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Synthesis and Characterization of Some Lanthanide(l11)
Chelates of Phenyl Thiosemicarbazones

G. RaENDRAN® and V. AMITHAT
Department of Chemistry, University College, Thiruvananthapuram-695 034, India

A seriesof ninecomplexesof lanthanide(l11) ionwith salicyla-
|dehyde N(4)-phenylthi osemicarbazone (SPT) and various anions
were synthesized and characterized. From spectral investigations
along with elemental analysis, conductance and magnetic
measurements, the general formulaof the complexeswere assigned
to be [Ln(SPT)X] (where Ln = La(lll), Pr(l11) or Nd(ll1), X =
NOs7, NCS and CIO,, SPT = salicylaldehyde N(4)-phenylthio-
semicarbazone. Thermal stabilitiesof complexeswere sttudied from
TGand DTG curves.
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INTRODUCTION

Chemotherapeuticaly thiosemicarbazones have assumed great impor-
tance as they possess antibacterial, antiviral and antitumour activities.
Thiosemicarbazones which comprise awell known group of N-S donors
have been extensively used for complexation in recent years. The reported
activity of transition metal complexes of thiosemicarbazone and itsderiva-
tives against smallpox®, virus diseases’ and certain type of tumours®
prompted us to investigate the complexes containing this type of ligands.
Thebiological activity of thiosemicarbazone is dueto their ability to form
chelates with trace metals’. The present investigation is concered with
synthesis of nine new lanthanide (111) chelates of salicylaldehyde N(4)-
phenyl thiosemicarbazone (SPT) and their characterization on the basis of
elemental analysis, estimation of metal and anion contents determination
of molar mass, measurement of molar conductance and magnetic moments
along with spectral and thermal studies.

EXPERIMENTAL

The reagents used were of analytical grade. The solvents used were
purified by distillation.
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Preparation of ligand: The ligand, salcylaldehyde N(4)-phenyl
thiosemicarbazone was prepared® by refluxing equimolar (0.01 mol)
mixture of N-phenylthiosemicarbazide and salicylaldehyde in methanol
for ca. 3 h. The pale yellow solid separated was filtered washed and dried.
It was recrystallized from methanol (m.p. 176°C, yield 75 %).

Preparation of complexes: The nitrato and perchlorate complexes
were prepared by refluxing methanolic solution of ligand (SPT) with the
metal salt in molar ratio 2:1 for ca. 8 h. The solid complex separated on
concentration was filtered was washed with methanol and petroleum ether
to remove the excess ligand and dried over P,Oy in vacuo. The nitrato
complexes were converted to thiocyanato complexes® by refluxing the
nitrato complex with stoichiometric amounts of NHJsNCS to replace the
NOs_ by NCS.

The lanthanide contents of the complexeswere determined gravimetri-
cally as metal oxide by oxalate-oxide method’. The nitrato content was
estimated gravimetrically using nitron reagent® and perchlorate content by
Kurz method®. The thiocyanate content was determined gravimetrically as
AgSCN?®. The molar conductivities of the complexes in methanol were
measured at room temperature using digital control dynamics conductivity
meter. The solution had a concentration around 10° M. The IR spectra of
the ligand and complexes were recorded in potassium bromide pellatesin
the range 4000-400 cm™ on a Perkin Elmer FT-IR spectrometer. The
elemental analysis was carried out by micro analytical method. Magnetic
susceptibility of the complexesat room temperature was measured by Gouy
method™. The electronic spectraof the ligand and the complexesin metha-
nol were recorded in Jasco V-550 UV-Vis spectrometer in the range 900-
200 nm. Rast method was employed to determine the molar mass of the
complexes using biphenyl as solvent™.

RESULTSAND DISCUSSION

All the complexes were non hygroscopic solids insoluble in benzene
and petroleum ether but are sparingly solublein acetonitrile, methanol and
nitrobenzene and completely soluble in DMSO. Analytical data of the
complexes are presented in Table-1. The electrical conductivity measure-
ments in the three different solvents, viz., nitrobenzene, methanol and
acetonitrile confirm non electrolytic behaviour.

