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(B)16. For the process Co(NH3)sCI** + CI- — Co(NH3)4Cl>" + NH3, what would be the ratio of cis to
trans isomers in the product?
(A) 1:1 (B) 4:1 ) 2:1 (D) 1:4 (E) 12

(B) 17. Which of the solvents shown below could best dissolve KBr?
(A) CsHis (hexane) (B) CH3CH2OH (ethanol)
(C) CesHse (benzene) (D) CCly (carbon tetrachloride)
(E) CsHiz (cyclohexane)

(C)18. Which of the following options best describes the relationship between the following two

compounds?

Y

(A) Constitutional isomers

(B) Stereoisomers

(C) Identical

(D) Not isomers, different compounds entirely.

(E) Conformers

(D)19. Please calculate the specific heat capacity of a metal if 15.0 g of it requires 169.6 J to change the
temperature from 25.00°C to 32.00°C?
(A) 0.619J/g°C (B) 11.31J/g°C
(C) 24.21]/g°C (D) 1.621J/g°C
(E) 2751J/g°C

(B) 20. Which of the following structures contains the central atom which has a formal charge of +2?

a. SFg b. SO,* c. O3 d. BeCl, e. AICl,
2- -
F o 0] Cl
FgF 0-$-0 o Be S
F ||: NS (') (') Al Cl Cl
(A) a B) b ©) ¢ D) d (E) e
(C)21. What is the molecular shape of IF3 using the VSEPR theory?
(A) Trigonal bipyramidal (B) See-saw (C) T-shaped
(D) Linear (E) Square pyramidal
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(C)22. What are the hybridization state and geometry of the nitrogen atom in the following chemical

structure?
HO
O
N
H OH \D
O
(A) sp hybridized and linear geometry (B) sp? hybridized and trigonal pyramidal

(C) sp’ hybridized and trigonal pyramidal (D) sp® hybridized and trigonal planar
sp” hybridized and bent
E 3 hybridized and b

(D)23. How many asymmetric carbons are presented in the compound below?

(A) 2 B) 3 © 4 D) 5 (E) 6

(A)24. The chemical compound “ethylenediaminetetraacetic acid, EDTA” is a chelating agent to
coordinate several metallic ions, such as ferric, cupper, and calcium ions. In the living organism,
which amino acid is usually used as a chelating agent?

(A) Cysteine (B) Glycine (C) Leucine
(D) Tryptophan (E) Proline

%% 25. Which one of the following molecules has a dipole moment but without polarity?
(A) O3 (B) PH3 (C) NHs (D) PCls (E) H20,

(C) 26. Consider the following processes:

2A — (1/2)B + C AH, =5 kJ/mol
(3/2)B+4C — 2A+C+3D AH, = -15 kJ/mol
E+4A—C AH; = 10 kJ/mol

Calculate AH for: C — E + 3D
(A) 0 kJ/mol (B) 10kJ/mol (C) -10kJ/mol (D) -20kJ/mol (E) 20 kJ/mol

(C)27. CdS can be described as cubic closest packed anions with the cations in tetrahedral holes. What
fraction of the tetrahedral holes is occupied by the cations?
(A) 0.125 (B) 025 (€) 0.50 (D) 0.75 (E) 1.0
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(E) 28. For the reaction 3A(g) + 2B(g) — 2C(g) + 2D(g), the following data was collected at constant

temperature. Determine the correct rate law for this reaction.

Trial Initial [A] Initial [B] Initial Rate
(mol/L) (mol/L) (mol/(L-min))
1 0.200 0.100 6.00 x 1072
2 0.100 0.100 1.50 x 1072
3 0.200 0.200 1.20 x 10!
4 0.300 0.200 2.70 x 10!
(A) Rate=k[A][B] (B) Rate = k[A][B]? (C) Rate = k[A]’[BJ?
(D) Rate =k{A]'°[B] (E) Rate = k[A]*[B]

(C)29. What is the number of the half-lives required for a radioactive element to decay to about 6% of
its original activity? (please choose the nearest number)
A) 2 B) 3 © 4 D) 5 (E) 6

(C)30. Identify the element of Period 2 which has the following successive ionization energies, in kJ/mol.

IE1, 1314 IE», 3389 IEs, 5298 IE4, 7471

IEs, 10992 IEs, 13329 IE7, 71345 IEs, 84087
(A) Li (B) B < O
(D) Ne (E) None of these

[B2H) 58245 £31 1205 > B8 1850055 Bl ERREES AL £
%% R R ARFasy © 31~60 B AMHIE » 61~90 BB AILSE -

(E) 61. Select the answer with the correct number of decimal places for the following sum:
13.914 cm + 243.1 cm + 12.00460 cm =
(A) 269.01860 cm (B) 269.0186 cm (C) 269.019 cm
(D) 269.02 cm (E) 269.0cm

(B) 62. Detection of radiation by a Geiger-Miiller counter depends on
(A) the emission of a photon from an excited atom
(B) the ability of an ionized gas to carry an electrical current
(C) the emission of a photon of light by the radioactive particle
(D) the ability of a photomultiplier tube to amplify the electrical signal from a phosphor
(E) the detection of the sound made by decay particles

(B) 63. Please calculate the AS if AHyap 1s 66.8 kJ/mol, and the boiling point is 83.4°C at 1 atm, when the
substance is vaporized at 1 atm.
(A) -187 J/K mol (B) 187 J/K mol (C) 801 J/K mol
(D) -801 J/K mol (E)y 0
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(C) 64. Which of the following values is based on the Third Law of Thermodynamics?
(A) AH°¢=0 for Al(s) at 298 K
(B) AG°s=0 for Ha(g) at 298 K
(C) 8°=51.446 J/(mol-K) for Na(s) at 298 K
(D)  gsys <0 for HoO(/) — H20(s) at 0°C
(E) None of these

(A)65. What are the values of bond order belonging to O>~ and O,", respectively?
(A) 15,25 (B) 25,15 © 2,3 (D) 3,2 (E) 2,2

(B) 66. The lattice energy of Nal(s) is -686 kJ/mol, and its heat of solution is -7.6 kJ/mol. Calculate the
hydration of energy of Nal(s) in kJ/mol.
(A) -678 (B) -694 (C) +678 (D) +694 (E) +15.2

(A) 67. According to molecular orbital, which of the following molecules is diamagnetic?
(A) HF B) O (C©) NO (D) N2* (E) N2

(D) 68. Consider the figure, which shows AG® for a chemical process plotted

against absolute temperature. Which of the following is an incorrect 4¢
. . . . . 0
conclusion, based on the information in the diagram?

