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SUMMARY.

Mothods for the determination of boron are

revieved,

& thorough investigation of the curcumin
method wae underteken. Fectors such as spectral
absorption, boron vc_atilisation and the effects of pH,
the gtability of reagents and colour solutions, the drying
of reaction products and the interference from certain

elemente, were inve: igated.

4 study of the efficiency of extracting boron

from plant material sing an ashing procedure is presented.

The modified curcumin methed for the determinew-

tion of beron in plant material is described,

The static _ical accuracy and precision of the

modified method is presented.

The modified method was used to determine the
boron content in c¢itrus and pineapple leaf samples obw-

tained from various parts of the Eastern Cape,
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1, INTRODUCTICN,

Alt rugh experiments oarrisd out ae early as 1910
indicated the nutritional value of boron to the healthy growth
of certain higher plant species, practical interest in boron
a8 a beneficial fertilizer slement did not develop until
some twenty years later., This failure to appreciate the
important role played by boron in stimulating plant growth
is due, in part at least, to the lack of a method of anealysis
sufficiently sensitive and accurate to determine the small

amounts of boron usually present in solls and plantas,

The exact physiological roles which boron plays
in promoting plant growth are, as yet, not specifically known,
It is poetulated that boron enters the plant as boric acid
and combines with polyhydroxy compounds in the plant celle (1),
and it is thought that the primary function of this boric acid
is closely associated with plant cell divieion and the consequent
metabolism in reas of the plant where new growth is most
active, Subsequent functione are also thought to include the
stimulation of photosynthesis, the ripening of fruit, and the
promotion of root growth, Consequently a boron defioliency may
have serious effects on the healthy growth of higher plant

specles, Such a deficiency appears to affect the differentiation
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of conducting tissues; +thie in turn affects minersal
absorption and the distribution of other soil nutrients (2).
These deficiencies produce stunted shoot tips, chlorotic
patterns on leaf margine and inhibit fruit setting and even
flowering, The presence of decayed brown epots cn some
fruits and the heart rot of root systems can be in some
casen attributed to a boron deficiency, Such deficlency
symptoms are always mcet marl! 1 in the stage of fruition or

reproduction (2),

Alt natively, an excess of boron in the plant
cells tends to stimulate the abnormal growth of cell tissue
resulting from an increase in cell diviaion shown in the
vellowing £ leaf margine and the dying back of shc t tips
(3) Such exaggerated growth may be harmful to the plant
and may even injure normal growth to such an extent that

progreseive degeneration sets in (3).

190 tolerance of different plant species to a
deficiency on the one hand, and to toxic amounts of boron
on the other, differs considerably. In addition, the actual
boron requiremente of plants vary from species to specises,

but are nevertheless confined to & critical range of
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concentration for each par ..cular epecies, For crop plants
in general the range of co--entration of boron in the dry
leaf material is usually £ m 50 to 100 parts per million,
Correspondingly, the conce__,ration of soluble available boron

in soils should not exceed approximately one part per million

(4)

While the solubl. available boron content of soile
in general is lees than 5% ~f the total content and is
related to numerous variaﬁles, such as pH and organic matter
content (5), the boron content of plant 4issue is confined
to some critical limit, For this reaascn the amalysis of the
plant material 1s ot far greater significance, and the acope

of the following discussion is limited accordingly.

Recent increased interest in these boron deficiencies
has resulted in the development of several new methods for
the determination of boron as bhoric acid in soils and plants,
The rapid evolution of these methods has resulted in the

deveiopment of eeveral eomewhat inferior procedures,

This work was undertaken in order to study the
available methods for the determination of boron in plant

material and to select, on the basie or available evidence,

the most / essssecoes



the most promising method with a view to its thorough

investigation and poseible improvement,

The selection of the most sultable method was based
on Buch analytical properties as accuracy, sensitivity and
reproducibility, together with such preactical considerations
as speed, ease of manipulation, and the funds and apparatus

necessary for such work to be carried out,
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2, A REVIEW OF THE AVAILABLE METHODS FOR
THE DETERMINATION OF BORON,

2,1, GENERAL METHODS,

Small amounts of boron may be determined
spactrographically, volumetrically, electrometrically or

colorimetrically,

The earlier meothods involving a volumetriec,
electrometric (6, 7) or spectrographic (8, 9) procedure, a
all either too elaborate for routine analysis or, more
frequently, not sensitive enough for determining micro-
quantities of boron, Among the more elaborate procedures 3
the separation of boron as the volatile methyl borate from 1
acid solution. The first quantitetive methods based on this
principle were those of Gooch (10) and Rosenbladt (11),
carried out individually in 1887, Later methods, based on
this mothyl borate distillation, were developed by Chapin a

Wherry (12), and by Allen and Zeiss (13),

Another elaborate procedure, involving a series of
separations by fueion, acid digestion and precipitation, with
the final rewoval of carbon dioxide by boiling, was developed
by Ross and Desmer {14) and Dodd (15),

It Haa/ essesrrve



It was concluded that none of these older methods
compared at all favourably with some of the more recent
colorimetric proceduree with respect to precision, accuracy

and application to routine analysia,

2, 2, COLORIMETRIC METHODS,

Although the literature covering this subject is by
no means extensive, only a brief critical review of the more

recent methods will be given,

The colorimetric methods for the determination of
micro-quantities of boron may be classed under two groups,
viz., those in which the colour is developed in a etrong
sulphuric acid medium, and thoss meking use of ethyl alcohol for

this purpose,

First and foremost in the strong sulphuric acid

group is the Quinalizarin Method, This method involves ths

addition of boric acid to quinalizarin (1, 2, 5, 8 = tetrshydroxy-
anthraquinone ) forming a blue colour-complex in a medium of

98% sulphuric acid.

