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PHYSICAL REVIEW E 71, 051712(2009

Correlation length and chirality of the fluctuations in the isotropic phase of nematic and
cholesteric liquid crystals

Jacob J. Krictf, Mark B. Romanowsky, and Peter J. Collings
Department of Physics and Astronomy, Swarthmore College, Swarthmore, Pennsylvania 19081, USA
(Received 24 January 2005; published 17 May 2005

Light-scattering measurements of the correlation length in the isotropic phase of a nematic liquid crystal
reveal a temperature dependence following Landau—de Gennes theory for the isotropic phase with a bare
correlation length smaller than has been measured in other liquid crystals. Similar measurements in a choles-
teric liquid crystal demonstrate that the correlation length in the isotropic phase is larger than typically found
in nematics and that the chirality of the fluctuations in the isotropic phase is slightly higher than the chirality
of the cholesteric phase. Landau—-de Gennes theory of the cholesteric phase describes the chirality in the
cholesteric phase well but predicts that the chirality in the isotropic phase is temperature independent, which is
not consistent with the data. There is a discontinuity in the chirality at the cholesteric-isotropic transition of
about 15%, which is less than the predictions of Landau—de Gennes theory but more than the typical specific
volume discontinuity at transitions to the isotropic phase. Except for a mismatch in the discontinuities at the
transition, the chirality data resemble the temperature behavior of variables just below a critical point, in spite
of the fact that this system is far from a critical point.

DOI: 10.1103/PhysRevE.71.051712 PACS nuni®er61.30.Cz, 61.30.Gd, 64.70.Md

I. INTRODUCTION order of cholesteric liquid crystals makes the measurement of

Advances in the understanding of phase transitions haVchirality in the cholesteric phase easy. Measurement of the
o gorp : Shirality of the fluctuations in the isotropic phase near the
highlighted the central role fluctuations play in all but the

: . " . transition is very difficult. In fact, only one such measure-
most strongly discontinuous transitions. Phase transitions ithent has been done. and that was performed by Koistenen

thermotropic liquid crystals are an excellent example of this;ng Keyes on a system with a continuous transition from the
because the transitions are weakly discontinuous or continysotropic phase to a more ordered isotropic liquid-crystal
ous. In addition, some liquid crystals are chiral, and recenphase(Blue Phase Il [5]. No measurement of the chirality
theoretical and experimental studies have pointed out thgf the fluctuations in the isotropic phase near the phase tran-
strong effect chirality can have on the nature of a phasgition to the cholesteric phase has been done, and no theory
transition. Yet there is limited quantitative information on the specifically describing the chirality across the cholesteric-
fluctuations near some thermotropic liquid-crystal phasésotropic liquid transition has been formulated. Yet chirality
transitions. For example, one of the most important paramhas been the subject of many theoretical effpdts15], and
eters in describing a phase transition is the bare correlatiosome understanding of the behavior of chirality on both sides
length, since this is the length scale that is renormalized agf this transition should be possible. But at this time a good
the phase transition is approached. Measurements of the catnderstanding is lacking. In fact, when comparing theories of
relation length in the isotropic phase are few, having beerhe isotropic phase to experimental data, the chirality of the
done some time ago and almost exclusively on one nonchirdgholesteric phase must be used because the chirality of the
system[1-3]. Yet in many cases theorists must use a valudSotropic phase is unknown. _ N

for the bare correlation length in order to make comparisons N @n effort to check the experimental procedures utilized

between theory and experiment. Clearly, additional measurdl this investigation and to probe the bare correlation length

ments of the bare correlation length, especially in thermotro!" & r}onlc;h;]rtal Syftte'f“ quite different Iro_m ttkr:os_e ?tud!ed Ere-
pic systems in which the molecules are quite different fromY'0USY, lght-scattering measurements in the 1Soropic phase

Lo . . of p-pentyl-pg-cyanobipheny5CB) were performed. These
the ones studied in _the past, are necessary. An IntereStInngieasurements are difficult because the correlation length is
recent development is that the measurement of the bare ¢

