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Abstract 

Mercapto-4-methyl-5-phenylazopyrimidine (MMPAP) complexes 
of cobalt(II), nickel(ll), lead(ll), cadmium(ll), and copper(ll) are 
resolved using various pure and binary solvent mixtures on silica 
gel-G plates and on different surfactant-impregnated silica gel-G 
plates. Thin-layer chromatography of complex mixtures with the 
binary solvent, acetonitrile-xylene (70:30), provides an effective 
separation of the complexes, especially when tetrabutyl 
ammonium hydroxide is used as the surfactant. Slope analysis 
applied to metal ion distribution experiments from 3M H N O 3 

shows a predominant formation of the solvated organic phase 
complex Μ(ΝO 3 ) 2 ·2ΜΜΡΑΡ. The developed method is tested for 
the determination of cobalt(ll), nickel(ll), lead(ll), cadmium(ll), 
and copper(ll) in standard alloys. 

Introduction 

The pyrimidine ring system is one of the most widely dis
tributed systems of heterocyclic compounds, as revealed by 
various reviews (1-3). Recently, pyrimidines have also been 
reported as anti-HIV (4,5), antiamoebic (6), antimalarial (7), 
and antiviral (8) agents. In addition, TLC has been applied to 
drug monitoring studies (9). In the present work, 2-mercapto-
4-methyl-5-phenylazopyrimidine (MMPAP) complexes of 
cobalt(II), nickel(II), lead(II), cadmium(II), and copper(II) have 
been resolved with various pure solvents and binary solvent 
mixtures on different surfactant-impregnated silica gel-G 
plates. The developed method has been tested for the determi
nation of Co(II), Ni(II), Pb(II), Cd(II), and Cu(II) in NKK No. 
1021 alloy, JSS 505 high speed steel, and JSS stainless steel. 

Experimental 

All chemicals were of analytical reagent and guaranteed 
reagent grades and were obtained from BDH (UK) or Merck 

(Germany) unless otherwise specified. 2-Mercapto-4-methyl-5-
phenylazopyrimidine (MMPAP) was synthesized and charac
terized by elemental analysis and infrared and ultraviolet 
spectroscopy. A 0.1% (w/v) solution of MMPAP in dimethylfor-
mamide (DMF) was used for extraction. Stock solutions of 
Co(II), Ni(II), Pb(II), Cd(II), and Cu(II) (1000 ppm) were pre
pared in double distilled water. An alloy solution was prepared 
by dissolving 0.2 g of the standard alloy (supplied by Iron and 
Steel Institute of Japan; Tokyo, Japan) in 15 mL HC1 (1+1) by 
heating in a water bath and then adding 1–2 mL concentrated 
HNO 3. The excess of the acid was evaporated by gently heating 
the mixture in a boiling water bath, and then the volume was 
diluted to 100 mL in a standard volumetric flask. 

Apparatus 
A Shimadzu UV 160-A spectrophotometer (Shimadzu Kyoto; 

Japan) equipped with 10-mm matched quartz cells was used for 
absorption spectra of organic extractants. IR spectra in Nujol 
mull between Csl discs were recorded using a Pye Unichem 
Model 1912 spectrophotometer in the range of 4000–200 cm – 1 . 

TLC plates 
Commercially available silica gel and chromatoplates (20 × 

10 cm2) were used with an ascending irrigation technique. 
The glass plates were coated with silica gel-G (thickness, 0.75 
mm) with a Stahl type applicator. The plates were air dried and 
activated by heating at 60°C for 24 h before use. 

Metal–MMPAP complexes 
Equal volumes (2 mL) of an aliquot of each metal (1000 

ppm in 2M nitric acid-30% acetonitrile, v/v) and MMPAP were 
dissolved in an organic solvent, dimethylformamide. The 
solution was pipetted into a 60-mL separatory funnel, and the 
pH was adjusted to 3.0 with Britton-Robinsion buffers. Two 
milliliters of 20% naphthalene solution in acetone was added 
to the solution. The solid mass (10), which contained metal, 
ligand, and naphthalene, was filtered, washed several times 
with distilled water, dried, and dissolved in 10 mL chloroform. 
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TLC resolution studies 
Various surfactants were used in an effort to obtain better 

