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Extraction 

Liquid-liquid extraction is a useful method to separate components of a mixture. 

Liquid-liquid extraction is based on the transfer of a solute substance from one 

liquid phase into another liquid phase according to the solubility.  

The success of this method depends upon the difference in solubility of a 

compound in various solvents. For a given compound, solubility differences 

between solvents is quantified as the "distribution coefficient" 

Example, suppose that you have a mixture of sugar in vegetable oil (it tastes 

sweet!) and you want to separate the sugar from the oil. You suspect that the sugar 

is partially dissolved in the vegetable oil. 

To separate the sugar from the oil we add water to the mixture with shaking.  

Sugar is much more soluble in water than in vegetable oil, and water is 

immiscible (=not soluble) with oil.  

By shaking the sugar will move to the phase in which it is most soluble: the 

water layer  

At the end, the water phase tastes sweet, because the sugar is moved to the water 

phase upon shaking. **You extracted sugar from the oil with water. ** 
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Example, Iodine can be extracted from water by adding hexane, shaking and 

separating the two layers in a separating funnel. 
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To determine the efficiency with which one solvent can extract a compound from a 

second solvent we use the following equations:  

The distribution coefficient is  

K= 
     

(    )  
 

 

By rearrangement, weight of solute extracted can be calculated using this equation: 

 

w = weight in grams of a solute is extracted repeatedly 

V1 = volume in mL of original solvent 

V2 = volume in mL of a second solvent (extraction solvent) 

w1 = weight of the solute remaining in the original solvent after extraction 

n= number of extraction repeating 

 

Note: It can be shown from the equation that a most efficient extraction result 

when n is large and V2 is small. 
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Example 9-7 

The distribution coefficient for iodine between water and carbon tetrachloride at 

25°C is K=CH2O/CCCl4 = 0.012. How many grams of iodine are extracted from a 

solution in water containing 0.1 g in 50 mL by one extraction with 10 mL of CCl4? 

How many grams are extracted by two 5-mL portions of CCl4? We have 

W1 = 0.10 X 
          

(          )   
 

= 0.0057 g remains or 0.0943 g is extracted 
 

W2 = 0.10 X ( 
          

(          )  
)2 

= 0.0011 g of iodine 
 

Thus, 0.0011 g of iodine remains in the water phase, and the two portions of CCl4 

have extracted 0.0989 g. 

 

Preservative Action of Weak Acids in Oil-Water Systems 

 

Solutions of foods, drugs, and cosmetics are subject to deterioration by 

microorganisms. Sterilization and the addition of chemical preservatives are 

common methods used in pharmacy to preserve drug solutions.  

 

Benzoic acid in the form of its soluble salt, sodium benzoate, is often used for 

this purpose.  

The preservative action of benzoic acid and similar acids is due almost entirely 

to the undissociated acid and not to the ionic form and this due to the relative 

ease with which the un-ionized molecule penetrates living membranes, and, 

conversely, the difficulty with which the ion does so.  
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The undissociated molecule, consisting of a large nonpolar portion, is soluble in 

the lipoidal membrane of the microorganism and penetrates rapidly. 

Bacteria in oil-water systems are generally located in the aqueous phase and at the 

oil-water interface. Therefore, the efficacy of a weak acid, such as benzoic acid, as 

a preservative for these systems is largely a result of the concentration of the 

undissociated acid in the aqueous phase. 

 

The distribution of total benzoic acid among the various species in this system 

depends upon the distribution coefficient, K, the dissociation constant, Ka, of the 

acid in the aqueous phase, the phase volume ratio, and the hydrogen ion 

concentration of the aqueous phase. 

