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ABSTRACT
Objective: Preconcentration and solvent sublation has been studied for the separation and determination of trace uranium (VI) in various spiked
water samples.
Methods: A strongly red colored anionic [UO2(Ar-III)]2- complex was formed at pH 1.0 upon adding arsenazo III (Ar-III) to the sample solution. Tri
n-octyl amine (TOA) was added in the solution to form the (TOA)2[UO2(Ar-III)] ion pair, and an oleic acid (HOL) surfactant was added. Then, the
(TOA)2[UO2(Ar-III)] ion pairs were floated by vigorous shaking in the flotation cell and extracted into methyl isobutyl ketone (MIBK)on the surface
of the aqueous solution. The uranium collected in the MIBK layer was measured directly by spectrophotometry. Different experimental variables
that may affect the sublation efficiency were thoroughly investigated.
Results: The molar absorptivity of the (TOA)2[UO2(Ar-III)] ion pair was 3.28 x 104and 1.24 × 106 L mol–1 cm–1 in the aqueous and organic layers,
respectively. Beer's law held up to 0.01-1.0 mgL-1of U(VI) in the aqueous as well as in the organic layers.
Conclusion: The adopted solvent sublation method was successfully applied for the determination of U(VI) in various kinds of water samples with a
preconcentration factor of 250.
Keywords: Solvent sublation; Spectrometric determination; Uranium(VI); Arsenazo III; Water samples.

INTRODUCTION
Analysis and separation of the metallic species is still a most actual
problem. In recent years, when the environment came to have a
considerable impact upon us all, the identification and separation of
the metallic ions became especially important.
Due to its chemical toxicity and radioactive nature, uranium (U) is
one of the most hazardous heavy metals in the environment. U in
trace amount is found almost everywhere in water, soil and rocks
[1]. It is also known as responsible to cause toxicological effects in
mammals and is potential occupational carcinogen [2]. Uranium
assessment in trace quantity is important task to estimate the
performance of different nuclear processes and thus its
determination in environmental samples is a matter of concern for
safety reasons [3].
A number of various methods have been developed for U
determination in different samples. These various techniques are
laser fluorimetry [4], gamma spectrometry [5], stripping
voltammetry [6], fluorimetry [7], potentiometry [8], polarography
[9], X-ray fluorescence [10], inductively coupled plasma mass
spectrometry [11, 12], neutron activation analysis [13], and alpha
spectrometry [4, 14]. Although all these techniques are sensitive and
capable of fast measurement, but requires expensive instruments,
perfect experimental conditions and complicated samplepretreatment steps.
Because of its dynamic oxidation state, U has a unique nature as
compared to many other metals. U has the capability to be a part of
positive, neutral and negatively charged complexes, nearly at neutral
pH. Due to the strong association of U with other elements, its
determination needs selectivity. Because of simplicity and
selectivity, different chromogenic agents and organic dyes have been
widely investigated and reported for the spectrophotometric
determination of U(VI) [15–27]. Among a variety of these organic
reagents which are largely based on azo-dyes for U(VI)
determination, sodium salt of Ar-III is reported as a responsive

chromogenic reagent. Because of U(VI)-(Ar-III) high stability its
quantitative determination even in very low pH became possible,
where neither hydrolysis, nor the formation of polynuclear species
can take place.
Several methods for determination of uranium based on the
preconcentration techniques have been reported. Solid phase
extraction [28-41], cloud point extraction [42-47], liquid–liquid
extraction [48, 49] and coprecipitation [50] have been reported for
the enrichment of uranium(VI) from dilute solutions prior to
determination by a variety of analytical techniques.
There are several possible strategies for enhancing the overall
sensitivity for metal determination when using a metal-chelate
technique. In an effort to develop a preconcentration technique for
measuring U(VI) in ground water samples, investigations were
conducted concerning the use of Ar-III as complexing agents for
uranium [51, 52]. These techniques called solvent sublation. Solvent
sublation is a very useful technique in which the precipitates,
complexes, or ion-pair of analytical elements are floated and
extracted into a light and immiscible solvent on the analytical
solution by a gas bubbling in a flotation cell. This is a combined
technique of solvent extraction and flotation. The sublation had a
good advantage to pre-concentrate analytes with a big ratio from
large volume sample to a small volume of solvent. Besides, some
necessary fundamental studies were done for the effective sublation
of elements by the solvent extraction to optimize sublation
conditionsand the recovery test was performed to evaluate the
applicability to practical analysis of real samples. The extracted
analytes in the solvent can be measured without further treatment.
A desired element(s) can be selectively concentrated and
determined in a sample solution(s) by adjusting the pH and using a
proper ligand[53, 54].
In the present paper, the determination of U(VI) by using Ar-III as a
complexing agent, Tri n-octyl amine (TOA), oleic acid (HOL)
surfactant and MIBK as an organic solvent is reported. Ar-III is more
sensitive and specific than many of the previous reported reagents
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MATERIALS AND METHODS
Apparatus
Two types of flotation cells were used throughout [55]. Flotation cell
type 1 was a stoppered tube of 1.2 cm inner diameter and 29 cm
length with a stopcock at the bottom. This cell was used to study the
factors affecting the efficiency of flotation. The second type was a
cylindrical tube of 6.0 cm inner diameter and 45 cm length with a
stopcock at the bottom and a quick-fit stopper at the top. This cell
was used to separate the investigated analytes from a relatively
large volume. Spectrophotometric measurements were made
usingUV/VIS-1601 SHIMADZU spectrophotometer. The pH
measurements were carried out using a HANA Instrument
(Portogal) (HI: 9321) digital pH-meter.
Chemicals and solutions
All of the reagents and solvents were of analytical grade and were
used without further treatment. Bidistilled water was used
throughout this study.
-

