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ABSTRACT

Co
3
O

4
-, MoO

3
- and Pd-doped nanocrystalline SnO

2
 powders have been

synthesized in a nitrate melt. The phase composition, microstructure,
morphology, fineness and distribution of dopant have been studied by
XRD, TEM, SEM, EDX. The sensitivity S of films of these powders to a
number of alcohols (methanol, ethanol, propanol, butanol, isoamyl alco-
hol) and dimethylketone has been studied by electrical conductivity mea-
surement. The effect of doping (increase in S) is due to the formation of
the nanocomposite SnO

2
/dopant, in which the dopant either facilitates

oxygen activation (Pd) or is an incomplete-oxidation (MoO
3, 

Co
3
O

4
) cata-

lyst.  2015 Trade Science Inc. - INDIA

INTRODUCTION

�Chemical resistors� based on films of doped

SnO
2 
powders, whose electrical conductivity is very

sensitive to the adsorption of gas molecules on their
surface, are widely used in toxic and explosive gas
sensors[1]. The main functional disadvantage of
SnO

2
-based sensors is their low selectivity[2]. To

increase it, doping of SnO
2 
with other oxides is em-

ployed. The doping efficiency increases if a
nanocomposite of the base oxide SnO

2
 and a dopant

M are formed, catalysts (platinum metals or d-metal
oxides) being used as dopants[2]. This approach al-
lows one to increase the adsorption activity of SnO

2

and the oxidation rate of gas molecules on the SnO
2
/

M composite. Another peculiarity of the SnO
2
/M

composite is that the grain boundary between SnO
2

and M grains is very sensitive to the composition,
microstructure of dopant and the nature (topogra-
phy) of its distribution[3].

The procedure for the synthesis of the SnO
2
/M

nanocomposite for the detection of a particular gas
involves a purely empirical approach. This is due
to the specific character of gas-sensor reactions. For
such reactions on thick films (i.e. prepared from syn-
thesized SnO

2
/M powders), the known established

principles of heterogeneous catalysis theory can only
be employed with ill-founded assumptions.

Known methods for the synthesis of SnO
2
/M:

chemical precipitation, sol-gel and solid-phase syn-
thesis and others are better studied experimentally.
For the products obtained by these methods, the cor-
relation between synthesis and the physicochemical
and functional properties of the synthesis product
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SnO
2
/M has been roughly studied. Of the functional

properties, the effect of dopant on microstructure and
hence on reactivity in the case of interaction with
gases of different nature was considered as the most
important one. Since the conclusions drawn in these
studies did not give comprehensive answers as to
the principles of selecting dopants for the desired
selective gas reaction, we proposed an alternative
method for the synthesis of SnO

2
/M-based gas-sen-

sitive material.
The developed method for the synthesis[4] of

SnO
2
/M nanocrystals in salt melts enables one to

produce powders which differ in some properties
(structure, phase composition, fineness, etc) from
those obtained by known methods. Therefore, it is
interesting to perform a comparative evaluation of
data on the capabilities of materials synthesized in
melts and commonly used materials of SnO

2
/M type

in the case of reactions, studied earlier, with atmo-
spheric oxygen and gases-reductants.

This paper presents results on the synthesis of
SnO

2
/M nanocrystals (M=Co

3
O

4
, MoO

3
, Pd, Sb

2
O

5
)

in the NaNO
3
-KNO

3
 melt, their properties, the gas

sensitivity of films of them in low-molecular alco-
hol (R-OH, R=CH

3, 
C

2
H

5, 
C

3
H

7
, etc) and acetone

vapor. The chosen dopants are two types of cata-
lysts: platinum metals and d-metal oxides. Sb oxide
was added when it was necessary to increase the
electrical conductivity of SnO

2
/M films (to reduce

the testing error).

