Appendix IIT”

A. Character Tables for Chemically

Important Symmetry Groups

1. The Nonaxial Groups

C, E

A |1 1| xy R | x%y%
z5, xy
A" 11 —1 |z, R, Ry | yz, xz

2. The C, Groups

C; | E C;

Ay | 1 1| R.,R,,R. | x? y? 2
Xy, Xz, yzZ
A, |1 =1 x,y 2z

Cs| E Cs GCi?

4 |1 1| zR. x?, y% 2%, xy
B 1 —1 | x,»,R:\,R | yz, xz

_ & = exp (2mi/3)

A I 1 1 z, R
E (1 & e*|

2
x? 4 y?, 22

e e (x, Y(Rx, R | (x* — ¥2, xy) (2, x2)

* Appendix I1IA is presented in two places: (1) here, in its proper location in the sequence
of appendices, and (2) as a separate section in a pocket inside the back cover.



2 Appendix HI

The C, Groups (continued)
C.s| E Co Cy GCi

A 1 1 1 1 |2z R x2 4 y?, 22
B 1 -1 1 —1 x2—y% xy
1 i =1 —i
E\Y i 1 il | R R) | vz, x2)
Cs |E Cs Cs* Cs® Cs* e = exp (27i/5)
A 11 1 1 1 z, R, x? + y?, z*
1 ¢ g2 g** g*
Ev (i) o+ g% g2 & || ®NRGR) | (2, x2)
1 & & ¢ £2*
E; 1 e2* ¢ e &2 (x*—y?, xy)
Co| E G Cs C: Ci* G & = exp (2mi/6)
A 1 1 1 1 1 1 z, R, x% 4+ y?, 2?2
B 1 -1 1 —1 1 -1
1 € —e* -1 —¢ el | (x, )
E “~ & —¢ —1  —e* € (R:, R)) (xz, yz)
1 —&* —¢ 1 —e*  —¢ R 2
E, A_ — —e* 1 —e —e* & — % xy)
C,|E C; C* C? C* Ci° CfF & =exp Qmil7)
A 1 1 1 1 1 1 1 z, R; x4 y? 22
1 ¢ 2 g3 g3 gk g* (x, »)
E, “_ o* 2% 3% g3 &2 e v (Rx, R,) (xz, yz)
M MN mu* m* £ mw mw*
E, "H 2% 3 e o* 3% g2 v x*— % xy)
H mw m* mN MN* & @w*
Es A_ % ¢ g% g2 g* g3 V
E Cs Ci C Ci? Ce® Ce® Cy7 & = exp ANQ.:\WV

1 —1 1 1 1-1 —1 —1
"~ € i—1 —i —g* —¢ m*“ )

Cs
A 1 1 1 1 1 1 11 z, R; x2+y? 22
B
m- Axk' NNu_v A*Nu V.Nv

1 e* —i —1 I —e —e&*¥ ¢

Ui 11— i i .
L R R e R “ =% x)
1 —e¢ i —1 —i &* ¢ —¢*
Es I\t —e* —i—1 i & &* [L
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11. The Icosahedral Groups*
I, E 12Cs 12C52 20C; 15C, i 128510 125:4° 208¢ 150
A, 1 1 1 1 1 1 V 1 ) 1 1 x4 y2 4 22
Ty | 3 311V5) a-V5 o0 - 3 31-V5  H1+V5 0 —1 |(ReR,,R)
Ts, 3 31-V5) 1+Vs 0 —1 3 314+V35  -vs 0 —i
G, 4 —1 —1 1 0 4 —1 —1 1 0
H, 5 0 0 -1 1 5 0 0 -1 1 (222 — x* — )2,
x* =2,
XY, ¥z, £X)
Ay 1 1 1 ] 1 1 —1 —1 —1 ) -1 -1
T | 3 M4V M-V 0 -1 =3 11—V —H+VH 0 1 | (2
Too | 3 30=V5) 11+V5 0 -1 -3 —30+V5) —31-Vs 0 1
G, 4 —1 —1 1 0 —4 1 1 —1 0
H, 5 0 0 —1 1 -5 0 0 1 -1
* 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, y, z) assigned to the 7, representation.
e
e man | o el b R mAM D FEEx| S 4
o
I R 1 JLL__ 18 . 5(‘:)
° R N . L8 L9 5
N — ] - Q w ] w
I S ] - Q) ~
— e — w to (el B\
| I A
o o o | 2 S
g g o > =
| | w 7 BN A N
A ol
O O e e ek 1 P w N B
¥ R . ol L |8 o @ | 2
I I g =] S b k. \k/
OO = == N l wn I l N i(
= : ~ P
- = N ~ N woowo N
,‘;’ N =y "R % Q Xn
5 5! S b REEn
> 3«” & < % <
~ 3, = '>< N N
~ N ~
oSN~ = S =
VY % o N
NN NN o -~ S
e + x> FEL N o 3
5= N e b O g g
‘>< N, <& % N g
< . N N &
g ¢ b
S’

