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We present some results obtained from theoretical study on a non-symmetrical A/BC polymeric system including
solvent which consists of two phases, a polymeric phase A on one side and a mixture of polymers B (as a compatibiliz-
er) and C on the other in the presence of a solvent. By employing the functional integral techniques we derive
the mean-field equations and solve them numerically to deduce the physical properties of the interface involving
the polymers and solvent concentration profiles in the limit that molecular weights of all the polymers involved tend
to infinity. The calculations are performed for typical values of the Flory interaction parameters and for the volume
fraction of polvmer B in the asymptotic phase and of solvent. In the polymers/solvent blend under consideration
the interfacial adsorption of polymer B, the solvent concentration, and degrees of the specific interaction between
the polymers are found to play important roles in maodification of the interfacial properties.

Introduction

A great deal of interest has thus far been focused on exper-
imental'~® and theoretical® ' studies of the interfacial prope-
rties in heterogeneous multicomponent polymeric systems.
Helfand and co-workers® ™ have developed a theory, based
on mean-field ideas, for predicting the interfacial properties
of the polymer/polymer systems. Noolandi and co-workers'>!41
have also presented fully self-consistent calculations of the
polymer concentration profile and consequent interfacial ten-
sion at polymer/polymer interfaces in the presence of a sol-
vent and/or block copolymers. However, relatively little work
has been done to extend these results to the immiscible
polymer/polymer system including third homopolymers as
compatibilizers,® the presence of which may be expected
to improve the interfacial adhesion between the immiscible
polymers by slowing the phase demixing process in the ble-
nds and to usually result in the intrinsic non-symmetrical
interfaces.

Recently Helfand" has extended the theory of the A/B
polymeric interface®® to the specific case of the interfacial
tension in the A/BC polymeric interface vig equations of mo-
tion,?1%¥%2 By employing the functional integral methods™® %
Yoon and Pak® have also published the results of the interfa-
cial properties including the concentration profiles for two-
phase interface in the A/BC system, which is the same model
as adopted by Helfand,”” where two phases consist of a poly-
meric phase A on one side and a mixture of polymers B
and C on the other.

In this paper we describe a method of extending this ap-
proach to take into account the effect of solvent additionally
present in the A/BC system. The mean-field equations are
derived in the limit of a vanishingly small compressibility
and infinitely large molecular weights for all the polymers
involved and solved numerically by a self-consistent proce-
dure in the presence of a solvent. We will assume that the
interface between two phases is planar. However, there
seems to be no sharply defined boundary in the actual inter-
facial region, therefore, it is convenient to choose the mathe-

matical dividing surface as an interface, which will be taken
as the Gibbs dividing surface'™ for polymer A. The calcula-
tions of interfacial properties are performed for typical values
of the Flory interaction parameters,®® y,c and y¥pc (as nega-
tive value), the volume fraction of polymer B in the asympto-
tic mixture phase, ¢g(cc), and that of solvent, ¢s°. As the
results, we obtain the concentration profiles, the interfacial
tension, the amount of polymer B adsorbed to the interface,
the widths of solvent and total interface, and the overlap
lengths between the polymers, The interfacial adsorption of
polymer B, the solvent concentration, and degrees of the
specific interaction between the polymers play an important
role in modification of the interfacial properties.

The following sections contain the general theory for the
polymers/solvent systems based on the mean-field approxi-
mation, the case of infinite molecular weight for the polymers
as a good approximation, the numerical method used to solve
the mean-field equations, and the results of the calculation
of the physical properties of the interface., In the end we
remark the conclusions.

Theory

Partition Function. The polymer chains will be looked
upon as space curves with t varying from 0 to Zp, the degree
of polymerization. Hereafter, we use the letter X to symbol-
ize the polymer of type P(P=A, B, or C) or solvent (5).
The space curves {r#+)}, which represent possible configura-
tions of the polymers and are Gaussianly distributed, are
continuous with the rate of extension at each point drp/dr.
The probability density functional for a given space curve

is
3 J’ZP [ drelt) ]2
2bp2 Odt d‘l: } (1)
where bp is the Kuhn statistical length3!
Assuming the polymers/solvent blend under consideration
to be incompressible, the partition function is given as a
functional integral of the probability density functional with

PL{re()]ec exp{—



Compatibility at Polymer/Polymer Mixture

the incompressibility constraint over all possible configura-
tions in the field of intermolecular potential, W[lr,(-)!], in
units of kg7, viz.

z=(g %‘) j iy Ed[{mi('}ﬂf’[{hﬁ{')ﬂ

X S[I—Z %] explW (- 3] )

Here Zx is the contribution to the partition function from
the kinetic energy. Nx=Nx/Zy is the number of molecules,
Np is the total number of monomer units for polymer P,
Ns is the number of solvent molecules, and since Zs=1,
Ns=Ns. The delta function ensures an incompressibility, and
pox is the density of pure compouent K in monomer segme-
nts per unit volume.

