1. Give the chemical formula for the names of ligands, commonly used in
transition-metal complexes: (a) azide (b) aquo (c) carbonyl (d) nitrosy! (e)
en; and then draw simple plausible structures for complexes with the
following empirical formula: (f) (OC)3Re(PMe3), (9) (OC)SCr(CGHs)?_, (h)

(OC),RNC, (ij Mo(CO)4(NO), (a-8; 1% each and f-i, 2% each) 13%

2. Choose and explain: 12%
(a) Smaller v(CO) band in the IR spectrum of [Fe(CO)4]2’ or [Ni(CO)4].
(b) Longer C-C bond distance for the uncoordinated 02H 4 Molecule or that in

[n?-(CoH )PICI,T

(c) One or two singlets can be observed in the 13¢ NMR spectrum of the
trigonal bipyramidal complex, Fe(CO)5 at room temperature.

3.M‘Which structural information fits which molecule or ions? (10%)
(a) Oy (b) NO (c) HCN (d) N3' (e) [PCI4]' ) XeOF4

(i) It is paramagnetic with one unpaired electron.

(ii) 1t is isoelectronic and isostructural with 002, although it is an ion.

(ii) It has only a double bond.
(iv) It has four C3 symmetrical axes.

(v) It is very toxic and linear. ,

(vi) It increases more weight than any other species when an external
magnetic field is present.

Please use the following format:

Answer: (a)- (b)- (c)- (d)- (e)- (f)-
in your answer sheet.

4. Give "yes" or "no" for each of the following complexes to show that it has
probably the Jahn-Teller distortion: (a) Cu(OH,)g?* (b) Fe(NH)s>* (o)

Cr(CN)g*" (d) Mn(OH,):2* (e) CoCl, 2" (4kst(EI3m) (5%)
6 26 4

5.Assume that, in énother universe, the values of the quantum number, my,
are limited to zero or positive integers up tothe value of / fora particular
subshell; thus for /=2, m, could be0, 1, or 2. Describethe electron
configuration of nitrogen and thatof Ni2+. How many unpaired electrons
wouldbe contained in Nand Ni2*? What are the ground-state terms for N
and Ni?* (10%)
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6. Draw the structures of the following: (6%) (a) BeCI2 (crystal) (b) B4H10

5-
(¢) P3g049

7. Choose and explain: (12%)

(a) Larger bond angle: NO, or NO,". E
(b) Stronger Lewis base: (CH3)20 or (SiH3)20.

(c) More soluble in water: LiF or Lil.

8. Explain each of the following: (20%)

(a) Mn(OH2)62+ is much less intensely colored than Cr(OH‘?)e2+ or
Fe(OH,)g2*.

(b) In aqueous solution, the order of base strengthis Me 2NH>Me>NH2> MesN
>NH3.

(c) Pure iodine is purple in coloras is its solution in CC|4.Squtions of
iodine in acetone and diethyl ether are brown.

(d) Two separate water exchangerates are found for Cu(OH 2)62+ inqueous

solution.

9. Find the number, and symmetry species, of the infrared and Raman active
vibrations of trans-N2F2 (C2h). (6%)

Con [E Co i o

A 11 1 1 R, x2, y2, 22, xy
Bg 1 -1 1 -1 Rx' Ry Xz, yz

A, |1 1 -1 - 2

B, [1 -1 -1 1 X, ¥

10. The reaction of V(CQO)g(NO) with P(OMe), to give V(CO)4{P(OMe)3}(NO)

has the rate law
-d[V(C'O)5(NO)]/dt = k1 [V(CO)S(NO)] + K2 [V(CO)5(NO)][P(OMe)3]

Suggest mechanisms for this reaction consistent with the rate law. (6%)
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