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ionization is explained. 
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1. Introduction 

Percentage ionization or degree of ionization of weak 
acids play a vital role in the drug absorption in to the 
blood stream [1]. Therefore it is necessary for 12th grade 
high school students and college freshmen students of 
biology majors to understand the importance of 
percentage ionization or degree of ionization of a weak 
acid. In the present article the use of KaleidaGraph 
software is presented and also we reported similar exercise 
earlier [2]. 

2. Methods 

All calculations and curve fittings were done by 
Kaleida Graph software version 4.1 supplied by Synergy 
Software INC., Reading, PA, USA.  

3. Discussion 

By definition the percentage ionization of any species 
like weak acid (HA(aq) ⇌ H+

(aq)+ A-
(aq)) could be written as: 
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Here [I] is concentration of ionized species i.e. of [H+] 
or [A-] and [N] is that of non-ionized species i.e. of [HA] 
at equilibrium.  

Hence to calculate the percentage ionization of weak 
acid one needs the [I] and [N] at equilibrium. No doubt the 
quantity {[I] + [N]} is the total initial concentration of the 

weak acid. Therefore the student in a class has to weigh 
the required quantity of the acid if it is a solid or he has to 
take required volume of the acid if it is a liquid. [I] could 
be obtained from the measured pH of the solution since at 
equilibrium [H+] = [A-]. Hence, the student must do an 
extra work of weighing in the laboratory in addition to 
measuring the pH of the solution. Here the pKa of the 
weak acid has to do nothing. 

However one needs two quantities at a given instance to 
calculate the percentage or degree of ionization of the 
weak acid at equilibrium: 

Equation 1 gives the percentage ionization. The degree 
of ionization (α) is calculated as follows: 

Let the following equilibrium reaction depicts the 
dissociation of a weak acid (HA) in water. 

 
2 3HA H O H O A

Initially C mol / lit 0 mol / lit 0 mol / lit

At equilibrium C(1 a) mol / lit Camol / lit Camol / lit

+ −+ +

⇒

⇒ −



(2) 

As shown above, let “C” be the initial concentration in 
mol/lit of the acid, HA and zero mol/lit of the H3O+ and A- 
each. And let “α” be the degree of ionization. Therefore at 
equilibrium the concentrations of HA, H3O+ and A- are 
C(1-α), Cα and Cα respectively.  

Therefore K the equilibrium constant is given by 

 
[ ]

]
3

2

H O [A

HA [H O]
K

+ − 
 =  (3) 

or 

 
[ ]

]
3H O [A

HAaK
+ − 

 =  (4) 

 



65 World Journal of Chemical Education  

Where Ka is the dissociation constant of the weak acid. 
Therefore in terms of equilibrium concentrations 

 
2CαC Cα

C(1 ) (1 α)aK
α

= =
− −

 (5) 

Therefore  

 log  logC  log log (1 )aK α α α= + − −  (6) 

or 

 log  logC log log (1 )aK α α α− = − − + −  (7) 

Therefore 
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Therefore from eqn. 1 it is clear that one needs the 
initial concentration of the acid to calculate the percentage 
ionization. And from eqn. 12 it is clear that one needs the 
pH and the pKa of the acid. Eqn. 12 doesn’t involve any 
laboratory weighing of the substance. 

As an example in the classroom work, if the degree of 
ionization (α) is given at different pH, students can draw 
graph α versus pH using KaleidaGraph software. The 
table and graph are shown in the following taking acetic 
acid as an example with the simulated data.  
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Figure 1. Plot of degree of ionization (α) versus pH 

Table 1. Simulated data of α as a function of pH for acetic acid 

pH α 
1.75 9.99 x 10-4 
2.75 9.90 X 10-3 
3.75 0.091 
4.75 0.500 
5.75 0.910 
6.75 0.990 
7.75 0.999 

 
One can buy KaleidaGraph software version 4.5 from 

Synergy Software Company, Reading PA, USA. It is very 
user-friendly and hands-on tool for 12th grade high school 
students and college freshmen students. The chronological 
order of using the program is given below: 

Step 1: Open the KaleidaGraph program. An empty 
window will be popped up like the one shown in Figure 2  

 
Figure 2. 

Step 2: Then one can fill the data under column A for 
“X” coordinate and in column B for “Y” coordinate. By 
clicking “A” and “B” one can name the coordinates as pH 
and α. Then the Figure 3 appears 

 
Figure 3. 

Step 3: In Figure 3, click “gallery”, then click “linear” 
and then click “scatter”. A window like the one shown in 
Figure 4 will appear.  
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Figure 4. 

Step 4: Then click “X” for pH and “Y” for alpha. A 
window as shown in Figure 5 will appear 

 
Figure 5. 

Step 5: Then click “new plot” in Figure 5. A graph as 
shown in Figure 6 will appear. 

 
Figure 6. 

Step 6: In Figure 6 click “curve fit”, then click “general” 
and “fit1”. Then pop up window shown in Figure 7 will appear. 

 
Figure 7. 

Step 7: Then click “Define”. A pop up window as 
shown in Figure 8 will appear. 

 
Figure 8. 

Step 8: In Figure 8 under the General curve fit one can 
type the required equation as shown in Figure 9. Here m1 
is an arbitrary constant stands for “pKa” and m0 stands for 
“X” variable.  

Step 9: Then click OK in Figure 9. 

 
Figure 9. 

 
Figure 10. 
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Step 10: The final graph as shown in Figure 10 will 
appear. After editing it looks like as shown in Figure 1 at 
the top. 
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