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A rich variety of symmetric and non-symmetric liquid crystal dimers have been synthesised 

and studied in order to investigate their structure property relations; in particular their 

flexoelectric properties. 

The project is introduced in Chapters 1 and 2 where Chapter 1 gives a brief general 

background to liquid crystals and liquid crystal synthesis, and Chapter 2 gives a more detailed 

background to the flexoelectric effect. 

The research can be broadly divided into two parts. Chapters 3 and 4 focus on seven 

conventional non-symmetric liquid crystal dimer series containing two mesogenic groups 

ether linked through a flexible spacer. These non-symmetric dimers all contain a 

cyanobiphenyl mesogenic group at one end and either a poly-fluorinated biphenyl or a 

phenyl-cyclohexyl-alkane mesogenic group at the other. Almost all these materials possess 

nematic phases (and in one series a smectic phase) and show strong flexoelectric coupling to 

an applied field with some experiments yielding very large values for the flexoelastic ratio. 

Chapter 5 focuses on two series of bent core liquid crystal dimers, where the long chain 

spacer is divided by a catechol or resorcinol based disrupter group. The disruptor is located in 

the centre of the molecule and symmetric cyanobiphenyl mesogenic groups are at each end. 

These materials show a curious odd-even effect in the nematic-isotropic transition 

temperatures which is further investigated in Chapter 6 by reducing the symmetry of the 

compounds and studying the changes in the transitional properties. This was achieved in one 

series by changing the relative position of the catechol linking group along the spacer chain 

or, in a different series, by altering one of the mesogenic end groups to a di-fluorinated 

biphenyl (a mesogenic moiety studied in Chapter 3). 

The liquid crystal properties were investigated by optical microscopy, differential scanning 

calorimetry and deuterium NMR spectroscopy. The flexoelastic ratios were determined from 

the dependence of the tilt in the optic axis on an applied electric field. 
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5. Examining cyanobiphenyl dimers with a kink in the spacer 

5.1. Introduction 

With the knowledge that large switching angles and switching speeds could be obtained 

from conventional dimers such as those discussed in Chapters 3 and 4, our early design 

strategy for maximising the flexoelastic ratio focused more heavily on manipulating the 

shape of the materials through insertion of new chemical groups. Rather than subtly 

altering the chemical characteristics (i.e. changing the mesogenic moieties) resulting in 

an alteration in the order and the conformational distribution, the overall shape of the 

molecule was altered through the use of a small aromatic unit in the middle of the chain. 

The effect was to create a small or moderate angular kink in the molecule which was 

intended to increase the number of bent conformers in the nematic phase and reduce the 

melting point. The greater number of bent conformers should increase the average 

flexoelectric coefficients, e , and possibly reduce the elastic constant, K . Such materials 

would be advantageous for use in display devices. There is also the possibility that the 

new group could kink the dimer too much resulting in an increase in K and As. 

5.1.1. Symmetric cyanobiphenyl dimers 

It is known that reducing the molecular linearity of the liquid crystal destabilises liquid 

crystalline phase.^ Therefbre distorting the shape of a dimer, making the molecule less 

linear, is expected to destabilise the liquid crystal phase. 

The cyanobiphenyl group was selected as the mesogenic group of choice for a number of 

reasons. Primarily the group has been shown to stabilise nematic phases due to its shape 

and large longitudinal dipole. Groups like the Schiff-base moieties were avoided because 

they are prone to hydrolyse' and the lower melting dimers tend to give smectic phases^ at 

low temperatures. Equally, at this stage, fluorinated groups such as those described in 

Chapter 3 were not used as they were not sufficiently mesogenic. Although terphenyl 

groups are known to stabilise the nematic phase they also tend to raise the melting points 

making flexoelastic ratios practically difficult to measure or use in a final device.'* The 

cyanobiphenyl group, also used in other flexoelectric dimers, comes Aom a readily 

available precursor and is known to give large flexoelastic ratios in conventional dimers.^ 
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It is also the consistent component in all the non-symmetric dimers reported in this Thesis 

making the cyanobiphenyl moiety the best candidate for use in flexo-studies of mesogens 

with this molecular architecture. 

5.1.2. The use of disruptors In polymeric systems 

It is well-known in polymer compounds that substituted aromatics can be used to lower 

the melting point by disrupting the molecular shape of the polymer.^' ^ If the introduction 

of a disruptor significantly unfavourably alters the length-to-breadth ratio of the molecule 

the result is expected to also reduce the mesophasic properties of the system. With a large 

nematic range, however, it is intended that the cost in a sacrificial loss of liquid crystal 

stability is offset by gaining access to the mesophase at a lower temperature. In deciding 

upon which disruptor group to use, there were several considerations. The group would 

have to possess a shape which kinked the spacer group sufficiently to bias the 

conformational distribution towards less linear conformers without destroying the liquid 

crystallinity altogether. Incorporating this group into the structure had to be synthetically 

straightfiarward with as few steps as possible (if necessary, more synthetically 

sophisticated structures could be attempted once proof of concept was demonstrated). 

