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Experiment 8: Copper Electroplating and Faraday’s Law1 

 
Purpose: An electrochemical cell is constructed to determine the efficiency of copper 
electroplating. Chemical treatments are tested to produce a light green patina that is characteristic 
of aged copper. 
 

Introduction 
 

   Copper roofing is a prominent part of campus architecture. While durable, copper roofing is 
very expensive. College architects have attempted to find cost effective alternative roofing 
materials. Aluminum or especially polymer coated steel roofing is significantly cheaper than 
copper. The characteristic color of aged copper is light green. The light green “patina” on 
oxidized copper is primarily a mixture of copper sulfates and oxides. Aluminum and steel 
roofing is commercially available with a painted green patina. However, previous college 
presidents have rejected the cheaper materials because the painted coatings do not resemble the 
aged patina on existing roofs. To make matters worse, newly installed copper roofing rapidly 
oxidizes to a dull dark brown, which also does not match the patina of aged copper. The dark 
brown patina on recently installed copper is primarily mixed copper sulfide and oxides. The 
color of copper oxides depends on the details of the crystal structure of the oxide, which is 
determined by the history of exposure of the metal to the atmosphere. 
   The chemistry department has been asked for advice concerning treatments that produce a light 
green patina on copper or other roofing metals, particularly steel. The current college policy is to 
replace existing copper roofs with new copper and simply wait the dozen or so years that is 
required to produce the characteristic light green patina. In this lab exercise we consider the 
possibility of using a cheaper metal that has been electroplated with a thin layer of metallic 
copper that is subsequently treated to produce a light green patina. Electroplating is an energy 
intensive process. The scientific goal of this experiment is to determine the efficiency of copper 
electroplating on nickel coated steel or brass. The esthetic goal is to determine the suitability of 
several different commonly used coloring processes. These processes produce a thin layer of 
mixed copper salts that precipitate on the surface of the copper metal from aqueous solution. 
 

Electrochemistry:  Oxidation/reduction reactions are often studied by running the reactions as 
electrochemical cells. For example the reaction, Zn(s) + Cu2+ (aq) → Zn2+ (aq) + Cu (s), can be 
separated into two half-reactions that form the basis of the electrodes in an electrochemical cell. 
The electrodes in an electrochemical cell are called the cathode and anode: 
 

 cathode:          Cu2+ (aq) + 2 e– → Cu (s)   reduction 
 anode:             Zn (s)  → Zn2+ (aq) + 2 e–   oxidation 
 cell reaction:   Zn(s) + Cu2+ (aq) → Zn2+ (aq) + Cu (s) 
 

The reduction occurs at the cathode. The oxidation occurs at the anode. The anode is always 
drawn on the left and the cathode is drawn on the right in cell diagrams, Figure 1. The cathode is 
the source of electrons for the reduction. The anode is the sink of electrons for the oxidation. The 
solution in contact with the electrode is called the electrolyte of each half-reaction or half-cell. 
The electrolytes conduct electrical current within the electrochemical cell. Wires attached to the 
electrodes conduct the electrons between the cathode and anode through a voltmeter or current 
source. An electrochemical cell that is spontaneous is called a galvanic cell. Batteries are 
examples of galvanic cells. Galvanic cells are sources of energy, for example for running cell 
phones. The cell voltage of a galvanic is measured with a voltmeter. A non-spontaneous 
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electrochemical cell is called an electrolytic cell. Electrolytic cells require an external source of 
energy, Figure 1 b. The electrochemical cell in this experiment is electrolytic and as such 
requires an external current source to run the reaction. 
 

 
 anode:  cathode:   anode:  cathode: 
 left  right    left  right 
 oxidation reduction   oxidation reduction 
 e– sink  e– source    e– sink  e– source 
 

     cathode:  Cu2+ (aq) + 2 e– → Cu (s)  cathode:  Ni2+ (aq) + 2 e– → Ni (s) 
     anode:    Zn (s)  → Zn2+ (aq) + 2 e–   anode:    Cu (s)  → Cu2+ (aq) + 2 e– 
 

    a. Galvanic cell     b. Electrolytic cell 
 

Figure 1: (a). Galvanic cells, such as batteries, produce energy. Reduction always occurs at the 
cathode, drawn on the right. (b). Electrolytic cells require an external source of energy. The 
reduction of Ni at the cathode is not spontaneous so that an external energy source is required.  
 
