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The stabilization of smectic A phases in mixtures of

twinned-calamitic, metal organic complexes with
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(Received 23 January 1997; accepted 19 March 1997 )

The liquid crystal properties of binary mixtures of copper- and palladium-containing, twinned-
calamitic, metal organic complexes with the electron acceptor 2,4,7-trinitro-9-¯ uorenone
(TNF) are reported. The smectic A to isotropic transition temperature of the pure metal
organic component is increased on mixing. Furthermore, only smectic A behaviour is exhibited
by the mixtures compared with smectic A and C phases for the pure metal organic complexes.
The stabilization of the smectic A phase in these mixtures is found to be due to a weak
charge transfer type interaction.

1. Introduction liquid crystal phases [7]. A more complete overview on
the induction and stabilization of mesophases by theThe induction and stabilization of liquid crystal phases

resulting from mixtures of electron-rich and electron- interaction between ¯ at molecules with aromatic cores
and organic electron acceptors is outlined in referencede® cient materials is an area of burgeoning interest. It

has been shown, for example, that a mixture of the disc- [8]. In the ® eld of metal-organyl mesogens, several
systems have been studied, most of them exhibiting ashaped material, pentakis(phenylethynyl )phenyl nonyl

ether, with the electron acceptor TNF (both of which disc-shaped molecular structure. In these cases, on
doping with TNF, columnar mesophases are stabilized.are non-liquid crystalline) gives rise to an induced

discotic phase and the newly discovered columnar ne- Moreover, lyotropic mesophases are also observed in
matic phase [1]. Stabilization of liquid crystal phases is mixtures with apolar organic solvents [8]. Metal organic
also known in mixtures of TNF with polymers con- complexes with an almost linear humpbacked molecular
taining side chain discotic units [2], disc-shaped, shape which do not show mesomorphic behaviour in
palladium- [3] and platinum-containing [4] organo- the pure state give rise to columnar mesophases when
metallic complexes and more recently hexacatenar mixed with TNF [9].
materials [5]. The occurrence of such liquid crystal In the present work, we wished to further the funda-
behaviour is thought to result from the formation of an mental understanding of such binary mixtures and for
electron donor± acceptor complex, as indicated by a this reason we present here results obtained from mix-
yellow-to-deep red colour change on mixing the com- tures of copper- and palladium-containing, twinned-
pounds, which is stabilized through charge transfer calamitic, metal organic complexes with TNF (see the
interactions [6]. However, it is also possible that other structures in ® gure 1).
factors such as quadrupolar interactions between groups The molecular shape of these complexes is also almost
with quadrupole moments which are opposite in sign linear and they show smectic mesophases in the pure
could also be responsible for favourable interactions state. When mixed with TNF, the stabilization of the
necessary for mesophase induction in the mixture. smectic A mesophase occurs. No induction of columnar
Furthermore, an increase in entropy resulting from a mesophases has been observed. We also wished to exa-
mixture of the two components may also help to stabilize mine the e� ect of electron density on the liquid crystal

properties of the mixtures and for this reason we have
chosen two di� erent metal centres.*Author for correspondence.
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52 I. D. Fletcher et al.

monochromatic Cu-K
a 1 radiation obtained from a sealed

tube generator and a bent quartz monochromator and
the patterns were recorded with an Inel CPS 120 counter.
The samples were ® lled into Lindemann capillaries and
their temperature controlled within Ô 0 0́5 ß C. In the
second method, Cu-K

a 1 radiation was obtained by
means of a nickel ® lter and the di� raction patterns were
registered on photographic ® lms. The samples were
again ® lled into Lindemann capillaries and their temper-
ature controlled within Ô 0 3́ß C. The experimental error
in the layer spacings of the smectic phases was less than
0 2́ AÊ over the entire range measured.

