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INTRODUCTION 

The increasing interest on mesogenic polymers has widened the discus- 
sion about basic questions concerning the relationships between ste- 
reochemical nature and mesophasic properties of the molecules. 

One point concerns the evaluation of the degree of order of the 
nematic phase exhibited by many rigid or semiflexible linear polymers. 
A second question, concerning the latter class of polymers, is about 
the way the flexible spacers, on one side, contribute to the ordering of 
the nematic phase and, on the other side, are subjected to conforma- 
tional limitations. 

Very few cases are known of experimental evaluation of the order 
parameter at the isotropization transition on nematic polymers in 
bulk. One reason for this paucity is that orienting a polymeric nematic 
phase with a magnetic field has proved to be sometimes a difficult task 
that requires high fields and long exposure times.' 

Only very recently order parameters for nematic polyesters of 
formula (Clo H 20- 0-+-COO-+-0- C H 20- O-+-OCO-C#PO),~ have 
been evaluated from magnetic susceptibility measurements.2 They are 
reported to be in agreement with the theory that calculates, for this 
class of semiflexible polymers, higher values of the order parameter 
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170 J. A. BUGLIONE. A. ROVIELLO AND A. SIRIGU 

than for low molecular weight (monomer) molecules, although not as 
high as expected for rigid rod-like macromolecules.3 

As an indirect indication of the degree of order of a nematic phase 
at the isotropization temperature the ratio AS,/AS, has been utilized, 
AS, being the molar isotropization entropy and AS, the total molar 
entropic change associated to the multistage transformation “most 
stable solid phase at low temperature” +“isotropic liquid”. For a 
large number of low molecular weight nematics the AS,/AS, ratio, 
whch can be evaluated in a straightforward way from scanning 
calorimetry measurements, ranges between - 0.02 and - 0.05. 

The evaluation of AS,/AS, for nematic polymers causes some diffi- 
culty, The molar isotropization entropy, AS,, has been measured 
without problems for several nematic semiflexible polymers4-’ and the 
corresponding values are usually significantly hgher than those mea- 
sured for low molecular weight molecules whose stereochemical nature 
is coincident or very similar to that of the monomeric unit of the 
polymer. T h s  is particularly true for polymers whose monomeric unit 
contains an even number of atoms in the backbone chain of the 
flexible part. 

The value of AS1 for polymeric samples cannot be obtained from a 
single calorimetric measurement unless the crystallinity of the sample 
is known. We have recently evaluated the molar melting enthalpy of 
some semiflexible nematic polyesters by the diluent method. The 
ratios ASJAS, could be calculated.* They range between - 0.07 and 
- 0.17, the hgher values being obtained with polymers having an 
even number of atoms in the backbone chain of the flexible part of the 
monomeric unit. Similar results have been reported by Griffin and 
Havens’ for other semiflexible polymers. 

These results favour the assumption that even in the presence of 
flexible spacers of considerable length and conformational mobility 
the coupling between successive monomeric units is effective in pro- 
ducing some stiffening of the polymer chain that pushes the degree of 
order of the nematic phase to values higher than those usually ob- 
served for an assembly of independent low molecular weight mono- 
meric units. To find a simple check for t h s  idea we have examined the 
liquid crystal behavior of low molecular weight compounds of for- 
mula: 

CH3 

CH 3 -- (CH 2 )4 -coo* A=,,* ooc , 
CH 2 

I / 
C H 3 - ( C H 2 ) , - C O O ~ C = C H - @ - O O C  
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LOW MOLECULAR WEIGHT COMPOUNDS 171 

and 

CH3--(CH2)4-C00-@bN--N=(!-@-00C / 

CH3 CH3 (CHZ) n 

CH3-(CH2)4-COO-@-C!=N-N=C-@-OOC I / 

These are the simplest molecules that contain the structural element 
peculiar to the related polymers namely a flexible spacer bound at 
both ends to a mesogenic rod-like molecular group. For the sake of 
brevity these molecules will sometimes be called “dimers”. 

EXPERIMENTAL 

Two sets of compounds have been synthesized corresponding to the 
following general formula: 

CH3 (CH,),COOR-OOC(CH2) n -  2-COO-R-OOC(CHZ),-CH3 

where 

H 
n = 4 + 16. 

