Energy Show

P1:
Hi!  My name is P1 and this is P2 and we are from Science Lions.  Science Lions is a group of graduate and undergraduate students from Pennsylvania State University.  Among other things, we take our shows and demonstrations to schools and events like this, so that we can get you as excited about science as we are!  There are members of Science Lions from almost every major area of the sciences.

P2:

That’s right! There are people who teach about computers, biology, physics, engineering and chemistry!  Today we are going to talk about energy, and the different forms it comes in. (To the Audience)  What forms of energy can you think of? (Pause for response)
P1:

Well, there’s the energy that keeps this room lit.

P2:
Right.  That’s electrical energy.  How about what the light bulb does?

P1:

You mean light up the room.

P2:

Right again!  Light is another form of energy

P1:
Heat is a form of energy too!

P2:
Absolutely.  Scientist call heat thermal energy.  Energy can be converted into many forms.  

P1 and P2 move over to the methanol cannon
In fact, let’s start this show off with a bang by doing a demonstration that displays several of these forms at the same time.

P1:
Now is a good time to mention that we have practiced all of the demonstration we are doing today, and have put a lot of thought into the safety involved.  Some of these experiment are dangerous, and you should not try any of these demonstrations at home.

P2:
That’s right!  Sometimes the experiments that look the easiest are the most difficult, and potentially the most dangerous. 

P1:
Now with that said, what we are doing is pouring a little bit of methanol into this jug.

P2 pours about 100 ml of methanol into the jug, then

stoppers it and begins to shake the jug vigorously.

P1:
Now P2 needs to shake it up well.

P2:

How come I have to do this anyway? (This question may be posed to the audience)?
P1:

Well, for two reasons: First, we want to coat all the sides of the jug with the methanol.  As the other reason, (to the audience) what do you think will happen as we shake up the methanol? (Pause for response).

P2:

It’s going to evaporate into gas!

P1:
Exactly, and the more gas that forms the more pressure is going to build up in the jug.

P2:
Hey! This is the same stuff they use for fuel at the Indianapolis 500!  Since methanol burns cleanly, without allot of unwanted fumes, they use it instead of gasoline.

P1:
Actually, that’s what we are going to do here.  First we need to get rid of the excess liquid.

P2 quickly pours out the remaining methanol into a 500 ml

beaker, then quickly stoppers the jug again.

Now let’s see what kind of energy we get when we add some heat, like from the spark-plug in your car.

P2 takes a lighter stick.  P1 dims the lights.  P2 removes the stopper

from the jug and place the flame of the light stick over the opening of the

jug.  A loud “whoosh” can be heard, accompanied by a tall blue flame 

shooting from the jug.

P2:

Wow!  Energy was given off in a couple different forms in that experiment.  (To the audience)  What forms of energy did you notice being released?  (Pause to take response)  How about if we feel the sides of the bottle?

P1 passes the bottle around, so that the audience can feel how

warm it is.

The warmth that you feel is the energy that was given off by the reaction in the form of heat.

P1:

What amount of energy existed before the reaction?

P2 draws a graph on a large piece of poster board with the vertical

labeled energy, and the horizontal axis labeled reaction progress.

On the graph at time zero, P2 puts a horizontal line parallel to the

y-axis and below it writes CH3OH +  O2.







We call this the reaction’s “initial energy” because it is what it starts out with, before anything has happened.  How much energy would the methanol have left after it has been lit?  (To the Audience)  Will it have less energy or more energy? (Pause for responses)

P2:

Unless this is very strange combustion reaction, there will be less energy after it explodes, because it has given off some of it’s stored up energy in the form of light, sound and heat.

P2  draws a horizontal line at the right-most edge of the graph,

somewhere significantly below the first line.

P1:

We call this the reactions final energy, because it is the energy remaining after the reaction has occurred.  Now, if we draw a curved line connecting the two points we have a picture that tells us what is happening to the energy during the reaction.

P2  labels the “final energy” and below it writes CO2 + H2O.  P2  draws 3 arrows pointing away from the curve, and labels them heat, light and sound.

