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The X-ray diffraction experimental data Concerning a homologous series of p-alkyl-p'-alkox y- 
azobenzene cyclopalladated chloro-bridged dimers, both as powder and monodomain samples, 
are reported. These results, compared with those obtained for the parent non-metallated 
materials, suggest a model for the molecular arrangement wherein the alkoxy and alkyl chains 
are roughly coplanar with the palladium-containing rigid core and, depending on the chain length, 
bent towards each other. 

1. Introduction 
Interest in new materials has been recently focused on 

metal containing liquid crystals [ 11. Within this field, 
thermotropic orthopalladated complexes are currently 
studied [2-4]. 

Information concerning the nature and the features 
of mesogenic materials can be conveniently obtained 
by considering homblogous series of compounds. 
Accordingly, to investigate the mesomorphic behaviour 
of bimetallic cyclopalladated mesogens, we have con- 
sidered the compounds whose general formula is depicted 
in figure 1. 

The complexes usually are isomeric mixtures (c. 1 : 1) 
of forms A and B [2 (c)]. We will hereafter refer to them 
as the two series N and N', where N = (n  + m) and we keep 
n = l  (m=1,2,7,12,18; therefore 2 1 N 5 1 9 ) ,  and 
N' = (n  + rn) and we keep m = 12 (n  = 1,2,3; therefore 
13 5 N' 5 15). Of courseN = 13 will be equal to" = 13. 

An account of the mesomorphic behaviour and macro- 
scopic properties of compounds 2,3,8,13 and 14' [5], as 
well as preliminary neutron and X-ray small angle 
scattering results concerning compound 13 [6] have been 
previously given. The results of the complete X-ray 

* Author for correspondence. 
?Work partially supported by INFM under the cover of 

'National Project on New Materials'. 

diffraction study performed on both series of complexed 
and free azobenzenes are now reported in $ 3  and 
discussed in 0 4. 

The mesomorphism exhibited by these palladium 
mesogens shows that the incorporation of the PdzC12 core 
between two organic mesogenic ligands causes (i) an 
increase in the transition temperatures, (ii) the occurrence 
of more ordered mesophases and (iii) a reversible 
macroscopic biaxiality. 

Similar results were obtained also for bis[N-(4- 

P' 

R 0. 

A 

R, 

B 

Figure 1. A sketch of the general structural formulae of the 
binuclear palladium complexes, where R = C, Hzm + I ,  

R' = CnHzn + 1. 
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242 A. M. Levelut el a/. 

alkoxysalicylidene)-4'-alkylaniline] copper (11) com- 
plexes [7 ] ,  a mesogenic series wherein the packing mode 
may be visualized as the result of an interdigitated 
molecular arrangement [S]. 

In principle, a similar interdigitated model could also be 
proposed for the palladium compounds. However, some 
differences concerning the molecular geometry have to be 
considered. The copper species are mononuclear com- 
plexes wherein a metal atom bridges two ligand 
molecules. In the present binuclear species, the bridge 
consists of the Pd2C12 fragment and, consequently, the 
palladium compounds become intrinsically biaxial and 
have a ligand-to-ligand distance larger than that for the 
copper compounds. Because of such a large distance, a 
simple interdigitated copper-like molecular array would 
give rise to empty inter- and intra-molecular spaces, which 
is not reasonable. Accordingly, the model has to be 
properly improved. 

In the molecules of the compounds which form the N 
and N' series, three different parts can be roughly 
identified: (u )  a rigid and nearly planar core (i.e. the two 
palladium-bonded aromatic rings and the PdZC12 group); 
( b )  a region with low mobility (i.e. the two remaining 
aromatic rings); ( c )  tails with both high mobility and 
flexibility (i.e. the four aliphatic chains). 

Quasi elastic neutron scattering experiments carried out 
on compound 13 proved that the long alkoxy chains 
actually exibit a high mobility [9]. The above consider- 
ation suggests that a more appropriate packing model 
leading to the required space filling is obtained from 
molecules having the aliphatic chains folded and/or fused. 

In this paper we report the X-ray investigations carried 
out on the N and N' complexes, and on the corresponding 
uncomplcxed ligands (LN and LN'). The present study 
has been performed in order to elucidate the molecular 
arrangement exhibited by the dimeric chlorobridged 
mesogens and the role played by the metallic core in 
determining the mesomorphic behaviour of the com- 
pounds. 

