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1. Arrange the following sublevels in order of increasing energy: 2s, 4s, 4f, 3d, 3p. 

A. 2s, 4s, 3p, 3d, 4f 
B. 2s, 3d, 3p, 4s, 4f 
C. 2s, 3p, 3d, 4f, 4s 
D. 2s, 3d, 3p, 4f, 4s 
E. 2s, 3p, 4s, 3d, 4f 

2. Which of these orbital designations are invalid? 

I. 3s 
II. 3f  
III. 2d  
IV. 5p 

A. I and II 
B. I and IV 
C. II and III 
D. II and IV 
E. III and IV 

3. Dalton transformed the ideas of Democritus on atoms into a scientific theory by using 
experimental methods. Based on the atomic theory of Dalton, which of these was an 
essential part of Dalton’s atomic model? 

A. Protons 
B. Neutrons  
C. Electrons  
D. Indivisible atoms 
E. Atomic nuclei 

4. Which of these metals isn’t a transition metal?  

1. Gallium 2. Iron  3. Zinc  4. Silver 5. Chromium 

A. Gallium 
B. Iron 
C. Zinc 
D. Silver 
E. Chromium 

5. For which of these properties does beryllium have a larger value than calcium? 

I. Atomic radius 
II. First ionization energy 
III. Ionic radius 
IV. Electronegativity 

A. I and III 
B. II and IV 
C. I only 
D. III only 
E. IV only 
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6. The energy required to remove an electron from an atom is called ionization energy. 
Which equation represents the first ionization of an alkali metal atom?  

A. Mg → Mg+ + e– 
B. F → F+ + e– 
C. K → K+ + e–  
D. Li+ → Li2+ + e– 

E. Fe → Fe+ + e– 

7. Based on the experimental observation, Rutherford and his students concluded that almost 
all the atomic matter was concentrated in a tiny volume situated at the atom center, 
the atomic nucleus. 

Which of these statements characterize the nucleus of every atom? 

I. It is very dense 
II. It is positively charged 
III. It is composed of neutrons, protons and electrons 

A. I, II, and III 
B. II only  
C. III only 
D. I and II 
E. I and III 

8. Chemists use chemical symbols to represent elements, and chemical formulas to represent 
compounds. 

Which element is paired with the wrong symbol? 

A. Aluminum, Al 
B. Phosphorus, P 
C. Sodium, S 
D. Magnesium, Mg 
E. Potassium, K 

9. In a group, the chemical elements have atoms with the same number of electrons in their 
outermost shell. The electron configuration for an element in the group of oxygen should 
always end with 

A. ns2 np2 
B. ns2 np3 
C. ns2 np4 
D. ns2 np5 
E. ns2 np6 
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10. The atomic size is related to the location of an element in the Periodic Table. 

List the symbols for magnesium, chlorine, and rubidium in order of increasing atomic radii. 

A. Mg, Cl, Rb 
B. Rb, Cl, Mg 
C. Cl, Mg, Rb 
D. Rb, Mg, Cl 
E. Cl, Rb, Mg 

11. The orbitals describe where an electron is likely to be found. 

Which two orbitals have the same shape? 

A. 2s and 2p 
B. 3s and 3d 
C. 4p and 4d 
D. 2p and 3p 
E. 4d and 4f 

12. The ways in which electrons are arranged in various orbitals around the nuclei of atoms 
are called electron configurations.  

Select the correct electron configuration for sulfur of atomic number Z = 16. 

A. 1s2 2s2 2p2 3s2 3p2 3d4 4s2 
B. 1s2 2s2 2p4 3s2 3p6  
C. 1s2 2s3 2p5 3s2 3p4  
D. 1s2 2s4 2p6 3s2 3p2  
E. 1s2 2s2 2p6 3s2 3p4  

13. An ion is produced when an atom gains or loses one or more valence electrons. 

Which of the following ions has the same number of electrons as a noble gas? 

A. S2– 
B. Ca2+ 
C. P3– 
D. Cl– 
E. All have the same number of electrons as a noble gas 

14. Which of these molecules cannot form a hydrogen bond with a water molecule? 

A. NH3 
B. H2O2 
C. CH4 
D. CH3Cl 
E. C2H5OH 
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15. Making use of the Lewis structure, identify which of the following molecules would not 
exist in the stable state. 

