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Choose one best answer for the following questions
[H:E45) 54514 > £3304 > S48 13EH 0254 > T 22 HELA L > A
EF > 2A%LT Aol o IMSAEZH2 > 16~30 485 L F o

. Which unit is not the SI (international system of units) derived unit?
(A) dyne (B) watt (C) newton (D) wolt (E) tesla

Suppose a block is placed on a rough surface inclined relative to the horizontal and the coefficient
of static friction between the block and the rough surface is 5. Let the incline angle be increased
from &= 0 until the block starts to move. What is the critical angle &, at which this slipping just

occurs?
(A) 6, =arctan(u) (B) 6, =arccos(us) (C) 6, =arcsin(ug)
(D) 6,=x/2 (E) None of the above.

. Anescalator is used to move 20 people (60 kg each) per minute from the first floor of a department
store to the second floor, 5 m above. The power required is approximately
(A) 100W (B) 200w (C) 1000 W (D) 2000 W (E) 4000 W

. An air-bag company is designing a new product. The specification requires passengers of mass
75 kg to sit in a car traveling at 60 km/h. When the car hits the wall and stops there, the air-bag
extends the stopping time up to 0.4 s. What is the average force on the passenger during this
collision?

(A) 408N (B) 1680N (C) 3125N (D) 11259N (E) 30625N

. The electric inductance L is defined as the magnetic flux @s divided by current /. What is the unit
of the inductance L divided by electric resistance R ?

(A) tesla (B) Hz (C) Wb

(D) sec (E) None of the above.

. A hydraulic press has one piston of diameter 2 cm and the other piston of diameter § cm. What
force must be applied to the smaller piston to obtain a force of 1600 N at the larger piston?
(A) 6N (B) 25N (C) 100N (D) 400N (E) 1600 N

. The position of a particle is given by the expression x = 4 cos( 3 it + ), where x is in meters
and ¢ is in seconds. What is the frequency?
(A) 1.0Hz (B) 1.5Hz (C) 3.0Hz (D) 4.0Hz (E) 9.4Hz



SR | HAREERHEREN [SEET]]

1U§&§§i%§§ﬁ;i%$
ECELE IR &8 )

8. The average molecular translational kinetic energy of a gas molecule is
(The ideal gas constant is R. Boltzmann constant is kz. Temperature of gas is 7.)
(A)  (B32)ksT (B) (3/2)RT (C) (12)ksT (D) (122)RT
(E) (n+3)kpT/2, where n is the number of internal degrees of freedom.

9. A gas in a cylinder starts from initial state i to finial
state fthrough 4 different paths as shown in the figure.
Regarding to the heat energy, work, and internal v
=
energy, which statements is incorrect? g s
=Y 4 9
f[ E 3Ef 700K
£ 500K
400K
Volume

(A) Path 1 is isobaric expansion, gas must be heated.

(B) Path 2 is isothermal expansion; no work is involved in this process.
(C) Path 3 is adiabatic expansion, therefore no heat transfer occurred.
(D) Path 4 is isochoric cooling; heat is extracted out of gas.

(E) Gas do not do work for path 4 only.

10. A resistor of unknown resistance and a 15 € resistor are connected across a 20 V emf'in such a
way that a 2 A current is observed. What is the value of the unknown resistance?
(A) 5Q B) 75Q < 12Q (D) 30Q (E) 75Q

11. A conducting sphere of radius R contains a positive charge. Which figure correctly represents the

magnitude of the electric field £ as a function of the distance » from the center of the sphere?

E z E E B
P b7 B) N\ © /N o |/~ ® \
EJ, EE '

.
R R -
12. Which equation is not one of Maxwell’s equations?
(A) fﬁ-dh% (B) V-B=
0
- , dd L 0B
© §B-dl = (ic + 05 D Fx5=-28
dt Jenc dt

(E) F=qE+qbxB

13. The flux of the electric field (24)i + (30)j + (—=16)k N/C through a 2 m? portion of the xz

plane is .
(A) 16 N-m?C (B) —48 N-m?C (C) 48 N-m?C
(D) —60 N-m?/C (B) 60 N-m?/C

-2-
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14. An object is 12 cm in front of a concave spherical mirror, and the image is 3 cm in front of the
mirror. What is the focal length of the mirror?
(A) 025cm (B) 1.5cm (C) 24cm (D) 4cm (E) 13cm

15. A light from medium A with refractive index (n4) enters medium
B and medium C with refractive index, nz and nc respectively.

Which of the followings is correct?

(A) ng>np>nc (B) na>nc>ns (C) ng>nc>nq

(D) mp>ng>nc (E) nc>nsa>ng

16. Complete the following nuclear reaction:

A
238U +12[|—> Cf +6'n
92 6 B 0

The D , A and B should be:

(A) He, 249 and 86 (B) C, 244 and 98 (C) C,249 and 92
(D) C, 249 and 98 (E) He, 244 and 98

17. An anion has the following Lewis structure:

N S
o—T—o]

ZQ:

What is the possible identity for element E?
(A) Si (B) P ) S (D) Ar (E) Cl

18. Determine Lewis base strength in the gas phase of following amines:
(A) NMe; >NH>Me >NH; (B) NHoMe>NMes >NH; (C) NH;3; > NMes > NHxMe
(D) NH;>NH>Me>NMe; (E) None of the above.

19. Using the data below, calculate the normal boiling point of liquid A at 1 atm,
A(liquid) — A(gas): the AH° = 25.0 kJ/mol and the AS°® = 50.0 JK 'mol!
(A) 50K (B) 200K (C) 227K (D) 323K (E) 500K

20. Which of the followings octahedral complexes will not form precipitate of Agl at once after the
aqueous AgNO;3 is added?
(A) Co(NH3)sl3 (B) Pt(NH3)4l4 (C) NayPtls
(D) Cr(NH3)4l3 (E) All of them will form Agl precipitate.
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21.

22.

23.

24,

25.

26.

217.

