Appendix VIll: Character
Tables for Some of the More
Common Point Groups

Character tables are given in this appendix for the following point groups: (1)
the groups which correspond to the 32 crystal classes (see Table 8-14), (2)
groups containing 5-fold axes that may be needed to describe the symmetries
of certain molecules or complex ions, and (3) the infinite groups Gy and
YD oon that are appropriate to linear structures.

Some comment on the notation for the irreducible representations
(symmetry species) is necessary, as certain variations will be found in
the literature. Molecular spectroscopists usually designate one-dimensional
symmetry species by A or B, two-dimensional species by FE, and three-
dimensional species by F or T. Some authors prefer lower-case letters to
capitals. The symmetry or antisymmetry of a given species with respect to
the generating rotation operation distinguishes A and B. Subscripts 1 and 2
are used on A and B according to the symmetry with respect to rotation
about a C, axis perpendicular to the generating axis. Symmetry with respect
to inversion is indicated by a subscript g or u (see Section 4.4.2), while a
prime or double prime identifies species that are, respectively, symmetric or
antisymmetric with respect to a horizontal plane. Finally numerical subscripts
are used to distinguish various doubly and triply degenerate species.

For linear molecules or ions the symbols are usually those derived from
the term symbols for the electronic states of diatomic and other linear
molecules. A capital Greek letter X, 1, A, &, ... is used, corresponding to
A=0,1,2,3,..., where A is the quantum number for rotation about the
molecular axis. For ¥ species a superscript + or — is added to indicate the
symmetry with respect to a plane that contains the molecular axis.

The components of the translation and rotation vectors are givenas I,, T, T,
and R, Ry, R,, respectively. The components of the polarizability tensor
appear as linear combinations such as a,, + oy, etc., that have the symmetry
of the indicated irreducible representation.
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Table 1 Character tables for the cyclic groups, G,(n = 2, 3,4, 5, 6).

& ' E G

A 1 T‘Z’ RZ Qyx,y ay‘w aZZv ax_v

B 1 - TX9 Ty» Rx’ R\ ay:v (0229

G l E C32 ‘ e =exp2mi/3)

A 1 1 1 T., R, Upx + Oy, Oy

1 ¢ ¢&*

E 1 &% ¢ (T, Ty)’ (R;, Ry) (Qex — Qyy, axy)’ (ayz’ )
G4 [ E Ci C C} ’ L

A 1 1 1 1 T., R, Oy + 0y, Oy,
B 1 -1 1 -1 Uyx — Oy, O,

1 i -1 —i
E { | 1 } (Te. 1), (Re, Ry) @y 02)
G's E ¢ ¢ ¢ ct & = exp(2mi/5)
A 1 1 1 1 1 T, R, Oy + oy, Oy,
1 £ g2 gPk g*
El { 1 E‘* &‘2* 82 e } (Txv Ty)v (Rx, R») (ayzs azx)
1 & &% ¢ g*
E, { 1 2% ek 2 (orgx — Ayy, axy)
Gy E C C; G cz C & = exp(2mi/6)
A 1 1 1 1 1 T., R, Oy + ooy, 0
B 1 - 1 —1 1 -1
1 & —&* —1 —¢ ex
El { 1 6* —e -1 —8* e } (T.Xv Ty), (Rx, Ry) (ayz - azx)
1 —e* —¢ 1 —e* —¢
E; { 1 —¢ _e* 1 —e _e* } (yx — Qyy, axy)
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Table 2 Character tables for the dihedral groups, &¥,(n = 2, 3,4, 5, 6).
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D=7 E G Gy Glx)

A 1 1 1 1 Uxx, a'\‘_\" a:z

B, 1 1 -1 -1 T., R. o,

B2 1 “1 1 _1 T"’ R)- (x:x

B; 1 -1 -1 1 T:, R« Ay:

9 | E 205 3¢ ‘ ‘

A1 1 1 1 axx + a_\')‘? az:

A, 1 I -1 T,, R,

E 2 -1 0 (sz Ty)» (Rxs R\) (axx - ayy» axy)7 (ayzy a:x)
D, E 2C, C, 2C, 2

A 1 1 1 1 1 Uy + Ayy, Oy
A, 1 1 1 -1 -1 T..R,

B 1 -1 1 1 -1 Qrx — Uy

B, 1 -1 1 =1 1 Cy

E 2 0 -2 0 (sz T_\')s (R)n R») (ay:v azx)

@s | E  2Cs 202 5¢ a=72°
Al 1 1 1 1 axx + a,\‘y? aZZ
A, 1 1 1 -1 T.,R.

