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ABSTRACT 
Molybdenum  finds  extensive  applications  in  different  fields.  It  is  also  an  essential   trace  
elements  in  animal  physiology.  In  view  of  crucial  role  of  molybdenum  in  different  fields,  it  
is  necessary  to  develop  sensitive  analytical  procedure  for  its  determination  in  trace  amounts.  
Out  of  variety  of  analytical  methods, spectrophotometric  method  for  micro  determination  of  
Mo(VI)  by  complexing  with  HCMAOX  is  simple, rapid,  selective  and  accurate.  The  optimum  
condition  for  the  determination  of  Mo(VI)  were  established using  HCMAOX.   Yellow  colored  
water  soluble  dioxomolybdenyl  complex  with  HCMAOX  gives  maximum  absorption  at  410nm  
and  at  pH  3.0.  The  effects  of  pH,  time,  addition  of  reagent  and  diverse  ions  have  also  been  
studied.  The  composition  of  complex  was  found  to  be  1:1  (metal:ligand)  complex  by  Job’s  
method  of  continuous  variation,  mole  ratio  and  slope  ratio  method.  The  Beer’s  law  was  
applicable  upto  61.44 ppm.  The  molar  absorption  coefficient,  Sandell’s  sensitivity  and  stability  
constant  of  the  complex  was  found  to  be  1.9765×102  lit/mole/cm,  0.039628 µg/ml/cm2  and  
1.7593×103  respectively.  The  IR  spectral  study  shows  the  development  of  MoO2

+2  in  bonding  
which  clearly  indicates  that  chelation  takes  place  through  the  oxygen  of  -OH  group  and  
nitrogen of  =NOH  group  in  dioxomolybdenyl  complex.  The  magnetic  study  of  this complex  
claims  the  octahedral  diamagnetic  character.  The  method  was  successfully  applied  for  the 
determination  of  synthetic  mixtures   and  alloys  containing  Mo(VI). 

Key Words : HCMAOX,  Molar absorptivity,  Sandell’s sensitivity,  Stability  constant, 
Molybdenum 

 
INTRODUCTION 

In  continuation  of  studies  on  2-OH-4-Cl-5-
CH3-acetophenone oxime (HCMAOX)1, the  
present work deals  with  the  simple,  sensitive  
and accurate spectrophotometric determina-
tion of Mo(VI) using HCMAOX.  The  method  
is  based  on  chelation  of  molybdenyl  ions  
with HCMAOX to produce yellow colored 
water soluble complex which absorbs maxi-
mally at 410nm at pH 3.0. Absence of isobes-
tic  point  shows  that  single  complex  exist.  
The  proposed  method  is  more selective  for 
spectrophotometric determination of Mo(VI)  
at  microgram  levels  using  HCMAOX,  than  
the methods  reported  earlier,  since  most  of  
them suffer from the interference of  manga-
nese, zinc, nitrate, iodide and involve  extrac-
tion  process. 

AIMS  AND  OBJECTIVES 
Molybdenum  finds  extensive  applications  in  
different fields. The alloys of molybdenum are  
extensively used in integrated circuits,  antifrict-
ion  coatings,  catalysts,  aircraft  parts,  missile  
parts,  high  temperature  vacuum  components,  
furnace  components,  silicon  power  devices  
etc.  Molybdenum  is  also  an  essential  trace  
elements  in  animal  physiology.2  Molybdenum  
is  antagonistic  to  copper.3  The  primary  toxic  
effect  of  molybdenum  involves  interference  
with  copper  metabolism,  inducing  copper  
deficiency  when  adequate  sulphate  is  present.  
Excess of molybdenum is also associated with 
hepatotoxicity.4  Antagonism  of  molybdenum to 
copper and its toxicity has been utilized benef-
icially   in   medical  science  for  treating  copper 
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poisoning5,6, cancer7,8, diabetes9,10, wilson’s 
disease etc. Hence there has  been  interest  in   
development of low cost rapid techniques for 
measuring molybdenum in various samples as 
molybdenyl ion Mo2

2+ is stable and soluble in 
aqueous phase. In comparison with many  
expensive instrumental techniques and the 
procedures which usually require prior separation 
and preconcentration  process and time sensitive 
procedures, the present method is rapid,  simple 
and sensitive for the microdetermination of 
Mo(VI) especially in alloy samples.11  Artificial 
samples containing different concentrations of 
molybdenylions  were used for  this  purpose. 

