
 

  

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 Which element is malleable and conducts 

electricity? 

(1) phosphorus (3) iodine 

(2) iron (4) sulfur 

 2 A neutral atom contains 12 neutrons and 11 

electrons.  The number of protons in this atom 

is 

(1) 23 protons (3) 11 protons 

(2) 12 protons (4) 1 proton 

 3 At STP, the element oxygen can exist as either 

O2 or O3 gas molecules.  These two forms of the 

element have 

(1) different chemical and physical properties 

(2) different chemical and the same physical 

properties 

(3) the same chemical and physical properties 

(4) the same chemical and different physical 

properties 

 4 What is a property of most metals? 

(1) They are poor conductors of heat. 

(2) They tend to lose electrons easily when 

bonding. 

(3) They are poor conductors of electricity. 

(4) They tend to gain electrons readily when 

bonding. 

 5 The average kinetic energy of water molecules 

is greatest in which of these samples? 

(1) 100 g of water at 45°C 

(2) 10 g of water at 55°C 

(3) 100 g of water at 25°C 

(4) 10 g of water at 35°C 

 6 Elements on the Periodic Table are arranged in 

order of increasing 

(1) atomic radius (3) atomic number 

(2) mass number (4) neutron number 

 7 Two samples of gold that have different 

temperatures are placed in contact with one 

another.  Heat will flow spontaneously from a 

sample of gold at 60°C to a sample of gold that 

has a temperature of 

(1) 70°C (3) 80°C 

(2) 50°C (4) 60°C 

 8 Which element has chemical properties that are 

most similar to the chemical properties of 

sodium? 

(1) K (3) Mg 

(2) Se (4) Cl 

 9 The strength of an atom’s attraction for the 

electrons in a chemical bond is the atom’s 

(1) electronegativity 

(2) heat of reaction 

(3) ionization energy 

(4) heat of formation 

 10 At standard pressure, which element has a 

melting point higher than standard 

temperature? 

(1) F2 (3) Br2 

(2) Hg (4) Fe 

 11 Which of the following Group 15 elements has 

the greatest metallic behavior? 

(1) bismuth (3) nitrogen 

(2) antimony (4) phosphorus 
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 12 A real gas behaves more like an ideal gas when 

the gas molecules are 

(1) close and have strong attractive forces 

between them 

(2) close and have weak attractive forces 

between them 

(3) far apart and have strong attractive forces 

between them 

(4) far apart and have weak attractive forces 

between them 

 13 What is the charge of the nucleus of an atom of 

oxygen-17? 

(1) –2 (3) +17 

(2) 0 (4) +8 

 14 Subatomic particles can usually pass 

undeflected through an atom because the 

volume of an atom is composed of 

(1) neutrons (3) an uncharged nucleus 

(2) protons (4) largely empty space 

 15 Which set of symbols represents atoms with 

valence electrons in the same valence shell? 

(1) Mn, Hg, Cu (3) O, S, Te 

(2) Ba, Br, Bi (4) Sr, Sn, I 

 16 A gas occupies a volume of 40.0 milliliters at 

20°C.  At constant pressure, what temperature 

will result in the gas having a volume of 80.0 

milliliters? 

(1) 293 K ×
40.0 mL

80.0 mL
  

(2) 293 K ×
80.0 mL

40.0 mL
 

(3) 20°C ×
40.0 mL

80.0 mL
 

(4) 20°C ×
80.0 mL

40.0 mL
 

 17 How much heat energy must be absorbed to 

completely melt 35.0 grams of H2O(s) at 0°C? 

(1) 146 J (3) 11,700 J 

(2) 79,100 J (4) 9.54 J 

 18 The element in Group 14 and Period 3 on the 

Periodic Table is classified as a 

(1) metal (3) metalloid 

(2) noble gas (4) nonmetal 

 19 What occurs when an atom loses an electron? 

(1) The atom’s radius increases and the atom 

becomes a positive ion. 

(2) The atom’s radius increases and the atom 

becomes a negative ion. 

(3) The atom’s radius decreases and the atom 

becomes a positive ion. 

(4) The atom’s radius decreases and the atom 

becomes a negative ion. 

 20 Which pair of symbols represent a metalloid 

and a noble gas? 

(1) Si and Bi (3) Ne and Xe 

(2) As and Ar (4) Ge and Te 

 21 Which substance has the lowest vapor pressure 

at 75°C? 

