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Thin films with nominal molar compositions ranging from 98% In2O3-2% SnO2 to 2% In2O3-98%
SnO2 were prepared by mixing solutions of Sn(II) 2-ethylhexanoate in butanol with In2O3 sols prepared
by a chemical complexation-based sol-gel process. The starting solutions were characterized by Fourier
transform infrared spectroscopy, while the thin films, prepared by spin coating on silicon substrates and
subsequent heat treatments up to 500 or 800°C, were characterized by X-ray diffraction, field emission
scanning electron microscopy, Auger spectroscopy, Fourier transform infrared spectroscopy, high-resolution
transmission electron microscopy, and electron energy loss spectroscopy. It was concluded that the main
factor governing the film formation is the lack of cross-linking reactions between the Sn and In species
in the starting solutions. This may result in phase separation already during the spinning stage, in particular,
for compositions with comparable concentrations of the two components. During the heat treatment,
In2O3 crystallization is favored and is able to prevent that of SnO2 even when the concentration of the
former is 10%. This result is explained by referring to the different chemistry involved in the solution
processing of the Sn precursor with respect to the sol-gel processing of In2O3. Upon heat treatment up
to 800°C, a peculiar structure forms in the film with 30% In2O3, constituted by a mixture of nanocrystals
of SnO2, In2O3, and a mixed phase.

1. Introduction

Indium tin oxide (ITO) is an n-type semiconductor that
presents high electrical conductivity and high optical trans-
parency to visible light.1 Thus, ITO thin films, prepared by
various deposition techniques including chemical vapor
deposition (CVD),2 pulsed laser deposition,3 magnetron
sputtering,4 and spray pyrolysis,5 have been extensively used
as hole-injecting anodes in organic light-emitting diodes
(OLEDs)6 and as electrode material in biosensing,7 solar cell
applications,8 and gas sensing.9 Recently, chemical process-

ing of ITO thin films has been increasingly applied, taking
advantage of the simple equipment required, the inexpensive
precursors and their easy processing, and the possibility of
simple deposition of thin films. The solution processing,
including sol-gel, of several inorganic precursors such as
InCl3 and SnCl4,10 SnCl2 and In(OH)(CH3COO)2,11 In(NO3)3‚
5H2O and Sn tetrachloride,12 oxalate,13 or acetate14 has been
proposed. The use of metal alkoxides is less frequently
reported.15 ITO powders have also been conveniently pre-
pared from similar precursors, in particular by coprecipita-
tion16 and hydrothermal synthesis.17 The choice of the
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precursors dictates the solution chemistry and, hence, the
structure of the final material. In aqueous conditions,
hydrolysis reactions are essential in determining the solution
chemistry: while the presence of hydroxyl bonds may favor
the mixing of the various species in the sol, on the other
hand, the difference in the hydrolysis rates of the two metal
ions will determine whether separated domains of each single
element will form instead of heterobonds such as In-O-
Sn.

When trying to deposit ITO films by mixing In2O3 and
SnO2 sols prepared from, respectively, In(NO3)3

18 and
SnCl4,19 we observed that residual chlorine in the SnO2 sol
seriously affected the uniformity of thin films on oxidized
silicon substrates. For overcoming this problem, a simple
solution deposition was achieved, by using Sn(II) 2-ethyl-
hexanoate dissolved in butanol. In this way, the sol-gel
chemistry of the In precursor was mixed with the solution
chemistry of the Sn precursor, so deviating remarkably from
the previously described works. Since, to the best of our
knowledge, the mixing of precursors with such properties
has not been studied in detail, it seemed of extreme interest
to consider the preparation of ITO films by this procedure
as a case study of the mixing of precursors with different
chemical properties. Moreover, while many studies can be
found concerning the preparation of ITO materials with
different compositions, there are only a few studies in the
whole composition range, and they are limited to films
prepared by other techniques such as spray pyrolysis20 or
RF plasma21 on glass substrates.

