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A) protons
B) neutrons
C) electrons plus neutrons
D) protons plus neutrons

1. All atoms of a given element must contain the same
number of

A) neutron B) electron
C) proton D) hydrogen atom

2. Which of the following particles has the smallest 
mass?

A) a neutron B) a proton
C) a beta particle D) an alpha particle

3. Which particle has a mass of approximately one
atomic mass unit and a unit positive charge?

A) electron B) neutron
C) nucleus D) orbital

4. Which part of a helium atom is positively charged?

A) A neutron has a negative charge.
B) A proton has a negative charge.
C) A neutron has no charge.
D) A proton has no charge.

5. Which statement matches a subatomic particle with its
charge?

A) the atom is a hard sphere ® most of the atom is
empty space ® electrons exist in orbitals outside
the nucleus

B) the atom is a hard sphere ® electrons exist in
orbitals outside the nucleus ® most of the atom
is empty space

C) most of the atom is empty space  ® electrons
exist in orbitals outside the nucleus ® the atom
is a hard sphere

D) most of the atom is empty space ® the atom is a
hard sphere ® electrons exist in orbitals outside
the nucleus

6. Which sequence represents a correct order of
historical developments leading to the modern model
of the atom?

A) Gold atoms consist mostly of empty space.
B) Gold atoms are similar to alpha particles.
C) Alpha particles and gold nuclei have opposite

charges.
D) Alpha particles are more dense than gold atoms.

7. In Rutherford's gold foil experiments, some alpha
particles were deflected from their original paths but
most passed through the foil with no deflection.
Which statement about gold atoms is supported by
these experimental observations?

A) An atom is mainly empty space, and the nucleus
has a positive charge.

B) An atom is mainly empty space, and the nucleus
has a negative charge.

C) An atom has hardly any empty space, and the
nucleus has a positive charge.

D) An atom has hardly any empty space, and the
nucleus has a negative charge.

8. Which conclusion is based on the “gold foil
experiment” and the resulting model of the atom?

A) usually have a uniform distribution of positive
charges

B) usually have a uniform distribution of negative
charges

C) contain a positively charged, dense center
D) contain a negatively charged, dense center

9. Experiments with gold foil indicated that atoms

A) The mass of an electron is equal to the mass of
a proton.

B) The mass of an electron is less than the mass of
a proton.

C) The mass of an electron is equal to the mass of
a neutron.

D) The mass of an electron is greater than the mass
of a neutron.

10. Which statement about the mass of an electron is
correct?
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A) smaller and contains most of the atom's mass
B) smaller and contains little of the atom's mass
C) larger and contains most of the atom's mass
D) larger and contains little of the atom's mass

11. Compared to the entire atom, the nucleus of the atom
is

A) alpha particle B) beta particle
C) neutron D) proton

12. Which particle has the least mass?

A) electron and neutron
B) electron and proton
C) proton and neutron
D) proton and positron

13. Which two particles make up most of the mass of a
hydrogen-2 atom?

A) aluminum B) carbon C) magnesium D) nitrogen

14. The table below shows the number of subatomic particles in atom X and in atom Z.

Atom X and atom Z are isotopes of the element

A) D and E, only B) D, E, and Q
C) Q and R, only D) Q, R, and E

15. Each diagram below represents the nucleus of a
different atom.

Which diagrams represent nuclei of the same
element?

A)  and B)  and C)  and D)  and 

16. Which two notations represent different isotopes of the same element?

A) total mass of all the protons and neutrons in an
atom of Ti

B) total mass of all the protons, neutrons, and
electrons in an atom of Ti

C) weighted average mass of the most abundant
isotope of Ti

D) weighted average mass of all the naturally
occurring isotopes of Ti

17. The atomic mass of titanium is 47.88 atomic mass
units. This atomic mass represents the
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A)
B)
C)
D)

18. Element X has two isotopes. If 72.0% of the element
has an isotopic mass of 84.9 atomic mass units, and
28.0% of the element has an isotopic mass of 87.0
atomic mass units, the average atomic mass of
element X is numerically equal to

A) 8 B) 2 C) 14 D) 4

19. What is the total number of valence electrons in an
atom of germanium in the ground state?

A) A B) B C) C D) D

20. Given the table below that shows student's examples of proposed models of the atom:

Which model correctly describes the locations of protons and electrons in the wave-mechanical
model of the atom?

