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~ Thioglycolic acid as a Reagent for Trace Determination of
- Zn(ID), Cd(II) and Hg(II)
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Amperometric determination of Zn(ll), Cd(ll) and Hg(Il) was carried

out with the help of thioglycolic acid (TGA) at d.m.e. in 0.1 M NH; + 0.1

M NH4CL. 0.1 M Na;CO;3 +0.1 M NaHCO3 and 0.1 M KCI medium,

respectively. Metal ion solutions were used as titrant in all the cases (anodic

titrations). Titrations of Hg(1l) solutions using acid as tirant (cathodic

titrations) were also carried out successfully. Metal species-TGA stoichi-

.Oometry obtained was 1:2 in all the cases. Solutions as dilute as 6.539

ppm (Zn), 11.24 ppm (Cd) and 10.03 ppm (Hg) were estimated with high

* “degree of accuracy. Tolerance limit for foreign ions has also been worked
Oul. ST

’Key Words: Thioglyéblic acid, Amperometric determination, Zn(il),
Cd(Il) and Hegdl). '

Thioglycolic acid (HSCH,COOH, TGA) has often been used as a complexing
agent' and analytical reagent®”. However, its capacity 10 act as an amperometric
reagent has by and large remained unexplored. The present work was undertaken
with a view to unravel this aspect of the acid and new amperometric methods have
been evolved for estimation of trace amount of Zn(1l), Cd(11) and He(11).

All the titrations were performed at d.m.e. vs. S.C.E. using a Toshniwal manual
polarograph. Analytical grade chemicals and doubly distilled water were used.
£nS04 7H,0, (CH,C00),Cd-H,0 and HgCl, were used as source compounds for
Zn(ID), Cd(I1) and Hg(I1), respectively. TGA solution was prepared afresh daily and
standardized. Amperometric determination of metal solution of any particular
concentration was carried out at least thrice. Purified nitrogen was employed for
deaeration. Titration potentials —0.20 and —0.15 V for Zn(II) and Cd(II) respectively
were selected in the anodic limiting region of TGA and metal ion solutions were
used as titrant. Titrations of Hg(Il) could be carried out at —0.10 V in anodic region
of the acid (anodic titrations) as well as at 0.60 V in the cathodic limiting region of
the metal ion (cathodic titrations). Chloroform (5 mL) was added to the cell solution
each time while determining Hg(Il) right in the beginning so that the metallic
mercury falling from the capillary and accumulating at the bottom of the cel] always
remained covered with th's organic layer. This precluded any significant interaction
between mercury and Hg(II)®.

Determination of Zn(Il): Amperometric determination of Zn( IT) was carried
outin0.I M NH; + 0.1 M NH,C| medium. TGA has been reported” to give a well
defined one electron anodic wave in 0.2 M NH,CI-1 M NH; medium. Similar wave
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was obtainedin 0.1 M (NH;-NH,CI) medium with the diffusion region spread over
the potential range of -0.20-0.00 volt. "Tifrations with zinc solution (anodic

 titrations) were carried out at -0.20 vélt. Zn(II) also gave its cathodic wave in this

medium but its cathodic current was nil at the titration potential. The titration

~resulted in upside-down L-shaped amperometric curve. The null point corre-

sponded to metal-ligand molar ratio of | : 2. The method enabled the estimation of
Zn(I1) in the concentration range of 326.95-6.539 ppm. Maximum error (less than
2%) was encountered in the case of the most dilute solution only.

Determination of Cd{I): Amperometric determination of Cddn was
accomplished in 0.1 M Na,CO;+0.1 M NaHCO; medium. TGA gave a well
defined anodic wave in this medium with the diffusion region spread over the
potential range of ~0.05 V through -0.30 V. Titration of TGA with the metal
species solution (anodic titration) was carried out at —0.15 volt. This voltage fell
in the limiting region of TGA alone; no cathodic current of Cd(Il) was present
here. The titration resulted in upside-down L-shaped amperometric curve and the
null point corresponded to Cd(1l) : TGA molar ratio of | : 2. The method enabled
the estimation of Cd(II) solutions in the concentration range of 562.05-11.24 ppm.
Maximum error (less than 2%) was encountered in the case of the most dilute
solution only.

