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produced from Bis(acetylacetonato)dichlorotin complexes of different concentrations. 

on the number of Bis(acetylacetonato)dichlorotin in the initial solution is established. 

Dependencies for each type of precursors differ from each other..

Introduction

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 

-

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 

previous works [6, 7]. Aiming to structure the 

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 

In3+, Sn4+ and Sn4+, Sb3+ with acetylacetone were 

-

es of surface irregularities due to morphological 

studies results are 42 – 125 nm for SnO
2

and 205 – 520 nm for In
2
O

3

to X-ray diffractometry data these inhomogene-

ities consist of crystallites with an average size of 

25 ± 5 nm for SnO
2

In
2
O

3

-

The surface morphology studies of nanoscale 

dichlorotin complexes of different concentrations 

is presented in this paper.

Films’ preparation technique and research 

methods

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
4
) 

[7]: the air-dried one is Complex BADCT (IV) 

N1, and vacuum-dried is Complex BADCT (IV) 

(II)) obtained from stannous chloride dehydrate 

(SnCl
2
·2H

2
O) [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 

coating, pre-drying at a temperature ~ 60oC, an-

nealing of layers at a temperature 500 – 600oC.

Films were prepared from several solutions 

with different concentrations of precursors: the 

-
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5% of precursor in the coating solution, the com-

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-

~10 nm (NT-MDT, Russia) in semi-contact mode 

(Tapping Mode – TM). The investigated surface 

area was from 500 500 nm up to 50 50 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 

-

lutions with different concentrations of complex 

  

                       b)                     c)

Fig.1. 

increasing of the precursor amount in the original 

-

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 

-

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 

in surface roughness are observed. Thus, the ag-

explained by the peculiarities of the used precur-

sor - hydrated air-dried BADCT(IV) (9). The 

-

nealing and prevents the formation of large ag-

glomerates. Smaller step of roughness is a con-

Loosening also leads to decrease the roughness 

with increasing concentration of the precursor.

Fig.2 shows a 3-D AFM image of tin dioxide 

different precursor’s concentrations of complex 

The precursor concentration Studied area 45x45 

µm 5x5 µm

Fig.2 

the coating solution.
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Fig.2 3-D AFM image of tin dioxide films for different 



114

As it is evident from Fig.2, there is a correla-

tion between the precursor concentration in the 

-

developed surface and consist of agglomerates of 

grains with a columnar structure. The agglomer-

ate size varies between 100 – 400 nm. The pre-

crystallites growth in size, appearance of the clus-

reaches the values ~ 1 mkm.

-

of clusters occupying approximately equal space. 

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 

modulation of electromagnetic radiation method 

(SPR-research). Existence of two groups of clus-

ters, established in [12], is observed in the AFM 

-

uum-dried precursor differ both in grain and ag-

glomerate sizes, and also in the surface develop-

surface development is increased and the agglom-

erate and grain sizes are decreased. In the case 

-

opment is reduced, and agglomerates’ and grains’ 

sizes are increased. Because the precursor is non-

density and do not loosen during annealing. The 

result is grain coarsening and agglomeration with 

increasing concentration of the precursor.

-

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) 

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 

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 

-

Cluster form may be determined by the existing 

direction of crystallite growth in

from the solution containing the precursor com-

Fig.3. 

for the complex  3 (based on BADCT (IV) films. 

 

 
a) 

 

 
b) 

 

 
c) 

concentrations of the precursor (5%), the 

size

surface roughness is no

the

cluster size increases up to 100

surface roughness also increases. It can be seen 

that 

shape, unli

Cluster

direction

from the

 

correlation between the

concentration

coating solution. However, this correlation is not

one

Cons

precursor in the coating solution determines the 

structure
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Conclusion

-

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 

but also the precursor preparation process.
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