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For the colorimetric determination of beryl-
lium with organic reagents, various reagents 
have been used. The following reagents are 
known ; p-nitrobenzeneazoorcinol1,2,3,4,5) qui-
nalizarin6,7,8,9) curcumin2,10), alkanin11,12) 
naphthazarin11,12) naphthacrome green G13) 
aluminon14,15,16), quinizarine-2-sulfonic 
acid 17,18,19) acetylacetone20), sulfo-salicylic 
acid 21), sodium salt of chlorophenol-azo-dioxy-
naphthalene disulfonic acid 22), 8-hydroxy-
quinaldine23) solochrome cyanine24), benzene-2-
arsonic acid-(1-azo-2)-1, 8-dioxynaphthalene-
3, 6-disulfonic acid 25), solochrome brilliant blue 
B (sodium salt of sulfo-dichloro-hydroxy-di-
methyl fuchson dicarboxylic acid26) etc.. 
Beryllium fails to give a specific color change

on a reaction with these reagents; but in 

general some other ions including iron, alumi-
num, alkali earth metals and rare earth 

metals give color change. Therefore, on 

their application, any of the above mentioned 

reagents is to be chosen according to the 

purpose. The method here proposed also 
seems possible of utilization for some purpose. 

Introduction 

The color reaction of the following three 

organic reagents of a similar structure with 

beryllium was examined at pH 1.42-11.0. 

To 2 ml. of the buffer solution, 2 drops of 

metal solutions containing 50 p. p. m. metals

Sodium salt of dichloro-hydroxy-dimethyl 
fuchson dicarboxylic acid

Sodium salt of sulfo-hydroxy-dimethyl 
fuchson dicarboxylic acid (Eriochrome 
cyanine R)

Sodium salt of sulfo-dichloro-hydroxy-di-
methyl fuchson dicarboxylic acid (Solo-
chrome brilliant blue B)
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and 2 drops of 0. 1% reagent solution were 
added. After three hours the color change 
was observed. For the pH ranges of 1.42-
5.2, 7.0-9.2 and 9.2-11.0, the following buffer 
solutions were used respectively ; hydro-
chloric acid-sodium acetate, hydrochloric acid-
barbital and borax-sodium carbonate. In a 
buffered solution, pH 9.2, the color is yellow 
for all three blanks (water), and in the pre-
sence of beryllium, the color changes to 
brownish red (I), pinkish red (II) and dark 
reddish brown (III) respectively. Titanium 
changes the color of I to brownish yellow. 
But the same amounts of alminum, iron 
(ferric and ferrous), titanium (with II and 
III), copper, thorium and zirconium do not 
give any color change. The same amounts 
of calcium, magnesium, manganese and ura-
nium ((UO2)2+) also fail to give any color 
change to II. In the other buffered solution, 
beryllium gives a color change, but fails to 

give a specific color change on reaction with 
these reagents as in pH 9.2. 

Concerning eriochrome cyanine R27) and 
solochrome brilliant blue B26) , their application 
to spectrophotometric determination has been 
already suggested. 

Apparatus 
Light absorption was measured against water 

by means of Shimadzu photoelectric spectrophoto-
meter with 10 mm. absorption cells. 

Reagents 

Distilled Water.-Redistilled water is obtained 
by using a water distilling apparatus made of 
quartz.

Standard Beryllium Solution.-In 5 ml. of concen-
trated sulfuric acid, 0.1417 g. of beryllium oxide-
is dissolved. The resulting solution is transferred 
to a 500 ml. measuring flask containing about 
100 ml. of water and is diluted to volume. This. 
solution contains 0.1022 mg. of beryllium per ml. 

0.05M Borax Buffer Solution.-In 1000 ml. of 
distilled water, 19.10 g. of borax are dissolved. 

5% Potassium Sodium Tartrate Solution.-In 1000-
ml. of distilled water, 50 g. of potassium sodium 
tartrate are dissolved. 

Dye Solutions.-In 1000 ml of distilled water,. 
1, 3 or 5g. of dyes are dissolved. The solutions. 
thus obtained contain 0.1, 0.3 or 0.501o of dyes. 
Dye solutions should not be stored for more than. 
one week. 

Absorption Spectra 

Absorption spectra of the reagents I, II and III,. 
and of the complexes formed with beryllium are 
respectively presented in Figs. 1, 2 and 3. These 
curves were measured in buffered solutions of 
pH 9.2. The blank solution was prepared by 
mixing 20 ml. of 0.05 M borax solution with 1 ml.. 
of water and 1 (I) or 2 ml. (II, III) of 0.1% reagent 
solution, whilst for the preparation of the complex. 
solution 1 ml. of beryllium solution (50 micrograms-
of beryllium) was used in place of water. The 
solutions were made to stand for three hours at 
room temperature before the light absorption. 
was measured. 

