UNIT XV - REDOX CHEMISTRY




I.  Oxidation Number - a number which represents the apparent charge of an atom within a compound


*  Rules for determining oxidation numbers:


1)  The oxidation number of an atom in an uncombined state (free element) is zero.



*  examples:
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2)  The oxidation number for a monatomic ion equals its charge.  The group I & II metals will ALWAYS



have an oxidation number equal to their usual charge.



*  examples:
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3)  The oxidation number for hydrogen is +1, except when it is a hydride  (H-1)


*  examples:
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4)  The oxidation number for oxygen is -2, except when it is a peroxide (O2-2) and its oxidation number is



-1, or in OF2 in which its oxidation number is +2 (F is more electronegative).



*  examples:
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5)  In binary molecular compounds, the more electronegative element gets an oxidation number which is



its most common charge in ionic compounds.



*  examples:
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6)  The sum of the oxidation numbers in a neutral compound is equal to zero.  The sum of the oxidation



numbers in a polyatomic ion is equal to the ion’s charge.

Find the oxidation numbers for the following:


*Note that in the answers the lower (bigger) numbers are the actual oxidation numbers

* The smaller numbers above are the totals including the subscripts.  These are the numbers


that must add up to the total charge of the molecule as illustrated in Rule #6
T.  
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II.  Intro to oxidation and reduction


A. oxidation - two definitions:



1)  Old:  process in which a substance reacts with oxygen




example:   4 Fe(s) + 3 O2(g) ( 2 Fe2O3(s) 



2)  New:  process in which the oxidation number of a substance increases;  electrons are lost

B. reduction - two definitions:



1)  Old:  process in which a substance loses oxygen




example:    2 Fe2O3(s) + 3 C(s) (  4 Fe(l) + 3 CO2(g)


2)  New:  process in which the oxidation number of a substance decreases;  electrons are gained


C.  Redox Reaction - reaction in which electrons are transferred (one reduction and one oxidation)



- in any redox reaction, the oxidation number of one element will increase, the other will decrease

III.  Balancing Redox Reactions


- works better than the “hit and miss” for the more complex reactions


- two methods;  we will investigate one - balancing using oxidation numbers
FeCl3(aq) + Zn(s) (  ZnCl2(aq) + Fe(s)

Step 1:  Determine the oxidation numbers for the participants.  If necessary, balance the changing




element.




                  +3      -1                             0                                +2        -1                             0
FeCl3(aq) + Zn(s) (  ZnCl2(aq) + Fe(s)

Step 2:  Determine the oxidizing agent and the reducing agent, and the number




of electrons being transferred.  (balance subscripts if necessary)



                 +3        -1                             0                               +2       -1                              0
FeCl3(aq) + Zn(s) (  ZnCl2(aq) + Fe(s)
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Step 3:  Balance the electron transfers.  Use these balancers as coefficients on the




left side of the equation.  Balance the changing elements on the right.

FeCl3(aq) + Zn(s) (  ZnCl2(aq) + Fe(s)
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Step 4:  Balance the oxygen imbalance using H2O.

Step 5:  Balance the hydrogen imbalance using H+.

Step 6:  Balance any remaining components as necessary.


Step 7:  Make sure the charges balance.  If they do not, start over.

Balance the following redox reactions in acidic solution

T.
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8 H+ +     3 
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S.  Name the reaction type.  Is this a redox reaction?

Synthesis           
Yes      
1)  
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* Note that it is a redox reaction because the oxidation numbers change from reactants to products

(Na 0 ( +1  &  Cl  0 ( -1)
Single Replacement
Yes      
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* Note that only two elements’ oxidation numbers may change, the S and O do not in this case
Double Replacement
NO       
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* Note that no oxidation numbers change in this reaction; ions switch places, but no electrons are transferred
Decomposition  
Yes      
4)  
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Combustion       
Yes      
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-  oxidizing agent - substance being reduced; gaining electrons


-  reducing agent - substance being oxidized; losing electrons


** LEO the lion goes GER!!!!!

S.  For each of the above reactions, identify the substance being oxidized, the substance being reduced, the 
oxidizing agent and the reducing agent:



