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CHEMICAL ENERGETICS

 Describe the chemical reactions that are accompanied by enthalpy changes and these changes 
(Understanding

  
(Understanding

 Define terms such as standard conditions, enthalpy change, reaction, formation, combustion 
(Understanding

 Explain that energy transfer occurs during chemical reactions because of the breaking and 
 (Understanding

 (Understanding
 

(Understanding
 Calculate enthalpy changes from approximate experimental results, including the use of 

(Application
 

(Knowledge
 

(Application
 (Application
 (Understanding
  Explain the effect of ionic charge and ionic radius on the numerical magnitude of lattice 

(Understanding
 (Application
 

(Application
 (Application
  Explain the effect of ionic charge and ionic radius on the numerical magnitude of an 

(Understanding
  Define the term entropy, S, as the number of possible arrangements of the particles and 

(Understanding
  Explain the sign of entropy changes that occur during a change in state, temperature 

(Understanding
 

(Application
 (Understanding
 

(Understanding
 (Understanding
  Explain the concept of standard conditions and standard states in measuring energy 

(Understanding
 (Understanding

6
[C-11-A-93 to C-11-A-123]Student Learning Outcomes

After studying this chapter, students will be able to:
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Thermodynamics is the science of the relationships between heat and other forms 

Thermochemistry is one area of thermodynamics that is concerned with the study of the 

information allows us to predict whether a particular reaction can occur under specified 

6.1 ENTHALPY CHANGE
The sum of all the possible, potential and kinetic energies, of a system is called its heat 
content or enthalpy denoted by H

HP

that of reactants (HR

enthalpy 
change

P R)    
There are two cases:
i. HP  HR: 

P R 

surroundings is called exothermic process
ii. HP > HR: 

P R 

 “A chemical reaction or a physical change in which heat is absorbed by the system from 
surroundings is known as endothermic process
Following Figure 6.1 shows the enthalpy diagram of exothermic and endothermic 

 

 
(Application

 
(Understanding

 (Understanding
 (Application
 (Application
 (Understanding
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R

R Rp p

P

reactants 

reactants 

Enthalpy 

products 
P

R

products 

Enthalpy

Progress of Reaction Progress of Reaction

Figure 6.1:

  C + O     CO

4

4Cl 2O
    4

+  + Cl

Interesting information
4

4Cl crystals mix and energy is absorbed from 

6.2 ENERGY PROFILE DIAGRAM      
All 

required by the 
reactant molecules 

energy barrier is 
called energy of 
activation denoted 
by Ea. The energy 
profile diagram 
of exothermic 
and endothermic 

in Figure 6.2

Enthalpy Enthalpy R

R

Ea

Ea

P

P
reactants 

reactants products 

products 

Progress of Reaction Progress of Reaction 

Figure 6.2 a

Web
 ve

rsi
on

 of
 PECTAA te

xtb
oo

k 

Not 
for

 sa
le



115

Quick Check 6.1

Draw the energy profile diagrams for the following reactions:
+ 2 O     CO 2O(

                CaO  + CO

6.3 STANDARD ENTHALPY CHANGES  
The enthalpy of a substance not only depends upon its physical state but also on the pressure 

Did you Know?

standard 
enthalpy change of formation of any element in its standard state is zero

r)

amounts of reactants in their standard states react together completely to form products 

For example, the reaction between hydrogen and oxygen gases to form 1 mole of water:
+ ½ O   2O( r

c)

when one mole of the substance is completely burnt in excess of oxygen, under standard 
con

It is always exothermic. For example, standard enthalpy of combustion C of ethanol is  

 C2 5 (  + 3 O     2 CO 2O(   C 

f)   
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when one mole

f

 C      f

at)
“The standard enthalpy change of atomization of an element is the enthalpy change 

  E  

  at  

n)
 

Na+ and Cl
the heat of formation of one mole of liquid water from its ionic components and the net 
neutralization reaction is:

+   2O( ºn 

n 

6 ea)
The first electron affinity

 

 Cl  + e     Cl   ea = 1

Quick Check 6.2
a)

of:  Oxygen   Barium   Bromine
b) Name the enthalpy changes that occur in each of the following reactions: 

 +  O          CO
         4Cl

  +  ½ O          2O(
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AND ENTHALPY CHANGES

is absorbed when the bond is broken to form neutral atoms; we call this, bond dissociation 
energy which is defined as, "
one mole of a particular bond in a substance.”
It may be denoted as E. If we are determining bond energy of a particular bond in a 
particular substance, we call this exact bond energy

3 3]   ;                          E

3 2 3]  ;                 E

3 2 2 3]   ;      E
In these examples, E
E in different molecules, we 

Table 6.1
Table 6.1.

