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Which of the following choices represent(s) a pair of resonance forms?
(a) . x (b) ()

b o @ .. ® HC.  © .7
CH3CH,—C—CHs ' CH3gCH=C-CH;  CH3CH-OCHj; . CH3CH=0CHjs C=C=N , ‘C-C=N:

2 o HoC e

(A) both (a) and (b)
(B) both (b) and (¢)
(C) both (a) and (c)

(D) All of the above

Which sequence correctly ranks the following protons in order of increasing acidity?

@®,, 0

H
H®

(A) 1<2<3 (B)2<3<1 (C)3<1<2 (D)3<2<l (E)2<I<3

. Which of the following statements about © molecular orbitals is/are correct?

(A) 7 molecular orbitals are cylindrically symmetric.
(B) Most of the electron density ina molecular orbital is centered above and below the internuclear

axis.
(C) When two atoms are connected by a double bond, both of these bonds are © bonds.

(D) Both statements B and C are correct.
(E) Statements A, B, and C are all correct.

Which of the following compounds is not a constitutional isomer of a compound with an empirical
formula C5H,0 and a formula mass of 118.164?

| HO/\l )\/OH /ifO\A

OH OH
/LO/\/\OH

(A) (B) (€) D) (E)

Identify the correct [IUPAC name for the following structure.

|
(A) 3-s-Butyl-1-iodo-2-methylhexane
(B) 1-lodo-2,4-dimethyl-3-propylhexane
(C) 4-(2-Todo-1-methylethyl)-3-methylheptane
(D) 2,4-Dimethyl-1-iodo-3-propylhexane.

The structures below are
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(A) not isomers

(B) conformation isomers
(C) structural isomers
(D) cis-trans isomers

(E) both B and D.

7. When pyridine is treated with a mixture of nitric and sulfuric acids, the major product 1s _
(A) 2-nitropyridine
(B) 3-nitropyridine
(C) 4-nitropyridine
(D) both A and C

8. Which sequence of steps below describes the best synthesis of 5-oxohexanoic acid starting with 1-
methylcyclopentan-1-017
(A) 1. Conc. KMnOs; 2. Dry gaseous HBr; 3. Mg/ether; 4. CO;
(B) 1. Conc. KMnOy; 2. CH3sMgBr/ether; 3. Hs;0*
(C) 1. H2SO4 and heat; 2. O3; 3. (CH3)2S
(D) 1. H2SO4 and heat; 2. Conc. KMnOy; 3. LiAlHg; 4. H;0"
(E) 1. H2aSO4 and heat; 2. Conc. KMnOy;

9. What compound is produced when cyclohexene is treated with concentrated KMnO4?
(A) adipic acid
(B) benzoic acid
(C) succinic acid
(D) cyclohexacarboxylic acid
(E) caproic acid

10. Which of the following represents the highest occupied molecular orbital for the conjugated pi system
in the structure below?

S

] 0 9
w440 308 5333

9 Q
o349 3 o3

11. What is the major organic product which results when cyclohexene is irradiated in the presence of N-
bromosuccinimide?
(A) 1-bromocyclohexene
(B) 2-bromocyclohexene
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(C) 1,2-dibromocyclohexane

(D) 3-bromocyclohexene
(E) 4-bromocyclohexene

12. Which of the following would not have a C-H stretch at about 3050 cm-1?
(A) l-pentene
(B) 2-pentene
(C) 2,3-dimethyl-2-pentene
(D) 2-methyl-2-pentene
(E) 2,4-dimethyl-2-pentene

13. What compound has a significant 7/z 70 in its mass spectrum?
(A) 2-butanol
(B) diethyl ether
(C) (E)-2-pentene
(D) 1-pentanol
(E) octane

14. The stereochemical configuration of D-Threonine is (2R, 3S). Which of the following structures
corresponds to the correct configuration?

