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Nematic-isotropic transition in a lattice model with quenched disordered impurities:
A Monte Carlo study
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We have performed Monte Carl®C) simulations of the lattice model for a fluid of elongated patrticles,
mimicking liquid crystalline behavior and of this model in the presence of disordered quenched impurities. The
interparticle interaction is chosen similar to the angular dependent term of the Berne-Pechukas potential. A
pronounced first-order nematic-isotropic transition has been obtained for a bulk pure model at the value for the
elongation parametea=3. However, at a 5% concentration of disordered quenched impurities, we have
observed a very weak first-order transition in the simulations of the model at different sizes of the simulation
volume. We have discussed a shift of the transition temperature, a suppression of the latent heat and the
maxima of the heat capacity and susceptibility due to the presence of impurities. A histogram analysis and a
finite-size scaling has been applied to the MC data. A comparison of the simulation data with the experimental
results for liquid crystals confined to silica aerogels and porous glasses also has been performed.
[S1063-651%99)09604-X

PACS numbdss): 61.30.Cz, 64.60.Cn, 02.70.Lq

[. INTRODUCTION inaccessible for trimers. The excluded volume effects of di-

lution have yielded a lower NI transition temperature and a

The structure, thermodynamics, and phase behavior gbunder heat capacity maximum of the model, as compared
fluids confined to disordered porous media has receivetp its pure counterpart. Moreover, the transition has been
much attention during the past decade. A large body of exshown to change its nature from first to second order, if the
perimental, simulational, and theoretical results has been agoncentration of impurities is larger than 2.5%. The simula-
cumulated. On the other hand, more interesting, and physfion data have been shown to agree qualitatively with the
cally richer, complex fluids under confinement have receive@Xperimental results. However, quantitatively the shift of the

less attention. The liquid crystalline materials in confinedtransition temptferature compared to the”pure model, i.eo.l’ in
geometry are of particular interest for basic science and fol'¢ @Psence of impurities, is essentially overestimated. It
applied research. seems that the size of.the lattice system c0n3|dered-|n Ref.
Interest in liquid crystalgLCs) in the individual pores [12] (up to 16X 16.X 16_S|Fes, S!J(.:h that the system consists of
and in disordered porous media is very rapidly increasingless than 1300 trimerss insufficient to describe the thermo-
tdynamics quantitatively.

s€ee, _e..g.,[ll—.16]_. In partlcular,.the nemf’;\tlc-|sotrop|(1\ll) A study of the phase transitions in aerogel has been un-
transition in liquid crystals confined to microporous and Me-yertaken by Uzelac, Hasmy, and Jullifgg] in the frame-

soporous media has been studied experimenfaihyg]. The work of theq=3 andq=4 Potts models. The models are
experimental results provide evidence that the finite size ofp4racterized by a weak first-order transition in the pure
pores, the effect of quenched disorder and the interconne¢xse. The aerogel has been modeled as a set of correlated
tivity of pores, are main factors that influence phase behavioimpyrities on the lattice by using diffusion-limited cluster-

of LCs in miCl’OpOfOUS adsorbents. Theoretical investigatiorb|uster aggregation; the case of random|y distributed impuri_
and simulation of the NI transition in porous media thereforeties also has been studied[it3]. A finite-size scaling analy-
must include modeling of the various factors crucial to thesjs (on the lattices up to 20size and the Ferrenberg-

NI transition[10-16. Swendsen(FS) histogram techniqu¢l?7] have been used.

A set of numerical studies of liquid crystalline materials The shift of the transition temperature with increasing con-
in microporous media has been attempted during the pasentration of impurities appeared to be smaller in the aerogel
decade. In particular, a model of trimers on a simple cubicase, comparing with the case of randomly distributed impu-
(so lattice has been simulated by Dadmun and Muthukumarities. The heat capacity peaks have been obtained as sup-
[12]. A porous medium has been implied as a dilution, i.e., itpressed and essentially broadened with increasing impurity
has been assumed that a fraction of sites of the lattice isoncentration. The finite-size scaling analysis of the simula-

tion data has shown that the order of the transition for three-

dimensional(3D) g=3 andq=4 Potts models changes at a
*Permanent address: Institute for Condensed Matter Physics, N@onzero concentration threshold. However, these results
tional Academy of Sciences of Ukraine, 1 Svientsitskoho Str., UA-must be considered with some care due to the small lattice
290011, Lviv, Ukraine. Electronic address: iin@icmp.lviv.ua sizes involved, and due to the fact that systematic averages
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over disorder have not been performed. Nevertheless, thgheree(u, '(Jj) anda(U; ,(Jj ) are the effective orientation-
results presented in RefL3] confirm that even a weak dilu- ajly dependent strength and range parameters, respectively.
tion may essenually affect the.NI transitidghese trends The unit vectorsl; ,u; are directed along the corresponding
were observed earlier by Hashim, Luckhurst, and Roman? T s

