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Computer simulation of phase diagrams of trimers adsorbed on a square lattice
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Monte Carlo simulations in the grand canonical ensemble, the histogram reweighting technique, and finite-
size scaling are used to study the phase behavior of monolayer films formed by various trimers on a square
lattice. The multisite occupancy model is considered. The molecule is assumed to be a chain composed of
segmentsA and B. The bonds between segments cannot be broken. We discuss three types of RBBjns:

ABB, andBAB. In all cases we analyze the behavior of molecules that have different shapes, namely, linear and

L-shaped rigid rods and flexible trimers. The presented investigation shows that the chemical structure and

geometrical shape of molecules can radically alter the phase diagram topology. The stable ordered structures
have been found for some types of trimers. The structural transitions between disordered fluid and ordered fluid

have been observed. The results reveal a great variety of vapor-liquid coexistence behavior depending on
shapes of molecules and their chemical structure.
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[. INTRODUCTION fluid.™® The most interesting results emerged from the inter-
play between internal and translational degrees of freedom.
A knowledge of coexistence properties of thin surfaceThese interrelations lead to unusually rich phase diagram
films is essential for many practical applications. Thereforefopologies.
there have been significant theoretical and experimental ef- In another class of fluid models a molecule is treated as a
forts toward the determination of phase diagrams for singleehain of the same or different units linked together. Intermo-
component adsorbed monolayérs. lecular forces are described by the multicenter potential. The
The relation between a model of the system and its phasgimplest molecule of this kind is a dimer. For many years
behavior is a fundamental problems in modern physics. Theystems involving dimers have been studied in the frame-
determination of complete phase diagrams corresponding twork of lattice-based and continuum fluid mod&s The
a given model is a very demanding task. There is only &ey problem in multisite occupancy lattice models is to com-
handful of exact analytical solutions obtained for significantpute a number of possible configurations. Contrary to the
but rather exceptional cases. For most models, the phase diasual single-site problem, there is no statistical equivalence
grams cannot be calculated exactly and rather crude approXbetween particles and vacancies. Occupation of a given site
mations have to be used. In two-dimensio(2D) geometry implies that at least one neighbor site is also occupied. Re-
of adsorbed layers, statistical fluctuations play a much morsults connected with dimer statistics have been reported by
important role than in 3D systems, so simple approxima+owler and Rushbrook&and Flory*® More recently, a large
tions, such as various variants of mean-field theory, give inhumber of studies has dealt with two-dimensional layers
accurate results. However, in recent years molecular simulaonsisting of homonuclear dimet$:22 One of the most in-
tions have become an effective tool to generate phaskeresting problems is structural ordering and phase transi-
diagrams even for complex fluids. tions in monolayers. Pharet al?® have proved, using the
Models used in such investigations involve two funda-transfer-matrix method, that there was a finite number of
mental elements: an architecture of molecules and intermasrdered structures for repulsive nearest-neighbor interactions
lecular potentials. In the simple models a molecule is asbetween dimers. Monolayer films of homonuclear dimers
sumed to be a point source of intermolecular potential. Fohave been intensively studied by means of Monte Carlo
molecules without internal degrees of freedom the relatiorsimulations. Adsorption on squaf®, triangular, and
between the potential and phase behaviors of the fluid is welhioneycomP’ lattices was considered for repulsive and at-
known. The category of phase diagrams is largely detertractive interactions between dimers. An influence of ener-
mined by the range and strength of attractive and repulsivgetical heterogeneity of the surface on phase transitions and
interactions’~® A very interesting fact is the presence of lig- critical behavior of attracting dimers has been also
uid polymorphism in simple fluids. In addition to the usual analyzed® These studies have shown that monolayers of
vapor-liquid transition certain fluids may exhibit double criti- homonuclear dimers belong to the 2D Ising class of univer-
cality with a second liquid-liquid critical poirltThe double  sality.
criticality was found for the density-dependent pair Itis of interest to study phase behavior of dimers consist-
potential’ ing of different segmenté andB. Monte Carlo simulations
Phase behavior of fluids with embedded anisotropic feahave been recently carried out for some model fléidBhe
tures such as electric or magnetic moments is more compliresults reveal a surprisingly great variety of vapor-liquid co-
cated. Various classes of molecules having internal degreesistence behaviors depending on the relative strengths of
of freedom were considered, for instance, Heisenberg spimteractions between molecule segments. Apart from the
fluid, 2% a dipolar fluid*'? and the van der Waals—Potts usual vapor-liquid coexistence, a second phase transition be-
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tween the disordered and ordered liquid was found. The madgg. The relations between these parameters dictate the ther-
jority of systems consisting of heteronuclear dimers belongnodynamical properties of the fluid. There are many differ-
to the 2D lIsing class of universality. However, in the case ofent sets of the interaction parametetgs{, Ugg, Uag). IN
repulsiveA-A coupling and attractive interactions BfBand  this work we carry out simulations for a special class of
A-B types the fluid exhibits a nonuniversal beha#bOne  trimers for whichuaa=uUgg= —1 andupg=0.
sees that the chemical structure of fluid molecules strongly Let us introduce the occupation variables [x denotes
affects phase transitions and critical properties of onethe type of atom(A or B)], which can take the valuesx;
component fluids. =1, when a site is occupied by atoxy and cx; =0, when

