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Abstract. I t  has been shown that wlth heating of ca-
rbons-Tñe degree of homogeneity lncreases as evi-dent
by the step formation of the Johnts lsotherm plots.
r '¡ i th homogenelty the crosslng of the lsotherms at tr ,ro
nelghbouring tenperatures shlf ts to a lower relat ive
pressure correspondlng to that of monolayer capacity.

l o g l o g P = C + n l o g vINTRODUCTION

A surface ls said to be heterogeneous
when sltes on a surface- have dlf ferent po-
tentlal energy. Halseyl observed that lrth-
en a nonporous surface is nearly homogene-
ous the lsotherm should assume a step-l Ike
form. According to him a muJ.t l layer isoth-
erm based on the hlpothesls El)82)----)81
must lead to an isotherm cornposed of series
of steps where E., rgfers to the heat of
adso¡ption of thé 1'" layer. Gregg and
Sinq¿ stated that the sharpness of steps
depénds on O/kT where Q is the interaci ion
energy and i t  decreases with thickness of
layer and temperature. Hence as 0 decreases
and as T increases the sharpness beco¡nes
Iess. I t  1s obserwed that interacti-on en-
ergy ls ¡nore for a gas whlch-has got hlgher
polarisabi l i ty. Ponec et alr stated that
physlcal adsorptlon theory demands dist inct
dlscontlnuit les ln lsothern wj.th phase
translt lons. Phase translt lon- becomes more
dlst lnct wlth more honogenelty of carbon
bl.ack in course of graphit lzat lon. I t  was
shown earl ler4 that John's adsorptlon lso-
therm clearly shows phase transit ions and
lnhomogenelty in pore size distr ibutions by
means of kinks or dlscontlnult ies in the
isotherms. The purpose of this paper ls to
show that the isotherm can be used to find
the sharpness of step-1ike Ísotherms, mono-
layer capacity and to determine a measure
of degree of homogenelty.

METHOD

It may be stated that Johnrs lsotherm
can be ocpressed 19 terms of pressure or

relat lve pressure.$ The lsotherm e>cpress-

ed in terms of Pressure 1s

log  log  p  =  Co +  no  lo9  v  (1 )

and that 1n terms of relat lve pressure 1s

where P = @/ps). lON and N ls an fnteger
between 2 and 6. The meaning of symbgl¡
were  g iven ear l le r  ln  severa l  papers .  + -ó

f t  may be  s ta ted  tha t  C,  Cqr  ̂ n  and no  are
cons tan ts .  Pub l ished da ta¿r>  r " re re  useo to

test the method. Using the data taken
f rom re fe rence 2  (F lq .  2 .21(a) -  Kry lp ton  on
Carbon b lack  a t  90K;  F lg .  2 .2L(b) -Kr lp ton
on Cadmium bromide a t  ?3 . lK  and F í9 .  2 .24-
Argon on Spheron - 6 carbon black at 78K
heated to varlous temperatures), graphs
were drawn between log log P and log v or
between log 1og p and log v depending on
whether the amount adsorbed is given 1n
terms of relat ive pressure or pressure.
The graphs gave straight J. ines representlng
different phases of adsorptlon (subnronola-
yer ,  mu l t i layer ,  cap l l la ry  condensat lon ,
mlc ropore  f i l l i ng  e tc . )  w i th  k lnks  or  d is -
contlnult les at the point of phase transl-
t lons. As graphit izat lon and,/or homogene-
lty increased the step-l lke formatÍon
appeared more and more dlst lnct ly- In al l
these cases the amount adsorbed at the f1-
rst step or kink (monolayer capacity) are
given in Table ].  Similar graphs were

Table 1. Amount Adsorbed at Monolaver

system rernp(x) I:ili?S, HiSliIi',".,
cal .  Pub.

( 2 )

C.b lack  -  Kr  90 2 7 0 0  3 . 3 1  3 . 5 3

CdBr2 - Kr 7 3 .  r 0 .  1 3  0 . 1 4

Spheron 6-Ar '18

-do- 1A

l ooo  27 .23  24 .48+

15oO 26 .30  23 .64+

-do- 1A 2OOO 25.70 22-95-
!

-do-  '78  2 '7OO 24.89  22 .60 '
rB-point value since BET curve j-s non-

l- 1near.

