lonic and Covalent
Bondlng

Chapter 6.1 -6.2
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% lonic Bonds & Compounds

Covalent Bonds & Molecules




Electron Dot Diagrams for Some Group A Elements

Group lonic & Covalent Bonding

1A 2A 3A 4A 5A 6A 7A 8A

Focus Points
H- He:

Li- -Be -B- -C- -N- :0- :F- :Ne:

Na- -Mg- -Al- -Si- -P- :S. :cl- :Ar:| * Understand the conditions
' ' I R of stability for atoms and
K- -Ca- -Ga: -Ge:- -As- “Se- °Br- ‘Kr: explain why atoms bond.

« Draw electron dot diagrams for elements 1-20 and for bonded
atoms showing a full valence (8).

« Explain and show how elements become ions (cations and anions).

 Distinguish ionic bonds from covalent bonds, listing properties of
lonic compounds and covalent molecules.

« EXxplain covalent bonding in terms of bonds (nonpolar and polar)
and molecules (nonpolar & polar).



There are three main ways that elements can
come together to form bonds.




There are three main ways that elements can
come together to form bonds.




Why Do Atoms Bond?

Conditions for Atoms to Bond

? ?



Why Do Atoms Bond?

Conditions for Atoms to Bond

Electrical Neutrality Complete Valence
« Atoms are neutral « Atoms have

before bonding. Incomplete valence
- But RARELY have a prior to bonding.

complete valence ... * Their outermost

so almost all electrons are

unbonded atoms are unstable.

unstable.



Why Do Atoms Bond?

Conditions for Atoms to Bond

Electrical Neutrality Complete Valence
- Atoms Bond and « Atoms bond to
become neutral as a complete their outer
unit. shell of electrons.
 |lonic compounds are « 8 is the "magic’
neutral because they number

have both cations and

|  Octet rule.
anions.



Electron Dot Diagrams

The chemical properties of an element depend on the number
of valence electrons.

An electron dot diagram is a model of an atom in which dots
represent valence electrons.

Valence electrons include ONLY the outermost orbitals of

S Ar :

Each orbital can contain up to 2 e-



The valence is indicated by the “A” group number, which gives
the number of dots needed.

Electron Dot Diagrams for Some Group A Elements

Group
1A 2A 3A 4A 5A 6A 7A 8A

H- He:

Li- -Be- -B- -C- :N- :O- :F- :Ne:

Na: ‘Mg -Al- -Si- -P- :S. :Cl- :Ar:

K- -Ca- -G;a- -(:'Ee- As Se :.B'r- :i('r:




Lewis Structures (Electron Dot Diagrams)

Electron Dot Diagrams

Lewis Structures (5 steps) (4:57)

hitps://screencast-o-
matic.com/watch/cFQ3IKgS4e



https://screencast-o-matic.com/watch/cFQ3lKqS4e

Lewis Structures (Electron Dot Diagrams) TRY IT
. | —
Give the nuclear symbol and e- dot diagrams:
Lithium Magnesium
Gallium Silicon
Phosphorus Oxygen

Fluorine Argon



Lewis (Electron dot) Structures TRY IT

Electron Dot Structures of Some Group A Elements

Group
Period A A IIA IVA VA VIA VIIA VIIA
1 H* 12M924 14Si28 15|:>31 8016 9|:19 He:
sLI7| 2 Li* | Be* | .B* |.C* | .N* |:0° | :F* | :Net
3 Na* | Mg | -AI* | .8i° | B | :8c | :Civ | tAr | gAr?°
4 K* | .Ca | .Ga* | .Ge* | .As' | :8e* | :Br* | :Kr:

70
31Ga

Notice that all the electrons within a given
“A” group (with the exception of helium) have
the same number of electron dots in their

structures.



Formation of lons

A neutral atom (unbonded) is electrically neutral because it has
equal numbers of protons (+) and electrons (-).

