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ABSTRACT

The interaction of thorium(IV) salts with 4[N-(benzylidene)amino]anti-
pyrine semicarbazone (BAAPS), 4[N-(4'-methoxybenzylidene)amino]
antipyrine semicarbazone (MBAAPS), 4[N-(4'-dimethoxyaminobenzyl-
idene)amino]antipyrine semicarbazone (DABAAPS), 4[N-(2-nitrobenzyl-
idene)amino]antipyrine semicarbazone (2’-NO,BAAPS), and 4[N-(3'-
nitrobenzylidene)amino]antipyrine semicarbazone (3’-NO,BAAPS) in
non-aqueous solvents resulted in the formation of [ThL,X4] (X = ClI,
Br, or NCS), [ThL,I>]I,, [ThL,](ClOy4), or [ThL(NOs3)4] (L = BAAPS,
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MBAAPS, DABAAPS, 2-NO,BAAPS, or 3-NO,BAAPS). All of these
compounds were characterized by elemental analyses, electrical conduc-
tivity, IR, and thermal methods. X-ray powder diffraction studies of a
representative complex were also undertaken. Th(IV) displays the
coordination numbers 6, 8, 10, and 11 in these compounds depending
on the nature of the coordinated anion and the stoichiometry.

Key Words: Thorium(IV); Semicarbazones; Complexes; Coordination
number.

INTRODUCTION

The coordination polyhedra of actinide ions have been extensively inves-
tigated and sufficiently well characterized in the solid state especially by x-ray
investigations. The contraction of the ionic radius with increasing atomic
number is related to the maximum obtainable coordination number with tro-
polonato and 8-hydroxyquinolinato ligands. It is possible to prepare Th(IV)
and U(IV) 10-coordinated complexes and only eight coordinated complexes
of Np(IV) and Pu(IV) with these ligands. Thorium(IV) with an atomic
radius of 1.65A and a high charge fulfills the optimum conditions for high
coordination.'"! Thorium(IV) is an example of a typical hard Lewis acid, as
compared to the tendency to coordination of oxygen and sulfur donors and
also of nitrogen and phosphorus donors.”*?! Both oxygen and nitrogen have
an appreciable tendency to coordinate to thorium(IV) although complexes
containing O-donors are more common than those containing N-donors. In
thorium(IV) complexes, the coordination number of thorium(IV) varies from
6 to 12. The coordination numbers 6, 8, 10, 11, and 12 are usually found in
thorium(IV) complexes, while the coordination numbers 7 and 9 are rather
uncommon for thorium(IV) complexes./**! In the literature a good number
of thorium(IV) complexes of Schiff bases are reported,'®” but comparatively
less is known about thorium(IV) complexes of semicarbazones. In view of
this, the present studies are devoted to the preparation and characterization
of 30 coordination compounds of thorium(IV) with 4[4-(benzylidene)amino]
antipyrine semicarbazone (BAAPS), 4[N-(4'-methoxybenzylidene)amino]
antipyrine semicarbazone (MBAAPS), 4[N-(4'-dimethoxyaminobenzylidene)
amino]antipyrine semicarbazone (DABAAPS), 4[N-(2'-nitrobenzylidene)
amino]antipyrine semicarbazone (2’-NO,BAAPS), and 4[N-(3'-nitrobenzyl-
idene)amino]antipyrine semicarbazone (3’-NO,BAAPS) (Fig. 1). In these
compounds thorium(IV) displays the coordination numbers 6, 8, 10, or 11
depending on the nature of the coordination anion and the stoichiometry.
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H;C N=—CH

Ph 0O

R =H;L=BAAPS

R =4-OCH;; L=MBAAPS

R =4-N(CH;),; L=DABAAPS
R =2-NO,; L=2'-NO,BAPAAS
R =3-NO,; L=3-NO,BAPAAS

Figure 1. Structure of ligands.

EXPERIMENTAL
Materials

Thorium(IV) nitrate was obtained from BDH. Thorium(IV) perchlorate
was prepared as reported.”™ Crystals of ThX, (X = Cl, Br, I, or NCS) were
prepared by known methods.”®! All the thorium(IV) salts are hygroscopic
and were stored in a desiccator over concentrated sulfuric acid. 4-Aminoanti-
pyrine (Koch & Light), benzaldehyde, 4-methoxybenzaldehyde, 4-dimethyl-
aminobenzaldehyde, 2 /3-nitrobenzaldehyde, and semicarbazide
hydrochloride (CDH) were obtained commercially and used as received.
The following semicarbazones (Fig. 1) were prepared in the laboratory.

