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Module 14_Lesson 3:
“Thermochemical Equations”

Inspire Chemistry



After this lesson, I can:

◗ Write thermochemical equations for chemical reactions 
and other processes.

◗ Describe how energy is lost or gained during changes of 
state.

◗ Calculate the heat absorbed or released in a chemical 
reaction.

Learning Outcomes



Focus Question

Why do you include energy 
changes in chemical equations?



New Vocabulary

thermochemical equation 

enthalpy (heat) of combustion 

molar enthalpy (heat) of vaporization 

molar enthalpy (heat) of fusion 



Review Vocabulary

combustion reaction: a chemical reaction that occurs when a 
substance reacts with oxygen, releasing energy in the form of 
heat and light 



∆H
Endothermic Exothermic 

Remember Enthalpy change “∆H”

∆H

- +



Writing Thermochemical Equations

• A thermochemical equation is a balanced chemical equation
that includes the physical states of all reactants and products
and the energy change.

• The energy change is usually expressed as the change in
enthalpy, ΔH.

CH4 (g)   +   2O2 (g)     → CO2 (g)  +  2H2O(l)        ΔH = -891 kJ



4Fe(s) + 3O2 (g) → 2Fe2 O3 (s)        ΔH = ─1625 kJ

NH4 NO3 (s) → NH4 
+
(aq) + NO3

─ 
(aq)             ΔH = 27 kJ

Writing Thermochemical Equations



change in enthalpy (ΔH)C

All of the above.D

a balanced chemical equationB

physical states of the reactants and products (s,l,g)A

Which of the following is (are) included in a 
thermochemical equation?

1.

Quiz



change in enthalpy (ΔH)C

All of the above.D

a balanced chemical equationB

physical states of the reactants and products (s,l,g)A

Which of the following is (are) included in a 
thermochemical equation?

1.

Quiz



Writing Thermochemical Equations

• The enthalpy (heat) of combustion (ΔHcomb) of a substance is the
enthalpy change for the complete burning of one mole of the
substance.

C6 H12 O6 (s)     +    6O2 (g)    → 6CO2 (g)  +  6H2O(l)       ΔHcomb = -2808 kJ1



Writing Thermochemical Equations

• Standard enthalpies of combustion for several substances are given in
Table 3 on the next slide.

• Standard enthalpy changes have the symbol ΔH°. The zero superscript
indicates the changes were determined under standard conditions.



Writing Thermochemical Equations

Table 3 Standard Enthalpies of Combustion

Substance Formula ΔH°comb (kJ/mol)

Sucrose (table sugar) C12H22O11(s) –5644

Octane (a component of 
gasoline) 

C8H18(l) –5471

Glucose (a simple sugar found 
in fruit) 

C6H12O6(s) –2808

Propane (a gaseous fuel) C3H8(g) –2219

Methane (a gaseous fuel) CH4(g) -891

The symbol “O” means: Standard state conditions :  298 K (25°C) ,  
1 atm pressure



Quiz

Nothing indicates this.D

the zero superscript “o”C

the ΔB

the HA

Standard enthalpy changes have the symbol ΔH°. What component of

the symbol indicates that the changes were determined with all the
reactants and products at standard conditions (298 K (25°C) ,  1 atm 

pressure)?

2.



Quiz

Nothing indicates this.D

the zero superscript “o”C

the ΔB

the HA

Standard enthalpy changes have the symbol ΔH°. What component of

the symbol indicates that the changes were determined with all the
reactants and products at standard conditions (298 K (25°C) ,  1 atm 

pressure)?

2.



Changes of State (Phase change) تغير الحالات الفيزيائية

• Molar enthalpy (heat) of fusion(الذوبان) (ΔHfus) is the heat 
required to melt one mole of a solid.

Fusion: Solid→ Liquid
What is the ΔHo

fus for ethanol?

4.94 kJ/mol

It means, you need 4.94 KJ (4940 J) 
of heat or energy to melt 1 mol of 
ethanol.



Changes of State (Phase change) تغير الحالات الفيزيائية

• Molar enthalpy (heat) of fusion(الذوبان) (ΔHfus) is the heat 
required to melt one mole of a solid.

Fusion: Solid→ Liquid
What is the ΔHo

fus for ethanol?

4.94 kJ/mol

It means, you need 4.94 KJ (4940 J) 
of heat or energy to melt 1 mol of 
ethanol.



Changes of State (Phase change) تغير الحالات الفيزيائية

• Molar enthalpy (heat) of vaporization (ΔHvap) is the heat 
required to vaporize (evaporate تبخر) one mole of a liquid.

Vaporization: Liquid → Gas

What is the ΔHo
vap for ethanol?

38.6 kJ/mol

It means, you need 38.6 KJ 
(38600 J) of heat or energy to 
evaporate 1 mol of ethanol.



Changes of State (Phase change) تغير الحالات الفيزيائية

• Molar enthalpy (heat) of vaporization (ΔHvap) is the heat 
required to vaporize (evaporate تبخر) one mole of a liquid.

Vaporization: Liquid → Gas

What is the ΔHo
vap for ethanol?

38.6 kJ/mol

It means, you need 38.6 KJ 
(38600 J) of heat or energy to 
evaporate 1 mol of ethanol.



ΔH vap -ΔH cond

ΔH fus -ΔH solid

Changes of State

Cond= condensation (التكثف)
Gas → Liquid

Solid= freezing (التصلب أو التجمد)
Liquid → Solid



Changes of State



THE ENERGY RELEASED IN A REACTION 

Use with Example Problem 4.

Problem 
A bomb calorimeter is useful for measuring the energy 
released in combustion reactions. The reaction is carried 
out in a constant-volume bomb with a high pressure of 
oxygen. How much heat is evolved when 54.0 g glucose 
(C6H12O6) is burned according to this equation?

C6H12O6(s) + 6O2(g)→ 6CO2(g) + 6H2O(l) ΔHcomb = -2808 kJ

KNOWN

mass of glucose = 54.0 g C6H12O6 

ΔHcomb = -2808 kJ

UNKNOWN

q = ? kJ



KNOWN

mass of glucose = 54.0 g C6H12O6 

ΔHcomb = -2808 kJ

UNKNOWN

q = ? kJ





Molar Masses
C= 12g/mol
H= 1g/mol

O= 16 g/mol

Use Table 4.



Molar Masses
C= 12g/mol
H= 1g/mol

O= 16 g/mol

Use Table 4.



Use Table 4 page 20 to find



Combustion Reactions

• Combustion is the reaction of a fuel with oxygen.

• Food is the fuel in combustion reactions in biological systems.



Combustion Reactions

• Combustion is the reaction of a fuel with oxygen.

• Food is the fuel in combustion reactions in biological systems.



Quiz

Nothing indicates this.D

the zero superscriptC

the ΔB

the HA

Standard enthalpy changes have the symbol ΔH°. 
What component of the symbol indicates that the 
changes were determined with all the reactants and 
products at standard conditions?

2.

CORRECT



freezing waterD

condensing waterC

vaporizing waterB

the combustion of glucoseA

Which of the following has a positive change in 
enthalpy? 

3.

CORRECT

Quiz



None of the above.D

It measures the change in temperature that occurs.C

It is negative for propane.B

It is positive for glucose.A

Which of the following is true for enthalpy of 
combustion?

4.

CORRECT

Quiz



After this lesson, I can:

◗ Write thermochemical equations for chemical reactions 
and other processes.

◗ Describe how energy is lost or gained during changes of 
state.

◗ Calculate the heat absorbed or released in a chemical 
reaction.

Learning Outcomes


