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1. Vapor pressure of solutions: Raoult’s law

The colligative properties really depend on the escaping tendency of solvent molecules from the liquid phase. You will recall that the vapor pressure is a direct measure of escaping tendency, so we can use these terms more or less interchangeably.

If we add sufficient nonvolatile solute to a liquid to end up with 50% solute and 50% solvent molecules, the escaping tendency of the solvent, and thus its vapor pressure, will be reduced by 50%. This linear relation between the mole fraction concentration of the solvent and its vaporpressure is expressed by Raoult’s law (1886):

P = P◦X 

in which P◦ is the vapor pressure of the pure solvent and X is its mole fraction in the solution.

(From the definition of mole fraction, you should understand that 
Xsolvent = 1− Xsolute.)
2. Boiling point elevation

If addition of a nonvolatile solute lowers the vapor pressure of the solution, then the temperature must be raised to restore the vapor pressure to the value corresponding to the pure solvent. In particular, the temperature at which the vapor pressure is 1 atm will be higher; the boiling point will be raised.
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Boiling point evaluation and freezing point evaluation

The addition of solute RAISES the boiling point of a solvent 


The addition of solute LOWERS the freezing point of a solvent 
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The relation between the boiling point of the solution and the mole fraction of the solvent is rather complicated, but for dilute solutions the elevation of the boiling point is directly proportional to the molal concentration of the solute:
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The proportionality constant KB, known as the boiling point elevation constant, is a property of the solvent, since it is the solvent’s vapor pressure and the temperature dependence of the vapor pressure that determine the sensitivity of the boiling point to the solvent mole fraction. The  only role the solute plays here is to dilute the solvent. 

3. Viscosity


Some liquids flow readily (water) whereas other (molasses) do not. A measure of the resistance to flow is called viscosity. Table 11-2 indicated the viscosities of several liquids compared to water, which is assigned a value of 1.00.


As the temperature increases, liquids tend to flow more readily, and so the viscosity decreases.
4. Diffusion

Diffusion, also known as passive transport, is the process whereby a substance moves from an area of its higher concentration to a region where it is less concentrated. That is, the molecules of the substance move from an area where they are crowded together and where molecular collisions are frequent to a region where they are less crowded and collisions will occur less often. The greater the difference in concentration between the two areas ( the greater the concentration gradient), the faster will be the rate of diffusion. During diffusion, no external source of energy is required.


For example when a crystal of copper soleplates pentahydrate9 a blue crystalline substance) is dropped into a cylinder of water, the blue color is soon observed in the water surrounding the crystal. After a while, the blue can be seen extending upward from the crystal. The liquid at the bottom of the cylinder will be darker blue, and the liquid above it will be lighter blue. After several hours the entire contents of the cylinder will be uniformly blue. That is, the solute particles from the crystal are uniformly distributed into all parts of the solution


Gases will diffuse into one another.
Passive transport (diffusion) occurs along a concentration gradient from an area of higher concentration to one of lower concentration with no energy other than kinetic molecular energy being required.
Active transportation occurs when a substance is moved against the concentration gradient, that is, from an area of low concentration to one of higher concentration. In this process energy is required. Active transport is responsible for the high concentration of potassium ions inside the cells compared to a much lower potassium ion concentration outside the cells. Active transport is also responsible for the low concentration of sodium ions inside the cells compared to a much higher sodium ion concentration outside the cells. The amount of energy required for active transport could be as much a 35 percent of the energy output of a resting cell.

5. Osmosis and osmotic pressure

5.1. Osmosis
 When the diffusing substance is water and when the diffusion takes place through a semipermeable (property, selectively permeable) membrane, the process is called osmosis.


Osmosis can be defined as the diffusion of water (solvent) thought a semi permeable membrane from a weaker solution (one containg less dissolved solute) to a stronger solution (one containg more dissolves solute) Osmosis can also be defined as the diffusion of water (solvent) down a concentration gradient from an area of high solvent concentration (a weak solution) to e region of low solvent concentration (a stronger solution).

Osmotic cell
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Consider two salt solutions (one dilute and the other one concentrated) separated by a semiperermiable membrane. The two solutions will tend to equalizing concentration .That is, the dilute on will tend to become more concentrated, whereas the concentrated on will tend to become more dilute. How can they do this? There are two possibilities. First, osmosis can take place. That is, the solvent, water, can diffuse through the membrane from the weaker to the stronger solution 9 or from an area of high solvent concentration to a region of lower solvent concentration) This process will continue until the two solutions have the same concentration. 



The second possibility is that of diffusion. The sole will diffuse through the membrane from the stronger to the weaker solution (down the concentration gradient) until the two solutions have equal concentration. Both osmosis and diffusion can occur at the same time, but not at the same rate. In general, osmosis occurs more rapidly than diffusion.

