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Determination of tin in geological materials by

atomic absorption spectrometry
Shigeru TERASHIMA®

TERASHIMA, S. (1985) Determination of tin in geological materials by atomic absorption
spectrometry. Bull. Geol. Surv. Japan, vol. 36(7), p. 375-383.

Abstract: A rapid and sensitive method for the determination of tin in geological materials
by atomic absorption spectrometry using either the combination of hydride generation and
heated quartz cell atomizer or solvent extraction and carbon tube atomizer was investigated.
Common silicate rocks and sediments were decomposed with a mixture of perchloric, nitric
and hydrofluoric acids, and dissolved in diluted hydrochloric acid and oxalic acid solution.
Tin hydride was generated with 19, sodium tetrahydroborate and 0.6M hydrochloric acid
using an automated hydride generator, and introduced to a quartz cell atomizer.

The combination of solvent extraction and carbon tube atomizer was adopted for
samples containing a large amount of interfering elements and/or refractory tin-bearing
minerals. In this case the samples were decomposed by the acid mixture or fusion with sodium
carbonate and boric acid. Tin was extracted by butyl acetate as tin-trioctylphosphine oxide
(TOPO) complex from 2.4M hydrochloric acid solution containing 40 mg of aluminium as
chloride. The tin in the organic solvent was determined by a carbon tube atomizer.

The limit of detection in the determination of tin is 0.1 ppm by hydride generation
and quartz cell atomizer, and 0.04 ppm by solvent extraction and carbon tube atomizer for
0.5 g of a given sample. The reletive standard deviation for the determination of more than
0.5 ppm tin was less than 149,. The method can be satisfactorily applied to the analysis of a
great variety of geological reference samples.

198la, b; Cuan and Baic, 1982). This appa-
ratus provides high sensitivity and rapid
analysis. Although the combination of hydride

1. Introduction

The analytical method for the determination
of tin by atomic absorption spectrometry using
an argon-hydrogen flame after extraction of
tin(IV) as iodide with benzen have been pre-
viously reported (TErRAsHIMA, 1975 and 1982).
However, the analytical procedures are rather
complicated, and the sensitivity is not high
enough for applying it to geological materials
containing a trace amount of tin in 0.2 ppm
level.

Recently, a convenient and useful apparatus
which consists of an automated, continuous
hydride generator and an electrically heated
quartz cell atomizer has been developed
(SuBraMANIAN and SasTri, 1980; IKEDA et al.,

*Geochemistry and Technical Services Department.

generation and quartz cell atomizer can be
usefully applied to common geological samples,
some minerals which contain a large amount of
interfering elements and refractory tin-bearing
minerals can not be safely analysed by this
method. For such minerals, Zaou e al. (1984)
have studied the method which uses a carbon
tube atomizer with solvent extraction. In the
present study, these two different procedures for
tin analysis were evaluated and modified after
detailed examination concerning the effect of
concomitant elements and the dissolution or
digestion methods for a great variety of geo-
logical materials.
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2. Experimental

2. 1 Apparatus

The Nippon Jarrell-Ash Model AA-781
atomic absorption spectrometer used was
equipped with a Nippon Jarrell-Ash Model
HYD-1 automated hydride generator, a Model
HYD-2 heated quartz cell atomizer, a Model
FL.A-10 carbon tube atomizer unit, a deuteri-
um background corrector, and a tin hollow-
cathode lamp (Hamamatsu Photonics).

A shematic diagram of the HYD-1 automated
hydride generator can be seen in Fig. 1. A
peristaltic pump and controller were used to
mix sample with hydrochloric acid and then
with sodium tetrahydroborate solution. In a
water-cooled reaction coil gaseous tin hydride
was produced and the hydride was introduced
by argon carrier gas into a quartz cell atomizer
(HYD-2) after passing through the first gas-
liquid separator, condenser, second gas-liquid
separator and buffer tank. The temperature of
the quartz cell atomizer (140 mm long, 11 mm
i.d.) was controlled at 900--20°C by a variable

transformer.

