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ABSTRACT

Solvent extraction spectrophotometric and atomic
absorption spectrophdtometric methods for the
determination of selénium(lv) in microgram quantities
are described, The selenium({IV) forms yellow colored
complex with N-phenylbenzobydroxamic acid (PBHA)
extractable inte chloroform from 7 M HC10,,. Se—PBﬁA A
complex has maximum absorbence gt 345 nm with a molar

-1

absorptivity 1.5 -x 10° 1 mol™! cn™! and Sandell's

sensitivity 0.000526 ME /cm?, Effect of molarity,

i
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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, S%Ienium has long been regarded as a
toxic metal, because of the wellknown selenium poisoning
of cattle1("alkali disease and blind staggers") caused
by gonnumption of selenium bearing plants., Selenium
and its compounds are toxic and affect various organs.
Very small amounts of selenium and selenium derivatives
irritete the respiratory tract and cause colds and
headache.

Coniiaderable attention has been devoted to trace
analysis of selenium in environmental2 geological3 and
biologicnlb samples by various techniqums5'16. These
techniques are time consuming and suffering from
in%erference of various ilons or require sophisticated
;instrumentaticn.

Diaminobenzidines, 4edimethylamine-1, 2-phenelene
diamine and 4e-methylthio=1, Z2-phenelene diamines
reagents were used for the determination of Se(1V)
in the atyence of oxidizing ions.

Hydioxamic scids have recelved a great deal of

Hsttention as gravimetric, titrimetric and colorimetric
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17'19. In the presang

reagents for several metel ions
investigation a new, rapld solvent extraction, and ;
spectrophotometric method for microgram determination

of selenium in presence of tellurium is described.

EXPERIMENTAL

Apparatus

The spectrophotometric measurements were made
on a Bausch and Lomb, spectronic-zo-spectrophotomete;,
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.
Chemicel Reagents

All the chemicals used in 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 synthesised as described elsewhereao. Purity
was checked by melting point, thin layer chromato-
graphy, infrared and ultra violet spectra; and its
0.1% solution was prepared in chloroform,

B + i
Metallic selenium (99.99% pure) was dissolved

i ‘ﬁ

in nitric acid and the soulution evaporated to dryness‘§ §
on a waterbath., Perchloylc acid was added and the
mixture heated on a wateybath, filtered, and diluted
to 100 ml with doublely dlstilled water. The selenium
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concentration was decermined colorimetrically5.

Procedure

2,0 ml of selenium solution (3.73 M8)yae
transfered into 60-ml separatory funnel followed by
15 ml HC1Q, (11.6 M) and B ml water (to keep final
molar ity of HC10Q, at 7.0 M). Then 10 ml of chloroform
solut ion of the‘reagent wes adaed, and the contents
were shaken for 5 min., The yellow colored chloroform
extrzct was separated, dried over anhydrous sodium
sulfate, and collected into & 25-ml volumetric flask,
The extraction was repeated with 2 ml of resgent
80141 16.1 to check the complete extraction of selenium,
The oear /dreus sodium sulfate was washed yith 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 wos prepared in the absence of selenium,
RESULTS AND DISCUSSION

Ahnoypton Spectra

The yellow colored Se~FBHA complex has a maximum
absosbesnce a8t 345 nm, The blenk has sn insignificant
absorbence at 345 nm,
Effect of Molarity

The extraction of selenium was carried out in the

3=-9 M HClOQ range and results shown in Table 1, An
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TABLE 1 YL

Effect of Molarity of Ferchloric acid on the Extraction

of Se~PUlHA Couplex in iihloroform

Se(IV) t 0,149 ppm Solvent : Chloroform
PBHA t 0.1%, 10 ml in Color : Yellow
chloroform Amax "3 345
Molarity of HC10, % Extraction Molar
absorptivity

1 mol™? em™

3.0 0 0 ‘
4.0 ) 0 0

5.0 ) 0

6.0 31 4.7 x 1ot
7.0 100 1.5 x 10
8.0 54 -~ 8.0 x 10*
9.0 48 7.3 x 10%

optimum (100%) extraction was obtained at 7.0 M HC10,,
with higher or lower acidity tending to decrease the

% extraction.

