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SEPARATION - SPECTROPHOTOMETRIC DETERMINATION OF Mo (vi) AND
V(v) IN THE THIOCYANATE SYSTEM

Kawmin Kuan, MuMTaZ AND M. AMIN
PCSIR Laboratories, Jamrud Road, Peshawar, Pakistan
(Received June 27, 1987; revised August 4, 1990)

An investigation of the complexes formed between Mo(vi) and V(v) and thiocyanate in hydrochloric acid
solution has been carried out. The extractability of Mo(vi) by high molecular weight amine (HMWA) in organic
solvent (CHCL) and its separation from V(v) was examined. The orange - ¢oloured complex of Mo(vi) - SCN is
quantitatively extractable into the organic phase containing tribenzylamine (TBA) a high molecular weight amine
(HMWA), whereas the blue-coloured complex of V(v) - SCN formed under the same conditions gets separated in
the aqueous phase. On the basis of selective extractability, a method has been developed for the separation and
spectrophotometric determinations of Mo(vi) and V(v) in presence of many other elements. The molar extinction
coefficients were found to be 0.91 x 10° and 0.70 x 10* M 2cm™! respectively for Mo(vi) and V(v). The extractability
of the complex by HMW A suggests that the coloured species is anionic.

Key words : Separation, Determination, Molybdenum, Vanadium.

Introduction

The use of high molecular weight amines (HMWA)
may be said to date from 1948. More recently advantage
has been taken of the use of thiocyanate as a method of
chemical scparation [1]. A number of analytical methods
have been developed for the spectrophotometric studies of
molybde num. Khattak [2] studicd the extraction and
spectrophotom ctric determination of molybdenum as
Mo(vi) - Sn (ii) - SCN complex into high molecular weight
amine. Thio-compounds, such as dithiol, phenylpyraze
line-1 dithioca rbamate, 2,3-dimercaptopropionic acid,
8- mercaptoquino line, thioglycollic acid, disodium cis and
1,2- dicyanocth ylene were also uscd for the spectro-
photometric determina tion of molybdenum [3-8]. But very
little studics have been made to scparate as well as
determine spectrophotometri cally Mo(vi) and V(v) which
always coextract as well as in terfere in the
spectrophotometric determination of cach other. In the
present studies the authors developed an ana lytical method
which concerns not only with the spectro photometric
determination, but also the consccutive and quantitative
separation of Mo(vi) and V(v) at the samc acid
concentration. The present studics were undertaken after a
study of the extraction and scparation of thiocyanate com

plexes of Co(ii) and Fe(iii), Co(ii) and Mn(ii) - [9-10].

Experimental
Apparatus. Erma Spectrophotomcter Model LS-7.
Reagents ;Standard molybdenum solution .1.5 g purc MoO,
was dissolved in a few ml of sodium hydroxide diluted with
water, made acidic with hydrochloric acid, and dilutcd upto
1 L. The solution was further diluted to 0.001% in 0.1 N
hydrochloric acid 1 ml - 10ug.

Standard vanadium solution . 1.78 g of pure VO,
previously ignited at 500° was dissolved in a slight excess
of sodium hydroxide, acidified with a fcw ml of hydrochlo
ric acid and diluted to 1 L. This solution contained 1.00 mg
of vanadium per ml. The solution was further diluted to
give a solution containing 0.01 mg V per ml.

Potassium thiocyanate (aq.): 10 M. Tribenzylamine
(TBA): 5% (W/v) in purc and redistilled chloroform. All
other chemicals used were of analar grade.

Procedure. Take cqual amounts of molybdenum and
vanadium in a 100 ml separating funnel. Add 1 ml of 10 M
KSCN solution followed by 0.8 ml of 10 M HCI and dilute
10 10 ml with distilled water. Then add 5 ml of 5% triben
zylamine (TBA)/chloroform solution and shake the con
tents for 2 min. Allow the two phases to scparate, collect
thc organic phase in a dricd beaker after passing it through
a small (10m) Whatman filter paper to remove the sus
pended water droplets, and measurc the absorbance at
470nm against a blank containing all the reagents except
molybdcnum. Determine spectrophotometrically the vana
dium left in the aqueous phase under the same conditions
at 760 nm.

