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SECTION

1.3 Explaining Periodic Trends 

In the previous section, you learned that the atomic number increases going from left  
to right across the periodic table. You also learned that the electron confi guration of the 
valence shell is similar for atoms of the elements within a group. Th ese are only two of the 
numerous trends in the periodic table. In this section, you will learn about other trends, 
which vary across a period or down a group in the periodic table, including trends in
• atomic radius
• ionization energy
• electron affi  nity
• electronegativity

Atomic Radius 

Consider the following questions: How would you predict that the size of an atom would 
change across a period or down a group? On what properties of elements would you 
base your prediction? 

To answer these questions, you need a way to describe the size of an atom. As 
explained in Section 1.1, electrons move around a nucleus in what is best described as 
a cloud. In other words, an atom has no clearly defi ned boundary. To circumvent this 
problem, chemists defi ne the size of an atom as the space in which the electrons spend 
90 percent of their time, as shown in Figure 1.16. Th e size of an atom is usually reported 
in terms of its atomic radius, the distance from the centre of an atom to the boundary 
within which the electrons spend 90 percent of their time.

Th e next challenge becomes measuring the size of atoms. Th ere is no way to 
directly measure the size of the space in which electrons spend 90 percent of their 
time, so chemists have had to fi nd other methods for measuring atoms. Th e method 
that chemists use depends on the type of atom. For elements that can be crystallized 
in their pure form, chemists use a technique called X-ray crystallography. Using X-ray 
crystallography, chemists can measure the distance between the centres of atoms, 
as shown in Figure 1.17 (A). Th e radius of the atom is half the distance between the 
centres of the atoms. Chemists use similar techniques, called neutron diff raction and 
electron diff raction, to measure the distance between the centres of atoms in of the 
diatomic gas molecules—oxygen, nitrogen, hydrogen, and the halogens. Half of this 
distance gives the atomic radius of an atom in a diatomic molecule. Th e method for 
measuring the radius of a hydrogen atom is illustrated in Figure 1.17 (B).

hydrogen atoms
in a molecule

radius 

metallic sodium 
atoms in a crystal 

372 pm
74 pm

37 pmradius 186 pm

A B

Figure 1.17 (A) These atoms represent sodium atoms in a crystal. (B) This molecule represents 
hydrogen. To obtain the atomic radius of an atom, the centre-to-centre distance is measured and then 
divided by 2. The unit used in these diagrams is the picometre (pm) which is equal to 1 × 10-12 m.

atomic radius the 
distance from the 
centre of an atom to the 
boundary within which 
the electrons spend 
90 percent of their time

Key Terms

atomic radius

eff ective nuclear charge

ionization energy

electron affi  nity

electronegativity

Figure 1.16 (A) This 
illustration represents the 
electron cloud of an atom. 
(B) The circle contains the 
region where the electrons 
spend 90 percent of their 
time.

Chapter 1 Elements and the Periodic Table • MHR 31

031-040_S13_CHE11.indd   31 23/08/10   7:21 AM



Analyzing Atomic Radii Data

Using a variety of techniques, chemists have been able to measure the atomic radii of 
atoms of all of the elements with stable isotopes. Th e results of these measurements 
are shown in Figure 1.18 in the form of a periodic table. Th e values for atomic radii 
are given in picometres. Th e spheres in the table show the relative sizes of atoms of 
the elements. 

To analyze the data for size versus atomic number of the elements, recall that all 
of the positive charge and nearly all of the mass are located in an extremely small 
volume at the centre of the atom. Th e electrons, with their negative charge, account for 
almost the entire volume of the atom. Both the positive charge in the nucleus and the 
negative charge of the electrons increase as the atomic number increases. Th e number 
of occupied shells is the same across any given period. Positive and negative charges 
attract one another. As the charge becomes greater, the attractive force becomes greater. 
All of this information helps to explain the pattern shown in Figure 1.18.

 The development of the scanning tunnelling microscope 
(STM) has given chemists another method for measuring 
the size of an atom. In this activity, you will use STM data to 
estimate the radius of a carbon atom in graphite. Graphite 
consists of sheets of carbon atoms that are in hexagonal 
arrays, as shown in the diagram labelled A.

The picture labelled B is a STM image of graphite. The 
graph below the image shows the electric current through 
the STM while it was scanning across the black line on the 
image. The two pointers on the graph are the same as those 
in the image. They point to the centres of two carbon atoms 
in one hexagonal unit. 

