







































































































































































































































































































































































































































































































































































ZINC DETERMINATION

Determination of Zinc in

lants and Soils

E. T. VERDIER, W, J. A,
and D. J. EVE

Rhodes University, Gt
South Africa

A critical investigation of the reliability of the dithizone and polarographic methods,
the determination of zinc, is presented. A satisfactory modification of the Cowling
Miller dithizone photometric method was devised by the close study of the influenc

pH on zinc extraction, transmittance curves, and accuracy of the technique.
modified procedure, 24 zinc determinations per day could be carried out.

With
A modi

polarographic method, aimed especiaily at the elimination of a preliminary separa
step was found to lend itself also to the simultaneous determination of copper, ni
manganese, and possibly cobalt.

Study of Dithizone Photometric Method

ING IN BIOLOGICAL MATERIALS has

been determined most commonly by
either photometric procedures, based on
the red complex which zinc forms with
diphenylthiocarbazone, usually referred
to as ‘‘dithizone,” or polarographic
methods. Both of these methods were
selected for careful study.

The most popular dithizone method is
that of Cowling and Miller (2), pub-
lished in 1941, Since then many
workers have presented modifications of
this method (5-7, 74-77). The majority

Reprinted lrom AGRICULTURAL AND FOOD CHEMISTRY, Vol

of these were aimed at a reduction in the
time of the lengthy extraction technigue
employed by Cowling and Miller.
However, in many cases, a lossof accuracy
wag involved by the modification.

The essential feature of the Cowling
and Miiler method consisted in a three-
stage extraction technique. First, the
zinc and other metals forming dithizone
complexes were separated from iron,
aluminum, calcium, and other substances
by extracting the sample solution,
buffered at a pH of 8.5, with a dithizone—

carbon tetrachloride soluti
was next separated fro:
extracting the organic |
dilute hydrochloric acid
nally, the acid solution w:
buffered at pH 8.5 wit
citrate-ammonia solutio
some sodium diethyl dit
and the zinc extracted
as before. Photometric
were carried out on a |
zinc dithizonate extract at
of 530 to 540 mu (77).
The critical points in
which were sclected for
were the effect of pH on th
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Figure 3. Influence of fluoride concentration on zinc waves

The cells were of internal-pool anode
type. When determining half-wave po-
tentials, the potential of the anode was
measured against a saturated calomel
electrode before and after recording a
polarogram. The elecirolysis cells were
immersed in a thermostat and all read-
ings were taken at 25° 4 0.1° C. A
galvanometer with a sensitivity of 2
X 107 ampere per millimeter was used.
The drop rate was 3.0 seconds and a mass
of 3.0 mg. flowing per second into dis-
tilled water on an open circuit at a
mercury height of 50.0 cm.

Reagents

Great care was taken in the prepara-
tion of solutions and only high-grade
reagents were used. Polyethylene bot-
tles were extensively used and proved to
be satisfactory for storage. No effect
of the type reported by Gatos {4), who
found that storage in these bottles re-
sulted in a depression of the polaro-
graphic maxima and waves, was noticed

in this investigation. The {ollowing
additional solutions were used:
Potassium thiocyanate, 15%. Pre-

pared from analytical reagent grade

potassium  thiocyanate and zinc-free
water.
Bromothymol blue, 8.i%. Dissolved

in the minimum quantity of hot absolute
aleohol and then diluted to volume with
zinc-free water,
Agar-Agar solution, 0.29,.
in warm zinc-free water,
Standard zinc solution.
above.

Dissolved

As described

Procedure

Into a 25-ml. measuring flask, pipet
out an aliquot of the plant or soil solu-
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tion, prepared as described in Procedure
for Plant Material, and containing 10 to
100 ¥ of zinc, If this solution is very
acid, add ammonia to raise the pH to
approximately 2. By means of a weigh-
ing funnel, add 0.40 gram of sodium
fluoride and mix the contents of the
flask well. At this stage, the yellow
color due to the ferric ions disappears
and a fine white precipitate separates
out at thc same time. Now add 1
ml. of 15%, potassium thiocyanate solu-
tion, one drop of 0.1%, bromothymol
blue, and redistilled ammonia dropwise,
with shaking, until the solution shows a
faint, permanent, blue-green coloration
(pH 6 0 7).

Finally add 0.2 ml. of 0.2%, agar solu-
tion as a maximum suppressor, make up
to the mark, and mix thoroughly.
Transfer to an electrolysis vessel, re-
move the oxygen. and electrolyze the
solutdon between 0.8 and 1.2 volts.
Under these conditions, zinc gives a
well defined wave at —1.03 wvolts 25
the saturated calomel electrode, which
is suitable for quantitative determina-
tions.

Experimental Results

Fluoride Concentration, In view of
the conflicting staternents concerning the
formation of a ferric wave in fuoride
medium (3, 78, 79, 24, 25) experiments
were carried out to see under what
conditions complexing was achieved.
On the addition of a slightly acid ferric
chloride solution to a solution 1Af in
sodium fluoride and 0.05M in potassium
thiocyanate, no wave was obtained for
the iron, though zine, under the same
conditions, gave a perfect wave. The
formation of the whitc crystalline pre-
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cipitate, mentioned earlier, did not ap-
pear to interfere in any way with the
determination.

Because  subsequent  experiments
showed that an increase in the fluoride
concentration caused a suppression of
the cobalt wave formed under the same
conditions, its effect on the zinc wave
was systematically studied. Figure 3
shows the variation of the height of
the zinc wave with the fluoride concen-
tration. These results show that the
concentration of the fluoride should
not be greater than 0.4M (0.4 gram in
25 ml.}.

Influence of pH. In agreement with
the results obtained by Shoemaker
(78) it was found essential that the
fluoride should not be added to ferric
solutions which had a pH greater than
2. [If the pH is greater, or very much
lower than this value, complete complex-
ing of the ferric ions does not take
place and subsequent acidification or
neutralization fails to bring about the
desired effect. It was [urther found
necessary to neutralize the resulting
solution immediately after the addition
of the fluoride for the following two
reasons.

If the solution remains acid (pH iess
than 5), a rapidly growing wavec is
formed at about —@.5 volt vs. the satu-
rated calomel electrode. This wave
occurs even in the absence of iron.
It disappears on shaking the electrolysis
cell but reappears later.

If the pH is not brought to within a
value of 6.0 to 7, another wave starting
at about --1.3 volts is formed, which
tends to interfere with the determination
of zine. It was assumed, in accordance
with the findings of von Stackelberg and
von Freyhold (79), that this wave was
due to the iron in solution and no at-
tempt was made to verify this. In a
recent publication, Rulfs and Stoner
{73), on the contrarv, consider that the
wave at —0.42 volt is due to the iron
but the one at —1.36 volts is not.
These apparently conflicting views reveal
the need for a further complete in-
vestigation of the deposition of iron from
fluoride solutions.

Thiocyanate Concentration. A
study of the shape and separation of the
nickel, zinc, cobalt, and manganese
waves in thiocyanate-fluoride medium,
showed that best results were obtained
when the thiocyanate concentration
was (.062M. At this concentration,
zinc, nickel, and manganese give well
defined waves which are all suitabie for
the quantitative determination of these
elements. The cobalt wave, however,
is not well developed and tends to show
a type of “prewave” with the consequent
drawing out of the whole wave.

Maximum Suppressor and pH In-
dicator. The use of gelatin was found
to shift the cobalt wave by approximately
0.05 volt towards more positive poten-
tials, thus diminishing the separation
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