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Chapter 3: Review Questions 

Basic Questions  

3.1 Matter Has Physical and Chemical Properties
1. What happens to the chemical identity of a substance during a physical change?

2. What changes during a chemical reaction?

3. Why is it sometimes difficult to decide whether an observed change is physical or chemical?

4. Why is melting ice an example of a physical change?

3.2 Elements Are Made of Atoms
5. How many types of atoms can you expect to find in a pure sample of any element?

Solutions to odd numbered questions at the end of this document



© Conceptual Chemistry by John Suchocki

6. Distinguish between an atom and an element.

7. What information is given by the elemental formula?

3.3 The Periodic Table Helps Us to Understand the Elements
8. How many periods are there in the periodic table? How many groups?

9. Do properties change or remain the same for elements across any period of the periodic table?

10. Why are the lanthanides and actinides placed beneath the main body of the periodic table?

11. What groups of the periodic table comprise the transition metals?
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3.4 Elements Can Combine to Form Compounds
12. What is the difference between an element and a compound?

13. What does the chemical formula of a substance tell us about that substance?

14. How are the properties of a compound related to the properties of the elements used to make that 
compound?

3.5 There Is A System for Naming Compounds
15. What is the chemical formula for the compound titanium dioxide?

16. What is the name of the compound with the formula NaNO3?

17. How many carbon atoms are there in magnesium cyanide, Mg(CN)2? 
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3.6 Most Materials Are Mixtures
18. What defines a material as being a mixture?

19. How can the components of a mixture be separated from one another?

20. How does distillation separate the components of a mixture?

3.7 Matter Can Be Classified as Pure or Impure
21. Why is it not practical to have a macroscopic sample that is 100 percent pure?

22. How is a solution different from a suspension?

23. How can a solution be distinguished from a suspension?
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3.8 The Advent of Nanotechnology
24. How soon will nanotechnology give rise to commercial products?

25. What are the two main approaches to building nanoscale materials and devices?

26. Who is the ultimate expert at nanotechnology?

Quantitative Questions 

27. The Colorado River water in Colorado has a salinity of about 50 ppm. By the time this water passes 
into Mexico its salinity has increased to about 1000 ppm. How many milligrams of salts have been added 
to each liter of water?

28. Rainwater is naturally acidic containing about 48 micrograms of acidity per liter. Express this con-
centration in units of ppm, ppb, and ppt.
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29. Dioxins are highly toxic compounds that form upon the burning of certain plastics, especially PVC. 
Dioxins bioaccumulate, which means that animals higher in the food chain tend to have greater con-
centrations within their bodies. Most of our exposure to dioxins comes from the food we eat rather than 
the air we breathe. How many milligrams of dioxins are there in a liter of milk containing 0.16 ppt?

30. Drinking water is routinely disinfected by adding chlorine to a concentration of about 2 ppm. How 
many milligrams is this per liter of water?

31. Sea water has a salt concentration of about 3.5%. Express this in units of ppm.

32. As a follow up to the previous question, express the concentration of salt in seawater in units of ppb.

33. Rank the following compounds in order of an increasing number of atoms:
 a. C12H22O12 b. Buckminsterfullerene, C60 c. Pb(C2H3O2)2

34. Rank the following elements in order of the size of their atoms from smallest to largest:
a. Cesium, Cs, number 55
b. Silver, Ag, number 47
c. Oxygen, O, number 8
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35. Rank the following in order of increasing purity:
 a. mountain spring water b. distilled water c. ocean water

36. Shown below are the concentrations of arsenic in three different water samples. Rank them in order 
of increasing amounts of arsenic per liter.
 a. 0.5 ppt b. 100 ppb c. 0.0007 ppm

Challenging Questions 

3.1 Matter Has Physical and Chemical Properties
37. A cotton ball is dipped in alcohol and wiped across a table top. Explain what happens to the alcohol 
molecules deposited on the table top? Is this a physical or chemical change?

38. A skillet is lined with a thin layer of cooking oil followed by a layer of unpopped popcorn kernels. 
Upon heating the kernels all pop thereby escaping the skillet. Identify any physical or chemical changes.

39. In the winter Vermonters make a tasty treat called “sugar on snow” in which they pour boiled-down 
maple syrup onto a scoop of clean fresh snow. As the syrup hits the snow it forms a delicious taffy. 
Identify the physical changes involved in the making of sugar on snow. Identify any chemical changes.

