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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 e, symmetric with respect to the principal axis of symmetry

B antisymmetric with respect to the principal axis of symmetry

Eoereeeereeeee doubly degenerate vibrations, the irreducible representation is two-dimensional, i.e., a 2 x 2 matrix
F o triply degenerate vibrations, i.e., a three-dimensional representation

g and u (subscripts) .... symmetric and antisymmetric with respect to a center of symmetry (from german gerade and ungerade)

1 and 2 (subscripts) .... symmetric and antisymmetric with respect to a rotation axis (Cp) or a rotation-reflection axis (Sp) other than the
principal axis or, in those point groups with only one symmetry axis, with respect to a plane of symmetry

“and “ (superscript) .... symmetric or antisymmetric with respect to a plane of symmetry

e, symmetric with respect to a plane of symmetry through the molecular axis (for linear molecules)
D S 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:

) ST this combination band represents a forbidden vibration

N this symmetry species raised to the n'th power (n = any integer number) represents a forbidden overtone
(o IR this symmetry species raised to the o'th power (o = odd integer numbers) represents a forbidden overtone
[T this symmetry species raised to the e'th power (e = even integer numbers) represents a forbidden overtone
1. this symmetry species represents a forbidden vibration

Wyckoff sites

A repetition of the appropriate row of the Wyckoff site table on page 3.

Adams - Newton table 1 & 3

The tables were originally published in 1970 by Prof. D.M. Adams and D.C. Newton, Department of Chemistry, University of
Leicester, LE1 7RH, England.

Raman depolarised bands

The depolarisation ratio is defined as p=I, / I;; with 0 < p < 0.75. Polarised Raman bands (p = 0) is caused by totally symmetric
vibrations.
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Determination of Point Group

i N
Linear?
wWo
Y or more \_ N
Cn(n>2)?
Y i9 N

I Select C;;, with highest n.
Then, is nC; perpendicular to Cn?
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Point | Space Allowed sites and their Wyckoff notation
group | group

Cov | Al0

C, 1 |c,-A

C, 3 |C,-A C,-E

C, | 10 |[C,-A C,- | C,-M C,-O

C, | 25 |C,-A C(z¥)-E |C(y2)-G |C,-I

C, | 143 |C,-A c,-D

Cy | 174 |C,-A C,-G .- C,-L

C, | 156 [C,-A C,-D -E

C, 75 |C,-A c,-D

C, | 8 |[C,-A C,-G C,-J C,-L

C, | 99 |c,-A C(o)-D |C(c)-E |C,-G

Cs A2

Co | A4

Csy | A3

C, | 168 |C,-A c,-D

Co | 175 |[Cy-A C,-E C,-J C,-L

Co | 183 |[Cy-A C(o)-D |C(c)-E |C,-F

C; 2 |C-A C,-1

C, 6 |C,-A c,-C
D, | All

D, 16 |D,-A C,-1 |Cy-M [C@-Q |C,-U

D,, | 111 [D,-A |C,-G C,C,)-1 |C,-N C,-0

D,, 47 D, -A C,(x) -1 C,M-M [C,(2)-Q |C(yz)-U |C(zx)-W Coy)-Y [C -
D, | 149 |D,-A C,-G C,-J C,-L

D, | 162 |[D,-A C, -E C,- | C,-K C,-L

Dy 187 | Dy -A Cy -G Cyp - Cfoy)-L |Co,)-N |C;-O
D, 89 |D,-A C,-G C,(C,)-J [cc))-L |C.-P

Dyg Al

D, | 1238 |D,-A |[C,-G Co(C)) -3 |C(C)-L |Co)-P [Cfo)-R |C(s)-S |C,-U
Ds A5

Dsg | A6

Ds, | A7

D, | 177 |D,-A Cs-E C,(C,)-J [CCH-L [C -N

Deg | A8

D¢, 191 [Dg,-A Ce -E C,(C,)-J [C(C,)-L|C(s)-N |C(c,)-O Cf(s)-P |[C,-R
0 207 |O-A C,-E C;-G C,C,))-1 [C-K

0, 221 (O, -A C,-E C,,-G C,, - C(o)-K [C(oy)-M C,-N
S, 81 |S,-A C,-H

Se 147 |S,-A C,-G

Sg A9

T 195 [T-A C,-E C,-F C,-J

, | 215 [T,-A C, -E C, -F C,-1 C,-J
h 200 (T,-A C,-1 C,-E C,-J C,-L
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Cy

Symmetry elements: |

Selection rules, forbidden vibrations

Infrared: Raman:
A A
A A
(None) (None)
C, 1 |Cc,-A
C, Rotatory
Wyckoff A A
1A 3 3
Vector
Wyckoff A
1A 1
W
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C;

Symmetry elements: i

Ag 1 Ry, Ry, R, xz, yz, 22, Xy, Xz, yz
A, -1 T, Ty, T,
Selection rules, forbidden vibrations
Infrared: Raman:
Ag | Ay Ag | Ay
Aq Aq
A, A,
(Missing information) (Missing information)
C, 2 |C-A C,-1
C Rotatory
Wyckoff Ay A, Aq A,
1A-H
21 3 3 3 3
Vector
Wyckoff Ay A,
1A-H 1
21 1 1
W
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C,

Symmetry elements: C,

C, | C,(»)
A 1 1 T, R, X2y, 2%, xy
B 1 -1 To Ty Ry Ry Yz, Xz
Selection rules, forbidden vibrations
Infrared: Raman:
A|B A
A
B
(None) (None)
C, 3 |c,-A C,-E
C, Rotatory
Wyckoff A B A
1A-D 1 2 1
2E 3 3 3
Vector
Wyckoff A B
1A-D 1 0
2E 1 1
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C:S

Symmetry elements: ¢

C, I o(xy)
A 1 1 To T, R, X2, y2, 22, xy
A" 1 -1 T, R Ry Yz, Xz
Selection rules, forbidden vibrations
Infrared: Raman:
A A" A A"
A A
A" A"
(None) (None)
C, 6 |C,-A c,-C
C, Rotatory
Wyckoff A A" A A"
1A-B 2 1 1 2
2C 3 3 3 3
Vector
Wyckoff A A"
1A-B 1 0
2C 1 1
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Cop

Symmetry elements: C,, oy, Sy, i

2.2 2
Ag 1 1 1 1 R, X5, ¥, 25, Xy
A, 1 1 -1 -1 T,
By 1 -1 -1 1 Ro Ry yz, Xz
B, 1 -1 1 -1 T, Ty
Selection rules, forbidden vibrations
Infrared: Raman:
Ag | Ay | Bg| By Ag|Ay| By | By
Ag n X Ag X X
Ay € X Ayl x| o] x
Bg X n Bg X X
By X € B, | x X | o
C,, 10 |C,-A C,-1 C,-M C,-0
Con Rotatory
Wyckoff Ag Bg A, B, Ag Bg A, B,
1A-H 0 0 1 2 2 0 0
21-L 1 2 1 2 1 2 1 2
2 M-N 2 1 1 2 1 2 2 1
40 3 3 3 3 3 3 3 3
Vector
Wyckoff Aq By A, B,
1A-H 1 0 0 0
21-L 1 0 1 0
2 M-N 1 0 0 1
40 1 1 1 1
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D,