The method, as developed by Berger and Truog(l$),

and De Turk and Olson (17) involves the use of 98% (by weight)

Bulphuric/...-.-.---



sulphuric acid,

(1)

(11)

(iii)

-7-

Factors favouring the method arei-

The procedure is short and well-suited

to routine analysis,

The method is one of the most
senaitive; as little as 0.2 p.p.m.
of boron can be satisfactorily

determined,

Very little accuracy 1s forfeited in
te presence of complex ionic

solutions,

Jome of the disadvantages of the method include:-

(1)

(11)

The use of such a strong corrosive acid
may cause eerious damage to delicate
instruments. In the case of e

Cenco Sheard spectrophotelometer, used by
ths author, the swall 1 cwm. optical cells
are of such a dewmign as to make the

mothod iwpracticable,

The acid reagent, prepared by iing
fuming sulphuric acid, is very prone to

the / seeeses






presence of 20 = 30% acetic acid, No specific refersnce is
made as to the sensitivity and accuracy of the modified

zethed,

MacDougall and Bigge (19) found that the concentra-
tion of the sulphuric acid could be diminished to 96% by
increasing the concentration of the gquinmalizarin reaéent
fourfold;  +this reagent was not near ; as sensitive %o
changes in molsture content, The seneitivity of this

modified method was not appreciably altered, quote @

"the accuracy evaluated from a calibration curve
‘varied between 90 and 30% transmittance from
2,4 to 0.,6% relative error for a 0.2% absolute

photometric error,”

Another reagent which ie used for determining boron

in a strong sulphuric acid medium is chromotrop - 2B

(p = nitrobenzens - azo = acid). In the presence of boric
acid in a concentrated sulphuric acid wedium, it gives a
colour change from viclet through viclet-~blue to blue with a

greenish tinge,

The moethod asdevelopasd by Stettbacher (20), although
even more sensitive than the quinalizarin method, has the

diaadva.n‘tage / ssseesrse
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disadvantage of involving & 1l2~hour colour development.
Moreover, because of the interference of oxidizing agents,

the proc¢ lure is rather tedious,

Austin and Mc Hargue (21) modified the method
using a mixture of 60% sulphuric acid (by volume) with 40%
of a 70% eolution of ;cetic acid, This shortened the coiour
developﬁent to only 30 minutes, but involved stringent control

of the sulphuric acid concentration to within 1%,

The method was further improved and made more
specific by Martin (22), He replaced concentrated sulphuric
acid by a mixture of 1 volume sulphuric acid + 6.2 voiumes

acetic acid + 3.5 volumes of acetic anhydride,

Although Martin's moditaication appears to be
a definite improvement, the chromotrop method in general

suffers from a number of disadvantagess=

(i) The use of strong acid media for the

colour development.

(11) Complex reagents and different stages in
tne colour development wade +the
procedure rather tedious for routine

Eﬂalyﬁia/ sacassee
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enalyeis,

(1i1) OCertain elemente intsrfers, Phosphate
(a constituent of all plants) interferes
when the ratio of ¥O4/5 exceeds 1000,
Healy (23 ) ae also shown that plant
material rich in menganese may give
rise to very sericus errors when

determining boron by this method.

(iv) Data on the accuracy and sensitivity
of the method could not be traced in

the literature,

Porbaps not as lmportent as the above procedures,
is the 1, 1” Dianthrinide method. Developed by Ellis et al
(24), the méthod involves the blue coloration, by small amounts
of boric acid, of a solution of 1, 17 dian*‘rinide

(1, 1” dianthraquinoylamins ) in concentrated sulphuric acid,

The method has the edvantage of obeying Beer's law
over a wide range of boron conter , as well as tolerating
greater fluctuations in acid strength, However, the
reaction producing the blus color is dependant on the surface
nature of the reection vessels ut |, and on the concentration

Of/ ssesen
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of both the colour reagent and the boric acid. Moreover,
the method is time-consuming and not as semeitive as the

wothods already reviewed.

Garfinkiel and Pollard (25), and Baron (26), have

made some important wodifications to the original methed,

Other reagents which have been used in a etrong
sulphuric acid medium for determining small amounte of boric

acid are Alizarin - 9 (27) and Carmine (28),

Of tho methods employing ethyl alcohol as a
medium, the Ourcumin method is the most important. Developed
by Naftel (29 ), the method depends on the red colour produced
by an alcoholic solution of curcumin in the presence of boric
and oxalic acids, Since this method was finally selected by
the author for further estudy, it will be fully discussed in +the

following section.,

Not as sensitive asany of the methods so far discussed,
is the Benzecin fluorometric method developed by White et al
(30). The method is based on the intensity of the greenish
white fluorescence produced upon the addition of benzoin to

boric acid in a slightly alkaline 85% ethanol solution.

The / weveneone



The sensitaivity of ihe wethod is rather poor for
determining the small quantities of boron normally found in
plants; the accuracy being 1 - 2% in the range of 0 = 10
micrograme of boron in 50 ml, of ;olution. Moreover,
many Iinterterences necessitate a highly specific separation
of the methyl borate., Apart from these considerablse
disadvantages, the actual determination is very short and

well suited for routine analysis,

Strictly not in any of the above groups is the

Chromotropic Acid ultraviolet methed, Developed by Keummel

and Mellon (31), this method involves the change in the
ultraviclet absorption spectrum of chromotropic acid in a

neutral aquecua solution in the presence of boric acid, The
method ie short and suitable for routine work but is very
sensitive to light and is subject to many interferences. The
accuracy is only mediocre, with a 5-4%—average deviation over the

range of 0.1 - 2.4 p.p.m. of boron,

2, 3. THE CURCUMIN METHOD:

2,51, The Properties of Curcumin. / ,..eeeeee







0=0. - CHy = §=0 0==G = CH==CH ~ OH
OH CH CH CH
i ] B i
CH GH ;::::::2 CH CH

5;150 0CHz CHz0 0CH,

CH OH (0)51 H

i.e, 1,7 ~ bis (4 ~ hydroxy = 3 ~ methoxy = phenyl )

-~ 1,6 - mwptadiene - 3, 5 - dione.

