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Example 1

A breakfast of cereal, orange juice, and milk might contain 230
nutritional Calories. Express this energy in joules.
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Applications 1

A fruit-and-oatmeal bar contains 142 nutritional Calories. Convert this
energy to calories.
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Applications 2

An exothermic reaction releases 86.5 kJ. How many kilocalories of
energy are released?
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Applications 3

CHALLENGE Define a new energy unit, named after yourself, with a
magnitude of one-tenth of a calorie. What conversion factors relate this
new unit to joules? To Calories?
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Example 2

The temperature of a sample of iron with a mass of 10.0 g changed from
50.4°C to 25.0°C with the release of 114 J. What is the specific heat of
iron?
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Applications 4

If the temperature of 34.4 g of ethanol increases from 25.0°C to 78.8°C,
how much heat has been absorbed by the ethanol? Refer to Table 2.
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Applications 5

A 155 g sample of an unknown substance was heated from 25.0°C
to 40.0°C. In the process, the substance absorbed 5696 J of energy.
What is the specific heat of the substance? Identify the substance among
those listed in Table 2.
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Applications 6

CHALLENGE A 4.50 g nugget of pure gold absorbed 276 J of heat.
The initial temperature was 25.0°C. What was the final temperature?
Refer to Table 2.
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Review 7

Chemical potential energy changes to heat in exothermic reactions and
the heat is ________. In endothermic reactions, heat is ________ and
changed to chemical potential energy.
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a) released – released

b) released – absorbed

c) absorbed – released

d) absorbed – absorbed
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Review 8

Which of the following represent chemical potential energy is being
changed to kinetic energy?
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مكتبة الفكر
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a) two separated magnets

b) an avalanche of snow

c) books on library shelves

d) a mountain stream

e) a stock-car race

f) separation of charge in a battery
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Review 10

Calculate the amount of heat absorbed when 5.50 g of aluminum is
heated from 25.0 °C to 95.0 °C. The specific heat of aluminum is 0.897
J/(g-°C).
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Review 11

Equal masses of aluminum, gold, iron, and silver were left to sit in the
Sun at the same time and for the same length of time. Arrange the four
metals according to the increase in their temperatures from largest
increase to smallest. Refer to Table 2.
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The temperature change is inversely proportional to the specific heat: 

aluminum, iron, silver, gold.
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Mastering Concepts 53

________ is a form of energy that flows from a warmer object to a cooler
object.

1.1 Energy مكتبة الفكر
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a) Heat

b) Calorie

c) Energy 

d) Joule
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Mastering Concepts 53

________ is a measure of the average kinetic energy of the particles in a
sample of matter.
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Mastering Concepts 54

How does the chemical potential energy of a system change during an
endothermic reaction?
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a) increases

b) decreases

c) does not change

d) depends on the system 
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Mastering Concepts 55

During an avalanche, the ________ energy of snow at a higher altitude is
converted to ________ energy as the snow cascades down a mountain.
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a) kinetic – potential

b) chemical – kinetic

c) potential – electrical

d) potential – kinetic
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Mastering Concepts 56

How is the energy in gasoline converted and released when it burns in an
automobile engine?

1.1 Energy مكتبة الفكر

Mastering Concepts 56 – Page 40

مكتبة الفكر

17

a) Much is converted to work to move pistons in the engine; some is
released as heat.

b) Much is converted to heat to move pistons in the engine; some is
released as work.

c) Some is converted to heat to move pistons in the engine; much is
released as work.

d) Some is converted to work to move pistons in the engine; much is
released as heat.
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Mastering Concepts 57

How does the nutritional Calorie compare with the calorie?
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a) One nutritional Calorie equals 1 calorie.

b) One nutritional Calorie equals 1000 calories.

c) One nutritional Calorie equals 10 calories.

d) One nutritional Calorie equals 0.001 calories.
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Mastering Concepts 58

What quantity has the units J/(g∙ °C)?
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b) Specific heat

c) Energy
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Mastering Problems 62

A food item contains 124 nutritional Calories. How many calories does
the food item contain?
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Mastering Problems 64

Ethanol is being used as an additive to gasoline. The combustion of 1 mol
of ethanol releases 1367 kJ of energy. How many Calories are released?
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Mastering Problems 65

To vaporize 2.00 g of ammonia 656 calories are required. How many
kilojoules are required to vaporize the same mass of ammonia?
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Mastering Problems 66

One mole of ethanol releases 326.7 Calories of energy during
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Mastering Problems 67

A 25.0-g bolt made of an alloy absorbed 250 J of heat as its temperature
changed from 25.0 °C to 78.0 °C. What is the specific heat of the alloy?
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Example 3

A piece of metal with a mass of 4.68 g absorbs 256 J of heat when its
temperature increases by 182 °C. What is the specific heat of the metal?
Could the metal be one of the alkaline earth metals listed in Table 2?
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Applications 12

A 90.0 g sample of an unknown metal absorbed 25.6 J of heat as its
temperature increased 1.18 °C. What is the specific heat of the metal?