Electrochemical measurements of the pure metal
organic complexes were performed with an EG and G
Princeton Applied Research Model 273 potentiostat
system coupled to a plotter. A cell ® tted with three
electrodes consisting of a platinum wire working elec-
trode, a standard calomel reference electrode (SCE) and
a counter electrode was employed. The metal organic
complex and 0 1́ M of the electrolyte tetrabutylammo-
nium hexa¯ uorophosphate were dissolved in dry
dichloromethane under a nitrogen atmosphere. All
potentials are referred to versus the SCE. A potential of

Figure 1. The molecular structures of (a) the metal-containing Õ 1 6́ to +1 6́ V was used with a sweep rate of 20 m Vs Õ 1 .
complexes (M=Cu, Pd) and (b) TNF. UV-vis (Uvikon 941) measurements on the metal organic

complexes, TNF and their mixtures were carried out
using dry tetrahydrofuran solutions.2. Experimental

The preparation of the light brown copper derivative
followed the experimental methods outlined in reference 3. Results and discussion

A contact preparation between the copper complex[8], and its characterization was consistent with that
expected for its structure. The palladium compound was and TNF gave an orange band at the junction of the

two components (see ® gure 2(a)). The contact prepara-obtained by a similar method as a yellow powder in a
yield of 83% using palladium acetate as the metal source. tion shown in ® gure 2(a) is at room temperature, since

in the mesophase the coloured band is not so clearlyIts structural characterization is as follows: melting
behaviour, Cr (161 5́ß C SmC) 163 0́ß C SmA 164 5́ß C I; seen, and shows that both the contact region and the

pure organic complex cool into an amorphous state.elemental analysis with calculated values in parentheses,
C 73 7́9% (73 8́2%), H 9 9́3% (9 6́4%), N 2 3́1% (2 3́3%); The colour change in the contact region between the

two phases has been observed before in mixtures with1H NMR (Varian XL-200 200 MHz), d (ppm) 0 9́ (t,
6H), 1 2́ ± 1 4́ (m, 34H), 1 6́± 1 7́ (m, 6H), 2 6́ (t, 2H), 3 7́ TNF and is thought to be due to the formation of an

electron donor± acceptor complex stabilized through a(t, 2H), 5 5́ (d, 1H), 7 2́ (m, 4H), 7 6́ (s, 1H); IR (Perkin-
Elmer 1600 series FTIR) KBr disc, n (cm Õ 1 ) 1636 charge transfer interaction.

Figure 3 shows the phase diagram for the two com-(CH± N).
Mixtures of the complexes with TNF were obtained ponent system and table 1 lists the corresponding data.

As can be seen, all compositions exhibit a smectic Aby melting together weighed amounts of the two com-
ponents. The thermal properties of the mixtures were phase as determined by polarizing optical microscopy,

which was characterized by the coexistence of focal-characterized by di� erential scanning calorimetry
(Perkin-Elmer DSC7); polarizing optical microscopy conic fan and homeotropic textures. A monotropic

smectic C phase was also identi® ed by microscopy for(Olympus BH-2 microscope), in conjunction with a
Linkam TMS90 hot stage, was used to identify the the mixture containing 90 mol % of the copper complex

and exhibits both the broken focal-conic fan andnature of the liquid crystal behaviour. X-ray di� raction
patterns of the liquid crystal phases of the pure samples schlieren textures. The smectic A to isotropic transition

temperature reaches a maximum for the 50550 mol %and their equimolar mixtures with TNF were obtained
with two experimental set-ups. In the ® rst technique, composition which is also the eutectic point for the

phase diagram and indicates that a complex betweendi� raction patterns were obtained by employing linear
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54 I. D. Fletcher et al.

smectic A phase structure, which results in an increase
in phase stability. Figure 2(b) clearly demonstrates the
switchover from smectic C to smectic A behaviour on
mixing the metal organic complex with TNF.

A contact preparation between the palladium com-
pound and TNF showed a dark brown band at the
junction of the two phases when the sample was viewed
without crossed polarizers (when viewing with crossed
polarizers a very slight colour change was seen in the
contact region) and indicates charge transfer behaviour
(see ® gure 2(c)) . Again it is seen from the ® gure that
both the contact region and the pure metal organic
complex cool into an amorphous state. Figure 4 presents
the phase diagram for the binary system and table 2
presents the data for these compositions.