Curcumin dissolves in concentrated sulphuric acid to
give an orange-coloured solution., On making this solution alkaline,
it changes to a reddish~brown with a yellow neutra. colour, and on
this account it is useful in the form ot “turmeric paper" as a

reagent for alkalis,

Not very soluble in water, curcumin is readily soluble
in ethyl alcohol, acetone, carbon tetrachloride and ether, A
golution in ether exnibite a weak greenish fluorescence under

ultra-violet light.,

On treating the orange alcoholic solution of curcumin
with boric acid, rubrocurcumin Coy1bp0g 18 obtained, and when
an acidified sclution of thie isomer of curcumin is evaporated

10/ ceesccnsaose
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The above reaction is best carried out in the
presenca of a weak acid, For colorimetric work, the acid must
be colourless and readily soluble in both water and alcohel.
Both oxalic acid and acetic acid have been used for this

purpose,

2,52, REVIEW OF THE RELEVANT LITERATURE.

In 1905 Cassel and Gerrane (36) first outlined a
colorimetric method in which a solution of curcumin, boric
acid and oxalic acid was evaporated to drymess and the orange-
red reaction products then taken up in ethyl alcohol. The
procedure was tedlious, ontailing numerous svaporations 1o
drynees, ths recovery of volatilized boron in potash bulbs, and

other steps not suited to routine amnalysis,

Modifying the method, Naftel (29) eliminated many of the
time—consuming steps. Adopting proposals by Gooch (10),
solutions containing boron were concentrated by evaporation
Yo dryness in the presence of excess calcium hydroxide in order
to prevent the volatilization of boric acid from hot acidic

solutions,

In 1954 Dible, Truog end Berger (37) published a
refined curcumin method for the determination of horen in soils

and plants. The method involves only one evaporation and
£iltration/seeecese
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filtration of the aqueons teat solution, the entire procedure
being possibly a little longsr than the quinalizarin method. The
method is more sensitive to small amounts of boron than the
quinalizarin method and is carried out without the use of

such a strong corrosive reagent as concentrated sulphuric acid,

Although the concentration range of the method ise
rather limited because of high sensitivity, Beer's law is

obeyed between the limite O - 1.2 micrograms of boron.

The authors alsc showed that the precision of the

modified method is equal to that of the quinalizarin procedure.

Russell (38), after making an interesting study of
the various methods for the determination of boron, favoured

the curcumin method, as did Wineor (39).

Thus, because of tle apparently satisfactory nature

of the modified mwethod, it was selected for detailed study.

2,55, THE METHOD OF DIBLE, TRUQG AND BERGER.

Reagentes
Stendard Boron Stock Solutions,

2.8578 g, of boric acid (reagent grade) wae dissolved in 1000 wl,

of distilled water giving & primary stock solution containing

0.5 Bge / eesesee
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After cooling, the reaction products were treated
with 25 ml. of 95% ethyl alcohol and filtered directly into a
comparison tube tﬁrough a close~textured filter ( Whatman No.2
was found to be satisfactory). The colorimeter transwittancy
readings were recorded, using the appropriate filter ( usually
540 qg.), and the boron concentration of the unknown was
determined by reference to a standard curve which had been
previously prepared using appropriate amounts of the boron

standard solutioms,

THE DETERMINATION OF BCRON IN PLANT. MATERIAL.

4 0.25 to 0,50 g, sample of plant material, oven-dried
and ground, was placed in a porcelain (or quartz) crucible (or
dish) and ashed in a muffle furnace at 550°C , or over an open
flame, to a grey=white ash. This wae dissolved in 5 ml. of
0.10N hydrochloric acid and diluted with distilled water to a
definite volume, usually 10 to 20 ml., so a8 to come within
the range of the standard reference curve used. A 1 ml, aliquot
of the clear solution wae then treated as indicated under the

section "Colour Development Procedure, "

PRECAUT JONS.,
Great care was exercised in preventing boron
contamination of the test sample via the chemicals, filter

paper / LR N NN
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paper and glassware used,or via dust, boron-containing fumes

or the operator's hands,

Glagsware made of Cormning alkali~resisatant glass
No. 728 wae shown to be satisfactory. Storags of reagents in
vesaels of ordinary goft glass produced no contamination.
Ordinary C,F., and A.T grade chemicals were found satisfactory,

but should be tesied by means of a blank determination.

The curcumin-oxalic acid reagent decomposes rapidly
upon standing in direct light, but if stored as suggested under
"Reagents, it will keep for a considerable period, Rosocyanin
slowly hydrolyees to curcumin, hence all colorimetric readings
should be recorded within 2 hours after the sclution of the

colour residue in alcohol,

None of the elements normally present in plant

tissue were found to interfere with the wethed,
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convex lenda,

Thia served as a satisfactory light source to the
apectrophotelometer, Stability measuremente showed that a
woak potessium permangenate soclution remained completely

constent, after allowing an half hour warming-up pericd.

The spectrophotelometer (E) was of the diffraotion
grating type, housing twin 1 cm. optical glase c¢ells on a
8liding optical carriage, % Transmission-readinga wore
recorded on a Rubicon galvan;meter (@), with a very high

resistance placed acroes its terminale to sct as a etabilizer,

The final set-up is diagramatically represented in

Fig. 1.

Before using the instrument, the diffraction grating
was set in conjunction with the wavelength adjustment kmob.
Using & sodium lamp as a light source, and with the wavelength
set on 589.6 mu , the 589.6 mp line of esodium was brought
to focus on the cross-wires of the eye~piece and the adjusting
screws locked, This then ensured the accurate reading of

wavelength,

A final check on the optical and photometric systems

of the / seenes
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of the instrument was then carried out, using a set of
accurately diluted solutions of potassium permanganate,
Straight Beer's law lines were obiained with virtually no
instrumental error, The instrument was then thought to be

in a satisfactory condition for the work that was to follow.

5.12, REAGENTS;:
WATER, Deionised water was used throughout this work, Thie
was obtained by passing freshly-distilled water through an ion
exchange column containing Amberlite MBz (Mixed-bed ) resin,
Tests indicated that the water sc cobtained was of exoceptional

purity.

STANDARD BORIC AQID SOLUTIONS, A primary stock solution

was prepared by dissolving 2,8578g, of boric acid ("Specpure"

Johnson Matthey & Uo., Ltd,) in a 1000 ml. of deionised water,
This gave a solution containing 500 pg, boron per ml, i.e.