O OH O OH O OH O OH
HO HOJL%/““ Ho’ljfm\ Ho)Lw/L“
NH, NH, NH, NH,
(A) (B) (€) (D)

15. Which series of reactions described below, if any, will result in the formation of 2-methylpentan-3-
one starting with 1-propanol?
(A) 1. (CH,),CHMgBr; 2. dilute H;0"; 3. PCC.
(B) 1. PCC; 2. (CH;),CHLA; 3. dilute H3O+; 4. Na,Cr,0,/H,S0,.
(C) 1. Na,Cr,0,/H,SO,; 2. 2(CH;),CHMgBr; 3. dilute H3O+; 4. LiAlH,,
(D) 1. Na,Cr,0,/H,S0,; 2. SOCly; 3. 2(CH,),CHMgBr; 4. H3O+.
(E) none of the above

16. Provide the structure of the major product in the reaction below.
(1) excess CHsl

NHCH,CH; ~ (2) Ag20, Hz0, heat
~

<C)*x/’\v/“j/’ , (D) both A and B

17. Provide the final product of the sequence of steps below?
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reflux

e} O
OH
OH | ~ O)‘K/ m
~ 0 ©
(A) (B) (C) (D)

18. Which of the structures shown below is consistent with the C-13 NMR (off resonance splitting for
each peak is shown as a table within the figure) and H-NMR spectra? (formula = C,H,,OBr)

1 = multiplet
2 = multiplet
3 = multiplet
4 = triplet
5 = triplet
6 = quintet
2
4 5
6
1 3
(|
| T | LA T ] ] I | I | NN ! T
11 10 38 8 y [ ] 4 3 2 1 0
ppm
t=5s
2=d
3=d
4=d
5=1 2
6=1
7=1 4
3 5 6
7
1
T I T I U I T '| T | T I T I T | | I
200 120 160 140 120 100 80 60 40 20 0
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19. Provide the final product of the sequence of steps below?
/\/ 03 -78°C  NaBH,, MeOH_ = H2SO4_
) (CH3),S then H3;O" heat
OH
\/\f B) HO” ™>""oH (C) HO/ (D) WOH (B) 2

0 0

20. Predict the product of the following reaction, including stereochemistry.

S
(A) (B) (€) (D)

21. Provide the final product of the sequence of steps below?
1. Bro/PBrs
2. H,0

3. excess NHj

JV AN S «
CO,NHs =~ > COyNH,* /\/]\COZ'NH4+ COyNH4*

(A) (B) (C) (D)

4-methylpentanoic acid > 7

22. Provide the final product of the sequence of steps below?
| 1. m-CPBA

?
Ph” “Ph 2. HsO", heat
OH
Oj/ H Ph._OH 4: Ph. _O
Ph | Ph \ﬁ
Ph” Ph Ph) OH Ph
(A) (B) (©) (D)

23. Predict the major product of the following reaction?
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NaOH
CO, -7y ==
(@]

(D)

24. Predict the products of the following reaction.
\Q:Br 1. Mg, ether
£ 2 NaOH, H,O
E F \7[::1/ & OH
(a) (b) (c) (d)

(A) both (a) and (b)
(B) both (b) and (c)
(C) both (c) and (d)
(D) both (b) and (d)

25. Predict the major product of the following reaction?
1. NBS, hv

@ 2. NaOEt, EtOH, heat _ o
3. H,C=CHCOOH, heat
s Lb Lb e’
Vi / /
CO,H
o 2

CO,H CO,H
(A) (B) (C) (D)

26. What is the point group of BICIF (chlorofluoroiodoborarne)?
(A)Cxy (B)Csv (O)Dsn (D)Cs (B)Ci

27. Consider the calculation:
52.00 + 1.001 — 13.1 4+ 1.3129 =
Which of the following is the correct answer for the number of significant figures for this question?

(A) 41 (B) 412 (C) 41.21 (D)41.214 (E)41.2139

28. Which of the following statements about thermodynamics is/are correct?
I. The first law of thermodynamics is the Law of Conservation of Energy
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I1. A perfect crystalline structure, will have no entropy (S) at 0 °C.
[II. The Second Law of Thermodynamics states that all spontaneous changes keep the conservation in

the entropy of the universe.
V. The first law of thermodynamics defines the internal energy (E) as equal to the difference between
the heat transfer (Q) into a system and the work (W) done by the system.
(A LI B)LI ©OLILI D)LV (E)LILILIV

P

#8 #

29. Consider the structure of bicarbonate ion CO32. Which of the following statements is false?
(A) All the charges of three O ions are equivalent.

