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Chapter 11: Intermolecular Forces, Liquids and 
Solids 

1. Describe the characteristic properties of solid, liquids and gases in terms of the molecular view 
2. Describe the difference between intra- and intermolecular forces, distinguish the different types of forces 

between molecules, and explain how these forces influence molecular properties. 
3. Relate strength of intermolecular forces to molecular mass 
4. State conditions that lead w hydrogen bonds, explain how hydrogen bonds differ from other types of 

intermolecular forces, and describe the effect of hydrogen bonds on physical properties. 
5. List six unusual properties of water 
6. Explain surface tension and viscosity 
7. Predict whether the type of crystal formed by a substances is ionic, covalent, molecular or metallic 
8. Explain what occurs when a liquid vaporizes in a closed container. The dynamic equilibrium between a liquid 

and its vapor. 
9. Describe the significance of the critical point. 
10. Explain how vapor pressure, heat of vaporization, and temperature are related and the meaning of boiling and 

use the Clausius-Clapeyron equation to mathematically relate these terms. 
11. Interpret simple phase diagrams and use phase diagrams to predict changes that occur as a substance is heated, 

cooled, or undergoes a change in pressure. 
12. Understand terms that apply to phase changes of solids, liquids, and gases. 

 

Chapter 13 Physical Properties of Solutions 
1. Given a particular substance, predict what solvent will be suitable for solvation 
2. Describe the exothermic and endothermic steps that occur during the solution process 
3. Explain how the relative forces between molecules determine whether an ideal solution, a non-ideal solution, or 

a heterogeneous mixture will form. 
4. Know and be able to use percent concentration units: volume %, mass %, and mass/volume %. 
5. Know and be able to use the definitions of molarity and molality. 
6. Know and be able to use the definitions of mole fraction and mole percent. 
7. Distinguish among unsaturated, saturated, and supersaturated solutions and describe how a solute can be 

purified by re crystallization. 
8. Discuss the effects of temperature on the solubility of salts in water 
9. Apply Henry's law to calculations of gas solubility as a function of pressure. 
10. Describe the properties of solutions that are colligative properties. 
11. Apply Raoult's law.  Describe the applications and the limitations of the law. 
12. Explain how liquid-vapor equilibrium differs in non-ideal solutions and in ideal solutions. 
13. Explain how vapor pressure lowering leads to boiling-point elevation and also to freezing-point depression.  
14. Describe the process of osmosis and use the law of osmotic pressure 
15. Describe how the theory of electrolytic dissociation explains the behavior of aqueous solutions of strong, weak, 

and non electrolytes, including ionic concentrations and differences in the values of colligative properties from 
the values computed from equations ∆Tb =Kbm, ∆Tf =Kfm; π = MRT; PA = XAP°A,  

Most important 
differences between 
gas and a liquid or 
solid from the 
viewpoint of kinetic 
theory 

In a liquid or solid there are attractive forces between the particles; in a gas it’s assumed that 
there are no attractive forces.  The atoms in a liquid or solid are closer together and the 
movement of the atoms is restricted.  Gas molecules are farther apart and can move all over 
the sample volume. 

Reason for fixed 
volume and shape of 
a piece of a solid 

Forces that hold them in fixed, ordered positions, attract the particles in a solid to one 
another. 

Lattice Ordered arrangements of particles in a solid 
Relationship of 
particle motion to 
temperature, in a 
solid 

each particle vibrates rapidly in its lattice position.  The rate of vibration is proportional to the 
temperature 

Sublimation Movement of particles from the solid to the gas state 
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Melting Break down of lattice and conversion of solid to liquid 
Freezing Reverse of melting 
Relationship between 
melting point and 
strength of inter 
particle forces 

The stronger the attractive inter particle force in a solid, the higher its melting point. 

Reason for fixed 
volume and variable 
shape of a sample of 
a liquid 

Forces that hold them together attract the particles in a liquid to one another, but the particles 
are free to move among one another. 

Relationship of 
particle motion to 
temperature in a 
liquid 

The rate of particle motion is proportional to the temperature 

Evaporation Movement of particles from the liquid state to the gas state, at the surface of a liquid. 
Boiling Formation of gas bubbles in the body of a liquid 
Condensation Reverse of evaporation or boiling; formation of a liquid from a gas. 
Boiling point Temperature at which boiling occurs. 
Relationship between 
boiling point and 
strength of inter 
particle forces 

The stronger the attractive inter particle forces in a liquid, the higher its boiling point 

Reasons for variable 
volume and shape of 
a sample of gas 

Because there are no attractive forces between particles of a gas(an ideal gas), the random 
movement of the particles in a gas sample cause it to fill any container it’s in. 

