Flaming Snowball


Materials

For the Snowball:
· 500 mL beaker
· 300 mL beaker

· 15 g Calcium Acetate Ca(CH3COO)2
· 300 mL 95% Ethyl Alcohol (Ethanol) CH3CH2OH (use 100% if available)
For the Demonstration:
· 500 mL beaker (to extinguish flame)

· Sink

· Paper towels

For the Lesson:
· 100 mL beaker

· 50 mL Ethyl Alcohol

· Small amount of Calcium Acetate



Safety 


· Wear safety goggles. 

· Have a fire extinguisher and/or a soaking wet towel nearby, ethyl alcohol is flammable.
· Have a designated assistant for the demonstration. 



Curriculum Connection 



C30S-4-01
Describe and give examples of various types of solutions. 



Include all nine possible types.


C30S-4-02
Describe the structure of water in terms of electronegativity and the polarity of its chemical bonds. 


C30S-4-05
Perform a lab to illustrate the formation of solutions in terms of the polar and non-polar nature of substances.



Include: soluble, insoluble, miscible, immiscible


Instructional Sequence


Observe

This is best used as a kick-off to the Solutions unit. Have your students gather around the lab bench where you will be performing the demonstration. 
· Identify the ethyl alcohol (ethanol) to your students and pour 300 mL of the CH3CH2OH into the 500 mL beaker
Ask your students what they know about ethanol, they should be familiar with its flammability. 

· Using the 300 mL beaker create the calcium acetate solution by dissolving 15 g of Ca(CH3COO)2 in 50 mL of water
Ask your students what has happened to the solid Ca(CH3COO)2. It has dissolved in the water.
· Pour the calcium acetate solution into the 300 mL of ethyl alcohol, a gel forms
During the next steps question your students. What do they think the gel is? Has a chemical reaction taken place? Why or why not (consider the indicators of a chemical change)? Remind them that they are starting the solutions unit, do they remember anything about mixtures or solutions? 

· Remove the solid from the beaker with bare hands and squeeze the excess ethanol over the sink, shaping the gel into a snowball

· Rinse off all liquid from your hands and arms with water and dry carefully. Also be sure to dry the surrounding lab bench.  
· Place the snowball several feet away from other objects.

Ask your students to step back and have one student to turn off the lights 
· Light the snowball using a match. Carefully pick up the flaming snowball and toss it from hand to hand. 

Have a student turn on the lights.

· Extinguish the snowball by putting the unused 500 mL beaker overtop. A fire extinguisher can also be used. 

Explain
What we have witnessed is some interesting properties of solvents and solutes in solution.  When two substances are combined together to form one homogenous (evenly distributed) mixture without causing a chemical reaction, this mixture is called a solution. The two substances involved have special names; the solute is dissolved in the solvent. There is a whole lot of new language to accompany these new concepts. Provide your students with “Solutions Unit Dictionary” (photocopy double-sided) and encourage them to expand on the concept definition in the space provided. 
When the calcium acetate solution was created for the demo did a chemical reaction occur? If you’ve ever dissolved salt in water and gargled with it you know that the salt is still there, only it has broken down into microscopic particles so you can’t see it. Ask your students what you would see if all the water evaporated, and what would happen if the water in our calcium acetate solution evaporated? The solid in both cases would reappear indicating that there was no chemical reaction. Ask your students to identify the solute and the solvent in calcium acetate solution. 

Predict

Since calcium acetate dissolves in water it is said to be soluble in water. However, it is not soluble in ethyl alcohol. Put approximately 50 mL of ethyl alcohol into the 100 mL beaker and add calcium acetate to demonstrate this property. When we combined the two liquids in our demonstration the ethyl alcohol became the dominant solvent (300 mL of ethyl alcohol and only 50 mL of water) causing the calcium acetate molecules to “jump” out of solution. When they jump out they do so in bunches called colloidal particles, larger than molecules but smaller than the solid grains we started with. Ask your students to predict what would happen if you had only a little ethyl alcohol and lots of water. 
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Observe

Take a small amount of the snowball and place it in the dry 500 mL beaker used to extinguish the flame. Keep adding water until the calcium acetate dissolves. Ask your students if they think the calcium acetate is still in there. If we took a bit of this new solution and added enough ethyl alcohol would the gel be formed again? (In theory it would, but the solution is so dilute it cannot be demonstrated)

Explain

The question is why does calcium acetate dissolve in water but not in ethyl alcohol? Put up the transparency showing calcium acetate in water and ask the students if they notice anything. Someone is likely to notice the H’s are directed towards the CH3COO – ions and the O’s are directed towards the Ca2+ ion. This is because water has partial charges on either end that when combined are enough to overcome the ionic attractions of calcium acetate molecule. The oxygen atom with its 6 electrons draws hydrogen’s single electrons to it. This results in a partial negative charge ((-) at the oxygen atom and a partial positive charge ((+) making water a polar molecule. In the reference section a link is provided for a short movie illustrating the polar water molecule dissolving an ionic substance at the particulate level.