(B) One C-O bond is shorter than the other two at room temperature.

(C) The carbon atom possess three sp* hybridized orbitals.

(D) The geometric shape is trigonal planar.

(E) More than one Lewis structure is allowed.

30. The naming of chemical compounds, including ions and molecules is important in chemistry and
other scientific fields. Indicate which one of the compound names is incorrect.

(A) K>0 is potassium oxide (B) Mn(OH), is magnesium(II) hydroxide (C) CO is carbon monoxide
(D) sulfur hexafluoride is SFs (E) NH3is ammonia

31. Calcium is a metal, and sulfur is a nonmetal. They are in a different family of the periodic table. When
they become ions, Ca?* and S?, which characteristic of the following would be the correct relation between
Ca** and S* ions?

(A) isomeric  (B) isotopic (C) isoelectronic (D) isochromatic (E) isobaric

32. The van’t Hoff factor (i) express the effective concentration of particles for a solute. In comparison
with NaCl aqueous solution, what properties of the solution of MgSO4 may be lower than those of NaCl(ag)
as these two solutions are identical in concentration?

(A) boiling point, osmotic pressure

(B) freezing point, osmotic pressure

(C) osmotic pressure

(D) vapor pressure, osmotic pressure

(E) boiling point, freezing point

33. The orbital wavefunction for the state (n =3, = 1, and m;= 0) of the hydrogen atom, is expressed as
| 3

. NVRIAY
| Yy, = ——(—) (60 — 02)e /3cos?
I z 81\/E Qg

| Where 6 = r/a, and a is the Bohr radius. How many nodal surfaces will appear in the wave function?
Ao ®1 ©z2z2 ®»3 B4

34. Redox reaction includes oxidation and reduction simultaneously. Balance the following redox reaction
in the basic solution

Cr,07%(ag) + Cli(aq) — Cr’*(aq) + Cl(aq)
Indicate how many water molecules will exist in the balanced ionic equation
(A)14 B)7 (C)12 (D) 6 (E)none
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35. How many types of oxidation numbers are for the hydrogen atom in the following compounds?
H20s, CHa, H0, NaBH4, Hoa, HNO3, CaH,, and NH;

A1 ®2 ©3 O 4 (E)S

36. Which statement of the following about hydrogen bonding is not frue?
(A)Hydrogen bonds can be intermolecular (occurring between separate molecules) or intramolecular

(occurring among parts of the same molecule)

(B) Hydrogen atom in molecules is attached by a highly electronegative atom (N, 0,F
(C) An unpaired electron at least resides on the highly electronegative atom (N, O, F)
(D) Due to the higher boiling point of H20 than HEF, a H-bond between two Hz0 molecules is stronger |

than a H-bond between two H-F molecules.
(E) The interactive way of the hydrogen bond is the same as that of dipole-dipole intermolecular)

interaction

37. According to the solubility rules, how many of the following spices should be soluble in water?

Hg.Clz, Ag:S, Ag2COs3, PbSO4, NazS
Ao ®1 ©2 O3 (B4

38. Construct a table of Crystal Field Stabilization Energy (CFSE) for all d" electronic configurations in
tetrahedral complexes under a strong field, Which d" configuration could be diamagnetic?

A d ®d ©d O B

39. Reactions of a series of substituted pyridines with BF3 shows the order of Lewis basicity: Pyridine >
2-methylpyridine > 2,6-dimethylpyridine > 2-t-butylpyridine. Which of the following effects induces this

order?
(A) I-strain (B) B-strain (C) F-strain (D) inductive effect (E) leveling effect

40. Consider the following reactions, which one of the following will have the smallest equilibrium

constant at 298 K?

(A) CaO(s) + CO,(g) — CaCO;,(s) AG°=-131.1 kJ
(B) 2Hg(g) + 0,(g) — 2HgO(s) AG®° =-180.8kJ
(C) 30,(g) — 204(g) AG®=+326k]

(D) 2H,0(aq) — 2Ha(s) + O,(g) AG®=+475.4Kk]
(E) More information is needed to determine.

41. Regarding the “Quantum Mechanics and Atomic Structure”, which one of the following statements
1s incorrect?
(A) The discovery of “Blackbody Radiation” paves a foundation for scientists to find the quantization

of atomic energy.

