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Choose one best answer for the following questions
[E54)] #3814 > £3304 > ZH 1800254 > @I 22 3FL 520 K
T8> 28073 fek o 1~1535 32> 16~3042 5 L § o

16. In the given reaction coordinate diagram, how many intermediate(s) is/are presented?

—»

Free Energy

>
Progress of the reaction

(A) 0 B) 1 © 2 (D) 3 (E) 4

17. How many nanometers is equal to 7.6 meters?
(A) 76 %107 (B) 76 x108 (C) 76 x10° (D) 76x10% (E) 76x107

18. A specific type of nucleus has a half-life of 40 min. How long is required for 80% of the nuclides
to decompose? (In2 = 0.693; In0.2 =-1.609)
(A) 80 min (B) 85 min (C) 95 min (D) 102 min (E) 120 min

19. Which of the following ionic compounds has the largest lattice energy (i.e., the lattice energy

most favorable to a stable lattice)?
(A) MgO (B) CaO (C) LiO (D) NaO (E) KO

20. Determine the hybridization of Cl in CIF; .
(A) sp (B) sp’ ©) sp’ (D) dsp’ (E) d’sp’

21. Determine, respectively, the proper formulas for sodium tetrachloroaluminate(Ill) and sodium
tetrachlorocobaltate(II).
(A) Na(AICly); Nax(CoCls)  (B) Na(AlCls); Na(CoCls)  (C) Naz(AICls); Na(CoCls)
(D) Nax(AlCls); Nax(CoCls) (E) Nas(AlCls); Nax(CoCls)

22. What is the sum of all coefficients when the following equation is balanced?
NHs(g) + 02(g) — NO2(g) + H20(g)

23. A compound is composed of element X and hydrogen. A mass analysis shows the compound
contains 82.35% of X, with three times as many hydrogen atoms as X atoms per molecule. Which
element is X? (atomic mass: B=10.81, C=12.01, N =14.01, Al =26.98, P =30.97)

(A) B (B) C (©) N (D) Al (E)y P
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24,

25.

26.

27.

28.

29.

30.

Which of the following statements is incorrect?
(A) Heteronuclear linear molecules can have a net dipole moment.
(B) A molecular dipormenant is the dipole moment of the molecular taken as a whole.
(C) Tonic bonding results from the transfer of electrons from one atom to another.
(D) A molecule with polar bonds must be polar.

(E) The distribution of electrons in a polar bond is closer to the more electronegative element.

Regarding to the concept of reduction and oxidation, which of the following statements is true?
(A) All chemical changes is accompanied by reduction and oxidation.
(B) When the atom is oxidized, the size becomes larger.
(C) The oxidizing agent is electron donor.
(D) Reduction and oxidation can occur independently of each other.

(E) Reduction and oxidation describe the gain and loss of electron(s), respectively.

You have immersed electrodes of a light bulb in a solution of H2SO4 such that the light bulb is
on. You add a dilute solution and the bulb grows dim. Which of the following molecule could be
in the solution?

(A) Cu(NOs3): (B) K3S04 (C) NaNO; (D) ZnCl (E) Pb(NO3):

Which of the following anions is the most basic?
(A) ClO~ (B) ClO2 (C) ClOs (D) ClO4 (E) CI

Which of the following element or ions is the largest in size?
(A) O* (B) F (C) Ne (D) Na* (E) Mg*

Which of the following molecules has the largest dipole moment?
(A) CO2 B) Cl (C) XeF4 (D) SF4 (E) BEF;

. The hybridization of boron in BF, is spe.
II. The molecule of 1, is polar.
III. The bond order of N, molecule is two.
I'V. The molecule of HCN has one pi bond and two sigma bonds.
Which is true?
(A) All four statements are correct. (B) IIisincorrect.
(C) Tand]lV are incorrect. (D) II and III are incorrect.

(E) All four statements are incorrect.

Tg » AL FAJeh - 31~60 45 $# 32 > 61~90 45 - & -
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61. When a certain atom emits a photon of light at 232 nm, what is the frequency of this light?
(A) 1.29x10V ! (B) 1.15x 10" (C) 1.15x101¢!
(D) 76.7s! (E) None of the above.

62. Given a cylinder of fixed volume filled with 1 mol of argon gas, which of the following is correct?
(Assume all gases obey the ideal gas law.)

(A) If the temperature of the cylinder is changed from 25°C to 50°C, the pressure inside the
cylinder will remain the same.