An 10011 forms when an atom or group of atoms loses or
gains electrons.

d

Li

152 @

Be

112

A positively charged

&
lon (cation) Is o
< produced when an ?.
atom loses valence o
electrons. S

A negatively charged ion v
(anion) is produced when | @
an atom gains valence = »- S€
electrons.

64




Formation of lons

lonization Energy is the amount of energy

needed to remove an electron from its valence.

« The lower the ionization energy, the easier it is to remove
an electron from an atom.

VIIE VIIIA

H He
Ml IVe WA VIA (431202372 2
B i g 0 F Me
BO0.6 | 1086 . | 14203 13139 | 1681.0| 2080 .6
L] | 51 F 5 i | Ar
776 | 7864 10117 9996 12511 15205
Ga | Ce | &5 | S¢ | B | Kr
ATEE | V621 | 947 |940.9 [1139.9[1360.7
In | Sn | Sh | Te I Xe
G583 | VOB6 | 8337 | 8692 (1008.4 [1170.4
Tl | Fh | Bi | Po | &t | Bn
954 | 7229 | 7106 | 8 T |odr.s




Formation of Cations

MEtals tend to 1S E their valence electrons due to LOW
lonization Energy, leaving a complete octet or valence in the
next-lowest energy level.

. A sodium atom (Na), group 1A, forms a sodium cation (Na™).

+11p 11 e- - +11 p 10 e- = +1 cation

298917

Na
1

[Nelds'

« A calcium atom (Ca), group 2 A, forms a calcium cation (Ca2+).

+20 p 20 e- - +20 p 18 e- = +2 cation

1008 ]

Ca

20

lArlds”




Alkali Metals (Group IA)

= GrouplorlA 1 Naz® neutral atom
1298317 +1
= Easily lose an electron to
y L +11p Na
form a +1 cation in order to q11e M
gain ideal electron configuration 0 e :
= “Magic number is “8” ... s2 + p6
L . +11p
= |s it easier for the metals to gain 7 10
-10 e

electrons to make 8 or to lose 1

electron to have a full valence in -~ 41 Charge
the next lowest energy level?



Alkaline Earth Metals (Group I1A)

= Group 2 or lIA 1,Mg?* neutral atom
= Lose two electrons to form T
e‘o_eecosg_o a +12p M
+2 cation in order to gain ideal 2 g
electron configuration -12e |5,
0

= “Magic number is “8” ... s2 + p6

= |s it easier for the metalstogain 6 +12p
electrons to make 8 or to lose 2 10 e

electron to have a full valence In
the next lowest energy level? +2 Charge




Formation of Cations

Remember that metals have a LOW
lonization Energy (I.E.), meaning they
easily give up electrons when bonding.

Group 1A elements always form 1+ ..

cations.

A IIA

Group 2A elements always form 2+
cations.

Group 3A elements usually form
+3 cations.

m

Al°t 13

Aluminum

Fe't 26

Ferric Iron
(oxidized
iron)

5¢3+ 21

Seandium

v* 139

itrium

;



Practice Making Cations -
_ TRY IT
Give the nuclear symbol, p+, e-, charge, —

valence of each element BEFORE bonding.

Aluminum Magnesium

Potassium Boron



Practice Making Cations -
TRY IT

Give the nuclear symbol, p+, e-, charge, .
valence of each element BEFORE bonding.

Aluminum  group 2a) Magnesium (roup 2a)
1Al 1,Mg#

13p 13e-=0 12p + 12e-=0
Valence = 3 Valence = 2
Potassium group 1a) Boron group 3a)

19K39 5Bll

19p + 19e-=0 5p+5e-=0

Valence =1 Valence = 3



Practice Making Cations ﬁ
Give the cation of each element AFTER I

bonding (include p+, e-, charge, valence)

Aluminum Magnesium

Potassium Boron



Practice Making Cations -
TRY IT

Give the cation of each element AFTER .
bonding (include p+, e-, charge, valence)

Aluminum roup 3a) Magnesium group 2a)
Al*3 Mg+?

