
 

  

Part A 

Answer all questions in this part. 

Directions (1-20):  For each statement or question, record on your separate answer sheet the number of the 

word or expression that, of those given, best completes the statement or answers the question.  Some questions 

may require the use of the 2011 Edition Reference Tables for Physical Setting/Chemistry. 

 1 When a substance was dissolved in water, the 

temperature of the water increased.  This 

process is described as 

(1) exothermic with the absorption of energy 

(2) exothermic with the release of energy 

(3) endothermic with the absorption of energy 

(4) endothermic with the release of energy 

 2 In which of the following pairs do the particles 

have approximately the same mass? 

(1) neutron and beta particle 

(2) proton and neutron 

(3) proton and electron 

(4) neutron and electron 

 3 Which conclusion is based on the “gold foil 

experiment” and the resulting model of the 

atom? 

(1) An atom has hardly any empty space, and 

the nucleus has a negative charge. 

(2) An atom is mainly empty space, and the 

nucleus has a positive charge. 

(3) An atom has hardly any empty space, and 

the nucleus has a positive charge. 

(4) An atom is mainly empty space, and the 

nucleus has a negative charge. 

 4 Atoms of different isotopes of the same 

element differ in their total number of 

(1) protons (3) valence electrons 

(2) neutrons (4) electrons 

 5 Given (52.6 cm)(1.214 cm) 

The product expressed to the correct number 

of significant figures is 

(1) 64 cm2 (3) 63.86 cm2 

(2) 63.9 cm2 (4) 63.8564 cm2 

 6 Which substance represents a compound? 

(1) C(s) (3) CO(g) 

(2) O2 (g) (4) Co(s) 

 7 In the wave-mechanical model of the atom, the 

orbitals are regions of the most probable 

locations of 

(1) protons (3) neutrons 

(2) positrons (4) electrons 

 8 Equal volumes of all gases at the same 

temperature and pressure contain an equal 

number of 

(1) electrons (3) atoms 

(2) protons (4) molecules 

 9 The graph below represents the uniform heating 

of a solid, starting below its melting point. 

 

What portion of the graph shows the solid and 

liquid phases of the substance existing in 

equilibrium? 

(1) AB (3) DE 

(2) CD (4) BC 

 10 Which of these elements has the lowest 

melting point? 

(1) Na (3) K 

(2) Li (4) Rb 
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 11 What is the total number of valence electrons in 

an atom of sulfur in the ground state? 

(1) 6 (3) 3 

(2) 8 (4) 4 

 12 Which statement best describes the nucleus of 

an aluminum atom? 

(1) It has a charge of –13 and is surrounded by 

a total of 10 electrons. 

(2) It has a charge of –13 and is surrounded by 

a total of 13 electrons. 

(3) It has a charge of +13 and is surrounded 

by a total of 10 electrons. 

(4) It has a charge of +13 and is surrounded 

by a total of 13 electrons. 

 13 How many joules of energy are released when 

50 grams of water are cooled from 70°C to 

60°C? 

(1) 2,090 joules (3) 4,180 joules 

(2) 50 joules (4) 10 joules 

 14 What is the total number of electrons in the 

second principle energy level of a calcium 

atom in the ground state 

(1) 2 (3) 6 

(2) 18 (4) 8 

 15 Which notation represents an atom of sodium 

with an atomic number of 11 and a mass 

number of 24? 

(1) Na11
35  (3) Na11

13  

(2) Na11
24  (4) Na24

11  

 16 Solid A at 80°C is immersed in liquid B at 

60°C.  Which of the following statements 

correctly describes the energy changes 

between A and B? 

(1) Both A and B absorb heat. 

(2) A absorbs heat and B releases heat. 

(3) A releases heat and B absorbs heat. 

(4) Both A and B release heat. 

 17 During a flame test, ions of a specific metal 

are heated in the flame of a gas burner.  A 

characteristic color of light is emitted by these 

ions in the flame when the electrons 

(1) gain energy as they move to higher energy 

levels 

(2) emit energy as they move to higher energy 

levels 

(3) emit energy as they return to lower energy 

levels 

(4) gain energy as they return to lower energy 

levels 

 18 Which sequence represents a correct order of 

historical developments leading to the modern 

model of the atom? 

(1) most of the atom is empty space → 

electrons exist in orbitals outside the 

nucleus → the atom is a hard sphere 

(2) the atom is a hard sphere → most of the 

atom is empty space → electrons exist in 

orbitals outside the nucleus 

(3) most of the atom is empty space → the 

atom is a hard sphere → electrons exist in 

orbitals outside the nucleus 

(4) the atom is a hard sphere → electrons exist 

in orbitals outside the nucleus → most of 

the atom is empty space 

 19 Carbon monoxide and carbon dioxide have 

(1) the same chemical properties and the same 

physical properties 

(2) the same chemical properties and different 

physical properties 

(3) different chemical properties and the same 

physical properties 

(4) different chemical properties and different 

physical properties 

 20 Which subatomic particle has a negative 

charge? 

(1) neutron (3) positron 

(2) electron (4) proton 
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Part B–1 

Answer all questions in this part. 

Directions (21-30):  For each statement or question, record on your separate answer sheet the number of the 

word or expression that, of those given, best completes the statement or answers the question.  Some questions 

may require the use of the 2011 Edition Reference Tables for Physical Setting/Chemistry. 