There appeared to be literally hundreds of group which could have been used to introduce 

a kink in the molecule. However there were some constraints on the selection of a given 

group, in particular: 

# It should promote more of a bent structure than the corresponding conventional 

dimers. 

® Starting material should be commercially available and preferably cheap. 

• Where possible it should not complicate the electronic structure of the material by 

the introduction of unnecessary hetro-atoms as this could complicate our 

understanding of where the molecular dipole lies and how this is affecting the 

flexoelectric behaviour. 

# It should not be so large as to destroy any liquid crystallinity 

• It needs to be stable to the synthetic reaction conditions. 

® The product needs to be thermally stable to melting and cooling cycles used in the 

analysis of the liquid crystalline properties. 
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The starting material should ideally be compatible with the types of molecular 

building blocks already available, (i.e. to react with the a,co-

bromoalkylcyanobiphenyl unit, there needs to be a nucleophilic centre on the 

disruptor unit) 

X X 
1 

X 

Figure 5.1 Variety of cyclic ring systems which were considered as disruptor units to generate a bend in 
the dimer structure. X represents either an oxygen or methylene unit. 

This leaves a short list of only a few potential cores which are shown in Figure 5.1. 

Synthetically, it is simpler to have hydroxyl groups at X rather than forming a methylene 

link. The presence of oxygen in this position has the advantage of promoting the stability 

of the nematic phase even though it does raise the melting point slightly.^ Other linking 

groups such, as esters which produce phthalate ester cores, were also considered (and 

attempted in a few cases) however, these were generally found to raise the melting points 

and lower nematic to isotropic transitions. There were advantages and disadvantages to 

each group. Groups 1 and 2 were very cheap to buy and reactions involving double alkyl 

substitutions are well-known^ however, there is a tendency for catechol and resorcinol to 

oxidise, especially under alkaline conditions. Naphthan-1,7-diol trimers are k n o w n a n d 

are predominantly monotropic. The size of the naphthylene unit is also larger and 

increases the melting point significantly. Groups 4 and 5 were interesting as the slightly 

flexible nature the cyclohexyl ring would be expected to help reduce the melting point 

and increase solubility" however 4 is not commercially available and 5 is available but 

only as a mixture of and rroMf isomers. Thus catechol and resorcinol were used as 
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core groups to produce a range of kinked dimers based around a 1,2- and 1,3-substituted 

benzene ring core. 

For clarity the mnemonics of the series considered in this chapter are given with their full 

systematic names in Figure 5.2. 

0 O-

o 

Cat(OnOCB)2 (Chapter 5) 
l,2-bis-[a-(4'-cyanobiphen-4-yloxy)alkyl-(o-
oxyjbenzene 

CN 

CN 

O 

O 

O 

o-

CN 

CN 

Cat(OmOCB)(OnOCB) (Chapter 6) 
] -[a-(4'cyanobipheny]-4-oxy)a]kyl ] -(o-oxy]-2-[ a'-
(4'cyanobiphenyl-4-oxy)alkyl-(o'-oxy]benzene 

O o-

0 1 JnO-

CN 

CN 

Res(OnOCB)2 (Chapter 5) Cat(OnOCB)(OnOBF2) (Chapter 6) 

1,3-bis-[a-(4'-cyanobiphen-4-yloxy)alkyl-a}-oxy]benzene ' -[a-(4 cyanobiphen-4-y]oxy)a]kyl-(D-oxy]-2-[a-
(2,4' -di f] uorobipheny I -4-y loxy )al ky I -m-oxy] benzene 

NC- -o ^o- -o. 

Qui(OnOCB)2 (Chapter 5) 
l,4-bis-[(i-(4'-cyanobiphen-4-yloxy)alkyl-a)-oxy]benzene 

, 0 , 

OH 

- 0 - -CN 

-CN 

Cat(OnOCB)(OH) (Chapter 6) 
1-[a-(4'cyanobiphen-4-yloxy)alkyl-c£)-oxy]-2-hydroxybenzene 

Figure 5.2 Structrures, mnemonics and systematic names for the dioxybenzene substituted liquid crystal 
dimers considered in Chapters 5 and 6. 
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5.1.3. Quinone linked dimer systems 

It has very recently come to our attention that a small range of dimeric compounds with a 

1,2- or 1,3-dioxybenzene core have been synthesised and characterised. '^ 'A reference 

in these recent papers refers to an earlier publication in which a subset of the 1,3-

dioxybenzene kinked dimers with symmetric cyanobiphenyl mesogenic groups is given. 

