Examples of point groups, character tables and comparison of
Schonflies & Hermann-Mauguin (or International) term

symbols.

Examples of some Point Groups

(from Beddard, Applying Maths in the Chemical & Biomolecular Sciences', p338)

Most of the H atoms are not included on the structures.

C, CHCIFBIr, cholesterol

C; staggered 1,2-bibromo-
1,2-dichloroethane

Cs meta-chlorophenol, HN;
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C,p trans CIHC=CHCI

Cl
=~/

Cl

Csn, 1,3,5-trivinylbenzene (if

planar)
=
N
|

Can tetra fluoroZn-porphyrin
F

FF

Cen hexa-vinylbenzene
(if planar)

Coy H,O, COCIl,, CH,F»,
CF,C=CH,, pyridine (C5H5N)

Csv NHs, CHCI3, OPF3

A

Cl

@)

Cuv BsHg, SFsCI

Cl

C.v HF and all other
heteronuclear diatomics,

HCN, F—C=C-H

D, twisted biphenyl, twistane.
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D; triphenylmethane” ion
(propeller shaped)

QL

C

D,, CH,=CH,, Naphthalene

D3, BF3, C3Hs,
1, 3, 5- trifluorobenzene

F

Dgy PtCl,>

Cl

NH,
Cly /Cl HN: Co Z—NH,
Pt HN |
/
Cl Cl a

D5h C5H5_, ”:7, RU(C5H5)2

D¢, Benzene

»

D4y, Tropylium ion C;H;™.

D,y CH,=C=CH,, (allene)

H
> \\H
~ TH
H

Dsq staggered ethane, chair
cyclohexane

=

Daq crown Sg, BigHio™, (N0 H
are shown, B atom at each
apex)

Dsq Ferrocene

(=)

D.» H, and all other
homonuclear diatomics,

F-C=C-F, C,N,, CO,

Oy, (octahedral) SFg, cubane,
Fe(CN)g™

I, (icosahedral) By,H1,", Coo,
football,

Simple comparison of common point groups

Cn n-fold rotation axis only.

Cnv
Cnh

n-fold rotation with axis parallel to n mirror planes.

n-fold rotation with axis perpendicular (normal) to a mirror plane.

Dn n-fold axis and at least one perpendicular 2-fold axis. No mirror planes.

Dnd

same as D, plus mirror planes bisecting 2-fold axes.

S4, Se 2 fold & 3 fold rotation inversion respectively. (S; =i) .

T, T, Th

2 & 3 fold rotation axes.

0O, Oy 2, 3 & 4 fold rotation axes.

In 2, 3, & 5 fold rotation axes.




Point Groups and their Symmetry Operations (excluding the identity E).
C, = 360°/n fold rotation; n =2 =180°, n =3 = 120° n = 4 = 90° rotation. i = inversion,

on = horizontal mirror plane, o, = vertical mirror, oy = dihedral mirror plane. Angle is 360°/n.

S, = rotation-reflection. C,> means C, applied twice over, S, means S, applied 5 times etc.

Note that for 3, 4, 5, 6 etc. axes, but not 2-fold axes (C,), an entry such as 8C; indicates that there
are only four C;axes, with half of the operations clockwise rotation and half anti-clockwise.
(Note alsothat C,"=E, S, =1, San"=C,)

Symmetry Operations

Point C, C; Cas6s i o, oh oy S all therest (excluding
group identity E, except C,)

C, E (identity only)

Cs Oh

C, (07}

C; Cs C

Cy G Oy, Oy

Cay 2C, 30,

Cu C 2C, 20y 204

Cs, 2Cs 50, 2Cs*

Cev C 2C; Cs 3oy 3oy

Con C [ Oh

C3h C3 Oh Ss C321 835

C4h Cz C4 [ Oh S4 C43! 543

Cen C, Cs Cs i ohy S $ S S G4 Ce

D, 3G, C2=Cy(x), Cx(y), Cx(2)

Ds 3G, 2C;

D, G 2C, 2C,), G

D2n 3C; [ 20y Oh o = o(Xy),0(x2),0(y2)

Dan 3G, 2C; 30, Oh 23

D C 2C, i 20, Oh 204 25, 2G;, 2Gy"

Ds 5C, 5Cs 56, Oh 25 2CS

Den C, 2C; 2C; i 30, oh 30y 2§ | 3C;,3C", 25

Dgn G 2C, i 40, Oh 4oy 23 4C; AC,", 2C4, Cg’, 2Ss,

255

Daq C, 20y 25, 2C)

Dag 3C, 2C; i 304 25

Dag C 2C, 4oy 28 | 4G, 28°

Dsy 5C, 2GCs [ 50y 23 2C52, 23103

S, C, S S°

S Cs [ S CL S

T 3G, 4C, 4Cy?

