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APPLICATION OF THE POLANYI ADSORPTION POTENTIAL THEORY TO ADSORPTION 
PtiENOLIC COMPOUNDS FROM WATER SOLUTION ONTO ACTIVATED CARBON 
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Getin AYTEK~N 
Department of Chemistry, Faculty of Arts and Science, University of 

Dicle, Diyarbakir - TURKEY 

ABSTRACT : 

Adsorbtion isotherms, from water solution onto activated carbon 
have been determined over a wide consantration range for phenol and 
some its derivetives. At the first look, it was observed that the 
experimental data of 3-hydroxyphenol (resorsine) agree with predicted 
isotherm calculated by the Hansen-Facker modification of Polanyi Ad- 
sorption Potential Theory, using only the solute refractive index and 
molar volume, together with characteristic curve for the carbon as 
determined from gas-phase adsorption data but, 4-nitrophenol isotherm 
agree with the theoretical isotherm after correction for its hydra- 
tion and corrected experimental curves of phenol, 2,4-dinitrophenol 
and 2,4,6-trinitrophenol appear to be related to the theoretical iso- 
therm by single abscissa scale factor. 

INTRODUCTION : 

The Polanyi Adsorption Potential Theory and modifications there- 
o f  have been widely applied to gas-phase adsorption (1-6). By con- 
trast, application of the theory t o  liquid-phase adsorbtion has been 
used only in modified form for adsorption of binary liquids ( 7 ) .  
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6 54 A Y T E K I N  

In their study of the adsorption of two dyes froni a number of 
organic solvents, Manes and Hofer had found that the limiting adsor- 
bate volumes (calculated on the assumption of equality of bulk and 
adsorbate densities) were significantly lower than for gases on the 
same carbon (8). They attributed these lower apperent volumes to po- 

rous packing of the adsorbates, postulating that the entire adsorp- 
tion space should be accupied at saturation. Some investigator four@ 
the same effect in their investigation of a number solids from 
ter (9,IO). 

ua- 

This study is aimed to the adsorption of phenolic compounds 
from water solution. Water was chosen as the solvent because of its 
anomalously low energy of adsorption and the widest application of 
activated carbons in water solution f o r  example to study tha water 
pollution problems. 

THEORETICAL SECTIflN : 

Polanyi (11) considered that just as the adsGrption o f  gases 
takes place by liquefaction of the gas on the surface with the poten- 
tial E ( W )  estimated as 

E(W) = RTln(Ps /  P )  (1) 

also the adsorbtion of solid s o l u t e s  take place by the prencipitation 
or crystallization of the solute on the surface with potential esti- 

mated as 

E(W) = RTln(g/C) (2)  

where and C are the saturated and equilibrium consentration re- 

spectively, and E is the adsorhtion potential of the adsorbed p u r e  

solute. 
In a later paper, Polanyi (12) considered that the adsorption 

a solute must be accompanied by desorption of equal  volume of col -  

vent. Equation (2)  therefore becomes 

E S  = RTlnCs/C = E - E1(VS/V1) (31 
5 

We have here slightly changed the nomenclature by removing the Sym- 
bol ( W )  from the potential E. , c5 and E 1' 
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POLANYI ADSORPTION POTENTIAL THEORY 655 

Equatinn (3) may be written more symmetrically and s c c i r c t l y a s  

S ( 4 )  1 c E E 
-- _ -  - - 

vS % v1 
provided t’ipt the potential is always regardet as pertaining to 
given volme of loadisg (Where E~ is the adsorption potential of UP 

pieL 5olvenL cidsorbinq as a vapor and E~ is adsorption potential o f  

p u r r  s o l u t e  b ~ i n g  adsorkd from solutior:. Ws and V 

vo lu r r s  of solute. sulvent). We can write equation ( 4 )  more cnrn- 
p a c t l y  as 

a 

are the molar 1 

(5) 1 - a  
= a Y 

urhere each a is the corresponding E / V  . If we assume, with Polanyi 
that the characteristic curves f o r  the solvent and the solute have 
the same functional form, expect f o r  a constant factor in the adsorb- 
t i o n  potential, then tne a ’ s  are directly propertional to the affin- 
ity coFffirjents of Dubinin (1). 