0 T(K)

(A) AH°>0

(B) AS°>0

(C) The reaction is spontaneous at high temperatures.

(D) AS° increases with temperature while AH® remains constant.
(E) There exists a certain temperature at which AH® = TAS®.

(C) 69. Acetone can be easily converted to isopropyl alcohol by addition of hydrogen to the carbon-

oxygen double bond. Calculate the enthalpy of reaction using the bond energies given.

@ QH
CH3—C-CH3(g) + H2(9) —— CH3—C~CHj (9)
H
Bond: Cc=0 H-H C-H O-H C-C C-O
Bond energy (kJ/mol): 745 436 414 464 347 351
(A) -484KkJ (B) -366kJ (C) -48KkJ (D) +48KkJ (E) +366kJ

(D) 70. How many of the following molecules exhibit resonance: NO>~, O3, OClz, NF3, N,O, CCls, CNO,
OF»?
A) 1 B) 2 © 3 (D) 4 (E) 5
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(B) 71. One mole of X(g) and one mole of Y(g) are mixed in a closed reactor in the presence of catalysts,
and Z(g) is generated. The reactionis a X + b Y — ¢ Z, where a, b, and ¢ are the coefficients in
the balanced equation. At a certain time, the mixture contains 1.8 moles of gases while the ratio
of their partial pressures is Px:Py:Pz= 7:9:2. What are the values of a, b, and ¢?

(A) a=1,b=2,c=3 B) a=3,b=1,c=2 C) a=7,b=9,c=2
(D) a=3,b=1,c=8 (E) a=2,b=9,c=7

(E)72. Consider an adiabatic and reversible expansion process from state I to state II. Which of the
following statements is true?
(A) PiVi=P,V»
(B) TiVi"=T2V2", y=Cy/Cy
(C) The final temperature will be higher than the initial temperature.
(D) The final volume of the gas is much greater than the expansion were carried out
isothermally.
(E) The work delivered to the surrounding is much smaller than the expansion were carried

out isothermally.

(E)73. When a 1.00 mL of the 3.55 x 10~ M solution of organic acid is diluted with 9.00 mL of ether,
forming solution A and then 2.00 mL of the solution A is diluted with 8.00 mL of ether, forming
solution B. What is the concentration of solution B?

(A) 3.55x10°M (B) 9.86x10°M (C) 7.10x10°M
(D) 7.89x10°M (E) 7.10x10°M

(E) 74. What is the volume of O2(g) generated when 22.4 g of KClOs3 is decomposed at 153°C under
0.820 atm? (KClOs: 122.55 g/mol)
(A) 0.09L (B) 3.00L (C) 420L (D) 7.79L (E) 11.7L

(D)75. What is the appropriate representation of the repeating unit of the following polymer?

H H

o) 0 O o) )OJ\

o) o)
)J\ S )J\ PN )J\ - )J\ )J\ N~ °N
N~ N7 N7 °N

NN R N N N H H H H N©ON HoH
n n n n n

O] (m (1 (V) (V)

(A) 1 (B) I (C) 1 (D) 1V (E) V
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(D) 76. Which of the following structures is the major form of the lysine at the pH = 14?
(0]

O
®
HaN 0©  H,N OH
3
O
00
2

®
HsN

H,N

NH NH,
®
Il In
®
HsN
NH

v \"

(@]
/\/\/\HJ\OH
| gHS
(o]
/\/\/\Hj\o@
NH,

(A) 1 B) 1 (C) TII (D) IV (E) V

(E) 77. Which of the followings is a correct set of quantum numbers for an electron in a 3d orbital?
(A) n=3,1=0,m=-1 B) n=3,1=1,m=3 C) n=3,1=2,m=3
D) n=3,1=3,m=2 (E) n=3,1=2,m=-2

(D) 78. Which of the following complexes will absorb visible radiation of the shortest wavelength?
(A)  [Co(H20)s]*" (B) [Co(Del* (C) [Co(OH)e*
(D) [Co(en)s** (E) [Co(NH3)e]*"

(C) 79. Please choose the most stable cation?

®
®
SN O )Q PN C) \/@\
I I m \% \Y;
(A) 1 (B) 1II (C) 1II (D) 1V (E) V

(E) 80. Which of the following statements about “The Bohr Model” and “Particle in a Box™ is TRUE?

(A) For an electron trapped in a one-dimensional box, as the length of the box increases, the
spacing between energy levels will increase.

(B) The total probability of finding a particle in a one-dimensional box (length is L) in energy
level n =4 between x = L/4 and x = L/2 is 50%.

(C) If the wavelength of light necessary to promote an electron from the ground state to the
first excited state is A in a one-dimensional box, then the wavelength of light necessary to
promote an electron from the first excited state to the third excited state will be 3.

(D) A function of the type 4 cos(Lx) can be an appropriate solution for the particle in a one-
dimensional box.

(E) Assume that a hydrogen atom’s electron has been excited to the » = 5 level. When this

excited atom loses energy, 10 different wavelengths of light can be emitted.

3-6
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(B) 85.

(B) 86.

(B) 87.
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Which of the following statements concerning a face-centered cubic unit cell and the
corresponding lattice, made up of identical atoms, is incorrect?

(A) The coordination number of the atoms in the lattice is 8.

(B) The packing in this lattice is more efficient than for a body-centered cubic system.

(C) If the atoms have radius 7, then the length of the cube edge is V8 x r:

(D) There are four atoms per unit cell in this type of packing.

(E) The packing efficiency in this lattice and hexagonal close packing are the same.

Which of the followings will give a solution with a pH > 7, but is not an Arrhenius base in the
strict sense?
(A) CHsNH: (B) NaOH (©) CO2 (D) Ca(OH)2 (E) CHs

Pentane, CsHi2, boils at 35°C. Which of the followings is true about kinetic energy, Ex, and
potential energy, E,, when liquid pentane at 35°C is compared with pentane vapor at 35°C?

