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4.3 Character Tables 4.4 Uses of Character Tables

4.4 Uses of Character Tables

Second Class from Today Third Class from Today (13)

Test 1 on Chap 1 through Chap 4 section 4.2 4.4 Uses of Character Tables
(symmetry operations and finding Point
Groups)



Character Tables 7[{ s _;_ Section 4.3
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Al
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Cov | B G2 ov(xz) ov(yz)
A |11 1 1 |z X2, y2, 72
F. As [ 1 1 -1 1 IR, Xy
6B 1 1 1 1 xR xz
B2 1 -1 1 1 Y, Rx YZ
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Ways of Representing Symmetry Operations Section 4.3

O C,, operations: E, Cy, 0,(xz), 0,(yz)
H, Hy
E 02 0V(XZ) Ov(yz)
O O N /O\
Ha/ A Hp Hb/ > Ha Ha/ Ay o "

1 0 1 0 1 0 O 1 0
0 O -1 0 O -1 0 0o 1
0O 0 1 0O 0 1 0O 0 1 0 0 1

1x1 transformation matrices for each individual axis

1 -1 1 -1
1 -1 -1
1 1 1
The traces of the 3x3 transformation matices
3 -1 1 1




Transformation Matrices Math

y4
A (1,1,1) A°
l 7
- e | ) - SAEEEE
V (-1,-1-,1)V
X 1 0 O X' X' -1 0 O
y 0 -1 0 [|=]V y{=10 -1 0




Matrix Multiplication... Section 4.3

Number of columns in the first X' -1 0 O X
matrix must equal number of rows |
in the second y|l—10 -1 O y
1
Z O 0 -1 z
new X value = sum of Row 1 x Column 1 X' -1 (X) + O(y) + O(Z)
new y value = sum of Row 2 x Column 1 y' — O(X) + -1 (y) + ()(z)
lue = fR I 1
new z value = sum of Row 3 x Column 7' O(X) + O(Y) + -1 (Z)
X' -X
Y| = |-
Z' -Z




Character Tables

Coy | E C2 ov(xz) ov(yz)
o Ar |1 1 1 1 |z X2, y2, 72
As | 1 1 -1 -1 [R; Xy
4| Bi |1 -1 1 -1 X, Ry XZ
+#| Ba | 1 -1 -1 1 |y, Rx y7Z
1x1 transformation matrices for each individual axis in the Coy point group
A 1 -1 1 -1
* 1 -1 -1 1
A 1 1 1 1

Section 4.3




Character Tables Section 4.3

Cov | E C2  ov(xz) ov(yz)

Ar |1 1 1 1 |z X2, y2, 72

Az | 1 1 -1 -1 Rz Xy

Bi |1 -1 1 1 |x, Ry XZ

Bs | 1 -1 -1 1 |y, Rx yZ
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Character Tables

A
B

CZV

Aq

X27 yza 72

Ao

R,

Xy

B1

X, Ry

XZ

Bo

1
1 -1 -1 1

Y9RX

Yz

Symmetric w.r.t. principle axis
antisymmetric w.r.t. principle axis

subscript 1

axis

subscript 2

'

"

Section 4.3

1s for representations that are symmetric w.r.t. a Cz that is perpendicular to the principle

1s for representations that are antisymmetric w.r.t. a Co that 1s perpendicular to the
principle axis
in the absence of a Cz a vertical mirror plane perpendicular to the plane of the molecule 1s used
instead
subscript g
subscript u

symmetric w.r.t. inversion
antisymmetric w.r.t. inversion

symmetric w.r.t. on
antisymmetric w.r.t. on



How do we use Character Tables.

To examine the symmetry of the thing we are
interested in (molecular motions, orbitals,
symmetry adapted linear combinations of
atomic orbitals...) we create a reducible
representation of the symmetry operations of
the motions.

We use linear algebra to determine the
irreducible representations that must be
combined to form the reducible one that we just
found.

We use the functions in the character tables to
interpret our results.

For each operation and each item
add 1, O or -1 to the value for x based
on whether there is no change (1), the
items changes position (0), or doesn’t
change position but changes sign

(-1).



Number of IR Active Vibrational Modes for Water Section 4.4
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Number of IR Active Vibrational Modes for Water Section 4.4

Cov E C2 O(xz) Oyz)
° -]
O xo "Il © 00 0o oo X
y'o O | » 6O O 0 oo Vo | /O\
Z'o oo | o0 & O oo O zo Ha/ g e
Ha x'na OO0 &6 6O O 0 <1 O O Xum
Yia = O 0 O ©0 o 0 O - O ym %
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Easier way to determine the trace? Section 4.4

Cov E C: O(x2) Olyz)
O X'o -1 Xo 5
' 1 //

y'o yo L \I-’

Z o 1 Zo a o
Ha X'Ha O - 1 XHa %

y'Ha — O - ]. YHa

Z'Ha O ]. ZHa
Hyp x'm -1 0 XHb 0

y'Hb -1 0) YHb i} / \Ha

AT 1 0 zm

For each operation add 1, 0 or -1 to the value for x based on whether there is no change (1),
the items changes position (0), or doesn’t change position but changes sign (-1).



Number of IR Active Vibrational Modes for Water Section 4.4

Cov E Co O(xz) O(yz)

r 9 13 |

qppu. Laot cSa.MMM

c
- // \ e // \Hb

Oc x32) Jé( 2)

For each operation add 1, 0 or -1 to the value for x based on whether there is no change (1),
the items changeg position (0), or doesn’t change position but chanfges sign (-1).
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