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In view of the importance of molecular structural features, particularly the molecular curvature, that form the basis for the appearance and stabilization of the twist-bend nematic (Ntb) phase, the present work reports a computational study on a set of cyanobiphenyl dimers. In these dimers, the chemical nature of the linkage between the spacer and mesogenic units has been systematically varied by incorporating either methylene, ether, or thioether groups. Through computational modeling, we calculated the bend angle between the two mesogenic arms from all-trans conformations as well as Boltzmann-weighted average bend angle from conformational ensembles for each dimer. It was observed that the incidence of the Ntb phase is not only sensitive to the degree of molecular bend angle but also the conformational distribution. The present analysis recognized that the Ntb phase is only seen in liquid crystal dimers that have a sufficiently bent molecular structure. In addition, we have found a strong dependency of transitional properties upon these molecular factors. The changes in the phase transition temperatures appear to be a direct consequence of discrete changes in the molecular bend angle, as this is the major difference when comparing these dimers.

Introduction:

For many decades, liquid crystal display (LCD) technology has been based on the classical uniaxial nematic (N) phase formed by rod-like molecules with their long axes oriented in average along a common direction (defined by the so-called director) but with their centers of mass randomly distributed in space and relatively free to move like in a common liquid. In part due to fundamental scientific interest and driven by new technological motivations apart from displays, the existence of new stable nematics has been continuously searched. The continuing search led to a surprising discovery of a positionally disordered phase in certain liquid crystal (LC) compounds that adopt conformations leading to a bent along the molecular long axis, particularly the oddparity LC dimers [START_REF] Panov | Spontaneous periodic deformations in nonchiral planar-aligned bimesogens with a nematic-nematic transition and a negative elastic constant[END_REF], [START_REF] Cestari | Phase behavior and properties of the liquid-crystal dimer 1′′, 7′′-bis (4-cyanobiphenyl-4′-yl) heptane: a twist-bend nematic liquid crystal[END_REF]. Besides dimers, the Ntb phase has also been observed in a wide variety of other structures such as higher oligomers [START_REF] Arakawa | Phase behaviors of classic liquid crystal dimers and trimers: Alternate induction of smectic and twist-bend nematic phases depending on spacer parity for liquid crystal trimers[END_REF], bent-core liquid crystals [START_REF] Chen | Twist-bend heliconical chiral nematic liquid crystal phase of an achiral rigid bent-core mesogen[END_REF], [START_REF] Sreenilayam | The NTB phase in an achiral asymmetrical bent-core liquid crystal terminated with symmetric alkyl chains[END_REF], and hydrogenbonded systems [START_REF] Walker | Twistbend nematogenic supramolecular dimers and trimers formed by hydrogen bonding[END_REF], [START_REF] Walker | Spontaneous chirality through mixing achiral components: a twist-bend nematic phase driven by hydrogenbonding between unlike components[END_REF]. However, in all of them, the Ntb phase is largely a consequence of molecular bend (curvature). Because of the bent shape of prevailing molecular conformations, the local director in this phase is believed to follow a twist-bend geometry forming a heliconical structure with an extremely short pitch [START_REF] Borshch | Nematic twist-bend phase with nanoscale modulation of molecular orientation[END_REF], thus, commonly identified as the twist-bend (Ntb) phase. The materials forming the Ntb phase are interesting not just owing to the unique structure of this phase and its properties but also potential exploitation of such materials in many new applications, i.e., in tuning selective reflection of light [START_REF] Xiang | Electrically tunable selective reflection of light from ultraviolet to visible and infrared by heliconical cholesterics[END_REF], memory devices [START_REF] Prasad | A soft-bent dimer composite exhibiting twist-bend nematic phase: photo-driven effects and an optical memory device[END_REF], [START_REF] Zaton | Photo-driven effects in twist-bend nematic phases: Dynamic and memory response of[END_REF], LC gels [START_REF] Sridurai | Effect of gelation on the Frank elastic constants in a liquid crystalline mixture exhibiting a twist bend nematic phase[END_REF], photoalignment technology [START_REF] Feng | Manipulation of the nanoscale heliconical structure of a twist-bend nematic material with polarized light[END_REF], sensors [START_REF] Mrukiewicz | Wide temperature range of an electrically tunable selective reflection of light by oblique helicoidal cholesteric[END_REF], faster switching displays [START_REF] Panov | Microsecond linear optical response in the unusual nematic phase of achiral bimesogens[END_REF], etc. Despite the most vigorously researched topic in liquid crystal science, the Ntb phase remains extensively debated over its structure and properties, resulting in a disparity between experimental results and theoretical modeling [START_REF] Vanakaras | A molecular theory of nematic-nematic phase transitions in mesogenic dimers[END_REF], [START_REF] Samulski | The twist bend nematic: a case of mistaken identity[END_REF], [START_REF] Dozov | Setting things straight in 'The twist-bend nematic: a case of mistaken identity[END_REF]. Alternatively, to the usual twistbend nematic model [START_REF] Dozov | On the spontaneous symmetry breaking in the mesophases of achiral bananashaped molecules[END_REF], the polar-twisted (Npt) geometry [START_REF] Vanakaras | A molecular theory of nematic-nematic phase transitions in mesogenic dimers[END_REF] has also been proposed for this new nematic phase. Thus, the dilemma of adopting either the Ntb or Npt model has not been resolved yet, as neither of these geometries has been fully established experimentally. Also, despite a large body of studies devoted to the Ntb materials [START_REF] Panov | Spontaneous periodic deformations in nonchiral planar-aligned bimesogens with a nematic-nematic transition and a negative elastic constant[END_REF]- [START_REF] Panov | Microsecond linear optical response in the unusual nematic phase of achiral bimesogens[END_REF], many of their properties and molecular features influencing the onset of the Ntb phase have not been fully conclusive.

