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(e present work develops a MOS-based e-nose with sensors modified with zeolite Y. For this purpose, the following SnO2 doped
with Pd and/or Pt have been prepared: M1 ((0.25 Pd/0.75 Pt)/SnO2), M2 ((0.50 Pd/0.50 Pt)/SnO2), M3 ((0.75 Pd/0.25 Pt)/SnO2),
Pd/SnO2, and Pt/SnO2, at the total concentrations of the noble metals of 0.1% and 0.2% for use in gas sensors and be part of the
electronic nose. (en, the sensors were assembled with the oxides using the screen printing method. Different electronic noses of
four sensors were prepared by combining tin oxides doped with palladium and/or platinum and zeolite Y. (e physicochemical
characterization of oxides using FRX, FTIR, sorption of N2, and RAMAN has been performed. Measurements for the detection of
wine volatile compounds such as ethanol, methanol, 1-phenyl ethanol, propionic acid, and acetic acid were carried out with these
sensors located in a gas chamber and using a program that includes the Labview software, which serves to automate the sensing
process. It was found that the sensors modified with zeolite were the ones that in general had higher detections of volatile
compounds and PCAs showed positive correlations only for ethanol and the mixture of ethanol at 12% andmethanol at 3%.(is is
related to better detection of these sensors.

1. Introduction

(e sense of smell results from a series of specific and
nonspecific molecular surveys that can be used to measure
the quality of food, beverages, etc. [1]. In few cases, the
receptors are selective; that is, they are specific for some
particular type of molecule. In most cases, the odors are
perceived by nonspecific interactions. Electronic noses have
been developed to mimic this nonspecific recognition. (e
e-nose sensors are based on different types of materials. For
example, MOS (metal-oxide semiconductor) measures
concentrations of different compounds such as VOCs
(volatile organic compounds) by a variation in their elec-
trical resistance.(ese sensors work with two characteristics:

the receptivity (where the adsorption of the compound is
included) and the transduction (to translate the signal).
(ese oxides are more used than other materials for the
development of sensors [2].

As mentioned above, until now, we try to imitate the
sense of smell by constructing e-noses based on the criterion
of a nonspecific perception. However, single molecule de-
tection requires specific recognition in the case of sample
differentiation. For instance, the food industry needs to
detect if the product is spoiled, adulterated, etc. For this
reason, we consider not only the base material of the sensor
but also some modification that allows improving its se-
lectivity. From this, our objective is to modify sensors of
SnO2-based composites with zeolites in order to eliminate
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the passage of some compounds to the SnO2 surface of the
sensor and allow the detection of a target molecule, such as
ethanol.

2. Materials and Methods

2.1. Oxides Preparation. (e following solutions were pre-
pared for preparation of 0.1% doped tin oxide with mixture
platinum and palladium:

2.1.1. Platinum Salt Solution and Palladium Chloride. In a
100mL beaker, an amount of H2Cl6Pt and PdCl2 was dis-
solved with 20mL of 0.005M HCl.

2.1.2. SnCl2 Solution. In a 100mL beaker, a mass of SnCl2
was dissolved with 20mL of 0.005M HCl. In a 300mL
beaker, 100mL of 0.005M HCl and 3 g of SnO2 were added
together with the platinum salt solution, kept at 30°C for
15min under constant stirring. Subsequently, the SnCl2
solution was added and stirred for 50min at 30°C. (e
resulting mixture was filtered with Whatman No. 42 paper,
followed by washing it with 0.005M HCl and then with
water in order to eliminate the chloride ions. (e solid
sample was dried at 80°C for 24 h. Subsequently, it was
calcined at 400°C for 1 h. (is procedure has been used in
previous researches [2, 3].

2.2. Sensors Preparation. A template was formed with the
adhesive tape to define the area that would cover the film on
the surface of two alumina plates. Subsequently, 0.1 gram of
doped tin oxide was combined with 0.1% Pd or Pt with 0.02 g
of ethylcellulose and 32 μL of α-terpineol, forming a paste,
which was deposited on the two substrates of alumina, and
then a heat treatment was carried out in the oven for 15min
at 60°C.