-

-

-

-

An U(VI) stock solution (1.0 x10-3mol L-1) was prepared by
dissolving
Uranyl
acetate
(UO2(CH3COO)2·2H2O)
in
concentratedHCl and up to 100 mL with water.
Arsenazo-III (Ar-III) was purchased from Merck Chemicals Ltd.
A stock solution of Ar-III (1.0 x 10-3 M) was prepared by
dissolving an appropriate amount of the ligand in
bidistilledwater and up to 100 mL and stored in dark bottle.
A solution of (1.0 × 10–3mol L–1)tri n-octyl amine (TOA) (Fluka)
was prepared by dissolving the reagent in bidistilled water.
An oleic acid (HOL) stock solution (6.3 x 10-2molL-1) was
prepared by dispersing 20 mL of oleic acid (J. T. Baker
Chemical) and completed to 1000 mL with Kerosene.
Solutions of other foaming reagents (0.05%) were prepared by
dissolving in appropriate solvents: Tween 80 in water,
cetyltrimethylammonium bromide (CTAB) in 95% ethanol.
Methyl isobutyl ketone (MIBK).

Analytical procedures
In an Erlenmeyer flask,2.0mL of 1.0 x 10-4molL-1Ar-III was
introduced into 10 mLmeasuring flask containing 1.0 mL of 0.1 M
HClpH1.0 and different concentration of U(VI) solution ranged
between 0.25 x10-5mol L-1to 1.0 x10-5 mol L-1, thenthe solution was
thoroughly mixed. A red colored anionic [UO2(Ar-III)]2- complex was
developed instantaneously. After that 2.0 mL of1.0 × 10–3mol L–1
TOA solution was added. The mixture was shaken well for 2.0 min to
allow complete development of the(TOA)2[UO2(Ar-III)] ion pair. All
contents were quantitatively transferred into a flotation cell (type 1)
and the volume was diluted to 10 mL with bidistilled water.Then, 3.0
mL of 2.0 × 10–3mol L–1 HOL was added. The flotation cell was
shaken upside down by hand for 5.0 min. Vigorous shaking of the
flotation cell in the presence of a surfactant (HOL) created bubbles
in the solution, which enhanced the floatability of the
(TOA)2[UO2(Ar-III)] ion pair. A2.0 mL of 2.0 × 10–3mol L–1MIBK was
added to the solution surface and the flotation cell was shaken
upside down by hand for 5.0 min to ensure complete flotation of the
colored complex in room temperature. The (TOA)2[UO2(Ar-III)] ion
pair was quantitatively transferred into the organic layer on the
solution surface. The aqueous phase was run off through the bottom
of the cell. The concentration of U(VI) in the organic layer was
determined spectrophotometrically using standard addition method
by transferring a suitable volume to the quartz cell and measuring
the absorbance at 655 nm against a reagent blank (3.0 x 10-5molL-1)
Ar-III.
The separation or solvent sublation efficiency (S, %) of the U(VI) in
the organic solvent was determined from the following relationship:
S = (Co/Ci) × 100% (1)
where, Co and Ci denote the concentration of U(VI) in the organic
and the initial aqueous layers, respectively.

