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Conceptual insights statement

Odd-even effects, oscillations in properties of materials comprised of an odd or even number of
connected repeating units, are well-known phenomena in materials science. In organic materials,
they are usually associated with the number of methyl groups in aliphatic chains. In this work, we
unveil multiple signatures of a new odd-even effect in liquid crystals that occurs at the larger scale
of molecular moieties that by themselves express liquid crystalline behavior. Namely we show

that oligomeric liquid crystals, with n=1-4 number of rigid mesogenic segments connected by
flexible aliphatic chains with an odd number of methyl groups, produce an odd-even effect in
optical anisotropy and the bend elastic constant of the liquid crystal oligomer. We also demonstrate
that even in the absence of long-range electron density modulation, careful analysis of synchrotron
SAXS results can provide important information about the molecular associations both in the N
and NTB phases. This novel odd-even effect opens up a new mode to optimize phase and optical

behavior.
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Abstract:

Odd-even effects, oscillations in properties of materials comprised of an odd or even
number of connected repeating units, are well-known phenomena in materials science. In organic
materials, they are usually associated with the number of methylene groups in aliphatic chains. In
this work, we unveil multiple signatures of a new odd-even effect in liquid crystals that occurs at
the larger scale of molecular moieties that by themselves express liquid crystalline behavior. We
demonstrate that oligomeric liquid crystals, with n=1-4 number of rigid mesogenic segments
connected by flexible aliphatic chains with an odd number of methylene groups, produce an odd-
even effect in optical anisotropy and the bend elastic constant of the liquid crystal oligomer. This
effect is different from the usual odd-even effects with respect to the parity of carbon atoms in an
aliphatic chain and can be understood in term of the average molecular shape and the associations
between n-mers based on the packing of these shapes. We also show that, in spite of the fact that
there is no long-range electron density modulation, careful analysis of synchrotron SAXS results
can provide important information about the molecular associations in the N and Nrg phases that
other techniques cannot access. This novel odd-even effect opens up a new mode to optimize phase

and optical behavior.
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Introduction

Odd-even effects are well-known in chemistry since Baeyer noticed that the melting points
of fatty acids do not show a monotonic increase with increasing chain length and that the melting
points of the members with even numbers of C atoms are higher than those of the members with
odd numbers.! Similar melting point alternations are also known for short-chain n-alkanes.?

Similar odd-even effects were first described in liquid crystal dimers in 1927.3 The
nematic-to-isotropic transition temperature was observed to alternate with the parity of the number
k of carbon atoms in the flexible link connecting two rigid rod-like cores*>. The most obvious
factor that explains this odd-even effects is the difference in the shapes of molecules. Since two
neighboring methylene groups along the (CH,); linkage prefer to maximally separate their
hydrogen pairs from each other, the A atoms of one group are above the C-C bond, while the H
atoms of the neighboring groups are below the bond, forming a “trans” conformation. In such a
conformation, the rigid cores connecting the end segments of the (CH,); linker are roughly parallel
to each other when £ is an even number and make approximately a 120° angle with each other
when £ is an odd number.

The same reasoning is used to explain the odd-even effects for semi-flexible main chain
liquid crystal polymers®®. Interestingly, for main-chain liquid crystalline polyethers, in which
semi-rigid units are connected by flexible spacers with £k =5, 7, 9, an additional nematic (“N”)
phase appeared below the usual uniaxial N phase, while no “secondary” nematic was detected in
the homologs with an even £.° In a homologous series of dimeric cyanobiphenyls, 1,7-bis(4,4’-
cyanobiphenyloxy)alkanes (CBKCB), with k=1 — 12, in addition to an odd-even alternation of the
I-N phase transitions '°, the transition entropies were found to be much higher for even & than for
odd &, showing that the even dimers are significantly better ordered in the nematic phase than their
odd counterparts '!. Additionally, the formation of smectic-type focal-conic textures was observed
below the N phase in odd k& homologs. Based on polarized optical microscopy (POM)
observations, the low temperature state was proposed to be a smectic phase. However, later x-ray
diffraction studies found no evidence of an electron density modulation, showing that the lower
temperature phase is a new type of nematic (Nx) phase rather than a smectic phase.”!>"'% The
discrepancy between the x-ray and POM observations led to an intense research that eventually

