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The proposed method describes the synergic solvent extraction and spectrophotometric determination of copper(II)
with 1-(4'-chlorophenyl)-4,4,6-trimethyl (IH, 4H)- 2-pyrimidinethiol in combination with pyridine at pH 5.The extracted
1 : 2 : 2 Cu(II)-thiol-pyridine complex absorbs at 400 nm, the molar absorptivity is 1.160 x 1041 mol-I cm - Iand Sandell
sensitivity is 5.5 ng cm - 2. Beer's law is obeyed over the range 5-70 Ilg of copper per 10 ml of chloroform. The method has
been used to determine copper in synthetic mixture, alloys, plant material and drugs.

Pyrimidinethiols, also known as cyclic thioureas, con­
stitute a versatile class of analytical reagents. Singh et
al.have reviewed the analytical aspects of the chemis­
try of substituted pyrimidinethiols 1. The use of such
compounds as extractants for the platinum group me­
tals and gold was investigated in our laboratoryZ - 4. In
the present paper we describe the synergic solvent ex­
traction of copper(II) with 1-(4' -chlorophenyl)­
4,4,6-trimethyl (lH,4H)- 2-pyrimidinethiol (4'-chlo­
ro-PTPT) in combination with pyridine from an
aqueous solution of pH 5.0. The chloroform extract­
ed complex is quite stable and hence suitable for the
spectrophotometric determination of copper(II) at
400 run.

The method proposed here is rapid, simple, sensi­
tive and provides separation of microgram amounts
of copper(II) from many associated elements.

Materials and Methods

All the chemicals used were of AR grade. A stock
solution (1 mglml of copper) was prepared by dis­
solving CuSO 4.5HzO in water and a few drops of cone
suiph uric acid were added. It was standardised by a
standard method. Solutions of lower concentration
were obtained by appropriate dilution as required.

4'-Chloro- PTPT was prepared by the method of
Mathes 5 using 4-chloroaniline and was purified by re­
peated crystallizations until fine colourless crystals
(m.p. 188°) were obtained.

A 0.5 M pyridine solution was prepared by dissolv­
ing a weighed amount of the base in chloroform.
Equal volumes (5 ml each) of the base solution and
0.01 M thiol solution in chloroform were mixed and
used as the extraction solution.

A Beckman DU-2 spectrophotometer with 1-cm
quartz cells was used for absorbance measurements.
The pH was measured with a Phillips pH meter.

General procedure
An aliquot of the sample solution containing

5-70 ,ugof copper was taken and pH adjusted to 5.0 in
25 ml volume with 0.1 M hydrochloric acid and sodi­
um hydroxide solutions. The solution was transferred
into a 100 rnl separatory funnel and mixed thoroughly
with 10 ml extracting solution for 1 min. The two
phases were allowed to separate and the absorbance
of the organic phase was measured against chloro­
form at 400 run. The copper content was computed
from a calibration graph.

Results and Discussion

The extraction of copper was studied at various pH
values. In the absence of pyridine, extraction of 30 ,ug

of copper(II) with 0.05 mM of the reagent in chloro­
form commenced at pH 6 and became quantitative at
pH 8.5 after shaking for 5 min. In the presence of pyri­
dine and 0.02 mM of the reagent, however, extraction
started at pH 2.5 and became quantitative at pH 4.
The extraction equilibrium was attained on shaking
for 15 sec only. In the present work the mixture was
shaken for 1 min in order to ensure complete extrac­
tion. Pyridine thus shows a synergic effect in the ex­
traction of copper(II)-thiol 'Complex from an acidic
medium. After extraction the pH of the aqueous
phase was found to be ""6.3. The chloroform extract
showed a maximum absorbance at 400 nm. The San­
dell sensitivity of the colour reaction was 5.5 ng cm - Z

with molar extinction coefficient of 1.16 x 104 1
mol- 1 cm - 1. Beer's law was obeyed over the concen­
trationrange 5-7 ,ugofcopperper 10 rnl of the organic
phase. The complex was stable for 12 hr.

Effect of diverse ions
In order to assess the possible analytical appli­

cations of the copper-thiol complex, the effect of a few
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Fig. 3-Log D - Log C (thiol) plot at constant pyridine concen­
tration:,pyridine] = 0.5 M;pH = 5.0.
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Fig. 2-Job plot at pH = 5.0 1[copper] = [pyridine] =
7.873 x 10-4 M; [LH]=O.OI M}
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Fig. I-Job plot at pH 5.0 ([copper] = [LH] = 4.724 x 10-4 M;
[pyridine] = 0.5 M}
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foreign ions that often accompany copper was stud­
ied. Various amounts of ionic species were added to
the sample solution containing 30 fl-g of copper(II)
and the above general procedure was applied. An er­
ror of ±2% in the absorbance readings was consid­
ered tolerable. The interference studies showed that

cations, namely iron (IT & 1lI), molybdenum(VI),
tin(II), tellurium(IV), titanium(IV) and bismuth(llI)
interferred. There was no interference from 10 mg
each of lead(IT), cadmium(II), uranium (VI) and vana­
dium(V); 5 mg each of nickel(II), cobalt(II), chrom­
ium(VI), manganese(II), magnesium(II), zinc(II), se­
lenium(IV), cerium(IV), ruthenium (1lI), rhodi­
um(III), iridium(llI) and platinum(IV)j 1 mg each of
silver(I), thalium(I), thorium(IV) and tungs ten(VI).
The method could also tolerate 0.5 mg each of galli­
um(III), mercury(II), aluminium(llI), zirco­
nium(VI) and rhenium(VII). There was coextraction
of palladium(II), osmium(VIII) and gold(llI), but in­
terferences due to these cations were removed by se­
lective prior extractionz-4• The interference of
iron (Ill )was eliminated by plior extraction with isob­
utyl methyl ketone in 6 Mhydrochloric acid. But the
complexing anions interfere severely and must be ab­
sent.

