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Rapid determination of tellurium(1V) by ultraviolet spectrophotometry using
0-methylphenyl thiourea as a new chromogenic ligand
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O-Methylphenyl thiourea (OMPT) coordinates with tellurium(lV) as a 1:1 (tellurium(IV)-OMPT) complex in
hydrochloric acid medium (7.0 mol L). The novelty of the proposed method is the instant complex formation at room
temperature with no need of heating or standing. Method is applicable over a wide Beer’s range (up to 70 ug ml?). A
low reagent concentration is required (2 ml, 0.018 mol L in methanol). The complex exhibits maximum absorption at a
wavelength of 280 nm. The molar absorptivity is 1.98x10* L mol? cm?, Sandell’s sensitivity is 0.00641 pg of
tellurium(1V) cm2. The proposed method was successfully applied for analysis of a real sample.
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INTRODUCTION

Abundance of tellurium in the earth’s crust is
0.001 ppm. Its compounds are used in metallurgy,
mostly in making steel and non-ferrous alloys [1]. It
is used as a semiconductor material. Tellurium and
its compounds are widely used in thin films,
rechargeable batteries and charge transfer systems.
Compounds like hydrogen telluride are highly toxic
in nature. Tellurium exposure results into garlic-
like breath. Tellurium aerosol irritates the eyes and
the respiratory track. Tellurium compounds may
affect liver and central nervous system. It causes
abdominal pain, constipation and vomiting. It is a
potential toxic environmental pollutant [2].
Addition of tellurium to lead prevents corrosion [3].
Cadmium telluride photovoltaic modules have
become the lowest-cost producer of solar electricity
[4]. Trace abundance, application in metallurgy,
solar and semiconductors, environmental toxicity
and health hazards support the necessity and
demand for the development of a simple, sensitive
method for determination of tellurium and
monitoring trace tellurium concentrations in various
sample matrices.

Many analytical techniques have been studied
and methods for determination of tellurium have
been reported such as voltammetry [5], stripping
voltammetry [6,7], inductively coupled plasma
atomic emission spectroscopy (ICP-AES) [8,9],
inductively coupled plasma mass spectrometry
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(ICP-MS) [10-12], atomic absorption spectrometry
(AAS) [13,14] and hydride generation atomic
fluorescence spectrometry [15]. These methods,
based on different instrumental techniques, have
positive merits like determination at trace level, low
limit of detection, minimum interferences, analysis
of various sample matrices and fast determination.
However, practical application of these techniques
has serious drawbacks and it requires sophisticated
instrumentation.  Spectrophotometric  molecular
absorption methods involve less expensive
instrumentation, and are simple to operate with
high sensitivity.

Recently, very few reagents and a limited
number of methods are reported for
spectrophotometric determination of tellurium.
According to the review of literature for
spectrophotometric determination of tellurium, the
methods are based on catalytic Kinetic
determination [16-19], synergic extraction [20],
direct spectrophotometric determination [21-25],
solvent extraction spectrophotometric
determination  [26-31], determination  after
extraction using molten naphthalene [32-34] and
determination by ion-association  complex
formation [35]. These methods are sensitive, but
have the drawback that catalytic kinetic methods
need controlled conditions. Most  direct
determination methods suffer from interferences
from associated metal ions and extraction
spectrophotometric determination methods require
costly and environmentally hazardous organic
solvents.
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In our laboratory, work has been carried on for
extraction spectrophotometric determination of
platinum group metals using OMPT [36-41],
ruthenium & osmium [42], selenium [43],
palladium [44] and cerium(1V) [45] using OMePT.
In extension of this work, solvent-free direct
spectrophotometric determination of tellurium with
the sensitive chromogenic chelating ligand o-
methylphenyl thiourea (OMPT) was developed in
this work.

EXPERIMENTAL
Apparatus

Elico digital spectrophotometer model SL-159
with 1 cm quartz cells and Contech electronic
balance model CA -123 were used for absorption
measurements and weighing. Glassware was
cleaned by soaking in acidified solution of
potassium dichromate followed by washing with
soap water and rinsing twice with distilled water.

Standard tellurium(1V) solution

A stock solution of tellurium was prepared by
dissolving 0.250 g solid tellurium metal in a
nitrating mixture, HCI:HNO;3 (1:3) and diluting up
to the mark in a 250 mL standard volumetric flask.
A working standard solution (25 pg mL™) was
prepared by diluting an aliquot of the stock solution
with distilled water.

