Nano Ice Cream
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Organization: Museum of Life and Science

Contact person: Brad Herring

Contact information: bradh@ncmls.org

General Description

Cart demo, facilitated program or classroom activity

Nano Ice Cream is a public presentation demonstrating how liquid nitrogen cools a creamy mixture at such a rapid rate that it precipitates super fine grained (nano) ice cream.

Program Objectives

Big idea: Learn how liquid nitrogen cools the ice cream mixture at such a rapid rate that it precipitates super fine grained (nano) ice cream.
Learning goals:

As a result of participating in this program, visitors will be able to:  

1. Liquid Nitrogen cools the cream at such a rapid rate that it precipitates super fine-grained crystals that are nanosized. 

2. Nano is very, very small.

NISE Network Main Messages:

[ x ] 
1. Nanoscale effects occur in many places.  Some are natural, everyday occurrences; others are the result of cutting-edge research.

[ x ] 
2. Many materials exhibit startling properties at the nanoscale.
[    ]
3. Nanotechnology means working at small size scales, manipulating materials to exhibit new properties.
[    ] 
4. Nanoscale research is a people story.
[    ]  5. No one knows what nanoscale research may discover, or how it may be applied.
[    ]  6. How will nano affect you?
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Background Information

Definition of terms

Nano is the scientific term meaning one-billionth (1/1,000,000,000)  It comes from a Greek word meaning “dwarf.”

A nanometer is one one-billionth of a meter. One inch equals 25.4 million nanometers. A sheet of paper is about 100,000 nanometers thick. A human hair measures roughly 50,000 to 100,000 nanometers across. Your fingernails grow one nanometer every second.

(Other units can also be divided by one billion. A single blink of an eye is about one-billionth of a year. An eyeblink is to a year what a nanometer is to a yardstick.)

Nanoscale refers to measurements of 1 – 100 nanometers.  A virus is about 70 nm long. A cell membrane is about 9 nm thick. Ten hydrogen atoms are about 1 nm.

At the nanoscale, many common materials exhibit unusual properties, such as remarkably lower resistance to electricity, or faster chemical reactions. 

Nanotechnology is the manipulation of material at the nanoscale to take advantage of these properties. This often means working with individual molecules.

Nanoscience, nanoengineering and other such terms refer to those activities applied to the nanoscale. “Nano,” by itself, is often used as short-hand to refer to any or all of these activities.

Program-specific background

Nucleation is the extremely localized budding of a distinct thermodynamic phase. 

As we begin to cool the liquid with LN, it will begin to make a lot of nucleation points simultaneously. These nucleation points are the tiny little points inside the liquid where it starts to form little crystallites. Because we are cooling it at such a rapid rate, the crystals will not have the opportunity to grow very large thus leaving you very tiny nanosized nuclei. That’s why we’re calling this nano ice cream.

If you're asked how liquid nitrogen is made you may want to refer to the brief description below.

You might remember from science class that most of the air we breathe is nitrogen (about 78%) with 20% being oxygen and the remaining 2% a potpourri of gases. It's particularly useful for freezing foods because nitrogen is odorless, colorless, and tasteless.

How would you make LN if someone asked you to make it? Would you put it in the refrigerator?  Basically, if you make a gas cold enough it turns into a liquid. You do this by putting it under pressure, or compressing it. 

If you compress a gas, like N, and then let it expand again, it cools down.  If you do this over and over again, it eventually gets so cool that it turns into a liquid.  

 Materials

Materials for 20 people or ½ gallon

1 quart half-and-half

1 pint of heavy cream

1 cup sugar

8 T vanilla

1 liter of Liquid Nitrogen

Metal mixing bowl 

Wooden spoon

Ice cream scoop

Heavy gloves

Goggles

Spoons, napkins, small cups for serving
Set Up

Time:  (15 minutes)

Step 1:

Prior to beginning the program measure out the ingredients and set aside. 

