APPENDIX ITA

-

CHARACTER

CHEMIC
SYMMETRY

ALLY

1. The Nonaxial Groups

TABLES FOR
IMPORTANT

GROUPS

C: E
A 1
ﬁ,.—m e...‘ _ Q._mm —._
A1 11| x,y R x2, y*, A, 11 1| R, Ry, R | x2, 5%, 22
Nn' xy XY, X2, YZ
A1 —1§z,R, Ry | Y2, X2 All —-1ix»:z
The C, Groups
ajrel |
Al 1|lzR x3, y2, 2%, Xy
B Il1 =1]|x»RiR|yzxz
Cs| E Cs G5t , _ e = exp (27if3)
A 11 1 u.. R; x4+ 3, 22
. .
E ﬁ e v (5 YRs, R) | (& = 7% 22 X2)

The C, Groups (continued)
C.| E C Ca G.u_

A 1 1 1 1 |z R x4 y* 22
B 1 -1 1 -1 x3 —y: xy
E 1 i -1 —i (% YXRs, R)
| —i =1 i | PR T Oz, x2)
C:|E Cs Cs* Cs Cs* | & = exp (27il5)
A 11 1 1 1 Z, R, x2 4y, 7%
1 & & &* ¢
E, 1 e &* g e (x, YR, R)) | Oz xz)
1 e2 € ¢ e
E, 1 &* ¢ PO (x? —»% xy)
Cs E Cs Cs C, C,? Cs* & =eXp ANS.-\OV
A 1 1 1 1 1 1 Z, R, x2+y3, 22
B 1 -1 1 -1 1 -1
1 € —e* -1 —e e | x5
E, 1 & —& —-1 —c* £ (Rs, R,) (x2, y2)
1 —e* —& 1 —g* -
Ex|l)] —e —e* 1 —& —&* (* = ¥ %)
C,|E C C# ¢ C* GF c’ e = exp (2#ifT)
A 1 1 1 1 1 1 1 z, R, x2 4 y? z2
1 ¢ g2 & g* g ¢ (x, M
E, 1 e ¢ g+ & &2 & (R:, R) (xz, yz)
1 & &% & ¢ &2 e+
E; 1 &* & ¢ P (x* —¥*, xy)
ﬂ mu h! QN mni & mul
Es|1 e* ¢ ¢e* & & &
n- E ﬁ.w n.. Ow n~ ﬁ-m Gw QN £ = OXﬁANﬂ:. / mv
A 1 1 1 1 1 1 1 1 z, R, 2+ 2
B 1 -1 1 -1 1 -1 1 -1
_ 1 ¢ i*—g* -1 —¢ —-i ¢ (x, )
E; T e —i —& -1 —g* i L (R.R) | &7
1 i -1 —i 1 i -1 —i 5 5
E. T e L w o = ¥ 5y)
E 1 -¢ i et -1 & —-i -¢
sl Y1 —-e* =i e -1 & 0 ¢




428 APPENDICES CHARACTER TABLES

3. The D, Groups 4. The C,, Groups

D:|E G2 GO 98_ _ Cw | E G ofx2) 0l(y2)
2 2 2
AR TR P e
1 - - » % - -
- wu ~ |.~ m ||L Vs xw Xz lu m u ~ u ”n ol
= EE A R R B, |1 —1 1 =1 |x R |xz
3 » Rx B, |1 -1 -1 1 »wR. |z

