
• colourless elements - oxygen

Classification rationale: Clear distinctions can be made among the elements in terms of colour.
(d) Third possible three–group classification:

• malleable solids - aluminum, silicon, magnesium, iron, copper, tin, lead

• non-malleable solids - carbon, sulfur

• gases - oxygen.

Classification rationale: Clear distinctions can be made among the solid elements in terms of malleability. Gases (and
liquids) could be classed as “others”.

(e) The description given in (a) of the various samples is fairly comprehensive. At this stage, students may add some of
those attributes to their original descriptions.

(f) The process of classification puts a substance under careful examination and tends to reveal similarities to and differ-
ences from other substances. As more and more similarities and differences are identified, a more detailed description
of the substance can be made.

(g) Other ways to classify the substances include: electrical conductivity, chemical reactivity, melting point, boiling point,
freezing point, density, viscosity, etc. To assist in classification, for example, the substances could be connected to a
source of electricity and then a multi-meter could be used to measure voltage and current; the substances could be
reacted with other substances to determine chemical reactivity, etc.

1.1 ELEMENTS AND THE PERIODIC TABLE

PRACTICE

(Page 11)

Understanding Concepts
1. (a) iron; metal (d) carbon; nonmetal

(b) aluminum; metal (e) silver; metal
(c) gallium; metal (f) silicon; metalloid

2. (a) International Union of Pure and Applied Chemistry
(b) IUPAC agrees to and specifies rules for chemical names and symbols. Although the names of elements are

different in different languages, the same symbols are used in all languages. Scientific communication throughout
the world depends on this language of symbols, which is international, precise, logical, and simple.

3. Three sources of names for elements are: Latin names; names based on the country or region in which the element
was discovered; names that pay tribute to a notable scientist.

Making Connections
4. An example: furniture polish contains “isoparaffinic hydrocarbon.” Isoparaffinic hydrocarbon is a compound that

contains hydrogen (a nonmetal) and carbon (a nonmetal).
5. The student is to use the Internet to research the possible link between aluminum and Alzheimer’s disease. The student

is also to comment on whether aluminum is a significant environmental risk. Students may well find evidence to
support either position. The focus of ongoing research is to clarify how aluminum affects the body and whether it is
a factor in Alzheimer’s disease. However, most researchers believe that not enough evidence exists to consider
aluminum a risk factor for Alzheimer’s disease. The strip mining of aluminum ore (bauxite) may be harmful to the
environment. Processing aluminum from ore uses large amounts of electricity. Aluminum is also used in food,
drinking water, cosmetics, and drugs.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre.
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6. An example:

Metal (gold) Nonmetal (phosphorus)

How Discovered Gold in small quantities was A German scientist distilled the
probably first found lying on residue from boiled-down, 
the ground by prehistoric well-putrefied urine; condensed
humans. It is soft, easy to work, the vapours underwater; and 
and retains a shine. It was found something that glowed in 
probably being used for the dark.
ornamentation shortly after
discovery.

When Discovered long before 4000 B.C. 1669

Where Discovered unknown Hamburg, Germany

Who Discovered prehistoric peoples. Hennig Brand

Common Industrial or  Gold’s superior electrical Matches, fireworks displays,
Applications Technological conductivity, its malleability, phosphorous acid, phosphoric 

and resistance to corrosion have acid (used to give a tart taste to 
made it vital to the manufacture soft drinks, and to make
of components of electronic fertilizer), phosphorous
products and equipment, trichloride, etc.— used mainly
including computers and for the further manufacture of 
telephones. other chemicals.

Gold is extraordinarily reflective
and does not tarnish, so is used 
to shield spacecraft and satellites
from radiation and to focus
light in industrial and medical
lasers. 

Gold is biologically inactive, but is 
used in the direct treatment of 
rheumatism.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre.

Reflecting
7. It would be unwise for each country to choose its own names and symbols for elements because this would seriously

impair scientific communication throughout the world, for example, causing confusion if two countries used the same
name for different elements.

8. Example: “Special Education” as a useful classification:
Intellectual differences, sensory handicaps, communication disorders, physical handicaps, behaviour disorders, and
developmental disabilities have all been used to modify education for students who need something extra to help them
work toward their potential.
“Special Education” as a harmful classification:
Negative connotations are attached to such forms of classification, and educational jurisdictions tend to interpret some
of the “special education” categories in an arbitrary manner. For example, the classification “developmental disabili-
ties” may be interpreted in a variety of different ways, even within a single province like Ontario.

PRACTICE

(Page 17)

Understanding Concepts
9. (a) Mendeleev’s periodic law states that “elements arranged in order of increasing atomic mass show a periodic

recurrence of properties at regular intervals.”
(b) Mendeleev was able to predict the properties of the as yet undiscovered elements, with some accuracy — but not

with complete accuracy. In general, periodic law is inadequate to fully predict properties of elements.

6 Unit 1 Matter and Chemical Bonding Copyright © 2002 Nelson Thomson Learning



10. According to the law of triads, the middle element of a triad should have an atomic mass about halfway between the
atomic masses of the other two elements. The halfway value between fluorine, with an atomic mass 19.00, and
bromine, with an atomic mass of 79.90, would be an atomic mass of 49.45. The value for the atomic mass of chlorine
in today’s periodic table is actually 35.45.

11. Johann Döbereiner (1780–1849): Döbereiner was among the first scientists to consider the idea of trends among the
properties of the elements. By 1829, he had noted a similarity among the physical and chemical properties of several
groups of three elements. Döbereiner’s discovery is often referred to as the law of triads.

John Alexander Newlands (1837–1898): In 1864, Newlands arranged all of the known elements in order of
increasing atomic mass. He noticed that similar physical and chemical properties appeared for every eighth element.
He also noticed that some elements shared similar properties with other elements even though they did not follow the
“eighth element” pattern. He identified elements that share similar properties as being in the same family. Newlands
called his discovery “the law of octaves.” However, the law of octaves seemed to be true only for elements up to
calcium.

Julius Lothar Meyer (1830–1895): Meyer also arranged the elements in order of atomic mass. Meyer thought he
saw a repeating pattern in the relative volumes of the individual atoms of known elements. He also observed a change
in length of that repeating pattern. By 1868, Meyer had developed a table of the elements that closely resembles the
modern periodic table.

12. Mendeleev placed sulfur and oxygen in the same family because of their similar chemical properties. For example,
both oxygen and sulfur react with hydrogen according to the formula of H2R.

13. The discovery of noble gases supported Mendeleev’s periodic table in the sense that these new elements had similar
physical properties (they are all gases) and similar chemical properties (they are all unreactive). This added another
family of elements to Mendeleev’s periodic table to illustrate the periodic recurrence of properties.

14. Students will find that science is not always objective. Fear of ridicule (as of Newland’s musical analogy), fear of
risking reputation by making a major blunder (as in Lothar Meyer’s lack of the courage needed to propose new
elements to fill in the gaps in the repeating pattern of atomic volumes), and fear of the power of authority (challenging
an established theory supported by a well-established group of scientists could be hazardous to the career of the
maverick) are all powerful factors that affect the progress of science. Social factors and personal attributes probably
delayed the development and acceptance of the periodic table.