(A)  Ex(g) < Ex(); Ex(g) = Ep(]) (B)  Ex(g) > Ex(0); En(g) = Ep(])

(C)  Ep(g) < Ep(D); Ex(g) = Ex(]) (D) Ex(g) > Epx(); Ex(g) = Ex(])

(E)  Exg) = Ep(D); Ex(g) = Ex(])

Five molecules are shown as below. Which one has the highest ionic strength?

(A) B(OH)3 (B) HNO; (C) NaHPOs (D) CaCOs (E) BaSOq4
Hydroxylamine nitrate contains 29.17 mass % N, 4.20 mass % H, and 66.63 mass % O. Determine
its empirical formula.

(A) HNO (B) H:NO: (C) HNsOis (D) HNi607 (E) H2NOs
Given the following two standard reduction potentials,

Fe’" +3 e — Fe E°=-0.036 V
Fe’*+2 ¢ — Fe E°=-044V

determine for the standard reduction potential of the half-reaction

Fe’' + e — Fe?'

(A) 040V (B) 077V (C) -040V (D) -0.11V (E) 011V
The rate law for a reaction is found to be Rate = K[A]*[B]. Which of the following mechanisms
gives this rate law?

I. A+B=E (fast) II. A+ B+ E (fast) III. A+A — E (slow)
E+B — C+ D (slow) E+A— C+D (slow) E +B — C + D (fast)
(A) 1 (B) 11 (C) I (D) 1&lI (E) &Il
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(A) 88. When the redox reaction in basic solution: NO> (aq) + Al(s) — NHz(ag) + AlO27(aq) is balanced
using the smallest whole-number coefficients, the coefficient of H>O is x and the sum of all

coefficients is y. What is the sum of x and y, (x + y)?
(A) 9 (B) 10 © 1 (D) 12 (E) 13

(B) 89. Which of the followings is the best representation of the titration curve which will be obtained in

the titration of a weak acid (0.10 mol L") with a strong base of the same concentration?

14 14| 14|

A (B) I ©

Volime of base —> Volme of base —» Volume of base —=

(D) j (E) J

Volume of base —» Volume of base —»

(A)90. The students used salicylic acid and acetic anhydride to synthesize aspirin in the experiment of
“The Preparation of Aspirin”. The chemical reaction is shown as below:
Which compound will react with FeCls to become a purple complex?
(A) Salicylic acid (B) Acetic anhydride (C) Aspirin
(D) Acetic acid (E) 18 M sulfuric acid



SBEE | B ERAEE (SRS

1t % RBRER) P RL

B

16. For the process Co(NH3)sCI** + CI" — Co(NH3)4CL" + NH3, what would be the ratio of cis to
B trans isomers in the product?

(A) I (B) 41 (C) 21 (D) 14 (E) 1:2

— N‘H\a o

H}N IS _E5 4 (8 NH; B Ol B cis Bl &
g 5N:' f‘l\“f S48 E 7 118 NHs 2 01 78 trans BB
i 61 ) RS o R E D —(E NH; B - BB R R A0EI: 41

ZE{EEFRF8 5, ch6, page 6-132

¢ S GERARENGIHENBEHTY
For the process [ColNHaJsCl* + CI = [CoiNH:LC1:]" + NH: what would be the ration of cis
Lo (rains mormer in the prodict?

(Al (Bil:2 iyl -4 {41 {E12:1 ANSD

17. Which of the solvents shown below could best dissolve KBr?

(A) CsHjs (hexane) (B)y CHuyCH2OH (ethanol)
(C)  CsHg (benzene) (D) CCly (carbon tetrachloride)
(E} CgHiz (cyclohexane)

Like dissolve like

KBrBAESA MR B BB CHaCH,OH &b

E{EIEFRFE R, ch9, page 9-66
FhEE90(18) B BRI Z B

& R SEETHEERSREN

18 T SR FEF IR KL (potassii sodsche ') FNEITE R T
iArEibenrene) (BYVEEipemme) (O C fioyckohexae) (D) M ethanod) 8 (180

39
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18. Which of the following options best describes the relationship between the following two

compounds?

c T 77

{A) Constitutional 1somers

(B) Stercoisomers

(C) Identical

(D) Mot isomers, different compounds entirely.
(E} Conformers

19, Please calculate the specific heat capacity of a metal if 15.0 g of it requires 169.6 1 to change the
temperature from 25.00°C to 32.00°C?
(A) 0,619 Ng*C (By 11.3 )g°C
(Cy 242 Vg "C (D} .62 Ig”C
(E) 275 J/g°C

o = =S4T = [[4.6= 155 = (52-25)
= S=16| W

Z(C1EER#E K, ch10, page 10-21

ib) & W o) 8 % Fiheat eapacliy, C)sE A B ©

heat absorbed
increase in temperature

g 5 4 2 § (heat capacity, C)E & Bt C=

specific heat capacity mnlar hent capacity
the energy Tvl.:qllin.:l.! ler rase the lemperature the emengy regquared 1o rse the lemperalure
af | g of a substamce by 150 of | el of a substance by 1°C
| | | |
Mo : :
R-g"r"E-g ¥ K-mol ' °C-mol

WL AF L ML S R AR M4 D AH = qp = m x5 x AT (40 6 $40k#)
AH=g,=nx C x AT (MA#M®EELMETF)

3-10
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20. Which of the following structures contains the central atom which has a formal charge of +27

‘% a. SFg b. 50,7 £. Oy d. BeCl, e. AICI,
2. -
F (0] L] '5|:|
e odl 3 2 [
F7LF & 0 cl
(A) a (B) b (©) ¢ (D) d (E) e
00 btz ool dio el

E{E5T1E, cho, page 0-45

E e e T E RS § 4 skl Lewis structure) 4% 5T,

SEFEE A T A A R A AR b N R (o S A A L T
Case (00 ¢ 505 BLIS0 )8 &l

T T
o5& o050
& a

DHFEEPFRARF L5 FAMTF  FHOETRIEAEHEE

ARRULENRAS THEF4HOGREETEMTRENR BT wHA 58
RN TS e PR T

DHE—RILEFERAHERMREANL AT S LB E

21. What is the molecular shape of IF: using the VSEPR theory?
Q (A) Trigonal bipyramidal (B)

See-5aw (C)  T-shaped
(D)  Linear {E} Square pyramidal
F E{ED =, page 6-34

F *’I\g T-sho \ml @;ﬁ DORTHSHEE (b A2 Monepar) : T-Shape

Lo A dchap O = 4 dbchap 06 )

