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Intermolecular potential plays a dominant role in determining the properties of gases, .
liquids and solids. The equilibrium and transport properties are dependent upon both attrac-
tive and repulsive terms in the potential. The scattering cioss sections are determined mainly - °
by the repulsive term., Both theoretical and experimental investigations for determining
intermolecular potential between helium atoms are fairly extensive. Recent quantum mecha-
nical caleulstions of interaction energy between two ground state helium atoms are reviewed.

The Hamiltonian of a system consisting of four electrons 1, 2,3 and 4 and two nuclei
e and b shown in Fig 1 can be written in the form ‘

» 4 4
. ‘\ . 1 4 ‘ .
L E=DHO+ D Sty W
o i=1 o> ) '

whete 74; & 13 are distancss of electron ¢ from nuclei @ and b respectively, 1y 18
interelectronic distance, and R is internuclear distance. The interaction energy ¥ is
‘ ‘ calculated by making use of a suitable wave func-
tion.. Repulsive energy V (R) is given by the
expression « ,
‘ V (R) = E (R) — 2E (He) (2)
where 2E (He) represents energy of two helium -
atoms in ground state. It is convenient to
express distances in Bohr radii (a=0-5294°) and
Fig. 1—Electronic oonﬁgu}ation of He, system. energy in Hartree units (H,=27-204ev).

‘b

Rosen! has employed valence bond method in evaluation of repulsive energy. He
assumes that system He, is stable if there is a bond between electrons 1 and 2 as well as
between electrons 3 and 4. This implies that spins of electrons 1 and 2 are paired and so are
those of electrons 3 and 4. The eigen functions which give eigen values zero under influence
of the operator 8, —sum of z comporients of spins—are given by Bauli’s determinants

$r=]x (Da(l)x @) B@ xB) «@) x@)BH
$o=1x (1) & (1) X2 (2) B (2) x5 (3) B (3) Xa (4) & (4) }
o =[x (1) B(1) x3(2) & (2) x5 (3) & (3) xa (4) B{4) |
$a=\xu(DBM %@ @ xB) B xud)c®]

@®)

where y; = (%—\) exp (— {ry), { is effective nuclear charge and "« and B are
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the orthogonal spm functions. The bond function i, 34 may be xepresented by the
expresgion
g, 8 == (951“ by — ‘I‘s + ¢'4) ; S ; - (4)

< By makmg use of wave function (4) and Hamiltonian (1), repulsive energy between
ground state helium atoms has been calculated by Rosen. His results are shown in

. Fig. 2.

Griffing and Wehner? have employed. molecula,r orbital approach. The four electrons
are assigned to the following two molecular orbitals'1 ¢, and lo, Wwhich extend over the

whole molecule \ :
Yo = "Ny (Xa ‘"}" Xe) \
low =N, (Xa"—Xb) . ‘. N ()

where Ny = (2+2 Sa)~* and N, = (2—2 Sap)~% are normalizing ' factor;
Se=[ xa xv dr is an overlap integral. The molecula,r wave function is assumed to be of

the form ,
v = (—2—1—)i Z (_1)”1» [('og o o B e B)%] ©

where P5 is an operator permuting the superscmpts which denote electrons. The exponent
¢ in both the functions has been assigned a value of { =1.6875A—! . By making use
of Roothan’s tbeory the total energy of the svstem is found to be

E=2H, +2H, +J,,g+Jw-L4JW—2Kg,,+ R . )
where H, =f1ag (W H (1) 1oy ()

Hu—:flou (I)H(l)lo'u (1) dr

-

= [[1e e, M 1o <2>1«rg @drdn
du= [t wio =10 (2),1 o (2) d 7 djz‘/

JWZHW (1) 1oy (1) .—1-1% @) 1oy (@) drdr,

The results of calculation are shown in Fig. 2 which are fairly in agreement with
e/xperlqlﬁntal results at interatomic distance R=24.

