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ICE diagrams
When a reversible reaction takes place a state of equilibrium will be 
reached where the concentrations remain the same. In this case the 
equilibrium constant can be used to set up an equation describing the state 
of the reaction. 
For example for the following reaction A + B ↔ C+ D will have an equilibrium 
equation like 

keq= [C][ D]
         [ A][ B]

*The task now is to determine the 
concentrations at equilibrium given some 
initial or final condition. This is the purpose 
of the ICE Diagram. *
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The ICE Diagram 

The trick is to set up the above equation remembering that any 
change in concentration must be consistent with the  chemical 
reaction that is the heart of the matter. The ICE Diagram is a 
table in which the columns represent the different molecules. 
The different rows are described below. 

● First row for the Initial concentrations (I): Place the initial 
concentrations for each molecule on the first row. 

● Second row for the Change in concentrations (C): Here 
create a variable designating the change in concentrations due 
to the reaction. Here we assume a net direction for the reaction 
and give the assumed reactants a negative sign and the product 
a positive sign. For example in the above reaction (assuming 
that the reaction flows from right to left) the change in 
concentration of A and B can be called x and the change in 
concentration for C and D is +x. In the case that coefficients 
exits indicating that more than one of a particular
molecule is involved, the change row must reflect this. 
Consider the following
reaction:

2A + B ↔ 3C+ D
We can let x represent the change in concentration of B or D.

ΔA = 2x, ΔB = x, ΔC = +3x, ΔD = +x

• Third row for the Equilibrium concentration (E): This is 
just the initial concentrations plus the change in 
concentrations.
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2NH3(g)   N2(g)  + 3H2(g)

When 4.0 mol of NH3(g) is introduced into a 2.0L rigid container and heated to a particular 
temperature, the amount of ammonia changes to 2.0 mol.  Determine the equilibrium 
concentration of the other two entities.

Ex 1

Ex 2

Ex 3a)

b)
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2NH3(g)   N2(g)  + 3H2(g)

When 4.0 mol of NH3(g) is introduced into a 2.0L rigid container and heated to a particular 
temperature, the amount of ammonia changes to 2.0 mol.  Determine the equilibrium 
concentration of the other two entities.

For the system, if we start with 0.010 mol/L of H2 and I2 and 0.096 mol/L of 
HI, what are their concentrations at equilibrium given that Keq= 0.016?

Ex 1

Ex 2

Ex 3
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N2  + 3H2 2NH3

I

C

E

3.0 1.0 0
x 3x +2x

3.0x 0.663 2x

1.03x =0.663

Ex 1

X = 0.112

[N2 ] = 2.89 mol/L

[NH3 ] = 0.224 mol/L
3.0x = 3.00.112

2x = 2(0.112)
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2NH3(g)   N2(g)  + 3H2(g)

When 4.0 mol of NH3(g) is introduced into a 
2.0L rigid container and heated to a particular 
temperature, the amount of ammonia 
changes to 2.0 mol.  Determine the 
equilibrium concentration of the other two 
entities.

I

C

E

NH3(g) initial =4.0 mol/2.0L = 2 M

NH3(g) equilibrium 2.0 mol/2.0L =  1 M 

 
2NH3(g)   N2(g)  + 3H2(g)

2.0  0 0

2x +x +3x

1.0 x 3x

2.0  2x = 1.0

Ex 2

[N2]= 0.50 mol/L

[H2]= 1.5 mol/L

x

3x
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Ex 3
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For the system, if we start with 0.010 mol/L of H2 and I2 and 0.096 mol/L 
of HI, what are their concentrations at equilibrium given that Keq= 
0.016?

2 HI  H2 + I2

I

C

E

0.096 0.010 0.010

2x +x +x

0.096  2x 0.010 + x 0.010 + x

Ex 3



ICE diagram.notebook

13

April 10, 2018

x =0.0016

[HI] = 0.0962x = 0.093 mol\L

[H2 ] & [I2 ] = 0.010 + x = 0.012 mol/L
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For the system, if we start with 0.010 mol/L of H2 and I2 and 0.096 mol/L 
of HI, what are their concentrations at equilibrium given that Keq= 
0.016?

2 HI  H2 + I2

I

C

E

0.096 0.010 0.010

2x +x +x

0.096  2x 0.010 + x 0.010 + x

Ex 3
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Homework

Questions 14

Keq Extra Problems assignment 16 questions.docx
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Quiz Section 18.1 & 18.2 
Quiz Friday 

1. Considering the following equilibrium:

2AB
3(g)
  ↔  A

2(g)
  +  3B

2(g)

If 0.87 moles of AB3 are injected into a 5.0L container at 25oC, at equilibrium the final [A2] is found to be 0.070M.  (Hint: make a table and 
use it to answer the questions below).