1.2 Heat مكتبة الفكر

Applications 12 – Page 13

مكتبة الفكر

02

https://t.me/InLibrary
https://t.me/InLibrary


Applications 12

A 90.0 g sample of an unknown metal absorbed 25.6 J of heat as its
temperature increased 1.18 °C. What is the specific heat of the metal?

1.2 Heat مكتبة الفكر

Applications 12 – Page 13

مكتبة الفكر

02

https://t.me/InLibrary
https://t.me/InLibrary


Applications 13

The temperature of a sample of water increases from 20.0 °C to 46.6 °C
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Applications 14

How much heat is absorbed by a 2.00 × 103 g granite boulder (cgranite =
0.803 J/(g∙oC)) as its temperature changes from 10.0 °C to 29.0 °C?
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Applications 15

CHALLENGE If 335 g of water at 65.5 °C loses 9750 J of heat, what is the
final temperature of the water?
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Review 20

The ________ is the particular part of the universe that contains the
reaction or process that is being studied. The ________ are everything in
the universe except the system. Thus the ________ is the system and its
surroundings.

1.2 Heat مكتبة الفكر

Review 20 – Page 16

مكتبة الفكر

06

a) system – universe – surroundings

b) universe – surroundings – system

c) universe – systems – surrounding

d) system – surroundings – universe
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Review 21

Calculate the specific heat of an unknown substance if a 2.50 g sample
releases 12.0 cal as its temperature changes from 25.0 ºC to 20.0 ºC.
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Mastering Concepts 68

The ________ is better insulated than a ________ , so that a minimal
amount of heat is transferred into or out of the calorimeter.

1.2 Heat مكتبة الفكرمكتبة الفكر

08

a) glass beaker – foam cup

b) foam cup – glass beaker

c) foam cup - bomb calorimeter

d) glass beaker - bomb calorimeter

Mastering Concepts 68 – Page 40
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Mastering Concepts 69

Is the reaction shown in the figure shown endothermic or exothermic?

1.2 Heat مكتبة الفكرمكتبة الفكر
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a) Endothermic, because the enthalpy is positive

b) Exothermic, because the enthalpy is positive

c) Endothermic, because the enthalpy is negative

d) Exothermic, because the enthalpy is negative
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b) Exothermic, because the enthalpy is positive

c) Endothermic, because the enthalpy is negative

d) Exothermic, because the enthalpy is negative
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Mastering Concepts 70

During this exothermic heat-pack reaction, heat produced by the
reaction flows from the heat pack ________ to your cold hands
________.

1.2 Heat مكتبة الفكرمكتبة الفكر

10

a) system – surroundings

b) universe – system

c) system – part of the surroundings

d) surroundings – system
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Mastering Concepts 71

Under what condition is the heat (q) evolved or absorbed in a chemical
reaction equal to a change in enthalpy (∆H)?

1.2 Heat مكتبة الفكرمكتبة الفكر

11

a) at constant pressure

b) at constant temperature

c) at constant energy

d) at variable pressure
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Mastering Concepts 72

The enthalpy change for a reaction, ∆H, is negative. What does this
indicate about the chemical potential energy of the system before and
after the reaction?

1.2 Heat مكتبة الفكرمكتبة الفكر

12

a) After > Before

b) Before > After

c) Before < After

d) Before = After
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Mastering Concepts 73

What is the sign of ∆H for an exothermic reaction? An endothermic
reaction?

1.2 Heat مكتبة الفكرمكتبة الفكر

13

a) Exothermic (+) – Endothermic (-)

b) Exothermic (+) – Endothermic (+)

c) Exothermic (-) – Endothermic (-)

d) Exothermic (-) – Endothermic (+)
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Mastering Problems 74

How many joules of heat are lost by 3580 kg of granite as it cools from
41.2°C to -12.9°C? The specific heat of granite is 0.803 J/(g·°C).

1.2 Heat مكتبة الفكرمكتبة الفكر

14
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Mastering Problems 75

A swimming pool measuring 20.0 m × 12.5 m is filled with water to a
depth of 3.75 m. If the initial temperature is 18.4°C, how much heat
must be added to the water to raise its temperature to 29.0 °C? Assume
that the density of water is 1.000 g/mL.

1.2 Heat مكتبة الفكرمكتبة الفكر
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Mastering Problems 76

How much heat is absorbed by a 44.7 g piece of lead when its
temperature increases by 65.4°C? The specific heat of lead is 0.129
J/(g·°C).

