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CHEMICAL ENERGETICS
SOME EXPERIMENTS

Suppose we place a drop of water in an uncovered
petri dish and watch what happens.

I I Time I I Time
e
Now suppose we vary the experiment in a covered
petri dish.
l N | e, | | _Time

What is this process called?

What is the reverse process called?

Where have you observed it in daily life?

What other effects have you noticed with the first

Try these experiments yourself. In the open petrie
dish experiment note how long it takes for the water
drop to disappear. Try it with different size drops. Try
it under different weather conditions.

process?

Now we place a piece of ice on top of the petri dish and

observe what happens.
I Time I I
—_—

Time
I Jay

Now suppose we place a square of plastic enclosed
liquid crystal inside of the petri dish and then drop the
water on. This variety of liquid crystal has the property
of changing color when it is cooled.

Time Time

There are several questions we can ask about these
experiments. Why do these things happen? How fast
do they happen? Can we give a molecular explanation
of these events?

o

ey

The little circles hanging from
the top of the petri dish rep-
resent a thin layer of water.




CHEMICAL ENERGETICS
SYSTEM AND SURROUNDINGS

In thermochemistry, kinetics and thermodynamics we
must always be clear about what it is we are talking
about, experimenting with or calculating. So we make
an essential distinction between what we call a system
and everything else, which we call the surroundings.
In chemistry we distinguish three kinds of systems.
These are called open, closed, and isolated systems.
An open system can exchange both matter and energy
with its surroundings. A breathing person is an open
system. A closed system can exchange energy but not
matter with its surroundings. An Isolated system can ex-
change neither matter nor energy with its surroundings.
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In picture 1, draw a path around an open system
which includes the petri dish.

In picture 2, draw a path around a closed system
which includes the petri dish.

In picture 3, draw a path around an isolated system
which includes the petrie dish.

For each of the pictures explain whther the system
named is an open, closed or isolated system, explain
your answer, giving details about the system, its sur-
roundings, and the interaction, if any, between the
system and its surroundings.

INTERNATIONAL SPACE STATION



CHEMICAL ENERGETICS
SYSTEM AND SURROUNDINGS

For drawings 1 through 12 define the system in
words and draw an outline around the system. Ex-
plain whether the system is open, closed or isolated
and discuss the reasons for your choice.
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CHEMICAL ENERGETICS
SYSTEM AND SURROUNDINGS

For drawings 13 through 24 define the system in
words and draw an outline around the system. Ex-
plain whether the system is open, closed or isolated
and discuss the reasons for your choice.
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CHEMICAL ENERGETICS
KINETICS AND THERMODYNAMICS

In the experiment shown on this page, a drop of water
is placed in a petri dish which is then covered. The
black dots represent water molecule in the air.

The primary purpose of this page is to clarify the
distinction between kinetics and thermodynamics.

Initial State A

THERMODYNAMICS 1 l Time
is concerned with the energy dif-

ference between the initial and - y
vnal states of a reaction. : o

2
QUESTIONS OF CHEMICAL l
THERMODYNAMICS :
1. Can the reaction occur without ) =
additional energy? 3
2. How much energy will be l
released or absorbed when the
reaction occurs? .
3. How far will the reaction go? —
How much of the reactant will be- 4
come product? l
4. How can we make the reaction —
go further? IR
-
Final State RN

Using the experimental evidence provided by the
pictures, explain why the state labelled final state is
actually the final state.

If there were a state 7, subsequent to state 6, how
would state 7 differ from state 6 and how would it be
like state 67

KINETICS
is concerned with the rate of a
reaction and the intermediate steps
between the initial and vnal state of
a reaction.

QUESTIONS OF CHEMICAL
KINETICS

1. What is the rate (speed) of the
reaction?
2. How can the rate of the reaction
be changed?
3. What is the reaction path, or
mechanism, by which the reaction
takes place.?

Number of dots (molecules)

12 3 4 5 6

Using the pictures of the experiment, graph the num-
ber of evaporated molecules at each state.

(The initial state is done for you.)

Describe the rate of the reaction.



