
1 

Ion-electron method of balancing oxidation-reduction method 

Reaction of dichromate and chlorine in acidic solution 

1. 	 Write two skeleton partial reactions and balance atoms other 
than hydrogen and oxygen. 

2Cl-	 ~ 

2. 	 Balance Hand ° atoms by adding H20 to the side deficient in 
oxygen and H+ to the side deficient in hydrogen. 

3. 	 Balance each half-reaction electrically using electrons. 

4. 	 Obtain the same number of electrons gained by one half­
reaction and lost by the other half-reaction by mUltiplying 
by the appropriate factors. (In this example, the least 
common multiple of 6 and 2 is 6 and so the second half­
reaction is mUltiplied by 3. 

5. Add partial equations to get final equation and cross off 
identical species on each side. 

2Cr3 + + 3Cl 2 + 
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Ion-electron Method/Acid Solution 
Example 2 

1. 	 Write skeleton partial equations for half reactions. 

3. Balance net charges via electrons. 

4. 	 Multiply each equation through by appropriate factor to 
balance electrons gained with electrons lost. 

5. 	 Add equations and cancel what is possible from each side. 
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Fo r alkaline solutions, all the steps are the same as 
soluti on e xcep t t h e second one. H+ ~annot be used. 
The f ol lowing reac tion takes place In alkaline solution. 

in acid 

1. Cr(OH) 63 - -) CrO .2 ­
4 

+ 

2 . 	 For reactions occurring in alkaline solution, OH- and H20 are used 
to b alance oxygen and hydrogen. For each oxygen that is needed, 
20H- i ons are added to the side o f the partial equation that is 
defi c ient, and one H20 molecule is added to the opposite side. For 
e ach hydrogen that is needed, one H20 molecule is added to the side 
t ha t is deficient, and one OH- is added to the opposite side. 

In the first partial equation, the right side is deficient by 2 
oxygen atoms. We add, therefore, 40H- to the right side and 2H20 
to the left. This addition takes care of oxygen balance only. 

CrO 
4 

:!- + 40W 

We need (as we originally needed' 6 more hydrogen atoms on the 
right and therefore add 6H20 to the right and 60H- to the l e ft. 

+ + Cr (OH) 6 3 - -) CrO 
4 

:!- + 40W + 

We can c onso l idate our a dditions: 

20W + Cr(OH)6 3 - -) CrO 
4 

2 - + 

The second partial equation is brought into material balance by 
the addition of 20H- to the right and one H20 to the left. 

H2O 	 + HO~ 
-

-) 30W 

0 ­3. 	 20H- + Cr (OH) 6 
3 -

-) CrO 
4 + 4H 2O + 3e ­

2e -	
+ R)O + HOo - -) 30H 

4. 	 40W + 2Cr(OH) 63 -
-) 2Cr04

2 - + 8H 2 O + 6e ­

6e -	

+ 3H2 O + 3HOo - -) 90H ­

-35. 2Cr (OH) 6 - + 3HO o -~ 2Cr04 , - + 5H 2 O + 50W 
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I on-electron Method/DisproportionatioE or Auto-Oxidation-
Reduction Reactions. 

Consider t h e f ollowing ske l e t on e quation f o r a reaction i n 
alkaline s o lution . 

I n this reac tio n , the same sub s t a n ce , Br2 , i s bo t h ox idi zed and 
reduc e d. 

1. 

2 . 

3. 

4 . 12 0H- + Br 

5 . 
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Oxidation number met hod f o r balancing reac tions 

For the react i on : HN0 3 + 	 + s + 

1) 	 Identify and wri t e oxidation numbers of elements undergoing 
oxidat i on or reduction. 

5+ 2- 2+ o 

+ 	 NO + S + 

2) 	 Us e coefficients t o make the total decrease ln ox i dation number 
equal to the t ot a l i ncrease in oxidati on number . 

N goes from 5+ to 2 +, a change of -3 

S goes from 2- to 0, a change of +2 


Therefore , the ni t rogen compounds take a coe fficient of 2 and 
t he sulfu r a coeffi c ient of 3 . 

2HN03 + 3H2 S ~ 2NO + 3S + H2 O 

3 ) 	 Complet e by inspection . 

2HN0 3 + 3H2 S ~ 2NO + 3S + 4H2O 

Charge and a toms of each element must balance 
Th i s 	 method may be used for net o r ionic equations in which 
only 	tho s e i ons and molecules that ac tually take part in the 
reaction a re shown . For example , the K+ i on does not take 
part 	i n the reaction of potasslum chlorate,KCl03 , with i odine 
a n d is not s hown in the equation. 

o 5 + 5 - 1­

I : o to 5+ , c hange of 5+ x 2 (f or each atom) 10+ 

(Each iodine a t om undergoes a n increase of 5 
s o the total change in oxidati on number here 
i s 10 + ) 

Cl : 5+ to 1- , c hange of 6 -	 6­

Lea s t common multiple is 3 0 

3) 	 Ignoring H20 , there are now 15 oxygen atoms on the left and 
18 oxygen atoms on the rlght. To make up 3 oxygen atoms 
on the left , 3H 2 0 molecules must be indicated. It then 
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fo l lows that the coefficient o f H+ must be 6 t o balance 
the hydrogen s o f t he H20 molecul es . 

An ionic equation mu s t ind icat e c hange ba l anc e as we ll a s mass 
balance. Since t he algebraic sum o f charges on the left , 5-, equals 
that of the r ight, 5- , the equation i s balanced. 