. . . ; S uch less than the wavelength of light in the material. These
relation length in a lyotropic chromonic nematic liquid €rys- 1o 1ts demonstrate that the bare correlation length in this
tal, in \.Nh'Ch the ordering entities are aggregates of mOI'smaller, polar molecular system is less than in systems com-
ecules instead of molecules, has been repdedThe bare posed of larger, nonpolar molecules. An interesting aspect of
correlation length in this system is three to four times longetyose experiments is that the very large electric susceptibility
than the me_asurements in thermotropic nematic systems. nisotropy of 5CB produces strong enough light scattering
.A more important ex‘?’T‘p'e concermns measurements gl e getected intensity to have a contribution from mul-
chirality near phase transitions. The long-range onentaﬂona“me scattering. This is taken into account by assuming that
single and double scattering are the only contributions that
need to be included in the analysis.
*Present address: Department of Physics, Harvard University, The most significant results concern the measurements of
Cambridge, MA 02138, USA. chirality across the cholesteric-isotropic transition in a mix-
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ture of 35% chiral and 65% racemic S(2-  angled, respectively. Factors involving the average electric
methylbuty)phenyl-4-decyloxybenzoatéCE6 and CE6R  susceptibility and the phases of the basis modes are not in-
The chirality increases with temperature in both phases, witleluded in Eq.(1) because they do not contribute to the scat-
a relatively small discontinuity at the phase transition. Thistering intensity. Thée,, are the spherical basis modes of the
behavior is similar to what one observes for the specific volelectric susceptibility anisotropy tensor in which one mode
ume across a liquid crystal to isotropic liquid transition, butwith mean-square amplituc(e%) describes a uniaxial direc-
the discontinuity in the Chlrallty is much greater. The mea-tor f|e|d, two modes with mean-square amp“tude% and
surements in the isotropic phase follow the prgdmno_ns 0f<e§1> describe conical spiral director fieldspposite sensgs
L?‘”da“—de Genn.es theory for shprt range order n the ISOUr Q34 two modes with mean-square amplitudes and(e2,)
pic phase of a chiral system, but in this theory chirality is an . . . : .
: . L . describe planar spiral director fieldspposite sensgsThe
independent parameter with no indication of how it depends . Co ) :
tensity of scattered light is found by applying the scattering

on temperature. The temperature dependence of the chirali U
P y P P %ﬁueller matrix to the incident polarization Stokes vector and

in the cholesteric phase can be understood by modifie en applying the proper Mueller matrix to this result to take
mean-field theories of the Landau—de Gennes type, but these pplyIng brop

predict that the chirality in the isotropic phase is independen%nto account the optical elements between the sample and the

of temperature while the data indicate otherwise. This diS_detector. For example, if vertically polarized light is incident

crepancy is not surprising, since chirality is not related in on the sample and only vertically polarized light is allowed

direct way to the orientational order parameter used in theit 0 reach the detectdthe scattering plane is horizontathen

theories. A theory developed for the critical point that occursﬁ]e intensity at the detector is given by
in some chiral liquid-crystal systems agrees with the chirality
measurements in both the cholesteric and isotropic phases | =|_o(< D+ () - 2 u10)
except for the size of the discontinuity, even though these W T WY T M2 e
measurements are from a region of the phase diagram far s
from the critical point. But most importantly, these results =9 —<Eg>+4(<,5§>+<€§2>) , 2)
present how much change in chirality occurs at the 213
cholesteric-isotropic transition in a typical system.
where |, is proportional to the incident intensity. If right-
Il. THEORY handed circularly polarized light is incident on the sample
The theory behind light scattering in the isotropic phaseand only right-handed circularly polarized light is detected,
of liquid crystals was worked out some time ago and haghen the intensity is given by
been used in many investigations. A formulation that is gen-
eral enough for both nonchiral and chiral liquid crystals uti-

|
lizes a scattering Mueller matrix in which the elemefis) lrRr= Eo«ﬁm) + 2(p14) + (144))
depend on the mean-square amplitudes of the fluctuating ba-
i i lo| 2
sis modes and the scattering anglé], :EO §C4<€§> Fs- DD+ (s+ DX |. (3
(mar) = A)(C?+ 113 + A3 + (&) +(2))(S" + 1)’
+2(E) +(E))? The mean-square amplitude of the spherical susceptibility

anisotropy modes can be determined using the Landau-de
Gennes real-space expression for short-range order in the

