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Electrodeposition is a process that assembles solid
materials from molecules, ions or complexes in a solution.

These are images of goal nanostructures
produced by controlling the electrodeposition
process.
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Teapots can be suspended in a solution so that a thin layer
of silver atoms is electrodeposited on a more rigid metal to
give the teapots an attractive and durable finish.

These are components an electric circuit that
students can use to put a very thin coat of one metal
onto the surface of another metal.

Digital multimeters can replace analog meters.

The Goals of this Activity
•
•
•
•

•

Electrodeposit a very thin layer of zinc metal onto the surface of
copper metal.
Apply the concepts of atoms and ions to a description of the
electrodeposition process.
Apply the concepts of oxidation and reduction to a description of the
electrodeposition process
Use a masking process to produce a specific pattern of one metal
on top of another metal. electrical energy can drive a chemical
process that changes ions into atoms.
Use scientific notation and data collected during the
electrodeposition process to learn if you have created a nanoscale
thin layer of zinc metal.

Note: The last goal involves an 8-step series of
calculations using numbers like 6.24 x 1018
electrons per Coulomb and 2.48 x 10-10 meters.

In the first trial, you will coat both sides of a copper
electrode with a layer of zinc atoms. Important data will be
collected during this trial.
In a second trial, you can use painters tape to mask a
portion of a copper electrode and do a second
electrodeposition. You can then remove the painters tape.

Strips of Copper and Zinc are put into a solution of zinc nitrate.
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A battery provides a source of electric potential difference (voltage).

Copper then
become a
cathode

← e-

V

Zn+2

I→

Zn+2
NO3--

NO3-1

Zn+2

Zinc then
becomes an
anode

Zn+2 ions are reduced at the copper cathode and become neutral Zno atoms.
Neutral Zno atoms in the anode are oxidized and become Zn+2 ions

← e-

Copper
cathode

I→

Zinc
anode

ZnSO4 dissociates in water
NO3-1
NO3-Zn+2

reduction

Zn2+ + 2e- –> Zn(0)

oxidation

Zn(0) –> Zn2+ + 2e-

An ammeter (A) measures the rate at which electrons flow from the anode
(where zinc atoms are oxidized) to the cathode (where zinc ions are reduced).
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An ammeter measures how much current
flows through a point in an electric circuit.
• One Ampere of current is equal to the flow
of one coulomb of current per second.
• A coulomb is equal to 6.24 x 1018
elementary charges (electrons) .

A slow electrodeposition process will
produce a better finished product.
Using a 1.5 volt D Cell battery to do the
electrodeposition in this activity will produce a
very small current.
An example would be a current reading of 17
milliamperes.
17 mA

x 1 ampere
1000 mA

= 0.017 amperes

•
•
•
•
•
•
•
•

The electrodeposition process involves.
Assembling an electric circuit.
Cleaning copper and zinc electrodes.
Installing the electrodes in a solution of zinc nitrate.
Turning the switch on to start the process.
Turning the copper electrode around at some point in the
process so that both sides are electrodeposited somewhat
evenly.
Stopping electrodeposition when the copper electrode
seems to be fairly well covered with a visible coating zinc.
Carefully putting the electrodes on a paper towel to dry
before making measurements of the length and width of
the electroplated zinc metal.
Using scientific notation to calculate the thickness of the
layer of zinc metal.

A schematic diagram can be helpful for students
who do not have experience setting up a circuit.

Zn2+ and SO4-2 ions in solution

Neutral Zno and Cuo atoms

Encourage cooperation!

Sample Data
Time of Trial:

5 minutes = 3.0 x 102 seconds

Width of copper electrode
in the solution

2 cm = 2.0 x 10-2 meters

Length of electrode
in the solution

5 cm = 5.0 x 10-2 meters

Average ammeter reading

17 milliamperes

Average ammeter reading

0.017 ampere = 1.7 x 10-2 Coulomb/sec

We will discuss the calculations when you
have finished your two trials.

