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One of the most simple cases in which chirality at the microscopic level produces a chiral macro-
scopic structure is the chiral nematic liquid crystal phase. In such a phase, the preferred direction
of molecular orientation rotates in helical fashion, with the pitch of the helix in different systems
ranging from around 100 nm to as large as can be measured (∼10 mm). For almost all ther-
motropic and lyotropic liquid crystals, the ordered entities are formed from strong bonds, so the
pitch varies in accordance with how the interactions between these largely immutable entities
are affected by changing conditions. A unique exception are lyotropic chromonic liquid crystals
(LCLCs) that spontaneously form weakly bound assemblies in solution, the size of which depends
strongly on experimental parameters. While the temperature dependence of the pitch has been
measured for chiral LCLCs formed by short strands of DNA (DNA-LCLCs), such is not the case
for chiral LCLCs formed by small molecules. Polarized optical microscopy experiments on small
molecule chiral LCLCs reveal the changing assembly size through a temperature dependence of
the pitch not typical for many other systems, including the most recent measurements on DNA-
LCLCs. In fact, the pitch measurements in small molecule chiral LCLCs strongly increase in value
as the temperature is increased and the assemblies shrink in size. Theoretical considerations
provide some help in understanding this phenomena, but leave much to be explained.

Introduction

Soft matter systems usually reveal the presence of chiral build-
ing blocks by organizing themselves into chiral structures. Liquid
crystals are excellent examples of this, with the most simple case
being the nematic phase in which the building blocks are orien-
tationally but not positionally ordered. If the building blocks are
chiral or if the system contains chiral dopants, the preferred di-
rection of orientation adopts a macroscopic helix, revealing the
presence of chirality at the microscopic level. The macroscopic
helix is described by its pitch P, the distance over which the pre-
ferred direction rotates through 360◦. This occurs in thermotropic
liquid crystals, which are composed of individual molecules. It
also happens in lyotropic liquid crystals, which are formed by a
wide variety of viruses, macromolecules, or molecular assemblies
in solution.
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In thermotropic liquid crystals, if chiral dopant molecules are
added to non-chiral liquid crystal molecules or if there is an enan-
tiomeric excess of chiral liquid crystal molecules, the inverse pitch
is proportional to the chiral dopant concentration or the enan-
tiomeric excess. This simple relation is observed in many cases,
(1) as long as the dopant concentration is not too large,1 and (2)
for all values of the enantiomeric excess.2 The same is true for
most lyotropic liquid crystals for the addition of chiral dopants
in disk-like micelles3 and for the concentration of chiral rod-like
viruses in solution.4 Exceptions to this rule, i.e., nonlinear rela-
tionships between the inverse pitch and the concentration, often
include cases in which a helix inversion point or a transition to a
smectic phase is nearby. This behavior is best revealed by the the
strong increase of the pitch as the helix inversion point or smectic
transition is approached.5 Otherwise, the pitch only weakly de-
pends on the temperature, with the general trend being that the
pitch decreases with increasing temperature.3,5

One important aspect of the systems under discussion is that
the ordering entities, the molecules in the case of thermotropic
liquid crystals and the macromolecules or molecular assemblies in
the case of lyotropic liquid crystals, are bonded together strongly
enough that the size of the ordering entity does not change as the
temperature is varied. This is absolutely true for thermotropic
liquid crystals, and is approximately true for most lyotropic liquid
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crystals for changes in temperature that are not too large. Hence
the change in the pitch due to a change in concentration of the
chiral component or a change in temperature reflects how the
chiral interactions between the more or less unchanging ordering
entities are affected. Since the pitch is determined by the com-
petition between Frank elastic energy terms that resist and favor
twist deformation, the general decrease in the pitch as the tem-
perature is increased, for example, reflects the fact that the elastic
energy terms resisting twist decrease faster than those favoring
twist. Two exceptions to this general trend are the thermotropic
liquid crystal CEEC6 and suspensions of the rod-like filamentous
bacteriophage fd,7 which show an increasing pitch with increas-
ing temperature.

