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An extended mean-field molecular theory for the sme€Ctto-smecticA orientational transitions is proposed
by extending Lennard-Jones and DevonsliirdD’s) mean-field treatment of isotropic liquids to the case of
anisotropic liquid crystals. Unlike the previous mean-field molecular theories for the srietismecticA
orientational transitions, this extended mean-field theory can include both orientational and spatial correlation
effects of molecules, and both orientational and spatial thermal fluctuations of molecules are taken into account
in a self-consistent way. A set of mean-field parameters are introduced and the corresponding self-consistency
equations are derived. The numerical results show that this type of mean-field theory can describe the basic
features of the smecti€-to smecticA orientational transitiond.51063-651X98)01212-4

PACS numbds): 61.30—v, 64.70.Md

I. INTRODUCTION tations of the transverse molecular axes is quite small and the
biaxial order parametek is of the order of 102 instead of
Smectic liquid crystals have stratified structures and a vai0 ! [6—10). In addition, the molecular theories of Refs.
riety of molecular arrangements are possible within eachi2—5] all predict that the smecti€ to smecticA orienta-
stratification[1]. The smecticA phase is the least ordered of tional transition is of second ordéthe tilt angle of the di-
all the smectic mesophases. In the smeétjghase the mol- rector will decrease continuously to zero as temperature in-
ecules are upright in each layer with their centers irregularlycreasing to the transition poiffic,); this also contradicts
spaced in a liquidlike fashion. The thickness of the layer iswith experimental observations that have established that
the order of the length of the free molecules. The interlayeboth second-orddrl1-14 and first-ordef15] smectic€ to
attractions are weak as compared with the lateral forces besmecticA orientational transitions can occur.
tween molecules. The main difference between the structures These controversial issues show that the smectio
of the smectice and smecticA mesophases is that the mo- smecticA orientational transition is far from being com-
lecular long axis tilts over with respect to the plane normal inpletely understood based on the microscopic interparticle in-
the smectic€ mesophase. This widely accepted picture ofteractions between molecules. In this paper, we propose an
the smecticS mesophase as the tilted form of the smeétic- extended mean-field molecular theory that is somewhat dif-
is consistent with most experimental observations, it proferent from the previous mean-filed molecular theories for
vides at least a very good approximation to physical realitthe smecticS to smecticA orientational transitions. Unlike
[1]. For many smecti€© mesophases, the tilt angle is tem- the previous mean-field molecular theories that based on the
perature dependent; the tilt angle with respect to the plan®Maier-Saupe(MS) type of mean-field approximatiofil7],
normal will decrease as the temperature increases, and a trathis extended mean-field theory is established by extending
sition from the smecti& to smecticA will occur at a certain  Lennard-Jones and Devonshite]lD’s) mean-field treatment
temperaturél ca . of isotropic liquids[18,19 to the case of anisotropic liquid
Several molecular theories for the smedid¢e smecticA  crystals. In this extended mean-field theory, both orienta-
orientational transitions have been proposed based on th®mnal and spatial correlation effects of molecules are taken
microscopic interparticle interactions of molecul@s-5], for  into account.
example, the electric dipole model of Rgg], the steric It is well known that the MS type of mean-field approxi-
model of Ref.[3], and the tentative model of Ref4]. mation takes into account the orientation correlation effects
Though there have been several molecular theories for thef molecules but the short-range spatial correlation effects of
smecticC to smecticA orientational transitions, none of molecules are usually neglected. While the orientation corre-
them is consistent with all the experimental observationsjations of molecules may play the dominant role in determin-
some controversial issues still remain between different theing the basic physical properties of liquid crystals, the short-
oretical investigations and also between some theoretical reange spatial correlations of molecules may have some
sults and experimental observations. For example, the mghysical effects in some aspects and cannot be neglected
lecular theories of Refd2] and [3] both predict a large completely. To overcome this shortcoming of the MS type of
anisotropy in the orientations of the transverse moleculamean-field approximation, in the nematic case, some authors
axes when the tilt angle in the smec@icphase becomes proposed an orientation-averaged spatial correlation theory
large; the biaxial order parametarin the molecular orien- to take into account the short-range spatial correlation effects
tational order is predicted to be on the order of 10This  of moleculeg20]. In the orientation-averaged spatial corre-
theoretical result contradicts a series of experimental obsetation theory, one assumes that the distribution function of
vations that have established that the anisotropy in the oriermolecules can be decoupled into a product of the orientation

