
Intermolecular Attractions  

 

I. Dependence on intermolecular distance: 

A.  Attraction is inversely proportional to distance between the molecules. 

1.  Each state of matter has its own balance between attractive and repulsive forces. 

2. Attractive forces for gases are almost negligible. 

3. Intermolecular forces are much weaker than the chemical bonds, intramolecular 

forces. 

4. Vander Waals forces- The sum of the inter and intra molecular forces. 

5. Dipole-Dipole attraction- The attraction that results in a polar molecule when to 

poles come close enough to create a dipole moment between the dipoles.  The 

strength of this attraction is proportional to 1/d
3
, where d is the distance between 

dipoles.  Still only 1% the strength of a covalent bond. 

6. Hydrogen bonding- A very strong dipole-dipole interaction that occurs between 

hydrogen and nitrogen, oxygen, and Flourine.  Much stronger because of the 

substantial difference in electronegativity of the elements.  Furthermore, the atom 

sizes are really small, and this allows the positive and negative ends of the dipoles to 

be much closer together and therefore much stronger. 

a. Experience hydrogen bonds that continuously break and reform as the 

molecules move around. 

b. As the temp drops, the gas undergoes sublimation, gas to liquid; the molecules 

become more ordered.  The distance between the molecules is shortened. 

c. Further temp lowering, results in the freezing of the water to ice.  The molecules 

become ordered in a lattice in which the intermolecular distance actually 

increases.  This results in ice being less dense than water, and ice floating in 

water.  

 

7. London Forces- electrons move around, and thereby results in an asymmetrical 

distribution of charge known as an instantaneous dipole.  This can cause the 

electron density of an adjacent particle to become unsymmetrical as well.  This is 

referred to as an induced dipole.  Very short lived because the electrons move 

breaking the bond as fast as it was formed.  This momentary attractions that result 

are referred to as London or dispersion forces. Only kind of forces within nonpolar 

molecules. 

a. Polarizability- a measure of the ease with which the instantaneous and 

induced dipoles can form; the ease with which the electron cloud is 

distorted. 

1.   The larger the volume of the electron density cloud, the larger the 

polarizability.  



b.   Size also is proportional to the strength of the London force, therefore, the 

bigger.  

8.  Ion Dipole interactions- when an ion interacts with the charged end of polar 

molecules.  When an ion is immersed in H20, the ions get surrounded by the 

opposing charge in a fixed ratio.  These waters of hydration are held there with Ion 

dipole interaction. 

9.  Ion-induced dipole- The ion can induce dipole in adjacent neutral particles.  Much 

stronger than the induced dipole discussed earlier because the ion has a permanent 

charge as opposed to the transient instantaneous charge in the London dispersion 

forces. 

B.  Properties of Solids and Liquids- 

1.  Compressibility- the ability of a substance to compress into a smaller volume.  Gases 

are compressible. 

2.  Diffusion- the spontaneous intermingling of one substance with another.  Gases 

diffuse, and liquids do little diffusion. 

3.  Volume and Shape- 

a.  gases have little attractive forces, so therefore, they usually occupy the shape and 

volume of the container. 

b.  Surface tension- a property of a liquid in which the molecule at the surface has a 

higher potential energy than a molecule at the bulk of the liquid.  This results in 

the liquid trying to minimize the surface area so that it can attain minimal 

potential energy.  This is why a rain drop is spherical, to minimize its surface area 

and thereby, minimizing its potential energy. 

1. the surface tension is proportional to the energy needed to expand 

its surface area. 

4.  Wetting- the spreading of a liquid across a surface to form a thin film.  The 

intermolecular attractive forces between the liquid and the surface must be of about 

the same strength as the forces within the liquid itself.  Wetting occurs when the 

surface has the ability to form hydrogen bonds with the water.    If the surface is 

coated with oil or grease, the phenomenon is no longer observed. 

a.  Surfactants- Chemicals in detergents that drastically lower the surface tension of 

water.  Surfactants make the water “wetter” allowing the detergent to spread 

across the surface to be cleaned easier. 



5.  Viscosity-  the resistance of a liquid to flow.  Oil is more viscous than water.  The 

internal friction of a liquid. 

   a. the stronger the intermolecular forces the more viscous the fluid. 