In our work, both the starting solutions and the final ITO
materials were systematically investigated in the whole range
of nominal compositions, from 100% In2O3-0% SnO2 to
0% In2O3-100% SnO2. The precursor solutions and the films
were characterized by Fourier transform infrared spectros-
copy (FTIR), X-ray diffraction (XRD), field emission scan-
ning electron microscopy (FE-SEM), Auger spectroscopy,
high-resolution transmission electron microscopy (HRTEM),
and electron energy loss spectroscopy (EELS). The results
revealed the absence of interaction in the starting solution
between the investigated indium and tin precursors. This is
the key point in the subsequent film formation and evolution
with the heat treatments, which generally proceed through
phase separations already induced during the spin-coating
stage. It will be shown that, due to the phase separations,
peculiar film compositions may take place, composed of
different oxide nanocrystals in the same film structure.

2. Experimental Section

For preparing thin films in the SnO2-In2O3 system, precursor
solutions of the two elements were mixed in such proportions to
give a nominal composition, expressed as the molar percentage of
the two oxides, ranging from 98% In2O3-2% SnO2 to 2% In2O3-
98% SnO2. In the following, the composition will be indicated with

the general labelxI-yS, wherex is the In2O3 percentage andy is
the SnO2 percentage. For compositions from 100I-0S to 50I-50S,
the In2O3 precursor solution was prepared by a modified sol-gel
process similar to that previously reported,18 by dissolving 1 g of
In(NO3)3‚5H2O in 15 mL of methanol, followed by the addition of
acetylacetone (acacH) with an acacH:In molar ratio of 3. After 30
min since the addition of acacH, a concentrated (30 wt %) water
solution of NH3 was added in order to get a NH3:In molar ratio of
2. Finally, 75 mg of cetyltrimethylammonium bromide (CTAB)
was dissolved in the resulting sol for improving the adhesion of
the film onto the silicon substrates. Then, the required amount of
Sn(II) 2-ethylhexanoate was dissolved in 2.5 mL of butanol and
this solution was mixed with the In2O3 sol. For compositions from
30I-70S to 0I-100S, the precursor solution of SnO2 was prepared
by dissolving 1.25 g of Sn(II) 2-ethylhexanoate in 7 mL of butanol,
followed by the addition of 100 mg of CTAB. Then, the In2O3 sol
was added in the required proportions, but in this case it was
prepared without CTAB.

Thin films were deposited by spin coating onto oxidized (5600
Å SiO2 layer) silicon substrates. Spin coating was carried out at
2000 rpm, followed by drying at 70°C for 5 min and by heat
treatment in a tubular oven in a flow of O2, with a heating rate of
5 °C/min up to final temperatures ranging from 120 to 500°C.
After heat treatment at 500°C, the film thickness, measured by a
profilometer (Tencor Instruments, Alpha-Step IQ), was about 100
nm for 0I-100S (pure SnO2) and 60 nm for 100I-0S (pure In2-
O3), while it had intermediate values for the other compositions.

X-ray diffraction (XRD) patterns have been obtained with a
Siemens D-500 X-ray diffractometer using Cu KR radiation (λ )
1.5418 Å), with an operating voltage of 40 kV and a current of 30
mA. Data were collected in steps of 0.05° (2θ) from 10° to 80°. A
grazing incidence angle of 2° was used for the acquisition.

The Fourier transform infrared (FTIR) spectroscopic measure-
ments were carried out on the solutions with a Bomem MB-120
FTIR spectrometer, in a range from 350 to 4000 cm-1, with a
maximum resolution of 1 cm-1. The samples were prepared by
placing a drop of the solution on a KBr pellet and then evaporating
the solvent at room temperature.