   The anode and cathode electrolytes are often different in electrochemical cells. The electrolytes 
then are brought into contact either directly through a porous separator or indirectly using a salt 
bridge, which is a solution of a non-redox active strong electrolyte such as KNO3. In this 
experiment both electrodes are Cu electrodes with the object to be electroplated attached as the 
cathode. The cathode and anode have a common electrolyte in this experiment. Cu2+ ions are 
oxidized into solution from the anode into the electrolyte and then reduced from the electrolyte 
onto the cathode, Figure 2. The current source attached to an electrolytic cell is the source of 
electrons. As a result, in electrochemical cells, electrons can be thought of as a reactant or 
product of the chemical reaction, just like any other reactant or product. The current flowing 
through the cell is directly related to the chemical changes occurring in the overall cell reaction. 
A current source can be thought of as a reagent bottle of electrons! 
 

Theory 
 

   The unit of electric current is the ampere, which is equivalent to the charge carried in coulombs 
per second: 1 amp = 1 C s-1. The charge of a single electron is –e, where e is the fundamental 
unit of electric charge: 1 e = 1.60218x10-19 C. For chemical purposes, the charge carried by a 
mole of electrons is more commonly encountered. The charge carried by a mole of electrons is 
–1 F, with the Faraday defined as the charge of a mole of fundamental charges: 
 

 1 F = e NA = 1.60218x10-19 C (6.02214x1023 mol-1) = 96485 C mol-1  1 
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The Faraday establishes the equivalence of electric charge and chemical change in 
oxidation/reduction reactions. For example consider the reduction of nickel at the cathode of an 
electrochemical cell, Figure 1b: 
 

 Ni2+ + 2 e– → Ni (s)         2 
 

As written, the reduction of one mole of Ni2+ ions requires 2 moles of electrons, with 
corresponding charge Q = –2 F. If the current flowing through the electrochemical cell is 
constant, the charge carried through the cell is: 
 

 Q = I t        (constant current) 3 
 

where I is the current in amperes and t is the time the current is applied in seconds. A current of 
one amp flowing for one second transfers one coulomb of charge: 1 amp s = 1 C s-1 s = 1 C. If 
the current varies with time, the total charge carried is the integral of the current from time 
equals zero to time t : 
 

 Q = ∫
t

0 I dt       (varying current) 4 
 

Let the number of electrons transferred in the balanced electrochemical reaction be z. For the 
nickel example, z = 2. Then the number of moles of product, n, is given by dividing the total 
charge carried by zF: 
 

 n = 
Q
zF           5 

 

This expression is called Faraday’s Law of Electrolysis. 
 
              
Example:   Faraday’s Law 
A current of 0.511 amp for 672 s is used to electroplate nickel at the cathode of an 
electrochemical cell containing NiSO4 (aq). Calculate the mass of nickel metal produced. 
 
 
Answer:  The cathode reaction is given by Eq. 2, so that the number of electrons in the half-cell 
reaction is z = 2. The total charge carried is given by Eq. 3: 
 

 Q = I t = 0.511 amp (672 s) = 0.511 C s-1(672 s) = 343 C 
 

The number of moles of nickel that plate out on the cathode are given by Eq. 5: 
 

 n = 
Q
zF = 

343 C
2(96485 C mol-1) = 1.78x10-3 mol 

 

The mass of nickel is given using the atomic molar mass of nickel: 
 

 mass Ni  = 1.78x10-3 mol (58.70 g mol-1) = 0.104 g 
              
 
 