@ EEVSEPRITS TN G F ot ATY ?
(A NH, jHCiF, 1500, i A,

R R LRIl

3-11
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22, What are the hybridization state and geometry of the nitrogen atom in the following chemical

structure?
C HO
Q
M
H OH b
O
{A) sp hybridized and linear geometry (B) sp’ hybridized and trigonal pyramidal

(C) sp’ hybridized and trigonal pyramidal (D) sp’ hybridized and trigonal planar
(E)  sp’ hybridized and bent

23. How many asymmetric carbons are presented in the compound below?
CHs

() 4 (D) 5 (E) 6

E{E1EER, ch16, page 16-44
MAUG): S/ ETH Y CHMT
IS.2-R N E-S5-VE-FIL M AWENHB P -7

(A)2(B)3 (Ca (D)S (B B YNIN)B
33, F e & & A9 ¥ s (chiml centers) ?

CH.
3 S AR
R AWK

HaC™ " ~F ~CHy
H"D"CH;

(A 4 (B 5 iy o Dy 7

8 107(33)A

3-12
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24. The chemical compound “ethylenediaminetetraacetic acid, EDTA™ is a chelating agent to
coordinate several metallic 1ons, such as ferric, cupper, and calcium ions. In the living organism,
which amino acid 1s usvally used as a chelating agent?

P\ {A) Cysteine {B) Glycine (C) Leucine
(D}  Tryptophan (E1 Proline

A b ©)

0 j}\
- H.
NH, "“"2 NH2

(ysreine 9lyCine \m(;.v\e
G AT

Tsehobi

HIER

tY) \gm‘%m PY °\"“L

25, Which one of the following molecules has a dipole moment but without polarity?
D (A) Oy (B) PH: (C) NH; (D) PCls (E) H20s

2 H FEZZZ has a "bond" dipole moment but without polarity 7 ¥

26, Consider the following processes:

2A—= (/2 B+ C AH =5 klimol
C (320 +4C = 2A+C + 3D AH = <15 klimol
E+4A —=C Ay =10 k)/mol

Calculate AH for: C—E+3D
(A) 0kl'mol (B) 10 kl/mol (Cy =10klmol (D) -20klmol (E) 20kl/mol

24— oA+ (43D ah-
C— 4A+E ~aby = -
+ bA 28+ 3C 3 =15

C— E+2D  dend = [0

3-13
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27. CdS can be described as cubic closest packed anions with the cations in tetrahedral holes. What
(/ fraction of the tetrahedral holes is occupied by the cations?
(A) 0125 (B) 0.25 () 0.50 (Dy 075 (E) 1.0

anion X ccp AEUHEEAY - RIBB(UBEE T =AE 4 @ S
AR CdS GEEFRIRRBE FEI=tE%A 11 - B CdS BfIS@EE Tt =5 4 @ Cd2*
m ccp @B =2A 8 @ Td hole - FHIEREE50%H Td holetlE AB55EE+

28, For the reaction 3A(g) + 2B(g) — 2C(g) + 2D{g), the following data was collected at constant
temperature. Determine the correct rate law for this reaction.

Trial Imitial [A] Initial [B] Initial Rate
{mol/L) imol/L) imol/{(L-min))
E | 0.200 0.100 6.00 = 107
2 0.100 (.100 1.50 = 107°
3 0.200 (0.200) 1.20 = 10
4 0,300 (1,200 2.70 = 10
(A) Rate = A[A][B] (B) Rate = k[A][B)? (C)  Rate = A[A][B)
(D) Rate =k[A]'"*[B] (E) Rate =k A)B]

ik i8 2 B Fhaa 80 0] & W Rate = k[A]?[B]

29, What 1s the number of the half-lives required for a radioactive element to decay to about 6% of
its original activity? (please choose the nearest number)
C, (A) 2 (B) 3 Cy 4 (D) 5 (E)y 6

) et -2 g 5 - ML) g - gy

RYER

3-14
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30, Identify the element of Period 2 which has the following successive ionization energies, in kJ/mol,

IE,, 1314 IE:, 3389 IEs, 5298 IE4, 7471

C IEs, 109492 1Eq, 13329 IE+, 71345 IEs, 84087
(A) Li B) B (C) O
Dy Ne (E) MNone of these

IEEE _BHATRBHRIARISE TIFBEBE - B oxygen

Z{LEFR, ch5, page 5-99
(1) % 0% K F A A 2 M A

Elemant ] I i i ] A I
Ma 495 | d56d
Mg 715 1445 | 77T
Al L] ETE e | e
Si TEQ 1575 Lk || 4350 I LY LR
F 10501 EL 15 450 g | 21,200
5 1004 2360 1374 4348 (ST B4GL | 27000
1 1285 2295 RS0 AL [T AEH0 1104
Ar 1527 Il s 5T 1230 BT8O 12 00K

61. Select the answer with the correct number of decimal places for the following sum:
13.914 cm + 2431 cm + 12.00460 cm =

Al

(A) 269.01860 cm (B) 269.0186 cm (C) 269.019 cm
(D) 269.02 cm (E)  269.0 cm
139\ &
2431
+ | 2.00460

26901360 2&——5—2? 2(9.0

ZE{EEFR, chl, page 1-27

1L7C — & 3 s £ N
— AL 4 F o fo A T = ok E RN
hELE RS ERA B W ERE R 3OS B YR Y EUTEE 5
A R RS L
3.18 =R TS 278 {imi“}=2.3?ﬁﬂ
+0.01315 {e9in % 2k) 1170 (e9in 4 #1)
1.19315

3-15
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62, Detection of radiation by a Geiger-Miiller counter depends on
(A) the emission of a photon from an excited atom
B (B) the ability of an ionized gas to carry an electrical current
(C) the emission of a photon of light by the radicactive particle
(D) the amhity of a photomultiphier tube to amplhify the electrical signal from a phosphor
(E) the detection of the sound made by decay particles