1.2 Heat مكتبة الفكرمكتبة الفكر
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Mastering Problems 77

When 10.2 g of canola oil at 25.0 °C is placed in a wok, 3.34 kJ of heat is
required to heat it to a temperature of 196.4°C. What is the specific heat
of the canola oil?

1.2 Heat مكتبة الفكرمكتبة الفكر
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Mastering Problems 78

When a 58.8 g piece of hot alloy is placed in 125 g of cold water in a
calorimeter, the temperature of the alloy decreases by 106.1 °C, while
the temperature of the water increases by 10.5 °C. What is the specific
heat of the alloy?

1.2 Heat مكتبة الفكرمكتبة الفكر
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Mastering Problems 78

When a 58.8 g piece of hot alloy is placed in 125 g of cold water in a
calorimeter, the temperature of the alloy decreases by 106.1 °C, while
the temperature of the water increases by 10.5 °C. What is the specific
heat of the alloy?

1.2 Heat مكتبة الفكرمكتبة الفكر
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THINK CRITICALLY 110

Suppose that two pieces of iron, one with a mass exactly twice the mass
of the other, are placed in an insulated calorimeter. If the original
temperatures of the larger piece and the smaller piece are 90.0 °C and
50.0 °C, respectively, what is the temperature of the two pieces when
thermal equilibrium has been established? The specific heat of iron is
0.449 J/(g·°C).

1.2 Heat مكتبة الفكرمكتبة الفكر

19
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SAT SUBJECT TEST 14

The specific heat of ethanol is 2.44 J/g·°C. How many kilojoules of
energy are required to heat 50.0 g of ethanol from -20.0 °C to 68.0 °C?

1.2 Heat مكتبة الفكرمكتبة الفكر

20

SAT SUBJECT TEST 14 – Page 45

a) 10.7 kJ 

b) 1.22 kJ

c) 8.30 kJ 

d) 5.86 kJ

e) 2.44 kJ
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SAT SUBJECT TEST 15

If 3.00 g of aluminum foil, placed in an oven and heated from 20.0 °C to
662.0 °C, absorbs 1728 J of heat, what is the specific heat of aluminum?

1.2 Heat مكتبة الفكرمكتبة الفكر

21

SAT SUBJECT TEST 15 – Page 45

a) 0.131 J/g·°C 

b) 2.61 J/g·°C

c) 0.870 J/g·°C 

d) 0.261 J/g·°C 

e) 0.897 J/g·°C
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مكتبة الفكرمكتبة الفكر

Thermochemical 
Equations

Chapter 1
Lesson 3 – Revision Paper

InLibrary
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Example 4

How much heat is evolved when 54.0 g glucose (C6H12O6) is burned
according to this equation?

1.3 Thermochemical Equations مكتبة الفكر

C6H12O6 s + 6O2 g → 6CO2 g + 6H2O l ∆𝐻comb = −2808 kJ

Example 4 – Page 20

مكتبة الفكر
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APPLICATIONS 23

Calculate the heat required to melt 25.7 g
of solid methanol at its melting point.
Refer to Table 4.

1.3 Thermochemical Equations مكتبة الفكر

APPLICATIONS 23 – Page 20

مكتبة الفكر
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APPLICATIONS 23
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APPLICATIONS 24

How much heat evolves when 275 g of ammonia gas condenses to a
liquid at its boiling point? Use Table 4 to determine ∆Hcond.

1.3 Thermochemical Equations مكتبة الفكر

APPLICATIONS 24 – Page 20

مكتبة الفكر
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APPLICATIONS 24
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liquid at its boiling point? Use Table 4 to determine ∆Hcond.

1.3 Thermochemical Equations مكتبة الفكر
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APPLICATIONS 25

What mass of methane (CH4) must be burned in order to liberate 12,880
kJ of heat? Refer to Table 3.

1.3 Thermochemical Equations مكتبة الفكر

APPLICATIONS 25 – Page 20

مكتبة الفكر
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Review 26

Write a complete thermochemical equation for the combustion
of ethanol (C2H5OH). ∆Hcomb = -1367 kJ/mol

1.3 Thermochemical Equations مكتبة الفكر

Review 26 – Page 21

مكتبة الفكر
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Review 27

Which of the following processes are exothermic? Endothermic?

1.3 Thermochemical Equations مكتبة الفكر

Review 27 – Page 21

مكتبة الفكر
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Review 27
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Review 28

Calculate the heat released in freezing 0.250 mol water.

1.3 Thermochemical Equations مكتبة الفكر

Review 28 – Page 21

مكتبة الفكر
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Review 28

Calculate the heat released in freezing 0.250 mol water.

