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On chirality induction in lyotropic nematic liquid crystals 
by J. PARTYKA and K. HILTROP” 

Physikalische Chemie, Universitat Paderborn, Warburger Str. 100, 
D-33095 Paderborn, Germany 

(Received 12 October 1995; accepted 21 December 1995) 

The induction of lyotropic chiral phases by different, structurally related u-hydroxy carboxylic 
acids as well as the corresponding potassium salts has revealed a distinct dependence of their 
helical twisting power upon their molecular structure. Obviously there is an effect of the mean 
electronic polarizability of the moiety neighbouring the chiral centre of the dopant, similar 
to that in the case of thermotropic induced chiral phases. A significantly non-linear dependence 
of the inverse pitch on the concentration has been found and is explained as a micelle size 
effect. The absolute value of the helical twisting power decreases if instead of a chiral acid, 
the corresponding potassium salt is used to induce the phase chirality; moreover, the 
handedness of the twist is inverted. A microscopic model for the evolution of chirality in a 
micellar phase is proposed. 

1. Introduction 
A lyotropic liquid crystalline state is characterized by 

a long-range orientational order of anisometric building 
blocks in a solvent. In the present paper these building 
blocks are aggregates of amphiphilic molecules in water. 
In the literature, certain phases have been classified as 
nematic from the observation of typical textures and/or 
alignability by magnetic fields, by analogy with thermo- 
tropic liquid crystals. (Rather than textures or alignabil- 
ity, the criterion of the nematic state should be a 
structural one, namely a long-range orientational order 
associated with the absence of long-range positional 
order.) The common picture describes a lyotropic nem- 
atic phase of surfactant aggregates as rod-like, disk-like 
or biaxial micelles surrounded by an isotropic solvent, 
where the respective aggregate axes spontaneously prefer 
a common direction, the so-called director. The director 
does not vary in space for an ideal, undistorted 
nematic phase. 

The director field of a nematic phase may, however, 
become chiral by obtaining a helical superstructure, i.e. 
the preferred orientation twists spontaneously around a 
helical axis. This state of matter has been called ‘choles- 
teric’ for the historical reason that for thermotropic 
liquid crystals, the phase chirality was discovered with 
cholesteryl esters for the first time [ 11. Actually, a more 
appropriate term is ‘chiral nematic’. 

The chiral superstructure within the long-range ori- 
entational order of anisometric micelles is characterized 
by the pitch p (or its inverse, the twist p - l )  and the 
handedness of the twist, right or left (see figure 1). 

*Author for correspondence. 

Rods* l-Q-+ 
Discs 

screw sense: le f t ,  p < O  

Figure 1. Sketch of the helical arrangement of rod-like and 
disk-like micelles. 

A phase chirality can arise either from the molecular 
chirality of the aggregated surfactants themselves [2,3] 
or can be induced by the solubilization of chiral dopants 
into an achiral solvent [4] as well as into achiral micelles 
[S]. We wish to report on the latter case. 

Together with its experimental discovery, two models 
for the origin of lyotropic phase chirality were proposed 
in 1978 by Radley and Saupe [ S ] :  (1) a sterical inter- 
action model; (2) a chiral dispersion interaction model. 

(1) The sterical interaction model assumes that the rod- 
or disk-like micelles of the appropriate nematic 
phase are deformed into a chiral shape by the 
influence of the solubilized chiral guest molecules. 
Due to the thermal motion in the solvent, the 
micelles frequently collide with each other and thus 
chirality information can be transferred sterically 
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612 J. Partyka and K.  Hiltrop 

from one aggregate to its nearest neighbours. A 
chirally deformed rod could look like a cork screw 

(2) An alternative model for the induction of phase 
chirality in lyotropic systems proposes a pairwise 
interaction between chiral molecules resident in 
different micelles. A chiral dispersion interaction can 
be understood theoretically by means of the multi- 
pole expansion of the dispersion interaction energy, 
if at least a dipole/quadrupole term is present 
(Goossens theory [ 61). 

It is one aim of this paper to contribute further to an 
understanding of the twisting ‘mechanism’ acting in 
chiral lyotropic liquid crystals. 