concluded that the Nx phase is a twist-bend nematic (Ntg) phase, one of the most intriguing,
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manifestations of molecular orientational order discovered in soft matter'>!423, Freeze-fracture
transmission electron microscopy (FFTEM) 1624 solid state NMR studies!!?° and resonant soft X-
ray scattering (RSoXS) 26 studies later confirmed the modulated orientational order and showed
that the pitch (modulation period) is remarkably short, p75~10 nm, two orders of magnitude smaller
than in typical chiral nematic (cholesteric) materials.

In addition to liquid crystal dimers with odd (k=5,7,9,11,13) (CH>); linkages, higher
oligomers (n-mers with n>2 mesogenic units) and odd parity flexible linkages between the
mesogenic units?’30 also exhibit the Ntg phase. In particular, carbon-edge RSoXS and FFTEM
measurements®! indicated that the nanoscale pitch prp of a trimer is almost temperature
independent and is considerably shorter (6.6-6.7 nm) than that of the homologous dimer (10-18
nm), indicating that the nanoscale pitch and physical properties of the Ntg phase depend
significantly on n.

Recently we presented a comparative study of the orientational (Frank) elastic constants
and associated orientational viscosities in the uniaxial N phase of the dimer 5-Bis(2',3'-difluoro-
4,4"-dipentyl-[1,1":4',1"-terphenyl]-4-yl)nonane (DTC5-C9), and its homologous trimer (DTC5-
C9-DTC-C9-DTCS) and tetramer (DTCS5-C9-DTC-C9-DTC-C9-DTCS) (see Figures 2a-4a), all of
which contain the same odd parity methylene linkage between the mesogenic units and exhibit a
N-Nrp transition®2. The temperature dependences of these parameters showed differences in the
pretransitional behavior of some of the measured parameters, especially in the bend elastic
constant K3;3. After decreasing, on cooling, through most of the uniaxial N phase, K33 abruptly
starts increasing in the dimer and tetramer close to the transition; while there is no indication of an
increase in the trimer. Such behavior was found to be in qualitative agreement with the predictions
of a coarse-grained theory, which models the Ntg phase as a “pseudo-layered” structure with the
symmetry (but not the mass density wave) of a smectic-A phase.

In this paper we show the presence of novel, so far not reported odd-even effect in
oligomers with respect to the number (n=1-4) of the mesogenic units connected by (CH,)i linkages
(see Figure 1). Temperature dependent birefringence and small-angle x-ray scattering (SAXS)
measurements on monomer MCT5 (2, 3'-difluoro-4,4"-dipentyl-p-terphenyl), its dimer
(DTCS5-C9), trimer (DTC5-C9-DTC-C9-DTCS) and tetramer (DTC5-C9-DTC-C9-DTC-C9-
DTC5) homologs*? show that the liquid crystal phase ranges, the optical birefringence (refractive

index anisotropy), characteristic wavenumber of the short-range, spatial variations of the electron
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density, and the bend elastic constant show an odd-even effect with respect to the number of
monomer units, 7. We describe how this effect can be understood in term of the average molecular
shape of the n-mers and their intermolecular associations. We also show that, though there is no
long-range electron density modulation, careful analysis of synchrotron SAXS results can provide
important information about the structure both in the N and Ntg ranges that other techniques cannot
so readily or conveniently access.

Monomer: MCT5 Dimer: DTC5-C9

F, F

1116.5N 34 Cr (°C)

1162 N 124 Nyg 85 (SmX) 77 Cr (°C)

Trimer: DTC5-C9-DTC-C9-DTC5

1192 N 145 Nyg 127 Cr (°C)

Tetramer: DTC5-C9-DTC-C9-DTC-C9-DTC5

1205 N 168 Nqg 142 Cr (°C)

Figure 1: Molecular structures and phase transition temperatures of the studied n=1-4 oligomers.