On the other hand, if the size of the ordering entities depends
on temperature strongly enough, then the elastic energy terms
may behave differently relative to each other. This is the case for
lyotropic chromonic liquid crystals (LCLCs), in which molecules
in solution spontaneously form weakly bound anisotropic as-
semblies that orientationally order at high enough concentra-
tions.8 LCLCs typically form from aqueous solutions of certain
plank-shaped molecules with aromatic cores and polar groups
on the peripheries. Many dyes and drugs form LCLCs, but short
oligimers of nucleic acids (DNA-LCLCs) also behave similarly. The
molecules or oligimers in LCLCs tend to stack face-to-face, form-
ing rod-like assemblies that order into a nematic or columnar liq-
uid crystal phase. In equilibrium, the length distribution is statis-
tical and thus extremely broad. As the temperature is increased,
the length distribution shifts to shorter assemblies, decreasing the
concentration of the longer assemblies and increasing the concen-
tration of the shorter ones. This change in the distribution of as-
sembly size affects the elastic energy terms resisting and favoring
twist in a way not possible in thermotropic and most lyotropic liq-
uid crystals. If the elastic energy terms promoting twist decrease
faster than the terms resisting twist, the pitch increases with in-
creasing temperature, which is opposite to what is encountered
in most thermotropic and lyotropic liquid crystals.

Studies of LCLCs have increased in importance over the last
decade because they are aqueous solutions and therefore relevant
to biology and medicine. Although a couple of experiments were
done on small molecule chiral LCLCs over 30 years ago,9,10 such
investigations have increased in number more recently, both with
systems composed of small molecule non-chiral LCLCs and chiral
dopants,11–14 and with small molecule chiral LCLCs.11,15–17 In-
terest in DNA-LCLCs, in which the short oligimers of DNA are chi-
ral, has also increased recently.18,19 This report describes experi-
ments measuring the temperature dependence of the pitch for the
small molecule non-chiral LCLC disodium cromoglycate (DSCG)
doped with various chiral molecules. In all cases, an increase in
the pitch with increasing temperature is observed, although the
temperature range over which this occurs (just below the tran-
sition to the chiral nematic - isotropic coexistence region) varies
considerably. In the latest measurement on DNA-LCLCs,19 the
pitch decreases as the temperature increases toward the bipha-
sic region, although in an earlier experiment, the pitch increased
with increasing temperature for most of the DNA-LCLCs investi-
gated.18 In addition, one experiment on an LCLC composed of

small chiral molecules is reported here and shows that it behaves
similarly to the doped systems. Certain theoretical ideas suggest
that the pitch increases with temperature if achiral hard-core re-
pulsion dominates the chiral attractive interactions,20 which is
consistent with the data within 8 K of the boundary with the chiral
nematic - isotropic coexistence region. However, this is just one
of many theoretical results, most of which apply to chiral entities
as opposed to chiral dopants. Nonetheless, the experimental re-
sults reported here demonstrate an important difference between
small molecule LCLCs and thermotropic and most lyotropic liquid
crystals, and even some DNA-LCLCs.

Theory

LCLC Assemblies.

Several comprehensive reviews of LCLCs have appeared re-
cently.8,21 Perhaps the most unique property of LCLCs is that the
size distribution of the assemblies is very sensitive to properties
such as concentration and temperature. The most simple model
for the assembly process assumes that the free energy change for
a molecule to join an assembly is independent of the size of the as-
sembly. This isodesmic assembly process has been examined both
by computer simulation22 and experimental investigation,23 with
the finding that the isodemic assumption is not followed exactly,
but is close to being true and therefore quite useful due to its
simplicity.

If the equilibrium constant for a molecule to join an aggregate
is denoted by K, the concentration of single molecules ρ1 and the
concentration of assemblies with i molecules ρi can be calculated
from

ρ1 =
2KρT +1−

√
4KρT +1

2K2ρT
,

ρi = Ki−1
ρ

i
1, (1)

where K = exp
∆G T0

T
.

ρT is the total concentration of molecules, T is the temperature,
and ∆G is the free energy change at temperature T0 for a molecule
to join an aggregate (in units of kBT0, where kB is the Boltzmann
constant).21 Notice that the concentration of assemblies of differ-
ent sizes is a decreasing exponential function of the size i. Chang-
ing the temperature simply changes the characteristic size of the
exponential distribution, −1/ ln(Kρ1). Of interest is the average
number of molecules in an assembly. This is given by

〈i〉=

∞

∑
i=1

iρi

∞

∑
i=1

ρi

=
1

1−Kρ1
. (2)

So for example, if ∆G = 7 kBT and T0 = 295 K, the average num-
ber of molecules in assemblies ranges from 14.8 at 288 K to 12.6
at 303 K, a change of 15% over this 15 K range.