Dipole Object that carries a negative charge at one end and a positive charge at the other end. 
London forces Attractions between opposite charges in instantaneous dipoles, caused by the synchronized 

movement of electrons in adjacent particles. 
Kinds of liquids and 
solids in which 
London forces occur 

All liquids and solids 

Relationship between 
number of electrons 
in particles and 
strength of London 
forces 

Particles with larger numbers of electrons have stronger London forces.  Particles with a large 
molecular mass have stronger London forces.  Stronger London forces cause higher melting 
points and boiling points.   

Dipole-dipole 
interactions 

Attractions between opposite charges on adjacent dipoles.  Molecules of approximately equal 
mass and size the strengths of the intermolecular attractions increase with increasing polarity. 

Kinds of liquids and 
solids in which 
dipole-dipole 
interactions occur 

Liquids and solids consisting of molecules that are dipoles 

Rule for deciding 
whether a diatomic 
molecule is a dipole. 

If the bond is polar, the molecule is a dipole, for exam HCl is a dipole, and Cl2 is not 

Distribution of 
charges in water 
molecules 

Because oxygen is more electronegative than hydrogen, and because the water molecule is 
bent, the molecule is a dipole, the oxygen end carries a partial negative charge, and the 
hydrogen end carries a partial positive charge: 
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Hydrogen bond  In a liquid or solid, a weak bond that forms between a hydrogen atom in one molecule and a 
nitrogen, oxygen or fluorine atom in an adjacent molecule.  

 
Conditions for 
forming a hydrogen 
bond between two 
molecules 

1) One molecules must contain an H atom attached by a covalent bond to an atom of a highly 
electronegative element: F, N, O 
2) The other element must have unshared electrons on the atom of a highly electronegative 
element.   
3) The two molecules must be close together.   

Factors that 
determine relative 
strengths of 
intermolecular 
attractions 

Similar molecular weights and shapes, the dispersion forces are the same:  compare the 
dipole-dipole attractions 
Widely different molecular nesses:  dispersion forces make the difference. 
 

Factors that 
determine solubility 

1) The natural tendency to disorder. 
2) Strong the attractions between solute and solvent molecules 

Metallic bonding Electron sharing (delocalization) throughout all of the atoms in a piece of metal. 
Covalent or network 
solid 

Solid in which a network of covalent bonds attaches all of the atoms to one another.  an 
example is diamond, C. 

Ionic solid Solid that consists of ions attached to one another by ionic bonds.  An example is NaCl. 
Characteristic 
properties of covalent 
and ionic solids 

They typically have very high melting points 

Relative strength of 
inter particle forces: 

London forces:  variable from weak to strong; proportional to the size, the mass, the shape 
and the polarizability of the molecule or atom. 
dipole-dipole interactions: weak 
hydrogen bonding: strong 
covalent bonds: strong 
ionic bonds: strong 

Partial pressures Dalton’s law of partial pressures and Raoult’s law of vapor pressure lowering have the same 
form but are used for different concepts. 

Raoult’s law When we increase the mole fraction of nonvolatile solute particles, the vapor pressure of the 
solvent is reduced. 

Solutions with two or 
more volatile 
components 

Volatile compounds go into the vapor phase easier than less volatile compounds.  When a 
system contains two or more volatile compounds, the vapor above the solution will be richer 
in the vapor of the most volatile component  

Ideal solutions Ideal solutions obey the Raoult’s law.  Real solutions approximate ideal solutions when the 
solution is dilute, the solute and the solvent have similar molecular size, and the types of 
intermolecular attractions are similar.   
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Questions to ask to 
predict the kinds of 
inter particle forces 
that will be present in 
a solid or a liquid. 

Metallic?—Is the substance a metal?[Ag, W] 
Ionic?—Is the substance ionic?[NaCl] 
Covalent?—Does the substance consist of atoms held together by a network of covalent 
bonds?[diamond, quartz] 
Dipole molecular?—does the substances consist of molecules that are dipoles?[CH3Cl] 
H-bond?—in the molecule is H attached by a covalent bond to N, O, or F?[NH3, HF] 
Non dipole molecular?— does the substance consist of molecules that are not dipoles?[CH4, 
sugar] 
Atomic—does the substances consist of atoms with no covalent bonds between them?[Rare 
gases-K,Ar] 

 