A. C2H4 
B. C2H5OH 
C. C2H4O2 
D. C4H6 
E. CH3O 

16. Based on the VSEPR theory, which of these species is nonpolar trigonal planar? 

A. CO2 
B. CH4 
C. PH3 
D. H3O+ 
E. BF3 

17. The hybridization of the carbon atom in acetylene C2H2 is:  

A. sp 
B. sp2 
C. sp3 
D. dsp 
E. not hybridized 

18. Which of the following compounds contains one pi bond? 

A. N2H4 
B. C2H4O 
C. CH3OH 
D. C3H8 
E. H2O2 

Questions 19 – 21: Refer to the electron configurations given below and choose what best 
represents the numbered statements. A choice may be used once, more than once or not at all.  

A. 1s2 2s2 2p2 3s2 3p2 3d2 4s2 
B. 1s2 2s2 2p6 3s2 3p2  
C. 1s2 2s3 2p5 3s2 3p2  
D. 1s2 2s2 2p6 3s2 3p1 4s1 
E. 1s2 2s2 2p6 3s2 3p4  

19. Which electron configuration is the ground state of silicon, Si, of atomic number Z = 14? 

20. Which electron configuration is the excited state of silicon, Si? 

21. Which electron configuration represents the ground state of an element other than Si? 
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22. At room temperature of 20 °C, the end of a syringe, containing 50 mL of air, is connected 
to a manometer that indicates a pressure of 1.0 bar. 

What is the pressure of the enclosed air if, by pushing the piston, its volume is reduced to 
a value of 30 mL? 

A. 0.6 bar  
B. 1.2 bar 
C. 1.7 bar 
D. 3.4 bar 
E. 2.1 bar  

23. A bottle of butane gas, used for household purposes, contains 13 kg of liquefied gas. The 
molar mass of butane is equal to 58 g/mol. 

Calculate the molar volume of butane, at 25 °C under a pressure of 1.0 bar. 

Given: R = 8.314 m3⋅Pa⋅K−1⋅mol−1 and 1.0 bar = 105 Pa 

A. 22.4 L/mol 
B. 23 L/mol  
C. 24 L/mol 
D. 25 L/mol 
E. 26 L/mol 

24. To study the effect of some gases on the growth of plants, an artificial atmosphere is 
prepared by mixing the following gases: oxygen, carbon dioxide and argon. 

A sample of this mixture is analyzed, and the following composition is obtained: 

Nature of Gas Oxygen, O2 Carbon dioxide, CO2 Argon, Ar 

Percentage by mole 19.0 2.0 79.0 

What is the mean molar mass of the mixture of gases constituting the artificial atmosphere? 

A. 38.6 g/mol 
B. 116 g/mol 
C. 32 g/mol 
D. 44 g/mol 
E. 40 g/mol 
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Questions 25 – 27: Refer to the below experiment “Partial Pressure and Total Pressure of a mixture 
of Gases”.  

A glass bulb (A) of volume 5 L contains a mixture of 0.306 mol of Ne(g) and 0.113 mol of Ar(g) at 
the same temperature T = 30 oC. 

A glass bulb (B) of volume 4 L contains 0.483 mol of He(g) at T = 30 oC. 

Given: 1 atm = 1.01 bar. 

 

25. What is the total pressure in the bulb (A)? 

A. 3.22 bar 
B. 3 bar 
C. 4 bar 
D. 2.10 bar 
E. 2.66 bar 

26. What is the pressure of Helium in the bulb (B)? 

A. 3.0 bar 
B. 4.0 bar 
C. 5.0 bar 
D. 4.15 bar 
E. 5.15 bar 

27. The bulbs are joined. A new mixture of gases is obtained. 

What is the total pressure of the new mixture of gases? 

A. 2.0 bar 
B. 2.1 bar 
C. 2.3 bar 
D. 2.5 bar 
E. 3.0 bar 
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Questions 28 – 29: Refer to the graph below which shows the variations of the vapor pressure of 
four liquids as a function of temperature (oC). 