1.3 Thermochemical Equations مكتبة الفكر

Review 28 – Page 21

مكتبة الفكر

𝑞 = 𝑛 −∆𝐻°fus

𝑞 = 0.250 mol × −6.01 kJ/mol

𝑞 = −1.50 kJ
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Review 29

How much heat is released by the combustion of 206 g of hydrogen gas?
∆Hcomb = -286 kJ/mol

1.3 Thermochemical Equations مكتبة الفكر

Review 29 – Page 21

مكتبة الفكر
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Review 29

How much heat is released by the combustion of 206 g of hydrogen gas?
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Review 30

The molar heat of vaporization of ammonia is 23.3 kJ/mol. What is the
molar heat of condensation of ammonia?

1.3 Thermochemical Equations مكتبة الفكر

Review 30 – Page 21

مكتبة الفكر
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Review 30

The molar heat of vaporization of ammonia is 23.3 kJ/mol. What is the
molar heat of condensation of ammonia?

1.3 Thermochemical Equations مكتبة الفكر

Review 30 – Page 21

مكتبة الفكر

-23.3 kJ/mol
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Review 31

The reaction A→C is shown in the enthalpy
diagram at right. Is the reaction exothermic or
endothermic? Explain your answer.

1.3 Thermochemical Equations مكتبة الفكر

Review 31 – Page 21

مكتبة الفكر
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Review 31

The reaction A→C is shown in the enthalpy
diagram at right. Is the reaction exothermic or
endothermic? Explain your answer.

1.3 Thermochemical Equations مكتبة الفكر

Review 31 – Page 21

مكتبة الفكر

The reaction is exothermic because
the product (C) has a lower enthalpy
the reactant (A).
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Mastering Concepts 79

Write the sign of ∆Hsystem for each of the following changes in physical
state.

1.3 Thermochemical Equations مكتبة الفكر

Mastering Concepts 79 – Page 41

مكتبة الفكر
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Mastering Concepts 79

Write the sign of ∆Hsystem for each of the following changes in physical
state.

1.3 Thermochemical Equations مكتبة الفكر
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Mastering Concepts 82

Write the thermochemical equation for the combustion of methane.
Refer to Table 3.

1.3 Thermochemical Equations مكتبة الفكر

Mastering Concepts 82 – Page 41

مكتبة الفكر
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Mastering Concepts 82

Write the thermochemical equation for the combustion of methane.
Refer to Table 3.

1.3 Thermochemical Equations مكتبة الفكر
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Mastering Problems 83

Use information from Figure 24 to calculate
how much heat is required to vaporize 4.33
mol of water at 100°C.

1.3 Thermochemical Equations مكتبة الفكر

Mastering Problems 83 – Page 41

مكتبة الفكر
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Mastering Problems 84

Water is sprayed on oranges during a frosty night. If an average of 11.8 g
of water freezes on each orange, how much heat is released?

1.3 Thermochemical Equations مكتبة الفكر

Mastering Problems 84 – Page 41

مكتبة الفكر
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Mastering Problems 85

What mass of propane (C3H8) must be burned in a barbecue grill to
release 4560 kJ of heat? The ∆Hcomb of propane is -2219 kJ/mol.

1.3 Thermochemical Equations مكتبة الفكر

Mastering Problems 85 – Page 41

مكتبة الفكر
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Mastering Problems 85

What mass of propane (C3H8) must be burned in a barbecue grill to
release 4560 kJ of heat? The ∆Hcomb of propane is -2219 kJ/mol.
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Mastering Problems 86

How much heat is liberated when 5.00 kg of coal is burned if the coal is
96.2% carbon by mass and the other materials in the coal do not react?
∆Hcomb of carbon is -394 kJ/mol.

1.3 Thermochemical Equations مكتبة الفكر

Mastering Problems 86 – Page 41

مكتبة الفكر
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Mastering Problems 86

How much heat is liberated when 5.00 kg of coal is burned if the coal is
96.2% carbon by mass and the other materials in the coal do not react?
∆Hcomb of carbon is -394 kJ/mol.
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Mastering Problems 87

How much heat is evolved when 1255 g of water condenses to a liquid at
100°C?

1.3 Thermochemical Equations مكتبة الفكر

Mastering Problems 87 – Page 41

مكتبة الفكر
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Mastering Problems 87
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Mastering Problems 88

A sample of ammonia (∆Hsolid = -5.66 kJ/mol) liberates 5.66 kJ of heat as
it solidifies at its melting point. What is the mass of the sample?

1.3 Thermochemical Equations مكتبة الفكر
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Mastering Problems 88

A sample of ammonia (∆Hsolid = -5.66 kJ/mol) liberates 5.66 kJ of heat as
it solidifies at its melting point. What is the mass of the sample?