 21 A neutral atom contains 12 neutrons and 11 

electrons.  The number of protons in this 

atoms is 

(1) 1 proton (3) 23 protons 

(2) 12 protons (4) 11 protons 

 22 As ice at 0°C changes to water at 0°C, the 

average kinetic energy of the ice molecules 

(1) decreases 

(2) remains the same 

(3) increases 

 23 All atoms of an element have the same 

(1) number of nucleons 

(2) atomic number 

(3) atomic mass 

(4) number of neutrons 

 24 Which statement describes a chemical 

property of oxygen? 

(1) Oxygen has a melting point of 55 K. 

(2) Oxygen can combine with a metal to 

produce a compound. 

(3) Oxygen gas can be compressed. 

(4) Oxygen gas is slightly soluble in water. 

 25 The molecules of which substance have the 

highest average kinetic energy? 

(1) HCl (g) at 40°C 

(2) He (g) at 0°C 

(3) N2 (g) at 60°C 

(4) CO2 (g) at 20°C 

 26 According to Table H, if the pressure on the 

surface of water in the liquid phase is 47.0 

kPa, the water will boil at 

(1) 35°C (3) 95°C 

(2) 60°C (4) 80°C 

 27 Given the balanced equation representing a 

reaction: 

2 Na (s) + Cl2 (g) → 2 NaCl (s) + energy 

If 46 grams of Na and 71 grams of Cl2 react 

completely, what is the total mass of NaCl 

produced? 

(1) 58.5 g (3) 163 g 

(2) 117 g (4) 234 g 

 28 Which must be a mixture of substances? 

(1) solid (3) liquid 

(2) solution (4) gas 

 29 Two different samples decompose when 

heated.  Only one of the samples is soluble in 

water.  Based on this information, these two 

samples are 

(1) both the same compound 

(2) both the same element 

(3) two different compounds 

(4) two different elements 
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 30 The bright-line spectra produced by four elements are represented in the diagram below. 

 
Given the bright-line spectrum of a mixture of two of these elements: 

 

Which elements are present in this mixture? 

(1) A and D (3) Z and D 

(2) A and X (4) Z and X 
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Part B–2 

Answer all questions in this part. 

Directions (31-36):  Record your answers in the spaces provided in your answer booklet.  Some questions 

may require the use of the 2011 Edition Reference Tables for Physical Setting/Chemistry. 

Base your answers to questions 31 and 32 on the information below and on your knowledge of chemistry. 

A sample of a molecular substance starting as a gas at 206ºC and 1 atm is allowed to cool 

for 16 minutes.  This process is represented by the cooling curve below. 

 

 31 Determine the number of minutes that the substance was in the liquid phase, only.  [1] 

 32 Describe what happens to the potential energy and the average kinetic energy of the molecules in the 

sample during interval DE.  [1] 

  

Base your answers to questions 33 and 34 on the information below and on your knowledge of chemistry. 

The diagram below represents a cylinder with a moveable piston containing 16.0 g of O2 (g).  

At 298 K and 0.500 atm, the O2 (g) has a volume of 24.5 liters. 

 

 33 Gases that behave exactly as predicted by the kinetic molecular theory of gases are called ideal gases.  

State two reasons why the behavior of real gases deviates slightly from the kinetic theory.  [1] 

 34 Show a numerical setup for calculating the volume of the O2 (g) in the cylinder at 265 K and 

1.00 atm.  [1] 
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 35 In the space provided on your answer sheet, write the melting point of iron in degrees Celsius.  [1] 

 36 In the space provided on your answer sheet, draw a Lewis electron-dot diagram of a selenium atom in 

the ground state.  [1] 
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Part C 

Answer all questions in this part. 

Directions (37-43):  Record your answers in the spaces provided in your answer booklet.  Some questions 

may require the use of the 2011 Edition Reference Tables for Physical Setting/Chemistry. 

Naturally occurring elemental carbon is a mixture of two isotopes.  The abundance of these 

two isotopes is listed below. 

98.93% of the carbon atoms have a mass of 12.0000 u 

1.07% of the carbon atoms have a mass of 13.0034 u 

 37 Show a numerical setup for calculating the average atomic mass of carbon.  [1] 

  

Base your answers to questions 38 and 39 on the information below and on your knowledge of chemistry. 

Ammonia (NH3) is commonly used in the manufacture of nitric acid, synthetic fibers, and 

fertilizers.  It is marketed as NH3 (l) in steel containers or as NH3 (aq) in bottles or drums. 

 38 State the difference in composition between NH3 (l) and NH3 (aq).  [1] 

 39 In the boxes on your answer sheet, draw particle diagrams to support your answer.  [1] 

  

 40 Explain, in terms of both protons and neutrons, why Co-59 and Co-60 are isotopes of cobalt.  [1] 

  

Base your answers to questions 41 through 43 on the information below and on your knowledge of chemistry. 

The element boron, a trace element in Earth’s crust, is found in foods produced from plants.  

Boron has only two naturally occurring stable isotopes, boron-10 and boron-11. 

 41 Compare the abundance of the two naturally occurring isotopes of boron.  [1] 

 42 Write an isotopic notation of the heavier isotope of the element boron.  Your response must include the 

atomic number, the mass number, and the symbol of this isotope.  [1] 

 43 State, in terms of subatomic particles, one difference between the nucleus of a carbon-11 atom and the 

nucleus of a boron-11 atom.  [1] 
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31     min 

32   Potential energy:    

Average kinetic energy:    

33   Reason 1:    

Reason 2:    

34 
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35      °C 

36   LED for a ground state selenium atom 

37 

38     

  

  

39 

 NH3 (l) NH3 (aq)  

 

  

 

Key 

NH3 

H2O 
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