40. Each night you measure your height just before going to bed. When you arise each morning, you 
measure your height again and consistently find that you are 1 inch taller than you were the night before 
but only as tall as you were 24 hours ago! Is what happens to your body in this instance best described 
as a physical change or a chemical change? Be sure to try this activity if you haven’t already.
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41. Classify the following changes as physical or chemical.
a. grape juice turns to wine —————
b. wood burns to ashes —————
c. water begins to boil —————
d. a broken leg mends itself —————
e. grass grows —————
f. an infant gains 10 pounds —————
g. a rock is crushed to powder —————

42. Is aging primarily an example of a physical or chemical change?

43. Is the following transformation representative of a physical change or a chemical change?

3.2 Elements Are Made of Atoms
44. A 24-karat piece of gold is as pure as it gets. Make an argument for why this piece of gold should 
not be classified as an element.

45. Hydrogen sulfide, H2S, is a highly toxic and super stinky gas. Might you expect elemental sulfur, S8, 
also to be a highly toxic and super stinky gas? Please explain.

46. Why is the term “elemental compound’ not commonly used by chemists?
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47. What do diamonds, buckyballs, nanotubes, and graphite have in common?

3.3 The Periodic Table Helps Us to Understand the Elements
48. Which elements are some of the oldest known? What is your evidence?

49. Germanium, Ge (number 32), computer chips operate faster than silicon, Si (number 14), computer 
chips. So how might a gallium, Ga (number 31), chip compare with a germanium chip?

50. Helium, He, is a nonmetallic gas and the second element in the periodic table. Rather than being 
placed adjacent to hydrogen, H, however, helium is placed on the far right of the table. Why?

51. Name ten elements available to you as a modern-day consumer.

52. Strontium, Sr (number 38), is especially dangerous to humans because it tends to accumulate in 
calcium-dependent bone marrow tissues (calcium, Ca, number 20). How does this fact relate to what 
you know about the organization of the periodic table?
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53. With the periodic table as your guide, describe the element selenium, Se (number 34), using as many 
of this chapter’s key terms as you can.

54. Why not memorize the periodic table?

3.4 Elements Can Combine to Form Compounds
55. A sample of iron weighs more after it rusts. Why?

56. If you eat metallic sodium or inhale chlorine gas, you stand a strong chance of a painful death. Let 
these two elements react with each other, however, and you can safely sprinkle the product on your 
popcorn for better taste. What is going on?

57. Why can’t the elements of a compound be separated from one another by physical means?

58. Water molecules contain oxygen atoms. Does this mean that oxygen, O2, and water, H2O, have similar 
properties?
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59. Oxygen atoms are used to make water molecules. Why do we drown when we breathe in water 
despite all the oxygen atoms present in this material?

60. Which of the following boxes contains an element? A compound? A mixture? How many different 
types of molecules are shown altogether in all three boxes?

3.5 There Is A System for Naming Compounds
61. What is the common name for trioxygen? 

62. What is the name of the compound with the formula Sr3(PO4)2?

63. Give the name and the formula for a compound resulting from the combination of aluminum, sulfur, 
and oxygen?
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64. Elemental copper, Cu, is copper color. Elemental sulfur, S8, is yellow. What does this tell you about 
the color of the compound copper sulfide, CuS?

65. What is the charge on lead atom within PbO? What is the name of this compound?

65. The oxygen bares a 2- charge as per the discussions within Section 6.5. This must be balanced by the 
charge of the lead atom, which must be 2+. The name of this compound is lead (II) oxide. 

66. What is the charge on lead atom within PbO2? What is the name of this compound?

67. Complete the following table by writing the formula of the compounds formed when the positive 
ions in the left-hand column combine with the negative ions in the top row.
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68. Complete the following table by writing names and formula of the compounds formed when the 
positive ions across the top combine with the negative ions in the left-hand column.

3.6 Most Materials Are Mixtures 
69. Oxygen, O2, has a boiling point of 90 K (-183°C), and nitrogen, N2, has a boiling point of 77 K 
(-196°C). Which is a liquid and which is a gas at 80 K (-193°C)?

70. Each sphere in the diagrams below represents an atom. Joined spheres represent molecules. Which 
box contains a liquid phase? Why can you not assume that box B represents a lower temperature?

71. Based on the information given in the following diagrams, which substance has the lower boiling 
point: the compound or the element?
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72. How might you separate a mixture of sand and salt? How about a mixture of sand and iron?

