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1. Which substance of the following reaction is oxidizing agent?
2H 02 (1) = 2H0 (1) + Ox(g)
@ H,0 (D ® 0O:(g) © H,0, (1) © none of the above

2. Which substance of the following reaction is reducing agent?
SiCly(1) + 2H,0(1) = 4 HCl{aq) + SiO: (5)
@ SiClg(l) ® H,O) © HCl(aq) ® none of the above

3. A piece of Cu metal (1.06g) is placed in 250m] of 0.20M AgNO; solution. What would you
expect to happen?
@ No reaction ® produce brown precipitate
© the Cu metal disappears ' ©® produce yellow gas

4, Rust stains (Fe;0;) can be removed by washing the surface with a dilute solution of oxalic
acid (H2C,04).  Which of the following statements is correct?
@ This reaction is an oxidation-reduction reaction
® The rust stains are reduced
© The oxalic acid is oxidized
@ There is no change in oxidation number of any element

5. The correlation between the equilibrium constant and the reaction rate is,
@ larger equilibrium constant gives rise to higher reaction rate
® higher equilibrium constant gives rise to slower reaction rate
© equilibrium constant and reaction rate are irrelevant
© reaction rate is influenced by the equilibrium constant only at high temperature

6. The K, values are given in parenthesis for the following acids. HF (7.2x10%), HNO,
(4.0><10'4), HCN (6.2x107'%, NH* (5.6x1071%). Whit_:h of the following sequence is correct?
@ Base strength FF < NO; < H;0 <CN°

(B @A HREES)
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® Base strength F > NO,” > H,0 > CN
© Base strength H;O <F" <NO,” < CN" < NH;,
© Base strength F* < NO; < H,0 < CN” < NH;

7. Which of the following electron configurations is correct?
® Cr:[Ar)4s3d'  ® Cu”: [Ards™3d® © Cu?": [A3® O V: [Ar)ds'3d"

8. Given that K((NH"") = 5.6x10™°, K,(HCN) = 6.2x10™"°, the aqueous solution of NH,CN will
be,

@ basic ® neutral © acidic ® not known

9. Considering the reaction, CH;CO,H(aq) + H,O(l) = CH;CO," (aq) + H30%(aq) K,=1.8x107
Which of the following statements is incorrect?
@ H,0 and CH;CO; are competing for proton
® H,0 is the stronger base than CH;CO,”
© H0 is the weaker base than CH;CO,
® CH;CO,H is not competing for proton.

10. Which of the following orbital designs is incorrect?
@ s ® 1p © 3d © 4f

11. Regarding the chemical bonding, which of the following statements is incorrect?
@ covalent bond involves sharing of electron pairs
® ionic bond involves sharing of electron pairs
© electronegativity is the ability of an atom in a molecule to attract electron
® polar covalent bond involves unequal sharing of electron pair

12, Which of the followings is disproportional to intermolecular force?
@ surface tension ® viscosity © boiling point ® vapor pressure

13. The glucose solution in water may exhibit
@ higher billing point than water
® lower boiling point than water
© same boiling point as water
® lower boiling point than water at < 1% concentration

14. The balanced equation for the reaction of gaseous nitrogen dioxide and fluorine is: 2ZNOyg +
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Fag) 2 2NOyF (). The experimentally determined rate law is: Rate=k[NO;][F;]. Which of the
following suggestion mechanism for this reaction is acceptable?

@ NO; + F; 2 NOsF +F (slow); F + NO, = NO,F (fast)

® NO, +F; 2 NOF + F (fast); F + NO; = NOJF (slow)

© NO;+ F; 2 NOF + OF (fast); NOF + OF + NO;—2> 2NO,F (slow)

® NO;+ F; 2 NF, + O; (slow); NF; + Oz + NO; -» 2NO,F (fast)

15. Which one of the following descriptions is CORRECT?
@ AgNO3uq) + KClag) = AgClysy + KNOsg) is a precipitate reaction
® NaOHgq) + HClaq) = NaClyg) + H2O is a oxidation-reduction reaction
© 2Nag + Clygy > 2NaCly is an precipitate reaction
© CHygy +20s) > COx + 2H30y is an acid-base reaction

16. Which one of the following descriptions about chemical bonds is CORRECT?
@ Bonds are defined as forces that hold groups of molecules together and make the
molecules functions as a unit.
® The energy that are required to break the bond is called the ionization energy.
© Ionic bond are formed when an atom that loses electrons relatively easily reacts with an
atom that has low affinity for electrons.
© Covalent bond are formed in the hydrogen molecule and in many other molecules in

which electrons are shared by nuclei.

