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ABSIBACf

Toluene-3,4-dithiol is a very sensitive reagent for the

spectrophotometric determination of tungsten and molybdenum.

Since the absorption spectra of the dithiol complexes of these

two elements overlap, a separation of the two elements is

necessary before the estimation of the individual elements is

carried out. This leads to time consuming extraction procedures.

Measuring the absorption of the mixed complexes at two

wavelengths and solving a set of simultaneous equations is also

not favorable because a lot of time and effort is required for

solving the simultaneous equations for each sample. A faster and

simpler method is described here for the simultaneous

determination of the 'two elements. The method is based on

measurement of absorbance of the mixed complexes at three

pre-selected wavelengths and simple calculations involving the

absorbance differences. The criteria for selecting the three

wavelengths and the theory are described. Application of the

method for- the determination of tungsten and molybdenum in ore

samples is presented. The method is applicable to any similar

system consisting of two interfering components.



DBTIEBMXNATION OF1 TUNO&OTtSK* AND
WITH D1THIOL
by

A. S. Navale

. 1. INTRODUCTION

Several reagents for the determination of tungsten irt th©

range are available and a summary of such procedures is given in

the review by Topping(1). The uost common reagents are

thiocyanate and toluone-3,4-dithiol. Of the two reagento,

dithiol is more sensitive{2). However, it has the disadvantage

that several ions interfere, especially molybdenum. Murthy

et.al. (3) have developed a rapid method for the estimation of

tungsten in ores. In their method most of the interfering ions

are eliminated by a modified dissolution step. But molybdenum

still accompanies tungsten and interferes in the estimation

step. Separation of the two elements results in the loss of

rapidity of the method. Navale and Sivaramakrii3hnan(4) have

modified the procedure of Murthy et. al. so that tungsten can be

determined in presence of molybdenum without separating the two.

Tungsten and molybdenum often occur together in many ores (5,6).

Several such samples were received in our laboratory for

chemical analysis. Estimation of both the elements in such

samples required sapar&tion of the two followed by estimation of

the individual elements separately. It was felt that estimation

of the two elements in the same aliquot without separation would



greately apeod up the estimation procotlwre. TO1M«W-3»4-iUthio

I e«n bo used as the spootrophotomotric reagent «<s it ra4»ot» with

tungsten and molybdenum. Measuring absorbance of the mix^d

dithiol complexes at two different wavelongtho and nolving a

pair of simultaneous equations would enable the analyst to

perform simultaneous estimation of tungsten and molybdenum. But

solving a pair of simultaneous equations for each sample is a

time consuming process. In addition, repetitive hand

calculations are tedious and the chance of error while

performing the calculations is high. Computers can perform

these laborious and repetitive calculations without error. But

computers may not be available all the time at all the locations.

Therefore, a simpler alternative procedure is desirable. The

present work is one such procedure.

2. PRINCIPLE

The principle of the method presented here is applicable to any

system containing two interfering components. Therefore the

derivations have been generalised in terms of two pure

components B and C and the mixture of these two denoted by A.

Simultaneous estimation of B and C in A is performed by measuring

the absorbance of A at three different pre-selected wavelengths

\1, X.2 and\3. The absorbanoes of A at these wavelengths are

denoted by Al, A2 and A3. Similarly, the absorbances of B are

denoted by Bl, B2 and B3 and those of C are denoted by Cl, C2 and

C3. The spectra of A, B and C are shown in Figure 1. The criteria

for selecting the three wavelengths and method of computing the

concentrations of the two components in the mixture are

described below.
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The estimation of component B in the mixture A i s carr ied out; by
i

measuring the abaorbanoe of A at two wavelengths)*.! atndX3. Tb»

method of selecting these wavelengths is shown in Fig. 1. Select

the first wavelength XI in such a way that both the components B

and C obey Beer's law at XI. Select another wavelength X3 such

that the component C has equal absorbance at Xl and X.3 but B has

different absorbances at these two wavelengths. The absorbances

of A, B and C at these wavelengths have the following

relationships:

(1)
(2)
(3

Subtracting (2) from (1) and putting Cl = C3 from (3) we get:

Al - A3 = (Bl + Cl) - (B3 + Cl)

or .