73. Mixtures can be separated into their components by taking advantage of differences in the chem-
ical properties of the components. Why might this separation method be less convenient than taking 
advantage of differences in the physical properties of the components?

74. Many dry cereals are fortified with iron, which is added to the cereal in the form of small iron particles. 
How might these particles be separated from the cereal?

3.7 Matter Can Be Classified as Pure or Impure

75. Which of the boxes shown below best represents a suspension? A solution? A compound?
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76. Classify the following as homogeneous mixture, heterogeneous mixture, element, or compound: 
table salt, blood, steel, planet Earth.

77. Classify the following as element, compound, or mixture, and justify your classifications: salt, stainless 
steel, tap water, sugar, vanilla extract, butter, maple syrup, aluminum, ice, milk, cherry-flavored cough 
drops.

3.8 The Advent of Nanotechnology
78. How does a scanning probe microscope differ from an optical microscope?

79. People often behave differently when they are in a group compared to when they are by themselves. 
Explain how this is similar to the behavior of atoms. Is this good news or bad news for the development 
of nanotechnology?

80. How is chemistry similar to nanotechnology? How is it different? 
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Discussion Questions 

81. A calculator is useful, but certainly not exciting. Why would some one from 100 years ago vehemently 
disagree with this statement? We often marvel at a new technology, but how long does this marveling 
last? How soon before a new technology becomes taken for granted? Think of other examples. Is tech-
nology the source of happiness? 

82. How might speculations about potential dangers of nanotechnology threaten public support for 
it? Consider Michael Crichton’s science fiction novel “Prey” in which self-replicating nanobots run amok 
turning everything they contact into a gray goo.
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Solutions to Odd Numbered Review Questions

Basic Questions 

3.1 Matter Has Physical and Chemical Properties
1. Nothing. During a physical change, the chemical identity of a substance remains the same.

3. Determining whether a change is physical or chemical can be difficult because both involve changes 
in appearance.

3.2 Elements Are Made of Atoms
5. An element consists of only one type of atom.

Solutions to Chapter 3 Review

1. One liter of 1.0 ppm fluoridated drinking water contains 1.0 mg of fluoride. 

2. A dissolved oxygen concentration of 6 ppm corresponds to 6 mg/L. With one liter, you have 6 
mg:

  (6 mg/L)(1 L) = 6 mg
 Use a conversion unit to express 6 mg as 0.006 grams:
  (6 mg)(1 gram/1000 mg) = 0.006 grams

3. A concentration of 25 ppb is 25 micrograms per liter. Convert from micrograms into milligrams 
as follows:
  (25 micrograms)(1 milligram/1000 micrograms) = 0.025 milligrams
 Thus, there are 0.025 milligrams of chloroform in each liter of this water.

4. Assuming you live in the U.S., which has a population of about 330 million, then your concen-
tration is about 1/0.33 billion = 3.0 ppb. The concentration of you in the whole world is about 1/8  
billion = 0.125 ppb, which is about 125 ppt. If you can imagine how few of you there are compared 
to national or world populations, then you have a sense of how dilute a dissolved substance is when 
its concentration is measured by the ppb or ppt.

Solution to Calculation Corner, How Pure Is Pure?
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7. The elemental formula tells us how the atoms within an element are grouped. Within nitrogen, N2, for 
example, nitrogen atoms are paired.

3.3 The Periodic Table Helps Us to Understand the Elements
9. Across any period, the properties of elements gradually change.

11. The transition metals are those from group 3 – 10.

3.4 Elements Can Combine to Form Compounds.
13. The chemical formula tells us the ratio in which atoms come together to form one unit a particular 
substance. 

3.5 There Is A System for Naming Compounds
15. The formula for titanium dioxide is TiO2.

17. There are two carbon atoms within magnesium cyanide.

3.6 Most Materials Are Mixtures
19. Filtration or distillation can separate mixtures.  These methods take advantage of differences in the 
components’ physical properties.

3.7 Matter Can Be Classified as Pure or Impure
21. Atoms and molecules are very small so if one atom or molecule out of a trillion is different then the 
sample is no longer pure.

23. A centrifuge can be used to determine if a mixture is a solution or a suspension because it will sep-
arate the components of a suspension.

3.8 The Advent of Nanotechnology
25. The top-down approach in which nanostructures are carved out of larger materials and the bottom-up 
approach in which nanostructures are pieced together atom by atom.