Gnﬂing and Wehner? have also calculated interaction energy at R—~3 11A by inclu-
dmg 9P, orbitals. The molecular orbitals employed by them are

g =Ny [{(18)a + (18 T+ 2 {22 )a +.22: 6 N

bu = Ny [{(18)e — (1) 3+ 2 {@2 o — @2 o 1]
where N; and Y, are normalising factors and

®
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. b |
@2p ) = (Cp /n) X rcosGExp (—& r).

A variational treatment gives .an attractive energy of 2:14 . 10— 5 a.u. when A= —,
=1.4 X 10—3, This value may be compared with experimental result of 3-4 ><10— 5 a.u.

Hashino and Huzinaga® have extended the ealculations and observed that A, is posi-
tive and A, is nagative in the range of internuclear distances investigated. A positive.
value of A, implies that orbital ¢, has a tendency to contract and a nagative value of 2,
means that ¢, tends to extend 1nto outer spaca. Calculations of Hashino and Huzmaga

give repulsive energy of 21-65 ev at R=0-6274 compared with correspondmg value of
24-86 ev g1ven by Wehner and Griffing.

Dooling and Pipert have carried out similar caleulations, They have employed hnear
combinations of atomic orbitals 1s, 2s and 2p. Their results are shown in Fig. 3

Spherically symmetric 1s functions do not possess sufficient flexibility to allow for
mutual polarization. To achieve polarization  effect Moore® has modified the wave function.
Prmclpal modlﬁed dlagonal term w may be written as

w——n\(l)«(l)m( ) B(2) % (3) & (3) x4 (4) B(4)
14y &2 (Q’/'a1 wbak + 4, @8, + Ta, x5, + il)asz'd) )
+ ¥ 8 Yo, Yo, o Yoy Yo, + Yo, Yo, + Yo, Yp,)

+ 8 e (z“x zi’a + z‘ﬁlzba + 20, 2, + Ray b, ).] 9
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Fig. 2—HeuHe repuste potentml V vs interatomic
distance R. (1) Slater (2) P-Rosen (3) Griffing.

*- Wehner (4) Sakamoto- Ishiguro (5) Amdur-
Ha.rkness oxp.

Fig. 3—Potential V (R } versus distance (R) n
attmcme regum.
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where y, 8 & { are variational parameters. The system -of coordinates is
shown in Fig. 1. A negative value of 3 implies that the term involving y in the state

function is largest when an electron on one atom and another electron on the second atom

aTe on opposite side of Z—axis. A positive value of § signifies that for a given pair of elec-

trons—one belonging to each atom, there is a tendency for one and only one electron to be
between the two nuclei. The disadvantage of the present function is that both electrons on

the same atom tend to be near one another. The -advantage of using function (9) is that

integrals involved in calculations of energy can be exactly evaluated. There is considerable

simplification if following points are kept in view (4) orthogonality of spin functions makes

contributions from large number of terms zero, (17) hermiticity of the Hamiltonian makes -
large number of terms-equal and (¢it) symmetry properties give invariance during exchange

of two nuclei. It is interesting to nots that Moore’s function gives rise to van der Waals

minimum and provides information regarding mutual polarization of the: atoms. The

method possesses poor extensibility. Moore’s results are given in Fig. 4. -~ =

~ Ransil® has given a treatment based upon molecular orbital approach which gives

appreciable van der Waals energy. By making use of self consistant procedure he has deriv-

- “ed molecular orbitals in the form of linear combinations of atomic orbitals 1s, 2s and 2p.

The exponents { in these orbitals have been assumed to be equal. The variation of { at each

interatomic distance has been restricted to finding best valie of { common to all STO’s
and both 1 ¢; and lo, . Ransil’s results are given in Fig. 5.