The Auger characterization has been done in a PHI SAM-670,
scanning Auger nanoprobe system with Schottky field emission
source and multichannel detector. The e-gun parameters were as
follows: 10 keV to 10 nA with a residual pressure of 5× 10-10

Torr.
An Hitachi S-4100 field emission scanning electron microscope

with a theoretical resolution of 1.5 nm was used for the microscopic
characterization of the samples. Typically, an acceleration voltage
of 30 kV was applied and, for the samples with lower conductivity,
a thin C film was evaporated to prevent artifacts.

High-resolution transmission electron microscopy (HRTEM)
studies were carried out with a field emission gun microscope JEOL
2010F, which works at 200 kV and has a point-to-point resolution
of 0.19 nm. Electron energy loss spectroscopy (EELS) spectra were
obtained in a Gatan Image Filter (GIF 2000) coupled to the JEOL
2010F microscope. Spectra obtained achieved an energy resolution
of 1.2 eV.

3. Results and Discussion

A. Preparation and Characterization of the Starting
Solutions.The use of Sn 2-ethylhexanoate in the preparation
of thin films is attractive for several reasons: the low cost
and toxicity, the air stability, and the absence of chlorine
residuals. Moreover, there are a limited number of reports
about its use as a precursor to SnO2 thin films.22 As concerns
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the preparation of the In2O3 sol, the use of acetylacetone
was effective in limiting the condensation reactions after the
base addition. In this way the deposition of uniform thin films
was possible. This effect can be explained by referring to
the formation of less condensed species in the sol which,
during the spinning stage, are more able to interpenetrate
and then to give rise to more cross-linked structures, capable
of withstanding the capillary pressure developing during the
film drying. Denser species, originating by simple base
addition to a solution of In3+ ions and by subsequent
peptization, may be less cross-linked and hence less resistant
to the drying stress. Actually, this phenomenon is not so
evident in the case of In2O3 as it is for other sols derived
from inorganic precursors; nevertheless, the addition of
acetylacetone has clear beneficial effect on the film unifor-
mity. To understand the actual structure of the two starting
solutions and of their mixtures, a systematic characterization
was undertaken by FTIR spectroscopy. Figure 1 reports the
FTIR curve related to a pure In2O3 sol, while Table 1 contains
the peaks assignment. Following refs 23 and 24, the peaks
at 1570, 1527, 1273, 1016, 932, and 670 cm-1 are assigned

to indium acetylacetonato complexes, indicating that In3+

ions are effectively chelated by acetylacetone. The presence
of NH3 molecules in the In3+ coordination sphere cannot be
excluded since some bands are in characteristic positions of
the metal-amine complexes.

The low-frequency flank of the curve in Figure 1, which
for many inorganic oxides contains typical features due to
the metal-O-metal vibrations, only displays a very broad
band. It is concluded that, upon base addition, the indium
ions environment is constituted by a mixture of acetyl-
acetonato and amine ligands, to which partial hydrolysis has
added OH ligands. In any case, extensive inorganic polym-
erization is hindered since there is no precipitation. On the
other hand, as seen in Figure S1 of the Supporting Informa-
tion, the FTIR curve measured on the Sn solution does not
present obvious differences with respect to that of the pure
precursor, excluding the O-H stretching of butanol. Thus,
the mixed solutions are formed starting from weakly po-
lymerized In2O3 sols and Sn(II) 2-ethylhexanoate molecules
dispersed in butanol.

The result of the mixing was further studied by FTIR
spectroscopy and the results are shown in Figure 2, where
the compositions are indicated according to the convention
introduced in the Experimental Section. It is clear that for
the various compositions the curves appear as a simple sum
of the curves related to the parent solutions, with relative
intensities dictated by the starting proportions of the two
components in the solutions. No obvious differences can be
seen, in particular, as concerns the possible formation of In-
O-Sn heterobonds. This result can be interpreted as a direct
consequence of the chemistry of the Sn solution, where the
precursor is simply dispersed in butanol without any sol-
volysis. Thus, during the spin coating, the solvent evaporation
may drive the two components, i.e., the In2O3 precursor
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Figure 1. FTIR curve measured on a pure In2O3 sol.