500 p.p.m, With respect to boron,

By subsegquent dilution of soclution A, standard
solutions B, G, D, E were prepared with concentrations. 100,

10, 0.5 and O,1 pg. boron per ml, respectively.
These solutions were immediately stored in polythene

bottles / cenees
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bottles to prevent any possible leaching of boron from glass

containerse,

S0LVENTS, Initially, the curcumin-acetone method developed by
Silverman and Trego (40) was favoured. The method entailed
the use of acetone in developing the colour as well as teking
up the reaction products and making up to volume, Although

a s8light increase in sensitivity resulted from the use of
acetone, alcohol was found to be far superior toc acetone as
regards volatility in volumetric work, liquid "cresp" on vessel
walle, offensive odours and expense, | The metﬁod wa; discarded

in favour of the Dible, Truog and Berger method using alcochol,

As reproducible results in the case of both methods
were not attainable in the preliminary investigation, mo

comparable dais are presented,

A pood grade 95% ethyl alcohol was eventually used,
Recovery of the alcohol w;s both easgy and effective, using a
distillation colwmconnected to & water-cooled condenser,
Distillation was carried out in the presence of excess calcium
hydroxide in order to eliminate any possible boron contamination
of the distillate as well as possible boron pollution of +the

atmoaphere / ceevave
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atmosphere within the labo tory,.

CURCUMIN-CXALIC ACID 3SOLUTICN. The solution was prepared

by dissolving 0.04g. finely ground curcumin (B,D.H,
"Laboratory Reagent®) and 5 g. of oxalic acid (B.D,H, "awalar")
in 100 ml. 95% ethyl alcohol, The reagent was stored in a

polythene container in a refrigerator, in which it remained

stable for a week if not unduly exposed to light,

3.15, GLASSWARE AND STORAGE OF SOLUTIONS,

As pyrex glasses contain up to 11% boron oxide as a
borosilicate, and soda glass up to 2% B205,-the posseible
leaching of boron from these glassea‘waa investigated, as well
a8 the use of porcelain or quartz ware as an alternative, Boron=-

free glassware e, p. Oorming No. 728 was not available,

Initially, open 9 cm,., quartz basins were used in the
colour developing stage, This resulted in irregular rates of
evaporation and as this step was thought to be critical at the
time, cover-slips, and finally, 200 wl. quartz beakers were
used. The use of both involved a much longer evaporation at
5500, and a8 the evaporation rates were later shown not to be

critical, open quartz basins were apain used,

OWing / eeeseses
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rims were eventually found to be quite satisfactory for the

evaporation stage,

STORAGE OF SOLUTION3.

As few workers in this particuler field have reported that
the storage of reagente in soft glass vessels is satiafactory, it
was thought advisable to investigate the leaching of boron from
several different grades of glass containers. 300 ml, of deionised
water were stored in each of several different grade glasa containers
at room temperature for a total period of 6 monthe, Readings were
telkken every month on 25 ml, samplea from each individual container.
Eech sample was evaporated t¢ drymess in the presence of 0,1 gm. of
sodium carbonate and the horon determined as describhed in Section 4.

The results are recorded in Table 1,

TABLE 1,
THE LEAGHING OF BORON FROM GLASSWARE,

Grade of | ug. of Boron per 25ml. after & period of seeesecses

Glass, 1 2 3 4 5 6

month months months mwonthe wmonths monthe

Soda 0.50 | 0.57 0.54 0.60 - -

Soda - - - - - 0.46
"Pyrex” 0.15 | 0,18 0.22 0.26 - -
Kpyroxh ] - - - - - 0.80
"Exax" 0.00 | 0.00 0,02 0.04 - -

"Techmico® | 0,00 | 0,00 0.00 0.00 - -
- no determinations were carried out.
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0, 1 and 10 ug. B, This was evaporated to dryness at
55%1°0, and the residue baked for a further 15 minutes

at the same temperaturs, After cooling for 15 minutes

the reaction products were teken up in 95% ethyl alcohol and
made up to 100 ml. in a volumetric flaak.- The % tranemission
was then recorded at wavelengths ranging be'tween-520-570 mpr.
The results are recorded in Tables 2 and 5, while Figs, 2 and

% show a graphical representation.

TABLE 2,

THE SPECTRAL SEFPARATION OF CURCUMIN AND
ROSOCYANIN IN THE FRESENCE OF 1 ug, OF

BORCN
Wavelength % Trans. of % Trens, of Separation
(mu ) Qureumin, T;, Curc, + 1 g, Ty = To
of B. Tp,

520 52,0 29,5 22,5
5 56,8 31.4 25.4
530 60,0 33.0 27.0
5 65,8 34.2 29,6
540 67.5 35.0 32.5
5 71.0 36.4 35.6
550 T4.2 37.0 37.2
5 77.0 39.0 38,0
560 79.0 41.5 37.7
5 81.8 45,0 36.8
570 8.5 20.0 3545

TABLE 30 / vevevces
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TABLE 3,

THE SPECTRAL SEPARATION OF CURCUMIN AND
ROSOCYANIN IN THE FRESENCE OF 1C ug, OF

BORON
T B | remin . | maeaio g | CRIpen
f B, Tp.

530 69 19 50
540 76 18 58
550 82 18 64
560 87 22 65
270 92 33 59
580 95 ol 44

Figs. 2 and 3, together with the separation data from
T les 2 and 5, illustrate that at both high and low concentra-
tions of boron, & maximum spectirel separation of the two colour
components occurs at 555 mu, In the method of Dible, Berger
and Truog, 540 mu was quoted as the optimum wavelength for
maximum separation whilet 540 mp was quoted es also being the
wavelength of maximum ebsorption of pure curcumin dissclved in
alcohol, The present author found a2 meximum absorption wavelength

of 600 mp for pure curcumin in the presence of oxalic acid,

This / evesvene
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Thie discrepancy must he due, in part at least, to
the influence of the oxalic acid on the spectral propertieé
of the curcumin - rosocyanin equilibrium in ethyl alcohol,

Ae the wavelength finally selected must conform as closely as
poesible with the actuml experimental procedure, this

influence of the oxalic acid could not be overlooked,

In true mixed=—colour methods, it ls the recommended
procedure to take measurements ét that specific wavelength
where the separation betwsen the transmission curves for the
two components is greatest, A vavelength of 555 mpu was

therefore used in all subsequent measurements.

