APPENDIX C

Character Tables
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THE NONAXIAL GROUPS

C | E

a |

C, E o

A F1o1 | xyR x, ¥ 22, xy

A" | I | z, Ry, R, ¥z, X2

C; E i
.A-, I 1] R,R,R | x% 3% 2% xy, 52, yz
A, 1 -1 x, ¥,z

THE AXIAL GROUPS

» The C, Groups

C|EC l

A1 1] 28 x%,y% 2%, xy

B I -1 x, ¥ R, R, ¥z, xz

G| ECG ¢ | e=explamis3)

A 1 1 1 | zg x4y

2 A N O IR

1 g*

£

C-1



tm

C. C Ci |
1 1 1 | znR x? + ¥, 22
-1 1 -1 xz—yz,xy
i -l

_:} (%, y), R R | (2, ¥2

-i -1

Cs ¢t ¢t 3 £ = expl2mi/5)

ot

i 1 z, R, x4+ y2, 22

[y

1 & z zg
{l 5* ﬁz# € } (xv Y)- {Rx! R)f) (_)’?-s xz)
1 e £* ¢
{1 e* g £* & ] (* = ¥ %)
Cc C € G Ci & = expl2wi/6)
A 1 1 1 1 1 z, R; X+ y, 7
B -1 ! -1 1 ~1
e —&* -1 -—& e¥* {x.y),
g —&¢ -1 —&* € } (R., R} (xz, y2)
s —-—E l —_— ¥ —g
_2 —g* 1 _i ._s#} (xz - yz’ IJ’)

G ¢ ¢ ¢y 6 G g = exp(2mi/7)

—

z, R, 24y

1
1 ¢ £ & ¥ g* g* (x, ), )
1 g% ¥ g* e’ g & (R..R) | (xz, y2)
2 A% E ] 3 2%
{i 22* :;3 z 2:: 23# iz } (x* - y% xy)
1 83 S* 82 52* & s3$
1 e & &% g g* ¢°
G C G € ¢ ¢ G & = exp(2mi/ 8)
A 1 1 1 11 1 1 z, R: i x2+y% 22
B -1 1 1 1 -1 -1 -1
£ i -1 —i —&* -—¢ e* (x, »),
e* —i -1 i —& -—&* £ } (Rx, Ry) (xz, y2)
-1 1 -1 - -
—i -1 1 —i i —i - i } (x? — y%, xy)
—-E i -1 —i ¢&* & -—&*
—e* —i -1 i E g* —€




Character Tables

» The S, Groups

S, E S8 ¢ S5
A l l l l Rz x2 + yz, zz
B 1 -1 1 -] z x* =y xy
| i -1 -—i
E {l .._:? _1 ;} ('t! }’), (ny Rr) (IZ, )’z)
Ss | E G ¢ i 8§ S £ = exp(2mi/3)
A, 1 1 1 1 1 1 R. | x2 + y?, 22
1 £ g% 1 £ e* (x* ~ y2, xy),
Es {1 £* ¢ i ¥ g (R, R,) (xy, yz)
A 1t 1 -1 -1 - z
I & g* -1 - —g*
E, {1 e¥ g —1 _ﬁ* _i ] (x, »
S | E &% 6 S ¢ S ¢ s & = exp(2mi/8)
A 11 11 11 1 1 | R X+ y? g2
B 1 -1 1 -1 I -1 1 -1 z
E I ¢ i —e* -1 —-&g —i g* (x, ¥},
! 1 g* —i —¢ -1 —g* | ¢ (R, R,)
! i =1 —i 1 i =1 - 2 _
E {1 ~-i =1 1 =i -1 } (x* — y2, xy)
1 —e* —i g -1 &* i —¢
E3 {] —e i et -1 8 - -e*} {xz, y2)
» The C,. Groups
Cz.; E C. 2 O',,(IZ) a;v(yz)
A 1 1 I 1 z x2, y?, 22
Az 1 1 -1 -1 - R, xy
B 1 -1 1 -1 x, R, Xz
B; 1 -1 -1 1 ¥y, Ry yz
ng E 2C3 30’,
A 1 i z x4y 22
A |1 1 ~t | R
E 2 -1 ¢