 

28. What is the boiling point of water at 50 kPa? 

A. 100 oC 
B. 117.5 oC 
C. 82.5 oC 
D. 78.5 oC 
E. 35.2 oC 

29. What is the vapor pressure of propanone at 40 °C? 

A. 100 kPa 
B. 62.5 kPa 
C. 22.5 kPa 
D. 10 kPa 
E. 58 kPa 
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30. To perform an experiment in a lab, the lab instructor asks the students to prepare 400 mL 
of a hydrochloric acid solution of concentration 1.5 mol/L. This solution is not available. 
The students try to prepare 400 mL of the solution using two available solutions: 

(A): a hydrochloric acid solution containing 0.2 mol of HCl in 100 mL solution 

(B): a hydrochloric acid solution of mass concentration 36.5 g/L 

What volumes V1 from solution (A) and V2 from solution (B) must be mixed to prepare 
400 mL of 1.5 mol/L HCl solution.  

Given: M(H) = 1 g/mol; M(Cl) = 35.5 g/mol 

A. V1 = V2 = 200 mL 
B. V1 = V2 = 400 mL 
C. V1 = 100 mL and V2 = 300 mL 
D. V1 = 300 mL and V2 = 100 mL 
E. V1 = 150 mL and V2 = 250 mL 

31. Which of these actions will cause more potassium nitrate, KNO3, to dissolve in a saturated 
aqueous solution of potassium nitrate? 

I. Adding more potassium nitrate while stirring. 
II. Adding more potassium nitrate and heat the solution. 
III. Grinding the crystals of potassium nitrate to powder, then add to the solution while 

stirring. 

A. I and II  
B. II and III 
C. I only 
D. II only 
E. III only 

Questions 32 – 33: Refer to the illustration showing the preparation of copper(II) sulfate solution, 
CuSO4.  
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32. What is the molar concentration of the prepared solution? 

Given: M(O) = 16 g/mol; M(S) = 32 g/mol; M(Cu) = 64 g/mol 

A. 0.20 mol/L 
B. 20.0 g/L 
C. 0.125 mol/L 
D. 1.25 mol/L 
E. 2.50 mol/L  

33. To perform a new experiment with copper(II) sulfate solution, a diluted solution is needed. 
To 20 mL from the previous solution, distilled water is added to prepare 250 mL solution. 
What is the molar concentration of the diluted solution prepared? 

A. 0.01 mol/L 
B. 0.02 mol/L 
C. 0.25 mol/L 
D. 1.6 g/L 
E. 1.6 mol/L 

34. Which of these is not an electrolyte? 

I. KOH 
II. NaCl 
III. KNO3 
IV. CH3COOH 
V. Glucose (C6H12O6) 

A. I 
B. II 
C. III 
D. IV 
E. V 

35. Arrange the following solutions in order of increasing acidity: 

I. 0.05 mol/L KOH 
II. 0.05 mol/L HCl 
III. 0.05 mol/L NH4Cl 
IV. 0.05 mol/L CH3COOK 

A. II, III, IV, I 
B. I, IV, III, II 
C. I, II, III, IV 
D. IV, III, II, I 
E. III, IV, I, II 
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36. The pH is a measurement of how acidic or basic a substance is. 

The pH of a sample of apple juice is 3.5. A sample of lemon juice has a pH of 2.5. 

Compared to the [H+] of lemon juice, the [H+] of apple juice is 

A. The same 
B. 1 time lower 
C. 1 time higher 
D. 10 times lower 
E. 10 times higher 

37. The complete reaction of a strong acid and a strong base produces a neutral solution. Thus, 
this type of reaction is called a neutralization reaction. 

The net ionic equation for the neutralization reaction between solutions of potassium 
hydroxide and nitric acid is: 

A. HNO3(aq) + KOH(aq) → KNO3(aq) + H2O(l) 
B. K+

(aq) + NO–
 (aq) → KNO3(aq)   

C. H+
(aq) + OH–

(aq) → H2O(l) 
D. H+

(aq) + NO–
 (aq) + K+

(aq) + OH–
(aq) →K+

(aq) + NO–
 (aq) + H2O(l) 

E. H2O(l) → H+
(aq) + OH–

(aq) 

Questions 38 – 39: Refer to the below to identify the general formula of the salt formed in each 
of the following numbered neutralization reactions. A choice may be used once, more than once 
or not at all. 

A salt is one of the products of a neutralization reaction. A salt consists of an anion and a cation. 

In each formula, C is the cation, and A is the anion. 

A. CA 
B. CA2 
C. C3A 
D. C2A 
E. C2A3 

38. H2SO4 + Al(OH)3 → 

39. H3PO4 + KOH →  

40. The ion-product constant for water, Kw, is 2.4 × 10–14 at 37 oC. 

What is the pH of pure water at 37 oC? 

