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ABSTRACT

Solvent extraction spectrophotometric and atomic 

absorption spectrophotometric methods for the 

determination of selenium(IV) in microgram quantities 

are described. The selenium(IV) forms yellow colored 

complex with N-phenylbenzok.ydroxamic acid (PBHA) 

extractable into chloroform from 7 M HCIO^. Se-P3HA
t

complex has maximum absorbance 'at 345 nm with a molar
r A A

absorptivity 1.5 -x 103 1 mol” cm” and Sandell's 
sensitivity 0.000526 A*g /cm2. Effect of molarity,

t "

?5 t . '• ,"|
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reagent concentration, diverse ions on the extraction of 

selenium complex were studied. The selenium is 

determined in presence of tellurium,

INTRODUCTION

Selenium and its compounds have been used 

commercially in the production of rectifiers, photocells 

and pigments. Selenium has long been regarded as a 

toxic metal, because of the wellknown selenium poisoning
A

of cattle ("alkali disease, and blind staggers") caused 

by eefifiumption of selenium bearing plants. Selenium 

and its compounds are toxic and affect various organs. 

Very small amounts of selenium and selenium derivatives 

irritate the respiratory tract and cause colds and 

headache.

C'onniderable attention has been devoted to trace
2 3analysis of selenium in environmental geological^ and 

biological samples by various techniquesp” . These 

techniques are time consuming and suffering from 

interference of various ions or require sophisticated
i

instrumentation,
piaminobenaiding, 4“dimethylaroino~1, 2-phenelene 

diamine mid 4-methylthio-1, 2-phenelene diamine^ 

i (‘agents were used for the determination of Se(IV)

In the aUience of oxidizing ions.

Hydioxaniic acids have received a great deal of 

.pttent ion as gravimetric, titrimetric and colorimetric
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reagents for several metel ions1*^"1^. In the present 

investigation a new, rapid solvent extraction, and \ 
spectrophotometric method for microgram determination 
of selenium in presence of tellurium is described.

EXPERIMENTAL

Apparatus
The spectrophotometric measurements were made

Ton a Bausch and Lomb, spectronic-20-spectrophotometer, 
and a GBC 901 atomic absorption spectrophotometer 
equipped with GBC HG -900 vapor generation accessary. 
The selenium line at 196 nm with argon gas was used. 
Chemical Reagents

All the chemicals used in this study were of 
AnalaR and Guaranteed Reagents of British Drug House 
London or £. Merck, respectively, unless otherwise 
specified.

The N-phenylbenzohydroxamic acid (PBHA) was
20freshly synthesised as described elsewhere . Purity 

was checked by melting point, thin layer chroma-co- 
graphy, infrared and ultra violet spectra; and its 
0.1% solution was prepared in chloroform.

1Metallic selenium (99.99% pure) was dissolved 
in nitric acid and the solution evaporated to dryness' 
on a waterbath. Perchloric acid was added and the 
mixture heated'"on a waterbath, filtered, and diluted 
to 100 ml with doublely distilled water. The selenium
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5concentration was determined colorimetrically .

Procedure
d.G ml of selenium solution (3,73 /^Sjwas 

transfered into 60-ml separatory funnel followed by 
15 ml HCIQ^ (11,6 M) and 8 ml water (to keep final 
molaiLty of HCIO^ at 7.0 M)» Then 10 ml of chloroform 
solulion of the^reagent was adoed, and the contents 

were shaken for 5 min. The yellow colored chloroform 
extract was separated, dried over anhydrous sodium 
sulfate, and collected into a 25-ml volumetric flask.
The extraction was repeated with 2 ml of reagent 

§@UHi§,l to check the complete extraction of selenium, 
Thg afii /;)tmis sodium sulfate was washed with chloroform, 
and the washings were collected. The extracted layer 
was diluted by adding chloroform upto the mark, and 
the absorbance was measured at 345 nm vs the blank 

which wb-3 prepared in the absence of selenium,

RESULTS AND DISCUSSION 

Ahnorption Spectra
The yellow colored Se-PBHA complex has a maximum 

ahsoibance at 345 ran. The blank has an insignificant 
absorbance at 345 nm.