Symmetry elements: 3C,

D, I C,(2) Cy(y) C,(x)
A 1 1 1 1 X2, v, 22
B, 1 1 -1 1 |T,R, Xy
B, 1 -1 1 -1 » Ry X2z
B, 1 -1 -1 1 |[T.R, yz
Selection rules, forbidden vibrations
Infrared: Raman:
A |B;|B,|B; A |B;|B,|B;
A A
B, B,
B, B,
B, B,
(Missing information) (Missing information)
16 D,-A C,(x)-1 c,y-M [C,(@)-Q C,-uU
D, Rotatory
Wyckoff A B, B, B, A B, B, B,
1A-H 1 1 1 0 1 1 1
21-L 1 2 2 1 1 2 2 1
2 M-P 1 2 1 2 1 2 1 2
2Q-T 1 1 2 2 1 1 2
4U 3 3 3 3 3 3 3 3
Vector
Wyckoff A B, B, B,
1A-H 1 0 0 0
21-L 1 0 0 1
2 M-P 1 0 1 0
2Q-T 1 1 0 0
4U 1 1 1 1
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C2v

Symmetry elements: C,, 26,

Cy, I C)2) oyxz) o,y2)
A, 1 1 1 1T, X, y?, 22
A, 1 1 -1 -1 |R, Xy
B, 1 -1 1 1 |[TuR, Xz
B, 1 -1 -1 1T, R, yz
Selection rules, forbidden vibrations
Infrared: Raman:
A | Az | By | By A, | A, | B, |B;
A X A
Al x| o A,
B, X B,
B, X B,
(None)
C,, 25 |C,-A C(zx)-E [C(y2)-G |C,-I
C,, Rotatory
Wyckoff A A, B, B, A A, B, B,
1A-D 1 0 1 1 0 1 1 1
2EF 2 1 2 1 1 2 1 2
2G-H 2 1 1 2 1 2 2 1
41 3 3 3 3 3 3 3
Vector
Wyckoff A A, B, B,
1A-D 1 0 0 0
2E-F 1 0 1 0
2G-H 1 0 0 1
41 1 1 1 1
8fa&'{isulﬁng AB Copyright © M Valli Consulting AB, 1997-2007. 11



Do, 47 Do,

Symmetry elements: i, 3C,, 3o

Dpn=Vh | | oby) o0 ofy)) i C@ Cuy) Cx¥

Ay 1 1 1 1 1 1 1 1 X2, y2, 22

A, 1 -1 -1 -1 -1 1 1 1

By 1 1 -1 -1 1 1 -1 1 (R, Xy

By, 1 -1 1 1 -1 1 -1 1T,

By 1 -1 1 -1 1 -1 1 -1 Ry Xz

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

Bs, 1 -1 -1 1 1 -1 -1 1 |R, yz

Bs, 1 1 1 -1 -1 -1 -1 1 T,

Selection rules, forbidden vibrations
Infrared: Raman:
Ag | Big|Bag| Bag | Au | Bau | Bau|Bay Aq | Big|Bag | Bsg| Au | Biu | Bau|Bay
Ag N | x| x| x|X A X | x| x| x
Byg| X [ n | X | x| X | X]X Byg x | x| x| x
Byg| X | X | N ] X Bag X | x| x| X
Bag| X | x | x [N Bag X | x| x| x
Ayl x| x n| x| x|xX Al x| x| x| x]|o
By X X | e | X]|X By | x | x | x | x 0
Bay X X x| e|x Bou| X | x | x | x 0
Bay X | x| x|e Bau| x | x | x | x 0
Cont.
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Doy,

D,, 47 Dy -A C,,(x) -1 C,-M [C,(2)-Q |C(yz)-U |C(zx)-W Cxy)-Y |[C,-x
Dy, Rotatory
Wyckhoff | Ay By, B,y By A, By, By By | Ay By By By A, By, By By,
1A-H 0 0 0 0 0 1 1 1 0 1 1 1 0 0 0 0
21-L 1 1 1 0 0 1 1 1 0 1 1 1 1 1 1 0
2 M-P 1 1 0 0 1 0 1 1 1 0
2Q-T 1 0 1 1 0 1 1 1 0 1 1 1 1 0 1 1
4 U-V 2 1 1 2 1 2 2 1 1 2 2 1 2 1 1 2
4 W-X 2 1 2 1 1 2 1 2 1 2 1 2 2 1 2 1
4Y-Z 2 2 1 1 1 2 1 1 2 2 2 1
8a 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Vector
Wyckoff Ay By By By A, By, By By,
1A-H 1 0 0 0 0 0 0 0
21-L 0 0 0 0 0 0 1
2 M-P 1 0 0 0 0 0 1 0
2Q-T 1 0 0 0 0 1 0 0
4 U-V 1 0 0 1 0 1 1 0
4 W-X 0 1 0 0 1 0 1
4Y-Z 1 1 0 0 0 0 1 1
8a 1 1 1 1 1 1 1 1
Mgaﬁ'ysul‘ting AB Copyright © M Valli Consulting AB, 1997-2007.
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Cy

Symmetry elements: C,4

C, | c,t C, c,’
A 1 1 1 1T, 22, X2 +y?
B 1 -1 1 -1 X2 -y, xy
E 1 i -1 -i (Te TyY) Ry Ry) (xz, yz)
1 -i -1 i
i=-1"
Selection rules, forbidden vibrations
Infrared: Raman:
A|BJ|E A|BJ|E
A A
B B
E E
(Missing information) (Missing information)
C, 75 |C,-A c,-D
C, Rotatory
Wyckoff A B E B E
1A-B 1 0 1 0 1
2C 1 1 2 1 2
4D 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: C,, S,

S, | st C, S,
A 1 1 1 1 |R, 2 x
B 1 -1 1 1T, X2 -y, xy
E 1 i -1 -i (Ty Ty) Ry, Ry) (xz, yz)
1 -i -1 i
i=-1"%
Selection rules, forbidden vibrations
Infrared: Raman:
A|BJ|E
A A
E E
(Missing information) (Missing information)
81 |S,-A C,-H
S, Rotatory
Wyckoff A B E B
1A-D 0 1 1 0
2E-G 1 1 2 1
4H 3 3 3 3
Vector
Wyckoff A B E
1A-D 1 0 0
2E-G 1 1 0
4H 1 1 1
8fa&'{isulﬁng AB Copyright © M Valli Consulting AB, 1997-2007.
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Cun 83 Can

Symmetry elements: i, Cy, oy

Cun | ¢t ¢, ¢ i S o, S
Ay 1 1 1 1 1 1 1 1 |R, 22, X2 +y?
B, 1 -1 1 -1 1 -1 1 -1 X2 -y, xy
Eq 1 i -1 -i 1 | -1 - (R, Ry) (xz, yz)
1 -i -1 i 1 -i -1 i
A, 1 1 1 1 -1 -1 -1 1T,
B, 1 -1 1 -1 -1 1 -1 1
E, 1 i -1 -i -1 -i 1 (T Ty
1 | -1 i -1 i 1 -l
i=-1%

Selection rules, forbidden vibrations

Infrared: Raman:
A | By | Eq|As|By|Ey A | By | Eq|Au|By | Ey
Aq Aq
B, B,
Eq Eq
A, A,
B, B,
E, E,
(Missing information) (Missing information)
C, | 8 |[C,-A C,-G C,-J C,-L
Cun 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 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 1 2 1 1 2
4J-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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Wi
onsulting AB

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

Copyright © M Valli Consulting AB, 1997-2007.
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D,

Symmetry elements: C,, C,

D, | 2C, c, 2C,  2C,"
A, 1 1 1 1 1 2%, X2+y?
A, 1 1 1 -1 1 |T,R,
B, 1 -1 1 1 -1 x2-y?
B, 1 -1 1 -1 1 Xy
E 2 0 -2 0 0 (Ty Ty) Ry Ry) (xz, yz)
Selection rules, forbidden vibrations
Infrared: Raman:
A |A,|B;|B,| E A |A, | B, |B,
A A
A, A,
B, B,
B, B,
E E
(Missing information) (Missing information)
D, | 8 |[D,-A C,-G C)(C,) -3 [C,C,)-L |C,-P
D, Rotatory
Wyckoff AL A, B B E|A A B B, E
1A-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 2 1 3 1 2 1 3
8P 3 3 3 3 6 3 3 3 3 6
Cont.
18 Copyright © M Valli Consulting AB, 1997-2007. 8glr}isulting AB



Wi
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Vector
Wyckoff A, A, By B, E
1A-D 1 0 0 0 0
2E-F 1 0 1 0 0
2 G-H 1 1 0 0 0
41 1 1 1 1 0
4 J-K 1 0 0 1 1
4L1L-0 1 0 1 0 1
8P 1 1 1 1 2

Copyright © M Valli Consulting AB, 1997-2007.

