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Choose one best answer for the following questions
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1. One mole of an ideal gas undergoes an isothermal reversible expansion at 300 K.
During this process, the system absorbs 450 J of heat from the surroundings. When
this gas is compressed to the initial state in one step isothermally, twice as much
work is done on the system as was performed on the surroundings during the
expansion. Which of the following statements about these processes are correct?

I. AS,y, for the one-step isothermal compression is 1.5 J/K.

II. ASgur for the one-step isothermal compression is 3.0 J/K.

III. ASypniy for the reversible isothermal expansion is zero.

IV. ASuniv for the overall process (expansion and compression) is zero.

V. ASyyr for the overall process (expansion and compression) is —1.5 J/K.
ALI @ILII ©ILILIV O)ILILY (BE)LIV,V

2. Which of the following statements about ligands, d-block metals, and coordination

complexes is correct?

(A) The cyanate ion (OCN") can have three different Lewis structures, in which all
the N atoms have the same formal charge.

(B) Zinc is a component of vitamin By, which is essential for the metabolism of
carbohydrates, fats, and proteins.

(C) [Co(NH3)4Cly]" has cis-trans isomers, and the cis isomer is optically active.

(D) [Cr(en)(NH;),L5]" (en = ethylenediamine) has three geometrical isomers.

(E) The octahedral Cu** complexes are more appropriate than the octahedral Cr**

complexes to be used to determine the field strength of a ligand.

3. Consider 1.0 mole of an ideal gas contained in a 2.0 L bulb at 27 °C. This bulb is
connected to a 10.0 L sealed, initially evacuated bulb via a valve. When the valve
is opened, the temperature is assumed to remain constant. Which of the following
statements is incorrect? (gas constant R = 0.082 atm'L-K "“mol ™)

(A) The final pressure at equilibrium will be 2.1 atm.

(B) The enthalpy change (AH) for this process is zero.
(C) This is a spontaneous process.

(D) Work does not occur during the expansion of this gas.

(E) The driving force for this process to occur is an increase in the internal energy.
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4. Compound X, like most substances, exhibits only three phases: solid, liquid, and
vapor. The triple point of X is at 90 torr and 115 °C. Which of the following
statements concerning the liquid and gaseous X is correct?
(A) X(1) cannot exist at 1 atmosphere pressure.
(B) X(1) cannot exist above 115 °C.
(C) X(g) cannot exist below 115 °C.
(D) X(1) cannot have a vapor pressure greater than 90 torr.

(E) X(1) cannot exist at a pressure of 15 torr.

5. Given the following half-reactions and associated standard reduction potentials:
Crt+e - Ot E°=-050V
Cr*+3e¢ = Cr E°=-0.73V
Calculate the standard reduction potential for the following half-reaction:
20" +4e¢ — 2Cr
(A)-023V (B)-046V (C)-085V (D)-1.23V (E)-1.70V

6. How many of the following statements are correct?
1. All the group 13 elements are metals.
I1. Alkaline earth metals react less vigorously with water than do alkali metals.
III. Salts can consist of hydrogen.
IV. Because Li has a more negative standard reduction potential than Na and K, it
reacts most quickly with water among these three alkali metals.
V. BeO is amphoteric.
(A) 1 (B) 2 (GF (D) 4 (E) 5

7. Given the following eleven gaseous molecules:
H,C=C=CH, H,C=CH, H,CO CO, BeCl, HyO, Tek,
NF; NO, KrFs SF,
Which of the following statements about these molecules is correct?
(A) There are six molecules with all their atoms lying in the same plane.
(B) Same hybridized orbitals are used by the N atoms in NF; and NO,.
(C) Both TeF4 and KrF4 are nonpolar molecules.
(D) All the C-atoms in the four carbon-containing molecules use sp” hybridized
orbital.

(E) Both H,0; and NO; exhibit resonance.
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8. Ammonium benzoate is a salt formed from ammonia (NH3) and benzoic acid
(C¢HsCOOH). Calculate the pH of a 0.10 M solution of ammonium benzoate at 25
°C. (Ky= 6.4 x 107 for C¢HsCOOH, Ky, = 1.8 x 107 for NHj; log2 = 0.301; log3 =
0.477; log7 = 0.845)
(A)4.74 (B) 5.96 (©) 6.73 (D) 7.28 (E) 8.04

9. Yellow phosphorus (P4) undergoes disproportionation in NaOH(aq) to produce
PHj; and NaH,PO,. If 16.0 g of P4 was used in the reaction, how many grams of P4
would behave as the oxidizing agent? (atomic weight of P =31 u)

(A)12.0 g (B)10.0 g (C)8.0¢ D)6.4¢ (E)4.0¢g

10. Consider the titration of 50.0 mL of 0.100 M NaH,PQ4(aq) with 0.100 M
NaOH(aq). For H3POy, Ka1 =7.5x 107, Kip=6.0x 107, and K3 = 4.8 x 107",
Three pH values during the titration are listed as follows.

(1) Before the addition of NaOH(aq), the pH is x.

(2) After the addition of 25.0 mLL NaOH(aq), the pH is y.

(3) After the addition of 50.0 mL NaOH(aq), the pH is z.
Which of the following statements about x, y, and z is correct?
(log2 = 0.301, log3 = 0.477, log5 = 0.699)

(A)yx<4,y>7 B)x>4,z>10 C)py>7,2z<10
D)y>8,z>9 BE)x<59p<7 :

11. Element X has only two isotopes, 1 and 2, and its atomic weight is y.33 u. Of the
following combinations of isotope abundance and corresponding neutron number,
which is the most reasonable? (note: y, z, p, q and r are integers)

isotope 1 isotope 2
abundance | number of neutron | abundance | number of neutron
(A 50% D 50% p+0.66
(B) 67% y 33% ¥
(©) 75% q 25% g 42
(D) 45% r 55% r—1
(E) 83% Z 17% z+2

12. Which of the following molecular formulae has the most structural isomers, all
containing a hydroxyl group?
(A)CGHO  (B)CG:H:O  (C)CqHz0 (D) CiHiO  (B) CsHinO
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13. Which of the following statements about the dominant Lewis structures of C1O,™

is correct?
(A) ClO obeys the octet rule. (B) ClO™ has 1 = bond.
(C) ClOz™ has 8 lone pair electrons. (D) C105™ has 2 « bonds.

(E) Cl1O4~ has 10 lone pair electrons

14. Which of the following statements about the van der Waals equation is incorrect?
P+ W) (V- [)=nRT
(A) The van der Waals equation describes the behavior of real gases.
(B) M = n’a/V? and is used to compensate for the attraction force between gas
molecules.
(C) [J = nb and is used to correct the volume of real gases.
(D) M is negative for most gases.

(E) ] is positive for most gases.

15. If the reaction A(g) + 3 B(s) = 2 C(g) + D(g) starts with only 1 mole of A and 1
mole of B ina 1.0 L sealed reaction vessel, the equilibrium constant of this reaction
is K. Which of the following statements is correct?

(A) The expression for K of this reaction is ([CI)[DDATAI[BT).
(B)If K=1,[A] is 0.5 M at equilibrium.

(CO)IfK=1,[C] is 0.3 M at equilibrium.

(D) If [C] = 0.5 M at equilibrium, X = 0.08.

(E) If [D] = 0.25 M at equilibrium, K =0.17.

16. Which of the following comparisons for the acidity of the following species in an
aprotic solvent is correct?
(A) Acidity: CH:COO™ > HPO,> (B) Acidity: NaNH; > NH;
(C) Acidity: HCO3™ > HSO4~ (D) Acidity: CH;0H > NH,4Cl
(E) Acidity: C¢HsOH > (CH3);COH

17. Which of the following compounds (1-5) is optically active?
0%0 P 3 P
HO'““O—‘OH
’OH HO
5

(A)1 (B)2 ©3 (D) 4 B)s
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18. Which of the following compounds (6-10) is chiral?