At distances greater than 0-754 Ransil’s energies are fairly Tow. The energy of separat-
" ed helium atoms on extrapolation is found to be —5-6953 a.u. The coefficient of 2po is
small in the molecular wave function. The percentage of p character is, however, adequate

13
K

50
8 -
~ 6 o
ND'QO o bt
- a4 F g 100 P
to - ';
- o i
= 2 :
L ™
. F Bu‘ckinghg,m(,;l958)
-4 -
20 7 30 40 5.0 : o 20 7 40
T R . R(A)
Fig. 4-—He-He intéraction potentiol—attractive region, © Fig. 5—Van der Waals region for interaction of
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to produce mutual polarization and yield & minimum in the van der Waals region. The
electron overlap population is negative in the region 0-54 to 1-04 indicating antibonding
character. The bonding character is found to be maximum in the region near 2-04.

- Sakamoto and Ishiguro” have attempted to improve repulsive energy by taking into
account mutual distortion of the electron clouds. For this purpose, it is convenient to in-

troduce spherical coordinates . ‘ ,
ra + 7o ot — " . ' e
e S
The atomic orbitals may be written in the form -

Bt

Xo — Na e . 2 i «

. R o 11
= '*;I_z__(;\_;" ) . : )

0w = Nye *2 ¥

__The distortion of electron clouds by neighbouring atoms is taken into account by

- modifying the atomic orbitals which may be assumed to have the forms

—aX —fp
) i Xa = Nge .
N SRR C — oA
R ‘ xs =No e

a2 .

By assigning suitable values t0 two parameters « and B these investigators have
obtained slight improvement in reptlsive energy. A comparison of results obtained by
investigators including Rosen, Griffing & Wehner and Sakamoto & Ishiguro are given
* in Fig. 2. Tt may be noted that variation of even two parameters in expressions at (12) does
not produce sufficient deformation of two orbitals. Limitations of this method are quite
. apparent, : ~

There are certain disadvantages in inclusion of lo, function to describe the ground
state of H, . Function lo, assumes a p-——like character as R goes to zero. The united
atom formed from molecules configuration (loy )¥(lo, )? ‘is beryllium atom in excited
state (Is)? (2p)%. A simple explanation of why it is so is as follows : ‘

Function 1oy is a difference function [ (1s)s — '(]S)‘b ] which may be approximated by

g —Cr

the expression - gg or 2 where z is along the line of two centres. This expression
- z r ; :

shows a nodal behaviour at the centre of united atom. Further spectroscopic® studies
show that {=3-74—! for 1s state. The value of the exponent is less than one for
p—state of helium. For this reason it is desirable to assign different values to { in
molecular orbitals 1o, (1s) and loy (1s'). o ' - :
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Huzinaga® has made a powerful suggestion that exponents £ ‘s in ‘molscular orbitals
16, and lo, may be assigned different values. At each internuclear distance two
exponents { in 1 g, (Is) and 1 o; (ls') are optimised by variational technique. The
molecular function obtained in this way is called MO — [ wave function. Independent
variation of {in 1 o, (1s) and 1 o, (1s’) permits deformation of these orbitals. The
1oy (1s) molecular orbital tends to contract and 1 o, (1s') tends to expand as R gets
smaller. Independent variation of exponents in two molecular orbitals gives dramatic im-
provements in repulsive energy. The results of these calculations are given in Fig. 6.

- For comparison results of Griffiing & Wehner and experimental data in the form of
Buckingham'® function ‘

8 —9-48
V= e 4 R(1+0-265 R —2-419 R® +2:618 R? —0-436R¢) (13)

- are also given.

This expression fits into data from scattering experiments and transport properties.
This function also gives correct energy of befylium atom when two helium atoms
- coalesce at B = 0. '

~

It is remarkable that a simple modification suggested by Huzinaga gives results which
are fairly close to Buckingham curve. The MO—{ function representing electronic configura-
tion (g 18)? (o, 1s')? also provides some indication about van der Waals attraction
energy which arises mainly from the fact that even at large distance ( e, 1s’) function

.possesses some p—character. The bonding, however, is not adequate. The minimum occurs
at 3-3 4 instead of 2-94. The magnitude of computed energy of attraction is only a small

percentage of experimental value.

