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Each diatomic molecule can move with total momentum p

and rotate around the center of mass
.

The angular momentureof the molecule around the center of mass is

rotational kinetic
energy is

Knox = Iron = I ( = Iw)

21

The total energy
for

a single particle is :

ECp ,
e) =

t (2)
=

+- El
I 2m

We will treat the internal rotations quantum mechanically
The energy levels of the quantized rotations are

E = (e + 1) = e(1+ 118 ↓ = t2

I

&
[(2) = Use+1) E2= average over Yem

wave function



We are using that the states of the angular momentum

are labelled by two integers & and m

↳2 Yem 18, 4) = esl + 1) -Yem10 , 4) l = 0
,

1
, ...,

&
these angular wave functions squared
Hemlo ,41" determine the probability of

finding the molecule with angles 0
, 4 .

↳ Yem = mt Yem m = 1
,

- lt1
....,
l1

,

l

--
2l + 1 states

T

he energy levels are :

Er

E
,

=

Er=

I labels how fast the molecule is spinning [L) = &Sett

m determines the orientation of the spinning (2)
= mh

.
The

energy only depends on SLY)
,

or &

If I is large ,
the motion is nearly classical

.

The
classical approximation is good here (as we will seel .



· Follow , the book we will use
- ing
-

-

and m instead of 1
,

m

Ej = <(s + 1) W J = 0
,

1
,

2
. .
. 8

my
= - 5

,
- 5+)

,
. . . . . ,

Normally we use 5 to indicate the total

angular momentum

ignore this complication heending
spin .

But let's



Statistical Mechanics of Diatomic Gasses

Lets estimate ↓ = -225= the energy gap
between

levels
,

for ACI

The C1 is 35 times heavier than the hydrogen
So the Cl is essentially the center of mass .

Thus

the Hydrogen essentially just rotates around the Chlorine

W
Cl

⑧ ↑ A

R - 1 A

typical bond length
1

= m
+
R2 which you

should know !

So

You should be

X = ↳ => 0
.

004eV able to estimate

2mR this
H

&
proton mass approximately

So with kBT-0 . 025aV
: Y0 eV we find :

T = 12
.
5 this is already pretty large .

This means

that the temperature will excite

many quantum states .

The quantum numbers

will be almost continuous and the
/

dynamics will be almost classical .



The probability for the molecule to be in a rotational

state labeled by J
,

m is :

5
j

= 515+1)

S

Ps
, m

= e with Zrot= es
5=

0 m= -j

&

- [(25 + 1) ei=
j = 8

Generally we dont care about m
,

we care only about

the total angular momentum labelled by 5.

j

3P
,

= E 15
, m

= (25+ 1) e s

m = -j Z
rot

Now the partition function can't be evaluated in closed

form
.

But
,
is can be evaluated numerically ,

and P
,

is presented on the next page,

The energy is :

&

3[Erot)
= [ I -Ej

5 =

8

↑
You will evaluate this in

homework
.



Rotational Partition Function
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We can find an approximate form for Erot by replacing the

sum with an integral . This is a good approximation
when KT/W is large ,

i
. e . When the system is classical

.

-

Zrot * (d5(25 + 1)
(5+ 1)

=

-

-
05(5 +1)

I
Bt o

-

t

Then the rotational
energy per particle is

<Erot) =- 2 InZrox =

1
= kT

E A this is what

you get from the equipartition
theorem. There are two

I

rotational dof : around the

two axes x and
y

Replacing the sum with

X
an integral is a classical

approximation
,

which is why
the equipartition theorem

applies in this limit .



The specific heat per particle from rotations is

Crinat = a roth = ki

-

& Classical Approximation

M
Exact Result

Translational Motion :

The partition function of the full system is

Z
n

=

1

z
,

=

(e)* See previous
N ! note

Where same as MAIG

S

Z = Zitrans zI I rot



Where I
, rot

determines the rotational contribution to

the free energy per particle of the system

H =
-

an
=

Hans + Krot

= N - S Zierans -

aEro !I
=

M3kT
+ N(9

,
)

see MAI6
↑

new part = NkT

For Imol of Substance
,
and using Cr = 24/25

Cr =

2
=

41
+ HR

, /(ot)
kB

&
this is approx
one

,
with the

- R(= + 1) classical approximation



Total Partition Function: Translations + Rotations
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Translations + Rotations

exact
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