A) 2–7 B) 2–6–2
C) 2–8–1 D) 2–8–8–2

21. Which electron configuration represents an atom in
an excited state?

A) 2-8 B) 2-8-1 C) 2-8-6 D) 2-8-7

22. Which of the following electron configurations
represents an atom having the greatest nuclear
charge?

A) absorbed as electrons move from higher to
lower electron shells

B) absorbed as electrons move from lower to
higher electron shells

C) released as electrons move from higher to lower
electron shells

D) released as electrons move from lower to higher
electron shells

23. The bright-line spectrum of sodium is produced
when energy is

A) 1 B) 2 C) 3 D) 4

24. What is the total number of orbitals containing only
one electron in an atom of nitrogen in the ground
state?
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A) atomic mass B) atomic number
C) molar mass D) oxidation number

25. The elements on the Periodic Table are arranged in
order of increasing

A) Ba B) Cd C) In D) Na

26. If an element, X, can form an oxide that has the
formula X 2O3, then element X would most likely be
located on the Periodic Table in the same group as

A) Be and Mg B) Ca and Br
C) Cl and Ar D) Na and P

27. Which two elements have the most similar chemical
properties?

A) magnesium B) manganese
C) radium D) radon

28. Which element is in Group 2 and Period 7 of the
Periodic Table?

A) Period 1 B) Period 2
C) Period 3 D) Period 4

29. Which period of the Periodic Table contains more
metallic elements than nonmetallic elements?

A) tantalum B) rhenium
C) osmium D) hafnium

30. Which element has the highest melting point?

A) low first ionization energy and low
electronegativity

B) low first ionization energy and high
electronegativity

C) high first ionization energy and low
electronegativity

D) high first ionization energy and high
electronegativity

31. Which two characteristics are associated with
metals?

A) They have a high electronegativity.
B) They lose electrons easily.
C) They have a low first ionization energy.
D) They are good conductors of electricity.

32. Which property is characteristic of nonmetals?
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A) A B) B C) C D) D

33. The table below shows some properties of elements A, B, C, and D.

Which element is most likely a nonmetal?

A) Al B) Cl C) Na D) Ne

34. An atom in the ground state has a stable valence
electron configuration. This atom could be an atom
of

A) Rb B) Rn C) Si D) Sr

35. Which element has both metallic and nonmetallic
properties?

A) phosphorus B) nitrogen
C) bismuth D) arsenic

36. Which Group 15 element exists as diatomic
molecules at STP?

A) atomic numbers
B) atomic masses
C) electronegativities
D) structural arrangements

37. The carbon atoms in graphite and the carbon atoms
in diamond have different

A) calcium B) carbon
C) chlorine D) copper

38. Which element has the greatest density at STP?

A) B) C) D)

39. An atom in the ground state contains a total of 5
electrons, 5 protons, and 5 neutrons. Which Lewis
electron-dot diagram represents this atom?

A) B)

C) D)

40. Which Lewis electron-dot diagram is correct for a S
2– ion?

A) H+ B) Li+ C) Na+ D) Rb+

41. Which ion has no electrons?

A) mass
B) electronegativity
C) total number of protons
D) total number of valence electrons

42. An atom of aluminum in the ground state and an
atom of gallium in the ground state have the same

A) carbon B) copper
C) sodium D) sulfur

43. Aqueous solutions of compounds containing element
X are blue. Element X could be

A) negative ion with a radius smaller than the
radius of the atom

B) negative ion with a radius larger than the radius
of the atom

C) positive ion with a radius smaller than the
radius of the atom

D) positive ion with a radius larger than the radius
of the atom

44. When an atom of lithium loses an electron, the atom
becomes a



Period:_________

A) nonmetallic properties and atomic radius
B) nonmetallic properties and ionization energy
C) metallic properties and atomic radius
D) metallic properties and ionization energy

45. Which characteristics both generally decrease when
the elements in Period 3 on the Periodic Table are
considered in order from left to right?