How to make a p-type semiconductor?
(A) Dope host atoms (Si) with atoms having fewer valence electrons than the host, such as B.
(B) Dope host atoms (As) with atoms having fewer valence electrons than the host, such as Se.
(C) Dope host atoms (Si) with atoms having more valence electrons than the host, such as As.
(D) Dope host atoms (As) with atoms having more valence electrons than the host, such as Ge.
(E) None of the above.

Based on reaction shown as below, the two complexes can be classified into which type of

isomerism?

ASPh3 . . ASPh3

low-dielectric-constant
solvents

NCS Pd SCN = = SCN——Pd——NCs

| high-dielectric-constant

AsPh; solvents AsPh,
(A) stereoisomerism (B) optical isomerism (C) geometric isomerism
(D) ionization isomerism (E) linkage isomerism

What is the product called after glycine and alanine undergo condensation reactions?
(A) ester (B) dipeptide (C) DNA
(D) polysaccharides (E) None of the above.

Which compound does not possess a sp’ hybridized orbital?
(A) 2-butanone (B) aspirin (C) acetic anhydride
(D) 2-propanol (E) aniline

Consider the following orderings. Which of these gives a correct trend in ionization energy?
I Be<Mg<Ca<Sr
II  ClI<Si<P<Al
I F<Cl<Br<lI
IV Na+ < Mg2+ < A13+ < Si4+
A) 1 B) I (©) 1 (D) IV (E) None of the above.

What is the correct order of the following bonds in terms of increasing polarity?
(A) N-CI, P-Cl, As-Cl (B) P-CI, N-CI, As-Cl (C) As-Cl, N-Cl, P-ClI
(D) P-Cl, As-Cl, N-Cl (E) As-Cl, P-Cl, N-CI

Which of the following electron configurations is incorrect?
(A) S*: 1s°25°2p%3s°3p° (B) Na': 15%2s22p°
(C) Ga: 15*2522p%35*3p54523d"° (D) V: 15%2522p%35%3p%4s23d°
(BE) I: 1s°25°2p%3s°3p%4s°3d'°4p055°4d"’ 5p°
-4-
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28.

29.

30.

How many moles of Ca(NO3). must be added to 0.5 L of a 0.4 M KF solution to begin precipitation
of CaF,? For CaF2, Ksp = 4.0 x 10711,
(A) 2.0x10"? (B) 1.0x10" (C) 20x10" (D) 1.0x10° (E) 50x10”

For the reaction below,

PClyg) + Clyg === PClsg AG®°=-92.5kJ, at298K

Which of the following statements is true?
(A) This reaction is endothermic.
(B) AG for this reaction has to be negative at all temperatures.
(C) K, is smaller than 1.00 when AG for the reaction is negative.
(D) AS° for this reaction is negative.

(E) All of the above statements are true.

Which of the following species needs resonance to adequately describe its structure?
(A) HO (B) CO;* (C) NHs (D) HCN (E) NH4

[E53) #8324 > £351204 > 84 1 HEF- 054 » G 2 A EFLA L 2 42

31.

32.

33.

€% > A %A A o 3160405 H 2 - 61~90 45 1 &

An object of mass m is sliding with speed v at some instant across a level tabletop, with which its
coefficient of kinetic friction is u. It then moves through a distance d and comes to rest. Which of

the following equations for the speed v is reasonable? (Gravitational acceleration is g)
(A) Qugd)'?  (B) (mgd)?  (C) (umgd)? (D) (ugdy? () (ud)"”

A force acting on an object moving along the x axis is given by Fx = (14x — 3x*) N, where x is in
m. How much work is done by this force as the object moves from x = —1 m to x = +2 m?
(A) +12] (B) +281] (C) +401] (D) +421] (E) 28]

The block shown in the figure is released from rest when the
spring is stretched a distance d. If k=75 N/m, m = 0.5 kg, d =
10 cm, and the coefficient of kinetic friction between the block

and the horizontal surface is equal to 0.25, what is the speed of m

the block when it first passes through the position for which the
spring is unstretched. (Gravitational acceleration g = 10 m/s?)
(A) 0.53 m/s (B) 0.92m/s (C) 1.00 m/s (D) 1.22m/s (E) 1.44m/s
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34.

35.

36.

37.

38.

39.

A police crime lab is trying to determine whether someone was murdered or died as a result of an
accident. The victim was struck in the temple by a 4 kg sculpture that is alleged to have fallen off
a bookcase. The sculpture presumably fell a distance of 20 m and the corner that struck him had
an area of 0.25 cm?. If the time for the sculpture to stop was 1 ms, the pressure on his temple, in
N/m?, was . (Gravitational acceleration g = 10 m/s?)

(A) 32x10° (B) 1.6x10° (C) 32x10° (D) 1.6x10° (E) 3.2x10°

A 3 kg particle moves to the right at 4 m/s as shown in the figure.
The magnitude of its angular momentum in (kg - m%s) about the 3 kg
point O is

(A) 0 (B) 48 ) 72 (D) 144 (E) 1728

A particle moves in the xy plane, starting from the origin at # = 0 with an initial velocity having
an x component of 20 m/s and a y component of —15 m/s. The particle experiences an acceleration
in the x direction, given by a, = 4 m/s>. What is the total velocity at any time?
(A) (49T + (—15t)f (B) (24t)i+ (—15¢t)f (C) (20+4t)i+ (—15)f
(D) (20)i+ (—15)f (E) (24)i + (—15t)j

A grindstone increases in an angular speed from 4 rad/s to 12 rad/s in 4 s. Through what angle
does it turn during that time interval if the angular acceleration is constant?
(A) 8rad (B) 12rad (C) 16rad (D) 32rad (E) 64rad

A1 kg copper block and a 6 kg steel block are connected by a light string over Copper

a frictionless pulley. The two blocks are allowed to move on a fixed steel block =™
wedge (6= 60°) as shown in the figure. If the coefficients of friction of the
copper-steel and steel-steel are 0.4 and 0.6, respectively, what is the

steel

Steel

acceleration of the two blocks? (Gravitational acceleration g = 10 m/s?)
(A) 5.28 m/s? (B) 5.08 m/s? (C) 4.88 m/s?
(D) 4.68 m/s’ (E) 4.28 m/s?

