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EXPERIMENT 2 - ADSORPTION OF LIQUIDS ONTO SOLID SURFACES 
 
THEORY: 
 
The term “adsorption” is used to indicate that the adsorbate (gas or liquid) is 
bound onto the adsorbent (solid surface). This is different from absorbtion, in 
which the molecule goes into the interior of the solid. In the case of adsorption, 
the process is defined as physisorption if the adsorbate is held by weak, van der 
Waals type of forces on the surface. If bond formation between the adsorbate and 
the adsorbent is observed, the process is commonly known as chemisorption. 
 
The amount of material which is adsorbed on the surface at a particular 
temperature depends upon the amount of that substance in the gas or liquid phase 
which is in contact with the surface, and this dependence is called the adsorption 
isotherm. The isotherm is useful in determining the interactions between the 
adsorbate and the adsorbent. The extent of adsorption is usually measured by 
coverage,θ which is given by 
 
θ = (number of surface sites occupied)/(total number of surface sites)      (1) 
 
Langmuir isotherm is concerned with the monolayer (single layer) coverage of the 
solid surface by the adsorbate. It assumes that the surface consists of “sites” onto 
which the adsorbate can adsorb, and that each site can accommodate one entity 
at a time. The binding energy at each site is also assumed to be equivalent. 
 
                     Kp=θ                  (2) 
                                               kads

            Molecule + Surface site           Adsorbed molecule 
                                                   kdes

 
where K = kads/kdes (ads = adsorption, des = desorption). 
 
When used in to describe the adsorption of solutes from solution, the Langmuir 
equation is as follows: 
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where c is the concentration of the adsorbate in the solution, x is the weight of 
the adsorbate, m is the weight of the adsorbent (the resin), and α and β are 
constants. Hence one should be able to determine α and β from a linear plot of 
c/(x/m) versus c. 
 
When the amount of adsorbent in contact with the solid surface is very low, the 
linear equation which is used to explain Langmuir isotherm might not be sufficient 
to explain the adsorption behavior. For such cases the expression used for 
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Freundlich adsorption isotherm might be more appropriate to use. This modified 
isotherm is to be expected if the binding energy changes continuously from site to 
site on solid surfaces. 
                                                                                                 (5) θθ /1Kp=
 
When used to describe the adsorption of solutes from solution, this equation would 
take the form  
                                                                                                   (6) θ/1kcn =
 
To test for agreement one would plot log n against log c and use the slope to 
evaluate θ  which is an empirical constant which lies between 2 and 10.  
 
It has been found that Langmuir and Freundlich isotherms, as well as others, have 
been very useful in explaining the adsorption behavior of adsorbate on solid 
surfaces. The purpose of this experiment is to see whether the adsorption behavior 
of CH3COOH on a given type of resin can be explained by any of these isotherms. 
 
APPARATUS: 
250 ml Erlenmeyer flasks, burettes, mechanical stirrer, pipettes, balance, oven. 
 
SOLUTIONS: 
1 M CH3COOH, standardized NaOH, phenolphthalein, resin. 
 
EXPERIMENTAL PROCEDURES: 
 
1. Decant the 8% Na2CO3 solution, in which the resin is kept, into a clean beaker 

and save it for further use. 
2. Filter the resin through a filter paper, wash it with distilled water to remove 

the excess Na2CO3, then transfer the resin onto a dry filter paper and press it to 
help to dry it. 

3. Weigh out six portions of approximately 2 grams of this damp resin.  Write 
down the weight of each sample. 

4. Take one of the damp resin samples (of known weight), place it in the oven for 
5 minutes, and then “cool” it in a dessicator for about 15 minutes. Weigh this 
sample after you take it out of the dessicator. This way, you will be able to see 
the difference between damp and dry resin, and hence be able to calculate the 
percentage of moisture in the resin you will be using in the experiments. In 
your calculations, the amount of CH3COOH adsorbed on “dry” resin will be 
used. 

5. Prepare the following acetic acid solutions in 250 ml Erlenmeyer flasks.  Use 
two burettes: one for acetic acid and the other for distilled water.  The final 
volume for each solution should be 100 ml: 
a. 50 ml 1 M CH3COOH + 50 ml H2O 
b. 25 ml 1 M CH3COOH + 75 ml H2O 
c. 10 ml 1 M CH3COOH + 90 ml H2O 
d.  5 ml 1 M CH3COOH +  95 ml H2O 
e.  1 ml 1 M CH3COOH + 99 ml H2O 

6. Add approximately 2 grams of previously-prepared resin to each of the above 
solutions. 
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7. Using the mechanical stirrer, stir each solution for approximately 10 minutes. 
Then allow them to settle down. 

8. After equilibrium has been reached, i.e. there are two phases (solid and liquid) 
which have settled down, pipette out an aliquot from the top liquid phase of 
each solution. When sampling out the solution with the pipette, make sure that 
you do not touch the solid resin phase. If you do, this might block up the 
pipette you are using. Amounts required are: 

• 5 ml from solutions a and b 
• 25 ml from solutions c, d and e. 

9. Titrate each solution with NaOH, using phenolphthalein as the indicator.  
10. At the end of the experiment, collect all the resin, wash it carefully with 

distilled water, and then place it into the Na2CO3 solution. 
 
CALCULATIONS: 
 
The whole idea in this experiment is to determine the amount of the liquid (i.e. 
adsorbate) adsorbed on the solid surface (i.e. adsorbent). The initial amount, 
hence the total weight, of CH3COOH is already known. The titration results give 
the amount of CH3COOH remaining in the solution.  Since 
(CH3COOH)total = (CH3COOH)adsorbed +  (CH3COOH)liquid

 
Hence, it is possible to determine the amount (“x”) of CH3COOH adsorbed by “m” 
grams of the adsorbent (i.e. resin). It is now necessary to apply these data to the 
two adsorption isotherms and see which of these isotherms explain the adsorption 
behavior better:  
In other words: 

a. Plot c/(x/m) versus c in order to check the applicability of Langmuir 
Isotherm. 

b. Determine the constants α andβ. 
c. Plot log (x/m) versus log c in order to check the applicability of 

Freundlich Isotherm. 
d. Determine the constants θ and k. 
e. Compare these results and decide which one fits YOUR data better. 

 
DATA SHEET: 
 

Sample I II III IV V VI (Wet) VII (Dry) 

Weight (g)        

CH3COOH (ml)        

H2O (ml)        

NaOH (ml)        

% H2O lost         

 


