Thermochemistry

Heat Energy




Energy Diagrams

Consider the reaction for burning
coal. Energy Is released during
the burn. C(s) + 0y(g) — COy(g)

Chemists like to draw an energy
diagram to represent AE

A
C(s), Oy(g) (reactants)
ctants Internal
CNergy | AE <0 (negative)
Products

COy(g) < (product)

> h 4

Progress of Reaction



Energy Diagrams

Consider the reverse of the coal
burning reaction.

Energy Is absorbed during the
reaction

COy(g) — C(s) + O5(g)

A
A E
C(S]:- Og(g] (pl‘DdLlC[S) 2 Products
Internal ' g
_ £ y @
energy | AE>0 {].}D?;i[h’t.‘} Reactants
|
H
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- Progress of Reaction




Sign: + or - A

C(s), O,(g) (products)

Internal

e Energy in? esergy fr—
v We give the coxtg || escamy
guantity a
positive sign.

A
C(s), Oy(g) (reactants)
* Energy out?
Internal
. energy | AE <0 (negative)
v We give the
CO5(¢) il (product)

guantity a
negative sign.



Defining Energy:

The Capacity to Do Work

This year, In
chemistry we will not
spend any more time
considering “work.”
We will leave that for
your physics class
next year.

Instead we will focus
on thermal energy,
chemical energy and
electrical energy.

( Energy: Capacity to Do Work J

\

Kinetic Energy:
Due to Motion

|
!
|

\

7

Thermal Energy;
Associated with
Temperature

Th.,'l

)

A

|

Position or Composition

~ Chemical Energy;
Associated with Positions

of Electrons and Nuclei |

. r_ |
] Potential Energy: Due to
)



We Need an Energy Unit

S0 a physicist would define a Joule this way...

e Ajoule is defined as the kinetic energy possessed by a
2 kg mass moving at a speed of 1 meter per second.

1 1 imY 1ke m>
KE=—my" = —(Zkg)(—m) = gzm =1 Joule
2 2 ls S

* In chemistry, we will mostly consider thermal energy
and electrical energy.

e So In chemistry, thermally, 1 Joule is the amount of
heat required to change the temperature of ~0.25 g of

water by 1°C.



Temperature and Heat
They are not the same thing

» Temperature: a measure of kinetic energy.
v Is proportional to the speed of molecules
v measures “hotness” or “coldness”
v tells us the direction that heat will flow
v IS measured in degrees, °C, K, °F

» Heat: the exchange of thermal energy
caused by a temperature difference.
v Is a quantity of thermal energy (being transferred)
v can only be measured when it is transferred
v measured in Joules, J (calories, Calories (food), BTU)




Which block is hotter?

1. Bigger block
2. Smaller block
3. Same




Which block is hotter?

1. Bigger block

2. Smaller block

e The smaller block is at a higher
temperature, and temp is a measure
of hotness and coldness.

3. Same




VWhich block contains more thermal
energy?

1. Bigger block
2. Smaller block
3. Same




Which block contains the more thermal energy?

1. Bigger block, even though it is slightly cooler.

e Just as a big pile of wood, would “contain™ more
heat (when burned). The large block would also
“‘contain” more heat. |f you dropped both blocks
In equal amounts of cold water, the larger block
would heat the water up much more - thus, in a
sense, It contains more energ

2. Smaller block

3. Same

Even though it is at a lower
temperature, the bigger block
has a higher heat capacity, C.
~ #Joules

°C

C




In which direction would heat flow
In order to reach thermal
equilibrium?

1. from big block to
small block

2. from small block
to big block

3. Impossible to
determine




In which direction would heat flow In

order to reach thermal equilibrium??

1. from big block to small
block

2. from small block to big
block

e The Second Law of
Thermodynamics tells
US (among other things).
Heat will always flow
from hot to cold — never
In the opposite direction.

3. Impossible to determine

13



Mixing equal quantities of hot and cold water in
a perfectly insulated container, aka calorimeter,
the final temperature of the mixture should be

1. above the hot temperature
2. below the cold temperature

3. exactly in the middle between the two
temperatures

4. closer to the hot temperature
5. closer to the cold temperature

6. not enough information to make some of the
judgments previously stated



Mixing equal quantities of hot and cold
water, the final temperature of the mixture
should be (Select all that apply. Be prepared to comment.)

. above the hot temperature
. below the cold temperature
. between the two temperatures - exactly in the middle

(or just slightly below the middle temperature since
some heat will be lost to the foam cup and the
thermometer.)

4. closer to the hot temperature
. closer to the cold temperature

6. not enough information to make some of the
judgments previously stated

O W N -

Ol



My mother in-law comes over for a

swim and complains the pool is cold

| tell her to hold on.... and run inside to heat some
water in the tea kettle........

e The water in the pool and water
from the tea kettle will reach

A

S thermal equilibrium
T - e Thermal equilibrium does not
= mean “in the middle” it means

—>  "same temperature’ o

-



Mixing 50. g of cold water at 20.°C with 75 g of
hot water at 80.°C in an insulated container,
the final temperature (thermal equilibrium) of

the mixture should be
(Select all that apply. Be prepared to comment.)

1.

