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Abstract

Some new complexes of thorium (IV) metal by varying anions (viz. I, NO7; and
OACc’) with azoester ligand have been synthesized. These complexes are characterized by
conventional methods viz. melting point, conductance measurements as well as by
spectral methods viz. IR including far IR spectral studies. Coordination number of the
complexes on the basis of these studies were proposed to be 8- 12. The tentative
structures of these complexes were also reported.
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Introduction

A number of complex forming compounds or ligands have been used to prepare the metal
complexes of different metals including lanthanides and actinides'”. Schiff bases are one of these
important class of compounds used as ligands. So far as the ligands are concerned, ligands which are
capable of forming chelates are dominating in the area of higher polyhedra, in scope, in numbers and in
kinetics as well as in thermodynamic stability. In fact more compact the ligands and the smaller the bite
more effective is it in generating higher coordination structures.

Reactions of azo compounds have been widely studied in which nitrogen molecule is eliminated
either thermally or photo chemically and two reactive sites remain react to reform a ring (Fig. 1).

N=N >
-N,

Cyclic Azo Compound Cyclic Compound (Strained)
(Fig. 1)

The main synthetic application of azo compound decomposition is in synthesis of strained ring
systems. The required azo compounds can be prepared by dipolar cyclo-additions of diazo-compunds and
the cyclic azo-esters so formed can be photochemically or thermally decomposed to strained ring system.
Such reactions have been developed for pyridazine -3, 6 — dicarboxylate esters; 1,2,4-triazines and
1,2,4,5-tetrazines etc.

A very large number of metal complexes®'®of Thorium (IV) and dioxo-uranium (VI) have been
reported in literature but such complexes with azoester ligands are seldom found. In this present
communication studies related to thorium (IV) metal complexes with azoester ligands viz. Ethyl-a-
phenylazo acetoacetate and Ethyl- a -(2-chloro phenylazo) acetoacetate have been reported. Ligands used
for formation of complexes are reported in figure 2 below
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Chemical Formmla: CyzH a0
Exact Mass: 234,10
iuleculay Welghi: 234.23
méz: 254,10 (100.0%]), 233,10 (13.8%)
Elemental Analysks: C, 01,33 H, 0,02, N, 11.96; O, 20,49

Ethyl-a-phenylazo acetoacetate

Chamilsal Fermmla: €)aH 201N 0
Exaot Mass: 268,06
iulecular Welghi: 268.70
iz 368,06 (100.0%), 270,06 (311 %), 268,06 (13,7%), 271,06 (4.5%), 2F0.07 {1.4%)
Elemental Analyslz C, 55.64: B, 488: CL 13,19 W, 10,43 O, 17,86

Figure 2 Ethyl-a-(2-chloro phenylazo) acetoacetate

Experimental:

All the chemicals used for the preparation of new compounds were obtained in the sealed
containers from standard companies e.g. Emerck, Aldrich, CDH and BDH. Thorium chloride, Thorium
nitrate, Thorium acetate, Thorium iodide salts were obtained from the RJ (Robbert Johson Company Ltd.)
and the BDH (British Drug House), Poole, England. All the chemicals were of AR, AnalR grade.
Thorium iodide was also prepared in laboratory by the reaction of Thorium nitrate with potassium iodide.
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Formation of Azo-ester Ligands and their complexes

Jolly et al''"*have reported synthesis of many new azo-esters and have explored their activity and
reactions. The complex forming capabilities of some of the azo-esters have been explored in the present
investigation with thorium(I'V) and dioxouranium(VI) metal salts.

The azo-ester compounds [I[UPAC Name: 2-Aceto-2-N (substituted phenyl) azoethylethanoates]
were prepared by the methods reported in literature'*™'*. All the substituted azo-ester compounds obtained
are deeply coloured reddish brown solids with low melting points and most of them became viscous in the
hot summer season of this north central region of Madhya Pradesh where the temperature in this season
reaches almost 44-45°C.

The new coordination compounds of Thorium were obtained by the reaction of the azoester
ligand with suitable moiety at the pH ranging from 8 to 10 at the room temperature in water medium
containing small amount of alcohol/butanol/mixture of two alcohols. All the analysis or studies done on

the newly synthesized compounds were carried out as reported earlier in related literature®'”.

Results and Discussion:
Physical Data viz. yield, color, mol. Weight etc. of Azoester Ligands are reported in table 1

Table-1: Physical data of azoester ligands

S.N | Azoester Ligands : Structure & | R Yield | Color Molecular Molecular
Name Formula Weight
QI

N/N N Dark
1. g i‘\ H 70% | o CoHuN,Os | 23425
Brown

Ethyl-a-phenylazo acetoacetate

Brown

[: :I (o)
' o Dark
2. 2-Cl 60% C,H5CIN,O5 268.70
o)

Ethyl- o -(2-chloro phenylazo)
acetoacetate

Mass spectral data of the ligands are also reported in the tables 2,3. The prominent peaks are
listed in these tables for these compounds. Base ion peak are marked and shown in the tables itself for
these compounds. Though spectra of azosters show the peaks related to fragments that may be formed
after fragmentation but investigator was not able to record parent ion peak.

