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Formula Mass and Percent Composition
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formula mass the mass of a single molecule or formula unit.

“formula weight”
“molecular mass”
“molecular weight”

Ex.: What is the formula mass of a water molecule?
H,0
= 2(1.07 u) + 1(16.00 u)
=178.02 u

Determining Formula Mass Practice

19 Potassium carbonate, K,CO,, is a common water-softening
K agent. What is the formula mass of this compound?

39.10

C = 2(39.70 u) + 1(12.01 u) + 3(76.00 u)

12.01

Y W = 738.27 u

(0]

16.00

Percent Composition

percent composition

mass of one element
of one element -

x 100%
mass of compound




Determining Percent Composition Practice
Octane, a component of gasoline, has the molecular formula CgH ;4.
What is the percent composition of carbon and hydrogen in octane?

mass € = 8(12.07 u) = 96.08 u
mass H = 18(1.07 u) = 18.18 u

mass of CgHig = 8(12.01 u) + 18(1.07 u) = 114.26 u

% carbon = mass carbon % 700% = 96.08 u x 100% = 84.09%
total formula mass 174.26 u

% hydrogen =—Tos hydrogen o0 - IBIE U 100y = 15.91%
total formula mass 774.26 u

How chemists measure formula mass and
percent composition

Mass Spectrometry

a technique used to measure the mass of molecules

lonizing chamber Electric field Detector

Mass Spectrometry, Continued
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Elemental Analysis

a technique used to measure percent composition
uses combustion reactions to form simpler products (CO,, H,0)

Courtesy LECO Corporation

The Mole Concept

1 atomic mass unit (u) = 1.66 x 1024 g

How do we relate atomic masses to larger amounts?

The Mole Concept, Continued

Avogadro’s Number: 6.02 x 1023

1 dozen: 12 units
1 dozen planets = 12 planets
1 dozen toothpicks = 12 toothpicks
1 dozen donuts = 12 donuts

1 mole: 6.02 x 102 units
1 mole of donuts = 6.02 x 102 donuts
1 mole of carbon atoms = 6.02 x 1023 carbon atoms
1 mole of oxygen molecules = 6.02 x 1023 oxygen molecules

Moles relate atoms to grams, Part 1

* 1 atom of carbon = 12.01 u
* 1 mole of carbon =12.01 g

1 atom of carbon: 1 mole of carbon:
mass = 12.01 u mass = 12.01 grams
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Moles relate atoms to grams, Part 2

» 1 atom of carbon =12.01 u
* 1 mole of carbon =12.01 g

Mass of carbon:
12.01u

12.01 grams/mole

(molar mass)

Moles relate atoms to grams, Part 3

6 B Whatis the formula mass of carbon dioxide?
C _
i * 1 molecule of CO, =44.01u
5 ® * 1 mole of CO, =44.01¢g
(o)
16.00

Converting between Grams and Moles

Use molar mass as the conversion factor

How many moles of NaCl are present in a 305-gram sample?
formula mass of NaCl: 58.44 g/mole

58.44 g NaCl = 1 mole Nacl

7 mole NacCl

305 4-Nael x T TAEL
58.44 g-Natt

= 5.22 moles NaCl

Converting between Grams and Moles, Continued

Use molar mass as the conversion factor

To prepare a solution that contains 1.20 moles of NaCl,
how many grams of NaCl are needed?

58.44 g Nacl

1.20 moles—Natt x 7 mole Nt

= 70.71 g9 Nacl




Converting between Moles and Particles

6.02 x 102 particles = 1 mole

How many atoms are in 4.20 moles of gold?

6.02 x 1023 atoms
420 metes Au x —————— = 2.53 x 102 atoms Au
1 mote

Relating Atoms to Grams

What is the mass in grams of 2.53 x 1023 jron atoms?

55.85 g Fe = T mole Fe
6.02 x 1023 atoms = T mole

_ Molar mass A
L <~ (O

253 x 102 atoms—Fe x 1 mote Fe x 2585 9 F_ 535 grams Fe

6.02 x 1023 atoms—e 7 mote—Fe

Avogadro’s
number

Relating Grams to Atoms or Molecules

Avogadro'’s

i Molar mass (E number
Grams . Moles

loms or
~ Molecules

The Mole Concept in Balanced Equations

\ T s

Guillaume Plisson/Bloomberg,




Equation Coefficients Can Mean Molecules or Moles

2Hp + 0 — > 2H,0
MOLECULAR RATIO MOLE RATIO
e ONH X H |
H—H o 2
+ \ - + @ :
H 0 N
7 O~ \ ]
H H H Ha, ) o T g @
2 molecules 1 molecule 2 molecules 2 moles 1 mole 2 moles
Hy 0, HO Hy (073 HO
4.0u 32.0u 36.0u 4.0 grams 32.0 grams 36.0 grams

Revell, introductory Chemistry, 2e, © 2021 W. H. Freeman
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Using the Mole Concept
If 235 grams of iron react in this way...
Fe (s) + 2 HCl (ag) > FeCl,(ag) + H, (9)

4.21 moles  8.42 moles 4.21 moles

How many moles
of iron react?