Experimental Methods

Optical birefringence studies were performed in cells treated for homogeneous planar
alignment of the nematic director. Prior to filling each cell, using a UV/VIS Spectrometer (Perkin
Elmer, Lambda 18), we determined the gap between the substrates to an accuracy of a few percent
or less. The sample thicknesses ranged from 3.6 to 5.1 um. For temperature-dependent
measurements, the sample cells were placed in an Instec HCS402 hot stage (regulated to a

precision of 0.01°C). To determine the optical birefringence An=n, —n (where n, and n, are the

ordinary and extraordinary refractive indices), we measured the phase shift A¢g of polarized green
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light (4 = 546 nm) transmitted through homogeneously aligned samples of uniform thickness d,
using both an optical Abrio LC-PolScope and a Berek U-CTB phase compensator (Olympus). The
birefringence An is given by An=AA@/27d .

Small angle x-ray scattering (SAXS) measurements were carried out on the CMS beamline
11-BM at NSLS II in Brookhaven National Laboratory with the x-ray energy set at 17 keV.
Samples of dimer, trimer, and tetramer were loaded into the bottom 5 mm of 1 mm diameter quartz
capillaries with 10 um wall thickness. The capillaries were inserted into a temperature regulated
hot stage, which could be reproducibly positioned in the X-ray beam. The sample-containing
volume was located between narrowly spaced samarium cobalt magnets, which applied a uniform
1.2 Tesla field across the sample and perpendicular to the incident beam, in order to align the
nematic director. Homogeneous alignment was achieved by first heating the samples into the
isotropic phase and then slowly (rate: 1°C/min) cooling into the uniaxial nematic. Two-
dimensional SAXS patterns were recorded on an area detector (Dectris, Pilatus 2M) for various

temperatures on both sides of the N—Nrg transition.

Results and Discussion

Figure 2 (a) shows the normalized temperature dependence of the birefringence An for n=1-
4-mers. The normalized temperature 7" is defined as 7= (T-Tn7)/(Tn;-Tnrg) for n=2-4 and 7"=(T-
Tc)/(TnrTc,) for n=1. Here T is the sample temperature and 7y;, Tnrs, T are the nematic-
isotropic, nematic-twist bend nematic and crystallization temperatures, respectively. The
birefringence of all four compounds is positive through the nematic range. The homologues with
an odd number of core units (monomer and trimer) have higher birefringence than the consecutive
even n-mers being the birefringence of the monomer the highest and of the dimer is the smallest.
In comparison with DTC5-C7 (the same mesogenic units, but shorter methylene linkage), we find
that An(DTC5-C9) is slightly larger than An(DTC5-C7) indicating increased aspect ratio of the
molecules with longer linking group. From NMR measurements by Emsley et al. (see Figure 8 of
33) on DTC5-C9 we find that the ratio of the nematic order parameters of the monomer and dimer
measured at the same reduced temperature 7*=(Ty;-T)/Ty; is very similar to the ratio of the
birefringences. Since the birefringence An is proportional to the order parameter S 3¢, we conclude
that the smaller birefringence of the dimer compared the monomer is due to the smaller order

parameter. The temperature dependence of the birefringence of the dimer also shows a slight
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pretransitional decrease in An as 7' — T, . Similar pretransitional decrease of the order parameter

was seen by Emsley et al®® indicating that the pretransitional decrease of An can also be attributed
to the order parameter. The temperature behavior of the order parameter in the DTC5C9 dimer
was explained in terms of the molecular bend angle and the pretransitional heliconical tilt € that
increases to about ~15° as Nyg approached on cooling (Figure 11 of 3). The pretransitional
behavior of An is not obviously visible for the trimer and tetramer (see inset to Figure 2(a)),
indicating that conformational changes have a weaker effect on the molecular anisotropy, are less