The Ntb phase's formation is highly sensitive to any slight changes in the molecular shape [START_REF] Forsyth | Liquid crystal dimers and the twist-bend nematic phase: On the role of spacers and terminal alkyl chains[END_REF], [START_REF] Mandle | Molecular Flexibility and Bend in Semi-Rigid Liquid Crystals: Implications for the Heliconical Nematic Ground State[END_REF], namely, the amount of molecular bent that is described by the inter-arm angle between the para-axes of the two mesogenic units. The extent of this molecular bend is driven by the chemical makeup of the spacer linking the mesogenic units, terminal substituents, and the length of the spacer [START_REF] Forsyth | Liquid crystal dimers and the twist-bend nematic phase: On the role of spacers and terminal alkyl chains[END_REF]. Such molecular scale properties are also crucial from the synthesis point of view, considering the design of new materials with targeted properties [START_REF] Walker | The twist-bend phases: Structure-property relationships, chirality and hydrogen-bonding[END_REF]. However, it is challenging to extract them directly through bulk experiments in which many molecules are interrogated simultaneously and primarily averaged out properties are observed. Therefore, molecular modeling techniques serve as an alternative tool [START_REF] Kumar | Effect of fluorine substitution on the core geometry and refractive indices in biphenyl-cyclohexane liquid crystals: A DFT study[END_REF] that could explore key structural and conformational features to clarify the intimate relationship between certain molecular characteristics and the appearance of the Ntb phase. Figure 1. Molecular structures of the studied dimers and the acronyms used to refer to them. The phase transition temperatures of these compounds are listed in Table 1 [START_REF] Mandle | The dependency of nematic and twist-bend mesophase formation on bend angle[END_REF], [START_REF] Archbold | Effect of the linking unit on the twist-bend nematic phase in liquid crystal dimers: a comparative study of two homologous series of methylene-and ether-linked dimers[END_REF], [START_REF] Archbold | Conformational landscapes of bimesogenic compounds and their implications for the formation of modulated nematic phases[END_REF], [START_REF] Arakawa | Twist-bend nematic liquid crystals based on thioether linkage[END_REF], [START_REF] Arakawa | Methylene-and thioether-linked cyanobiphenyl-based liquid crystal dimers CB n SCB exhibiting room temperature twistbend nematic phases and glasses[END_REF]. The arrows are used to indicate all possible dihedrals.

