Chapter 17 Zumdahl AP Chem Lecture

Problems 25,27,35,39,45,47,55,71,79,81

ELECTROCHEMISTRY

Lecture 1

BEFORE WE BEGIN, let’s review redox balancing by doing this one together  ON THE BACK OF THIS PAPER
 Cu + Cr2O7-2  (  Cu+2  +  Cr+3
We start with DEFINITIONS

Electrochemical Cell  an apparatus that allows the separation of oxidation and reduction half-reactions in order to harness the electron flow TO DO USEFUL WORK (so free energy must be involved!).

Cathode site of reduction

anode site of oxidation

salt bridge (porous membrane) maintains charge neutrality by exchanging spectator ions

Electromotive Force (EMF) the force that moves electrons through a wire

Voltage the unit of EMF, joules/coulomb 



NOTE: in practice, EMF and voltage are interchangeable

coulomb unit of charge.  Equal to a charge possessed by 6.0 X 1019 e-  

ampere unit of current.  Equal to coulombs/second

Faraday one mole of electrons.  There are 96,500 coulombs in one mole of electrons.

Basic Electrochemical Cells
Zn  +  Cu+2  ( Zn+2 + Cu

2 H+  + Zn ( Zn+2  + H2
Line Notation for the Previous Two Electrochemical Cells
Prediction of Electrochemical Spontaneity
But how do we know if an electrochemical cell will work?  (It always does if it’s not at equilibrium, only sometimes it goes in the reverse direction)

2 more definitions
Galvanic (Voltaic) Cell an electrochemical cell that uses a SPONTANEOUS reaction to force current through a wire.

Electrolytic Cell an electrochemical cell that uses an EXTERNAL voltage source to force a NONSPONTANEOUS reaction to occur.  Drawn and labeled just like a regular voltaic cell, but with a nonspontaneous reaction.

Spontaneity is a function of (G, but is also a function of E (voltage)..


KNOW THESE

+ E = spontaneous in forward direction


- E = spontaneous in reverse direction

Total voltage of a reaction is a measure of the force with which is “wants” to go in a direction, and is the combination of OXIDATIVE and REDUCTIVE pressures

Eredox  =

However, it is impossible to measure just an oxidation or reduction voltage, since one is impossible without the other (this would produce an isolated charge, something nature does not allow except perhaps in black holes).  Instead, “by convention” we define one of the millions of half-reactions as having 0.00 V, then compare all others to it.  

We use the simplest element, hydrogen, for this.

Standard Reduction Voltage for Hydrogen
Ex
We can do this procedure for an unlimited number of reactions.

1. Assume H+ ( H2 is 0.00 V

2. Place H+ in a cell with an unknown, which then becomes known.

3. Use the new known to study other voltages

(GO GET YOUR BOOKS, PLEASE)

It is confusing to continually keep switching Eoox  and Eored so by convention we just list the reduction half-reactions in textbooks.  You’re expected to be able to switch them to oxidative ones when you need them.

3 tips for working with half-reactions
1. When you turn a reaction around, the voltage changes signs

2. Voltage is NOT concentration dependent (so it doesn’t work with the state law functions) (just like D, C, or AA batteries all have the same voltage, one just lasts longer)

3. 
a NEGATIVE Eored means you prefer NOT to REDUCE (typical for metals, so these make good reducing agents that makes someone else reduce)


a POSITIVE Eored means the opposite and that you prefer TO REDUCE

Examples
End Lecture 1, Start Lecture 2
Voltage Under Non-Standard Conditions  (THE NERNST EQUATION)

but this is generally reduced in practice, since most electrochemical cells operate at 25oC (room temperature)

Since E = 0.00 volts at equilibrium

this is one way to measure Keq in the lab.  Just measure the voltage.

Ex 1  Calculate E25 C for a reaction based on these 2 half-reactions and concentrations

You must decide which will oxidize.  

Ex 2  Repeat for the reaction based on these half-reactions  (you have to do lots of copying here)

Example 3  Calculate the K for this reaction at 25o C

3 Cu + Cr2O7-2 + 14 H+ (  3Cu+2  + 2 Cr+3 (6 Faradays transfer)  Eo = 0.99 V

Relative Activities of Different Metals (“activity series”) (GO GET BOOKS, PLEASE)
As you  move DOWN the reduction table, the species listed gain strength as REDUCING AGENTS ( they want to oxidize more).  As you move UP, they are stronger OXIDIZING AGENTS.  Therefore, we sometimes call this table the “activity series.”

The more positive the E01/2 , the more it tends to occur.

Ex Order these chemicals by increasing strength as oxidizing agents.


Fe+2, AgCl, F2 , ClO2  

The strongest oxidizing agent must want to ______________ the most and therefore must have the highest ​​​​________

End Lecture 2, Start Lecture 3
Free Energy Equations for Voltage 
n = number of moles of electrons in redox

F = the Faraday constant (96500 coulombs/mol e-)

E = voltage in joules /coulomb

Note that (G and E have opposite signs for spontaneity

Ex  Calculate (G o for


Zn+2  +  Cu ( Zn  +  Cu+2
Ex  Calculate  Eo  and (Go for the spontaneous sum of these ½ reactions

Electrolytic Cells and Electroplating STOICHIOMETRY
When we run reactions backward by applying an EXTERNAL voltage to a non-spontaneous reaction, we can “plate out” a metal at the cathode.  This can then be determined stoichiometrically.  Remember, AMPERES is the flow of current.

Ex 1  How many grams of copper can be reduced by applying 3.00 A of current for 16.2 minutes in a Cu+2 solution? 

To solve these problems (and they’re AP-common),you must recall that amps is coulombs/sec and is usually a conversion factor.

Ex  What volume of hydrogen and oxygen gases are produced by electrolyzing water with 4.00 amps for 12 minutes at STP?

A Final Aside  The activity series is also related to this electroplating (depositing metals at a cathode). 

If you have several metal ions present, the one with the higher Eored will begin plating first.  This phenomenon is used in labs to separate metal ions by using a voltage that is big enough to plate one ion but not the next.













