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Chapter -l S1'mmetr-r'and Group Theory

Cr clohexane in the chair conformation has a C: axis perpendicular to the average plane

ofthe ring, three perpendicular C2axes between the carbons, and three o, planes, each

including the Cz axis and one of the C2 axes. Ovetall, D3a.

Tetrachloroallene has three perpendicular C2 lxes, one collinear with the double bonds,

and the other two at 45o to the CI-C-CI planes. It also has two o', planes, one defined

by each of the Cl-C-Cl groups. Overall, D2a. (Note that the ends of tetrachlorallene are

staggered.)

The sulfate ion is tetrahedral. Ta.

Most snowflakes have hexagonal symmetry (Figure 4.2), andhave collinear C6, C3 and

Cz axas, six perpendi cular C2 axes, and a horizontal mirror plane. Overall, D61,. (For high

quality images of snowflakes, including some that have different shapes, see K. G.

Libbrecht, Snowflakes, Voyageur Press, Minneapolis, MN, 2008.)

Diborane has three perpendicular C2 axes and three perpendicular mirror planes. D2p.

1 ,3,5-tribromobenzene has a Cr axis perpendicular to the plane of the ring, three

perpendicular Cz axes, and a horizontal mirror plane. D31,.

1.2,3-tribromobenzene has a Cz axis through the middle Br and two perpendicular

mirror planes which include this axis. Czu.

1,2,4-trlbromobenzene has only the plane of the ring as a mirror plane. C'.

A tetrahedron inscribed in a cube has Tl symmetry (see Figure 4.6).

The left and right ends of B:H8 are staggered with respect to each other. There is a

Cz axis through the borons. In addition, there are two planes of symmetry, each

containing four H atoms, and two C2 dxes between these planes and perpendicular to

the original Cz. The point group is Dza.

A sheet of typing paper has three perpendicular C2 axes and three perpendicular mirror
planes. Overall, D21,.

An Erlenmeyer flask has an infinite-fold rotation axis and an infinite number of ou

planes. C.r.

A screw has no symmetry operations other than the identity, for a G classification.

The number 96 (with the correct type font) has a C2 axis perpendicular to the plane

of the paper, making it C26.

Your choice-the list is too long to attempt to answer it here.

A pair of eyeglasses has only a vertical mirror plane. C".

A 5-pointed star has a C5 axis, five perpendiailar C2 axes, one horizontal and five

vertical mirror planes. D57;.

a,

b.

4.7

c.

d.

e.

f.

g.

h.

e.

f.

b.

c.

d.
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b. Problem 3.35: a. PH:: G"

b. HzSe: Cz"

c. SeF+: O"

d. PFs: D:r,

a. CO2: Dap

b. SO::D:a

c. CH+: Ta

a.CO2: D*p

b. COFz: Cz"

c. NO2 : C2"

d. SO:: D:r,

4.12 Figure 3.8:

4.13 a.

b.

c.

d.

e.

4.14 a.

e. IFs: C+"

f. XeO:: Cr"

g. BF2CI: C2"

d. PCls:D:r,

e. SFe: Or

e. SNF:: C:u

f. SOzClz: O"

g. XeO:: G"

h. SO+2-: Za

h. SnClz: O"

i. KrFz: D-r,

j. IO2F52-: D51,

f. IFt Dsn

g. TaFs3-'. Da6

i. SOF+: Cz"

i.ClOzFz: Cz,

k. XeOgFz:D:r'

l.IOFs: C+"

b. Figure 3.15:

p, has Coy slmmetry. (Ignoring the difference in sign between the two lobes, the point

group would be D*1,.)

d,rhas D211sJmmetry. (Ignoring the signs, the point group would be D+n.)

d,-r,hasD21 slmmetry. (Ignoring the signs, the point group would be Da1.)

d"rhas Do7, slmmetr!.

f,y"has Z7 slmmetrY.

The superimposed octahedron and cube

show the matching symmetry elements.

The descriptions below are for the

elements of a cube: each element also

applies to the octahedron.

E Every object has an identity
operation.

8 C3 Diagonals through opposite
comers of the cube are c3 axes.

cz, Co

6 Cz Lines bisecting opposite edges are C2 axes.

6 Cq Lines through the centers of opposite faces are Cq a-xes. Although there are only
three such lines, there are six axes, counting the Ca' operations.
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4.20

f1 X f3:1 x 1+(-1) x 1 +(-1) x (-1)+1 x (-1)+(-1) x (-1)+ 1 x (-1)
+ 1 x I +(-1) x l:0

fz X f::l x 1 +(-l) x I +l x (-1)+(-l) x (-1)+(-1) x (-1)+1 x (-1)
+(-1)x1+1x1:0

&: 8 (the total number of symmetry operations)

Atx E:1 X 2+2x 1 X 0+1 X (-2)+2X I x 0+2x 1 X 0:0
A2xE:1x 2+2x 1x 0+1 x (-2)+2x (-1) x 0+2x (-1) x 0:0
Btx E:1 x 2+2x (-1) x 0+1 x (-2)+2x 1x 0+2 x (-1) x 0:0
Bzx E:1 x 2+2 x(-1) x 0+1 x eD+2 x (-1) x 0+2x I X 0:0

E:4+2x0+4+2 X 0+2 X 0:8
AiI-r2x1+7+2 X 1+2X 1:8
Az:1*2XI+l+2 X 1+2X 1:8
Br:1+2xl+I+2 X l+2XI:8
Bz:I+2xl+l+2 X 1+2X 1:8

l=2Ara Bt+ 82+ E:

A;ll8l1 x 6+2 x I x 0+ | x 2+2 x I x2+2 x I x 2l:2
Az:ll8ll x 6+2 x I x 0+ | x 2+2x (-1) x 2+2 x (-1) x 2l:0
,Br: 1/8[1 x 6+2 x (-l) x 0+ | x 2+2 x I x 2+2 x (-1) x 2]: 1

Bz:1l8ll x 6+2 x (-1) x 0+ 1x 2+2x (-1) x 2+2x 1x 2l:l
E: 11812 x 6+2 x 0 x 0+ (-2) x 2+2 x 0 x 2+2 x 0 x 2l: 1

lz:3 At+2Az+ Bi
A;ll8ll x6+2xIx4+ 1 x6+2xlx2+2x 1x0l:3
Az:ll8ll x6+2xl x4+l x6+2x (-1)x2+2x (-1)x0):2
Br: 1/8[1 x 6+2 x (-1) x 4+1 x 6+2 x I x 2+2 x(-1) x 0]: I

Bz:1l8ll x 6+2x (-Dx 4+ I x 6+2x (-1) x 2+2x 1 x 0l:0
E: Il8l2 x 6+2 x 0 x 4+(-2) x 6+2x 0x2+2 x 0 x 0l:0

4.21 Cz,

f r3At* A2* E:

A;11617 x 6+2x I x 3+3 x 1 x2l:3
Az:ll6ll x 6+ 2 x I x 3+3 x (-1) x 2l: I
E: 116[2 x 6+2 x (-1) x 3+3 x 0 x2]:I

lz: Az* E:
Alll6ll x s+2x I x (-1)+3 x 1 x (-1)l:0
Az:11611 x s+ 2 x I x (-1)+3 x (-l) x (-1)l: I

E: 11612 x 5 + 2 x (-r) x (-l)+3 x 0 x (-1)l:2

b.

c.

d.
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