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History of Chemistry Division (HIST) 

Chewing on Aluminum Can Be Painful: Building a Miniature Battery 
 

Summary 
If you ever had dental cavities, they were probably filled with dental amalgam, a tin, silver, copper mercury alloy. If 
you happen to chomp down on a metal like a sliver of aluminum from a fast-food hamburger wrapper, for example, 
you could experience a mild, maybe painful, jolt of electricity. You made a miniature battery in your mouth with the 
metal amalgam and the aluminum as two battery poles separated by a conducting fluid, your saliva! WOW! When 
two different metals come into contact in this way, they generate an electric current, first demonstrated by Luigi 
Galvani and Alessandro Volta in 1798-9. 
 
Materials 

1. A strip of aluminum foil 
2. A 1-inch square piece of card stock or cardboard saturated with table salt solution 
3. A U.S. penny 
4. A digital multimeter or similar to measure voltage 
5. Optional: other metals, e.g. zinc, nickel, iron (available as washers or nails) 

 
Safety Suggestions 

 Safety Goggles Required 

 Protective clothing suggested 

 Do not eat or drink any of the materials used in this activity 

 Thoroughly wash hands after this activity 

 
Procedure 
Prep work: Soak as many 1-inch square pieces of cardboard (e.g., from the back of a yellow pad) or card stock as 
needed in a saturated solution of NaCl; drain on absorbent paper immediately prior to use 
Procedure for each working group: 
Step A. Fold a piece of aluminum foil (about 8 X 4 cm) lengthwise until it forms a strip that can lie flat on your 
workspace. This will act as your conducting lead for the battery you are about to construct. 
Step B. Turn on the multimeter and set it to 9V DC  
Step C. Connect the black (negative) lead of the multimeter to one end of the aluminum foil strip 
Step D. Place the moist card stock on the other end of the strip, and place a penny on top of it 
Step E. Hold the red (positive) lead of the multimeter firmly on the penny 
Step F. Observe the voltage shown on the multimeter face (set-up shown in Figure 1) 
Steps G, etc. Replace the penny with other metals and make the same observations. 
 
Where’s the chemistry? 
In 1799, atoms, ions, and electrons were unknown, so Volta could not possibly have come up with a chemical 
explanation of this observed phenomenon. However, we now know that the basis of electricity is electron transfer, 
called affinity in Volta’s day. He realized that different metals had different electrical properties and even arranged 
some common metals in a series according to these properties. Today we call this arrangement an electromotive 
series. Volta’s series, going from greatest effect to least was: zinc, tinfoil, common tinplate, lead, iron, brass or 
bronze, copper, platinum, gold, silver, mercury. The metals farthest apart from one another are those which, when 
placed in contact, produced the greatest effect.1  
The effect is actually electron transfer. In the case of the two metals, the aluminum loses electrons according to 
the following oxidation half-equation: 
 
2Al(s) → 2Al3+(aq) + 6e-     (oxidation half-equation – loss of electrons at the anode) 



 

 

While 2Al3+(aq) is entering the NaCl-soaked cardboard, six positively charged hydrogen ions (H+) from the brine 
(Note: Brine is a highly concentrated salt solution.) accept the six electrons lost by the 2Al(s) at the copper surface, 
become reduced, and form three uncharged hydrogen molecules: 
 
6H+(aq) + 6e- → 3H2(g)  (reduction half-equation – gain of electrons at the cathode) 
 
2Al(s) + 6H+(aq) → 2Al3+(aq) + 3H2(g)       (overall reaction) 
 
The overall electrochemical reaction does not involve the copper which acts as a chemically inert metallic 
conductor to transport electrons in the circuit.2 
 
Instead of the more benign NaCl that we used as the conductive salt bridge, Volta used sulfuric acid. Reaction 
between the acid and the copper surface can generate aqueous copper(II) sulfate, which could act as another 
possible conducting solution with the following reduction half-equation: 
 
3Cu2+(aq) + 6e- → 3Cu(s)   (reduction half-equation – gain of electrons) 
 
producing the following overall chemical reaction. 
 
2Al(s) + 3Cu2+(aq) → 2Al3+(aq) + 3Cu(s)       (overall reaction) 
 
However, if one uses a solution of copper(II) sulfate as the electrolyte, the reduction half-reaction would be the 
same as above, but the use of sulfuric acid could be avoided. 
 
This method, recommended by ChemCom, 6th edition,3 is more straightforward and more understandable for 
students than the use of the NaCl salt bridge. The measured cell potential is greater here due to the additional 
copper half-reaction contribution. 
 
The other metals tested would show different readings on the multimeter in accordance with their place in the 
electromotive series. 
 
Electricity is produced when the electrons transferred are forced to travel through an external circuit and, in the 
process, they can do work such as activate a measuring instrument like a digital multimeter. The metals at the top 
of the series tend to be oxidized relative to the metals toward the bottom, which have a greater relative tendency 
to be reduced. The reduction-oxidation (or redox) pair is called a “cell.” A group of cells placed in a pile have a 
measurable additive electrical effect. In honor of Volta, the cell is called a voltaic cell and the pile a voltaic pile. The 
unit of measure for the potential electrical effect of the cell or the pile, the electromotive force, is called the “volt.” 
This type of cell generates electricity via chemical reactions. 
 
What did you see? 
A voltage was recorded on the digital multimeter. See photograph. 
With different metals, different voltages would be observed on the digital multimeter. 
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