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GENERAL EQUILIBRIUMGENERAL EQUILIBRIUM
SYSTEM AND SURROUNDINGS

A system is the part of the world we want to study.  
The surroundings are everything outside the     
system.  The system must be chosen carefully, 
and the ways the surroundings affect the system 
must always be considered.  

Letôs take a look at the petri dish with a drop of 
water that weôve studied in other modules.  The 
drop of water in the dish is the system, everything 
else is the surroundings.

Closed 
System

Surroundings

Open 
System

Surroundings

Isolated 
System

Surroundings

System and surroundings at equilibrium. The same system and surroundings at a higher 
temperature, also at equilibrium. 

Is energy transfer alone allowed in 
a.) an open system
b.) a closed system
c.) an isolated system

Is transfer of energy and matter allowed in 
a.) an open system
b.) a closed system
c.) an isolated system

Neither energy nor matter is transfered in  
a.) an open system
b.) a closed system
c.) an isolated system

State whether each of the following is an 
open, closed, or isolated system:

a.)  the human body
b.)  an electric battery
c.)  a burning candle
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The simple experiment that follows reaches        
equilibrium over time.  Try to deý ne equilibrium as 
you study the experiment.

H2O (l) H2O (g)

H2O (l) H2O (g)

H2O (l) H2O (g)

H2O (g)
H2O (l)H2O (l) H2O (g) AND

H2O (l) H2O (g)

also be used to describe the above experiment?

Eventually the number of water molecules in the air 
and the size of the drop become constant.  At this 
point, we have reached EQUILIBRIUM.

Water

1.0 moles 0 1.0 moles

H2O (l) H2O (g)

ChemLog shows the process much more quanti-
tatively.  Show your understanding of this equilib-
rium by explaining the ChemLog before and after 
equilibrium has been reached.

ƷA drop of water is placed in a petri dish and        
covered.  Notice the blue water molecules in the 
air.  This is water vapor.  At this time in the experiment 
(after placing a drop of water in a petri dish and 
covering it), would there be more or less water 
vapor if the experiment were done on a lake or in 
the desert?

Equilibrium is reached when the rate of the forward 
reaction (water evaporating from the drop) equals 
the rate of the backward reaction (water condens-
ing into the liquid state).  More precisely, it is 
called dynamic equilibrium.

ƷAs time proceeds more water molecules evaporate 
from the drop.  What happens to the size of the 
drop?

ƷStill more molecules evaporate, shrinking the 
drop still further.  Is the amount of total water in 
this petri dish the same as at the start?

ƷCan the reaction H2O (g)
H2O (l)

In equilibrium reactions, we combine the for-
ward and reverse reactions and use a differ-
ent arrow.  The above reactions, where liquid 
is going to gas and gas is going to liquid is 
shown as follows:

GENERAL EQUILIBRIUMGENERAL EQUILIBRIUM
VAPOR PRESSURE EQUILIBRIUM
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Water

[Water Vapor]

time

ƷEach of the three points marked on the graph 
correspond to one of the pictures above.  Match 
each picture with the point it corresponds to.

It is important to remember that in DYNAMIC 
EQUILIBRIUM, the rate of the forward reaction 
(liquid going to vapor) is equal to the rate of the 
backward reaction (vapor going to liquid), but 
that the molecules do not stop at that point.  The 
water molecules are constantly moving in both 
the liquid and vapor phases.

H2O (l) H2O (g)

There are billions of molecules in a single drop 
of water.  There may be small fluctuations in the 
numbers of molecules leaving the liquid phase 
vs. the number of molecules entering the liquid 
phase even at equilibrium.  For example, 2 bil-
lion molecules might leave the liquid phase, 
while 2 billion and 2 enter the liquid phase.  So 
the rate of the forward reaction is not equal 
to the reverse reaction, correct?  However, 
because there are so many molecules, small 
variations do not matter.  These slight fluctua-
tions happen in every chemical reaction, and 
because we work with so many molecules at 
one time, we say that at equilibrium, the rate 
of the forward reaction equals the rate of the 
reverse reaction despite these fluctuations.

GENERAL EQUILIBRIUM
REACHING EQUILIBRIUM
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The picture at the right shows an experiment that 
has reached equilibrium.  It is a water drop with 
12 molecules in the liquid state and 8 molecules 
in the vapor state.  The temperature is 25 ÜC.  

EQUILIBRIUM        T = 25ÜC

T = 25ÜC

T = 25ÜC

T = 25ÜC

T = 25ÜC

T = 25ÜC

T = 25ÜC

T = 25ÜC

ƷAnswer the questions at the right of the pic-
tures by comparing them with the equilibrium pic-
ture above.  

