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Structures and Properties of Induced Lyotropic 
Cholesteric Phases 

HANS-DIETER DORFLER, ANDREA GOPFERT and 
CARSTEN GORGENS 

TU Dresden, Department of Chemistry, 0-01062 Dresden, Germany 

Phase chirality in disk-like lyotropic cholesteric phases (ChD) was investigated, which were 
induced by center and axial chiral dopants to achiral lyotropic nematic host phases (No). In a 
lyotropic nematic matrix of the N, phase in the ternary system hexadecyldimethylethylam- 
moniumbromid (C16Me2EABr)/water/n-decanol, a disk-like lyotropic cholesteric phase ChD 
was induced by addition of the axial optically active compound R(-)- 1,l’-binaphtha- 
lene-2,2’-diyl-hydrogenphosphate (BDP). The HTP value of the BDP is generally lower than 
the HTP value of inducing substances with center chirality as cholesterol, prednisolon etc. At 
constant composition of the ND phase, the helix lengths were determined in dependence on 
the BDP concentration by means of evaluation of the “spaghetti-like texture” using polariz- 
ing microscopy. The reciprocal helix-lengths are changing linearly with rising BDP concen- 
tration. Furthermore selected results of X-ray scattering and diffraction on the structure 
formation in the ChD phase were discussed. 

Keywords: Disk-like micelles; textures; helix length; center and axial chirality; X-ray scat- 
tering; structures 

1. INTRODUCTION 

Chirality in liquid crystals, and in science generally, has been the subject of 
interesting research in the last decades. So lyotropic cholesteric phases have 
previously been described in the literature [l-391. Generally, the authors 
used three-component systems (water, surfactant, cosurfactant) to prepare 
the lyotropic nematic matrix. Optically active surfactants with different 
chemical structure have been applied to the formation of lyotropic 
cholesteric structures. 
In the first step the goal of our previous papers [4047] was to study the 
lyotropic nematic to lyotropic cholesteric transitions induced by seleded 
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HANS-DIETER DORFLER et nl. 

chiral dopants. The addition of small amounts of chiral compounds such as 
cholesterol, d- or I-tartaric acid, lithocholic acid, desoxycholic acid, cholic 
acid, Na-taurocholate, hydrocortison, prednisolon etc. have been shown to 
transform lyotropic nematic phases into lyotropic cholesteric phases. 
In the next step the aim of these studies was the determination of pitch 
length fiom the textures, oriented in magnetic field, and the evaluation of the 
so called helical twisting power, designed as HTP value. Four aspects were 
important by our following investigations and analysis: 
- Characterization of lyotropic cholesteric phase using the axial chiral 

optically active compound [R(-)-1,l '-binaphthalene-2,2 'diyl-hydrogen- 
phosphate = BDP] by texture observations and using Small- and Wide- 
Angle X-ray Scattering (SWAX). Analysis of the structural changes of 
the micelles in the ChD phase in dependence on the BDP concentration. 

- Analysis of the influence of the host phase - this means the influence of 
the composition in the lyotropic nematic matrix - on the properties of the 
lyotropic cholesteric phase by measurements of the pitch length and by 
SWAX investigations. 

- Comparison of the twisting properties of the center c h i d  optically 
compounds with axial chiral optically active compounds. 

- Detailed analysis of the main factors for helix formation by evaluation of 
the str~ctural parameter of the ChD phase. 

2. RESULTS 

2.1, Texture observations and measurements of the helix leneths in 
dmendence on the BDP concentration 
The "fingerprint texture" of the non-aligned lyotropic disk-like cholesteric 
phase ChD is shown in Figure la. The ChD phase is p h d y  oriented under 
the influence of the glas walls. Neighbouring micellar aggregates will 
accordingly tend to align so that their long axis are parallel to the interface. 
This reduces for a given distance the electrostatic repulsion fiom surfbe. In 
analogy to the lyotropic nematic phases the corresponding lyotropic 
cholesteric phase can also be aligned by a magnetic field. 
In the rod-like lyotropic cholesteric phase C b  we have found that the helical 
structure unwinds. The application of an external magnetic field leads to a 
nematic "Schlieren texture" [40]. In the disk-like cholesteric phase, however, 
the formation of cholesteric structure can easily be observed by means of 
polarizing microscopy. As shown in Figure la, only one domain of the 
"fingerprint texture" have an ordered morphology. These domains can be 
aligned by an external magnetic field. Then, the typical "spaghetti-like 
texture" is observed as shown in Figure lb. 
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INDUCED LYOTROPIC CHOLESTERIC PHASES [3307]/5 19 

a) b> 
FIGURE 1. Textures of different lyotropic liquid crystals at T = 298 K. 
a) "Fingerprint texture" of the nonaligned disk-like lyotropic cholesteric phase 

