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Studies on Lanthanide Mixed Complexes
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A few heptacoordinated mixed ligand complexes of the type [Ln(L)
(L"):CL]Cl - nH,O where Ln=Y(III), La(Ill), Pr(III), Nd(III), Sm(III),
Gd(II) and Dy(III), L=diacetylmonoxime, L’=thiourea, N-phenyl-
thiourea and N,N’-diphenylthiourea and n=3 or 4 have been prepared

and characterised by elemental analysis, electronic spectra, IR, thermo-
analytical and conductivity measurements.

INTRODUCTION

Several lanthanide complexes with systems containing both nitrogen
and oxygen donors have been reported!-S. Recently interest has increased
in the preparation and characterisation of solid lanthanide mixed com-
plexes®® where the second ligand is basically a neutral one. An attempt
was made to study the nature of bonding with sulphur donor ligands®.
This communication details the preparation and characterisation of several
lanthanide mixed complexes where diacetylmonoxime is used as primary
ligand and thiourea (TU), N-phenylthiourea (PTU) and N,N’-diphenyl-
thiourea (DPTU) are used as secondary ligands.

EXPERIMENTAL

Spectrographically pure rare-earth oxides used in this investigation
were obtained from B.A.R.C., Trombay, Bombay. Solvents used were
purified by the standard methods. Diacetylmonoxime m.p. 78-79°C
(E. Merck) and thiourea, m.p. 179-80°C (E. Merck) employed in this
investigation were recrystallised before use. N-phenylthiourea, m.p. 153-
54°C and N,N’-diphenylthiourea m.p. 152-53°C were synthesised in the
laboratory by adopting the methods of Davis et al'® and Vogel!! respectively.

The simple lanthanide-diacetylmonoximates were prepared by emp-
loying the method reported by Rao et a/?3, The mixed complexes using
thiourea and substituted thioureas as secondary ligands were synthesised
by adopting the following procedure. A weighed amount of the simple
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lanthanide diacetylmonoximate was dissolved in ethanol and mixed with
a calculated amount of the second ligand (metal-ligand ratio ca. 1: 3.5) in
ethanol. The pH of the solution was recorded and has been found to be 5.8.
The resulting solution was concentrated on a steam-bath when the solid
separated. The compounds were washed with either acetone or ether as
the case may be to remove the excess ligand. They were further purified
from ethanol and vacuum dried over fused calcium chloride for 48 hrs.
The analytical data of the several lanthanide mixed complexes along with
molar conductance values are given in Table 1.

The UV spectra (in methanol) and the visible spectra (in DMSO) were
recorded on a Beckmann D.B. model spectrophotometer having a strip
chart recording arrangement and the LLR. spectra on Parkin Elmer-227
spectrophotometer as KBr pellets. The thermal analysis of some mixed
complexes was carried out using MOM Budapest derivatograph at a
heating rate of 10°/minute in an air flow at atmospheric pressure. All
conductance measurements were carried out in methanol and dimethyl-
formamide on Systronics Direct Reading Conductivity Meter Type~303.
Carbon and hydrogen determination was carried out at the R.S.I.C,,
C.D.R.L, Lucknow.

RESULTS AND DISCUSSION

In the UV region one could observe only the changes in the ligand
characteristic bands. The primary ligand, diacetylmonoxime, has a band
around 210-15 nm (log € 4.14). The secondary ligands, thiourea, phenyl-
thiourea and diphenylthiourea, exhibit two bands around 205-215 nm
(loge 4.02-4.44) and 240-270 nm (log € 4.02-4.32). In all the mixed com-
plexes the characteristic band of primary ligand i.e. around 210-215
nm has merged with the band of the secondary ligand in that region and
appeared as a single band. The other band of the secondary ligand, i.e.,
around 240-270 nm is located with a slight shift in all the complexes.
However, there is an intensification of absorption. The log e values in
all the complexes are in the range of 4.44-6.02 nm.

In the visible region one is interested to find out the phenomenon of
red shift which was explained!? as an expansion of lanthanide orbital
due to covalent bonding and contraction in highly electrostatic bonding.
Jorgensen'3 explained this as nephelauxetic effect and he tried to give a
quantitative picture of the same. Angelov!4 tried to compare the shifted
lanthanide transitions in the complexes with those of Ln3+ aquo-ion.
Sinha'® tried to explain the covalency of M-L bonding in Nd3+ complexes
and calculated the percentage covalency (8).

In this investigation, in Pr, Nd and Sm complexes it was observed that
the maximum red shift, of a particular band is obtained in the case of
Nd3+ ion. From an examination of covalency parameter it was postulated
that the value decreases in the order of Nd > Pr > Sm. The covalency
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parameter (b'2) is 0.08 in those complexes where there is a red shift of
8 nm and 0.041-0.058, where there is a red shift of 2-4 nm. The ‘6’
values, calculated according to the formula of Sinha, are positive indicat-
ing slight covalent character. These values are comparable with those
complexes where there is oxygen coordination. Since all the secondary
ligands contain sulphur it was postulated that these ligands equally
compete with oxygen and nitrogen for complexation (Table 2).

