
Journal of Environmental Research And Development                            Vol. 6 No. 3A, Jan-March 2012 

667

ECO  FRIENDLY  ANALYSIS  AND SPECTROPHOTOMETRIC
STUDIES  ON  THE  REACTION  OF DIOXOURANIUM (VI)
WITH 2-HYDROXY-4-CHLORO-5- METHYLACETOPHENONE

OXIME  AND  2-HYDROXY-4-CHLORO-5- 
METHYLBENZOPHENONE  OXIME

Punita S. Bharadwaj

Department of Chemistry , J.P Arts and Science College, Bharuch , Gujarat (INDIA)
E mail : Punita_bharadwaj@yahoo.co.in

ABSTRACT

Naturally  occurring  U(VI)  forms  highly  soluble  complexes  at  alkaline  pH.  This leads  to  an  increase  in
the  mobility  and  availability  of  uranium  to  ground  water and   soil  which  leads  to  health  hazards. U(VI)
has  tendency  to  form  complexes with    various organic chelating agents. Orange yellow complexes of  U(VI)
with HCMAOX  and  HCMBOX  have  been  studied  spectrophotometrically in water ethanol medium  at  pH
10 and 10.5 respectively. The  effects  of  pH,  time,  addition  of reagents  and  diverse  ions  have  been  stud-
ied . The  composition  of  the  complexes comes  out  to  be  1:2 (Metal :Ligand)  which  has  been confirmed
by continuous variation , the  mole  ratio  and  the  slope  ratio  methods . Beer's  law  is  obeyed  up  to 47.6
ppm  of  U(VI)  with  both  the  reagents  . The  molar  absorptivity of  the complexes  are  2.07×103 and
1.81×103 lit/mole/cm. The  stability  constants  of the  complexes  are  3.27×105 and  7.15×105 respectively.
The  IR  spectral  and magnetic  studies  indicates  that  both  ligands  are  bidentate   and  coordination  takes
place  by  formation  of  M-O  and  MN  bonds  through  the oxygen  of  phenolic group  and  nitrogen  of
oxime  group  with  metal.  New  research  has  been  carried out  for  extracting  U(VI)  from  sea  water  using
different  ligands.
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INTRODUCTION

2-Hydroxy-4-Chloro-5-Methylacetophenone
oxime (HCMAOX) and 2-Hydroxy-4-Chloro-5-
Methylbenzophenone oxime (HCMBOX) have
been used for analysis of various transition met-
als and actinides. The present communication
deals with the analysis and spectrophotometric
studies of dioxouranium (VI) with HCMAOX and
HCMBOX. The method is based on chelation of
uranyl ions with HCMAOX and HCMBOX to
produce orange yellow complexes in water-
ethanol medium at room temperature which
absorbs maximally at 410 nm and 470 nm
respectively. Several reagents/ligands/oximes

have been proposed for the determination of
U(VI)1-4 but HCMAOX and HCMBOX was
found to be specific, selective and developing
orange yellow water soluble complexes at pH
10.0 and 10.5 respectively. Absence of isobestic
point shows that single complex species exist in
both cases.

AIMS  AND  OBJECTIVES

Uranyl ion (UO2)+2 is the species of interest
which is soluble, stable and mobile in aqueous
phase. It is found in soil and water near nuclear
establishments. Uranium from the environment
enters the human body by ingestion with food
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and drink and by inhalation.
Daily intake of U in food and water varies
approximate 1-5 micrograms u/d in uncontami-
nated regions to 13-18 micrograms u/d or more
in uranium mining areas.5 Uranium absorbed
from the intestine or lungs, enters the blood
stream and is rapidly deposited in the tissues,
predominately kidney and bones or excreted in
urine. Renal toxicity is a major adverse effect of
U. The metal has toxic effects on the cardiovas-
cular system, liver, muscle or nervous system as
well.
Uranium compounds are carcinogenic and hence
there has been interest in development of low
cost rapid techniques for measuring uranium in
various samples4, 6.

Even though there are many techniques for the
analysis of U, spectrophotometry is widely used
due to its simplicity , low cost and adoptability7.
Hence this technique can be exploited for the
estimation of Uranyl ion in soil4 and water
samples8,9. Artificial samples containing
different concentrations of Uranyl ions were
used for this purpose .