2. Experimental 
The synthesis of the compounds was carried out as 

previously reported 12 (c)]. The thermal behaviour was 
monitored by means of a Mettler Fp 800 thermosystem 
equipped with an FP 84 microscopy cell, at a heating rate 
of 4"Cmin-'. The textures of the various mesophases 
were observed by means of a Zeiss Axioscope polarizing 
microscope equipped for photography and with a Linkam 
CO 600 heating stage. 

X-ray diffraction measurements on powders were 
carried out with a conventional powder diffractometer 
allowing sufficiently high counting times. Ni filtered CuK, 
radiation ( y  = 1.54 A), strongly collimated with a system 
ofslits, was used. The samples, with a thickness of 1.5 mm, 

were held by two thin A1 sheets fixed to a circular hole in 
an A1 matrix with a diameter of 1 cm. Heating was 
achieved by a hot stage with ? 0.5"C accuracy and 
? 0.1 "C stability. 

X-ray measurements on monodomains were performed 
with a monochromatic beam issuing from a double 
bent graphite monochromator. The sample, held in a 
Lindemann glass capillary of 1 mm, was aligned by a 1.7 T 
magnetic field perpendicular to the X-ray beam and to the 
tube axis. The diffracted pattern was recorded on a 
cylindrical photographic film whose axis was parallel to 
the magnetic field. The maximum diffraction angle was 
limited to 22" in the direction of the magnetic field and to 
60" perpendicular to it. 

3. Results 
The X-ray diffraction measurements were performed 

both on powder and monodomain samples and, for 
comparative purposes, both the uncomplexed azoben- 
zenes (LN and LN') and their palladated derivatives (N 
and N') were examined. Moreover, X-ray investigations 
on monodomains have been carried out for the complexes 
13 and 19, and for the ligand L13. The different phases and 
the transition temperatures for the whole series and for the 
corresponding series of non-metallated azobenzenes are 
reported in  table 1. Several of these compounds were 
previously investigated by optical and calorimetric tech- 
niques [5] and with reference to these data, in some cases 
differences concerning the transition temperatures or the 
mesomorphism were observed. 

Regarding the ligands, as an example of the behaviour 
of the whole series, the powder spectra of L13 recorded 
at different temperatures are given in figure 2. 

The execution of a complete thermal cycle starting with 
a pristine sample shows that the low temperature solid Crl 
present in the virgin sample is always different from the 
solid phase Cr2 which forms on cooling from the melt, and 
can never be recovered. The different nature of these solid 
phases depends on the length of the aliphatic chains. 
Moreover, a comparison between the main periodicity of 
the structure, deduced from the smallest angle peak in the 
experimental patterns, and the lengths of the repeating 
molecular units in the fully extended conformations 
allows us to comment on the monolayered or bilayered 
nature of these solid phases. Therefore, for all the 
compounds except L15' and L19, Crl is found to be 
crystalline and bilayered while Cr2 is amorphous (or with 
a lower degree of crystallinity than Crl) and monolayered. 
We cannot decide about the layered nature of the Crl phase 
of L15' and also of the Cr, and Cr2 crystalline phases of 
L19, since the largest observed lattice spacing is 5.6, 4-6, 
and 4.2 A, respectively. Obviously, the absence of lower 
angle diffraction rings is induced either by a textural effect 
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Table 1.  The phase transitions of both the ligands and the complexes. 

243 

Ligandst Complexes? 

L2 

L3 

LS 

L13 L13’ 

L14’ 

LlS‘ 

L19 

J y 7  
cr2 

96 I26 
Crl --+ Cr2 + I 

74 C r l h  I 

A3 Cr2 c- N 
61 

66 Crl Crz I 

55 1 2  C r l+Cr~+I  

70 77 XI 
Crl + SA- N d  I 

3* 

8 

13 13’ 

14’ 

15’ 