1. 4[4-(benzylidene)amino]antipyrine semicarbazone (BAAPS),
(C19H20NgO).

2. 4[N-(4-methoxybenzylidene)amino]antipyrine semicarbazone
(MBAAPS), (C19H»5NgO5).

3. 4[N-(4'-dimethoxyaminobenzylidene)amino]antipyrine semicarba-
zone (DABAAPS), (C,;H,5N50).
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4. 4[N-(2'-nitrobenzylidene)amino]antipyrine ~ semicarbazone  (2'-
NO,BAAPS) (C19HoN;03).

5. 4[N-(3'-nitrobenzylidene)amino]antipyrine ~ semicarbazone  (3'-
NO,BAAPS) (C19H;9N;03).

Synthesis of Semicarbazones

All five derivatives were synthesized in two steps.!'”!

1. A solution of an aromatic aldehyde (1 mmol) in absolute ethanol
(20mL) was mixed with 4-aminoantipyrine (1.1 mmol, 0.2234 g) in
the same solvent (20 mL) and the reaction mixture was refluxed for
2-3hr. On cooling, a yellow crystalline product separated, which
was filtered and recrystallized in the same solvent.

2. Semicarbazones were prepared by the following method. Semicarba-
zide hydrochloride (H,NNHCONH,-HCl) (15g, 0.134mol) and
sodium acetate (CH3COONa) (13 g, 0.15mol) were dissolved in
60mL distilled water and mixed with the corresponding Schiff
base (0.1 mol) [prepared in (1)] in ethanol (25mL). The mixture
was refluxed on a water bath for 1 hr. On cooling the contents, the
semicarbazones crystallized out. They were filtered, washed with
50% ethanol, and recrystallized from ethanol. The obtained light
yellow crystals were filtered and dried at ~60 °C in an electric oven.

Synthesis of the Complexes

[ThL,X,] (X = CI, Br, or NCS) (L = BAAPS, MBAAPS, DABAAPS,
2/-NO,BAAPS, or 3-NO,BAAPS)

A methanolic solution (10 mL) of ThX, (X = Cl, Br, and NCS) (1 mmol)
was added to the respective ligand solution (2.1 mmol, 20 mL of methanol)
dropwise. The reaction mixture was refluxed for 2 hr on a water bath. Solid
compounds were obtained after reducing the volume of the reaction mixture
to 1/2 under a fan. The precipitate was filtered by suction, washed with
methanol, and dried under vacuo over P,O.

[ThL,L]L, (L = BAAPS, MBAAPS, DABAAPS, 2'-NO,BAAPS, or
3-NO,BAAPS)

A methanolic solution (10mL) of Thl, (1 mmol, 0.74 g) was added to
the respective ligand solution (2.1 mmol, 20 mL of methanol) dropwise.
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The reaction mixture was refluxed for 2hr on a water bath. The reaction
mixture was left overnight for complete precipitation. The precipitate was fil-
tered by suction, washed with methanol, and dried under vacuo over P4Oy.

[ThL,](ClO4), (L = BAAPS, MBAAPS, DABAAPS, 2'-NO,BAAPS,
or 3-NO,BAAPS)

To a solution of Th(ClO4)4 (1 mmol, 0.63 g) in isopropyl alcohol (10 mL)
was added a hot solution of the respective ligand (2 mmol) in the same solvent
(10 mL). In case of BAAPS, MBAAPS, and DABAAPS, the desired complex
was obtained immediately. But in case of 2’-NO,BAAPS and 3'-NO,BAAPS
the reaction mixture was refluxed for 1-2 hr. On cooling to room temperature
the desired complexes were obtained. The solid products were filtered, washed
with isopropyl alcohol, and dried in vacuo over P,Oqy.

