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44 o, ? o, ?
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Dy o,? C, a,?
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Dnd Dn cmr
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8 SZﬂ

Figure 9.7

Diagram of procedure for assigning point groups. [Adapted from G. L. Miessler and D. A. Tarr,

Inorganic Chemistry, Prentice Hall, Englewood Cliffs, NJ, 1991; p. 97.]

No

8,7

%

APPENDIX C

Characfer'Tables - :

esoossonOReRe

THE NONAXIAL GROUPS :

G000 EE00E00RETNOTONEBDON

C, E
A 1
C_' E &y
a1 1| e | ¥4 7% 3y
A" { B | z, Ry, Ry yz, az
C E i
A' l 1 R.“ Ry- Rl vt:u y:r zi' ")" Xz, ¥z
Ay 1 -1 X, 0z
THE AXIAL GROUPS
I

* » The C, Groups
G| Ea |
A Y 1| =R x%, y% 2% xy

- B 1 -1 | x,5,Ra Ry | yz,22z

G| EG cl | e=ep@nif3)

- A 1 1 1 7, R,
2 *
E {i :* s } (x,5), (R. R)

ik g 2

(x? = y?, xy), (yz, x2)
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APPENDIX C
G| Ec o a |
A 1 1 1 z, R: x4+ y2 22 3
B 1 - 1 =1 =yt xy
1 i =1 —i
E {, £l f} ol R R) | (32, 39)

Cs E C C}

ci ci | e = exp(2ni/$)

g2
El {l i' E"‘

1 1 z, R, x? 4 y2, 2
g¥* g*
53 £ } [I, J’)I (R-n RJ'} (}‘z» n}

1 ® 1% ]
E {} 2% 5 g# i:} &= ¥4 x)
Ce E C ¢ G C} ci & = exp(2mi/6)
A (Es [ R 1 2, R, x4 9?22
B | 1 -1 1 -1 1 -1
1 E —§* —1 =g E* (x, ),
) {1 e* —e -1 —e* & (R R) (xz, y2)

1 —_— == l —_— ot
E; {1 _: _:* 1 _: _:i} (=* = y% xy)
C; E C Ck ¢ ¢t ¢ C§ & = exp(2mil7)
A 1T L L BRL J G | z, R, £ T TN L
1 & 2% 8} ,e¥* g% ¥ (x, y),
E {l g% g g gd gl } Ro R). | (xz, y2)
1 1 3% ® 3 Lk
ANl R
1 'e* E* 82 g% g g™
Ey 1 &% g & g s* &
Cy B Gy G Gi i3 61 €& ¢} g = exp(21il 8)
A 1 1 1 ) ) | 1 1 1,8 x oyt
B 1 -1 1 1 I =1 =1 =
; 1 € . & =1 =t —&% =& e* (9, |
L {1 i -1 1 -g  —e* a} Re, k) | G222
1 i =t L=l =tk = =
Ea {1 A =% LA H =h 3 } =% x)
E E=F =t —fg 5% i —ER
3 1 —s* —i —1 i &g E* —&

Character Tables C-11
» The Icosahedral Groups®
L | £ 126 1261 20C, 15C: | 125y 1253 205, 15
A, | | 3 | 1 &) | 1 | | a2yt g2
Ty [ 3 1+VE) Ju-v35) 0 -1 3 1-VE HW+VE) 0 -1 | (RaR,R)
Ty '3 J1=VE) ju+V5) "0 -1 3 u+vE -ve 0 -l
G |4 =1 -1 1 0 4 -1 -1 1
He | 5 0 - 0 -1 1 5 0 0 -1 1 (221 = 22— y?
. at=yl
- ZY, y1, )
Al 1 i [ -1 -1 -1 -1
Tw |3 0+VH H1-VE) 0 -1 -3 =41-V3) -{0+v® o 1| (ny2
T |3 0-VE) M1+VE) 0 -1 -3 -l1+V8) -ju-v5) o |
G [ 4 -1 -1, 1 0 -4 1 1 -1 0
Hi |5 0 o, -1 1 -3 0 ] 1 -l
*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 and (x, v, 1) assigned 1o the T rep i '
» The Groups Cu; and Day for Linear Molecules
Cer E 2C¢ .-- oo,
A=3t | 1 1 . 1|z G sl 5 i
A =X~ 1 1 . -1 R, 5
E =11 2 2cosd¢ 0 {xn J’}i (R, Ry} {-’-'39 )’3}
Ex=A 2 2cos2d .- 0 (x* — y% xy)
Es=® 2 2cos3g - 0
Dy E 2ct wo, i 282 o w0
Ay =2 1 1, 1 1 . 1 xl oyt oa?
AgmE |1 & e =1 1 1 s =1 | R :
Ey=1II, | 2 2cos¢ 0 2 —2cos¢ - 0 | RuR) | (xz,y2
Ey=A, | 2 2cos2¢ - 0 2 2cos2p -+ 0 (x? — %, xy)
Aw=32} [ 1 1 1 -1 -1 dew =1 |
Av=3 | 1 1 A | -1 1
En=IL | 2 2cos¢ - 0 -2 2cos¢ - 0 | (9
E =A, 2 2cos2¢ . 0 =2 —2cos2¢ - 0
Ey =&, 2 Zcu_53¢ 0 -:2 20983¢ v 0