19



C4v

Symmetry elements: Cy, 4o,

Cq I 2C4(2) C, 20, 20y
A, 1 1 1 1 1T, X2+ y2, 22
A, 1 1 1 -1 1R,
B, 1 -1 1 1 -1 X2 - y?
B, 1 -1 1 -1 1 Xy
E 2 0 -2 0 0 (T, Ty) Ry Ry) (yz, x2)
Selection rules, forbidden vibrations
Infrared: Raman:
A [A2| BBy | E A |A,|B,|B,
A X | x| X A X
A x| o | x]|X A [ x| o
Bi| x| x|o]X B, X
Bo x [ x| x| o B, X
E E
C,, 99 |C,,-A C(o)-D |C(c)-E |C,-G
Cuy Rotatory
Wyckoff A, A, B, B, E A, A, B B, E
1A-B 1 0 0 0 1 0 1 0 0 1
2C 1 0 2 0 1 0 1 2
4D 2 1 1 2 3 1 2 2 1 3
4 E-F 2 1 2 1 3 1 2 1 2 3
8G 3 3 3 3 6 3 3 3 6
Vector
Wyckoff A A, B, B, E
1A-B 1 0 0 0 0
2C 1 0 1 0 0
4D 1 0 0 1 1
4 E-F 1 0 1 0 1
8G 1 1 1 1 2
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Doy

111

Symmetry elements: 3D,, S4, 264

D,y | 25,(2)  S,° 2C, 26,

A, 1 1 1 1 1 X2+ y2, 22

A, 1 1 1 -1 1R,

B, 1 -1 1 1 -1 X2 - y?

B, 1 -1 1 -1 1T, Xy

E 2 0 -2 0 0 (T, Ty) Ry Ry) (yz, x2)

Selection rules, forbidden vibrations
Infrared: Raman:
A |A,|B|B,| E A |A, | BB,

Al n | x|[Xx A X

A [ x| n X A [ x| o

By| X n | x B, X

B, X | x|e B, X

E E

D,, | 111 [D,-A |C,-G C,C,)-1 |C,-N C,-0
Dyyq Rotatory
Wyckoff A, A, B B E|A A B B, E
1A-D 0 0 0 1 1 0 1 0 0 1
2E-F 1 0 1 2 0 1 0 1 2
2G-H 0 0 1 2 0 1 1 0 2
41-L 1 2 1 2 3 1 2 1 2 3
4M 1 1 1 1 4 1 1 1 1 4
4N 2 1 2 3 1 2 2 1 3
80 3 3 6 3 3 3 3 6
Cont.
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111, cont.

22

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

Copyright © M Valli Consulting AB, 1997-2007.
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D

Symmetry elements: i, 4C,, C4, Sy, 40y, of

Dyp I 2C4z) C,” 2C, 2C) o, 20, 204 25, i

Ay 1 1 1 1 1 1 1 1 1 1 X2 +y?, 7

Ay 1 1 1 1 1 1 1 1 1 4

Ay 1 1 1 1 -1 1 1 1 1 1 |R,

A, 1 1 1 1 1 -1 1 1 1 1T,

By, 1 -1 1 1 1 1 1 1 1 1 X -y

By, 1 -1 1 1 1 1 1 1 1 A

Byg 1 -1 1 -1 1 1 -1 1 -1 1 Xy

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

E, 2 0 2 0 0 -2 0 0 0 2 |[RuR) (yz, x2)

E, 2 0 2 0 0 2 0 0 0 2 (T Ty)

Selection rules, forbidden vibrations
Infrared: Raman:

Arg|Azg|Big B2 Aru| Az | B | Bau| By Asg|Asg| Big | Bag A | Az | B |Bau| Ed
Agl n | x| x| X X X | X Ay X x| x| x| x| x
Agg| X | N | x| X X | XX Ayl x | o x| x| x| x| x
Byg| X | x | n | X X | x| x B1g X x| x| x| x| x
Byg| x [ X | X | n X [ x X Bag X x | x| x| x| x
Bg | x | X | x| X Eq x| x| x| x| x
Ayl X X | X n| x| x| x|x Ayl x| x| x| x 0
Ay, X [ x| x X[e | x| x|X Ayl x| x| x| x 0
Byl X | X | x X | X[ n| x| X By | x | x | x | x 0
Boy| X | X X X[ x| x| n|X By | x | x | x | x 0
Ey X x| x x| e Eo| x| x| x| x 0

Cont.
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123, cont.

D, | 123 |D,-A C, -G C,(C,) -3 |Cu(C)-L |C(c)-P |C(cy)-R C(s)-S |C,-U
Dy, Rotatory
Wyckoff  |Ayy Ay Big Byy Eg Aqy Ay Biy By Ey |Ay Ay Big Byy Eg Ay Ay By By Ey
1A-D o o0 o o o o0 1 0o 0 1(f0 1 0 O 1 0 0 0 o0 o0
2 E-F 0 0 0 O 1 0 2|10 1 0 1 2 0 0 O 0
2G-H 1 0 0 0 12 0 2.0 O 10 1 0 O 1 1 0 O o0 1
41 $1 0 1 0 2 o0 1 o 1 2(0 1 0 1 2 1 0 1 0 2
4J-K 11 1 1 1 0 1 1 O 2|0 1 1 0 2 1 1 1 1
41L-0 1 1 1 1 1 O 1 O 210 1 0 1 2 1 1 1 1 1
8 P-Q 2 2 2 2 2 1 1 1 1 4(f(1 1 1 1 4 2 2 2 2 2
8R 2 1 1 2 3 1 2 2 1 3(1 2 2 1 3 2 1 1 2 3
8S-T 2 1 13 1 2 1 2 3|1 2 1 2 3 2 1 3
16U 3 3 3 3 6 3 3 3 3 6|3 3 3 3 6 3 3 3 3 6
Vector

Wyckoff  |Ajy Ay Big Byy Eg Aqy Ay By By E

1A-D 1 0 0 0O O O o o o0 o

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

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

41 1 0o 1 0 O O 1 0 1 O

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

41-0 1 0 1 0 O O O 0 0 1

8 P-Q 11 1 1 O O O O O 2

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

8S-T 1 0 1 0 1 0 1 o0 1

16U 11 1 1 2 1 1 1 1 2
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Cs

Symmetry elements: C;

Cs | C4l C4?
A 1 1 1 T, R, X2 +y?, 22
E 1 e & |TeTYReRY) | ¢-YAxy,yz,x2)
1 g €
e = exp(2ni/3) = 113 ¢" = exp(-2mi/3) = exp(4ni/3) = 123
Selection rules, forbidden vibrations
Infrared: Raman:
A|E A|E
A A
E E
(Missing information) (Missing information)
C, 143 |C,-A C,-D
Cs Rotatory
Wyckoff A E E
1A-C 1 1 1
3D 3 3 3
Vector
Wyckoff A
1A-C 1
3D 1
Mgaﬁ'ysul‘ting AB Copyright © M Valli Consulting AB, 1997-2007. 25



