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Using a  m o d i f i e d  form o f  the  L- J  (12-6) p o t e n t i a l  energy 

f u n c t i o n  an express ion  f o r  the  second v i r i a l  c o e f f i c i e n t  i s  d e r i v e d  

iinder s o m  p h y s i c a l l y  r e a l i s t i c  assumptions. To t e s t  t h e  s u i t a b i l  i t y  

o f  t h e  r e s u l  t i n g  express ion  the f o r c e  cons tan ts  f o r  Ar, N2, C02, CHb, 

C2H5, neo-Cz,H;z and SF6 gases a re  determined through the m i n i m i s a t i o n  

o f  an e r r o r  d i s c r i m i n a n t .  The agreement between the exper imenta l  se- 

cond v i r i a l  data and the  t h e o r e t i c a l  p r e d i c t i o n s  i n  case o f  po lya tomic  

quasi- spher ica!  molecules i s  found t o  be very  s a t i s f a c t o r y .  

Usando uma forma m d i f  icada de função L-J (12-6) para a  

energ ia  p o t e n c i a l ,  uma expressão para o  segundo c o e f i c i e n t e  v i s i a l  é 

der i vada  sob a l g u m a s     h ipóteses f i s i camente  r e a l i  stas.  Para t e s t a r  a  

adeauação da expressão r e s u l t a n t e  as cons tan tes  de f o r ç a  para os gases 

Ar, N P ,  CQ2, CH4, C 2 i i 6 ,  Neo-C5HI2 e  SF6 são determinados a t r a v é s  da 

minimisação de um d i s c r i m i n a n t e  de e r r o .  A  concordância e n t r e  os  dados 

exper imentais do c o e f i c i e n t e  de segundo v i r i a l  e  as predições t e ó r i c a s  

nos casos de m o l é c u l a s  p o l  i a t o m i c a s  q u a s i - e s f é r i c a s  é bas tan te  sa t i s -  

f a t ó r  ia.  

Lt i s  usual t o  descr ibe  the  i n t e r a c t i o n  between a  p a i r  o f  

s p h e r i c a l i y  synimetr ical molecules i n  terms o f  the  p o t e n t i a l  energy o f  

the system, @(r). Th is  i s  the s o- c a l l e d  i n t e r m o l e c u l a r  p a i r  p o t e n t i a l  



energy f u n c t i o n ,  which i s  r e l a t e d  t o  t h e  f o r c e  between the  molecules 

F ( r )  by 

m 

= j ~ ( r ) d r  
r 

where r i s  the  s e p a r a t i o n  between t h e  c e n t r e s  o f  t h e  molecules.  

General 1 y  th ree  p r i n c i p a l  methods have been used f o r  the  de- 

t e r m i n a t i o n  o f  t h e  p o t e n t i a l  energy f u n c t i o n .  

1. D i r e c t  r i g o r o u s  quantum mechanical c a l c u l a t i o n s  f o r  the r e a l  sys-  

tems . 
2. The measurement o f  the  e q u i l i b r i u m  and t r a n s p o r t  macroscopic proper-  

t i e s  t h a t  can be r e l a t e d  d i r e c t l y  t o  the  i n t e r m o l e c u l a r  fo rces .  A 

model i s  assumed and i t s  d i s p o s a b l e  p a r a m e t e r s  a r e  determined 

through the  compar i son between exper imenta l  data and t h e o r e t  i c a l  

p r e d i c t i o n s .  More r e c e n t l y ,  two a d d i t i o n a l  improved m o d i f i c a t i o n s t o  

t h i s  techn i  que have been i ncorporated:  

a) I n v e r s i o n  o f  the t h e o r e t  i c a l  formul as i n v o l v i n g  b u l k  p r o p e r t i e s  

has g iven  v e r y  v a l u a b l e  i n f o r m a t i o n  i n  the fo rm o f  a  numer ica l  po- 

