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ABSTRACT 
 
The distribution coefficient (Kd) of some metal ions have been determined at various pH values on stannic (IV) 
arsenate cation exchanger. Based on this study, the separation of some important pairs of metal ions has been 
achieved. The separation of Fe(III) from Ni(II), Co(II), Mn(II), Ca(II) and Al(III) have been achieved quantitatively 
in some synthetic mixtures. The quantitative separation of Fe(III) from some  appetizers and from biological 
material has also been achieved. The method is simple, rapid and highly selective with good accuracy and precision 
within the experimental error range (±2%). 
 
Keywords: Ion exchange separations/ stannic arsenate/ column chromatography/ion separation/ appetizers/ 
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INTRODUCTION 

 
Synthetic inorganic ion exchangers (SIIE) have growing interest in field of separation science [1, 3].  A large 
number of studies have been made for their preparation, properties and applications to the simple binary and ternary 
separation of metals ions by different chromatographic technologies [3-18]. Although a variety of stationary and 
mobile phases have been developed to achieve the selective, analytically difficult, environmentally important, 
binary, ternary and multinary separation of metal ions in planar chromatography [19-22]. On the contrary, every 
SIIE has specific selectively towards one or two metallic species. They are also highly stable to a wide range of pH 
and up to high temperature. I have successfully utilized the stannic (IV) antimonate columns for the analysis of 
Mg(II) and Al(III) in some antacid formulations[23]. However their real analytical applications in the field 
biological and pharmaceutical sciences are still lacking. 
 
Iron is an important constituent of biological systems and appetizers. Excess intake of iron causes siderosis  and may 
be harmful due to deposition of unused iron in various organs of the body[24] and deficiency causes anemia due to 
malnutrition, parasite and helminthes diseases, infections and several other factors[25]. Excess intake of iron also 
causes gastrointestinal irritation, nausea, vomiting, diarrhea or constipation, ulceration in the intestine. Thus 
determination of iron becomes important. The determination of iron is difficult due to the interference of certain ions 
and organic species. To encounter this problem Korkisch and Huebner[26] used the organic resins to separate 
metallic species from multivitamin preparations prior to their determination by atomic absorption spectrophotometry 
(AAS). 
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The stannic (IV) arsenate has outstanding thermal and chemical stability, a high uptake for cations[27] and high 
selectivity towards iron, which give us impetus  to extend our studies for the analysis of iron in pharmaceutical and 
biological materials using stannic (IV) arsenate columns. This paper reports the analysis of iron in some 
commercially available appetizers and in some biological materials using stannic (IV) arsenate columns. The 
method can be successfully applied in the field of medical and pharmaceutical sciences for diagnosis and 
determination of iron in formulations respectively. 
 

MATERIALS AND METHODS 
 

Reagents 
Stannic chloride (Trizma) and sodium arsenate (E. Merck) were used. All the other reagents were of Analar grade. 
 
Preparation of the ion exchange material 
60 ml of a 1:1 mixture of H2SO4 and HCl (v/v) were added to the mixture of aqueous solutions of SnCl4.5H2O (90 g) 
and Na2HAsO3 (90 g) in a three necked flask. Concentrated HNO3 (45 ml) was now added and the contents diluted 
to 3.6 L with water, then evaporated to 3L with continuous stirring. A white precipitate was obtained, dried at 40o C, 
cracked by the addition of water, washed and converted into H+ form by treatment with 2M HNO3. 
 
Distribution coefficients (Kd) 
 200 mg of the exchanger bead (100 – 200 mesh) in the H+ from was equilibrated with 25 ml of the solution whose 
metal ion concentration was adjusted to 3% of the total ion exchange capacity of the material. The equilibrium was 
obtained by keeping the solution overnight with constant shaking and the metal ions left in the solution was 
determined with EDTA as titrant. The Kd values as summarized in Table 1 were obtained by the equation [23]. 
 