E, 2 2cosa  2cosa 0 (T, T)), (R, Ry) (ayg, 0
E, 2 2cos2a 2cosa 0 (@ax — Ay, )
Ds | E 2Cs 2C5 C, 3C, 3¢y

A] 1 1 1 1 1 axx + ay)'v aZZ
A |11 1 1 =1 -1 T., R,

B, 1 -1 1 -1 1 =1

B, I -1 1 -1 -1 1

E, 2 1 -1 =2 0 0 | (T,T),(R. Ry (yz, 0zx)
E2 2 -1 —1 2 0 0 (axx - ay)'v axy)
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Table 3 Character tables for the groups &,,(n =2,3,4,5,6).

Dop = Vp

E

Cr(2) Ca(y)

Colx)

i o(xy)

o(xz) o(yz)

Ag
By,

ty

1
1
i
1
1
1
1
1

1
1
—1
-1
1
1
-1
-1

3Cé oy,

1
-1
1
~1
1
-1
1
—1

2853

1
-1
-1

1

1
-1
-1

1

30y

1 1
-1 -1 R;
-l Ry
-1 1 Rx
. |
1 1 T,
-1 1 T,
-l Ty

(S A

o

1 —1
|

Cy 2Cé

-1
-1
-1

2c)

—1

-1

R;
(Tx. Ty)

(Rx. Ry)

284 oy 209

Oxx +Qyy, 07z

(oxx —ayy.axy)

(Oyx, tzx)

Qxx. Cyy, Oz
axy
Ozx
ay;

N — — s om R — e o —

2Cs

-1
-1

—1
-1

-1
-1
-1
-1
-2

Oh

1
1 1 -1
1
I -1
-1 -1 -1

I -1 -1

Crx + Cyy, 0z

oxx — yy
Qxy
(ayz; azx)

~

N —

1

2cosa
2cos 20

1
1

2cos
2cos 2w

2cos 2a
2cos

1

1
2cos 2
2cos o

2cos 2

2cos 2a 2cos o 0

-1
-1

—2cos2a —

1
1

—2cosa —2cos 2 0 | (Rx.Ry)
0

i -1 R,

cos 2o 0 | (Tx, Ty)

I;

2cosa

(orxx

—Cyy, dxy)

(eryz, @zx)
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Table 3 (Continued).
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Dep E 2C¢ 2C3 3Cé 3C§/ i 283 2S¢ oy 304 3oy

Ajg 1 1 1 1 1 1 t 1 1 1 i 1 Uxx + Uyy, Qzz
Agg 1 1 1 1 -1 -1 i 1 I 1 -1 -1 R,

Big 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1

Bog 1 -1 I -1 -1 1 1 -1 1 -1 -1 1

Eg 2 1 -1 =2 0 0 2 1 -1 -2 0 0 (Rx, Ry) (@yz, Qzx)
Epg 2 -1 -1 2 0 0 2 -1 -1 2 0 0 (orxx —ayy, dxy)
Ay 1 1 1 ! 1 I -1 -1 -1 -1 -1 -1

Aoy i 1 1 I -1 -1 -1 -1 -1 -1 1 1 T;

By 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1

By, 1 -t I -1 -1 1 -1 1 -1 1 1 -1

Epy 2 i -1 -2 0 0 -2 -1 1 2 0 0 (Tx. Ty)

Eoy 2 -1 -1 2 0 0 -2 1 1 -2 0 0

Ag 1 1 R, Ry7 R, | o, Qyyy Qzzy Oxy
Qyz, Oy

A, 1 —1| T.T,T.
Ss \ E S C S |
A 1 1 1 1 R, oy + Ay, 0
B 1 -1 1 -1 T. Qrr — Uy, Uy
O A i B KOS SN DY TRV

—i - i

Js| E C3 €I i S S e =exp(2mi/3)
A, I 1 1 1 1 1 R, Qxx + ayy, O
B | 1 ol E*] (Res R | (@ue — @y 0y, (@00 022)
1 &% ¢ 1 &% ¢ ) )
A, 1 1 1 -1 -1 -1 T,
* *
Eu 1 € & -1 —& —¢ ] (Tn T.
[ 1 &% & —1 —g* —¢ )