Results and Discussion

Formation of Mo(vi) - SCN and V(v) - SCN complexes
and the extraction of Mo(vi) - SCN by amine. The coloured
complexes of Mo(vi) - SCN and V(v) - SCN werc formed
by adding thiocyanatc into a solution containing
molybdenum and vanadium in presence of hydrochloric
acid. 5 ml of tribcnzylamine (TBA)/chloroform was added
to the colourcd solution in a separating funncl, and the two
phascs were shaken for 2-3 mins. The phascs were then
allowed to scparate, and the orange-coloured complex of
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Mo(vi) - SCN was quantitatively cxtracted into the organic
phase. The bluc - coloured complex of V(v) - SCN formed
under the same conditions remained in the aqueous phase.
The organic phase was collected in a dricd beaker after
passing it through a Whatman filter paper to remove the
suspended water droplets. The absorption spectrum was
determined with respect to a blank containing all the
rcagents except molybdenum and extracted in the same
way. The spectrum showed the maximum absorption at 470
nm (Fig. 1). The absorption spectrum of V(v) - SCN in the
aqueous phasc was also measured against a blank (distilled
water). The spectrum showed the maximum absorption at
760 nm (Fig. 2).
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Fig. 1. Absorption curve of Mo (vi)- SCN after cxlra_c-tion into
Tribenzylamine.
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Fig. 2. Absorption curve of V (v)- SCN in aqueous phase.

Calibration, sensitivity and Stability . A mixture of
known concentrations of molybdenum and vanadium were
taken and analysed for Mo(vi) and V(v) using the foregoing
procedure. Their absorbances werc measured at 470 nm
and 760 nm respectively. These observations are shown in
Fig. 5. Bear’s law was closely obeyed for the solutions
containing 0.2 - 5 p.p.m. of molybdenum and vanadium.
The molar absorption coefficients of molybdenum and vana
dium found were 0.91 x 105 and 0.70 x 10* M%cm!

respectively. The orange-coloured complex of Mo
(vi)- SCN was fairly stable for a fortnight, whereas the col-
ourcd complex of V(v) - SCN was found to be stable only
upto 3 hrs.

Effect of solvents and extractants. Two types of
solvents i.c. benzene and chloroform and two types of
extractants i.e. tribenzylamine (TBA) and allaminc - 336
were used and their cffect on the overall extraction and
separation of molybdenum and vanadium was studied.
When benzene solution of TBA or chloroform solution of
allamine-336 was uscd, the complexes of molybdenum and
vanadium became turbid and precipitated after shaking.
When chloroform solution of tribenzylamine (TBA) and
benzene solution of allamine-336 were used as extractants,
no precipitation or turbidity was obscrved, and quantitative
extraction of molybdenum and ncgligible extraction of va-
nadium was achicved. Morcover the allamine-336 solution
in benzene under the same conditions quantitatively ex-
tracted both the molybdenum and vanadium complexcs.
This was in confirmation with our carlicr work on the ex-
traction and scparation of Co(I) and Fe(III), Co(IT) and
Mn(II) respectively [9-10].

Effect of hydrochloric acid concentration. The cffect
of hydrochloric acid concentration in the range of 0.1 M -
1.8 M was studicd on the overall extraction and scparation
of molybdenum and vanadium. It was observed however
that 0.8 M HCL is the most suitable concentration for
maximum colour intensity and efficient extraction and
separation. Thesc obscrvations are shown in Fig. 3.

Effect of thiocyanate concentration .The cffect of thio-
cyanate concentration (0.1M - 2.5 M) was also examined. It
was found however that maximum colour intensity and
eflicient cxtraction and separation could be achicved in the
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Fig. 3. Effect of HCI concentration on the extraction and separation
of Mo (vi) and V (v).
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Fig. 4. Effect of KSCN concentration on cxtraction and separation
of Mo (vi) and V (v).
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Fig. 5. Calibration curves of Mo (vi) - SCN and V (v) -SCN.
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range 0.90 - 1.0 M KSCN concentration. Thesc
observations arc shown in Fig. 4.

Effect of shaking time . Having studied the effect of
HCI and KSCN concentration, cfforts were also made to
study the effect of shaking time and it was noted that the
system attained cquilibrium after 2.0 min. and no change
was noted in the absorbance, by incrcasing the shaking time
upto 5 min.

Effect of phase volume ratio. Keeping HCI and KSCN
concentrations as 0.8 M and 1.0 M respectively the same
amount of molybdenum and vanadium present in varying
volumes of the aqueous phase (Vaq) was extracted into 5
ml of TBA in chloroform (Vorg). The cxtraction was
quantitative and the absorbance remained unchanged upto a
phase volume ratio (Vag/Vorg) of 1:2.