MATERIAL  AND  METHODS 
Recrystallized   colorless  needles  of  2-OH-4-
Cl-5-CH3  acetophenone (M.P. 700C)  was  
prepared  quantitatively  by  fries  migration  of  
m-Cl-p-cresyl  acetate  using  anhydrous  
aluminium  chloride  without  utilizing  the  
solvent,  which  in  turn  was  prepared  from  m-
Cl-p-cresol. The  corresponding  oxime  was  
prepared  by  usual  method  using  NH4OH.HCl  
and  40%  KOH  solution  and  was  crystallized  
in  ethanol  as  colorless  needles  (M.P. 850C).  
Ethanolic  solution  of  the  reagent was   used  in  
all  the  experiments. Standard  solution  of  
molybdenum  was  prepared  by  dissolving  
requisite  amount  of  Sodium  Molybdate   
(Na2O4.2H2O.Mo)  in  double  distilled  water  
and  standardized  by  oxime  method.  Baush  
and  Lomb”  spectrophotometer  was  used  for  
the  measurements  of  absorbance. The  pH  
measurements  were  carried  out  on  Elico  pH  
meter”. IR  spectra  was  recorded  on  PERKIN  
EIMER”  model  no.  783  using  KBr  pellet  
technique.  
Spectrophotometric  study 
The  formation  of  yellow  colored  complex  
takes  place  in  water-ethanol  medium.  
Vosburg  and  Cooper’s  method  employed  to  
1:1,  1:2,  1:3  and  2:1  mole  ratio  of  Mo(VI)  
to  HCMAOX  showed  that  the  reagent  forms  
only  one  complex  with  these  metal  ions  
which  exhibit  maximum absorbance  at  340 nm  
but  band  occurs  at  410 nm,  hence  all  
measurements  were  carried  out  at this  
wavelength.  Absence  of  isobestic  point  
suggests  the  formation  of  only  one  complex.  

Effect  of  pH,  time  and  addition  of  reagent 
The  reagent  forms  a  yellow  colored  soluble  
complex  with  Mo(VI)  in  the  pH  range  1-5.  
pH  effect  studies  showed  that  the  complex  
has  maximum  absorption  in  the  pH  range  
2-4,  but  the maximum  color  intensity  was  
observed  at  pH  3.0.  It   was  observed  that  
color  development  is  quite   rapid  and  
remains  unchanged  for  more  than  48  hours.  
A  minimum  of  10  fold  excess  of  the 
reagent  was  necessary  to  attain  the  constant  
and  maximum  color  intensity.  It  was  also  
observed that  sequence  of  reagent  addition  
got  no  significant  effect  on  absorbance. 
Validity  of  Beer’s  law  and  molar  
absorptivity 
To  4 ml  of  0.05M  reagent  in  each  of  a  set  
of  25 ml  volumetric  flasks,  5 ml  of  ethanol  
and  5 ml  of  buffer  solution  of  pH  3.0  were  
added.  Verifying   amounts  of  Mo(VI)  were  
added  and  the contents  were  made  up  to  the  
mark.  A  minimum  of  10  fold  excess  of  the  
reagent  was  necessary  to  attain  the  constant  
and  maximum  color  intensity.   The  
absorbance  of  these  solutions  was  measured  
at  410 nm  against  water  as  blank.  Absorbance  
values  were  plotted  against  molybdenum  
content.  A  straight  line  passing  through  the  
origin  was  obtained  up  to  61.44 ppm  of   
Mo(VI)  ions.  The  molar  absorptivity  of  the  
complex  is  found  to  be  1.9765×102 lit.mole-1 

cm-1.   Sandell’s  sensitivity  of  the  same  
complex  was  calculated  0.039628µg/ml/cm2.  
From  the  absorbance  value,   the  concentration  
of  Mo(VI)  ions  in  unknown  samples  can  be  
evaluated  with  the  help  of   calibration  curve   
drawn  under  identical  conditions.    
Composition  and  constitution  of  complex 
The  composition  and  constitution  of  
molybdenyl  complex  with  HCMAOX  has  
been  determined  on  the  basis  of  Job’s  
method  of  continuous  variation,  mole  ratio  
method  and  slope  ratio  method. The  
stoichiometry  from  results  of  all  these  
methods  indicated  the  formation  of  1:1  
(metal:ligand) complex.  Stability  constant  was  
calculated  from  mole  ratio  method.  Magnetic   
susceptibility measurement,  absorption  spectra  
in  infra  red  region  and  TGA  were  also  
carried  out. 
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RESULTS  AND  DISCUSSION 
Beer’s law is obeyed up to 61.44ppm of  Mo(VI)  
ions. From  the  absorbance  value  concentration  
of  Mo(VI)  ions  in  unknown  samples  can  be  
evaluated  with  the  help  of  calibration  curve  
drawn under   identical  condition. Job’s  method  
of continuous variation indicates  that  maximum  
occurs at 0.5 concentration of metal to   concent-
ration  of  metal  and  reagent  indicating  the  
formation  of  1:1  (metal:ligand)  complex. From  
the  mole  ratio  method  it  has  been  observed  
that absorbance gradually increases till  equi-
molar metal  solution  is  added,  which  shows  
the  formation  of  1:1  (metal:ligand)  complex.  
After this  amount  if  more  metal  solution  is  
added, the absorbance curve bends. The   
Stability constant of the complex was  determ-
ined  by  mole  ratio  method  using  expression 
Ks  =  (1-α)/(α2 .c) 
Where 
 α=(Em-Es)/Em 
Where  c  is  the  concentration,  α  is  the  degree  
of  dissociation  and  Em  and  Es  indicates  the  
maximum  absorbance  and  absorbance  at  
stoichiometry  ratio  respectively.  The  value  of  
Em  and  Es were  found  to  be  0.387  and  
0.305  respectively.  From  these  values   α  and  
Ks   were  calculated  and found  to  be  0.21188  
and  1.7593×103  respectively. Slope  ratio  
method  also  proves  the  same  stoichiometry  
1:1 (metal:ligand)  complex. 
Effect  of diverse  ions 
The  influence  of  foreign  ions  on  the  
estimation  of  Mo(VI)  using  HCMAOX  was  
studied  in  the  usual   manner.  A  limit  of  5%  
change  in  absorbance  was  taken  as  a  limiting  
concentration.  It  was observed  that  Na+ ,  K+,  
Ca+2, Mg+2, Sr+2, Zn+2, Cd+2, Cl-, Br-, I-, NO3

