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Ng, Lee and Barker (J.Chem. 

t l  y proposed very  sophi s t  i ca ted  mul t 
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ipa ramet r i c  un l  i k e  pa 

) have recen- 

i r  p o t e n t i a l  

energy func.tions f o r  NeiAr, NeiKr and Ne+Xe systems. Recent data over a 

wider temperature range f o r  v i s c o s i t y ,  d i f f u s i o n  and thermal d i f f u s i o n  

have prompted .us t o  examine those p o r t  ions o f  Ng-Lee-Barker (NLB) po- 
t e n t i a l s  which a r e  s e n s i t i v e l y  in f luenced by these t r a n s p o r t  p r o p e r t i e s  

data. The o v e r a l l  s a t i s f a c t o r y  agreement, except some f i n e  t u n i n g  re -  

q u i r e d  i n  c e r t a i n  p o r t i o n s  o f  the  p o t e n t i a l s ,  between the  t h e o r e t i c a l  

p r e d i c t i o n s  and the experimental data es tab l i shes  the  v a l i d i t y  o f  the  

method used by Ng, Lee and Barker. 

Ng, Lee and Barker (J.Chem.~hys. 61, 1996 (1974)) propuseram, 

recentemente, funções mu i to  s o f i s t i c a d a s  de energ ia po tenc ia l  de m ú l t i -  

p los  parâmetros para moléculas não semel hantes do t i p o  Ne+Ar, i;e+i'.r e 

Ne+Xe. A d i  jponi  b i  1 idade de recentes dados sobre v iscos idade, d i fusác  

e d i fusão  térmica numa f a i x a  maior de temperatura leva-nos a examinar 
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aquelas par tes  dos po tenc ia is  de Ng - Lee - Barker (NLB) que são sensi-  

velmente in f luenc iados  por estas propriedades de t ranspor te .  A concor- 

dância mu i to  s a t i s f a t ó r i a ,  exceto pequenos ajustamentos necessários em 

c e r t a s  reg iões  de po tenc ia is ,  en t re  predições t e ó r i c a s  e dados exper i -  

mentais estabelece a va l idade  do método usado por N g ,  Lee e Barker. 

1. INTRODUCTION 

The methodsl have been developed whereby e l a s t  i c  s c a t t e r  ing 

c ross- sec t ion  data can be inver ted  w i thou t  any preassumptions about the 

form o f  the p o t e n t i a l  energy func t ions .  The procedures d i r e c t l y  y i e l d t h e  

numerical values o f  the  p o t e n t i a l  energy between a p a i r  o f  atoms o r  mole- 

cu les.  Th is  Invers ion  procedure requ i res  very h igh  grade experimental da- 

t a  f o r  v e l o c i t y  spread, angular  spread e t c .  U n t i l  the r e s o l u t i o n  o f  the 

measurements i s  improved t o  the requ i red  degree we w i l l  have t o  depend on 

the  convent ional  techniques employed f o r  the a n a l y s i s  o f  the s c a t t e r i n g  

data. I n  t h i s  method a model i s  assumed t o  represent t h e  i n t e r a c t i o n s  

( l i k e - l i k e  o r  u n l i k e ) ,  depending upon the  case under cons idera t ions  be t -  

ween the  molecular systems and the  X2 - d ispers ion  i s  minimized so t h a t  

the c a l c u l a t i o n s  agree w i t h  the experimental r e s u l t s .  The r e a l i s t i c n e s s  

o f  the assumed model depends upon the  amount o f  the  t h e o r e t i c a l  i n f o r m a -  

t i o n s  used i n  i t s  cons t ruc t ion .  Now, t h a t  f a i r l y  accurate short- range and 

long-range p o t e n t i a l  energy values f o r  va r ious  systems o f  i n t e r e s t  have 

become a v a i l a b l e ,  one can cons t ruc t  a  reasonable semi-empir ical model.The 

l a t t e r  can be f u r t h e r  r e f i n e d  by the a n a l y s i s  o f  the sca t te r ing ,spec t ros -  

copio,  s o l i d  s t a t e ,  l i q u i d  s t a t e  and b u l k  p roper ty  data. The experienced 

worker i n  t h i s  f i e l d  have r e a l i z e d ,  through the  repeated and step wise 

f i n e  tun ing  o f  t h i s  assumed model, t h a t  the  stage can be reached when am- 

l y s i s  becomes model independent. By the l a t t e r  we mean t h a t  the s l i g h t  

changes i n  the parameters o f  the  model r e s u l t  i n  comparat ive ly  apprec ia-  

b l e  disagreement between experimental r e s u l t s  and the c a l c u l a t i o n s .  Thus, 

a  "unique" set  o f  parameters i s  poss ib le  and can be achieved. We can f u r -  

t h e r  e l u c i d a t e  t h i s  by c i t i n g  below a few instances where i t  has a c t u a l l y  

occurred. 

Lee and coworkers2 have r e c e n t l  y  measured the low energy d i f -  

f e r e n t i a l  cross- sect ions f o r  the systems Ne+Ar, Ne+Kr and Ne+Xe. Through 



the  a n a l y s l -  o f  these r e s u l t s  a long w i t h  the  d i f f u s i o n  and v i r i a l  data 

they have been ab le  t o  suggest semi -emp i r i ca l l y  der ived unl ike- atom i n t e -  

ra tomic p o t e n t i a l  energy func t ions .  These a r e  h i g h l y  f l e x i b l e  and com- 

p l  i ca ted  func t ions  as compared t o  (n-6) s e r i e s  o f  models t o  which they3 

had f i t t e d  t h e i r  e a r l i e r  s c a t t e r i n g  r e s u l t s  on these very systems. Not 

s u r p r i s i n g l y  the parameters d e f i n i n g  the  wel l- depths and t h e i r  p o s i t i o n s  

f o r  these two se ts  o f  models i i e  w i t h i n  t h e  e r r o r  o f  the  i n d i v i d u a l  deter- 

minat ions.  The same i s  t r u e  f o r  the  values o f  these parameters f o r  the  

same-systern~ as determined by ~ o ~ e r v o r s t ~  v i a  the  anal y s i s  o f  h i  s h i g h l  y 

accurate d i f f u s i o n  data on the  L-J (12-6) and exp-6 models. A l l  these a- 

bove mentioried sets  o f  p o t e n t i a l  parameters a r e  d i r e c t l y  determined f o r  

the u n l i k e  ixolecule i n t e r a c t i o n s  w i thou t  any recourse t o  the  combinat ion 

ru les .  Thus, though the  var ious  p o t e n t i a l  energy func t ions  may d i f f e r  i n  

the d e t a i l s  and the r e a l i s t i c n e s s  as embedded i n  t h e i r  semi-empiricism,but 

t h e i r  e s s e n t i a l  and p h y s i c a l l y  rea l  i z a b l e  parameters (E, a ,  r e t c )  once m 
f i n e  tuned w i t h  the  a i d  o f  the  experimental data, can Se regarded w i t h  

conf idence. This  may be reworded by s t a t i n g  t h a t  the  p o t e n t i a l  parameters 

thus determined may be t r e a t e d  as model independent and bear a good degree 

o f  "uniquent?ss". Judging from the ser;ous e f f o r t s  o f  va r ious  groups o f  

t h e o r e t i c i a n s  and exper imenta l i s ts  i n  the  area o f  i n te rmo lecu la r  forces,  

i t  may n o t  lbe long be fo re  one would be a b l e  t o  t e s t  degree o f  uniqueness 

i n  the  na tu re  o f  the p r e s e n t l y  a v a i l a b l e  se ts  o f  p o t e n t i a l  parameters (e. 

g. the ones discussed above) aga ins t  the  corresponding values determined 

from the ab i n i t i o  c a l c u l a t i o n s  and the  invers ion  o f  the  experimental da- 

ta .  