Effect of Molarity
The extraction of selenium was carried out in the 

3-9 M HCIO^ range and results shown in Table 1. An
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TABLE 1 » i 1

Effect of Molarity of Perchloric acid on the Extraction 
of Se-PBHA Complex in Chloroform

Se(IV) ( 0,149 ppm Solvent s Chloroform
PBHA t 0.d§6, 10 ml in

chloroform
Color
A max

s Yellow
5 345 nm

Molarity of HC104 % Extraction Molar
absorptivity
, , -1 -1 1 mol cm

3.0 0 0
4.0 0 0
5.0 0 0
6.0 31 4.7 x |p4

7.0 100
1 51.5 x 10P

8.0 54 8.0 x 104

9.0 48 7.3 x 104

optimum (100#) extraction was obtained at 7.0 M HCIO^ 
with higher or lower acidity tending to decrease th>e 
% extraction.

Effect of Solvent
The selenium was extracted with various solvents 

including chloroform, toluene, and benzene. Chloroform



30 AGRAWAL AND DESAI

TABLE 2

Effect of Solvents on the Extraction of Selwnium with 
N-Phenylbenzohydroxamic acid

Se(IV) t 0,149 ppm
P3HA i 10 nil (0,1%) in

chloroform
4Molarity s 7.0 M taciO^

Solvent s Chloroform 
Color » Yellow 
Amax i 345 nm

Solvents % Extraction Molar
absorptivity

-1 -11 mol cm

Chi. ore form 100 1,5 x 105

') oluene 66.6 1.0 x 105
hi-iu'.one NE NE

BE >» Not extracted

was found the most suitable solvent for extraction of 
selenium (Table 2).

Selenium was extracted at 7 M HCIO^ while varying 
the reagent concentrations and results shown in Table 3. 
The results showed that 10 ml of 0.1% N-phenylbenzo- 
hydroxamic acid (PBHA) was adequate for the quantitative 
extraction of selenium. Lower concentration gave



DETERMINATION OF SELENIUM 31

TABLE 3

Effect of PBHA Concentration 

Se(IV) : 0.149 ppm Solvent : Chloroform
PBHA : 10 ml in chloroform Color : Yellow
Molarity : 7.0 M hcio4 Amax : 345 run

N-PBHA added .Absorbance Molar
0.1# (ml) absorptivity

-1 -11 mol cm

2.5 0.16 8,0 x 104

5.0 0.23 1.2 x 105
7.5 0.29 1-5r'o5M
10.0 0.29 1.5 x 103 1 '*
15.0 0.29 1.5 x 105

incomplete extraction. Hence all the extractions were 
done with 10 ml of 0.1# reagent.

Effect of Shaking time t nd Stability of the Color 
It was confirmed that manual shaking time of 

5-10 min was adequate for the complete extraction of 
selenium. However, a longer shaking time had no effect 
on the equilibrium system. The complex was stable under 
optimum conditions and the absorbance remained unchanged 
for several hours.
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Validity of the Beer's Law
Beer's law was obeyed in the range of 0,015-0.6 ppm

5of selenium. The molar absorptivity was 1,5 x 10 
-1 -11 mol cm at 345 nm. The Sandell’s sensitivity is 

0.0U05.>6 ^g/cm2,

!■ I: act o] Diverse Ions
Different amounts of diverse ions were added to 

a fixed amount of selenium and extracted according to 
the procedure. Most of the metal ions associated 
With selenium do nol Interfere, The interference of 
the large amount of Te^+ can be tolerated by masking 

with thioglycolic acid. The data are shown in 
Table 4,

Determination of Selenium in the Presence of Tellurium 
Selenium and tellurium have similar analytical 

and chemical properties and usually occur together. 
Hence, separation of selenium from tellurium 
presents some importance, particularly as tellurium 
causes an interference in the measurement of 
selenium.

Tellurium forms a reddish-yellow complex with 
F3HA extractable into CHClj from highly acidic media 
together with selenium. However, tellurium can be 
selectively masked with thioglycolic acid, the 
resulting Te-thioglycolic acid complex was
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TABLE 5

I<el"rminatlon of Selenium in presence of Tellurium

ielenlun 
:alten (].pni)

Tellurium 
added (mg)

Selenium
#Present

Method

found (ppm5* **
AAS

Relative
% error

0.20
i*40 0.20 0.19 0.0

0.50 40 0.49 0.50 2.0
1.00 60 1.01 1.00 1.0
1*50 60 1.50 1.51 0.0
2,00 60 2.00 2.00 0.0
2,50 70 2,49 2,49 0.4

* Six determinations
** The regression equation for the two methods is 

S « 0.996 A + 0,005; r = 0.999
Where S = Selenium#-Spectrophotometric, A = SeleniuD 
by atomic absorption spectrophotometry and 
r >» Correlation coefficient.

soluble in water and selenium can be extracted as 
Se-PBiiA complex. The results are shown in Table 5,.

