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The Periodic Table



Chemical Reactions & Equilibrium

Equilibrium Constant (K)
Chemical reactions can be characterized by an equilibrium constant, K. This 
constant expresses the ratio of the “product of the products” to the “product of the 
reactants”.

K is a CONSTANT, which means it is always the same value for a given chemical 
reaction under like conditions (temp, pressure, etc.). So, once you know the value K 
for a reaction, it applies always to that reaction under like conditions!

For rxn:
aA + bB ⇄ cC + dD

K =



Chemical Reactions & Equilibrium

For this equation:

C6H12O6   +  O2 ⇌ H2O   +   CO2

1) Write out a balanced chemical equation (remember our useful rule of thumb!)

2) Find the K value if at equilibrium the following is observed:

[C6H12O6 ] = 0.5M
[O2 ] = 3M
[H2O ] = 2M
[CO2 ] = 3M



Chemical Reactions & Equilibrium

For this equation:

C6H12O6   +  6O2 ⇌ 6H2O   +   6CO2

Find the concentration of glucose if at equilibrium the following is measured:

[O2 ] = 2M
[H2O ] = 4M
[CO2 ] = 2M
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Now, what if we can look at a reaction WHILE it is occurring, and before it is finished? 
How does this compare with our equilibrium concept, and the Equilibrium Constant?

If we took a snapshot of our reaction and measure the amounts of the substances in 
use, we can still set-up the equation for the equilibrium value. BUT, since it is not yet 
at equilibrium, we can’t call it K. Instead, we call it Q, which is EXACTLY the same 
fraction set-up as before, but Q is when the reaction is in progress.

From before, for this reaction, aA + bB ⇄ cC + dD, we have:

K = Q =

Let’s learn this via an example!
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Let’s use this equation as our chemical reaction (decomposition of Nitric Oxide):

2NO ⇄ N2 + O2

Assuming equilibrium values of the following, find K.

NO = 1.0 atm
N2   = 1.0 atm
O2 = 1.0 atm

K = 
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Let’s use this equation as our chemical reaction:

2NO ⇄ N2 + O2

Assuming equilibrium values of the following, find K.

NO = 1.0 atm
N2   = 1.0 atm
O2 = 1.0 atm

K = [O2][N2] / [NO]2 = [1.0] [1.0] / [1.0]2 = 1.0
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2NO ⇄ N2 + O2

We know that the equilibrium value, K, is 1.0 for this reaction.
Let’s now compare two new sets of measurements for this reaction:

Measurement Set #1
NO = 4.o atm
N2   = 1.0 atm
O2 = 1.0 atm

Measurement Set #2
NO = 1.o atm
N2   = 2.0 atm
O2 = 2.0 atm
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2NO ⇄ N2 + O2

So what does this all mean?

Mathematically, we have three scenarios:
Q < K
Q = K
Q> K

Scientifically (i.e., reaction-wise), we have:
Q < K means not enough of the reaction has happened, and the rxn needs to adjust
Q = K means the reaction is done
Q> K means too much of the reaction has happened, and the rxn to adjust

BONUS Question: How do we know which way our rxn adjusts?
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Going back to our new measurement sets, what do we expect to occur?

Measurement Set #1
NO = 4.o atm
N2   = 1.0 atm
O2 = 1.0 atm

K = [O2][N2] / [NO]2 = [1.0] [1.0] / [4.0]2 = 1/16 = 0.0625 < 1.0

Measurement Set #2
NO = 1.o atm
N2   = 2.o atm
O2 = 2.o atm

K = [O2][N2] / [NO]2 = [2.0] [2.0] / [1.0]2 = 4  > 1.0
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And the million dollar question is how do we determine the new equilibrium values?

2NO ⇄ N2 + O2

We use ICE!

I = Initial
C = Change
E = Equilibrium

Using the balanced chemical equation, we set up a table using the concentrations we 
know, and the ones we don’t know we use variables. Then we tackle the math with 
ALGEBRA!

BONUS Question: How do we know which way our rxn adjusts?
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2NO N2 O2

I = Initial

C = Change

E = Equilibrium
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Measurement Set #1
NO = 4.o atm
N2   = 1.0 atm
O2 = 1.0 atm

K = [O2][N2] / [NO]2 = [1.0] [1.0] / [4.0]2 = 1/16 = 0.0625 < 1.0

2NO N2 O2

I = Initial

C = Change

E = Equilibrium
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Measurement Set #1
NO = 4.o atm
N2   = 1.0 atm
O2 = 1.0 atm

K = [O2][N2] / [NO]2 = [1.0] [1.0] / [2.0]2 = 1/4 = 0.25 < 1.0

2NO N2 O2

I = Initial 4.0 1.o 1.0

C = Change - 2x + x + x

E = Equilibrium 4 – 2x 1 + x 1 + x
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