MATERIAL   AND  METHODS

Bausch and Laumb spectrophotometer was
used for the absorbance measurements. The pH
measurements were carried out on Elico pH
meter and IR spectra was recorded  on
PERKIN EIMER model no. 783 using KBr pel-
let technique. 2-Hydroxy-4-chloro-5-methyl-
acetophenone and 2-Hydroxy-4-chloro-5-
methyl-benzophenone was synthesized quanti-
tatively by Fries migration of m-Cl-p cresyl
acetate and m-Cl-p cresyl benzoate respectively
by acetylation and benzoylation of m-Cl-p
cresol. The oximes were prepared by usual
method with NH2OH.HCl and crystallized from
ethanol (M.P. HCMAOX 850C, HCMBOX
1690 C).  Ethanolic solution of the reagent was
used in all experiments. Standard solution of
Uranium was prepared by dissolving requisite
amount of uranyl nitrate UO2(NO3)2.6H2O in
double distilled water and standardized by stan-
dard measures10.
Spectrophotometric Study
Vosburg and Cooper's method11 employed to 1:1

,1:2, 1:3 and 2:1 mole ratio of U(VI) to
HCMAOX and HCMBOX showed that the
reagent forms only one complex with these
metal ions which exhibit maximum absorbance
at 360nm and 380 nm respectively but band
occurs at 410 nm and 470 nm respectively.

Effect of pH, Time and Addition of Reagent
The uranium complexes with both the reagents
HCMAOX and HCMBOX were found to be sta-
ble in pH range 9.5 to 11.0 and 10.0 to 11.0
respectively. Hence subsequent studies were car-
ried out at 10.0 and 10.5 pH  respectively. It was
observed that color development is quite rapid
and remains unchanged for at least three hours. It
was also observed that sequence of reagent addi-
tion got no significant effect on absorbance. It
was found that about 10-15 fold excess of the
reagent was necessary to attain the constant and
maximum color intensity.

Composition and Constitution of Complex
In all the measurements requisite amount of
ethanol were added to maintain 50-60% propor-
tion of ethanol in final dilution. The composi-
tions of both the complexes were determined by
Job's method of continuous variation12, the mole
ratio method13 and the slope ratio method14.
Molar absorptivity and stability constants of the
complexes were calculated from Beer's law and
mole ratio method respectively. Magnetic sus-
ceptibility measurements and absorption spectra
in infra red region were also carried out.

Procedure For Estimation
The solution containing varying concentration
of U(VI) ions were added to 25 ml volumetric
flasks containing 10-15 fold excess of reagents
and 5 ml of buffer solution at pH 10.0 and 10.5
respectively for HCMAOX  and HCMBOX.
Requisite amount of alcohol was added to main-
tain its 50-60% proportion in final dilution. The
absorbencies were measured at 410 nm and 470
nm with HCMAOX and HCMBOX respective-
ly using reagent solution as blank. The
absorbance values were plotted against U(VI )
ion concentration. A straight line passing
through the origin was obtained up to 47.6 ppm
of  U with both the reagents. Molar absorptivi-
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ties were found to be 2.07x103 and 1.81x103 lit
mol-1cm-1 respectively for HCMAOX and
HCMBOX. Sandell's sensitivity   for both the
complexes are 0.01513 µg/cm2 and 0.02174
µg/cm2 for HCMAOX and HCMBOX respec-
tively.

RESULTS AND DISCUSSION

Beer's law obeyed up to 47.6 ppm for both com-
plexes. From the absorbance value, concentration
of U(VI ) ions in unknown samples can be eval-
uated with the help of calibration curve drawn
under identical conditions. (Fig. 1 and Fig 2)
From the job's method of continuous variations
from the graph it has been found that maximum

occurs at 0.333 concentration of metal to
concentration of metal and reagent for both the
complexes indicating the formation of 1:2
(Metal : Ligand ) complex. (Fig. 3 and Fig. 4)
From the mole ratio method it has been observed
that the absorbance gradually increases till

double of the equimolar reagent solution is
added. After this  quantity, if  reagent is added
the absorbance curve bends sharply indicating
the formation of 1:2 (metal : ligand) complexes.
Stability constants of the complexes are
3.27x105  and 7.15 x105   for HCMAOX and
HCMBOX respectively. (Fig. 5 and Fig. 6)