EXPERIMENTAL

The SnO
2
 powders were produced by the inter-

action of SnCl
2
.2H

2
O precursor and dopants in the

NaNO
3
-KNO

3
 melt (250-450 °C). SbCl

3
.5H

2
O,

PdCl
2
, Co(NO

3
)

3
, (NH

4
)

6
Mo

7
O

24 
and sodium formate

were used as the precursors of dopants. The mor-
phology, microstructure, phase and chemical com-
position were studied by SEM (JEOL JSM � 6060-

LA), TEM (JEOL JEM2010), the X-ray analyzers
of these microscopes, an X-ray diffractometer
(DRON-3M). The grain size d (nm) of doped SnO

2
/

M powders was estimated from the broadening of
reflections in X-ray diffraction patterns using the
Scherrer formula. The films of SnO

2
/M powders

were prepared by the thick-film technology by ap-
plying a paste of powder in colloidal solution of
ethylcellulose in terpineol to dielectric substrates
of Al

2
O

3
-based ceramic with Ag electrodes. The re-

sulting SnO
2
/M films were dried at 100 °C for one

hour and heat-treated at 550 °C. The response of the

resistance R of such films in the time t (R-t) was
measured at direct current with a UT61E multimeter
with software for real-time data output to a com-
puter in the format of Excel tables. R was measured
in a temperature range of 20-350 °Ñ and a gas con-
centration range of 0.5-350 ppm. The gas sensitivity
S of films was analyzed (S=R

a
/R

g
; R

a
 � electrical

resistance of SnO
2
/M film in air, R

g
 � the same in

analyte gas).

RESULTS AND DISCUSSION

Identification of synthesized powders. Accord-
ing to X-ray diffraction data (Figure 1), all obtained
SnO

2
/M samples (M=Co

3
O

4
, MoO

3
, Pd) are single-

phase ones, their diffraction patterns correspond to
the standard (96-500-0225, tin (IV) oxide, cassiter-
ite) and rutile structure (SnO

2
).

It can also be seen that the samples synthesized
in the NaNO

3
-KNO

3
 melt at 450 °C and without ad-

ditional heat treatment have a satisfactory crystal-
linity. It will be recalled that the absence of heat

Figure 1 : X-ray diffraction patterns of SnO
2 
(a), SnO

2
/

10 mol % MoO
3
 (b), Sn

0.97
Sb

0.03
O

2
/5 at % Pd (c) powders;

CuKá-radiation
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treatment (T>700 °C, 6-24 h) allows one to prevent

such unwanted phenomena as SnO
2
 recrystallization,

oxidation of dopants, breakdown of dopant clusters
because of their diffusion into the bulk of SnO

2
 grain.

The peaks in the diffraction patterns of all powders
are highly broadened, indicating nanosized fraction
of synthesized powders. Using the Scherrer formula,
the mean size of the coherent-scattering region has
been determined from the broadening of peaks. For
SnO

2
 powders, we obtained d=33 nm, for SnO

2
/Pd

d=6.2 nm; in the case of SnO
2
/MoO

3
, d depended on

the MoO
3
 concentration and varied between 33 and

11 nm over the range 0-10 mol % MoO
3
. An analy-

sis of data[5] showed that this nature of d variation
may mean segregation of the dopant phase (MoO

3
)

with smaller d on the base oxide grain surface, i.e.
formation of the SnO

3
/MoO

3
 nanocomposite. Be-

cause of the broadening of diffraction peaks, the SnO
2

unit cell constants a and c cannot be determined with
required accuracy for different molybdenum concen-
trations, i.e. the possibility of formation of a SnO

2
-

dopant solid solution cannot be ruled out or con-
firmed. The formation of the SnO

2
/MoO

3
 composite

is indirectly confirmed by the absence of Mo peaks
up to the concentration 20 mol % MoO

3
 from our X-

ray diagrams[5] and those presented in[6] and by a
decrease in the concentration of conduction elec-
trons because of their interaction with surface Mo6+

ions to form Mo5+ ions and anion vacancies. The
presence of Mo5+ ions in the SnO

2
/MoO

3
 composite

was observed in EPR spectra of these powders[7].

