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ABSTRACT

An egquilikrium isotope effect has beon studied as a2 con-
tinuous function of the potential f£ield acting on the atom under-
going isotopic exchange. This has been accomplished through a
stuﬂy of the 113uid vapor isotope fractionation factors for both
36ar/40ar and 80kr/84Kr in a series of binary mixtures which sPan
the range between the pure components at 117.5°K. The -5Ar/4 Ar
fractionation factor increases tllnearly} from (lna) 2. 49%x10~3 in
pure liquid argon to 2.91x10"3 in an 1gfinitely dilute solution in
liquid xrypton. Conversely, the 80Kr/84gy fractionation factor
desreases {(linearly) from {(lns) 0.98x107° in pure liguid krypton
to 0.64x10~3 in an infinitely dilute solution in pure liguid argon.
The mean force constants, «V<Ux5, on both argen and krypton atons
in the mixtures are derived from the respective isctope fractiona-
tion factocrs. It is shown that the mean force constant on argon
atoms in infinitely dilute solution im krypton is equal,  within
experimental error, t¢ the mean force constant on krypton atoms in
infinitely dilute sclution in argon. The symmetry of the mixeéd
force constants, <?2Ui>- = <y2p *i indicates that the assumption
of additive pair interattions iB sufficient to treat <v20». The
latter is mainly a function of U(r} in the range 0,90rpin <r<L.l0

Imin*

The mean force constants for argon and krypton as a func-
tion of composition have heen calculated by a modified corresponding
states theory which uses the pure liquids as input parameters. The
modified@ corresponding states theory reproduces <v2U> for Kr over
the entire concentration range, but leads to values of «¥2U> (Ax)
which are systematically higher than experiment. The discrepancy
is_8% at Xp,=0. _A systematic set of calculations has been made of
«<72U> (Ar) and <¥2{>{Kr) as a function of composition using radial
distribution functions generated by the Weeks-Chandler-Anderson per-
turbation thecry. The calculated results for <v2D> (Kr) using the
Lee-Henderson—~Barker, Maitland-Smith, and Lennard=Jones potentials
are in good agreement with experiment. HNone of these potentials
give satisfactory agreement with the experimental values of <¥2U> (Ar)
in dilute solution in krypton, The discrepancy is ascribed to failure
of the WCA method to predict gpy-gr. the mixed radial distribution
function,with sufficient accuracy close to the triple point of a fluid.

*Research carried out with partial support of
ERDA Contract EY~76-5-02~34858.




Introduction

The isotopic vapor pressure ratioc or liguid-vapor separation
factor of a monatomic substance is directly related to the mean
square force or the Laplacian of the intermolecular patantial.lqa
The isotope separation factor is a aengitive probe of the steep-
negas of the repulsive part of the putential;ll liguid pressures are
aengsitive to the collision diameter; while the internal energy is
gensitive to the potential well depth. The vapor pressure ratios
and separation factors have been measured for the pure rare gases
Ne, Ar and Kr to study properties of the liquid state and test
various intermalecular potentials.4 To calenlate the mean sguare
force in a flqid from the intermolecular potential, it is neces-
sary tﬁ know the radial distribution function. Experimental
values of the latter when combined with a wide variety of
reasonable potential functions give values ;f the mean saunare
force as a function of temperature in poor agreement with
experiment. ©On the other hand, numerical calculation of the
radial distribution functions by molecular dynamics, integral
equations and perturbation methods do give guantitative agree-
ment with experimental values when one uses good jintermolecular
potentials for monatomic substances.d The criterion for a
good potential is one that is in good agreement with experi-
mental values for such diverse properties as gas viscosity,
virial coefficients of the gas, molecular beam scattering,

energy levels of the dimer, liquid pressaure and energy of

vaporization.




