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the s o - c a l l e d  "double plai tpoint" .  The separa t ion  
into two phases  at p r e s s u r e s  above this  point is  
c l e a r l y  marked.  The  coord ina tes  of the double 
plai tpoint  a r e  1240 (+ 25) arm. and -108.43 
(+ 0.02) °C. The c r i t i c a l  mix tu re  contains  37.5% 
Kr.  In fig. 2 is shown t h e p - T p r o j e c t i o n  of the 
c r i t i c a l  locus with i ts  t e m p e r a t u r e  minimum.  
Th i s  con f i rms  that  the g a s - g a s  equ i l ib r ium in the 
s y s t e m  N e - K r  is  of type II. To the bes t  of our  
knowledge this  is  the f i r s t  o c c u r r e n c e  of g a s - g a s  
equ i l ib r ium in a mix tu re  containing ne i the r  he l ium 
nor  a po la r  component.  
A de ta i led  d i scuss ion  of these  r e su l t s  as  well  as  
the comple te  phase  d i ag ram will  be given in a 
subsequent  publication.  

This  inves t iga t ion  is  pa r t  of the r e s e a r c h  p r o -  
g r a m  of the "Stichting voor  Fundamentee l  Onder -  

zoek der  Mate r i e  (F.O.M.)" ,  supported by the 
"Organ i sa t i e  voor  Zu ive r  Wetenschappel i jk  Onder -  
zoek (Z.W.O.)".  
The  au thors  a r e  much indebted to Mr. A. D e e r e n -  
b e r g  for  a s s i s t a n c e  with the m e a s u r e m e n t s .  
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It is proposed that at a certain density in liquid argon, krypton and xenon the average scattering length for 
electron-atom scattering is zero. The mobility then has a maximum, determined by fluctuations in the 
effective potential. 

We wish to give an explanation of ce r t a in  ano-  
m a l i e s  obse rved  by Schnyders  et al. [1] in the 
mobi l ( t i es  of e l e c t r o n s  in jec ted  into l iquid argon 
and krypton. They found a sharp max imum in the 
mobi l i ty  in krypton at about 180OK, and a s teep 
r i s e  in the mobi l i ty  in argon in the range  
140 - 150°K. In a ca lcula t ion  of the sca t t e r ing  of 
e l e c t r o n s  moving in the conduction band of l iquid 
argon [2], I found the sca t t e r ing  length to be 
pos i t ive  nea r  the t r i p l e  point. In the gas  it i s  
negat ive.  Now the ef fec t ive  potent ia l  s ca t t e r ing  
the e l e c t r o n s  in the l iquid i s  the a tomic  potent ia l  
modif ied  by sc reen ing  and over l ap  [2]. Since both 
s c r een ing  and ove r l ap  v a r y  continuously with 
densi ty ,  it fol lows that  somewhere  in the phase 
d i a g r a m s  of argon,  krypton and xenon (all  of 
which have negat ive  s ca t t e r i ng  lengths in the gas) 
l i e s  a locus at which the s ca t t e r i ng  length p a s s e s  
through zero.  Th is  locus  should be approx imate ly  
a l ine of constant density.  

The  ef fec t ive  a tomic  potent ia l  s ca t t e r i ng  an 
e l e c t r o n  depends on the envi ronment  of each 
given atom. This  envi ronment  f luctuates  about 
the ensemble  ave rage .  Thus even when the a v e r -  
age sca t t e r ing  length (a) i s  ze ro ,  ( a 2 ) i s  non-ze ro  
and the e l ec t ron  mobi l i ty  r em a ins  finite.  We can 
give an o r d e r  of magnitude e s t ima te  for  the max i -  
mum mobi l i ty  as follows. Cons ider  an a tom at  
the or igin.  The  probabi l i ty  of finding another  atom 
in d R a t  R is  ng(R)dl~, where  n i s  the a tomic 
densi ty  and g(R) is  the p a i r  co r r e l a t i on  function. 
If th is  second a tom is  given a d i sp lacement  A R  
the change in the potent ia l  at the or ig in  is  AU = 
= (dU/dR) cos (AR,  R) IARI .  We take the d i sp l ace -  
ment  A R t o  be u n c o r r e l a t e d  with R ,  so that  a v e r -  
aging o v e r  the d i r ec t ions  of d i sp lacement ,  we get 