0 L0 o
oy : @Q H

H,N
(A)6 B)7 (C)8 D)9 (E) 10

19. Which of the following compounds (11-15) is nof monosaccharide?
HO, OH OH

e T 0 HO O 0
w Ho Mo \/l\‘)LH H:;C\O)LO/CHa H[?(;S%B\
OH OH R OH
1 12 13 14 15
A1l (B) 12 (C) 13 (D) 14 (E) 15

20. Each of the longest wavelength of the spectral lines recorded for two electron
transitions from n = 2 and n = 4 of hydrogen atoms is X and Y, respectively. What
is the relationship between X and Y?
(A) X:Y=11:34 (B) X:Y=54 O)XY=14
(D) X:Y =5:144 (E) X:Y =7:108

21. As shown in Fig. 1, a container with a fickioriesy movablevariions

fixed volume at constant temperature is /\
divided into three compartments (A, B, v H. %
and C) by two partitions, which are

movable without friction. Compartments A B ¢
A and C are filled with an equal amount of Fig. 1.

mass of gas X and Y. When two partitions stop sliding, the density of X is equal to
that of Y. Which of the following statements is correct?

(A) Volume of gas: V(X) > V(Hp) > V(Y)

(B) Number of moles of gas: n(X) < n(H,) <n(Y)

(C) Number of moles of gas: n(X) = n(IHy) = n(Y)

(D) The molecular mass of X is equal to the molecular mass of Y.

(E) The molecular mass of X is smaller than the molecular mass of Y.
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22. Which of the following groups of species can coexist in significant amounts in a

given solution at room temperature?

(A) A solution that turns methyl orange red contains Mg®", K*, SO,%", and NO;5"~.

(B) A solution that turns phenolphthalein red contains Na”, Cu2+, HCO;5, and

NO;".

(C) 0.1 M AgNOj solution contains H', K, SO,*", and I,

(D) 0.1 M Na[AI(OH),] solution contains H', Na*, CI", and SO4*".

(E) An acidic potassium permanganate solution contains H', Na*, SO,%", and

glucose.

23. Under the same conditions, Na, Mg, and Al of equal molar amounts are
respectively added to three test tubes X, Y, and Z containing the same
concentration and volume of dilute hydrochloric acid to fully react at room
temperature. Which of the following three test tubes X, Y and Z must be incorrect
in relation to the volume of gas produced?

(A) X(Na) > Y(Mg) > Z(Al) (B) X(Na) > Y(Mg) = Z(Al)
(C) X(Na) < Y(Mg) < Z(Al) (D) X(Na) = Y(Mg) = Z(Al)
(E) X(Na) < Y(Mg) = Z(Al)

24. A certain amount of Cl; is introduced into a —
certain concentration of potassium hydroxide G.06 frommmmemmnnones : ClO”
solution, where both reagents are completely '
consumed and heat is released. Three ionic species 4
containing chlorine are produced from this reaction,
among which the amount (n/mole) of C10™ and CIO3~

ions and the reaction time (t/s) are shown in Fig. 2.

0]

Which of the following statements is incorrect? Pig. 2.

(A) Different reactions of Cl, and potassium hydroxide solutions may occur at
different temperatures.

(B) The number of electrons transferred in the reaction is 1.26 x 10%.

(C) The amount of KOH in the original potassium hydroxide solution cannot be
determined.

(D) The amount of CI™ in the product is 0.21 mol.

(E) The amount of K'in the solution is 0.30 mol.
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25. Based on the following experiments, which substance can prove to be
bleaching?
(A) When chlorine is introduced into a NaOH solution with phenolphthalein, the
solution immediately discolors.
(B) When a small amount of Na,0, powder is added to the water with
phenolphthalein, the solution first turns red and then discolors.
(C) The red color of phenolphthalein solution fades after the addition of SO,.
(D) When SO, is added to an acidic solution of KMnOy, the purple color of the
solution fades.
(E) Addition of nitric acidified AgNO; solution to chlorine water results in white
precipitate.

26. Two bottles of gas are NO,(g) and Br,(g) with the same appearance. A chemist
designed a variety of identification methods:
I. wet test paper with starch/KI,  TI. addition of a small amount of NaCl solution,
[11. addition of a small amount of AgNOs solution,
IV. addition of a small amount of water and then an appropriate amount of benzene,
V. change the temperature
Which methods can be used to distinguish NO»(g) from Bry(g)?
(A)LIILIV  BILILIV (OLILULIV OLILILYV  (E)LIILIV,V

27. At 298 K and 101 kPa, 2 SO, (g) + Oa (g) = 2 SO; (g) AH=—197 kJ-mol™". At
the same temperature and pressure, 2 moles of SO, and 1 mole of O, are introduced
into a closed container, and when equilibrium is reached, the amount of heat given
off is Q1. If 1 mole of SO,, 0.5 mole of O, and 1 mole of SO5 are introduced into a
container of the same volume, and the amount of heat given off at equilibrium 1s
Q,, which of the following relationships is correct?

(A) Q2<Q<197k]  (B)Q:>Qi>197kI  (C)Q2=Q1=197kJ
(D) Qi <Q<197k]  (E) Q=Q1 <197Kk]J

28. After electrolyzing a certain concentration of copper sulfate solution with an inert
electrode at a certain temperature for a certain period of time, 0.1 mole of basic
copper carbonate [Cuy(OH),COs] is added to the resulting solution, and the
concentration and pH are restored to exactly the same level as before electrolysis
(without considering the dissolution of carbon dioxide). What is the total number
of electrons transferred during the electrolysis?

(A)0.4mole (B)0.5mole (C)0.6mole (D)0.7mole (E)0.8 mole

3-7
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29. Acetic acid is an electrolyte. Which of the following facts indicate that acetic acid
is a weak electrolyte?
(DAcetic acid and water are miscible in any ratio.
@Acetic acid solution conducts electricity.
®Acetic acid molecules are present in acetic acid solution.
@The pH of 0.1 M acetic acid solution is greater than that of 0.1 M hydrochloric
acid.
(®Acetic acid reacts with calcium carbonate to give off CO,.
(®The pH of 0.1 M sodium acetate solution = 8.9.
(DWhen zinc grains of the same size react with the same concentration of
hydrochloric acid and acetic acid solution, the acetic acid starts to produce H; at

a slower rate.

(AHOEO BXPOO® OEOED OMEGED (EDO

30. Five different types of chemical bonds in the molecular H @ u ® ©
v |

+C—C—H0+H

o1

Fig. 3.

structure of ethanol are shown in Fig. 3. Which of the
following statements about reactions in which ethanol

breaks bonds is incorrect?

(A) Bond (1) breaks upon reaction with sodium metal.

(B) Bond (2) and bond (5) break, when heating with concentrated sulfuric acid to
170°C.

(C) Only bond (2) breaks, when heating with concentrated sulfuric acid to
140 °C.

(D) Bond (1) and bond (3) break upon reaction with O catalyzed by copper.

(B) Only bond (1) breaks, when reacting with carboxylic acids in the presence of

concentrated sulfuric acid.

31. Which of the following values is closest to the average translational kinetic energy
of one mole of N; gas at a temperature of 27 °C? The Boltzmann constant is
138 x 102 m?kg-s 2K,
(A) 50017 (B) 1000 J (C) 20007 (D) 4000 J

(E) information is not sufficient to answer
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32. A 50-kg boy runs up the stairs to the top of the 200-m tall 18 Peaks Mountain in 8
minutes and 20 seconds. Which of the following values is closest to his average

power output in horse power? (g =10 m/s?, 1 hp="750 W)
(A)0.4 (B)0.3 (©) 2.0 (D) 10.0 (E) 50.0

33. A magnetron in a microwave oven emits electromagnetic waves with frequency f
— 2450 MHz. Which of the following values in Gauss is closest to the magnetic
field strength required for electrons to move in circular paths with this frequency?
(A)5 (B) 50 (C) 200 (D) 600 (E) 900

Vacuurm

M \\
!

34. Suppose two parallel plates in Fig. 4, each has an area
of 100 cm? and are 0.1 cm apart. The capacitor is connected
to a power supply and charged to a potential difference
Vo =3000 V. It is then disconnected from the power supply.
Which of the following values is closest to the total energy

(U) stored in the capacitor in J?
(A) 8.0x107 (B) 3.0x107 (C) 6.0x107
(D) 1.0x10™ (E) 4.0x107* Fig. 4.

