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Introduction
Table I and Table II can be used for the application of point group analysis for molecules with
any listed in Table I (32 point groups). The Table I is based on crystallographic Wyckoff sites
of atoms in the molecule.
For the missing 23 point groups we have constructed character tables with special Valli-Mink
(VM) sites which are listed in Table Ia.
Table II contains of the characters for 32 point group based on Wyckoff sites of the atoms in
the molecule. In Table Ila we gave the characters of additional 23 molecular point groups not
included in Table II.
The 32 crystallographic point groups which can be treated by Adams-Newton method.
Ci(1, P1),Cs (6, Pm), Ci=S2 (2, P1), C2(3, P2), C3(143, P3), C4(75, P4), Cs (168, P6), D>

(16, P222), D3 (149, P312), D4 (89, P422), Ds (177, P622), Cav (25, Pmm2), Cay (156, P3m1)

,Cav (99, PAmm), Cey (183, P6mm), Can (10, P2/m), Can (83, P4/m), Cen (175, P6/m), Dan (47,

Pmmm) , Dan (187, P6m2) , Dan (123, P4/mmm) , Den (191, P6/mmm), Dog (111, P42m) , D3g
(162, P31m), S4 (81, P4) , Se (147, P3), T (195, P23), T4 (215, P43m), Th (200, Pm3), O
(207, P432) and On (221, Pm3m) which had been summarized by M. Valli in 1995.

In the first part of the Tables the above 32 “crystallographic” point groups are presented.

The missing 23 molecular point groups are: Dsg , Cs, Ds, Csy, Csh, Dsh, Dsd, Ded, C7, D7,
C#, Crn, D7n, D14, Cs, Ds, Csv, Csh, Dsn, Ds, Ss,, Ceov and Dooh .

The missing very unique and special point groups, the icosahedral |, I, and spherical SU>
and Rz are not included in this treatments.

In the second part above point groups are discussed.



FIRST PART

Determination of Point Group

Sel with highest
%‘hm.“‘zm(n)(n:z pupendiuﬂ:m Ca?
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Table I

Point | Space Allowed sites and their WyckofT notation
group | group
C, 1 C,-A
o} 2 C-A C,-1
C, 3 C,-A C,-E
C, 6 |IC-A c-C
C, 10 |C,-A C,-1 C,-M C,-0
D, 16 |D,-A Cx)-1 Cly)-M [C(z2)-Q |C,-U
C,, 25 |C,-A C(zx)-E |Clyz)-G |C, -1
D, 47 |Dy-A C,x-1 |Cyn-M |C2)-Q |Cyza)-U [Clex)-W |Cflxy)-Y
C, 75 |C,-A C,-D
S, 81 |5,-A C,-H
Cp 83 |C,-A C,-G C,-J C,-L
D, 89 |D,-A C,-G C,(C,)-T |CC)-L |C-P
C,, 9 |C,-A C(o)-D |Clo)-E |C,-C
D, 111 |Dy,-A C,-G C,(C,)-1 |C,-N C,-0
Dy, 123 |D,-A C,-G C,(C,)-1 |C(C))-L |Cfo)-P |Clo,)-R Cfo,)-S
c, 143 |C;-A C,-D
S, 147 [54-A C,-G
D, 149 |D,-A C,-G c,-J C-L
C,, 156 |C, -A C,-D C,-E
D,, 162 |Dy-A C,-E C,-1 C,-K C,-L
C, 168 |C,-A C,-D
Cy, 174 |C, -A C,-G C,-J C,-L
Cq 175 |Cq-A C,-E C,-J C,-L
D, 177 |Ds-A Cs-E Cy(C,)-T |C(CH-L |C -N
C,, 183 |C,-A C(o)-D |C(o)-E |C,-F
D, 187 |D,-A C, -G C,-J Cfo)-L |Clo)-N |C,-0O
Dg, 191 |Dg-A C,-E C,(C,))-J |C(C)-LIC(o)-N |Cfo,)-0 C(o,)-P
T 195 [T-A C,-E C,-F C.-J
T, 200 [T,-A C,-1 C,-E C,-J C L
0 207 |O-A C,-E C,-G C(C)-1 |G -K
T, 215 |T,-A C,-E C,,-F C,-I c,-J
0, 221 |O,-A C,.-E C, -G C,-I Cfo)-K |C(g)-M [C,-N
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G

TABLE II

Symmetry elements:

Selection rules, forbidden vibrations

Infrared: Raman:
A A
A A
(None) (None)
(of Rotatory
Wyckoff A A
1A 3 3
Vector
Wyckoff A
1A 1
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C.

1

Symmetry elements: I, i

o) I i
Az 1 1 R,, Rv' R, xz, yz, zz, XY, XZ, YZ
1 -1 T, Ty. T,
Selection rules, forbidden vibrations
Infrared: Raman:
Ayl Ay Agl Ay
Ag Ag
Ay Ay
(Missing information) (Missing information)
o} Rotatory
Wyckoff A, A, A, Ay
1 A-H 0 3 3 0
21 3 3 3 3
Vector
Wyckoff A,
1 A-H 1 0
21 1 1
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G

Symmetry elements: I, C,(z)

c, I Cy(2)
A 1 1 T, R, &yt 2 xy
1 -1 T, Ty, R,, Ry Yz, XZ
Selection rules, forbidden vibrations
Infrared: Raman:
Al|B A
A
B
(None) (None)
C, Rotatory
Wyckoff A B A
1 A-D 1 2 1
2E 3 3 3
Veclor
Wyckoft A B
1A-D 1 0
2E 1 1
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C

S

Symmetry elements: I, o(xy)

C, I o(xy)
A 1 1 T, T, R, Xy 22 xy
A" 1 -1 T, RuR, ¥, Xz
Selection rules, forbidden vibrations
Infrared: Raman:
A lA" Al A
A’ A
A" A"
(None) (None)
C, Rotatory
Wyckoff A A" A A"
1 A-B 1 1 2
2C 3 3 3 3
Vector
Wyckoff A A"
1A-B 1 0
2C 1 1
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Con

Symmetry elements: I, C,(z), o,(xy), i

Cyy Cy(2) a,(xy) i
Ay 1 1 1 R, x4, ),2‘ 22, Xy
A, 1 1 -1 2
B, -1 -1 1 R, R, ¥Z, XZ
B, -1 1 AT, T,
Selection rules, forbidden vibrations
Infrared: Raman:
Ay B, Ag| Ay| By | By
Al n Ay X X
A, X Ayl x| o | x
B, | x " X X
B, e B,| x x| o0
Ca Rotatory
Wyckoff B, A, B, A, B, A, B,
1 A-H 0 1 2 1 2 0 0
21-L 2 1 2 1 2 1 2
2M-N 1 1 2 1 2 2 1
40 3 3 3 3 3 3 3
Vector
Wyckoff A, B " A, B,
1 A-H 1 0 0 0
21-L 1 0 1 0
2M-N 1 0 0 1
40 1 1 1 1
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D,

16

Symmetry elements: I, C,(z), Cy(y), C,(x)

D, I G Gy G
A 1 1 1 1 x5, yz, 2
B, 1 1 1 -1 » R, Xy
B, 1 -1 1 1 T, R, XZ
B, 1 -1 -1 1 SR, vz
Selection rules, forbidden vibrations
Infrared: Raman:
A|B,|B,|B; A|B,|B,|B,
A A
B, B,
B, B,
Bs B,
(Missing information) (Missing information)
D, Rotatory
Wyckoff A B, B, B, A B, B, B,
1 A-H 0 1 1 1 0 1 1 1
21-L 1 2 2 1 1 2 2 1
2M-P 1 2 1 2 1 2 1 2
2Q-T 1 1 2 2 1 1 2 2
4U 3 3 3 3 3 3 3 3
Vector
Wyckoff A B, B, B,
1 A-H 1 0 0 0
21-L 1 0 0 1
2M-P 1 0 1 0
2Q-T 1 1 0 0
4U 1 1 1 1

Copyright © Mats Valli, 1994,
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C2v

25

Symmetry elements: I, C,(z), o (x2), 0 (yz)

(% I Cz) o xz) o/y2)
A, 1 1 1 1T, Kyt 2
A, 1 1 -1 1 R, Xy
B, 1 -1 1 -1 T, R, Xz
B, 1 -1 -1 1T, R, yz
Selection rules, forbidden vibrations
Infrared: Raman:
A | Ay | B, | B, Al Ay B | B,
Ay X Ay
Al x]o Ay
B, N B,
B, X B,
(None)
Gy, Rotatory
Wyckoff A, A, B, B, A, A, B, B,
1 A-D 1 0 1 1
2E-F 2 1 2 1
2G-H 2 1 1 2
41 3 3 3 3
Vector
Wyckoff A B, B, B,
1A-D 1 0 0 0
2E-F 1 0 1 ]
2G-H 1 0 0 1
41 1 1 1 1
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D2h

47

Symmetry elements: I, o(xy), o(xz), o(yz), i, Cy(z), Cy(y), Cy(x)

D, =V, I olxy) olxz) oyz) i Gz Cly Cx
A, 1 1 1 1 1 1 1 1 oy
Ay 1 -1 -1 -1 -1 1 1 1
By, 1 1 -1 -1 1 1 1 IR, Xy
By, 1 -1 1 1 -1 1 -1 1T,
By, 1 -1 1 -1 1 -1 1 -1 IR, Xz
B,, 1 1 -1 1 -1 -1 1 -1 T,
B;, 1 -1 -1 1 1 -1 1 I IR, yZ
By, 1 1 1 -1 -1 -1 -1 1T,
Selection rules, forbidden vibrations
Infrared: Raman:

Ag | Big| Bag | Bsg| Ay | Byy|Byy|Byy Az | Big | Bag | Bag | Au [ Bru[Bau| Bs
Agln | x| x| x|x Ay X | x| x| x
Bygl x | n | x| x| x|x]|x By, X | x| x|x
Byg| x | x | n | x By, X | x| x| x
Byl x| x| x|n Bs, x| x i xlx
Ayl x| x n| x| x|x Ayl x| x| x| x]o
By, b3 x|le|x|x Bl x| x| x| x 0
By, X X | x|e|x Byy| x | x| x| x 0
B, x| x| x|e By | x | x| x| x 0

Cont.
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Rotatory
Wyckhoff A, By, By By A, By, By By | A, B, B, By, A, By, B, By
1 A-H 0 0 0 0 0 1 1 1 0 1 1 1 0 0 0 0
21-L 1 1 1 0 1 1 1 0 1 1 1 1 1 1 0
2M-P 1 1 0 1 0 1 1 1 0 1 1 1 1 1 0 1
2Q-T 1 0 1 1 0 1 1 1 0 1 1 1 1 0 1 1
4U0-v 2 1 1 2 1 2 2 1 1 2 2 1 2 1 1 2
4W-X 2 1 2 1 1 2 1 2 1 2 1 2 2 1 2 1
4Y-Z 2 2 1 1 1 1 2 2 1 1 2 2 2 2 1 1
8u 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Vector