Oxidized

Reduced

Oxidizing Agent

Reducing Agent
1)

Na


Cl2

Cl2


Na
2)

Ba


ZnSO4
ZnSO4

Ba
4)

KClO3

KClO3
KClO3

KClO3
5)

C4H10


O2

O2


C4H10 
IV.  Electrochemical Cells


A)  electrical current – the movement of charged particles (electrons or ions)



* because redox reactions involve a transfer of electrons, electrical current is created by 




these reactions


B)  electrochemical cell – device that uses redox reactions to either produce or use electricity
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*  electrodes – points in a circuit made of conducting materials, such as metal or graphite




- this is where the actual redox reaction occurs



* half-cells – containers which hold an aqueous solution of ions that match the electrode


*  salt bridge – connects the two half-cells with an aqueous solution of a salt that doesn’t




interact with the electrodes;  balances charge as reaction proceeds





* Examples:  Na+, K+, NO3-1, SO4-2 ions


*  cathode – electrode at which reduction occurs; electrons are gained



*  anode – electrode at which oxidation occurs;  electrons are lost

V.  Voltaic Cells


- first battery created in 1800 by Alessandro Volta – alternating discs of different metals separated



by leather soaked in salt water


A)  How does it work?  Use the reaction:   Zn(s) + CuSO4(aq) (  ZnSO4(aq) + Cu(s)


1)  Divide it into ½ reactions:




Zn(s) (  Zn+2(aq) + 2 e-

AND

Cu+2(aq) + 2 e- (  Cu(s)


2)  Set up the cell so each metal electrode is in separate compartments separated by a salt bridge


B)  Cell Potential – a measure of the force “pushing” the electrons from the anode to the cathode



* measured in volts


* the more spontaneous the reaction, the higher the voltage



* since voltage depends on these, we will calculate based on the conditions:




25oC

all solutions are 1 M

pressure is 1 atm



Ecell = Eoxidation + Ereduction


* each type of electrode has a different reduction potential




+ E means it is very spontaneous, - E means it is very nonspontaneous


* switching the direction of the reaction switches the sign of the Eo
Standard Reduction Potentials

(Ionic Concentrations:  1M Water at 298K and 101.3 kPa)

	Half Reaction
	Eo (volts)
	Half Reaction
	Eo (volts)

