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Ankara, Turrey*.
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Since germanium is rare and is used in electronics and in medicine, it is worth-
while to search for it in various sources and study its chemistry. The main sources of
it are coals and zinc ores. In the present work, a number of Turkish coals from diffe-
rent parts of Turkey has been analyzed for germanium and has been found a good
source. Moreover the recent spectrophotometric method has been modified both by the
apparatus and the procedure.

INTRODUCTION

Germanium has a great importance in contemporary seien-
ce and in industry, because of wide uses of it in electronics and
in medicine. It is a grayish-white semi-metal melting at 958°C.
Since the element is rare its chemistry is relatively new. It pre-
sents a great analogy to silicium and carbon.

It occurs mainly in coal in zinc ores. In some countries it is
manufactured from the flue dusts and the residues, from the
refining of zinc. It is percentage in coals and in ores is generally
low; in some American zinc oxide ores it goes up to 0.17 9, whe-
reas the percentage of it in coals, is about 10 P. P. M.

Since germanium has proved of great interest scientific as
well as industraial in modern world, it is worthwhile to search
for it in natural sources. Starting from this view we have analy-
zed a number of Turkish coals, from different parts of Turkey,
and have found a promising sample (Uziilmez bolgesi No 2).
However, this work does not mean that the searches in this field
are complete. We will continue to this type of work.

* Mailing address: Fen Fakiiltesi, Ankara, Turkey.



72 T, GUNDUZ ADN i, ONBASIOGLU

Germanium is determined by several methods. [1], [2],
[3], [4], [5]. One of them is absorptiometric method. But in
contrary to the other methods absorptiometric methods have
not been investigated to great extent. At present two absorp-
tiometric methods are known [4], [6]. One is based on the pre-
cipitation of germanium, as germanomolybdic acid and then
reduction of molybdic acid to molybdenum blue. Since arsenic,
phosphorous and silicon give the similar precipitation reactions,
the method is not so useful. In the second and the more recent
one germanium tetrachloride is treated with phenylfluorone
(2,3,7- trihydroxy—9-phenyl-6— fluorone) to give a pink colo-
ration. This method is about four times as sensitive as the mol-
ybdenum blue method.

CgHs
|

HO /C /OH

0% \OH

The color of the solution is orange because of the mixture
of the pink and yellow solutions (solution of phenylfluorone is
yellow). The color of the solution increases with time and reac-
hes to a maximum within 30 minutes, in the presence of much
excess of reagent, in acidic medium (1.05 N HCI). Since the complex
tends to precipitate before this time it is rendered stable by ad-
ding 0,5 percent aqueous solution of gum arabic into solution
of the complex. A solution so obtained is stable for at least 14
hours. The structure of the complex is.
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Cluley has shown that a few ions, such as Sn*?, Sn*4, Ast3
Y
AstS Sb+3, and Fet? interfere with the reaction. Since germa-
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nium is isolated by volatilization as tetrachloride before spect-
rophotometric determination is made, even the above mentio-
ned ions are not harmful. However, some arsenic trichloride and
hydrofluoric acid pass with volatile germanium tetrachloride
but they do not interfere with the absorption.

Fig - 1

In the distillation of germanium tetrachloride we have first
used the apparatus Fig-1, given by Beamish and coworkers [5].

But we have noticed that this apparatus is not useful. E-
ven, upon known samples, we could not get good results to draw
a working curve. So, we have modified it. The modified form
of the apparatus is seen in Fig-2. All connections of the appa-
ratus are of ground glass joints.

Another addition to this method is that the collection, of
20 ml solution, instead of 10 ml as described by Cluley [4].
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 We have obtained excellent results to draw a working cur-
ve, Fig-3, after we have made these alterations. As is seen from
‘the shape of the curve, the complex perfectly obeys the Lam-
bert-Bouger-Beer law. By using this curve, we have determi-
ned a number of coal samles from different parts of Turkey and

have got some interesting results. One of them has been found
to contain as much as 0.0013 percent of germenium.

-

Fig - 2

" The same coal contains 10 9, ashes, Table-1. Experiments
made upon ashes of the coal has shown no germanium at all.
This means that the whole of the germanium has passed into
flue dust as germanous oxide, which is stated to be volatile at

700°C [7]. So flue dust of this coal be a good and rich source
for germanium.
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EXPERIMENTAL

0,5 gram of finely ground coal sample is mixed properly
with 1,5 gram of dry sodium carbonate in a platinum crucible
and then the mixture is covered with 0,5 gram of sodium car-
bonate. The crucible, containing the mixture of coal and sodium
carbonate, is placed in a muffle furnace (Heraus) and the tem-
perature is raised gradually to 600°C within an hour and hea-
ting is continued at this temperature until carbonaceous mat-
ters, at the surface have disappeared.

