Phase Show 3


Title: Liquid Nitrogen Banana

Age Group: K-12

Type: Hands On

Supplies: liquid nitrogen or dry ice/ethanol solution, safety glasses, gloves, tongs, bananas, nails (at least 2), soft wooden board

Description:

Prerequisites - Before this demonstration, students should be exposed to three phases, solid, liquid and gas, and also know that matter can convert between the three phases.  

Objectives - After this demonstration, the student should be able to:

1. Compare and contrast solid and liquid properties.

2. Explain what happens when a liquid changes to a solid on a molecular level.

3. Define freezing

4. Understand what liquid nitrogen and dry ice are.

Abstract – This is a hands on demonstration that demonstrates the properties of frozen liquids.  A student volunteer, using an unfrozen banana, and Science Lion, using a frozen banana, will have a competition to see who can hammer a nail into a board faster.  The frozen banana should win every time because once frozen, it becomes hard.

Step by Step Instructions - 



Prep Work 
1. The banana takes a relatively long time to freeze.  If you are using liquid nitrogen, it should take about 3-5 minutes, so make sure you have something to take up this time.  For the dry ice/ethanol bath, it is best to freeze it as soon as you prepare the solution, at least 30 minutes before the demonstration.

**note: if the banana overfreezes, it becomes to brittle for this demo

2. It is helpful to prenail the nails into the board.

During the Demonstration

1. Once the banana is frozen, ask for a student volunteer.
2. Remove the banana.

3. Race with the student to see who can hammer the nail in the fastest.

Clean-Up

1. The banana can be thrown in the trash.

2. Remove the nails from the board so that both can be used again.

3. Dispose of liquid nitrogen or dry ice …

Explanation – First, explain that bananas, like all living things are made up of a large amount of water.  Humans, for example, are 55-75% water depending on their age.  Freezing water into ice cubes is an image with which students should be familiar.  Ice cubes, in comparison to water, are hard.  Similarly, a frozen banana is much harder than a nonfrozen one.  On the molecular level, molecules in solid are much closer together; this explains the banana’s “hardness” in comparison to a ripe banana, which is soft and mushy.  The movement and vibration of molecules is highly dependent upon temperature.  Molecules in the gaseous phase vibrate rapidly and move with higher velocity than molecules in liquid and solid phases.  The slower vibration of the frozen molecules makes the banana more brittle than the unfrozen one.  Because the molecules aren’t as mobile and flexible, they break when hit.

Safety:  The frozen banana will be extremely cold, keep it, as well as the liquid nitrogen/dry ice, away from the students and take care when handling it (use gloves).  Be careful of flying banana parts.

Technical Background:  When the banana is frozen, the water in its cell wall freezes, and the molecules move closer together, making the banana hard, and vibrate less rapidly, making the banana brittle.  When it warms, the water expands, breaking the cell wall and kills the banana.  

Key Terms

Freezing: conversion of a liquid into a solid

Freezing point: temperature, usually in degrees Celsius, at which a substance freezes

Note: 

A similar procedure and explanation is followed to freeze carnations and peeps.  The carnation demonstration compares the brittleness of frozen molecules with the softer textures of other phases.  It is important to note that the carnation contains a significant amount of water, which freezes, and causes the change in properties.  Likewise, peeps/marshmallows are composed of sugar and air.  It is the air molecules which when frozen, move closer together, causing the peep to shrink.
