
 

  

 

Part A 

Answer all questions in this part. 

Directions (1-21):  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 Which statement describes a chemical 

property of iron? 

(1) Iron oxidizes. 

(2) Iron is a solid at STP. 

(3) Iron melts. 

(4) Iron is attracted to magnets. 

 2 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 

 3 Which substance can not be broken down by a 

chemical change? 

(1) ammonia (3) tungsten 

(2) ethanol (4) water 

 4 What is the vapor pressure of propanone at 

50.ºC? 

(1) 37 kPa (3) 83 kPa 

(2) 50. kPa (4) 101 kPa 

 5 A sample of gas is in a rigid cylinder with a 

movable piston.  The pressure of the gas is kept 

constant.  If the Kelvin temperature of the gas 

is doubled, the volume of the gas is 

(1) halved (3) tripled 

(2) doubled (4) unchanged 

 6 Compared to a 15-gram sample of Cu(s) at 

25°C, a 25-gram sample of Cu(s) at 25°C has 

(1) the same density and the same chemical 

properties 

(2) the same density and different chemical 

properties 

(3) a different density and the same chemical 

properties 

(4) a different density and different chemical 

properties 

 7 What is represented by the chemical formula 

PbCl2 (s)? 

(1) a substance 

(2) a solution 

(3) a homogeneous mixture 

(4) a heterogeneous mixture 

 8 Which sample of gas at STP has the same 

number of molecules as 6 liters of Cl2 (g) at STP? 

(1) 3 liters of O2 (g) (3) 3 moles of O2 (g) 

(2) 6 liters of N2 (g) (4) 6 moles of N2 (g) 

 9 Which type of matter can not be broken down 

into simpler substances by a chemical change? 

(1) an element (3) a mixture 

(2) a solution (4) a compound 

 10 A real gas behaves most like an ideal gas at 

(1) low pressure and high temperature 

(2) low pressure and low temperature 

(3) high pressure and high temperature 

(4) high pressure and low temperature 
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 11 Which two particle diagrams each represent a 

sample of one substance? 

 

(1) I and II (3) II and III 

(2) I and III (4) II and IV 

 12 At STP, which gaseous sample has the same 

number of molecules as 3.0 liters of N2 (g)? 

(1) 6.0 L of F2 (g) (3) 3.0 L of H2 (g) 

(2) 4.5 L of N2 (g) (4) 1.5 L of Cl2 (g) 

 13 Given the formulas of two substances: 

 

These diagrams represent substances that have 

(1) the same molecular structure and the same 

physical properties 

(2) the same molecular structure and different 

physical properties 

(3) different molecular structures and the same 

physical properties 

(4) different molecular structures and different 

physical properties 

 14 Which sample of matter is a mixture? 

(1) air (3) manganese 

(2) ammonia (4) water 

 15 Chemical properties can be used to 

(1) determine the temperature of a substance 

(2) determine the density of a substance 

(3) differentiate between two compounds 

(4) differentiate between two neutrons 

 16 The joule is a unit of 

(1) concentration (3) pressure 

(2) energy (4) volume 

 17 Which sample of CO2 does not have a definite 

volume? 

(1) CO2 (aq) (3) CO2 (l) 

(2) CO2 (g) (4) CO2 (s) 

 18 Which list of elements contains a metal, a 

metalloid, and a nonmetal? 

(1) Ag, Si, I2 (3) K, Cu, Br2 

(2) Ge, As, Ne (4) S, Cl2, Ar 

 19 A student measures the mass and volume of a 

sample of copper at room temperature and 

101.3 kPa.  The mass is 42.9 grams and the 

volume is 5.00 cubic centimeters.  The student 

calculates the density of the sample.  What is 

the percent error of the student’s calculated 

density? 

(1) 7.4% (3) 9.0% 

(2) 8.4% (4) 10.2% 

 20 A mixture of sand and table salt can be 

separated by filtration because the substances 

in the mixture differ in 

(1) boiling point (3) freezing point 

(2) density at STP (4) solubility in water 
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Part B–1 

Answer all questions in this part. 

Directions (21-27):  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 Given the key: 

 

Which particle model diagram represents a 

chemical change? 