Table 1. Peak Positions in Figure 1 and Related Assignments

peak position
(cm-1) assignment

3430 O-H stretching (broad band)
3230 NH3 stretching in the In ammine complex (+NH4 stretch)
1635 NH3 degenerate deformation in the In ammine complex;

H2O band
1570 acetylacetonato band in the In complex
1527 acetylacetonato band in the In complex
1389 NH3 symmetric deformation in the In ammine complex+

nitrate mode
1273 acetylacetonato band in the In complex
1030 Methanol
1016 acetylacetonato band in the In complex
932 acetylacetonato band in the In complex
825 NO3

- deformation
670 acetylacetonato band in the In complex+ ν(In-O)

Figure 2. FTIR curves measured on sols with the indicated compositions.
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species and the Sn(II) 2-ethylhexanoate molecules, toward
eventual mutual solubility limits.

B. Study of the Film Formation and Evolution with
the Heat Treatments.Due to the unusual nominal composi-
tions of the starting sols, first of all the film morphologies
were studied by FE-SEM as a function of the composition,
for evidencing eventual phase separations. Figure 3 shows
the FE-SEM images of selected thin films heat-treated at
500 °C. Different scales are used in order to enhance some
morphological features. While the pure films show a compact
and uniform morphology, constituted by close packed grains
(this feature is hardly discernible for pure SnO2 because of
its small grain size, so the corresponding image is not
shown), as shown for In2O3 in (A), films with intermediate
compositions display a discontinuous morphology where
large islands are dispersed in a more uniform background
constituted by smaller structures. Increasing the SnO2

concentration in In2O3-based films results in an enhancement
of this phenomenon, as seen in (B) and (C), with the
formation of larger islands that appear as droplets dispersed
on the substrate. In the case of the 30I-70S film, a similar
morphology is observed but the droplets are much smaller
than for systems in which the In2O3 component is prevalent
and have a rough morphology. Since the droplets and the
islands appear as the most characteristic feature of the films,
the elemental mapping of such structures by Auger analysis
was carried out.

The analysis was limited to the 50I-50S composition as
an extreme case. First of all, the mapping of a single island
was carried out, as shown in Figure 4A, where we highlight
the line along which the different Auger analyses (each one
of them corresponding to a spot of less than 500 nm along
this line) have been acquired.

The results of the Auger analysis are reported in Figure
4B, and it clearly appears that the In concentration is strongly
depleted in the island, taking into account that the nominal
In/Sn atomic ratio is 2 in this sample. For excluding that
this result could be due to a systematic substoichiometry of
the film, the analysis was carried out in various points on a
larger scale, with the results shown in Figures 4C and 4D.

It is evident that the In depletion is characteristic of the large
islands, while the In/Sn ratio is closer to the nominal value
in other points and in some cases it is beyond such value. It
is worth highlighting that in the region closest to the large
islands only silicon dioxide is detected.

The amount of tin that can be incorporated has shown to
depend on the preparation method, as already reported for
ITO powders.16b This result holds even for our films, where
the Auger results indicate that the intrinsic properties of the
starting solutions already constitute a solubility limitation.
From the results described until now, in fact, the formation
and the morphological evolution of the films can be outlined
as follows. During the spinning stage, the solvent evaporation
induces a phase separation between the two components of
the starting sol, i.e., the In2O3 species and the molecules of
the Sn precursor. A possible reason for the phase separation
might be the low affinity between the polar surface of the
species in the In2O3 sol, which, from the FTIR results, contain
In-OH bonds, and the less polar molecules of the Sn(II)
2-ethylhexanoate. In the sol stage the low affinity is
overcome by the presence of alcoholic solvents. In this way,
the film is constituted by regions differently enriched in each
of the two components. In the film with 50I-50S composi-
tion, in which this situation is enhanced, the presence of
regions with different chemical structure interrupts the cross-
linking between the In2O3 species. Thus, the film is less
resistant to the drying stresses originating during the spinning
stage and finally results in the dewetting of the substrate,
with the formation of the typical islandlike structures. The
latter, from the Auger results, are now described as the
regions of accumulation of the Sn(II) 2-ethylhexanoate,
characterized by low In/Sn atomic ratios and implying the
presence of the other regions with the reverse behavior of
the In/Sn ratio.

