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Even More On Carbon Monoxide 4
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Even More On Carbon Monoxide
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Is Carbon Monoxide A Rigid Rotator?

Excited states of carbon monoxide (CO) can be observed by measuring the
absorption spectrum shown below. The molecule can both vibrate and
rotate at the same time. The rotational energy states of a rigid rotator are

h2

Er = ¢

l+1)

where 7 is the moment of inertia. The vibrational part of the energy is
described by the harmonic oscillator so E, = (n+ %)hwo with

AE = hwg = 0.25 + 0.05 eV from our previous results. How do you get
the expression above for the rotational energy? Is CO a rigid rotator?
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The Plan 38

© What is the kinetic and potential energy between the carbon and
oxygen atoms in CO in the CM frame in cartesian and spherical
coordinates?

@ How do you decompose the kinetic energy into radial and angular
parts?

© What is the Schroedinger equation for the rigid rotator?
@ What is the solution of the rigid rotator Schroedinger equation?
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Coordinates
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Angular Momentum

X

© 2006 Brooks:Cole - Thomson
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Angular Momentum

X

© 2006 Brooks:Cole - Thomson

Jerry Gilfoyle

The Configurations of CO

5

Y’

el

=

el

6/

33



Going To 3D

The Laplacian

25|19 (20 1 0 (. 0N 1 &
vw‘[ﬂar " or +r25in980 s'”eae +rzsin298<;52 v
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Going To 3D

The Laplacian
2p— | L9 (20 L 9 (0, 1 &
VY = [r2 ar \" or + r2sin 6 06 s'”eae + r2 sin? § 0¢? v

The Schroedinger Equation in 3D

R _,
—ZV Y+ V() =Ey
2u | r? or or r?sinf 06 00 r2sin 6 0¢?

+ V() = Ey
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Going To 3D - Steps along the way.

Isolate ¢-dependent part first.

‘2 ; 22 2
_ [sin“00 r28—R +5|n967 sinO@ +2,ur sin G(EfV) :lai:,m?
R oOr or o 09 00 2
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Going To 3D - Steps along the way. 1

Isolate ¢-dependent part first.

‘2 ; 2
_ [sin“00 r28—R +5|n967 9@ +2,ur sin G(E V) lai:,m?
R oOr or o 09 00 2

Isolate #-dependent part next.

sin20 0 > OR 2ur?sin? @ sinf 0 00
- - L (E-V) = — (sing=) — m?
{ R 8r( 8r)+ Ea )} o 0 (s'”eae) i

2
— _1 4 (smGﬁ) + _mf © = A®
sinf do do sin© 60
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Going To 3D - Steps along the way.

Isolate ¢-dependent part first.

sin26 0 »OR sinf 0 00 2ur?sin? 0
R or or

o 09 00

Isolate #-dependent part next.

. 2 .
_{sm 687( 8R) n 2ur? sin 0(E V)}: sinf 0 (sin 6@)
R Or or n? © 90

2
— _1 4 (smGﬁ) + _mf © = A®
sinf do do sin© 60

Change variable (z = cos#).

d?e de 2
(1—22)—2+<A—1mé2>6—0 where z = cosf
—z

d
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Going To 3D - Steps along the way. 8

Isolate ¢-dependent part first.

or o 09 00

sin26 0 »OR sinf 0 00 2ur?sin? 0
- — — — (sinf— ——(E- V) =—— =
{ (*5) + (050 + 25 E -V} = 55

R Or
Isolate #-dependent part next.
sin6 8 > OR 2ur?sin? 9 i
— _ - (E-V —
{5 (5 + e =5

R Or or
2
— _1 i(smGﬁ)—i— _mZZ O = A0
sinf do do sin© 60

Change variable (z = cos#).

d2e _do 2
+<A— M >6—0 where z = cosf

1_ 22
( z) dz 1—2z2

And its recursion relationship when my =0
R _ k(k+1)— 5
2T k) (k+ 1)
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Going To 3D

We have the recursion relationship when my =0

k(k+1)—A
a =—— 3
2Tk 2)(k+1)%F
Notice.
Given ap — a» — az--- and given a3 — a3 —as---
o)

oo oo o
O(z) = Z azk = Z azk + Z axz”
k=0 even odd

and we choose ag = a1 = 1.
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Recall the Harmonic Oscillator Solution

log(f(£))

Red Dashed - &~ H2)(€)
Green Dashed - offset x €&
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Another Convergence Problem

2.5}
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Another Convergence Problem

Truncated Calculation of ©(z=1), m=0
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Another Convergence Problem

Truncated Calculation of ©(z=1), m=0

O(z=1)=

Sk a

k(k+1)—A
42 = mak

k(1)

0
0
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Another Convergence Problem

Truncated Calculation of ©(z=1), m=0
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Legendre Polynomials (m, = 0)

k(k+1)—A
ak+2:Lak mg—o ao—al—l
(k+2)(k+1)
¢
Ou = Pu(z) = Z axz® z = cosf
even/odd

First few polynomials.

