



























































































































































FIG. 4.

AUTOMATIC PIPETTE
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(ii) Di-Beta-Napthyl Thiocarbazone,

10 ml. of the DN solution were diluted to 50 ml. with
pure carbon .etrachloride,

Transmission measurements for each golution were made
between 400 snd 76C mu employing a Beckman ID.U. Spectro-
photometer,

The results of this investigation are shown in the
graph (Figure 6).

The curves obtained agreed almost exactly with those
obtained by Cholek et al, (17) for the corresponding
chloroform solutions, apart from the slight minimum and
maximum which the DN curve shows at 480 mu and 540 mp,

It was thought that this might be due to the differcnce
in the solvent, but on repeating the measurements with a
chloroform solution, a similar result was obtained,.

This difference may be due to either:

(a) Impurities in the reagent or
(b) Cholak and his co-workers using a widcr

effective bandwidth in making trangmizsion
nmeasurements,

Selection of Wave Length for Transmission Measurments.

Tt was decided 12t transmission measuremcnts
should be made at 540 umu, This wave length was selected
in preference to 660 mu (where the separation of the curve:
is greatest) because:

(a) This is a more suitable wave length for

simple instruments, be-1g in the middle
of the visible rcgion,
(b)/.a-n. ------
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After a preliminary extraction of the citrate
buffer to remove impurities, 5 ml of 2 ppm zinc solution
was added. and the solution extracted by shaking for two
minutes with 0.003% DI, The carbon tetrachloride layer
was then run into & 50 ml volumetric flask, the remaining
traceg being rinsed down with pure car*on tetrachloride.
The solution was diluted to the mark and its optical

density measured as before,

NOTE: As DN is not soluble in alkaline agueous media,
it is not possible to remove excess reagent and

the method is a true "mix-colour? one.

The results obtained were in agreement with those
of Cholak, in that maximum extraction was attained hetween

pH 7.5 and 8, and maintained until »H 10. (see Figure 7).

(c) THE SOLUBILITY OF DI~BITA-NAPTHYLTHICCARBAZONE.,

One of the chief dissdvantages of DN when com-
pared with Dz is its smeller solubility. This is particu-
larly marked when carbon tetrachloride is used as solvent,
As, however, the literature conrntuins no reference to the
use of this reagent in carbon tetrachloride, it was con-
sidered worthwhile to investigate the poesibilities of a

DN —zthod using carbon tetrachloride as solvent.

After one or two/....
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(ii) Concentration of Acid Used in the Second Stage
of the Analysis.

To transfer the zine back to the agqueous phase
after the initial extraction, Illartin used 20 ml, of
0.5M hydrochloric scid, while Cholak used 50 ml. of
0.2N acid. In view of the fact that the greater
the acid concentration at this stage, the more ammonia
must be used to bring the pH to right value for the
final extraction, it was decided to test the suitabi-
lity of a range of acid concentrations in the manner
described below,

The first step of the analysis was carried out
in the usual manner in triplicate, 10 pg of zinc be-
ing extracted from approximately O0.05M ammonium
citrate at pH 9; by shaking with 10 ml. of DN recagent,
Bach of the extracts was then shaken for two minutes
with 40 ml of an acid solution, the concentration of
acid used being 0.05N in the first case, 0,1N in the.
second case and 0,2N in the third,

The final extraction with DN wasg carried out
after the addition of 40 ml. of C,05M citrate solution,
containing a sufficient concentration of ammonia to
bring the pH to approximately 9. (This concentration
was determined beforehand),

The final results of this experiment (see Table V)
showed no difference betwecen the use of 0,2N and 0.1N
acid, but the results for the analyses, in which 0,05N

acid was used, was in cach case slightly lower.







































- 77 -

(iii) Thermostat.

All measurcments were made at 25,0°C, the
electrolysis cells being immersed in a small thermo-
stat bath (as described by A.J. Eve (33)) kept at
that temperature.

(iv) Cells.

The cells used were of the type described by
A.J. Bve (33). These had an internal pool anode.
The potential of this anode was measured against a
saturated calomel clectrode, before and after reccord-
ing a polarogram, when determining half wave poten-

tials.

(b) OTHER PRACTICAL CONSIDERATICNS.

(i) Cathode Dropping Rate.

A1l measurements were carried out using a normal
dropping mercuyxyy cathode, the drop rate of which was
in the region of 3 ceconds per drop.

(i1) Nitrogen.

Ordinary commercialJnitrogen, without furither
purification, was found to be satisfactory for the
glimination of the oxygen in the solution before
electrolysis.

(iii) Reagents.,
All reagents used were of A.R., grade and were used

without further purification cxcept in the case of/

LI I I I B
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If the original solution is very acid (i.e. pH
very much less than 2) when fluoride is added, the fluoride
appears to be inmediately decomposed and no polarograms can
be recorded for such solutions, even if they are neutra-

lised immedieately aftcr the addition of fluoride.

(f) THE CONCENTRATION OF POTASSTUM THIOCYANATE AND THE
SEPARATION OF WAVES OF INICRFERING GLEMENTS.

