The Charge on an Electron

Purpose: 
To measure the charge of an electron by the method of electroplating

Equipment:
· alcohol – denatured (1 gal)

· 2 copper strips (3 cm by 10 cm, bent as shown in figure 2)

· Cupric sulfate CuSO4 solution ready mixed

· one 400 ml glass beaker for both alcohol and water

· one 250 ml glass beaker for CuSO4 solution

· low-voltage dc source

· dc ammeter (0-1 A range)

· 2 leads with alligator clips and one straight lead, 24”each.

· balance beam (sensitivity 0.01 g required)

· watch with sweep second hand

· fine sandpaper or emery cloth 6

· metric ruler, paper towels.

What you need to know:

An ordinary atom of any element is electrically neutral. This means that it contains an equal num​ber of elementary negative and positive electrical charges. An elementary negative charge, the small​est amount of negative electricity that can exist, is represented by the charge on a single electron; similarly, the proton carries an elementary positive charge that exactly neutralizes the charge on an electron.

When it loses a single electron, an atom becomes a positive ion having a charge value equal to the elementary positive charge. If an atom should lose two electrons, it becomes a positive ion having an ionic charge equivalent to two elementary positive charges.

Suppose two electrodes, connected to a battery, are inserted in a solution of copper sulfate (CuSO4).  The solution contains copper ions Cu+2 and sulfate ions S04+2.  The negative electrode, or cathode, attracts the Cu+2 ions, as shown in the figure.  Each Cu+2 ion picks up two electrons (2 e() from the cathode to become an uncharged copper atom. The uncharged atoms are deposited on the cathode as metallic copper Cu0. This change may be expressed in the form of an equation:
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Simultaneously at the positive electrode, or anode, each copper atom is stripped of two electrons by the energy of the battery. The atom thus becomes a positive copper ion:
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The copper ion enters the solution to replenish the supply of copper ions in the conducting solution, called the electrolyte. (The conducting solution also contains some sulfuric acid). Thus, the supply of Cu–2 ions in the electrolyte remains essentially constant. The electrons given up by the Cu 0 atom to the anode are transferred by the action of the power supply to the cathode 



Figure 1: Movement of ion through a conducting solution and movement


of electrons through a wire

through the connecting wires. This maintains the supply of free electrons at the cathode for changing Cu +2 ions into neutral copper atoms as previously described.

In summary:

1.
For every copper atom removed from the anode, one copper atom is deposited on the


cathode.

2.
The total number of positive charges that move from the cathode to the anode in the electrolyte in a given time is equal to the number of electrons that pass through the battery wires in the same interval of time.

Strategy

Using an electrical arrangement including electrodes in a conducting solution, a power supply and an ammeter, you will determine the mass of copper plated out on the cathode, and the mass of copper lost by the anode.  After measuring the current, mass, and time, you will then calculate the number of atoms transferred from one electrode to the other. Since the transferred atoms move through the solution in the form of ions, you will then be able to determine the charge carried by each ion and, from this, the charge of a single electron.

Getting started
The magnitude of the current needed to insure a good bond between the plated copper and the metal surface of the electrode depends primarily upon the area of the submerged portion of the cathode (approximately 3 cm x 6 cm = 18 cm2).  It is a good practice to provide about 0.02 amp of current for every square centimeter of area to be plated. Assume that the beaker will be about two-thirds full of conducting solution.

CAUTION: THE CONDUCTING SOLUTION CONTAINS SULFURIC ACID. EVEN WHEN

DILUTED, THIS ACID IS CORROSIVE. SHOULD ANY OF THE SOLUTION SPLASH ON YOUR HANDS OR CLOTHING, WASH IMMEDIATELY WITH RUNNING WATER AND NOTIFY YOUR INSTRUCTOR

Place the electrode to be used as the cathode in the empty beaker and measure the area of the por​tion of the cathode to be submerged. Since both sides of the cathode will accept copper ions, double the area just measured and record the value in Table 1.

Prepare the equipment as shown in Fig. 2. Clean the portions of the electrodes to be submerged by rubbing them with fine sandpaper until they are uniformly bright and shiny. Do not touch the cleaned electrodes with your fingers. Rinse the elec​trodes in running water and then place them in the empty beaker as shown in Fig. 2. The electrode with the folded corner is to be used as he anode; that is, the positive terminal of the D. C. power supply is to be connected to this electrode. 
As shown in the diagram, this, connection occurs through the ammeter. The other electrode, the cathode is connected to the negative terminal of the power supply. Now connect the circuit as illustrated. Pour copper sulfate solution into the 250 ml beaker until the 200 ml mark (do not mark the beaker).   Ask your instructor to check your connections before proceeding. 


Figure 2: Arrangement of equipment for measuring the charge on an electron

Experimental Procedure
1.
Recalling that the current you will use should be about 0.02 ampere for each square centimeter of submerged cathode area, calculate the required current by multiplying the area previously recorded by 0.02 amp/cm2.  Enter this figure in the table.