(B) If a second mole of argon is added to the cylinder, the ratio of 7/P would decrease.

(C) Acylinder of identical volume filled with the same pressure of helium must contain more
atoms of gas, because helium has a smaller atomic radius than argon.

(D) Two of the above.

(E) None of the above.

63. Which of the following statements is true?
(A) The energy of electromagnetic radiation increases as its frequency decreases.
(B) An electron in the n = 4 state in the hydrogen atom can go to the n = 2 state by absorbing
electromagnetic radiation at the appropriate frequency.
(C) The frequency and wavelength of electromagnetic radiation are proportional to each other.
(D) The energy of an atom is increased when electromagnetic radiation is emitted from it.

(E) An excited atom can return to its ground state by emitting electromagnetic radiation.

64. What is the hybridization of the central carbon atom of allene (HC=C=CH)?
(A) sp (B) sp’ (©) sp’ (D) dsp’ (E) d*sp’

65. How many of the following molecules have all of their atoms in the same plane?
H>C=CH,, H,C=C=CH_,, CH3COCHj3, NH3, CO,, BeCl»
(A) 2 B) 3 © 4 D) S (E) 6

66. Which of these species, O2", Oz, and O, ", should be paramagnetic?
(A) Oz and Oy (B) 0O;"and O (C) Ozand Oy (D) only Oz
(E) All three are paramagnetic.

67. Based on the molecular orbital theory, which of the following molecules has the strongest bond?

(A) NO* (B) NO (C) NO- (D) NO*
(E) All the above molecules have the same bond strength.
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68. Which of the following molecules has the smallest bond angle?

(A)

CH, (B) SiHs (C) NH; (D) H,0 (E) HaS

69. Which of the following statements is false?

(A)
(B)
©

(D)
(E)

The layering in a hexagonal closest-packed structure is aba.

A body-centered cubic unit cell has two atoms per unit cell.

For unit cells having the same edge length, a simple cubic structure would have a smaller
density than a body-centered cube.

The size of tetrahedral hole is always larger than the size of octahedral hole.

Atoms in a solid, consisting of only one element would have six nearest neighbors if the

crystal structure was a simple cubic array.

70. Rank the following compounds in the order from the highest boiling point to the lowest boiling

point.

(a) CHsOC,Hs  (b) CHsOH  (c) HCONH,  (d) HCOOH

(A)
©
(E)

(b)>(a) > (c) > (d) B) (b)>(a)>(d)>(c)
(©) > (d)>(d)>(a) (D) (d)>(c)>(b)>(a)
(b)>(d)>(a)>(c)

71. The reaction “A + 2B — 2 C” exhibits the rate law as following: Rate = k [A][B]?

Which of the following mechanisms could be consistent with this rate law?

(A)
(B)
©)
(D)
(E)

A+ 2B — D (fast), D — 2 C (slow)

2B — D (fast), D + A — 2 C (slow)

2B — D (slow), A+ D — E (fast), E — 2 C (fast)
A+ B = D (fast equilibrium), B+ D — 2 C (slow)
B = 2 D (fast equilibrium), D + A — C (slow)

72. Consider the following reaction:
N2(g) + 3 Ha(g) = 2 NHs(g), equilibrium constant (K) = 6.0 x 102 M2 at 500 °C.
Predict the reaction direction of the following cases:
a. [N2] = 1.00 x 102 M; [Hz] = 3.00 x 102 M; [NH3] = 6.00 x 10*M
b. [N2] = 1.00 x 10 M; [H2] = 4.00 x 10> M; [NH3] = 1.00 x 10°M
c. [N2] = 1.00 x 10° M; [Hz2] = 5.00 x 10 M; [NH3] =2.00 x 10*M

(A)
(B)
©
(D)
(E)

a. No shift; b. shift to left; c. shift to right

a. No shift; b. shift to right; c. shift to left

a. Shift to right; b. shift to left; c. no shift

a. Shift to left; b. shift to right; c. shift to right
a. Shift to left; b. shift to right; c. shift to left
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73. Consider the following reaction at equilibrium. Which change will cause the equilibrium to shift
to the left?
2NOBr(g) == 2NO(g) + Bra(g), AHCyn = +30 kJ/mol
(A) Increase the container volume (B) Remove some NO
(C) Decrease the temperature (D) Add more NOBr