[18]). ong axes of the interactingh, jth eII|ps0|qs,r is the center-
Other models and theoretical developments concerningf-mass distance vector between them, amslthe unit vec-

the behavior of liquid crystalline materials in the presence otor along r. In the case of rotatoréi on a lattice with the
quenched disorder have been proposed recently, in particmearest-neighbors interaction only the angular dependence of
lar, the random-field Ising modg10,11], random anisotropy  ¢((, ,Gj),

nematic mode[15], and single-pore model for liquid crystal

in aerogel[16]. o €o
In general, computer simulations are powerful tools for e(u;,u;)= \/1——@0— 1)
X ij

investigating the microscopic nature of the liquid crystalline

phases. The most successfull intermolecular potentials ap- . . - N .
plied in the simulations of the bulk models include the's INvolved (G; is the angle between; andu;). The anisot-

Berne-PechukaBl9] and Gay-Bernd20] potentials. How- ropy of ellipsoids is characterized by the anisotropy param-
ever, reasonably large systems of molecules interacting vig€"

these potentials, appropriate to study phase transitions, are 2_q
difficult to consider due to computer time consumption. = a , a:ﬂ,
Therefore, for practical reasons, it is important to obtain the a’+1 it

simulation results for large systems of molecules in the

framework of quite simple models, intrinsically preserving Whereo,o, are their major and minor axes, aadienotes

liquid crystalline nature. the elongation parameter. In our computer simulations we
With this aim, in the present study we perform Monte Use the following normalized interparticle interaction:

Carlo simulations of the NI transition in a modified

Lebwohl-Lasher(LL) lattice model for liquid crystal§21], Vapa(0)= — & 6a / 1 “1l-1
however, both in its pure state and in the presence of “BPA"I 2[ (a—1)2| V1—x2codd; ’
guenched random dilution. The particles in the model inter- : 2

act via the angular part of the Berne-Pechul&®) potential
[19] derived from the overlap integral of two ellipsoidal where
Gaussians of a certain elongatianThe first-order NI tran- )
sition in the pure modified LL model becomes stronger with = (a—1)
increasing elongation parame{@1]. We consider the case 3a
a= 3, that yields reasonable values for the latent heat and for
the order parameter at the NI transitif2l]. Our investiga- IS the parameter used as energy unit in our simulations. For
tion of the model in the presence of a microporous media, |§he sake of convenience, this potential is normalized such
restricted to the case of a 5% dilutiéwhich formally cor-  that até;;=0 and at; = =/2 it gives the same energjn
responds to a highly porous mediunA more “liquid crys- ~ units of €) as the LL potentia[22]. Moreover, the LL po-
talline” model is used in the present study, in comparisontential is reproduced in the limit of small anisotropy (
with previous workg12,13. Consequently, the simulations <1) by expanding the expression given by Eq. 2 in powers
are much more time consuming. Moreover, the lattice size§f x:
up to 24 are simulated and a wide set of thermodynamical
properties is discussed close to the NI transition. We would
like to investigate how the dilution affects thermodynamic
properties near the NI transition, and if the transition remains e first-order NI transition, that has been observed in the
of the first order. On the other hand, our intention is to permadel at hand becomes stronger with the increasing elonga-
form comparison with the available experimental results onjon parameterm [21]. However, the parametex provides
LCs in highly porous confining media. A finite-size scaling only a rough estimate of the elongation of real molecules; it
analysis and the FS histogram techni§ié] are used in the  js more reasonable to think that the anisotropy of the inter-
analysis of the simulation results. molecular potential increases with augmenting value of the
parameter. On the other hand, stronger anisotropy can be
achieved by adding higheP,,, terms to the LL potential
[23-25 and choosing the expansion coefficients appropri-
We consider a lattice model of elongated particles interately.
acting via an angular part of the BP potential. The last one We restrict ourselves to the case-3 in Eq. (2) [it is

