
NOTES 

these ligands towards alkali metals ; but these 
changes in the donor properties are not related in 
any simple way to the donor group, ring size of 
the ligand, electro-negativity or polarisability of 
the metals. They are most likely to be the resultant 
of some or all of the factors mentioned above. 

The present work furnishes a comparative and 
interesting study of such ligands with those of the 
ligands of the previous work 1 , which formed stabler 
ad ducts. 

Infrared spectra of ML.N0 1 ·BAN and ML.Cl­
BAN : The ir spectra was recorded in a Perkin­
Elmer 521 spectrophotometer with expanded scale. 
In the adducts, OH stretching frequencies appeared 
at -3100 cm-1 , which suggests" association of the 
OH group. The N01 assymetric frequency of the 
ligand at 1575 cm-1 , have been found to be shifted 
down due to the association' by 5-15 cm-1 in the 
adducts. The N = N band of the nitro- and chloro­
ligands at 1555 and 1570 cm-1 , shifted down by 
5-20 cm-1 in the adducts, suggesting again the 
weuk8 a!>sociation of N = N group in the ad ducts. 

",Selected ir frequencies are given in Table 2. 

t 
Oompd. 

TABI.JC 2-SJCI.JCC'l'JCD Ia BANDS 

1118 (NO,) 

N01-B4N ( "'L) 
Na1N2N.L 
KlNI!N.L 
Li8HQ.L 
NaSHQ.L 
KSHQ.L · 
Na.2H3NA.I, 
R2HSNA:L 
NaSalA.L 
Na.SalH.J, 
Cl·BAN ( .. I/) 
LilN2N.L' 
NalNI!N.L' 
R1N2N.T/ 
Li8HQ.L' 
Na8HQ.L' 
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1560 
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DURING the last decade considerable progress has 
been made in the application of solvent extraction 
to the separation of metals. In this respect high 

molecular weight carboxylic acids have found 
considerable interest as extractant in industry, atomic 
energy programme and in hydrometallurgical process­
ing of ores because of low cost, ease of availability 
and high metal loading capacity1 •11 • The !>ynthetic 
carboxylic acids Versatic9, Versatic911 and Versatic 
10 have been extensively used in our Laboratory for 
the extraction of cerium(lV), thorium(IV) and 
uranium(VI) 8 - 5 • A survey of literature revealed 
that little work has been done on the extraction of 
iron(III) with versa tic acid:. 11 •8 • No work has yet 
been made on the extractive separation of iron from 
various binary mixtures, moreover, extraction 
studies has not yet been applied in hydrometallurgy. 
The present work describes the selective extraction 
of iron(III) from various metal ions using Versa tic 
911 as extractant. The study includes the hydro­
metallurgical separation of iron(£11) from a number 
of available iron mmeral. 

Experimental 

Versatic 911 (Shell Chemical Co., London) is a 
mixture of tertiary C 9 - C11 monocarboxylic acid 
and its purity is 99% and strength is 5.83 M. Ferric 
chloride solution (5 mg ml- 1 ) was prepared from 
ferric chloride (A.R.) and standardtsed by com­
plexometric titration with EDTA (disodium salt) 
using sulphosalicylic acid as indicator'. 

General extraction procedure : The procedure of 
the experiment was based on the solvent extraction 
technique. Test solution (10 mg of iron) was taken 
in a 250 ml separatory funnel and equilibrated with 
10 ml Versatic 911 solution (10 mil Versatic 911-
butanol = 1 : 5) by manual shaking. The total 
volume of the aqueous phase was niade up to 20 ml, 
i.e. the ultimate concentration of iron(III) in the 
aqueous phase was 8.9 x to·• M. The acetate ion 
concentration was kept at 0.1 M during extraction. 
The optimum contact time of 5 min was maintained 
during extraction. After equilibration both the 
phases were settled for 5 min and the aqueous phase 
was separated. To remove any trace of organic 
solvent entrained in the separated aqueous phase, 
the aqueous phase was washed with butanol (5 ml). 
The resulting butanol extract was mixed with the 
separated organic phase. The amount of iron(III) 
present in the aqueous phase was ef>timated by com­
plexometric titration. The organic phase was 
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stripped with 1M HN08 (20'ml) and the acid extract, 
after adjusting the proper pH, was estimated. 

Results and Discussion 

Effect of variables on extraction : The extraction 
behaviour of Fe(III) with Versatic 9ll in butanol 
medium at various pH was performed using buffer 
solutions of different pH. The extraction of Felli 
increases with increased pH and becomes quantitative 
at pH 2.6-3.8. So, pH of the aqueous phase was 
maintained at 2.8 for quantitative extraction 
throughout the experiments. The experiments were 
performed at constant acetate concentration (0.1 M) 
and constant metal ion concentration. 

