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The present investigation has been undertaken to examine complex formation by thallium (I) deriva-
tives of 2-nitro phenol (ONP), 2,4-dinitrophenol (DNP), 2,4,6-trinitrophenol (TNP), 1-nitroso-2-
naphthol (1N2N), 8-hydroxyquinoline (8HQ), and 2-aminobenzoic acid (OABA) with Isonitrosoethyl-
methyl Ketone. They have general formula [ML (HL′)], where M = Tl (I), L = deprotonated ONP,
DNP, TNP, 8-HQ, 1N2N and OABA and L′ = Isonitrosoethylmethyl Ketone. Isonitrosoethylmethyl
Ketone is ambidentate ligand and can donate through oxygen or nitrogen or both. The preparation
of mixed ligand complex with the thallium (I) salt of 2,4-dinitrophenol and 2,4,6-trinitrophenol with
the Isonitrosoethylmethyl Ketone (INEMK) have very low yield.

Key words: 2-nitrophenol (ONP), 1-nitroso-2-naphthol (1N2N), 8-hydroxyquinoline (8HQ), and 2-
aminobenzoic acid (OABA), Isonitrosoethylmethyl Ketone (INEMK).

1. Introduction

Synthesis of complexes containing two differ-
ent ligands is of great interest for coordination
chemists due to their enhanced stability than sin-
gle ligand complexes. Most of these works have
been done with the transition metal1–4, 37–39,
rare earth, and alkali metals5–21. Thallium salts
and complexes have been widely used in analyt-
ical laboratories, as powerful bacteriocides, and
efficient catalyst in organic reactions. Literature
survey22–32 revealed that Tl(I) either received
very little attention or have neglected towards
its coordination behaviour. This paper describes
the synthesis and characterization of mixed ligand
thallium (I) complexes with some organic acids
and isonitrosoethylmethyl ketone. The latter lig-
ands have been specificially chosen to clarify the
nature of the linkage of the ambidentate isonitroso
group.

2. Experimental

The chemicals used are products of across and
Sigma-Aldrich Ltd. All mixed ligand complexes
of thallium were obtained in many steps. In first
step potassium salt of all organic acid were pre-
pared. After that, thallium salts of all organic acid
were prepared by ligand substitution method. The
next step was to prepare ligand Isonitrosoethyl-
methyl ketone by the method described by Semon
et. al.33. Thereafter isonitrosoethylmethyl ketone
was added to the suspension of thallium salts of all

organic acid in absolute ethanol in 1 : 1mole ratio.
The whole mass was refluxed slowly with constant
stirring on hot plate with magnetic stirrer for two
hours at 50 ◦C. On cooling at room temperature,
obtained precipitate was filtered, washed with ab-
solute ethanol, and dried in an air oven at 80 ◦C.
Step 1: L + KOH −→ L−K+

Step 2: L−K+ + TlCl −→ Tl+L−

Step 3:

