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Experiment No. 4

Part 1 (Solubility : Effect of cosolvent )
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Cosolvency

osolvcnt s a second solvent added in small quantities to enhance the solvent power of the primary
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solvent. THe solubility of a weak electrolyte or non—é [ar compound in water can often be improved by

altering the polarity of the solvent. This can be achieved by the addition of another solvent that is both
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(oS alua{,ﬁu miscible with water and in which the compound is also soluble. Often the solubility in this mixed system is

u§:->' greater than can be predicted from the matendl's solubility in each individual solvent.
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Lot The choice of suitable cosolvents is somcwhat limited for pharmaceutical use because of possible toxicity
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and irritancy, particularly if required for oral or parenteral use. Ideally, suitable blends should possess

values of dielectric constant between 25 and 80. The most widely used system that will cover this range is
a water/ethanol blend. Other suitable solvents for use with water include sorbitol, glycerol, propylene

glycol and syrup. For example, a blend of propylene glycol and water is used to improve the solubility of
co-trimoxazole, and paracetamol 1s formulated as an elixir by the use of alcohol, propylene glycol and

syrup. For external application te the scalp, betamethasone valerate is available dissolved in a

water/1sopropyl alcohol mixture. | g | i
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Speculation on what is likely to be a good solvent is usually based on the 'like dissolves like' principle

that is, a solute dissolves best in a solvent with similar chemical properties. The concept tradition

ally
follows two rules:

/ Polar solutes dissolve in polar solvents.

/V Non-polar solutes dissolve in non-polar solvents.
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To rationalize the above mles, consider the forces of attraction between solute and solvent molecules. If i

the solvent is A and the solute Bang the forces of attraction are represented by A-A, B-B and A-B, one of
three conditions will arise:

aggregations from which the solute is excluded. As an example, benzene is almost completely insoluble
in water. Attraction between water molecules is very strong, so that water exists as aggregates, which
\ 8N have a similar form to ice, floating in a matrix of free molecules. It may be visualized as 'icebergs'

floating in a 'sea’ of free water molecules. Molecules are continually moving from sea to icebergs and
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U\”-/ ' 5o that although very little energy is required to disperse benzene molecules, discrete benzene molecules
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. If B—B >> A—A | the solvent will not be able to break the binding forces between solute molecules

from icebergs to sca. The attraction between benzene molecules arises from weak van der Waals forces,
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and disperse them. This situation would apply if you tried to dissolve pdium chloride)in benzene. The
sodium chloride crystal is held together by strong electrovalent forces which cannot be broken by

benzene. A conducting solvent, such as water, would be required to overcome the attraction between\“ >
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3. If A—B > A—A or B—B, or the three forces are of the same order, the solute will disperse and form

a solution.

The attractive forces exerted between polar molecules are much stronger, however, than those that exist
between polar and non-polar molecules, or between non-polar molecules themselves. Consequently, a
polar solute will dissolve to a greater extent in a polar solvent, where the strength of the solute—
solvent interaction will be comparable to that between solute molecules, than in a non-polar solvent.

where the solute—solvent interaction will be relatively weak. In addition, the forces of attraction

between the molecules of a polar solvent will be too great to facilitate the separation of these molecules
by the insertion of a non-polar solute between them, because the solute—solvent forces will again be

relatively weak. Thus, solvents for non-polar solutes tend to be restricted to non-polar liquids. The

above considerations are often expressed very generally as 'like dissolves like', i.e. a polar substance

will dissolve in a polar solvent and a non-









Experiment No. 4

Part 2 (Solubility : Effect of surfactant)
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Certain molecules may be said to contain tonxstmct components, differing in their affinity for
- solutes. The pan of the molecule which has an m' for polar solutes, such as water, is said to be

@ .

: hydrophilic. The part of the molecule which has an afi nity for non-polar solutes, such as hydrocarbons, is
~said to be hydrophobic. Molecules contaj ningboth tyr s of components are said to be amphiphilic
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Such mo ecules display dlstmct bel
to interact with water while the non-polar part shuns interaction ' ith wate:. There are two ways in which
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s7ior when interacting with v iter. The )olar part of the molecule seeks

such a molecule achieve bo—th these states. An amphiphilic molec le can .rrange itself at the surface of the

L water such that the polar part interacts with the water and the no1 pol? part is held above the surface

(either in the air or in a non-polar liquid) as shown in Figure B i o :. The presence of these molecules on

the surface disrupts the cohesive energy at the surface and thus | v ers the surface tension. Such molecules

are called ‘surface active’ molecules or surfactants.

Another arrangement of these molecules can allow each cor ,onent to interact with its favored

environment. Molecules can form aggregates in which the ydrophobic portions are oriented within the
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micelle has a hydrophobic core and a dielectric gradient towards the surface of the micelle making the
micelle surface hydrophilic.

Thus, the micelle can act as a soluble phase for non-polar solutes (core), semi-polar solutes (palisaci

‘layers) and polar solutes (surface). As a result, the efficiency of a particular surfactant as a solubilizing
agent varies from substance to substance. The process of increasing the water solubility of a solute (drug)

using a surfactant is called micellar solubilization.

The solubilizing power of water surfactant solutions i1s of great importance in the preparation of dosage
forms containing sparingly soluble drug. The factors affecting micellar solubilization are many and their

interrelationship is complex. In general, the degree of solubilization is a function of the physiochemical

propertics of the surfactant and solubilizate .

In this experiment, the effect of surfactant structure on the solubility of undissociated salicylic acid

will be investigated. The surfactants used will be nonionic — Tween 60 (polyoxyethelene (20) sorption

V/ \ a, w—:‘ . B . . q & > - .
monostearate) , Tween 40 ( polyoxyethelene 20) sorgltan monopalmitate ). Solubility determinations will

also be conducted in Tween 60 solutions buffered at higher pH’s to determine the effect of solute

‘onization on solubilization. At the conclusion of this experiment you should be aware of the effect of

surfactant structure and solubilizate lonization State on solubilization.
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‘as indicator.

§ concentration (w/v%) of Tween.
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