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Using Liquid Nitrogen and Heat Sources to Explore the Connection Between 
Temperature and Volume 

 
Adapted by Thomas Kreisman 

 
 
Synopsis of the Activity: The purpose of this activity is to demonstrate the relationship 
between changes in temperature and changes in volume. Visitors will explore what 
happens to a balloon when doused in liquid nitrogen versus exposed to a flame and see 
how the lid of a glass jar can be tightened or loosened by cold and heat, respectively. 
 
 
Audience: Target audience would be students from grades 5-8. They would likely not 
be already aware of the mathematical relationship between temperature and volume, 
but would probably have seen examples of the phenomenon in their lives that could be 
tapped as a basis for learning.  
 
 
Activity (Learning) Goals OR Learning Objectives: 

1) Cooling something down results in a decrease in volume, while heating it up 
results in an increase in volume. 

2) Make connections to real life scenarios (a stuck jar lid can be opened with hot 
water). 

 
Materials:  

• Liquid nitrogen, dewar 
• Liquid nitrogen gloves (multiple pairs for guest participation) 
• Safety goggles (multiple pairs for guest participation) 
• Hot pad 
• Tongs 
• Soda cans 
• Medium-large sized bowl (to crush cans) 
• Small balloons 
• White board 

 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
Preparation and Set-up:  
Little preparation and set up is required (5-10 minutes). Liquid nitrogen should be safely 
contained in the dewar and placed on the activity table. At least one balloon should be 
blown up in preparation for the activity, but it’s also nice to get participation by having 
kids blow up balloons. Put a small amount of water (1/4 inch or so) into each can and 
have one on the hot pad getting heated. If visitors are short you may want either a short 
table or to provide step stools so that they can see what is going on in the activity. 
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Guiding Questions: 
Prior Knowledge 

• When it’s cold in your house and you’re in bed, what do you do? (Curl up) Have 
you changed your volume? (You take up less space; reduced volume) What do 
you do when it’s hot? (Sprawl out) Have you changed your volume? (Take up 
more space; increased volume) What do you think temperature does to volume? 

Engage/Encourage Discussion 
• What fills a balloon? 
• What happened to the balloon after the liquid nitrogen? What does it mean in 

relation to what fills the balloon? 
• What happens to the balloon when it expands again? 
• What is happening to the water in the can when it’s heated? 
• Why does the can need to be turned top-down into the water? 

Check Understanding 
• Given what happened to the balloon, what do you think will happen to the can 

when we put it in the water? Why is the can crushed? 
 
Activity Description:  

Begin perhaps by engaging visitors with a demonstration of pouring liquid 
nitrogen onto the ground. Ask them what happened to the liquid nitrogen. Explain that it 
is extremely cold and room temperature is very high in comparison. What do they know 
about when a liquid turns into a gas? Liquid molecules have a certain amount of energy 
and when that energy is increased, as by an increase in temperature, they gain enough 
energy to become a gas. Ask about different properties of liquids and gases, specifically 
volume. If liquids become gases by an increase in temperature, and gases have a 
greater volume than liquids, ask them what they think the relationship between 
temperature and volume is. If they don’t know, prod them by using an analogy such as 
we curl up (reduce volume) when we’re cold and sprawl out (increase volume) when 
we’re hot. 

Next, engage them by asking if they’d like to do some stuff with liquid nitrogen. 
Tell them that liquid nitrogen is about 300 degrees below zero. Tell them you’re going to 
put a balloon into some liquid nitrogen and ask them what they think will happen to the 
balloon. If you can get some volunteers, give them safety goggles and gloves and allow 
them to put the balloon into the liquid nitrogen and take it back out. What happened to 
the balloon?  

Ask the visitors if they think you can crush a can without touching it (they’ll say 
yes, but they won’t understand why). Explain that you have some water in the can and 
you’re heating it up on the hot pad. What happens to water when you heat it up? What 
is that gas doing in the can? Once you can see some steam rising out of the can, use 
the tongs, flip the can over into the bowl of water so that the top of the can goes into 
water. This is important because the water makes a seal around the opening of the can 
that prevents air from getting in and equalizing the pressure. Without this the can won’t 
be crushed. Use the diagrams on the whiteboard and ask them to think about what’s 
happening inside the can. When you put it in the water the gas condenses back into a 
liquid, reducing the pressure and volume allowing the atmospheric pressure to crush it. 
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Teaching Strategies:  
Engage: Simple analogy of the temperature/volume relationship can engage the visitors 
by showing that they already know what this is, they just didn’t know how to talk about it. 
Visitors will also be engaged by being asked to participate in the activities, which will 
further engage them. 
Explore: The liquid nitrogen, balloons, and cans will be used to explore the relationship 
between temperature and volume.  
Explain: The liquid nitrogen will cause the gas in the balloon to condense and shrink in 
volume, causing the balloon to shrivel. Tell them the atmosphere crushes the can. 
Extend: Ask them to explain why the can is crushed based off what they’ve learned from 
the balloon activity and the whiteboard. 
Evaluate: Ask the visitors to demonstrate their knowledge by predicting what will 
happen to the top of the glass jar when heated or cooled. This will demonstrate an 
understanding of the relationship between temperature and volume. 
 
Vocabulary:  
Boil/Vaporization: Transition of matter from a liquid state to a gaseous state. 
Condensation: Transition of matter from a gaseous state to a liquid state. 
Gas: A state of matter characterized by highly diffuse movement of particles, free 
flowing, and low viscosity. Adapts to shape and size of container. Highly influenced by 
changes in temperature and volume. 
Liquid: A state of matter characterized by diffuse movement of particles. Adapts to 
shape, but not size, of container. 
Liquid Nitrogen: Normally a gas that is roughly 78% of atmosphere. Liquid nitrogen is -
196 C or -321 F. 
Matter: A physical object that has mass and occupies space 
Particulate Model: A model of matter that conceptualizes matter as being made of 
particles that stay together based on energy. 
Pressure: The force that particles exert against their container 
Solid: State of matter characterized by non-diffuse movement of particles. Maintains 
own shape and size independent of container. 
Temperature: A measure of the energy and motion of particles in a substance. Higher 
temperature means greater energy and more motion. 
Volume: A measure of how much three dimensional space an object or substance 
occupies 
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Science Content Background and Additional Resources:  
http://chemistry.bd.psu.edu/jircitano/gases.html 
This provides detailed (more detailed than necessary) information of the Ideal Gas Law 
and the relationships between temperature, volume, and pressure. 
 
http://www.chem.purdue.edu/gchelp/atoms/states.html 
Provides concise and useful information on the characteristics of the three primary 
states of matter. 
 
http://www.chem4kids.com/files/matter_changes.html 
Very good source of information on how states of matter transition between themselves. 