CHEMICAL ENERGETICS
ENERGY

Looking into various chemistry texts you will see
energy defined as the capacity or ability to do work
or that plus the capacity or ability to make heat flow
or to cause change. Perhaps energy is too funda-
mental to give it a good definition. Yet in practice we
examine different forms of energy, or energy change,
in definite amounts.

The basic Sl unit of energy is the Joule, which is
defined as a Newton of force moving through a meter
of distance. Although many forms of energy, such as
chemical energy, may not appear directly as a force
moving through a distance, all forms of energy are
measured in Joules. A Joule is enough energy to

lift your chemistry textbook a couple of centimeters
(in earth’s gravity). This is not very much energy so
chemists usually use kiloJoules, kJ. If you weigh

50 kilograms, it will require about 5 kJ to climb 10
meters of stairs or hillside.

Consider time. There is no such thing as THE TIME.
Not only are there different time zones but there

are different time systems. For example, computer
time is the number of milliseconds since midnight on
January 1, 1970. Time is the difference between say,
the present instant and the beginning of the system.
Differences in time are real.

It is the same with energy, change in energy is real,
the difference in energy between two situations is
real. When the energy of a situation is given or mea-
sured, that always means the difference in energy
between that situation and another situation which

is arbitrarily set at zero energy. When the change in
energy between two situations is measured, it is not
necessarily to specify a zero point, but when a situa-
tion is said to have some energy, then it is necessary
to know what the zero point situation is.

An essential principle of energy is that it is con-
served. Thatis, energy can be neither created nor
destroyed but only changed from one form into
another. The only exception to this is the trans-
formation between mass and energy according to
Einstein’s equation

E = mc?
but scientists get around this by calling mass another
form of energy. Then the principle holds exactly and
it is also called The First Law of Thermodynamics.

FORMS OF ENERGY:

s Kinetic energy of motion

. Potential energy

. Various forms of chemical energy
. Electrical energy

. Gravitational energy

. Nuclear energy

. Electromagnetic radiation

. Sound

. Heat

What are some other forms of energy?

EXAMPLE

An 8 kg bowling ball resting on a 3 meter high ladder
will have a gravitational potential energy above the
base of the ladder of 235.2 J. But if the ladder happens
to be standing on a 3 meter high platform, the bowling
ball will have a gravitational potential energy of 470.4 J
above the base of the platform.

Q

If the bowling ball rolls off of the ladder, into what
forms of energy will the gravitational potential energy
be changed? Answer this from you own experience,
not from theory.

Suppose 10 Joules of light (electromagnetic energy)
strikes a surface and 5 Joules of light is reflected
from the surface and the rest of the light is absorbed
into the surface, becoming heat. How much heat
energy is absorbed by the surface?



CHEMICAL ENERGETICS
ENERGY AND FORCE

Beginning

Temperature

A

Gravity

Strong Nuclear Force
(Alpha Decay)

Weak Nuclear Force

(Beta Decay)

Energy and force are two different concepts which
scientists use to analyze reactions and changes in
systems. As there are various forms in which energy
appears so there are different forces which arise in
nature. In modern terms there are four known forces
(although some astronomers have postulated a fifth
force to explain certain aspects of the universe). The
four forces are the electromagnetic force, the gravi-
tational force, the weak nuclear force and the strong
nuclear force. There also exists a theoretical unifica-
tion of the electromagnetic and weak forces and it is
also considered plausible that in the very early stages
of the universe all of the forces were combined as one.
It is useful to compare the different strengths and quali-
tative aspects of the different forces.

Gravity is the weakest of the forces but since it is only
attractive it can accumulate great strength resulting
from large masses.

Electromagnetic forces are about 100 thousand times
as strong as gravity and are the forces which control
most of our daily lives as well as essentially all of
chemistry. There are two charges of which opposites
attract and like charges repel, so the normal condition
is opposite charges to balance each other.

The weak nuclear force is about 100 times as strong
as electromagnetic forces and is responsible for beta
decay.

The strong force is what holds fundamental particles
like neutrons and protons together.

If gravity is such a weak force, why do we feel so
heavy?

Time

Electromagnetic
Forces

The unit of force is the Newton, abbreviated ‘N’. By
definition, one Newton is the force required to acceler-
ate one kilogram one meter per second per second.
According to Newton’s third law every force has an
equal and opposite force. So since earth’s gravity has
an acceleration of 9.8 ms—1, the force required to hold
up a one kilogram object against gravity is 9.8 N.

