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EQUILIBRIUM CALCULATIONS

- We're often interested in figuring out what happens at equilibrium BEFORE we do an experiment!

- What's the problem? Initially, we know only ... INITIAL concentrations. Since these are NOT
equiliorium concenftrations, we cannot simply plug them into an equillbrium expression

and solve. A+ R=C+0
K = f¢)CO0]

- Lo at QqMIMr{vm
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So how do we find out what the concentrations are at equilibrium if we initially know
NONE of them??

- To solve an equiilibrium problem, write out the equilibrium constant expression. Then, fry to
RELATE ALL THE EQUILIBRIUM CONCENTRATIONS TO ONE ANOTHER using the
chemical equation.

- It helps to assign a variable based on one of the substances in the reaction, then write the
concentrations of the other substances based on that variable. How to do this? Take a look
at the following examples...
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EXAMPLE: Calculate the moles of CI- ion in a solution where solid AQCIl has been mixed with distilled wate

and allowed to come to equilibrium.

AgClis) = Mg las) « L7 lag) § Koz 141077

] Q/s,@*][u 1= g™

{_\9"‘ (,\' We need to relate the silver and chloride concentrations in order to solve the
problem!

m S\Oe(l'ej (Takial] N [unflfbrfum]

Let X" equal the
change in

A + O 4X | o4k = K silver ion
?,) concentration
an O + KN | o+t = K

-JoO
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(1) (0 = L1077
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PC\B(Q) © C"Z_({f)ii PC\S (35 K(,: H9

If you add 0.400 moles of each reactant to a 4.00 L reaction vessel, what is the concentration
of each species in the equilibrium mixture?

-ILPC K 3 We need to relate these
-ya concentrations to a
s (] single variable. Use an
Lpc 3 3LaL] equilibrium chart!

Initial conditions

Tnitr EG V||;laflum1
SOGC €3 {' " lo- 3 D f Lex "x" equal the
change in
P US O i A O X - x phosphorus
y \ pentachloride
0 .Uo0 mo concentration
— 0.100 _ O.loo~RK
Ll | hoot s
0.H00Mm. 0.)00 — X 0-100 - ¥
Cly | 00
[PUS} L, ’ (3 -— =49
=47 (0100~ )(0-100 %)

[pc|3}u|23

Now, we need to solve for "x"
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The QUADRATIC EQUATION:

() .
____— =Yy "
(D,)oosXDCO.IﬂO“%) 9 O\* +\O‘ﬁ~& ( -0

l Qanb)zc at-2abtbh" Elgf/\sz_f,{%
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A .

(0.0100 — 0-200F + X))~ 19

2 Each quadratic has two solutions (see the
+=UH9g(0,9100~- 0,200y ¥ ) +/- part of the equation), but only one of

o L them will be the correct chemical solution.
N Z 04 - 9. gx+ T

1
_ 0.uf —10.5%t T
o w A\ A —

o

L Y
= 108 ST (6 _ 0.6 N o
2-Cvu9) 9q

A quadratic equation has fwo solutions,
BUT only one of them is correct chemically.

%z 0,157 ok X = 0,0639

HOW DO WE CHOQOSE?
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See cles| (Tt ] D | Cequilibrivm)
P Cls O FR oo =X
P Clg O:ua;tim - 0.0 _ % | o.re0o~%
Cl, m/ooml,ﬂ_ 0.)00 — A 0-100 ¥

%z 0,167 ok X = O0,0639

\ﬁ:ﬁ.

his solution would give NEGATIVE concentrations of both phosphorus

trichloride and chlorine gas, which is physically impossible! Use the
other solution (0.0639) instead.

[Pcl ) = ¥ ~lo.0e39m el

—_—

0.100 ~% =

Cotlg 3

O.,lop -¥ =

£ Ue)

0.03¢1 /M (1,

-

The equilibrium constant

is 49, which is significantly
larger than 1. That means
the amount of product should
e large compared to the
amount of reactant left

over at equilibrium.