The IR spectrum of the ligand shows a medium intensity band at 3000
cm* dueto intramol ecular H-bonded v(OH) group™. Thisband isabsent in
the spectra of the complexs indicating the dissociation of phenolic proton
and coordinated metal ion through deprotonated phenolic oxygen atom®.
Another band observed at 1297 cm™ in the spectrum of the ligand is
attributed to phenolic v(C-O) stretching™ and it has been shifted to higher
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frequency in the spectra of the complexes. This shift supports the forma-
tion of (Ln-0) bond***3, The absence of v(S-H) band at ca. 2600 cm™ in
the spectrum of freeligand indicatesthatg theligand remainsin thioketoform
in solid state*. The two bands observed at 1271 and 750 cm™ are assigned
to v(C-S) vibrations™. The shift of these bandsto lower frequenciesin the
spectra of the complexes indicates the coordination of the ligand through
the S atom of thioketo form. The v(C-N) observed at 1616 cm™ in spec-
trum of ligand shows a downward shift in complexes, suggesting the
participation of this group in coordination'®. The mode of coordination
through deprotonated phenolic oxygen, azomethine nitrogen and
thioketosul phur atomsis further confirmed by appearance of new bandsin
the IR region 480-505 cm™, 410-420 and 320-360 cm™ due to v(Ln-N),
v(Ln—0O) and v(Ln-S) vibrations, respectively. Thus, the ligand SPT
behaves as a monobasic tridentate chelating agents in all complexes of
Ln(l11) ions. In the case of nitrato complexes three additional bands due to
coordinated nitro group are also observed which are absent in spectra of
the ligand and other anionic complexes. They appear at 1445, 1364 and
1022 cm* which are assigned to v, v; and v, modes of coordinated nitrate
ions. The magnitude of separation between v, and v, isfound in the order
of 81 cm™* supporting the unidentate coordination of nitrate ion.

TABLE-1
ANALYTICAL DATA OF LANTHANIDE(III) CHELATES OF
SALCYLALDEHYDE N(4)-PHENYL THIOSEMICARBAZONE

Found (Calcd.) % Andysis
m.w. Ln C H N S Anion
[La(SPT).NO;] 740 1880 4522 310 1113 846 817
(741) (18.74) (45.35) (3.24) (11.33) (8.64) (8.36)
[Pr(SPT),.NO4] 745 1872 4534 330 1141 850 821
(743) (18.96) (45.22) (3.23) (11.30) (8.61) (8.34)
[NA(SPT).NO;] 744 1940 4490 310 1112 843 841
(746) (19.32) (45.02) (3.21) (11.25) (857) (8.30)
[La(SPT).NCS] 735 1869 4548 336 1148 859 7.98
(737) (18.84) (45.59) (3.25) (11.39) (8.68) (7.87)
[Pr(SPT).NCY 740 1890 4558 316 1145 874 7.92
(739) (19.06) (45.47) (3.24) (11.36) (8.66) (7.84)
[Nd(SPT).NCS] 744 1921 4535 330 1140 871 7.9
(742) (19.43) (45.26) (3.23) (11.31) (8.62) (7.81)
[La(SPT).ClOy] 776 1772 4305 298 1084 818 1285
(778) (17.84) (43.18) (3.08) (10.79) (8.22) (12.77)
[Pr(SPT),CIO,] 781 1816 4292 310 1082 815 1281
(780) (18.05) (43.05) (3.06) (10.76) (8.20) (12.73)
[Nd(SPT).CIO,] 782 1831 4293 312 1080 821 1256
(784) (18.40) (42.87) (3.06) (10.71) (8.16) (12.67)

Complex
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Theinfrared spectra of thiocyanate complexes exhibit three additional
bands at 2050, 810 and 480 cm™ which are assigned, respectively to
V(C-N), v(C-S) and &(NCS) modes of the coordinated thiocyanate ion.
Sincev(CN) islower than 2100 cm™ and v(CS) vibrations greater than 720
cm’?, the thiocyanate ion is coordinated to the metal ion through nitrogen
atom in unidentate fashion. The spectrum of perchlorato complex shows
three additional bands at 1137, 1090 and 625 cm™ assigned to v, v; and vs
modes of unidentately coordinated perchlorate ion. The nature of bonding
of thevarious anionsarefurther supported by the non el ectrolytic behaviour
of all the complexes.

