CH 612 Advanced Inorganic Chemistry — Structure and Reactivity

Exam # 2 10/25/2010
Print name:
1. (25 points)

a) Given the set of operations C;, o, determine the other operations that must be present to
form a complete point group.
If C, exists Ci (= C,), C,° and C,* (= E) also exist.
Cio0n=5,
C,op=S,=i

3 3
C4 Op =S4

b) Identify the point group for the complete set of operations.

Can:E Cio C2Chi S;8° o

c) Whatis the order of the group?
h=8

d) Name at least three possible sub-groups?

Possible subgroups have g =4,2,1.

g=4
Ci{E, Ca, G, Co}
Si{E, C2, 84,54}
CZh {EI CZ/ il O-h}
g=2
CZ{EI CZ}
CI{EII}
CS{EI O-h}
g=1

G {E}
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2. (25 points)
Complete the D,, multiplication table below.
Verify that any one of its reflection operations does not belong to the same class as any other

reflection.
Dy, E Co Ca) Con i Olxy) Olxz) Oy
E E CZ(Z) CZ(Y) CZ(X) i a(xy) O_(xz) o-(yz)
Ca Co E Cow Cay) Olxy) i Olyz) Olx2)
Cay) Cay) Co E Coy Oxr) Ty2) i Oxy)
Cw Cor Cay Ca) E Oyz) Oxr) Otxy) i
l i Tlxy) Oxz) Oyn) E Cow Cogy) Cor
Otxy) Olxy) i Oyo) Otxa) Coy E Cay Cay)
Oixz) Olxz) Olyz) i Olxy) Cay) Cow E Coe)
Olyz) Olyz) Olx2) Olxy) i Cow Cay) Co E
+Z
The multiplication table is efficiently completed by considering the operator \\\\\\"'y
matrices for each operation and how they transform the x, y, z vectors : -X = +X
-y
-Z
X 100]([x X X -1 0 0] [x -X
[E]Y=[010 YI=1Y [7] Y=[O-10 YZ['Y
z 001Jlz z z 00-1]lz -Z
X 10 07 [x] X X 10 07X -
[C2(X)] Y| = 0-10 yl=1-Y [O-(Xy)] y| = 010 Yl =1Y
[ Z ] L0 0-1)1Z] -Z ] L Z [ 0 0-1J1LZ] [ -Z ]
[ X] -1 0 0] [X] [-X] X 1 00]/[X] [ X
[CZ(y)] Yyl = 010 yl=1Y [O-(XZ)] Y| = 0-10 Yl =17y
[ Z ] L 0 0-1)1Z] ~Z | | Z 001)Lz] [ Z ]
[ X] -1 0 0] [X] [-X] X [-1 0 0] [X] [ -X
C Y[=10-10|[Y]|=]|-Y o Y(=[010(|Y|=1]Y
[ 2(2)]_2_ oo BT [ (yz)]-Z- oot Tl
The operator matrices can be summarized as the reducible representation I',
Dn| E Cop  Coyp  Carg i o) O )
100 -100 -100 100 -100 100 100]([-100
Im 010 0-10 010 0-10 0-10 010 0-10 010
001 001 00-1 00-1 00-1 00-1 001 001
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Multiplication of each operation A by the identity E results in the identical operation A,

e.g.

100][100 100
[El[Co9l = |020]||0-10| =[0-10[ = [Coxl
0o1Jloo- 00-1 ete,

Self binary combinations of each operation results in the identity operation E,

e.g.

1
[opplloxy] = [O
0

0
1
0

0
0
-1

I

100
010
00

]=[E]

([Nl
([of SN e)
OO

The following binary combinations need then to be considered:

[Co] [Coy] =

[Co)] [Co] =

[Cop][Cox] =

[oap] [0x)] =

[O-(Xy)] [J(yz)] =

100][-100
Xz yz 00 1 00 1

co L

co L
S =

SO~

SO =

[-1
0-
L 0

]

(=]

OS—= O
SO

S —= O

— O
— o O

S

»I—AOO —_o o

1
[a—y
L

—_0 O

-100
010
00-1

co—
oLlo
L o

S
S

oo~
oL
1

SO =
olo
—_— O

OO =
(= )

—_ O

—_ O

—_o o

100

0-1 0| = [Cyy)l
00-1
[-1 00]

010| = [Cal
0 0-1 (y)
-100

0-1 0f = [Cyp)l
001

1 00]

0-10 [Cox]
00-1]

-1 0 0]

010] = [Cay]
[0 0-1. v
-100

0-1 0] = [Cyy)l
001
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. [-100][-100 100
[Coplli] = [0-10{[0-10| =]|010| = [onyl
(001JL00-1 00-1
_ [L00][-100 100
[C2(y)] [i(] =]010 0-10] =]10-10f = [O-(xz)]
(0 0-1J100-1 001
_ [100][-100] ([100
[Cg(x)] [ =(0-10 0-10f =]010] = [O'(yz)]
(00-1)100-1 L0 0 1.
100][-100 (-1 0 0]
[O-(Xy)] [l] = 010 0-10 = 0-10 = [CZ(Z)]
00-1J10O0-1 L0 0 1.
[ 1 00][-1 0 0] (-1 00
[O-(xz)] [l] = 0-10 0-10 = 010| = [CZ(y)]
L001JLOO-1. L 0 0-1
) -100][-100 (100
[O'(yz)] [|] =(010 0-10 =10-10( = [CZ(X)]
[001J100-1 (0 0-1
100]([-10 0] -1 0 0]
[O'(Xy)] [CZ(Z)] =1010 0-10f =]0-10]| = [{]
00-1J10O0 1] [ 0 O0-1)
1 00][-10 0] (-1 0 0
(G [Conl = | 0-1 0110-1 0 = [010| = [Oxyy]
e o0 1l loo 1l 001 o
-100][-100 100
[O-(yz)][CZ(Z)] = 010 0-10f = 0-10f = [G(XZ)]
001J1001 001