1.3 Thermochemical Equations مكتبة الفكر

Mastering Problems 88 – Page 41

مكتبة الفكر

18

https://t.me/InLibrary
https://t.me/InLibrary


مكتبة الفكرمكتبة الفكر

Calculating Enthalpy 
Change

Chapter 1
Lesson 4 – Revision Paper

InLibrary

https://t.me/InLibrary
https://t.me/InLibrary
https://t.me/InLibrary
https://t.me/InLibrary


Table R-11 – Heat of Formation Values

1.4 Calculating Enthalpy Change مكتبة الفكر

Table R-11 – Heat of Formation Values – RT-8 Example 6 - Q.35 - Q.36 - Q.92

مكتبة الفكر
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Figure 13

Determine the enthalpy change for
the decomposition of SO3 to S and O2.

1.4 Calculating Enthalpy Change مكتبة الفكر

Figure 13 – Page 23

مكتبة الفكر
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Figure 13

Determine the enthalpy change for
the decomposition of SO3 to S and O2.

1.4 Calculating Enthalpy Change مكتبة الفكر

+792 kJ

Figure 13 – Page 23
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EXAMPLE 5

Use thermochemical Equations a and b below to determine ∆H for the
decomposition of hydrogen peroxide (H2O2).

1.4 Calculating Enthalpy Change مكتبة الفكر

EXAMPLE 5 – Page 24

مكتبة الفكر
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APPLICATIONS 32

Use Equations a and b to determine ∆H for the following reaction.

1.4 Calculating Enthalpy Change مكتبة الفكر

APPLICATIONS 32 – Page 25

مكتبة الفكر
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APPLICATIONS 33

∆H for the following reaction is -1789 kJ. Use this and Equation a to
determine ∆H for Equation b.

1.4 Calculating Enthalpy Change مكتبة الفكر

APPLICATIONS 33 – Page 25
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EXAMPLE 6

Use standard enthalpies of formation to calculate ∆𝐻rxn° for the
combustion of methane. (Table R-11)

1.4 Calculating Enthalpy Change مكتبة الفكر

EXAMPLE 6 – Page 28

مكتبة الفكر
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APPLICATIONS 35

Use standard enthalpies of formation from Table R-11 to calculate
∆𝐻rxn° for the following reaction.
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APPLICATIONS 35 – Page 29

مكتبة الفكر
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APPLICATIONS 36

Determine ∆Hcomb° for butanoic acid,

C3H7COOH(l) + 5O2(g) → 4CO2(g) + 4H2O(l). 

Use data in Table R-11 and the following equation.

1.4 Calculating Enthalpy Change مكتبة الفكر

APPLICATIONS 36 – Page 29

مكتبة الفكر

07

https://t.me/InLibrary
https://t.me/InLibrary


APPLICATIONS 36

Determine ∆Hcomb° for butanoic acid,

C3H7COOH(l) + 5O2(g) → 4CO2(g) + 4H2O(l). 

Use data in Table R-11 and the following equation.

1.4 Calculating Enthalpy Change مكتبة الفكر

APPLICATIONS 36 – Page 29

مكتبة الفكر

07

https://t.me/InLibrary
https://t.me/InLibrary


APPLICATIONS 37

Two enthalpy of formation equations, a and b, combine to form the
equation for the reaction of nitrogen oxide and oxygen. The product of
the reaction is nitrogen dioxide:

NO(g) + 1/2O2(g) →NO2(g)   ∆Hrxn° = -58.1 kJ

1.4 Calculating Enthalpy Change مكتبة الفكر

APPLICATIONS 37 – Page 29

مكتبة الفكر

What is ∆Hf° for Equation b?
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REVIEW 42

Use Hess’s law to determine ∆H for the reaction NO(g) + O(g)→ NO2(g)
∆H = ? given the following reactions.

1.4 Calculating Enthalpy Change مكتبة الفكر

REVIEW 42 – Page 29

مكتبة الفكر
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REVIEW 42

Use Hess’s law to determine ∆H for the reaction NO(g) + O(g)→ NO2(g)
∆H = ? given the following reactions.

1.4 Calculating Enthalpy Change مكتبة الفكر

REVIEW 42 – Page 29

مكتبة الفكر
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Mastering Concepts 90

How does ∆H for a thermochemical equation change when the amounts
of all substances are tripled and the equation is reversed?

1.4 Calculating Enthalpy Change مكتبة الفكر

Mastering Concepts 90 – Page 41

مكتبة الفكر

a) ∆H is quadrupled, and its sign is changed.

b) ∆H is tripled.

c) ∆H is tripled, and its sign is changed.

d) The sign of ∆H is changed.
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Mastering Concepts 91

Use the figure to write the thermochemical
equation for the formation of 1 mol of
aluminum chloride (a solid in its standard
state) from its constituent elements in their
standard states.