Driven by this, the current work reports density functional theory (DFT) calculations on a series of cyanobiphenyl liquid crystal dimers. These dimers are based around a differing spacer from the parent material CB9CB that results in CB8OCB, CBO7OCB, CBS7OCB, CBS7SCB, and CB8SCB as depicted in Fig. 1. In these acronyms, CB represents the cyanobiphenyl unit, the number indicates the number of methylene units in the spacer, and O and S respectively refer to the ether and thioether linkages between cyanobiphenyl units and the spacer. These spacers were chosen to alter the shape of the molecule while maintaining a constant spacer length that allows for comparing the role of the chemical nature of the spacer on the emergence of the Ntb phase and its properties. The rotational isomeric state (RIS) method [START_REF] Flory | Foundations of rotational isomeric state theory and general methods for generating configurational averages[END_REF] was developed to describe the conformational behavior of polymers giving proper attention to the structural details of flexible chains. A polymer conformation is defined by a set of bond lengths, bond angles, and dihedral angles. The bond lengths and bond angles do not change significantly and hence only the rotations about single bonds have the potential to alter the shape of a polymer chain. Analysis of the potential energy for the rotations about these single bonds reveals that the dihedral angles are clearly not free to adopt all possible values. All rotations could be possible, but subject to lower energy states, dihedral angles will assume some specific preferences. On this basis, the fundamental idea of the RIS approach is: the torsion angles of any backbone chain of each molecule are restricted to adopt a set of discrete values corresponding to the minima of torsional potential, instead of a full torsional angle distribution. These discrete dihedral angles define a set of rotational isomeric states for each bond, giving rise to certain types of conformations.

Molecular Modelling:

In order to estimate molecular parameters, including optimized molecular geometries and torsional profiles, quantum mechanical (QM) DFT calculations were carried out at the B3LYP/6-31G** level of theory. We then used the obtained information for a complete mapping of conformational space to generate a library of conformations for each compound based on the RIS model. 

Results and Discussion: Molecular Structure Calculations:

In the studied liquid crystal dimers, two mesogenic units are attached to a flexible spacer having eight rotatable bonds. In order to achieve their well-optimized geometries, it is important to know the equilibrium values of all dihedrals in the central spacer by studying their torsional potentials. For that purpose, in an initial step, systematic scans were performed by employing a step size of 2° for the C-C-C-C, C-C-O-C, C-S-C-C, and C-C-C-O dihedrals. Because of the local symmetry, the potential energy was scanned over a restricted range of 0-180 instead of a full 360 rotation to reduce computational time. For each step of torsional rotation, the geometry of the remaining degrees of freedom is relaxed so as to obtain accurate total energy. For each scan, the dihedral energy of the absolute minimum was taken equal to zero.

The rotational potentials (relative energy E vs dihedral angle) obtained for the mentioned dihedrals are presented in Fig. 2. It can be noted that all four dihedrals have a three-fold torsional energy profile. For the C-C-C-C bond rotation, the trans (absolute minimum) conformation is positioned at 180° while two symmetric minima lie at about ±66° with the trans-state more stable than the gauche-states by 2 kJ/mol. Due to the symmetry, for all other C-C-C-C dihedrals of the spacer, while scanning each bond independently, the torsional profiles are expected to be similar. For the C-C-C-O dihedral in the ether-linked compounds, however, a gauche linkage ( 64) was found to be in the lowest energy state. The energy difference between the calculated ground state and the trans conformation was found to be 1.2 kJ/mol. The torsional potential due to the rotation about the C-C-O-C exhibits an absolute minimum for the trans-state; relative minima are found at 82, which are higher in energy than the trans one by about 1.9 kJ/mol. The C-S-C-C dihedral exhibits two equivalent minima relative to the trans-state that are separated by an energy barrier of 0.3 kJ/mol and located at 67. The obtained values are consistent with those previously reported [START_REF] Paterson | Understanding the twist-bend nematic phase: the characterisation of 1-(4-cyanobiphenyl-4′-yloxy)-6-(4cyanobiphenyl-4′-yl) hexane (CB6OCB) and comparison with CB7CB[END_REF]. Although the present calculations illustrated that, in ether-linked dimers, the gauche state conformation is more stable than the trans one by E1.2 kJ/mol (Fig. 2(d)), more elongated conformation (all-trans state) is expected to be dominant in an ordered liquid crystalline phase [START_REF] Emsley | The structure and conformation of a mesogenic compound between almost zero and almost complete orientational order[END_REF]. Therefore, the all-trans conformation is considered to reflect a better illustration of the average molecular shape. This consideration is in keeping with previously reported inferences [START_REF] Cruickshank | Sulfur-linked cyanobiphenyl-based liquid crystal dimers and the twist-bend nematic phase[END_REF]. It has also been demonstrated experimentally for both methylene-and ether-linked dimers that the all-trans conformations are preferred over other conformations [START_REF] Mandle | The shape of things to come: the formation of modulated nematic mesophases at various length scales[END_REF]. In view of this, it should be reasonable to analyze the structural/transitional properties with the central spacer in all-trans conformation. Based on the implication that the all-trans conformation is dominant, full geometry optimizations were carried out with the all-trans state as a starting geometry, without imposing any constraints. The optimized molecular structures for CB9CB, CB8OCB, CBO7OCB, CBS7OCB, CBS7SCB, and CB8SCB are shown in Fig. 3. They clearly resemble a bent nature via the angle between their mesogenic arms that were determined through atomic coordinates about 111.4 for CB9CB, 128.8 for CB8OCB, 145.3 for CBO7OCB, 127.4 for CBS7OCB, 94.1 for CBS7SCB, and 101.1 for CB8SCB. The obtained molecular curvatures are markedly different from each other which can be strongly attributed to the differences in the bond angle between the para-axis of the mesogenic unit and the first bond in the linking spacer. For methylene (C-C-C), ether (C-O-C), and thioether (C-S-C) linkages, this angle was estimated at ca. 113.2, 119.2, and 100.4, respectively. It turns out that the molecular curvature (or linearity) in dimers is directly proportional to this angle. Therefore, the inter-mesogenic angle for CBS7SCB was significantly smaller 94.1 than all other molecules. This value is much lower than the one computed by Arakawa et al [START_REF] Arakawa | Twist-bend nematic liquid crystals based on thioether linkage[END_REF], where they found it around 109, however, in perfect agreement with the one reported by Cruickshank et al [START_REF] Cruickshank | Sulfur-linked cyanobiphenyl-based liquid crystal dimers and the twist-bend nematic phase[END_REF], about 94 for CBS5SCB. It is important to note that in all these studies, the thioether (C-S-C) bond angle was estimated at around 100 which is in consistent with the one reported in the present study (100.4). This value is also in excellent agreement with the one (100.6) obtained by single-crystal X-ray structural analysis [START_REF] Arakawa | Carbonyl-and thioether-linked cyanobiphenyl-based liquid crystal dimers exhibiting twist-bend nematic phases[END_REF]. Ascribed to the larger C-O-C angle 119.2, CBO7OCB dimer has an almost linear molecular geometry with a molecular bend of 145.3 and therefore tends not to form the Ntb phase. Whereas the single ether-linked dimers CBO8CB and CBS7OCB with the molecular bends of 128.8 and 127.4 are known to have the ability to form the Ntb phase. Other than CBS7SCB for which our DFT calculations suggest a much lower value of the molecular bend, our calculations are consistent with the reported molecular bend values for all other molecules [START_REF] Arakawa | Selenium-linked liquid crystal dimers for twist-bend nematogens[END_REF].