The analysis of IR-spectra of the primary ligand (DAMO) shows a band
around 3410 cm~! and 3350 cm-! assignable to N-OH stretch of oximeS.
These bands have been lowered in all the complex indicating that
there is an N-M bond contributed for primary ligand. However, the
secondary ligands do have bands in the region 3140-3180 cm—!. These
bands have not been shifted in the different complexes indicating the
non-involvement of the nitrogen of the secondary ligands. In view of
this even though the primary ligand bands have been lowered, they
could not be isolated distinctly because of the reason that they have
merged with the secondary ligand bands in this region. The primary
ligand DAMO has a band around 1655 cm~! which is due to the v (C=0) .
stretch. This band is not located in any of the mixed complexes, where
TU, PTU and DPTU are used as secondary ligands. From this observa-
tion it can be concluded that carbonyl oxygen is involved in bond
formation. From this observation and lowering of the N-OH stretch of
the primary ligand it can be concluded that DAMO has acted as a bident-
ate ligand with bonding from carbonyl oxygen and from nitrogen of the
oxime group.

The secondary ligands (TU, PTU, DPTU) exhibit bands in the region
1595-1600 cm~! which are due to ~-NH, bending vibrations. These bands
have either been shifted to a higher frequency or remained stationary in
the several lanthanide complexes indicating the non-involvement of
nitrogen in bond formation. Similarly the N-C-N stretch of the secondary

_ligands between 1465-1510 cm™! has either been shifted to a higher
frequency or remained stationary in the lanthanide mixed complexes
indicating the absence of N-M bond from the secondary ligands.

OIlliff!6 observed that if there is a co-ordination through sulphur,
there could be an increase in double bond character of C-N bond and
N-C-N stretch should be shifted to a higher frequency. In all the present
mixed complexes the bands due to N-C-N stretch have either shifted to
a higher frequency or remained stationary in position. These observations’
are in conformity with the observations of Olliff’¢ and gives an indirect
proof of the sulphur bonding.

- The secondary ligands exhibit a band between 1410-1445 cm~! which
is due to v (C-S), NH, rocking and N-C-N bending. However, these
bands have predominant v (C-S) stretch. As a general feature the bands
in this region have been lowered in all the lanthanide complexes. - Since
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there is a predominance of v (C-S) str, one can say as a first approxima-
tion that sulphur of the secondary ligand is involved in bonding. Further,
the bands around 1340 and 1310cm~! in DPTU which are due to C-S
str. and partly C-N str.!” have been lowered in most of the lanthanide
complexes giving an indication of sulphur bonding in this complex.

The bands around 1055-1080 cm~! in all the secondary ligands which
are due to N-C-N and v (C-S) str. have been lowered, split into two inflec-
tions. Further a change in intensity is also observed. One could conclude
from the above changes that sulphur of the secondary ligands is bonded
to the several lanthanide ions. The above results are in conformity with
the observation made by Nabar!® in a study of bis-(1-phenyl-2-thiourea)
copper (I) chloride complex and Gosavi et al'>>?0 in a study of dialkyl
thiourea complexes with Cu(I), Pd(II), Cd(II) and Ln(III).

The N-O str. of oxime of primary ligand around 975 cm—! is located
in all the complexes indicating that the bonding is through nitrogen of
the oxime group. The bands around 715-807 cm~! in the secondary ligands
which are due to combination of N-C-N and C=S str. have been.
considerably lowered in all the complexes indicating the involvement of
sulphur in bonding. From a study of L.R. spectra (Table 3) one could as
a first approximation postulate (i) The primary ligand has acted as a
bidentate ligand and the bonding is through nitrogen of the oxime group
and the oxygen of the C=O0 group. (ii) The secondary ligands, i.e., TU,
PTU and DPTU have acted as a monodentate ligand and the bonding is
through sulphur.

From the TG-studies it was observed that the water molecules are lost
below 150°C indicating that they are present as lattice water. Further the
analysis indicated the initial loss of primary ligand and subsequent loss of
secondary ligands leading to the formation of sesquioxide.

The conductivity measurements of a few representative samples is
recorded in the solvents methanol and dimethylformamide. The molar
conductance values in these solvents are in the range 99-116 ohm-! mole-!
cm? and 90-105 ohm~-! mole~! cm? respectively (Table 1). The molar
conductance values in both the solvents obtained in the lanthanide
complexes are well within the range for a 1 : 1 electrolyte system?!-22

From the above observations as a first approximation a coordination No.
seven is postulated for the lanthanide ion in the mixed complexes. The
following tentative structure is proposed for the complexes.

[Ln(L)(L')sCl;]JCl-nH,0
where Ln = Y, La, Pr, Nd, Sm, Gd and Dy; L = DAMO; L' = TU, PTU,
DPTU; n = 3, 4.
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