t e n t i a l  which i n  t u r n  can be f i t t e d  t o  a  convenient  and r e a l i s t i c  

f u n c t i o n a l  form. b) The combinat ion o f  (1) and (2) i .e .  a c c u r a t e l y  

known d i  r e c t  c a l c u l a t i o n s  i n  t h e  s h o r t  and long  range p o r t i o n s  com- 

b ined  w i t h  a  r e a l i s t i c  f u n c t i o n a l  form i n  the i n t e r m e d i a t e  reg ions,  

such t h a t  t h e  s e n s i t i v e  dependence o f  the  r e l a t e d  exper imenta l  p r o -  

p e r t y  f i x e s  t h e  shape o f  the  p o t e n t i a l  energy f u n c t i o n .  

3. The s tudy  o f  the i n t e r a c t i o n s  o f  m l e c u l e s  i n  p a i r s  by exper iments 

o n  t h e  s c a t t e r i n g  o f  mo lecu la r  beams - r e c e n t )  y  t e c h n  i q u e s  have 

been developed f o r  the  i n v e r s i o n  o f  the  d i f f e r e n t i a l  cross - s e c t i o n  

data t o  d i  r e c t l y  o b t a i n  t h e  p o t e n t i a l  energy cu rve .  

Sevent ies may be h a i l e d  as a  m i l e s t o n e  i n  t h e  d e t e r m i n a t i o n  

o f  r e a l i s t i c  i n t e r m o l e c u l a r  p a i r  p o t e n t i a l s  f o r  the nob le  gases. Wi th  

competi t i v e  and o f t e n  c01 l a b o r a t i  ve e f f o r t s  o f  the v a r i o u s  research 

groups the i n t e r m o l e c u l a r  p o t e n t i a l  f u n c t i o n s  f o r  the  nob le  gases a r e  

now considered t o  be kwnow w i t h i n  1  t o  2  percen t  o f  t h e  t r u e  p o t e n t i a l .  

Because o f  a  l a r g e  nurnber o f  a r t i c l e s  w r i  t t e n  on t h i  s  t o p i c  we 1  imi  t 

ourse lves  here  t o  t h e  re fe rences  o f  more r e c e n t  p u b l i c a t i u n s  o f  u u r  



groupl. The work o f  o t h e r  groups has been e x t e n s i v e l y  r e f e r r e d  i n  o u r  

a r t i c l e s .  We f o l l o w  t h e  sarne p r a c t i c e  t o  r e f e r  t h e  l i t e r a t u r e  on t h e  

nob le  gas m i x t u r e 2  as w e l l .  I n  t h e  l a t t e r  case a r e m a r k a b l e  progress 

has been inade i n  the  d e t e r m i n a t i o n  o f  i n t e r m o l e c u l a r  p a i r  p o t e n t i a l  e -  

nergy func t ions  i n  s p i t e  o f  the l a c k  o f  the e l a b o r a t e  exper imenta l  da- 

t a  on the:je systems. The progress i n  the  de te r rn ina t ion  o f  +(r) f o r  no- 

b l e  gases and t h e i r  m i x t u r e s  carne l a r g e l y  as a r e s u l t  o f  t h e i r  b e i n g  

"simpie" systems i .e .  e x i s t e n c e  o f  almost c e n t r a l  f o r c e  f i e l d s  between 

mo lecu la r  p a i r s .  The s i t u a t i o n  becomes very  cornpl icated when we s t u d y  

the po lya tomic  molecules because o f  the rnul t i b o d y  i n t e r a c t i o n s  and t h e  

o r  i e n t a t i o n  dependent addi  t i o n a l  parameters. That i s why appl  i c a t i o n s  

o f  t h e  quantum mechanical methods have n o t  made much headway t o  p e r -  

form the ab i n i  t i o  c a l c u l a t i o n s  f o r  these systems. We need t o  c o n t i n u e  