2.3. Zeolite Y Activation. Activation of zeolite Y was per-
formed by three ion exchanges, using 600mL of (NH4)NO3
1M with 6 grams of zeolite. (e ((NH4)NO3 solution
containing the zeolite was placed in the two-neck balloon
and brought to the reflux system at 60°C for 24 h under
constant agitation. (e product obtained was centrifuged at
4000 rpm for 25min, and the aqueous part was decanted.
(is procedure was repeated three times. After the ionic
exchanges, the solid product was washed with distilled water
and dried in the oven at 100°C for 16 h. (e solid was
calcined in the muffle using a heating branch of 350°C for 2 h
and 500°C for 3 h.

2.4. Sensors Modified with Zeolite Y. In a beaker containing
0.05 g of tin oxide doped with Pt or with Pd, 0.01 g of
ethylcellulose and 16 μL of α-terpineol were added, these
substances were mixed uniformly to form a paste, which is
deposited on a surface of alumina containing two gold
electrodes, and then the entire assembly is calcined at 600°C
for 10min using a heating ramp of 3°C/min.

In order to prepare a thin layer of zeolite Y, 1,2-propanediol
is used as a solvent following the procedure described by
Vilaseca et al. [4]. Each mixture was constantly stirred until the
zeolite is dispersed in the solvent. Later, with the help of a
micropipette, a small quantity is extracted, which is deposited
by microdripping on the surface of the tin oxide previously
placed on the alumina sheet. Subsequently, we evaluated the
sensor signal obtained in the presence of volatile compounds.

2.5. Localized Sensors in the Camera. (e alumina plate
including the printed electrodes is placed on a steel plate
which in turn acts as a heater, replacing the four sensor
heaters. (is replacement allows a homogeneous heating.
(e way to obtain a homogeneous temperature is an in-
novative element, given that former sensors had its own
resistance. (is means a lower cost in terms of the heating
process.

3. Results and Discussion

Table 1 shows the nomenclature of the oxides prepared. Ten
oxides were obtained from different proportions of palla-
dium and platinum over tin oxide.

3.1. Characterization of Oxides Prepared. From the FTIR
(Figures 1–3), four signals can be seen that are approxi-
mately 700, 665, 620, and 547 cm−1 corresponding to vi-
brations of stretching of the O-Sn and vibrations of flexion of
the O-Sn-O [5]. (en, you can see a shoulder around
3400 cm−1 that can be attributed to the O-H signal coming
from the adsorbed water, which can be there due to moisture
in the environment. As mentioned above, the samples were
calcined at 400°C and according to data reported in other
studies [6], when the tin oxide is calcined at temperatures
higher than 300°C occurs a division of the recorded band at
700 cm−1, resulting in a division of four bands. We can
consider that this range is also affected by doping, but ap-
parently it is exclusively related to calcination temperature.

(e band at 1615 cm−1 corroborates the presence of the
hydroxyl group due to sample moisture. Apparently, the
palladium and platinum charges in the tin oxide are not
composing any bond or distorting the bonds of the tin
oxide.

Table 2 shows that prepared oxides have low surface area
values, which is a characteristic of many metal oxides. M1
0.1%/SnO2 and M2 0.1%/SnO2 have the largest surface area.
All the samples show almost null microporosity. (is
greatest surface area could be related to better detection.
(ese materials show very low porosity.

According to the International Union Pure and Applied
Chemistry (IUPAC), classification isotherms (Figures 4
and 5) are of type IV with a hysteresis loop of type H1,
which is characteristic of solids with pores of the cylindrical
type.

As previously stated and observing that for low relative
pressure values (P/P0), the adsorbed gas volume in the
isotherms starts from zero, we can conclude that micro-
porosity is practically nonexistent in these oxides. (e shape
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of the isotherms is very similar, with slight variations in the
desorption branch. For this reason, if the three isotherms are
superimposed, they practically follow the same shape.
(erefore, it can be affirmed that the percentage of doping
practically does not influence the structure.

It is well known that SnO2 has a tetragonal structure with
six atoms (2 Sn and 4 O) per unit cell [7]. Cell atoms of 6
units give a total of 18 branches for the vibratory modes in
the first Brillouin zone. From Figures 6 and 7 showing the
RAMAN spectra, the vibration frequencies are observed at
476, 638, and 782 cm−1 (e.g., A1g and B2g).

