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You have mastered this topic when you can: 
1) classify a substance as solid, liquid or gas at SATP and describe its different properties. 
2) use INTERMOLECULAR FORCES to predict and explain the states of molecular compounds at SATP. 
  

STATE OF A COMPOUND AT SATP  
I) Ionic compounds are composed of cations and anions locked within a highly ordered arrangement of alternating 

positive and negative charges called a crystal lattice.  In a crystal lattice each cation is surrounded by and bonded 
to as many anions as possible and each anion is surrounded by and bonded to as many cations as possible. The 
large number of bonds each ion experiences means they are held together by very strong attractive forces.  As a 
result, ionic compounds at SATP are solids.  The many strong attractive forces that hold ionic compounds 
together result in their having very high melting and boiling points.  

II) THE STATE OF A MOLECULAR COMPOUND AT SATP IS DEPENDENT ON TWO FACTORS: Molecular mass & 
Intermolecular forces. 
A) MOLECULAR MASS  .  

The more atoms a compound is composed of, the greater the compound’s mass.  e.g. C8H18(l) is more massive 
than CH4(g) because it has more atoms.  This is confirmed when the atomic mass ass of all the atoms in one 
molecule of each compound are added together.  REMEMBER: the atomic mass is found on your periodic 
table. 

i.e. C8H18(l) Ò  8 x C = 8 x 12.01 u = 96.08 u CH4(g) Ò  1 x C = 1 x 12.01 u = 12.01 u 
 18 x H = 18 x 1.008 u =  18.144 u 4 x H = 4 x 1.008 u =  4.032 u 
 114.224 u 16.042 u 

1) C8H18(l) is composed of more atoms than CH4(g) thus its atomic mass (114.224 u) greater than that of CH4(g) 
(16.042 u). 

B) PREDICTING THE STATE OF NON-POLAR COVALENT COMPOUNDS AT SATP 
1) Non-polar covalent molecules experience only London dispersion forces.  This means the force of 

attraction between non-polar covalent molecules is extremely weak.   that the London dispersion RECALL
force is the “gravity” between molecules and that gravity is dependent on mass. 
a) Non-polar covalent molecules composed of a small number of atoms have low molecular masses: i.e. 

less than about 75 g.  As a result, they experience very very little attraction to each other and thus they 
tend to be gasses at SATP. 

e.g. H2(g),   N2(g),   O2(g),   F2(g),   Cl2(g),   O3(g),   NCl(g),   CO2(g) 
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i) Hydrocarbons are compounds composed of carbon and hydrogen.  Hydrocarbons containing 1 − 5 
carbon atoms tend to be gasses at SATP because their masses are small making their London 
dispersion forces small. 

e.g. methane = CH4(g),    ethane = C2H6(g),    propane = C3H8(g),    butane = C4H10(g), 
pentane = C5H12(g),    ethene = C2H4(g),    ethyne = C2H2(g),    propene = C3H6(g) 

b) Non-polar covalent molecules of moderate molecular mass experience very little attraction to each 
other but more than those of low molecular mass: i.e. between about 75 g and about 200 g, thus they 
tend to be liquids at SATP. 

e.g. CCl4(l),   Br2(l) 
e.g. hydrocarbons containing 5 − 20 carbon atoms 

i.e. hexane = C6H14(l),    heptane = C7H16(l),   octane = C8H18(l),    nonane = C9H20(l) 

c) Non-polar covalent molecules of high molecular mass: i.e. greater than about 200 g, thus including 
hydrocarbons containing 20 or more carbon atoms, experience little attraction to each other but more 
than those of lower molecular mass, thus they tend to be soft, waxy or flexible solids at SATP. 

e.g. NBr3(s),   NCl3(s),   NI3(s)  
e.g. hydrocarbons containing more than 20 carbon atoms 

i.e. candle waxes,   paraffin wax = C25H52(s),   greases,   roofing and paving tars 

C) PREDICTING THE STATE OF POLAR COVALENT COMPOUNDS AT SATP 
1) Polar covalent compounds experience dipole-dipole force and hydrogen Bonds.  This means there is a 

moderate to high attraction between polar covalent molecules. 
a) Polar covalent compounds of low molecular mass: i.e. less than about 75 g, and small to moderate 

electronegativity differences tend to be gasses at SATP. 
e.g. HCl(g),   NH3(g),   H2S(g) 

b) Polar covalent compounds of low to moderate molecular mass: i.e. between about 75 g and about 200 
g, and moderate to high electronegativity differences tend to be liquids at SATP. 

e.g. H2O(l),   H2O2(l),   HC2H3O2(l),   H2SO4(l),   CH3OH(l),   C2H5OH(l) 

c) Polar covalent compounds of high molecular mass: i.e. greater than about 200 g, and moderate to high 
electronegativity differences tend to be solids at SATP. 

e.g. PCl3(s),   PCl5(s)   C6H12O6(s),   C12H22O11(s),   P2O5(s) 

D) SUMMARY  ← GOOD STUFF TO KNOW!!
1) Ionic compounds tend to be solids at SATP. 

