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Summarizing Trends for lonization Energy
Although you can soe a fow exceptions in Figuro 2.16, thero aro two
‘goneral tronds for onization onergy:
nization energy tends o decrease down a group. This makes sonso in
toms of the enorgy levl that the valence olectrons occupy. Electrons in
tho outer energy lovol aro farther from the positive force of the nuclous
“Thus, they are oasier to remav than alectrons in lower onorgy lovels
nization energy tends o increase across a period. AS you go across a
period, the attraction betwoon the nuclous and the olectrons in the outer
enorgy lovel incroases. Thus, moro onergy is noeded to pull an oloctron
aueay from fts atom. For this trond to bo true, you would expect a noblo
s 1o have tho highest onization energy of ll the olemonts in the same
period. As you can see in Figuro 2.16, they do
Figuro 2,17 summarizes theso gonoral tronds for onization onergy.
“The Practico Problomns below give you a chance to apply your understand-
ing of theso tronds.

(EZTEXT fonization energy tends o decrease down a group and ncraasa scross
2 poriod.

_Prach e Problems

& Using only a periodic tablo, rank tho olements in each sot by
incroasing lonization energy. Explain your answrs.
(a) Xo, Ho, Ar @ K, Br, K
) S0, In o) K, Ca, Rb

Desktop

Tools | Sign

A Ha0®

Comment

751 AM
01/05/2013





image7.png
Trends for Electron Affinity

In everyday conversation, if you like something, you may say that you
have an affinty for it. For example, what If you anjoy pizza and dotest
asparagus? You may say that you have a high affinity for pizza and a

Low affnity for asparagus. If you profer asparagus to pizza, your afinities
aro rovorsed.

Atoms aro not living things, so thoy do not like or dislike anything
‘You know, however, that some atoms hav a low attraction for cloctrons.
‘Other atorms have a greater attraction for eloctrons. Electron affinity is a
‘measuro of the chango in enorgy that occurs whon an cloctron is added
to tho outer onergy lovel of an atom to form a negative fon.

Figuro 2.18 identifies the eloctron afnities of the main-group
‘loments. 1f enorgy is roleasod when an atom of an oloment gains an
eloctron, the electron affinity is exprossed as a nogative intoger. When
‘energy s absorbed when an electron Is addod, electron affnity is low, and
s exprossed as a positivo Intoger. Notice, for examplo, that fluorino has
the highost eloctron affinity (indicated by a largo, nogativo Intoger). This
indicates that fluorine is very likely to be Involved in chemical reactions.
In fact, fluorine is the most reactivo of al tho cloments

‘Motals hav very low eloctzon affinities. This is espocially true for
the Group 1 (1A) and 2 (24) clements. Atoms of thoso olements form sta-
blo positive ions. A negative ion that Is formed by the clements of theso
‘groups Is unstablo. It breaks apart into a noutral atom and a froe cloctron,

‘Examine Figuro 2.18. What trends can you observe? How rogular are
theso trends?
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“onergy 1s absorbod when an eloctron 1 added, eloctron afinity 1s low, and
s exprossed as a positivo Intoger. Notice, for examplo, that fluorino has
the highost eloctron affinity (indicated by a largo, nogativo Intoger). This
indicates that fluorine is very likely to be Involved in chemical reactions.
In fact, fluorine is the most reactivo of al tho cloments

‘Motals hav very low eloctzon affinities. This is espocially true for
the Group 1 (1A) and 2 (24) clements. Atoms of thoso olements form sta-
blo positive ions. A negative ion that Is formed by the clements of theso
‘groups Is unstablo. It breaks apart into a noutral atom and a froe cloctron,

‘Examine Figuro 2.18. What trends can you observe? How rogular are
theso trends?

(CZIIERT] The units for slectron affiiy are the same as
he units or ionzation energy: kJAmol. High negative numbers

2 high sloctronafinity. Low nogative numbers and any
positive numbers mean a low alectron affiaty.
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‘mako suro that everyono chooses a difforant
olement.