In the general thecry of eguilibrium isotope effects, ths
difference in chemical and physical properties of isotopes is to

first order a product of {thT}z. a mass factor, and a difference

2

in values of <¥ U>, the Laplacian of the potential energy, in

the two chemical species or phases in the equllibrium. The

I

mass factor is {é? - %-}, where m" and m are atomic masses of tha

light and heavy isotope respectively, and is therefore independent

of phase or chemical combination.> Bguilibrium isotope effects

2

are then a linear function of <¥ U}h minus ¢?2U} . the difference

in the Laplacian of the potential energies of the two species or
phases. Thasa are disg¢ontinuous functiong when the zystems are

chemical compounds or pure phases. The gtudy of 3 geries of mix-

2

tures opensg the possibility of wvarying <v7U> in a continuous fash-

ion from its value in a pure <¢omponent to a completely different
sne., An example of the latter is the potential snargy between
unlike pairs in & mixturae. HNo such study of a syatematic

variation of ﬂﬂEUb kas been carpied out to date.

36 8

We have chosen for the study the Rr}‘nfﬁr and uKr;B‘Kr

ligquid-vapor isotope fracticnatieon factors in argon-krypton
mixtores. As a complement to the data in hand on the isotopic
fracticnation factors of the pure components, there is a rich
literature on the thermcdynamic propexties of the mixturesE

potential energy functions for the pure components and pairs.?-ln

11-1¢6 The

and statistical mechanical theories of the mixtures,
measurements cover the entire composition range at the convenient
temperature of 117.5° K. Limitations of egquipment and precision
in measurement preclude a measurement at this time of the

temperature coefficient of <v2u> in this mixture.




Isotope Separation Factor in a Multicomponent Mixture
In this section we give an extension of the statistical
thermodynamic relationship of the liquid-vapor isotope fraction

16,17

 factor in a pure phase to a multicomponent mixture.

The partition function of a system of N depandent monatomic

particles can be expanded about its classical value to givel'lﬂ'lg

InQ = InQ,, = A%, + (1)
cl 12 LI N ]

where ch is the classical partition function. When the

potential energy, U, is of the order of kT, then
— 1,...-2 %1 2
Xy = EI[kT} L o <{v U]i} (2)

i71
where m, iz the atomic mass of the i'th atom. In general
U= D{xl. Ko v xaﬂl. If ¥ ig several fold larger than KT,

Eg. {2} can be modified by the method of Bigeleigen and Isn'l!ﬁ..u:la‘.2':""'22

The Helmholtz free energy associated with the partition function

given by Egs. (1) and (2) is

2 N .
1 5 1 o2
ho=R %3, op x Ei <{ U}i? {3a)
2 rH.
1 A L 2
A=Ay, + 3y Rr z = < (¥ U}i> {3b)

i
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‘where the sum over r runs over the number of distinct components
in the phase. The classical Helmholtz free energy is

— L)
Ael < EniAicl.= Eni{hicl * RTlnxi] ¥ {Aejcl (4)
where Eicl and H;cl_ are partial molal and standard partial
molal Helmholtz free energies respectively in the classical
limit; n, is the number of moles of species i whose mole
fraction in the mixture is xi.'.in Yoqp i8 the excess' free energy

e
of mixing in the classical limit, From the equilibrium condition

“1 (1) = “l {g] and the themﬂdynamic ralation ul = %%1 — ]
. . ’ r
we obtain from Eg'(2} (3} and (4) undér the agsumptionsg 3

A° — 2° a{ne}cl - EI':;‘:"nau:'wzl
iel — Tjelf

—_ and U; = U, when i and j.are
ang ey J )

izotopes of a giyen-&lem&nt23

1 .A.,2 .1 1.,
Ina = ln [{xi‘f_-xj]g / h_{i"’xj}l] .=. Tl _{Hj {51—1' ij} x
-, N
[ <t%0)>) - <(v%u;) > ) (5}

Eguaticn (5) is identical in form with that derived for a
single chemical component systemql? In the one component system
_ﬂ{?zulikl « is bnly a function of temperature; in the multf-

, :

component system it is also a function of compositicn. In the
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approximation of pair interactions €{?2U}i? can be related to
the two body potential by
2.2

v,

dr {6)

