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ABSTRACT. A potentiometric titration methcd has been developed for the titration of copper
‘with 2, 5~-dimercapto-1, 3, 4—-thiadiazole in aqueous solution using a silver electrode as an indicator
electrode vs. the standard calomel electrode as a reference electrode. The 2, 5-dimercapto-1, 3, 4-
thiadiazole is very sensitive reagent for copper, which has been found to be highly selective for

potentiometric determination of copper.

Direct titration of trace amount of copper (0.02~0.1 mg) is possible in the presence of a numter
of foreign ions in aqueous solution containing potassium hydrogen phthalate and sodium fluoride as

masking agent under atmosphere.

INTRODUCTION

Numerous potentiometric titration procedures
have been reported the determi nation of copper
with mercaptans and its derivatives have been
reported. 2~¢ Thus, Meloche and Kalbus?® were
titrated copper and silver potentiometrically with
dithiooxamide, Miller and Hume® have demon-
strated that copper, gold(II), mercury(II), and

ferricyanide ions can be titrated with thioglycoll-
ate, Majumdar and Chakrabartty* have examined
the amperometric titration of palladivm with 2, 5~
dimercapto-1, 3, 4~thiadiazole, Stricks and Cha-
kravarti® show that the rotating dropping mer-
cury electrcde can be used as an indicater elec
trcde for amperometric titration of copper with
diethyldithiocartamate, Literti and Cerven® ha.
ve reporting that copper can be titratrd with
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marcatobanzothiazole, They used a rotating
platinum electrode in the titration of 0. 7~5mg
copper in 25~50 mi of an acetate medium of pH
3.7~5.9.

Amperometric determination of silver with 2,
5-dimercapto-1, 3. 4-thiadiazole have already
been described; (I) in which an electrode system
with rotating platinum electrode as an indicator
electrode was shown to produce a high degree
of precision and accuracy. This paper deals with
the study of the potentiometry of copper with
2, 5-dimercapto-1, 3, 4—thiadiazole. In an investi-
gation of the properties of the 2,5-dimercapto-
1, 3, 4~thiadiazole, it is found that this reagent
quantitatively react with copper in aqueous
solution without deaeration. During these in-
vestigations, an electrode system with silver
metal as the indicating electrode was found to
produce a high degree of precision and accuracy.

EXPERIMENTAL

Reagents. Analytical reagent grade Fe(NO;),
‘OH,0, NiSO;-6H,0, Co(NOs);-6H,0, NaF,
CsH;OK and redistilled water were used
throughout,

Standard Solution. Standard copper solution
(0. 1 mg/m!)} was prepared by dissolving 0. 2000
g of electrolytic copper foil in the least possible
amount of concentrated nitric acid and dilute to
2! with water. Fresh standard copper solution
(0. 02~0. 1mg) was prepared daily. Standard
solution of 0. 001} 2, 5-dimercapto-1, 3, 4-thia-
diazole (E. Merk G.R. grade) was prepared by
dissolving 0.1502g of 2,5-dimercapto-1, 3, 4~
thiadiazole in 15 m! of concentrated aqueous am-
monia solution, diluting to 17/ with water. The
reagent appears to be stable for one month
at least: however, the strength was confirmed
against the silver nitrate solution by amperome.
trically! before use.

Apparatus. A silver electrode served as the

indicator electrode and a standard calomel elec-
trode was used as the reference electrode. Tit-
rations were carried out using a DC voltmeter
(0~0.3V Yokogawa eleciric works LTD) with
voltage follower circuit’ and magnetic stirrer
with bar, Voliage follower circuit is as follows.
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DC voltmeter
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Voltage follower circuif

Titration. Transfer a suitable volume of solu-
tion containing 0. 02~0. lmg of copper to the
titration beaker (100 ml), add one gram of po-
tassium hydrogen phthalate and 0.5 g of sodium.
fluoride. The contents of the beaker were di-
luted to S0m! with water. A silver electrode
and standard caomel electrode were immersed in
the solution, and the potential developed by the
electrode was measured with D.C. vcltmeter
(using voltage follower circuit). The contents
of the beaker were stirred continuously with a
magnetic stirrer and bar. 0.0001 M 2, 5-dimer-
capto-1, 3, 4-thiadiazole solution was added slow-
ly with micro buret. In the vicinity of the end
point the 2, 5-dimercapto-1, 8, 4-thiadiazole
solution was added in 0.01m! increments. The
end point was taken as the number of milliliters.
where the greatest rate of change of electromo-
tive force occurred, The potential jump was so
sharp that the equivalence point could ke esti-
mated to the nearest 0. 01 mi. After every titra-
tion the silver electrode was cleaned throughly
by immersing it in 6 N nitric acid solution and
rinsing with water. All titrations were carried
out under the atmospheric air at room temper-
ature,
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RESULTS and DISCUSSION

The standard solution of copper ranging from
0.02 to 0.1mg were prepared by proper
dilution of the standard copper solution and also
standard solution of 0.0001 3 2, 5-dimercapto-
1, 3, 4-thiadiazole was prepared by dilution of the
stock solution, Three titrations were carried out
at each of four copper samples from 0.02 to 0.1
mg. The results are given in Table 1. Several

Tabie 1.  Precision of determination for 0.02
~0.1mg of copper.

Cu added Cu found Dev Relative
X 10 %mg X 10 2mg ’ etror %
2.900 '1.96 -0.04 2.0
5.00 5.06 +0. 06 1.0
7.00 6. 98 —0.02 0.3
10.0 10. 0 0. 00 0.0
mv
140}
120}
_ 100}
2 gof
60F
¢ 40}
aol (sx105gorcu?t)

L - il H 1 L 1 1
20 40 60 80 10.0 120 K.0 60 180
mi of CaHabio Sy {10794 M)
Fiz. 1. Potentiometric titration curve,

Tatle 2. Determination of copper in presence of
foreign ions,

representative curves, obtained at various copper
concentrations by plotting the amount of 2, 5-di-
mercapto-1, 3, 4-thiadiazole used »s. the poten
tial reading in millivolts, are shown in Fig. 1.
The change in electromotive force during a
titration under these condition is about 150 mV.

From the results shown in the Tablel, it
can be concluded that reproducible results were
obtained in the determination of 0.02~0.1mg
of copper. One mole of 2, 5-dimercapto-1, 3,4~
thiadiazole was consumed by one mole of copper
in the titration. Below about Q.01 mg of copper
concentration the potential does not drop as
quickly as it should do,
cally.

and behaves errati-

The effect of the presence of different conce-
ntration of Fe, Ni, and Co on the potentiome-
tric determination of 0.02~0.1mg of copper
with 2, 5-dimercapto-1, 3, 4-thiadiazole was st-
udied. The results are given in Table2. From
these results it can be concluded that it is pos-
sible to determine copper in the presence of
large amounts of Fe, Ni, and Co, without any
interference. Ag, Hg, Zn, and Au ions preci-
pitate under these conditions.
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