Then the crucible is removed from the furnace and the con-
tents stirred carefully by a platinum wire. The crucible is pla-
ced once again to the furnace and is kept there for nearly an
hour at the same temperature. In this time all the cabonaceous
matters disappear once again. Finally the crucible is removed
from the furnace and is heated over a good burner, such as Me-
ker, until the last traces of the carbonaceous matters have di-
sappeared. At last the content of the crucible is cooled and 10
ml of distilled water is added on it.

Table - 1
No Abs. Ge (y) | Ge (in 0,58 | Ge % Ash 9%, | District
coal)
1 ]0.000 |~ = 0.000 10.0 Uziilmez
2 0.075 | 3.2 - - 13.0 Uziilmez
0.038 | 3.5 0.0013
0.068 | 2.9 6.4 (average)
3 0.022 | 0.9 1.8 0.0003 10.0 Kozlu
4 0.008 | 0.3 0.6 0.00012 | 11.3 Gelik
5 0.010 | 0.4 0.8 0.0001 13.5 Gelik
6 0.015 | 0.6 Uzillmez
0.018 | 0.7 1.3 (average) | 0.00026
7 0.013 | 0.6 13.3 Gelik
0.021 | 0.9 1.5 0.0003
8 0.010 | 0.4 13.3 Kozlu
0.006 | 0.3 0.7 0.00014
9 0.003 | 0.1 0.2 0.00004 | 37.9 Kozlu Incir
harmam
10 0.010 | 0.4 0.8 0.00016 | 16.1 Bolu Merkez
11 0.00 0.0 0.0 0.0 22.2 Soma
12 | 0.005 | 0.2 0.4 0.00008 | 35.7 Canakkale-Can
Helvac koyii
| Baglarbas:
13 0.020 | 0.8 1.6 | 0.00032 : Gediz
14 0.015 { 0.6 1.2 0.00024 | 25.7 Tungbilek
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The contents, perfectly disintegrated with water, is trans-
ferred to the distilling flask of the apparatus Fig-2. The crucib-
le is rinsed with 8 ml of 1:1 hydrochloric acid, and is added to
the flask too. In order to liberate carbon dioxide the solution is
swirled and is diluted to 25 ml. After that, 25 ml of concentra-
ted hydrochloric acid (d = 1, 18), is added and is heated with
a burner until 10 ml of distillate is collected. Then the distilling
flask is cooled and is heated again until another 10 ml of distil-
late is collected. So, altogether 20 ml of distillate is collected.
To half of the distillate in a 50 ml-graduate flask, are added 5
ml of gum arabic and 15 ml of phenylfluorone and then the so-
lution is made up to 50 ml by distilled water. '

The measurements are made at 510 mpy, after 30 minutes
that phenylfluorone solution has been added into the half of
the distillate (for the complete developement the pink color).

The working curve has been drawn under the same condi- .
tions. Here, pure sodium germanate solution containing 10 u
germanium in one ml, has been taken instead of the coal sample.

Gum. arabic solution: 0,5 gram of gum arabic is dissolved
in 100 ml of the distilled water by heating.

Phenylfluorone solution: 0.030 gram of the phenylfluore-
ne is dissolved in a mixture containing 5 ml of dilute sulphuric
acid (1:6) and 85 ml of ethylalcohol by warming, then it is coo-
led and is made up to the 100 ml with ethylalcohol.

Apparatus and Materials

The measurements have been made on a Beckmed DU
Spectrophotometer equipped with a Beckmen DT Supply.

Germanium dioxide and phenylfluorone have been supplied
from the B. D. H., sodium carbonate (pure) aud hydrochloric
acid (pure) from E. Merck.
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OZET

Germaniumun nadir olmasi, elekronik ve tipta kullamlmasi delayisiyla gesitli
kaynaklarda aragtinlmasmda ve nisbeten yeni olan kimyasimin geligtirilmesinde fay-
dalar vardir. Bu kaynaklar baghca kémiirler ve ¢inko filizleridir. Takdim edilen gahs-
mada Tiirkiyen'in ‘¢esitli bolgelerinden gelen komiirler germanyum bakimmdan ince-
lenmiy ve bunlardan birisinin olduk¢a iimit verici oldugu tesbit edilmigtir. Buna iléve-
ten bu gahgmayla simdiye kadar kullamlmakta olan metod iizerinde de baz1 degigiklik-

ler yapilmstar.
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