 
Where, 
I = Initial amount of the metal ions in the solution phase 
F = Final amount of the metal ion in the solution phase 
V = Volume of the solution 
A = Amount of the exchanger (g) 
 
Separation of metal ions  
Quantitative separation of the metal ions was achieved on a glass column (height 50 cm, i.d. 0.6 cm, packed with 2 g 
(100-200 mesh) exchanger in H+ form. A metal ion mixture was transferred into the exchanger column. The flow 
rate of the effluent was maintained 1 ml/min throughout the elution process. 
 
Analysis of samples  
 Stock solution of the drug formulations were prepared as follows -15 ml of the formulation were taken in a beaker 
and heated with a minimum amount of an oxidizing mixture (conc. HNO3 + HClO4 1:2 v/v) to destroy the organic 
matter. The clean solution thus obtained was reduced to a volume 1-2 ml to remove the excess acid and make up to 
100 ml with DMW in a standard flask. 
 
1 ml of the stock solution was loaded on the column containing 2 g of the exchanger and the separations were 
achieved by the same procedure as described above for synthetic mixtures. 80 ml of 0.01 M HNO3 was sufficient to 
elute out all the metal ions quantitatively except iron which remains on the column it was then eluted by 100 ml of  
1M HNO3. After destroying the acid by evaporation, Iron was determined in the effluent by the EDTA titration 
using Cu-Pan as an indicator [28]. 
 
Analysis of iron in biological samples  
The sample such as Kidney, spleen, lever preserved in formalin were collected from different hospitals. The samples 
were dried in an air oven at 110o C for 3-4 hours so as to obtain a constant weight. These samples of lever (4g) 
kidney (3g) were digested in 45 ml of perchloric acid and nitric acid mixture (1:1) while spleen (2g) were digested 
in 10 ml concentrated nitric acid and 49 ml perchloric acid and nitric acid mixture (1:8), respectively until a white 
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residue was obtained. The residue was taken up in water, filtered and diluted to 50 ml. A 1.0 ml aliquot of the 
sample solution was used for the column operation. 
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The adsorption and separation of iron were carried out as in case of synthetic mixture. The 1 ml of the aliquot 
solution was loaded on column maintaining a flow rate of 2-3 drops/minute. The Fe(III) ions present in the solution 
are thus retained on the column due to the high selectivity of the material for these ions. They were then leached out 
with 1 M NH4NO3 as eluent  and the effluent was analyzed for the presence of Fe(III) ions by EDTA titration using 
Cu-PAN as indicator. The result have been summarized in Table 3 while the separation of Fe(III) from synthetic 
mixture has been given in Table 2. 
 

RESULTS AND DISCUSSION 
 

The distribution coefficient (Kd) for various metal ions (Table 1) show that the exchange has high selectivity 
towards transitional metals. Table 1 shows that the sequence of adsorption for the alkaline earths and for Al(III), 
Ga(III) and In(III) is as follow Ba>Sr>Ca>Mg; In>Ga>Al. Table 1 shows that stannic arsenate has a higher uptake 
of metal ion in comparison to the other ion exchange materials prepared earlier[27]. The high uptake, good ion 
exchange capacity, the differential selectivity and good stability of the stannic arsenate make it promising for 
different analytical separations. Several binary separations achieved actually on stannic arsenate columns have been 
given in Table 2. 
 
On the basis of the separation achieved on stannic arsenate columns, the quantitative separation of Fe(III) from 
appetizers and from biological materials have been made possible. The results of these studies are summarized in 
Table 3 & 4. The results of the analysis of Fe(III) in biological materials were found to be more than 99% and are in 
agreement with the induction coupled plasma mass spectrophotometric analysis (ICP). Analysis of synthetic mixture 
(Table 2) and the coefficient of variance (Table 3 & 4) confirm the validity and consistency of the procedure as 
indicated by the degree of accuracy obtained. The ion exchanger columns can be repeatedly regenerated by passing 
100 ml of 2M HNO3, through the column and the eluents are easily available and are inexpensive. 
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CONCLUSION 
 

The proposed method is simple, highly selective to separate Fe(III) quantitatively from appetizers and from 
biological materials. The method can be conveniently used in comparison to the presently available methods. The 
ammonium chloride and nitric acid used as eluent are of naturally occurring substances in biological process as 
waste and decaying materials has great analytical importance for the separation of Fe(III) in appetizers and 
biological materials. 
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