(1) ethanoic acid (3) ethanol 

(2) water (4) propanone 

 22 As the elements in Period 2 of the Periodic 

Table are considered in succession from left to 

right, there is a decrease in atomic radius with 

increasing atomic number.  This may best be 

explained by the fact that the 

(1) number of protons increases and the 

number of electron shells decreases 

(2) number of protons decreases and the 

number of electron shells remains the 

same 

(3) number of protons increases and the 

number of electron shells remains the 

same 

(4) number of protons decreases and the 

number of electron shells increases 
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Part B–1 

Answer all questions in this part. 

Directions (23-30):  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. 

 23 The graph below represents the uniform heating 

of a substance starting below its melting point 

when the substance is solid. 

 

Which line segment represents an increase in 

average kinetic energy? 

 (1) BC and DE (3) AB and BC 

(2) DE and EF (4) AB and CD 

 24 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 element 

(2) both the same compound 

(3) two different elements 

(4) two different compounds 

 25 Which of the following changes is exothermic? 

(1) sublimation of iodine 

(2) melting of iron  

(3) vaporization of ethanol 

(4) freezing of water 

 26 Which is a property of most nonmetallic solids? 

(1) brittleness 

(2) malleability 

(3) high thermal conductivity 

(4) high electrical conductivity 

 27 As an atom becomes an ion, its mass number 

(1) increases 

(2) remains the same 

(3) decreases 

 28 The region that is the most probable location of 

an electron is 

(1) the nucleus (3) an orbital 

(2) an ion (4) the excited state 

 29 In Period 3, from left to right in order, each 

successive element will 

(1) increase in number of protons 

(2) decrease in electronegativity 

(3) decrease in atomic number 

(4) increase in metallic character 

 30 From which of these atoms in the ground state 

can a valence electron be removed using the 

least amount of energy? 

(1) chlorine (3) carbon 

(2) oxygen (4) nitrogen 
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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 technician is given samples of Na, Ar, As, and Rb. 

 31 Which two of the samples have the most similar chemical properties?  [1] 

 32 Explain your answer to 31 in terms of the Periodic Table of the Elements.  [1] 

  

Base your answers to questions 33 through 36 on the information below and on your knowledge of chemistry. 

 33 Complete the data table in your answer booklet by writing in the first ionization energy for the following 

Group 18 elements:  He, Ne, Ar, Kr, and Xe.  [1] 

 34 Mark an appropriate scale on the axis labeled “First Ionization Energy (kJ/mol)”.  [1] 

 35 Plot the data from the Table in questions 33 on the graph provided in your answer booklet.  Circle each 

point and connect the points.  [1] 

 36 Use the graph in question 35 to describe the trend in first ionization energy of the Group 18 elements 

in order of increasing atomic number.  [1] 

  

 37 An atom has an atomic number of 9, a mass number of 19, and an electron configuration of 2-6-1.  

Explain why the number of electrons in the second and third shells shows an excited state atom.  [1] 
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Part C 

Answer all questions in this part. 

Directions (38-43):  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. 

The table below gives information about two isotopes of element X. 

Isotope Mass Relative Abundance 

X-10 10.01 19.91% 

X-11 11.01 80.09% 

 38 Show a numerical setup for calculating the average atomic mass of element X.  [1] 

  

Base your answers to questions 39 and 40 on the information below and on your knowledge of chemistry. 

Many advertising signs depend on the production of light emissions from gas-filled tubes 

that are subjected to a high-voltage source.  When light emissions are pass through a 

spectroscope, bright-line spectra are produced. 

 

 39 Explain the production of an emission spectrum in terms of energy states of an electron.  [1] 

 40 Identify the two elements in the mixture shown in the diagram above.  [1] 

  

 41 An atom has an atomic number of 9, a mass number of 19, and an electron configuration of 2-6-1. 

What is the total number of neutrons in the described atom?  [1] 

 42 Calculate the amount of energy, in joules, that is absorbed by 25.0 grams of water when the temperature 

of the water increases from 24.0°C to 36.0°C?  [1] 

 43 In the space provided in your answer booklet, draw a Lewis electron-dot diagram of an atom of 

phosphorus.  [1] 
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31     

32     

  

33 - 35 

Atomic 

Number 
Element 

First 

Ionization 

Energy 

(kJ/mol) 

2 He  

10 Ne  

18 Ar  

36 Kr  

54 Xe  

36     
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37     

  

38   Numerical setup for calculating the average atomic mass of element X. 

39     

  

40     and    

41     

42   Calculate the amount of energy, in joules. 

43   LED for a phosphorus atom 

 

 

 


