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1. The Nobel Prize in Chemistry in 2022 was awarded to click chemistry, or the azide-alkyne cycloaddition
to connect two molecular fragments. For their initial discovery, what metal ion was required as a catalyst
for this reaction to proceed at a milder condition?

(A)Cu(l) (B)Zn(l) (C)Fe(ll) (D)Fe(lll) (E)Mo(Il)

2. Name the following reaction: \—— > \ﬁ + —
(A) Hydroformylation

(B) Sigma bond metathesis

(C) Hydrogenation
(D) Olefin metathesis
(E) Pauson-Khand reaction

3. Following Question 2, complexes based on what transition metals are used for this reaction as catalysts?
(A)FeandCo (B)PdandPt (C)NiandZn (D)CrandMn (E)Mo and Ru

4. Spinel structures are based on cubic closed-packed arrangements of oxide ions. How many octahedral
and tetrahedral holes are there in this unit cell, respectively?

(A) 1,2 (B) 2, 4 (C)3,6 (D)4, 8 (E) 5, 10

5. Following Question 4, if half of the octahedral holes and one-eighth of the tetrahedral holes are filled
with Fe and Zn ions, respectively, what is the formula of the resulting oxide?
(A) ZnoFeOq (B) Zn2Fe20s (C) ZnoFeOs (D) ZnFex04 (E) ZnFeO,

6. What type of reaction is usually the last step in the Born-Haber cycle?
(A) Sublimation (B) Bond dissociation (C) Ionization (D) Lattice formation (E) Condensation

7. Below is a square planar Fe hydride complex that had the hydride resonance in the 'H NMR spectrum
to be —3560 ppm, what is the oxidation state of Fe?
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(A) 0 (B) +1 (C) +2 (D) +3 (E) +4
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8. Following Question 7, what is the electron count of this complex?
(A) 14 (B) 16 (C) 18 (D) 19 (E) 20

9. What is the symmetry of the following ligand group orbital (LGO) in a D4y point group?

(A) Aig (B) Azu (C) Eu (D) A (E) Azg

10. What is the symmetry of the following vibration (i.e. torsion of two NO> planes)?

(A) Ag (B) Big (C) Bag (D) B3y (E) Ay
11. Following Question 10, is this vibration IR and Raman active/inactive?
(A) IR and Raman active (B) IR and Raman inactive

(C) IR active, Raman inactive (D) IR inactive, Raman active

12. Below are the bonding MOs of NH3. Which one is the HOMO (highest occupied molecular orbital)?

(A) (B) © (D)

13. Below are the geometric isomers of Pt(CN)2Br2(H20)2. Which one have an optical isomer?

CN OH, Br OH; CN

Br,, | .OH; Br.. 1 .CN NC., | .OH, Br.. | .CN NC., | .OH,
,F’t\ «'Pt\ Pt /Pt\ Pt

B | “OH, Br” | “CN NC” | “OH, NC” | "Br Br” | ~OH,
(a) CN ® ™ () B @ % (®) B
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14. Determine the point group of (square planar) tetraazidocopper(Il).
(A)Csqv (B)Ca (C)Dan (D)Dag (E)Cy

15. The magnetic moment of a green salt Ka[VF¢] is 2.79 up (Bohr magneton number). What should be n?
A1 B2 ©3 D4 ([B)S

16. Which one of the following metal complexes has the slowest water exchange rate? ‘
(A) [V(H20)]"  (B) [Ir(H20)6J*"  (C) [Na(H20)6]" (D) [Ca(H20)e**  (E) [Mn(H20)s]**

17. What would be the major product of (b)? Note: the charge of the complex ions is not shown. The
oxidation states of Pt are all +2.

NH; _
Cl Cl~
NH
NHz NH, Cl Cl cl
Cl—Pt—NH; Cl—Pt—C] Cl—Pt—Cl Cl—Pt—NH; Cl—Pt—Cl
(A) NH, (B) NHs (o) NHs (D) NH3 (E) c

18. How many unpaired electrons are found in [Dy(H20)]**?
A3 B4 s D6 [B®7

19. Determine the ground state free-ion term symbol (**'L)) of Dy**.
(A) *Hisn2 (B) 3S72 (C) L (D) *Haq (E) ®Hs»

20. Rank the following complex ions in order of increasing wavelength of light absorbed: [Co(H20)s]**,
[Co(CN)6]*", [Cols]*™, and [Co(en)s]**
(A) [Co(CN)s]* < [Co(en)s]** < [Co(H20))** < [Cols]?~
(B) [Co(CN)s)*™ < [Cole]*” < [Co(en)s]** < [Co(H20)e]*
(C) [Cols]*™ < [Co(en)s]** < [Co(H20)6]** < [Co(CNYs]*~
(D) [Co(CN)s]*~ < [Co(H20)6]** < [Co(en);]** < [Cols]*
(E) [Cols]*™ < [Co(H20)6]** < [Co(en)s]** < [Co(CN)s]*
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21. Let’s consider cubic unit cells: (10%)
(a) How many spheres (or atoms) in total does a body-centered cubic unit cell have? Draw the unit cell
and show your work. (5%)

(b) Draw a simple cubic unit cell. Calculate the packing efficiency of a simple cubic unit cell. (5%)

22. Let’s consider a hypothetical square planar transition metal complex Pd(CHj)s. (15%)
(a) Draw a qualitative molecular orbital diagram for the complex Pd(CHj)s. Provide an appropriate
symmetry label for each molecular orbital, and fill in the electrons. (7%)
(b) Draw a qualitative d-orbital splitting diagram for Pd(CH3)4 using a crystal field theory approach.
Remember to label d-orbitals. (6%)
(¢) Do your answers of the d-orbital splitting to parts (a) and (b) agree? Briefly explain why or why not.
(2%)