c-10 APPENDIX C
Ta E 4C, 4Cg 3C; 45, 4Si 3oy (G - exp[21ri/3)
A | kst Dt miliar 1 a2 1 4yt
O e B (5 T e — e
. 1 e g* 1 1 £ £* 1 20 e o
E’_ {I E* ¢ 1 RS B 1} J(czf_ y*’j’ Y
E 1 e, & QUi s e ] ;
il 1 e* ¢ 1 =1 —g* —¢g -1 _
T; 30 0 -1 3 0 0 -1 (R, Ry, R) (xz, yz, xy)
T. 30 0 -1 -3 0 o 1 (x,y,2)
T;lEBC;ZiC;ﬁS;Ga-.,I
Ap- |11 i 2ryi4p
Ay 1 i I =1 -1
E 2 =" 3 D o (222 — x* — y?, x? = y?)
T 3 0 -1 1 = (R, Ry, R))
T: 38 =1 =1 i (x,y, 2 (xy, xz, y2)
» Octahedral Groups
0 | E 6C 3Ci(=C}) 8¢, 6Cy ]
A 1 1 1 1 1 x4 yi 4 22
Ay I =1 1 1 -1
E ['2 o 2 /-1 o (222 — x? — y2, 32 — y7)
i 3 1 1 0 -1 (Ru Ry, Rx)r (xr ¥ 2’)
|3 -1 1 0 1 (xy, x2, y2)
0} E BC’ 6Cz 60.: 3C:{“‘Cﬂ i 634 ESg 30’* ﬁﬂ'g
O I I R (| 1 TV (R (| [ X+ yt 4 g2
A1 1 =1 = 1 1 =1 1.1 -1 .
El2 -1 0 © 2 2 0 -1 2 o0 (222 = 2= y%, 22 — yY)
Ty, 3 0 -1 | =1 3 1 0 -1 =1 (R:, Ry, R,)
T, 3 0 1 =l -1 3 =1 0 -1 1 (xz, yz, xy)
A 1 1 1 1 1 -1 =1 =1 -1 =1
Az 1 F =1 =] 1 =1 I =1 -1 i
f o7 2 = ] 0 2 =32 0 1 -2 0
T 3 0 -1 1 -1 =3 =] ‘0 1 1 (x, y,2)
T 3 0 | | =1 —3 1 0 [ | !

Character Tables Cc-3
> The 8, Groups

S| E s G st |

(O ROTRE e S W T Xyl

B I =1 .1 =1 z =y ay

' A R s B e - -
. 1 =i =1 i Xy J'}- ( Ty R,) (.'I.'I, )'2')

S« E G ¢ | 8§ s, & = exp(2mi/3)

A, I R 1 1 1 R, 1. x2+ 32 22
Lis 2% 1 & g* X2 — 32 xy),

Ee {l E* & 1 e* ¢ } (R., &) Ex}‘. 3'5 2)

Ay 1 1 I =1 =1 =1 z
l & g% =1 —g  —p»

1

S] E S] Ca Si C; .5'3 Ci Si B GXP{ZW.U&}

A 1 1 1 1 1 1 1 1 R; x4y g2

B 1 =i 1 ~1 I -1 1 ~-1 z
1 g€ i —s* —1 —g —f g* (x, ),

%t {I 8% i -2 -1 —g* i ®.R)
103 ==t 1 4 =y

E {1 L R R e } (2 = 5% xy)
1 —g* —i g -1 g* i —s

E {1 =» & &% -1 g i —s‘!} (ez, y2)

» The Cy, Groups
- Cuw | E C ouxd) olo(y)

