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In this work, Pt nanoparticles obtained by different synthetic routes were incorporated into nanostructured\8d€rs by contact transfer-
ence. The presence of the nanoparticles was confirmed by XRD and TEM. When used as sensitive material in the fabrication of gas sensors,
the SnQ/Pt nanoparticle composites obtained showed a high sensitivity towards the detection of reductive gases such as CO.
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En el presente trabajo, nanopenias de Pt obtenidas por diferentes rutasidiesis se incorporaron a polvos de Sn@noestructurados
por transferencia por contacto. La presencia de las nanogplad fue confirmada por XRD y TEM. Usadas como material sensible en la
fabricacbn de sensores de gases, los compuestos/8afbpaiiculas de Pt obtenidos mostraron una alta sensibilidad hacia la detefeci
gases reductores como el CO.

Descriptores:Sensores de gases; nanoaitas de Pt; deteamn de CO.

PACS: 61.10,-i; 61.46.Df; 61.46.-w; 68.37.Lp; 71.20.Nr

1. Introduction ii) different blends of metal clusters can be formulated,
opening up the possibility of fine-tuning the sensitivity
Catalytic additives are widely employed to improve the sens- of the sensors towards different gases; and

ing characteristics of oxide-based solid-state gas sensors. The
most frequently used additives are noble metals such as Pt, PdiV) the uncertainties concerning the chemical nature, parti-
and Au. In thick film techniques, several wet methods have cle size and localization of the catalyst in the fabricated
been proposed for introduce the additives into the sensingox-  Sensor are considerably diminished.
ide matrix, most of which are based on two basic procedures:
2. Experimental
a) impregnation of the oxide with a salt solution of the
additive followed by a heat treatment; and Three different synthetic routes were employed to produce
the metallic nanoparticles:
b) introduction of a salt of the additive during the synthe-
sis of the oxide. a) reduction of the chloroplatinic acid in ethylenglycol at
150¢°C in Ny atmosphere [2];
In both cases the additive is introduced as a molecular species
(PtCl;, PdCL, etc.) which undergoes a chemical change to
its final form, presumably metallic clusters, during a pyrolitic
process. However, the final chemical states associated with
the additives and their localization in the oxide matrix are is- C) two-phase Synthesis based on the transfer of a chlo-

b) methanol reduction of a water-methanol solution of
a salt of the metal, with poly(N-vinyl-2-pyrrolidone)
(PVP) as stabilizer [3];

sues still under debate [1]. ride complex of the metal from the aqueous phase
In this work, an alternative approach to the introduction to toluene using tetraoctylammonium bromide as

of the catalyst is presented, based on the incorporation of pre- phase transfer reagent; followed by reduction with

viously synthesized metallic nanopatrticles in the formulation NaBH; [4].

of the SnQ screen-printing paste. This approach presents,

priori, several advantages: Suspensions of SiJAldrich P.A.) and the Pt nanopar-

ticles (0.5 — 1%) were thoroughly mixed by magnetic stir-
i) the chemically synthesized metal particles are smalling. The composites were decanted, filtered and calcined at
(typically 1.5-4 nm) and highly catalytic; 550°C. The powders were characterized by X-ray diffraction
(XRD) and transmission electronic microscopy (TEM).
ii) the particle size can be controlled by varying the  Thick film pastes were obtained by mixing the compos-
preparative conditions; ites with a suitable organic vehicle [5]. The sensitive pastes
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thus obtained were screen-printed onto 96% alumina suh-
strates, covering interdigital electrodes of Pt. The gas sensfasLE I. Sensitivity R.:-/Rco of SnO, gas sensor modified with
ing properties of the sensors were measured in a flowing gaBt nanoparticles(1% w/w) to different concentrations of CO.
system at a flow rate of 500 ml/min at various concentra-
tions of different reducing gases. All the electrical resistance
measurements were performed in the temperature range 250-
350°C in a sealed Teflon chamber. 79.54 3.8 5.4 9.9 13.4

Rair (Kohm) Sensitivity
50ppm  100ppm 300 ppm 475 ppm

3. Results

All three synthesis methods yield very stable colloids of Pt
nanoparticles. In the obtention of the screen-printing pastes,
however, the nanoparticles obtained by method (a) presentec
advantages due to a higher metal concentration, better com
patibility with the organic vehicle, and a more effective con-
tact transference to the SpO

In Fig. 1, typical XRD spectra of a composite Syi®t
nanoparticles is shown. The XRD diffraction pattern revealed
that tin dioxide cassiterite present an average crystal grain
size of 60 nm. The XRD pattern also shows two diffraction
signals due to the Pt nanoparticles. The intensity of the sig-
nals is very low and strongly depends on the size and concen:
tration of the Pt nanoparticles.

The micrographs obtained by transmission electron mi-
croscopy (TEM) show that the sizes of the Sn@nocrys-
tals vary widely in the range 20-100 nm, with an average
value of 60-70 nm. This value corresponds quite well with
that obtained from the XRD diffraction patterns. In Fig. 2,
a high magnification TEM image of one of the samples is
shown. The micrograph shows an agglomeration of tin ox- 2500001
ide nanocrystals with an average size of 40 nm. The grains
are covered by Pt nanoparticles with an apparent diameter o' _ 200000+
4 nm. Itis interesting to note that the nanoparticles are some- £

how aligned onto the surface forming “nanoleads”. This -g 150000 -

nd

FIGURE 2. TEM image of Pt nanoparticles adsorbed onto SnO
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I FIGURE 3. Response of Snfas sensor modified with Pt nanopar-

| |
-«J 'W} lﬁﬂmﬁ A U

30 40 50  (°20)

FIGURE 1. XRD of Sn0O; modified with Pt nanoparticles
(1% w/w). The peaks assigned to Pt are indicated with (*).

K ticles (1% wi/w) to different concentrations of CO.

is probably a decoration effect due to the preferential deposi-
tion of the Pt nanoparticles along imperfections in the $nO
nanocrystals, where the electrostatic oxide-Pt nanoparticles
interactions are stronger.

Figure 3 shows a typical response of SH@ nanopar-
ticles (1% w/w) when the sensor is exposed to different CO
concentrations, and indicates that the sensor presents a gooc
response to CO. Table | summarizes the values of the re-
sistance in air (R,) and the relative sensitivity defined as
R.ir/Ryqs at different CO concentrations. Further research is
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in progress in order to optimize the nanoparticle transferencaanoparticles were transferred to the surface of Smelec-
and to improve the sensor selectivity using blends of metallidrostatic contact. The composites Syt nanoparticles are

nanoparticles. highly sensitive towards a redactor gas as CO. The sensors
fabricated present a good sensitivity a high potential of im-
4. Conclusions provement.

In the present work stable colloids of Pt nanoparticles have
been obtained by three different chemical routes. The Pt
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