The electrochemical cell in this exercise is Cu | Cu2+ | Cu, Figure 2. The two half cells are 
identical and the anode and cathode share a common electrolyte: 
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 cathode:     Cu2+  + 2 e–  → Cu (s, right)  
 anode:       Cu (s, left) → Cu2+  + 2 e–   
 overall:     Cu (s, left) → Cu (s, right)       6 
 

If no reactions occur other than given in Eq. 6, what is the relationship between the mass lost by 
the anode and the mass gained by the cathode? The electrolyte is 1.0 M CuSO4 in 1.0 M H2SO4. 
Reduction always occurs at the cathode. In a galvanic cell (e.g. a battery) the cathode is 
positively charged. In an electrolytic cell, the external current source forces the cathode to be 
negative. 
 

 
Figure 2: Copper electroplating cell. The object to be plated is placed at the cathode. The 
anode is a strip of copper. The electrolyte is 1.0 M copper sulfate in 1.0 M sulfuric acid. 

 
 

Procedure 
 
Two 250-mL beakers 
Stir bar 
Magnetic stirrer 
Vernier Constant Current System 
1 cm x 10 cm strip of copper for the anode 
Nickel plated steel or brass to be plated (various decorative or jewelry items will be available) 
10 cm of bare copper wire, 20-22 gauge, to attach the cathode 
steel wool (for electrode cleaning) 
scouring powder (for electrode cleaning) 
200 mL plating electrolyte: 1.0 M CuSO4 in 1.0 M H2SO4 
20 mL vinegar 
NaCl solid 
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�!  

Chemical Safety:  Dilute sulfuric acid and copper sulfate solutions are corrosive. 
Solid copper sulfate causes skin and eye irritation. Wash immediately after accidental 
contact. However, using standard safe laboratory practices, dilute solutions of 
sulfuric acid and copper sulfate are not considered a significant hazard. 

 
Step 1: Prepare the Electrode Cleaning Solution 
 

Prepare approximately 20 mL of a 3.4 M NaCl solution in commercial vinegar. Prepare your 
solution in a 250-mL beaker. Make sure to calculate the required amount of solid NaCl in your 
lab notebook before coming to lab. Use a graduated cylinder for volume. The mass determined to 
± 0.2 g is sufficient for this purpose. 
 
Step 2: Prepare and determine the mass of the electrodes 
 
Use steel wool to clean the copper metal anode and the nickel plated steel or brass cathode. 
Attach bare copper wire to the cathode so that the object may be completely immersed in the 
plating solution. Determine the masses of the anode and the cathode (with the attached copper 
wire). Make your mass measurements to the nearest 0.1 mg. The cleanliness of the metal 
determines the uniformity of the electroplating. Clean the cathode with scouring powder (i.e. 
Comet or Ajax) and a laboratory brush. Handle the object by the edges to avoid finger prints. 
Rinse well with laboratory water. 
 
Step 3: Prepare the Logger Pro software. 
 

Check to see that the constant current system is attached to an analog input on the Vernier 
interface and that the Vernier interface is connected to the computer. Start up the Logger Pro 
software. The constant current system should be automatically recognized by the software and 
the current output of the system should be listed at the top left of the data screen. If the current is 
not zero, pull down the Experiment menu and choose Zero. The data acquisition rate should be 
set to two samples per second using the following steps. 