temperature-dependent, or simply play a lesser role in the pretransitional behavior.
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Figure 2: Demonstration of the odd-even effects in the studied n-mers. (a) Optical birefringence
(An) as a function of normalized temperature (T°) in the N phase of monomer, dimer, trimer, and
tetramer (n=1-4). The normalized temperature is defined as T'= (T-Tnrg)/(Tni-Ty1s) for n=2-4 and
T’=(T-Tc)/(Tni-Tc,) for n=1, where T is the sample temperature and Tyy, Tyrp, T, are the nematic-
isotropic, nematic-twist bend nematic and crystallization temperatures respectively. (b) The
maximum birefringence (left axis) and nematic ranges (vight axis) as a function of the number of
monomeric units n=1-4. (c) Normalized temperature dependences of the bend elastic constant K33
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of n=1-4 n-mers (for n=2-4 data is taken from *?). d) Inverse full width at half maxima (FWHM)
! (left axis) and elastic constant Ks; (right axis) for n=2-4 of n-mers at selected normalized
temperatures.

In Figure 2(b) the maximum birefringence (left axis) and the nematic temperature range
(right axis) are compared for n=1-4 n-mers. Both the maximum birefringence and the nematic
temperature range are larger for odd n-mers. This can be understood by considering the shape of
the n-mers. The monomer (n=1) is rod shaped with the highest aspect ratio, the trimer (n=3) has
two units parallel and one at an angle, so its effective aspect ratio is larger compared to the dimer
and tetramer (n=2,4), where successive monomeric units make an angle of about 120° with each
other, producing shapes which can be simplified as twisted “V” and “W”, respectively. We also
observe that the Ntg range of the trimer (22°C) is lower than that of the dimer and tetramer (31°C
and 25°C, respectively). The bent-shape therefore clearly destabilizes the N and stabilizes the Ntp
phase. This is also related to the aspect ratio € of the molecules: the higher is €, the wider is the
nematic phase. !

Results for the bend elastic constant (K3;) in the N phase of the n=1-4 n-mers’? are
displayed in Figure 2(c). We see odd-even effects in the Kj3; values far from the N-Ntg transition
(T’ > 0.3) and at the transition (7"’ = 0). In the vicinity of 7°~ 0.2, the odd-even effect diminishes
and changes sign: For 7” > (.3 the bend elastic constant is larger in the trimer than in the even n-
mers, but near the N-TB transition (7 < 0.7) this relation is clearly reversed. In the range 0 <7<
0.2, K33 for the dimer and tetramer starts to increase, while there is no such indication of a
pretransitional enhancement for the trimer. For comparison, values of K3; among the n-mers at 7"
= (.4 and 0 are plotted against the right axis of Figure 2(d). The observed odd-even effect of the
bend elastic constant K3; away from the transition may again be related to the overall shape of the
n-mers. The effect of the molecular shape on Kj3; for nematic liquid crystals was first studied
theoretically by Gruler 37 and Helfrich 8. Helfrich argued that for bent-shaped molecules the strain
of the bend distortion can be partly relieved by a rotation around the long axis of the individual
molecules, thereby allowing more molecules to match their bent conformation to the externally
imposed bend. Experimentally several groups found that K; is indeed significantly smaller than
K, for bent-core materials 23°#2, Theoretical and experimental aspects of the effect of the

molecular shape on K33 are discussed in detail in Reference!>. As we argued above, the overall
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shape of the trimer molecules is more linear than of dimer and tetramer, thus explaining the larger
K33 of trimer relative to the dimer and tetramer away from the N-Ng transition.