Despite of the semi solid physical state of the azo ester ligands during summer season the new
coordination compounds obtained were all crystalline solid with generally high melting points and were
packed in polythene tubes after filtration and re-crystallization. The purity of the new compounds was
checked by the chromatographic methods.
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Table 2 : Mass Spectral Details of Ethyl — o — phenylazo

acetoacetate

m/z Relative Abundance (%)
134 2

127 2

119 2

105 2

93 99

87 2

78 5

73 2

66 45

61 2

chloro phenylazo) acetoacetate)

m/z Relative Abundance (%)
112 98

97 2

85 2

77 60

70 5

61 5

51 30

The new complexes prepared are listed below along with their physical data in table 4.
i.  [Bis (ethyl-o— phenylazo acetoacetato) tetrakis iodo] Thorium (IV)
ii.  [Bis (ethyl-a — phenylazo acetoacetato) tetrakis nitrato] Thorium (IV)
iii.  [Bis (ethyl-o—(phenylazo acetoacetato) tetrakis acetato] Thorium (IV)
iv.  [Bis (ethyl-a—(2—chloro phenylazo) acetoacetato) tetrakis iodo] Thorium (IV)
v.  [Bis (ethyl-o—(2—chloro phenylazo) acetoacetato) tetrakis nitrato] Thorium (IV)
vi.  [Bis (ethyl-a—(2— chloro phenylazo) tetrakis acetato] Thorium (IV)

Table 4 :-Physical Data of the New Thorium (IV)metal Complexes

Table 3 : Mass Spectral Details of Ethyl — o — (2 —

Iio. Compound Name Molecular Formula | Color ?32132122%;§:;e d)

1. [Bis (ethyl-a—phenylazo Cy4H3IlN4O¢Th Yellow | 1208.16 (1198)
acetoacetato) tetrakis iodo]
Thorium (IV)

2. [Bis (ethyl — o — phenylazo C4HysNgO;3sTh Deep 948.56 (940)
acetoacetato) tetrakis nitrato] Yellow
Thorium (IV)

3. [Bis (ethyl — o — phenylazo C3,H4oN4O14Th Deep 936.72 (929)
acetoacetato) tetrakis acetato] Yellow
Thorium (IV)

4. [Bis (ethyl-o—(2—chloro Co4Ho6CLILN4OsTh | Deep 1277.05 (1272)
phenylazo) acetoacetato] Yellow
tetrakis iodo] Thorium (IV)

5. [Bis (ethyl-o—(2—chloro C3H33CILbN4O4Th | Light 1005.61 (1001)
phenylazo) acetoacetato] Yellow
tetrakis acetato] Thorium (IV)

6. [Bis (ethyl — a — (2—chloro CyHy6C1LNgO s Th | Yellow 1017.45 (1011)
phenylazo) acetoacetato)
tetrakis nitrato] Thorium (IV)
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All the complexes are insoluble in common organic solvents. They are sparingly soluble in DMF
and DMSO. Conductance measurement in DMF are too low account for disassociation of these
complexes in DMF at the concentration of the 10° M. Hence the complexes may be regarded as non
electrolytes.

IR spectral studies

The N=N stretching vibration'’ of a symmetrical trans-azo compound is forbidden in the infra
feed spectrum but absorbs in the 1576 cm™ region of the Raman spectrum. Unsymmetrical para-
substituted azo-benzenes in which the substituent is an electron donating group absorb near 1429 cm™.
The bonds are weak because of the non-polar nature of the bond. The bonds at 1570 cm™ and 1590 cm™
due to v(N=N) undergo bathochromic shift to 1550 cm™ in metal complexes indicates that one of the azo
nitrogen is bonded to the metal atom.'®"’

Infrared (IR) spectroscopy has proved to be a tool to establish anions in the complexes. In this
present report nitrate (NOj); acetate (CH;COQO"); and iodo (I') are chiefly used as counterpart to metal
ions in these complexes.