EXEEH MM FERENALZAME L NN MM LM T 22 URAE
woTTHRMENSEETOHRT

EH1EP &, page 15-26

(@)W ol A G 27 S

O FHERRE TN e+
(A Rl (B K33t # BiGeiger counter) () o e ] D £

BT

63. Please calculate the AN if Affy.p 15 66.8 kl/mol, and the boiling point 15 83.47C at | atm, when the

substance is vaporized at | atm.
\% (A) -187 J/K mol (B) 187 J/K mol (C) 801 J/K mol
-801 K mol (E} 0

X e (g1 v
SV“V To (23 +33k) 61, Yo

64. Which of the following values is based on the Third Law of Thermodynamics?
(A) AHFr=0for Al(s) at 208 K
C (B) AG® =0 for Ha{g) at 298 K
(C) 5% =51.446 Jimol-K) for Na(s) at 298 K
(D) g = 0 for H2O() — H20(s5) at 0°C
{(E) None of these

HR 0K HEEERZ entropy B - FEESE Na 7 298 K FFRIAE H 1
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E (L4248, page 10-5, TCUS107A(22)E 1B — & HIEH

21 Which of the following values is based on the Third Law of Thermodynamics?
AP =0 for Al(x) at 298 K

AG"y = 0 for Ha{g) at 298 K

5% = 51,446 Jimol-K) for Na(x) at 298 K

& w0 0 for HaO{() — HzOfs) an 07

Momne of thess choices is cormeet.

monE s

TUUSTOTALZE)

65. What are the values of bond order belonging to O:  and 027, respectively?
IA\ (A) 1.5,25 (B)y 2.5 1.5 (C) 2,3 (Dy 3,2 (E) 2,2

0, 0, 02
fes B |\ 12 13
B |25 2 A5

E{LEFR, ch6, page 6-96

500N -ETATHRTHED (0 (as(aa)(SWie =) - oW R o) 7
LS (B) 1.0 (O 0s 1) iy
A& 107D

13 WMoy FR AR R 00 « HACPREIBER(bond order) By %71 2

(A) 1 (B) 1.5 () 2 (D) 25 (E) 3
+ | 10913)D
2 ARG FRA RS kestA(bondorden) § 8525 RIRSTES VA
(A) =2 (B) -1 (€) +1 .g";, qD)‘{z,‘“‘
& F 1092)C

66. The lattice energy of Nal(s) is -686 kJ/mol, and its heat of solution is -7.6 kl/mol. Calculate the

hydration of energy of Nalis) in kJ/maol.
(A) -678 (B)y -694 (C) +678 (D) +694 (E)y +15.2

A”\Su\n"‘ AHLY_— 1 A\’\V\)’J _
Th = (+686) + ebyd > Migh - 62,6 i

3-17
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Z{LEER, ch9, page 9-83

YRR T TR A

The lathice energy of Mal s =66 kKlimiol, amd the enthalpy of hydration 1z =694 kN maol, Caleulse
the enthalpy of solution per mole of solide Mal. Describe the process to which this enthalpy change
applies.

Ans ¥ Kd'masd

67. According to molecular orbital, which of the following molecules is diamagnetic?
]{)‘ (A) HF (B)y O (C) NO (D Ny (E) Nz

?r
NO ~ No* ~ Ny ?z&ﬁ—;%ﬂf“ﬁ

S P

EZIE(A)

%

Z{E1ERR, ch6, page 6-100 - P 107(8) B BRI Z 8

B OFWEoh o MEAEWEEE (ppmmagnetism) ? 40 - [2we]
@ Nx (b0 () OO () Fr (@ CF () O (g NOT (h) B i) HF () NO
(A) 2 if 3 icy 4 o 5 {E) 6

Tl 10TiHA

68. Consider the figure, which shows AG® for a chemical process plotted
against absolute temperature. Which of the following 15 an incorrect 4

conclusion, based on the information in the diagram?

P i K}
(A) AH"=0

(B) A5 =10
{C) The reaction 1s spontancous at high temperatures.
(D) AS® increases with temperature while AH” remains constant.

{(E} There exists a certain temperature at which AH® = TAS®,

AEC]ELE T=0 iF - AG°=AH°>0 - (A)1EHE

EREAS - AGE/)\ - RRAS>0 - BERBEFRE% - (B) - ()L
HEREERE D - AG° = AH°-TAS® =0 - Jttﬁ%—} AH® = TAS® - (E)[EFE
HItEEALASEREREZL - (D)iER

3-18



SBEE | HIEEEAERN (SESTI] |

Z{E1EER, ch11, page 11-45

NTA ZREFA dEHE
At Hb St 2R adtr Bk EFeawefy -Hib S hgmmEw
EHuwS LR HAYeI AT FR - BREAPMDERE AH 0 ASSEREREE

L AGHFEERT -AMFRRREAEFEA - TELAYS - AL AR

AH® <0 « AS" <0 AHE >0+ AST>0
i AG* "
| 1
Bl 5
% i3
(] H

(=]

TAS

BE(T)

69, Acetone can be easily converted to isopropyl alcohol by addition of hydrogen to the carbon-
oxygen double bond. Calculate the enthalpy of reaction using the bond energies given.

g Q-H
CH;—C—CHs (g) + H2(@) —= CH;—C-CH;(g)
H
Bond: C=0 H-H C-H O-H C-C C-O
Bond energy (kJ/mol}): 745 436 414 464 347 351
(A) =484 kJ By -366 k] (C) -48 kJ (D) +48 kKl (E) +366 k]

G # /

A \ £
dh—t—d + HH — CHa—C‘—Q%
H\Ljv_

4\: (+7a5) + (+936) + (~41g) + (250 + (-4 6P = -8

(L4 E, ch10, page 10-36 - FrAER104(23) BB —HEHIERE

L. % DA o o L RS G B S BE - LR T e T
f |

0
A + Hyy —= -’|<
L CH;y i H;C 0 CHy iy

2T PR w0 R 0 L Menthalpy) ¢

] C=0 H—H C—H O—H C—0
ek ek M mol) T45 436 414 464 351
(8] —366 () 48 kX 1) 4 R (D +366 k)