13p 10e- 12p 10e-

Valence =8 Valence = 8
Potassium group 1a) Boron group 2a)

K* B+3

19p 18e- 5 p 2e-

Valence = 8 Valence = 2*

*Period 1 energy level



T it! Tm hit! Tve bst an electron !/




Formation of Anions

Non-metals tend o gain

their valence electrons due to HIGH
lonization Energy, creating a complete
octet or valence. Na- 02—

An anion is produced when an atom
gains or shares one or more valence [pP3= | §*
electrons.

As with metals, atoms of nonmetals ~ As> Se’
and metalloids form anions by filling

their valence to attain noble gas Te?
electron configuration.

CI
B
I
nnnnnn -3 [eseee -2 18.598403 -1
4
1
3
7 |8 9
1525 2" 1525 25" 1525'29"
rrrrrr 3208 S -1
«3 -l -1
+5 13 3
s cl ]
I .7
15 16 17
Nel3s3e” ] (Nel3s'3pt (Nel3s'3p*
74.9216 18.98 19.504 -1
- -1
As Br-
st

-----------




Halogens (Group VIIA)

= Group 17 or VIIA ,,CI35 TSI y
1
= Easily gain an electron to form CI :é:.
a —1 anion in order to gain ideal +17p 17
electron configuration -1/7 e INel3s 30"
0

= “Magic number is “8” ... s2 + p6

= |s it easier for the non-metal to gain 1 +17p
electron to make 8 or to lose 7 -18 e
electrons to have a full valence in the

energy level? '1 Charge




Formation of Anions

VA _VIA VIIA A chlorine atom (CI) forms

N~ O* F a chloride anion (Cl-)
3 5 +17p 17 e-->

P S al +17 p 18 e- =-1 anion

3- len2- -
As*~ Se” Br An oxygen atom (O) forms
an oxide anion (O?%)

y =
Te [ +8p 8e- 2>+8p 10e- =-2anion

SSSSSS

llllllllllllll

lllllllllll




QUICK CHECK

Show e- dot diagram of the following atoms BEFORE
bonding & then how they become ions (p+, e-, charge):

Potassium Nitrogen

Sulfur Beryllium

Aluminum Bromine



QUICK CHECK

Show e- dot diagram of the following atoms before bonding
& then how they become ions (p+, e-, charge):

Potassium K * Nitrogen , N *
+19p 18 e- +7p 10 e-

+1 cation, K*1 -3 anion, N-3
Sulfur :§° Berylium .Be*
+16p 18 e-" +4p 2e-

-2 anion, S +2 cation, Be*?
Aluminum .ﬁ“ - Bromine :Er'
+13 p 10 e- +35p 36e- **

+3 cation, Al*3 -1 anion, Br!



Electrons may be transferred or shared
between atoms.

* lonic compounds are formed when
electrons are transferred (lost or
gained) between atoms.

» Covalent molecules are formed when

electrons are shared (equally or
unequally) between atoms.




* Anionic compound is a compound
composed of cations and anions.

« Sodium chloride, or table salt, i1s an 1onic

compound consisting of sodium cations and
chloride anions.

« Although they are composed of ions,
lonic compounds are electrically neutral
overall.

* The total positive charge of the cations
equals the total negative charge of the
anions.

cl-



Formation of lonic Compounds

lonic Bonds

Anions and cations have opposite charges and attract one another
by means of elecirostatic forces which are called ionic bonds.

When sodium and chlorine react to form a compound, the sodium
atom transfers its valence electron to the chlorine atom.

Na~ + . CI :

Each atom ends up with a more stable electron configuration
than it had before the transfer.




Formation of lonic Compounds

lonic Bonds

To obtain electrical neutrality and stable octets (valence),
sodium and chlorine atoms combine.

./_\ ® @ A + g ® ® ‘_
Na“ + .Cl: — Na" :C|:
NOTICE: +1 -1 = 0 (neutral)

« The sodium atom became a cation (+) and the chlorine atom
became an anion (-).

« The overall charge of bonded atoms must equal zero to gain
stability.



lonic Bonds

An ionic bond is an attraction between two oppositely charged ions.
Atoms are most stable with electrical neutrality and full valence.