-,  
SO4

-2  and  CH3COO-1 did  not  interfere  where  
as  Cu+2,  Ti+4,  Pb+2,  Fe+3  interfered  even  when  
present  in  small  traces. Hence   this  must  be  
eliminated  to  prior  estimation. 
Magnetic  susceptibility measurement  is  carried  
out  with  solid  complex.  MoO2.HCMAOX  
complex  is  soluble  in  water-ethanol  medium  
which  was  isolated  as  solid  complex. 
Isolation  of  solid  complex 
The  stoichiometry  mixture  of  metal  solution  
and  ligand  and  buffer  was  refluxed  on  water  
bath for  18  hrs.  and  cooled.  A  yellow  colored  

complex  deposited  was  then  washed  with  
CHCl3  and dried.   This  solid  complex  was  
used for  the  magnetic  study  on  Guoy  balance,  
which claims  the Octahedral  diamagnetic  
character  of  the  complex. 
Spectral  studies 
IR  spectrum  of  the  ligand  shows  two  bands  
at  3400  and  3000  cm-1  .  In  the  -OH  stretch  
region assigned  to  two  different  types  of  
hydroxyl  group  present  in  the  ligand.  Only  
the  band  at  3400  cm-1  disappears  in  the  
complex  showing  the  replacement  of  phenolic  
hydrogen  by  the metal.  The  coordination  of  
the  oximino  group   through  nitrogen  and  not  
hydroxyl  group  is indicated  by  the  lowering  
of  C=N  frequencies  from  1650  to1580  cm-1.  
This  indicates  that  chelation  takes  place  
through  the  oxygen  of  -OH  group  and  
nitrogen of =NOH group. presence of  
characteristic  frequencies  in  the  region  950-
890  cm-1  (950  cm-1)  is  a  clear  indication for  
the  development  of  MoO2

+2 6,7  in  bonding.  
1:1  stoichiometry  indicates  the  formation  of  
charged  dioxomolybdenum  complex.  It  is  also  
supported  by  the  fact  that  complex  cannot  be  
extracted in organic solvents. Thermogravimetric  
analysis  also  supported  the  formation  of  
charged dioxomolybdenum complex. The  MoO2 
HCMAOX  complex  is  thermally  stable  up  to  
1600C.  This  indicates that  the  complex  is  not  
hydrated.  Thermal  analysis  of  this  complex  
showed  a  rapid  loss in  weight  in  which  the  
ligand  carbon  residue  is  almost  completely  
lost  and  in  the  end  residue of  MoO2  is  left  
behind. From  all  the  above  results,  the  
structure  of  dioxomolybdenum  complex  with  
selected  oxime can  be  depicted  in Fig. 1.   

 
 
 
 
 
 
 
 

Fig. 1 : Structure of dioxomolybdenum   
         complex with selected oxime 
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CONCLUSION 
The  proposed  method  has  the  advantage  of  
having  high  molar  absorptivity  with  low  
limit  of detection.  The  method  is  simple,  
quick,  sensitive,  accurate  and  useful  due  to  
high  tolerance limits  from  cations  and  
anions.  Therefore,  the  proposed  method  is  
an  effective  method  for the  quantitative  as  
well  as  qualitative  analysis  of  molybdenyl  
ions.   
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We have modified our environment so radically that we must now modify 
ourselves to exist in this new environment. 

Norbert Wiener 


