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Physical Chemistry
... iremos explorar, refletir, aprender ?..

Area of chemistry concerned with the application of the techniques and theories of physics to the study of chemical systems.

Lecture#07
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First Law of Thermodynamics

H (V, T, n)

Thermochemistry

The study of the energy transferred as heat during the course of chemical reactions

The Standard State of a substance at a specified temperature is its pure form at pº =1 bar.

Standard enthalpy change,
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Thermochemistry H (V, T, n)
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First Law of Thermodynamics

Exothermic process 

is any process that gives off  heat – transfers thermal energy from the system to the surroundings.  

Endothermic process 

is any process in which heat has to be supplied to the system from the surroundings.  

2H2 (g) + O2 (g) 2H2O (l) + energy

H2O (g) H2O (l) + energy

energy + 2HgO (s) 2Hg (l) + O2 (g)
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First Law of ThermodynamicsU (V, T, n)
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ThermochemistryH (V, T, n)

Standard Reaction Enthalpy
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ThermochemistryH (V, T, n)

Standard Enthalpy of  Combustion

glucose

Specific enthalpy
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ThermochemistryH (V, T, n)
Methane

Chemical ENERGY or Enthalpy change of a substance, 
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ThermochemistryH (V, T, n)

Hess’s law

This application of  the First Law

Methane
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ThermochemistryH (V, T, n)

Standard Enthalpies of Formation

The standard reaction enthalpy for the formation of  the 

compound from its elements in their reference states

Reference State of  an element is its most stable state at the 

specified temperature and 1 bar.

benzene
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ThermochemistryH (V, T, n)

The standard reaction enthalpy for the formation of  the 

compound from its elements in their reference states

Reference State of  an element is its 

most stable state at the specified 

temperature and 1 bar.

benzene

Standard Enthalpies of Formation
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ThermochemistryH (V, T, n)

Standard enthalpies of formation

The standard enthalpy of  formation of  ions in solution poses a special problem

because it is impossible to prepare a solution of  cations alone or of  anions alone

conventionally the hydrogen ion (zero)

e.g.
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ThermochemistryH (V, T, n)
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ThermochemistryH (V, T, n)

T2 T3
T1

Copper, 50 g

T1= 50.0 0C

Cp= 0.381 J g-1 K-1

water, 200 g

T2= 22.0 0C

Cp= 4.814 Jg-1K-1

T3= ??? 0C

Heat capacity at constant pressure

Substance is heated from T1 to T2
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ThermochemistryH (V, T, n)

Heat capacity at constant pressure

Q_A =  Mass(Cu) x Cp(Cu) x (T3 -T1) = 50.0 x 0.381x (T3 - 50.0) 

T1= 50.0 0C T3= ??? 0CCopper, 50 g

Process_A

Q_B =  Mass(H2O) x Cp(H2O) x (T3 -T2) = 200 x 4.814x (T3 - 22.0) 

T2= 22.0 0C T3= ??? 0CWater, 200 g

Process_B Q_A + Q_B  = 0

EXOthermic

ENDOthermic

R:   T3 = 22.5  0C



DQB. FCUP  Luís Belchior Santos  | 2024

ThermochemistryH (V, T, n)

Substance is heated from T1 to T2

Kirchhoff’s law



DQB. FCUP  Luís Belchior Santos  | 2024

ThermochemistryH (V, T, n)
Kirchhoff’s law
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ThermochemistryH (V, T, n)

Kirchhoff’s law

Hess’s law


