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Concentration dependence of the scalar order parameter in liquid-crystalline systems
with variable molecular shape
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A theoretical model taking into account the photoisomerization influence on the nematic scalar order pa-
rameter is presented. An extension of the Maier-Saupe model is used to investigate the concentration depen-
dence of the scalar order parameter. The evolution of the concentratms-tvdnsisomers and of the scalar
order parameter with the time of exposure to the illumination is investigated. Furthermore, it is shown that for
sufficiently long exposition of the mesophase to the illumination the nematic phase can disappear. This phase
transition takes place at a critical concentratiorcisfconstituents.

PACS numbgs): 61.30.Gd, 64.70.Md

I. INTRODUCTION ferent molecular constituents characterizing the nematic
state. The model takes into account the concentration depen-
In certain organic materials, which might exhibit liquid- dence of the effective nematic potential acting on the mol-
crystalline phases, reversible transformations between diffeiecules in the frame of a mean-field approximation. An exten-
ent molecular structures can be induced by temperaturgion of the Maier-Saupe model is considered in order to
variation as well as by adsorption of light. In some of theseanalyze the dependence of the nematic scalar order param-
materials, like in the 4i-alkyloxybenzoic acids, displaying ©ter vs the concentration of one of the constitu¢hts-13.
nematic (N) and smectic€ (Sc) phases, the molecular In particular we will discuss the case in which the system is

structure changes with temperature between three states: cS;_rmed bytrans andcis isomers, where the chemical trans-

clic (closed dimers, open dimers, and monomers. These Sys_ormatlon oftransin cis is due to uv illumination.
tems exhibit anomalies in the temperature dependence of the

elastic constantgl], the electroconductivity2], and the di- Il. THE SELF-CONSISTENT MODEL FOR TWO

electric permittivity[3]. The temperature trends of these con- MISCIBLE NEMATOGENS

stants deviate from those of the classical nematics. It is rea- \y. \vill consider the liquid-crystalline system as formed
sonable to assume that this phenomenon is connected 10 16 5 mixture of two constituents, i.e., two miscible nemato-
temperature variable form of the constituent molecules of th%ens}\/l and\,. According to the system considered, these
4,n-alkyloxybenzoic acids. Consequently, to explain theseonstituents can bdimers and monomersif an energy to
behaviors it is necessary to take into account these changggeak the hydrogen bonding is considefdd or trans and

in the molecular structure and to take into account also thejs isomers in the case of azobenzene matefBilsWe sup-
relative concentrations of the different constituents formingpose that the molecules forming; and.\, are rodlike. Let
the nematic phaspd]. In another type of material, like the n be the nematic director of the mixture. The angles formed
azobenzene ones, the phenomenotrafs-cisphotoisomer- by the molecular long axes of the molecules\6f and \,
ization takes place. This photoisomerization also results imwith n will be indicated byd,; and 6,, respectively. In the
drastic changes of the molecular shape, and, thus, also of tieean-field approximation the total nematic potential is given
distribution of permanent dipole moments in the molecularpy [11-13

structures[5,6]. These systems present photoinduced alter-

ations leading to substantial changes of almost all material

parameters characterizing the liquid-crystalline materials V(01,02) =2, Vij=Vi1+Vogt Vst Vyy, (1)
[7—9] and also a reversible light-induced anchoring transition "

due to the azobenzene moiety in the molecular stru¢ige i . .
For what concerns the bulk properties, the photoisomerVhereVa, andVy, are the mean-field potentials acting on a

ization can also lead to a complete disappearing of thénolecule of\; due to the other molecules f; and due to
liquid-crystalline phase, replaced by the isotropic phasel® molecules of\, respectively. A similar meaning has
when some critical concentration of constituents is reached’22 @1dV2;. The partial nematic mean-field potentiatg in
More precisely, under temperature change or under variatiof{'® Maier-Saupe approximation are given[tij—13
of time exposure to uv illumination the system undergoes a
phase transition to the isotropic phase due to the strong Vij=—aijP2(6,)(P2(6))), (2
variation in the concentration of thes constituents.

In this paper we present a theoretical model to describ&vherea;; are coupling constants that depend on the distance
the behavior of the scalar order parameter and also of thketween the center of mass of the molecules, on a molecular
macroscopic anisotropies with the concentration of the difproperty, and also on the concentration of one of the con-
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stituents in the systerfd]. From the expressions reported where N=N;+N,. We can also define a macroscopic an-

above the total nematic potential can be written as isotropy AX=X|—X, , where|| and L refer to the nematic
director of a second order tensXy; . As it is well known, in
V(61,02)=V1(61)+V(6,), (3  the case of a pure compound,AX(™ is the molecular an-
isotropy andS the scalar order parameter, the macroscopic
where anisotropy isAX=SAX(™ [14]. In the case under consider-
ation, where the nematic is a mixture of two nematogens, we
Vi(0)=—[a;iS+ aijSj1P,( ), @ have
if we defineS;=(P,(¢;)) as the scalar order parameters of AX=n;SAX™ + nyS,AXE™ (12)
the molecules ofV; . The total partition functiorZ is then
factorized as follows: where AX{™ and AX{™ are the molecular anisotropies of
the N7 and.\,, respectively.
! ! - Let us now consider the case in which one of the constitu-
Zr= | d(cosé;) | d(cosf,)e (VitV2keT _ ) .
0 0 ents do not contribute to the nematic order, as in the problem