As described in Ref. (6), the partition function can be writ-
ten as

Z=No f [ n dox- o) |anC-)

X expl — Frllpa( W beon(- Yon(H)]} (3)

where No is a normalization constant, and Fr, the total free
energy functional in units of ks7T, is given by

Fillon ).t n) =5 3 oadViaoct 33 [arpn e

~;fdmdr}px{r)+zﬂf‘[ln( z}:;i )-1]
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Here Wix= [drWix(r), Uxx' = [drUxx'(r) [the potential energy,
Ugie(r), vanishes for the interactions between like molecu-
les.], wylr) is the mean field acting on the polymer, and
the field n(») is the Lagrangian multiplier corresponding to
the constraint of no volume change locally upon mixing. In
the intermolecular potential the gradient terms that may be
generally negligible’® are excluded, and

Ni= [droute) )

When the system is uniform all over, from Eq. (4) the local
homogeneous free energy density in units of 2zT is given
in terms of the chemical potential of pure components by

Ji= 2 parpr(r) %g ox Ui prcte)+ 2. P—g,% In{ P;:T")

6
In Eq. (4) the quantities Jr can be expressed in terms
of the distribution function, Qs{r.t|r) for a chain of t repeat
units to start at », and end at r, which can be interpreted
as the propagator of the inhomogeneous differential equa-
tion>*# The following function gp{rt) can be expressed
as the integrals of @Ar;tlr) over all the starting positions
#, and then the function g¢gr,t) can be solved from the
modified diffusion equation, viz.

[ 1 90 W
Zp ot 6
In polymer chains with the length Zp, any segment of length

V2+mp(r)]q,o(r,'c)=8('c) @)
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Zpt may be regarded as the origin of two walks, one of
length Zyt and one of length Z{(1—1). Thus ¢p{(r.Zp) can be
written as two distribution functions, ie, one is gp(r.Zpt),
and the other gplrZ(1—1t)1:

Jo= fdrq,.(rzp): fdmAer.tMP[nZKl*f)] ®

Mean-Field Approximation, Using the saddle-function
technique,*® we obtain the mean-field equations, given by
minimization of the free energy functional, Eq. (4), with
respect to each wx(r), px(r) and n(r), subject to the constraint
of the constant number of monomers, Eq. (5). The minimiza-
tion equation for mx(r) is given by

potn)= Z [ drautrite 1~

Ps{f)=‘%‘: expl —ws(r}] 9
where Jx satisfies the retation Nx/fx=pw.*¥ From Egs. (4),
(6), and (9} the free energy, F, is written as follows

= - A e
F=arls Sonte vty + il o ) (10)
Then the minimization for px(r) vields the following equation:

a—gﬁ—r)- —[mp(r)+ ZI—Pln( P—f(é)—)]+ %f]%—-hrﬂ an
where Ay is the Lagrangian multiplier associated with the
constraint of the constant number of monomers, Eq. (5), and
the first tetm in the above equation is the chemical potential
of component K. Using the relations for solvent and the as-
ymptotic phases, the polymer mean field in Eq. (11) is given
by

wpl)= M 1 ln( MQ.).. Pos_ _(?Af_ (12)

opelr)  Zr Pop pop  Opsir)
The minimization equation for n() is
;M =1 13)
Pox

which makes the last term in Eq. (4) zero at the saddle-point.
The local homogeneous free energy density relative to the
asymptotic phases using Eq. (6) can be written as

A0v= T 2o o) + ;—lgmm&m’&)
P dx(r)
+ Z' o Zx Indilr) (14)

where py is the reference density, the volume fraction ¢x(r)
is defined by q;x(r):ﬁn{r),(z&x(r) with the reduced density
which defined by pilr)=px(r)/pw, and xw' = Uk’ poaxPor’/po 1
the usual Flory interaction parameter with kg7 as the unit
of energy.