t o  use the p h y s i c a l l y  r e a l i s t i c  models o f  the p o t e n t i a l  e n e r g y  func -  

t i o n s  t o  e x p l a i  n the  n a t u r e  o f  the  i n t e r m o l e c u l a r  i n t e r a c t i o n s  between 

polyatomic molecules u n t i l  t h e  more accura te  c o m p u t a t i o n a l  techniques 

based on t h e  f i r s t  p r i n c i p i e s  a r e  developed and p e r f e c t e d  t o  s a t i s f a c -  

t o r y  1evel: j .  The Lennard-Jones (12-6) p o t e n t i a l  model shows p r o b a b l y  

the bes t  compromise between accuracy and s impl  i c i t y  and i s  t h e  most ex -  

tens i v e l  y s íud ied .  ~ i h a r a ~  through t h e  c a l c u l a t i o n  o f  second and t h i  r d  

v i r i a 1  c o e f f i c i e n t s  and v i s c o s i t y  on almost s t r u c t u r e l e s s ,  s p h e r i c a l -  

l y  syrnmetric, nonpolar  and nonquantum gases has, h o w e v e r ,  c r i t i c i s e d  

t h i s  f u n c t i o n  and has concluded t h a t  t h e  r e a l  i n t e r m o l e c u l a r  p o t e n t i a l  

f o r  r a r e  g;ises has a w ider  bowl and a harder  r e p u l s i v e  w a l l  than t h a t  

o f  the L-J (12-6) p o t e n t i a l .  To improve upon t h i s  ~ i h a r a ~  assumed t h e  

presence o f  a convex hard  core i n s i d e  each molecule and rep laced  the 

s e p a r a t i o n  between the c e n t r e s  o f  the  molecules b y  the  s h o r t e s t  d i s -  

tance between the  cores.  

~i t z e r 4  extended the K i  ha ra  core idea t o  t h e  nonpolar ,  g l o -  

b u l a r  and nonspher ica l  molecules wi t h  the view t h a t  the  appl i c a t i o n  o f  

the K ihara  c e n t r a l  p o t e n t i a l  f u n c t i o n  i n  case o f  compl icated molecules 

where the  i n t e r a c t i o n s  a r e  more dependent on t h e  p e r i p h e r a l  atoms o r  

the methyl groups and a l s o  t o  some e x t e n t  on the o r i e n t a t i o n s  o f  the 

molecules, wi 1 1  be an overs impl  i f i c a t i o n .  I t  i s  observed t h a t  the  ove- 

r a l l  e f f e c t  o f  the nonspher ica l  and g l o b u l a r  na tu re  o f  the  molecules 

i s  t o  nar ro r i  and deepen the p o t e n t i a l  wel 1 . ~ a l e s c u ~ ,  Connol ly6 and O-  



t he rs7 - l 1  have also shown t h a t  Kihara as we l l  as o the r  three p a r a m t e r  

p o t e n t f a l s  e x h i b i t  the narrowing and the despening o f  the p o t e n t i a l  

we l l  w i t h  increasinç molecular asymmtry. The L-J (12-6) p o t e n t i a l  as 

such does not  involve any molecular parameter depending upon i t s  s t ruc-  

t u re  which may account the nonspherici t y  o r  asymmetry o f  the pol  yato-  

mic molecules and i s  thus supposed t o  be i n s u f f i c i e n t l y  f l e x i b l e  t o  

reproduce the experimental macroscopi c datã  on compi ica ted molecules. 

