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Abs t r ac t  - We have performed a computer s imu la t ion  "experirnent" and produced -- 
a s e t  o f  S ( k )  f o r  Krypton a t  room tempera ture  a s  func t ion  o f  t h e  d e n s i t y  
between 1 . 3 ~ 1 0 ~ ~  and 6 . 5 ~ 1 0 ~ ~  atoms/m3 . An a n a l y s i s  o f  t h e  d e n s i t y  behaviour 

o f  t h e  cornputer "exper imenta l"  S ( k )  is  then  performed wi th  t h e  same procedure 
used f o r  t h e  r e a l  exper imenta l  d a t a  12j . The r e s u l t s  o f  t h e  a n a l y s i s  show t h e  
p o s s i b i l i t i e s  and l i m i t a t i o n s  o f  t h e  method t o g e t h e r  w i th  t h e  u s e f u l  range  o f  
d e n s i t y  and k v a l u e s  f o r  r e a l  exper iments .  

The measurement of t h e  s t r u c t u r e  f a c t o r  S(k) i n  monoatomic f l u i d s  a s  a f u n c t i o n  of 

t h e  d e n s i t y  f can ,  i n  p r i n c i p l e ,  provide  in fo rma t ions  on t h e  p a i r - p o t e n t i a l  and on 
t h e  three-body c o n t r i b u t i o n  t o  t h e  p a i r  d i s t r i b u t i o n  f u n c t i o n  g ( r ) .  Recent expe r i -  
mental  d a t a  o f  t h e  S ( k )  o f  Krypton a t  room tempera ture  a s  a f 'unction o f  f between 
0 . 2 5 . 1 0 ~ ~  and 6 . 2 . 1 0 ~ ~  atoms/m3 have been analyzed i n  o r d e r  t o  e x t r a c t  t h e  
befor-e mentioned in fo rma t ions  E1*2] . fiowever, it is we l l  known t h a t  t h e r e  a r e  
d i f f i c u l t i e s  i n  e x t r a c t i n g  in fo rma t ions  from v i r i a l .  expansions  o f  measured 
p r o p e r t i e s , p a r t i c u l a r l y  i f  one d e a l s  w i th  three-body p r o p e r t i e s ,  s i n c e  t h e  t h ree -  
body c o n t r i b u t i o n  rnust be s m a l l ,  i n  o r d e r  t o  ensu re  t h e  f a s t  convergence o f  t h e  
v i r i a l  s e r i e s ,  bu t  a l s o  measurable wi th  good p r e c i s i o n  even wtien h ighe r  o r d e r  terrns 
i n  t h e  s e r i e s  expansion a r e  neg lec t ed .  Th i s  is even a more d i f f i c u l t  problem f o r  
t h e  d e n s i t y  expansion o f  t h e  S ( k )  s i n c e  t h e  convergence is n o t ,  i n  p r i n c i p l e ,  t h e  
same f o r  t h e  va r ious  k va lues .  Due t o  t hose  d i f f i c u l - t i e s  it is t l l e r e fo re  

d e s i d e r a b l e  t o  t e s t  i n  a known system t h e  procedures  used for t h e  d e r i v a t i o n  o f  t h e  
two- and three-body p r o p e r t i e s  from t h e  S ( k ) .  I n  o r d e r  t o  perform t h i s  t e s t  we have 
produced a s e t  o f  "exper imenta l"  S ( k )  by means o f  computer Molecular Dynamics 
s imu la t ion  f o r  c i n e  d e n s i t i e s  between 1 . 3  ,1027 and 6 .74  . loZ7 atoms/m3 f o r  
Krypton a t  teinperature T = (297 f 3)-OK. The p o t e n t i a l  used i n  t h e  s imu la t ion  is 

t h e  p a i r - p o t e n t i a l  o f  Barker e t  a l .  U3.I . The s imula t i .on  haç  been performed wi th  
s t anda rd  Molecular Dynamics techniques  f o r  a syçtem o f  500 p a r t i c l e s .  A t  each 
d e n s i t y  t h e  averages  have been performed over  a s e t  o f  5000 Lime s t e p s .  The e r r o r s  
o f  t h e s e  "exper imenta l"  S ( k )  a r e  o f  t h e  o r d e r  o f  2 %  f o r  each p o i n t ,  t he se  have been 
e s t ima ted  from t h e  s t a t i s t i c s  o f  t h e  va lues  und correspond t o  t h e  e f f e c t  o f  
tempera ture  f l u c t u a t i o n s  which a r e  p r e s e n t  i n  t h e  micrucanonical  ensernble. 
F ig .1  shows t h e  behaviour o f  the  "experimental" C ( 1 0  f o r  two d e n s i t i e s  whi le  F i g . 2  
g i v e s  t h e  behaviour o f  ( S ( k ) - l ) / t  ve r sus  f o r  t h r e e  d i f f e r e n t  va lues  o f  k 

where : 