Pd clusters were observed in high-resolution TEM
images of SnO

2
/Pd[8]. The size of SnO

2
/M crystals

and their agglomerates and their morphology are
shown in Figure 2 for Sn

0.97
Sb

0.03
O

2
/3 mol % MoO

3

as an example.
Values of d, which are close to XRD data, for

powders with Pd can be seen in Figure 2b; the Pd
content of the sample is 2.3 % (according to TEM
analyzer data), i.e. is close to that preassigned in
synthesis. The composition of Sn

0.97
Sb

0.03
O

2
 pow-

ders is fairly uniform: the tin and oxygen content
determined from four 50 × 50 ìm windows of
Sn

0.97
Sb

0.03
O

2
/3mol% MoO

3
 powder is close to the

expected one (Figure 2c).

Gas sensitivity of the electrical conductivity of
SnO2-based thick films

SnO
2
 films. A high resistance R

a
 of SnO

2
 film in

air and its decrease (down to R
g
) with increasing

alcohol vapor concentration in the gas-air mixture
were observed (see inset in Figure 3a). Decrease in
R for the gas-air mixture and its return to the initial
value in air (Figure 3) are typical of alcohols (gases-
reductants) and mean alcohol oxidation on the SnO

2

oxide catalyst chemisorbed by atmospheric oxygen.
Several alcohol oxidation mechanisms are pos-

sible[6]. Methanol oxidizes on SnO
2
 to formalde-

hyde[6]. For other alcohols, the oxidation mechanism
depends on the acidity of groups on the oxide sur-
face. More basic groups provide the mechanism of
alcohol dehydrogenation to form acetaldehyde and

Figure 2 : SEM-image (a) and EDX-spectrum (b) of Sn
0.97

Sb
0.03

O
2
/3 mol % MoO

3
 powder and TEM-image (c) of

Sn
0.97

Sb
0.03

O
2
/2,5 % Pd powder
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to give up electrons of this reaction to the SnO
2
 con-

duction band, which leads to a decrease in R down
to R

g
 on alcohol vapor inflow. The kinetics of this

gas reaction differ widely in the order: methanol,
ethanol, propanol, butanol, isoamyl alcohol and de-
pend not only on the difference in reaction products
(formaldehyde, acetaldehyde) and reactive forms of
oxygen involved in it, but also on the difference in
the degree of carbon chain branching (steric factor).
Apparently because of this we have S ~ 1 and un-
stable R

a
 values in the case of methanol; for butanol

and isoamyl alcohol we have S ~ 1.5, a good repro-
ducibility of R

a
 and R

g
 and proportionality of S to

alcohol vapor concentration (Figure 3).
To account for the dependence of S on the size

and structure of R-OH alcohol carbon chain (R=CH
3
,

C
2
H

5
, C

3
H

7
, etc), some data on heterogeneous ca-

talysis should be employed. In terms of the acid-
base model of the formation of catalytic and adsorp-
tion centers on the SnO

2
 surface, which has basic

properties, the oxidative dehydrogenation reaction
of alcohols[6, 9], which proceeds according to the two-
step scheme:

Dissociative alcohol adsorption from the gas
phase:
RCH

2
OH

g
 + Snx + Ox 

(RCH
2
O¯��Snx) + (OH)� (1)

And hydrogen elimination from the carbon atom:
(RCH

2
O¯�..Snx) + O

ac
¯ + V

o
 

 RCHO
g
 + Snx + (OH)� + e¯ (2)

Is preferable, where Snx, Ox are tin and oxygen
atoms in the SnO

2
 lattice, V

o
 is oxygen vacancies,

and (OH).is hydroxo-group on the tin dioxide sur-
face.

According to this scheme, all lower alcohols
oxidize on SnO

2
 to RCHO aldehydes, except metha-

nol, which oxidizes to formaldehyde. RCHO and
CH

2
O can be further oxidized to CO

2
 and H

2
O.

The mechanism of dehydrogenation according to
the scheme (1, 2) leads to the transfer of dehydroge-
nation reaction electrons to the SnO

2
 conduction

band, i.e. forms the response S of the sensor. The
dehydrogenation reaction rate apparently increases
with carbon chain length. It can be seen (Figure 4)
that for butanol and isoamyl alcohol, S>1.4 (for
methanol, ethanol and propanol, S~1.0), i.e. the pro-
cess of hydrogen elimination from the carbon atom
is promoted with carbon chain extension.