2 r
<(?°U}., > = 4M = 5 [g.. r
i x 'k ik k

where k degignates the chemical component, p 18 the number

density of the k'th component (p, = x.p }, and U,, is the two

k
body potential hetween components i and k. The ecalculation

of : FEN from Uik iz discussad later,

Experimental

The eryostat anéd the measuring devices for pressure and
temperature have been degcribed previoualyl?. The sample
temperaturas were measured by a platinum resistance thermometer
which had been calibrated to + 0.02° K. Samples of the liguid
and vaper can be withdrawn through capillary tubes extending
inte the liguid and vapor phase respectively. Alternatively
vapor phase samples can be isolated from sections of the
circulation line external to the crvestat, Chemical analyses
of the liguid and vapor phases were made mass spectrometrically.
Isotope ratioz of the vapor phase and the tank sample were
made on our Nuclide 6-60-RMS isotope ratio mass spectrometer.
The isctopic composition of the liguid phase differs by a small

amount from that of the tank sample and was calculated through




a material balance correction to the latter. This procedure
leads to more reprcducible values for the isotopic composition
of the liguid phase than our sampling procedure.
The argon-krypton sample mixtures were separated into pure
componente for isctopic analysis. The geparation procedure
hag beaen described ;»:|:t&'ta;lfi«:'n11.15:1:,#.2'l The argon and Krypton samples
were research grade from Matheson, '
Kr=Ar mixtures of the desired composition were prepared
by injecting known quantities of Ar into the calorimeter which
contained a known guantity of Kr.
The ligquid mixture was stirred by _a gas circulating pump 25
which has two compartmenta separated by a stainless steal ballow,
An exterpnal magnet drives the bellows back and forth, Uni-

directional continucous flow of the gas is achieved by a pair

of three-way scolenoid valvas., The flow rate was about 15cc/min.

Results
Natural argon contains 0.34% 35Ar, 0D.06% zahr and 99.6% 40&:.
It is convenient to measure the aﬁhrf{BaAr + 4ﬂnr} ratio. S8ince

33 40

Ar is a minor constituent compared with Ar and its fraction-

ation factor is small, the system can be treated as a two

36}11‘ and 4'}3:. Hatural Kkrypton has

isotopes TEEI, BuKr, Ezﬂr, 83 adK

a4

component mixture of

Kr and r. The most abundant

nuclide is Er (56.9%). It is convenient for us to

measure the ratio HBDK{NEE + HBB + HE# + HBE} where




HA iz the number of krypton atoms of mass A, We dsfine an

observed fractionation factor Gy {obsa)

Mg/ (Ngy + Ngy + Ngg + Npg )1

aKr{obs} -
[Ngg/ (Ngy + Ngy + Ngy + N }}1
B0O 84 ' .
and the Kr/" "Er fractionation factcr as
Q
Kr = (Ngg/Nay) o/ (Ngo/Nggty
Then
N N N
{1 + Hﬂi + 523 + ﬁﬁi )
_ 84 84 84 g
gy = aKr{QbS}
Nga Naa Ngg
a4 B4 B4

The liguid=-vapor fractionation factor of krypton of mass A
against 84y is of the form
1 1

(Mp/Mgy) o/ Mp/Mggdy = 1% (5= - g5 )a

{7}

(8)

(9)

(10)




The guantity a can be related to the S°kr/%%kr fractionation

factor, E.Kr

{80) (84)

(o - 1} {11)
(84 -go) X%

combination of Eq's (7-1l} leads to

v | B4-m
L+ (2 - 80 ooy ) )
A=82,813,86 284 1 A
Coger = uKr{obs]
N Bd=-m
A 8G A, {(obs)
[1 + Z { b, (1 - — igﬁ-ﬁﬁiu } ]
2=82,83,86 Wgq 1 My - K

Since tﬂﬂfﬂadil iz almost identically that of natural abundance
krypton, we can insert the natural abundance values for N, /Ng,

into Eq. (12} and obtain

a = 1.7056 uKr[abs]fil.Tlli - D.005% aKr{ﬂbE)}

Kr

The ligquid=vapor fractionation factors calculated from
the measured isotope ratios are given in Table I and shown in