[ThL(NO3),] (L = BAAPS, MBAAPS, DABAAPS, 2-NO,BAAPS,
or 3-NO,BAAPS)

To a solution of Th(NO3),4 (1 mmol, 0.56 g) in ethyl acetate (15 mL) was
added the respective ligand (1.1 mmol) in the same solvent (10 mL) and the
reaction mixture was refluxed for about 1hr and then left for overnight at
room temperature. Fine crystalline products were obtained which were
filtered by suction, washed with ethyl acetate, and finally dried in vacuo
over P,O;.

All of the physico-chemical measurements and analyses were performed
as reported previously.'*”! Infrared spectra in the range of 4000—200cm '
were measured on a Perkin—Elmer Infracord Spectrophotometer model 521
in Nujol mulls at the Department of Chemistry, University of Delhi. We
have not tried NMR studies of present studies. Thermogravimetric analyses
were carried with a Santon Redcraft Thermobalance Model TG-750 thermo-
balance in open air. We did not succeed in obtaining single crystals.

RESULTS AND DISCUSSION

The physical characteristics and chemical analysis of all of the five semi-
carbazones are summarized in Table 1. The interaction of thorium(IV) salts
with BAAPS, MBAAPS, DABAAPS, 2-NO,BAAPS, or 3-NO,BAAPS
results in the formation of ThL,X, (X = Cl, Br, or NCS] (L = BAAPS,
MBAAPS, DABAAPS, 2-NO,BAAPS, or 3-NO,BAAPS); [ThL,L]I,,
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[ThL,](ClO4)4 and [ThL(NOs)4] according to the following general
equations.

Methanol

ThX, 2L ——— [ThL,X4] (1)
(X —=Cl. Br or NCS) Reflux for 2 hr and cool
Thly 4+ 2L — 2 g, ), )

Reflux for 2 hr and cool
Isopropyl alcohol
Th(ClO4), + 2L ——————— [ThL,](ClO4), 3)
Reflux for 1-2hr
Th Ethyl acetate
N0+ L o T o LU PL(NO3), @)
stand overnight
The analytical data of these complexes are given in Table 2. The complexes
are anhydrous, which is evident from the analytical, infrared, and thermal
studies. All of the complexes are quite stable and can be stored for long
periods except the thorium(IV) iodide complexes, which decompose
slowly at room temperature with the evolution of iodine vapours. All of
the complexes are generally soluble in common organic solvents. Among
the thorium(IV) complexes, the chloro, bromo, nitrato, and thiocyanato
complexes are non-electrolytes (Table 2) in PhNO,, whereas the iodo and
perchlorato complexes dissociate in this solvent. The iodo complexes
appear to be a 1:2, while the perchlorato complexes are 1:4 electrolytes.
Data on the molecular weight of the complexes in freezing PhNO, are con-
tained in Table 2, along with values calculated on the basis of the estab-
lished formula of the complexes. The ratio of molecular weight observed
for [ThL,X4] (X =Cl, Br, or NCS; L = BAAPS, MBAAPS, DABAAPS,
2’-NO,BAAPS, or 3’-NO,BAAPS) and [ThL(NOs),] to that calculated is
~0.98 which shows that the complexes are monomeric in solution. In the
cases of [ThL,I,]I, and [ThL,](ClO,),, the ratios are ~0.33 and ~0.20,
respectively. These data further support that three species are formed in
the former complexes and five species are formed in the latter set of
complexes.

Infrared Spectra

The infrared spectra of all of the five semicarbazones derived from
4-aminoantipyrine are too complex to make definite band assignments.
Empirical assignments by referring to the group frequencies may not be effec-
tive since coupling between various modes of vibration are expected as a
result of resonance in the pyrazolone ring. Infrared absorption of the five semi-
carbazones of 4-aminoantipyrine have been assigned by a comparison of their
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spectra with those of antipyrine, 4-aminoantipyrine!'' ~!3!
works on semicarbazones.!'*'%!3)