I t  i s  i n  t h i s  l i g h t .  t ha t  i n  the present a r t i c l e  we suggest 

and t e s t  a modif ied form o f  the Lennard-Jones, L-J ( 12-6)  p o t e n t i a l  

where we assume the ex i  stence a f  a spher ical  impenetrable hard core à t  

the centre o f  each molec'ile. This mod i f i ca t i on  r e c t i f i e s  the physical  

de f ic iency  o f  the L-J (12-6) model by making the po ten t i a l  energy va- 

lues i n f i n i t e l y  la rge a t  f i n i t e  values of i n t e r m o l e c u l a r  separat ion 

and not  a t  zero separat ion as i n  the case o f  L-J (12-6) . The l a t t e r  

i m p l i c i t l y  assumes the molecules t o  be dimensionless { o r  say, dinien- 

sions which are i n f i n i t e l y  compressible) which p a r t i c u l a r l y  i n  case of 

polyatomic molecules i s  no t  the co r rec t  desc r i p t i on  o f  xhe rea l  phys i-  

c a l  s i t u a t i o n .  This modi f ied L-J (12-6) model may be w r i t t e n  i n  the 

f o l  lowing form. 

Here $ ( r )  = po ten t i a l  energy a t  an intermclecular  separation 

E = depth o f  the p o t e n t i a l  energy minimum 

o = value o f  5 a t  which ( i r )  = O 

ao = diameter o f  the spher ical  impenetrable hard core assumed 

i n  each m l e c u l e .  

core diameter 
t na t  i s ,  a = 

c011 i s i o n  diameter 

Thus we have assumed u d i r e c t  p r o p o r t i o n a l i t y  between core-diameter and 

c01 1 

L-J 

simp 
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ision-diameter. Consequeritl y, the parameter "a" makes the modif ied 

(12-6) po ten t i a l  func t io r i  dependent upon the molecular dimension. A 

1 i f i e d  expression f o r  the second v i r i a 1  c o e f f  i c i e n t  based on the 



above E q . ( l )  i s  derived. To determine the success o f  t h i s  expression we 

have determined the p o t e n t i a l  parameters by the ~ i n i m i z a t i o n  u f  an e r -  

r o r  d iscr iminant  fo r  Ar, N2, C02, C K 4 ,  C2H6, r ~ e o - C ~ H ~ ~  and SF6 gases. 

We a l ç o  tabu la te  ' the reduced second v i r i a l  c o e f f i c i e n t  (B*(T*)  =, Z(T) 

/($ nflu3)) as a func t ion  o f  T* and reduzed core diameter "a". 

2. THEQRY 

According t o  s t a t i  s t i c a l  maçhanics the express;on12 f o r  se- 

cond v i r i a l  c o e f f i c i e n t ,  B(T), f o r  cen t ra l  p o t e n t i a l s  i s  g iver by 

where N = Avogrado numoer 

k = BOI tzmann constant 

Nou using the physical  p i c t u r e  embedded i n  the p o t e n t i a l  

f unc t i on  given by Eq. ( I )  and spl i t t i n g  up the i n teg ra l  o f  Eq.(2j i n t u  

two pa r t s  corresponding t c  the short  range (ao t o  a )  and the long ran- 

ge (0 t o  -1, one may modify Eq. ( 2 )  as: 

Where II re fe rs  t o  the f i  r s t  i ntegrand and I2 t o  the second 

i n  the above equation. The i n teg ra l  I2 can he solved a n a l y t i c a l l y  by 

expandiny the exponential terw t o  y i e l d  

+ - ihese tabu la t ions  can be had from the author d i r e c t l y  on request. 



O r  i n  terrns o f  t h e  reduced temperatures T* = ( ) E7k 

Where T i s  the tempcrature i n  degrees Ke lv ins .  

I f  we cons ider  the  temperature range f o r  wh ich  T* i s  g r e a t e r  

than u n i t y  t h e  s e r i e s  can be te rmina ted  a f t e r  the  f o u r t h  te rm w i t h o u t  

i n t r o d u c i n g  an apprec iab le  e r r o r .  Th is  assurnption makes t h e  f i n a l  ex -  

p r e s s i o n  v a l  i d  o n l  y  above room ternperature. 