PRACTICE

(Page 19)

Understanding Concepts

15. Element Name Atomic Symbol Atomic Number Group Number State at SATP

lithium Li 3 1 or lA solid
beryllium Be 4 2 or llA solid
boron B 5 13 or lllA solid
carbon C 6 14 or lVA solid
nitrogen N 7 15 or VA gas
oxygen O 8 16 or VlA gas
fluorine F 9 17 or VllA gas
neon Ne 10 18 or VlllA gas

16. Metals = 89; nonmetals = 19; metalloids = 7
17.

Representative Elements of Period 2 - Groups l to 18

Element Atomic Atomic Atomic State at Melting Boiling
Name Symbol Number Mass SATP Point ˚C Point ˚C

lithium Li 3 6.94 solid 181 1342
beryllium Be 4 9.01 solid 1278 2970
boron B 5 10.81 solid 2300 2550
carbon C 6 12.01 solid 3550 4827
nitrogen N 7 14.01 gas -210 -196
oxygen O 8 16.00 gas -218 -183
fluorine F 9 19.00 gas -220 -188
neon Ne 10 20.18 gas -249 -246

Copyright © 2002 Nelson Thomson Learning Chapter 1 The Nature of Matter 7



18.
Physical Property Chemical Property

Alkali Metals • soft • react violently with water,
• silver-coloured liberating hydrogen gas

• react with halogens to form
compounds similar to sodium 
chloride (NaCl)

Halogens • may be solids, liquids, or gases • extremely reactive
at SATP • react readily with hydrogen 

• not lustrous and and metals 
nonconductors of electricity

Noble Gases • gases at SATP • extremely unreactive
• low melting and boiling points • heavier gases may form 

compounds with fluorine

19. According to the position of phosphorus in the periodic table, the most likely formula for a compound of phosphorus
and hydrogen is PH3(g) — commonly called phosphine, an extremely poisonous gas with a garlic odour. Its chief use
is in the manufacture of plastics used to make compounds that make cotton cloth flame-resistant.

Making Connections
20. Some support for the Age of Silicon: Silicon is a metalloid solid, metallic in appearance, and has a high melting point

(1410°C). However, its electrical conductivity is much less than that of a typical metal. It is this “semiconductor”
property that makes this element extremely useful in the electronics and communication technology industries. Silicon
is the material currently used to make most microchips — integrated circuits — a tiny piece of silicon that contains
thousands of tiny, interconnected electrical circuits that work together to receive and send information. Microchips
can process a great deal of information, and yet take up very little space. However, silicon’s status as indispensable to
computation is being challenged with new methods, including photonics, that will not require silicon. Perhaps, many
years from now, this will be referred to as the Age of Silicon, but a case could be made for a more general descrip-
tion: the Age of Information.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre

SECTION 1.1 QUESTIONS

(Page 20)

Understanding Concepts
1. Lithium, sodium, and potassium are elements in the same family that are arranged in order of increasing atomic

number and show a periodic recurrence of properties — all are soft, silvery-coloured elements, all are solids at SATP,
all exhibit metallic properties, and all react violently with water to form basic solutions and liberate hydrogen gas.

2. (a) Percentage approach: If we take each melting point as a percentage of the previous melting point and then average
the percentages, the predicted melting point of Rb would be about 37.6˚C. The actual melting point of Rb is 
38.9˚C.

(b) Alkali metals and alkaline earth metals show a periodic recurrence of decreasing melting points as you move
down a group, whereas nonmetals show a periodic recurrence of increasing melting points as you move down a
group. Thus, based on the periodic recurrence of decreasing melting points Li, Na, K, and Rb would be classified
as metals.

(c) As alkali metals, Li, Na, K, and Rb would be expected to be soft, silvery-coloured elements; to be solids at SATP;
to exhibit metallic properties; and to show decreasing boiling points as you move down the group.

3. (a) “Shiny, grey solid at SATP” are physical properties that are in line with elements from the alkaline earth metals
group, or from the transition metals group.

“When heated in the presence of oxygen, a white, powdery solid forms” is a chemical property also in
line with elements from the alkaline earth metals group, or from the transition metals group - elements from either
of these two groups, especially elements from the alkaline earth metals group, react with oxygen to form oxides.

(b) Before 1800, scientists distinguished elements from compounds by heating the substances to find out if they
decomposed. If the products they obtained after cooling had different properties from the starting materials, then
the experimenters concluded that decomposition had occurred, so the original substance was a compound. In this
case, the scientist would have concluded the original grey solid substance to be a compound, and the white
powder (which will not decompose on heating) to be an element.

8 Unit 1 Matter and Chemical Bonding Copyright © 2002 Nelson Thomson Learning



4.
Table 4: Elements and Mineral Resources

Mineral resource or use Element name Atomic Element Group Period SATP
number symbol number number state

High-quality ores at radium 88 Ra 2 7 solid
Great Bear Lake, NT
Rich ore deposits at cesium 55 Cs 1 6 solid
Bernic Lake, MB
Potash deposits in potassium 19 K 1 4 solid
Saskatchewan
Large deposits in antimony 51 Sb 15 5 solid
New Brunswick
Extracted from Alberta sulfur 16 S 16 3 solid
sour natural gas
Radiation source for cobalt 27 Co 9 4 solid
cancer treatment
Large ore deposits barium 56 Ba 2 6 solid
in Nova Scotia
World-scale production nickel 28 Ni 10 4 solid
in Sudbury, ON
Fuel in CANDU nuclear uranium 92 U _ 7 solid
reactors from
Saskatchewan
Fluorspar deposits fluorine 9 F 17 2 gas
in Newfoundland
Large smelter in zinc 30 Zn 12 4 solid
Trail, BC

Applying Inquiry Skills
5. The chemical property — “reacts violently with water to form basic solutions and liberate hydrogen gas” — is 

associated with the alkali metals. However, the alkaline earth metals can also react with water to liberate hydrogen.
The element could be further investigated to see if the reaction with water produced a basic solution — which is a
chemical property of the alkali metals.

Experimental Design
A small piece of the unknown element is placed in water and the reactivity observed. After the element has reacted
with water, dip litmus paper into the solution. If the litmus paper turns blue, then the solution is basic — this would
indicate that the element is an alkali metal. If the litmus paper does not turn blue, then the solution is either neutral or
possibly acidic. This would indicate that the element is not an alkali metal — other tests could then be carried out to
further narrow down which group the element is from.

6. (a) Radium was discovered by Pierre and Marie Curie in 1898 (France). Radium ore is mined — extracted from the
ground. The element emits alpha particles and gamma rays to form radon, and is used chiefly in luminous 
materials and in the treatment of cancer. Uranium is a byproduct of the extraction process.

(b) It is intensely radioactive and poses a serious threat to health — overexposure can cause cancer. Protective meas-
ures must be taken in its handling, storage, and disposal.

(c) Advantages — treatment of cancer, use in luminous materials.
Drawbacks — intensely radioactive and can cause cancer.
The main advantage is the use of radium to treat cancer. Providing that adequate protective measures are taken in
its handling, storage, and disposal, it can be argued that the advantages outweigh the drawbacks. Nevertheless, it
would be desirable to discontinue its use in the future, and to replace it with other effective and less health-threat-
ening methods of treating cancer.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre
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1.2 DEVELOPING A MODEL OF THE ATOM

ACTIVITY 1.2.1 DEVELOPING A MODEL OF A BLACK BOX

(Page 23)

(e) When investigating the contents of an actual black box, there are a number of physical, sensory observations that
can be carried out. For each manipulation of the black box, we can use our senses of touch, vision, hearing, smell,
and taste to give us a clue about the contents, and some ideas for a theoretical description or general statement
that may characterize the nature of the contents of the box. We are unable to carry out such observations of the
nature of the atom, as the atom is too small to touch, see, hear, smell, or taste.