A short consideration of this work is given subsequent to the conclusions in this chapter. 

The 1,4-dioxybenzene based analogues made by Furuya et have been known for a 

considerably longer length of time and these results are given below. 

^ 180 

Figure 5.3 The temperatures of transition for 1,4-dioxybenzene core dimers where • denotes TcrN for 
Qui(OnOCB)2 and Tcri; • denotes T^i for Qui(OnOCB)2 and A denotes Tni for CBO(2n+6)OCB.'® 

The Qui(OnOCB)2 dimers are likely to form linear geometries in the nematic and so it is 

not surprising that the examples in Figure 5.3 were nematogenic and show both high 

melting and N-I transitions, which are both larger than the corresponding conventional 

cyanobiphenyl dimers (Note that CBO(2n+6)OCB is plotted in Figure 5.3 to take into 

account the double spacer and the extra atoms in the disruptor group). This is not 

surprising as the /'ora-substituted aromatic ring serves to elongate the structure and to 

make it more rigid. The other significant feature of Furuya's dimers is that there are no 

recorded transitions for the odd dimers. This is not as profound as it may first appear. It 

was shown by Attard et al}'' that the constant high melting point of the odd dimers was 

much larger than their Tni and by introducing a side alky! group on the core, the melting 
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point could be lowered enough to access the nematic phase. With these results in mind it 

would be prudent to look at another set of series of dimers, where examples with bent and 

linear disruptor groups have been made, and examine the effect of introducing a kink in 

the molecule. 

5.1.4. Phthalate, isophthalate and terephthalate ester linked liquid crystal 

dimers 

Benzene ester disruptors in liquid crystal dimers (phthalate (1,2-), isophthalate (1,3-) and 

terephthalate (1,4-)) are known compounds reported by Attard and Douglass.'^' The 

behaviour of Schiff-base moieties compared to cyanobiphenyl moieties is substantial both 

in terms of chemical stability and mesogenic behaviour. Similarly the difference in 

transition temperatures between ester (as in these examples) and ether spacer linkers (as 

in the materials reported later) is known to be significant.^" However, in spite of these 

differences, the comparison between and paya- substituted benzene cores 

may give some insight as to what will happen in the corresponding cyanobiphenyl 

dimers. The structures of the considered materials are shown in Figure 5.4 and the 

transition temperatures given in Table 5.1. 

.COOR 

COOR 

COOR 
R = 

0 - \\ 
N-

m\ 
H 

COOR 

,COOR 

COOR' 
Figure 5.4 Structure of phthalate, isophthalate and terephthalate core, Schiff-base liquid crystal based 
dimers. For the purposes of this analysis, n=3-6 and m=4. 
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Table 5.1 gives the transition temperatures (available in the literature) for these series. 

For the purposes of this Thesis, however, we shall restrict ourselves to a simple analysis 

of the nematic-isotropic transitions for each series (see Figure 5.5). 

m = 4 

n Cr SmF/I SmB SmC SmA N I 
Ortho 3 • 100 • (38) • (58) • (64) • (67) . 

4 • 86 • • (50) • (56) . 
5 • 83 • (49) • (60) • (62) . 
6 • 81 • (57) • (65) . 

Meta 3 • 116 • (104) • 

4 • 96 • (%0 * 
5 • 104 • (85) • (101) . 

6 • 83 • (57) * (6% • (64) • (79) • (81) . 

Para 5 • 140 (132) • 148 # 
6 * 114 • 

Table 5.1 Table of transition temperatures in °C for phthalates, isophthalates and terephthalate core dimers 
fo rm = 4 and n = 3 - 6. Only data for n = 5, 6 for the terephthalates was available. 

The most significant feature is that almost all the mesophases are monotropic. In fact 

only the nematic phase of the para-substituted core for n = 5 is enantiotropic. This is 

expected as the materials become more linear and the liquid crystal phase more stable. 

150 

140 

130 

120 

110 
u 

100 
H 

90 

80 

70 

60 

50 

Figure 5.5 N-I transition temperatures for the three series reported in Table 5.1 where • denotes the 
phalate core series, A denotes the isophthalate core series and • denotes the terephthalate core series. 

