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Viscos i ty ,  the rmal -conduc t iv i ty ,  and se l f -d i f fus ion coefficients  a r e  calculated for monatomic  
gases  a t  a p r e s s u r e  of i ba r  and t e m p e r a t u r e s  of 100-3000~ for  the (12-7) model potential.  
The calcula ted resu l t s  a r e  compared  with expe r imen ta l  data. 

To calcula te  the the rmophys ica l  p rope r t i e s  of gases  and liquids it  is n e c e s s a r y  to know the in te rmolecu la r  
in te rac t ion  potential .  For  gases  and liquids of spher i ca l  nonpolar molecules  the mos t  widely used potential  
until v e r y  recent ly  was the Lennard - Jones  (12-6) [1]. However ,  exper imen t s  with molecu la r  beams [2-4], 
spec t roscop ic  studies of d i m er s  [5], and analys is  of improved  data on the second v i r i a l  coeff icient  [6, 7] and 
v i scos i ty  [8-15] p e r f o r m e d  in r ecen t  yea r s  have demons t ra ted  convincingly that the t rue  pa i r  potential  of 
monatomic  gases  is deeper  a t  the min imum and s t eepe r  a t  l a rge  dis tances  than the (12-6) potential.  It has 
a lso  been shown [16, 17] that  for the Lenna rd - Jones  (n-6), Kikhara  (12-6, T) and Buckingham (exp-6) model 
potent ia ls ,  force  constants  may be chosen such that  one or another  p rope r ty  of a monatomic  gas may be 
descr ibed  ove r  some  t e m p e r a t u r e  in terval .  However ,  these  potentials  cannot desc r ibe  in a consis tent  (with 
unique constant  values  for  each gas) manner  va r ious  expe r imen ta l  data over  the en t i re  range  of m e a s u r e m e n t s  ; 
i .e . ,  for these  models  the law of cor responding  s ta tes  is not fulfilled. 

Due to this ,  in the l a s t  ten yea r s  a number  of  new models  of the pa i r ed - in t e rac t ion  potential  have been 
studied [18-20]. The mos t  var ied  analyt ical  f o r m s  have been used for the repuls ive  energy ,  in many cases  with 
a l a rge  number  of f ree ly  va r i ab le  p a r a m e t e r s .  For  the a t t r ac t ive  energy  the f i r s t  (London , -c~r  -~) o r  s ev e ra l  
f i r s t  t e r m s  of the expansion for  d i spers ion  energy  [1, 21] a r e  used. The express ion  

q~dtsp (r) = - -  c s r  - s  - -  c s r  - s  - -  c , o r  - 1 ~  - -  . . . ( 1 )  

is a sympto t i ca l ly  valid for  l a rge  i n t e rmolecu la r  d is tances  which a re  s t i l l  sma l l e r  than the cha rac t e r i s t i c  length 
•= (~Ae) - t  for  delayed forces  [22]. 

Analys is  has shown that  none of these  models  in which theore t ica l  values  of the  coeff icients  c6, c8, and 
c10 a re  taken [23] has any advantage over  the Lenna rd - Jones ,  Kikhara ,  or  Buckingham potent ials ,  in pa r t i cu l a r ,  
as before ,  i t i s  imposs ib le  to cons is tent ly  desc r ibe  not only var ious  exper imenta l  data, but also the rapid change 
of the second v i r i a l  coeff icient  a t  low t e m p e r a t u r e s  [20]. This may be because  s e r i e s  (1) d iverges  ove r  the 
en t i re  dis tance range  where  "delay"  effects  may be neglected [24]. 

A sufficiently accura t e  descr ip t ion  of heterogeneous exper imen ta l  data over  a wide t e m p e r a t u r e  range  
can be at tained with the (n-6-8) Kle in--Hanley potent ial  [25, 26] : 

fl~(r) : e F  6 - ~ 2  ? ( ~ _ ) n  n__7(n__8) ~_)6  , 

in which for monatomic  gases  and methane n = l l  and 3,=3. In this ease  the coeff icient  e 6 in Eq. (2) is th ree  
t imes  s m a l l e r ,  while c 8 is seven t imes  l a rge r ,  thanthe  cor responding  theore t ica l  values  [231. 

