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Thioamide Bands and Nature of Bonding in the Metal
Complexes of 3-(4-Pyridyl)-4-Phenyl Triazoline-5-Thione
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3-(4-Pyridyl)-4-phenyl-triazoline-S-thione forms very stable complexes
with Ag(I), Co(Il), Cu(lI), Pd(II) and Hg(II) ions at pH 6 or 7. The ligand
coordinates through its thione tautomeric form. The nature of shifts and
change in intensity of four thioamide bands of the ligand and complexes
are thoroughly analysed. The increase in intensity of thicamide band IV in
Hg(11)-complexes (pH ~ 7) probably due to polymeric nature of complexes.
The crystal field parameters Dq, B' and B value were found to be
983 cm™!, 702 cm™! and 0.63 respectively in Co(Il)-complexes suggesting
the ligand towards strong end of the nephelauxetic series. Tentative structure
and metal-ligand vibrations are resasonaly assigned.

INTRODUCTION

Organic molecules having thioamide (H—Ill—é-S) group give rise to four
thioamide bands in their infrared spectra’™. These bands are affected differently
by different modes of coordination. It has been reported by several workers that
the thioamide band IV can be used as diagnostic for M-L bonding 47 However,

several other groups of workers®!! have indicated that band IV alone cannot be
used as a criterion for indicating whether coordination has taken place through
S or through N or through both simultaneously. This aspect of coordination is
very important and hence this work is concerned with investigation of this aspect
of study using 3-(4-pyridyl)-4-phenyl-triazoline-5-thione (PPytTH) -and Ag(l),
Co(1I), Pd(1I), Cu(ll) and Hg(II) metal ions.

EXPERIMENTAL

All chemicals used were of AnalaR grade or of chemically pure quality.

The ligand was prepared following the method reported in literature™, The
complexes were prepared in ethanolic medium using a general method, Ethanolie
metal salt and ligand solution were refluxed on water bath using M : L= 1 : 2 for
2 hrs. and cooled at room temperature. The pH of the mixture was adjusted 6 or
7 as desired using dil. mineral acid of corresponding salt and NaOH (2N) solution.
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Coloured precipitate in every case was obtained which was further washed with
ethanol and ether and dried over anhydrous CaCl, in a vacuum desiccator. The

analytical data of complexes are given in Table 1.

RESULTS ADN DISCUSSION

3-(4-Pyridyl)-4-phenyl-triazoline-5-thione forms very stable complexes and it acts
as a monodentate ligand with Ag(l), Pd(Il), Co(1l), Hg(Il) ions. However, at pH 7
it forms inert type complex with Hg(ll) ion. All are partially soluble in common
organic solvents, such as methanol, ethanol, CCl,4, C¢Hg, CHCl3 and petroleum ether.
But Co(Il) and Pd(Il) complexes were fairly soluble in DMF. Magnetic moment of
[Co(PPytTH),(H,0),Clo], [Cu(PPytTH)(H,0)5]SO4 and [Cu(PPytTH)H;O);
Cl,] were found to be 1.5, 1.16, and 0.98 BM respectively. the sub-normal value
of magnetic moment of copper complexes is most probably due to polymeric
nature of complexes or some degree of metal-metal interaction’>1%, The
polymeric natures of these copper complexes are also supported by their high
m.pt. (> 300°C) and their insolubility in organic solvents. The value of magnetic
moment lower than spin value of Co(II) complexes may be assumed as ligand is
attached to the Co(lI) ion by “lower level covalent bonds™'417,