A) number of protons increases, and the number of
shells of electrons remains the same

B) number of protons increases, and the number of
shells of electrons increases

C) number of protons decreases, and the number
of shells of electrons remains the same

D) number of protons decreases, and the number
of shells of electrons increases

46. 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

A) F– B) Cl– C) K+ D) Ca2+

47. Which of the following ions has the smallest radius?

A) Al B) Na C) Ca D) K

48. Element M has an electronegativity of less than 1.2
and reacts with bromine to form the compound MBr2
.  Element M could be

A) Cl B) F C) Br D) I

49. Which atom has the strongest attraction for
electrons?

A) bromine B) calcium
C) sodium D) silver

50. Which element requires the least amount of energy
to remove the most loosely held electron from a
gaseous atom in the ground state?

A) 4204 kJ B) 2892 kJ
C) 520 kJ D) 454 kJ

51. The amount of energy required to remove all the 
valence electrons from a 1.00 mole sample of
lithium atoms is

A) 2 B) 18 C) 17 D) 14

52. Of the following groups, the element with the lowest
ionization energy would be found in Group

A) a higher melting point and a higher boiling
point

B) a higher melting point and a lower boiling point
C) a lower melting point and a higher boiling point
D) a lower melting point and a lower boiling point

53. When the elements in Group 1 are considered in
order from top to bottom, each successive element at
standard pressure has

A) decreases B) increases
C) remains the same

54. As elements in Group 15 of the Periodic Table are
considered in order from top to bottom, the metallic
character of each successive element generally

A)

B)

C)

D)

55. Which diagram represents a physical change, only?
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A) compound because the atoms of the elements
are combined in a fixed proportion

B) compound because the atoms of the elements
are combined in a proportion that varies

C) mixture because the atoms of the elements are
combined in a fixed proportion

D) mixture because the atoms of the elements are
combined in a proportion that varies

56. Tetrachloromethane, CCl4, is classified as a

A) Rb B) Ra C) Re D) Rn

57. Which element forms a compound with chlorine
with the general formula MCl

A) SrPO4 B) Sr3PO8

C) Sr2(PO4)3 D) Sr3(PO4)2

58. Which formula represents strontium phosphate?

A) FeS B) Fe2S3

C) FeSO3 D) Fe2(SO3)3

59. What is the chemical formula of iron(III) sulfide?

A) NO B) N2O C) NO2 D) N2O3

60. Which is the correct formula for nitrogen (I) oxide?

A) FeBr2 B) Fe2Br
C) FeBrO2 D) Fe2BrO2

61. What is the correct formula for iron (II) bromide?

A) NaClO B) Na2O
C) Na2C2O4 D) NaC2H3O2

62. What is the formula for sodium acetate?

A) Alcohol evaporates.
B) Water vapor forms snowflakes.
C) Table salt (NaCl) is crushed into powder.
D) Glucose (C6H12O6) and oxygen produce CO2

 and H2O.

63. Which statement describes a chemical change?

A) A bond is broken as energy is absorbed.
B) A bond is broken as energy is released.
C) A bond is formed as energy is absorbed.
D) A bond is formed as energy is released.