If there are no changes in the spectrum, like other peaks,
it may be due to the little disorder in the SnO2 that exists
when low percentages of Pd and/or Pt are incorporated.
Among the possible ways in which palladium and platinum
can be found is that of metal-oxide clusters [8]. If so, they
could be identified by RAMAN spectroscopy. However, it
did not occur because they are found as zero-valent metals.

Palladium has an ion ratio (86A) which is larger than the
platinum one (80A) so if it were in a higher concentration,
we could observe a disorder generated in the tin oxide
network.

(is would be corroborated by the decrease in the in-
tensity of the palladium peaks [9].

Using the FRX technique, palladium and platinum have
been found in samples of tin oxide that are only doped with

Table 1: Nomenclature of oxides prepared.

Nomenclature Description
0.1% Pd/SnO2 Tin oxide doped with 0.1% palladium
0.1% Pt/SnO2 Tin oxide doped with 0.1% platinum
0.2% Pd/SnO2 Tin oxide doped with 0.2% palladium
0.2% Pt/SnO2 Tin oxide doped with 0.2% platinum

M1 0.1%/
SnO2

Tin oxide doped with a mixture of palladium and
platinum (0.25 Pd/0.75 Pt) at 0.1% of metals in its

entirety

M2 0.1%/
SnO2

Tin oxide doped with a mixture of palladium and
platinum (0.50 Pd/0.50 Pt) at 0.1% of metals in its

entirety

M3 0.1%/
SnO2

Tin oxide doped with a mixture of palladium and
platinum (0.75 Pd/0.25 Pt) at 0.1% of metals in its

entirety

M1 0.2%/
SnO2

Tin oxide doped with a mixture of palladium and
platinum (0.25 Pd/0.75 Pt) at 0.2% of metals in its

entirety

M2 0.2%/
SnO2

Tin oxide doped with a mixture of palladium and
platinum (0.50 Pd/0.50 Pt) at 0.2% of metals in its

entirety

M3 0.2%/
SnO2

Tin oxide doped with a mixture of palladium and
platinum (0.75 Pd/0.25 Pt) at 0.2% of metals in its

entirety
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Figure 1: FTIR for oxides doped to 0.1%.
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Figure 2: FTIR of 1000–2500 cm−1 range for oxides to 0.1%.
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Figure 3: FTIR of 1000–0 cm−1 range for oxides to 0.1%.
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Table 2: Surface area of SnO2 doped with Pd and/or Pt.

Sample Surface area (m2/g) Microporous area (m2/g) Mesoporous area (m2/g)
0.1% Pt/SnO2 7 — 7
M1 0.1%/SnO2 11 — 11
M2 0.1%/SnO2 12 — 12
M3 0.1%/SnO2 7 2 5
0.1% Pd/SnO2 7.5 0.5 7
0.2% Pt/SnO2 7.5 — 7.5
M1 0.2%/SnO2 7 — 7
M2 0.2%/SnO2 8.7 — 8.7
M3 0.2%/SnO2 7.5 0.5 7
0.2% Pd/SnO2 8 — 8
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Figure 6: RAMAN spectra of SnO2 doped at 0.1% Pd and/or Pt.

0
0

2

4

6

8

10

12

14

16

V
ad

 (c
cg

–1
ST

P)

P/P0

0.1% Pt
M1 0.1%
M2 0.1%

M3 0.1%
0.1% Pd

Figure 4: Adsorption-desorption isotherms of N2 for oxides of
0.1%.
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Figure 7: RAMAN spectrum of the SnO2 doped at 0.2% Pd and/or
Pt.
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palladium and platinum. Although palladium and platinum
were observed in M1, the other samples only registered one
of these elements. It is possible that the platinum signal can
no longer be seen at concentrations lower than 0.05% or an
overlap of the palladium spectrum is also occurring with it. It
was possible to identify transitions L1 (11–0711 eV) y L2
(9.4427 eV) for platinum content and transition KL2 (21–
020 eV) y KL3 (21.177 eV) for palladium.

