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Ic 1s r¡el1 escabllshed that adsorpclon ln the
Bicropores of carbons occurr¡ by a voluue-f1lllng

¡nechanism. l Upon extensive activatlon (t - 50U
burn-off)r porous carbons develop a very oPen Di-
ciopore struc¡ure consLstlng of supernicropores
(0.6 < r < 1.6 nn). It¡e rechanlso of adeorptlon
I'lthin theae porea has been the subJect of soDe
speculatlon yet ltttle fs undersfood.

Everett and Powl2 have show¡r that superuLcro-
pores are distlnct from nictopores lo that (1) the
tnteraction potentlal wlEhln lhe euperolcroPores
conslsts of lrro syrúetrical Efnloa close to the
pore wal ls ,  and (11) the depth of  the potent la l
r¡lnfuoa 1s che sene es lhat on a plane surface. The
lat ter  f lndlng suggests that  Ehe f l rs t  s tep ln ad-
sorptfon ls roonolayer fornation on tt¡e pore wall
whlch should occur at ghe saue P/Po as on a plane
surface.  Gregg and SingJ suggest  that  at  P/Po
- 0. f -0.2,  a nonolayer fo¡ms on Ehe pore wal ls
whlch slgnlflcantly enhances the adsorptlon afflnl-
ty 1n the pore core (the volur¡e of the pore reuaLn-
fng after the adsorbed layer(s) are formed on the
pore wal1) and' thuen couplete pore fLlllng occurs.
They refer Lo this phenouenon a8 the cooperative
oechanlgu. In this study, r¡e have trLed to Lnfer
the adsorptlon ¡¡echanlsu for Ne, Ar, Kr, and Xe
wLthln eupernlcropores by ex¡ñ{nlng the adsorptlon
potent la l  s l th in lhe Pore core.

tt¡o baslc aaeunptlons are uade ln perforning

rhe potent la l  calculat lons:  (1)  the pore wal le
are cooposed of carbon basal planee' and (ti) the
adsorbed layers on the pore walle forn a cloae-
packed layer. The lnteractlon potentLal at varl-
ou8 poal tLons In the poE€r €¡6¡1 1s calculated by
suming the lnleracllon of the adsorbate ¡flth each
wal1,  es,  and each adsorbed layer,  e¿.

The adsorbaEe-carbon lnteractloo for each pore
nal l  ls  descr lbed by eqn.  (1)4

decerolned by Steele4 and are shor¡n in Table 1.
Note rhat che suruation over all I assunes the
¡¡a1ls to be lnfinltely thi.ck. The flrst lero ln
che ser ies solut lon of  eqn.  (1)  ts  equlvalent  to
assunlng the pores are couposed of a single layer
plane (slp) of carbon atoms. Calculatlons assumlng
lnflnltely thlck and slp pore ¡rall condltlons have
been perforoed.

The adso¡bate-adsorbed layer lnteractlon for
each r¡alL can be descrlbed by

where z.  ls  Ehe distance f ron ¿he adsorbed lay-
e r ( s ) ,  o  l s  ¿he  k l ne r l c  d l ane te r  o f  ¡ he  adso rba le ,
and e!  1s gtven by:2

e *  -  ( 6 / s ) n  n . l ,  o 2

where ef, 1s the potentlal nlnlmum for the interac-
tlon of'Érro adsorbace atons, n ls che surface den-
slty of atooa Ln the adgorbed 1ayer, and o ls ae
descrlbed prevlously. The values used ln the po-
tentlal calculallons are shown ln Table 1.

Tt¡e calculatlons were perforned by varylng the
pore half-rrtdth and calculatlng the potential at
varlous po8ltlons wlthln Ehe pore core assurnlng
ef ther one or .cwo layers exlsted on ¡he pore ua11s.