Ty 3G, 8C; 60y 6S,

Th 3C, 4C, i 30, 4S8, | 4CF,4S°

(@] 3G, 8C; 6C, 6C,,

Oy 6C, 8C; 6C, i 3oh 60y 6S, 8%, 3C;

I 15C, 20C, 12Cs [ 150 12S, | 20S;, 1255, 12C<2

Identify D, (e.g. homonuclear diatomic) and C,, (e.g. heteronuclear diatomic) directly by their shape.



Character tables

C
A
G i
Ay 1 | RoR,R |X, ¥, Z, Xy, X2, yz
A -1 X, Y, Z
CS Oh
A 1 XY, R | XV 2 xy
A" 1| zR\R yzZ, X2
C2 C2
A 1 ZzR,  |X V.72, xy
B -1 | xY,R.R Xz, yz
Cs C; Cf e=e¥ih
A 1 1 z R, X+ VP
E ¢ & } (%, ), ¢ =y, xy),
& ¢ (Ro R) (xz, yz)




C4 C4 Cg C43
A 1 1 1 ZR, X2 + yz, Z
B T 2~V xy
i1
E - -1 i } (X' y),(Rx, Ry) (XZ, yz)
Cs G C& C° G =il
A 1 1 1 1 Z, Rz X2 + yz, 22
e & & ¢
E * * , , RX’ :
! LR 5 T e RR 0z y2)
g & e &7
E * * X2 - y
? & z & & gz } ( y2 Xy)
Cs Cs C C C?& C¢ o= gile
A 1 1 1 1 1 ZR, Z+y. 7
B 1 1 a1 1 A
g - -1 - g
= & = -1 £ = F x ¥, (Re R) (xz,y2)
- 1 - -
= S ‘ F (¢ = ¥%, xy)
—-£ =€ - =€




C8 Cg C4 Cg C43 Cgs Cgs Cg7 &= 82 i /8
A 1 1 1 1 1 1 1 zR, X+, 7
B 1 1 1 1 -1 1 4
R L ),
E . . XZ,yZ
i -1 1 -1 4+ i —
E N R N R B } ¢ =y' %)
- i -1 —i & -
B < 4 -1 i ¢ — F
D, C2(2 Ca(x) Ca(y)
A 1 1 1 X, Vo, 7
B, 1 -1 - z R, Xy
B> -1 -1 1 Yy, Ry Xz
Bs -1 1 X, R, yz
D; 2C; 3G,
A 1 1 X+ VP, 7
A, 1 -1 z R,
E -1 0 | . (RR) | (C-¥'xy) (2 V2
D, 2C, C, 2C, 2C
A 1 1 1 1 X+, 7
A 1 1 1 - zZ R,
B, -1 1 1 -1 X -y
B, 1 1 -1 1 Xy
E 0 -2 0 0 xy), (ReR) (xz, y2)




Ds | E 2Cs 2C& 5C,| 0=2n/5=72°
A 1 1 1 1 X+, 7
A 1 1 1 -1 ZR,
Ex | 2 2cof(f) 2cos(20) O | (x¥).(RuR) (xz,y2)
E; 2 2cos(29) 2cosd) O (¢ =2, xy)
S, S G S
A 1 1 1 R., X +y, 7
B -1 1 - z X =Y, xy
C 4 I
z LT enreR) | ey
& Q’, Q’,Z | &5 SG £= 827ri 16
A, 1 1 1 1 1 R, X+, 7
e 1 £ £
E DL T RR) o 02
A, 1 1 -1 -1 - z
e -1 - -
B 0 ST




Co E G o(x2 0/(y2
Ay 1 1 1 1 z X, ¥, 7
A 1 1 -1 -1 R, Xy
B: 1 -1 1 -1 X, Xz
B, 1 -1 -1 1 y, R yz
Cay 2C; 3o,
A 1 1 z X+, 7
A 1 - R,
E -1 0| (N (RR) | (C=¥'x), (2 y2)
Cu 2C, C, 20, 20y
Ay 1 1 1 1 z X+y, 7
A 1 1 4 R,
B: -1 1 1 -4 X -y
B, -1 1 44 1 Y
E 0 -2 0 0] xy.((RR) (xz yz)
Csy E 2Cs 2Cs 50, 0=2n/5=72°
A 1 1 1 1 z X+, 7
A 1 1 1 -1 R,
E; 2 2cos(d)  2cos(20) 0 xy), (ReR) (xz,y2)
E, 2 2co0s(20)  2cos(h) 0 (¢ =V, xy)




