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INTRODUCTION

The purpose of the research project, of which this thesis is a partlal
report, was twofold: first, to develop a method for determinirg small
quantities of boron, and second, to develop a rapid fisld test for the
determination of atmospheric boron. A literature survey revealed that the
curcunin method is the most sensitive colorimeiric method presently avail=-
able for boron determination. Also, the curcumin paper test should be
readily adapted to the determination of atmospheric bcron.

The experimental work was divided into three major sections: £first,

a preliminary survey of several methods for boron determination; second, a
study of the curcumin solution method, and third, a study of the curcumin
paper method. The preliminary survey covered several colorimetric reagsuts
commonly used for boron dsterminatioh; these reagentis were curcumin,
quinalizarin, Alizarin Red-5, Alizarin Blue-3, Chromotrope 2B, carminic ecid,
and l=amino=4~hydroxyanthraquinone. In the study of the curcumin solution
method, the variables affecting the methods of Haftel (77) end of Hegedus

(50) were investigated. Before a study of the curcumin paper test for
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determining atmospheric boron could be made, a synthetic atmosphere sampling
apparatus had to be constructed. The curcumin paper test was then evaluated
using this apparatus.

This thesis reporis a broad, preliminary survey of the curcumin method
for boron determinatioh and, as such, was intended to show the way for later
more detailed studies. Thus, some of the work was necessarily incomplete.
Much of the work was completed later by other members of the tesm working on
the overall project and, where pertinent, a brief summary of this later work

will be given.



HISTORICAL

I Introduction

Boron and its compownis are of importance in several {ields, metal-
lurgy, agriculture, as mild antiseptics, as preservatives, and in the
manufaciure of certuin glasses, enamels and glages. Toron, because of its
neutron abgorbing ability, may be used in muclear reactors. The use of
toron and its compounds as fuel hss recelved much atteantion. In these
fields of research the deterzination of microquantitiss of boron ig im-
portant and colorimetric methods are wsll suited for the determinmbtion of
microquantities of boron.

¥any colorimesric methods for the determination of boron are reported
in the literature. Ue Ford, lucchesi and Thoburn (26) huve published an
excellend survey, concerning the analytiesl chemistry of boronr, in which
the wvarious methods ussd in the colorimeiric determination of boren are
eritically reviewed. The Lwo most widely used colorimetric metnods employ
eithsr quinalizarin or curcimin (turmeric) as the color forming resgent.

The quinalizarin method is less subjecl to interferencss by other slements
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and is more specific for boron; however, the curcumin method is more sensi-
tive. Munuele (67) states that the turmeric method of Naftel (77) has
greater sensitivity than the quinalizarin method. Powell and co-workers
(43) found the curcumin method to have a much greater sensitivity than the
methods employing reagents dissolved in concentrated sulfuric acid. Spicer
and Strickland (96) state that the borun-curcumin reaction can be made the
most sensitive absorptiometric methoed presently known for any element except
berylliuvm. The main advantage of the curcumir method, according to Dible,
Berger and Truog (27), is its great sensitivity for small amounts of boron.
They stnte that the precision of the curcumin and quinallzarin colorimetric
rethods are about the same in the determination of boron in plants and soils.
Mctargue and Hodgkiss (70) compared the official ACAC titration (52) method,
the Berger and Truog (4) quinalizarin method snd the Naftel (77) turmeric
method. They found that the turmeric method glves results that vary some-
what from the results of the titration method, but the results of the titra-
tion method and the quinslizarin method agree very well,

Turmeric is a mixture obtained by grinding the rhizomes of varlous
spacies of curcuma. Pelletier and Vogel (101) state that turmeric contaius
cellulose, gum, starch, mineral matier, volatile oil, brown coloring matter,
and a characteristic yellow coloring matter which they named curcunin.
Curcumin is actually the substance wiiich undergoes change in color in the

presence of boron. Cureumin, according to Ghosh (39) has the chemical formula

OCH}
CHo_ ﬂ (s}

/
#o-{ ~ p-CH:CH-C ~CHy=C —cH :cH—@-ou
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and its chemical name is 1,7 bis (4 hydroxy 3 methoxy phenyl) 1,6
heptadiene 3,5 dions. Spiecr and Strickland (97) confirmed this structure

by infrared studies.
II Mechanism of Boron-Curcumin Reaction

The reagent curcumin (or turmeric) for many years has been used for the
detection and determination of small quantities of boron. Esrly in the
ninetesnth century several investigstors noted that a red color forms in
the reaction betwesn boron and curcumin, and they suggested that the re-
action be used to detect the presence of boron. Schlumberger (91), in 1866,
named the red compound formed by the boron curcumin ¥rosocyanine™ and
stated that this compound contains no boron. In 1908 Clarke and Jackson
(21) isolated two compounds, rosocyanine and rubrocurcumin, in the product
of the boron-curcumin reaction. Clarke and Jackson found rosccyanine to be
an isomer of curcumin (no boren present). According to Yoe and Sarver (110)
boron is present in rosocyanine. They suggest that a possible mechanism is
ring formation by coordination of boron with the methoxy and hydroxy groups
of the curcumin molecule. Koreman (58) points out that practically all
reagents that form color complexes with boron contain an enolic beta-dikelone
group and that the reaction product is a eix membered ring closed by boron.
This reaction may be represented as follows:

cho 0 o) ,OCH
= {
WORN_ Dz cH—C . cp,- ¢~ ehzcn = p-oH

4

CHO, o OH oL H,

’

W Dmclz el = mcf=é — cnecH—={T p-oH
l+ 6(0‘4)3
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Dible, Berger and Truog (27) state that Hafford (PhD Thesis, University of

Wisconsin, 1942) suggested rosocyanine is probably formed by a locse combi-

nation of borate with one of the hydroxyl groups of the curcumin molecules
More recently, Spicor and Strickland (96) have found that the

rosocyanine and rubrocurcumin are boron~curcunin complexes. They state

that rosocyanire is a 1l:2 boron—curcumin complex and the rubrocurcumin is

a 1:1 boronecurcumii complex. They f{urther state that rosocyanine is formed

in the absence of oxalic acid and rubrocurcumin is formed in the presence of

oxalic acid. Rosocyanine, according to Spicer and Sirickland, has the

following formulas
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and rubrocurcumin has the formula:



.

Powell and co~workers (£4) found boron, curcumin, and oxalic acid to
reect in a 1l:l:1 ratio. By using Job's method of continuous variastion,
Pollio (80) fourd that even in the absence of oxalic aceid the boren and
curcuzin react only in 1l:1 ratioc. Pollio concludes that the boron =

curcumin - oxalic acld complex has the following structure:
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III Curcumin zolution Methods

The first reported use of ths boron-curcumin reaction for the
quantitative determination of boron was by Hebebrard (49) in 1902. This
method makes use of the red color developed when turmeric is added to a
water ~ alcohol solution containing boron end hydrochloric acid. The
color, after developing for a perlod of a half hour, varies from light
brown for 0.1 mg of boron to red for 10 mg in a final volume of 35 ml. Also
in 1902 Cassel and Gerrans (18) developed & method for determining boron
with turmeric. They found that oxalic acid increased the sensitivity of
the method. In this method a solution containing the boron sample, burwerle,
and oxalic acid 1s evaporated to drynesc, the residue dissolved in ethyl
alcohol, and the red color compared with standards.

Gauvry (38) used the turmeric solution method for the detection of
boric acid in butter and milk. This method involved evaporation (below
85°C) of an alcoholic solution of the boric acld smaple, turmeric, and
oxalic acid. The method is sengitive to 0.1 mg of boric acid.

Filippi (33) in 1914 reviecwed the methods of Hebebrand and others, and
pointed out that the main source of error was the varying composition and
purity of curcumin used in the various methods. ‘the method he suggested
differed little from Cassel and Gerrans (18) method; however, Fllippi's
method is more sensitive, 0,00002 gm of boron may be estimated with rapidity
and great precision.v

It should also be pointed out that some investigators use the evapora-
tion step to develop the color end others allow the color to develop in
solution. To the boron sample Halphen (46) added HCl and an ethylacetate

solution of turmeric, allowed ths color to develop in solution for 50 minutes,
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and then compared the resulting red color to standards prepared in the
same manner. Hawley (47) used a similar method but allowed the solution
to develop for 1} to 3 hours. Re could estimate 0.5%0.1% H3BO4 in a 20 gn
sample.

Pope and Ross (1) compared the residue after the evaporation step
to standards for the determinaticn of 0.1% NapBs0, in a 2 gm fertilizer:
sampla., They found that nitrates interfered with the test.

Holmes (51) determined one part beron in 25,000,000 parts of aqueous
solution by mixing one ml of sample, one ml of reagent (50 mg turmeric in
100 ml of 95% ethanol) and one ml of glacial acetic acid. This mixture
was then evaporated to dryness, the residue taken up in a suitable solvent,
and the intensity of this finsl solution was meamsured with a spectrophoto-
meter at 495 - 510 mu. |

Foster (35), in 1929, compared sarples to standards made up of 0,000
mg, 0.0025 mg, 0.005 mg, 0,0075 mg and 0.01 mg of BU3. She could estimate
the B03 sample to C.C0l mg in the sbove stated range. For quantities of
BO3 above 0.01 mg, Foster found that a wider range of standards (i.e. 0.01,
0.03, 0.06, 0.10, 0.25, and 0.50 mg of B03) was necessary Lo show a distinct
gradation in color. This method involves the evaporation on a steam bath of
a mixture of one ml of 0.46 N HCl, one ml 1% turmeric, and 10 ml of sample.
High salt content may cause difficulties in comparing the samples, ard
soma boron may be dissolved from the glassuare.

Curtaan and Edmonds (25) found that HCL increases the color inuensity of
the boron - turmeric reaction, but also incresses the c¢olor intensity of
interference reactions. Traces of copper interferswith the boron curcumin

reaction in sirong acid solutions.
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After a review of the turmeric methods available in 1935, Guterman (45)
preferred the method of Hebebrand (49) to that of Bertrand and Agulhon (6).
Guterman found Lebebrand's procedure accurate even in the presence of
phosphatss,

Laska and Fund (60) used the method of Cassel and Gerrans (18) to
determine Na BO,; * 4 H50 in the range 0.25 to 0.5 mg. To the boron sample
they added liCl, oxalic acid, and an alecholic solution of curcumin, then
evaporated this solutlon to dryneses on a water bath, dissolved the residue in
ethanol (methanol and ether were also used), and compared the color of the
unknown to the color of standard solutions. The magenta residue of the
evaporation step was permenent in air, turned blue in alkalies, but decom=

posed in water, The color did not develop in the presence of BrO5 or €104,

but persulfates did not interfere with the color formation,

Schafer (90) reported that the turmeric method is most sensitive in
strong HCl reaction mixtures. is little as one microgram By03 can be de-
tected, though fluorides tend to prevent the resction. Any large quantities
of titanium, zinc, molybdenum or tungsten glve color reactions with turmerlc
solution, though there is no danger of mistaking their color reaction with
that of boron. Oxidizing agents destroy the dye stuff (turmeric).

Robinson (86) used turmeric-coated sand to prevent loss of boron (as
ethyl borate) during the evaporation step. Ons disadvantage of this method
is that several evaporations of the reaction mixture are necessary to insure
complete reaction. After evaporation the residue is dissolved in 70%
ethanol and the color intensity measured. This method has excellent pre-
cision in the range of 0 to 50 mg B,04 per 100 ml of final solution.



Robinson reported that phosphates, silicates, salts of the alkall metals
interfere with the reaction. Sodium bydroxide used for the collection of
the distillate, and for the evaporation interfere but this interferences may
be reduced by keeping the concentration of the socdlum hydroxide at an
optimum concentration.

In 1939 Naftel (77) reportsd a procedure that was similar to previous
methods, particularly the method of Cassel and Gerrans, but perhaps more
control of the numerous varisbles was achieved by Naftel. The boron sample
iéimada alkaline with O.1K Ca(@ﬁ)z and this solution is eveporated to dry-
ness. One milliliter of an oxalic acid-hydrochloric acid solution (80 ml
of saturated oxalic acid and 20 ml HCl) and 2 ml of curcumin (0.1%) or
turneric (1.0%) are added to the cooled residue. This mixture is evaporated
to dryness at 5513°C and heated an extra 30 minutes at this temperature. The
residue is extracted with 95% ethanol, centrifuged, diluted to constant
volume, and the color intensity compared with standards similarily prepared.
The effect of different amounts of oxalic acid, hydrochloric acid and
turmeric (or curcumin) were studied and optimum amounts of these reagents
were determined. Apparently other substances do not interfere with the test.
Boron in the range 0.5 to 8.0 micrograms can be determined by this method.
Naftel used this procedure to determine boron in soils.

tewick, Beamish, abd Bartlet (11) obtzined excellent accuracy when they
used a turmeric method for the determination of boren (0.5 to 1.0 microgrem)
in magnesium and calcium. This method is a modification of the Haftel method
that employs an interesting technique of adding oxalic scid-hydrochloric acid
dropwise into the boron sample and turmeric reagent in a platinum dish cooled

in dry ice. Fach drop freezes as it is added to tiie dishj this prevents
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any loss of boron &g a volatile ccmpound. The dish 1s warmed by hand and

then evaporated to drynese on a water bath at 60°C. The residue is teken

up in 70% ethanol and the color intensity read at 550 mu with sir as the

100% transmiseion point. Russel (89) reported a method for determining

boron (0.5 to 1.5 micrograms) that differed little from that of Bewick, et. al.,
except thet Russel used a higher evaporstion temperature, 80° to 85°C.