Resulcs and Dlscusslon

the calculatlone showed, as expecled, ¡hat for
narros pore-sldths, che lnteractlon pocentlal nas
repulsive. As the pores are widened Ehe potentlal
energy becooes zero at the pore cenlerllne and re-
pulslve at all other poeltlons wlthin the pore
core.  Under EheEe condl l lons,  lhese pores do no!
vol¡oe-fill at any adsorptlon pressure. As the
porea are s idened furcher,  an at t ract ive potent la l
ls produced¡ ¡he potentlal ninirnum occurr¡ at the
pore center l lne.

If the cooperatlve mechanism descrlbed by
Gregg and Slng was operative ne nould expect that
the ratlo of e¡o¿/er1¡ r¡ould be greater than I for
sooe value of z ¡¡1thin the pore core. ThLs would
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whe¡e z 1s the distance frou che carbon surface,
e! ts ttre potentlal mlnlmuu for interactLon rrlth a
single carbon plane, o"" 1s che value of z shere
e_-0. We deflne z as Ehe half-widch of rhe super-
rt"ropo... The values of ef; and ogs used here were
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Table 1. Paramete¡s for Interaction potentlal Equatlons.

Eqn. (1)

rf/r, r(") or", nt(t)

o.294
0.338
o.342
0 .378

err l t ,  r (d)

32.8
93 .3

178 .9
231 .0

Eqn. (2) and (3)

g.' 
"r(u)

0.282
o.3542
0.3655
0.4047

Adsorbate

Ne
Ar
Kr
Xe

348
959

1255
ló08

ar, ot2

o.  072 
(" )

o.  r38b
o.  195b
0 . 2 5 9

( t )C"1", r1" t"d 
f ron l lquld denslry of  27 K,  ref .  (5) ;  

(b)  
, . t . ( 3 ) ;  

( c )  
r e f  ( 4 ) ; (d)  

re¡  (s) .

lndlcate thar ¡he adsorpt loo af f ln icy (e¡o¡)  fn.
Ehe core 1s larger than for che adsorptfiñ'ot ttre
first layer (e¡1¡) resultlng in po.. ilUtrrg. The
Daxlnr¡n values of thls ratlo at the pore cenler_
11ne for Ehe varlous adsorbates and che correspond_
1ng half-wldtha are shown ln lables 2 and 3.

Table 2. InteracrLon potentlal Mlnl¡a for Adsorp_
tlon in Supernicropores - Inflnltely
Thlck Pore Wal1s.

Ihe results sho¡r that for uost adsorbates Ehe
adeorptlon afflnlty 1n the core i{ less than for
adsorpclon of  the f l rs t  layer,  i .e. ,  the pore core
w111 f1ll only at hlgher p/p6. The one 

"*".pttor,is Ne adsorblng in a pore havlng a uonolayer on
!he_ pore wall; the pores are couposed of á slp of
carbon atorDa. The exiatence of two adsorbed i.y.rs
on the pore wal1 reduces che adsorpElon af f in icy
ln ¡he pore core.

/l of Adsorbed - t^ pore Half-tlldth
Adsorbate Layers ocot / ' r ¡1n 

z,  np

I  0 . 9 6
2  0 . 8 5

080
0 . 7 0

0 .85
0 .76

0 . 8 1
0 . 7 1

Concluslon

Adeorptlon ln superdcropores occurs by ad_
€orptloo of a monolayer on Ehe pore wall follolred
by adsorptfon 1n the pore core it hlgher relatlve
Preaaure.
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Ne

Ar

Kr

Xe

0 . 5 7
0 . 8 6

0 . 6 9
1 . 0 4

0 . 7 0
r .07
0 . 7 8
1 .  1 9

I

Table 3. InEeracElon Potentlal Llinlna for Adsorp-
clon fn Superolcropores - slp pore Walls.

# of Adsorbed
Adsorbate Layers 

t tot / t r1n

N e l l
2  0 . 9 L

Ar  1  0 .85
2  0 . 7 7

Kr  r  0 .91
2  0 .85

Xe r  0.89
2  0 . 8 2

Pore llalf-Wldrh
z, nlt

0 . 5 7 2
0 . 8 6

0 . 6 9
1 . 0 4

0 . 7 0
r . 0 7
0 .  7 8
1 .  1 9

2 .

3 .

4 .

5 .
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