This experimental fact (Figure 3, curves 4 and
5) indicates the dehydrogenation mechanism to pre-
dominate in our experiment. There is a difference of
the sensing properties of our SnO

2
 from those of SnO

2

obtained by known methods, e.g. by chemical pre-
cipitation[6]. Unlike our case, S decreases in the lat-

Figure 3 : Sensitivity S (R
a
/R

g
) of a SnO

2
 film to alcohol vapor with a concentration of 3 ppm: (1) methanol, (2)

propanol, (3) ethanol, (4) butanol, (5) isoamyl alcohol; the inset shows the dynamics of resistance variation (R-t) of
a SnO

2
 film at the butanol vapor concentration: (1) 1 ppm, (2) 3 ppm, (3) 5 ppm
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ter in going to propanol and butanol. This decrease
is accounted for[6] by steric effect as a result of re-
placement of linear radical by branched one (bu-
tanol). It is yet unclear why the steric factor is not
realized on the surface of SnO

2 
synthesized in a salt

melt reaction medium.
Sn

0.97
Sb

0.03
O

2
/5 at % Pd film. Figure 4 shows R-

t plots for methanol, ethanol, butanol, isoamyl alco-
hol. The following distinguishes them from the plots
shown in Figure 3 for SnO

2
: much (3-4 times) higher

S=R
a
/R

g
 for methanol and isoamyl alcohol (which

differ greatly in the number of carbon atoms and
structure), no influence of dopant on the S value for
butanol, independence of S from the isoamyl alco-
hol concentration.

The doping of SnO
2
 powders with Pd, if its clus-

ters are formed on the SnO
2 
surface, can perform

three functions: alcohol oxidation reaction catalysis
(1), dissociative adsorption of O

2
 molecule on the

SnO
2 
surface (2), interaction between Pd clusters and

the SnO
2 
matrix, as a result of which a change in the

configuration of palladium d electrons[2] and new
reaction properties of the SnO

2
 surface are possible.

These consequences of doping with Pd for ethanol
and acetone were observed in[8], though no direct
proofs of the doping mechanism were obtained.

Since the oxidation mechanisms and products (form-
aldehyde and acetaldehyde) for methanol and isoamyl
alcohol differ, the following scheme of dopant in-
fluence is possible: a slight increase in the surface
concentration of oxygen in the active O- form owing
to the dissociative chemisorption of O

2
 molecules

on Pd clusters.
This conclusion agrees with the independence

of conduction electron concentration from isoamyl
alcohol concentration (Figure 4). This means that
there is some saturation of S, which is due to the
limit of active centers (oxygen in the O

2
- and O- form)

for the alcohol oxidation reaction.
An analysis of a large body of experimental data

on the gas sensitivity of SnO
2
 showed[10] that there is

no general approach to the choice of dopant-cata-
lyst for selective reaction. When solving this prob-
lem, the method of varying the properties of dopants
and their concentration in the SnO

2
 matrix/dopant

nanocomposite proved to be effective. In order to
check the capabilities of this method and to specify
the mechanism of action of dopants-catalysts, the
nanocomposites SnO

2
/Pd (0.2-2.5 at %), SnO

2
/0.2

at % Pd + 1.0 mol % MoO
3
, SnO

2
/MoO

3
 (1-10 mol

%), Sn
0.97

Sb
0.03

O
2
/1.0 mol % Co

3
O

4
 have been stud-

ied additionally.