Ds{E  2Cs 3C, Cs | E 2Cs 3o,

3 2 2 .
A 11 1 1 x+y4z 4, |1 1 1)z ’ x4+ y3, 22
A, |1 1 -1 ]2z R: Az |11 1 —1 | R
_ 2 __ 2 :
E |2 1 0 | (x, YXR«, Ry) | (x* = ?, xy)(x2, y2) E |2 -1 0 | (x, Y(Rs, Ry | (6% — »2, xpXxz, y2)
— F3 1 "
bb m NQ¥ ﬁ.nﬁ.l- QQ v Nn~ NQN ﬁ.be m Nnh QN NQ_e NQn
2 2 2 .
A {1 1 1 1 1 x2+y%z A4, |1 T 11 1)z xt 4 y?, 2?
A; |1 1 1 —1 —11]2zR
. A, |1 I 1 -1 —1|R
B, l1 -1 1 1 -1 xt—-y
B, |1 -1 1 1 -1 x?— y?
B, |1 -1 1 —1 1 xy B 1 1 1 -1 1 xy
X _ _
E 2 0 -2 0 0 Ak, %xx‘: xqv A.KN. .%Nv E 2 0 -2 0 0 AH. v\vtﬂu. .Nuv AHN. %Nv
i .
Ds | E 2C;s 2C;s 5C; C. | E 2Cs 2Cs* S,
2 2 2 .
A |1 1 1 1 x2+y% 2 A |1 1 1 1z x34y2 2
A, 11 1 1 -1}z R A 1 1 i 1| R u
° ° : ) B *
E, w wmw” .mx , e MA 0 (%, YXRs, Ry) M..H wnw» ) E, |2 2cos72° 2c0s144° O | (x,)XR«, Ry) | (xz,y2)
2 . '+ E: |2 2cosl144° 2co0s72° 0 (x*—y*xy)
wo|. E Nﬁm 2Cs C, 3C; 3C; Cs, | E 2Cs 2Cs Cy 3o, 3o¢
2 2 2
A |1 tr 1 1 1 1 x*+y5z A |1 1 1 1 bt 1jz x*+y% 22
A |1 i1 1 1 -1 ~1]zR .
Az |1 11 1 —1 —1!R,
B i1 -1 1 -1 1 —1
B |1 -1 1 -1 ) =1
Bt -1 1 -1 -1 1 B |1 1 1 -1 =1 1
1 =2 0 0 |(x,yXR«, R, \ : B _a
M.. w l“ » 2 0 (x, YX ) , MMN WNW» ) E, 12 1 -1, =2 0 0] (xR, R) | (x2,y2)
2 ’ E: |2 -1 -1 2 0 0 | &2 =% %)




430  APPENDICES

The C,\ Groups

ﬁ.nv_ E ﬁ.» i On _ —
4, {11 1 LR x3, y2, 2%, xy
B, 1 -1 1 -1 Re, Ry | X2, 52
Ay 1 1 -1 -1 z
B, 1 -1 -1 1 X,y -
Ca| EC C? o S5 S° | | e=exp Quif3)
A 11 o1 1t 1 R, x4y, 22
, — . — { ]
E PR 1 . e v (EXY)] (2= ")
A 11t =1 =1 =1 z
* — —_ - ®
P I Rt it Al B ISP SR D)
ﬁ-&t E N ﬁ.. ﬁ.u. ﬁchu i rwhu oy .WO
A, f 1 1t 1 1 1 1 1 R, x3 4 3, 22
B, 1 -1 1 -1 1 —1 1 -1 x2—y xy
1 i —1 =i 1 i -1 —i R, R ( )
E 1 —i —1 @ 1 —i =1 i o Ry) | Gnyz
A 1 1 1 1 =1 =1 =1 =1 z
B, 1 =1 1 -1 =1 1 =1 1
1 i -1 —i =1 =i 1 i 3
E. R T S B R T B B2 ;
Csa E Cs ﬁ.uu ﬁ.uu ﬁu# o Ss S5’ .Wuu Muo ¢= exp (2i/5) !
A 11 1t 1 1t 1 1 1 R, x34 2,22
X 1 ¢ & &* ¢ 1 : P Pl ®)
' 1 -“ e g2 . 1 -“ e 2 . %)
~ * : ] ﬁ L ] L ]
AR R o
A" 11 ._u —» 1 -1 -1 |_» |_u -1 z
1 ¢« o4 -] - — el ot :
E, 1 nn n»- “n n —1 |”¢ I.”uc |“u .I” (Rx» R)) (xz, y2)
E” 1 & ¢ ¢ &% —1 —e2 - —¢ — a2
2 1 e3* ¢ & & —1 —g¥* —e —¢* —e
CalE Co € € €% C° i S5° Ss* o Se s o= exp (2ni/§
40t 1 1 1 o1 1 1 1 1 1.1 1}k x4 03,7
B, |1 -1 1 -1 1 -1 1 -1 1 -1 T -1
1 - —1 - . 1 —* -1 - *
Ell] 28 2126 ¢ 1 YTh D1 e o ||@RaR)iGanyd)
1 —s - 1 —&* — ] —e* — 1 —e* —
P | et St At A R S S = rhan 3
Ay 1 1 1 1 1 f —1 —1 —1 —1 =1 —1 |z 4
B, |1 —1 1 -1 1 -1 -1 1 -1 1 ~1 1
E 1 : —s* —1 —=¢ et —1 —e¢ * 1 e —° (
ELE R} e —s —1 —&* e —1 —¢* . 1 e —e *,7)
E 1 —* —¢ 1 —¢* —& =1 e* e -—1 o« e
Wil —e —¢* 1 —¢ —¢* -1 s e —1 & *