Fe: 55.85 9/mol

7 _mol Fe
235 _I_mol Fe __
gFe X 25,85 9F 4.21 mol Fe

How many moles of
iron(ll) chloride form?

7 mol FeCl.
4.21 motFe x LMoL Fecly
e X

= 4.21 mol Fecly

How many moles of HCI
are needed?

2 mol Hcl
mot-Fe

4.21 motFe x 7 = 8.42 mol Hcl

How many grams of
iron(ll) chloride form?

726.75 g9/mol
726.75 g FeCl,

x
4.21 molFett; 7 3

= 534 g Fecl,

Using the Mole Concept, Continued

If 235 grams of iron react in this way...

Fe s+ 2 HCl (ag) > FeCl, (aq)+ H, (9)

How many moles
of iron react?

How many moles of
iron(ll) chloride form?

Stoichiometry

How many moles of HCI
are needed?

How many grams of
iron(ll) chloride form?

of another, based on the balanced equation.

Using the amount of one material to predict the amount

Using the Mole Concept, Practice
When magnesium burns, it combines with oxygen to form MgO. If this reaction
consumes 3.0 moles of oxygen, how many moles of MgO will form? How

many grams of MgO will form?

2 Mg (s) + O, (9) > 2 MgO (s)

3.0 mol 6.0 mol
2 mol MgO
3.0 mel-6, x 7 . 6.0 mol Mg0
MgO: 40.30 9/mol
40.30 9 Mg90
6.0 mel-Mg0O X 9 9% = 240 4 me0

1 _mel-Hg0




Using the Mole Concept, More Practice

Sodium metal reacts violently with water. How many moles of H, gas form if 11.0
grams of sodium react with water?

2 Na(s)+ 2 H,0 () > 2 NaOH (aq) + H, (9)

22.99 9/mol
g Na = mol Na 7.0 ¢-MNa x T mol Na_—_ 0.478 mol Na
22.99 4 Na
molNa® molH, 0,478 mol-na x T2 L 5539 mol 1
2 mol-Na 2
mol_Na 7 mol
7.0 g-Na x - mol Mo _ 5 239 mal H,

2299 gNa \ 2 mol-Na

Summary of Stoichiometry Problems

Fe s+ 2 HCl (ag) > FeCl, (ag)+ H, (9)

N 7

Conversion Factors in Stoichiometry Problems:

Molar Mass
—_—_—mm

Coefficients from

i Balanced Equation
Moles A S Moles B

The Mole Concept in Balanced Equations

Fe (ss+ 2 HCl (ag) 2 FeCl, (aq)+ H, (9

S~ 7

Coefficients from

4 Balanced Equation
Moles A —_— Moles B

Gram-to-Gram Problems

Molar Mole ratio Molar

mass 4 from equation mass
. Moles A Bepeeeeeeeed Moles B B d Grams B




Gram-to-Gram Problems, Practice
When heated with a Bunsen burner, MgCO, decomposes to MgO and CO,, as
shown in this equation. If 5.24 g of MgCO, are heated in this manner, how many
grams of MgO can be produced?

MgCO, - MgO + CO,
g9 MgCO; — mol MgCO; —> mol MgO0 —> g MgO

7 -mol-Mg€os T-mel-Mgt-  40.31 9 MgO _
5249 MGC0s X gy o igeor T molHgeon \ Tmolg 2.57 9 Mg0

Mole ratio Molar

Molar
= mass = from equation mass
1B —— oles A EemeEEEEEEEd Moles B Emmed Grams B

Strategies for Solving Stoichiometry Problems

Conversion Type Conversion Factor

Grams and moles of one substance Molar Mass
Moles and particles of one substance  Avogadro’s number

Moles of two different substances Mole ratio from the balanced equation

The Mole Map

Particles B

The Mole Map .
(=]

S

Mole ratio Molar %

from equation mass %

Moles B Eomemd Grams B -

£

S

Avogadro’s Avogadro’s 3
number number 3
g

g

3

&

W. H. Freeman and Company

Using the Mole Map, Practice
Zinc metal reacts with aqueous copper(ll) chloride, as shown in this equation. If
3.03 x 102" atoms of zinc react, how many grams of ZnCl, will form? Show the
sequence of conversions necessary, then calculate the numerical answer.