19 

120 235 254 
Crl --+ C r 2 d  N-+ I 

I IS 163 179 
Crl + Crz + N a I 

I45 188 I Y 5  
C r l + C r z + N H I  

Cr2 t S A  
175 

166 174 

Cr- 130 A \1w 166 

150 

- S  - N S I  

130 136 160 
Crl S cr2 +-+ sA a N - I 

t Cr = solid; S = smectic; N = nematic; I = isotropic. 
$ For temperatures above c. 230°C some decomposition is observed. 

or by an anisotropic disordering of the material. The 
mesomorphic ligands L8, L13’, L14’ and L1S’ exhibit 
nematic andor smectic mesophases (see the table) and 
their diffraction patterns are as expected for rod-like 
thermotropic compounds, i.e. a diffuse peak (in the 
nematic phase) or a sharp narrow peak (in the smectic 
phase) in the low angle region, together with a broad halo 
in the high angle region corresponding to about 4.5A 
(i.e. roughly the aromatic ring width). Furthermore, the 
lamellar thickness in the smectic phase of L14’ and of 
L1S’ is fairly high compared to the molecular length. 
Similarly, as shown in figure 3, the largest period in the 
mesophase is also above the molecular length for the 
ligand L13’. 

As an example of the experimental results concerning 
cyclopalladated samples, the X-ray diffraction spectra 

referring to complexes 3 and 15’ are reported in figures 4 
and 5 ,  respectively. 

As in the parent LN and LN’ compounds, all the solid 
palladated derivatives except 15’ exhibit two different 
phases, Crl and Cr2, the former existing only in the virgin 
sample. The different diffraction patterns observed for the 
two solid phases suggest for Cr2 a higher degree of 
crystallinity and a layer periodicity which is twice that of 
Cr,. The layer thickness in the Crl solid (as well as in the 
single solid phase exhibited by sample 15’) is comparable 
to the length of the complex. 

The diffraction pattern of the mesophases shows a 
diffuse peak at 4.5A, sharper than in the ligands, and a 
further peak, more diffuse, centred at about 9.8 A. 

The layer spacings deduced from the position of the first 
peak at low angle are reported in table 2 for the different 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



244 A. M. Levelut et ul. 

phases of both the ligands and the complexes. The layer 
thickness in the smectic A phase is larger than the layer 
tliickness in the Cr, phase or than half the layer thickness 
in  Cr2. 

The dependence of the main periodicity on temperature 
for 13' and 19 is given in figures 6 and 7, respectively. 

M n  d L  

Finally, figure 8 shows a 2D diffraction pattern obtained 
from a monodomain; the diffraction pattern shown is for 
the quenched S 4  phase of compound 13'. Arrow ( a )  
indicates a diffuse arc located in the equatorial plane, 
corresponding to intra-layer interferences between 
organic moieties ( 2 6 ~  20" with 1 = 1.54A). Arrow (b)  
indicates a second inner diffuse arc at 21?= 9" and also 
located in the equatorial plane, which characterizes the 
PdzClZ-PdzC12 intra-layer interferences. Finally, arrow ( c )  
shows the presence of a set of Bragg reflections which the 
layers form on both sides of the beam stop, along the 
meridian. The magnetic field Hi s  parallel to the normal to 
the layers. The difference between the mesophases of 
these complexes and the same mesophase of organic 
ligand, effective for the whole series of compounds, is 
apparent from the scattered intensities observed for 
sample 13' in the smectic A phase, hoth in the equatorial 
and meridianal direction; along the meridian, reflections 
by the layer structure are visible to the third order, attesting 
a good localization of the Pd2Clz groups, while the 
Pd2ClZ-Pd2C12 intra-layer interferences characterize a 
preferred distance of - I O A ,  which is characteristic of 
a side-by-side, locally biaxial intra-layer array of the 

0 10 20 

29 / degrees 
30 

Figure 2. X-ray powder diffraction spectra for the free ligand 
L13 obtained at different temperatures between room and 
isotropization temperatures in a heating-cooling thermal 
cycle. Heating cycle: ( a )  T =  25°C; (b )  T =  70°C. Cooling 
cycle: (c) T =  75°C; ( d )  T =  25°C. 

60. r--- r- -7 
T 1 

20 L--------LL 
20 30 40 50 60 70 80 

T / " C  
Figure 3. The behaviour of the main periodicity as a function 

of temperature for ligand L13 = L13' (dots are for heating; 
squares are for cooling). 

