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Molybdenum(VI) reacts with di-methylethylketone-
thiocarbohydrazone (3,9-dimethylundeca-3,8-diene-'
4,5,7 ,8-tetraza-6-thione) anddi-acetone-thiocarbohydra-
zone (2,8-dimethylnona-2, 7-diene-3,4,6, 7-tetraza-5-
thione) to form reddish brown complexes in ethanol-water
medium in the pH ranges 0.5-1.8 and 1.2-2.8, respectively.
Both the complexes show absorption maximum at 380 nm.
The molar absorptivity and Beer's law range are 6.66 x 103

dm-mol t tcm - I, 1-15 ppm and 8.48 x 103 dm-rnol "!

cm-I, 0.5-14 ppm, respectively. The composition of the
complexes (1:2, M:L) determined by Job's and mole-ratio
methods has been verified on the basis of the values of Ii. The
stepwise stability constants of the complexes have been
determined. Estimation of Mo(VI) in steel and the effects of
foreign ions on its determination have been described. The
relative standard deviations are ±0.18 and ±0.15%, resp-
ectively.

A number of thio ligands have been used for the
spectrophotometric determination of molybdenum,
but many of these suffer from disadvantages. For
example, 8-mercaptoquinoline1 has the strong dis-
advantage of ether extraction and is subject to strong
interferences- due to vanous ions.
Toluerte-3,4-dithioP-6 gets oxidised very easily".
The colour developed by molybdenum with some
other thio ligands" -11 is only stable for 1-6 hr.

Thiocarbohydrazide derivatives are a class of pot-
ent spectrophotometric reagents needing further
exploration. Di-methylethylketone-thiocarbo-
hydrazone (3,9-dimethylundeca-3,8-diene-
4,5,7,8-tettraza-6-thione (R01 and di-acetone-
thiocarbohydrazone [2,8-dimethylnona-2, 7-diene-
3,4,6,7-tetraza-5-thione (R2)] have been prepared 12
long ago but their use as photometric reagents has not
yet been reported. Our preliminary investigation
showed that the reagents R\ and R2 reacted with
Mo(VI) to form reddish brown complexes in

ethanol-water medium in the pH ranges 0.5-1.8 and
1.2-2.8, respectively. Both the coloured complexes in
solution were found to be stable for more than 24 hr
and had Amax at 380 nm. It was, therefore, decided to
investigate the use of R, and R2 in the spectrophoto-
metric determination of Mo(VI)'. The results of
determination of Mo(VI) in presence offoreign ions
and in steel containing Mo, W, Cr, V and Ni are repor-
ted here. The stepwise stability constants of the comp-
lexes have also been evaluated following the methods
of Leden+' and Yatsimirskii!".

Experimental
A Shimadzu UV 240 spectrophotometer was used

for absorbance measurements. A Systronics 335
digital pH meter was used to record pH of solutions.
Ammonium molybdate (E. Merck) was dissolved in
doubly distilled water containing a little ammonia
and the metal content was determined by the oxine
method-". Solutions of other ions were prepared
from AR grade salts and were standardised by
well-known methods. The reagents, 3,9-dimethyl-
undeca-3,8-diene-4,5,7,8-tetraza-6-thione and
2;8-dimethylnona-2,7- diene-3,4,6,7-tetraza-5-
thione were prepared by the procedure reported by
Guha and Dey12 and their purities confirmed on the
basis of m. p. C - H - N analysis and IR spectra.
Solutions of reagents were prepared in absolute
ethanol.

Procedure-To 1.0 ml of a solution of the sample
containing 0.01-0.14 mg/ml of molybdenum (VI),
was added 2.0 ml (1.5 mg/ml) of a solution of reagent
R\ or R2 in absolute ethanol. The mixture was diluted
to 5.0 ml with absolute ethanol and its pH was
adjusted to around 1.4 with dilute HCl and NaOH
solutions. The resultant solution was made up to 10.0
ml in a volumetric flask with absolute ethanol and
doubly distilled water in such a way that the alcohol
content of the final solution was maintained atleast at
60% (v/v). The absorbance of the reddish brown
coloured complex was measured at 380 nm against
reagent blank and the metal content was computed
from a calibration curve.

Results and discussion
The absorption spectra of Mo(VI) complexes

{[Mo] = 5.212 x 10- 5 M, [reagent] = 200 ppm} in
40:60 water-ethanol mixture were recorded at pH 1.1
and 1.6 respectively against respective reagent
blanks. Each complex exhibited absorption
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maximum at 380 nm where reagents show low
absorbances. The pattern of the absorption spectra of
the complexes within the respective pH ranges
remained unchanged. This probably indicates the
presence of a single variety complex species in each
case.

The absorbances of the reddish brown coloured
Mo(VI) complexes of R) and R2 in ethanol water
medium showed linear response between 1and 15and
0.5 and 14ppm, respectively. The molar absorptivity,
Sandell's sensitivity, Beer's law and optimum ranges
are6.66x 103dm3mol-1cm-1, 14.4 ng cm "", 1-15
and 2-14 ppm for Mo(VI)-R) system and 8.48 x 103

dm'mol Tcm -1,11.3 ng em -2,0.5-14 and 2-9 ppm,
respectively for the Mo(VI)-R2 system.

The effects of pH and [reagent] on the absorbance
of complex with 5.0 ppm ofMo(VI) were examined.
Maximum absorbances were obtained when the pH
maintained in the ranges 0.5-1.8 and 1.2-2.8
respectively for R) and R2 systems. 150 and 120 ppm
of R) and R2 were found sufficient for maximum
development of colour within the optimum pH ranges
at 380 nm. Addition of more reagent up to 450 ppm in
either case did not produce any adverse effects on the
coloured systems.