A common American unit of force is the pound, abbre-
viated Ib. A pound is approximately equal to 4.45 N. In
common usage ‘pound’ is often used when the mass

is what is meant. Pound is the unit of force, or weight,
not mass, but the two concepts are related - on Earth!

Many consumer items are marked with their ‘weight’
from which their mass can be easily derived. For
example a weight of one pound, 1 Ib, has a mass of
454 gm and a liter, L, of common drinks has a mass
of approximately one kg. Read the labels on several
packages and calculate the force required to hold
them up.

An isolated system consists of an electron and a
proton separated by a micron (10-6 m). Qualitatively
describe the forces and energies involved and how
they change over time.



CHEMICAL ENERGETICS
KINETIC AND POTENTIAL ENERGY

Energy comes in a variety of forms, including kinetic

KINETIC ENERGY
and potential energy. What is the difference between

these two types of energies? Kinetic energy of an object is related to its mass and
Kinetic energy is the energy due to motion. Potential speed through the equation:

energy is the energy due to position. The total energy of 1

an object is the sum of its kinetic and potential energies. E.= > mv2

As an example, suppose an 8 kilogram bowling ball is
falling at 10 meters per second. We can calculate its

Wh limb tai itational poten- L
en you climb a mountain your gravitational poten kinetic energy:

tial energy increses but you kinetic energy remains 1
about the same (unless you fall off). What is the E. = 78 kg x (10 ms=1)2 =400 J
source of this increase in energy?

How much kinetic energy will a 500 kg volkswagon
travelling at 20 meters per second have?

= +
ENSrgVigal = ENeraYym, 1+ FMCIOYRHEN POTENTIAL ENERGY

No single equation can be given to determine the
potential energy of an object because this energy
depends on an arbitrary designation of the zero. How-
ever, potential energy can be determined in specific
cases.

I We looked at gravitational potential energy on the first
page of this module but for chemists it is important

1 to understand electrostatic potential energy. There

is always electrostatic potential energy between two

charged objects. If the objects have the same kind if

charge, e.g., both positive, then the potential energy
decreases as the distance between the objects in-

I creases. If the objects have opposite charges then the
potential energy increases as the distance between

2 the objects increases.

© 0o © O

A B

Assuming that the four positive charges above are
3 equal, compare the potential energy of the situation

in box A with that of the situation in box B. Which
Could any of the Chem Logs above represent the en- has more potential energy?

ergy of the bowling ball resting on top of the ladder?
If so, which one and why.

If the bowling ball falls off of the ladder, in what se- @ @ @ @

quence, i.e., first, second and third, might the Chem A B

Logs show the kinetic and potential energies of the
fallgi;ng bal\f’/? b P I g Assuming that the two positive charges above

are equal in magnitude and that the two negative
charges are equal in magnitude, which situation, A
or B, has the greater potential energy?

9



CHEMICAL ENERGETICS
KINETIC AND POTENTIAL AND THERMAL ENERGY

[ Potential Energy
B Kinetic Energy

M Thermal Energy

o

=

N
NJ

m——
-

N
W

P
EInS

For each of the four ChemLogs 1 through 4, find the
total energy (by counting the colored squares).

Describe the different forms of energy which occur in
the process of hydroelectric power generation.

THERMAL ENERGY 10



CHEMICAL ENERGETICS
CHEMICAL ENERGY

Chemical energy is the potential energy stored in the
arrangements, or bonding, of atoms in a substance.
Changes in chemical energy occur with chemical reac-
tions. Chemical reactions generally involve a change
in chemical energy. One important use of chemical en-
ergy is help form new materials by providing the energy
needed for endothermic reactions.

In other cases there may be energy which is not
reused as chemical energy. In an exothermic reac-
tion, this often appears as heat energy but might also
include other forms, such as the light absorbed by
chlorophyll or the sound of a chemical explosion.