S6

Symmetry elements: i, Cs, Sg

Se Cgt C2 i s st
Aq 1 1 1 1 1 1 |R 22, x2 +y?
Eq 1 g g" 1 € e |(RuRy) (X2 - y2, xy, Xz, yz)
1 g € 1 g €
A, 1 1 1 -1 1 T,
E, 1 € e 1 e € [(TuTy
1 g € -1
& = exp(2ni/3) = 113 " = exp(-2ni/3) = exp(4ni/3) = 123
Selection rules, forbidden vibrations
Infrared: Raman:
Ag|Eg | A | Ey A, | E,
A, A,
Eq Eq
A, A,
E, E,
(Missing information) (Missing information)
S, | 147 |s,-A C,-G
Sg Rotatory
Wyckoff A Eq A, Ey A, Eq A, E,
1A-B 0 0 1 1 1 1 0 0
2C-D 1 1 1 1 1 1 1 1
3E-F 0 0 3 3 3 3 0 0
6G 3 3 3 3 3 3 3 3
Vector
Wyckoff Ay Eq A, E,
1A-B 1 0 0 0
2C-D 1 0 1 0
3E-F 1 1 0 0
6G 1 1 1 1
26 Copyright © M Valli Consulting AB, 1997-2007. 8fa>lr}isulting AB



D3

149

Symmetry elements: 3C,, C;3

D, | 2C, 3C,
A 1 1 1 22, X2 +y?
A, 1 1 1 (TR,
E 2 -1 0 (T TyY) R Ry | (62 -y2, xy, X2, y2)
Selection rules, forbidden vibrations
Infrared: Raman:
A |A | E A |A | E
A A
A, A,
E E
(Missing information) (Missing information)
D, | 149 |D,-A C,-G C,-J C,-L
Dy Rotatory
Wyckoff Aq A, E Aq A, E
1A-F 0 1 1 0 1 1
2G-l 1 1 2 1 1 2
3JK 1 2 3 1 2 3
6L 3 3 6 3 3 6
Vector
Wyckoff Aq A, E
1A-F 1 0 0
2G-l 1 1 0
3J-K 1 0 1
6L 1 1 2
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C3v

Symmetry elements: Cs, 3o,

(O I C;(2) 3oy
A, 1 1 1 T, X2 +y?, 72
A, 1 1 1R,
E 2 -1 0 (Te TY) Ra R |- y2, xy, X2, y2)
Selection rules, forbidden vibrations
Infrared: Raman:
AlA| E A | A,
A X A X
Al x| o Al x| o
E E
c, | 16 |c,-A |c.-D C,-E
Csy Rotatory
Wyckoff Aq A, E Aq A, E
1A-C 1 0 1 0 1 1
3D 2 1 3 1 2 3
6E 3 3 6 3 3 6
Vector
Wyckoff Aq A, E
1A-C 1 0 0
3D 1 0 1
6 E 1 1 2
28 Copyright © M Valli Consulting AB, 1997-2007. 8fa>lr}isulting AB



D3y

162

Symmetry elements: i, 3C,, Cs, S, 304

Dsg = Sy I 2S¢(z) 2S¢>  Sg¢  3C, 3oy
Aq 1 1 1 1 1 1 X% +y?, 72
A 1 -1 1 -1 1 -1
Agg 1 1 1 1 -1 1R,
Ay 1 -1 1 -1 -1 1T,
Eq 2 -1 -1 2 0 0 [(RuwRy) (X2 - y2, xy)
E, 2 1 -1 -2 0 0 |(Tyx Ty (yz, x2)
Selection rules, forbidden vibrations
Infrared: Raman:
Ar|AL[ A [ A2 | By | By A | AL Ay| Ay | By | Ey
Al n| x| X X A x | x| x X
A x| n X X Al x|o| x| x]|x
Ay | X n|x|X Al x| x| o] x X
A2 X | X | € X Ayl x | x| x]o]x
Eg| X X n Eq X X X
E, X X € Ey| x X x| o
D, | 162 |[D,-A C, -E C,- | C,-K C,-L
Dy Rotatory
Wyckoff Ay Ay By Ay Ay By | Ay Ay By Ay Ay Ey
1A-B 0 0 0 1 1 0 1 1 0 0 0
2C-D 0 1 1 0 1 1 0 1 1 0 1 1
2E 1 0 1 0 1 1 0 1 1 1 0 1
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 3 1 2 3 2 1 3
12L 3 6 3 3 6 3 3 6 3 6
Cont.
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162, cont.

30

Vector
Wyckoff Ay Ay By Ay Ay Ey
1A-B 1 0 0 0 0 0
2C-D 1 0 0 1 0 0
2E 1 0 0 0 1 0
3F-G 1 0 1 0 0 0
4H 1 0 1 1 0
6 1-J 1 0 1 1 0 1
6 K 1 0 1 0 1 1
12L 1 1 2 1 1 2

Copyright © M Valli Consulting AB, 1997-2007.
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Ce 168 Ce

Symmetry elements: Cg

Ce I Cst Ct Cc, C2 G
A 1 1 1 1 1 1 |T.R, 22, X2 + 2
B 1 a1 1 a1 1 A
E, 1 g S | -€ e |(Tw Ty Ru Ry [(x2,¥2)
1 g -€ 1 €t g
E, e (% - y2, xy)
1 < - 1 € -

& = exp(2mi/6) g = exp(-2mi/6)

Selection rules, forbidden vibrations

Infrared: Raman:
A|BI|E |E A|BI|E |E
A A
B B
E; E;
E, E,
(Missing information) (Missing information)
C, | 168 |[C,-A C,-D
Cs Rotatory
Wyckoff A B E; E, A B E; E,
1A 1 1 0 1 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

alli .
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Csp

Symmetry elements: Cs, oy,

Csp I Cs o S3
A 1 1 1 1 R, X2 +y?, 72
A" 1 1 -1 -1 T,
E 2 -1 2 1 |(T,T) (<2 - y2, xy)
E" 2 -1 -2 1 Ry Ry) (yz, x2)
Selection rules, forbidden vibrations
Infrared: Raman:
A [A"| E|E" Alarl e | E”
Al n X A X
A €1 X A"l x| o
E' X E
E" [ X n =
s | 174 |C,-A C,-G C,-J C,-L
Cap Rotatory
Wyckoff A E' A" E" A E' A" E"
1A-F 0 1 1 0 1 0 0 1
2 G-l 1 1 1 1 1 1 1 1
3J-K 2 2 1 1 1 1 2 2
6L 3 3 3 3 3 3 3 3
Vector
Wyckoff A E' A" E"
1A-F 1 0 0 0
2G-l 1 0 1 0
3J-K 1 1 0 0
6L 1 1 1 1
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Cen

Symmetry elements: i, Cg, o,

Ceh I Cgt Cit Cy Ci2 C° i SP® S o Sgt Sit
Ay 1 1 1 1 1 1 1 1 1 1 1 1]|R 22, X2 +y?
By 1 11 -1 1 -1 1 -1 1 -1 1 -1
Eig 1 e < 1 - & 1 & € -1 -« ¢ |ReR) (xz, yz)
1 ¢ € -1 £ ¢ 1 & - -1 £ ¢
Eog 1 € = 1 £ - 1 £ - 1 - - (X% -y, xy)
1 - - 1 - ¢ 1 = £ 1 - £
Ay 1131 1 1 1 1 -1 -1 -1 -1 -1 -1]|T,
B, 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1
Eiu 1 e < -1 - & -1 -« & 1 & £|(TT)
1 & - -1 £ ¢ -1 & & 1 ¢ -
=% 1 ¢ - 1 ¢ - -1 & & -1 & &
1 e = 1 - - -1 ¢ & -1 g ¢
& = exp(2mi/6) e = exp(-2i/6)
Selection rules, forbidden vibrations
Infrared: Raman:
Ag | By |Exg|Ezq| Ay | By |Epy|Eay Ag | By |Exg|Exq| Ay | By |Epy|Eay
Ag Ag
By By
Eig Eig
Eyg Ezg
A, A,
B, B,
E1 E1
Eau Eau
(Missing information) (Missing information)
Cont.
Méaﬁ'ysul‘ting AB Copyright © M Valli Consulting AB, 1997-2007.