The samples with different compositions can then be seen
as the stages of a continuous evolution of the film morphol-

Figure 3. FE-SEM images of films heat-treated at 500°C and with
compositions 100I-0S (A), 70I-30S (B), 50I-50S (C), and 30I-70S (D).
The scale-bar values are reported on the bottom of each image. Figure 4. (A) SEM image of one of the bigger islands observed in the

50I-50S film and (B) the In/Sn atomic ratio found by Auger analysis in
spots placed along the direction shown on the island; (C) lower magnification
SEM image of the same film, reporting the In/Sn atomic ratio obtained
from the Auger analysis in the indicated points; (D) same as (C), on a larger
area.
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ogy and adhesion, corresponding to the composition change.
In particular, when SnO2 is the prevailing phase, as in Figure
3D, an islandlike morphology is still observed, but it is
characterized by smaller islands and by a more continuous
appearance, with the islands that now have a granular
morphology resembling that observed in Figure 3A. Since
the general trends of the film formation clearly appeared,
the 30I-70S composition and the others were not investi-
gated in more detail by Auger spectroscopy, and the next
step was the study of structural evolution of the films with
the heat treatments.

The XRD patterns were recorded on films with various
compositions and heat-treated up to 400 and 500°C. The
main features of the patterns, shown in Figure 5, are the
following: (a) when crystallization is observed, it concerns
only the prevailing component and in the most usual
crystallographic phase, the cubic for In2O3 and tetragonal
for SnO2; (b) crystalline SnO2 is not formed for 30I-70S
and 10I-90S films, and for the 5I-95S film it is clearly
crystallized only after heating at 500°C; (c) crystalline In2O3

is formed forI values from 100 down to 50; (d) only a very
slight shift of the diffraction peaks are observed when varying
the film composition. These observations evidence a clear
influence of the In2O3 component on the SnO2 crystallization,

but the reversal influence of SnO2 on In2O3 is not observed.
For explaining the asymmetric crystallization behavior of the
films with respect to the composition, we referred to the
different chemical structures of the In and Sn species. In
fact, the In-enriched regions contain at least weakly polym-
erized species, eventually incorporating some Sn-containing
molecules. In these regions, the In2O3 crystallization may
occur by displacive phenomena in the partially pre-organized
colloidal structures. With increasing theI values, the In-rich
regions are larger and larger and will contain a continuously
decreasing amount of Sn precursor, which will favor the
In2O3 crystallization.

On the other hand, the Sn-rich regions are constituted by
weakly bound Sn(II) 2-ethylhexanoate molecules, eventually
incorporating In species or mixed with In-enriched regions.
Differently from the In-rich regions, the Sn species originated
from the decomposition of a molecular precursor, so they
need diffusing to the nucleation centers for forming the
crystallites. The diffusion of species and the formation of
nucleation centers may be strongly hindered by the presence
of “foreign” structures. FTIR and XRD studies on pure SnO2

films as a function of the temperature gave further support
to this hypothesis, and the results are reported in Figure 6.
It is clearly seen in (A) that up to 300°C in the low-
frequency range the FTIR curves on the films resemble that
of the starting solution, while the XRD patterns do not show
any crystallization. After heating at 400°C, the films are
suddenly crystallized and the FTIR curves in the low-
frequency region have the typical SnO2 structure. On the
other hand, as shown in ref 18, In2O3 thin films crystallize
at lower temperatures. These results support the idea of a
steplike formation of the SnO2 structure, where first the
precursor must be decomposed, providing the species that
will form the final structure. Such a formation mechanism
can indeed be strongly influenced by the presence of other
species, by at least two possible pathways: incorporation of
In ions in the SnO2 lattice and hindering of the diffusion of
the Sn species by the In-enriched islands.