£




4  Appendix III

4. The C,, Groups

Coo | E C: ofx2) alyz) '

A 1 1 1 1 z x2, y2, 22

A, 1 1 —1 —1 R;

w_ 1 —1 1 —1 X, WV

B, 1 —1 —1 1 y, R,

Que E Nﬁu WQC

A 1 1 11z x2 4 y?, z?

A, 1 1 —1 | R.

E |2 -1 0| G, »(Rs, R) | (2 — y2, xy)xz, yz)

qﬁé m NQ& QN NQ.: NQn

A 1 1 1 1 1|z x2+ y3, 2

A, 1 1 1 —1 —1}| R,

B, 1 —1 1 1 —1 x2—y?

B, 1 —1 1 -1 1 xy

E |2 0 —2 0 0] (x,»R,,R) | (xz,y2)

Qm,e E NQM Nﬁwmu MQc

A, |1 i 1 1 x*+y?, 22
A, 1 1 1 —1

E, |2 2cos72° 2cos144° 0| (x, »R:, R) | (xz,yz2)

E, |2 2cosl44° 2cos72° 0 (x* — y2, xp)
ch E Nﬁ‘o Nﬁ‘m qN wQ.c an

Ay 1 1 1 1 1 1|z x2 4 y2, 22
A, 1 1 1 1 —1 —1]| R,

B, 1 —1 1 —1 1 -1

B 1 —1 i —1 -1 1

Nw— N — - ~ |N O O A.x.. .V\QAwk s xuv ARNV .V‘Nv

E, {2 —1 —1 2 0 0 (x* — ¥, xy)

9. The Cubic Groups (Continued).

Appendices 9

T, E 4C; 4C3?% 30, i 4S¢ 4S¢° 3a, &= exp (2mi/3)
A, 1 1 1 1 1 1 1 1 x2 4 y24 22
A, 1 1 1 1 -1 —1 —1 -1
E 1 ¢ e* 1 1 € &* 1 (222 — x2— »3,
9 1 e* e 1 1 e* & 1 x2— y?)
E 1 ¢ &* 1 —1 —e —g* —1
" | L £ 1 —1 —e* —¢ —1
T, 3 0 0 —1 1 0 0 -1 (Ry, Ry, R,) (xz, ¥z, xy)
T 30 0 —1 —1 0 0 1 (x,y,2)
Ty E 8C; 3C, 6S, 6o, _
A,y 1 1 1 1 1 x2 4+ p24 22
A, |1 1 1 -1
E 2 —1 2 0 0 (222 — x2— y2,
x*—y3
T, 3 0 —1 1 —1 (Rx, Ry, R,)
T, 3 0 —1 —1 1 (x, », ) (xy, xz, yz)
o E 6C, 3C(=C,% 8C; 6C, _
A, 1 1 1 1 1 x4y 4 22
A, ] 1 —1 1 1 —1
E |2 o 2 -t 0 (222 - x* — 2,
x2—y%)
T, 3 1 —1 0 —1 (Re, Ry, R); (%, 9, 2)
T, 3 —1 —1 0 1 (xy, xz, yz)
Oy |E 8C3 6C, 6C, 3Cy(=C4* i 65, 85, 30, 60y
A1 11 1 1 1 1 1 1 1 x4 y2 4 22
Azg} 1 1 -1 —1 1 1 —1 1 1 —1
E, 2 —1 0 0 2 2 0 —1 2 0 (222 —x*—y
x2—y?)
Tig| 3 0 —1 1 —1 3 1 0 —1 —1 (Ry, Ry, R)
Ty | 3 0 1 —1 —1 3 —1 0 -1 1 (xz, yz, xy)
A | 1 1 1 1 1 -1 -1 —1 —1 -1
Azl 1 1 -1 -1 1 —1 1 —1 —1 1
E, |2 —1 0 0 2 —2 0 1 -2 0
Tu|3 0 —1 1 —1 —3 —1 0 1 1 (x, 5, 2)
Try | 3 0 1 —1 —1 —3 1 0 1 -1
10. The Groups C,, and D_, for Linear Molecules
Coo | E  20.° - oo,
A, =X+ 1 1 - 1 z x4 y?, 22
A, =3~ 1 1 -1 R,
E, =II 2 2cos® 0 (x,»); (Rc, Ry) (xz, yz)
E,=A 2 2cos2® 0 (x*— »2, xy)
E;=0 2 2cos3® 0
Daw | E  2C.° wa, i 25.,° o ®C,
=t 1 1 1 1 1 1 X2+ y2, 22
3, 1 1 =11 1 e -1 R,
I, 2 2cos®d --- 0 2 —2cosd - 0 (R:, R) | (xz,y2)
A, 2 2cos2® ] 2 2 cos 20 0 (x%2— 2, xy)
Tt 1 1 1 —1 —1 —1 z
2. 1 1 -1 -1 —1 1
11, 2 2cos® 0 —2 2cos @ 0 (x, )
Ay 2 2cos2® 0 —2 —2cos2@ --- 0
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7. The D,; Groups (Continued). S. The C,, Groups