(E) Increase the temperature

74. How many of the following will raise the pH of a weak acid HA in aqueous solution?
I. Addition of water.
II. Making a buffered solution by adding NaA(s).
II1. Addition of NaCl(s).
IV. Addition of HNO;.
V. Titrating with KOH.
(A) 5 (B) 4 < 3 (D) 2 (E) 1

75. What is the point group of triphenylphosphine?
(A) Dsqg (B) Ds (C) Dsn D) G (E) Csy

76. Consider a galvanic cell based on the following reactions:
2Aw" +3 Mg— 2 Au+ 3 Mg?*
The reduction potentials for Au** and Mg®":
AT +3e —>Au =15V
Mg** +2 e — Mg, e2=-237V
What is the value of AG°?
(A) -84kl (B) -373kJ (C) -746kJ (D) -1120kJ (E) -2240kJ

77. What type of radioactive process would be expected in the following reaction?
234Th — 234Pa
(A) « particle production (B) B particle production (C) positron production
(D) v ray production (E) electron capture

78. Which of the following complexes can exhibit optical isomerism?
(A) cis-Co(NH3)4Cl (B) trans-Co(en),Br> (C) cis-Co(en)Cl
(D) Co(NH3)3:Cl3 (E) None of the above.

79. Which one of the following is paramagnetic?
(A) Zn(H20)¢** (B) Co(NH3)e** (C) Cu(CN)* (D) Mn(CN)e* (E) Fe(SCN)s>"
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80. A formula of a certain compound is [M(NH3)sCI|Cl>, where the M is a type of metal. The metal
ion has 24 electrons in this complex. Determine the identity of the metal.
(A) Mn (B) Fe (C) Co (D) Ni (E) Cu

81. Two well-known complex ions containing Ni are [Ni(H20)s]*", which is green, and [Ni(en)3]*",
which is purple. Which one of the following statements is true?

(A) The crystal field splitting energy (A) is greater for [Ni(en)s]** than for [Ni(H20)s]*".

(B) [Ni(en)s;]*" absorbs energy in the red region of the spectrum.

(C) Both complex ions are diamagnetic.

(D) [Ni(H20)6]*" transmits light with wavelengths of approximately 650—700 nm.

(E) The green complex absorbs green light.

82. Which of the labeled C-H bond is the weakest?

| Il I
() \( )N H, B
H (IV)
e
v)y=—] H
A) 1 (B) 1I (C) 1II (D) 1V (E) V

83. Which of the following alkenes generates the greatest heat upon hydrogenation?
(A) 1,3-pentadine (B) 1,4-pentadiene (C) 1,3-butadiene
(D) cis-2-pentene (E) trans-2-pentene

84. What is the structural relationship of the following two compounds?

CH H

H H HzﬁH

H CHs H CHg
H CHs

(A) notisomers (B) conformational isomers
(C) cis-trans isomers (D) structural isomers

(E) both conformational isomers and structural isomers

85. A tetracyclic compound, aldrin (C12HgCls), was used as an insecticide. How many double bonds

are presented in aldrin?
A 1 B) 2 © 3 D) 4 E) 5
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isopropylcyclohexane?

4L

S
86. Which of following structures presents the most stable conformation of cis-1-ethyl-2-
Pr

N g2l FY ity

® .

Et

(B) E‘l/lpr
D)

(E)

87. Determine the most acidic compound shown below.

©) ﬁ
Etm/ipr
.9
©/\CH3 -H* ©/ACH2
A B

iPr

Et

o
(A) A

C D

(B) B € C (D) D
(E) There is not enough information to determine the acidic order.
88. Peramivir has shown to be effective against the influenza B virus. Rank following nitrogen atoms
in the order from the strongest base to the weakest base.
OCH
® 3
Ho;/\ 1 3
NH 2 NH !
N=
(A) 1>3>2

HO

NH,
HO/:Q§
(B) 2>1>3
(a) PhH

(6]
(b) PhCl

C) 2>3>1
89. Arrange the following arenes in the decreasing reactivity toward HNO3/H2SOs.
(c) PhCO2H
(A) (©>(d)>(b)>(a)

D) (d)>(b)>(a)>(c)

(D) 3>2>1
(d) PhCH3

B) (@>(®d)>(d)>(c)

(E) 3>1=2
(E) (a)>(b)>(c)>(d)
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90. Which compound exhibits only two signals in its 'H NMR spectrum, a triplet and a quintet?