With this premise, the results in Figure 5 could be
interpreted as follows. Starting from the 0I-100S composi-
tion, for I values up to 2 there are no relevant effects on the

Figure 5. XRD patterns measured on thin films with the indicated
compositions and heat-treated at the indicated temperatures.

Figure 6. FTIR spectra (A) and XRD patterns (B) measured on films with
0I-100S composition as a function of the heating temperature. The vertical
line in (A) is for evidencing the different peak positions in the low-frequency
range as a function of the heating temperature.
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SnO2 crystallization. When I is 5, the film must be heated
to 500°C for crystallizaiton. Since in this case the diffusion
hindering effect previously described is not likely to be
important, we attribute this result to the increased incorpora-
tion of In ions in the SnO2 lattice with respect to I) 2. For
I ) 10 or 30, no crystallization is observed even after heating
at 500°C. In these cases, besides the incorporation of In
ions in the SnO2, which may encounter solubility limits, the
presence of islands in the film structure may become more
and more important. For Ig 50, only the In2O3 crystallization
is always observed, apart from a small SnO2 peak in the
50I-50S film: the In-rich regions are large enough for their
crystallization to be observed, and they are not influenced
by the Sn precursor which is confined in separate regions.
In other works, in general only the presence of only
crystalline In2O3 is reported in ITO thin films,10b,c,11,13,15b,20,21

or only of SnO2 when it is the prevailing component.21 In
coprecipitated powders, SnO2 peaks have been observed for
high Sn concentrations16a (In/Sn atomic ratio 50:50). Nev-
ertheless, the powders formation phenomena make powders
not comparable to thin films: for instance, in coprecipitation
with high Sn concentrations the presence of isolated hy-
droxide regions becomes more and more likely. It is
interesting to observe the coexistence of both In2O3 and SnO2

crystallites in thin films with high Sn content (20% atomic
concentration) after prolonged heat treatment at 950°C for
2 weeks.25 These extreme conditions were attributed to the
formation of metastable ITO films, where the preparation
conditions prevent the formation of segregated SnO2 phases.26

In our case we have just the opposite behavior, with separated
regions containing the SnO2 precursor, so it could be
expected to have the formation of SnO2 crystallites by milder
treatments.

For testing this hypothesis, and the proposed explanation
of the film structural transformations, it seemed then
fundamental to heat-treat the thin films with I from 5 to 50
at least up to 800°C. The aim was to check the effect of
providing more energy for eventual structural transforma-
tions. The XRD patterns obtained for the films prepared in
this way are shown in Figure 7.

The results show that indeed the films that were amorphous
after the heat treatment at 500°C, like those with I) 10 or
30, can be crystallized at higher temperatures. In principle,
this result could indicate an influence of the In ions that are
incorporated to a higher extent in the SnO2 lattice, due to
the increasing In concentration in the starting sol. Neverthe-
less, the peculiar pattern of the film with I) 30, where the
In2O3 not only crystallizes but also overwhelms the crystal-
lization of SnO2, finally shows the fundamental role of In2O3-
based regions in the films. Thus, we conclude that for each
composition two mechanisms (incorporation of ions and
diffusion hindering) may actually cooperate in determining
the film structure, and that they depend on the precursor
chemistry and on the film initial morphology as dictated by
the chemical composition of the starting sol. While a

thorough study of the incorporation of Sn or In ions in the
other lattice would need at least a careful study of the
electrical properties of the films, which should also be
coupled with a detailed structural model of the various
regions present in each film, the results of the previous
studies were satisfactory in establishing at least some general
principles governing the film formation in such complex
systems.