Zn (s) + CuCl, (aq) 2 ZnCl, (aq) + Cu (s)

Atoms Zn —> mol Zn —> mol ZnCl, — 4 ZnCl,
The Mole Map

Motar Mole ratio Molar
> from equation
Moles B

stry, 2, © 2021
and Company

Avogadio’s
number

Avogadio’s
number

Partlcles B

-4
2
z
=
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Using the Mole Map, Practice Continued

Zinc metal reacts with aqueous copper(ll) chloride, as shown in this equation. If
3.03 x 102" atoms of zinc react, how many grams of ZnCl, will form? Show the
sequence of conversions necessary; then calculate the numerical answer.

Zn (s) + CuCl, (aq) 2 ZnCl, (aq) + Cu (s)

Atoms Zn —> mol Zn —> mol ZnCl, — g ZnCl,

1 mel-Zm 7 _mol-Zntt, 136.28 g9 ZnCl,
3.03 x 10?4 atems—2Zn X X
7 mel-2Zntt;

6.02 x 1033 atoms—2Zn 7 mel-2Zm
= 0.656 g Zncl,

Using the Mole Map, Summary

The Mole Map
) Molar Mole ratio Molar
_ mass P from equation mass
rams A R et Moles B B d Grams B
Avogadro’s Avogadro’s
number number

W. H. Freeman and Company
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The Mole Concept in Balanced Equations:
Limiting Reagents

Fe (ss+ 2 HCl (agg > FeCl,(ag)+ H, (9

S~ NN

Calculations with Limiting Reagents

/ |

2 slices bread + 1 slice turkey + 1 slice cheese > T sandwich




Calculations with Limiting Reagents, Practice

If you have 80 slices of bread, 18 slices of turkey, and 15 slices of
cheese, how many turkey-and-cheese sandwiches can you make
using this recipe?

2 slices bread + 1 slice turkey + 1 slice cheese = 1 sandwich

Bread: 40 sandwiches

Turkey: 18 sandwiches a p—

Cheese: 15 sandwiches

.

Limiting Reagent: runs out first
limits the amount that can be produced

Limiting Reagent Reactions Are Common

%= CH,(9)*+20, (9> CO,(g)+ 2 H,0 (g)

e

and Company

#2021 W. H. Freema

Revell, introducton

CH, is the limiting reagent.
O, is the excess reagent.

Limiting Reagents, Practice
Potassium reacts violently with chlorine gas to produce potassium chloride,
as shown. If 1.2 moles of potassium are combined with 15 moles of chlorine
gas, how many moles of potassium chloride can form? Which reagent is the
limiting reagent?

2K (s)+ Cly(9) > 2 KCl (s)

7.2 moles 75 moles
We have enough K to produce 1.2 moles of KClI: K is the limiting reagent.
2 mol Kcl 7.2 moles of Kcl
1.2 4me X 2 molK- = 1.2 moles Kcl can be produced.

We have enough Cl, to produce 30 moles of KCl: 6/2 is the excess reagent.

2 mol Kcl There will be Cl, left over

15 mot€l; x '7—‘ = 30 moles Kcl after the reaction is complete.
-mel—€tz

Limiting Reagents, More Practice

Uranium reacts with fluorine gas according to this equation. If 30 moles of
uranium combine with 75 moles of F,, how many moles of UF will form?

U+3F,> UF,
7 mol UF, .
30 met-t} x —Imo—a— = 30 moles UFg U is the excess reagent.
7 mol UFg . L
75 molf5— x ————2 = 25 moles UFs £, is the limiting reagent.
3 -motF5




The ICE Method

If you have 80 slices of bread, 18 slices of turkey, and 15 slices of
cheese, how many turkey-and-cheese sandwiches can you make
using this recipe?

If you make all of the sandwiches, what will be left
over?
2 slices bread + 1 slice turkey + 1 slice cheese = 1 sandwich

| nia 80 8 75 0
Chage  -30 -75 -75 +15
En 50 3 0 75

The ICE Method Practice

If 15 moles of HCI and 20 moles of NaOH are combined, how many moles
of each species will be present after the reaction is complete?