Rl L0 (230 5K (B
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70. How many of the following molecules exhibit resonance: NOa ™, O3, OClz, NF3, N2O, CCly, CNO-,

0:F2?
\> Y By 2 () 3 (D) 4 (E} 35

OJEZHIRI D F: MO, O, N0, CNO

Z (L 1EER, ch6, page 6-41
we
o) R H R E CNO MR (A ERALNABREHET L)

C-N-O0 =—>= C-N-O =—= C-N-O

(o) MEH RS NO BB (A TEEERESETRETL)
l N-N-QO =—+* N-N-O0 =—= HN-N-O ]
E{E1EER, ch6, page 6-39

O o BROEH RN
I:'E'l !{:I [ :C‘

=0
' - ' ! 00 &b i) it 4% (bond order) B
o & o o A A = 3%
(&) ‘M -— ‘M =MWk )
S . NO & 44 i % (bond order) B

71, Une mole of Xig) and one mole of ¥{g) are mixed in a closed reactor in the presence of catalysts,
and Z(g) is generated. The reaction is a X + b Y — ¢ Z, where a, b, and ¢ are the coefficients in
the balanced equation. At a certain time, the mixture contains 1.8 moles of gases while the ratio

& of their partial pressures is Px:Py:Pr= 7:9:2. What are the values of a, b, and ¢?
(A) a=1,b=2¢=13 (B) a=3,b=1,c=2 (C) a=7,h=9,c=2
(D) a=3,b=1,c=8§ (E} a=2,b=9,¢c=7
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72. Consider an adiabatic and reversible expansion process from state | to state 1. Which of the
following statements is true?!
(A) PV =PVa
T ® tveetveg-cl
(C) The final temperature will be higher than the initial temperature.
(D) The final volume of the gas is much greater than the expansion were carried out
isothermally.

(E)  The work delivered to the surrounding is much smaller than the expansion were carried

out 1sothermally.

ABENO IR AEM B RSS2 BAGRA: PV = PoVyY o (A)BEER

eI QIL%;EEI’J mE RS ZEG A TV =T,V (B)gER

BEOT IR - 2AEEF B CANBERE INRMIN

ER] G R AR BE B R r‘ﬁsaﬁ A AREE) - (C) - (D)EEFR

R BROY I RBREEINARREEREREE/) - AL¥IRIEHOINTAEE/) - (E)IEME

73. When a 1.00 mL of the 3.55 = 107" M solution of organic acid is diluted with 9.00 mL of ether,
torming solution A and then 2.00 mL of the solution A 15 diluted with .00 mL of ether, forming
solution B. What is the concentration of solution B?

E (A) 3.55x10°M [E} 9.86 % 10°M (C) 710%10°M
(D) 789 % 10°M 710 % 10°° M

. 1
(2550 Fool L> Zh

(O\JrDML
S (S YA

Z{EEFR, ch4, page 4-32

T EERERESSRSEA N
A IM B AR P R LR e 0 Y AR B 3 A BN B 3 MR e
MM RREY -

(AL M (BIZM (CI3M (D)5 M

— = '7\ XISL’ M

Ans:B
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74. What is the volume of Osg) generated when 22.4 g of KCIO: is decomposed at 153°C under
— 0820 atm? (KC10s: 122.55 g/mol)
t (A) 009 L (B) 300L (Cy 4.20L (Dy 779L (Ey 11.7L

2oy 2> 30, + 2k
J. WRT CWRT (9.24 %}xo‘o%zﬂ(ﬂh\ﬁ)

121.55
0\%20
Z{E1EFR, ch7, page 7-41

LA RE RS S B LR s & By CACEE N LT LT
A sample of solid potassivm chlorate (EC1O:) was heated in a test tube and decomposed according
b the folbowing reactson:

ARCHD 3(5) — 2ECH =) + 30:(g)

= 17

The oxygen produced was collected by displacement of water at 22°C at a total pressure of 754
v, The volume of the gas collected was (0630 L, and the vapor pressure of water ap 2290 15 21
torr, Calculate the partinl pressure of O inthe gas collected and the mass of KCHOs in the sample
that was decomposed.

75. What is the appropriate representation of the repeating unit of the following polymer?

,LL ,lL ,JL ,JL ,LL

N M
H
D 0 0 o o ji
). . NN A NT N
n n n
(n (I (ny () iV
(A) |l By 1 (Cy 1 oy 1V (Ey WV

Z{E1EER, ch16, page 16-23
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76, Which of the following structures is the major form of the lysine at the pH

)

aww
ok

BUEE | pREERREE  EST]]

= 147
8]

Ham’\/\/\H'L WDH
NHE NH;
o Haﬂw

v v
(A) 1 (B) 1l (C) 1M oy IV (E) V

= pH = 14 - L5 pH B AR lysine B pKa
ELE lysine BERIREL R BB D 2 LIFERERU NS F1E - BXRE(D)

Z{E1EER, ch12, page 12-58 + Z&75109(49)& & — 1M EE B
49, TH{E 5 LR hysine )t F pH= ST+ TG

(A} (B o]
" ' Hal
* aH - 7
NH; @hiHy
() a ({51 o
HIHW\’/N\GH HJN\/\/\l)‘\E
MH;Z N
A D

77. Which of the followings 15 a correct set of guantum numbers tor an electron in a 34 orbital?

r

(A n=31=0,m=-] By n=31=1,m=13 (C)y n=31=2,m=13

(D) n=3,1=3,m=2 (E)y n=3,1=2,m=-2

3d ottt =3, =2, =<2, -, 0, +, +2 = 254 ()

E (L EFR, ch5, page 5-70
Case 03 @ m, ® t%

FHAEE T Ad TP oo F-F 8, omyomy) otk Bl 2 T

{ANA2-1,12) (BI04, 1,210 {CH04.2, 0,0 (DA, 1,20

AnziA
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78. Which of the following complexes will absorb visible radiation of the shortest wavelength?
(A) [Co(H20]" (B) [Co(l)]? (C)  [Co(OH)s)
(D) [Colen):]" (E) [Co(NH:)]*

ethylenediamine(en) @A EIETEHIERSGWRMTE - complexlRUNE KRV R

Z{E1ERR, ch6, page 6-138, 1 [EX108(19)B 18 —1xHIE B

19, WA ESRAEF ispectmchemicnl serespill |- ¢
F<Br=CF=<F<0H < H:0<NH < en< NOr-<Chi
[ ¥ — A B S Py ol B R R R
(A [CotHuE)™ (B} [Cols]* () [CotOHN]
(D [CofMH R} (E) [Cojenp]™