The plethora of different mesophases seen is almost certainly a consequence of the 

mesogenic moieties used. Schiff-base mesogenic groups are known for exhibiting a 
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variety of different smectic phases so it is not surprising that such a rich liquid crystal 

polymorphism is observed. However the nature of these phases change with different 

disruptor groups as they cause the molecule to be more kinked. Cyanobiphenyl dimers do 

not show such a rich morphology and as we shall see later in the series that are studied, 

almost exclusively, only nematic phases are observed. 

For the phthalate based dimers, the melting points are reduced as the substitution on the 

disruptor becomes closer. However, they fall by less than the corresponding Tni resulting 

in the monotropic behaviour. In the case of the cyanobiphenyl 1,4-dioxybenzene linked 

dimers, the nematic phase is much more stable and from this we might be tempted to 

predict that the 1,2- and 1,3-dioxybenzene core dimers should be stable enough to 

produce an enantiotropic nematic phase for some spacer lengths. 

In these series the nematic phase of the odd members appears to be generally more stable 

than for the even, however the extent of the odd-even effect is lessened the more bent the 

molecule becomes so much so that the phthalate cores show no appreciable alternation. 

It is unwise to Ibrm Orm expectations based on trends seen on a group of materials which 

are very different in structure and chemical composition compared to 1,2-dioxybenzene 

linked, cyanobiphenyl dimers. However the decrease in melting point and phase stability, 

the increase in observable smectic character and the reduction in the degree of alternation 

between odd and even members appear to show some basic changes with shape which 

may well be mimicked by the proposed dioxybenzene core dimers. 

5.2. Synthesis of novel kinked symmetric dimers. 

5.2.1. Details of the synthesis 

Synthesis of the 1,2-dioxybenzene and 1,3-dioxybenzene based dimers was achieved by 

reaction of a cyanobiphenyloxy-a-alkyl-co-bromide with catechol or resorcinol, 

respectively. Synthesis of the alkylating agent is described in full in Chapter 3 with 

experimental details given in Chapter 7. 
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n = 4 - 12 

(a) Catechol, DMF, K2CO3, Nal, 80°C 
(b) Resorcinol, DMF, K2CO3, Nal, 80°C 

Figure 5.6 Synthesis of (a) I,2-dibenzoxy-bis-(a-alkyl-o)-oxycyanobiphenyl) dimer (Cat(OnOCB)2); (b) 
1,3-dibenzoxy-bis-(a-alkyl-a3-oxycyanobiphenyl) dimer (Res(OnOCB)2). 

Chain 
length n 

l,2-dibenzoxybis-(a-alkyI-
co-oxycyanobiphenyl) 

l,3-dibenzoxybis-(a-alkyl-
(o-oxycyanobiphenyl) 

4 52% 38% 
5 46% 37% 
6 34% 74% 

7 24% 59% 
8 68% 52% 
9 45% 70% 
10 92% 64% 
11 60% 71% 

12 63% 24% 

Table 5.2 Yields of pure product obtained for Cat(OnOCB)2 and Res(OnOCB)2 series where n = 4 - 12. 

The synthetic route for each series is given in Figure 5.6 and the range of yields are listed 

in Table 5.2. It should be noted that in the case of the 1,2-dioxybenzene substituted 

materials the synthesis was conducted over the course of a year and not in numerical 

order (e.g. 7 was attempted first). The variation in yields is, therefore, due to a number of 

factors relating to the nature of the materials. These include increasing experience and 

range of different techniques to achieve higher yields and purity. The final optimum 

procedure is reported in Chapter 7 although some of the problems associated with the 
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syntheses are considered here. In the case of the reactions with resorcinoi, lower yields 

were generally found when the chain length was short where the cyanobiphenyl group is 

close to the aromatic ring and so, presumably inhibiting the second substitution resulting 

in yields as low as 38% for n = 4. When the chain is very long, where the chain 

presumably gets in the way of the second substitution, the yields are also adversely 

affected (e.g. for n = 12; yield = 24%). Although the double alkylation of the catechol 

appears straightforward, control of the reaction to obtain good yields was less trivial. The 

aerial oxidation of dihydroxy-benzenes to form a di-ketonic group which spontaneously 

oxidizes to a variety of dark brown organic biproducts is well-known^' and is vastly 

accelerated in the basic conditions necessary for alkylation. Quantifying this process is 

impossible, but can be crudely assessed based on the yield of the reaction. The most 

straightforward way of reducing this side reaction is to remove the oxygen from the 

system by nitrogen purging the solvent for up to 30 min immediately before use and 

maintain a positive pressure of nitrogen over the reaction during its course. In spite of 

this, some oxidation inevitably did take place. The solvent of choice for this reaction was 

dry, HPLC grade DMF, due to its high boiling point and solubilising properties. In each 

case the anion was preformed (visible by the clear change in colour to a pale blue on 

addition of base before the onset of oxidation). 