A. 7.0 
B. 7.22 
C. 6.90 
D. 6.81 
E. 7.10 
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Questions 41 – 42: Refer to the following experiment. 

A lab instructor found a labeled flask containing methanoic acid. The molar concentration is not 
readable. He decided to determine the molar concentration of this acid. He performed an  
acid-base titration using a sodium hydroxide solution of concentration Cb = 2.0 × 10–2 mol/L to 
titrate 20 mL of acid. A calibrated pH-meter is used to measure the variations of pH values during 
the experiment. 

The collected data permits to trace the following curve: 

 
 

41. What is the molar concentration of methanoic acid? 

A. 1.2 × 10–2 mol/L 
B. 1.2 × 10–1 mol/L 
C. 1.2 mol/L 
D. 2.4 × 10–2 mol/L 
E. 2.4 × 10–1 mol/L 

42. Methanoic acid is a weak acid. What is its pKa? 

A. 1.92 
B. 2.92 
C. 1.62 
D. 4.62 
E. 3.80 
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43. To determine the mass of iron (Fe) in 1 liter of unknown FeSO4 solution (Iron(II) sulfate) 
a redox (reduction-oxidation) titration is performed. 

The redox reaction is carried out in a dilute H2SO4 medium as there is no action of H2SO4 
upon permanganate in dilute solution. The redox reaction between iron(II) and 
permanganate ions is represented by the net ionic reaction. 

 MnO–  + 5Fe2+ + 8H+ → Mn2+ + 5Fe3+ + 4H2O 

Identify the elements oxidized and reduced in this reaction. 

A. Mn is oxidized and Fe is reduced 
B. Fe is oxidized and Mn is reduced 
C. Fe is oxidized and H is reduced 
D. H is oxidized and Mn is reduced 
E. H is oxidized and O is reduced 

44. To determine the amount of sulfur dioxide dissolved in polluted water, the following 
reaction can be used: 

3SO2 + Cr2O – + 2H+ → 3SO – + 2Cr3+ + H2O 

What is the reducing agent in this reaction? 

A. Cr3+ 
B. SO – 
C. SO2 
D. Cr2O – 
E. H+ 

45. A strip of zinc, weighing 20 g, is dipped in a 500 mL beaker containing 200 mL of CuSO4 
solution of molar concentration 1 mol/L. After few hours, the blue color of Cu2+ ions 
disappears. The final mixture is filtered and a solid of mass m is collected. 

What is the mass m of the solid, knowing that the net ionic equation of the reaction is 

Cu2+
(aq) + Zn(s) → Zn2+

(aq) + Cu(s) 

Given: M(Cu) = 64 g/mol; M(Zn) = 65 g/mol 

A. m = 12.8 g 
B. m = 13.0 g 
C. m = 15.0 g 
D. m = 19.69 g 
E. m = 7.0 g 
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46. Iodate has been used over decades as an additive to salt and bread without notable toxic 
effects. It is added to salt in low amounts. Its formula is IO– . 

What is the oxidation number of I in iodate ion? 

A. –1 
B. –2 
C. +3 
D. +5 
E. +7 

47. Caffeine, a primary stimulant in coffee and tea, has a molar mass of 194 g/mol and a mass 
percent composition: 

49.48% C; 5.16% H; 28.86% N, and 16.49% O. 

What is the molecular formula of caffeine?    

A. C8H10N4O2 

B. C8H12N4O2 

C. C9H10N2O2 

D. C6H10N4O4 

E. C8H10N2O4 

48. L-Dopa, a drug used for the treatment of Parkinson's disease, is 54.82% carbon, 5.60% 
hydrogen, 7.10% nitrogen, and 32.48% oxygen. 

What is the empirical formula of this compound? 

A. C8H11NO2 

B. C9H11N4O 

C. C8H10N2O2 

D. C7H10N4O4 

E. C9H11NO4 

49. A gaseous compound contains 81.7% carbon and 18.3% hydrogen. One volume of this gas 
reacts with five volumes of oxygen and yields three volumes of carbon dioxide. 

What is the molecular formula of this compound? 

A. C3H6 

B. C3H8 

C. C4H10 

D. C4H8 

E. C2H6 
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50. The current world population is 7.8 billion as of January 2021, according to the most recent 
United Nations estimates elaborated by Worldometer. The term "World Population" refers 
to the human population (the total number of humans currently living) of the world. 