35. A heat pump does work W to bring heat Q. from the cold outside (at constant
temperature T) and deliver heat Qy to warm the interior at constant temperature
Ty. Which of the following is wrong?

(A) The coefficient of performance COP = QWH B) W= Qy—Q,
(C) COP < 1.0 (D) deally COP = ——  (E) Qu > Q
H-Ty,

36. Which of the following values is closest to the minimum power in hp required for
a 1000-kg car that is climbing a 5.7° hill at a steady 72 km/h? Assume that the
average drag force on the car at that speed is 500 N throughout.

(g =10m/s”, 1 hp =750 W)
(A)5 (B) 20 (C)40 (D) 100 (E) 300
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37. Which of the following values is closest to the total electric potential energy of 1

mole of H,O? For simplicity in calculation, here we assume a pure ionic bonding

(H carries a charge +e; O, —2¢), the O—H bond length = 100 picometers, and the

H—0O—H bond angle is 180°.

(A) 4.8 kJ/mol (B) 24 kJ/mol (C) 48 kJ/mol

(D) 240 kJ/mol (E) 480 kJ/mol

38. Suppose an electron is trapped in a one-dimensional infinite well of width L = 2
nm: U =0 from 0 to L, U = e everywhere else. Obviously the particle can never
climb out of well. Which of the following values is closest to the energy of the
photon (in eV) that emits when the electron make the transition from level n =4 to
n=3. (h=6.6x10"" m’kg/s; m. = 9.1x107" kg)

(A) 0.02 (B) 0.06 (©)0.2 (D) 0.6 (E) 2.0

39. A simple DC motor run by a 9.0 V battery
has a 20 turn square coil with sides of length
5.0 cm and total resistance of 24 Q (Fig. 5).
When the motor spins, the magnetic field felt —
by the wire in the coil is 2.0x10 > T. Which of /ﬁ” A
the following values is closest to the the Lo e

- ,‘\,\ armature

maximum torque on the motor in m-N?  Fig. 5.
(A)4x107™  (B)1x10™  (C)7x10”  (D)2x107

40. A helicopter rotor blade can be considered as a long thin
rod, as shown in Fig. 6. If each of the three-rotor
helicopter blades is 3.75 m long and has a mass of m =
1.60 x 107 kg, which of the following value is closest to
the moment of inertia of the three rotor blades about the

axis of rotation in kg:m*?
(A) 5000 (B) 2000 (C) 1000 (D) 100 (E) 20

41. Car A leaves point O at 1 = 0 and travels counterclockwisely along a quarter circle
of radius 100 m at constant speed 30.0 m/s to reach point P. Car B is supposed to
leave point O and travels to point P at the same speed but along a straight line. At
what time should car B leave point O in order to arrive at point P at the same time
as car A?

(A)fr=—4.71s (B)t=-053s (C)t=0 [D)t=053s E)r=471s

3-10
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42. In a one dimensional problem, an object of mass m = 2.0 kg is under effect of a

resultant force Fy as shown in Fig. 7. If the object

Fe (N)

passes through the origin (x = 0.0 m) with initial
velocity vo = —2.0 m/s at ¢ = (0, what is the velocity
att=4.0s?

(A) 2.0 m/s

(B) 3.0 m/s

(©-5.0ms BESEiRLNE
(D) 8.0 m/s 4 bt
(E) -16.0 m/s Fig. 7.

(%)

43. A spaceship of mass m circles a planet (mass = M) in an orbit of radius R. How

much energy is required to transfer the spaceship to a circular orbit of radius 3R?

GmM GmM 2GmM GmM 4GmM
@5 O O7F% O B
44. Two blocks, m; = 1.0 kg and m, = 2.0 kg, are connected by -
a light string as shown in Fig. 8. The radius of the pulley is ,A _ I“\
0.2 m and its moment of inertia is 0.2 kg'm?. If there is .
no slipping between the pulley and the string, what is the D

acceleration of block m,? ‘ mi ]r 1

Aeg Bg2 ©g3 @Oeg4 B8
Fig. 8.

45, A wave is transmitted along a string.
Which of the following actions can quadruple the energy transmitted per unit time?
[. double the frequency
II. double the tension of the string
ITI. double the amplitude
IV. double the wave velocity
V. quadruple the frequency
V1. quadruple the amplitude
(A)IIL V (B) 1L, I1I, V (O 1, VI (D) I, 11 () 111,101

3-11
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46. An empty can and a full can of the same shape are rolled side-by-side down an

incline without slipping. If they start together at the same height, which of the

following statements is correct?

(A) The empty can arrives at the bottom first.

(B) The full can arrives at the bottom first.

(C) They both will arrive at the bottom together because the gravity acceleration is

the same.
(D) It depends on the materials of the cans.

(E) Tt depends on the incline angle.

47. Anideal gas is allowed to undergo a free expansion from volume Vj to volume V>,

what is the change in entropy?

A0 ®mRW/F  (© RV, -V) (D) nRnZ  (B) anran—j

48. There is a parallel-plate capacitor of capacitance Cy. A slab of dielectric material
with x = 2 is placed into the gap between the plates, filling the bottom half of the
gap. What is the resulting capacitance ?

AsC B  (©36 O B3

49. Electromagnetic wave is travelling in the free space with the amplitudes of the
electric and magnetic fields as Emax and By, respectively. What is the average
energy density in the space?

(&) Zhex (@) Bux(c) g2, (D) ey Che (5 fofha Bhas
50. Which of the following observations in the photoelectric effect experiment can be

explained by the wave behavior of light?

(A) There is a cutoff frequency below which no photoelectric current can be
observed.

(B) Photoelectric current increases with increasing the intensity of the light.

(C) There is a stopping potential for photoelectric current regardless the intensity
of the light.

(D) Dependence of ejection of electrons on light frequency.

(E) Dependence of photoelectron kinetic energy on light frequency.

3-12
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51. Two blocks of equal mass m placed on a frictionless flat surface are connected by

a massless spring of a spring constant k, see Fig. 9. In the beginning, the spring is

at its natural length, while the mass on the left is at rest and the mass on the right

is moving towards right with a speed of v. The two-mass system would go on

moving and oscillating relatively. During the oscillation, the maximum extension

of the spring is Z. What is the minimum value of the kinetic energy of the

two-mass system during the oscillation?

L VAVAVAVAVE R

Fig. 9.

mv? | ki? mv? | kL? ~ mv? KL? mve  kL? .. mv?
WT+3 B+ Qg O35 &

52. The simple harmonic motion is a general phenomenon that occurs as one perturbs
a system at stable equilibrium slightly away from its potential minimum. Estimate
the period of the simple harmonic motion for a particle of mass m experienced a
potential energy of the form U(x) = a(1/x + b%x) (Joule) as the particle is

1

slightly pushed away from xq = = (m), where x is the spatial coordinate of the

particle.
4 s - 1
(A) 2T /:ﬁ (B) 2m }f— (C) 2w /aﬂbg (D) 27 J;JE (E) 21

53. Two strings of different linear mass density are joined at x = 0 to form a new

string. The heavier string and the lighter string are on the left and right hand side of
x = 0, respectively. Now, we keep the string stretched with a fixed weight, and
send a wave from the heavier end to the lighter end. Which of the following
statements is correct?

(A) As the wave travels to the lighter end, its profile is amplified.

(B) As the wave travels to the lighter end, its speed decreases.

(C) As the wave hits x = 0, the reflected wave travels faster in the heavier string.
(D) The speed of the traveling wave remains the same regardless of which ends.

(E) As the wave hits x = 0, there is no reflected wave.

3-13
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54. Two different gases of similar mass density at room temperature react differently
as the pressure is varied. Specifically, as the external pressure is raised from 1 atm
to 1.01 atm, the volume of gas 4 is reduced by 0.1% while the volume of gas B is
reduced by 0.2%. Which of the following statements is true?
(A) The sound speed of gas A is faster.
(B) Low frequency sound waves travel faster than the high frequency ones in
gas A.
(C) Low frequency sound waves travel slower than the high frequency ones in
gas A.
(D) For the same sound source of frequency f, the frequency changes more as it
enters gas B.

