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Wertheim’s first order thermodynamic perturbation thefif, S. Wertheim, J. Chem. Phy87,
7323(1987] has been extended to the two-dimensional tangent hard disk dimer for both the solid
and the fluid phases. This extension utilizes pre-existing equations of state for tH&flEdTejero

and J. A. Cuesta, Phys. Rev4E, 490(1993] and for the solid phasé8. J. Alder, W. G. Hoover,

and D. A. Young, J. Chem. Phy49, 3688(1968], of the two-dimensional hard disk monomer
system. The theory has been compared to simulation results and a good agreement has been found
between them. Results are also presented for the fluid—solid tie linm$d2 up tom=30. The

results of this work may be of interest to those involved in the study of chainlike systems adsorbed
on a two-dimensional surface. ®002 American Institute of Physic$DOI: 10.1063/1.144684]2

I. INTRODUCTION Il. WERTHEIM’S FIRST ORDER THERMODYNAMIC
PERTURBATION THEORY
The first order thermodynamic perturbation theory of 5 Equation of state
Wertheim (TPT1)1~* was designed for use with associating _ _ _
fluids. Soon after its conception it was extended to the treat- Given the equation of stat€OS and the pair correla-

ment of chain molecules by Wertheim himself and by Chap-t'on function for a monomer fluid Wertheim’s TPT1 can be

man. Jackson. and Gubbing Wertheim's TPT1 has since used to provide an equation of state for a chain fluid com-
' ' ) gosed ofm monomers. This applies similarly to the solid

been applied to chains in the fluid phase composed o hase. This approach has been recently applied to the three-

Lennard-Jones Sité&?‘_ , dimensional casdthe pearl-necklace modeby Vega and
Recently Wertheim's theory has been extended to thgacpowell® More details being given in the aforementioned

solid phase of the fully flexible tangent hard sphere chaimaper. Wertheim's TPT1 EOS for a flexible chain composed
model by Vega and MaCDOWé;"W”:h this extension it of m monomer units is given ﬁye

is now possible to study the fluid—solid equilibrium condi-
tions of fully flexible_ chains, demonstrating a good ZTpn:%:szL“(‘,%’;‘:,'g—(m— 1) 1+prefw_
agreement with the simulation results of Malanoski and p p
Monson*? wherezuidisold i the reference EOS for the monomer hard
In this paper the focus is on the two-dimensional flexibledisks in either the fluid or the solid phages N/A whereN
chain tangent hard disk systéft!® The case of the mono- is the number of chaingy is the area of the systemm is the
mer fluid was the subject of the very first computer simula-number of monomers in the hard disk molecule, affdis
tion studies, most famously by Metropok al,'® but also the monomer number density. In the fluid phase an EOS
by Alder and Wainwrigh! Wood 8% and Rotenberd® As ~ Proposed by Tejero and Ccueétd’is used as the reference
well as the monomer fluid, the dimer fluid has been the subEOS
ject of interest. Wojciechowski and co-workers have shown
that the dimer fluid freezes into an orientationally disordered
solid?1~23 Similar results for other systems have since beenWhere C 0. Co_0128018. C._0.0018188. C
26 =0, =0. ) =0. )
found by a number of other authdfs.™ By means of = _To 7 chs b oo as andc,= - 2.4945.y i the
computer simulation Wojciechowskt al. have also located acking fraction which. in two dimensions. is qiven b
the fluid—solid equilibrium point for the dimer flufd:2 ~ PA<"d ! - 1S given by
The possibility of extending Wertheim's theory to
hard disk chains in the fluid phase has been recently

1,27
proposed: wherec is the hard disk diameter. Equati¢?) was proposed

In this paper Wertheim’s TPT1 is extended to the solidpy Bays and Cold® as a rescaled and truncated virial series
phase of tangent hard disk chains. The fluid—solid equilib«jnspired” by the results of scaled particle theory. The coef-
rium for chains consisting of a number of tangent hard diskgicientsC,, C,, andC; are chosen to reproduce the results
is also obtained. Such chains provide an analog to chain likéor B,, B;, andB, for the hard disk fluid. The coefficients
molecular systems adsorbed on planar surfaces. C,, Cs, andCg were obtained by a fit to simulation dafa.

