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Chapter	
  10 

Solids	
  and	
  Liquids	
  
Opening	
  Essay	
  
There is an urban legend that glass is an extremely thick liquid rather 

than a solid, even at room temperature. Proponents claim that old 

windows are thicker at the bottom than at the top, suggesting that the 

glass flowed down over time. Unfortunately, the proponents of this idea 

have no credible evidence that this is true, as old windows were likely 

not subject to the stricter manufacturing standards that exist today. 

Also, when mounting a piece of glass that has an obviously variable 

thickness, it makes structural sense to put the thicker part at the 

bottom, where it will support the object better. 

Liquids flow when a small force is placed on them, even if only very 

slowly. Solids, however, may deform under a small force, but they return 

to their original shape when the force is relaxed. This is how glass 

behaves: it goes back to its original shape (unless it breaks under the 

applied force). Observers also point out that telescopes with glass lenses 

to focus light still do so even decades after manufacture—a circumstance 

that would not be so if the lens were liquid and flowed. 

Glass is a solid at room temperature. Don’t let anyone tell you 

otherwise! 

In Chapter 6 "Gases", we discussed the properties of gases. Here, we consider some 

properties of liquids and solids. As a review, Table 10.1 "Properties of the Three 

Phases of Matter" lists some general properties of the three phases of matter. 

Table 10.1 Properties of the Three Phases of Matter 

Phase Shape Density Compressibility 

Gas fills entire container low high 

Liquid fills a container from bottom to top high low 
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Phase Shape Density Compressibility 

Solid rigid high low 

 

10.1 Intermolecular Forces 
LEARNING OBJECTIVE 

	
  

	
   1.	
   Relate	
  phase	
  to	
  intermolecular	
  forces.	
  

	
  

 

Why does a substance have the phase it does? The preferred phase of a substance at a 

given set of conditions is a balance between the energy of the particles and 

intermolecular forces (or intermolecular interactions) between the particles. If the 

forces between particles are strong enough, the substance is a liquid or, if stronger, a 

solid. If the forces between particles are weak and sufficient energy is present, the 

particles separate from each other, so the gas phase is the preferred phase. The 

energy of the particles is mostly determined by temperature, so temperature is the 

main variable that determines what phase is stable at any given point. 

What forces define intermolecular interactions? There are several. A force present in 

all substances with electrons is the dispersion force (sometimes called the London 

dispersion force, after the physicist Fritz London, who first described this force in 

the early 1900s). This interaction is caused by the instantaneous position of an 

electron in a molecule, which temporarily makes that point of the molecule 

negatively charged and the rest of the molecule positively charged. In an instant, the 

electron is now somewhere else, but the fleeting imbalance of electric charge in the 

molecule allows molecules to interact with each other. As you might expect, the 

greater the number of electrons in a species, the stronger the dispersion force; this 

partially explains why smaller molecules are gases and larger molecules are liquids 

and solids at the same temperature. (Mass is a factor as well.) 
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Molecules with a permanent dipole moment experience dipole-dipole 

interactions, which are generally stronger than dispersion forces if all other things 

are equal. The oppositely charged ends of a polar molecule, which have partial 

charges on them, attract each other (Figure 10.1 "Dipole-Dipole Interactions"). Thus 

a polar molecule such CH2Cl2 has a significantly higher boiling point (313 K, or 40°C) 

than a nonpolar molecule like CF4 (145 K, or −128°C), even though it has a lower 

molar mass (85 g/mol vs. 88 g/mol). 

Figure 10.1 Dipole-Dipole Interactions 

 

Oppositely charged ends of polar molecules attract each other. 

An unusually strong form of dipole-dipole interaction is called hydrogen bonding. 

Hydrogen bonding is found in molecules with an H atom bonded to an N atom, an O 

atom, or an F atom. Such covalent bonds are very polar, and the dipole-dipole 

interaction between these bonds in two or more molecules is strong enough to create 

a new category of intermolecular force. Hydrogen bonding is the reason water has 

unusual properties. For such a small molecule (its molar mass is only 18 g/mol), H2O 

has relatively high melting and boiling points. Its boiling point is 373 K (100°C), 

while the boiling point of a similar molecule, H2S, is 233 K (−60°C). This is because 

H2O molecules experience hydrogen bonding, while H2S molecules do not. This 

strong attraction between H2O molecules requires additional energy to separate the 

molecules in the condensed phase, so its boiling point is higher than would be 
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expected. Hydrogen bonding is also responsible for water’s ability as a solvent, its 

high heat capacity, and its ability to expand when freezing; the molecules line up in 

such a way that there is extra space between the molecules, increasing its volume in 

the solid state (Figure 10.2 "Hydrogen Bonding"). 
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Figure 10.2 Hydrogen Bonding
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When water solidifies, hydrogen bonding between the molecules forces the 

molecules to line up in a way that creates empty space between the molecules, 

increasing the overall volume of the solid. This is why ice is less dense than 

liquid water. 

EXAMPLE 1 
	
  

	
   	
   Identify	
  the	
  most	
  significant	
  intermolecular	
  force	
  in	
  each	
  substance.	
  

	
  

	
   	
   	
   1.	
   C3H8	
  

	
   	
   	
   2.	
   CH3OH	
  

	
   	
   	
   3.	
   H2S	
  

	
  

	
   Solution	
  

	
  

	
   	
   1.	
   Although	
  C–H	
  bonds	
  are	
  polar,	
  they	
  are	
  only	
  minimally	
  polar.	
  The	
  most	
  

significant	
  intermolecular	
  force	
  for	
  this	
  substance	
  would	
  be	
  dispersion	
  

forces.	
  