Find tho following information about your
alement:

« atomic number

« atomic mass

« atomic symbol

« moting point

ign

rties and uses of your clomant as you loar
‘about them during this courss.

Analysis

1. What usos of your elemant did you know
‘about? Which usos surprised you? Wy?

2 Examine tha dates on which the elements
‘woro discovered. What pattarn do you notice?

Comment

« boiling point

« donsity

« atomic radius

« fonization anergy

« oloctron affinity

« place and dato discovered, and tho namo
of the scientist who discovarad it

« uses, both common and unusual

« hazards and methods for safe handling

How can you explain ths pattern?

Do you think that scientists have discovered
all tho naturally occurring elements? Do you
think they have discoverod allthe synthatically
produced slements? Give raasons to justify
your opinions.

Section Wrap-up

Despite somo irrogularities and excoptions, the following periodic tronds
‘summariz the relationships among atornic sizo, onization energy, and
eloctron afinity

 Tronds for atomic sizo are the roverse of trends for lonization energy
and olectron affinity. Larger atoms tond to have lower fonization
energies and lower oloctron affinitos.
Group 16 (VI A) and 17 (VI A) clements atiract eloctrons strongly. They
do not give up olectrons readily. In other words, they have a strong

tendency to form negative lons. Thus, they havo high lonization
energies and high clectron affnitos.

Group 1 (1 A) and 2 (I A) olomnts give up oloctrons roadily. Thay havo
low or no attraction for olectrons. In other words, they have a strang
tendency to form positivo fons. Thus, they have low ionization energlos
and low eloctron affinities

Group 18 (VIII A) elements do not attract sloctrons and do not give up
electrons. In other wards, they do not naturally form fons. (They aro
vory stablo.) Thus, they hav very high lonization energies and very

low electron affinitios

Chaptor 2 Elements and the Pariodic Tabla - MHR 59
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(CZIEX] The bubbles fizzing
‘ot of the soft drink contan ca
bon dioxi

D0 youtink that water s &
covalont compound o an
foric campound? List watars
physical proportos. Can

You toll whethor wator is
covalont compound o an
Joric campound basod only
onits physica propares?
Why or why not?

and covalent compounds rosult from
tho mannor in which chemical bonds form botwoen atoms In these com-
‘pounds. Atoms can oither oxchango or sharo eloctrons.

When tiwo atoms exchange electrons, one atom loses its valence
electron(s) and the other atom gains the electron(s). This kind of bonding
usually occurs betwoen a motal and a non-metal. Rocall, from Chaptor 2,
that metals havo low lonization enorgles and non.metals havo high olo
tron afnities. That is, motals tend to loso olectrons and nonmetals tond
to gain them. When atoms exchango cloctrons, they form an onic bond

“Atoms can also sharo cloctrons. This kind of bond forms betswoen two
‘non-metals. It can also form betwoon a metal and a non-metal when the
‘motal has a fairly high lonization energy. When afoms share electrons,
they form a covalent bond

How can you dotormine whether the bonds that hold a compound
togother aro lonic or covalent? Examining the physical properties of
the compound is one method. This method is not always satisfactory,
‘howver. Often a compound has some lonic charactoristics and some
covalont characteristics. You saw this In tho provious Thought Lab.

For examplo, hydrogen chloride, also known as hydrochloric acid, has
alow melting point and a low boiling point. (It 1 a gas at room tempera-
ture.) Theso properties might load you to believe that hydrogon chloride is
a covalent compound. Hydrogen chlorido, howover, is extremely solublo
in water, and the wator solution conducts electriclty. Thoso properties aro
characteristic of an lonic compound. Is thero a cloar, theoretical way to
docide whother the bond betwoen hydrogon and chlorine Is fonic or
covalont? The answer les in a perlodic trend.

Electronegativity: Attracting Electrons

When two atoms form a bond, each atom attracts the other at
electrons in addiion to it own. The electronegativity of an atom 1s a
‘measure of an atom's ability to atract electrons in a chemical bond. EN
s used to symbolizo eloctronogativity. Thero s a speciic eloctronogaivity
assoctatod with each oloment.

