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Abstract

In this work, synergistic flotation of U(VI)-alizarin complex at the presence of some diamine compounds was firstly investigated by th
spectrophotometric method. The flotation process was carried out on aliquots of 100 ml of U(VI) solutions containing alizarin and the diamil
at pH of 5.00 using:-heptane. The floated layer was then dissolved in acetonitrile and its absorbance was measured. Since the synergistic ef
of 4,4-diaminophenylmethane (dapm) was much more than the others, it was used for the determination of U(VI) by this method. Beer’s Iz
was obeyedXmax=591 nm) in the range of & 1077 to 1 x 10-°molI~* with the apparent molar absorptivity of 1.£210° Imol~tcm?, and a
correlation coefficient of 0.9991. The detection limitx(7) was 1x 10~ molI~%, and the R.S.D.«{(=7) obtained for 4« 10~ molI~* of U(VI)
was 2.23%. Except that only a few analogous cations, which could be masked by EDTA, no interference was observed at the presence of val
conventional ions, even at high concentrations. The reliability and applicability of the method were confirmed using some geological stand:
reference materials and spiked synthetic water samples, respectively.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ration [10]. Disadvantages associated with these procedures
include the use of large volumes of organic solvents and acids
Uranium is an important element in view of industry, espe-resulting in large volumes of generated waste.
cially in view of nuclear energy production. Mining, nuclearfuel ~ Generally, spectrophotometric determinations are widely
preparation and waste management require a number of chemised to determine of uraniufd1-15] Achievement to more
cal methods for purification, enrichment and its determinationsensitivity and selectivity should be feasible, when complemen-
Widely used methods for uranium determination in environ-tary techniques, such as liquid or solid phase extraction are
mental samples are inductively coupled plasma atomic emissiatoupled with it prior to the measuremeit$—19] Previously,
spectrometryl], inductively coupled plasma-mass spectrome-synergistic extraction of uranium wiitdiketones assisted with
try (ICP-MS)[2,3], neutron activation analysis (NAA), gamma a number of individual agents was reporf2d]. The systematic
and alpha spectrometiil—6] and electroanalysis using ion- studies concerning on synergistic phenomenon were conducted
selective electrod¢7—9]. Although, these methods benefit a without following the extraction proce$21]. It was found that
high considerable sensitivity and favorable detection limits, buthe synergistic phenomenon occurs in aqueous phase and pro-
except that the last, their application require to rather expensiveides a new possibility for improving the detection limit in
equipment and undergo a higher running cost. Moreover, utilizeetermination of RE(lll) ions via the fluorescence enhancement
ing from some methods needs preliminary separation steps, suofisome RE(IIl) complexes with certaprdiketones using var-
as extraction and ion-exchange procedures for sample prepimus types of nitrogen-involving neutral bidentate ligands, such
as 1,10-phenanthroline (phen) and Zypyridine (bpy)[22,23],
One of the interest methods for separation and preconcentra-
* Corresponding author. Tel.: +98 561 2224803; fax: +98 561 2230009.  tion of trace amount of metal ions is flotation spectrophotometry
E-mail address: MSHosseini@birjand.ac.ir (M.S. Hosseini). in which the organic solvent, on the contrary of solvent extrac-
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tion methods, is not polluted during the performance so as caB. Results and discussion

be used over agaii24—28] In the previous work, the synergis-

tic flotation of RE(III) ions with alizarin at the presence of phen 3.1. Flotation process

was investigated and found that the absorbance was considerably

increased for majority of these ions in acidic mg@@). By con- Initially, a number of parameters were investigated that influ-
sidering to those observations, it is expected the selective detegnce on performance of flotation the binary U(VI)—-alizarin com-
mination of individual lanthanide or actinide ions can be feasibleplex formed in acidic media. Before that, the effect of pH was
using the synergistic flotation method. In this work, initially examined on efficiency of the flotation process over a range of
the synergistic flotation behavior of U(VI)—-alizarin complex in 3.00—6.00 by adjusting the pH of the solution just before the
the presence of certain diamine compounds, as the nitrogewrganic phase addition. As shown Table 1 the absorbance
involving neutral bidentate ligands, was investigated and themeasurements represent a maximum at pH of 5; hence, the
the determination of U(VI) was carried out using dapm, whichfuture studies to optimize the other parameters were carried out
its tendency to enhance the flotation efficiency was obvioushat this pH. Evidently, by increasing the pH, the flotation effi-

