How to find symmetry and symmetry operations?

The inversion center, mirror (reflection) plane, rotation axis etc. are located within a
molecule.
A molecule after operation must be identical to the original molecule.

“n” in C, is defined with the operation rotated by 360°/n.
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and you call this axis “unique” or “Z”.

S, is another symmetry operation but it is synthesized from “rotation-reflection.”
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@ (b) What is the operation S,?

MO ORHE (a) % 2B E A 90" EEES ¢ 3 L (b) DRLE L 2 5, Reflection with respect to O,

() BOESHRE (00) TH 2 after C, with respect to z.
Namely, S, = 0, C, .
Please confirm C, = S,*.
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operation after operation gives a new operation.

XAFMRMEZ 2@ BT T TIT o 724 R (3
ROMIMEELBLICRS,

% % 0—’|«’
C3+ X C3+ = [ ]
C,— X C,t= v by
sl ] 302 = (5,99 )
BEETRmEMERLN) S~

identical (no operation) [ ]

ooxo=( ]

operation after operation gives a new operation.
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Point Group. s A

“Group” in mathematically meaning:
the product of an element and an element must be an element in the subset. The group is closed.
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A tetrahedron: point group 7,
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symmetry element {#HEE  C C Si o E
the number of symmetry elements #fFo% 8 3 6 6 1 24(&FD)
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E: identity or no operation

An octahedron: point group O,

symmetry element W#HE#E G G C C i Si Ss o oa E
the number of symmetry elements ##fFD % 8 6 6 3 1 6 8 3 6 1 48(&=)
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Table of Five-types of symmetry elements, operations, and symbols.

Element Operation
Identity identity
Proper axis AZ:[OlER rotation by (360/n)°
Symmetry plane reflection in the plane
Inversion center inversion of a point at (x,y,z) to (-x,-y,-z)

rotation by (360/n)°, followed by reflection in

o me e
Improper axis #5%&[E185 the plane perpendicular to the rotation axis [5]8%
(Alternating axis)

Whatis “Chiral”? £33 (%), A4 35IIL (¥8)

Simbol

If a molecule belongs to a chiral point group, then it has a mirror image that cannot
be superimposed with the original molecule. The two mirror images are called

enantiomers.

Chiral point groups are classified into two: (1) chiral groups and (2) purely rotational

groups.

(1) point group C, (which has E as an only element). Many biological molecules.
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“Molecules without S, symmetry are chiral.”
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2-blade propeller : SCrew : 1,3,5,7-tetrachloro-1,3,5,7-cyclooctatetraene
two C,’s perpendicular C,(2) no C,’ perpendicular C, Only S, symmetry is found.
— point group D, — point group C, — point group S,
— chiral (case 2) — chiral (case 2) — achiral (FZ /L T7ZW)

No o, no i. But the mirror image
is superimposed to original one.
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operations (E is excluded.)
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Co(2), o,(22), 0./ (y2)

Ca(2), onlzy), i

2C3(z), 3o,

2C4(2), Col2), 20y, 204

2C¢(z), 2C3(2), Co(2), 30y, 3aa

Ca(2); 284(2), 2Cy{zx BXT'y), 204

C2(x), Cz(y)a Cz(z), i, Ozyy Ozzs Oy

2C3(2), 286(2), 3C{zwwLTL), 4 304

2C3(2), 253(2), 3C2(z et LT L), an 30y

2C(2), Ca(z), 284(2),2C " (zwzstLTl), 20 zRFLT
L), 4 26y, 269", on

2Cs(2), 2C3(2), Calz), 28e(2), 283(2), 3C(xwLTL),
) (2wxtLTL), 4, on 30+ 304

8C;, 685 3Co(=382), 60y

6Cy(z, v, 2), 3Ca(z, v, 2), 684(2,y, ), 8Cs(diag), 85s(diag),
6Cs, 3oy, 604, i

t zEAREEARE DB LEE TS, On the assumption of z-axis in a vertical direction.



How to determine the point group ?

1. Determine if the molecule is of high or low symmetry.

2. If not, find the highest order rotation axis, C,.
3. Determine if the molecule has any C, axes perpendicular to the principal C, axis. If so, then

there are n such C, axes, and the molecule is in the D set of point groups. If not, it is in either the C
or S set of point groups.
4. Determine if the molecule has a horizontal mirror plane (g,) perpendicular to the principal C,

axis. If so, the molecule is either in the C,, or D, set of point groups.

5. Determine if the molecule has a vertical mirror plane (o,) containing the principal C, axis. If so,
the molecule is either in the C,, or D, set of point groups. If not, and if the molecule has n

perpendicular C, axes, then it is part of the D, set of point groups.

6. Determine if there is an improper rotation axis, S,,, collinear with the principal C, axis. If so,
the molecule is in the §,, point group. If not, the molecule is in the C, point group.
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Homework

Answer the point group symbol of each compound.
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Appendix

Why we name O} instead of O, in a series of D point groups?

Ans.) When a mirro plane is found in a vertical direction (usually n O, ) and in a direction just
bisecting any two neiboring C,’(xy) axes, the mirror plane is named a dihedral mirror plane, O,. The

point group is named D,,,.
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