Limiting Reagent and Theoretical Yield

Determining Limiting Reagent and Theoretical Yield using ICE Tables

Here is a general procedure to follow for limiting reagents: 

1. Check to be sure you have a balanced equation and set up the ICE table. 

Example
	
	4 NH3(g)
	+   5 O2(g)
	(
	4 NO(g)  +
	6 H2O(g)

	I
	
	
	
	
	

	C
	
	
	
	
	

	E
	
	
	
	
	


2. Begin filling in the ICE table by writing in the initial mole amount of each species, which can be converted from grams using molar mass. (Fill in the “I” lines—the first line under the chemical equation).
Example

How many grams of NO form when 1.50 g of NH3 reacts with 1.85 g of O2?
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	4 NH3(g)
	+   5 O2(g)
	(
	4 NO(g)  +
	6 H2O(g)

	I
	0.0881 mol     
	0.0578 mol       
	
	0 mol
	0 mol        

	C
	
	
	
	
	

	E
	
	
	
	
	


3. Fill in line C of the ICE table, the change in the number of moles of all species.

· This is represented by the variable x. Remember to bring your coefficient in the balanced equation into the C row and multiply it by x.       

· The change for reactants will by minus, since you are losing some of the reactant, and the change for products will be plus, since you are forming product.

Example
	
	4 NH3(g)
	+   5 O2(g)
	(
	4 NO(g)  +
	6 H2O(g)

	I
	0.0881 mol
	0.0578 mol
	
	0 mol
	0 mol

	C
	-4x
	-5x
	
	+4x
	+6x

	E
	
	
	
	
	


4. Determine how many moles will it require to use up each of the reactants and choose the smallest value to use for x
Example

0.0881 mol NH3 (g) -4x = 0  →   x = 0.0220 mol

0.0578 mol O2 (g) -5x = 0
→
x = 0.0116 mol   (gives smaller x therefore limiting!)
5. Fill in line E of the ICE table, this is by adding the initial moles to the change in moles from rows one and two of your table
Example
	
	4 NH3(g)
	+   5 O2(g)
	(
	4 NO(g)  +
	6 H2O(g)

	I
	0.0881 mol
	0.0578 mol
	
	0 mol
	0 mol

	C
	-4x
	-5x
	
	+4x
	+6x

	
	0.0881 mol-4(0.0116 mol)
	0.0578 mol-5(0.0116 mol)
	
	4(0.0116 mol)
	6(0.0116 mol)

	E
	0.0418 mol         
	0 mol          
	
	0.0463 mol     
	0.0694 mol


· The extra line in the ICE Table just demonstrates my thinking process
6. Use the information from row E to determine other information such as the mass of product produced or the amount of excess reactant
Example
How many grams of NO form when 1.50 g of NH3 reacts with 1.85 g of O2?
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Example


How much of the excess reactant remains after the limiting reactant is completely 


consumed? 
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Questions

(Please try these problems using the ICE table Approach)

1. A reaction mixture contains 70.0 g of Fe3O4 and 12.0 g of O2 and the reaction below is allowed to occur.

4 Fe3O4 (s)   +     O2 (g)   (    6 Fe2O3 (s)

a) How many grams of Fe2O3 will be generated?

b) How much of each reagent will remain after the reaction has gone to completion?

c) If 59.6 grams of Fe2O3 are produced, what is the percent yield of the reaction?
2. Sulfur dichloride reacts with sodium fluoride according to the equation:

3 SCl2(l)  +  4 NaF(s)  (  SF4(g)  +  S2Cl2(l)  +  4 NaCl(s)

If 30.00 g of SCl2  and 20.00 g of NaF react to yield 8.00 g of SF4, what is the percent yield of SF4?

 Solutions

1. A reaction mixture contains 70.0 g of Fe3O4 and 12.0 g of O2 and the reaction below is allowed to occur.

4 Fe3O4     +       O2  

(      6 Fe2O3



	I
	0.302 mol     
	0.375 mol    
	
	0 mol       

	C
	-4x
	-x
	
	+6x

	E
	0 mol

	0.299 mol
	
	0.453 mol


Initial moles of reactants to insert above
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Possible X’s
               0.302 mol = 4x

x = 0.375 mol  
                 X =0.0755 mol
 choose smaller value
a. How many grams of Fe2O3 will be generated?
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b. How much of each reagent will remain after the reaction has gone to completion?


[image: image7.wmf]remain

 

O

 

9.57g

O

 

mol

 

1

O

 

g

 

32.00

O

 

mol

 

0.299

2

2

2

2

=

´


c. If 59.6 grams of Fe2O3 are produced, what is the percent yield of the reaction?
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2. Sulfur dichloride reacts with sodium fluoride according to the equation:

3 SCl2(l)  +  4 NaF(s)  (  SF4(g)  +  S2Cl2(l)  +  4 NaCl(s)

If 30.00 g of SCl2  and 20.00 g of NaF react to yield 8.00 g of SF4, what is the percent yield of SF4?
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3 SCl2(l)  +     4 NaF(s)    ------>    SF4(g)  +    S2Cl2(l)    +    4 NaCl(s) 

	I
	0.2915 mol
	0.4763 mol
	
	----
	----
	----

	(
	-3x
	-4x
	
	+x
	+x
	+4x

	E
	0
	0.0876 mol
	
	0.09717 mol
	0.09717 mol
	0.3887 mol


     0.2915 mol =3x     0.4763 mol = 4x


x = 0.09717 mol      x = 0.1191 mol
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                      Choose smaller value

[image: image11.wmf]NaF

 

mol

 

4763

.

0

NaF

 

g

 

1.99

4

NaF

 

mol

 

1

NaF

 

g

 

00

.

20

SCl

 

mol

 

2915

.

0

SCl

 

g

 

9

.

102

SCl

 

mol

 

1

SCl

 

g

 

00

.

30

2

2

2

2

=

´

=

´


� EMBED Equation.3  ���





� EMBED Equation.3  ���








[image: image12.wmf]  

yield

 

76.3%

100%

expected

 

SF

 

g

 

49

.

10

yield

 

SF

 

g

 

8.00

 

 

yield

 

%

SF

 

g

 

10.49

 

SF

 

mol

 

1

SF

 

g

 

108.0

SF

 

mol

 

09717

.

0

 

SF

 

g

 

?

4

4

4

4

4

4

4

=

´

÷

÷

ø

ö

ç

ç

è

æ

=

=

´

=

_1112617799.unknown

_1112620089.unknown

_1112620236.unknown

_1112620035.unknown

_1112619984.unknown

_1075724526.unknown

_1075725072.unknown

_1014860944.unknown

_1075724184.unknown

_1014860125.unknown