‘As you can soo fn Figure 3.6, oloctronegativiy i a periodic property,
Just as atomic stz onization enorgy, and aloctron afaity aro. Atomic
Sizo tonization onorgy, and electzon afniy, however,aro propertios of
single atoms. In contrast, lectronegativity s a proporty of atoms that aro
involved in chemical bonding

T MR- Unit 1 Matter and Chemical Bonding
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Tho trend for olectronegativity is the roverse of the trond for atomic size.  (GZTZX] Electronogatvity is
Examino Figuro 3.7, on the noxt pago, to soo what this moans. In gonoral odc rend. It ncraasas up
as atomic sizo docreases from loft o right across a period, eloctronogativi- roup and cross a perod.
ty Incroases. Why? The numbor of protons (which attract cloctrons) in the
nuclous increasos. At the same time, tho number of filled, inner cloctron
‘energy lovals (which shield the protons from valence eloctrons) romains
the same. Thus tho eloctrons are pulled more tightly to the nuclous
rosulting in a smaller atomic sizo. Tho atom aftracts a bonding pair of
eloctrons more strongly, becauso the bonding pair can move closer to
the nuclous CHECKPMINT

In the second period, for example, ithium has the largest atomic
sizo and the lowast eloctronogativity. As atomnic sizo decroasos across the
second period, the olectronegativity Incroases. Fluorine has the smallost
atomic size in the third period (oxcopt for noon) and the highest oloc-

vity. Bocauso noblo gases do not usually participato in bonding olocironsgaiva?

Which slament s the most
alcironagatve? Not including
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(CZITERD Periodic trends for
ctronagativiy (bars) and

atomic size (spheres) are

imversalyrelated.

Period

an

Group

Predicting Bond Type Using Electronegativity

u can uso the differences betwoen eloctronogativities to decido whother
tho bond between two atoms is fonic or covalent. The symbol AEN stands
for the differonce botwoon two oloctronogativity values. When calculating
the oloctronegativity difforonce, the smaller cloctronogativity is always
subtractod from the largor cloctronegativity, so that the electronegativity
difforonco is always positivo.

How can tho cloctronogativity difforonce help you prodict tho type of
bond? By the end of this section, you will understand the aswor to this
question. Consider throe difforent substances: potassium fluorido, KF,

and hydrochloric acld, HCI. Potassium fluorido s an fonic
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(CZITERD Periodic trends for
eloctronagativiy (bars) and
atomic size (spheres) are
imversalyrelated.

an

Group

Predicting Bond Type Using Electronegativity

You can uso the differences botwoen eloctronegativities to docido whether
tho bond between two atoms is fonic or covalent. The symbol AEN stands
for the differonce botwoon two oloctronogativity values. When calculating
the oloctronegativity difforonce, the smaller cloctronogativity is always
subtractod from the largor cloctronegativity, so that the electronegativity
difforonco is always positivo.

How can tho cloctronogativity difforonce help you prodict tho type of
bond? By the end of this section, you will understand the aswor to this
question. Consider throe difforent substances: potassium fluorido, KF,
oxygon, Oy, and hydrochloric acid, HCL. Potassium fluorido is an lonic
compound mado up of a motal and a non-metal that havo very difforent
cloctronogativitis. Potassium’s oloctronegativity is 0,32, Fluorine's
cloctronogativity is 3.98. Theroforo, AEN for the bond betwoen potassium
and fluorine is 3.16.

Now considor oxygen. This olement exists as units of two atoms held
togother by covalent bonds. Each oxygen atom has an eloctronogativity of
3.44. Tho bond that holds tho oxygen atoms togothor has an cloctronoga-
tivity difference of 0.00 becauso cach atom In an oxygon molocule has an
oqual attraction for tho bonding pair of oloctrons.

