Representations of M olecular Properties

iz We will routinely use sets of vectors located oaheatom of a
molecule to represent certain molecular propediasterest (e.g.,
orbitals, vibrations).

v The set of vectors for a property form thesisfor a
representation (or basis set).

v The mathematical description of the behavior of\tbetors
under the symmetry operations of the group forms a
representation of the group.

v In most cases the representation for the propattypathe
sum of certain fundamental representations of tham
calledirreducible representations.

iz A representation is a set of symbols (callathar acter s) that have
the same combinational results as the elementseairoup, as
given in the group's multiplication table.

v Typical characters in representations of point geoimclude
the following:

0, £1, +2, +34H = /-1, & = texp(i/n)



Irreducible Representations of C,,

Given the multiplication table:

C,hlE G o6, o/
E |IE G o, o/
C,|C, E o, o,
o, lo, oo, E G

o, lo, oo C, E

The following set of substitutions has the samelmoational
relationships:

CZVE QGV le
1 11 1

C.,|lE=1 C,=1 6,=1 o,/=1
E=1 1 1 1 1
c,=1] 1 1 1 1
s, =1 1 1 1 1
s, =1 1 1 1 1

iz The substitution of all 1's, which can be madeafoy point group,
forms thetotally symmetric representation, labeledA, in C,,.

C2v|E QGV le
Al 11 1




Irreducible Representations of C,,

The following set of substitutions also satisfies multiplication table:
C2v E Q Oy le
I, |1 1 -1 -1

C.,|E=1 C,=1 6,=-1 6,/=-1
E=1 1 1 1 1
C,= 1 1 1 1
s,=-1| -1 1 1 1
s, =-1| -1 1 1 1

These characters form tiAg irreducible representation G,

C2v E Q Oy le
Al 1 a1 a




Irreducible Representations of C,,

Two other sets of substitutions also satisfy thétiplication table,
forming theB, andB, irreducible representations G,

C2v E Q Gy le

B,|1 -1 1 -1

B,|1 -1 -1 1

Any other set of substitutions will not work; e.g.

CulE G o, o)
| 1 11 1
Cu,|E=-1C=-1 6,=1 o/=1
E=-1] 1 1 1 1
c,=-1| 1 1 1 1
s, =1 | -1 1 1 1
s, =1 -1 1 1 1

All results are wrong!



Basic Character Table

The collection of irreducible representations fgraup is listed in a
character table, with the totally symmetric representation lisfedt:

CulE G o, o)
Al 1 1 1
Al 1 1 -1
B [1 -1 1 -1
B,[1 -1 -1 1

i The characters of the irreducible representatiansoescribe the
ways in which certain vector properties are tramsémd by the
operations of the group.



Unit Vector Transformations

Consider the effects of applying the operation€0bn a unit
vectorz. [Assumeo, =oc,, ando, =oc,,]

Operation z becomes In matrix
notation

E Z [+1]z

C, Z [+1]z

Gy, Z [+1]z

G, Z [+1]z

The four 1 x transformation matrices, taken as a set, are
identical to theéA, irreducible representation G,

CalE & oy o)
Al 11 1]z




Unit Vector Transformations

"In C,, the vectoz transforms as th&, representation (the totally
symmetric representation).

OR
"In C,, the vectoiz belongs to thé, species (the totally symmetric

species)."”

The termsrreducible representatioandspeciesare synonymous
and therefore interchangeable.



Unit Vector Transformations

v Consider the effects of applying the operation€pbn a unit
vectorx.

Operation x becomes In matrix

notation
E X [+1]X
C, -X [-1]X
G, X [+1]X
G, -X [-1]x

v/ The four 1 x transformation matrices, taken as a set, are
identical to theB, irreducible representation G,

CalE & oy o)
B, |1 -1 1 -1fx

= "In C,, the vectox transforms a8,."



Unit Vector Transformations

v Consider the effects of applying the operation€pbn a unit
vectory.

Operation y becomes In matrix

notation
E y [+1]y
C, -y [-1]y
G, -y [-1]y
o, y [+1]y

v/ The four 1 x transformation matrices, taken as a set, are
identical to theB, irreducible representation G,

CulE G o, o)
lel 1 -1 1|y

= "In C,, the vectoly transforms aB,."



Rotational Vector Transformations

v/ Consider the symmetry of a rotation aboutzlais.

> N
<

Operation R, becomes In matrix

notation
E R, [+1]R,
C, R, [+1]R,
G, R, [-1]R,
o, R, [-1]R,

v/ The four 1 x transformation matrices, taken as a set, are
identical to théA, irreducible representation G,

= "In C,, the vectoR, transforms as.,."



Character Tablewith Vector Transformations

E C o, 6
1 1 1 1|z
1 1 -1 -1|R,
1 -1 1 -1{xR
1 -1 -1 1|y R,
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