I n  the  present a r t i c l e  we p lan  t o  study the  r e c e n t l y  proposed 

p o t e n t i a l  energy func t ions  f o r  Ne+Ar, Ne+Kr and Ne+Xe systems due t o  Ng, 

Lee and 6arker2. Our e f f o r t s  w i l l  by main ly  d i r e c t e d  t o  examine the  s u i -  

t a b i l i t y  o f  those p o r t i o n s  o f  these p o t e n t i a l  energy func t ions  which a r e  

in f luenced  by the  t ranspor t  p r o p e r t i e s .  We would a l s o  make comparisons 

w i t h  a Morse - 6 p o t e n t i a l  f o r  Ne+Ar as suggested by Konowalow and Zak- 

heim5. The s a l i e n t  fea tu res  o f  the  s p e c i f i c  p o t e n t i a l s  which w i l l  be the  

sub jec t  o f  the present  s tudy a r e  mentioned below. 



2. THE POTENTIALS 

,I. Exponential - Spline - Morse - Spline - van der Waals 
(ESMSV)~ potential for Ne+Ar systems and Morse - Spline - 
van der Waals (MSV)~ potentials for Ne + Kr and Ne + Xe 
systems: 

The t h e o r e t i c a l  c a l c u l a t i o n s  f o r  the p o t e n t i a l  energy values 

f o r  Ne+Ar system i n  the shor t- range reg ion  a r e  a v a i l a b l e .  Th is  r e p u l s i v e  

p a r t  o f  the p o t e n t i a l  i n  Born-Mayer forrn i s  smoothly j o i n e d  by an expo- 

n e n t i a l  s p l i n e  t o  a  Morse- funct ion. For Ne+Kr and Ne+Xe Morse- f u n c t i o n  

rep laces the above mentioned Born-Mayer p l u s  exponent ia l  s p l i n e  f u n c t i o n  

p o r t i o n  i n  the absence o f  the  r igo rous  r e p u l s i v e  energ! c a l c u l a t i o n s .  The 

p l r e l y  a t t r a c t i v e  p o r t i o n s  o f  a1 1 th ree  p o t e n t i a l  energy func t ions  have 

the  same f u n c t i o n a l  forms. The Morse- funct ion which de f ines  ' t h e  bowl 

p a r t  o f  the w e l l  i s  smoothly connected t o  a  cubic  s p l i n e  f u n c t i o n  which i a  

t u r n  i s  j o i n e d  t o  the  m u l t i p o l e  expansion ser ies  o f  the  van der Waals i n -  

t e r a c t i o n s .  The l a t t e r  invo lves accura te ly  determined values o f  the C c  

and C8 c o e f f i c i e n t s .  Thus the  piece-wice, Exponential  - Sp l ine  - Morse 

- Spl i ne  - van der Waals (ESMSV) p o t e n t i a l  f o r  Ne+Ar and the Morse-Spl i n e  

-van der Waals (MSV) type p o t e n t i a l s  f o r  Ne+Kr and Ne+Xe can be w r i t t e n  

i n  the  reduced form as below: 

f = A e x p { a  ( x - l ) } ,  (Born - Mayer) O < X  X1 

(exponent ia l  spl i ne  f u n c t i o n )  X1 

f = e x p { - z @ ( x - ~ ) }  - 2  e x p { - @ ( ~ -  

(Morse-funct ion)  X2 d X  

f = b, + (x-X,) {b, + (x-x,) {b3 + (X-X3) b,}} 

(cubic  spl i ne  f u n c t i o n )  .X3 c X  c X, 



(van der ~ a a  l s) X , + s  X < 

The s e n s i t i v i t y  o f  the f a s t  o s c i l l a t i o n s  i n  the  s c a t t e r i n g  da- 

t a  t o  the p o s i t i o n  o f  r and the  low energy small angle d i f f e r e n t i a l c r o s s  m 
-sect ions s c n s i t i v i t y  t o  the slope o f  o u t e r  a t t r a c t i v e  w a l l  o f  the  poten- 

t i a l  w e l l  he lp  n o t  o n l y  i n  reducing the  number o f  f r e e  parameters bu t  a t  

the same t i n e  impose a p h y s i c a l l y  v i a b l e  r e s t r a i n t  on the o p t i m i z a t i o n  o f  

E and B. Lee and co-workers2 have s k i  l l f u l  l y  e x p l o i t e d  tha  a n a l y s i s  o f  the  

v i r i a 1  and d i f f u s i o n  data on these systems t o  choose the  s lope o f  the  re-  

p u l s i v e  l imbs t o  supplement the in fo rmat ion  a f fo rded  by the  s c a t t e r i n g  

cross-sect ion measurements. On account o f  c e r t a i n  m i s p r i n t s  and the chan- 

ges I n  the values o f  the parameters6 f o r  some o f  these systems i n  the  o -  

r i g i n a l  a r t i c l e  authoured by Ng, Lee and 8arker2, we have decided t o  redo 

the d i f f u s i o n  c a l c u l a t i o n s .  ~ x c & ~ t  these chãnges the  reader i s  advised t o  

r e f e r  t o  the o r i g i n a l  work2 t o  look  f o r  the  d e t a i l s  o f  the f i t t i n g  proce- 

dure. 

2.2. Morse .- 6 Potential for Rle + Ar system5 

Konowalow and zakheim5 developed a h y b r i d  Morse - 6 p o t e n t i a l  

g i ven by 

where y = exp C(1-r/o) , and q i s  the  separat ion a t  which the  curves (1) 
o 

and (2) i n t e r s e c t ,  o i s  the  separat ion a t  which the p o t e n t i a l  energy va- 

lues change s ign  and E i s  the va lue o f  the energy a t  which the  poten- 

t i a l  energy minimum occurs. Two o f  the  d isposable parameters C, a and E 

are  adjusted by equat ing the r e p u i s i v e  parc o f  the Morse-Potent ial  t o  the  

t h e o r e t i c a l  repu ls ion  expressed i n  the  Born-Mayer form, t h a t  i s  

A exp (-h-) = 4cy2 

The t h e o r e t i c a l  expression involved i s  the  TFD repu ls ion  o f  Gaydaenko and 



Niku l  i n 7 .  The d ispers ion  c o e f f i c i e n t ,  C6, i s  cons is ten t  w i t h  the ca lcu -  

i a t  ions o f  Langhoff and ~ a r ~ l u s ~ .  F i n a l  l y ,  zhe remaining parameter i s  de- 

termined by f i t t i n g  the p o t e n t i a l  t o  experimental second v i r i a l  c o e f f i -  

c i e n t  data. The p o t e n t i a l  parameters are:  

3. EXPERIMENTAL DATA 

Kest in  e t  n ~ ?  Have repor ted nmix and pure component va lue n1 
andn"or Ne + A r  and Ne + Kr 9 b  systems over a temperature range of 

300  - 1000 K us ing an o s c i l l a t i i i g  d i s c  viscometer. Since nmix i s  no t  d i -  

r e c t l y  r e l a t a b l e  t o  the u n l i k e  molecule i n t e r a c t i o n s  so they have der i ved  

the  so c a l l e d  i n t e r a c t i o n  V i s c o s i t y ,  'il2, from t h e i r  mix,  ni and n2 va- 

lues. L i k e  the i n t e r a c t i o n  second v i r i a l  c o e f f i c i e n t  the  ril2 i s  de f ined  

as the v i s c o s i t y  o f  a hypo the t i ca l  gas whose molecules obey the f o r c e  law 

between a molecule o f  romponent 1 and a molecule o f  component 2 .  Kest in  

and kasoniO have accornpl i shed the d e r i v a t  i on  o f  nI2 values by fo rmu la t -  

ing  a semi-.ernpirical extended law o f  corresponding s ta tes  and a p p l y i n g  

soph is t i ca ted  numer ica l- graphica l  data í i t t i n g  procedures t o  a d j u s t  the 

e f f e c t i v e  s c a l i n g  parameters f o r  t h e i r  semi-empir ical c o r r e l a t i o n s . K e s t i n  

et a19 have claimed an accuracy o f  '0,4% f o r  Ne+Kr on t h e i r  thus der i ved  

n12 va lues.  Nain and ~ z i z "  have e luc idade t  elsewhere the m e r i t s  and de- 

m e r i t s  o f  Kestin-%son procedure and d isagree w i t h  t h e i r  r a t h e r  conserva- 

t i v e  est imate o f  the accuracy o f  t h e i r
g  

data. We t r e a t  Kes t in  e t  a2 ' s  ' 
q I 2  data accurate w i t h i n  one percent and the  rnost accurate y e t  a v a i l a b l e  

i n  the l i t e r a t u r e .  