0-Methylphenyl thiourea solution

O-Methylphenyl  thiourea  (OMPT)  was
synthesized as reported by Frank and Smith [42].
!H NMR spectrum of o-methylphenyl thiourea is
given in Fig 1. A 0.01 mol L* methanolic solution
was prepared by dissolving 0.149 g of OMPT in 20
mL of methanol and diluted up to the mark with
methanol in a 50 mL calibrated volumetric flask.

Solutions of foreign ions

Standard solutions of different metal ions used
to study the effect of foreign ions were prepared by
dissolving weighed quantities of their salts in water
or dilute hydrochloric acid in a calibrated
volumetric flask. Solutions of anions were prepared
after dissolving their respective alkali metal salts in
water in a calibrated volumetric flask. Distilled
water was used throughout the study.

Recommended procedure

An aliquot of a solution containing 25 pg of
tellurium(1V), hydrochloric acid (6.2 mL) and 2 mL
of 0.018 mol L! OMPT in methanol was
transferred to a 10 mL volumetric flask and diluted
up to the mark with water. The absorbance of the
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tellurium-OMPT complex was measured in the
ultraviolet region at 280 nm against reagent blank
prepared in a similar manner.
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Fig. 1. 'H NMR spectrum of o-methylphenyl
thiourea (OMPT).
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RESULTS AND DISCUSSION
Spectral characteristics

Tellurium(lV) formed 1:1 (tellurium:OMPT)
complex in 7.0 mol L hydrochloric acid medium.
The complex showed maximum absorption at 280
nm. The optimum conditions for determination of
tellurium were established by studying the
hydrochloric acid concentration, OMPT
concentration and interferences by various foreign
ions. The proposed method, when compared with
other extraction spectrophotometric methods,
(Table 1) offers advantages such as reliability, easy
reproducibility, and simple operation for
determination of tellurium (IV). The spectral and
physico-chemical characteristics along with the
precision data are reported in Table 2.

Absorption spectra

The absorption spectrum of the tellurium-OMPT
complex showed maximum absorbance in the
ultraviolet region at 280 nm. Thus, all further
spectral measurements of the complex were made
at a wavelength of 280 nm (Fig.2).

Effect of hydrochloric acid concentration

Tellurium(IV)-OMPT complex formation was
studied in hydrochloric acid, nitric acid, sulphuric
acid and perchloric acid. Amongst the acids
studied, the tellurium(IV)-OMPT  complex
formation took place in presence of hydrochloric
acid but not in any other acid studied. Maximum
absorbance was registered in 7.0 mol L*
hydrochloric acid. Hence, all further measurements
were performed in 7.0 mol L* hydrochloric acid
(Fig. 3).

Effect of reagent and extraction solvent

The reagents studied were methanol,
dimethylsulphoxide (DMSQ), dimethylformamide
(DMF) and 1,4-dioxan. There was no complex
formation in the presence of DMSO. Complete
complexation with maximum absorbance was
achieved in methanol. Hence, methanol was chosen
for further study. Various extraction solvents were
studied, viz., chloroform, benzene, toluene, xylene,
isoamyl alcohol and butanol, but none of them was
effective for the extraction of the Te-OMPT
complex.

Effect of OMPT concentration

The concentration of OMPT in methanol (2.0
mL) was varied in the range of 0.005 - 0.02 mol L™
It was observed that 2 mL of 0.018 mol L* reagent

was sufficient to ensure complete complexation,
(Fig. 4). The excess reagent has no adverse effect
on the determination of tellurium(IV).
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Fig. 3. Effect of hydrochloric acid concentration.
Te(1V) 25 pg; OMPT 2.0 ml, 0.01 mol L%, Amax 280
nm

04

035 4

na

0l +

Abzorbamcs

015

LN

005

n 0,05 nmnL nns mn2 nnls

Concentration of ONLTPT

Fig. 4. Effect of o-methylphenyl thiourea (OMPT)
concentration. Te(1V) 25 pg; HCI 7.0 mol L'%; Amax 280
nm.
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Table 1. Comparison of the present method with spectrophotometric determination methods of tellurium.