(B) The “Aufbau principle” states that the proper way of placement of electrons in atomic orbitals is
from the lowest energy level up and shall also obey Hund’s rule.

(C) The “Zero Point Energy” states that the energy level is lowest in this state of the atomic orbitals.

However, it is not equal to zero.
(D) The “Heisenberg Indeterminacy Principle: states that one can’t make a completely accurate

measurement of both the position (x) and its moment (mv) of a particle.
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(E) “Hund's rule” implies that while electrons place into degenerated orbitals, they will pair each other
first.

42. Which one of the following statements is incorrect for “Kinetics™?

(A) The orders for the reactions in Kinetics have nothing to do with the coefficient of the reaction.

(B) It is possible that a non-integer reaction order can be found in a reaction.

(C) The derivation of the first-order reaction leads to C = Coe™. (Co: initial concentration; C:
concentration at moment t; t: reaction time)

(D) A rather useful concept of “half-life (t2)” can be derived from the concept of the zero-order

reaction.
(E) The relative stabilities of the reactant and product have nothing to do with the reaction rate.

43. Pick the correct molecular structure(s) as predicted by the VSEPR theory?
F
[.'
F |

AL
-

Fiin,,,, |,..un\ F

(1) IFs,» ¢ (1) XeFa, ¢ (1) CIFs, l (IV) PFs,

F
G F—oCc| F—:||>
F

A1 @BLI (LI [DO)LILULIV (B)LILILIV,V

44. Pick the correct one from the following statements about the electrochemical cell described below?
Sn | Sn*(ag) || Li"(ag) | Li

Sn**(ag) + 2 — Sn(s); E°=-0.14 V

Li*(ag) + € — Li(s); E°=-3.04 V

(A) The cell reaction is spontaneous with a standard cell potential of 3.18 V.

(B) The cell reaction is spontaneous with a standard cell potential of -2.90 V.

(C) The cell reaction is nonspontaneous with a standard cell potential of -2.90 V.

(D) The cell reaction is nonspontaneous with a standard cell potential of -3.18 V.

(E) The cell is at equilibrium.

45. When pure water (pH = 7 at 25 °C) is heated, it will induce:
(A) [H] > [OH]

(B) The water is not neutral.

(C) pH is still 7

(D) [H'] < [OH]

(E) None of these.

46. Which of the following statements about the 'H NMR (Nuclear Magnetic Resonance) experiment 18
incorreci?
(A) The energy difference between the two spin states (mi = +1/2 and m1 = -1/2) depends on the strength

of the magnetic field.
(B)When energy absorption takes place, the electrons are excited by the electromagnetic radiation to

obtain the NMR signal.
(C) When aligned with the magnetic field, the energy of a proton with spin of my=+1/2 is lower than

that with m; = -1/2 when aligned against it.
(D) The relative population of the upper spin state, Nupper, and of the lower spin state, Niower, is given by

the Boltzmann equation (Nupper / Niower = ¢ AFKTY,

%9 R BEAA > HURES
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(E) The energy needed to flip the spin of a proton is within the radio frequency range of the
electromagnetic spectrum.

47. Which of the following compounds does not exhibit an optical isomer? (en: NH,CH,CH>NH2)
(A) cis-[Co(en)2(C1)2]" (B) [Co(en);]*" (C) cis-[0sCl(CO)] (D) isobutanol (E) trans-[Co(en)ClL]"

48. Which of the following statements is incorrect regarding molecules of an ideal gas?

(A) Molecules of an ideal gas undergo many collisions with each other and the container walls.

(B) The molecules of an ideal gas are relatively far apart.

(C) Molecules of greater mass have a lower average speed than that of less mass at the same temperature.

(D) The average speed of molecules from samples of different "ideal" gases is the same at the same

temperature.
(E) All molecules of an ideal gas have the same average kinetic energy at a constant temperature.

