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CHAFMLII1
PHOTOMETRIC DETERMINATION OF MOLYBDENUM (V) WITH 5-METHYL 

3ALICYLALDEHYDE THIOS EMIC ARBAZONE

INTRODUCTION

Molybdenum is gray, heavy, hard aid refractory metal which 

is useful principally in the targets of x-ray tubes and structural 

members in high vacuum tubes for electronic purposes because of the 

metals ability to form tight seals with glass. Molybdenum 

alloys are notable for their hardenability and toughness (which 

makes them useful for high speed tools, armor plates), for their 

corrosion resistance and strength at elevated temperatures(ferrous 

and non-ferrous alloys). It also finds its way into important 

catalysts used in the petroleum and chemical industries,pigments, 

lubricants and fertilizers, components of radio tubes and

more recently in jet engines.

Its most stable oxidation states are +3, +5 and +6, the 

last being the commonest. As a trace element it is essential to 

the health of plants and probably of animals. During the past 

few years, the increasing use of molybdenum alloys in the 

electronics and other industries has magnified the need for 

simple and rapid method for the determination of molybdenum in 

a variety of materials.



51

Many reagents have been reported for photometric determina

tion of molybdenum (VI) in the literature. A critical review 

has been given by Busev (1) and by Khoaala et al,(2). Despite of 

several disadvantages the classical thiocynate method is 

frequently used as one of the most accurate spectrophotometric 

methods for the determination of molybdenum (3-5). Improvements 

of thiocynate method have also been reported in the literature 

(14,17). Photometric methods for determination of molybdenum 

based on the formation of ternary complex of molybdenum thiocynate 

with the organic base are well known (7,13,16,21,35,39,41,43, 

51,56,60,100,101,102,104). The reported methods are highly sensitive 

and rapid but suffer from interference of many metal ions.

Among the various dyes proposed for determination of 

molybdenum colourimetrically, the most recent are some monoazo

derivatives of pyrogallol (9),2-thiopyrogallol (23), 5-Br-PADP(30), 

gallocyanine (31), 3,4-dihydroxyazo-benzene (42), gallein (44), 

catechol violet (45), 4-(2-thiazolylazo) catechol(57),phenyl- 

fluorone (59), 2',3'4*-trihydroxyazobenzene-4-sulphuric acid (63),

4-butyryl pyrogallol (73), 4-propionylpyrogallol (75),4-galloyl- 

pyrogallol (108),quinalizarin (112).

Formation of mixed ligand complexes increases the selecti

vity and sensitivity of the determination along with the
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enhancement in the solubility in organic solvent and the extract

ion rate. Procedures have been developed for photometric deter

mination of Mo(V) based on the formation of mixed complex by 

association of a co-ordinately saturated charged complex with a 

ligand counter ion. Acid dye has several functional groups,in 

particular sulphonic acid groups which do not take part in chelate 

formation. Here charged chelates are formed. For neutralisation 

of such compounds, the use of strongly basic organic cation 

quarternary ammonium salts (11,12,25,37,40,50,67,68)^ Sephireamine 

(96,106) and other bases (38,46,87,99,105,115) is effective.

Numerous chelating agents are reported as sensitive reagents for 

determination of molybdenum (V). Jhese include hydroxamie acids

(8,15,24,32,62,66,77,94,103), tiron (4),2,4-dihydroxy-3-mercapto 

benzoic acid (18), derivatives of thiosemicarbazone (6,19,58), 

quinoline and its derivatives (22,76,92),ketones (26,72,93), 

coumarines (27), thioligands (34,79,82,91,110),l-nitroso-2- x 

napthol (52) oximes (33,64,69,81).

However, the spectrophotometrie methods based on these 

reagents suffer from various difficulties including low selectivity, 

tedious operation and interference from ions commonly associated 

with molybdenum such as Cu,Co, Ni,Fe(lII),Bi,Ti(IV),Zr(IV),Nb(V), 

V(V) and W(VI). Hence these methods are unsuitable for routine 

use.

The reagent proposed here reacts with Mo(VI) to form the 

red complex with the 3harp maximum absorption at 510 nm when the 

alcoholic reaction mixture 3M in HCl is heated on water bath
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for 20 minutes. The present method;, has the certain advantages 

over the earlier one (6). It does not require the addition of 

separate reducing agent like stannous chloride, ascorbic acid or 

thiourea and also the presence of Cu(II) ion or Fe(lII) ion to 

prevent over reduction of molybdenum. The method is simple 

and sensitive.

A summary of the reagents reported for determination of 

Mo(VT) describing the conditions, characteristics of the complex 

interferences and special remarks is given in the Table No.1.