Po(cosf) =1 Ps(cos ) = 1 (5cos® — 3 cos )
Pi(cos ) = cosf Pa(cosf) = % (35cos* 6 — 30 cos? 6 + 3)
P(cosf) = % (3cos®f — 1) Ps(cosd) = 3 (63 cos® § — 70 cos® 6 + 15 cos §)
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Spherical Harmonics (m;, = m)

Oum(0)P(9) = Y/(0, ¢) = \/264—; 1 Eﬁ; :;: P"(cos #)e™?
V90.0) = —=

Yi(0,6) = —/ 8%sin fe'® YN0, ¢) = \/%sin fe='?
0 3
Y (0, 9) = e cos 6
U
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Is Carbon Monoxide A Rigid Rotator?

Excited states of carbon monoxide (CO) can be observed by measuring the
absorption spectrum shown below. The molecule can both vibrate and
rotate at the same time. The rotational energy states of a rigid rotator are

h2
E, = ﬁﬁ
where Z is the moment of inertia. The vibrational part of the energy is
described by the harmonic oscillator so E, = (n + )hwp with
AE = hwg = 0.25 + 0.05 eV from our previous results. How do you get
the expression above for the rotational energy? Is CO a rigid rotator?
Explain the spectrum below.
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Summary So Far

pp__M10(,0
2u  2ur2dr \' Or

L2 h? 1 90 (.,0 1 02
S G (S (R I A
24ur? 24 | r?sinf 00 00 r2sin® 6 0¢?

my=0,+1,+2, 43, +4 45, ...

2
[_ 1 3<sin9)+ il ]@:Ae A=l +1)
sin© 6

L2 ¢s) = R20(0 + 1)|bs)
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The Eigenvalues of 12 and L,
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The Eigenvalues of 12 and L,

= L+ Ly + Lk
= (ypz — Zpy) I+ (zpx — xpz)J + (Xpy — ypx) k
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The Eigenvalues of 12 and L,
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The Eigenvalues of 12 and L,

Transformation from Cartesian to spherical coordinates:

= rsinfcos¢

rsinfsin ¢

z = vrcosf
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The Eigenvalues of 12 and L,

©2006 Brooks/Cole - Thomsan
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oxide A Rigid Rotator?

Excited states of carbon monoxide (CO) can be observed by passing light through a cell
containing CO and measuring the absorption spectrum shown below. The molecule can
vibrate and rotate at the same time. The rotational energy states of a rigid rotator are
h2

E, = EE(Z +1)
where 7 is the moment of inertia. The vibrational part of the energy is described by the
harmonic oscillator so E, = (n+ 3)Awo with AE = fwe = 0.25 £ 0.05 eV from our
previous results. How does one obtain the expression above for the rotational energy? Is
CO a rigid rotator?
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Rotational Kinetic Energy

z axis

O“ /
" Axis at the CM.~
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Rotational Kinetic En

z axis

0] y
Axis at the CM.
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TABLE 10.2

of Inertia of }
With Different Geometries

Rigid Objects

Hollow cylinder

<3

Toxg= 3 MR +

Solid cylinder
or disk

o= é.uk”

Long thin rod = \ﬁ

with Totation axis

through center /"

Ton= {5 ML* L

Longmin  EIS

rod with
rotation axis
through end

S
I= 5 ML

Solid sphere

2 shell
Fan= % MR?
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Angular Momentum

© 2006 Brooks Cole - Thomson
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Angular Momentum
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oxide A Rigid Rotator?

Excited states of carbon monoxide (CO) can be observed by passing light through a cell
containing CO and measuring the absorption spectrum shown below. The molecule can
vibrate and rotate at the same time. The rotational energy states of a rigid rotator are
h2

E, = EE(Z +1)
where 7 is the moment of inertia. The vibrational part of the energy is described by the
harmonic oscillator so E, = (n+ 3)Awo with AE = fwe = 0.25 £ 0.05 eV from our
previous results. How does one obtain the expression above for the rotational energy? Is
CO a rigid rotator?
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CO Vibration-Rotation Level Scheme

. v B = (n+ Dhwo + Lo+ 1)
AE, = hwg = 250 =50 meV
' AE; =2 =0.44+0.07 meV
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CO Vibration-Rotation Level Scheme

) ‘ Ent = (n+ 3)hwo + Z0(¢ + 1)
e4+1f|e-1 AE, = hwo = 250 + 50 meV
L | AE =" =0.44£0.07 meV
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CO Vibration-Rotation Transitions
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CO Vibration-Rotation Transitions

Vibration—Rotation Adjacent Initial
Angular Momenta
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CO Vibration-Rotation Transitions

Vibration—Rotation Adjacent Initial
Angular Momenta
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Carbon Monoxide Rotation Spectrum

Rotational Spectra

Probability

AE
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