3.5, THE INFLUENCE OF pH ON THE COLOUR DEVELOFPMENT,

The use of oxalic acid in the method suggests that

the colour development is sensitive to pH.

In the method of Dible, Berger and Truog, a 1,00 ml,
aliquot of the test solution, containing 0.0 ~ 2,0 pg B, is
used, The accuracy by which this aliquot can be dispensed
and its effect on pH, has a profound influence on the ultimate
accuracy of the whole determination, In the first place, the
diepensing of 1,00 ml, (say to the nearest 0.02 ml, )

introduces an unavoidable error of 2%, Sacondly, the use
' Of/ essvvaes
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of a test aliquot of unknown pH results in a colour-
development stage carried out at a variable pH. Thirdly,

the very limited range of the method is accentuated by using
such a finite test aliquot. Consequently, the use of a larger
test aliquot of up to 10 mwl. was introduced, &s well as an
extra etep involving the adjustment of the pH before

developing the colour,

In the method of Silverman and Trego {41), in which
acetone is used as a developing solvent throughout, the adjust=
ment of the pH was effected by using sodium carbonate and
hydrochloric acid, The-procedure involved the addition of O,lg.
of sodium carbonate to the test aliquot, followed by an
evaporation to dryness at 110°=- 130°C, The pH wes then
ad justed by neutralising with 1:4 hydrochloric acid, using
phenolphthalein as an indicator, and then adding C.5 ml,

hydrochloric acid in excess,

It was decided to investigate the poesibilities of
adopting this procedure when developing the colour in an
alcoholic medium, A description of the experimental studies

follows,
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3.,51. THE SODIUM CARBONATE CONCENTRATION,

If the aqueous test solution conteining boric acid is
not sufficiently alkaline, significant amounts of volati]e
metaboric acid are loat on evaporating the solution to drynesse,
No information as to the critical pH at which this
volatilisation takes place or to any related effects of
evaporation at different ¢ peratures, could be traced in the
literature, DBecause it was decided to carry out the initial
evaporation on a waterbath, the optimum comcentration of
sodium carbonate to be used per determination in preventing any

volatilisation at 100°C, was investigated,

PROCEDURE 1,

Separate amounts of A.R, sodium carbonate, ranging
from 0,00 =~ 0,14 g. were weighed out into ten porcelain
evaporating dishes; to each of which was added a 4 ml. aqueous
aliquot containing 2.0 ug, » These asolutions were then

evaporated to dryness on a waterbath at 100°C.

After cooling, the dry residues were treated with two
drops of 1% phenolphthalein followed by a careful titration
with 1:8 h&ﬁrochloric acid, adding 1 ml, in excess as
suggeated by Silverman and Trego (1:8 HCl was used because the

neutralisation proceeded t+ vigorously when using 1:4 HCL),
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From Table 4A and Fig 4A, it is clear that the
volatilisation of boron at 100°C is appreciable when less than
0,02 g. of sodium carbonate is present, corresponding to a
eritical pH of 9.4. Between the concentration range of
0.04 = 0.10 g, of sodium carbonate per sample, stable transmission
readings were recorded, indicating no volatilisation of boron,

The increase in % transmission when the sodium carbonate concentra-
tion exceeds 0.0é ge Per sample, way be due to insufficient
washing of the large sodium chloride precipitate which is formed

at the higher sodium carbonate concentrations; an incresse in

boron volatility with increase in pH is certainly most unlikely,

PRODEDURE 2,

In order to obeerve the effect of the ratio, water
alcohol, on the colour development, procedure 1 was repeated,
omitting the adjustment of the final volumes. The

results are recorded in Table 4B and Fig. 4B.

The results show that the colour development stege
is not sensitive to tha change in fhe ratio alcohel : water
within the limits 4 ¢ 1 to 4 : 2. It was agsumed, therefore,
that the small change in pH caused by a change in the ratio
alcohol : water, was buffered sufficiently by the oxalic acid

added with the curcumin before developing the colour. This

buffering/ tresrasene
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buffering effect of the oxalic acid is illustrated in Sectiomn 5.33.

BLE 4B.

THE USE OF SO0DIUM CARBONATE IN PREVENTING
BORON VOLAT] SATION = NO ADJUSTMENT CF

v 2.

Sample 1:8 HC1 Ratio Nach; % Transmission
No, (ml.) ﬂlc./water (g. ) N

blank 2,0 2,0 0.100 100,0
1 1.0 4.0 0,000 99.2
2 l.l 57 0,010 78.2
5 1,2 5e5 0.020 770
4 1.5 5.0 0,050 76.1
5 1.4 2,9 0.040 5.9
6 1.6 2.5 0,060 75.3
7 1.8 2.2 0,080 755
8 2,0 2.0 0,100 75.7

PROCEDURE 3

Two additional runi similar to procedure 2, were
carried out, using the f al modified method as outlined in Section
A The runs were carri o1 on two 4 ml, citrus lsaf solutions,

the one test solution having high boron content,
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TABLE 4°,

Tt USE QOF SODIUM CARBONATE IN

FI ENTING BORCN VOLATILISATION

FROM PLANT SOLUTIONS.

recorded in Table 4° and Fig, 4%,

Sample Na2003 % Tranemission % Transmission
No, (2. ) Soln, ¢, 75pP.P.m. Soln, D. 165p.p.m.
Ee of B. of B,
1 04 78.8 593
2 95} 78.5 59.1
3 06 78.9 5842
4 o7 79.0 57.8
5 08 79.0 58,4

The results again illustrate transmission stability,

With no volatilisation of boron, between ths concentration 0.04

- 0,08 g. of sodium carbonate per test sample,

4s a result it was decided to add 0,06 %+ 0,01 g.

of sodium carbonate to each test sawr”- in order to eliminate

boron volatilisation before adjusting the pH,
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TABLE 5%,