C– C= N= O– O=
436 413 391 463

C 413 615 292 615 351
N 391 292 615 161 945 222
O 463 351 222 139
S 339 259 251 213
F 563 441 159 255
Cl 432 243
Br 366 192
I 299 151

r) AND 
CHEMICAL BONDS
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For example, the formation of water is exothermic because more energy is released in 

calculated in Sample Problem 6.1

 + O     2O r 

Sample Problem 6.1

following reaction:
E  ; EO=O  and E

+ ½ O    2O

Solution:      O
                 
             436   + 
        

r       R P

              = [E  + EO=O ] – [2 E ]

             r -1

6.6  MEASUREMENT OF ENTHALPY CHANGE OF A 
REACTION

measured by an instrument called calorimeter

The amount of heat energy required to raise the temperature of a substance of mass 1kg 
. So the specific 

6.6.1 Glass Calorimeter

atmospheric pressure as shown in Figure 6.3
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The reaction is carried out inside the beaker and 

calorimeter is constant, the temperature measurement 

water water 

 
q
n

mc
n

The solutions we are using here are so dilute that almost all of their mass consists of water, 

used to measure the heat of neutralization (
Sample Problem 6.2 

3 3  

Solution
2O is around 1gcm 3 

c 

× 4.2 × 3.5 

Calculation of no. of moles of H2
3 3  

             n  = n = 
Using equation, Number of moles of water formed, n

          n = 
q
n   =  

So, Enthalpy of neutralization, n

Quick Check 6.3 
Calculate n

3 –3
3

3 3 of 

Figure 6.3 Glass calorimeter to measure 
enthalpy change of reactions

acid + sodium 
hydroxide

Stirrer

Beakers Cotton wool

Thermometer
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6.7  ENTHALPY CHANGE AND CALORIE CONTENT OF 
FOOD

Calorie content: The calorie content of food is a measure of the energy ‘released’ when 

6.7.1  Relation between Enthalpy Change and Calorie Content
The enthalpy of combustion of a food ( c

Calorie content =    

C6 12O  + 6O    6CO 2O(

The calorie content of glucose can be calculated as follows: 

equation shows that;

 of  Glucose    = 

Using the relation,

 
calorie content = –

                    
= –

6.8 HESS’ LAW OF HEAT SUMMATION   

which states, 

Remember, the calorie content we take from food must 

growth and maintenance  

Energy Intake Energy Expenditure 

Negative Energy Balance 

Calories Web
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4 cannot be prepared directly 

    
“The total enthalpy change in a chemical reaction is 
independent of the route by which the chemical reaction 
takes place as long as the initial and final conditions are 

 cycles, 

in a series of two or three steps designated as indirect route 
Figure 6.4

 For the indirect route 1, we can write: r 1 2 

 For the indirect route 2, we can write: r 3 4 5                                        

f) using Enthalpy of Combustion c)
Sample problem 6.3

   CO       
CO  + ½ O    CO    2

              CO      1 = ?