In [27, 28] the model  potent ia l  of Mi (n-m) with n ~  9 and m =  6, 7, 8 was considered.  Analysis  has shown 
that  the (12-7) potential  

cons is tent ly  (i.e.,  with one and the s a m e  constant  values) desc r ibes  the var ious  p rope r t i e s  of gases  formed of  
spher i ca l  nonpolar  molecules  over  the ent i re  m e a s u r e m e n t  range  within the I imits  of d ivergence  of expe r i -  
menta l  r e su l t s  of var ious  authors ;  i .e . ,  for  the (12-7) potent ial  the law of cor responding  s ta tes  is sat isf ied.  
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T A B L E  1. F o r c e  C o n s t a n t s  of  the  (12-7) P o t e n t i a l  

Gas 
Constant helium I neon argon krypton xenon 

6 
m o K 

k '  
o. 108, cm 

. 

10,2 45,0 

2,537 2,724 

152 

3,304 

214 

3,511 

295 

3,845 

T A B L E  2. C o e f f i c i e n t  o f  D y n a m i c  V i s c o s i t y  of  Mona tomic  G a s e s  
a t  a P r e s s u r e  of  1 b a r ,  #-  10 7 (Pa"  sec)  

T, "K Helium Neon Argon Krypton Xenon 

100 
120 
160 
200 
240 
280 
300 
320 
360 
4OO 
500 
600 
7OO 
800 
9O0 

1000 
1200 
1400 
1600 
1800 
2000 
22OO 
24O0 
26O0 
280O 
3000 

100,0 
112,6 
135,5 
I56,3 
175,7 
193.9 
202,7 
211,3 
227,9 
243,8 
281,4 
3t6,5 
349,6 
38l ,0 
4ti ,3 
440,3 
495.6 
547,8 
597.5 
645,2 
691,1 
735,4 
778,4 
821,2 
860,9 
900,7 

143,4 
165,9 
205,9 
241,4 
273,7 
303,7 
318,0 
331,9 
358,7 
384,2 
444,1 
499,5 
551,4 
600,7 
647,8 
693,0 
778,9 
859,7 
936,6 

1010 
1081 
1149 
1215 
1280 
1342 
1403 

81,5 
97,4 

128,8 
159,2 
188,1 
215,4 
228,4 
241,1 
265,4 
288,5 
341,8 
390,2 
434,8 
476,7 
516,3 
554,0 
624,9 
691, l 
753,7 
813,3 
870,4 
925,4 
978,4 

1030 
1080 
1129 

1~.1 
140,6 
174,7 
208,3 
241 ~0 
257,0 
272,3 
302,8 
331,9 
399,6 
461,2 
518,0 
571.t 
621,0 
668,5 
757,4 
839,9 
917.6 
991,4 

1062 
1130 
1195 
1258 
1320 
1380 

126,0 
156,5 
187,0 
217,4 
232,4 
247,3 
276,7 
305,4 
373,6 
437,0 
495.8 
550,9 
608,7 
651.8 
743,5 
828,1 
907,5 
982,5 

1054 
1123 
1189 
1253 
1315 
1375 

In the  i n t e r m e d i a t e  d i s t a n c e  r a n g e  the  0 2 - 7 )  p o t e n t i a l  a g r e e s  with e x p e r i m e n t a l  r e s u l t s  on b e a m  
s c a t t e r i n g  in the  t h e r m a l  e n e r g y  i n t e r v a l .  Th is  is  i n d i c a t e d  by the good a g r e e m e n t  of f o r c e  c o n s t a n t s  and 
c u r v a t u r e  a t  the  m i n i m u m  p o i n t  of  the  (12-7) p o t e n t i a l  wi th  v a l u e s  ob t a ined  in b e a m  e x p e r i m e n t s  [2-4] .  

