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Thermodynamics

Thermodynamics got its start in Engineering at the beginning of the 19t Century.
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The Nature of Energy

Potential Energy inetic Energy

In either case, it h
of being directed a
or random and non- nearly always has the

LITY to do WORK.

Potential energy is nearly always directed; Random energy does sometimes.
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15t Law: Energy Is Conserved!
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State Functions

U is a “State Function”, i.e., AU(a—b) = - AU(b—a)

Sta

U is a function of T, V, and N;
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The Zeroth Law: Temperature

Two states of material A both
In thermal equilibrium with
material B are in thermal
equilibrium with each oth
and share a property ca

related tc

“hotness”.

Temperature was first measure aterial (Hg) having a thermall
expansivity [(0V/0T)p] that was fa
was defined by dividing the change in ween the melting of ice and the boiling

of water (1 atm pressure) by 100. was defined by the statistical mechanical
properties of an ideal gas, with the units being the same used by Celsius, thus fixing the

Boltzmann constant at its current value. Kelvin’s scale had the advantage that
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The Second Law: Get Real! Reversibility is Not!

A system under NET work or
he

Closed

System \
well/Boltzmann).

>

System & reservoir
exchange heat with re
universe = “adiabatic”

Second Law

The entropy of the unive ystem and its reservoir)
vinereases (dS,>0) for an irreversible (or natural) process.



Equilibrium and the Second Law

Equilibrium:; A us change is not

The entropy of a system at
equilibrium 1s maximized.

«sthe univer ronomers
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Is a Cell at Equilibrium?

Energy
Storage

FHOTOSYNTHESIS

Chleroplasts
trap light

8/28/2015 10



No, but it does not violate it!

Biosphere

ASbiosphere <0

AS >0

universe




Combined First & Second Laws
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Arbeit: Useful Work

Recall the Second Law. Fa
surroundings

For a Reversible Proce
available to do

) became
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The ergy 1 can get out
of a sys Is a state f .

Ible process at constan

8/28/2015 13



Free Energy is Minimal at Equilibrium

Based on the definition of free ene
requirement that AS > 0, we co

1st and 2 Laws, and the 2nd Law
ases for spontaneous processes

one on the environment when spontaneou

Work in living syste chemical systemin a
non-equilibrium state anc coupling 2m’s spontaneous change
to non-spontaneou er chemical system.

For this, work done in system 2 < - AA for system 1.
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Enthalpy: Changing Variables

onstant. No PAV work done on

What if V is not consta
independent variable.

g

he system on the

= heat flow
the surroundi

Then U is nc ction that

The enthalpy, H=U + PV

We then define the corre work”™ state function as:
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Heat, Heat Capacity, and Entropy

The temperature dependence of the Heat Capacity =>
All the thermodynamics of a system.

o~(57),, <)
r\or/,, or/,,

Whe

AS=( gr Ll _ gy
T T dr T

The entropy S of al
(the so-called Third L

perature, T IS zero
easure C,, to T=0" .

Similarly, we obtain the inte
“thermal” energy:
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Chemical Thermodynamics

While Ther
thermodyna

Wysicists, the
to chemists:

Molar Free Energy

8/28/2015 17



The Molar Free Energy = Chemical Potential

_| oG
a [ AN]
T, PN

independent variables:

The Chemical Potential is de
the partial molar free ene
component:

or V in
any

So far
defi

‘;—G] dP — dw =—SdT + VdP —a

TN

Gon N;:

dp-deN,[a—G] dN, = —SdT
i aNz T.P

and P and no work, d
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|

Work Function of Comb

P
), P o)
: httpzm. a.org/wiki/Maxwell relatiqgns
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http://en.wikipedia.org/wiki/Maxwell_relations

The Gibbs Free Energy is the weighted sum of chemical
potential onent.

At constant T and P n be integrated.

Successiv rtion to n
Compositio tionally:
d

Since G must be mini um in Open Systems
Is defined in terms of che e basis of all forms of
chemical and physical mass equilibria.
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1. Does the First Law of thermodynamics ring true to your personal experience? Why or why not?
2. What critical observation made the Second Law necessary? Explain.

3. In what sense is the Helmholtz Energy (A) “Free”?

4. How is the Gibbs free energy (G) related to the Helmholtz
free energy (in simple words)?

5. From the combined First/Second Law and the
definition of A (energy free to perform work), derive
the total differential expressions for U and A. The
expressions given in lecture have terms in p, and n..
What is the origin and meaning of these?

6. We said that all living systems must be able to do work. Why?

7. If a system can exist in two forms (or states) such that A1 < A2, which form are we
more likely to observe?
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