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1.

How many angular nodes does the 44, orbital have?
@oe ®1 ©2 O3 @4

Write the electron configuration for V**,
(A) [Ats3d  (B) [Ar]4s3d  (C) [Ar]4s®3d (D) [Ards'3d  (B) [Ar]ds®3d?

On the basis of VSEPR, predict the shape of IC1;".
(A) Tetrahedron (B) Octahedron (C) Square planar (D) Seesaw  (E) Pyramid

Use molecular orbital diagram to determine the number of unpaired electrons in O5".
Ao ®1 ©2 @3 (B4

Which one of the following oxides is the most acidic?
(A) Al,O3 (B) BaO (C) CO, (D) P,0Os (E) SO;

Determine the point group of staggered ferrocene (1°-CsHs),Fe.

Fe

(A) Cs (B) Cs, (C) Dsy, (D) Dsy (E) Sio

How many stereoisomers does the octahedral complex [CoCly(en)(NH;),]" have?

(en: ethylenediamine)
w2 ®»3 ©4 OS5 (E)6

Predict the form of the ’F NMR spectrum of PF.

(For both "°F and *'P, 7= 1/2, 100% natural abundance)

(A) A doublet resonance (B) A quartet resonance (C) A singlet resonance
(D) A triplet resonance (E) Three singlet resonances

‘Which one of the following elements is the most electronegative?

AC (BF (ON DO ®B)Si

10. Which one of the following species has the smallest size?

(A As*™  BYS*  (©cCI (D) Ar (B) K"
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11. Which one of the following ionic compounds has the highest melting point?
(AYNaCl (B)KF (C) CaF, (D) CaO (E) ZnS

12. Determine the ground-state term for the & configuration.
WF ®BF ©6¢ OP ®'P

13. Determine the number of unpaired electrons for [CoBrg]”.
Ao ®1 ©2 @O3 (E4

14. On the basis of the 18-electron rule, identify the second-row transition metal for

/OCH3
(OC)sM=C
CgHs

(AMo (B)Te (ORu (D)Rh  (B)Pd

15. Which metal does play a significant role in hemoglobin ?
(A) Mn (B) Fe () Co (D) Ni (E) Cu

16. Metallic sodium adopts a body-centered cubic structure with density of D kg/m’.
Express the radius of sodium atom by atomic weight M, and Avogadro constant N,?

17. Calculate the equilibrium constant of the reaction
Au'(aq) + 2 CN(aq) === [Au(CN),] (aq)
from the following half-reaction reduction potentials:
Au'aq) +e ===Au(s) E°=+1.68V
[Au(CN),](aq) + & === Au(s) +2CN(aq) E°=-0.60V
(hint: Nernst equation £ = E° — (0.0592/n) logK)

18. Determine the number of IR-active carbonyl (CO) stretching bands for fac-CoCl3{CO);.

Cu | E Cr adxz) ov(vz)

Al 1 1 1 z Xt 2 2

A> I 1 -1 -1 R, Xy

B i -1 H -1 X, Ry | xz

B 1 -1 -] I Y, Ry | ¥z

Cwi{ E 2C 3G

Ay 1 1 1 z X+ ,vz, z
A1 1 -1 R,

E|l2 a o *.y) Ry By | (P=07,x0) ez, y2)
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19. Propose structural formulas for products A through E in the following reactions.

A
[(77°-CsHs)Fe(CO)5]C1 + NaH ——— A (the empirical formula C,HgO,Fe)

room temp. _ N
A———— —> a colorless gas + a purple-brown solid B (the empirical formula

C7H502Fe)
B +1; ——— abrown solid C (the empirical formula C;HsO,Fel)
C + TICsHs ———-> a solid D (the empirical formula CpHoO,Fe)

A
D —--> a colorless gas + an orange solid E (the empirical formula C;oH;,Fe)

(Hint: All products must obey 18-electron rule)

