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Module 14_Lesson 4:
“Calculating Enthalpy Change”

Inspire Chemistry



LEARNING OBJECTIVES

◗ Apply Hess’s law to calculate the enthalpy change for a reaction.

◗ Explain the basis for the table of standard enthalpies of formation.

◗ Calculate ΔHrxn using thermochemical equations.

◗ Determine the enthalpy change for a reaction using standard 
enthalpies of formation data.



Part 1

• Explain why Hess’s Law is used to calculate the enthalpy change 
for a reaction ΔHrxn.

• Apply Hess’s law to calculate the enthalpy change for a reaction 
ΔHrxn .



Focus Question

How much energy is released when rocket 
fuel reacts?



C(s, diamond)    →     C(s, graphite)           ΔH =

Activity
Which device is used to find the Enthalpy change of a reaction (q) or 

ΔHrxn under a constant pressure? The Calorimeter

Is it possible to use the calorimeter 
for the below reaction?







C(s, diamond)    →     C(s, graphite)           ΔH =

Introduction 

Sometimes it is impossible or impractical to measure the enthalpy 
change (∆H) of a reaction by using a calorimeter. 

Consider the reaction in the figure above, the conversion of carbon in its allotropic 
form, diamond, to carbon in its allotropic form, graphite. This reaction occurs so 
slowly that measuring the enthalpy change is impossible



Introduction, cont.:

2C(s, graphite)    +    H2 (g) →    C2H2(g)        ΔH=

Still others produce products other than the desired ones. For example hydrogen 
react with carbon to give many different hydrocarbons

Other reactions occur under conditions difficult to duplicate in a laboratory.

For these reactions, chemists use 
a theoretical way to determine ∆H



• Suppose you are studying the formation of sulfur trioxide in the 
atmosphere. You would need to determine ∆H for this reaction

Hess’s Law, cont. :

Unfortunately, laboratory experiments to produce sulfur trioxide and 
determine its ∆H result in a mixture of products that is mostly sulfur 
dioxide (SO2). In situations such as this, you can calculate ∆H by using 
Hess’s law of heat summation



The reaction produces products other than those 
that are desired.

C

All of the above.D

The reaction occurs under conditions that are 
hard to replicate in the laboratory.

B

The reaction occurs too slowly.A

Which answer best explains why it is sometimes 
impossible or impractical to measure the enthalpy 
change of a reaction in a calorimeter? 

1.

Quiz



States that if you can add two or more thermochemical equations to produce
a final equation for a reaction, then the sum of the enthalpy changes for the 

individual reactions is the enthalpy change for the final reaction.

Hess’s Law, cont. :

ΔH

ΔH1

ΔH2

ΔH3

ΔH  = ΔH1+ΔH2+ΔH3



ΔHrxn= ΔH1 + ΔH2 = −607 + (−283) = −890 kJ

Hess’s Law, cont.:

Step 2

Step 1



Quiz

law of multiple 
proportions

D

Hess’s lawC

law of summationB

Einstein’s lawA

What is the name of the law that states that if you 
can add two or more thermochemical equations 
to produce a final equation for a reaction, then 
the sum of the enthalpy changes for the individual 
reactions is the enthalpy change for the final 
reaction?

2.



Rules for Hess’s Law Calculations



A + B → C             ∆Hrxn = +20  kJ      
C + D → F             ∆Hrxn = +10  kJ       

Make sure to add the corresponding ∆Hrxn values when you add the 
two chemical equations together

A + B + D → F        ∆Hrxn = 20 + 10 = +30 kJ

0

RULE



If we reverse the direction of a chemical reaction, then the sign of 
∆Hrxn should be reversed.

A + B → C            ∆Hrxn =  +20 kJ
 
C → A + B            ∆Hrxn =  − 20 kJ

Rule



If you multiply a chemical reaction by a factor, then you need to 
multiply ∆Hrxn by the same factor

∆Hrxn = − 20 kJ

∆Hrxn = − 40 kJ

Rule

C → A + B 

C →     A +     B 



594 kJD

–594 kJC

297 kJB

–297 kJA

A student reverses the thermochemical equation 
below.

S(s) + O2(g) → SO2(g) ΔH = –297 kJ
What is the correct change in enthalpy for the 
reversed equation? 

3.

Quiz



HESS’S LAW 

Use with Example Problem 5.

Problem  (Page 26-27)
Use thermochemical Equations a and b below 
to determine ΔH for the decomposition of 
hydrogen peroxide (H2O2), a compound that 
has many uses ranging from bleaching hair to 
powering rocket engines.