In 1953 Silverman and Trego (93) reported a more detailed study of the
céndition for the boron-curcumin~oxalic acid reaction. In their method the
curcumin is completely dissovlved in a carbitol-acetone solution and the
resulting soluticn is stable for several months. FPhenolphthalein is used
to control the acidity of the reaction mixture. The optimum amounts of the
various reagents, oxalic acid, curcumin, and bydrochloric acid Qere de~
termined. Stable curcumin~-boron-acetone solutions were prepared. The method
has a precision of 0.02 micrograms for the rangs O to 0.2 micrograms of boron
in 10 ml of reaction mixture, 0.05 micrograws for the range 0.2 to 2.0 microe
grams in 25 ml, and 95% precision for the range 2 %o 25 micrograms in 25 ml,
25 to 50 micrograms in 50 ml, and 50 to 100 micrograms in 100 rl. The authors
reported the colorimetric method is superior to ihe potentiomentric method
for the determination of boron in the lower concentration range (0 to 25 micro-
grams).

To the boron sample in a porcelain crucible edd 0.1 gm
fapC0q and evaporate the solution to dryness at 1109
130°C7in an oven. Cool the solution, udd one drop
phenolphtalein indicator, titrate with 1:4 HC1l to the
disappearsnce of the red color, and add 0.5 ml excess
HCl. Add 0.5 ml of 5% oxalic acid-acetons solution,

3 ml curcumin (0625 gm curcumin in 5 ml Carbitol

moncethyl ether of diethylene glycol, then dilute to
500 ml with acetone), and than evaporate to dryness at
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55°43°C in an oven or a waser bath. Cool the residue,

take vp the residue in acetone, filter, and dilute to

volume with acetlone. The absorbance of the final

solution is measured at 535 mue.
The authors report that the evaporation is the most eritical step of the pro=-
cedure, and further report that dryness is reached when square crystals
appear in the crucible.

The same authors, Silverman snd Trego (94), in 1956 used essentially
this same method to determine boron in uranium metal and uranyl chloride.
They reported, however, that the concentration of oxalic acid to be used
depends on the amount of boron to be determined. Chloride iong does not
interfere with the reaction if excess oxalic acid is present. As little as
0.3 micrograms of boron in 100 mg of uvranlum may be determinsd by this pro-
ceduree

Valenti, Conti, and Lolioro (102) used the method of Silverman and
Trego to determine boron in nuclear reaction materials. However, they
found that dioxan, 28 well as acetone, can be used as a solvent. They fur—
ther state that the water content of the reaction mixture, as well as other
varlables already mentioned, must be standardized.

Luke (65) states that the turmeric msthod is difficult because close
control of many variables is necessary. The concentration and volume of
reagents, temperature of evaporation, method of dissolving the colored residue,
even the shape and smoothness of the evaporating dish all must be closely
controlleds All the factors thet influence the rate of evaporation must be
controlled. Luke carried out the evaporation step avoiding direct sunlight,

in a draft free ares, until there was no HCl odor. An cutline of his pro=-

-cedure is as follows:



Distill the boron sample as the methyl borate and

collect the distillate in a platinum evaporating

dish, add 1 ml of 1l:1 LCl, 2.0C ml of the curcumin

reagent (0.005 gn curcumin, 0.5 gm oxalic acid in

50 ml of ethanol), and then evapornte this solu=-

tion at 55°41°C. The color intensity is measured

at 540 mu with ethsnol as the reference.
This method was used for the determination of boronm iun the range 0 to 0.50
nicrograns.,

Luke and Flaschen (66) determined traces of borom in silicon. They
reported that bunidity is another factor that should be controlled to obtain
best results with the turmeric method. The method used here was essenblally
the same as previously reported by Luke (65). The one difference was thst
rather than employing a draft free evaporation they used a controlled alr
flow across the evaporating mixture. Ther could determine as little as
0.02 ppm of boron in silicon. Luke (67) also used this procedure to deter=—
mine 0.2 ppm of boron in nickel.

Spleer and Strickland (96) state tnat the red product in the Naftel
type turmeric method is msinly rubrocurcuming, a boron-curcumin-oxaslic acid
complex. DBoron analyses based on this reaction are only half ae sengitive
as enalyses baged on the boron curcumin reaction in which the only product
is rosocysnine, a 2:1 curcumin-boron complex. They report tliree methods for
the determination of boron, two (for the ranges 2 to 15 micrograms and 0.5
to 4 micrograms) of which are based on the boron-curcumineoxzalic acid reaction.
These methcis are of the Naftel type but modified to give higher precision
and sensitivity. These methods require the use of pure curcumin and the
reaction mixture is evaporated at 55° to 60°C. The third method, a more

sensitive method for the range 0.01 to 0.2 micrograms boron, is based on the

borot=curcumin reaction in the absence of oxalic acid. In this third pro=-



cedure, a method that is quits different from the turmeric methods that have
been reported, tha reaction yields only rosceyanine. The evaporation is
carried out at 50°C and requires exact timing. The intensity of the colored
solution is measured at two wave lengths, 550 mu and 630 mu, to take ad-
vantage of the different spectral characteristics of curcumin and rosocyarine.
From the molsr absorbasncy at the two wave lengths the amount of boron present
i caleulabeds iigh concentrations of salte reduce the awmount of colored
complex formed by a given amocunt of boron. Many other substances may interfere
with the reaction, butl those are eliminated by distilling the boron sample as
the methyl ester.

The same authors, Spicer and Strickland (98), in another report empha-
sized the importance of controlling the many variables of the boron=curcumin
reaction to achieve the best preclsion and accurscy. They pointed out that
there are many sources of contamination during the determination of bofon by
the curcumin method and those contaminations chould be minimized. The reagente
used in the asnalysis mey have too high a boron content ani should be further
purified. All storage containers and resction vessels should be boron free.
As much as 200 to 1000 ppa of boron may be present in the atmosphere and
could contaminaﬁe the reaction. OSplcer and Strickland gave procedures for
minimizing these sources cof contamination.

In 1941 Michel (72) reported s more ssnsitive and nore specific method
for the detection of boron that requires the use of salieylic acid rather
than oxalic acid. The product of thig reaction usually shows a gresn
fluorescense and disolves in smmonia to give a blue colored sclution.

To a solution containing the boron sample end a

1ittle HCL1 add 1 or 2 drops of 0.1% slcoholic
curcumia, then a few drops of pure ethanol, a few



drops of salicylic acid, and a drop of &N HCl. This

solution is then evaporsted to dryness on a water

bath and the residue dissolved in ethanol to give

the usual red boron curcumin complex solution. To

test specifically for boron the solution is again

evaporated teo drynsss, the remaining residus

usually shows green fluorescense, and the residue

is dissolved in 6 ammonia to get the blue color.
Apparently, either ths blue color or the usual red color may be measured to
give a quantitative determination of boron, though Michel 4id not report a
quentitative procedure. Michel tested 50 organic acids in place of the
salicylic acid ard found only beta naphtheic acid as satisfactory as
salicylic acid.

Zaletel (111) studied ihe optimum conditions for %he boronw-curcumin
reaction in the presence of saticylic acid and hydrochloric acid. He re-
ported that the color intensity increases as the smount of turmerdc is
increased and for precise work the amount of turmeric used depends on the
amouni of boron to be determined. A procedure for the determinstion of 3
micrograms of boron wag outlined. To the boron sample in one ml of solution
add 0.15 ml of turmeric solution (1.29 gm/100 ml methanol), 0.18 ml of 1%
salicylic acid, and 0.03 ml of 2:1 hydrochloric acide. The mixture is allowed
to stand for ons hour in a procelain crucible, then evaporated to dryness
on a water bath, and heated for an exira 30 minutes. The cooled residus is
washed into 50 ml of distilled water with 6 nl of ethanol, After the
addition of 1.5 ml of 2N sodium carbonate the intensity of the sgoluiion is
determined at 530 mu. Boron in the concentration range 0.015 to 0.50
micrograms per ml was determined with an experimental error of 2 to 3#.

Dudins (29) found the color reaction between boron and curcumin takes

place in the presence of salieylic acid, succinilec acid, para-amino salicylic

acid, and phosphorie, as well as oxallc scid. He deterzined as little as
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0.08 micrograms per ml of boron and stuted that a more concentrated curcumin
reagent must be used for larger boron concentrations. For the higher con-
centrations of boron succinic and para-snino sallcylic acids may be used in
place of the hydrochloric acid. However, high concentrations of phosphoric
acid interfere with the borou~curcumin reaction and an optlmum amount of
phosphoric acid was recoumended. Iron above 548 micrograms per ml, nitric
acid above 0,26 mg, and fluorides above the B:F ratio 1:1000 interfered.

Philipson (79) used trichloroacetic acid rather than oxalic acid in the
turmerlc method and wag able to determine boron within 3% in the range 0.2
to 10,0 micrograms. The boron sample is ashed with calcium oxide, and the
alkaline distillate 1s evaporated. After additvion of one ml of one molar
trichloroacetic acid and one ml of turmeric (0.125% in etisncl) solution the
mixture is evaporated to dryness in an oven ab 106°C. The residue is dis-
solved in 10 nl of ethanol containing a trace of trichloroacetic acid, and
the color intensity of ths solution is measured imediately.

Coursier, Hure, and Platzer (22,23) reported a turmeric method determining
beren in the range 0 to 0.4 micrograms with a maximum error of i0.04 micro~
grams. To the prepared boron sample add one ml of one normasl trichloroacetic
acid, one ml turmeric solution (0.125% in ethanol) and evaporate in an oven
at 106°41°C for 6013 minutes. The residue is dissolved in ethanol and the
color intensity measured at 540 mu,.

In determining boren in silicon Ducret and Seguin (28) used a method
similsr to the method of Philipson (79). They used trichloroacetic acid with
the curcumin reagent in ethanol and reported a precision of 0.5 micrograms

in determining boron in silicon. The reaction mixture is evaporated in an oven

at 10500, the residue taken up in aleohol, and the absorbancy measured at
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540 mu, Pucret and Seguin state that curcumin, even as the dry solid, 1s
unstable in the presence of eir, light and heat. They also reported that
special care should be given polyethylene ware, if it is to be used in
boron analysis, since the oxidation products of polyethylene interfere with
the boron=curcumin reaction.

Hegedus (50) reviewed the litersture, through 1951, concerning the turmeric
solution method and proposed a procedure thal involved the use of glacial
acetic acid as the solvent. To the boron sample (not more than 8 micrograms
boron) diluted to 2 ml in a quartz cruecible, add 2 ml of curcumin reagent
(0.1 gm curcusin in 100 ml glaclal acetic acld saturated with oxalic acid),
and evaporate the mixbure to drymess on a vater bath. The residue is cooled,
dissolved in 20 ml of 95% ethanol, illuminated for three minuteé, and the
color intensity measured. Hegedus found that large amounts of fluorides,
'titanium, zirconiwn, molyldenum, beryllium, and tungsten interfere. The boron
may bs separated from these interferences by distlillation as the methyl
borate, prior to the turmeric analysis procedure. Oxidizing egects, such as
nitrates, chlorates, bromates, iodates, and nitrites desiroy the curcumin
reagent.

After reviewing the reported methods for deisrmining boron, Bottini
(14,15) proposed a procedure ir which the amount of boron is first estimated
and later deterained exactly. After an elaborate preparaticn the boron
sample 1s acldified with acetic acid, two nml of 0.1% curcumin is added, and
the sclution is evapurated to dryness on a steam bath, From the color of
the residue the amount of boron is estimuted. The excess curcumin is removed
with ether, then the residue is treated with a methyl acetate ~ potassium

hydroxide solution, and the color is compared with standards. The blue color
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reported by Michel (72) must be formesd, since the residue is treated with
& basle solution. The sensitivity of the method is one microgrsm. Guevara
(44) used the boron curcumin reaction in a basic media to determine boron
in fresh fruits. He mixed the reagents and sample in a test tube, and
allowed the mixture to stand for 30 minutes. The product varied from blue
violet to blue green and was compared to standards prepared in the same
mannere

The turmeric method has been used to determine boron in liquor
antisepiics (53), soils (48), plants (40, 108), rocks (59), metals and alloys
(2,13,24,37,42,54,56,82,87,88,106) miclear rcactor coolant gauses (107) and
other substances (20,43,99,100,109). Mclullen (71) and wilson (107) deter-
mined boron in wood by applying the turmeric reagent (saturated with
salicylic acid) directly to the surface of the wood, allowing it to dry, and
comparing the color of the spots that developed to standards.

There are many variables in the boron-curcumin reaction that need to be
contrelled to give bebtter accuracy and precision in deiermining boron.
Chrinside, Cluley and Frofitt (20) state that the resction depends on the
rate of heating and evaporating, whicih in turn are affected by the temperature,
glze of diéh, salts present, arnd the aleohol-water ratio. Scome of these
variables can be detscted in the data Interpretution, others are more difficult
to detect. Lima, Pagano and Schneilderman (63) epplisd modern statisticsl
metiods to the study of the effect of the variaples in the boron-curcumin ro=-
action on the quantitative determination of boron. The significent variables
affecting the boron determination can easlly be detected.

Feigl (31) end others (29,50,90) report that in acid solutions ferric
ions, molybdenum, titanium, columbium, tantalum, and zirconium interfere with

the boron~curcumin reaction if they are present in large quantities. Oxidizing



agents (15,29,31,60,81,90) such as peroxides, chromates, permanganates,
nitratcs, and chlorates interfere with the reaction. HMuraki and Huro (74)
report that alkalis and alkaline earths interfere. Gol'tman ard Gurevich
{40) report interference from sodium, potassium, calicum, magnesium,
sulfates, chlorides, nitrates and oxalates. Yoe and Sarver (110) state
that aluminum, beryllium, zirconium, magnesium and iron form color lakes
with curcumin and this can interfere with the boron~curcunmin reaction.
Kolthoff (57) and Dible, Berger, and Truog (27) found that excess oxalic acid
prevents these lakes from forming. Several investigators (20,35,86,96) have
reported that a high salt content in the reaction mixture interferes with
the color formstion. HNost of these interferences may be eliminabed by dis-
tilling the boron as methyl borate.