1.4 Calculating Enthalpy Change مكتبة الفكر

Mastering Concepts 91 – Page 41

مكتبة الفكر
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Mastering Problems 92

Use standard enthalpies of formation from Table R-11 to calculate
∆𝐻rxn° for the following reaction.

1.4 Calculating Enthalpy Change مكتبة الفكر
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Mastering Problems 92

Use standard enthalpies of formation from Table R-11 to calculate
∆𝐻rxn° for the following reaction.
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مكتبة الفكر
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Mastering Problems 93

Use Hess’s law and the following thermochemical equations to produce
the thermochemical equation for the reaction
C s, diamond → C (s, graphite). What is ∆H for the reaction?

1.4 Calculating Enthalpy Change مكتبة الفكر

Mastering Concepts 93 – Page 41

مكتبة الفكر
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Mastering Problems 94

Use Hess’s law and the changes in enthalpy for the following two generic
reactions to calculate ∆H for the reaction 2A + B2C3→ 2B + A2C3.
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Mastering Problems 94

Use Hess’s law and the changes in enthalpy for the following two generic
reactions to calculate ∆H for the reaction 2A + B2C3→ 2B + A2C3.

1.4 Calculating Enthalpy Change مكتبة الفكر

Mastering Concepts 94 – Page 41

مكتبة الفكر
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THINK CRITICALLY 109

Demonstrate how thermochemical equations a and b can be used to
determine the enthalpy change for the reaction

PCl3(l) + Cl2(g) → PCl5(s).

1.4 Calculating Enthalpy Change مكتبة الفكر

THINK CRITICALLY 109 – Page 42

مكتبة الفكر
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Reaction Spontaneity

Chapter 1
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APPLICATIONS 44

Predict the sign of ∆Ssystem for each of the following changes.

1.5 Reaction Spontaneity مكتبة الفكر

APPLICATIONS 44 – Page 33

مكتبة الفكر
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APPLICATIONS 44
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1.5 Reaction Spontaneity مكتبة الفكر

APPLICATIONS 44 – Page 33

مكتبة الفكر
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APPLICATIONS 45

Challenge Comment on the sign of ∆Ssystem for the following reaction.

1.5 Reaction Spontaneity مكتبة الفكر

APPLICATIONS 45 – Page 33

مكتبة الفكر
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APPLICATIONS 45
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1.5 Reaction Spontaneity مكتبة الفكر
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مكتبة الفكر

02

https://t.me/InLibrary
https://t.me/InLibrary


Example 7

For a process, ∆Hsystem = 145 kJ and ∆Ssystem = 322 J/K. Is the process
spontaneous at 382 K?

1.5 Reaction Spontaneity مكتبة الفكر

Example 7 – Page 36

مكتبة الفكر
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Example 7
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Example 7 – Page 36
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APPLICATIONS 46

Determine whether each of the following reactions is spontaneous.

1.5 Reaction Spontaneity مكتبة الفكر

APPLICATIONS 46 – Page 36

مكتبة الفكر

04

https://t.me/InLibrary
https://t.me/InLibrary


APPLICATIONS 46

Determine whether each of the following reactions is spontaneous.

1.5 Reaction Spontaneity مكتبة الفكر

APPLICATIONS 46 – Page 36

مكتبة الفكر

04

https://t.me/InLibrary
https://t.me/InLibrary


APPLICATIONS 46

Determine whether each of the following reactions is spontaneous.

1.5 Reaction Spontaneity مكتبة الفكر

APPLICATIONS 46 – Page 36

مكتبة الفكر

04

https://t.me/InLibrary
https://t.me/InLibrary


APPLICATIONS 46

Determine whether each of the following reactions is spontaneous.

1.5 Reaction Spontaneity مكتبة الفكر

APPLICATIONS 46 – Page 36

مكتبة الفكر

04

https://t.me/InLibrary
https://t.me/InLibrary


APPLICATIONS 46

Determine whether each of the following reactions is spontaneous.

1.5 Reaction Spontaneity مكتبة الفكر

APPLICATIONS 46 – Page 36

مكتبة الفكر

04

https://t.me/InLibrary
https://t.me/InLibrary


APPLICATIONS 46

Determine whether each of the following reactions is spontaneous.

1.5 Reaction Spontaneity مكتبة الفكر

APPLICATIONS 46 – Page 36

مكتبة الفكر

04

https://t.me/InLibrary
https://t.me/InLibrary


APPLICATIONS 46

Determine whether each of the following reactions is spontaneous.

1.5 Reaction Spontaneity مكتبة الفكر

APPLICATIONS 46 – Page 36

مكتبة الفكر

04

https://t.me/InLibrary
https://t.me/InLibrary


APPLICATIONS 46

Determine whether each of the following reactions is spontaneous.