. below the cold temperature

o O &~ W D

above the hot temperature

. exactly in midway between the two temperatures
. closer to the hot temperature
. closer to the cold temperature

. hot enough information to make some of the

judgments previously stated



Mixing 50. g of cold water at 20.°C with 75 g of
hot water at 80.°C in an insulated container,
the final temperature (thermal equilibrium) of

the mixture should be
(Select all that apply. Be prepared to comment.)

1. above the hot temperature

2. below the cold temperature

3. exactly in midway between the two temperatures
4

. closer to the hot temperature, because the larger
mass of water has a higher heat capacity.

O

. closer to the cold temperature

6. not enough information to make some of the
judgments previously stated



Heat Capacity, C

The quantity of heat required to
change a system's temperature by
1°C q ]
N C i —
* (= heat AT °C

e AT =change in temperature

e The amount of material present will
dramatically affect the heat capacity

g=CAT

19



Mixing 50. g of alcohol at 20.°C with 50. g of
hot water at 80.°C in an insulated container,
the final temperature (thermal equilibrium) of

the mixture should be
(Select all that apply. Be prepared to comment.)

1.

. below the cold temperature

o O &~ W D

above the hot temperature

. exactly in midway between the two temperatures
. closer to the hot temperature
. closer to the cold temperature

. hot enough information to decide on the

statements above

20



Mixing 50. g of alcohol at 20.°C with 50. g of
hot water at 80.°C in an insulated container,
the final temperature (thermal equilibrium) of

the mixture should be
(Select all that apply. Be prepared to comment.)

above the hot temperature
below the cold temperature
exactly in midway between the two temperatures

closer to the hot temperature

closer to the cold temperature

cu Bl s s Y =

not enough information to make some of the judgments
previously stated

e You are correct in thinking there will be a difference in the
“energy-holding capacity” of alcohol compared to water.



Specific Heat Capacity, c
A measure of the intrinsic capacity of a
substance to absorb heat.

e As you may have guessed, the amount of heat
needed to change a substance’s temperature may
vary from substance to substance.

e ¢, the quantity of heat q J
required tochange1g € = =
of a substance by 1°C mAT g" C
* the specific heat capacity of liquid watD
v Cwater, IS 4.18 J/QOC We will commonly use

this equation rearranged

* the specific heat capacity of ethanol .
v ol 0
Cethanol, IS 2.40 J/g C q mCAT

22




The really big assumption:

To calculate energy coming or going, we
will need to assume that the amount of heat

lost will equal the amount of heat gained.

Heat lost = Heat gained
_qwst — q(gained

—mc AT =mcAT

AT =T, ~T

initial

e By convention, energy lost from a system will be
negative, and energy gained by a system will be
positive, thus we must include a negative sign in order to
set energy lost equal to energy gained — otherwise, the
energy would be equal but opposite in sign. 23



Let's reconsider the previous problem with
cool alcohol and warm water, and calculate:

50.0 g of cold alcohol at 20.0°C with 50.0 g of hot water
at 80.0°C Calculate the thermal equilibrium temperature

The really big assumption.

Heat lost = Heat gained

_qlost — qgained

—mc AT =mcAT

AT=T,,,~T

initial

* Let's dothe algebra.... N



50.0 g of cold ethanol at 20.0°C
with 50.0 g of hot water at
380.0°C. Calculate the thermal
equilibrium temperature.

80° Thermal Equilibrium

/ Same temperature for
ATw — Tﬁ'nal — Yﬂim’tial \ E both alcohol and water
/ Tr Let's set Tr equal to x
AT“ - Tfinal - 71initiazl 2
20°
—mc AT =mcAT

—[(50.0)(4.18J / g°C)(x—80°) | =(50g)(2.46.J / g°C)(x°—20°)

25



50.0 g of cold ethanol at 20.0°C 800
with 50.0 g of hot water at E
80.0°C. Calculate the thermal

equilibrium temperature. AT =T, ,—-T,... .

—cm AT =cm AT <
—[ (56:0)(4.187 / g°C)(x—80°) |=(358g)(2.46J / g°C)(x°—20°)

Don’t distribute if you don’t have to...avoid math errors.

4.18

—(x—8()°)(—)=(x°—2()°)

2.46
136°—1.7x°=x—20°
156=2.7x
x=357.8° 26



Suppose you are cold weather camping
and you decide to bring some objects
into your sleeping bag for extra warmth.
Near the campfire, you heat up a jug of
water and a big rock of equal mass, both
reaching a temperature of 43°C. If you
could bring only one into your sleeping
bag, which one should you choose to
keep you the warmest through the night?

1. Water jug
2. Rock

27



Suppose you are cold weather camping and you
decide to bring some objects into your sleeping bag
for extra warmth. Near the campfire, you heat up a jug
of water and a big rock of equal mass, both reaching a
temperature of 43°C. If you could bring only one into
your sleeping bag, which one should you choose to
keep you the warmest through the night?

1.  Water jug

e Water has higher specific heat capacity, c,
and as It cools to thermal equilibrium with
you, the water will release more energy per
gram per degree.

2. Rock

28



REVIEW “Opener’

How many kilojoules of energy are
required to change the temperature
of 36 g of water from 5°C to 65°C?