The  f o r c e  c o n s t a n t s  of  the  (12-7) p o t e n t i a l  a r e  p r e s e n t e d  in  Tab le  1. They  a r e  def ined  f r o m  the cond i t i on  
o f  m i n i m u m  d e v i a t i o n  of  c a l c u l a t e d  v a l u e s  of  the  s e c o n d  v i r i a l  c o e f f i c i e n t ,  t r a n s f e r  c o e f f i c i e n t s  ( v i s c o s i t y ,  
t h e r m a l  conduc t i v i t y ,  and s e l f - d i f f u s i o n ) ,  and the c o m p r e s s i b i l i t y  f ac to r  f r o m  c o r r e s p o n d i n g  e x p e r i m e n t a l  
v a l u e s .  I n c l u s i o n  of da t a  on c o m p r e s s i b i l i t y  is  d e s i r a b l e  fo r  two r e a s o n s .  F i r s t ,  the  v a l u e  o f  the  c o m p r e s -  
s i b i l i t y  f a c t o r  Z = PV/RT is  m o r e  s e n s i t i v e  to the  v a l u e  of  the  f o r c e  c o n s t a n t s  o f  the  p a i r e d  p o t e n t i a l  ( e s p e c i a l l y  
the  c o n s t a n t  a} than  a r e  t r a n s f e r  p r o p e r t i e s  o r  the  s e c o n d  v i r i a l  coe f f i c i en t .  Second,  e s p e c i a l l y  in the  c a s e  o f  
l i g h t  g a s e s ,  m e a s u r e m e n t s  o f  c o m p r e s s i b i l i t y  can  be p e r f o r m e d  with h i g h e r  a c c u r a c y  than  is the  c a s e  for  any  
o t h e r  p r o p e r t y .  Thus ,  fo r  h e l i u m  the  d i v e r g e n c e  in the  c o m p r e s s i b i l i t y  f a c t o r  among  the  v a r i o u s  a u t h o r s  c o m -  
p r i s e s  0 .5 -2 .0% (depend ing  on t e m p e r a t u r e ) ,  wh i l e  for  t r a n s f e r  p r o p e r t i e s  and the s econd  v i r i a l  c o e f f i c i e n t  the  
d i v e r g e n c e  is  2-10% [29]. I t  m u s t  be  no ted  tha t  p r e v i o u s l y  in [27] da ta  on c o m p r e s s i b i l i t y  w e r e  not  a n a l y z e d ,  
and the  in f luence  of  q u a n t u m  e f f ec t s  was not  c o n s i d e r e d  in  c a l c u l a t i n g  the  s e c o n d  v i r i a l  coe f f i c i en t .  The r e f i n e d  
v a l u e s  of  the  f o r c e  c o n s t a n t s  (Tab le  1) d i f f e r  f r o m  t h o s e  p u b l i s h e d  p r e v i o u s l y  [27] by a m a x i m u m  of  2%. 

A r e v i e w  and a n a l y s i s  of e x p e r i m e n t a l  da t a  on p r o p e r t i e s  of  m o n a t o m i c  g a s e s  was  p r e s e n t e d  in [16, 17, 
26,  29]. In the  p r e s e n t  s tudy ,  in d e t e r m i n i n g  the  f o r c e  c o n s t a n t s  o f  the  0 2 - 7 )  po t en t i a l ,  g e n e r a l i z e d  e x p e r i m e n t a l  
da t a  f r o m  [6, 7] w e r e  u sed .  The m e a s u r e m e n t s  of  Smi th  e t  a l .  [8-10] w e r e  used  fo r  v i s c o s i t y  for  t e m p e r a t u r e s  
f r o m  120 to 1600~ and t h o s e  of  G u e v a r a  e t  a l .  [11-15] w e r e  u sed  for  1100 to 2100~ T h e s e  r e s u l t s  e n c o m -  
p a s s  the  w i d e s t  t e m p e r a t u r e  r a n g e  and a r e  u s e d  for  s tudy  of  v a r i o u s  p o t e n t i a l  m o d e l s  [18-20] .  F o r  the c o m -  
p r e s s i b i l i t y  f a c t o r  e x p e r i m e n t a l  da t a  of  [30-35] w e r e  u s e d ,  c o v e r i n g  a wide t e m p e r a h z r e  (T* = 2-46) and d e n s i t y  
(pb0<_ 2, b0=2/31rl~o ~) r a n g e  and c o n s i d e r e d  the  m o s t  r e l i a b l e  a v a i l a b l e  [16, 17]. 