Some correlations between the molecular structures 
of chiral dopants and their twisting efficiency are known 
from the literature. Vanin, Alcantara et al. [7] observed 
an influence of the hydrophobic/hydrophilic balance of 
chiral dopants, mainly amino acids. For ionic dopants 
they suggested an effect of the charge distribution within 
the micellar surface. In a recent paper these authors 
showed that the charge and the chemical nature of the 
amphiphile head groups may affect the dopant orienta- 
tion in the micelle [S]. Radley and Tracey likewise 
investigated the behaviour of amino acids in nematic 
host phases [9] and pointed out that the chiral centre 
density in the micelle surface is an essential parameter 
for phase chirality formation. Recently, an extensive 
study of acylated amino acids in an achiral host phase 
has revealed a correspondence between the molecular 
stereochemistry and the resulting bulk chirality [ lo]. 
Further structure/property correlations are claimed by 
Labes er al. [ 111. According to their report, bulky side 
chains of a chiral dopant should decrease the helical 
twisting power (see 9 3.2 j, whereas very hydrophilic side 
chains should increase it. 

Therc is need of further systematic investigations on 
structurally very simple chiral dopants to elucidate chir- 
ality induction in lyotropic systems, which is more 
complex than for thermotropics. It is a further aim of 
our studies to contribute to this point. 

In order to  keep things as clear as possible ure have 
restricted the major part of our experiments to structur- 
ally related dopants with only one chiral centre with R- 
or S-configuration. We have investigated different 
a-hydroxy carboxylic acids, as well as three correspond- 
ing potassium salts, figure 2(a).  Only one substituent at 
the asymmetric carbon of our dopants was systematically 
modified; this was chosen to have different sizes, hydro- 
phobicities and polarizabilities. This series of related 
compounds was available commercially or could be 
synthesized by standard procedures. 

Our cc-hydroxy carbon acids are somewhat water- 
soluble and, moreover, differ in their water solubility. 

c41. 
n=O Mandelic acid (MA) 
n-I Phenyllactic a d  (PLA) 

Heialivdroiiiandelic acid ( H H M A  1 

n-U Lactic acid (LA)  

R(-)-I $1 ‘-Binaphthalene-2.2’- diyl Cholesterol 
hydrogenphosphate 

RNDHP 

(b) 

Figure 2. Chiral dopants investigated: (a) a-hydroxy carb- 
oxylic acids, from MA, HHMA and HIVA the potassium 
salts were also prepared (KM, KHHM and KHIV); (h) the 
inherent dissymmetric molecule 1,l’-binaphthalene-2,2 
diyl hydrogenphosphate, BNDHP, and cholesterol. 

Although chiral solvents have also been predicted to 
induce phase chirality of lyotropic liquid crystals [4], 
one can assume that any chiral dopant is most effective 
if it acts directly on the building block constituting the 
orientational order, that is, is present in, or close to, the 
micelle. (Therefore one might prefer to use water- 
insoluble dopants, but then other experimental problems 
can arise, like the induction of the lamellar phase, see 
93.1). To be sure that wc could use all the a-hydroxy 
carboxylic acids, we determined their partition coeffi- 
cients .f for a water/alkane two phase system (.f= concn 
in alkane/concn in water) [12]. The data for water/ 
octane show that among our dopants only lactic acid 
(LA) exhibits a value off< 1, that is, prefers to dissolve 
more in water than in octane. In a micellar solution the 
partition will be shifted towards solubilization in the 
micelles due to the amphiphilicity of the dopants; there- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
4
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



Chiral lyotropic nematics 613 

fore the systematic error relating to dopant concentra- 
tion in the micelles is relatively small. We will further 
comment on this point in $3.1 and 3.2. 

Besides the carboxylic acids, we were interested in the 
twisting efficiency of a dopant molecule without any 
chiral carbon centre, but with an inherent dissymmetry 
(R(-)-l,l'-binaphthalene-2,2'-diyl hydrogenphosphate, 
BNDHP). Additionally, for comparison and reference 
to the literature [ 51, we used cholesterol, figure 2 (b). 