An example of osmosis that is quite common in the home can be observed by placing by a dried prune in water. The skin of the prune acts as a semipermiable membrane. Inside the prune are rather concentrated juices. The water surroundings the prune is certainly dilute in comparison to the juice inside. Thus there are two different concentration of a solution separated by a semi permeable membrane, and the osmosis can take place. In which direction? In osmosis the diffusion of solvent is from the weaker to the stronger solution. Therefore the water will diffuse into the prune, causing it to swell.

5.2 Osmotic pressure


The osmotic pressure of a solution can be expresses in terms of osmolarity and depends upon the number of particles in solution. The unit of osmolarity is the osmol. For dilute solutions, osmolarity is expressed in milliosmols.


Osmolity cab be calculated from molarity as follows: 
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Isotonic solutions


Two solutions that have the same solute concentration are said to be isotonic. The normal salt concentration of the blood is approximately equal to that of a 0.9 percent sodium chloride solution. The common name for the 0.9 percent sodium chloride solution is physiologic saline solution. The blood and the physiologic saline solution are isotonic-they have the same salt concentration. A 5.5 percent glucose solution is also approximately isotonic with the body fluids. Physiologic saline is administered under the following conditions:
1.) When the patient has become dehydrated
2.) When the patient has a lost considerable fluids, as in the case of hemorrhage

3.) To prevent post operational shock

6. Hypotonic Solutions


A hypotonic solution is one that contains a lower solute concentration than that of another solution. Distilled water and tap water are hypotonic compared with blood


Suppose that a red blood cell is placed in water (a hypotonic solution). What will happen? The salt concentration in the blood cell is higher that that of the water. Therefore, osmosis will take place , with the water diffusing into the red blood cell (from dilute to concentrated solution) .The red blood cell thus enlarges until it bursts . The bursting of a red blood cell because of a hypotonic solution is called hemolysis. During hemoelysis the blood is said to be laked. Thus a hypotonic solution is not usually for transfusions

7. Hypertonic Solution


A hypertonic solution is one that contains a higher solute concentration than that of another solution. A 5 percent sodium chloride solution or a 10 percent glucose solution is an example of a hypertonic solution when compared with blood. 

Suppose a red blood cell is placed in a hypertonic solution. What will happen? The salt concentration in the red blood cell is less than that in the hypertonic solution. Therefore, osmosis will take place with the water diffusing out of the red blood cell (from dilute to concentrated). The red blood cell thus shrinks. This shrinking of the red blood cell in the hypertonic solution is called plasmolysis.


Usually only isotonic solutions can be safety introduced into the bloodstream. Hypotonic solutions can cause hemolysis, and hypertonic solutions can cause plasmolysis.


Saline cathartics such as magnesium sulfate, milk of magnesia, and magnesium citrate are absorbed from the large intestine slowly and incompletely. When these substances are ingested, a hypertonic solution is produced in the large intestine and water diffuse from the tissues spaces into the intestinal track until the solution is gain isotonic with the body fluids. 
In osmosis, there is net movement of solvent from the area of higher solvent concentration (lower solute concentration) to the area of lower solvent concentration (higher solute concentration). Many artificial and natural substances are capable of acting as semi-permeable membranes. The walls of most plant and animal cells fall into this category. Water will transfer from solution of low osmotic pressure to solution of high osmotic pressure. If the osmotic pressure of a solution surrounding the cell is less than that within the cell, some water will enter the cells and the cell walls may burs, a process called hemolysis. If the osmotic pressure of a solution is greater than that within the cells, some water will leave the cells and cause them to shrivel, a process called crenation. Both hemolysis and crenation are damaging biological events. A solution whose concentration of solute has an osmotic pressure equal to that within cells is isotonic. A solution with an osmotic pressure less that within cell is hypotonic; if the solution’s osmotic pressure is greater than that within the cell, it is hypertonic.
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Figure 4. Representation of the osmosis’ process in cell
(a) crenation is caused by water movement out of a cell in a hypertonic solution. 

(b) hemolysis is caused by water movement into a cell in a hypotonic solution. 

8. Suspensions

Suppose that some powdered clay is placed in water and vigorously shaken. A suspension of clay in water will be produces. This suspension will not be clear; it will be opaque. Upon standing, the clay will slowly settle. The composition of the suspension is actually changing as the clay settles out, so it is a heterogeneous mixture.

The clay is not dissolved in the water: it is merely suspended in it. When the suspension is poured into a funnel lined with filter paper, only the water passes thoroughly the filter paper: the clay does not. Evidently the suspended clay particles are too large to pass through the holes in a place of filter paper. Undoubtedly clay will also be too large to pass through a membrane that has even finer openings.

Properties of suspensions are summarized as follows. 
Suspensions are:
1. Consist of insoluble substances dispersed in a liquid

2. Are heterogeneous

3. Are not clear

4. Settle

5. Do not pass through filter membrane

6. Do not pass through membranes

Some medications, such as milk of magnesia, are administered as a suspension. Many bottles of medication state on the label ;shake before using’ .Most suspensions use water as the suspending medium, but procaine penicillin G, for example, is usually administer as an oil suspension.

A mist is a suspension of a liquid in a gas. Water droplets suspended in air are one example of a mist. 
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