1.5 Reaction Spontaneity مكتبة الفكر

APPLICATIONS 46 – Page 36

مكتبة الفكر

04

https://t.me/InLibrary
https://t.me/InLibrary


APPLICATIONS 47

Challenge Given ∆Hsystem = -144 kJ and ∆Ssystem = -36.8 J/K for a
reaction, determine the highest temperature in kelvins at which the
reaction would be spontaneous.

1.5 Reaction Spontaneity مكتبة الفكر

APPLICATIONS 47 – Page 36

مكتبة الفكر
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APPLICATIONS 47

Challenge Given ∆Hsystem = -144 kJ and ∆Ssystem = -36.8 J/K for a
reaction, determine the highest temperature in kelvins at which the
reaction would be spontaneous.

1.5 Reaction Spontaneity مكتبة الفكر

APPLICATIONS 47 – Page 36

مكتبة الفكر
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REVIEW 49

Describe how a system’s entropy changes if the system becomes more
disordered during a process.

1.5 Reaction Spontaneity مكتبة الفكر

REVIEW 49 – Page 36

مكتبة الفكر

a) The system’s entropy does not change.

b) The system’s entropy decreases.

c) The system’s entropy increases.

d) The system’s entropy is negative.
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REVIEW 50

Does the entropy of a system increase or decrease when you dissolve a
cube of sugar in a cup of tea? Define the system and explain your answer.

1.5 Reaction Spontaneity مكتبة الفكر

REVIEW 50 – Page 36

مكتبة الفكر
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REVIEW 51

Determine whether the system ∆Hsystem = -20.5 kJ, T = 298 K, and
∆Ssystem = -35.0 J/K is spontaneous or nonspontaneous.

1.5 Reaction Spontaneity مكتبة الفكر

REVIEW 51 – Page 36

مكتبة الفكر
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Mastering Concepts 95

Under what conditions is an endothermic chemical reaction in which the
entropy of the system increases likely to be spontaneous?

1.5 Reaction Spontaneity مكتبة الفكر

Mastering Concepts 95 – Page 41

مكتبة الفكر

a) At higher temperatures

b) At lower temperatures

c) When the sign of the free energy is positive

d) When the sign of the entropy change is positive
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Mastering Concepts 96

Predict how the entropy of the system changes for the reaction

1.5 Reaction Spontaneity مكتبة الفكر

Mastering Concepts 96 – Page 42

مكتبة الفكر

a) Doesn’t change

b) Increases

c) Decreases

d) Can’t be determined
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Mastering Concepts 97

Which of these reactions would you expect to be spontaneous at
relatively high temperatures?

1.5 Reaction Spontaneity مكتبة الفكر

Mastering Concepts 97 – Page 42

مكتبة الفكر

a) a

b) a and b

c) c

d) a and c
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Mastering Concepts 97
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Mastering Concepts 97
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Mastering Concepts 98

Explain how an exothermic reaction changes the entropy of the
surroundings. Does the enthalpy change for such a reaction increase or
decrease ∆Gsystem? Explain.

1.5 Reaction Spontaneity مكتبة الفكر
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مكتبة الفكر
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Mastering Problems 99

Calculate ∆Gsystem for each process, and state whether the process is
spontaneous or nonspontaneous.

1.5 Reaction Spontaneity مكتبة الفكر

Mastering Problems 99 – Page 42

مكتبة الفكر
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Mastering Problems 100

Calculate the temperature at which ∆Gsystem = 0 if ∆Hsystem = 4.88 kJ and
∆Ssystem = 55.2 J/K.
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Mastering Problems 100 – Page 42
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Mastering Problems 101

For the change H2O(l) → H2O(g), ∆Gsystem° is 8.557 kJ and ∆Hsystem° is

44.01 kJ. What is ∆Ssystem° for the change?
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Mastering Problems 102

Is the reaction to convert copper(II) sulfide to copper(II) sulfate
spontaneous under standard conditions? CuS(s) + 2O2(g) → CuSO4(s).
∆Hrxn° = -718.3 kJ, and ∆Srxn° = -368 J/K. Explain.

1.5 Reaction Spontaneity مكتبة الفكر

Mastering Problems 102 – Page 42

مكتبة الفكر
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Mastering Problems 103

Calculate the temperature at which ∆Gsystem = -34.7 kJ if ∆Hsystem = -28.8
kJ and ∆Ssystem = 22.2 J/K.

1.5 Reaction Spontaneity مكتبة الفكر
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مكتبة الفكر
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Multiple Choice 1

In the range of temperatures shown,
the vaporization of cyclohexane

1.5 Reaction Spontaneity مكتبة الفكر

Multiple Choice 1 – Page 44

مكتبة الفكر

a) does not occur at all.

b) will occur spontaneously.

c) is not spontaneous.

d) occurs only at high temperatures.
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Multiple Choice 2

What is the standard free energy of
vaporization, ∆Gvap° , of cyclohexane
at 300 K?