A car travels at a constant speed of 60 km/hr on a level circular turn of radius of 40 m. What is
the minimum coefficient of static friction between tire and the roadway to allow the car to make
the turn without sliding? (Gravitational acceleration g = 10 m/s?)

(A) 0.83 (B) 0.73 (C) 0.63 (D) 0.53 (E) 043
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40. A 5 kg ball is held in the hand as shown in the figure, with the arm

horizontal and 40 cm from the elbow joint. The forearm mass is 2 kg

and the center of gravity is 18 cm from the joint. The biceps connect
to the arm at 5 cm from the joint. How much force (Fj;) must the biceps 5kg
exert to hold the ball in place? (Gravitational acceleration g = 10 m/s?)

(A) 472N (B) 236N (C) 118N (D) 59N (E) 30N

41. If middle C (262 Hz) and C* (277 Hz) are played together, it would cause interference beats. What
the beat frequency would be if each is played one octave lower (each frequency reduced by a
factor of 2)?

(A) 30Hz (B) 15Hz (C) 7.5Hz
(D) 3.75Hz (E) None of the above.

42. Tension is maintained in a string as in the figure. The observed wave speed
is v =24 m/s when the suspended mass is m = 3 kg. What is the wave speed
when the suspended mass is m = 1 kg? (Gravitational acceleration g = 10
m/s?)

(A) 46m/s (B) 57m/s  (C) 80m/s (D) 113m/s (B) 13.9m/s

43. When an ambulance passes in front of an observer, the sound frequency is 440 Hz when the
ambulance is approaching, and the frequency drops to 400 Hz when the ambulance is moving

away. What is the speed of the ambulance? (Assume the speed of sound is 345 m/s at that time.)
(A) 13.8 m/s (B) 14.0m/s (©) 144 m/s
(D) 15.4m/s (E) 16.4m/s

44. Under ambient conditions, which gas has the adiabatic ratio of molar heat capacities y most close
to 1.4? (y = Cp/Cy)
(A) Ar (B) CO (©) Ch (D) CO; (E) CHs

45. A 50 m bridge is made with segments of concrete. If the linear expansion coefficient is 1.2 x 10°
°C!, how much spacing is needed to allow for expansion during an extreme temperature change of
150 °F?

(A) 2.0cm (B) 2.5cm (C) 3.0cm (D) 3.5cm (E) 4.0cm

46. A Carnot engine is operating at its theoretical maximum efficiency of 60%. If the waste heat has
a temperature of 38 °C, what is the temperature of the boiler?
(A) 94°C (B) 225°C (C) 350°C (D) 504°C (E) 775°C
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47.

48.

49.

50.

51.

52.

A tuning fork is known to vibrate with frequency 262 Hz. When it is sounded along with a
mandolin string, four beats are heard every second. Next, a bit of tape is put onto each tine of the
tuning fork, and the tuning fork now produces five beats per second with the same mandolin string.
What is the frequency of the string?

(A) 257Hz (B) 258 Hz (C) 262 Hz (D) 266 Hz (E) 268 Hz

Determine the energy stored in C> when C; = 15 pF, ||
C> =10 puF, C3 =20 pF, and Vo= 18 V. B

- C G

(A) 1.60mJ (B) 0.72mJ (C) 0.50mJ (D) 0.32mJ (E) 0.18mJ

A solid, insulating sphere of radius a has a uniform charge density Mmsulaiey
throughout its volume and a total charge Q. Concentric with this )\ ) Conductor
sphere is an uncharged, conducting, hollow sphere whose inner and '7}
outer radii are b and ¢ as shown in the figure. Find the magnitude of :
the electric field for r < a.

Qr 1 Or 1 Q
4n£0§ B) E= 41e, az © E= 47T€07"_2

Q

— E) E=0
4rteg r (E)

(A) E=

(D) E=

Two long straight current-carrying parallel wires cross the x axis | |

1 I I I I I
and carry currents / and 37 in the same direction, as shown inthe ¢ 1 34 5 T
figure. At what value of x is the net magnetic field zero?
O 31
A) 1 B) 3 <€ 4 D) 5 (E) 7

A certain capacitor has a capacitance of 5 uF. After it is charged to 5 uC and isolated, the plates
are brought closer together so its capacitance becomes 10 uF. The work done by the agent is about
(A) -1.25x10°] (B) 83x107) (C) -83x107]
(D) 1.25x10°] (E) -3.75x10°)

A plane with a wing length of 50 m is flying westward where the downward component of the
earth’s magnetic field is 6 x 10 T. What is the difference in potential between the wingtips when
the speed of the plane is 720 km/hr, and which wingtip is positive?

(A) 2.16V, south (B) 2.16 V, north (C) 0.96V, south

(D) 0.96 V, north (E) 0.60V, south

-8-
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53.

54,

55.

56.

57,

58.

59.

Implanted medical devices are often charged by transcutaneous energy transfer (TET), which uses
a pair of coils in close proximity for wireless charging. The change of current in the coil outside
the body causes the magnetic flux of the coil inside the body to change, thus generating an induced
electromotive force. There are 10 coils with a radius of 1 cm, and the current of the outer coil
drops from 10 A to 0, within 6 x 10°s, what is the average induced electromotive force of the
inner coil? (Magnetic constant x4 is 4 x 107 T-m/A.)

(A) 258V B) 279V (C) 3.05V (D) 329V (E) 354V

A beam of unpolarized light of intensity /, passes through four successive ideal polarizing filters,
each of whose polarizing axis makes a 30° angle with the previous one. What is the intensity of
the transmitted beam?

A 1 (B) 81/256 (C) 27/128 (D) 9/16 (E) 0O

When sitting in an airplane at an altitude of 10 km, you look down on the ground. Assuming that
your pupil is about 1.5 mm in radius and considering the effect of diffraction only, what is the
minimum separation s between objects on the ground that you can distinguish? (The wavelength
of visible light is around 500 nm.)

