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For questions 1 and 2
In a one-dimensional particle-in-a-box, for a wavefuction withn = §:
1. How many wavelengths equal the size of the box?
(A)4 BYS5 (€Cr6 D7 (E) 8
2. How many nodes are there?
A)4 B S5 ©6 (D7 (B 8

For questions 3 and 4
Linear combination ¢1 + 92 + 3 =

3. To what type of interaction does the linear combination belong?

(Ao Bu (On Dn (B &

4. Which one of the following linear combinations is an allowed antibonding interaction?
(A)$1+¢2+¢3 (B)el-02+¢3 (O)¢l-62-¢3 D) ol-02 (E) ol -3

5.  What is the shape of SF,?

(A) tetrahedral (B) trigonal bipyramidal (C) seesaw (D) square planar (E) T-shaped

6.  Which one of the following diatemic molecules and jons is paramagnetic?

(A) CO (B) N; (C) NO* (D) O,* (E) NO”

7. For an octahedral complex Mazbed (M is the center atom while a, b, ¢, and d are ligands), how many stereo
isomers can be found?

A)2(B)3(C)4(D)5(E) 6

8. What is the ground state term of Mn*'?

(A)°D (B) F (C) °F (D) ‘G (E) %S

9. For Mn(OH,)s™", which one of the following magnetic moments (in Bohr magneton} is most likely?
(A) 1.73 (B) 2.83 (C) 3.87 (D) 4.90 (E) 5.92

For questions 10 and 11

Consider CaF; (fluorite structure):

10. What are the coordination numbers of the ions in CaF,?

(A)Ca:2,F:4(B)Ca: 8, F: 4 (C)Ca: 4,F: 8 (D) Ca: 4, F: 4(EYCa: §,F: 8

11. What are the numbers of the ions per unit cell?

(A)Ca: 2, F: 4 (B)Ca: 8, F: 4(C) Ca: 4, F- 8 {(D)Ca:4,F:4(E)Ca: 8, F: 8

For questions 12 and 13

Consider Pt:

12. The density of Ptis 21.09 g.cm™, Pt crystallizes in a cubic close-packed structure. Estimate its atomic radius.
(A) 100 pm (B) 113 pm (C) 126 pm (D) 139 pm (E) 152 pm

13. What is the ratio of the volume occupied by Pt atoms to the volume of the solid?

{A) 0.80 (B) (.74 (C) 0.68 (D} 0.60 (E) 0.52

14. Which onc of the following complexes is not an 18-electron species?

(A) 1*-Cp,Co (B) Ph(MeQ)C=Cr(CO); (C) n*-CpFe(CO).CI (D} HCe(CO)s (E) Mn(CO)5Cl

15. Consider the following compounds. Which onc has the largest affinity towards H' in gas phase?
(A) NF: (B) NH; (C) NMeH, (D) NMe;H (E) NMe;

16. Which one of the following molecules has the highest M-C bond enthalpy? (M is the center atom)
(A} CMey (B) SiMey (C) GeMe, (D) SnMe, (E) PbMe. :,‘3':-_ .
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17. Which one of the following compounds does not contain three-center two-electron bonds?

(A) BoHg (B} ByH)o (C) Al;Meg (D) Al;MesCls (E) AlyPhg

18. Moy{O,CMe). has a Mo-Mo quadruple bend. Rhy{OQ,CMe)s (s isostructural to the Mo complex. What is the
Rb-Rh bond order? 9

(A)0 (B) 1(C) 2 (D)3 (E) 4 2 T'/CO’
19. According to the Frost diagrams of Cr, Mo and W shown on the right, determine 2+1!.. ’_/" ’
their most stable oxidation numbers, .g [ Mo,
(A) Cr:6, Mo:6, W:0 (B) Cr:0, Mo:0, W:0 {C) Cr:3, Mo:d, W6 (D) Cr:4, Mo:4, W:4 ? 7 o
(E) Cr:3, Mo:5, W:5 e
20. Which one of the following complexcs displays the lowest CO stretching frequency? . “der .
(A) TI(CO) (B) V(CO) (C) CHCO)s (D) Mn(CO)s (E) Fe(CO)s E’oi?d;?on*fu;‘éﬁfs 7