HClI + NaOH -> NaCl + H,0O

| nitat 15 mol 20 mol 0 mol 0 mol
Change -715 mol -75 mol +75 mol +15 mol

E 0 mol 5 mol 5 mol 15 mol

Summary of Limiting Reagents

+ Limiting Reagent: Completely consumed; limits the amount of
product formed.

— The reagent that forms the least amount of product is the limiting reagent.

» Excess Reagent: Not completely consumed; reagent will be left
over after the reaction is complete.

* ICE method: Can be used to determine the amounts of all
reactants and products present after a reaction.

Theoretical and Percent Yield

» Theoretical Yield: The amount of a product that can form, based on the
balanced equation.

* Actual Yield: The amount actually obtained.

» Percent Yield: The percentage of the theoretical yield that was obtained.

Actual yield

FEEa = Theoretical yield

x 100%




Why is the Actual Yield so Low?

» Material sticks to container walls
» Unwanted side products

* Product lost during purification

Percent Yield Practice

A chemist runs a reaction in which the theoretical yield is 240
grams. However, he is only able to isolate 180 grams. What is
the percent yield for this reaction?

% vield actual yield 100%
° Y18 = Cheoretical yield X )

180 4

240 4 x 100% = 75%

Percent Yield, More Practice

Sulfur hexafluoride, SFy, is widely used in the power industry. It is produced through
this reaction:

S(s)+3F,(9 2 SFs(9)
A manufacturer reacts 120.0 kilograms of sulfur with excess fluorine gas. What
mass of SFy is theoretically possible for this conversion? After the reaction is
complete, the manufacturer isolates 480.2 kilograms of SF,. What was the percent
yield for this process?
95 — molS — mol SF; — g SF;

7 mol-5 7 -mot—5Fs 746.06 9 SF4

120,000 g5 x =0 x x— -

= 546,700 g SF,
= 546.7 kg SF,

480.2 kg

7100% = %
546.7 kg X 87.84%

% yield =

Introductory Chemistry Introducto 'IX
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Energy, Work, and Heat Energy: the ability to do work

Thermodynamics: the study of energy and temperature changes
. . ; . Forms of energy:
Thermochemistry: energy changes in chemical reactions -
potential energy: stored energy

kinetic energy: energy of motion

e geBROKER Alarry

Types of energy changes:
heat: the transfer of kinetic energy
work: the transfer of energy from one form to another.

/ Joules
Joules Heat and work

An Analogy to Wealth and Spending An Analogy to Wealth and Spending, Continued
ending E:’E % %
Wealth | ————— || 02
Spending g%
Wealth | =

Energy




Energy Released

Units of Energy The Relationship Between Energy, Heat, and Work
1 joule (J) = 1 kg-m?/s? AFE = q+w
1 British Thermal Unit (BTU) = 1,055 J )
1 kilowatt-hour (kWh) = 3.6 x 106 J il |
1 calorie (c) = 4.184 J 2 | ) SR Ea e Do
3 q 1 ~—~ pushing up the piston...
1,000 calories = 1 kcal = 1 Calorie 3 “B
2 tit
8 : E
futy | 2
L?:Ij w - s IA/. T
— Boom!t—
Zy v -
...but some of the energy
w escapes as heat
Piston 1
Energy, Heat, and Work, Continued Energy, Heat, and Work Practice
A E = q +w A small sample of propane burns, producing carbon dioxide and water vapor.

As the hot gas mixture expands, it releases 20.0 kJ of heat, and does 31.0 kJ of

work pushing against a piston. What is the total amount of energy released in
‘ I this reaction?

|
\
q = ‘[ sealed so it does

If the piston is ....All the - Energy released = g + w

| energy is 2

& = not move.... released s = 20.0 kJ + 371.0 kJ
T T ~_ as heat. | 9 ¥o)

= | |/ < = 51.0 kJ
L = / <)
w A o / g
-—;oor:( = A, b w

Piston 1 Piston 2




Endothermic and Exothermic Changes

2CgHis ) +250, (@ > 16 CO, (g + 18 H,O (g + energy

exothermic change
releases energy

energy + H,O (s) > H,0 )

I; endothermic change
' absorbs energy

ooooooooo

Identifying the System and Surroundings

System: the part of the universe being studied
Surroundings: the rest of the universe

21 . Frnernan and Cormpany

| Expanding gas doss work
pushing up the piston

b = I
f ' \
i = £ |
: - -:‘Boor:!(— el i |L__//‘
Fuel + &l e “\ = == 2 -7_t)
o o——

Identifying the System and Surroundings, Continued
System: the part of the universe being studied

Surroundings: the rest of the universe

Showing the direction of energy changes

Exothermic change System does work
releases heat energy on surroundings

b = = releases energy
‘ —> q prha -w
Y~

vy
LA

b

Endothermic change Surroundings does work
absorbs heat energy l on system

absorbs energy

-




The Law of Conservation of Energy

Energy cannot be created or destroyed.