Inspection of the curves shows that the reagent 
II is the most desirable for the spectrophotometric 
determination and that a wave length of 527 mu. 
gives the greatest difference in light absorption 
between the blank and the complex of reagent. 
II, eriochrome cyanine R. 

Therefore, the following experiments were 
carried out only with eriochrome cyanine R.

Fig. 1. Absorption spectra of reagent I and its complex.

27) T.Y. Toribara and R.E. Sherman. Anal. Chem., 
25, 1594 (1953).
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Fig. 2. Absorption spectra of reagent II and its complex.

Fig. 3. Absorption spectra of reagent III and its complex.

Effect of Temperature and Time 

In general, the organic reagents and beryllium 
may react slowly in an alkaline medium and at 
a low temperature. Consequently the effect of 
temperature and time of standing on the color 
change was studied. 

Five ml. of beryllium solution and 100 ml. of 
0.05 M borax solution were mixed, and made 
to stand for one hour in an ice box or in an air 
bath, its temperature being controlled. Five ml. 
of 0.1% eriochrome cyanine R solution were added. 
Light absorption at 527 mp was measured ten,

twenty and thirty minutes, one, two, three, five, 
eight, twenty-four and forty-eight hours after the 
development of the color for aliquots of the 
beryllium solutions of various concentrations. 
The results are presented in Table I and II and 

also in Fig. 4. 
From these results, the color intensity was 

found to be dependent on the temperature and 

on the time after color development. At a lower 
temperature, color intensity is high but develops 
slow, but at a higher temperature, color intensity 

is low but develops fast. Therefore, the tempe-
rature has to be strictly controlled and the mesure-
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TABLE I 

EFFECT OF TEMPERATURE AND STANDING TIME

Figures shown are the percentages of light absorptions for the maximum light absorption 
of the solutions which contained same amount of beryllium and were kept at the same 

temperatures.

TABLE II 

ANALYSIS OF VARIANCE

** Highly significant * Significant

TABLE III 

EFFECT OF DYE CONCENTRATION AND TARTRATE 

Figures are the readings of the photometer

* Beryllium content of the solutions , the light absorptions of which were measured is 1/22 
of these figures.
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Fig. 4. Effect of temperature and relations between beryllium content and maximum 

light absorption.

ment of the maximum absorption has to be made 

at an adequate time after color development. 

For an easier control, it seems convenient to 

select the temperature at 15-30•Ž and the measur-

ing time in accordance with the temperature. 

Effect of Dye Concentration and Tartrate 

At pH 9.2, various metals are precipitated ; 

when these elements are present in a large 

amount, beryllium is coprecipitated and the color 

change of eriochrome cyanine R by beryllium is 

inhibited. To avoid this, the presence of potassium 

sodium tartrate is desirable. 

To determine the effect of potassium sodium 

tartrate and of the concentration of eriochrome 

cyanine R solution, 0.1, 0.3 and 0.5% eriochrome 

cyanine R solutions, 3 p. p. m., 7 p. p. m. and 10 

p. p. m. of beryllium solutions and 5%/o potassium 

sodium tartrate in 0.05 M borax solution were 

used respectively. One ml. of beryllium solution 

and 10 ml. of tartrate solution were mixed and 

10 ml. of 0.05 M borax solution were added. After 

standing for one hour in an air bath of 15•Ž 

(•}1 •Ž), 1 ml. of eriochrome cyanine R solution 

was added. After four hours, light absorptions 

were measured at 527 mƒÊ. The results are shown 

in Table III and IV and in Fig. 5. 

The larger the quantity of eriochrome cyanine 

R, the more intensive is the color (see the incli-

nation of the curve in Fig. 5). Since, however, 

the light absorption of the blank should not be 

too high for an accurate determination, the con-

centration of eriochrome cyanine R cannot be 

higher than 0.5%. 

As the results of presence of tartrate, the 

relations between the beryllium concentration and 

the light absorption of the complex holds linear. 

Moreover, the rate of increase in light absorption

Fig. 5. Effect of dye concentration and 

tartrate.

with increase in the concentration of eriochrome 
cyanine R is greater in the presence of tartrate 
than in its absence.
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TABLE IV 

ANALYSIS OF VARIANCE

** Highly significant * Significant

Thus, the addition of tartrate gives many 

benefits for an accurate determination. 

For the most sensitive condition at 15•Ž, i. e. 

for the application of 0.5% eriochrome cyanine 

R and the presence of tartrate, the calibration 

curve for beryllium is shown in Fig. 6.

ing 3 p. p. m. of beryllium and various amounts 

of a metal or of an anion were prepared. One ml. 

of a metal or anion solution and 10 ml. of 5% 

potassium sodium tartrate solution were mixed 

with 10 ml. of 0.05M borax solution, and set aside 

for one hour at 15•Ž. One ml. of 0.5% eriochrome

Fig. 6. Calibration curve of beryllium. 