instead of expressing the relative values of the a ’ s  at some 

stated ddsorption volume, We can consider the ratios between the a ’ s  

&rid 

substance or substances, if they all have the same a ,  in which case 

We can rewrite equation (5)  as 

, m e r e  ah is the scale factor for s m e  standart refermce 

nr 

Ysl ,Y, - Y l  ( 7 )  

uhere sl = “sl/ a h  , etc. Manes and Hofer ( 8 )  estimated the y s l  

values, from the refractive indices f o r  liquids and from a table of 
atomic and bond refractivities for solids, without any recourse to 
adsorption measurements. I t  was assumed that adsorption potential p 

unit volume, Q , is proportional to t he  polarizability per unit vol- 
ume and this in turn is proportional to refractivity per unit volume 

P, by Lorentz-Lorenz equation 
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656 AYTEKIN 

L 

]= - . P  (€3) 
4 M n - 1  

3 
Na CXI = IRI  = - { 

? n2 + 2 P 

where (Iw is the polarizability p e r  molecule, { R ]  is molar refraction, 
N is Avogadrows number, M is molecular weight, p is density and P 

(n2 - l)/(n 
a 

2 + 2). We than get 

where Ps, P1 and Ph are the polarizability o f  solute, solvent and 
referance substances respectively. The value o f  P was calculated for 
each solute from its molecular structure and density and a table of 

atomic and bond refractivities (13). tieptan was picked as a standart 
liquid hydrocarbon. 

EXPERIMENTAL SECTION : 

The carbon adsorbent in all cases came from a batch of activated 
carbon. The surface area (R.E.T.) of the carbon was 1140 m /g. The 
carbon was used as received, except fo r  oven drying at lUO°C f o r  24 

hours. Distilled water was used as the solvent in all experimental 
works. The all chemical were purified grade and came from commercial 
sources. 

* 2 

The solublities o f  the adsorbates (phenol, 4-nitrophenol, 2,4- 
dinitrophenol, 2,4,6-trinitrophenol and 3-hyroxyphenol) in water at 
25 C, were determined by shaking on excess o f  solid with water in 
thermostated shaker (Certomat - WR Model) bath. The concentrationof 
solute in the saturated aqueous phase was determined by Shmodzu Mod- 
e l  160 UU-VIS spectrophotometer. The equilibrium concentration in 
t h e  adsorption experiments were analyzed by the same method that ILE 
used to determine the solublities. The density of adsorbates were 
determined by a liquid displacement method at 25’C, using spectro- 
grade benzene presaturated with solute as the displacement liquid. 
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POLANYI ADSORPTION POTENTIAL THEORY 65 7 

TABLE 1 : Calculated correlation curves for substances 

' 

nib- d- 
FJ.11 110.11 

h i t y  (4/a= at 1.071 1.48 2.683 I .r70 7.272 

hlar ullure 6Xhd.e) 67.67 93.93 703.39 W.5 El. 5 5  
Pbkr refrztim (R) ZJ.832 35.W 42.432 49.73 29.357 

P s = R / V  0.377 0.374 0.33 0.363 0.339 
M i t y  in mter (dl at 25%) 8.W 1.677 O.Cb7 1.333 361.12 

1.341 1.157 sl- 

The adsorption experiments were carried out in 100 r n l  screw - 
capped erlenmeyer flasks. Into a flask were placed a weighted amount 
of adsorbent and 50 rnl of aqueous solution of a known concentration 
of adsarbate. Equilibrium was achieved by shaking t h e  flask for at 
least twentyfour hours with mechanical shaker, with the flasks im- 
mersed in a thermostated water bath. Than the supernatant liquid 
centrifuqet. The clear solution, was analyzed in the spectrophotometer. 