Generally the reaction was left for an extensive period of time. Even with the sodium 

iodide as the catalyst better yields were generally obtained if the reaction was left for 

seven days rather than three and certainly better than just overnight. Given that this 

alkylation is an SNz type reaction occurring twice there are two steps in the process. 

From qualitive analysis of the electronic inductive (1+) and mesomeric (M+/-) effects of 

each successive alkylation, the second deprotonation and alkylation is likely to be the rate 

determining step (since formation of the anion will be destabilised by an 1+ movement of 

charge into the aromatic ring resonating to ortho and para positions). Thus it would be 

expected that a significant quantity of monosubstituted material would be produced and 

this is indeed what is observed. Such is the difference in acidity of the protons that 

sodium hydride is used in preference to potassium or caesium carbonate when 

deprotonating the second hydroxyl group in the non-symmetric syntheses (described in 
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Chapter 6) however, curiously, the use of sodium hydride in the symmetric synthesis 

made no difference to the yield when used in symmetric synthesis. 

It should also be noted that literature preparations of dialkylated catechols also include 

procedures involving ethanol and potassium hydroxide. This method was attempted but 

gave a chronic yield of 8% with a poor recovery of starting materials. NMR of the crude 

showed no major biproduct. As such the procedure was not pursued any further. 

Procedures involving phase catalysts tended to use DCM or chloroform as the organic 

solvent. Since the previous reaction gave poor yields at low temperatures (comparable to 

re fluxing chloroform) this method was not investigated further. 

Workup was generally achieved by one of two methods depending on the availability of a 

vacuum with sufficiently low pressure to be able to remove DMF below 90 degrees by 

rotary evaporation. Where this was not possible workup was achieved by precipitation of 

the product by addition of water followed by filtration through celite and washing with 

water. In one case (n = 8) crystallisation from neat DMF was achieved but this was never 

repeatable and the crystal structure is given later in Figure 5.7. 

Synthesis of the 1,3-disubstituted materials was achieved by a very similar method. DMF 

was removed by rotary evaporation and treated exactly as for the 1,2-dioxybenzene 

series. 

Purification had to be achieved through column chromatography. However, in the case of 

the 1,2-dioxybenzene compounds, this was complicated by the monomer and dimer 

having very similar Rf values irrespective of the solvent polarity. This was due, 

coincidently, to the polarity of the free aromatic -OH group on the monomer being 

equivalent in its attraction to the silica compared to the extra molecular weight on the 

disubstituted dimer. This became increasingly more problematic as the spacer length 

became longer. It was fortuitous that the 1,3-dioxybenzene derivatives were more easily 

purified as the separation by column chromatography was considerably better. 

The monosubstituted catechols are discussed in Chapter 6 and fully characterised in 

Chapter 7. 

5.2.2. Molecular characterization 

Insolubility of the cyanobiphenyl moiety is widely known by those chemists who handle 

it in the synthetic lab. Generally chlorinated organics are the solvents of choice. These 
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materials were no exception as they tended to dissolve only in THF, DMF and 

chlorinated solvents at room temperature. This limited the solvents available for both 

chromatography and crystalisation. In the case of the latter, a variety of solvents were 

used with little success and then only for even dimers. 

Figure 5.7 The unit cell of (top) Cat(080CB)2 containing six molecules, three in the asymmetric unit 
(found in Appendix E); (bottom) Cat(090CB)2 containing 8 molecules, 1 in the asymmetric unit (found in 
Appendix E). 
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Indeed until very close to completion of this Thesis, no odd dimers had been successfully 

crystallised and studied via single crystal X-ray diffraction. However we have data now 

for Cat(OnOCB)2 where n = 8 and 9 which n = 8 crystallised from DMF and n = 9 was 

recrystallsied from ethyl acetate. 

We cannot reliably use conformational information from the crystal structure to predict 

the conformational distribution in the nematic. However, it does reveal what structure the 

crystal is likely to be melting from and, may offer some clues as to why the transition 

temperatures behave as they do with changing parity. Also, as a straightforward 

crystallographic comparison, they are interesting as the structure is very diOerent to that 

seen for conventional dimers. 