Solution:   

1 2  

1 2

r f) 
Sample Problem 6.4 Calculate the enthalpy change of reaction of 

C2    C2 5Cl

Figure 6.4

A

Indirect route 2

Indirect route 1

Direct route

r

H4

H3

H1 H2

H5

B

r 

Route 1

Route 2

C + O2

C + 2O

CO2

1 2
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f  of C2 4
–1

f  of –1

f  of C2 5
–1

–1

Quick Check 6.4

Calculate the standard enthalpy change for the formation of methane ( f :
 6C        C6 6(  
The standard enthalpies of combustion of C  and enthalpy 
of formation of C6 6(

f ) using 
Enthalpy of Combustion and Enthalpies of Formation of other substances
Sample problem 6.5 Propane (C3

C3  + 5 O   3 CO 2O

2O  

Solution:

3
–1

445

r f (CO2 f 2 c (C3 c (O2

f (C3

Taking the heat of combustion of O f (C3

f (C3

Quick Check 6.5

Draw enthalpy cycle of  Sample Problem 6.5

C2 4 C2 5

2 CI22 +1 1
2 2
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r) using Bond Energies

adding the bond enthalpies from Table 6.1

of Table 6.1, which must now be taken with minus sign because the bonds are being formed 

Figure 6.5 r    ER  EP

rxn
Reactants

E E
Atoms

Products

Sample problem 6.6 and Cl
from Table 6.1

 + Cl

First Step                   
  + Cl
 E   ;  E     
  ER = 1 mol  436

mol
1 mol  242+ mol

Second Step:
 + 2 Cl

 E
 EP = mol
The standard enthalpy change in the reaction is obtained by the following formula:

r R P

r

r

Enthalpy of formation  =   mol  =  

 + Cl

  +  2Cl

r° 

Web
 ve

rsi
on

 of
 PECTAA te

xtb
oo

k 

Not 
for

 sa
le



124

Quick Check  6.6

a)
 N  + 

 E –1 , E –1, E –1

 Calculate t
b) Calculate the enthalpy change for the following reaction
 C2 5  + 3O 2O

 E  = +34  = +336, EO=O = +496, EC=O  = +465

6.9 ENERGETICS OF SOLUTION
 It is assumed that the 

Standard enthalpy chang sol) 

sol

of solution of sodium carbonate and ammonium chloride are described by the equations 
below:

 Na2CO  + aq  2 Na+  + CO3
2–     sol

–1

4Cl  + aq 4
+  + Cl–          sol

–1

In Table 6.2

An ionic compound consists of oppositely charged ions, 

Table 6.2

Substance Heat of Solution
NaCl

4Cl
4NO3
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6.9.1 Hydration   
“The process in which water 
molecules surround and interact 
with the solute ions is called 

 The forces are created 
between water molecules and the 
ions which are called ion-dipole 
forces as shown in Figure 6.6. And 
as a result, all the ions in aqueous 

energy of attraction due to an ion-
dipole force is known as enthalpy 
of hydration, defined as follows: 

excess of water to 

hyd  .

Factors affecting the magnitude of hydration energy
The heat of hydration depends on following factors:

Charge on the ion 
Size of the ion 

unit area. 
.

For example, enthalpies of hydration of following ions are in the order:

2+ Al3+Na+ < <

 2+ Ca2+ Sr2+<<

latt)

Na+    +    Cl–    NaCl                    latt
–1

Figure 6.6 Dissolution of an ionic compound through the 
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Factors affecting the magnitude of lattice energy
The lattice energy depends on following factors:

Charge on the ion 
Size of the ion 

Lattice energy and size of the ions     
Figure 6.7 
of alkali metal halides decrease with the 

the increase in the size of either cations or 
anions, oppositely charged ions become less 

Lattice energy and charge on the ions 

Thes

latt –1 is greater than lithium fluoride latt  = 
–1 

2+ and O2–

Solubility trends of group 2 hydroxides and sulphates
sol 

 
lattice enthalpy decreases down the group due to decrease in charge density of group 

2 2 2 2 than does the energy of hydration of ions 
2+, Ca2+, Sr2+ and Ba2+

sol 

 

 Now look at the solubility trends of group 2 
4
2– is much 

, the decrease in lattice energy going through the series of sulphates 
4 to BaSO4 is less, but the energy of hydration of the cation decreases by 

4 to BaSO4 sol 

Figure 6.7 

+

Na+

+

Rb+

Cs+

F– Cl– Br– I–

–1
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sol )

Figure 6.8.

