Chem 51 Unit 1 Summary (2011)
THERMODYNAMICS
Sign convention:
+w – work done on the system by surroundings




-w – work done by the system on the surroundings




-q – heat transferred to the surroundings




+q – heat absorbed by the system

Work is the transfer of energy due to unbalanced forces: 
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against a constant external P.
If Pext is not constant during the process:
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The reversible process: we go from the initial to the final state by a succession of an infinite number of steps, where we increase/decrease the external pressure infinitesimally. This hypothetical process would therefore take forever. We can, to a good approximation, replace the external pressure by the pressure of the gas in the container. 

For a reversible process (compression or expansion of an ideal gas):
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 (learn this proof)
The first law of thermodynamics:
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Path & state functions: know the difference.

Heat absorbed/released is related to the heat capacity 
[image: image5.wmf](

)

1

2

T

T

C

q

-

=


To obtain molar heat absorbed, you would need molar heat capacity.

Specific heat capacity is the heat capacity per kilogram of material.

Note the two important state functions, internal energy, and enthalpy, defined as:
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and
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Some important processes:


ISOLATED SYSTEM:


No exchange of q or matter with surroundings
ISOTHERMAL REVERSIBLE (no change in T):
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ADIABATIC (no change in q):
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Note that 
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 is a state function, so that we can use 
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, even if the process does not occur at constant volume.

PRESSURE-VOLUME WORK:
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 (constant volume)
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constant pressure

ENTHAPLY

You need to be able to apply Hess’s law and use standard enthalpies of formation to obtain enthalpies of reaction. You can also use standard bond enthalpies to get enthalpies of reaction.

At constant pressure: 
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To calculate the enthalpy from T = 0K to T = T, must take into account any phase transitions.
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, etc. In other words 
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Note also that 
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 for ideal gases
ENTROPY

Microstates: A particular way of arranging molecules among the positions accessible to them while keeping the total energy the same. Leads to “even split” distributions as the most probable. 
Entropy (state function): 
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The Second Law of Thermodynamics: 
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Equilibrium (reversible process)
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Spontaneous process in isolated system

For a reversible isothermal expansion of a gas:
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The above equation is equally applicable to calculating the entropy change of a system undergoing an irreversible process. Remember, entropy change is a state function.
The Third Law: Every substance has finite positive entropy, but at 0 K the entropy may become 0, and does so in the case of a perfectly crystalline substance.

Statistical Entropy:
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GIBBS ENERGY
Gibbs Energy:
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For constant T and P
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Spontaneous (irreversible)
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Not spontaneous
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Equilibrium

You need to be able to apply Hess’s law and use standard free energies of formation to obtain free energies of reaction. 

Gibb’s energy is related to the reaction quotient and the equilibrium constant:
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 and at equilibrium 
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Can use the above equations to arrive at the Van’t Hoff equation.  
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Learn the proof.

A plot of lnK versus 1/T will yield the slope -(rHo/R.
}
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