There e x i s t  no such d i r e c t  measurements f o r  n12 on Ne+Xe sys- 



tem. To gemerate data f o r  t h i s  system Kes t in  and ~ason'O determined sca- 

l ing  paranieters f o r  t h e i  r v i s c o s i t y  c o r r e l a t i o n  through the analysis o f  the 

d i f f u s i o n  data which were l i m i t e d  i n  t h e i r  temperature range (200 - 600K) 

and were r iot very accurate. Nain and ~zizll have determined a b e t t e r  se t  

o f  e f f e c t i v e  s c a l i n g  parameters f o r  the Kestin-Mason c o r r e l a t i o n  using the 

recent  ano more accurate d i f f u s i o n  data a v a i l a b l e  over  a f a i r l y  wide tem- 

perature range (400-1400 K) due t o  ~ o ~ e r v o r s t ~ .  Thus, Kestin-Mason c o r r e-  

l a t i o n  i n  con junc t ion  w i t h  these parameters'l i s  used t o  generate a se t  

o f  i n t e r a c t i o n  v i s c o s i t y  data f o r  the  Ne 9 Xe system. 

3.2. Diffusion 

Van Hei jn ingen  et aZ13, us ing  a two charnber c e l  l have measu- 

red the  d i f f u s i o n  c o e f f i c i e n t ,  DI2, f o r  these systems a t  f o u r  temperatu- 

res i n  the reg ion (90 - 400 K). Hogervorst,  us ing  a cataphores is  techn i -  

que (ca taphore t i c  segregat ion i n  a d.c. d ischarge)  has a l s o  measured d i F -  

f u s i o n  c o e f f i c i e n t  f o r  Ne + Ar, Ne + Kr and Ne + Xe systems over  a tempe- 

r a t u r e  ' range o f  (300 - 1400 K). Both se ts  o f  data a r e  quoted t o  an accu- 

racy o f  i 0 . 5  - 1.0%. 

D i f f u s i o n  data der i ved  from e m p i r i c a l l y  determined un ive rsa l  

f ~ n c t i o n a l s  proposed by Kes t in  and ~ a s o n l ' ,  and Marrero and ~ a s o n l ~  i n  the 

form o f  an extended law o f  c o r r e s ~ o n d i n g  s t a t e s  a r e  a l s o  tes ted  aga ins t  

the p r e d i c t i o n s  of the Ng, Lee and Barker p o t e n t i a l s 2 .  We inc lude  them 

here f o r  the  sake o f  completeness and no t  f o r  a d e t a i l e d  a n a l y s i s  because 

o f  the f a r  more accurate experimental data on d i f f u s i o n  being avai lab le i n  

the  over lapp ing  temperature range due t o  Van He i jn ingen  e t  a2 and Hoger- 

v o r s t .  The e r r o r  band associated w i t h  the der i ved  data o f  Kes t in  and Ma- 

son1° a r e  +3%. For the l im i ted  temperature range o f  300 - 1400 K we can- 

no t  p rov idc  e r r o r  1 i m i t s  f o r  the  data o f  Marrero and ~ a s o n l ~  w i t h  c e r -  

t a i n t y  but  would est imate them bear ing the same u n c e r t a i n t y  l i n i t s a s  tho-  

se f o r  the Kes t in  and Mason's der i ved  data.  

3.3. Thermial Diffusion 

Thermal d i f f u s i o n  f a c t o r s ,  aT f o r  these systems have been 

determined exper imenta l l y  both as a f u n c t i o n  uf temperâture and composi- 



 tio^. The sources o f  these data a r e  numerous and a r e  l i s t e d  i n  t a b l e  1 

along wi t h  the  temperature and composi t i o n  ranges s t u d i  ed by var  ious wor- 

kers14-23.  The accurate i i m i t s  on the o l d e r  data a r e  undefined bu t  the 

data a f t e r  1950 can be t r e a t e d  t o  be accurate w i t h i n  +5 - 7%. The expe- 

r imenta l  techniques employed a r e  e i t h e r  the Trennschaukel o r  the conven- 

t i o n a l  two-bulb apparatus. 

4. RESULTS AND DISCUSSION 

For Ne + Ar, Ne + Kr and Ne + Xe systenis the re  i s  reasonable 

õvount o f  data a v a i l a b l e  on the t r a n s p o r t  p r o p e r t i e s  extending from very 

low t o  h igh  temperatures. Low temperatures t r a n s p o r t  p r o p e r t i e s  a r e  more 

use fu l  than low temperatsre second v i r i a l  c o e f f i c i e n t s  i n  the e v a l u a t i o n  

o f  the p a i r  p o t e n t i a l  energy f u n c t i o n ,  because ( I )  t r a n s p o r t  c o e f f i c i e n t s  

a re  more e a s i l y  measurable i o  tne tabora to ry  ( 2 )  the quantum e f f e c t s  a t  

low temperatures are no t  as important and ( 3 )  low temperature t r a n s p o r t  

c o e f f i c i e n t s  can be d i r e c t l y  r e l a t e d  t o  the magnitude o f  the d i s p e r s i o n  

c o e f f i c i e n t  C6 and hence t o  the p o t e n t i a l  energy a t  long range. The de- 

pendente o f  t ranspor t  c o e f f i c i e n t s  on the p o t e n t i a l  a t  l a r g e  separat ions 

i s  a  consequence f o r  t h e i r  being weighted averages o f  angles o f  d e f l e c -  

t i o n s  o f  c o l l i d i n g  atoms. More weight i s  g iven t o  slow atoms a t  low tem- 

peratures which pass a t  l a r g e  separat ions.  

High temperature t ranspor t  p r o p e r t i e s  and h igh  temperature se- 

cond v i r i a l  data a re  usefu l  i n  savp l ing  the r e p u l s i v e  w a l l  o f  the poten- 

t i a l .  For exarnple, v i s c o s i t y  prov ides i n f o r n a t i o n  on the p o s i t i o n  and d i f -  

f u s i o n  and thermal d i f f u s i o n  g i v e  in fo rmat ion  on the  s lope o f  the  r e p u l -  

s i v e  l í ~ n b ~ ~ - ~ ~ .  

L i t t l e  in fo rmat ion  i s  prov ided by t ranspor t  p r o p e r t i e s  i n  the 

in te rmed ia te  reg ion  and u n f o r t u n a t e l y  ab initio c a l c u l a r i o n s  a r e  p r o h i b i -  

t i v e l y  d i f f i c u l t  t o  perform i n  r h i s  reg ion.  