_ — ) 2\ (2 2/a _
(112 = (aan) = A (S + D3~ A €53 isotropic phase, converting it to momentum space, and then

- (&Y +())(1-5Y using the equipartition theorem to describe the energy asso-
ciated with each modEL6]. The free-energy density in mo-
(1) = (uar) = (og) = (s = (tas) = sz = 0 mentum space can be written

(m1a) = (g = = 2((€) = (E))S(S + 1)

Dy = %AE {a— mbayq + (b+ 2(4 —mz))qz}@ﬁq(q»,
(1o = A€)(C? + 1)Y3 + A D)3+ () +(€))c* - 2((eD) "

4
+H(Ep)e? @
whereq is the wave vectonn is the index for the five basis
(20 = (pap) = 2(<E§> B <632>)SC2 modes;a, b, andd are the coefficients of terms in the real-
space free-energy density; agglis another coefficient of the
(3 = — K eg)(C?+ 1)/3 + 2(€5) +(€2)))c? free-energy density term representing the chirality of the sys-
tem(gy=4w/P, whereP is the pitch of the director heljxqg
(iag) = — Ked)(C?+ 1)I3 + A{&3) + (€2,))S* — 2({€D) is negative for a right-handed helix and positive for a left-
+ <621>)Cz, 1) handed helixA is a proportionality constant. The equiparti-

tion theorem yields an expression for the mean-square am-
wheres andc are the sine and cosine of half the scatteringplitude of each of the modes

051712-2
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BksT =1 S 2 _ 2 1
(&)= u ® t=3ayT-T)- @] -ZuS+ S, (9)
a-mbagq+ {b + 9(4 - mZ)JqZ whereay, b, u, and\ are temperature-independent constants,
6 Sis the orientational order parameter, ajds the chirality.

_ _ Since it is not known how the chirality depends on the order
wherekg is the Boltzmann constan; is the absolute tem- parameter, both linear and nonlinear dependences are consid-
perature, andB is a proportionality constant. ered,

Substituting the expressions for the;) into the intensity _ &
equation and then using the mean-square amplitudes of the o= (1 +aS), (10

basis modes gives the following relations for the two casesyhere« andq, are constants and equals 1, 2, or 3. For a
discussed earlier: given value of 3, the free energy can be minimized as a
function of temperature for any set of paramet&rsa,, b,
M, N, q;, anda. Note that this form ofy, introduces terms in
keT the free energy of the forg’, lq,ZSB”, and q,ZSZ'.B*Z.' Note
+ 1- 202+ £(q-qo) glso th_atq, is the _temperature-mdependent chirality of the
o=t 0 isotropic phase. Since the parameters in the free energy are
not known, they must be determined by a fit to experimental
data.
T Since this theory is based on an orientational order param-
) B > Al (6) eter, it can only describe the chirality through its dependence
1-&05+&1(a+qo) on the order parameter. This clearly creates problems. For
example, if this theory is fit to experimental data on the
chirality in the cholesteric phase in a helix inversion system,
the prediction of the chirality in the isotropic phase where
gc“kBT the order parameter is zero does not even match the sense of
3 (= 1)%gT chirality in the isotropic phasévhich was all that could be
» 2,5\, 1 -§§Q%+ gi(q_ Qo)? determined experimentally17]. So rather than treating the
1+ &+ 552 q cholesteric and isotropic phases as very different due to a
large change in the order parameter, perhaps a theory that
begins with the idea that the liquid-crystal and isotropic
(P +1)%ksT phases are simildbecause of the existence of a nearby criti-
1- 2R+ £2(q+ Q) (7) cal poin) can better describe how the chirality changes in
o~ 51 0 crossing this transition even though the system is not near a
critical point. Such a theory was first proposed by Lubensky