Jg E S Co S5 C S € S e = exp(2mi/8)
A 1 1 1 1 1 1 1 1 R. Qe oy, Qg
B 1 -1 1 -1 1 -1 1 -1 T.
E 1 & i —e* -1 — —i ex (T.. T))

: [ 1 &% —i —& —1 —e* | £ } ’
E 1 i -1 —i 1 i =1 =i Oy — Oy, iy

: [ 1 =i —1 i 1 —i -1 ] ( 2 Oy)

* _; *x

E 1 —& -~1 & —1 & i —& ] (Rx’ R\.) (a' ,le)

? [ 1 —¢ i e* —1 g —i —g* ’ e
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Table 5 Character tables for the groups Gnr(n = 1,2,3,4,5,6).
(’)lh = ())5 E T
A 1 1 Tx, Ty, R; Oxx.Oyy, Qzz, Axy
A" 1 -1 T, R, Ry Oyz. Oy
G E Cy i 9oy
Ag 1 1 1 1 R, Oxx.Oyy, 07z, Oxy
By 1 -1 1 -1 R, Ry @y, Oy
Ay 1 1 -1 =1 T,
By e | 1 Ty, Ty
Gy, E ¢3 3 o S 5 & = exp(2mi/3)
A 11 1 11 R Oxx + ayy. 02z
, 1 ¢ e* 1 e 3ol
E 1 ek c 1 ex (Tx, Ty) (axx ‘ayyqaxy)
A" 11 1 -1 -1 -1 T,
1 ¢ eX -1 —¢ —e*
E” Ry, Ry ayz. o
1 e* & 1 —e* g } (Rx. Ry) (ayz. ozx)
Gan E C G C i 8} o 8
Ag 1 1 1 1 1 1 1 1 R; Qxx +ayy, 07z
By 1 —1 I -1 1 -1 1 -1 Oxx — Qyy, Oxy
1 i -1 - 1 i =1 -
EE l 1 —i =1 i 1 —i =1 i] (Rx-Ry) (Olyzvazx)
Ay 1 1 1 t -1 -1 =1 -1 T;
By 1 -1 1 -1 -1 1 -1 1
1 i -1 - -1 —i 1 i
Eu { T L L T ] T Ty)
Gsn| E ¢ ¢t i ¢t o 55 sl st s € = exp(2mi/5)
A 11 1 1 1 11 1 1 1 R; dyx + dyy, Gz
2 2% » 2 2% *
E 1 e £ £ £ 1 £ £ £ £ T,.T,
! { 1 eX 2% 2 1 L e £ de 1
2 * 2% 2 * 2%
E. 1 e 3 £ € | & & € & (@xx — Oy, Uxy)
2 I 1 2% ¢ ek g2 1 e* ek g2
A 1 1 1 1 1 -1 -1 -1 -1 -1 T,
2 29 * 2 2% *
E” 1 e > £ £ -1 —& —& —£ —£ Ry, R,
: I 1oex 2% 2 o ] gk Dk 2 (Res By) (e +oz2)
EIZ/ 1 £2 X g e* 1 g2 _ex g —g2%
1 2% ¢ eX g2 o1 Pk g —eX g2
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Table 5 (Continued).
G| E Co €3 C €2 C2 i 8§ S on S 5 & = exp(27i /6)
Ag 1 1 1 1 1 1 1 1 1 1 1 1 R: Oxx +Qyy, 07z
Bg 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1
* * * *
E, I & —e% -1 —¢ € I & —e¥ -1 —¢ & (Rx, Ry) (@yz,Qzx)
g I g% - -1 —e* ¢ 1 &% —¢ -1 —g* ¢ AR l !
* * * *
E, 1 —e® —¢ 1 —&e* —¢ 1 —e* —¢ 1 —e¥—¢ (Qxx — Qyy, Cxy)
g 1 —e —e* 1 —e —e* 1&g —e* | —¢ —e* e
Ay 1 1 i 1 1 I -1-1 -1 -1 -1 -1 T
By 1 -1 1 -1 I -1 -t 1 -1 1 -1 1
* * * *
E, 1 & —&% -1 —¢ ex —1 —¢ & 1 & —¢ (T, Ty)
’ 1 % —¢ —1 —s% & —|—¢k ¢ 1 e¥ ¢ Y
Ey, 1 —e* —¢ 1 =X~ —1 g% ¢ | PA
1 —& —e* 1 —¢ —eX_-1 ¢ e* 1 e &%
Table 6 Character tables for the groups G, (n =2, 3,4, 5, 6).
Gy E Cy oy(xz) ou(yz)
Ay 1 1 | 1 T xx, Ayy. Qzz
Ay | I G -1 R axy
B, 1 -1 1 -1 T Ry P
B, 1 -1 -1 1 Ty Ry ay;
G E 203 30y ‘ ‘
Ay i 1 1 T; Uxx + Uyy, Oz
Ay 11 - R;
E 2 -1 0 (Tx, Ty). (Rx. Ry) (oxx —ayy, axy), (@yz, Azx)
Gy E 2C4 Cy 20y 204 I 1
Ay 1 1 1 1 | T Oxx + dyy, 0z
Ay 1 1 1 -1 -1 R
Bl 1 —1 1 I -1 Oxx —Uyy
B, 1 -1 1 -1 1 xy
E 2 0 -2 0 0 | (Te.Ty).(Re,Ry) (@yz. @2x)
Gsy E  2Cs 2 Soy l ‘ a=72°
Ay 1 1 1 1 Ty Uxx + Oyy, 07z
Ay 1 t 1 -1 R:
E; 2 2cosa 2cos2a 0 (Tx. Ty), (Rx, Ry) (@tyz.0zx)
E> 2 2cos2a 2cosa 0 (orxx — @yy, Axy)
Ges | E 2Cs 2C3 C3 3oy 3oy
Ay 1 1 1 1 1 1 T, axx +oyy, Qxy
Ay 11 1 1 -1 -l R,
B 1 -1 1 -1 1 -1
B, 1 -t 1 -t -1 1
E; 2 1 -1 =2 0 0 (Tx.Ty). (Rx, Ry) (@yz, 0zx)
Ey 2 -1 -1 2 0 0 (axx — @yy. dxy)
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Table 7 Character tables for the groups, Y,4(n = 2,3,4, 5, 6).

