BERKELEY MATH CIRCLE

The Math of Chemistry:

Chemical Reactions
&
Equilibrium

Instructor: Patricio Angulo
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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: < ,'c{.‘.’!‘_’-

aA + _1_)B ZQQ + C J

K = _‘CF_MJ&C‘B - ﬁ%ﬁ—g
feecterts — (AV(R
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For this equation:

CeH,,0, 450, =LH,0 +/L0, r t @
6O (205 =8 oOs '

@Write out a balanced chemical equation (remember our useful rule o

@d the K value if at equilibrium the following is observed:
0,]=3M
H,0]=2M A Q))SK

\@02] =3M
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For this equation:
= (28] %a 7
C.H,O, + 60, = 6H,0 + 6CO, — * s
~+ =7

g—

: : : S .\ : 3,9
Find the concentration of glucose if at equilibrium t}}e following is measu'reﬁi\ O
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For this equation:

CH,O, + 60, = 6H,0 + 6CO,

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

0,]1=2M > 2% =47 |

H,0]=4M

CO,]=2M

>( df@’ éz)é

9? 9”?




Chemical Reactions & Equilibrium

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 QQ is when the reaction is in progress.

From before, for this reaction, aA + bB 2 ¢C + dD, we have:

y
od _ D o) _ CB
K=ttt = FE5 Q= Tael = 2%

Let’s learn this via an example!




Chemical Reactions & Equilibrium

Let’s use this equation as our chemical reaction (decomposition of Nitric Oxide):

2NO 2 N,+ 0O,

Assumi uilibrium values of the following, find K.
ﬁt\m ) .

N, =1.0 atm
O, = 1.0 atm
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@ < N2 T 02 ﬁg(—rs[/_:;
We know that the equilibrium value, K, is 1.0 for this reactio1f.

Let’s now compare two new sets of measurements for this reaction:

NO = 4.0 atm -
N, =1.0 atm

O, = 1.0 atm CMO) (éﬂz/—"é

ﬁ;s/urement Set #
NO = 1.0 atm

N, =2.0atm
O, = 2.0 atm

Measurement Set #1 ( BQ_X@ | \ = __\__ - O-Ofo
( o ==




Chemical Reactions & Equilibrium
2NO 2 N,+ O,
So what does this all mean?

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

Scientifically (i.e., reaction-wise), we have: - B
QQ < Kmeans not enough of the reaction has happened, and the rxn needs to adjust

Q = Kmeans the reaction is done

Q> K means too much of the reaction has happened, and the rxn to adjg

PR

BONUS Question: How do we know which way our rxn adjusts?



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24