17. Which one of the following hybrid orbital is NOT possible for carbon atom in a molecule?
@ sp hybridization ® sp® hybridization
© sp’ hybridization © dsp® hybridization

18. The infrared spectrum of gaseous CH,, CO,, C;H; and H>O shows the v=0 to v=1 transition
at 2850 cm”’, 1690 cm™’, 1640 cm™ and 3610 cm™, respectively. Which one of the following
sequence of force constant for the corresponding bond is CORRECT?

@ C-H>C=0>C=C>0-H ® C=C>C=0>C-H>0-H
© C=C>C-0>C-H>0-H ® C=C>C-0>0-H>C-H

19. Consider the following elements, which one of the following sequences of first ionization

energy is NOT correct?
@ He>Ne> Ar>Kr ® N>C>B>Be
© Ne>Mg>Na ® H>Li>Na>K

(Fom B AA 8 FEfEL)
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20. Which one of the following molecule is expected to have a dipole moment?

@ CCl, ® SO, © CO, ® CH,

21. In the reaction: CH, (g) + 20, (g) 2> CO; (g) + 2H,0 (g), which of the following statement is
incorreet? '
@ The oxidation state of O changed from 0 to -2
® The oxidation state of C changed from -4 to +4
© CHy is the oxidizing agent
® Oxygen is reduced

22. About the properties of H,O, which of the following is incorrect?
@ It is amphoteric ® The H-O bonds forms an angle of 120°
© Its JIUPAC name is oxidane ® 1t’s a polar molecule

23. The pH value of a 2.0 M solution of CH3NH; is (ky = 4.38x10™):
@ 12.17 ® 13.56 © 10.28 © 1.68

24. About atomic radius, which of the following is true?
@ Be<C ® Si>Na © Mg>Ca © Al>Cl

25. Which one of the following descriptions on the galvanic cells is correct?
@ The oxidation involves a gain of electrons or a decrease in oxidation number.
® Electrons are transferred from the oxidizing agent to the reducing agent.
© A galvanic cell is a device in which chemical energy is changed to electrical energy.
@ Oxidation occurs at the cathode.

26. Which one of the following descriptions on acids and bases is correct?
@ Bases produce hydrogen ions in aqueous solution, and acids produce hydroxides ions.
® The conjugate acid is everything that remains of the acid molecule after a proton is lost.
© The H' is simply expressed as it is hydrated in aqueous solutions.
@ A strong acid is obtained when the acid dissociation at equilibrium is low.

27. Which one of the following descriptions on acid strength (for a weak acid HA and its
conjugate base A’) is correct?
@ For weak acid, X, is large.
® For weak acid, equilibrium concentration of H' is comparable with original
concentration of HA.




& 119 BLAhAEAFASERALRE &4 RAH % /3K BEH

FREAER C HEREE TRER
ZHEFBE ¢ BEIE FELER : 0307 - 5K - 2

W FEFER AR MY OFY EREHER

© For weak aéid, the strength of conjugate base is much weaker base than H,O.
© The value of K,, HSO4 > NH,". |

28. Which one of the following descriptions on the electrochemical cells is correct?

@ The thermodynamic driving force is defined in terms of a cell potential difference
between two points in the circuit. '

® When current flows, some energy is inevitably wasted through frictional heating, so the
maximum work is obtained.

© The entropy of the universe must decrease in any spontaneous process.

© We can never achieve the maximum work through the actual discharge of a galvanic cell,
S0 we cannot measure the maximum potential.

29. A species with an unpaired electron is called
@ adissociated ion ® a negatively charged particle
© acovalently bonded species ® a free radical

30. Which one of the following chemical properties is not from metals?
@ To lose electron(s) to become cations
® to react with non-metals to form ionic compounds
© to react with non-metals to form covalent compounds
©® to mix with other metals to form solid solutions (alloys).

(FBBAHED FEHEL)
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Acronyms: R=gas constant, T=temperature, V=volume, P=pressure, U=internal energy,
H=enthalpy; G=Gibbs free energy; A=Helmholtz free energy; S=entropy, q=heat, w=work,
Cy=heat capacity at constant pressure; C,~heat capacity at constant volume

Gas constant: R= 8.314 J/mol-K=0.082 /-atm/mol-K

31. The number of ways in which the particles can be distributed in space is related to the
concept of the thermodynamic property: .
@ thermal entropy ® degree of mixed-up-ness
© enthalpy ® configuration entropy

32. The internal energy of two moles of ideal gas is a function of
@ pressure ® volume
© heating history ® product of pressure and volume

33. In a reversible process, what is commonly observed
@ heat flow is not needed ® work done may vary
© process is slow ® all of above is correct