1063-651X/98/56)/74357)/$15.00 PRE 58 7435 © 1998 The American Physical Society



7436 LIANGBIN HU AND RUIBAO TAO PRE 58

distribution function and the spatial distribution function of V(T 05T, Q) =Vo(ri )+ Va(ri) Po(G; - 3
molecules, which depends only on the orientation coordi- =~ '~~~ 1" UG P

nates and spatial coordinates of molecules, respectively. In a +V2(rij)[P2(ﬁi i)+ pz(ﬁj i1
previous papef2l], an extended mean-field approach that R R
can also include both orientational and spatial correlation +V3(rij) Po(Q; - 1ij) Po(Q- 1), (1)

effects of molecules is proposed for the nematic liquid crys-

tals. Unlike_ the orientation-a\{eraged spatial correlationyhere P,(x) denotes the Legendre polynomial of second
theory, in this exter_1ded mean—ﬁelq thgory one need not re; 4o The higher-order terms such aB, (- ()),

sort to the decoupling of the distribution functions of mol- G..F G..r h b | d )
ecules as was adopted in the orientation-averaged spatial ccﬁl-“( I i'hril)*b P J"rii)(']i etc.H ave been neg ept:a_ In .Eqb'l
relation theory, so the spatial correlation effects of molecule )- It as been argued such a pairwise potential s suitable
are included in a more self-consistent way in this extende r describing the |nterpart|c_le Interactions between a pair of
mean-field theory. It is found that the results of this extende@x'auy symmetric harg.—ro?-llke elongated molecules that do
mean-field theory are in good agreement with experimenf'©t have permanent dipole momefi23-23. o
observation§21]. Recently, an extended Landau—de Gennes In order to charac_:terlze the structures of the smectic liquid
phenomenon theory of the nematic-isotropic phase transitiofTyStals, one must introduce some order parameters. In the

was also developed to include the coupling of the densit)?meCt'C liquid crystals, there are two kinds of orders, one is

and order parameter and it is found that most of the experit_he orientation order of molecules, the other is the position
rder of molecules due to the layered structure. To charac-

mental measurements can be reproduced reasonably wali@ ) i X
[22]. These studies show that the short-range spatial correld€rize the orientation order of molecules, one usually defines

tions of molecules may have some significant effects orihe orientation order parameteras o= (P,({-1i)), where
some physical properties of liquid crystals and should behe unit vector() denotes the orientations of the molecular
taken into account in some aspects. The extended mean-figlong axis, and the unit vectat denotes the director of mol-
approach proposed in R¢R1] can include both orientation ecules, i.e., the averaged orientation of the molecular long
and spatial correlation effects of molecules, but the theoretaxis. The symbof{: - -y denotes the statistical averaged values.
ical formulation established in Ref21] is only suitable for  In the smecticA phase, the directof is parallel to thez-axis,
the nematic liquid crystals and cannot be applied to thd.e., the normal of the layer plane. In the sme@iphase,
smectic liquid crystals that have layered structures. the directorn tilts over with respect to the normal of the
In this paper, we will generalize the extended mean-fieldayer plane. In the following, we will denote the tilt angle of
approach developed in Re21] to the case of the smectic the directori as @ (its azimuthal angle is taken to be zgro
liquid crystals that have layered structures, and we will apply  syrictly speaking, in addition to the orientation order pa-
this extended mean-field approach to study the SMEZE-  rametery, one needs to introduce another orientation order
smecticA orientational transitions. Our main purpose is t0 narameter for the smectie-mesophase to characterize the
see whether the short-range spatial correlations of moleculeas‘nisotropy in the orientations of the transverse molecular
may have some effects on the basic features of the sm@ctic-yyes je., the biaxial order parameter But experimental
to smecticA orientational transitions. The paper will be or- ohservations have shown that the biaxial order paranieter

