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INTRODUCTION

AMthough sulphur is one of the more zbundant elements present
in plants, its importance as a plant nutrient has been underestimated
until comparatively recently. Scilentific literature over the past few
years, however, shows that interest in the determination of swulphur in

natural waters, soil and plant materials has been renewed.

Perhaps the main reason for the non~recognition of the
importance of sulphur as a plant nutrient is the fact that sulphur-
deficiency seldom occurs since sufficient sulphur is usually added to
the soil in rainfall (particularly near industrial towns) to supply
all the sulphur requirements of plants. In addition, sulphur is freqg-
uently present in fertilizers added to solls to counteract deficiency
in other elements, especially phosphorus, Superphosphates, for example
contain up to 60 % gypsum. Sulphur is also added to the soil in some
instances in order to reduce the soil pH, the elemental sulphur
being fairly readily oxidised in the soil to sulphuric acid. The

organic fraction in the soil also contains sulphur.

. Sulphur occurs in plants in a number of organic compounds,
one of the more important being cystine. It also occurs in many plant
proteins and in the respiratory pigment glutathione, which appears to
act as an oxidation-reduction enzyme in sugar oxidation. Mastard-oil
glycosides, organic storage compounds, nften impart the distinctive

odours and flavours to certain plants e.g. garlic, onions and mustard.

Symptoms of sulphur-deficiency often resemble those of

nitrogen-deficiency. Cells are smaller and their walls thicker, there
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250 ml. beaker and the solution boiled for a further 5 minutes. After
thorough cooling, the solution was filtered through a No. 4 sintered
glass crucible (series H, J and K} or Gooch crucible with asbestos
pad (series L)} into a 250 ml. Buchner filter flask. The precipitate
wag carefully washed with water and the filtrate and washings titr-
ated with standard approximetely 0,01 M EDTA solution as described
in (i).

In series K, after reaching the end-point, a further 0.5
ml, Mg solution was added and the solution again titrated to the
end-point. In series L, three end~points were obtained viz. after
the addition of 2.5, 3.0 and 5.5 il LE++ golution respectively. For
eaich aliquot, a mean sulpnur-content wes calculated.

TLBL TTT

COMPLEXOMETRIC AWALYSIS OF DITUTE STANDARD SULPHATE SOLUTTON.

Suwlphur content of soln. = 18.75 pePelle

Number Size of | pH of Vol. of (Vol. of Méan Mean

Serles | of deter- ! aliquot|solution {d¥g soln. |Ba soln] Wt— error
minations. - (mg) 4

D 6 100 .1.| 10 3.0 ml. |10 ml, [1.857 {-1.0
13 6 50 ml.| 20 3.0 ml. {10 ml. |0.S45 |+0.8
F 3 50 ml.| 10 3.5 ml. |10 ml. 10,928 {~0.9
G 6 50 ml. | 11 3.5 r1. |10 ml. {0.932 |-0.6
H 12 50 ml.! 11 3.5 :l. | 9 ml. |0.943 |40.6
J 5 50ml.} 11 3.0ml, | 9 ml. |0.948 [41.1
X 10 50 ml,| 11 g:g,ml’ 9 nl, {0.937 |-0.1
L 28 50| 11 (32251 5 m. 6,920 |-1.9
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rogult in tho chipping off of smnll frogments of glass from the tubes
and, in one cose, tho glonge stopper usod, being hollow and of relat-
ively thin glass, was froctured.

For the addition of the reagents, fast-delivery pipettes
wore used, tho most offective proccdurce proving to be the addition
cf the amine reagent through the detochod gloss tube so that tho acid
golution formed o layer at the bottom of the flask and mixing oniy
occurred after stoppering the flask. The flask was then thoroughly
swirled and the ferric reagent rapidly added. Elowing to speed up
the pipette delivery was tried but cannot bo advocated since the
hydrogen suvlphide was found to be rozdily lost when blowinz was e~
ployed. Each flask was then thoroughly shaken for 30 seconds to 1

mingve before removing the tubos and maling to the mari.

3.54 The effect of tomperaturce on colour development.

Time did not permit a thorough statistical investigation
to be carried out on the offects of temperature changes on the ex-
tinction of MB solutions. However, proliminary tests showed slight
variationa in tho tomperature during the colour developrent to effect
seriougly tho absorbance of the B aclutions and all later work was
carriod out in a constant-temporaturce room at 24°C I 0:5°C. The
actual sgpoctrophotometric measuremcnts, however, were carried out at
various room temperatures betwoen 159 and 239C.