2) Non-polar covalent compounds of molecular mass less than about 75 g tend to be gasses at SATP. 

3) Non-polar covalent compounds of molecular mass between about 75 g and about 200 g tend to be liquids 
at SATP. 

4) Non-polar covalent compounds of molecular mass greater than about 200 g tend to be solids at SATP. 

5) Polar covalent compounds of molecular mass less than about 75 g tend to be gasses at SATP. 

6) Polar covalent compounds of molecular mass between about 75 g and about 200 g tend to be liquids at 
SATP. 

7) Polar covalent compounds of molecular mass greater than about 200 g tend to be solids at SATP. 

8) REMEMBER THESE ARE BROAD GENERALITIES THAT CAN BE USED TO HELP YOU PREDICT THE STATE 
OF A COMPOUND AT SATP. 



CH 11 TOPIC 27 – STATES OF MATTER 3 

© R. Ashby 2018.  Duplication by permission only. 

E) Required Practice 1: Answer these questions.  {Answers are on page 6.} 
1) Write the formula for each of these compounds.  Include the state and justify your choice of state. 

a) Sodium hydrogen sulphate g) octasulphur 
b) Sodium hydroxide h) potassium nitrate 
c) Carbon dioxide i) phosphoric acid 
d) acetic acid j) iodine 
e) sodium thiosulphate pentahydrate k) aluminum oxide 
f) sodium hypochlorite l) potassium hydroxide 

2) Both NaCl and Cl2 are held together by intramolecular forces called chemical bonds. 
a) Classify each as ionic and molecular. 
b) Explain your classification in terms of chemical bonds and attractive forces.  
c) Predict the state of each at SATP then provide a theoretical explanation for your prediction. 

  

PROPERTIES OF THE DIFFERENT STATES OF MATTER 
I) Keep the following in mind when you read section II below. 

A) All molecules are surrounded by electrons.  Since all electrons carry the same negative charge the repel each 
other.  Since electrons repel each other, molecules can never get close enough to touch each other.  This means 
all molecules have space between them.  The space between molecules in the solid state is about the same size 
as a molecule.  The space between molecules in the liquid state is a little larger than the size of a molecule.  
The space between molecules in the gas state is about 20 – 30 times the size of a molecule. 

II) Many experiments have lead to these descriptions of each state of matter. 
A) Solids  .  This means that 

solids are not able to change their shape or the amount of space they occupy. 
e.g. A solid square peg cannot change its shape to fit into a round 
hole. 

1) Solids occupy a specific fixed amount of space that does not change 
even if forced into another shape.  A cube of solid gold occupying a 
volume of 2 mL can be made into a ring occupying the same 2 mL 
volume.  Even though the shape has been altered, its volume 
remains constant. 

2) Solids have the properties of fixed volume and fixed shape because 
their particles are extremely tightly packed together – there is a 
space about the same size as a particle between them at all times.  
Their particles can never get close enough to touch each other 
because they are surrounded by negatively charged electrons which 
repel each other.  As a result, the particles of a solid cannot be 
forced closer to each other, which severely limits their ability to 
change their volume.  As well, the motion of a solid’s particles is 
extremely limited, which means their motion is limited to 
vibrating in one place. 
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B) Liquids  .  This means that liquids 
are flexible and thus are able to change their shape but not the amount of space they occupy. 

e.g. Liquid water stored in a square jug can change its shape to fit 
into a round jug. 

1) Liquids occupy a specific fixed amount of space that does not change 
even if forced into another shape.  A typical coffee cup holds 250 mL of 
liquid water.  When a 250 mL of water is transferred from a coffee cup 
to a juice jug, it still occupies 250 mL and resides at the bottom of the 
juice jug → its shape has changed while its volume remains the same. 