Experimental

Standard Molybdenum Solution :

A standard solution of molybdenum was prepared by dissolving 

0.45 gm of ammonium molybdate in about 100 ml of distilled 

water. The solution was heated gently on hot plate to obtain 

a clear faint bluish solution. The solution was diluted to 250ml 

in volumetric flask with distilled water. The molybdenum content 

of the solution was determined gravimetric ally by the 8-hydroxy 

qunoline method. For standardisation of molybdenum,an aliquot 

of the solution was neutralised to methyl red and then acidified 

with few drops of sulphuric acid. After addition of 5 ml of 2N 

sodium acetate and 60 ml of distilled water, the solution was 

heated to boiling. Molybdenum was precipitated by the addition 

of 3 % solution of oxine in dilute acetic acid until the supernant 

liquid became perceptibly yellow. The precipitate was digested
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by gentle bailing and simultaneous stirring for 3 min. The 
precipitate was filtered through a sintered glass crucible and 
washed with hot water until free from the reagent. The precipitate 
was dried to a constant weight at 130-140°C in a ©ven. It was 
finally weighed as Mo02( C^HgOH )^, Suitable concentration 
containing 100 yug per ml was prepared as needed by diluting the 
stock solution with distilled water.

Reagent Solution *

A 0.5 gm of the reagent 5-Methyl, SAT wad dissolved in 100 ml 
of hot ethyl alcohol to obtain 0.024 M reagent solution. The
solution is quite stable towards light and heat. It is soluble in

/hot ethyl alcohol and can be kept over a week period. a£i solutions 

used in study of diverse ions were prepared from AR grade chemicals.

Apparatus ;

Absorption measurements were made with Carl~Zeiss(JENA) 
spectrophotometer using 1cm glass cells.

General Procedure;; :
To an aliquot of the solution containing upto 500yug of

molybdenum,requisit amount of HCl and 5 nil of 0.024 M alcoholic
-3reagent were added so as to have 3M acidity and 4.8x10 VM reagent 

respectively in a 25ml volume. The reaction mixture was heated 
on water bath for 20 min. It was then cooled and made upto 25 ml 
with distilled water. The absorbance of the red complex was 
measured within 50 min at 510 nm against the reagent blank prepared 
in similar manner.



RESULTS AND DISCUSSION

Spectral Properties :

Fig.1 shows the absorption spectrum of Mo-5-methyISAT 

complex containing 16 ppm of molybdenum and 4.8 x 10 J M 

reagent at 3M HC1 using reagent blank. Absorption measurements 

were made in the spectral range 460-700 nrn. The spectral curve 

indicates that the complex exhibits absorption maximum at 510nm, 

at which wavelength the ligand has slight absorption. The complex 

is not extracted by benzene, nitrobenzene, chloroform or carbon 

tetrachloride. With MIBK and amyl alcohol the red colour changes 

to yellow green. Benzyl alcohol extracts the red violet complex 

but the solution is very unstable.

Effect of Acidity :

In order to find out the optimum concentration of hydro

chloric acid required for the full colour development of molyb

denum complex as a means of acidification hydrochloric acid was 

varied in the range 1-8M. The curve in the fig.2 indicates that 

the absorbance of the complex at 510 nm containing 16 ppm Mo 

and 4.8 x 10 y M reagent was found maximum and constant at 3M-HC1 

At less than 3M HC1 concentration .precipitation occurs.

Whereas decrease in absorbance, occured at greater than 3M acidity. 

Hence rigid control of 3M HG1 is necessary for further studies.



Fig.l — SPECTRAL CHARACTERISTICS OF 

Mo (V) - 5-METHYL SAT COMPLEX*

Mo(V) : 16 PPm



Fig. 2 -EFFECT OF ACIDITY. 

Xmax. = 510 nm 

Mo(V ) = 16 ppm
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Effect of Reagent Concentration:

Solutions containing the same amount of molybdenum( 16ppm) 

but different amounts of the reagent varying from 1.0 -8.0 ml 

of 0.024 M alcoholicreagent were prepared. The colour was developed 

as outlined in the general procedure and the absorbance of the 

complex was measured at 510 nm against the simultaneously 

prepared reagent blank. The results of studies as shown in Pig.3 

indicate that 16 ppm of molybdenum required a minimum of 5 ml 

of 0.024 M reagent solutions (25 mg of reggent dissolved in 5 ml 

of alcohol). At this reagent concentration the reagent to metal 

ratio in terms of moles is approximately 30s 1. At high reagent 

concentration the turbidity was formed and the absorbance could 

not be measured.