CH3 

For the sake of conciseness compounds with 

R = -@--C(CH3)=CH-@ 

will be indicated by the symbol An while those containing the group 

will be indicated by the symbol Bn. 
Compounds An may exist in three isomeric forms corresponding to 

three different ways in which two methylstilbene groups may follow 
each other. Nothing has been purposively done to resolve this struc- 
tural ambiguity which, by the way, is present also in the polyesters 
containing the same rigid group. Compounds An should therefore be 
considered as mixtures of three isomers. 
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172 J. A. BUGLIONE. A. ROVIELLO AND A. SIRIGU 

Synthesis of compounds An 

The procedure followed for the synthesis of t h s  class of compounds 
will be illustrated by the detailed description of the preparation of 
A10. Compounds with formula 

CH,(CH2),--COCI, 

ClOC(CH 2)8COC1 

were preliminarily synthetized following standard procedures.' Com- 
pound 

was prepared as follows. 30.0 g of (111) were dissolved in a mixture of 
140 cc anhydrous dioxane and 25 cc anhydrous pyridine. 17.8 g of (I), 
dissolved in 50 cc dioxane were slowly (1 hour) added at room 
temperature. The reaction was allowed to proceed for further 20 
minutes. The reacted mixture was then poured in 2500 cc ice water 
containing 4.64 cc sulfuric acid. The solid precipitate was filtered and 
treated with boiling CHCl,. The suspension was filtered with Na2S0, 
and finally refiltered and cooled at - -15°C. Unreacted (111) sep- 
arates and is eliminated by filtration. n-heptane is added to the 
chloroform solution which is cooled again at - -15°C and (IV) is 
obtained by crystallization. The compound was purified from diester 
by successive (at least two) crystallizations from n-heptane/chloro- 
form (25%) solutions and its melting behavior monitored by differen- 
tial scanning calorimetry. The proton NMR spectrum (Figure 1) is in 
accordance with the formula. 

(IV) is a mesogenic compound that melts at 362.3 K and becomes 
isotropic at 368.0 K. The nature of the mesophase was not investigated 

P P M  
L . . . .  I . . . .  1 . . . .  I . . . .  1 -  . . I  . .  # - . - . I  

1 

8.0 7.0 6.0 5.0 4.0 3 .O 2.0 1.0 0 
FIGURE 1 Proton NMR spectrum of CH,(CH2),COO-9C(CH,)=CH-~-O€I. 
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LOW MOLECULAR WEIGHT COMPOUNDS 173 

but the value of the molar isotropization enthalpy (1.0 kJmol-') is 
probably indicative of a nematic phase. 

For the preparation of A10, 0.5076 g of (IV) were dissolved in a 
mixture of 6 cc chloroform and 0.3 cc pyridine. To th s  solution, 
0.1870 g of (11) (10% less that the stoichiometric amount) were added 
at room temperature in - 30 minutes. The reacted mixture was then 
poured to 300 cc ice water containing 0.18 cc sulfuric acid. The 
chloroform phase was separated, dried with sodium sulphate and 
filtered. A10 was crystallized from a chloroform (15%)-ethanol solu- 
tion. Further purification was obtained by column chromatography 
(silica gel + chloroform as eluent). The proton NMR spectrum is 
consistent with the formula. 

Synthesis of compounds Bn 

For the preparation of compounds Bn a synthetic route analogous to 
that described above was followed. The compound with formula 

H O a C ( C H 3 ) = N - N = ( C H 3 ) C  0 0 OH 

was prepared according to a well established procedure." The inter- 
mediate compound 

was purified by crystallization from chloroform (25%)-n-heptane solu- 
tions. Its proton NMR spectrum is consistent (Figure 2) with the 
formula. It melts to an isotropic liquid at 394.5 K. The purification of 
compounds Bn was obtained via crystallization from chloroform 
(15%)-ethanol solutions and successive column chromatography on 
silica gel-chloroform. The proton NMR spectra are consistent with the 
formula. The mesophasic properties of compounds An and Bn were 
examined by differential scanning calorimetry (Perkin-Elmer DSC-2), 
X-ray diffraction (flat-film camera, CuKa and CrKa radiations) and 
polarizing microscopy (Leitz polarizing microscope + Mettler FP5 
microfurnace). 

