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From the Encyclo pedia

Wik ipedia tells usthat Walther Hermann Nernst (June 25, 1864DNovenmber 18,1941)wasborn in Briesen in
West Prussia/P omerania (how Wabrzezo in Poland). He studied physics and mathematics at the universities
of Zurich, Berlin and Graz. After some work at Leipzig, he founded the Institu te of Physical Chemigry
and Electr ochemistry at Gettin gen. Nernst invented, in 1897, the Nernst lamp, an electric lamp using an
incandeent ceramic rod (the suces®r to the carbon lamp and the precursor to the incandesent lamp).
Nernst researched osmotic pressureand electrochemidry. In 1905, he established what he referred to as his
ONewHeat TheoremO, later known as the Third law of thermodynamics (which desribesthe behavior of
matter astemperatures approach absolute zero).

In 1920, he received the Nobel Prize in chemistry in recognition of his work in thermochemistry. In 1924,
he became director of the Instit ute of Physical Chemistry at Berlin, a position from which he retired in 1933.
Nernst went on to work in eledr oamusti cs and astrophysics.

Nernst developed an eledr ic piano, the ONeoBedhstein-Flugd Oin 1930in asciation with the Bechstein
and Siemans companies, repladng the sounding board with radio amplibers. T he piano used electromagneti ¢
pickups to produce electronically modibed and amplibed sourd in the same way as an eledric guitar.

Nernst Equat ion
The Nernst equation is:
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where E is an open-circuit voltage. The meaning of this Nernst Equation (1) is developed in the following.



Notat ion

First, some notation. The OativityOof a spedes is denoted with the parens () above. Activity means,for
example:

(FE?) = elhrez+) /BT )

where pige2+ is the chemical potential of Fe** . Physics books present the chemical potential asthe potential
seen by one Fe?* ion wheniit is put in its place (and use a kT in the exponert). This chemical changeis a
changein free energy of the sydgem. Chemistry books give the chemical potential asa molar quantity (with
an RT in the exponert, where R is not the sameR as below). With the notation of (2), the free energy of
the sysem changesby Hg.2+ When one mole of Fe* ion is added to the eledr ode material. We had better
be sure that the electrode is really, really big if we can add one mole without changing its composition.
Otherwise we shoud work with ! G = p! N, and let ! N goto zeroas! G/! N = p (keeping the other
thermodynamic variables constant as we do).

Materials at the eledr ode are either oxidized or reduced, hencethe symbols for them are O0Gand ORO.
The reaction at the eledr ode is:

"sO+Ne = "gR. 3)

We needa secondeledr ode to complete an external circuit, and this second readion supposes that we are
using a hydrogen eledr ode as a reference:

N/2H, =2 NH'+Ne (4)
The overall reaction of the cell is
N/2H,+ "o O="gr R+ NH" . (5)

For example, we might have O = Fe** , R = Fe**, and "res+ = "pe2+ = N.

Free Ener gy and the Nernst Equation

For the reaction of (5), we can writ e the change in free energy, using some notation of chemigry. (If this
looks unfamiliar, considerit a postulate, to be proved in the following.)
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We referencethe hydrogen activity as1 at all temperatures
H")=H)=1 Q)

Problems with thi s reference assumption, and alsowith eledr ode-dectrolyte interactions, are swept into the
I GY asnecessary This simplibes(6)
(R)"=
(O)ve
The units of ! G are moles but we want to work with Coulombs, a more corveniert elecrical unit (e.g.,
lampere= 1Coul/sec 1W = 1 Ax1V = 1J/sec). For a quasi-dati c processwherethe electrochemical cdl
does only eledrical work, W, and producesno heat:
G = W, 9)
!'G = —-nF!E (10)

1G = 1 G°+RTIn
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where n is in Coulombs, and nF is the number of moles of electrons that experienced the potential drop
I E.! Dividing (8) by nF, we obtain the Nernst Equation (1):
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IRecall that the Faraday constant F' = 96,485 Coul/mole. You can get this by dividing Avogadro’s number by the number
of electrons in a Coulomb.



Chemical Potential and the Nernst Equation

Another usdul manipulation of (8) is to proceed with some obvious algebra. Take the logarithm of the
activit ies (cf., (2)):

G = 1 G+ RT(In(R)"® —In(0)°) (12)
G = I G'+RT ("rRIn(R) —"0In(0)) (13)
! = 1G° u HR W Mo
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1'G = 1G%+"rir —"0 Mo, (15)
and in general, for multip le reactants
# #
'G = ! GO + "RiURi - "Ojuoj' . (16)
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We seethat the Nernst equation is a statement in eledrical quantities (i.e., voltage) that the changein free
energyis the changein chemical potentials of the moving speciesin the reaction.

A key assumption is that the eledrochemical cell produces only eledrical work (i.e., electrons move
through a voltage drop), and no heat. This is esentially true when open-drcuit voltages are measired
properly. Consider the open-circuit voltageof a (charged or partially -charged) Li battery. For ead Li atom
that moves from the anode to the cathode, one asscciated electron will move through an external circuit.
In this cas, the voltage measured acrossthe large external redstor is a predse measureof the change in
chemical potential of the Li atom asit movesfrom anode to cathode.

From (16) we can measure! G with eledrochemical cells. Usually in doing so, we work with two
electrodes and we meadire a di"erence in chemical potential for one moving spedes This is its change in
chemical potential betweenthe two eledr odes. Such a measirement allows usto cancelthe ! G° in (15), and
make excellert measirements of changesin chemical potential and free energy for the cell in various states
of charge The states of charge correspond to di"erent concentrations of Li in the anode and cathode, so
electrochemical measurements can provide information on free energy versuscomposti on for the eledrode
materials.