THE ADJUSTMENT OF pH IN THE PRESENCE
OF % OXALIC ACID,

Sa;g}e ﬁzieg:mtig ?gi.) % Trensmission.
blank 1.0 100,0
1 0.0 79.9
2 0.2 783
3 C.4 76.7
4 0.6 765
5 0.8 76.1
6 1.0 a5
7 1.5 767
8 2.0 78.7
9 2.5 80.5
10 3.0 84.7

the procedure described above was repeated, using a 10% oxalic
- 0,1C% curcumin reagent, as recommended in Section 4.‘

Again 4 ml, test aliquots of two plant solutions were used as
in Seection 3,31, The results are recorded in Table 5B and

Figu 5B & Gl
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TABLE 5%,

THE ADJUSTMENT OF pH IN THE PRESENCE

OF 10% OXALIC ACID,

Sample Excess 1:8 HCL Tranafisaion Tranamifaion
No. per sample (ml,) | Scln.B 75p.p.m.| Soln.C 165p.p.m.
of B. of B.
blank 1,0 100,0 100,0
1 0.6 80,0 62,0
2 0.8 79.6 60.5
3 1.0 79.4 58.8
4 1,2 78.8 58,1
5 1.4 79.3 58.4
The resulis from Table and Fig. 5“ show that

maximum absorption occurred in the presence of 1,0 ml, of

oxcens 1:8 hydrochloric acid per sample, whilst in the presence

of the extras oxalic acid (Table 5B), maximum absorption

occurred with an excesa of 1.2 ml. of 1t8 hydrochloric acid,

The difference was probably due to the extra buffering influence

of the additional oxalic acid, requiring a greater excess of 1:8

hydrochloric acid to reach the same optimum pH,

It is alsc

clear that the use of the 10% oxalic acid had a greater
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stabilizing effect on the transmission than the 5% acid.,

A8 a result of this study, the addition of an
excese of 1.2 ml, of the 1:8 hydrochloric acid per test
sample, was incorporated into ths subsequent method. The
reagent was prepared by diluting 25 ml. of concentrated

C,P. hydrochloric acid with 200 ml, of deionised water,

%e%%, THE OXALIC ACID CONOUENTRATICN,.

The curcumin reagent as used by Dible, Berger and
Truog contained 5g, of oxalic amcid per 10C mwl., of alcohol,
To each test sample 4 ml., of this reagent were added,
corregponding to 0.,2g, of oxalic acid per sample. In the
method of Silverman and Trego, 0.5 ml., of a 5% solution of
oxalic acid in acetone was added to each sampie, corresponding
to only 0.025 g. of oxalic acid per sample, Since ths
author had already recomwended the addition of an excess
of hydrochloric acid (3.32),a procedure which differs from
the Dible - Truog method, the influence of the buffering
effect of the combined hydrochloric = oxalic acids was then

investigated -~

Ten samples were prepared as before, each containing
2 pg, of boron, 0.6 gram of sodium carbonate and 1,0 ml, excess
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The results show that transmission stability
occurred between 0.3 g, and 0.8 g. of oxalic acid per
sample, As the use of the 5% oxalic reagent corresponds
to only 0,20 g. per sample, i% is quite clear that the
incorporation of the excess ofl:8 hydrochloric acid in
order to attain higher sensitivity and greater stebillity,
requires, in turn, a higher conceniration of oxalle acid,
As the solubility of the oxalic acid in slcohol limits ite
concentration, the use of 0.4 g. per semple was thought 1o be
sufficient for bringing about the required buffering amction.
This corresponds to the use of a 0.04% curcumin = 10%
cxalic acid reagent, The results qu;ted above, as ﬁell asg
the results obtained from repeated runs carrisd out in
sections 3,31 and 3,32, confirmed the adventages of using

a 10% oxalic reagent,

In addition, it was suspected at this stage, that
the incresse in the oxalic acid concentration had a
8tabilizing effect on the keeping quality of ths curcumin

solution (see sections 3.7l. and 3.41, ).

Sebe /' eveerrennens






- 49 -

and itse corresponding blank, 4s the waterbath used in
evaporating at 55°C could only talte eleven dishes at a time,
the celour development was carried out in three steps, the
% transwission of each %test sample being measured using its

own correaponding blank,
The results are recorded in Table 7 and Fig. 7.

From the resulte 1t can be seen that the
wminimum change in % transmission with change in curcumin
concentration onlynoccurred at concentratione exceeding
0.08 % curcumin (i,e. using 4 wl, of a 0,08% curcumin
reagaﬁt). It was, therefore, decided to-uae a 0,1%
solution of curcumin, a concentration which is consid;rably

higher than those used by previous workers.

It may be argued that semsitivity would surely
be lost in using the higher concentration,since the
transmission of the blank will decrease to such an extent that
test samples would be measured from relatively dark solutions.
However, since the % tranemission is measured at 555 mp
(rosocyanin showsa m;xtmum absorption at 555 mu) and not at
600 mR (curcumin shows maxiwum absorption at 600 qp), the
decrease in % transmisseion with increase in curcumin

concentration/ .eeees






TABLE 7.

THE INFLUENCE OF THE CURCUMIN CCNCENTRATION ON
: THE COLCUR DEVELOFMENT,

Sample | Conec,of Curcumin ug.boron %
No, Resgent (g./100ul, ) per sample, Transmission,
blanik 0.01 0.0 100,0
1 0.01 2,0 80,0
blank 0,02 0,0 100,0
2 0.02 2,0 T71.4
blank 0.03 0.0 100,0
3 C.05 2,0 4.5
blank 0,04 0.0 100,0
4 0,04 2,0 72.9
blank 0.05 0.0 100,0
2 0.5 2.0 73.0
blank 0.03 0.0 100,0
6 0.03 2,0 77.8
blank 0,04 0,0 100.0
I - 0.4 2,0 5.4
blank 0.05 0.0 100.0
8 0.05 2,0 T4.0
blank 0.06 0.0 100,0
g 0.06 2,0 73.0
blank 0,07 0.0 100,0
10 0.07 2,0 2.5
blank 0.08 0.0 100.0
11 0.08 2,0 154
blank C.10 .0 100,0
12, 0,10 2,0 167
blank 0.12 0.0 100.0
13 0.12 2.0 75.0
blank 0.14 : 0.0 100.0
14 0.14 2,0 .1
blank 0.16 0.0 100,0
15 0.16 2,0 .0

