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1. What is the ground state term symbol of P£*7
A)H B Lz (©OF @)'Se ®)°L

2. Following Question 1, the effective magnetic moment (p.) of lanthanide ions could be calculated using
the following formula

3 S(S+1)-L(Z+1)
Hoi =8 J(J+1), where g, = L_’+“W

where § and L are the total spin and orbital angular momentum, respectively. J is the total angular ‘
momentum. Use the above information, calculate gs for Pr** jon. '
(A)10.65 (B)2.68 (C)9.72 (D)7.94 (E)3.58

3. The molecule below is a recently reported compound containing a one-coordinate Al. What is the
oxidation state of Al?

Qniiﬂ
W0 B O OB @+

4. Following Question 3, what is the electron count of A1? '
A2 ®4 ©6 D)8 (B)18

5. Determine the point group of mer-[OsCl3(CO)s]™.
(A)Cxn (B)Cxv (CO)Dss (D)Cay (E)Da

6. Determine the point group of BrFs.
(ADs B)Du (O)Cam (D)Cav (B)Csy

7. How many CO stretching bands could be observed in Fe(CO)s?
@1 ®2 ©3 O+ E)S-

8. Based on Pearson’s HSAB principle, which one of the following bases forms most favorably with Zn®*
ion?
WF  @®Cr (OB O
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9. Determine the valence (number of electrons an atom used in bonding) and oxidation state of Mg of the
following compound.

£

(A)land+1 (B)land+2 (C)2and+1 (D)Zand+2l (E) 3 and +1
" 10. The tetrahedral complex, Fe(cyclohexyl)s, is diamagnetic. Pick the incorrect statement.
(A) The oxidation state of Fe is +4.
(B) It is a high-spin complex.
(C) Cyclohexyl is a strong field ligand. .
(D) It can be regarded as an organometallic complex.
(E) The ground state is singlet.

11. Determine the electron count for Ru in [Ru(n®-CsHe):]** (CsHs = benzene).
A18 ®16 ()14 D20 (E)22

12. Determine the electron count for W in the following complex.

oY

II! .C
C “We;\gw
/

B
(A)12 B)14 (016 [D)I8 (B)20

. . z . @3-“H +H,; Zr"‘H
13. For the following reaction, what could be the most probable mechanism? @)“CH; — CH: @)w
(A) o-bond metathesis (B) migratory insertion
(C) B-hydrogen elimination . (D) oxidative addition and reductive elimination

14. Which one of the following reactions is spontaneous?
(A)Fe¥ +e = Fe¥* (B)Cu*+e —Cu (O)V¥*+e — V2
(D) Sc** +3e"—Sc  (BE) AP +e” — APY




R 46 BRIZERIIAER 110 B4E -4 25 E

N (=5

EERE - FREE S EL 0203 ¢ 6 13
3K » 3t6H

15. What is the symmetry of the vibration? s
M)A B)Tw (©CE @O Ty  (BE)Es L/ l\

16. Which of the following complexes is not chiral? (en = ethylenediamine, acac = acetylacetonate, ox =
oxalate) )
(A) trans-[Co(en)2CL2]* (B) cis-[Co(en)2Cl2]* (C) Fe(acac)s (D) [Zn(en)s]** (E) [Ti(ox)s]

17. Which one of the following ligands is not a good n—acéeptor?
(A)NO (B)CO (C)NMes (D)H:C=CH» (E)N:

18. The following reactions are typical in inorganic chemistry. Which one is metathesis?
(A) 8Os + (CH3)20 — 038—-0(CHs),
(B) (CH3CHz2)20-BF; + CsHsN — CsHsN-BF; + (CH3CHa)20
(C) Ni** + 6 NH; — Ni(NH3)e>*
(D) Me3Sil + AgBr — MesSiBr + Agl

19. What is the Te—Tc bond order in K3(Tc2Cls)?
@3 ®35 (©4 D45 E5

20. Below is a plot of Tolman electronic parameter and Tolman cone angle of five selected phosphines:
P'Bus (‘Bu = tert-butyl), PPhs (Ph = phenyl), PF3, PMes, and P(CgFs)s (CeFs = pentafluorophenyl).
Which of the following choices is the correct combination?