While the isodesmic assumption produces a model for the as-
sembly process, more is necessary in order to understand the
origin of the liquid crystal phases. Early work added a scaled
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particle calculation of the configurational entropy of hard-rods
together with a short-range repulsive potential to ensure system
stability.24,25 More recent theoretical investigations tend to rely
on computer simulation.22,26–30 This work has helped to pro-
vide insight into both the structure of the assemblies and the ne-
matic/columnar phases they form.

Chiral Nematic Pitch.

The free energy associated with distortion of the director of a
chiral nematic liquid crystal is given by the Frank free energy,
with the energy per unit volume fV given by

fV =−k2(n̂·∇× n̂)+
1
2

k11(∇ · n̂)2+
1
2

k22(n̂ ·∇× n̂)2+
1
2

k33|n̂×(∇× n̂)|2,
(3)

where n̂ is the liquid crystal director, k11, k22, and k33 are the
splay, twist, and bend elastic constants, respectively, and k2 is
the parameter related to the chirality of the liquid crystal.31 The
chirality of the liquid crystal is given by q0, which is equal to
k2/k22. The pitch P is related to the chirality by q0 = 2π/P.

The literature discussing the theory of chiral nematic ordering
is extensive, but a few examples are included here in anticipation
of the experimental results. The seminal work of Straley32,33 in-
volved a statistical mechanical theory of threaded rods based on
the Onsager expansion. L is the length of the rod, D is the diam-
eter of the rod, and ∆ is the thickness of the thread added to the
rod of diameter D. Proportionalities for |k2| and k22 according to
this theory are,

|k2| ∼ ρ
2L2D∆S2kBT

k22 ∼ ρ
2L4DkBT, (4)

where ρ is the number density of the rods and S is the orienta-
tional order parameter. Osipov 34 considered a molecular statisti-
cal model for the chiral nematic phase of chiral macromolecules
in a solvent and of non-chiral molecules in a solvent of chiral
molecules. By including chiral dispersion interactions and steric
repulsions, expressions similar to Eq. (4) result, but k2 can be
positive or negative depending on the relative strength of the dis-
persion and steric interactions. This result therefore predicts the
possibility of a helix inversion for chiral macromolecule solutions,
which has been seen experimentally. Later a generalized van der
Waals theory was developed, with the interesting result that q0

is proportional to the volume fraction of rods and proportional
to the length of the rods if the aspect ratio of the rods, num-
ber density, and temperature are fixed.20 An Onsager-like theory
by Frezza et al. 35 demonstrated that the relationship between
the morphology of hard helical particles (handedness and curli-
ness) and the pitch and handedness of the chiral nematic phase is
quite complex. These predictions were supported by Monte Carlo
simulations of the isotropic phase. Later, Dussi et al. 36 showed
with classical density functional theory and Monte Carlo calcu-
lations that the handedness of the phase depends on a subtle
combination of particle geometry and system density. In work
aimed at DNA-LCLCs, Michelle et al. 19 utilized a classical density
functional theory that assumes steric repulsions are dominant to

connect the macroscopic pitch to structural features of the DNA
oligimers. The prediction of an decreasing pitch with increas-
ing temperature agreed with the most recent data. Finally, Ruz-
icka and Wensink 37 conducted a simulation of rods with patchy
spheres arranged along a spiral on the rod surface. The spheres
interact with each other via a Weeks-Chandler-Anderson poten-
tial and a repulsive Yukawa potential. The chirality q0 depends
on the volume fraction, the pitch of the patchy spheres, and the
amplitude of the interactions. The simulation allows for a helix
inversion and q0 once again is proportional to the volume frac-
tion.

Experimental Procedures
All the amino acids (l-alanine, l-arginine hydrochloride, d-lysine
hydrochloride, and trans-4-hydroxy-l-proline) and DSCG were
purchased from Sigma-Aldrich and used without further pu-
rification. (S)-(−)-2-aminomethyl-1-ethylpyrrolidine 3,4,9,10-
perylenebis(dicarboximide) (chiral-PDI) was synthesized using
a modified procedure to that presented by Naidu et al. 38 and
Kularatne et al. 16 . Perylene-3,4,9,10-tetracarboxylidianhydride
and (S)-(−)-2-aminomethyl-1-ethylpyrrolidine were dissolved in
dimethyl formamide in a round bottomed flask and stirred at
70◦C for 24 hours. After cooling, the reaction mixture was fil-
tered, and the recovered solid was washed with methanol and
ethyl acetate. The product was dried under vacuum to obtain
chiral-PDI with 94% yield. A proton NMR spectrum was taken in
deuterated chloroform to verify the identity of the product. All
DSCG mixtures were made with solutions of an amino acid in
Millipore water. In order to form the chiral-PDI salt, mixtures
of chiral-PDI were made with stoichiometric concentrations of
reagent grade hydrochloric acid in Millipore water.