Figure 4 : Sensitivity S (R
a
/R

g
) of a Sn

0.97
Sb

0.03
O

2
/5 at % Pd film to alcohol vapor with a concentration of 3 ppm: (1)

ethanol, (2) butanol, (3) methanol, (4) isoamyl alcohol; the inset shows the dynamics of resistance variation (R-t) of
a Sn

0.97
Sb

0.03
O

2
/5 at % Pd film at the butanol vapor concentration: (1) 1 ppm, (2) 3 ppm, (3) 5 ppm
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SnO
2
/0.2 at % Pd film. For the gas mixture of

acetone and ethanol vapor with argon, the sensitiv-
ity of the material is the same as for pure SnO

2
: the

S value is small and is larger for ethanol (Figure
5a). These properties are accounted for by the fact
that ethanol (or acetone) interacts with oxygen in the
O

2
- form, which is usually present on pure SnO

2
, is

stable at 200 °C and is desorbed only at T>300 °C

when O takes its place[10], i.e. we have the same
effect as for SnO

2
 in air. On the SnO

2
/Pd composite

in air, a reaction of dissociative adsorption of O
2

molecules on Pd clusters takes place[8], followed by
the fixation of more reactive O- ions on the matrix
(SnO

2
) and participation of O- in oxidation reactions.

In this case, not only the vapor sensitivity S, but also
the kinetics of oxidation reactions improve, which
is corroborated by a great reduction in response and
recovery time (Figure 5b).

SnO
2
/0.2 at % Pd. + 1 mol % MoO

3
 film. In this

case, a small amount of MoO
3
 as an oxidation reac-

tion catalyst was added to the above sensor mate-
rial, palladium retaining the function of generator of
the active oxygen form O-. The limitation of the
amount of MoO

3
 is caused by the fact that its addi-

tion to SnO
2
 increases greatly the electrical resis-

tance of SnO
2
 film[5] and reduces thereby the accu-

racy of its measurement. The testing of the SnO
2
/Pd

+ MoO
3
 film with acetone, ethanol and butanol va-

por showed its high ethanol sensitivity (S~6, Figure
5b and S~100, Figure 6) and very high butanol sen-
sitivity (S~1.5, Figure 4 and S~250, Figure 6) as

compared with low acetone sensitivity (S~4, Fig-
ure 6). A very short time of response of film R to
analyte vapor is also observed (Figure 6).

The observed behavior of the parameter S of the
SnO

2
/Pd + MoO

3 
composite cannot be accounted for

by the individual capabilities of Pd and MoO
3
 as

oxidation catalysts. The interaction mechanism of
the electron subsystems of composites SnO

2
/Pd and

SnO
2
/MoO

3
 must be considered in greater detail. The

effect of change in the configuration of Pd and MoO
3

d electrons as a result of interaction between these
clusters and the SnO

2
 matrix, pointed out in[2, 10], has,

perhaps a crucial influence on the parameter S.
SnO

2
/MoO

3
 film. The electrophysical properties

of SnO
2
 and MoO

3
 crystals (SnO

2
 and MoO

3
 are n-

type semiconductors) are sensitive to alcohol and
ketone vapor. Each of the oxides has a low sensitiv-
ity S to these gases. For SnO

2
, this can be seen in

Figure 3, and for MoO
3
, S is still lower[6]. The com-

position of the SnO
2
/MoO

3
 nanocomposite increases

slightly S at a MoO
3
 content as low as 4 mol % and

ten times as much at a concentration of 10 mol %.
The most explicable cause of the increase in S in
going from individual SnO

2
 and MoO

3
 nanocrystals

to their nanocomposite is the dominating role of just
the grain boundary between SnO