2) Liquids have the properties of fixed volume and variable shape because 
their particles are closely packed together – there is a space about the 
same size as a molecule between them at all times – while having being 
able to slide past one another.  Their molecules can never get close 
enough to touch each other because they are surrounded by negatively 
charged electrons which repel each other.  As a result, the particles of a 
liquid cannot be forced closer together which limits their ability to 
change their volume.  As well, the particles of a liquid have the ability 
to slide past one another, which means liquids can change their shape to 
fit the container they occupy. 

 

C) Gasses  .  This means that gasses 
are able to change their shape and the amount of space they occupy. 

e.g. Water vapour, commonly called steam, will fill the 
volume of the washroom when a person showers, if 
the door is opened, the water vapour will fill the 
volume of the house. 

e.g. Air is taken from the atmosphere and compressed into 
a tank so people can dive in the ocean. 

1) Both above examples illustrate how gasses can expand or be 
compressed to fill a variety of volumes having different shapes.  
Gasses occupy a space available to them.  If 10 g or oxygen is 
placed into a 2 L container, and that container is expanded to 3 
L, the 10 g of oxygen gas will also expand to fill the 3 L, if the 3 
L container is then compressed to 1 L the 10 g of oxygen gas 
will then also compress to occupy the 1 L container. 

 2) Gasses have the properties of variable volume and variable 
shape because their particles are widely separated from each 
other – the space between them is roughly 20 or 30 or more 
times the size of one molecule – which means they have 
complete freedom of motion.  Because the particles of a gas are 
widely separated from each other, there are large spaces between 
them.  As a result, the particles of a gas can be compressed, 
forced closer together, which gives them the ability to change 
(increase or decrease) their volume.  As well, the particles of a 
gas have complete freedom of motion, which means gasses can 
change their shape to fit the container they occupy. 
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D) SUMMARY: 

 III) Required Practice 2. Answer these questions.  {Answers are on page 6.} 

1. How are the properties of solids and liquids similar and different? 

2. How are the properties of liquids and gasses similar and different? 

3. Particles in which state have the strongest intermolecular forces?  Justify your choice. 

4. Particles in which state have the weakest intermolecular forces?  Justify your choice. 

5. Why is a gas such as water vapour highly compressible? 

6. Describe the degree of disorder of the H2O molecules in all three states. 
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ANSWERS TO THE REQUIRED PRACTICE 

Required Practice 1 from page 3 
1a. NaHSO4(s); ionic compounds are solid at SATP.     1b. NaOH(s); ionic compounds are solid at SATP. 
1c. CO2(g); non-polar molecular compounds of low molecular mass are gasses at SATP.     1d. HC2H3O2(aq); acids are 
always aqueous.     1e. Na2S3O2�H2O(s); hydrates are solid at SATP.     1f. NaClO(s); ionic compounds are solid at 
SATP.     1g. S8(s); non-polar molecules of high molecular mass are solid at SATP.     1h. KNO3(s); ionic compounds are 
solid at SATP.     1i. H3PO4(aq); acids are always aqueous.     1j. I2(s); non-polar molecules of high molecular mass are 
solid at SATP.     1k. Al2O3 (s); ionic compounds are solid at SATP.     1l. KOH(s); ionic compounds are solid at SATP.     
15 m. H2CO3 (aq); acids are always aqueous.     2a. NaCl is ionic while Cl2 is a covalent molecule.     2b. NaCl is a 
ionic because it consists of a metal transferring its valence electron to a non-metal creating an ionic bonds.  Cl2 is a 
covalent molecule because it consists of tow non-metal atoms sharing a pair of valence electrons creating a covalent 
bond.     2c. NaCl is a solid because it is held together by strong ionic bonds.  Cl2 is a gas because it is held together 
by a non-polar bond and it experiences only London dispersion forces between molecules. 

Required Practice 2 from page 5 
1. Similarities: Solids and liquids have fixed volume and are not compressible.  Differences: Solids have fixed shape 
while liquids have variable shape.     2. Similarities: Liquids and gasses have variable shapes.  Differences: Liquids 
have fixed volume and are not compressible while gasses have variable shape and are compressible.     3. Particles in 
the gas state have the weakest intermolecular forces as evidenced by the ease with which they change their shape and 
volume.     4. Particles in the solid state have the strongest intermolecular forces as evidenced by their inability to 
change their shape and volume.     5: 2c. Gas vapour is highly compressible because the particles are widely 
separated from each other.     2d. Solid water has the highest degree of order because its particles are tightly packed 
together and they have the least freedom of motion.  Liquids have a lower degree of order because its particles tightly 
packed together but are able to slide past one another.  Gasses have the smallest degree of disorder because their 
particles are widely separated from each other and have complete freedom of motion. 
  