To calculate the total concentration of benzoic acid that must be added to preserve 

an oil-water mixture, we can use the following equations:  

C = (Kq+1+ Ka/[H3O
+
])[HA]w 

where,  

C= total concentration of acid that must be added to the two-phase system to obtain 

a final specified concentration [HA]w of undissociated acid in the aqueous phase 

buffered at a definite pH or hydrogen ion concentration 

K= the distribution coefficient= [HA]o / [HA]w 

q = the volume ratio of the two phases, is needed when the volumes are not equal = 

Vo/Vw 

Ka= the dissociation constant of the acid in the aqueous phase 

 

By rearrangement the equation we can calculate the [HA]w 

[HA]w = 
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EXAMPLE 10-25 

If benzoic acid is distributed between equal volumes of peanut oil and water, what 

must be the original concentration in the water phase in order that 0.25 mg/mL of 

undissociated acid remains in the aqueous phase buffered at a pH of 4.0? The 

partition coefficient, 

 K = [HA]o/[HA]W, is 5.33 and the dissociation constant of the acid in water is 6.4 

x 10
-5

. Because the two phases are present in equal amounts, q = Vo/Vw= 1.  

C = (Kq+1+ Ka/[H3O
+
])[HA]w 

 

C= (5.33+1+ (6.4x10
-5

/10
-4

))0.25  

= 1.74 mg/ml 
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CHEMICAL KINETICS AND STABILITY 

The stability of drug product with time is important in determination of shelf 

life and expired date.  

The stability affected by factors, such as temperature, humidity, and light.    

This chapter studies the rates and mechanisms of reactions specially the 

decomposition and stabilization of drug products.  

For example, thiamine hydrochloride is most stable at a pH of 2 to 3 and is 

unstable above pH 6, so in preparation, the pharmacist should select the 

buffered vehicle that prevents the degradation.  

Applications of chemical kinetics in pharmacy result in the production of 

more-stable drug preparations. 

FUNDAMENTALS AND CONCENTRATION EFFECTS 

Rates, Order, and Molecularity of Reactions 

Molecularity 

Molecularity is the number of molecules, atoms, or ions reacting in an 

elementary process. molecularity classify the reaction into unimolecular, 

bimolecular, and Termolecular.  molecularity cannot gives complete detail 

about order of reaction specially those of several steps while kinetic study 

gives details.  

Example:  Br2                                    2Br       unimolecular 

               H2+ I2                                   2HI       bimolecular     

          2NO + O2                               2NO2      Termolecular 

While the real detail mechanism revealed by kinetic study as follows: 

                     2NO                           N2O2  (Fast) 

                   N2O2 + O2                        2NO2 (Slow) 

The rate of the reaction is given by the slow step. 
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Rate 

The rate, velocity, or speed of a reaction is given by the expression dc/dt, 

where dc is the increase or decrease of concentration over an infinitesimal 

time interval dt.  

In the reaction 

          Reactant                       Products 

Rate = - 
           

  
 = K[Reactant]

 a 

where k is the rate constant and exponent a represent the order of reaction. 

Specific Rate Constant 

The constant, k, appearing in the rate law associated with a single-step 

(elementary) reaction is called the specific rate constant for that reaction. 

The half-life is the time required for one-half of the material to 

disappear; the time at which C has decreased to 1/2 C. 

The shelf-life is the time required for 10% of the material to disappear; 

it is the time at which C has decreased to 90% of its original 

concentration (i.e., 0.9C).  
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Kinetic study 

Zero-Order Reactions 

Garrett found that the loss in color of a multisulfa product followed a zero-

order rate. The rate expression for the change of concentration, C, with time 

is therefore 

- 
  

  
  = k0 

It means that the rate of reaction not depend on concentration of reactant, it 

is constant with time. 

 

 

The rate equation can be integrated between the initial concentration, C0, at t 

= 0, and Ct, the absorbance after time (t): 

Ct = Co - kot 

t= 
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Because the half-life is the time required for one-half of the material to 

disappear, in the present case, after one half, the concentration becomes 

1/2Co. 

t1/2 = 
         

  
 

 

t1/2 = 
    

  
 

 

For shelf life                t90% = 
         

  
 = 

     

  
 

- The unit of zero order rate constant is: 

k0= - 
  

  
  =

          

      
=

    

            
 = mole liter

-1
second

-1
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