I t  must be borne i n  rnind t h a t  no th ing  d e f i n i t e  can be i r i f e r -  

red regard ing the s u p e r i o r i t y  o f  one p o t e n t i a l  over another i f  the p re -  

d i c t i o n s  o f  both l i e  w i t h i n  the experimental e r r o r  bands. 
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The temperature range (300 - 1000 K) over which the exper i-  

mental date e x i s t  f o r  the Ne + Ar and Ne + Kr systems would be s e n s i t i v e  

t o  the low r e p u l s i v e  energy p o r t i o n  of the p o t e n t i a l  curve. This  supple- 

ments the low energy low angle d i f f e r e n t i a l  e l a s t i c  s c a t t e r i n g  data f o r  

these systems. Dev ia t ion  curves a re  d isp layed i n  f i g u r e  1 as a f u n c t i o n  

o f  temperature. Kes t in  e t  aZ's v i s c o s i t i e s  a r e  accura te ly  reproduced both 

by the ESMSV p o t e n t i a l  f o r  the Ne + Pr  syctem and by the MSV p o t e n t i a l  f o r  

F i 9 . i  - Dev ia t ion Curves between the p r e c i t i o n  o f  the Chapman-Enskog theo- 

r y Z 7  hased on the NLB p o t e n t i a l s 2  and t he  experimental data on v i s c o s i -  

t y  due t o  Kest in  e t  .I.? For Ne+Ar and Ne+Kr systems. For Ne+Xe system the 

u i s c o s i t y  values generated by KM c ~ r r e l a t i o n ' ~  based on the Parameter o f  

Nain aiid ~ z i z "  ar?  t r ea ted  as experimental data. MO6 po ten t i a1 5  p red i c -  

t i ons  'or Ne+Ar system and t h e i r  dev ia t i on  from the experimental data
g 

a re  

a l so  d isp layad.  



the Ne + Kr system. For Ne + Ar the exponent ia l  s p l i n e  f u n c t i o n  i n  the 

r e p u l s i v e  l imb  o f  the ESMSV p o t e n t i a l  seems t o  have s l i g h t l y  too steep a  

slope below about 450 K. 

There a re  no d i r e c t l y  measured v i s c o s i t i e s  a v a i l a b l e  f o r  

Ne + Xe. K e s t i n  e t  a19 and Kes t in  and ~ a s o n l ~  have semi- e m p i r i c a l l y  de- 

r i v e d  a  c o r r e l a t i o n  f o r  i n t e r p o l a t i n g  (where data e x i s t ) a n d  e x t r a p o l a t i n g  

(where data do n o t  e x i s t )  the i n t e r a c t i o n  v i s c o s i t i e s  f o r  a11 the b i n a r y  

noble gas mix tu res .  Th is  c o r r e l a t i o n 1 °  (;:li) holds good between 1 < P* < 90, 

where T* = ( T / E / ~ ) .  The ( ~ / k )  and a values a r e  tabu la ted  by Kes t in  and 

~ a s o n l ~  f o r  a  number o f  systems. We have examined the consis tency be t -  

ween the  Ne + Ar, Ne + Kr and Ne i Xe systems. We tes ted  the Ne + A r p r e -  

d i c t i o n s  i n  the  temperature range 100 - 4500 K. The c a l c u l a t e d  v i s c o s i t i e s  

from both these methods agree w i t h i n  I1 .5% i n  the  range 450 - 4000 K. Be- 

low 450 K  and above 4000 K  the KM p r e d i c t i o n s  a r e  h igher  than those from 

the ESMSV p o t e n t i a l  and range from about 1.8 - 2.3% f o r  t h i s  system f o r  

Ne + Kr we compared the KM and MSV based p r e d i c t i o n s  f o r  the i n t e r a c t i o n  

v i s c o s i t y  i n  the temperature range o f  100 - 7000 K  and found an agree- 

ment between them w i t h i n  11.5% i n  the  range 250 - 5800 K. Below 250 K the  

v i s c o s i t i e s  c a l c u l a t e d  from MSV p o t e n t i a l  a r e  h igher  by 1.7% t o  5.0% and 

above 5800 K a r e  lower by 1.6% t o  2.0% than those c a l c u l a t e d  from the KM 

c o r r e l a t i o n .  

I n  case o f  Ne 4 Xe where t h i s  comparison extends from 300 t o  

8000 K  the values p red ic ted  by KM c o r r e l a t i o n  a r e  c o n s i s t e n t l y  h igher ,  by 

2.3 - 12.0%, than those c a l c u l a t e d  from the MSV type Ne + Xe p o t e n t i a l .  

Nain and Aziz  have shown t h a t  the present  se t  o f  the  e f f e c t i v e  s c a l i n g  

parameters determined by Kes t in  and Mason f o r  t h e i r  c o r r e l a t i o n  a r e  o f  

doutable v a l i d i t y  i n  case o f  Ne + Xe and Ar + Xe systems. I n  a d d i t i o n ,  

the re  a r e  s t rong  reasons t o  p r e f e r  the  v i s c o s i  t y  p r e d i c t i o n s  o f  the MSV 

type Ne + Xe p a i r  p o t e n t i a l  energy f u n c t i o n  over those o f  KM c o r r e l a t i o n  

because ( I )  MSV p o t e n t i a l  has a  sounder t h e o r e t i c a l  base i n  i t s  const ruc-  

t i o n s  as compared t o  the KM c o r r e l a t i o n .  The e f - fec t i ve  s c a l i n g  parameters 

o f  the l a t t e r  do no t  bear much phys ica l  s i g n i f  icance. (2) The MSV poten- 

t i a 1  i s  f i t  t o  the s c a t t e r i n g ,  v i r i a l  and d i f f u s i o n  data f o r  Ne + Xe sys- 

tem. Thus, one would expect reasonable p r e d i c t i o n s  o f  t h e  i n t e r a c t i o n  

v i s c o s i t y  values on the  bas is  o f  the MSV p o t e n t i a l  f o r  the  Ne + Xe systern, 

a t  l e a s t  i n  the temperature range o f  the above data ( s c a t t e r i n g ,  v i r i a l  



and d i f f u s i o n ) .  (3 )  I n  case o f  the  KM c o r r e l a t i o n  the re  were no v i s c o-  

s i t y  data a v a i l a b l e  on t h e  Ne + Xe system t o  accura te ly  determine the e f -  

f e c t i v e  scal ing parameters and t o  o b t a i n  these parameters Kes t in  and Ma- 

son have used n o t  too accurate se ts  o f  d i f f u s i o n  data over a  l i m i t e d  tem- 

pera t u r e  range. 

Nain and A z i z l l  have r e c a l c u l a t e d  the Ne + Xe parameters f o r  

the KM c o r r e l a t i o n  us ing  new more accurate data on d i f f u s i o n  due t o  Van 

Hei jn ingen e t  aZ. and Hogervorst.  These new s c a l i n g  parameters do indeed 

make the p r e d i c t i o n s  o f  the KM c o r r e l a t i o n  f o r  the in te rac t ion  v i s c o s i t i e s  

o f  the  Ne + Xe system cons is ten t  w i t h  those o f  the  MSV type  p o t e n t i a l  o f  

Ng, Lee and ~ a r k e r ~ .  Thus, the  p r e d i c t i o n s  o f  the i n t e r a c t i o n  v i s c o s i t i e s  

based on t l ie  KM c o r r e l a t i o n  a r e  f a i r l y  c o n s i s t e n t  w i t h  those o f  the ESMSV 

(or  MSV) p o t e n t i a l s  f o r  the Ne + Ar and Ne + Kr systems over the tempera- 

t u r e  range<; 450 - 4000 K a ~ d  250 - 5800 K, r e s p e c t i v e l y .  The KM c o r r e l a -  

t i o n  p r e d i c t i o n s  f o r  Ne + Xe system again enhanced consis tency w i t h  those 

o f  the  NLB p o t e n t i a l s ,  over  the temperature ranges comparable t o  those o f  

the o ther  systems considered, when the  parameters deterrnined by Nain and 

~ z i z l l  a r e  used. 