(A) 0.5m (B) 2m (C) 8m (D) 20m (E) S50m

A spaceship S is moving away from us at a speed of 0.8 ¢. Another spaceship S is moving away
from us in the opposite direction at a speed of 0.5 c. What is the speed of S; measured by an
observer on S;?

(A) 13c (B) 1.0c (C) 097c¢ (D) 093¢ (E) 0.89¢

Silicon (Si) is a semiconductor material whose properties fit perfectly in solar cells to convert the

light energy into electrical energy. Based on this evidence, what the value of energy gap of Si

probably is?
(A) several tenths of eV (B) 1l1leV (C) 31eV
(D) 5.1eV (E) 7.1eV

The wave function y(x) of a particle confined to 0 < x < L is given by w(x) = Ax. y(x) = 0 for x <0 and x
> L. When the wave function is normalized, the probability density at coordinate x has the value

(A) 2x/L? (B) 2x¥/L? (C) 2x¥/L° (D) 3x¥L? (B) 2x/L°

A light of wavelength 400 nm falls on a metal surface having a work function 1.70 eV. What is
the maximum kinetic energy of the photoelectrons emitted from the metal?
(¢=3.00x10°m/s, h=6.626 x 10> Js, 1 eV =1.60 x 10" J)

(A) 4.52eV (B) 3.11eV (C) 2.82eV (D) 1.70 eV (E) 141eV
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60. The Balmer series for the hydrogen atom corresponds to

61.

62.

63.

64.

electronic transitions that terminate in the state with quantum
number # = 2 as shown in the figure. Consider the photon of
the longest wavelength corresponding to a transition shown.

What is its wavelength?

(A)

i E(eV)

tn Bob

ENERGY
[y §

|
— OO
joslend
R O

2 —3.401
Balmer
series

420nm  (B) 458nm  (C) 540nm (D) 656nm  (E) 720nm

Which structure is not considered to have aromaticity?

(A)

Me

(@] - /§/\ AN AH
B) ©) (D) (E)

A~ o~

Solid KF has a lattice energy of —804 kJ/mol and a heat of solution (in water) of —15 kJ/mol. RbF
has a lattice energy of —768 kJ/mol and a heat of solution (in water) of —24 kJ/mol. Which salt

forms stronger attractions with water?

(A)
(B)
©
(D)
(E)

KF, because it releases more heat during the formation of crystal.
KF, because it has a more negative heat of hydration.

RDbF, because it releases more heat during the formation of crystal.
RDbF, because it has a more negative heat of hydration.

Both salts have the same interactions with water.

The reaction 2NO> — 2NO + O obeys the rate law

A[O,]
At

=1.0 x 1072 [NO,]? at 400 K.

If the initial concentration of NO2 is 1.00 M, how long will it take for the [NO2] to decrease to
025 M?

(A)

50's (B) 100s (C) 200s (D) 300s (E) 600s

Today’s automatic sunglasses utilize the

following rearrangement reaction between O X O
A and B promoted by UV:

o
However, infrared spectroscopy is often O Q

applied to differentiate A and B because of A
the strong and distinct absorption of absorb UV ight absorb UV and visible light
functional group.
(A) arene (B) conjugated olefin (C) carbonyl

(D) ether (E) amide

-10-



WYY =2iEiE | HEEERAEEN (5251 ]|

2FERELEBFE fand 43
PR R

65.

66.

67.

68.

69.

70.

Water desalination is a method to solve the problem of drought resulting from climate change.
What is the minimum pressure needed to purify the water from 0.05 M of NaCl(aq) by reverse
osmosis at 27 °C? (R = 0.08206 L atm K*! mol™!)

(A) 1.23 atm (B) 2.46 atm (C) 3.71 atm

(D) 4.52 atm (E) None of the above.

Consider the following reaction:
A>+B, —>2AB AH =-235 kJ
The bond energy for A» is half the amount of AB. The bond energy of B> = 247 kJ/mol. What is
the bond energy of A>?
(A) 482 kJ/mol (B) 238 klJ/mol (C) 161 kJ/mol
(D) 118 kJ/mol (E) —129 kJ/mol

Which statement is correct?
(A) The bond order of He>" is 1. (B) The bond order of Ne; is 1.
(C) The bond order of C>" is 1. (D) N has a larger bond order than N»>".
(E) None of the above.

You mix 265.0 mL of 1.20 M lead(II) nitrate with 300.0 mL of 1.55 M potassium iodide. Which
of the followings is #rue?

(A) Lead nitrate is the limited reagent.

(B) The final concentration of Pb*" ions is 0.56 M.

(C) The final concentration of K is 0.823 M.

(D) The final concentration of NO3™ is 0.823 M.

(E) The final concentration of I is 0.823 M.

Follow the balanced equation: N2(g) + 3H2(g) — 2NHs(g)
An equal number of moles of nitrogen and hydrogen gases were added in a balloon. The volume
of the balloon is 2.00 L before any reaction occurs. Determine the volume of the balloon after the

reaction is complete, assuming constant temperature.
(A) 0.67L (B) 1.00L (C) 133L (D) 2.00L (E) 4.00L

One beaker has 75.0 mL of a 2.00 M solution of Na;CrOus(aq). Another one has 125 mL of a 2.00
M solution of AgNOs(aq). Please calculate the concentration of Ag" after the two solutions are
mixed together.

(A) 0.00M (B) 0.02M ) 075M (D) 125M (E) 050M

-11-
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71. Four identical 1.0 L flasks contain the gases He, Cl,, CHs, and NH3, each at 0 °C and 1 atm
pressure.
Which of the following statements is true?
(A) He gas has the smallest average kinetic energy.
(B) Clzgas has the highest density.
(C) CHgs gas has the greatest number of molecules.
(D) NH; gas molecules collide elastically.

(E) All gas molecules have same average velocity.

