TABLE4.10 Degrees of Freedom

Number of Total Degrees of Translational Rotational Vibrational
Atoms Freedom Modes Modes Modes
N(Linear) 3N 3 2 3N —5
3 (HCN) 9 3 2 4
N(Nonlinear) 3N 3 3 3N — 6
3(H,0) 9 3 3 3
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A 1 1 1 Z x5y 7
A, I 1 -1 R. xy
B, —1 1 —1 X, Ry XZ
B, = 1 1 VR | ¥
Cs, 20, 3o,
A, 1 1 Z Xt + % 7
A, 1 -1 | R
E -1 0 (X y). (R R)| (2 — ¥% xv), (xz, ¥2)




Cy E G 0(X2) o,'(32)

Ay | I 1 | z X2 y2, 72
A, | 1 -1 -1 R, Xy

B, | ~1 1 ~1 X, Ry XZ

B- | ~1 -1 | V. R, )74

I 9 -1 3 I




TABLE 4.11 Symmetry of Molecular Motions of Water

Translation Rotation Vibration
All Motions (x,y, 2) (R, Ry, R)) (remaining modes)

TABLE 4.12 The Vibrational Modes of Water

Ay Symmetric stretch: change in dipole moment; more
distance between positive hydrogens and negative

oxygen IR active

O
H H

B, 0O Antisymmetric stretch: change in dipole moment;
H’ﬂ \H change in distances between positive hydrogens and

negative oxygen IR active

O Symmetric bend: change in dipole moment; angle
H{ >H between H—O vectors changes IR active
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Cyy E ¢, oy(X7) o, (¥2)
Ay 1 1 1 1 Z ¥ vE 22
Ay 1 1 —1 ~1 R. Xy
B, 1 —1 1 —1 X, Ry XZ
B, 1 —1 —1 1 v, R, VZ
Cy E G o (X2) a,'(¥z)
I 2 0 2 0
A, 1 1 1 1 2, 72
B, 1 -1 1 -1




. Dy | E Gl Gy Gix) i oixy) olxz) olyz)
A A 1 1 1 1 | | 1 1 D
"\ /0 By | 1 1 -1 - | e xy
L C By, | —1 | —1 | —1 | -1 | Ry xz
\M/ By, | —1 —1 | | —1 -1 I | R, ¥z
SN A, | I | | —1 —1 -1 —1
¢ L B | | —1 —1 —1 —1 | |
/ la Z
O By 1 —1 1 —1 —1 | —1 1 ¥
trans-Dicarbonyl complex By, I —1 —1 I —1 I 1 —1
D5, E G G Gl i oxy) o@z) o)
I 2 0 0 2 0 2 2 0
A, 1 1 1 1 1 1 1 I 22
B, 1 —1 —1 1 -1 1 1 -1 | x
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D“ E IC;‘ C]_ 1(.-‘1; .2[: 1‘ P l‘gd o K Iﬂ'i, Irrd
Ay, 1 1 | | | | 1 1 | | 2+ 7
Az, 1 1 1 —1 —1 | 1 1 —1 —1 R,
By, 1 —1 1 1 —1 1 —1 1 1 —1 2=
Ba, 1 —1 1 —1 1 1 —1 1 —1 | Xy
E, 2 0 —2 0 0 2 0 —2 0 0 (Ry. Ry) (xz, yz)
Ay 1 1 1 1 | —1 —1 —1 —1 —1
Ay 1 1 1 —1 —1 —1 —1 —1 1 | z
By, 1 —1 1 1 —1 —1 1 —1 —1 |
B,, 1 —1 1 —1 1 —1 1 —1 —1
E, 2 0 -2 0 0 -2 0 2 0 0 (x, ¥)
TABLE 4.13 Symmetry of Molecular Motions of XeF,
I' (all modes) Translation Rotation Vibration
ALE ALE
Aig Azg
B]E Blg
Blg BEE
E, E,
245, Az, Ay,
BZH Blnr
3E, E, 2E,
Total 15 3 3 9
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rotation about
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rotation about
X axis

rotation about
¥ axis



Symmetric stretch
of all 4 bonds
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