PRACTICE

(Page 26)

Understanding Concepts
1. (a) A theory is based on non-observable ideas. A law is based on observations.

(b) Empirical knowledge is observable, and theoretical knowledge is not.
2. Scientists use models — mental or physical representations of theoretical concepts — to help describe and explore

their ideas.
3. The law of conservation of mass requires that all matter in a reaction be measured, in this case not just the solids (and

liquids) in the unburned wood and the ashes. The missing matter could be accounted for if we were to measure the
mass of the escaped gaseous products of combustion and the particulates in the smoke.

4. Changing models of the atom:
• Democritus’s model of the atom (third or fourth century B.C.)

Different atoms are of different sizes, have regular geometric shapes, and are in constant motion. There are empty
spaces between atoms.

• Thomson’s model of the atom (1897)
Negatively charged electrons are distributed inside the atom, which is a positively charged sphere consisting 
mostly of empty space.

• Rutherford’s model of the atom (1911)
The atom contains a positively charged core, the nucleus, that is surrounded by a predominantly empty space
containing negative electrons.

• Chadwick’s model of the atom (1932)
The atom is composed of a nucleus, containing protons and neutrons, and a number of electrons equal to the
number of protons. An atom is electrically neutral.

5. (a) nucleus: the small, positively charged centre of the atom
(b) proton: a positively charged subatomic particle found in the nucleus of the atom
(c) electron: a negatively charged subatomic particle found around the nucleus
(d) neutron: an uncharged subatomic particle in the nucleus of the atom

6. Cathode ray tubes can be found in some radios, televisions, and computer monitors.

10 Unit 1 Matter and Chemical Bonding Copyright © 2002 Nelson Thomson Learning



1.3 UNDERSTANDING ATOMIC MASS

PRACTICE

(Page 29)

Understanding Concepts
1.

Subatomic particle Relative atomic mass (u) Charge Location

Electron 5.5 x 10-4 1- surrounding the atom
Proton ~1 1+ nucleus of the atom
Neutron ~1 0 nucleus of the atom

2. The proton and the neutron are responsible for most of the mass of an atom.
3. The mass number of an atom is based upon a relative scale that uses the carbon-12 atom as a standard. On this scale

the proton and the neutron both have a mass close to 1 u while the electron has a mass of 0.000 55 u.
4. Z = 14

N = 13

A = Z + N

= 14 + 13

A = 27

5. (a) Z = 15

(b) A = 31

Z = 15

N = A - Z

N = 31 - 15

N = 16

(c) The element is phosphorus.

6. A= 37

Z = 17

N = A - Z

N = 37 - 17

N = 20

7. These atoms are of two elements, and so are not isotopes of each other. Each atom has a different atomic number —
a different number of protons. One atom has Z = 15, or 15 protons (phosphorus), and the other atom has Z = 14, or
14 protons (silicon).

8. (a) 24 u, 25 u, and 26 u.

(b) A = 24, 25, and 26, respectively.

Z = 12 for all isotopes.

N = A - Z

For A = 24, N = 24 - 12 = 12 neutrons

For A = 25, N = 25 - 12 = 13 neutrons

For A = 26, N = 26 - 12 = 14 neutrons

(c) A = 24, 80%; A = 25, 10%; A = 26, 10%

Copyright © 2002 Nelson Thomson Learning Chapter 1 The Nature of Matter 11



ACTIVITY 1.3.1 MODELLING HALF-LIFE

(Page 31)

(a) Table 2

Half-life Number of disks remaining

0 30
1 16
2 7
3 4
4 2
5 0

The “heads” of the coin were used to represent the original radioactive isotope in this sample.

Analysis

(b) The graph is downward-sloping — very steep slope at first, then becoming more gradual.
(c) If the graph is used to make the prediction, the answer will often be 0 g.
Start with 30 g of radioactive material:
After 2 a (one half-life), 16 g of radioactive material would remain.
After 4 a (two half-lives), 7 g of radioactive material would remain.
After 6 a (three half-lives), 4 g of radioactive material would remain.
(d) Some graphs will reach zero in this activity, others won’t. However, if the activity were continued, all graphs

would reach zero - the last disk(s) will eventually flip.
(e) The removed disks represent atoms that have decayed. This model of radioactive decay is based upon the likeli-

hood that each time the box is shaken, about half of the remaining disks will “shake” to show the original side of
the disk, and the other half will “shake” to show the other side. The model is a good one in the sense that each
shake does result in showing approximately half of one side of the disk and half of the other side of the disk in
each half-life. Thus, the model is helpful in describing the half-life effect for radioactive material. However, the
model is less than perfect because of numbers. Because the number of disks is small, it’s possible to get large
variations from the ideal “half per shake”, and so the graph is not likely to be smooth. In any macroscopic sample
of matter the number of atoms is monstrous. Because of the numbers it is not likely that there will be a wide vari-
ation from the half in any given half-life, so it is unlikely that a sample of a radioactive element will decay entirely
in any reasonable time. An activity that counted atoms (if such were possible) would always produce a graph that
smoothly approached, but never actually reached, the x-axis.

PRACTICE

(Page 32)

Understanding Concepts
9. An isotope is a form of an element that has a certain number of neutrons. A radioisotope is an isotope of an element

that emits radiation and in so doing becomes an isotope of another element.
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10.
Table 3: Emission Particles

Alpha particle Beta particle
(a) Another name for this nucleus of a helium atom high-energy electrons

particle
(b) The symbol for this particle � b

(c) How the nucleus of a  loss of two protons, and two loss of a neutron, and gain of a 
radioisotope is altered by neutrons (reduction in mass proton (no change in mass
emission of this particle number by 4) but atomic number is

increased by 1)
(d) The penetrating ability of a few centimetres in air a few metres in air

this type of radiation

11. Many elements have one or more isotopes that are unstable. Atoms of unstable isotopes decay, emitting radiation as
their nucleus changes. Isotopes that decay in this way are known as radioisotopes and are said to be radioactive. Every
radioisotope has a characteristic property called its half-life. The half-life of a radioactive substance is the time taken
for half of the original number of radioactive atoms to decay. Another way of defining the term half-life is the time it
takes for one-half the nuclei in a radioactive sample to decay.

12. (a) After 8.0 d (two half-lives), 1.7 g of radon-222 would remain.
(b) After 16.0 d (four half-lives), 0.42 g of radon-222 would remain.
(c) After 32.0 d (eight half-lives), 0.026 g of radon-222 would remain.

13. Start with 2.0 kg, or 2000 g, of iodine-131:
After 8.0 d (one half-life), 1000 g of iodine-131 would remain.
After 16.0 d (two half-lives), 500 g of iodine-131 would remain.
After 24.0 d (three half-lives), 250 g of iodine-131 would remain.
After 32.0 d (four half-lives), 125 g of iodine-131 would remain.
After 40.0 d (five half-lives), 62.5 g of iodine-131 would remain.
After 48.0 d (six half-lives), 31.2 g of iodine-131 would remain.
After 56.0 d (seven half-lives), 15.6 g of iodine-131 would remain.
After 64.0 d (eight half-lives), 7.81 g of iodine-131 would remain.

14. Radioactive decay supports the law of conservation of mass, as matter is not being created or destroyed — the matter
that is emitted continues to exist in the form of protons, neutrons, and electrons.