3.2. Selection of Samples (Wine Compounds) and Sensing
Process. In a previous study, and in order to select the
samples, Peruvian wines were analyzed with gas chroma-
tography (GC). (e findings showed that the compounds
that characterized the wine aroma were ethanol, 1 phenyl
ethanol, and propanoic acid, which were selected due to
their highest average concentrations. In winemaking, acetic
acid was selected as the most important product of the
process of fermentation.

In this study, the Agilent Technologies 7890A gas
chromatograph coupled to the Agilent Technologies 5975
selective mass detector and HP-FFAP polar capillary column
(30m× 250 μm× 0.25 μm) were applied for the detection of
volatiles.

(e sensing process used a static system. Vacuum was
applied in an airtight bubbler, and steam was extracted from
the sample, which was carried by the pneumatic system to
the gas chamber, where the sensor array was located. (en,
applying a data acquisition card, the detection was moni-
tored on the sensors by a computer. (ere, we observed the
voltage variation for each sensor while they were in contact
with the sample.

3.3. Sensitivity of Sensors. Sensitivity is measured by calcu-
lating the difference between the two signals, the baseline
signal, and the signal of the plateau.

Sensitivity of wine aroma compounds is measured fol-
lowing these steps:

(a) (e sample is placed in a container
(b) Vacuum is made with a pump and the aroma

compound (sample) is carried through a pneumatic
system

(c) (e sample reaches the sensor surface and is detected

Table 3 shows voltage values when the aroma compound
was detected for each sensor.

(e order of detection in most of the cases is as follows
(considering that sensors at 0.1% are the most stable): mix 12%
ethanol/methanol 3%> 12% ethanol>propionic acid> 3%
methanol> acetic acid> 1 phenyl ethanol.

Most of the cases show that the mixture of ethanol and
methanol obtains higher values of voltage than the sum of
the two detections, so it must be said that a synergic effect is
occurring.

3.4.Results of thePrincipalComponentsAnalysis (PCA) for the
E-Noses of the Sensors Composed by SnO2 Doped with

Palladium and/or Platinum. Differentiation of Volatile
Compounds by PCA. (e data obtained by the sensitivity
measurements using electronic noses with composite sen-
sors were processed using the principal component analysis
(PCA).

Figures 8–11 show the results of this multivariate
method.

Tin oxide doped with a mixture of palladium and
platinum shows results as good as those obtained from
doped oxides with platinum. (is mixture implies a cost
reduction because platinum is more expensive than
palladium.

Previously, sensors doped with palladium and plat-
inum were used in order to increase the active sites for
the detection of the substance to be analyzed. However,
the platinum, which shows the best results, is very ex-
pensive. So we try to mix it with palladium, which is less
expensive. In order to find a composite with better
sensorial properties, we experimented with mixtures of
palladium and platinum at different percentages (M1,
M2, and M3).

Mixture M2 at 0.1% and 0.2% showed sensorial prop-
erties similar to Pt/SnO2 at 0.1%. In addition, PCA and the
total variance of the PCAs corroborated the results men-
tioned above.

For PCA mixtures at 0.2%, the results are not as good as
the former PCAs, but it tends to a parabolic drift (dis-
placement of the points of the same sample), which is not
common.

(e correlations of the data tend to zero, as well as the
squared cosines. Both indicate the independence of the
variables.(erefore, the samples of wine volatile compounds
are different, and the objective of replacing sophisticated
techniques such as gas chromatography is achieved basing
on PCA results and e-nose device.

3.5. Measurement of Wine Volatile Compounds of the
Sensors Modified with Zeolite Y. (e use of zeolite Y to
modify the sensors is a novel contribution for this research.

It is important to mention that sensors modified with
zeolite Y allow the differentiation and/or transformation of
compounds of the same mixture.

In this way, the system would have two parts: a sensor
or sensing element (SnO2) and the transforming element
in order to modify or restrict the composition of the gas
under analysis, so that it is ready to interact with the
sensor element [10].