considerable in comparison with the others. ciency should be increased owing to increase the dissociated
form of alizarin, Hz", but the absorbance decreasing at the pHs

2. Experimental more than 5 is obviously attributed to change the structure of the
complex.

2.1. Material and apparatus The effect of alizarin concentration was studied over a

range of 4.0< 10°° to 6.0x 10~°moll~1. Fig. 1 indicates

All the reagents were of analytical grade, obtained froma maximum absorbance at the concentrations more than
Merck, Germany and used without further purification. All of 1.4x 10~°>moll~1. Since, increasing of the concentration of
the solutions were prepared with fresh double distilled water.
Alizarin solution (2.0x 10~3 molI=1) was prepared by diSsolV- Tapje 1
ing the required amount of in methanol. The diamine com-The absorption values of the floated U(VI)—alizarin complex after dissolving in
pounds were used as 0.1 m‘0:|-|so|utions prepared Simi|ar|y 5 ml of acetonitrile, obtained from the solutions with various pH values
in methanol. A standard stock 1-010-3molI=* U(VI) solu- oy - Absorbancd
tions was prepared by dissolving the appropriate amount of its
nitrate salt in 50 ml of 2 moH?! nitric acid and diluting to the

35 591 0.0650.008)

mark (250 ml) with water. The working solution with concen- 4 g 591 0.25240.007)
tration of 1x 10~° mol 1= was papered by using the stock solu- 4.5 591 0.349+0.006)
tion. Ammonium nitrate (0.5 motf!), nitric acid (0.25molt1) 5.0 591 0.383+0.010)
and ammonia (0.25 mott) solutions were used to adjust the >3 591 0.35640.016)
pH and ionic strength of the working solutions to the desireo@:5 ?gé 822&8:883;
values. 7.0 581 0.31640.006)

A Shimadzu model 160 A double beam spectrophotometer.s 581 0.308+0.009)
and a Corning model 130 pH-meter were used for absorptioA.0 581 0.30140.012)
and pH measurements, respectively. 2 The results are reported as the average values from five samples measure-

ments.
2.2. Procedure
040 2 Fs 3

To a separating funnel containing 100ml of 4@Q0° R * =
mol I=1 U(VI) solution, 1.2 ml of the diamine compound, 2 ml of
the ammonium nitrate and 0.1 ml of the alizarin solutions were 0.30 |
added and its pH was adjusted to the desired value using ammao-
nia. After addition of 10 mk-heptane, the funnel was stoppered §
and vigorously shaken for 20 min, then left to restfor 30minto 8 4.0 |
appear a floated layer at the interface of aqueous/organic layers. §
By slowly opening the stopcock of the funnel, both the aque- <
ous/organic layers were removed and the floated layer thatwas . |
adhering to the inner wall was dissolved in 5 ml of acetonitrile,
then its absorbance was measured at the maximum wavelength
(591 nm) against a reagent blank, prepared by the same manner. 0.00 . . |

In order to determine of U(VI) in the solutions, the flotation 0.0 20 4.0 6.0
process was carried out similarly on aliquots of the solutions C x 105/mol I

(200 ml) containing up to 0.238 mg U(VI) ion at pH of 5.00 and _

_ . .. Fig. 1. Effect of alizarin concentration on the flotation process. The pH of the
5 1
atthe presence of 1:010™>mol I~ of dapm as the synergistic solutions was adjusted to 5.00y(v) =4 x 10-%molI~1 and ionic strength is

agent. 0.01 mol 1 in all of the examinations.
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