After analysis it was found that:
I. Analysis of [Tl(ONP) INEMK]:
The analytical result of the complex was found to
contain:
On analysis it was found to contain: C, 27.08;
H, 2.48; O, 18.08; N, 6.32; Tl, 46.05%.
The complex [C10H11N2O5Tl] required: C, 27.00;
H, 2.02; O, 18.23; N, 6.73; Tl, 46.03%.
Colour: Light Pink
IR ν : 3369.4 s, 1633.5 m, 1620 m, 1521.4 m & b,
1218 s, 1047.2 m, 928.6 m, 761.3 s, 671 m, 504 s,
488 s.
II. Analysis of [Tl(DNP) INEMK]:
The analytical result of the complex was found to
contain:
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On analysis it was found to contain: C, 24.56;
H, 2.05; O, 22.95; N, 8.62; Tl, 41.09%.
The complex [C10H10N3O7Tl] required: C, 24.82;
H, 2.95; O, 22.30; N, 8.11; Tl, 41.80%.
Colour: Red
IR ν : 3278.7 s, 1633.5 m, 1521.4 m & b, 1215.6 s,
1047.2 m, 928.6 m, 756.8 m, 670 m, 557.1 s,
496 mb.
III. Analysis of [Tl(TNP) INEMK]:
The analytical result of the complex was found to
contain:
On analysis it was found to contain: C, 22.51;
H, 1.65; O, 27.02; N, 10.51; Tl, 38.22%.
The complex [C10H9N4O9Tl] required: C, 22.17;
H, 1.58; O, 26.46; N, 11.07; Tl, 37.32%.
Colour: Brown Red
IR ν : 3177.7 m, 1620 m, 1521.4 m & b, 1215.9 s,
1047.2 m, 928.6 m, 761.6 s, 670 m, 514.4 m, 514 s.
IV. Analysis of [Tl(8-HQ) INEMK]:
The analytical result of the complex was found to
contain:
On analysis it was found to contain: C, 34.79;
H, 2.89; O, 10.68; N, 6.32; Tl, 45.06%.
The complex [C13H13N2O3Tl] required: C, 34.28;
H, 2.37; O, 10.37; N, 6.64; Tl, 45.34%.
Colour: Light Brownish Cream
IR ν : 3300–3200 sb, 1670 m, 1580 m, 1216.2 s,
1010 s, 761.4 vs, 670 s, 488 m.
V. Analysis of [Tl(1N2N) INEMK]:
The analytical result of the complex was found to
contain:
On analysis it was found to contain: C, 35.22;
H, 2.79; O, 13.28; N, 6.02; Tl, 43.00%.
The complex [C14H13N2O4Tl] required: C, 35.02;
H, 2.72; O, 14.22; N, 5.87; Tl, 42.76%.
Colour: Yellowish Brown
IR ν : 3448.3 sb, 1620.8 m, 1545.2 m, 1216.1 s,
1045.9 s, 928.9 s, 760.1 vs, 670.7 s, 623.9 m,
570.5 m, 504 m.
VI. Analysis of [Tl(OABA) INEMK]:
The analytical result of the complex was found to
contain:
On analysis it was found to contain: C, 29.93;
H, 2.95; O, 14.51; N, 6.35; Tl, 46.26%.
The complex [C11H13N2O4Tl] required: C, 29.48;
H, 2.42; O, 14.46; N, 6.76; Tl, 46.00%.
Colour: Light Pink
IR ν : 3391 sb, 1649.2 vs, 1519.6 m, 1216.6 s,
1045.8 m, 929 s, 764 s, 670.6 m, 504 s, 480 m.

Note: s-strong, sb-strong broad, wb-weak broad,
d-doublet, m-medium, b-broad, vw-very weak

3. Result and discussion
On the basis of elemental analysis, the molec-
ular formula of the mixed ligand complexes
of Tl(I) metal chelates of 2-nitrophenol; 2,4-
dinitrophenol; 2,4,6-trinitrophenol; 1-nitroso-2-
naphthol; 8-hydroxyquinoline; 2-aminobenzoic
acid with isonitrosoethylmethyl ketone is found to
be ML.HL′, (where M = Tl (I), L = deprotonated
ONP, DNP, TNP, 8-HQ, 1N2N and OABA and
HL′ = isonitrosoethylmethyl ketone).
Their IR data suggest that the Tl (I) metal is co-
ordinated through oxygen atom of carbonyl group
as well as the nitrogen atom of the oximino group.
So, based on all the factual information as well as
analytical data, the probable structure of the com-
plexes is as such shown in Figure.