   Click on Data Collection icon . Enter 2 samples/second, a Duration of 1000 seconds, and 
then Done: 
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Step 4: Assemble the electrochemical cell 
 

Place a stir bar and 200 mL of copper plating electrolyte into a 250 mL beaker. Place the beaker 
on a magnetic stirrer. Wash the anode and cathode in the NaCl/vinegar cleaning solution. Rinse 
both electrodes with distilled water and pat dry with a paper towel. Place the 1 cm x 10 cm 
copper strip as the anode in the beaker. Bend the top of the anode so that the metal strip is held 
near the side of the beaker, Figure 2. Similarly, bend the copper wire on the cathode so that the 
metal to be plated is held submerged and away from the magnetic stir bar. Begin gentle stirring 
and ensure that the stir bar does not touch the electrodes. 
   Gently make sure the dial on the constant current system is fully counter clockwise, which 
corresponds to the minimum current setting. Attach the alligator clips of the constant current 
source to the electrodes. The negative terminal of the constant current system is black and the 
positive terminal is red. Which electrode should be attached to the negative terminal? Take care 
to prevent the copper plating electrolyte from coming into contact with the alligator clips on the 
constant current system. The electrolyte solution is corrosive. 
   Plug the constant current system wall transformer into an electrical outlet. 
 

Step 5: Electroplate 

Click on the green  button in Logger Pro. Wait roughly 10 seconds to give a short 
stretch in the plot at zero current. Turn the dial on the constant current source until the reading is 
in the range of 0.2 – 0.3 amps. Continue electroplating for roughly 700 seconds and then turn the 
constant current supply dial to the minimum setting. Click on the red stop button  to end data 
acquisition. 
   Use the mouse to highlight the full time span that current flows. Click on the integration icon 

 to determine the integral under the current curve. Record this value including units. What do 
the units correspond to? 
   The current versus time profile is roughly rectangular. To provide a check of the integral 
results, we estimate the integral as the area of the rectangle with height given by the average 
current and width the length of time that current flows. Use the mouse to highlight the long-time, 

flat portion of your current plot then click on the Statistics icon, . The mean of the selected 
data points will be listed. Record this value. Determine the length of time that current was 
flowing. Record this value. Compare the area of the rectangle to the integral value. The results 
should be similar, however the integral is more accurate, since the current isn’t constant. 
 

Step 6: Determine the mass gained or lost of each electrode. 
Rinse the electrodes in deionized water. Gently pat the electrodes dry using a paper towel. Allow 
the residual moisture to evaporate for few minutes. Determine the masses of the electrodes. 
Determine the mass gained or lost from each electrode. Under ideal conditions, what should be 
the relationships between the mass lost by the anode and the mass gained by the cathode? 
 

Clean Up: Return the copper plating electrolyte to the stock bottle for reuse. Use a Q-tip to make 
sure that the alligator clips on the constant current system are clean and dry.  
 
 

Calculations 
 

   Compare the area of the rectangle given by the long-time current and time to the integral value. 
The results should be similar, however the integral is more accurate, since the current isn’t 
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constant.to the integral value. Using the number of coulombs of charge transferred based on the 
integral, calculate the theoretical amount of solid metallic copper that should be plated on the 
cathode and lost from the anode. Calculate the % yield of the electrolysis using the observed 
mass gained by the cathode as: 
 

 % yield  = 
massobserved

masstheoretical
 100% 

 

Next, calculate the % difference of the mass lost by the anode and the mass gained by the 
cathode. Percent yields less than one occur through “side reactions.” In this case side reactions 
are reduction reactions at the cathode that do not produce solid copper, such as the reduction of 
hydrogen ions to produce hydrogen: 2 H+ (aq) + 2 e– → H2 (g), which is kinetically slow. 
 

Part II: Forming a patina on electroplated copper.2 

 

   The most commonly used method for forming a green patina on copper in the arts and crafts 
community is to dip the metal in undiluted commercial liquid Miracle-Grow. The ammonium, 
potassium, and copper phosphates, chlorides, and sulfates in Miracle-Grow precipitate on the 
metal surface by drying to produce a thin film. This thin film is easily abraded, because the salts 
are precipitates instead of having been produced through air oxidation of the copper surface. To 
provide a durable coating, the treated surface is sprayed with colorless transparent acrylic paint. 
   The author’s favorite method for coloring copper is to use liquid concentrated Miracle-Grow to 
which additional solid Miracle-Grow has been added. Miracle-Grow treated surfaces may be 
briefly heated in an oven to hasten evaporation before spraying with transparent paint. 
   A subtler, perhaps more authentic looking coating can be produced using Miracle-Grow that 
has been diluted by one-third and then adding a small amount of standard craft glue (e.g. 
Elmer’s). This film is also a bit more adherent. 
   Often a redder coating is desired. A useful solution for creating a dark-red copper patina is to 
dip the metal in a solution prepared as:2 
 