ganized as follows: In Sec. II, we will first introduce briefly , the smecticc mesophase is rather sméthe magnitude of
the theoretical model and a simplified pairwise moleculary is the order of 102); for simplicity, we will neglect the

potential will be adopted. Based on the adopted model pogmg| piaxiality of the smecti€ mesophase in this paper.
tential, we will establish the basic formulas of the extendedyp;s negligence will not change the basic features of the
mean-field theory. A set of mean-field parameters are imropresent theory. The effects of the small biaxiality of the
duced and the corresponding self-consistency equations aggnecticc mesophase will be discussed elsewhere. In order
derived. In Sec. Ill, we will apply the basic formulas estab-yy characterize the stratified structures of the smectic me-
lished in Sec. Il to study the smectie{o smecticA orien-  gonhases, one usually defines a position order parameter
tational transitions. [1]. As usual, we defing as 7= (cos(2rZ/d)), whered is the
thickness of the layers. Using the two order parameiers

and the tilt angle? of the directorii of molecules, the me-
sophases of the system can be divided into four as fol-
In this paper, we assume that liquid crystals are composeldws: (1) o=7=6=0, no order characteristic of the isotro-
of axially symmetric elongated hard-rod-like organic mol- pjic liquid phasej2) o# 0.7= #=0, orientational order only
ecules, as is usually assumed in many other molecular the%haracteristic of the nematic phag) o+ 0,7+ 0.6=0, both

r;qes of liquid cryslt?ls[l]. lft hhas_been pqwlerfully arg_ued that orientational and positional order, and the director is normal
the most general form of the Interparticle interaction potensy, yhq layer plane; this is characteristic of the smeatic-

t"',il bet\./veen-a par of Sufh .molecule§ at pogltunnar.]drj phase(4) o#0,7# 0,0+ 0, both orientational and positional
with orientations(); and (}; is a function of five variables ,.yer and the director tilts over with respect to the normal of
[23-23:rjj, Q-1 , Q- T, Q- Q;, andQ; X Q;-Fj5. The  the layer plane; this is characteristic of the sme€tiphase.
pseudoscalarﬁixﬁj -fj; offers a selection between two  To establish the extended mean-field theory based on the
signs, it gives rise to a chiral term. Assuming that the mol-adopted model potentidll), unlike the traditional MS type
ecules are nonchiral, we need not consider the latter, so waf mean-field approximation, we will follow the approach of
can adopt the following pairwise potential: Lennard-Jones and Devonshjd8—19. In LID’s mean-field

II. MODEL AND EXTENDED MEAN-FIELD THEORY
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treatment of isotropic liquids, they assume that the systermain point of our generalization is to allow moleculs
consists ofN particles moving in a volum&, which is di- immediate neighbor&lenoted as molecuig also to deviate
vided in some regular way intd equal cells each of volume from their respective equilibrium positiorithe centers of the
v*, and each particle is confined to one of these cells. Eachells), and considering the cylindrical symmetry of the dis-
particle will be moving in the field of the others, which will tributions of the mass centers of molecules in the cells, we

vary with time, and to obtain the partition function for the can assume that the pairwise potenti4F; ,Q; T ,ﬁj) can
individual particle one can replace this field by some SUitab'Q)e rep]aced equiva|ent|y by an effective]y averaged pairwise
average. The simplest assumption one can make is that thytential Vog(p; ,a;,0; ,P; :0j,¢;,0;,®)), which is indepen-
average field in which one molecule moves is that due to itgent of the azimuthal angles andg;

immediate neighbors. This procedure has been followed in

some detail by LIJO18-19. Following their approach, we Vei(pi @i ,0;, @ ,pj,a;,0;,®))