(x, 7} R RY | (x® = y%, xy), (xz, yz)



C-4 APPENDIX C

Cou | E 2C; Co 20. 204
Al 1 i 1 1 1 z x? + y?, 2t
Az 1 1 1 -1 -1 R,
B, 1 -1 ] -] xt—y?
B, 1 -1 1 -1 1 xy
E 2 0 -2 (x, ¥), R, By) | (xz, y2)
Ce. | E 2Cs 2C% 50,
A 1 . 1 1 z x?+ y?, 22
Az 1 -1 1 -1 R.
E; 2 2c0s72°  2cos 144° 0 (x, ¥), (R, R) {xz, y2)
E; | 2 2cos144° 2c0s72° 0 (x* ~ ¥, xy)
C(‘; E 2Cﬁ 2C3 Cz 30’.; 3G'd
Ay 1 | 1 1 1 z x4+ y?, 22
Az 1 1 1 1 -1 -1 R.
B 1 -t 1-1 1 -1
B |1 -1 1-1 -1 1
E 2 1 -1-2 0 01 (xNR.R) | (xz2,¥2
EE 12 -1 -1 2 0 0 (x* — ¥, xy)
» The Cni Groups

Czn E Cz i Th
A, lr 11 1R x%, y%, 2%, xy
B, 1 -1 1 - R., R, xz,yz
A, 1 1 -1 - z
B. 1 -1 -1 11| x,y
Cu| EC C o & S & = exp(2mi/3)
A 11 1 i 1 1 . R, x2.+ yi, 22

, _ * 1 ¥
E {} et 1 o . ] xy) | G-y
A 11 1 -1 -1 -1 z

l * _l —_ -t

E" {1 ﬁ* ) i -1 .-zt _ﬁ } {Rs, R,.) (xz, )’2)




Character Tables

[
=t

Ca| E C C € i $ o s
A, . | 1 1 .1 1t 1 1 R, X%+ y2 g2
B, 1r -1 : ot S ) B X2~ y?, xy
R -i 1 i -1 =i
E, {l i =1 i 1 - -1 R, R) | (xz, y2)
A, 1 1 1 1 -1 -1 -1 +~] z
B, 1 -1 1 -1 -1 1 -1 i
1 i -1 =i ~1 =i 1 i
E {1 —i -1 i -1 i —:’] & 7)
Ca| E & €3 C C¢ a0 S s1 53 s & = exp(2wi/5)
A’ 1.1 1 1 1 1 1 1 R. xt+ y2? 22
E! 1 & g g g% 1 & g? g g%
t 1 g% g g2 1 £* 2% g2 (x, ¥)
1 e g* ¢ g% ] g2 e¥ £ gi*
Ej - 1 % ¢ £* g2 1 £* £ e* £2 (x% — )’2, xy)
A" 1 1 1 1 1 -1 =1 -1 —1 -1 z
2 2% * _l —_ —_pd — 2% —_—
EY {; z* 22* ﬁ‘z ﬁ -1 _i* _zu “iz ._.i } (Rn R_,) (xzs }'z)
B2 1 2 g* ¢ g% —1 —g? ¥ g —gi
z I &% & g* £ -1 —g¥ —p g+ _g2
Ca E G G G & ¢ i 55 8 oo S 53 £ = exp(2wi/6)
T I T T T B S T T R x4y, 72
B, i -1 1 —1 1 -1 I -1 1 -1 1 -1
—_— —_ —_ * —— -—l — *
IR A A A A IR
1 e -~ 1 —g* - 1 —e* - I —e* - .
B e S S e = i)
A I 1 1 1 | | -1 -1 -1 -1 -1 —1 z
B, 1 -1 1 -1 I —1 -1 1 ~1 1 -1 i
1 g —g¥ —| -z E* —1 —¢ £* i g —g*
Ew {I g* —g -1 —g¥ g -] -g* g | —s} x, y)
E 1 —g* -—¢ 1 —g¥% —g -} E* e -1 e* £
2 1 ~& —g* | —g —g* -1 g e* —1 ¢ £*
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-0 APPENDIX C
'HE DIHEDRAL GROUPS
The D. Groups
D: | E G2 Gly) Cx)
A 1 1 1 1 X% y3 72
B [1 1 -1 - LR | xy
B, | | Y. R, | xz
B, L e e | 1 xRl yz
D, E 2C, 3C, (x axis is coincident with C. )
Al 1 x* + y2, 22
Az 1 1 -1 z, R;
E T2 -1 01 G0@® R (=219, (x5, y2)
Ds | E 2C0 CA=C3} 20} 3C 4 (x axis coincident with Ci)
Ay 1 .1 1 1 x4yt g2
A1 1. -1 -1 | z&
By 1 -1 1 1 - x?—y?
B, 1 -1 1 -1 1 xy
E 2 0 _2 O {xs J’)o (Rn R\) (XZ, yz)
Ds E 2Cs 2C% 5C, (x axis coincident with Cy)
A |1 1 1 K+ y2, 22
Ay 1 1 1 -1 Z, R,
E, 2 2c0s72° Z2cosl44® ¢ (. y), (R, R) (xz, yz)
E; | 2 2co5144° 2¢0s72° 0 (x? — ¥2, xy)
Ds E 26 20, ¢ 3C; 3C (x axis coincident with Ci}
A |1 1 1 1 I i x2 y2, 22
As 1 i 1 1 -1 -} z, R,
B 1 -1 1 -1 1 -1
B, |1 -1 1 -1 1
E, 2 1 -1 =2 0o o (x, y), (R, R) (xz, y2)
E, 2 -1 -1 2 0 0 (x* = y2, xy)