Fluorides have been reported (29,50) to interfere with the boron-
curcumin reaction. Gaestel and Hure (36) were able to determine boron in
the presence of fluorides by first complexing the fluorides with aluminum
chloride. Boron 1s disiilled as methyl borate from a soluiion of methanol,
hydrochloric acid and aluminum chloride. The aluminum chloride acts as a

complexing agent, preventing the volatlilization of hydrogen fluoride.

IV Curcumin Paper Tests
Concurrent with the development of the turmerie solution method for boron
determination, & turmeric paper method was developed. Around the turn of the
century a number of workers (6,32,41,61,62,85,103,105), reported the use of
turmeric paper to detect boron, though no‘cne had made the test quantitative.
Exrich (30) used iurmeric coated linen fibers to detect .001% boron. Chamot
and Cole (19) alsc investigated the uss of various fibers impregnated with

turmeric to detect boron (.025 micrograms). Low (64) reported a semi-



quantitative method for boron using turmeric paper. However, it was
Bertrand and Agulhon (7) who first used turmeric paper to determine
quantitatively small amounts of boron. They later used it to determins boron
in organic matter, fruits, vegetables and sea water (8,3). In their method
boron sample is distilled as methyl borate, the distillate evaporated to
dryness, and four drops of 10N hydrochloric acid and 0.5 ml of distilled
water are added. This solution is weeghed into a vial %o a volume of 1.5 ml.
A strip of turmeric paper 45x3mm 1s immersed into the solutlon to a depth of
15mm and the vial is heated for three hours at 35°C or kept at room tempera=
ture for 10 to 24 hours. The height of red coloration on itlhe paper strip is
a measurs of the amount of boron present. Ihe unknown boron sample 1s
compared to known amounts of boron prepared in the same manner. They could
determine 0.1 to 100 micrograms of boron by this method.

Ecott and Webb (92) used the method of Dertrand ard Agulhon to deter-
mine 0.005 to 1.0 mg of 3203 in a 100 gn soil sample. For boron oxide iq the
rangs O.,1 to 1.0 mg longer strips of turmeric paper and lerger vials are used.
Badger (4), using Bertrand and Agulhon's method, determined 0.0l to 5.0 mg of
boron in water, brine and salt., Mix (73) modified the method of Bertrand
and Agulhion in that the intensity and lengths of coloraticn on the turmeriec
paper are compared after one hour development. Hix reported that large amounts
of sodium and potassium sulfates do not interferes.

Carus (17) repcrted a method for the determination of boron that depends
upon the shade and intensity of coloration on the turmeric peper rather than
the height of coloration., To the sample in 3 ml of dilute bydrochloric aeid,
add a strip of turmeric paper, and evaporate tc dryness. He reported that the

intensity of coloration is dependent upon the size of the paper sirip and con=-
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centration of turmeric on the paper strip. Camus determined from .02 to 1 mg
of boric acid, and reported that sslts interfere with test. He also stated
that the red color on the turmeric paper (after reaction with boron) changes
to sky blue in the presence of ammonium hydroxide.

Nemeje (78) put a turmeric paper in the intgrference free boron sanple
and evaporéted as long 2s the paper continued to change color. When the re=-
actlon on the paper is completed, the paper is dried in an oven at 80°C. By
this method 0.5 Lo 5.0 micrograms of boric acid in waters can be dstermined
with a sensitivity of 0.3 micrograms. LNemsJe reported the turmeric reagent
is most stable in phosphoric acld, and NO3, 105, B 17, K, NHZ: SOZ; Ca++,
and Mg++ interfere with the reactlion. Bordas and Touplain (12) reported that
fluorides, lodidss and format:s interfere with the tLurmeric paper test for
boron.

Flood and Risberg (34) reported that KyCrly, KnO,, KaOCl, and other
strong oxidizing agents will not interfere if the solution is allowed to rise
on the paper by capillary actiom. MNuto (75,76) used paper chromtography to
separate boren from acids, alkalies, salts and certain metsls. The bhoron spot
is identified by spraying with 0.02% turmeric solution and 1R sodium hydroxide
solution. The grea of the spot and the amount of boron present are neani}
proportional in the range 5 to 50 micrograms of boron. Muto apperently made
use of the blue color of the boron turmeric reaction produet in a basic medis.
Arzberger (3) and Brinsmaid (16) reported that a blue color developes on
turmeric paper in the presence of boron and ammonium hydroxide.

Allen and Zies (1) used the turmeric paper test to determine boric acid
in glass. Bertrand end Silberstein (10) used the turmeric paper test to

determine 7 to 50 mg of boron per kilogram of scll sample. Sokolova and
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¥eckharashvili (95) determined one micrograms of boron per gram of silicon
on filter paper by means of curcumin.

As well as the inbterferences already meniioned, some commercially
purchased turmeric paper may contain enough boron to glve a positive re=

action (69).

V Sunrmary

Many investigators report the use of curcumin, both in solution and on
paper, to deuermine small quantities of boron. To cobtain best results with
the curcumin reagent, ccensidered the most sensitive color reagent presently
known for boron, many variables need to be coutrolled. The bime znd tempera=
ture of evaporations are two most important factors that influence the rate
of reaction. Though there is a great difference of opinicn in the litera-
ture concerning the mcde, the time, and the temperature of evaporation,
investigators agree that the factors that influsnce the rate of eveporation
must be controlled. Other veriables are concentration and volume of reagents,
water content of the reaction mixture, bumidity, slze and chape of the
evaporation dish, and the many sources of contamination., Boron may be
separated from most substances that inverfere with the boron-curcumin reaction

by distlliing as mothyl borate.



BAPERIMENTAL

1 Apparatus and Reagonts

n_Mod o tom « This insirument was used for
all the spectrophotomeiric measurements that were mede. Fyrex absorption
cells were used in the instrument, and dissolutiocn of boron from the
cells during the time of measursmenit, if it occured, caused no interference.

Misgellaneous Appsratus - Soft glass (low boron content) was used in
all cases in which glassware uaé needed. All solutions, other than those
prepared with'sulfuric acid, were stored in polyethylene bottles. «hen
such gecuracy was nesded, the burets and volumetric flasks were calibrated.
Porcelain dishes were used for the evaporation of ths test solutions.

Hater Bath - The test solutions, in porcelain dishes, were evaporated
on ordinary water baths. Bunsen burners vere ussd 10 msintain the required
temperature in the water bath. It was not difficult to mainteln the proper
temperature with this set-up.

Reagents = Reagent grade chemicsls were used. The colorimetric
reagents (curcumin, quinslizarin, cerminic acid, alizarin Red-S, alizarin
Blue=-S, Chromotrope 2B, l-amino =~ Ayﬁydroxy anthraquinone) were the best

grade obtainable from Eastman Kodak Co.



II Preliminary Study of Some of the Reagents Available for
the Colorimesric Determination of Boron
As. Introduction :

The purpose of this praliﬁfhary survey was to find a sensitive colori-
metric reagent for the determination of microquantities of boron. flso it
was desired that the reagent bs sultable for rapid field test of boron,

To this end seven reagenrts were chosen for the preliminary study. The
seven reagents chosen were quinalizarin, carminic acid, Chromotrops - 2B,
Alizarin Red=-S, Alizarin Blue-S, l-emino-4-hydroxyanthraquinone, and curcumin,
Curcumin forms a colored complex with boron in organic solvents (usually
ethanol, acetone, or glacial acetie acid). However, the other six reagents
listed form colored complexes with boron in concentrated sulfuric acid.

The intensity of coloration of these complex solutions depends on the amount
. of boron present (provided there is enough reagent present to complex all
the boron) and this forms & basis for quantitative determiration of boron.
This preliminary survey was a two part study; the first, a study of a method
using the curculm resgent, and the second, a study of the reagents that re-

quire concentrated sulfuric zcid as a solvent.

Bs Curcumin Method
From the literature reports, the Hegedus (50) method appeared to be
one of the best methods employing the curcumin reagent for the determination
of boron. Thus this method was chosen as & basls for a preliminary study of
the turmeric reagent., Hegedus' procedure 1s as follows:
To the sample which has been diluted to 2 ml
vith water, add 2 ml of reagent solution and evaporate

to dryress at 55°C. Take up the residue with 20 ml
of 95% ethanol and measure the absorbasnce. The



reagent solution 1s prepared by dissolving 0,1

gn of curcumin powder in 100 ml of glacial

acetic acid which has been saturated with

oxalic acid.
For this preliminary survey the Hegedus procedure was used with one
modification, the solutions were evaporated at steam bath temperature
(100°C) rather than at 55°C.

A study of the absorption speectra (Figure 1) of the reagent and the
réagent—boron complex showed 575 mu to be the best wave length for
future color intensity measurements, At this wave length the boron-
reagent complex solution was found to have maximum absorbence and the
reagent solution nearly minimum absorbance. To attain maximum color
intensity the boron reagent was prepared from a 1000 microgram boron sample.
The reagent solution was prepared by adding two ml of distilled water to
two ml of curcumin reagent, evaporating this mixture to dryness, and then
taking up the residue in 20 ml of 95% ethanol., The percent transmission
of the complex solution and of the reagent'solution was measured over the
range 325 mu to 700 mu with a sepetrophotometer, and this data plotted as
shown in Figure l;

The absorption spectra study was repeated using curcumin reagent without
oxalic acid, 4s shown in Figure 1, oxalic acid had only a small effect on
the absorption spectra. However, if the reagent without oxalic acid is to be
used for boron analysis, 550 mu is a better wave length at which to measure
color intensity. 4t 550 mu the boron reagent complex has maximum ahsorbance
and the reagent has nesrly minimum absorbance. Another reagent solution
with a different smount of oxalic acid was prepared and used for another

absorption speetra study. This eurcumin reagent solution was a l:l mixture

of the curcumin solutions with and without oxalic acid. The spectra of



Figure 1

Absorption Spectra of Boron-Curcumin Complex
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and of Curcumin Reagent

(Modified Hegedus Method)

Curcumin Reagent - with oxslic acid
Curcunin Reagent -~ without oxalic acid
Boron Curcumin Complex - with oxalic acid
Boron Curc.min Complex - without oxalic acid
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boron complex and reagent solutions prepared from this reagent (11
miiture) coincided with the spectra of boron complex and reagent solutions
prepared from the reagent with saturated oxalic acid,

To obtain a standard calibration curvs a series of soluticns with
varying amounts of boron were carried through the modified Hegedus pro=-
cedure. The absorbance of these solutions were determined at 575 mu and
the absorbance plotted against micrograms of borom per 20 ml of solution
(Figure 2). It was found that the boron-curcumin rsaction (in acetic acid
saturated with oxalic acid) followed Beer's Law over the range O to 8
micrograms of boron per milliliter. The sensitivity of the method is 0.0044
microgram of boron per 20 ml per 0.0Cl absorbance unit. Above eight micro-
grans of boron the sensitivity decreases and the standard curve deviates
from Besr's Law. l

Many reports in the literature show that oxalic acid increases the
sensitivity of the turmeric method for boron determination. To determine
how great this increase in sensitivity is, a standard calibration curve
(see Figure 2) obtained in the same manner as described above except that the
curcumin reagent did not have oxalic acid added, and the absorbance was
measured at 540 mu. Without oxalic acid the sensitivity of this msthod is
Q.1 micrograms of boron per 20 ml per 0.001 absorbance unit, thus the method
with oxalic acld is about 25 times as sensitlive as the method without
oxallc acid.

The reproducibility of the method with oxalic acid was 0.1 micro-
grams of boron for solutions containing 2 micrograms of boronm, and 10.2 for
solutions containing six micrograms of btoron. To determine the reproduci-

bility four solutions containing two micrograms of boron and four containing



Figure 2

Standard Curve for Fodilfled Hegedus Procedure
Absorbance Versus Micrograms of Boron

® Oxalic Acid Present
A No Uxalie Acid Present
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six micrograms of boron were analyzed according to the modified Hegedus

procedures, The results of this test are given in Table I.

TABLE 1

Reproducibility of Method and Stability of Boron = Curcumin Complex

Mlcrograms Mlerograms Boron Fourd

Boron Present 4 hr 14 hr 25 hr
2.0 2.0 1.9 1.9
2.0 1.6 1,6 1.6
2.0 1.7 1.7 1.7
2.0 1.8 1.9 1.8
Avg 1.810.1 1.8%0.1 1.820.1
6.0 6.2 6.1 6.0
6.0 5.5 5.4 Sad
6.0 545 5¢4 Sed
6.0 5.5 5e2 52
Avg 5.&0.2 5.5i0'3 5.5 2

The absorbance of the eight solutions described above were measured i, 13,
and 25 hours after the ethanol was added to the evaporation residue and, as
shown in Table I, the complex solutiong were found to be stable over this
pericd.

At 50°C the evaporation of the test solution was found to take
approximately three hours. This evaporation time seemed umecessarily long,
thus highor temperatures wers used to reduce the time of evaporation. Also
at 50°C the reamction epparently was not complete and the precision was poor.
At 75°C the evaporation took one to twe hours but the preclsion was poor.
At 100°C (steam bath temperature) the evaporation took 15 minutes and the
precision was good. Ten minutes extra heating at 1009C, after the solution
reached dryness, resulted in loss of boron, though the precision was still

good. The most efficient evaporation temperature was found to be 100°C.

