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Diatomic Molecules

lav, D)IY

QN,V,T) = N

€= Etras T Erot T Evip T Eelec
Q(V' T) = Qtrans9rot9vib9eiec
Translational: q¢;-qns

Like the monatomic molecule

2nMkgTy>/?
Qirans = (T) V nowM =m,; +m,

Zero of energy
Rotational Energy zerois when ] = 0

The zero of the vibrational energy — where do we choose? Bottom of the well. So the G.S. vibrational
energy is hv/2

Electronic: g [MOST MOLECULES IN G.S.]

Electronic also remains the same. Can take the zero as the energy when the two atoms are
separated.

De/kpT —&,/kgT

Gelec = Ye1€ T Jez€

The difference is huge (on the order of eV’s) so everything is in the ground state that has degeneracy
YGe1

D~ few 100 kjmol"!]  |>hv ~ few 10 kj mol \f
E

Q 22
Vibrational: q,,;, [MOST MOLECULES IN G.S.] 3:) <
44
Harmonic oscillator approximation
1 0 P
Epip = (v + E) hv v=01,2.. \ Df »,
oo oo o _D \/ l hvi2

Quip(T) = Z e Pev = z e—ﬁ’(l?+%)hv = e Bhv/2 z e ~Bhvv R

v=0 v=0 v=0
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. . . 1
This is a geometric series Yy X" = —

2.00

1-x
e—ﬁhv/Z e—Gvib/ZT
“ Quip(T) = 1—eBW 11— g Ovin/T 1.00
Vibrational temperature 0,;, = hv/kg
d E"
= 0.50
(Evip) = NkpT?—21In quip s
E')vib Ovib
_NkB( 2 +e®/T—1)
0.0 | | 1 J
Vibrational contribution to molar heat capacity for 0 0:30 Tl','(z_;) 130
vib

diatomics

e—[?hv(v+1/2)

Fraction in vt" state

f;:

Qvib

f, = (1 _ e—ﬁhv)e—ﬁhvv — (1 _ e—Ovib/T)eVG)vib/T

fv>0 — Zﬁ] =1- fO =1- (1 _ e_@vib/T) — e—@)vib/T — e—ﬁhv — e—hv/kBT — e—AE/kBT

v=1
Gas 0,i/K foso (T =300 K) foso (T = 1000 K)
H. 6332 1.01 x 10~° 2.00 x 1073
HCI 4227 7.59 x 1077 1.46 x 1072
N> 3374 1.30 X 1073 3.42 x 1072
Cco 3103 3.22 x107° 449 x 1072

Clz 805 6.82 x 1072
I2 308 3.58 x 107!

Rotational: q,..; [MOST MOLECULES IN EXCITED STATES ATR.T.]

n?j(J +1)
g=——"7— J]=012..

Groc(T) = 2(2] +1)e~BJU+D/2I remember 2] + 1 is the degeneracy
J=0

h*  hB
0,0t = —— = — < room temperature energy (usually)

(B = h?/8m?I is the rotational constant)
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If the rotational temperature is small compared to r.t. ©,.,; < T, we can write the summation as an
integral

Grot(T) = f(2] + 1)e Orot JU+D/T gy
0

Let x=J(J+1), dx = (2] + 1)dJ

Grot(T) = f e Orot¥/Ty =
0

T 8mlkpT  2IkpT
O,  h?2 R

d
(Eroe) = NicsT? (2210 Groe ) = NkgT

dT
EV,rot =R
—Orot/J(J+1)/T
= (2] + 1)eProt _ @+ 1) (%)e®r0t1(1+1)/T
Arot T
Most molecules are in the excited state
The most probable state in terms of occupancy is given by
T \Y/% 1
Jmp. = (2@mt) 2

d
Use di]] = 0 assuming J to be continuous.

High rotational energy case:

In case 0,5 is not so small in comparison to the temperature (e.g. for Hy(g) ©,..; = 85.3 K). Then
just use the sum. The first few terms are enough. For this course, we will use only the high T limit.

For this course, we will also not worry about the symmetry numbers in homonuclear diatomic

molecules for the rotational partition function.

Diatomic Ideal Gas

NV, B) = [q(V, IV N V.8) = (2nm>3/2 . 8m2[\ e Phv/2
QN V,B) = —; where q(V,B) = e T
U= 5 RT + RT + Nghv ~ Nyhve M

a 2 2 1 — e~ Bhv
R 5 hv 2 e—hv/kBT
CV = ER + R (kBT> (1 — e—hv/kBT)Z