Reagents D Condition Beer’s Law Salvent Ilalar Retratl Ref
[istia)] validity range, Ahsorptivity,
-1 1
{pgmL’) (Lol cmi)
Crallocyaire 618 pHfSD 2.0-200 wrater HE Tt erfer ingiors reed rertovala fer passin g fhoogh 16
acetate baffer ngm cation e achange resin
Cety] trimether] srmrordurmbromide 600 pHi40 0.a=500 wrater HE 30 min standivg 4t 35 Chefore indtisionoeation 17
acetate o ffer ngml
Lo meethorlere Gree 650 pHIZD 02-25 wrater 49 x10° Trterfirence stady of S Bi, Ponot sndied 13
acetate affer [T=giv
Tohaidire bhae 630 pH!T2 0.01 -ong wrater HE Cortroled 25 'C esseptialfor conp letion of 19
phuophate torffer pz reaction. Lengfhoyr analesk tire 100 sec.
PHGS 425 30 MHHNO 10 twldn 12 dichrosthae 167 x10* 100 howr centrifngation and 10 win standing to a0
dirrethyli oxmmolylamop ey lamo caliz(4 ke [TE=4:5 separite phases
21
Hileble 580 GOMHEE0, 0.004 -0 006 vriter 333 x10 10 pin stan divg before pdding reagent and 5 min
pg ctanding ot er addivg reagert
4-troerophiereel Tordramie 550 40 MHa0H 1.0-25 wrater 10=x10 50 min standing et wobure restricted to 1 0nd a2
=371
Chropre ammol 5 525 pHIZ1 Upto 20 wrater 253 %107 MEthod is ek to order of addition of ]
pz ml Teagerts 5 rmi stand gty catd ons Dberfere
ALRA-difacetonrathy Tid ocarbooranid 542 40 -550 0.04-150 Tonalerwe A3toll2 Hg(TI) irderfires , Mo applicatione cidied il
H.30, gl x10°
Hexbrowi de-d iadipyre rethare 336 PR HE chlorofimn 1822 x10 Starding 15 n to enamre complexation, a7
H.50, lenzfhey pro cedr & vwrith more romsh er of
cherricg 1s e quired
1-(27 37-dichbrophuryd)-4 # f-trivethyl-(1H, 430 H( 2.5-125 chlorofomm. 756 %10 Ho real sarples analymed 28
4 Hpreriri dine- 2-thiol [I=g.5
1-(4-Ercezophe vyl 4 4 §-mvether - 1.4 - 440 HC1 1.0 -150 chlorofimn .1xl0 Ho real samples analy zed 29
dibydropyrimid ne-2 -fhinl g
Meorphoolie-4-cabodifticode 415 pH/ZS-TD 0.5-125 chlorofomm 107 x107 Heating &t 60°'C conplexstable onfor 34 hoon 32
[T=g% chilarofonm
o Mithyp huvgyl thionres (OBP Ty 280 7OMHEL 05-125 wratar 199 %10 Mirdmrre agent requine d. Ho nee d of organic T
pE soluat . Highermolar she orptivity. Wide beer’s

Tahge

NR : Not reported, PM : Present method.

Table 2. Spectral and physico-chemical
characteristics along with precision data of the tellurium-
OMPT complex.

Spectral characteristics and

precision
Hydrochloric acid concentration 7.0 mol I

Parameters

Reagent solvent methanol

Reagent concentration 2 ml, 0.018 mol I
Amax 280 nm

Molar absorptivity 1.99 x 10*Lmol*cm*
Sandell’s sensitivity 0.00641pug cm™

up to 70.0 pg ml?
13.0 to 70.0pug ml?

Beer’s law range
Ringbom’s optimum range

Limit of detection 0.77ug ml?
Relative standard deviation 0.004%
Stoichiometry of the complex  1:1 (Te:OMPT)
Stability of complex 1.0h
Correlation coefficient 0.99

Stability of the complex

The stability of the complex was studied by
measuring the absorbance at intervals of 10 min
each. Absorbance of the complex was stable for a
period of 1.0 h.
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Beer’s law and sensitivity

Beer’s law was obeyed over the concentration
range up to 70 pg mL? (Fig. 5). Ringbom’s plot
was of sigmoid shape with a linear segment at
intermediate absorbance values of 13.0 to 70.0 ug
mL* and with a slope value of 0.576 (Fig. 6). The
ratio between the relative error in the concentration
and the photometric error was found to be 3.99. The
sensitivity of the method as defined by Sandell was
0.00641 pg cm? and the molar absorptivity was
1.98 x 10*L mol™* cm™. The correlation coefficient
value of the tellurium-OMPT complex with
concentration in pg mL* as independent variable
and absorbance as dependent variable was found to
be 0.99. The standard deviation calculated from 10
determinations of a solution containing 25 ug
tellurium was 0.004.