Dl = Bl - B3 (4)

where

Dl = Al - A3

From equation (4) it is clear that the absorbance difference Dl

is proportional to the concentration of the component B only and

is unaffected by the presence of the interfering component C.

Therefore a calibration graph can be constructed by plotting Dl

vs concentration of B in standards.

2. 2 Estimation of Component C

Thif3 requires measurement of absorbance of the mixture A at a
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third wavelength X2 to be selected as shown in Fig. 2. Draw

perpendioular lines at M and X3 on the wavelength axis. Theoe

lines cut the spectral curves of B and C at Bl and Cl and at B3 and

C3 respectively. Now join the points Bl and B3 by a straight line.

This line intersects the spectrum of B at B2. The wavelength X2

corresponding to this point B2 is the third wavelength required

for our purpose. From Fig. 2 we can write the following

relationships:

A2 = B2 + C2 (5)

B2 - Bl B3 - B2
= slope of st. line

B2 - Bl X2 - M

B3 - B2 \3 -X2

Since the right hand side of this equation is a ratio of

wavelength differences, it is always a constant. Let this

constant be denoted by K. Therefore,

B 2 ~ B 1

K =
B3 - B2

From (6) we note that the value of K is independent of the

concentration of B. But for the mixture A this is not true. We can

write the following equation for A:

A2 - Al (B2 + C2) - {Bl + Cl)

A3 - A2 (B3 + C3> - <B2 -f C2)



On rearranging the terms on tho right hand oide wo (jot;

A2 - Al (C2 - C D + <B2 - Bt>

A3 - A2 (C3 - C2> + (B3 - B2)

Subtracting (6) from (7) we have:.

A2 - Al <C2 - Cl) + <B2 - Bl> B2 - Bl

A3 - A2 <C3 •- C2> + (B3 - B2) B3 - B2

On simplifying the right hand side of this equation we get:

A2 - Al (C2 - Cl) - K.(C3 - C2)
_ jf _ __.

A3 - A2 (A3 - A2)

Eliminating (A3 - A2) from this equation,

(A2 - Al) - K.(A3 - A2) = (C2 - Cl) - K.(C3 - C2)

or D2 = (C2 - C D - K. (C3 - C2) (8)

where, D2 = (A2 - Al> - K.(A3 - A2) (9)

From (8) it is evident that D2 is proportional to the

concentration of C only. Thus a calibration graph can be

constructed by plotting D2 vs concentration of C.

Thus, by measuring the absorbance of the mixture A at the

three selected wavelengths both the components B and C can be

determined simultaneously in a simple way.

3. EXPERIMENTAL

The application of the equatic 3 derived above to the system of

tungsten and molybdenum dithiolates is described below. All

spectrophotometric measurements were made on a Shimadzu UV-240



Speotrophotomotor.

3. l

Dithiol reagent solution wab prepared by dissolving 0. 5g of

zinc salt of toluene-3, 4-dithiol (LB, BDH) in lOOmL of 1M aodium

hydroxide solution. 0. 5mL of thioglycollic aoid(LR, Merck) was

added to this solution as stabiliser. The reagent solution was

stable for one week when stored in a refrigerator. Standard

solutions of tungsten and molybdenum were prepared using AR

grade sodium tungstate and molybdenum trloxide respectively.

3. 2 Prooedure

Different aliquota of 5ppm standard solutions of tungsten and

molybdenum were pipetted out into 125mL separating funnels. 5mL

of dithiol solution was added to each of them and the volume

adjusted to 50mL by adding water. The pH of the solutions was

adjusted to 1.5 - 2 by dropwise addition of concentrated

hydrochloric acid. Then 50mL of boiling water was added to each

of the separating funnels and allowed to stand for two hours.

