Character tables for some chemically important symmetry

groups
C, E o, ¢ | E
A’ 1 1| T, T, R | 2y Ay |1 1| RoR, R, | 5% )% 2
2, xy Xy, 2X, yz
A" 1 -1 | ToRuR, | yz,zx A, | 1 -1 | T,T,T,
The C, groups
C E G | |
A 1 1| T,R, %2, 2, 2%, xy
B 1 -1 | To T,, R, Ry | yz,2x
C E GG | e = exp(znity)
A 111 T, R, 2+ ¥y 2
1 €e*
E | {l ST Hameer) | @ rhw), 02
C. E G G C? I |
A 1 1 1 1 T,. R, 2+ y, 2
B 1 -1 1 -1 2 -y xy
1 i -1 —i
E 1 —i -1 i} (Ty, Ty), (R, Ry) | (yz, 2x)
Cs E ¢ ¢ ¢ ¢ | | < = exp(zmits)
A 11 1 1 1 T, R, 2+ 32 2
1 € € € €
e ({ls SS )| mmer| o
1 € € € €2*
E, {1 2* ¢ €t €2} (x2_y27)‘y)

C6 E C6 C3 Cz C32 CGS €= exp(2-n'1/6)
A 1 1 1 1 T,, R, x?+y?, 22
B 1 - 1 -1 1 -
1 e —€e -1 —e €* (Ty, Ty),
Ey { 1 ¢ —e -1 - ¢ } (R.R) | U™
1 —€* -e 1 -—e —€ 2 _ .2
EZ {1 —€ —e* 1 —e _e*} (X y ,xy)
C7 E C7 C72 C73 C74 C75 C76 € = CXp(Z’ITU7)
A 11 1 1 1 1 1 T,, R, 2+ 7
E { 1 e e & & € € } (Ty, Ty) (yz, 2x)
! 1 e &€ &€ €& € € (R, Ry)
1 €2 63* €* € €3 €2*
E, 1 &* & € € & o } ()f2 - yz’ xy)
1 € € € e € e
E3 1 ES* € €2* €2 e* e3
Cg E Cs C4 Cz C43 C83 Cgs C87 €= exp(2m/8)
A 1 1 1 1 1 1 1 T,, R, X+ 2
B 1 -1 1 1 1 -1 -1 -
1 € i -1 i —-€*  —¢ €* (Ty, Ty),
E, 1 e —i -1 i —€ —e* € } (Ry, Ry) 0z, 2x)
i -1 1 -1 —i i —i 22
E, i -1 1 -1 i =i i } @ =% %)
1 —e i -1 =i €* € —¢€*
Es 1 —e* —i -1 i € e —e }
The D, groups
D, E Cz) GO) G
A 1 1 1 1 2,9 7
B; 1 1 -1 -1 T, R, | xy
B, 1 -1 1 -1 T,, Ry | 2zx
B; 1 -1 -1 1 T, Ry | ¥z
D3 E 2C3 3C2
Ay 1 1 1 X+ 32 2
A; 1 1 -1 T,, R,
E 2 -1 0 | (T, T,), R, Ry | (& = Y% xy), (vz, 2x)
D, E 2C, C(=C# 2¢; 26
A 1 1 1 1 1 x2+ 2 pe
A, 1 1 1 -1 -1 T., R,
B, 1 -1 1 1 -1 = y?
B, 1 -1 1 -1 1 xy
E 2 0 -2 0 0 Ty, Ty), (R, Ry) | (¥z, 2x)