Effect of Solvent
The selenium was extracted with various solvents

Including chloroform, toluene, and benzene. Chloroform
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TABLE 2

Effect of Solvents on the Extraction of Selwnium with

N~-Phenylbenzohydroxamic acid

Se(IV) & 0,149 ppm Solvent : Chloroform
PBHA 1 10 ml {0.1%) in Color ¢ Yellow
chlor?form

Amax ¢ 345 nm
Molarity + 7.0 M el

Solvents % Extraction Molar
absorptivity
1 mo1™! em™?
Chloroform 100 1.5 x 10°
Toluene 66.6 1.0 x 10°
heneene NE NE

s » Hot extracted

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

Selenium was extracted at 7 M HC10, 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
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TABLE 3

Effect of FBHA Concentration

Se(IV) ¢ 0.149 ppm Solvent : Chloroform
PBHA ¢ 10 ml in chloroform Color ! Yellow
Molarity : 7.0 M HC1O, Amax ¢ 345 nm
N-PBHA added Absorbance Molar
0.1% (ml) ° absorptivity
1 mol™! em™
2.5 0.16 8.0 x 10%
5.0 0.23 1.2 x 10°
745 0,29 1,5 107
10,0 0.29 1.5 x 109 1
15.0 | 0.29 1.5 x 107

incomplete extraction, Hence all the extractions were

done with 10 ml of 0.1% reagent.

Effec? of Shaking time tnd Stability of the Color

It was confirmed that mamual 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 ppn
of selenium, The molar absorptivity was 1.5 x 105

1

1 mol™! em™! at 345 nm. The Sandell's sensitivity is

CL000526 MB/en?

Ftieet o) Diverse Ions

Lif) erent u@ounts of diverse ions were added to
n fixed smount of selenium and extractel according to
the procedure, Most of the metal ilons assoclated
with selenium do not Interfere. The interference of

the large amount of Te“*

can be tolerated by masking
with thioglycolic acid, The data are shown in

Table .,

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 & reddish-yellow complex with
FBHA extractable into CHCl3 from highly acidic medla
together with selenium., However, tellurium can be
selectively masked with thioglycolic acid, the

resul ting Te-~thiocglycolic acid complex was
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TABLE 5

liel vrminat.ion of Selenium in presence of Tellurium

§ o ee. - >

djeleniun Tellurium Selenium found (ppm’it Relative
caken ().pm)  ndded (mg) Present’ AAS % error
i Method

0.20 ’ao 0.20 0.19 0.0
0.50 4o 0.49 0,50 2.0
1.00 60 1.01 1.00 1.0
150 60 1450 1,51 0.0
2400 60 -~ 2400 2.00 0,0
250 70 2,49 2,49 0.4

* $5ix determinations
**% The regression equation for the two methods is
5 = 0.996 A + 0.005; r = 0.999
where 5 = SeleniumtSpectrophotometric, A = Seleniun
- by atomic absorption spectrophotometry and

r o Correlation coefficlent.

s0luble in water and selenium can be extracted as

Se~PBHA complex. The results are shown in Table 5.

Stolchiometry of the Se~PBHA Complex
The stoichiometry of the Se~PBHA complex was determined
by teking a fixed amount of metal and gradually increessing
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the amount of reagent. The slope of the plot of log DM
(the logarithm of the cistribution coefficient of tne
metal) against the log C (the logarithm of the ligand
concentration) was fourd to be 2,0, contirms thet the
selenium to PBHA ratio is 1:2.

The probable reaction based on the above results

is as follows: ‘ g

;

Se(ClOu)h + 2 HA — Se(A)2 (CIO&)2 +
ZHCth
Where HA = PBHA
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AESTRACT !
© Solvent extraction, #pectrophotometric and emic
absorption spectrophotomerric determination of t¢llurium-
{IV) in nanogram levels are¢ described. ‘the tellurivm{IV)
forms yellow colored complix with Mephenylbenzohviroxamic
acid (PBHA) which is extrs tuble into chlorotorm fror 7 k.
HC1O0,. Te~PBHA complex ht o maximum absorbence ol D45 nm

with the molar sbsorptivity 3.5 x 107 1 mo1” " cu”! and
Sandell's sensitivity 0.00365 Mg/cm®, The tellurium(IV)
is also determined in the range of 0.01 ~ 0.08 upm by
flameless atomic absorption spectrophotometry using GBC

HG 900 vapor generation accessary, Effect of molarity,
11
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reagent concentritions, diverse ions on the extraction
ol tellurium complex were studied. The tellurium was
determined in presence of selenium and also in standard

sample: .
INTRODUCTION

I: recent years tellurium steels have been widely
used ir automatioq, radioenzineering and semiconductor
tééenno) vgy. 'This‘has increesed the interest in tellur~
{iim; a4 led t6 lavre sScale studies on the inorganic and
dnal¥yti ;ai chemistry of tellurium,

Nu?erous methods have been proposed for the spectro-
photomskric determination of traces of tellurium. Seve~
ral rewéents like bromopyrogallol1, rhodamine 662, mala=-

3, bismuthol IIA, thioureas, sodium diethyl

§
chite | reen
dithio-arbomates’? were used for the determinstions of

tellurium(IV).