concentration / ....
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concentra’ m is negligible, A decrease in transmission of
only 1,5% »>r every increase of 0,02 g. curcumin per 100G ml,

alcohol was measured,

5.41, THE STABILITY OF THE CURCUMIN REAGENT,

"t was noticed that in dissolving the curcumin
in alcoho! the solﬁtion waa never quite complets. Even
though the solubility of ocurcumin in alcohol is far greater
than O,lg. per 100 mwl,, a emall quantity of the curcumin
rerained insolubls, These insoluble particles were
thought to be due either to an impurity or to a slightly scluble
oxidation produEt of the curcumin reagent used (B;D.H.
"Laboratory Reagent"), or to the formation of an amorphous
suspensioz As the accuracy and reproducibility of the
method (3¢ section 5) was as yet far from eatisfactory at
this stage +the presencs of even such swall particles was
viewed with suspicion, These particles were removed

by prepar: : the remagent as follows:-

e solution of G,10 g, of ocurcumin and 10 g, of
oxalic sci in 100 ml, alcohol wae shaken up at ten-minute
intervals, warming each time to about 60°c using a large
beaker as waterbath. After half an hour, the eolution

was cooled to -5°C in a refriperator and then filtered
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Up to this stage the results have always lacked
both accuracy and reproducibility, resulting in the repetition
of meny of the experimenta, On a closer examination of
these replicated results, it was noticéd that the precision
or conformity of the rune using & 2 = or 3 -~ day old
curcumin reapgent was alwaye far better than that of the
original run using & freshly-prepared reagent, although good

reproducibility was atill lacking.

Although experiments carried out at a later stage
(see section 3,6) explained the lack in reproducibility of
the method, this improvement in precision with agdinpof the
reagent could only be explained by an unstable colour reagant,
The explanation for thie initial instability appesre to he
related to the taptomeric equilibrium of the curcuwin in
solution. Thus the initial heating of ths reagent during
preparation, together with the use of a éreater concentration
of oxalic mcid (the reaction is sensitive to pH) would have

a stabilizing effect on this equilibrium,

It was only after reproducible results were eventually
obtained, that the stability of the curcumin reagent, prepared

in this way, could be adequately demonstrated,
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TABuw 8B,

THE EFFECT OF TEMFERATURE ON THE COLOUR
DEVEins MENT Bu.J/EEN 50° — 60°C,

Temperature| Appror:mnate Time % _ Mean

og of Evaporation Trensmission %
(hre. ) Transmission.

50 2.5 100,0
50 2,5 72.5 72.7
50 2,5 72.9
52 2,25 10C. 0
52 2,25 72,6 72,5
52 2.25 12.4
54 2,0 100.0
54 2,0 72.0 72,0
54 2,0 70,5%
56 2.0 100,0
56 2,0 72.8 72.8
56 2,0 72.8
58 1.75 100,0
58 1.75 72.8 72,4
58 1,75 12.0
60 1.5 100, 0
60 1.5 7548 74,0
60 1.5 T4.-

A second run was then oarried out hetween 50° - 60°0 ,

with 2° intervals between determinations, Agein the

results / s.eee.
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The agreement between the duplicate determins-
tions was qulte aatisfactory, but the
reproducibility wase still poor, This

lack of reproducibility could only be
accounted for by considering the remaining
etege not yet investigated, viz, the time
allowed for the drying or baking of the
reaction products after evaporation at 55°C,
This conclusion was supported by the fact that
the duplicate determinations carried ocut at
50°C in run 8%, although agreeing to within
1% tranemission, did not fit the resulting
g;aph gh ; a8 it happened this particular
duplicate determination was allowed to dry

for over an hour instead of the required

20 minutes,

The reproducibility of each individual
duplicate determination, although not
particularly good, at least allowed for the
finanl drawing of reasonably smooth cﬁrves.
The curves 8% and 8B show up the rather

erratic results obtained initially, whereas the
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3,6, THE INFLUENCE OF THE DRYING PERIOD ON
THE COLOUR DEVELOPMENT,

In the method of Dible, Berger and Truog, the
concentration of the hydrochloric acid was not known ase
thers was no adjustment of pH. On evaporating a test sample
(prepared by using hydrochloric acid) at 55°C and baking
for & further 15 minutes, the evaporation of the hydrochloric
acid was in no way controlled, A8 the final pH of the
residue is lmportant as will be shown below, this drying

period is of considerable importance.

Employing the method as modified up to this stage,
and including the adjustment of the pH, the period of drying
after evaporating at 5500, was studied, For this investiga-
tion, deep 250 ml, porcelain fusion crucibles were used, These
crucibles produced a slower, but more uniform, rate of drying,

which allowed for the more accurate study of the drying effects,

Eight samples, each containing 2,0 ug, of boron,
and each coupled with a blank, were evaporated at 53°C, just
1o dryness, and then removed at successive intervals of
50 minutes, After cooling each sample for 10 minutes they
wore filtered, made up to 100 ml, with alcohol, and their
respective % transwiesions measured, The results are recorded
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in Teble 94 and Fig. 9A

TABLE 9%,

THE INFLUECKE OF DRYING THE REACTION
PRODUGTS IN FUSION ORUGCIBLES.

2,0 uge B per Sample., Using fusion crubibles. No draught.
Time (mins) %
{After evap, to complete Transmission,

dryness, )
0 79.8
20 71,0
60 71.2
90 68,2
120 ' 69.4
150 69,2
180 68.8
210 68.8

3ince the deep fueion crucibles did not allow for
efficient circulation of air in order to aid in the evaporetion
of excess hydrochloric acid, an unnecessarily long drying time
was involved, Consequently a second run et a higher boron
concentration was carried out, and removing the semples at
15 minute intervals, The results are recorded in Table 95

aIld/ seBC D






and Fig 9b.

TABLE 9B.

THE INFLUENOUE OF DRYING THE REACTION PRQDUCTS
IN EVAPORATING DISHES,

5.0 pug. B per sample, Using Evaporating Dishes. No draught.

