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Gallium phosphate co-precipitates quantitatively 0.5—5.0 pg of tin(IV) from 100 to 500 cm?® of a sample
solution at pH 3.0—6.0. After co-precipitation, tin(IV) can be sensitively determined by electrothermal at-
omization atomic absorption spectrometry. The atomic absorbance of tin(IV) increases by about 1.7 times in
the presence of gallium. Although many ions interfere with the determination, interference from the majority
can be eliminated by using a graphite furnace impregnated with hafnium, which also improves the sensitivity
and reproducibility of the determination. Tellurium(IV) and zirconium(IV) interfere seriously. The calibration
curve is linear from 0.02 to 0.20 pugcm™2 for tin(IV), and the detection limit (signal/noise=2) is 0.23 ngcm™3
of tin(IV) in 500 cm® of the initial sample solution. This method is applicable to the analyses of water samples

for tin(IV).

Electrothermal atomization atomic absorption spec-
trometry combined with preconcentration and presep-
aration techniques has been widely used for the deter-
mination of trace metal ions. As pretreatment tech-
niques, the co-precipitation method is one of the most
useful; various co-precipitants have been proposed.'—®
We previously proposed gallium phosphate as a new co-
precipitant of lead, suggesting that this co-precipitant
has the possibility to be a useful collector for tin(IV),
antimony(I1I), and bismuth(III).*) This time, we inves-
tigated the fundamental conditions for the electrother-
mal atomization atomic absorption spectrometric deter-
mination of tin(IV) after co-precipitation with gallium
phosphate, and obtained a sensitive and reproductive
determination method. In this method, the use of a
graphite furnace impregnated with hafnium® was ef-
fective to eliminate any interference from diverse ions.
Until now, hydroxides of lanthanum,® zirconium,”
hafnium,® thorium,® or yttrium,” and manganese di-
oxide!® have been reported as co-precipitants of tin-
(IV) prior to electrothermal atomization atomic absorp-
tion spectrometry. However, lanthanum does not give a
linear calibration curve, zirconium hydroxide dissolves
only slowly in acids, and hafnium and thorium are ex-
pensive and radioactive, respectively. The method us-
ing manganese dioxide also requires tedious operations.
The use of gallium phosphate overcomes these weak
points.

Experimental

Apparatus. A Hitachi 170-70 Zeeman-effect atomic
absorption spectrometer with a Hitachi tin hollow-cathode
lamp was used for atomic absorption measurements. As
a graphite furnace, a tube-type cuvette impregnated with
hafnium® was used. The pH measurements were carried
out with a Hitachi-Horiba model M-5 glass electrode pH
meter.

Reagents.
reagent grade.

Standard Tin(IV) Solution: A solution containing
1000 pg cm ™2 of tin(TV) was prepared by diluting NBS SRM

All of the reagents used were of guaranteed

3161 (10.00+0.01 mgem™3) with 2 moldm ™2 hydrochloric
acid. This solution was further diluted to the desired con-
centration with distilled water in each experiment.

Gallium Solution: A solution containing 5 mgem™
of gallium was prepared by dissolving 5 g of gallium metal
(99.9999%) with 50 cm® of hydrochloric acid and diluting
with distilled water.

Phosphoric Acid Solution: An about 0.5 moldm™3
solution was prepared by diluting concentrated phosphoric
acid with distilled water.

Recommended Procedure. To a sample solution
(100—500 cm?®) containing 0.5—5.0 pg of tin(IV), 15 mg
of gallium and 3 cm® of 0.5 moldm™2 phosphoric acid are
added. Gallium phosphate is then precipitated at a pH of
about 3 using 7 moldm ™2 ammonia solution. After allowing
the solution to stand for about 10 min, the precipitate is
filtered by suction using a 3G4 glass filter. The precipitate
is dissolved with 2 cm® of concentrated hydrochloric acid
and the solution is diluted to 25 cm® with distilled water.
The atomic absorbance of tin(IV) is then measured under
the operating conditions shown in Table 1. A blank, using
distilled water as a sample solution, is also measured.