What is the number of moles of humans currently living around the globe? 

A. 9.525 × 10–15 mol 
B. 6.023 × 10–14 mol 
C. 1.295 × 10–14 mol 
D. 12.046 × 10–10 mol 
E. 2.425 × 10–10 mol 

51. Nitric acid is constituted of HNO3 molecules. A sample of nitric acid, weighing 3.5 g, 
contains 3.34 × 1022 molecules of HNO3. How many atoms of oxygen are present in 1.5 g 
of nitric acid? 

A. 6.023 × 1023 atoms 
B. 12.046 × 1022 atoms 
C. 9.036 × 1023 atoms 
D. 4.24 × 1022 atoms 
E. 4.015 × 1023 atoms 

52. Hydrochloric acid reacts with calcium carbonate to release carbon dioxide, calcium 
chloride and water as shown in the following balanced equation: 

2HCl(aq) + CaCO3(s) → CaCl2(aq) + CO2(g) + H2O(l) 

How many moles of calcium carbonate remains at the end of the reaction when 5 moles 
of calcium carbonate are mixed with 4 moles of hydrochloric acid? 

A. 1 mol 
B. 2 mol 
C. 3 mol 
D. 4 mol 
E. 5 mol 

53. Hydrogen is prepared in the laboratory by the action of the dilute sulfuric acid, H2SO4, on 
granulated zinc. 

A volume of 100 mL of dilute sulfuric acid solution, containing 0.1 mol of H2SO4, is poured 
over 13 g of granulated zinc. The reaction is represented by the following equation: 

H2SO4(aq) + Zn(s) → ZnSO4(aq) + H2(g) 

What is the number of moles of the excess left? 

A. 0.05 mol of acid 
B. 0.1 mol of Zn 
C. 0.01 mol of Zn 
D. 0.01 mol of acid 
E. 0.02 mol of Zn 
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54. In a closed vessel of volume V, 4.48 L of hydrogen and 4.48 L of oxygen are introduced 
under STP conditions. In the presence of an electric spark, a reaction takes place, and water 
vapor is produced as shown in the following equation: 

2H2(g) + O2(g) → 2H2O(g) 

After cooling, the water vapor transforms into liquid water.  

What is the volume of liquid water produced? 

Given: M(H) = 1 g/mol; M(O) = 16 g/mol; Vm = 22.4 L/mol under STP conditions 
density of liquid water = 1 kg/L 

A. 4.48 L 
B. 2.24 L 
C. 1.8 mL 
D. 3.6 mL 
E. 7.2 mL 

55. All the following reactions are exothermic except: 

A. Combustion 
B. Respiration 
C. Neutralization 
D. Photosynthesis 
E. Sodium and water 

56. Methanol is the simplest alcohol. Sometimes it is obtained from the distillation of wood. 
On a large scale, methanol is obtained by the catalytic hydrogenation of carbon monoxide 
under energetic conditions as shown in the following equation: 

CO(g) + 2H2(g) → CH3OH(l) 

What volume of CO should be consumed, under STP conditions, to prepare 100 tons of 
liquid methanol knowing that the yield of the process is 88%? 

Given: M(H) = 1 g/mol; M(C) = 12 g/mol; M(O) = 16 g/mol; Vm = 22.4 L/mol under STP 
conditions  

A. 7.95 × 107 L 
B. 7.95 × 108 L 
C. 2.24 × 105 L 
D. 1.12 × 106 L 
E. 5.6 × 108 L 

57. Which of the following has the greatest mass? 

A. 5.6 g of Fe 
B. 6.023 × 1022 atoms of Cu 
C. 3.0115 × 1022 atoms of Pb 
D. 1.25 mol of H2O 
E. 1.2046 × 1023 molecules of NH3 

Given: M(H) = 1 g/mol; M(N) = 14 g/mol; M(O) = 16 g/mol; M(Fe) = 56 g/mol;  
M(Cu) = 64 g/mol; M(Pb) = 208 g/mol 
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58. An iron(II) sulfate solution is prepared by dissolving hydrated iron(II) sulfate crystals, 
FeSO4,7H2O, in distilled water.  

What mass of the hydrated salt must be dissolved in water to prepare 500 mL of FeSO4 
solution of mass concentration 30.4 g/L. 