Fig. 1 : Beer's law for uranyl HCMAOX

Fig. 2 : Beer's law for uranyl HCMBOX

Fig. 3 : Job's method for uranyl HCMAOX

Fig. 4 : Job's method for uranyl HCMBOX

Fig. 5 : Mole-ratio method for uranyl
HCMAOX 
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Slope ratio method also indicates the formation
of 1:2 ( metal : ligand ) complexes. The influence
of foreign ions on the estimation of U(VI) ions
using  HCMAOX and HCMBOX was studied in
the usual manner. A limit of 5% change in
absorbance was taken as limiting concentration.
It was observed that Ba+2, Be+2, Ca+2, Sr+2, K+,
Na+ , NH4+, CL-, Br-, I-, NO3-, SO4

-2, CO3
-2,

OAc-, and CrO4
-2 did not interfere in the estima-

tion of uranium but Fe+3, Cr+3, Al+3, Ti+4, Mn+2,
Cu+2, Co+2 and Ni+2 interfere even when present
in traces.
Magnetic study of these complexes claims octa-
hedral diamagnetic character. (Fig. 7 and Fig. 10)

Spectral Studies

Fig. 7 : Infra Red Spectra of HCMAOX  

Fig. 8 Infra Red Spectra of Uranyl HCMAOX

Fig. 6 : Mole ratio method for uranyl HCMBOX  

INFRARED SPECTRA OF 2-OH-4-Cl-5-CH3-ACETOPHENONE OXIME

INFRARED SPECTRA OF URANYL-2-OH-4-Cl-5-CH3-ACETOPHENONE OXIME COMPLEX
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Spectral Studies
IR spectrum of the reagents shows strong
absorption bands at 3400 cm- and 2985 cm- and
3360 cm- and 2950 cm- assigned to two differ-
ent types of hydroxyl groups present in
HCMAOX and HCMBOX respectively. Only
the bands at 3400 cm and 3360 cm  disappear,
showing the replacement of phenolic hydrogen
by the metal in uranyl HCMAOX and HCMBOX
respectively. The coordination of the oximino
group through nitrogen and not hydroxyl group
is indicated by the lowering of C=N  frequen-

cies from 1650 cm- to 1620 cm- and 1640 cm-

to 1600 cm for uranyl HCMAOX and HCM-
BOX respectively. The lowering in C=N fre-
quencies and replacement of phenolic hydrogen
atoms clearly indicates that chelation takes
place through oxygen of -OH group and nitro-
gen of =N.OH group in both the complexes.
Presence of characteristic frequencies in the
region 950-890 cm- ( i.e. 920 and 910 cm-) is
clear indication of the development of  UO2

+2

in  bonding3,7,9,11-15 

The structure of dioxouranyl complexes with the

Fig  9 : Infra Red Spectra of  HCMBOX 

Fig. 10 : Infra Red Spectra of Uranyl HCMBOX 

INFRARED SPECTRA OF 2-OH-4-Cl-5-CH3-BENZOPHENONE OXIME 

INFRARED SPECTRA OF URANYL-2-OH-4-Cl-5-CH3-BENZOPHENONE OXIME COMPLEX
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selected reagents can be depicted as follows:
R  =   -CH3 for acetophenone oxime complex

- C6H5 for benzophenone oxime complex 

CONCLUSION

Both the reagents have a different  group on car-
bon adjacent to the nitrogen. On comparison it is
found that  HCMAOX and HCMBOX are of
same potentiality which indicate that the replace-
ment of -CH3 by -C6H5 has a negligible effect.
Their solubility and precipitation ranges are
close and stability and sensitivity of the chelates
do not have much difference. The proposed
method has the advantage of having high molar
absorptivity 2.07 x 103 and 1.81 x 103 l/mol/cm
with low limit of detection. The method is sim-
ple, 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 uranyl ions. 
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