2. Turn on the power supply and adjust the switch until the ammeter reads the current value you just recorded. Turn the power supply off.

3.
Remove the electrodes and dip them for a few seconds in the beaker containing the wash water.  Then dip the electrodes in the alcohol.  Re​move them from the alcohol and allow them to dry by evaporation in the air for about 4 min. (Handle the electrodes by the bent edges at all times.)

4.
Separately measure the mass of each electrode in grams to the nearest tenth of the smallest di​vision of the balance. Record these measurements as Original mass separately for cathode and anode in Table 1.  Be very careful!  These measure​ments must be as precise as possible.

5.
Replace the electrodes in the solution and be sure they are connected to the proper power supply termi​nals.  Have a watch with a sweep second hand ready.  Close the switch and immediately note the starting time exactly to the nearest second.  Keep your eye on the ammeter; whenever necessary, make a fine adjustment of the power supply to maintain the ammeter reading at the required current as pre​viously determined. Record the starting time in Table 36-1.  During the timed run, do not move either electrode.  It is important that the separation distance remain constant throughout the experi​ment.

6.
During the next 40 min. (or longer, if pos​sible), keep the current constant and make certain that the equipment remains undisturbed throughout. When you are ready to terminate the run, open the switch and record the stopping time exactly to the nearest second.

7.
Very carefully remove the cathode without jarring it or scraping it along the sides of the con​tainer. Gently dip it in the rinse water and then in the alcohol. Now allow it to air dry. When dry, measure and record the new mass of the cathode.

8.
Repeat the same procedure with the anode.

9.
Disconnect the circuit, pour the electrolyte down the sink, and wash both beakers thoroughly. 

Calculations
1.
In Table 1, record the change of mass of cathode and anode.

2.
Record the total time of the plating run in seconds.

3.
The total amount of charge Q transferred through the battery and its connections is, by defi​nition,

Q = lt

where Q is the total charge, I is the current indi​cated on the ammeter throughout the run, and I is the time for the complete run. If I is in amperes (that is, C/sec), t is in seconds, then Q will be expressed in coulombs. Calculate the total amount of charge transferred using Q It and record the result in Table 2.

4.
The atomic mass of copper is 63.54. This means that 63.54 g of copper contain 6.02 x 1023 atoms, or that 1-g of copper contains 9.49 x 1021 atoms.  Using your figures for the mass of copper gained by the cathode, compute the number of atoms of copper transferred to this electrode and record the result in Table 2.

5.
Similarly, using your value for the mass of copper lost by the anode, calculate and record in Table 2 the number of atoms of copper lost by the anode.

6.
The charge on each copper ion may be found by dividing the quantity of transferred charge in coulombs by the number of atoms gained by the cathode. Calculate this quantity and record in Table 2.

7.
Since each copper ion Cu+2 has a deficiency of two electrons, the charge on each electron must be half the charge on one ion. Hence, you can cal​culate the charge per electron by dividing the charge per ion by 2. Do this, then record the result in Table 2.

8.
Complete Table 2 by finding the difference between your value for the charge per electron and the accepted value given in the table. Finally, de​termine the percent difference between your value and the accepted value for the charge on one elec​tron.

Questions
1.
List, in order of importance, the factors that might best account for the difference between the accepted value of the charge on the electron and the calculated value.

2.
Refer to Table 1. Is there a large or small difference between the mass change of the cathode and the mass change of the anode? Account for this difference.

3. Explain why the Cu+2 ions move through the solution.

4. 
Each time two Cu+2 ions are deposited on the cathode, how many electrons have moved 


through the wires? In which direction did they move?

5.
Why is it necessary to rinse both electrodes before drying them and finding their masses?

6. 
a. 
When setting up an electrical circuit, which part should be connected into the circuit last? 





Why?

b. When dismantling the circuit, which part should be disconnected first? Why?

 7.
Describe how a current in an electrolyte differs from a current in a copper wire

Table 1
	Measurement
	Data
	Preliminary

Computation

	Area of submerged portion of cathode
	                        cm2
	____

	Required current (area x 0.02)
	____
	                        amp

	Cathode – original mass
	                             g
	____

	Cathode – new mass
	                             g
	____

	Cathode – change in mass (+ or –)
	____
	                            g

	Anode – original mass
	                             g
	

	Anode – new mass
	                             g
	____

	Anode – change in mass (+ or –)
	____
	                             g

	Time – start of run
	
	____

	Time – end of run
	
	____

	Elapsed time
	____
	                             s


Table 2
	Quantity of charge transferred: Q = It
	coul

	Number of atoms gained by cathode:

             nC = mass gained x 9.49 x 1021
	atoms

	Number of atoms lost by anode:

             nA = mass lost x 9.49 x 1021
	atoms

	Charge per ion:   
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	Charge per electron:     
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	Accepted value of the charge per electron:
	1.6 x 10–19  coulombs/electron

	Difference between calculated and accepted values of the charge per electron
	C/electron

	Percent difference:
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