You may want to review background information at this time.

Program Delivery

Time:  (15 minutes)

Safety:

Always wear gloves, goggles and closed-toed shoes when working with liquid nitrogen. When you're done pouring the liquid nitrogen be sure to close the container promptly to prevent spilling.
Procedure and Discussion:

Talking Points
What makes ice cream smooth? Tiny crystals, right?

Have you ever taken ice cream and put it in the back of the freezer and forgotten about it for a year and then looked at it? It’s nasty right?  You’ll see big long ice crystals that have developed and it’s chunky and doesn’t look like ice cream anymore.

So, what makes ice cream smooth is making really small, fine-grain crystals. Today, you’re going to learn how to make really smooth ice cream, or in other words nano ice cream.

All ice cream is, is milk, cream, sugar and a few flavorings (pour each pre-measured amount into the bowl as you mention them)

If you were to make homemade ice cream you would use ice and salt to cool the liquid. Salt lowers the freezing point of water about 5 or 10 degrees F. This process nucleates the grains inside the liquid but it usually takes about an hours worth of stirring to finish it. 

Now what we’re going to do is cool this liquid down really, really fast. Instead of ice and salt, we’ll be cooling it down using Liquid Nitrogen (LN) (Hold up can of LN). 

[You may choose to describe what LN is and how it is created. Refer to background information] 

Please keep in mind that LN is dangerous. Does anyone know just how cold LN is? It’s 77 degrees Kelvin. That’s about -320 degrees F. What happens when you get really, really cold on your skin? Frostbite, right? Just for reference, your freezer at home is probably set to around -15 degrees F!
As we begin to cool the liquid with LN, many tiny little crystals will form. Because we are cooling it at such a rapid rate, the crystals will not have the opportunity to grow very large.  They’re so small that they’re nanosized!  That means the crystals are way, way to small to see.  And that’s why we’re calling this nano ice cream.

[At this time you’ll pour half of the LN into the bowl that has the cream, milk and sugar. Before doing this make sure no one has open toed shoes if they are in the front row, the presenter has on goggles and heavy gloves.   Be sure to close the LN container promptly.]
[Continue to pour in LN and stir until finished.]
OK, remember, instead of taking an hour to make ice cream with ice and salt we’re going to make it in a matter of seconds by cooling it really fast, resulting in tiny nanosoized nucleated crystals, or in other words, very, very smooth ice cream.

As you can see, suddenly we’ve gone from having a bowl of milk to having a bowl of ice cream.  

[Hold up bowl and show audience.]
[Serve!]

Caution: if you are allergic to milk do not enjoy the ice cream just enjoy the science! 

Tips and Troubleshooting:

This program can be done as a cart or tabletop demo or even a classroom activity, rather than as a large group presentation.
You may want to purchase a basic ice cream maker and have half of the participants stir the liquid/ice/salt mixture as a reference.

If you expect large crowds you may want to make enough ice cream ahead of time to serve to the participants after making the demonstration batch.

Leave some store bought ice cream out on the counter and then refreeze to encourage the large crystals to form. Use this to show the participants when talking about crystal size and what makes ice cream smooth.

Clean Up

Time:  (15 minutes)

Be sure to securely fasten the lid on the LN container and clean all utensils in hot water before storing for future use.

Universal Design

This program has been designed to be inclusive of visitors, including visitors of different ages, backgrounds, and different physical and cognitive abilities.  

The following features of the program’s design make it accessible:
[ x ] 
1. Repeat and reinforce main ideas and concepts
<Describe specific features or modifications>
[ x ] 
2. Provide multiple entry points and multiple ways of engagement

<Describe specific features or modifications>
[ x ]  3. Provide physical and sensory access to all aspects of the 
program
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This project was supported by the National Science Foundation under Grant No. ESI-0532536.  

Any opinions, findings, and conclusions or recommendations expressed in this program are those of the author and do not necessarily reflect the views of the Foundation.  
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