Various diluents : Iron(Ill) was extracted with 
Versatic 911 using various diluents, suchasn-hexane, 
carbon tetrachloride, xylene, toluene, diisopropyl 
ether, chloroform, butanol and nitrobenzene. Quanti­
tative extraction was achieved only in butanol and 
nitrobenzene systems having high dielectric constants 
whereas in case of other diluentsextraction decreased. 
It was observed further that in case of nitrobenzene, 
emulsion forming tendency of the solvent increased 
during extraction requiring more settling time than 
that of butanol. To avoid this difficulty butanol 
was chosen as the suitable diluent for this extraction 
system. The distribution coefficient(D) reached a 
constant value within O.S. min of shaking and back 
extraction was completed within 8 min. So, contact 
time and stripping was fixed to 5 min and 10 min, 
respectively in all the experiments. 

Extractive separation : Iron(UI) was separated 
from several binary and ternary mixtures using the 
recommended extraction procedure. The aqueous 
phase containing 8.9 x 10-a M iron(III) and appro­
priate quantity of foreign ions were equilibrated 
with 5.43 x I0-1 M Versatic 911 (10 ml) in butanol 
for 5 min at pH 2.8. The organic phase after equili· 
bration was stripped with l M HN0 8 (20 ml) for 10 
min and iron{III) was estimated by complexo­
meric titration with EDTA (disodium salt) using 
sulphosalicylic acid as indicator. Iron(lll) was 
separated from Ca, Mg, Sr, Ba, Mn, Co, Ni, Cu, 
Zn, Cd, Hg, Pb and AI. Iron(III) was also separa­
ted from Pr, Nd, Sm, Gd, Tb and U. The extractive 
separation procedure is very simple and rapid and 
requires only pH tontrol in all cases. The effect of 
foreign ions on extraction of iron(III) were given in 
Table 1. In order to assess the possible analytical 
application of the proposed method, the process was 
applied to extract iron(III) from several synthetic 
mixtures prepared by mixing 5 mg of each foreign 
ions and 10.9 mg of iron(III). The total volume of 
the aqueous phase was kept 20 ml and that of 
organic phase 10 mi. Extraction was carried out 
with 5.43 x 10-1 M Versatic 911 at pH 2.8. In most 
of the cases, quantitative recovery of iron (III) was 
achieved. The results are given in Table 2. 

Extraction of iron from ore solution : Extraction 
of iron from ore solution was performed with 
Versatic 911 according to the general extraction 
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TAB:r.JC 1-EPPJI:C'J.' OP DIVJI:RSJC IONS ON 
EX'tRAC'l'ION OP lRoN(III) 

Versatlo 911=5.ixl0-1 M, Fe111=8.9x1o-• M, pH=-2.8 

Diverse Amount Source Fe III 
Ions added extracted 

mg % 

Ca11 200 Oa011 .6H10 99.3 
Mgu 1100 Mg804 .'1H,O 100 
B,.u 190 Ba01 1.6H1 0 100 
Sru 1'10 Br01,.6H,O 98.5 
Il!nii 1120 Mn01,.4H10 100 
Nln 1100 NiS0 •. '1HoO 100 

Oo11 180 CoS04 .4H,o 100 

Pb11 180 Pb(OH 1000) 1.8H,O 100 
Hgn 1100 HgOI, 99.8 
AI III 1100 Al(N01 ) 1 100 
znii 100 ZnS04 .'1H,O 100 

On11 200 OuS0 4 .5H,O 100 
Cdu 2115 OdS0 4 .•lHoO 100 
Prlii 60 Pr(N01 ) 1 .GH 1 0 100 
Ndur 50 Nd(N01 ) 1 .6H,O 100 
Smur 50 Sm(N01 ) 1 .6H,O 100 
GdUI 50 Gd(N0 1 ) 1 .6H10 100 
Tbm 50 Tb(N01 ) 1 .6HtO 100 
UVI 50 UO,(NO,),.OH.O 100 

TABLJCII-QUAN'I.'I'J.'A'l'IVJI: RKCOVItRY Oll lRON(III) FROM 
BYN'J.'BJlTIC MIXTURE 

Versatic 911=5.4x1o-• M, pH=2.8 

Sample Synthetic mlx~ure Iron(III) Error 
no. Taken Found % 

1 Fe111 +Cu11 +Cou 10.93 10.98 0 

II Fe1u+ Cuu + znii 10.98 1o.98 0 

8 Fe111+Pb11 +0du 10.93 10.811 1 

4 Fe111+Coii+ N111 10.98 10.82 1 

5 Fe111 +Cou tMn11 10.98 10.93 0 

6 Fe111+0u11 +Nin 10.98 10.82 1 
'1 Feur+Pbu+uvr 10.98 10.71 II 

8 Fem+Niu+Mn11 10.93 10.811 1 
9 Fe1u+Pb11+Aliii 10.93 10.811 1 

10 Fe111 +l\ln11 +Co11 + Niu 10.98 10.81 1 
11 Fem+Ou11 +0ou+ Nin 10.98 10.99 0 
111 Fem+Ou II+ Mn11+0ou 10.99 1D.93 0 
18 Fe1II +Alur+Ouii + Niu 10.98 10.93 0 

