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1. In each case, provide a suitable synthesis. Show all intermediate products and
all reagents.  (15%)
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2. (hve a structure consistent with each of the following sets of NMR data:
(10%)
(a) CsHygBrz ¢ 8 1.0 (singlet, 9H), 5.3 (singlet, 1H)
(b) CoHy Br : 8 2.2 (quintet, 2H), 2.8 (triplet, 2H), 3.4 (triplet, 2H), 7.2 (singlet,
SH)
3.  Predict the major product of the following reactions and also write stepwise

reaction mechanism vusing the arrow formalism.  (25%)
GHa (1) 05 CH;0H
(a) >
(2) CH,SCH,

(1) Li, NH;,

OCHs (-BuOH, THF
(b) =
(2) HyO
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4. Indicate the probable occupancy of o, m and & bonding and antibonding orbitals
' and the bond order for the following tetragonal prismatic complexes: (5%)

(1) [Mox(SOa)]™ (2) Re;Cla(FMezPh), (3) [Ruz(CH;COz)]"

5.  The trans effect in ligand substitution reactions on square planar complexes
plays an important role in preparations of different isomers.
(1) What is the origin of trans effect?  (5%)
{(2) Please predict the products of the following reactions:
i.  [Pt{PPh:)s)”" + 2Br
ii.  [PICL] + 2PMe;
iii.  efs-[PtNH:)2(CsHsNR)® + 201

6. For a Cs, symmetry complex [CoCl(H;0)s]’, where the C1” ligand is on the z
axis:  (5%)

(1) Which orbitals will be displaced from their position in the octahedral
molecular orbital diagram by n interactions with the lone pairs of the CT
hgand?
(2) Which orbital will move because the CI ligand is not as strong as o-donor
as H,0?
(3) Sketch the qualitative molecular orbital diagram for this Cay complex.

7. (1) Draw plausible structures and give the electron count of (a) Ni(n’-C3Hs)z, (b)
7*-cyclodutadiene-n’-cyclopentadienylcobalt, (c) (-CaH3)Co(COY,.
(2) Using the 18-electron rule as a guide, indicate the probable number of
carbonyl ligands in (a) W(n’-CeHg)(CO)y, (b) Rh(1*-CsHs)(CO)y, and (c)
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8.  Pentacyanocobalt{Il} (Co(CN )5 ) and iodine (I2) react to give
iodopentacyanocobalt(TII}) (Co(CN)sI™) as a product. The proposed mechanism
has atomic iodine as a highly reactive intermediate  (5%)

K
Co(CN)s> + | T Co(CN)sI* + |
1
Co(CN)g> + | —kr Co(CN)st*
2

(1) Write the chemical equation for the overall reaction.

{2) Derive the rate expression for the rate of formation of Co{CN)sI* and for the
rate of the loss of I

(3) Under what conditions will the rate of reaction become second-order
overall?

{4) Under what conditions will the reaction product inhibit the rate?

9.  Answer the following questions: (5%)
(a) Write the formula for silicon dioxide, gallium oxide and tin sulfide.
(b} Why are the tin(IV) halide more volatile than the tin(II} halides?
{c) What is the mole ratio of lead(II) to lead{IV) in red lead {Pb;0.4)?

10. About energy band in solids:  (5%)
{a) Draw encrgy band pictures for metal, semiconductor and insulator,
(b) Sodium has half-filled 3s orbitals while magnesium has fully filled 3s
orbitals. Are they electrical conductors? Why?
{c) Whether the following solids are likely to be metal, semiconductor, or
insulator: NaCl, sugar, and Ga, P-doped Si

11. Berylium metal is amphoteric and reacts with aqueous NaOH to produce
hydrogen gas and Be(OH),".  (5%)
(a) Write a balanced equation for this reaction.
(b) What is the oxidizing agent?




®  r O 'O 2 @ E K

T =B k= # (AT b2 - MRS Sltimee Be S |
FIE S@aea il RIS 0602,0702 £ 5 % S5 H *HESRE [EE8] AFE

(c) What is the reducing agent?
(d) What are the other metals in the same group as Berylium?

12. Determine the symmetry element(s) for  (5%)
(a) an s orbital (b) a d,, orbital (¢) COs™ (d) SF, (e) NH:CI

13.  (mve the formula and name of a molecule, a molecular ion or solid that 1s
isoclectronic and isostructural with — (5%)
(a) NH; (b) Si (c) Na (d) N;Oy (&) nitrate ion