0 10 20 30 
20 / degrees 

Figure 4 X-ray powder diffraction spectra for the palladium 
complex 3 obtained in a heating-cooling cycle at different 
temperatures between room and isotropization tempera- 
tures. Heating cycle: (a) T = 25°C; (6) T = 150°C. Cooling 
cycle: (c )  T = 195°C. 
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complexes [ 8 (b)]. Conversely, the layer periodicities for 
the ligands are comparable to those estimated for the 
corresponding complexes. 

7 -  I I 1 

0 10 20 30 
28 / degrees 

Figure 5. X-ray powder diffraction spectra for complex 14' 
obtained at different temperatures between room and 
isotropization temperatures in a heating-cooling thermal 
cycle. Heating cycle: (a) T =  25°C; (b) T =  155°C; 
( c ) T =  17OoC.Coolingcycle:(d)T= 150°C;(e)T=250C. 

Table 2. Layer spacings (A) for the different phases of the 
ligands and of the complexes: Cr,, virgin solid, Cr,, sccond 
solid phase, M, smectic A and/or nematic phase. 3 Cr2 is 
actually identical to Crl,f see text. 

Ligands Complexes 

N/" Cr, Cr2 M Crl Crz M 

2 
3 
8 

13/13' 
14' 
15' 
19 

16.0 8 - 
20.0 10.9 - 
40.0 20.0 20.0 
52.0 25.8 30.0 
50.2 25.2 29.9 
f 28.6 30.7 
t i .  - 

~ 

13.5 20.2 10.1 
16.1 21-0 10-3 
16.2 35.0 17.9 
22.5 45-5 30.0 
24.1 48-0 29.9 
25.1 $ 29.2 
273  57-2 38.9 

a 30 IJI 
2 5 1 j  20 

20 40 60 80 100 120 140 160 180 

T / "C  
Figure 6. The behaviour of the main periodicity as a function 

of temperature for complex 13' (dots are for heating; 
squares are for cooling). 

55 P--------- 

20 40 60 80 100 120 140 160 180 

T / "C  
Figure 7. The behaviour of the main periodicity as a function 

of temperature for complex 19 (dots are for heating; squares 
are for cooling). 

4. Discussion 
A first point that we must consider is the enhancement 

of the mesogenic behaviour as evidenced by the mesomor- 
phic properties, since the complexes with almost no chains 
( N = 2  and 3) present a mesophase. Another surprising 
point is the significant supercooling for all the complexes 
except those at the termini of the series (i.e. 2 and 19). This 
supercooling is observed for transitions between two 
mesophases and less often at the clearing transition. This 
unexpected behaviour can be related to the fact that the 
complexes are in fact isomeric mixtures: disordered 
organizations are thus favoured, at least at high tempera- 
tures, by the presence of two isomers. (This explanation 
cannot however provide the whole story, since the 
isomeric purity of complex 8 [2(c)] contradicts it.) 
Moreover, taking into account the high viscosity of the 
fluid phases, one can understand that transitions towards 
more and more ordered phases are not easy. 

The X-ray data give access to the molecular organiza- 
tion of each phase. For the crystalline phases, it is clear that 
complete information could not be derived from our 
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246 A. M. Levelut et al. 

Figure 8. A 2D image of the diffraction pattern for a 
monodomain of the complex 13'. 

diffractograms since even the unit cell has not been 
determined. However, obviously all the crystalline phases 
here studied are lamellar, the thickness of the lamellae 
being characterized by the position of small angle Bragg 
peaks. Moreover, owing to the similarity of the crystalline 
polymorphism of the ligands and the corresponding 
complexes on the one hand, and on the other hand, of 
nearly all the homologues in a given series, it is possible 
to derive some semi-quantitative conclusions about the 
evolution of the molecular organization. Finally we notice 
that of the two crystalline phases of the same compound, 
one is bilayered while the second is monolayered. 

In a smectic phase the molecular packing can be 
characterized by the layer thickness, the orientation of the 
director with respect to the layer normal and the mean area 
per molecule in the layer plane. In a smectic A phase, the 
director is perpendicular to the layer plane and in most 
cases, the layer periodicity is nearly equal to the actual 
molecular length. In the nematic phase, the position of the 
inner ring can also be compared to the molecular length, 
except if one approaches a transition to a smectic C of large 
tilt angle ( > 40"). 

