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It is observed that the sign ofthe fluctuation contribution to the rotation in the
smectic I phase differs from the sign of the rotation in the smectic C * phase and
isotropic phase. A theoretical explanation of the observed anomaly is given.

PACS numbers: 78.20.8k, 77.90. + k

Short-range orientational order in the isotropic phase of liquid crystals leads to a
number of experimentally observed pretransitional phenomena. One such effect, which
reveals the nature of the fluctuation regions of correlated positioning of molecules in
the isotropic phase of a cholesteric liquid crystal, is the prelransitional rotation of the
plane of polanzation of light (PR)observed experimentally in Ref. 1. The theory of the
effect was developed in a number of papers2'6 and it agrees quantitatively with the
experiment in Ref. 6' In the present work, pretransitional efects in the chiral smectic
C * liquid crystal' which differs qualitatively from the cholesteric liquid crystal, are
observed and explained.
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FIG. L pretransitional rotation in the isotropic phase of the liquid crystal DOBAMBC lA:633 nm); the

thickness of the sPecimen is d: I mm.

The measurements of PR are performed in the isotropic and smectic I phases of

the liquid crystals n-decyloxybenzylidene-n'-amino-2-methylbutyl cinnamate

(DOBAMBC) and 4/2-methylbutoxyphenyl ester of 4-decyloxybenzoic acid

inAnOfnOOBA) at wavelengths )":633 nm and )":422 nm. In the 14 phase, the

measurements were performed in the homeotropic orientation to eliminate birefrin-

gence. The temperature dependence of PR in the isotropic phase of DoBAMBC is

Jho*r, in Fig. i. T.n" intrinsic molecular rotation, which is measured in a benzene

solution, is equal to 0.75 arc minutes and has the same sign as PR in the isotropic

phase.

In the cholesteric liquid crystal, the pretransitional effect is related to the appear-

ance of regions with corielated positioning of molecules with chiral orientational or-

dering in the isotropic phase, reflecting the helical structure ofthe ordered cholesteric

phasel In our "ur", ih" molecules are chiral, but the trinsition from the isotropic phase

proceeds the I phqse, where there is no helical twisting. Nevertheless, the fluctuation

contribution to the rotation of the plane of polaizationis determined, as before' by the

orientational ordering of the anisotropic molecules over the correlation length f , '

which can be described (in first order with respect to the fluctuations) using expres-

sions analogous to those in the Landau theory for the isotropic liquid-cholesteric

phase transition. In this approximation, we ignore the effect of smectic fluctuations as

a secorrdary effect with respect to fluctuations of the order parameters. Then PR is (/o

is the characteristic molecular rotation)

Q  =  0 o  +  B T r ,  \ =  E o ( T *  l T - T * ) o ,

?nr is the temperature of absolute instability of the isotropic phase with respect to the

transition to the cholesteric phase.

The values T * : 388.4'K, Bgo(T tl' : 2.3 Xl0-5K' 
- I'rad, and a : 0.54 + 0.06

( t )
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FIG' 2' Pretransitionar rotation-in the smectic phase oJ the liquid crystal DOBAMBC 6: aa2nm). Thecurve corresponds to the critical exponent a:0.56; d:0.1 mm.

were determined using the method of least squares applied to the experimental data inthe interval r - Trn: 10" as a function of ttre transi^tio" d;;;re (the correspond-ing curve is shown in Fig. r). The criticar index is nearly .q;l;;;: 0.5, correspond_

ffij: 
the self-consistent-field theory,7 which agrees ;iti th" "ii.o"i*"tion adopted

Figure 2 shows the temperature dependence of pR intheAphase of DOBAMBC.The sharp change in { as the temperaiure of the transition ro'rt" ci phases is ap_proached (Tn. :365.8 'K) indicates the pretransitional nature of the effect. The criti-cal index a:0'56 + 0'08. The qualitative difference between the ouserved pretransi-tional efect and fluctuation rotation in isotropic phases ofcholesteric and ferroelectricliquid crystals lies in the fact that the sign or in in the r phase ;itr;r, from the sign ofPR in.the isotropic phase. The anomatus sign of the pretransitional effect in the Iphase is also observed in the.liquid crystal MBopEDdBA, in which the twisting ofthe helix in the c* phase is orientea oppositely to the twisting of the helix inDOBAMBC.

