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1. Provide the missing reagents and structural formulas for the major organic products (A-T) from each of
the following syntheses. More than one reaction may be necessary in some cases. (2 pts each, 40 pts)
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2.  Which reagent in each pair listed here would be the more reactive nucleophile in the indicate solvent.
(1 pt each, 3 pts)

() F or I (in MeOH)
(2) CI or Br (in DMF)
(3) HO® or CH3CO, (in HMPA)

3. How many chiral centers are there in the following compounds? (1 pt each, 4 pts)

(1) @) (3) (4) §S>
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4. What is the structure of the compound in the following TH NMR spectral data with the molecular
formula C4Hz0,? (3 pts)
'H NMR (CDCl3, 300 MHz): 6 3.69 (s, 8H).
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What are the values of quantum numbers # and I for a 5d electron?
Which one of the following atoms, Na, Mg, Al, has the highest ionization energy?
Which one of the molecules, OCl, O(CHs)z, and O(SiH3); has the largest bond angle at the O atom?

For NO™, NO, NO", (A) which one has the weakest bond, (B} which one has the most unpaired

electrons, on the basis of molecular orbitals?

List the following acids in order of their acid strength when reacting with NHj:
BM63, B(C6H2M63)3, BF;

Using appropriate chemical equation explain that the conductivity of BrF; is increased by adding KF.
Give an example of p-type semiconductor?

Determine the formula of the silicate shown below.

List all the possible first-row transition metals which form complexes [MC]6]4" having two unpaired

Electrons.
Which one of the following ions, Cr044", MnOf‘, FeO42*, has the largest value of A,?
Predict the product of the mixing equimolar [Pt(CO)Cla]” and NHs.

On the basis of the 18-electron rule, determine the second-row transition metal for [M(PE3)(NO),]"
(contains linear M—IN-—0).

The tungsten alkylidyne complex W(=CCMe;)(OCMe;); has been used to catalyze the ring-closing
metathesis reaction for alkynes. Predict the structure of the cyclic product for metathesis of
MeC=C(CH,)sCOO(CH,)yC=CMe.

(A) Give the Lewis structure, (B) predict the geometry on the basis of VSEPR and (C) determine the
point group of TeF,”.

Sketch all the isomers of [Pt(en)2C12}2+ (en: HoNCHRCH,NH,).




P E RS 110 S5 EE LA AR

B4 AMERIE AftB#E 4R £ 4 A
hrrmp) AR EAMILE A

16. When a toluene solution containing the carbene complex I shown below and excess triphenylphosphine
(PPhs) is heated to reflux, compound 11 is formed first, and then compound I1L The IR and "H NMR
data for II and III are as follows:

IR v(CO)(cm™) | 'HNMR &(ppm)

I | 2038 1958, 1906 | 7.62 ~ 7.41 muliplets (15), 4.19 multiplet (4)

I 1944, 1860 7.70 ~ 7.32 multiplets (15), 3.39 singlet (2)

Propose the structures of II and I1L

I 8
OC-:;RemC\_ _
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17. Copper, silver and gold crystalize in face-centered cubic (fcc) structure. (A) Sketch the fcc unit cell,
(B) Calculate the packing efficiency of the fce structure.

18. The Raman spectrum of AsP3 shown below, exhibits four absorptions.
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(A) Sketch the structure of AsP;. (B) Is the Raman spectrum consistent with the proposed structure?

Support your answer by determining the number of Raman-active stretching modes for AsPs.
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Character table

col E 205 3, |

Ay 1 1 1 z 2+ yz, 7
A, 1 1 -1 R,

E |2 -1 0] @)ER) |-, )6

19. The nitrogen atom is an example of a valence p3 configuration. There are five levels associated with

this configuration, with the energies shown below.

Energy (cm™) 28839.31  28838.92 19233.18  19224.46 0

Using Russell-Saunders term, assign these five energy levels.