Comparing the two structures for n = 8 and 9 (see Figure 5.7) we see that there are a 

number of similarities between them. Their overall conformational structure is U-shaped, 

the significance of which we will discuss later. Fundamentally each molecule can be 

thought of in two parts, the aliphatic region which consists of the two methylene spacers 

and the aromatic parts which consists of the two cyanobiphenyl groups and the 1,2-

dioxybenzene moiety. These regions appear to effectively separate in the crystal with the 

aliphatic chains packing most closely together and the aromatic groups, particularly the 

cyanobiphenyls arranging themselves to maximise a number of favourable intermolecular 

interactions. The geometry of the aromatic groups in both cases suggest weak hydrogen 

bonding between the cyano nitrogen and aromatic protons on a neighbouring biphenyl 

which are similar to those found in di-cyanobenzene.^^ The biphenyls tend to adopt a T-

shaped geometry from quadrupolar interactions (edge-to-face contacts) between the rings. 

23.24 

For both molecules these short contacts along with those originating from the ether links 

are likely to be opportunistic interactions rather than structure directing which probably 

results simply from efficient molecular packing. 

On closer inspection of the unit cell and the crystal data given in Table 5.3 we see that the 

symmetry of the unit cell is different for each molecule and curiously, in spite of the 

more disordered spacer chain, it is the Cat(090CB)2 which has the higher symmetry. We 

can also see that in both crystal structures the molecules are packed head-to-tail, however 

the n = 9 has a 1:1 packing whereas n = 8 has a 1 ;2 ratio which is an artefact of the 
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dififering symmetry. Again, we cannot read too much into these differences as each 

crystal was obtained from different solvent system however this arrangement forms a 

pseudo-layer structure which is best appreciated when rotating the crystal structure rather 

than from a stationary picture (see the attached CD). 

a = 9 .4379(3) A T = 120(2) K 

RMM = 720 .92 b = 24 .5343(10) A A = 0 . 7 1 0 7 3 A 

Triclinic P-1 0 = 27 .8878(11) A D c = 1.213 Mq/m^ 

V = 5920.8(4) 0 = 109.848(2) ' M = 0.076 mm' ' 

Z = 6 8 = 96 .750(2) ' 0 .10 X 0.10 X 0.06 mm^ 

Ri = 0.0576 Y = 97.960(2) ' Pale beiqe shard 

C50H56N2O4 a = 8 .8233(2) A T = 120(2) K 

RMM = 749.01 b = 17 .7886(4) A A = 0.71073 A 

Orthorhombic Pbca 0 = 52 .8278(12) A Dc = 1.200 Mq/m^ 

V = 8 2 9 1 . 5 ( 4 ) a = 90 .00 ' M = 0.075 mm' ' 

Z = 8 P = 90 .00 ' 0 .05 X 0 .05 X 0 . 0 2 mm^ 

Ri = 0 . 1 2 9 4 V = 90 .000 ' White shard 

Table 5.3 Crystal data for (top) Cat(080CB)2; (bottom) Cat(090CB)2 

The parity of the spacer chain does result in some difference between the two structures. 

The biggest difference is in the conformation where n = 8 is clearly more linear than that 

of n = 9. This results from not only the natural shape of the all-trans odd spacer, but also 

from the larger number of gauche links in both chains. 

Primarily, however, there is a common conformational shape which is the closed U-shape 

and although we cannot draw conclusions about conformations in the nematic from the 

crystal structure, we can consider that this may be a plausible conformation in the 

nematic. If we also consider the entropy of melting (given in Table 5.6) we see that there 

is very little variation in ASmeit/R with change in parity and all these values are 

comparable to those seen for the CBOnOCB series.'^ From this we may speculate that 

any change in conformation at melting is likely to be neither drastic nor particularly 

different for either the odd or even dimers. 

5.3. Physical data for the l,2-dibenzoxybis-(-a-alkyl-co-oxycyanobiphenyl) series 

The examination of the materials via optical microscopy to study their phase behaviour 

revealed a variety of unexpected results. As we shall see, the nature of the phase (i.e. 

nematogenie) was expected, however, the variation in the transition temperature as a 
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function of spacer length was not. Beyond the microscope obtaining reliable physical 

data on the 1,2-dioxybenzene disruptor series to unravel the mysteries of its behaviour 

proved capricious. The DSC data, X-ray scattering data and NMR spectroscopy gave 

a series of results which were either uninflarmative, perplexing or both. 