(A) BrCH,CH,CH,Br
(D) CH,CH,CH,CH,

& 5E-PH 2R

(B) BrCH,CH,CH,CI
(E) (CH,),CHOCH(CH,),

(C) (CH;),CHCH(CHy),

Efﬁ‘é 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
B C E E C A B A A B D E C D B B C A D
R 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
EE A| D cC| D E E A|l A| D E D B D E E A E C | A E
=k 41 472 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
B D A A C C E B B C A C D C C E A C B A B
R 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80
B A B E A B E A E D C D D C C D E B C D C
Vi 81 82 83 84 85 86 87 88 89 90
EE A B D B B A C C A
SIEREXE 1 BFEE T R A REE T AT T ERR RS
& -y TR B A pr==) o2/
E Egﬁ -* $¥E (=] ?E *ﬁgin\l:l$
18 AR ELFEM A 93 min ~ 95 min, B LiEIH(C) 95 min B k| B EFE
HEE - ©
(A)D — 2C A3 Rk X H BRI & %% 13 Rate=k[A]BT 55 i
| 71 |B) D+A — 2C &k F h & F 5 & & 54T Rate=k[A]BY ° ’(‘D) -
5 A D)ERAEELE -
REATIEA L EEE GRS RIFHEBEMA)KERS pH A °
24 HEIR I Ao NaA@)E L HEEER  RIABHA)KER ZSERE
A BAKEY pH &, 42 fm A NaA(s)8) i@ 42 b &3 & L& e pH 14, ©
IR A EAEEIE o ZEMUEFC) -
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16. In the given reaction coordinate diagram, how many intermediate(s) is/are presented?

»

2

Free Energy

»*
Progress of the reaction

(A) 0 (B) 1 (€ 2 (D) 3 (E) 4

>

N3 o N&%

Free Energy

»

Progress of the reaction

17. How many nanometers is equal to 7.6 meters?
(A) 76 x 10 (B) 76 x10° (C) 76 x10° (D) 76 = 10°® (E) 76 =107

Thn x _~\-::ln~ = 'nglbt1 i = 76 x p° vm
1ot

18. A specific type of nucleus has a half-life of 40 min. How long is required for 80% of the nuclides

C/ to decompose? (In2 = 0.693; In0.2 = -1.609)
(A) 80 min (B) 85 min (C) 95 min (D) 102 min (E) 120 min

0u(22)= LY it > £=92.8 win

20

19. Which of the following ionic compounds has the largest lattice energy (i.e., the lattice energy

P\ most favorable to a stable lattice)?
(A) MgO (B) CaO (C) LixO (D) NaxO (E) K20

]

s EBA B FEARE AU G EEF 2 ALRT ionic cpd BEEIKH lattice energy

20. Determine the hybridization of Cl in CIF;".
D (A) sp (B) sp’ (C) sp’ (D) dsp? (E) dsp’

W "
{F——%{-F sl dsp?
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21. Determine, respectively, the proper formulas for sodium tetrachloroaluminate(I1l) and sodium
tetrachlorocobaltate(1I).
(A) Na(AlCls); Naz(CoCls) (B) Na(AlCls); Na(CoCls)  (C) Naz(AlCls); Na(CoCls)
(D) Nax(AICL); Nax(CoCls) (E) Nas(AICLs); Nax(CoCls)

Na(A\ L\LD — Sodm et ovoaluninate (11D

Naa (CoCly) = Sodiwm tevonclovo Cobalt acte. (1)

22. What is the sum of all coefficients when the following equation is balanced?

D NHs(g) + O2(g) — NOa(g) + H20(g)
(A) 6 (B) 14 ©) 17 (D) 21 (E) 23

YN t10. — 4N +( 10

23. A compound is composed of element X and hydrogen. A mass analysis shows the compound
contains 82.35% of X, with three times as many hydrogen atoms as X atoms per molecule. Which
element is X? (atomic mass: B = 10.81, C = 12.01, N = 14.01, Al = 26.98, P = 30.97)

(A) B (B) C (C) N (D) Al (E) P

ol = B2 06 o2 ey G g

24. Which of the following statements is incorrect?
(A) Heteronuclear linear molecules can have a net dipole moment.
D (B) A molecular dipormenant is the dipole moment of the molecular taken as a whole.
(C) lonic bonding results from the transfer of electrons from one atom to another.
(D) A molecule with polar bonds must be polar.