Ds E
- 2G5 2C5? 5C,
1 1 1
1
22 1 1 1 i T,, R, ¥4y 2 The C,y, groups
1 2 2c¢cos 72° 2 ° - 2 ’
E cos 144 0 C .
2 2 2cos 144° 2cos T 0 (Ty, Ty), (Ry, Ry) ())Z’ ) 2h E C i o | |
( - y2 X A 1
D, » Xy) g 1 1 1 R 2.2
3 E 2Cs 2C; C, 3G 3G B, 1 -1 1 -1 Rz N X2 y2, 2, xy
Al ) ) X . 1 1 Au 1 1 -1 -1 Txy y yz, Zx
A, 1 B, 1 -1 - :
B, . _1 1 1 -1 -1 | T.R x4y 2 1 1| T,T,
B, 1 -1 ot bl : c
E, 2 1 —} _; - ! - EG G o & & € = exp(2mi/3)
E - 0 0 T A’ 1 i
2 2 -1 =1 2 0 0 ( x> Ty)y (RX) Ry) (yz, Zx) 1 1 1 1 1 R 2 > 2
02— y? E’ 1 e & 1 e & : oy 2
Yo Xy) ) 1 € € 1 €* (Tx, Ty) (xZ - y2 xy)
The C,, groups A 11 1 -1 -1 -1 e
E" 1 € € -1 —e =—¢ T
G E G oxz) o0/(y2) | e e -1 —e e } Ry, Ry) | Oz, 2x)
A 1 C
A, " i _} 1 T, TR " E C G CF i S8 on S
B, 1 -1 -1 ] Ty, Ry zx Bg 1 -1 1 =1 1 -1 - R, x + yz’ 2
c Ty, R, yz Eg { i l -1 —i 1 i1 i xt - y2, xy
» | E 26 3, | Ay P11 1 -1 o -1 } Ry, Ry) | (2, 2%)
A 1 1 1T B, 1 -1 1 - -L-1 -l T,
A 1 * x2+y2 22 1 -1 1 -1 1
E2 2 P -1 R rhz E {1 i -1 - -1 -i 1
_1 X v — — !
0 (Tx; Ty)7 (va Ry) (x2 _ y27 xy) (yz Zx) 1 i 1 i —1 i 1 _’} (Ty, Ty)
C4v E , ’
2C, G 20, 204 , : Cs E Co ¢ C3 G
Ay 1 1 1 l , - : ° oo S S8t s
A 1 1 1| 2 2 A R € = exp(Zmil5)
B 1 1 -1 -1 R Xt + Y,z E/ 1 e € 2% * ! ! 1 1 R 2 22
! 1 -1 1 1 -1 * ' | et & Sl I e &€ & e : rry.z
B, 1 -1 L - 22 s i € € 1 €* 2* & } (T.. Ty)
E 2 0 -2 ool ¢ Ey e & e er 1 e e '
— 0 Xy - 1 2x * 2 5 € e
c 0 (T,, Ty)7 (R,, Ry) (vz, zx) A" 1 i i el i : i'* € €* € } o> = yi xy)
, N e T
5 E 2C;s 2C¢? 50, l I E,\" : € € e e -1 —e € _::* l* T,
Aq 1 e € € € 1 —et -t =€ c } R,.R
A, 1 } } 1 T, 24y 2 ES { : < ¢ e & -1 =€ —:* _Z . R Ry) | 0229
E ° -1 R Yy 7 e’ e € —1 —e* - Ce* _€7 }
E; ; ; cos 72° 2 cos 144° 0 (,I’, ). R € € € —e
cos 144° 2cos 72° 0 v Ty, (Ro Ry) gyf 2x) o | E o o o oo
x° — ° 3 : ¥ W $S 8 - .
C, Yo, xy) 1 Se o, 8 S
hid E 2Cy 2G G 30, 304 gg ll ,} ool ’, lh € = cxp(2mif6)
Ay 1 1 1 1 . R T Lo R ¥yl
A, 1 1 1 1 T, 2 Ig { ) . €€ —1 —e e 1 ¢ e o1 - .
L1 Ep A e e 1 K
B -1 1 -1 1 1 R, Es, { : o= 1 e —e 1 —e ¢ : e (R Ry) | (2,20
Bz 1 -1 - —€ —€e* 1 —e DN —€ —e* —e
1 -1 - A € 1 —e -¢ - . e
A SURESEEEEE SRS
E _ - 0 T, ‘ . I R -1 - T,
2 > 1 2 g o | PER 05 S S A R e e e
(= ¥, x9) Ea | {0 7S T8 e b e o J|
) Lo e e e e e “Loe e
Ioe € -1 e €* }