(E) As we reduce the pressure, the volume of the gas does not always increase.

55. Two ambulances have identical sirens that would make sound waves of frequency
700 Hz. A stationary observer is in the straight line and in between these two
ambulances, while one ambulance is parked and the other is moving away the
observer. The observer notices that the combined sound wave exhibits a beat
frequency of 20 Hz. What is the speed of the ambulance moving away from the
observer? Take the speed of sound to be 340 m/s, and there is no wind blowing
during the observation.

(A) 5 m/s (B) 10 m/s (©) 12 m/s (D) 17 m/s (E) 18 m/s

56. Given a non-uniform charge distribution o Thin metal shell

{marked in black)

p(r) = a/r (C/m®) between two
concentric spheres of radius R and 2R, Charge distribution
(grey area)

and it is enclosed by a thin metal S

spherical shell of radius 2R (negligible

The metal shell
Is grounded

thickness) as shown in Fig. 10, what is the
surface charge density on the inner surface of the metal shell? Fig. 10.

@ -2 ® -2 ©-g¢ O-5= ®-%

18 Ep
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57. A charging RC circuit consists of a battery with emf &, a resistor R, and two

capacitors C; and C as shown in Fig. 11. The two capacitors are identical when

there are no dielectrics inserted (that is Cy = (3 = I, Co
when placed in vacuum). In order to increase the R wf 1 Iy
capacitance, we place a dielectric material of 2 e _V_th
the dielectric constant k in C. At ¢t = 0, there Cr— Cot
are no charges in capacitors, and we close the \

switch to charge these capacitors. Which of the

following statements is correct? Fig. 11.

(A) The charging percentage (Q/Qunax) of these two capacitors would be the same
at all times.

(B) The maximum charges stored in these two capacitors would be the same.

(C) The charging time would reduce if a larger resistor is used.

(D) The charging time would reduce if a battery with a larger emf is used.

(E) As more and more charges are stored in the capacitors, we expect the current

flowing through the resistor is getting larger and larger.

58. A metal rod is pulled to the right in a uniform magnetic field ByZ so thatit
accelerates at a constant acceleration aX on rails and forms a closed circuit with a
resistor R as shown in Fig. 12. For simplicity, let us say at ¢ = 0, the metal rod
coincides with the resistor at x = 0 and is at rest. The distance between rails is L.
Assume that there is no friction between the rod and rails. Which of the following
statements is correct?

(A) The emf induced by pulling the

Uniform magnetic field BDE

metal rod is proportional to £°.

OO

(B) The force required to pull the metal O
rod is proportional to 7. @
© O

(C) The power dissipation in resistor is

proportional to £
(D) The work done by the pulling force is Rod

proportional to 7. Fig. 12.
(E) None of the above is correct.
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59. Which of the following statements about electromagnetic (EM) waves radiated
from a point source with a fixed power is correct?
(A) The amplitude of the electric field strength of the EM wave decays with
distance squared.
(B) The power received by a detector placed along the radial direction decays with
distance.
(C) The energy flux density decays with distance squared.
(D) The larger the power radiated by the source is, the shorter the wavelength of
the EM wave is.
(E) The amplitude of the magnetic field strength of the EM wave does not depend

on distance.

60. The PV curve for the van der Waals equation at a fixed temperature is plotted in
Fig. 13. In this case, the liquid phase can coexist with the gas phase at pressure Pc.
The pressure P¢ intercepts with the PV curve at three points: a, ¢, and e,
respectively. And the slope of the PV curve vanishes at b and d. Which of the
following statements is correct?

(A) For pressure a bit higher than Pc, it is
impossible to have a stable gas phase.

P A

(B) For pressure a bit lower than P, the gas

phase is more stable than the liquid phase. Fe

(C) The region a — b is the supercooled liquid

region.
(D) The region b = ¢ = d corresponds to a Fig. 13.
fluid with a positive compressibility.
(E) None of the above.
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1%,

s 0.06) Nao = 0.21 N (Na = 6.0 x 10%) =

ELE 1.26 x 10% -

WRFH 52 me | A3z
P F KA L Rk ;1L
26 NO, ® 4c » > £ NaCl ;3% > NO, £2
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1. One mole of an ideal gas undergoes an isothermal reversible expansion at 300 K.
During this process, the system absorbs 450 J of heat from the surroundings. When

this gas is compressed to the initial state in one step isothermally, twice as much

% work is done on the system as was performed on the surroundings during the

expansion. Which of the following statements about these processes are correct?

1. ASyys for the one-step isothermal compression is 1.5 J/K.

II. ASgyr for the one-step isothermal compression is 3.0 J/K.

III. ASyniv for the reversible isothermal expansion is zero,

IV. ASniy for the overall process (expansion and compression) is zero.

V. ASyy for the overall process (expansion and compression) is —1.5 J/K.

(A)LII  B)ILO (OILILIV OILILV (E)LIV,V

\\%ELJL%% 13— &fﬁé n
Stde 1 - i St £ — Stafe

W=—t507 W= +q00 )

-5 S= 5%
Sour= -5 L Sourr =2 = +3F-

2wy = O % ASugiv = *\S—\Z
L - |

OYQTO\“ AS\m\\/ - +‘-5‘yK
\\\%(EJ}P? ) -Jr_‘ J_-\L 1%_

2. Which of the following statements about ligands, d-block metals, and coordination

complexes is correct?

(A) The cyanate ion (OCN") can have three different Lewis structures, in which all
the N atoms have the same formal charge.

(B) Zinc is a component of vitamin B,, which is essential for the metabolism of
carbohydrates, fats, and proteins.

(C) [Co(NH3)4CL]" has cis-trans isomers, and the cis isomer is optically active.

(D) [Cr(en)(NH3),L,]™ (en = ethylenediamine) has three geometrical isomers.

(E) The octahedral Cu®* complexes are more appropriate than the octahedral Cr**
complexes to be used to determine the field strength of a ligand.

(AR - cyanate ionBIHIRILF - N atom WA EREE BT EEE
(B)#EFR + vitamin By, 2 FHIEZE M 72 Cobalt

(O)fEER + [Cr(NH3)4Clo]* B9 cis isomer EE#S optically inactive

(
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Nl“ j_ NH3

% N 5 rans A T £ v % ;7% Cis , 7a%g Hrans
L )

T304 6 U 4t

(E)EERR - Cu>7%3d9 complex - 2 Fhigh spinsklow spinZ=2 - FEE MR ligand 1 field strength
Cr?*%5d* complex - high spingilow spinE=£ - oJLIAMIREligang B9 field strength

3. Consider 1.0 mole of an ideal gas contained in a 2.0 L bulb at 27 °C. This bulb is
connected to a 10.0 L sealed, initially evacuated bulb via a valve. When the valve
is opened, the temperature is assumed to remain constant. Which of the following

statements is incorrect? (gas constant R = 0.082 atm'L-K"mol ™)
(A) The final pressure at equilibrium will be 2.1 atm.,

(B) The enthalpy change (AH) for this process is zero.

(C) This is a spontancous process.

(D) Work does not occur during the expansion of this gas.

(E) The driving force for this process to occur is an increase in the internal energy.

(A)IEHE

AN RO A S

(B)IE®E - ideal gas ETHEIRE IR AH = 0

NRT %0082 % 300
vz (10+2)

= 2.05 o

(Q)IE# - ideal gasmIEZ#ETRIRWARMBIZ Aseys > 0 B Aseur = 0 - EEEBE Asyiy > 0 - BREBIE

(D)IEHE - ideal gas[@EZE#ETH R IRAEZEAREZFINTAZREL

(E)#E52 - ideal gas EITIERIIRM AE = 0 (B3 EZRE 2R AR B B RASwy > 0)

4. Compound X, like most substances, exhibits only three phases: solid, liquid, and
vapor. The triple point of X is at 90 torr and 115 °C. Which of the following
statements concerning the liquid and gaseous X is correct?

(A) X(1) cannot exist at 1 atmosphere pressure.

(B) X(I) cannot exist above 115 °C.

(C) X(g) cannot exist below 115 °C.