Determine the starting temperature
of the hot water when 128 g of
water at 11°C is mixed with 95 g of
water and the final temperature is

28°C.

29
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LAD C.1

Specific Heat Capacity
of Various Metals



LAD C1 - Heat Capacity of Various Metals

Let's make some measurements of the
specific heat capacity of various metals, by
dropping hot metals into cool water and

measuring the temp changes.
We will use 4.18 J/g°C as the specific heat capacity of water.

1. What are we calculating”?
-m c AT =m c AT,

2. What do we need to measure?
- Set up a data table on lined paper.

32



The really big assumption.

Heat lost = Heat gained

—heat lost by hot = heat gained by cold

—(Jhot = (cold
—mc AT =mcAT
LAD C.1 Temp Diagram
TH
ATH _
Tequil AT = Tfinal - 71initial
ATc

Tc




Enthalpy
Heat of Reaction

S0 we have discussed the energy
changes when materials are warming
and cooling simply because the
materials were simply at different
temperatures, but what about the energy
changes caused by a chemical reaction?

34



LAD C2 - AH

If you got less than 50% efficiency, you
should go run another trial.

Work hard to try to avoid energy loss In
any way you can.

35



Why must Gas Laws must be calculated in Kelvin?
Yet Energy calculations can be Celsius or Kelvin?

« (Gas calculations involve PV =nRT PV, PV,
S0atm P S0atm P nT, B n,T,
50°C  100°C 323K 373K

» Energy calculations involve AT =T, T,

v since the “size” of a Kelvin and a °C are the same
subtractions will yield the same value.

v 50°C - 30°C =20 and 323K - 303K =20

Pressure vs Temp (C) Pressure vs Temp (K)

y=X

Pressure (atm)

Temperature (Kelvin) 36

Temperature (Celsius)



The Molecular View

« Where does the energy come from during chemical
reactions?
v It does not come simply from the kinetic energy of the particles of the
system.
- It comes from the chemical potential energy that arises from
the electrostatic forces of the protons and electrons within or
between the particles.

- During the reaction, bonds break, atoms rearrange, bonds
form resulting in a different arrangement.

v A new arrangement might result in lower potential energy, more stable, and
more favorable. But that energy has to go somewhere. The energy leaves as
heat. We call this exothermic and we represent the leaving energy as
negative.

v OR a new arrangement might result in higher potential energy, less stable,
and less favorable. But that energy has to come from somewhere. The
energy steals that energy from the kinetic energy of nearby molecules
(sometimes even from their own kinetic energy). We call this endothermic

and we represent the coming energy as positive. -



The Energy of Bonds

» Bond breaking

v Endothermic time for the
wax demo?

» Bond forming
v exothermic

» CeH1206 + 602 — 6C0O2 + 6H20 + E

v For this reaction the net result of the energy
In for bonds broken combined with the
energy out from bonds formed, give off
heat energy.

38



The Energy of Bonds
* Bond breaking

v Endothermic

» Bond forming
v exothermic

- ATP + water — ADP + Phosphate-water + E

v For this reaction the net result of the energy in
for bonds broken combined with the energy
out from bonds formed, give off heat energy.

39



Measuring thermal heat of a reaction.

Symbolized by AHrx Called Enthalpy

v The amount of heat released or absorbed during a chemical
reaction.

v AHrx positive (+), means energy is absorbed (temp goes down)
v AHgrx negative (—), means energy is released (temp goes up)

CH4 + 202 — CO2 + 2H20 + Energy
AHcombustion = =802 kd/molxn (1mol of CHa)
Thus ¢g=AH, Xamount

AH 1s Intensive (notice, joules per mole)

q IS extensive (notice, just joules)

On Wed, we will experimentally measure and calculate
Heat of Combustion of Butane, LAD C.2

40



Relationships involving AHRx

* If a chemical equation is multiplied by some
factor, the AHRrx Is also multiplied by the
same factor.

e CH4 + 202 —» CO2 + 2H20 + 802 kJ
° AHcombustlon - 802 kJ/mOIrxn (Of 1 mOI CH4)

« 2CH4 + 402 — 2C0O2 + 4H20 + 1604 kJ
° AHcombustion — _1604 kJ/ 2 Mol Of CH4

41



Relationships involving AHRrx

* If a chemical equation is reversed, then the
AHRrx changes sign.

* CHs + 202 — CO2 + 2H20 + 802 kJ
° AHcombustlon 802 kJ/mOI Of CH4

« CO2 + 2H20 + 802 kd — CH4 + 202
° AHreact/on +802 kJ/mOI Of CH4

42



Relationships involving AHRrx

* If a chemical equation can be expressed as
the sum of a series of steps, then the AHrx
for the overall equation is the sum of the
heats of reactions for each step.

 Thisis Hess' Law.....
v what does this mean”? how can we use this?