The DSC examination of both classes of compounds confirmed 
their uniform purity. At 10 K mir-' heating rate the melting transi- 
tion of compounds An takes place within 4 K and the isotropization 
transition is accomplished within 2 K. The corresponding values for 
compounds Bn are respectively 3 K and 1.5 K. At the same heating 
rate the melting of a ,comparable amount of an indium standard 
(Fluka 99.999% purity) takes place within 2 K. The systematically 
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174 J .  A. BUGLIONE, A. ROVIELLO AND A. SIRIGU 

P P M  I 

, . . . . I .  . .  I . . . . L . . . . l . - . . l  
I 

8 0  7 0  60 50 40 30 20 ID  0 
FIGURE 2 Proton NMR spectrum of 

CH3 (CHI  )4COO-+-C( CH,)=N-N=( CH, )C-+-OH 

larger melting interval observed for compounds An might be con- 
nected to the Occurrence of constitutional isomerism, as previously 
indicated. A further control was performed by extrapolating at zero 
scanning rate isotropization and anisotropization temperatures. Dif- 
ferences not larger than 0.6 K were obtained. 

RESULTS AND DISCUSSION 

The first point that deserves discussion is the elucidation of the nature 
of the liquid crystal phases shown by compounds An and Bn. 

They were prepared under the assumption that they might be 
nematogenic. In this case the comparison with their polymeric homo- 
logues would have had a more direct sigmficance. The observation at 
the polarizing microscope led to the conclusion that, with the excep- 
tion of A4, A5, A6 and A8 which exhibit two mesophases all the 
examined compounds show one liquid crystal phase. Schlieren textures 
were easily observed in all cases (for A4, A5, A6 and A8 schlieren 
textures were observed with the mesophase stable at higher temper- 
atures). Ths, however, is not sufficient to qualify the nature of the 
mesophase. The X-ray diffraction pattern of the mesophase, registered 
at an appropriate temperature for each compound (the hgh  temper- 
ature form was examined for A4, A6 and A8) is compatible with a 
nematic structure. However, because of instrumental limits, this fea- 
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LOW MOLECULAR WEIGHT COMPOUNDS 175 

ture by itself does not rule out the possibility for the mesophase to be 
smectic with a periodicity larger than - 75 A. A Bragg diffraction 
line corresponding to a lattice distance of 44.7 k 1 A for A4, 47.0 & 1 
A for A6, and 50.5 k 1 A for A8 characterizes the X-ray diffraction 
pattern of the mesophase stable at lower temperatures. These values 
have been measured at 458 K (0.97), 423 K (0.93) and 413 K (0.98) 
respectively for A4, A6 and A8. To make data more easily comparable 
the measuring temperatures were chosen for nearly equal values of the 
ratio T/T,, (given in parentheses) T, being the liquid-liquid transition 
temperature. 

Assuming average literature values for bond lengths and bond 
angles, the length of A4, A6 and A8 in their most extended conforma- 
tion is 44 A, 46.5 A and 49 A respectively. These values, provided the 
observed diffraction lines are first order ones, are in favour of a 
smectic structure with the long molecular axes normal to the smectic 
planes. In fact, the van der Waals separation between contiguous 
smectic layers that would bring the calculated smectic periodicity 
beyond the experimental values may well be compensated by the 
shortening of the molecular axis connected to the conformational 
disorder that, even in a smectic phase, possibly affects the polymethyl- 
enic portions of the molecule. A fan texture was observed for A4, A5, 
A6 and A8 in the smectic phase (Figure 3). The mesophasic properties 
of binary mixtures of A6 with the nematogenic compound with 
formuld' 

C H , ( C H , ) , C O O a C H = N - N = C H  0 OOC(CH2)2CH3 0 
(4,4'-dibutanoyloxybenzalazine) (Figure 4) leads to the conclusion that 
the high temperature mesophasic form is nematic (only a partial 
miscibility of the smectic phase of A6 with test compound is observed). 
On the other hand, the smectic-nematic transition is characterized by 
a very small, hardly measurable molar enthalpic change. This might 
qualify the smectic phase as of A type. This is the most disordered of 
all smectic phases and S, + N phase transitions involving very small 
thermal effects have been already reported. For example,12 4,4' di-n- 
hexylazoxybenzene exhibits a monotropic S, + N transition with an 
enthalpic change of 0.02 kJ mol-' while the molar isotropization 
enthalpy is 0.57 kJ mol-'. On the other hand, the McMillad3 model 
for the smectic A phase indicates the possibility for a S, + N phase to 
be very weakly first order or even second order. 