The Mo(VI) complexes of'R, and R2were found to
be soluble in ethanol-water medium containing at
least 60% (v/v) ethanol in the respective optimum pH
ranges. However, higher concentration of ethanol
had no adverse effect. The complexes were not
extractable in chloroform, carbon tetrachloride,
benzene or amyl alcohol. The colour intensity of the
complexes remained constant for more than 24 hr.

Composition of the complexes
The composition Mo02L2 (L = R)- or Rn as

obtained by mole ratio and Job's methods was
verified 14.16by determining the value of n, the average
number of donors bound per molybdyl ion, obtained
by graphical differentiation of <1>, the degree of
complex formation. The highest values of it obtained
from the gradient of the tangent to curves, log <I> vspL
(L = [free ligand]) were 1.70 (R) and 1.64 (R2),
indicating the formation of 1:2 complexes in
solution.

Effect of foreign ions
The effect offoreign ions on the determination of

Mo(VI) with reagents R) and R2 was more or less
similar. Results of studies with R) using 5 ppm of M 0

at pH 1.2 are reported here following the
recommended procedure. Metal ions such as Th(JV),
Ce(IV), La(III) and Re(VII) did not interfere, while
Fe(III) showed no effect in presence of ascorbic acid.
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Table I~ Tolerance limit for foreign ions ([Mol = 5.0 ppm)
Ions Tolerance Ions Tolerance

limit limit
(ppm) (ppm)

Cr(1l1) 50 W(VJ) 40
Mn(lI) 100 U(VI) 100
Co(II) 50 Pt(IV) 80
Ni(II) 50 F- 30
Zn(II) 100 POr 300
Cd(I\) 100 Tartrate 300
Hg(I\) 20 Citrate 200
Pb(II) 50 Oxalate 200
V(V) 100 EDTA 400

Table 2~Determination of Mo in steel with RI

Sample Weight range Certified Found
studied mg Mo% Mo%

BAS 0.43
(NO.60B) 500-1000 0.43 0.43

0.43

BAS 4.92
(NO.64B) 100-250 4.95 4.90

4.94

The effect ofV(V) was eliminated by reducing it with
Fe(II) and finally adding ascorbic acid. The
interferences caused by Cr(III). Mntll), CqIl),
Ni(II), Zn(IJ), Cd(II), Hg(IJ) and Pb(lI) were remov-
ed by using EDT A. The effects ofW(VI) and U(VI) on
the colour system were prevented by the addition of
tartrate and while that of F- was prevented by the
addition of Be(II). However, Cu(II), Sn(I1), Pd(II),
Bi(I1I) and Sb(III) interfered. A change of 0.005 in
absorbance measured at 380 nm was set as the
tolerance limit. Tolerance limits of various ions are
given in the Table 1.

Determination of molybdenum in steel
A steel sample (0.5-1.0 g, BAS No. 60B; 0.1-0.25 g,

BAS No. 64B) was dissolved in 30 rnl of sulphuric acid
(1:4) and digested on a hot plate to a syrupy solution.
Digestion was repeated once more with the addition
of acid. It was then treated with 5 ml of cone. nitric
acid and evaporated until strong fumes of sulphur
trioxide evolved. The solution was diluted with 50 ml
of doubly distilled water, boiled and filtered. About
0.5 g of ferrous sulphate was added to the filtrate and
washing to reduce vanadium (V) and chromium
(VI). The contents were transferred toa 1()() ml
volumetric flask and the volume was made up to the
mark. 1.0 ml of this solution was used for the
determination of molybdenum content by the
recommended procedure using ascorbic acid (0.5 ml



Table 3-Stepwise stability constants of Molybdenum (VI)
complexes at 25 ± 2°C

Reagent Leden's method Yatsimirskii's method

LogKI LogK2 LOg~2 LogKI LogK2 LOg~2
RI 3.95 4.35 8.30 4.14 3.88 8.02
R2 3.05 3.35 6.40 3.49 3.23 6.72

of S%) and EDTA (O.S ml of O.S%) solutions.
Tartrate (O.S ml of O.S%) solution was used for
sample containing tungsten. The results are shown
in Table 2.

Evaluation of stepwise stability constants
The stepwise stability constants of the complexes

were evaluated following Leden and Yatsimirskii's
meth~ds. The equilibrium free ligand and free metal
concentrations and the degree of complex formation,
cp, were calculated from mole-ratio and Beer's law
data. The construction of suitable auxiliary functions
and their evaluation were made according to the
procedure reported earlier!". The results are
summarised in Table 3. The stability constant values
obtained by Leden and Yatsimirskii's methods are
comparable to each other. The small difference
between 10gK\ and logK2 values indicates that
stepwise formation of Mo02L2 (L= R\ or R2) in
solution occurs simultaneously. Data in Table 3 show
that 3,9-dimethylundeca-3,8-diene-4,S, 7 ,8-tetra-
za-6-thione (R\) forms more stable chelate with
Mo(VI) than 2,8-dimethylnona-2,7-diene-3,4,6,7-
tetraza-S-thione (R2). The ethyl group, being more
nucleophilic than the methyl group, enhances
electron density on the donor atoms (N) and to some
extent on S of the former reagent, and as a result
Mo - L bond in the former case become more
covalent than that in the latter case.

NOTES

The present method has high precisron and
accuracy as shown by relative standard deviations of
±0.18 and ±0.15 respectively for Mo- R, and
Mo - R2 systems for the determination of 5.0 ppm of
Mo(VI) for a total of 12 determinations.
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