(E) The distribution of electrons in a polar bond is closer to the more electronegative element.

Z7A polar bond 72 FA—EEBHH
Blan: CO2 2= A polar bond HIFEMRME 7 F

25. Regarding to the concept of reduction and oxidation, which of the following statements is true?
(A) All chemical changes is accompanied by reduction and oxidation.
Z (B) When the atom is oxidized, the size becomes larger.
(C) The oxidizing agent is electron donor.
(D) Reduction and oxidation can occur independently of each other.
(E) Reduction and oxidation describe the gain and loss of electron(s), respectively.

(A) #E553% - WIFPABEEREH E(LERRRIE - th A OREE I B i 2 FES)0RR &
(B) #iir - ERRFREALCMEEETF - size BEEE /N
(Bla0: Na &1E2 B Na* - Na* & &)\)
Q) #8732 - F|EEIREFHESE (electron acceptor)
(D) #H:2 - BEBERRENEMRHEE
(E) IE®&
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26. You have immersed electrodes of a light bulb in a solution of HSOy4 such that the light bulb is
E on. You add a dilute solution and the bulb grows dim. Which of the following molecule could be
in the solution?
(A) Cu(NOs3)2» (B) KaSO4 (C) NaNO; (D) ZnCl> (E) Pb(NOs):

b S0 — S04 )

KRBT ZRREBEBHR Pb? F SO2 MIBE ELE AR PbSOsHIHIE
EHR—EBTEE)RE

BREEEEEBIVANARPENEENR FAREEEE D
HARMBRBEG U E RSN EIRMNMERRFRE NE

BIRFERT HaSO4 MR TE 2 B2 (A 1SHSO4 5 —ER100% M RHE 5 — B e 2 MR EH)
MREEBRESE PbSO4 IR - BARPH N 2 MBI HPAINOs” IJLIEE
EItRERERFREEEEE D HEFR

27. Which of the following anions is the most basic?

(A) CIO (B) CIO; (€) ClOs (D) ClOs (E) ClI
Holo 896814 et Mo, « Helos Heloy 3 Hel 8.4
Ak o™ G ld vy 1oy - <l05 ~ clog ¢l Bk

A 28. Which of the following element or ions is the largest in size?
(A) 0 (B) F (C) Ne (D) Na’ (E) Mg*

- - +
vmrh: 07> F > Ne > Nw > V\S"*

29. Which of the following molecules has the largest dipole moment?
(A) CO: (B)y Ch (C) XeFs (D) SFs (E) BF;

/\k:D : (0 ~ (,‘7_ N Xe,\:q_\ EF’j

30. . The hybridization of boron in BF is spP.
1. The molecule of 1, is polar.
7~ I The bond order of N, molecule is two.
IV. The molecule of HCN has one pi bond and two sigma bonds.
Which is true?
(A) All four statements are correct. (B) Ilisincorrect.
(C) Tand IV are incorrect. (D) 1I and III are incorrect.
(E)  All four statements are incorrect.

()E55% - BF3 %3 sp2 iR Ak

(INEEER - 157 8Bt

(EEFR - N, B9 bond order = 3

(IV)#&32 - HCN # 7% 1 4 sigma bond #1 2 41 pi bond
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61. When a certain atom emits a photon of light at 232 nm, what is the frequency of this light?
(A) 1.29x10%s! (B) 1.15x10%¢"! (C) 1.15x10"%s!
A (D) 76.7s! (E) None of the above.
&
)= € - eI %
N 252< 187

|21 « lqu l@

62. Given a cylinder of fixed volume filled with 1 mol of argon gas, which of the following is correct?
(Assume all gases obey the ideal gas law.)
(A) If the temperature of the cylinder is changed from 25°C to 50°C, the pressure inside the
E cylinder will remain the same.
(B) Ifasecond mole of argon is added to the cylinder, the ratio of 7/P would decrease.
(C) Acylinder of identical volume filled with the same pressure of helium must contain more
atoms of gas, because helium has a smaller atomic radius than argon.
(D) Two of the above.
(E) None of the above.

k> PU=NRT > T1, P4
t7h ) V=rR(F)> 0, sV
\C)/% % /\ﬁﬂ/\@ﬂﬂ@ﬁ 6 Heal 30\6 ?ﬁﬁ\ﬂ(\ﬁ}ﬁ—

63. Which of the following statements is frue?
(A) The energy of electromagnetic radiation increases as its frequency decreases.
E (B) An electron in the n = 4 state in the hydrogen atom can go to the n = 2 state by absorbing
electromagnetic radiation at the appropriate frequency.
(C) The frequency and wavelength of electromagnetic radiation are proportional to each other.
(D) The energy of an atom is increased when electromagnetic radiation is emitted from it.
(E) An excited atom can return to its ground state by emitting electromagnetic radiation.