64. Given the balanced equation representing a reaction:
Cl2  Cl + Cl
What occurs during this reaction?

A) one chlorine atom
B) two chlorine atoms
C) one sodium atom
D) two sodium atoms

65. A barium atom attains a stable electron configuration
when it bonds with

A) high reactivity and the formation of stable
compounds

B) high reactivity and the formation of unstable
compounds

C) low reactivity and the formation of stable
compounds

D) low reactivity and the formation of unstable
compounds

66. Which properties are characteristic of the Group 1
metals?

A) carbon B) chlorine
C) silicon D) sulfur

67. Which element has an atom with the greatest
tendency to attract electrons in a chemical bond?

A) strontium and chlorine
B) hydrogen and chlorine
C) nitrogen and oxygen
D) sulfur and oxygen

68. An ionic compound is formed when there is a
reaction between the elements

A) B)

C) D)

69. Which Lewis electron-dot diagram correctly
represents a hydroxide ion?
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A) A B) B C) C D) D

70. The data table below represents the properties determined by the analysis of substances A, B, C, and 
D.

Which substance is an ionic compound?

A) ionic B) nonpolar
C) network D) metallic

71. A student determined the solubility of an unknown
solid in various solvents as shown in the table below.

Based on these solubility results, the unknown solid
is best described as

A) shared to form an ionic bond
B) shared to form a covalent bond
C) transferred to form an ionic bond
D) transferred to form a covalent bond

72. As a bond between a hydrogen atom and a sulfur
atom is formed, electrons are

A) C6 H12 O6 (s) and KI(s)
B) C6 H12 O6 (s) and HCl(g)
C) KI(s) and NaCl(s)
D) NaCl(s) and HCl(g)

73. Which two substances are covalent compounds?
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A) both solids contain only ionic bonds
B) both solids contain only covalent bonds
C) solid A contains only covalent bonds and solid B contains only ionic bonds
D) solid A contains only ionic bonds and solid B contains only covalent bonds

74. A chemist performs the same tests on two homogeneous white crystalline solids, A and B. The results
are shown in the table below.

The results of these tests suggest that

A) covalent and metallic
B) covalent and molecular
C) ionic and molecular
D) ionic and metallic

75. Which terms describe a substance that has a low
melting point and poor electrical conductivity?

A) high electronegativity
B) high ionization energy
C) highly mobile protons in the nucleus
D) highly mobile electrons in the valence shell

76. Conductivity in a metal results from the metal atoms
having

A) The gas is colorless.
B) The gas is carbon dioxide.
C) When the gas is bubbled into limewater, the

liquid becomes cloudy.
D) When placed in the gas, a flaming splint stops

burning.

77. A student investigated the physical and chemical
properties of a sample of an unknown gas and then
identified the gas. Which statement represents a
conclusion rather than an experimental observation?

A) one scientist over a short period of time
B) one scientist over a long period of time
C) many scientists over a short period of time
D) many scientists over a long period of time

78. The modern model of the atom is based on the work
of

A) 5 B) 2 C) 3 D) 4

79. A sample of an element has a mass of 34.261 grams
and a volume of 3.8 cubic centimeters. To which
number of significant figures should the calculated
density of the sample be expressed?

A) 0.41 g B) 0.410 g
C) 0.4100 g D) 0.4101 g

80. The measurement 0.41006 gram, rounded to three
significant figures, is expressed as

A) 60.870 g B) 60.87 g
C) 60.9 g D) 61 g

81. The following weighings were made during a 
laboratory exercise:

Mass of evaporating dish.....59.260 g
Mass of sugar sample ..........1.61 g

What is the total mass of the evaporating dish plus
the sample, expressed to the proper number of
significant figures?
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A)

B)

C)

D)

82. A student found the boiling point of a liquid to be 
. If the liquid's actual boiling point is ,

the experimental percent error is equal to

A) adding 50 ml of 12 M HCl to 50 ml of water
while stirring the mixture steadily

B) adding 50 ml of 12 M HCl to 50 ml of water,
and then stirring the mixture steadily

C) adding 50 ml of water to 50 ml of 12 M HCl
while stirring the mixture steadily

D) adding 50 ml of water to 50 ml of 12 M HCl,
and then stirring the mixture steadily

83. A student wishes to prepare approximately 100
milliliters of an aqueous solution of 6 M HCl using
12 M HCl. Which procedure is correct?