Making Connections
15. The student is to use the Internet to research and report on a project where scientists are using or have used 

carbon-14 dating to find the age of artifacts. The report should cover the scientists’ work and its implications.
The number of possible projects they might discover is huge. Carbon-14 dating is standard in most 

archaeological excavations. For example, carbon-14 dating of artifacts from a site in South America implies that
human beings were established in the Americas long before 15 000 years ago. This has generated considerable scien-
tific discussion.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre
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16. The student is to use the Internet to research and report on the properties and applications of a radioisotope. The
student is to include at least one argument in support of its use, and one argument against.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre

17. Some circumstances in which a Geiger counter would be useful:

• Medical facilities that use radioactive materials

• Nuclear power facilities

• Disposal sites for radioactive waste

18. The student is to use the Internet to research and find information related to the production, storage, and practical uses
of tritium. Also, the student is to find out what precautions must be taken when working with this radioactive
substance.

In Ontario, tritium is produced at facilities connected to CANDU reactors and stored on-site.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre

PRACTICE

(Page 33)

Making Connections
19. The student is to use the Internet to research and report on a career in nuclear science. The report should include the

following:
• a general description of the work and how radioisotopes are involved;

• current working conditions and a typical salary;

• the education required to work in this field;

• a forecast of employment trends in this field.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre

PRACTICE

(Page 35)

Understanding Concepts
20. Two advantages associated with nuclear power:

• Nuclear plants are not associated with immediate environmental pollution such as acid rain, greenhouse gases, or
the emission of toxic gases, all of which result from the burning of fossil fuels.

• Unlike hydroelectric plants, which must be built where the water is, nuclear plants can be built close to where the
power is needed.

Two disadvantages associated with nuclear power:
• Nuclear plants generate long-lived radioactive waste. Currently, there is no socially acceptable solution for the

storage of this waste.
• Ground water contamination from radioactive tailings at uranium ore mines is a problem.

21. CANDU reactors use the naturally occurring radioisotope of uranium:uranium-235 (U-235).
22. (a) Heavy water is water that contains deuterium instead of hydrogen (D2O).

(b) The nuclear fission reaction produces new neutrons that are travelling too quickly to be used for further fission
reactions. Heavy water serves as a “moderator” to slow down neutrons. It is also used to cool the fuel bundles in
the reactor.

23. As every technology has risks, we need to decide if the benefits of nuclear power are high enough and the risks low
enough to continue using the technology. There can be many positions, generally determined by the values that an
individual or a society holds on a single issue. Which solution is “best” is a matter of opinion; ideally, the solution
that is implemented is the one that is most appropriate for society as a whole. Refer to text Appendix A2, “Decision
Making” and “A Risk – Benefit Analysis Model.”

14 Unit 1 Matter and Chemical Bonding Copyright © 2002 Nelson Thomson Learning
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EXPLORE AN ISSUE DEBATE: DISPOSING OF NUCLEAR WASTE

(Page 36)

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre

PRACTICE

(Page 36)

Making Connections
24. The student is to use the Internet to research and present findings on how forensic scientists use the technique of

neutron bombardment to detect small or trace amounts of poisons in human tissue.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre

25. The student is to use the Internet to research and report on the use and handling precautions of one of the radioiso-
topes produced within the core of a nuclear reactor, such as cobalt-60 or iodine-131. These radioisotopes are often
used for medical diagnosis and therapy, or for industrial and research work.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre

26. The student is to research and report on the significance of the contribution to atomic theory made by Harriet Brooks,
a Canadian, and Ernest Rutherford, a New Zealander, working at McGill University in Montreal.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre

SECTIONS 1.2-1.3 QUESTIONS

(Page 37)

Understanding Concepts
1. (a) An atom is composed of a nucleus, containing protons and neutrons, and anumber of electrons equal to the

number of protons; an atom is electrically neutral.
(b) The number of protons in the nucleus determines the identity of an element and is referred to as that element’s

atomic number (Z). The number of electrons is equal to the number of protons.
The sum of the number of protons and neutrons present in the nucleus of an atom equals the mass number (A).

(c) The element has one or more isotopes. An isotope is a form of an element in which the atoms have the same
number of protons as all other forms of that element, but a different number of neutrons - isotopes have the same
atomic number (Z), but different neutron numbers (N), and so different mass numbers (A).

2. 

mass number
(number of protons
plus number of neutrons)

atomic number
(number of protons)

atomic mass
(weighted average
of mass number of
isotopes)

element  Z + 4He

Z + N1

Z

isotope 1

2

element  Y + 1–e

element  × 

×

Z + N2

Z

isotope 2

×

Z + N3

Z

isotope 3

×

×××.××

radioactivedecay (α)

radioactive

decay (β)
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3. (a) These two atoms cannot be classified as isotopes of the same element because they do not have the same atomic
number (Z).

(b) This could be a “beta particle” radioisotope and its decay product, where there has been a conversion of two
neutrons into two protons and two electrons. The result is that the mass number stays the same, but the number
of protons — the atomic number — increases.

4. The usual classifying properties of nonradioactive elements are physical and chemical properties. The property of
radioactivity — or radioactive decay — is a property that can be used to classify atoms of an element that can spon-
taneously change into atoms of another element. The classifying property of radioactivity is different in that it
describes a nuclear change.

Applying Inquiry Skills
5. (a)

(b) The above graph isolates the radioactive decay of thorium-234 through the lower mass values. For 24.0 g of
thorium-234 to remain, approximately 4 half-lives and about 90% of a fifth half-life must pass — a total of 
118.2 d.

Making Connections
6. (a) Radioisotopes are useful for diagnostic radiography, radiology, forensic anthropology, nuclear power, for killing

bacteria in food and preventing spoilage, etc.
(b) Safety precautions that may be used when handling radioisotopes include:
• minimize the dose by reducing time of exposure

• minimize the dose by maximizing the distance from the source

• use shielding (common materials are lead, iron, concrete, and water) both for containment and for protective
clothing

• control access to the radioactive material

• conduct frequent surveys of contact

• conduct follow-up bioassays, looking for tissue damage

• wear respiratory protection

• practise good housekeeping; treat any waste from the lab as if it were radioactive

1.4 TOWARD A MODERN ATOMIC THEORY

PRACTICE

(Page 42)

Understanding Concepts
1. Bohr proposed the following explanation for the emission of light when a gas is heated: When energy (heat or elec-

tricity) is supplied to hydrogen atoms, electrons gain a certain quantity of energy and become excited (they jump from
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a lower energy level to a higher energy level). When the electrons drop back to a lower energy level they release
energy corresponding to a few precise wavelengths of light.

2. The different colours in a line spectrum correspond to different specific quantities of energy released, as electrons fall
back to lower energy levels. With respect to the line spectrum for hydrogen gas, electrons falling from the sixth energy
level to the second emit violet light; electrons falling from the fifth energy level to the second emit indigo light, etc.

3. Different substances show different spectra because each element has different electron transitions taking place,
releasing energy that corresponds to that substance’s own unique “signature” emission spectrum.

4. Since the sodium vapour emits a yellow light, we can deduce that sodium atoms have an electron transition taking
place in which that frequency of light is emitted.

PRACTICE

(Page 45)

Understanding Concepts
5. The light given off by distant stars results from excited electrons moving from higher to lower energy levels in atoms.

Since each element has a unique emission spectrum, astronomers can use spectroscopy techniques to analyze the
starlight emission and identify the elemental composition of the atmosphere of the star.

6. According to the Bohr theory, when an electron absorbs energy it jumps from a lower energy level to a higher energy
level, and when an electron drops back to lower energy levels it emits energy.