33



Cen

175, cont.

Cen

Rotatory

175

C6h

Ag

Vector

Ag

C6h

Wyckoff

1A-B

2C-D

2E

3F-G

4H

61

6 J-K

12 L

Wyckoff

1A-B

2C-D

2E

3F-G

4H

61

6 J-K

12 L

Malli .
onsulting AB
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Dg

Symmetry elements:; 6C,, Cg

Dg |  2Cs 2C; C, 3C, 3G,
A, 1 1 1 1 1 1 2%, X2 +y?
A, 1 1 1 1 1 1 |T,R,
B, 1 -1 1 -1 1 -1
B, 1 -1 1 -1 -1 1
E; 2 1 -1 -2 0 0 [(Te Ty) Ry Ry) (xz, yz)
E, 2 -1 2 0 0 (X2 - y2, xy)
Selection rules, forbidden vibrations
Infrared: Raman:
Ap A2 By |By | B | By Ap A2 By |By | B | By
Aq Aq
A; A;
By By
B, B,
Eq Eq
E> E>
(Missing information) (Missing information)
D, 177 |Ds-A Cs-E C,C,)-J [CC,)-L |C,-N
Ds Rotatory
Wyckoff A, A, B B, E E|A A B B E E
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 2 1 0 1 1 1 2 1
4H 1 1 1 2 2 1 1 1 2 2
61 1 1 2 2 4 2 1 1 2 2 4 2
6 J-K 1 2 1 2 3 3 1 2 1 2 3 3
6 L-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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177, cont.

36

Vector

Wyckoff A, A, B, B, E E
1A-B 1 0 0 0 0 0
2C-D 1 0 0 1 0 0
2E 1 1 0 0 0 0
3F-G 0 0 0 0 1
4H 1 1 1 0 0
61 1 1 0 0 0 2
6 J-K 1 0 1 0 1 1
6 L-M 1 0 0 1 1

12N 1 1 1 1 2 2

Copyright © M Valli Consulting AB, 1997-2007.
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D6v

183

Symmetry elements:

Dg, |  2C; 2C; C, 30, 3oy
A, 1 1 1 1 1 1 T, 2%, X2 +y?
A, 1 1 1 1 1 1 |[R
B, 1 -1 1 -1 1 -1
B, 1 -1 1 -1 -1 1
E; 2 1 -1 -2 0 0 [(Te Ty) Ry Ry) (xz, yz)
E, 2 -1 2 0 0 (X2 - y2, xy)
Selection rules, forbidden vibrations
Infrared: Raman:
A |A,|B;|B, | Ef | E A |A,|B;|B, | Ef | E
A A
A, A,
B, B,
B, B,
E, E,
E, E,
(Missing information) (Missing information)
Cey 183 |C,, -A C(o)-D |C(s)-E |C,-F
D¢y Rotatory
Wyckoff A, 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
6 E 2 1 2 1 3 3 1 2 1 2 3 3
12 F 3 3 3 3 6 6 3 3 3 3 6 6
Cont.
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Vector
Wyckoff A, A, 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

Copyright © M Valli Consulting AB, 1997-2007.
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D3,

Symmetry elements: 3C,, Cs, 3oy, oy

Ds;, I 2C4(z) 3C, o 2S; 3oy
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 1T,
E' 2 -1 0 2 -1 0 |[(TxTy) (X2 - y2, xy)
E" 2 -1 0 -2 1 0 (Ry Ry) (yz, x2)
Selection rules, forbidden vibrations
Infrared: Raman:

A'lA A A | EE A A Ay [ A, E | E

Al n| x| X X Ay x| x| x

Ag| x| n X | X Al x|o]|x|x

Al x n|x X Al x| x|o]|x

A X x[e X Al x| x| x]o

E' X X E'

E" | x X n E"

D, | 187 |D,-A |C, -G Cpy - Cfop-L |Cf(c)-N [C,-O
D3, Rotatory
Wyckoff Al A E A" A" E" | AYA E A" A" E
1A-F 0 0 1 0 1 0 0 1 0 0 0 1
2 G-l 1 0 1 0 1 1 0 1 1 1 0 1
3J-K 1 1 2 0 1 1 0 1 1 1 1 2
6 L-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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187, cont.

40

Vector
Wyckoff A A B A" A" ET
1A-F 1 0 0 0 0 0
2 G-l 0 0 0 1 0
3J)-K 1 0 1 0 0 0
6 L-M 1 1 2 0 0 0
6N 1 0 1 0 1 1
120 1 1 2 1 1 2

Copyright © M Valli Consulting AB, 1997-2007.
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D 191

Symmetry elements: i, 6C,, Cs, S, 60y, o

DGh I 2C6(Z) 2C62 C63 302 3CZ| Gh 30\/ 3Gd 286 283 863
Aq 1 1 1 1 1 1 1 1 1 1 1 1 X% +y?, 72
Aqy 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1
Agg 1 1 1 1 -1 -1 1 -1 -1 1 1 1|R,
Ay 1 1 1 1 1 -1 -1 1 1 -1 -1 -1(T,
Big 1 -1 i1 -1 1 -1 -1 -1 1 1 -1 1
By, 1 -1 1 -1 1 -1 1 1 -1 -1 1 -1
Byg -1 1 -1 -1 1 -1 1 -1 1 -1 1
B, 1 -1 1 -1 -1 1 1 -1 1 -1 1 -1
Eig 2 1 -1 -2 0 0 -2 0 0 -1 1 2|RyxRy (yz, x2)
Ew 2 1 -1 -2 0 0 2 0 0 1 -1 -2|T, Ty)
Ezg 2 a1 1 2 0 0 2 0 0 -1 -1 2 0 - y2, xy)
Eou 2 -1 -1 2 0 O -2 0 O 1 1 -2
Selection rules, forbidden vibrations
Infrared: Raman:
Arg|Aru|Azg|Azu|Big|B1u|Bag|Bou| E1g | E1u | Ezg | Eou Aqg|Aru|Aog|Azu|Big|Biu|Bog|Bau| E1g
Agg| N X X[ X | x| x| x| x| x]Xx Ay x | x| x| x| x| x!x
Ay n XXX XX X X XX Al x o x| x| x| x|x]|x]x
Azg X n| X | X|X|X]|X|X]|XxX]|X]|X Azg x| xlolx | x| x| x| x
Ay, X|x|[e|[x]|x]|x]|X XX | X Ayl x | x| x]o| x| x|x|x]x
Big| X | X [ x| x| n|X XXX Byg| X | x | x [ x| o |x|x]x
Byl X | X | x| X | x| n|[Xx|[x]|x]Xx X Byl X [ x| x| x| x|o]x]|x]x
Bog| X | X | X [ X X XXX Byg| X | X [ X | x| x| x|o0]x
Boyl X | X | X | X X | X|nj|XxX]|X Bl X | x [ x| x| x|x]|x|o]x
Egg| X | X | X X | X[ x| x|n X Eiq X X X X
Enl X [ x| x| x| x| X]|X]|X e X El x X X X X
Exg| X | X | X | X | X X n Eog X X X X
Eou|l X | X | X | X X X € Eou| X X X X

