13-9 The Vibrations of Polyatomic Molecules are Represented
by Normal Coordinates.
3 translational
A molecule consisting — 3N degree - 3 rotational (2 for linear molecule)
of N atoms has of freedom = 3N-6 vibrational (3N-5 for linear molecule)
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Normal modes of H,O
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A, 3650 cm'! B, 3760 cm'! A, 1600 cm'!

Selection rule: Av=+1 Divol : llel to bond axi
t )
AJ=+1 ipole moment is parallel to bond axis
Av=+1
AT=0,%£1

Dipole moment is perpendicular to bond axis.




Equation of motion for coupled oscillator
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¢: two-body potential

When a force proportional to displacement is
taken into account, it is called harmonic
approximation.

K :stiffness matrix

Oscillating x 1s assumed as a solution.

Simultaneous equations for all the particles.
— An equation of matrix

V: Vibrational energy




Hessian method

M 7'Kx =xa’
m,
m,
m
M=
0
H
m
1
M'=
0

0
my
my,
0
Hy
J[" N

Hy

&U  éU

&(l@.l Cxlejl

&U  8U

&y oz,

U 8U

&1@.1 aZl:
U &U oU
6‘"—.:\ vy Ooylzy
U U U
Qv iy 51_1 vy
o'U U U
&,\'ac,\' az,\ﬁ-.-r,\' 67_,-;

x is an eigenvector of M1K.
— You have to find a set of x that
diagonalizes M-'K.




GF method

A variation of Hessian method, where the coordinate system is transformed so that the
variables represents molecular parameters (such as bond length, bond angle, etc.).
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M 'Kx = xe®

X =U'x U transforms the Cartesian coordinate
into internal molecular coordinate.

=>UM 'UU'KUx =U'Ux'e’

F is a set of parameters such as

UM 'U=G stretching, biting, etc.. intuitionally
understandable.

UKU=F

X x’1s an eigenvector of GF.
= G =xw’
— You have to find a set of x” that
diagonalizes GF matrix.




Natural oscillation of a diatomic molecule
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Mass-weighted Hessian method

~1g~ . 2 . = s
M Kx=xe M-IK is not a symmetric matrix.

—X’s are not diagonalized with

MVEM M = M 2y eachvother. .
— 1s not necessarily real.
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N My M is a diagonal matrix.
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Natural oscillation of a diatomic molecule
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13-10 Normal Coordinates Belong to Irreducible Representation
of Molecular Point Groups.
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13-11 Selection Rules are Derived from Time-dependent
Perturbation Theory.
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Time-dependent Schrodinger equation: HY = thoa—t, Y (r.r)=y,(r) exp[— :?}

Perturbation from electromagnetic field: E = Ecos2nvt

HY =—p-E=—p-E cos2nvt
Et Et
Two-state Model: (D) =y, exp{— 1'71} Y.() =y, cxp[— 17}

By substituting @ = g (¥, + a,(1)¥, inte H+H"¥ = in Ll , we obtain
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13-11 Selection Rules are Derived from Time-dependent
Perturbation Theory. (cont.)

Multiply " and integrate over the space. Then, assuming ,(0) =1 a,(0) =0,

we obtain :
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Here, the transition dipole moment, %
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was defied.
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13-12 The selection rule in the Rigid Rotator Approximation is
AJ=*£1.

()5 5000 = | [ 11 (6,0) 1, Y)Y (6,¢)sin 6 d6dg
i, = pcos@

— M'=M,J' =J+lorJ-1
= AM =0, AJ = +1

13-13 The Harmonic Oscillator Selection Rule is Av= =1.
(4,)0 = [ NN, Hy(@ 2 g)e™ i, H (o' q)e™ " dg
i, =eq

= v =v+l,v-1
= Av=t%l1
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13-14 Group Theory is Used to Determine the Infrared Activity
of Normal Coordinate Vibrations Problems
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Ground state Excited state
(totally symmetric) = (Symmetry depends on normal mode)
& W ity i; = By,ByA

For water case:

_ A, (sym. Stretch) A, (bend) B, (asym. Stretch)
By (1) B, B, Ay
B; (ky) B, B, (Ay)
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A, 3650 cm! B,3760 cm! A; 1600 cm'!
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