7. Since each element has a unique emission spectrum, the spectral lines act like a “fingerprint” in terms of identifying
the element.

Making Connections
8. (a) Fireworks are composed of many different chemical elements, each element having its own unique electron

energy level transitions, thus producing its own unique emission spectrum.
(b) Students will probably cite the metals they used in their flame tests. Some of the chemicals they used in their tests

are not readily available. Others are very stable and require intense heat to reach vapour state — not convenient
for fireworks. Copper is available as an element, but in that form would be difficult to heat enough to vaporize.

Chemicall Compounds Used For Fireworks

Material Special Effect

magnesium metal white flame
sodium oxalate yellow flame
barium chlorate green flame
copper(II) sulfate blue flame
strontium carbonate red flame
iron filings and charcoal gold sparks
potassium benzoate whistle effect
potassium nitrate and sulfur white smoke
potassium perchlorate, sulfur, and aluminum flash and bang

Mixing the ingredients is dangerous and should only be attempted by well-trained professionals.
Maintaining the proper balance of ingredients, fuel, and source of oxygen is a difficult challenge.

9. The student is to use the Internet to research and report on the detection and generation of elements in stars and super-
novas. The student is to comment on the following hypothesis: All elements are conglomerates of hydrogen.

Students will discover that, using detectors sensitive only to a narrow range of wavelengths, astronomers can
detect specific substances in the atmospheres of stars and in the debris generated by supernovas. Current cosmolog-
ical theory is that only hydrogen, helium, and a relatively very small amount of lithium were present before the first
star formed. All other elements were built (with hydrogen as a starting point) in the nuclear furnaces of stars.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre
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PRACTICE

(Page 47)

Understanding Concepts
10. Valence electrons are those electrons that occupy the highest shell of an atom and form chemical bonds. Elements that

have the same number of valence electrons have similar physical and chemical properties. Valence electrons are signif-
icant in that they are a powerful indicator of the relationship between electron arrangement and periodic trends.

11. Electrons within an atom can possess only discrete quantities of energy; electrons fill successive shells.
12.

Number of Number 
Occupied of Valence 

Energy Levels Electrons

beryllium 2 2
chlorine 3 7
krypton 4 8
iodine 5 7
lead 6 4
arsenic 4 5
cesium 6 1

SECTION 1.4 QUESTIONS

(Page 48)

Understanding Concepts
1. Hydrogen could be placed at the top of Group 17. In terms of atomic structure, hydrogen with its one electron would

be followed by helium with two electrons - this fits with the rule of adding an electron as you move from left to right
on the periodic table. In terms of periodicity, hydrogen, which does sometimes behave like a halogen, would be in
periodic alignment with the other halogens. Like the halogens, hydrogen requires only 1 additional electron to
complete its valence shell.

2. (a)
Table 2: Electron Structure of Selected Elements

Element Number of Number of Number of Valence 
Electrons Occupied Shells Electrons

oxygen 8 2 6
sulfur 16 3 6
magnesium 12 3 2
sodium 11 3 1
beryllium 4 2 2
calcium 20 4 2
cesium 55 6 1
nitrogen 7 2 5
chlorine 17 3 7
lithium 3 2 1
helium 2 1 2
bromine 35 4 7
phosphorus 15 3 5
fluorine 9 2 7
potassium 19 4 1
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2. (b)
Table 2: Groups According to Number of Valence Electrons

1 Valence 2 Valence 5 Valence 6 Valence 7 Valence 
Electron Electrons Electrons Electrons Electrons
sodium magnesium nitrogen oxygen chlorine
cesium beryllium phosphorus sulfur bromine
lithium calcium fluorine
potassium helium

(c) 1 valence electron: physical and chemical properties common to elements of the alkali metals (soft; metallic; react
violently with water to form hydrogen and a basic solution; react strongly with oxygen; react with halogens to
produce a crystalline solid)
2 valence electrons: physical and chemical properties common to elements of the alkaline earth metals (metallic;
light; react with oxygen to form an oxide; react with water to release hydrogen; react with hydrogen to form a
hydride)
5 valence electrons: chemical properties common to elements of Group 15 (nonmetals)
6 valence electrons: chemical properties common to elements of Group 16 (nonmetals)
7 valence electrons: physical and chemical properties common to elements of the halogens (nonmetals; extremely
reactive with hydrogen and most metals)

1.5 TRENDS IN THE PERIODIC TABLE

ACTIVITY 1.5.1 GRAPHING FIRST IONIZATION ENERGY

(Page 54)

Procedure

Analysis
(a) • Group 1 elements have the lowest first ionization energies.

• Group 8 elements have the highest first ionization energies.

• First ionization energies of metals are lower than those of nonmetals.

• First ionization energies generally decrease as you move down a group in the periodic table.

• First ionization energies generally increase as you move from left to right across a period.

Synthesis
(b) The general decrease in first ionization energies as you move down a group in the periodic table is related to the

greater number of non-valence electrons between the nucleus and the valence electrons (a shielding effect). As a
result, the attraction between the negatively charged electrons and the positive nucleus becomes weaker, so less
energy is required to remove the first valence electron.

The general increase in first ionization energies across a period is related to the increasing size of the charge
in the nucleus. As you move from left to right across a period, the nuclear charge increases while the shielding
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effect provided by non-valence electrons remains the same. As a result the valence electrons are more strongly
attracted to the nucleus, resulting in a decrease in atomic radius and an increase in the amount of energy required
to remove an electron.

ACTIVITY 1.5.2 GRAPHING ELECTRONEGATIVITY

(Page 57)

Procedure

Analysis
(a) • Electronegativity generally increases as you go along a period, from left to right.

• Electronegativity decreases as you look down a given group on the periodic table.

• The electronegativity values for elements at the bottom of a group are lower than those for elements at the
top of a group.

Synthesis
(b) As the atomic radii tend to decrease along a period, the attraction between the valence electrons and the nucleus

increases as the distance between them decreases. The electronegativity also increases.
(c) As the atomic radii tend to increase down a group, the attraction between the valence electrons and the nucleus

decreases as the distance between them increases. The electronegativity also decreases.

PRACTICE

(Page 58)

Understanding Concepts
1. When an atom gains an electron to form a negative ion, its radius increases. In gaining an electron, repulsion among

the electrons increases but there is no compensating increase in nuclear charge. The result is an enlarged electron
cloud and a greater ionic radius.

When an atom loses an electron to form a positive ion, its radius decreases. In losing an electron, repulsion among
the electrons decreases while nuclear charge remains the same. The result is a reduction in size of the electron cloud
and a smaller ionic radius.

2.

Li Li +

The atomic radius of the lithium atom is 152 pm. The ionic radius of the lithium ion is 68 pm.
After losing an electron, repulsion among the electrons decreases, and the result is a reduced electron cloud and a
smaller ionic radius.

F F�

The atomic radius of the fluorine atom is 64 pm. The ionic radius of the fluoride ion is 136 pm.
After gaining an electron, repulsion among the electrons increases, and the result is an enlarged electron cloud and a
greater ionic radius.
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3. (a) • First ionization energies of metals are lower than non metals.

• First ionization energies generally decrease as you move down a group in the periodic table.

• First ionization energies generally increase as you move from left to right across a period.

(b) The general decrease in first ionization energies as you move down a group in the periodic table is related to the
increase in the size of the atoms from top to bottom of a group. As the atomic radius increases, the distance
between the valence electrons and the nucleus also increases. The non-valence electrons between the nucleus and
the valence electrons produce a shielding effect. As a result, the attraction between the negatively charged elec-
trons and the positive nucleus becomes weaker, so less energy is required to remove the first valence electron.