Fig. 1. The values for pure Ar and pure Kr in Fig. 1 are

taken from previous work from our ]..Etl:mr:at!:vt:t:r},a'.1-"'"2'l

To derive the wvalues of ﬁF:U]ib from the obserwved

1

fracticnation factors and Eg. (5), we have calculated ﬂtvzu}i>g

for the mixtures using the Percus-Yevic¢k equation to calculate the

(12)

{13)
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radial distributicon function in the gas from several potentials.
The correction to <{?2U11>l from ﬁI?EUi}Pg at 117° K is of the

26 The experimentally determined values

order of five per cent,
of {{vzuinr} and ﬁivzﬂiKr? as a function of composition are
tabulated in Takle II and shown in Figs, 2 and 3,

For the case of argon, <{v2u1hr>, increases from its wvalue

7-10

of 8580 + 350 erg um_z in pure argen to 9960 + 375 erg cm-z in an

infinitely dilute solution of krypton sclvent at 117.5° K.

Conversely {{?EU}Kr} decreases from its value 15570 % 350 eryg om

in pure krypton to 10,800 % 750 erg en”? in an infinitely dilute

solution in pure argon. Within éxperimental error, ﬁ?EU}Ar} at
. 2 .

th = 0 is egqual to <(¥V U]Kr} at er = ¢, Thiz result indicates

that the assumption of additive pair potentials should be

adegquate for the treatment of the mean force consastants

of the twe chemical components in the mixtures.

2
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Discussion

Corresponding States Approach

In this section we develop a corresponding states approach
for {[?EU]EI} and ﬂ{?EUJKr} as a function of composition and
compare the results with our experiments. The basis for the
correaponding states approach to the equation of state is the
assumption that the potential energy has a universal form.

With the approximation of pair potentials, we write

uij = Einij{rfrmij} (14)

where eij ig the depth of the pzair potential and rmij is the
valua of r at the minimuwm. The corresponding states assumption,

Rll = Rl2 = 322, than gives gll{r*} = glztr*} = gzz{r*}, where

* =
r rfrmij' It then follows that
ﬁ?zﬂ*}ll {?EU*}IE t?zu*}zz
= = where the subscripts
p* p* p*

denote the respective pair potentials, Finally, onhe gets for
i{?EU]ih, the mean foree constant on the i'th chemical

species in a two component mixture
{qu

§7 = ¥oy [B1853T057 + ¥5652Ty 2] X

Tgir*jr* 2(vip*)ar+ {15)
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where PM is the density of the mixture. The ratioc of the

mean fofce constants for the two comeonents in their

respective pure states, ﬂ{?zuP}i}, is

2
<{v Up}Kr} PKx “RrKr'mKrKr
— {16}
2
<V
A P Par €ArAr ‘mArAr
2 24
The experimental determinations of <(¥ U“}Krh and
17,27 '
quw}“} give 1.83 for the left hand side of Eq. {16)

or 1.88 for the ratic of {(er) parameters in Eq {(16). The
ratio of the product €135, for krypton to that of argon is
calculated to be 1.51, 1.48, and 1.50 from the Lse, Henderson,

.10 and Kim-GcrﬂnnlB potentials

Earker.7 Maitland=-Smith,
directly. Clearly, the corresponding states approach cannot
be used without further refinement. From Eg. (16} it follows
that {?ZUD*},the reduced mean force constant is a
universal constant. We have found this conclusion to be
invalid. In a similar way we find it is imposszible to reproduce
gimultaneously the wvariation of both ﬁI?ZU}Ar} and ﬁ[?ZU}Krb
cver the entire composition range through Egq (15).

We have shown experimentally that % <721° > ig independent
of temperatura from the triple point to I.Bl{Tch} where T

*
is the ecritical temparature. However, %ﬂ?zUG > varies from

substance to substance. It is possible to modify the thaorem
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of corresponding states for {vEU} by the introduction of a
scaling factor, b, in the vicinity of the first peak of the
radizl distribution function. We shall use this appreach to

examine the wvariation of {?zu}i in a two component mixture.