lattice energy 
gaseous ions ionic solid 

ions in aqueous 
solution

enthalpy change of 
hydration of cation 
and anion, hyd

enthalpy change 
of solution 

sol

latt

Figure 6.8

latt sol hyd

Sample problem 6.6  

sol 

following data:
–1

 Enthalpy of hydration of sodium ions (Na+ –1

 Enthalpy of hydration of fluoride ions (F –1 

Solution
Step 1: Draw the enthalpy cycle 

Na+ –

Hhyd [Na+ –1

latt
–1

Hhyd [F– –1
+aq

Na+ –

sol 

Step 2: sol 11

sol latt  + hyd

sol 

  hyd
–1
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6.10  BORN-HABER CYCLE

latt

Na  + ½ Cl

Na+  + Cl

f

x

latt

Na+Cl

Figure 6.9 Enthalpy cycle of sodium chloride

 

where,

f 

x

f   =  x latt        

finding x

in Figure 6.10

Figure 6.10 

at of Cl  ea of Cl

i of Na  

at of Na  

f of Na+Cl–  

–1

–1

–1

–1

Na+

Na+

Na+

Na +

+

+

+

+

+

e–

e– Cl

–1

Na+  + Cl–

latt of  Na+Cl– = ?

Na+Cl–
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x 

x

x

Using, latt = f  x 

latt
-1 

Sample problem  6.7  Calculate the heat of formation of sodium fluoride, which crystallizes 

energy of F

Solution: 

  f = latt + 

   -1 

Quick Check 6.7
a)
b) is 161 

6.11 ENTROPY
Entropy is a measure of the number of ways energy can be distributed within a system at a 
specific temperature

6.11.1 Entropy, Diffusion and Number of Ways of Arrangement 

shown in Figure 6.11 partition 

1 2 3

Figure 6.11 Diffusion and number of possible arrangements 
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This is calculated as under
Number of molecules in A   = 3

Number of possible arrangements  = 23

will be 25

formula xy can be written for the calculation of probability, where x is the number of places 

Diffusion happens because there is a large number of ways of arranging the molecules. The 
concept of the ‘number of ways’ of arrangement either particles or the energy within these 
particles helps predict whether it can happen or not. 

6.11.2  Comparison of Entropy Values    
Entropies of different substances can be compared based on the number of particles, physical 
properties, and state.  

Small number of particles means low entropy and 
3 has higher standard 

mol mol
This is because the number of possible arrangements 

lower entropy than graphite because it is much 

mol mol ; whereas water 
mol

Quick Check 6.8
Explain the difference in the entropy of each of the following pairs of substances in terms of 

Br2(  SO      –1 mol–1  and   I    SO –1 mol–1 
 SO –1 mol–1   SO –1 mol–1 

(  SO      –1 mol–1 and  Na      SO –1 mol–1 
SO  SO –1 mol–1 and SO3(    SO –1 mol–1

Dissolution of sugar in tea increases the 
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6.11.3 Entropy Changes In Reactions
In a chemical reaction, if we compare the entropies of the reactants and products, we 
can try to explain the magnitude of the entropy change and whether or not it increases or 

For example:
CaCO3      CaO  + CO2

Also, consider the reaction: 
2N2O5     4NO2  + O2

In order to calculate the entropy, change of the system we use the relationship:

ΔSº
system = Sº

products – Sº reactants

Let us calculate the entropy change of the system for the reaction:

2Ca  + O2(g        2CaO

  S [Ca ]
–1 mol–1

[O ]
–1 mol–1

  S –1 mol–1,    
As  system   = S products– S reactants

+ S }

 system 
–1 mol–1

tropy change shows that the entropy of the system has 
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So the entropy of the surroundings must also play a part because the total entropy change 

total

total is sum of standard entropy change of system and standard entropy change of 

system

surrounding = r

T

 r

 r

is calculated using following equation:

total = system surrounding

  total  + [ r

T
]

total is +ve entropy increases  reaction is spontaneous
 total entropy decreases  reaction is nonspontaneous
Sample Problem 6.8 Calculate the entropy change of the system system for the reaction:

2Ca  + O2(g     2CaO
–1 mol–1

  –1 mol–1

  –1 mol–1,    

As  system  = 

+ }

  system  
–1 mol–1
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Sample Problem 6.9 surrounding for the 