The general increase in first ionization energies across a period is related to the decrease in the size of
the atoms. As you move from left to right across a period, the nuclear charge increases while the shielding effect
provided by the non-valence electrons remains the same. As a result the valence electrons are more strongly
attracted to the nucleus, resulting in a decrease in atomic radius, and more energy is required to remove an elec-
tron from the atom.

(c) Ionization energies in kJ/mol of the elements have been observed and measured.
4. (a) The most reactive metal would be cesium (some students will nominate francium, but it has not been discussed).

It has the lowest ionization energy.
(b) The most reactive nonmetal would be fluorine. It has the highest electronegativity value.

5.

6. (a) Reactivity increases with the halogens as you move up the group.
(b) The prediction is supported — the reactivity increases as you look down this group of metals.
(c) Halogens: as you move up the group, valence electrons remain the same, nuclear charge decreases, shielding

decreases, and distance of valence electrons from the nucleus decreases. Electronegativity values increase as you
move up the group, resulting in greater reactivity. Fluorine, at the top of the group, with the highest electronega-
tivity value of all elements, is most reactive.
Alkali Metals: as you look down the group, valence electrons remain the same, nuclear charge increases,
shielding increases, and distance of valence electrons from the nucleus increases. First ionization energy values
decrease as you look down the group, resulting in greater reactivity. Cesium, at the bottom of the group, with an
extremely low first ionization energy value, is most reactive.

(d) Cesium and fluorine.

Applying Inquiry Skills
7. Predictions

(a) The surface of rubidium, if cleaned, should react rapidly with atmospheric oxygen, forming an oxide layer. If
rubidium is reacted with water, there will be a quick and vigorous reaction. The reasoning that supports these
predictions is that as you move down a group, the first ionization energy values decrease, resulting in greater reac-
tivity.

Experimental Design
(b) A small piece of rubidium is placed in water and the reactivity is observed and recorded.

Materials
safety shield, tongs, tweezers, mineral oil, sharp edge (knife or scoop), paper towel, petri dish, large beaker, distilled
water, wire gauze square, sample of rubidium
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Procedure
1. Transfer a small piece of rubidium into a petri dish containing mineral oil.
2. Using a knife or similar sharp edge, remove the surface layer from one side of the piece of rubidium. Observe the

fresh surface.
3. Fill the beaker about half full with water.
4. Cut a small piece (about 2 mm cubed) of the element. Remove any oil with paper towel and drop the piece of the

element into the beaker. Immediately cover the beaker with the wire gauze. Record observations of any chemical reac-
tion.

8.(a) Experimental Design
Small pieces of various element solids from the same group in the periodic table are melted, and the melting-point
range of the substance is observed and recorded. The process can be repeated for various element solids from other
groups as well, to further investigate the periodic trends of melting points of elements.

Materials
watch glass, 150-mm test tube, melting-point tube, ruler, rubber band , thermometer, 250-mL beaker, split one-hole
stopper for thermometer, buret clamp, iron ring, wire gauze, ring stand, burner, wire loop stirrer, stirring rod, glass
tube (1-m length), various samples of element solids from the same group

Procedure
1. Place a small piece of an element solid on a clean watch glass and pulverize it if possible, by rubbing it with the

bottom of a clean test tube. Avoid rubbing so hard that you break the test tube or the watch glass.
2. Carefully force a portion of the solid into a melting-point tube by pushing the open end of the tube into the powdered

solid.
3. Allow the melting-point tube to drop (bottom first) through a 1-m length of glass tubing positioned vertically on the

floor or laboratory bench. This knocks the solid into the sealed end of the melting-point tube. Repeat this process until
the tube contains solid to a depth of 5 mm. Do not add too much element to the tube at any one time.

4. Attach the melting-point tube to the thermometer bulb of a thermometer with a rubber band, and support the ther-
mometer in a 250-mL beaker about two-thirds full of water. The open ends of the melting-point tube must be above
the water level.

5. Heat the water very slowly by adjusting the burner flame to a low level and removing the burner under the beaker peri-
odically. Stir the water constantly. Try to obtain a rate of temperature increase of not more than 3˚C/min.

6. Observe the solid in the melting-point tube carefully. Note and record the temperature at which the first crystal begins
to melt and the temperature at which the last crystal disappears.

7. Allow the water to cool. Note and record the temperature at which the first crystal forms and the temperature at which
all of the element has become solid.

8. Repeat the procedure for each of the other element solids.

Reflecting
9. Elements that are used for structural support of buildings, roads, vehicles, furniture, and so on should be 

unreactive — for example, metals that are resistant to the “rusting” reaction. Containers should be made of unreactive
materials, especially in a chemistry lab or a kitchen.

A match that does not “light” is useless, as is a fuel that will not burn, or a food that will not “cook”.

SECTION 1.5 QUESTIONS

(Page 59)

Understanding Concepts
1. The valence electrons are the ones that usually participate in chemical bonding. The number of valence electrons

possessed by an atom determines the number of other atoms with which that atom can combine. The most chemically
reactive metals are found in Groups 1, 2, and, to a lesser extent, 13 of the periodic table. These metals have low ioniza-
tion energies. The most active nonmetals are found in Groups 16 and 17. These nonmetals have relatively large elec-
tron affinities.

2. (a) Ionization energy is the amount of energy required to remove an electron from an atom or ion in the gaseous state.
Electron affinity is the energy change that occurs when an electron is accepted by an atom in the gaseous state.
Both represent energy changes related to either the removal or the gaining of an electron.

(b) Electronegativity describes the relative ability of an atom to attract electrons, whereas electron affinity is the
energy change that occurs when an electron is accepted by an atom in the gaseous state. The electron affinity of
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an atom affects the ability of an atom to attract electrons and is one of the components considered in the deter-
mination of an atom’s electronegativity. Both terms are related to the gaining of an electron by an atom.

3. (a) Order of increasing ionization energy: students might predict K, Sr, Mg, Al, S (see below)
Order of increasing atomic radius: S, Al, Mg, Sr, K
Order of increasing electron affinity: K, Sr, Mg, Al, S
Order of increasing electronegativity: K, Sr, Mg, Al, S

(b) Ionization energy: Elements that have an electron in the valence shell farthest from the nucleus, where it is most
shielded from the attractive forces of the positive nuclear charge, have lower ionization energies. (Ionization ener-
gies generally increase as you move left to right across the periodic table. The exception in this case is Al.
Although it is to the right of Mg it has a lower ionization energy.)

Atomic radius: The atomic radii decrease from left to right across each period. As you move left to right across
a period there is no increase in the electron shielding effect. Yet as a result of an increasing nuclear charge, there
is an increase in nuclear attraction, which pulls the electrons closer to the nucleus, thus decreasing the size of the
atom. The atomic radii increase from top to bottom in a given group because of the increasing number of energy
levels that are filled with electrons. This has the effect of increasing the shielding effect, decreasing nuclear attrac-
tion, and increasing the size of the atom.

Electron affinity: When an electron is added to an atom of smaller radius, there is a greater attractive force
between the nucleus of the atom and the new electron. Electron affinity and atomic radius are therefore inversely
related. Smaller atoms should generally have higher electron affinities. Since the size of atoms generally
decreases across a period, electron affinity will increase as we move from left to right within a period. And since
the size of atoms generally decreases as we move up a group, electron affinity will also increase as we move from
the bottom to the top of a group.