Therefore the apparent molecular length, hereafter 
designated AML, will be the guideline in the following 
discussion. In the monolayered solid and in the smectic A 
phases, AML is equal to the layer periodicity, in the 
nematic phase, AML is related by the Bragg relation to the 
position of the inner ring, and in the bilayered crystalline 
phase, AML is taken as equal to one half of the layer 
thickness. 

4.1. The ligands 
In a homologous series of calamitic liquid crystals, 

owing to their elongated molecular shape, the AML should 
be an increasing function of the number of carbon atoms 
which form the aliphatic chains. Now, in a crude molecular 
model wherein the aliphatic chains are extended in 
prolongation of the elongated core and in an all-trans- 
conformation, each added CH2 group will increase the 
AML value by about 1-25 A. However, it has to be taken 
into account that such an increment depends on the state 
of organization of the phase being considered, being close 
to 1.25A in the solid phase (wherein generally the 
chains are in an all-trans-conformation), whereas, in the 
mesophasc, the increment of AML per added methylene 
is subject to conflicting effects. The global thermal motion 
of the molecules gives a trend to increased AML values. 
while the thermal trans-to-cis-conformational scrambling. 
which is more and more effective as the chain length 
increases, has the contrary effect. 

The ligand molecules LN and LN' can be considered as 
rod-like molecules and therefore the AML dependence 
versus the total number of aliphatic carbon atoms will 
provide some information about the chain conformation in 
the different phases (see figure 9). 

In the two solid phases, it is clear that the AML increases 
linearly with the total number of carbon atoms, indepen- 
dently of the specific chain (alkyl or alkoxy) under 
consideration. Moreover the plot shows a slope of about 
1.45 per carbon for both the Cr, and Cr2 solid phases, 
a slope which becomes 1.61A in the nematic phase. 
Consequently, the experimental AML values arc in 
agreement with the data expected for molecules whose 
aliphatic chains adopt the all-trans-conformation, at least 
for the solid phase. However the slope of 1.61 &CH2 for 

35 

30 

25 

20 

15 

10 

5 " 1 " 1 1 / 1 1 " 1 ' 1  

0 2 4 6 8 10 12 14 16 
n + m  

Figure 9,. Behaviour of the apparent molecular length (AML), 
i n  A, for the ligands against the total number of carbons in 
the aliphatic chains (rn + n). The lower curve fits the 
expenmental points for the solid phases (circles) of the 
ligands (slope 1.45), whereas the upper curve fits the 
experimental points for thc mcsophascs (crosses) (slope 
1.61). The limiting values for n + m = 0 are about 7 A 
for thc solid and 7.5 A for the mesophase. 
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AML in the mesophase of the ligand exceeds the value 
usually observed for smectogenic molecules. For exam- 
ple, this slope is nearly 1 A for the SA phase of the 
N-(4-alkoxysalicylidene)-4’-alkylanilines series [8 (c)], 
which has a similar core. The high value of this slope 
corresponds to a rather large value of the AML compared 
to the theoretical length measured using models: AML is 
29.5 A for N = 13 compared to = 27.5 A for the ho- 
mologous member of the above mentioned series. Simul- 
taneously, the length of core which corresponds to AML 
(N = 0) is surprisingly small (7.5 A compared to = 11 A 
measured from a model). The origin of this apparently 
strange behaviour could be explained both by the fact that 
the ligand presents only a nematic phase, and only for a 
very few members of the series. Accordingly the AML is 
not really significant in a nematic phase, and moreover the 
determination of the slope and of the core length is not 
accurate, since only a few members of the series have a 
nematic phase. 

4.2. The complexes 
The organometallic complexes N and N’ are lateral-lat- 

eral fused mesogens [ 101 and display a slightly asymmet- 
ric H-like molecular shape with a rigid central core (sized 
about 11 X 12 A2) and four aliphatic chains. The identical 
chains (alkyl or alkoxy) are on the same diagonal of the 
H, so that the molecular length of the complex results from 
the length of the central core (about 11 A) plus the sum of 
the two longer chains. Therefore, along the homologous 
series N and N’, the addition of a further CH2 group in the 
ligand’s aliphatic chains will increase the molecular length 
of the complex only if the addition occurs in the longer 
chain. 

