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Cobalt() forms anionic chelates with 4-(2-pyridylazo)resorcinol (PAR) at pH 7.0-8.0, which can be guantitatively extracted into
chloroform as an ion-pair with xylometazolonium cation (XMH). The ion-association system has an absorptlon maximum at 535
‘nm and obeys Beers law in the range 0-1.6 pg of Co/ml with a molar absorptivity 42000 dm® mol'! em™\. The Job’s method of
continuous variations indicated a composition of 1 : 2 : 2 for cobalt : PAR : XMH for the extracting species. Based on this extraction,
a highly sensitive and selective spcetrophotometric method for the determination of cobalt in various steels, after prior separation

of irom, is described.

Many spectrophotometric methods have been reported
based on the extraction of anjonic cobalt complexes with

six times) that gave standard deviations in the range 0.068—
0.11 for 5-15 pg of cobalt in 10.0 ml of chloroform in-
dicating that this method is hlchly precise and repro-
ducible.
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TABLE 1-DETERMINATION OF COBALT(IY) IN SYNTHETIC SAMPLES AND

* STEELS

quaternary mx}mOfiium salts!, but most of these procedures Sytitistic sobistions) Co Co Found"
have difficulties like ease of separation of phases, low sen-  gieel samples™ added”  Spark Present
sitivity and removal of excess of reagent2.
Cobalt(n) reacts with 4-(2-pyridylazo)resorcinol (PAR)  Synthetic mixtures : :
to form a water-soluble, red-colored complex® at pH 7.8  (a) Mn, 100% Mo, 50; V, 25; Nb, 10; 10 9.92
with an absorbance maximum at 510 nm. This complex Sb 5W,50; Ta, 25; Fe, 500
can be extracted into organic phase in presence of a long-  (®) Mn, 10; i, 5; Cr, 100; Mo, 10; 10 o
chain quaternary ammonium salt, xylometazoline hydro- ¥»2%Nb: iS;W’ s '
. chloride (XMH), which has been used for developing a  (©)Ms, 2007 Ni, 25 Cu, 2; 1L
rapid and sensitive spectrophotometric method for the ool b b e b i o8
Nb, 5; Sb, 10; W, 10; Ce, 10; Ta, 5
detcmunauon of cobalt in steels. (d) Mn, 50; Ni, 10; S, 25; Cu, 50; 10
Results and Discussion Cr, 10; Mo, 25; Ti, 5; Sn, 50; Nb, 100; 10.02
Of the various solvents studied chloroform was found S 1GW, 75_; 8, 3T, 1000, EO ‘
to be the best for quantitative extraction of the ion-pair. For ~ (©)M» 25,Ni, 5; i, 10; Cu, 160% Cr, 25; .10
faster separation of the phases, 2.0 ml of propanol was M 3 V:50:Ti, 10; Su, 25; Nb, 50; M
added. The orange-red complex extracted into chloroform S el
was found to be highly stable for more than 12 h, and a2 Lo alloy steel: : -
_min shaking time found to be sufﬁcwnt for quanntatwe axx ST xR Qs e g
traction of the system. The ion-pair gave maximum cons- .
tant absorbance in the pH range 5.8-7.4 and the investiga- 000
tion was carried out using a pH 7.0 phosphate buffer. A 10-  (b) ST-02-1 0018 00179 - 0.0178
fold excess of PAR and 50-fold excess of XMH to +
cobalt(i) were necessary to achieve maximum absorbance : 0.0013
for the ion-pair. (c) ST-04-1 0.054 0.0540 0.0536 @
The absorption spectrum of the cobalt-PAR-XMH ion- 3
pair in chloroform appears as a systematic curve with maxi- © 0,004 §
mum absorbance at 535 nm with an average molar ab- (g)c-1 0.200 0.1992 02083 &
sorptivity of 42000 dm3 mol~! ¢m~!, which is more than + e
those reported for cobalt*. This ion-association system 00140 B
obeys Beers law in the range 0-16 ug of Co/ml at 535 nm, .1, <oeed tool steel: ‘ )
and the Sandell sensitivity is 9.5 X 10 pg of Co/cm?. The p , B
b . a) S5-486/1 0.Q30 0.0815 0.0814
precision of the present method was evaluated by deter- ) + 3
- mining different concentrations of cobalt (each analyzed 0.00%

Average of five det‘.m*mat:ona, ppm for synthotnc mixture; and % for : iy

steéel samples.

“After using appropriate masking agent.




. - Effect of diverse ions : The interfziznte of various ca*
tions and anions in-the deteriinitisa of 10 g of cobalt by
- this method was examined ard it wae found that phosphate,
thiourse, ammaonium ions, c¢hliride; tromide, thiosulphate;
‘nitrate, aceiate, zing and C"("’LL 7t do net interfere even
when they are in- excess.. Terchlotats, -ascorbic acid,
fluoride, suiphate and citrste 6o not interfere when they are
# present below 3000 ppr. % *‘h" tolerance limit, amount caus-
£ ing an error not exceeditlg 2% in-thé aliscrbance, for Mg,
Ta, Pb is 500 ppm and that for Mo, W, Bi, Ti is 250 ppm.
100 ppm of V, In, Ru, La, Cr and.50 ppm of Cu, Ni, Mn,
Fe do not interfere. EDTA, cyanide and Pd interfere
seriously.

The comipositicn of the ion—association system as deter-
mined by Job’s method of continuous variations cor-
responds to 1 : 2 : 2 for cobalt : PAR : XMH.

Determination cf cobalt in stezls : To the sample were
added 20% (v/v) sulphuric acid (30 ral) and concentrated
orthophosphoric acid (1.5 mi) and the mixture was heated
gently, then concentrated niiric acid {1 ml) was added. It
was evaporated to dryness follows=d by addition of con-
centrated sulphuric acid (2 ml), again ev zporated nearly to
dryr.ess and the precess was repeated twice. After cooling,
the mass was dissolved in 20% (v/v) tartaric acid (10 ml)
and diluted to 100 ml with distillad water. The solution was

diluted appropriately so that it contained upto 5 pg of
cobalt, and cobalt was cetermined by adoptmg the general
extraction procedure.

The method was applied for the determination of cobalt
in steels. Before going for the ‘real life’ samples, tests were
carried out in synthetic mixtures corresponding to the com-
position of steels. The resuits are shown in Table 1.

Experimental

A Shimadzu 2100 S spectrophotometer and an Unitech
Ul-11P pH meter were used. '

NOTE

All reagenis were of analytical grade unléss specified
otherwise. A-steadasd solution (4.9283 mg ml™) of Coll
was prepared by dissolving cobalt nitrate hexahydrate in
water. A 0.01 M sojuticn of Pml was freshly rrepared by
-:llssolvmg the mouoscdx'xr': salt ( 1cncl) in demineralized
water and the purity was checled by spectrophotometric
titration®. A 0.01 M xyiometazolize hydrochloride (Fair-
deal Corp.) solution was prepared. A buifer solution of pH
7.0 was prepared by mixing solutions of sodium
hydrophosphate and potassium diliydrophospaate. Double-
distilled chloroform (B.D.H.) is used.

General extraction procedure : To an aliquot (ca 5 ml)
of the sample solution containing 0.5-1.5 pg of Co/ml
were added, 1 X 10> M PAR (5 ml), 1 x 102 M XMH (2.5
-ml) and the phogphate buffer (6.0 ml), and the volume was
made up to 20 ml with distilled water. The mixture was
shaken for 2.0 min with chloroform (10.0 ml) and propane
(2 ml). The absorbance of separated orange-red organic
layer was measured at 535 nm against the reagent blank.
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