
 


 •
 20 dull, dirty pennies

 •
 1/4 cup white vinegar

 •
 1 teaspoon salt

 •
 A clear, shallow bowl (not metal)

 •
 2 clean steel nails

 •
 A clean steel screw or bolt

 •
 Paper towels



Put the salt and vinegar in the bowl. Stir until the salt dis-
solves.
 

Dip one penny halfway into the liquid. Hold it there for about 
10 seconds, then pull it out. What do you see?

 

  Dump all the pennies into the liquid. You can watch them 
change for the first few seconds. After that you won't see any-
thing happen.

  After 5 minutes, take half of the pennies out of the liquid. 
Put them on a paper towel to dry.

Take the rest of the pennies out of the liquid. Rinse them 
really well under running water, and put them on a paper towel 
to dry. Write "rinsed" on the second paper towel.

Put a nail and a screw into the liquid. Lean another nail 
against the side of the bowl so that only part of it is in the liquid



 

After 10 minutes, take a look at the nails. Are they a different 
color than they were before? Is the leaning nail 2 different col-
ors? If not, leave the nails in the bowl and check on them again 
in an hour or so.

What's happening to the screw? You may see lots and lots of 
fizzing bubbles coming from the threads. Is the screw changing 
color? Leave it in the liquid for a while and see what happens.
 

After about an hour, look at the pennies on the paper towels. 
What's happened to the ones you rinsed? What's happened to the 
others? What color is the paper towel under the unrinsed pen-
nies?

Why did the pennies look dirty before I put them in the vinegar?



Everything around you is made up of tiny particles called atoms. Some 
things are made up of just one kind of atom. The copper of a penny, for 
example, is made up of copper atoms. But sometimes atoms of different 
kinds join to make molecules. Copper atoms can combine with oxygen 
atoms from the air to make a molecule called copper oxide. The pennies 
looked dull and dirty because they were covered with copper oxide.

Why did the vinegar and salt clean the pennies?

Copper oxide dissolves in a mixture of weak acid and table salt-and 
vinegar is an acid. You could also clean your pennies with salt and 
lemon juice or orange juice, because those juices are acids, too.

Why did the unrinsed pennies turn blue-green?

When the vinegar and salt dissolve the copper-oxide layer, they make it 
easier for the copper atoms to join oxygen from the air and chlorine from 
the salt to make a blue-green compound called malachite.

How did the nail and the screw get coated with copper?

To understand how the nail and screw got coated with copper, you need 
to understand a little bit more about atoms. Atoms are made up of even 
smaller particles called protons, neutrons, and electrons. Electrons and 
protons are both electrically charged particles. Electrons are negatively 
charged and protons are positively charged. Negative charges attract 
positive charges, so electrons attract protons.



When you put your dirty pennies in the vinegar and salt, the copper ox-
ide and some of the copper dissolve in the water. That means some cop-
per atoms leave the penny and start floating around in the liquid. But 
when these copper atoms leave the penny, they leave some of their elec-
trons behind. Rather than having whole copper atoms in the liquid, 
you've got copper ions, copper atoms that are missing two electrons. 
These ions are positively charged.

Now add two steel nails and a screw to the mixture. Steel is a metal 
made by combining iron, other metals, and carbon. As you found out 
when you cleaned your pennies, your mixture of salt and vinegar is 
really good at dissolving metals and metal oxides. When you put the 
steel nail in the mixture, some of the iron dissolves. Like the copper at-
oms, each of the iron atoms that dissolves leaves two electrons behind. 
So you've got positively charged iron ions floating in your vinegar with 
the positively charged copper ions.

Originally, the steel nail was neutrally charged-but when the iron ions 
left their electrons behind, the nail then became neg-atively charged. 
And remember what we said way back at the beginning of this section: 



negative charges attract positive charges. The negative charges on the 
nail attract positive charges in the liquid. Both the iron ions and the cop-
per ions are positively charged. The copper ions are more strongly at-
tracted to the negative charge than the iron ions, so they stick to the 
negatively charged nail, forming a coating of copper on the steel.

Why did bubbles come off the steel screw?

Each water molecule is made up of two hydrogen atoms and an oxygen 
atom. In an acid (like vinegar or lemon juice), lots of hydrogen ions (hy-
drogen atoms that are missing an electron) are floating around. In the 
chemical reactions at the surface of the screw, some of these hydrogen 
ions join and form hydrogen gas. The bubbles that you see coming off 
the screw are made of hydrogen gas.

This and dozens of other cool activities are included in the Ex-
ploratorium's Science Explorer books, available for purchase 
from our online store. 

http://www.exploratorium.edu/science_explorer/index.html
http://www.exploratorium.edu/science_explorer/index.html
http://www.exploratoriumstore.com/bookforkidfa.html
http://www.exploratoriumstore.com/bookforkidfa.html


Published by Owl Books,
Henry Holt & Company, New York,
1996 & 1997

ISBN 0-B050-4536 & ISBN 0-8050-4537-6,
$12.95 each
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