5.3.1. Optical microscopy 

It is well known that the cyanobiphenyl dimers tend to favour nematic phases.̂ ^ It is, 

therefore, not surprising that the entire series synthesised show purely nematogenic 

behaviour albeit monotropic in some cases. Most of the materials generally show 

Schlieren textures consisting of two and four brush defects (see Figure 5.8 and 5.9) 

consistent with a uniaxial nematic. In some materials in the catechol series there are a 

remarkably large number (or though not exclusively) of two brush defects which are 

thought to be indicative of a biaxial nematic phase.̂ ® 

There is evidence that certain members of the series exhibit dif%rent crystal phases 

depending on the temperature, rate of cooling, mechanical stress and the conditions of 

crystallisation (i.e. from solvent or from the melt). For example, n = 8 fbr the 

Cat(OnOCB) series melts sharply from solvent crystallised solid at 126 °C to an isotropic 

liquid. On cooling it forms a nematic at 115 °C and then can be supercooled and 

crystallised at about 100-105 °C. If this crystal phase is cooled rapidly and/or subjected to 

mechanical stress a second crystal phase is induced and has been observed under the 

microscope. Apart from the texture of the two crystal phases being quite different, the 

structure of each crystal phase is unlikely to be similar as their respective melting points 

are quite different. 
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Figure 5.8 All optical texture pictures were taken on cooling showing nematlc phases Cat(040CB)2 taken 
at 141 °C, 0.99Tni (top left); Cat(050CB)2 taken at 92 °C, 0.99X^1 (top right - note the bright region is the 
liquid crystal texture, the darker areas are regions which are crystallising); Cat(060CB)2 taken at 122 °C, 
0 .99Tni ( b o t t o m lef t ) ; C a t ( 0 7 0 C B ) 2 t a k e n at 7 4 °C, 0 .96Tn i ( b o t t o m r i g h t ) . 

The first crystal phase, formed on cooling, melts at -109 °C into a nematic which clears 

at 115 °C and appears to be enantiotropic. The second crystal phase is similar to that 

formed from solvent crystallisation as it melts at 126 °C to an isotropic liquid. This 

behaviour is reproducible and observed in the DSC traces for subsequent heating/cooling 

cycles. This behaviour is observed in some of the other members of the series (e.g. n = 6 

and n = 10) and seen quite clearly in the DSC although it is not so easily observed under 

the microscope. 
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Figure 5.9 All optical texture pictures were 
taken on cooling showing nematic phases 
Cat(080CB)2 taken at 113 °C, I.OOTni (top 
left); Cat(090CB)2 taken at 67 °C, 0.94Tni 
(top right); Cat(0100CB)2 taken at 102 °C, 
0.98Tni (middle left); Cat(0110CB)2 taken 
at 81 °C, 0.97Tni (middle right); 
Cat(0120CB)2 taken at 101 °C, I . O O T n i 

(bottom left). 
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Figure 5,10 DSC plot of the first heating and cooling cycle for Cat(060CB)2. Endothermic transitions are 
given as peaks (e.g. on heating) and exothermic transitions are given as troughs (e.g. on cooling). Here we 
see on heating, two separate melting peaks corresponding to the two different crystal structures in the solid. 
The second peak vanishes for subsequent heating cycles as this polymorph is apparently favoured by 
solvent crystallisation. 

Figure 5.10 shows that there are two large exothermic transitions which correspond to 

melting transitions. From microscopy observations made on the sample the two large 

exothermic transitions correspond to two different crystal forms in the same solid 

melting. Often this transition is only seen in the first heating cycle and successful 

observation of these different melting transitions under the microscope (when the sample 

is not a thin film) is capricious. This is compounded by the fact the microscope only can 

see a small region of the sample. Where, under the microscope, the two crystal forms 

coexist, it is possible to see some regions melt prior to others at temperatures 

corresponding to those seen in the DSC experiments. Where this sort of polymorphic 

behaviour is seen, data for the melting points is generally taken from the DSC results 

(corrected to the microscope calibration). 
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5.3.2. Phase behaviour 

5.3.2.1. Relating the structural conformers to the phase behaviour 

In Chapter 3 we built up a theory guided picture of how first uniaxial monomers behaved, 

then biaxial monomers, and then finally we looked at flexible molecules like liquid 

crystal dimers. It was noted that introducing the flexible spacer complicated the 

calculations considerably since not only did they need to account for the geometry of the 

spacer, but also its conformational energy, the length, the parity as well as the anisotropy 

of the mesogenic groups. 

Analysis of the liquid crystal properties of the dimers showed that whilst it was tempting 

to consider the dimers in their all-trans form, this failed to quantitatively explain their 

properties. For example, it would be expected that for the linear even dimers the ordering 

should be like that of a monomer when in fact it is the bent (seemingly less anisotropic) 

odd dimers which behave more like monomers. Similarly for the entropy of transition 

(which is related to the ordering) the values for the even dimers are substantially larger 

than would have been expected for a simple linear molecule like a monomer. 

