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TOPOLOGICAL FEATURES OF TIN DIOXIDE FILMS OBTAINED FROM THE
BIS(ACETYLACETONATO)DICHLOROTIN COMPLEXES

The paper presents the surface morphology studies of tin dioxide nanoscale films
produced from Bis(acetylacetonato)dichlorotin complexes of different concentrations.
The films are agglomerates of several nanoscale grains. The film’s grain size dependence
on the number of Bis(acetylacetonato)dichlorotin in the initial solution is established.
Dependencies for each type of precursors differ from each other..

Introduction

Thin films of oxide materials with nanoscale
grain are widely used as sensors and as transpar-
ent electrodes in solar cells and optoelectronic
devices. As catalysts for oxidation processes they
are used in modern gas analytical industry, be-
sides they are used in device engineering and in
electronics [1 — 3]. Liquid phase chemical meth-
ods such as a sol-gel method, chemical vapor de-
position from a solution, etc. [4, 5] are success-
fully applied along with the known methods for
physical delivery of tin dioxide nanoscale thin
film. As far as the decomposition of thermally un-
stable compounds of tin is the basic process of
these methods, the important step is the selection
of a suitable precursor.

The preparation method of thin tin dioxide
films with nano-sized grains was proposed in our
previous works [6, 7]. Aiming to structure the
films we used a polymer in the sol-gel process,
Bis(acetylacetonato)dichlorotin studied by the
authors in [8, 9], which served as the precursor of
tin dioxide. Such compounds have been used as
precursors, for example, in the preparation of thin
films of zirconium dioxide [10]. Complexes of
In**, Sn*" and Sn*", Sb*" with acetylacetone were
used in [11] as a precursor of oxide films. The siz-
es of surface irregularities due to morphological
studies results are 42 — 125 nm for SnO,:Sb films
and 205 — 520 nm for In,O,:Sn films. According
to X-ray diffractometry data these inhomogene-
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ities consist of crystallites with an average size of
25 + 5 nm for SnO,:Sb films, and 10 = 5 nm for
In O,:Sn films, correspondingly. Properties and
structure of studied films are predefined by fea-
tures of film-forming solutions.

The surface morphology studies of nanoscale
tin dioxide films produced of Bis(acetylacetonato)
dichlorotin complexes of different concentrations
is presented in this paper.

Films’ preparation technique and research
methods

The film preparation procedure is given in [4].
Bis (acetylacetonato)dichlorotin (BADCT) was
used as a tin dioxide precursor [6]. Three com-
plexes of precursor were used in this work. Two
of them are based on stannic(IV) chloride (SnCl,)
[7]: the air-dried one is Complex BADCT (IV)
N1, and vacuum-dried is Complex BADCT (IV)
N2. Besides those we used complex Ne 3 (BADCT
(IT)) obtained from stannous chloride dehydrate
(SnCl,-2H,0) [8], which was air-dried.

The sample preparation procedure consisted of
several stages: preparation of the polymer solu-
tion in acetone, obtaining the precursor solution
in acetone, the combination of solutions, film
coating, pre-drying at a temperature ~ 60°C, an-
nealing of layers at a temperature 500 — 600°C.

Films were prepared from several solutions
with different concentrations of precursors: the
complex Ne 1 —1, 5, 10% of precursor in the coat-



ing solution, the complex Ne 2 — 0.5, 1, 2, 4, and
5% of precursor in the coating solution, the com-
plex Ne 3 — 1, 5, 10% of precursor in the coating
solution.

The surface morphology of tin dioxide layers
was investigated by the industrial Atomic Force
Microscope (AFM) Nano Scope 111 a (Digital
instruments, USA). The measurements were ful-
filled by siliceous probe with a nominal radius
~10 nm (NT-MDT, Russia) in semi-contact mode
(Tapping Mode — TM). The investigated surface
area was from 500x500 nm up to 50x50 mkm.
AFM NT-206 (Belarus) with Micromasch can-
televers (Germany) was used for Contact Mode
measurements.

