Asian Journal of Chemistry Vol. 11, No. 2 (1999), 503-508
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A new series of sixteen lanthanide(III) complexes of 4-[N-(ben-
zalidene) amino] antipyrine thiosemicarbazone (BAAPTS) with the
general composition LnX3-n(BAAPTS) (X =Cl, n=2; X =NO3,
n=1; Ln= La, Pr, Nd, Sm, Gd, Tb, Dy and Ho) have been syn-
thesized and characterized by chemical analysis, conductance, molar
weight, magnetic moments measurements, infrared and electronic
spectra. The ligand BAAPTS behaves as neutral tridentate (N, N, S)
ligand. The probable coordination number is nine in these
complexes.

INTRODUCTION

Due to their medicinal properties, including activity against influenza,
protozoa, smallpox, certain kinds of tumour, tuberculosis, leprosy, bacterial and
viral infections, psoriasis, rheumatism, tripanosomiasis, coccidiosis, malaria and
having possible pesticides and fungicides', and their ability to chelate trace
metals, the coordination chemistry of thiosemicarbazones was the subject of
extensive studies> >. In the present paper, we describe the coordination behaviour
of 4-[N-(benzalidene) amino] antipyrine thiosemicarbazone (BAAPTS) toward
lanthanides.

EXPERIMENTAL

The lanthanide(III) chlorides and nitrates were obtained from Rare Earth
Products Ltd., India and were used without further purification. The ligand
BAAPTS was synthesized and characterized in the laboratory by the known
method®.

Synthesis of the complexes

(i) LnCl5-2(BAAPTS) (Ln = La, Pr, Nd, Sm, Gd, Tb, Dy or Ho): The solution
of lanthanide(III) chloride (1 mmol) and BAAPTS (2.1 mmol) in hot ethanol (15
" mL each) were mixed and stirred well. After refluxing the reaction mixture on a
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water bath for ca. 1 h, the resulting solid complex was obtained, which was
filtered and washed with ethanol and finally with diethyl-ether and dried under
reduced pressure over P,O,.

(ii) Ln(NOs)3:BAAPTS (Ln=La, Pr,Nd, Sm,Gd, Tb, Dy or Ho): The cor-
responding lanthanide(IlI) nitrate (1.0 mmol) and BAAPTS (1.1 mmol) were
dissolved separately in hot ethanol (15 mL each). The solutions were mixed and
refluxed for ca. 3 h. The resulting solution of the nitrate complex was concentrated
to 10 mL and to this diethyl-ether (15 mL) was added with vigorous stirring,
whereupon the complex separated out. The finely divided solid mass was finally
washed with diethyl-ether and collected. All these complexes were dried in
vacuo over P,Oy,.

Allsthe physical measurements and analyses were performed as reported
earlier”.

RESULTS AND DISCUSSION

The reactions of non-aqueous solution of lanthamide(III) chlorides and nitrates
with  BAAPTC resulting in complexes of the general composition
LnX;n(BAAPTS) (X =Cl7,n=2; X=NOj3,n=1; Ln=La, Pr, Nd, Sm, Gd, Tb,
Dy or Ho). The complexes are fairly stable and could be stored for a long time
and are non-hygroscopic in nature. The analytical data presented in Table-1
indicate that the complexes are pure and need no further purification. The molar
conductance values (2.9-4.0 ohm™ cm? mol™) of these complexes in PANO, are
too low to account for any dissociation; therefore, the complexes are non-
electrolytes. Data on the molecular weight of the complexes in freezing PhNO,
are given in Table-1. The ratio of molecular weight observed for these complexes
to that calculated is ca. 0.98 which shows that the complexes are monomeric in
solution. The magnetic moment values (Table-1) indicate that the lanthanide
complexes are diamagnetic, while all the other complexes are paramagnetic as
expected. The measured magnetic moments (Table-1) are in good agreement with
the theoretical values obtained from the Van Vleck formula.

Infrared: The strong bands observed at 3440-3270 cm™" region in free ligand
have been assigned to v(NH) vibrations. Practically no effect on these frequencies
after complexation precludes the possibility of complexation at this group. The
absorptions at ca. 1600 cm™' in free ligand can be attributed to (C=N) stretchings
of imine nitrogen, which is in agreement with the observations of previous
workers” 8. On complexation, this frequency was observed to be shifted to lower
wave number, which suggests involvement of unsaturated nitrogen atoms of the
two azomethine groups in bonding with the Ln**. The bands observed in
1330-1305, 1120-1095 and 820-760 cm™ region are assigned to [v(C=S) +
v(C=N) + V(C—N)], [§(N—C—S)+8(C=S)] and Wv(C==S) stretching
respectively” '°. Coordination of sulphur with the metal ion would result in the
displacement of electrons towards the latter, thus resulting in the weakening of
(C==S) bond. Hence, on complexation v(C=S) vibrations should decrease and
those of V(CN) should increase''. In all the present complexes of Ln* with
BAAPTS, the frequencies in the range 1330-1095 cm™ suffer a positive increase
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by nearly 50~40 cm™. On the other hand, on complexation, the frequencies in
820-760 cm™' are shifted to lower wave numbers and intensity of the bands is
also reduced. All these peculiar changes on complexation confidently confirm the
metal-sulphur bonding in these complexes. The possibility of thione-thiol
tautomerism (H—N—C=S) &= (C=N—SH) in BAAPTS has been ruled out,
for no bands around 2700-2500 cm™ characteristics of thiol group are displayed
in the infrared absorption'?. The far infrared spectral bands in 440-330 cm™!

region are assigned to v(Ln—N)/v(Ln—S) modes'>.

