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ABSTRACT

Dioxo-uranium (VI) fornms orange yellow complexes with 2, 4-dihydroXyvaleropherore srd
2, 4-dihydroxycaprophenonre having /\m,?‘ at 400 nm in the pH range 4-0-4-5 and 4- 3-4.8
respectively. The composition of the complexes as 1 :2 (metal : Jigand) has been determined by
continuous variation, mole ratio and the slope ratio methods. The molecular extinction coefficients
of the complexes are 3-20 X 102 and 2-95 x 10% at 400 nm and the stability constants are 3-981 x
10° and 3-622 x 10° with 2, 4.dihydroxyvalerophenone and 2, 4-dihydroxycaprophenore respectively.
The limit of interference due to the presence of foreign iors in the colorimetric determination of

urantum has also been determined.

INTRODUCTION

A NUMBER of reagents~5 have been used for colori-

metric studies of uranium. This communication
deals with the colorimetric studies on the reactions
of 2, 4-dihydroxyvalerophenone (DHV) and 2, 4-
dihydroxycaprophenone (DHC) with dioxo-uranium
(VIy

EXPERIMENTAL

Reargenis

DHV®-® and DHC were synthesized by condensing
n-valeric/n-caproic acid with resorcinol in presence
of anhydrous zinc chloride at 160° C and crystallised
from1 a mixture of hexare and tolvere. They were
characterized by their NMR spectra in CDCl;. The
deformed triplet at 9-10 7 with J= 6-0 Hz was assigred
to methyl group of the alkyl chain and the methylere
protons a to C = O appeared as triplet at 7-14 7 ;
J =7-5 Hz, while the rest of the methylenes appeared
as multiplet at 8-0-9-107. The multiplet at 3+50-
3-75 v stands for two aromatic protons H-3 and H-5
and a doublet at 2-40 7 with J =9-0 Hz for H-6
proton. Two D,0 exchangeable hydroxy groups
appeared as multiplet at 2:90-3-7 7 in DHC. DHYVY
also had the same pattern of peaks except that one
methylene group was less.

I.LR. spectra showed strong bands at 3500 cm1
(OH), 3380 ¢cm~! (chelated OH), 2950 cm~1, 2850 cm-1
and 2800 cni! (methylenes), 1675 cnmi~! (C = Q) and
850 crmat (trisubstituted benzere). A solution of the
reagents in 509%, ethanol was used in all experiments.

Stock soluton of wuranium was prepared by dissolv-
mg urany] nitrate (B .D.H., AnalaR) crystals in double
distifled water, Ammonium hydroxide and acetlic
acid were used to prepare the buflers of diflerent pd
values. Tonic strength was maintained by adding an
appropriate quantity of 1-0 M sojution of sodium
perchlorate. Al other chemicals were of B.D.1.
AnalaR grade

OBSEVATIONS AND RESULTS

DHYVY and DIHC instantancously form orange yellow
coloured solube complenes with dioxo-uranium  (V1}).

Cvrr, Sciy=—2

Nature of the Complexes:

Vosburg and Cooper’s method® employed to the
orange yellow solution containing 1:1, 1:2, 1:3
and 2:1 mole ratio of meta] to DHV/DHC showed
that the reagents form only one complex with uranjum
which exhibit maximum absorbance at 400 nm in the
PH ranges 4-0-4-5 and 4-3-4-8 respectively.

Lffect of pH and Reagent :

The uranium complexes were found to be stable in
the pH ranges 4-0-5:0. Above pH 5-0the complexes
got hydrolysed resulting in the prezipitation of uranium
hydroxide. The complexes attained maximum coloyr
intensity in the pH range 4-0-4-5 and 4-3-4-8
for DHY and DHC respectively. Subsequent studies
have been carried out at pH 4:2 and 4-7 respectively,
It was also found that about 20 fold excess of the re-
agents was necessary to attain the maximum colour
intensity.