The D,,, groups

Dy E G2) Gly) Clx) i olxy) olxz) o(y2)

A, 1 1 1 1 1 1 1 1 x2, yz, 2

Blg 1 1 -1 -1 1 1 -1 -1 R, xy

Bzg 1 -1 1 -1 1 -1 1 -1 R, zx

ng 1 -1 -1 1 | -1 1 R, yz

Ay 1 1 1 1 -1 -1 -1 -1

By, 1 1 -1 -1 -1 -1 1 1 T,

By, 1 -1 1 -1 -1 1 -1 1 T,

Bs, 1 -1 -1 1 -1 1 1 -1 T,

D3h E 2C3 3C2 (s /¥ 2S3 30v

A 1 1 1 1 1 1 X2+ yz, 22

Ay 1 -1 1 1 -1 R,

E’ 2 -1 0 2 -1 0 (T,, Ty) 2 — ¥%, xy)

A" 1 1 -1 -1 -1

Ay 1 -1 -1 -1 1 T,

E" 2 - 0 -2 1 0 (Ry, Ry) (vz, zx)

DA;, E 2C4 C 2 ZCZV 2C2" i 2S4 Ty 20’V 20‘4

Ay, 1 1 1 1 1 1 1 1 1 1 2+ y 22
Azg 1 1 1 -1 -1 1 1 1 -1 -1 R,

By, 1 -1 1 1 -1 1 -1 1 1 -1 -y
Bzg 1 -1 1 -1 1 1 -1 1 -1 1 xy

E, 2 0 -2 0 0 2 0 -2 0 0| (RuRy | (vz,20)
An 1 1 1 1 1 -1 -1 -1 -1 -1

An 1 1 1 -1 -1 -1 -1 -1 1 1 T,

By, 1 -1 1 1 -1 -1 1 -1 -1 1

B, 1 -1 1 -1 1 -1 1 -1 1 -1

E, 2 0 -2 0 0 -2 0 2 0 0 [(T,T

Dy, E 2G5 205 5C, oy 285 254 50,

A 1 1 1 11 1 1 1 2+ 7
Ay 1 1 1 -1 1 1 1 -1 R,

E)’ 2 2cos 72° 2cos 144° 0 2 2cos 72°  2cos 144° 0 (T,. T,)

E. 9 2cos144° 2cos 72° 0 2 2cos 144 2co0s 72° 0 (x2 =y xy)
Ay 1 1 1 1 -1 -1 -1 -1

Ay 1 1 1 -1 -1 -1 -1 1 T,

E/" 2 2cos T2° 2cos 144° 0 -2 =2cos 72° —=2cos 144° 0 (R Ry) | (yz. 2x)
E." 2 2cos 144° 2cos T2° 0 -2 =—2cosl44° —2cos 72° 0

De E 2C 2C, C, 3Gy 3G i 28 25 oy 304 3o,

Ay 1 1 1 1 1 1 1 1 i 1 1 1 2+ yh 2
Az 1 1 1 1 -1 -1 1 i 1 1 -1 -1 R,

By, 1 -1 1 -1 -1 1 -1 1 -1 1 -1

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

E, 2 1 -1 -2 0 0 2 1 -1 =2 0 0 (R,, R)) (yz, zx)
Ez 2 -1 -1 2 0 0 2 -1 -1 2 0 0 2 =y xy)
Ay 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1

Ay, 1 1 1 1 -1 -1 -1 -1 -1 -1 1 1 T,

B 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

E, 2 1 -1 =2 0 0 -2 -1 1 2 0 0 (Ty, Ty)

