
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

Extraction and Separation Studies of Tin(IV) with Tri-n-octylamine
P. S. Patila; V. M. Shindea

a Department OF CHEMISTRY, SHIVAJI UNIVERSITY, KOLHAPUR, INDIA

To cite this Article Patil, P. S. and Shinde, V. M.(1979) 'Extraction and Separation Studies of Tin(IV) with Tri-n-
octylamine', Separation Science and Technology, 14: 3, 247 — 253
To link to this Article: DOI: 10.1080/01496397908066963
URL: http://dx.doi.org/10.1080/01496397908066963

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496397908066963
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SEPARATION SCIENCE AND TECHNOLOGY, 14(3), pp. 247-253, 1979 

NOTE 

Extraction and Separation Studies of Tin(lV) with 
Tri-n-octylamine 

P. S. PATIL and V. M. SHINDE 
DEPARTMENT OF CHEMISTRY 

SHIVAJI UNIVERSITY 

KOLHAPUR 416004, INDIA 

Abstract 

A selective method is developed for the separation of tin(1V) from copper, 
manganese, zinc, cadmium, mercury, nickel, lead, aluminum, bismuth, and 
molybdenum with tri-n-octylamine either from hydrochloric or acetic acid 
media. The metal ion from the organic phase is stripped with nitric acid 
solution and determined photometrically in the aqueous phase. The method 
is shown to be applicable to synthetic mixtures. 

Tri-n-octylamine (TOA) has been used as an extractant in this labo- 
ratory for the selective separations of copper (I) and mercury (2). This 
paper describes systematic studies-on its use for separation of quadrivalent 
tin from associated elements. A 5 % solution of TOA in benzene extracts 
tin(1V) quantitatively from 0.5 A4 HCl or acetic acid solution. The metal 
ion from the organic phase is back-stripped with nitric acid solution 
and subsequently determined photometrically with pyrocatechol violet 

Solvent extraction methods for tin have been reviewed by De et al. 
(4) and Korkisch (5) in their monographs. TBP (6) and MIBK (7,8) are 
used for the extraction of tin from HC1 or HBr solutions; ether (9) extracts 
tin(1V) from thiocyanate solution, whereas N-benzoyl phenyl hydro- 
xylamine (10) has been used for extraction of tin(1V) from acetic acid solu- 
tion. Liquid-ion exchangers such as Alamine 336 (11)  and Amberlite 

(3). 
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248 PATlL AND SHINDE 

LA-2 (12) have also been used for the extraction of tin(1V) and tin(II), 
respectively. 

In none of these methods were attempts made to separate tin from 
co-extracted elements. The proposed method provides for the separation 
of pg amounts of tin(IV) from metal ions such as copper, nickel, zinc, 
cadmium, mercury, lead, manganese, aluminum, and bismuth. The 
separation is quantitative and rapid. 

EXPERIMENTAL 

Apparatus and Reagents 

Absorbance measurements were taken on a Zeiss Spectrophotometer 
(German) using 1-cm quartz cells. pH was measured on a Radiometer 
pH meter (Philips). 

A stock solution of tin(1V) was prepared by dissolving 2.9 g of AR 
stannic chloride in 100 ml of 2 M HCl solution. The solution was stand- 
ardized (17) and then diluted as required for working solution. All other 
chemicals used were of GR grade. 

A 5 %  wjv solution of TOA (Kochlight, England) in benzene was 
equilibrated for 10 min with equal volumes of 4 M HCI or 1 MCH,COOH 
before use. 

General Procedure 

A solution containing 10 to 50pg of tin(1V) was mixed with enough 
hydrochloric acid or acetic acid to give a final acid concentration of 0.5 A4 
in a total volume of 10 ml. The solution was then equilibrated for 5 min 
with 5 ml of 5 %  TOA dissolved in benzene. The organic phase was 
separated and extracted (1 min each) with nitric acid (3 x 5 ml of 0.5 M 
HNO,) solution to strip tin into the aqueous phase. The combined 
aqueous phase was again extracted with 5 ml of pure benzene to remove 
traces of amine, and finally tin in the aqueous phase was determined 
photometrically with pyrocatechol (3) by measuring at  555 nm. 

RESULTS A N D  DISCUSSION 

The extraction behavior of tin with varying acid concentration and 
TOA concentration is shown in Table I .  Five percent TOA dissolved in 
benzene extracts tin quantitatively from 0.5 M hydrochloric or acetic 
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250 PATIL AND SHINDE 

acid solution. The log-log plot of distribution ratio vs [TOA],,, at  fixed 
HCl (0.5 M )  and acetic acid (1.0 M )  concentrations gave slopes of 1.84 
and 2.05, respectively, indicating that the metal-to-amine ratio in the 
extractable species is 1 : 2.  The extracted species is thus (R,NH+)2SnX,2-. 
Tin extracts also from H2S0, and HBr solution, but back-extraction is 
not feasible with any agent. Extraction is incomplete from HNO, (0.1 
to 6 M )  solution. 

Interferences 

A number of ions were tested for their interference in the extraction 
and determination of tin. The tolerance limit was set at  the amount re- 
quired to cause ? 2 % error in the recovery of tin. About 400 pg of cobalt; 
250 pg each of nickel, cadmium, mercury, thorium, selenium, tellurium, 
platinum, citrate, tartrate, thiourea, thiosulfate, phosphate, and nitrate; 
and 125 pg each of chromium, indium, manganese, lead, zinc, oxalate, 
ascorbate, fluoride, and sulfate do not interfere, but ions such as iron, 
antimony, vanadium, and EDTA interfere strongly. Ions such as copper, 
zinc, cadmium, mercury, manganese, and bismuth co-extract. 