Composition of the Complexes:

In al]l the measurements requisite amounts of ethanc]
were added to maintain the concentration of ethanol
at 25% in final dilution; pH was adjusted as mentioned
above and the lonic strength was maintained at 0-1 M
NaClOy. The composition of the complexes was
determined by Job’s method', mele ratio and slope
ratio methods!H12, The results from all the methods
indicated the formation of 1:2 (metal: ligand)
complexes. In mole ratio mcthod the zero slope of
the colour intensity was approached with a Jarge
excess of the reagent. It was duc to the hishly
dissociating nature of the complexes.

Stability Constamts of the Complexes .

Th e stability constants of the coaplenes were caleys
lated from the data 1n molar ratio method, using the
relations :

Kes C{l — o}/ (naO)™ (o) and
o == (Lm—1M/1m
where i, o, C, o, Lneand By have their usual means

il'l}_‘.‘a. 1]“: hl;lljlllly {:{H'Ibtdn[j wele fﬂu"d tl} bcl 395!
x 107 and 3-622 « 107 for DHY and DHC complenes
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respectively.  The standard free encrgy of formation R
(_F = —RT In K) were found to be 8-301 and 7-718 |
Kcal mole at 30 C respectively. /\ /\
Molar Extinction Coefficient and Sensitivir; J O
The values of ntolar extinction coeffidients from the l p.,»}l’/z
slope ratio curves are 3-2 - 102 and 2-95 < 10% at / S
wo” N \g

400 nm and the sensitivities are U 743 and D 801 ug
U cm? (Sandell Scale)'? for DHV and DHC complexes

respectnely.
FProceidire  for Estimation:

The solution containing 30~-85 ppm of uranium was
treated with 20-fold excess of the reagents and the pH
was adjusted as mentioned above., Requisite amount
of ethanol was added to maintain its proportion at
25% level in final dilution and the ionic strength was
maintained at 0-1 M NaCiO;. The absorbance was
measured at 400 nm against a blank contatning corres-
ponding concentration of metal ions. From the abosrb-
ance value, concentration of the metal ions can be
evaluated with the help of the calibration curve.

Effect of Foreign lons:

The influence of foreign lons on the estimation
of uranium using DHV and DHC was also studied In
the usual manner. It was observed that at 40 ppm
concentration of uranium, 1000 ppm of Al(ILl), Ba (II)
Be (IN), Cd (IN), Ca (1), Fe (D, Mg (II), Sr (I, K ),
Na (I), NH, (), CI, ClO, NOg~, SO,*7; 750 ppm
of Br—, Co~ (II}; 500 ppm of Cr (II1), Pb (II), Ag (1),
Mn (I). Ni (1D) ; 150 ppm of I-, TL (D) could be tolerated.
However, Cu (1), Fe (III) and Pd (II) interfere at alj
levels. These must be elimnated prior to estimation

Siruciure of the Complexes:

The structures of the complexes have been proposed
on the basis of I.R. spectra. The spectral data for
the ligands and the complexes indicate that most of
the frequencies are perturbed on complex formation.
I.R. spectrum of the ligand shows two bands in OH
stretch region assigned to two different types of hydroxyl
groups present in the ligand. The band at 3450 cmt
remains unaffected on complexation, hence 1t may
be due to the 4-hydroxy group. The position of the
second band (3330 cm~Y)and its dijsappearance in the
spectra of the complexes shows that it may be due to
the presence of an mtramolecularly hydrogen honded
OH at position-2 in the ligand. The co-ordination of
the keto group through oxygen js indicated by the
lowering of C = O band from 1675 cm~! in the Jigand

to the range 1625 con ! in the complexes. The U =0

band appears at 920 cm-~!,

Appearance of new band at 555 and 560 cm™?! js
fairly attributed to meta) oxygen bands. On the basis
of the above evidence, the following structure (I)
may be assighea to the complexes:

(1)
M=0=U=0
R = — Ciﬂg, CEEHII

The results presented above show that DHV and
DHC are good reagents for uranium, The method
is rapid and reliable and the reagents can be used in
acidic medium so that the metal hydroxides are not
precipitated. Despite the inductive effect of alkyl
chain attached to the carbonyl carbon and hydroxyl
group at position-4 in the licand which increase the
stability of the complexes by increasing the basic streng)h
of the ligands, the overall steric effect of the bujkier

group (solvation effect) decreases the stability of the
DHC complex.
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