 The D,, Groups

CHARACTER TABLES 431

Dy | E Caa) G0 Cax) 1 olwy) olx3) a(yz)
i°A, i 1 1 i 1 1 1 1 x3, y2, 23
- By 1 1 -1 -1 1 1 -1 -1 R, xy
 Bag 1 -1 1 -1 1 -1 1 -1 R, xz
By, 1T -1 =1 1 1 -1 -1 1 R, yz
Ay 1 1 1 1 -1 -1 =1 -1
 Bis 1 i -1 -1 -1 -1 1 1 z
Bau 1 =1 I -1 =1 1 =1 1 y
L By 1 -1 -1 1 -1 1 1 -1 x
Uut E Nﬁ.u uh.u . On N.Wu wﬂa _ _
Ay’ 1 11 1 1 1 X343, 2%
Ay’ 1 1 =1 1 1 -1 | R
 E’ 2 -1 0 2 -1 071 (x (x2— y%, x5)
Ay 1 1 i -1 —1 -1
A" 1 1 -1 =1 =1 1 z
L E* 2 -1 0 -2 1 0 (Rx, Ry) (xz, yz)
b: E NO‘ nu NON~ Nﬁui i Nh.b ax Nﬂ.e NQ&
v 1 1 1 1 i 1 1 1 1 1 x34 y2, 23
Azg 1 1 t -1 -1 1 1 1 -1 -1 R,
 Big 1 -1 1 1 -~1 1 —1 1 1 =1 x2—y?
By, 1 -1 1 -1 1 1 -1 1 =1 1 xy
- E, 2 0-2 o0 0 2 0 -2 0 0 (Rxy Ry (xz, y2)
¥.Im 1 1 1 1 1 -1 -1 -1 =1 —1
L Aze 1 1 1 -t =1 =1 =1 —1 1 1 z
By 1 -1 1 1 -1 -1 1 -1 ~1 1
- Baw 1 =1 1 -1 1 -1 1 =1 1 -1
| Ey 2 0 -2 0 0 -2 O 2 0 0 (x,»)
KD sa E 2Cs 2Cs? 5C:, o 28s 28s? So:
4, | 1 1 1 11 1 1 T x34y3, 22
iy’ | 1 1 1 -1 1 1 1 —1]| Ry
Y12 2c0872° 2cos144° 0O 2 2c0872° 2c0s144° 01l (x5
E,’ | 2 2c08144° 2c0872° 0 2 2cosldd® 2c0872° O (x2— %, xy)
4,7 | 1 1 1 1 -t -1 -1 -1
;" |1 1 1 -1 -1 -1 -1 1]z
E,” | 2 2c0o872° 2cos 144° 0 —2 —2cos72° —2cosldd® O (R, R) | (x2,y2)
E," | 2 2cos 144° 2cos 72° 0 —2 —2cosl4d® —2co0872° 0
Den E 2Cq 2C, Qu Uﬁ.n- uh.un i N.wu N.WO Op 3o, 3o,
1 1 1 1 1 1 1 1 1 1 1 1 x*+y3, 23
1 1 1 1 -1 —-1 1 1 1 1 -1 -1 R;
1.- -1 1 =1 1 -1 1 =1 I -1 1 -1
1 -1 1 =1 =1 . 1 -1 1] -1 -1 1
2 1 -1-2 0 0 2 1 -l -2 0 0 (Rs, R) (xz, y2)
2 -1 -1 2 0 0 2 -1 -1 2 0 O (x? — y2, xy)
1 1 1 1 1 1 <1 -1 =1 —1 -1 -1
1 1 1 1 —i»—1 =1 —1 =1 -1 1 1 z
1 -1 1 -1 1 -1 —1 i -1 1 -1 1
1 -1 1 -1 -1 1 -1 1 -1 1 1 —1
2 1. -1 <2 0 0 -2 -1 1 2 o0 0 x, »
2 —-1 -1 2 ©6 0 -2 1 1 -2 0 0
X
e bx - P