(e zeolites are composed of a tetrahedron structure
TO4 (T � Si, Al, etc.). (e tetrahedral units are joined by a
distribution of oxygen atoms to form a three-dimensional
skeletal structure of crystalline porous or spongy alumina
silicate. (e T-O-T joints result in a variety of rings that
originate zeolite boxes and channels with different sizes
of windows. (e use of zeolites in the field of sensors is
often employed to improve sensitivity and selectivity,
using preferably the adsorption process. (e pore size,
ion conductivity, adsorption, and catalytic selectivity can
be modified by ion exchanges with different cations [11].
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Zeolites are used to improve the selectivity, because this
is a problem that common sensors usually have to face, that
is, a mixture in which other molecules can interfere, such as
water:

(1) On the one hand, there is the action of the zeolites as
molecular sieves. In this case, the fact that zeolites are
crystalline solids with fixed-dimension channels can
be used to exclude molecules whose sizes are larger
than that of the zeolite pore

(2) On the other hand, zeolites are capable of having
specific interactions with some molecules of the

Table 3: Sensitivity of sensors based on oxides prepared.

Compounds 0.1%
(Pt)

M1
0.1%

M2
0.1%

M3
0.1%

0.1%
(Pd)

0.2%
(Pt)

M1
0.2%

M2
0.2%

M3
0.3%

0.2%
(Pd)

Ethanol 12% (et) 2 0.75 1.5 0.3 0.25 0.2 0.5 2.5 0.55 0.2
Methanol 3% (met) 0.5 0.4 0.9 0.35 0.4 0.1 0.25 1.4 0.25 0.1
Mixture (ethanol 12%/methanol 3%)
(et12met3) 0.75 1.8 2.8 1.2 0.5 0.35 0.8 3.2 0.8 0.35

1 Phenyl etanol (f ) 0.2 0.18 0.4 0.25 0.05 0 0.2 1.2 0.2 0
Propionic acid (p) 0.7 0.55 0.95 0.55 0.1 0.05 0.2 1.6 0.2 0
Acetic acid (a) 0.6 0.25 0.5 0.25 0.1 0.05 0.15 1.1 0.15 0
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Figure 8: PCA of wine volatile compounds obtained using an
e-nose with sensors doped with palladium and platinum at 0.1%
and 0.2%.
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Figure 10: PCA of wine volatile compounds obtained using an
e-nose with sensors doped with a mixture of palladium and
platinum at 0.2%.
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Figure 11: PCA of wine volatile compounds obtained using an
e-nose with sensors doped with palladium and/or platinum
with zeolite Y at 0.1% and 0.2%.
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gaseous mixture, using mainly selective adsorption
mechanisms.

Zeolite Y consists of a skeleton of SiO4 and AlO4
tetrahedral bonded by oxygen atoms, as mentioned above.
Its chemical formula is 0.9 Â± 0.2 Na2O :Al2O3 :wSiO2 :
xH2O, where w is a value ranging from 3 to 6, while x rep-
resents values higher than 9.

In general, the method was accepted, especially in the case
of zeolite-modified sensors, and we can trust the results due to
low correlations as well as the low values of the square cosines.

Previous studies [12] showed that zeolite has a high
catalytic activity to convert ethanol to ethylene since it
possesses acidic sites that allow the protonation of the OH
group of ethanol. However, this catalytic activity is not as
significant as those showed by H-FER and H-MFI.

It is very likely that for the case of ethanol (the molecule
with which the zeolite-modified sensor increases its sensi-
tivity), there is a donation of a proton from the acid site of
the zeolite to ethanol, causing an electron release to the
surface of the semiconductor oxide and an increase of the
conduction.

4. Conclusions

(e electronic nose allowed classifying the aroma compo-
nents such as ethanol and organic acids, among others.

(e M2 0.1% (yin oxide doped with a mixture 0.50 Pd/
0.50 Pt, at 0.1% of metals) showed a very good sensitivity as
much as that of the oxide 0.1% Pt.

(e sensors array modified with zeolite Y showed a good
performance.

We can conclude that a good differentiation of volatile
compounds of wine aromas can be obtained from a nose
with 4 sensors, in spite of its simplicity. It is possible to affirm
that this sensor array could be applied to differentiate
samples of a wine or a group of wines.

(e multivariate data analysis, PCA, allowed interpret-
ing the results.
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