dissolve 3.1 g of Cu(NO3)2⋅3 H2O, 0.65 g CuSO4⋅5 H2O, 3.1 g NH4Cl, 1.3 g CaCl2⋅2 H2O, 
and 0.65 g oxalic acid in 120 mL of water 
 

   The results of these different coating methods is highly dependent on surface cleanliness and 
processing details. Sometimes allowing the surface to air oxidize for a period of time before 
dipping produces desirable results. On the other hand uniform and bright surface coloration for 
electroplated copper is obtained by dipping in dilute oxalic acid solution. Some commercial 
copper cleaners are based on oxalic acid. 
 

Procedure 
 

copper metal cleaner (0.06 M oxalic acid, ~ 2 g dissolved in 200 mL water) 
liquid Miracle-Grow, solid Miracle-Grow 
dark-red copper patina solution: 0.1 M Cu(NO3)2⋅3 H2O, 0.022 M CuSO4⋅5 H2O, 0.5 M NH4Cl, 

0.075 M CaCl2⋅2 H2O, 0.06 M oxalic acid (as given in mass terms above) 
white craft glue 
acrylic transparent spray paint 
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�!  

Chemical Safety:  Household commercial products such a Miracle-Grow and metal 
cleaners are no more or less hazardous than the corresponding solutions in the 
chemical laboratory. Oxalic acid is a poison. Solid oxalic acid may cause severe 
respiratory tract irritation with possible burns, severe digestive tract irritation with 
possible burns, and kidney damage. Oxalic acid may cause eye and skin irritation and 
is harmful in contact with skin and if swallowed. The NFPA code for solid oxalic 
acid is 3,1,0. 
   Solid potassium phosphate is an irritant (skin, eye, and possible respiratory) with a 
Global Harmonization System symbol of “!”. The NFPA rating of the phosphate salt 
is 2,0,0. Wash immediately after accidental contact. However, using standard safe 
laboratory practices, dilute solutions of oxalic acid, potassium sulfate, and potassium 
phosphate are not considered a significant hazard. 

 
   Copper metal cleaner, liquid and solid Miracle-Grow, white craft glue, and transparent acrylic 
spray paint will be available in the laboratory. A paper protected area in one of the hoods will be 
provided for spray painting. The dark-red coating solution will also be available. The dark-red 
patina develops upon drying. A heat gun (aka. hair dryer) and a hot oven will be available to 
hasten drying. However, overheating copper surfaces produces a rough dark-brown coating of 
copper oxide. As a result, drying at room temperature or brief, gentle heating are suggested for 
optimal color formation. Gentle rubbing of portions of the surface after coating and before spray 
painting can create an “antique” artistic effect. 
 

Report 
You produce your own report form for this laboratory. Consult all of your previous lab reports 
for examples of the required style. Notice that the style that we have developed is designed to 
save you time in writing your report by making the format as succinct as possible. The report 
should contain your partner’s name and: 
 

1.  Introduction:  Give a brief introduction. In the introduction state the purpose of the 
experiment and the principle means that you are going to use to achieve that purpose. The 
introduction should be just one or two sentences. You should not discuss the experimental 
procedure nor the calculations that will be necessary in the Introduction. 
 