2H2O2(l) → 2H2O(l) + O2(g)

a.2H2(g) + O2(g) → 2H2O(l) ΔH =  -572 kJ

b. H2(g) + O2(g) → H2O2(l) ΔH = -188 kJ

KNOWN

a. 2H2(g) + O2(g) → 2H2O(l) ΔH =  -572 kJ

b. H2(g) + O2(g) → H2O2(l) ΔH = -188 kJ

UNKNOWN

ΔH = ? kJ



HESS’S LAW 

KNOWN

a. 2H2(g) + O2(g) → 2H2O(l) ΔH =  -572 kJ

b. H2(g) + O2(g) → H2O2(l) ΔH = -188 kJ

UNKNOWN

ΔH = ? kJ



HESS’S LAW 

Use with Example Problem 5.

Problem  (Page 26-27)
Use thermochemical Equations a and b below 
to determine ΔH for the decomposition of 
hydrogen peroxide (H2O2), a compound that 
has many uses ranging from bleaching hair to 
powering rocket engines.

2H2O2(l) → 2H2O(l) + O2(g)

a.2H2(g) + O2(g) → 2H2O(l) ΔH =  -572 kJ

b. H2(g) + O2(g) → H2O2(l) ΔH = -188 kJ

KNOWN

a. 2H2(g) + O2(g) → 2H2O(l) ΔH =  -572 kJ

b. H2(g) + O2(g) → H2O2(l) ΔH = -188 kJ

UNKNOWN

ΔH = ? kJ

SOLVE FOR THE UNKNOWN

H2O2 is a reactant.

• Reverse Equation b and change the sign of ΔH.

H2O2(aq) → H2(g) + O2(g) ΔH = 188 kJ 

Two moles of H2O2 are needed.

• Multiply the reversed Equation b by two to 
obtain Equation c.

c. 2H2O2(aq) → 2H2(g) + 2O2(g)



HESS’S LAW 
SOLVE FOR THE UNKNOWN (continued)

• Multiply 188 kJ by two to obtain ΔH for Equation c.

ΔH for Equation c = (188 kJ)(2) = 376 kJ

• Write Equation c and ΔH.

c. 2H2O2(aq) → 2H2(g) + 2O2(g), ΔH = 376 kJ 

Add Equations a and c, canceling any terms common to both sides of the 
combined equation. Add the enthalpies of Equations a and c.

• Write Equation a.

a. 2H2(g) + O2(g) → 2H2O(l), ΔH = -572 kJ 

• Write Equation c.

c. 2H2O2(l) → 2H2(g) + 2O2(g), ΔH = 376 kJ

• Add Equations a and c. Add the enthalpies.

2H2O2(l) → 2H2O(l) + O2(g), ΔH = -196 kJ 



Applying Hess’s Law
• Suppose you are studying the formation of sulfur trioxide in the atmosphere. 

You would need to determine ΔH for this reaction.

2S(s) + 3O2 (g) → 2SO3 (g)                    ΔH = ?



Hess’s Law Example Calculation 

Suppose you are studying the formation of sulfur trioxide in the atmosphere. You would 

need to determine ΔH for this reaction.

2S(s) + 3O2 (g) → 2SO3 (g)                    ΔH = ?

a. S(s) + O2 (g) → SO2 (g)                    ΔH = -297 kJ

b.   2SO3 (g) → 2SO2 (g) + O2 (g)            ΔH = 198 kJ 

Exercise



Hess’s Law Example Calculation 

Suppose you are studying the formation of sulfur trioxide in the atmosphere. You would 

need to determine ΔH for this reaction.

2S(s) + 3O2 (g) → 2SO3 (g)                    ΔH = ?

a. S(s) + O2 (g) → SO2 (g)                    ΔH = -297 kJ

b.   2SO3 (g) → 2SO2 (g) + O2 (g)            ΔH = 198 kJ 

c. 2S(s) + 2O2 (g)    →    2SO2 (g)                ΔH = 2(-297 kJ) =

d.  2SO2 (g) + O2 (g) → 2SO3 (g)                  ΔH = -198 kJ

2S(s) + 3O2 (g) → 2SO3 (g)                           ΔH = -792 kJ

-594 kJ

x2

Worked Example 1



Applying Hess’s law; cont.: 

The arrow on the left indicates 
the release of 594 kJ as S and O2 

react to form SO2 (Equation c). 
Then, SO2 and O2 react to form 
SO3 (Equation d) with the release 
of 198 kJ (middle arrow). 
The overall energy change 
(the sum of the two processes) 
is shown by the arrow on the 
right. 



Practice Problems
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Part 2

Calculate ΔHrxn using thermochemical equations.

 Determine the enthalpy change for a reaction using standard 
enthalpies of formation(ΔH f°) data by applying the Summation 
equation.