21. Which one of the following molecuies possesses an Sy axis?

(A) allene (B) ethylene (C) hydrazine (D) benzene (E) ferrocene

22. Which one of the following oxides is the most acidic?

{A) Na;O (B) B:0s (C) ALO; (D) P05 (E) 805

23. Using the information below:

VO] —2Eo vy B3,y 028 Ly 3 v oodsolution

What is the most stable oxidation number of vanadium in an acid solution?

(A1 (B2 (C)3 (D4 (B S

24. Which one of the following elements has the largest metallic radins?

(A Ca (B} Co (C) Cr (D) Cs (E) Cu

25. Which one of the following elements has the highest first ionization energy?

(A) S (B) Sb (C) 8i (D) Sn (E) Sr

26. All of the following solids have rock-salt structures. Which one of them has the highest melting point?
(A) CaO (B) MgO (C) LiF (D) NaCl (E) KBr

27. Which one of the following solids is not considered to be a semiconducting material?
(A) GaN (B) CdS (C) SiC (D) CaF, (E) Si

— BRAMEATR  FBEEIEEENEEEL (20% total)
From a reaction between 3-hexyne and AuCl in CH5Cl,, a new monomeric compound A is isolated. A displays the
following data:

'H NMR | "C NMR Elemental Analyses o
' & 1.23 ppm, triplet, ] = 7.2 Hz 3147 ppm C:2291%
8 2.61 ppm, quartet, T = 72 Hz 1 6 15.2 ppm H: 3.20%
B | 586.4 ppm
1. Used the data to draw a structure tor A. Discuss why vou propose this structure. (6%)
2. Count the number of valence electrons for A. (2%)
3. Discuss the bonding between the hydrocarbon fragment aud the metal center in A. (4%)
4. s the C3-C4 bond length in A longer or shorter than a C = C hond? Why? (4%)

5. Predict the angles of .2 C2-C3-C4 and ~C3-C4-C5 in A, Explain your reasons. (4%)
Reference: Inorg. Chem., 2009, 48 (2), 423-425
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BP Chemicals developed the Cativa process to compete with the Monsanto process for the carbonylation of

methanol. The new process used Ir instead of Rh to assist the reaction. During the investigation, it was discovered
that the reaction between (Ph:As) I(CO);1;]" (A) and Mel generated (PhsAs) [cis, fac-I(CO);EMe]” (B). Heating
B at 150°C produced compound C. C is a centrosymmetric dimer linked through bridging iodide ligands. The

methyl group is at a site trans to the bridging iodide. In addition, C displays the following data.

{TH NMR [CNMR vC0) | Elemental
|  (C formed from B with °C enriched methyi) i Analyses
& 2.75 ppm, singlet, 3H 8 -14.3 ppm 2029 cem” | C:31.25%

& 7.6-7.9 ppm, multiplet, 20H

H:2.32%

[: 38.1%

C reacted with CO to form D first. D, an isomer of B, showed v(CO) absorptions at 2094 and 2041 cm”'. Then, D
reacted with CO quickly and underwent migratory insertion to form E. E showed v(COQ) absorptions at 2064 and

1653 em’™.

Draw structures for the anions in A and B. (4%)

What type of reaction is the reaction between A and Mel to produce B? (2%)

1

2

3. Draw structures for the anions in C, D, and E (6%). Discuss why you propose these structures. (9%)
4.  Using "*CO to react with C and D may assist you to identify whether the conversion of D to E is via methyl

migration or CQ insertion. Explain how this is done. (5%)
Reference: Inorg. Chem., 2009, 48 (1), pp 28-35
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