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Choose one best answer for the following questions 
1 30 1 0.25

1~15 16~30  

16. For the process Co(NH3)5Cl2+ + Cl� → Co(NH3)4Cl2
+ + NH3, what would be the ratio of cis to 

trans isomers in the product?
(A) 1:1 (B) 4:1 (C) 2:1 (D) 1:4 (E) 1:2 

17. Which of the solvents shown below could best dissolve KBr?
(A) C6H14 (hexane) (B) CH3CH2OH (ethanol) 
(C) C6H6 (benzene) (D) CCl4 (carbon tetrachloride) 
(E) C6H12 (cyclohexane)   

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

(A) Constitutional isomers 
(B) Stereoisomers 
(C) Identical 
(D) Not isomers, different compounds entirely. 
(E) Conformers 

19. Please calculate the specific heat capacity of a metal if 15.0 g of it requires 169.6 J to change the 
temperature from 25.00°C to 32.00°C?

(A) 0.619 J/g°C (B) 11.3 J/g°C 
(C) 24.2 J/g°C (D) 1.62 J/g°C 
(E) 275 J/g°C   

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

  
(A) a (B) b (C) c (D) d (E) e 

(B)

(B)

(B)

(C)

(D)

  
21. What is the molecular shape of IF3 using the VSEPR theory?

(A) Trigonal bipyramidal (B) See-saw (C) T-shaped 
(D) Linear (E) Square pyramidal   

(C)
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  22. What are the hybridization state and geometry of the nitrogen atom in the following chemical 
structure? 

 

(A) sp hybridized and linear geometry (B) sp2 hybridized and trigonal pyramidal 
(C) sp3 hybridized and trigonal pyramidal (D) sp3 hybridized and trigonal planar 
(E) sp3 hybridized and bent   

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

 
(A) 2 (B) 3 (C) 4 (D) 5 (E) 6 

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

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

25. Which one of the following molecules has a dipole moment but without polarity? 
(A) O3 (B) PH3 (C) NH3 (D) PCl5 (E) H2O2 

26. Consider the following processes: 
2A → (1/2)B + C ΔH1 = 5 kJ/mol 
(3/2)B + 4C → 2A + C + 3D ΔH2 = -15 kJ/mol 
E + 4A → C ΔH3 = 10 kJ/mol 
Calculate ΔH for:    C → E + 3D  
(A) 0 kJ/mol (B) 10 kJ/mol (C) -10 kJ/mol (D) -20 kJ/mol (E) 20 kJ/mol 

(C)

(D)

(A)

(C)

�

   

27. CdS can be described as cubic closest packed anions with the cations in tetrahedral holes. What 
fraction of the tetrahedral holes is occupied by the cations? 

(A) 0.125 (B) 0.25 (C) 0.50 (D) 0.75 (E) 1.0 

(C)
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  28. For the reaction 3A(g) + 2B(g) → 2C(g) + 2D(g), the following data was collected at constant 
temperature. Determine the correct rate law for this reaction. 
Trial Initial [A] Initial [B] Initial Rate 
 (mol/L) (mol/L) (mol/(L·min)) 
1 0.200 0.100 6.00 × 10-2 
2 0.100 0.100 1.50 × 10-2 
3 0.200 0.200 1.20 × 10-1 
4 0.300 0.200 2.70 × 10-1 

(A) Rate = k[A][B] (B) Rate = k[A][B]2 (C) Rate = k[A]3[B]2 
(D) Rate = k[A]1.5[B] (E) Rate = k[A]2[B]   

29. What is the number of the half-lives required for a radioactive element to decay to about 6% of 
its original activity? (please choose the nearest number) 

(A) 2 (B) 3 (C) 4 (D) 5 (E) 6 

30. Identify the element of Period 2 which has the following successive ionization energies, in kJ/mol. 
IE1, 1314 IE2, 3389 IE3, 5298 IE4, 7471 
IE5, 10992 IE6, 13329 IE7, 71345 IE8, 84087 

(A) Li (B) B (C) O 
(D) Ne (E) None of these   

2 120 1 0.5
31~60 61~90  

(C)

(C)

(E)

   
 
 

61. Select the answer with the correct number of decimal places for the following sum: 
13.914 cm + 243.1 cm + 12.00460 cm = 

(A) 269.01860 cm (B) 269.0186 cm (C) 269.019 cm 
(D) 269.02 cm (E) 269.0 cm   

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

63. Please calculate the ΔS if ΔHvap is 66.8 kJ/mol, and the boiling point is 83.4°C at 1 atm, when the 
substance is vaporized at 1 atm. 