ENERGY SCALES

SOME ONE MOLE INTERACTIONS

Chemical energies are usually expressed in kJ/mol,
which is an abbreviation for kiloJoules per mole of
substance. Here are some examples which compare
chemical energies to other forms of energy.

lonizing one mole of Argon (20 g) will rquire as much
energy as a 50 kg person climbing two miles.

Dissociating one mole of gas phase dioxygen (32 g)
into its constituent atoms will require as much energy
as needed to light a 100 watt bulb for 3 hours, six
minutes and 45 seconds.

To make one mole of acetylene from its constituent
elements would require as much energy as pumping
one hundred liters of water up over 230 meters.

It can be seen from the examples that chemical ener-
gies are often (not always) quite large.

Describe some applications of chemical energy
which are familiar in daily life.

11

It requires energy to
» {& break bonds. Energy
. . goes into the system.

Energy

Making bonds
gives up energy.
Energy flows out
of the system.

~—>

‘ ‘ Energy
The combustion of methane can be represented by
the formula CH4 + 20, — 2H,0 + CO,

List the bonds that are broken in this reaction and list
the bonds that are formed.

Q

While they are separated there is an electrostatic po-
tential energy between the negativly charged electron
(in red) and the positivly charged proton (in black).

When the electron and proton come together, to produce
a hydrogen atom, the electrstatic potential is reduced
and that lost energy must still exist. In an isolated atom
it is usually carried away by electromagnetic radiation.

Positive and negative charges are usually very
closely balanced in nature. Explain why we know
this is true and describe what might happen in a situ-
ation where they were far out of balance.



CHEMICAL ENERGETICS

ENERGY SCALE

CHEMICALS

in Moles

Sun’s Output for 0.25 s

Thunderstorm

Football Game

One Kg of Gasoline

One Kw-Hour
CGH1206 + 602 i GCOZ + 6H20

2F ) — F2(Q)
HQO(g) d H20(|)

A Diving Eagle

Lifting One Kg one Meter

Falling Snowflake

Average y-Ray

Average X-Ray

[

ENERGY
in Joules

1026

1021

1016

101

106

10

1074

10

10-14

CHEMICALS ENERGY
in Molecules or Atoms in Joules

— 10-17
First ionization potential for H =
Balmer Red Line é

; 10-22
1 Quantum of Cosmic Background Radiation é
H spin Flip, i.e., 21 cm line =

1 Quantum of 100 Meter Long Radio Wave = 10-27

12

1 Quantum of 104 Meter long Radio Wave

The following quantities are for one mole of the
given molecular reaction. Mark the location of each
of them on the energy chart. If the energies are
negative,use the absolute value.

A. The enthalpy of formation of water = -286 kJ.

B. Br2(|) — Brz(g) =31kdJ

C. Lattice energy ot Lif = 1034 kJ

D. H0(5) — H2O() = 6 kJ



CHEMICAL ENERGETICS

SPONTANEOUS VS. NON-SPONTANEOUS REACTIONS

Some chemical reactions will occur spontaneously and
some will not. The meaning of spontaneous reaction
as we shall use it is “having the potential to proceed
naturally without an input of energy from the outside.”
We need to consider three questions:

1. Can the reaction occur under any circumstances?
Some reactions will not occur under any circumstanc-
es.

2. Can the reaction occur spontaneously?

A nonspontaneous reaction is one that does not occur
naturally, but it can potentially be made to occur by
supplying outside energy.

3. Will the reaction actually occur?

That is, will the reaction occur in a reasonable time?

The average chemical energy or heat content of a
chemical system at constant temperature and pressure
is called enthalpy, represented by the symbol H. The
heat evolved or absorbed when a reaction occurs is the
difference between the average enthalpy of the products
and the reactants and is given the symbol DH. This dif-
ference in enthalpy is called the heat of reaction.

An exothermic reaction such as the reaction between di-
hydrogen gas and dioxygen gas to form water is accom-
panied by a decrease in enthalpy and heat is evolved

to the surroundings. Thus, the heat of reaction, DH, is
negative. This indicates that average bond strengths in
and between the product molecules (H,O) are stronger
than the average bond strengths in and between the
reactant molecules (Hy and Oy).