€0 (3

limVgpa(8;j)=— eP,(cos;;) + const.
x<1

II. NEMATIC-ISOTROPIC TRANSITION
IN THE PURE MODEL

has the following forn{19]: interesting to mention that in this ca¥gpa( ;) coincides
o o well with the potential considered by Romaf&6] expanded
Vep(U;,Uj,r)=4e(u;,u;) up to Pg term]. The valuea=3 also has been used in the

A A A 12 N simulations of the Gay-Berne modgl0].
o [ gLy ) o ULy ) We have performed simulations of the pure model with
r r ' the potential Vgpa(6;;) for four different lattice sizes
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16°,18%,20°,24% and apply a finite-size scaling analysis and 1.059 e
the FS reweighting technique for the data obtained. Our prin- 1oss L < :
cipal interest is in the properties that are expected to change - pure P
at a weak dilution. These are the transition temperature, the 1.057 - P
maximum values for the specific heat and susceptibility, the %, 1.056 | 19 g
minima for the fourth Binder's cumulant, the latent heat and - e T 1
the order parameter at transition. 1.055 - /;;;;;::i 333 ol 7
A numerical procedure for each lattice size was similar. 1.054 pe==" -
First, short scanning run@p to 16 MC cycles were per- 1053 Lot

formed fqr the entire interval of temperatures mcludmg the 0.00 0.05 010 015 020 095

NI transition point. Then we select a temperature for which a 10° [=2

number of configurationgalong the rup with predominant P

nematic or isotropic phase, is of the same order. A good FiG. 1. Finite-size scaling behavior of the NI transition tempera-

indication for that is a regular “flow” of the order parameter tyre in the pure model defined in different waggrcles and dia-

values from about 0.05 to 0.3. At such a temperature, Wenonds are obtained from the peaks of the heat capacity and the

would say, the coexistence of two phases is observed. Thesusceptibility, respectively; triangles are from the minima of the

an extended run of the>610° MC cycles was performed at fourth Binder's cumulant L, is the linear size of the simulated

this temperature and the histograms of energy and of thsodel.

order parameter have been built up. By applying the FS re-

weighting the NI transition point was located in the first T;, as well as dimensionless heat capacitf;

approximation. This estimate for the NI transition tempera-=C,/(kgN;), and the susceptibilityx* = ye/N;, defined

ture is used for the final extended run of not less thah 10via the fluctuational formulas

MC cycles that provides final histograms and the quantities

of interest. . N
A standard Metropolis algorithm has been used in our Cy :T*2

simulations. The orientation of each partiafs; was at-

tempted to change by adding a vectowith random orien-  Also, we have calculated the fourth Binder's cumulant of the
tation and of controlled lengtl27], and then normalizing the energy fluctuation§29] as follows:

valueu; =U;+ 1 back to unity. A new configuration was ac- a

cepted, if the energy becomes lower, or accepted with a Bolt- V,=1- M
zmann probability otherwise. The length bfhas been ad- 3(U*?)?
justed during simulation to provide a ratio of accepted

attempts approximately equal to 0.4. The dimensionless temvhich is a useful additional estimate of the transition tem-
peratureT* =kgT/e is used in the simulations. perature, and serves to determine the order of the transition.

Each configuration is characterized by the one-particle en- L€t U denote the NI transition temperattﬁestip‘nated in
ergy the framework of a procedure numberedrby by T7, (L)
for the system oﬂ_‘; size, p is the subscript introduced to
1 emphasize the pure case. For the first-order transition, we
U*:N_ > Vepa(6i)) would expect from Ref[30] that T7, \,(Lp) — T ni(%p)
€ ~ L;3, whereTy, () is the transition temperature for an
infinite system. Following Ref.31] we have used three dif-
(Nf is the number of unit Vector&i in the simulation bo)( ferent procedures to eValuate the NI tl’ansition temperature

(U2 —(U*)?), x*=%<<sz>—<s>2>.

and the order parameter for each system size. The locations of the peaksXpfL )
andx* (L) yield TTy, (L) andT3y,(L,), respectively, and
S=(P,(cost))); a location of thev,, minimum givesT3,(L,). The expected

finite-size scaling behavior holds exactly for af, \,(Lp)
(see, Fig. I this behavior is quite similar to the one ob-

where ¢, is the angle between; and a director. The order served for the LL mode31]. The fitting lines meet at®
parameter is calculated after each simulation cycle as the g giying the value

largest eigenvalue of the corresponding ter@a.