432  APPENDICES
CHARACTER TABLES 433
. The Groups (Continued). oy .
6. The D,, ps ( ) . 7. The D,; Groups (Continued).
Dan|l E 2Cy 2C¢® 2C, C, 4Cy 4C;" i 25, 25,° 25, o0, 4g, 4o, Des | E 25,2 2Cq. 25, 2C; 28, C, 6C;’ 6o,
4, 1 1 A T S U 1 T 1 1 1 1 x4y 2t A 1 1 111 1 ,
biod I U TR N T Sy S (S TR T T B B I Y 8 ' N I S T T T S S S SN x4 y2, 22
B,l1 -1 -1t 1 1 1 -1 1 -1 -1 1 1 1-1 By I =1 1 -1 1 =1 1 1 —1 *
Byl -1 -1 1 1 -1 1 1 -1 -1 1 1-1 1 \ B, 1 =1 1 -1 1 -1 1 -1 1]z
Eo |2 V2 -v2 0-2 0 =0 2 V2 -V2 0-2 0 0|R.R)|Gzy) E, 2 VI 1 0 -1 V3 2 0 0| _
Ex | 2 0 0-2 2 0 0 2 0 0-2 2 0 .0 (S Ey--| 2 1 —1 -2 — 1 2 0 o ’ O — »2, xy)
Es, |2 -V2 VI 0-2 0 0 2-Vv2 V2 0-2 0 0 Ey | 2 0 -2 o0 2 0 -2 0 o 4
A |1 1 1 1 1 t 1 -1 =1 —1—1—1—1—1 E, | 2 el\_ -1 2 -1 ~1 2 o0 o
Az | 1 1 1 1 1 =1 —-1-1 =1 —=1-=1-1 1 1}z E, 2 -V3 1 0 -1 Vi - .
Bl -1 -1 1 1 1 -1-1 1 1—1—-1—=1 1 i : 3720 0 \ReB) | (xmy)
Bt -1 -1 1 1 -1 1-I ! 1 -1 -1 11 8. The S, Grou
Eh|l2 V2 -v2 0-2 0 0-2-v2 V2 0 2 0 0|y ] * ps
En|2 0 0-2 2 0 0-2 0 0 2-2 0 O© . S.|E S, G oSS
En|2-VZ Vi 0-2 0 0-2 V2-Vvi 0 2 0 0 ‘ ‘0 _ _
A1 1 1 1R _xu+ 2, 2
7. The D, Groups B “ -1 1 -1 |z X2 —y xy
) i —1 —i
Dy | E 285, C; 2C) 20, E “_ —-i =1 ..“ (%, ) (Rs, R)) | (x2, y2)
A, 1 1 1 1 1 x3 4 y3, 22
A 1 1 1 -1 ~1} R .
Q”. 1 —1 1 1 -1 * x3-— &n .W. E ﬁ.u ﬁ\‘uu i .Wau rﬂm &€ = €xp ANAZ.\M»\
B, 1 -1 1t —1 1 z Xy D — -
E 2 0 -2 0 0 (x, 5); (xz, y2) . ]
(Rs\ Ry ol Y x e
E, A_ £ € 1 € mo“ (R.. R) (x* — y2, x);
Dss | E 2C3 3C; i 2S¢ 3o, _ 1 & e 1 e e = (xz, y2)
A, 11 1 1 1 1 1 242 5 il T K
1o x4yt z 1 € &% —1 —g —gb
Az |1 1 =1 1 1 —1 | R, -E | {] o 1 n. ey
E, 12 -1 0 2 -1 0] (R,R) | (x*~»% 1), & e —1 —&* —¢ »
(xz, yz)
A 11 1 =1 =1 =1 3 ,
Am ]l 1 -1 =1 -1 1] Se1E &GS CGoSSCe sy &= exp (27i/8)
Ex 2 -1 0 -2 1 0} (x,»
| A |l 1 -1 1 1 1 1 1 | R x4 2, 22
Das | E 28s 2C, 28:* C, 4C) 4o, B |l -1 1 -1 1 -1 I -1 |z '
. > — . — — s
A, |1 11 1111 x*4 yt, 22 E; 1 o._. I - 1 —e —i & (x,));
Az |1 11 1 1 = —~1 | R, I & —i —¢ —1 —e* i ¢f (R, R)
w_ “ I“ “ lw “ “ |“ E. 1 i -1 —i 1 i -1 —i v
N -1 -1 — z . 2 ) _ . o _ R x2 — n.*
E, |2 v2 0 -vi-2 0 0/ ®xy “ PR L Al
E; | 2 0 -2 0 2 0 0 (x*— y2, xy) E, —&* —i & —1 & i —¢
Es |2 —v2 0 V2 -2 0 0| (B.R) | (xz,y2) 1 —e¢ i e —1 & —j gt (xz, yz)
Dse| E 2Cs 2652 SC, i 28,0° 28,0  Sos The Cubic Groups
»
Ayl 1 1 1 1 1 1 1 X34 y3, 4 4C; 4C3% 3C = ;
Al 1 1 -1 1 1 1 —1| R, 2 2| | e=exp 2mif3)
Ey,| 2 2cos72° 2cos144° 0 2 2 cos 72° 2 cos 144° 0| (R, R)) | (xz,72) 1 1. 1 x4 24 g2
Ejp | 2 2co0s 144° 2co0s 72° 0 2 2 cos 144° 2 cos 72° 0 (x2—y3, . ' 1 Q2= x2— 2
Al 1 1 1 1 —1 -1 ~1 -1 m. : 1 por S ’
Az |1 1 1 -1 -1 -1 -1 1]z —1 | (R, R,. R); (x, :
Enl2 2c0s72° 2cos144° 0 —2 —2c0s72° —2cos144° 0| (x,) o By R Gra) | Gy, xz, y2)
Ej|2 2cosl44° 2cos72° 0 —2 —2cosl4d® —2cos72° O ,




