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Outlines
ØObjectives
ØSolubility  &  Dissolution
ØSolubility  Expression
ØSolvent-Solute  Interaction
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Objectives
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Solubility
1-Quantitative:  ?
2-Qualitatives:  ?

ØUnsaturated  or  subsaturated solution.

ØSupersaturated  solution

ØThermodynamic  solubility:  most  stable  crystalline  form
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Case study
• Example:  Ritonavir:  HIV  protease  inhibitor  17  
• 1992  –discovered  
• 1996  – launch  of  capsule/polymorph  I  
• 1998  – polymorph  II  appears    ↓  solubility  àPRODUCT  WITHDRAWN  
FROM  THE  MARKET  
• 1998-1999  – Reformulation  of  the  compound  ↑costs  
• New  softgel capsule  launched  
RESULT  :
NEW  product
Increased  costs  
Time  loss   5
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Differences  between  Solubility  &  Dissolution
Solubility Dissolution

Intrinsic	  dynamic	  properties	   Extrinsic	  Kinetic	  properties

Depends	  on: Depends	  on:

Chemical	  and	  physical	  properties	  of	  
the	  solute &	  solvent

Chemical	  and	  physical	  properties	  of	  
external	  phase

pH Complexation

Temperature P.S.	  &	  S.A.

Pressure Solubilizing	   agent
6
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Solubility  Expression
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Mechanism  of  solubility
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ØAccordingly  ,  there  will  be  endothermic  and  exothermic  process  
of  solubilization.

ØThe  solubility  of  carbonated  water  is  …….
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Solvent-Solute  Interactions
Like  dissolves  Like
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Polar  solvents
Water  can  dissolve  solutes  by  different  

mechanisms
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Polar  solvents Effect  of  R- Group:

º 11
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Non-Polar  solvents
CCl4,  Benzene,  Mineral  oils
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Semipolar  solvents
Alcohol,  Acetone,  PG
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Solubility  of  Gases  in  Liquids
• Ex:  Carbonated  water:  is  exothermic  process.
• Ex:  Pharmaceutical  aerosols:  Liquefied  gas  under  
pressure  “Propellant”
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Solubility  of  Liquids  in  Liquids

ØEx:  Hydroalcoholic solution:  ……..

ØEx:  Aromatic  water:  ……….

ØEx:  Spirits:  ………

16

Liquid	  in	  
Liquid

Complete	  
Miscibility

Partial	  
Miscibility
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Complete  miscibility

ØEx:  Polar  and  semipolar  solvents:
Øwater-alcohol,  
Øglycerin-alcohol,  
Øalcohol-acetone

ØEx:  Nonpolar  solvents:  
Øbenzene   and  CCl4
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Partial miscibility
ØEx:  Water  +  ether,

Water  +  phenol  

ØThe  system  will  separated  into  2  layers,  each  
containing  some  of  the  other  solvent.

ØThe  temperature  might  affect such  systems  as  
shown  in  the  following  examples
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Water +  Phenol
ØAt  50ºC  they  are  miscible  at  
conc below  11%  and  above  63%.

ØAt  Temp  >  66.8ºC,  They  are  
miscible  at  all  proportions.

ØConsolute temperature:  …….
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Water +  Triethylamine
ØThey  are  miscible  below  
consolute temperature.

ØConsolute temp  around  20ºC

20
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Water +  Nicotine  

ØThis  system  has  upper  (210ºC)  and  lower    
(61ºC)  consolute temperature.  

ØBetween  61-210ºC,  the  system  will  be  
partially  miscible.
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Water +  Ethylether
ØThey  don’t  have  consolute
temperature.

ØThey  are  partially  miscible  at  
any  temperature

22
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8.4%	  

72.2%
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Three  components  systems
ØExamples:

vWater   +CCl4+  acetic  acid

vWater   +  Phenol+   acetone

vWater   +  castor  oil  +  alcohol

vWater   +  peppermint     oil  +  PG

24
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Solubility  of  solids  in  liquids
Acids:  
ØCarboxylic  acid    more  than  5c  are  insoluble  in  water  but  
soluble  in  ………  

ØHydroxyl  acid:  eg:  Citric  and  tartaric  acids  are  soluble  in  
water  due  to:  ………

ØAromatic  acid  :  eg:  benzoic  acid  is  soluble  in  …….

ØPhenol  is  ……  in  water  but  …….  In  dilute  hydroxide  solution
25
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Solubility  of  S  in  L
ØCarboxylic  acid    

ØHydroxyl  acid

ØAromatic  acid  

ØPhenol

26



3/20/18

14

COLLEGE  OF  PHARMACY
UNIVERSITY  OF  BASRAH

Solubility  of  S  in  L
Bases:
ØAlkaloids  and  N- containing  cpd are  soluble  in  ………  but  not  in  
water

ØBarbiturates  are  insoluble  in  acids  but  soluble  in  NaOH

ØSulfonamide  “sulfa  drug”  can  form  water  soluble  salt  in  alkaline  
solution
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Solubility  of  S  in  L
Bases:
ØAlkaloids:  

ØBarbiturates

ØSulfonamide

28
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Calculating   the  solubility  by  pH

OR

Soluble	  as	  undissociated

The	  intrinsic	   solubility=	   So

29
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Henderson	  
Hasselbalch
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Henderson  Hasselbalch
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pH = pKa+ log Ionized
Unionized

pH = pKa+ logUnionized
Ionized

For	  Salts	  of	  weak	  BaseFor	  Salts	  of	  weak	  acid
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Influence  of  the  Solvents  on  the  Solubility

Solubility Solvents
1:1000 Water
1:10 Ethanol
1:40 Chloroform
1:15 Ether
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1.5%w/v	  	  is	  dissolved	  	  	  	  	  
22%	  alcohol,	  	  	  
40%	  glycerin
28%	  water	  
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Combined  effect  of  pH  and  solvents

35

The	  influence	  of	  alcohol	  concentration	  on	  
the	  dissociation	  constant	  of	  phenobarbital	  

Ø The	  solvent	  that	  enhance	  
the	  solubility	  of	  drugs	  
(weak	  acids	  and	  bases)	  they	  
cause	  a	  change	  in	  the	  
dissociation	  constant	  as	  
shown	  in	  phenobarbital.

