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Spectrophotometric Determination Of Uranium.....

ABSTRACT

A method for the spectrophotometric determination of uranium (VI) by
complexation with di-2-pyridyl ketone benzoylhydrazone (DPKBH) in 50% (v/v)
ethanolic solution is described. Uranium (VD) forms a 1:2 complex with DPKBH.
The complex bas a maximum absorbance at 377 nm. Beer's law is obeyed over the
range 0.2 - 12 pgml'. The effect of pH, excess reagent, percentage of ethanol (v/v),
stability of the complex and the tolerance limit of many metal ions and common anions
bave been reported. The method has been applied to the determination of uranium in
egyption monazite sand.

INTRODUCTION

Di-2- pyridyl ketone benzoylhydrazone (DPKBH) has been
proposed as a sensitive and selective analytical reagent for the
spectrophotometric determination of certain metal ions including iron
(ID™M, iron (I, palladium (IN™ and cobalt (I,

Many methods have been described for the spectrophotomctric
determination of uranium (VI)*®. Some of these methods involve
liquid extraction of the complex into an organic phase’®.

In the present work a new simple senmsitive and selective

method has been proposed for the spectrophotometric determination
of uranium (VI) as its complex with DPKBH in aqueous solution.
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EXPERIMENTAL

Reagents:

All reagents and solvents used were of analytical-reagent grade.

Di-2- pyridyl ketone benzoylhydrazone (DPKBH) was prepared ‘
by refluxing for two hours equimolar amounts of di-2- pyridyl ketone
and benzoylhydrazide in absolute ethanol. The crude compound was
recrystallized from ethanol to a constant melting point (130-132 “C)®),
The purity was checked by elemental analysis and by the infrared
spectrum. A 10? M stock solution was prepared by dissolving the
appropriate amount in a known volume of ethanol.

Standard uranium (VI) solution (10°M) was prepared from
UO,(NO,),.6H,0. The working solutions were prepared by appropriate
ditution.

Buffer solution made up of acetic acid-sodium acetate mixtures
for pH in the range 3.0 - 6.0, hydrochloric acid - borax mixtures for
pH in the range 6.5 - 9.2, and sodium hydroxide - borax mixtures for
pH above 9.2, were used.

Apparatus:

A Perking - Elmer Lamda 5 UV/visible spectrophotometer with
1 cm quarntz cells for spectral studies, and a digital pH meter PBS 750
for pH measurements were used.
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PROCEDURE

A portion of uranium (VI) solution containing not more than
300pg is transfered into a 25 ml volumetric flask, 2.5 ml of 10°M
DPKBH is added followed by 10 ml of ethanol and the volume is
completed with the buffer solution pH 8. Absorbance is measured at
377 nm after 5 min. using a reagent blank as a reference.

RESULTS AND DISCUSSION

Absorption Spectra:

Uranium (VI) forms a yellow complex with DPKBH in the pH
range 4 - 11. The absorption of DPKBH and uranium (VI)-DPKBH
complex prepared as described in the recommended procedure were
studied over the wavelength range 300 - 500 nm. The results obtained
showed that U(VI)-DPKBH complex exhibits one absorption mavima
at 377 nm as shown in Fig. 1. Spectral interference of the recagent
can be eliminated by taking the measurements against a reagent blank
solution.

Effect of pH:-

The effect of pH on the absorbance of U(VI)-DPKBH complex
was studied in the pH range 4.0-11.0 using a solution prepared as
described in the recommended procedure. Maximum absorbance
was obtained in the pH range 7.5-8.5, whereas no absorbance was
detected below pH 3.5.

75



An-Najah J. Res., Vol II. No. 8 (1994) M. A. Abu-Eid, et al.