(Table II). The solutions used for this test prepared according to the
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modified Hegedus proceduis, except that the tempesrature of evaporation

was varied,

TABLE II

Effect of Temperature of Evaporation on Absorbance

Tem tur Time of Fveporation Abscrbunce
Set #1 Seb #2
50°¢ 3 hrs 0.51 1.02
7500 1*2 hrg 1- 12 1 » 50
100°¢C 15 minmutes 1.28 1.33
100°C & 10 mimutes 15 minutes pluas 1.19 1.24

extra heating at 100°C 10 minutes

C. Methods Using Sulfuric Acid as the Solvent

The second part of this preliminary survey was a study of the six
reagents (quinalizarin, Alizerin Red S, Alizarin Blue S, carminic acid,
Chromotrope 2B, leamino=-j-hydroxyanthraquinone) that employ concentrated
sulfuric acid as the solvent. Since this study of the sulfuric acid methuds
was conducted cooperatively by two graduate students (this author and
Emmett H. Poindexter) only a summary of this work will bLe given here. Unly
the results of this study and nobt the study itselfl are important to this
thesis. (For the details of this work see Reference

First the sbsorption spectra of the reagent and the boron-reagent com=
- plex vere determined for the range 325 mu to 700 mu. For future color |
intensity measurements, the wave length at which the greatest separation of
reagent spectra and complex spectra cccurred was taken as most sultable.
The effect of reagent concentration and HpS50; concentration on the intensity
of the color and on the ssengitivity on the method were studied as were the

tine required for development of color and the stability of the color.
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Vhen these studies were completed & standard calibration curve was drawn.
Then the reproducibility of the methods were determined. The experimental
procedures followed in each of these studies were very similar for all the
reagents and were modifications of procedures reported in the literature.

The results of this preliminary study of the sulfuric acid methods
and the turmeric method are summsrized in Teble III. Each reagent has
been rated on a 1to 5 scale based upon the information obtained in this
survey. From this study carminic acid appears to be the best reagent. The
sensitivity, reproducibility and adherence to Beer's law are gocd for the
carminic acid method. The main disadvantage of this reagent is the time
required for the development of color. Though not as good overall as the
carminic acid method, the other reagents do offer certain advantages.
Quinalizarino is as sensitive as carminic acid and requires a shorter time
for color development, but 1s affected more by the sulfuric acid concentration
than the cerminic acid. Alizarin Red-S and Allzarin Blue-i follow Beer's lLaw
nicely over the range 0 to 25 micrograms per 10 ml of solution; this is the
best edherence to Beer's Law of all the reagents studied in this survey.
However, only leamino-4~hydroxyasnthraquinone 1s less sensitive than Alizarin
Red~S and Alizarin Blue-3. The reagent Chromotrope 2B requires only 5 minutes
for color development and is not greatly affected by the sulfuric acid cone

centration,

De Summary
Of all the methods studled in this survey the curcumin method is the most

sensitive (Figure 3 and Table I1I). The curcumin resgent compares very
favorably in all respects to the methods that require sulfuric acid. The

reproducibility and adherence to Beer's Law are good over a short range.



Figure 3

Standard Curves for Variocus Reagents
Used to Determine Boron
Absorbance Versus Micrograms of Boron
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Hovever, if one wlehes to determine guantities of boron in excess of 5
nicrograms per 10 milliliters a sulfuric methed should be useds The main
disadvaniage of the curcumin method is that the test solution must be
aevaporated to dryness. This is a disadvantage only as concerns ease and
tine of sample preparation.

This preliminary study has shown that the curcumin method is worthy of
further study becsusze of ils great gensitivity and because 1t may be
adaptable to a rapid ficld test. The methods requiring sulfuric acid would
not be suitable for rapid field test. The methuds requiring sulfuric acid
vould not be sultable for rapid fleld tests such as a test in which the
color is developed on peper or some other absorbant. The next section of
this thceis concerns a study of the varlous modifications of the curcumin

method for boron determination.



TABLE III (%)

Heagent Best Sensitivity Reprodu- Time for Adherence to Effect of Change in
Wave- Spectra c¢ibility Development Beer's Law the Sulfurie Acid Concentratior
lengtg Separation _
Comments *H B/1Cml /loml R Min, R R Fange of *¥*Boron per 10 ml pe:
per 0.001 Yater per 1% change )]
Absorbance 10 ml OB 5B 10B
Quinalizarin 620 Poor 3 0.018 10.1 2 0-5 Deviates 0e2= 0.5 1426 0,69 0,68 Ave.
to slightly 0.5 1.0 0.88 1.21 0.95 0,952
0.6 over entire 1.0~ 2.0 0.48 0,96 1.43
range
Carminie 610 Good 1 0.020 i0.1 1 50 Follows Oul~ 005 OOOL 0.30 1.16 Avea
Acid Beer's Law 0.5~ 1.0 0.04 0,04 0.03 0.27 1
Alizarin 650 Fair 2 0.067 40.1 20 Follous 0u2= 05 Lle24 1,20 1,60 Ave,
Blue S Beer's Law 0.5-1.0 0487 1,33 1.20 1.13 2
lng" 2.0 0.60 0085 1.31
Alizarin 575 Fair 2 0.071 0.3 2 100 Follous 0s2- Us5 0.89 1.19 1.19 Ave.
Red & Beer's Law 0.5- 1.0 0,60 1,37 1.10 1,00 :2
1.0" 2-0 0059 1.00 1.06
lefminc=4~ 550 Good 1 0,125 .l 2 150 Follows De2=- 05 088 1,04 1.25 Aves
hydroxy- to or Eger's Law Oeb5~ 1,0 0,70 0.78 0,83 1.19 2
anthraquinone i‘c.? larger 1.0=- 2.0 1052 1074 1097
Chromotrope- 650 Poor 3 0.035 i.3 2 0-5 Deviates 0e2- 0e5 0428 0.48 0.76 Ave.
2B slightly Ou5= 1.0 0.33 0.23 0.09 0,28 1
from Beer's 1.0= 2.0 0.25 0.14 0.00
Law
Turnmeric 575 Good 1l 0.0026 10,08 1 15 M¥in Bollous
- to for for short
+0.10 evaps - range

¥R - Hating

#% Error in micrograms caused by a ciange in sulfuric of 1% for the amount of boron indicated.
Ae Powell - Tech. Hept

®#% Reproduced from Hepori by V.

Subeontract H-4960 Sept. 1953 Callery Chemcial Co.
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IIT A Study of the Curcumin Solution Method
for Boron Netermination

s

Though the curcumin method for boron determination has been widely used
and reported in the literature much can be gained from a study of the
variables affecting this methed, The Naftel (77) method, a refinement of the
method of Cassel and Gerrans (18), is probably the most popular method
emplcyihg curcumin for the deterination of boron. The Hegedus (50) method
may be consldered a modification of the Naftel methed. Since the preliminary
study showed the Hegedus method to be quite sensitive and deserving more
attentlon, this method and the Kaftel method were investigated more thoroughly.

In each case it was first necessary to find the best wave length at which
to measure the color intensity of the boron-curcumin complex. Tha-best wave
length was found from a study of the absorption spectra of the curcumin-~boron
complex. Also it was necessary to know the effect of the concentrations of
the various reagents (curcumin, oxalicacid and, whon used, HCl) on the
sensitivity of the method. The evaporation step is probably the most important
in the entire determination. Thus i{ was necessary to determine the optimum
temperature for evaporation. For each method a standard curve was drawn and

the reproduecibility of the method determined.

A. Hegedus Method

The exact experimental procedure of the Hegedus melhod has been given
earlier in this thesis. Here, as in the preliminary study, one modification
of the Hegedus procedure was made; the goluticons were evaporated o dryness
on a steam bath (unless otherwise stated) rather then at 55°C. The 20 ml of
95% ethanol was added after the residue had cooled 10 minutes, and the
absorbance was measured 20 minutes after the addition of etharol. In all of

the colorimetric measurements water was used as the zero absorbance reference.



Absorption Speectrg
In the preliminary study 575 mu was chogen as the best wave length at

which to measure the color intensity of boron-curcumin complex soluticns,

The boron-curcumin complex, in this case, was prepared from a solution con=
taining 1000 micrograms of boren., However the reguliing complex may yield

a different absorptlon sectra then a complex formed from a solution containe
ing only a few microgramsof boron., Thus, using the modified Hegedus procedure,
complex solutions were prepsred from a solution containing 10 micrograms of
boron and from a saturated boron sclution, The absorption spectra of these
complexes were determined. Also thé abgorption specira of the curcunin
reagent, carried through the evaporation procedure using 2 ml of distilled
water as the sample, was delermined. The absorption spectra vwere determined
by reading the absorhance of the test solution at 25 mimite intervals bebween
400 mu ard 700 mu.

The absorption gpectra, obtained by plotting absorption versus wave
length, of the reagent~boron complex are sihown in Figure 4. The curcumin
reagent hag maximum absorbance below 475 mu and minimum absorbance above
600 mi. The complexes formed from the 10 microgram boron solution and from
the saturated boren solution had nearly the same absorption spectra; they had
maximum absorption below 575 mu and minimum absorpiion above 650 mu. That the
complex formed with 10 micrograms of boron and the complex formed from the
saturated boron solution have simllar absorption spectra should be expscted
since it was found that maximum absorption was reached above 8 micrograms of
boron, Indeed for this reason the method is not useful for quantitles of boron
greater than & micrograms.

In colorimetric analysis the best wave length to reasd the absorbance of

the test solution is that wave length where the reagent and test solution



Figure 4

Absorption Spectra of Boron-Curcumin Complex
and of Curcumin Reagent
(Modified Hegedus Method, Evaporation at 100°C)

O Curcumin Reagent
® Boron-Curcumin Complex (10 microgram boron sample)

&  Boron-Curcumin Complex (saturated boron sample



% TRANSMISSION

100

80

60

40

20

400

NoTH

700



~36m

have the greatest spectra separation. Also 1t is important that the slope
of the absorption speétra curve be zero (small change in absorbance per
change in wave length). Usually this wave length occurs where the test
solution shows maximum absorbance and the reagent shows minimum absorbance.
For the boron-curcumin system the beel wave length was found to be 550 muj
here the complex and resgent curves are relatively flat and have maximum
separatioh. In larger amounts of boron a wave length of 575 mu may be used,
as was suggested in ths preliminary work, though beyond 575 mu the absortance
of the complex begins to decrease gharply.

As would be expected the absorption specira was affected by a change of
boron conceniration below 10 micrograms of boron. Samples containing 0, 2,
5 and 10 micrograms of boron and a sample saturated with boron (made up to
two ml with vater) were carried through the Hegedus procedure. However, in
this case, the solutivns were evaporated to dryness at 55 to 60°C.  The
absorption gpectra of the saturated boron complex and the 10 microgram boron
complex almost colncided and were quite similar to the absorption spectra of
these same complexes prepared at steam bath temperatures (see preliminary
study). The absorbance of the 2 microgram boron complex begin to decrease rather
sharply abcve 525 mu uwhereas the higner boron complexes did not begin to de-
creasge until 550 mu or 560 mu was reached. At the lower borom concentrations
the greatest specira separation was stiiti at 550 mu. The absorpiion spectra
of the reagent solution (i.e. the zero microgram boron sample) carried through
the evaporation did not coincide with the specira of the pure reagent, indicating
that the evaporation had some effect on the absorption spectra of the reagent.
Based upon this study 550 mu is probably che best wave length for small amounts

of boron. The absorption specira referred to here are shown in Figure 5.



Figure 5

Absorption Spectra of Boron-Curcumin Complex
and of Curcumin Reagent
(Modified Hegedus Method, Evaporation at 55 to 60°C)

Curcumin Reageni

Boron-Curcumin Complex (2 microgram boron sample)
Boron~Curcumin Complex (5 microgram boron sample)
Boron-Curcumin Complex (10 microgram boron sample)
Boron-Curcumin Complex (saturated boron sample)
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vaporagbtion Tom ture grd Time of BExtra ieat

One of the most important parts of this study was the investigation of
the evaporaticn step. Naftel (77) recommended an evaporation temperature of
55°i3°6, plus 30 minutes extra heating at this temperature after dryness was
reached. Spicer and Strickland (96) reccmmended 50°C with exact timing of
the evaporation step. Coursier and co-workers (22,23) evaporated to dryness
at 106°41°C for 6043 minutes. The important point here is to obtain a
complete reactlon without loss of boron. If the rate of evaporation is too
fast, the solvent may te loat before the reaction is compleite and the com=
plex solution will not reach maximum color development. If the evaporaling,
i.e. the heating, is carried tco far loss of boron results and again the
comélex solution does not reacdh maximum color development. It is ai:parent
thai a study of the eveporation temperature and time of extra heabting is
inportant.

Though Hegedus recommended an evaporation temperature of 55£3°C, the pre=
liminary study indicsied that at this temperature the resction was not
coﬁplete. Also at this temperature the preclsion was poorer than abt higher
temperatures. In an abtempt to obtain complets reaction at 55°C the following
experiment was conducted. Six samples containing 5 micrograms cf borcn were
prepared according to the Hegedus procedure. VThree of the sazmples were gvapo=-
rated to dryness ab 50 to 60°C and heated an extra 30 minutes at this tempera=
ture. The other three ssmples were evaporated to dryness st steam bath tempera-
ture (106°C) and no extira heating was used. JIn this experiment the absorbance
of the final solution was measured et 575 mu. The results of this experiment

are given in fable IV,
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TABLE IV

Reproducibility at Different Evaporation ITemperatures

Absorbance of solutions Absorbance of solutions
evaporated at 50 to 60°C evaporated at steam
plus 30 minutes exira bath temperatures
heatings

1.09 1,10

l.11 _ 1.13

J.11 1,05

Avg 1.10:‘:0.01 1.0940.03

4s shown by the éverage absorbance values, the reactlon reached the same
degres of completenscss at easch tempersture. The reproducibility at 50 to
60°C was greatly improved by the 30 minutes extra heatlug, in fact the re-
producibility was better at 50 to 60°C than ab steam bath temperature. The
reproducibility at steam bath temperature was still the same and the overall
results were about the same at the two temperatures, indicating that little
boron was lost at the higher temperature. After seven hours of standing,
open to the atmosphere, the solutions prepared at 50 to 60°C with 30 minutes
extra heating hed the following absorbance, 1.04, 1.06, and 1.06. Based on the
standard curve this represented a decrease in amount of boron found of 0.2
micrograms. This indicates good stabllity of the complex solutions.