2120 |
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Tolman cone angle ('}
(A) A: PF3, B: PMes, C: PPhs, D: P'Bus, E: P(CeFs)s
(B) A: PMes, B: PF3, C: PPhs, D: P(CgFs)s, E: P'Bus
(C) A: PMes, B: PF3, C: PPhs, D: P‘Bus, E: P(C6Fs)s
(D) A: PMes, B: PFs, C: P'Bus, D: PPhs, E: P(CeFs)s
(E) A: PF3, B: PMes, C: P(C4Fs)s, D: PPhs, E: P‘Bus
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21. Consider the hypothetical linear molecule, H3C—Ni—CHs: (16%)
(a) Draw a qualitative molecular orbital diagram for the complex H3C—Ni—CH3i. Remember that the z
axis should be the unique axis. Provide an appropriate label for each molecular orbital, sketch edach
molecular orbital, and fill in the electrons ard predict the bond order for this molecule. (7%)
(b) Draw a qualitative d-orbital splitting diagram for HiC-Ni~CH; using a crystal field theory
~ approach. Remember to label d-orbitals and indicate the energy barycenter. (7%)
(c) Do your answers to parts (a) and (b) agree? Briefly explain why or why not. (2%)

22. A given transition metal complex, MLy, forms only a dihydrogen complex LaM(n?-Hz), not a true
oxidative addition product L;M(H), with Hz. Would the true oxidative addition product be more of less
likely to form as we move ... (12%) Note: for (a)—(d), provide a one-sentence explanation.

(2) To more electron donating ligands? (2%)

(b) From a third-row to a first-row metal? (2%)

() To the 1-electron oxidation product, [LaM(n’-Hz2)1*? (2%)

(d) The same metal fragment, MLy, is also used to react with ethylene, CaHs, to form the resulting
product, LyM(C2Hs). Would you expect a predominantly Dewar-Chatt-Duncanson structure or a
complex with a metallacyclopropane fragment? (2%)

(e) Following question (d), assuming n = 5, draw the molecular structures (with correct geometric
representation) of both “Dewar-Chatt-Duncanson® and “metallacyclopropane”. (4%)

23. State which complex has the larger diameter and briefly give your reasoning. (12%)
(a) [Co(H20)6]** or [Co(H20)6]%*. (4%)
(b) [Fe(H20)s]* or [Cr(H20)e]*". (4%)
(¢) Low-spin [Co(H20)s]** or high-spin [Co(H20)s]**. (4%)

24, What are the two lowest energy electronic absorption transitions that you expect to observe for the
complex [Ni(H20)s]2"? Indicate the metal’s oxidation state and d-electron count also, (10%)