A) 35.0 mL B) 36.0 mL
C) 44.0 mL D) 45.0 mL

84. The diagram below represents a portion of a
100-milliliter graduated cylinder.

What is the reading of the meniscus?

A) 16.00 B) 16.40
C) 17.00 D) 17.60

85. The diagram below shows a portion of a buret.

What is the meniscus reading in milliliters?

A) -329 K B) -217 K
C) 217 K D) 329 K

86. Which kelvin temperature is equal to 56°C?

A) 210.10 g + 235.100 g
B) 210.100 g + 235.10 g
C) 210.1 g + 235.1 g
D) 210.10 g + 235.10 g

87. Expressed to the correct number of significant
figures, the sum of two masses is 445.2 grams.
Which two masses produce this answer?

A) one B) two C) three D) four

88. How many decimal places should be in the answer if
2.214 is added to 6.3?

A) 9.1% B) 8.3% C) 3.0% D) 11%

89. A student determined that the percent of H2O in a
hydrate was 39.0%. The percent of H2O in this
hydrate is 36.0% according to an accepted chemistry
reference. What is the student's percent of error?
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A) C2HNO2 and CHNO
B) C2HNO2 and C2HNO2

C) C4H2N2O4 and CHNO
D) C4H2N2O4 and C2HNO2

90. Given the formula for a compound:

Which molecular formula and empirical formula
represent this compound?

A) freezing point at standard pressure
B) boiling point at standard pressure
C) molecular formula
D) empirical formula

91. The compounds C2H4  and C4H8  have the same

A) 22 B) 11 C) 8 D) 4

92. What is the total number of moles of atoms
represented by the formula Al(C2H3O2)3?

A) C2H3 B) C4H6

C) C6H9 D) C8H12

93. What is the molecular formula of a compound that
has a molecular mass of 54 and the empirical
formula C2H3?

A) 248 g/mol B) 263 g/mol
C) 279 g/mol D) 310. g/mol

94. What is the gram-formula mass of Ca3(PO4)2 ?

A) H2O2 B) NO C) CF4 D) I2

95. Which substance has the greatest molecular mass?

A) 54 g B) 55 g
C) 110 g D) 206 g

96. What is the gram formula mass of Li2SO4?

A) 11 B) 7 C) 5 D) 4

97. What is the total number of oxygen atoms in the
formula MgSO4 • 7 H2O? [The • represents seven
units of H2O attached to one unit of MgSO4 .]

A)  mole B)  mole

C)  moles D)  moles

98. The number of moles of molecules in a -gram
sample of  is

A) 1:1:2 B) 1:1:3 C) 1:4:6 D) 5:1:4

99. A sample of a compound contains 65.4 grams of
zinc, 12.0 grams of carbon, and 48.0 grams of
oxygen. What is the mole ratio of zinc to carbon to
oxygen in this compound?

A) H2O( ) + energy ® H2O(g)
B) 2H2O( ) + energy ® 2H2(g) + O2(g)
C) H2O( ) ® H2O(s) + energy
D) H2O(g) ® H2O( ) + energy

100. Which balanced equation represents a chemical
change?

A) condensation, double replacement, and
sublimation

B) condensation, solidification, and synthesis
C) decomposition, double replacement, and

synthesis
D) decomposition, solidification, and sublimation

101. Which list includes three types of chemical
reactions?

A) single replacement
B) double replacement
C) synthesis
D) decomposition

102. Given the reaction:

     Mg(s) + 2 AgNO3(aq) ® Mg(NO3)2(aq) + 2
Ag(s)

Which type of reaction is represented?
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A) mass, only
B) mass and charge, only
C) charge and energy, only
D) charge, energy, and mass

103. Given the balanced equation representing a
reaction:

       H+(aq) + OH–(aq) ® H2O( ) + energy
 
In this reaction there is a conservation of

A) 2 N2(g) + 3 H2(g) B) 2 N2(g) + 2 O2(g)
C) 4 NO2(g) + O2(g) D) 4 NO(g) + SO2(g)

104. Given the incomplete equation: 
           

2 N2O5(g) ®

Which set of products completes and balances the
incomplete equation?