Finally, considor hydrogen chlorido, or hydrochloric acid. Hydrogen
has an electronegativity of 2.20, and chlorin has an cloctronogativity of
3.16. Therofore, the electronegativity difference for the chemical bond in
hydrochloric acid, HCI, s 0.96. Hydrogon chloride Is a gas at room tom-
porature, but its water solution conducls eloctricty. Is hydrogon chloride
a covalent compound or an fonic compound? Its AEN can help you
docide, as you will soe below.

72 MHR-Unit 1 Mattor and Chemical Bonding
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The Range of Electronegativity Differences
When two atoms have oloctronegativities that aro fdentical, as in oxygon,
they sharo their bonding pai of electrons oqually betwoon them in 3
covalont bond. When two atoms havo electronegatvites thal are vory dif
forent, s in potassium fuoride,the atom with tho lower olectronegalivity
Toses an eloctron to tho atom with the highor electronogativity. In
potassium fuoride, potassium gives up it valence olectron to fuorine
Therofore, the bond is onic

1t is o always clear whather atoms share cloctrons or transfor thern.
Atoms with different elctronegativitios can share eloctrons unequally
‘without exchanging them, How unequal doos tho sharing havo to bo
bofore the bon is considered fonic?

Figuro 3.8 shows tho rango of electronegativity diffrences. Theso
values go from mostly covalent at 0.0 to mostly fonic at 3.3, Chemists
considor bonds with an eloctronegativity difference thal i groato than
1740 bo fonic, and bonds with an olectronegativity differsnce tha i
than 17 to bo covalent

AEN

Chemical bonds range in character from mostly ionic to mostly covalent.

“Tablo 3.2 shows how you can think of bonds as having a porcent fonic
character o percent covalent charactor, based on their electronegativity
difforonces. When bonds have nearly 50% lonic or covalent character,
they have characteristics of both types of bonding

Table 32 Character of Bonds

Eoctronegativiy
aiffrence.
Parcentionic:
character

01/05/2013




image16.png
1.7 0 bo fonic, and bonds with an olectronegativity difforonco that s I
than 1.7 to bo covalent.

Chemical bonds range in character from mostly ionic to mostly covalent.

“Tablo 3.2 shows how you can think of bonds as having a porcent fonic
character o percent covalent charactor, based on their electronegativity
difforonces. When bonds have nearly 50% lonic or covalent character,
they have characteristics of both types of bonding

Table 32 Character of Bonds

—— : e
== 3 D
—
==

Parcont covlent
character

Basod on Table 3.2, what kind of bond forms betwoen hydrogen and
loring? AEN for the bond in hydrogen chloride, HC, is 0.96. This Is
Lower than 1.7. Therefore, the bond 1n hydrogen chlorido is a covalont
bond.
Calculato AEN and prodict bond charactor In the following Practico.
Problem.

unds and Bonding
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“Trends for Atomic Size (Radius)

“Thero are two general trends for atomic size:

« As you go down each group in the periodic table, the size of an atom
increasas. This makes senso If you considor energy lovels. As you go
down a group, th valence oloctrons occupy an energy lovel that is
farthor and farther from the nuclous. Thus, the valonce oloctrons expori
enco loss attraction for the nuclous. In addition, electrons In the inner
enorgy lovels block, o shield, the valence electrons from the attraction
of tho nuclous. As a result, the total volume of the atom, and thus the
size, incroasos with cach additional enorgy lovel

iz0 of an atom decreases. This trond

might surprise you at first, since the number of electrons incroases as
You go across a perlod. You might think that more electrons would

1Py moro space, making the atom largor. You might also think that
ropulsion from their like chargos would force the eloctrons farthor apart.
“The sizo of an atom docreases, however, becauso the positivo chargo on
the nuclous also Increases across a period. As wall, without additional
energy the electrons are rostricted to their outor encrgy lovel. For exam-
ple, the outer energy lovl for Period 2 clements Is the socond enorgy
Lovel. Electrons cannot move beyond this energy lovel. As a result, the
positive force exerted by the nuclous pulls the outer olectrons closer,
roducing the atom's total size.