72. The valve between the 3.00 L bulb, in which the gas pressure is 2.00 atm, and the 2.00 L bulb, in
which the gas pressure is 2.70 atm, is opened. What is the final pressure in the two bulbs, assuming

the temperature remains constant?

(A) 0.71 atm (B) 1.03 atm (C) 1.62 atm (D) 2.01 atm (E) 2.28 atm

73. The concentration of a monoprotic acid is “a” M and the degree of dissociation of the acid is “b”.
What is its K,?
(A) b?*(a-b) (B) ab¥(1-a) (C) a’b*(1+a) (D) ab*(1-b) (E) a’b%(1-b)

74. How many chiral centers are in the following structure?

(A) 6 (B) 7 ©) 8 (D) 9 (E) 10

75. Compound X and Y contain two elements A and B only. 3.0 g of compound X contains 1.4 g of
A, while 27.0 g of compound Y contains 7.0 g of A. The formula of compound X is AB. Which
one 1s the formula of compound Y?

(A) AB: (B) A4Bs (©) A:B (D) AsB4 (E) A2Bs

76. What is the pH value of a 0.010 M solution of sodium azide (NaN3)?
The Ko of HN3 = 1.0 x 10°°
(A) 6.0 (B) 7.0 (C) 8.0 (D) 9.0 (E) 10.0

-12-
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77.

78.

79.

80.

81.

82.

83.

84.

What is the net number of octahedral holes contained in the close packing of spheres unit cell like
face-center cubic?
(A) 8 (B) 4 < 12 (D) 6 (E) 3

Reaction of potassium metal with excess O2(g) leads to KOx(s). Determine the oxidation state of
the oxygen in KOx(s).
(A) +1 B) -2 © -05 (D) +2 (E) -1

Determine the point group of the molecules shown below?

s
F—PZ,

‘ N

(A) Gy B) G (C) D (D) Dsn (E) None of the above.

Which charge of NO would have a bond order of 3?
(A) +1 (B) -1 () 0 (D) +2 (E) 2

What is the energy required to excite the electron in the hydrogen atom from the n =1 level to the
n =2 level? (Ry=13.61 ¢eV)

(A) 3.40eV (B) 6.81eV (C) 1021eV (D) 13.61eV  (E) None of the above.

Using the data shown as follows to calculate AG® for the reaction (1 F' = 96,485 coulombs):
Fe(s) + Cu?’(aq) — Fe?"ag) + Cuyy). The reduction potentials for Fe*" and Cu®* are as follows:
Fe’" +2e —Fe &=-044V
Cu**+2¢ —»Cu &£=034V
(A) -1.9x10*J (B) -15x10°] (© o01J
(D) 1.9x10*J (B) 15x10°]

The net ionic equation that potassium iodide reacts with potassium iodate in the presence of
HCl(aq) is al” + bIO3™ + ¢H" — dI> + eH20. What is the sum of all coefficients (a+b + ¢ +d +
e)?

(A) 12 (B) 14 (C) 16 (D) 18 (E) 20

How many protons, neutrons, and electrons does the ion '*0*~ have?
(A) 8 protons, 8 neutrons, 8 electrons (B) 8 protons, 18 neutrons, 8 electrons
(C) 8 protons, 10 neutrons, 10 electrons (D) 8 protons, 10 neutrons, 8 electrons

(E) 8 protons, 8 neutrons, 10 electrons

13-
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85. Nature rubber is a polymer derived from isoprene. What is the correct way to show the structure
of rubber?

CH3
CH, isoprene
HZC)\% 2
CH CH CH
Hy 7 ° H o Hy 7 ° H
A ‘éz—|=—2>“ B) I (C) 42__ 2
(A) c-c=c—C7, ( (_ﬁcﬁﬁ+n C -C-CHyC 7y
CH
4, G LHQ | 3H2>‘
D) tctd-c=c (B) +C-c—C/;
HHH'n CH,

86. Which compound has the highest boiling point among the following structures?

OH O

saalivaaliven
Cffmo[jAfm

A) A (B) B <€ C (D) D (E) E
87. What are the products of the following reaction?

CH;CO,H + CH,'80on  catalystH

0] O

(A) )go/ + Hy'%0 (B) )Lmo/ + H0
18 180

(©) )J\ _ + HO (D) M+ ho

O

(E) M+ HO-"0H

88. Identify which of the reactions listed below are reactions between Brosted—Lowry acids and bases.

o
o] TiCl
+ @ . ® - 4
I CHsOH + H" — CH,0H, I y C)J\CH + TiCly, — )Ol\
3 3 HsC”~ “CHs
©

O Na® ch BH;

CH3
1] HﬁL + NaH —— HA@,H + H, v [ j + BH; —— [@j

(A) TandII (B) TandIII (C) MlandIV (D) MandIV  (E) I, IlIandIV

-14-



WYY =2iEiE | HEEERAEEN (5251 ]|

1N25&rgg 4] ‘é%ﬁgﬁﬂ el

\‘

5 R

Y, %
SRR 8 ]
89. Which of the following molecules has zero net dipole moment?
HC  ClI cl. Cl HC  Cl
(A) = (B) = ©) =
HC  ClI HsC  CHjg HsC  CHjs
Cl CHj Cl CHs
(D) = (E) —
Cl Cl H,C Cl

90. What is the product of the transformation listed below?

O/\ HBr
e

(A) 1-Bromo-2-cyclohexylethane (B) 1-Bromoethylcyclohexane
(C) 1-Bromo-3-ethylcyclohexane (D) 1-Bromo-2-ethylcyclohexane
(E) 1-Bromo-1-ethylcyclohexane

&RV LS

e id 1 2 3 4 5 7 8 9 10 [ 11T | 12 ] 13 [ 14 | 15 | 16 [ 17

BEE A A C C

=i 21 [ 22 | 23 | 24 [ 25 27 [ 28 1 29 | 30 [ 31 ) 32 | 33 [ 34 | 35 | 36 [ 37

%% | Al E|B[D]|D

FEG 41 | 42 | 43 | 44 [ 45 47 1 48 | 49 | 50 | 51 [ 52 | 53 | 54 [ 55 | 56 | 57

EE C E E B E

e Gid 61 | 62 | 63 | 64 [ 65 67 | 68 | 69 [ 70 [ 71 [ 72 | 73 | 74 | 75 | 76 | TI