2. Experimental 
2.1. Nematic host phase 

Our nematic host phase was a mixture of hexadecyldi- 
methylethylammonium bromide CDEAB (28-3 wt YO) 
and water (67.4 wt YO); some decanol (4.3 wt YO) was 
added to obtain disk-like micelles [13]. The chiral 
nematic phases induced from this kind of host phase 
readily form fingerprint textures which are advantageous 
for pitch determination [ 51. 

Hexadecyldimethylethylammonium bromide was pur- 
chased from Merck (>98%) and decanol from Jannsen 
Chimica (99Y0). Both were used without further puri- 
fication. The required amounts of each component (sur- 
factant, cosurfactant and bidistilled water) were weighed 
into a flask. In order to homogenize the mixture it was 
stirred for 48h at about 40°C in a water bath. Each 
newly prepared nematic mixture was tested for constant 
composition by determination of its clearing temper- 
ature; for this purpose it was filled into microslides 
(Camlab, England), sealed to prevent evaporation and 
warmed in a heating stage (accuracy: O.l°C). The clearing 
temperature of our nematic host phase ranged from 
31-3"C to 31-5°C. 

2.2. Chiral dopants 
BNDHP (for structures/abbreviations see figures 2 (a) 

and 2 (b)) and all the a-hydroxy carboxylic acids, except 
MA (Aldrich Chemical Co.), were products of Fluka 
Chemicals Ltd. (ee > 97%). Cholesterol was purchased 
from Sigma Chemical Co. (>99%). All of these dopants 
were used without further purification. From MA, 
HHMA and HIVA, the respective potassium salts (KM, 
KHHM, KHIV) were prepared by reaction with potas- 
sium hydroxide in ethanol at room temperature. The 
crude products were recrystallized twice from ethyl 
acetate/ethanol. By way of example, the purity of potas- 
sium mandelate and especially the preservation of the 
absolute configuration of its chiral centre were checked 
by measuring the specific optical rotation. The obtained 
[a]$,' value reproduced the literature value within 
-3% [14]. 

2.3. Chiral nematic phases 
Homogeneous chiral nematic phases were obtained 

by weighing the required amounts of dopant and host 

phase into 4ml sample vials (Neolab) and rotating the 
vials slowly for 48 h at about 40°C. 

To achieve fingerprint textures, the chiral nematic 
samples were sealed in microslides of 04mm layer 
thickness and annealed in a heating stage until an 
equilibrium texture was observed. The formation of 
fingerprints of constant width may take several hours, 
sometimes even some days. The duration of the align- 
ment process decreases with increasing dopant concen- 
tration (decreasing pitch) and increasing temperature. 

In order to obtain the best possible comparability 
within the series of the different a-hydroxy carboxylic 
acids, the pitch measurements versus the dopant concen- 
tration were usually performed at the constant difference 
of 3°C below the clearing temperature. For comparison 
with the literature data, cholesterol and BNDHP were 
examined at a constant temperature of 25°C. The pitches 
of the chiral nematic samples were determined using the 
distance between a pair of stripes of the fingerprint 
texture by use of an eyepiece micrometer (Leitz 
RZD-DO). Each measurement was carried out ten times 
and averaged. The measuring error was estimated to be 
less than 5%. 

The handedness of the twist was determined from the 
optical rotation using the results of de Vries theory 
115, 51. 

3. Results and discussion 
3.1. Concentration dependence of the clearing 

temperature 
The addition of a further component to a host phase 

of course affects the thermodynamic stability of its 
lyotropic liquid crystalline state. Therefore we started 
our studies with a check of the influence of the dopants 
on the chiral nematic to isotropic phase transition. The 
dopant concentration, x, was defined as the molar 
fraction of aggregated material. 

As illustrated by figure 3 (a), the clearing temperature 
Tc of the induced phases decreases with increasing 
dopant concentration for the relatively small and hydro- 
philic dopants MA, PLA, HIVA, LA. The same holds 
for the salts KM, KHIV, KHHM at elevated concentra- 
tions. In contrast, T, shifts upwards for the small, but 
more hydrophobic dopant HHMA, as well as for the 
two large hydrophobic dopants cholesterol and 
BNDHP, figure 3 (b). 