43



Hess Law

 Given the following data
N> +207; -5 2NO> AH?=68Kk]
N2 + 202 — N2Oq4 AH?=10. kJ

» calculate AH° for the reaction below:

2NO2 — N2z

44



Hess Law

 Given the following data
reverse: N> + 202 — 2NO2 AH°=68kJ

2NO2 — N2 +202 AH?=-68KklJ

N2 + 202 — N20y4 AH°=10.kJ

then add them together, and add the AH values
ONO; — Ne+28; AH°=—68k]

\N{Jr 2‘&{—> N20y4 AH°=10. k]

» calculate AH®° for the reaction:
INO> — NbOs AH’=-58 k]

45



AHYformation values

» Check out the Thermodynamic Table
* Look at the first column AH% (kJ/mol)

» What does “ mean, and per mole of what?
v AH = Enthalpy,

v f = of formation of the substance listed, from its
elements In their standard condition

v 92 at standard conditions (1 M and 1 atm)
v measured at 25°C

46



AHformation ReaCtiOnS

» Look up gaseous butane
« AH% =-124.73 kJ/mol

» A tells us change, but change for what??
v For a reaction....but what reaction?

 For the formation of gaseous butane from its
elements

« 4C + d5H2 — CsH10iq) AH =-124.73 kd/mol

47



AHformation ReaCtiOnS

» Look up calcium hydroxide
« AH% = -986.2 kJ/mol

 For what reaction?

 For the formation of gaseous solid calcium
hydroxide from its elements

« Ca+ O2+ Hz2 — Ca(OH)2s) AH =-986.2 kJ/mol

48



AH% By Definition

Chemists have compiled long lists of energy
values for formation reactions.

v A formation reaction is defined as: The formation of one
mole of a substance from the substances’ elements In
their standard state.

Formation of liquid water?
v Hog) + 72029 — HOwL  AHF=-286 kJ/mol

Formation of solid sugar?
v 6Cs(graphite) + OH2(g) + 302 — CsH1206s) AHP = —-1,273 kd/mol

These values can be used to calculate the
energy for many reactions using Hess' Law.

Let's try it..... o



AHRrxn for combustion of ethanol

Look up values from the AH:° table for compounds in the
reaction of the burning of ethanol vapor.

Using Hess' Law, rearrange these reactions so they
will add up to the desired reaction.

C2H50H(q) + 302(g) — 2C02(q) + 3H20(g)

50



AHRrxn for combustion of ethanol

Look up values from the AH:° table for compounds in the
reaction of the burning of ethanol vapor.

2C + 3H2 + /202 — C2HsOH(g) AH = -235 kd/mol

C + O2 — COgz) AH = -394 kJ/mol
Hz +7202 — H20(g) AH = =242 kJ/mol
O2 — O2 AH = 0 kJ/mol

Rearrange these reactions so they will add up to the
desired reaction.

C2H50H(g) + 302(g) — 2C02(g) + 3H20(q)

91



Look up values from the AH{° table for compounds in the
burning of butane reaction.

2C + 3H2 + /202 — C2oHs0Hg) AH = -235 kd/mol

C + O2 — COy) AH = -394 kJ/mol
Ho +7202 — H20(g) AH = =242 kJ/mol
O2 — Oo AH = 0 kJ/mol

Rearrange and “fix” the stoichiometry of these reactions so
they will add up to the desired reaction.

CoHs0H(g) — 2C + 3H2 + 7202 AH = +235 kd/mol

2C + 202 — 2C0O2(q) AH = 2(-394 kd/mol) = -788
3H2 + 17202 — 3H20(g) AH = 3(-242 kd/mol) = -726
add up the reactions, and add up the AH values

C2H50Hg) + 302(g) — 2C02g) + 3H20(g) AH = -1279 kd/mol

AH for combustion of ethanol
Whew...that was tedious, how about a nifty formula? 52



Wait...what? We have a nifty formula®

This rearranging gets tedious, not to worry, there is a
shortcut. When using heats of formation values, we

can apply the formula:

AH, = 2XnAH Of products 2nAH Of reactants
AH =12(-394) + 3(-242) | — [ (-235) + 37~2(0) | = 1279

This works of course, because subtracting the reactant
AH values, is the same as flipping and changing the
sign when we wrote out Hess' Law.

C2oHsOHg — 2C + 3H2 + 7202 A
2C + 202 — 2C0y(qg) A
3H2 + 17202 — 3H20(g) A

= +235 kd/mol
= 2(—-394 kJ/mol) = -788
= 3(-242 kdJ/mol) = -726

C2oHs50H(g) + 302(g) — 2C0O2g) + 3H20()  AH =-1279 kd/mol

53



More Practice

Calculating AHxn



Write a reaction for the combustion of
ethane, CoHs. Then calculate the

AHcombustion-



Write a balanced equation to represent

the combustion of ethane, CoHe.
® 2C2H6 + 702 —> 4C02 + 6H20 AHcomb =?

® Ofr C2H6 + 3%02 —> ZCOZ + 3H20 AHcomb =

56



Calculate the heat associated with the
combustion of ethane, C2oHes.
Determine the AHcombustion USING AH]

reactions.

1. Break out the thermo sheets to look up the heat of
formation for each substance in the chemical
equation.

. CoHeg) AH% =-85 kJ

. O2(g) AH% =0 kJ

. CO2q) AH%=-394 kJ

H2O@)  AH% =-242 kJ

. S0 what do these numbers mean?

G~ WN

57



Calculate the heat associated with the combustion of
ethane, C2Hs. Determine the AHcombustion Using Hess's
Law and AHrreactions.

1.