The interfacial tension can be obtained from the equa-
tion

F=yA+ ) Nyui® (15)

where A is the interfactal area. Then the interfacial tension,
in units of %57, can be rewritten in terms of the free energy
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density relative to the asymptotic bulk phases, the conforma-
tional entropy, and the combinatorial entropy which has rela-
tion with the degree of polymerization

YA/po= Jdr{Af/ Po— Z %ﬂd‘t %qup(r.t)q;{r.l - 1:)}

+far{T B 7oA 8255 gptr1—o~ outinant)]}
(16)

Infinite Molecular Weight

For most polymeric systems the physical properties, in
reality, depend on the degree of polymerization.** In here
we assume the infinite molecular weight for the polymers
as a good approximation. For simplicity, we take pu=po,
bp="5 for all components and consider the one-dimensional
nature for the interfacial problem. With these assumptions,>'*"
the solution of Eq. (7) for t>0 may be written in the separa-
ble form, ¢s(x,t)= [0 0)]'Qrlx) where go(x,T) satisfies the
boundary condition, g{(* %©,1)= @£ )5, when |x|—c in
Eq. (7). and Qdx) satisfies the following equation:

%—z%wmg;»:o a7

The polymer volume fraction is then given by

0(x)= i{+ ) Qulx) (18)

Centering aground the interface, x=0, which is selected
as the Gibbs dividing surface for polymer A, the negative
x region is polymer A rich, and the positive one is polymers
B and C rich in the presence of solvent. The boundary con-
ditions of the distribution functions are given by

Qu(—0)=1, Qs(—0)=QA—0)=0
Qu(+©0)=0, Qs(+x0)=Q(+)=1 19

The surface excess [y in monomers per unit area is usually
defined as

Tu/ov== | asloute) — oul— )HW) (20)

where H(x) is a Heaviside function, H(x)=1, for x20 and
H(x)=0 otherwise. Here the mathematical Gibbs dividing
surface, x=0, is located at [,=0.

The expression for the polymer mean field potential, Eq.
(12), becomes

wplx)=App— Aps (21}

where the change of chemical potential can be obtained from
the fact that Af=0 in the asymptotic phases. The free energy
density of the system from Eq. (14) is

Af/pe= ;(Hm = PPk () + X504 (x)Ds(0) + XachAX)Oc(E)

+ 28cPal M) + Xasalr)Os(x) + xasdplx bs()
+ xcsdc@pstx) + ds®)ings(x) (22)

The concentration of the small molecule (solvent) adjusts
itself at each point to maintain the chemical potential con-
stant® In the two asymptotic phases, the constancy of the
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solvent chemical potential requires
Aps(— 0)= Aps(+0)=0 (23)

Using Eq. (22), Eq. (23) gives the following relation between
the volume fractions in the two asymptotic phases

— Y45 — ) — [nds ~ 50) — dal{ — 00} = xpcPs(0)c(0)

= Dxaste(0) + xcstele0) 11— dps{0)] — Ings{ o) (24)
We also have the following relation:
1] Q n
¢.4 ) ¢3 + ¢C =1 (25)

da(— o) Os(®)+ ()

where ¢7° is the unmixed volume fraction of polymer P. For
any choice of ¢p" and ¢p(c0), we can obtain the unknown
ox(E ) by calculating the relations of Egs. {24) and (25).

Calculation of Physical Properties. Since we assume
Zp—co, the third term in Eq. (16) does not contribute to
the interfacial tension. We then have

7!m=de{M/m+ Z%z[ @%]z} (26)

The following equivalent expression'™'*" is more convenient.
Y/pe=2 j deA/po @7

The excess polymer B (as a compatibilizer} in monomers
per unit area, which is the differential adsorption to the in-
terface, is given as like Eq, (20) by

Calpv= | “deloute) — oa(e)H(0)] 8

As a measure of the thickness of the diffuse interface,
we define the widths of the polymers by

* (o o0)—dwix)] |
(doxlx)/dx] lex=o

DT"—_D_.q +Dg +Dc

where [dox(x)/dx] denotes the value of the derivative eval-
uated at the Gibbs dividing surface for polymer A, and at
Ic=0 for C. In case of polymer B, Ds=x{r-=0 is evaluated
at Te=0 relative to the Gibbs dividing surface. In the case
of solvent, the width is defined by

D)(:_qLC= and Dﬂ=x|l‘c=0 (29)

Fmim=Jde[¢a(x)+¢c{x]]

+ [ del0at)— om0} + o) — 0c(e0)
Ds=x irx:o 30)

where Tgc is the total amount of polymers B and € adsorbed
to the interface, which polymers usually locate in the positive
% region from the interface.

