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Above -35oc, the formation of a second layer can

be d i st'i ngu i shed '

Isoster ic heats-anS!- di f ferent jal  enlrqgtes'

In the studied ternperature range neither the isos-

ter nor the log p ut ' i7 i-plót  deiermined from the

benzene sub l  imat ion ' tq l i l l ¡ i i u t  can  be  represented
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t i v e  p r e s s u r e s  c l o s e  t o  u n i t y  ( F i g .  3 ) .

I n  t he  h igh  tempera tu re  range ,  t he  i sos te r i c  hea t
j s  more  o r  l ess  cons tan t  up  to  po in t  B  t hen ,  dec rea -
ses  and  i nc reases  aga in  du r i ng  t he  fo rma t i on  o f  t he
second  1aye r .  Th i s  i s  qu i t e  cons i s ten t  w i t h  t he  re -
su l t s  o f  P IERCE and  E t ^J ING (2 )  and  those  P IEROTTI  and
SMALLI^JOOD (3)  and D0LLIT\40RE, HEAL and I \4ARTIN (a)  ob-
ta ined  above  the  th ree  d imens iona l  t r i p l e  oo in t  t em-
pe ra tu re  (F jg .  2 ) .  The  va r i a t i on  o f  t he  d i f f e ren t i a l
entropy wi th cover ing can be rather  s t ra ight forwar-
d1y  i n te rp re ted  as  a  f i r s t  dec rease  caused  by  a  com-
p ress ion  o f  t he  f i r s t  l aye r ,  a  f u r t he r  i nc rease  cau -
sed by the beginning of  the format jon a second layer
and  a  l as t  dec rease  caused  by  t he  compress ion  du r i ng
the  comp le t i on  o f  t he  second  l aye r  (F ig .  3 ) .

Determinat ion of  benzene cross-sect ion qnc! .  iggree.  i l
coveFing:--

S ince  the  ea r l y  wo rk  o f  K ISELEV (5 )  mos t  o f  t he
p rev ious  au tho rs  (3 ,  4 )  have  supposed  t [ e  benzene  mo
lecu le  c ross -sec t i on  t o  be  equa l  t o  40  A¿ .  Th i s  va -
l ue  i s  cons i s ten t  w i t h  a  hexagona l  c l ose -packed
a r rangemen t  o f  mo lecu les  l ay ing  f l a t  on  t he  g raph i t e
sur face.  Monolayer  capaci ty  had been computed e i ther
on  the  assumpt ion  o f  mono laye r  comp le t i on  a t  t he
po in t  B  (1 )  o r  by  mean  o f  BET  equa t i on  (3 ) .  l , l e  f ound
tha t  BET  i so the rm l ' i nea r j za t i on  g i ves  a  ra the r  poo r
f j t t i ng  and  capac i t y  va lues  85  to  90  % sma l l e r  t han
the  oo i  n t  B .

Systemat ic  graphi te sur face contro ls  have been per-
f o rmed  by  k r yp ton  adso rp t i on  a t  f i qu id  n i t r ogen  tem-
perature.  From the value of  the adsorbed amount  at
the point  B and on the assumpt ig¡  that  kryoton atom
cross -sec t i on  i s  equa l  t o  14 ,3  A t  (6 ) ,  benzene  c rose
sec t i on  can  be  comou ted  us ing  the  fo l  l ow ing  equa t i on :

c ,  (K r )  d , .
w r  u
"6,,6 9C"n.

?  o  o - r
q - (K r )  =  9 ,5  cm '  t \TP  g - '  ( po i  n t  B  o f  K r  i  so the rm)

t , t  o 2

ol', = llrl ' i., amount or benzene 1cm3 N* s-l ¡'6"6

0n Tab le  I  the  c ross-sec t ion  computed f rom var ious
points of the isotherms are compared with the cross-
sec t ion  o f  the  benzene molecu le  in  the  low-Mi l le r -
index surfaces of the three dimensional benzene
crys ta l  a t  -  50"C (7) .

