B = A K §3 iz /

€ szgl’ﬁ(f}* %, /ué
RN

e 1R A)

-.’.‘-=

I’" ’”‘l

1. (20%) Vibrational analysis for molecules gives the following

representations:

(a) Reduce the representations of I'y, ['> and I'3 to their irreducible
(6%)
also classify

representations.
(b) For Iy,

translational,

the irreducible

rotational, and vibrational modes. (10%)

(c) For I'4, which vibrational modes are infrared active? (4%)

representations

Al o111 1 1 1 x24 y2, 22
Ay 1 1 -1 1 g -1 | R,

E 2 10 2 -1 0 |y (x2 - y2, xy)
A1 -1 -1 -1

A |11 a1 a1 1 2

e 2 -1 0 -2 1 0 (Ry. R,) (xz, y2)

r, (6 0 -2 .2 -2 o2

Ty |E 8C53C, 65, 6oy

Ay |11 4 11 x24 y24 Z2

Ay |1 1 1 1 -1

E |2 -1 2 0 0 (222 - x2 - y2, x2.y2)
Ty {3 0 -1 1 -4

T2 3 0 -1 -1 1 (x, y, z) (xy, xz, yz)

o (7 1 -1 1 4
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A1 1 1 1 x2+ y2. 22

A, |1 1 -1 R,

E, |2 -1 0 (xR, R | (- y2, xy)ixz, y2)
r, [3 o 1

r, |s 2 -1
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2. (10%) Determine the point groups for (a) H3zO*, (b) Acetylene, (c)
Benzene, (d) Tetrachloroallene CloC=C=Clz, and (e) The number 96.

3. (9%) Calculate the effective nuclear charge on a 5s, a 5p, and a 4d
electron in an atom with a configuration of
1522522p63523p64523d104p65524d105p2.

4. (12%) For each of the following bonds, indicate which a;tom is more
negative. (a) C-N, (b) N-O, (c) C-I, (d) O-Cl, (e) P-Br, and (f) S-Cl.

5. (10%) Use VSEPR theory to predict the shapes for the following
structures:

(a) PHs, (b) PFs, (c) SFg, (d) ICl3, and (e) SnClz.

6. (5%) Which of the molecules in problem 5 are polar?

7. (9%) Predict the number of unpaired electrons for each of the
following: (a) A tetrahedral d6 ion, (b) A square planar d7 ion, (c) A
coordination compound with a magnetic moment of 5.1 Bohr
magnetons.

8. (9%) Give structural formula or draw structures for

(a) Sodium tetrachlorocobaltate(ll), (b) Triammineaquadichlorocobait

(1) chloride, and (c) u-Oxo-bis(pentaamminechromium(lil) ion.

9. (16%) Ciassify the following reactions into () Ligand Association
(LA), (Il) Ligand Dissociation (LD), (IN) Oxidative Addition (OA), (IV)
Reductive Elimination (RE), and (V) Migratory Insertion (MI):

For example, HRh(PPh3)3 — HRh(PPh3)2 + PPhg Answer: LD

(a) CH3-Co(CO)4 ~ CH3(CO)Co(CO)3

(b) CH3(CO)Co(CO)3 + Hp —» CH3(CO)Co(H)2(CO)3

(c) CH3(CO)Co(H)2(CO)3 — CHg3(CO)H + HCo(CO)3

() CH3CO(HQC=CH2)(CO)3 — CH3CH2CH2Co(CO)3