A) NaO B) Na2O
C) NaOH D) Na2OH

105. Given the balanced equation:
           

2 Na + 2 H2O  ® 2 X + H2 

What is the correct formula for the product
represented by the letter X?

A) .30 mol B) 1.5 mol
C) 4.5 mol D) 7.5 mol

106. Given the balanced equation representing a
reaction:
C3H8(g) +5O2(g)  3CO2(g) + 4H2O(g)

What is the total number of moles of O2(g) required
for the complete combustion of 1.5 moles of C3H8
(g)?

A) 1.0 mole B) 2.0 moles
C) 3.0 moles D) 4.0 moles

107. Given the reaction: 
 

4 Al + 3 O2 ® 2 Al2O3
What is the total number of moles of aluminum
oxide that can be formed when 54 grams of
aluminum reacts completely with oxygen?
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Base your answers to questions 108 through 110 on the information below.

A method used by ancient Egyptians to obtain copper metal from copper(I) sulfide ore was heating the
ore in the presence of air. Later, copper was mixed with tin to produce a useful alloy called bronze.

108. A 133.8-gram sample of bronze was 10.3% tin by mass. Determine the total mass of tin in the
sample.

109. Convert the melting point of the metal obtained from copper(I) sulfide ore to degrees Celsius.

110. Calculate the density of a -gram sample of bronze that has a volume of  cubic centimeters.
Your response must include a correct numerical setup and the calculated result.

111. Based on data collected during a laboratory investigation, a student determined an experimental
value of 322 joules per gram for the heat of fusion of H2O. Calculate the student's percent error. Your
response must include a correct numerical setup and the calculated result.
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Base your answers to questions 112 through 115 on the information below.

Have you ever seen an insect called a water strider skating across the surface of a calm pond? Have
you ever floated a sewing needle on the water in a glass? If you have, then youve observed one of
waters many amazing properties.
Waters surface tension keeps the water strider and the sewing needle from sinking into the water.
Simply stated, the surface tension is due to the forces that hold the water molecules together. Without
these intermolecular forces, the water strider and the sewing needle would sink below the surface of
the water.
The surface tension of water at various temperatures is given in the data table below.
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112. The surface tension of liquid tetrachloromethane, CCl4, at 25°C is 26.3 millinewtons/ meter
(mN/m). Compare the intermolecular forces between molecules of CCl4 to the intermolecular forces
between molecules of water, H2O, at 25°C.

113. State the relationship between the surface tension and the temperature of water.
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114. According to your graph, what is the surface tension of water at 60.°C?

115. Plot the data from the data table. Circle and connect the five points.

116. Explain, in terms of protons and neutrons, why
U-235 and U-238 are different isotopes of uranium.

117. Copper has two naturally occurring isotopes. Information about the two isotopes is shown in the
table below.

In the space in your answer booklet, show a numerical setup for calculating the atomic mass of
copper.

Base your answers to questions 118 and 119 on the
information below

          An atom in an excited state has an electron
configuration of 2-7-2.

118. Explain, in terms of subatomic particles, why this
excited atom is electrically neutral.

119. Write the electron configuration of this atom in the
ground state.
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120. Base your answer to the following question on the information below.