The values oU* and S have been stored after each MC T*’\‘“(oop):]__05404_- 0.0002 (4)
cycle along the extended run performed at certain tempera-
ture Tg . These arrays were used to build up the normalizedor an infinite system. We must mention that this value can-
histograms of energP.=(U*) and of the order parameter not be compared straightforwardly with the one for the LL
] model[31] due to a different energy scae given by Eq.
(3) is anisotropy dependent
and Swendsefl7], the reweighted distributionB,«(U*) Another common test for the first-order transition is the
and P1.(S) have been obtained at each temperafiitein  scaling of the maxima foC},,.(L,) and for xj.{L,) pro-
the vicinity of Tj . These distributions allow us to calculate portionally to Lg, with increasingL,. We have obtained
the averagegU*") and(S") at eachT* in the vicinity of  typical rounded peaks f@; (L,) andx* (L); both become

P}S(S) distribution atT§ . Using the method of Ferrenberg
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FIG. 3. Histogram of the energy distributidthe pure model,
Lp,=24) atT;‘q and its fit by a double non-Gaussian according to
Eq. (5) (the fit practically coincides with the histogran# nematic
and an isotropic non-Gaussian also are shown separately. Their ex-

*

pected values arg},,and U}, respectively.

FIG. 2. Finite-size scaling behavior of the heat capa€ify,.,
and the susceptibility ., maxima in the vicinity of the NI transi-
tion in the pure model of linear size, .

higher, narrower and shift to a lower value o asL,

mcreasgs.ﬂl:or the s?ke ?ﬂfsbrewty, \gefgi;g}. ggs?r?]t these Similar methodology has been used to evaluate the order
CUrves in the present worsee, €.g. Rels.1s,594,94). 1he parameter at the transitidgy, . In this case the distribution

values forC,madLp) and for xmaxly) VersusLy, together : . " . ) .
with the corresponding fitting lines are shown in Fig. 2. OnePT;Nl(S) is reweighted afT5,(Ly). The isotropic maxi-

can see that the scaling law of thé type is satisfied very mum, which is very low, was fitted by a Gaussian and the

well. nematic maximum by a non-Gaussian:
The properties that can be compared with the experiment
are the latent heat at the NI transitideH (L) and the , , 2 sy sy , s?
order parameteBy,(L,) at Ty,. To obtain the value for PTENI(S)%AN exp —— ———— | tA expg —— |,
/ ay By N @

AHy, (L) we seek first the temperatufig,(L,,), at which
the maxima of the energy distributi«ﬂ}rgq(u*) are of equal

7
height. This temperature turned out to be very close to the )

susceptibility peak positiofh';,Nl(Lp) forallL,. Itis known wheresy=S—S,.,ands,=S— S, (see, Fig. 5 moreover,
that the energy distribution of a system close to the firstywwe have assume@y(Lp) = Shem. Similar to the case of
order transition can be approximated reasonably well by AHY (L), the averaging in the form(Sy(Lp)).
double Gaussiaf33]. However, we have obtained better fit- _ HSwi(Lp) + S+ (Lp) +Sui—(Lp)] has been usethe +
ting by using a double non-Gaussian distribution of the formg 4 — signs have the same meanings as ahdvke values

. for (Syi(Lp))+ do not exhibit thel , dependence within the

o Uy Ul Uy statistical errors(see, Fig. & The average value over all
PT*q(U )~Anexp - an By I simulated lattice sizes
2 3 4
u- uy u = =
+A exp(—;'—;'—;‘), 6 Sui(p) =((Sui(Lp))=),=0.333:0.005  (8)
| | |

is used as an estimate for an infinite system. The results
are the deviations obtained for the latent heat and for the order parameter are
of energy from the expected valuek;,,andU’,, in nem-  more accurate in comparison with our previous stiiy, in

atic and isotropic phases, respectively. These expected val-

— * — *
whereuy=U* —U} ,andu,=U* - U},

ues and the fitting coefficients are obtained numerically by T Tt

using the least-squares method. The dimensionless latent 0.20 ije 7
heat per particle was then estimated aty(Lp) AN (I Sommrrene M
as AHY,(Ly)=U%,— U, (see Fig. 3 To get a better 015 .
accuracy, we have wused the following average: (AHL D+ | diluted e
(AHR(Lp)) = = 3[AHY(Lp) + AHR L (L) + AHY, _(Lp)], 0.10 | e M
whereAH{, , (L) has been estimated similar &HY,(L ) e |
at Tgy(Lp)+6T* and AHY,_(Lp) has been estimated at 0.05 s