Character. Tables

» The D, Groups

C.7

D | £ O Cly) Cilx) i a(xy) o(x2) o(y2)
A 11 1 1 1 1 1 TS| x% y%, 22
B, | 1 1 -1 -1 1 -1 R | xy
B [ 1 -1 1 -1 1 - 1 - R, | xz
By | 1 -1 -1 11 -1 o 1 R | yz
A | 1 1 1 -1 -1 -1
Bu [ 1 I =1 -1 -1 - 1 1 z
“Bu |1 -1 I -1 -1 1 - 1 y
Bl t -1~} | 1 1 -1 x
D:» E 2C3 3C2 [+73 2.5'3 30; (X axis coincident with Cz)
N | i 1 1 | 1 x4+ y2?, 22
Az [ 11 =1 1 1 -1 | g
E’ 2 -1 0 2 -1 9 (x, y) (x% = y2, xy)
N I S SN (S Y !
A1 1 -1 -1 -1 |,
E” 2 -1 -2 1 0 (R., R,) (xz, y2)
Pa| E 2C, C, 2C: 2C 5 i 25 o . 20 204 (x axis coincident with i
2 IS A U S S A B SR S B R X2+ y?, g7
53 O TS B N U A T A R R
By [/1: =+ 1 pl-p o} o )1 -1 X2~ y2
By 01 =1 1 -1 1 1 -1 11 xy
E. 2 0 =2 0 0 2 0-220 o] @&, R) | Gz y2
TP T T N N TR S S
Aw [11 1 =1 -1 -1 -1 —f 1 z
Bulil =1 1 ' -1 -1 1 -1 -1
B | 1 - I =1 1 -1 1 -1 1 -
E. |2 ~2 0, 0 -2 0 2 0: 0/ (ry
Dy | E 2Cs 2CE 5C; o AN 25 5o, (x axis coincident with C;)
Al 1 1 i 1 1 1 1 x? + y2, 22
A3 |1 i ! -1 1 1 -1 | R,
Ei |2 2c0s72° 2¢cosi44° 0 2 20057 2cosldd® g (x, y)
Ei | 2 2c0s144° 2008 72° 0 2 2cosid 2cosT¥ 0 (x? ~ y2, xy)
T 1 1 1 -1 -1 -1 -1
A3 |t 1 ! -1 -1 -1 -1 T
T ]2 200572 2cos144° 0 -2 -3 cos72° —2cos144° 0 (R., R\) (xz, y2) ~
E: 1 2 2005 144° 2¢0s72° 0 ~2 ~2co0s 144° —3 cos 12° 0




x* =y, xy)

x2+y2’ 22
(xz, y2)
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APPENDIX €

