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Structural studies on highly anisotropic organotin(IV) and thallium(III) chelates of the type, R-;ML,. [where R is
an alkyl, aryl or a halo atom; M+n is either Sn(IV) or TI(III) and L is a highly anisotropic bidentate ligand] have
been made by determining the dipole moments of ligands and chelates at 30°C in a nonpolar solvent like cyclo
hexane. Theoretical calculations of moments have been made for a C2v symmetry of ligand molecules and for
C2cis, C2vcis and DZh symmetries of the chelates depending upon octahedral and square planar geometry of orga
notin(IV) and organothallium(III) chelates respectively.

In recent years search is being made for suitable
anisotropic ligands which can act as probes in el
ucidating structure and conformation of square
planar and octahedral complexes. Saksena and
Nelson I were the first to report data on laser-de
polarised Rayleigh scattering studies. Anisotropy
values of organotin halides were reported by Sak
sena2• He also mentioned that R2Sn2+ moieties
can act as rigid structural units in fabricating high
ly anisotropic chelates. Bidentate ligands3 have
proved to be good scatterers of monochromatic
light. Nelson and coworkers4 have shown the ad
ditivity of bond polarizability components in me
tal chelates and from the Lippincott-Stutman
models, they have evaluated the anisotropy for
square planar complexes. The anisotropy was
found to be equal to that of a bidentate ligand
and 4 times that of a bidentate ligand for octahe
dral complexes4• In a recent paper6 it has been
proved that the polarizability components of a
chelate molecule are not only additive but are
transferable with the change of its conformation.

The structural studies on organotin(IV) and
thallium(III) chelates which form the subject of
the present note have been carried out on dipole
moment measurements.

Tropolone (Aldrich Chemicals) was recrystal
lized from ethanol before use. 1,3-Diphenyl-l ,3
propanedione (dibenzoyl-methane, reagent grade)
(Eastman) was recrystallized from 95% ethanol.
8-Hydroxyquinoline (AR) was used as such. Or
ganotin(IV) and thallium(III) chelates were the gift
samples from Dr Howard (UR! Kingston, USA).
Cyclohexane (BDH) was fractionally distilled, the
fraction b.p. 80-81 °was used as the solvent.

Toshniwal RL09 dipole meter operating at a
frequency of 1 MHz was used to determine die-
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lectric constant at 30 ± 0.10c. The procedure of
calibration of dipole meter and pyknometer was
described in a previous paper7. Errors in the ex
perimental values of f and d are of the order of
1% only. Fairly dilute solutions (- 10 - 4 M) were
used to avoid collisional complex formation.

Calculations of moments from experimental data
The method of Halverstadt and Kumlers was

used in computing molar solute polarisation at in
finite dilution (Pco), For the evaluation of distor
tion polarisation (Pc +Pal, a 5% additional allow
ance in RD value was given for ligands and 15%
for chelate molecules (Table 1) to compensate for
atomic polarisation of molecules. RD values were
computed from the additivity of bond refraction
in a molecule. Observed dipole moments were fi
nally calculated from the Debye equation9•

Theoretical calculation of moments
The laser-depolarsed Rayleigh scattering studies

indicate~ that the bidentate ligands chosen for the
present studies were planar and have a C2v

symmetry. The theoretical dipole moments were
therefore, evaluated by the summation of bond
moment vectors in XY plane. For organothalli
um(III) chelates dipole moments were calculated
for a C2( cis) symmetry only and for organotin(IV)
chelates the moments were calculated for a C2cis,
C2vcis and D2hS-trans conformations.