Wyckoff Ag By By By A, By, By By

1A-H 1 0 0 0 0 0 0 0

21-L 1 0 0 0 0 0 0 1

2M-P 1 0 0 0 0 0 1 0

2QT 1 0 0 0 0 1 0 0

40V 1 0 0 1 0 1 1 0

4W-X 1 0 1 0 0 1 0 1

4Y-Z 1 1 ] 0 0 0 1 1

8a 1 1 1 1 1 1 1 1

Copyright © Mats Valli, 1994.
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C, 75

Symmetry elements: [, C,.l, C,, CdJ

c, I c,! C, c?
A 1 1 1 1 |T.R, 2 xt ey
1 -1 1 -1 x -y xy
1 i -1 -i To T, Ry R Xz, Yz
1 -i -1 i
i=-1"

Selection rules, forbidden vibrations

Infrared: Raman:
A|B|E A|lB|E
A A
B B
E E
(Missing information) (Missing information)
Cy Rotatory
Wyckoff A B E A B E
1A-B 1 0 1 1 0 1
2C 1 1 2 1 i 2
4D 3 3 3 3 3 3
Vector
Wyckoff A B E
1A-B 1 0 0
2C 1 1 0
4D 1 1 1
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Sy

Symmetry elements: 1, S,', C,, S,*

S, I s,! G, s
A 1 | 1 1R, 24y
B 1 -1 1 -1 T, x*-yh xy
E 1 i -1 -i T, Ty, R, Ry Xz, yZ
1 -i -1 i
i=-1"
Selection rules, forbidden vibrations
Infrared: Raman:
A|B|E Al|B
A A
B
E E
(Missing information) (Missing information)
S4 Rotatory
Wyckoff A B E A B E
1 A-D 1 1 1 0 1
2E-G 1 1 2 1 1 2
4H 3 3 3 3 3 3
Vector
Wyckoff A B E
1A-D 0 0
2E-G 1 0
4H 1 1

Copyright © Mats Valli, 1994,
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o | 83

Symmetry elements: I, C_,'. C,, Cf, i, 543, o, S¢'

Ca 1 ¢! ¢ ¢l i S¢ o S
A, 1 1 1 1 1 1 1 1 |R, 24yt
B, 1 -1 1 -1 1 -1 1 -1 x2-yi xy
E, 1 i -1 -i 1 i -1 4 [R.R, |xzyz
1 -i -1 i 1 -i -1 i
A, 1 1 1 1 -1 4 1 T,
B, 1 -1 1 1 1 -1 |
. 1 i -1 -i -1 - 1 i |TT,
1 - -1 i -1 i 1 A
i=-1"
Selection rules, forbidden vibrations
Infrared: Raman:
Ag| By | Eg| Ay| By | Ey Ay | By | Eg [ AL| B,
Ay Ay
B, B,
E; E,
A, Ay
B, B,
E, E,
(Missing information) (Missing information)
Cy Rotatory
Wyckhoff A, B, E A, B, E |A B E A B, E,
1A-D 0 0 0 1 0 1 1 0 1 0 0 0
2E-F 0 0 0 1 1 2 1 1 2 0 0 0
2G-H 1 0 1 1 0 1 1 0 1 1 0 1
41 1 1 2 1 1 2 1 12 1 1 2
4 ]J-K 2 2 1 1 1 2 1 1 2 2 2 1
8L 3 3 3 3 3 3 3 3 3 3 3 3

Cont.
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83, cont.

Vector

Wyckoff A, B, E, A, B, E
1 A-D 1 0 0 0 0 0
2E-F 1 1 0 0 0 0
2G-H 1 0 0 1 0 0
41 1 1 0 1 1 0
4J-K 1 1 0 0 0 1
8L 1 1 1 1 1

Copyright © Mats Valli, 1994.
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D, | 89

Symmetry elements: I, 2C,, C,, 2C,’, 2C,"

D, I 2C, C, 2C¢y 2C,"

Al 1 1 1 1 1 zz, ):2+y2
A, 1 1 1 -1 -1 |T,R,

B, 1 -1 1 1 -1 xLy?

B, 1 -1 1 -1 1 Xy

E 2 0 -2 0 0 T Ty R, R, X%, YZ

Selection rules, forbidden vibrations

Infrared: Raman:
Ay |Ay|B|B, | E Ay | Ay | B, | B,
A, Ay
A, A,
B, B,
B, B,
E E
(Missing information) (Missing information)
D, Rotatory
Wyckoff A, A, B, B, E|A A B B E
1 A-D 0 1 0 0 1 0 1 0 0 1
2E-F 0 1 0 1 2 0 1 0 1 2
2G-H 1 1 0 0 2 1 1 0 0 2
41 1 1 1 1 4 1 1 1 1 4
4J-K 1 2 2 1 3 1 2 2 1 3
4L-0 1 2 1 2 3 1 2 1 2 3
8P 3 3 3 3 6 3 3 3 3 6
Cont.
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89, cont.

Vector
Wyckoff A, A, B B, E
1 A-D 1 0 0 0 0
2E-F 1 0 1 0 4]
2G-H 1 1 0 0 0
41 1 1 1 1 0
4J-K 1 0 0 1 1
4L-0 1 0 1 0 1
8P 1 1 1 1 2

Copyright © Mats Valli, 1994,
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C4v

Symmetry elements: 1, 2C,(z), C,, 20, 20,

Cyy I 2C4(2) C, 20, 20,4
A, 1 1 1 1 1T Xy 2t
A, 1 1 1 -1 1 |R,
B, 1 -1 1 1 -1 K2yl
B, 1 -1 1 -1 1 Xy
E 2 0 -2 0 0 T,. Ty, R, R}. yZ, Xz
Selection rules, forbidden vibrations
Infrared: Raman:
Al A |B | B | E Al A | B, | B,
Ay X | x| x Ay X
Ayl x| o x| x Al x| o
Biy| x| x|o|x B, x
Byl x| x|x|o B, X
E E
Cy Rotatory
Wyckoff A, A, B B E|A A B B E
1 A-B 1 0 0 0 1 0 1 0 0 1
2C 1 0 1 0 2 0 1 0 1 2
4D 2 1 1 2 3 1 2 2 1 3
4E-F 2 1 2 1 3 1 2 1 2 3
8G 3 3 3 3 6 3 3 3 3 6

Cont.
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99, cont.

Vector
Wyckoff A, A, B, B, E
1 A-B 1 0 0 0 0
2C 1 0 1 0 0
4D 1 0 0 1 1
4EF 1 0 1 0 1
8G 1 1 1 1 2

Copyright © Mats Valli, 1994,
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D2d

Symmetry elements: I, 28,(z), S,> = C,", 2C,, 20,

Dy, I 2B, 87 2, 26,
A, 1 1 1 1 x4yt 2
A, 1 1 -1 -1 R,
B, 1 -1 1 -1 -yt
B, 1 -1 -1 1 T, Xy
E 2 0 0 0 To T, RLR, YZ, XZ
Selection rules, forbidden vibrations
Infrared: Raman:
A lA|B|B | E Al Ay | By | By
Ajfn|x|x A X
Ayl x| n X Ayl x| o
By| x nj|x B, X
B, x| x|e By X
E E
Doy Rotatory
Wyckoff | A, A, B, B, E |[A A B B, E
1 A-D 0 0 0 1 1 0 1 0 0 1
2E-F 0 1 0 1 2 0 1 0 1 2
2G-H 1 0 0 1 2 0 1 1 0 2
41-L 1 2 1 2 3 1 2 1 2 3
4 M 1 1 1 1 4 1 1 1 1 L
4N 2 1 1 2 3 1 2 2 1 3
80 3 3 3 3 6 3 3 3 3 6

Cont.
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111, cont.

Vector
Wyckoff A, A, B, B, E
1 A-D 1 0 0 0 0
2E-F 1 0 1 0 0
2G-H 1 0 0 1 0
41-L 1 0 1 0 1
4M 1 1 1 1 0
4N 1 0 0 1 1
80 1 1 1 1 2

Copyright © Mats Valli, 1994.
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Dy, | 123 Dy

Symmetry elements: I, 2Cy(z), Cy", 2C,, 2C5', o, 20, 204, i

D, I 2C& G 2G, 26 o, 20, 20, 25, i

Ay 1 1 1 1 1 1 1 1 1 1 Xyl 2t
Ay 1 1 1 1 1 -1 -l | S B

Ay 1 1 1 -1 -1 1 1 a1 I |R,

Ay 1 1 1 -1 -1 -1 1 1 1 T,

B, 1 -1 1 IS S LS B Xy
B,, 1 -1 1 S T A ! 1

B,, t -1 TR 111 a1 Xy
By, 1 -1 1 -1 1 -1 1 -1 1 -

E, 2 0 -2 0 0 -2 0 0 0 2 [RR, Yz, XZ
E, 2 0 2 0 0 2 0 0 0 2|T,T,

Selection rules, forbidden vibrations

Infrared: Raman:

A]g A?.g Blg BZg Eg Alu AZu Blu BZu Eu Aig Azg Blg B?.g E‘g Ay A!u BI u B?u Eu
Al n | x [ x| x| x| x x| x Ay X X | x| x| x| x
Ag| x | | x | x| x X | x| x Ayl x| 0 X | x| x| x|x
Bg| x | x| n| x| x| x|x]x By X X | x| x| x| x
Byl x | x| x| n| x| x|x X By, X X | x [ x| x| x
Egl x| x| x| x|n E, X | x| x§ x| x
Al x X | x nfx|x|x/|x Ayl x| x| x| x| x| o
Asy X | x| x X|le| x| x|x Agyl x| x| x| x| x 0
Bl x| x| x x| x| n|x|x Brul x| x| x| x| x [
By | x| x X X | x| x|n{x Byy| x | x| x| x| x 0
E, X | x| x| x|e Ejl x| x| x| x| x 0

Cont.
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123, cont.

Dy, Rotatory
Wyckoff Ay Ay By By E, A, Ay By, By, E, Ay Ay By By E, Ay, Ay, By, By, E,
1 A-D 6 00 0 0 0 1 0 0 10 1 0 0 1 0 0 0 0
2E-F 0O 0 0o 0 0 0 1 0 1 2]0 1 0 |1 2 0 0 [V ]
2G-H 1 0 0 0o 1 0 1 0 0 1{0 1 0 0 1 1 0 0 1
41 1 0 1 0 2 0 1 0 1 210 1 0 12 1 0 0 2
4J-K 1 1 1 1 I 0 1 1 0 210 1 I 0 2 1 1 1 1
4L-0 I 1 1 1 1 0 1 0 1 2/0 1t 0 1 2 1 1 1 1
8P-Q 2 2 2 2 2 1 1 1 1 4|1 1 1 1 4 2 2 2 2
8R 21 1 2 3 1 2 2 1 3|1 2 2 1 3 2 1 2 3
88T 2 1 2 1 31 2 1 2 341 2 1 2 3 2 1 13
16U 3 333 6 3 3 3 3 6|3 3 3 3 6 3 13 3 6
Vector

Wyckoff  |A;, Ay By, By E, Ay, Ay By, By E,

1A-D 1 00 0 0 0 0 0 0 0

2E-F L 0 1 0 0 0 0 0 0 0

2G-H I 0 0 0 0 0 1 0 0 0

41 1 0 1 0 0 0 1 0 1 0

4J-K r 0 0 1 0 0 0 0 0 1

4L-0 1 0 1 0 0 0 0 0 0 1

8P-Q r 11 1 0 0 0 0 0 2

8R P 0 0 1 1 0 1 1 0 1

88-T 1 0 1 0 1 0 1 0 1 1

16U 1 1 1 1 2 1 1 1 1 2

Copyright © Mats Valli, 1994.
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Cs

143

Symmetry elements: I, C5!, C3?

