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Inorganic Chemistry (£ 50 47):

1) Draw Lewis dot structure, indicating the molecular shape based on reasonable formal charge
distribution, and determine the point group for each of the following. (note: show lone pairs,
chemical bonds, and give resonance structures if necessary) @ 4 |

(1-1) ™ (1-2) XeOsF;  (1-3) SeOCL  (1-4) NO»

2) Determine whether the following complexes are optical active or not? (6 )

NH; i
Hy0-.__ ..--NH;
Ll
a=—" O\NHQ
(2-4) “ (2-5)

3) XeOFs adopts a Csy point group. Answer the following questions.

Cq.v E 2 C'4 Cg 26, 2Gd 0

4 1 1 1 1 1 E | .5
A 1 1 1 -1 -1 R, F—X6—F
B, 1 -1 1 1 -1 e

B, 1 . 1 -1 1

E 2 0 -2 0 0 | @ RoR)

(3-1) Based on all the motions of the atoms in XeOF4, obtain a reducible representation (I'). 2 )
(3-2)  Reduce this representation (I') to its component irreducible representations. (2 4)

(3-3) Classify these representations, indicating which are for translational, rotational and vibrational
motions, respectively. 3 4)

4) Which of the following are paramagnetic? (i 3 4)
@NO™ (B)NO2 ()Bz (d)C2?~ ()02~ (D02 (g) 02" (h) O3
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5) The atoms occupy 52.4% of the total volume in a primitive cubic structure
in which all the atoms are identical. Calculate the percentage of occupation

by the atoms in a face-centered cubic structure. @ 4

6) Determine the number of unpaired electrons, effective magnetic moment (pesr = 2/S(S + 1)), and
ligand field stabilization energy (LFSE, in A,) for [Cr(CN)s]*" and [Co(NO2)s]*, respectively. Both
cyanide- and nitro-ligands are strong field. ( 4

7) For p? electronic configuration, there are 20 microstates and the lowest-energy term is “S; /2- What

is the number of microstates and the lowest-energy term of p'd' configuration? @ 4)

/7 N_(
8) Which of the following does not obey 18-electron rule? (2,2’-bipy: Q_\NQ) (FiE 2 9)

(@)  (*-CsHs)(n*-CsHs)Fe(CO) (b) (n>-CsHs)Ir(C2Ha)z (©) [Rh(2,2’-bipy)Cl]"
(d)  Coz(2-CO)(CO)s (€) [(n*-CsHs)(n*-CsHs)Mn(CO)]-

9) Draw the structures of the products in the brackets [ ].

(9-1) @4y H
- C cl _ A or hv
[MA{Ca)] ™+ H.C/ \c/ Cl'+[ ] — CI+ CO+[ ]
] 5
(9-2) @5

[Mn(CO)s]™ + (- CsHs)Fe(CO),Br ——» Br +[ ]

(9-3) 1,2 insertion (2 43)

co

oc l HL
on, .
Co—H + C—C—0 —m——Pp [ ]
oc”” |
H.C
Cco N

(9-4) oxidative addition 2 53
trans-I((CO)CI(PPhs) + H2 ~————» [ ]




B3 iE K2 112 245 ErmELarig 4 2R
FBLHE AHERIESE AMBX4EH H$ 3 FE
AAray) LS B A MILE L

A#AIEE (F£505):
1. (20 points, 2 points each) Predict the major product of each step in the following reactions:

Q Br, CH30H (1) Zn
—_— A — B — C

HO PBrs Ha0" 2) /\[(
0]
0 A
AN - °
A Claisen Rearrangement

(1) NaOEtYEtOH _ NaOQOEt/EtOH
o) 0 > E » F
(2) 0
\/U\ E is a trione, F is an enone
NaNs 0

©)L o NH,, NaBH,CN
heat - H
(3) H,0

O

i NaOH, Cl, o (1)_%8%-& hexane
NH, ———> | s J
Hz0 2. H,0

2. (12 points, 4 points each) Please provide the reasonable mechanism for the following reactions:

(a)
0 NaOH
)J\ —)- CH3NH2
NH

2

O

b)

(c) Isoborneol is converted into camphene on treatment with dilute sulfuric acid. Propose a mechanism for

the reaction, which involves a carbocation rearrangement.

OH H,s0,
—_—

3. (12 points, 4 points each)
(a) Suggest an efficient route for the synthesis of the following compound from any starting material

containing four or fewer carbons, an acetoacetic ester, a malonic ester, and any inorganic reagents.

i

(b) Show how p-chlorotoluene could be converted to p-CICsHsCH(OH)CO,H.
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(c) Starting with benzyl bromide, show how you would synthesize the following compound: C¢HsCH=CH-—
CH=CHCHs

4. (6 points, 3 points each) please provide the structure of the compound based on the following spectra.
(a) CoH1002

L .J L
I ¥ [ J | ; I I [ T
10 8 6 < 2 0
PPM
1 T T 7 I T I T J | T T T i T 51 R
200 180 160 140 120 100 80 60 40 20 0
PPM
(b) C4Hz0;
T I I T L T
5 4 3 2 1 0

PPM