We have a l s o  performed the v i s c o s i t y  c a l c u l a t i o n s  f o r  the  Ne 

+ Ar systeni on the bas is  o f  the  MO6 p o t e n t i a l  suggested by Konowalow and 

zakheim5. The v i s c o s i t y  p r e d i c t i o n s  f o r  Ne + Ar on the  bas is  o f  the  MO6 

p o t e n t i a l  suggest t h a t  r e p u l s i v e  l imb  o f  t h i s  p o t e n t i a l  i s  d e f i n i t e l y  too 

s o f t  t o  cor r e c t l  y  reproduce t h e  experimental data.  However, ~ 0 6  p o t e n t i a l  

reproduces bo th  the v i r i a 1  and the  s c a t t e r i n g  data w i t h i n  the experimen- 

t a l  e r r o r  l i m i t s .  We w i l l  defer  f u r t h e r  comment on t h i s  aspect o f  the 

MO6 p o t e n t i a l  u n t i l  we d iscuss i t  again i n  the  succeeding sec t ion .  

'For a l l  the  p o t e n t i a l s  the t h i r d  o rder  Chapman-Enskog appro- 

x imat ion  t o  the c o e f f i c i e n t  o f  v i s c o s i t y  was c a l c u l a t e d  and then cornpared 

w i t h  the experiment. 

Diffusion 

D i f f u s i o n  c o e f f i c i e n t s  a re  more s e n s i t i v e  than the v i s c o s i t y  

c o e f f i c i e n t s  t o  the r e p u l s i v e  p a r t  o f  the  p o t e r i t i a l  f u n c t i o n  i n  a  cornmon 



temperature range. Ng, Lee and Barker have used t h i s  c h a r a c t e r i s t i c  of 

the d i f f u s i o n  data t o  sense the slopes o f  the r e p u l s i v e  l imbs o f  t h e i r  

Ne + Ar, Ne + Kr and Ne + Xe p o t e n t i a l s .  We have reevaluated the  d i f f u -  

s i o n  c o e f f i c i e n t s ,  D 1 2  , f o r  these systems because o f  some m i s p r i n t s  and 

mistakes i n  the p o t e n t i a l  parameters energy values f o r  Ne + Ar ând Ne+Xe 

i n  the  a r t i c l e  o f  Ng e t  a12. I n  comparing the p r e d i c t i o n s  o f  these poten- 

t i a l s  besides the ~ o ~ e r v o r s t ~  data we have inc luded the Van Hei jn ingen 

e t  aZ's13 low temperature and two se ts  o f  de r i ved  c ia ta l0 ' ' *  as w e l l .  

I n  comparison t o  o ther  t r a n s p o r t  p roper t ies ,  D12 i s  p r e í e r -  

red f o r s t u d y i n g t h e  u n l i k e  i n t e r a c t i o n s  on account o f  i t s  dependence o n l y  

on c o l l i s i o n s  between d i s s i m i l a r  molecules i n  the f i r s t  o rder  o f  theChap- 

man-Enskog theoryZ7 and i t s  independence o f  composi t ion. 

Higher approximations t o  t h i s  p roper ty  i n v o l v e c o l l i s i o n s  be t -  

ween l i k e  molecules as w e l l  and r e s u l t  i n  a small composit ion d e p e n d e n t  

c o r r e c t i o n .  Normally, w i t h  d i f f u s i o n  data accurate t o  i 2  - 3% i t  i s  su f -  

f i c i e n t  t o  work wi t h  f i r s t  order  Chapman-Enskog theory2* . Hogervorst ' s  

data and Van Hei jn ingen etaZ's data, however, have a s ta ted  accuracy o f  

i 0 . 5  t o  *]..O%. Under these c i rcunstances,  i t  i s  adv isable t o  account f o r  

the ac tua l  dependence o f  D12 on composit ion embedded i n  h igher  order  ap- 

prox imat ions.  To do t h i s ,  we have used the semi- emp i r i ca l  r e l a t i o n  sug- 

gested by Mason and ~ a r r e r o ~ ~ " ~ .  The b r i e f  d e s c r i p t i o n  o f  the method 

i s  g iven  below: 

Where 

{D12}1 i s  the d i f f u s i o n  c o e f f i c i e n t  va lue  c a l c u l a t e d  t o  the f i r s t  appro- 

x imat ion  o f  the  Chapman-Enskog t h e ~ r ~ ~ ~ ,  D12 i s  the h igher  order  compo- 

s i t i o n  co r rec ted  d i f f u s i o n  c o e f f i c i e n t ,  x i s  the mole f r a c t i o n  o f  the 

heavier  component, 5 , a and b a r e  constants .  The values o f  E & ,  5 ,  a 

and b as suggested by Kes t in  and Mason a re :  f o r  Ne + Ar 63.70, 1.2,0.059 

and 0.57 f o r  Ne + Kr 87.81, 1 .O], 0.12, 0.87 and f o r  Ne + Xe 90.98, 1.25, * 
0.17 and 1.31, r e s p e c t i v e l y .  C12 can be determined from 



w i t h  the use o f  the Kes t in  and Mason's un ive rsa l  f u n c t i o n a l 1 °  f o r  

a ( '  (T*) = f i l l  = exp 10.347 - 0.444 ( h  T*) + 0.093 ( h  T * ) ~  

- 0.01 (Ln T * ) ~ )  

we f i n d  

Where T* = T / ( E / ~ ) .  Equation (3) was employed i n  both sets  o f  de r i ved  da- 

t a  f o r  concentrat ions o f  heavier  components as g iven  by Hogervorst and 

Van Hei jn ingen e t  a2 f o r  t h e i r  experimental data on Ne + Ar, Ne + Kr and 

Ne + Xe systems. 

The RMS d e v i a t i o n s  between experimental and c a l c u l a t e d  4 2  ba- 

sed on a i 1  p o t e n t i a l s  a re  l i s t e d  i n  t a b l e  2. The p e r c e n t a g e  d e v i a t i o n  

p l o t s  as a f u n c t i o n  o f  temperature a r e  d isp layed  i n  f i g u r e  2 .  

Van Hei jn ingen  e t  u t ' s  low temperature data a r e  excel l e n t l y  

described f o r  tbe  Ne + Kr and Ne + Xe systems by the MSV type p o t e n t i a l s  

w e l l  w l t h i n  the experimental e r r o r  l i m i t s .  L i k e  i n  case o f  v i s c o s i t y  the  

Ne + Ar p o t e n t i a l  ESMSV seems t o  be too  steep i n  the r e p u l s i v e  reg ion  sam- 

p led  by the d i f f u s i o n  data i n  the  temperature range 90 - 350 K. 

Hogervorst 's  data a r e  p r e d i c t e d  reasonably w e l l  f o r  a l i  th ree  

systems except t h a t  the ESMSV p o t e n t i a l  f o r  Ne + Ar seems t o  be s l i g h t l y  

too 5 o f t  above 1350 K and the HSV p o t e n t i a l  f o r  Ne + Xe t o  be s l i g h t l y  too 

hard above 800 K. From our  a n a l y s i s  o f  Hogervors t ' s  da ta  on o t h e r  noble 

gas mix tu res  we f e e l  t h a t  the est imates o f  h i s  e r r o r  bounds a r e  l i t t l e  

too  conservat ive.  Though h i s  a re  the  most accurate d i f f u s i o n  data y e t  a- 

v a i l a b l e  ir1 the l i t e r a t u r e ,  our  cons is ten t  experience w i t h  o ther  systems 

suggests the e r r o r  l i m i t s  t o  be w i t h i n  '1.0 - 1.8%. I f  these e r r o r  I i m i t s  

a re  accepted on Hogervorst 's  data then h i s  data a r e  f a i r l y  reasonably r e -  

produced by the  Ng, Lee and Barker p o t e n t i a l s  f o r  Ne + Ar, Ne + Kr and Ne 

+ Xe systems. 