al
ng(cr)), o

fluid 1+ 22=1 Coy"
Zmonomerzﬁv (2)
(1-y)

o
y=p"0?, 3
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35 : : TABLE I. Fluid—solid phase transition for two-dimensional hard chains.
m Yfiuid Ysolid p* mlkT
30 g
1 0.690 0.727 9.365 Hoover and Ree
1 0.691 0.716 8.914 Aldest all’
ar T 1 0.682 0.717 8.779 12.35
2 0.714 0.747 8@ Wojciechowskiet al??
20l | 2 0.718 0.759 9.236 24.15
. 3 0.728 0.773 9.298 35.85
e 4 0.733 0.780 9.297 47.50
Br 1 5 0.735 0.784 9.284 59.14
6 0.737 0.786 9.270 70.80
wh i 7 0.738 0.788 9.256 82.45
8 0.739 0.789 9.245 94.10
9 0.740 0.790 9.235 105.77
5t 1 10 0.741 0.791 9.227 117.43
16 0.742 0.794 9.194 187.54
0 . ; . . 20 0.743 0.795 9.181 234.33
0 0.1 02 03 04 05 06 30 0.744 0.796 9.164 351.43

px

FIG. 1. Equation of state for the fluid and solid phases of the 2D hard disk
dimer. The solid lines are Wertheim’'s TPT1 for the fluid phase and solid
phase. The solid points are simulation results for the fluid and disordered
solid phasegRef. 22. The solid tie line is that from this work. The dashed The chemical potential is given by
tie line is that of Wojciechowsket al. (Refs. 21 and 22 p* =pa?, p*

=po?/kT. M

KT~ NKT T NKT

In the solid phase the reference EOS used in this study iith the ideal part of the Helmholtz free energy being
that proposed by Aldeet al®!

Fideal = residual
+z 9)

ideal

— 2

Zﬁ%igomer:g+co+cla' @ NKT In(pA°)—1, (10
whereA is the de Broglie thermal wavelength. We shall ar-
bitrarily define A to be equal tasr. According to TPT1 the
residual Helmholtz free energy for the chain is giveri‘by

wherecy=1.90,c,=0.67, and is the dimensionality of the
system(in this caseD =2) and a= (p'— p"")/p"f with the
monomer close packing value being given by

Fr%sidual Fresidual
chain monomer _
pBef: 2 . ) NKT =m N KT (m=21)Ing(o), (12
2
o3 where N, is the number of monomers in the system. The
From the two-dimensional virial equatitht> residual Helmholtz free energy of the monomer fluid phase
pref - can be expressed as
— =14 —pefs2 . .
S U T O pe fnzﬂn“giomer—l o "
giving NpkT 0 7 '
Zfuidisolid_ 4 The residual Helmholtz free energy of the monomer solid
9lo)=——"— (7)  phase is given by
§pref0_2 Fresidual Fresidual ) Zsolid —1
monomer: monomeﬁ 770 Jn monomer d77 (13)
The substitution of Eq(7) into Eq. (1) with Z"ud/seld heing NpkT Nk w7 ’

either Eq.(2) in the fluid phase or Eq4) in the solid phase
provides us with an EOS for 2D flexible chain molecules
composed ofn hard dISkS'_ By means of an analytlcal math- TABLE 1l. Comparison between values for the chemical potential from
ematics package expressions and values for the EOS can Qﬁmlation resultg§Refs. 21 and 2Pfor m=2, and the present work for the
readily generated. This procedure has been performed previaid (top) and solid phasetbottom.

ously for the fluid phase by Zhou and co-workéfs.

p* pital KT HieKT
B. Free energy
o . 8.35 22.18 22.19
In general the Helmholtz free energy can be divided into 8.70 22.95 22.97
two components, the ideal component and a residual compo- e )
nent p* Hsoid KT Ksoid KT
flotal  pideal  presidual 8.35 22.20 22.30
= + ) (8) 8.70 22.94 23.04
NkT NKT  NKT
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whereFesidual (5, ) is the residual Helmholtz free energy of evidently the equation of state for these phases would differ
hard disks at the volume fraction,. from those of the isotropic fluid and the solid phase equa-
For 7,=0.716 35 Alderet al®! have given a value of tions of state, and the equations of state described here would
presidual ¢, )=3.818 for the above equatiofSee Table VIl not hold in this regime.
in Ref. 31) In three dimensions it is possible to study intersecting
hard sphere chains with TPT1 by means of a mapping to an
Ill. RESULTS equivalent number of monomer unitZhou et al?h. Itis

apossible that a similarly designed scaling may be found to be
fapplicable to two-dimensional ‘fused’ hard disks such as
those studied by Wojciechowski.

In Fig. 1 a comparison is made between the TPT1 equ
tion of state and Monte Carlo computer simulation results o
Wojciechowskiet al?? The agreement between the simula-
tion re_sults and the .theory is quite good for the EOS in bOthACKNOWLEDGMENTS
the fluid and the solid branches. However, it can be seen that
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