(A)SER% - BHIEESIRVAE S EAR B IELLRA %

(B)iERR - SIRF EMNEFHN=4EE2 n=2 KK "WML SHEH
(C)fERR - SRERNIR KA ECR

(D)iEsR - ERRFENEMES - ZRFHIEER NE

(E)IEHE

»

64. What is the hybridization of the central carbon atom of allene (H2C=C=CH2)?
(A) sp B) sp? ©) s° (D) dsp’ E) dsp’

Ho «H
= = C\\\
H~ % Cf T\H

¥
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65. How many of the following molecules have all of their atoms in the same plane?
% H>C=CH3, H,C=C=CH2, CH:COCH3, NH3, CO2, BeCl,
(A) 2 B) 3 () 4 (D) 5 (E) 6

FrBRFHFEEN D F: H,C=CH, « CO, - BeCl,
2OE—ERFAHRFEMNS F: H,C=C=CH; + CH3COCHs3 * NH3

66. Which of these species, Oz, Oz, and 02", should be paramagnetic?
(A) O2'and O (B) 0" and O2 (C) Oand O (D) only Oz
(E) All three are paramagnetic.

0, Mo,y WEBEFREARTE - LEBRIRME D F
0, HREBEBFRERBH  EUBHESFHHEL 0,58 2 BARRYHETF - UBRIEH D F

67. Based on the molecular orbital theory, which of the following molecules has the strongest bond?
/>‘ (A) NO* (B) NO (C) NO- (D) NO*
(E) All the above molecules have the same bond strength.

N NO Noo NGE
Ahedst| 10 11 1 1f

Podader | 3 25 2 |5
(s

68. Which of the following molecules has the smallest bond angle?
(A) CHs (B) SiH4 (C) NH; (D) H0 (E) HaS

Bh: Hy = Sy > WhHs = 10 = HaS
s 1S WT 45 =9 |
L bt 780k Buiks) s- il

69. Which of the following statements is false?
(A) The layering in a hexagonal closest-packed structure is aba.
D (B) A body-centered cubic unit cell has two atoms per unit cell.
(C) For unit cells having the same edge length, a simple cubic structure would have a smaller
density than a body-centered cube.
(D) The size of tetrahedral hole is always larger than the size of octahedral hole.
(E) Atoms in a solid, consisting of only one element would have six nearest neighbors if the

crystal structure was a simple cubic array.

(D)$ERR - tetrahedral hole #Y size /\% octahedral hole
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70. Rank the following compounds in the order from the highest boiling point to the lowest boiling

point
</ (a) C2HsOC2Hs  (b) CH:OH  (¢) HCONH2  (d) HCOOH

(A) (B)>(a)>(c)>(d) (B) (b)>(a)>(d)>(c)
(€) (c)=(d)>(b)>(a) (D) (d)>(c)>(b)>(a)
(E) (b)=(d)>(a)>(c)

o 0
Ep> H/\\TNHL g H/\,l\oH = cffs0H = No™S

) @) (b) )

Rslxbpk e lel Hud
(G S

71. The reaction “A + 2B — 2 C” exhibits the rate law as following: Rate = k [A][B] >

(A) A+2B— D(fast), D — 2 C (slow)

D Which of the following mechanisms could be consistent with this rate law?

D

(B) 2B — D (fast), D+ A — 2 C (slow)

(C) 2B — D (slow), A+ D — E (fast), E — 2 C (fast)
(D) A+ B =D (fast equilibrium), B+ D — 2 C (slow)
(E) B =2 D (fast equilibrium), D + A — C (slow)

2 =k 0) = [D]=%EM‘[B']