44

9. The Cubic Groups (Continued).

APPENDICES

T, E 4C, 4CY 3G, i 45, 45 3o, & = exp(2xi/3)
A, S | | S N 1 1 R+ P+
E ) - 1 1 e e 1 23— R m g g
i 1 & ¢ 1 1 e £ 1 2z yh .wv
T, - 30 0 -1 1 0 0 -1 (R, R, R) (xz, yz, xy)
A, 11 1 1 -1 -1 -1 -1
E 1 ¢ ¢ 1 -1 =& =~ -1
“ 1 & & 1 -1 -¢ -¢ -1
T, 30 0 -1 -1 0 0 1 (x,y.2)
T. | E 8¢ 3G 65, 6o, | |
A 1 1 1 1 1 2+ 422
A; 1 1 1 -1 -1
E 2 -1 2 0 0O (222 -2 =y, 2 = )
T, 3 0 -1.1 -1 Mx.. R, R)
T, 3 0 -1 -1 1 X, ¥, 2) (xy, x2, yz) .
(] E 8C, 3C(=C} 6C, 6C; _ _
A |1 1 1 11 24y
A, 1 1 1 -1 -1
E 2 -1 2 0 0 QR -2 -y, 2 -y
T, 3.0 -1 1 -1 | (RaR.R)(x,,2)
T; 3 0 -1 -1 1 (xy, xz, yz)
~
o: E mnu Onn Oﬁ.» wﬁ.uA = QV i a. ao 30, 'a g\
Ay, 1 1 1 1 1 1 1 1 1 1 2+y+
Ay 1 1 -1 -1 1 t -1 1 1 -1 -
E, 2 -1 0 O 2 2 0 -1t 2 O Q2 -2
T, 3 0 -1 1 -1 3 1 0 -1 -1 (R, R, R,) .
Ty 3 0 1 -1 ~-1 3 -1 0 -1 1 (x2, yz, xy)
A, 1 1 1 1 I -1 -1 -1 -1 =1
A, 1 1 -1 -1 1 -1 1 -1 -1 1
E, 2 -1 0 o 2 -2 0 1 -2 0
Tw 3 0 -1 1 -1 -3 -1 0 1 1 x5, 2)
T 3 0 1 -1 -1 -3 1 ¢ ' -1

CHARACTER TABLES

435
10. The Groups Cw.s and D, for Linear Molecules
Cov | E  2C,° - wo, _ _
M.WWH 1 1 . 1 z . 2 2 ,2
E=l | 2 2emo . "L | R e
1 cos :
Eoa 3 ey u (x, »); (Ry, R)) Qw. wuvn
Ey=0 2 2cos3® 0 &=t
Dg, E  2C.* we, i 25, ©C
2
I, 1 1
| iage T h bade o g, [T
o cos 0 "2 2c0s - ,
o[ 2 e D g | BB G,
,e . L) - nk&
m..u 1 1 e 1 g -1 s o1
A BT e R A N
e 0 =2
A, 2 200820 .- 0 -3 lwnn%e . o | &7