O LR 1E

79 Please choose the most stable cation?

®
Q PN O )Q N8 NN
Il ]

[ v Vv
(A) 1 By 1 (Cy I (o IV (Ey WV
MERSIXEGEEF AR RIEE
{EEESL(E, page 0-41
(2) R i ) B E

EHEER A
':Hg |:H]_ H H
HREWT Hjc"l:“[:H!_ = H:_-::"'LLH ® H"L:‘EH3 - H'Jlt“H
() ) i) (mathyl)

324
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80, Which of the following statements about “The Bohr Model™ and “Particle in a Box™ is TRUE?
(A} For an electron trapped in a one-dimensional box, as the length of the box increases, the

— spacing between energy levels will increase.
t (B) The total probability of inding a particle in a one-dimensional box (length 1s L) in energy
level n = 4 between x = L/'d and x = L/2 15 50%%.

(C)  If the wavelength of light necessary to promote an electron from the ground state to the
first excited state 15 A in a one-dimensional box, then the wavelength of light necessary to
promote an electron from the first excited state to the third excited state will be 3.
(D) A tunction of the type 4 cos(Lx) can be an appropnate solution for the particle in a one-
dimensional box.
(E)}  Assume that a hydrogen atom’s electron has been excited to the n = 5 level. When this
excited atom loses energy, 10 different wavelengths of light can be emitted.
(AR - EETFHER L © energylevel ZBEINEEEEEE/)\
(B)EERR - n=4 05 « x=L/4%lx=L/2 7 BB ERHEES 25%
(O} =

Srwmk sttt — [ excited State

AE: E{\-_Q - Ey\—.\

S T W 1) ¢
s> emr gl A 2h

lSJc Q&md Hae — ?;YA cm&eé Skede /\' \ }\

AE:EY\‘—QL’Y:Y\’—Z
l} >\ = 22 _ 2\ \,\C 5 N = 8W\\,Z
e gm® gmT X T l2h

(D)% - —HADEENSEXES: Asw( x)

O s 5 ned < ies—wed L =5 — =)~ N5 — 1]
N4 2022~ M=o =2~ =4 — Y= |
Y\:E——) N=2 - N=%— Y\:\
N=2 5 Y\:\

H1EIEERFB S, ch5, page 5-45%page 5-49 7 B Z BIR A
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81. Which of the following statements concerning a face-centered cubic unit cell and the
corresponding lattice, made up of identical atoms, is incorrect?
{A) The coordination number of the atoms in the lattice is 8.
p\ {B) The packing in this lattice 15 more efficient than for a body-centered cubic system.
(C)  If the atoms have radius », then the length of the cube edge is V8 =
(D)}  There are four atoms per unit cell in this type of packing.

(E) The packing efficiency in this lattice and hexagonal close packing are the same,

(A)EEFR - fecBCUIE 12
E1ELERR, ch8, page 8-40

AERERR AERERR
(hexagonal closest packing) (cubic closest packing)
X i >34 : [95swu]
S ‘“
S ?
Exphded view Hoaapoas o packed wrscwre .
6 Cphonled view Coba o pabed unwaee
(1) 4k p# K ABABAB...... (L 43 # & 1 ABCABCABC......
(2) aéngt 12 (2) it @ 12
() R g% FH9HE 6 (RIE R RS S N
4 MEnF  T4% 4 MERF  T4%

82. Which of the followings will give a solution with a pH = 7, but is not an Arrhenius base in the
strict sense?
P\ {A) CHi;NH: (By NaOH (C) CO2 (D) Ca(OH): (E) CHas

CHsNH, KB ABEEELOH- - BAITEFEHIKAER pH > 7

Z{G1EER, ch4, page 4-67
LIS R T L S e T

=&
i .3 i MAEN
T e+ &Pk aH EPEEOH AR (R Bdk)
LA - $AEHT el iAW FRERS
bt BLLFH EUHEFH RES K THEESLELSH

ALHOY 2 R M (o
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83, Pentane, CsHz, boils at 35°C. Which of the followings is true about kinetic energy, £y, and
potential energy, £n, when liquid pentane at 35°C is compared with pentane vapor at 35°C?
D (A)  Exlg) < Edl): Enlg) = Edll) (B) Eulg) = Eul); Exg) = Epll)
(C)  Epg) < Exll); Eulg) = Eull) (D) Eylg) > EnlD); Exlg) = Eull)
(B} Eplg) = Epll); Exlg) = Edl)

7(_-E pentane K5 35°C FF

REEIRAENSD T EA ZHNEIEERS TRIER NNREEMTIERE - I E(g) = E()
3&%@\%@&1@%&@& FEES TRISERRE - HIb E,(g) > Eo)

ZH{G1ER, ch9, page 9-5
9.1 & - @ M L - B8 YVaporization e 3 8 Condensation)

A ST
Enthalpy of Vaporization _ . | (1) 47 & #7055 M1 3| A
Enthalpy of Condensation {2 S g iF 5

a6 LR M P R 0 L R

AHuap = =AHcona (1) %88 2 & = #(endothermic) i 4

() EHE AT IE EA®EA
(37 A ik 34 & 4 #exodothermic)id &

84. Five molecules are shown as below. Which one has the highest ionic strength?
C) (A) B(OH): (B) HNOs (C) Na:HPOq (D} CaCOs (E)  BasSOy

l:—ELZEH.. f;.

m—m\

B RERESHM FETRAE - BB AR FRE (ionic strength)

E{CAR1E A, page 9-50, BAIZBEE ionic strength BFIER

(H BT HE
29. Which of the following aqueous salutions should demanstrate the most ideal behavior?
(A) 0L M K50, 0.1 M Ca -
{E} 0.1 MNaCl @) Ch (C)30MLF (D) 0.1 M MgSC,

LISTO0AS{ 29}
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85. Hydroxylamine nitrate contains 29,17 mass %o N, 4.20 mass % H, and 66.63 mass % O. Determine
its empirical formula.