Ea 2 -1 -1 2 0 0 -2 1 1 -2 0 0

The D, groups

D?.d E 2S4 CZ 2C2' 20’d

A1 1 1 1 1 1 x2 + yz, 22

A, 1 1 1 -1 -1 | R,

B, 1 -1 1 1 -1 JER

B, 1 -1 1 -1 1 T, xy

E 2 0 =2 0 0 (Ty, Ty), (Ry, Ry) | (¥z, 2x)

D}d E 2C3 3C2 i ZS(, 30'4

Ay 1 1 1 1 1 1 2422

Az, 1 1 -1 1 1 -1 |R

E, 2 -1 0o 2 -1 0 Ry, Ry | (% — % xy), (yz, 2x)

A 1 1 1 -1 -1t -1

Ay 1 1 -1 -1 -1 1 T,

E, 2 -1 0 -2 1 0 | (T,Ty

D4d E ZSg 2C4 28 83 C2 4C2 ' 4o d

A, 1 1 1 1 1 1 1 ¥+ 2

A, 1 11 1 1 -1 -1 |R,

B; 1 -1 1 -1 1 1 -1

B, 1 -1 1 -1 1 -1 1]|Tm,

E, 2 V2 0 -V2 -2 0 0| (T.Ty

E, 2 0 -2 0 2 0 0 (x? — ¥y, xy)

E;3 2 -V2 0 V2 -2 0 0 | (R Ry | (yz.2x)

Dsy E 2Cs 2C4° 5C, i 285" 2810 Say

Ay, l 1 1 1 1 1 1 { ¥4yl 2
As 1 1 1 -1 1 1 1 -1 | R,

Ejp 2 2cos 72° ,2cos 144° 0 2 2cos 72° 2 cos 144° 0 (R«. Ry) (vz. zx)
Ey 2 2cos 144° 2cos 72° 0 2 2 cos 144° 2cos 72° 0 (o =y ay)
Ay 1 1 I I -1 -1 -1 -1

Ay 1 1 1 -1 -1 -1 -1 1 T,

E 2 2cos 72° 2cos 144° 0 -2 -2cos 72° -—2cos 144° 0 (T,. T,)

E, 2 2cos 144° 2cos T2° 0 -2 —2cos 44 —2cos 72° 0

D, E 25, 2C, 284 2C; 257° G 6C) 6oy

A 1 1 1 1 1 1 1 1 1 2422
A, 1 1 1 1 1 1 1 -1 -1 R,

B, 1 -1 1 -1 1 -1 1 1 -1

B, 1 -1 1 -1 1 -1 1 -1 1]T

E, 2 V3 1 0 -1 =V3 =2 0 0 | (T,T,)

E; 2 1 -1 -2 -1 1 2 0 0 (o - 2, xy)
E; 2 0 -2 0 2 0 -2 0 0

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

Es 2 -v3 1 0 -1 V3 -2 0 0 | R.Ry | (yz,20)