7
\. ‘ Further improvement in interaction ener-
gy is possible if correlation of electrons is
taken into account. A proper correlation en-
sures that at R= co the He, system will
separate into two helium atoms in their ground
state and at R=0 the system will coalesce
~ into beryllium atom in its ground state. An
inter-electronic vector may be included in the
wave function to allow for correlation 1t
Alternatively configuration interaction may be-
employed to ensure proper correlation. This
implies that eléctrons should not be assigned
to private molecular orbitals but may spread
over various configurations.  Correlation
energy may be defined as difference between
non-relativistic energy derived from function
» providing for correlation and Hartree Fock
in o energy which is lowest energy obtained from a

Fig. 6—Oomparison of the results of various investiga- ginole anti-symmetric orbital function.
tors (1) Rosen (2) Sakar-nto and Ishiguro(3) - 8

Experimental result of £ .adur and Harkness — Tp gyperposition of cbnﬁgurationsa wave
and (4) S. Huzinaga. P : . . e
. function is expressed as a linear combination

V{R) In oV
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of IZ wave functions each corresponding to different electron configuration. As an
. g X ’

approximation it may be assumed that total wave function is linear combination of configu-
rations 11 Dy, each involving two or three molecular orbitals 7.e..

¥n = Z Ciiir Disir k ’ S (14) ‘

A iijk S
where Dy is a certain. configuration which is a linear combination of four -anti-synmmetric
orbital products and subscript 7 denotes number of configurations. Dy;j; may be represented
by the expression .

Digp = Nigg 16 e (D% QBT Ba(®) P WBWI
HO Wa()d @RS BB HBM@W|
HE: Wa()® @BQ@ ¢ B a3 B WBE@)]

* p

L e @B % @@ WEWI  ay)

*indicates complex conjugate, Ny is a normalization factor such that eéoh confi-
guration is normalised to one. Configurations of the form @; &; &) &; in which all
molecular orbitals are singly occupied have been excluded. ‘

In the first instance the configurations built up from molecular orbitals
A o (1s) = Ny [(1s)e + (1s)s ] ‘

o (18) = N’y [(18)a + (15')e ]

oy (18) = Ny [(I8)a — (18)s ] ) ffr,e B |

ou (18) = N’y [(15")a — (18")s ] R A

i
.y

(19)

may be considered. Interaction energy and coefficients in expression (14) have been compu-
ted by Phillipson’. The electronic energy is found to be1-1evlower over the single
MO— configuration in the range 0-54 to 2-04. The repulsive energy which is diffe-
rence between B and 2E , however, remains unchanged. 44, (1s,1s") wave function gives
energies of separated atoms and united atoms which are respéctively 1-84 ev and 4:38 ev
"above their exact values. R :
Next, the effect of admixbure of configurations involving functions. - i
g (28) = Nggs {(28)a. + 28) ]
oy (26) = Nuze [28)a — @] -+ 0
g ' mn

"may be considered. It is observed that on admixture of these configurations there is no
lowering of electronic energy 1* over the energy given by 4y, (Is, 1s') function. It
" appears that use of 1s and 1s’ functions with optimized parameters accounts for most of
contribution from @ electrons. Further 29 configurations containing 2po arbitals may be
taken into account. Calculations show that only seven of these configurations contribute
towards lowering of electronic energy. The function involving these configurations is denoted
by ¢ (1s, 15, 2po). Inclusion of 25 configurations involving =, (2p) and =, (2p)
orbitals produces 64 configuration wave functions g, (15, 1s', 2po & 2pg ). Out of these
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additional . 25 conﬂguratmns, only three make a s1gn1ﬁcant contmbutmn. The mgmﬁcant '
“portion ‘of the wave function may be tepresented by iy, ( 1s, 1s', 2ps, 2p 7). Improve-
ments: jn electronic energy of 80 per cent and 90 per cent over the MO-—¢ function
have been obtained by the use of ¢y (1s, 1¢/, 2po and 2pr) and g, (Is, 15, - 2ps,
2pm) functions respec‘mvelv This improvement is mainly due to correlation of the
motion of electrons arising from superposition of configurations. The correlation of
antibonding electrons is accounted by iy, (1s, 1s') function whereas correlation of -
bonding electrons arises from inclusion of 2pe and 2pm orbitals. A comparison of
repulsive. energles at various 1nteratom10 dlstances obtained” by various investigators is
shown in Fig: 7. » :