G B W N

A formation reaction is one that describes the formation of a
chemical from its elements

2C + 3H> — C2Hs AHs= -85 kJ
C+02— CO2 AHr= -394 kJ
H2 + 7202 — H20(g) AHr=-242 kJ
O2 — O2 AHf= 0 kJ

really there is no need to look up the AHr of an element as it will always = 0.
Forming an element from itself, is to say, no reaction thus no energy
change.

Use these reactions to “build” the desired reaction.

C2H6 + 3%02 —> 2C02 + 3H20 AHcomb =7

Reverse any reactions and adjust the stoichiometry as
necessary to produce the reaction below - changing the AH as
necessary. 58



Calculate the heat associated with the combustion of
ethane, C2Hs. Determine the AHcombustion USINg Hess's
Law and AHsreactions.

1. 2C + 3H2 —» C2Hs  AHf=-85 kJ
2. C+02—- CO AHs = -394 kJ
3. Ho+ 7202 - HoO  AHf=-242 kJ
4. O2 — O AHs =0 kJ

5. 2C2H6 + 702 —> 4C02 + 6HZO AHcomb =

0. C2H6 + 3%02 —> ZCOZ T 3H20 AHcomb =

59



Calculate the heat associated with the combustion of
ethane, C2Hs. Determine the AHcombustion USINg Hess's
Law and AHsreactions.

1.
. C+ 02— CO; AHs = -394 kJ

. Ho + 7202 - H O AHf=-242 kJ

. 02— O AHf =0 kJ

. Shortcut calculation: ZnAHs products - 2NAHs¥ reactants

OO ~ WD

2C + 3H» - CoHs AHf = -85 kJ

: C2H6 + 3%02 —> ZCOZ + 3H20 AHcomb =

60



LAD C.2 - Enthalpy of Combustion

* Here we go.....
 Let's do the preLAD

LAD C.2 g 10f2) Enthalpy of a Combustion Reaction Name Per

Introduction

In this lab, the enthalpy of the combustion, AH combusiion, 0f butane will be measured experimentally and calculated theoretically. This is
distinctly different from specific heat capacity. It is important to realize that heat emanates from the butane because it is reacting;
bonds breaking and other bonds forming, not because it is high in temperature and cooling down. The heat is produced by burning
butane, and this means that we need a different equation to calculate heat, g.

The equation is g = (A H)(amount)

AH 1s the symbol for enthalpy, which is the heat (gained or lost) for a process in which the product of
the pressure of the system is held constant.

The units on AH are energy per amount. The amount is usually moles, but the amount could be other
amount units such as grams or kilograms.

In order to measure, we need to catch the energy that is evolved while butane burns and this will be done by allowing the heat to
transfer to a known volume of water. Again we will make the (not so good) assumption that the heat lost by the butane will be gained
by the water.

PRELAD

1. Setup a data/results table. These data & calculation items will be put into your google spreadsheet data table. Use the same
spreadsheet, just make a new sheet with the tab at the bottom. Be sure and make a row for each processing the data item.

2. Is burning butane an exothermic or endothermic reaction? What is the sign of the AHcom» value?

61



LAD C.2 - Enthalpy of Combustion

 In this Lab, we noticed that our results were especially
low, only about 50% of the energy that we expected to
be evolved from the reaction, was actually captured
by the water.

« Our set up lent itself to so much energy evolved into
the air.

« Also, the gases were expanding and “doing work™ on
the atmosphere. We did not measure that energy.

» To more accurately measure energy evolved during a
reaction involving gases, we should use a "bomb”
calorimeter which allows the pressure to remain
constant, and thus very little energy will be lost as
work.

62



Heat Evolved at Constant Volume

- AE=q+w The Bomb Calorimeter
* but if there is no e m.;_sm.m
o il

change in volume,
there is no change
In work.

 thus AE = AH

« We do not have a bomb
calorimeter, so all of our

Tightly
energy measurements will “bom
be taken in unsealed Sample
containers at constant Ohcyien

volume.
63



Energy of Chemical Reactions

 When chemical reactions occur, the internal
energy of reactants compared to products is
nearly always different, thus there is a AE.

« So what'’s the difference between AE and AH?

v AH is a measure of the heat exchanged

v AE Is a measure all the energy exchanged, heat and work,
however....

 conceptually and often numerically, they are
very similar.

 For this course, we will not worry about any
small differences, and use them
interchangeably.

64



Bond Dissociation
Energy

Using Bond Dissociation Energies
to Estimate AHx



Bond breaking & Bond Forming

Bond Breaking Bond Forming
Endo Exo

+ —

break out your Thermodynamic Quantities Sheets

66



Let's take a moment to consider how we
might represent bonded atoms.
Lewis Structures

1. Ho 5. CHay
2. Oo 6. CsHs
3. HO 7. N>

4. COo 8. NHs3

67



Using bond energies (not using AHs) to
estimate AHx

Use bond energy values to estimate
the AH for 2H2g) + O2g) — 2H20(g)

1. Draw Lewis Structure for all molecules.

2. Take an inventory of the bonds breaking
(endothermic) and look up bond energy values.

3. Take an inventory of the bonds forming
(exothermic) and look up bond energy values.

4. (+bonds breaking) + (—bonds forming) = AHx

reactants products

68



Using bond energies to estimate AHx

Use bond energy values to estimate
the AH for 2H2g) + O2g) — 2H20(g)

Take an inventory of the bonds breaking
(endothermic) and bonds forming (exothermic)

2[+(H-H)] + [+(0=0)] + 4[-(H-O)]

bonds breaking bonds forming

2[+(436)] + [+(495)] + 4[-(463)] = 485 kJ/MOlnn

If you look up the heat of formation, 2x(AH®%) which is
2X(-241.82) so for this reaction, you'll get

* AH% = -483.64 kJ/rxn....nearly the same

69



Use the bond dissociation energies (NOT AH5)
to estimate AHcoms for the burning of propane.