In these complexes, as expected, v(NH,) of the hydrazinic nitrogen of
semicarbazide (~1622cm™ ") is absent in the infrared spectra of BAAPS,
MBAAPS, DABAAPS, 2-NO,BAAPS, and 3-NO,BAAPS.""" It has also
been observed that the amide-II band in the complexes is shifted towards
the lower energy side compared to that of the semicarbazone. The effect is
due to the electron density drift from the hydrazinic nitrogen to metal
ion.!"”! The characteristic absorption of the carbonyl group in BAAPS,
MBAAPS, DABAAPS, 2'-NO,BAAPS, or 3'-NO,BAAPS is observed in
the 1700—1680cm ™" region.[ls]. In the complexes, these bands are shifted
toward lower energy in the 1650—1640cm ™' region (Table 3). The amide-
II band in the free ligands has been observed at ~1565cm™'. In all the
present complexes, this band is also shifted towards lower wave numbers
by ~30cm™'. This observation suggests coordination through the carbonyl
oxygen atom. The strong bands at ~1600cm™' in these semicarbazones
apparently have a large contribution from the v(C=N) mode of the semicar-
bazone moiety.!'” This has been observed as a blue-shift in the position of the
C=N band in all complexes as compared to the free ligands. Another strong
band was observed at ~1610cm ™' due to azomethine C=N absorption. On
complexation this band is shifted towards the lower frequency region,
clearly indicating the coordination through the azomethine N atom.*°~%?! In
the far-infrared region the bands due to v(Th—N)/v(Th-O) are also
observed?*?4! (Table 3). From these facts, it is clearly indicated that these
ligands serve as tridentate ligands, coordinating through the carbonyl O;
hydrazone N and azomethine N atoms.

The occurrence of two strong bands at ~1070 and 620 cm ™' in the spectra
of the [ThL,](C10,4)4 complexes attributed to v3 and v, vibrations of ionic per-
chlorate suggests'®> ~>"! the presence of a perchlorate group outside the coordi-
nation sphere in the complex'**®! (Table 4).

For thorium(IV) nitrate complexes, the occurrence of two strong absorp-
tions in the 1540—1514 and 1295-1270cm ! regions is attributed to v, and v,
modes of vibration of the covalently bonded nitrate group, respectively,
suggesting that the nitrate groups are inside the coordination sphere./*®2!
Other absorption bands associated with the covalent nitrate groups are also
observed in the spectra of the complexes. The spectral bands of
[ThL(NO3)4] (L = semicarbazones) were compared with the known bands
of Th(NOs)4 - 5SH,OPY i.e. 150 (v4), 1290 (vy), 1030 (v2), 808(ve), 745 (v3)
and 715cm™ '(vs), in which the bidentate character of the nitrato groups
has been established by x-ray®!! and neutron diffraction studies.**?* It is
inferred that the nitrate groups in these complexes also behave as bidentate
ligands'33_35' (Table 5).

and some previous
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Table 4. Infrared absorption frequencies (cm ™ ') of the perchlorato
group in thorium(IV) perchlorato complexes of semicarbazones.

Complexes V3 vy
[Th(BAAPS),](ClO4)4 1080 vs 620 s
[Th(MBAAPS),](ClO4)4 1085 s 622 s
[Th(DABAAPS),](ClOy), 1100 s 625 s
[Th(2'-NO,BAAPS),](Cl0,)4 1080 s, br 620 s
[Th(3'-NO,BAAPS),](Cl104)4 1096 vs, br 622 vs

The C-N stretching frequency in the thiocyanato complexes of thorium
appears in the 2070—2040 cm ™' region, which lies on the borderline for dis-
tinguishing,*®~**! although the high relative intensity of the band in these
cases suggests that the thiocyanate groups are N-bonded.?”**! The frequency
of the C—S stretching vibration has also been used to diagnose the bonding
mode in thiocyanates.*’**! The C—S band identified in the 840—780cm '
region, further confirms that the thiocyanate group is almost certainly
N-bonded,*”! the N—C-$ bending (v») is also identified in these complexes
(Table 6).

In the halide complexes the v(Th—Cl) vibration has been assigned at the
290-250 cm region[40] while the v(Th—Br) and v(Th-I) frequencies could
not be assigned because they are out of the region studied here.