(D) X(1) cannot have a vapor pressure greater than 90 torr.
(E) X(1) cannot exist at a pressure of 15 torr.
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5. Given the following half-reactions and associated standard reduction potentials:
crt+e — o E°=-050V
Crf+3e — Cr E=-073V
Calculate the standard reduction potential for the following half-reaction:
20" +4¢ — 2Cr
(A)-023V (B)-046V (C)—085V (D)-1.23V (E)-1.70V

(+05)x2 + (-02)x 6
©

= —o U5V

6. How many of the following statements are correct?
1. All the group 13 elements are metals.
11. Alkaline earth metals react less vigorously with water than do alkali metals.
I11. Salts can consist of hydrogen.
IV. Because Li has a more negative standard reduction potential than Na and K, it
reacts most quickly with water among these three alkali metals.
V. BeO is amphoteric.

(A) 1 (B) 2 ©3 D)4 (E) S
ERl -V
fERR IV

7. Given the following eleven gaseous molecules:
H,C=C=CH, H,C=CH, H,CO CO; BeCl, HyO; TeF;
NF; NO, KiFs; SF4
Which of the following statements about these molecules is correct?
(A) There are six molecules with all their atoms lying in the same plane.
(B) Same hybridized orbitals are used by the N atoms in NF3 and NO,.
(C) Both TeF, and KrF, are nonpolar molecules.
(D) All the C-atoms in the four carbon-containing molecules use sp* hybridized
orbital.

(E) Both H,0, and NO, exhibit resonance.
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(A)IER#E - H,C=CH, ~ H,C=0 ~ CO; ~ BeCly * NO3 * KrFs HAXE 2 FRRBERFH¥ER
(B)FERR - NFsZ3spBRA - NO BspUEAL

(O35 - TeF,EHHMY

(D)EEFR - HoC=C=CH, #1875 2 {8 carbon Bisp?/&AL - B 1 {8 carbon Bisp /&K
(BE)$EFR - H O 8 BHIRT

8. Ammonium benzoate is a salt formed from ammonia (NH3) and benzoic acid
(C¢HsCOOH). Calculate the pH of a 0.10 M solution of ammonium benzoate at 25

C °C. (Ka= 6.4 x 107° for C¢HsCOOH, Ky = 1.8 x 107 for NHs; log2 = 0.301; log3 =

0.477; log7 = 0.845)

(A)4.74 (B) 5.96 (C)6.73 (D) 7.28 (E) 8.04

?szkm ok 40+975 aE

A | -

9. Yellow phosphorus (P4) undergoes disproportionation in NaOH(aq) to produce
PH; and NaH,PO;. If 16.0 g of P4 was used in the reaction, how many grams of P4

J%: would behave as the oxidizing agent? (atomic weight of P=131 u)
(A)12.0 g (B)10.0 g (C)8.0¢g (D) 6.4 ¢ (E)4.0¢g

%j :7-79?%}& P4- *31\(0&\“ *5)’\16 — FH; T?)NO\HL?O’L

IR IRLE 1 vl AATRIE, S L | vl P o 3 wol NataFO-

A | wl Pu b A + wa Bk %a@ zé»ﬁz.? iﬁt’ﬂ
&x%z%

10. Consider the titration of 50.0 mL of 0.100 M NaH;POq(aq) with 0.100 M
NaOH(aq). For HsPO4, Ky =7.5% 107, Kia=6.0x 107, and K,z = 4.8 x 107",
Three pH values during the titration are listed as follows.
(1) Before the addition of NaOH(aq), the pH is x.
(2) After the addition of 25.0 mL NaOll(aq), the pH is y.
C (3) After the addition of 50.0 mL. NaOH(aq), the pH is z.
Which of the following statements about x, y, and z is correct?
(log2 =0.301, log3 = 0.477, log5 = 0.699)
(Ayx<4,y>7 B)x>4,z>10 (Cy>7,2z<10
D)y>8,2z>9 E)x<5,y<7
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710 2 NaOH Lﬁ’j

H gKO\\ + ?\(0\1 p— * ’722 L]LL)’] (/X)

A\ 25 ml NaOH : :
CAPOL™ - 0 x25
PH: fkou)f Qo?j( (HZY(L):Z] )— 7\22+Q\1} > 7.22 (3

0\ x50 ~ 04 x28

7\ 60 mL NaDH ¢

_pkaetpkms  T2n o+ AL
- foes 12t B _qgq g

11, Element X has only two isotopes, 1 and 2, and its atomic weight is .33 u. Of the
following combinations of isotope abundance and corresponding neutron number,
which is the most reasonable? (note: v, z, p, q and r are integers)

isotope 1 isotope 2
abundance | number of neutron | abundance | number of neutron
(A) 50% P 50% p+0.66
(B) 67% i 33% y+1
(&3] 75% q 25% q+2
(D) 45% r 55% r—1
(E) 83% zZ 17% z+2

FARYER yau, B8 0B uke $ALTRZ AR
0 (-B)<(B) = T TR/ 0B W B,

A): 05+P + 05 (P+0.bb)= P 0%)

(BY: 0Ty + 033+ (Yr)) =Y+ 0%

E): 0832 +017-(Z+2) = £ + 054

1o LIRE N RAEN, R, (WAL 14

e Lo tope LU RE YRS Vo (9 £RFLAR,
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12. Which of the following molecular formulae has the most structural isomers, all
containing a hydroxyl group?
(A) C3HeO (B) C3HzO (C) C4HzO (D) C4H;00 (E) CsHpO

QC): loﬁsmmml 1Somey”
oA /;H\/ ~ N
o
Ho j\i/
o

X' A A
L O J
& %ﬁ%m&tm\ 1Somex”

Ho

) H(I)/\/\ /‘\/\ /EHA

o
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13. Which of the following statements about the dominant Lewis structures of C10,™

D is correct?
(A) CIO obeys the octet rule. (B) C1O™ has 1 7 bond.
(C) CIOz™ has 8 lone pair electrons. (D) C1O3™ has 2 & bonds.
(E) ClO4~ has 10 lone pair electrons

-|

B-C1=8: | it 24 7-bod
O.

(1)

14. Which of the following statements about the van der Waals equation is incorrect?
P+ W) (V- [))=nRT
(A) The van der Waals equation describes the behavior of real gases.
D B) M =n’a/V? and is used to compensate for the attraction force between gas
molecules.
(C) [[] =nband is used to correct the volume of real gases.
(D) M is negative for most gases.
(E) [] is positive for most gases.

(D)$ERR - ¥4 real gas Z&:R - M & positive

15. If the reaction A(g) + 3 B(s) = 2 C(g) + D(g) starts with only 1 mole of A and 1
mole of B ina 1.0 L sealed reaction vessel, the equilibrium constant of this reaction
is K. Which of the following statements is correct?

D (A) The expression for K of this reaction is ([CT’[D])/([A][BT).
(B)If K=1,[A]is 0.5 M at equilibrium.
(C)If K =1, [C] is 0.3 M at equilibrium.
(D) If [C] = 0.5 M at equilibrium, K = 0.08.
(B) If [D] = 0.25 M at equilibrium, K = 0.17.

B Z puresolid - ABEERECFGERNED

A({? +3Be = ZC(T + D\ﬂ)

2 1
I: | l 0 0 _d )] zo.b-o.zs' - 0,083
C: D5 -026x3  +05xL 4025 (A] 075

E: 05 025 05 0.25
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16. Which of the following comparisons for the acidity of the following species in an

E aprotic solvent is correct?
(A) Acidity: CH;COO™ > HPO,> (B) Acidity: NaNH; > NHj
(C) Acidity: HCO3™ > HSO4~ (D) Acidity: CH30H > NH4CI

(E) Acidity: CgHsOH > (CH;);COH

oH o )D ﬁ
SEAST e sl

OIFERIIRD A oxygen WA ER - EENERFERIEE
HEAHIER ZEITRS

17. Which of the following compounds (1-5) is optically active?

HO,
O Br —OH HO,  CHy OH
A O L e O
OH H;C [

HO OH HO
1 2 3 4 5

(A1 (B)2 ©3 (D)4 (E)S

A inversion center & : cpd 3 ~ cpd 4 3 fg},’g\ &CM'\YV\\/JS%‘ (/T\/a%%&'\?)