Determination of Hg(Il): Amperometric determinations of Hg(Il) were
performed in 0.1 M KCI medium. Hg(1I) has been reported'” 1o give a cathodic
wave starting from > (.0 V in this medium. TGA also gave its one-electron anodic
wave in this medium with the limiting region from —0.05 to 0.20 V, Ey, being
~0.30 V. The characteristics of this wave remained unchanged in presence of
chloroform. In fact, the height of the Hg(II) wave, in absence of chloroform, was
found to decrease with time, obviously due to chemical interaction between Hg(1n)
and metallic mercury; this did not happen when mercury at the bottom was kept
covered with chloroform. Both cathodic as well as anodic titrations were carried
out at —0.60 V (in the limiting region of Hg(Il) wave alone) and at ~0.10 V (in
the limiting region of both the waves), respectively. Gradual addition of the metal
species into TGA solution during anodic titrations resulted in continuous linear
increase in current on cathodic side right from the start. However, the slope
changed at the null point and the break gave Hg(II)-TGA molar ratio of | : 2.
This form of an amperometric curve suggested the possibility of the reaction
product being reducible at d.m.e. The cathodic titrations were accomplished at
—0.60 V using TGA solution as titrant. The titration resulted in L-shaped curve
and the null point corresponded to the Hg(I)-TGA molar ratio of 1 : 2. No colour
was produced in the cell solutions during the course of any of the above titrations.
The new method enabled the estimation of Hg(II) in the concentration range of
1002.95-10.03 ppm with average inaccuracy of < 2%, o
. Checking of interference of foreign ions and selectivity: Study of inter-
ference of foreign ions in the new titrimetric methods was carried out for three
concentrations of each metal species, Viz.; 5.00, 1.00 and 0.50 mM. A large
number of foreign ions were quite well tolerated. Such foreign species did not
interfere even when present together in the cell solution. The data have been given
in Table-1.
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oo o TABLEAL k, o
. SAFE LIMIT OF THE CONCENTRATION OF FOREIGN IONS IN THE CELL-
_ 'SOLUTION WITH RESPECT TO THE CONCENTRATION OF THE METAL SPECIES

Foreign lons - Determination ";”Deterri\inatiokr’i ‘ "D"'.w“"ma@"dﬂgm‘) ‘ !
of Zn(1l) o of C(ID) 1 Anodic titrations  Cathodic titrations

cr 120 A A A
NO3 A A A A
CH3CO0™ A A .. Equal _Equal
8,01 120 1120 1120 - o
oxt™ A o AL A A

’ '3WO%" . B A , IR A B AL
CMgn A A A A
wam o sdmes - Eawl ~ Equal
‘v Bqa  Equal s
Cr1ID 120 s Bqu  Equal
Cr(vl) Equa  Equal  a a
Mn(1l) A 1120 A A
Mn{VID) a a a a
Fe(1l) 1120 1720 110 1120
Fe(111) 110 1710 110 1710
Co(Ih a a Equal Equal
Ni(ID) 1120 1/10 Equal Equal
Culll) a a a a
Zn(ll) — | 15 A A
Mo(Vi) Equal A 1120 1120
cd(n 1120 —_ 1120 1120
Hg(Ih a o —_ —

A = No interference even in the presence of 20 times excess of the foreign ton with respect o
the metal species determined. ‘
a = Serious interference even when foreign ion is 1/20 of metal concentration.

" REFERENCES
1. O.Faroog, AU. Malik and N. Ahmad, Anal. Chim., 64, 275 (1974).
2. M.A Qazi and K.P. Dubey, Indian J. Chem., 21A, 835 (1982).
3 S.P. Rao, R.N. Bhargava and R.R. Reddy, Indian J. Chem., 20A, 639 (1981).
4. A, Domingo and J. Molina, An. Quim. Ser.,B79, 174 (1983).
'5. A.Diamantatos, Anal. Chim. Acla, 61, 233 (1972).
6. S.Banerjee, Talanta, 33, 360 (1986). L
7. S.Banerjec and R.K. Dutta, Talanta, 21, 1091 (1974). ,
8 FA. Cotton and G. Wilkinson, Advanced Inorganic Chemistry, 3rd Edn., Wiley Eastern,
New Dethi, p. 508 (1976). e N o
9. L.;\gcilcs* Polarographic Techniques, 2nd Edn.. Interscience Publishers, New York, p. 675
(1965).
10. L.Meites (Ed.), Hardbook of Analytical Chemistry, 1st Edn., McGraw-Hill, New York, pp.
560 (1963).

(Received: 9 February 2005; Accepted: 5 September 2005) AJC-4470