Ay 1 1 1 1 z x4 y2, 1

A |1 1 -1 -1 |Rg Iy

B, 1 =1 1 -1 x; Ry Xz

B, 1 =1 =1 1 ¥, R, yz

Cu | £ 26 3a, |

Ay 1 | 1 z x? + y?, 22

Az 1 1 =1 | R

E 2 =L 0l 5y RR) | (=2 xy), (a2, y2)




C-4 APPENDIX C Character Tables

C-9
Cu | E 260 C 200 204 Du| E 25 20, 25 C: 4Ci 4oy | (x axis coincideht with C})
? 2 { S, |

TR 4y, 22 7 Gl tena g s ST
A1 1 1 -1 -1 ]|R 0 # i =1 =f e T 4
g‘ } ‘: : } 'i iy Y : Bl =t 1 o= b= i
2 — — L} -— —
El2 0-2 0 ol @B | Guy) il 8 VT alsiE 2 O O ) et

El2 -vZ 0o VI-2 0 0l @®R)I| (29
G| E 20 2c} so. | . =
A | 1 : i ; xt+ y2 gt | De | 1 26, 28 5 i 25% 2510 504 | (xaxis coincident with Cy) °
A; 1 1 = 1 g |
Ev | 2 2cos72° 2cos144® 0 | (x,7), R R) | (32,72 Ay | 1 1 1 1 I 1 1 1 x4y 2
Ey | 2 2cos 144" 2co0s72° 0 (x* = %, xy) A |1 1 1 -1 1 1 1 -1 | R

Ey | 2 2c0872°  2cos 144° 0 2 2 cos 72° 2 cos 144° 0 | (RnRy) (xz, y2)
| Eag [ 2 2co0s144° 2cos72° 0 2 2 cos 144° 2 cos 72° i (x? — ¥2, xy)
Co | E 2C 2C C; 3o, dou LA 1 1 =] i =i -1 -1 -1
70 (B s T T L (R Xt + y3, 22 ' Au |1 1 1 -1 -1 -1 -1 1| z
As P T T T = T ) [ P Ew | 2 2c0872° 2cos 144° 0 -2 =2¢0872° —2cos144° 0| (x,y
- I =§" 1 =1 Ew | 2 2c05144° 2c0872° 0 -2 -2cosl44® —2cos72° 0
B | 1 -1
B |1 =1 1-1 -1 1
f -1 - 0 0 ) (Re, R, 2, ¥2) ; ) : o .

SHIENERS B B “2.) Du | E 252 26, 25 26 25h G 6C 60y | (x axis coincident with Cy)

A 1 1 1 1 1 B S T x4+ 23, 2t

A 1 1 1 1 1 I 1 -1 -1]|R&

B, 1 =t 1 =t 1 a4 i 1 -1

_ ) B, ! =1 1 =1 1) =1 "t =1 79|z
» The Cux Groups % E 2 V3 1 0 -1 -V3 =2 0 0| @y :
i . = Ez 2 1 -1 =2 -1 1 2 0 0 (x* = y%, xy)
Cu| E G i o) E; 2 0 -2 0 2 0 =2 0 0
A, 1 1 1|& x2,y%, 2%, xy ! E, 2 -1 -1 2 - -1 2 0 0
B, | 1.-1 1 =1 | RyR, | 52,9 E 12 -V 1 0 -1 V3 -2 0 0| R.R) | (xz.y2
Al 1 -1 -1z :
B, 1T=1 =l 1 x5y
| SR RO N O L THE CUBIC GROUPS
A’ 11 1 11 1 R. 2+ y2, 7
' 1 e s 1 ¢ g* T S
E {1 L e } (x.5) G2 = yhxy) > Tetrahedral Groups
A 11 1 -1 =1 =l z = T | E 4C; 4Ct 3C: | &= exp(ami/3)
1 g* =1 —g —&* ~ !
E {l R } ek Al a1, 1% @a X1+l gt
1 & & 1 (2EF =g = 3%
£ 1 &* & 1 x1—y%
T 0 0 =1 (R,R, R.), (x,y,2) | (xy,2z, 32
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T

