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8ADensity and the Phases of Matter

Air is a gas and it has considerable mass. In this Investigation you will measure the amount of matter in a
solid, a liquid, and a gas and compare the number of atoms per cubic meter (density).

A The gas phase
Safety Note: Be careful with the bottle, and DO NOT exceed 70 pounds per square inch (psi)
of pressure.

1. Get the prepared cap with the tire valve inside and 
a 1-liter carbonated soda bottle.

2. Fill the bottle to the very top with water. Empty 
the water into a graduated cylinder to measure the 
volume of the bottle.

3. Put the cap on the empty bottle (full of air) and 
measure the mass.

4. Use the bicycle pump to raise the pressure in the 
bottle to 10 psi. Check the pressure with your 
gauge.

5. Use the balance to measure and record the mass of 
the bottle (and air) at 10 psi pressure.

6. Repeat the pumping and mass measurement for 
pressures between 10 psi and 70 psi. DO NOT 
exceed 70 psi!

Table 1: Pressure and mass data

B Thinking about what you observed
  a. What happens to the mass as you increase the pressure in the bottle?

  b. Explain why the mass increases.

Question for this Investigation:
How do equal masses of gas, solid, and liquid compare?

Materials
• Digital thermometer 0-100°C 
• Mass balance
• 1-liter plastic soda bottle 

• Prepared bottle cap with 
inserted tire valve

• Tire pressure gauge

• Ice water
• Bicycle pump
• Large graduated cylinder

Gauge pressure (psi) Mass (g) Volume (ml)
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C Graphing the data
  a. Use Table 2 to calculate the mass of air added to the bottle at different pressures. 

  b. Make a graph showing the mass of air plotted against the pressure.

  c. When the pressure is zero on the gauge, is there any air in the bottle? Use the graph (or your data) to 
estimate the mass of air in the bottle at atmospheric pressure (zero on the gauge).

D Liquid and solid phases
1. Use your balance to measure out a 

quantity of water of equal mass to the air 
at zero gauge pressure. 

2. Use your balance to measure out a 
quantity of solid material (coins, salt or 
sugar work well) of equal mass to the air 
at zero gauge pressure.

E Thinking about what you observed
  a. Compare the total amount of matter in the gas, liquid, and solid samples. Does one have more matter? 

Does one have less matter? Or, do all have about the same amount of matter?

  b. Most of the mass in ordinary matter is in protons and neutrons. How does the total number of protons 
and neutrons compare in each of the three samples (solid, liquid, gas)?

  c. How does the number of atoms compare in each of the three samples (solid, liquid, gas)? How can the 
number of atoms be different from the total number of protons and neutrons?

  d. Compare the relative density of each of the three samples (solid, liquid, gas).

Table 2: Calculating the mass of air
Pressure

(psi)
Mass of bottle 

and air (g)
Mass of bottle at 

zero gauge 
pressure

Mass of air added 
to bottle

(g)
- =
- =
- =
- =
- =
- =


	PFC Investigations 41
	PFC Investigations 42

	Main Menu: 
	Table of Contents: 
	Teacher's Guide: 
	Answer Sheet: 
	Back: 