  1.  Hbond>Polar>Nonpolar 

 b.  Inversely proportional to temperature. (The lower the temp the more viscous) 

 

B.  Evaporation and Condensation 

1.  Evaporation-  the change of a liquid to gas.   It produces a cooling effect. (Why we 

sweat).  Upon heating, the molecules that evaporate have reached a critical 

amount of kinetic energy that is enough to surpass the liquids surface tension.  

This molecule then enters the gas state, and thereby reduces the average kinetic 

energy of the remaining molecules.  Since temperature is proportional to the 

average kinetic energy, the molecules escape has reduced the temperature of the 

liquid.  Three things affect the rate of evaporation- 

a.  surface area of the liquid- the evaporation occurs at the surface, so more 

surface area more evaporation possible. 

b.  Strengths of intermolecular forces.  The weaker the forces, the lower the 

minimum escape kinetic energy, and the faster the rate of evaporation at a 

given temperature. 

c.  The rate of evaporation per unit surface area of a given liquid is greater at a 

higher temperature.  The kinetic energy of the molecules is greater; therefore, 

the fraction of molecules to attain the required energy to evaporate will be 

greater.   

2.  Sublimation- the process of changing from solid to gas.  Dry ice is an example. 

3.  Condensation-  The change of state from gas to liquid.  The rate is dependent on the 

concentration of the molecules in the vapor. 

 a.  Melting point-  the temperature at which a solid begins to change into a liquid. 

4.  Vapor Pressure-  Upon evaporation of a liquid, the vapor molecules exert a pressure. 

 a.  Affected by  chemical comp and temp. 

 b.  Not affected by to total surface area or volume.  Evaporated molecules can 

condense back to liquid so no net change in equilibrium pressure. 



 c.  Dependent on per unit surface area 

 D.  Boiling Point- 

1.  The temperature at which the liquid begins to change states; the liquid molecules 

begin to change to vapor molecules.  The temperature at which the vapor pressure of 

the liquid is equal to the prevailing atmospheric pressure. 

2.  Normal Boiling point- a way of standardizing the boiling points.  The boiling point of 

a liquid at 1 atm. 

 

II. Energy changes during changes of State 

A.  Heating and Cooling Curves: 

1.  Heating curve-  A graph that illustrates the relationship of temperature of a 

substance to heat being added at a constant rate.  Starting with a solid and ending 

in the gas phase. 

a.  During a change of phase, the lines are flat 

1.   heat added goes to potential energy 

b. In between change of phases, the lines slope upward 

1. Heat added goes to kinetic energy. 

2.   Cooling curve-  The graph that illustrates the change of a gas to a solid.  Heat is 

removed at a constant rate. 

  a.  supercooling-  when a liquid is cooled past its freezing point. 

3.  Molar heat of fusion-  the heat absorbed by one mole of a solid when it melts to give 

one mole of a liquid at the same temperature and pressure. 

4.  Molar heat of vaporization-  the heat absorbed when one mole of a liquid is changed 

to one mole of vapor at a constant temperature and pressure. 

5.  Molar heat of sublimation-  the heat absorbed by one mole of solid when it sublimes 

to give one mole of vapor at a constant temperature and pressure. 

**Note-molar heats of fusion, vaporization, and sublimation are all positive quantities 

due to the fact that these are all endothermic processes(heating curve) 

 

 

 

 

 



B. Energy changes and Intermolecular attractions 

1.  Heat of vaporization is always greater than heat of fusion. 

a. Due to the fact that the molecules separate further apart during vaporization. 

b. By same rationale, the heat of sublimation is much greater than that of fusion. 

 

C. Lechatelier’s Principle- 

1.  When a dynamic equilibrium in a system is upset by a disturbance, the system 

responds in a direction that tends to counteract the disturbance, and if possible 

restore equilibrium. 

2. Position of equilibrium- a term used to refer to the relative amounts of the 

substances on opposite sides of the double arrows in an equilibrium expression. 

 

D. Phase Diagrams- 

1.  A graphical representation of pressure, temperature relationships that apply 

between the phases of the substance. 

2. Triple point- a point at which the phase lines all meet.  An equilibrium exists among 

all three phases. 

3. Critical point-  the temperature or pressure at which a distinct liquid phase cannot 

exist regardless of the pressure.   

a.  Supercritical fluid- a substance that has a temperature above its critical 

temperature and a density near its liquid density. 

1. Make excellent solvents. 

4. When a gas is below its critical temperature, it can be liquefied by compressing it. 