Roce = 88 001 = a8+ (R '8 - @f_j () (80" =% A (B)°

B« BEEALHFE  BHEZMARESED

72. Consider the following reaction:
Na(g) + 3 Ha(g) = 2 NHi(g), equilibrium constant (K) = 6.0 x 102 M at 500 °C.
Predict the reaction direction of the following cases:
a. [N2] = 1.00 x 102 M; [H2] = 3.00 x 102 M; [NH3] = 6.00 x 10*M
b. [N2] = 1.00 > 107 M; [H2] = 4.00 x 102 M; [NH3] = 1.00 x 10°M
c. [N2] = 1.00 x 107 M; [H2] = 5.00 x 10" M; [NH3] = 2.00 x 10*M
(A) a. No shift; b. shift to left; c. shift to right
(B) a. No shift; b. shift to right; c. shift to left
(C) a. Shift to right; b. shift to left; c. no shift
(D) a. Shift to left; b. shift to right; c. shift to right
(E) a. Shift to left; b. shift to right; c. shift to left
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- Lo =15y > | (shike o )

()2l )3

A (1x6°) el _ _
b Q- (g 4\t )? = 625x%(0 <K (sh&bﬂ@ﬁ)

(zxm“L*)Z
x0°)(&x1p71)’

C: (= q =20l < K (Shift w r‘lﬁ\r\t)

73. Consider the following reaction at equilibrium. Which change will cause the equilibrium to shift

to the left?

2NOBr(g) == 2NO(g) + Br2(g), AHCpn = 430 kJ/mol
(A) Increase the container volume (B) Remove some NO
(C) Decrease the temperature (D) Add more NOBr

(E) Increase the temperature

Fm o] e IR 2 s PR RV - B0 2

74. How many of the following will raise the pH of a weak acid HA in aqueous solution?
1. Addition of water.
II. Making a buffered solution by adding NaA(s).
I11. Addition of NaCl(s).
IV. Addition of HNOs,
V. Titrating with KOH.
(A) 5 (B) 4 () 3 (D) 2 (E) 1

o558 HA ELERBEMKCARZ pH EFAREIE 111~V

D 75. What is the point group of triphenylphosphine?
(A) D (B) Ds (C) D (D) G (E) Gu

2021-2022 HEERZI KRIE K point group Y01 &R
18 triphenylphosphine %1 EH 3 EXIRERE—ERFEAE
E I triphenylphosphine 25 C3 fie@E s - EIEH point group Bt C3
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76. Consider a galvanic cell based on the following reactions:
2 Au* +3 Mg — 2 Au + 3 Mg
E The reduction potentials for Au** and Mg**:
AV +3 o AL =15V
Mg> +2e— Mg, e°=-237V
What is the value of AG®?
(A) -84KkJ (B) -373kJ (C) -746kJ (D) -1120k]  (E) -2240kJ

A£G = ATE = = beloodx (15 +237) = -2

77. What type of radioactive process would be expected in the following reaction?
234Th — 234Pa
% (A) a particle production (B) P particle production (C) positron production
(D) v ray production (E) electron capture

?)HT\ ’ 277%?0\ T e ((g ?O\\r—uca pro u&c’uor\)

78. Which of the following complexes can exhibit optical isomerism?

C (A) cis-Co(NH:)iCla (B) trans-Co(en):Br (C)  cis-Co(en):Cly
(D) Co(NH3):Cls (E) None of the above.
Tl ¢
(N\ /C\ 4 Cl/o Cis-Co(en),Cl; BRIBGEEZESEMN chiral 77
N —

/ N EEHNEREY

nir 0\\ d’\'lVO\\

79. Which one of the following is paramagnetic?
D (A) Zn(H20)s*" (B) Co(NH:)" (C) Cu(CN):> (D) Mn(CN)* (E) Fe(SCN)e

MaN)E 634195 6k &) 19 A R (0,

80. A formula of a certain compound is [M(NH3)sC1]Cl>, where the M is a type of metal. The metal

(/ ion has 24 electrons in this complex. Determine the identity of the metal.
(A) Mn (B) Fe (C) Co (D) Ni (E) Cu

(M (NHs)scl]cle 69 Fr %Z\’Hﬁ% i}

M2 ARt TR 8] MOAR19 63
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81. Two well-known complex ions containing Ni are [Ni(H20)]*", which is green, and [Ni(en)s]*,
which is purple. Which one of the following statements is true?
(A) The crystal field splitting energy (A) is greater for [Ni(en);]*” than for [Ni(H,0)s]*".
(B) [Ni(en)s]*" absorbs energy in the red region of the spectrum.
(C) Both complex ions are diamagnetic.
(D) [Ni(H20)5]*" transmits light with wavelengths of approximately 650-700 nm.
(E) The green complex absorbs green light.