C, I cy! C;y?
1 1 1 T,R, ey

E 1 £ € T, T, R, R, X2 y% xy, yz, xz
1 e £

£ = exp(2ni/3) = 117

e = exp(-2mif3) = exp(dmi/3) = 127

Selection rules, forbidden vibrations

Infrared: Raman:
A|E A E
A A
E
(Missing information) (Missing information)
C Rotatory
Wyckoff A E A E
1A-C | 1 1 1
iD 3 3 3 3
Veclor
Wyckoff A E
1 A-C 1 0
iD 1 1

Copyright © Mats Valli, 1994.
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Se 147

Symmetry elements: I, C,!, C;2, i, S¢°, S,

Se I G G? i 8¢ s

A, 1 1 1 1 1 1 |R, 72, x? 4 y?

E, 1 e £ 1 e € |RuRy x2 -y xy, xz, yz
1 e I3 1 €' 3

. R T e T £

E, 1 £ e 1 e £ T,T,

1 e’ 3 T
€= exp(2ni/3) = 112 €" = exp(-2mi/3) = exp(dni/3) = 123

Selection rules, forbidden vibrations

Infrared: Raman:
Ag| Eg| A, | E, Ay | Eg| A, | E,
Ag As
E, E,
Ay Ay
E, E,
(Missing information) (Missing information)
S Rotatory
Wyckoff A E, A, E, A, E, A, E,
1 A-B 0 0 1 1 1 1 0 0
2C-D 1 1 1 1 1 1 1 1
3EF 0 0 3 3 3 3 0 0
6G 3 3 3 3 3 3 3 3
Vector
Wyckoff A E; A, E,
1 A-B 1 0 0 0
2C-D 1 0 1 ]
3E-F 1 1 0 0
6G 1 1 1 1
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D, 149

Symmetry elements: 1, 2C,, 3G,

D, 1 20, 3G

A 1 1 1 2, x4 y?

A ] 1 1 |T,R,

E 2 -1 0 |ToT,RuRy x2 - y3, xy, Xz, yz

Selection rules, forbidden vibrations

Infrared: Raman:
Al Al E Al Al E
A A
A, A,
E E
(Missing information} (Missing information)
D, Rotatory
Wyckoff Ay A, E A Ay E
1 A-F 0 1 1 0 1 1
2G-1 1 1 2 1 1 2
3JK 1 2 3 1 2 3
6L 3 3 6 3 3 6
Vector
Wyckoff Ay Ay E
1 A-F 1 0 0
2G-1 1 1 0
31K 1 0 1
6L 1 1 2
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Symmetry elements: 1, C4(z), 30,

Cy, Cy(z) 3o,
A 1 1 T, x4y 2t
A, 1 1 |R,
E -1 ] T, T, R, Ry X% -y, xy, xz, yz
Selection rules, forbidden vibrations
Infrared: Raman:
A A E Al Ay
A X A X
Al x| o Ayl x| o
E E
C,, Rotatory
Wyckoff A A, E A A, E
1A-C 1 0 1 0 1 1
iD 2 1 3 1 2 3
6E 3 3 6 3 3 6
Vector
Wyckoff Ay A,
1A-C 1 0
3D 1 0
6E 1 1

Copyright © Mats Valli, 1994.
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Dy 162

Symmetry elements: I, 2S4(z), 2S¢% = 2Cy, S¢° =S, =1, 3C,, 304

Dy =Sey I 254z 25 S¢& 3¢, 3o,
Al 1 1 1 1 1 1 X2+ y?, 22
Ay, 1 -1 1 -1 1 1
Ay 1 1 1 1 -1 1 |R,
Ay, 1 -1 1 -1 -1 1T,
E, 2 -1 -1 2 0 0 |RuRy x2-y2 xy
E, 2 1 -1 2 0 0 Ty "l")r Y, X2

Selection rules, forbidden vibrations

Infrared: Raman:
Ag | A | Agg | A | Ey | Ey Arg | A | Agg | Agy
Al n | x| x X Ay X | x| x
Apl x| n X X Ayl x o x| x
Ag| x n| x| x Agg| x | x| 0] x
Agy x| x| e X Ay | x | x| x| 0
Eg | x X n Eg X X
E, X X e E, | x X
Dy, Rotatory
Wyckoff Ay Ay By Ay Ay B | Ay Ay B Ay Ay
1A-B 0 0 0 0 1 1 0 1 1 0 0
2C-D 0 1 1 0 1 1 0 1 1 0 1
2E 1 0 1 0 1 1 0 1 1 1 0
3F-G 0 0 0 1 2 3 1 2 3 0 0 0
4H 1 1 2 1 1 2 1 1 2 1 1 2
61-J 1 2 3 1 2 3 1 2 3 1 2 3
6K 2 1 3 1 2 3f1 2 3 2 1 3
12L 3 3 6 3 3 6 3 3 6 3 3 6
Cont.
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Vector
Wyckoff A Ay E Ay
1 A-B 1 0 0 0
2C-D 1 0 0 1
2E 1 0 0 0
3F-G 1 0 1 0
4H 1 1 0 1
61-J 1 0 1 1
6 K 1 0 1 0
12L 1 1 2 1
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Cs

Symmetry elements: I, C¢', C3!, Cy, C3%, C¢®

Infrared:

Cq C! CG' C G ¢
A 1 1 1 1 1 |T,R, 22 xt+y?
-1 1 -1 1 -1
E, e € -1 e & |T,T,R,Ry Xz, yz
e e -1 £ e
E, £ - 1 € = x> -y xy
€. € 1 € -
e= exp{Zﬁifé) £ = exp(-2ni/6)
Selection rules, forbidden vibrations
Raman:
A E | E E | E
A A
E, E,
E, E,
(Missing information) (Missing information)
Cq Rotatory
Wyckoff A B E, E, A B E, E,
1A 1 0 1 0 1 0 1 0
2B 1 1 1 1 1 1 1 1
3C 1 2 2 1 1 2 2 1
6D 3 3 3 3 3 3 3 3
Vector
Wyckoff A B E, E,
1A 1 0 0 0
2B 1 1 0 0
3C 1 0 0 1
6D 1 1 1 1
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Cs, | 174

Symmetry elements: I, C,, 0y, S3

Cyy I G A S
Al 1 1 1 1 R, x? +y?% 22
Al 1 1 -1 -1 T,
E' 2 -1 2 -1 T, T, x?-y2 xy
E" 2 -1 2 1 Ry Ry ¥z, X2
Selection rules, forbidden vibrations
Infrared: Raman:
A'|A"|E |E" A'| A"
Al n X A X
A" e | x A"l x | o
E' X E'
E"| x n E'
Cy, Rotatory
Wyckoff A E' A" E" Al E' A"
1 A-F 0 1 1 0 1 0 0
2G-I 1 1 1 1 1 1 1
3JK 2 2 1 1 1 1 2
6L 3 3 3 3 3 3 3
Vector
Wyckoff A E' A" E"
1 A-F 1 0 0 0
2G-I 1 0 1 0
3JK 1 1 0 .0
6L 1 1 1 1
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175

Symmetry elements: I, ¢!, C3!, Cy, C3%, C¢’, i, 857, S6°. oy, S6l, S5

Can I G G G GG i 87 S o, S 8
Ag 1 1 1 1 1 1 1 1 1 1 1 1]|R 2%, x2 4 y?
Bg 1 -1 1 -1 1 - 1 -1 1 -1 1 -
E 1 e « -1 « ¢ 1 & € -1 - € |R,Ry Xz, yZ
I ¢ -« -1 € e 1 ¢ -« -1 £ ¢
Ej 1 € -« 1 € =« 1 £ -« 1 £ = X - yd xy
I e € 1 ¢ € 1 ¢ € 1 -« -«
A, 1 1 1 1 1 1 -1 1 -1 I -1 -1|T,
B, 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1
Eq 1 e € -1 € € -1 & & 1 & =2 |T,T,
1 ¢ -« -1 € ¢ -1 € ¢ 1 & =
Eyy 1 € -« 1 £ -« -1 ¢ ¢ -1 ¢ ¢
1 - € 1 -« € -1 € £ -1 ¢ ¢
£ = exp(2ri/6) " = exp(-2mi/6)
Selection rules, forbidden vibrations
Infrared: Raman:
Ag| Bg |Eig|Egg| Au| By |Eru|Egy Ay | By [Eig|Eyg| Au| By |Epy|Eyy
Ay Ag
B, B,
Eyg E,
Ea Ea
Ay Ay
BII BI.I
Eyy Ey
Ey Ez
(Missing information) (Missing information)
Cont.
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Céh

175

Symmetry elements: I, Cﬁl. C;l. C?_. C;Z. Cﬁs. i, S;S‘ 8651 Oy Sﬁl, 531

Ceu I G GG CGPCP i 8P 8 o, S¢Sy
Ag 1 1 1 1 1 1 1 1 1 1 1 1]R 2, x2+y?
Bs 1 -1 1 -1 1 -1 1 -1 1 -1 1 -l
Ey 1 e € -1 € ¢ 1 e £ -1 & € |R,Ry X2, y2
1 ¢ € -1 € ¢ 1 € -« -1 € ¢
Ej 1 € ¢ 1 € -« 1 € -« 1 £ = x2 -y xy
1 - € 1 € €€ 1 ¢ € 1 € <
Ay 1 1 1 1 1 1 -1 -1 -1 I -1 -1|T,
B, 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1
Ep 1 e € -1 € € -1 - ¢ 1 e €|T,T,
1 € € -1 £ ¢ -1 £ ¢ 1 ¢ =
E,y, 1 € - 1 € <€ -1 €€ ¢ -1 ¢ ¢
1 € € 1 € € <1 ¢ ¢ -1 g ¢
£ = exp(2ri/6) " = exp(-2ni/6)
Selection rules, forbidden vibrations
Infrared: Raman:
Bg | Eig|Egg| Au| By |Epu| Eny Ag| Bg |Eig| Exg| Au| By |En|Eay
Ag Ag
By By
Ejg Eg
Ex Ea
Ay Ay
B, B,
Ep En
Exn Exn
(Missing information) (Missing information)
Cont.
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D¢

Symmetry elements: I, 2Cg, 2C3, Cy, 3G;', 3C,"

