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Imploding Pop Cans 

Challenge yourself to figure out what is causing the amazing collapse of the pop can in the video 

below. 

Video of Collapsing Pop Can (0;28 min) 

I have seen this demonstration done with a 50 gallon steel drum, which is even more dramatic!  

So, what's happening to cause such a rapid collapse of the can? 

Water was boiled inside this can. The can was turned upside down and the end immersed in cold 

water. The can collapsed. Take a few minutes to try to explain and write down the significance 

of key aspects of the process as prompted by the three following questions: 1) What happens that 

causes the collapse when the can is turned upside down in the water? 2) What is the source of the 

force that causes the collapse? and 3) What is the significance of the boiling water inside the can 

prior to the collapse? 

My answers appear at the end of this document. 

Supersaturation 

Sometimes the atmosphere can become cooled below the dewpoint without condensation 
occurring.  This is because the first drops of water or crystals of ice are small and it's hard to 
condense tiny particles.  Tiny particles of liquid or solid water are at a higher energy state--less 
stable--than larger particles because of the high surface-to-volume ratio (the surface is less 
stable than the interior).  This extra energy has to be overcome before the water can condense, 
making it hard to get condensation 'started'.   

Tiny particles of dust or sea salt in the air can make a tiny nucleus for the droplet of water or ice 
to form around.  Thus, particles of dust are important for condensation. 

Cloud seeding, experimented with back in the 1960s to make rain, was based on the idea that 
one could get condensation started in supersaturated air by adding tiny particles of material that 
makes a good nucleus for condensation, like silver iodide. 

This wasn't real successful at making rain because you still need supersaturated air.  Even so, it 
might sometimes work.  China claims to have improved rainfall through cloud seeding.  A key 
idea in their success is that condensation caused by seeding releases latent heat, which 
enhances rising air, which makes more rain. 

Making a cloud in a bottle is a common classroom demonstration.  A bit of warm water is added 
to a two liter bottle and sloshed around inside to equilibrate the air with the warm water.  Then, 
the bottle is reopened, and smoke from an extinguished match put inside the bottle.  The bottle 
is re-closed, squeezed tightly for a few moments, and then released.  The release in pressure 
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causes the air inside to decrease temperature (adiabatic decompressional cooling), and water 
condenses out as tiny droplets inside--a cloud!  The smoke acts as important condensation 
nuclei, otherwise no cloud would form. 

Supercooling: 

In a phenomenon analogous to supersaturation, liquid water can sometimes be cooled below its 
freezing temperature without freezing.  Again, crystallization has a hard time getting started 
because of the surface energy of tiny ice particles.  The water is said to be 'supercooled.' 

"Supercool" sounds like the name of a comic book hero with really spiffy hair and glasses! 

Anyway, once the surface energy is overcome, such as by dropping just one tiny crystal of ice 
into the supercooled water, the water will freeze very quickly.   Rain or cloud particles can 
sometimes become supercooled, and will freeze rapidly when a drop hits something, like the 
ground (freezing rain) or the wing of an airplane (rime ice). 

I remember reading a comic book years ago where the heroes were stranded in the midst of a 
supercooled sea.  In order to freeze the ocean and walk home, they dropped a single ice crystal 
into the water and the whole sea froze in a moment.  If any of you know this story, please let me 
know what it was, because I have forgotten the details and what story it was. 

Supercooling of an imaginary phase of water was a key plot element in the novel Cat's Cradle 
by Kurt Vonnegut.  In the novel, ice-nine freezes at a temperature of 45.8C.  In this fictional 
universe, all water, including that in our bodies, is in a super-cooled state--awaiting contact with 
solid ice-nine to cause it to crystallize. Thus, releasing ice-nine into the world causes a 
catastrophe when all liquid water, including that in humans, crystallizes into ice-nine. 

Ice really does have more than one solid phase.  There is Ice-1 (our normal ice), Ice-2, Ice-3, 
Ice-4, Ice-5, Ice-6, and Ice-7.  The other phases of ice form at higher pressures than exist at the 
surface of Earth.  Some of these phases of ice probably exist in the interiors of the icy moons of 
Jupiter and Saturn. 

I've made supercooled water with 8th graders by putting a tin can containing plain water into an 
ice and salt-water bath.  The temperature of the ice + saltwater can be well below freezing 
(that's how you can make home-made ice cream after all!).  The water inside the tin can 
becomes supercooled.  You can freeze the whole thing rapidly by dropping a sliver of ice into it, 
or stirring it with a glass stirring rod. 

You can also make supercooled water by putting bottled water into the freezer for a couple of 
hours.  I have a video showing this, below.  In the video, I left the water in the freezer for 3hrs 
and 40 minutes.  I started crystallization by tapping the side of the bottle.  The video has not 
been sped up or slowed down. 



Video: Freezing of supercooled water (0:26 min). 

https://mediaspace.minnstate.edu/media/How_to_Make_a_Cloud--Cool_Stuff-
Supercooling/0_rjn9p7y6 

The zone of freezing advances as a front through the water because, at each point in the 
process, new freezing is caused by contact with the advancing ice front.  The resulting ice is 
slushy rather than a solid block of ice because as the water freezes, it releases heat, warming 
the water back up to the freezing temperature and keeping too much heat in the water for it to 
freeze entirely. 

My Answers to Imploding Pop Cans 

1) What happens that causes the collapse when the can is turned upside down in the water?

When the can is turned upside down in the ice water, the ice water rapidly cools the water vapor 

inside the can, causing it to condense as liquid water.  Removing the water vapor from inside the 

can leaves a vacuum in the can.  Because the only opening of the can is blocked by ice water, air 
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cannot rush into the can to fill the vacuum.  Instead, the air simply collapses the can in order to 

fill the vacuum. 

2) What is the source of the force that causes the collapse?

Air outside the can exerts a force of about 14.7 pounds per square inch.  The vapor pressure of 

water vapor on the inside of the can (at 0°C) is only about 0.09 pounds per square inch, creating 

a very strong pressure gradient across the surface of the can.  A cylinder 2.5 inches wide, and 4.6 

inches tall (roughly the size of a can of pop) has about 36 square inches of surface area, 

corresponding to a force of about 526 pounds pressing in on the can—far more than it can 

sustain without collapsing.  Force on the cylinder of a 50 gallon drum would be about 17 tons! 

3) What is the significance of the boiling water inside the can prior to the collapse?

Boiling water in the can displaces all of the air (made mostly of O2, N2, Ar, and CO2), leaving 

only water vapor inside the can.  Thus, when the water vapor condenses due to cooling, a near-

vacuum forms inside the can.  If the air were not displaced by boiling the water, there might be a 

pressure gradient developed across the can as some water condenses and as the air cools and 

contracts inside the can, but that might not create a strong enough pressure gradient to collapse 

the can.   
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