Teo(Lp) —&T*. Here (for the pure modglwe choosesT* 0.00 0.05 0.10 0.15 0.20 0.25 0.30
=0.0005. These estimatéaAH{,(L,)). do not exhibit a 10° -2
finite-size scaling dependence within the accuracy of our cal-

can be derived as the average over all simulated lattice size§ansition calculated a8/, — U and averaged over the vicinity
of qu. Black circles represent the pure model, the average is

shown by the dashed line. Empty circles are for the diluted model,

* _ * —
AHNl(oop)_(<AHNI(Lp)>t>Lp_O'179+_ 0.005. (6  , gashed line corresponds to the linear fit.
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FIG. 5. Histogram of the order parameter distributitime pure 10* L;g
model,L,=24) at the temperatur&, and its fit by a sum of a
Gaussian and a non-Gaussian according to(Bg.The expected FIG. 7. Finite-size scaling behavior of the NI transition tempera-
value of a nematic non-Gaussian gives the order parameter at tigre in the diluted model defined in different wafee meaning of
transition, Sy . the symbols is the same as in Fig, L is the linear size of the

simulated system.

which a system of single size has been simulated, and i
which the FS technique has not been applied to the simul
tion data.

To conclude this section, the pure model undergoes a pr
nounced first-order NI transition. This conclusion follows
from a finite-size behavior of the transition temperature, heaj f impurities for each lattice size.
capacity, and susceptibility. The latent heat and the order Similar to the pure model, we denote the NI transition
parameter at the transition are obtained by fitting the Correfemperature of the dilute modél of linear sizgestimated in

sponding histograms. These properties are of particular inter; *
est. We would like to compare them with a weakly diluted '€ framework of & procedure denoted by T, ni(La).

case, which is the subject of the following section. An eitlmate for the l:ll transition temperature from the peak
for C} (Lg) and for x*(L4) corresponds ton=1,2, respec-
tively, and from the minimum o¥%, corresponds ton=3.
Ill. NEMATIC-ISOTROPIC TRANSITION We have observed the shift of the transition temperature of
IN A WEAKLY DILUTE MODEL the order[ T, ni(Lp) = T ni(La) U TE ni(Lp) ~c=0.05 for
_ _ ) each lattice size in accordance with a mean field estimate. A
The method described above is now applied to study &inite-size scaling behavior for the first-order transition,
weakly dilute model. We have used a so-called random dIT:n,m(Ld)_T;M(‘”d)”l-gsr holds very well within the ac-

sumed to be occupied by quenched impurities. The othegptain
sites,Ns=N—N,,, are characterized by the unit vectcﬁris .
which describe the orientational interactions between liquid TNi(%2q) =1.00350.0002. €)

crystal molecules. Similar to the pure model, a nearESti:urther confirmation of the first-order nature of the transition

neighbors interaction between andu; is assumed, also We i the dilute model is the finite-size scaling behavior of the
assume that there is no interaction between the 'mp””t'eﬁaximacfmak(Ld) and x*_(Ls). The heights of the maxima
andu; . Therefore, only the effects of excluded volume areare essentially supressed, compared with the pure model. But
taken into account. A porous medium formed by impuritiestheir L3 dependence expected for the first-order transition is

still pronouncedFig. 8).

Hway be thought to consists of highly interconnected pores.
&\e consider the case of a weak dilutian= N,,/N=0.05,
which may correspond to a LC confined in a highly porous
%nedium. Due to the CPU time limitations, we have averaged
he results over not more than three quenched configurations

' T pure | | ' The presence of dilution has a strong effect on the form of
0.35 1 N o . T the energy and order parameter distributiéhs (U*) and
- L 3 4
0 30 100 LI LN L N I I N I Y N L N N N N B R
' diluted ~_..-==°" [ e X diluted
(Svryx F [ o . 80 o ¥
- ,-/’0/ _ r® v max /,”/ 7
0.25 e w0 L i
p---"" . L I St J
0.20 1 | ] | 1 | ] | 1 | ] 40 ’/‘,"’ _______ .-
0.00 0.05 0.10 0.15 0.20 0.25 0.30 el P e .
10% -3 L i T Y N I I I A AR
3 4 5 6 7 & 9 1011 12 13 14 15
FIG. 6. Finite-size scaling behavior of the order parameter at the 107% 2