5 ) . and Stark{13] and further generalized and tested by others
whereé;=b/a andé;=d/a are squared correlation lengtls. [14].

andD are proportionality constants, aaga,(T—T"), where This theory defines the order parameter as
ag is a constant and” is the temperature at which the non-
chiral fluctuations in the isotropic phase divekifenot inter- ()= () = (e =((V X Q) - Q) = (), (12)

rupted by the first-order phase transifiod; describes the where (), is the value of(V X Q)-Q) at the critical point

ZICZ:I ?Jethir?r;ﬁ':rtg?sfg:ggsév?ggiéelatedgt[og]h?xvaﬁill:p' andQ is the thermally fluctuating alignment tensor. Assum-
y are. that &,[3], g ing this order parameter obeys the normal scaling relation in

:terfotuvggltehnet ttrgnz?t%:% a;rhero?(::?w“er:jgisozh?rf (i:\?;elgltlon the vicinity of the critical point,(¢) must obey a simple
g PP 9 y cubic equation involving the two scaling fiel@srdering and

2T
38

I C
vV — *

. _._D
RROT-7

- nonordering. These two scaling fields are assumed to be
&= \/ *bf . :fo\/ T - (8) linear combinations of the temperature and chiral fraction.
Ql (T-T) T-T Comparison of this theory with precise heat capacity mea-
surements in the vicinity of a critical point allowed the tem-
where&=b/(a,T") is the bare correlation length. perature and chiral fraction dependence of the two scaling

The Landau—-de Gennes phenomenological theory of théelds to be determined for one chiral-racemic cholesteric
nematic liquid-crystal phase can be extended to includsystem, thus revealing hog) varied with temperature at a
chirality by simply adding terms allowed by symmetry to the fixed chiral fraction[18]. The order parameter is continuous
nonchiral free-energy expression. There are several terma the supercritical region, but is discontinuous in passing
that are good candidates, but knowing which ones are likelyhrough the transition line that ends at the critical point. The
to dominate is difficult to ascertain. Since the results arevariation of the order parameter with temperature at a fixed
qualitatively the same regardless of which terms are addedhiral fraction is not symmetric on either side of the transi-
one example is given here that has been successful in déen. This theory can be applied to other cholesteric systems;
scribing the chirality of a cholesteric phafg7]. The free  all that needs to be specified is how far below the critical
energy of a chiral system can be written chiral fraction the system under study is.

051712-3
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285 T T T T T T T

. T=308.17K
& = (5.00 +0.23) nm

280

275

to detector 270

FIG. 1. Geometry for calculating the contribution from double
scattering. The scattering angledisthe first scattering event occurs
at pointX, and the second scattering event occurs somewhere alon(  ogs
line CD. The probability of double scattering is proportional to the
anglea+ 8. This angle is then averaged for all points along W& a sf:mj‘ng:jf:m:: T
a distancex from the center.

Scattering Intensity (arb. units)

Single Scattering Intensity (arb. units)
(sun "qie) Ausuaju) bupspeas ajgnog

260 L 1 1 I 1 1 1
20 40 60 80 100 120 140 160

I1l. EXPERIMENT PROCEDURES AND RESULTS Scattering Angle (degrees)

The first material studied Wa_s the nematic "‘?IUid crystgl FIG. 2. Scattering intensity as a function of scattering angle for
5CB, purchased from BDH Limited and used without addi-5cg. The inset shows the contributions from single and double

tional purification except filtering through a 0@ nylon  geattering resulting from the fitting procedure described in the text
filter. The nematic-isotropic phase transition occurs arounghat results in a correlation length of 5.00£0.23 nm.