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1985903

http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:1985903


C9-24 JOURNAL DE PHYSIQUE 

where g,(r) and f .  g,(r) are the pairs and triplets contributions to the g(r), 
respectively. The theoretical expressions for go(r) and g,(r) are known and are 
given by 141 : 

g, (r) = go(r) [ 1 (exp(-U(s)/KaT - 1) ( ~ X P ( - U I I ~ - ~ I  )/K.T - 1) dg (5) 1 
where U(r) is the pair-potential, is the displacernent between a given pair of atoms, 
s is the displacement between one of these atoms and a third atorn, K is Boltzmann's - 
constant, k is the wave vector. 

Fig.1 S(k) from our M.D.calculation Fig.2 (S(k)-l)/e versus f for k = .42A-' 

for Kr at 1 . 3 ~ 1 0 ~ ~  (squares) and (triangles), k= 1.4 A-' (dots), k = 2.81' 

6 . 5 ~ 1 0 ~ ~  atoms/rn3 (triangles ) . Pair- (squares). Density f between 1 . 3 ~ 1 0 ~ ~  
potential from ref. [3] ; u = 3.573 A: and 6 . 5 ~ 1 0 ~ ~  atoms/m3 . Typical error 
T = 297 'K. bars are shown. 



Frorn the density behaviour of S(k) one can derive wi tti a least squares fit: procrifiii.~ 
SO (k) and Si (k). The "experimental" SO (k) and Si (k) derived from our set or' 
simulated S(k) values are given in Fi& 3 and 4, together with theoretical valiies 
calculated directly from eqs.(2),(3),(4) and (5) by means of the use of the Bar.këi- 

potential of Krypton. 

Fig.3 So(k) from eq.(2) (continuous Fig.4 S,(k) from eq.(3) (dots) and 
line) and from our M.D.calculatioii from our M.D.calculation (triangles). 
(dots). Continuous line serves as a guide to 

the eye. 

With a procedure analogous to the one used in ref.[2] we can now derive an 
"experirnental" .pair-potential from the S, (k). Fig.5 sliows this "experimental" pair- 
potential compared to the Barker et al. one from wtiich the experiinent started. The 
agreement in the conipared range is at worst of the order of few percent which 
demonstrate the possibili ty of extracting good pair i :%ot:i'opi c potentials fropi S(I< ) 
density behaviour "experimental" data which are affected by errors of t.he ordar 

of 2%. 
The comparison for Sl(k) is less encouraging for k.iï  < 3 i.e. for k < .8 A-1 while 

is good for k . ~  > 3. This could be due eithei- to an insiifficiarit precision of 
our S(k) for k. r i  t3 or to inadcquacies of our procediir-a for the detarniination 

of SI (k) in that range of k values. Ttiere are iii facts 1-rgions of 1< values iii 

which the virial expansion or 3(k)  shoiild ùa iisetl very carefiilly as it is siio:~n 
by Fig.6 where we have plotted the tlicoretical values So / O  . S 1  for a density 

p = 6 . 5 ~ 1 0 ~ ~  atoms/m3 . 
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Fig.5 Pair-potential from Rarker et Fip.6 Absolute value of S. (k)/e. S, (k) 
al.L3j (continuous line) and from Our from eqs.(2) and (3) at density 
M.D. calculation (dots). e = 3 . 9 ~ 1 0 ~ ~  atoms/m3. 

From Fig.6 it appears that there are large regions for k.6 < 6 where the ratio 
So/e.S1 is smaller than 3 showing that the contribution of ?-SI to eq. (1) is 
coilspicuous. Therefore derivation of Slin those regions of k.d neglecting the 
terms O( e2) in (1) can lead to considerable errors when densities of about 
3.9~1027 atoms/rn3 are used. For k.8. 6 there are less problems even though also 
here we have sharp regions in which analogous difficulties appear. 
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