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A selectivespectrophotometric method based on the in
teraction of an anionic iodo complexof cadmium with me
thylviolethas beendescribedfor the determination of trace
amounts of cadmium. The developed method is precise,
accurate and has been applied to determination of cadmi
um at trace levels (25 ppb) in sea water and high purity
samples of indium and zinc materials.

The hazardous effects of cadmium are well documen
ted 1- 3. However, it finds wide use as an antifriction
agent, rust proofer, cooling agent in enamel and
paints and in plastic manufacture and storage batteri
es. Hence, it is necessary to determine this element at
trace levels.

Many of the spectrophotometric methods repor
ted for the determination of cadmium are tedious4
and not selective5,6. Some other methods based 0n the
interaction of tetraiodocadmate(I1) anion 7.8 and bis
(phenanthrolineum) cadmium(I1) cation9•lo with dy
estuffs of opposite charge, though sensitive are inade
quate for practical analysis due to interference from
other elements that are frequently encountered with
cadmium.

The present study shows that the lllteraction oftet
raiodocadmate(I1) with methyl violet provides a
more sensitive method (8= 1.5 x 1051 mol-I cm-I)
than those based on reaction with pyronine G7

(8=9.0><; 104 I mol-I cm-I) or rhodamine 6 G8
(8=8.9 x 104'1 mol-I cm-I). The method has been
applied for the determination of cadmium in sea wa
ter and high purity zinc and indium metal samples.
Interfering ions have been successfully eliminated by
suitable conditioning of the solution prior to spectro
photometric determination.

Experimental
A Hitachi 220 microcomputer based spectropho

tometer with 10mm matched quartz cells was used for
all the spectral measurements. An ELiCO L1-120di
gital pH meter was used for pH adjustments. All re
agents used were of AR grade unless otherwise stated.

All solutions were prepared with doubly distilled wa
ter.

A stock solution containing 500 ppm of cadmium
was prepared by dissolving 0.2854 g of 3 CdS04.8 H20
in 250 ml of water. The solution was suitably diluted
to obtain a standard solution (5 ppm) of cadmium. A
solution of sodium citrate (I M) adjusted to pH 4.0
with OCI was used as the buffer. A 5% aqueous solut
ion ofKI and 0.01 % aqueous solution of methyl vio
let were also prepared.

An aliquot (up to 15 ml) of the sample solution
containing not more than 511gof cadmium was taken
in a 25 ml standard flask and treated with 2.5 ml of the
citrate buffer (pH 4.0). Potassium iodide and methyl
violet (2.5 ml each) were added to the flask and the
volume was made up to 25 ml with distilled water. The
absorbance was measured m 10 mm cells at 590 nm
against a reagent blank. A calibration graph was plot
ted for 0-5 I1gof cadmium standard solutions by the
above procedure.

Analysis of high purity zinc and indium metals
Zinc or indium metal (5.0 g) was dissolved in 20ml

of I: 1 HCl and made up to 100 m!. Suitable aliquots
containing cadmium in the range 0-5 I1gwere taken
and a solution of sodium citrate (20%,2 ml) was add
ed. The pH was adjusted to 4.0 using a pH meter,
before transfrring into the 25 ml calibrated flask and
analysing as above.

Results and discussion
The absorption spectra ofCd-r -methyl violet com

plex was recorded against the corresponding reag
ent blank. The ternary complex was found to have
Amax at 590 nm.

It was found that the formation of the ternary com
plex was complete in the pH range 3.0-6.0. Citrate
buffer was preferred to phthalate or acetate buffer as
its presence removes the interference due to 200-fold
excessof Pb2 + , Sn2 + and Sb3 + . For the determination of
0.1 ppm of cadmium, constant and maximum absorb
ance required addition of at least 2.0 ml of 5% KI and
2.0 ml of 0.01 % methyl violet. Under these optimal
conditions, the colour development was instantane
ous and remained stable for 24 hr. The order of addi
tion of reagents was not critical.

The calibration graph was linear over the range 0-5
I1gof cadmium present in a total volume of25 m!. The
molar absorptivity (8) was found to be 1.5 x 105
I mol-I em-I.
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Table I---Analysis of sea water samples Table 2-Analysis of high purity metals

Ten rellicate determinations of standard solutions
containi g 2.5 f.1gof cadmium showed a mean reco
very of 1 0.25% with a relative standard deviation of
2.9%.

The c hiningratio of cadmium to methyl violet
was fou d to be 1:2 from molar ratio, continuous
variatio and slope ratio methods. These methods
were uns ccessful when used for the determination of

the com .ning ratio of cadmium to iodide, as no col

our deve pment took place when they were present
in ms:>lar roportions. However, the equilibrium shift
method i dicated a cadmium to iodide ratio of 1:4.
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lnterf'ere ce studies
A stu on interfering effects of various ions (200

ppm) on he determination of 0.1 ppm of Cd by the

propose method revealed that Li +, Na +, K +, Ca2 +,
Sr2 +, Ba +, Mg2 +, Pb2 +, Sn2 +, Cu2 +, Zri2 +, Fe2 +,
Be2+;Ni +, C02+, Vo~+, Mn2+, Cr3+, Fe3+, A13+,
Sb3+, Ti +, La3+, Ce-l+, ZrH, Th-l+, Te.J+, Se.J+,
Sb5 +, sot, . AsOj - , VOJ - , WO~ - , SO~ - ,
S20~ - , 40~ -, F-, SCN -, oxalate, tartrate, 1-,
Br - and OJ - do not interfere.

The a dition of 2 ml of 5% thiourea eliminated
interfere ce due to Pd2 + and Pt4+, while 5 ml of 5%
sodium uoride removed interference due to

MoO~ - . e interference due to Hg2 + was overcome hy
reductio with 2.5 ml of2%SnCh and centrifuging
the turbi solution prior to addition of reagent soluti
on. The a dition of2 ml of 5% urea removed interfer
ence due to nitrite.
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*Spark Source Mass Spectrometry

Indium metal

Analysis of'synthetic and real samples
Table I presents the results of the analysis of synthe

tic sample solutions of various forms of sea water
after eliminating the interferences as described abo
ve. The results clearly show that the method can be

used for trace level determination of cadmium in poll
uted sea water samples.

Since the metal ions commonly associated with cad
mium,viz.,Zn2+ ,Pb2+ ,Cu2+ ,FeH ,Ce4+ ,InHandWO~-
do not interfere, the proposed method can be used for
determination of cadmium in real samples like high
purity indium metal, zinc granules and zinc salts (Ta
ble 2). The results obtained have been compared with
those obtained using AAS and spark source mass spe
ctrometry. The data obtained on the samples spiked
with known amounts of cadmium are also presented.
The results show good agreement between the two
methods.
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