Effect of diverse ions. The intcrference caused by
diverse ions was studied by determining 10 pug each of
molybdenum and vanadium by the foregoing procedure in
presence of varying amount of interfering ions. The absor-
bance notcd was then compared with a similar aliquot of
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molybdenum and vanadium only. It was found that, three
types of interferences arc most frequently encountered:

(a) Tons which form anionic complexes with SCN
will be cxtracted into the amine phase e.g. Cu?,
Co?, etc.

(b) Tons which form cologred anionic compounds
with SCN- and which are extracted into organic
solvents because of its solubility in these solvents
e.g. Cr*,

(c) Tons which oxidize SCN - to a coloured solublomplex
of indefinitc composition.

As shown in Tablcl, AI**, Mg.>, Pb*, Cd*, PO,*,

NO-,, SO,*, Na* and K* did not interfere even when

present in the hundredfold excess, however the

interferences by Cu?, Ni?, Fe*, Wé*, US* and Zn?* are
apprcciable. These metals however do not interfere
when present in ten-fold excess.

As a final check, one of us analysed cight number of
synthetic mixtures for molybdenum and vanadium by the
forcgoing proccdurce. The results of these observations are
given in Table. 2.

Results of the .analyses of synthetic mixtures of
Mo(vi) and V(v) by the foregoing proccdure indicate that
the extraction of Mo(vi) into tribenzylamine
(TBA)/ chloroform, its estimation as Mo(vi)-SCNS as well
as E. seems to depend upon acid and thiocyanate
concentrations.

TABLE 1. EFrFECT OF DIVERSE IoNs (MOLYBDENUM AND
Vanaprum TAkeN, 10 pg EAch).

Diverse Amount Molybdenum (pg) Vanadium (ug)
ions (ng) Found Error  Found Error
He 1000 10.50 +0.50 infinity not measurable
Co* 100 11.00 +1.00 10.00 0.00
Ni? 5000 9.00 -1.00 10.00 0.00
Cr¥ 2000 10.50 +0.50 10.10 +0.10
Zne 1000 10.00 00.00 10.50 +0.50
Wwe+ 100 10.50 +0.50 10.00 0.00
Co* 1000 10.30 +0.30 10.00 0.00
Mn?* 5000 10.00 0.00 9.00 -1.00
it 2000 10.00 0.00 9.20 0.80
st 5000 11.00 +1.00 9.80 -0.20
Na* 5000 10.00 0.00 10.00 0.00
K 5000 10.00 0.00 10.00 0.00
Pb* 500 10.00 0.00 10.00 0.00
Mg? 1000 994 -0.06 10.00 0.00
AP+ 2000 9.98 -0.02 10.00 0.00
Ba* 2000 9.82 -0.18 9.80 -0.20
Sulphate

Nitrate  [1.0g 10.50 +0.50 10.6 +0.60
Chloride

Phosphat
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TABLE 2. ANALYSIS OF SYNTHETIC MIXTURES

S. Molybdenum (pgs) Vanadium (ugs)

No Present Found Error Present  Found Error
1. 10 10.00 0.00 10 10.00 0.00
2. 20 20.00 0.00 20 9.90 -0.10
3. 30 30.10 +0.10* 30 29.80 -0.20
4. 40 39.90 -0.10 40 40.20 +0.15
5. 50 50.05 +0.05 50 49.85 -0.15
6. 60 60.00 0.00 60 60.25 +0.25
7 80 79.85 -0.15 80 79.50 -0.50
8. 100 100.20 +0.20 100 100.05 +0.05

The maximum ecxtraction and scparation of
molybdenum and vanadium occurs at 0.8 M HCl and 1.0 M
KSCN. The complex formed between Mo(vi) and SCN- is
readily extracted into tribenzylamine in chloroform solution
and the blue-coloured complex of V(v) - SCN remains in
the aqucous phase. Although these observations were no
gaurantee that V(v) was not extracting at all in the organic
phasc under the specified conditions, yet it docs not
obscure the colourcd complex of Mo(vi) - SCN, and
therefore, no interference was noted in the cstimation and
separation of Mo(vi) and V(v).

The spectrophotometric method developed was also
the modification of the existing mcthods [3-4] to avoid the

extragenous addition of SnCl, and is very simple and less
time consuming as it does not involve any reduction  step.
The analytical importance of the method was checked by
the analyscs of several synthetic mixtures.
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