The measure of the overlap between the polymers is defin-
ed by

Luswen0=2[  de0ans) @

Numerical Method

First, for the numerical solutions of Eq. (17) we discretize
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the variable x and the mean-field equation by using the gen-
eralized Newton's formuia®

F=G—-NAZ, f=1-2N—1 (32

where ¥=x/b (in reduced unit of length), the equal discrete
thickness A¥ is a constant, and we write Qp(x) as Qp(s). In
our numerical calculations we used N=300 and chose A%~
002. For the calculation of the concentration profiles, two
asymptotic values of the distribution function are Q»(0) and
0:(600) in Eq. (19).

Equation (17) is rewritten by

Qpl(e)" = 606 )Q(5) 33)

The discretized mean-field equation has the following form
in 1.
AQH)= MAzf)z{ [QP(‘ +1)— 20+ Ol — l)]f.(Af)z —ROy) }

1+ (AZY IRQ»)

where A is some relaxation parameter (here, we chose A~
0.5), F(Qp)=0¢", and AQHi)=QF()— 0¥).

We begin with the guess for Qx(f) which is chosen as a
trial distribution function, Qsi)~[1+ tanh{(6x.5)*%} 1%, and
we then calculate ¢#(1) by using Eq. (18). By using Eqs. (24)
and (25), we obtain the volume fractions, ¢x(* o), in the
asymptotic phases. We use Egs. (21), (22), and ¢x(* ) to
obtain the initial guess for ws{f). We then solve the discret-
ize mean-field equation, Eq. (34) with the help of the bound-
ary conditions, Eq. (19). We thus obtain the set of AQx()
and AQF™(), Here we refer AQF"() to AQF().

From the set of AQ}™(), we get the new concentration
profile ¢5() by using Eq. (18). The new mean field, w}*
(). is calculated by using ¢7™(i), Eq. (21), and Eq. (22) again.
By this we obtain the set of AQA#) and QF™() again and
refer Q3™() to- QFG).

This iteration process is continued until the following con-
dition is satisfied

max |AQO=0F()—QFMI<e(~1079  (35)
=121

After convergence, we obtain Q) and finally obtain ¢p(?)

using Eq. (18). Then a solvent concentration profile can be

obtained by

osi)= I—ZM:) (36)

Results and Discussion

Four parameters used in this polymers/solvent system are
as follows: xac, ¥ac (as negative value), the volume fraction
of B in the asymptotic phase, ¢s(0), and that of solvent,
¢3. In this blends the relation between the unmixed vol-
ume fractions for the polymers is always ¢?=d=d,"/2,
and the polymer-solvent interaction parameters are fixed as
follows: x4s=10, x5c=0.8, and %cs=0.8, x4z is also fixed as
xe=0.5. We, first, selected the reference system with a par-
ticular set of parameters that will serve as a basis: y4c=15,
xee=—02, ¢°=02, and @g(o0)=04.

Figure 1 shows the concentration profiles of polymers (4,
B, and C) and solvent (S) as the reference. The repulsive
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Figure 1. Concentration profiles of polymers (4, B, and C) and
solvent (S) as a reference. The relation between the unmixed
volume fractions for the polymers is always ¢s°=¢"=¢,%/2, and
the Flory interaction parameters are as follows: x5=10, Xgs =
0.8, %5=038, x5=05, and xsc= —0.2. The same parameters are
used in all the figures hereafter. This figure also has three varia-
bles: xac=15, ¢s*=0.2, and ¢a(0}=0.4. The plane, x/b=0 shows
the Gibbs dividing surface for polymer 4.

1.0 T T T T T T T
------- 0.3
081 $2=0.2
A 0.1
0.6

1
x/b
Figure 2, Interfacial concentration profiles of solvent (S} for

varying ¢s* with x,c=15 and ¢s(c0)=04. The dotted lines indi-
cate the same reference as in Figure 1.

interaction between A and C usually drives C away from
the interface, and B then easily is located in the interfacial
region. When the attractive interaction between B and C
is small, in the same way, the polymers A and B mainly
remain near the interface. In Figure 1 we can see the strong
adsorption of B to the interface in spite of the same quanti-
ties of B and C in the asymptotic mixture phase, and also
the adsorption of solvent. Figure 2, with the same conditions
as in Figure 1, shows that the value of ¢s increases with
increasing ¢s°. A solvent competes with the polymer B (as
a compatibilizer) in the interfacial region, but it is preferen-
tially adsorbed to the interface. This trend also leads to the
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Figure 3. Interfacial concentration profiles of polymer (B) for
varying yc with ¢"=0.2 and ¢s(e0)=04. The dotted lines indi-
cate the same reference as in Figure 1.
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041 " i . 5 L
0.0 0.1 0.2 0.3

Figure 4. Variation of the interfacial tension, in units of dpeksT,
with ¢s°® for varying x.«¢ with the same conditions as in Figure
3. The solid lines in Figures 4-7 indicate a reference correspond-
ing to xac=15, ¢"=0.2, and ¢s(0)=04.

reduction of the interfacial tension.