) . o_f trans-cisisomerizatiqn. In this framework. we will con-
:j d(cosel)efvllkBTJ’ d(cos,)eVa/keT sider that onIy_ therans |somers(that have cyhndnpal sym-
0 0 metry) can build a nematic order, whereas ttis isomers
will tend to reduce this order. This assumption follows from
=2,Z,. ®  the experimental evidence that the molecules ofdiséso-
i ) ) mer are of “banana” shape. According to recent investiga-
_The b_ehawor of the _s;calar order_paramet_ers is determined By, < this “banana’ shape can be approximated by two lin-
imposing  self-consistency, which furnishes the set Ofgyr parts forming an angle between them not very far from
coupled equations /2 [10]. In this situation, due to the spinning and tumbling
motions of thermal origin, the molecules of tlees isomer

1
f d(cos,)P,(6,)e Vi behave as spherical objects. Consequently in the liquid state
_Jo 6 they can originate just an isotropic phase. In this framework
N Z 6) the molecules oftis isomer give rise to a kind of neutral

backgound, where the moleculestainsisomer are respon-
for i=1,2, which can be faced in a numerical way. Thesible for nematic order. Furthermore, we will assume that at
above set of coupled equations depends on the tempefaturezero temperature our system is madeMNyy,,s=N isomers.
and on the quantitiea;; entering in the partial nematic po- At a given temperaturd we have
tential. The latter quantities, in turn, contain the strengths of
the (mean-field interaction among the molecules forming NiransT Neis= 1, (12
the nematicV;, among the molecules forming the nematic where Nyane=Nyand(T)/N and nge=Ng(T)/N are the

N>, and among the molecules &f; and those ofV;. The equilibrium concentration affans andcis isomers. The cou-

ggn;:;esnbtligit:]c;]nt:stpendence of these quantities is determm% ings «;; are then reduced to the caset@insisomer-trans

isomer interactions, i.eaj; = @ans aNd @y ans= UNyans [4].

In the special case of one component considered above,
S=(P,(#)) will be the scalar order parameter wans iso-
where u;=u; and n;=N;/(N;+N,), with N; being the ~Mers, and the partition function can be easily written as

number of molecules of the nemaii [4].

@jj=Ujjn;, (7

1
The free energy of the mixture is given by z:J d(cos@)eV(O)/keT (13
0
F= —2 [NikgT InZ;+ 3Ni(Vi)1, (8)  and the free energy is reduced to
1
: 1 5
where, as it follows from Eqg4) and (6), F=—NyanksgTINZ+ ENt,ansatranSS . (14
(V))=->, @SS . (99  Consequently, the order parameter can be obtained by solv-

j ing just one self-consistent equation

Note that, since;; are given by Eq(7), from Eq. (8) we 1 — V(o)

obtain that the conditiongF/9S;=0 are equivalent to Eq. 0 d(cosf)P(f)e

(6). Puttingu,,=Uu,;=v the free energy density of the mix- S(T,Nrans) = - . (15
ture is given by

where we have indicated the explicit dependence on the con-
+onn,S,S,|, centration of _theransisomers. Our model _is then reduced_to
the usual Maier-Saupe model, but now with a new ingredient
(10 represented by temperature-dependent concentration. This

1 2 2
nikBTln Zi+ Eni Uiisl

FzN[—Z
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FIG. 1. Scalar order parameter vs the concentratiorngsabo-
mers for a fixed, reduced temperatirg=0.1v/kg . The trend of FIG. 2. Phase diagram in the reduced temperatureis/son-
the scalar order parameter follows a law of the kiBEk:(1 centration plane. The critical line represents the first order phase
—Neis/N%io)- transition, nematic— isotropic, induced by the variation in the

concentration otis isomers in the nematic medium.

dependence plays a distinct role from the one represented by )

the concentration dependence characteristic of the excluded !!l: THE EQUILIBRIUM  cis-trans CONCENTRATIONS
volume theories of Onsager type5,16. In fact, in the clas-  A¢ 5 given temperatur@, the isomerization reaction fol-
sical Onsager model the number of particles is fixed. In th'siows the reaction schemgtrans]—[cis], depending on
framework the critical density, below which the isotropiC ¢ga rate constants that, in turn, depend on the intensity of

phase is stable, follows from a balance between the energy,, light in the illumination proceskl8,19. The time evo-
connected with the excluded volume and the thermal energyion"of the concentrations of the two constituents can be