A

H Ha+0p

reactants Reactants A
Average DH = Heat of Reaction
Enthalpy DH = H, — H,
H
H Y H>O

products Products

Reaction Coordinate

Heat of reaction at
constant pressure
and temperature

Average enthalpy of prod-
ucts — average enthalpy of
reactants.

Heat of reaction at
constant pressure
and temperature

DH = Hproducts — Hreactants

Exothermic Reaction : Heat evolved to surroundings
DHsystem is —

Endothermic Reaction : Heat absorbed from surroundings
DHeueh:\m |S +

13

First Law of Thermodynamics — Law of Con-

servation of Energy
In all macroscopic chemical and physical changes.
energy is neither created nor destroyed but only trans-
formed from one form to another
or
In any process the total energy of the system plus its
surroundings remains constant

he Minimum Potential Energy Principle
Mechanical systems tend spontaneously to a state of mini-
mum potential energy consistent with their surroundings

he Minimum Chemical Energy Principle
Chemical Reactions tend spontaneously toward a state
of minimum chemical energy consistent with its surround-
ings
or
Exothermic reactions “should” be spontaneous and endo-
thermic reactions ‘should’ be nonspontaneous.

A Tentative Hypothesis—The Minimum Enthalpy
Principle

Chemical reaction at constant temperature and pres-

sure tend spontaneously toward a state of minimum

enthalpy (H) consistent with their surroundings.
Spontaneous reactions are exothermic: DH is —

Nonspontaneous reactions are endothermic: DH is +

a. Is the reaction of carbon dioxide (CO5) and water
(H20) plus heat to form glucose, a sugar, and dioxy-
gen, exothermic or endothermic?

b. IsDH + or-?

c. What is the sign of DH for the reverse reaction of
glucose and O, to form CO, and H,O?

d. According to the minimum enthalpy principle,
which reaction should be thermodynamically sponta-
neous?

Forward reaction: CO, + H,O + heat — glucose + Oy
or

Reverse reaction: glucose + Oy — CO5 + H,O + heat

e. Which reaction should be nonspontaneous?

f. If the reaction is thermodynamically spontaneous

in one direction, does this mean that this reaction will

actually occur? Explain.



CHEMICAL ENERGETICS
VIEWS OF THE FIRST LAW

EXOTHERMIC REACTION

. Chemical energy

Heat energy transferred to the surroundings

2H, + Oy

2H,0 + Energy

The system is the interior of the circle, everything else
is the surroundings. The exothermic reaction trans-
forms chemical energy into heat energy. The final
result is that the chemical energy of the system is
lowered and the lost chemical energy becomes heat
energy added to the surroundings.

Another View of the Same Reaction

A

Surroundings

\/

Reaction Progress

The system is a collection of hydrogen and oxygen
atoms which are in Hy and O, molecules before the
reaction.

After the reaction the system is the same collection of
atoms formed into H,O molecules plus energy. This
energy is transferred to the surroundings.

Does the energy transferred from the system to the
surroundings in an exothermic reaction always end
up as heat energy?

14

ENDOTHERMIC REACTION

. Chemical energy

Energy transferred from the surroundings

2H,0 + Energy

2H2 + 02

The system is the interior of the circle, everything else
is the surroundings. The endothermic reaction trans-
forms energy from the surroundings into chemical
energy in the system. The final result is that the chemi-
cal energy of the system is increased and the energy of
the surroundings is decreased

Another View of the Same Reaction

A

Surroundings

\

Reaction Progress

The system is a collection of hydrogen and oxygen
atoms which are in HoO molecules before the reaction.
After the reaction the system is the same collection of
atoms formed into Hy and O, molecules. The chemical
energy of the system has been increased by energy
withdrawn from the surroundings.

What other forms of energy, besides heat, can be
withdrawn from the surroundings to make an endo-
thermic reaction occur?



CHEMICAL ENERGETICS

ORIGINS OF THE FIRST LAW OF THERMODYNAMICS

In 1798 Count Rumford published an article in the
Philosophical Transactions of the Royal Society of
London in which he described experiments about bor-
ing out brass cannon which showed that heat is not a
substance, as previously thought, but a form of motion,
or of what we would now call energy. He showed that
an inexhaustible amount of heat could be produced
with a finite amount of matter, which precluded that
heat itself be a substance.

iBeing engaged, lately, in superintending the boring

of canon, in the workshops of the military arsenal at
Munich, | was struck by the very considerable degree
of heat which a brass gun acquires, in a short time. By
being bored...

