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Nernst Equation:  The Dependence of emf on Concentration
Description:  A U tube is used to construct a Cu-Zn battery.  The concentration of the Cu and/or Zn solution is varied and the emf is measured to show that it varys with concentraion.

Concept:  The emf of a cell depends on the concentrations of ion and on gas pressures.  Nernst equation relates the cell emf's for various concentrations and gas pressures to standard electrode potentials.

The equation reads:  Ecell = Eocell - (RT/nF) ln Q =  Eocell - (0.0592/n) log Q

Materials:

· U tube and ringstand and clamps

· stopper to fit U tube

· 500 mL 1 M CuSO4
· 500 mL 1 M ZnSO4
· 250 mL 10-3 M CuSO4 or ZnSO4
· 250 mL 10-6 M CuSO4 or ZnSO4
· Zinc metal strip (9inches long and half inch wide)

· Copper metal strip (9inches long and half inch wide)

· Voltmeter with overhead LCD display and leads with alligator clips

· Basin or other container to catch waste poured from U tube

Procedure:

Hold U tube in clamps on ringstand.  Pour about 50 - 60 mL of 1M Cu(NO3)2 in one side of the tube and 50-60 mL of 1 M Zn(NO3)2 in the other side.  Put the zinc strip in the zinc solution and the copper strip in the copper solution.  Hook the positive lead to the copper strip and the negative lead to the zinc strip.  Voltmeter should read about 1.1 volts.  


Stopper one side of the U tube and pour the other side out into a bason (the solution is toxic and must be collected as hazardous chemical waste).  Fill the empty side with the same solution but of the 10-3 Molarity.  Read volts again.


Repeat with the 10-6 M solution.
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Safety: 

Zinc and copper are toxic metals.  Wear gloves.  

Clean-up:  Zinc and copper solutions are hazardous chemical waste and must be collected for EH&S.  Use sand paper or a scotch-brite pad to polish metal strips.  The Zinc metal will eventually become eaten away and must be replaced.

Notes:  This demo was developed by R. DeSouza for C106, Spring '95.

Zn (s) + Cu2+ (aq)  
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In the Nernst equation:

n = 2; 2 electrons are transferred.

Q = concentration of Zn2+/ concentrations of Cu2+
Example 1:  If the ZnSO4 concentration is varied from 1 M to 10-3 M to 10-6 M.
Ecell 
= Eocell - (0.0592/2) log Q 


= 1.10 - (0.0296) log 1/1


= 1.10 Volts

Ecell 
= 1.10 - (0.0296) log 10-3/1


= 1.19 Volts

Ecell
= 1.10 - (0.0296) log 10-6/1


= 1.28 Volts 

​

Example 2:  If CuSO4 concentration is varied from 1 M to 10-3 M to 10-6 M.

Ecell 
= Eocell - (0.0592/2) log Q 


= 1.10 - (0.0296) log 1/1


= 1.10 Volts

Ecell 
= 1.10 - (0.0296) log 1/10-3

= 1.04 volts

Ecell
= 1.10 - (0.0296) log 1/10-6


= 0.952 volts 
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