1. Write a balanced equation.

2. Draw Lewis Structure for all molecules.

3. Take an inventory of the bonds breaking
(endothermic) and look up bond energy values.

4. Take an inventory of the bonds forming
(exothermic) and look up bond energy values.

5. (+bonds breaking) + (—bonds forming) = AHx

reactants products
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Use the bond energies to estimate

AHcomb for the burning of propane.
1. CsHsg(g) + 502(g) — 3CO2g) + 4H20g)
2. bonds breaking
2x C—C(348) + 8x C-H(413) + 5x O=0(495) = +6475
3. bonds forming
6x C=0(799) + 8x O-H(463) =-8498
4. (+breaking) + (—forming) = AH
AHcomb = (—8498) + (+6475) = -2,023 kJ/mol propane
5. calculate AHcms USiNng AH® values
« AH_ =2nAH® - 2nAH®

* AHcomb = —2044kJ/mol propane....pretty close to the previous calc
* What might be causing the difference?

v the fact that bond dissociation values are averages and not exact values
for the molecules in the reaction. Strength of bonds are affected by
nearby atoms and bonds.

f products f reactants
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Use bond dissociation energies to
estimate AHxn for the following

reaction: 2CH4 + O — 2 CH3OH



Use bond dissociation energies to
estimate AHxn for the following

reaction: 2CH4 + O — 2 CH3OH

H H
2 H-C-H + 0=0 —2H-C-O-H
H 4

1. First lets take a bond inventory.
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Use bond dissociation energies to
estimate AHxn, for the following
reaction: 2CH4 + O, — 2 CH30H

T I
2 H-C-H + 0=0 — 2 H-C-O-H
H' !
1. First lets take a bond inventory.
e C-H 413
e O=0 495
e C-O 358

e O-H 463
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Use bond dissociation energies to
estimate AHxn, for the following
reaction: 2CH4 + O, — 2 CH30H

i i
2 H-C-H + 0=0 — 2 H-C-O-H
g s
1. First lets take a bond inventory.
e C-H 413 x8
e 0O=0 495 x1
e C-O 358x2
e O-H 463 x2

e C-H 413 xb
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Use bond dissociation energies to
estimate AHcoms for the following

reaction: 2CH4 + O — 2 CH3OH

1. -321 kd/molxn



Use bond dissociation energies to
estimate AHcoms for the following
reaction: Hx + Bro — 2 HBr

1. First lets take a bond inventory.
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Use bond dissociation energies to
estimate AHcoms for the following
reaction. Hz, + Bro — 2 HBr

1. -103 kd/molxn



Use bond dissociation energies to
estimate AHcoms for the following

reaction: 2H202, — 2H20O + Oo

1. First lets take a bond inventory.
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Use bond dissociation energies to
estimate AHcoms for the following

reaction: 2H202, — 2H20O + Oo

1. -203 kd/molxn



Use bond dissociation energies to
estimate AHcoms for the following
reaction: ; ;

se=c
H H

+ H—C=N

H H

H—C—C—C=N

1. First lets take a bond inventory'a b

8l



Energy of Dissolving

AH dissolving

AH dissolution
AH solvation

AH sol’'n



Endo- and Exo- Dissolving

» Sodium hydroxide dissolving is exothermic.
vNaOH, — Na* + OH™ + E

 potassium sulfate dissolving is endothermic.
vE + Ky;SO46 — 2K* + SO,

* There Is no sure way of looking at the chemical
formula of a substance and knowing if the
dissolving process Is exo- or endothermic.

* You might be asking yourself “why is the NaOH
exothermic?” After all, it seems as if this Is a
bond breaking process.
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Just what is going on during the
dissolving process?

» Since the dissolving of some salts is exo
thermic, there must be more going on than just
breaking the ionic bonds of the crystal.

vNaOH, — Na* + OH™ + E

» Actually, there are three separate processes
Involved. Let’s take a lookK...
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A Static Look at Hydration

1. Energy IN to break
apart the crystal
structure,

2. Energy IN to separate
the hydrogen bonding™- - }
between water
molecules,

3. Energy out as the
cations and anions
make “bonds” with the
water molecules
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Intermolecular forces

that occur during solution formation

* Bonds between solute particles (the crystal) to
be broken

v'called Lattice Energy of the ionic crystal, ENDO-

* “Bonds” between solvent molecules (water) are
broken

v called dipole—dipole interactions ENDO-

* “Bonds” between the solute and the solvent
particles (+/- ions and polar water) are formed

v'called ion—dipole interactions EXO-
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Enthalpy of Dissolving Process
AH; +