It has become fairly common practice to use
potassium thiocyanate solutions in the polarographic
determination of zinc. In solutions of thiocyanate the
nickel ion is complexed and the wave duc to nickel is well
separated from the zinc wave.

As thiocyanate affects the half wave potential
for the reduction of Co too, it was necessary to determine
the thiocyanate concentration which would produce the best
separation of the wav.s for nickel, zinc and cobalt. This

was donée in the following manner:-

A solution, C.5M with respect to sodium fluoride con-
taining 3 ppm. zinc, 3 ppm.nickel and 2 ppm. cobalt,

was prepared. 10 ml. of this solution were pipetted
into the polarograph cell and 0.2 ml, of 0,1% agar added.
The polarogram of the solution was then recorded,
Successive additions of ©,5% KCNS were then made and

the polarogram recorded after cach addition.
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The polarograms obtained arc shown in Pigure 11,

Results of a quantitative examinstion of the
polarograms are shown in Table VII,

In view of the volume additions, and the fact
that the galvanometer :as used at only 2 fifth of its full
sensitivity, thesc results cannot be regarded as strictly
quactitative. However, on inspection of the results and
the polarograms, it was decided that a concentration be-
tween 0.45 and 0,6% was likely to prove most suitable,

0.6% potassium thiocyanate was used in all the

analyses by this method,

TABLE VII:

PolarogramiVol. KCNS | S % iWave HtJ[Wave b MWave Ev.

No., Added; KCNS. | WNi. 1 Zn. | Co.
1 0.0 0.0 } - | - 6 mm.
2 0.2 0.098{ 3 mm.| 10 mm. | 6
3 0.4 019 ¢ 5 10 6
4 0.6 | 0.28 | & 9.5 |6
Z 0.8 0.37 7 9 6
6 1.0 0.45 V 8 9 6
7 1.4 o.61 ! 8 9.5 6
8 1.8 0.76 & 9 5

' ]
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WEIGHING BOA. FOR THE ADDITION
OF FLUORIDE TO VOLUMETRIC FLASK
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(a) DISCUSSION OF THE RESULTS FOR PINEAPPLES,

All the samples were taken during March and April,
1955, The plants received no other treatments than
those recorded. All the plants showed severe zinc de-—
fici ney symptoms when young, but apart from 2(a) and 2(b),
which showed slight symptoms, none of the pineapples

showed any signs of zinc deficiency when sampled,

(i) Z*nc_in the Leaves.

According to Lyman and Dean (44) zinc deficiency
gymptoms appeared in the pineapples of Hawaii when the
zinc content of the white basal leaf tissue of the plants
dropped below 20 ppm, Healthy plants contained an
average of 44 ppm, On this basis the figures reported
in Table ITI would indicate that most of the plants sampled
lie betwee deficient and healthy. It does seem likely,
though, that the critical level of zinc content is slight-
ly higher than reported from Hawaii,

It was noticed that plants, which had shown the symp-
toms of zinc deficiency very strongly when young, seemed
to have recovered completely as they grew older, irreg-
pective of whether they had received zinc treatment or
not,

The following extract from Table XI makes this clear:-

Sample, Age., Zine Content.
5 & months, 21,2 ppm,
2(a) 12 " 25,5 "
1(a) 14 months. 31,3 0"
3(a) 22 " 35.9 n©

These/ .o veseveasa
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Thes: results are, perhaps, not strictly comparable,
as the samples, except 1{a) and 2{a), do not come from
the same areas, Except in the case of 5, however, ther
is no great difference in pH or total zinc content of th
soil, The youngest, 5, although grown .n soil of high
total zinc content, ncvertheless has the lowest zinc con
tent in the leaves of this group. 3(a), the oldest, ~m
the other hand, has attained an almost healthy 2zinc con-
tent in the leaves even though the total zine in the soi
is low.

The plants from which these four samples were taken
received no zinc treatment and were grown on virgin soil

Thus it would appear that the plants are able to
obtain sufficient zinc from the so0il once their root
systems are bettecr developed, even when the total zinc

content of the sgoil is low,

(ii) Zinec in the Soil,

All the untreat.d soils, except the heavy doleritic
types around East London (4,5,6) were found to have a
low total zinc content and a very low acid-soluble zinc
content, As was the case with the citrus, soils with
higher pH values had higher zinc contents than the more
acid soils, which were inherently deficient in zinc.

As wasg to be expected, treatment with zince raised both

the total and the acid-soluble content of the soil,

(iii) Effect/...
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(iii) Effect of Treatment on Zinec Uptake.

When the results were first examined & number of
anoma&lies became immediately apparent. Instead of the
gubstantial increase in the zinc content of the leaves
to be expected efter troatment with zinc, the plants showed
gither & very slight increase in zine content (6b), or more
commnonly & definite depression of the zinc content.

