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One of the applications of a transparent semi
conducting tin oxide thin film was as an indi
cator electrode in potentiometric investigation 
of oxidation-reduction reactions1. This is the 
use of its inertness in a various chemical en
vironments including strong acidic and basic
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Fig. 1. Titration Curves of 20- 00 mZ 0.0100 M KC1 

M AgNOg solution on various electrodes.

media. Also redox reaction of organic molecules 
as well as inorganic couples were demonstrat
ed2. It has been pointed out that tin oxide is 
superior to platinum as an indicator electrode 
in the case of redox reactions in concentrated 
chloride solutions because of the formation of 

___________ PtCI42-3, and in solutions contain
ing peroxides which decompose 
rapidly in the presence of plati- 

/二二二二二二二__ num4.
Another application of tin oxide 

electrode was the possible use in 
~ the potentiometric titration of halb 

des with silver ion1,5or vice versa. 
It gives a clear potential break to 
each halides. The mechanism of 
the sensitivity to halide ion con- 
centration, however, has not been 
elaborated yet. In this communi
cation, we renort the presence and 

____________ the role of adsorbed silver chloride 3.00
precipitates on tin oxide, and on 

with 0.100 the potential response to the chlo
ride ion concentration.

tTo whom the corresponds should send. The specimens for the scanning
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electron microscope were prepared by immersing 
tin oxide film on Pyrex substrates (2 cm X 2 cm) 
into 0. 01M 사血］，ide solution, then titrate with 
silver ion while stirring.

The tin oxide electrodes were taken out from 
the 更)lution at around mid-point, and after the 
equivalence point in the course of titration. 
They were wa아］ed thoroughly with distilled 
water and dried in the air before mounting into 
electron microscope. Potentiometric potential 
measurements were made on tin oxide electrode 
with a metal clip for electrical contact against 
a standard saturated calomel reference electrode. 
Tin oxide films were made on Pyrex glass plates 
by spraying acidic stannic chloride with 2 
mole percent antimony as dopants12.

General titration curves on fresh tin oxide 
and on AgCl adsorbed tin oxide as well as on 
Ag/AgCl are shown in Fig. 1. It always show
ed that the freshly made tin oxide electrodes 
or ones polished the surface with alumina after 
exposure to AgCl did not respond to a theore
tical titration curve in the beginning. But those 
used in titration once, they gave a Nernstian 
behavior to different chloride ion concentration. 
It was also noticed that the silver chloride pre
cipitates were on the surface after being exposed 
to the solution containing AgCl. On the little 
potential difference between Ag/AgCl and SnO2/ 
AgCl electrodes will be discussed in the later 
paper.

The scanning electron microscopic pictures 
are in Fig. 2. In the Fig. 2-A, it shows a clean 
tin oxide surface while 2-B and 2-C show the 
surface are covered with AgCl precipitates. 
They were the specimens taken out of solution 
before and after the equivalence point in the

Fig. 2- Scanning electron microscope pictures. A : 

Fresh tin oxide surface. B : Tin oxide with a partial 

coverage of AgCl. C : Tin oxide with a complete 

coverage of AgCl.
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titration, respectively. We could see that the 
surface was completely covered with AgCl, 
especially ones have taken out after the equi
valence point. The adsorbed precipitates were 
positively identified by the use of X-ray ele
mentanalyzer for silver and chloride. Also they 
gave a perfect Nernstian slope in the potential 
measurement. This complete coverage of the 
surface with AgCl was observed from solutions 
with pH value between 4 and 10.5, outside 
which the potential was related to proton ion 
and hydroxyl ion concentration as well.

All of the solid state halide ion selective 
electrodes have silver halides in various matrix 
forms, such as in cast pellets6,7, in polymerized 
silicone rubber8, in thermoplastic polymer9, 
and in pellets of gold powder10 and silver pow
der11. Therefore, when the tin oxide surface 
has been covered by AgCl precipitates, should 
work as a chloride ion selective electrode.

The remaining of chloride in tin oxide lat
tice12 makes it easy for silver ion or silver 
chloride to be adsorbed onto the surface. This 
is the main difference between platinum and 
tin oxide. When a platinum electrode was ex
posed to AgCl, it was not possible to have all 
surface covered. So it gave a far less than 60 
mV/decade Nernstian slope. In the case of a 
fully AgCl-coated 응old ball, the Nerntian beha
vior was observed10.

In conclusion, when tin oxide material was 
exposed to silver choride precipitates, the sur
face was covered with silver chloride and esta
blished a boundary potential which was related 

to the concentration of chloride or silver ion 
by Nernstian fashion.

ACKNOWLEDGEMENT

The authors are grateful to the Ministry of 
Education for their partial support for this work 
by Grants for the Basic Science Promotion, and 
to the Material Testing Laboratory in College 
of Engineering, Seoul National University for 
their help in electron microscope experiments.

REFERENCES

1. W. Cooper, Naturet 194, 562 (1962).

2. T. Kuwana, K. Darlington and D. W. Leedy, 

Anal. Chem.t 36, 2023 (1964).

3- J. J. Lingane, wElectroanalytical ChemistryM, 2nd 

Ed., P. 129, Wiley Interscience, New York, 1958.

4. M. S. Zakharevskii, T. I. L'vova, I. N. Ku

znetsova and B. P. Kryzhanovskii, Zavods. Lab., 

30, 1196 (1964) ； through Chemical Abstracts, 

63, 1479b (1965).

5. Private communication with H. A. Laitinen.

6. G. A. Rechnitz, M. R. Kresz, and S. B. Zamo- 

사mick, Anal. Chem.t 38, 973 (1966).

7. J. D. Czaban and G. A. Rechnitz, ibid.； 45, 

471 (1973).

8. E. Pungor, ibid., 39, *13, 28A (1967).

9. M. Mascini and A. Liberti, Anal. Chim. Acta, 

47, 339 (1969).

10. G. W. S. van Osch and B. Griepink, Z. Anal. 

Chem., 273, 271 (1975).

11. G. Papeschi, S. Bordi and M. Carla, J. Electro- 

chem. Soc., 125, 1807 (1978).

12. H. Kim and H. A. Laitinen, J. Amer. Ceramic 

Sqj 58, 23 (1975).

Vol. 25, No. 2, 1981