Bond breaking “Bond” breaking Bond forming
« AH, = lattice energy (endothermic) [bond breaking]

« AH, = solvent IMF (endothermic) ["bond” breaking]
« AH; = energy of solvation (exothermic) ["bond” forming]
-~ AHSOI’I’I=AH1 + AHZ + AH3

 The sign of the AH.,,, depends on the magnitude of the

endothermic processes compared to the exothermic
process.
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potential energy

Exothermic

9
Q ° ? 9 ® 5o y P
00 °’9 9 o
000 000 29 Q9 J
o
Separated particles
A Q
3342 , 90 O Step 2
— Dl A AH, >0
J
Solute
—
~ A
500 0% Step 3
Q9 : tep .
%33 — %900 et AH, <0
00° @ 0 o AH, >0 "‘
9
Solvent d
Q9 Q
Qv J P
> @ °) 2 ¢“
9 J '
?0 29 =
o 99
v Solution

* two parts endo, one part exo: net result = exo
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Endothermic

A 9

Q Q > 9
® Qooo T+ JJJ‘) @
ooo 00 o Jd J < J
Separated particles
A (9]
S ite[)B
H, <0 |
GLJ o )O J ° .)0
090"
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) 00" 0o,
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A
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* two parts endo, one part exo



LAD C.3 Hess’ Law

Let’'s do an experiment in which it is easier for us to
contain the heat, and there are no gases formed, in
hopes of obtaining better AHreaction vValues.
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More CI'Cker
Questions



What is the value of the unknown AH in the
Energy Diagram below?

~_ Hy(g) + 1120,(9)
1. +330 kJ
2.-330 kJ
AH= 7
3.+2806 K  AH=-286kJ
4.-242 kJ \/
5.+242 kJ H,0(g)

The AP Exam sometimes AH = - 44 kJ
refers to this as a \/

Potential Energy Diagran SO TN
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ential Energy

What is the value of the unknown AH in the

energy diagram below? NG I202(6) NN

1.+330 kJ e
2.-330 kJ AH = - 286 kJ o

3. +286 kJ \/
4.-242 kJ o)

\/ AH = - 44 kJ
\/




Which number in the potential energy

diagram shown below, represents the heat of
the reaction, AH?

S

Potential Energy

Reaction Coordinate
or time, or progress of reaction
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Which letter in the potential energy diagram

shown below, represents the heat of the
reaction, AH?

e AH |
represents 3| \—6
the “net” L%) ; ~[products
energy —
difference = R
between he % | 5
reactants =
and the :

prOdUCtS Reaction Coordinate
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The reaction represented by this graph

t

6
Products

1. 1S exothermic
2. 1S endothermic

3. There is not
enough
iInformation to
determine the ——p=—x | ;

_ _ Reaction Coordinate
energetics of this
reaction.

Potential Energy
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In a chemical reaction, the difference

between the potential energy of the products

and the potential energy of the reactants is

defined as

1. activation energy

2.

> 0B W

lonization energy
heat of vaporization
heat of reaction

. Kinetic energy
. lattice energy
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In a chemical reaction, the difference

between the potential energy of the products

and the potential energy of the reactants is

defined as

1.
. lonization energy

. heat of vaporization
. heat of reaction, AH
. Kinetic energy

. lattice energy

o O 5 W IN

activation energy
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The reaction represented by this graph

1. Is exothermic ™ T 4 t
2. is endothermic 511 ‘ \f_it
3. There is not enough = I~ 4
information to 1 Beroiree]
determine the X 2
' ,

energetics of this
reaction. Reaction Coordinate

— — - .
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For the reaction represented by the potential
energy diagram below, the total bond dissociation
energy of the products (C + D) is the
bond dissociation energy of the reactants (A + B).

1. greater than ‘
2. less than I
3. the same as 80:
4. none of the above, &) .

because this cannot
be determined from
th|S graph . Progress of the reaction
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For the reaction represented by the potential energy
diagram below, the total bond dissociation energy of the

products (C + D) is the bond dissociation
energy of the reactants (A + B).

1. greater than BDEeact + (~BDEprog) = AH
2. less than A

100 -

3. the same as 80 -

4. none of the above, pp 80
because this cannotbe " “-
determined from this
graph. Progress of the reaction

e \We know this because there is more energy
produced by the formation of the products than
needed to break the reactants.

20 -

101



Why Is there a peak on these potential
energy graphs and what's going on
th ere ? Transition state

: /"3‘. '-\\\.
g Y

/J . | .\.
5 Activation Energy

Methanol and

Bromide
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The heat of formation for liquid
benzene is represented below

6C graphite) + 3H2(q) — CeHs) AH% = +49 kJ
The AH% for gaseous benzene would be

. greater positive value

. smaller positive value

. more likely to be negative
. unable to determine

B~ W DN -
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The heat of formation for liquid benzene is
represented below

6Cs) + 3H2(q) — CeHew)y AH% = +49 kJ
The AH% for gaseous benzene is

1. greater positive value

e vyou could use Hess' Law to consider this...
e 6C) + 3Hz) — CeHew)y AH% = +49 kJ