For use of a carbon tube atomizer for tin
determination, it has been reported that the
impregnation of the carbon tube with tungstate
solution rises the analytical sensitivity nearly
two times, and also improves the precision of
the absorbance readings (Zmou et al., 1984).
Because the evidences reported were confirmed
in this study, the carbon tubes were soaked
overnight in a 8%, solution of sodium tungstate
dihydrate, and dried at 120°C in an electric
oven for about 4 hours.

2. 2 Reagents

Tin standard solutions (0.01, 0.05, 0.5 and
10 pg/ml): Prepare by consecutive dilution of
a 1 mg/ml atomic absorption standard with
0.6M hydrochloric acid.

Sodium tetrahydroborate solution (19%):
Dissolve 10 g of sodium tetrahydroborate in
1000 ml water with 5 g of sodium hydroxide.

Ogxalic acid solution (109,): Dissolve 50 g of
oxalic acid in water and dilute to 500 ml.

Aluminium chloride solution (Al 20 mg/ml):
Dissolve 49.4 g of aluminium chloride in water

NaBH«

——ACIL
———Aux

[——Sample

Hydride Generator[HYD-1]

Fig. 1

Schematic diagram of the hydride generator (Nippon Jarrell-Ash, Model HYD-1).

@ Peristaltic pump and controller @ Gas-liquid joint @ Manifold @ Water-cooled rea-

ction coil @ First gas-liquid separator ® Waste water bottle @ Condenser

Second

gas-liquid separator Buffer tank @ Flow meter for carrier I @ Flow meter for carrier II.
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and dilute to 500 ml.

Ascorbic acid solution (10%,): Dissolve 20 g
of ascorbic acid in water and dilute to 200 ml
(prepare flesh daily).

TOPO(trioctylphosphine oxide)-Butyl ace-
tate solution: Dissolve 8 g of TOPO in 200 ml
of n-butyl acetate.

All other reagents were of anlaytical reagent
grade.

2. 3 Recommended procedures for
hydride gemeration and quartz
cell atomizer

Acid digestion for common geological

meterials: Weigh accurately 0.1 to 0.2 g of
powdered sample into a Teflon beaker. Add
3 ml of 609, perchloric acid, 3 ml of concen-
trated nitric acid and 5 ml of 469, hydrofluoric
acid, and mix them. After letting the mixture
stand for 15-20 min, evaporate the mixture to
dryness on a sand bath at about 220°C. Add
1 ml of 3M hydrochloric acid, and heat until
a yellow colour of iron (III) is obtained; then
add 5ml of 109, oxalic acid, and heat for
3-5 min. After cooling, transfer whole solution
(if the content of tin is less than 5 ug) or a
portion of the solution to a 25 ml volumetric
flask. Adjust the final acidity to about 0.12M

Table 1 Operating conditions for tin determination.
‘Wavelength 224.6 or 254.7 nm
Lamp current 10 mA
(Hydride generator, HYD-1)

Sample solution, feed rate 20 ml/min
NaBH, solution, feed rate 12 ml/min
concentration 1%, in 0.59%, NaOH
HCI solution, feed rate 12 ml/min
concentration 0.6M
Argon flow, carrier 1 0.1 1/min
carrier 11 1.0 1/min

(Hydride atomizer, HYD-2)

Temperature 9004-20°C

(Carbon tube atomizer, FL.A-10)

Drying 30 A~20 sec.
Charring 100 A-30 sec.
Atomizing 200 A-7 sec.
Lamp mode 2

Argon flow rate 2 1/min

for hydrochloric acid concentration and 59,
for oxalic acid, and add 2.5 ml of aluminium
chloride solution (Al 20 mg/ml), then make up
exactly to 25 ml with water.

Introduce the solution into the hydride
generator for 3040 s, and determine tin under
the operating conditions given in Table 1.
Calculate the tin concentration directry from a
calibration graph based on peak heights
obtained by taking 0-5 ug of tin in 25 ml
volumetric flasks, and proceeding as described
above.