The recent development of simulation techniques makes iinoccupied. Thus, each lattice site is characterized by a pair
possible to perform phase equilibrium calculations for longof occupation variablesc;, ¢B;). In the grand canonical
chains. Because knowledge of phase behavior of alkane syensemble the Hamiltonian & trimers at a given tempera-
tems is important for the petrochemical industry, a largeture T can be written as
number of simulations has been performed for normal and
branched alkanes. In the usually used representations the
groups CH, CH, or CH are described by single interaction H :uAAGE.> CAiCAi+UBB<iZ> CBiCBJ+uAB<iZ.> CACB;
sites?® Many different models have been proposed to de- ! ! !
scribe interactions between alkarfés* various force fields —Nu* =N, €y
have been used to determine coexistence curves with a ve
good accuracy®~*! The calculations were carried out for
three-dimensional continuous-space models.

It is quite obvious that a dimensionality of the system

Where,u denotes the chemical potential of dimers arfdis

the energy of interactions between segments belonging to the
same moleculeu* =2ugg for BBB, ugg+uag for ABB, and
?UAB for BAB. The sums are over all pairs of nearest-

:?r:g\(/avllila daf(fee(iase '\t/z %ﬁsiigigz\;'ig:én'igvrfﬁz_é?mgﬂrsigszpeighbor lattice sites. Because we have taken into account
9¢, por-iig nteraction energies of all possible pairs of segments we sub-

Iayers pf Ipng mol_ec_ules has not _been intensively studl_ed.Akract the term Ku*). The Hamiltonian(1) describes the
this point in time, it is unclear which elements of the micro-

scopic structure of molecules decide the nature of phase trar'?jumsIte occupancy lattice model in which a molecule is

e . L . treated as a source of the three-centered, short-range poten-
sitions in the system. In such a situation, trimers seem to b

very good model particles to study the influence of the geoﬁal of intermolecular interactions. We employ dimensionless

metrical shape and chemical structure of molecules on th%ﬂﬁi] llJ.e.,/Enlerglneds Iz;e tghIZE:E :Jnnittlgi;?tBrl\,ethi% ?ar?:%lrzztsalnq
vapor-liquid coexistence. We investigate the behavior of rod- BBTTBD 9 '
like and flexible chains. The rigid rods can be linear or

