Electrochemistry

The study of electron transfer in chemical reactions

(leads to batteries, electroplating – making plated jewelry, nails, etc… solar cells)
Oxidation Numbers- (Ox. Nos.) (common #’s are listed on your periodic table but there are many others – that you may have to determine.)  The approximate charge that atoms take on in a bond.  Indicate whether an atom has mostly given or taken electrons.

Please remember – 

Electrons are negative-

So…
An increasing ox. # means losing electrons and a

Decreasing ox. # means gaining electrons

-protons are NEVER gained or lost in any chemical reaction 
-But, can be in nuclear reactions
Rules for assigning Ox. Nos.

1. Elements in the free state are always zero.  (Fe, C, Li, O2, S8)

2. Elements which are more electronegative get the negative charge/Least electronegative   get the positive.

3. Use process of elimination when there are 3 elements in a compound (Ternary)
4. monatomic ions always are listed with their Ox. No. (Fe2+ ,Fe3+ ,Cl-, Mn7+)

5. Polyatomic ions equal their charge when you sum all of their atoms’ charge.

Oxidation- (LEO) is the loss of electrons – (named oxidation because oxygen is such a good, and common, electon grabber-most things lose electrons to oxygen and are said to be oxidized) Flourine is the only element oxygen can't oxidize besides itself)

So the ox. No. ________

Increases

Reduction – (GER)Gain of electrons – 

So the ox. No. _______

Decreases

2Na + Cl2 ―› 2NaCl

Na starts at 0 and goes to +1 

It lost an electron so was oxidized

Cl starts at 0 and goes to -1

It gained an electron so has been reduced

Use a math number line in need be…



Oxidizes ―›
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(
Reduces

NaClO + O2 ―› NaClO3
Cl goes from +1 to +5 
Loses 4 electrons - oxidized
O goes from 0 to -2 (Note the O in NaClO is just a spectator. it stays -2.)
It has been reduced since it gained 2 electrons

Na stays +1 (Neither reduced or oxidized)
WE often call these reactions 

REDOX Reactions– Reduction and oxidation ALWAYS occur at the same time 

Law of conservation of charge and matter

Recognizing REDOX reactions:
They are redox if you see a changes in oxidation states: 

(Note if something is reduced another will be oxidized)
REDOX or NOT?

HCl + NaOH -> NaCl + HOH
+1 – 1      +1  -2  +1      +1  -1         +1 -2 +1
HCl + NaOH -> NaCl + HOH
NOT!!!!!!! (notice double displacements are not redox)

MgCl2 + 2Li --> 2LiCl + Mg
+2    -1            0


+1  -1        0

MgCl2 + 2Li --> 2LiCl + Mg

Yes it is REDOX!!! 

Note the reduction of Mg and oxidation of Li
Net ionic equations
Half Reactions-

Taking a chemical equation and break it into the reduction and oxidation halves.  Half reactions will also show electrons as a product (LEO) or a reactant (GER).
Example 1 : Write the half reactions for

2Na + Cl2 ―› 2NaCl (chemical equation)
   0
  0

   +1 -1  
Oxidation half:







reduction half:
Shows the loss of electrons

Shows the gain of electrons

Note: Remember e- means electron…
2Na―› 2Na+ + 2e-





2e- + Cl2 ―› 2Cl-
Ions in compounds are written as monatomic ions (i.e. Na+ and Cl-)

VERY HELPFUL NOTE FOR PEOPLE WHO REFUSE TO APPLY BASIC IDEAS IN SCIENCE: Its never confusing which side the electrons go on!!!!  IF…. You understand that charge is always conserved!!!!
Observe that the total charge on the left = the total charge on the right –ALWAYS
Example 2:  Write the half reactions for
NaClO + O2 ―› NaClO3
+1+1-2   0       +1+5-2(as usual oxidation #’s are needed)
Oxidation half:







reduction half:
Show the loss of electrons



shows the gain of electrons

Cl+1 ―› Cl+5 + 4e-





4e-+ O2―› 2O-2 
Balancing Oxidation Reactions:  

Unfortunately, REDOX half reactions may be written to obey conservation of mass but do not always obey conservation of charge.  (The overall reaction Must obey conservation of charge)
(This also is not easy to notice unless you write the REDOX half reactions)
Balance the following redox reaction:

S + HNO3 ―› SO2 + NO + H2O
STEP 1: write half reactions (could do unbalanced net ionic equation 1st)

0
   +1 +5 -2

      +4 -2

+2 -2

+1 -2
S + HNO3 ―› SO2 + NO + H2O

S ( S+4 + 4e-





3e- + N+5 ( N+2
STEP 2: multiply equation(s) if needed to be sure electrons gained = electrons lost


X3









X4

3S ( 3S+4 + 12e-





12e- + 4N+5 ( 4N+2
Step 3:  Sub back into equation
3S + 4HNO3 ―› 3SO2 + 4NO + H2O

3S + 4HNO3 +12e- ―› 3SO2 + 4NO + H2O + 12e- 
Some people write this out but of course the electrons will cancel out – If they don't you did step 2 wrong!!!

Step 4: Balance any 'spectators' (are not part of the REDOX-
3S + 4HNO3 ―› 3SO2 + 4NO + 2H2O

Review single replacement reaction on pgs. 8+9
Cells-Remember red. cat. and an. ox. to label electrodes properly.

Electrodes – Frankenstein – electrical connectors
Reduction occurs at the Cathode 
AND 
Oxidation occurs at the anode
This applies to both the cells we'll discuss.

1. Voltaic cell- spontaneously converts chemical potential energy into electrical energy.  (It’s a Battery!)

Be familiar with the look these voltaic cells below – provides power, current, registers a reading in a voltmeter etc…
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You must identify anode, cathode, salt bridge, electron flow…. 
Salt Bridge-  Prevents a build-up of charge at the electrodes by allowing ions to migrate.  Without a salt bridge the reaction would stop.   
2. Electrolytic cells- require electrical energy to produce a chemical change.  This is called electrolysis.  (The electrical energy would come from a source of voltage like a battery)
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Questions:

Write the half reactions:

@ the cathode






@ the anode
Reduction:








Oxidation:

2H+ + 2e-
( H2 






2O2- ( O2 + 4e-
Balanced half reactions: 

4H+ + 4e-
( 2H2 






2O2- ( O2 + 4e-
Net ionic reaction:
4H+ + 2O2-
( 2H2 
+ O2 

electrons go from the _________ to the __________










anode


cathode

Electroplating!

Electrolysis
Half reaction At the silver bar:

At the spoon:

Oxidation








Reduction

Ag(s) ( Ag+(aq) +1e-




Ag+(aq) + 1e- ( Ag(s)
NOTE:  old multiple choice regents sheets sometimes call voltaic cells electrochemical cells, so note that on