C6V ZCG 203 Cg 30'\/ 30'd
A 1 1 1 1 1 z X+y, 7
A 1 1 1 414 4 R,
B, 1 1 -1 1
B, 1 1 -1 -1 1
E 1 -1 =2 0 0| (RR),(xY) | (xzy2
E, 1 -1 2 0 0 ¢ =¥, xy)
C2h C2 i Oh
A, 1 1 1 R XY Zxy
By 1 1 1| R.R Xz, yz
A, 1 1 4 z
B, -1 -1 1 X,y
Can C G o S S e=e""
A 1 1 1 1 1 R, X +y, 7
‘ & g 1 £ £
e * Ll Moy | 0é-yhx)
& & &
A" 1 1 -1 -1 - } z
£ -1 - -
EII * * RXI XZI
0 T T RR) | e




N o
Vo >
+ I /ﬂ\
% %
N o =
= & 2
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G o T T - -
S | = 1__1__ — -
w7 =T T -
N 1__1__
34 - ¢|__|_|| |_||
S| <« 77 7T
S| T -7 - T
WA A o« — -
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o . " — * X & sV
Bom e s A T e F %y
™ & N, * — & n/_Co W *w
ST e % T 20_6_ [
~ & * — & * S
7 A N R L zﬂ_ozﬂmo ¢
X * | W ¥ ML
BT e d T P T
§ [ S A« T g g
< * *
03 — Fe W 2828 T Fe W 2828
™ * *
Ga & e W *oy &y e W *oy
N * *
G T T Ny e R T Ny e W
g |- W Mo &, o T N
11| — — — — — —
e e - e
< - - - - H H
S I uT < uT ud




Cen Ce C C Cf C i & & o & S o= ile
A, 11 1 1 1 1 1 1 1 1 1 R, X +y 7
By <4 1 -1 1 -1 1 -1 1 -1 1 -1
S i A LR
= DA A O =¥, )
A 17 1 1 1 1 -1 -1 -1 -1 -1 -1 z
By 1 1 -1 1 -1 -1 1 -1 1 -1 1
A A A i S A S
Ey, — —8* 1 — —8* -1 ¢ ] -1 ¢ 8 F
- - 1 - - -1 ¢ -1 ¢ ¢
Don Co2) Co(y) Co(x) T olxy) o(x2) o(yz)
A 1 1 1 1 1 1 1 X, ¥, 7
Big 1 -1 -1 1 1 -1 -1|R Xy
Bog -1 1 -1 1 -1 1 -1 Xz
Bag -1 -1 1 1 -1 -1 1| R yz
A, 1 1 1 -1 -1 -1 -
Bu, 1 -1 -1 -1 -1 1 1] z
B <1 1 -1 -1 1 -1 1]y
Bay 1 -1 1 -1 1 1 -] x




D3, 2C; 3C, o 2% 3oy
A 1 1 1 1 1 X +y, 7
A 1 -1 1 1 4 R,
E -1 0 2 -1 o0 xy) | 0€=Y,xy)
A 1 1 1 1
A 1 -1 -1 1 1 z
E" 1 0 =2 1 0| (RR) | (x2y
D 2C, C, 2C,; 2C" i 2% o 20, 204
A 1 1 1 1 1 1 1 1 1 X +y 7
Ay 17 1 -1 -1 1 1 1 -1 -4 R,
By 1 1 1 -1 1 -1 1 1 -4 X -y
By 4 1 -1 1 1 -1 1 -1 1 Xy
E, 0 2 0 0 2 0 =2 0 0| (RR)| (x&zy
Ay 17 1 1 1 41 -1 1 1 -
Asy 17 1 1 1 41 -1 -1 1 1 z
Bu 4 1 1 -1 1 1 1 -1 1
Ba 4 1 -1 1 -1 1 1 1 -4
E, O -2 0 0 -2 0 2 0 O xy)




D5, 2Cs 2C#  5C, oy 25 2S° 5o, | 0=2n/5=72°

A 1 1 1 1 1 1 1 X+, 7
A 1 1 -1 1 1 1 -1 R,

= 2cos(6)  2cos(20) 0 2 2cos(6) 2cos(20) O xy)