\g (A) HNO (B)  H:NO- (€} HNsOw (D) HNiO;  (E) HaNOs

+

H
&R o] IE H hydroxylamine nitrate = H_; AOH NOg" = H4]\{9_ Olf- = Q“ZNDJQ-
H

mI

E{EIER, ch2, page 228 - BF109(17) TR — I EH

I7. Hydroxylamime nitrate 48 X907 § #%N « 420 §#%H o 6663 §FE8%0 - pEC oG T8 080
£ 98wl =M - EeaFA R Y

A MHAD: (B MaHa 10y MiH® (03] WaHelh:
T 1N TIR
86. Given the following two standard reduction potentials,
Fe'*+3e — Fe E7=-0.036V
Fe'" +2e¢ — Fe E® =044V

determine for the standard reduction potential of the half-reaction

Fe'' + e —» Fe''
(A) 040V (B) 0.77V (C) 040V (D) 0.1V (E) 011V

E _ (=00 D%% + (O\WLH <L _ Hy_ﬂ \/

Z({E1EER, ch13, page 13-45 « $8{55F99(10)

10, B G s —Cu" EP =005V :iCu'+e —Cu E'=052V-
it Ko L RE Cu™ +2¢ — Co iR B Ttk E*=7

[A) DLETV (B) 0.3V ) 037V D) 067V

& F 90
B s, FuakEf AL
Cu®" +e —Cu'

E\=+0.15 A==l aFx(+HkL5)
Cu" + e —Cu Ez = +01.52 Al = =1 w Fa{+52)
Cu' + 3¢ — Cu Ey=7

AP =-2xFxEsx
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87. The rate law for a reaction is found to be Rate = k[A]°[B]. Which of the following mechanisms

gives this rate law?

\5 I. A+B=E fast) I. A+B=E (fast) III. A+ A —E (slow)
E+B—C+Dislow) E+A— C+Dislow) E+B— C+D(fast)
(A | (By I (Cy I (M 1&1 (Ey &I

£ NB =L (6] = (8- ‘i‘_l(mmj

Rete = FaEIA) - o E’ ~(A)R)) W) - f%—mm)

ZE48%E 38, ch14, page 14-38 + UST106A7(19) B A E B — 12 =EE
19, The rate law for & reaction is found 10 be Rate = k[A] [B]. Which of the following mechanisms
gives this rale law!
| A+B s E/{mst)
E+B—C+D(slow)
1. a+3 == Efast)
E+A—C+4Dislow}
[, A+A—E (show)
E+H =+ 3 fan)

{A) 1 only (B} 11 onty (C) 11T {T¥) two of these (E) none of these
USTIGAT 19)

88. When the redox reaction in basic solution: NOz {ag) + Ali(s) — NHilag) + AlQ: {ag) 1s balanced

using the smallest whole-number coethcients, the coetheent of H20 15 x and the sum of all

coefficients is v. What is the sum of x and v, (x + )7
‘,A\ (A} 9 (B) 10 (Cy 1l (Dy 12 (E) 13

TR HZO FOHT < NO, + 2 — WS + 2A0,

Z{E1EER, ch4, page 4-57 » UST105A1(3) B A EBEALIERE

3, The reaction balow occurs in hesic solutlon. In the balanced equation, what is the sum of the cosfficients?
Zn -+ N0y —s Zn{0H )4 + WH;

(AY12{B) 15 (C) 18DV 23 (B) 27 —=
USTIEEAT D

Ams: 4Zn 4+ Nk 4 TOH 4 GHAD —« 4Zn(0M " + NHa

3-29



BUEE | pREERREE  EST]]

£9. Which of the followings is the best representation of the titration curve which will be obtained in
the titration of a weak acid (0,10 mol L") with a strong base of the same concentration?

.“Ii- /_ ﬂ.H-- I-
(A) j By (ST

o 1S (E) J
SRR ES9RERT - EERA pH > 7 B)YRGE

Z{E1EER, ch12, page 12-79

LD S e o e

A T 5 o S Nl WH o b D Ao 20
B T O B
fa) g L FIel - pH = pKa
H U &L ¥R e pH e
R kB C Dy
BH pH
L] 14 B by Plig  EE0s)et - pHsE & 5
12k wo 12f I AL R
I O e ) B M D
10 ol |
F -H"“ L LEn MalH o o F RS HpHL T £ 90T 0
# i J-l ! PO A < 48 O e o o i
& FoN i ; iRz BRETAAER
.......... i == I |
af EEML| s 4 I-/"EEE'; ]_L. £ Ak pH -7
! i E = |
2 A i A Ao cpllc?
" m o= " @ ao it EEER P EAAR
Lt 4RimL) M AT ARImL) A AR 0 BlpHor ot @ AL g
W+ B pH B AL W AR
b e pH

90. The students used salicylic acid and acetic anhydride to synthesize aspirin in the experiment of
“The Preparation of Aspirin™, The chemical reaction is shown as below:
A Which compound will react with FeCla to become a purple complex?
{A)  Salicylic acid (B} Acetic anhydnde i) Aspirin
(D) Acetic acid (E) 18 M sulfuric acid

BH7 phenolic structure & - o]t FeClz /8P RIZERE - #7A ferric chloride test

6PhOH  + FeCly —p [(PhO)sFe]” + 3HCI + 3H* o

(violet coloured complex)
N Of ﬁ\ 0 0 )J\? A
( \f)/ O ®) /“\0)‘\ ) 2 lLoH
§&\R(y [(@ O\CIA ALtiC V\v\\/\)/é\riéc,

0\5\91\(]\/\
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B9 E, page 15-40 - FE{IFLAEE93(50) B AVER =

Q. i & # 42 kR dr{ampheamine)} ) AR RET c A B AL T @ WH - s

@/\r]“ﬂ r_'\-

(A e BB = i M - AR T (B A 8 FeCliag) el % &
(C) Rkt i a5 il Wi (D) 3%y — L, 0
#0350 % - (B)
AT
& phenalic emicnired £k Fell, BAR AT R
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