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Thermochemistry

Thermochemistry is concerned with the quantities of heat transections (evolved

or absorbed) during chemical reactions and/or phase changes such as melting and boiling.
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The energy changes in chemical reactions are largely due to the breaking of
existing bonds between the atoms and the formation of new bonds. Thus,
thermochemistry provides useful information regarding the bond energies.



Thermochemistry 2

What is Heat?

A form of energy that is transferred between two objects (systems) as a result of a
temperature difference.

So, What about temperature? 

while heat is a form of energy

Temperature is the degree Celsius (°C) or
Kelvin (K), while the unit of measurement
for heat energy is the joule (J).

It is a property of a substance or system



Internal Energy 3

Every substance has a definite amount of energy known as the intrinsic
energy or internal energy, E. Its exact value cannot be determined but the
change in internal energy, ΔE, can be accurately measured experimentally.



Internal Energy 3
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Enthalpy 2

Thermochemical measurements are made either at (a) constant volume or (b) constant pressure.

At constant volume, The change in internal energy (∆E) is the heat change
accompanying a chemical reaction because no external work is performed.

At constant pressure, not only does the change in internal energy take place but work
is also involved because of expansion or contraction.



Enthalpy 2

A change in enthalpy (∆H) accompanying a process can be measured accurately and is
given by the expression



Calculation of ∆H from ∆E 2

[Multiplied by P on both sides]



Numericals 2
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Exothermic and Endothermic Reaction

from surroundingsto surroundings



Exothermic and Endothermic Reaction

Enthalpy Diagram

When ∆H is positive, the enthalpy
of the reactants and an equivalent
of heat is absorbed by the system
from the surroundings.

Hp < Hr Hp > Hr



Heat of Reaction 2

The heat of a reaction is simply the amount of heat absorbed or evolved in a reaction

The amount of heat absorbed or evolved at constant temperature and pressure is called enthalpy.

The amount of heat absorbed or evolved in a reaction when the number of moles of reactants as

represented by the balanced chemical equation change completely into the products.

Thermochemical equation



Kirchoff’s Equations 2

The equations representing the variation of heat change of reaction with
temperature are known as Kirchoff’s equations.

Change in heat of reaction at constant volume per degree change in temperature is equal to 
the difference in heat capacities at constant volume of products and reactants.



Kirchoff’s Equations 2

Herein, Eq. (2) and (3) are Kirchoff’s Equation



Kirchoff’s Equations 2



Kirchoff’s Equations 2

Change in heat of reaction at constant pressure per degree change of temperature is equal to
difference in heat capacities of products and reactants at constant pressure.

Herein, Eq. (5) and (6) are Kirchoff’s Equation

These equations may be used for calculating heat of reaction at a given temperature when it is known 
at some other temperature and when the heat capacities of products and reactants are known.



Kirchoff’s Equations 2



Heat of Formation



Heat of Formation
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Heat of Formation



Standard Heat of Formation

The change in enthalpy, when one mole of a compound is formed from its
elements, all substances being in standard states (298 K and 1 atm pressure).



Standard Heat of Formation



Heat of Combustion 2

The change in enthalpy of a system when one mole of the substance is
completely burnt in excess of air or oxygen.

Heat of combustion of a substance (∆Hc) is always negative.



Applications of Heat of Combustion 2

• Calculation of heat of formation 

Since the heats of combustion of organic compounds can be determined with
considerable ease, these are employed to calculate their heats of formation.

• Calorific value of foods and fuels 

The amount of heat produced in calories (or joules) when one gram of a
substance is completely burnt.

• Deciding constitution 
Heat of combustion of organic compounds has thus proved very valuable in
deciding their chemical constitution.



Numericals 2



Heat of Neutralization 2

The change in the enthalpy of the system when one gram equivalent of an acid
is neutralised by one gram equivalent of a base or vice versa in dilute solution.

The heat of neutralisation of a strong acid and strong base is –13.7 kcal (57.32 kJ)



Heat of Neutralization 2

When weak acids or weak bases are neutralised by strong bases or strong acids
respectively, the heat of neutralisation differs widely from – 13.7 kcal.

In such cases, the neutralisation process involves not only the union of hydrogen and hydroxyl ions
but also the dissociation/ionization of the weak acid or base.

The heat of dissociation of NH4OH; 1.4 Kcal is absorbed
when 1 mole of NH4OH is dissociated into ions.



Laws of Thermochemistry



Examples of Hess’s Law

This law is a manifestation that enthalpy is a state function.

A state function is a property of a system that depends only on the current

state or condition of the system, and not on the path taken to reach that state.