Experimental results and discussion

Fig.1 presents three dimensional AFM image
of tin dioxide films derived of film-forming so-
lutions with different concentrations of complex
Ne 1 precursor (air-dried BADCT(IV)), and the
corresponding profiles of the film surface.

Fig.1. 3-D AFM image of tin dioxide film surface:
a) 1%, b) 5% and c) 10% of the complex Ne 1
in the coating solution (500x500 nm) and the
corresponding surface profiles of the samples

As it follows from the film surface profiles, the
increasing of the precursor amount in the original
film-forming solution correlates with increases
of the film’s surface roughness. As the precur-
sor concentration decreases (up tol1%) the film
shows a developed surface, with large agglom-
erates ~ 200 nm and with the grain diameter of

~20 nm. At 5% of BADCT the surface roughness
increases, although the films become more homo-
geneous. It is seen the reduction in the agglom-
erate size up to 100 nm, and the grain apparent
size is in the range of 15 — 20 nm. At the highest
concentration of precursor (10%) in this series of
films the decrease in grain size and an increase
in surface roughness are observed. Thus, the ag-
glomerates in the film are virtually absent.

The topology of the first series of films is well
explained by the peculiarities of the used precur-
sor - hydrated air-dried BADCT(IV) (9). The
water in its composition loosens film during an-
nealing and prevents the formation of large ag-
glomerates. Smaller step of roughness is a con-
sequence of loosening in the films in this series.
Loosening also leads to decrease the roughness
step and increase the unevenness height in films
with increasing concentration of the precursor.

Fig.2 shows a 3-D AFM image of tin dioxide
films derived from film-forming solutions with
different precursor’s concentrations of complex
Ne 2 (dried in vacuum BADCT (1V)).

The precursor concentration Studied area 45x45
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Fig.2 3-D AFM image of tin dioxide films for
different concentrations of the precursor Ne 2 in
the coating solution.
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As it 1s evident from Fig.2, there is a correla-
tion between the precursor concentration in the
original film-forming solution and the surface
roughness of tin dioxide films. At low concen-
trations of precursor (0.5% and 1%) films have a
developed surface and consist of agglomerates of
grains with a columnar structure. The agglomer-
ate size varies between 100 — 400 nm. The pre-
cursor’s concentration increasing gives the film
crystallites growth in size, appearance of the clus-
ter structure of the film and the agglomerate size
reaches the values ~ 1 mkm.

This series of films has an additional fea-
ture. The histogram of the film approximated by
Gaussian function (solution of 4%, complex Ne 2
in [12]) shows that the film consists of two groups
of clusters occupying approximately equal space.
The first group contains clusters ranging from
several nanometers to 200 nanometers size, and
the second one covers the cluster sizes more than
200 nm. The presence of two groups of clusters
has been confirmed in [12] by the polarization
modulation of electromagnetic radiation method
(SPR-research). Existence of two groups of clus-
ters, established in [12], is observed in the AFM
images of films (see Fig.2).

As it can be seen, the films made of vac-
uum-dried precursor differ both in grain and ag-
glomerate sizes, and also in the surface develop-
ment. In the case of a precursor complex Ne 1
surface development is increased and the agglom-
erate and grain sizes are decreased. In the case
of the precursor complex Ne 2 the surface devel-
opment is reduced, and agglomerates’ and grains’
sizes are increased. Because the precursor is non-
hydrated, the second series films have a higher
density and do not loosen during annealing. The
result is grain coarsening and agglomeration with
increasing concentration of the precursor.

Fig.3 shows films’ surface images and pro-
files for the complex Ne 3 (based on BADCT (IV)
films.

The last series images in Fig.3 differ a lot from
the previous ones. Prepared from solutions with
the smallest amount of precursor BADCT (II)
films have the cluster-like structure with cluster
size of 60 — 80 nm. Presented images don’t allow
to suppose the structure of the cluster. At higher
concentrations of the precursor (5%), the cluster
size significantly decreases (20 — 50 nm), but the
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surface roughness is not substantially increased.
At the concentration of precursor equal to 10%
the cluster size increases up to 100 nm, wherein
the surface roughness also increases. It can be
seen that clusters of this film series have a petal-
ous shape, unlike clusters of another film series.
Cluster form may be determined by the existing
direction of crystallite growth in the film derived
from the solution containing the precursor com-
plex Ne 3.
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Fig.3. AFM image of the surface of the films
obtained from solutions containing: a) 1%, b)
5%, and ¢) 10% of BADCT (II).