Effect of time of heating and stability of the Complex:

The development of the colour of Mo-(V)-5-methyl SAT 

complex containing 16 ppm of Mo and 5 nil of 0.024 M alcoholic 

reagent at 3M HC1 was carried out by heating on water bath over 

a period from 1-60 min. The complex was measured at 510 nm 

against the reagent blank treated in a similar manner. It was 

observed that 20 min heating was sufficient for full complexation. 

However, excess heating is not defafimental.

The absorbance of the complex at 510 nm remained constant 

upto 50 min after the development of the colour. Hence the 

complex should be measured within 50 min of the colour 

development.



A
bs

or
ba

nc
e

Fig. 3 - EFFECT OF REAGENT CONCENTRATION-

Mo ( V ) # 16 ppm



Fig. 4 - EFFECT OF TIME OF HEATING .

Mo ( V ) 16 ppm
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Effect of Alcohol :

Inorder to find out the amount of alcohol needed during the 

complexation of M0(V )-5-methyl SAT complex,the amount of alcohol 

was varied between 1 to 15 nil in the aqueous phase of 25 ml. It was 

found that atleast 4 ml alcohol is required for full complexation 

and there is no significant effect on the absorbance when from 

5 to 10 ml alcohol in 25 ml aqueous phase was present (Pig.5).

Study of Validity of Beer’s Law :

The solution containing different amounts of Mq in the range 

50 to 600yug were used for the study of the validity of Beer’s law.

The colour was developed as per the recommended procedure using
-34.8 x 10 M reagent and was measured at 510 nm against the 

reagent blank. The curve in Fig.6 shows the linearity between 

absorbance and metal ion to be in the range 0.5 -20 ppm of Mo(V).

Composition of the Complex;

In order to establish the composition of the complex,the
-5equimolar solutions of metal and ligand 8x10 M were used. A series 

of solutions were prepared in which mole fraction of reagent was 

varied from 0.1 - 0.9. Acidity of the solutions was adjusted to 

3M with HC1, and the colour of the complex was developed as per the 

recommended procedure and the absorbances of the solutions were 

measured at 510 nm against reagent blank. The plot of the absorbance 

against the mole fraction of the reagent indicated the existence 

of 1:1 complex with respect to metal and ligand.(Pig.7).For mole

ratio method, solutions containing the same final molybdenum
-5concentration 8x10 M and different amounts of the reagent ranging

. -5 -Am concentration from 4 x 10 ^ to 4x10 M were prepared maintaining.
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Fig. 5 - EFFECT OF ALCOHOL. 
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Fig. 6 - VALIDITY OF BEER ?S LAW FOR

Mo (V)-5 - METHYL SAT COMPLEX- 

[Rl = 4*8 x 10"3 M 

A max =510 n m



76

3 M acidity with respect to HC1. The colour of the complex was 

developed as per the recommended procedure and was measured at 

510 nm against reagent blank. The plot of the absorbance against 

the reagent to metal ratio (Fig.9) confirms the results obtained 

by application of Job’s method.

Reproducibility, Accuracy and Sensitivity data j

For study of the reproducibility and accuracy of the 

method absorption measurements with ten different identical 

solutions containing 16 ppm molybdenum were performed as in the 

outlined procedure and concentration determined using the cali

bration curve. The results are shown in Table-2. It is observed 

that there is an excellent agreement in the experimental 

values. The method has high precision and accuracy.

Average of these ten readings are calculated. Deviations 

from these average readings was found out in each case and then 

standard deviation was calculated. From the standard deviation 

(Stthe reproducibility of the results with 95% confidence limit 

was calculated. The Sandell sensitivity of the reaction (-Sf) 

as calculated from Beer’s plot was found out to be 31 ng/cm .
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Table 2 J !Precision and Accuracy of the Method
Amount of Mo taken = 16 ppm. ♦

Absorbance 
obs erved

ppm of Mb 
found, x

X - X~
- 2 

( x-x )

1) 0.522 16.00 00.00 00.00

2) 0.515 15.80 - 00.20 0.0400

3) 0.522 15.95 - 00.05 0.0025

4) 0.525 16.15 + 00.15 0.0225

5) 0.522 16.02 + 00.02 0.0400

6) 0.516 15*85 - 00.15 0.0225

7) 0.515 15.80 - 00.20 0.0400

8) a. 527 16.18 + 00.18 0.0324

9) 0.528 16.20 ♦ 00.20 0.0400

10) 0.523 16.05 + 00.05 0.0025

160*00 0.2424

Average value ( X**) = 160

« 16

/
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Standard deviation =

Reproducibility with 95 percent confidence limit
X* X + 2.26 x \fh

16 + 2.26 X 0.164 
10

= 16 + 2.26 x 0.164
= 16 + 0.1 17 3,16

Molar axtinction Coefficient s

€ = _A_
Cxi

Absorbance x 1D00 x At wt. 
ppm

°«5° x 1000 x 96
16 -i -l

3000 1 mole cm

from graph = Slope x 1000 x 96
= 0•15_ x 1000 x 96ITS
= 3130 1 mole”1 cm”