We write

_ ot

= *
911 F g12 = ngE (0.9 = r™ < 1.3}

Intreduction of the scaling factor, b, into Eg. {8) leads to
the following corraction o Eg (15}

+ b

200 o 3
<(v U}l} = 4WDH[x xzelzrmlz] «

1%311%m1:

fg*r*zvzﬂ*dr* . {18a}

2 _ -% -1
<740} > = ATp b Fage g ar 1, 4 b Txge, o ] X

Fqre*2%yrare (18b)

The values of ﬁ{?EU°IAr> and q(vzu“JKr} at 117.5° K lead

to the value b{11i7° K) = {anhrngrKr} = Drﬂﬂ. The scaling

factor b should be relatively insensitive to temperature.

(17)



T
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For the calculation of Ig*?zﬂ*r*zdr* one can use either

molecular dynamics, the WCA perturbation theory or good

experimental data on liguid argon and a self consistent set

of potential parameters as given in Table ITII. Comparison

af the modified corresponding states appreoach with
experiment is shown in Figs. 2 and 3. Agreement with
experiment is excellent for {{?ZU}Kr}; however, the
calculated value of ﬁ{?zUJﬂr in pure krypton is about 9%

larger than the experimental wvalue.
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Calculation of {{?zuji} by the WCA Perturbation Theoxry

The Weeks-Chandler-Andersen (WCA)2® method has been shown
by comparison with molecular dynamics calcoulations to give good
values of the radial distribution function of a pure liquid at
high density. We have shown that WCA calculated radial distrib-
ntion functions give good wvalues for ﬁ?zuak for argon and Krypteon
over a wide temperature range for a number of reasonable

29

petentials. These include the familiar I.ennard Jones (12 - 6},

Lae-Hendersan—Barker,? and Haitland—ﬁmithg'1D

potentials. In
this section we shall utilize these potentials to calculate the
9131 J312° and g,, radial distribution functions by an extension
of the WCA method to two component mixtures.

The WCA method approximates the repulsive part of the

potential by

Uegg (¥} = Ujqlrd + 8.4 ¥ S Ty
(19)

[}
=

r = rmij

whare ueff[r] is the effective WCA potential, ¢ iz the well
depth and U({rx} is any reference potential, The radial

distribution function gij iz calculated from the relation

gij(r} ~ ¥3i5 (x} exp (- Uéffi-fkTi (20}

]
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Lebowitzl?

has shown how to calculate Ydiq for a two component
system of hard spheres ugsing the Percus-Yevick equation for
mixtures. The effective hard sphere dimmeter, dij' is calculated
as a function of composition, Ydij = Ydix(xl' le, through the

WCA criteriocn,
» 2
fa Yaiylexp (- ueffijka} - exp (~Ugz/kT)]x"dr = 0

where Ua iz the hard gphere potential. The effective hard

aphere diameters for Ar - Er mixtures at 117° K are given as a
function of composition in Table IV. We now calculate

ﬁ{vzuli} as a function of composition through Egq (6) from the
radial distribution functions given by Eq (20}). Three potantial
functions, L-J, LHB, and MS, have heen uzed. The results are
comparad with experiment in Table II and Figs. 2 and 3. We

have also c¢alculated the mean potential energy, <U>, of

mixture

L -
€U1 z X, %

<y, .> {22)
ij ¥'3 1

]

for the three potential functions. The mean pair potential

iz given by

- 2
<lf, > = 2TP . . d 23
“1] 2 In gL]{r}UiJ(r]r T (23)

{21)
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The values of the mean potential enargy of the mixture given in
Table ¥ show that there is little difference in this guantity
at 117° K for the three potentials, In Table VI we compare
the mean potential energy for the L-J{12-6) potential calculated
by the WCA method with that calculated by the Monte Carlo
methadlEfar Av-Kp mixtures at 116" K. We also give calculations
of <> from the free ecnergies of the mixtures by Lee and
LE?esquall calculated by the WCA method. The agreement between
all three calculations is within one per cent. The present
direct calculations of <> by the WCA methed are in somewhat
better agreement with the Monte Carlo values than those calculated
through the free energy.