The  c a l c u l a t i o n s  u sed  s t a n d a r d  f o r m u l a s  o f  the m o l e c u l a r  t h e o r y  of  g a s e s  [1]. The v i r i a l - c o e f f i c i e n t  
v a l u e s  p r e s e n t e d  for  the  (12-7) p o t e n t i a l  w e r e  c a l c u l a t e d  in [36] and the  quan tum c o r r e c t i o n s  in [37]. The 
c o m p r e s s i b i l i t y  f a c t o r  was  c a l c u l a t e d  with a s e m i e m p i r i c a l  equa t ion  of  s t a t e  of  a d e n s e  gas  with c o n s i d e r a t i o n  
of n o n a d d i t i v i t y  and quan tum e f fec t s  [38]. At  high n o r m a l i z e d  t e m p e r a t u r e s  (T*_~ 10), c o r r e s p o n d i n g  to c o r n -  
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TABLE 3. 
at  a P r e s s u r e  Of 1 bar ,  X" 10 -2 (W" m - i~  K -1) 

Thermal-Conductivity Coefficient of Monatomie Gases 

T, Neon Argon Krypton Xenon ~ Helium 

0,780 
0,878 
1,056 
1,219 
1,370 
1,512 
1,580 
1,647 
1,776 
1,900 
2,194 
2,467 
2,725 
2,971 
3,206 
3,432 
3,863 
4,270 
4,658 
5,029 
5,387 
5,733 
6,068 
6,394 
6,711 
7,021 

0,2217 
0,2564 
0,3183 
0,3732 
0,4231 
0,4694 
0,4915 
0,5130 
0,5544 
0,5940 
0,6865 
0,7721 
0,8524 
0,9286 
1,09I 
1,071 
1,204 
1,329 
1,448 
1,562 
1,671 
1,777 
1,879 
1,979 
2,075 
2,170 

0,0637 
0,0760 
0,1006 
0,1244 
0,1469 
0,1682 
0,1784 
0,1883 
0,2073 
0,2254 
0,2670 
0,3048 
0,3396 
0,3723 
0,4032 
0,4327 
0,4881 
0,5398 
0,5887 
0,6352 
0,6798 
0,7228 
0,7643 
0,8045 
0,8437 
0,8818 

0,0395 
0,0523 
0,0650 
0,0776 
0,0897 
0,0957 
0,1015 
0j1127 
0,1236 
0,1488 
0,1717 
0,1929 
0,2126 
0,2312 
0,2489 
0,2820 
0,3127 
0,3416 
9,3691 
0,3953 
6,4206 
0,4449 
0,4686 
0,4914 
0,5137 

lO0 
120 
160 
200 
240 
280 
300 
320 
360 
4OO 
500 
609 
700 
800 
9OO 

1009 
12O0 
1400 
1600 
1800 
2000 
2200 
2400 
2600 
28OO 
3O00 

0,0299 
0,0372 
0,0444 
0,0516 
0 ,O552 
O, 0588 
0,0657 
0,0726 
0,0888 
0,1038 
0,1178 
0,1309 
0,1432 
0,i549 
0,1767 
0,1968 
0,2156 
0,2335 
0,2509 
0,2668 
0,2825 
0,2976 
0,3124 
0,3267 

TABLE 4. Se l f -d i f fus ion  Coef f i c ien t  of Monatomic  Gases  a t  a 
P r e s s u r e  of 1 b a r ,  D (era 2" see  -1) 

T, ~ 

100 
120 
160 
200 
240 
280 

Heliurn 

0,2684 
0,3632 
0,5846 
0,8450 
1,142 
1,472 
1,650 
1,835 
2,228 
2,651 
3,832 
5,177 
6,678 
8,326 

10,12 
12,04 
16,19 
21,00 
26,20 
31,84 
37,91 
44,39 
51,27 
58,54 
66,19 
74,21 

Neon 

0,0752 
0,1045 
0,1730 
0,2541 
0,3466 
0,4495 
0,5048 
0,5624 
0,6848 
0,8163 
1,183 
1,599 
2,064 
2,573 
3,125 
3,719 
5,023 
6,478 
8,074 
9,806 

11,67 
13,65 
15,76 
17,99 
20,41 
22,78 

Argon KryptOn 

0,0220 
0,0315 
0,0553 
0,0850 
0,1201 
0,1601 
0,1818 
0,2045 
0,2532 
0,3057 
0,4532 
0,6218 
0,8099 
1,016 
1,240 
1,481 
2,009 
2,598 
3,243 
3,942 
4,693 
5,495 
6,345 
7,242 
8,185 
9,172 

0,0164 
0,0289 
0,0448 
0,0639 
0,0859 
0,0980 
0,1107 
0,1382 
0,1679 
O, 2523 
O, 3495 
0,4584 
0,5782 
0,7082 
0,8481 
1,156 
1,498 
1,874 
2,281 
2,718 
3,185 
3,679 
4,201 
4,471 
5,324 