The smectic phase exhibited by A8 transforms into a nematic phase 
(as we believe it is by analogy with A6) with an even smaller molar 
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176 J. A. BUGLIONE. A. ROVIELLO AND A. SIRIGU 

FIGURE 3 Smectic texture shown by A6 at 442 K: crossed polarizers. 

enthalpic change. Actually, only with highly purified samples could 
the phase transition be detected by the DSC method. Among the four 
compounds ehb i t ing  the suggested smectic phase, A4 shows the 
highest value of the molar enthalpic change of the smectic-nematic 
transition. 
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LOW MOLECULAR WEIGHT COMPOUNDS 

n + i  

A k + I c  

V K  

*h+n 

460 - 

1 I7 

I,,,,,,,,, 
0 20 40 60 80 m IC 

FIGURE 4 Phase diagram of the binary mixture formed by A6 and 

CH, ( CH2),COO-~-CH=N-N=CH-+OOC( CH 2 )  ,CH, . 

(1 - m/lOO) = mole fraction of A6. 

To define the nature of the mesophase exhibited by the series Bn, 
the phase diagram of the binary system 

B12 + CH,(CH,),-COO 

was examined (Figure 5). The mesophase shown by B12 is nematic. 
The regular trend along the series of the thermodynamic quantities 

of the mesophase, the absence of liquid crystal polymorphism and the 
lack of any evidence of smectic periodicity in the X-ray diffraction 
pattern of the shorter member of the series supports the conclusion 
that the mesophase is nematic for all of them. 

To conclude, we think that sufficient evidence has been given 
supporting the nematogenic character of the examined compounds. 
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178 J. A. BUGLIONE. A. ROVIELLO AND A. SIRIGU 

0 20 40 60 80 m 100 

FIGURE 5 Phase diagram of the binary mixture formed by B12 and 

CH 1 (CHz)zCOO-+CH=N- N=CH-@-OOC( CH 2 )2CH 3 

( 1  - m/100) = mole fraction of B12 

The thermodynamic data relative to the phase transitions are re- 
ported in Table I (Figure 6 )  and Table I1 (Figure 7). On Table I data 
concerning some homologous polymers are listed for comparison. 

Several features have to be pointed out. The first, and most im- 
portant one, concerns the considerably high isotropization molar 
enthalpies (the same is true for the entropic changes) measured for the 
even members of the series ( n  even). This produces a very pronounced 
odd-even alternation the same way it has been observed for the 
polymers. The following examples illustrate the point. The molar 
isotropization enthalpy of A12 is 6.7 kJ mol-'. This compound is the 
dimeric homologue of 

C H , ( C H ~  ),-COO+C(CH~ )=CH-@OOC(CH~ ),CH 1 .  

which is a nematogenic compound whose molar isotropization en- 
thalpy is 1.09 kJ mol-'. Such a marked difference between the two 
compounds points out that a dimeric molecule in a nematic phase is 
not equivalent to two successive uncoupled monomeric units. Ths  is 
not so evident when the flexible inner part of the dimeric molecule 
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LOW MOLECULAR WEIGHT COMPOUNDS 

TABLE I 

Thermodynamic data of the series An 

K-K K-LC LC-I 
n T AH T A H  T AH A l l ,  R,, R ,  

179 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 - 

409.0 57.6 488.0 6.59 64.2 
395.4 26.1 399.0 30.2 433.1 1.95 58.2 

393.0 49.9 482.0 6.22 56.1 
396.3 60.8 431.0 2.02 62.8 
395.8 57.2 460.4 6.77 64.0 
388.5 62.0 425.7 2.64 64.6 
385.0 66.9 442.8 6.86 67.0 
384.0 67.0 420.0 2.90 74.8 

342.5 10.8 387.0 57.3 430.4 6.71 78.8 
376.1 15.5 387.4 59.8 414.9 3.53 79.0 
344.0 9.6 388.6 54.9 421.4 6.87 82.4 
377.6 14.8 389.2 63.6 412.3 4.04 90.5 
348.5 11.1 390.0 72.7 413.3 6.73 

,103 
,033 
.111 
,032 
,106 
,041 .08 
,103 
,043 . lo  
,090 .19 
,045 .09 
,087 .15 
,049 
,074 

1. Symbols and units; n = number of carbon atoms in the 
flexible spacer; K-K = solid phase transition; K-LC = melting 
transition to an anisotropic liquid; LC-I = isotropization transi- 
tion. Transition temperatures Tare given in Kelvin scale u( T ) / T  
= 0.001. Molar transition enthalpies (AH)  are expressed in 
kJ mol-’ 0.05 t o(A H)/A H t 0.01. 