Electronegativity: An atom of smaller radius has a greater attractive force between the nucleus of the atom and a
new electron. Electronegativity and atomic radius are therefore inversely related. Smaller atoms should generally
have higher electronegativities. Since the size of atoms generally decreases across a period, electronegativity will
increase as we move from left to right within a period. And since the size of atoms generally decreases as we
move up a group, electronegativity will also increase as we move from the bottom to the top of a group.

4. First ionization energies for two isotopes of the same element would be expected to be the same. It is the protons and
electrons in atoms that are responsible for determining the element’s chemical behaviour. Consequently, isotopes of
the same element share chemical properties despite their slight difference in mass.

5. (a) Na+; Mg2+; Al3+. The valence electrons are the ones that usually participate in chemical bonding. Na, Mg, and Al
are metals that have relatively low ionization energies and lose their valence electrons during chemical bonding
to become positive charged ions.

(b) From larger ionic radius to smaller ionic radius: Na+, Mg2+, Al3+. Each ion contains the same number of 
electrons; however, for each successive positive ion, the nuclear charge is greater by 1+. Thus, each electron in
an aluminum ion experiences greater attraction than an electron in a magnesium ion, and each electron in a
magnesium ion experiences greater attraction than each electron in a sodium ion. The attraction of the nucleus
for the electrons in positive ions increases across the period, and the ionic radius gets smaller.

6. (a) 2 valence electrons
(b) Group 2
(c) It should exhibit the properties of an alkaline earth metal.
(d) The first two electrons are valence electrons in the outer shell, and so ionization energies for these electrons is

low. The third electron is in a lower shell, and so the ionization energy is very high.
7. As the atomic number increases, atomic radii decrease while ionization energies increase as you move across a period

from left to right on the periodic table. Atomic radii increase while ionization energies decrease as you move down a
group from top to bottom on the periodic table. Graph shapes for atomic radii as compared to ionization energy would
be reversed (slope and direction of graph line), similar to a mirror image.
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Applying Inquiry Skills
8. (a)

High Points: Li, Na, K, Rb
Low Points: H, Ne, Ar, Kr
(b) Group 1 corresponds to the elements indicated by the peaks on the graph (excluding hydrogen). Group 18 corre-

sponds to the elements indicated by the lowest points on the graph.
(c) The atomic radii decrease, as the atomic number increases across a period. There are exceptions — on this graph,

elements that fall between atomic number 26 and atomic number 32 fluctuate slightly from this decreasing
pattern.

(d) By taking the individual differences in atomic radius between all of the elements in the same group that precede
cesium and barium, and then calculating an averaged difference, and then adding this averaged difference to the
value of the element that directly precedes cesium and barium, the predicted atomic radii would be:

cesium 280 pm
barium 250 pm

These predicted values for atomic radii are higher than the actual atomic radii indicated on the periodic table,
as shown below:

cesium 265 pm (actual atomic radius)
barium 217 pm (actual atomic radius)

However, lower values for cesium and barium would most likely be predicted if the trend of progressively
smaller changes in atomic radii in the two elements directly preceding both cesium and barium was noted, and
weighed into the calculations.

CHAPTER 1 SUMMARY

(Page 61)

Make a Summary
The student is to summarize the concepts learned so far, by creating a concept map that begins with the word
“element” and uses as many words as possible from the list of key words. Refer to page 61 of the text for the list ofkey
words.

Reflect on your Learning

(Page 61)

By the end of the chapter the student should have developed a more in-depth understanding of the constituents of the
atom, how these constituents are arranged, how atoms of various elements differ from each other, how the elements
in the periodic table are organized, how there are patterns in properties among the elements, and how these patterns
can be explained using the model of the atom. The student should also have developed skill in locating and interpreting
information on a periodic table.
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CHAPTER 1 REVIEW

(Page 62)

Understanding Concepts
1. Metals are malleable, ductile, and conductors of electricity. They are also described as lustrous, or shiny. Nonmetals

are generally nonconductors of electricity in their solid form; at SATP the nonmetals are mostly gases or solids. Solid
nonmetals are brittle and lack the lustre of metals.

2. The symbol CA is not an acceptable international symbol for calcium. The International Union of Pure and Applied
Chemistry (IUPAC) specifies rules for chemical names and symbols — for elements, the first letter (only) of the
symbol is to be an uppercase letter. The acceptable international symbol for calcium is Ca.

3. The periodic law came to be accepted because of Mendeleev’s detailed predictions of the properties of undiscovered
elements, using his knowledge of periodic trends.

4. (a) liquids at SATP: bromine, mercury; gases at SATP: hydrogen, helium, nitrogen, oxygen, fluorine, neon, chlorine,
argon, krypton, xenon, radon

(b) The “staircase line” is a zigzag line that separates metals (to the left) from nonmetals (to the right).
(c) The noble gases remained undiscovered until the late 1800s because they are so stable and unreactive and their

boiling points are so low. It is difficult to detect such an element — they would not form compounds under condi-
tions of a typical early lab.

(d) The atomic number of hydrogen is 1, of oxygen is 8, of aluminum is 13, of silicon is 14, of chlorine is 17, and
of copper is 29.

(e) Oxygen has 6 electrons in its outer energy level.
(f) Carbon has 4 of its 8 electrons in its second energy level.
(g) Beryllium would tend to lose 2 electrons.
(h) Fluorine would tend to gain 1 electron.

5. The order of the elements did change, but only slightly. Cobalt and nickel would exchange places, as would tellurium
and iodine. Scientists also added the newly discovered group, the “noble gases.”

6. (a)

(b) The number of valence electrons for alkali metals is 1, for alkaline earth metals is 2, and for halogens is 7. From
his study of the periodic table, Bohr concluded that the maximum number of electrons that can populate a given
shell can be calculated from the equation 2n2 (where n is the principal quantum number). The electrons in the
highest occupied shell are called the valence electrons. According to Bohr’s theory, there is a pattern linking elec-
tron arrangements to the periodic table for the representative elements.

7. (a) The most reactive metal is francium (accept cesium). The most reactive nonmetal is fluorine.
(b) With the alkali metals, reactivity increases moving down the group, due to increasing atomic radii and decreasing

first ionization energies. With the halogens, reactivity increases moving up the group, due to decreasing atomic
radii and increasing electron affinity.

(c) The Bohr model
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8. Hydrogen has only one electron in the first energy level. All other elements have two electrons in the first energy level.
9. 

10. While each atomic theory made significant contributions to the current understanding of atomic structure, each had
shortcomings and limitations. These shortcomings resulted in ongoing intense investigation that led to the develop-
ment of the succeeding theory.

11.

Subatomic particle Relative mass Charge Location

Electron 1 1- space surrounding the atom
Proton 1836.12 1+ nucleus of the atom
Neutron 1838.65 0 nucleus of the atom

12. Bohr suggested that the properties of the elements could be explained by the arrangement of electrons in orbits around
the nucleus. From his study of the periodic table, Bohr concluded that there was a restriction on the number of elec-
trons that can populate a given shell, with the valence electrons occupying the highest energy level. According to Bohr,
elements in the same chemical group shared not only properties but also the number of valence electrons — a powerful
indicator of the relationship between electron arrangement and periodic trends.

13. Use the representative element chlorine as an example:
(a) The atomic number of chlorine is 17. Therefore, there are 17 protons.
(b) The number of protons equals the number of electrons. Therefore, chlorine has 17 electrons.
(c) In Groups 13–18 the number of valence electrons corresponds to the second digit of the group number; as 

chlorine is in Group 17, the number of valence electrons is 7.
(d) Chlorine is in Period 3, so it has three occupied energy levels.