X-Ray Powder Diffraction Studies

X-ray powder diffraction studies of [Th(BAAPS)(NOj3),4] have been done
on a model PW 1140 Phillips x-ray diffractometer with CuK, = 1.54178 ATt
was found that this complex belongs to the monoclinic crystal system with
a=8910(1)A, b= 11.134(6) A; ¢ = 11.652(3) A, and B = 84.766(7)°

Thermal Studies

The thermal studies results of the Th(IV) complexes of BAAPS,
MBAAPS, DABAAPS, and 2'-NO,BAAPS are presented in Table 7. The
TG curves of the Th(IV) complexes do not show the presence of water mol-
ecules, either in or out of the coordination sphere. The thermogravimetric
curves of the chloro, bromo, and thiocyanato complexes indicate that in
step 1 only one molecule of ligand molecule is lost, while at ~430 °C, the
remaining ligand molecule has also been lost. Finally, at ~605 + 5°C,



Agarwal, Chakraborti, and Agarwal

1446

M GOL w gL S TIS w 8701 w 08I S GTSI ["(CFON)(SdVVI°ON-,£)UL]
MOIL wOLL SGI8 S LE0T S OLTI S 0€ST ["(CON)(SdV VI ON-,2)U.L]
MmQTL w(LL SGI8 S LE0T S OLZI S 0PST ["CON)(SAVVIVUL]
w /69 w GG/ M 018 w Gzl SA $6C1 SA 1G] ["(CON)(SdVVEINDU.L]
MOIL mGeL w 008 w G701 S 0821 S 0€ST [FCONX(SAVVDUL]
MmGIL MGyl w 808 w g0l S 06C1 S 0TS O%HS - "(*ONDUL]

Sa €a %1 [ Ta va soxordwo)

"auozeqredtes Jo saxo[dwoo ajeniu (Awnoy) ur dnois olenru ay jo (| _uw) sanusnbaiy uondiosqe pareryur ¢ aqv[

102 lequiedeq /2 2v-TZ ® [saireiqi Aisieaiun 3o A] Ag pspeojumoq



Downloaded by [York University Libraries] at 21:42 27 December 2014

Thorium(IV) Complexes 1447

Table 6. Infrared absorption frequencies (cm™ ') of the isothiocyanato group in
thorium(IV) isothiocyanato complexes of semicarbazones.

Complexes v V3 Vs

[Th(BAAPS),(NCS)4] 2051 vs 757m 480 m
[Th(MBAAPS),(NCS)4] 2050 vs 760 m 475 m
[Th(DABAAPS),(NCS)4] 2055 vs 755m 482 m
[Th(2’-NO,BAAPS),(NCS),4] 2045 vs 820 m 475m
[Th(3’-NO,BAAPS),(NCS),4] 2065 vs 832m 480w

oxohalide and oxothiocyanato formation takes place. The thorium(IV) nitrate
complexes decompose in the 280-425°C temperature region, losing the
ligand molecule. Finally, ThO, is obtained as residual mass at ~610°C.
The thermogravimetric curve of [Th(DABAAPS),](ClO4)4 shows that the
complex starts to decompose at 215 °C and decomposition continues up to
605 °C, after which ThO, remains as residue (Table 7). From the pyrolysis
curve, it is clear that no stable intermediate perchlorate complex has been
formed in this species. For the iodo complexes, which form a sticky mass,
we have not studied the thermal analyses. The analyses of the thermograms
indicate the following decomposition schemes:

[ThL,X4] — [ThLX4] — ThX, — ThOX,

(X = Cl, Br, or NCS)(L = BAAPS, MBAAPS, DABAAPS,
or 2’-NO,BAAPS)

[ThL(NO;),] — Th(NOs), — ThO,

(L = BAAPS, MBAAPS , DABAAPS, or 2-NO,BAAPS)

[Th(DABAAPS),](C104), — ThO,

In general, if the minimum TG decomposition temperature is taken as a rough
criterion of thermal stability then the order of stability of the Th(IV) com-
plexes is: NO3 > Cl > Br > NCS > CIO,.

