
Thermodynamics 
the study of the transformations of energy from one form into another 

First Law:  Heat and Work are both forms of Energy. in any process,  
Energy can be changed from one form to another (including heat and work), 
 but it is never created or distroyed:  Conservation of Energy 
 
Second Law:   Entropy is a measure of disorder; Entropy of an isolated system  
Increases in any spontaneous process.  OR This law also predicts that the 
 entropy of an isolated system always increases with time. 
 
Third Law:     The entropy of a perfect crystal approaches zero as temperature  
approaches absolute zero. 

http://www.physicalgeography.net/physgeoglos/e.html
http://en.wikipedia.org/wiki/Perfect_crystal
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A Molecular Interlude:  Internal Energy, U, from 
translation, rotation, vibration 

•Utranslation = 3/2 × nRT 

 

•Urotation = nRT (for linear molecules) 

   or 

•Urotation = 3/2 × nRT (for nonlinear molecules) 

 

•At room temperature, the vibrational contribution is small (it is of 
course zero for monatomic gas at any temperature).  At some high 
temperature, it is (3N-5)nR for linear and (3N-6)nR for nolinear 
molecules (N = number of atoms in the molecule. 



Enthalpy 
H = U + PV 

Enthalpy is a state function and at constant 
pressure:  

∆H = ∆U + P∆V    and     ∆H = q 

At constant pressure, the change in enthalpy is 
equal to the heat released or absorbed by the 
system. 

Exothermic: ∆H < 0 

Endothermic: ∆H > 0 

Thermoneutral: ∆H = 0 



Enthalpy of Physical Changes 

For phase transfers at constant pressure 

Vaporization:     ∆Hvap = Hvapor – Hliquid 

Melting (fusion):  ∆Hfus = Hliquid – Hsolid 

Sublimation:   ∆Hsubl = Hvapor – Hsolid 

 

For the same temp:  ∆Hsubl = ∆Hvap + Hfus 

     ∆Hforward = -∆Hreverse 



Consequences of being a state function 





Heating Curve 



Enthalpy of chemical change (reaction) 

Enthalpy of reaction is the heat released or absorbed as a result of a chemical reaction 

∆Hrxn = ΣHproducts – ΣHreactants 

 

∆Hrxn = ∆Urxn + ∆ngasRT 

 

Standard reaction enthalpy (∆Ho) refers to reactions where all products and reactants 
are in their standard state 



Definitions of Standard States 

• For a gas the standard state is a pressure of 
exactly 1 atmosphere. 

• For a substance present in a solution, the 
standard state is a concentration of exactly 1 M. 

• For a pure substance in a condensed state (liquid 
or solid), the standard state is the pure liquid or 
solid. 

• For an element the standard state is the form in 
which the element exists under conditions of 1 
atmosphere and 25 oC. 
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Standard Enthalpies of Formation 



Hess’s law 

The overall reaction enthalpy is the sum of the 
reaction enthalpies of the steps into which the 

reaction can be divided 



Born-Haber cycle 
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An Application of Hess’s Law:   
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Bond Enthalpies of Diatomic Molecules 
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Average Bond Enthalpies in kJ/mol  



ENTROPY 

A spontaneous process has a tendency to occur without being driven by an external 
influence; does not have to be fast 

 

Entropy is a measure of disorder (probability?) 

Entropy is a state function 

 

The 2nd law:  

The entropy of an isolated system increases in the course of any spontaneous change 



Changes in physical state and entropy (changes) 

During the phase transition, the temperature remains constant 

 

At the temperature of phase transition, the transfer of heat is reversible 

 

For P = const, qtransition = ∆Htransition 

Ergo: ∆Stransition = ∆Htransition/Ttransition 

∆S0
transition – standard entropy of transition (J mol-1 K-1) 



Table 8.1 



Entropy 

The change in entropy is positive for melting, evaporation, and 
sublimation 

Empirical Troutons “rule”: ΔSvap ≈ 85 kJ/mol for many liquids  

 

Calculating entropy of phase change at a different T? 

•T of phase 1 is brought to the standard phase change T 

•Phase 1 changes to phase 2 at standard phase change T 

•T is brought back to the original T 



The Third Law of Thermodynamics 

The entropies of all perfect crystals approach zero as the absolute 
temperature approaches zero 



Statistical entropy 

S = k ln(W),  

where W is the number of 
different microstates for the 
macrostate 

 

The statistical definition of 
entropy is equivalent to that 
derived from macroscopic 
observations  





Standard molar entropy (S0
m) 

S(T) = S(0) + ∆S(0T) 

 

∆S(0T) must account for phase transitions 





Standard reaction entropy 

∆S0
rxn = ΣnS0

m(products) - ΣnS0
m(reactants) 

 

For reactions in which the amount of gas increases, ∆S0
rxn is usually positive (and vice 

versa).   

 

Also, generally, the increase in the number of particles in (ideal) solution or gas phase 
leads to increase in entropy.  
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