N2 + O2         2NO

Calculate ΔH° for the following reaction 

4NH3 + 5O2 → 4NO + 6H2O ΔH° = −1170 kJ

2N2 + 6H2O → 4NH3 + 3O2 ΔH° = +1530 kJ

2N2 + 2O2 4NO

N2 + O2 → 2NO ΔH° = +180 kJ

Applying Hess’s Law

→

Given

→ ΔH° = +360 kJ

2

(a)

(b)

Review:



The standard enthalpy (heat) of formation (ΔHf° )

The change in enthalpy when one mole of a substance in the standard state 
(1 atm of pressure and 298.15 K) is formed from its pure elements under the 

same conditions.

S(s) + 3/2 O2 (g) → SO3 (g)                ΔHf° = -396 kJ

H2(g)​+ ½​O2(g)​→H2​O(l)                       ΔHf° =−286 kJ

Example: formation of water molecule from hydrogen and oxygen

Example: formation of sulfur trioxide molecule from sulfur and oxygen



The standard enthalpy (heat) of formation (ΔHf
° )

The standard state of a substance:
it is the normal physical state of the 
substance at 1 atm and 298 K 

Iron, Aluminum, Gold and 
Copper in their standard 

state they are solids

While 
Mercury is 

Liquid 



The standard enthalpy (heat) of formation (ΔHf
° )

Also, Graphite and diamond are 
two different allotropes of element 
carbon.

But because graphite is more stable 
at 1 atm pressure and 25oC, so the 
standard state of carbon is graphite. 



½ N2 (g) + O2 (g) → NO2 (g)         ΔH f° = +33.2 kJ

S(s) + 3/2 O2 (g) → SO3 (g)          ΔHf° = -396 kJ

The standard enthalpy (heat) of formation (ΔHf
° )

The standard enthalpy of formation of any 
element in its standard state is zero by 

definition.



Quiz

It depends on the element. D

It is always 0.0 kJ. C

It is always negative. B

It is always positive. A

What is true of the standard enthalpy of 
formation of elements in their standard states?

4.



Standard Enthalpy (Heat) of Formation

Table 5 lists standard enthalpies of formation for 
some common compounds.



Standard Enthalpy (Heat) of Formation



The Summation Equation

ΔH o reaction = ∑ ΔH f
o (products) − ∑ ΔH f

o (Reactants)

X  +  Y  →  Z  + R
ΔHfo  (X) =  410 KJ
ΔHfo  (Y) = -140 KJ

ΔH oreaction = [ΔHfo (Z) + ΔHfo (R)] − [ ΔHfo (X) + ΔHfo (Y)] 

ΔH oreaction = [(570 kJ)+ (220 kJ)] − [ (410 kJ)+ (-140 kJ)] = 520 kJ 

ΔHfo  (Z) =  570 KJ
ΔHfo  (R) =  220 KJ

Example:

Sum مجموع



None of the above. D

ΔHo
rxn = ΔHo

f(products) - ΔHo
f(reactants) C

ΔHo
rxn = ΣΔHo

f(products) - ΣΔHo
f(reactants) A

ΔHo
rxn = ΣΔHo

f(reactants) - ΣΔHo
f(products) B

Which of the following equations summarizes how 
standard enthalpies of formation combine to produce a 
desired equation and its ΔHo

rxn?

5.

Quiz



ENTHALPY CHANGE FROM STANDARD 
ENTHALPIES OF FORMATION 

Use with Example Problem 6.

Problem 
Use standard enthalpies of formation to 
calculate ΔHrxn

ₒ  for the combustion of 
methane.

CH4(g) + 2O2(g) → CO2(g) + 2H2O(l)

KNOWN UNKNOWN

(CO2) = –394 kJ ΔHrxn
ₒ = ? kJ

(H2O) = –286 kJ

(CH4) = –75 kJ

(O2) = 0.0 kJ





ENTHALPY CHANGE FROM STANDARD 
ENTHALPIES OF FORMATION 

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



Acid Rain: integration to environmental science

Sulfur trioxide combines with 
water in the atmosphere to 
form sulfuric acid (H2SO4), a 
strong acid, which reaches 
Earth as acid precipitation. 
Acid precipitation slowly 
destroys trees and property

Activity: write down the four steps of formation of acid rain



Acid Rain: integration to environmental science

• 1. burning fossil fuel produce sulfur 
(impurities in fossil fuel)

• 2. Sulfur from fossil fuel combines with 
oxygen in air to form SO2 and SO3

• 3. In the atmosphere (clouds) it reacts 
with water to give sulfurous acid H2SO3

• 4. Further it reacts with oxygen and 
produce H2SO4 (strong acid)

Thus all sulfur oxides are harmful and 
dangerous to the environment 

Answer