= 2c0s(26) 2cos() O 2 2c0s(20) 2cos(f) O (¢ — V2, xy)
A" 1 1 1 -1 -1 -1 -1

At 1 1 -1 - -1 -1 1 z

E," 2cos(6)  2cos(20) 0 2 —2cos(f) —2cos(26) O (Ru R) (xz, y2)
E," 2cos(20) 2cos(f) O 2 —2cos(20) —2co8(f) O
Den 2Cs 2C; C, 3C, 3G i 2% 2% on 305 3o,

A 1 1 1 1 1 1 1 1 1 1 1 X +VA 7
Ao, 1 1 1 41 <1 1 1 1 1 a4 -4 R,

By 1 1 -1 1 414 1 -1 1 4 1

Bag 1 1 -1 -1 1 1 -1 1 414 1 1

= 1 -1 =2 0 0 2 1 -1 =2 0 0] (RR) | (xzy2
Ex -1 -1 2 0 0 2 -1 -1 2 o0 O (¢ =Y, Xy)
Ay, 1 1 1 1 1 1 -1 -1 414 -1 -

Ag, 1 1 1 414 414 -1 -1 -1 414 1 1 z

Bw 1 1 -1 1 414 -1 1 -1 1 1 1

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

Ew 1 -1 =2 0 0 =2 -1 1 2 0 O x,y)

Ea 1 -1 2 0 0 -2 1 1 =2 0 O




Dg, | E 2Cs 2C, 2Cs® C, 4G, 4C' i 25° 2S5 25 on 4dou 4oy

Ay |1 1 1 1 1 1 1 1 1 1 1 1 1 1 X+ VP 7
Ay |2 2 1 1 1 -1 -1 1 1 1 1 1 <1 R,

By | 1 -1 1 -1 1 1 -1 1 -1 -1 1 1 1 -

By | 1 -1 1 -1 1 -1 1 1 -1 -1 1 1 -1 1

Ey | 2 V2 0 2 2 0 0 2 V2 2 0 =2 0 0] (RWR)| (xzy2
Exw | 2 0 -2 0 2 0 0 2 0 0 2 2 0 O0 (’i;)yz’
Ey | 2 -2 0 2 =2 0 0 2 2 V2 0 =2 0 0

A, |1 1 1 1 1 1 1 41 -1 -1 -1 -1 -1 -

Ay |22 1 1 1 -1 -1 -1 -1 -1 -1 -1 1 1 z

B |1 -1 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 1 -

Ew | 2 Y2 0 2 2 0 0 =2 2 VY2 0 2 0 O© (x,Y)

Ew |2 0 -2 0 2 0 0 -2 0 0 2 =2 0 0

Eww | 2 -2 0 N2 2 0 0 2 V2 42 0 2 0 O




Dy | E 25 C, 2C' 20

Ay 1 1 1 1 1 X, ¥, 7
A1 1 1 4 - R,

B, 1 -1 1 1 4 X -y

B, | 1 -1 1 -1 1 z Xy

E 2 0 =2 0 0] xWRR) | (xzy2

Dy | E 2C; 3C, i 2% 3oy

Ay 1 1 1 1 1 1 X +Vy, 7
Ay | 11 14 1 1 A R,

EE | 2 -1 0 2 -1 0| (RR) | (¥=-¥'x) 02yd
A, |1 1 1 414 414 -

Ay | 1 1 1 1 -1 1 z

E. | 2 -1 0 =2 1 0 (X Y)

Dy | E 2% 2C, 28° C, 4C) 4oy

A 1 11 1 1 1 1 X+, 7
A |1 11 1 1 -1 4 R,

B, | 1 11 -1 1 1 -

B, | 1 11 -1 1 -1 1 z

E. | 2 V2 0 2 2 0 0 x,y)

E, | 2 02 0 2 0 O (¢ =Y, xy)
Es 2 w2 0 2 2 0 0| (R,R) (xz, y2)




Dgy | E 2Cs 2C2  5C, i ASTY 2S¢ 504 | O=2n/5=72°

Ay | 1 1 1 1 1 1 1 1 X +y 7
Ay | 1 1 1 -1 1 1 1 -1 R,

Ey | 2 2cos(f) 2cos2) 0O 2 2cos(20) 2cos(f) O (R. R) (xz, y2)
Exy | 2 2cos26) 2cos() O 2 2cos(6) 2cos(26) O ¢ =Y, Xy)
Ay | 1 1 1 1 4 -1 -1 -1

Ay | 1 1 1 -1 4 -1 -1 1 z

Ew 2 2cos(f) 2cos20) O 2 -2cos(20) —2cos(f) O x,y)

Eo 2 2cos(20) 2cos(6) 0 2 -2cos(f) -2cos(26) O

T 4C; 4CF 3C; g=e""