Stoichiometry of the Se-PBHA Complex
The stoichiometry of the Se-PBHA complex was determined 

by taking a fixed amount of metal and gradually increasing
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the amount of reagent. The slope of the plot of log 
(the logarithm of the distribution coefficient of tne 
metal) against the log C (the logarithm of the ligand 
concentration) was found to be 2.0, confirms that the 
selenium to PBHA ratio is 1:2.

The probable reaction based on the above results 
is as followsi l

Se(C104)4 + 2 HA 

Where HA ■ PBHA

£ Se(A)2 (C104)2 + 
2HC104
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A liioTRACT

' Solvent extraction, t; pcctrophotometric ami 'icir-ic 

absorption spectrophotomet ric determination of tdlurium- 
(IV) in nnnogram levels are described. The tellunum(IV) 

forms yellow colored complisx with N-phenylbenzohydroxaniic 
acid (PBHA) which Is extra table into chloroform Iror 7 k

HCIO^. To-F’BHA complex ivi a maximum absorbance at jk5 nrr,
L -.1 —1with the molar absorptivity 3,5 x 10 1 mol cm and

Sand ell's sensitivity 0.00)65 /^g/cm2. The tellunun>( IV) 

is also determined in the range of 0.01 - 0.00 ;.,pm by 

flameless atomic absorption spectrophotometry using G3C 

HG 900 vapor generation accessary. Effect of molarity,

11

Copyright © 198? by Marcel Dekker, Inc.
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reageni concentrations, diverse ions on the extraction 
oi: tellurium complex were studied. The tellurium was 
determined in presence oi selenium and also in standard 
sample! ..

INTRODUCTION

I: recent years tellurium steels have been widely
used ii automation, radio engineering, and semiconductor (techno] :>gy. This (has increased the interest in tellur­

ium; ii i i-il to' i-grge scale studies on the inorganic and 
analytical chemistry of tellurium.

Numerous methods have been proposed for the spectro-
photomitrie determination of traces of tellurium. Seve-

1 12 ral regents like bromopyrogallol , rhodamine 6G , mala-
i 3 4 gchite j reen , bismuthol II , thiourea , sodium diethyl

6 *7dithid arbomate’1 were used for the determinations of 
tellur.ium(IV).

In recent years more sophisticated techniques such
gas neui ron activation , isotope dilution mass spectrophoto- 

fiietry^ and atomic absorption spectrophotometry (MS) have 
fe§gn ii played to analyse tellurium, The major difficulty 
in the determination of tellurium by atomic absorption 
spectn photometry is that the limits are high and the 

| major >leraents constituting the silicate matrix must be 
■ separa' ed before estimation.

H; droxamic acids have received a great deal of atten­
tion a, spectrophotometric gravimetric, titrimetric and 
colorir etric reagents for several metal ions^®""^. In the



DETERMINATION OE TELLURIUM 13

present investigation a new t*ap|d solvent extraction, and 
spectrophotometric method for nanogram levels of tellurium 
in presence of selenium is described. A sensitive flameless 
atomic absorption spectrophotometric method is also described.

EXPERIMENTAL
Apparatus

\

The spectrophotometric measurements were made on a 
Bausch and Lomb, Spectronic 20, spectrophotometer, GBC 901.
atomic absorption spectrophotometer (AAS) with GBC HG 90o|f

;!

vapor generation accessary is used for AAS determination of
itellurium. The tellurium line at 214.3 nm with lamp current 

7 mA and argon gas was used, ' '

Chemical Reagents

All the chemicals used this study were of AnalaR 
and Guaranteed Reagents of British Drug House, London or 
E. Merck, respectively, unless otherwise specified. ,

The N-phenylbenzohydroxamic acid (,PBHA) was freshly '
A lxsynthesised as described elsewhere . Its purity was checked 

by mp, TLC, infrared and ultraviolet spectra, and 
its 0.2% solution was prepared in chloroform.