A. 15.2 g 
B. 30.4 g 
C. 27.8 g 
D. 13.9 g 
E. 3.04 g 

Given: M(H) = 1 g/mol; M(O) = 16 g/mol; M(S) = 32 g/mol; M(Fe) = 56 g/mol 

59. Consider the reaction taking place between NO(g) and H2(g) at a constant temperature T. 

2 NO(g) + H2(g) → N2O(g) + H2O(g) 

During the experimental study of this reaction, the following data was collected: 

 

Experiment 

Initial Molar Concentration (mol/L) 
Initial Rate of 

Formation of H2O 
 

[NO]o 

 
[H2]o 

ro (H2O) 
mol/L.s 

1 
 

0.12 
 

0.10 0.051 

2 
 

0.12 
 

0.20 0.100 

3 
 

0.25 
 

0.30 0.313 

What are the partial orders of the reaction?  

A. α = 1 and β = 1 
B. α = 2 and β = 1 
C. α = 1 and β = 2 
D. α = 2 and β = 2 
E. α = 1 and β = 0 
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60. The following reaction is slow and takes place at constant temperature T: 

3N2O(g) + C2H2(g) → 3N2(g) + 2CO(g) + H2O(g) 

At instant t, the rate of formation of H2O is r(H2O)t = 0.1 mol/L.s. 

What are the rates of disappearance of reactants at the same instant t?    

A. r(N2O)t = 0.1 mol/L.s and r(C2H2)t = 0.1 mol/L.s  
B. r(N2O)t = 0.2 mol/L.s and r(C2H2)t = 0.1 mol/L.s  
C. r(N2O)t = 0.1 mol/L.s and r(C2H2)t = 0.2 mol/L.s  
D. r(N2O)t = 0.3 mol/L.s and r(C2H2)t = 0.1 mol/L.s  
E. r(N2O)t = 0.3 mol/L.s and r(C2H2)t = 0.3 mol/L.s  

61. The oxidation of iodide ions, I–, using S2O – ions is a slow reaction that takes place as 
shown in the following net ionic equation: 

2I–
(aq) + S2O –

(aq) → I2(aq) + 2SO –
(aq) 

The molar concentrations of I2 formed are measured at different intervals of time as shown 
in the following table: 

Time (s) 0 5 10 15 25 35 50 60 80 
[I2] mmol/L 0 0.75 1.25 1.8 2.75 3.25 4.10 4.50 4.90 

What is the average rate of formation of I2 within the interval of time t1 = 10 s and  
t2 = 50 s? 

A. r (I2) = 2.850 mmol/L.s 
B. r (I2) = 0.071 mmol/L.s 
C. r (I2) = 7.125 × 10–3 mmol/L.s 
D. r (I2) = 2.850 × 10–3 mol/L.s 
E. r (I2) = 1.425 × 10–3 mmol/L.s 

62. The decomposition reaction of phosphorus pentachloride is represented by the following 
equation: 

PCl5(g)                 PCl3(g) + Cl2(g) 

One mole of PCl5 is introduced in a 4 L vessel. PCl5 dissociates at constant T. 

At equilibrium, 0.25 mol of Cl2 is formed. What is the equilibrium constant, Kc at T? 

A. Kc = 0.042 
B. Kc = 0.42 
C. Kc = 0.021 
D. Kc = 0.125 
E. Kc = 0.0125 
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Questions 63 – 65: Refer to the following. A choice may be used once, more than once or not at 
all. 

“The balance that exists in a chemical system at equilibrium is a delicate one. It can be disrupted 
when one or more of the conditions of the reaction are changed.” 

The teacher asks the students to list the factors that disrupt the reaction below when they change. 

N2(g) + 3H2(g)               2NH3(g)   ΔH = –92 kJ/mol 

As a brain storming, the teacher writes down the following factors stated by the students: 

A. N2 is added  
B. The temperature is increased 
C. A catalyst is introduced 

63. Which factors shift the reaction in direction 1? 

64. Which factors shift the reaction in direction 2? 

65. Which factors do not disrupt the chemical system at equilibrium? 

66. The solubility products of CaF2 and CaCO3 are respectively 1.6 × 10–10 and 4.8 × 10–9. 

One drop of calcium chloride solution is added into a mixture containing Na2CO3 solution 
of concentration 0.1 mol/L and NaF solution of concentration 0.1 mol/L. 