Cont.
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Dgh 191, cont. Dgh,

Dy, | 191 |D,-A |C,-E C,(C)) -1 |Cu(C)-L|Cs)-N |C(s)-O |[Cfo)-P |C,-R
Dgp Rotatory
Wyckoff A1g Agg Big Byg Eig Ezg Ary Agy Bry Bay Exy Epy|Arg Agg Big Byg Eig Eng Ay Ay Byy Bay By Eyy
1A-B o 0 0o 0o 00 01 0 01 001 00 1 00 0 0 0 00O
2C-D 0o 0 1. 0 0 1 0 1 0 O 00 1.0 0 1 0 0 0 1 0 0 1
2E 100 0 1 0 0 1 0 0 1 00 1 0 0 1 0 1 0 0 0 1 o0
3F-G o 0 0o 0o 00 01 1 1 2 1401 11 2 1 00 0 0 00
4H 1010119019011 10 1 0 1 1 1 1 0 1 0 1 1
61 10 1 1 2 1 0 1 1 2 o1 1 1 2 1 1 0 1 1 2 1
6 J-K 11 0 1 1 2 0 1 2 110 1 2 1 0 1 1 2
6L-M 1119012 o011 1 2 10 1 1 1 2 1 1 1 1 0 1 2
12N 2 11 2 3 3 1 2 2 13 311 2 2 1 3 3 2 1 1 2 3 3
120 2 2 1 3 3 1 2 1 2 3 3|1 2 2 3 3 2 1 2 1 3 3
12P-Q 2 2 1 1 2 4 1 1 2 4 2|1 1 2 4 2 2 2 1 2 4
24R 3 3 3 3 6 6 3 3 3 3 6 63 3 3 3 6 6 3 3 3 3 6 6

Vector
Wyckoff Aqg Agg Big Byg Eig Ezg Ary Agy Biy Bay Eqy Eny
1A-B 10 0 0 0 0 O O O O O O
2C-D 10 0 0 0 0 O O O 1 0 O
2E 10 0 0 0 0O O 1 0 O O0 O
3F-G 10 0 0 0 1 0 O O O O O
4H 10 1 0 0 0O O 1 0 1 0 O
61 10 0 0 0 1 0 1 0 0 0 1
6 J-K 10 0 0 0 1 0 O 1 0 1 o0
6 L-M 10 0 0 0 1 0 o0 0 1 0
12N 10 0 1 1 1 0 1 1 0 1 1
120 1 0 0 1 0 1 0 1 1 1
12 P-Q 11 0 0 0 2 0 0O 1 1 2 o0
24R 11 1 1 2 2 1 1 1 1 2 2

alli _ |
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T 195

Symmetry elements; 3C,, 4C;

T | 4C; 4C82 3G,

A 1 1 1 1 X2 +y? + 72

E 1 e 8* 1 X2 + y2 _ 222, X2 _ y2
1 g g 1

F 3 0 0 -1 |(Te Ty, T)RuR,Ry) |(xy,yz, Xx2)

& = exp(2ni/3) g = exp(-2mi/3)

Selection rules, forbidden vibrations

Infrared: Raman:
A|lE|F A|lE|F
A A
E E
F F
(Missing information) (Missing information)
T 195 |T-A C,-E C,-F C,-J
T Rotatory
Wyckoff A E F A E F
1A-B 0 0 1 0 0 1
3C-D 0 0 3 0 0 3
4E 1 1 3 1 1 3
6 F-I 1 1 5 1 1 5
12 3 9 3 9
Vector
Wyckoff A E F
1A-B 0 0
3C-D 1 0
4E 1 0 1
6 F-1 1 1 1
121 1 1 3

alli
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T

Symmetry elements: i, 3C,, 4C3, 4S,, 364

T | 4C; 4Cg2 3C, | 4Sg 4S¢° 3o,
Aq 1 1 1 1 1 1 1 1 X% +y2+72
A, 1 1 1 1 -1 -1 -1 -1
Eq 1 g g* 1 1 € g* 1 (X2 +y2-2722 x2-y?)
1 g € 1 1 g € 1
E, 1 € e 1 1 e 0 -l
1 g € 1 -1 - — -1
Fy 3 0 0 -1 1 0 0 -1 |[(Ry Ry Ry (Xy, yz, x2)
Fy 3 0 0 -1 -1 0 0 1 [(Ty, Ty, T,
€ = exp(2mi/3) € = exp(-2mi/3)
Selection rules, forbidden vibrations
Infrared: Raman:
Ag| A, | Eg | Ey|Fy|Fy Ag| A, | Eg | Ey|Fy|Fy
Ag Ag
Ay Ay
Eq Eq
= =
Fy Fy
Fy Fy
(Missing information) (Missing information)
.| 200 |T,-A C,- | C, -E C,-J c,-L
Th Rotatory
Wyckoff A, E F, 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
12 J-K 2 2 4 1 1 5 1 1 5 2 2 4
24L 3 3 9 3 3 9 3 3 9 3 3 9
Cont.
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onsulting AB

Vector
Wyckoff A, By Fg Al By Fy
1A-B 1 0 0 0 0 0
3C-D 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
24 L 1 1 3 1 1 3
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O

207

Symmetry elements: 6C,, 4C3, 3C,4

o} | 8C; 3C, 6C, 6C,
A, 1 1 1 1 1 X2 +y?+ 722
A, 1 1 1 a1 A
E 2 -1 2 0 0 (X2 +y?%-2722, x2-y?)
F, 30 1 1 -1 |ReRuR)(TT,T)
F, 3 0 -1 -1 1 (xy, yz, X2)
Selection rules, forbidden vibrations
Infrared: Raman:
A |A | E|F|F A |A | E|F|F
A A
A, A,
E E
Fy Fy
F F
(Missing information) (Missing information)
207 |0-A C,-E C,-G C,C,)-1 |C,-K
o Rotatory
Wyckoff AA A, E F F|A A E F 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
6 E-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 2 5 5
121-J 1 2 3 5 4 1 2 3 5 4
24 K 3 3 6 9 9 3 3 6 9 9
Cont.
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207, cont.

Wi
onsulting AB

Vector
Wyckoff A A E Fy F,
1A-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 2 1 1
12 1] 1 0 1 1 2
24 K 1 1 3 3
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T, 215 T,

Symmetry elements: 3C,, 4C3, 3S,

Ty I 8C; 604 6S; 35,2
A, 1 1 1 1 1 X2 +y2+ 72
A, 1 1 1 a1 1
E 2 -1 0 0 2 (X +y2-222 x2-y?)
F, 3 0 -1 1 -1 |RuR.R)
F, 3 0 1 -1 -1 (T Ty, T (xy, yz, X2)
Selection rules, forbidden vibrations
Infrared: Raman:
AL Ao | B TRTR AlA | E|F|F
Al n| x| x]X A X X
Al x| n|Xx X Al x| o X
E|lx|[x|n E
Fp| X n Fr| x n
Fa X F, X
T, | 215 |T,-A C, -E C, -F C,- | C,-J
Ty Rotatory
Wyckoff AA A, E F F|A A E F F
1A-B 0 0 0 1 0 0 0 1 0
3C-D 0 0 0 2 0 0 0 2
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.

alli _ |
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Vector
Wyckoff A A E Fy F,
1A-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 1
12H 1 2 1 1
1211 1 0 1 1 2
24 1 1 3 3
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o 221 o

Symmetry elements: i, 6C,, 4C3, 3C4, 3S4, 4Sg, 90y

Oy, I 8C; 6C, 6C, 3C,2 i 6S; 8Sg 3o, 6oy

Aq 1 1 1 1 1 1 1 1 1 1 X2 +y2 + 72

Ay 1 1 1 1 1 1 1 1 -1 4

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

Ay, 1 1 4 -1 1 a1 1 a1 a1 1

Eq 2 -1 0 0 2 2 0 -1 2 0 (R +y2-222, x2 -y

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

Fig 3 0 4 1 -1 3 1 0 1 -1 |(RuRyR)

Fiy 3 0 4 1 1 -3 1 0 1 1 |(T,T,Ty)