T = 25ÜC

ƷThe pictures at left are at equilibrium.  
Count the number of molecules in the liquid 
phase for each picture.  How can each be at 
equilibrium when the number of molecules in 
the liquid phase is varying?

ƷThe pictures at left are at equilibrium.  
Count the number of molecules in the vapor 
phase for each picture.  Why is none of these 
pictures at equilibrium?  Will these experiments 
ever reach equilibrium?  Why or why not?

ƷMark each of the pictures at left as either 
ñat equilibriumò, ñnot at equilibriumò, or ñnot 
enough information givenò and give the rea-
sons for your answer.

GENERAL EQUILIBRIUM
TO EQUILIBRIUM OR NOT!
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The picture at the right shows an experiment that 
has reached equilibrium.  It is a water drop with 
12 molecules in the liquid state and 8 molecules 
in the vapor state.  The temperature is 25 ÜC.  EQUILIBRIUM        T = 25ÜC

T = 25ÜC

T = 25ÜC

T = 25ÜC

T = 15ÜC

T = 25ÜC

T = 35ÜC

T = 25ÜC

ƷIs this experiment at equilibrium?  Is this 
picture possible given the conditions?  What 
will happen to the water vapor if this experi-
ment was left alone for 10 minutes?

ƷAnswer the questions at the right of the pic-
tures by comparing them with the equilibrium pic-
ture.  

ƷGive 1 reason for each picture at the left 
for why it is not at equilibrium?  Why does 
pressure affect equilibrium?

ƷThis picture shows 8 molecules in the 
vapor phase; why is it NOT at equilibrium?

ƷNeither of these pictures at the left is 
at equilibrium.  State whether there would 
be more than 8 molecules or less than 8 
molecules in the vapor state at equilibrium 
for each picture.  Give a reason for your 
answers.

GENERAL EQUILIBRIUMGENERAL EQUILIBRIUM
TO EQUILIBRIUM OR NOT!
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T = 25ÜC

EQUILIBRIUM        T = 25ÜC

T = 25ÜC

T = 25ÜC

T = 25ÜC

T = 25ÜC

T = 25ÜC

The picture at the right shows an experiment that 
has reached equilibrium.  It is a liquid drop with 12 
molecules in the liquid state and 1 molecule in the 
vapor state.  The temperature is 25 ÜC.  

ƷCould this liquid be water?ƷCompare each of the following pictures with 
the equilibrium state.  Mark each picture to show 
whether it is at equilibrium (E), not at equilibrium 
(NE), or whether your need more information 
(NMI).  Give one reason for your answer for each 
picture.

GENERAL EQUILIBRIUMGENERAL EQUILIBRIUM
TO EQUILIBRIUM OR NOT!
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Letôs look again at the same experiment.  This 
time, count the number of water molecules in the 
vapor phase and plot them on the graph.

ƷAt which point does the experiment reach 
equilibrium?  Mark this point on the graph.

ƷWrite two equilibrium reactions to describe 
this experiment.

ƷChoose the correct picture that represents 
the state of the above experiment after 10 min-
utes at  equilibrium and explain why it is the correct 
answer?

time (min)

No. of vapor 
phase molecules

2

6

4

8

2 64 8

CBA

time = 0 min

time = 2 min

time = 4 min

time = 6 min

time = 8 min

ƷDo you think you should include the vapor 
phase molecules outside the petri dish?

20Ü C

20Ü C

20Ü C

20Ü C

20Ü C

GENERAL EQUILIBRIUMGENERAL EQUILIBRIUM
EVAPORATIVE EQUILIBRIUM 
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In this experiment, the temperature of the container 
is raised.  

ƷCompare the graph above with the previous 
graph.  What effect does increasing the temperature 
have on equilibrium?

time

No. of vapor 
phase molecules

2 64 8

2

6
4

8
10
12
14
16
18

ƷStarting with the following equilibrium shown 
in this ChemLog:

Choose the ChemLog that most accurately 
represents the number of water molecules in 
each phase when the original drop reaches 
equilibrium at a higher temperature.  Explain 
the reasons for your choice.

C

B

A

time = 0 min
t = 30 ÜC

ƷAgain, plot the number of molecules in the 
vapor phase vs. time. 

time = 2 min
t = 30 ÜC

time = 4 min
t = 30 ÜC

time = 6 min
t = 30 ÜC

time = 8 min
t = 30 ÜC

H2O (l) H2O (g)

# of molecules 0 # of molecules

GENERAL EQUILIBRIUMGENERAL EQUILIBRIUM
EVAPORATIVE EQUILIBRIUM 
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Humididty refers to the amount of moisture in the 
air.  The relative humidity is a measure of how 
much water the air is holding compared to how 
much it coud hold (the saturation) at a certain 
temperature.

The following picture shows one liter of air that 
is saturated with water at 25 ÁC.  Each blue dot 
equals one 1 gram of water.