EE A D D C B

R 8l | 82 | 83 | 84 | 85 87 | 88 1 8 [ 90

slEY@IEN =1 B B @ =)
w]
eS|
o=
s}
o=
es!
o
O
los}
w)
s}

EE C B D C A
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BAFFAFINFERFICFY P2 I RPNEY FRAARE AL
s LEE PR
B Lo f§- T 5t 5
gl a¥FRE
32 AU=U,- U= —-| F ‘
'f i I o dx (A)
39 - [ snr _ Ill'p.,mg? Ve BLFEE R
max \,' m \Iu " U-sf- #2069 (1$ Ao\)
L3R
43 |y =(400 - 440) / (400 + 440) x 345 m/s (E)
Chma i 45 > CO2Z CIRBETHERF »FREFH
3 3 ' c 4 A 2
Type of Gas Gas Cy (J/mol + K) Gas Molar SPECIﬁC heat (C ) 3\-#3"; },;17 & F
44 Monatomic He 1247 (cal mol” k- ) (B)
Ar 12.47 Hydrogen 4.87
S Diatomic Ha 2042 Nitrogen 4.97
By N, 2076 Oxygen 5.02
- 0, 20.85 Nitri oxide 4.99
co 20.85 Carbon monoxide 5.01
Polyatomic CO, 28.46 Chlorine 6.17
Linear thermal expansion: +Original length
45 ChAnge i Iengisu ot ? L= aLU‘llT Temperature change 4},& R _,7%
oefficien near expansior
f L i =xpansion (E A’\)
AL =(12x10°°C)x 50 m x (150 x 5/9 °C) = 0.05 m =5 cm
Bl R L %
51 The work done by the agent. g ( A)€
Angular radius of first dark ring = angular radius of Airy disk " x
55 Diffraction by a : t L{\; ..... \L\__ “elsiioth - ‘g-;fé—? R € "7%

sinf, = 1.22~

circular aperture:
D 4 Aperture diameter

(B)

-16-




S BB

HEEERRERN [ SEET] |

BRFFFIFERFIOFE RS ERAET FRAARAL S

S
™ B Eh By
S Dy N 25 2m :‘:/ 3—;}:’\ 44:%?
18 AL P ° :LP F R Gt g Tt R E R R F i zé,
Ly D w oo s B¥FERE X
20 [MEpeEP N EF LT A GMB LS A RERRGE *gé
Ksp = [Ca**][F]* = [Ca*] x (0.4)* =4 x 107!
)3 [Ca®"]=2.5x101"M FE{LIG
Moles of Ca(NO)3 : 2.5 x 10" M x 0.5L = 1.25 x 10" mol C
FERP o BRAT kSR L 2.0x 10 mol
Heat of solution = (—lattice energy) + heat of hydration
62 KF £ Heat of hydration = —15-804 = —819 =
RbF 7 Heat of hydration = —24-768 = —792 B
KF has a more negative heat of hydration.
L NOx e 423 & 1 2x(1x10%)=2x107
5| 63 1/0.25=(2 x 103)t + 1/1.00 N
t=150
FERATRE R FIP P RES
% 2 g s G =) S
7| REFRE ‘ ot
B3 A 1 chiral center > R ¥ R &
aFERTE
74 FRES
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16. Complete the following nuclear reaction:

23

g+ 2[] —= Act+eln
92 [ B 0

The | |, Aand B should be:

(A) He, 249 and 86 (B) C,244 and 98 (C) C,249 and 92
(D) C,249 and 98 (E) He, 244 and 98

241 = A+ bx| = A
f2+6 = B + (k0 = B
)= cadbon. (7=0)

I\
I\

244
a8

n

g

17. An anion has the following Lewis structure:

:g;}_?_g;}:
:9!

What is the possible identity for element E?
(A) Si (B) P (C) S (D) Ar (E) Cl
+1 ©
- - l r g 0 —\
by = | i—c=0
10!

" —

20. Which of the followings octahedral complexes will nof form precipitate of Agl at once after the
aqueous AgNOs is added?

(A) Co(NHz)sls (B) Pt(NH3):ls (C) Na:Ptls

(D) Cr(NHa)ls (E)  All of them will form Agl precipitate.

& | @ @) )
(G Ta IMNH@);L] T | Noo(Pe1s) (Gr(Mb)T) T
e 1°

21. How to make a p-type semiconductor?
(A) Dope host atoms (Si) with atoms having fewer valence electrons than the host, such as B.
(B) Dope host atoms (As) with atoms having fewer valence electrons than the host, such as Se.
(C) Dope host atoms (Si) with atoms having more valence clectrons than the host, such as As.

(D) Dope host atoms (As) with atoms having more valence electrons than the host, such as Ge.
(E) NMone of the above.

p-type “FZEHS = SiFET doping 3ANEF T

18-
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24. Which compound does not possess a sp” hybridized orbital?
D (A) 2-butanone (B) aspirin (C) acetic anhydride
(D) 2-propanol (E) aniline
QO | WD | © | ®» | ®
o /Q)X\OH o © oH
Ao L, LN N HLN/\\(OH
o :

25. Consider the following orderings. Which of these gives a correct trend in ionization energy?
1 Be<Mg<Ca<Sr

I Cl<Si<P<Al
D I F<Cl<Br<I
IV Na <Mg <Al <si"
(A) 1 (B) 1 (€) 11 (D) IV (E) None of the above.