308 K, therefore measurements were conducted over a 15 K

range of temperature higher than this value. Measuremen
of the intensity of light scattering as a function of scattering
wave vector,q=(4mn/\g)sin(6/2), wheren is the index of

refraction of thg sample, were recorded. using a .cylind.ricag" X on line AB gives a weakly angular-dependent function
sample vesseldiameter of 1 cphand vertical polarizers in with a shallow minimum a#=90°. Changes in the polariza-
the input beam and in front of the detector. The sample veTa )

§essel(point X in Fig. 1), then the probability of a second
scattering event along lin€D is proportional to the angle
+ B subtended by lin€CD at point X. Averaginga+ g for

. ) ) m ion during the two scattering events do not affect the calcu-
sel was surrounded by index matching fluid and the inciden tion, and there should not be a strong change in the scat-
|25 mW_II_|rg]]ht \;V'th 7\0:?88 nm came frtorrl1| e:jn e:)rgon-.kryplngn tering volume with angle. Thus double scattering shows up
aser. € lemperature was —controied Dy CIrCUlaling,q 5" contripution that is almost independent of angle, but
tempe_rature-_regulated_Water through a coil in the |_ndex ecause the measured intensity is multiplied byssio com-
maiching fluid. The alignment of the system was adJUSteqt;ensate for the change in scattering volume for single scat-

until scattering from the mdex—m_atchlng fluid was ConStar]ttering, the double scattering contribution strongly depends
over the entire range of scattering angles with no sampl%n angle and peaks at 90°

vessel present. : . S .
It was_quickly noted that the data cc_mtained an additiona 0:Tg.eFS(;?%&%ﬁ%ﬁgg%ggggﬁﬂgrl(;sbgelvze enr(?, ysEf)G) with
contribution when compared to the light-scattering results
from many other liquid crystals. Because 5CB has a much CT
larger electric susceptibility anisotropy than typical liquid v :m’ (12
crystals, it is likely that the amount of scattering from the .
fluctuations is high enough to cause a larger contributiorwhereC is a new proportionality constant. When a function
from multiple scattering effects. To check whether this is thecontaining the expressions for both single and double scat-
case or not, a simple calculation of the angular dependendering, each with an adjustable coefficient, is fit to the light-
due to double scattering was performed. This calculation iscattering dat&; is the only other fitting parameteresults
made simpler by the approximation that each scatteringis shown in Fig. 2 are obtained. The graph contains the ac-
event is isotropic, i.e., the angular dependence of the doubl@al data and fitting result, whereas the inset shows the mag-
scattering contribution comes predominantly from geometrinitude of the two contributions as a function of scattering
effects and not from the angular dependence of(Bx.This  angle. Note that the contribution from single scattering domi-
approximation is valid since the correlation length is muchnates, but that the small value of the correlation length means
less than the wavelength of light used for the scattering. Aghat the majority of the change with scattering angle comes
can be seen from Fig. 1, for double scattering to be detected;om the double scattering contribution.
the first scattering event must occur along the input laser This procedure was performed for 11 different tempera-
beam (line AB in Fig. 1) and the second scattering event tures above the nematic to isotropic phase transition. The
must occur along the acceptance beam of the detector optickita are graphed in Fig. 3 where the theoretical dependence
(line CD in Fig. 1). If the point of the first scattering event is of Eq. (8) has been fit to the data. The resulting value for the
located a distance from the center of the cylindrical sample bare correlation lengtl is 0.40+0.03 nm.

051712-4
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T T T 16.8 T T Te T T T
5CB
5 m L4 CE6/CE6R
N . T=3185K
@
T 166 .
g
A
4 & =(0.40 £0.03) nm =
=70 o £ 164 -
< T* = (306.13 + 0.40) K g e
g 2
: 3
E= ] N _
S 3} 8 162
= il
o [
(& 8 3 -1
T g, = (-30.7 £ 0.4) ym
S 16k £ =(16.4£0.9) nm

15. 1 1 1
308 312 316 320 324 58 20 24 28 32 36 40

Temperature (K)

Scattering Wave Vector (um™")

FIG. 3. Correlation length vs. temperature in the isotropic phase F|G. 4. Scattering intensity normalized to the scattering at high
of 5CB. The bare correlation length resulting from the fit to 8. temperaturesee text as a function of scattering wave vector for
is 0.40+0.03 nm. CEB/CEBR. The line shows the fit to E(L3), which results in a

determination of the chirality ofjy=—30.7+0.4um™.