BREHEMEE : cpd2 > cpd 5

18. Which of the following compounds (6-10) is chiral?

= NHy  H,C NO,
O HO \ \ ¢ ON OCH,
8 G o o
6 7 & 10

8
(A)6 (B) 7 (©)8 D)9 (E) 10

BREEILEZ : cpd6 ~ cpd 8 * cpd 9 ~ cpd 10  EHL achiral 5+
M cpd 7 AR Msteric strain M EMEZEREALFE

EIAEBARE BRI RERL - B chiral 2

H S 8
SN een

S - BINOL R - BINOL

1)
O
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19. Which of the following compounds (11-15) is nof monosaccharide?

HO, OH OH o OH
0 0 HO g 0
HO\)'I\/OH \/H/H\H H3C-\OJJ\0/ CH; HIQO"‘ -
. OH OH
1 12 13 14 15
(A)11 (B)12 (C)13 (D) 14 (E) 15

monosaccharide — 8 BB D T 5 (CH.0)y - BEEBBEEAESHETS OH B R
Cpd 14 6 f& Eit45#845 14 - A monosaccharide

20. Each of the longest wavelength of the spectral lines recorded for two electron
transitions from n = 2 and n = 4 of hydrogen atoms is X and Y, respectively. What
is the relationship between X and Y?
(A) X:Y=11:34 (B) X:Y =54 O XY=14
(D) XY =5:144 (E) X:Y =17:108

Lrom N=2 B3 tansivon: =2 — =] )
N=90% l\

+ %)
Lrom =459 CmnSition : N=G —> =3
A= 9o 5 ——— = 1§60 (§)

(3-3) J

= {20 (%
> X:ljatlzls

D

21. As shown in Fig. 1, a container with a frictionless iovable pertitions

fixed volume at constant temperature is

divided into three compartments (A, B, ¥ H, e

and C) by two partitions, which are
movable without friction. Compartments A B ¢
A and C are filled with an equal amount of Fig. 1.

mass of gas X and Y. When two partitions stop sliding, the density of X is equal to
that of Y. Which of the following statements is correct?

(A) Volume of gas: V(X) > V(Hy) > V(Y)

(B) Number of moles of gas: n(X) <n(Hz) <n(Y)

(C) Number of moles of gas: n(X) = n(H;) =n(Y)

(D) The molecular mass of X is equal to the molecular mass of Y.

(E) The molecular mass of X is smaller than the molecular mass of Y.

2B ERTE - AMCRZZIMEEE (BB R compartment BHATH,)
FEE B I A AMCt EAHER R EME E

B By = dRT = Ak CEdeoRMA Kb Y ARR AR
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22. Which of the following groups of species can coexist in significant amounts in a

given solution at room temperature?

(A) A solution that turns methyl orange red contains Mg®", K*, SO4*, and NO5™.

(B) A solution that turns phenolphthalein red contains Na*, Cu®*, HCOs", and
NOs™.

(C) 0.1 M AgNO; solution contains H', K*, SO,2", and I,

(D) 0.1 M Na[Al(OH)4] solution contains H', Na', CI", and SO

(E) An acidic potassium permanganate solution contains H, Na*, SO4>, and
glucose.

(A)EIRERAR
methyl orangefVE B & EIfE 3.1~44 - E pH < 3.1 BERLE - pH> 44 BEREER

£ pH < 3.1 WIRIEAEE Mg?* ~ K* ~ SO.2 5INO; EAEURR - JEBFURERGFRA RSP

(B)EIRRMA : cu FEEMEAE AL SRR N EELE Cu(OH) LR
(OFEIRERAR - Ag* M I B &L Agl LRk

(D)EIRFRAR : NaAl(OH) BN H* R IR IE - M& AR ERE

(E)EBIRER AR : BMERY KMn04 AR B 70 glucose ERLERRE - MEEERERE

A

i AEERTA S ORI, B~
M TR T(Mg) 7 20N ATMARE

DAL, 00w - (4 = 2D R s Mol WO B
HWANOEZ S (DAY

23. Under the same conditions, Na, Mg, and Al of equal molar amounts are
respectively added to three test tubes X, Y, and Z containing the same
concentration and volume of dilute hydrochloric acid to fully react at room

temperature. Which of the following three test tubes X, Y and Z must be incorrect

in relation to the volume of gas produced?

(A) X(Na) > Y(Mg) > Z(Al) (B) X(Na) > Y(Mg) = Z(AD)
(C) X(Na) < Y(Mg) < Z(AD) (D) X(Na) = Y(Mg) = Z(AD
(E) X(Na) < Y(Mg) = Z(AD)

H & Y09 =7 (A)
H g 1\((\43) < Z(A)
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24. A certain amount of Cl; is introduced into a
n/male

certain concentration of potassium hydroxide 0.06 Clo”

solution, where both reagents are completely

consumed and heat is released. Three ionic species

R cloy

containing chlorine are produced from this reaction,
among which the amount (n/mole) of C10™ and C105~

ions and the reaction time (t/s) are shown in Fig. 2.

o ts

Which of the following statements is incorrect? Fig. 2.

(A) Different reactions of Cl; and potassium hydroxide solutions may occur at
different temperatures.

(B) The number of electrons transferred in the reaction is 1.26 x 10%,

(C) The amount of KOH in the original potassium hydroxide solution cannot be
determined.

(D) The amount of CI in the product is 0.21 mol.

(E) The amount of K"in the solution is 0.30 mol.

&) 2k
Clat2KO| — KCl +kalD+ KO (A)

3C) + GKOW — kel + ka|0s + 0 G

B EAR & f oob vl IO Fo 003 C\o3 .
@E}*@\%éﬂ_}ﬁ\ (o ob x| + 0.03%5) (,)410 | 2bx 10

A% Tdihsclo 5 0y i ko RE
(D)ﬂ_ﬁi) C| %% 0.0bx| + 003x5 = 0.2 Mol
$3) Ik%@, l{“%@ - O‘Dloxz + 009 % b=0. WJ\

25. Based on the following experiments, which substance can prove to be

bleaching?

(A) When chlorine is introduced into a NaOH solution with phenolphthalein, the
solution immediately discolors.

(B) When a small amount of Na,0O, powder is added to the water with
phenolphthalein, the solution first turns red and then discolors.

(C) The red color of phenolphthalein solution fades after the addition of SO,.

(D) When SO, is added to an acidic solution of KMnOy, the purple color of the
solution fades.

(E) Addition of nitric acidified AgNOs solution to chlorine water results in white
precipitate.

NOnOz + lHiD — lNo\D\’\ + HzDz — gﬂt,?\/ﬁv\o\‘)\/ﬁmem'f%ﬁﬁiﬁi
T
1 ﬁ\em\ F\\%a\e'm Y4
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26. Two bottles of gas are NO,(g) and Br,(g) with the same appearance. A chemist
designed a variety of identification methods:
I. wet test paper with starch/K1,  II. addition of a small amount of NaCl solution,
11I. addition of a small amount of AgNO5 solution,
IV. addition of a small amount of water and then an appropriate amount of benzene,
V. change the temperature
Which methods can be used to distinguish NO,(g) from Bry(g)?
(ALILIV  BILILIV (OLILULIV OLILILYV  E)ILIIL IV, V

| MERAREB O AL I s 1o - (B AR ARy
I1. NO, & 81 NaCl(aq) S HoO K7 A= St (a1 HNOs A1 NO

I 7 4E AgBr(s) 42 Bra()
IV.NO, &5 HoO [ZJEEE A HNOs FlI NO ffi# & 028 Lewis acid (LT - FAFER Bry #R ()

VAEE N - AIAREH NO, EE S AR NoOy

FEARELBEEZMHNER 25T - THATEE N HBIRAE AT

27.At 298 K and 101 kPa, 2 SO, (g) + Oz (g) = 2 SO; (g) AH=—197 kI'mol™. At
the same temperature and pressure, 2 moles of SO;and 1 mole of O, are introduced
into a closed container, and when equilibrium is reached, the amount of heat given
off is Q. If 1 mole of SO, 0.5 mole of O, and 1 mole of SOs are introduced into a
container of the same volume, and the amount of heat given off at equilibrium is
Q,, which of the following relationships is correct?
(A)Q<Q <197kl (B)Q>Q>197k]  (C)Q=Q=197k]
D) Q1 <Qy<197kl  (E)Qu=Q:1<197kJ