NI transition obtained from the fits &t;,, and averaged over the

vicinity at this temperature. Black diamonds represent the pure FIG. 8. Finite-size scaling behavior of the heat capa€ify, .«
model, the average is shown as the dashed line. Empty diamondsd the susceptibility ., maxima in the vicinity of the NI transi-
are for the diluted model, the dashed line is a linear fit. tion in the diluted model of linear sizey.
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L Thus, instead of evaluating the averag&y(Ly))-, we
diluted : have investigated the dependence Sf;_(L4) [obtained
from the fitting at temperaturd;y (L) — 6T*, slightly
lower thanT3y,(Lg)] with increasingsT*. One might ex-

Pre,(U7) i \\(' pect linear dependence @T*, if it is chosen small. This is
/ \ indeed the case fafT* €[0.000 25,0.000 76 We have used
// \ this fact as an additional test of stability of the fit at
| RS >ni1(Lg). One can note a well pronounckd dependence of
B S S— Sui(Lg) (see, Fig. & in contrast to the pure model. Thus, the
0.73 063 1 oosst soas (L) ( g- P

Ut Uko I fitting procedure yields for an infinite system the value

FIG. 9. Histogram of the energy distributi¢the diluted model, Sni(0¢) =0.220+0.005. (11)
Lq=24) atTg, and its fit by a double non-Gaussian according to__ .
Eq. (5). A nematic and an isotropic non-Gaussian also are showd Nis value must be compared with the value 0.333 for the
separately. Their expected values &rg,, and U3, respectively.  Pure model(8).

The essential finite-size dependence of the latent heat and
of the order parameter for the diluted model can be explained

P1«(S). Even for the largest lattice size simulateds 24, . . A
the double-maxima form for the energy distribution is not{:\ccordlng to the following arguments. The finite-size behav-

observed. This is due to a much weaker first-order transition... of the pure system is governed by the fact that the corre-

The distributions for two coexisting phases intersect esserr’!?:]'g:‘e]lg?ghfi iigngtu?gexggg I;r:lez:‘ S’[Ileg Osfirggilzxr/i?it:?ér e

tially and it is practically impossible to evaluate the spinodal X - :
poir):ts for this{) case. 1¥hergfore, we are not able tc? defingCaled by the single characterictic lengtf80). In the dilute

formally the temperatur§§q, with equally heighted maxima model, another characteristic length appears, which is an av-

erage distance between impurities. Alternatively, influence
(as for the pure modgl Instead, we hgve'used the tempera'—of the dilution on the phase transition can be described by the
ture where the upper part of the distribution has a symmetri
shape(see, Fig. 9 Similar fitting formula forPT*(U*)*(S) represents the average number of impurities in a coherence
was used to extract the expected vaIuesUﬁgm_aniuiso, volume. Actually, this parameter measures the relative influ-
and to estimate a latent heat of the transitibhiy (L)  ence of impurities on the phase transition. We assume that
=Uo— Uhem (see Fig. 9. We have observed that this pro- this parameter must be kept constant for differentather

cedure is very sensitive to the accuracy of the distributionhan the absolute concentration of impurities For L

tails. The accuracy can be unsufficient for the simulated tem=¢,_ .= one can assume that~L, therefore it seems rea-

perature farther fronT ;q. In this case, an additional curva- sonable to keep constant the paramatercL® for different

ture of the distribution tails is present, and the least-squares, Thus, in this case, one must rescalsy L 2 with increas-
method fails to fit the histograms correCtIy. Similar to theing L. ForL |arger thanfbulka a concentration Corresponding
pure case, we have calculated the averédeiy (Lq))-  to saturationcy,, would arise. This concentration charac-
=3[AH¥ (L) +AHY, (L) +AHF,_(Ly)] for each Lyq, terizes a diluted system of infinite size. In the case of a
whereAHY , (Lg) has been estimated Bf (L) + 6T* and  constant dilution, used most generally, one would obtain a
correspondingly the value foAH¥, (Ly) at temperature progressive suppression of the transition by impurities. as
Ti(La)—dT*. The shift of the temperature,dT* increasegthis behavior can be seen from Figs. 4 and 6
=0.00025, was chosen twice smaller, in comparison with 10 Summarize the results about the influence of a con-
the pure model. At these shifted temperaturﬁgq(Ld) stant, weal§, 5% dilution on the NI transition in the Ia.ttlce
+ 5T*, the distribution is essentially asymmetric with the model of this study we would like to mention the following.