Why the fire?
We know that the gel was formed because calcium acetate is insoluble in ethyl alcohol and was forced to precipitate out, but how did it light on fire? Ask your students for ideas. Remind them that all you had in the beaker was calcium acetate, water and ethyl alcohol and that the gel was still there after the fire. It had to be a combustion reaction with the ethyl alcohol:
2 CH3CH2OH(aq) + 6 O2(g) ( 4 CO2(g) + 6 H2O(g)
[image: image3.png]So o0 o

o

CHCO00™ g@ S
%o oy &°

CHCOO™ @(%
* jo3

calcium acetate dissolved in water




The network of solid calcium acetate particles mixed with the ethyl alcohol liquid forming a type of solution where a solid solute is dispersed in a liquid solvent. 
There are nine types of solutions that result from all possible combinations of the three phases (gas, liquid, solid). For example, this was a solid solute with a liquid solvent, there is also a solution type with a liquid solute and a solid solvent. Your students will have an opportunity to explore these in question 1 of the Flaming Snowball – Question Sheet. You may choose to work through it with them using the transparency provided. 
	SOLUTE

(dissolved portion)
	
	SOLVENT

(dissolving portion)
	SOLUTION PHASE
	EXAMPLE

	GAS
	in
	GAS
	gas
	1. AIR

	GAS
	in
	LIQUID
	Liquid

- or -

foam
	1. SODA POP

	
	
	
	
	2. SOAP SUDS

	GAS
	in
	SOLID
	solid foam
	1. MARSHMALLOW

	LIQUID
	in
	GAS
	liquid aerosol
	1. FOG / 

    AEROSOL SPRAY



	LIQUID
	in
	LIQUID
	liquid

- or -

emulsion
	1. ANTIFREEZE

	
	
	
	
	2. mayonnaise

	LIQUID
	in
	SOLID
	solid emulsion
	1. JELLIES / CHEESE

	SOLID
	in
	GAS
	solid aerosol
	1. SMOKE / 

    DUST IN AIR

	SOLID
	in
	LIQUID
	liquid

- or -

sol
	1. SEAWATER

	
	
	
	
	2. MUDDY WATER

	SOLID
	in
	SOLID
	solid

- or -

solid sol
	1. BRASS

	
	
	
	
	2. RUBBER




Credits & References


Thanks to Thao Vo for the demonstration. 
Quicktime Movie showing the ionic compound NaCl dissolving due to polar water molecules:

http://cwx.prenhall.com/petrucci/medialib/media_portfolio/text_images/058_DissolutNaCl.MOV

Flaming Snowball – Questions
1. Fill in solvent column below so that all nine possible solution types are listed:
	SOLUTE

(dissolved portion)
	
	SOLVENT

(dissolving portion)
	SOLUTION PHASE
	EXAMPLE

	GAS
	in
	GAS
	gas
	1. 

	GAS
	in
	
	Liquid

- or -

foam
	1.

	
	
	
	
	2. 

	GAS
	in
	
	solid foam
	1. 

	LIQUID
	in
	
	liquid aerosol
	1. FOG / 

    AEROSOL SPRAY


	LIQUID
	in
	
	liquid

- or -

emulsion
	1.

	
	
	
	
	2. mayonnaise

	LIQUID
	in
	
	solid emulsion
	1. JELLIES / CHEESE

	SOLID
	in
	
	solid aerosol
	1. 

	SOLID
	in
	
	liquid

- or -

sol
	1.

	
	
	
	
	2. 

	SOLID
	in
	
	solid

- or -

solid sol
	1.

	
	
	
	
	2. RUBBER


2. Write the following examples next to the appropriate solution type:

	SMOKE / DUST IN AIR

	SODA POP
	MUDDY WATER

	MARSHMALLOW


	SEAWATER
	AIR

	ANTIFREEZE

(ethylene glycol (liquid) + water)
	SOAP SUDS 
	BRASS
(copper + zinc)


3. Look at the solvent, solute and solution phase. Can you make a generalization about the solution phase with relation to either the solute or solvent?
4. The jellied ethyl alcohol (ethanol) created in the demonstration is sold commercially as Sterno® Canned Heat™, a popular heat source for camp stoves. Why is the solid fuel safer than the liquid ethanol that it is made from? 
5. Explain in your own words and using diagrams why water is considered a polar molecule.







































































































































































