Ø 30	  %	  alcohol	  increases	  the	  
pKaof	  phenobarbital	  from	  
7.41	  to	  7.92	  and	  increase	  
the	  So from	  0.005M	  to	  
0.0238M
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The	  solvent	   effect	  on	  the	  solubility	   of	  weak	  electrolytes	  by	  
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Influence  of  complexation

39

Solids	  mixing	  lead	  
to	  different	  
solubilities	  and	  new	  
experiment	  for	  
mixture	  should	  be	  
conducted
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Influence  of  size  of  particles
log S

SO
=

2γV
2.303RTr

40

S=	  solubility	  of	  fine	  particles
So=	  solubility	  of	  relatively	  
large	  particles
𝛾=surface	  tension	  of	  particle
V=molar	  volume	  (cm3/mole)
r=radius	  of	  particle	  (cm)
R=	  gas	   constant	  8.3*107

erg/deg.mol
T=	  absolute	  temperature
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α	  alanine
1.66	  mole/Liter

α	  amino	  butyric	  acid	  
1.8	  mole/Liter

α α

41

ØLess	  work	  is	  required	   to	  separate	  asymmetric	  molecules	  within	   the	  crystal	  compare	  with	  
the	  work	  of	  symmetric	  ones.

ØThe	  extra	  carbon	   in	  side	  chain	   responsible	   for	  the	  asymmetry	  of	  crystal	  form	  and	  
enhance	   the	  solubility	  although	   it’s	  a	  lipophilic	  addition
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Dose	  potency Required	  Solubility
1mg/kg 0.1g/L

Why??????

Strong	  
Intermolecular	  
interaction

High	  lipophilicity

42
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Phase	  Equilibrium	  and	  Phase	  Rule: By	  J.	  Willard	  Gibbs	   F =C −P + 2

43

F=	  Degree	  of	  freedom	  
(number	  of	  independent	  
variable:	  Conc,	  Temp,	  Pressure
C=	  Smallest	  number	  of	  
components
P=Number	  of	  phases

At	  A-‐B	  line	  :	  F=	  ……..
At	  B-‐C	  line	  :	  F=	  ……..	  
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Stock	  solution	  of	  drug	  in	  dimetyl
sulfoxide

water

Optically	  detection	  of	  
precipitation
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Thermodynamic	  steps	  of	  solubility	  are	  :
1. Add	  more	  drug
2. Wait	  for	  equilibrium
3. Remove	  excess
4. Analyze	  content	  (HPLC)

Kinetic	  solubility	  (anti	  solvent	  pption)
1. Dissolve	   the	  drug	  in	  strong	  organic	  solvent.
2. Add	  the	  stock	  gradually	  to	  water.
3. The	  drug	  ppt at	  the	  point	  when	  water	  cannot	  
take	  more	  drug	  (ie solubility).

4. It	  measures	  the	  pption rate	  rather	  than	  
dissolution.
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Limitation  of shake-flask method:

1. Adsorption onto vial or filter

2. Incomplete phase separation

3. Compound instability

4. Slow dissolution.

5. Inaccurate pKa determination.
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Drug absorption

Dissolved	  drug

Unionized
+

Ionized

dissolution

Unionized

Biological	  
membrane

Action	  site
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%	  soluble	  
solute	  

%	  soluble	  
solute	  

C1
C2

= Ka = P =	  Distribution	  ratio,	  
distribution	  coefficient	  
or	  partition	  coefficient

47

Applications of log P:

1. Indication of lipophilicity
2. Drug permeation, absorption, 

distribution, excretion, and action
3. Drug extraction

4. Preservation of oil/water systems.
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To	  extract	  a	  solute	  
from	  a	  solvent	  we	  
need	  to	  use	  
immiscible	   solvent	  
with	  subsequent	  
washing
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Thanks  for  your  attention  

52



3/20/18

27

COLLEGE  OF  PHARMACY
UNIVERSITY  OF  BASRAH

T/F  with  explanation:  
The  rectal  absorption  of  p-
aminobenzoic acid  (pKa 3.3)
could  be  anticipated  from  an  
aqueous  enema  buffered  at  pH  
(7.8).
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Group  A

If  the  dose  potency  of  a  drug  
(A)  is  10  mg/kg,  then  the  
minimum  required  solubility  
of  drug  (A)  oral  formulation  is  
0.1g/L.
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Group  B

pH  – ionization  
profile  for  a  basic  
drug  with  pKa =7.
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Group  C

Alcohol  can  change  
solubility  of  phenobarbital
in  buffer  aqueous  solution  
by  two  opposite  effects.  
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Group  D

The  aqueous  solubility  
of  α-alanine is  higher  
than  that  of  α-amino  
butyric  acid.
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