0.5 gm of tellurium metal (99.99) was dissolved 
in 20 ml of con. HC1 and HNO^ (1:3) and diluted to 
500 ml with doubly distilled water. This solution 
contains 1000 ppm of tellurium.

Extraction with PBHA

2.0 ml pf tellurium solution (20 ppm) was trans­
ferred into 60-ml separatory funnel followed by 15 ml
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HC10 (11.6 M) and 8 ml water (to keep final molarity 
of H' 10^ to 7.0 M). Then 10 m3 of chloroform solution 
of t e reagent'(rBHA) was added, and the contents were 
shak n for 10 min. The yellow colored chloroform 
extr ct was separated, dried over anhydrous sodium 
sulf te, and collected into a 25-ml volumetric flask.
The .detraction was repeated with 2,0 ml of reagent 
solution to chejdc the complete extraction of tellurium. 
fh§ IMiiydl'SUS sodium sulfate was washed with chloroform, 
and the Washings were collected. The extracted layer 
was Hinted with chloroform upto the mark, and the 
abac ‘b.ifioe was measured at 345 nm against the blank 
wliic i '.He prepared in the similar manner in absence 
of tsliurium,

Mon Ic Absorption Spectrophotometric Determination

For the AAS measurements the tellurium was back 
exti act.ed with 0.1 M HC1 from the chloroform extract 
and estimated using a GBC HG 900 vapor generation 
acce nsary.

RESULTS AND DISCUSSION 

Absc rption Spectra

The yellow colored Te-P3HA complex has a maximum 
ab§( Chance ct |4f nra. The blank does not absorb at 
thii wavelength. The molar absorptivity is 3.5 x 10^

1 nu l cm . The data obtained by the present method 
are in good agreement with those obtained by AAS and 
the correlation coefficient is 0.998.
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TABLE 1

Effect of holarsity of Perchloric acid on the Ext 

tion of Te-P3HA Complex in Chloroform.

Te(I?) : 0.80 ppm

PBHA : 10 ml (0.2%) in
chloroform.

Solvent ; Chloroform 

Color i Yellov; 

Amax : 3d nm

HC104

(M)
% Extraction Holer absorptivity

-1 -11 raol era

5.0 0 0

5.5 0 0

6.0 18 6.3 x 103

6.5 46 1.6 x 104

7.0 100 3.5 x 104

7.5 69 2.4 x 104

8.0 58 2.0 x 104

Effect of Kolarity

The extraction of tellurium was ctrried out rn the 

ran2e of 6-8 K HCIO^. Tho results,^iven in Table 1 indi­

cate that the 50% extraction is obtained at 6.5 E HCIO^ 

and maximum (10054) extraction is at 7.0 i: HCIQ^. Abovei 

7.0 M the extraction decreases and hence all the ex, I;I '■
tions were carried out at 7.0 H HC10^.
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TABLE 2
Effect of Solvents on the Extraction of Tellurium 

with N-phenylbenzohydroxamic acid.

Te(lO S 0.80 ppm Solvent s Chloroform
E'iSHA J 10 ml (0*2#) Color i Yellow

in chloroform Xmax $ 345 nm
Hi.'l.O , 1 7»§ H

So.veUs % Extraction Holer absorptivity
-1 -1 1 mol cm

Ohio'0 terra 100 3.5 x 10
Tolu me 54 1.9 x 10'
Isoa ,'.yl alcohol NE NE
Meth wlisobutyl ketone NE NE

NE * Not Extracted

Effect of Solvent
The tellurium was extracted v/ith various solvents 

including chloroform, toluene, lsoamyl alcohol and methyl 
isobutj’l ketone. Chloroform was found the most suitable 
solvent, for extraction of tellurium (Table 2).

Effect of Reagent Concentration
1ellurium was extracted at 7 M HCIQ^ with varying 

the reagent concentrations. The results given in
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TABLE 3
Effect of PBHA Concentration 

Te(IV) • 0.80 ppm Solvents Chloroform
HC104 i 7.0 M Color s Yellow

Xmax ; 3^5 nm

PBHA 0.294
added ml.

