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Chemical Equilibrium
formation of neutral

Consider a reaction & Hydrogen

A+B= C for example 2 + px H

The energy is a function of S,V and NA
, Nig , No

du = TdS - pdV + MydNA + MydNz + m, &N

If we are considering constant temperature
and volume

S

we can integrate by parts defining
the Free Energy, F = U - TS

·
j

↑dF = - SdT - pdV + MadNa + MpdNB + M , dNc

w at constant temperature and volume the system will
evolve to minimize the free

energy. If increases by the
chemical reaction

,
A and B decrease accordingly

dNc = - dNa = - &NB
Free energy decreases

So S until it is a

/
minimum

dF = 1 -MA -MB +M, )dN, 0

So equilibrium is reached when

-Ma
-

M + M,
= 0





So

G = F + pV

G = -NkTIn(e) +Nk=Nk
Now u = G/N which means :

m
= kT(n2 , /N

Or volving for N we find

N = em/kTz
,

So consider the ratio of yields

c = eB(Mc -Ma -Mp) Zi
-

NANB

y
Zia Zir

But this factor is zero
in equilibrium

So

Ne --
2x

= kn(T)
NANB Za Zir &

this is called theA
this is equilibrium constant and

a ratio of yields is only a function of temperature
we want to know and determined by the Z's

in the
process











Cosmological Story:

13.6 Billion Years ago the universe 
was approximately 10,000 Kelvin 

Then at this time the electrons and 
protons recombined, making neutral 
hydrogen.  Since then, the light has 
been traveling freely, but becoming 

redshifted, to a lower effective 
temperature. We measure light at 

temperature of   everywhere in 
the sky, reflecting   from 

13.6 billion years ago.

2.7 oK
10,000oK

Spectrum of cosmological light, 
reflecting a temperature of 10,000 

Kelvin many years ago


