Batteries: Electric Power from Chemistry

* A battery uses chemistry to produce electric current. It consists of:
o a- charged anode that releases electrons
o a+ charged cathode that accepts electrons
o An electrolyte solution separating the two.

This liquid or gel must contain ions that can
move around to neutralize built-up charge.

* Voltage measures how hard electricity is pushed
through a circuit - like a pump pushing water
through a pipe.

* Batteries in series add their voltages.

Part 1: Building a Lemon Battery

1. Cut a lemon into 4 equal quarters. Place them face down in a row.
2. Insert 1 copper nail and 1 zinc nail in each lemon quarter.

These will be your electrodes. The zinc nail is the anode (likes to release electrodes)
and the copper nail the cathode (accepts electrons).

3. Use the alligator clips to connect the lemon quarters, linking the zinc nail in each
lemon piece to the copper nail in the next one. Leave a wire dangling from the copper
nail in the first lemon and the zinc nail in the last lemon. You now have 4 battery cells
connected in series.
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3. Try connecting each of your LEDs info a circuit with your n
lemon batteries. The two legs on the LED are different! -
Make sure that the long leg is connected to the first f

long leg (+): l short leg (-):

copper nail and the short leg to the last zinc nail. connect to—  ~—connect to
copper ‘ zinc



Different color LEDs require a different voltage (electric ~push’) to light up.
Fill in the table below with your observations.

LED color required voltage Lights with 4 Lights with 3
lemons? lemons?
red 20V
yellow 20V
green 30V
Blue or white 30V

4. Now try reconnecting the LEDs using only
3 lemon batteries in series. Co_‘i_per

Fill in the last column of the table above.
long leg |short leg

Discuss: Why are 3 lemon pieces enough to _

light up some LEDs but not others? Were '§

they dimmer, brighter, or about the same

when using 3 vs 4 batteries?

Each battery connected in series pushes the electrons to a higher energy. The
voltages of the batteries add together so that higher voltage is reached with more
batteries, making the LEDs light up brighter.

5. Leave one of the LEDs connected and turned on. Try moving or tilting the copper
and zinc nails within a single lemon piece so that they touch each other.

What happens to the LED when the copper and zinc touch?
Turns of f gets dimmer gets brighter Nothing

What happens if you separate the copper and zinc nails again, leaving the LED
connected the whole time?

Lights up immediately Lights up slowly Does not respond

Discuss: why do the copper and zinc nails in each lemon have to remain separate?



When the two nails touch, you create a short-circuit, as if a continuous metal wire
was connecting the two batteries on either side. You then get no additional voltage

from that particular lemon battery.
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5. Try another tests: do the batteries still work if copper nails were
connected to copper and zinc to zinc?

The batteries create voltage because zinc atoms like to drop their

electrons, releasing zinc ions (Zn+) to fall off into solution. This leaves E’nn ;ku

extra electrons behind, making the zinc anode negatively charged. The b
electrons run through the LED to the copper, where they combine with .
hydrogen ions in the lemon juice o make hydrogen gas. R A
Part 2: Not Just Lemons 2o I

Now let’s test if you can make batteries without lemons. ‘B

1. Make some bread dough by mixing 4 tablespoons of flour + 2
tablespoons water. Knead the dough with your hands to make it come together.

2. Separate the dough into 4 balls and place them in the small cups, arranged in a row.

. . o . copper ;
3. Place one copper nail and one zinc nail in each  + ginc

dough ball. Connect them in series just like you
did the lemon pieces.
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long leg |short leg
|

4. Try lighting up the LEDs with your dough ball m
batteries. What happens?
LED color required voltage Lights up with Lights up with
unsalted dough? salty dough?
red 20V
yellow 20V
green 30V
Blue or white 30V

5. Now repeat the experiment, this time making the dough very salty. Dissolve 1
teaspoon of salt in 2 tablespoons of water. Mix the solution with 4 tablespoons flour
and knead.



6. Break the salty dough into 4 pieces and connect them in series again. Try
connecting the LEDs again and fill in the above table.

Discuss: Did you see differences between the regular dough and the salty dough?
Why do you think that is? Which one is more similar to a lemon?

Salt breaks up into + and - charged ions (or electrolytes) when dissolved in water.
These ions are able o move around in the dough and arrange themselves near the
copper and zinc electrodes. Without the ions, charge would pile up on one end and the
current would stop flowing. The shifting ions neutralize the piled up charge.
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