There is s chance, however, thal boron may be logt if the reaction
solutions are heated too long at steam bath temperature. A temperature
intermediate betuween 50 to 60°C and steam bath temperasture may be desirable.
Thus the following experiment was performed. Six solutions contalning 2
micrograms of boron were preparsd according to the Hegedus procedure. Two of
these solutions were evaporated to dryness at 55 to 609C, two at 75 to 80°C,
ard two at 100°C (steam bath temperature)s The effect of extra heasting after

dryness al tliese temperatures was also studled. Six more solitions containing
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2 mierograms of boron were prepared as describeq above but each of these
éoluticns vere heated an extra 30 minutes after dryness was reached. The
abgorbance of ths boron complex solutions was measured at'550 mu and these

measurements are giver in Table V.

TABLE V

Effect of Extra Heating at NDifferent Evaporstion Temperatures

Absorbance

Temperature No ¥xtrg Hesting 30 Minuteg Fxtra Hesting
55 to 60°C 0.75 0.86

0.65 0.81
75 to 80°C 0.89 0.99

0.74 0.99
100°C 0.77 0.45

0.79 0.56

With no extra heating the evaporation at 100°c gave the best precision,
but with 30 minutes extra heating tha best preclsion was at 75 to 80°. The

precision vas relatively good at 55 to 60°G With extra beating. The reaction
wvas more complete at 75 to 80°C with 30 minutes extra heating. Apparently

at the lower temperature, even with extra heating,the reaction wss not quite

complete. At 100%C with no exira heating the absorbance values were low ine

dlesating either incomplete reaction or loss of borom. However, exirs nealing
at 100°C definitsly resulted in loss of boron.

To obtain s more complete understanding of the effect of sxtra heating after
dryness twelve soultions containing 2 micrograms of boron were prepared accord—
ing to the Hegedus procedure. &ix of these solutions wers evaporated to dry-
ness at 55 to 60°C and six at 75 to 80°C. Each solution was then heated an
extra length of time, 0, 10, 20, 30, 40 or 50 minutes. The absorbance of the

boron complex solutions, measured at 550 mu, are given in Table VI:
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TABLE VI

Effect of Temperature and Extra Heating on the Absorbance

Time of Extra geating Abzorbance
at 55 to 60°C Seb #l Sot #2 Seb #3 ot #4 Ave.
0 min. 0.83 Ca71 0.66 0.8l 0.7540.17
10 min. 0.77 0.81 0.71 0.82 0.7840.04
20 min, 0.78 0075 CaT72 0.85 007810004
30 min. 0.87 0.82 0.79 0.88 0.8440.04
40 min. 1.01 0.86 0.82 1-06 0094100 10
50 min, 0.91 0.85 Oe74 0.94 0.8640.06
Time of Extra lieating
at 75 o 80°g
0 nin. 0.76 S~ 0090 008310307
10 min. 0.82 0.85 0.91.' 008710.05
20 win. 0.92 0.87 0094 0.91::0.02 .
30 min, 0.92 0.92 .91 0.9210,00
m le - 0'90 0096 0097 ‘ 009410.03
50 min. . 1002 -~ 0.91 0!9610006

There was an increase in absorbance with lncrease in extra heating
time at 55 to 6000, the absorbance leveled off with 30 to 40 minutes exira
heating and decreased beyond this point. Above 40 mimutes exira heating
loss of boron occurreds The precision was better with 30 minutes extra
heating than with 40 mimutes extra heating. At 75 to 80°C a similar in-
crease in absorbance with increase in extra heating time was noted though
this increase was not as great. This should be expscted since the reaction
ves found to bs more complete at this temperature even without sxtra heating.
The reaction was essentially complete with 20 to 30 mimutes extra heating atb
75 to 80°C,

Based upon the preceeding temperature studies either 55 to 6G°C with 30
to 40 ninutes extra heating or 75 to 80°%C with 20 to 30 mimutes extra could

be useds Since the evaporation time was shorter at 75 to 80°C, this would
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seem Lo be the more desirable evaporation temperature. To reduce the evapora-
tion time even more the sieam bath temperature, carrying the solution Just to
dryness, could be uaed; though with less dependsbility than the lower temperatures.

To be able to judge when the soluticn has reeched dryness is a most
important part of the evaporation procedure. One can readily understand that
poor control of this step leads directly to poor precision and accuracy in the
final analysis. Silverman and Trego (93) state that the residue is dry when
square crysials asppear in the evaporation residue. During this study the
appesarance of square crystals in the evaporation residue wae noted, though it
vas felt that this would be a poor way to ascertain dryness. Other invesbtigators
(79,96) have stated that the evaporation step must be exactly timed. It was
noted during this investigation that the evaporation to dryness at'55 to 60°C
usually took 6515 mimites, at 75 to 80 ¢ 31il minute, and at 100 C 1731
minutes Exact timing does not appear to be an entirely satisfactory method of
determining when the solutiocn has reached dryness, though it could probably
be used in the casze of evaporations at 75 to 80°C =nd 100°C. At the risk of
being too vague it can be said that familiarity with the system and the
evaporation step will enable one to Judge when dryness has been reached.

oncentration of 1 urcumin eagen

An experiment wags conducted to determine whether or not there 1s an
optimum concentration of oxalic acid necessary for the reaction. To the
boron sample, held constant at two micrograms of boron in 2 ml of water,
2 ml of the curcumin resgent (0.1% curcumin in glaclaleacetic acid with no
oxalic acid) was added. Then varying amounts of an oxalie acid solution
(5 gm oxalic acid in 100 ml of glaclalacetic acid) were added to the boron-

reagent mixtures. The reaction solutions were made up to a constant volume
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by adding appropriate volume of glacialacetic acid. The solutions wers then
evaporated to drymess at 75 to 80°C and heated an extra 20 minutes. The re-

sults are given in Table VII.

TABLE VII

. Effect of Oxalie Acid on Absorbance
Oxalie Acid Solution ml Lfeetic icid ml Absorbance st 550 mu

0.0 3.0 0.09
005 2»5 0055
1.0 2.0 0.46
1.5 1.5 0.45
2.0 1.0 0.48
3.0 0.0 0.48

The data show that oxalic acld does increase the absorbance of the boron
curcumin complex solution. There was a sharp increase in absorbanée with the
initial addition of oxalic acid in this test, there after with increased
amounﬁa of oxalic acid the absorbance decrsased slightly and then became
nearly constant. S&ince these resulte represent only one set of determinations
the apparent absorbance maximum obtained with 0.5 ml of the oxalic acld
solution cannot be regafded too highly. However, 1t can be sald that essentlally
maximum absorbance was reached with the larger amounts of oxalic acid. Surely
this was the case when the oxalle acld saturated reagent was used in the work
thus far reported.

For all studies thus far reported two ml of a 0.1% curcumin solution was
used. This was considered to be in excess of the amourt actually needed for
complete reaction with all the boron present. To determine the optimum volume
of 0.1% e¢urcunin needed for the reactlion the volume of curcunin reagent added
to the boron sample was varied from O to 4.0 ml. The curcumin reagent vas
prepared by dissolving 0.1 gm of curcumin in 100 ml of glacial acetic acid
that had been saturated with oxalic acid. The total volume of the reaction

mixture was kept constant by adding an appropriate volume of glaclal acetlc



acid that had been saturated with oxalic acid. For this study the sample
contained two micrograms of boren in two ml of aqueous solution. ' The
golutions were evaporated to dryness at 75 to 80°C and heated an extra 20
mimutes at this temperature.

The results of this experiment (Tabls VIII) show that the absorbance
began to level off after 2 ml of reagent had been added but did not reach
a maximum until 3.5 ml of reagent had been added. Actually the absorbance
values of the solutions with two or more ml of curcumin reagent were very
close to one another, the average of all these absorbance values being
0.8610.03. The average deviation of #3.03 represents 0.1 micrograms of
boron and this is within the raproducibility limits of the method. Thus

essentially maximum absorbance was reachod with 2 ml of the curcumln reagent.

TABLE VIIX

Effect of Curcumin Concentration on Absorbance

Volume of Volume of Absorbance at 550 mu
Curcumin Acetic Acid Seb £l Seb #2
0.0 ml 400 ml 0.00 ——
0.5 35 B34 w——
1.0 300 0053 e
1.5 2.5 0.62 0.71
2.0 2.0 0.79. 085
25 1.5 0.84 0.81
3.0 1.0 e 0039
3.5 0.5 .87 . 0.93
40 0.0 ' 0.86 0.91

Sensitivity, Reproducibility, and Stability

Next it was necessary to comstruct a stan@ard calibration curve to check
the adherence of the color reactioé to Beer's Lawe. From the standard curve
‘the sengitivity may be determined. The modified Hegedus procedure was used
to obtaln the necessary data for a standard curve. To the sample sclutions,
0.0 to 5.0 micrograms of boron in 2 ml of water was added 2 ml of curcumin

reagent. The reagent was prepared by dissolving 0.l gm of curcumin in 100



0-44.

ml of glaclal acetic acid that previocusly had been saturated with oxalic
acide The solutions were evaporated to dryness at 55 to 60°C and heated
an extra 30 minutes at this temperature. Each resldue was tsken up in 20
ml of 95% ethanol and the absorbance measured at 550 mu (Table IX).

TABLE IX

Data for Standard Curve
(Evaporation Temperature = 55 to 60°C)

Micrograms of Absorbance at 550 mu Average
Boron Set #1 Seb #2 Absorbancg
0.0 0.08 0.09 0.0840.00
1.0 0042 0.40 0-43-3?0-01
2.0 9072 0.77 0‘7u0'02
300 1007 1.13 lol%o 03
40 1.47 1.52 1.5040.02
5.0 1.65 1.8 1.74%-.10

The standard curve (Figure 6) was obtained by plotting average absorbénce
versus micrograms of boron. That this plot resulted in a straight line showed
that the boron-curcumin reaction adheres to Beer's Law over the rauge 0 to 5
micrograms of boron. The sensitivity of this procsdurs was found to be 0.029
mierograms of boron per 20 ml per 0.0l absorbance unit.

A standard curve was also drawn from data collected using an evaporaiion
temperature of 75 to 80°C and 20 minutes extra heating at this temperaturs.
The sample scvlutlons were preared in the same way as described above. Under
these conditions the boron curcumin reaction also adberes to Basr'é Law over
the range b.o to 5.0 micrograms of boron., The sensitiviiy was fourd to be
0.033 micrcgr#ms of boron per 20 ml per 0.0l sbsorbance unit, The dats for

this curve is given in Table X and the curve ls drawn in Figure 6.
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Standard Curves for Modified Hegedus Methed
at Different BEvaporation Temperatures
Absorbance Versus Micrograms of Boron

@ Eveporation Temperature 75 to 80°C
O Evaporation Temperature 55 to 60°C
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TABLE X

Data for Standard Curve
(Evaporation Temperature - 75 to 80°C)

Micrograms of Absorbance at 550 mu Average

—Boron Set #1 Set #e Absorbance
0.0 0,10 0.07 0.0810.02
1.0 047 0.37 0.4210.05
2.0 0.7 0.69 0.7020,01
3.0 0.97 ' 0.95 0.9610.01
4.0 1.2, 1.27 1.2610.02
5-0 1.52 1066 1.59i0007

The data used to plot these standard curves showed a reproducibility of
0.1 to 0.2 micrograms of boron. The sensitivity of this procedure, at each
evaporation temperaturs, was better than previously reported (in the pre-
liminary survey) for the Hegedus procedure. In the esrlier work, howéver,
the absorbance was measured at 575 mu and 575 mu has been shown to be a
poor wavelength to use for small amounts of boron.

The finanl alcoholic extracts were found to be very suable over a period
of 33 hours. Sample solutions containing 1.0 and 2.0 micrograms of boron
vere prepared according to the modified Hegedus procedure, evaporated to
dryness at 55 to 60°C with 30 minutes extra heating, and were taken up in
20 m1 of 95% ethanol, The absorbance of these solutions was measured at 550
mu over a pericd of 3% hours. The solutions were left in the absorption cells
during this 3% hour period. The results are given in Table XI. A portion of
these final sclutions were left in soft glass test tubes open to the atmos-
phere. The absorbance of these solutions was measured after 3% hours and
under these conditions the solutions were found to be quite stable (Tnble XI).
In Table XI the column entitled "Time Elapsed® refers to the pericd of time
that had elapsed since alcohol was added to the evaporation residuec.
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TABLE XI

Stability of Final Alcoholic Extract
of Boron-Curcunin Complex

Time Elapsed Hiérograma of Boron Tﬂme Elapsed Micrograms of Boron

__Minutes = Present Fourd __ Mirutes Present Found
15 1.00 0.96 4 2,00 2.03

40 1.00 0.95 29 2,00 2.03

100 1.00 0.90 89 2,00 1.93
130° 1.00 0.90 119 2.00 1.91

160 1.00 0.88 149 2.00 1.90

190 1.00 0.87 179 2,00 1.88

220 1.00 0.86 209 2.00 1.85
B22C 1.00 0.88 *209 2.00 1.93

*Solutions left in soft gless test tubes for 3¢ hours

B. Naftel Method |
Since the Hegedus procedure 1s only a modification of the Kaftel (77)

procedure and since there may be some advantage to using ethanol rather than
glacial acetlc acid as ths solvent, a study of the varlables affecting the
Naftel procedure was made. The exact experimental procedure of the Naftel
method is as followss

To the Boron sample add 1 ml of an oxalic acid -

HCl solution (propared by mixing 80 ml of 20%

oxalic acid solution and 20 ml of concentrated HCl),

and to this solution add 2 ml of 0.1% curcumin (or

1.0% turmeriec) in gthancl. Evaporate the test solution

to dryness at 5513 °C and continue heating for 30

minutes at this temperature. Ixtract the residus with

25 ml of 95% ethanol amd measure the absorbance at
540 mu,

For this study the Haftel procedure was modified. Earlier studies showed
thot maximum absorbance was obtained in saturated oxalic acid solutions. Thus,
to agssure maximum colof development, the curcumin reagent was prepared by
dissolving 0.1 gm of curcunin in 95% ethanol that had previously been saturated



with oxalic acid. To the boron sample made up to 1.0 with vater was added
2.0 ml of the curcumin reagent and 5 drops (or 0.2 ml) of 131 HCl. The
amount of HCl used was somewhat less than the amount suggested by Naftel,
but a study reported later in this thesis showed that this quantity was
sufficient for the reaction. The test sclutions were then evaporated to
dryness at 55 to 60°C and heated an extra 30 minutes at this temperature
(except during the temerpature studies when other temperatures and periods
of extra heating were used). The residue was taken up in 20 ml of 95%
ethanol and the absorbance was measured at 550 mu or 575 mu.