Which precipitate will appear first? 

A. CaCO3 
B. CaF2 
C. NaF 
D. NaCl 
E. CaCl2 

67. Given the enthalpies of the following reactions measured under the atmospheric pressure: 

(1) CH4(g) → C(s) + 2H2(g)      ΔH = +20 kcal/mol 

(2) H2(g) → 2H(g)        ΔH = +104 kcal/mol 

(3) C(s) → C(g)        ΔH = +172 kcal/mol  

What is the enthalpy of formation of methane CH4 from its elements taken under the 
gaseous atomic state? 

A. 300 kcal/mol 
B. –320 kcal/mol 
C. –400 kcal/mol 
D. 296 kcal/mol 
E. –296 kcal/mol 

  

2
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68. The enthalpies of formation of Fe2O3(s), CO(g) and CO2(g), in kcal/mol, are respectively: 
ΔH1 = –197; ΔH2 = –26.5; ΔH3 = –94. 

What is the ΔH of the reaction: 

Fe2O3(g) + 3CO(g) → 2Fe(s) + 3CO2(g) 
A. 129.5 kcal/mol 
B. –129.5 kcal/mol 
C. 5.5 kcal/mol 
D. –5.5 kcal/mol 
E. 11 kcal/mol 

69. The complete combustion of a sugar of formula Cx(H2O)(x-1) produces CO2(g) and H2O(l). 
This reaction is exothermic and releases 530 kcal/mol.    

The enthalpies of formation of Cx(H2O)(x-1), CO2(g) and H2O(l) are respectively:  

ΔH1 = –1350 kcal/mol; ΔH2 = –94 kcal/mol; ΔH3 = –68 kcal/mol 

Given: M(H) = 1 g/mol; M(C) = 12 g/mol; M(O) = 16 g/mol 

What is the molecular formula of this sugar? 

A. CH2O 
B. C2H4O2 
C. C4H8O4 
D. C6H12O6 
E. C12H22O11 

70. When 8 g of NH4NO3 dissolve in 100 mL of water, the temperature decreases from 19 oC 
to 14.5 oC. 

What is the molar heat of dissolving of NH4NO3 knowing that the specific heat of water is 
4.18 J/g.oC? 

Given: M(H) = 1 g/mol; M(N) = 14 g/mol; M(O) = 16 g/mol; density of water = 1 kg/L 

A. 18.81 kJ/mol 
B. 20.0 kJ/mol 
C. 36.37 kJ/mol 
D. 40.1 kJ/mol 
E. 9.40 kJ/mol 
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71. 50 mL of a hydrochloric acid solution of concentration 0.2 mol/L, at a temperature T, are 
added into a 500 mL beaker containing 50 mL of sodium hydroxide solution of 
concentration 0.2 mol/L at the same temperature T. A reaction takes place and raises the 
temperature of the final solution 1.37 oC. 

What is the molar heat of neutralization of hydrochloric acid knowing that the specific heat 
of water is 4.18 J/g.oC? 

Given: M(H) = 1 g/mol; M(O) = 16 g/mol; M(Na) = 23 g/mol; M(Cl) = 35.5 g/mol      

A. 58.25 kJ/mol 
B. 57.27 kJ/mol 
C. 59.10 kJ/mol 
D. 56.55 kJ/mol 
E. 56.0 kJ/mol 

72. Which of the following are incorrectly paired? 

A. Fe; transition element 
B. Na; alkali metal 
C. Ar; noble gas 
D. S; halogen 
E. Ca; alkaline earth 

73. A compound, characterized by its ability to absorb water, has the formula MSO4 where M 
is a metal. In its ionic state, the metal ion has 27 electrons. What is the name of this metal? 

A. Iron  
B. Magnesium 
C. Calcium 
D. Zinc  
E. Copper 

74. Which of the following names is incorrect? 

A. Aluminum oxide 
B. Iron(III) sulfate 
C. Iron(II) chloride 
D. Calcium(II) oxide 
E. Potassium iodide 

75. The following aqueous solutions are obtained by dissolving acids in distilled water. 

Which of these solutions is incorrectly named? 

A. HNO3; nitric acid 
B. CH3COOH; ethanoic acid 
C. HI; iodic acid 
D. HClO4; perchloric acid 
E. H2SO3; sulfurous acid 
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76. Which of these ions is incorrectly named? 

