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Spectrophotometric Determination of Cobalt (II)
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Summary: A new colorimetric estimation of cobalt is described. The procedure involves conver-
ting the cobalt containing sample into CoCl2 and dissolving it in acetone and measuring the absor-
bance at 680 nm. Common cations which otherwise give blue-green solutions do not interfere. The Te-
covery in all cases is better than 98% and the extinction co-efficient is large enough (560 M temy

to allow submillimolar concentrations in a one ¢cm cell.

Introduction

While there are several reported methods of gravi-
metnc and volumetric analysis of Co(II) in the litera-
ture 2, they are generally tedious, time consuming and
unsuitable for submillimolar quantities. The only repor-
ted method for spectrophotometric determination of
Co (I) which does not employ any special type of
reagent is with conc. HCI as CoClz' (\ = 692 nm)*.
While this peak is intense, its sharpness makes it unsui-
table as an analytical procedure when the equipment
available is a colorimeter rather than a spectrophoto-
meter. This dxfﬁculty is particularly magnified when
Ni?*, FeZ* or Cr?* are also present since their chlo-
rides also have a significant absorbance in this region.
Furthermore, the concentration of HCI aiso significantly
effects the results in this procedure due to the eq‘[tuzhbrla
between CoCly", CoClyH,0, CoCl, (H,0), ete.*S. On
the other hand spectrophotometrlc methods for Co (II)
determination using special reagents, while more sensi-
tive, are applicable only under specific set of circums-
tances. For example in the method utilizing 1-Phenyl-4-
phenylamino-1,2 4-triazolium c}dorideé, there is inter-
ference by Cu(Il), Fe{IIl) as well as nitrate.

Halides of Co(1I),CoX, (where X is Cl or Br) give an
intense blue color in non -aquecus solvents, possibly
forming CoX Utilizing this property, we have devo-
leped a procedure for colorimetric estimation of Co{l)
in acetone in which most commonly encountered ions
donot interfere.

Experimental

In this study cobaltous chloride hexahydrate, cobal-
tous carbonate, cobaltous nitrate hexahydrate, sodium
cobaltinitrite, nickel chloride hexahydrate, nickel
sulphate hexahydrate, nickel acetate, copper sulphate
pentahydrate, copper chloride hexahydrate, ferric
chloride, hydrochloric acid and acetone used were
obtained from E. Merck. All chemicals including acetone

were used without further purification.

Solutions were made by weighing the requisite
quantities of compounds to yield the indicated concen-
trations in 25 ml. Volumetric flasks. One ml of conc.
HCl was added first and then acetone was used to make
up the remainder of the volume. Optical densities were
recorded on Pye-Unicam SP 500 spectrophotometer and
Bosch and Lomb Spectronic 20.

In the recovery experiments the compounds were
first digested with conc. HCl in a long necked round
bottom flask. The flask was then heated to near dryness
This semi-dried mass was then extracted with acetone.

Possible interference was investigated by dissolving
the substance, if soluble, and then recording the optical
densities at 670 and 680 nm.

Results and Discussion

A plot of optical density vs. the concentration of
Co(l,.6H,0 in acetone shows that in the region of our
study (20 x10*t01.2x1073 M), Beer’s law is obeyed
(e =560 Ml cm'l). Where one ml. of concentrated
HCl is not added the extinction co-efficient is conside-
rably lower. This is probably because the species fromed
is Co[CoCl,] and not all Co(II) is in identical environ-
ment.
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Figure 1. Beer's taw plot for Co {11} in scetone in presence of exaess chlaride
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Table I shows optical densities of different com-
pounds at 680nm when dissolved in acetone. It is
evident that none of these compounds can interfere in
this estimation.

Table 1. Absorbance of Potentially Interfering Ions.

Compound Concentration  Optical Density

CuS80,.5H,0 Insoluble -

CuCl,.6H,0 24x10°3M 0.04

NiS0, .6H,0 Insoluble -

Ni(CH,CO0), Sparingly Zero
soluble

NiCl,.6H,0 Sparingly Zero
soluble

FeCl, 3.0x10°M 0.03

Table II. Percent Recovery of Cobalt compounds

Compound

CoCO,
Co(NO4),
Co(l,

Na, CO(Noz)s

Percent recovery*

Moles of Co  Moles of Co  Per
present practically Recovery
obtained
2.173x10%  2.145x10*
184 x10* 183 x10*
198 x10% 1975x10%
200 x10% 196 x10%

cent

98.8
99.3
99.9
98.0

*All cobalt compounds were converted into CoCl, with HCL

Table II shows percent recovery of different Co(II)
compounds by this procedure. In one case, Na,Co-
(NOZ)G, CofIIl) was converted to Co(Il). In all cases
the recovery experimenis are extremely encouraging.

in conclusion, we may cite three distinct advantages
in favour of this procedure. Firstly, handling of acetone
is much safer and easier. Secondly, since the absorption
maximum used in the present study is a broad one (670
nm to 690 nm) use of colorimeters not equipped with
monochromators is possible. Thirdly, the most distinct
advantage of this rapid and very simple determination
is that it can be carried out in presence of CuZ*, NiZt
and Fe>* jons which posed a problem of interference in
all previous spectrophotometric methods.
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