L-shaped. Moreover, we can consider trimers composed of IIl. MONTE CARLO PROCEDURES
the same or different segments. The relatively short trimers  \ye describe here only the most significant aspects of the
can adsorb parallell to the surface, so the existence of Wosethod. For detailed accounts of the simulation techniques,
dimensional films is quite probable. Knowledge of the way oo qers are referred to the reviews and original wétk&’
in which phase diagrams of trimers depend on their molecup simylations were conducted in the grand canonical en-
lar shapes can be important in understanding the vapor-liquide e using hyper-parallel temperiffgThe square simula-
coexistence in real systems. o _ tion cell was used with the standard boundary conditions in
In this paper we analyze phase transitions in oneyqw girections. The linear size of the systemanged from
component fluids consisting of trimers. The main purpose 0by 5 72. The Monte Carlo step consisted of an attempt to
this work is to show how the chemical structure and ge€0jngert 4 trimer molecule at a randomly chosen position or an
metrical shapes of molecules affect the vapor-liquid equilib-4iemnt to remove an existing particle. The equilibrium states
rium. ) ) were reached after discarding®:010’ Monte Carlo steps
The S”!chre of the paper is as fOI.IOWS: n Secs. Il and III(MCS) (per sitd. The averages were calculated over next 10
we describe the model and the simulational proceduresy s 14 avoid correlations between subsequently generated
whereas in Sec. IV the results of calculations are discussedaiog sampling to evaluate the averages was carried out at
We close in Sec. V with a summary and conclusions. intervals of 200 MCS. We have calculatee (c)/L2, where
(c) denotes the average number of occupied lattice sites and
Il. MODEL the average energﬂu). o _ _
The multiple-histogram reweighting was applied to esti-
We consider a square lattice in two dimensions consistingnate phase diagrams. The coexistence curves were deter-
of L? sites. A lattice site is occupied by one segment or ismined according to a “two-state approximation” from the
empty. A molecule is a trimer composed of segmeh&nd  density distributiof?
B. The bonds between segments cannot be broken. We con-
sider three types of chainBBB, ABB, andBAB. In all cases
we analyze behavior of molecules of different shapes, p(p)=% P(p,u), 2
namely, linear and L-shaped rigid rods and flexible trimers.
The energies of nearest-neighbor interactions between segthereP(p,u) is the two-dimensional histogram. In the case
ments belonging to different molecules arg,, uag, and  of a first-order transition the density distributipifp) had a
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FIG. 2. The ordered structures for the rodlike heterogeneous
trimers: (a) linear ABB, (b) linear BAB, (c) L-shapedABB, and(d)
L-shapedBAB.

FIG. 1. Phase diagrams in tiep plane for various homoge-
neous trimers: rodlike lineafcircles, rodlike L shapedsquares
and flexible(diamonds.

double peaked structure. The location of a coexistence poi %txistence curves we found the critical points. We used the
uble p u ' PO Andard finite scaling procedure of BindéAll considered

h?/d nbfer?] aﬁhge;/ed n%}l’ tthun'n?e:s]eur?g;mgg?:] ng;;'%|e2;rﬁuids consisting of homogeneous trimers belong to the 2D
given temperature u €a P I&ng class of universality. The estimated critical tempera-

the same. ) .
o . . . . ._tures are as follows: 0.793@near rodlike trimery 0.7687
sc ﬁ”sr't'cgczzz?;”sor.?;;hfilf%ﬁfiﬂgacsuiﬂ?;? (L)st Itrr:?a fg:giéL—shaped rodlike trimeps and 0.7670(flexible trimers. It
aramgetrt)ar was caléulate 4 eems to be instructive to mention that the critical tempera-
P tures for monomers and dimers are equal to 0.567 25 and

Up=1—(m*, /3(m?)2, 3 0.689, respectivelst

wherem=p—(p) and(m)_ denotes the average evaluated B. Heterogeneous trimers
for the system of the sizke. The cumulants adopted a non-

L ; " " o . As has been already mentioned the heteronuclear dimers
trivial universal valudJ* at the critical point, irrespective of

. ) ) ) exhibit a rich vapor-liquid behavior depending on values of
system 5|ze$..Thus., pIottmg functlon:t*JL(T) .for d!fferent model parameter¥. In addition to gas-liquid coexistence,
L yielded an insertion poin(T)=U*, which gives an aiarageneous dimers can exhibit the transition between dis-
accurace estimate of the critical temperature in the infinitg, yered fluid and ordered fluid. The vapor-liquid coexistence
system. The results are discussed in the next sections. g jnfluenced by the proximity of the structural transition.
Similar effects were reported for numerous, quite distinct
IV. RESULTS AND DISCUSSION models, such as spin fluf, dipolar fluids!**? and sym-
metrical binary fluid mixture&® In these systems, apart from
vapor-liquid coexistence, one can observe other transitions,
It is interesting to show how vapor-liquid coexistence for example, paramagnetic-ferromagnetic or mixed fluid—
properties depend on the shape of molecules. Figure 1 prelemixed fluid. The latter transitions are connected with dif-
sents phase diagrams for three kinds of homogeneous trimefisrences in internal properties of molecules. Each particle
BBB: linear and L-shaped rodlike molecules and flexiblecarries an internal degree of freedom, or it is a concrete
chains. The solid lines are provided as a guide to the eye facthemical compound. However, the heterogeneous dimer can
the simulation data. be differently oriented relative to surrounding molecules.
It is evident from these results that the shape of molecule¥he critical temperature of such a transition depends on the
considerably affects phase behavior of the fluid. The coexistdensity. Consequently, in the spaEep we obtain a critical
ence curveT vs p for the L-shaped trimers lies below the line that is usually called aX line.” “*°°One can distinguish
curve for linear molecules. However, flexible trimers exhibitthree categories of phase diagrams depending on the path of
almost the same phase behavior as the L-shaped rods. Ttee\ line relative to the vapor-liquid coexistence envel8pe.
similar relation between coexistence curves for linear andn the first type of diagrams theline approaches the vapor-
more complex molecules has been found in the case dfquid phase boundary well below the vapor-liquid critical
n-alkanes and their branched isom&r3o complete the co- point. The\ line intersects the vapor-liquid line at the so-