Na Cl Na* Cl™
Sodium atom Chlorine atom Sodium ion Chloride ion
(an uncharged (an uncharged (a cation) (an anion)
atom) atom) \ v

Sodium chloride (NacCl)



lonic Bonds

An ionic bond is an attraction between two oppositely charged ions.
Atoms are most stable with electrical neutrality and full valence.

Na Cl Na* Cl™
Sodium atom Chlorine atom Sodium ion Chloride ion
(an uncharged (an uncharged (a cation) (an anion)
atom) atom) \ v

Sodium chloride (NacCl)

Na and Cl are To become more |
electrically neutral, stable. sodium Electrostatic
but their valence is transfers its electron attraction between

NOT full to Chlorine lons



Perhaps one of you gentlemen would mind telling me just what it is




Properties of lonic Compounds

* High melting point (801°C).
* Mostly solids.

* As solids, ionic compounds
are poor conductors of
electric current.

 When melted or dissolved,
they are good conductors
of electric current.

- Form crystal structures that
shatter when struck with a
hammer.

Crystal
Lattices



« A covalent bond is a chemical bond In

which two atoms Share a pair of
valence electrons.

» Covalent molecules are neutral because
‘ the atoms bonded together contain the
same number of protons (+) as
electrons (-).

a * However, the sharing may not be equal
between the atoms.

H,0

o,




Covalent Bonds

A covalent bond is formed when two or more
atoms SHARE electrons ... but HOW are the
electrons shared?

Shared pair of elactrons

There are different X
Nucleus =~ 4 _ 0 - 4+  MNucleus

types of covalent
bonds:

1. Non-polar covalent

2. Polar covalent




Non-Polar Covalent Bonds

Non-Polar bonds mean that electrons are

shared EQUALLY between atoms.

Both atoms have a complete electron configuration.

Electron dot diagram of F, [::Ej HE{:]

[Each atom has a valence of 8 when bonded]

Symbol of bond F-F

Electron cloud graphic > .




Non-Polar Covalent Bonds

Non-Polar bonds

There are 7 diatomic (“two A
atom”) elements that exist -
INn nature. “

Professor “HOFBrINCI” “

Fluorine (F5)

Nitrogen (N,)

Chlorine (Cl,)

Bromine (Br»)

lodine (lz)



Single Covalent Bonds

Form from the sharing of ONE PAIR of electrons between
atoms.

e.g. Hydrogen gas consists of diatomic molecules whose atoms
share only one pair of electrons attracted to the nuclel,

forming a single covalent bond. . I

H 2 Hydrogen molecule

N _
H + ‘H —> H:H shared pair
of electrons
Hydrogen Hydrogen Hydrogen
atom atom molecule

H—H



Single Covalent Bonds

Atoms bond to complete their valence (octet rule) and achieve the
electron configuration of a noble gas.

Two atoms of fluorine bond to make a F, molecule, each fluorine
atom contributing one electron to complete the octet.

2 m Notice that there are unbonded or

Fluorine

olecule unshared pairs of electrons.
.. . ‘e (/_7\shmred pair
k- + B —— Bk or cE—LE: ofelecions
Fluorine Fluorine Fluorine

atom atom maolecule F F



The Octet Rule In
Covalent Bonding

The oxygen atom has two unshared pairs of valence electrons
and the hydrogen atom has one unshared electron. How can
these atoms form a stable bond?

I—I-L//+ {} =
Hydrogen (}xyg:ﬁ::::::::z

atom atom



The Octet Rule In
Covalent Bonding

Two hydrogen atoms share their electrons with the oxygen atom
to form a full octet (8 valence e-).

2H- + Q- —> :O'H or :0—H

Hydrogen Oxygen H |
atoms atom H

Water molecule

H—O—H HZO

Waoler molecule



Single Covalent Bond

The carbon atom has four unshared valence electrons and
needs four more valence electrons to attain a noble-gas

configuration (full octet). How can these atoms form a stable
bond?