Iii recent years more sophisticeted techniques such
as new ron activations, isotope dilution mess spectrophoto-
ﬁéﬁiys and atomic absorption spectrophotometry (AAS) have
been e ployed 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 : lements cénstituting 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 ion§1°'13. In the
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present investigation & new t*ap;rd solvent extraction, and
spectropﬁotometric method for nénOgram levels of tellurium
in presence of selenium is described. A sensitive flameless

atomic absorption spectrophutometric method is also described.

EXPERIMENTAL
Apparatus
The sp\ectrophotometric measurements were made on a
Bausch and Lomb, Spectronic 20, spectrophotometer GBC 901
atomic absorption spectrophotometer (AAS) with GBC HG 900!!
vapor generation accessary is used for AAS determination %f
tellurium, The tellurium line at 214.3 nm with lamp currént

7 mA end argon gas was used, ’ i
Chemical Reagents

All the chemicals used in this study were of AnalaR
and Guaranteed Reagents of British Df;ag House, London or
E. Merck, respectively, unless cherwise specified, y

The N-phenylbenzohydroxamié acid (PBHA) was freshly
synthesised as described elsewhere‘w. Its purity was checked
by mp, TLC, infrared and ultyraviolet spectra, and

its 0.2% solution was prepared in chloroforn;.

0.5 gm of tellurium metal (99.99) was disaolved
in 20 ml of con. HCl a;lnd HNO3 (1:3) and diluted to
500 ml with doubly distilled water. This solution
contains 1000 ppm of tellurium.

Extraction with PBHA

2.0 ml of tellurium solution (20 ppm) was trans-
ferred into 60-ml separatory funnel followed by 15 ml
‘ ] P
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HC1O, (1.6 M) and 8 ml water (to keep final molarity
of H 10, to 7.0 M). Then 10 m} of chloroform solution
of t e reagent (FBHA) was added, and the contents were
shak n for 10 min. The yellow colored chloroform

extr ¢l was separeted, dried over anhydrous sodium

sulf te, and collected into a 25-ml volumetric flask.
The wmtraction was repeated with 2.0 ml of reagent
solution to che%k the complete extraction of tellurium,
FThe 1nhydrous sodium sulfate was washed with chloroform,
and the washings were collected. The extracted layer

was liluted with chloroform upto the mark, and the
abso bunce was measured at 345 nm against the blank

whic wis prepared in the similar menner in absence

of taliurdiun,
Atun le Absorption Spectrophotometric Determination

For the AAS measurements the tellurium was back
extracted with 0,1 M HCl from the chloroform extract
and rstimated using a GBC HG 900 vapor generetion

acceisary.
RESULTS AND DISCUSSION
Absc¢ rption Spectra

The yellow oolored Te-PBHA complex has a meximum
ab8( fbense ot 3495 nm, The blank does not absorb at
thii wavelencth., The melar absorptivity is 3.5 x 104
i m1™?! em™ 7, The data obtained by the present method
are In good agreement with those obtained by A4S and

the oorrelation coefficient is 0.998,
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THBLE 4
Effect of liolarity of Perchloric acid on the Extﬂ%—
tion of Te-FBHA Complex in Chloroform. /

¥
s

Tel{1V) :,0‘80 pprm Solvent : Chloroford

FEEA # 10 ol (0.2%) in " Color ¢ Yellow

chloroform, \max . 345 nm
HC10, % Extraction rMolor absorptivity

(ri) 1 m01_1 em™?

5.0 0 0 1
5.5 0 0

6.0 18 6.3 x 107

6.5 46 1.6 x 10%

7.0 100 5.5 x 10"

7.5 69 2.4 x 10%

8.0 ' 58 2.0 % 10%

Effect of Molearity

The extrection of te]iurigm was crrricd out in the
ranze of 6-8 K HClOQ. The res&lts‘given in Pable 1 indi-
cate that the 50% extrsction is obtained at 6.5 IU 1IC10,
and maximum (100%) extrasctlon is at 7.0 I HC10,. Abovel
7.0 M the extraction decrinses and hence all the ex, A @

tions were carried out at 7,0 H HC10,,.
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TABLE 2 T
Eifect of Solvents on the Extraction of Tellurium
with N~phenyluenzohydroxamic acid.

Te(I¥) ¢ 0.80 ppm Solvent : Chloroform
PaHA $ 10 ml (0.2%) Color : Yellow
in chloroform amax ¢ 345 nm
A0, 740 H‘
Bo.veils % Extraction lolur absorptivity
1 wol™! em™?
Chlo oiorm 100 3.5 x 101“
Tolu.ne 54 1.9 x 10&
Isoa .yl alcohol NE NE
Methys1lisobutyl ketone NE NE

NE = Not Extracted

Effect of Solvent

The tellurium was extracted with various solvents
including chloroform, toluene, isocamyl alcohol and methyl
isobutyl ketone, Chloroferm was found the most suitable

solven! for extraction of tellurium (Teble 2).