A. Homogeneous trimers
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FIG. 4. Adsorption isotherms for thABB trimers at different
temperatures: 0.7%solid ling), 0.75 (dotted ling, 0.8 (dashed ling
0.85 (dot-dashed ling and 0.9(dot-dot-dashed line

coverage. These are indicated in Fig. 2. For all studied mol-
ecules contacts betweénand B segments are energetically
nonprofitable so configurations without these contacts are
strongly preferred. In the case of rigid linear trimé&BBand
BAB such a configuration corresponds to the alternating
andB rows oriented irx or y directions[Figs. 2a) and 2b)].
For the L-shaped trimeiBAB the periodic ordered structures
without AB pairs are more complicaté¢éig. 2(d)]. However,
there is not such a favorably ordered structure for the
L-shaped molecule8BB. The pairsAB always exist in such
close-packed monolayef&ig. 2(c)]. As will be shown be-
low, the orientational order in the system is responsible for
the special type of phase diagrams.

First, we would like to discuss the results obtained for
P rodlike molecules. In Fig. 3 the phase diagrams for linear
FIG. 3. Phase diagrams for tA@BBtrimers:(a) linear andb) L and bent rod#BB are presented. The coexistence curve for
shaped. the linear molecules is highly asymmetric, having an unusual

. ) _ ) . shape in the form of a “swan neck.” A similar coexistence

qallgd critical end point. There is iny one first-order trans"envelope has been found for shorter linear molecules, i.e., for
tion in the system. However, the diagrams of the second typ8imersAB.27 Obviously, coexistence temperatures for dimers

correspond to a situation in which two first-order transitions ) ) .
were less than those for trimers. It may be instructive to

occur in the system, so double criticality and triple-point ) ,
behavior is observed. The line can approach the vapor- show the examples of isotherms that have been used to esti-

liquid line close the vapor-liquid critical point. For the third Mate the phase diagram. In Fig. 4 one can see that at low
category of phase diagrams theline intersects the vapor- temperatures, in the isotherm a high vertical step appears,
liquid line just at the vapor-liquid critical poifff In the case ~ corresponding to condensation. For higher temperatures the
of heteronuclear dimers, phase diagrams belonging to theondensation jump is less pronounced and shifted to high
second class have been found. One can see a point whergl@nsities. It is very interesting that the phase diagram for the
vapor coexists with two phases, namely, a disordered liquid.-shaped moleculeABB [Fig. 3(b)] is completely different
having intermediate density and the dense ordered lftjuid. and quite similar to those obtained for homonuclear trimers
In this study we address the question of the effects of thésee Fig. 1L Moreover, in this case the coexistence tempera-
chemical structure and geometry of trimers on the phase didure at a given density is considerably lower than that for

gram topology. linear molecules.
Depending of chemical structure and the shape of mol- To understand the difference in phase behavior of the geo-

ecules the Hamiltoniafil) has different ground states at full metrical isomers it is useful to investigate the structure of
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5 FIG. 6. The phase diagram for the rodlike line®&AB
b trimers.
4 ,~""—'_' for low densities, they increase until the condensation point
i is achieved, and then they jump abruptly. After the vapor-
] i liquid transition we observe a different behavior of the linear
1 . .
3 i and L-shaped trimers. In the case of linear molecules the
; structure parameterfs,, and fgg reach their maximum val-
- : ues, whereas a number &8 contacts is close to zero. It

i_mmmmm T means that the dense phase is almost completely ordered
2 g even for relatively high temperatures. The entropy of the
y liquid is very low. However, in the fluid consisting of the
e bent trimers, the structure parameters do not achieve their
A extreme values, i.e., the dense phase is disordered and has
, ! rather high entropy. The occurrence of spontaneous orienta-
] A tional ordering of linear molecules and a lack of a similar
0 e ordering in the L-shaped trimers explain the difference in the
U L L L L phase diagram topology. In the case of linear molecules there