The i n t e g r a l  Il can be w r i  t t e n  as 

3. SOLUTION OF I l  

a) The s o l  u t  i o n  o f  the second te rm o f  t h e  r i  gh t hand s  i d e  o f  

Eq. (5)  i s  n o t  v e r y  s t r a i g h t  forward.  I t  may be no ted  t h a t  i t s  c o n t r i -  

b u t i o n  as cornpared t o  the  c o n t r i b u t i o n  o f  t h e  o t h e r  terms i s  conside-  

r a b l y  sma l l .  Moreover, i n  the  s h o r t  range r e g i o n  the  r e p u l s i v e  energy 

te rm o f  ~ q . ( l )  i s  predominant and the d i s p e r s i o n  energy c o n t r i b u t i o n  i n  

t h  i s  r e g i o n  can be safe1 y  neglected. '  Hence we can w r i  t e  

12 11, [- w) r2h  = exp {- (-9 ] r 2 h  I 3 (6) 
ao 

b) By p u t t i n g  r  = u - x 
f rom the  p o s i t i o n  a t  which @(r)  = 

where x i s  t h e  d i s t a n c e  measured 

O so t h a t  

I t  i s  obv ious t h a t  un less we go t o  v e r y  h i g h  temperatures 

the v a l  ues o f  3: are  bound t o  be v e r y  srnal 1 as compared t o  r o r  o .  Un- 



der t h i s  approximat ion the  i n t e g r a l  I 3  reduces t o  the f o l l o w i n g  form 

x L 
I n  w r i t i n g  equat ion  (8) we have neg lec ted  a l l  term con ta i n i ng  -2. and 

o 
i t s  h i ghe r  powers. The i n t e g r a t i o n  o f  Eq. (8) by p a r t s  y i e l d s  

The c o n t r i b u t i o n  o f  the  te rm i n v o l v i n g  exp 

even f o r  s u f f i c i e n t l y  l a r g e  values o f  T  o r  T* so t h a t  i t  can a l ç o  be 

omi t ted  . 
Combining Eqs. ( 3 ) ,  (4) ,  (5) and (10) we ge t  an express ion  

f o r  the second v i r i a 1  c o e f f i c i e n t  

The assumptions used i n  the d e r i v a t i o n  o f  the above equat ion  

1  imi  t i t s  va l  i d i  t y  i n  the temperature range T* > 1. 

4. DETERMINATION OF POTENTIAL PARAMETERS 
AND DISCUSSION 

1) We determine the p o t e n t i a l  parameters ~ / k ,  o and "a1' 

through the exper imenta l  data on B(T) i n  con junc t i on  w i t h  the  t h e o r e t i -  

c a l  r e l a t i o n  (11) developed on the  bas i s  o f  t he  p o t e n t i a l  g iven by Eq.  

( I ) .  Three pararneters a re  chosen so t h a t  the e r r o r  d i s c r im inan t  



t h a t  i s ,  t h e  sum o f  t h e  squares o f  t h e  r e l a t i v e  d e v i a t  

p r e d i c t e d  (Bcal) and m e õ ~ r e d  v i  r i a 1  c o e f f  i c i e n t  (B ) 
exp 

i n  o t h e r  words when Eq .  (12) g ives  t h e  miriimurr; v a l u e  w 

r i a t i c n  o f  a11 t h r e e  parameter; o f  Eq. (11) .  Here n i s  

exper imenta l  p o l n t s .  

i o n  ( P )  between 

, i s  mininum, o r  

l i  t h  respec t  t3 va- 

t h e  nu1~be.r o f  t h e  

In  a c h i e v i n g  t h i s  we s t a r t e d  w i t h  t h e  L-J (12-6) p o t e n t i a !  

parameters as the  i n i  t i o 1  va lues  o f  ~ / k  and 0 and exp lo red  t h e i r  o p t i -  

mimum values iri b o t h  d i  r e c t i o n s .  For  "a" the v a l  ues r e p o r t e d  by ~ i h a r a ~ ,  

p i t z e r 4  and Bae and ~ e e d ' l  have proven as a g r e a t  h e l p  i n  t h e i r  cho ice  

as the  s t a r t i n g  va lues.  The va lces o f  t h r e e  parameterã thus deterni ined 

a r e  l i s t e a  i n  Table 1 .  