  2Ca  + O         2CaO reaction
–1

Step 1 –1

–1

Step 2 Apply the relationship 

surroundings = reaction

T

surroundings  =  

                                       = –1 mol–1

Sample Problem 6.10 total  for the reaction and 

  2Ca  + O  2CaO

system
–1 mol–1

  surrounding
–1 mol–1

As, 

total 

total –1 mol–1

In determining whether a chemical reaction is likely to be spontaneous, we use the new 

relationship
Stotal

 

total system + [ r

T
]} Extend your knowledge 

The unit of temperature times entropy 
 represents 

Stotal = Ssystem + r

r      
And draw the following conclusion from it

of it may occur
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system is in a state of equilibrium

Sample Problem 6.11  For the reaction: 
CaSO     Ca2+  + SO4

f f (Ca
2+

f (SO4 = 

(Ca
2+

(SO4

Solution  
–

G

C. 
Sample Problem 6.12

N   

f 

Solution:  

       = 

Spontaneity and Temperature Change
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are substances at 1 atm and at the specified temperature

In Table 6.3

Table 6.3 Effect of temperature on the spontaneity of reactions

G Description*

– + – Spontaneous at all T

+ – +

– – + or –

+ + + or –

Sample Problem 6.13

CaCO     CaO  + CO2

Solution:  

                                 = 

3
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MULTIPLE CHOICE QUESTIONS
Q.1  Four choices are given for each question. Select the correct choice.
I. Which of the following equations represents standard heat of formation of C2H4?
     C2

    C2

      ½ C2

      C2

II. Which of the following equations correctly defines lattice energy of MgCl2?
 + Cl     2

2+  + 2Cl     
 2+  + 2Cl     2+  + 2Cl     
III. Suppose there are 100 molecules of a gas initially in jar A, which is connected to an 

evacuated jar B. When the stopcock is opened, the possible ways of arrangement 
of molecules will be:

 
       
IV. For a reaction to occur spontaneously,
 

Quick Check 6.9

3   + I  
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V. 
related to which thermodynamic quantity during its metabolism or combustion?

  

VI. Which of the following quantities is NOT typically determined using Hess’s Law?
  

VII. Which of the following factors would lead to a greater enthalpy change of 

VIII. The enthalpy of solution can be expressed in terms of which of the following 
enthalpy changes?

 lattice hydration                            lattice hydration

lattice hydration lattice hydration

IX. Which of the following reactions has an enthalpy change that is equal to the 
o

f [H2 O ]?
 + O

X. The enthalpy change for a reaction depends on:
 Pathway taken from reactants to products

eaction
XI. Which of the following processes would typically result in an increase in entropy 

of the system?
  F

ng a solid in a liquid  

XII. 
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SHORT-ANSWER QUESTIONS
Q.2Attempt the following short-answer questions:
a.
b. 
c. 
d. Distinguish clearly between standard enthalpy of reaction and standard enthalpy of 

e.

 Standard enthalpy of combustion
f.

g.
h. Explain why the enthalpy of hydration is always an exothermic process for gaseous 

hydration?
i. +2O 2 O , identify all the bonds that need to be 

broken and all the bonds that need to be formed to carry out a bond energy calculation 

j. For a reaction to be spontaneous, what is the required sign of the Gibbs free energy 

k.
sol sol  indicate about the energy changes during the dissolution 

l. Consider two ions with similar charges but different sizes, or similar sizes but different 

DESCRIPTIVE QUESTIONS
Q.3  
Q.4  

energy of NaCl? 

NUMERICAL PROBLEMS
Q.5  

water  
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Q.6  
4 3

 

4Cl   
Q.7 Calculate the heat of formation of ethyl alcohol from the following information 
  

  
  

Q8  

Reactions -1

 + ½ Br    +Br– –392
 

+  + e
½ Br   Br +112
Br  + e Br –342

Q.9  Calculate the entropy change of the surroundings surrounding 

       2Ca  + O       2CaO       reaction
–1

Q.10  For the reaction: CaSO                Ca2+  + SO4

  Enthalpy of Formation: 
  f f (Ca2+ f (SO4

(Ca2+ (SO4Web
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