	
   	
   2.	
   This	
  molecule	
  has	
  an	
  H	
  atom	
  bonded	
  to	
  an	
  O	
  atom,	
  so	
  it	
  will	
  

experience	
  hydrogen	
  bonding.	
  

	
   	
   3.	
   Although	
  this	
  molecule	
  does	
  not	
  experience	
  hydrogen	
  bonding,	
  the	
  

Lewis	
  electron	
  dot	
  diagram	
  and	
  VSEPR	
  indicate	
  that	
  it	
  is	
  bent,	
  so	
  it	
  has	
  

a	
  permanent	
  dipole.	
  The	
  most	
  significant	
  force	
  in	
  this	
  substance	
  is	
  

dipole-­‐dipole	
  interaction.	
  

 

	
   Test	
  Yourself	
  

	
  

	
   	
   Identify	
  the	
  most	
  significant	
  intermolecular	
  force	
  in	
  each	
  substance.	
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   1.	
   HF	
  

	
   	
   	
   2.	
   HCl	
  

 

	
   Answers	
  

	
   	
   	
  

	
   	
   	
   1.	
   hydrogen	
  bonding	
  

	
   	
   	
   2.	
   dipole-­‐dipole	
  interactions	
  

	
  

The preferred phase a substance adopts can change with temperature. At low 

temperatures, most substances are solids (only helium is predicted to be a liquid at 

absolute zero). As the temperature increases, those substances with very weak 

intermolecular forces become gases directly (in a process called sublimation, which 

will be discussed in Section 10.2 "Phase Transitions: Melting, Boiling, and 

Subliming"). Substances with weak interactions can become liquids as the 

temperature increases. As the temperature increases even more, the individual 

particles will have so much energy that the intermolecular forces are overcome, so 

the particles separate from each other, and the substance becomes a gas (assuming 

that their chemical bonds are not so weak that the compound decomposes from the 

high temperature). Although is it difficult to predict the temperature ranges for 

which solid, liquid, or gas is the preferred phase for any random substance, all 

substances progress from solid to liquid to gas in that order as temperature 

increases. 

KEY TAKEAWAYS 
	
  

	
    All	
  substances	
  experience	
  dispersion	
  forces	
  between	
  their	
  particles.	
  

	
    Substances	
  that	
  are	
  polar	
  experience	
  dipole-­‐dipole	
  interactions.	
  

	
    Substances	
  with	
  covalent	
  bonds	
  between	
  an	
  H	
  atom	
  and	
  N,	
  O,	
  or	
  F	
  atoms	
  

experience	
  hydrogen	
  bonding.	
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    The	
  preferred	
  phase	
  of	
  a	
  substance	
  depends	
  on	
  the	
  strength	
  of	
  the	
  

intermolecular	
  force	
  and	
  the	
  energy	
  of	
  the	
  particles.	
  

	
  
EXERCISES 

	
  

	
   1.	
   What	
  type	
  of	
  intermolecular	
  force	
  do	
  all	
  substances	
  have?	
  

	
  

	
   2.	
   What	
  is	
  necessary	
  for	
  a	
  molecule	
  to	
  experience	
  dipole-­‐dipole	
  interactions?	
  

	
  

	
   3.	
   What	
  is	
  necessary	
  for	
  a	
  molecule	
  to	
  experience	
  hydrogen	
  bonding?	
  

	
  

	
   4.	
   How	
  does	
  varying	
  the	
  temperature	
  change	
  the	
  preferred	
  phase	
  of	
  a	
  

substance?	
  

	
  

	
   5.	
   Identify	
  the	
  strongest	
  intermolecular	
  force	
  present	
  in	
  each	
  substance.	
  

	
  

	
   	
   	
   a.	
   He	
  

	
   	
   	
   b.	
   CHCl3	
   	
  

	
   	
   	
   c.	
   HOF	
  

	
  

	
   6.	
   Identify	
  the	
  strongest	
  intermolecular	
  force	
  present	
  in	
  each	
  substance.	
  

	
  

	
   	
   	
   a.	
   CH3OH	
  

	
   	
   	
   b.	
   (CH3)2CO	
  

	
   	
   	
   c.	
   N2	
  

	
  

	
   7.	
   Identify	
  the	
  strongest	
  intermolecular	
  force	
  present	
  in	
  each	
  substance.	
  

	
  

	
   	
   	
   a.	
   HBr	
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   b.	
   C6H5NH2	
  

	
   	
   	
   c.	
   CH4	
  

	
  

	
   8.	
   Identify	
  the	
  strongest	
  intermolecular	
  force	
  present	
  in	
  each	
  substance.	
  

	
  

	
   	
   	
   a.	
   C10H22	
  

	
   	
   	
   b.	
   HF	
  

	
   	
   	
   c.	
   glucose	
  

	
  
	
  

ANSWERS 
	
  

	
   1.	
   dispersion	
  force	
  

	
  

	
   3.	
   An	
  H	
  atom	
  must	
  be	
  bonded	
  to	
  an	
  N,	
  O,	
  or	
  F	
  atom.	
  

	
  

	
   5.	
   a.	
   dispersion	
  forces	
  

	
   	
   b.	
   dipole-­‐dipole	
  interactions	
  

	
   	
   c.	
   hydrogen	
  bonding	
  

	
  

	
   7.	
   a.	
   dipole-­‐dipole	
  interactions	
  

	
   	
   b.	
   hydrogen	
  bonding	
  

	
   	
   c.	
   dispersion	
  forces	
  