Here the  va l i les o f  "a" a re  ' l a r g e r  than t h e  corresponding va- 

I ~ e s  f o r  the  K ihara  p o t e ~ t i a l .  I t  may be p o i n t e d  o u t  here t h a t  a  s i m i -  

l a r  s tudy  .us ing the  Morse p o t e n t i a l  has b e m  made by Bae and Reed l i .  

They a l s o  observed t h a t  the  c o r e  s i z e s  f o r  Ar and C02 g iven  by Sherwoou 

and p r a u s n i t z g  accord ing  t o  the  K ihara  p o t e n t i a l  a r e  t o o  smal l  conside-  

r i n g  the  s t r u c t u r e  o f  the molecules. Fur ther ,  the  l a r g e  va lues  o f  "a'! 

which we have f i xed  throuçh t h e  sirnultaneoi is v a r i a t i o n  o f  a11 the t h r e e  

p a r a m t e r s  i n  Eq. ( I ] ) ,  seem t o  be p h y s i c a l ! ~  j u s t i f i e d  as the p resen t  

m d e l  w i l i  heve ;i d e f i n i t e  p o t e n t i a i  energy a t  r = ao. Hence t o  have 

the  same r e p u l s i o n  c o n t r i b u t i o n  t o  B(T) as g iven  by K ihara  p o t e n t i a l  

the value o f  "a" must be corresponding!y  l a r g e r .  

To t e s t  the  su i  t a b i l i  t y  o f  the p r e s e n t l y  proposed niodel we 

compare the p r e d i  c t  ions o f  exnress i o n  (1 1 )  wi t h  t h e  exper imenta l  B (7') 

valses and w i t h  those on o t h e r  methods o f  c a l c u l a t ! o n s  f o r  Ar, N2, C02, 

CH4. C2H6, ~ ~ O - C ~ F ! ~ ~  and SF6. The resu ! ts  a r e  l i s t e d  i n  t h e  t a b l e s  2-8 

f o r  the v a r i o u s  gases. A b r i e f  d e s c r i p t i o n  o f  the  c a l c u l a t i o n s  i s  a5 

Fol 1  ows : 

1) The p r e d i c t i o n s  Sased on  express ion  ( 1  1) u s i n g  the  p o t e n t i a l  parane- 
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t e r s ,  E/,?, 0 and l la' l  determined i n  t h e  p resen t  s t u d y  through t h e  mi-  

n i m i z a t i o n  process, a r e  r e p o r t e d  i n  column t h r e e  o f  t h e  Tables 2-8. 

2) The c a l c u l a t e d  B ( T )  values based on  express ion  ( 1  I), u s i n g  t h e  L-J 

(12-6) values f o r  t h e  parameters ~ / k ,  u as r e p o r t e d  by  H C 913 and 

j u d i c i o u s l y  choosing a f i x e d  o f  the  t h i  r d  p a r a m t e r  "a1' í=0.48), a r e  

repor ted  i n  column f o u r  o f  t h e  Tables 2-5. 

3) The above two s e t s  o f  c a l c u l a t e d  B I T )  va lues  a r e  compared wi  t h  t h e  

p r e d i c t i o n s  o f  the  L-J (12-6) p o t e n t i a l  and t h e  exper imenta l  data.  