Dg I 2Cs 2C; C, 3G 3¢
A 1 1 1 1 1 1 2, 2 +y?
A, 1 1 1 1 -1 -1 |T,R,
B, 1 -1 1 -1 1 -1
B, I R T B
E, 2 1 -1 2 0 0 |T,T,RuR, Xz, yz
E, 2 -1 -1 2 0 0 x2-y% xy
Selection rules, forbidden vibrations
Infrared: R
Ar|Ay| B | By | Ef | Ey Ar| Ay | By | By | Ey | By
Ay Ay
Ay Ay
B, B,
B, B,
E, E,
E, E,
(Missing information) (Missing information)
Dy Rotatory
Wyckoff Ay, A, B B, E E | A A B B E BE
1A-B 0 1 0 0 1 0 0 1 0 0 1 0
2C-D 0 1 1 0 1 1 0 1 1 0 1 1
2E 1 1 0 0 2 0 1 1 0 0 2 0
3F-G 0 1 1 1 2 1 0 1 1 1 2 1
4H 1 1 1 1 2 2 1 1 1 1 2 2
61 1 1 2 2 4 2 1 1 2 2 4 2
6J-K 1 2 1 2 3 3 1 2 1 2 3 3
6L-M 1 2 2 1 3 3 1 2 2 1 3 3
12N 3 3 3 3 6 6 3 3 3 3 6 6
Cont.
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Vector
Wyckoff Ay, A B, B, E E
1 A-B 1 0 0 0 0 0
2C-D 1 0 0 1 0 0
2E 1 1 0 0 0 0
3F-G 1 0 0 0 0 1
4H 1 1 1 1 0 0
61 1 1 0 0 0 2
6J-K 1 0 1 0 1 1
6 L-M 1 0 0 1 1 1
12N 1 1 1 1 2 2
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Dg, | 183

Symmetry elements: I, 2Cg, 2C;, Cs, 30,, 304

Dq, I 2C 26, C; 30, 304
A | 1 11 1T, 22,2+ y?
A, 1 1 1 1 -1 -1 R,
B, 1 1 1 -1 1 A
B, 1 1 1 1 a1
E, 2 1 -1 2 0 0 |T,T,R,R, Xz, yz
E, 2 -1 -1 2 0 0 x2 -y xy
Selection rules, forbidden vibrations
Infrared: Raman:
Ai[Ay| By | By | E | B Ar|Az| B | By | E
Ay Ay
Ay Ay
B, B,
B, B,
E,; E,
E, E,
(Missing information) (Missing information)
Dy, Rotatory
Wyckoff Ay, A B B, E E|A A B B E E
1A 1 0 0 0 1 0 0 1 0 0 1 0
2B 1 0 1 0 1 1 0 1 0 1 1 1
3C 1 0 1 1 2 1 0 1 1 1 2 1
6D 2 1 1 2 3 3 1 2 2 1 3 3
6E 2 1 2 1 3 3 1 2 1 2 3 3
12F 3 3 3 3 6 6 3 3 3 3 6 6

Cont.
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\Y

Vector
Wyckoff Ay, Ay B B, E E
1A 1 0 0 0 0 0
2B 1 0 1 0 0 0
3C 1 0 0 0 0 1
6D 1 0 0 1 1 1
6E 1 0 1 0 1 1
12F 1 1 1 1 2 2
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D3h

187

Symmetry elements: I, 2C5(z), 3C,, oy, 2S5, 30,

Dy, I 2C(z) 3G, Oh AR 3o,
A 1 1 1 1 1 1 x2 +y?%, 22
A" 1 1 1 -1 -1 -1
A 1 1 -1 1 1 -1 |R,
A" 1 1 -1 -1 -1 1 T,
E' 2 -1 0 2 -1 0 (T Ty x2 - y2, xy
E" 2 -1 0 -2 1 0 R, R, V7, XZ
Selection rules, forbidden vibrations
Infrared: Raman:
A TA" A A" E | E A TA" A A E | ET
A'l n ] x| x X Ay X1 x| x
A"l x | n x | x A"l x o | x| x
Al x n| x X Ayt x | x| o] x
A" x| x| e|x A" x| x| x| o
E' X X E'
E"| x X n E"
Dg, Rotatory
Wyckoff Al A E A" A" E" | A A E A" A" OB
1A-F 0 0 1 0 1 0 0 1 0 0 0 1
2G-I 1 0 1 0 1 1 0 1 1 1 0 1
3JK 1 1 2 0 1 1 0 1 1 1 1 2
6L-M 2 2 4 1 1 2 1 1 2 2 2 4
6N 2 1 3 1 2 3 1 2 3 2 1 3
120 3 3 6 3 3 6 3 3 6 3 3 6

Cont.
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Vector
Wyckoff A A B A" A E
1 A-F 1 0 0 0 0 0
2G-L 1 0 0 0 1 0
3JK 1 0 1 0 0 0
6L-M 1 1 2 0 0 0
6N 1 0 1 0 1 1
120 1 1 2 1 1 2
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Dy 191

Symmetry elements: I, 2C4(z), 2C¢2 =2C;, Cg = C,", 3Cy, 3Cy, O, 30,, 36, 286, 2S5, S =S, = i

Dg, I 2Cq() 2C& C& 3C; 3Cy o, 30, 30, 256 253 S&

A 1 1 1 1 1 1 1 1 1 1 1 1 X2 4y, 22
Ay {1 1 1 1 1 < -1 -1 -1 -1 -

A 1 1 1 1 a1 -1 1 -1 -1 1 1 1[R

Aqy 1 1 1 1 -1 -1 -1 1 1 -1 1 -1 ]T,

By 1 1 1 a4 1 1 -4 -1 1 1 - 1

B, 1 1 1 <1 1 1 1 1 -1 a1 1 -

Bzg 1 -1 1 -1 -1 1 -1 1 -1 1 -1 1

B,, 1 a1 1 < 1 1 1 -1 1 a4 1 -

Elg 2 1 -1 -2 0 0 2 0 0 -1 1 2 R‘,R}, YZ, XZ
E,, 2 01 -1 2 0 0 2 0 0 1 - 2T,T,

Ey, 2 <1 -1 2 0 0 2 0 0 -1 -1 2 x2-y% xy
B, |2 -1 -1 2 0 0 22 0 0 1 1 =2

Selection rules, forbidden vibrations

Infrared: Raman:

A]g Alu A2g Alu Blg Blu Blg BZu E]g Elu EQg Elu A]g Aiu A?.g AZu Blg Blu B?.g B2u E]
A X X | x| x| x| x| x]|x|x Ay XP x| x| x|{x|x|x
A n X x| x| x| x| x| x|x]x Al x o] x| x| x|x]|x|x]|x
Agg| x n{x|x{x|x|x]|x|x|x|x Al x| xfo| x| x|x]x]|x
Agy X|x]e|x|x]|x|x X | x| x Ayl x| x| x|o| x| x| x|x]x
Bl x| x| x| x|n|x X | x| x By x| x| x| x|ofx]x|x
Bl x| x| x| x| x|n|x|x]|x|x X By x| x{ x| x|x|o] x| x]|x
By x| x| x|x x|in| x| x|x Byl x| x| x| x|[x|[x]o[x
Boyl x | x| x| x x| x|n|x|x Bl x| x| xfx|x]|x|x]ofx
Egl x| x| x X|x|Xx|x|n X Ej X X X X
Epl x| x| x| x| x|x|[x]x e X Ej,| x X X X X
Epl x| x| x| x|x X n Ey, X X X X
Epl x| x| x| x X X e Ep| x X X X

Cont.
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D6h | 191 , cont. D6h

D, Rotatory
Wyckoff Aig Ay By By By By Ay, Ay, By, By Epy EplAj, Ay By, By, Eiy By A Agy By By, Eyy By,
1A-B 6 000000 1 0 0 1 0|/0O 1 001 0 0 0 0 0 0 0
2C-D 6 6100 1 0 1 0 0 1 0/0 1 0 01 0 0 0 1 0 0 1
2E 1 ¢ 0 0 1 0 0 1 0 0 1 0/0 1 0 0 1 0 1 0 0 0 1 0
3F-G 60 0 00 0 0 1 1 1 2 110 1 1 1 2 1 0 0 0 0 0 0
4H 1 01 0 1 1 0 1 0 1 1 1/0 1 0 1 1 1 1 0O 1 0 1 1
61 1 0 1 1 2 1 0 1 1 1 2 1]0 1 11 2 1 1 0 1 1 2 1
6J-K 1 1 0 1 I 2 0 1 1 1 2 1]l0 1 11 2 1 1 1 0 1 1 2
6L-M r 110 1 2 0 111 2 1{0 1t 1 1 2 1 1 1 1 0 1 2
12N 211 2 3 3 1 2 2 1 3 3[{1 2 2 1 3 3 2 11 2 13 3
120 21 2 1 3 3 1 2 1 2 3 3|1 2 1 2 3 3 2 1 2 1 3 3
12P-Q 22 1 1 2 4 1 1 2 2 4 2|1 1 2 2 4 2 2 2 1 1 4
24 R 3 3.3 36 6 3 3 3 3 6 6({3 3 3 3 6 6 3 3 3 3 6 6

Vector
Wyckoff Alg Agg By By Ejp Ep Ay Ay By, By, Eyy By
1 A-B r 0 0 0 0 0 0 0 0 0 0 0
2C-D 1.0 0 0 0 0 0 0 0 1 0 0
2E 1 0 0 0 0 0 0 1 0 0 0 o0
3F-G 1 0 0 001 0 0 0 0 0 0
4H 1 01 0 0 0 0 1 0 1 0 0
61 10 0 0 0 1 0 1 0 0 0 1
6J-K 10 0 0 01 0 0 1 0 1 0
6L-M I 00 0 01 0 0 0 1 1 0
12N 1 00 1 1 1 0 1 1 0 1 1
120 101 01 1 0 1 0 1 1 1
12 P-Q 1P 1.0 0 0 2 0 0 1 1 2 0
24R 11 1 1 2 2 1 1 1 1 2 2
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T

Symmetry elements: I, 4C,, 4C42, 3C,

4C; 4Gy 3G,
1 1 1 x2+ytez?
e ¢ 1 x2 4+ y? - 272 x2-y?
e 3 1
0 0 -1 | Ty, Ty, T, Ry Ry R, xy, yz, Xz
€ = exp(2mi/3)
Selection rules, forbidden vibrations
Infrared: Raman:
F A|E
A A
E
F F
(Missing information) (Missing information)
T Rotatory
Wyckoff A E F A E F
1A-B 0 0 1 0 0 1
3CD 0 0 3 0 0 3
4E 1 1 3 1 1 3
6 F-1 1 1 5 1 1 5
12 3 3 9 3 3 9
Vector
Wyckoff E F
1A-B 0 0
3C-D 1 0
4E 0 1
6 F-1 1 1
12] 1 3
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T, 200

Symmetry elements: I,

T
A, xX2+y?y?
AI.I
E, x4+ y? - 222, x2 .2
Ell
F, Ry Ry R, XY, YZ, XZ
F, T, T, T,
Selection rules, forbidden vibrations
Infrared: R
Ayl Ay E | Ey|Fg | Fy Ayl Ayl Eg | Ey F,
Ag Ag
A, A,
Ey E,
E, E,
Fy Fy
F, F,
(Missing information) (Missing information)
Ty Rotatory
Wyckoff A, E Fpb, A, E, F, A, E, F, A, E, F
1A-B 0 0 0 0 0 1 0 0 1 0 0 0
3C-D 0 0 0 0 0 3 0 0 3 0 0 0
6 E-H 1 1 2 0 0 3 0 0 3 1 1 2
81 1 1 3 1 1 3 1 1 3 1 1 3
12J-K 2 2 4 1 1 5 1 1 5 2 2 4
4L 3 3 9 3 3 9 3 3 9 3 3 9
Cont.
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200, cont.