Des | E 28,3 2Ce 25, 2Cy 25,,% C, 6C, 6q, 9._ EC i o |
Ay 1 1 1 1 1 1 1 1 i x4+ y? 2 A, 1 1 1 1 R, x?, 33, 22 xy
A, ! 1 ] 1 1 1 -1 -1 R B, 1 -1 1 -1 R.. R Xz, ¥z
B, 1 -1 1 -1 1 -1 1 1 - R I TR TR S T g ’
B, 1 -1 1 -t 1 -1 1 -1 1 : B, 1 -1 -1 1 x ¥
E, 2 V3 1 0 -1 —V3 -2 o0 0 (x,»)
mu w ._V |h lw 1m 1 2 0 o0 x2— ¥y, xy)
3 - 0 -2 0 o 2 s _ .
E. 3 1 _1 2 -1 1 5 ps p Caa E Cy G, oy Sy S £= exp (2mi/3)
Es 2 -V3 1 0 -1 V3 =2 0 0| (R, R) | xzyd) A P 11 1 R. X%y, 22
*
E f £« 1 < e*| (x, ¥) (x¥— 32, vy)
\t e [ | € €|
8. The S, Groups A" 11 -1 =1 :
» _ L \— . —_p®
S¢ ] E S Cc; S ’ E "_ MQ M -1 |M¢ - M “ (Re. Ry) (xz, ¥2)
A 11 1 1 | R, x* 4y 22 3
N c E Co C, €3 i 52 o S
B 1 —1 1 =1 2 X — .w~. xy an . 2 4 4 * 4
(1 i =1 =i A, 1 1 1 1 1 11 R, x4 p2, 22
E U —i —1 i (X, )5 (R, Ry} | (x2, D) B, 1 -1 1 -1 1 -t 1 -1 x* =y xy
I i =1 —i 10 =1 —i) .
E U= =1 i 1 —i =1 i | Re R xzy2)
, . 11 -1 -1 -1 - :
S |E C G i S5 S ¢ = exp (2mil3) 7o N T T T St S S
T i -1 —i —1 —i i
E, o . ; i (x,3)
A, It 1 1 1 1 R. x4 y?, 22 it -i -1 i —1 i1 i
1 & ¢* 1 £ £* (x* —y2, xy);
£l o T Rery |G ) s e e s g |
|1 &* ¢ 1 € € | (xz, yz) Can | E C5 Cs2 Cs® Cs* o Ss S  §* S e= exp (27i/5)
A D _. -r -l l_. z A R 11 1 1 1 R, x4 y3, 23
E ‘_ e & —1 —& —£* (x. y) £ 1. P 1 N £2 pe pe _
[ : P S —1 —¢* —¢ ‘ 94 1 11 e* £ &2 ¢ | & e2* e? € (x5
2 * 2s 2 » 2
’ i1 € € € & 1 € I3 £ € 2 2
] E, I PR LI e £? 1 el e * £? “ (x%—y2, xy)
Se | E Ss Coe So* C: Se* C* S £ = exp (27i/8) A" 11 Lo B R e s e :
” i - . -1 - e __pd2% L@
D— m_ "_ Mo Muo Mu M. _ 1Mo |‘M~¢ _ MN |M AW‘: NL Akn.%uv
A | 1 1 i 1 1 1 1 R. k~4.%.~. z? E.* &2 £* € e2r 1 —¢2 —® —& - gl
B |l —1 1 -1 1 -1 1 —1 |z : LI e B e e et
1 £ i —&¢ —1 —e —i el (0
E m_ e —i —& -1 —¢* ._ € “ (R:. R)) CalE Co €y Cp €3 Co® i S33 S¢° o0 Se S £= exp (27i/6)
] i -1 =i i i — —i
E, bW =i -1 i - =1 i (x* =y, xy) A4, |11 1 T 1 I T R, | x¥+2,22
i o ; . " e ; e B, |1 —1 N R R P —1 1 -t 1 =1 :
— —_ — —_— , — ] Ww— — L] — — g ‘— . *
E, : —¢ i & —1 £ S (xz, y2) E,, __ M. !M 1 IM. M 1 M. IM 1 IM. M “ (Ry, Ry | (xz,52)
1 —¢* — e* — et — —e* —
E € € 1 € £ 1 € 3 1 € e 2 PR
. 201\t —¢ —&* 1 —¢ - &* 1 —e —e* 1 —¢ —¢* % =%, xp)
9. The Cubic Groups P I B 1 11 [ R R T N S I
B, |1 —1 1 -1 1 -1 -1 1 -t 1 -1 1
T | E 4Cy; 4Cy* 3C, e= exp (2mi/3) “_ e —e* —1 —¢ e —1 —¢ e 1 e —e .
_ _ _ E 1 e —¢ —1 —¢* e —1 —e* € i e —e (x. )
A 1 1 1 1 x4 y2 422 E 1 —e* —e 1 —¢e* —¢ -1 * e —1 * e
M" 1 e € 1 ANNnulmn»I.v.n. 1 - et 1 —¢ — —1 I3 et —1 ¢ e
| I € 1 x4 —y9)
T 3 0 0 —1 (Re Ry R (x, 3, 0) (xy, x3, y2)