(A) -187 J/K mol (B) 187 J/K mol (C) 801 J/K mol 
(D) -801 J/K mol (E) 0   

(E) 

(B)

(B)
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64. Which of the following values is based on the Third Law of Thermodynamics? 

(A) ΔH°f = 0 for Al(s) at 298 K 
(B) ΔG°f = 0 for H2(g) at 298 K 
(C) S° = 51.446 J/(mol·K) for Na(s) at 298 K 
(D) qsys < 0 for H2O(l) → H2O(s) at 0°C 
(E) None of these 

65. What are the values of bond order belonging to O2  and O2
+, respectively? 

(A) 1.5, 2.5 (B) 2.5, 1.5 (C) 2, 3 (D) 3, 2 (E) 2, 2 

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

(A) -678 (B) -694 (C) +678 (D) +694 (E) +15.2 

67. According to molecular orbital, which of the following molecules is diamagnetic? 
(A) HF (B) O2 (C) NO (D) N2

+ (E) N2  

(C) 

(A) 

(B)

(A)

   

68. Consider the figure, which shows ΔG° for a chemical process plotted 
against absolute temperature. Which of the following is an incorrect 
conclusion, based on the information in the diagram? 

 

(A) ΔH° > 0 
(B) ΔS° > 0 
(C) The reaction is spontaneous at high temperatures. 
(D) ΔS° increases with temperature while ΔH° remains constant. 
(E) There exists a certain temperature at which ΔH° = TΔS°. 

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

 
Bond: C=O H-H C-H O-H C-C C-O 
Bond energy (kJ/mol):  745 436 414 464 347 351 

(A) -484 kJ (B) -366 kJ (C) -48 kJ (D) +48 kJ (E) +366 kJ 

(D) 

(C) 

70. How many of the following molecules exhibit resonance: NO2�, O3, OCl2, NF3, N2O, CCl4, CNO�, 
O2F2? 

(A) 1 (B) 2 (C) 3 (D) 4 (E) 5 

(D) 
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  71. One mole of X(g) and one mole of Y(g) are mixed in a closed reactor in the presence of catalysts, 
and Z(g) is generated. The reaction is a X + b Y � c Z, where a, b, and c are the coefficients in 
the balanced equation. At a certain time, the mixture contains 1.8 moles of gases while the ratio 
of their partial pressures is PX:PY:PZ = 7:9:2. What are the values of a, b, and c? 

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

72. Consider an adiabatic and reversible expansion process from state I to state II. Which of the 
following statements is true? 

(A) P1V1 = P2V2 
(B) T1V1

γ = T2V2
γ, � = Cp/Cv 

(C) The final temperature will be higher than the initial temperature. 
(D) The final volume of the gas is much greater than the expansion were carried out 

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

out isothermally. 

(B) 

(E) 

   
 

73. When a 1.00 mL of the 3.55 × 10–4 M solution of organic acid is diluted with 9.00 mL of ether, 
forming solution A and then 2.00 mL of the solution A is diluted with 8.00 mL of ether, forming 
solution B. What is the concentration of solution B? 

(A) 3.55 × 10–6 M (B) 9.86 × 10–6 M (C) 7.10 × 10–5 M 
(D) 7.89 × 10–5 M (E) 7.10 × 10–6 M   

74. What is the volume of O2(g) generated when 22.4 g of KClO3 is decomposed at 153°C under 
0.820 atm? (KClO3: 122.55 g/mol) 

(A) 0.09 L (B) 3.00 L (C) 4.20 L (D) 7.79 L (E) 11.7 L 

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

 

(A) I (B) II (C) III (D) IV (E) V 

(E) 

(E) 

( ) 

(D) 
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76. Which of the following structures is the major form of the lysine at the pH = 14? 

 
(A) I (B) II (C) III (D) IV (E) V 

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

78. Which of the following complexes will absorb visible radiation of the shortest wavelength? 
(A) [Co(H2O)6]3+ (B) [Co(I)6]3– (C) [Co(OH)6]3– 
(D) [Co(en)3]3+ (E) [Co(NH3)6]3+   

(E) 

(D) 

(D) 

   

79. Please choose the most stable cation? 

 
(A) I (B) II (C) III (D) IV (E) V 

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

spacing between energy levels will increase. 
(B) The total probability of finding a particle in a one-dimensional box (length is L) in energy 

level n = 4 between x = L/4 and x = L/2 is 50%. 
(C) If the wavelength of light necessary to promote an electron from the ground state to the 

first excited state is � in a one-dimensional box, then the wavelength of light necessary to 
promote an electron from the first excited state to the third excited state will be 3�. 