Vector
Wyckoff A, E, F, A, E, F
1 A-B 1 0 0 0 0 0
3CD 1 1 0 0 0 0
6 E-H 1 1 0 0 0 1
81 1 0 1 1 0 1
12 J-K 1 1 1 0 0 2
24L 1 1 3 1 1 3
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O

Symmetry elements: [, 8C;, 3C,, 6C4, 6C,'

0 I 8C; 3C, 6C; 6Cy
A 1 1 1 11 X2+ y2 + 22
A, 1 1 1 1 -
E 2 - 2 0 0 x2+y?-2z2 x2-y?
F, 30 -1 1 -1 [RyR,R,T,T,T,
F, 3 0 -1 -1 1 XY, YZ, X2
Selection rules, forbidden vibrations
Infrared: Raman:
AlA|E|F|F A |A|E|F|F
A Ay
A, Aq
E E
F, F|
F, F

(Missing information)

(Missing information)

0 Rotatory
Wyckoff A, Ay E F F | A A E FF F
1A-B 0 0 0 1 0 0 0 0 1 0
3C-D 0 0 0 2 1 0 0 0 2 1
6E-F 1 0 1 3 2 1 0 1 3 2
8G 1 1 2 3 3 1 1 2 3 3
12H 1 1 2 5 5 1 1 2 5 5
121-] 1 2 3 5 1 1 2 3 5 4
24K 3 3 6 9 9 3 3 6 9 9
Cont.
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Vector
Wyckoff A A E F F,
1 A-B 1 0 0 0 0
3C-D 1 0 1 0 0
6 E-F 1 0 1 1 0
8G 1 1 0 1 1
12H 1 1 2 1 1
121-] 1 0 1 1 2
24K 1 1 2 3 3
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215

Symmetry elements: I, 8Cs, 60, 654, 358,42 =3C,

T, 1 8C; 60, 6S; 35

Ay 1 1 1 1 1 x2+yr+z?

A, 1 1 -1 -1 1

E 2 -1 0 0 2 X2 +y2-222 2 -y?

F, 3 0 -1 1 -1 [RyR,R,

F, 3 0 1 -1 -1 | T, T, T, XY, ¥Z, XZ
Selection rules, forbidden vibrations
Infrared: Raman:

A |A | E|F|F A | A E|F|F
Ajln| x| x|x A X X
Ayl x| n| x X Ayl x|o X
Elx]|x|n E
F | x 1 F | x 1
F, X F, X

Ty Rotatory
Wyckoff AL A, E F K| A A E F, F,
1A-B 0 0 0 0 1 0 0 0 1 0
3C-D 0 0 0 1 2 0 0 0 2 1
4E 1 0 1 1 2 0 1 1 2 1
6 F-G 1 0 1 2 3 0 1 1 3 2
12H 1 1 2 5 5 1 1 2 5 5
121 2 1 3 4 5 1 2 3 5 4
24] 3 3 6 9 9 3 3 6 9 9
Cont.
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Vector
Wyckoff A, A, E F F
1 A-B 1 0 0 0 0
3C-D 1 0 1 0 0
4E 1 0 0 0 1
6 F-G 1 0 1 0 I
12H 1 1 2 1 1
121 1 0 1 1 2
24] 1 1 2 3 3
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221

Symmetry elements: I, 8Cj, 6C,, 6Cy, 3C,2, i, 6S4, 8S, 30y, 604

O, I 8C; 6C, 6C4 3C2 i 65, 8Ss 3o, 60y

A 1 1 1 1 1 1 1 1 1 1 X2+ yt+ 22

A 1 1 1 1 1 -1 -1 -1 -1 -1

Agy 1 1 S| 1 1 -1 1 1 -l

Ay 1 1 -1 -1 1 -1 1 -1 -1 1

E, 2 -1 0 0 2 2 0 -l 2 0 x2+y?.222 x2. 2

E, 2 -1 0 0 2 2 0 1 -2 0

Flg 3 0 -1 1 -1 3 1 0 -1 -1 R, R, R,

Fiu 3 0 -1 1 -1 -3 -1 0 I LT, T, T,

Fy, 3 0 1 -1 -1 3 -1 0 -1 1 Xy, YZ, XZ

Fay 3 0 1 -1 -1 3 1 0 1 -1

Selection rules, forbidden vibrations
Infrared: Raman:

Arg | A | Agg | Agu| By | By [Fig | Fiy | Foy | Foy Apg| A | Agg | Agy E, [Fig | Fiy | Fyy | Fau
Aglm ] x| x x| x| x]|x X | X Ay X x| x X | x| x X
Al xn x| x| x| x X | x| x Ayl x o] x| x X | x| x
Agl x x| mn | x| x| x| x|x]|x Ag| X | x | 0| x X X | x| x
Ayl x | x| x| n| x| x| x]x X Ayl x | x| x| o X X | x
Egf x| x| x| x|nj}x{x X E, X X X X X
Ej| x| x| x|{x]|]x|n X X E, | x X n| x X
Fig| x x| x| x n X Fig| x | x X x| 1] x X
Flu X | x| x X n> X Fal x| x| x X |n|x
F| x| x| x X X n Fy, x| x| x X X X
Ful x| x X X X n Fo | x x| x X X | n

Cont.
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221, cont.

O

0, Rotatory
Wyckoff  |Ay, Ay By Fiy Fy Ay Ay Ey Fy Fo|A, Ay E, Fyy By Ay Ay E, Fyy Fy
1 A-B 6o o o0 o0 o0 0 0O 1 0J]O 0 0 1 O O O 0 0 O
3C-D 6o 0 o0 o0 o0 o0 0 2 10 0 0 2 1 0 0 0 0 0
6 E-F 1 0 1 1 P 0o 0 0 2 1{0 0 0 2 1 1 0 1 1 1
8G 1 0 1 12 0 1 12 170 1 2 1 1 0 1 12
12H 1 r 2 2 2 0 0 0 3 3(0 0 0 3 3 1 1 2 2 2
121-] 1 1 2 2 2 0 1 1 3 210 1 T 3 2 1 1 2 2
24 K-L 2 2 4 4 4 1 1 2 5 5|1 1 2 5 5 2 2 4 4 4
24M 21 3 4 5 1 2 3 5 41 2 3 5 4 2 1 3 4 5
48N 3 3 6 9 9 3 3 6 9 9{3 3 6 9 9 3 3 6 9 9
Vector

Wyckoff  |A,, Ay Eg Fyy Fyy Ay Ay E, Fy, Fy

1 A-B 1 0 0 0 0 0 0 0O 0 O

3CD 1 0 1. 0 0 0 0 O 0 O

6 E-F 1 0 1.0 0 0 0 O 1 o0

8G 1 0 0 0 1 0 1 0 1 0

12H 1 I 2 0 0 0 0 0 1 1

121-J 1. 0 2 0 1 0 0 0 1 1

24 K-L 1T 1 2 1 1 0 0 0 2 2

24M 1 0 1 1 2 0 1 1 2 1

48N 1 1 2 3 3 1 1 2 3 3
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Comments

Title line
Contains the point group at the left and right sides and the crystallographic spacegroup in the center of the page.

Character tables
The vibration types or species are named according to the symmetry operations they represent as follows:
A symmetric with respect to the principal axis of symmetry
B antisymmetric with respect to the principal axis of symmetry
E doubly degenerate vibrations, the irreducible representation is two-dimensional, i.e., a 2 x 2 matrix
F triply degenerate vibrations, i.e., a three-dimensional representation
gandu symmetric and antisymmetric with respect to a center of symmetry
1/ and 2 (subscripts)  symmetric and antisymmetric with respect to a rotation axis (Cp) or a rotation-reflection axis (8p) other than the
principal axis or, in those point groups with only one symmetry axis, with respect to a plane of symmetry
prime and double
prime (superscript) ~ symmetric or antisymmetric with respect to a plane of symmetry
z* symmetric with respect to a plane of symmetry through the molecular axis (for linear molecules)
r antisymmetric with respect to a plane of symmetry through the molecular axis (for linear molecules)
LA @ degenerate vibrations (linear molecules) with a degree of degeneracy increasing in this order

Unnamed rows belong to the previously named vibration (double degenerate vibrations represented by to rows).
The electric moment belongs to the same species as the translations,
Infrared active vibrations must involve a change in the dipole moment.

Selection rules
Selection rules are represented in matrix format where a mark in a matrix element indicate a forbidden vibration as follows:

x this combination band represents a forbidden vibration

n this symmetry species raised to the n'th power (# = any integer number) represents a forbidden overtone
this symmetry species raised to the o'th power (0 = odd integer numbers) represents a forbidden overtone
this symmetry species raised to the e'th power (¢ = even integer numbers) represents a forbidden overtone
this symmetry species represents a forbidden vibration

-—.

Adams - Newton table 1

Adams - Newton table 3
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Adams - Newton analysis

Molecule:

Point group:

Space group:

Total number of vibrations:

Equivalent Wyckoff sites
coordinates

- Rotational freedom

- Translational freedom

Fotal

IR active modes, Z =

Raman active modes, Z =
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How to make an Adams - Newton analysis

Select the highest possible symmetry of the molecule and determine the point group by the scheme on page 2 and the space
group by the table on page 3.

2. Determine the total number of vibrations (3n - 6, 3n - 5 for linear molecules) in the molecule.

3. Determine and fill in the number and type of equivalent (with regards to symmetry) atoms.

4. Fill in the corresponding Wyckoff sites as taken from the table on page 3.

5. Look up the corresponding point group in the tables. From the Adams - Newton table No. 1 (3rd table on the page, following
the selection rules) fill in the symmetry species and the number of vibrations. See the example below.

6. Sum up the columns, subtract the rotational and translational vibrations (as taken from the character table). The total number
of remaining vibrations should equal the total number of vibrations calculated under point 1.

7. Determine the number of infrared and Raman active modes by applying the selection rules (taken from the character table

and the selection rules tables).