The AML values resulting from N and N’, are close to 
those found for the parent ligands LN and LM’, the alkyl 
chain remaining very short in all cases studied. Neverthe- 
less, their plots against the number, n or rn, of aliphatic 
carbons, respectively show interesting features. 

In particular, with reference to compounds having 
m = 12 and n = 1,2,3 (N’ series, (see figure 10)) the AML 
values for the mesophases follow the expected trend and 
are unaffected by n. Conversely in the solids Crl and Crz, 
the AML progressively increases with n. 

With reference to the series wherein m varies (N series, 
see figure 1 I ) ,  the AML values concerning either the Crl 
or the Cr2 solid phases increase with m. However, it should 
be pointed out that the increase is in both cases smaller than 
that theoretically calculated for fully elongated molecules 
(whose plot should have a slope of 1-25 X 2 per CH2). 

Furthermore, the influence exerted by rn is lower in the 
monolayered solid Cr, ( 0 4 A  per CH2) than in the 
bilayered solid Cr2 ( 1 . 1  A per CH2). The measurements 
carried out on the mean increment in AML values of the 
mesophases is 1.78A per CH2. This increment is higher 

32 1 I I I I 

26 

24 

A 

22 
0 1 2 3 4 

AML behaviour as a function of the number of 
carbons in the short chain (n) in the solids and in the smectic 
phases of the complexes (N‘ series): the open squares are 
for Crl (virgin solid), the triangles for the mesophases and 
the full dots for Cr2 (final solid). 

n 
Figure 10. 

40 

35 

30 

25 

20 

15 

10 

5 
0 4 8 12 16 20 

m 
Figure 11. AML behaviour as a function of the number of 

carbons in the long chain (m)  in the two solids and in the 
smectic phases of the complexes (N series): the open 
squares are for Crl (virgin solid), the triangles for the 
mesophases and the full dots for Crz (final solid). 

than that found for the solid phases and comparable with 
that of the mesophases of the ligands (i.e. 1.61 A per CH2). 

Remarkably, the AML values for the nematic phases are 
greater than for the solid phases only for the longest chains 
(m 2 7), and equal or smaller for the shortest chains. 

As we have already pointed out, the estimation of the 
AML value in a solid phase does not provide very reliable 
information about the molecular packing in this phase. The 
low values of the mean increment of the layer thickness 
per CH2 has to be related to the compact packing of 
complexes of asymmetric H shape in the solid phases, with 
the longest diagonal of the H tilted with respect to the 
normal to the layer planes. However, comparison with the 
mesophase behaviour could help us to understand the 
molecular organization of the mesophase. In the 
mesophase the other important parameter to be considered 
is the mean area per chain, which is directly related to the 
mean molecular area. 
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Tn the mesophases of the complexes, a linear depen- 
dence of AMI. is observed with rn, while AML does not 
depend on n. Therefore it seems that the alkyl chain is too 
short and does not increase the layer thickness of a SA 
phase. That is, the complex can be considered as built of 
a large core including the alkyl chains, surrounded 
symmetrically by the two alkoxy chains. The total number 
of carbons is 2m, and the apparent molecular length 
increases linearly with m: AML = L + rm. The half slope 
d 2  is 0.89hCH2 and gives the increment of AML for 
each new CH1 group; this value can be easily compared to 
the usual values ( = 1 A), while the extrapolated value for 
m = 0, 7.2 A is obviously shorter than the core length, as 
for the ligand. These two lengths allow us to estimate the 
ratio between the core and the chain densities p c  and pch. 

respectively. If it is assumed that the linear dependence of 
AML versus m, AML = L + am implies a constant molar 
area, this area will be that of the core and of any CH2 group. 
Therefore the volume ratio between the core and a 
methylene group is 

p c h  - MCH2 2Lc 
- and, --__- 
2Lc 
a pc Mc r 

where, MCHZ and M ,  are the mass of a methylene group and 
of the core respectively. 