Correction 
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18.1

18.2
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• Four factors that affect the rate of reaction
• rate measure of speed/interval of time
• key terms

18.2
• reversible reactions
• Le Chatelier's Principle factors affecting 

equilibrium
> Concentration  
– increased conc shifts to opposite side
– decreased conc shifts to same side

> Heat 
–  increase in temperature shifts to side 

without heat
– decrease in temp shifts to the side  with 

heat
> Pressure  
– increase in pressure shifts to side with 

least moles of gas  
– decrease in pressure shifts to side with 

most moles of gas
•  Keq = [C]c[D]d

[A]a[B]b

18.1

• [A]a  is a concentration value in mol/1.0 L or 
molarity(M)

• Keq > 1~ products favored
• Keq < 1~ reactants favored
• ICE tables 
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11.
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Quiz 18.1 & 18.2 

Section review answers

Practice quiz answers

SKMBT_50117110115160.pdf

SKMBT_50117110115161.pdf

SKMBT_50117110115162.pdf

review practice for 181 & 182 quiz.tst

Chem Help today 12:30 and 3:15  4:00
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MC

1. B

2. 

3.

4

5

6

7

8

9

10
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11. 
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0

Keq = [PCl5]

[PCl3][Cl2]
=
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[H2] =0.19

[I2] = 0.19

[HI] = 1.72(x)

1.7 2(0.19) 
= 1.32
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[D]21.4 x 104 = 
[0.24]3

(1.4 x 104 ) [0.24]3  = [D]2

D = 1.4 x 103  mol/L
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16. a  shifts left

b. shifts right

c. shifts right

d. shifts right 



ICE diagram.notebook

38

April 10, 2018



ICE diagram.notebook

39

April 10, 2018



ICE diagram.notebook

40

April 10, 2018



ICE diagram.notebook

41

April 10, 2018



Attachments

Keq Extra Problems assignment 16 questions.docx
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Chemistry 122

Calculations Involving Equilibrium Constants (Keq)



1. Given the equilibrium equation below:



A2(g)  +  B2(g)  ↔  2AB(g)



If, at equilibrium, the concentrations are as follows:



	[A2] = 3.45M		[B2] = 5.67M		[AB] = 0.67M



a) Write the expression for the equilibrium constant, Keq









b) Find the value of the equilibrium constant, Keq, at the temperature that the experiment was done. (0.023)









2. Given the equilibrium equation:



X2(g)  +  3Y2(g)  ↔  2XY3(g)



	at a temperature of 50oC, it is found that when equilibrium is reached that:



		[X2] = 0.37M		[Y2] = 0.53M		[XY3] = 0.090M



a) Write the equilibrium constant expression, Keq









b) Calculate the value of Keq at 50oC (0.147)

















3. For the reaction:	A2(g)  +  B(g)  ↔  2C(g)



It is found that by adding 1.5 moles of C to a 1.0L container, an equilibrium is established in which 0.30 moles of B are found.  Make a table and use it to answer the questions below.



















a) What is [A] at equilibrium? (0.30M)





b) What is [B] at equilibrium? (0.30M)





c) What is [C] at equilibrium? (0.90M)





d) Write the expression for the equilibrium constant, Keq.











e) Calculate the value for the equilibrium constant at the temperature at the experiment was done. (9.0)















4. [bookmark: OLE_LINK1]Considering the following equilibrium:



2AB3(g)  ↔  A2(g)  +  3B2(g)



If 0.87 moles of AB3 are injected into a 5.0L container at 25oC, at equilibrium the final [A2] is found to be 0.070M.  (Hint: make a table and use it to answer the questions below).







a) Calculate the equilibrium concentration of AB3 (0.034M)





b) Calculate the equilibrium of [A2] (0.070M)





c) Calculate the equilibrium of [B2] (0.21M)







5. Consider the reaction:



A(g)  +  B(g)  ↔  C(g)



a) In an equilibrium mixture the following concentrations were found:

[A] = 0.45M, [B] = 0.63M, and [C] = 0.30M.  Calculate the value of the equilibrium constant for this reaction. (1.06)













b) At the same temperature, another equilibrium mixture is analyzed and it is found that [B] = 0.21M and [C] = 0.70M.  From this and the information above, calculate the equilibrium [A]. (3.14M)















c) In another equilibrium mixture at the same temperature, it is found that [A] = 0.35M and [C] = 0.86M.  From this and the information above, calculate the equilibrium [B]. (2.32M)



