          Carbon has three naturally occurring isotopes, C-12, C-13, and C-14. Diamond and
graphite are familiar forms of solid carbon. Diamond is one of the hardest substances known,
while graphite is a very soft substance. Diamond has a rigid network of bonded atoms. Graphite
has atoms bonded in thin layers that are held together by weak forces.
          Recent experiments have produced new forms of solid carbon called fullerenes. One
fullerene, C60, is a spherical, cagelike molecule of carbon.

Determine both the total number of protons and the total number of neutrons in an atom of the
naturally occurring carbon isotope with the largest mass number.

121. Describe the electrons in an atom of carbon in the ground state. Your response must include: 

• the charge of an electron 
• the location of electrons based on the wave-mechanical model 
• the total number of electrons in a carbon atom
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122. Base your answer to the following question on the information and diagram below.
     One model of the atom states that atoms are tiny particles composed of a uniform mixture of
positive and negative charges. Scientists conducted an experiment where alpha particles were
aimed at a thin layer of gold atoms.
     Most of the alpha particles passed directly through the gold atoms. A few alpha particles were
deflected from their straight-line paths. An illustration of the experiment is shown below.

Most of the alpha particles passed directly through the gold atoms undisturbed. What does this
evidence suggest about the structure of the gold atoms?

Base your answers to questions 123 through 125 on on the information below.

In the modern model of the atom, each atom is composed of three major subatomic (or
fundamental) particles.

123. What is the sign of the net charge of the nucleus?

124. State the charge associated with each type of subatomic particle contained in the nucleus of the
atom.

125. Name the subatomic particles contained in the nucleus of the atom.
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126. Draw the electron-dot (Lewis) structure of an atom
of chlorine.

                            
                             
                                 
                                 
                                       

127. Draw the electron-dot (Lewis) structure of an atom
of calcium.

                            
                             
                                 
                                 
                                       

128. Naturally occurring boron is composed of two isotopes. The percent abundance and the mass of
each isotope are listed below.

• 19.9% of the boron atoms have a mass of 10.013 atomic mass units.
• 80.1% of the boron atoms have a mass of 11.009 atomic mass units.
Calculate the atomic mass of boron. Your response must include both a correct numerical setup and
the calculated result.

__________________ atomic mass units
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129. Base your answer to the following question on the information below.
The atomic radius and the ionic radius for some Group 1 and some Group 17 elements are given in
the tables below.

State the relationship between atomic number and first ionization energy as the elements in Group 1
are considered in order of increasing atomic number.

130. Base your answer to the following question on 
the information below.
The ionic radii of some Group 2 elements are given in the table below.

State the trend in ionic radius as the elements in Group 2 are considered in order of increasing
atomic number.
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131. Base your answer to the following question on the information below.

     A 1.0-gram strip of zinc is reacted with hydrochloric acid in a test tube. The unbalanced equation
below represents the reaction.

                                                
                  ____ Zn(s) + ____HCl(aq)  ____H2(g) + ____ ZnCl2(aq)

Balance the equation for the reaction of zinc and hydrochloric acid, using the smallest whole-number
coefficients.

132. Base your answer to the following question on the information below.

A 4.86-gram sample of calcium reacted completely with oxygen to form 6.80 grams of calcium
oxide. This reaction is represented by the balanced equation below.

2Ca(s) + O2(g) ® 2CaO(s)
Determine the total mass of oxygen that reacted.

133. Base your answer to the following question on 
the following paragraph.

A portable propane-fueled lantern contains a mesh silk bag coated with metal hydroxides. The
primary metal hydroxide is yttrium hydroxide. When the silk bag is installed, it is ignited and burned
away, leaving the metal hydroxide coating. The coating forms metal oxides that glow brightly when
heated to a high temperature.
During a test, a propane lantern is operated for three hours and consumes 5.0 moles of propane from
the lantern's tank. The balanced equation below represents the combustion of propane.

C3H8 + 5O2  3CO2 + 4H2O + energy
Write the formula for the primary metal hydroxide used in the lantern.