Absorption Spectra

S5ince the final boron-curcumin complex should be the same uhéther pre-
pared by the Hegedus or the Kaftel procedure no study of the absorption
spectra was made in this inveatigation of the Raftel method., From the pre—
vious study of the Hegedus method it was found that for small quantitics of
boron 550 mu was the bast wavelength;for larger quantities 575 mu was best.
Thie will become apparent in the followlng investigation as many of the
absorbance measurements were made at both wavelengths., Naftel studlied the
absorption spectra of the boron~curcumin complex and fourd 540 mu to bs a
good wavelength to measure the absorbancs of the complex for quantities of

boren in the range O to 8 micrograms.

Earlier studies have shown the evaporation step to be one of the most
critical steps in a procedure of the Nafiel type. It 1s during the evaporation
and extra heating after dryness that boron-curcumin reaction takes place.
Obviously, poor control of these steps results in poor precision and accuracy
in thé anslysis. To find the optimun evaporation temperature and period of
extra heating the effect of higher evaporation temperatures and varicus periods

of extra heating on the absorbance were studled.
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In the first study temperatures of 55 to 60°c, 75 to 80°C, and 100°C
with no extra heating were used and irn the second study the same temperatures
with 30 minutes extra heating were used. The test solutions were prepared
by adding to the boron gamples (2 micrograms) 0.2 ml of l:1 HCl and enough
water to make the total volume 2.0 ml. Then 2.0 ml of the curcumin reagent
was added, and the solutions were evaporated to dryness at the specified
temperature. One sget of solutions wae heated an extra 30 mimates at the
specified temperature, while another set of solutions received no sxtra
heating. The residues were taken up in 20 ml of 95% ethanol and the absor—

bance measured at 575 mu. The results are given in Teble XII,

TABLE XII
Effect of Temperature and Extra Heating on Absorbance

‘baorbance at 757 mu
Temperatura®c Sample Mo Eztra Heating 30 Min, Fxtra Heating

55 to 60°C #1 0.34 0.66

#2 , 0.26 0.62

75 to 80°C #1 0.47 0.38
#2 0.41 0.33

1009C #1 0.10 0.05

#2 0.10 Ce10

Complete reaction was not obtained at 55 to 60°C with no extra heating.

The highest absorbance value was reached at 55 to 60°C with 30 minutes extra
heating, At 100°C, even without extra heating, and at 75 to 80°C with extra

heating boron was lost. Apparently ut 75 to 80°C with no extra heating boron
vas also loet, though the daits could also irdicete incomplete reaction.

A further study of thé effact of extra heating was made. Solubicns
containing 5 micrograms of boron were prepared according to the modified
Kaftel procedure, evaporated to dryness at 55 to 60°C, and then heated for
differcnt lengths of time after drynesse The absorbance was measured both
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at 575 mu and at 550 mu. The results are given in Table XIII,

TABLE XII1I

Effect of Extra Heating on Absorbance

_ Absorbance
Extra Heating Period At_550 mu At 575 ma
O Minutes 1.26 (0.59 0.69 (0.35)
10 Minutes 2,09 (2.04) 1.22 (1.19;
20 Minutea 2.0/ (1.98) 1.19 (1.17
30 Minutes 2.32 (2.24) 1.36 (1.32)
40 Minutes 2.40 (2.32) 1.48 (1.44)
5‘0 Minutes 2440 (2031) 1'49 (1-46)

The nuwzbers in parenthesis indicate absorbance values
measured one hour after original absorbance values
were maasured.

These results show that maximumebsorbance was not developed vibﬁ 30
minutes extra heating. HMaxlimum absorbunce wae developed, and thus the
reaction was complete, with 40 minutes extra heating. Powell (84) fournd
that with 2.5 micrograms of boron the reaction was complete after 30
minutes extra heating. For larger amounts of boron then, it may be
necessary to increase tho period of extra heating to 40 minutes. However,
good reproducibility was obtained with only 30 mimites extra heating.

VYhen the total volume of test solution was approxizately 3 ml (2 ml
curcunin, 1 ml boron‘sample and 5 drops of HCl) the svaporation to dryness
at 55 to 60°C took 30i3 minutes. When the total volume of test solution
was 4 ml (2 ml curcumin 2 ml aqueous solution of boron sample and HCl) the

evaporation to dryness at 55 to 60°C took 42%, mirutes. At 75 to 80°C with
a8 volume of 4 ml the evaporation took 2213 minutes. In these cases exact

timing gould probably be used to ascertain when the solution hag reached
dryness though the suthor fecls that fomliliarity with the system and the
evaporation step will enable one to judge when the solution has reached drynesse
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In Table XIII the numbers in parenthesis are the absorbance valuss of
the same solutions (described in the third paragraph preceeding) measured
one hour after the original measurements were made. All that had received
some exlira heating were stable, as the absorbance of these solutions decreased
only a small amount (an amount equivalent to 0.2 micrograms of boron)., How-
ever, the solution that had not been heated for an extra period beyond dry-
ness had lost 50% of its absorbsnce. Though this is based on only one run,
it would seem that the more complote the reaction the more stable is the
final complex solution.

Concentration of Reagents

Though 1little has besn said about the part HCl takes in the reaction it
does have an effect on the color intensity of the boron-curcumin complex.
Therefore, it was necegsary to find the optimum amount of HCl necessary for
the reactioh. To solutions containing 3, 5 and 7 mlicrograms of boron,
volumes of 1:1 HCl from 0.0 to 1.0 ml were added., Eno.gh water was added to
make the total volume 2,0 ml, then 2,0 ml of curcumin reagent was added, the
solutions were evaporated to dryness at 55 to 66°C and were heated an extra
30 minmutes at this temporaturs. The residues wero taken up in 20 ml of 95%
ethanol and the absorbance was measuréd at 575 mu., The results are given in

Table XIV. All values represent the average of duplicate runs.

TABLE XIV

Effect of HCl on The Sensitivity

Yolume of HC) 2. Micrograms S Micrograms "I Micrograms
0.0 ml 0.8 1,13 1.68
0.1 ml 0.81 1.38 1.72
0.2 ml 0.90 1.37 1.79
0.5 ml 0.96 1.44 1.90
1.0 ml 0.78 - 1.19 1,22
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These results show that the absorbance and the sensitivity inoreased as
the volume of l:1 HCl wags increased up to 0.5 ml and then dropped sharply
for 1.0 ml of 1:1 HCl. The absorbance and sensitivity for 0.2 ml of HCl
wag nearly the same as that for 0.5 ml of HCl. Any volume of l:1 HCl betwesn
0.2 nl and 0.5 ml should be satisfactory. HKaftel suggested an amount equal
to 0u4 nl of 1:1 HCL and this checks closely with the results of this test.
Silverman and Trego (93) suggested an anount approximately egual to 0.2 ml
of 1l:1 HCl. Actuslly the sensitivity was relatively good with no HCL pre-
sent. In a later study Powell (84) substantiated these results, and further
found vhat in the absence of both water and HCl the sensitivity was just
as good as that obtained with the optimum emount of HCl. Apparently HC1
only helps the reuction to completion ard, in small amoimts,has little effect
on the sensitivity of the method. Excess HCl was found o retard the re-
action, Muraki and Euro (74) report that HCl interferes with the reaction,
though the abstract of ctheir work did not mention the smount of HCl that
causes interference.

No specific study was made of the optimum concentration of curcumin
reag:nt and oxalic acid:neceasary for complete reaction. It is well eatab-
lished that oxalic scid does increase the sensitivity of the boron~curcumin
reaction, Previous work with the Hegedus method indleated that the boron
curcunin reaction in saturated oxglic acid solutions reached maximum
absorbance and sensitivity. Basged on tho solubllity of oxalic acid in
atbhanol at 15°G the welght of oxmlic acid iﬁ 2 nl of the curcumin reagent
used in this modified Faftel procedure would be approxizately 0.4 gm.

Povell (84) reported that maximum absorbsnce was reached with 0.5 gm of
oxalic acid. Naftel suggested an amount equal to 0.4 gm of added oxalio



acld and stated that excess oxalic acid had little effect. The boron-
curcumin reaction does take place in the absence of oxalic acid end,
though lese sensitive, may ve used for boron analysis.

One test was carried out =ccording to the Naftel procedure except
oxalic acid and HCl both were left out of the reaction. Solutions con-
talning 5 micrograms of boron were eveporated to dryness at 55 to'60°G and
heated an extra 30 minutes. HNo color developed in these solutionss Pollio
(80) also reported no color develoﬁment in the absence of both oxalic and
HCl. Apparently the resction req:ires an acid medium since the color did
develop when only the oxalic acid or only the HCl was present. The oxalic
acid sensitizes the reaction and the HCl catalyzes the reaction.

In the work with the Hegedus method essentially maximum absorbance (for
the range 0 to 5 microgramg of boron) was resched with 2 ml of 0.1% curcumin
reagent. This was the quantity of curcumin suggested by Naftel. Gol'tman
and Gurevich (40) state that it i1s ncessary to have 100 micrograms of curcumin
for 0.8 micrograns of boron. The essentisl point is to have enough curcumin
to complex all the boron present and enough excess curcumin to press the
reaction to completion. It was felt that the amount of reagent used in this
vork fulfulled this requirement.

1 3 dueibilit; Stabil

Using the modified Naftel procedure, sufflolent data were collected to
construct a standard calibration curve. Solutions containing O to 10 micro-
grans of boron made up to 1 ml with water, 2 ml of 0.1% curcumin reagent (in
95% ethanol saturated with oxalic acid), ard 5 drops of 1l:l HCl were evaporated
to dryness on a wat r bath at 55 to 60°C and heated an extra 30 minutes at
this temperature. The residue was taken up in 20 ml of $5% ethanol and the"
absorbance measured at 575 mu or at 550 mu. Standard callbraticn curves were

drawn for each wavelength by plotting absorbance versus micrograms of boron



{(Figure 7). The data for these curves are given in Tabls XV.

TABLE Xv
Datz for Standard Curve

Absorbance at 575 mu Atsorbance at 550 mu
Micrograms Set Avg. Set Avg.

. of toron #1 F2 i3 24 #5 Avg Dev. £l  #3 B4 _Avg Dev.
0.040.00 0.09 0.07 0.06 0.0740.01

0.05 0.04 0.04 0.04 ==

0032 0.27 _— — — OoBOiOOOZ 0055 — - — ——
0e54 == == = = 0.5 0,92 == -— -— -
0078 0071. — — 0-68 0-7310.04 1036 - — - —

hagaad 1002 e — 0096 0.99:0.03 - hasied - - —
1.24 1l.19 1,19 1.25 1.28 1.2310.05 2.15 2.21 2.25 2,2010.04
1348 haned — — —— 1048 - ®

- - 2,30 2,37 = 2:3430.04 % * == —

’50‘-\&&*\»&}-‘0

%Absorbance was too great to be measured at this wavelength _

The ssnsitivity of the method was greater when the absorbance was
measured at 550 mu, but a wider range of boron could bs determined et 575 mu.
At 550 mu the sensitivity of the mothod was 0.024 micrograms of borun per 20
ml per 0.0l abgsorbsnce unit, and at 575 mu 0.041 micrograms of boron per 20
ml per 0,01 sbsorbance unit, However, when the absorbance was measured at
550 mu the re.ction adhered to Beer's Law Snly over the range O to 5 mipro-
grams of boron, while at 575 mu the reaction followed Beer's lLaw over the
range O to 8 micrograms of boromn. At 575 mu the fange of boron determined
could possibly be extended to 10 micrograms though at this level of boron
the curve begins to deviate from Beer's Law. The reproducibility at 575 mu
vas 0.2 rcrograms of boron per 20 ml, and at 550 mu 30.1 micrograms of boron
per 20 =ml.

Using the same experimental procedure as described sbove, a standard
curve for the boron-curcumin reaction in the absence of oxaslic acid was
constructed. The reaction in the absence of oxalic acid proved (See Figure 7,

and Table XVI) to be less sensitive than in the presence of oxalic acid.