The final mixtures were stirred and heated at 60◦C until all the
solid dissolved. The same stirring and heating was performed for
roughly a half hour before loading the mixture into rectangular
or square capillaries by capillary action at 60◦C. The thickness
of the rectangular capillaries ranged from 100 to 400 µm. The
dimension of the square capilliaries was 0.5 or 1.0 mm. Immedi-
ately after filling, the capillary was sealed by epoxy and fixed to a
microscope slide.

The pitch measurements were done using polarizing optical mi-
croscopy (POM) with the sample between two linear polarizers
as described by Ogolla et al. 13 . The angle between the polarizers
and the orientation of the sample were adjusted to optimize the
brightness and contrast in different regions of the sample. For
the amino acid mixtures, the microscope (Leitz Laborlux 12 Pol)
was equipped with a camera (Zeis AxioCam ICc 1). Images were
taken using ZEN software with either 10X or 25X objectives. A
region of interest was specified and an intensity profile generated
perpendicular to the parallel striations of the fingerprint texture.
The pitch was determined by measuring the average distance be-
tween the striations and multiplying by two. The temperature of
the sample was controlled by an Instec HC5302 heating stage. For
the chiral-PDI sample, a Zeiss Axio Imager 2 microscope with a
50X objective and ZEN software was used with a Linkum LTS420
hot stage.

The sample was allowed to equilibrate for at least 45 minutes
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at the lowest temperature before starting pitch measurements. At
each temperature, the sample equilibrated for at least 8 minutes
before measuring the pitch. When the pitch was large, often the
planar texture was present instead of the fingerprint texture. Be-
cause the fingerprint texture was still observed for long pitches
in square capillaries, these were used when necessary. In this
way, pitch measurements were performed as the temperature ap-
proached the chiral nematic - isotropic coexistence region and
the pitch became large. Measurements were made for all temper-
atures up to and including TC, the temperature at which droplets
of the isotropic phase first appeared.

Experimental Results
The temperature dependent pitch measurements are shown in
Fig. 1 for 16 wt% DSCG in seven amino acid solutions. As re-
ported in Ogolla et al. 13 , TC is not sensitive to the chiral dopant
concentration except for l-arginine hydrochloride (see Table 1).
Notice that for all mixtures, the pitch tends to increase as TC is
approached, for some quite modestly, but for most quite dramat-
ically. Notice also that for mixtures with a larger pitch, the pitch
increases monotonically as TC is approached. When the pitch is
smaller, the pitch decreases with temperature before increasing
with temperature close to TC.

Fig. 1 Temperature dependence of the pitch in the chiral nematic phase
of 16 wt% DSCG (structure shown) in seven amino acid solutions: 3, 6,
and 9.5 wt% of both l-alanine and d-lysine hydrochloride (AlaLysHCl),
10, 15, and 20 wt% of trans-4-hydroxy-l-proline (THP), and 7 wt% of
l-arginine hydrochloride (ArgHCl). TC is the temperature of the bound-
ary between the chiral nematic phase and the chiral nematic - isotropic
coexistence region and is given in Table 1. The helix in the chiral ne-
matic phase is right-handed for all solutions except ArgHCl which is left-
handed. 9,10

To make the connection with theory more apparent, the chi-
rality q0 = 2π/P is plotted versus temperature in Fig. 2. Notice
that the chirality decreases dramatically as TC is approached for
all mixtures except for DSCG in a 20 wt% solution of trans-4-

Table 1 Transition temperatures from the chiral nematic phase to the
chiral nematic - isotropic coexistence region. Equal concentrations of
l-alanine and d-lysine HCl are used for three of the samples, and the
concentration of each is given in the table.

Dopant Concentration Temperature (◦C)
none 0.0 31
l-alanine & d-lysine HCl 3.0 31
l-alanine & d-lysine HCl 6.0 31
l-alanine & d-lysine HCl 9.5 30
trans-4-hydroxy-l-proline 10.0 30
trans-4-hydroxy-l-proline 15.0 31
trans-4-hydroxy-l-proline 20.0 30
l-arginine HCl 7.0 24

hydroxy-l-proline. The minimum of the pitch (maximum in q0) is
quite evident for the trans-4-hydroxy-l-proline mixtures.