I4%, lﬁ@ﬁ?ﬂ%@f&%@‘ Ee>-Mj‘>Ca‘>Sv
1A%, B At O 7 b7 Sior Al
W%, 24EsRAAA: T > b > 1

27. Which of the following electron configurations is incorrect?
(A) S* I572572p"3573p" (B) Na': 1s*25%2p°
(C)  Ga: 1572522p"3573p 453" (D) V: 1522572p°3s73p%4s23d°
(E) I: 157257 2p°3573p457 3d " 4p° 55°4d"" 5p°

Gt (M) 457 2d"

28. How many moles of Ca(NOs)2 must be added to 0.5 L of a 0.4 M KF solution to begin precipitation
of CaF,? For CaF, Kip = 4.0 x 107",
(A) 20x10"7 (B) 1.0x10" (C) 2.0x107"" (D) 1L0x10" (E) 50x107

Pala s o 0= k= (P
Ip = (1% (0] > ((F]= 25410

\ o o] (2 o
PR a5k {%«T <05 Lok = 125 k10w (2
[FAE6AFLC) )

-19-



B

BV s2iEiE | HmEERAEEN (5251 ]|

30. Which of the following species needs resonance to adequately describe its structure?
(A) H:0 (B) COz* (C) NHs (D) HCN (E) NH4"

62. Solid KF has a lattice energy of -804 kJ/mol and a heat of solution (in water) of —15 kJ/mol. RbF
has a lattice energy of —768 kl/mol and a heat of solution (in water) of —24 kJ/mol. Which salt
forms stronger attractions with water?

(A) KF, because it releases more heat during the formation of crystal.
(B) KF, because it has a more negative heat of hydration.

(C) RDbF, because it releases more heat during the formation of crystal.
(D) RDbF, because it has a more negative heat of hydration.

(E) Both salts have the same interactions with water.

KT —I5 = (+&ot) « A\r\»«;& (F = A\”\\A)(l)lq: - -3l
A 2= (TR) + oyl wg > AH% f = 92

63. The reaction 2NOz — 2NO + Oz obeys the rate law
AlOz]
At
If the initial concentration of NOz is 1.00 M, how long will it take for the [NO:] to decrease to
025M7

(A) 50s (B) 100s (C) 200s (D) 300s (E) 600s

NDy.
Rue - 2 - 4 = ) o
g

L L)t
[NB’—} D\IDAO L )

X’

N )L L
T i) b 5 =0

(FRESEIEES 2 - AT R 2 0))

=1.0 x 107 [NO,J* at 400 K.

V1l

-20-



C

B | AREEA Y (BR8]

66. Consider the following reaction:
A2+B: —2AB AH =-235k]
The bond energy for Az is half the amount of AB. The bond energy of B2 = 247 kl/mol. What is

the bond energy of A2?
(A) 482 kJ/mol (B) 238 kJ/mol (C) 161 kJ/mol
(D) —118 kJ/mol (E) —129 kJ/mol
s i RE AT AT ©

(L)4TEr—4HA2 bond 1 FTET—4H B2 bond 37 H. 4B i4H AB bond > overall 24 235 kI
(Q)A2 JERE SR AB SEEENT—F

ol = (+80Ex0) + (+B0E ) + 2 (-BiEpg)
35 = (+BDBg) + (FAT) + 24 (- 2% BVEp,)  BEAe= 160 K]

67. Which statement is correct?
(A) The bond order of Hea" is 1. (B) The bond order of Nez is 1.
(C) The bond order of C2" is 1. (D) Nahas a larger bond order than N2>,
(E) None of the above.

| e N G N N
gl os o0 Ly 3 2

69. Follow the balanced equation: N2(g) + 3Ha(g) — 2NHs(g)
An equal number of moles of nitrogen and hydrogen gases were added in a balloon. The volume
of the balloon is 2.00 L before any reaction occurs. Determine the volume of the balloon after the

reaction is complete, assuming constant temperature.
(A) 0.67L (B) 1.00L (C) 133L (D) 2.00L (E) 4.00L

[FE THYSEIR = [FLRFIBE R - PR AE R L S S H e

N o+ M. ——  2Nh

[- loL 10 L oL
G-k b Yo
z 7z _ 4
gL5 PrAN > = S +7=L=[2%
B 2 0 Z Z Ve 255375 L

70. One beaker has 75.0 mL of a 2.00 M solution of Na:CrO4(aq). Another one has 125 mL of a 2.00
M solution of AgNOs(ag). Please calculate the concentration of Ag" after the two solutions are

mixed together.
(A) 0.00M (B) 0.02M (C) 0.75M (D) 125M (E)y 050M

Na, (0 + ZASNOg — AﬂzC»OLA + 2 NaNOs

L= x5 =[50 245 =150 () o 0
C-lx 22 LR +\*7%0 < B2
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72. The valve between the 3.00 L bulb, in which the gas pressure is 2.00 atm, and the 2.00 L bulb, in
which the gas pressure is 2.70 atm, is opened. What is the final pressure in the two bulbs, assuming
E the temperature remains constant?

(A) 0.71 atm (B) 1.03 atm (C) 1.62 atm (D) 2.01 atm (E) 2.28 atm

Pls = PV A
Psv(21) = 24%  + 2]x0 = s=228

74. How many chiral centers are in the following structure?

(D) 9 (E) 10

AT c,\mm} Cantey

77. What is the net number of octahedral holes contained in the close packing of spheres unit cell like
face-center cubic?
(A) 8 (B) 4 (€ 12 (D) 6 (E) 3

DA foe HEFIRYBRES BEE AL &
‘74 4 {E unit sphere » I H & 4 {& Oh hole 1 8 {& Td hole
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78. Reaction of potassium metal with excess O2(g) leads to KOa(s). Determine the oxidation state of

C/ the oxygen in KOa(s).
(A) +1 (B) -2 (C) 0.5 (D) +2 (E) -1

HBEEEYT > E1Y oxidation number = —0.5

82, Using the data shown as follows to calculate AG® for the reaction (1 = 96,485 coulombs):
Fes) + Cu®'ag) — Fe?*(ag) + Cugy. The reduction potentials for Fe** and Cu®” are as follows:

E Fe¥' +2e —»Fe &£=-044V
Cu¥'+2 —Cu  £=034V
(A) —1.9x10%)] (By —1.5x10°) (C) 07
(D) 1.9x10%] (E) 1.5x%10°]