!
0.8+
|
ot I}
i
9 :
o \
= i
o 0.4} '
=
9 1 2
U
a
< /
0.24
\
\ \

300 4bo 500
Wave Length (nm)

Absorption spectra for:
1x 10° M DPKBH solution, with ethanol 50% (v/v) as a reference.
U(VI) - DPKBH complex at U(VI) concentration of 3.2 x 10°M and DPKBH concentration

of 1 x 10°M, with reagent blank as a reference .
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amm—

Composition of the complex:-

The composition of the U(VI)-DPKBH complex was estab-
lished by the continuous variation and the mole ratio methods. Plots
of both methods suggested a ratio of 1:2 as shown in Fig. 2.
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Fig. 2:  Effect of changing DPKBP/uranium (VI) mole ratio on the absorbance of U(VI)- DPKBH-com-
plex. Conditions:
5.0 x 10°M ursnium (VI), pH8 and S0% (v/v) ethanolic solution. The reference is a reagent
blank .
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Stability of the complex:-

The color of uranium (VI)-DPKBH complex is attained within
5 min. after addition of uranium (VI) ion. The color intensity
remains constant for at least 24 hours. The values of the apparent
stability constant (log B) and the free energy change (-AG®) were
calculated to be 8.02 and 10.89 Kcal. mol” respectively.

Effect of percentage ethanol:

The effect of percentage of ethanol (v/v) on the absorbance of
the uranium (VI) - DPKBH complex was studied. It was found that
increasing the percentage of ethanol from 10% to 50% effected an
increase in the absorbance by 8% any further increase in the percent-
age of ethanol did not effect the absorbance. On the other hand this
increase is also accompanied with red shift in the absorption spectra
from 371 nm in 10% ethanolic solution to 377 nm in 50% ethanolic
solution.

Beer's law and sensitivity:

From the investigation of the aforementioned variables, the
conditions for color development and absorbance measurements were
selected. When the recommended procedure is followed, a linear
relationship is obtained between the absorbance and the concentration
of uranium (VI) within the range 0.2 - 12ug. ml" as shown in Fig. 3.
From the calibration curve the molar absorbitivity is calculated to be
2.02 x 10°1.mol". cm" and the relative standard deviation for 150 pg
of uranium (VI) was 3.3% for 5 measurements.
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Pig. 3: Calibration curve for absorbance as a function of uranium (VI) concentration. Conditions are
those recommended in the procedure.

Effec: of foreign ions:

In order to study the effect of various ions on the determination
of uranium (VI) as its complex with DPKBH, a fixed amount of
uranium (VT) (48 mg) was taken with different amounts of foreign ions
and the recommended procedure was followed. An error of + 3% in
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the absorbance was considered tolerable. Tolerances for various
foreign ions are shown in Table 1. Palladium II), copper (II), Nickel |

Table 1 : Effect of divers ions on the determination of 48 pg of
uranium (VI)

Ion Added as Ion: U(VI) Error % ]
mole ratio "
Pd (II) PdCl, 003:1 3
Cu (II) CuSO, 002:1 10
ll Ni (II) NiSO, 003:1 8
Pt (1) PtCl, 01 :1 27
Fe (IT) FeSO, 0.03:1 12
Fe (III) FeCl, 003:1 12
Hg (I Hg(No,), 05 :1 7
Co (II) CoCl, 003:1 3
&

(II), iron (II), iron (III), cobalt (II), mercury (II) and platinum (II)
interfere seriously and should be absent. A 1000 - fold molar excess
of sodium (I), potassium (I), calcium (II), thorium (IV), aluminum
(III), magnesium (II), lead (II), cerium (III), europium (I1I), lanthanum
(III), terbium (III), chloride, perchlorate, sulfatc, nitrate, oxalate,
borate, phosphate, and silicate did not interfere.
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Applications :

The method has been applied to the determination of uranium
(V]) in egyption monazite sand. The monazite was decomposed by
fusion with sodium peroxide!'”, and uranium (VI) was separated from
interfering ions by liquid extraction with tributyl phosphate method
01 The general procedure was followed for the determination of
uranium (VI) present. The experiment was repeated § times and the
results obtained are shown in Table 2 .

Table 2 : Determination of uranium (VI) present in Egyption
monazite sand

Sample Size Amount of uranium (VI)present (%)
) Found Expected!'?!

2.013 0.35 0.37

2.139 0.37 0.37

2.150 0.34 0.37

1.998 0.33 0.37

1.958 0.34 0.37
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