
Chapter 10 - Intermolecular Forces and the Phases of Matter
I. Three Phases or Physical States of Matter.

A. Gases



1.  Particles (atoms or molecules) of a gas are far apart - gas mostly 





empty space.



2. Particles are in rapid, random straight-line motion, colliding with each 





other and the walls of the container.




3. Almost no attractive forces between particles of a gas.




B. Liquids and Solids – “Condensed Phases”. 

1. Liquids     




a. Particles are touching.




b. Motion is restricted due to more frequent collisions.




c. Attractive forces between particles hold the volume but allow fluidity.




d. Formed by decreasing the temperature of a gas - condensation.



2. Solids





a. Particles are closely packed.




b. Motion is limited to vibration about fixed positions.




c. Attractive forces hold position and shape of solid.




d. Formed by decreasing the temperature of a liquid – freezing.

II. Phase Changes.
A. Gas to Liquid and Liquid to Solid.
1. Decrease temperature.

2. Kinetic energy of atoms or molecules decreases.
3. Atoms or molecules move more slowly.

4. Attractive forces between atoms or molecules become more important.


B. Gas to Liquid – Condensation.   Liquid to Gas – Vaporization.

C. Liquid to Solid – Freezing.          Solid to Liquid – Melting
III. Intermolecular Attractive Forces (IMFs)

A. Forces of attraction between different molecules or atoms.

B. Due to the attraction of opposite charges.

C. 3 different types of Intermolecular Forces:



1.  London Forces




a. All molecules have London forces.




b. Only attractive force between nonpolar molecules.




c. Weakest of the 3 types of IMFs.




d. Temporary (instantaneous) dipole in one molecule causes an induced 




dipole in a neighboring molecule.




e. (+) end of dipole in one molecule attracted to (-) end of dipole in nearby 





molecule.




f. Larger molecules or atoms have more electrons, further from the





nucleus, and are more easily polarized (form temporary dipoles 





more readily), therefore stronger London forces.






2.  Dipole-Dipole Forces



a. All polar molecules have dipole-dipole forces.




b. Stronger than London forces.




c. Polar molecules have permanent dipoles ( a + end and a - end to the 





molecule.)




d. (+) end of one molecule attracted to the (-) end of an adjacent molecule.




e. Dipole-dipole forces generally increase with molecular weight and polarity of





molecules.





3. Hydrogen Bonding




a. Only molecules with -O-H, -N-H, and H-F bonds have “hydrogen bonding.”




b. The strongest of the three types of IMFs.




c. F, O, and N are the 3 most electronegative elements on the periodic table.





(F=4.0, O=3.5, N=3.0)




d. Thus the H-F, O-H, and N-H bonds are very polar.  (H=2.2)




e. The “hydrogen bond” is an attraction between the H attached to F, O, or N and





the unshared e- pairs on F, O, or N on a nearby molecule.




f. F has 3 unshared e- pairs, O has 2 unshared pairs, and N has 1 unshared pair.




g. The H is called the “donor site”, the unshared pairs are called the “acceptor





sites.”



h. DNA and hydrogen bonding.

IV. Effect of Intermolecular Forces of Attraction on Boiling Point and Melting Point.

A. Melting Point:



1. As strength of IMFs increases it becomes harder for atoms or molecules to break these 




IMFs and escape from the solid phase into the liquid phase.



2. More heat must be added to increase kinetic energy of molecules or atoms in the solid 



to allow them to break apart and enter liquid phase.



3. The more heat that must be added, the higher the melting point.


B. Boiling Point:



1. The stronger the IMFs in the liquid, the more heat must be added to increase the 



kinetic energy of the atoms or molecules to allow them to break apart and



enter the gas phase where the molecules have virtually no IMFs.


C. Summary: As IMFs increase, MPs and BPs increase.

.  