Figuro 2.13 summarizos the trends for atomic size. Tho Prac

Probloms that follow give you a chance to apply your understanding of

theso trends

(CZTIEEE] Atomic size increases down a group and decreases across
a row inthe periodi tabl
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Trends for lonization Energy

A noutral atom contains equal nurbers of positive chargs (protons) and

nogative charges (eloctrons). The particlo that results when a neutral atom

gains electrons or gives up eloctrons Is called an jon. Thus, an lon Is a

chargod particle. An atom that gains electrons becomes a negatively

charged anion. An atom that gives up electrons becomes a positively

charged cation. Figuro 2.14 shows the formation of fons for soveral olo-

ments. As you examino the diagrams, pay special attention to

« the energy lovel from which cloctrons are gainod or given up

« the charge on the fon that is formed when an atom gains or gives up
electrons

« the arrangement of the electrons that remain afler electrons aro gainod
orgiven up

Group 1 08) Group 2 1A} Group 16 (VIA)

neutral

(GIELY Theso diagrams show the ons that aro formed rom neutral atoms of
Sodium, magnesium, sulfu, and chlorine. What other slomont has the sam lectron
arrangoment tha sodium, magaesium, slfide, and chiride ions have?
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neutral
ato

(GIELY Theso diagrams show the ons that aro formed rom neutral atoms of
Sodium, magnesium, sulfu, and chlorine. What other slomont has the sam lectron
artangoment that sodium, magaesium, slfide, and chiride ions have?

“Try to visualizo the periodic table as a cylindor, rathor than a flat
plano. Can you see a relationship btwoon ion formation and the eloctron
amrangement of noblo gasos? Examine Figure 2.14 as well as 2.15 on the
noxt page. The motals that aro main-group elements tond to give up eloc-
trons and form fons that havo the same number of eloctrons as the nearst
noblo gases. Non-metals tond to gain cloctrons and form lons that have
the samo number of electrons as the nearest noblo gasos. For

whon a sodium atom gives up its single valenco o

positively charged sodium lon. Is outer electron arrangement is like
‘noon's outer eloctzon arrangement. When a fluorine atom gains an
eloctron, it becomes a nogatively chargod 1on with an outor electron
arrangement ke that of noon.

nd the Pariodic Tabla - MHR
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noble gas olectron arangemant.

Al domrts, oxcopt ydrogn,
hava more than ona lectron
thatcan ba removac.
Thorofore, thoy hava mora
than one onizaton snergy.
Tho anergy that s noedod fo
remove a sacond slectron s

Figuro 2.15 can holp you determine tho chargo on an lon. Count the
number of groups an lon is from the noarest noblo gas. That number Is
tho chargo on the fon. For examplo, aluminum is threo groups away

from noon. Thus, an aluminum ion has a chargo of 3+. Sulfur Is two
groups away from argon. Thus, a sulfido fon has a chargo of 2
Remember: Motals form positive fons (cations) and non-metals form
nogative lons (anions)

1t takes onergy to overcome the attractivo force of a nuclous and pull
an electron away from a noutral atom. The energy that s roquired to
remove an electron from an atorm is callod ionization energy. The bar
graph in Figuro 2.16 shows the fonization energy that is nooded to remove
one eloctron fromm the outer energy lovel of tho atoms of the maln-group
olements. This energy is callod tho first fonization energy. It is measurod
in units of ky/mol. A kilojoulo (K)) is a unit of onorgy. A molo (mol) is an
amount of a substance. (You will learn about the mole in Unit 2.)

As you can seo, atoms that give up oloctrons easily have low foniza-
ton energios. You would probably prodict that the alkali motals of Group
1(14) would have low fonization energles. Theso olements are, In fact,
extromely reactive bocauso It takes so littlo energy to remove thir single
valonce electron.
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s you can soo, atoms that give up oloctrons oasily have low foniza-
rgios. You would probably prodict that tho alkali motals of Group
) would have low lonization enorgles. These elements are, In fac
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