BAA: A% 2 ml o Fo | wl 024244503
b B BTk A4 ) 2 R, B g Q< 197

bk, 2: 2 | ml S0z Fo 05md 042175 | mel SO
ot B bR b, MU AEEEAR Q)

\é,%a%) \ﬂ >Qu> @2
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28. After electrolyzing a certain concentration of copper sulfate solution with an inert

electrode at a certain temperature for a certain period of time, 0.1 mole of basic
copper carbonate [Cux(OH),COs] is added to the resulting solution, and the
concentration and pH are restored to exactly the same level as before electrolysis
(without considering the dissolution of carbon dioxide). What is the total number

of electrons transferred during the electrolysis?
(A)0.4mole (B)0.5mole (C)0.6mole (D)0.7mole (E)0.8 mole

Ao, 0 nd {Cae (oo (03] TEA AoX 02 ol GuO Fa 0] o] 10 Fo 0] w| (e
\_____y_,..——--—J \-—-a-——-—v-——-—-'

L——Yv—J

P-Be@  Fomwm B

)

AN oz*%#%

B @3 %n4 10 - e
02 md CiQ KIB R 04 mol §TE7FL

Bk ob w| 95
ol o D FHE R 02 wd &% kol wl 485

29. Acetic acid is an electrolyte. Which of the following facts indicate that acetic acid

is a weak electrolyte?

(DAcetic acid and water are miscible in any ratio.

@Acetic acid solution conducts electricity.

®Acetic acid molecules are present in acetic acid solution.

@The pH of 0.1 M acetic acid solution is greater than that of 0.1 M hydrochloric
acid.

(®Acetic acid reacts with calcium carbonate to give off CO,.

®The pH of 0.1 M sodium acetate solution = 8.9.

(D)When zinc grains of the same size react with the same concentration of
hydrochloric acid and acetic acid solution, the acetic acid starts to produce H; at
a slower rate.

(AOEO BEROOE® OGO MERO®ED EDO

(3)5RHA : EEHOACH FHRNEE100% M E
(4)57208 : pHEEAEEIBEMIHCIS t3RRIZ B 100% M2 B
(6)FRR : "OAc EAmt - oI RIEHEIEE HOAC BRI
(IR NaOAc 9 pH = 7 #i3=7R HOAC 258 #)
(7)5208 : HOAC B4 H REIEZRARZHE 100% @Et - HREREBENGER
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30. Five different types of chemical bonds in the molecular

Bl =55 | armE=nREn [EABT] |

H ~H
structure of ethanol are shown in Fig. 3. Which of the 7 | @ | @ O
: L. _ =0T =0-H
following statements about reactions in which ethano] S I‘®+ v
breaks bonds is incorrect? H H
Fig. 3

(A) Bond (1) breaks upon reaction with sodium metal.

(B) Bond (2) and bond (5) break, when heating with concentrated sulfuric acid to
170 °C.

(C) Only bond (2) breaks, when heating with concentrated sulfuric acid to
140 °C.

(D) Bond (1) and bond (3) break upon reaction with O, catalyzed by copper.

(E) Only bond (1) breaks, when reacting with carboxylic acids in the presence of

concentrated sulfuric acid.

(ARIEERAR : C\'\),(,\—\,_OH r Na — CH%QHLO_ Nf: t Hfz(g\

(B)IEEIE3RAR CHsQHlOH SDL lJpC CHL
(CRIEIRAA : ZQH;Q\l()\—‘ % QH%QHZ—-D— Q{,,,(,H3 ( )ﬁik& bord © bquk 7&*&')

o Cfyc 0 —-—QQ&——& cHhCHQ
"

o
(E)IRIEERAA : R)\\OH + HO—C“[&(,H3 HzSO% R/“\O"CHKH3
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33. A magnetron in a microwave oven emits electromagnetic waves with frequency
f=2450 MHz. Which of the following values in Gauss is closest to the magnetic field
strength required for electrons to move in circular paths with this frequency?

(A)S (B) 50 (C) 200 (D) 600 (E) 900
33. fi# * (E)
w = é =2naf
m
_2amf 2w x9.11x 107" x 2450 x 10°

=

; Texio =0.088[T] = 880[G]

34. Suppose two parallel plates in Fig. 4, each has an area of
100 cm” and are 0.1 cm apart. The capacitor is connected to
a power supply and charged to a potential difference V(=
3000 V. It is then disconnected from the power supply.
Which of the following values is closest to the total energy
(U) stored in the capacitor in J?

Vacuum

(A) 8.0x107 (B) 3.0x10 (C) 6.0x107
(D) 1.0x10™ (E) 4.0x10™
34.fi% : (E)

A 1 100 x 107

C=¢,—= 5 X — =8.85x10"
d 4nx9x10° 0.1x10

1 1
- ECVZ = x885x 107" x 3000° =3.98 x 107*[J]

37. Which of the following values is closest to the total electric potential energy of 1
mole of H,O? For simplicity in calculation, here we assume a pure ionic bonding (H
carries a charge +e; O, —2¢), the O-H bond length = 100 picometers, and the H-O-H
bond angle is 180°.

(A) 4.8 kJ/mol (B) 24 kJ/mol (C) 48 kJ/mol
(D) 240 kJ/mol (E) 480 kJ/mol
37.fi# * (E)

K

U = 29
’
K,e(-2e) K,e(e) K,(-2e)e 7Kee2
U= + + =-
r 2r r 2r

7x(9%x10%)(1.6x107"%)?
2 x (100 x107'%)
= -8.06 x 10™"*[J /molecular]| = -4836[ kJ /mole]
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38. Suppose an electron is trapped in a one-dimensional infinite well of width L=2 nm:
U =0 from 0 to L, U = everywhere else. Obviously the particle can never climb out
of well. Which of the following values is closest to the energy of the photon (in eV)
that emits when the electron make the transition from level n= 4 to n=3. (h=6.6x10"*
m’kg/s; me=9.1x10"" kg)

(A) 0.02 (B) 0.06 (©)0.2 (D) 0.6 (E)2.0
38. fiF (D)
n’h’
E =
" 8ma’

_ (6.63x107)?
T 8x(9.11x1071)(2 x107)?
E,-E,=009x (4% -3%)=0.63¢V]

n’ =15x10"n’[J]=0.091[eV]

39. A simple DC motor run by a 9.0 V battery has a 20 turn square coil with sides of
length 5.0 cm and total resistance of 24 Q (Fig. 5).
When the motor spins, the magnetic field felt by the
wire in the coil is 2.0x10 T. Which of the following
values is closest to the maximum torque on the motor
in m-N?
(A) 4x10™ (B) 1x10™ (C) 7x107
(D) 2x107 (E) 1x107
39. % 1 (A)
EE[ T=mx B
T = NiABsin6
=20 x % x (5x107%)% x (2 x107%)sin90°

=3.75x107[m- N]

41. Car A leaves point O at ¢ = 0 and travels counterclockwisely along a quarter
circle of radius 100 m at constant speed 30.0 m/s to reach point P. Car B is supposed
to leave point O and travels to point P at the same speed but along a straight line. At
what time should car B leave point O in order to arrive at point P at the same time as
car A?