Materials

• ruler • calculator

Procedure

 1. Use the ruler to measure, in centimetres, the horizontal 
distance between the pointers on the graph. Estimate 
the measurement to two decimal places.

 2. Measure, in centimetres, the distance that represents 
1 nm (1 × 10-9 m) on the scale.

 3. Calculate the centre-to-centre distance between the two 
adjacent carbon atoms by using the following formula:

  actual distance =   
distance between pointers on graph

   ___   
distance representing 1 nm of scale

  

 4. From the centre-to-centre distance you calculated in 
step 3, calculate the radius of a carbon atom. 

 5. The accepted radius of a carbon atom is 77 × 10-12 m. 
Calculate the percent error for the radius you calculated 
in step 4. Go to Measurement in Appendix A for help 
with calculating percent error.

Questions

 1. Compare the structure of graphite to the STM image. 
What do the bright spots on the STM image represent? 
What do the dark spots represent?

 2. What was your percent error? Give possible reasons for 
this error.

 3. Using the same image and scale, propose another 
method for calculating the radius of a carbon atom that 
might be more accurate.

Activity 1.2 Estimating Atomic Radii

Data obtained from: Chaun-Jian Zhong et al. 2003. Atomic scale 
imaging: a hands-on scanning probe microscopy laboratory for 
undergraduates. Journal of Chemical Education 80: 194–197.
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Trends in Atomic Radius within a Period 

As you can see in Figure 1.18, the size of an atom decreases going from left  to right 
across a period. In contrast, the number of positive charges in the nucleus increases. 
Th e number of electrons also increases, so you might expect the sizes of the atoms to 
get larger. However, all of the electrons in atoms of elements in the same period are 
in the same shell. With the increase in the number of positive charges, the attractive 
force on each electron becomes stronger. As the attractive force becomes stronger, the 
electrons are drawn closer to the nucleus, and thus the atom is smaller.

Data in graphical form are often easier to analyze than data 
in table form. In this activity, you will plot a graph using data  
for atomic radius and atomic number.

Materials

• graph paper • ruler • pencil

Procedure

 1. Plot a graph of atomic radius versus atomic number 
using the data in the periodic table in Figure 1.18. 
Atomic number will be your independent variable 
(x-axis), and atomic radius will be your dependent 
variable (y-axis). Decide on a scale for your x-axis. Notice 
that elements with atomic numbers 21 through 30, 39 
through 48, and 57 through 80 are missing. Decide how 
you will show that they are missing on your graph.

 2. Analyze the atomic radius data in Figure 1.18 to decide 
on a suitable scale for your y-axis.

 3. Plot the data. Connect the data points with straight lines.

 4. Label each peak and valley on your graph with the 
chemical symbol for the element that matches the atomic 
number on the scale below.

Questions

 1. What feature stands out the most on your graph? What 
does it tell you about the atomic radii of the elements in 
a particular period or group?

 2. How does the atomic radius change going across a 
period?

 3. How does the atomic radius change going down a 
group?

 4. What characteristic of atomic radii is made more obvious 
by plotting the data in a graph rather than observing the 
data in the partial periodic table in Figure 1.18?

 5. What characteristic is more obvious in the periodic table 
than in your graph?

Activity 1.3 Plotting Atomic Radius versus Atomic Number

Figure 1.18 This partial periodic table shows the atomic radii of atoms of most of the main-group elements.

Analyze this periodic table with atomic radii and describe any trends that you see.
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Trends in Atomic Radius within a Group 

As you go down a group, the atomic number becomes greater, and thus the amount 
of positive charge also becomes greater. With each step down a group, however, the 
number of occupied electron shells increases. Th e inner shells that are fi lled shield the 
outer electrons from the positive charge of the nucleus. Because of this shielding, the 
eff ective nuclear charge appears smaller than the actual charge in the nucleus. As a 
result, the outer electrons are not attracted to the nucleus as strongly as they would 
have been without the shielding. Th erefore, each additional electron shell, and thus the 
atomic radius, becomes larger going down a group. 

effective nuclear 

charge the apparent 
nuclear charge, as 
experienced by the 
outermost electrons 
of an atom, as a result 
of the shielding by the 
inner-shell electrons

 13. How do chemists defi ne the radius of an atom?
 14. Why is it not possible to measure the size of an atom 

directly?
 15. How does the amount of charge in the nucleus of an 

atom aff ect the size of the atom?
 16. Explain the shielding eff ect of electrons, and 

describe how it aff ects the size of an atom.