The second compound studied was a chiral-racemic mix-
ture of CE6 with 35% of the mixture being chiral. This mix- each temperature by the data taken at 331.5 K, over 13 K

ture was utilized to allow the chirality to be measured in bothabove the transition. Such a technique effectively eliminates

the cholesteric and isotropic phases. The CE6 was also Ol:é}ll artifacts in the data and should yield data with the angular

; 2 . ependence of Eq13) without the [1+sin(6/2)]* factor.
tained frpm BDH Limited, anql dust_was re_m_oved with 4 The result of this procedure is shown for one temperature in
0.2 um filter. The cholesteric-isotropic transition tempera-

b q q Fig. 4. Plots of the measured chirality and correlation lengths
ture was about 318 K, and measurements were made OVer,d’, fnction of temperature are contained in Fig. 5.
range of 5 K above the transition. The same sample vessel |, grder to compare the chirality of the cholesteric and

was used and half-wave plates and polarizers were utilized t@qtropic phases, measurements were also performed in the
produce right circular polarized light from the laser and al-cholesteric phase. These were straightforward, involving fab-
low only right circular polarized light to enter the detector. ricating a sample(thickness=1@m) with the helical axis
There was no evidence that double Scattering needed to @igned perpendicu|ar to the g|ass surfatembbed po|y|m-
taken into account for this more weakly scattering systemide surfactantand measuring the apparent absorption due to
From Eq.(7) it is clear that the scattering for CE6 with a selective reflection in a spectrophotometer. The output of the
right-handed helix comes mainly from the last term for two spectrophotometer is shown in Fig. 6 with the sample tem-
reasons. First, the denominator of the last term is the leagjerature regulated at 317.3 K. The flat-topped peak is due to
becausey, is negative for CE6. Second, for angles greaterselective reflection, and the oscillations are from interference
than 60° the geometric factors cause the last term to dombecause of the two parallel glass surfaces of the sample cell.
nate. To a good approximation then, the scattering intensityhe midpoint of the selective reflection peak is equal to the

under these conditions is average index of refraction times the pitch. The average in-
dex of refraction was measured in an Abbe refractometer in
Lo D[1 +sin(6/2)]*T (13 the isotropic phase just above the transition. This measure-
RR— * . i -
(T-T)[1 —giq3+ §§(q+ %] ment was for 589 nm light, but the refractometer also mea

sured the dispersion so the index at the longer wavelengths

This relationship predicts that the scattering intensity abf the selective reflection peaks could be determined. The
high temperatures where the denominator is very close to chirality is then 4r divided by the pitch. The results of
-T" should vary with scattering angle Els+sin(#/2)]* This  chirality measurements in both the cholesteric and isotropic
was not quite true, indicating either that the combinations ofphases are displayed in Fig. 7. Since the transition tempera-
half-wave plates and polarizers were not acting as perfedure as measured in the light-scattering apparatus and spec-
circular polarizers or that a very small amount of multiple trophotometer differed slightly, the values Bf used for the
scattering was present. If either of these causes even a smalbtropic and cholesteric phase data in Fig. 7 differ by 0.4 K.
amount of intensity that varies weakly with scattering angle,
it affects the analysis since the theoretical function does not IV. DISCUSSION
depend strongly oig. To overcome this difficulty, the tech- The difficulties inherent in measuring the bare correlation
nique of Ref.[4] was utilized, namely, dividing the data at length are clear from the few reports that discuss such mea-