Period:_________

134. Base your answer to the following question on the following information.

    
 A piece of magnesium ribbon is reacted with excess hydrochloric acid to produce aqueous
magnesium chloride and hydrogen gas. The volume of the dry hydrogen gas produced is 45.6
milliliters. The temperature of the gas is 293 K, and the pressure is 99.5 kilopascals.

Balance below using the smallest whole-number coefficients.

____Mg(s) + ____HCl(aq) ® ____MgCl2(aq) + ____H2(g)

Base your answers to questions 135 through 137 on the information below.

    
Some dry chemicals can be used to put out forest fires. One of these chemicals is NaHCO3. When
NaHCO3(s) is heated, one of the products is CO2(g), as shown in the balanced equation below.

                           2NaHCO3(s) + heat ® Na2CO3(s) + H2O(g) + CO2(g)
135. Determine the total number of moles of CO2(g) produced when 7.0 moles of NaHCO3(s) is

completely reacted.

136. Identify the type of chemical reaction represented by this equation.

137. Show a correct numerical setup for calculating the percent composition by mass of carbon in the
product Na2CO3.



Period:_________

Base your answers to questions 138 and 139 on the information below.

A scientist in a chemistry laboratory determined the molecular formulas for two compounds
containing nitrogen and oxygen to be NO2 and N2O5

138. Write an IUPAC name for the compound N2O5.

139. In the space provided in your answer booklet, show a correct numerical setup for calculating the
percent composition by mass of oxygen in NO2.

140. Show a correct numerical setup for calculating the number of moles of CO2 (gram-formula mass =
44 g/mol) present in 11 grams of CO2.

141. What is the gram-formula mass of (NH4)2CO3?
Use atomic masses rounded to the nearest whole
number.



Period:_________

Base your answers to questions 142 through 145 on 
the information below.

     During a fireworks display, salts are heated to very high temperatures. Ions in the salts absorb
energy and become excited. Spectacular colors are produced as energy is emitted from the ions in
the form of light.
     The color of the emitted light is characteristic of the metal ion in each salt. For example, the
lithium ion in lithium carbonate, Li2CO3, produces a deep-red color. The strontium ion in
strontium carbonate, SrCO3, produces a bright-red color. Similarly, calcium chloride is used for
orange light, sodium chloride for yellow light, and barium chloride for green light.

142. Determine the oxidation state of carbon in the salt used to produce a bright-red color.

143. Explain, in terms of subatomic particles and energy states, how the colors in a fireworks display are
produced.

144. Identify the two types of chemical bonds found in the salt used to produce a deep-red color.

145. Write the formula for the salt used to produce green light in a fireworks display.



Period:_________

Base your answers to questions 146 through 148 on the information below.

Ozone, O3(g), is produced from oxygen, O2(g) by electrical discharge during thunderstorms. The
unbalanced equation below represents the reaction that forms ozone.

146. Explain, in terms of electron configuration, why an oxygen molecule is more stable than an oxygen
atom.

147. Identify the type of bonding between the atoms in an oxygen molecule.

148. Balance the equation for the production of ozone, using the smallest whole-number coefficients.

Base your answers to questions 149 and 150 on the information below.

149. In the space in your answer booklet, draw a Lewis electron-dot diagram for CF4.



Period:_________

150. State evidence that indicates NH3 has stronger intermolecular forces than CF4.

Base your answers to questions 151 through 153 on the information below.

The particle diagrams below represent the reaction between two nonmetals, A2 and Q2.

151. Compare the total mass of the reactants to the total mass of the product.

152. Identify the type of chemical bond between an atom of element A and an atom of element Q.

153. Using the symbols A and Q, write the chemical formula of the product.



Period:_________

154. Base your answer to the following question on the information below.

Each molecule listed below is formed by sharing electrons between atoms when the atoms within
the molecule are bonded together.

Molecule A: Cl2
Molecule B: CCl4
Molecule C: NH3

Explain how the bonding in KCl is different from the bonding in molecules A, B, and C.