Some important results are glven in. Table 1. It is. observed that superposﬂ;mn of
configurations yields repulsive energies in the region 0-54 < R <14 which differs but -
little from those obtained by the use of MO — ¢ method. It may also be seen that ex-
perimental results differ grossly from the theoretical repulswe energies. The variation of
repulsive energy with distance derived from i, (1s, 1s, 2])0, 213 ) function may be
represented by the expression’, .

» L C . O 4gi0n ; AL :
ey 7 V(R) =‘191'47‘_e () o (0B<R<14) - (18)

[}
L N

. VIR)ev)

52

TOTAL ELECTRONIC ENERGY IN A,

]
L w

0 3 3 L 1 . -
0.5 0.625 - 0,75 - 0,875 . 1,0 - Lo
: ° , 1 2
<L R : _  INTERNUCLEAR SEPARATION IN AU,
Flg T—Repulsion energy curves - (@) Rosen () Slater . - rig. S—Total electronic energy vs internicle ar.
© {c) G-W (d) Ransil:(e) MO—E(f )¥e4(13, 1¢; 2p0, distance (both in atomic units) (@) the unlted

2pm) (g) Sﬁattermg data o -atom  configuration mixture 1s2.2s2 - 1s8d
) : .+ .28% () 'the united atom configuration 1s? 252
- % (c)/The united atom configuration 1ls? 2pc?
' ) - (d) Riansil’s two-centre calculation. -(e). Phil-
. . : . ..~ lipson’s two centre calculation with 64+ con-
i L e T figurations " (f) Amdur—Bertrand experi--
el e . o . mental results ‘fitted - with a Buckmgham
- interpolation curve. = -



KarTAR SINgi: Intermolocular Potential ‘ 8§

The energ1es of separated atoms and united atom for various functions are shown in
Bepulswe energy..of twoMumstmns can also be calculated in terms of one centre
wave functions. The origin is supposed to be at the mass centre M of the charges on two
nuclei. "The potentml energy U due to two nuclel can be expressed in terms of distance
7 from the mass centre .
FO AT g

- (r"e’ ¢):;b_2;£_{1 + Zw (?RT )28st (Cosy)} e (]I;)),
. i g==1 oAt e

where Py, (cos 8') is Legendre pOlyn‘omial. The coordinate system is‘shown in Fig. 1.

For the calculation of energy the two out of the four eleetrons may be ass1gned_ to
one centre inner molecular orbital ¢; .

b =068 (Iso)+ 032 (dso) + 0°17 (ddo) -~ (0)
where ; ‘
. o 7182 . ‘ :
- {1s °) ( 2%/; -exp (—4LnN Yoo L=170
e o

) (480‘) (8!)1/2 - §3 exp ( — 52 7) YOO’ sz 625 - “

(2 L)or

o) =gy Ao (—Gn Tw

Y’s bemg spherical harmomc> ’ AN B e

The other two electrons may be assumed to be present in the molecular orbital

(2 g L : ‘

$a(2 p 0) = w* r exp (—' Cs ") Ym: Ca =1 5 (21)

Various parameters in ¢, & ¢, may be opt1m1sed by vana,tmn technl%ue The wave

function built up from ¢;& ¢,, which depends upon distange from the M centre, may -
be used in calculation of E. This method 33 gives repulsive eriergy of 34T ev at R70 b4
“which is 3-7 ev lower-than the value given by Sakamoto and Ishiguro’.