Bond moments, group moments, bond angles
and bond refractions were taken from litera
turelO -12. Bond moments (D), viz. TI- C 0.50,
TI- 0 3.50 and TI- N 1.59, and group moments
(D), viz. -C2Hs 0.38, -C4H9 0.53 and -CSH17
0.60 were computed from the literature values of
electronegativities and bond angles. The /tabs and
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Table 1-Derived Constants*, Slopes*and Polarisation Data for Ligands and Chelates at 30°C in Cyclohexane
s. Ligandst EI VI a ~ Mz Pzoo Pe+ Pa

No. Chelates ml ml

1. Tropolone 2.0234 1.3009 38.011 - 26.521 122.0 335.4 40.4
2. 8-Hydroxyquinoline 1.9085 1.3009 12.252 - 2.708 145.0 397.1 41.4
3. Dibenzoylmethane 2.0958 1. 3108 21.107 -13.711 327.0 534.8 70.6
4. EtzTlIII(dbzm) 2.0680 1.2978 3.8060 - 2.9361 485.3 669.0 123.0
5. EtzTlIII(trop) 1.9941 1.3023 22.209 - 23.259 383.4 497.6 62.7
6. EtzTlIII(ox) 1.9931 1.3091 12.701 9.672 406.4 417.1 81.2
7. EtzSnIV(ox)z 2.0338 1.3245 24.344 21.798 464.7 324.2 166.2
8. BUzSn'V(ox)z 2.0247 1.3006 2.8855 -1.239 520.7 369.9 188.5
9. n-OctzSnIV(oxlz 2.0279 1.3073 10.058 - 8.075 640.1 450.6 244.1

10. BUzSnIV(trop)z 2.0074 1.3114 4.822 - 2.125 442.7 432.3 141.2

*Derived from linear regression analysis. Errors in a and ~ - 0.1 % only.

t Ligands: dbzm =dibenzoylmethanate; trap = tropolonate; ox =oxinate or 8-hydroxyquinolinate

Obs Calc

Table 2 - !tobs and !teale for Ligands and Chelates
SI. Ligands/Cheiate Moment (11), D

No.

... {5)

As a rough estimate /lob~ for a monomer is taken
nearly equal to /lcale' Dipole moments of thalli
um(I) ~-ketoenolates studied earlier13 were based
on some different assumptions. It was assumed
that these complexes were monomeric and that
T}I- 0 bonds are moderately polar.
Dipole moments of 6 to 9D predicted for the
TP - (ring) by some workers 14 - 16 are much higher
than the /lz (ring) predicted in the present c~cul
ations. In the present calculations it has been as
sumed that /lz (ring) will be
/lz(L) - /lz( OH) + /lz TIIIT- 0 and the contribution
of the TlIII- 0 will be low comparatively.

However, this bond behaves differently in metal
oxide moiety. Some workers have assumed TIm - C
bond moment to be about 0.5 D predicting
TI' - C very similar to TlIII- C and pointing away
from the metal toward carbon of the alkyl group.
Theoretical calculations of this type are based on
two simple assumptions: (i) complex studied is
monomeric; and (ii) that the carbon atom skelet
ons of the chelate rings remain unchanged from
molecule to molecule. It is recognised that there
will be minor differences in bond angles for dif
ferent molecules, but such changes will be relat
ively low.

From the dipole moment1? of (CH3)zSn(trop)z
= 3.65D and /lSn _ CH = 0.6D, it can be derived
that the resolved pare of group moment of Sn
(trop)z moiety is 2.80D acting away from tin(IV)
atom on the X-axis. For Sn-(ox)z moiety, the
group moments have been calculated using Eqs
(4 )and (5), .

Ilz(ring) = IlzL - Ilz0H + IlzSnIV- 0 =3.60D ... (4)

... (1)

... (2)

/l2x = 2 x 1.97 cos 45° - /lz ring. cos 60°

1. Tropolone (trap) 3.804.00
2.

8-Hydroxyquinoline (ox)4.204.00
3.

Dibenzoylmethane (dbzn)4.804.50
4.

EtzTllD (dbzm) 5.20Czcis,3.62
5.

EtzTPll (trop) 4.65Czcis,3.16
6.

EtzTPll(OX) 4.08Czcis,3.25
7.

EtzSnIV (ox)z 2.08CZv>1.42
Czcis,

2.59
DZh*'

0.00
8.