The inverse of the Full Width at Half Maxima (FWHM) of the diffuse peak, detected in
our SAXS measurements at a wavenumber g corresponding to the monomer length represents the
spatial extent of monomer-monomer correlations (correlation length) along the average long axis
of the n-mers. It also reveals an odd-even effect, with the correlation length being larger for the
trimer than for the dimer or tetramer. Examples at 7'=+(0.] are plotted against the left axis of
Figure 2(d). To understand this effect, and the pretransitional behavior of K33 shown in Figure 2c,

we turn to our SAXS results (see Figures 3-5).
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Figure 3: Summary of the Small Angle X-ray Scattering (SAXS) results and proposed molecular
association models for the dimer. (a) Wavenumber (q) dependence of the scattered intensity for
0.5<q<4 nm! at selected temperatures in the N and Nt phases. Inset shows the 2D SAXS pattern
in the nematic phase at 2°C above the N-Nrg phase transition. Dark lines represent gaps in the
detector array. Sectors drawn with blue lines indicate the areas over which the intensity (1) was
azimuthally averaged in order to produce the plots of I vs q (nm™) shown in the main pane.
Maxima of the peaks are denoted by q; and q, (b) Temperature dependences of q; and q, are plotted
on the left and right axes, respectively. Temperature dependence of the intensity at q; is shown in
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the inset. (c) Schematic model of the molecular association corresponding to the peak at q,. (d)
Schematic model of the molecular association corresponding to the peak at q,. The subscripts m,
d and t on [ stand for monomer, dimer and trimer, respectively.

Figures 3(a) — 5(a) show the wavenumber (g) dependence of the SAXS intensity in the
range 0.5 nm'<g<4 nm! at selected temperatures in the N and Ntg phases. The insets to Figures
3(a) — 5(a) show the 2D small-angle diffraction patterns in the nematic phase 2°C above the N-Ntg
phase transition. Sectors drawn with blue lines indicate the areas over which the intensity (/) was
azimuthally averaged in order to produce the plots of I vs g (nm~!) shown in the main pane. SAXS
results on the dimer show two broad peaks at g;~3 nm™' and ¢g,~1.5 nm™!. They correspond to
periodicities of d;~2.1 nm and d,=4.2 nm, respectively. Calculations by ChemOffice based on the
symmetric molecular shape shown in Figure 1, confirm that d, is basically equal to the length of
the dimer /;. Therefore d;~l,/2. Thus, the peak at ¢;, which is ~3 times more intense than the peak
at ¢, corresponds to the average spacing between monomer units along the bent-conformation of
an n-mer. The molecular associations corresponding to ¢g; and ¢, are illustrated in Figure 3(c,d).
Note that we model the dimer molecules as two rigid rods connected at one point. Such a structure
can always be placed on a plane, so we could choose the plane of drawing to be parallel to the
molecular plane.

The I vs g data for the trimer and tetramer show three diffuse peaks (see Figure 4(a) and
Figure 5(a), respectively. The main peak is centered on ¢;~3.1-3.2 nm™, slightly larger g values
than for the dimer. The ¢, and g; peaks are very weak, probably because the trimer and tetramer
are much more flexible than of the dimer, thus disfavoring the larger than monomer-type
associations. The ratios of the peak positions are q,/q,~1.6 and g,/q; ~3 for the trimer and ¢,/q,
~2 and q;/q; ~4 for the tetramer. Our proposed models for the corresponding molecular
associations are shown in Figures 4(c,d,e) and Figure 5(c,d,e) for the trimer and tetramer,
respectively. Since only two rigid rods connected at one point can be placed on a plane, the trimer
and the tetramer molecules may not fit on a plane. For the trimer we chose the plane of the drawing
to be parallel to the dimer segment that is not associated to a monomer segment of another

molecule. This way the periodicity of the g,-type association is / cosa (see Figure 4(c)), where a

is the angle between the monomer and the line connecting the neighboring layers (green planes)

of the association. The ¢; and ¢, type of associations now will make an angle £ (see Figure 4(d))
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with each other, thus making the length of the dimeric association equal to 2/ cosea -cosf. Since
q1/q~1.6 from our data, we have, ¢,/q, =2l cosa-cosf/(l cosa)=2cosfll 1.6. This gives
pl36°. As illustrated in Figure 4(e), the length of the trimeric-type association is 3/ cosa-cosy,
where the geometric relation between y and B is tan(ff—y)=2sinf/(2cos f+1) , which gives