. CeHsL) — CsHeg) AH®vaporization = +

2. smaller positive value
more likely to be negative
4. unable to determine

=
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Consider the following thermochemical
equation:

2H20(|_) + 570 kd — 2H2(s) + OZ(g)

The AH® for liquid water is

1. (+570)2 5. ‘5270
2. (-570)2 6. -570
3. (+570)" 7. +570
4. (-570)% g MY

2



Consider the following thermochemical
equation:

ZHZO(L) + 570 kd — 2H2(s) + 02(9)

The AH® for liquid water is

1. (+570)? /. +570
2. (-570)2 g. /0
2
3. (+570)” « When you take the thermochemical
y value out of the equation above,

4. (-570) because it is exothermic, you need to
5 —570 represent it as negative.

| p)  |n addition, AH°f values are always per
6. -570 mole of whatever is being formed from

Its elements. 106



Which energy diagram below best
represents the formation of liquid water?

1. 3. _/¥

Reaction
Coordinate

Potential Energy

Potential Energy

Reaction
Coordinate

——

\
\ /
0%

Reaction
Coordinate

Potential Energy
AN
Potential Energy

Reaction
Coordinate

5. None of the choices
are valid.
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Which energy diagram below best
represents the formation of liquid water?

1. 3’ ¢ sincewe 3. &
- r-/\ learned In I _/\—
: the last slide s
= - that the Reaction
Reaction . Coordinate
coordinate  formation of .
3 liquid water g
g S 4. 3 '\f
© \ . o
t| \/  exothermic. s .
2' é Rcacgion
Reaction Cogfq|nate
Coordinate

5. None of the choices
are valid.
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Use your Thermodynamic Tables to
calculate the AH for the process of
vaporizing solid iodine, |2

Input your numeric answer.
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Use your Thermodynamic Tables to
calculate the AH for the process of
vaporizing solid iodine, |2

l25) = l2(g)
AHvap = ZNAH of products 2NAH Of reactants

+62.25 kd/mole - 0 kd/mole
thus AHvap = +62.25/mole o)

|10



Use your Thermo Tables, and the
enthalpy for the reaction given below to
calculate the AH® for gaseous

propanol.
C3H7OH(g) + ?/202(g) — 3CO2(q) + 4H20(q)

AHcombusuon — 2061 kJ/mOle aICOhOI

Enter a value rounded to the nearest whole number.



Use your Thermo Tables, and the enthalpy
for the reaction given below to calculate the
AH® for gaseous propanol.

C3H7OH(g) + °/202(g) — 3CO2(g) + 4H20(g)
AHcombus’uon — 2061 kJ/m()Ie

: Aer = znAHOf products ZnAHOf reactants
. [3(=393.5) + 4(~241.82)] - [(x) + (0)] = 2061 kJ
e X = H%for C3H7OH) = -87 kJ
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Which reaction best represents the
AH® reaction for solid sodium nitrate?

1. Na*@q) + NO37(ag) — NaNO3(aq)

2. Na*aq) + NO37(aq) — NaNOs3s)

3. Na*g) + NO3g) — NaNOss)

4. Nai) + NO3sis) — NaNOg(s)

5. 2Nas) + N2 + 302(q) — 2NaNOg3s)
6. Na) + ¥2N2g) + 3/502(q) — NaNOs3(s)

|13



Which reaction best represents the
AH® reaction for solid sodium nitrate?

Na*@aq) + NO37@ag) — NaNO3(ag)
Na*(aq) + NO37(aqg) — NaNOs3s)
Na*g) + NO3g — NaNOs3)

Nai) + NO3is) — NaNOss)

2Na(s) + Nog) + 302(g) — 2NaNOj3s)
Nagis) + 2N2g) + °/,02(g) — NaNOszs)

Heat of formation reactions are always per
mole of the “formed” chemical.

*oOo O RxLDN-~
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2Bs) + 3H2(g) — B2He(g)

Use the reactions below to determine the AH for
formation of diborane shown above.

2Bs) + *1202(g) — B20s3s)
B2oHg(g) + 302(g) — B203(s) + 3H20(g)
Ho(q) + ¥202(9) — H20)

HoOw) —H20(g)

1.a+b+c+d 5.b-a+3d
2.a-b+3c 6. b-a-3c-3d
3.a-b+3c+3d /.some other sum

4.b-a+c3 not listed above

|15



2Bs) + 3H2(g) — B2He(g)

Use the reactions below to determine the AH for
formation of diborane shown above.

2Bs) + 3/,02q) — B203is) AH=a

BoHe(g) + 302(g) — B203(s) + 3H20(g) AH=D
Ho@) + 202y — H20)  AH=C
HoOw)—H20) AH=d

1.a+b+c+d 5.b-a+3d
2.a-b+3c 6. b-a-3c-3d
3.a-b+3c+3d /.some other sum

4.b-a+c3 not listed above
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Select the unit label(s) that would be
appropriate for AH

kJ

kd/mole
kd/mole°C
J/g

J/°C

J/g°C
calories/mg

N OasODN -~
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Select the unit label(s) that would be
appropriate for AH®

kJ

kd/mole
kd/mole®°C
J/g

J/I°C

J/g°C
calories/mg

N s~
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