Dag

=9y

&)

2Cé 204

3Cy

B — e

28¢ 3oy

-1 R,

1 T,
0 | (Tx.Ty).(Re.Ry)

Oxx +0yy, Qzz

Uxx — Qyy
Axy
(etyz, tzx)

B e B e —

o]

28%

2Cy

-1
-1
-2

1 -1 R,

Uxx + Uyy, Qzz

0 (Rx, Ry) (Qxx ~ Qyy, Uxy), (@yz, zx)

1 T,
0 | (T Ty

Dsg

E

[N R S JE SR

O N O =

2c?

R;

1
1
1
1

0 0 (Te Ty)
0
0 (Re, Ry)

283, 2819 Soy

Uxx +01yy»‘1zz

(axx — C‘yyvaxy)

(@yz, 0zx)

a=72°

1
1
2
2
i
1

try

2 2cosa
2 2cos2a

2512

1
1

2 cos 2
2cos a

1
1

2cos 2a
2cos

2C¢

28,

2cosa 2cos2a
2cos2a  2cosa
_1 —1 _
-1 -1
—2cosa —2cos 2a
—2cos2a —2cosa

OO = OO — -

5
257

o
B
(=3
A
2
g
0

Uxx + Qyy, Uz

(Rx, Ry) (ayz, otzx)
(orxx — @yy, dxy)

I;
(Tx, Ty)

B RN DN B o e

1
i
-1
-1
V3
I
0
-1
-3

— e

~1
-2
-1

1
1
-1
-1
0
-2
0
2

0

-1

1
1
-1
-1

-3
1
0
-1
NG

|
N R R N

O OO OO e
O OO OO =~

[
~

Uxx + Qyy, 0zz
R,
I

(Tx. Ty)
(@xx — Qyy, 0xy)

(Rx, Ry) (@yz, 0zx)
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Table 8 Character tables for the cubic groups.