300 
320 
360 
400 
500 
600 
709 
800 
900 

1009 
1200 
1400 
1600 
1. 800 
2000 
2200 
2409 
26OO 
2800 
30OO 

Xenon 

0,0165 
0,0257 
0,0368 
0,0498 
0,0569 
0 ,O646 
0,0811 
0,0992 
0,1510 
0,2115 
0,2797 
O, 3552 
0,4374 
0,5260 
0 3212 
0,9389 
1,178 
1,437 
1,715 
2,012 
2,326 
2,659 
"2,83l 
3,372 

p r e s s i b i l i t y  m e a s u r e m e n t s  in  he l ium,  the e m p i r i c a l  t e r m  in  the equa t ion  be c ome s  neg l ig ib ly  s m a l l .  In c a l -  
cu la t ing  the t r a n s f e r  coe f f i c i en t s ,  quan tum effects  w e r e  not  c o n s i d e r e d .  Co l l i s ion  i n t e g r a l s  for the (12-7) 
po ten t i a l  a r e  p r e s e n t e d  in  [39, 40] ; t r a n s f e r  coe f f i c i e n t  c o r r e c t i o n s  to h igher  a p p r o x i m a t i o n s  may  be found 

in  [28]. 

The force  cons t an t s  of the (12-7) po t en t i a l  d e t e r m i n e d  in  this  m a n n e r  w e r e  used  to c a l c u l a t e  the coeff i -  
c i en t s  of v i s c o s i t y ,  t h e r m a l  conduc t iv i ty ,  and s e l f - d i f f u s i o n  of m o n a t o m i c  gases  in  the t e m p e r a t u r e  range  100- 
3000~ (Tables  2-4) .  

The ca l cu la t ed  r e s u l t s  a r e  c o m p a r e d  with e x p e r i m e n t a l  da ta  on v a r i o u s  p r o p e r t i e s  of mona t omi c  gases  
in  Tab le  5. As ide  f r o m  the e x p e r i m e n t a l  va lues  used  in  ob ta in ing  the force  c o n s t a n t s ,  Tab le  5 p r e s e n t s  the 
r e s u l t s  of  c o m p a r i s o n  with data ob ta ined  by g e n e r a l i z i n g  v i s c o s i t y  and t h e r m a l - c o n d u c t i v i t y  e x p e r i m e n t s  at  
t e m p e r a t u r e s  to 1300~ [17, 42] and with data  f r o m  the m o s t  r e c e n t  t h e r m a l - c o n d u c t i v i t y  m e a s u r e m e n t s  a t  
t e m p e r a t u r e s  up to 2700~ [43-47].  For  a l l  gases  the d i v e r g e n c e  be tween  ca lcu la t ed  and e x p e r i m e n t a l  va lues  
is s m a l l e r  than for the o the r  mode l  po t en t i a l s .  
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T A B L E  5. C o m p a r i s o n  of (12-7) Model  Po ten t ia l  Values  of Var ious  Monatomie  Gas P r o p e r t i e s  with E x p e r i -  
m e n t a l  Data  

Maximum Mean Literature 
Gas Characteristic p, bar T, "K T* deviation deviation cited 

Helium 

Neon 

Argon 

Krypton 

Xenon 

Viscosity coefficient 
y.iscosity coefficient 
xi-~cosi.ty coe~ciem. 
viscosity coemeient 
:hermal-conduetivity coefficien 
rhermal-conductivitv coefficient 
second virial coefficient 
c5-mpresa~-Hity motor 
Compressibility factor 

Viscosity coefficient 
Vi~osity coefficient 
Viscosity coefficient I 
Thermal-conductivity coefficient I 
Thermal-conductivity coefficient[ 
Second virial coefficient 
Compressibility factor 
Compressibility factor 

Viscosity coefficient 
Viscosity coefficient 
Viscosity coefficient 
Thermal-conductivity eoefficien 
Thermal-conductivity coefficien~ 
/Second virial coefficient 
J Compressibility lacier 

Viscosity coefficient 
iViseosity coefficient 
Viscosity Coefficient 

Thermal-conductivity coefficient 
Thermal-conductivity coefficient 
Second virial coefficient ,. 
Compressibility factor 