These differences are accounted for by the molecular field theory which includes all the 

different conformations with the coupling between the orientation and conformational 

order. It is found that the anisotropic environment favours the more elongated conformers 

over the bent confbrmers subject to the constraints of the conformational energy needed 

to adopt such a confbrmer. 

From this we can conclude that looking at the all-trans or even a handful of 

conformations does not give any reasonable quantitative indication of how the dimers 

behave in the liquid crystal. However, this simplistic approach does provide some 

qualitative appreciation of the odd-even effect in simple dimers. Therefore we may be 

able to use this approach to gain some understanding of how the more complicated 1,4-, 

1,2- and, later in Section 5.4.2.1, 1,3- substituted dioxybenzene dimers behave. 
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We have seen in Figure 5.3 how the 1,4- dimer showed a large odd-even effect in T NI-

Figure 5.11 Sketch of a 1,4- substituted dimer with an even number of atoms in the linking spacers in the 
all-trans form. The mesogenic groups depicted in green are parallel to the para substituted benzene (shown 
in red) emphasised by the blue lines. 

Considering the shape of the all-trans conformer it can be seen in Figure 5.11 that for 

even spacers the mesogenic groups are parallel to each other and to the central group 

resulting in a highly anisotropic shape. The rigid central core helps support the anisotropy 

along the molecule. 

The odd spacers appear very similar except, as shown in Figure 5.12 they are no longer 

parallel to the central group and the benefit of the rigidity of the linker is not only lost, 

but it counts against the anisotropy in the molecule reducing the nematic stability 

considerably. 

Figure 5.12 Sketch of a 1,4- substituted dimer with an odd number of atoms in the linking spacers in the 
all-trans form. The mesogenic groups depicted in green are not parallel to the para sunstituted benzene 
(shown in red) emphasised by the blue lines. 
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It should be noted however that the 'odd' spacer is in fact overall still even as each spacer 

arm has been increased by one methylene each (over all two) symmetrically. However 

this result still does not fully explain the very large odd-even effect observed. 

U 180 

H 160 

10 11 12 

Figure 5.13 Nematic to isotropic transition temperatures for Cat(OnOCB)2 and CBOnOCB. Here, • 
denotes Tni for Cat(OnOCB)2 and A denotes Tni for CBOnOCB. 

Looking at the data for Tni for Cat(OnOCB)2 we see that there is a distinct odd-even 

effect as the spacer length increases. The behaviour which we observe is typical of an 

odd-even alternation similar to that observed in Tni for the CBOnOCB dimers (see Figure 

5.13). A full comparative analysis between these two series is undertaken in Section 

5.3.2.3. As with the 1,4-dioxybenzene linked dimers we should note that each spacer arm 

increments by one symmetrically meaning that there should be no odd members and 

hence we would expect there to be an odd-even effect. 

Figure 5.14 Sketch of a 1,2- substituted dimer with an even number of atoms in the linking spacers in the 
all-trans form. 
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Considering the all-trans examples for a typical even dimer (an example is given in 

Figure 5.14) we see that the mesogenic groups are not parallel and the structure seems 

highly bent which is unlikely to be compensated for by the central ring. However 

comparing the 1,2- and 1,4- dimers we see why there would be such a difference in the 

nematic stability as the 1,4- conformer is, by comparison, highly anisotropic. 

R 
Figure 5.15 Sketch of a 1,2- substituted dimer with an odd number of atoms in the linking spacers in the 
all-trans form. 

The confusion arises when we consider a typical odd dimer such as that given in Figure 

5.15. Here we see that the mesogenic groups are parallel and, despite the small length-to-

breadth ratio, the molecule is considerably more anisotropic than the even analogue. So 

we are left with two problems to consider for the 1,2- substituted dimers (the 1,3- dimers 

are considered later). 

1) Why do the dimers show a distinct odd-even effect in TNI? 

2) Why are the even dimer nematics more stable than the odd? 

We have very little evidence to support any further speculation and selecting certain 

conformers out of the distribution is known to give unreliable results. So we propose a 

sketch view of what the dominant conformers in the distribution may look like and 

comment the observations we have to support this view and what evidence could be 

gathered given the facilities. 

TO address the issue of the presence of the odd-even effect, it can be considerd that the 

end link in the chain is gauche and not trans. This, although unintuitive, has been shown 

to be the more stable form. If we make the change to the diagrams in Figure 5.14 and 

5.15 we can see that this does decrease the length-to-breadth ratio in both cases, but in 

terms of the overall shape, it does not make the even dimer sufficiently more anisotropic 

than the odd dimer. 
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