The calculated values of ﬂ{?EU}HrP are in good agreement
with experiment over the entire composition range for the
1~J, L-H-B, and M-S potentials, On the other hand all of these
potentials give values of d?EUJArP significantly larger than
the experimental value at Kap = 0. We attribute this discrepancy
to the failure of the WCA method to calculate Iar-Kr with
sufficient accuracy at low mole fractions of argon, where the
salvent Krypton is just above its tripie point. The calcu~-
lation of P probably improves as one gets away from the
triple point. Thus the calculated wvalue of {[?ZUJKr} in pure
argon at 117° K is in good agreement with experiment. It

appears that the WCA method for the mixed radial distribution
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function cloge to the triple point is inadequate particularly
in the vicinity of the first peak. There is also a discrepancy

between the <IJ > value calculated by the WCA compared with

Ar-Rr
the Monte Carlo method at low mole fraction Ar (cf Table VI).
It is much smaller than the discrepancy in ﬁ{?EU}AI_KI? since
the latter is a much more sensitive function ¢of the radial

distributjon function in the region c{rﬂrmin than is U R *




Captions

Fig. 1.

18

t3EArf4uAr] and {Buxrfgdﬂr] liguid-vapor fractionation

factors in a series of argon-krypton Linary

mixtures at 117.5° K.

Fig. 2. ﬂ{?zujhr} {erg cm-2 mole-l} as a function of mole’

+ 2 -
Fig. 3. =<{% U) (erg cm

fraction of argon {xnxj digsgolvad in liguid

-k ¥

kxypton. () experimental data, least sgquare
line, —-+=— modified corresponding states

calculation, —~=—WCA calculation using the

Maitland-Smith potentials, WCA caleculation using
the Lennard-Jones potentials, and — — — WCA
calculation using the Lee-Henderson-Barker potentials.
? mole™®) as a function of mole
fraction of krypton {xKr} dissolved in liguid

argon. ¢ experimental data, least square
line, — -=-—modified corresponding states
calculation, —+~ —WCA caleulation using the

WCA caleoulation

HMaitland-Smith potentials,
ugsing the Lennard-Jones potentials, and — — — WCA
calculation uwsing the lLee-~Henderson-Barker

potentials.




Table I
Liquid-Vapor Isctope Separation Factors in

Ar-Kr Mixtures at 117.5° K

2

Mole Fraction of 3 a 3 b
Argon (Liguid) 10 ]‘MA:: 10 lm’Kr
0.103 2,87 + 0,04 0.979 + 0.022
0.210 2.82 + 0,13 G.942 + 0.057
0.31¢ 2.73 + 0,08 0.885 + 0.059
0.614 0.736 + 0.036
0,790 0.742 + 0.022

a (361rf4nhr} gf{zﬁﬂrfmkr:' 1

b (aﬂxrf“’Kr} gf{BUKrfaql{r} 1
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Mean Force Constants, #FZU}, for Argon and EKrypton

{A) Argon

(B}

AY

0.0
0.1
0.2
0.3
0.4
0.6
0.8
1.0

Krypton

in Binary Mixtures of Argon-Krypton

Liquid at 117.5° K_(in erg cm ¢}
<(viy}. > 2 <v2Usp-H-B  <vlyusM-s
AT obs

12708 13118

9820 + 140 (12411) (12881)
9680 + 460 12115 12643
9420 + 260 {11711) (12390)
11307 11937

10402 11547

9494 10838

8580 + 3507 8646 8735
<(vly, . > <v2ysp-p-p  <viusM-g

Kt obs

15570 + 350° 14540 15191
15530 + 950 (14177) (14750)
15080 + 910 13813 14309
14220 + 930 (13327) {13862)
12841 13415

11990 + 570 11760 12454
12170 + 350 10678 11396
9969 10243

<wipsLag

13534
(13174}
12813
{12340}
11867
10830
2807
8864

<7 2usp-2

15070
(L4668)
. 14265
{13737)

13208

12049

10904

9848




2

2 2 2
a WUz o= [<VEU>) - <¥ + <V U>

bz Ubﬁlnbs gas (cal}

b J. T. Phillips, C. U, Linderstrom~Lang and J. Bigeleisen,
J. Chem, Phys. 56, 5053 (1972).
¢ M. W. Lee, D. M., Eshelman and J, Bigeleisen, J. Chem, Phys. 56,