3

Results and Discussion

Optimum Conditions for Co- precipitation.
The necessary amount of gallium or phosphoric acid
for the co-precipitation of tin(IV) was studied using a

Table 1.  Operating Conditions for the Atomic
Absorption Spectrometer
Analytical wavelength ~ 286.3 nm
Lamp current 10 mA
Slit width No. 2 (1.1 nm)
Argon flow rate
Sheath gas 3 dm® min~!
Carrier gas - 0 dm® min~!
Cuvette Tube type graphite furnace

impregnated with hafnium
21 A (ca. 100°C), 60 s
80 A (ca. 700°C), 30 s
310 A (ca. 2830°C), 5 s
10 pl

Drying counditions
Ashing conditions
Atomizing conditions
Injection volume
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sample solution (100—500 cm?) containing 3 pg of tin-
(IV). The required amount of gallium for the quantita-
tive recovery of tin(IV) increased with increasing sam-
ple volume. By using of more than 15 mg of gallium,
however, tin(IV) could be recovered almost completely
from 500 cm?® of the sample solution. On the other
hand, the presence of gallium increases the sensitiv-
ity of the tin(IV) determination; with increasing the
amount of gallium, the peak height of tin(IV) gradually
increased, and almost constant peak heights were ob-
tained over a concentration range from 0.6 to at least
2.0 mgem™2 of gallium (Fig. 1). From these results,
15 mg of gallium was used for the co-precipitation of
tin(IV) in further experiments. The necessary amount
of phosphoric acid for the quantitative co-precipitation
of tin(IV) was 0.5x1073 to 2.5x1073 mol (Fig. 2). In
Fig. 2, a curve showing the effect of the amount of phos-
phoric acid on the tin(IV) peak height is also appended.
In this method, 1.5x10~3 mol of phosphoric acid was
used.

Gallium phosphate co-precipitated tin(IV) quantita-
tively from wide pH range, as shown in Fig. 3. In
further experiments, the pH was adjusted to about 3
with 7 moldm™3 ammonia solution. The recovery of
tin(IV) reached its maximum value a few minutes af-
ter gallium phosphate was formed; this value remained
almost constant for at least 3 h. For the dissolution
of gallium phosphate, hydrochloric acid was preferred
to nitric acid, because the former acid gave a higher
peak height of tin(IV) than did the latter acid (Fig. 4),
although gallium phosphate dissolved readily in either
acid.

Concerning the co-precipitation processes of some
elements by metal phosphates, several studies have
been carried out; the co-precipitaion of americium with
zirconium phosphate,'*'? chromium with zinc phos-
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Fig. 1. Effect of the amount of gallium on the peak

height of tin(IV). Sn(IV), 3 pug; 0.5 moldm ™2 H3POy,
3 cm?; coned HCI, 2 em?; final volume, 25 cm®.
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Fig. 2. Effect of the amount of phosphoric acid on
the peak height of tin(IV). Sn(IV), 3 ug; Ga, 15 mg;
concd HCI, 2 cm?; final volume, 25 cm®. O) Effect of
the amount of phosphoric acid on the peak height of
tin(IV). @) The necessary amount of phosphoric acid
for the quantitative co-precipitation of tin(IV).

N
~ 100 + O—O0——O0—+——0
> o
]
3
& sop
I I 1 !
2 3 4 5 6
pH
Fig. 3. Effect of the pH on the recovery of tin(IV).

Sn(IV), 20 ug; Ga, 15 mg; 0.5 moldm™2 H3POy, 3

cm?®; concd HCY, 2 cm?; final volume, 25 cm®.

phate,’®!% and iron with lead phosphate'*'® are gov-
erned mainly by ion-exchange adsorption, americium
with bismuth phosphate,'? iron or chromium with
aluminum phosphate!®'4 by isomorphic co-crystalline,
and cobalt with magnesium ammonium phosphate'®) by
solid solution formation.