14. (a) magnesium: 12 protons, 12 electrons, 2 valence electrons
(b) aluminum: 13 protons, 13 electrons, 3 valence electrons
(c) iodine: 53 protons, 53 electrons, 7 valence electrons

15. (a) 11 protons and 10 electrons: sodium ion, Na+

(b) 18 electrons and a net charge of 3- phosphorus ion, P3-

(c) 16 protons and 18 electrons: sulfur ion, S2-

16. No. Both alpha and beta decay alter the number of protons in the nucleus.
17. (a) calcium-42: 20 protons, 20 electrons, 22 neutrons

(b) strontium-90: 38 protons, 38 electrons, 52 neutrons
(c) cesium-137: 55 protons, 55 electrons, 82 neutrons
(d) iron-59: 26 protons, 26 electrons, 33 neutrons
(e) sodium-24: 11 protons, 11 electrons, 13 neutrons

18. (a) The mass number for iodine in the periodic table is 126.90. Iodine-123 has an atomic mass of 3.90 u less than the
average iodine atom. The atomic mass of iodine given in the table is a weighted average of the atomic masses of
each of the isotopes of the element that are normally present in any sample of the element.

(b) As the atomic mass of 126.90 is not very close to 123, this would indicate that iodine-123 is not in great abun-
dance in a typical sample of iodine atoms.

19. (a) Within Group 1 and 2 elements, reactivity increases moving down the group.
(b) Within Group 16 and 17 elements, reactivity decreases moving down the group.
(c) Within a period, reactivity tends to be high in Group 1 metals, lower in elements toward the middle of the table,

and increase to a maximum in Group 17 nonmetals.
(d) Within Group 18, the elements are stable and extremely unreactive. However, reactivity does increase from the

top to the bottom of the group.
20. (a) Atomic radii decrease as you move from left to right across each period. From left to right across a period, the

nuclear charge increases while the shielding effect provided by the non-valence electrons remains the same. As a
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result, of the increasing nuclear charge, the electrons are more strongly attracted to the nucleus, pulling them
closer to the nucleus and decreasing the size of the atom.

The atomic radii increase as you move down a given group. As you move down a group, there is an
increasing number of energy levels that are filled with electrons. This has the effect of increasing the shielding
effect, decreasing nuclear attraction, and increasing the size of the atom.

(b) First ionization energies generally increase as you move from left to right across a period. From left to right across
a period, the nuclear charge increases while the shielding effect provided by the non-valence electrons remains
the same. As a result the valence electrons are more strongly attracted to the nucleus, and more energy is required
to remove an electron from the atom.

First ionization energies generally decrease as you move down a group. As you move down a group, there
is an increase in the size of the atoms. As the atomic radius increases, the distance between the valence electrons
and the nucleus also increases. The non-valence electrons between the nucleus and the valence electrons produce
a shielding effect. As a result, the attraction between the valence electrons and the nucleus becomes weaker, so
less energy is required to remove an electron from the atom.

(c) Electronegativity generally increases as you move from left to right across a period, as the attraction of the
nucleus for any new electrons increases.

Electronegativity decreases as you move down a group, as new electrons are shielded from the nucleus by
increasing numbers of shells of electrons.

(d) Electron affinity increases as you move from left to right across a period. Smaller atoms with larger nuclei have
a stronger attraction to new electrons.

Electron affinity decreases as you move down a group. Larger atoms with more distant and more shielded
nuclei have a smaller attraction for new electrons.

21. When chlorine gains an electron to form a negative ion, the repulsion forces among the electrons increase while
nuclear charge remains the same. The result is an enlarged electron cloud and a greater ionic radius. When sodium
loses an electron to form a positive ion, the repulsion forces among the electrons decrease while the nuclear charge
remains the same. The result is a reduced electron cloud and a smaller ionic radius.

22. (a) Group 17 nonmetals from most reactive to the least reactive: fluorine, chlorine, bromine, iodine, astatine.
(b) During chemical reactions, the nonmetals of Group 17 have a tendency to gain an electron. However, electron

affinity declines as you move down Group 17.
23. The noble gas group is especially interesting to chemists because elements in this group are so stable and unreactive.

Bohr suggested that the properties of the elements could be explained by the arrangement of electrons around the
nucleus. Bohr hypothesized that these elements have filled outermost energy levels.

Applying Inquiry Skills
24. (a)

Note:Where the electron affinity value was given as less than zero, an arbitrary -50 kJ/mol has been assigned.
This has been done so that the graph will show a connected line through all points, and to show that the values 
fluctuate above and below zero as we move through these 18 elements.
(b) Similarities: Both graphs show a general increase in energy as you move left to right across a period. With respect

to electron affinity, we know that the atomic radii tend to decrease across a period, so the attractive force between
the nucleus of the atom and the new electron is stronger. And with respect to first ionization energy, it is again
the decreasing atomic radii across a period and the increasing nuclear attraction that makes it harder to remove
an electron.
Differences: The electron affinity graph fluctuates dramatically up and down as you move left to right across a
period and shows some negative values. The negative values occur when the electron repulsive force is greater
than the nuclear attractive force, and energy must be injected, instead of energy being released, in ion formation.
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Unlike the graph for first ionization energy, the graph of electron affinity for these 18 elements does not show a
consistent decrease in energy as you move down the groups.

(c) If the trend shown on the graph continues, the electron affinity value for rubidium would be approximately 
45 kJ/mol.

25. (a) The unknown substance is a radioisotope undergoing radioactive decay.
(b) The half-life of the radioisotope is one hour — the time taken for half of the original number of radioactive atoms

to decay.
26. (a) With the alkaline earth metals, reactivity increases moving down the group, due to increasing atomic radii and

decreasing first ionization energies. Barium has a greater reactivity than magnesium because it has a larger atomic
radius and a lower first ionization energy.

(b) The product of the reaction should be hydrogen gas. Hydrogen gas is indicated if a flaming splint at the mouth
of a collecting test tube causes a “pop” or small explosion in the gas.

Making Connections
27. It would not be appropriate to store the radioisotope in a cardboard box. Due to the high speed (speed of light) and

penetration characteristics of gamma rays, an effective barrier would be 1 m of lead or concrete.
28. (a) Calcium and strontium are both alkaline earth metals, with similar chemical properties. It would not be unrea-

sonable to predict that the human body would treat strontium ions much as it does calcium ions — and so they
would be incorporated into bone tissue. (This does, in fact, happen.) The effect of an unusually high concentra-
tion of strontium in the diet is greatest among those who are building bone the most rapidly — infants and chil-
dren in growth spurts. If the strontium is radioactive, it will irradiate neighbouring tissue. Leukemia is often the
result.

(b) The student is to use the Internet to research and report on how radioactive strontium-90 is produced and the effect
it has when ingested.

(c) The student is to use the information gathered from the Internet research on strontium-90 to prepare a brief
cost/benefit analysis of the testing of nuclear warheads.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre

29. The student is to use the Internet to investigate Group 1 element bottle labels, MSDS information, and other sources
to create a leaflet advising high-school laboratory technicians on safe ways to handle and store each of these elements.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre

Exploring
30. The student is to use the Internet to research and report on the CANDU nuclear power process. The report is to include

a simple diagram of a CANDU reactor and a description of the function of each part.

GO TO www.science.nelson.com, Chemistry 11, Teacher Centre
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