Miller & Present have also caléulated the interaction energy between two hehum :
atoms by one centre method. The repulsive energy at R<<0-564 is found to be lower for
configuration 1s% 252 than for the -configugration - (1s)? (2p 0)2. At distances greater than
0-564 contribution of configuration (1s)? (2p o)? is large. Admixture of excited configura-
tions (1s") (3d") (2s)? with basic configuration (1s)? (2s)? gives s1gmﬁcant merovement
in energy.- The one centre method involving configuration interaction, is, to some extent;
superior in performance at B<0-64 to two centre method. A comparison of results of :
Miller & Present with those of other investigators is given in Fig. 8. It is possible

to extend the range of one centre method beyond 0-754 by molusxon of other configura-
tions, .

A e S e e B S ke i 1 e A R R i 2
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INMPORTANT RESU’LTS OBTAINED BY VARIOUS INVESTIGATORS ON THE COMPARISON OF REPULSIVE mmnems AT |
VARIOUS INTERATOMIC DISTANCES

—bR . .
14 (R)-ae i V(R) in ev E at
in ev ) at B = R=wm
. : ~ atomic
a b ) 0:50 0-‘625\ 0-756 1:00 wunits
2y + 1) 4051 481 0 4 60  48:23 2714 15-27 4836
6 — 1:392 ' :
He
T 3 2
(0:010)(r + 7 )
X e 1 2
i for ry, 73 <3 -
Slater *° | —2r,—1-344r,
= 1:-241 e o
—0-255(1 4 0-0707)ry)
X Ty . ]
" <7 ' s
7y >3
® i —(1 y 5770 4-40 6393  36-89 21-28 7-084 —5:7508
He = .
Rosen Cz i <La7s
g - e
¢ =215; =119
6= (x, + %) 234-0 4-00 44-00 _ 25-08 14-32 ~ 4.790 —5-6953
. .- t-r : ’ .
ey _( w i, |
Wehner : . ' Lk
1-6875 i )
o @+ 9) (ry;/B) —5-6953
Sakamoto ‘ = N ¢
_and x Ny @ —B) (ry; IR)
L : / : ‘ 30-27 1816 10-89 3-917
Huzinags - 99 = % (1s), @, = <, (1) o
7

‘o . 21:65
6. =0 (942 o, @)
Hashino $:=oc, (18 + %, .9, (2p)
Huzinaga § = 1-6875
Ag & )'u are variea to

minimijze energy
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TABLE 1—(contd.)

- (exact)

Diagonal term: o \ L 2477
w = 2,(1) a1) x,(2) B(2) \ :
%5(3) & (3)x(41 B@) ;
’MOOI'B [1+rtz(m x+xw . : S LV,,,.
x b7 Tay by
+ %y, b, +.2, xb,) ' -
’ N co e
+ rf (y g ybs+ ...... )
+ 3¢ (z %, B ) .
» o 3086 .. 1134 4104 ©
9.=0q, % (13)+023 %9 (29) ; 84 11-34 4104 :
c 2
+ 2P |
Ransil $: =Ols %u (18)+G28 c’14,(28) .
' + 0y % )
¢ is.common to all coefficis S
ents & ¢ is determined by .
mmimmmg energy,
Phillipson Do (18, 18’ |, 2po, 2p7) 101-47 ' 3-8486 . 27-76  17-33 - 10-78  4-059
&
L 2 . TABLE 2
ENERGIES OF SEPARATED ATOMS AND UNITED ATOMS BY VARIOS FUNCTIONS
He, separated atom energies and united atom energies
He, separated Difference He, united
atom from Hartree * atorn . .
energies 25 (He) Fock in e.v. energies Be Energy in  Difference
Energy in a.u. atom wave aa. from H.F.
tunction " in e,
MO—% —3+695 --0:763 (18)3(1p)* . '——14- 179 +410-72
Hartres=Fock 5723 0  1s92p0 ~-14-387 4508
Uy (18, 16) —5:740 © —0-453 ' lstle? o —14-506 .. +1-82
S, 1ls (18 57517 . —0-761 © o 152282 ‘ ~-14-557 --0-435
g (18, 18, 2p0, 2pm)% —B-755 - —0-861 Hartree Fock® =~ —I14-573. 00
‘Exact —5:807 - =227 169258 ~14-667 —2:56
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. ‘.o Thereview of quantum mechamcal cal- -
‘ IR | culatlons given -above suggests that results
cxra ’ derived from scattering'® data.are too low by
about 18 ev at 0-54. .This discrepancy may
provide] further: impetus o theoretmal and
expenmental mvestlgatlons ‘