AE = -AE,

surroundings

$

[ Player 1 _——b Player 2

king/Shutterstock

Energy
System | ——— | Surroundings

The Law of Conservation of Energy Practice
A chemical reaction releases 200 J of heat energy to its surroundings.
Write this change of energy for the system (the chemical reaction),
and for the surroundings.

System: NAE = -200 J

Surroundings: AE = +200 J

Summary of Energy Changes

» Energy changes: work and heat
— System
— Surroundings
— Exothermic reaction: system releases heat
— Endothermic reaction: system absorbs heat
» Energy is not created or destroyed in chemical reactions.

Heat Energy and Temperature
Heat The total kinetic energy transferred from one substance or object to another.

Temperature The average kinetic energy of the particles in a substance.

Tobias1900/Shutterstock




Specific Heat and Heat Capacity

1,000 calories
of heat energy

1 kg water =—os Temp N 1.0°C

e

& e 1S
1,000 calories
of heat energy

1kgiron ——— TempN93°C

Specific Heat

Specific heat: The amount of heat required to raise the
temperature of 1 gram of material by 1 °C.

heat
(mass) X (change in temperature)

specific heat =

G- 1
mAT
q = msAT

Different Materials have Different Specific Heats

TABLE 8.2 Specific Heats for Several Materials

. 1)
TEe g ¢
Gas Air (dry) 1.01 £E
Liquid Water (liquid) 4384 ) -l é
Ethanol 2597 5
Qil (petroleum) 1.74 E
Gasoline 22 g
Solid Glass (quartz) 070
Concrete 0.880
Ice 210
Sand 0.789
Aluminum 0.897
Chromium 0.449
Gold 0129
Iron 0.449
Lead 0130
Nickel 0.444
Zinc 0388

Steal 050

Specific Heat Calculations Practice
How many kilojoules of heat are required to raise
the temperature of 120.0 grams of water by 5.0 °C?

q = msAT
(120.0 g)(4.18% J/(4-%))(5.0 °€)

2,500 J

2.5 kJ




Comparing Specific H
specific heat, s
The amount of heat required
toraise1g by 1°C.

e q
ficheat = ——
specificheat = -

eat and Heat Capacity
heat capacity, C
The amount of heat

heat capacity = %

required to raise an object by 1 °C.

Heat Capacity Calculations Practice

When filled with water, a large reaction vessel in a chemical plant has
a heat capacity of 5.41 x 10° kJ/°C. How many kJ of heat are required

to heat this entire vessel from 25.0 °C to 48.2 °C?

AT = 7'-ﬁrm/ - T;‘n/tial
482 °Cc - 25.0 °C¢ =232 °C

q = CAT
(5.41 x 105 kJ/%€)(23.2 %)

1.26 x 107 kJ

n

Calorimetry

Calorimetry experiments —

coffee cup calorimetry

bomb calorimetry

measure the flow of heat

Coffee-Cup Calorimetry

‘ | Qwater = ~Gmetal
' g = msAT

|I N change in temp.
mass= specific heat

m,S, AT, = -m, S, AT,

B ]

' | m,s, AT,
| s = ——Yw W
‘ m m, AT,




Coffee-cup Calorimetry Calculations Practice
A chemist heats a 26.0-g sample of an unknown metal to 100.0 °C, then places it
in a coffee-cup calorimeter containing 52.1 g of water at an initial temperature of
20.0 °C. After some time, both the metal and water reach an equal temperature of
24.0 °C. What is the specific heat of the metal? (s, = 4.184 J/g-°C)

s, = 4184 J/g-°C Auater = “Ametal

m, = 5214 -m, s AT,

m, = 26.0 g Sp T
m, AT,

AT = Tona = Tiniat

=24.0°¢-100.0°¢ —  (52.1.9)(4.184 J/(4°))(4.0 %)
= -760°C [ =

m
DT, = Toa = T = (26.0 9)(-76.0 7€)
=24.0°C- 200 °C

Coffee-cup Calorimetry Calculations, Continued
heat + NH,Cl(s) > NH,Cl(ag)