TABLE-1

ANALYTICAL AND MAGNETIC MOMENT DATA OF Ln* COMPLEXES OF BAAPTS

% Analysis, found (calcd.)

Mol. weight

Complex M N S found (calcd.) Hett (B-M.)
La(BAAPTS),Cl3 14.01 17.01 6.49 967 Diamag
(1427)  (1725)  (6.57) (973.5)
Pr(BAAPTS),Cls 14.22 16.98 6.48 969 351
(14.45)  (1722)  (6.56) (975.5)
Nd(BAAPTS),Cl3 14.39 16.91 6.47 970 3.59
(14.62)  (17.16)  (6.54) (978.5)
Sm(BAAPTS),Cl3 15.04 16.80 6.43 975 1.66
(15.23) (17.06) (6.50) (984.5)
Gd(BAAPTS),Cl3 15.62 16.72 6.38 982 7.89
(15.83) (16.94) (6.45) (991.5)
Tb(BAAPTS),Cl3 15.80 16.67 6.36 983 9.78
(16.00)  (1690)  (6.44) (993.5)
Dy(BAAPTS),Cl3 16.03 16.60 6.34 990 10.50
(16.29) (16.85) (6.41) 997)
Ho(BAAPTS),Cl; 16.33 16.56 6.33 991 10.45
(16.50) (16.86) (6.40) (999.5)
La(BAAPTS)(NOs3)3 19.96 18.16 4.57 683 Diamag
(20.17)  (1828)  (4.64) (689)
Pr(BAAPTS)(NOs)3 2027 18.12 4.56 685 341
(20.40) (18.23) (4.63) (691)
Nd(BAAPTS)(NO3)3 20.53 18.00 4.53 686 3.52
(2074)  (18.15)  (4.61) (694)
Sm(BAAPTS)(NO3); 21.27 17.82 4.48 690 1.60
(21.42)  (1800)  (4.57) (700)
Gd(BAAPTS)(NO3)3 22.02 17.69 4.42 701 7.80
(22.20) (17.82) 4.52) (707)
Tb(BAAPTS)(NO3)3 22.20 17.50 4.43 702 9.42
(22.42) (17.77) 4.51) (709)
Dy(BAAPTS)(NO3)3 22.51 17.53 4.40 706 10.59
(22.80) (17.68) (4.49) (712.5)
Ho(BAAPTS)(NO3); 22.89 17.49 4.39 707 10.39
(23.07) (17.62) 4.47) (715)
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In lanthamide(III) nitrate complexes, the occurrence of two strong absorptions
at 1525-1515 cm™ and 1310-1290 cm™ region is attributed to v, and v; modes
of vibration of covalently bonded nitrate group respectively'* !, If the (v, - v,)
difference is taken as an approximate measure of the covalency of the nitrate
groups'®, a value of ca. 200 cm™ for the complexes studied suggests strong
covalency for the metal-nitrate bonding. According to Lever et al.'®, bidentate
coordination of NO3 groups involves a greater distortion from D5, symmetry than
unidentate coordination; therefore bidentate complexes should show a large
separation of (v, + v,). In the present study, a separation of ca. 55~35 cm™ in the
combination bands in the 1800-1700 cm™ region suggests the bidentate nitrate
coordination. Further the bidentate character of nitrate groups has been estab-
lished by X-ray'” and neutron diffraction studies'®. Thus, it is inferred that in the
present study the nitrate groups may be bidentate in nature'®. In chloro complexes,
the v(Ln—Cl) has been assigned to 285-270 cm™ region.

Electronic spectra: Typical spectra for solutions (0.001 M) of Ln(NO;);-
BAAPTS investigated in CH3CN are recorded in Table-2. Lanthanum(III) nas no
significant absorption in the visible region. The absorption bands of
praseodymium(II), neodymium(IIl), samarium(IlI) and holmium(IIl) in the
visible and near IR region appear due to transitions from the ground levels *H,,
*Iojas 4H5,2 and I respectively to the excited J-levels of 4f-configuration respec-
tively'®. Some red-shift or nephelauxetic effect is observed in acetonitrile solution
of these coordinating compounds. The red-shift of the hypersensitive bands has
been utilized to calculate the nephelauxetic effect () in these chelate complexes.
From the B-values, the covalence factor (b”z), the Sinha’s parameter (%) and
the covalency angular overlap parameter (n) were also calculated. The positive
value for (1 — B) and 8% in these compounds suggest that the bonding between
the metal and the ligand is covalent compared with the bonding between the metal
and water. The values of parameter of bonding (b"2) were found to be positive
indicating covalent bondinglg' 2

Thermal studies: The pyrolysis curves of [Ln(BAAPTS),Cl;] (Ln= La, Pr,
Gd or Tb) indicate that the complexes do not possess water of crystallization. The
complexes are stable up to 200°C beyond which they start to lose mass up to a
temperature of 280°C corresponding to loss of one molecule of BAAPTS. The
remaining organic ligand was lost in 350-450°C temperature again. The residue
obtained at ca. 815°C is due to formation of stable lanthanide oxides.

Thermoanalytical results of [Ln(BAAPTS)(NOj);] (Ln= La, Nd, Gd or Tb)
suggest the complexes are stable up to 250°C. In 250-320°C temperature range,
a loss of 26.48-27.39% is due to evaporation of 0.5 molecule of BAAPTS and
from 340-380°C, a loss of 52.20-53.19% is observed because of the complete
loss of BAAPTS. The residue obtained after heating at ca. 825°C to constant
weight is very close to that expected for the lanthanide oxide (La,05, Nd,O;,
Gd,0; or Tb,0-). In conclusion, the present studies of these complexes reveal
that the coordination number of Ln** may be nine in all the complexes.
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