BUzSniv (oxlz 3.00CZv>1.60

Czcis,

2.80

DZh*'

0.00
9.

n-OctzSnlV (ox)z 3.20CZv>1.70
Czcis,

2.90

DZh*'

0.00
10.

BUzSniv (trop)z 3.80CZv>2.40
Czcis,

3.60

* DZh symmetry for S-<Jrans octahedral complexes

/leak values are given in Table 2 for comparison
and for predicting the matching candidate struc
tures of compounds under study.

For a Cz cis-symmetry of Rz TllIIL type of che
lates, it is predicted that TllII- R is nearly equal
to /lTl- C + /lR"" 1.97D. The moments of chelate
rings, (dibenzoylmethane 4.1D, 3.2D for tropo
lone and 3.6D for oxinate) have been calculated
in a direction 60° to XY-plane. The ring moments
however, are away from the central metal ion, i.e.
TIIlI-+ L. The resolved parts are,
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The following steps have been taken into con
sideration in the calculation of dipole moments of
RzSnlvLx type of chelates. Using the group mo
ments and bond moments, vectorial additions
have been made according to Czcis, Czvcis and
DZh S-trans to obtain calculated dipole moments.
Table 2 includes all such values.

For DZh' S-trans-symmetry dipole moment value
will be zero and, hence, non-comparable with the
experimental values. The observed dipole mo
ments are closer to f..tZcalc for a Czcis-geometry but
slightly higher due to positive solvent effect. Di
pole moments of similar chelates have been re
ported by several workers, who have assigned a
C::z cis-geometry. Dibenzoylmethanate derivatives 18

are also cis with no evidence of a cis-trans equi
librium.The observed moments of 3.65D and 4.6D in
benzene17 for MezSn(trop)z and (C6HS)Z Sn(trop)z re
spectively are close to the f..tcalc for a Czcis
structure. But these moments reported earlier are
not very accurate due to two reasons: (i) benzene
is an interacting solvent; and (ii) allowance for
atomic polarisation has not been given. This is
supported by the fact that dimethyl tropolonate
derivatives show distortions toward a basically 'te
trahedral' structure, i.e. Czv.

The award of fellowships by the UGC, New
Delhi (to Aradhana) and by CST, Lucknow (to

840

PS) are gratefully acknowledged. Thanks are due
to Prof. W H Nelson, Department of Chemistry,
URI, Kingston, RI (USA) for gift samples of che
lates.

References
I Saksena A R & Nelson W H, Preliminary data presented

at a Joint ACS Conference (McGill University, Mon
treal, Can~da), 1977.

2 Saksena A R, Z phys Chem, 267 (1986) 285.
3 Saksena A R, Z phys Chem, in press.
4 Nelson W H & Asting N, J phys Chem, 81 (1977) 629.
5 Lippincott E R & Stutman J M, J phys Chem, 68 (1964)

2926.

6 Nelson W H, Saksena A R, Howard W F & Brahma S K,
J phys Chem, 90 (1986) 261.

7 Saksena A R & Aradhana, Indian J pure appl Phys, 22
(1984)342.

8 Halverstadt J F & Kumler W D, J Am chem Soc, 64
(1942)29RR.

9 Smith J W, Electric dipole moments Chapter 1 (Butter-
worths, London), 1955, 14.

10 Smyth C P, J org Chem, 6 (1941) 421.
11 Exner 0 & Engberts, Chem Commun, (1980) 3337.
12 Smyth C P, Dielectric behaviour and structure (McGraw

Hill, New York), 1955.
13 Moore C Z & Nelson W H, Inorg Chem, 8 (1969) 138.
14 LeFevre R J W, Dipole moments (Methuen, London),

1953.

15 Coop I E & Sutton L E, J chem Soc, (1938) 1269.
16 Mac.Queen J & Smith J W,J chem Soc, (1956) 1821.
17 Nelson W H & Aroney M J, Inorg Chem, 12 (1973) 132.
18 Nelson W H, Inorg Chem, 6 (1967) 1509.