051712-5
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FIG. 7. Chirality as a function of temperature in both the cho-
lesteric and isotropic phases of CE6/CE6R as a function of reduced
temperature(T-T.)/T, (closed circles Data on the specific vol-
ume of 40AB from[19] has been graphed for comparis@pen
circles. The three solid lines are fits of the modified Landau—de
(b) Gennes theorydifferent qg vs S dependenceso the data as de-
scribed in the text. The dashed curve is a fit of a general critical
point theory to the data as also described in the text.
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8 1 1 1 1
318 319 320 321 322 323

Temperature (K)

oretical temperature dependeridé, probably due to an ex-
perimental artifact. Two successful measurements on MBBA
gave conflicting results: 0.68+0.01 nm[2] and

surements. The most successful prior investigations used tif55+0.02 n{3]. The need to remove seemingly insignifi-
nonpolar Schiff-based liquid-crystal p-methoxybenzilidine-Ca”t experimental artifacts became very clear in the study of

p-butylaniline(MBBA). One report failed to observe the the- °CB reported here. In samples for which the data suggested
the presence of an artifact, usually by an extremely small

0.75 T T T T angular dependence of the scattered intensity at high tem-
CE6/CEGR peratures, analysis of the data was problematic. Whether or
T=3173K not steps were taken to correct for the experimental artifact,

the value of the bare correlation length ranged from 0.25 to

0.62 nm. The value reported here, 0.40£0.03 nm, represents
the measurement with the greatest indication of complete

artifact elimination and therefore contains no correction step

] in the analysis.

This result is important for two reasons. First, it is an
additional measurement of the bare correlation length in the
isotropic phase of a liquid crystal, thus adding precious in-
formation to the small number of prior measurements. Sec-
ond, this is a measurement of the bare correlation length in a
polar system that has a strong tendency to form dimers.
Therefore, the fact that the value of the bare correlation
length is smaller than in MBBA could very well be a reflec-
tion of the smaller amount of local orientational order
present in systems of molecules with so small a length-to-
breadth ratio that they probably would not form a liquid-
crystal phase if they did not have a strong tendency to dimer-

FIG. 6. Wavelength dependence of measured absorption due ige.
selective reflection at one temperature in the cholesteric phase of The correlation length measurements that result from the
CE6/CE6R. The small oscillations are due to multiple reflections inanalysis of the CE6 data are roughly three times larger than
the sample chamber, and the noise at the highest wavelengths is digr 5CB but decrease with increasing temperature at a rate
to the decreasing sensitivity of the detector. not unlike what is found for 5CB. This is demonstrated by

FIG. 5. Chirality (a) and correlation lengtiib) for the isotropic
phase of CE6/CE6R.
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the fit to Eq.(8) shown in Fig. 5, where a significantly larger fitting procedure yields 36.4% +0.9%Although the data do
bare correlation length results and whéfteis farther below  not rule out a chirality dependence of this kind, the fact that
the first measurement in the isotropic phase. This is consishe orientational order parameter changes significantly at the
tent with the measurements of the correlation length in aransition and that a coexistence region of about 0.1 K is
mixture of cholesteryl olyel carbonate and cholesteryl chlopresent, make it very unlikely that such a strong temperature
ride near the Blue Phase Ill—isotropic phase critical point independence so close to the transition actually occurs in this
which the correlation length is about 18 nm, 1.4 K above thesystem. In addition, since it is clear, experimentally, that
critical point, and increases to 37 nm very close to the criti-; 0o chiral CE6 is still not chiral enough to display a criti-
cal point[S]. Since the analysis of the CEG data requires thag| hoint [20], this result points out that even though the
the intensity measurements be normalized to data taken attlf‘feory agrees with the data on either side of the transition, it

very high temperature, these results may be slightly less 'S5 not the explanation for the behavior of chirality across the

liable than the 5CB results. But this does not affect the fmd'transition. So perhaps the most interesting question raised by

ing that the correlation length in this chiral system is signifi-_, . A - . ; i
cantly longer than has been measured in nonchiral systemg‘IS Investigation is why the Ch'"%"ty at this very d'SFOU“”“'
ous transition possesses a relatively small discontinuity and

in agreement with the one prior result. ) h i£h ition is cl tical
Figure 7 illustrates several results, all graphed with thdn SOMe ways behavess ifthe transition is close to a critica

independent variable being reduced temperai@reT,)/T,, point. The answer may be that chirality, like specific volume

whereT, is the transition temperature to the isotropic phasePUt Probably less so, is more dependent on short-range rather