isotropic or nematic maxima clearly seen. Therefore a Value{[?wtecztr)sstegrggp(t:reanr:giattigj: T';r\?vg\‘jg:ie;’ itsh?ntjiﬂs\i/sggkfrrqﬁrr?
AH (Lg) = Ul o(Thg+ 8T*) = UkenfTh,— 6T*), provides a ' ’

bl limit of the latent heat. In th orit 1Efor the pure case, i.e., in the absence of impurities. A shift of
reasonable upper fimit of the fatent neat. In the majorty Oly,q yransition temperature in an infinite system according to

cases it is approximately 10% higher than the ValueEqs.(4) and (9) can be written in the form of a ratio:
(AH{,(Lg))+ . We have used this fact as an additional test.

f)arameterx=c§3 (proposed by Imry and Wortig34]), «

As one can see in Fig. 4, the values farHy, (L)) - reflect %, (%0g)
theL4 dependence. For an infinite system we then obtain the f' =0.952+0.0004. (12
value ni(%©p)

AHZ,(4)=0.063* 0.002, (10) The supression of the maxima of the heat capacity and of the

susceptibility in an infinite system can be obtained from a fit
using finite-size datdsee Fig. 10 We have obtained the

which is essentially lower, if compared with 0.179 for thefollowing ratios:

pure model(6).
The order parameter at the transition is estimated quite C* (oo _—

similar to the pure model. The only difference is that at vmad ©a) —0.35+0.01 Xmax *d) —0.45+0.01.

Toni(Lp) + 8T*, the nematic maximum for the order param- Clmad®p) Xmad @d)

eter is not very well defined to provide fitting successfully. (13
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1.0 ' T very close to the experimental onét,e=6.28 Jg*, for
0s L o M ] p=0.08 gcm * aerogel[9]. We can also compare the sup-
- Xinax(Lp) P s ] pression of the heat capacity maxima by increasing progres-

0.6 I U L e T sively the aerogel density. As it follows from the experi-

04 _,- ] ment[9], the excess heat capaciyC . decreases almost

I i linearly with the increasing, at p<<0.36 g cm 3. For the

0.2 | o Gmax(La) 4 aerogel densitiesp;=0.08 gcm'® and p,=0.17 gcm 3,

0o L o Gelly) | 1 we then obtain the ratid Cpap2)/ ACmaxp1) =0.51, which

is higher, but nevertheless comparable to the ratio [E3p
(13)] obtained in the simulations.
Other experiments for the NI transition in 8CB LC con-
FIG. 10. Suppress of the heat capadiyj,,, and the suscepti- fined to porous glasses have been performed by lannac-
bility x¥ ., maxima resulting from a dilution of the model. Here chioneet al. [8]. In the case of a macroporous confinement
L,=L¢=L and indicesd andp denote the pure and diluted model, (1000 A mean pore sizgthe shift of the transition tempera-
respectively. ture of —2.05° has been observed. This gives a ratio
TY3YTRY"=0.993 which again is higher than the rati®).
A decrease of the latent heat and of the order parameter ahe latent heatH 4,55 has been shown to decrease and the
the transition point in an infinite system are obtained by uSratio AHgjass/ AHpy, is 0.74; it is approximately twice

0.00 0.05 0.10 0.15 020 0.25 0.30
10® [~

ing the valueg6,8,10,1]. Then, our estimates are, as large as Eq(14). Similar discrepancy can be observed
Al for the suppression of the heat -capacity,
o _ C .
ni(a) —0.35:0.02, Sni(q) — 0.66-0.02. ACpmax(91as9/AC,na(pure)=0.65, which is again higher
AHF (%) Sni(®p) than 0.35Eq. (13)]. In this context, it is interesting to note

(14)  that the values obtained for the smallest latticgs= 16, are
_ . ‘much closer to the experimental data, giving
It must be mentioned that the effect.s of lowering the transi-AHyY, (165)/AHY (16,)=0.63 and C}.(164)/C}a(16,)
tion temperature, and of suppression of the heat capacity 0.60. Augmenting discrepancy with increasing system size
maxima, have been observed previously for a dilute model ofs due to the hypothesis that the dilution concentration,
trimers undergoing orientational transitiph2], for 4=3,4  must be rescaled for a finite-size system, keeping the value
state dilute Potts mode[4.3], and for the model of random c&® constant.

anisotropy[15]. However, in the present study we have ~\ve have obtained an essential overestimate for the sup-

dilution on the susceptibility, on the latent heat and on the&ompared with the experiments. However, our results have

order parameter. been obtained in an infinite volume limit via finite-size scal-
ing. Following the considerations of Imry and Worfi34],
IV. COMPARISON WITH EXPERIMENTAL RESULTS we had assumed that the valog® must be kept constant at