6. Two moles of gaseous NH3 are introduced into a 1.0L vessel and allowed to undergo partial decomposition at a high temperature according to the reaction:



2NH3(g)  ↔  N2(g)  +  3H2(g)



At equilibrium, 1.0 mole of NH3 remains.  Make a table and use it to answer the questions below.













a) What is the equilibrium for [N2]? (0.50M)







b) What is the equilibrium for [H2]? (1.50)







c) Calculate the value of the equilibrium constant at the temperature of the experiment. (1.69)



















7. When 0.40 moles of PCl5 is heated in a 10.0L container, an equilibrium is established in which 0.25 moles of Cl2 is present.  Make a table to answer the questions below.  Be sure to read all questions a-d before making your table.



PCl5(g) ↔  PCl3(g)  +  Cl2(g)



















a) Calculate the equilibrium concentration of each species:



[PCl5] = ____________		[PCl3] = ____________	[Cl2] = ___________





b) Calculate the value of the equilibrium constant, Keq, at the temperature of the experiment. (0.042)















c) What amount, in moles, of PCl3 is present at equilibrium? (0.25 moles)







d) What amount, in moles, of PCl5 is present at equilibrium? (0.15 moles)









8. A mixture of H2 and I2 is allowed to react at 448oC.  When equilibrium is established, the concentrations of the participants are found to be:



[H2] = 0.46M		[I2] = 0.39M		[HI] = 3.0M



The equation is: 



H2(g)  +  I2(g)  ↔  2HI(g)



a) Calculate the value of Keq at 448oC. (50.17)













b) In another experiment mixture of the same participants at 448oC, the concentrations of I2 and H2 are both 0.050M.  What is the equilibrium concentration of HI? (0.35M)











9. The Keq for the reaction:



PCl5(g) ↔  PCl3(g)  +  Cl2(g)



at 250oC is found to be 0.042.  In an equilibrium mixture of these species, it is found that [PCl5] = 0.012M, and [Cl2] = 0.049M.  What is the equilibrium of [PCl3] at 250oC? (0.010M)















10. At a certain temperature the reaction:



CO(g)  +  2H2(g)  ↔  CH3OH(g)



has a Keq = 0.500. If a reaction mixture at equilibrium contains 0.210M CO and 0.100M H2, what is the equilibrium [CH3OH]? (1.05 x 10-3M)



















11. At a certain temperature the reaction:



CO(g)  +  H2O(g)  ↔  CO2(g)  +  H2(g)



has a Keq = 0.400.  Exactly 1.00 moles of each gas was placed in a 100.0L vessel and the mixture was allowed to react.  Find the equilibrium concentration of each gas. (0.01M)























12. The reaction:   2XY(g)  ↔  X2(g)  +  Y2(g)



has a Keq = 35 at 25oC.  If 3.0 moles of XY are injected into a 1.0L container at 25oC, find the equilibrium [X2] and [Y2]. (1.38M) ([XY] = 0.24M)























13. If 1.0mol of H2 is mixed with 1.0mol of I2 in a 0.50L container and allowed to react at 448oC, how many moles of [H2] & [I2] are formed at equilibrium (actual yield) Keq = 50  



The equilibrium constant for the reaction:



H2(g)  +  I2(g)  ↔  2HI(g)

































a) What is the equilibrium of [HI]? (3.12M)  

















14. [bookmark: _GoBack]Given the equilibrium equation:



3A(g)  +  B(g)  ↔  2C(g)



If 2.50mol of A and 0.500mol of B are added to a 2.00L container, an equilibrium is established in which the [C] is found to be 0.250M.



a) Find [A] and [B] at equilibrium. ([A] = 0.875M, [B] = 0.125M)



















b) Calculate the value of the equilibrium constant, Keq. (0.746)

















15. At 800oC, the equilibrium constant, Keq, for the reaction is 0.279:



CO(g)  +  H2O(g)  ↔  CO2(g)  +  H2(g)



If 1.50mol of CO2 and 1.50mol of H2 are added to a 1.00L container, what would the [CO] be at equilibrium? (0.52M)

















16. At a certain temperature, Keq, for the reaction is 5.0:



3C2H2(g)  ↔  C6H6(g) 



If the equilibrium concentration of C2H2 is 0.40M, what is the equilibrium concentration of C6H6? (0.32M) 
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