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Correlation between parameters obtained from the signle-solute and bi- 
solute adsorption data by means of the Langmuir-Freundlich equation has been 
studied. 
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equation; Correlation between .single-solute and bi-solute adsorption parameters) 

Die Langmuir-Freundlich-Gleichung in der Adsorption von verdiinnten LSsungen 
an Festk6rpern 

Die Korrelation zwischen den bei Anwendung der Langmuir-Freundlich- 
Gleichung erhaltenen Adsorptionsparametern fiir Einzel- und Bin~rkomponen- 
tenlSsungen wurde untersucht. 

Introduction 

Theoretical studies of multi-solute adsorption from dilute solutions 
on energetically heterogeneous solids have been presented in the earlier 
papers 1-9. I t  follows from these studies tha t  the isotherm equations 
corresponding to quasi-Gausaian energy distribution give the best 
agreement  with the experimental  data1,5, 6. One of these equations, 
frequently used in gas 10,11 and liquid adsorption 12,13, may  be writ ten as 
follows 6 : 

O ° ( c d  - (Kicdm~ (1) 
1 + (K~ ci) m~ 

where 0 ° and ci are the relative single-solute adsorption and con- 
centration of the i-th solute, respectively, Ki is the Langmuir-type 
constant  determining position of the energy distribution on the energy 
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axis, and rn~ is the heterogeneity parameter  connected with the width of 
this distribution. Equat ion (1), called the L a n g m u i r - F r e u n d l i c h  iso- 
therm, describes the monolayer single-solute adsorption from dilute 
solutions on heterogeneous solid surfaces showing q u a s P G a u . s s i a n  

distribution of adsorption energies. This equation has been extended to 
multi-solute adsorption6 by using two different approximations, 
analogous to those used in adsorption of gas14, la and liquid mix- 
tures16,17. The ex~ended forms of Eq. (1), describing the multi-solute 
adsorption, may be expressed as follows6 : 

and 

where 

n 

(K~c~)~ 
0 = 4=1 

n 

1 + ~ ( K i c i )  ~ 

i = 1  

(2) 

(K1 y) .... 
0 - (3) 

1 + (K1 y) "~ 

n 

y = cl + ~ (K~/KI) c~ (4) 
i = 2  

In the above 0 is the total relative adsorption of n solutes from a dilute 
solution, and rn is the heterogeneity parameter  characteristic for a 
given adsorption system. 

Results and Discussion 

In this communication, we will discuss the correlation between 
values of rn i obtained from the single-solute and bi-solute adsorption 
data  by means of E qs. (1), (2) and (3). The experimental data  for single- 
solute and bi-solute adsorption from dilute aqueous solutions on 
activated carbon, measured by F r i t z  is and discussed by D i g i a n o  et al.a, 
were used to s tudy this correlation. The parameters am~ , K i and m~ for 
single-solute adsorption data, where am~ is the maximum adsorption of 
the solute in the monolayer and 0 ° is defined as the ratio of the solute 
adsorbed amount  to ami ~ were evaluated by using the linear form of Eq. 
(1): 

In [0 °/(1 - -  0 0)] = .% In K~ + ~ In ~ (5) 
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These parameters are summarized in Table 1. Next, the bi-solute 
adsorption data were approximated by the linear forms of Eqs. (2) and 
(3) for n = 2 :  

In (01/02) = ~n in K12 -t- min (cl/c2) (6) 

in [0/(1 - - % ]  = ml lnK1 + m I In (cl + K21 c2) (7) 

where 

K12 = K1/K  2; K21 = (K12) 1 (8) 

~t 

0 = y~ 0~ (9) 
i=1 

and 0 i is the partial relative adsorption of the i-th solute. The bi-solute 
adsorption data of Fri tz  is were analysed by means of the linear 
relationship (6) by Deryto and Jaroniec~. However, the parameters am, 

K1, K21 and ml of Eq. (7) obtained for these data, are summarized in 
Table 2. Fig. 1 presents the linear plots In [0/(1 - -0 ) ]  vs. in (Cl + K21%) 

Table 1. Parameters am~, Ki and m~ of Eq. (5), characterizing the single-solute 
adsorption from dilute aqueous solutions on activated carbon at 293 K 

Solute ami K i m i 
[mmol/g] 

phenol 7.0 0.12 0.38 
p-nitrophenol 5.9 2.26 0.28 
p -ehlorophenol 5.3 2.74 0.34 
benzoic acid 6.0 1.17 0.41 

Table 2. The parameters of Eqs. (5), (6) and (7) characterizing the single-solute 
and bi-solute adsorption from dilute aqueous solutions on activated carbon at 293 I(  

Solute "1" Solute "2" an, K~I K1 K1 ~ ml m 
[mmol/g] [Eq. 7] [Eq. 5] [Eq. 7] [Eq. 5] [Eq. 6] 

phenol a p-nitrophenol 6.45 18.8 0.15 0.12 0.33 0.38 0.70 
phenol b p-nitrophenol 6.45 18.8 0.08 0.12 0.29 0.38 0.76 
p-nitrophenol p-chlorophenol 5.6 1.2 2.42 2.26 0.34 0.28 0.90 
p-nitrophenol benzoic acid 5.95 0.52 2.6 2.26 0.35 0.28 0.90 

Parameters characterizing adsorption from low concentration range. 
b Parameters characterizing adsorption from high concentration range. 
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Fig. l. The linear dependence In [0/(1 0)] vs. In (ca. + K m c2) for adsorption of': 
phenol(l) +p-nitrophenol(2) (low concentration range) (O); phenol(l) + p- 
nitrophenol(2) (high concentration range) (Q); p-nitrophenol(1) + p-chloro- 
phenol(2) (A); p-nitrophenol(1) + benzoic acid (2) (A) from dilute aqueous 

solutions on activated carbon at 293 K 

for bi-solute adsorption systems. I t  follows from Fig. 1 tha t  Eq. (7), 
similarly as the relationship (6), gives a good representation of the 
experimental data. Moreover, the parameters K1 obtained from single- 
solute data  by means of Eq. (5) and from bi-solute data by means of Eq. 
(7) are similar. The values of m obtained by means of Eqs. (5), (6) and 
(7) are also compared in Table 2. I t  follows from this comparison that  
the values of m obtained by means of Eqs. (5) and (7) are similar. I t  
means that  the bi-solute adsorption data may be predicted by means of 
Eq. (7) using the single-solute adsorption parameters of Eq. (5). The 
other important  conclusion concerns the theoretical dependence be- 
tween Eqs. (5), (6) and (7). A good correlation between the parameters 
of Eqs. (5) and (7) means that  only Eq. (7) may be considered as an 
extension of Eq. (5). However, the similarity between Eqs. (5) and (6) 
has a formal character only; the single-solute adsorption parameters of 
Eq. (5) are not  suitable for predicting the bi-solute adsorption data  by 
means of Eq. (6). 
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