The influence of dilution on thermodynamic propertiesincreasmgl" rather than the im.p.urity concentratiqn Nev- :
close to the NI transition can be related to the experimenta?rthdess’ a .Shlﬁ of the .transmon temperatu're Is overestl
, : ) ; . Mmated. Possible explanation of these trends is that one par-
results for LC’s confined in a highly porous media. In par- ticle in a lattice model describes a group of real molecules
ticular, Wu et al. [9] have studied the NI transition in 8CB '

. o - . rather than a single on@ simple estimate of Bellinét al.
LC confined to silica aerogels at different porosity. For :
—0.08 gt ® aerogel densitytwhich corresponds roughly [16] has shown that a group of approximately ten molecules

to the 5% volume fraction of impurities for our modgehe corresponds to a site in the LL mogieThus, a dilution due
shift of Ty, of the magnitude—0.45° has been observed, to only one site would destroy six bonds on the sc lattice, and

L : ) th f si di ticlési f mol-
thus yielding T8¢ TR""®=0.9986. The shift, following from e energy of six surrounding particlesix groups of mo

) ; . . ecule$ would be essentially underestimated. The tempera-
our simulations, and given by the rati@2) is much more e of the transition, in fact, is proportional to the number of
pronounced. The integrated enthalpy estimated from the eX:surviving” bonds, so it would shift too much. According to

periment is given bysH=AH+ 6W, whereAH is the latent 54 argument, we would like to mention, in particular, that a
heat and5W is the contribution from the integrated area of a 5oy gijution corresponds effectively to a higher density aero-

pretransitional region. For the pure _rr;odel, it follows thatge| than thep=0.08 g cm 3 implied in a comparison per-
OHpure=AHpy et SW=(2.1+5.58) Jg - [9]. It was ob- {5 med above.

served experimentally, that the heat capacity poiptstted
versus temperatuydor aerogels at different density may be
fitted by the same curve in the “pretransitional” regiGex-
cept for the area of approximately 1.5° width near the tran-
sition poind [9]. This lead to the assumption that the density ~We have performed extensive Monte Carlo simulations of
of a confining aerogel influences mostly the value Add,  a weakly dilute liquid crystal lattice model with quenched
but do not affect strongly the values féwV. In this case, one impurities. The nearest neighbors interact via the angular
can use the ratidAHg; /AH[,,=0.35[Eq. (14)] from the  part of the Berne-Pechukas potential. The elongation param-
simulations and obtain an estimatéHgy;=AHg;+6W  eter is chosen equal to 3; the corresponding pure system
=(0.735+5.58)Jg 1=6.315J g'. This value is indeed undergoes a pronounced first-order nematic-isotropic transi-

V. CONCLUSIONS
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tion. The model in the presence of impurities at a constaneffects are essentially overestimated, in comparison with the
dilution of 5% has been simulated; four lattice sizes withexperiments on the 8CB liquid crystal confined to a highly
linear dimensiond. =16,18,20,24 have been used. The re-porous media. This behavior seems to appear due to the as-
sults of simulations have been averaged over three quenchedmption of rescaled concentration of dilutions for a finite

configurations of impurities for each lattice size. Thesystem at a fixed value for the paramet&r.
Ferrenberg-Swendsen reweighting technique has been used

in the vicinity of the transition; also, a finite-size scaling
analysis was applied to the simulation data. The latent heat
of the transition and the order parameter have been evaluated
by fitting the correspondent histograms by a double non- This work has been supported in parts by the State Fund
Gaussian distribution. for Fundamental Investigations under Program No. DKNT

We have observed an essential suppression of th2.4/173 of the Ukrainian State Commitee for Science and
nematic-isotropic transition in the model at 5% dilution. This Technology, by the National Committee for Science and
result is in agreement with general theoretical estimates ofechnology (CONACyT) of Mexico under Grant No.
the influence of the quenched disorder on the first-order trari25301-E, and by the National University of Mexi¢Broject
sitions[35,36]. However, at a 5% dilution considered here, No. DGAPA-IN 111597. One of us(J.l) is indebted to G.
the nematic-isotropic transition remains an extremely wealR. Luckhurst, S. Romano, C. Zannoni, and M. P. Allen for
first order. A shift of the transition temperature, a suppresvery stimulating discussions during the NATO ASI “Ad-
sion of the latent heat and of the heat capacity maxima in thgances in the Computer Simulation of Liquid Crystals,”
infinite volume limit have been obtained. However, theseErice.
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