49. The proposed mechanism for the reaction of HxOz + 2H' + 2" — I, + 2H,0 1s as follows.:
(1) H2O, + "> HOI + OH™  Slow
(2) OH™+H" > H,O Fast

GB)HOI+H"+I"—» L+ H.0 Fast
Based on the proposed mechanism, determine the order of H* in this reaction by identifying the rate law

that is consistent with it.
(A)4 B)3 (©)2 D)1 (E) 0

50. Determine the pH of a buffered solution containing 0.15 M NH3 (Kp = 1.8 x 10°) and 0.35 M NH4Cl.
(A)4.7 (B)51 (C)63 (D)72 (E)S.1




ME : 2

3 S

w2 5| g g 5|85 2(8|8

e

A

Bl |2 glgl=zldld3|le glslglgls
L

A
mE|g|d|2 T|eléls B[S E|IS|d|22| 2
W% |

% el Ol
waw|lo|g|=glglzalals]alelslzlals
e |

w | Ol O A\ O o\ ol o W
B || d|@ | T|2lg52(2g|7F|9|9(F|9
b ey o
w (O] Wl u|Q| D] O ) e e
#2228 g|5|d|d|g|q|€|5|€|4]|8
% |~

% OOO0U 0wl dd oo o) e
B R ||| v v w|s||S|Z|ci|ad]|f]w




Az #AR IFERFIGFR b

#FHFTERRERR 2

EgEsy
253

e

0

250

RETR

it %

s
d

32

AMEBRLRBT AR T RELS > F4K
Bepene 3+ 3y 2B F L300 &7 BE
x5 Denp gt o AR 4E 5 “Where does
the following sentence best belong?”, % 24 &

BATFE I Y OE DB & 9nE R 0 X F]“Often
the diagnosis is straightforward.” & /= < & ** § &
BYoAw R B g T2 R 5T
¥

7

aiERE%(D)

0

REF R

i

THLEEA T e gl R
(~1000-1500 = 7 )= B A HF & £ (<30 =
TIRE RS 'E?“ HELY RiEd > BB
2 (C) -

BFERE X0

F=m*R*w’

m=900[N1/10[m/s*]=90kg

F=1000[N]

R=F/(m*w?)=1000/(90*(21* 100/3600)*)~360
gx5B) -

R E%OB)

10

EREFBES WFRANARTF T 0 L E
FB)FL BRI > 2 He Fhe wpy
(B)f tx*xchipe et e § % (B) -

B R E%EOB)

15

AT A BE 344m/s 0 R ALIE A

N REE A

38

The key sentence is “the volume charge density does increase with distance
from the sphere center”.

From Gauss's law:

dmr? - B( /1'\': dr' p(r
)

Therefore, outside the sphere, the E field falls like the square of the
distance from the center. By Gauss Iaw if the charge distribution were

increases with dlstance from the center, therefore the enclosed charge
rises more slowly from the center, which is described only by (D).

waEFE R E%0D)

39

Electric potential difference is defined as the
potential difference between two points.

waEFE R E%0D)




However, problem 39 is not the case, it asked for a

iz general form of electric potential,
and no any two points were mentioned.
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CRISPR-Cas9 i& 7 gene knockdown &_¥ {7 &7
m¥e s ¢ 4 H @ 22T U B8 CRISPR-
Cas9 k# {7 gene knockdown » ¥ 124 #* siRNA
2 %_shRNA i£ |- k% o 3 {7 CRISPR-
Cas9 % — 3 »x 5 &7 A FJ % (gene knockout)
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All of the above factors can contribute to genetic

variation in a population, making option E the

correct answer. (D f & 782 8. K)o

@R % % (E)
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Option A is incorrect because seed plants did not
evolve from ferns. Instead, both groups evolved
from a common ancestor but diverged into distinct

lineages.
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Answer: E is incorrect because although some
fungi are single-celled, others have complex
multicellular structures. But Its life cycle is not

single-celled.
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Answer: B. 0.2

Explanation: The frequency of the resistance gene
in the population can be calculated as the number
of individuals with the gene divided by the total
number of individuals in the population. In this
case, there are 10 individuals with the gene, and a
total of 50 individuals in the population.
Therefore, the frequency of the gene is:
Frequency = Number of individuals with gene /
Total number of individuals Frequency = 10/ 50
Frequency = 0.2

Therefore, the frequency of the gene in the
population is 0.2, or 20%.
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C: It’s not only at the tips of stems and roots

(E)
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