	F2(g) + 2e- (  2 F-
	+2.87
	Sn+2 + 2 e-  (  Sn(s)
	-0.14

	PbO2 + 4H+ + SO4-2 + 2e- ( PbSO4 + 2 H2O
	+1.69
	Ni+2 + 2 e- (   Ni(s)
	-0.26

	8 H+ + MnO2- + 5e- (  Mn+2 + 4 H2O
	+1.51
	Co+2 + 2 e- (  Co(s)
	-0.28

	Au+3 + 3 e- (  Au(s)
	+1.50
	PbSO4 + 2e- ( Pb + SO4-2
	-0.35

	Cl2(g) + 2 e- (  2 Cl-
	+1.36
	Cd+2 + 2 e- (  Cd(s)
	-0.40

	14 H+ + Cr2O7-2 + 6 e- (  2 Cr+3 + 7 H2O
	+1.23
	Fe+2 + 2 e- (  Fe(s)
	-0.45

	4 H+ + O2(g) + 4 e- (  2 H2O
	+1.23
	Cr+3 + 3 e- ( Cr(s)
	-0.74

	4 H+ + MnO2 + 2 e- (  Mn+2 + 2 H2O
	+1.22
	Zn+2 + 2 e- (  Zn(s)
	-0.76

	Br2(l) + 2 e- (  2 Br-1
	+1.09
	2 H2O + 2 e- (  2 OH-1 + H2(g)
	-0.83

	Hg+2 + 2 e- (  Hg(l)
	+0.85
	Mn+2 + 2 e-  (  Mn(s)
	-1.19

	Ag+1 + e- (  Ag(s)
	+0.80
	Al+3 + 3 e-  (  Al(s)
	-1.66

	Hg2+2 + 2 e- (  2 Hg(l)
	+0.80
	Mg+2 + 2 e-  (  Mg(s)
	-2.37

	Fe+3 + e- (  Fe+2
	+0.77
	Na+1 + e- (  Na(s)
	-2.71

	I2(s) + 2 e- (  2 I-1
	+0.54
	Ca+2 + 2 e- (  Ca(s)
	-2.87

	Cu+1 + e- (  Cu(s)
	+0.52
	Sr+2 + 2 e- (  Sr(s)
	-2.89

	Cu+2 + 2 e- (  Cu(s)
	+0.34
	Ba+2 + 2 e- (  Ba(s)
	-2.91

	4 H+ + SO4-2 + 2 e- (   SO2(aq) + 2 H2O
	+0.17
	Cs+1 + e- (  Cs(s)
	-2.92

	Sn+4 + 2 e- (  Sn+2
	+0.15
	K+1 + e- (  K(s)
	-2.93

	Cu+2 + e- ( Cu+ 
	+0.15
	Rb+1 + e- (  Rb(s)
	-2.98

	2 H+ + 2 e- (  H2(g)
	0.00
	Li+1 + e- (  Li(s)
	-3.04

	Pb+2 + 2 e- (  Pb(s)
	-0.13
	
	


T.  Suppose you are constructing a cell composed of a silver electrode in a solution of silver ions in one half, and an aluminum electrode in the other half.


1)  Write the appropriate half-reactions for the cell



Cu+2(aq) + 2e- (  Cu(s)  
Eoreduction = +0.34 V



Zn+2(aq) + 2 e- (  Zn(s)

Eoreduction = -0.76 V



*because copper’s value for E is higher, it will get reduced and zinc will be oxidized




* The idea is that you MUST switch one of the two half reactions (one thing must




oxidize, and one thing must reduce).  Switch the reaction that makes sure the





total potential (Eo) is positive.

2)  Determine which electrode will be at the cathode (+) and which will be at the anode (-)



Cu is being reduced, so it is at the cathode; Zn is at the anode




RED CAT – REDuction at the CAThode
AN OX – The ANode does OXidation

3)  Calculate the standard cell potential


*because Zn has the greater potential, its reaction must be reversed to make it positive:




Zn(s) (  Zn+2 + 2 e-
Eooxidation = +0.76 V



*The Cu half-reaction remains the same:




Cu+2 +  2e- (  Cu(s)     Eoreduction = + 0.34 V



*so the overall potential (voltage) is:




Zn(s) (  Zn+2 + 2 e-

Eooxidation = +0.76 V




Cu+2 + 2 e- (  Cu(s)    

Eoreduction = + 0.34 V



----------------------------------------------------------------------




Zn(s) + Cu+2 (  Cu(s) + Zn+2    Eo = +1.10 V

S.  For the following voltaic cells:


a)  write the appropriate half-reactions and determine the overall reaction


b)  determine the cathode and anode


c)  calculate the potential

1)  A battery containing  Cu/Cu+2 and and Fe/Fe+2

Cu+2 + 2 e- ( Cu

Eo = +0.34 V

Fe ( 2 e- + Fe+2

Eo = +0.45 V
*Switching this ½ reaction makes Eo positive
Overall:
Fe + Cu+2 ( Cu + Fe+2
Eo = +0.79 V
cathode – Cu
anode - Fe
2)  A battery containing Ag/Ag+1 and Mg/Mg+2

2Ag+1 + 2 e- ( 2 Ag

Eo = +0.80 V
*doubled the reaction to balance e-

Mg ( 2 e- + Mg+2

Eo = +2.37 V
*switched this reaction
Overall:
Mg + 2 Ag+1 ( 2 Ag + Mg+2
Eo = +3.17 V
cathode – Ag
anode - Mg
3)  A battery containing Cr/Cr+3 and Co/Co+2

2Cr+3 + 6 e- ( 2 Cr

Eo = +0.74 V



3Co ( 6 e- + 3Co+2

Eo = -0.28 V
*remember, one reaction MUST switch
Overall:
3Co + 2Cr+3 ( 2Cr + 3Co+2
Eo = +0.46 V
cathode – Cr
anode – Co
VI.  Batteries – 4 common types