Ca lcu la-  
t e d  

Experimen- Calcu la-  D i f f e r e n c e  Experirnen- Ca lcu la-  
( K )  t a l  t e d  % t a l  t e d  

I I I 

) i f  ference 
% 

Exper i - 
mental  

1 i f fe rence  
% 

-L- 

- 

- 

O.  3 I 

Table 2 - Experimental  da ta4 '13  and the  t h e o r e t i c a l  p r e d i c t i o n s  based on Chapman-Enekog theo ry  f o r  t he  d i f f u s i o n  

c o e f f i c i e n t s  f o r  Ne + Ar, Ne + Kr and Ne + Xe systems. 





-- 

T .  Experimen- Calcbla. 

(K) tal. ted 

- 1  
- - 

900. O 2.04i' 2 .055 

950. O 2.230 2.251 1 -- 

1000. O 2.430 1 2.451  

D i f ference 

% 

Exper irnen 

t a  1 

Ne + K r  

Calcula- 

ted 

Exper irnen- 

tal 

i .405 

1.535 

Galcula- 

t e d  

Table 2 - Continued 
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Fig.2 - Dev ia t ion curves between the p red i c t i ons  o f  the Chaprnan-Enskog theo- 

r y  Sased on the NL8 po ten t i a l s2  and the experimental d i f f u s i o n  data due t o :  

(upper) Vao Hei jn ingen e t  azi3 and ~ o ~ e r v o r s t "  

(middle) generated iis ing Marrero-Mason ~ o r r e l a t  ioni2 

( lower)  generated us ing Kestin-Mason ~ o r r e l a t i o n ' ~  

80. 
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We have also tested the MO6 potentia15 in its ability to re- 

produce the available experimental data on diffusion for Ne + Ar system. 

Consistent with our conclusion drawn from the comparison between experi- 

mental and calculated viscosities the MO6 potentia15 is too soft in its 

repulsive limb to correctly reproduce the diffusion data on Ne + Ar. The 

magnitude of disagreement between calculated D12 values and the experimen- 

tal data iricreaseswith temperature and reaches up to 40% at 1400 K. 

Derived diffusion data from both the K M ~ O  and Marrero-~asonl~ 

correlations for Ne + Ar and Ne + Kr systems are consistent with the pre- 
dictions of. the Ng-Lee-Barker (NLB) potentials2, the predictions of the 

KM correlation being closer to those of the potentials2. The KM correla- 

tion derived DIZ and ~ 1 2  values should be considered only above 300 K in 

view of the fact that it is the lowest temperature at which Kestin e t  aZ 

have repbrted their accurate viscosity data for these systems. ~ h e y ~  ha- 

ve used their viscosity data in adjusting the values of the effective 

scal ing parameters for thei r correlat ionlO. None of the correlat ions gives 

diffusion coefficient values in agreement to the predictions of the MSV 

potential for Ne + Xe. 

We would like to discuss in bit of a detail an interestingob- 

servation here. As mentioned earl ier the NLB potentials2 for Ne + Ar, Ne 
+ Kr and Ne + Xe were partly derived by using the experimental data on 

low energy ~lecular beam scattering, second viria1 coefficients and dif- 

fusion coefficients over a reasonably wide range of temperatures. Va n 

Hei jningen e t  aZ13 and ~ogervorst~ have independentl y suggested some exp-b 

and L-J (12-6) potential energy functions also for these systems using 

their diffusion data only. Konowalow and Zakheim have employed the vi- 

ria1 data on Ne + Ar system to adjust its potential parameters and the 

well-depth, in particular. The parameters for all these potentials arelis- 

ted in table 3. The repulsive limbs of the NLB potentials almost overlap 

with rhose of the exp-6 and L-J (12-6) potentials derived by Van Heijnin- 

gen e t  aZ and Hogervorst for the Ne + Kr and Ne + Xe systems. The MO6 po- 
tential reproduces the low energy elastic scattering data for the Ne + Ar 
system and thus making it markedly similar to the ESMSV potential in the 

wel l and the long-range regions. But as seen above, MO6 is very poor in 

predicting viscosity and diffusion data on the Ne + Ar systemand similar- 
ly Van Heijningen e t  aZ1s and Hogervorstts diffusion derived potentials 





a r e  very poor i n  reproducing the  v i r i a l  and low energy e l a s t i c  s c a t t e r i n g  

data. The e and rm values o f  these v a r i o u s l y  der i ved  p o t e n t i a l s  discussed 

i n  t h i s  pai-agraph a r e  w i t h i n  each o t h e r ' s  e r r o r  o f  determinat ion,  

The d iscuss ion  presented i n  the above paragraph e s s e n t i a l l y  

ind ica tes  t h a t  low energy e l a s t i c  s c a t t e r i n g  data combined w i t h  the low 

temperature v i r i a l  data cannot sample the e n t i r e  p o t e n t i a l  energy curve 

"uniquely".  The same i s  t r u e  when o n l y  the d i f f u s i o n  o r  v i s c o s i t y  data 

a r e  employad i n  d e r i v i n g  the  p o t e n t i a l s  (Van He i jn ingen  e t  a2 and Hoger- 

v o r s t ) .  Though we can a r r i v e  a t  t h e  reasonably r e a l i s t i c  values o f . ~  and 

r w i t h i n  c.ertain bounds employing the above two sets  o f  data separate ly  rn 
( f o r  example low temperature v i r i a l  and low energy e l a s t i c  s c a t t e r i n g  da- 

t a  together ,  s i n g l e  t r a n s p o r t  p roper ty  e.g. d i f f u s i o n  i n  the present  case), 

the  d e t a i l s  o f  the  e n t i r e  energy curve remain undefined. 

Thermal Biffusion 

Thermal d i f f u s i o n  f a c t o r  a p ,  depends very  s e n s i t i v e l y  and 

s t r o n g l y  on the  u n l i k e  molecular i n t e r a c t i o n s .  The t h e o r e t i c a l  expres- 

s ion  f o r  a,, rnay be cas t  i n  the  f o l l o w i n g  form: 
I 

The temperature dependence o f  a T  i s  l a r g e l y  due t o  the  f a c t o r ,  

( 6 ~ : ~  - 5 ) ,  which i s  o n l y  a í f e c t e d  by the i n t e r a c t i o n s  between u n l i k e  mo- 

lecu les .  l h e  F f a c t o r  i s  associated w i t h  the  composit ion dependence and 

K I 2  w i t h  the h igher  order  c o r r e c t i o n s .  F and K 1 2  a r e  in f luenced  by bo th  

l i k e  and u n l i k e  i n t e r a c t i o n s  b u t  f e e b l y  depend on the  temperature. Thus 

the temparature dependence o f  o r T  i s  c o n t r o l l e d  e s s e n t i a l l y  o n l y  by the  

u n l i k e  i n t e r a c t i o n s .  Though the d i f f u s i o n  c o e f f i c i e n t  shares t h i s  prsper- 

t y ,  i t  lacks the same s e n s i t i v i t y  as a Now t h a t  the  l i k e - l i k e  i n t e r a c -  T' 
t i o n s  f o r  the noble gases a r e  q u i t e  a c c u r a t s l y  known, we may make use o f  

n o t  o n l y  the temperatùre bu t  the  composit ion dependence o f  tne thermal 

d i f f u s i o n  f a c t o r  a l s o  as a  s e n s i t i v e  probe o f  the u n l i k e  i n t e r a c t i o n s .  