generalize LJD’s calculation to the case of the stratified
smectic liquid crystals with the anisotropic interparticle in-
teraction potential of Eq1). Considering the stratified struc-
tures of the smectiex and C mesophases, we assume that
each molecule moves in an upright cylindrical cell whosewhere ©); ,®;),(0;,®,) are the polar and azimuthal angles
radius is3a and length is;d, wherea is the averaged sepa- of ﬁi and O; relative to thez-axis, respectively, i.e.
ration distance between two intralayer nearest-neighboring:(sineCosqj),sinesin ®,cos0). This effectively aver-
molecules and is the averaged separation distances betweeaged pairwise potential; depends on the forms afy(r ;)
two interlayer nearest-neighboring moleculgsjual to the Vi(ri), Va(ri), and Va(r;) [see Eq.(1)]. The accurjate
thickness of the laygr The centers of the upright cylindrical ;e ofVO(r{;), Va(ry), VIJz(fij), andVy(r ;) are very dif-

. . I
cells that belong to the same layer will sit on the same plang i 5 getermine. In order to simplify the calculations, the

perpendicular to thez-axis (i.e., the normal of the layer g4 sqian forms are usually adopted in the literaf@fe26.
plane. According to _th|s as_sumptn_)n, each of the moleculesAS usual, we choose them to be the following Gaussian
have two types of immediate neighbors, namely, that th orms:

intralayer and interlayer immediate neighbors. In the follow-
ing, we will establish a set of local Cartesian coordinate axes
at each celli with the origin of the coordinates being the

— 1 > N
~ (2m)? fdﬂidﬂi\’(ﬂ G.8), @

V(F,Q; .7}, Q))=veexp — /1) — 6— Py(Q- Q)

centers of the cells. The p.c'>smon vectprof the. mass center +e,PH(6, - F)+ 61Pz(ﬁj )]
of moleculei can be specified by a local position vectpr R R
Fi=R;+ & , whereR, is the position vector of the center of — €Po(Q;- i) Po(Q- )] ()

cell i and Eiz(xi,yi,zi) is the local position vector of
the mass center of molecluiegelative to the center of ceil
We further perform a coordinate transformatiorx;

For the above adopted forms of the pairwise potential, the
integral in Eq.(2) cannot be carried out analytically. But we
=ap;Sin ¢;,cosB;, yi=ap;sin g;sin §;, z;=dp;cosq;, where note that the possibility for the mass center of r.nole(n.l{hir
O<p <%, Osay=m, 0=p<2m. j) to be sited at the center of the ceucirj) is 9pt|mum, we

Now we can derive the mean field experienced by onéan expand the pairwise potentid(r; ,(; ,fj ,(};) into a se-
molecule denoted as molecdul@ue to its immediate neigh- ries of the relative position vecto&s and§; . If moleculesi
bors by generalizing the LJD calculation to two moleculesandj are the intralayer immediate neighbors, by this proce-
with the anisotropic interaction potential of E¢l). The dure we get

Ver(piai 01, Pi5pj,a;,05,0) =00 11(pf.07 07 p}) —Mu(pf,pD)a(coS ey ,coga)) 1 +uello(pfopi0f o))
—my(p?,pf)a(coSa;, coda))1Py(cosOy) +voerlls(pf o' o] )
—mg(p?,p))a(coSa;,coda))][Po(cosO)+P,(cosO))]
—voealla(pl.pipf.p)) —ma(pf.p)a(coS ey ,cosa;)IP(cOsO)P,(cosO)),

(4)

where co®;;=(;-€;, cosO;=0;-Z cosO;=(;-Z Z is the unit vector along the axis. The functions(p?,p},p%,p{) and
q(cos'e; ,cosey) are expressed as follows:

q(cofa;,coda;) = coda;+cofa; -3 coda; coSa;, (5)
In(pf.pipf.0]) =an+by(pf +pd) +Caplpf +dn(pi +p])  (N=1,234, (6)

Ma(pf.pf) =enplp! (N=1,234, @
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in whicha, ,b,,c,,d,,e, (n=1,2,3,4) are constant coefficients that depend only on the model parameters but are independent
of the orientational and spatial coordinates of molecules. The higher-order tepfisiatie been neglected in Edd)—(7). If
moleculgj is the interlayer immediate neighbor of molecul¢he effectively averaged pairwise potential has a form similar to

that of Eq.(4) except that the coefficienta,,b,,c,,d,,e,, (n=1,2,3,4) are different. After obtaining this effectively
averaged pairwise potentidl, the mean-field potentidl,; experienced by moleculedue to all its immediate neighbors are
easily obtained by directly averaging over the coordinates of molgcule