Sample analysis
Natural water samples (recovery test)
To assess the applicability of the proposed procedure to real
samples, it was applied to the extraction and determination of U(VI)
in water samples. Three water samples taken from the springs near
the uranium mines at Abu Tarturregion, Egypt were analyzed. The
samples were first filtered through a Millipore 0.45 μm pore size
membrane to remove any suspended particulate matter and
immediately treated with a few milliliters of conc. HNO3 and boiled
for 10 min in order to oxidize any trace organic matter and to expel
dissolved carbon dioxide. The sample stored in previously cleaned
polyethylene bottles and treated according to the designed
procedure. Different concentrations of U(VI) were introduced into a
series of flotation cells, each containing 1.0 L of a water sample.
Then, 5.0 mL of 1.0 x 10–3mol L–1Ar-III were added and each cell was
shaken upside down vigorously by hand for 5.0 min to allow
complexation. To each cell, 5.0 mL of 1.0 × 10–3mol L–1TOA was
added and the mixture was shaken well. To this solution, 5.0 mL of
an kerosene HOL solution (2.0 × 10–3mol L–1) was added and the cell
was then inverted upside down many times by hand. After that, 4.0
mL of MIBK was introduced onto the surface of each cell and the cell
was shaken well. The organic layer was separated to ensure a
preconcentration factor of 250. This solution was then subjected
directly to spectrophotometric determination.
RESULTS AND DISCUSSION
Solvent sublation of U(VI)
Influence of pH
A series of experiments was carried out to study the effect of the
hydrogen-ion concentration on the sublation efficiency of U(VI) in
both absence and presence of Ar-III. The results are shown in Fig. 1.
In the absence of Ar-III, the separation efficiency is not quantitative,
in which the sublation efficiency (S, %) does not exceed 20%. On the
other hand, Figure 1, shows the effect of the pH on the sublation
efficiency of U(VI) in the presence of Ar-III. The U(VI)-Ar-III complex
was quantitatively sublated as an ion pair from an aqueous solution
in the optimum pH 1.0,because above pH= 4.0 the solution stat
precipitation in presence of organic phase (HOL-TOA-MIBK). The
effect of varying the pH from 1.0 to 10 on the sublation of 1.0 x 105mol L–1U(VI), 2.3 ppm, was investigated in the presence of 1.0 x 10 4 mol L-1Ar-III,1.0 × 10–3mol L–1 TOA; 2.0 × 10–3mol L–1 HOL and 2.0 ×
10–3mol L–1 MIBK. The results are shown that the maximum
sublation efficiency reach S%=100 which was obtained in the pH1.0
of 0.1 M HCl solution.
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Fig. 1: Effect of pH on the Sublation efficiency (S, %) of (a) U(VI)
in the absence of Ar-III and (b) (TOA)2[UO2(Ar-III)] ion pair.
U(VI), 1.0 x 10-5mol L-1; Ar-III, 1.0 x 10 -4mol L-1; TOA, 1.0 × 10–
3mol L–1 HOL, 2.0 × 10–3mol L–1 and MIBK,2.0 × 10–3mol L–1.
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Influence of Ar-III concentration
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The effect of different concentrations of arsenazo III on the sublation
efficiency of 1.0 x 10-5mol L–1U(VI) using 1.0 × 10–3mol L–1 TOA, 3.0
mL of 2.0 x 10-3 mol L–1HOL and 2.0 mL of 2.0 × 10–3mol L–1 MIBK at
pH 1.0 was investigated (Fig. 2). Complete sublation of U(VI) was
achieved at Ar-IIIconcentration >4.0 x 10-5mol L–1. The excess ArIIIconcentration has no adverse effect on sublation, thus giving a
good chance for applying the procedure for analysis of uranium on
water samples. Different concentrations of Ar-IIIwas examined
ranged between 0.1- 15 x 10-5mol L–1under the optimum condition.
These results confirmed that quantitative sublation was obtained
when [U(VI)]:[Ar-III] ≥ 1:4. In most experiments in this
investigation, the concentration of Ar-IIIwas chosen to be more than
10-fold that of U(VI).
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Fig.3: Influence of the TOA concentration on the sublation
efficiency (S, %) of U(VI), 1.0 x 10-5mol L-1; Ar-III, 1.0 × 10–4mol
L–1; HOL, 2.0 × 10–3mol L–1; MIBK, 2.0 × 10–3mol L–1 and pH 1.0 at
25°C .
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The effect of the type of surfactant on the efficiency of sublation was
studied using anionic (HOL), non-ionic (Tween 80) and cationic
(CTAB) surfactants. The (TOA)2[UO2(Ar-III)] ion pair was not
sublated at all upon using cationic or non-ionic surfactants. On the
other hand, the anionic surfactant HOL strongly increased the
sublation efficiency. Such a phenomenon can be interpreted to mean
that excess TOA around the [UO2(Ar-III)]2-complex creates ion pairs
of positive charge. Therefore, the addition of an anionic surfactant
improves the efficiency of sublation.
Influence of oleic acid (HOL) concentration