E 2C,

C-8
De,
Ay,
Az
By,
By
E\,
Alu
Az,
Blu
By
Elu
Ea

hl_-). —
0 e &
M
= Y
E | = w
g N
b= 2 S
5]
£
=]
L) —
R o R
o3 5 ) 5
3 & & ~ = i
S
-~ =
S R R N R N Sla 8
4W (. i ! ' L = - "
. N I RS
gl-r-7eees-gy-eee Uiy A B(% T
- A
M o L} yﬂ m + A
ST T T YN T T T TS 3 I - ¥ T
-
o g
A =, D MNO - mE—m—_—o NS
q T T T 3 2 2 =
) 2 " . =4 -
e Tt L = R I L =TT 8 3 S , n
i T TS e T geg 8 & Ny » o o)
% =
= m N O = — e S ) ¢
(TS O PRI e T R e
: _ & [ [
¥ il SRR §l=77-° g|---=--
1) ” S |
G| —toom—-——ocoo
Lol T L [ " e el
0 | 0 [ |
o~
vl:llll.ooolll.l.ooo
T R == J| - —®
S R _ _
pw...l.....l.l2221..||.....222
| | I f b B ——_Y nm. — == =
glm=--ome-mmcous Q ) & i _
Ix — ) bl e Bl el
e = e -
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Character Tables C-9

Do | £ 25 20, 28 € 4C i dg, (x axis coincident with C 2)

A 1 1 1 | 1 1 I x* 4+ y2 22

Az 1 1 I 1 I -1 =1 R.

B 1 -1 | -1 1 1 -1

B ! | 1 -1 1 -1 | z

Evl2 V2 0 -VZ-2 0o ol @y

Ey | 2 0 -2 0 2 0 o0 (x? ~ y2, xy)

Es 12 -V2 0 v2 -2 0o ol @or) | (a2 yz)
Ds, 1 2Cs 2C3 5C; i 25h 2810 5a4 | (xaxis coincident with Cs)
A 1 1 1 1 1 i 1 1 x4 y? R
Az | 1 I 1 -1 i 1 1 -1 | R
E\, 2 2cos 7" 2 cos 144° 0 2 2 cos 72° 2 cos 144° 0 (R:. R.) (xz, y2)
Exg 2 2cos 144° 205 72° 0 2 2 cos 144° 2 cos 72° 0 (x? — y2, xy)
Al 1 | 1 I -1 -1 -1 —1
As, 1 1 i -1 -1 -1 -1 1 z
E. 2 2c0572° 2 cos 144° 0 -2 -2cos72° -2 cos 144° 0 (x, ¥)
Exw 12 2cos144° 2cos72° 0 -2 -2cosl44° -2cos7° 0

Des E 25, 2Cs 25, 2C; 28%, C, 6C', 6o, | (xaxis coincident with Cy)

A 1 1 1 1 1 1 1 1 1 xi+ 22, 22

Az 1 I | 1 | 1 1 -1 -1 R.

B | -1 1 -1 | -1 i 1 -1

B 1 -1 1 -1 i -1 1 -1 i z

E 2 V3 1 0 -1 -V3 -2 9 0| )

E. 2 1 -1 -2 =1 | 2 0 0 {(x? — y?, xy}

Es 2 o -2 4] 2 0 -2 t] ]

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

Es 2 -V3 1 0 -1 V3 -2 0 0| ®RuR) | (22

THE CUBIC GROUPS
|-\.‘- s

T | E 46 403 36 | &= exp(2mi/3)

A 1 1 1 1 x*+ yt 2t

E I & &% 1 (22 — x> — 2,

1 g% ¢ 1 x* = y?)
T 3 0 0 -1 (R, R, R.), (x, 5,2 (xy, xz, yz)