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

(E) Assume that a hydrogen atom’s electron has been excited to the n = 5 level. When this 
excited atom loses energy, 10 different wavelengths of light can be emitted. 

(C) 

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

(A) The coordination number of the atoms in the lattice is 8. 
(B) The packing in this lattice is more efficient than for a body-centered cubic system. 
(C) If the atoms have radius r, then the length of the cube edge is  × r. 
(D) There are four atoms per unit cell in this type of packing. 
(E) The packing efficiency in this lattice and hexagonal close packing are the same. 

82. Which of the followings will give a solution with a pH > 7, but is not an Arrhenius base in the 
strict sense?  

(A) CH3NH2 (B) NaOH (C) CO2 (D) Ca(OH)2 (E) CH4 

83. Pentane, C5H12, boils at 35°C. Which of the followings is true about kinetic energy, Ek, and 
potential energy, Ep, when liquid pentane at 35°C is compared with pentane vapor at 35°C? 

(A) Ek(g) < Ek(l); Ep(g) ≈ Ep(l) (B) Ek(g) > Ek(l); Ep(g) ≈ Ep(l) 
(C) Ep(g) < Ep(l); Ek(g) ≈ Ek(l) (D) Ep(g) > Ep(l); Ek(g) ≈ Ek(l) 
(E) Ep(g) ≈ Ep(l); Ek(g) ≈ Ek(l)   

84. Five molecules are shown as below. Which one has the highest ionic strength? 
(A) B(OH)3 (B) HNO3 (C) Na2HPO4 (D) CaCO3 (E) BaSO4 

(A) 

(A) 

(D) 

(C) 

   
 

85. Hydroxylamine nitrate contains 29.17 mass % N, 4.20 mass % H, and 66.63 mass % O. Determine 
its empirical formula. 

(A) HNO (B) H2NO2 (C) HN6O16 (D) HN16O7 (E) H2NO3 

86. Given the following two standard reduction potentials, 
Fe3+ + 3 e– � Fe E� = -0.036 V 
Fe2+ + 2 e– � Fe E� = -0.44 V 

determine for the standard reduction potential of the half-reaction 
Fe3+ + e– � Fe2+ 

(A) 0.40 V (B) 0.77 V (C) -0.40 V (D) -0.11 V (E) 0.11 V 

87. The rate law for a reaction is found to be Rate = k[A]2[B]. Which of the following mechanisms 
gives this rate law? 
I. A + B  E (fast) II. A + B E (fast) III. A + A → E (slow) 
  E + B → C + D (slow)   E + A → C + D (slow)   E + B → C + D (fast) 

(A) I (B) II (C) III (D) I & II (E) II & III 

(B) 

(B) 

(B) 
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  88. When the redox reaction in basic solution: NO2�(aq) + Al(s) → NH3(aq) + AlO2�(aq) is balanced 

using the smallest whole-number coefficients, the coefficient of H2O is x and the sum of all 
coefficients is y. What is the sum of x and y, (x + y)? 

(A) 9 (B) 10 (C) 11 (D) 12 (E) 13 

89. Which of the followings is the best representation of the titration curve which will be obtained in 
the titration of a weak acid (0.10 mol L-1) with a strong base of the same concentration? 

(A) 

 

(B) 

 

(C) 

 

(D) (E) 

 

  

90. The students used salicylic acid and acetic anhydride to synthesize aspirin in the experiment of 
“The Preparation of Aspirin”. The chemical reaction is shown as below: 
Which compound will react with FeCl3 to become a purple complex? 

(A) Salicylic acid (B) Acetic anhydride (C) Aspirin 
(D) Acetic acid (E) 18 M sulfuric acid   

 

(B) 

(A) 

(A) 
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has a "bond" dipole moment but without polarity 
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(A)
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T=0 G� = H� > 0

G� S� > 0

G� H� - T S� H� T S�

S�
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P1V1γ = P2V2γ (A)

1V1γ-1 = T2V2γ-1 (B)
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(A) energy level

(B) n = 4 x=L/4 x=L/2

, ch5, page 5-45 page 5-49

(D) :
(E)
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(A) fcc 12

, ch8, page 8-40

CH3NH2 OH
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