1.5 Reaction Spontaneity مكتبة الفكر

Multiple Choice 2 – Page 44

مكتبة الفكر

a) 5.00 kJ/mol

b) 3.00 kJ/mol

c) 4.00 kJ/mol

d) 2.00 kJ/mol
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Multiple Choice 3

When ∆Gvap° is plotted as a function
of temperature, the slope of the
line equals ∆Svap° and the y-
intercept of the line equals ∆Hvap°.
What is the approximate standard
entropy of the vaporization of
cyclohexane?

1.5 Reaction Spontaneity مكتبة الفكر

Multiple Choice 3 – Page 44

مكتبة الفكر

a) -50.0 J/mol·K

b) -5.00 J/mol·K

c) -10.0 J/mol·K

d) -100 J/mol·K
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1.5 Reaction Spontaneity مكتبة الفكر

Multiple Choice 3 – Page 44

مكتبة الفكر

a) -50.0 J/mol·K

b) -5.00 J/mol·K

c) -10.0 J/mol·K

d) -100 J/mol·K
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EOT1 20-21 Exam Question

Which of the following processes the ∆𝑆system
° sign is positive?

1.5 Reaction Spontaneity مكتبة الفكر

EOT1 20-21 Exam Question

مكتبة الفكر

a) NaCl(s) → Na(aq)
+ + Cl(aq)

−

b) O2(g) → O2(aq)

c) C10H8(l) → C10H8(s)

d) ClF(g) + F2(g) → ClF3(g)
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EOT1 20-21 Exam Question

Which of the following processes the ∆𝑆system
° sign is positive?

1.5 Reaction Spontaneity مكتبة الفكر

EOT1 20-21 Exam Question

مكتبة الفكر

a) 𝐍𝐚𝐂𝐥(𝐬) → 𝐍𝐚(𝐚𝐪)
+ + 𝐂𝐥(𝐚𝐪)

−

b) O2(g) → O2(aq)

c) C10H8(l) → C10H8(s)

d) ClF(g) + F2(g) → ClF3(g)
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EOT1 20-21 Exam Question

Which of the following reactions would you expect to be spontaneous at
high temperature?

1.5 Reaction Spontaneity مكتبة الفكر

EOT1 20-21 Exam Question

مكتبة الفكر

a) PCl3(g) + Cl2(g) → PCl5(g) ∆𝐻° = −87.9 kJ

b) 2NH3(g) → N2(g) + 3H2 g ∆𝐻° = +92.2 kJ

c) 2CO(g) + O2(g) → 2CO2(g) ∆𝐻° = −566.0 kJ

d) 𝐻2O(g) +
1

2
O2(g) → H2O2(g) ∆𝐻° = +105.5 kJ
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EOT1 20-21 Exam Question

Which of the following reactions would you expect to be spontaneous at
high temperature?

1.5 Reaction Spontaneity مكتبة الفكر

EOT1 20-21 Exam Question

مكتبة الفكر

a) PCl3(g) + Cl2(g) → PCl5(g) ∆𝐻° = −87.9 kJ

b) 𝟐𝐍𝐇𝟑(𝐠) → 𝐍𝟐(𝐠) + 𝟑𝐇𝟐 𝐠 ∆𝑯° = +𝟗𝟐. 𝟐 𝐤𝐉

c) 2CO(g) + O2(g) → 2CO2(g) ∆𝐻° = −566.0 kJ

d) 𝐻2O(g) +
1

2
O2(g) → H2O2(g) ∆𝐻° = +105.5 kJ
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EOT1 20-21 Exam Question

What is the ∆𝐺system value of the following process?

∆𝑆system
° = 195 J/K, ∆𝐻system

° = 145 kJ and 𝑇 = 293 K

1.5 Reaction Spontaneity مكتبة الفكر

EOT1 20-21 Exam Question

مكتبة الفكر

a) −5.7 × 104 kJ

b) −4.25 × 104 kJ

c) 87.9 kJ

d) 152.5 kJ
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EOT1 20-21 Exam Question

What is the ∆𝐺system value of the following process?

∆𝑆system
° = 195 J/K, ∆𝐻system

° = 145 kJ and 𝑇 = 293 K

1.5 Reaction Spontaneity مكتبة الفكر

EOT1 20-21 Exam Question

مكتبة الفكر

a) −5.7 × 104 kJ

b) −4.25 × 104 kJ

c) 𝟖𝟕. 𝟗 𝐤𝐉

d) 152.5 kJ
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