Polyatomic Gases

Non-interacting, identical = Z = %Z:{V Find Z4

Each molecule has # atoms = 3# position coordi-

nates

3#= 3 + n +B#-3-n)
C.M. rotation n,, vibration
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MONATOMIC DIATOMIC LINEAR TRI.  NON-LINEAR TRI.
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C.M. Motion:
Particle in a box AFEs <€ kT' = classical

Rotation:
(Ho vot = 3.65 x 1012 Hz - 175 K ) = Q.M.

Vibration:
(Ho wip = 1.32 x 1014 Hz - 6,320 K ) = Q.M.

H = "Hcwm + Hvib + Hrot = problem separates
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Vibration

o1 1 K;
Hoin = —KCLQ | ZCLQ
vib ;%(2 7 Yy 71 Qwiz z)

ny 1 dimensional harmonic oscillators, use Q.M.
ﬁwnzenwn en:(n—F%)TLw n:O)]_)Q)...

The energy levels are non-degenerate.
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p(n) = e—(n—l—%)ﬁw/kT/ i’é o—en/kT

n=0
§ e—(n—l—%)ﬁw/kT — e—%ﬁw/kT § (e—ﬁw/kT)n
n=0 n=0

_ 6—%Tzw/kT/ (1 _ e—hw/kT)

p(n) = (1 . e—TLw/kT) <€—ﬁw/kT>n = (1 —b)"
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Geometric or Bose-Einstein

|0(n)A~~~

TTTT$An

b 1

ST T T hw/RT g

— e W/ET \yhen kT < Fw
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For KT'> hw <n >

kT

hw 2

[

<e>=(<n>4+3)hw — kKT kT > hw (Classical)

— %hw kT < hw (Ground state)
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Nk

198 2 eﬁw/kT
kT) <eﬁw/kT o 1)2

hw

2
k—T> e_hw/kT kT << TLCL)

KT > hw

(energy gap behavior)
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KT/hm
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High and low temperature behavior without solving the

complete problem Consider first the high T' limit.

Ae contains % states

kT kT
E=_"[TeVdy="" 31
hw /0 hw
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Zyib = {V

1
Uvib — —Z
Cvip = Nk

) =BV (-N)B~ V"1 = NikT
N

= consider only 2 states
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—3hw/kT 1

< E>=iNhw (1 — e_hw/kT> + %Nﬁwe_hw/kT

Nhw + N Fuwe ™ /KT

1
2

0< FE h h
Cy = = >=NTLw< W>€—hw/kT:Nk<_w
kT kT

p— ~ €
~5hw/kT | c—3hw/kT  ehw/kT 4 1

—hw/kT

2
) o~ Fiw/kT
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Angular Momentum in 3 Dimensions

CLASSICAL, 3 numbers: (Le, Ly, L2); (L], 0, &)

QUANTUM, 2 numbers: magnitude and 1 component

ull
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mhr,y, m=I0Ll—-1..-—1

7

214 1 values
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Specification: 2 numbers & m —

Molecular rotation

In general
1 >, 1 > 1 5
Hiot = —L —L —L
ot T on 1+212 2+213 3

For a linear molecule

1 5 5 1 - 4
Hiot = —(L7T+ L5) = —L - L
ot QIL( 1 2) 21

wl,m or |l,m >

Is = 0

L3 = I30;
= 0

I = IL=1I,
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) 1 .,
Hiot = —L
o7,

£/k

Heot [l,m > = ¢ll,m >
200, —/— @ =4

TLQ
- 120, —1— @ [=3

¢; depends on [ only,

it is 2l + 1 fold degenerate. 60,—— ® =2
Elzk@Rl(l—l—l) 20, —1— @ =1
0o —/—@® Il=0
TLQ
@R = (rotational temp.)

T 21,k

8.044 L14B15



p(lm) = - e—l(FDOR/T
ZR

Zp =Y e WUFDOR/T — (21 4 1) l(HDOR/T

[, m
For T< ©p Zp~1l43e 29r/T =1 4 3,72ORKS

10Z 6@pke 2ORK
< €E>= ———_——
Z8B 14 3e29RkS

~ 6@R k G_QGR/T
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. 3<€> . QeR —20 T
Cv|rot—N 6T — 6@RN]€ < T2 >€ R/

20Rr\? 2o,/
— 3Nk T (& R (energy gap behavior)

For T' > ©p, convert the sum to an integral.

T~ /000(21 + 1)e WHDOR/T g
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= (°+1D)Op/T do= (24 1)0g/Tdl

T T
Zp~ /Ooe_xdccz — —6_
@R ©Or kOp
107 —1)(—-1)Z
ceom 192 _ (1) )/ﬁzﬁ—l_
Z 0B Z
0
Cvlrot = N €2 > Nk (classical result)

oT
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H = Hcwm + Hrot + Hyib

Cv(T) =C C Ch/lvi
v (T) viem v |rot + v |vib
all T appears at modest T only at highest T
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Raman Scattering

BEFORE AFTER

A€ = € - € = h(V;-Vp)

FREQUENCY CHANGES IN THE SCATTERED LIGHT CORRESPOND TO
ENERGY LEVEL DIFFERENCES IN THE SCATTERER.

WHICH ENERGY LEVEL CHANGES OCCUR DEPEND ON SELECTION
RULES GOVERNED BY SYMMETRY AND QUANTUM MECHANICS
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Example Rotational Raman Scattering

Selection rule: Al = +2
Avyy = —(k©g/M)[(1+ 2)(
= —(41+6)(k©R/h)

3) —1(I

1)]

= uniform spacing between lines of 4(k©g/h)

I}y o< number of molecules with angular momentum |

x (21 + 1)e U+1)OR/T
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ROTATIONAL RAMAN SPECTRUM OF A DIATOMIC MOLECULE

| (Av)
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