The liquid crystal phase behaviour for the mixtures is
similar to that for the copper complex/TNF system with

Figure 3. The phase diagram for the copper complex/TNF
again smectic A and C phases being exhibited and thebinary system. & Cr1 ± ; % Cr2 ± Cr; # Cr± ;+ SmC± SmA;
equimolar composition being the stoichiometric mixture.$ SmA± I; ] CrTNF ± I.
Unmixed TNF is also present for mixtures containing
10 to 50 mol % palladium composition. The smectic Athe two components has formed which has a 151 stoichi-
to isotropic transition temperatures are, however, higherometry. For the 10 to 50 mol % mixtures, unmixed
than those of the copper complex/TNF system and thiscrystalline TNF is also present and at temperatures
observation is consistent with the di� erence in the clear-greater than 175ß C the immiscible isotropic phases of
ing temperatures of the pure samples. Indeed, for thethe mixture (I1 ) and of TNF (I2 ) coexist. From the phase
contact region, the smectic A to isotropic transitiondiagram it is seen that the smectic C phase formed by
temperature occurs above the clearing temperatures ofthe pure copper compound is quickly extinguished on
the pure components as is clearly seen in ® gure 2(d ).adding TNF and is only monotropic for the 90 mol %
However, it appears that increasing the electron densitycopper composition. This behaviour suggests that the

TNF molecules are favourably accommodated in the of the metal does not have a big e� ect on the stability

Table 1. The transition temperatures ( ß C) and transition enthalpies ( kJ mol Õ 1 ; in italics) for the copper-containing mixtures
with TNF.

xCu /mol % Cr1 Cr2 Cr SmC SmA I

10 $ 93 3́ $ 151 7́ $

8 9́4 1 3́3
20 $ 91 3́ $ 98 3́ $ 154 6́ $

28´47a 6 9́7
40 $ 91 8́ $ 101 0́ $ 155 3́ $

48´43a 7 6́7
50 $ 95 0́ $ 156 0́ $

51´50 7 6́9
60 $ 92 3́ $ 101 0́ $ 154 1́ $

75´87a 8 7́0
80 $ 93 0́ $ 107 3́ $ 120 7́ $ 133 3́ $

21´00b 8 6́1
90 $ 83 0́ $ 102 6́ $ 116 3́ ($ 106 0́c )e

$ 137 7́ $

59´72d 18´13 12´16
100 $ 119 6́ $ 127 2́ $ 131 7́ $

35´27 0 3́6 13´26

a For a Cr1 ± Cr ± SmA transition as peaks are overlapped.
b For a Cr1 ± Cr2 ± Cr ± SmA transition as peaks are overlapped.
c Only observed by polarizing microscopy.
d For a Cr1 ± Cr2 ± Cr transition as peaks are overlapped.
e Brackets indicate a monotropic transition.
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55T winned-calamitic/ TNF SmA stabilization

pure samples of the metal-containing complexes and by
equimolar mixtures of the complexes with TNF were
examined by X-ray di� raction. Figures 5(a) and 5(b)
show the X-ray di� raction patterns obtained with the
Inel CPS 120 counter during monitoring of the liquid
crystal behaviour of the pure copper-containing sample
and its equimolar mixture with TNF, respectively.
Figures 6(a) and 6(b) show the corresponding patterns
for the palladium-containing samples. ( In the case of
® gure 6(b) some tiny peaks are observed in the wide
angle region due to a small amount of undissolved
crystalline TNF). The occurrence of higher X-ray
re¯ ections in the small angle region of ® gures 5 (b) and
6(b) is evident in the case of the mixtures compared with
the pure complexes, and implies that the addition of
TNF improves the stacking in the layers, resulting
presumably from a better segregation of aliphatic chain
and hard core regions in adjacent sub-layers. Within the

Figure 4. The phase diagram for the palladium complex/TNF hard cores’ sub-layer, the packing is disordered for thebinary system. & Cr1 ± Cr2 ; % Cr2 ± ; { Cr3 ± ; u Cr4 ± Cr;
pure compounds and for the mixtures, as shown by the

# Cr± SmA; + SmC± SmA; $ SmA± I; ] CrTNF ± I.

of the smectic A phase in the mixture with TNF,
although we might have expected a more electron-rich
metal to be more easily oxidized and therefore have a
stronger electronic interaction with TNF than a metal
with a lower electron density.