Fog 3 0 1 -1 -1 3 -1 0 -1 1 (xy, yz, x2)

Fay 3 0 1 1 -1 3 1 0 1 4

Selection rules, forbidden vibrations
Infrared: Raman:

Ag | Awu|Azg| Aou| By | Bu | Fig| Fuu| Fog | Fau A | Asy|Asg| Acu| Eg | Ey | Frg | Fu | Fag | Fau
Agl n [ x| x| x| x|[Xx]X X | X Ay x | x | x x | x| x X
Ayl x| n| x| x| x| X X | x| x Ayl x| o] x| x| x x | x| x
Pgg X [ x| n | x [ X |X]|X]X]|X Ayl x | x| o|x X x | x | x
Aoyl X | X | X[ n | x| x| X|X X Ayl x | x| x| o] x X x | x
Eg| x [ x | x| x| n[X]|X X E, X X X X X
E,| x| x| x| x| x]n X X E, | x X x| nl x X
Fig| X X X ] X n X Fig| X | X X x | 1] x X
Fiu X [ x| x X n>1 X Fu| x| x| x X x| nl x
Fog | X | X | X X X n Fag X | x| x X X X
Fau| X | X X X X n Fou | X x| x| x X x| n

Cont.
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221, cont.

O

o} 221 |0, -A C,-E C, -G - | C(s)-K |C(s)-M [C,-N
(O Rotatory
Wyckoff Ay Ay Eg Fig Fog Ay Ay By Fuy Fay|Ayg Ay Ey Fig Fog Ay Ay Ey Fyy Fy
1A-B o o o o 0 o o0 O 1 0fO0 O O 1 0o 0 0 0 o0 o0
3C-D 0 0 0 O o o o 2 1(0 O O 2 1 0 O O o0 O
6 E-F 1 0 1 i1 o 0 0 2 1(0 O O 2 1 1 0 1 1
8G $1 0 1 1 2 o0 1 1 2 10 1 1 2 1 1 O 1 1 2
12H i1 2 2 2 0 O O 3 3|0 0 O 3 3 1 2 2 2
121-] 11 2 2 2 o0 1 1 3 2(0 1 1 3 2 1 1 2 2 2
24 K-L 2 2 4 4 4 1 1 2 5 51 1 2 5 5 2 2 4 4 4
24 M 2 1 3 4 5 1 2 3 5 4(1 2 3 5 4 2 1 3 4 5
48 N 3 3.6 9 9 3 3 6 9 9(3 3 6 9 9 3 3 6 9 9
Vector

Wyckoff  |Ayy Ay Eq Fig Fog Ay Ay Ey Fyy Fy

1A-B 1 0 0 O O O O o0 o0 o

3C-D 1 0o 1 0 O O O o o0 o

6 E-F 1 0o 1 0 O O O 0 1 o

8G 1 0o o0 o0 1 0 1 o0 1 O

12H 11 2 0 0 O O 0 1 1

12 1] 1 0o 2 0 1 0 0 o0 1 1

24 K-L 11 2 1 1 O O 0 2 2

24 M 1 0o 1 1 2 O 1 1 2 1

48 N 11 2 3 3 1 1 2 3 3

8fa&'{isulﬁng AB Copyright © M Valli Consulting AB, 1997-2007.



Dygq

Al

Symmetry elements: 4C,, Cy4, Sg, 464

D4d I 288(2) 2882 2883 884 402 4Gd
A, 1 1 1 1 1 1 1 X2 +y?, 72
A, 1 1 1 1 1 -1 -1 R,
B, -1 1 -1 1 1 -1
B, 1 -1 1 -1 1 -1 1 T,
E, 2 Y2 0 2 2 0 0 |TT
E, 2 0 -2 0 2 0 0 (X2 - y2, xy)
Es 2 o 0 o 2 o 0 |(RwR) (yz, Xz)
Selection rules, forbidden vibrations
Infrared: Raman:
A |A|By|By|Ef | Ey | Eg A lA,|By|B,|E | Ey | Es
A |l+e| x | X X | X A x | x| x
A, | x [1+e X X | x A, ol x| x| x
By | X 1+e| X | X | X Byl x| x| o] x X
B, X | x|[e|x]X By x| x| x]o X
E, X | x|e E | x| x 0
Eo | x | X [ x [ X 1 E,
Es| x| X l+e E, x | x
Wan
52 Copyright © M Valli Consulting AB, 1997-2007. onsulting AB



Cs

Symmetry elements: Cs

Cs I G G2 C8 Cf
A 1 1 1 1 1 |T,R, X2 +y2, 7%
= 1 e & & & [(TuTY)RLR) (xz, yz)

1 g g2 € €
E, 1 2 & e & (X2 - y2, xy)

1 g2 € g g2

& = exp(2ni/5) = 115 " = exp(-2mi/5)
Selection rules, forbidden vibrations
Infrared: Raman:
E. | E E, | E,

A A
E; E,
E, E,

(Missing information)

(Missing information)

Wi
onsulting AB
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C5v

Symmetry elements:

Csy I 2C5 2Cg? 50,

A, 1 1 1 1 1T, x? +y?, 22
A, 1 1 1 -1 |R,

E; 2 a b 0 [(Tw Ty) Ry Ry) (xz, yz)

E, 2 b a 0 (X2 - y2, xy)

a =2 cos 21t/5 = exp(2xi/5) + exp(-2mwi/5)

Selection rules, forbidden vibrations

Infrared:

(Missing information)

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

Raman:

54

(Missing information)
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Cep A4 Cep

Symmetry elements:

Csy | Cs' G G Gy Ch S
A 1 1 1 1 1 1 1 1 1 1 |R, x? +y?, 22
E, 1 e & & g 1 € g2 & & |(TTy)
1 g & & € 1 g & € €
Ey 1 g2 g € e 1 g2 e € e (% - y2, xy)
1 & ¢ g g 1 & ¢ g g
A" 1 1 1 1 1 -1 -1 -1 -1 1T,
E, 1 g g2 e g -1 £ g2 €2 " [(RuRy) (xz, yz)
1 g g2 € € A A
E," 1 g2 & e & 1 2 g 5 £
1 & ¢ g g2 1 g2 e gt g2

& = exp(2ni/5) = -11/° g = exp(-2mi/5)

Selection rules, forbidden vibrations

Infrared: Raman:
A |E{ By | A" |E"|EY" A |E'|Ey | A" |E{"|E)"
A A
Ey E/
E,’ =Y
A" A"
E." E."
E," £,
(Missing information) (Missing information)
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Ds

Symmetry elements:

Ds I  2C; 2C¢? 5C,

A, 1 1 1 1 x? +y?, 22
A, 1 1 1 -1 |T,R,

E; 2 a b 0 [(Tw Ty) Ry Ry) (xz, yz)

E, 2 b a 0 (X2 - y2, xy)

a =2 cos 21t/5 = exp(2xi/5) + exp(-2mwi/5)

Selection rules, forbidden vibrations

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

Raman:

Infrared:
ALl A2 | B | B

Aq

A;

E

E;

(Missing information)
56

(Missing information)
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Dsy

Symmetry elements:

Dy I 2Cs 2Cg% 5C, i 2S5° 2S5 5oy
Agq 1 1 1 1 1 1 1 1 X2 +y?, 72
Agg 1 1 1 1 1 1 1 -1|R,
Eig 2 a b 0 2 a b 0 [(RuRy) (xz, yz)
Eog 2 b a 0 2 b a 0 (X2 - y2, xy)
Ay 1 1 1 1 1 1 1 4
Ay, 1 1 1 1 -1 1 -1 1T
Eqy 2 a b 0 -2 -a -b 0 [(Ty Ty
Eoy, 2 b a 0 -2 -b -a 0
a =2 cos 21t/5 = exp(2xi/5) + exp(-2mwi/5) b =2 cos 4n/5 = exp(4ni/5) + exp(-4mi/5)
Selection rules, forbidden vibrations
Infrared: Raman:
Agg|Azg|E1g| E2g | Awu|Azu|E1u | Eou Aqg|Aog| E1g| Eog|Aru|Aou| E1u| Eou
Aug Ay
Aag Ay
Eig Exg
Fag Epg
A Ay
A Ay
E1 SH
Eay Eau
(Missing information) (Missing information)
8fa&'{isulﬁng AB Copyright © M Valli Consulting AB, 1997-2007.
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Dg,