358



drawn uslng data of reference 9 (Nitrogen
on graphlt lzed carbon black at varlous
burn off aE 

' l1K 
and 90K). Each graph con-

sisted of two lsotherms of two nelghbour-
lng temperatures 7?K and 90K. These grapls
also showed straight l ines wlth kinks. The
surface area corresponding to the amount
adsorbed at. the f lrst klnks (npnolaver
capac l t ies )  a re  g lven ln  Tab le  2 .

Table 2. Surface Area Adsorbed at
l . tonolayer Capacity.

ñ€€ surface er..GzilGG
from of

Burn
( r )

0 . 0  6 5 . 8  6 3 . 2  6 6 . 2

on becomes less  ob tuse  and f ina l l y  becomes
right angle wlth maxlmum graphit izat ion
and/or homogeneity. f t  agreés with the
fact that phase transit ion becomes more
dist inct with more homogenelty and,/o¡ g¡¡-
ph i t i za t ion .  Cross lng  o f  l so therms means
tha t  the  amount  dsorbed a f te r  c ross lng  ls
more at higher terperature than.at lowér
tempTiture. Accordlng to Lopez_consalez
et al.-  this behavi.our can be attr lbuted
to change 1n condit lon of adsorbate f1lm
in the viclnity of monolayer. There is a
local lsed adsorpti .on at preferred Latt lce
posit lon glving an ordered sol id.- l ike st_
ructure so that an increase in tenperature
leads to an lncrease in dlsorder alJ.owing
addit lonal adsorptlon on surface Layer.

coNcLUSrOll

With increase in homogeneity Johnts
adsorptlon isotherms show sharper step-
l lke formatlon. Each step corresponds to
completlon of a layer. The amount adsorb-
ed at f l rst step is ldentical to monolayer
capaclty. As homogreneity increases the
vo lume cor respond ing  to  the  c ross ing  o f
lsotherms at two neighbouring tenperatures
come closer to volume corespondlng to mo-
nolayer. The degree of homogeneity ls ln-
versely proport ional to the dlf ference be-
tween the amounts adsorbed at crosslng and
monolayer capaclty. When homogeneity is
maxlmun, the volume adsorbed at erossing
polnt 1s egual to monolayer capaclty.
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-
Cross ing

Volune
Hono-

geneity

e .  3  7_?. : -Q 76 .2  88 .8  LO.9

2 4 . 6  9 7 . 9  9 3 . 0  1 1 0 . 5  1 5 . o

5 2 . 8  I 2 0 . 4  t t  4 .  4  1 5  3 .  O  3 5 .  6
'sysEem o! acsorptlon lsotherm ls qraphi_
t lzed carbon black - Nltrogen

DISCUSSTON

Stephrlse lsotherm ls due to the decr_
ease ln blndlng energry of layers (wh1ch
fal ls of rapldly) with dlstance to substr-
ate. Thls ls one of the reasons why the
hlgher layer steps become blurred. An
addit ional factor tendlng to obscure steps
even on a uniform surface 1s thermal excl-
tat ion between adJacent layers. This hap_
pens because kT becomes conparable to or
Ia rger  than the  d i f fe rence in  the i r  b ind l -
ng energles to substrate. z The most un1-
form f l lms are those whlch display the
greatest number of steps.

The graphs using the data from refe_
rence 2 gave step-I ike lsotherms. f t  vras
observed that the volume adsorbed at the
f i rs t  s tep  is  lden t ica l  to  mono layer  capa-
city. f t  is evldent from Table 1 that ln
the case of the adsorptlon of argon on
Spheron 6 the nonolayer capacity val.ues
decreases wlth heatlng. I t  can be stated
that the klnk of Johnrs isotherms at lo-
wer homogenelty transforms into a step as
graphitization and,/or homogenelty lnclea-
ses. I t  hras obse¡¡red that Johnrs isoth-
erms of two nelghbouring temperatures dra-
wn uslng data of reference 13 cross ac
some polnt abgge pressure correspondlng
tO monolay€f.¿v A measure Of hOmOgene-
1ty ls calculated as the dif ference betwee-
n eguivalent surface area corresponding to
crossing vol.ume and the mean of surfacé
area from monolayer at thro nelghbouring
temperatures and is given in Table 2.
Less the above dif ference more the homo-
genelty. When graphitizatlon and,/or homo-
geneity is rnaxlmum the crosslng point al_
rnost becomes ldentical to monolayer point.
I t  appears that with graphlt lzat ion and,/or
homogeneity the angle beth/een stralght l lnes
representing dlf ferent phases of adiorpt i_
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