Stoichiometry of the complex

The composition of the tellurium(IV):OMPT
complex was ascertained using the slope ratio
method by plotting the graph of log D¢t against
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Fig. 5. Beer’s law. Te(1V) 25 to 100 pg; HCI 7.0 mol
LY, OMPT 2.0 ml, 0.01 mol L; Amax 280 nm
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Fig. 6. Ringbom’s plot. Te(IV) 25 to 100 pg; HCI 7.0
mol L1 ; OMPT 2.0 ml, 0.01 mol L%; Amax 280 nm.

log Comery at 1.0 mol L? and 3.0 mol L*
hydrochloric acid concentration. These graphs were
linear with slope values of 0.89 and 0.98,
respectively (Fig. 7). Hence, the probable
composition of the extracted species was calculated
to be 1:1 (tellurium(IV):OMPT). The composition
of the complex was also confirmed by the mole
ratio method (Fig. 8) which supported the
stoichiometry as 1:1 (tellurium:OMPT). OMPT acts

as a multidentate ligand, sulphur from the thio
group (-C = S) and nitrogen from the amine group
(-NH2) coordinating with tellurium to form a 1:1
(tellurium:OMPT) complex. Based on this
investigation the probable structure recommended
for the complex is given in Fig. 9.
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Fig. 7. Stoichiometry by the slope ratio method -
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Fig. 8. Mole ratio method.
Te(lV) 25 ug; HCI 1.0 mol L%, 3.0 mol Lt and 7.0
mol L't; OMPT 2.0 ml (0.001 mol L to 0.01 mol LY);

Amax 280 nm.
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Table 3. Effect of foreign ions. Te (IV) 25 ug; HCI 7.0 mol L ; OMPT 2.0 ml, 0.01 mol L% Amax 280 nm.

Foreign Added as Tolerance  Foreignion  Added as Tolerance
ion limit (mg) limit (mg)

Mn(11) MnCl,.6H,0 0.25 Ca(ll) CaCl,.2H20 0.50
Ce(lV)  Ce(S04)2.4H,0 1.00 TI(11) TI,0; 0.02
Co(ll) CoCl,.6H,0 1.00 In(111) InCl3.4H,0 0.50
Bi(11) BiCls 0.25 Os(V111) 050, 0.13
Ni(I1) NiCl.6H,0 1.00 Ba(ll) BaCl..6H.0 10.0
Se(11) Se0, 0.10 Ir(11) IrCls 0.25
Al(111) AICl3.6H,0 0.80 0s(1V) 0s04 0.13
La(l11) LaCls.7H,0 3.00 Zr(1V) ZrOCl,.8H,0 0.10
Li(1) Licl 0.10 As (I11) As;03 0.50
Ti(l) (Ti2S04) 3 0.25 W(VI) Na,W0,4.2H,0 0.10
Mg(11) MgCl,.6H,0 1.00 Zn(11) ZnS04.7H,0 50.0
sn(ll) SnCl,.2H,0 0.10 Be(ll) BeS04.2H,0 0.10
Ga(lll)  GaCls 1.00 sr(llN) Sr(NO3), 2.50
Au(lln) HAUCIO4.H.0 1.10 Sulphate K2SO4 0.50
Mo(VI)  (NH)sMO7024.2H,0  0.25 Succinate (CH;COONa),.6H.0  0.25
Sb(111) Sb,03 1.00 Citrate CeHsO7.H20 0.50
V(V) V,0s 0.25 Malonate CH2(COONa); 1.00
Ce(1V) Ce(S04)2.4H,0 0.25 Acetate CHsCOONa.3H,0  10.0
UVl UO,(CH3C00),.2H,0  0.25 ED.T.A Na,EDTA 0.75

S washings was evaporated to moist dryness and

// T Te cooled. The residue was dissolved in water and

__C_ made up to the mark in a 10 ml volumetric flask.

CHs
Fig. 9. Probable structure of the tellurium-OMPT
(2:1) complex.

