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A selecti ve and quantitati ve ex tracti on method for the 
determination of coball(l l) using tri - iso-octy lamine (TIOA), a 
high molecular weight tertiary am ine. into cyc lohexane from 
aqueous hydrochlori c acid medium has been developed. The 
effects of concentration of HCI. ex tractant, metal ions, ro le of 
vari ous diluents and diverse ions on the ex tracti on of coba lt have 
been sllIdied. The method has been success full y app lied to the 
est imation of cobalt in several ores and pharmaceu tical drug 
samples. 

Cobalt is an important trace element in animal 
nutrition. Cobalt defici ency is ex hibited by retarted 
growth rate, loss of apet ite and irritati on o f the 
gastrointes tinal tract, nau sea, dia lThoea etc. 
Determi nati on of cobalt in severa l co mplex matri ces 
is, therefore, of considerable interest. In an extensive 
work of Sato l, ex traction of U(V I) and Co(ll ) from 
HCI media with 0. 1 M tri -octy lam ine in benzene, 
effect of LiCI and temperatu re has been described. 
Sato also applied seri es of alkylam ines to study the 
effect of alkyl chain , so lvent etc. since then, Co(Il) 
extraction procedure and its number of va ri at ion have 
been reported by many workers, ·tl, which i ncl ude the 
study of the effect of nature of amine. alkyl chain 
length and its subst itution, and presence of various 
ani ons like SCN-, CWo NO,-, organic acid etc. Cytyl 
pyridinium ch loride l" was used to determine cobalt in 
soil by spectrophotometry, showing practically no 
interference. I n another work 13 extraction equi Ii bria of 
Co(ll ) and Ni (II )-th iocyanates with Aliquot 336 in 
ethyl aceta te was studi ed. The result encouraged the 
application of Co(ll) extraction with high molecu lar 
weight tertiary am ine into a non-polar so lvent for its 
determinati on in unknown samples. 

Experimental 
The absorbance measurements were calTied out on 

a Shimadzu ato mic absorption spectrophotometer 
(Model AAS 646). A stock so lu tion of cobalt(ll ) was 
prepared by dissolving I gill. CoS0 4 in deioni sed 
water and it was standardi sed by EDTA titrati on. A 

working stock solution of strength 50 p. g/ml.of 
cobalt(Il) was prepared by appropriate di luti on. All 
other reagents used were of A.R. Grade. An aliquot of 
2.5 ml of Co(ll) solution (125 p.g) was mixed with 
7.5 ml of HCI 6 M. The solution was transferred to a 
separating funnel and shaken with 10 ml of 0.05 M 
TIOA in cyC\ohexane for three mins. The layers were 
allowed to settle for five mins. After the layers 
separation , the organic extract was stripped with 
10 ml water and absorbance was measured by AAS -
646 using proper instrumental parameters. 

PreparatioJl. C!fphannaceufical drug samples 
The sa mples were treated with conc. HN03 on a hot 

plate at a low temperature to avo ide vio lent flashing. 
The res idue was cooled and HN03 was added to it 
again. The temperature of the hot plate was raised to 
400°C. The mass was leached with HNO, ( I: I) and 
evaporated to dryness. Finally, the res idue was 
disso lved in water and the vol ume was made up to 50 
m!. in a vo lumetric flask. 

Results and discussion 
The effect of vari ous so l vents on the ex traction o f 

coba lt-chl oride complex was studied in 6 M HC!. 
Co(l l) 125 p.g was complexed with 6 M HC!. The 
amine concentration was kept 0.05 M. The results 
show that the extracti on wa maximum in 
cyclohexane. The order was cyc lohexane > carbon 
tetrachloride > toluene> xylene> diethyl ether > 
amy l alcohol> ch loroform> I ,2-dichloro ethane. The 
effec t of [HCI] concentration on the ex trac ti on o f 
cobalt-chloride complex was stud ied in different 
molar concentration or hydrochloric ac id varying 
from 3.6 to 10M. The resu lts show that the extraction 
was maximum in 6 M HC!. The metal ion cou ld be 
completely stripped from the organic phase by de­
ion ised water. The contac t time was varied from I to 
10 min. it was observed that the extraction was 
quantitative within 5 min . 