2.  Theory:  Just reference the lab write-up for the theory. 
 

3.  Procedure:  Report that the efficiency of copper electroplating was determined by the changes 
in mass of the copper anode and cathode of a cell with a common electrolyte, which contained 
1.0 M Cu SO4 in 1.0 M H2SO4. State the manufacturer and model of the current source and data 
acquisition interface. Describe the solution that you used as a source of salts to form a patina on 
(or clean) the plated copper surface (i.e. “liquid Miracle Grow,” “dark-red copper patina 
solution,” etc.) and reference the Science Company web page.2 
 

4. Results:  Report the long-time current, the time the current flowed, and the integral of the 
current vs. time curve. Compare the area of the rectangle given by the long-time current and time 
to the integral value. Based on the integral, report the number of coulombs of charge transferred, 
and the theoretical amount of solid metallic copper that should be plated on the cathode and lost 
from the anode. Report the experimental mass changes for the anode and cathode. Report the % 
yield of the electrolysis. Report the % difference of the mass lost by the anode and the mass 
gained by the cathode. Also include the current vs. time plot with an appropriate (numbered) 
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figure caption, including clearly readable axes labels (written in pen is fine). Reference the figure 
within the Results section. 
 

5. Discussion: 
 (a).  Purpose accomplished: Restate the purpose as a completed goal (this sentence is just the 
introductory sentence for the first paragraph of the discussion). 
(b). Final Results: State the experimental mass of Cu that plated out on the cathode, the 
theoretical mass of Cu that should have plated out on the cathode, and the % yield of the 
electrolysis. 
(c).  Factors that influenced the precision and accuracy of the data: 
    Give the measurement that is the predominant source of random error for the theoretical mass of Cu 
plated on the cathode and the corresponding number of significant figures, using the following steps: The 
time is determined to roughly 0.5 sec/700 sec or 0.1%. In other words the time is known to four 
significant figures. Use the table in the Error Analysis Example on the Laboratory web site to 
determine the number of significant figures in the current. Based on these values, report the 
measurement that is the predominant source of random error for the theoretical mass of Cu plated. Based 
on your conclusion, determine the number of significant figures in the theoretical mass of Cu 
plated. Next based on the balance readings, determine the number of significant figures in the 
experimental mass of Cu plated on the cathode. From the expected number of significant figures 
of the theoretical mass and the number of significant figures of the experimental mass, decide if 
the theoretical mass and experimental mass of Cu plated on the cathode agree to within 
experimental error. If the theoretical and experimental masses agree, state so in your report. If 
the experimental mass plated is significantly different than the theoretical mass predicted, then 
simply state that “the theoretical and experimental masses of Cu plated on the cathode differ to 
within experimental error.” The corresponding result is a % yield significantly different from 
100%. 
   State that side-reactions at the cathode are the predominant source of systematic error. 
(d). Answer the following questions in your discussion as a way of summarizing the results:  
   i. In general, what is the relationship between the charge transferred in an electrochemical cell 
and the resulting chemical change (in terms of moles of product)? 
   ii. Why is the integral of the current vs. time curve more accurate than simply finding the 
product of the current and the time? 
   iii. Relate the % yield of Cu plated upon the cathode to the energy efficiency (in terms of moles 
Cu per mole of electrons) of the process for the mass production of Cu plated roofing material. 
   iv. Summarize your conclusion about the results of the patina formation (based on whatever 
single criterion you would like: esthetics, color, texture, durability, ease of application, etc.). One 
sentence is sufficient. 
 

6. Literature Cited: Give the citations for this lab write-up and the Science Company web page 
including the last accessed date. 
 
Attach a copy of your current vs. time plot as a Figure with caption. 
 
Checklist: 

Use complete sentences and provide the proper number of significant figures and units. 
All Figures and Tables must have captions. 
Refer by number to each figure and table in the body of the text of your report. 
Acknowledge any data that were not taken by you and your partner (if you had a partner). 
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Captions start with Figure # or Table # and then a concise description of the contents. 
You can write the captions by hand in black pen on attached sheets. 
Answer all the questions in the Discussion section of the write-up. 
Your report should read smoothly with no abrupt interjections of data.. 
Exclusive of attachments, your report should be less than two pages. 
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