2. 4 Recommended procedures for
solvent extraction and carbom
tube atomizer

Acid digestion for common geological

materials: Decompose 0.1 to 0.5 g of sample
by the acids as mentioned above. Dissolve
the residue by heating with 8 ml of hydro-
chloric acid (141). Transfer the solution to
a 50ml separatory funnel. Add 2ml of
aluminium chloride solution, and dilute to
about 18 ml with water. Add 3 ml of 109,
ascorbic acid solution, and mix. Shake with
5 ml of TOPO-butyl acetate for 3 min. Deter-
mine the tin absorbance of 20 pl of the orga-
nic layer with a carbon tube atomizer under
the operating conditions listed in Table 1.
If the content of tin in organic phase is more
than 5 ug, determination of tin by a nitrous
oxide-acetylene flame is recommended.Prepare
a calibration curve by adding 0-50 ug of tin to
8 ml of hydrochloric acid (14-1) in separatory
funnels, and proceed as described above.

Sodium carbonate and boric acid fusion

for refractory geological materials: Weigh
0.05 to 0.1 g of powdered sample into a plati-
num crucible. If the samples contain more than
19 of noncarbonate carbon, pre-heat the
samples at about 600 °C to remove this carbon.
Add 1g of sodium carbonate and 0.2g of
boric acid, and mix them. Fuse the mixture
cautiously over a Meker burner for the first
2-3 min to minimize spatter. Cover the cru-
cible, and transfer it into an electric furnace
at about 1000°C for 5-30 min. After cooling,
dissolve the melt by heating with 12 ml of
hydrochloric acid (14-1). Transfer the solution
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into a separatory funnel, and proceed the
procedures as described above.

3. Results and Discussion

3. 1 Hidride generation and quartz

cell atomizer

When the high concentration mode of the
instrument was used, reasonable linearity was
obtained for the calibration graphs up to 1 ug
at the 224.6 nm absor ption line, and up to
5 ug at the 254.7 nm li ne. Because the sensi-
tivity for tin increased with the feed rate of the
sample solution, the maximum feed rate(20ml
{min) was selected.

The concentration of hydrochloric acid of
the hydride generator was tested at 0.3 and
0.6M. Although, the absorbance signal of tin
was increased about 209, at 0.3M when com-
pared with 0.6M hydrochloric acid, the acid
concentration produced unstable baseline and
distorted peaks. Accordingly, 0.6M hydro-
chloric acid was chosen for this work. The
conditioning of argon gas flow rate (0.08 to
0.20 I/min for carrier I, and 0.8-1.2 I/min for
carrier II), and temperature (850-1000°C) of
the hydride atomizer were not critical.

The effect of acid concentration on the tin
absorbance of a solution containing 0.5 ug/25 ml
of Sn was tested by varying the concentration
of hydrochloric acid from 0.12 to 3.0M in the
sample solution. As shown in Fig. 2, higher
absorbance was obtained in lower acidities,
and the absorbance decreases markedly against
increasing concentration of acid. At lower acid-
ities, the solution of tin was unstable because
the element forms easily hydride precipitate
by hydrolysis. In this study, oxalic acid was se-
lected to keep suitable acidity for suppression
of the hydrolysis, and for elimination of inter-
ference from the elements as the following ex-
periments. :

The interference of iron (III) on the tin
absorbance was observed and elimination
by organic acids was examined. Ammonium
oxalate or oxalic acid can eliminate the iron
(IIT) interference as shown in Fig. 3, but
tartaric acid was not successful. The inter-
ferences of copper and nickel on the tin absor-
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Fig. 2 Effect of hydrochloric acid concentration of the
sample solution on tin absorbance.