In the case of HHMA, at higher dopant concentration 
(8 and lo%), a two-phase region (isotropic/biitonnets) 
occurs between the chiral nematic and isotropic phases, 
figure 3(b). Also the samples with 4 and 6% HHMA 
became biphasic with increasing temperature, the 
biphase consisting of chiral nematic droplets (fingerprint) 
surrounded by a schlieren texture. Finally for the sample 
with 2% HHMA, a pure nematic-like schlieren texture 
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Figure 3. Clearing temperatures, T, vs. dopant concentration, 
x: (a) for the hydrophilic dopants; (6) for the hydrophobic 
and bulky dopants. 

instead of the standard fingerprints was observed just 
below the clearing point. For this dopant, obviously a 
continuous helix unwinding occurs on approaching the 
clearing temperature. The temperature dependency of 
the twist of our systems is currently being investigated 
in more detail and results will be published elsewhere. 
For the BNDHP-samples with more than 2% dopant, 
likewise a biphasic region was observed (isotropic/ 
bltonnets). The concentration, x, of the dopants shown 
in figure 3(b) could be increased only up to S-lO%, 
because further doping led to the loss of the chiral 
nematic state; a lamellar phase appeared instead, induced 
by the dopant (see also [ 5 ,  181). 

The influence of the dopant solubilization on the 
clearing temperature is explained in terms of micelle size 
variation enforced by the guest molecules. The small 
and more hydrophilic dopants will prefer locations in 
the outer, polar shell of the aggregates, whereas the 
more hydrophobic HHMA, cholesterol and BNDHP 

will solubilize in the inner, less polar region of the 
aggregates. The solubilization of dopants in the outer 
shell of the micelles leads to a stronger curvature of the 
aggregate surface; smaller aggregates with a reduced 
anisometry will consequently be formed, which results 
in the observed clearing temperature reduction (Onsager 
theory of the nematic state of hard rods or disks [ls]). 

In the introduction, we mentioned the water solubility 
of some of our cl-hydroxy carboxylic acids. We must 
assume that there is a distribution of these dopants 
between water and micelles which is unknown and varies 
within our series. But, the observed clearing temperature 
depression is quite similar for all our hydrophilic guest 
molecules. see figure 3 (a). To a first approximation we 
assume that equal numbers of different dopant molecules 
solubilized in the host micelles lead to equal clearing 
temperatures. This assumption allows for the compar- 
ison of the solubilization degrees of our dopants. We 
estimate that there is a variation of less than 50% in the 
partition coefficient; the application of an appropriate 
factor between 1 and 1.5 to the concentration scale 
would reduce all clearing temperature curves roughly to 
one. If we would take into account the different dopant 
sizes, the concentration scaling factor would reduce 
further towards 1 (see, e.g. the sequence MA, HIVA, LA, 
figure 3 (a)). Thus we conclude that although the propor- 
tion of any dopant present in the micelles is not known 
exactly, it does not differ too much within the series of 
the small carboxylic acids; finally we conclude that we 
can well compare their twisting properties on a relative 
scale. 

3.2. Concentration dependence of the twist 
It is known that for induced chiral nematic phases 

the twist (i.e. the inverse pitch) is a function of the chiral 
dopant concentration, x. At sufficient dilution (i.e. x+O), 
the absolute value of p- '  increases linearly with x. Then 
the helical twisting power (HTP), which can be defined 
as the slope of the twist versus dopant concentration 
(ap-'/ax), is constant over some concentration range 

In our study we have always found deviations from 
linearity (figure4). Anyway, even more than in the 
thermotropic case, no linearity may be expected within 
extended concentration ranges, because lyotropic sys- 
tems behave like non-ideal mixtures due to possible 
aggregate size variations. But a common feature of our 
systems can be recognized from figure 4(a): the HTP of 
the small and rather hydrophilic chiral guests increases 
with increasing dopant concentration. The opposite 
is true for the more hydrophobic dopants HHMA, 
cholesterol and BNDHP, see figure 4(a,b). For the two 
bulky chiral solutes cholesterol and BNDHP, the twist 

1171. 
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Figure 4. Twist, p - '  vs. dopant concentration, x: (a) for the 
hydrophilic dopants; (b) for the hydrophobic and bulky 
dopants. 

even passes through a maximum; that is, the HTP 
changes its sign above a certain dopant concentration. 

