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1. Please assign the point groups.
a XeF, b. O=S(CHs), c. O=C(CH3)- d. CIF; . (4 points)

2. Determine the number of IR-active C-O stretching vibrations for (a) fac-Mo(CO)3(NCCHj3)3 and (b)
mer-Mo(CO)3(NCCH3)s. (6 points)

3. Analysis of H,O givesthe Lewis structure and reducible representation (I'):
(a) Classify the irreducible representations into translational, rotational, and vibrational modes.
(b) Which vibrational modes are Infrared and Raman active? (6 points)

4. Determine the hybrid-orbital type of the central atomsin SF, and [Ni(CN)4]%. (6 points)

5. Provide explanations for the following:

(a) The boiling points of the noble gases increase with atomic number.

(b) Methanol (CH3OH) has a much higher boiling point than methyl mercaptan (CH3SH).
(c) PCls is astable molecule, but NCls is not. (6 points)

6. Calculate the electron affinity of Cl form the following data for NaCl : Cl, bond energy = 239 kJ/moal;
AH¢(NaCl) = -413 kJ/mol; AHgn(Na) = 109 kJ/mol; IE(Na) = 496 kJ/mol; U =-789 kJ/mol. (4 points)

7. Determine the number of unpaired electrons for the following complexes.
() [Co(CO)d], (b) [CO(CN)e]*, (c) [Fe(H20)e] ™", (d) [Co(NHa)e] **. (4 points)

8. Exchange of an H,0 ligand on [(CO)sMn(H»0)3]" is much more rapid than on the analogous
[(CO)sRe(H,0)3]". The activation volume (change in volume on formation of the activated complex) is
-4.5+0.4 cm®mol ™. The Mn complex has infrared bands at 2051 and 1944 cm™ that can be attributed to C-O
stretching vibrations.

(a) Suggest why the Mn complex reacts more rapidly than the analogous Re compl ex.

(b) Isthe activation volume more consistent with an A (or I,) or aD (or Ig) mechanism? Explain. (4 points)

9. Predict the products of the following reactions:

(@) (n°-CsHs)(n'-CsHs)F(CO), +hv  — 2

(b) [MN(CO)s]” + (n°-CsHs)Fe(CO),Br + heat — 2

(©) [MN(CO)s]” + H,C=CH-CH,CI — -CO— ?(6 points)
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10. What percent of the total volume is occupied by spheresin (a) aface-centered

cube (see figure on right) and (b) a body-centered cube in which all atoms are
identical. (4 points)

Dny GROUPS
" Du| E Gz GB) GEx) i o) oba) oly)
Ag 1 1 1 1 1 1 1 1 X2
By | 1 1 -1 -1 | 1 | R, | x
B | 1 -1 1 -1 1 - L=l R, | x
By [ 1 -1 -1 1 1 - -1 ] R, | 5
A, 1 1 1 1 -1 -] -1 -1
By, 1 1 =1 -1 -l -1 1 1 z
By, | 1 -1 I -1 -1 1 -1 1 y
By, | 1 =1 -1 1 =1 1 1 -l x
G,,,\ E 205 3G o 25 o, |
anm—— .
A’ 1 1 1 1 | 1 2+ 2
A |1 1 -1 1 1 -1 | R,
e |2 - 0 2 -l 01 n) | -y
Al 1 1 -1 -1 -1
A |1 1 -1 -1 -1 1]z
E" 2 -1 -2 1 0 (Rer Ry) | (2, y2)
Dy | E 26, C 2 26" i 25 o, 20, 204
Ag | 1 1 1 1 1 11 I 1 1 2427
Ay | 1 1 1 -1 -1 1 1 1 =1 -1 | R,
By, 1 -1 1 1 -1 1 =1 1 1 -1 | 22 =?
Byg 1 i | 1 -1 1 1 -1 I -1 I xy
E, 2 0o -2 0 0 2 0o -2 0 0 | (ReB)| (x2y2)
4 1 1 1 1 1 -1 -1 -1 -1 -1
Q)| 1 ST SR U GRS S 1 T
| 1 -1 1 1 -1 -1 1 -1 -l 1
B 1 -1 1 =1 1 -1 1 =l 1 -
Q 2 0 =2 0 o -2 0 2 0 0| (%)
€,y GROUPS
Cy | E C; oy(x2) oy (yz) |
A |1 1 1 1 3 2
Ay 1 1 -1 -1 R, xy
By 1 -1 1 -1 xR, xz
B | 1 -1 -1 1 y, Ry »z
@ E 26, 30, | |
7| 1 z e
Az 1 ’ 1 -1 R, ;
E 2 -1 (%, ¥) (Re. Ry) | (&2 = yhxy). (x2, y2)
C4v E 2C4 Cg 20“v 20'4 l
A 1 1 1 1 1 z X2+ 20
AZ 1 1 l -1 -1 Rl
B | 1 -1 1 1 -1 L
B, 1 -1 1 -1 1 xy
E 2 0 -2 0 0 (2, %), (Re  Ry) | {x2,y2)
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1. Draw the structures of the following compounds. (1 pt each, 6 pts)
(1) mxylene (2) imidazole (3) p-benzoquinone
(4) quinoline (5) phenanthrene (6) thiophene

2. Suggest areagents (or a series of reagents) that can be used to accomplish the following transformation.

(2 pts each, 16 pts)

O
(1) >HLNH2 — >(NH2
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3. Give the expected major product with appropriate stereochemistry, if necessary. (2 pts each, 20 pts)
0O

1. LiAIH,
® e .
NH 2. H,0

() \(OAOH Swern -
OH
3) /©/0Me Br,, FeBr;
o)
4) 1. KMnO,, "OH, A_
2. HyO"
5) C( 1. mCPBA
NMez 2. A
o)
© ] mCPBA
o)
(8) )J\/\/\[(H “OH .
o) A
©) UOH 1. PBr, .
2. NaCN, DMF
CO,H
(10) >
A

CO,H
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4. Match the compound to the following IR spectrum. (2 pts each, 8 pts)
0o 0O O O

)OJ\ Cl )L H )j\ )]\QJ\
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