Example: Acetone

C,
Molecule: Acetone N z
Point group: C,, ()] v
Space group: 25 H'—-...,.Cr,d ‘.._C..—H'
Total number of vibrations: 3 x 10-6 = 24 H"" %—I" Hl,—: }_{" X

5:;‘::‘:[];[2; Wyckoff sites A; | Ay | B; | B, | Comments
0] A 1 0 1 I |0 on the C, axis => Wyckoff site A
C A 1 0 1 1 | Con the C; axis => Wyckoff site A
2C E 2 1 2 1 |2 equivalent C' on the xz mirror plane => Wyckoff site E
2H E 2 1 2 I |2 equivalent H' on the xz mirror plane => Wyckoff site E
4H" 1 3 3 3 3 |4 equivalent H" in unique positions => Wyckoff site |
- Rotational freedom - 1 1 I |R,, Ryand R, in the character table
- Translational freedom 1 - 1 1 |T, Ty and T, in the character table
Ciotal = 24 8 4 7 5 | Total number of vibrations
IR active modes, Z = 20 8 - 7 5 | A, is not infrared active, see the selection rules
Raman active modes, Z = 24 8 4 7 5 | No forbidden vibrations, see the selection rules

Copyright © Mats Valli, 1994,
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SECOND PART

Character tables for chemically important point groups

Nonaxial groups: Ci* Cs C;
(Binary groups)

C, groups: C; C3 C4 Cs» C¢ C7 Cg

(Cyclic groups)

D, groups: D D3 Dy Ds Ds D7 Ds
(Dihedral groups)

C.v groups: Cxy Gy Cyv Csy Cev Crv Cgy
(Cnical groups)

Coun groups Cam Cisn Can Csn Cen Crn Can
Dun group: D2n Dsn Dan Dsn Den D7n Dan

(Prismatic groups)

Dua groups: D2 D3a Dsa Dsq Des D7d Dsd
(Antiprizmatic groups)

Sn groups: Se Se¢ Ss
(Rotation-Reflection groups)

Cubic groups: T Th Ta O On
(Terahedral/Cubic groups)

Linear groups: Cav Dav
(Cylindrical groups)

Icosahedral groups©: | Ih

Spherical groups:  SU2 Rs

2 32 molecular point groups existing among 230 crystallographic space groups and can be
obtained in Adams-Newton tables (recently black color).

b 23 point groups marked in red (and italics letters) are not existing in crystal structures.
Their so called VM sites and characters were developed by the authors.

¢ The very rare and unique icosahedral and spherical groups are not discussed (marked in blue

and not bold letters)
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Table Ia

Point group | Sugg. space group Allowed sites and their suggested VM notations

Dag Al Dug-A Cx-B C»-C Cs-D Ci-E

Cs A2 Cs-A Ci-B Ci-C Ci-D Ci-E

Csv A3 Csv—A CS(GV)-B C]-C C]-D C]-E

Csh A4 Csn-A Cs-B Cs(ov)-C Ci-D

Ds A5 Ds-A Cs-B C,-C Ci-D Ci-E Ci-F

D5h A6 Dsh-A C5-B sz(Cz)-C CS(Gh)-D CS(GV)-E Cl-F

Dsq A7 Dsg-A Cs-B Co(Cr)-C Cs(ogy-D Ci-E

Dsd AR D6d'A C6-B C”Z'C CS(Gd)-D Cl-E

Sg A9 Ss-A Ci-B Ci-C

C; A10 Cr-A Ci-B C-C Ci-D Ci-E

Coy Al1?

Cm Al2

D; Al3

D7h Al4 D7h—A C7—B CzV(C2)—C CS(CSh)—D CS(GV)—E C1—F

D4 Al5*

Csg Al6

CSV Al7

Casn Al8

Ds Al19

Dsn A20 Dsn-A Cs-B Con(C)-C Co(C’2)-D Cs(on-E Cs(oq)-F Cs(oy-G Ci-H

Dgq A21

Coov A22 C-2AP Cx-3A Co-4A Cx-5A Co-6A Co-7A Cx-8A C.-9A
ov-3B ov-4B ov-5B ov-6B ov-7B o-8B cv-9B
Cx-3? Co-4A Co-5A Cu-6A Co-7A Cx-8A Cx-9A

Dech A23 C-2A" ov-3B ov-4B ov-5B ov-6B ov-7B ov-8B cv-9B

2 The missing point group are under developments; P The letter A refers to sites of C axis and letter B to the sites of Ov planes. The B

sites are used for determination of species of linear bending modes. The figures near A and B represent the number of atoms in the linear
molecule (e,g. for acetylene it is 4).
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For illustration the characters of D4n point group discussed in PART 1 is

shown below.

Dun 123 Dun

Square planar structure trans-substituted octahedron

Regulaxj square

Typical complexes: MX4* (M=Pd, Pt, X=Cl, Br, I); AuXy (X=Cl, Br, I), XeF4, CIFy,
BrFy4, IFs ; M(CN)4* (Ni, Pd, Pt), Au(CN)4; Pt(CN)4Xz (X=Cl, Br, I); trans-M(CO)4L>

(M= Cr, Mo, W, L= PPh).
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Dy | I 20 C' 2C, 26 o, 20, 20, 25, i

A 1 1 1 1 1 1 1 1 1 1 x4y 2

Al 1 1 1 .l 1 -1 1 -l 1

Ay 1 1 L s R S R G R O

Ay 1 1 1 -1 -1 1 1 1 -1 1T,

By, 1 -1 e ] IS -yt

|- 1 1 1 1 -1 1 -l 1 1 1

By, 1 1 1 -1 1 1 1 1 -1 1 xy

B,, 1 1 1 -1 1 -1 1 1 1 -1

E‘: 2 0 -2 0 0 -2 0 0 0 2 |R, R). ¥7, XZ

: 2 0 -2 0 0 2 0 0 0 2 T, T,
Selection rules, forbidden vibrations
Infrared: Raman;

Ang| Agg| Big [ Byg | By | Ay | Agy{ By | By, | E, Agg | Azg | Big | Bog| Eg | A | Agy| Byy| Boy
Agln | x| x| x|x]x x| x ' Ajg X x| x| x|x
Aggl x | n | x| x| x x| x| x Azl x| 0 XX ]x7x
Bl x [ x|n|x|x|x]|x]|x By, X X | x| x| x
Byl x [ x| x|n]x|x]|x X By, X x| x| x| x
Eglx|x|x|x|n E, x| x| x|x
Al x x| x Rjxfx]=x]|x Al x| x| x| x| x|o
A XX |x Xje | x| x| x Al x | x| x| x| x ]

Bl x| x| x X | x|n| x| x Biul x| x| x| x| x 0
Byl x| x X x| x| x|n]|x Bo| x [ x| x| x| x 0
E, x|l x| x|x|e Ejf x| x| x|x]|x

Cont.



Dan

123

Dy, Rotatory
Wyckoff Ay, Ay By By E, A, Ay By, By E, Al Ay By By E; Ay Ay By, By, E,
1 A-D 6 0 00 00 1 0 0 1/0 1T 0 01 0 0 0 0 0
2E-F 0o 0 0 0 0 1 0 1 210 1 0 1 2 0 0 0 0 o0
2G-H 10 0 0 1 0 1 0 0 1/0 1 0 0 1 1 0 0 0 1
41 r o 1 0 2 0 1 0 1 20 1 0 1 2 1 0 1 0 2
4J-K CRRRE AR SRR RRREIRRE AR ANAR SRAL ARE-0 2K ARAE AR AR NN 2NN T A R
4L-0 11 1 1 1 0 1t 0 1 2f0 1 0 1 2 1 1 1 1 1
8P-Q Z 202022 E At a2z 2 2
8R SR (322 ar 3 b et ezt 2 a2 s
8S-T & 2 RS R 2 2 b a2 2 a2 2 ] s
160 3 33 3 6 3 3 3 3 6(3 3 3 3 6 3 3 3 13 6
Vector

Wyckoff Ajg Ay By, By, E, A Ay By, By E,

1A-D 1 0 0 0 0 0 0 0 0 o0

2E-F 1 0 1.0 0 0 0 0 0 O

2G-H 1 0 0 0 0 0 1 0 0 0

41 r 0 1 0 0 0 1 0 1 0

4J-K 1 0 0 1 0 0 0 0 0 1

4L-0 1 0 1.0 0 0 0 0 0 1

8§P-Q 1 1.1 1 0 0 0 0 0 2

8R 1 0 0 1 1 0 1 1 0 1

8S-T 1 0 1 0 1 0 1 0 1 1

16U A URED SR R SR (RS RN RS (R
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TABLE IIA

Dua Al

Pl Il
PR / {:\l]
: "-—-._F.—/
" ; \, X Y
\\ s ’ :
- x . y——\
F F
Staggered squares Fex(CO)slz IFs Mn2(CO)10

Other molecules with D4g symmetry: CrOs*, TeFg*

Svmmetrv elements: I. 2S(7). 2822 = 2C4. 283, 28+ = C>”. 4CH. 4Ca

Dya 1 282 28 2S¢ St 4G, 4oy
Ay 1 1 1 1 1 1 1 x2+y?, 22
A, 1 1 1 1 I -1 -1 R,
B, 1 1 1 1 1 -
B, 1 -1 t -1 1 a1 1T,
E, 1 J2 0 2 2 0 0 TT
E, 2 0 2 0 2 0o 0 x2-yl xy
E, 2 2 o 2 2 0 0 R,.R, Y, X7
Selection rules, forbidden vibrations
Infrared: Raman:
Ay | Ay | By | By |E | By | By Ay| Az | By Ez E)|E|E
Ay l+e] x | x A X Ay Xl x| x
A | x [1+e X X | x Ay ol x| x|x
By} x 14ef x | x | x Bylx}|xjo}x X
B, x| x]le|x]|X B,lxjx{x]o x
E, x| x|e Ejf x| x o
Ey| x| x| x|x 1 E,
E;jf x| x 1+e E x | x
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Dua Al

Duqg

VM Sites A1 A2 Bi B2 Ei Ex Es

1A 0 0 O 1 1 0 O

2B 1 0 O 1 2 0 0

8C 1 2 1 2 3 3

8D 2 1 1 2 3 3

16E 3 3 3 3 6 6
Vector (D4q)

VM Sites A1 A2 Bi B2 Ei E2 Es

1A !l 0 0 O O 0 O

2B 1 0 O 1 0 0 O

8C 1 0 1 0O 1 1 1

8D I 0 0 I 1 1 1

16E 11 1 1 2 2 2




Cs A2 Cs

Non planar structures (e.g. Cs(OH)s)

Symmetry elements: I, Cs', Cs4, Cs®, Cs*

Cs I G' ¢ ¢ ¢4
A 1 1 1 1 1 |T,R, x2+y? 22
E, 1 e & & & |T,T,R,R, Xz, yZ
1 e & &2
E, 1 g ¢ e & x2-y2 xy
I e ¢ ¢ ¢

£=exp(2mi/S) = 1Y5;¢" = exp(-2mi/5)

Selection rules, forbidden vibrations

Infrared: Raman:
A |E |E A|E |E
A A
E, E;
Ey Es

(Missing information) (Missing information)
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A2

Cs
VM Sites A1 Ei1 E:
1A 1 1 0
5B 3 3 3
10C 6 6 6
15D 9 9 9
Vector (Cs)

VM Sites A1 Ei E:
1A 1 0 O
5B I 1 1
10C 2 2 2
15D 3 3 3
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A3