First, a discontinuity in the chirality at the cholesteric- than long-range interactions, and is therefpre affected only
isotropic transition of 4.0+0.Gm or 15+2 % is present. weakly by the presence of long-range orientational order.

Second, specific voluménverse of the densitydata from  'heoretical work is certainly warranted.
the nematic liquid-crystal dibutyloxyazoxybenzed©AB),
which has about the same overall molecular shape as CES6, V. CONCLUSIONS

are graphed with the chirality data to show the similarity  Eyperimental measurements of correlation lengths and
[19]. Note that the data appear to be quite similar when plotzhirality in the isotropic phase are exceedingly difficult, but
ted in th.IS fashion but that the dlscontlnqlty in the specmcthey are important parameters for understanding the physics
volume is much smallefabout 0.35% Third, Fig. 7 also  aggociated with the transition to the liquid-crystal phase. Cor-
shows that the Landau-de Gennes theory, modified for thgs|ation lengths in the isotropic phase of nematic liquid crys-
cholesteric phase, can be fit to the chirality data in the chog,|s have been measured just a few times, always on the same
lesteric phase. The fitting procedure used is described fully IRpe of compound and with some inconsistency. Even less is
Ref. [17], but amounts to assuming that the order-parametenown about the chirality of the fluctuations in the isotropic
behavior of CE6 is typical, leaving only two parameters to beyhase above the transition to a cholesteric phase, yet the
determined, one of which is the chirality in the isotropic tnepries of these fluctuations require knowledge of the

phase. Although the theory describes the data well in thepirality. Reported here are correlation lengths for both types
cholesteric phase regardless of how the chirality depends g jiquid crystals and the chirality of the fluctuations in the

the order parameter, note that differeptversusS depen-  isoiropic phase for one cholesteric liquid crystal. These re-
dences predict different discontinuities in chirality at thegyts provide useful informatiori) the correlation lengths in
transition. None of them, however, predicts the observed, gmg|| length-to-breadth ratio polar system are smaller than
temperature dependence of the chirality in the isotropig, 4 larger length-to-breadth ratio nonpolar system, énd
phage. , » . the discontinuity in the chirality across the cholesteric-
Finally, as can be seen from Fig. 7, the critical pointjssiropic phase transition is relatively small and the chirality
theory fits the data in both the cholesteric and isotropig, the isotropic phase is temperature dependent. Thus the
phases reasonably well, although rather than a discontinuitghiramy in some ways resembles the behavior of specific
of 15% at the transition, the chirality changes extremely rapyojyme at a transition to the isotropic phase or a system just

idly near the transition with a discontinuity of only 7%. In pejow a critical point more than the prediction of modified
this fitting procedure, the same dependence of the orderingyndau—de Gennes theory.

field on temperature and chiral fraction observed in a very
similar cholesteric liquid crystalCE4) is assumed14]|, so
only three parameters are left to vary, one of which specifies
how far below the critical chiral fraction the system is. The This work was partially supported by the REU program at
other two parameters describe how much the chirality dethe Laboratory for Research in the Structure of Matter of the
pends on the ordering and nonordering fields. The result odfniversity of Pennsylvania under NSF Grant No. DMR-
the fitting procedure is that the chirality depends on the or0079909. J. J. K. acknowledges the support of the Fannie
dering field much more than the nonordering field, but thatand John Hertz Foundation. Fruitful discussions with P. H.
the system is very close to the critical chiral fractithe  Keyes and T. C. Lubensky are gratefully acknowledged.
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