y 1 12°. Therefore ¢,/q,=3cosy =2.93 in reasonably good agreement with the observed g;/g3~3

ratio. These considerations therefore show that the trimer molecule is twisted and bent with respect

to the plane of the dimeric unit.
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Figure 4: Summary of the SAXS results and proposed molecular association models for the trimer.
(a) Wavenumber (q) dependence of the scattered intensity for 0.5<q<4 nm” at selected
temperatures in the N and Nrg phases. Inset shows the 2D SAXS pattern in the nematic phase at
2°C above the N-Nyp phase transition. Dark lines represent gaps in the detector array. Sectors
drawn with blue lines indicate the areas over which the intensity (I) was azimuthally averaged in
order to produce the plots of I vs q (nm™) shown in the main pane. Maxima of the peaks are
denoted by q, q,and q; (b) Temperature dependences of q; and q; are plotted on the left and right
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axes, respectively. Temperature dependence of the intensity at q; is shown in the inset. (c)
Schematic model of the molecular association corresponding to the peak at q;. (d) Schematic
model of the molecular association giving peak at q,. (e) Schematic model of the molecular
association corresponding to the peak at q;.

The peaks observed in the / vs g plots for the tetramer correspond to monomeric, dimeric
and tetrameric associations as shown in Figure 5(c-e). The ratios of ¢,/g,~2 and ¢q,/q; ~4 indicate
that the dimeric units of the tetramer are almost in the same plane, meaning that it is much less
bent than the trimer. Combined with the model associations for the dimer and trimer, the number
and positions of diffuse peaks detected in our SAXS experiments can be explained on the basis of

a molecular conformational odd-even dependence.
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Figure 5: Summary of the SAXS results and proposed molecular association models for the
tetramer. (a) Wavenumber (q) dependence of the scattered intensity for 0.5<qg<4 nm™' at selected
temperatures in the N and Nrg phases. Inset shows the 2D SAXS pattern in the nematic phase at
2°C above the N-Nrg phase transition. Dark lines represent gaps in the detector array. Sectors
drawn with blue lines indicate the areas over which the intensity (I) was azimuthally averaged in
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order to produce the plots of I vs q (nm™) shown in the main pane. Maxima of the peaks are
denoted by q;, q>and q;. (b) Temperature dependences of q; and q, are plotted on the left and right
axes, respectively. Temperature dependence of the intensity at q; is shown in the inset. (c)
Schematic model of the molecular association corresponding to the peak at q,. (e) Schematic
model of the molecular association giving peak at q,. (d) Schematic model of the molecular
association corresponding to the peak at q;.

The variation of ¢g; and ¢, with normalized temperature is shown in Figures 3-5 (b). The
trends are similar for all three materials: on cooling from the isotropic phase ¢; and ¢, decrease
and become almost constant before the transition to the Ntg phase, then they increase sharply
below the transition. In the N phase the values of ¢g; increase monotonously from dimer to trimer
and tetramer. This is consistent with an increasing monomer-monomer bend toward higher
oligomers, which reduces the average spacing between monomer units. Upon the transition to the
Nrg phase, ¢, increases in all n=2-4 oligomers, indicating either additional increase of the bend
angle, or a tilt of monomeric associations with respect to the nanoscale heliconical axis. Greater
conformational bend in the Ntg phase should also correlate with an increase in the nanoscale pitch
of the heliconical structure, as the pitch is determined by the local packing of the n-mers and higher
intrinsic bend would be relieved by twist over a shorter distance. This temperature dependence is
in accord with RSoX measurements for dimers of the DTC class of materials*} and recent detailed
NMR measurements of the twisting on cyanobiphenyl based dimers.?