procedure as described earlier. The optimum pH 
for extraction was 2.8, and the contact time and 
stripping was kept 5 and 10 min, respectively in 
each case. The ratio of organic phase and aqueous 
phase was maintained I : 2. The concentrations 
of iron in the aqueous phase during extraction were 
I.83x to-• and 1.38x IO-•M, respectively. The 
results show that iron(III) bas been selectively 
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recovered from its ore solution by the proposed 
solvent extraction technique. 
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CHROMATOGRAPHIC analysis of cations com­
plexed with a variety of orga11ic ligands1 - 8 

including ketoanils'- 8 are well documented. 
Electrochromatographic analysis of mixtures of II, 
III and IV group transition basic radicals and their 
mixtures with Aum, complexed with p-diethylami­
noanil of thiopheneglyoxal (DEATG) unknown as 
yet, has been described in the present note. 

Experimental 

p-Diethylaminoanil of thiopheneglyoxal and its 
complexes were prepared and isolated by the 
reported method8 • In the synthetic work B.D.H. 
laboratory grade chemicals were used. 

One or two drops of test solutions of moderate 
concentrations were applied in the middle of the 
3 x 35 em What man No. 1 filter paper strips with 
the help of fine capillaries and paper strips were 
dried in air. Loaded strips were carefully hanged 
in vertical type of apparatus having electrolytic 
solvent in its electrode chambers. When the paper 
strips were saturated with the solvent a constant 
voltage was applied for 1.5 to 3.0 h and chromato­
grams were dried in air. Direction and distance 
of spots from the point of application were noted. 

Results and Discussion 

All the complexes have shown unidirectional 
motion towards cathode. Migration rates of 
complexes spotted individually and in mixtures 
(Table 1) have not differed appreciably. Perusal 
of Table 1 shows that the method of electrophoresis 
could be successfully used to achieve qualitative 
separations of transitional basic radicals of IT, III 
and IV groups and various mixtures of Au III with 
crm, Fern, con, Ni11, cun, Zn11, Cd11 and Hg11, in 
diverse developing solvents. Chromatogram frag­
ments were identified by their own colours, which 
being highly stable retained for a long time. 

TAnr.:a 1-QUAI.ITA'l'Iv:a ANAr.vsxs op CoMPI.ltX MxxTua:as 

Complex 
mixture 

Hg(DEATG)Ol1 H,O 
Od(DEATG) 1011 

Or(DEA.TG)Ol1 4H,O 
Fe(DEATG)101 1 

Mn(DEATG)1 011 .2H 1 0 
Co(DEATG)Ol1 

Nl(DEATG)10l 1 

Zn(DEATG)Ol1 ,11H 10 

Au(DEATG)011 .Ho0 
Ni(DEA TG) oOlo 
Fe(DEATG)1 01, 

Au(DEATG)Ol 1 .H10 
Od(DEATG)1 Cl 1 

Zn(DEATG)Ol1 .2H 1 0 
Hg(DEATG)CI,.H,O 
(or Ni(DEATG)1 0lo) 

An(DEATG!Ol1 .H1 0 
Oo(DEATG)Ol1 

Ni(DEATGl 1Cl1 

Au(DEATG)Ol1 .ll1 0 
Ni(DEAT\'1)101, 
Or(DBlATG)Cl 1 .4H1t' 
Fe(DEATG)1011 

Developing Spot oolonr 
solvent 

AoOMe·AoOH Pink gray 
(1: 1, v/v) Yellow gra.y 
MeOH-H.O Brown 
(4: 1, v/v) Brown 
AoOi\Ie-AcOH Gra.y 
(1 : 1, v/v) Gray 

Pink 
Yellow 

AcOH Ora.nge 
Pink 
Brown 

AcOMe-AcOH Orange 
(1 : 1, v/v) Yellow gray 

Yellow 
Pink gray/Pink 

Iso-BnOH satd. Orange 
with 0.1 NHCI Gray 

Pink 

MeOH-HoO Ora.nge 
(4: 1, v/vJ Pink 

'Brown 
Brown 

Dieta.nce 
tra.velled 

2.2 
0.8 

1.5 
2.5 

0.2 
0.7 
2.4 
1.9 

0.6 
0.0 
1.1 

0.0 
0.8 
1.8 
2.2 (or !1.4) 

0.0 
0.8 
14 

o.o 
0.8 
1.5 
2.5 
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