Vini(pi s @i, O v(bi):;, (Ve pi» @i ,0;,Pi:p;,a;,0; :(I)j)>j:;, vodl(l1(pf.pi P} p]));

—(my(p?,pD)a(coSa;,code)))il+vol(la(pf. 0107 0)));i
—(my(p?,pP)a(coSa; , code))i(Pa(cos O;))i +voel(Ia(pf. ot 07 )
—(ma(p?,p?)a(coSa;,code;)) 1T P2(cos ;) +(P,(cos O)));]

—voes {la(pf.plp7.p1)) = (Ma(pf.pP)a(coSa; ,coga;))IP(COSO)(Py(cosO)));,  (8)

where the suni;{---} includes only the immediate neigh- V «(p,e,0,®,{s})=v089:(p,a,0,®,{s})
bors, and( - -); means that the quantities related to molecule

j are replaced by their statistical averaged values. To carry +v002(p,@,0,P {s})

out the statistical average over the orientation coordinates of +v0€6193(p,@,0,D,{5})

moleculej, we assume that the orientation distributions of N 0O 11
the molecular long axefi.e., the orientation vector§ of vo€294(p,,0,®.{s}}), (1)

molecules are rotational symmetrical around their averagedyhere  {5;}={v,0,cof a,pp", in which S;=¢

qrientations(i.e., the directom of mo_IecuIeSrg t_his assump- E<P2(ﬁj ‘A)),  S,=6.53=cod a=(cog a), €_45p_j2

tion should be a good approximation considering that .thez<p12), Ss=p;=p]. All these statistical averaged values are

biaxiality of the smectidc mesophase is rather small. Within ;5¢imed to be site independent due to translational invari-

this approximation, we have the following relations: ance. The functiongy(p,,0,®,{s}), 91(p,a,0,®,{5}),
9s(p,a, 0,9 ,{s|}), and gs(p,a,0,P,{s}) are defined as
follows:

<P2(C036j)>j:<P2(ﬁj'z)>j: P,(Z- ﬁ)<P2(ﬁj -N)); 2

o 91(p,a,0,®.{5 ) =111(p2p* p%p")
= Pa(cos O)(Pa(Q;-m);. ® — Mmoo p?.p*, 0% p*)d(cOS e cOSa),
(12
<P2(Coseij)>j:<P2(Qi‘ﬁj»j: Pz(ﬁi'ﬁ)<P2(ﬁj'ﬁ)>j U2(p,a,0,®,{51) =[l2a p2,p* p2,p*) — Moo p2,p* p%.p%)
=[Py(cos §)Py(€};-2) X q(cofa,coda)]
+2 sin 26 sin 20,cos ®; X o] P,(cos ) P,(cosO)
— 2 sin? 6 cos D,cos 2b, +2 sin 26 sin 20 cos®
+3 sirf6 cos 2b;(P,(Q;-A));. (10 — 32 sinfg cos D cos 2b
+ 2 sirfg cos 2b], (13)

In obtaining the above relations, we have used the B 2 43 F 2o 43 F
following equation: P, (cosOsg)=P,(cosO,)P,(cosOg) 93(p,a,0,®,{s})=[l3x(p%p",p%,p") —Ma3(p=,p",p%,p")
+ 230 {[ (n—m) 1]/ (m+n) 11} P} (cosO,) Py (cosOg )
cosm((I)A,q)B),whereeAB is the cross angle between vector o
A and vectorB; (0,,®,) and ©g,Pg) are, respectively, +oPa(cos0)], (14)
the polar and azimuthal angles of vectdrand vectorB _ 2 477 A\ _ 2 472 74
relative to the same reference axis. This equation is also useg“(p’a'e'(p'{g_'}) [aalp®op% %P ™) = Maalp% %P7
in deriving Eq.(4). Using Egs.(9) and (10), and removing xq(cog a,co a)]
the subscript andj from the expressions due to translational o
invariance, the mean-field potentid),; can be expressed as X aP,(cos #)P,(cosO), (15