(A)t=-471s (B)t=-0.53s (C)t=0 D)t=053s (E)t=4.71s
41. % = (D)

car A: S = 27(100)

=30x(t-0)=t=5.23s]

car B: S =4/2 x100 =30 x (#'-0) = 1'= 4.71[ s]

car A Lt car B T GHYRFEISE X » Ky T s A] DA 22 HHY > #5 car BA]
DAt —EEH % - Al

At =523-471=0.52]s]
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42. In a one dimensional problem, an object of mass m = 2.0 kg is under effect of
a resultant force F as shown in Fig. 7. If the object ¥ (N)
passes through the origin (x = 0.0 m) with initial velocity
vo = -2.0 m/s at t = 0, what is the velocity at = 4.0 s?
(A) -2.0 m/s
(B) -3.0m/s
(C)-5.0m/s
(D) -8.0 m/s
(E) -16.0 m/s
42. fiF * (B) EOR
B E A Ry F-tEl i SR ST [ 2 R Fig. 7.
(1+2)x4 2x8 _

2 2
Ap=m(v, -v,)=-2=2x [vf —(—2)] =V, = —3[m/s]

Ap =

44. Two blocks, m, = 1.0 kg and m, = 2.0 kg, are connected by a light string as shown
in Fig. 8. The radius of the pulley is 0.2 m and its moment of

inertia is 0.2 kg'm?. If there is no slipping between the pulley /‘.I '\{
and the string, what is the acceleration of block m,? o /'
(A) g (B) g2 (©) g/3 '
(D) g/4 (E) /8
4.1 : (E) m%
HT=FxF=Ia )
a a mnt
R(T, -T)=I1(— 02XT, -T) =(02)(— 2
_( » 1) (R)=( T, = T) =( )(0'2) Fig. 8. | ‘
FHF =ma

T,-mg=-mya=T,-2g=-2a
I-mg=+ma=T1T -1 g=+1"a

=R a= g

48. There is a parallel-plate capacitor of capacitance Cp. A slab of dielectric
material with K = 2 is placed into the gap between the plates, filling the bottom half of
the gap. What is the resulting capacitance?

1 3 4
(A)ECO (B) ZCO (C) ECO (D) 2Co (E) 3C0
48. fi#2 1 (C)
HOAS R 2 B
A
C. =g —
0 =& d
HIAS B 2
l = L + L = 1 + 1 = 1 1 C = _CO
cC C G A 2C, 4C,
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51. Two blocks of equal mass m placed on a frictionless flat surface are connected
by a massless spring of a spring constant k, see Fig. 9. In the beginning, the spring is
at its natural length, while the mass on the left is at rest and the mass on the right is
moving towards right with a speed of v. The two-mass system would go on moving
and oscillating relatively. During the oscillation, the maximum extension of the spring
is L. What is the minimum value of the kinetic energy of the two-mass system during
the oscillation?

m NN NNN\A M

Fig. 9.
mv: kI’ mv: kI’ mv’ kL2 mv:  kI? mv*
A — (B — D -— E
()4+2()2+2() =3 ()4 5 ()4
51.f# - (E)

HGERSEE Y my, = My,

|
m-0)+my=(m+m)y, =v, = EV
FH AR RE ST IR
E=K+U
=>1(2 )(1 ) +0 0+1kL2
ZO2m(=v _ -
2 2 2

L,
=K =—mv
4

52. The simple harmonic motion is a general phenomenon that occurs as one
perturbs a system at stable equilibrium slightly away from its potential minimum.
Estimate the period of the simple harmonic motion for a particle of mass m
experienced a potential energy of the form U(x) = a(1/x + b*x) (Joule) as the particle

is slightly pushed away from xy, = % (m), where x is the spatial coordinate of

the particle.

4m 2m m m
A) 2n,|— (B) 27, |— C) 2m,|— D) 2 E)?2
(A) ﬂ’/alf (B) ﬂ’/alf (©) ﬂ’/alf (D) 27 WE (E) 2m
52. fi = (D)

1
Emvi +U(x,) =U(x)

1
=>§mvfn +2ab =2 + ab’x

X
2a 2ab*x 4dab

=V, =q—+ -
mx m m

L x, RyJRE > ML T FER AT (R R 2 )

3
2a , 2a 2ab
—4 vm = 3 =X =X
mx mx”|x, m

T—2—E—2Jr m3
w VZab

=X

3
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56. Given a non-uniform charge distribution
p(r)=alr (C/m’) between two concentric
spheres of radius R and 2R, and it is enclosed
by a thin metal spherical shell of radius 2R
(negligible thickness) as shown in Fig. 10,
what is the surface charge density on the
inner surface of the metal shell?

Thin metal shell
& narked KyBisck

Charge distribution
(grey area)
p(r) =a/fr

The metal shell

— s grounded
3 3 a 5 Fie. 10
A) = B) -~ — C) -— g 0L
W-ga B g (©-pa
5 a 3d°
D) -—— E) -~ —
B) ~1g £, ® 1%
56. i : (A)

0=["pav = [ Eandr = 6mak®
r

FE2RY B I T e
_Q__6mR _3a

o= = 7=
A 47x(2R> 8

- L 3a
FEERRNIgREH o = s
3a

RGN G REL o, = —
(DRt U Bt i 2 B op A > 52 R JE R o)

57. A charging RC circuit consists of a battery with emf ¢, a resistor R, and
two capacitors C; and C, as shown in Fig. 11. The two

capacitors are identical when there are no dielectrics : g

inserted (that is C; = C; = when placed in vacuum). In R ,,1‘ ,1(’
order to increase the capacitance, we place a dielectric E 0, Q-
material of the dielectric constant k in C». At =0, Ci—— 38

there are no charges in capacitors, and we close the

switch to charge these capacitors. Which of the

following statements is correct?

(A) The charging percentage (Q/Q,u..x) of these two ;O

. ) g. 11.

capacitors would be the same at all times.

(B) The maximum charges stored in these two capacitors would be the same.

(C) The charging time would reduce if a larger resistor is used.

(D) The charging time would reduce if a battery with a larger emf is used.

(E) As more and more charges are stored in the capacitors, we expect the
current flowing through the resistor is getting larger and larger.

57. % (A)

. A
C 'E'.é,’ei C1 =€OE

A

C WE C, =key— =k,

ST C'=C,+C, =C, +kC, = (1+k)C,
t

RCEPE 770 Q(1) =C'e(l-e *)
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Ci2 &1 Q1) = Q1) x c G

= 0,(t) = Q) (1—e )
C FR 1 O,(1) = O(t) x

C +C,
= 0,(1) = Q) o (1 _e_ﬁ)
iy ey 248 20

1 max Q2 max

=C'e(l

. _t
—e RC')XFZ'=C28(1—6 RCh

_C _r
=Cle(l=e *)x 2 =Ce(l-e ™)

t

58. A metal rod is pulled to the right in a uniform magnetic field ByZ so that

it accelerates at a constant acceleration aXx on rails and forms a closed circuit with a
resistor R as shown in Fig. 12. For simplicity, let us say at # =0, the metal rod
coincides with the resistor at x = 0 and is at rest. The distance between rails is L.
Assume that there is no friction between the rod and rails. Which of the following

statements is correct?

rod is proportional to ¢
(B) The force required to pull the
metal rod is proportional to ¢.
(C) The power dissipation in resistor
is proportional to .

Uniform magnetic field Bg2

(A) The emf induced by pulling the metal
; ional to 7. ([ ]O © OO @

O OO
—“L,

ocjoic[e

(D) The work done by the pulling force ~ (*) () () O|® &
7

is proportional to 7.
(E) None of the above is correct.

58. fi# * (B)

A By R S Ef (v =const.) > HI|

F _ —ilLB = mﬂ=0
dt

ext

I Ry IR E N (v o 1) > Hl

F OCt’zocr’soct

ext

LA —mv20<t2 » P =i’R o« t*
2 R

Fig. 12.

60. The PV curve for the van der Waals equation at a fixed temperature is plotted
in Fig. 13. In this case, the liquid phase can coexist with the gas phase at pressure Pc.
The pressure Pc intercepts with the PV curve at three points: a, ¢, and e, respectively.
And the slope of the PV curve vanishes at b and d. Which of the following statements

is correct?
(A) For pressure a bit higher than Pc, it
is impossible to have a stable gas phase.
(B) For pressure a bit lower than Pc, the
gas phase is more stable than the liquid
phase.
(C) The region a — b is the supercooled
liquid region.
(D) The region b — c— d corresponds to
a fluid with a positive compressibility.
(E) None of the above.

3-37

P 4

>t
Ve

Fig. 13.



BEiEEE | HAREERERN [EAET] ]

60. fit : (B)
P > P, Wil A S A R LA
P < P, FIERBEMI AR

van der Waal equation (P + %)(V -b)=kT

EEMAERAS - EFE T TN TR EER T - SR
RAGHERE © b —c =d AL > SBR%S -
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