H o+ ¢ —>

Hydrogen ~ Carbon

atom atom



Single Covalent Bond

Four hydrogen atoms share their electrons with the carbon
atom to form a noble-gas configuration with a full octet (8
valence e-). Methane contains four SINGLE covalent bonds.

H
. H |
H + G —>HCH or H—Cl—H
Hydrogen  Carbon H
atoms atom H Methane molecule

Methane molecule

CH,



Multiple Covalent Bonds

Double Covalent Bonds

A double covalent bond is a bond that involves TWO shared
PAIRS of electrons.

« Oxygen gas is a diatomic molecule containing a double bond
(4 e- are shared in each O=0 bond).

* Both oxygen atoms share two electrons to form a double
bond.

* Notice that both oxygen atoms have a full octet (8 valence e-).

O, +0=0:
0=0



Multiple Covalent Bonds

Double Covalent Bonds

How can these atoms bond to form a stable noble gas
configuration?

:.O L + . C . + L O.: é
Oxygen Carbon Oxygen
atom atom atom



Multiple Covalent Bonds

Double Covalent Bonds

* The oxygen atoms in a carbon dioxide (CO,) molecule both share
TWO electrons with carbon to form TWO carbon=oxygen double
bonds (4 e- are shared in each C=0 bond).

o. + .+ o — 0=cx0; oo O=C=0
Oxygen Carbon Oxygen Carbon dioxide
atom atom atom molecule

Notice that oxygen and carbon atoms have full octets (8 valence e-)



Multiple Covalent Bonds

Triple Covalent Bonds

How can these atoms bond to form a stable noble gas
configuration?

N+ N —
Nitrogen Nitrogen

atom atom



Multiple Covalent Bonds

Triple Covalent Bonds

* The nitrogen atoms share THREE PAIRS of
electrons, forming a triple covalent bond (6 e- are shared
in N=N bond).

N* + N > IN:N: or IN=N:
Nitrogen Nitrogen Nitrogen
atom atom molecule

Nitregen molecule



Polar Bonds

Polar Covalent Bonds

* When electrons are shared UNEQUALLY between
atoms they form polar bonds. S5+ 6—

« Formation of HCI H—Cl

* In a hydrogen chloride molecule, the shared electrons
spend more time near the chlorine atom than near the
hydrogen atom.

» Hydrogen takes on a partially positive charge while
chlorine takes on a partially negative charge.

* The symbols &— and 0+ are used to indicate a partial
charge.



Polar Bonds

Polar Covalent Bonds
» Electrons are shared UNEQUALLY between atom.

 Formation of HCI

0+ 00—
H—CI1:

I . "N8




Bond Polarity

There is no sharp boundary between ionic and covalent bonds.

Type of Bond Example
Nonpolar covalent H—H
6+ o&-
Moderately polar covalent H—ClI
o 6+ o&-
Very polar covalent; 50% ionic H—F

lonic (electrostatic attraction) Na*Cl-



Bond Polarity

QUICK CHECK

Classify each type of bond below as polar, non-polar or ionic.

N - H
F_F
Ca*2ClIt?
Al — CI
ol O
/N or x//( ‘\\x
H H H H



Bond Polarity

QUICK CHECK

Classify each type of bond below as polar, non-polar or ionic.

N-H polar covalent
F-F nonpolar covalent
Ca*> CI! ionic (notice cations / anions)

Al - Cl polar covalent

5— 85—
/O\ or >//(O\\\<
H H H H

5+ 5+
polar covalent (partial charges)



Molecules & Covalent Compounds

covalent MoOlecules

A molecule Is a discrete, neutral particle which results
from covalent bonding.

The type of atoms in a molecule and its SHAPE are
factors that determine whether a molecule is polar or
non-polar.

What type of molecules are lodine (left), carbon

L

dioxide, and water in terms of polarity?

o,

H,0



Molecules & Covalent Compounds

Covalent Molecules
Notice the SHAPE of each molecule.

f it is symmetrical (balanced on all sides) that is a non-
polar molecule.

f it is unsymmetrical (not balanced on all sides) that is
a polar molecule.