Figure 7

Standard Curve for Modified Haftel Method
With and Without Oxalic Acid
Absorbance Versus Micrograms of Boron
go With Oxalic Acid (absorbance measured at 550 mu)
® ithout Oxalic Acid (absorbance measured at 550 mu)

4 With Oxalic Acld (absorbance measured at 575 mu)
4 VYithout Oxalic Acid (absorbance measured at 575 mu)
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In the absence of oxslic acid the sensitivity of the reaction was 0.077
nicrograms of boron per 0.01 absorbance unit per 20 ml when the absorbance
was measured at 550 mu. When the sbsorbance was measured at 575 mu the
gensitivity was even less, being 0,167 microgramg of boron per 0.0l absorbance
unit per 20 ml. The oxalic acid increases the sensitivity of the method

three faldo
TABLE XVl
Standard Curve in Absence of Oxalio Acid
' Absorbance
Microprams of Boron AL 550 mu AL 575 my
3.0 0.38 0.18
40 0.58 0.29
5.0 0.66 0.33

To check the stabllity of the boron-curcumin complex, solutions con-
taining 2.0 micrograns of boron were prepared according to the modified
Haftel procedure. The absorbance of these solutions were measured at inter-
vals over a 3% hour period (ihe solutions were left in the absorption cells
during this 3% hour period). The absorbance values were within the limits
of reproducibility of the method for the firgt 70 mimites after the sddition
of the ethanol to the residus. The remaining portions of these solutions
had been left standing, open to the atmeosphere 1n soft glass test tubes.
These portions were measured 160 mimites and 220 minutes after the addition
of ethanol to the residue, and wers found to have absorbance values within
the limits of reproducibility of the method. The data, converted to micro-
granms of boron, is given in Table XVII.
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TABLE XIVII

Stability of Final Alcoholic Extract
of Boron-Curcumin Complex

Time Elapsed from Micrograms of Micrograms of Boron Found
Addition of Sthanol  Boron Present Sample 1 Scmple 2
15 Min, 2.0 240 2.0
40 Min. 2,0 1.8 1.9
70 Min, 2,0 1.8 1.8
100 Min. 2.0 1.7 1.7
160 Min. 2.0 1.7 1.7
220 Min, 2.0 1.7 1.7
’160 Min. 2.0 1.8 1.8
®220 Min, 2:0 1.8 . 1.8

®Solutions left 4n soft glass test tubes for the period of
time indicated.
C. Conclusiong
This study has shown the Haftel and the Hegedus methods to be ciosely
comparable to one another. The sensitivity of the Hegedus method is 0.029
micrograms of boron per 0.0l absorbance units and of the Naftel method
0.024 micrograms of boron per 0.0 sbsorbance units, the absorbance being
measured at 550 mu for both methods. Both methods have a precision of
about 5% (or 0.1 to 0.2 micrograms) in the range O to 5§ micrograms and this
1s the range over which each method follew Bear's Lawe Due to the use of
different solvents in each method, the Hegedus procedure has a longer
evaporation period than the Naftel procedure at an eveporation tLemperature
of 55 to 60°C. However, the evaporation temperature of the Hegedus method
may be raised to 75 to 809C, thersby decreasing the évaporat.ion time but not
affecting the relisbility of the method.
It has been pointed out in the literature that, in addition to ths usual
sources of contemination (such as from the glassware, apparatus, and possible
reagent impurity), the dust in the air contains enough boron to cause errors.

However, one of the major causes of error se:ms to be aging of the curcumin
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reagent, and this 6§uses poor day to day reproducibility. For better pre~
oision when daily analyses are to be made, a new standard curve should Ee
prepared each day.

Many vorkers have emphaslzed the need for rigid control of the many
variables of the curcunmin solution mothod for boron determination. The
work reported in this thesis has shown this to be true if great precision is
nesded. However, for resulte witiin 5% one need only control the evaporation
step . while using optimum quantities of reagents. Such factors as size and
shape of evaporating dish, type of evapcrating dish, humidity, air currents
and drafts, and other minor factora need to 5e controlled only for the

greatest precision,.
IV A Study of the Curcumin Paper M-thod of Boron Determinagtion

One of the objects of this research project was the development of a
method that could bs adapted to a rapid field test for atmospheric boron.
Thoag solution methods that require sulfuric acid as a sclvent would probably
not be easily adapted to a rapid field test; wherseas the curcumin method,
particularly the curcumin paper test for boron, should be readily adapted for
this purpose. This portion of the thesls concerns a study of the curcumin
paper test and its adaptation to the determinaticn of atmospheric boron.

A. Preliminary Study of the Curcumin Paper Test

Bertrand and asgulhon (6) introduced the curcumln paper test for boron
about the same time that Cassel and Gerrans (18) introduced the curcumin
solution methed, The expsrimental procedure of the Bertrand ard Agulhon
mothod is as follows.

The boron samples are evaporated to dryness, ccoled, and
then 4 drops of ID.d HCl and 0.5 ml of distilled water

are added. The solution 1s then washed into a glags vial
30 rm high until the volume is 1.5 ml. A strip of turmeric

paper (45 x 3 mm) ia immersed in the solution to a depth of
15 mm and the vial is heated for 3 hours at 35°C.




- The heightof color on the strip, compared to standards, is a measure of the
amount of boron present. An alternate method iz to allow samples to develop
at room temperature for 10 to 24 hours before comparing. DBertrand and Agulhon
determined 1 to 100 micrograms of boron with this method. The author of this
thesis, following the Bertrand and Agulhon procedure exaclly, could not repro=-
their results. One of the main reasons for this was thought to be the insensi-
tivity of the turmerle paper as purchased.

Bused on the study of the laftel and Hegedus methods one major modification
of the Bertrand and Agulhon method was made; 1.e. oxalic scid was added to the
test solutions. Other modifications were used of ethanol and glacial acetic
acid as well as water, for solvents; thé use of different tamperaturéa for the
development of color; and the preparation of more sensitive turmeric paper.
These modifications will be described more fully in connection with the specific
tests in which they are used.

To determine the effect of oxalic acid on the turmeric paper test of
Bertrand and Agulhon, sample solutions containing O, 50, and 100 micrograms
of boron were made up to one ml vith distilled water, 4 drops of li5 HCl,

1.5 ml of vater saturgted with oxallc acid, and a strip of turmerié paper were
added. The test solutlions were allowed to stand at room temperaturs

(24°C Avg.) and even after 54 hours no color developed on the turmeric papers
Apparently the paper as purchased contained only a small amount of turmeric
and was too ingensitive for this test. The above test was repeated with
specially prepared turmeric paper. Iurmeric paper as purchased was scaked

for 20 hours in an ethanol solution of curcumin (0.1 gm per 100 ml of ethanol).
Also some turmerlc paper as purchased was soaked for 20 hours in a glacial
acetic acid solution of curcumin (0.1 gm of curcumin per 100 ml acetic acid

saturated with oxalic acid). Some color developed on these spscially prepared
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turmeric papers when they were used in the modified Berirand and Agulhon
procedure, though the color developed was still not enough to differentiate
the various boron solutions. The oxallc acid did not incresse the sensi-
tivity of the method.

In the curcumin solution methods the solutions must be evaporated to
dryness at elevated tomperatures té insure good color development. Also
Bertrand and Agulhon suggested that the test be carrled out st 35°C, a
temperature somewhat higher than the temperature used in the above tests.

To determine whether heat would increase the effect of oxalic acid and
improve the color developmeni, solutlions, prepared as above, containing

0, 50 and 100 nmicrograms of boron, both with and without oxalic acid

were heaﬁed at steam bath temperaturs for 20 minutes., Thero was, at the
end of this heating period, only a small amount of color developed on the
turmeric paper in the 50 and 100 micrograms boron samples. Fourteen hours
later there was good color development, though indistinguisheble bbtmeen
50 and 100 micrograms, and the solutions containing oxalic acid did not
show increasod sensitivity. Thus,heating did help the color formation
somevhat though the method was still insensitive to small amounts of boron.

Similar tests, as described above, vwere made using solutions preparsd
by mixing 2 ml of aqueous boron sample with 2 ml of glacial acetic acid
saturated with oxallc acid, Only turmeric paper as purchased was used in
this test and only slight color development rosulted after 24 hours of stand=
ing at room temperature. The different amounts of boron could not be
differentiated after this time., Heating at steam bath temperature seecmed to
prevent color development. The glacirl acetic acid apparently was detrimental
to the resction on paper at higher temperatures. However, for those tests
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in vhich no acetic acid was present the heating helped color development
and 1t was concluded that evaporatioﬁ to dryness was necessary bafore oxalic
acld would affect the sensitivity of the method.

The turmeric paper method of Camus (17) involved evaporation to dryness
of the test solution with the turmeric paper in the solution. Camus deter-
mined the amount of boron from the intensity of coloration rather than thq
height of coleoration, Thus using a modification of the Camus procedurs,
test solutiong were prepared, strips of turmeric paper were edded, and the
solutions vere evaporated to dryness. The test éolutions were prepared by
adding 2 ml of a saturated agueous soltuon of oxalic acid to the boron
samples {0, 10, 20, 30, 40, 50, and 100 microgrens of boron made up to
2 ml with distilled water.) Turmeric paper as purchased was used. Though
there was good color developmsnt on the paper strip, the color was not
uniform throughout the paper strip and, thus, did not allow good differentia~-
tion of the various amounts of boron. Generally apesking the paper in those
solutions containing larger amounts of boron had more intense coloration
than the paper: in those solutions containing smaller amounts of boron.

This test was repected excépt that the test solutions vere heated an extra
10 mimites after dryneas. The resullt of extra heating was good differentin-
tion in the color intensity on the paper, the color changing from yellow to
pink to red for increasing amounts of boron, Similar tests in which no
oxalic acid was present showed much less coler development. Evaporation to
drynoss and extra heating improved the color development and, thus, made
easier the differentiation of the various amcunts of boron.

A étudy was made using the same procedure axcept'that 2 nl of glacial
acetic acid saturated with oxalic acid was used rather than an aquecus

solution saturated with oxelic acids There was good differentiastion in
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the color developed on the turmeric paper in 0, 10, 20 and 30 micrograms boron -
solutions; however, no difference in color could be detected fob those
amounts of boron asbove 30 micrograms, Since 30 mierograms secmed to be the
upper limit of this method solutions containing O, 4, 8, 12, 16 and 20 micro-
grams of boron were prepared according to the above procedure, strips of
turmerlc paper were added, and the solutions were evaporaﬁed to dryness on

a steam bath, All those solutions could be differentiated. The colors on
the turmeric paper did not fade very much up to two hours. Again turmeric
paper in solutions containirg no oxalic acid showed little or no color
develOpmenﬁ.

In another scries of experiments the turmeric paper was dipped in the
boron test soluticn, then removed and allowed to dry at room temperature or
at elevated temperalures in an oven. This, in effect, was an evaporation
to dryness procedurs whereby the boron-curcumin reaction took place and the
typical red color of the boron-curcumin complex developed on the paper.

Threa types of turmsric paper were used for this test: (1) turmeric paper
ag'purchaaed, (2) turmeric paper as purchased that had besn soaked for 20
hours in an ethanol solution of curcurin, and (3) turmerié paper es purchased
that had been goaked for 20 hours in a glacisl acetic acid solution of
curcumin. One set of test solutions contaired 0, 50, and 100 micrograms of
boron made up to 1.5 ml with distilled water, and another set contalned

0, 50, and 100 micrograms of boron msde up to 1.0 ml with water plus an
additional 0,5 ml of saturated oxalic ac@d solution. Thne thres types of
turmeric paper were gsoaked for 5 minutes:in the test solutions, then removed,

and allowed to dry at room temperature‘(22° to 25°C). The papers dried in
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in 30 mimutes and began to develop color after 45 minutes. After one hour
the various amounts of boron could not be differentiated. At end of 1f
hours the various quantities of boron could be differentiated on tho‘puper
which had been dipped into the test solutions containing oxalic acid. This
was true for all three typee of turmeric paper, though the specially prepared
turmericpper (types (2) and (3) above) developed more intense colors. The
colors for the varicus boron test solutions not containing oxalie acid could
be differentiated only on the speclally prepared turmeric paper:. There was
no further color developmeut after 2% hours and the colors developed on the
papers dipped into the test solutions containing oxalic acid ‘could be
differentiated one from the other., At the end of 24 hours there was cone
siderable fading of the colors on the papers which had been dipped in the
test solution containing no oxalic acid, while those papers dipped in the
test solutions countaining oxalic acid showed 1little or no fading.

This paper test, at least iu the present of oxalic acid, appeared to be
quite sensitive. Thus another experiment wss corducted in which the test
solutions contuined ¢, 5, 10, 20, 30, and 50 miorograms of boron made up
to 1,0 ml plus 0.5 ml of a saturated oxaslic acid solution. Turmerie paper
(types (1) and {2} described previcusly) were soaked in the test solutions
for ten rinutes, removed and allowed o dry at room temperaturs. At the
end of 1# hours only the colors developed:-on the specially prepared turmeric
paper for 0, 5, and 10 micrograms of boron could be differentinted, for
larger amounts of boron the colors were more intense but vere of approxi-
mately equal color. After four hours both types of paper gave good
differentiation for all boron concentratlons, though the colors developed

on the spacially prepared turmeric paper were more intense than on the
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turmeric paper as purchased.

The above test was repeated; however, this time tne papers were dried
in an oven at 85°C; the papers remained in the oven for 6 minutes. There
was good color development on both types of paper and though the papers
hsd a tendency to char, all amounts of boron used could bes differentiated.
The rate of color development was increased by drying the papers in the
oven, but perhaps a lower temperature could be used to elinminate charring.

The next experiment employed a volatile boron compound in an attempt
to test the paper method on an alr sample. This represented a preliminary
step in developing a rapid fleld test for atmospherlc samples. A solution
vas prepared In a test tube by mixing O.l ml of boric acld solution, 1.0 ml
of 13l HCl and 5.0 ml of methanol. Strips of turmeric paper prepared as
dezcribed previously (types (1), (2) and (3) above) were moistened end
placed over the mouth of the test tube. OCn heating (the reasction should
yield volatile methyl borate) tubes containing O, 10 and 20 micrograms of
boron a color changs proportionel to the amount of boron present cccured. .
Hovever, the flushing effect of the methanol 'uas 50 great thgt uniform
development did not occur and thus, 1t was difficult to differentiste the
various quantitics of boron. Several modifications of this test gave the
same results.