Corresponding to the clearing temperature variation, 
the positive and the negative deviation from linearity of 
the twist versus concentration can be understood by the 
micelle size variation. An over-proportional increase of 
the twist in the case of the rather hydrophilic dopants 
is obviously due to a decrease of the micelle size. When 
more and smaller micelles are formed, the micelle 
number density increases, and consequently the mean 
micelle distance is reduced. This can be rationalized by 
the following arguments: generally, the twist of a chiral 
liquid crystal can be assumed to depend on the square 
of the number density p of the chiral building blocks (in 
our case number density of chiral micelles p,), because 
the interaction is pairwise. Further, it must be affected 
linearly by the chirality d of the micelles: 

For lyotropic induced chiral nematics the chirality para- 
meter A will increase with the number density of the 
chiral dopant molecules p d ;  for sufficiently small micelles, 
A will increase also with the volume u, of the micelle. 

d Cc pdum Cc xz)m 

=-p - 1 Ccp&xu, 

PmEur;;l 

At constant surfactant concentration we conclude: 

X 
3 p - l C c  - 

Vm 

This result gives a qualitative explanation of our 
experimental observation. 

The opposite case of decreasing HTP with increasing 
dopant concentration is due to the respective decrease 
of the micelle number density. It has been interpreted 
already in the 1970s by Radley and Saupe [ S ]  and more 
recently by Acimis and Kuball [ 181 as a pretransitional 
effect caused by the approach to the lamellar phase. 
Hydrophobic dopants like cholesterol and BNDHP 
obviously increase the micelle size (as can be deduced 
from the clearing temperature increase), and the pitch is 
increased. 

For all our data it was possible to achieve a good fit 
of the twist curves by polynomials of order 2. The first 
derivative of the fit polynomials provides the HTP values 
listed in table 1 for some of our dopants (infinite 
dilution). 

Obviously the twisting efficiency decreases within the 
sequence HHMA, MA, HIVA, LA. It is emphasized here 
that the HTP-values differ by much more than a factor 
of 1.5, which had been estimated as the maximum 
uncertainty in dopant concentration (see 5 3.1). This 
makes it certain that the HTP values determined, despite 
the different water solubility of the dopants, reflect the 
correct ranking with respect to their twisting efficiency. 

From thermotropic induced chiral nematic liquid crys- 
tals, it is known that among the physico-chemical para- 
meters responsible for the twisting efficiency of a dopant, 
the mean electronic polarizability of the molecular 
moiety directly adjacent to the chiral centre plays an 