Do | E 2C, 2C; C; 3Ch 3C% i 25 25 ow 3o 3o0. | (xaxiscoincident with C})
Ay 1 1 1 1 1 1 i 1 1 1 1 1 xi4y? 22
A |1 .1 1 1 =1 =1 1 1 1 1 =1} =1 | R
B.|1 =1 1 =1t 1 —=1 =1 1=1 1~=1
By | 1 =1 1 -1 =1 1 1 -1 1 -1 =1 1
E.l 2 1= =2 @ 0 2 L =l=2 0 0| R.R) | (xt,5)
Byl 2 =1 =l 2 0 00 2~ =1 2. 0 0 (x2 =y, xy)
Aol 1 1 1 1 1 1 =1 =f =1 -1 -1 =1
ol R I T e IS I s B3 T R S Tl 1
Bu|1 -1 1 -1 1 -1 -1 1 -1 1 -1 1
B | 1 -1 1 -1 -1 1 -1 1 -1 1 1 -1
Ew|l2 1 -1 -2 0 0 -2 -1 1 2 0 0] (xy
Ewl2 -1 -1 2 0 0 -2 1 1-2 0 0
Du| E 26, 20} 26, C 4C) 4C3 @ 251 2% 25 oy 4o 4oy | (xaxiscoincident with Cf)
Ay | 1 I T s ] 1 (TS AT x4 y?, 2
Ay | 1 I (R I U S B i 1 1 1 -1 -1 |R
Byl v =t =1 1 1 1 -t 1 =t =1 1 1 1 =1
Byl 1 =1 =1 1 1 -1 1 1 =1 =1 1 1 =1 1
E,| 2 V2 V2 0 -2 0 0 2 2 -V2 0 -2 0 0| (R.R) | (xz,y)
By 'l 2 0 g =2 2 gy 0 @ =2 2. 09 (x =y, xy)
E,|2-vV2 V2 0-2 0 0 2-Vi V2 0-2 0 0 -
Auw | 1 1 11 1 1= =1 =1 =1 =1 =1 =1
Au |1 1 1 1 1 =1 =1 =1 =1 =1 -1-=1 1 1]z
Bu |1 =1 =1 1 1 1 =1 =1 1 1 =1 =1 -1 1
B |1 =1 =1 1 1 =1 1 =i 1 1 -1 -1 1 =1
E.|l2 V2 -VZ 0 -2 0 0 -2-VZ VI 0 2 0 0] (xp
Ea | 2 0 0 =2 2 0 0 -2 0 0 2 -2 0 0
E.l2 V2 v2 0 -2 0 0 -2 VI -VZ 0 2 0 o0
» The D4 Groups ,

Dw| E 25 C; 2C% 204 | (xaxis coincident with C3)

Ay 1 () | 1 1 x* + %, 22

Az 1 1 1 %=1 =] R

B, I -1 1 1 -1 x?— y?

B, = =] 1 z xy

E 2 =2 0 0 (X. J’]l (R:n R:I') (le J’Z)

Day E 2C; ac; i 25¢ 3oa (I axis coincident with C:)

o) R G R L e e b 5

Al 2l - =1 11 A =L R

E, |2 -1 0 2 -1 0| ®R)| &=y, x(xzy)

A 1 1 INL=t =] ==

A | 1 -1 =1 -1 1|z

E: il 2 = 0 =2 1 0| (&Y

Character Tables

C-5
Cﬂ E C.Q C: Ci i Si Oy s.g
Aol 1Tl E r UL 1 PR 2+ yi g
B, 1 -1 1 -1 1 -1 1 ~1 xt—y 1y
1 -1 =1 "1 i =] =i
E {I e B :'} R R | (x2,72)
A, 1 1 1 1 =1 =1 =1 =1 z
B, 1 -] lae=l =1 I | 1
1 =] =k =1 = 1 i -
E, {1 - =1 1 -1 1 1 —:} (x5
Cun| E C C1 CI C o Ss s1 s 51 & = exp(2mi/5)
A' 1,1 1 1 1 1 1 1 1 1 R x1 4 y2 22
" 1 2 i & l 2 24 %3
S R SRR
1 gr g* 1k 1 2 * ke
Bl b 1 =7 - = ye)
A" 1 il 1 1 1 R | -1 -1 =1 z
L 1 & g? gi® g -1 - —gl —gls %
Ej {l Fr A e R B _:¢ _.:1. _..:1 _.: } (R R) | (xz,y2)
E 1 g2 &% 8 &% —| —gl =gt -z -t
E 1 g% g g% g =1 —g¥ —g —g* —pg?
Ca E € G G €& ct i 51 S8 S5 55 & = exp(2wi/6)
Ay 1 I 1 1 1 1 1 1 1 1 | | R: XV 4yt 22
B, I =1 A= | R | 1 -1 I =1 L= |
1 —&* -] - ' ~g% =f g
sl s Sl sd T e | e
1 —e* —=s i =¥ = I =% ¢ 1 —g* —
Ey [l =g —8* | —g —g* 1 —& =g* | —5 —:“‘} = =y 5)
Ay 1 1 1 1 1 I =1 =1, =1 =1 =] =1 z
B. 1 -1 ) (R | 1 =] =1 1 | I =1 1
1 & —e* -=1. —¢ g* —1 =g e* I & —g*
Eu {I g* =z -1 —&* & -1 —-s* = E et —2 } (x,3)
1 —e* —¢ I g% =g =1 B ® =L &% g
Ex {I - —g* | —& -g* -1 & A s‘}
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THE DIHEDRAL GROUPS