Sandell Sensitivity

S = 105 x A x C min where C min = —
Sxb

A = Atomic
- 103 x 96 x 0.001______

3.130x10^x1
= 31 ng/cm2

Effect of diverse Ions *

Various cations and the anions as indicated in the Table-3 

were tested for interference in the determination of 0.4 °g 
Massing 4.8x 10“3 M reagent at 3 M^oncentration. An error of 

less than 2 percent in absorbance was considered to be tolerable* 

The samples were prepared as outlined in the general ,procedure* 

The absorbance was measured at 510 run against reagent felaiafc*

The tolerance for various foreign ions tested has been 

shown in Table-3. It was observed that the cations which didocst 

interfere when present in 10 fold excess relative to Mo were 

K(I), Ba(II), Co(III), V(V), Zn(II), Al(III), Ca(II)» M(l)* 

Na(I), Mg(H), Mn(II) As(lII), Sb(III). The cations which are 

tolerable in 1:1 ratio were Eh(lll), Pt(IV), ir(III) and Os(III)* 

Only ions showing interference were Bi(III), T1 (III)» pe(H£)* 

Cu(II), W(VI), Cd(II), Pb(II) ,Hg(II) ,Se(IV) tV(VI) ,Te(IV) ,Au(lIX)» 

thioaslphate, ascorbic acid and NaFOg. Relatively large amount 

of anions could be tolerated in the determination of 0.4 °f



Table 3 : Effect of Diverse Ions
Mo(V) = 0.4 mg; Aqueous phase = 3M HG1 
5 Methyl SAT = 25 mg in alcohol;^max = 510 nm

Foreign ion Tolerance limit
in mg

Ni (II) 5

k (I) 5
Ba(Il) 5
Co (III) 5
Bi (III) Interfere
TI(III) Interfere
Pe(III) Interfere
Cu(Il) Interfere
V(V) 5
Zn(II) 5
w(vi) Interfere
ca(ii) Interfere
Pb(II) Interfere
Al(III) 5
Ca(II) 5
Li(I) 5
Na(I) 5
Mg(II) 5
Hg(II) Interfere
Mn(Il) 5
Se(IV) Interfere
U (VI) Interfere
Rh(III) 0.5
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1 2

Pt (IV) 0.5
Ir(VI) 0.5
Te(IV) Interfere
Au(III) Interfere
Os(VIII) 1
As(III) 5
Sb(III) 5
Acetate 100 mg
Thiocynate 100 mg
Thiosulphate Interfere

Citrate 100 mg
EBTA 100 mg
Oxalate 100 mg
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The proposed method has been successfully applied for 

the determination of molybdenum in steel sample 3T6 and 33 d 

A known weight (31b, 2.5 g or 33d 2g) of sample of alloy cast iron 

BAS Ltd. was dissolved in 10 ml of hydrochloric acid (1:1)with 

mild heating. A few drops of conc< HN0^(1 ml) were added carefully. 

The resulting solution was evaporated to incipient dryness. The 

residue was dissolved in 10 ml of 0.5 N HC1. The iron (Ill)was 

then extracted by shaking for one min with successive 10 ml 

portions of 1:1 volume ratio of acetylacetone and chloroform until 

iron was removed ( traces of iron do not interfere in the deter

mination of Mo). Theaqueous phase after removal of iron was made 

to 100 ml in volumetric flask with distilled water. In case of 

sample 33d the pH of the aqueous phase after removal of iron(III) 

was increased to 2.5 and copper was then removed by repeating 

extractions with a mixture of acetylacetone and chloroform.

A suitable aliquot of this diluted solution was taken and 

the colour of the complex was developed as per the recommended 

procedure and measured at 510 nm against water. The results of 

analysis are sumaerised in Table-4. Bach result is the average 

of four determinations. The results are accurate to within + 2 %,
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Table -4 * Application of Steel Analysis

Sample Reported value This work
M0 (*) Mo (*)

Alloy cast iron (BAS 3Ab)
Composition o.40 o.40
C 2.24, Si2, P 0.11,
Mn 0.64, Ni 2.24, Cr 0.6

Alloy cast iron (BAS 33d)
Composition 0.48 0.49
C 2.3, Si 1.63, l$n 0.63 
Hi 2.38, Cr 0.52, Cu 1.54
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