RESULT AND DISCUSSICIN : 

Table 1 lists molecular weight, density, molar volume, molar 
refractivity and soliiblity o f  adsorbates and that how calculated ttrir 

abscissa scale factor ( Ysl ) and 6 / 4 , 6 V  values. Theoretical corre- 
lation curves were calculated by taking space points from the gas- 
phase hydrocarbon correlation cu rve  (3 )  and multiplying the v a l u e s  

o f  C/4.CV by a calculated abscissa scale factor for each solute. 
These scale factors were in turn calculated by use of t h e  molar re- 

flactivities of t h e  solutes and the y1 value o f  0.200 f o r  w a t e r  as 
reparted by Wohleber and Manes (14) 
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@Experimental 

o W j s t e d  fur hydratin 

b W.iusted e i s s a  SA.I 

0 

0 

0 

0 

0 

I 1 I 1 I I I 

20 24 /4.6U 0 4 0 P 76 

'ig. 1. V o l m  a f  phenol adsorbed, plotted as a fmctim o f  xkiorptim 

potc3citial. h l i d  curwe is cnlciilated for phenol fm hydrocarbm 

curvp. 
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POLANYI ADSORPTION POTENTLAL THEORY 659 

Fig. 2. W o l m  of 4-ni t rophmol admrbed, plo t ted  a~ a ftnctim o f  

adsorption potential. Solid curve is calculated fur 4-nit.m- 
-1 fMn hh,dDCaIbT C u n / e -  
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AYTEKIN 

0 txperirrental 

0 Adjusted i'or hydration 
C-Mjffited ahsci- scale 

Fig. 3. Wolm o f  2,4-dinitrcphennladsrkd, plot ted at, a function of 

adsamtion p o t m t i a l .  Solid cuive is c u l c d a t e d  fur 2,4-dinitrn- 
phenol fron h y h c a r b o n  cwve. 
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POLANYI ADSORPTION POTENTIAL THEORY 661 

Fig. 4. Vol:rrc o f  2,4,6-trinitrq1huriol adsorbed, p lo t ta j  & a function o f  

ddsnrptiwi poteriti31. % l i d  ctirv~l is CalCLIldted f c i r  2,4,G-trinitm- 

p h m l  frm hy?mmirtmn curve 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



AYTEKIN 

e t x p e r i i n e n t a l  

I n 5 i b  L 

Fig. 5. V o l m  of Mydmx\iPherul adsorkt, p l o t k c  as a firctim of 

m t i m  ptmtiol.  Solid curve is calculated for Fhydmxy- 

-1 frur tiydmxilm m e  
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POLANYI ADSORPTION POTENTIAL THEORY 663 

Figures 1 - 5 give a comparison hetween the calculated and exper- 

imental values for the correlation curve points, they relate the liquid- 
phase adsorption data to gas-phase adsorption on the same carbon. 3-hy- 
droxyphenol does fit theory quite well, because o f  its experimental 
points come close to the theoretical calculation as seen in figur 5. 
Deviations from theoretical curve at low loadings, probably are a &t 
of its ionization and hydrogen binding capacity. As shown from figures 
1, 2, 3 and 4 the theoretical calculation does not come close to the 
experimental points f o r  these copound. One may postulate that the ad- 
sorbate is hyrated and therefore the adsorption space is filled to the 

same volume as before,  but partially with hydration water. The correc- 
t i o n  f o r  assumed hydration is made graphically by adding a fixed log- 
arithm to the ordinate o f  experimental line, i.e., raising it until it 
coincides with the theoretical line at the limiting volume.The above 
adjusment f o r  hydration succesfully brings the adjusted experimental 
points f o r  4-nitrophenol into reasonable coincidence with the theoret- 

ical line as seen in fig. 2.  This result can be explained by its wel l  

packinable structure. 

Application o f  the ordinate scale factor did not suffice in any 
case t o  bring the data into coincidence with the theoretical curve. It 
is noticed that after above adjusment f o r  hydration, t h e  adjusted ex- 

perimental curves now appear t o  be related to the theoretical curves 

by a single abscissa scale factor. Following the procedure of Manes 

and tiofer (9) the adjusted experimental curve points were multiplied 

by a single scale factor, arbitrarily chosen to give maximum fit. As 

seen in fi. I, 3 and 4, phenol, 2,4-dinitrophenol and 2,4,6-trinitro 
phenol adsorption isotherms agree with theoretical isotherms (derived 
from gas-phase adsorption) after correction f o r  hydration and applying 
a single abscissa scale factor. Lack o f  fit to the theoretical curve 

f o r  unadjusted data appears to be due to complications arising from 

solution chemistry. 
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