Influence of TOA concentration
Although the anionic complex, [UO2(Ar-III)]2-, is sublated by the
bulky organic cation, TOA+, sublation is not quantitative. However,
by the addition of the surfactant, HOL, the complex could be
quantitatively floated and extracted easily into MIBK. The solvent
sublation efficiency reached 100% at pH 1.0. The effect of the TOA
concentration on the sublationefficiency of the complex in the
presence of HOL was investigated using 1.0 x 10-5 mol L–1 (2.3 ppm)
U(VI) at pH 1.0. Fig. 3 shows that the maximum sublation efficiency
of [UO2(Ar-III)]2- was attained when the concentration of TOA was ≥
1.0 × 10–3mol L–1. Thus, 1.0 × 10–3mol L–1 of TOA was chosen in the
present study.
Type and amount of surfactant
The flotation and extraction of complexes into MIBK on the surface
of aqueous solution in a flotation cell is enhanced by changing the
complexes from hydrophilic to hydrophobic properties. The change
can be done by using a surfactant. Such an enhancement can be
explained as follows.
The ion-pair or metal-ligand complexes are adsorbed with a
surfactant and easily floated to the top of the solution by bubbling
nitrogen gas or vigorous shaking. The complexes adsorbed are
desorbed in an organic phase if the complexes are floated to the
phase [57]. A neutral TOA ion pair of complexes can be floated and
extracted into MIBK, but a surfactant has been used to improve the
flotation. This is due to the fact that a surfactant not only supports
an ion pair by forming foams, but can also make the surface of the
ion pair hydrophobic, and hence can easily be attached to air
bubbles [58–60].

The concentration of HOL is an important parameter to improve the
limit of the separation percentage. Sublation is not quantitative.
However, by the addition of the surfactant (TOA) and HOL, the
complex could be quantitatively floated and extracted easily into
MIBK. Fig. 4 shows that the sublation efficiency of the
(TOA)2[UO2(Ar III)] ion pair reaches its maximum (100%) over a
wide range of HOL concentrations (1.0-6.0 x 10-3mol L–1) . A suitable
concentration (2.0 × 10–3mol L–1) of HOL and 3.0 mL volume were
selected throughout this work.
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Fig. 2: Influence of the Ar-IIIconcentration on the sublation
efficiency (S, %) of U(VI), 1.0 x 10-5mol L-1; TOA, 1.0 × 10–3mol L–
1; HOL, 2.0 × 10–3mol L–1; MIBK, 2.0 × 10–3mol L–1 and pH 1.0 at
25°C .
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Fig. 4: Solvent sublation of the (TOA)2[UO2(Ar III)] ion pair vs
HOL concentration. U(VI), 1.0 x 10-5mol L-1; arsenazo III, 1.0 ×
10–4mol L–1; TOA, 1.0 × 10–3mol L–1; MIBK, 2.0 × 10–3mol L–1 and
pH 1.0 at 25°C .
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Influence of organic solvents

above. The calibration graph was linear in the range 10–1000 ng mL(Fig. 6). The calibration equation is A = 0.3889x + 0.0047 with a
correlation coefficient of 0.9990 (n = 6), where A is the absorbance
of the complex at 655 nm and C is the concentration of U(VI) in
original sample solution in ng mL-1. The effective molar absorptivity
of the (TOA)2[UO2(Ar-III)] ion pair was 3.28 x 104 L mol–1 cm–1 in the
aqueous layer. That of organic phase, with respect to the initial U(VI)
concentration in aqueous phase, was 1.24 × 106 L mol–1 cm–1.The
limit of detection, defined as CL = 3Sb/m [56], where CL, Sb and m are
the limit of detection, standard deviation of the blank and the slope
of the calibration graph, respectively, was 1.10 × 10–8mol L–1 (2.6 ng
mL-1) of U(VI).
1