Effect of Reagent Concentration
Tellurium was extracted at 7 M HClOa with varying

the r¢agent concentrations, The results given in
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TABLE 3
Effect of PBHA Concentfetion
Te(IV) + 0.80 ppm Solvent: Chloroform
HCLO, & 7.0 M Color : Yellow
Amax i 345 nm

PBHA 0,.2% Absorbance olar absorptivity
added ml. 1 m°1-1 cm'1 .

2.5 0.12 1.9 x 10*

5.0 0.16 2.5 x 10"

7.5 0,22 3.5 x 10%

10.0 0.22 3.5 x 10°

15.0 0.22 3.5 x 10°

Table 3 show that 10 ml of 0.2% N~phenylbenzohydroxamic
acid (PBHA) is adequate for ithe 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

no adverse effect on the extzactibn of tellurium.

« ' i
Effect of Shaking time and Stability of the Color

It was confirmed that menual shaking time of 5-10 min,
was adequate for the completa extraction of tellurium.
: . )
However, a longer shaking%time had no adverse effect on the

equilibrium aystem. The conmplex is stable under optimum

17
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,conditiins and the absorbance remained unchanged for several

_hrs,

Validit ot the Béer's Law

Be.r's law is obeyed in the range of 0,10 ;o
5.0 ppm of tellurium. The Sandell's sensitivity is
0.00365 Mg/cn®. The Beer's law limit for the flame-
less atumic absorpZion spectrophotometric determination

of tellurlum is 0.01 = 0.08 ppm.

Etignt Hf tilverse Ions

pf1. ot airunts of diverse ions wery added to a
thred En6 1l 8 tellupiug and extracted according to
the prucesaé. Fost of the metal lons ansocleted with
twllurd am do not interfere, The interferencg of large
arount »f Se(IV) can be tolerated by maskingfit!wif% the
mixture of citric acid, sodium tartarate and EDTA. The

data a3y shown in Table &,
Determination of Tellurium in the presence of Selenium

Tellurium and selenium have similar analytical and

chemiCe% properties and usually occur togetherf Hence,
§€§aF§1ion of tellurium from selenium is very difficult.
Selenium forms reddish yellow complex with PBHA
extractable into chloroform from highly scidic media
togethur with tellurium. However, selenium can be selecti=~
vely musked with the mixture of citric acid, sodium tartrate

and EDYA, the resulting complex was soluble in water
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TABLE 5
el ermination of Tellurium in presence of Selenium

P e

Tell/Fium Selenium  Tellurium found
taken {(jpH) added (mg) (ppm)™” '; Sggﬁ%gég"t
Px;esent* AAS %
method
1.9 50 1.00 0,99 1,00
3.9 | 50 %01 3,00 0.66
54 60 5.01 3400 0.20
7.) 60 6.99 7.00 0.28
s ) 70 9.00 .10 0,22
110 70 10.99 10,99 0.27

R T R T 2 S

* Leviu dotarminations
## 'me regression equation for the tvwo methods is
= £,998 4 + 4’””{”“%

tiere T = Telluy lum Ly {~{krophotometry, A = Tellurium
1/ 4h8 and r = Correlal Jcn coefficient,

-
o
(o}
(@]
25k 5“-%5;?5-

&2
5

A

P

and 1ellurium cen be extracted as Te-FBHA complex. The

results are shown in Table 5,

Stol hlometry of the Le!PBHA Complex

The stoichiometry of the Te~PBHA complex was determined
by tokin: a fixed amount of metal and rreduglly increasing
the vrmount of res-ent, The slope of the plot of log Dr,i
(the lozerithm of the distribution coefficient of the metal)

ageiast the loy € {the logardthm of the ligcnd concen=
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TABLE 6

Determination of Tellurium in N35 Cartridge Brasces

Certified

Semple Te found Coefficient
Te % % of variation
: %
NBS - 1100 0,0035 0.0034 5.88
NBS - 1101 0.0015 0.0013 7.69
NBS - 1102 0.0003 030003 16.66
tration)15 was found to be 2,2 coafirms that the tel LI

[

ium to PEHA rctio is 1:2.

The probable reaction pesed on the :bove reiultis
it as follows:

Te(C10,), + 2 HA mnommm= Te(A)5(C10,), + 2HC1O,
vhere HA = PHHA. !

Determinetjon of Tellurium .n NBS Cartridge brasses

Th‘ Jmethod wus also alulied to three standsrd
l
reierence certrid:e brass s.mples. The results of these

n“yses are shown in Table 6.
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