6 APPENDICES CHARACTER TABLES 7
6. The D,, Groups 6. The D,;, Groups (Continued).
D, E Cy(z) Cyp) Culx) i oalxy) olxz) olyz) Der| E 2Cs 2G4 2C, C, 4C,73C," i 284 254" 25, o, 40, 40,
A, 1 1 1 1 1 1 1 1 x2, 32, z2 A |1 1 1 IS R T 1 1 | A S B | S L
B, 1 1 - —1 1 1 —1 —1 R. xy Az} 1 1 1 1 1 -1 1 1 1 1 H 1 11 R
B, 1 1 1 1 I —1 1 1 R, x= B, |1 1 —1 1 1 1 1 1 1 1 1 1 1 1
B, 1 1 -1 1 1 —1 -1 1 R, v B,, |1 1 -1 | B 1 1 1 I 1 t I | 1
Ay 1 1 1 | 1 —1 —1 E,|2 N2 N2 0 2 0 o0 2 A2 V20 2 0 0| (RLR) | (xzy2)
B, 1 1 1 1 -1 -1 1 1 - E, |2 0 0o 2 2 0 0 2 0 o 2 2 o0 o0 (x?— 2 xv)
B, 1 -1 | [ R Tt 1 ¥ Esql2 =%2 V2 0 2 0 0 2 V2 V2 0 2 0 0
B,. | B I 1 [ x A1 ! [ T T S [ ST T T S
Ay | 1 T I T O R
B.ltVv -1 -1 1t 11 -1 -1 1 I T T
Dyw | £ 2C, 3C; on 253 3o 85 |1 | IS T TR R B (R 1 (SR T T S|
’ 1 1 1 1 1 1 X2 y2 22 E..|2 V2 N2 0 2 0 0 2 -\2 V2 0 2 0 0| (x.¥)
nw R T R T T T Y vy Ey |2 0 0 -2 2 0 o0 -2 0 0 2-2 0 0
E’ 2 -1 0 2 -1 0 (x, ) (x2— 32, xy) Eyw|2 —V2 V2 0 -2 0 0 -2 2 V2 0 2 0 O
7 I T R ER R S
A L1 0~ :
E 2 -1 0 -2 1 0 (R, R)) (xz, ¥2)
7.
Day | E 2C4 €, 2C,' 2Cy" i 25, on 20, 20 The D,; Groups
9 )
DA T R T (R SRS T N BN SR xP4 2, 22 Daa | £ 254 C: 2C7 204
A; S T I I D I R (R R R, P 1 P L1 2. 2 .2
By | 1 -1 1 1 -1 1 -1 11 -1 x2—y? N Yo
Byy | 1 -1 1 -t 11 -1 1 -1 1 xy B, ool 11 -1 ; Vg2
E, 2 0o -2 0 0 2 0 -2 0 0 (Ry, R)) (xz, y2) B, 1 —i 1 —1 1 - Hr.-v
A 1 ] 1 1 = -1 -1 -1 -1 E 2 0 -2 0 0 (v ) (xz, y2)
A |t 1 1 —1 -t —1 —1 -1 1 1 : (R.. R *
B, 1 -1 1 1 -1 -1 1 -1 -t 1 A
B 1 -1 1 -1 1 -1 1 —1 1 —1
