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Nanoscale Electroplating
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     Examples of opportunities to integrate this activity into the STEM curriculum include the study of:

· The distinction between neutral atoms and charged ions.

· Oxidation processes that occur at anodes and reduction processes that occur at cathodes.
· The distinction between an electrolytic cell and an electrochemical cell.
· The conductivity of solutions of ionic compounds.
· The nature and characteristics of electric fields.

· Relationships among voltage, resistance, and current in an electric circuit.

· Mathematical operations with scientific notation.

· Dimensional analysis operations with measurement units.

· The manipulation of variables to improve the performance of a device.
    Providing the diameter of zinc atoms and the definition of an Ampere provide students in middle school and high school physical science classes and with high school physics classes with an opportunity to mathematically verify the production of a nanoscale plating of one metal onto the surface of another metal.

  High school physics students could also evaluate the influence of the nature of the electric field generated by the copper and zinc plates on the distribution of zinc metal on the copper electrode.  In addition, physics students could manipulate structure of the electroplating cell and the electric circuit to produce a more even electroplating process.
    An additional calculation can be required of high school chemistry students.  Instead of providing students with the diameter of a zinc atom, students can calculate that diameter using the number of grams per mole of zinc, the density of zinc and Avagadro’s determination of the number of atoms in one mole of a substance.  
     An example of the calculation of the diameter that uses dimensional analysis to determine the number of atoms in one cubic centimeter of zinc would be:
(1 mole/65.39 g) x (7.14 g/cm3) x (6.02 x 1023 atoms/mole) = 0.657 x 1023 atoms / cm3
1 cm3 / 0.657 x 1023 atoms = 1 cm3 / 65.7 x 1021 atoms
     The cube root of the number of atoms in a cubic centimeter would indicate the number of atoms along one edge of the cube.

The cube root of 65.7 x 1021 atoms / cm3 = 4.03 x 107 atoms/cm
      That fraction can then be inverted to determine the diameter of a zinc atom.
1 cm / 4.03 x 107 atoms = 0.248 x 10-7 cm / atom = 0.248 x 10-9 m / atom = 2.48 x 10-10 m / atom  
Sample Nanoscale Electroplating Data:
Time of Trial:  



5 minutes = 3.0 x 102 seconds

Width of copper electrode

2 cm = 2.0 x 10-2 meters

Length of electrode in solution
5 cm = 5.0 x 10-2 meters

Average ammeter reading

0.017 ampere = 1.7 x 10-2 Coulombs/second
Sample Nanoscale Electroplating Calculations:

A. Calculate the number of electrons that flowed through the circuit in 5 minutes.

(1.7 x 10-2 Coulombs/second)(6.24 x 1018 e-/Coulomb)(3.0 x 102 seconds) = 3.18 x  1019 e-
B. Calculate the number of zinc atoms that formed.

3.18 x 1019 e- ÷ 2 electrons for each zinc ion = 1.59 x 1019 atoms of zinc

C. Calculate the number of atoms of zinc across the width of the copper electrode.
2.0 x 10-2 meters  ÷  2.59 x 10-10 meter/atom = 7.72 x 107 atoms in a row
D. Calculate the number of atoms along the length of the electrode that was in the solution.
5.0 x 10-2 meters  ÷  2.59 x 10-10 meter/atom = 1.93 x 108 atoms in a column

E. Calculate the number of atoms that formed a single 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

F. 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

G. Calculate the average number of layers of zinc atoms.
1.59 x 1019 atoms of zinc ÷ 2.98 x 1016 atoms / layer = 5.34 x 102 layers of atoms
H. Calculate the average thickness of the layer of zinc.
5.34 x 102 layers of atoms x 2.48 x 10-10 meter/layer = 13.24 x 10-8 meters