T | E 4C; 4CF 3C, ! | £ = exp(2mi/3)
A 1 1 1 1 Ay +ayy +ag;
*
E ( } i* i i ] (aex + Ayy — 20007, Olxx — ay_v)
T=F 3 0 0 -1 T,R (aX_\‘v Ayz, Qzx)
T h E 4C3 4C} 3G, i 4S5 45 3o &€ = exp(2mi/3)
A, 1 1 i 1 1 1 1 1 Qpx + 0ty + 0y
E 1 e X 1 1 e¥ 3 1 (Qxx +ayy = 20,
8 1 &% & 1 1 & e* 1 gy — Oyy)
XX Yy
Ty =F, 3 0 0 -1 3 0 0 -1 R (Qxy, Qyz, Czy)
Ay 1 1 1 —1 -1 -1 -1
* *
E 1 € 1 -1 —¢ - -1
‘ { 1 e* ¢ I -1 —e —e* =1 }
To=FK 3 0 0 -1 -3 0 0 1 T
T 4 E 8C3 3C, 654 6oy
Ap 1 1 1 1 1 Ay + oy + 0y
A, 1 1 1 -1 -1
E 2 -1 2 (xx Fotyy — 200, Qxx — Qyy)
Ti=F 3 0 -1 1 -1 R
T,=F 3 0 -1 -1 1 T (@xy, 0tyz, Ox)
[ E 8C3 3C; 6Cy4 6C2 i 8S¢ 30, 6S4 60y
Agg 1 1 1 1 1 1 1 1 1 1 Qxy + Qyy + 0z
Ay 1 1 1 -1 -1 1 1 1 =1-1
E, 2 -1 2 0 0 2-1 2 0 O (ex +ayy — 204,
Uxx — ay)')
Tig=Fg |3 0 -1 1 -1 3 0 -1 1 -1 R
Tyg=Fy (3 0 -1 -—I 1 3 0 -1 -1 1 (Qxy, Ay, Olry)
Ay 1 1 1 1 1 -1 -1 -1 -1 -1
Ay, 1 1 1 -1 -1 =1 -1 -1 1 1
E, 2 -1 2 0 0-2 1-2 0 O
Tw=F, |3 0 -1 I -1 -3 0 1 -1 1 T
Tw=Fy [3 0 -1 -1 1 -3 0 1 1 =1
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- 1 0 0 S— 1 - 0 0 S "H
0 1— { I = 0 1 | - ¥ "0
I 0 Gr-DE - Gr+HDE- ¢ - 0 r+HDE spr-DE g | =g
L T 0 Gr+HDE - Gr-DE - = - 0 pr-DE S GAHDE S ] Mg=Tg
- I- - 1- - 1 I I I I v
ARNB,Z.G
Axgy hdyy . XXy

‘2207 — A **m) 1 1- 0 0 S I 1- 0 0 S H
0 1 - - v 0 I [— 1- % s}
- 0o Gr-DE GrHDE ¢ 1= 0 pr+DE S Gpr-DE ¢ | =T
b - o Gr+DE r-DE e 1= 00 Gpr-DE oA g | Bus=Tg
22p 4 4 7o I 1 I I I I I I 1 I 3y
061 9S0T Oisz 17| LIRS B %174 st gora| q g
A»\Nd ,Na\d,axd;ad] k»\d.NNBNI 23+ xxdv I - 0 0 S H
0 - - v I}

4 4
| Gt NLMN
0 ST Ao € L

4 4
qL - 0 € =1L

M1 At
-B+Aka+wwd 1 I I I v
ST 00T 30T o74 B { 3

*sdnoi3 JeIpoyesool A I0J SI[qR) IAdeIRYD) @ djge)
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Table 10 Character tables for the infinite groups of linear structures.

Goov E 2% ... ooy
A=zt 1 1 1 T, Oz T Qyy. 7z
Ay=%- 1 | -l R.
E; =1 2 2cos¢p - 0 (Tx. Ty}, (Rx, Ry) (ayz, azx)
Ex=A 2 2cos2¢p .- 0 (axx — @yy, txy)
E3=9¢ 2 2cos3¢ 0
¢ ; ¢
Dooh E 2C5% - ooy 285% - 00Cy
Eg+ 1 1 1 1 1 1 Uxx +0yy, 77
Ty 1 TR 1 - R
Mg 2 2cos¢p - 0 2 2cos¢ - 0 (R, Ry) (oryz, 0zx)
Ag 2 2cos2¢p --- 0 2 2cos2¢ - 0 (Qxx — Qyy, Oxy)
= 1 1 1 -1 —1 - T,
Ta 1 R S O |
My, 2 2cos¢p - 0 -2 2cos¢p - 0 (Tx. Ty)
Ay 2 2cos2¢p ... 0 -2 2cos2¢ - 0