 17. List the following elements in order of increasing 
atomic number and then in order of increasing size: 
oxygen, tin, potassium, krypton. Explain why the 
orders of the elements are diff erent in your two lists.

 18. List at least three factors that aff ect atomic radius.

Learning Check

SuggestedInvestigation

ThoughtLab Investigation 
1-B, Analyzing Ionization 
Energy Data 

Ionization Energy

In chemical reactions, atoms can lose, gain, or share electrons with other atoms. When 
an atom loses an electron, the remaining ion is positively charged. A generalized 
equation is shown below. Th e A in the equation represents any atom. 

A(g) + energy → A+(g) + e- (fi rst ionization)

Th e amount of energy required to remove an electron from an atom is an important 
property that plays a role in determining the types of reactions in which atoms of that 
element might be involved. Th e amount of energy required to remove the outermost 
electron from an atom or ion in the gaseous state is called the ionization energy. Th e 
reason that the defi nition states that the atom and ion are in the gaseous state is to 
eliminate any eff ect of nearby atoms. If ionization energy were measured in the solid or 
liquid state, the adjacent atoms would aff ect the measurement. 

Aft er one electron has been removed, it is still possible to remove more electrons, 
leaving the ion with a larger positive charge. A generalized equation for the removal 
of a second electron is shown below. 

A+(g) + energy → A2+(g) + e- (second ionization)

Th e removal of any subsequent electron requires more energy than the removal of the 
previous electron because there are fewer negative charges repelling each subsequent 
electron but the same number of positive charges attracting it. 

A graph of fi rst ionization energy versus atomic number is shown in Figure 1.19. Notice 
that the elements at all of the peaks in the graph are noble gases. Atoms of the noble gases 
have fi lled valence shells. Th e fi lled shells make the atoms very stable so you would expect 
that it would take more energy to remove electrons from atoms of these elements. Notice, 
also, that the elements at the lowest points on the graph are Group 1 elements. Recall 
that all of their atoms have only one electron in their valence shell. When that electron 
is removed, the remaining ion has a fi lled outer shell, which is a stable confi guration.

ionization energy 
the amount of energy 
required to remove the 
outermost electron from 
an atom or ion in the 
gaseous state
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Electron Affinity 

If one atom loses an electron, another atom must gain this electron. Neutral atoms can 
gain electrons and become negatively charged. In the process of gaining an electron, 
a neutral atom can release energy or energy might be needed to add the electron. If 
energy is needed to add an electron to a neutral atom, the resulting negatively charged 
ion will be unstable and will soon lose the electron. If energy is released when an 
electron is added to a neutral atom, the resulting negatively charged ion will be stable. 
An equation for the generalized reaction in which a stable ion is formed is shown here.

A(g) + e- → A-(g) + energy 

Th e energy that is either absorbed or released during the addition of an electron to a 
neutral atom is called the atom’s electron affi  nity. Figure 1.20 shows a partial periodic 
table of most of the main-group elements, with electron affi  nities of elements that 
become stable ions aft er gaining an electron. Th e electron affi  nities are expressed as 
negative values because energy is released in the formation of the ion. As the values 
become more negative, the ions become more stable. Th e elements with “unstable” 
in place of a numerical value are the ones that have a positive electron affi  nity.

electron affinity the 
energy absorbed or 
released when an 
electron is added to a 
neutral atom

Figure 1.19 The data 
points on this graph 
represent the amount of 
energy required to remove 
one electron from a 
neutral atom of the various 
elements. The numbers 
on the scale must be 
multiplied by 10-18 to give 
the correct value in Joules. 
The dashed lines represent 
sections in which data 
points are missing.

Figure 1.20 The values 
in this table represent 
electron affinities. The 
values must be multiplied 
by 10−19 to get the correct 
values in Joules.
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Trends in Electron Affi  nity

Analyze the electron affi  nities in Figure 1.20, and look for trends. In general, although 
not always, the electron affi  nities become increasingly negative going across a period 
and up a group. Also, notice that the noble gases do not form a stable ion if an electron 
is added. Th is is understandable when you consider that the outer shell of a noble gas is 
a fi lled shell. An added electron would be an unpaired electron in a higher shell, which 
would be very unstable. Next, consider the halogens. Th is group has the most negative 
electron affi  nities. Compared with all the other groups, the largest amount of energy 
is released when an electron is added, indicating that the ion is very stable. Remember 
that atoms of the halogens have seven electrons in their outer shell. Th e addition of one 
electron fi lls this shell. As a result, the ion is quite stable.