(ChD). 
b) "Spaghetti-like textwe" of an oriented ChD phase. It has been subjected to a 

magnetic field for 10 h (1,2 tesla) 
Magmfkation 1OOx. Composition of the quaternary system for the formation of the 
ChD phase: 28wt% C,&lqEABr; 67.7wt% water; 4.3wt% n-decanol; 1.3wtv0 BDP. 
See Color Plate VII at the back of this issue. 

A point of special interest in texture observations was the change in pitch 
length effected by BDP. Figure 2a illustrates the results. At low BDP 
concentrations the reciprocal pitch length increases linearly. According to 

1 

HTP = lim the HTP values of the optically active compound BDP 
=I  4 0  pc, 

were calculated with p the helix length, q the concentration of BDP and 
HTP=192,3 mm-' mol-'. This means the HTP value of BDP is very low for 
instance in comparison to cholesterol, prednisolon etc. 
Furthermore we have measured the transition temperatures T' of the phase 
transition ChD -+ S. The results are drawn in Figure 2b. The T*/C, curve 
shows a linear dependence on the BDP concentration. D
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T"I<1 , , , . , . , . , . , 

t 320 "1 
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305 - 

m i .  I .  I .  I .  I .  

0.00 0.05 0.10 0.15 0.20 0.25 - q [mOl%] 

FIGURE 2.  (a) Reciprocal pitch length (Up) obtained by evaluating the "spaghetti- 
like texture" in dependence on the BDP concentration (c,) at T = 298 K. 
(b) Temperatures r' of the phase transition ChD + S (isotropic phase) in 
dependence of the BDP-concentration 
Composition ofthe c h ~  phase: 28 wt % C&le&4Br; 67.7 wt % wteL 4.3 wt % n- 
decanol; + BDP. 

2.2. sw AX measurements and influence of BDP on the stru ctute 
formation in the Chu- 
In Figure 3 are collected some small angle X-ray difFraction patterns of the 
C b  phase in dependence on different BDP concentrations. An interesting 
feature of the SWAX pattern was that under the condition of parallel X- 
raying, the (100) and (200) reflexes are not dependend on the BDP 
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INDUCED LYOTROPIC CHOLESTERIC PHASES [ 33091152 1 

concentration. We have not observed a shift of these reflexes. This 
phenomena was the same, when we have took cholesterol to induce the ChD 
phase [45]. Also the micelle distances shifts not in normal direction. 
Otherwise under the condition of perpenticular X-raying of the sample, the 
(010) reflex shifts with increasing BDP concentration to higher values. In 
Figure 4 these results are summarized. 

- 0.04 wt % -- - 0.17 wt % 
.... . .0.44 wt % 
.-.- 0.76 wt % 
.-..- 1.70 wt % 

0.12 

I 
0'02' 0.b5 ' 0.10 0.15 0.20 0.25 - h [k'] 

FIGURE 3. Experimental scattering w e  (desmeared) of the ChD phase under the 
conditions of the perpendicular X-raying of the sample in dependence on the BDP 
concentration (c, in wt YO). Composition of the ChD phase: 28 wt YO C1&4eEABf; 
67.7 wt YO water; 4.3 wt YO ndecanol; + BDP. Symbols: I fi) = Scattering intensity; 
h = scattering vector (h=(4dasin(@2), It  = wave length of the radiation, 8 = 
scattering angle). 