On Fhe contrary, according to our m_odel also the number o é)proximated by

particles responsible for the nematic phase depends on th

temperature. In Onsager’'s model this is equivalent to having n Tt=cn TV+(1—c)n Te V" (1
an excluded volume that is temperature dependent. trans(T:1) = Clrane(T) (1= C)Nyand(Me 77, (17)

In Fig. 1 we show the nematic scalar order params  \here - is a characteristic time andis a parameter to con-

the concentration of theis isomers in the system for a typi- 15| the fraction oftrans-cisisomers at a given temperature

cal tvalue r?fb'tthe re(rj]ucedt tem_rt)_erattur”?ﬁ(: _0-1;’”‘3)- 'Lhe fafter the illumination(because some kind of recombination

system exhibits a phase transition to the isotropic phase : _

nc;s=0.55. One observes that near the critical concentratioOrlias to be t_aken into accogntn fact, whe nt=0 one has
cis _ B ans(T,0)=n¢ans(T). From Eq.(12), stating the conserva-

the behavior of the order parameter can be well approxition of the total number of particles, and assumingrig s

mated by the approximate expression given by E#7), it is easy to
obtain
16
Neis
S(Ntrans) =S| 1— * ) (16 0.9
cis ] ¢=0.30
»»»»»»» c=0.40
where, for the case depicted in Fig.3,~0.93, andh};. is a I N N 6=058
concentration slightly belowS. In Fig. 2 we present a 0.7
phase diagram of temperature vs concentratiogi®tom- ]
ponent for the system. One observes that the usual criticayp o e
temperature for the Maier-Saupe mod&k&0.22019/kg) |\ v w0 T -
[17] is reached just when;js=0, as expected, since in that S O
model the concentration of the molecules giving rise tothe |  \ +  ~ e
nematic phase is fixetwhich, in our model corresponds to
the assumption that onlyrans isomers are presentThis %
result is in very good agreement with the data reported in S T T 1

[11], relevant to the experimental determination of the
nematic-isotropic temperature for mixtures of MBBA doped

with a solute formed by quasispherical molecules. In fact, the g, 3. Scalar order parameter vs the exposure time for uv illu-
experimental data, reported in Fig. 3 [dfl], show that the  mination (- is a characteristic time Since thecis isomer concen-
critical temperature for the nematic-isotropic phase transitiofiration is strongly increasing with time, the system exhibits a phase
of the mixture is a linear function of the concentration of thetransition to the isotropic phase at relatively low temperatures. No-
solute, as predicted by our modébr details see also refer- tice that forc>0.55 there is no phase transition at this temperature
ences quoted ih11]). (Tr=0.1v/kg).

Exposure time (i)
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Neis(T,t) = 1= Nrans(T,1). (18  used in Eq(15) it is possible to investigate the behavior of

the order parameter with the exposure time to the illumina-

The time evolution proposed above takes into account th&on.

condition connected with Eq12) and also the experimental In Fig. 3 we show the scalar order parameter vs the ex-

fact that with the exposure time to the illumination, the con-posure time for the reduced temperatureTef=0.1v/kg .

centration ofcis isomers increases, whereas transisomer ~ One observes the crucial role played by the paraneteat

concentrations decreases. However, in the limit of long timecontrols the concentration afis-transisomers for long ex-

exposure, i.et— o, the concentration dfansdoes nottend Posure time. Ifc>0.55 there is no phase transition induced

of the equilibrium concentration;,s,«(T). evident that the permanence of the liquid-crystalline phase is

Let us now recall the equilibrium distribution of the con- Strongly dependent on the concentratioreisfisomers in the
centrations of the different constituents forming the mixture SyStem.

Let Iz be the ch_emical potential of the mi>.qur_e undgr (;onsid— IV. CONCLUSIONS
eration. At a given temperatufE the equilibrium distribu-
tions of cis andtransisomers are, respectively, given by We have proposed a simple model to account for the be-

havior of the scalar order parameter in liquid-crystalline sys-
Neis=e “ BT and nyus=e %7, (199  tems made by more than one nematogen component. The
_ - o model is an extension of the Maier-Saupe-model, which in-
subject to the conditioi12), which implies that cludes the concentration variation of the constituents forming
eilkeT— | 4 @ 2E/keT (20) the nematic medium. The approach can be successfully ap-
plied to distinct systems, like the one formed by cyclic

This relation defines the chemical potential in terms of arlimers and monomers, and also to the systems where
energy difference between th@ns andcis states and of the azobenzene compounds play a crucial role. Particular atten-

temperature. It is important to stress, however, that this deion was devoted to these later systems where the illumina-

pendence on the energy difference betweenand trans tipn process gives_ rise_ to the appearance (_)f new _objgcts with

states is not so crucial becauge-kgT. The limits for the different symmetries in the systenighotoisomerization

above expressions are the followinGi=0 givesng— 0 For these systems the theoretical predictions of the model are
B Ccis 1

Nyanc— 1. ON the other hand, foF—o0, Nge=Nyane=1/2. in very good agreement with the experimental data.
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