2
 and MoO

3
 in the

conduction mechanism. The grain boundary is espe-
cially sensitive[10] to the adsorption of oxygen and
alcohol vapor; gas reactions, which change the sur-
face concentration of conduction electrons, n

s
, and

the value of the interfacial potential barrier V
s
, pri-

Figure 5 : Sensitivity S (R
a
/R

g
) of a SnO

2 
/ 0.2 at % Pd film to acetone (1) and ethanol (2) vapor with a concentration

of 350 ppm in argon (a) and in air (b)
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marily occur at it. The parameters n
s
 and V

s
 control

the conductivity of the SnO
2
/M composite. The value

of n
s 
in SnO

2
 apparently varies under the MoO

3
 clus-

ter; the barrier V
s
 is formed not by the same inter-

face charges (in the case of SnO
2
 grains alone), but

by charges which differ for SnO
2
 and MoO

3
. This

scheme of the SnO
2
/MoO

3 
interface (compared with

SnO
2
/SnO

2
 grain contacts) must lead to an increase

in S[10]. This S increase mechanism in the case of
doping SnO

2
 is impossible if a SnO

2
-dopant solid

solution is formed instead of composite[6]. The ob-
tained data on S behavior for SnO

2
/MoO

3
 do not

account for the great increase in S in the case of the
SnO

2
/Pd+MoO

3
 composite. Here, electrophysical

mechanisms of ~100-fold S enhancement act besides
chemical factors (adsorption and oxidation catalysts,
i.e. Pd and MoO

3
).

An important characteristic of sensor material
is the optimum temperature of the gas sensitivity S.
It is individual for the material prepared by a defi-
nite synthesis method, its composition, structure and
morphology. To assess these qualities, S-t plots for
possible optimum temperatures of the sensor mate-
rial are suitable (Figure 7).

It can be seen that the temperature factor, i.e.
transition from the operating temperature 200 °C to

250 °C, allows one to realize the selectivity of the

SnO
2
/4mol%MoO

3
 material for acetone (compare

Figure 7a and Figure 7b). Raising the temperature
to 300 °C does not practically change the acetone

sensitivity of SnO
2
/MoO

3
, but increases S by a fac-

tor of 4 for ethanol, i.e. rules out the use of the com-
posite for the analysis of acetone in a mixture with
ethanol. Besides, long operation of SnO

2
/MoO

3
 films

at 300 °C results in the irreducibility of analysis

results because of the chemical and structural deg-
radation of the material.

SnO
2
/1 mol % Co

3
O

4
 film. The dynamics of the

sensitivity variation of a film based on the SnO
2
/

Co
3
O

4
 composite in the case of pulsed inflow of an

air-ethanol (acetone) mixture into the film atmo-
sphere are shown in Figure 8.

When analyzing these data, both the chemical
and the electrophysical factors of the effect of
dopant on the S value must be taken into account[13,

14]. The dopant Co
3
O

4
 participates as oxidation cata-

lyst in the gas reaction. When S
n
4+ ions are substi-

tuted by Co2+ and Co3+ ions (from Co
3
O

4
) on the

surface, new oxygen vacancies V
0
, V

0
-Co2+ com-

plexes and positively charged holes are formed.
V

0
 and V

0
-Co2+ increase the surface density of O-

and O2- ions, i.e. the density of reaction centers for
the gas-reductant and hence the density of electron
transfer from the gas reaction to the conduction
band. In experiment (Figure 8), this effect leads to
a 4-5-fold increase in S. The physical effect of dop-
ing results in a recombination of formed holes with
existing electrons (at the SnO

2
 and Co

3
O

4
 grain

boundary), which leads to an increase in R at the
grain boundary. Another physical effect of doping

Figure 6 : Dynamics of resistance variation (R-t) of a SnO
2
/0.2at%Pd+1mol%MoO

3
 film to analyte vapor with a

concentration of 550 ppm: (1) acetone, (2) ethanol, (3) butanol
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is the appearance in the SnO
2
 (n-type)/Co

3
O

4
 (p-

type) composite of a p-n transition and its consid-
erable influence on the S value for the following
reasons. It is known[10] that adsorbed oxygen is lo-
calized at the grain boundary, enlarges the charged
region and reduces thereby the conductivity in air.
When the composite interacts with ethanol (ac-
etone), Co

3
O

4
 is reduced and returns electrons to

the SnO
2
 conduction band. Thus, the combination

of the chemical and electronic factors in the com-
posite leads to a considerable decrease in film R
and an increase in S for gases-reductants in going
from pure SnO