-3 2.5 -2 -1.5 -1 -0.5 0 is a transition between a disordered gas and the ordered lig-

H uid, whereas for the L-shaped trimers both gas and liquid are

FIG. 5. Dependencies of the structure parameters on the cherrfiliSOrdered. It is clear that the entropy effects play an essen-
cal potentialfgg (dot-dashed linés f,, (dashed lings and f,g  tidl role in the phase behavior of isomeric rigid rods. It is
(dotted lines for the rodlikeABB trimers: (@) linear, T=0.8 and(b)  @lso worth noting that the occurrence of ordered structures in
L shaped:T=0.5. the liquid causes an increase of the coexistence temperatures.

We would like to show how the chemical structure of
dense phases formed by both kinds of trimers. To this end wlimers affects their vapor-liquid equilibria. To this end we
define the structure parametey,, performed calculations for the trimeBAB. The phase dia-

gram has been estimated only for the linear trimers. How-
fop={(Nap)/(N), (4)  ever, for the L-shaped molecules preliminary simulations
were carried out for selected temperatures.
where(n,g) is an average number of nearest-neighbor pairs Comparing the coexistence curves for linear rigid rods
apB (o, B=A or B) and(N) is an average number of trimers. ABB [Fig. 3(@)] andBAB (Fig. 6) one sees that the position
Each trimer has eight possible “contacts” so the structureof the noninteracting segme#tin the chain is important in
parameter(4) ranges from 0 to their maximum value;g ~ determining physical properties of the fluid. In the case of
=8, faa=3, andfgg=5 for the ABB trimers andf,g=8, BAB trimers, the phase diagram is not as drastically asym-
faa=2, andfgg=6 for BAB trimers. metric as for the moleculeABB. The gas branch of the dia-

Figure 5 shows the dependencies of the structure parangram lies higher than that for th&BB trimers, and the criti-
eters on the chemical potential for isomeric rodlike trimerscal point is shifted to the middle valye=0.5. Figure 7a)
ABB. In both cases, the structure parameters are close to zeppesents examples of isotherms for AB trimers. Notice
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FIG. 7. Adsorption isothermg) and structure paramete(b) FIG. 8. Adsorption isothermg&) and structure parametefbs)
for the rodlike lineaBABtrimers.(a) provides values at the follow-  for the rodlike L-shapedBAB trimers. (a) provides values at the
ing temperatures: 0.7olid ling), 0.8 (dotted ling, 0.85 (dashed  following temperatures: 0.6%solid line), 0.7 (dotted ling, 0.75
line), 0.9 (dot-dashed ling and 0.925dot-dot-dashed ling (b) fsgg  (dashed ling and 0.8(dot-dashed ling (b) fgg (dot-dashed ling
(dot-dashed ling faa (dashed ling and f,g (dotted ling at T faa (dashed ling andf g (dotted ling; T=0.7.
=0.8 and 0.925solid lines.