The next step was a careful structural study of the film
with 30I-70S composition, due to the peculiarity of the XRD
pattern showing the coexistence of two different phases. In
Figure 8 the comparison is shown between a film heated at
500°C and one heated at 800°C. Some important differences
can be readily evidenced. First of all, in Figure 8A the islands
characterizing the film formation are clearly seen as spherical
structures. The whole film is amorphous, as seen from
HRTEM images and power spectra (FFT) obtained on

(25) Frank, G.; Ko¨stlin, H.; Rabeanu, A.Phys. Status Solidi A1979, 52,
231.

(26) Parent, P.; Dexpert, H.; Tourillon, G.; Grimal, J.-M.J. Electrochem.
Soc.1992, 139, 282.

Figure 7. XRD patterns measured on thin films with the indicated
compositions and heat-treated up to 800°C. The asterisks show the residual
SnO2 peaks in films where the In2O3 crystallization is prevailing.

Figure 8. Low-resolution TEM images of films with 30I-70S composition,
heated at 500°C (A and B) and 800°C (C and D). The (B) and (D) images
are higher magnification images showing the following: in (B) the
amorphous structure of the island highlighted in (A) and, in (D), a detail of
the granular structure of the film showed in (C).
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different regions in the films (Figure S2, Supporting Infor-
mation). When the film is heated at 800°C, its morphology
is completely planarized, as seen from the uniform thickness
in Figure 8C and the lack of the spherical structures. Actually,
the FE-SEM images (see Figure S3, Supporting Information)
showing larger regions of the sample evidence residual
structures of the previous morphology.

Figure 8D shows that after heating at 800°C the film is
characterized by a granular structure, which was studied in
detail by HRTEM. The results, shown in Figure 9, are
striking since the coexistence of In2O3 and SnO2 peaks in
the XRD pattern of Figure 6 is clearly confirmed to be due
to the simultaneous presence of nanocrystals of the two
phases in the same film. Actually, the film seems to be
composed of an assembly of nanocrystals with different
compositions, as clearly evidenced by the EELS spectra
showed in Figure 10. While in the film heated at 500°C
only one signal is seen, indicating an intermediate composi-
tion between pure SnO2 and pure In2O3, in the film heated
to 800°C the EELS signal abruptly changes depending on
the selected nanocrystal, indicating phases more similar to
pure SnO2 or to pure In2O3 but not attributable to the pure
oxides or known mixtures of them.

Conclusions

In this work we have evidenced how the use of precursors
characterized by a different chemistry influences all the
stages of thin film formation in complex systems, starting
from the eventual formation of heterobonds in the starting
solution. Among the peculiar results due to the precursor
chemistry, we have reported the observation of different
phase grains in thin films, which is not common for several
reasons: first of all, the achievement of immiscibility regions

in the phase diagram is not simple with traditional physical
deposition processes; second of all, even with use of chemical
processes that allow the preparation of solutions with unusual
compositions, the formation of separate phases may require
extreme conditions, such as very high heating temperatures,
which may result in the appearance of macroscopic defects
in the film, such as cracking or peeling away from the
substrate. We believe that in the present work the observation
of the structure of Figure 9 is due to the simultaneous
presence in the starting solution of two precursor species
that are initially compatible, due to the solvent which is an
alcohol in both cases, and that become separate during the
film formation for the reasons previously explained. We
remark that this work could also be seen as directed at
establishing general limitations in mixing different precur-
sors, as far as one is concerned with the obtainment of
uniform and homogeneous thin films.
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Figure 9. HRTEM images of different regions in a film with 30I-70S
composition, heated at 800°C (A and D), showing the coexistence of SnO2

nanocrystals (B and, in C, the related power spectra (FFT)), and of In2O3

nanocrystals (E and, in F, the related power spectra (FFT)).
Figure 10. EELS spectra of the thin films with 30I-70S composition and
heat-treated up to the indicated temperatures.
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