where,

3.1 IR Spectra
Infrared spectra of the ligand (Isonitrosoethyl-
methyl ketone) and its mixed ligand Thallium(I)
complexes were recorded in KBr disc between
4000–500 cm−1 with the help of FTIR Spectropho-
tometer PERKIN ELMER X (: 4 scans 4.0 cm−1).
The spectra of isonitrosoethylmethyl ketone shows
143 multiple medium broad absorption band in
the range 3300–3200 cm−1. The presence of ab-
sorption features in this region points out the pres-
ence of intramolecular hydrogen bonding involv-
ing isonitroso hydrogen atom and the carbonyl
oxygen atom of the ligand. The infrared spectrum
of the ligand shows characteristic absorption at
1670 cm−1, 1580 cm−1 and 1010 cm−1 which may
be assigned to carboxyl νC=O, aldimine νC=N
and νN–O, modes of IR vibrations respectively.
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The absorption band at 1580 cm−1 of the ligand
has been assigned to the stretching νC=N absorp-
tion either disappear or towards lower frequency
by 38–60 cm−1 with few exception. This shift to-
wards lower frequency is due to weakening of C=N
bond strength. This feature suggests the coordi-
nation of the ligand with thallium metal through
imine nitrogen atom.
The bands at 1670 due to νC=O vibrations are
observed in the spectra of the ligands but either it
disappear or there is negative shift In the mixed
ligand thallium (I) complexes with appearance of
νC–O bands, supports coordination of oxygen30.
Further the entire mixed ligand complexes exhibit
a presence of very strong band at 1216–1217 cm−1

which is characteristic of coupled isonitroso N-
bonded νN–O. The IR data therefore clearly indi-
cate that the isonitroso group coordinates through
its nitrogen34.
The presence of a very strong absorption band
at 767 cm−1 in ligand is due to aromatic C–H
out of plane bending of monosubstituted benzene
whereas in mixed ligand complexes either its pres-
ence may be due to same reason or due to or-
thodisubstituted benzene as well as the quinoline
ring in deprotonated salt of Tl with organic acid.
The band 680 cm−1 and between 670–465 cm−1

is due to aromatic ring deformation band in them
or C=C deformation band of the ring compound
deformation vibration of phenyl and other sub-
stituents.
The band in the region 521–455 cm−1 in the spec-
tra of all mixed ligand Tl (I) complexes may be
assigned to Tl–O band frequency while medium
bands in the region 668–530 cm−1 assigned to Tl–
N band frequency32, 35–36. The above data con-
firm the coordination of oxygen atom of phenolic
group and nitrogen atom of –NO/–NO2 of first
ligand, i.e., organic acid to Tl(I) metal ion in all
the mixed ligand complexes.

3.2 Electronic Spectra
Electronic spectra were recorded on Systronic
Double Beam UVVIS spectrophotometer-2201 in
ethanol. The electronic spectra of the mixed lig-
and Tl(I) complexes show bands at the region
233–302 nm which indicates π-π∗ transition in the
complexes. Most of the mixed ligand complexes
also show a charge transfer bands in the region
328–386 nm. The shift in position of π-π∗ transi-
tion and charge transfer bands in the mixed ligand
Tl(I) complexes show that there is a π-interaction
between metal and ligand orbitals3, 30, 32, 37.

3.3 Conductivity Measurements
Isoethylmethyl ketone ligand is a white shiny pow-
der having the melting point 76.5 ◦C. It is soluble
in ethanol and its all mixed ligand complexes are
coloured. Molar conductance of all the compounds
was measured in DMF at 30 ◦C at a conc. of
10−3 M. The value of about 35–40 ohm−1 mol−1

cm2 should be observed which a characteristic of
1 : 1 electrolyte was whereas ideally molar con-
ductance of a neutral compound should be zero.
However, significantly low values (7.0–9.2) of mo-
lar conductance of the compounds indicate that
ligand molecules are bonded to metal atom and no
free ionic ligand molecule is present in complexes.

3.4 Magnetic Susceptibility
The magnetic susceptibility of Tl (I) mixed ligand
complexes were determined at room temperature
by Gouy method. It was found that almost all
complexes are diamagnetic as expected.

4. Conclusion
The ligands L and L′H coordinate in 1 : 1, metal :
ligand ratio as monobasic bidentate. The analyti-
cal and spectral studies suggest structures shown
in figure in results part. Based on the above stud-
ies it is clear that Tl (I) metal is coordinated
through oxygen atom of carbonyl group as well
as the nitrogen atom of the oximino group in the
molecule, capable of chelation to form five mem-
bered ring for requisite stabilization of adducts.
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