The *H NMR spectra of the ligand (SPT) and its complex have been
recorded in DM SO-ds. The OH proton signal at 6 11.5 present intheligand
is absent in the spectrum of the complex indicating the SPT behaves as a
monobasic ligand and coordinating the metal ion through deprotonated
phenolic oxygen atom. A strong signal at 4 8.4 ppm dueto CH=N of ligand
undergoes a downward shift on complexation indicating the participation
of azomethine nitrogen in bonding. Aromatic protons appear as multiplet
intheligand and characteristic shift occurs on complexation. SPT does not
show any peak attributable to (S-H) proton indicating that it exist in the
thioketoform™’.

The electronic spectrum of the ligand, SPT exhibit two bands at 204
and 268 nm. The band appearing at 204 isassigned to 11 - Tt[iransition and
the band appearing at 268 nm isassigned to n - rtLiransition of azomethine
group. The spectraof the complexes exhibit red shift in 1t - rtransitionin
the range 208-212 nm and blue shift in n— t[transition in the range 260-
264 nm which further confirms the mode of coordination of ligand. There
is an additional band at 310 nm in the spectra of complexes which is not
presentintheligand. Thisband isattributedto L — M chargetransfer. There
is no absorption band due to f-f transition in the electronic spectra of the
complexes. Such bands being weak and obscured by the strong bands due
tointraligand aswell asL — M charge transfer transition.

The magnetic moment studies on complexes show very little deviation
fromVan Vleck valuesindicating little participation of 4f electronsin bond-
ing, as these electrons are well shielded by 5s* 5p° octet. Lanthanum com-
plexes are diamagnetic as expected for their noble gas configuration of the
tripositive ions. All the complexes of remaining lanthanide ions are para-
magnetic. The magnetic moment values of the present complexes are in
agreement with values reported for the free lanthanide ions. There 4f elec-
trons are not disturbed by the ligand field and 4f electrons are not involved
in bonding in present complexes.

Thermal decomposition studies were conducted for nitrato complexes
and their thermal stabilities were compared. All the complexes decompose
above 473 K which shows the absence of water and other coordinated



2540 Ragjendran et al. Asian J. Chem.

solvent molecules. The TG plateau upto 473 K. It undergoes asingle stage
decomposition as indicated by the DTG peak at 499 K. This stage of de-
composition occurs with amass loss of ca. 73 % which may be due to the
dissociation of two ligand molecules. The decomposition continues with a
gradual decrease in weight and a constant weight due to stable lanthanum
oxideisobtained at ca. 875 K. Theresidual massisca. 22 %. Theindepen-
dent pyrolysis also shows that the final decomposition product is lantha-
num oxide which isin confirmity with mass loss data obtained from TG.
The TG plateau upto 483 K for the complex, [Nd (SPT).NO;] indicatesits
stability region. It undergoes a single stage decomposition asindicated by
DTG peak at 503 K. This stage of decomposition occurs with a mass loss
of ca. 72 % which may be due to the dissociation of two ligand molecules.
The decomposition continueswith adecreasein weight and constant weight
due to the formation of Nd,Os at ca. 875 K. The residua massis 22.5 %
which shows the final product as Nd>O; which isin agreement with inde-
pendent pyrolysis experiment.

Onthe basis of these observations, it isconcluded that SPT isacting as
tridentate mono negative ligand coordinating through azomethine nitro-
gen, deprotonated phenolic oxygen and thioketo-sulphur atoms. Thus the
proposed formulae of the nitrato, thiocyanato and perchlorato complexes
are [Ln(SPT).NOg], [Ln(SPT),NCS] and [Ln(SPT).ClO,]. Thus coordina
tion number seven is assigned to lanthanide ion in all these complexes.
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