23. Sketch the structure of the following transition metal complexes as accurately as possible and clearly
show the electron counting. Show your work in electron counting. You can use either covalent or ionic
method. (9%)

(a) Zr(CHs)s2™ (3%)
(b) Fe(CO)s (3%)
(c) Mn(CH3)4{P(CH3)3}2 (3%)

24. Explain why [MnFe]’~ has Jahn-Teller distortion, but [Mn(CN)s]>~ does not. Calculate zspin-oniy for both
complexes. (10%)

25. The compound cisplatin, Pt(NH3)2Cl, has been studied extensively as an antitumor agent. The reaction
for the synthesis of cisplatin is:
K2PtCligag) + 2 NHiaq) — Pt(NH3)2Clags) + 2 KCliag)
Write the electron configuration for platinum ion in cisplatin. Most d® transition metal ions exhibit
square planar geometry. Draw the structure of cisplatin and give chemical names for cisplatin based on

either Stock system or Ewing-Bassett system. (6%)
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Spectrochemical series:
I'<Br <ClI'<F <OH <H;O<NH3;<en<NO; <CN~
Trans effect for Pt(II) complexes:
CN™~CO ~CyHs>PH3 ~SH2>NO> > 1" >Br > ClI” > NH3 ~ py > OH™ > H,0

Hspin-only = x/4S(S+1) = Jn(n+2)

Character Table
Din| E  Ciz) GCyly) GCylx) I  olxy) o(xz) ofyz) h=8
Ay |1 1 1 1 1 1 1 1 x2,y2, 22
Big| 1 1 -1 -1 1 1 -1 -1 |R, xy
Byy| T -1 1 -1 1 -1 1 -1 |R «xz
By| 1 -1 -1 A1 1 -1 -1 1 [R vz
Al 1 1 1 1 T T T
By | 1 1 -1 -1 -1 -1 1 1
By, | 1 -1 1 -1 -1 1 -1 1
By | 1 -1 -1 1 -1 1 1 -1 |x
Dyl E 2Cdz) C, 2C; 2C,* i 2S. o, 20, 20, h=16
Agl 1 1 1 1 1 1 1 1 1 1 X2+y2, 72
Agl 1 1 1 =1 -1 1 1 -1 -1| R
Byl 1 -1 1 1 -1 1 -1 1 1 -1 x2-y2
Byl 1+ -1 1 - 1 -1 1 -1 1 Xy
E;l 2 0 -2 0 0 2 0 -2 0 0 [RR)(xzy2)
Ayl 1 1 1 -1 -1 -1 =1 -
Ayl 1 1 1 -1 -1 -1 -1 -1 1 z
Bl 1 -1 1 I I B B e B
Byl 1 -1 1 -1 -1 -1 -1
E{ 2 0o -2 0 0 ~2 0 2 0 0 |y
1 2
H He
1.008 4.003
3 ) 5 6 7 3 9 10
Li Be C N o F Ne
694 §9.012 1081 | 1201 § 14.01 § 16.00 | 19.00° ) 20.18
11 12 13 14 15 16 17 18
N3 Mg Al Si P S Cl Ar
2299 | 2431 2698 | 28.09 | 30.97 | 32.06 | 35.45 | 39.85
19 20 21 22 23 24 25 6 27 28 29 30 31 32 a3 34 35 36
K Ca Sc Ti A Cr Mn Fe Co Ni Cu n Ga Ge As Se Br Kr
3910 | 40.08 | 44,96 | 4787 | 50.94 } 52.00 | 54,94 § 5585 ) 53.93 ) 58.69 | 63.55 | 65.38 | 69.72 { 72.63 | 74.32 | 78.97 | 79.00 { 83.80
37 38 33 40 a1 42 43 44 45 46 47 438 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag cd in Sn Sb Te 1 Xa
§5.47 |1 87.62 1 8391 § 51.22 | 92.91 § 85.95 {98) 10111 102911064 | 107.9 § 1124 {11398 ) 1187 1218 | 1276 | 1269 { 1313
55 86 72 73 74 75 76 77 78 79 80 81 82 83 84 as 56
Cs Ba |57/71]| Hf Ta w Re Os Ir Pt Au Hg T Pb Bi Po At Rn
1329 | 1373 1785 1809 11838 | 1862 1 1902 § 1922 } 195.1 | 197.0 | 200.6 | 20a.4 | 207.2 | 209.0 | {209} | {2101 } (222}
87 88 104 105 106 107 108 109 110 111 i12 113 I1a 115 116 117 118
Fr Ra |89/103} Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc v Ts Og
{2231 { (226} {267) 1 (268} 2710 ) 1272) {12700 | {276} § (2811 | {380) | {285) { (284) | (289) | i288) | (293} | {294} | (294)
57 58 59 80 61 62 63 64 [ 86 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yh Lu
1389 § 1401 § 1409 § 1442 § 13145) § 1504 V13520 § 1572 § 1589 | 1625 | 1649 | 1672 § 1689 | 1730 | 1750
&9 90 9 92 93 94 95 96 97 93 99 100 101 102 103
Ac Th Pa u Np Pu Am | Cm Bk ct Es Fm Md No Lr
(227) §2320 1231.0 4 2330 ] {2371 § {244y § (2431 § (247} ) {2477 § (2513 | (2523 | (257) § {258) § (259 | {260}