The effec t of am ine concentration ranging from 
0.0 1 M to 0. 1 M in cyclohexane on the extrac ti on of 
125 p.g Co(ll) in 6 M HCI was stud ied. It was found 
th at the ex tent of extracti on increased with increasing 
am ine concentration and that extraction was 
maxilllulll at 0 .06 M TIOA concentrati on after which 
there was no further increase in Co(I1) extracti on. 
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A set of solutions con taining d ifferent amounts of 
cobalt(l l) were examined by the recommended 
procedure, 0.06 M TIOA in cyclohexane was fou nd to 
be quantitative for meta l ion concentrat io n up to 
150 p..g above which the ex traction was fo und to be 
incomplete. 

E.llect oj diverse ions 
Extractio n of cobal t(I1) was studied in presence of 

several foreign cations and anions. A tolerance li mit 
was set for the recovery of cobal t within ± 2%. The 
concentrations of interfere nces are g iven in Table I . 
FeOI!) and CrO ll ) were found to cause inte rferences 
and therefore, were removed before ex tractio n. 

Hith mo lecular weight ami ne ext rac tio n procedure 
for cobalt was applied for the determina tion of cobalt 
in some ores and drug samples . Ores were broug ht 
in to sol ution by usual procedure l 5

. Attac k of drug­
sa mples have been described before. 

Table I- Effect o f diverse ions 

Diverse ions 

Na (I ) 

K (I) 

AI ( III ) 

V (IV) 

Cli ( II ) 

Zn (II) 

Pb (I I) 

T i (IV) 

Mo(V I) 

S042
-

SiO/' 
PO.j3-

Mn (1/ ) 

Ni (1/ ) 

Fe (Ill ) 

Cr (1 1/ ) 

*In presence o f F 

Amou nt added 
(mg) 

10,000 

5,000 

2,000 

500 

Recovery % 

100 

100 

100 

102 

97 

100 

99.8 

98.2 

10 1 

100 

100 

99.57 

98 

99.5 

96.20* 

95.50* 

Aliquot portion of the sample sol ution , pretreated 
wi th hydrochloric acid was extracted u. ing TIOA. 
Triplicate ex tractions were carried out to ensure 
complete extraction. Organic phase was stripped with 
deionised water and metal content was determined by 
AAS taking usual precaution and computed from a 
standard curve. The results are compared with the 
va lues obtained by direct AAS. (Tables 2 and 3) 

Nat llre oJ extracted species 
The nature of ex tracted species was ascertai ned by 

plott ing of logkl) against log [Cn. A st raightline wi th 
s lope -4 was obtained which indicates anion ic 
co mplex formation acco rding to the following 
eq uation. 

k = [CoCl ~- ] 
I [Co 2+ ][Cl - ]4 

... ( I ) 

T he fact that the extrac ted species co nta in bi-negative 
comples was conf irmed by the slope of the 
straightline obtained by plotting logkD aga inst log 
[TIOA]. The slope was -2 indicating the extraction 
reac tio n to be, 

[(R 3 NH +)2 (CoCI ~- )Lrg 

kl [Co 2
+ ][Cl - ]4 [R 3 N H + ] ~rg 

[From Eq . ( I)] 

Table 2-Determination of cobalt in ore samples 

Sample Trader code WI. taken(g) Amount of cobalt 

Ni ore 

Ni ore 

Tata - Steel 

GSI174/59557/98 

GIS174/5957/64 

66/4 

* Average of three determinations 

0. 1 

0. 1 

0. 1 

present 
(Di rec t AAS) 

( /l g) 

200 

150 

5.73 

Amount of 
Cobalt* found 

(Present Method) 
(/lg) 

2oo±1.54 

147±2.23 

5.70±O.30 
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Table :\- Dctenllination of cobalt in pharmaceut ical dru gs 

Sample Amount or cobalt Amount of cobalt* 
direct AAS Present method 

(Ilg)rrab (Ilg)rrab 

Becozyme (Mis Roche) 

Neurobion (Mis Merck) 

Cobadex Forte 

(Mis Glaxo India) 

0.17 

0.24 

0.24 

"Average or three determinations. 

or, k 1 

[(R 3NH +)2 CoCI ~- Lg 
[C0 2+Lq 

Taking log of both sides 

0.17±0.0 1(i 

0.26± 0.012 

0.n±0.02 

. . . (2) 

From Eq. (2), it is found that the plot of 10gkD 
agai nst log [Cn is linear with a slope=4 and the plot 
of 10gkD against log[R3NW] is also linear with a 
slope=2 , confirming the reality of the extraction. 
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