In the light of previous observations'®, the value of magnetic moment are
possible due to the equilibrium between the thermally accessible 4T2g and 2Eg
states. Moreover, partial oxidation of Co(Il) to Co(III) may not be ruled out. Thus,
octahedral structure of [Co(PPytTH),(H,0),Cl,] is tentatively assigned on the
basis of magnetic moment value and well supported by visible spectral data. Two
bands at 17544 and 14286 cm™' are observed due to “T;(F) — *T14(P) and
4T1g(F) - 4A2g(F) transition respectively suggesting octahedral geometryw. The
third expected transition band could not be observed due to instrumental limitation.
Thus, putting v, = 14286 em™ and vy =17544 em™, the value of Dq = 983
em™, B’ = 702 cm™! and - = 0.62. The value of B (0.69) puts the ligand towards
the strong end of the nephelauxetic series?’. :

Pd(IT)-complexes contains one band at 24390 cm™' followed by Iremendous
absorption in UV region at 30769 and 37735 cm™'. The band at 24390 cm™ is
assigned due to lAlg—-lBlg transition?! and other two bands due to charge transfer
having square planar structure. Diamagnetic nature of this complex also supports
dsp*-hybridisation for d®-electronic configuration of Pd(II) ion. All Hg(I) com-
plexes display charge transfer band between 250-260 nm as expected for at?
complexes. The electronic spectra of Cu(II) complexes in Nujol mull weak broad
band observed between 560-570 nm are tentatively assigned to Zng<-2Eg
transition. The broadness of this band is assumed due to Jahn Teller distortion as
expected for d° system and distorted octahedral configuration is most probable
structure of all Cu(Il) complexes.

The infrared spectral data of the ligand and complexes are given in Table 2.
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Spectrum of the ligand shows weak bands in the 3000 cm region and above.
The complexes also show bands in this region characteristic of aromatic vc_y
and vyy. Beside this, there are broad bands in the spectra of complexes in the
region of 3100-3500 cm ! which may be assigned to coordinated or crystal water.
The medium to strong bands in the 1600-1610 cm™! region may be due to
Ong + Oon- Vn-g band of the ligand are red shifted (10 cm™Y) in almost all
complexes most probably due to intermolecular hydrogen in the crystal lattice of
all solid complexes. The weak broad band at 2550 em™! assigned to vgy of ligand
is absent in all complexes indicating the thione form of the ligand in the complexes
and metal-sulphur bonding may be assumed. Metal-sulphur bond in all complexes
is supported by systematic shift in all thioamide bands?? of the ligand. Thioamide
band I (dcy + Ony + Vo-N) remains almost unchanged or is blue shifted (few
cases) band II (vcn +Vcos+ Ocy + Onpy splits and is red shifted. Band III
(ven+Vves) and band IV (vo..g) are red shifted. Moreover, in
[Hg(PPytT)(H,O)Cl] simultaneous metal-sulphur and metal-nitrogen bonding
results in slight red shift (10 cm™?) of band III seems reasonable with a lowering
in intensity. The blue shifting of thioamide band III and band IV due to formation
of M-N bonding are probably compensated by red shifting of these bands (III
and IV) due to formation of M-S bonding. However, in this complex M-N
bonding is stronger than M-S bonding which results slight red shift specially in
thioamide band IV. Increase in intensity of band IV may be due to polymeric
nature of the complexes.

The very strong broad band at 1340 cm™' and medium band at 855 cm™ in
[Ag(PPytTH)(H0)3]'NO3-3H,0 indicate the presence of ionic nitrate and in

[Cu(PPytTH)(H,0)s]SO,4 bands at 1125 (sh) and 630 (m) cm™ are consistent
with the presence of ionic sulphatez“. Far infrared spectra of complexes contain
some new bands. The weak bands at 510 and 460 cm™ of Ag(I) complex are
assigned t0 vog_go and at 300 cm™! due to Vag-s mode of vibrations. The presence
of two vpg_o modes indicate the presence of two types of coordinated water.

In Cu(ll) complexes, Vg, ¢ (400 em™), ve, s (375 %5 ecm™), v, 0 (480 + 5

cm'l) and in Co(II) complexes, Vo) (410 cm™) and Veo-s(380 cm™) are in
good agreement with previous literature.
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