Considering that the molecular curvature is of key importance for the thermal stability of N and Ntb phases too [START_REF] Mandle | The shape of things to come: the formation of modulated nematic mesophases at various length scales[END_REF], we sought to figure out the nature of the correlation between the molecular bend angles of studied dimers and their phase transition temperatures. Based on the obtained all-trans conformation for each molecule, as it is presumed to be dominant, we have plotted the reported transition temperatures N-I (TN-I) and Ntb-N (TNtb-N) against molecular bends in Fig. 4. One can see that both transition temperatures exhibit a dependency on the molecular bend angle. In the present case of dimers, the TN-I values increase almost linearly with an increasing molecular bend which agrees with the trends reported in the literature [START_REF] Arakawa | Selenium-linked liquid crystal dimers for twist-bend nematogens[END_REF]. The Ntb-N transition temperature is also reported to have a dependence on the molecular bend, displaying a temperature profile in which TNtb-N values increase with increasing molecular bend angle, until a maximum value [START_REF] Mandle | The dependency of nematic and twist-bend mesophase formation on bend angle[END_REF], before decreasing again for larger. However, through the analysis of all-trans conformations, we could not confirm such a dependence. To put it briefly, even though the phase transition temperatures and occurrence of the Ntb phase could depend on other aspects too, the obtained information acknowledges that the bend angle is a determining factor for the emergence and stabilization of the Ntb phase. 

Conformational Distribution:

As is generally the case, a single energy-minimum conformation is not enough to gauge the molecular curvature and other properties of flexible molecules such as LC dimers which can assume a wide range of conformations. Therefore, we move to study the conformational landscape of each dimer from which we can obtain the information not only concerning the full distribution of bend angles but also on weighted average molecular bends. Within the framework of the RIS model, the number of possible conformations can be of the order of N m ; where N=the number of rotatable bonds and m=the number of rotations about each bond. Based on threefold rotations, each dihedral is allowed to be in three states (gauche-/trans/gauche+) according to the energy minima obtained in the previous section. Consequently, for each dimer under consideration having eight dihedrals (m=8) in the spacer, the total number of generated conformations is 3 8 =6561. These dihedral rotations are depicted in Fig. 1 by red arrows (in the central part). We then extracted the coordinates of atomic positions for each conformation to calculate the mutual orientation (bend angle) of the two mesogenic units. The rotations about inter-ring bonds and the linkage bonds between a phenyl ring and the flexible spacer (all represented by green arrows) are also possible. These rotations do not affect the overall geometry of the molecule and therefore were not considered in the present calculations.