Another possible electrodeposition trial.
What will happen to the electrodeposition process if your
use a 6.0 volt battery rather than a 1.5 volt battery?

Scientific notation becomes very useful as
students record data and as they calculate:
1.
2.
3.
4.
5.
6.
7.
8.

the number of electrons that zinc ions gained in a time period
the number of zinc atoms that formed
the number of atoms of zinc in a row across the width of the copper
electrode
the number of atoms in a column along the length of the electrode
that was in the solution
the number of atoms in one rectangular layer on one side of the
copper electrode.
the number of atoms that formed a single layer on both sides of the
copper electrode
the average number of layers of zinc atoms
the average thickness of the layer of zinc

We will discuss these calculations when
you have finished your trials.

A sample calculation of the number of Zinc
Ions reduced at the copper cathode.
Step One. Calculate the number of electrons that zinc ions
gains in 5 minutes.
(1.7 x 10-2 C/s)(6.24 x 1018 e/C)(3.0 x 102 s) = 3.18 x 1019e

Step Two. Calculate the number of zinc atoms that formed.
3.18 x 1019 e
=
2 electrons for each Zn ion

1.59 x 1019 atoms of Zn formed

A zinc atom has a diameter of 2.59 x 10-10 meters
Step 3: Calculate the number of atoms of zinc in a row across the width
of the copper electrode. Note: Distances are measured in meters (m).
____2.0 x 10-2 m
= 7.72 x 107 atoms in a row
2.59 x 10-10 m/atom
Step 4: Calculate the number of atoms in a column along the length of
the electrode that was in the solution.
___5.0 x 10-2 m
= 1.93 x 108 atoms in a column
2.59 x 10-10 m/atom
Step 5: Calculate the number of atoms in one rectangular layer on one
side of the copper electrode.
(7.72 x 107 atoms in a row) x (1.93 x 108 atoms in a column) = 1.49 x 1016
atoms

Zinc atoms were electrodeposited on
both sides of the Copper Electrode.

Step 6: Calculate the number of atoms that formed
a single layer on both sides of the copper
electrode.
2 x 1.49 x 1016 atoms = 2.98 x 1016 atoms

Students will probably observe that more zinc
atoms were deposited on the side of the copper
electrode facing the zinc electrode.

Is the thin layer of Zinc a Nanoscale Structure?
Step 7: Calculate the average number of layers of zinc atoms.
__1.59 x 1019 atoms of zinc__ = 5.34 x 102 layers of atoms
2.98 x 1016 atoms / layer
Step 8: Calculate the average thickness of the layer of zinc.
5.34 x 102 layers x 2.48 x 10-10 m/layer = 13.24 x 10-8 m

The calculation of the thickness was based
on an assumption that there were an equal
number of zinc atoms in each layer.
If electrodeposition is managed very
carefully, zinc atoms will form a hexagonal
close-packed structure.

http://www.geo.ucalgary.ca/~tmenard/crystal/metalstatic.html

The Gibbs Free Energy Equation
can be used to describe the electrodeposition process.
∆G = ∆H - T ∆S
The Gibbs Free Energy equation indicates if a chemical
change is exergonic (when ∆G < 0) or endergonic (when ∆G >
0).
The battery was a source of energy. Thus, ∆H (Enthalpy)
had a positive value.
and

Zinc ions moving somewhat randomly in solution become
more ordered on the copper electrode. Thus, ∆S (Entropy) had
a negative value.
The process occurred at a relatively low temperature.
As a result, ∆G > 0

How many “big ideas” of nanoscale self-assembly
were a part of this activity?
•
•
•
•
•
•
•

Mobile structural components
Target is low energy equilibrium state
Ordered structures
Assembly through attraction or repulsion forces
between the components
Environment selected to induce designed
interaction
Components retain physical identity through
and after
Reversible by controlling the environment
Whitesides & Boncheva (2002)

