 K for 4 hours in air. Film
deposition and annealing treatment were repeated for
three times. The last thermal treatment was at 873 K.



3. Structural characterization

3.1. Morphology

The morphological characterisation was obtained by
the high resolution Autoprobe CP-Research model AP-
2001 from Thermomicroscopes. All the analyses were
performed in the contact mode.

Figure 1. AFM image of a LaNi 2sFep 7503 thin film
(y axis = 60 micron).

Figure 1 shows an AFM image of the LaNio 2sFep 7503
thin film (Y axis= 60 micron).

The layer appears homogeneous and porous. The
particles sizes were estimated to be between 100 and
150 nm. Since the absorption is related to the films
surface area these morphological features make this
material suitable for gas sensing applications.

3.2. Microstructure
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Figure 2. GIXRD spectra collected at 1° of
incidence for the sample a) as deposited (see
preparation method) and b) annealed at 1023 K for
15 hours. The stars indicate the LaFeOs perovskite
phase peaks (JSPDS, card n° 742203) [16].

Figure 3. X-Ray microdiffraction 2D image, obtained
on the LaNig 2sFeq 750s film, with an incidence angle
of 1°. X-Ray Microdiffraction employs an x-ray
beam focused in a spot of 300 mm and combined
with a 2-dimensional image-plate detector. The
bottom figure is a magnification of the selected area.
It shows the main LaFeO; peaks (at 2q = 32.1 and
46.2°).

Wide Angle X-ray diffraction (WAXRD) and
Glancing Incidence X-ray diffraction (GIXRD) spectra
were collected by aBruker “D8 Advance” diffractometer
equipped with a Gobd mirror. The angular accuracy was
0.001° and the angul ar resolution was better than 0.01°.

The X-Ray Microdiffraction spectra were collected
by a D/max-RAPID Rigaku microdiffractometer,
equipped with thecylindrical imaging plate (IP) detector.
The collimator spot was 300 mm.

In WAXRD spectrum, not reported here, only the
substrate peaks were detected.

Fig 2a show the GIXRD spectra collected at 1° of
incidence for the LaNig2sFep 7505 sample. Also on the
GIXRD pattern only the Al,O; substrate peaks were
detected. To verify possible preferred orientation, X-Ray
diffraction was performed by the microdiffractometer.



Fig. 3 shows the 2D patterns for a LaNig 2sFep 7503
sample, collected with the incidence angle of 1°. The
magnification of Fig. 3 (bottom figure) shows the main
LaFeO; peaks (at 2q = 32.1 and 46.2°), indicating that a
small amount of perovskite phase is crystaline. The
image shows also that Debye rings have similar intensity
in al directions. This amount was not detectable with
GIXRD technique.

Sample homogeneity was verified by performing
microdiffraction spectrain different points.

The pattern shown in Fig. 2b was collected on the
LaNig 2s5Fep 7503 sample after the annealing at 1023 K for
15h: the LaFeO; perovskite phasewas identified (JSPDS,
card n° 742203) [16]. Thus the annealing process
produces awell-crystallised film.

4. Electrical characterisation

We tested the gas sensing response of these materials
towards two acohol (methanol and ethanol) also in
presence of interfering gases as nitrogen dioxide and
carbon monoxide. Details on the experimental set-up,
based on the flow-through technique, are reported
elsewhere [17]. Constant flow of synthetic air of 0.3
I/min was used as gas carier and the desired
concentrations of pollutants were obtained mixing the
certified gas with the synthetic air. All the measurements
were made under controlled humidity (RH 30%) and the
temperature of the chamber containing the sensors was
set at 293 K.

The changes in the electrical properties due to
variations of the atmosphere were measured by the Volt
Amperometric technique. We applied a constant
potential of 5V to the sensing layer and the picoammeter
detects the conductance variation as a function of time.
Both the gas flow and the electrical parameters were
controlled by a PC, which a so registers the conductance
change of the sensors.

Gas measurements were made at constant temperature
and the gases concentrations were varied for ethanol and
methanol in the range 30-100 ppm The working
temperature was varied in the range between 673 K and
773 K, since during preliminary measurements no
appreciable response was registered below 623 K.

Figure 4 reports the dynamic response of the
LaNig 25F€0.7505 thin films as increasing concentrations
of ethanol were introduced in the test chamber at 773 K
and 30% RH. In these tests, the relative change of the
resistance was high (40% for 30 ppm EtOH, 60% for 50
ppm and 80% for 100 ppm). The current decreased when
the gas was introduced, pointing out a p-type behaviour.
The measurements highlighted that these films were
stable and that the recovery of the signal was complete
when the air flux was restored after the gas test.

The dynamic of these sensors was very fast as it can
be noticed in Fig. 4. The response and recovery times

were defined as the times the conductance takes to reach
90% of (Ri-Ro) when the gas was introduced and to
recover 30% of (R-Rp) when the flux of air was
restored. The response and recovery times for ethanol
were respectively about one minute and two minutes at
673 K and 773 K. Very fast response was observed at
723 K (response time for 100 ppm ethanol was 18 sec).

ethanol 773 K, 30% RH

3.8x10"
3.6x10"
3.4x107
3.2x107
3.0x107

2.8x107

current (A)

2.6x10"
i 30 ppm

2.4x10"
b 50 ppm
2.2x10"

20107
i 100 ppm

1.8x107
0 1000 2000 3000 4000 5000 6000 7000 8000 900C

time (s)

Figure 4. Dynamic response of the
LaNio,25Feo.7503 thin films towards different
concentrations of ethanol at 773 K, 30% RH.
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Figure 5. Trend of the LaNig 2sFep 7505 film
response vs. ethanol concentration at three
different temperatures.



The behavior of the response at different temperatures
was also investigated. Figure 5 reports the response
obtained at three different temperatures versus ethanol
concentration.

As seen, the best sensing properties were obtained at
673 K. The response versus concentration is quite flat,
but for the highest temperature.

No appreciable response was observed for the other
gases tested. Thus, LaNig2sFeo7505 thin film seems a
selective sensor for ethanol.

5. Conclusons

Sol-gel LaNig 25Fe0.7503 thin films were prepared by
spin-coating. The deposited layers are nanostructured and
porous.

Both WAXRD and GIXRD techniques were not able
to detect the film phase, while the microdiffraction
technique allowed to conclude that only a small amount
of the as deposited film was crystalline.

After the annealing at 1023 K for 15 hours the film
completely crystallized in the perovskite phase (JSPDS,
card n° 742203 [16]).

The electrical characterization showed that
LaNigosFep 7503 thin films are selective to ethanol
detection. The response of these layers is p-type. This
can be an interesting feature for applications in sensors
arrays since the p-type response can be easily picked out
from the more usual n-type sensors response (e.g. SnO;,
TiO etc.).
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