1%
Tartaric acid

251
1 % Ammonium oxalate

20 -

15 1 % Oxalic acid

Relative absorbance

No organic acid

HC1: 0.12 M
I ! 1 1
0 20 40 60 80 100

Sn: 1 ug/50 ml,
1

Added Fe(III}, mg

Fig. 3 Interference of iron(III) for tin absorbance
and their elimination by tartaric acid, ammonium
oxalate and oxalic acid.
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Fig. 4 Interference of copper and nickel for tin absorbance and their elimination by oxalic acid

and ammonium oxalate.

bance were also eliminated by the addition of
oxalic acid or ammonium oxalate. However,
it is likely that oxalic acid was more effective
than ammonium oxalate for the suppression of
the interferences as given in Fig. 4. Therefore,
oxalic acid was used to suppress the inter-
ferences and the hydrolysis of tin in the sample
solution. '

Interferences from other elements were stu-
died at concentrations equal to or greater
than those typically found in common silicate
rocks and sediments. Although the some
enhancing or reducing effects were observed as
listed in Table 2, those interferences can be
minimized by the addition of aluminium chlo-
ride solution, and the restriction of sample
taking to less than 0.2 g in the above-mentioned
analytical procedures. The reducing interfer-
ence of fluorine on the tin absorbance were
also eliminated by the addition of aluminium
chloride solution as shown in Fig. 5.

3. 2 Solvent extraction amd carbon
tube atomizer
Zrou et al. (1984) has used MIBK (methyl
isobutylketone) to extract tin-TOPO complex

Table 2 Effect of various elements on tin absorbance
(0.5 ug Sn).

Element  Compound poiont® . Abserbenes

Al AlCl, 20 +21
50 +-30

100 +35

Fe FeCl, 100 +5
Mg MgCl, 100 +20
Ca CaCl, 100 —15
Na NaCl 100 0
K KCl 100 0
Ti TiCl, 10 0
Zn ZnCl, 1 0
Cu CuCl, 0.5 —10
Co CoCl, 0.5 —14
Ni - NiCl 0.5 —6
Pb Pb(NOy), 0.5 —5
\Y% NH,VO, 0.5 —10
Pt H,PtCl, 0.05 —10
Bi Bi(NO,), 0.05 —11
Sb SbCl, 0. 005 0
As AsCly 0. 002 —8
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Fig. 5 Interference of fluorine for tin absorbance and
their elimination by aluminium.

from the sample solution. However, it is
considered that the method is undesirable
because of the large solubility of MIBK in
aqueous solution. Accordingly, in this study,
butyl acetate which has smaller solubillity
than MIBK was selected as an extractant.

In the concentration range of hydrochloric
acid from 0.3 to 3.6M, there was no clear
difference on the extraction of tin-TOPO co-
mplex by butyl acetate, and more than 999,
of tin was extracted. Fluorine suppresses the
extraction of tin. The interference from fluor-
ine, however, can be avoided by the extrac-
tion from the higher concentration of hydro-
chloric acid and the addition of aluminium.

The extraction of tin-TOPO complex from a
solution of 2.4M hydrochloric acid contain-
ing 40 mg of aluminium as chloride was not
interfered by fluorine up to 200 mg. Molyb-
denum was extracted together with tin, and
more than 0.2 mg of the element suppresses
the tin absorbance. However, the amounts of
molybdenum in the geological materials stu-
died are well below the interfering level.

The extraction of 2 ug tin was not interfered
by the coexistence up to 1000 mg of perchloric
acid, nitric acid, sulfuric acid, phosphoric acid,
200 mg of boric acid, 100 mg of sodium,
potassium, magnesium, calcium, manganese,
iron (II) or aluminium, 20 mg of titanium,
and | mg of copper, lead, zinc, cobalt, nickel,
chromium, vanadium, uranium, zirconium or
platinum. If the fusion procedure was adopted
for sample dissolution, gelatinous silica often
appeared in the organic solvent. However, tin
was not contained in the gelatinous silica which
can be separated readily from the organic
solvent by using a centrifugal machine.