Non planar structures

Symmetry elements: I, Cs!, Cs?, Cs?, Cs*

Cp-metal comﬁéxes

Cs I C ¢ o c
A 1 1 1 1 1 |T,R, x2+y? 22
E, 1 £ e & & |T,T,R.R, X%, yZ
1 - -
E, 1 & & e & -y xy
- -
€= exp(2mi/s) = 115, ¢* = exp(-2xil5)
Selection rules, forbidden vibrations
Infrared: Raman:
A|E |E A|E | E
A A
E, E,
E, E;

(Missing information)

(Missing information)
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A3

Csy
VM Sites At A2 Ei B
1A 1 0 1 0
5B 2 1 3 3
10C 4 2 6 6
15D 5 4 9 9
20E 7 5 12 12
Vector (Csy)
VM Sites Al A2 EiI E
1A 1 0 0 O
5B 1 0 1 1
10C 1 1 2 2
15D 2 1 3 3
20E 2 2 4 4
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Csh A4 Csh

Planar structure (e.g. planar Cs(OH)s)

Symmetry elements: I, Cs', Cs%, Cs*, Cs?, 6y, Ss', S5/, S5*, S5°

Csy I G ¢ ¢ G o, S S s? s
A 1 1 1 1 1 1 1 1 1 1 |R, x2+y% 22
E' 1 e ¢ & & 1 e & & ¢ |T.T,
1 e e ¢ e 1 e & &g ¢
E,' 1 e € e & 1 g2 & e e x2 -yt xy
1 e ¢ e & 1 e e e &
Al 1 1 1 1 1 -1 -1 -1 -1 -1 T,
E/ 1 e ¢ & £ -1 e € £ & [R.R, Xz, yz
1 e e g e -1 € £ £
E," 1 e & e & -1 e £ & g
1 2 e ¢ & -1 £ £ £ g
£ = exp(2ni/5) = -1Y5; ¢” = exp(-2ni/5)
Selection rules, forbidden vibrations
Infrared: Raman:
A'|E)"|Ey'| A" |E|"|Ey" A"|E/'|Ey'| A" |E)"|Ey"
Al Al
E/ E
Ey’ E,
A" A"
E," E"
E," £
(Missing information) (Missing information)
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A4 Csn

Csn
VM Sites A1’ A EY E2 E3 A2 A" Ei” E” E3”
1A 0O 1 0 1 0 0 0 0 0 0
2B 1 0 O 1 0 0 1 1 0 0
7C 1 0 2 2 2 1 1 1 1 1
14D 2 1 4 4 4 2 1 2 2 2
14E 2 1 3 3 3 1 2 3 3 3
28F 3 3 6 6 6 3 3 6 6 6
Vector ( Csn)
VM Sites A’ A Err E2 E A2y A" Ei” E2” E3”
1A I 0 0 0 O 0 0 0 0 0
2B 1 0 O 0 0 0 1 0 0 0
7C I 0 1 1 1 0 0 0 0 0
14D 1 0 2 2 0 1 0 2 0 0
14E 1 0 1 1 1 0 1 1 1 1

28F 1 I 2 2 2 1 1 2 2 2




Model structure

Symmetry elements: [, 2Cs, 2Cs?, 5C,

Ds I 2Cs 2C3 5G,

A 1 1 1 1 x4+ y2, 22
A, 1 1 1 -1 |T,R,

E, 2 a b 0 |T,T,R.R, X7, yZ

E, 2 b a 0 x2-y2 xy

a =2 cos 2n/5 = exp(2ni/5) + exp(-2mi/5)
b =2 cos 4n/5 = exp(4ni/5) + exp(-4mi/3)

Selection rules, forbidden vibrations

Infrared: Raman:
Al A | By | By A A | Ey | Ep
Ay A,
A, A,
E, E,
E, E,

(Missing information) (Missing information)




AS

Ds
VM Sites A1 A2 Ei E2
1A 0 1 1 0
2B 1 1 2 0
5C 1 2 3 3
10D 3 3 6 6
15E 4 5 9 9
20F 5 7 12 12
Vector (Ds)

VM Sites A1 A2 Ei E:
1A 1 0 0 O
2B 1 1 0 O
5C 1 0 1 1
10D 1 1 2 2
15E 2 1 3 3
20F 3 1 4 4
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Regular pentagon Cp™ anion Eclipsed sandwich Rutenocene

Otrher molecules with Ds, symmetry: I F7, ReF7, P57, UO,Fs*

Symmetry elements: I, 2Cs, 2Cs%, 5C2, On, 2Ss, 2Ss°, 50y

Dsy I 20 2C* 5C; o, 285 25 So,
Ay 1 1 1 1 Lo 1 1 x4+ y?, 22 T
Ay 1 T T 11 -1 R,
E, 2 a b 0 2 a ] 0 |T, Ty
E;' 2 b a 0 2 b a 0 x2-y2 xy
A" 1 1 1 1 a1
Ay” 1 1 1 -1 -1 -1 -1 1T,
E," 2 a b 0 -2 -a b 0 R, R, AZ, Y
Ey" 2 b a 0 -2 -b E 0
a=2 cos 2n/5 = exp(2ri/5) + exp(-2mi/5)
b =2 cos 4n/5 = exp{dni/5) + exp(-4mi/5)
Selection rules, forbidden vibrativns
Infrared: Raman:
A | A7 | By | By [A| Ay [y (B AL A7 | BBy A A BBy
Ay Ay )
Ay Ay
E/ Ef
E; E,
A A
A A
E” E"
Ey" E
(Missing information) (Missing information)
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A6

Dsn
VM Sites A1’ A Er¥ E2 A2 A" Ei7 EY”
1A 0 0 1 0 0 1 0 0
2B 1 0 1 0 O 1 1 0
5C 1 0 2 0 1 1 1 0
10D 2 1 4 4 2 1 2 2
10E 2 1 3 3 1 2 3 3
20F 3 3 6 6 3 3 6 6
Vector (Dsp)
VM Sites A A" Er’ E2 Ay A" Ei” EY”
1A 1 0 0 O o0 O o0 o0
2B !l o 0 o0 O 1 0 o
5C 1 0 1 1 0 0 0 O
10D 1 0 2 2 1 0 0 O
10E 1 0 1 0 1 1 1
20F 1 1 2 2 1 1 2 2
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Staggered sandwich Ferrocene type sandwich complexes

Symmetry elements: 1, 2Cs, 2Cs%, 5C,, 1, 28,¢%, 2S,p, 504

Dsq I 2C; 2C3 SC, i 28 289 Soq

A 1 1 1 1 1 1 1 1 x2 4y, 22
Agg 1 1 1 -1 1 1 1 -1 |R,

Ejg 2 a b 0 2 a b 0 |R.R, X7, YZ

Eqs 2 b a 0 2 b a 0 x2 - y2, xy
Ay 1 1 1 1 A 11

Az 1 1 1 1 1 a1 1 1T,

E.. 2 a b 0 -2 a4 b 0 |T,T,

E,, 2 b a 0 -2 b -a 0

a= 2 cos 2r/5 = exp(2rif5) + exp(-2mi/5)
b =2 cos 4n/5 = exp(4mi/5) + exp(-4mi/5)

Selection rules, forbidden vibrations

Infrared: Raman:

Ajg| Azg| Erg | Eog| Aru| Aou| Equ| Eay
A A,g
Ang Ao
Els Elg
Eog Eg
Al Al
Agy Ay
Ey Eyy
En Ey

(Missing information)

(Missing information)
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A7

Dsq

VM Sites Alg A2g Eig Ezg A A2u Enn Eou

1A 0 0 0 0 O 1 0
2B 1 0 1 0 O 1 0
10C 1 2 3 3 1 1 3
10D 2 1 3 3 1 2 3
20E 3 3 6 3 3 6

Vector (Dsq)

VM Sites Alg A2z Eig E2g A A2w Enn Eou
1A 1 0 0 O 0 O 0
2B 1 0 0 0 0 1 0
10C 1 0 1 1 0 1
10D 1 0 1 1 0 1 1
20E 1 1 2 2 1 1 2

74



Staggered di-benzene sandwich

Symmetry elements: 1, 28, 2C¢, 284, 2C3, 28,,°, C,, 6C5, 604

Dgy 1 25, 2C¢ 284 2C; 28,,° C, 6C, 6oy
Ay 1 1 1 1 1 1 1 1 1 x2+y?, 22
A, 1 1 1 1 1 1 1 -1 -1]|R
B 1 -1 1 -1 1 -1 1 1 -1
B, 1 -1 1 -1 1 -1 1 -1 1 |T,
E, 2 3 1 0 1 -3 2 0 0 |T.T,
E, 2 1 -1 2 A I 2 0 0 x2-y2 xy
E, 2 0 2 0 2 0 2 0 0
Ey4 2 -1 -1 2 -1 -1 2 0 0
Es 2 31 0 1 J3 2 0 0 [RuR, Xz, yz
Selection rules, forbidden vibrations
Infrared: Raman;
Ay |Ay| By | By | E; | By | Ey | Eg| Es Ap[Az| By | By | E | Ey | B3| By | Es
A A
Ay Ay
B, B,
B, B,
E; E,
E, E,
E, E,
E4 E,4
Es Es

(Missing information)

(Missing information)
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Ded

Dea

VM Sites At A2 Bir B2 Ei Ex Es3 Es4 Es

1A 0 0 0 1 1 0 0 0
2B 1 0 0 1 2 0 0 0
6C 1 0 0 1 2 1 2 2
12D 1 2 1 2 3 3 3
12E 2 1 1 2 3 3 3
24F 3 3 3 3 6 6 6
Vector (Dsq)

VM Sites At A2 Bi B Ei E2 Es Es Es
1A 1 0 0 o0 0 O 0 0 0
2B 1 0 0 1 0 O 0 0

6C 3 0 0 3 0 O 0 0 0
12D 1 0 1 0 1 1 1 1
12E 1 0 O 1 1 1 1
24F 1 1 1 1 2 2 2 2
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P

Model structure

Symmetry elements: I, Sg', Cy4, S, Cy, Sg°, C2, S5’

Sg I S! G 8¢ ¢ S c? s
A 1 1 1 1 1 1 1 1 |R, x?+y?, 22
1 11 a1 1 a1 1T,
E, 1 13 i € -1 e i e |Tp Ty Ry Ry
1 e -i € -1 € i £
E, 1 S 1 i-1 x2-y2 xy
1 -i -1 i 1 -i -1 i
E, 1 € - £ -1 e i £ X2, YZ
1 £ i e -l £ i
€= exp(2ni/8); " = exp(-2ni/8)
i = exp(4mi/8)
Selection rules, forbidden vibrations
Infrared: Raman:
A E,|E, | B A|B|E |E|E
A A
E, E,
E, E,
Ey E;

(Missing information)

(Missing information)
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A9 S3

Ss

VM Sites A B Ei E2 E3
1A 0 1 1 0 O
4B 1 1 2 2 1

8C 3 3 3 3 3
Vector (Ss)

VM Sites A B Ei E2 E3
1A 1 0 0 0 O
4B 1 1 1 0 O

8C 1 1 1 1 1
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Non planar model structures