'rhe average abso lu te  d e v i a t i o n s  (z )  o f  t h e  t h r e e  s e t s  o f  

c a l c u l a t e d  va lues f rorn the  exper imenta l  ones a r e  0.95, 1.47 à n d  G .95 

f o r  Ar; 0.61, 1.24 and 0.42 f o r  N2; 4.03, 5.19 and 5.62 f o r  C02; 0.29, 

0.29 and 0.'75 f o r  CHq, r e s p e c t i v e l y .  As we go t o  m r e  compl i ca ted  mole- 

c u l e s  o f  C2Hô, neo-C5HI2 and SFô the express ion  (1 1) i n  c o n j u n c t i o n  w i  t h  

the  p o t e n t i a l  parametítrs o f  Table 1 determined here g ives  p romis ing  r e -  

s u l  t s .  The f a i  l u r e  o f  the  (12-6) p o t e n t i a l  f u n c t i o n  i n  c a s e o f  Neo-C5HI2 

has a l  ready been e s t a b l  ished by Saxena and Joshi  l 3  and Hamann an8 Larn- 

berc14.  The p resen t  c é l c u l a t i o n s  on  C02 and SF6 a r e  i n  good agreement 

wi t h  those o f  R ~ b i n s o n  and ~ e r r ~ n l ~  who have determined the  p o t e n t i a l  

parameters throuçh the  n i n i m i z a t i o n  o f  an e r r o r  d i s c r i m i n a n t  sim! l a r  t o  

Eq.  (12) f rom rhe  d i r e c t  d e t e r m i n a t i o n  o f  t h e  i n t e r m o l e c i i l a r  p o t e n t i a l  

by n u m r i c a l l y  i n v e r t i n g  the  s t a t i s t i c a l  mechanical express ion  (12) f o r  

second v i r i a i  c o e f f i c i e n t .  The second v i r i a l  da ta  on a l l  t h e  po lya tomic  

gases cortsidered here a r e  f a r  b e t t e r  reproduced than t h e  ~i t z e r ' s l E  'I7 

equar ion  o f  s t a t e  i n v o l v i n g  an a c e n t r i c  f a c t o r  t o  take  c a r e  o f  t h e  asy-  

m m t r y  o f  the non- spher i ca l  molecules.  

5. CBNCLUSIONS 

i) Express 

stands a yood t e s t  t o  

i o n  (11) d e r i v e d  on t h e  s e m i- t h e o r e t i c a  

p r e d i c t  the second v i r i a l  d a t a  f o r  cornp 

molecules p a r t i c u l a r l y  a t  moderate ly  h i g h  temperatures where thc 

r i m e n t a l  da ta  f o r  such type  o f  molecules s r e  scan ty .  

1 b a s i s  

1 i c a t e d  

e expe- 

2 )  Complicated numer ica l  i n t e g r a t i o n  i s  e a s i l y  bypassed i n  



t h e  c a l c u l a t i o n s  o f  the B ( T )  wi t h o u t  i n t r o d u c i n g  e r r o r s  beyond t h e  ex-  

per imenta l  u n c e r t a i n l y  i n v o l v e d  i n  t h e  rneasurernents o f  data.  

3) Thus the assurnption f o r  the e x i s t e n c e  o f  an impenetrable 

hard  c o r e  i n s i d e  a polyatorn ic  rnolecule i n d i r e c t l y  accounts f o r  the non- 

- s p h e r i c i t y  o f  the  m l e c u l e .  

4) Growing evidence i n  li t e r a t u r e  i s  recon f  irrned t h a t  the  

L-J (12-6) p o t e n t i a l  i s  t o o  sirnple t o  account f o r  t h e  f o r c e  f i e l d  b e t -  

ween compl i ca ted  molecules.  

5) C a l c u l a t i o n  t a k i n g  i n t o  account the  o r i e n t a t i o n s  o f  the 

hard  cores w i t h  respec t  t o  t h e  a x i s  j o i n i n g  the cen t res  o f  the  cores i n  

t h e  a d j o i n i n g  rnolecules, may f u r t h e r  irnprove the  s u i  t a b i  l i t y  o f  expres-  

s i o n  ( l i )  f o r  i n t e r p o l a t i o n  and e x t r a p o l a t i o r  purposes. 