The results of these calculations (probability for each bend angle) are presented in a histogram-based visualization in Fig. 5. The conformational distributions are considerably different for each compound, however, all of them follow nearly the same pattern, where the majority of conformations extend from about 60-150 corresponding to bend angles with most [START_REF] Xiang | Electrically tunable selective reflection of light from ultraviolet to visible and infrared by heliconical cholesterics[END_REF] probable conformations. There exists a significant probability associated with the so-called hairpin conformations (arbitrarily chosen for the bend angles below 60). In addition, particularly for the CBO7OCB dimer, there is a very small probability of linear conformations (assigned here for the bend angles > 150) that could result from gauche defects in the spacer [START_REF] Archbold | Conformational landscapes of bimesogenic compounds and their implications for the formation of modulated nematic phases[END_REF]. It has been previously suggested that the use of single conformation (all-trans global minimum) is not sufficient in determining the molecular curvature or other structural properties that are of key importance for the formation of the Ntb phase [START_REF] Archbold | Conformational landscapes of bimesogenic compounds and their implications for the formation of modulated nematic phases[END_REF]. As it turns out from Fig. 2 as well, the energy difference between trans and gauche states is insignificant for some dihedrals, in such a case, the use of a single lowest-energy conformation disregards the contributions arising from other conformations that could be significantly populated. Therefore, it is desirable and more realistic to represent such flexible molecules not just by a single structure but a probabilityweighted average of many conformations. To quantify this, the probability of a conformation was determined from the energy that was calculated while generating conformational ensembles for each compound. Through the energy of every single conformation, we obtained a Boltzmann distribution (at a temperature of 300K) determining an average bend angle for each molecule. The values obtained are presented numerically in Table 2 and, for comparison, molecular curvatures for the all-trans conformations are also listed. It turned out that the conformationally averaged bend angles are markedly different compared to the bend angles of all-trans conformations. This illustrates clearly that, by adopting either of these two conformations, one can reach very different results. For analyzing this, in Fig. 6, we again plotted the transition temperatures against conformationally averaged molecular bends. Both transition temperatures exhibit a different angular dependence when compared to the ones obtained against the molecular bends of all-trans conformations (see Fig. 4). The overall trend of TN-I is to ascend with an increasing bend angle. Although it is roughly similar to the behavior seen in Fig. 4, in the former case, this angular dependence is relatively more linear. The TNtb-N values tend to slightly increase initially with an increasing molecular bend and reach a maximum, before decreasing again as the bend angle increases further. It is important to note that, through the bend angles determined from the spacer in its all-trans conformations, we did not observe such behavior of TNtb-N. Wholly, the observed trends are consistent with those previously reported [START_REF] Mandle | The dependency of nematic and twist-bend mesophase formation on bend angle[END_REF], therefore, we emphasize that the conformationally averaged bend angle could better interpret the experimental results in terms of molecular curvature. We have also analyzed the population ratio between the hairpin and bent conformations to get further insight into the conformational dominance. The bend angle below 60 represents a hairpin conformation and the bend angle between 60° and 150° represents a bent conformation. Fig. 7(a) shows these computed ratios for all six compounds. In the present case of dimers, the values obtained were similar to each other except for CBO7OCB, for which a slightly higher dominance of hairpin conformations is revealed. This implies that two molecules may have a similar population ratio of the two sets of conformations, however, quite different bend angles, which could be an outcome of a significantly different distribution of conformations. The comparison of Gaussian fits to the conformational distributions, plotted in Fig. 7(b) for CB9CB and CBO7OCB, infers that the CBO7OCB dimer containing ether linkages displays a very broad conformational spread (assuming a wide range of bend angles). By contrast, differing substantially, there is a narrow distribution of conformations for the methylene-linked CB9CB dimer. The present discussion suggests that a broad distribution of conformations seems to prevent the formation of the Ntb phase and therefore the CBO7OCB dimer behaves almost like a conventional nematogen. Figure 7. the population ratio between the hairpin (defined as a bend angle <60) and bent (bend angle 60 but <150) conformations.