The findings of Gustafsson (67) wore largely confirmed and
experimont showed that a temperature deviation of about 1° from 24°¢.

rosulted 1n a moan error of approximotely 0-3% in the % sulphur. The
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temperature of £11 the reagents and soluticns should thus be controlled
within about 1°C during tho colour developmont. After the maximum
golour has beon attoeined at thot tomperaturce, varistions in the temp-

orature wore found to hove littlc or as effcct.

3.55 Washing the hydrogen sulphide and cleaning the distillation
apparatus.

In the initial research work, the pyrogallol wash-solution
described by Johnson and Hishita (7) was employed and renewed daily.
later, the use of deionised distilled water was testec and found to be
equally effective in removing traces of acid carried over Ly the nitro-
gen, provided the water was replaced afiler sir to ten successive re-
ductions. o vellow iodino coloration was over observed in this water.

After use, the water was run out, the stopcock closed, a
boaker of deioniged distilled water placed undor tho condonser in
place of the reduction flasgk, and the water suckcd through the con-
densor and wash-column by ncans of a longth of tubing attached to the
outlet tube of the wash-column at the point where the deotachable tube
to the absorpticn flask was normally atiacheds, This procedure was
repcated four timos, the rinsing solution being drained off alter each
waghing excopt the finnl washing when about 15 ml. was allowoed to re-
main in the wash-column for the following determinations. The inner
surfaco of the condenser was allowed to drain overnight until dry.

This washing procedurc climinated the nocessity for dismantling the

apparatus.

/ 3.56 The gtability of the colour.




3.5¢ The ptabilitv of the colour.

The colour iatensity of B solutions was found to decrease
fairly rapidly if exposed to light but, kept in the dark, the absorhb-
ance of solutionsg was found to be unaltered evea after 48 hours. Under
normal circumstances, however, it should prove possible to measure the

absorbance within 12 hours.

3.57 HRelation to Beer's Law.

Fig. & shows the relation tc Beer!s Law of solutionsg of
methylene blue prepared according to the usual procedure, from samples
containing from O to 100 pg. sulphur. leasurements were made using
1 cm, cells. A Hilger Uvispek Spectrophotometer (fig. $) was used at
a wavelength of 667 mu. From the calibration curve, it was readily
deduced that for aliquots containing more than about 25 P sulphur,
the mothylene blue colour showed a marked deviation from Beer!s Law.

o . - - " ng. sulphw Ja;

Jonnson ana usgnuuals method (7) for the dilution of more
concentrated MB soclutions was found to bring such sclutions within
the range in which Beer's Law was obeyed. Where possible, however, it

was found very much mereo conveanient to choose sliquots of plant solution

which would contein less than 20 pg. sulphur.

3.58 Mapnitude of blanks.

Blank readings were obtained by carrying out the complete
procedure, emitting onl:- the sulphur-containing aliquot of sample.
Throughout the doterminations, Fishor Celloseal lubricant was used for

all ground-glasgs jointsg in place of the sulphur-free gilicone lubricant
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the semples was brought inte sclution following the procedure detailed
in section 4.2. The sulphur conteat of each sample was determined as
described in section 5, in duplicate. The results obtained are re-
produced in Table XII (page 84).

The sulphur content of the plant material in p.p.m. sulphur
was calculated from the weight (mg.) of sulphur determined anc the
gsample welght. The 1-250 mg. sulphur aliquot added was deductec in
each case. The results are recorded in column 5. The mean of the
thirty precision determinations (see section 6.3) was found to be
2680 pupem. sulphur. The ratio of each individual determination to
this mean was calculated as a percentage. This value is given in col-
unn 6, From these date it was concluded that this procedure gave a

true reflection of the sulphur content of the plant materisl.

6.3 Precision of the lathod.

The precision of the method was evaluated as follows. 4
homogenecus plant sample was prepared. This was dried in an oven at
65°C. and fifteen 1 g. samples were weighed out. Fach sample was
individually dissolved in the acid digestion mixture and the solution
prepared as detailed in section 4.2. The sulphur content of the
resulting solutions was determined usinz the recommended procedure,

This series of tests was porformed under conditions closely
approximating those in a routine laboratory. The tests were performed
over a period of several days. The temperature of the reagents was
kept constant at about 24° + O~500. Fresh reagents were prepared as

required. The results are recorded in Table XIII (page 85).