2. A4, A5, A6 and A8 show a smectic-nematic phase transition 
at 470.5 K;  410.0 K; 456.0 K and 421.5 K respectively with molar 
transition enthalpy less than 0.5 kJ mol-’. 

3. A14 shows an additional solid phase transition at 378.0 K 
(AH = 7.52 kJ mol-I). 

4. A Hr is the total value of the enthalpic change from the solid 
phase stable at low temperature to the isotropic liquid. 

5. R ,  and R ,  are the ratios AH(LC-I)/AHr for dimeric and 
polymeric homologues respectively. 

contains an odd number of carbon atoms ( n  odd). For example: 
compound 

is nemat~genic’~ and the molar isotropization enthalpy is 0.62 kJ 
mol- ’. The dimeric compound that more closely approaches the 
stoichometry corresponding to two “monomeric” molecules is A1 1 : 
its molar isotropization enthalpy is 2.64 kJ mol-’. A similar feature 
occurs within the series Bn. 

The molar isotropization enthalpy of B12 is 8.17 kJ mol-‘ and the 
corresponding value for a compound with formula 

CH, (CH,),COO-@C(CH,)=N--N=(CH,)C-@OOC(CH~~,CH, 
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+ o k + I  .- A k + n  

n + i  
1 

- 

- \\ 
1 I I 1 , , 1 , , , , 1 ,  

4 6 8 10 12 14 16 

FIGURE 6 Enthalpic changes for the phase transitions shown by the srrieh An. 

TABLE I1  

Thermodynamic data of the series Hn 

K-K K-LC LC-I 
I f  T A H  T A H  T A H  A H T  R,, 

6 449.0 16.0 
7 
X 
9 

10 
11 
12 376.0 3.27 
13 
14 3YO.5 5.55 
15 3Y3.0 2.04 
16 397.0 6.31 

455.4 
431.6 
440.1 
425.3 
432.8 
425.4 
430.0 
426.6 
429.0 
425.5 
426.7 

45.2 
71.8 
63.0 
69.9 
67.9 
82.7 
74.0 
90.3 
78.8 
88.1 
82.1 

5089  9 3 1  7 0 5  
4695  3 3 3  7 5  1 
491 5 9U4 170 
4646  3 x 1  7 3 7  
4766  X77 7 6 1  
4585  4 5 9  8 7 3  
4 6 4 0  8 1 7  8 5 5  
4 5 2 0  4 7 5  95 1 
4 5 4 9  7 6 9  92 1 

4465 1 4 6  9 5 9  
4 4 4 9  4 x 5  Y ~ O  

,132 
,044 
. I25 
,052 
.114 
,053 
,096 
,050 
,084 
,051 
,078 

For s)mbols and units bee notes to Table I 
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FIGURE 7 Enthalpic changes for the phase transitions shown by the series Bn. 

is 1.34 kJ mol-’ (Rf. 18). For B11 and for the “monomeric” com- 
pound15 with formula 

C(CH3)=N-N=(CH,)C 

the measured value are 4.59 kJ mol-’ and 0.96 kJ mol-’ respectively. 
A simple explanation of the large odd-even fluctuations of the 

thermodynamic quantities involved in the isotropization transition 
takes into account molecular geometry factors. Figure 8 shows the 
most extended conformation for one “even” and one “odd” molecule. 

It  is apparent that the “even” molecule has a more elongated and 
rectilinear shape than the “odd” one and is capable of packing with 
identical molecules in a more tightly parallel arrangement with respect 
to a selected direction. But it is remarkable that in both cases several 
conformations containing one or more gauche bonds in the inner 
spacer are possible that do not drastically change, with respect to the 
extended conformation, the overall molecular shape and elongation 
(Figure 8). For molecule A4 this conclusion does not hold. The gauche 
conformations of the inner CH,-CH, bond produce a severe distor- 
tion of the molecular shape which is hardly compatible with a nematic 
packing. It is likely that the trans conformation is highly preferred in 
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C d e 
FIGURE 8 Simplified stereochemical models for one “even” (A8, B8) and one “odd” 
(A7, B7) dimeric molecule. Only the main chain bonds of the spacer are shown. The 
non-trans conformations (a, b, e) contain two gauche bonds. 
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the nematic phase. The molar isotropization enthalpy of A4 (6.6 
kJ mol- ') should therefore include a substantial conformational con- 
tribution relative to the onset of gauche conformations in the inner 
spacer. This contribution, however, should not be greater than - 1.1 
kJ mol-'. (This quantity is calculated taking into account the statisti- 
cal weight of the two gauche conformations at 490 K provided the 
energy difference between gauche and trans conformation is 2.1 
kJ mol-' (i.e. has only intramolecular origm) and no gauche confor- 
mations occur in the nematic phase). The conclusion is that the major 
contribution to the isotropization enthalpy is related to the loss of 
orientational order and to volume change. 