In the case of the co-precipitation of tin(IV) with
gallium phosphate, although the concentration proc-
ess seems to be not so different from those mentioned
above, no detailed studies have yet been reported. We
will soon examine those in detail.

Optimization of Operating Conditions.  The
optimum conditions for measuring the atomic ab-
sorbance of tin(IV) were examined using a solution con-
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Table 2. Effect of Diverse Ions on the Determination of Tin (IV)
Ion Amount Recovery/% Ion Amount Recovery /%
added added
mg A B mg A B
Li* 1.0 102.9 — Te(IV) 1.0 30.2 —
Na*t 1.0 96.8 — 0.1 — 84.9
K+t 1.0 98.5 — Cu** 1.0 87.1 99.7
Be?* 1.0 114.2 99.6 Zn*t 1.0 85.0 97.5
Mgt 1.0 99.5 — cd*t 1.0 97.6 —
Ca** 1.0 97.2 — La®t 1.0 198.3 103.4
Sr2t 1.0 115.6 98.8 Ti*t 1.0 130.9 97.4
Ba®* 1.0 124.6 102.3 Zr*t 1.0 74.0 72.7
At 1.0 132.3 98.2 Hf*t 1.0 99.0 —
In3* 1.0 98.6 — Th*+ 1.0 113.0 101.5
TI3*+ 1.0 96.9 — V(V) 1.0 137.0 99.5
Ge(IV) 0.1 107.4 100.7 Cr3t 1.0 116.4 99.8
Pb*t 1.0 103.4 — Mo(VT) 1.0 144.2 100.0
As(V) 1.0 98.8 — W(VI) 1.0 133.2 96.1
Sb3* 1.0 121.8 103.4 Mn?* 1.0 114.4 101.2
Bi*t 1.0 104.5 — Fe*t 1.0 120.1 100.8
Se(IV) 1.0 66.2 — Co?+ 1.0 101.3 —
0.1 — 95.6 Ni** 1.0 103.7 —
A: Sn (IV), 15 pug. A non-impregnated graphite furnace was used. B: Sn (IV), 3 pug. A graphite furnace
impregnated with hafnium was used.
mental conditions, such as the analytical wavelength,
lamp current, slit width, argon gas flow rate, and injec-
£ tion volume, the optimum measurement conditions for
] the atomic absorption of the tin(IV) were determined,
~ 10k as summarized in Table 1.
e Calibration Curve. The relationship between the
=y peak height and the concentration of tin(IV) was ex-
:f:" amined using the recommended procedure. A straight
~ line through the point of origin was obtained over the
S 5} concentration range 0.02 to 0.20 pgem™3 of tin(IV).
& The sensitivity and reproducibility of this method were
improved by using a graphite furnace impregnated with
] L hafnium; that is, the detection limit (signal to noise
0 1 2 3 ratio=2) and the relative standard deviation of the peak
T -3 heights obtained from five repeated determinations were
Acidity / mol dm 0.23 ngem™3 in 500 cm? of initial sample solution and
Fig. 4. Effect of the acid concentration on the peak 1.11% for 0.03 ug cm~2 of tin(IV) respectively, although

height of tin(IV). Sn(IV), 3 ug; Ga, 15 mg; 0.5
moldm ™3 H3PQy, 3 cm?®; final volume, 25 cm®. @)
HC], O) HNOs.

taining 3 pg of tin(IV) prepared according to the rec-
ommended method.

During the drying stage, almost a constant peak
height was obtained within 20—24 A of heating current
and 40—80 s of heating time. However, the bumping
of the sample solution frequently occurred above 22 A.
With an increase in the ashing current, the peak heights
became higher and reached a maximum value at 80 A.
These peak heights remained almost constant from 20
to 40 s of heating time. At the atomizing stage, the
maximum peak height of tin(IV) was obtained at 310 A
and from 3—10 s. From these results and other instru-

the detection limit and the reproducibility were 0.60
ngcm ™2 and 4.90% obtained using the non-impregnated
graphite furnace.

