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Order Parameter in Binary Mixture by Monte 
Carlo Simulation Hybridized with Mean Field 

Approximation 

ISAMU ON0 and SHOICHI KONDO* 

Department of Chemistry, Faculty of Science, Science University of Tokyo, 
Tokyo 162-8601, Japan 

The order parameters of each component in a binary mixture consisting of substances exhib- 
iting a nematic phase and an isotropic phase have been evaluated by Monte Carlo simulation 
using the method of Vacatello and Iovino based on the Flory-Ronca-Irvine mean field theory. 
An induction of ordering for an isotropic solute has been obtained in the nematic phase. The 
degree of induction is dependent not only on the parameters of the interactive orientational 
potential but also on the anisotropy of the molecular shape of the isotropic solute. 
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226/[660] ISAMU ON0 and SHOICHI KONDO 

systems. It is also necessary to treat a large sirrsllation system in order to 

evahute the physical pqxties. Thee problem hinder the availability of 

complta simdations fix annplic&ed system. vacatello and Iovino have 

pIoposed 8 amp~W4rnuMon model h which the a n h t q y  of both the 

ml& shape and intgmolecularforce is taken into acaxmtfwplrre SyStemsIl~, 

with the moI&-- incorporated t h i g h  a mean-field-type 

patenslal based on the ~ l a y - ~ ~ n c a - k  o t h e o r y  PI. ~t is -that the 

use of a mean-field type patenhal is preferred h m  the point of view of 

compltational load and a clear cump~dme betwwn the sitnuhion 

parametas and physical propaties for complicated systems. Recently, we 

applied %catdo and I o W s  method to lisuidcrystalline binary systems 

composed of the same shape of molecules with different p o t e d  parameters PI, 

In thebinray system co- of subaams srhibiting the Ilcmatic phase with 

diffaart potedal there is an appm- linear relationship 

between the order parameta and the composition when the isotropic 

m o l d e s  aIe mixed with the nematic substance, theorderparameterdecreeses 

with increasing mole !kction of the isoaopic molecule, and the nematic phase 

changes into the isotropic phase at a spe$tic composition. 

In this study, the der pamnetm of each cmpment in a buwy mix&ure 

co- ofnemsticand iampic mlecu€?3withthe same Ordakent shapes 

have been evaluated by Molte cario sirmlationusing %adlo  and Iovino's 

method Wediscusstherelationsbetweenthepotedalpmamusormlecular 

shape of the isotropic molecules and the ordw property in a nematic phase. 
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ORDER PARAMETER IN BINARY MIXTURE [661]/227 

METHOD 

T h e m  El, isthetambasedontheanhtmpyofthemolecularshape. 

(2) E(r,) = 00 

E(r,) = E{ ( -$Iz - 2( -$ + 1} 0 . 7 5 ~  s r, I Q 

r, c 0 . 7 5 ~  

reported value of 6.9 1 x J was used &the sohess pmmetex of an atom, 

kciri 3c0szei - 1  E(ei)= --s v, 2 
, (3) 
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4b 4 150 
4c 4 0 

ISAMU O N 0  and SHOICHI KONDO 

2b 2 150 
2c 2 0 

TABLE1 x,anda~glametasusedintbkstudv. 
moleale XI q/K 1 moleale x, q l  K 
4a 4 250 I 2a 2 250 

The number of d d e s ,  N, was determined to be 4OOMOOO and a 

completely ordered state without a layex shwiure was used hr the initial 

a1n6gumtm We confirmed that the resuhs m hdegmht  ofthe nrmber of 

moleculesandtheinitialcotlfiguration Aphyslcalqumtitywasa&ainedh 

the avemge of the i i d  lo8 steps (W tladaions and rotations) after 

50 pacent, but the value ofthe roEeting angle was m lugher than 10 degrees [! 

2x10' to 8x108 equilibdonseps. TheratiOofaccepcancewaskegtat 

calaulstions were perfwmed in a cell with 3dinmsional periodic bwndary 

ConditioIlS under anNvTensemble. 