Character Tables

» The Dx Groups

DG "Dy | E Gl Gl Gl i olxy) olxz) olyz)
» The roups ;
" P az [l gg 4fi | &1 e bR 1 1 1 x2, y?, 12
D | £ Gl Gb) G | : Bt Yl = o= o 4= =n R
: By | 1 -1 1 -1 1 -1 1 -1 | R | xz
Y T i
';’ : } _} _: 08 ;y’? 'z By |l 1 =1 =1 1 1 =1 =1 1 | & | 2
r i . 1 | 1 1 -1 -1 -1 -1
B: (1 -1 1 =1 | »R | xz Bolld E =i -1. =1 =t 1 1 |z
B 11 =1 =l I L xR |z - B |1 -1 1 -1 =1 1 =t. 1 |y
Bul 1 -1 =1 1 =1 1 1 -1 | x
D; | E 26, 3C; | (xaxis is coincident with C) Du| E 20y 3C: on 255 30w | (x axis coincident with C3)
2' 1 i i e x4 yh 22 A1 1 11 [ BN
2 = ' ;
B A1 1 - it iR
E 2 =110 (x, ¥), (Re, R) (x® — y?, xy), (xz, y2) v E 2 =1 -1 0 (;‘ ) (x* = y2, xy)
AVTE A -1 =1 -1l
AAl1 1 -1 -1 -1 1|z
D | E 260 (=€} 20 20% | (x axis coincident with C3) E'12 -1 0 -2 1 01 RBR) | (259
A 10 1 1 2t i - dad
A; 1 1 1 =1 =t 2 R, 4 Ds | E 2C¢ C: 2C3 2C5 i 25 on 200 204 | (xaxis cumcldem‘ with C3)
g' } -} } i "i Fr=g /I 85 ) SR DR B R S S D U x4 y2, 22
2 = = xy 15 T T [ T R T T U7 T ]
El2 0 -2 0 01 (53 RiR) | (x2,y2) Byl /=1 1 1 =1 1 =1 1 L~ 2 — y?
- ol (N1 s LA ) (R TR = (R (R [ | xy
. E |2 0 =2 0 2 0 -2 0 0| (R,R) (xz, y2)
Ds | E 20 20} 5C: | (xaxis coincident with Cz) :" : i i 1 : ‘: ‘: “: _1 ‘i :
= — = == - z
Ay 1 1 1 1 x4 yr et BT: 1 -1 1 1 =1 =l 1 == 1
A |1 1 1 -1 | zR ' ; B |1 -1 1 -1 1 .-1 1 -1 —1
E; 2 2cos72° 2cosld44® O (x, y), (R, R)) (xz, y2) : E. 2 0 -2 0 =2 "0 2 0 0 (x, %)
E; | 2 2cos144° 2cos72° 0 (x? — % xy)
Ds | E 2Cs 2Ct 5C: o 255 253 50, (x axis coincident with C;)
Ds | E 2Cs 2C; C: 3C; 3C4 | (xaxis coincident with C}) ii : : i o1 1 1 1 x4yt 2
H =laaelniy 11 1 -1 R;
A 1 1 1 1 1 1 x2 + y?, 7% Ej 2 2c0872° 2cosld4d® 0 2 2cos72° 2cos144®° O {x, 9
4 |1 1t 1 1 =1 -1 | 2R . E} | 2 2cosl44® 2cos72° O 2 2cosl4d® 2cos72° O (x* = ¥, 5y)
B |1 -1 1 -1 -1 A [ 1 | 1 1 -1 -1 -1 -1
B |1 -1 1 -1 -1 1 A |1 1 1 =i =1 -1 -1 TS
E [2 1 -1 -2 0 0| (x RR) | (xz,92) - ] 2 2c0872° 2cosldd® 0 -2 —2cos72° -—2cosld 0 | (R, R) | (xz,y2
E2l2 -1 -1 2 0 o (2 — ¥, 1y) Ef | 2 2cosld44” 2c0s72° 0 —2 —2cosi4d® —2cos72° O