In fact, in writing down this expression, we have to keep 
in mind not only that the core includes only the short alkyl 
chains, but also the difference in volume between methyl 
end groups and methylene groups. Under the assumption 
that molecular areas are independent of the chain length, 
the core has a sixfold higher density than the chains. This 
large ratio can be explained on the one hand by the fact that 
the core, which contains the heavy Pd2CL2 subunit, is 
confined (following our assumption in a thin layer-7.2 A 
compared to the expected core length-I 1 A) and on the 
other hand by the highly disordered state of the chains that 
are attached to a large core. 

Assuming a chain density of 0.5 g cm ’, the molecular 
area should be 47 A’, which holds as well for the core and 
the chains, and the mean density of the mesophase is 
1.1 g cm ~ ’ for compound 19 and 2.6 g cm- for com- 
pound 2. This mean area is consistent with the core 
dimensions 1 1 X 10 X 4.5 A. However the apparent core 
length is underestimated in this model. In fact the AML 
value of the two first homologues is consistent with a 
model in which the terminal groups of two adjacent layers 
are interdigitated; in other words the small apparent core 
length value is a measure of the overlap of the two ligands 
linked by the Pd2CI2 subunit. 

The fact that AML is independent of n and increases 
linearly with m can be related to the fact that the long chain 
(of length m )  has a tendency to fill the free space close to 
the short chain. Considering this tendency to a best 
occupancy of the space, we have to examine the global 

AML dependence versus m + n.  The previous discussion 
applies again, but we now consider that each paraffinic 
sublayer on each side of the core sublayer contains one 
alkyl and one alkoxy chain, in such a way that the core area 
is equal to twice the chain area. In order to take into 
account the asymmetric H geometry of the core, we also 
include the terminal methyl groups in the core, considering 
consequently that the first homologue 2 is at the origin of 
the series with a m + n  - 2  chain length. Taking into 
account the slightly different values for the slope of AML 
versus m + IZ (1.72 A) and of the core length (10.2 A), we 
can estimate the chain to core density ratio to be 0.23 
and the core area to be 49 A2, under the assumption of a 
chain density of 0.55 g cm ’, the mean density varying 
from 2-4gcm-’ for N = 2 to 1.04gcm-’ for N = 19. 
Obviously the two models are very similar, the only 
difference being the chain area, which is of 25 A2 in the 
second interpretation. However, in this model, the inter- 
face between two layers is shared by all the chains 
independently of their length. Therefore thc mean chain 
area has a value which compares to usual smectogenic 
molecules [ 1 I]. This model gives a good description of the 
organization of the shortest homologues. As the chain 
length is increased, the difference between these com- 
plexes and the usual rod-like mesogen is obvious: the low 
value of the chain density means that a long chain cannot 
f i l l  compactly the empty space around a short chain. 

It appears that, contrary to the copper complexes (but 
with a single copper atom), interdigitation of the chains 
from adjacent layers is not allowed. The tendency of the 
long chain of a complex to fill the free space left by the 
short chain of the same complex ensures a global lath 
shape to the complex which must be considered in relation 
to a biaxial behaviour. 

5. Conclusions 
The discussions on the molecular geometry displayed 

by the N and N’ complexes in relation to the packing 
properties, as deduced from arguments concerning the 
AML and area per chain, brings us to the conclusion that 
the interdigitated model fails. At the moment, we are 
unable to enter into the microscopic details of the origins 
of such a behaviour. But we can observe that the bimetallic 
bridge (Pd-C1)2 sterically leaves the two mesogenic ligand 
moieties at a larger distance than in mononuclear 
complexes (as for example the Cu complexes). Moreover, 
the electronic density arising from the two metals is so 
high that electric multipolar interactions cannot be 
excluded. However, on the basis of both steric and 
multipolar electrical interactions and according to 
Dowell’s arguments [12] (with reference, in  that case, 
to the re-entrant phenomena in polar liquid crystals), we 
suggest that the rigid cores have a high degree of order and 
a strong tendency to remain crystallized (so conferring 
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high transition temperatures on the mesogens). In ad- 
dition, the only way to obtain a partial loss of the positional 
order seems to be by the increase in entropy through the 
disorder induced by the presence of flexible chains. 
Therefore, the filling of the molecular empty spaces in the 
complexes N and N’ is achieved by a continuous 
dynamical curvature of the aliphatic chains (instead of by 
interdigitation of the molecules) or by an increase in the 
area occupied by the longest chains. 
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