The following picture shows one liter of air at 25ÁC.

Letôs calculate the relative humidity.

Humidity at 25 ÁC

Water saturation at 25 ÁC
X 100 =

[H2O (g) ]
X 100 =

[H2O (g) ]

0.5 mol L-1

X 100 =
1 mol L-1

50 %

ƷCalculate the relative humidity for this picture at 
25 ÁC.

ƷWill the saturation of water increase or de-
crease when the temperature is raised?

ƷIf the temperature of air at 50% relative hu-
midity is raised 10 ÁC, will the relative humidity 
increase or decrease?

ƷThe following picture on the left shows a 
saturation vapor pressure.  Draw a 25% relative 
humidity in the blank box.

ƷIs the box on the left at a temperature greather 
than or lesser than 25 ÁC?  Explain your answer.

The equilibrium constant, Kc, is a measure of the 
composition of a reaction mixture at equilibrium.  It 
is defined as the concentration of products raised 
to their stoichimetric coefficients, divided by the 
concentration of reactants raised to their stoichio-
metric coefficients. 

So what is the equilibrium constant for this reac-
tion?

Kc = 
[H2O(g)(g)]

[H2O(l)(l)]

Yikes!  The molarity of water?  Uh oh!  Actually, 
itôs not as bad as it seems.  The molarity of pure 
water is a constant - 55.6 M. So,

55.6 M x Kc = [H2O(g)(g)]

GENERAL EQUILIBRIUMGENERAL EQUILIBRIUM
HUMIDITY 
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A

A

A

B

B

A B

In an equilibrium reaction involving compounds A 
and B, A goes to B at the same rate that B goes 
to A.  In general, the things on the left side of the 
arrow are termed ñreactantsò while the items on the 
right side of the arrow are termed òproductsò.

The reactant of this reaction is A, the blue dots.  
The product of this reaction is B, the red dots.

ƷWhat is the reactant in this reaction?
What is the product of this reaction?

AB

ƷWhat is the reactant in this reaction?
What is the product of this reaction?

ƷComplete the ChemLog.

B

The reactant of this equilibrium reaction is A, 
the blue dots.  The product of this equilibrium 
reaction is B, the red dots.

A B

AB

A B

AB

# of molecules 00 # of molecules

# of molecules 0 # of molecules

# of molecules 0 # of molecules

# of molecules 0 # of molecules

GENERAL EQUILIBRIUMGENERAL EQUILIBRIUM
REACTANTS AND PRODUCTS
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A B

1 2 3 4

ƷAssume each circle below is 0.1 mole and 
that each box contains 1 liter of solvent.  Plot 
the concentration of A versus time on the graph 
directly below the pictures.  Then plot the con-
centration of B versus time on the same graph.  
Label each line as [A] or [B].

ƷMark the point at which 
equilibrium is reached. 

AB

1 2 3 4

ƷMark the point at which 
equilibrium is reached. 

ƷDeý ne equilibrium in terms of the rates of the 
forward and reverse reactions.

[A]

[B]

1 2 3 4

1.0 M

time

[A]

[B]

1 2 3 4

1.0 M

time

GENERAL EQUILIBRIUMGENERAL EQUILIBRIUM
PLOTTING EQUILIBRIUM CONSTANTS 
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A B2
2

1 432

ƷMark the point at which 
equilibrium is reached. 

ƷExplain any differences or similarities you see 
in each graph.

A B

1 2 3 4

ƷAssume each circle below is 0.1 mole and 
that each box contains 1 liter of solvent.  Plot 
the concentration of A versus time on the graph 
directly below the pictures.  Then plot the con-
centration of B versus time on the same graph.  
Label each line as [A] or [B].

ƷMark the point at which 
equilibrium is reached. 

[A]

[B]

1 2 3 4

1.0 M

time

[A]

[B]

1 2 3 4

1.0 M

time

GENERAL EQUILIBRIUMGENERAL EQUILIBRIUM
PLOTTING EQUILIBRIUM CONSTANTS 
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As stated earlier, the equilibrium constant, Kc, is a 
measure of the composition of a reaction mixture 
at equilibrium.  It is defined as the concentration  
of products raised to their stoichimetric coeffi-
cients, divided by the concentration of reactants 
raised to their stoichiometric coefficients.   

Reactants Equilibrium

+ 2

2 2

+

+

2 2+ +

Kc = 

Kc = 64

[

][ ][

]22
= =

[16]22

[2] [2]

256

4

ƷFor the following pictures, give the equilibrium 
equation and calculate Kc.
The first one is done for you.

+ 2 CBA

GENERAL EQUILIBRIUMGENERAL EQUILIBRIUM
CALCULATING EQUILIBRIUM CONSTANTS 
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