Quantitative Questions
27. The difference between these two concentrations is 950 ppm or 950 milligrams per liter. The amount 
of salts added to the river water is 950 milligrams per liter.

29. A concentration of 0.16 ppt is 0.16 nanograms per liter. Convert nanograms to milligrams using these 
equalities: 1 gram = 103 mg, 1 gram = 109 ng.

 (0.16 ng)(1 gram/109 ng)(103 mg/1 gram) = 1.6 x 10-7 mg = 0.00000016 mg
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31. The “per cent” is “per 100”. So the concentration of salt in seawater is about 3.5 parts per hundred, or 
3.5 pph. There are 10,000 hundreds in a million so the conversion factors will look like this:

 (3.5 parts/hundred)(10,000 hundreds/1 million) = 35,000 ppm

33. c  <  a  <  b

35. c  <  a  <  b

Challenging Questions 

3.1 Matter Has Physical and Chemical Properties
37. The molecules of the alcohol evaporate into the gaseous phase, which is a physical change.

39. Boiling down the maple syrup involves the evaporation of water. As the syrup hits the snow it warms 
the snow causing it to melt while the syrup becomes more viscous. These are all examples of physical 
changes. Interestingly, as the maple syrup is boiled the sugar within the syrup begins to caramelize, 
which is an example of a chemical change.

41. a) chemical. b) chemical. c) physical. d) chemical. e) chemical. f ) chemical. g) physical.

43. Chemical change because the atoms have changed partners.

3.2 Elements Are Made of Atoms
45. The properties of a chemical compound, such as hydrogen sulfide, are uniquely different from the 
properties of the elements that come together to make that compound. Interestingly, elemental sulfur 
has low toxicity and only a slight odor. Furthermore, it is a solid at room temperature. If you understand 
that water, H2O, is most unlike oxygen, O2, then you’ll also understand how hydrogen sulfide, H2S, is 
most unlike elemental sulfur, S8.

47. These materials are all forms of the element carbon each consisting of only carbon atoms.

3.3 The Periodic Table Helps Us to Understand the Elements
49. Based upon its location in the periodic table we find that gallium, Ga, is more metallic in character 
than germanium, Ge. This means that gallium should be a better conductor of electricity. Computer 
chips manufactured from gallium, therefore, operate faster than chips manufactured from germanium. 
(Gallium has a low melting point of 30°C, which makes it impractical for use in the manufacture of com-
puter chips. Mixtures of gallium and arsenic, however, have found great use in the manufacture of ultra 
fast, though relatively expensive, computer chips.)
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51. Here is a list of sixteen. Aluminum (as in aluminum foil); tin (as in tin foil and tin cans); carbon (as in 
graphite and diamond); helium (as in a helium balloon); nitrogen (which comprises about 78% of the 
air we breathe); oxygen (which comprises about 21% of the air we breathe); argon (which comprises 
about 1% of the air we breathe); silicon (as in integrated circuits for computers and calculators); sulfur 
(a mineral used for many industrial processes); iron (as in most metal structures); chromium (as in chro-
mium bumpers on cars); zinc (as in the coating of any galvanized nail or as the insides of any post 1982 
copper penny );  copper (as in copper pennies); nickel (as in nickel nickels); silver (as in jewelry and old 
silver coins); gold (as in jewelry); platinum (as in jewelry); mercury (as in mercury thermometers). 

53. Selenium is a nonmetallic element found just adjacent to the metalloids in the periodic table. Its 
atomic symbol is Se and it has physical and chemical properties similar to those of other elements 
in its group. A material containing nothing but selenium, Se, is defined as a pure sample, which is an 
ideal state not practically achieved. Other materials found within this sample would make it impure. If 
these impurities are all mixed together in the same phase, it is a homogeneous mixture. If selenium 
reacts with another element it may form a compound, which will have different physical and chemical 
properties. This element is found in the fourth period and its atoms are likely smaller than those of the 
elements to its left, which is an example of a periodic trend. Check out that vocabulary!

3.4 Elements Can Combine to Form Compounds
55. Iron metal consists only of iron atoms, Fe. Rust is a compound of iron and oxygen (iron oxide, Fe2O3). 
So a sample of iron weighs more after it rusts because it has gained the weight of oxygen atoms. Be 
sure to recognize that the parts of the sample that have rusted are no longer iron. Rather, those parts 
are now iron oxide.