These results reveeled that the procedure cou” . determine down

to 27 mg. sulphur in plant material with a coeff. of variation of 1.7%.
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would yield optimimm coloured solutions for spectrophotometry.

8.2 THE 1ETHOD OF BETHGE.

REAGENTS.

2inc acetate solution.

50 g. zinc acetate dihydrate and 10 g. sodium acetate
trihydrate are dissolved in 500 ml. distilled water, set aside over-
night, the solution filtered and diluted to 1 litre,

Ammonium molybdate solution.

100 g. ammonium molybdate tetrahycdrate is dissolved in 1
litre of water by gentle warming and the solution filtered after 2 days.

Phosphoric acid.

342 ul. of 55% orthophosphoric acid are diluted to 1 litre.
A1 reagents are reagent grade.

PROCEDURE,

The hydrogen sulphide is absorbed in 10 ml. of the zinc
acetate solution and the mixture transferred to a 50 ml. volumetric
flask. 2.5 ml. ammonium molybdate solution is added, followed by 6 ml.
phosphoric a¢id solution. The white precipitate, formed when the first
ml. of phosphoric acid is added, disscolves easily on the addition of
the remainder of the acid. The solution ig diiuted to the mark with
distilled water and the absorbance of the blue solution is measured
at 7,000 3, not less than 20 minutes nor more than 50 minutes after
mixing.

The calibration curve is obtained using =z solution of sodium
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sulphide, standardised iodometrically.
It is claimed that the above reaction, unlike the methylene

blue reaction, is not at all sensitive to iodide lons.

8.3 EXPERIMENTAL STUDIES ON THE MOLYBDENUM BLUE METHOD.

#.31 Transmigsion Curve of Molybdenum Blue Solution.

A transmission curve (figure 15) was prepared using a molyb-
denum blue solution, prepared according to the recommended procedure
of Bethge.

Although greater abscorbance occurs in the infra~red range,
and at 825 m, the absorbance maximum at 700 gp was used for all
further experimental studies, being more convenient than either of

the other maxima.

&.32 Tests carried out.

Although the calibration curves prepared were invariably
straight lines, it was found impossible to reproduce any one line.
The same series of solutions, measured a short while later, but still
within the limits set by Bethge, showed a general increase in absorbance
desplte very careful thermostatic control of temperature.

An investigation was carried out on three ldentieal solutions
made up as follows:~

To 50 ml., Znic = Nadc solution was added 7+5 ml. sodium
gulphide solution, 12«5 ml. ammonium molybdate solution and 30 ml.
phosphoric acid, and the solution was diluted to 250 ml. After 15
minutes, the absorbance of each solution was measured and the measure-

ments repeated at 5 min. intervals. The results appear in Table XV.
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water and the cations removed by passage through the resin column.

Although the pH values of the resulting solutions were much closer

to that of & blank solution, they remained slightly low and this

caused serious errors.

It proved necessary to measure the pH of

sach solution using a pH meter and to adjust the acidity by means

of & dilute ammonium hydroxide solution.

The following table shows the errors introduced by slight

variations in the pH of the final solutions:i-

TABLE XVI

Effect of pH on Chloranilate Absorbance Values.

Solution |pH of Blank |pH of Solution |Absorbance | mg. S ;PPHTSI;
1 3.80 2072 0- 338 §.465 | 216
2 3:80 285 0-289 74307 | 173
3 3+80 3225 0186 4863 | 815
4 3+80 3+40 0-134 3629 3544
5 3-80 3-80 0- 094, 2680 | ©

Absorbance velues for solutions 2 and 3 were obtained when
the 10 ml. plant samples were not evaporated to dryness.
golutions 3 and 4 were obtained when the solutions were evaporated to
dryness but the fipal pH was not adjusted with dilute HH,OH solutiox.

Solution 5 was evaporated to dryness and the pH of the final solution

adjusted by means of dilute NH,OH solution.

An error of as little as 0-05 pH unit introduced an error of

Values for

1t

aw
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