Thrse Potential Calculations of aq 

One approach t o  the c a l c u l a t i o n  o f  aq i s  t o  use the low o f  

corresponding s t a t e s  and a  set  o f  combining r u l e s  where a l l  the i n t e r a c-  

t i o n s  a r e  descr ibed by the  same reduced p o t e n t i a l  energy func t ions .  A l -  

t e r n a t i v e l y ,  we may use th ree  se ts  o f  c o l l i s i o n a l  i n t e g r a l s ,  each der i ved  

f r o n  a  p o t e n t i a l  s p e c i f i c a l l y  designed fo r  the type of i n t e r a c t i o n s  invol- 

ved. Neufeld and ~ z i z ~ ' ,  and Nain and ~ z i z "  have used t h i s  l a t t e r  approach 

f o r  the p o t e n t i a l  energy func t ions  der i ved  by Lee and coworkers f o r  a l l  

th ree  i n t e r a c t i o n s  i n  a  m ix tu re .  Now, va r ious  groups o f  workers have inde- 

pendently proposed very r e a l i s t i c  p o t e n t i a l s  f o r  Ne, Ar,Kr and 

Thus, \,'i l h e  E S M S V ~  (Ne + Ar) p o t e n t i a l  , we wi 1 l use ESMSV I 

and M D M ~ ~  po te i : t i i i l s  f o r  Ne + Ne, and B F W ~ ~  and E S B F W ~ ~  f o r  Ar 

M S V ~  (Ne + Kr) p o t e n t i a l  we make use o f  the  ESMSV I1  I3O, S P S L ~  

p o t e n t i a l  f o r  Ne + Ne, and G M S ~ ~ ,  L H B ~ ~  and B W L S L ~ ~  p o t e n t i a l s  

Xe systems. 

1 I  30, S P S L ~ ~  

+ Ar; w i t h  

and M D M ~ ~  

f o r  Kr+Kr; 

and w i t h  M S V ~  (Ne + Xe) p o t e n t i a l  we choose t o  couple ESMSV 1 1  1 3 0  poten- 

t i a 1  f o r  Ne + Ne w i t h  the B W L S L ~ ~  p o t e n t i a l  f o r  the  Xe + Xe system. We 

have shown a  preference i n  the  choice o f  the  above N ~ ~ ~ - ~ ~ , A ,  3 3 - 3 1 ~ r 3 5 - 3 7  

and ~ e ~ ~  p o t e n t i a l s  above o t h e r s  a v a i l a b l e  i n  the l i t e r a t u r e  because 

t h e i r 3 0 - 3 7  v a l  i d i t y  has been f a i r l y  w e l l  es tab l  ished. 

The t h e o r e t i c a l  curves shown i n  f i g u r e s  a r e  obta ined w i thou t  

re ference t o  corresponding s ta tes  o r  conibining r u l e s .  We used th ree  i n -  

dependent se ts  o f  c o l l i s o o n  i n t e g r a l s  ( f o r  exarnple, Ne + Ne, Ar + Ar and 

Ne I- Ar systems) each from a  p o t e n t i a l  s p e c i f  i c a l  l y  disegned f o r  the type 

o f  i n t e r a c t i o n  involved.  Since aq depends ma in ly  on the u n l i k e  in te rac-  

t i o n s  these c a l c u l a t i o n s  a r e  considered e s s e n t i a l l y  as t e s t s  o f  the co r-  

rectness o f  the  N L B ~  p o t e n t i a l s  f o r  Ne + Ar, Ne + Kr and Ne + Xe systems. 

Unfor tunate ly ,  accurate thermal d i f f u s i o n  data a re  very d i f -  

f i c u l t  t o  ob ta in .  Hanley and ~ l e i n ~ *  have ind ica ted  t h a t  the thermal d i f -  

f u s i o n  data i n  the temperature ranges 2 ?T* > 4 can be used as a  d i s c r i -  

minator  o f  p o t e n t i a l s  o r  t o  t e s t  the  correctness o f  the  va r ious  p a r t s  and 

the c h a r a c t e r i s t i c s  o f  a  p a r t i c u l a r  p o t e n t i a l  energy f u n c t i o n s .  For ins-  

tance, h igh  temperature data good t o  '5% can be used t o  e s t a b l i s h  t h e s l o -  

pe o f  the r e p u l s i v e  wa l l  oF the p o t e n t i a l  and the low temperature data, i n  

the v i c i n i t y  o f  the aT minimum, good t o  +20% depends s t r o n g l y o n t h e  w i d t h  

o f  the  p o t e n t i a l  and the slope o f  the ou te r  a t t r a c t i v e  w a l l .  



Grew and wakeham19 have measured low temperature a a t  f o u r  

composit ions f o r  Ne + Ar system. They have repor ted the ex is tence o f  a  

negat ive minimum a t  about 90.7 I 4 K a t  a l l  the fou r  composit ions w h i l e  

the  ESMSV po ten t ia12  p r e d i c t s  a p o s i t i v e  minimum a t  about h a l f  the va lue 

o f  t h i s  teinperature, as shown i n  f i g u r e  3.  Th is  discrepancy i s  hard t o  

understand s ince the thermal d i f f u s i o n  f a c t o r  a t  low temperatures i s  sen- 

s i t i v e  t o  the a t t r a c t i v e  we j l  o f  the  p o t e n t i a l  where the ESMSV p o t e n t i a l  

f o r  Ne + Ar, based on the t h e o r e t i c a l  and experimental i n fo rmat ion  usedin 

i t s  cons t ruc t ion ,  should be most accurate.  Neufeld and ~ z i z ~ '  a t t r i b u t e d  

the p r e d i c t i o n s  o f  a  s i m i l a r  p o s i t i v e  minimum, on the bases o f  f o u r  rea-  

l i s t i c  f u n c t i o n a l  forms, t o  the breakdown o f  the c o r r e s p o n d i n g  s ta tes  

principie i n  case o f  thermal d i f f u s i o n  piienomenon. ESMSV reproduces t h e  

data o f  Grew and Wakeham very  s a t i s f a c t o r i  l y  above the terminus o f  the 

r i g h t  l imb o f  the  aT minimum. The p r e d i c t i o n s  o f  the ESMSV p o t e n t i a l  a r e  

cons is ten t  w i t h  the e a r l  i e r  data o f  Grew and c o w o k e r ~ l ~ - ~ ~  as shown i n  

f i g u r e  4. The absence o f  an experimental minimum a t  low temperatures i n  

these data was ma in ly  due t o  the lack  o f  accuracy i n  the a n a l y s i s  o f  the  

experiment,sl gas m ix tu re  composi t i o n  as po in ted  ou t  by Grew and wakehamlg. 

The composit ion dependence o f a T  f o r  Ne + Ar measured by Nain and Saxe- 

na17-l8 a t  318.6 K a r e  e x c e l l e n t l y  descr i  bed by the ESMSV p o t e n t i a l  ex- 

cept  one datum p o i n t  a t  the lowest experimental Ar concentrat ion.The com- 

par i son  o f  these c a l c u l a t i o n s  w i t h  the experimental data i s  shown i n  F ig .  

5. 

The MSV p o t e n t i a l  f o r  Ne + Kr accura te l  y  reproduces the tem- 

perature dapendence o f  c r T  measured by ~ r e w l ~ .  The experimental data do 

no t  go t o  low enough temperatures t o  v e r i f y  the ex is tence o f  the p o s i t i v e  

t h e o r e c t i c a l  minimum i n  the  v i c i n i t y  o f  50 K. The composit ion dependence 

of a, f o r  t h i s  system has been measured by A tk ins  e t  aZ14 (327 K) and by 
L 

Mathur e t  aZ20 (318.5 K). A l l  th ree  sets  o f  data on Ne + Kr and the pre- 

d i c t i o n s  o f  the  MSV p o t e n t i a l  a r e  d isp layed i n  f i g u r e  6 f o r  comparison. 

