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Exercise 5   KINETICS OF DISSOLUTION OF SOLID  

                  SUBSTANCES  
 

 

Theory  

Dissolution of a solid substance is one of the heterogeneous processes occurring on the 

boundary between two phases, which is called the phase interface. Obviously one of the phases 

is solid, so it is the reaction on the solid surface and it can be divided into following steps: 

• diffusion of interacting substances to the surface  

• adsorption on the surface  

• reaction on the surface  

• desorption from the surface  

• diffusion of products from the surface  

The total reaction rate of heterogeneous processes is controlled by the rate of the slowest step 

and in the case of solid/liquid systems the rate determining steps are subprocesses involving 

diffusion. 

The pharmaceutical importance of dissolution of solid substances can be demonstrated on 

biological accessibility of weakly soluble (or retarded) active compounds in solid peroral 

formulations. In biological systems, water represents the most frequent liquid environment 

solvent. In the process of dissolution of crystalline solid compounds into aqueous solution, the 

above steps are supplemented with hydration of the surface, and the products of dissolution. 

Dissolution of the solid substance is controlled by the slowest reaction step, which is the 

diffusion of dissolved and hydrated compound from the solid surface. The diffusion transports 

the dissolved substance across a thin diffusion layer (δ), where the concentration of dissolved 

substance continuously decreases from the concentration of saturated solution (cS) at the solid 

surface to the concentration level (c) in the bulk solution.  

The driving force of diffusion is the spatial concentration gradient according to First Fick's 

law: 

 

dx

dc
DS

dt

dn
                         (1) 

 

where dn [mol] is the amount of the dissolved substance within time interval dt [s]  

            D is the diffusion coefficient [m s-1]  

            S represents the total surface (phase interface) of the dissolved solid substance [m2]      

            dc/dx is the mentioned concentration gradient  

 

When the mixing is efficient, the diffusion layer is very thin (0.02-0.05 nm) and the 

concentration gradient may be replaced by a single linear approximation:  
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For the amount of dissolved substance, we can then write dn = Vdc, where V is the total volume 

of the solution dc is the concentration increment 
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The final shape of the Nernst equation is:  
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where k represents the rate constant of dissolution in unit time-1
 

 

After separation of variables and integration we obtain the following equation:  
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which is formally equivalent to the equation for the first order reaction kinetics.  
 

Chemical kinetics  

can be defined as a quantitative study of concentration (or pressure) changes with time brought 

about by chemical reaction. In other words, the chemical kinetics investigates velocities of 

various chemical reactions.  

Reaction rate is the decrease of the concentration per unit time of one of the reactants. The rate 

constant is a measure of the rate of a given chemical reaction under specified conditions 

(pressure, temperature). It may be defined in words as the rate of change in concentration of 

reactant or product with time for a reaction in which all the reactants are at unit concentration. 

The order of reaction is usually a small integer, but in special cases it may have a fractional 

value or be zero. It is formally defined as the sum of the powers of the concentration terms that 

occur in the differential form of the rate law. If the chemical reaction proceeds in a series of 

sequential stages, then the rate of the reaction is limited by the slowest step. This step is referred 

to as the rate determining (controlling) step.  

Molecularity is the number of molecules or ions from which the transition state is formed. The 

time taken for 50% reaction to occur is called the half-life.  
 

Method 

Kinetic measurements are usually performed for determination of reaction rate (or rate constant) 

or reaction order at a given condition. Dissolution process of ionic substances can be observed 

by measuring the conductance changes (G) or conductivity change (κ) with time (t): 
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assuming the surface changes of the dissolved substance are negligible. In the case of less stable 

organic compounds, precise determination of the conductance of saturated solution is 

impossible because of side reactions (e.g. acetylsalicylic acid hydrolysis to acetic and salicylic 

acid). Thus the saturated conductance (GS) or (κS) is handled as unknown quantity and must be 

determined, too. 

The Guggenheim's method of evaluation of the rate constant will be used, because the final 

concentration is unknown. The essence of the method may be characterized as follows: there 

are some measurement series done within the experiment, where the time between the series 

remains constant. The concentration data are recorded at time: 
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         t    and    t + t´ 

t´is the appropriate time shift 
 

Using the Guggenheim's method, the mentioned kinetic equation for the conductance 

dependence may be rewritten as: 

 

 

  ktAttt  ))́(ln                           (7) 

 

 The series are not to be taken from the start and at the end of the measured process, because 

the experimental errors are bigger in these points. 
 

Equipments and chemicals  

Apparatus for experiment includes (Figure 1): 400 ml beaker (1), rinsing bottle, perforated test 

tube (2), acetylsalicylic acid tablets (3), commercial conductometer with electrode (4), stirring 

rod (5), electromagnetic stirrer (6), laboratory holder (7), stop-watch  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Apparatus for measurement of tablet dissolution 
 

Procedure  

Place the beaker with 200 ml of redistilled water on the electromagnetic stirrer. Using the 

laboratory holder fix the perforated test tube and the conductivity cell as it is shown on the 

Figure 1. 

 1 Set the mixing rate on 400 rpm, which is constant for the time of the experiment (note that   

    no heating is needed). Determine the conductivity of the pure redistilled water (κwater). Write  

    down the measured value of the water’s conductivity to the Table 1.   

 2 Put the tablet carefully into the test tube and start the stop-watch. Write down the conductance    

    data every minute and from the 5th minute every 5 minutes. The length of the experiment is  

    75 minutes. All measured values of conductivity (t) write down to the Table 1. 

 3 After finishing the measurements, switch off the stirring and conductometer and rinse the  

     conductivity cell with distilled water.  
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Table 1 Measured and calculated values  

 

               κ water .................... µS cm-1 

t  κ (t) ´t t  κ (t+t´) κ (t+t´) - κ (t) ln [κ (t+t´) - κ (t)] 
[min] [S cm-1] [min] [S cm-1] [S cm-1]  

 1  - - - - 

 2  - - - - 

 3  - - - - 

 4  - - - - 

 5 34.2 45.0 152.0 117.8 4.769 

10      

15      

20      

25      

30      

35      

40      

45      

.  -    

.  -    

75  -    

Note: Values in line 5 are as example!  
 

Data treatment  

1  Plot the function κt  = f(t ) to characterize the overall development of the dissolution in time  

     according Figure 2.  

      
      Fig. 2 The dependence of conductance on time in process of tablet dissolution  

 

2  Select two series from the measured conductance data, which differ in reaction time by a  

    constant time shift (t´ = 35 min). Calculate the appropriate quantity: 
 

        )´)( ttt           and       )()́(ln ttt    

       (see Table 1). 
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    The first data set is given by conductivities at reaction time:  

              t =  5, 10, 15, 20, 25, 30 min  

    The second data set is defined likewise:  

              t + t´ = 40, 45, 50, 55, 60, 65, min  

3  Using MS EXCEL, plot the dependence: 

 

     )()()́(ln tfttt    

                 

  Fit the experimental points with a linear function and write down its equation. Compare the   

   equation of straight line with the Equation 7, and determine the dissolution rate constant. 

      
      Fig. 3 Guggenheim's method of evaluation of the rate constant  

 

Report 

Report must include: 

• Theory (dissolution, Fick’s law, Guggenheim’s method, etc ) 

• Equipments and chemicals 

• Experimental procedure and measuremnts 

• Tables, results and diagrams  

- Dependence of conductance on time in process of tablet dissolution 

- Guggenheim's method of evaluation of the rate constant 

• Conclusion – rate constant of dissolution with standard deviation and unit. 
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