Absorbance Molar absorptivity
-1 -11 mol cm

2.5 0.12 1.9 x 104

5.0 0.16 2.5 x 104

7.5 0.22 3.5 x 104

10.0 0.22 3.5 x 104

15.0 0.22 3.5 x 104

Table 3 show that 10 nil of 0,2% N-phenylbenzohydroxamic 
acid (PBHA) is adequate for the quantitative extraction 

of tellurium. Lower PBHA concentration gave incomplete 
extraction. Hence all the extractions were carried out 
with 10 ml of 0,2% PBHA. Higher PBHA concentration has

lno adverse effect on the extraction of tellurium.
. ‘ I

Effect of Shaking time and Stability of the Color

It was confirmed that manual shaking time of 5-10 min,
was adequate for the complete extraction of tellurium', - i

i !

However, a longer shaking^ time had no adverse effect on the
equilibrium system. The complex is stable under optimum
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conditii ns and the absorbance remained unchanged for several 

hrs.

Validit of the Beer's Lav/

Bear's law is obeyed in the range of 0,10 .to
! !5.0 ppm of tellurium. The Sandell's sensitivity is

0.00365 ft g/cm^.. The Beer's law limit for the flame­

less atomic absorption spectrophotometric determination 

of tellurium is 0.01 - 0.08 ppm.

felJenfc if Diverse Ions
jl.f 'i tflii iHhuunts of diverse ions were added to a 

14 maI ii »fi> ll 0f 1 t-l-lurlUfS and extracted according to 

tl e pri. :c:.(t‘6. f-iuSt of the metal ions associated with 
tullurlam do not interfere. The Interference of large

; ! .‘iamount :>f Se(IV) can be tolerated by masking' it with the 

mixture of citric acid, sodium tartarate and EDTA. The 

deita aj u shown in Table 4.

Determination of Tellurium in the presence of Selenium

Tellurium and selenium have similar analytical and 
chemiCi1 properties and usually occur together. Hence, 

§§g§r§1ion of tellurium from selenium is very difficult.

Selenium forma reddish yellow complex with PBHA 
extractable into chloroform from highly acidic media 
together with tellurium. However, selenium can be selecti­
vely masked with the mixture of citric acid, sodium tartrate 
and EDTA, the resulting complex was soluble in water
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TABLE 5
i ie1 ormination of Tellurium in presence of Selenium

TelihHum 
taken (ppm)

Selenium 
added (mg)

Tellurium<PP*}**
Presentmethod

found

AAS

. Coefficient ; variation
%

1.0 50 1.00 0.99 1.00
3.) j 50 ■f.01 3.00 0.66
5.) 60 5.01 3.00 0.20
7.1 60 6.99 7.00 0.26
0. 3 70 9.00 9.00 0.22
11.) 70 10.99 10.09 0.27

* £-‘eviii dot« nninations
3Rg regression equation for the two methods is9 9 §,m A + iv'^?^4‘.1.000
there T « Tallin ium tiy f-Viitrophotometry, A *> Tellurium 
1 r AAS and r = Correlation coefficient.

t1
and 1 ellurium can be extracted as Te-PBHA complex. The 
results are shown in Table 5.

Stoichiometry of the 'J?esP3HA Complex

The stoichiometry of the Te-PBHA complex was determined 
by ti'kinj a fixed amount of metal and gradually increasing 
the t>mount of reagent. The slope of the plot of log Djtj 
(the logarithm of the distribution coefficient of the metal) 
against the log C (the logarithm of the ligand concen-
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TABLE 6

Determination of Tellurium in N3S Cartridge Brasses

Sample Certified
Te %

Te found
%

Coefficient
of variation

# ........

NBS - 1100 0.0035 0.0034 5.88

NBS - 1101 0.0015 0.0013 7.69

NBS - 1102 0.0003 0J0003 16.66

tration)1^ was found to bo ?„2 confirms that the tel « i]

ium to P3HA rctio is 1:2.

The probable reaction cased on the i bove results 

it as follows:

Te(Cl<>4)4 + 2 HA :::=± Te(A)2(C104)2 i 2HC104

where HA - PHHA. '

DeterminetIon of Tellurium .n MBS Cartridge brasses

The mt'Uiod was also applied to three standard
}} i i ■! ; i|

reference cartridge brass samples. The results of these
i

analyses are shown in Table 6.
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