Conclusions:

Intending to evaluate the molecular structural features, particularly the bend angle, leading to the formation of the Ntb phase and their influence on transitional properties of its carrier dimers, in this study, we reported a molecular modeling study on six cyanobiphenyl-based dimeric materials with varying linking-group between the spacer and mesogenic units.

We calculated the molecular bend angles both from DFT-optimized all-trans geometries and Boltzmann-weighted conformational ensembles for each material. Despite the fact that the occurrence of the Ntb phase could depend on other aspects too, the obtained results clearly indicate [START_REF] Sridurai | Effect of gelation on the Frank elastic constants in a liquid crystalline mixture exhibiting a twist bend nematic phase[END_REF] that the molecular bend angle is an important factor for a material to exhibit the Ntb phase. For example, the dimers with an even-parity spacer and those with an odd-parity spacer but lacking an overall bent shape (as the CBO7OCB dimer reported in the present study), do not exhibit the Ntb phase. It points out that the incidence of the Ntb phase is particularly sensitive to the molecular bend angle as the extent of molecular bend can induce (or eliminate) the Ntb phase. While molecular curvature would appear to be important, in addition, the influence of conformational diversity (as compared for CB9CB and CBO7OCB) on the observation of the Ntb phase needs to be combined when designing new Ntb materials. As two materials could have similar bend angles but a very different conformational distribution [START_REF] Archbold | Conformational landscapes of bimesogenic compounds and their implications for the formation of modulated nematic phases[END_REF].

It was also shown that the geometrical changes have a significant influence on the phase transition behavior. The differences in the values of transition temperatures can also be deduced to be caused by the degree of molecular bend, as this is the major difference when comparing these dimers. It turned out that the N-I transition temperature was roughly proportional to the molecular bend angle, whereas the Ntb-N transition temperature slightly increases and then decreases as the molecular curvature increases [START_REF] Mandle | The dependency of nematic and twist-bend mesophase formation on bend angle[END_REF].

Although the current analysis focused on the molecular curvature, which is the principal driving force for the emergence of the Ntb phase and in determining the transitional properties of Ntb materials, we should not rest on a single molecular feature in evaluating the key properties of the Ntb phase. Therefore, more studies, both experimental and computational, need to be combined in order to verify these findings. On that account, a more detailed computational study of the structure-property relationship on a series of dimers formed by varying the spacer length as well as the chemical composition of mesogenic units and the end-groups will be reported by the author in a future work.
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 2 Figure 2. plots of energy as a function of C-C-C-C, C-C-O-C, C-S-C-C, and C-C-C-O dihedral rotations (90×2 steps). They represent each type of dihedral angle present in the flexible part of studied dimers. Energies are specified in kJ/mol and are relative to the lowest energy conformation.
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 3 Figure 3. Optimized molecular geometries of the studied compounds having the spacer in the alltrans conformations as obtained at the DFT/B3LYP/6-31G** level of theory. The values of estimated molecular bend angles between the para-axes of the cyanobiphenyl groups are also indicated. Atom color coding: carbon-purple, hydrogen-yellow, nitrogen-blue, oxygen-red, sulfurgreen.
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 4 Figure 4. The transition temperatures Ntb-N (circles) and N-I (squares) as a function of molecular bend angles determined from all-trans conformations.

Figure 5 .

 5 Figure 5. A combined histogram plot of the probability distribution of a given inter-mesogenic angle for the indicated compounds as determined by systematically scanning each dihedral.
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 6 Figure 6. Plots of transition temperatures Ntb-N (circles) and N-I (squares) against the Boltzmannweighted molecular bend angles.

  

Table 1 .

 1 Phase

	transition temperatures (C)
	Ntb-N and N-I as reported in the literature
	[24]-[28].

Compound T Ntb-N T N-I CB9CB

  

		105.4	121.5
	CB8OCB	109.9	153.3
	CBO7OCB	-	181.3
	CBS7OCB	95.9	146.7
	CBS7SCB	88.3	115.2
	CB8SCB	92.6	119.8

Methodology: Rotational Isomeric State (RIS) Model:

  

Table 2 .

 2 Molecular bend angles for the global energy minimum conformation ( min ) and probability-weighted average bend angles ( avg. ).

	Compound	 min	 avg.
	CB9CB	111.4	103.7
	CB8OCB	128.8	97.0
	CBO7OCB	145.3	125.7
	CBS7OCB	127.4	114.1
	CBS7SCB	94.1	79.1
	CB8SCB	101.1	91.5
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