Lever separation rule may be applied to distinguish between monodentate or bidentate nitrato
ions. Lever et. Al'® showed that this to be true that the separation for monodentate nitrate in (v, - v4) is
appeared to be 5 — 26 cm™ ' and that for bidentate nitrato group this may lies in 20-60 cm . This method
has been tried in present case of complexes and a separation of Ca 250 — 200 cm ' in the combination
bands in the region 1550 — 1290 cm™ ' suggest that nitrato ion is bidentate in nature in these complexes'”
2! Similar to nitrato acetate ion in the present study of complexes also appears to be bidentate ligand. In
case of halo complexes (M-X) vibrations could not be assigned because they are out of the range of studied
region in the present investigations.

CN.=8

Chemical Formula: CpHaT,N,QgTh
Exaet Mags: 12017 8¢
iolecnlar Weight 128,16
pE (207 &6 (10000, 1208 86 (26.5%), 1209 86 (4.9%3, 1208,85 (1,55}
Elemental Analysis: €, 23.86; H, 2.34: 1, 42.02¢ [V, 4,6 €, 7,08: Th, |9Z]

[Bis (Ethyl — o — phenylazo acetoacetato) tetrakis iodo] Thorium (IV)
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o N
N o

S

N—2=O

SN/

CN.=12

Chemlcal Fornmlar ﬂg.qu_gNgO] nTh
Exact Mass: 948,19
haelseolay Weighi: 94856
o AR, 19 (D000, B4, 19 (29.004), 954,19 (4,5%), 03020 (3.5%), 951,20 (1.3%)
Elementel Analysis: C, 30.39 H, 2.98; N, 11L81; O, 3.360; Th, 24.44

[Bis (Ethyl — o — phenylazo acetoacetato) tetrakis nitrato] Thorium (IV)

CN.=12

Chemical Formula: Cg3HM,04,Th
Exnct ddass: Y3024
Moleoular Weight: 236,72
m/z: 936.29 (100.0%), 93730 (35.6%), 938.30 (9.0%), 239,30 (1,§%), 937.29 (1. 7%}
Elemental Analysis: €, 41,03 H, 430; N, 5.98: O, 23.91; Th, 24.77

[Bis (Ethyl — o — phenylazo acetoacetato) tetrakis 24cetate] Thorium (IV)
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O— e

CN.=8

Chemical Formula: CoyHo CLIN,O.Th
Exact kase: 127578
Molecular Weight; 1277.05
mz; 127578 (FO0.0%), 1277.78 (63.3%), 1276.78 (27.7%), 1278.78 (1 7.0}, 127977 (10.2%), 1277.79
(3.4%), 127978 (3.)%), 1280.78 {3.0%)
Elemental Analysis: C, 22.57; H, 2.05; CL 5.55; L 39.75: N, 4.39; Q, 7.52; Th, 18.17

[Bis (Ethyl — o — (2-chloro phenylazo acetoacetato) tetrakis iodo] Th(IV)

P
ad

—
FH\——J
H—0
o—naz o
N
CN.=12
Chamleal Fermula: UagbsClaNel 2 Th

Exact Mass: 101611
Molecular Weight: 1917.43
iz 016,11 (1000765 100 &1 (64,75, 161712 (26.9%), 1019.11 (19.0%), 1020.11 {13, 1%, (01813
(7.20a) 1017.11 (3.0%), 1621, 11 {Z.9%), 1020, 12 (2.5%:), 1018.12 (1.6%}
Elemental Analysis: €, 28,55 H, 2.58 C1, 6.9% W, 11.01; O, 28,38 Th, 2281

[Bis (Ethyl — a — (2-chloro phenylazo acetoacetato) tetrakis nitrato] Thorium (IV)
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CN.=12

Chernical Formula; CoHaCULNO Th
Exagt fass: 1004.21
Malaanlar Weight: 1005.61

méz: 10019.21 (100.08), 1006.21 (64.4%), (005,22 (35.6%), 1007.21 (23.1%0), 1008.21 {10,625, 1066.22
[9.0%), 1008.22 (5.8%), 1009,21 (3.8%), T007.22 (2.4%), 1005.21 (1,5%), 1009.22 (1,2%)
Flernental Analysis: C, 38.22: H, 3.81; Cl, 7.05; N, 5.57; O, 22.27; Th, 23647
[Bis (Ethyl — o — (2-chloro phenylazo acetoacetato) tetrakis 26cetate] Thorium (IV)
Figure 3

Magnetic Behaviour of Complexes :

Complexes of Thorium (IV) metal salts are diamagnetic in nature depending upon the other ions
present and the corresponding ligand field. The magnetic susceptibilities are independent of field strength
and temperature. In the present studies complexes are weakly diamagnetic as observed®***as they contain
no unpaired electrons.

Conclusions

Based on the studies done on newly synthesized complexes of thorium (IV) metal salts their
structures were proposed along with their coordination numbers. The coordination numbers of these
complexes were proposed to be 8-12, based upon these studies. The tentative structures for these
complexes are given in figure 3 below.
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