The aim of the SWAX measurement was to calculate some micelle 
parameters of the ChD phase using the X-ray diffraction curves shown in 
Figure 3. Details are described in [48]. To calculate the anisotropy of the 
periodic volume we have measured the SWAX pattern in dependence on 
different BDP concentrations. The results from the SWAX experiments and 
of the calculations are summarized in Table 1. From the analysis of the 
micelle parameters we can conclude that indeed, the solubilization of the 
BDP molecules into the micelles have took place. The solubilization is 
connected with a change of the micelle parameters, as to seen in Table 1. 
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 - c/ W%I 
FIGURE 4. Anisotropy (A = didp = dolddJm) of the periodic volume in 
dependence on the BDP concentration (q) at 298 K under the conditions of the 
parallel (index p,') and perpendicular (index s , A )  X-raying of the sample. 
Composition of the ChD phasc: 28 wt % CI&eEABr; 67.7 wt %water; 4.3 wt % n- 
decanol. d = Brag value. 

- - q V. [lo' *A3] Vu[1OS .A3] A=dddIw I; zI zM 
[wt %] 

0 3.64 1.20 1.17 161 0 - 
0.17 3.91 1.29 1.21 172 1 18800 
0.44 4.35 1.43 1.27 192 3 6200 
0.76 5.09 1.71 1.37 224 6 3800 
1.7 6.53 2.26 1.54 284 17 1800 
2.0 6.77 2.36 1.58 298 21 1330 

TABLE 1 Micelle Darameters of the induced Chn ~hase as function of the R W -  
1,1 '-binaphthalene-2,~'~yl-hydrogen-pho~~te (BDP) concentration (c,) at T '= 
298 K. Composition of the matrix of the ND phase: 28 wt % Cl&EABr, 67.7 wt 
% water, 4.3 wt % n-decanol. Symbols: Vp = periodic volume of the micelle; VM = 
micelle volume; dolddjm = didp = A = Anisotropy of the periodic volume; z, = 
average aggregation numbers per micelle; F, = average solubilization numbers of 
BDP molecules per micelle; zM = average micelle numbers per helix lengths. 

The micelle volume rises considerable. We can assume that in the bilayer of 
the disk-like micelles the optically active compounds probably arrange 
beside of the surfactant and cosurfactant molecules in the position with the 
smallest curvature of the micelles. So we can conclude that the distribution 
of the BDP molecules in the micelles is not homogeneously. Therefore it is 
to expect that each composition of the micelle interface has its own local 
concentration profil, changing the curvature of the micelles. 
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INDUCED LYOTROPIC CHOLESTERIC PHASES [3311]/523 

2.3. Influence of the IvotroDic nematic host Dhase on the Droperties of the 

I 40 

35 

30 

25 

20 

15 
20 22 24 26 28 30 32 34 - cs[wt%l 

FIGURE 5 .  Reciproced helix lengths (Up) in dependence on the C1&e2EABr 
concenhation (cs) at constant ratio Cl&4e2EABr/ndecanol = 6.65 and 1.3 wt YO 
BDP at T= 298 K. 

,,i . 
300 

295 / .  

15 20 25 30 35 

FIGURE 6. Temperatures T‘ of the phase transition C ~ D  -+ S (isotropic phase, 
symbol v) and ND + S (symbol m) in dependence on the Cl&eEABr 
concentration (cs). Composition of the ND phase: constant ratio (related to the mass) 
C,&@EABr/ndecanol = 6.65. Composition of the ChD phase: matrix of ND phase 
+1.3 wt %BDP. 

- C ~ [ W t % ]  

As mentioned above after alignment of the ChD phase in magnetic field we 
obtained the so called “spaghetti-like texture” at T = 298 K (see Figure lb). 
A point of special interest in texture observation was again the change in 
pitch length effected by changing of the composition of the matrix in the ND 
phase. Figure 5 illustrates the results. Similar to Figure 2a, we can see that 
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524/[3312] HANS-DIETER DORFLER er al. 

the reciprocal pitch length increases linearly with the surfactant 
concentration cs. 
Again we have measured the temperatures T' of the phase transition ND + S 
and Cho + s in dependence in proportion to the surfactant in the ND phase 
and the ChD phase. The results are shown in Figure 6. In the upper part of the 
two curves the increase is linearly but with different slope. 
In Figure 7 is drawn Bragg values to demonstrate the anisotropy of the 
periodic volume as well under the conditions of the parallel and 
perpenticular X-raying, against the composition of the ChD phase. There are 
differences in the d values. The values of the periodic volumes of the disk- 
like micelles are in the same order of magnitude. 