The more | meditated upon these phenomena the
more they appeared to me to be curious and interest-
ing, a thorough investigating of them seemed even to
bid fair to give a farther insight into the hidden nature
of heat; and to enable us to form some reasonable
conjectures respecting the existence, or non-existence,
of an igneous puid: a subject on which the opinions of
philosophers have, in all ages, been much divided....
And, in reasoning on this subject, we must not forget to
consider that most remarkable circumstance, that the
source of heat generated by frictions, in these experi-
ments, appeared evidently to be inexhaustible.

It is hardly necessary to add that anything which any
insulated body, or system of bodies, can continue to
furnish without limitation cannot possibly be a mate-
rial substance: and it appears to me to be extremely
difycult, if not quite impossible, to form any distinct idea
of anything, capable of being excited and communi-
cated, in the manner the heat was excited and commu-
nicated in these experiments, except it be MOTION.

15

In the 1840’s James Joule conducted a series of ex-
periments measuring the relationship between different
forms of energy, in particular electrical, mechanical
and heat energy. The pictures below show an experi-
ment in which the potential gravitational energy of

the weights turns the paddle wheel as the weights

fall, which in turn heats the water by friction. Joule’s
conclusion was that when energy is changed from one
form to another, the amount of energy remains the
same.

Now this principle has come to be accepted. It is called
conservation of energy or the First Law of Thermody-
namics.

JOULE’S EXPERIMENTAL ARRANGEMENT

N .
. Thermometer Weight—> '
<«+——Paddle Wheel
Water\>' .

Temperature —»




CHEMICAL ENERGETICS
ENERGY DIAGRAMS

It is standard in chemistry to show the energies of sys-
tems and energy changes between states by means
of diagrams in which the vertical axis represents
energy with the upward direction representing higher
energy. The horizontal axis can represent changes in
some other property or different systems.

A

Energy

»n
>

Time, distance or some other variable.

As an example of energy charts comparing different sys-
tems we show a chart of the energy required to ionize
the first valence electron from the first ten elements.

In this chart the vertical energy scale is in kilowatts per
mole.

2400 kJ/mol

2000 kJd/mol

1600 kJ/mol m

1200 kJ/mol [ [ mE

800 kd/mol [| [7] ]

400 kd/mol 1 1 M ] — [

H He Li Be B C N O F Ne

In the ionization energy chart the zero of energy was at

the bottom of the chart. Sometimes this is not the case.
Charts showing the energy levels of atoms, for example,
may have the zero of energy near or at the top of the chart.

16

Energy evels of the Hydrogen atom.
A
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In this example of the energy levels of the
hydrogen atom, there is no real horizontal axis.
We just need the space to write in. On the other
hand, the other charts on this page do each
have a meaningful horizontal axis.

Home

Suppose you are going from your home to
chemistry class. In the box above draw a line
or curve showing the changes in your gravita-
tional potential energy as you go from home to
chemistry class. Draw it from left to right, start-
ing in the middle of the left hand side. Chem-
istry class is on the right hand side of the box
but | don’t know how high it is relative to your
home.



CHEMICAL ENERGETICS
ENERGY CHEM LOGS

We have examined the common vertical axis repre-
sentations of energy which you will find in most of
your textbooks. However, in Powerful Pictures we
have introduced the Chem Log, because sometimes a
horizontal bar graph communicates information more
intuitively than a vertical presentation.

—6000 kJ mol-1

0 kJ mol-1

Look into the media available to you, such as news-
papers, magazines, books and the Internet, for
examples of horizontal bar graphs. Compare and
contrast these examples with Chem Logs.

6000 kJ mol-1

100I000NE0 0oooo
0000 DIDo0ooroo
uoon 0o oogooroo
0000 0o booboooroo
0oon o1 0ooroo
0000 o0 oooioo

100 0000 Omooonoo
Uo000ooo ooooeo

000000 Dooomono
Uiotiooboot Orobroo

0100000 DIoro

ENERGY SCALE OF CHEMICAL REACTIONS

If you have read our Chem Log tutorial you will know
that there are also more sophisticated forms and uses
of Chem Log but for our simple version used in this
module you need to note that the zero of energy is in
the middle and the amount of energy involved varies
with the distance from the middle. In the Chem Log
above, the left side shows negative, or exothermic
reactions, while the right side shows positive, or endo-
thermic, reactions.