The BET capac i ty  y ie lds  a  c ross-sec t ion  cons is ten t
w i th  an  ar rangement  o f  c lose  packed molecu les  para l -
lel  to the surface and the point B yields a somewhat
smal le r  va lue .  However  i t  i s  to  be  emphas lzed tha t
the values derived from adsorbed amounts in the vic i-
n i ty  o f  un i t  re la t i ve  p ressure  in  the  low tempera tu-
re range are much smal ler and very near to the cross-
sec t ion  in  the  benzene c rys ta l  p lanes  o f  h igh  dens i -
ty ( in this tenperature range the shape of isotherm,
the  var ia t ion  o f  i sos ter ic  heat  and d i f fe ren t ia l  en-
t ropy  g ive  s t rong ev idences  tha t  there  is  a  s ing le .
adsoibed layer uo to the saturat ion vapor pressure).

T h e  h i g h  d e n s ' i t y  o f  m o l e c u l e s  i n  ( 0 1 0 )  ( 1 0 0 )  ( 1 1 1 )
p lanes  is  accounted  by  the  fac t  tha t  the  molecu les
are t i l ted with respect to one another in order that
every  molecu le  p resents  a  max imum in te rac t ion  w i th
' i  ts ne' ighbours .

TABLE ]
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determi nat i  on ( A ) 1cr3 rutR s- ] ¡

BET equa t i on
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o o
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Since  the  n -n  mu tua l  i n te rac t i on  o f  benzene  mo lecu -
l es  i s  ve ry  s im i l a r  t o  benzene -g raph i t e  i  n te rac t i on -
( t h i s  i s  a t t es ted  by  a  hea t  o f  adso rp t i on  c l ose  to
t h e  h e a t  o f  s u b l i m a t i o n )  -  a  p o s s i b l e  t i l t i n g  o f
adso rbed  mo lecu les  a t  h i gh  cove rage  due  to  l a te ra l
i n te rac t i on  can  we l l  be  cons ide red  tha t  wou ld  exp la in
the  sma l l  c ross -sec t i on  ca l cu la ted .

D i s c u s s i o n .

The exner imenta l  va lues of  d i f ferent ia l  entropy
has  been  compared  w i th  t heo r i t i ca l l y  compu ted  va lues
based upon the d i f ferent  modes of  molecular  mot ion
ava i l ab le  t o  t he  adso rbed  mo lecu le .

In the 1ow temperature range,  the exper imenta l  va-
l ues  a re  i n  acco rd  w i th  a  mode l  o f  l oca l i zed  mo lecu -
les adsorbed f la t  on the graphi te sur face at  low co-
ve rage .  I nc reas ing  cove rage  i nduces  a  p rog ress i ve
t i l t i ng  o f  t he  mo lecu les  caused  by  l a te ra l  i n te rac -
t i ons  and  a l l ows  the  p rog ress i ve  re lease  o f  two  de -
grees of  rotat jonal  f reedom. Hence the monolayer  ca-
pac i t y  w i l l  i nc rease  w i th  t empera tu re .

In the h igh temnerature range the adsorbed phase
seems to be in  the same state descr ibed by ear l r 'er
workers (8,  3,  4)  for  temperature ranges above the
3 0 .  m e l t i n g  p o i n t  ( i . e .  m o b i l e  l a y e r  w i t h  t w o  d e -
grees of  rotat ional  f reedom ru led by a 2D. V0LMER
equat ' i  on of  s tate)  .

These  resu l t s  imp l i es  t ha t  i t  ex i s t s  a  second  o rde r
ohase  t rans i t i on  i n  t he  f i r s t  l aye r  abou t  -  40oC,
qu i t e  i nsens i t i ve  t o  t he  p ressu re ,  be tween  a  l oca l i -
zed  and  a  mob i l e  hyoe rc r i t i ca l  phase .
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