C-10 APPENDIX C
Ta E 4Cy 4CY 3C, | 4AS, 45 3o, (e = exp(2mif3)
A, 11 1 1 1 1 i I x4+ yr 4 72
Ay 11 I I -1 -1 ~1 -1
1 ¢ g* 1 1 E E* 1
E P72 e x2 — 2
£ {I e* g 1 1 £* E 1} )(_.22_ y2'§ >
E 1 = £* I -1 ~g —g*x -]
“ 1 &* ¢ I =1 —g*¥ —g -1
7, 30 0o -1 3 90 0 -1 (R, Ry, R) | (xz, yz, xy)
T 306 0 -1 -3 0 0 I (x, 3,2
Ty E 8C, 3C. 65, 6oy
Ay 1 1 I 1 1 xt 4 y? 4 22
A } 1 1 -1 -1
E 2 -1 2 0 0 (222 — x2 — y2, x2 - y?)
T; 3 1 -1 1 -1 (Rx, Ry’ RZJ
Y& 3 0 -1 -t 1 (x,v,2) {xy, xz, y2)
» Octahedral Groups
O E 6C, 3C2(=C3) 3¢, 6G;
Ay 1 1 1 1 | 24yt 42?2
A 1 -1 1 I -1
E 2 0 2 -1 0 (227 — x? — y2, x2 — y9)
T| 3 1 -1 0 -1 (Rn Rys Rz}) ().', ¥ 2)
T 3 -1 -1 ¢ 1 {(xy, xz, y2)
0; E 8C3 6Cz 6C4 3C. 2 (= C%J i 654 856 30';. 60'd
Al 1 1 1 1 t 11 1 1 X2+ y 4 22
A |1 1 -1 -1 1 1 -1 1 1 -
E |2 -t o0 o 2 2 0 -1 2 (222 = x2 — y4, xt — ¥
.| 3 0o -1 i -1 31 0 -1 -1 { {R\,R.,R)
T 3 0 1 -1 -1 I -1 0 - ] {xz, yz, xy)
Ay I i 1 | 1 -1 =1 -1 -t -}
Ay 1 I -1 —I H —1 1 -1 -1 1
E. 2 -1 0 ] 2 -2 0 1 -2 0
7. 3 0 -1 1 -1 =3 -1 0 | ; (x, v, 2)
T 3 0 1 -1 = | -3 I 0 1 -1




Character Tables

» The Icosahedral Groups*®

C-11

L e nc 1208 200 I15C: | i 125 128% 205, (50
A | 1 1 11 | (O PELIVIPL
To | 3 30+VS H1-V3) 0 =1 | 3 -V M3 8 -1 RaRLR)
T | 3 30~-V5) 0+V5 0 -1 3 +vE O HI-VE 0 -l
G, | 4 -1 -1 1 0 4 -1 -1 1 0
H. | 3 0 0 -1 t 5 0 0 -1 1 (22% — x* — y3,
P yz‘
1y, ¥z, 2x
A, |1 1 I i i -1 -1 -1 -1 -1
T [3 30+VE -V 0 -1 -3 -V -H1+VE 0 | (ry2
T |3 -VR W+VH 0 -1 =3 =la+V5 --v5 o |
G | 4 —1 -1 1 0 -4 1 ! -1 0
#H 1 s 0 0 -1 1 -5 0 0 -
“For the pure rotation group I, the outlined section in the upper left is the character table; the g subscripts should, of course,
be dropped ard (x, v, =} assigned to the T; representation.
» The Groups Ce. and Dey for Linear Molecules
Cu, E 2Ce o,
A =21 1 1 1 z * + yi 22
Ay =27 1 1 —1 R,
E=I 2 2cosdp - 0 (x, y); (R, Ry) | (x2, y2)
E.=A 2 2cos2p -+ O (x2 = y%, xy)
Ez=9 2 2c¢cos3¢p - - 0
Dok E 2Ce o, i 23£ oo,
Ay =32 1 1 1 1 1 1 x*+ y3 2?2
A =3, | 1 1 -1 1 1 -1 | & |
E,=TI, | 2 2cos¢ 0 2 -2cos¢ 0 | R, R) | (xz,52)
Exy=A, | 2 2cos2¢ 0 2 2cos2 0 (x* = y%, xy)
Aw=3Z | 1 1 1 -1 -1 -1 |z
An =3, | 1 1 -1 -1 -1 1
E. =11, 2 2cos¢ o -2 2 cos ¢ 0 {x, ¥)
Exn =A, 2 2cos2¢ ¢ -2 -—2cos2¢ 0
By =@, 2 2cos 3¢ 0 -2 2 cos k1 0