E. 2 0 -2 ©0 0 -2 0 2 0 O (x, 5 Dyg | E 2Cs 3C: i 25, 3o,
A 1 1 1 1 1 1 X2 - y? 22
Dy|E  2Cs 2Cs3  5C;, oy 28, 253 So, ;m T T R R. .
4, |1 1 1 1 1 1 1 gy, 22 E, |2 -1 0 2 -1 0| (R,R MxN - v,
1 J y 3 .
Ayl 1 1 BRI 1 1 1R Al 1 S X
E\'12 2cos72°  2cos 144° 0 2 2cos 727 2cos 144" O | (x, 1) Az 1 1 —1 -1 -1 1 -
E;’ 12 2cosl44" 2c¢os72° o 2 2 cos 144° 2¢os 72° 0 (x?— 32, xy) En 2 .1 0 -2 1 0 (v
Al 1 1 1 —1 -1 -1 —1 .
A |1 1 1 —1 -1 —1 -1 1= s ,
E\"|2 2cos72°  2cos 144° 0 —2 —2cos72"° —2cosl4d O | (R, R) | (xz,y2) Dag E 25y 2C, 2847 C, 4C; 4o,
E;,"[2 2cosl44” 2co0s 72° 0 —2 —2cosld44> —2cos72° 0 :
A, 1 11 IS HS TR vy 2
C e . : ! T - i
Dex | E 2Co 2Cy C, 3Cy’ 3Cy" i 2Sy 2S¢ on 3oa 3a. _ i e
B t 11 S T T :
1 1 1 1 1 1 1 1 1 1 1 1 x24+ 3322 2 -
Ao a 1 - v E, | 2 v2 0 v2 2 0 0 (uw
Az |11 1 1 -1 —1 1 1 bt 1 —1 —1 R. 2 0 s
b_n 1 —1 1 -1 1 —1 1 —1 1 —1 I —1 E, 2 0 2 0 2 (1] 0 (x yeoay)
B,y |} -1 1 —1 —1 1L 1 —1 1 —1 —1 1 E, 3 v2 0 A2 -2 0 0 | (R.R) | (xzan)
E,, 2 1 -1 =2 0 0 2 1 -1 -2 0 0 (Ry, Ry) ﬁ«w. ._.nvN
By 2 -4 -0 2 0 ¢ 22 -1 2 ¢ 09 " =% ) D E  2Cs C sC, i 28,4° 28,0 So,
1x
A, T 11 1 =1 -1 -1 —t -1 —1 1 1 z ; )
B | 1 —1 1 —1 1 -1 -1 1 -1 1 -1 1 4 ! | " o | \ |
9
By | 1 -1 1 -1 -1 1 1 “ \“ ! A_V \A_u . Egl2 2cos72 2cosld4d 0 2 2cosT2 2cos 144 0
Ef | 2 1 -1 -2 0 0 -2 — 2 s (x,3) E; | 2 2cos144” 2cos 72 0 2 2cosldd  2cosT2 0
Ew i 2 -1 -1 2 0 0 -2 1 1 -2 0 A2 0 \ 1 -1 1 1 1
Al ! 1 -1 1 1 1 e
Ei.|2 2cos?2 2 cos 144 0 --2 -2cos72° -2cos 144 0 (x, )
Exw| 2 2cosld44 2cos 72 0 -2 —2cosi44” --2cos 72’ 0