Conclusion

Studies of tin dioxide films established a cor-
relation between their surface morphology and
concentration of tin dioxide precursor in the coat-
ing solution. However, this correlation is not one
the same for all three types of precursors. Conse-
quently, not only the quantity of the precursor in
the coating solution determines the structure type
(and hence different physical properties of films),
but also the precursor preparation process.
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Abstract

The paper presents the surface morphology studies of tin dioxide nanoscale films produced from
Bis(acetylacetonato)dichlorotin complexes of different concentrations. The films are agglomerates
of several nanoscale grains. The film’s grain size dependence on the number of Bis(acetylacetonato)
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TOINOJIOTHYECKHUE OCOBEHHOCTH INVIEHOK IMOKCHUJA OJIOBA, TIOJIYYEH-
HbIX N3 KOMIIVIEKCOB JUXJIOPANALHETHIIALHETOHATA

AHHOTALIAA

B pabore mpencTaBieHbl pe3yibTaThl UCCIEIOBAHUNA MOP(OIOTHH TOBEPXHOCTH HAHOPA3MEPHBIX
TIJICHOK JIBYOKHCH OJI0Ba, TTOJYYCHHBIX M3 KOMIUJIEKCOB TUXJIOPAHAIICTHIIAIIETOHATA OJI0BA Pa3IUnIHON
KOHIEHTpaluu. [[IeHKn cocToAT U3 armoMeparoB HECKOJIbKHUX 3€pEeH HaHOpa3Mepa. YCTaHOBJIEHA 3a-
BHCHMOCTh pa3Mepa 3epHa B UCCIEIYyEMbIX MJIEHKaX OT KOJIMYECTBAa MUXJIOPAHUALIETUIIALIETOHATA B
HCXOTHOM PacTBOPE ISl UX MOJTyUYeHHUs. 3aBUCUMOCTH JIJIsl K&KJIOTO M3 THUIIOB MPEKYPCOPOB OTINYA-
I0TCS JPYT OT ApyTa.

KuroueBsble c10Ba: IHOKCH]T 0JIOBA, TUXJIOPAHALICTHIIANIETOHAT OJI0BA, TOHKUE IICHKH, MOP(OII0-
TUSl TOBEPXHOCTH.
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B. A. Cmunmuna, JI. M. @inescora, O. B. Ceupuoosa

TOMOJIOTTYHI OCOBJIUBOCTI IJIBOK JIOKCHUIY OJIOBA, OTPUMAHMX 3
KOMILIEKCIB JIXJOPIIALIETIIALIETOHATA

AHoTanisa

VY poboTi mpencTaBiaeHi pe3yabTaTH J0CHIHKEHb MOP(hOJIOrii MOBEpXHI HAHOPO3MIPHUX IUIIBOK
JIBOOKHCY OJIOBa, OTPUMAHMX 3 KOMIUIEKCIB JIXJIOP/ialleTiIalleTOHaTa OJI0Ba PI3HOI KOHIICHTpAIIi.
[IniBKM CKIAAAOTHCA 3 arIOMEPATIB JIEKUIBKOX 3€PeH HaHOPO3Mipy. BcTaHOBIEHO 3aI€XKHICTh PO3-
MIpy 3epHa B JOCII)KYBaHUX ILTIBKAX BiJ KUTBKOCTI AIXJIOp/ialleTiialeToHaTa y BUXiTHOMY PO3YUH1
JUISL IX OTPUMAaHHS. 3aJIeXKHOCTI ISl KOXKHOTO 3 TUIIIB TPEKYPCOPiB BiAPIZHAIOTHCS OHA BiJ OHOI.

KutrouoBi cJjioBa: giokcua oioBa, AIXJIOp/IialeTiIaleTOHAT 0JI0Ba, TOHKI TUTIBKH, MOP()OIIOTis 1mo-
BEPXHI .
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