1 
1 
1 
1 
1 
1 

1--~000 
1000--7000 

1 
1 
1 
1 
1 

1 ---'2027 
1--2710 

l 
1 
1 
1 
1 

1 --1-0000 

t 
1 

i 1 --3040 

Viscosity coefficient I 1 
ViscosRy coefficient 1 
Viscosity coefficient ] 1 
IThermal -conductivity coefficientt 1 
iSecond virial coefficient i - -  

120--1600 
476--2344 

t100--2100 
100--1200 
400--2200 
400--2300 
100--600 
113--273 
293--423 

120--1600 
1100--2100 
100--1300 
100--1360 
373--2723 
40--1000 
90--'130 

273--423 

120--1600 
1100--2100 
100--1300 
100--1300 
350--2500 
80--1000 

308--673 

140--1600 
1100--2000 
120--1300 

120--1300 
400--2500 
II0--II00 
423 

160--1600 
1100--2000 
170--1300 
170--1300 
275--1000 

11,8--157 6,5% 
46,7--230 3,5% 

108--206 8,9% 
9,8--118 2,6% 

39,2--216 5,0% 
39,2--226 8,7% 
9,8--58,8 0,85 cmS/mole 

1 1 , 1 - - 2 6 , 8  0 , 7 0  % 
28,7--41,2 1,2 % 

2,67--35,6 
24,4--46,6 
2,22--28,9 
2,22--28,9 
8,30--60,5 
0,89--22,2 
2,00--2,92 
6,07--9,40 

0,74--10,5 
6,80--13,8 
0,66--8,55 
0,66--8,55 
2,30--16,5 
0,53--6,58 
2,03--4,32 

0,65--7,48 
5,14--9,35 
O, 56--6,08 

0,56--6,08 
1 , 8 7 - - 1 1 , 7  
0,51--5,14 
1 ,98  

O, 54--5,43 
3,74--6,78 
0,58--4,41 
0,58--4,41 
0,93--3,37 

1,6% 
3,5% 
2,2% 
2,2% 
2,9,~ 

0,7 cm-t mole 
1,o% 
0,35 % 

1,1% 
2,9% 
2,7% 
2,7% 

0,62 c~/mole 
0,75% 

! ,4% 
0,5% 
2,5% 

2,5% 
4,4% 

1,2 cmn/mole 
0,80% 

1,1% 
2,0% 
2,6% 
2,6~ _ . 

3,6 eroS/mole 

3,0% 
1,9% 
7,7 % 
1,5% 
2,3% 

0,3L02t/mole 
O,lb% 
0,60 % 

1,1% 
2,8% 
1,0% 
1.0% 
1 9 % ^  

0,4 cmS/mule 
0.55 % 
0,15% 

0,3% 
2,6% 
0,7% 
0,7% 
1 ,0% 

0,3 ema/mole 
0,25% 

t ,0% 
0,4% 
1 ,0% 

1 ,0% 
2,0% 

0,3 cm~/mole 
0,40% 

0.5% 
1 ,7% 
0,7% 
0,7% 

2,6 cm3~mole 

[9,101 
Ill] 
1121 
1421 
I431 
[47l 
[61 
[301 
[311 

[9,101 
[141 
[171 
[171 
[44[ 
[6,41] 
I32] 
[331 

[8,101 
[121 
[171 
II7l 
[451 
[6] 
[17,34] 

[8,101 
[131 
[171 

[17] 
[46] 
[61 
[35] 

[8,101 
[151 
[171 
[171 
[61 

N O T A T I O N  

D, diffusion coef f ic ien t  a t  p r e s s u r e  o f  1 b a r ;  k, B o l t z m a n n ' s  cons tan t ;  P,  p r e s s u r e ;  T, t e m p e r a t u r e ;  V, 
vo lume ,  Z = PVRT,  c o m p r e s s i b i l i t y  f a c t o r ;  r ,  d i s tance  between m o l e c u l e s ;  ~ ( r ) ,  potent ia l  ene rgy  (potential) of  
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 ;  e and a, f o r c e  cons tan t s  of  i n t e rac t ion  potent ia l ;  ~, t h e r m a l - c o n d u c t i v i t y  coef f ic ien t  
a t  p r e s s u r e  of  1 b a r ;  #, d y n a m i c - v i s c o s i t y  coe f f i c i en t  a t  p r e s s u r e  o f  1 ba r .  
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