 

 22 Which phrase describes two forms of solid 
carbon, diamond and graphite, at STP? 

(1) the same crystal structure and the same 

properties 

(2) the same crystal structure and different 

properties 

(3) different crystal structures and the same 

properties 

(4) different crystal structures and different 

properties 

 23 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 

 24 Which particle diagram represents one 

substance in the gas phase? 
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 25 The cooling curve below represents the uniform cooling of a substance, starting at a temperature above 

its boiling point. 

 

During which time interval does the substance exist as both a liquid and a solid? 

(1) min 2 to min 4 (3) min 5 to min 7 

(2) min 4 to min 5 (4) min 7 to min 9 

 26 Which particle diagram represents a mixture? 
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 27 The chart below shows the crystal shapes and melting points of two forms of solid phosphorus. 

 

Which phrase describes the two forms of phosphorus? 

(1) same crystal structure and same properties 

(2) same crystal structure and different properties 

(3) different crystal structure and different properties 

(4) different crystal structure and same properties 
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Part B–2 

Answer all questions in this part. 

Directions (28-40):  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 29 and 30 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. 

 

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

 29 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 31 and 32 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. 

 

 30 State the changes in both pressure and temperature of the gas in the cylinder that would increase the 

frequency of collisions between the O2 (g) molecules.  [1] 

 31 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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Base your answers to questions 33 through 35 on the information below and on your knowledge of chemistry. 

Rubidium and iodine have different chemical and physical properties.  Some of these 

properties are shown in the table below. 

 

 32 State the chemical property of iodine listed in this table.  [1] 

 33 Compare the atomic radius of an atom of iodine to the atomic radius of rubidium when both atoms are 

in the ground state.  [1] 

 34 Compare the electrical conductivity of these two elements at STP.  [1] 

  

Base your answers to questions 36 through 38 on the information below and on your knowledge of chemistry. 

A bubble of air at the bottom of a lake rises to the surface of the lake.  Data for the air 

inside the bubble at the bottom of the lake and at the surface of the lake are listed in the table 

below. 

 

 35 State the number of significant figures used to express the pressure at the surface of the lake.  [1] 

 36 Show a numerical setup for calculating the volume of the bubble at the bottom of the lake.  [1] 

 37 Determine the mass of the air in the bubble at the surface of the lake.  [1] 
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Base your answers to questions 39 through 40 on the information below and on your knowledge of chemistry. 

The densities of two forms of carbon at room temperature are listed in the table below. 

 

 38 Compare the number of carbon atoms in a 0.30-cm3 sample of graphite and a 0.30-cm3 sample of 

diamond.  [1] 

 39 A student calculated the density of a sample of graphite to be 2.3 g/cm3.  Show a numerical setup for 

calculating the student’s percent error for the density of graphite.  [1] 

  

 40 Show a numerical setup for calculating the quantity of heat in joules required to completely vaporize 

102.3 grams of H2O(l) at 100°C and 1.0 atm.  [1] 
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Part C 

Answer all questions in this part. 

Directions (41-45):  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 question 41 on the information below and on your knowledge of chemistry. 

In the late 1800s, Dmitri Mendeleev developed a periodic table of the elements known at that 

time.  Based on the pattern in his periodic table, he was able to predict properties of some 

elements that had not yet been discovered.  Information about two of these elements is shown in 

the table below. 

 

 41 Show a numerical setup for calculating the percent error of Mendeleev’s predicted density of Es.  [1] 

  

In a laboratory investigation, a student compares the concentration and pH value of each of 

four different solutions of hydrochloric acid, HCl(aq), as shown in the table below. 

 

 42 State the number of significant figures used to express the concentration of solution Z.  [1] 
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Base your answers to questions 42 through 45 on the information below and on your knowledge of chemistry. 

A technician recoded data for two properties of Period 3 elements.  The data are shown in 

the table below. 

 

 43 Identify the element in this table that is classified as a metalloid.  [1] 

 44 State the phase of chlorine at 281 K and 101.3 kPa.  [1] 

 45 State the evidence from the technician’s data which indicates that sodium is more active than 

aluminum.  [1] 
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28     min 

29   Potential energy:    

Average kinetic energy:    

30   Change in pressure:    
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