X g(coSa,coSa)][P,(cosO)



PRE 58
in which

lan(p?, 0% 0% p%)

(n=1,2,3,9,
(16)

‘2 427
Ej: In(pf.p7 0P,

mnn<p2,?>=$’mn<p?,p_f>, (n=1234, @17

where we have removed the subscripagd] in the left sides
of Egs.(15) and(16) due to translational invariance. We can

see that there are five unknown mean-field parameter:

7,0,c0¢ a,p%p* in the mean-field potential ;. The mean-
field parametersr,cos a,p’,p* should be determined by the
following self-consistency equations:

R

><fzwdqw(p,a,e,rp,{?.})[chos?)Pz(cose)
0

sin adaf sin ©dO

. . v
0=<Pz(ﬂ'n)>=f0 p“dp .

+2 sin 260 sin20 cos® + 2 sirfé cos 2b

— 2 sirfg cos D cos 2b],

1/2 5 T
[l
0 0

xfhdd) cofaf(p,a,0,0,{5)), (19
0

(18

cog a= sin adaf sin ©6dO

0

o

— 1/22
p=f pdpf
0 0

sin adafﬂ sin ©doO
0

27
X | d®p?f(p,a,0,d {5}, (20
0
I 1/2 T T
p4=f pzdpf Sinadaf sin ©do
0 0 0
27
xf dDp*t(p,a,0,® {51}, (21)
0

where

1
f(p,2. 0, {511 = j Xt~ BVmi(p. 0.2 {5,

(22)
1/2 T
o]
0 0

X :wdd) exd — BV p,,0,®,{S7}.

sin adaf17 sin ©dO
0
(23

The tilt angle?should be determined by the minimization
condition of the free energl:
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0 15 -
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FIG. 1. (@) The temperature dependences of the order param-
eterso and 7 for model parametersl/ry=2.36, a/r,=0.96, §
=0.64,¢,=0.042, ande,=0.016.(v is taken to be unity (b) The
corresponding temperature dependence of the tilt afAgté the
director.

IF196=0, J*Fl196°>0, (24)
in which the free energy can be calculated through the
following relations:

1
FZEZ (Vi pi @i ,0;,®; {5/})) =TS, (25
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1.0 ———————————

S=—kzi (In f(pi,a;,0;,D;,{s})). (26)

Equationg(18)—(21) and(24) constitute a set of complete
simultaneous equations. From these self-consistent equi
tions, we can obtain the values of the unknown mean-fielc
parametergs}. After these mean-field parameters are ob-
tained, the mean-field potentidl,; can be determined, then
the order parameteis, 7, the tilt angleé of the directorm,
and the thermodynamic quantities such as the free energ
entropy, specific heat, etc., can be calculated.

0.4 E

IIl. NUMERICAL RESULTS AND DISCUSSIONS

In Sec. I, we have established the basic formulas of this | S
extended mean-field molecular theory. The main difference S .
between this extended mean-field molecular theory and th
MS type of mean-field molecular theories is that both orien-
tational and spatial correlation effects of molecules are takel ¢ — ———
into account in this extended mean-field theory. This ex- 0.92 0.94 0.98 0.98 1.00 1.02
tended mean-field approach is also significantly different
from the orientation-averaged spatial correlation function T/TCA
method[20]. In this extended mean-field theory, to take into
account the spatial correlation effects of molecules one nee
not resort to the decoupling of the distribution functions of
molecules, so the spatial correlation effects of molecules ar ] (b)
included in a more self-consistent way in this extended
mean-field theory. In order to see whether this type of mean
field theory can describe the basic features of the sméctic-
to smecticA orientational transitions, we have done some
numerical calculations. Due to the fact that there is muct
uncertainty in the choices of the model potential, including
the model parameters, as well as to the fact that the mai§
purpose of this paper is only to see whether this type of
mean-field theory can describe the basic features of th
smectic€ to smecticA orientational transitions, we will not
try to compare the numerical results with the experiment dat:
guantitatively; the detailed comparison between the theoret
ical results of this extended mean-field theory and the experi 5 i
ment data will be moved too late. In this paper we will focus
on the main qualitative features of this extended mean-fielc
theory. We have carried out the numerical calculations for ¢
number of model parameters, and we note that while the 0 . . ' . ,
main features of this extended mean-field theory are simila 0.92 0.94 0.96 0.98 1.00 1.02
to that of the MS type of mean-field theories, this extendec
mean-field theory does have some new features arising fror T/T
the spatial correlation effects of molecules.