RESULTS AND DISCUSSION 

Figure 1 showsthe pbofSvs. the mole h d o n  ofan ismupic solute at 24OK 

for system 4a+4b and4a-M~. As shown m Fw 14 thenematic phase is 
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ORDER PARAMETER IN BINARY MIXTURE r66311229 

..ovarJlmdearles 
0 4  .: sotvent4a 
0 2  A:sohrte4b(A)or 

@ 7?zl 9 8  Sohrte4ctJ9 

0 4  

0 2  

0 0  
00 0 1  0 2  0 3  0 4  0 5  0 6  

C 
FIGURE1 Plotsofthecantposidon-oftheader 
panrmetaat 24OKforthe4a+4b (A)andW(B)  binaty systems. 

stable in the region Wow C&S. The mkixq of sdute 4b is mnsequedy 

inducedmthenematicphase. ThevalueOfS~WithinarasingC~and 

i3olmpic phase, the value ofthe order palame& is nmmllh, obtained to be ZeZI) 

nu * for solute 4b but also for solveat 4a The phase transition is also 

a transiton to the isotropic phase is clearly observed at Ca,=O.SS. In the 

obtained in the 4at4c system, but the mole flaction at the transition is much 

Werthan that in the 4a+4b system. The induction dadering fix solute 4c 

(5&= 0) is caused by the packing e!&t because the valw of orianaional enaBy 

E(B, )  ineq.(3)isahuayszero. Onthedherhd,highinQctionofordaing D
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230/[664] ISAMU O N 0  and SHOICHI KONDO 

24OK for systems 4a+2a(A), 4a+&@) and 4a+2c@. The pure system, 2b 

and Zk, exhibit the isotropic phase at 24OK. Altlmgh the ankompy of 

moledm shape is my small, the induction ofordenng is also obtained for each 

solute. 

e.g, Sa = 0.35 (la = 250K), &, = 0.26 (a = 15OK) and & = 0.09 (a = OK). 

The induction of solute 2c m the&& system is nsponsible fbrthe paclang 

e f k t  in analogy with solute 4c m &-4c system, but the h e  of& is much 

snaller than thflt Of$&. 

Thedue of sforthe isotropic solutes is dearad  with deaeasng of r; 

Figure 3 shows the plots of the angle &on fimdion A(laxq5,, I) 

within the insermolecular distaavz of3a. The value ofthe mle fraction of 

solute 4cor2c is chosento be 0.1. The d i d  and dcmi lines indicatethe angle 

Ootrelatin fktions i?x the SOhrent-soIvent and sobsolveit, @ely. In 

0 5  

0.0 + A--J.. I 

0.0 0.1 0.2 0 .3  0.4 0.J 
L 

0: overall ml& 
.:solvealt4a 
A: sohtte2a(A), 

solute 2b (B) or 
solute 2c (C) 

FIGURE2 platsofthecompositiondependenceoftheordaparameter 
a! 24OK fbr the 4a+za(A), 4a+2b (B) and &2c (C) binary systems. 
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1181 , , , , , 
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2324 6661 ISAMU ON0 and SHOlCHl KONDO 

5 2 0  240 260 280 300 
TIK 

FI-4 Tenpaahaedependenceoftheorder~fbrthe4a+4c 
and 4&2c syrdems rtt C,=O.l and C,=O.l, m. 

CONCLUSIONS 

The induction of c.adering fir the isotropic s o h  in the nematic phase has been 

ewhated by Monte carlo hulation using the method of bcatello and Iovino 

based on the Flory-RoncaIrvine mean field theory. It has been demonsaated 

that the induction is due to the paclang efted &ibutedto the dupankotqy. 

The degree of induction is dqendmt not only on the shape-animqy but also 

onthechamcm& * 'c p8mmeta, * is related to the ability to follow the 

summdhgcui-n Thismethodpwidesausehlmeansofstudyhga 

complicated systan such as liquid crystat mktms h t h e  viewpoint ofthe load 

ofcompdas. 
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