25. Give two methods of measuring the magnetic properties of molecules (for example, a transition metal-
complex or an organic radical) and briefly explain how they work. (10%)
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Character tables
Du|E 2C: 3C: an 25 3oy | |
A" [+ +1 4+ 41 +1 ] X2 +3y2 2
A+l +1 -1 +1 41 -1 |R;
E |42 -1 0 42 -1 0|@y |@E-»~ )
A"{+ +1 H -1 -1 -
A"+l 1 -1 -1 -1 +1}z
E'f{+2 -1 0 -2 +1 0|(ReR)|(zy2)
Ox|E 8C: 6C: 6Cs 3C2 i 65: 8S5¢ 3an 6od
A |41 41 41 41 41 +1 +1 +1 +1 +1 2+ + 2
Apf+l 41 -1 -1 +1 +1 -1 +1 +1 -1 .
Eg |42 -1 0 0 +2 +2 0 -1 42 0 (2222297, 257
Tig|#+3 0 -1 41 -1 #3 +1 0 -1 =1|(Rx Ry R)
Tog | 43 0 4+ -1 -1 +3 -1 0 -1 +1 (xz, yz, xp)
A |+ +1 +1 41 +1 -1 -1 -1 -1 -1 .
Aw |+l +1 -1 -1 41 -1 +1 -1 -1 +1
E. |+#2 -1 0 0 +2 2 0 +1 -2 0
T | +3 0 -1 41 -1 -3 -1 0 +1 +1{(xp2)
Tou | 3 0 + -1 -1 -3 +1 0 +1 -1
Do | E__2Cwx wgy I 28 woC" i
e |+ +H +1 +1 +1 +1 X2, 2
P2 I B -1 +1 +1 -1 R;
I, | +2 +2cos(p) 0 +2 —2cos(p) 0 (R, By) | (xz, y2)
Ay |2 +2cos(29) 0 +2  2cos(20) 0 LX)
@y |+2 +2cos(30) 0 +2 —2cos(30) 0
Eng | +2 +2cos(ng) 0 +2 (=1)"2cos(np) 0
|+ # +1 -1 -1 -1 |z
Zu |+l 1 -1 -1 -1 1
Iy | +2 +2cos(g) 0 -2 +2cos(p) 0 (x, )
A | +2 +2c08(20) 0 -2 -2cos(p) 0
@, |+2 +2cos(30p) 0 -2 +2cos(3g) 0
Enu |2 +2cos(ng) 0 -2 (-1)*'2cos(ng) 0
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Tanabe-Sugano diagram for octahedral complexes with d® electron configuration
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1 2
H He
1.008 4,003
3 4 5 -] 7 8 9 10
u Be B c N [+] F Ne
6.94 ) 9.012 10.81 | 12.01 | 1401 | 16.00 | 15.00 | 20.18
1| 12 ) 13 | 1 |15 [ 1| 7 | 18
Na Mg . Al i P 5 [«] Ar
2299 | 2431 26598 | 2B.08 ﬂ,}? 32.06 | 35.45 | 39.95

| 20 | 2L | 22 | B | 2 = : ] 2 |2 |
K Ca Sc Ti v Cr | Mn Fe Co Ni
39.10 | 40.08 | 2496 | 4787 | 5094 | 52.00 | 54.54 | 55.85 | 56.53 | saea § 63
37 | 38 | 32 | 40 | &1 | a2 | a3 | 4 | a5 | a8
Rb Sr Y Zr Nb | Me Te Ru Rh Pd

31 32 33 34 35 36
Ga Ge As Se 8r Kr
§9.72 | 72.63 | 7a92 | 7897 | 7950 | 83.80
43 50 51 52 53 54
in Sn Sh Te I Xe

T

f:..

&

e
Ralﬁa‘sl

| &
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18547 § 87.62 | 8891 19192 | 9091 | 9595 | (98} | 1011 ] 1025 | 1064 | 1079 § 1124 § 1148 | 1287 | 1218 | 1976 | 1265 | 1313
55 56 72 73 74 75 76 77 78 73 20 81 82 63 ] 85 86
Cs | Ba |57/ | HF | Ta W | Re | Os Ir Pt | Au | Hg T Pb Bi Po | At | Rn
1329 | 1373 1785 | 1805 | 1838 | 1862 | 1502 | 1522 | 1951 | 107.0 | 2006 | 204.4 | 207.2 | 2090 | (209) | (210) | (222)
87 E] 104 | 105 | 206 | 107 | 108 | 109 | 110 | 131 | 112 | 113 | 128 | 115 | 116 | 117 | 118
Fr Ra |83/103] Rf Db 5g Bh Hs Mt Ds Rg Cn Nh FI Me Lv Ts Og
(223) | (226} (267) | (268) | (271) | (272) | (270) | (276) | (281) | (260} | (265) | [284) | (285) | (268) | (203) | (294) | (204) |

57 | 58 | 55 | 60 | 61 | 6z | 62 | o | 65 | e | &7 | 58 | & | 70 | 71
La Ce Pr Nd Pm | S5m Eu Gd Tb Dy Ho Er Tm Yb Lu
1389 | 1402 | 140.9 | 14a.2 | (145) | 150.4 | 1520 | 1572 | 1589 | 1625 | 1640 | 1672 | 1689 | 373.0 | 1750 |
89 S0 a1 | 52 93 94 95 9% 97 o8 95 | 100 | 101 | 102 | 103

Ac Th Pa u Np Pu Am | Cm Bk Fm md No Lr
{227) ] 2320 | 231.0 ) 238.0 | (237) | {244) | (243) | (247) | (247) | {251) | {252) | i257) | (258) | (259} | (262)
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