Electronegativity 

Consider what happens when an atom of one element has lost an electron and an atom 
of another element has gained this electron. Th e result is oppositely charged ions, which 
attract each other. Figure 1.21 (A) shows a negatively charged bromide ion beside a 
positively charged potassium ion. Th e arrows represent the forces acting on the electrons. 
Notice that the electron lost by the potassium atom and gained by the bromine atom 
is attracted by both positive nuclei. Th erefore, the overall eff ect is similar to shared 
electrons, although they are not truly shared. Recall that atoms of some elements do share 
electrons equally. Figure 1.21 (B) represents two chlorine atoms sharing two electrons. Th e 
arrows indicate that both electrons are attracted by both positively charged nuclei.

A Br-

negative
bromide ion

positive
potassium ion

K+

 

B

chlorine molecule

Cl - Cl

Th e interactions in Figure 1.21 lead to another important property of atoms, called 
electronegativity. An element’s electronegativity is an indicator of the relative ability 
of an atom of this element to attract shared electrons. Because electronegativity 
is a relative value, it typically has no units. Figure 1.22 shows a periodic table with 
electronegativities. Notice that Group 18 elements have no values. Th e noble gases do 
not share electrons with other atoms, so they do not have values for electronegativity.

electronegativity an 
indicator of the relative 
ability of an atom to 
attract shared electrons

Figure 1.22 

Electronegativity is relative, 
so units are often not used. 
However, some chemists use 
the unit Paulings in honour 
of Linus Pauling, a Nobel 
prize-winning chemist.

Identify the element 
with the greatest 
electronegativity and the 
element with the smallest 
electronegativity. Describe 
their relationship with each 
other in the periodic table.

Figure 1.21 (A) When 
oppositely charged ions 
attract each other, their 
positively charged nuclei 
attract each other’s electrons. 
(B) The nuclei of both atoms 
in the molecule attract the 
shared electrons.
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Analyzing Trends in Electronegativity

Analyzing Figure 1.22 reveals that the electronegativity of the elements increases going 
up a group and going from left  to right across a period. Th us, fl uorine has the largest 
electronegativity, and francium has the smallest. To discover one of the reasons for 
these trends, examine Figure 1.23. It shows a silicon atom beside a cesium atom, and a 
silicon atom beside a fl uorine atom.

  

Si Si 

nucleus of
cesium atom

nucleus of
fluorine atom

distance between
cesium nucleus and
valence electrons
of silicon      

valence electrons
of silicon   

valence electrons
of silicon   

distance between fluorine
nucleus and valence
electrons of silicon      

F

 

Cs 

Th e elements in Figure 1.23 were chosen because silicon is a medium-sized atom, 
cesium is very large, and fl uorine is very small. Notice how far the nucleus of the 
cesium atom is from the outer electrons of the silicon atom and how close the nucleus 
of the fl uorine atom is to the outer electrons of the silicon atom. Because the positively 
charged nucleus of a small atom can get much closer to the electrons of another atom, 
this nucleus should be able to exert a stronger attractive force on those electrons. 
Th is point raises a new question: Is atomic radius a critical factor in determining the 
electronegativity of atoms? Examine Figure 1.24 to fi nd out. Th e heights of the columns 
show the electronegativities of the elements, while the spheres on top of the columns 
show the relative sizes of the atoms. Th e correlation between size and electronegativity 
appears to be strong. As the atom becomes smaller, its electronegativity becomes larger.

Figure 1.24 This periodic 
table is shown in three 
dimensions, so you can 
easily compare the sizes 
and electronegativities of 
the elements.

Figure 1.23 As you 
can see, the nucleus of a small 
atom can get much closer 
to the outer-shell electrons 
of another atom than the 
nucleus of a larger atom can.

Predict how the distance of 
the nucleus of an atom from 
the electrons of an adjacent 
atom will affect the strength 
of the attraction between that 
nucleus and the outer electrons 
of the adjacent atom.