Although the correlation lengths of the molecular associations were found to be
continuously increasing over the entire N and Nrp range for all three materials (without any jump
at the N-Ny3 transition)3?, the temperature dependences of ¢; below the N-TB transition show an
additional odd-even effect, namely a continuous change in the dimer (Figure 3(b)) and tetramer
(Figure 5(b)) and a discontinuous one in the trimer (Figure 4(b)). We therefore infer a more
continuous increase of the pitch wavenumber ¢,(7) in the even n-mers versus the odd one, where
g, exhibits a sharper jump at the transition over a similar step in temperature. On this basis, we
suggest that the pitch changes more weakly in the trimer as the N-Nrp transition is approached
from below and has a stronger pretransitional temperature-dependence in the even n-mers. As we
have already mentioned, such behavior has been reported from direct RSoXS measurements of qg
on a homologous dimer and trimer based on a different monomeric unit. 3!

As demonstrated in the insets of Figures 3(b) — 5(b), the intensities of the ¢; peaks increase

on cooling through the N phase at rates of ~4 counts/°C for the dimer, <2 counts/ °C for trimer and
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~7 counts/ °C for tetramer. Since the intensities of the peaks at ¢, and ¢; are much smaller than for
the peak at the g;, the contribution of possible higher harmonics of ¢, and g; to the intensity at g,
may be neglected. Therefore, the increase of the ¢; peak intensities observed above N-Ntg
transition may indicate a larger population of monomer-type associations between neighboring
dimers. As shown in Figure 3(c), these associations lead to an increase of the apparent length of
the dimers by making the structure of the associated molecules similar to a trimer, which is more
linear. A more linear conformational envelope implies a larger K3; which might explain the
observed pretransitional increase of Kj3; in the dimer (see Figure 2(c)). Similar arguments also
explain the pretransitional increase for tetramer, since the same mesogen associations lead to an
increase of the effective length by three monomer units (Figure 5(c)), producing an effective length
of seven units for the associated tetramers. For trimers the situation is different, as the rate of
increase is smaller and because the mesogenic association still produces an odd number of
mesogenic units along the contour of the associated trimers (Figure 3(d)), and therefore the degree
of linearity remains the same.

At the transition to the Ntp phase, the intensities of the ¢; peaks drop sharply (especially
for the trimer). This drop is probably related to the transient disordering of the monomer-monomer
association as the nanoscale heliconical molecular arrangement builds up. The observed larger
drop of the intensity at g; in the case of the trimer can be attributed to a more discontinuous
development of the heliconical structure at the N-Nrp transition. On further cooling in the Ntg
phase, the intensity at g; begins to increase. The increase is notably weaker for the trimer than for
the dimer or tetramer. In the case of the dimer, we expect the diffracted intensity at g; to increase

more strongly at low temperature due to the presence of a SmX phase in this material.

Conclusions

We have experimentally investigated the temperature dependences of the birefringence and
small angle x-ray scattering patterns for n=1-4 oligomers. We found that the birefringence, nematic
temperature ranges, the bend elastic constants, and the number and length of positional correlations
lengths of the molecular associations all show odd-even effect with respect to the number of
mesogenic units in the n-mers. This effect is clearly different from previously reported and well

understood odd-even effect based on the number of methylene groups in the connecting chains.
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Far from the N-Ntp transition temperature, the odd-even effect can be attributed to the overall
conformation of the molecules, while near the N-Nrg transition the effect observed in K33 can be
understood by the behavior of the mostly populated monolayer-type associations. We also
demonstrate that even in the absence of long-range electron density modulation, careful analysis
of synchrotron SAXS results can provide important information about the molecular associations
both in the N and N1g phases. This is especially significant for the studied n-mers, where repeated
attempts** using carbon RSoXS on the pure n-mer materials failed to detect the nanoscale
modulation in the Ntg phase. Instead selenium substitution on the dimer combined with hard x-
ray resonance was necessary to observe the modulation.** 4 Finally, we note that the observed
novel odd-even effect offers an novel and facile way to tune the physical properties — such as phase
range, birefringence, and the elastic constant associated with bend distortions of the optical axis —

in liquid crystal oligomers by mixing odd and even n-mers in suitable ratios.
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