A proper choice of the solvent is very important to dissolve and
extract the floated ion pairs into the solvent. The solvent should be
lighter than an aqueous solution, i.e., with a specific gravity less than
1.0 g mL–1, separated clearly from the aqueous phase and does not
turn turbid by mixing with water. In the present study, the sublation
efficiency was investigated with such solvents as benzene, MIBK,
xylene and hexane. MIBK was chosen as a solvent in the present
study because of the maximum absorbance and the lowest
background for the investigated analyte.
Influence of temperature
In order to study the optimum temperature required for
quantitative sublation of uranium- Ar-III complex, a series of
experiments was conducted over a wide temperature range (20-70°
C).The temperature effect on the sublation efficiency is depicted in
Fig. 5. The sublation of (TOA)2[UO2(Ar-III)] ion pair is not affected by
raising the temperature up to 40 °C, above which the sublation
efficiency starts to decrease. This decrease may be attributed to an
instability of the ion pairs (TOA)2[UO2(Ar-III)] as well as weak
binding between the HOL surfactant and the ion pair species. Thus,
all work was carried out at room temperature (25 °C).

Table 1: Tolerance limits of the foreign ions in the
determination of 1.0 x 10-5mol L-1 U(VI).
Ions
Na+, K+, Cl-, SCNMg2+, Ca2+,Hg2+, Pb2+, Cd2+, CO32-,
PO43Fe3+, Al3+, Cr3+, Cu2+, Zn2+, Mn2+,
Ni2+
Th4+, Zr4+

Maximum tolerated ratio of
coexisting ion to U(VI), m/m
5000
1000
500
100

120
Also, concerning this matter, a fixed quantity of U(VI) was taken and
added to different volumes of aqueous solutions. It was found that of
4.3 × 10–7mol L–1 U(VI) was quantitatively separated and determined
from different volumes up to 1.0 L. This means that 102 ng mL-1 of
U(VI) can be safely separated and determined by such a procedure
from 1.0 L solution into 4.0 mL of the organic layer, so, the
preconcentration factor of 250 was achieved in this method.
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Fig. 5: Influence of the temperature on the sublation efficiency
(S, %) of the (TOA)2[UO2(Ar III)] ion pair. U(VI), 1.0 x 10-5mol L1; Ar-III, 1.0 × 10–4mol L–1 TOA, 1.0 × 10–3mol L–1; HOL, 2.0 × 10–
;
3mol L–1; MIBK, 2.0 × 10–3mol L–1 and pH 1.0.

Influence of foreign ions
The possible interference of various ions, which are thought to
account for the major constituent of water samples, especially the
ions that interfere with the spectrophotometric method, was
examined by introducing them into the solutions containing 1.0 x 105molL-1 of U(IV) and treating as described in the procedure.
The tolerance limit was fixed as the maximum amount of an ion
causing an error no greater than 3.0% in the absorbance of the
consequent solution. The results are given in Tables 1. It was
observed that almost all of the cations and anions except for Th4+
and Zr4+were tolerated at high concentration ratios. Synthetic
mixture of studied cations and anions which are thought to account
for the major constituent of water.
Analytical parameters
Calibration graph was constructed from spectrophotometric
measurements performed under the optimum conditions described
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Fig. 6: Calibration graph for of the "U(VI)-Ar-III" complex.

Applications
Recovery yields of U(VI) in natural water samples
The developed procedure for the determination of U(VI) using a
sublation methodology and spectrophotometry was examined for
three water samples (Table 2). The good recoveries of spiked known
additions to different water samples were in the ranges of 97 –
104%.
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Table 2: Analytical results of water samples by the solvent sublation
Sample
Tap water

Waste water

Well water

Spiked U(VI) (ng mL-1)
50
100
200
50
100
200
50
100
200

Found U(VI) (ng mL-1)
49.50
98.8
194
50.10
99.40
199.0
49.8
104
202

CONCLUSIONS
Solvent sublation, compared with ion flotation, has an advantage in
that it allows analysis of the organic phase directly, and it is not
necessary to destroy the foam (which is not always a very easy task).
In the present study, traces of U(VI) in media of diverse origin were
determined by a solvent sublation methodology using an ion pair of
[U(VI)-Ar-III] anion and TOA for the utilization of a synergistic effect.
The hydrophobic ion pairs, created by the addition of oleic acid
surfactant, were floated and extracted into MIBK by vigorous
shaking of the flotation cell. The U(VI) concentrated in the organic
layer was subjected directly to spectral determination without
preliminary elution. This procedure was successfully applied to the
analysis of various kinds of water samples spiked with known
amounts of U(VI) with a preconcentration factor of 250. This method
is free from some limitations, such as using harmful solvents,less
amount of reagents, and also considered from economically feasible,
The process is relatively simple, fast, and utilized from the organic
phase so that there is not so much toxicity. Furthermore, the organic
phase can be used repeatedly without any purification; hence, this
method has no problem in view of the environmental pollution.
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