(15•Ž, presence of tartrate, 0.5% eriochrome cyanine R solution)

Effect of Metals and Anions 

It has already been mentioned that small 
amounts of various metals fail to give any color 
change to eriochrome cynine R in a medium of 

0.05m borax solution, pH 9.2. In the presence 
of tartrate, however, many metal ions can be 
held in solution and are expected to give color 

change of the dye. 
In order to disclose the limit of interference of 

various metals and anions with the color develop-

ment of beryllium, one series of solutions contain-

cyanine R solution was added, and the light ab-

sorption at 527 mƒÊ was measured after four hours. 

The limit and mode of interference of various 

metals and anions were shown in Table V. 

When a dilute solution of eriochrome cynine R 

was used, the limit of interference of each metal 

or anion became greater and the color change 

caused by beryllium smaller. An example is 

shown in Table VI and VII (c. f. Table V). Ex-

perimental conditions were the same as in the 

case of the above experiment except for the nse 

of 0.1% dye solution instead of 0.5%.
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TABLE V 

INTERFERENCE LIMIT OF METALS AND ANIONS

* For standing
, Fe2+is oxidized to Fe3+, and same figure was obtained as Fe3+.

† The concentration of beryllium was 0. 17 p. p. m. in this experiment.

TABLE VI 

EFFECT OF METAL IONS 

One milliliter of 20 p. p. m. beryllium solution 

containing various amounts of metals and 10 ml. 

of tartrate solution were mixed and added 10 ml. 

of 0.05M borax solution. After standing for one 

hour at 15•Ž, 1 ml. of 0.1% eriochrome cyanine 

R solution is added and after four hours light ab-

sorption of the solution was measured. Figures 

of light absorptions are as follows.

* These concemtrations are the concentration of

the metal soiutions mixed with tartrate. For

the final solutions, these concentrations rnust be

devided by 22.

Discussion 

In the case of the determination of beryl-
lium using eriochrome cyanine R, temperature, 
standing time, concentration of the dye solu-
tion, the presence of tartrate, and the con-
centration of various other ions are the factors 
which regulate the accuracy, precision and 
reproducibility. 

Above all, the concentration of dye solution 
should be as high as possible. When it is 
high, one of the beneficial effects of tartrate, 
increase in color intensity, is promoted. 

Concerning further advantages brought 
about by tartrate, it makes the working 
curve linear and prevents the coprecipitation 
of beryllium with metal ions such as iron, 
aluminum, calcium and magnesium. Thus, 
the addition of tartrate is essential. 

Temperature is also an important factor; 
at a lower temperature the color intensity is

TABLE VII 

ANALYSIS OF VARIANCE

** Highly significant * Significant
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higher, but to get maximum light absorption 

it requires a long time to obtain it and the 

temperature control is difficult ; at a higher 

temperature standing time for obtaining the 

maximum light absorption is shorter but the 

resulting color intensity is lower, the tem-

perature control being also difficult. 

Consequently, temperature of 15-30•Ž will 

also be recommended from these respects. 

The interfering cations and anions should 

not be present with beryllium over the in-

terference limit. The latter is a function of 

the concentration of the dye solution as men-

tioned above. 

The following procedure is recommended. 

One ml. of the sample solution containing 

from 1 to 10 micrograms of beryllium and 

10 ml. of 5% potassium sodium tartrate solu-

tion are mixed with 10 ml. of 0.05M borax 

solution. After standing for one hour at 15•Ž, 

1 ml. of 0.5% eriochrome cyanine R solution 

is added. After three hours the light ab-

sorption of the colored solution is measured 

at 527 mƒÊ. With the aid of the calibration 

curve, the amounts of beryllium can be deter-

mined (see Table V and Fig. 6). 

To a dilute solution of beryllium containing 

from 0.05 to 0.5 milligram Be per liter, the 

following procedure is applied. Into a 25 ml.

measuring flask, 0.5g. of potassium sodium 

tartrate is taken and 20 ml. of the sample 

solution are poured. After dissolution of 

tartrate, 0.191g. of borax is added, dissolved 

and the whole diluted to 25 ml. After being 

kept for one hour at 15•Ž, 1 ml. of 0.5% 

eriochrome cyanine R solution is added and 

the light absorption is measured at 527 mg 

after four hours. In this case, the calibration 

curve must be used, which is prepared by the 

same procedure for a standard beryllium 

solution. 

In any case, when an interfering substance 

is present in greater quantity than the inter-

fering limit, its amount has to be diminished 

below the interfering limit. 
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