2
 to the SnO

2
/Co

3
O

4
 composite,

which is confirmed experimentally (Figure 8). The
films containing over 1 wt % Co have a high resis-
tance and decreased gas sensitivity. This may be
due to a high defect concentration because of Co3+

incorporation into the SnO
2
 structure; the defects

give rise to a high concentration of holes, which
absorb SnO

2
 conduction electrons. Unlike our SnO

2
/

Co
3
O

4 
thick films, an increase in R by the action of

acetone was observed in thin films[14, 15]. In the lat-
ter case, the increase in intergranular potential bar-
rier height and the contribution of the hole-elec-
tron recombination process were apparently decid-
ing factors.

Figure 7 : Sensitivity S (R
a
/R

g
) of a SnO

2
+4mol%MoO

3
 film to ethanol (a) and acetone (b) vapor with a concentra-

tion of 350 ppm at different temperature: 1 � 200°C; 2 � 250°C; 3 � 300°C; the insets show the dynamics of resis-

tance variation (R-t) of a SnO
2
+4%Mo film at 200°C at the ethanol (a) and acetone (b) vapor concentration: 1 � 5

ppm; 2 � 10 ppm; 3 � 50 ppm; 4 � 100 ppm; 5 � 350 ppm

Figure 8 : Sensitivity S (R
a
/R

g
) of a Sn

0,97
Sb

0,03
O

2
/1 mol% Co

3
O

4
 

film at 200 °C to the acetone (a) and ethanol (b)

vapor concentration: 1 � 5 ppm; 2 � 10 ppm; 3 � 50 ppm; 4 � 100 ppm; 5 � 350 ppm
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CONCLUSION

Nanocrystalline SnO
2
 powders doped with Pd,

MoO
3
, Co

3
O

4
 have been synthesized in a nitrate melt.

The mean particle size depends on the type and con-
centration of dopant and ranges between 6 and 33
nm (d=33 nm for SnO

2
). At a dopant concentration

of 1-2 %, the ethanol sensitivity S increases by a
factor of ~250 for SnO

2 
/0.2 % Pd + 1 % MoO

3
 (I)

and 4-6 for SnO
2
/Pd (II), SnO

2
/MoO

3
 (III), SnO

2
/

Co
3
O

4
 (IV). For the samples II-IV, the obtained re-

sults agree with the existing concept of the mecha-
nism of action of Pd, MoO

3
, Co

3
O

4
 as catalysts: Pd

activates the oxygen adsorbed on SnO
2
; MoO

3
 and

Co
3
O

4
 are catalysts for the incomplete oxidation of

simple organic compounds.
The electrical aspects of influence on S, which

occur in the samples I and IV, remain unclear and
call for special research. In the sample I in the vi-
cinity of Pd and MoO

3
 clusters, a change in the elec-

trical properties of the matrix itself (SnO
2
) is pos-

sible on the SnO
2
 surface. It is on these portions that

a gas oxidation reaction involving SnO
2
 conduction

electrons proceeds, i.e. in the case of the sample I,
there must be a joint effect of the catalytic and elec-
tronic factors of doping on the S value. In the sample
IV at the SnO

2 
and Co

3
O

4
 grain boundary, a p-n tran-

sition appears which must be sensitive to the ad-
sorption of gases. However, we did not observe this
effect when measuring S.

In some investigations of low-molecular
alcohols, a dependence of S on the hydrocarbon chain
length must be observed. In[6] for SnO

2
/MoO

3
 samples

obtained by precipitation from a solution, a depen-
dence of S with maximum for propanol was ob-
served. In our case for Sn

0.97
Sb

0.03
O

2
/Pd samples (syn-

thesized in a melt), the maximum values were ob-
tained for methanol (the shortest chain) and isoamyl
alcohol (the largest number of carbon atoms in the
radical). This difference in the effect on S may be
due not only to the difference in the properties of Pd
and MoO

3 
catalysts, but also to a noticeable differ-

ence in the microstructure and morphology of SnO
2

crystals synthesized in a nitrate melt.
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