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4l Class Notes
5) Equi l ibr ium l-  lV

On the test, you will be expected to:
-  Understand the relat ionship between equi l ibr ium and

I The rate of the forward and reverse directions of a reaction
I The concentrations of reactants and products
r The free energy of a reaction ( A G,*n)

- Write equilibrium constants for homogeneous and heterogeneous reactions
- Understand the relationship between the equilibrium constant (K.o) for a reaction and

I The relative amounts of products and reactants at equilibrium
r The activation energies for the forward and reverse directions of a reaction
f The rate constants for the forward and reverse directions of a reaction
I The standard-state free energy of a reaction ( A Gon" )

- Distinguish A 6on and A Gon'
- Understand the relationship between the reaction quotient (Q) for a reaction and

I The direction in which a reaction is spontaneous
I The relative amounts of products and reactants, compared to equilibrium
I The rates of the forward and reverse directions of a reaction as'the system equilibrates
I llChatlier's Principle (including effect of changing volume and temperature)

- Write equilibrium constants for combined reactions (Hess,s Law)
- ldentify equilibrium in graphs of concentration vs time and rate vs time
- Compare Q and Keq in graphs of concentration vs time and rate vs time
- Compare the rates of the forward and reverse reactions in graphs of concentration vs time
- Calculate equi l ibr ium quant i t ies using the RICE table technique
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Review Problems

Considertheequilibrium Hzk) + 0.5 Orkt ? HzO(er AHFrn - _242k1/mol
Assume that the rates of the forward and reverse directions of the reaction are given by

J > � C > ' & � � mG � ' y
�

J J � C J ' & � � �

1 K A F ? � 9 F � M ûL J 9 > 9 K L � K H = ; L J G H @ G L G E= L = J - � 9 � ; @ = E� K L � J = ; G J < = < � L @ = � > G � G O A F ? � = P H = J � [
= F L 9 û� < 9 L 9 � > G J � L @ =

J = 9 ; L A G F � 9 L � � ! c

Time (ns) � � � � � � � � � � � � � � �

' & � � � +� G 
 � �� � � � � � � � � � � � G c� � G 
 � � � 
 � � � 
 � � G 
 � �

' � � � � +�� � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � �

m& � � � � +�� G 
 � � G 
 � � � 
 � � � 
 � � G 
 � � � � � � G c� � � � � � G � � �

L. Make a plot of conceRtration vs. time below. Draw curves for H2, 02, and H2o.
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2. On your graph above, draw a vertical dotted line separating the 'equilibrium' and 'non-equilibrium,

stages of Reaction A. Clearly label each stage.

3' ln the equilibrium stage, the concentrations of reactants and products are towluqt

4. Complete the table below by calculating the rates of the forward and backward reactions at each
time. Use C = 1012" Use scientific notation!

5' Make a plot of rate vs time below. Draw curves for both the forward and reverse rates.
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Write an expression for the equilibrium constant, K., of Reaction A.
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Determine the valJe of K. from your graph in question 1.
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6. On your graph above, draw a vertical dotted line separating the 'equilibrium' and 'non-equilibrium,
stages of Reaction A. Clearly label each stage.
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L0. Determine the value of AG;o*,, for Reaction A. {R = 9.314 x j.0-3)
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Ll-. Draw a reaction profile for Reaction A below. Be sure to label the reactants, products, and the
transition state. aG ^ I
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L2. Label the activation energies for the forward and reverse reactions on your graph above. Label AGI*'.

13. Acioxn for reaction A is (circle one):

14. Reaction A is (circle one): spontaneous

15. Explain your answer to #14.

non-spontaneous ( not enough information

ILg S7""fa^eil, * * c\e-^ica\ rea.cfLh )eTerJs o^ a(trrn,nci only

Y� X ¡ k
 ā üüġ�ćĞ Ā
2 Ĭ

�
2 
 Ą

ý 7 � T @ O� �>

Ò; ěĄĞS Ē

B hê

� ęġ â

� � � ånBrl".,&

a^ i)^(e,-

Ã
¶

Ďģ � ē L


 = $ É� e:

� { �



L6' Complete the following table comparing K"q, AGPxn, and activation energies for ANy equilibrium.

17. Complete the table below by calculating e for Reaction A at each time.

18. Make a plot of Qvs time below. Draw curves for both e and Keq.z
V v

) ; �

Å

19. What happens to the value of Q over time?
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20. Complete the table below by calculating AG.*n at each time.

21-. Make a plot of AG."n vs time below Draw curves for both AG.",, and AG|rr,.
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What happens to the value of AG.",, over time?

Ave. hnu, a6rxn affnai^A5 A, i^
In olwy,,J2 tw *sfe ̂
^??rodcres eTrltbrtw.

At the start of the experiment (time = 0s) ...
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... q is (circle one):

... Q is (circle one): � ) ; � � � ) ;

24, ... the concentration of products is relatively too (circle one): @ A ? @

26. ... the reaction is spontaneous to the (circle one):

27. complete the following table comparing e, Keq, concentrations, rates of
for ANY reaction:

left
(reverse direction)

reaction, and spontaneity

products, reacta nts, neither
(choose one)

) , = r 1

(choose one)
right, left, equilibrium

(choose one)

.� Į Relatively too much J cĢ¬
I Ó � Spontaneous to the D ; $ ¨

. � ) ; Relatively too much 7 �� ĥ* ¾J
J > U J J Spontaneous to the ol"ilitnr'rn

. � ) ; Relatively too much fe'c*a''(l
�Ö � Spontaneous to the ftlhj'

28. For each of the graphs below, circle the larger quantity at time = 0s for the equilibrium A + B.
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29. Assume that Reaction A has come to equilibrium. Complete the following table comparing the effects
of imposing the following changes on the system. Indicate in which direction the equilibrium will shift
to minimize the change. Indicate whether the concentrations of each of the products and reactants
will have increased, decreased, or remained constant relative to before the change.
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