AQ°= -NFE = «2*%%8§x<ow+o\%% = —15%10° T

83. The net ionic equation that potassium iodide reacts with potassium iodate in the presence of
HCl(aq) is al” + blOs + ¢H" — dl> + eH20. What is the sum of all coefficients (a + b + ¢+ d +

e)?
D (A) 12 (B) 14 ©) 16 (D) 18 (E) 20
HORRAED, - 5T+ 110 + o — 3T, +2HLD
Q00 p ATAT 10s 2 2
(- v— J
(G S+1+6+3+3=18

86. Which compound has the highest boiling point among the following structures?

E o o oH O o
A B Oc
o
CozH
(A) A (B) B () C (D) D (E) E

—RAE Y4 > amide FI acid #8755 fH %=1 boiling point
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88. Identify which of the reactions listed below are reactions between Brosted—Lowry acids and bases.

Q
o 5 _-TiCl
+ ® ) ® - 4
I CHsOH + H' ——= CH,0H, I H;;CJLCH; TiCl; — i
HsC™ "CHj

Q
0 Na® 3C BHy

o]
H H H
oy H+NaH—-HAEj—@H+H2 v [j +BH; —= (@]

(A) landll (B) landlll (C) lland IV (D) WandIlV  (E) L Iland IV

{18 Brosted-Lowry BRgVESS © 20t H & Rk © 522 & Mg

1
AR

89. Which of the following molecules has zero net dipole moment?
HC  Cl c. HC  ClI

(A) = ® =< © <
HC  Cl H,C  CHy HsC  CHy
Cl.  CHy Cl. CHg
o = (E) =
c’ o HC  Cl

;\ AP R [ G L
g/ ¥ V-t B BV 11 S A
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[RBE] %M 15 5B AHA
1. Which unit is not the SI (international system of units) derived unit?

(A) dyne (B) watt (C) newton (D) wvolt (E) tesla
1. # : (A)

coulomb, degree Celsius, farad, henry, hertz, joule, newton, ohm, pascal, tesla, volt, watt, weber

2. Suppose a block is placed on a rough surface inclined relative to the horizontal and the coefficient
of static friction between the block and the rough surface is ug. Let the incline angle be increased

from 6= 0 until the block starts to move. What is the critical angle 6 at which this slipping just
occurs?

(A) 6, =arctan(u) (B) 6¢ =arccos(u) (C) ¢ =arcsin(uy)
D)6, =m/2 (E) None of the above.
2./ (A)
HHF =ma

mgsinf — umgcosO =0
= mgsin0 = umgcos
= tan6 = u,
=0, = tan"(us)

3. Anescalator is used to move 20 people (60 kg each) per minute from the first floor of a department
store to the second floor, 5 m above. The power required is approximately
(A) 100 W (B)200 W (C) 1000 W (D) 2000 W (E) 4000 W

3.8 : (O)

mgh 60 x20x9.8x5

P = =
t 60

=980[W |

4. An air-bag company is designing a new product. The specification requires passengers of mass
75 kg to sit in a car traveling at 60 km/h. When the car hits the wall and stops there, the air-bag
extends the stopping time up to 0.4 s. What is the average force on the passenger during this
collision?

(A) 408 N (B) 1680 N (C)3125N (D) 11259 N (E) 30625 N

4./ : (C)

1
Ap 75 x 60 x 000

F="L_ 3600 _ 3125[N]
At 04

5. The electric inductance L is defined as the magnetic flux @5 divided by current /. What is the

unit of the inductance L divided by electric resistance R ?
(A) tesla (B) Hz (C) Wb (D) sec (E) None of the above.

5. # : (D)
L

T==
R
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6. A hydraulic press has one piston of diameter 2 cm and the other piston of diameter 8 cm. What
force must be applied to the smaller piston to obtain a force of 1600 N at the larger piston?
(A)6N (B)25N (C) 100N (D)400N  (E) 1600 N
6. 7 : (C)
F, F F, 1600
L2 1o = F, =100[ N ]

42

7. The position of a particle is given by the expression x = 4 cos( 3zt + x), where x is in meters
and ¢ is in seconds. What is the frequency?
(A) 1.0Hz (B) 1.5Hz (C)3.0Hz (D)4.0 Hz (E)9.4 Hz
7. # : (B)
w =2af = 3w =2af = f =1.5[Hz]

8. The average molecular translational kinetic energy of a gas molecule is
(The ideal gas constant is R. Boltzmann constant is k3. Temperature of gas is 7.)

(A) (372)kgT (B) (3/2)RT (C) (12)kgT (D) (12)RT
(E) (n+3)kpT/2, where n is the number of internal degrees of freedom.
8. 2 1 (A)

1 _ 3
U= N(EmVZ) = N(EkBT)

9. A gas in a cylinder starts from initial state i to
finial state fthrough 4 different paths as shown in
the figure. Regarding to the heat energy, work, and
internal energy, which statements is incorrect?

Pressure
—

*'Sf

4 2

I 3of 700K
f 500K

400K

. : Vol
(A) Path 1 is isobaric expansion, gas must be heated. e

(B) Path 2 is isothermal expansion; no work is involved in this process.
(C) Path 3 is adiabatic expansion, therefore no heat transfer occurred.
(D) Path 4 is isochoric cooling; heat is extracted out of gas.

(E) Gas do not do work for path 4 only.

9. #% : (B)

Path 2 B30 4EAE - H{FT) W =nRTIn -

\7
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10. A resistor of unknown resistance and a 15 Q resistor are connected across a 20 V emf in
such a way that a 2 A current is observed. What is the value of the unknown resistance?
(A)S5SQ B)75Q (©O)12Q (D)30Q (E)75Q
10. #% : (D)
“4EEE[H R=20/2=10
LI l—l_l=>R=3o[Q]
10 R 15 R 10 15

(H s 2302 > prens 4 B g8 1R6TMU201707 [4 A B3 4E i34 )] - 3)
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