Which of these types of chemical reactions are endo-
thermic? Which are exothermic? Which include both
endothermic and exothermic possibilities?

Write a list of the types of chemical reactions shown
in the Chem Log, ordering it according to the range
of energies associated with each type. For example,
Heats of Formation occur over a wider range of ener-
gies than Bond Dissociation.
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CHEMICAL ENERGETICS
ENTHALPY CHANGES

Enthalpy, H, is a thermodynamic quantity. H is the
chemical energy or heat content of a system at con-
stant temperature and pressure. What is important
about enthalpy is its change, DH, when a chemical
process occurs. Provided the process occurs at con-
stant pressure (usually one atmosphere) and the only
work done by the system is possibly the production of
gas, then DH is equal to the heat energy produced or
absorbed by the process. When DH > 0 the process
absorbs heat from its surroundings. When DH <0
the process produces heat.

The chart below shows the enthalpy changes pro-
duced by evaporation, melting and dissolving.

—60 kJ mol-1
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From the chart, would you expect KBr or LiBr to dis-
solve more readily in water?

0 kJ mol-1
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Enthalpy change when a substance goes
from the liquid to the gaseous state.

Enthalphy change when a substance melts.

Enthalpy change when a substance dis-
solves into water.

60 kJ mol-1
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Which of the processes shown in the chart are
exothermic?

A cold winter day will often become somewhat
warmer when snow starts falling. Give an enthalpic
explanation of this phenomenon.



CHEMICAL ENERGETICS
ENTHALPY OF FORMATION

—1000 kJ mol-"

0 kJ mol-1

1000 kJ mol-1
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The enthalpy of formation of a substance is the

enthalpy change which occurs when a substance is
formed from the most stable forms of its component
elements. In several cases the most stable form of
an element is a diatomic gas which must be decom-
posed in order to use the atoms in the formation of the
substance. The next Chem Log shows the enthalpies
of formation for several atomic gases from their more
stable diatomic state.

0 kJ mol-1

H
N
O

F
Cl
I
Br

Given its large negative enthalpy of formation, ex-
plain why rusting iron usually does not feel warm
to the touch (unless it has been left in the sun).

Methane, CHy(g) is a common fuel, making up
a large part of natural gas. Given that we burn
methane to produce heat, explain how that can
be so when its enthelpy of formation is negative.

1000 kJ mol-"

Discuss what effect the bond structures of N, and
O, have in determining the enthalpies of formation

of N and O.
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CHEMICAL ENERGETICS
ENTHALPIES OF REACTIONS

Consider the chemical reaction:
CHy4 + 205, — COy + 2H,0
Since we know the enthalpies of formation of each of

the reactants and each of the products we can find the
enthalpy change in the reaction.

ENTHALPY OF FORMATION

Chemical H in kJ mol-1
CHy —74.8
05 0
CO, -393.5
H>0 -241.8
kJ mol-1-400 -200 -80 -40 0-40 -80 -200 -400 kJ mol"
O,

ENTHALPIES OF FORMATION

The stoichiometry of the reaction requires two moles of
water be formed, so we double the enthalpy of the water.

kJ mol-1-400 -200 -80 -40 0-40 -80 -200 -400  kJ/mol(CHyg)

O,

ENTHALPIES OF THE REACTION

In order to find the enthalpy change, DH, of the reaction
we first sum the enthalpies of the products.

0 -40 -80 -200 -400 -600 -800 kJ mol'1(CH4)

TOTAL ENTHALPY OF THE PRODUCTS

Then we subtract the enthalpy of the reactants.

0 -40 -80 200 -400 600 -800  kJ mol1(CHy)

DIFFERENCE OF ENTHALPIES

Which gives us the enthalpy change of the reaction.

0 -40 -80 -200 -400 -600 -800 kJ mol'1(CH4)

ENTHALPY CHANGE OF THE REACTION
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Tell whether the reaction is endothermic or exo-
thermic and explain why.