Symmetry elements: I, C;, C:2, C7, C7*, C75, C+°

T ) - e
c, E ¢ ¢ G0 GG
et _— e - - ._ : - _:
A 1 I 1 I ! Tz, R. R e A
1 S Yogt g Ty
1(*,1 { ET\.:: 2 El.vsr:“ 3 6.’? c (R‘_ R\J AL, Y
2 o~ 3 o~k - 3 2 i o
. 3 .-I_ :') .7 j_. O]
) £ £ - E
}5’; { 43 - 2 2 ik =3 }
e=exp(2mi/7)=1/7 &* = exp(-2mi/7)
Selection rules, forbidden vibrations
Infrared: Raman;
A|Bi| B lizg Alg|E =
A A
E, E,
E | E,
= 1Tt T e -

(Missing information)

=t
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A10 C,

Cy

VM Sites A1 E, E2 E3
1A I 1 0 0

7B 33 3 3
14C 6 6 6 6
21D 9 9 9 9
28E 12 12 12 12

Vectors (Cr)

VM Sites A1 Ei E2 E3
1A 1 0 0 0
B 11 1 1
14C 2 2 2 2
21D 3 3 3 3
28E A 4 4 4
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Regular heptagon Tropylium ion, C;H;* Sandw1ch complex

Symmetry elements: I, 2C7, 2C7%, 7C2’°, On, 2S7, 287, 28, TGy

L B e B _ B e B ! "
Dy |E |2C; 2(CH)? 2(Cy)? 2(87)° 52(57)3 70y | “
J [ | |

|A'| |—1 |+1 i+1 +1 [+1 [+1 i+l [ x2+y
..... ———— — - - ——— R — S, I .
iA'z <1+ [+1 [+1 [+1 [ +1 -1 |[Rz -
] B B S R O . SOV, S S S

N | 1 |
EY %—.2 |T2c05(2m‘7} i+2005{4 n/7) | +2cos(6T/T) +2cos(4/7) | +2cos(6T/T) [0 x?;f} i-

' [ | [ ] [x2-y2
F? |+2 |-*—2c05{-1 n/7) |+2(:os(6 n/7) |+2cos(2T/T) K +2cos(67/7) |+2cos(27/7) |0 |- lx):)} )
| | | ! i | |
i___.____,____r__ ___[___ — [ S f__m R
IE'; |1—2 1-—2cns(6frf?) |+20m(’)ﬂ’?) |+"cos{4m’?) 0 |+2 +2(:()S(6ﬂa’?) +2cos(21/7) |+2cos(4m/7) |0 [-
i___ . I | .’ L 1
|4

I {
S L U, TR ——— e o N A e m——— I — - P e e [
+1 [+1 ‘+1 fri | -1 [1 | 1 B [ lr
! : A : S SN R, A
[+ [+1 4 Ik £} 1 -
|E"r [+2] +2LOS(2T(J"7)J 2cos 4m) |+2cos(6m) 0 [2 | 200:,(711*?) |- 2cos(4m‘?) | z._os(ﬁr:n) fn ‘(R)o Ry) |(xz yz)
:_.___ e l..________..___ e o s S BRI U M
JE"z | +2 |+20(:s(4i‘tf7j |T2cos(6ﬂf?) |+2c05(2m?} 0 | 2 i -2cos(47m/7) |-2cos(67/7) |-2cos(27/7) ‘ ‘- -
i+2ms(6ﬂ'?) —2cos(2nf7) [-r2cos(4m?) (0 | 2 :-2cos(6nf7 l[ os(zmzf) [-2¢ os(4m7) '0 | i

'J.._.... f
'E" |+2
(73

Selection rules, forbidden vibrations
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D

Al4

D

D7n
VM Sites A A Er E2 E Ay A" Ei” E” E3”
1A 0O 0 O 1 0 0 1 0 0 0
2B 1 0 0 1 0 0 1 1 0 0
7C 1 0 2 2 2 1 1 1 1 1
14D 2 1 4 4 4 2 1 2 2 2
14E 2 1 3 3 3 1 2 3 3 3
28F 3 3 6 6 6 3 3 6 6 6
Vector (D7)
VM Sites A A" Er’ E2 E3’ Ay A" Ei” E2” E3”7
1A 1 0 O 0 0 0 0 0 0 0
2B 1 0 0 0 0 0 1 0 0 0
7C 1 0 1 1 1 0 0 0 0 0
14D 1 0 2 2 0 1 0 2 0 0
14E 1 0 1 1 1 0 1 1 1 1
28F 1 1 2 2 2 1 1 2 2 2
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Dgh A2(0 Dgh

o

O o O b

Regular octagon CsHs? dianion Eclipsed sandwich  Sandwich complex

Complexes with Dgn symmetry: (CsHs):Th, (CsHs):Pa, (CsHs):U, (CsHs):Np, (CsHs)2Pu
All are octahapto, n3-CsHs complexes.

Symmetry elements: I, 2Cs, 2(Cs)?, 2Cs, C2(2), 4C2°, 4C>”, i, 2(Ss)’, 2Ss, 2S4, On, 40y, 404

2Sg |‘254 ap ido, (day

2(58)3

ll)gh | 1 zcg 2((:3)3 [2C4 C; (z)}ﬂng' 4Cy"

i

|
N T e e ] e B T SN S —— S~

’Alg[ﬂ [+]x—-:1“ {+I +1 i-n-l +1 +1 (4,1 |+1 +1 1+1 |+1 {- ixzﬂ,g:zz
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Selection rules, forbidden vibrations

Infrared: Raman:
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Dgh A2(0 Dgh

Dsn

VM Sites Aig Azg Big Bz Eig Ezg Esg Aiw A B Bau Eiw Eau Esu

1A 0 0 o o0 o0 O 0 0 1 0 0 1 0 O
2B 1 0 0 0 1 0 0 0 1 0 0 1 0 0
8C 1 1 1 1 1 2 1 0 1 1 0 2 1 2
8D 1 1 1 1 1 2 1 0 1 0 1 2 I 2
16E 2 2 2 2 2 4 2 1 1 1 1 4 2 4
16F 2 1 1 2 3 3 3 1 2 2 1 3 3 3
16G 2 1 2 1 3 3 3 1 2 I 2 3 3 3
32H 3 3 3 3 6 6 6 3 3 3 3 6 6 6

Vectors (Dsn)

VM Sites Alg A2g Blg B2g Elg EZg E3g A Ax Biw Baw Eww Exw Esu

1A 1 0 0o o0 o0 O 0 0 0 O 0 O 0 0
2B 1 0 0o o0 o0 O 0 0 1 0 0 0 0 O
8C 1 0 0 1 1 0 0 0 O 0 O 1 1 0
8D 1 0 1 0 1 0 0 0 O 0 O 1 1 0
16E 1 1 1 1 0 1 1 0 O 0 0 2 1 1
16F 1 0 O 1 1 1 1 0 1 1 0 1 1 1
16G 1 0 1 0 1 1 1 0 1 0 1 1 1 1
32H 1 1 1 1 2 2 2 1 1 1 1 2 6 6
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Cov A22 Coov

Types of linear molecules with Coy symmetry: CO, OCS, HCN, HCNO, CI-C=C-H,
H-C=C-C=N, X-C=C-C=C -CN (X=H, Cl,Br, I), H-C=C- C=C- C=C —CN (cyano
triacetylene) etc.

Symmetry elements: I, 2Cx®, 2C*®, 2Cx°,..., xOy

P Coov I 2C.T C.% 20, 2% ool
Azt | 1 1 1 1 e X +y?, 22
Ay=% 1 1 1 1 - A
E =0 2 2cos @ 2cos29  2cos 30 0 [ToTpRLRy Xz, yz
E,=A 2 2c082¢0  2cos2X2¢ 2 cos 3x2¢ 0 X }’2, Xy
E;=® 2 2cos3¢9p  2cos 2339 2 cos 3x3p 0
Cov
VM Sites (A) Al E B
NO of atoms cH  dn (A
1A 0 0 0
2A 1 0 0
3A 2 1 0
4A 3 2 0
S5A 4 3 0
6A 5 4 0
TA 6 5 0
8A 7 6 0
9A 8 7 0




Coov

A22

Vectors (Cwy) for stretching modes

VM Sites (A) Al
N of atoms 8]
Stretchings

2A
3A
4A
5A
6A
TA
8A
9A

O JN N B WN—

Vectors (Cewy) for linear bending modes

Linear bendings

VM Sites (B) E: E>
N of atoms I (A
3B 1 0
4B 2 0
5B 3 0
6B 4 0
7B 5 0
8B 6 0
9B 7 0

Coov
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Dooh A23 DOOh

Types of linear molecules with Deon symmetry: Hz, Oz, HF>", CO2, NCCN, H-C=C-H,
H-B=N-H, H-N=C=C=N-H, N=C-C=C-C=N, H-C=C- C=C —H ( diacetylene),
H-C=C- C=C-C=C -C-H (triacetylene), O=C=C=C=C=C=0 (carbon oxide) etc.

Symmetry elements: I, 2C®, 2Cx2?, 2Cw’?,..., wOh ,©C2 , «Ov, 2Sx?, 2Sx%?, ..., S2 =i

Don I 2¢220%2C% -~ 6 =C; =0, 28° 28% .. S i
-;‘lg =Lt | 1 1 1 R | 1 1 1 1 = 1 x4+ y?, 22
A=t | 1 1 1 | O B | 1 -1 -1 . 1T,
Ay =Ig 1 1 1 1 1 -1 -1 1 1 IR,
Ap=Z 1 1 1 1 L a1 a a a . -
Ey, =11, 2 a b [ 2 0 0 a -b 2 |RLR, XZ, YT
E,=I, | 2 a b ¢ 2 0 0 a b 2 T Ty
Ex=4, | 2 b d e 2 0 0 b d 2 2 - y2, xy
Ey, = 4, 2 b d e 2 0 0 b d 2
Ey, =9, 2 [ e f 2 0 0 ¢ -d 2
By, =, 2 c e f 2 0 0 ¢ d 24
|
a=2cos @, b =2 cos 2¢; ¢=2cos 3¢
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A23

Dooh

VM Sites (A) Az Awm  Eig  Fx
N of atoms ) G (Il (Ae)

(TTw)

1A
2A
3A
4A

5A

6A
TA
8A
9A

-PUJUJNN’_‘HOO

0
0
0
1
1
2
3
3
3

PP WLWLOO " O
ooooooooo

AW W=~

Vectors (Down) for stretching modes

Stretching modes
VM Sites (A) Aig  An
N of atoms ) )

2A
3A
4A
SA
6A
TA

8A

0
1
1
2
2
3
3
9A 4

_];'hwb-)[\)l\)r—a’_‘
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Vectors (Dowon) for linear bending modes

Linear bending modes

VM Sites (B) Elg EZg Eiu
N of atoms (ITg)  (Ag) (I
3B 0 0 1
4B 1 0 1
5B 1 0 2
6B 2 0 2
7B 2 0 3
8B 3 0 3
9B 3 0 4
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