(A)IEHE

(B)#EER - [Ni(en)s]** BIREZ BRI yellow region 7 #¢

(C)#E7R - MfE complex BZBERMEET - AERNEM M

(D)EEER - [Ni(H.0)e]>* BIRZAZEFEIRIY red region (81650-700 nm)MmIEZFE
(E)#E5R - green complex IR UX red light

82. Which of the labeled C-H bond is the weakest?

% (|)\(||)\H H/(m)

H (V)
e
(v)=—] H
(A) 1 (B) 1 (C) T (D) 1V (E) V

1SRRI BB 34K allylic U E - #EEH55RI59

83. Which of the following alkenes generates the greatest heat upon hydrogenation?
(A) 1,3-pentadine (B) 1.4-pentadiene (C) 1,3-butadiene
(D) cis-2-pentene (E) trans-2-pentene

1,4-pentadiene #5118 _E2A 2 AIEHEEHM C=C - E1b(hydrogenation){# &%

84. What is the structural relationship of the following two compounds?

CHs H
H CHs H CH,
H CHs

(A) not isomers (B) conformational isomers
(C) cis-trans isomers (D) structural isomers

(E) both conformational isomers and structural isomers

m#EBER 2 FIUAEEE connectivity AEINGEBERBY

3-17



BSax

| BABERHEEN (S

BEET] |

85. A tetracyclic compound, aldrin (C12HgCls), was used as an insecticide. How many double bonds
are presented in aldrin?
B A 1 B) 2 € 3 (D) 4

(E) 5
A o S(IQ&H;\-Q-& ¢

9 iR B 5ET ke O\\c&\fm\ﬁ} %HYO\CYL‘IQ
@\VCJ év\/\\o\b \OGY)J %7\'%.%& G- Z]L =2

86. Which of following structures presents the most stable conformation of cis-1-ethyl-2-
isopropylcyclohexane?

W %‘Et I

Pr
B) ] _pr (©) @
D P

Et
e (E) g\ Pr

cis-1,2E MR CIRRIBER chair BERE R BT 1 EREKWEVTE M equatorial 7778
(OX)

Bt
\\;R/AFP Y

87. Determine the most acidic compound shown below.

0
A @fc”s _H ZCH,

A B
9
R
C
(A) A (B) B € C (D) D
(E) There is not enough information to determine the acidic order.

cpd A BREE H* RO EERRENEZRT - AL cpd A IR RS

_yr Q
oy -

DY 0 PO
— o > gol/\\ Hh

P /\(_Hz ]
&
& U\e/,
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88. Peramivir has shown to be effective against the influenza B virus. Rank following nitrogen atoms

in the order from the strongest base to the weakest base.

C; ® OCH;

HO={ 1 3
NH 2 NH,
\N:(
\ NH,
HO™ ™\
HO Yo

(A) 1>3>2 (B) 2>1>3 (C) 2>3>1 (D) 3>2>1 (E) 3>1=2
4518 E nitrogen FUERMEAR/N: 2> 3> 1

JREL:
r R z R e g . o 52 5= e o
AN \)\ll 2551 Enitrogen 5 BB 2515 N E s 4
3 38R EnitrogenB IEEEBREE @4
T TS s
2 ¥
_ )\\ | )0 13RI EnitrogenWEF E RS IRELATFIEERIC=0
R NHe 7 R, BB B EE

89. Arrange the following arenes in the decreasing reactivity toward HNO3/H2SOa.

s (@)PhH  (b)PhCl  (c) PhCO:H  (d) PhCH;
(A) (©>(d)>()>(a) (B) (a)=(b)>(d)>(c) (€) (d=>(@)>(b)>(c)
(D) (d)>(b)>(a)>(c) (E) (a)>(b)>(c)>(d)

mAEHEROBEFED: (> H > Q\ >> (0.4

2 N0y ALS0 BAT Sl B9 AN -y > @) > B > (©

90. Which compound exhibits only two signals in its 'H NMR spectrum, a triplet and a quintet?

P\ (A) BrCH,CH,CH,Br (B) BrCH,CH,CH,CI (C) (CH;),CHCH(CH,),
(D) CH,CH,CH,CH; (E) (CH;),CHOCH(CHj),
AENG) £rip et

Lo

RBv—dh— clh—clla—br

1
CPMH;&JL
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