resolution for the quantitative separation of metals in complex 
materials (i.e., alloys): silica gel-G + tetrabutyl ammonium 
hydroxide (TBAH); silica gel-G + triton X-1003; silica gel-G + 
tetraethyl ammonium perchlorate (TEAP); silica gel-G + 
sodium laurylsulfate (SLS). The solutions (0.1 mL) were 
spotted separately at 2.0 cm from the edge of the plates. The 
spots were air dried at room temperature (23-25°C) and then 
placed in a chamber that was saturated with either pure solvent 
vapors (Table I) or binary solvent vapors (Table II). The plates 
were developed until the solvent front had travelled a distance 
of about 16.5 cm; about 45-70 min was usually required. The 
plates were dried, and the lead and cad-
mium-MMPAP complexes were made vis
ible by placing the plates in an iodine 
chamber for 40 s. Co(II), Ni(II), and 
Cu(II)-MMPAP complexes were detected by 
their characteristic colors (Table I). For 
each system, five runs were carried out, and 
the Rfvalues were found to be reproducible 
between runs. For quantitative determina
tion, the spots were carefullly scraped off, 
and the silica gel-G with the respective 
complex was dissolved in 10 mL chloro
form. Because the solutions of lead and cad
mium complexes in chloroform were col
orless, the lead and cadmium ions were 
quantitatively determined by the addition of 
10 – 3M solution of cupric nitrate to their re
spective solutions. The solutions were 
shaken vigorously in a separating funnel to 
get a stable yellow color in the chloroform 
layer. The transmittance and absorbance of 
the clear chloroform solution were then 
noted with reference to the calibration 
graph plotted for the respective metal-
MMPAP complexes. The concentration of 
the metal ion was determined and reported 
in Table V. 

present in the aqueous and organic phases, respectively. The 
equilibrium constant (K) is defined by 

Metal pH 
complex range 

Detection 
Identification* Rfvalues in pure solvent† 

Metal pH 
complex range (µG) Original Iodine A Β C D Ε F G Η I J Κ 

Co 2.5-7.5 1.5 Olive 
green 

Brown Τ Τ 40 Τ 40 48 54 58 64 68 72 

Ni 3.5-8.0 1.5 Light 
yellow 

Greyish 
brown 

Τ Τ 46 Τ 46 52 56 63 68 70 76 

Pb 2.0-5.5 2.0 Color
less 

Bright 
yellow 

Τ τ 38 Τ 40 45 48 54 Τ 64 62 

Cd 2.5-7.5 2.0 Color
less 

Bright Τ τ 36 τ 38 42 44 48 Τ 52 56 

Cu 2.5–7.5 1.5 Yellow 
brown 

Greenish Τ 
brown 

τ 50 τ 52 56 60 66 64 75 80 

Dependence of the distribution ratio on 
the concentration of MMPAP 

The distribution ratio is defined as the 
total concentration of metal in the organic 
phase per milliliter divided by the total con
centration of metal in the aqueous phase 
per milliliter. It is dependent on the con
centration of MMPAP. The dependence of 
the distribution ratio on the MMPAP con
centration was studied at a concentration of 
3M HNO 3. 

The extraction of metal follows the reac
tion 

Table II. Rf x 100 of Metal–MMPAP Complexes in Binary Mixtures 

Binary solvents Ratio Ni Co 
Rf ×100 Pb 

Cd Cu 

Chloroform-Benzene 70:30 65 62 59 58 68 
Chloroform-Toluene 70:30 63 63 60 58 68 
Chloroform-Xylene 70:30 69 65 62 60 70 
Ethyl acetate-Benzene 70:30 72 70 T* Τ 76 
Ethyl acetate-Toluene 70:30 76 74 Τ Τ 78 
Ethyl acetate-Xylene 70:30 80 77 Τ Τ 80 
Aceton itrile-Benzene 70:30 85 83 80 75 86 
Acetonitrile-Toluene 70:30 83 80 77 75 88 
1,4-Dioxane-Xylene 70:30 73 70 68 64 75 
Ethanol-1,4-Dioxane 60:40 77 75 71 68 80 
Xylene-Benzene 60:40 72 69 62 58 76 
Chloroform-Toluene 30:70 76 73 68 65 80 
Ethyl acetate-Toluene 30:70 80 75 Τ Τ 84 
Acetonitrile-Toluene 30:70 82 80 76 72 86 

* Τ = Tailing. 
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Table I. Thin-Layer Chromatographic Data 

* Both the original color of the spots after development of the plates and the color of spots after development in an 
iodine chamber are shown. 

† Τ = tailing. Solvent (dielectric constant): A, hexane (1.9); Β, cyclohexane (2.1); C, 1,4-dioxane (2.2); D, carbon tetra
chloride (2.2); E, benzene (2.3); F, toluene (2.4); G, xylene (2.3); H, chloroform (4.8); I, ethyl acetate (6.0); J, ethyl 
alcohol (24.6); K, acetonitrile (37.5). 