Chapter 1 Elements and the Periodic Table • MHR 37

031-040_S13_CHE11.indd   37 23/08/10   7:21 AM



Summarizing Trends in the Periodic Table

Figure 1.25 summarizes the trends in atomic radius, ionization energy, electron affi  nity, 
and electronegativity within periods and groups. Th e arrows indicate the direction of 
increasing values. Th ese concepts are all factors in how atoms of diff erent elements 
react, or do not react, with one another. In the next chapter, you will learn about bond 
formation and the nature of the bonds that form when chemical reactions occur.

The halogens are a group of reactive non-metals. Although the atoms all 
have seven electrons in their valence shell, their properties vary somewhat. 
The following table lists values for several properties of the halogens.

Properties of Halogens

Halogen
Atomic Radius 

(× 10−12 m)
Ionization Energy

(× 10−18 J)
Electron Affi  nity

(× 10−19 J)
Electro-

negativity Reactivity

fl uorine 72 2.79 -5.44 3.98 Highest
chlorine 100 2.08 -5.78 3.16 ↓

bromine 114 1.89 -5.39 2.96 ↓

iodine 133 1.67 -4.90 2.66 ↓

astatine 140 1.53 -4.49 2.2 Lowest

Procedure

 1. Before plotting points for graphs, predict what they 
will look like, by sketching graphs of (A) atomic radius, 
(B) ionization energy, (C) electron affi  nity, and (D) 
electronegativity versus atomic number, for the halogens.

 2. On four separate graphs, plot the data for atomic radius, 
ionization energy, electron affi  nity, and electronegativity 
against atomic number.

 3. Describe any trends that you see.

Questions

 1. Compare your sketches with the graphs plotted from the 
data. Describe any diff erences. 

 2. Suggest a possible explanation for each trend that you 
listed in step 3, based on what you know about atoms.

 3. Suggest the property (or properties) that might be most 
responsible for the trend in reactivity of the halogens. 
Explain your reasoning.

Activity 1.4 Analyzing Trends in the Halogens 
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Figure 1.25 You can use these miniature periodic tables as a quick reference when you need 
to remember the trends in the groups and periods of elements. The two bottom tables do not 
include Group 18 because the noble gases do not have values for these properties.

Identify the three properties that follow the same trends. State which property follows trends 
opposite to the other three.
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S T S E

CHEMISTRY Connections

Elements of the Body

Connect to Society

Many food manufacturers add sulfi tes to their products. 
What are the benefi ts of adding sulfi tes to food? How much 
of the sulfi tes are needed to provide these benefi ts? What 
are the risks of adding sulfi tes to food? Do sulfi tes occur 
naturally in any foods? Carry out research to answer these
questions. Th en state why you do or do not think that
sulfi tes should be used as a food additive.

Every time you eat a sandwich or take a breath of air, you 
are taking in elements that your body needs to function 
normally. Th ese elements have specifi c properties, 
depending on their location in the periodic table. 
Th e circle graph below shows the percent by mass of 
elements in cells in the human body. 
OXYGEN In an adult body, there are more than 14 billion 
billion billion oxygen atoms! Without a constant input of 
oxygen into the blood, the human body could die in just a 
few minutes. 
CARBON Carbon can form strong bonds with itself and 
other elements. Carbon forms the long-chained carbon 
backbones that are an essential part of biological molecules 
such as carbohydrates, proteins, and lipids. Th e DNA 
molecule that determines your characteristics relies on 
the versatility of carbon and its ability to bond with many 
diff erent elements. 
HYDROGEN Although there are more hydrogen atoms 
in the human body than there are atoms of all the other 
elements combined, hydrogen represents only 10 percent 
of the composition by mass because of its signifi cantly 
lower mass. Your body requires hydrogen in a variety of 
essential compounds, like water, rather than in its elemental 
form. With oxygen and carbon, hydrogen is also a crucial 
component of carbohydrates and other biological molecules 
that your body needs for energy.

NITROGEN As shown in the illustration above, the human 
body is entirely covered with muscle tissue. Nitrogen atoms 
are found in the compounds that make up the muscle protein. 
OTHER ELEMENTS IN THE BODY Oxygen, carbon, hydrogen, 
and nitrogen are the most abundant elements in your body 
and yet are but a few of the elements that your body needs 
to live and grow. Trace elements, which together make up 
less than 2 percent of the body’s mass, are a critical part of 
your body. Your bones and teeth could not grow without 
the constant intake of calcium. Although sulfur comprises 
less than 1 percent of the human body by mass, it is an 
essential component in some of the proteins, such as those 
in your fi ngernails. Sodium and potassium are crucial for 
the transmission of electrical signals in your brain.