A 1 1 1 XY+ 7

£ coc (22 -% =y, ¢ —y)

e 1

T O O _1 (Xl y1 Z)1 (RX1 Ry1 RZ) (ny Xz, yz)

Th 4C; 4G 3C, i 4 4% Bon | e=€&°

A 1 1 1 1 1 1 1 X+ +Z

A 1 1 1 1 -1 -1

g 1 1 £ g 1 2 2
E, S 1 st } 2722y 2=y
€ £ 1 1 - - -1

B, e g 1 -1 & — - }

Ty 0O 0 -1 3 0 0 - (Ro R, R) (xy, Xz, y2)

Tu 0O 0 -1 -3 0 0 1 (XY, 2)




T4 E 8C; 3C, 6S, 60y

A 1 1 1 1 1 X+ +Z

A 1 1 1 4 4

E 2 -1 2 0 O (2Z - -y, ¥ —Y)

T 3 0 -1 1 -1|(R.R,R)

T, 3 0 -1 -1 1 XV, 2 (xy, Xz, y2)

@) E 6C, 3C,(=C,) 8C; 6C,

A 1 1 1 1 X+y+7

A 1 -1 1

E 2 0 -1 0 (2Z - -y, X% =Y

T 3 1 0 -1 |(R.R,R), (xVY.2

T, 3 -1 0 1 (xy, Xz, y2)
O, | E 8C; 6C, 6C, 3C,(=C/) i 6S 8% 3on 60y

Ay | 11 1 1 1 1 1 1 1 1 X+ Y+ 7
Ay | 1 1 -1 4 1 1 -1 1 1 -4

E, 2 -1 0 O© 2 2 0 -1 2 0 (27 - -y, ¥ —Y)
Ty, | 3 0 -1 1 -1 3 1 0 -1 -1|(R.R,R)

Tog 3 0 1 - -1 3 -1 0 -1 1 (XY, Xz, y2)
A, |1 1 1 1 1 1 -1 1 -1 -

Ay |1 1 1 4 1 1 1 41 -1 1

E. | 2 -1 0 O 2 2 0 1 =2 o0

T 3 o -1 1 -1 -3 -1 0 1 1 XV, 2

Tw | 3 0 1 - -1 3 1 0 1 -1




l, | E  12Cs 12Cs2 20C; 15C, i 12S;, 12S,° 20S 150 | e=n/5=36°
AL 1 1 1 1 1 1 1 1 1 Xy +7Z
Tig | 3 2cos(e) 2cos3) O -1 3 2cog(3g) 2cose) O -1 (RIXQ’ Z)Ry’

Tyg | 3 2c05(3e) 2cos(¢e) O -1 3 2cose) 2cos(3g) O -1

Gy, | 4 -1 -1 1 0 4 -1 -1 1 0

Hy | 5 0 0 1 1 5 0 0 -1 1 §
A |1 1 1 1 1 - -1 -1 -1 -

Tw | 3 2cos(e) 2cos(3e) O -1 -3 —2cos(3g) —2cos(e) O 1| XV,2

Toaw | 3 2co83g) 2cos(e) O -1 -3 —2cos(e) 2cos3s) O 1

G, | 4 -1 -1 1 0 -4 1 1 -1 0

Ho | 5 0 0 1 1 -5 0 0 |

§= 2Z-X -y X -y, X, X2, Y2



Comparison of Schonflies (Sc) & Hermann-Mauguin (or International) term

symbols.
Cn Cl C2 C/j C4 C5 CG CS
‘H-M: | 1 | 2 3 | 4 | 5 | 6 | 8 |
Ci Cs & (CSi) SI
H-M: [ 1 | mE2) | 3 | 2 | T
Cin Con Can Cun Csn Cen Cen
‘HM: | | 2m | 3/m(56) _______ 4m 5/m(EF)) _____ 6m | 8m |
S Chv Cu Ca Cu Csy Cev Cav
‘H-M: mm2 | 3m | mm4 | sm | 1 mmé | | mm8 |
s D, D, D, D, Ds D Ds
‘H-M 22 | 32 | 422 | 5 | 622 | 822 |
Sc Dhg Dy D3y Daq Dsqg
H-M 42m 3m 82m Bm
Sc Din Don, Dan Dan Dsp, Den Dgn
‘H-M 2/mmm (Emmm)6m2(53/mm)4/mmm _______ 10m2 ______ 6/mmm | 8/mmm |
Sc: T Th (@] Ty Oy Ih
‘HM 23 3 432 | Z4am | m3m | 53m| |

(after Borchardt-Ott, Crystallography - An introduction, Springer, p127)
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