Stereochemistry

The preferred coordination number of Th(IV) is 6 or 8, but higher coordi-
nation numbers have also been observed.'*"*?! In the chloro, bromo, and
thiocyanato complexes, conductance and molecular weight determinations
suggest that the complexes are non-ionic in nature and do not dissociate in
nitrobenzene solvent. Thus, in the case of the BAAPS, MBAAPS,



Agarwal, Chakraborti, and Agarwal

1448

(%) sso[ WSrom

armjeredwa) uonisodwossq

0)

LTT8 0°€8 OuL S09 S1¢ P(*OID)[USdVVEVU.L]
8L°0L i “SON)OUL 009 008
9LT9 11°€9 (SONDUL Sev Sre
8¢'I€ 69'1¢ P(SONX(SAVVEVAUL 00€¢ 0£¢ ["(SON)¥(SdVVEAVAUL]
6969 1T0L OuL 019 SoF
68'tY TSy P(EFONUL (%47 062 ["(CONX(SdVVEIV@ULI
17'69 01°0L agoul 019 S0S
79'8¢ TT68 rigyL (0197 0ce
1€°6C 68'8C n1g(SdvvavV@uUL 08¢ STT [F1gY(SdvVVavAUL]
or'zL 06'CL 9D0uL S09 01¢
¥9°'L9 6789 "IOUL STy She
4 X3 11v¢ D(SAVVEVAUL S6T ove ["OY(SdVVAVAULI
79'89 €69 YSON)OUL S6S 008
0009 9L°09 P(SONDUL (0197 ove
00°0¢ £€°0¢ P(SONX(SAVV UL 062 0€C [M(SON)USdVVDUL]
11°89 6£'89 ‘oyL 019 09t
0T 6y P(FONDUL ozy 08¢ ["(CONX(SdVVUL]
0€°L9 9L°L9 agoylL 009 008
9L°SS 66'SS riguyL 0cy 0ce
88°LT 11°8¢C "1g(SdVV UL SLT 07C ["IgYSdVVULI
81°0L 6S°0L 9D0UL S09 0SS
¥0°S9 6£°S9 IDUL Siy 0g¢
4543 68'C¢ YID(SAVVEUL 08¢ 0£¢ ["ID4SdV VULl
‘poreD punoq jonpoid uonisodwosaq [eurq [enruy xordwo)

102 lequiedeq /2 2v-TZ ® [saireiqi Aisieaiun 3o A] Ag pspeojumoq

'SQUOZBQIEIIWAS JO $9x9[dWO0d (AJ)WNLIOY) JO BIEP [PULISY], °/ 2]9V[



Downloaded by [York University Libraries] at 21:42 27 December 2014

Thorium(IV) Complexes 1449

T TN

AN A/

Th L
7 \
XINX / ‘\
N N
NS
(a) [ThLyX,] (X = CL, Br or NCS) () [ThLL,]L (C.N. = 8)
(CN.=10)

C¥ N
\|/ \’/ S O—

P i S
vl // Y

0/ \O

(€) [ThLsJ(CIO4)s (C.N. = 6) (d) [ThL(NO3),] (C.N. = 11)

Figure 2. Suggested structures of thorium(IV) complexes of semicarbazones.

DABAAPS, 2’-NO,BAAPS, and 3'-NO,BAAPS complexes of ThX, (X = Cl,
Br, or NCS) the coordination number of Th(IV) is found to be 10. In case of
iodo complexes the 1:2 electrolytic nature suggests that two iodine atoms
are present outside the coordination sphere and, hence, the coordination
number of Th(IV) in [Th(L,)I]I, [L = BAAPS, MBAAPS, DABAAPS,
2’-NO,BAAPS, or 3'-NO,BAAPS] is found to be eight.

It has been found from a single crystal x-ray structure determination of
Th(NOj3)4 - SH,O that the nitrato groups are linked to thorium through two
oxygen atoms, each nitrato group thus functioning as a bidentate ligands. In
the [Th(L)(NO3)4] [L = BAAPS, MBAAPS, DABAAPS, 2'-NO,BAAPS, or
3’-NO,BAAPS] complexes, the Th(IV) atom is surrounded by nine oxygens
(eight oxygens from four nitrato groups and one oxygen from the amide
group) and two nitrogen atoms of azomethine groups and thus the products
have a coordination number of 11 for the thorium atom. In [ThL,](ClO,4),
(L = BAAPS, MBAAPS, DABAAPS, 2'-NO,BAAPS, and 3'-NO,BAAPS)
the conductance, molecular weight, and IR studies reveal that all four per-
chlorato groups are present outside the coordination sphere, hence suggesting
the presence of six-coordinated Th(IV) in these complexes. The proposed
structures of the present thorium(IV) complexes are given in Fig. 2.
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