The equation for the distribution ratio (D) is as follows: 

The plot of log D vs log [MMPAP] in the organic phase 
yielded a slope of 2.1, which indicates that the extracted species 
in the MMPAP-diluent (30% acetonitrile phase would be pre
dominately of the type Μ(Ν)3)2·2ΜΜΡΑΡ. 

Of the organic solvents used as additives in the study, only 

where subscripts a and o refer to the species 
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acetonitrile had similar measurements and gave a slope of 
nearly 2, which shows that the additive does not change the 
type of solvent species extracted. 

Results and Discussion 

The MMPAP complexes of Co(II), Ni(II), Pb(II), Cd(II), and 
Cu(II) absorb strongly at the following wavelengths: Co(II), 
430 nm; Ni(II), 380 nm; Pb(II), Cd(II), and Cu(II), 435 nm. All 
subsequent studies show that only one type of complex is 
formed in each case. Their TLC resolution data are shown in Ta
bles I–V. All the pure and binary solvent systems used (Tables I 
and II) gave satisfactory separation of the complexes. When 
ethylacetate was used, tailing was observed for the complexes of 
Cd(II) and Pb(II). Tailing persisted even when ethylacetate was 

used in combination with benzene, xylene, and toluene. Table 
III shwos the Revalues (x 100) of the metal-MMPAP complexes 
in the four best combinations of binary solvents using different 
surfactants. The results show that more satisfactory resolution 
was obtained in the case of 1% tetra butyl ammonium hy
droxide (TBAH) as an adsorbent. The maximum Rfvalue was ob
tained for the Cu(II) complex, followed by Ni(II), Co(II), Pb(II) 
and Cd(II) complexes in all the solvent systems. Pure solvents 
such as hexane, cyclohexane, and carbon tetrachloride did not 
help in the development of spots. Another noteworthy obser
vation was that the metal–MMPAP complexes usually gave com
paratively high Rfvalue when solvents of considerably higher 
dielectric constants or polarizability were used (Table I). It was 
also observed that high Rfvalue were obtained in a binary sol
vent mixture of low and high dielectric constants, in other 
words, acetonitrile-xylene (dielectric constant, 37.5:02.3) in 
the presence of 1% tetrabutyl ammonium hydroxide. 

Chloroform-Toluene Ethylacetate-Xylene Acetonitrile-Xylene Ethanol-1,4 Dioxan 

Adsorbents Co Ni Pb Cd Cu Co Ni Pb Cd Cu Co Ni Pb Cd Cu Co Ni Pb Cd Cu 

Silica gel-G 63 65 60 58 68 70 73 68 64 75 80 83 77 75 88 75 77 71 68 80 

Silica gel-G + 
1 % TBAH 

72 74 68 67 78 78 81 75 70 83 90 92 87 84 95 84 87 81 78 90 

Silica gel-G + 
1% triton ×-100 

65 68 62 60 70 72 75 70 67 78 82 85 80 78 88 78 80 74 70 83 

Silica gel-G + 
1 % TEAP 

70 72 66 64 75 75 78 73 67 80 87 89 85 82 92 82 85 78 75 87 

Silica gel-G + 
1 % SLS 

68 70 64 62 72 74 77 73 70 80 85 87 83 80 90 80 83 76 72 85 

Table IV. Qualitative Analysis of Alloys and Identification of Co, Ni, Pb, Cd, and Cu with Reference to their 
R f(× 100) Values 

Rf × 100 (using different surfactants) 

Binary Silica gel-G Silica gel-G Silica gel-G Silica gel-G 
solvents Alloys* Identification + 1% TEAP +1 % TBAH + 1% triton X-100 +1 % SLS 

Chloroform- A Co, Ni, Cu 70, 72, 75, 72, 74, 78, 65, 68, 74, 68, 70, 72, 
Toluene Β Co, Ni, Cu, Pb 70, 75, 66, 75 71,75, 68, 78 64, 66, 62, 70 68, 74, 64, 73 

Ethylacetate– A Co, Ni, Cu 75, 78, 80, 78,81,83, 72, 75, 78, 74, 77, 80, 
Xylene Β Co, Ni, Cu, Pb 75, 79, 73, 80 76, 80, 75, 82 72, 75, 70, 79 73, 77, 73, 81 

Aceton itrile– A Co, Ni, Cu 87, 89, 92, 90, 92, 95, 82, 84, 88, 85,87,90, 
Xylene Β Co, Ni, Cu, Pb 86, 88, 85, 91 89,91,87,95 81,84, 80, 87 85, 86, 83, 91 