A detailed explanation of the trend followed by the molar isotropi- 
zation enthalpies as a function of the length of the inner spacer is not 
a straightforward matter. In fact we must expect that nematic ordering 
and conformational mobility play interactive roles. The following 
discussion offers only a tentative scheme. 

For both series of compounds, An and Bn, the molar isotropization 
enthalpy of the odd members increases with increasing n. The average 
incremental factor is 0.25 A n  kJ mol-' for An and 0.20 A n  kJ mol-' 
for Bn. Let us suppose, as an extreme hypothesis, that this increment 
is totally to be ascribed to conformational transformations of the inner 
flexible spacer to take place at the isotropization transition. Taking 
into account that the energy difference between trans and gauche 
conformations in an isolated polymethylene chain is 2.1 kJ mol-', the 
conclusion would be that the isotropization produces a rather small 
increase of gauche conformations (one more gauche bond every - seven bonds for the An series, one more every - nine for the Bn 
series) with respect to the nematic phase. This means that, unless an 
ad hoc hypothesis is made for the structure of the isotropic phase 
(namely the persistence of a high fraction of trans bonds), the average 
conformation of the flexible parts is largely disordered also in the 
nematic phase. This is also the most likely conclusion to be drawn for 
the even members of the series. 

For the An series the molar isotropization enthalpy is almost 
independent of n (the incremental factor is 0.04 A n  kJ mol-') while 
for the Bn series it decreases with increasing n: incremental factor 
- 0.2 A n  kJ'mol-'. In both cases the feature is incompatible with the 
assumption of a large contribution coming from a further conforma- 
tional disordering of the inner spacer. The more sensible appears the 
picture that assigns comparable roles to the conformational contribu- 
tion and to the orientational one, but, if the former is likely to increase 
with increasing n we are left with the conclusion that the latter must 
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be a decreasing function of n. Ths hypothesis is consistent with the 
decreasing behaviour of the AH,/AHT (or A S , / A S T )  ratios as a 
function of n for both series of compounds. Whether all that really 
means order parameter decreasing with increasing n for n even and 
increasing with increasing n for n odd is now under scrutiny by NMR 
spectroscopy on deuterated homologues. 

We conclude by summarizing the observed similarities between 
dimers and chemically related polymers. 

-The nematogenic character of the dimeric molecules is preserved 
in the polymers. 

-Odd-even fluctuations of the thermodynamic quantities depend- 
ing on the length of the flexible spacer are observed in a correspond- 
ing way for the two classes of compounds. 

-Rather large values of the A H , / A  HT ratios are found both for the 
dimeric and polymeric molecules particularly for the even members of 
the series. 

It appears that a dimeric molecule may be taken with some confidence 
as a model compound for the investigation of the mesophasic proper- 
ties of a polymeric homologue. 

SUMMARY 

Molecules containing two rigid groups connected by a flexible spacer 
have been prepared. They have the following general formula: 

CH~-(CH~),-C00-R-00C(CHz),_,-COO-R-OOC(CH~)~-CH~, 

the rigd group R being either 

-+-C(CH,)CH-+- or -+C(CH,)=N-N=(CH,)C-+- (4 I n 5 16). 

The mesophasic, nematogenic, properties of these compounds are 
compared to those of the monomeric and polymeric homologues. 

Dimeric molecules, particularly those containing an even number of 
carbon atoms in the flexible spacer show considerably high values of 
the molar enthalpy of isotropization. As a consequence, the odd-even 
fluctuations of that thermodynamic quantity are remarkably enhanced 
as compared to the monomeric homologues. In this respect, a similar 
feature was observed for the homologous polymers. 

Both series of compounds exhibit a moderate variation of the molar 
isotropization enthalpy as a function of the length of the inner spacer. 
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This feature discourages the hypothesis that the isotropization tran- 
sition might involve a drastic increase of gauche conformations for the 
flexible portions of the molecule. 
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