Effect of Varying os° for Different yac. Figures 3-7
show how the repulsive interaction between polymers A and
C can modify the interfacial properties. In Figure 3 we can
see the increasing adsorption of polymer B with ysc because
of the repulsive interaction between A and C. As xc approa-
ches to x4, the polymer A gradually feels the similar degree
of the interaction against B and C, and therefore the concen-
tration profiles of B and C nearly remain constant. In Figure
4 as ¢s° increases, in given some ¥, the interfacial tension
reduces as we expected in Figure 2, and as increasing xac.
C is driven away from the overlap with A in the interfacial
region, so the resulting some high interfacial tension. In Fig-
ure 5 the excess polymer B decrease with ¢g because of
the preferential adsorption of solvent to the interface. The
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Figure 5. Variation of the excess polymer B per unit area, in

units of bpe, with ¢ for varying yac.

0.0 041 0.2 0.3
(o)
&g
Figure 6. Variation of the widths of the interface and solvent,
in wnits of 5, with ¢° for varving Xac.

0.5 ‘ T T T

Figure 7. Variation of the overlap lengths between polymers.
in units of &, with ¢s° for varying yac.
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Figure 8. Interfacial concentration profiles of polymer B for
varying ¢s(0) with xue=1.5 and ¢s"=0.2. The dotted lines indi-
cate the same reference as in Figure 1.
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Figure 9. Variation of the interfacial tension, in units of dpeksT,
with os? for varying $s(co) with the same conditions as in Figure
8. The solid lines in Figures 9-12 indicate the same reference
as in Figure 4.

widths of the interface and solvent increase as increasing
o, but the interfacial width is mainly affected by the adsorp-
tion of solvent in the constant amount of polymer B, a-
shown in Figure 6. Figure 7 shows the measure of overup
between the polymers against % As ¢s° increases, the ;.)ly-
mers B and C are driven away from the interface where
A is present. When xac is small, the overlap length between
A and C becomes short, and in Figure 6 the interfacial width
also becomes narrow. ysc is the measure of the attractive
interaction between B and C, ie¢, increasing of ygc as nega-
tive value has the opposite effect to xsc for the interfacial
tension, the excess polymer B, the interfacial width, and the
overlap lengths between the polymers.

Effect of Varying ¢s° for Different ¢s(cc). In this part
Figures 8-12 show how the quantity of compatibilizer, ¢g{cc),
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Figure 10. Variation of the excess polymer B per unit area,
in units of bpy, with ¢s° for varying ¢s(c0).
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Figure 11. Variation of the widths of the interface and scolvent,
in units of &, with ¢s° for varying ¢s(w).
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Figure 12, Variation of the overlap lengths between polymers,
in units of &, with ¢s° for varying ¢gco).
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Figure 13. The interfacial tension, in units of dpeksT, and the
excess polymer B per unit area, in units of bpg, are plotted
against ¢p(0) with ¢’=0.2 and Yac=15.

can modify the interfacial properties as increasing of the
solvent concentration. Figure 8 shows the concentration pro-
files of B for different values of ¢s(c0). We can see that
even if the amount of B in the asymptotic mixture phase
is small, it can lead to a considerable adsorption to the inter-
face. In large ¢p(c0) the concentration profile of B becomes
flat and the interface thick, but the excess B decreases on
the contrary. In Figure 9 the interfacial tension for some
op(c0) rapidly decreases with ¢s°. It can lead to the improve-
ment of the interfacial adhesion between polymers A and
C, and thus slow the phase demixing process of the blends.
The reduction of the interfacial tension against ¢s° ranging
from 0.1 to 0.3 is expressed by yc[ds”] 5, as shown in Fig-
ures 4 and 9. Figure 10 shows the dependence of the excess
B on the solvent volume fraction. In high concentration, ¢s
(20)=0.6, there is a small amount of B adsorbed to the inter-
face, as we expect in Figure 8. We will discuss more about
the behavior at small and large ¢s(cc) below. Figure 11 shows
the widths of the interface and solvent. The broadening ef-
fect of the interface is mainly affected by the adsorption
of solvent in a small amount of polymer B. When ¢g(o0)
is high, the width of the interface considerably becomes thick
with ¢s” Figure 12 shows the overlap lengths between the
polymers with ¢s°. In high ¢s° we can see that the strong
dependence of Lss occurs in the variation of ¢p(e0), but not
in Yac, as shown in Figures 7 and 12.