Table 1. Helix handedness induced by some of the acids and 
their corresponding potassium salts. 

~~~~~~~~ 

HTP Mean electronic 
Dopant (x-O)/mm-' polarizability/10-30m3 

R(-)-HHMA -410 Cyclohexane 136.6 
R(-)-MA - 330 Benzene 127.7 
S (  + )-HIVA + 90 Liq. Propane 79.0 
S (  +)-LA + 25 Liq. Methane 35.2 
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616 J. Partyka and K. Hiltrop 

essential role [19]. This has been explained by the 
Goossens theory [6] with the assumption of a dispersion 
type chiral interaction. Indeed, the same correlation is 
confirmed for our lyotropic chiral nematic systems 
through the above listed data which hints at similar 
physical origins of the chirality transfer. 

In view of the fact that toluene possesses a larger 
mean electronic polarizability than benzene, a surpris- 
ingly low twist and HTP-value is obtained for PLA, see 
figure 4 (a). Apparently only the electronic polarizability 
of the group directly adjacent to the chiral carbon, i.e. 
the polarizability of the methylene group, has a strong 
effect. The polarizability of the methylene group is 
further decreased through the neighbouring electron- 
withdrawing phenyl group, and thus the resulting 
twisting efficiency is similar to that of LA. 

As previously mentioned, the addition of HHMA to 
our nematic host phase enhances the clearing temper- 
ature. Therefore we can compare this dopant to that of 
the other hydroxy carboxylic acids only at low dopant 
concentrations. Anyway, cyclohexane possesses a slightly 
increased mean electronic polarizability with respect to 
benzene and thus fits perfectly into the sequence of 
H T P ( x j 0 )  and polarizability. 

A surprising result has been obtained for the three 
potassium salts investigated. For these dopants one 
might ha;ve expected twist and HTP-values comparable 
to those of the corresponding acids. But they are found 
to be much smaller, at low dopant concentrations even 
too small to be determined from fingerprint textures 
with sufficient accuracy. To explain this unexpected 
behaviour, one has to take into account the grossly 
different dissociation behaviour of the carboxylic acids 
compared to their salts. The investigated acids are very 
weak acids; their pK values amount to about + 4  in 
water. They are solubilized in water, as well as in the 
micelles, almost exclusively as neutral molecules. In the 
apolar micellar interior, the carboxylic acids are expected 
to dimerize. 

The opposite holds for the corresponding salts. They 
have to be regarded as nearly completely dissociated. 
Therefore the solubilization locations accessible for acid 
and salt are quite different. Whereas the neutral acid 
molecules could be solubilized in the polar, as well as in 
the hydrophobic inner part of a micelle, the ionic moiet- 
ies of the chiral salts will occupy the positions of 
counterions in our host system; there they compete with 
the bromide counterions of the surfactant. In solutions 
of the cationic surfactant hexadecyltrimethylammonium 
bromide, binding degrees of about 80% (for organic 
counterions) have been determined [ 121. The partition 
bromide/chiral counterion is not known, but the depend- 
ence of the clearing temperature on the dopant concen- 
tration, see figure 3 (a), reveals that the hydrophobic 

moieties of the salt anions are solubilized quantitatively 
in the micelles as well. 

The HTP-values of the a-hydroxy carboxylic acids 
are small compared to those of the two bulky dopants 
cholesterol (HTP = 1390 mm ~ and BNDHP (HTP = 
2510mm- ’) and those of other known chiral molecules 
(e.g. brucine sulphate, HTP = 3200 mm ~ [ 51). The hel- 
ical twisting power is influenced by the orientational 
order parameter of the chiral dopant in the nematic 
matrix [IS]. We must expect a relatively low orientational 
order of our carboxylic acids with their small form 
anisotropy, compared to cholesterol and BNDHP. 

From the comparison of cholesterol and BNDHP we 
see that the phase chirality is by no means exclusively 
linked to the presence of chiral carbon atoms. BNDHP 
does not possess any chiral carbon centre, but exhibits 
a rather strong twisting power. This is in agreement 
with the presumption that the twisting efficiency of a 
molecule depends on the polarizability and/or the 
sterical chirality of special moieties of a molecule. In the 
case of BNDHP, the whole inherent dissymetric struc- 
ture possesses a fairly high polarizability. Inherent dissy- 
metric molecules have also been found to be very 
effective in the induction of thermotropic chiral nematic 
phases [20]. 

Although cholesterol and BNDHP possess a consider- 
able twisting efficiency, we could not achieve short 
pitches in the range of visible light wavelength; this is 
prevented by the induction of the lamellar phase through 
the solubilization of these dopants. 

3.3. Twist sense 
It is well known that the use of opposite enantiomers 

of any chiral dopant induces opposite twists, but it 
cannot be predicted ub initio which enantiomer induces 
a certain handedness. From the comparison of structur- 
ally similar, but not homologous dopants, Radley et al. 
[ 21,221 concluded that the so-called ‘absolute’ config- 
uration of a chiral centre does not uniquely determine 
the twist sense of an induced helix. The corresponding 
R,S-nomenclature characterizes a chiral carbon atom. 
for example, by means of a ranking of its substituents; 
the ranking criterion is essentially the atomic number 
