STATISTICAL MOLECULAR
THERMODYNAMICS

Christopher J. Cramer

Video 12.7

Determining K from Q (the other Q)



K FROMQ@ (THE PARTITION FUNCTION!)
For the general reaction:

v, A(g)+vyB(g) == v, Y(g)+Vv,Z(g)
At constant 7"and V, (by analogy to video 12.1 for T"and P)
dA =u,dn, + udn, + u,dn, + u,dn, (constant7 and V)
At equilibrium (cf. video 12.1 for T"and P):
AA=v,u,+v,u,-v,u, —vegiy =0 (constant 7 and V)

And now if we can relate the chemical potential to the partition
function we can get K from Q... (note that one just must be
careful to keep the partition function “Q” straight from the
reaction quotient “Q”)



CHEMICAL POTENTIAL IN THE MIXTURE

VAA(g) + VBB(g) — vYY(g) + vZZ(g)

For a mixture of ideal gases, the constituents are independent
and so the system partition function is separable,

Q(N,,Ny,Ny,N,,V,T)=Q(N,,V,T)Q(N,,V,T)Q(Ny,V.T)Q(N,,V,T)

g, (V.T)" q5(V.T)" q,(V.T)" q,(V.T)"

N,,Ngz,N,N,,V,T)=
O(Na: Ny Ny N, V.T) N,! N,! N, ! N,!

Recall for each constituent,

u, =-RT

dlnQ — —RT In 9i (V’T) where Stirling’s approximation has
aNl. NovT N. been used for N,! (cf. video 9.7)
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CONNECTING TO K_

Voly +V, U, =V, U, —Vylg =0 (constant T and V)
v~ AN 4 v
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substitute W; = -RT'In l( )

I

Self-assessment: Show that the indicated substitution
leads to
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Self-assessment Explained

q,(V.T
Vylly + Vil = Vally —Vpily =0 W, =—RTIn (N )
~RT|v,In av(V.T) +v, In 4(V.T) _ v, In an(V.T) _ v, In = (v.T) =0
NY NZ NA NB

Ingy (V.T)" ~=InNy +Ing, (V,T)” ~In N} +Ing, (V.T)"
—InN* +Ing, (V,T)VB —InNg =0

In Uy (V’T)VY 1z (V’T)VZ —In N%Y N%Z =0 rearrange and exponentiate
g, (V.T)" q5(V.T)" N*N}®

= Q.E.D.



CONNECTING TO K_ (CONT.)

Divis@on of N l:_)y V_gives numb_er N;;Y N%’Z B q¥y q;z
density, p, which is concentration, =
giving an expression for K_ NANg® g\ q5°

g oover _pvpy (MY TNV) T (aulV) (g, 0V)

cxtes’ POy (NJV)(Ng/V)T (gulV) " (as/V)

(V) (4. 1V)
(9V) "(41V)”

The equilibrium constant from molecular partition functions!

C




SPECIFIC EXAMPLE

(QHI/V)2 q2
H I,(z) == 2HI K, = =
L) ==2mlk) K-S T

For ideal diatomics, we have (cf. video 4.6)
| 3/2

V,T)= 2E(m1 N mz)kBT V- I . e O . (Dy+hv/2)/keT
T h’ o® 11— %" Sel®
rot
S \¥2 o (1_ -0 g/T)(l_e_@ 2b/T) o 1
K(T) = & . 4®roi ®r(2)t . exp 2D0 — DO 2 Doz
m,, m HI 2 o\ RT
H, ™", ®r0t 1_ e

K directly from quantized molecular energy levels!!



VALIDATION

)\ H, AL (l—e_@)%/T)(l—e_@%b/T) HI H, 1,
K(T)=( My ) 1 40O |. 'eXp(ZDO -Dy* - D, )

My, m, (®Hlt )2 (1 P )2 RT

Predicted (curve) vs. measured (points)

6.0 -
2 At high T (left) the
= rigid rotor and
4.0 harmonic oscillator
s approximations in the

-~ A H =-13.4%J -mol” partition functions
' begin to fail
2.0 | |
0.0 1.0 2.0 3.0

1000K /T

H,(g)+1,(g) = 2HI(g)



Next: Review of Module 12