The S, groups

The C.., and D, groups for linear molecules

S E S ¢ 8 |
A 1 1 1 1 R, 2+ y 2
B 1 -1 1 -1 T, 2=y xy
E { i _li :i —l,} (Tx’ Ty), (va Ry) (yz, zx)
Se E C3 C]Z i SGS Se €= exp(21'rl/3)
A, 11 1 1 1 1 R, 2+ 2
1 e € 1 e €* (x* — y%, xy)
Es 1 € € 1 € € (Ry, Ry) (yz, zx)
A, 11 1 -1 -1 -1 T,
1 e e -1 —e —¢€*
E, { 1 € € -1 —€* —e (Tx, Ty)
Sg E 88 C4 S83 C2 585 C43 Sg7 €= exp(21'rt/8)
A 1 1 1 1 1 1 1 1 R, 2+ 2
B 1 -1 1 -1 1 -1 1 - T,
E { 1 e i —e* -1 —e —i e*} (T, Ty)
! 1 € —-i —e -1 —¢€* i e (R, R,)
1 i -1 —1 1 i -1 —i 2 2
E; 1 - -1 @ 1 - -1 i } =% x)
1 —€* —i e —1 €* i —e
E; { 1 —e i * -1 e ~i —-e"‘} 0z, x2)
The cubic groups
T, | E 8G 3G 65 6o |
A, 1 1 1t 1 1 2+y+ 2
A, 1 1 1 -1 -1
E 2 -t 2 0 0 Q2 -2 -y - )
T, 30 -1 1 -1} (R,Ry,RyY)
T, 30 -1 -1 1| (TuTy,T) | (xy,yz 2%)
0, E 8Cy 6C, 6C, 3CA=CH) i 68y 88, 3oy, 6oy
Ay, 1 1 1 1 i 11 1 1 1 Ky e+
A 11— -1 1 1 -1t 11 -1
E, 2 -1 0 0 2 2 0 -1 2 0 @F -2 -y -y
Ty, 30 -1 1 -1 31 0 -1 -1 | (RwR.R)
Ty, 3 0 =1 -1 3 -1 0 -1 1 (xy. yz, zx)
An [ U T 1 -t -1 -1 -1 -1
Ay 11 -1 -1 1 o R T
E, 2 -1 0 0 2 -2 0 1 -2 0
T 30 -1 1 -1 -3 -1 0 1 1| (1. T,.T)
To 30 1 ~l -1 -3 1 0 1 -1

Cuy E 2C* ©g,

Al =3+ 1 1 1 Tz x2 4 y2’ ZZ

A, = 3— 1 1 -1 R,

E| = 2 2cos @ 0 (Ty, Ty), (R, Ry)

E;=A 2 2cos 2® 0 (rz, zx)

E;= 2 2 cos 3® 0 (2 = %, xy)

D.; E  2C° wg, i 28, ®(,

2 1 1 11 1 A 24yl
3 1 [ -1 1 1 ... -1 | R

11, 2 2cos @ 0 2 -2cosd ... 0 (R« Ry) (yz, zx)
A, 2 2cos2d 0 2 2co82¢. ... O 2 — y% xy)
st 1 1 Po-1 -1 I

3, 1 1 -1 -1 -1 . 1

I, 2 2 cos @ 0 =2 2cosd ... 0 (T,. Ty)

A, 2 2cos 2@ 0 -2 =2cos2® ... 0




Multiplication properties of irreducible representations Contribution to character per unshifted atom

General rules

R x(R)
AXA=A,B><B=A,A><B=B,A><E=E,B><E=E,A><T=T; E 3
BxT=T; i -3

= = = u; +1
gxg-—g,uxu—g,uxg—u, g
!X!=I’"X”=17IXII=H; C‘2 __1
AXE =E,AXE =E;,BxXE =E;,BXE=E G, Ci? 0
Cl, CP +1
Subscripts on A or B S5, §9° -2
s4l7s43 _1
1><1=1,2><2=1,1x2=2.exceptforDzandDz,,,wherelx2=3,2><3=l, S, S8 0
1x3=2

Doubly-degenerate representations

For Cs, Csp, Cay, D3, D3y, D3y, Co, Conr Covs Doy Dons Se, Ony Tai:

EIXE|=E2XE2=A1+A2+EZ
E‘XEZ=B1+B2+E1

For C4, C4y, Can, Doy, Dy, Dy, Syt
EXE=A+A;+B;+B;,

For groups in above lists that have symbols A, B or E without subscripts, read
A1 = A2 = A, etc.

Triply-degenerate representations:

For Ty, Oy:

EXT =ExT,=T, + T,
T]XT1=T2>(T2=A1+E+T1+T2
TIXT,=A+E+T + T,

Linear molecules (C.., and D..,,):

3P X3t =3%"x3I =3% Y XY =37
StxII=3% xII=1II 3t X A=3" X A= A;jetc.
NxN=3"+3 +A

AXA=3*+3%"+T

xA=I1+¢