After cooling to room temperature, lOmL of n-butyl acetate(GR,

Merck) was added to each and shaken for one minute. After the

phase separation, the aqueous layer was drained off and the

organic phase was filtered through Whatman No. IPS filter paper

and collected in dry test tubes. The absorbance of this extract

was measured in 1cm absorption cells against solvent blank. From

the spectra of tungsten dithiolate and molybdenum dithiolate the

three wave lengths were selected. These are XI = 635. Onm, X2 =

676. Onm and X3 = 716. 4nm. The spectra are shown in Fig. 3. The

absorbance values and the values of Dl and D2 calculated

according to the equations (4) and (9) derived above are



presented in Table I. It is olear from these values that Dl io

proportional to the concentration of tungsten and P2 io

proportional to the concentration of molybdenum. The

calibration!grapha are shown in Fig. 4

The method was applied to some tungsten ore samples and results

obtained are shown in Table II. For comparison, the values

obtained by estimating the two components individually after

separation are also given in the table. The values obtained by

solving simultaneous equations based on absorbance values at

63&.0nm and 676. Onm are also included. The three sets of values

agree well and prove the usefulness of the present method.

3. 3Recommended Procedure

The following procedure for the simultaneous estimation of

tungsten and molybdenum in ore samples is recommended:

Fuse 0.5 to l.Og of sample with 5 to lOg of potassium

pyrosulphate in a silica crucible and leach the cooled melt by

boiling with 50mL of 2095 (w/v) sodium carbonate solution. Filter

and wash the residue several times with 2% (w/v) sodium carbonate

solution. Collect the filtrate and residue and make up to 200mL

in a volumetric flask. Take an aliquot of upto 25mL in a

separating funnel, add 5mL of dithiol solution and adjust the pH

to 1.5 with hydrochloric acid. Add 50mL of boiling water and

leave for 2 hours. Add lOmL of n-butyl acetate, shake for 1 minute

and allow the phases to separate. Drain out the aqueous phase and

collect the organic phase after filtering through Whatman No.

IPS filter paper. Measure the absorbance of the dithiol

complexes in butyl acetate at 716. 4nm, 676 nm and 635nm against a

solvent blank. Repeat the procedure for a set of standards
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starting from pH adjustment step. Calculate the values of Dl, K

and D2 according to aqutions (4), <6) and (9) respectively. Plot

Dl vs. concentration of tungsten and D2 vs concentration of

molybdenum. From these calibration graphs read off the

concentrations of the two elements for each sample.

4. CONCLUSIONS

The procedure described is rapid, simple and accurate.

The two components can be estimated without separation- It was

found that the concentration range for the applicability cf the

procedure was limited by the limitations of the spectrophotomete

r. On the spectrophotometer used in our laboratory, accurate

results were obtained with solutions giving as high as 3 ABtJ

units. The equations derived are applicable to other similar

systems.
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ABSORBANCB DATA FOR STANDARDS

No.

i

2

3

4

5

6

7

8

9

Coupost

H 'tug)

0, M

0.00

0.OO

25.00

25.00

25.00

50.00

50.00

50.00

tion

Ho tug)

3,00

25,09

50.00

0,00

25.00

50.00

0.00

25.00

50.00

0

©

0

0

0

I

0

1

1

At

.000

.401

.802

.312

.713

.114

.625

.025

,«27

©.000

0.962

1.123

0.194

0.756

1.318

0.366

O.9S0

1.511

JL&J2

0

0

0

0

0

0

0

0

0

A3

.000

.400

.801

.070

,478

.880

.155

.535

.955

Attt.Diif erence

01

O.OO0

0,001

0.001

0.234

0,235

0.234

0,470

0.470

0.472

82

§,(100

0,525

0«640

©.060

0,525

0.649

-0.001

0.326

0.A48

Comparison of Results of Estimation of
'."ungston and Molybdenum by th ree d i f fe ren t Methods

No. 3 Wavelength •tthod Si»u!t.Eqn.»etf>od 5ndivjdu*l ettination

K lug) Ho Ug) H (ug) Ho (ug) M tug) Mo <ug)

1

2

3

4

5

95.

23.

51.

18.

18.

51

70

89

59

49

2.98

22.40

52.15

27.81

52.44

95.

24.

51.

18.

19.

32

SO

S7

94

04

2.77

23.00

51.93

28.08

52.08

95.

2*

51.

19.

18,

40

00

75

00

50

3.

22.

52.

28.

52.

00

51

52

15

45
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