Fig. 2 Temperature dependence in the chiral nematic phase of the chi-
rality q0 = 2π/P for 16 wt% DSCG in seven solutions of amino acids. The
labels are the same as in Fig. 1. TC is the temperature of the bound-
ary between the chiral nematic phase and the chiral nematic - isotropic
coexistence region and is given in Table 1.

In order to compare chiral doped LCLCs with chiral LCLCs,
the investigation included a single experiment on chiral-PDI. The
pitch of 12 wt% chiral-PDI is quite short,15,16 necessitating the
need for the more powerful microscope. Even over the wider
temperature range investigated, as shown in Fig. 3, the pitch in-
creases and the chirality decreases in much the same way as the
shorter pitch mixtures of DSCG in amino acid solutions.

Discussion
The results clearly demonstrate that the pitch increases (and the
chirality decreases) near the transition to the chiral nematic -
isotropic coexistence region for all the chiral dopants. This is im-
portant for the specific case of l-arginine hydrochloride. In an
investigation of the helical twisting power of DSCG in various
amino acid solutions,13 the helical twisting power increases lin-
early with chiral dopant concentration for low concentrations of
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Fig. 3 Temperature dependence of the pitch and chirality for 12 wt%
chiral-PDI (structure shown) in the chiral nematic phase. The handed-
ness of the helix in the chiral nematic phase has not been measured.
TC is the temperature of the boundary between the chiral nematic phase
and the chiral nematic - isotropic coexistence region and is equal to 50◦C.
The lines are drawn to aid the eye.

all the amino acids. Whereas many show slight non-linearity at
higher concentrations, one amino acid, l-arginine hydrochloride,
displays such a nonlinear behavior that it reaches a maximum
value of the helical twisting power and decreases as the concen-
tration is increased more. A hint as to the cause of this behavior
comes from the fact that the temperature of the transition to the
coexistence region decreases as the chiral dopant concentration is
increased much more rapidly for l-arginine hydrochloride than all
the other chiral dopants investigated. Thus as the l-arginine hy-
drochloride concentration increases, the measurements at room
temperature take place closer and closer to the transition. If the
pitch increases as the transition is approached, then the helical
twisting power decreases if the pitch is more sensitive to tem-
perature than to concentration. The results presented here for
l-arginine hydrochloride confirm this conjecture and allow for a
firm conclusion as to the cause of the extreme nonlinearlity of the
helical twisting power data.

Although DSCG with chiral dopants has not been the subject
of many investigations, pure DSCG has been extensively investi-
gated. For example, the twist elastic constant k22 has been mea-
sured for DSCG,39 so one must ask whether the data on DSCG
can be used to analyze the data on DSCG with chiral dopants. As
evident from Fig. 4, the k22 data for DSCG show a linear temper-
ature dependence for all concentrations. Notice that the value of
k22 at TC is weakly dependent on the DSCG concentration, while
the linear dependence on T −TC is stronger. The difference be-
tween the doped and pure 16 wt% DSCG solutions is that in the
doped samples 3 to 20 wt% is a chiral compound instead of water.
Since the shift in TC is less than 1 K for all dopants except arginine
hydrochloride (see Table 1), in all likelihood k22 for those doped

samples is similar to the pure 16 wt% data in Fig. 4. Support-
ing evidence for this assertion is the general finding that adding
various compounds to DSCG usually does little more than change
TC.40–42 Additionally, measurements in another small molecule
LCLC, Sunset Yellow FCF, reveal a almost universal function be-
tween the order parameter and temperature if S is plotted against
T − TC.43 Since |q0| = |k2|/k22, using the |q0| data of Fig. 2 and
the k22 data for 16 wt% DSCG from Fig. 4, namely k22 (in pN)
= 0.410− 0.0674(T − TC) with T − TC in K, one can determine
the temperature dependence of the chirality parameter |k2| for
all the doped systems. This is shown in Fig. 5, where it is clear
that |k2| for all dopants strongly decreases as TC is approached.
Note that |k2| decreases monotonically for the three THP solu-
tions, even though P and |q0| show non-monotonic temperature
dependences. While using the k22 data for pure DSCG brings
some uncertainty to the calculated |k2| results, the strong decrease
in |k2| is a robust qualitative finding. After all, both |q0| and k22

decrease as the temperature increases. Since |k2| depends on the
product of these two quantities, it must decrease more rapidly.