These regults will probably be best understood if
gsomething is first said about the fertilisation of pine-
apples. It has become almost staendard practice for pine-
apple farmers in the Lastern Cape to apply the so-called
"pineapple mixture" to young plants a few months after
planting. This mixture consists of 4 lbs. of zinc sul-
phate plus 4 1lbs, of copper sulphate made up to 100 1bs.
with ammonium sulphate., This mixture is applied to the
soil around the plants at the rate of 25 1lbs, per 1000
plants., This treatment may be repeated several times
during the life of the plants.

1(a) and 1(b) are closely comparable samples, the
plants being in the scime field, of the same age, and
grown from the same planting mat..ial (tops). Though
these plants showed severe symptoms of zinc deficiency
when young, they showed none at the time of sampling
and there was no difference in the gize or health of the
plants, Sample 1(b), in addition to ammonium sulphate,
had received a =zinc sulphate gpray, in which the zinc

had been precipitated with sodium hydroxide.
The results/...ve..
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The results show that the zinc spray increased the zinc
content of the soil, while the zine content of the

leaves seems to have bgen slightly reduced, This

effect may be due to the use of sodium hydroxide in-
stead of the usual slaked lime to neutralise the acid
residual effect of zinc sulphate, the localised, gtrongly
alkaline conditions influencing the uptake of zinc ad-
versely,

2(a) and 2(b) were samples of plants of the same
age grown from suckers on the same land. 2(b) received
two treatments with the so~-called "pineapple mixture",
The lower zinc content of the leaves of 2(b) is signifi-
cant, especielly in view of the substential increase in
the zinc content of the soil,

3(a) and 3(b) were both grown from tops planted at
the same time on virgin soil. 3(b) alzo received two
treatments with "pineapple mixture" and, while the soil
shows a greater increase in 2zinc content than in the
case of 2(a) and 2(b), there is a greater drop in the
zinc content of the leaves,

Samples 6(a) and 6(b) were from plants of the same
age, grown from suckers on virgin land. 6(b) received
one application of "pineapple mixture". Here the plants

ghowed a glight increase in zinc content.

Al'though/o-.a....----n-
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Although a long period of investigation would
be necessary before the problem of zinc treatmen. for
pineapples could be solved, the results do scem to indi-
cate that there is some interference with the uptake of
zinc in the case of the treated plants, Certainly the
"pineapple mixture" is unbalanced, ag a healthy plant
normally requires only one fifth as much copper as zinc,
and 1t seems likely that copper enters into competition
with the zinc in being taken up by the plant. Other

factors too, such as pH undoubtedly play a part,

D CONCLUSION,

Although this brief survey does not provide
the materisl for any certain conclusgions with regard to
citrus or pineapples in the Eastern Cape, its results
are of sufficient interest to show the extreme impol .ance
of carrying out soil and leaf analysegs in collaboration
with experimental work in the field,

As a result of this work a comprehensive ex-
perimental programme has been undertaken at Rhodes
University to study the apparent antagonism between zinc
and copper more closely. This study will involve the
complete life cycle of the plant and will take many years

~ to complete,

— 00000 -
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SUMMARY,

el B

For this thesis a critical study hag been made
of the colorimetric and polerosranhic :iethods for the
determination of zinc in soils and plont materizals, The
work is divided into four parts.

Part 1 deals with the colorimetric methods, A
critical :view of the published colorimetric mrethods is
made, with the reasons for selecting the method of Cowling
and Miller for a full practical study.

An éccount of experimental investigation.of
variougs aspects of the method follows. These include
the prepaiwtion of standard zinc solutions, the storege
of solutions, the transwmigsgion curves of carbon tetra-
chloride solutions of dithizone and its zine complex,
the influence of pH on the extractions, pipetting and
extracting techniques and the stability of dithizone and
dithizoc..ate solutions,

As & result of these investigations the original
Cowling and Miller method was modified and a full de-
scription of the modified method 1is given.

To test the precision of the modified method,
thirty analyses were carried out on the same solution and
the results examined statistically. Photometer measure-
ments for each of the analyses were made with a Cenco
Sheard "Spectrophotelometer" =t 520 mp and 535 mp as well
as with a Hilger "Spellier Absorptiometer™ using a green

filter. The relative merits of the three methods of

photometry are discussed, A description/,.
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A description of the investigation of
possibilities of 2 carbton tetrachloride - di-bvet
thiocarbazone method follows. The investigatio
various practical considerations, such as pH and
concentrations are described and conclusions dra
method was shown to be poorly reproduceable due
deterioration of the di-beta-napthyl-thioccarbazo
tion. For this reaso~ the method was discarded

Part 11 deals with the polarographic m
A short review of the published methods is given
with a2 more detailed description of the method o
Cummings, which was at first selected for study.
criticism follows,

The apparatus used is described,

An account is then given of the experi
gteps which led to the development of & new pola
method, in which interfering ions are complexed
fluoride and thiocyanate. This method dispense
all preliminary separations. A full descriptio
new methed is given,

An investigation of the effect of the
of other ions is desecribed and the potentialitie

method are discussed.

In Part 31.1/..


