34. A gas in a container was freely expanded when connected to a vacuum chamber, Then, the
free expansion process of this gas
@ is highly irreversible ® results in no work done
© results in significant increase in entropy © all of above is correct

35. When a process is described as very irreversible means the process
@ is very exothermic ® is very endothermic
© is very reactive ® results the significant increase of entropy

36. Two identical gases (labeled A and B) with same conditions (temperature, volume and
pressure) have gone through isothermal (for-A) and adiabatic (for B) processes. The final
pressure is the same. Then, compare the final conditions of A and B

@ A has larger volume and higher temperature
® A has larger volume and lower temperature
© B has larger volume and higher temperature
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© B has larger volume and lower temperature

37. When a piece of steel A with temperature of 30 °C and a piece of aluminum B with
temperature of 50 °C were put in contact side by side, which of the following is true
@ the Al atom will diffuse into steel A
® configuration entropy will not increase
© total entropy will not be affected
© thermal entropy will not increase

38. In the diagram of enthalpy versus temperature, the discontinuity at certain temperature
usually means '
@ overheating ® the phase change © supercooled state © oxidation

39. When pressure is constant, enthalpy is equivalent to
@ heat ® internal energy © entropy O work

40. Which activity coefficient is an indication of a eutectoid solid solution?

@0 ® 0.5 © 1.0 ® 15

41, Which property cannot be derived from the first law of thermodynamics alone?
@ free energy ® work © internal energy @ heat

42. At constant pressure, when temperature increases, Gibbs free energy
@ always increases - ® always decreases
© does not change ® increases following by decreasing

Consider the phase diagram for the system Cd-Zn at 1 atm pressure, answer the following
questions (Q43-Q45)

41985

0 0.26 050 0.75 1.0
Cd mole fracilon Zn Zn

(F@inA A FHEEnEs)
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43. Which of the following is true?
@ The maximum solubility. of Zn in Cd is 0.0435
® The eutectic melt happens between 266 °C and 321 °C
© The maximum solubility of Cd in Zn is 0.9875
© All of the above

incorrect?

log £ {atm)

S | j
£ PG ; i
/«s 29 ak
.8 [ b i
200 200 400 500
tempsrature, °C

@ State 1 is a triple point of the system
® The invariant 4-phase equilibrium occurs at State 2

4x10™ atm
©® At350°C and 10 atm, the system has no vapor phase

the following is not an equilibrium?

400 R quapnept= Serrorory
v ’,-—-‘"
,I
g W )
E a B
200 [ .
100 L ! .
0 .25 .50 0.75 1.0
mals fraclion. Zn
@ v-a-L ® v-L-p ©a-L-B

46. In a binary solution A-B, which of the following is true?

44. The P-T projection of the system Cd-Zn is shown below. Which of the following is

© The 3-phase equilibrium B-L-v has a maximum at T= 380-390 °C, and approximately

45. The isobaric section of the binary system Cd-Zn at P=10"* atm is showed below. Which of

® v-up
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® The molar Gibb’s free energy of formation is AGM= RT(Xp In a4 + X, In ap)
® For equilibrium between phase o and phase B: a (in a) = ap (in p)

© In aregular solution, when a = 2, immiscibility is likely to happen

D The A-liquidus composition are given by -AG’m(a) = RT In X,

47. Consider a system of water and vapor at the uniform temperature T contained in a cylinder
fitted with a frictionless piston, and let the cylinder be placed in thermal contact with a heat
reservoir which is also at the constant temper“ature T. When the compression of the
water-vapor is performed, |

@ spontaneous evaporation of water occurs

® entropy remains unchanged in the water-vapor system,

© heat is transferred from the heat reservoir to the water-vapor system.

© When a complete reversibility is approached, the process becomes infinitely slow.

48, Which one of the following descriptions on entropy is correct?
@ Entropy is a not state function.
® The entropy of a system increases when the system undergoes a reversible process.
© The entropy change decreases when a process of phase change is completed.
© Entropy is independent of reaction paths when the system conducted reversibly.

49. Which one of the following descriptions on the reversible heat transfer is correet?
@ Reversible heat flow is degraded as a maximum work performed in a system.
® The heat transfer is so fast that the system remains in equilibrium throughout the
process.
© The process from an initial state to a final state can be returned when a maximum work
is performed.
© The system or the surroundings suffer an overall change.

50. Which one of the following descriptions on the heat of fusion and vaporization at normal
melting and boiling temperatures is correct?
@ The temperatures correspond to low temperature.
® For fusion, the volume change is much higher than for vaporization.
© The difference between the change of internal energy and the change of enthalpy is very
small. .
© A vapor pressure is attained when the rates of evaporation and condensation are not

equal.