3. 3 Decomposition of sample

As for the determination of tin in common
silicate rocks and sediments, the samples can
be completely decomposed by digestion with
perchloric, nitric, and hydrofluoric acids (TE-
RASHIMA, 1975) or sulfuric and hydrofluoric
acids (CHAN and Barg, 1982). Analytical re-
sults by the acids digestion and the fusion
method for seven geological reference samples
are listed in Table 3. The agreement between
two methods for the soils, hot spring deposit,

Table 3 Comparison of results for tin(ppm) in selected geological samples by different dissolution methods.

Samples (H%ﬁi(%iiifﬁi;ioo? L-HF) (Nazc%l:il??{sBOs) Other values
GXR-2 Soil 2.3,22,2.0,2.1 2.2,2.1 1.98%
GXR-3 Hot spring deposit 0.9, 1.1, 0.9 0.9, 1.0, 0.8, 1.0 0.94*
GXR-5 Soil 2.1,2.0, 1.8, 1.9 2.0, 2.0 2.84*
1633a Coal fly ash 6.4, 6.2, 6.5 6.0, 6.4

Nod-A~1 Manganese nodule 3.6, 4.1, 3.2, 3.7 3.8, 3.2, 3.5

176/2 Manganese ore 2.0, 2.5, 2.2, 2.3 22,25

800-3 Iron ore 54, 59, 56 118, 112, 114 120%*

*After Zwovu et al. (1984).
**Certificate value, Iron and Steel Institute of Japan.
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coal fly ash, manganese nodule, manganese ore
are fairly good. However, the results of the
acids digestion for the iron ore (hematite) is
clearly lower than those of the fusion method.
This suggests that some geological samples may
not be completely decomposed by the acid
digestion. The analytical results of tin in other
geological reference samples by the different
dissolution methods have been reported (TE-
rasHiMA, 1982). The results indicate that the
majority of common geological samples as
rocks, sediments and minerals can be de-
composed by the digestion of acid mixture
including hydrofluoric acid, and the fusion
method with sodium carbonate and boric acid
was required for only several samples con-
taining refractory tin-bearing minerals as
greisen, spodumene, sillimanite schist and
jasperoid (TErAsHIMA, 1982).

When the sample to be analysed has high
content of non-carbonate carbon, an ashing
procedure was required to remove the carbon
before the fusion procedure. If the ashing

procedure was omitted, the values of tin were
reduced to about half in most cases. This
may arise from the formation of an alloy of
tin and platinum during the fusion procedure.
There was no ashing procedure in the sample
dissolution with acids, so that the noncarbo-
nate carbon was not completely removed from
samples such as shale and coal fly ash, but
the residue did not have any effect on the
hydride generation or solvent extraction pro-
cedures.

3. 4 Amalysis of geological referemce
samples

Results obtained for tin in eighteen geologi-
cal reference samples by acid digestion-hydride
generation and quartz cell atomizer are given
in Table 4, and compared with reported
values. The reported values were obtained by
atomic absorption spectrometry with a sol-
vent extraction and graphite furnace atomizer
(Zuou et al., 1984), or argon-hydrogen flame
(TERASHIMA, 1982), or hydride generation and

Table 4 Analytical results for tin(ppm) in eighteen geological reference samples by hydride generation
and quartz cell atomizer.