¢ 0  

(AU2) = }(AR2) 4~n f dRR2g(R)(dU/dR) 2 . (1) 
o 

The mean square  d i sp lacement  (AR 2) can be e s t i -  
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mated on the Eins te in  .model of a tomic motions.  
Assume  each atom to be v ibra t ing  in a spher ica l  
box formed by i ts  ne ighbours ,  osc i l la t ing  nea r  
the bot tom of a potent ia l  well ~ (/~). Assume  
fur the r  that i ts  mean kinetic energy ~kT is  equal 
to i ts  mean potent ia l  energy ½(AR 2) (d2E/dR2) o. 
The force constant  d 2 E/dR 2 can be re la ted  to the 
compress ib i l i t y  × by [3,p.16] }R2(d2E/dR2) o = 
= (n×) -1 where R s is  the Wigner -Se i tz  radius ,  
defined by ~ ~R3s = 1In. We find therefore  

(AR2> ~IR2 nkTx ~ ~R2skT/Mc 2, (2) 
S 

where c is  the speed of sound. Now cons ider  the 
va r i a t ion  in the sca t t e r ing  length away f rom its 
verage  zero value. In the Born approximat ion  
th i s  is  

_ 2 m r  ~, - - 2  Aa-~2 ~ att~ AU. (3) 

To calcula te  the mobi l i ty  we need the average  
c r o s s - s e c t i o n ,  4~(a2}. Since (a~ = 0, (a 2) = 
= {ha2}, which we wil l  calculate  f rom eq. (3) by 
a s suming  that AU can be replaced  by a constant ,  
equal to i ts  value at the or ig in ,  up to R = Rs ,  the 
Wigner -Se i tz  radius .  Then (3) becomes  

and the average c r o s s - s e c t i o n  is  

4 . (  m ,2 <or} = 4,<~a2> = \ ~ )  (AU2>. (5) 

Using eqs. (1), (2) and (5) we may es t ima te  the 
mobi l i ty  f rom the Lorentz  fo rmula  [2]: 

g=_~  2 e 

Before compar ing  this  n u m e r i c a l l y  with expe r i -  
ment ,  we note that  if g is  measu red  along a locus 
(of approximate ly  constant  density) where the 
max imum occurs ,  th is  max imum will vary  with 
the the rmodynamic  v a r i b l e s  as g ~ c2T-L 

Schnyders et al. found a maximum in the e lec -  
t ron  mobil i ty  in liquid krypton at 180°K. The i r  
r e su l t s  a re  shown ~n the i r  table 3 and fig. 11. 
The r e  a re  th ree  values  of ~ c lus te red  around 
2300 cm2/Vsec, measu red  at a field s t rength of 
100 V/cm;  there  is  also another  value of 
3610 cm2/Vsec ,  measu red  at 50 V / c m  (not shown 
in fig. 11). This  d i sc repancy  indicates  that the 
drif t  velocity is  a l ready  n o n - l i n e a r  in the field at 
these  low field s t rengths ,  s ince the sca t te r ing  is  
so weak. We shal l  obtain an o rder  of magnitude 
es t imate  of ~ by replac ing g(R)(dU/dR) 2 in eq. (1) 
by i ts  approximate  asymptot ic  value (2ae2fL/RS)2 
for  R g rea t e r  than the hard  sphere d iameter  5 and 
zero for R < 5. Here a is  the atomic po la r i zab i -  
l i ty a n d f L  = (I + §~na) -I is the Lorentz  local 
field factor  [2]. 
T h e n ( A a  2) reduces  to 

s3 Mc 2 ~n53 ", ~ -  / \ 7 

F or  krypton at 180°K and 30 a tmospheres  [4], 
n = 0.013A -3, R s = 2.64A, 5 ~ 3.7A. The mobi l i -  
ty at max imum then comes  out to be 4300 cm2/ 
Vsec.  In view of the number  of approximat ions  
made,  the ag reemen t  with the probable  exper i -  
mental  value of about 4000 cm2/Vsec  is  just  a 
happy coincidence.  But the o rde r  of magnitude 
ag reemen t  is  encouraging.  

I am grateful  to Dr. V. Heine for d i scuss ions ,  
and to P r o f e s s o r  W. E. Spear for helpful i n fo rma-  
tion. 
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