The Periodic Table

2 12
Z2A 3A
3 Fl 5
Li Be B
6911 | 9.02218 1081
11 12 13 M| A5
Na | Mg 3 4 3 .6 7 8 9 10 k1 12 Al Si e
moser7f maos | 3B 4B BB 6B 7B 8B 1B 2B 350815 | 260055 jovwrah
19 20 1 » 3 24 25 26 27 2% 2 e 3! az 33

K Ca S¢ © T v Cr | Mn-|{ Fe Co | Ni Cu ;i Zn Ga | Ge As |
39.0983 | 40073 | 438539 | 47.88 | 50.0415 | 53996 | 549380 | s5.817 | 589332 | 5669 | 63546 | 6530 | 6972 | 7ne1 f7aszis

37 38 39 20 31 42 43 44 45 46 47 48 49 50 &l
Rb Sr Y Zr | Nb | Me { Tc ;| Ru | Rh Pd | Ag | Cd In Sn 5b
854678 | 87.62 | 849059 | ©12M [ 929064 | 9394 | 1980 | 10007 [1019055| 14z |tmsesz | 11241 | 11482 | nssn | 1zigsr
55 56 57 72 73 74 73 76 77 73 79 an 51 a2 83
i Cs Ba | *La i Hf @ Ta w Re | Os | Ir Pt Au | Hg Tl Pb Bi PRac
(J328054 | 1333 |13690SH) 17649 11809479 | 18385 | 186,207 | 1902 | 19222 | 19508 |196.9665| 20059 | 200383 | 2072 |20880i] 0w | oy | gan

87 88 89 o 104 105 106 107 108 : 10% 110 111 112 113 i1
Fr | Ra | fAc{! Rf | Db | Sg | Bh | Hs | Mt | Uun | Uuu | Uub | Uut Lug
23} 26,0254 | 227.0276 26T 1262) ! {263) {262} (265} ,} §266) H
58 59 . 40 61 62 6 | 64 65 66 67 68 69 70 i !
*Lanthanide series Ce Pr | Nd Pm Sm Eu Gd Th Dy He Er Tm Yh Lu @
. 14032 1499077 § 14424 {143 15036 131.96 157,25 [156.9254 § 162,50 |161.9304 1 167.26 | 165.9MF ! 17304 | 173967
90 91 92 93 94 93 96 97 58 .99 100 101 102 103
tActinide series Th | Pa u Np | Pu | Am | Cm | Bk Cf Es { Fm { Md | No | Lr
2320381 {231.035% | 2380289 | 237.046 (24 {2431 2471 1 1247} (257} {252F {257) | (258} (259) {260)
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Part A. Predict the major products of the following reactions:

(1)
Br
HNO,4
H,S0,
2)
NO,
Br;
FeBry
(3)
/ (2) NaOM, H,0,
“) |
©/\/J\ (1) Hg(OAc),, H,0
(2) NaBH, -
(5)
I ? /CE/\/
—_— O
)k/\coznﬂe Z
6
0
EthH, NaBH4
Ph)g( .
(7)
0

Bry, NaOH
NHy, —————
2 H,0

Part B. What reagent would you use to accomplish each of the following reactions?
Multi-step reactions may be required for some transformations.

(&)

O
AL .
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/IV\/OH
(12)
(13)
(14)
(15)
(16)
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COH e

OH
N

PO
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CO,H
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(18)

Cro ~22e O

(19)

?
Et0,C7 “COEt =, A/I\COZH

(20) Propose a mechanism for the biosynthesis of limonene from linalyl diphosphate.

linalyl diphosphate . limonene

(21) Rank the following compounds in order of their expected reactivity toward Sy2 reaction:
CH;Br, CH;0Tos, (CH;) ;CCl, (CH3),CHCI.

(22) Explain your answer to the above question.
(23) How many stereoisomers of the following compound are possible in principle?

=
OH OH OH OH

(24) Assign the absolute configuration to the chirality center in the following molecule.
O
I : O
H

(25) An unknown compound, CgH,¢0,, has an IR absorption at 1750 cm™ and the C NMR
absorption peaks as following. ’C (CDCls, 100 MHz NMR): 6 219.5 (C), 43.7 (CH,), 36.2
(CH). Please prose a structure for the compound,