We call this graph an energy diagram, and this curved line is the change in energy during the reaction.  Let’s look at another way to explain this energy stuff.  What does this curve remind you of? (Pause for audience response)  

P2:

I kind of reminds me of a roller coaster. 
P1 sets up track for the matchbox car
Let’s think about a car on a track.  If a car starts at the top of the track and doesn’t move, does it have energy?  (Pause for audience response)  Actually it does.  Everything has energy stored up, it just isn’t being used.  We call this stored energy, potential energy.  Something’s potential energy can be determined by it’s shape or position.  For instance, this car has potential energy because it’s position is at the top of this hill.  This is called gravitational mechanical potential energy because it is gravity that will bring the car down the hill once it is given a start.

P1 lets the car ride down the ramp.

One way you can change the cars potential energy is by changing it’s position on the hill.  If it starts lower it would have a lower potential energy, but if it was higher, it would have a greater potential energy.

P1:
What about when something is moving, like that car going down the hill?  (Pause for audience response) We call this kind of energy kinetic energy.  Kinetic energy is the energy of motion.  So when we look at this car coming down the ramp it has it’s maximum potential energy at the top of the ramp and no potential energy at the bottom of the ramp.  If you were to look at the cars kinetic energy it is zero at the top of the ramp and maximum at the bottom of the ramp

P2:

Hey!  That’s allot like our energy diagram.  Their was a maximum amount of energy stored in the methanol at the beginning and a minimum amount of stored energy in the end because it was released in other forms.

P1:

That’s right!  There is another form of Potential energy.  The kind stored in chemical bonds. This kind of potential energy is just like the mechanical energy, it’s stored energy.  When bonds are broken and formed during chemical reactions, energy is either released or absorbed. 

P2:

Next we want to show you two examples of how energy can be either released or absorbed in a chemical reaction.

P1:

OK, I have a dish which contains a chemical called potassium permanganate. 

P2 writes reaction on board  

14 KMnO4(s) + 4 C3H5(OH)3(l)              7 K2CO3 +  7Mn2O3(s) + 5CO2 + 16 H2O
Then I’m going to add some glycerine to the dish.

After a pause the powder starts smoking and a large purple flame erupts

 from it.

P1:

Was energy released or absorbed in this reaction? (Pause for audience response) What forms of energy did you see?  (Pause for audience response) What do chemists call that? (Pause for audience response)  Exothermic!  So how would the energy diagram for this reaction look? (Pause for audience response)

P2 draws the energy diagram and labels energy difference as exothermic. 





P2:

Now that we have done a reaction where energy is released, we’re going to show you a reaction where energy is absorbed.  In this next demo we are going to mix two solids, one is barium hydroxide and the other is ammonium nitrate 

P1 writes reaction on board.

P2 dumps powders into flask on top of wet board. 

Ba(OH)2(8 H2O(s) + 2 NH4NO3(s) ( Ba(NO3)2(s) + 2 NH3(aq) + 10 H2O(l)
What would the energy diagram of a reaction which absorbs energy look like? (Pause for audience response) What do chemists call that? (Pause for audience response) What do you see happening in the flask? (Pause for audience response) Looking at the reaction would you expect to see or smell anything? (Pause for audience response) What form of energy was absorbed? (Pause for audience response)
P2 lifts flask and board and lets the audience feel it, be sure 

to cap the top of the flask with a balloon
P1:

Now, have the reactions that you have seen today all happened on their own? (Pause for audience response) Or did they need help from us? (Pause for audience response)  Right, all reactions have some amount of energy that needs to be put in order for the reaction to proceed.  What do chemists call this? (Pause for audience response)  Activation Energy!  What would that look like on an energy diagram? (Pause for audience response)

P2 draws parabolic curve connecting initial and final states





In our next demo we will show how important Activation Energy is.  Remember the first reaction we did today? (Pause for audience response) That was called the methanol cannon, well I have here a smaller version of that.  