Recently a v a i l a b l e  data on aT measuring i t s  temperature and 

compos i t ion  dependence due t o  ~ a ~ l o r ~ ~  and the low temperature d i f f u s  i o n  

data o f  Arora e t  a 

A Z ~ Z ~ ~  sepi iratel  y  

pure comporients i n  

f a c t o r  and the d i f  

4 0  f o r  these systems have been analysed by Nain and 

n g rea te r  d e t a i l  us ing  o t h e r  set  o f  p o t e n t i a l s  f o r  the 

the " three p o t e n t i a l  c a l c u l a t i o n s"  o f  t h e r m a l d i f f u s i o n  

us ion c o e f f i c i e n t s .  
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F ig .3  - Dev ia t ion curves between the p red i c t i ons  o f  the Chapman-Enskog theo- 

r y  based on the NLB p o t e n t i a l s  and the experimental thermal d i f f u s i o n  f a c t o r  

due t o  Grew and wakeham15 fo r  the Ne+Ar sysiem. Coníinuous l ines represent  

ESMSV 1 1 1 ,  E55FW and NLB p o t e n t i a l  ca l cu la t i o i i s  wh i l e  the broken l i n e  stands 

f o r  the ccmbination a f  SPSI., BFW and NLB p o t e n t i a l s  and the do t t ed  l i n e  f o r  

the cornbination o f  MDM, ESBFW and NLB p o t e n t i a l s  i n  a l i  the f i g u r e s  based on 

the " three-potenc ia l  ca l cu la t i ons " .  



T i K )  
F t g . 4  - Thermal d i f f u s i o n  " Three- potent ia l  C a l c u l a t i o n s "  f o r  Ne+Ar system 

comparrd w i t h  the experimental data  o f  (upper) ~ r e w ' ~  and ( lower )  Grew, 
Johnson and Nei 1 16. 

Taylor  e t  aZZ2 have s tud ied  Ne + Xe exper imenta l l y  b o t h  as a 

f u n c t i o n  o f  temperature and composit ion. The agreement between e x p e r i -  

mental data and the p r e d i c t e d a *  va lues o f  the bas is  o f  MSV p o t e n t i a l  i s  

no t  always w i t h i n  the s ta ted  experimental e r r o r  band though the s i m i l a r i -  

t y  i n  the t rends o f  t h e i r  v a r i a t i o n s  i s  q u i t e  rnarked. The same k i n d  o f  

q u a l i t a t i v e  comparison can be made between the data o f  A tk ins  e t  aZ I!+ 

~ r e w l ~ - ' ~ ,  Nain and saxenar7-18, Heymann and ~ i s t e m a k e r ~ l ,  and Ruther- 
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T =  327 K 
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F 8 g . j  - Therrnal d i f f u s i o n  ' T h r e e - p o t e n t i s l  C a l c i i l a t i a n s "  for  Ne+Ar s y s t e s  

cornpared w i t h  the  exper imenta l  d a t a  o f  (upper) A l k i n s ,  B a s t i c k  and lbbs l "  

and ( lower )  Nain and ~ a x e n a ' " ' ~ .  

fordí3, on one hand and the predictions based on the "three potential cal- 

culations" on the other. The predicted values are always higher than the 

experimental values of the thermal diffusion factor for a11 these sets of 
data14-18,21-23 on the Ne + Xe system as shown in figures 7 to 10. Hey- 

mann and Kistemaker using the radiotracer technique have tried to esta- 

blish the optimum concentration required for the radioative component. As 

clear from the tabulations of table the radiotracer concentrations bet- 

ween .O1 and .0001% render a values independent of the composition. 
T 
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Fig .6  - Thermal d i f f u s i o n  "Three-potent ia l  Ca lcu la t ions"  f o r  the Ne+Kr Sys- 

tem compared w i t h  the experimental data o f  (upper) ~ r e w ' ~ ,  (rniddle) A l k i ns  

e l  UL." and ( lower)  Mathur e t  ~ 1 . ~ ~  . The three p o t e n t i a l  combination used 

fc.r the d i s p l a y  o f  the aT c a l c u l a t i o n s  cons i s t s  o f  ESHSV 111, BWLSL andNLB 

p c t e n t i a l s .  
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F i g . 7  - " Three- potent ia l  Ca l cu la t i ons"  for  the thermal d i f f u s i o n  f ac to r  on 

Ne+Xe system çompared w i  t h  the experimental data  due t o  Taylor e t  ai,. ? ~ h e  

p o t e n t i a l s  used a re  ESMSV I I I ,  BWLSL and NLB. 
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F ig .9  - "Three-potential  Ca l cu la t i ons "  f o r  the thermal d i f f u s i o n  f a c t o r  on 

Ne+Xe system compared w i t h  the experimental data due t o  (upper) A lk i ns  e t  

aL", (middle-) Nain and ~ a x e n a ' ~ " ~  and ( lower)  ~ u t h e r f o r d ~ ~ .  Po ten t i a l s  

used f o r  these data  a re  the same as i n  F ig .7 .  



T(K) 
Fig.10 - "Three-potential Calc(ilations" for the thermal diffusion factor on 

Nt?+Xe system compared with the experimental data due to (upper) Gre~'~''~ 

and (lower) Heymann and Kistemaker2'. 

5. CONCLLJSIONS 

01 - Except some f i n e  tun ings requ i red  here and there  the NLB p o t e n t i a l s  

reproduced s a t i s f a c t o r i l y  the experimental data on the t r a n s p o r t  

p r o p e r t i e s  o f  the Ne + Ar, Ne + Kr and Ne + Xe systems and can be 

used w i t h  conf idence t o  generate data on these p r o p e r t i e s  v i z .  i n t e -  

r a c t i o n  v i s c o s i t y ,  d i f f u s i o n ,  thermal c o n d u c t i v i t y  and thermal d i f -  

fus ion .  The para1 l e l  techniques used t o  propose un l  i ke atom (molecu- 

l a )  p o t e n t i a l  energy func t ions  f o r  o ther  gaseous m i x t u r s s  stand a 

good chance o f  success. 



I f  the  r e p u l s i v e  forces, as embedded i n  the cons t ruc t ions  o f  the 

ESMSV (or  MSV) p o t e n t i a l s  models a r e  regarded t o  e x a c t l y  d e s c r i b e t h e  

ac tua l  s t a t e  o f  a f f a i r s  then the temperature ranges f o r  the  v a l i d i t y  

o f  the KM c o r r e l a t i o n  t o  p r e d i c t  i r i t e r a c t i o n  v i s c o s i t y  va lues accu- 

r a t e l y  f o r  these systems i s  found t o  be smal ler  than t h a t  recommen- 

ded by Kes t in  and Mason. Therefore, c a u t i o n  should be exerc ised i n  tk 

cho ice  o f  the  temperature ranges w h i l e  e x t r a p o l a t i n g  values us ing  KM 

c o r r e l a t i o n .  

Using the  i n t e r a c t i o n  v i s c o s i t y  data generated by the  NLB p o t e n t i a l s  

f o r  these systems over  an extended range o f  temperature as mentioned 

above i n  2.) ,  the the r~na l  c o n d u c t i v i t y  and the  d i f f u s i o n  data over 

the  comparable temperature ranges can be ex t rapo la ted  i n  con junc t ion  

wi t h  the  ~ h a ~ m a n - ~ n s k o ~ ~ ~  theory which r e l a t e s  mathematical l y  the va- 

r i o u s  t ranspor t  p r o p e r t i e s  among themselves. 

04 - To reso lve  the  quest ion o f  the  p o s i t i v e  t h e o r e t i c a l  minimum encoun- 

te red  i n  the Ne + Ar system, instead o f  a nega t i ve  one as found ex- 

perimental lyig, more d e t a i  l e d  experiments w i t h  b e t t e r  accuracy us ing  

the r a d i o t r a c e r  technique a r e  suggested t o  be performed i n  the  lower 

temperature reg ion.  

The authors wish t o  express t h e i r  thanks t o  CNPq and CNEN o f  

B r a z i l  and NRC o f  Canada f o r  the f i n a n c i a 1  ass is tance.  
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