Table 1 - P o t e n t i a l  parameters f o r  Ar, N2, C02, CHI,, C2t i6 ,  neo-C5H12 and 

S i 6  deterrnined by  m i n i m i z a t i o n  o f  the e r r o r  d i s c r i m i n a n t  g iven  b y  Eq. 

< 1 2:) 



References 
Tempera t u r e  cc/mol e  cc/mole cc/mole 

Ga s c a l c . b y  c a l c . b y  cc'mole c a l c .  by Exper imenta l  
O K exper imenta 1 paraneters ( i - J j  Para- ( L - J )  Po- Data 

o f  Table 1 meters and t e n t i a l .  
f i  xed a 

-- .- 

Table 2 - Compari son o f  the exper imenta l  and c a l c u l a t e d  B ( T )  v a l  ues f o r  A r .  



r 3  
00 

-- - 
P(T) B(T) B(T) B ~ T )  Referentes 

Tempe r a t  ure 
Gas o c c / m  l e cc/mo 1 e c c / w l  e cc/mo! e 

K c a l c .  by c a l c .  by c a l c .  by Exper imenta i 
exper imenta l  pãrameters (L-J) Para- (L-J) Po- Data 

o f  Table 1 meters and t e n t i a l  
f i x e d  a 

-- -- - -- - - - 

Table 3 - Comparison o f  the exper imenta l  and c a l c u l a t e d  B ( T )  va lues  f o r  Nn. 
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Temperature B ( T )  B ( T )  B ( T )  B i T) References 
c c / m  1 e cc/mo 1 e cc/mole cc/rnole 

Gas o K c a l c .  by c a l c .  by c a l c .  by Exper imenta l  
exper imenta l  Parameters ( L- J )  Pa- (L-J)  PO- 

o f  Table 1 rarneters t e n t i a l  Data 

and f i xed a 
- - --- --- - _- - ____=.I__ - --- - - ---- - p- - - - -- - - - - - . - - . - --- - 

CHI, 273.2 -54.1 -54.5 -53.5 -54 .O 

303.2 -41.6 -41.8 -41 .6 -41.6 

323.2 -34.3 -34.9 -34.8 -34.7 

343.2 -29.1 -28.9 -28.8 -28.7 

363.2 -24.2 -23.7 -23.6 -23.7 21, 23 

383.2 -19.5 -19.2 -19.1 -19.3 

402.2 -15.4 - 15 .1  -15.1 -15.1 

444.3 - 8.1 - 8.2 - 8.2 - 8.1 

477.6 - 3.6 - 3.6 - 3.6 - 3.5 

Table 5 - Comparison o f  t h e  exper imenta l  and c a l c u l a t e d  B(T) values f o r  CHq. 



B ( T I  B ( T )  References 
Temperature cc/mole cc/mol e 

Ga s c a l c .  by Exper imenta l  
OK 

exper imenta l  Parameters Data 

o f  Table 1 

Table 6 - Comparison o f  the exper imenta l  and c a l c u l a t e d  B ( T )  values f o r  

C2H6. 

Tempe r a t u r e  B ( T )  B ( T I  Refe rences 
Gas 

O K cc/mole cc/mol e Exper imenta l  

exper imenta l  c a l c .  by 
pa rame t e r s  Data 

o f  Table 1 

Table 7 - Coniparison o f  the exper imenta l  and c a l c u l a t e d  B ( T )  values f o r  

neo-C5H12. 



Gas 

Tempera t u r e  E (T) B (T) References 

O K 
cc/mol e cc/mole Exper imenta l  

c a l c .  by 
expe r i m n  t a  1 

Da rame t e  r s  
Data 

o f  Table 1 
-- - -- - 

pp -- - - 

Table 8 - Comparison o f  the  exper imenta l  and c a l c i i l . i t e d  B ( T )  values f o r  

SF6. 
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