Fig. 4 Temperature dependence the twist elastic constant k22 for three
concentrations of DSCG (taken from Zhou et al. 39 ). TC is the temperature
of the transition from the chiral nematic phase to the chiral nematic -
isotropic coexistence region. The lines are least-squares linear fits to the
data.

As an addendum, it is interesting to note that simple theoret-
ical predictions are qualitatively consistent with the experimen-
tal data. According to Eq. (4), |k2| should be proportional to
ρ2L2S2T . The number density of assemblies ρ in a LCLC is not
well defined because of the wide distribution in assembly size.
However, an estimate can be obtained by dividing the total DSCG
concentration by the average number of molecules in an assembly
〈i〉, calculated from Eq. (2) with ∆G equal to 7 kBT .44,45 But if 〈i〉
is used as a quantity proportional to the average length of the as-
semblies, then ρL does not depend on 〈i〉. There have been some
temperature-dependent measurements of the order parameter in
DSCG, but they are not complete enough for an analysis. It is
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Fig. 5 Temperature dependence in the chiral parameter |k2| for 16 wt%
DSCG in seven solutions of amino acids. The labels are the same as in
Fig. 1. TC is the temperature of the boundary between the chiral nematic
phase and the chiral nematic - isotropic coexistence region and is given
in Table 1.

better to assume that the order parameter is proportional to the
birefringence, as is true for the LCLC Sunset Yellow FCF,46 and
use the high quality data on the birefringence of DSCG in place
of the order parameter.47 This analysis is made more simple by
fitting the Haller approximation for the birefringence ∆n to the
DSCG data,

∆n = ∆n0(1−
T
TC

)β , (5)

where TC is the transition temperature to the chiral nematic -
isotropic coexistence region, and ∆n0 and β are fitting constants
(equal to -0.034±0.001 and 0.20±0.01, respectively, for 16 wt%
DSCG). Therefore, assuming ρL is constant with temperature,
and 〈i〉 and |∆n| are proportional to L and S, respectively, Eq. (4)
can be utilized to plot the variation of |k2|, k22, and |q0|= |k2|/k22

versus temperature. The results are shown in Fig. 6, where |k2|
clearly decreases near the transition. Notice that k22 decreases
less strongly, meaning that |q0| decreases also in the vicinity of
TC. The general trends exhibited in Fig. 6 are not unlike the data
shown in Figs. 2, 4, and 5.

Michelle et al. 19 make a different prediction in their theory of
DNA oligomers. While k22 decreases with increasing temperature
near the transition, |k2| increases. This means that |q0| increases
with temperature, which is in agreement with the most recent ex-
perimental data on short DNA oligomers. The difference between
the two theoretical predictions can be traced back to the depen-
dence of |k2| on the length of the assemblies. Whereas by Eq. (4)
|k2| increases with L if other parameters remain constant, in Ref.
19, |k2| decreases with the number of monomers in the assem-
bly. This situation is highlighted in the theory of Dussi et al. 36 .
For certain choices of particle shape, increasing the length of the
particle drives q0 through zero. This means that |k2| can both de-

Fig. 6 Predictions of Eq. (4) for the chiral DSCG system as explained in
the text. The vertical scale for each quantity is arbitrary except that the
zero for each scale is the same.

crease and increase with increasing particle length depending on
the detailed shape of the particle, which may explain why both
increasing and decreasing |q0| trends were observed by Zanchetta
et al. 18 for various short DNA oligomers.

Conclusions
Lyotropic chromonic liquid crystals are a unique ordered fluid
because the distribution of assembly size depends on concen-
tration and temperature. The results presented here for small
molecule LCLCs reveal this uniqueness in the temperature depen-
dence of the pitch in the chiral nematic phase near the transition
to the chiral nematic - isotropic coexistence region. This result
appears to be quite robust, in that similar behavior is observed
in small molecule systems with non-chiral LCLC molecules and
chiral dopants and with chiral LCLC molecules. With both similar
and opposite behavior having been observed in short oligomers
of DNA, and with a good number of theories predicting the possi-
bility of a helix inversion, which might explain why both types
of behavior are observed, a full understanding can only come
from additional theoretical and experimental research on LCLC
systems.
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