A. Cl–; chloride ion  
B. ClO–; hypochlorite ion 
C. ClO– ; chlorite ion 
D. ClO– ; chloric ion 
E. ClO– ; perchlorate ion 

77. What is the major product expected from the following reaction? 

 

A. I only 
B. II only 
C. III only 
D. IV only 
E. III and IV 

78. Which of the following compounds is an isomer of butane? 

 

I II 

 

III IV 

A. I only 
B. II only 
C. III only 
D. IV only 
E. I and IV 
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79. Petroleum is a mixture of hydrocarbons. Petroleum should be treated before it is used. 
During the refining process, hydrocarbons (A) and (B) are obtained. The following graphs 
(1) and (2) show the number of carbon and hydrogen atoms in the molecules of (A) and 
(B). 

 

                   (1)                        (2) 

Refer to the graphs (1) and (2). What are the molecular formulas of (A) and (B). 

A. (A): C2H4 and (B): C2H6 
B. (A): C3H6 and (B): C3H8 
C. (A): C4H8 and (B): C2H4 
D. (A): C2H4 and (B): C4H8 
E. (A): C2H4 and (B): C4H10 

80. What is the IUPAC name of the structural formula: 

 

A. Octane 
B. 3-ethyl-4-methylpentane 
C. Methylheptane 
D. 3-ethyl-2-methylpentane 
E. 2-methyl-3-ethylpentane 
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81. Which of the following statements is not correct? 

A. The atomic radius of Na is less than that of Al. 
B. The ionic radius of Cl– is greater than the atomic radius of Cl. 
C. The first ionization energy of Ca is greater than that of Ba. 
D. The electronegativity of P is greater than the electronegativity of Si 
E. Mendeleev arranged the elements in his Periodic Table in order of increasing atomic 

mass.  

82. The signs in the school laboratory are very important for the student’s safety. 

These signs tell the students about the properties of the product they are about to use so 
that they can be cautious while they use it. The students can also use the signs to label 
bottles with specific signs when new solutions are prepared to keep others informed. 

Which of the following most common signs is not labelled correctly? 

 

A. Biohazard 

 

 

B. Poison/Toxic 

 

 

C. Dangerous to environment 

 

 

D. Oxidizer 

 

 

E. Flammable 
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83. The main constituent of a scale product is sulfamic acid. A solution (S) of sulfamic acid is 
prepared by dissolving crystals of the scale product in water. 

A solution (S’) of the scale product is prepared by diluting solution (S) ten times.  

Which one of the following kits should be used to carry out the most precise dilution of 
solution (S)? 

 

Number of Kit Materials 

1  10 mL volumetric pipet 
 100 mL beaker 

2  10 mL volumetric pipet 
 100 mL volumetric flask 

3  10 mL graduated cylinder 
 200 mL volumetric flask 

4  10 mL graduated cylinder 
 100 mL beaker 

5  10 mL volumetric pipet 
 200 mL conical flask 

A. Kit  1 
B. Kit  2 
C. Kit  3 
D. Kit  4 
E. Kit  5 

84. A tablet of Vitamin C 500 is dissolved in distilled water to prepare 200 mL of  
solution (S). Using a pipet and a pipet filler, a volume V = 20 mL of solution (S) is 
withdrawn and placed in a 250 mL beaker. The reaction between sodium hydroxide 
solution and solution (S) is followed using a pH meter.  

The curve corresponding to the reaction is one of the two curves A or B shown in the graph 
below: 
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What is the mass of ascorbic acid in a tablet of Vitamin C.  

Given: The molar mass of ascorbic acid is M = 176 g/mol. 

The ascorbic acid is a weak acid. 

The molar concentration of NaOH is 0.02 mol/L. 

A. 500 g 
B. 352 mg 
C. 493 mg 
D. 500 mg 
E. 450 mg 

85. A buffered solution contains 0.50 mol/L acetic acid 
(CH3COOH, Ka = 1.8 × 10–5) and 0.50 mol/L 
sodium acetate (CH3COONa). 

What is the change in pH that occurs when 0.010 
mole of solid NaOH is added to 1.0 L of the buffered 
solution? 

A. +0.02 
B. –0.02 
C. +0.2 
D. –0.2 
E. +0.4 

 

  

A digital pH meter shows 
that the pH of the buffered 
solution is 4.740. 
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