TheJob plots shown in Figs 1and 2 indicate forma­
tion of 2 : 1 (L: Cu or Py: Cu) as well as 1 : 1 com­
plexes in both the cases. This explains the non-inte­
gral slope of 1.35 in the case of log D-log C (thiol) plot
at constant pyridine concentration (Fig. 3) and a slope
of 1.27 in the case of log D -log C (pyridine) plot at
constant thiol concentration (Fig. 4). In the presence
of reducing agents likeiron(II), tin (II)and ascorbic ac­
id, there is no complex formation indicating that only
copper(II) reacts with the reagent. The
copper(II) - thiol complex is extractable into chloro­
form; hence the probable composition of the un­
charged complex is CuLzPyz (1 : 2 : 2).

The synergic effect in the extraction is attributable
to the formation of the readily extracted pyridine ad­
duct as it is evident from the very high absorbance at
0.1 mol fraction of copper in Fig. 2 as against the low
absorbance found at mol fractions of copper above
0.8 in Fig. 1.

Determination of copper in alloys
About 0.5 geach of brass, copper-nickel alloy, gun

metal and nickel-silver alloy was taken and brought
into solution according to the standard procedure6•
Similarly 0.1 g of gold-copper-silver alloy was taken
and its solution was prepared as described earlier4•
Appropriate aliquot of the sample solution obtained
was taken and the pH of the solution was adjusted to
5.0 in 25 ml volume with 0.1 Mhydrochloric acid and
sodium hydroxide solutions. Copper was determined

by the proposed method. Results of analysis of some
standard samples are reported in Table 1. The re­
covery of copper in alloys is in agreement with the cer­
tified values.

Determination o{copper inplant material: Analysis of
cane-sugar leaves afClones Co 419 and Co 740

A six month old leaf sampling (third leaf from top)
was done randomly. The sampled leaves after remov­
ing the midtrip were cut into one sq cm pieces and dri­
ed in oven at 80° till constant weight was obtained.
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Table 2-Determination of Copper in Plant Material

Table 3-Determination of Copper in Drugs

also due to KNDhumal, Shivaji University, Kolhapur
for providing the samples of the plant material.

Relative
st.dev.

(%)

7
4.5

Present method
16.1-17.0
17.6-18.5

AAS analysis
16.6
18.2

Copper,ppm
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Clones

Table 1-Determination of Copper in Alloys

Alloy

CompositionCopperRela-
of alloy,%

tive
Certified Found· meanvalue,

(%)dev.
(%)

(%)

Brass
Zn,39.0160.9961.050.1

Copper-nickel Ni, 25.2; Mn, 0.1;
74.6274.620.1

alloy
Fe, 0.03

Gun metal
Sn, 4.49; Sb, 0.31;84.9584.520.5

alloy
Pb,2.31.

Nickel-silver
Ni, 17.0;Pb, 0.1;54.6054.600.1

alloy
Sn, 0.05; Mn, 0.21.

Gold-copper- Au, 43.4; Ag, 7.25
49.3549.220.2

silveralloy Gold-copper- Au, 60; Ag, 5.
35.0034.970.1

silveralloy
*Averageof sixdeterminations

Co 419
Co 740

Drug Copper,ppmRelative
(Manufacturedby)

st. dev.
Taken

Found·(%)

Fersolate
10.3610.281.4

[GlaxoLaboratories (India)Ltd.]Edinol
15.9316.101.1

[Bayer(India)Ltd.] Supradyn
13.5113.500.2

[RocheProducts Ltd., (India)]Hem 12

0.350.352.8
[UnichemLaboratories (India)Ltd.]•Averageof sixdeterminations
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Fig.4-Log D = log C (pyridine)plot at constant thiol concen­
tration; [thiol]=0.01 M; pH =5.0.

The dried leaf material was crushed into fine powder.
The powdered material (2 g) was treated with 20 ml of
a mixture of nitric acid + perchloric acid + sulphuric
acid in the proportion of 10 : 3 : 1 and digested on a
hot plate. The solution was diluted and the precipitat­
ed silica was removed by filtration. The filtrate was
evaporated to near dryness. The residue was leached
with water. From this, iron was removed by extracting
twice with 10 ml portions of isobutyl methyl ketone
keeping the solution 6 Mwith respectto hydrochloric
acid. The aqueous phase was slowly evaporated to
dryness in order to remove excess hydrochloric acid.
The residue was leached with distilled water and cop­
per content was determined by the recommended
procedure. The data obtained for different samples
are presented in Table 2. The results agree well with
the previously reported value 7•

Detemlination of copper in drugs
The samples (1- 2 tablets) were heated with the min­

imum amount of concentrated hydrochloric acid fol­
lowed by the addition of 2-3 drops of concentrated
nitric acid. The organic matter was destroyed by
treatment with 5 ml of concentrated perchloric acid.
The solution was slowly evaporated almost to dry­
ness and the residue was dissolved in dilute hydroch­
loric acid. The solution was made 6 Mwith respect to

hydrochloric acid and iron was extracted twice with
10 ml portions of isobutyl methyl ketone. The aque­
ous phase was slowly evaporated to dryness in order
to remove excess hydrochloric acid. The residue was
dissolved in hot dilute acid and made up to 100 ml

with distilled water. Copper content was determined
by the recommended procedure. The results were
found to be satisfactory and are presented in Table 3.
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