Ethanol– A Co, Ni, Cu 82, 85, 87, 84, 87, 90, 78, 80, 83, 80, 83, 85, 
1,4-Dioxane Β Co, Ni, Cu, Pb 81,84, 78, 88 83,86,85,89 78, 80, 74, 83 80, 84, 76, 85 

* A = JSS, 607, high speed steel: C, 0.750; Co, 4.720; Mo, 0.030; Cr, 4.140; Al , 0.002; V, 0.860; S, 0.006; P, 0.012; Ni, 0.015; Cu, 0.028; Mn, 0.300; W, 16.960. Β = MKK NO. 916 
high speed steel: C, 0.03; Co, 0.003; Mg, 0.100; Cr, 0.050; Ti, 0.100; V, 0.020; Pb, 0.040; Si, 0.410; Ca, 0.030; B, 0.0066; Zr, 0.050; Ni, 0.060; Cu, 0.270; Mn, 0.110; Bi, 0.030; 
Zn, 0.050; Sn, 0.050; Fe, 0.540. 

302 

Table III. Rf × 100 of Metal–MMPAP Complexes Using Different Surfactants 
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Table V. Determination of Cobalt, Nickel, and Copper in Alloys* 

Certified Composition Amt. Amt. RSD 
alloy (%) taken found (%) Rf x100 

NKK No. 1021 S: 15.560 Fe: 0.990 Cu:2.72 2.69 0.65 95 
(Al-Si-Cu-Zn Sb: 0.010 Zr: 0.010 Ni: 5.70 5.67 1.10 92 

alloys) Hg: 0.290 Ni: 0.140 
Cr: 0.030 Cu: 2.720 
Tl: 0.040 Mn: 0.200 
V: 0.007 Bi: 0.0100 
Pb: 0.180 Zn:1.760 
Sn: 0.100 Ca: 0.004 

JSS, 505 C: 0.200 S: 0.0086 Cu:1.00 0.98 1.02 95 
High speed P: 0.020 Si: 0.300 Ni: 3.64 3.60 0.95 92 
steel Mo: 0.220 Ni: 11.825 

Cr: 0.640 Cu: 0.100 
Al : 0.026 Mn: 0.300 

JSS, 655 Te: 0.030 Nb: 0.060 Co: 1.12 1.10 1.45 90 
Stainless Cr: 18.540 Mn: 1.580 Ni: 2.28 2.30 1.20 92 

steel Mo: 0.051 Si: 0.060 Cu:4.40 4.36 1.40 95 
C+S+P: 0.094 

* Absorbents: silica gel-G + 1 % tetrabutyl ammonium hydroxide (TBAH). Solvent: acetonitrile + xylene (70:30). Alloy 
sample was supplied by Iron and Steel Institute of Japan, Tokyo, Japan. 

ration and resolution. The method proved 
to be convenient and highly selective. In 
addition, accurate results were achieved. 
The sensitivity of the method may be im
proved by using other optical techniques, 
such as flamless atomic absorption spec
trophotometry or high-performance liquid 
chromatography. 
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Qualitative evaluation of thin-layer chromatograms 
The spectrophotometries determination of nickel, cobalt, 

lead, cadmium, and copper complexes with binary solvent and 
surfactants was carried out. Those combinations of binary sol
vents were used in which the interference by foreign ions is rel
atively low due to the difference in the Rf(x 100) values of the 
various metal complexes. The qualitative presence of nickel, 
cobalt, cadmium, lead, and copper in the alloys is confirmed by 
comparing the Revalues obtained during the analysis of alloys 
with the Revalues obtained for the individual metal complexes 
in that specific solvent mixture. Cadmium was not usually 
present in the alloy. In the quantitative analysis of the alloys by 
TLC, 5.47 µg copper, 3.20 µg cobalt, and 2.10 µg nickel in 
10 mL chloroform gave mean absorbance values of 0.25,0.18, 
and 0.20, respectively, with a relative standard deviation of 
1.10%, 0.92%, and 1.00%. In the determination of lead(II) 
after replacement with Cu(NO3)2, 5.0 µg lead in 10 mL chlo
roform gave a mean absorbance value of 0.35 with a relative 
standard deviation of 1.00%. 

Conclusion 

A simple method is suggested for enhancing the extraction 
of cobalt, nickel, lead, cadmium, and copper. The various in
terfering radicals were effectively eliminated as a result of the 
difference in the Rf x 100 values by the TLC method of sepa-
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