[23] which is, however, obviously not essential for the 
handedness of an induced twist in a liquid crystal. 

Our experiments, too, reveal no simple correlation of 
the handedness of the chiral nematic helix with any 
obvious chirality property of the dopant. Remarkably, 
the two homologous dopants R(-)-MA and S(-)-PLA 
induce the same handedness, although their chiral car- 
bons possess opposite absolute configurations. MA and 
PLA differ only by one methylene group in the length 
of the chain between the chiral centre and the phenyl 
moiety, and this might point to an oddleven effect; 
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similar results have been established for the twist sense 
of thermotropic systems with respect to the aliphatic 
spacer length between a chiral centre and the stiff core 
moiety of a chiral molecule [24]. This aspect is actually 
under investigation. We suppose that the intramolecular 
Orientation of the stiff phenyl ring with respect to the 
chiral centre is important, because it affects the intermol- 
ecular orientation of the chiral centre with respect to 
the micelle surface; solubilized molecules with ring moiet- 
ies prefer orientations of their ring planes parallel to the 
axes of the hydrocarbon chains of the host micelle [ 251. 

A further unexpected result is that all of the salts 
investigated induce the opposite twist sense with respect 
to the corresponding acids, although they possess ident- 
ical chiral centres (see table 2). In order to be sure of 
the correctness of this observation, contact preparations 
of acid- and salt-doped nematic phases were investigated 
in addition to the measurement of the optical rotation. 
In an intermediate sample region we observed a homeo- 
tropic texture between widened fingerprints, which is 
evidence of twist compensation, i.e. opposite twist senses 
of the chiral nematics in contact. 

The twist reversal ongoing from an acid to a salt 
could be due to the dimerization of the acid molecules; 
the salt ions are monomeric. As a matter of fact the 
aggregation of two or more chiral particles can form 
helices of any handedness. This can be rationalized by 
a geometric consideration as follows. As a model, con- 
sider a rectangular plane frame of wires; twist the short 
sides of the frame against each other with some handed- 
ness. Then the long sides of the frame will twist too, but 
with opposite handedness. Two identically twisted 
frames can be aggregated to form a helix. The resulting 
handedness of the helix will depend on the orientation 
of the aggregated frames with respect to the helix axis. 
Regarding our system, the handedness of an induced 
chiral nematic phase could change with the orientation 
(i.e. with the effective chirality) of the dopant within the 
nematic phase; we speculate that this might occur with 
the elongated dimeric acid molecules and the small 
monomeric salt anions, respectively. 

Table 2. Helical twisting powers HTP of the dopants investi- 
gated and corresponding mean electronic polarizabilities. The 

sign of the HTP refers to the handedness of the helix. 

Dopant Helical Twist Sense 

R (-)-HHMA 
R (-)-KHHM 

R (-)-MA 
R (-)-KM 

S ( + )-HIVA 
S ( + )-KHIV 

4. Model for a chiral nematic phase of disk-like 
micelles 

The idea of our model originates from some observed 
analogies between lyotropic and thermotropic induced 
chiral nematic phases (see $3.2 and 3.3). To illustrate 
the point, we take a closer look at a micelle as a 
microscopic object, consisting of about some hundred 
monomers; in a simplified sketch of a disk-like micelle 
(disregarding its rim), the long axes of these monomers 
possess a preferred orientation which is normal to the 
disk plane. This state of the aggregated monomers 
resembles a local orientational order. (The local orienta- 
tional order within a micelle has to be distinguished 
strictly from the long-range orientational order of the 
micelles giving rise to the liquid crystalline state.) 
However, accepting this point of view, it seems straight- 
forward that a chiral guest molecule within an orienta- 
tionally ordered environment will act similarly as in 
thermotropic liquid crystals; the chiral dopant induces 
a twist of the preferred orientation of its neighbouring 
achiral molecules. In a micelle, the twisting action could 
be performed even more easily than in a thermotropic 
nematic, because the micelle has confined dimensions 
and is surrounded by an isotropic liquid. Therefore the 
chirality can develop without frustration into two dimen- 
sions, from the centre of a micelle towards its rim. 
Explicitly, our model proposes an average non-zero tilt 
of the surfactant long axis with respect to the normal of 
the disk; the tilt angle increases towards the rim of the 
disk. A sketch of this intramicellar chirality model is 
given in figure 5 [26]. 

If the intermicellar interaction is sensitive to the 
orientation of the surfactant long axes on the rim of the 
micelles (e.g. via the charge distribution), a macroscopic 
twist of the liquid crystalline phase will arise as a 
consequence of the local, intramicellar twist induced by 
the solubilized chiral dopants. 

Discussions with Dr M. Osipov and financial 
support from the Deutsche Forschungsgemeinschaft are 
gratefully acknowledged. 

Figure 5. Sketch of a disk-like micelle with preferred tilted 
orientation of the surfactant molecules. 
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