57. The transformation of elements into a compound is necessarily a chemical change. To go backwards—
from the compound back into the elements—would also be an example of a chemical change. The only 
way to separate an element from a compound, therefore, would be by chemical means. 

59. The oxygen our bodies are designed to breathe is gaseous molecular oxygen, O2. We drown when we 
breathe in water because it contains so little O2. Although they both contain oxygen, gaseous oxygen, 
O2, and water, H2O, are vastly different materials.

3.5 There Is A System for Naming Compounds
61. Ozone, O3.

63. Aluminum sulfate, Al2(SO4)3.

65. The oxygen bares a 2- charge as per the discussions within Section 6.5. This must be balanced by the 
charge of the lead atom, which must be 2+. The name of this compound is lead (II) oxide. 



© Conceptual Chemistry by John Suchocki

67. Complete the following table by writing the formula of the compounds formed when the positive 
ions in the left-hand column combine with the negative ions in the top row.

3.6 Most Materials Are Mixtures
69. Oxygen is a liquid and nitrogen is a gas at this temperature. Think of it this way: suppose you pass a 
mixture of these two gases—such as air—over an object that is at 80K. This temperature is colder than 
oxygen’s boiling point. The oxygen, therefore, will condense onto this object as a liquid, much like the 
water vapor in the air condenses onto the outer surface of a cold can of soda. Meanwhile, this tempera-
ture is warmer than nitrogen’s boiling point. The nitrogen, therefore, remains in the gaseous phase.

71. The molecules with the light-red/dark-blue atoms represent molecules of a compound. The mole-
cules with two light-red atoms represent molecules of an element. The change from A to B represents a 
physical change because no new types of molecules are formed. The collection of red/blue molecules 
on the bottom of B represents these molecules in the liquid or solid phase after having been in the gas-
eous phase in A. This must occur with a decrease in temperature. At this lower temperature the purely 
red molecules (the element) are still in the gaseous phase, which means that they have a lower boiling 
point. The blue/red molecules (compound) have a higher boiling point.

73. The chemical property involves a chemical change. Through a chemical change, the material changes 
its fundamental identity. Thus, you may have separated it, but now it is something else, which means 
that you need to convert it back to what it was through a second chemical change. This can be an energy 
and time intensive process that is much less efficient than separating based upon differences in physical 
properties.

3.7 Matter Can Be Classified as Pure or Impure
75. Box C. Remember these are all submicroscopic viewpoints. What may be depicted  C is the interface 
between a solid and liquid phase within a suspension. Box A shows oval molecules dissolved within 
smaller circle molecules. Box B shows a pure material, which may be indicative of a compound.

77. Salt, sodium chloride; classification: compound. Stainless steel, mix of iron and carbon; classification: 
mixture. Tap water, dihydrogen oxide plus impurities; classification: mixture. Sugar, chemical name: 
sucrose; classification: compound. Vanilla extract, natural product; classification: mixture. Butter, natural 
product; classification: mixture. Maple syrup, natural product; classification: mixture. Aluminum, metal; 
classification: in pure form—element (Sold commercially as a mixture of mostly aluminum with trace 
metals, such as magnesium.) Ice, dihydrogen oxide; classification: in pure form—compound; when made 
from impure tap water—mixture. Milk, natural product; classification: mixture. Cherry flavored cough 
drops, pharmaceutical; classification: mixture.
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3.8 The Advent of Nanotechnology
79. A macroscopic sample of an element contains billions upon billions of atoms bunched together. The 
properties exhibited by these grouped atoms are not necessarily the same as the properties of the atoms 
when isolated individually or in smaller groupings. Individual gold atoms, for example, appear red—not 
gold—and single sheets of graphite are transparent—not black. This is good news for nanotechnology 
because it means there are many nanoscopic properties yet to be discovered and exploited.

Discussion Questions 

81. A new technology seems to maintain its marvel for several years and then the appeal begins to fade. 
Instead of marveling at this technology, people then come to expect it. This happened when plastics 
were first introduced in the 1940s and 50s. Plastics were known as a wonder material. Now we do our 
best to recycle plastics so they don’t pollute our roadways and overfill our garbage dumps. Life is no 
doubt more comfortable and convenient with our warm GoreTex jackets and smart phones. But are we 
necessarily happier? Many think that happiness arises from within the person. To them it is no surprise 
that comfort and convenience beyond that which is necessary for our basic needs does little to improve 
one’s sense of well-being.