- csIwt%l 
FIGURE 7. Anisotropy (A = d/dP = dolddlw) of the periodic volume in the ChD 
phase in dependence on the Cl&leEABr concentration (cs) at T = 298 K at a 
constant ratio (related to the mass) C & f ~ E A B r / n d m o l  and 1.3 wt % BDP. 
Symbols: d = Bragg values, ChD = disk-like lyotropic cholesteric phase, ND = disk- 
like lyotropic nematic phase; L, = lamellar phase, chains fluid; L-d = lamellar phase 
with defects; d, = Bragg values during perpendicular X-raying through the sample; 
dp = Bragg-values during parallel X-raying through the sample. Anisotropy A: 
A = - = - .  d ,  do,, 

d ,  4wJ 
In Table 2 are summarized of the different micelle parameters of the ChD 
phase in dependence on the surfactant content at constant surfactant/ 
wurhctant ratio (= 6.65). The tendency in the micelle parameters is the 
following: with increasing surfactant concentration the micelle volume and 
the average aggregation number decrease. The same trends we have 
observed for the V p  and Fs values in the system C&le$ABr/water/n- 
decanohurocholic acid. 
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INDUCED LYOTROPIC CHOLESTERIC PHASES [3313]1525 

- cs Vp [lo5 *A3] &[lo5 *A3] A=doJddJw Z, z, 

25 7.78 2.35 1.43 314 15.0 
27 6.74 2.15 1.52 283 12.2 
30 5.52 1.93 1.57 263 10.5 

[wt %] 

32 5.12 1.76 1.58 240 8.4 
TABLE 2 Micelle parameters of the induced C ~ D  phase as function of the 
C 1 a a A B r  concendation (cs) at constant ratio -(related to the mass) 
C1&4~EABr/ndeuml = 6.65 and 1.3 wt % R(-)-l,l'-binaphthalae-2.2'-diyl- 
hydrogen-phosphate (BDP). Symbols: Vp = periodic volume of the micelle; VM = 
micelle volume; doj$djm = did,, = A = Anisotropy of the periodic volume; z, = 
average aggregation numbers per micelle; 5, = average solubilization numbers of 
BDP molecules per micelle. 

3. CONCLUSIONS 

With our systematic investigations [40-47] about the main parameters and 
factors for the mechanism of helix formation in a matrix of the disk-like 
lyotropic nematic phases - details are not written here - we have found out 
the essential experimental conditions, which are responsible to built up 
lyotropic cholesteric phases by adding chiral compounds t42-481. The 
application of, as well center chiral as axial chiral substances leads in the 
ternary system surfactant/cosurfrfactant/water of the lyotropic nematic matrix 
to the phase transition ND -P ChD. Our texture observations and SWAX 
measurements were very good tools to identify the phases, to measure the 
helix lengths and to obtaine structural parameters about the micelle size and 
micelle geometry in the NO phase and in the ChD phase. 

p d n b l o n  Part of hdbc 

pdniaolon 

H bridg.r 

0 

s 
FIGURE 8. Oversimplified model to demonshate the interaction between two 
prednisolon molecules m g e d  in two micelle of the helical stack forming the H 
bridges. 
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526/[33141 HANS-DIETER DORFLER et al. 

For the formation of the ChD phase and the helices, the solubilization 
properties of the ND phase matrix is the importanst factor. The solubilization 
capacity of the micelles in the ND phase is strongly dependent on the 
composition of the ND phase and on the chemical constitution of the chiral 
compound. In our experience, the helix formation starts with about 1 - 2 
chiral molecules per micelle in the ND phase. The chiral substances have the 
properties of cosurfactants. During the incorporation of the chiral substances 
in the micelles a change in the curvature of the micelles takes place. The 
chiral compounds are located in such a position, where the micelle have the 
lessest curvature. The reason for the bond between the disks in the helix is 
probably the formation of H-bridges between adjacent chiral molecules in 
the helical stack. The H-bridges between two neighbouring micelles act like 
a "hinged joint" and bring the two micelles in a fixed position. Afterwards 
the system has the possibility to form helices. This situation is shown in 
Figure 8. 
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