* batteries are chemical galvanic cells, by themselves or placed in series (total Eo = E1 + E2 + …)

A)  Dry Cell – non-rechargable battery (reverse redox reaction is too difficult)


* composed of Zn container w/ ZnCl2 , 

MnO2, NH4Cl, and water paste


* paper between Zn and paste acts as salt 

bridge, graphite down center is electrode

oxidation:        Zn(s) (  Zn+2(aq) + 2 e-
reduction:  2 MnO2(s) + 2 NH4+(aq) + 2 e- (  Mn2O3(s) + 2 NH3(aq) + H2O(l)

advantages:  cheap


disadvantages:  can’t recharge, rapid current 

causes 1.5V potential to drop, short shelf life

B)  Alkaline Dry Cell – non-rechargable battery



*KOH replaces NH4Cl in  the dry cell paste



oxidation:

      Zn(s) + 2 OH-1(aq) (  ZnO(s) + H2O(l) + 2 e-


reduction:

2 MnO2(s) + H2O(l) + 2 e-  (  Mn2O3(s) + 2 OH-1(aq)


advantages:  1.5V holds under greater strain, longer shelf life



disadvantages:  more expensive


C)  Lead Storage Battery – rechargeable – used in cars


* alternating sheets of Pb and PbO2 in a solution of H2SO4


* 6 cells at 2V each in series ( 12V potential



oxidation:

   Pb(s) + SO4-2(aq) (  PbSO4(s) + 2 e-

anode


reduction:    
PbO2(s) + 4 H+(aq) + SO4-2(aq) + 2 e- (  PbSO4(s) + 2 H2O(l)
cathode











~2V


* as car is jarred, PbSO4 falls off the electrodes, making it hard to recharge



*  disadvantage:  lots of lead (  toxic and heavy



* battery can explode if “jump started” because current from other battery causes




electrolysis of water (see p.12), producing H2 and O2 gases


D)  Nickel-Cadmium Battery – rechargeable


oxidation:

Cd(s) + 2 OH-1(aq)  (  Cd(OH)2(s) + 2 e-


reduction:
NiO2(s) + 2 H2O(l) + 2 e- (  Ni(OH)2(s) + 2 OH-1(aq)


* disadvantage:  better if discharged completely before recharging



* other batteries:  silver batteries, mercury batteries (calculators)


E)  Solid-State Lithium Cell – look at the reduction potential for lithium



* advantage: can make very small, rechargeable



* disadvantage: relatively expensive




F)  Hydrogen Fuel Cells – used by space shuttle – eventually cars?????



oxidation:
2 H2(g) + 4 OH-1(aq)  (  2 H2O(l) + 4 e-


reduction:   
O2(g) + 2 H2O(l) + 4 e- (  4 OH-1(aq)


* runs in hot KOH solution



* reaction produces usable water (no major waste)



* requires constant input of reactants

VII.  Electrolytic Cells – require input of electricity to operate


*  usually uses inert electrodes (like graphite)


A)  Electrolysis of molten sodium chloride



oxidation:   
2 Cl-1(aq) (  Cl2(aq) + 2 e-


reduction:     
2 Na+1(aq) + 2 e- (  2 Na(l)



       
----------------------------------------





2 NaCl(l) (  2 Na(l) + Cl2(g)


* this is how metallic sodium is produced


B)  Electrolysis of Water



oxidation:

2 H2O(l) (  4 H+(aq) + O2(g) + 4 e-


reduction:

4 H2O(l) + 4 e-     (  2 H2(g) + 4 OH-1(aq)


* overall reaction:    
2 H2O(l) (  2 H2(g) + O2(g)


* not a practical source of oxygen gas or hydrogen gas


C)  Electroplating – deposits a thin coat of metal on an object



* object to be coated is made the cathode (attracts electrons to become (–) charged)



* a bar of the plating metal is placed in solution to become the anode



* the plating metal ionizes, drifts through the solution to the cathode and attaches itself



* voltage is kept low to prevent oxidation of water
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