To explain this behavior of pR in smectic r, we shail use the Landau expansion ofthe free-energy functional for the cmaefis l-smectic C * transition:
(F-F i l lT  =  ( l l2 )  I  d t  {ap2o+b" (dog"1z  +2brer "oru l r |ugo iWi t , } ,  t z l

where B : j01, Br,0) is the order parameter of the phase transition, determining theposition of the axis of orientational order of mllecules relative to the normaln: (0,0,1) to the smectic planes.
As in the case of the isotropic phase, pR is determined by fluctuations of theanisotropy ofthe dielectric constant tensor ofthe medium and i, ,"tut"a to the appear_ance, after averaging over fluctuations, of a term in the dielectric constant tensore."(k) that is invariant with respect to the substitution k_+ _ ka,s:
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Duu (r+k)tGJ; (d -c:; (-q)l (3)

ln the A phase we have the fluctuations:

Q " r ( t ) = A e [ 0 " ( l ) ' r * n o 0 r ( l ) 1 ,  ( 9 i <  t ; '  ( 4 )

where ̂ 4e is the anisotropy of the dielectric constant'

Tosimpl i fythecalculat ionsweshal l ignoreintheleadingorderwithrespectto
Ae thedielectric urriroiropv of smectic I without fluctuations \€op : €o6.pl.Then the

conrribution or nrr"t,rutiol, 1:y air".. in the isotropic and I phases only by the struc-

ture of the orientational n.r"irrutlo.rr Q,r@).we shail calculate expression (3) for smec-

tic l, using (2) and (4) for propagation of light in the direction klln:

e o r ( k ) - € o . y (  k ) = -
2 (Ae)2  koec  t  a

, - a 1  ,
L J T € s D .

(5 )

(6)

(7)

wheresn:1b"/a\|12isthecorrelationlengthoforientationalfluctuationsinsmectic
A, and Loy : ieorrkr/k, lkl : ko'

In theisotropicphase,asnotedabove'analogouslytothecaseof theisotropic
liquiJ---cholesteric phase transition, we have5

eo, (k) - €or ( -u, = 
*#t- 

Lor, (oo/Q,)o ) r

where f, is the correlation length oforientational fluctuations in the isotropic phase' b'

and qoare coefficients muttipting the gradient terms in the Landau-de Gennes expan-

sion, and lkl : ko.

Inthiscase'or ientat ionalf luctuat ionsQ"r(q)havethefol lowingorientat ional
structurea:

Q " r ( l )  = / o ( d  q 1 ' + q a l 7 ( . q ) ,  ( l i ' q )

In deriving expressions (5) and (6), we used the condition € ,." 4A,p", wh-e.re"{.^ is

the pitch of the helix i., .-""ti" c *, which is satisfied in our case ( p, =5x 104 A) for

T-Tor>0.5'. In the leading, with respect to Ae' approximation' the coefficients

multiplying L., in (5) ;; (6]'represenr the diference between the squares of the

re f rac t i ve ind i ces fo r r i gh t -and le f t - po la r i zedwaves .The ro ta t i ono f thep laneo f
polarization in smectic c* *irl, 1 . p, (analogously to the case of the cholesteric with

A <Zrr/qo)has the.urn..ig" as in the isotropiJphase' At the-same time' the sign of the

fluctuation contribution tl smectic I difers fiom that of (5)' consistent with the ex-

perimental results. Thus the anomaly observed by us is a result of the qualitatively

diferent structure of the orientational fluctuationi (7) and (4) in the isotropic and I

phases of ferroelectric liquid crystals'

In conclusion, we thank E' I' Kats for discussing the results of this work' L'

Rosh tandL 'A .Be resnev fo rp rov id ingusw i th thesubs tances ,andT .A .Pozdnya -
kova for constructing the progiam for processing the experimental data'
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