Interference. The influence of each of 34 diverse
ions on the determination of tin(IV) in 100 cm® sample
solutions was examined according to the recommended
procedure. As shown in Table 2, many ions inter-
fered with the determination when a non-impregnated
graphite furnace was used. This interference, how-
ever, could be reduced remarkably by using a graphite
furnace impregnated with hafnium. Tellurium(IV) or
zirconium(IV), however, interfered with the determina-
tion. .

Recoveries of Tin(IV) from Spiked Water
Samples. Using the recommended procedure, the
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Table 3. Recovery of Tin(IV) from Spiked Water Samples

Sample Sample Tin(IV)
volume Added Found RSD
cm® Hg Hg %
Distilled water 250 3.0 2.90 1.16
500 3.0 2.92 1.23
Tap water 250 3.0 3.05 3.44
500 3.0 3.00 2.63
River water 250 3.0 3.00 1.62
500 3.0 2.89 1.34
Sea water 250 3.0 2.95 4.18
500 3.0 2.93 4.34

The recoveries obtained are the average of five replicate
determinations. RSD: Relative standard deviation.

recovery of tin(IV) from some water samples spiked
with tin(IV) was examined. The samples were filtered
through a Fuji Photo Film FR-40 membrane filter (pore
size of 0.4 um) as soon as possible after sampling. The
results obtained by the calibration method are shown
in Table 3; it seems that the proposed method is appli-
cable to analyses of these water samples.

References

1) A. Mizuike, “Enrichment Techniques for Inorganic
Trace Analysis,” Springer-Verlag, Berlin, Heidelberg, and
New York (1983), pp. 61—66.

2) T. Takahashi and H.

Daidoji, “Furnace

Determination of Tin (IV)

1407

Genshikyukobunseki,” Gakkai Shuppan Center, Tokyo
(1984), p. 143.

3) K. Fuwa, S. Shimomura, S. Toda, and T. Kumamaru,
“Saishin Genshikyukobunseki,” Hirokawa Pub., Tokyo
(1989), pp. 1035—1045.

4) S. Kagaya, S. Kosumi, and J. Ueda, Chem. Lett.,
1992, 2157.

5) J. Ueda, K. Miyanaga, and T. C. Rains, J. Anal. At.
Spectrom., 3, 1031 (1988).

6) K. Itsuki and T. Ikeda, Bunsek: Kagaku, 29, 309
(1980).

7) E. Amakawa, K. Ohnishi, N. Taguchi, and H. Seki,
Bunseki Kagaku, 27, 81 (1978).

8) K. Masunaga, M. Okada, and H. Miyagawa, Nippon
Kagaku Kaishi, 1979, 1050.

9) K. Takeda, C. Akamatsu, and Y. Inoue, Fresenius’ Z.
Anal. Chem., 339, 50 (1991).

10) N. Kurata, Y. Harada, and G. Furuno, Bunseki
Kagaku, 39, 289 (1990).

11) F. L. Moore, Anal. Chem., 43, 487 (1971).

12) ‘M. Hara and S. Suzuki, Bull. Chem. Soc. Jpn., 48,
1431 (1975).

13) V. T. Chuiko, N. V. Kovaleva, and A. A. Kravtsova,
Zh. Anal. Khim., 27, 703 (1972).

14) V. T. Chuiko, F. A. Chmilenko, N. V. Kovaleva, A. A.
Kravtsova, and V. S. Smirnaya, Tr. Khim. Khim. Tekhnol.,
1973, 112; Chem. Abstr., 81, 85494j (1974).

15) N. V. Kovaleva and V. T. Chuiko, Zh. Anal. Khim.,
28, 1985 (1973).

16) S. Taguchi, M. Taga, H. Yoshida, and S. Hikime,
Bunseki Kagaku, 24, 26 (1975).