Explain why the enthalpy of formation of O is
Zero.

Find the total enthalpy of the products on the chart
called TOTAL ENTHALPY OF THE PRODUCTS.

Find the enthalpy change of the reaction on the chart
called ENTHALPY CHANGE OF THE REACTION.

The scale on the bottom four charts is labeled
kd/mol(CH4). This means kiloJoules per mole of
CHy4. Explain why it is labeled that way instead of
kJ mol-1 and state an alternative label.

For the given products, what would have been the
total enthalpy of the reactants for the reaction to
be in equilibrium?

The charts below apply to a reaction in the type
A+B==C+D

In the charts, draw in an enthalpy of reactant B
that would be required in order for the reaction to
a. Proceed to the left

b. Be at equilibrium

c. Proceed to the right.

Assume that all the enthalpies are negative and
that the enthalpy of B is NOT zero.

a. Proceed to the left.

b. Equilibrium

c. Proceed to the right.



CHEMICAL ENERGETICS
HESS'S LAW

Hess'’s Law states that the enthalpy change in a given
process is equal to the sum of the enthalpy changes
of the several processes that, when added, yield the
process of interest.

Because enthalpy, H, is a state function, enthalpy
change, DH, betwen two states only depends upon
the difference in enthalpy between the states and not
upon how one state was changed into the other one.
So we can use Hess’s Law to determine DH for a re-
action, R, if we can find a set of reactions which com-
bine to give an equivalent reaction to R, even if these
are NOT the actual processes by which R happens.

Suppose we want to find DH for the combustion of
carbon to give carbon monoxide:

a. C(s)+ 20,(g) — CO(g) DH="7?
given that we know DH for the reactions

b. C(s)+ Ox(g) — CO2(g) DH =-393.5 kJ
c. CO(g) + 202(g) — CO2(9) DH = -283.0 kJ

Here is the plot. Reaction b gives the enthalpy for
combusting carbon into carbon dioxide. If we reverse
reaction ¢ we can get rid of the carbon dioxide and ob-
tain carbon monoxide, which is what we are looking for.

C(s) + O2(g) — CO2(9)
CO2(g) — CO(g) + 7202(9)

so if we pass through the CO, we have

C(s) + Oy(g) — CO(g) + ¥205(g) which is equivalent to
C(s) + /202(g) — CO(g)

To get the DH of that reaction we subtract the DH of
reaction ¢ from the DH of reaction b.

DH(Reaction b) -393.5 kJ
—DH(Reaction c) —(=282.0 kJ)
DH(Reaction a) -111.5kJ

State functions depend only upon the difference be-

tween two states and not upon the path between them.

Suppose you climb a mountain. Which of the follow-
ing quantities is a state function and which is not?
The change in altitude between the botom and top of
the mountain?

The distance traveled while climbing the mountain?

Consider the oxidation of glucose, which is a primary
souce of energy in our bodies, where it is also called
respiration. The chemical formula is:

CgH120g6 + 602 — 6CO5 + 6H,0
We can express this reaction by a ChemLog:

H

STOICHIOMETRY

We can now look at the enthalpy change involved in the
reaction. We begin with the enthalpies of formation, DH;
DH¢(CgH120g) = —1273 kJ mol-1

DH¢(O) = 0 kJ mol-1

DH¢(CO5) = —393.5 kJ mol-1

DH¢(H,0) = —285.8 kJ mol-1

We can express the enthalpies as a chem log

kJ mol-1 ~1000 0 -1000

O

ENTHALPY

Now we introduce another variety of ChemLog where

the height of the bar is the enthalpy in kJ -1. Positive
enthalpies appear above the horizontal axis and negative
enthalpies appear below that axis.

As we have done before the width of the bar is deter-
mined by the number of moles of the substance in the
reaction: Reactants to the left of the vertical axis and
products to the right of that axis.

The value of this kind of ChemLog is that the area of a
bar is proportional to its enthalpy.

kJ mol-1

—-1000

(@)
(@
N

ENTHALPY

CeH1,06

—1000

kJ/mol

STOICHIOMETRY

kJ mol-"