(F®winAAa8 FBBEL)
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51. Which group is ortho- and para-directing activator in electrophilic aromatic substitution?
@ -Cl ® -CN © -NO2 ® -OH

52. The molecules which contain chirality centers and a plane of symmetry are:
@ meso compound @ racemates © enantiomers © diastereomers

53. What is the structure of tetrahydrofuran (THF)?
o :
(J C > ()
® ® © ©

54. Which one is the poorer leaving group in Sn2 reaction?

@F ® 7T © Cr © O

55. What is the benzoyl group?
0 0]

CHymr <|£——0-— : A— C O
"y ©/ ® ©/ © O

56. What is the most common reaction of carboxylic acids ?
@ nucleophilic addition ® nucleophilic substitution
© electrophilic addition ©® electrophilic substitution

57. Acid chlorides react with amines to yield:
@ ester ® acetal - © nitrile © amide

58. Aldehydes and ketones are easily reduced to yield:
@ alcohols ® esters © acid ® alkane
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H H
] NaOH
50 H;C—C=—=0 + HC—CHO ——» 7
H;C—C—CH,CH H;C~—C=C—CHO
® 3 plhg ® 3
© H3C~—CHy-—~CH;—CH,0H o CH;COOH

60. The intermediate in the reaction is :

0 NH NH,
I NH; I Reducing

CH;CCOOH ———» CH;CCOOH | g™ CH;CHCOOH

@ imine ® enamine © imide ® iminium ion

61. The configuration of each chiral carbon in a molecule can be designated in terms of the
symbol R and S. Which of the following description is not correct?
@& There must be four different ligands covalently bonded to this chiral carbon atom.
® The configuration of R can be switched to configuration S by consecutive rotation
around single bonds.
© R configuration can not superimpose with the S configuration.
® This difference in configurations can cause the molecular behavior and reactivity to be

very different.

62. Compare physical and chemical properties of enantiomers, which of the following
description is correct?
@ Their chemical properties are the same toward achiral solvent -
® Enantiomers are not optical active
© The racemic form is optical active
©® The melting point of enantiomers usually is different.

63. Which of the following description is not considered as the aromatic characters of benzene

molecules?.
@ Thermal stability
® Substitution rather than addition reactions with polar reagents

(@it HBEE FEEEL)
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© Easy to be oxidized by KMnQO,4 and HNO;
@ Unique nuclear magnetic resonance spectra.

64. About the name and molecular formula, which of the following pairs is net proper?
@ ethyl alcohol: CH;CH,0OH ® Ethyl dihalide: CH;CH,X
© Borane: H;BH © Sulfuric acid: HOSO;0H

65. Considering the reversible reaction, RCH;CH0H <~ RCH=CHj3 + H,0 which of the
following description is not correct?

@ High H,0 concentration and temperature favor alkene formation by dehydration.

® Hydration of alkene occurs at low temperature and with dilute acid which provides a
high concentration of H;O.

© The reverse process proceeds through the same intermediates and transition states, but
in the opposite order.

® This is a reaction about the dehydration of alcohols and hydration of alkenes.

66. Comparing the relative reactivities of HX to alkene, which of the following description is not
correct?
@ The relative reaction rate depends on the ability of HX to donate an H' to form an R" in
th rate controlling step
® HI is an stronger acid than HBr
© The reactivity of HBr is lower than the HCI
© The reactivities are direct related to the stabilities of the intermediate R*

67. Comparing the solubility and boiling point of alkane with those of corresponding alkene,
which of the.following description is not correct?
@ Both of them are nonpolar compounds.
® Both of them are not soluble in water.
© The = bond of alkene is stronger and less reactive than the ¢ bond.
® Boiling points of alkenes are close to those of alkanes and similarly have 20°C
increments per carbon atom.

68. Which of the following compound is NOT nucleophile?
@ NH; ® OH © Cr ® Br;

69. Which of the following description regarding Markovnikov's rule is NOT correct?
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@ In the addition of HX to an alkene. The H attaches to the carbon with fewer alkyl
substituents, and the X attaches to the carbon with more alkyl substituents.
® The reason that H attaches on the carbon with fewer alkyl substituents is to stabilize the

carboncation intermediate.

© Thus, the product of 1-Methylcyclohexene + HBr reaction is
1-Bromo-1-methylcyclohexane.

© Thus, the product of 1-Methylcyclohexene + HBr reaction is
1-Bromo-2-methylcyclohexane.

70. What is the product of the addition reaction of alkenes and H,0?
@ alkane ® alkyne © alcohol © acid