Separation of Tin(lV) from Copper, Manganese, Zinc, Cadmium, 
Mercury, Nickel, Lead, Aluminum, and Bismuth from Acetic 
Acid Solution 

The percentage extractions of Sn, Cu, Mn, Zn, Cd, Hg, Ni, Pb, Al, 
and Bi, shown in Table 2, indicate the possibility of separation of tin(1V). 
When extracted with 5 % TOA from 0.5 M acetic acid solution, tin (20 pg) 
extracts quantitatively into the organic phase whereas lead, aluminum, 
and nickel (1 mg each) are retained in the aqueous phase and are estimated 
titrimetrically (15, 16). Co-extracted bismuth and mercury (2 mg each) 
are retained in the aqueous phase by selective masking with thiourea and 
ascorbic acid, respectively. Bismuth in the aqueous phase is estimated 
titrimetrically (15) ; however, the aqueous solution has to be treated with 
a few drops of nitric acid and then with 2 ml of hydrogen peroxide before 
mercury is determined titrimetrically (15). Copper, zinc, cadmium, and 
manganese (1 mg each) show co-extraction with tin but are back-washed 
from the organic phase with water (2 x 10ml) and determined in the 
aqueous phase by standard procedures (15,16);  finally, tin is stripped 
and determined as described in the working procedure. The results of 
various synthetic mixtures are shown in Table 3. The average recovery 
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EXTRACTION AND SEPARATION STUDIES OF TIN(IV) 25 I 

TABLE 2 

Percentage Extraction of Tin(1V) and Other Metal Ions 
into 5 % TOA 

HC1 CH3COOH 

Metal ions 0 . 5 M  1-4M 5-6M 0 . 5 M  1-3M 5 M  

Tin(1V) 
Copper 
Nickel 
Zinc" 
Cadmium" 
Mercury 
Manganese 
Lead 
Bismuth" 
Aluminum 
Molybdenum 

99.4 
0.0 
0.0 

98.5 
100.0 
86.0 

23.8 
- 

89.4 81.8 
10-86.8 100.0 
0.0 0.0 
- - 
- - 

80.0 68.0 

41.6 34.6 
- - 

- - 
- - 

10-86.9 99.0 

99.4 
2.5 
0.0 
0.0 
1 .o 

100.0 
4.20 
0.0 
1 .o 
1 .o 
- 

61-65 
10-24 
0.0 - 

43.3 
33.0 
0.0 - 

- 
4.2-10.5 
- 

- 
12.7 
- 

1 .o 

"Zn, Cd, and Bi co-extract with Sn(IV), Bi with thiourea, and Hg with ascorbic acid 
are masked. 

TABLE 3 
Analysis of Synthetic Mixtures 

Percentage Percentage 
recovery of Relative recovery Relative 

Composition of tin (triplicate error of added error 
synthetic mixture analysis) ( %) ions ( %) 

Sn, 0.02 mg; Cu, 1 rng 
Sn, 0.02 mg; Mn, 1 mg 
Sn, 0.02 mg; Zn, 1 mg 
Sn, 0.02 mg; Cd, 1 mg 
Sn, 0.02 mg; Hg, 1 mg 
Sn, 0.02 mg; Ni, 1 mg 
Sn, 0.02 mg; Pb, 1 rng 
Sn, 0.02 mg; Al", 1 mg 
Sn, 0.02 mg; Bi3+, 1 mg 
Sn, 0.02 mg; Mo6+, 0.04 m p  
Sn, 0.02 mg; Cu, 0.1 m p  
Sn, 1 mg; Cu, 1 mg; Ni, 

Sn, 0.02 rng; Cu, 1 mg; 
1 mg; Zn, 1 mg; Pb, 1 mg 

Ni, 1 mg; Zn, 1 mg; Pb, 
1 mg; Mn, 1 mg; Al, 1 mg 

99.4 
99.2 
98.9 
99.3 
98.9 
99.4 
99.2 
99.0 
99.0 
99.4 
99.5 

0.6 
0.8 
1.1 
0.7 
1.1 
0.6 
0.8 
1 .o 
1 .o 
0.6 
0.5 

~~ 

0.5 
0.5 
1.0 
1.2 
1 .o 
0.2 
0.5 
1 .o 
0.5 
1 .o 
0.6 

99.5 
99.5 
99.0 
98.8 
99.0 
99.8 
99.5 
99.0 
99.5 
99.0 
99.4 

99.0 1 .o 

98.8 1.2 

"Separation done from HCI solution. 
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252 PATIL AND SHINDE 

of tin is 99.2 0.4%. The average recoveries of Pb, Al, Ni, Bi, Hg, Cu, 
Zn, Cd, and Mn from binary mixtures are 99.5, 99.0, 99.8, 99.5, 99.0, 
99.5, 99.0, 99.8, and 99.5%, respectively. 

Separation of Tin(lV) from Copper and Molybdenum from Hydro- 
chloric Acid Solution 

The results in Table 2 also indicate the possibility of separation of tin 
from copper and molybdenum from hydrochloric acid solution. A sample 
solution (0.5 M in HCl) containing 20 pg of tin(IV), 100 pg of copper, 
and 40 pg of molybdenum is extracted with 5 % TOA solution as described 
in the general procedure. Tin is removed in the organic phase, while copper 
and molybdenum are retained in the aqueous phase. Tin is stripped from 
the organic phase with nitric acid (0.5 M )  solution and determined photo- 
metrically, whereas copper (13) and molybdenum (14) are determined in 
the aqueous phase by standard procedures. The results are reported in 
Table 3. 
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