Effect of foreign ions

Various foreign ions were tested to determine
their tolerance limits in the determination of
tellurium(lV) (Table 3). The tolerance limit was
defined as the amount of the ion, which does not
cause deviations more than + 2 % in the absorbance
of the tellurium-OMPT complex. A large number
of foreign ions do not interfere in the method
except chromium(VI), lead(ll), rhodium(lIl),
copper(I), cadmium(I1) and mercury(ll).

APPLICATIONS
Analysis of a solar glass plate

The method developed was applied for
determination of the tellurium content of solar glass
plates present in solar calculators. Known weight of
a solar plate containing a thin layer of tellurium
below the transparent glass was treated with aqua
regia to dissolve the tellurium. It was washed with
water and the washings were collected in the same
container. The clean glass plate was dried and
weighed to get the weight of the tellurium coating.
The solution containing tellurium, aqua regia and
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1.0 ml of this mixture was used for determination
of tellurium by the recommended procedure. The
results obtained are in good agreement with those
obtained using a standard method (Table 4).

Table 4. Determination of tellurium from a solar
glass plate. HCI 7.0 mol Lt, OMPT 2.0 ml, 0.01 mol L
L Amax 280 nm.

Weight of Tellurium
. Tellurium  content by the %
tellurium - .
" present recommended  Tellurium*
coating method
0.0035¢g 0.1155 0.1153 99.82

*Six determinations
CONCLUSIONS

O-methylphenyl thiourea (OMPT) is a highly
sensitive reagent for determination of tellurium
when compared with other spectrophotometric
determination methods (Table 1). It was
successfully applied to the determination of
tellurium in a real sample.

Salient features of the proposed novel method
are:

1. Low reagent concentration required for
spectrophotometric determination of tellurium.

2. Method is free from interferences from a
large number of foreign ions associated with
tellurium in its natural occurrence.

3. The method is applicable for analysis of
real samples.
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4. The proposed method is simple, rapid and
reproducible with quantitative recovery of tellurium
at a trace level.
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[TOMOILTA HA o-METWJI®OEHWMITUOKAPBAMN/I KATO HOB XPOMOI'EHEH JIMT'AH/|

C.P. Kyuexap™*, U.C. lllenap?, C.J. ITynare?, C. X. Xan®

Ylabopamopus no ananumuuna xumus, Jenapmamenm no xumus, Konexc I1.B.I1., Ilpasapanazap, Am/Io, Jlonu, Tan
Paxama, Axmeonazap, MC, Hnous
2Koneac U. T. H., Campan, Hnous
$/labopamopus 3a neopzanuunu nanomamepuany, enapmamenm no xumus. Yuusepcumem Xan HAn, Ceyn, FOxcna
Kopes

IMoctrenmna ma 8 1o, 2015 ., xopurupana Ha 28 cenremsp, 2015 r.
(Pesrome)

o-Metundpenunrnokapbamunst (OMPT) o6pasysa ¢ tenyp (IV) kxommiekc B MomapHo chTHomenue 1:1
(tellurium(IV)-OMPT) B comuo-kucena cpena (7.0 mol L), HoBocTra Ha mHpeajioxeHHs METO[ € He3abaBHOTO
o0pa3yBaHe Ha KOMIUIEKCa IPH CTaliHa TemiiepaTypa 0e3 HyKaa OT HarpsBaHe WK IPEecTOH. MeTOmbT € IPHIOKUM 3a
IIMPOK 00XBaT Ha 3akoHa Ha Beer (no 70 pg mlY). Msucksar ce HuCKHM KOHLeHTpaluu Ha pearenta (2 ml, 0.018 mol L
B MetaHon). KoMiekcbT nma MakcumanHa abcopOuus mpu qbmkuHa Ha BbiaHata 280 nm. Monaprata aGeopOrms e
1.98x10* L mol* cm, a uyscrsutennocrra no Sandell e 0.00641 pg 3a tenyp (IV) cm™. IlpennoxeHusT MeTos 6e
YCIIENITHO TPUIIOKEH 38 aHAJIN3a HA PEaHH IPOOH.
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