AT

Symmetry elements: 5C,, Cs, 5oy, oy,

Dsp, I 2C5 2Cs2 5C, o, 2S5 2S5° 5o,
A 1 1 1 1 1 1 1 1 X2 +y?, 22
A, 1 1 1 1 1 1 1 -1 |R,
E,’ 2 a b 0 2 a b 0 |[(T,T)
E,’ 2 b a 0 2 b a 0 (X2 - y2, xy)
A" 1 1 1 1 -1 -1 -1 -1
A" 1 1 1 -1 1 -1 1T,
E." 2 a b 0 -2 -a -b 0 |(RuRy) (xz, yz)
E," 2 b a 0 -2 -b -a 0
a =2 cos 2n/5 = exp(2xi/5) + exp(-2mi/5) b = 2 cos 4n/5 = exp(4ri/5) + exp(-4ni/5)
Selection rules, forbidden vibrations
Infrared; Raman:
Al | A [ Ef By [A A E B A A B 6 [ar Ay 6 6,
A AL
A A,
E, =
E, =
A" A
Ay A
E," £,
E," =
(Missing information) (Missing information)
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De4 A8

Symmetry elements:

Degg | 28, 2C4 2S, 2C; 25,° C, 6C, 6oy
A 1 1 1 1 1 1 1 1 1 x? +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|7,
E, 2 Y3 1 0 1 3 2 0 0 [(T,T)
E, 2 1 -1 2 A 1 2 0 0 (X2 - y2, xy)
Eg 2 0 -2 0 2 0 -2 0 0
E,4 2 -1 -1 2 -1 -1 2 0 0
Eg 2 Y3 1 0 -1 J3 -2 o0 0 [(RwR) (xz, y2)
Selection rules, forbidden vibrations
Infrared: Raman:
Ar|A2 By | By |E1 | By [Eg|Eq | Es A;|A, By |B,|E | Ey | Eg| Eq | Es
Ay A
A A,
B, B,
B, B,
E, E,
E, E,
Es Es
E, E,
Es Ee

(Missing information)

(Missing information)

alli
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Sg A9

Symmetry elements:

Sg IS¢t C, S C, S Cf Sy
A 1 1 1 1 1 1 1 1 |R, x? +y?, 22
B 1 -1 1 -1 1 -1 1 10T,
E; 1 £ i < -1 -€ -l e |(Tw Ty (R Ry)
1 g -1 -g -1 -€" i €
E, 1 i -1 i 1 i -1 i (X2 - y2, xy)
1 -i -1 i 1 -i -1 i
E; 1 " i € -1 ¢ i -€ (xz, y2)
1 -£ i g -1 g -i €
€ = exp(2mi/8) g = exp(-2mi/8) i = exp(4ni/8)
Selection rules, forbidden vibrations
Infrared: Raman:
A|B |E |E|Es A E |E, | E
A A
B B
E, E,
E, E,
Es E,

(Missing information)

(Missing information)
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C... A10 C...

Symmetry elements: C,, oo,

Corv l 2C.° 2c. 20 2c, % 000,
A =zt 1 1 1 1 1 |T, X2 +y2, 72
A, =3 1 1 1 1 .. -1 |R,
E,=II 2 2 cos ¢ 2¢0s 2¢ 2 cos 3¢ 0 [T TY R Ry [(x2-Y2 xy, xz, y2)
E,=A 2 2c0s2¢p  2C0Ss2x2¢p 2CO0S3x2¢ .. 0
E;=® 2 2cos3p  2c0s2x3¢p 2c0S3x3¢p .. 0

Selection rules, forbidden vibrations
Infrared: Raman:

Wi
onsulting AB
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Dooh

All D,

Symmetry elements: C,,, %o, oy

C. | 2C?2C2*2C% o ®C, o, 257 28% . s,
Ay =34 1 1 1 1 1 1 1 1 1 1 X2 +y2, 72
A=3%,f 1 1 1 1 101 1 1 1 1T,
Agg=Z4 1 1 1 -1 A 1 1 1 .
Ay =2, 1 1 1 1 11 1 1 1 -1
Eqg = I 2 a b c -2 0 0 -a b 2 [(RyRy) (xz, yz)
Eq =11, 2 a b ¢ 2 0 0 a b 2 [(Ty, Ty)
Eog = Aq 2 b d e 2 0 0 b d 2 (X2 - y2, xy, Xz, yz)
E,u= A, 2 b d e 2 0 0 -b - -2
Ezq = @y 2 c e f 2 0 0 - - 2
Bz, = D, 2 c e f 2 0 0 c d -2

a=2cos @ b=2cos2¢ € =2cos 3¢ d=2cos 4o e =2cos 6¢ f=2cos 99
Selection rules, forbidden vibrations
Infrared: Raman:

S5 20 2y Iy Ag, Ay, @, @,

S0 20 2 I, Ay, @, @

62
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g~ N

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 3 and the space
group by the table on page 4. Put the molecule in a right-hand cartesian coordinate system, with the highest rotation axis
paralell to the z-axis.

Determine the total number of vibrations (3n - 6, 3n - 5 for linear molecules) in the molecule.
Determine and fill in the number and type of equivalent (with regard to symmetry) atoms.
Fill in the corresponding Wyckoff sites as taken from the table on page 4.

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. The values for the
degenerate groups are written as is and represents the observed number of vibrations, but are multiplied by 2 (for E) and by 3
(for F) to get the total degree of freedom.

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.

Determine the number of infrared and Raman active modes by applying the selection rules (taken from the character table
and/or the selection rules tables).

Example: Acetone

Co
Molecule: Acetone <~ z
Point group: Coy [0) y
Space group: 25 H'\C'/(”:\C'/HI
Total number of vibrations:  3x10-6 =24 iz =\ X
H" H" |[H" H"
(:E()(z)lii(;/iiftgts Wyckoffsites | A, | A, | B, | B, | Comments
0] 1A 1 0 1 1 | O on the C,axis - Wyckoff site A
C 1A 1 0 1 1 |Conthe C,axis > Wyckoff site A
2C 2E 2 1 2 1 |2 equivalent C' on the xz mirror plane — Wyckoff site E
2H' 2E 2 1 2 1 |2 equivalent H' on the xz mirror plane — Wyckoff site E
4H" 41 3 3 3 3 |4 equivalent H" in unique positions — Wyckoff site |
- Rotational freedom - 1 1 1 |Ry Ryand R, in the character table
- Translational freedom 1 - 1 1 |Ty Tyand T, in the character table
Tiotal = 24 8 4 7 5 | Total number of vibrations
IR active modes, X = 20 8 - 7 5 |A,isnotinfrared active, see the selection rules
Raman active modes, X = 24 8 4 7 5 | No forbidden vibrations, see the selection rules

Species containing x2, y2 and/or z2 are Raman active and polarized.
Species containing other combinations of x, y and z are Raman active and depolarized.
Species containing the translations (Ty, T, and T,) are IR active.
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Adams - Newton analysis

Molecule:

Point group:

Space group:

Total number of vibrations:

Equivalent Wyckoff sites
coordinates

- Rotational freedom

- Translational freedom

Ttotal

IR active modes, > =

Raman active modes, X =
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