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2.3. 2

Thermochemistry
thermochemistry deals with the 

measurement and quantitative analysis of 

heat flow during chemical reactions.

HEAT OF REACTION - HESS'S LAW

Under isochoric conditions

rVr UQ ,

 VpUQ pr,

  rHpVUQ 

Under isobaric conditions

Under these 

conditions, heat is a 

state function.
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subscript „f” stands for formation
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The second thermochemical law
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The Third Law of Thermochemistry

The enthalpy of any process can be replaced by 

a set of other reactions (thermochemical 

equations = algebraic equations)

Substrates „1”

=

Products „4”

H1
o

U1
o

H3
o

U3
o

H2
o

U2
o

Hx
o

Ux
o

THERMAL EFFECT OF CYCLIC REACTIONS

Products „3” 

=

Substrates „4”

Products „1” 

=

Substrates „2”

Products „2” 

=

Substrates „3”

For any thermodynamic cycle:

0
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iH 0
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321 HHHH x  321 UUUU x 
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Example:

Energetics of making a diamond from pencil 

lead.

We are looking for

C(g)  C(d) H=?

EXAMPLES OF CALCULATION OF THERMAL EFFECTS

requires P>20GPa =200Katm

We know:

C(g) + O2(g)  CO2(g) H°298K =  -393.51 kJ/mol

C(d) + O2(g)  CO2(g) H°298K = -395.40 kJ/mol

H = (H(CO2) –H(C(gt)) – H(O2) - (H(CO2) –H(C(d)) – H(O2)

H = H(C(g)) – H(C(d)) = -393.51+395.40= 1.89kJ/mol
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EXAMPLES OF CALCULATING THERMAL EFFECTS

Write the expression for heat of reaction at 

constant pressure

)(3)(2)(2 2/1 ggg SOOSO 

  )()( substriiprodiiV UnUnQU

  )()( substriiprodiip HnHnQH











223 2

1
SOOSO HHHH

The energy effect of a reaction is the sum of the enthalpy of formation
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)(126)(2)(66 3 cgc HCHHC 

0

)(298

0

)(298

0

)(298298 266126
3 HHCHC

o HHHH 

Calculate the standard enthalpy change for the 

hydrogenation of benzene:

It is necessary to know thermochemical data, 

e.g. standard enthalpies of formation of reactants:

Example
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1432 633 HHHHH x 

Calculate the enthalpy of formation of liquid benzene 

from gaseous acetylene.

We have standard enthalpies for 

the following reactions
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Estimate the resonance energy of benzene knowing the 

standard combustion enthalpies of: graphite (H1), hydrogen 

(H2 ), benzene (H3 )

Hypothetical

cyclohexatriene

Real 

benzene
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Estimation of the C-H bond energy knowing the standard 

combustion enthalpies: methane (H1 ), hydrogen (H2), 

graphite (H3)

HHHC HHHHHH   224 4321
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725341 222 HHHHHHH x 

7)()(42)(2)(2)(2 22 HHClSOHOHClSO aqaqaqgaq 

)(42)(2)(2 2 aqggromb SOHaqOHS 

Calculate the standard enthalpy of formation of a liquid 

electrolyte in aqueous solution.

Data: standard enthalpies of 

combustion: sulfur in oxygen (H1), 

hydrogen in oxygen (H2), hydrogen

in chlorine (H3), standard enthalpies

of dissolution: gaseous hydrogen

chloride (H4), gaseous SO2 (H5), 

liquid sulfuric acid (H6), standard 

enthalpy of reaction (H7):
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Kirchhoff's law

DEPENDENCE OF HEAT ON TEMPERATURE

Reaction paths

Method I – heating the substrates and carrying out the reaction

Method II – carrying out the reaction and heating the products
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Mathematical formulation of KIRCHHOFF's law
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2 TcTbaCp

Graphical interpretation of KIRCHHOFF's law
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N2(g) + 3H2(g) = 2 NH3(g)
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C(s) + CO2(g) = 2 CO(g)

An example of the effect of temperature on the 

energtics of a reaction Ho(T):

-45

-40

-35

-30

3
0
0

7
0
0

1
1
0
0

1
5
0
0

T/K


H
0
/(
k
J
/m
o
l)

CO(g) + H2O(g) = CO2(g) + H2(g)

zone A

descending
zone B

ascending

zone C

ascending

zone D

descending



19



20