Qsolid = ~aq q =msAT
Qsolid = _maqsanTaq

Coffee-cup Calorimetry, More Practice

A 10.4-gram sample of NH,C| was combined with 100.0 grams of water in a
coffee-cup calorimeter, causing the water temperature to decrease by 6.20 °C.
Based on this, how much heat energy was required to dissolve the sample of
NH,CI? Calculate the heat of solution for NH,Cl in kJ/mol.

m,, = 10.4 g +100.0 g solid = _maqsanTaq

=17104 g Geotid = —(1710.4 g)(4.184 J/ (4 %€)(-6.20 %)
Siq = 4184 J/9-°C
= 2,860 J = 286 kJ
AT, = - 620 °C

7 mole NH.CI
53.49 4 NHEl

. _ 286 kJ
Heat of solution (NH,CI) 0.19% mol

10.4 g NHger x = 0.794 moles NH,CI

Bomb Calorimetry

measures energy content (heats of reaction) in food and fuels

Ignition wires

i
5
i
i
i
AR ;
T g
A

q=CAT

Waler bath

[ ——




Bomb Calorimetry Calculations Practice

A chemist places a 20.0-g sample of ethanol inside a bomb calorimeter with a
known heat capacity of 28.72 kJ/°C. When the ethanol ignites, the
temperature of the calorimeter rises from 22.04 °C to 42.74 °C. How much
heat did the ethanol release? Calculate the energy released in kilojoules per
gram of ethanol.

AT = 20.70 °¢ q = CAT

| c=2872 karCc 4= (2872 KI/%€)(20.70%€)
= 5945 kJ

594.5 kJ
20.0 4

Heat Energy and Chemical Reactions
Chemical reactions involve changes in energy.

The energy of a reaction is an extensive property.

&
£
£
¥
i

]
H
H
£
i
h
3
g
g
H

Fuel Value

Fuel value The amount of energy that can be produced by
the combustion of a material

TABLE 8.3 Fuel Values for
Common Combustion Fuels

Fuel Fuel Value (kJ/g) re 3
Methane 55.5 m e
Natural gas 54.0 [
Propane 50.3 ‘
Butane 49.5 !
Gasoline 465 ]
Anthracite coal 34.6

Ethanol 29.7

Wood (oak) 18.9

Data from CRC Handbook of Chemistry and Physics,
92nd ed. (Boca Raton, FL: CRC Press, 2011).

Reaction Enthalpy, AH,,,

Reaction enthalpy The amount of heat energy absorbed or released
in a chemical reaction at constant pressure.

C,HO +3 0, > 2CO, + 3 H,0 AH. = 1,368 kJ
exothermic

-1,368 kJ or -1,368 kJ or -1,368 kJ or -1,368 kJ

1 mol C,HzO 3mol O, 2 mol CO, 3 mol H,0




Reaction Enthalpy Calculations Practice
How much heat will be released by the combustion of 789.0 g of
ethanol, C,HsO?

C,HsO +3 0, > 2CO, + 3H,0 AH,,, = 1,368 kJ

< ~
D DD

789.0g e x RGO | 1368 K ;345 4 104 kT
46.08 4O 1-moletHs6

2.342 x 10% kJ of heat energy released

Reaction Enthalpy Calculations, More Practice

Many manufacturers produce hydrogen gas from methane gas, as
shown in the reaction below. This reaction is endothermic, with a
AH,,, = 206.1 kJ. How much heat energy is required to produce

1.00 kg of hydrogen gas?
AH,,, =206.1 kJ

CHy(g) + H,0O(g) > CO(g) + 3 Hy(g)

1,000 g , I_motHz 2061 kI _ 340 4 104 kT
7 kg 202 4 Hy 3 molHr

1.00 kg—Hs x

Physical Changes Involve Enthalpy Changes
Melting: H,O (s) > H,O 1) AH=44.0kJ

Freezing: H,O () > H,0(s) AH=-44.0kJ

7':1 J: HOWm

Freezing

Melting
AH =-6.0 kJ

AH = +6.0 kd

y

ﬂ'

8\

7
[ ‘ H,O s

Summary of Energy

Reaction energy is an extensive property.

Fuel value is the energy released in a combustion reaction.

The reaction enthalpy relates heat released in a reaction
to the balanced equation.




