
Chemistry 102 Winter 2010 
 

 
Announcements 
1. Key for Exam 2 posted outside of PS 158. 
2. Final exam on Mar. 15, Monday.  

Comprehensive: Chapters 9-13. 
 Review sheet posted online. 
 
Today 
1. Shifting chemical equilibrium. 
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Use reaction tables (I-C-E tables) to … 
 
1.  Calculate the equilibrium constant 

-must know the concentrations of reactants 
and products at equilibrium 

 
2.  Calculate equilibrium concentrations 

-must know the equilibrium constant 
 
Practice: p.482, P-S Practice 13.6. 
 
    N2O4(g)          2NO2(g)  
I (M)  0.25     0.125 
C (M) 
E (M)         
 
Kc = [NO2]2/[N2O4] = ? 
 
2NO2(g)         N2O4(g) 
 
Kc = [N2O4]/[NO2]2 = 1.7 x 102 (Table 13.1) 
 
So Kc = [NO2]2/[N2O4] = 1/1.7x102 = 0.00588 
 
Kc(of reversed eqn) = 1/Kc(of unreversed eqn) 
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    N2O4(g)          2NO2(g)  
I (M)  0.25     0.125 
C (M) 
E (M)         
 
Kc = [NO2]2/[N2O4] = 0.00588 
 
Q = check against equilibrium 
    = (0.125)2/(0.25) = 0.0625  > 0.00588 
       (rxn is not at equilibrium) 
 
0.0625 is too large of a ratio of product 
concentrations over reactant concentrations to be 
at equilibrium … so need to decrease products 
and increase reactants … by speeding up the rate 
of 2NO2  N2O4 and slowing down the rate of 
N2O4  2NO2. 
(convert more products into reactants) 
(make fewer products, make more reactants) 
 
Kc = (0.125 – 2x)2/(0.25 + x) = 0.00588 
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Math (quadratic formula) 
 
Kc = (0.125 – 2x)2/(0.25 + x) = 0.00588 
 
(0.125)2 – 0.5x + 4x2 = 0.00588x + 0.00147 
 
4x2 – 0.50588x + 0.14155 = 0 
 
Use quadratic formula: x = (-b ± √b2-4ac)/2a 
=>  x = 0.0847  or  x = 0.0418 
 
   N2O4(g)          2NO2(g)  
I (M)  0.25     0.125 
C (M)   +x         -2x 
E (M)  0.25+x     0.125-2x  
x = 0.085 
E (M)  0.3347     -0.0444 (impossible)  
 
x = 0.042 
E (M)  0.2917     0.0414 
 
Check: 
Kc = [NO2]2/[N2O4] = 0.00588 
     = (0.0414)2/(0.2917) = 0.00588 
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Practice: Consider N2(g)  +  O2(g)          2NO(g) 
at 2300 K with Kc = 1.7 x 10-3.  If 0.15 mol NO 
is placed into 10.0-L flask and heated to 2300 K, 
what are the equilibrium concentrations? 
(another math trick to simplify the algebra) 
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Shifting an existing equilibrium 
 
At equilibrium, the concentrations stay constant 
(even though reactants and products are inter-
converting back and forth), and the forward and 
reverse rates of inter-conversion are equal. 
 
What happens if something external disturbs the 
existing equilibrium? 
 
Example: remove some reactant (reduce the 
concentration of reactant), Fig. 13.6, p.484 
 
=> the reaction adjusts to make more reactant, 
with a temporary decrease in the forward rate 
and increase in the reverse rate, until equilibrium 
is re-established. 
 
Le Chatelier’s principle: When a system at 
equilibrium is disturbed, the system will shift in 
a way that partially counteracts the disturbance. 
 
 



Chemistry 102 Winter 2010 

 7 

Usually when the disturbance is a change in 
concentration, it is the removal of product … to 
spur the reaction to make more product. 
 
Example: Haber-Bosch process for synthesizing 
ammonia from nitrogen and hydrogen. 
(Fig. 13.10, p. 495) 
 
N2(g)  +  3H2(g)          2NH3(g) 
 
K =     [NH3]2    at equilibrium concentrations 
   [N2] [H2]3 

 
Continually remove NH3 by liquefying 
(condensing) the gas using low temperatures, so 
Q < K. 
 
What happens to the forward and reverse rates? 
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Changes in volume or pressure of gaseous 
reactions also cause a shift in equilibrium 
 
Decrease the volume for gaseous particles by 
one-third => M = mol = 3 x mol  
      (L/3)    L 
Each concentration increases by x3. 
 
Example:  N2O4(g)          2NO2(g) 
 
K = [NO2]2/[N2O4] 
 
Q = (3x[NO2])2 / (3x[N2O4]) = 3 x K 
 
Q > K => too much product, make more 
reactant, temporary change in rates until 
equilibrium re-established. 
 
Le Chatelier’s principle predicts the system will 
try to alleviate the smaller volume by reducing 
the number of particles in the volume.  Make 
fewer particles by favoring N2O4 production. 
(1 N2O4 replaces 2 NO2) 
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The same result occurs if inert gas particles are 
injected into the volume to increase the total 
pressure in the system. 
 
Increasing the pressure, either by reducing the 
volume or adding extra gas particles, causes the 
reaction to favor the side of the reaction that has 
fewer gas particles and less pressure. 
 
Practice: Consider the synthesis of ammonia 
N2(g)  +  3H2(g)          2NH3(g).  What is a likely 
method of increasing production of NH3 by 
adjusting the reaction volume and/or pressure? 
Why should this method succeed? 
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Changes in temperature cause a shift in 
equilibrium 
 
From previous notes, 
cis-2-butene          trans-2-butene ΔH < 0 
Kc  T (K)    (exothermic, p. 434) 
1.65  500 
1.47  600 
1.36  700 
 
An increase in temperature, causes a decrease in 
K … higher temperatures favor more reactants. 
 
Think of exothermic reaction as 
cis          trans  +  thermal energy 
 
Stressing the equilibrium reaction with more 
energy (higher temperature) causes the reaction 
to compensate by reducing its production of 
energy.  Make less energy, less product; make 
more reactant. 
 
Note that a change in temperature actually 
changes the equilibrium constant, not just 
temporary changes in rates. 
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Practice: Problem 13.38, p.499. 
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Equilibrium Constants in Terms of Pressure 
 
aA(g)  +  bB(g)          cC(g)  +  dD(g) 
 
Kc = [C]c[D]d 
   [A]a[B]b 
 
Kp = equilibrium constant expressed in terms of 
partial pressure (Ch. 10).  Gas equilibria only. 
 
Kp = PC PD 
   PA PB 
 
How are Kp and Kc related? 
 
PV = nRT     PA =  nART    nA/V = mol/L = M 
        V 
So PA = [A]RT 
 
Substitute [X]RT into Kp and do algebra … 
 
Kp = Kc(RT)Δn 

 
Δn = final moles of gas – initial moles of gas 
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Example: N2(g)  +  3H2(g)          2NH3(g) 
Kc = 3.5 x 108 at 25 °C.  What is Kp at 25 °C. 
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Announcements 
1. Key for Exam 2 posted outside of PS 158. 
2. Final exam on Mar. 15, Monday.  

Comprehensive: Chapters 9-13. 
 Review sheet posted online. 
 
OWL HW deadlines 

Due Date Assignment 
3/15/10 Chapters 9-13 

Extra Chapter 13 Problems: 1-5, 8-42, 47-48, 
50-52, 54-62, 65-70, 72. 
 
Before next class, 
1. Study Chapter 13.1.-13.6. 
2. Work on OWL HW. 
3. Bring questions for final exam review. 