BERRY: EXPTL. ia
* ’ function increase as the pumber of electrons
in the system increases. Thomas—Femi—
Dirac statistical model of the atom has been
found to be useful when the number of elec-
trons is large. In this 7FD model of atom,
e 2N |- electrons . are yegarded as forming a perfect
N Y- gas satisfying Fermi statistics and occupying
N region of phase space of lowest epergy. Two
\ ro| electrons are assumed to reside in each ele-
R ment of phase space of: volums (2mh). The

. _ b electrons dens1ty surrounding the nucleus
730 IR S LR A of an’atom rises-steéply and-tlien falls down.
0 2 4  gradually. There is.a sharp cut off in’

R tag) eloctron density at the spherigal surface with

Fig. 9—Repulsive interaction potentials for the r=r, Based wpon' this treatment Abraha-
| ‘j_’ féh‘;ﬂ:ﬁ;gl ‘%B—O?nBMeygrl)ndE]r ]fgf:;‘g& ‘mson’® has -derived the following expres-
© (12:6) 0—Soxana (Exp—6)and A—Repulsive sion for the potential “between 1are gas
- P&Tﬁﬂf EX’P e, aboms. - e e L

RELL AL USRI N L IR R ELL WL

AM: EXPTL:

. V: % (Z1Zze ) [fl ( 1/3 R ) +}_2 ( 1/3 R ) ]+ A o (22)”

(77

where Z, and Z, are atomic numbers of mteractm,g atoms, f; and f2 ate screemng funetions,
a=0- 88534, and a, —-0 529 The term A is glven by the expressmn Co

o - e S i e i rane pree

iE2 0 B/3° BB
/\ % f{K1 (Po1"|‘902) P01+P02) J

I ) f ,. 4/3 4 i .
2K [ s+ o) oot P ] @
where K1 = 2871 (ezfa., ) Kz— 0- 7386?2, Poi {7 ) I8 exacb undlstorted TFD qelec;tromf_;
density distance #; from atom ¢ and D12 is overlap Tegion shared. by both clouds and =+ ‘1: 1s:,:=
vol'ﬁme of overlap reglon. The screemng fu.nctlon is expressed in the form "~

-

—— - Ao -

7
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where u is electric potential at ,a.;ny‘poiht,' u,.,/v= _ (E;—ﬁ)—g + —}—Eé- 3 L
. Sy . A x - o .

ao PR en

n, being the number of electrons per atom and r,, the radius of TFD sftdin.,”'ll‘h’is'func/tion
is evaluated by makmg use of the expression -+ = - LT SRR

2h-e () a]

: r R 1/3 23
where & = e ,u,==0-8853 aOZ , B, = O 2118Z

and 7, = 0-2251 (

The potential function ¥V derived from expressmn (22) an.d experlmental results 5 for
argon are shown in Flg 9.

At short interatomic d1stances this functlon approaches Bohr 8 Screened Coulomb
_ potential 17, 18 ) ,

_mm o ( Ry |
| V= 7 OXP ( Ey ) | (25)
where a, = a, / (P2l 4 p23 )12, At “appreciable distances the agreement between

_ the calculated “results and expenmenta,l data of Amdur® et al is close.
_For practical applications 'Singh’sm four parameter potentlal \ - .

€7, CO8 px[ 2q sinh Bz ° asinhpx]
AR ,

V= " =2 (26)

where x=(r, — r) ande o, B & r,, are constants, is found to be useful to describe the -
beha,v1our of gases with large number of electrons, :
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