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THERMODYNAMICS

Definitions

system: part of the universe under study.

universe: part of the universe outside of the system.

heat (q): when given off is negative (exother mic) and when absorbed is
positive (endother mic).

work (w): work done by the system is negative and work done on the system is
positive. PV work can be calculated using the formula:

W = -Pey(AV) = -Pey (Vs - V)

Calorimetry: q(system) = -qg(calorimeter)

First Law of Thermodynamics

AE= q + w andisindependent of path

or

Theinternal energy (E) isastate fucntion

or

AE = 0 for acyclic path

or

It isimpossible to create a machine which, operating
cyclically, will yield net work without aborption of heat.

For a constant volume process, AE = g,

Definition of enthalpy (H): H= E + PV (H isastate function)

For a constant pressure process, AH = g

For achemical reaction: AH = AE + Ang, RT
Hess Law: AH for achange of state, for example a chemical reaction, is independent of the path. If
the path consists of several steps, the value of AH for the total processis equal to the
sum of the values of AH for the individual steps.
AH° = AH for a chemical reaction when all reactants and products are in their standard states.
Standard state - normal state of substance at the temperature in question and a pressure of one
atmosphere for gases.
For any reaction: AH® =X AH°;(products) - > AH°(reactants)

For any reaction when all species are in their gaseous forms:

AH = Z AH(bonds broken) - = AH(bonds formed)
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Second Law of Thermodynamics

Entropy (S isastate function

or

For every spontaneous process occuring in an isolated system
there is always an increase, or at best, no change, in the entropy.

or

ASisolatedsysxem 20

or

ASnivese > 0, for aspontaneous process

Third Law of Thermodynamics
The entropy of a perectly ordered pure crystalline substance at the absolute zero of temperatureis
equal to zero.

For any reaction: AS’ =% S’(products) - = S’(reactants)

Definition of Gibbs Free Energy (G): G=H-TS

For any reaction: AG® = X AG®¢(products) - > AG°¢(reactants)

For gases, AG = AG® + RT InQ, (at non-standard conditions)

At equilibrium AG = 0 and therefore Q, = K,

hence at equilibrium AG® =- RT InK,

For solutions, AG = AG® + RT In Q,, (at non-standard conditions)

At equilibrium AG = 0 and therefore Q. = K,

hence at equilibrium AG® =- RT InK_

In K = (-AH°/RT) + (AS°/R) and therefore In(K,/K;) = (AH°/R)(T, - T4/T5T,)
For oxidation-reduction reactions,

AG°® =-n78° (at standard conditions)
AG = -n7& (at non-standard conditions)