The varlous tesis performed in this preliminary survey showed that the
turmeric paper test could be made quite gensitive and could be adapted to
a rapid field test for atmospherlc boron samples. I has been further
concludéd that oxalic ascid increases the sensitivity of the turmeric peper
only if the reaction i3 carried to drymess. Also oxalic acid secmed to
provent fading of the color on the paper. The special treatment of the
turmeric paper as purchased improved its gensitivity.
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B. Davalopment‘;f Apparatus for Study of Curcumin Paper Test Using Synthetic
Atrosphoras

To determine whether the turmeric papser test could be used to determine
atmospheric boron, a device to produce and deliver a sample of boron from a
synthetic atmosphere was needed. This section of thils thesis describes the
method used to produce the synthetic atmosphere of boron and the apparatus
used to deliver a sample of boron from this synthetic atmosphera. To prepare
the synthetic atmosphere a small volume of methyl borate dissolved in methanol
wos volatilized in a five gullon carboy. One milliliter of such & solution
volatilized spontangously in tho five gallon carboy and large corks were used
as agitators. The amount of methyl borate lntroduced into the carboy depends
on the size of sample desirsd for a given test. The five gallon carbby
(19.3 liters by accurate measure) was equipped with a three~holed rubber stopper
through which passed a plug (to be removed for sample addition), en air
intake tube, and a sample outlet tube. In the outlet line was the paper holder,
and the device for vwith drawing and meansuring the volume of the air esmple.

The paper holder, though various modifications were tried, consisted of two
tubes pressed together with the test pasper between them, Either a rubber
suction bulb or a 50 ml syringe was used to withdraw the sample. Bulbs con-
taining CaCly and P;0g were placed in the air intake line to keep the synthetlc
atmosphere in the carboy as dry as possible,

During the course of the investigation several modifications of the
synthetic atmosphere gempling device wera found to be necessary. Thus a study
vag nmade of the effect of various modifications of the apparatué and the test-
_ing procedure on the uniformity of' color developed and on the efficlency of

sampling. The factors siudied were as follows:
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1. Preparation of the curcumin paper

2. Type of filter paper used

3+  Diamster of the tenting device (equal to the
dilameter of the exposed portion of the turmeric

paper)
4s Device used to pull through and measure the

volume of synthetic atmosphere
5. Modifications to prevent leskage

The genersl procedurs used involved flushing the carboy with dry
pitrogen, adding the methyl borate sample, agitating, and then with drawing
8 measured volume of the atmosphere through the turmeric test paper. In all
tests made to test the apparstus, sufficient methyl borate was sdded to the
carboy so that each 50 ml of air removed contained 2.5 micrograms of boron.
The test papers were allcwed to dry in air at rocm temperature and were
compared ab the end of one hour. All observations were vigusl since nd
instrument was avallable for reading the intensity of color on paper.

Preparation of ths Curcumin Tesi Paper

In the literature it was reported that some commercially availsble

turneric test paper contained enough boron to give a positive test. Aleo
mogt filter papers contain a certain amcunt of boron. To¢ remove the boron
present in the test papsrs they were first scaked, successively, for 5 minutes
each in 5 different saturated solutions of oxalic acid in water, and were
then washed with distilled water. Paperstreated in this manner gave very

lov blanks. After the test had dried they vwere socaked in an aleohol solution
saturated with both curcumin, and oxalic acid. The period of soaking was
varied from one to eleven days, but the period of sosking seemed to have
little sffect, as far as the eye could tell, on the sensitivity of the test
papsre Apparently the filter paper becomes saturated with curcumin in e
relatively short time and even soaking for one day seems more than is

ncessary.
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More efficient pampling resulted when the test papers were moistened
Just prior to sampling, The test papers were moistened with either ethanol,
glacial acld, or water, then were inserted in the testing device and the air
sample was then drawn through the test paper. The maethyl borate dissolved
in the solvent on paper and thus was held for reaction with the curcumin
(d1ssolved also to some extent in the solvent). However the methyl borate
apparently passes through the dry test paper caueing little or no reaction.
The eff'ect of the thrae solvents (glacial acetic acid, ethanol, water) uscd
for moistening the test paper will be described in a later section of this
thesis,

Type of Filter Paper Used v

Commercial turmeric paper (purchassd from Matheson, Colemsn, and Bell),
Xo. 619 qﬁalitative filter paper, and Whatman No. 1 filter paper were tried
as the test paperse Since the turmeric paper as purchased did not contain
nuch turmeric it was scasked in curcumin accdrding to the procedure given
in the preceeding section. Of course, the other two iypes of filter papers
also had to be impregnated with curcumin by the same procedure, Uniformity
of the spot developed and low blanks were the criteria used to determine
good test papers. ’

The spots developed on the commercial turmeric paper (after the specisl
treatment) were fairly uniform; however, the strips were not wide enough for
the larger diameter sampling tubes that were later found to be necessary.
The qualitative No. 619 filter paper gave low blanks after the leaching
process but the spots developed when this paper was used for a test were
not very uniform. As concerns low blanks and uniformity of the spot
developed the Vhatman No. 1 paper gave the best results of the three typses
of papar used for the curpumin paper test, Thus Whatman No. 1 paper was used
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for all work after this preliminary examination of the types of paper.

The dizmoter «f the portion of the testing device that holds (see
Figure 8) the curcumin test papsr was of importance since it affected the
size, intensity, and uniformity of the spot developed. Two different sizes
of glasas tubing and filtering funnels were used for this portion of the
testing device., The paper was placed between the tubings (or funnels)
and the tubings were then hald together by an arrangement of clamps.

The two funnels used had dismeters at the top of 37 mm and 26 mm
respectively. When the funnels ﬁere used, relatively large areas of the
test paper were exposed to the alr sample stream and the spols developed
vere neither veiy intense nor fery uniform. The dynaﬁic conditions of
sampling csused "channeling", which, in part, affected the uniformity of
the spot. Also, as will be described later, leakage was a major probiem
vwhen the funnele vere used. In general the funnels were unsatisfactory
for this purposee.

A emaller exposed area of teat paper should give more intense and more
uniform spots thus 6 ma and 12 mm glass tubing was tried for this purpose.
The glass tubing was insertsd in a conshole cork stopper so as to make it
flugh with the large end of the stopper. The test paper was placed between
two such glass tube arrangements and the stoppers were clamped tightly
together to act as a gasket to seal the opening: The air sample was then
drawn through the test paper in this sampling device. This type of paper
holder was found to give very uniform and intense spots; the 6 mm tubing
gave baiter results for the range 0 to 2.5 micrograms of boron and the
12 mn tubing was best for the range 2.5 to 15 micrograms of boron.



In the initial stages of this inveatigation a rubber bulb was used to
draw the air through the testing device and to measure the alr volume coming
through the device. The volume withdrawn at one intake of the bulb was found
to vary by approximately 10% from the average volume of 50 ml, and this was
gatisfactory for quélitabive work. To cobtain a more accurate measure of
the volume of air sample withdrawn from the carboy, a 50 ml syringe was
substituted for the bulb and was found to glve quite satisfactory results,

Modifications to Prevent Leakage

When funnels were used as the paper holder of the sampling device, it
was difficult to prevent leakage al the connection between the two funnels,
an any type of sealing agent made the changlng of the test papers tedious,
if nct impractical.

The cork stoppers, or even betier rubber stoppers, used with the 6 mm
and 12 pm tubing described above provided sufficient sealing to prevent
leakage. To maintain the needed pressure “C" clamps were used to hold the
stoppers firmly together., Metal plates were placed behind each sbtopper to
reinforce the device (the "C" clamps were positioned on the metal plates)
and to give more uniform pressure, thus assuring a good seal st all points.

Figure 8 is a disgram of the synthetic atmosphere sampling apparatus
ard 1:is component parts. .

C. A Study of the.Curcumin Paper Test Using the Apparatus Developed

Frogjiga preceding study, the beat of the modifications were used in
assenbling the apparatus to be used to study the curcumin papsr test. The
final apparatus (Figure &) consisted of the five gallon carboy (equipped
with a three hole stopper for air intske and cutlet, and for sample




Figure 8

Diagram of Synthetic Atmosphere Sampling Apparatus

A. GCarboy

B. Intake Line

Cs Plug for Sample Injection
D. Paper Holder

Es Sample withdrawing Device



[ X

A



68

introduction), P,05 and CaCl, drying tubes, a 50 ml syringe for withdraving
the sample, and the paper holder (also called testing device). Both the

6 nm and the 12 mm glass tubing paper holders were used, dspending on the
range of boron to be deteormined. Leached Whatman No. 1 filter paper -
impregnated with curcumin as described above was used as the test paper,

The ‘testing procadure was -tho same as that described in the preceding section
of  this thesis (Experimental, Part IV, Section B)s. -

It wvas previously nmentiocned thet moistening of the‘ test paper just prior
to sampling was necessary to insure efficient sampling. Sincae this previous
work was done as a prelimingry study, a more thorough study of the moistening
reagents and procedvre was made using the improved apparatus. The various
solvents used for this purpose were sprayed on the test paper with an
atomiger, since dipping the paper in the solvent gave too much excees solvent
which, in turn, increased the flushing effect.

When the test papers were molstened with 95% ethanol spots-of good color
and uniformity. developed after 15 minutes for s@lea of air contaiving 7.5
micrograms of boron, Papers moistenod with water, and others molstened with
a 50-50 ethanol water mixture showed no color after 15 minutes., Papers .
moistened with glacial acetic acid gave good color after 15 minutes, and.
vary little flushing was observed., The comparison time of 15 minutes was
used hers as & criterion for good color development though maximum intensity
was not reached with any of the solvents in this time. The time required
for maximum developu;ent of color was shortest when 95% ethanol was used for
moistening and thus it seemed bstier suited for this purpose than glacial
-acetic acide Water and the 50-50 water alcohol mixture were unsatisfactory
eince the color developed was not as intense as with the 95% ethanol or
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or glacial ecetic acid. Thus, 95% eth@nol was found to be the most szatls-~
factory moistening reagent fo: thies tesi procedure.

In the preceding work, the test papers wvere allowed to develop at room
temporaturs, and it took several hours to reach maximum color development,
To reduce the development time, tests were made in which the curcumin test
pspers were dried in an oven at 55°C (avg) after gampling. The test
papers were heated at this temperature for one hour, and the spots developed
were of good intensity, uniformity, and reproducibility. The spots
developed in the oven were even somewhat better, as concerns intensity,
uniformity, and reproducibllity, Lthan those developed at room temperature.
This temperature was used since i1t vas found to be the moust éatisfactory
avaporation temperature in the curcumin solution, and note that the one
hour heating time 1s approximately equal to the total evaporation period
and extra heating period of the solution method.

The gonsitivity of the method was determined by passing air samples,
from the synthetic atmosphere, through the.curcumin test paper and comparing
the spots developed from known concentrations of boron. In the first such
test the concentration was such that esch 50 ml volume withdrawn from the
synthetic atmosphere contained 2.5 micrograms of boron. Comparisons were
nede in duplicate for 50, 100, 150, 200 and 250 ml samples, these volumes
contained 2.5, 5, 7.5, 10 and 12.5 micrograms of borem. All of these
amounts vere easily differentiated, and the colors were quite intense, ine
dicszting that the tesﬁ oould be used for amounts of boron wuch gmaller
than the 2.5 micrograms minimum used in these tests. The colerz were

reproducible as far as the eye could ilell.
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Similsr tests were made with concentrations of boron in the synthetic
atmosphere such that 50 ml contaired 1.0, 0.5, 0.2, 0.1 and 0.05 micrograms
of boron. At 1.0 ard 0.5 microgramle por 50 ml differentiation was very
good, ths color was quite intense, and reproducibility seemed to be good.
With increments of 0.2 micrograms the spots were still easily differsntiated.
kith O.l micrograms and 0,05 micrograms increments, all spots were visible
and differentration was good in most cases.

This study shovws that a difference of 0.2 micrograms can be distinquished
quite well and possibly with some improvement of reproducibility 0.1 or 0,05
rmicrograms increments could bs detarmined. Cale:lations for 0.2 micrograms show
that for a volume of 50 ml this is equivalent %o approximately 10 ppm; thus
increments of 10 ppm, and possibly even 5 or 2 ppm, can be differentiated
by this method.




SUMHARY

A broad experimental survey of the curcumin method for the determi-
nation of boron has been made. It is felt that the twofold objective of
this research project has becn accomplished: f£irst, a study of s sensitive
mothod for the determination of small quantities of boron, and second, a
study of a curcumin paper test that could be adaptsd to a rapid field test
for atmosgpheric boron.

Though it is the moat sensitive method presently available for the
determination of boron, many varlables nesd %0 be controlled to obtain
precision with the curcumin method. Some of the varlables affecting the
Kaftel (77) and the Hegedus (50) curcumin methods have besn studied. The
temperature of evaporation and the pericd of extra heating were found to
be two of the moet imporiant varisbles. Oxalic acid increases the sensi-
tivity of btoth the Hegedus and the Naftel methods, and there is an optimum
concentration of the curcumin reagent beyond which it has little effect.
In the Kaftel method there is an optimum concentration of HCl necessary

for maximum color development,



This work suggested other studies that should have been made; such
as the use of oiher solvents for the reaction, and the optimum amount of
water present in the reaction. Later work, by other members of the team
that worked on this research project,indicatesthat there was an optimum
amount of water necessary for the reaction, and that other solvents
could be used for ithe reactlion, Also more detailed studies of the optimum
concentrations of reagents, evaporation temperature, and time of extra
heating were made by other members of the team. These later studies sube
stantiated the work reported in this theais.

A study of the exisiing curcumin paéer tests and Lhe effects of
various modifications was made. A synthetic atmosphers sampling apparatus
was constructed and used to evaluate the curcumin paper test for determination
of atmospheric boron. From this study a sensitive semi-quentitative test
for atmospheric samples was developed. Later work, by other members of
the research team, fully quantitized this procedure by varying the technique
and using a reflectance densitometer to measure the intensity of color

developed.
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