4585 (1872),



(A) L-H-B -~ Potential #

e/k{°K}

£, (&)

o (A}

(B} M=S = Potential

Ar=ar
]
Ar-Kr

Kr-Kr

b

-3.310 [:—] 2,
m

-1.555{-‘;—}%
m

Table IXI

Potential Parameters

Ar-AT Ar-Kr
142,10 163.67
3,7612 3.8807
3.3605 3.4674
6.27783 0.28134
~4,50431 -4,48103
~B.33122 ~A,25965
-25.2696 ~25,7037
~102.0195 -105.4810
~113.25 -113.19
1.16727 1.11090
0.16971 0.16968
0.01361 0.01356
n(r) ©/k (K}
20.571(5) - 2.657  142.5
m
15.586(z—) + 0.1715  168.5
m
10(z=) + 3 199.2

22

Exr-Kr
201.31

4.0078
3.57%9
0.23526
-4.78686

-114

1.06324
0.17012
0.01425

rm:ﬁi

3.75
3.885

4,02
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Table III (continuved)

(C) L-J {12-6)° e /k{°K) 2, (A) s (k)
Ar-Ar 119.8 1,822 3.405
Ar-Kr* 140.68 3,965 3,533
Kx-Kr 165.20 4,108 3.660

- L
11‘° m =0 4 01 + (£
m
v _ 6 r =nir) -
b c nirr-6 {Fﬁ] - ol (Ey &

nirl=6 Tm

¢ Special cagse of M-8 potential, nir) = 12

* Average value of Ar-Ar and Kr-Kr

g ]ér

12 = €118 w1z = (Fpiy ¥ Tpz2!/2




Table IV. Effective Hard Sphere Diameters (i)
L-J (12,8} L-H-EB M=5
*ar darar U rKr arar Yrxr d5rar 9 rkr
0.d 3.457%6 3.75300 3.42850 3.68553 31.50831 3.69717
0.2 3.45B47 3.75351 3.42898%8 3.69585 3.50888 3.69763
0.4 3,45916 3.7341¢6 3.42951 3.69630 3.50948 31,69810
0.6 3.4599%86 3.7548% 3.43013 3.69681 3.51001 3.698586
.8 3.46080 3.755482 3.430%9 3.69734 1.51058 3.69903
1.0 3.46161 3.75630 3.43143 3.6%785 3.51115% 3.69949

Fe



Table V
Average Potential Energy, <D>, of DLiguid Ar-Kr Mixtures

at 117.5° K {in K cal/mole} along the Saturation Line

x ¥pr * P u-B = Uy
0.0 2,091 2.031
0.2 1.905 1.863
0.4 1.714 1.685
0.6 1.526 1.504
0.8 1,349 1.327

1.0 1,187 1.158




Table VI ’
Comparison of the Internal Energies at 115.8° K of Liguid Ar-Kr Mixtures

Calculated by the Monte Carlo and WCA Methods

—'ﬁUiijT}MC —':Uij)"RT?ﬂCA
Kp o Veo/mole (1,1} (1,2} {2,2) (1,1) (1,2) {2,2)
0.25 33.22 5.28 .88 9,12 5.28 6,98 2.15
0.398 32,96 5.18 6.99 9,13 5.31 7.02 9.20
8.5 32,82 5.28 6.96 9.14 5.31 7.04 g.21
0.602 32.76 5.24 7.03 9.15 5.31 7.03 9.20
Q.75 32,71 . 5.26 7.01 9,12 £.30 7.00 9.26
<) /RT > =.E. xixj ﬂUinRT}
1:]
Xpp —-<U>MC {5 mole ) - <USHCA (WCA (] nole 1) -<yUrLee, Levesque(j mole’

0.25 7733 7792 7656

0.398 72086 7258 7154

0.5 6841 6883 6870

0.602 6473 6499 6459

D.75 5929 5954 5944

14




Fable VI {continued)

1 -1

1 - 2

e/k

11%.8
141.4
167.0

3.405
3.519
3,633

3.822
31,4950
4.078

Le
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