Effect of Varying ¢s(«0). Figure 13 shows the depende-
nce of the interfacial tension and the excess polymer B on
the volume fraction, ¢g(c0), with ¢s°=0.2. From the solid
line, the reduction of the interfacial tension against ¢s{co)2
0.2 can be expressed by yoc[$s(e0)1°%, This shows that the
strong dependence of the interfacial tension occurs in the
variation of ¢s” when we compare Figures 4 and 9 with Fig-
ure 13. The dotted curve, the excess B, shows the similar
tendency to the model without a solvent. The maximum
point appears in the medium region, and in small and large
Pp(o0) the excess B decreases. This result is due to the fact
that the amount of B adsorbed to the interface is estimat-
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Figure 14. Total width of interface (dotted line) and solvent

(dashed line), in units of b, are plotted against ¢g(c0) with the
same conditions as in Figure 13.

ed by the amount of B in the interfacial region and the
relative one for B in the asymptotic mixture phase, as expre-
ssed in Eq. (28). Figure 14 shows that the width of solvent
in the constant amount of solvent is not nearly affected by
the amount of B, and the interfacial width only increases
with ¢x(e0). It also shows the polymer B competes with sol-
vent in the interfacial region.

Concluding Remarks

In this paper we present the results of a theoretical study
of the interfacial properties of the polymer/polymer mixture
system including a solvent, By solving the mean-field equa-
tions numerically in the limit of infinitely large molecular
weight for the polymers and a vanishingly small compressi-
bility, we obtained the concentration profiles of polymers (4,
B, and C) and solvent (S), the interfacial tension, the amount
of polymer B adsorbed to the interface, the widths of total
interface and solvent, and the overlap lengths between the
polymers for various typical values of two Flory interaction
parameter, xac and Xac, the volume fraction of B in the as-
ymptotic mixture phase, ¢g(c0), and the unmixed one of sol-
vent, os’.

A solvent compets with the polymer B (as a compatibilizer)
in the interfacial vegion, but it is preferentially adsorbed to
the interface. This shows the strong dependence of the in-
terfacial tension on ¢s° as y[hs®] " Lda(00)] %% within ¢
ranging from 0.1 to 0.3 and ¢p(e0) above 0.2,

Even a small amout of polymer B in the asymptotic mix-
ture phase can modify the interfacial properties. As increa-
sing op(0), the interfacial tension decreases, the width of
the interface and the overlap length between A and B in-
crease, and the excess polymer B also increases as like the
A/BC system® without a solvent, which is a considerable
amount in very small ¢g{ec) and slowly decreases in large
tp(c0) above around 04.

Increasing y4c repels the polymer C from the interfacial
region, consequently it leads to an increasing adsorption of
polymer B, the overlap length between 4 and B, the inter-
facial width, and the interfacial tension. Increasing [ypc| has
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the opposite effect to yuc except the interfacial tension among
the interfacial properties, even if not shown in this paper.
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The barrier heights of the internal rotations for ethyl halides calculated by ab initio methods differ from those of
experiments by more than 0.2 kcal/mol. The use of basis sets larger than the 6-31G* set and the inclusion of correlation
do not improve the agreement between the calculated and experimental values. The zero-point vibration corrections
are substantial in the HF calculations with 6-31G* basis sets, but become negligible in the MP2 calculations with
6-311G** basis sets for C;H:;F and C,HsCL It is shown that the rigid rotor approximation and the assumed shape
of the potential curve as a cos28 curve could also be the sources of discrepancies between calculated and experimental
values. Higher order perturbation corrections narrow the gap between experimental and theoretical values, but there
still remains about 10% overestimate of 0.3 kcal/mol. Optimized geometries from the HF and MP2 calculations are
in good agreement with those from experiments. Dipole moments calculated from the MP2 densities show slightly
better agreement with experiments than those from the HF densities.

Introduction

Ethyl halides are one of the simplest systems that exhibit

internal rotations. Barrier heights of internal rotations for
ethyl halides (C,H:X where X=F, Cl, Br and I) do not dis-
play any apparent trends as the halogen atom varies from