. CHAN et al. (1982
sty PEAT TEEY o Fuin
USGS BHVO-I Basalt 1.92-+0.16 1.74 1.90 1.9 1.8
MAG-1 Marine mud 3.3140.20 1.90 2.98 3.7 3.2
QLO-1 Quartz latite 2.3240.15 2.34 2. 14 2.3 2.4
RGM-1 Rhyolite 4.204+0.22 3.65 3.78 4.4 4.4
SCo~1 Cody shale 3.4140.18 3.22 3.02 3.7 3.9
SDC-1 Mica schist 3.1840. 20 2.83 2.68 3.0 3.2
STM-1 Syenite 7.54+40.36 9. 02 6.70 7.2 6.7 f
NBS  69A Bauxite 8.5140.40 — — — — i
97a Clay, flint 6.90--0. 28 — 6.16 — - j
98a Clay, plastic 5.76+0. 30 — 5.25 — — |
GSJ  JA-1 Andesite 0.78+0. 10 — 0. 8%* — —
JB-1a Basalt 2.0140.12 — — — —_—
JB-2 Basalt 0.560. 08 — 0. 5%* — —_
JB-3 Basalt 0.860. 10 — 0. 8%* — — |
JG-1a Granodiorite 4.2140.23 — — — — ;
JGb-1 Gabbro 0. 360. 06 — 0. 4*% — — :
JR-1 Rhyolite 2.7040. 15 — 2. 6%* — — |
JR-2 Rhyolite 3.18.0. 18 — 2. 9%* — — |

*Average value of 3-5 determinations with standard deviation.
**After TERASHIMA ef al. (1984).
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quartz cell atomizer after acids digestion or
lithium metaborate fusion (CHAN and Baig,
1982). The agreement between the present
results and the reported values are fairly good.
The results of this work for fourteen geological
reference samples by solvent extraction and
carbon tube atomizer or nitrous oxide-acetylene
flame are listed in Table 5 for comparison with
the values of Zaou et al. (1984); agreement is
generally good.

The relative standard deviatrion are cal-
culated to be 149, or less for the determination
of more than 0.5 ppm of tin by the present
hydride genelation or solvent extraction separa-
tion with atomic absorption spectrometry. The
limit of detection in the determination of tin
is 0.1 ppm by hydride generation and quartz

Table 5 Analytical results for tin(ppm) in fourteen
geological reference samples by solvent extraction
and carbon tube atomizer.

Samples This study* Zﬂ(?gge i)al.
GSJ  JP-1 Peridotite 0.05+0.01 —
USGS GXR-1 Jasperoid 59.041.6%* 52.4
GXR-~-2 Soil 2.15+0.13 1.98
GXR-3 Hot 0.9740. 12 0.94
spring deposit
GXR—4 Porphyry 6.10-0. 14 4,79
copper ore
GXR-5 Soil 1.9540.13 2.84
GXR-6 Soil 1.55+0.13 0.86
Nod-A-1 3.654-0. 37 —
Manganese
nodule
Nod-P-1 3.434-0. 39 —
Manganese
nodule
NBS la Limestone 2.58+40.10 —
120b Phosphate  0.4140.05 —
rock
1633a Coal fly ash 6.36+0. 15 —
BCS  176/2 Manganese 2.2540.20 —
ore
JSS  800-3 Iron ore 1154 3%* 120%**

*Average value of 3-5 determinations with standard
deviation.
**Determined by nitrous oxide-acetylene flame after fusion.
***See notes in Table 3.

cell atomizer, and 0.04 ppm by solvent extrac-
tion and carbon tube atomizer for 0.5 g of a
given sample. The time required for the
determination of tin in ten samples estimates
4 hours or less.

3. 5 Conclusions

For the determination of tin by present
atomic absorption spectrometry, the solvent
extraction and carbon tube atomizer is more
sensitive than the hydride generation and
quartz cell atomizer. However, the analytical
procedures of the solvent extraction and car-
bon tube atomizer are rather complicated than
those of the hydride generation and quartz
cell atomizer. Therefore, the application of the
carbon tube atomizer will be restricted to
samples having very low tin content and those
containing a large amount of interfering ele-
ments. In order to dissoluve samples, the acids
digestion method is more convenient than the
fusion method for routin work, moreover the
method gives higher sensitivity due to the use
of large amount of samples. For the sample
which is known to contain refractory tinbea-
ring minerals, fusion procedure is recommen-
ded. The methods studied in this work can be
applied to tin analysis for a great variety of ge-
ological materials such as rock, soil, clay, bau-
xite, limestone, phosphate, coal fly ash, man-
ganese nodule and iron ore.
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