P2 pours methanol into the cannon and shakes it, pours

 off excess and caps bottle then lines up nails

P1 writes the reaction on the board

2CH3OH + 3O2 ( 2CO2  +  4 H2O + Energy

P2:

Did the first cannon go off by itself? (Pause for audience response) What did we have to do to get the reaction to go?  (Pause for audience response) What form of energy did we put in? (Pause for audience response) In this demo we will put in electrical and heat energy.  What we have here is a BBQ lighter connected to two nails.  When the button is pressed a small spark will jump across the nails.  

P2 sets off cannon, pointing it in a safe direction

P1:

So what kind of energy did we see?  Based on the reaction, what made the cork pop out?  How would this effect our energy diagram?




P2 passes around the cannon

           

           




P2:

As you have seen, one way to get a reaction to go is to add energy directly to the system.  In this demo, the spark we added gave the reaction that extra energy required to activate the reaction.  In our next demo, we will try to get around the activation energy by using something which accelerates the reaction.  What do chemists call a material which increases the rate of a reaction without being consumed?  A catalyst!  In this next demo we will take two solutions, one is colorless and the other is blue.  Nothing special so far.  Let’s see what happens when we add the two together.

The lights are turned down and then P2 pours one solution 

into another in an Erlenmeyer flask.  P2 takes the flask into the

 audience for a closer look, letting them touch the flask.

What happened?  What forms of energy do you see?  Is heat being released?  What kind of reaction is this?  We call this chemiluminescence because the products of the reaction emit light.

P1 writes reaction on the board.

luminol + 2 OH- 


       oxidized luminol + 2 H2O + N2+ Energy
Where else have you seen a reaction like this?  How about something in nature?  This is the type of chemistry that happens in the butt of a fire fly or some deep sea fish.  It is also the way glow sticks work, when you bend the stick in the middle you are breaking the barrier between the two solutions and then you mix them by shaking it.

P1:

We mentioned that all reaction require some amount of energy to get them to go.  But in this case did you see us add any energy to the reaction?  For this reaction, there is a catalyst present which accelerates the reaction.  It does this by providing a different path to the products which has a lower activation energy.

P2 draws dotted line representing lower activation energy.

           

                     


P2:

So we know it takes a certain of energy to get a reaction to go.  Now if their is excess energy in a reaction where does it go? (Pause for audience response)  Exothermic releases energy into it’s surroundings; endothermic reactions absorb energy from their surroundings.  In this next demo we want you to try to figure out  where the energy is going.

P1:

Does anyone have any paper money that we could borrow.

P2:

The bigger the denomination the better the experiment will work.

P1 grabs the bill and soaks it in the solution.

P2 writes the reaction on the board

2 C3H7OH(l) + 9 O2(g) ( 6 CO2(g) + 8 H2O(g) + Energy

P1:
Okay, I’m going to soak this solution in a solution.  Then I will light it.

P1 lights the bill.  Waits for the burning to stop and passes it around.
So the bill didn’t burn.  Why? (Pause for audience response)  So this was a combustion reaction, which means it was exothermic or endothermic? (Pause for audience response)  If it was exothermic that means  energy was released. Did it absorb any energy? (Pause for audience response) So, how come the bill didn’t burn? (Pause for audience response)

P2:

The solution is made up of alcohol and water.  The alcohol burns in a combustion reaction.  The energy that is released from that reaction is then absorbed by the water in the solution.

P1:

Okay time for our last demo, and we’re going to end it with a flash.  

P2 goes to the methane mamba an turns on the gas. 

P2:
I am blowing methane gas through this soap solution.  The bubbles formed are filled with methane.

P2 dips their hands in water and quickly scoops up foam and lights

it.

Why didn’t this burn my hand?  

P1:
Because this is another example of energy transfer!

P2:

And so as you can see energy is very complex, it can be generated, consumed and transferred.  Energy stored in chemical bonds.  Energy is required to make all sorts of processes work.  

P1:

Thanks for having us.  You’ve been a wonderful audience!!! 
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