In Figs. 1 and 2 we have plotted two typical calculated F|G. 2. (a) The temperature dependences of the order param-
temperature dependences of the tilt angle of the director angters v and 7 for model parametersi/r,=2.28, a/r,=0.92, &
the order parameters in the vicinity of the smedico =0.60, ¢,=0.05, ande,=0.004.(v, is taken to be unity (b) The
smecticA orientational transition poirfca. Like the previ-  corresponding temperature dependence of the tilt adgté the
ous mean-field molecular theories of Ref2-5], this ex-  girector.
tended mean-field theory predicts that a second-order

smecticC to smecticA orientational transition may OCCur as dences of the tilt ang'e and the order parameters are in qua“_
temperature increasing, as is shown in Fig. 1. From Fig. liative agreement with the experimental res{dts—14. This

we can see that the tilt angke of the director of molecules type of temperature behaviors of the order parameters and
decreases continuously to zero as temperature increasestle tilt angle are characteristic of a second-order smétic-
the transition poinfTc,. Correspondingly, the order param- to smecticA orientational transition. But unlike the mean-
etersg and'7 also vary continuously in the vicinity of the field molecular theories of Ref§2—5], this extended mean-
transition pointTc5. The calculated temperature depen-field theory also predicts that the discontinudfisst-orde)

15 4 -
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smectic€ to smecticA orientational transitions may also oc- smecticA orientational transitions and should not be ne-
cur, as is shown in Fig. 2. This is in agreement with experi-glected completely.

mental observations that have established that both second- In conclusion, we have established an extended mean-
order [11-14 and first-order{15] smecticC to smecticA  field molecular theory for the smectieto smecticA orien-
orientational transitions may occur. From Fig. 2, we can se¢ational transitions. In this extended mean-field theory both
that as the temperature increases, the tilt angle of the directorientational and spatial correlation effects of molecules are
of molecules decreases gradually, but it jumps to zero at the&aken into account, and the spatial thermal fluctuation effects
transition pointT,. Correspondingly, the order parameters of molecules are included in a self-consistent way. While the
o and'7 also vary discontinuously at the transition point orientation correlations effects of molecules may play the
Tca- This type of temperature behavior of the tilt angle anddominant role in determining the basic physical properties of
the order parameters is characteristic of a first-ordetiquid crystals, the short-range spatial correlations of mol-
smectic€ to smecticA orientational transition. From Figs. 1 ecules may have some effects in some aspects and should not
and 2, we can see that before the smeClite smecticA  be neglected completely. In these aspects, the extended
orientational transitions occurs, the orientation order parammean-field approximation method introduced in this paper
etero increases as temperature increasing in the sméctic-may be useful considering that it can include both orienta-
mesophaséi.e., in the temperature range ®T.,), and  tional and spatial correlation effects of molecules. Of course,
decreases as temperature increasing in the sméaime- the molecular model adopted in this paper is idealized, for
sophase(i.e., in the temperature range @t>Tc,); this is  further improvements, a more realistic molecular model may
also in agreement with experimental observatid® butin ~ be needed.
contrast with the results of the mean-field molecular theories

of Refs.[2-5] which predicts that the order parameters

decreases as temperature increasing in the both temperature

ranges ofT<Tca and T>T.,. These results indicate that  This work is supported by the National Science Founda-
the spatial correlations of molecules may have some nortion of China under Grant N0.19334042, and a grant from
negligible effects on the basic features of the smeCtim  the National Education Commission.
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