The human body is composed of many different elements.

oxygen (O)

65%

carbon (C)

18%

Percent by Mass of the
Elements in the Human Body

hydrogen (H)
10%

nitrogen (N)
3%

calcium (Ca)
2%

all others
2%

The entire human body is covered with muscle tissue.
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Section 1.3 R E V I E W

Section Summary

Review Questions 

• Th e atomic radius of the atoms of an element is 
infl uenced by the amount of charge in the atom’s nucleus 
and by the number of occupied electron shells. Th e 
atomic radius increases when going down a group and 
decreases when going across a period from left  to right.

• Th e ionization energy of the atoms of an element is 
infl uenced by the distance between its outermost electron 
and its nucleus. Th e ionization energy decreases when going 
down a group and increases when going across a period.

• Th e electron affi  nity of the atoms of an element is 
infl uenced by whether the valence shell of the atoms is 
fi lled. Th e electron affi  nity decreases when going down 
a group and increases when going across a period.

• Th e electronegativity of the atoms of an element is 
infl uenced by the atomic radius. Th e electronegativity 
decreases when going down a group and increases when 
going across a period.

 1. K/U What is atomic radius and how is this value 
obtained?

 2. T/I List the following elements in order of 
increasing radius: Ba, Cs, O, Sb, Sn.

 3. K/U State the trend in atomic radius within a group. 
Describe the factor that accounts for this trend.

 4. T/I Th e following fi gures represent neutral atoms 
gaining or losing an electron to become ions. One of 
these fi gures represents a chlorine atom, Cl, gaining an 
electron to become a negatively charged ion, Cl-. Th e 
other fi gure represents a sodium atom, Na, losing an 
electron to become a positively charged ion, Na+. 
Identify which fi gure represents each element. Provide 
possible explanations for the change in size upon 
ionization. Note: Th e unit pm (picometre) is 10-12 m.

186 pm 102 pm 181 pm100 pm
A B

 5. K/U Defi ne ionization energy. Use a chemical 
equation to clarify your defi nition.

 6. T/I Review the graph of First Ionization Energies in 
Figure 1.19 on page 35. Notice that the diff erences in 
ionization energy for the fi rst 20 elements is quite 
signifi cant. Th en, for elements 20 to 30, the values are 
very similar. Provide a possible explanation for the 
similarity in these values.

 7. T/I Write a chemical equation for an atom losing 
a third electron. Would the ionization energy for this 
reaction be larger or smaller than the ionization energy 
for the loss of the fi rst or second electron? Explain.

 8. T/I Explain why helium does not have a third 
ionization energy.

 9. T/I List the following elements in the order of 
increasing ionization energy for the fi rst ionization: 
arsenic, cesium, fl uorine, helium, phosphorus, strontium.

 10. K/U What is the signifi cance of an element having a 
positive electron affi  nity? Is the resulting ion stable or 
unstable? Explain why. 

 11. K/U Atoms of what group have the most negative 
electron affi  nities? Explain why.

 12. C Using diagrams, show how electronegativity and 
electron affi  nity are diff erent.

 13. K/U Explain the relationship between 
electronegativity and the size of an atom.

 14. T/I Copy the following table in your notebook. Fill 
in the data for atomic mass, using the periodic table in 
Figure 1.12 on page 24. Fill in the data for atomic 
radius, using Figure 1.18 on page 33. Compare the data 
for the two elements. Would a piece of aluminum or a 
piece of lead be denser? Explain your reasoning.

Data for Aluminum and Lead

Element Atomic Mass Atomic Radius

aluminum
lead

 15. A Use the data in Figure 1.19 and Figure 1.20 on 
page 35 to answer the following questions. First 
ionization data can also be found in the data table in 
Investigation 1-B on page 42.

 a. What would the total change in energy be to 
remove an electron from a sodium atom and add 
the electron to a chlorine atom? 

 b. Which of the following combinations would be 
more stable, a sodium atom and a chlorine atom, 
or a positively charged sodium ion and a negatively 
charged chloride ion? Explain your reasoning.
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