The tricritical point (T;) is located in the interval 0.86—0.88.
that the isotherms dt= 0.9 and 0.925 are continuous. In Fig. A precise location of the tricritical point is beyond of the
7(b) we show the dependenciég; vs u at two tempera- scope of the present study.
tures: below T=0.8) and above T1=0.925) the vapor- Now, we would like to analyze a series of isotherms cal-
liquid critical temperature. In both cases, for sufficiently high culated for the L-shaped trimeBAB|[Fig. 8a)]. One notices
values of the chemical potential the system achieves conthat these isotherms are very similar to those for lins&B
plete ordering in the dense phase. At lower temperature ongimers(see Fig. 4, i.e., at all temperatures the liquid density
sees a sharp change in the degree of ordering. However, &t close to unity, and small condensation steps are observed
T=0.925 the transition between disordered fluid and orderedt high values of the chemical potential. One can easily
fluid is continuous. We observe the second-order structurdmagine a hypothetical phase diagram for the L-shaped trim-
transition even for high temperatures. The measured locus @frs. It is likely analogous to that for the lineABB trimers.
the A line for this transition is shown in Fig. 6. We suppose This somewhat surprising observation is quite clear in the
that the phase diagram exhibits the tricritical-point topologylight of analysis of orientational ordering of the liquifig.
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FIG. 9. Adsorption isotherm&) and structure paramete(b) FIG. 10. Adsorption isotherm&) and structure parametefis)
for the flexible ABB trimers. (a) provides values at the following for the flexible BAB trimers. (a) provides values at the following
temperatures: 0.56olid ling), 0.575(dotted ling, and 0.6(dashed  temperatures: 0.57&olid line), 0.6 (dotted ling, and 0.625dashed
line); (b) fgg (dot-dashed ling f,4 (dashed ling andf,g (dotted  line); (b) fgg (dot-dashed ling f,, (dashed ling andf 5 (dotted
line); T=0.575. line); T=0.6.
8(b)]. As for the linear moleculeABBin the dense phase the degree of ordering. Therefore, one can expect that the phase
structure parameters achieve their extreme values. Therefordiagram for flexible moleculeABB is of a similar type as

we can suppose that there is a transition between a disothat estimated for the linear rigid triméFig. 3(@]. In the
case ofBAB chains the behavior of flexible molecules may

dered gas and the ordered liquiske Fig. 2d)].

The next important problem is the role of molecular flex-be to some degree similar to the L-shaped rigid rods. In
ibility in phase equilibria. We carried out simulations for the general, the flexible molecules tend to an energetically stable
flexible trimersABB and BAB. Examples of isotherms and structure if such a configuration exists in the system.
structure parameters are shown in Figs. 9 and 10. One can Two steps are observed on the curfgg vs u; the first is
find an analogy between behavior of the flexible and lineasmooth, whereas the other is a discontinuous one. The latter
rigid rods of theABB type. At low temperatures isotherms corresponds to a vertical step at the isotherm. We have care-
have sharp jumps to unity, and on increasing temperature thelly monitored the histogram®(p) for different tempera-
steps move to high values of chemical potential and becomtures and chemical potentials. In all cases we have obtained
small. Moreover, it is evident that the liquid exhibits a high only two peaks, and we have not found a triple-point behav-
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ior. However, it was impossible to state definitively whethershape of rodlike molecules is even more important for phase

or not a triple point exists here. equilibrium. The shape of molecules can dictate the phase
diagram topology. For certain heterogeneous isomers we
V. SUMMARY AND CONCLUSIONS have observed the existence of various ordered structures in

) ) the dense phase even at high temperatures. In this case phase

Using the hyperparallel tempering Monte Carlo andgiagrams of a special class have been obtained. These phase
multiple-histogram reweighting techniques we have genergiagrams were asymmetrical, the critical density is shifted to
ated phase diagrams for different trimers adsorbed on gnjty, and the critical temperature is high. For the L-shaped
square lattice. We have assumed that a fluid molecule conxpB trimers there is no such privileged structure in the sys-
sists of two different segmentsandB. We have considered tem and the phase diagram was similar to that obtained for
three types of chains, nameBBB, ABB, andBAB. We have  homonuclear molecules. A very interesting phase diagram
analyzed behaviors of the linear and L-shaped rodlike molt35 been estimated for linear moleculssB. We have found
ecules as well as perfectly flexible trimers. A three-centereq, second-order structural transition between disordered and
potential with short-range attractive interactions, _I|m|ted t0grdered fluids above the vapor-liquid critical temperature.
nearest neighbors, has been used. The system is charac@fa suppose thaBAB linear trimers exhibit the tricritical-
ized by three energies of interactions between segmentsyint behavior.

Uaa, Upg, @nduag. In this study we have assumed that |y symmary, the investigation shows that geometrical
Uaa=Ugg=—1 andu,g=0. shapes and chemical structure of molecules are significant
NOtWithStanding the Slmp|ICIty of the model we have for- parameters determining phase equ”ibrium in a Sing|e_
mulated some significant conclusions about the influence Oéomponent fluid. Our results provide the picture of a much
the internal structure and geometrical shapes of molecules qgre complicated phase behavior of one-component two-

phase behavior of the two-dimensional films. The presengimensional films than was previously believéd.
study clearly shows that the shape of homogeneous mol-
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