Tables 1 and 2 also list the transition enthalpies for
the smectic A to isotropic transitions of the copper-
and palladium-containing mixtures, respectively.
Interestingly, for both systems the transition enthalpy
decreases as the mol fraction of TNF increases. Such
behaviour has also been observed for discotic systems
[11, 12].

Electrochemical analysis by cyclic voltammetry of the
redox behaviour of the pure complexes shows that the
metal organic complexes do not undergo oxidation and
that weak reduction occurs which is not reversible. For
the copper complex, a weak reduction process occurs
with a peak potential of +0 7́3 V and a peak current of
100 mA. The cyclic voltammogram for the palladium
complex gives two small peaks on the reduction cycle,
one with a potential of +0 6́2 V (peak current=12 mA)
and one with a potential of Õ 0 1́ V (peak current=
20 mA). This evidence, together with the UV-vis spectro-
scopy [13] experiments which failed to show the pres-
ence of new electronic bands in addition to those
detected for the components in their pure states, and IR
spectroscopy [14] of the mixtures in which the vibra-
tional frequencies of the stretching modes of the nitro
groups of TNF are not seen to move (a normal con-

(a)

(b)

sequence of charge transfer), supports the weak charge Figure 5. X-ray di� raction patterns for the smectic A phase
transfer behaviour observed by microscopic studies. of (a) the pure copper complex at 131ß C and (b) its

equimolar mixture with TNF at 110ß C.The structure of the smectic A phases exhibited by
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57T winned-calamitic/ TNF SmA stabilization

(a)

(b)

(a)

(b)

Figure 7. The e� ect of temperature on the layer periodicityFigure 6. X-ray di� raction patterns for the smectic A phase
of (a) the pure palladium complex at 166ß C and (b) its for (a) the copper-containing complex ($, pure sample;

&, equimolar mixture with TNF), (b) the palladium-equimolar mixture with TNF at 140ß C.
containing complex ($, pure sample; &, equimolar mix-
ture with TNF).

broad di� use re¯ ection in the wide angle region. On
adding TNF, changes from tilted to untilted phases while in the smectic C phase an increase in the tilt angle

leads to a decrease in the layer thickness.(observed for both complexes) are not surprising, since
they re¯ ect the disturbance of the long range correlated Figure 8 gives two schematic representations of the

possible structure of the smectic A phase exhibited bypositional and bond ordering between the hard cores
due to the intercalation of the molecules. Another con- mixtures of the metal-containing complexes and TNF.

In one, the TNF molecules are accommodated in asequence of the addition of TNF is the larger mean
distance between the hard cores of the metal organic regular fashion between the metal-containing complexes.

The resulting space could be ® lled by an intercalationcomplexes and the larger area covered by one alkyl
chain. The aliphatic sub-layer has to be thinner, there- of the ¯ exible alkyl chains of the metal-containing com-

plexes in adjacent sub-layers causing a reduced layerfore, and the overall layer thickness smaller ( the molecu-
lar length of the metal complexes in their all trans-form periodicity (see ® gure 8(a)). In the other representation,

the space arising could be occupied by the alkyl chainsis 43 AÊ as calculated from a Dreiding molecular model )
(see ® gure 8). This is clearly observed in ® gures 7(a) and of the metal-containing complexes in the same layer

which again would lead to a reduced layer periodicity7(b) for the copper- and palladium-containing samples,
respectively. The temperature dependence of the layer (see ® gure 8(b)) . However, in this model the chains would

need to possess gauche links to allow the chains tothickness is also classical [15], with a small decrease
with increasing temperature in the smectic A phase, due occupy the vacant space.

The investigation by X-ray di� raction of the e� ect ofto enhanced conformational disorder in the alkyl chains,
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58 T winned-calamitic/ TNF SmA stabilization

is improved when TNF is added. However, unlike mix-
tures of discotic materials with TNF, in which dramatic
changes occur, such as the induction and the stabilization
of liquid crystal phases to more than 100ß C above the
clearing temperature of the pure discogen, here modest
increases of about 25 ß C are observed, although the phase
range is increased considerably.
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