Time (mins.) %
(After evap, to complete Transwission,
drynees, )

0 -

15 59,8

30 57.1

45 57.0

60 56,4

[P 575

Again, two extra series of determinations were carried
out on two plant solutions, employing the wodified wethod as
outlined in Section 4, These results are recorded in

Table 9C and Fig, 9,

The results { 9 B and c) clearly illustrate that

the 15 minute drying time (used up to this stage) , was not
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at the higher B concentration, the % iransmission dropping

down to 44% at 5 pg. of B per sample,
TABLE 11,

THE RANGE OF THE MODIFIED METHOD
USING 5% OXALIC ACID,

ug. B (iﬁ)’r semple Transm?sﬂion-
0.0 1000
0.5 7240
0.5 94.0
1.0 87.5
1.0 8.5
1.5 . Bl.9
15 80,3
2,0 [
2,0 5.2
2.5 70.8
25 70,0
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TABLE 12,

THE RANGE OF THE MODIFIED METHOD
USING 10% OXALIC ACID,

Jg. B per eample %
¢:))] Transmisasion,
0.0 100,0
1.0 85.0
2,0 72,2
2.0 62,2
4.0 51l.4
5.0 44.0
NOTE: In the method of Dible, Berger end Truog, the use

of a 1 ml, test aliquot, without subsequently adjusting ths
pH prior to the colour development, a simulated standard
determination using 1 ml. aliquots of standard boron
solutions, is not possible (standard solutions are prepared
using distilled water, whilst hydrochloric acid is used in

preparing the plant test solutiona ).

3.9, INTERFERENCE FROM FOREIGN ION3,

Heving developed a somewhat modified curcumin

procedure for the determination of small quantities of boron,

it now rewained to investigate interferences, if amy, from
the/seeess
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muslin bag, Closing the muslin bag with a rubber band,
suspend the sample inside a forced-draught oven set at
65°¢C, Dry in this wanner for 48 hours and then grind
the sample in an agate ball mill, After grinding, place
the fine powder in a clean screw—capped bottle and dry

in the forced draught oven for a further 24 hours, Seal
the bottle tightly whilst 8till warm and store in a cool
dark cupboard, OCarry out the analysis as soon as possible,

at any rate within 2 months after sampling,

NOTE: The above method of sample preparation was outlined

by Steyn (49).

4,32, THE ASHING OF THE LEAF POWDER,

Accurately weigh out about 1 g, of the leaf
powder (dried for 24 hours at 65°C) into a small dry
porcelain casserole dish and ash for from & —« 8 hours at 500 =

550°C in a muffle furnace,

Neutralise the ashed residue with 1:8 hydrochloric
acid, adding the acid from a dispensing microburette until
offervescence ceases, Add 1 ml. excess of acid in order to
ensure & mild acid extraction of the very soluble boric

acid as well as the solution of the heavier trace metals,

Using deicnised water, decant the contents of the

caBserole / .seeeee







































6, THE APRLICATION OF THE METHOD.

In order to test the applicability of the method,
the boron content in two widely-differing plant species,
namely citrus and pineapples, was determined. Gitrue
end pineapple leaf samples were picked according to the
standard technique (Steyn's thesis, (49) ),from varioue
areas in the Eastern CGape, After preparing the leaf
samplee for analysis (Steyn (49) ), the boron conteﬁt was
determined in duplicats 1 g, samples, The duplicate_
agreed very well in all cases, The means of the results

are recorded in Tables 2% and 24,

From the literature it appears that a boron
deficiency is associated with boron contents ranging
from 12 « 20 p,p.m, in citrus leaves, On this basis
none of +the abovq gamples can be considered to be
deficient in boron content, in fact they all appear to be

remarkaebly well supplied with this element,
It is interesting to note that low performing
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the uptake of boron by the tree, since low and high boron
figuree were obtained both on highly alkaline soils as well

as on slightly acid soils,

TABLE. 24,

PINEAFFLE LEAF SAMPLES .~

Bagz%e Area, Treatment of Flants S;;} P-?-m-
1 Bathurst Zinc spray 5.0 6
2 # Zinc-Mangenese 3pray 50 8
3 " Zinc=Copper mixture 4.9 6
to soil
4 # Phosphorus 5¢5 9
5 " Control 5e7 8

X These samples were cobtained from the experiwmental plote of

the Rhodes University Research Team on plant nutrition,

From Table 24 it is clear that all the pineapple
~samples were very low in boron content, if compared with

other plant species, Whether these figures represent an
actual deficiency is difficult to say, since no date about
the boron requirements of pinespples could be found in the
literature, It is guite possible, too, that some of the
boron may have been volatilised during the drying of the
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leaf portions = these moristematic basal portions contain
about 90% water! This matter needs further investiga-

tion-



7. CONCLUSION,

It is realised that this investigation into the
factors influencing the curcumin = boric acid reaction, as
well as to the epplicability of the wodified method to
different plant materials, is not complete, Only an
intensive statistical study, far beyond the scope of thie
theeis, would yield the complete answer, However, a
method for the determination of boron in plant material
has been developed, which, to the knowledge of the author,
is superior to other alternative procedures, Considering
the more critical aspecis of an analytical procedure, a
comparison with other methods can briefly be summarised

ae follows:w

(1) The accuracy and precision of the modified
method are superior to that of any method

published 4o date,

(i1} The modified procedure is perhaps a little
more time=consuming and tedious than some of

the alternative methods,

(iil) The wethod does not involve the use of a

8trongly / sececcss
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strongly corrosive reagent, This ie
important, as most of the alternative
procedures make use of concentrated

sulphuric acid as a colour developing

medium,

(iv) The range of the modified method is
easily adjusted to include any concentrations
of boron likely to be found in plant material,
whereas the alternative methods, which make
use of concentrated sﬁlphuric acid, are ine-
¢lined to have a limited range owing to the

use of very critical test aliquots.

(v) The modified method, besides being very
economical as regards the use of reagente, is
easily carried out using standard laboratory
apparatus, Many of the alternative methods

involve the use of boron-free glassware,

In conclusion, it mwust be pointed out that, although
the procedure involved in the determination of boron by this
modified method is perhaps longer than some of the alternative

methods, the remaining analytical attributes are superior.
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