Likewise
[l [Cop] = [02)] [o][Co] = [0xz)]
[l [Cop] = ] [0l [Com] = [0y
[0y [Cop] = [Oxz)] [0y2)] [Cox] = [i]

10/25/2010

As the point group D, is an Abelian group all of the above combinations commute allowing us to

easily fill the remaining of the multiplication table.
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To verify that () does not belong to the same class of 6(x;) or Gy it similarity transforms must be
derived using all of the symmetry operations of D,

Eow)E = ECxy) = Oy

Co) O(xy) C2t2) = Co)l = Oy
Cay) Oixy) Caty) = Caty) Otyz) = O(xy)
C200Oxy) Cor) = C210O(xa) = O(xy)
Gy = 1Cor) = Oxy)

O(xy) Olxy) Olxy) = O(xy)E = Oxy)
O(x2) O(xy) O(xz) = O(x) Cap = Olxy)

O(y2) O(xy) O(y2) = O(y2) Caty) = Olxy)

Thus, there are no other operations in the same class as G(xy).

3. (20 points)
Predict the representative character for the following combination of Mulliken symbols and
symmetry class for the given point groups.

point group Mulliken symbol class character
(a) Dsq Az i 1
(b) Cs B Cs 1
(c) D, B; Capy -1
(d) Cov A; oy -1
(e) Dy A; on 1
() Cov E, Cs -1
(8) Cov E; E 2

(h) Csn A Oh -1
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4. (20 points)
Reduce the following representation into its component irreducible representations:

DM| E 2¢, 3C, o0, 25 30

h 3 v

5l
hl

—
I:__h
(g
-
i
<o

Using the following formula we can carry out a systematic reduction to determine how many times (n)
each irreducible representation contributes to the reducible representation.

1
ny = E chzigﬁ*
C

Dy, | E 2C; 3C, o, 28; 30,2 | 2h h=12
r.ls 2 1 3 0 3

A4 5 4 3 3 0 9 [24] 2

41 5 4 3 3 0 9] 0]o0
E'|l10 4 0 6 0 0 |24] 2

A5 4 3 3 0 -9 0] 0

45 4 3 3 0 9 |12] 1

E'"|l10 -4 0 -6 0 0 0] 0

Thus, the reducible representation I'; is composed of the following irreducible components:
I, = 2A, + E + A)
To check our answer the dimension of I', must be calculated.

d. = @)(1) +(HE2) +(M(A) =5

i.e., d, = 5 which is the dimension of its character for the identity operation in I",.
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5. (30 points)
Consider the following sequential structural changes (I = Il = 1lI).

B B B
Ay | WA ‘ VA ‘ nA
/I:,M\\\\ o A M,\\\\\ A M.\\\\
A/| )/ ‘\A A
B B
Indicate

a) The point group of each structure.

Dsjy == D3y =—= Cy

e

b) Whether structures | and Il of each series bear any group-subgroup relationship to each
other.

Dy, and Dsp, bear no group-subgroup relationship to each other.

c) Whether structures Il and Il of each series bear any group-subgroup relationship to
each other.

Csy is a subgroup of D3,

d) Whether each transition represents an ascent or descent in symmetry.

descent descent
ascent ascent
(h = 16) (h=12) (h=6)

e) Specific symmetry elements lost or gained following the transition from Il = IIl.

lost
D3h — C3v
gained
(h=12) (h=6)

Dan E, G, C2,(3C;, S5, 522 )30y (on )

C3V E, C3, C32’ 3O-V




CH 612 Advanced Inorganic Chemistry — Structure and Reactivity

Exam # 2

10/25/2010

f) Construct a correlation table(s) for any group-subgroup pair present.

X2+ y2, 22

R

z

(X, y)l (X2' y21 Xy)

z

Ry, Ry), (xz,yz)

C3v

z, x> +y? 72

R,

Ry, Ry), (x,¥), (x2, y2), (% -y, %)

As the A; representation in Dz, has no direct products associated with it, its correlating

representation in C3, must be identified using the characters of from each character table and their
group-subgroup relationship.

SR , )
Dg;, E 2C;3|3C, on 2S3| 30y|| Cayv
x2+y222 | A, 1 1|1 1 1)1 AL | zx2+y2 22
R, A, 1 1|1 1 1|4 A, | R,
Y), (3-y3 ) | E 2 -1 /0 2 -1/ 0 E Ry, Ry, (X ), (2, y2), (x2- y2 xy)
A 1 1)1 -1 1|4 A, | R,
z A, 1 11 1 -1] 1 A | zxP+y? 2
Ry, Ry, (xzy2) | E” 2 -1)0 -2 1|0 ||E Ry Ry), (%, ¥), (x2, y2), (° - Y2, %)