Non-polar non-polar polar

N & 9

o,

H,0



Molecules & Covalent Compounds

Covalent Molecules

Non-Polar Molecule o e /" cancels out
Electrons are shared equally o P . NG ;Z'?)g%gf
throughout the molecule. Ko

| > polarity
Polar Molecule
Electrons are shared UNequally N . -

throughout the molecule
HF

Be sure to distinguish between polarity in bonds & polarity in
molecules. Both molecules above have polar bonds between atoms.



Molecules & Covalent Compounds

Non-polar Covalent Molecules

 Diatomic (2 atoms) Molecules of ONE element

are non-polar.
* There are 7 non-polar diatomic molecules: g_g
H, O, F, Br, I, N, Cl, Bj

“Professor HOFBrINCI” it

* All other non-polar molecules have at least
TWO different elements. E.qg. F—-Be—F



Molecular Polarity

Polar Covalent Molecules

* In a polar molecule, there is a separation of positive and
negative charge within the molecule. —

H—CI

 The bonds between the atoms are POLAR and the molecule
itself is polar (not symmetrical).

polar covalent bond polar covalent bond

hydrogen. / N hydrogen
+ °+

/ \
™
™,



ENRICHMENT Molecular Polarity

Polar molecules (“dipoles™) align
themselves based on their polarity.

Negative plate Positive plate
*e»:@o:w\ \wo:ao@ae "
@ @ @ o 9%
Sy 9 9.9 @
D © @ v D e
Electric field is absent. Electric field is on.

Polar molecules orient randomly. Polar molecules line up.



Molecular Polarity

Distinguishing Polarity in Covalent Molecules

« A molecule may be non-polar and contain POLAR bonds if
geometric SYMMETRY exists for that molecule.

* A CO, molecule has two polar bonds and is linear. The bond
polarity cancels, but the molecule is nonpolar.

0=C=0

» Symmetry means that if any plane is cut down the center, the
resulting planes are identical

» Symmeltry is a kind of geometric “balance” of molecules on all
sides.

=

“F-Be-F




Molecular Polarity

Distinguishing Polarity in Covalent Molecules

» The water molecule, just like carbon dioxide, has two
polar bonds.

* Therefore, the water molecule is “bent” rather than
linear and iIs a is polar molecule. Water’s bond
polarities do not cancel (as in CO,).

0=C=0

linear




Bond Polarity & Molecular Polarity

QUICK CHECK

= Look at the molecules below and determine the types of bonds
and the types of molecules:

.. . H
- F F: L H—(I,"—H
s ” !

o
|

C=0




Bond Polarity & Molecular Polarity

QUICK CHECK

= Look at the molecules below and determine the types of bonds

and the types of molecules: H
o " polar bond & |
" * I I I
L F polar molecule H—C—H
nEJ;I-poIar bond & H F 3 ,I-II
non-polar molecule o volar bonds,

non-polar molecule

O=C=0
polar bonds,
non-polar molecule

polar bond & polar molecule



ldentify the lons of Elements & Stability.

QUICK CHECK

What is the charge of
each ion?

A lithium ion has a charge of .

A calcium ion has a charge of

An aluminum ion has a charge of .
A fluorine ion has a charge of

An oxygen ion has a charge of .

A phosphorus ion has a charge of
A Selenium ion has a charge of .
An krypton ion has a charge of

A Gallium ion has a charge of :

When I1s an atom stable?

a.

when its electrons are evenly
distributed through its energy levels

when its lowest occupied energy
level is filled with electrons

when its highest unoccupied
energy level is filled with electrons

when its highest occupied energy
level is filled with electrons

Which description applies to an
element that has two valence
electrons?

a.

b
C.
d

reactive metal
nonreactive metal
reactive nonmetal
nonreactive nonmetal



ldentify the lons of Elements & Stability.

QUICK CHECK

What is the charge of

each ion?

A lithium ion has a charge of +1.

A calcium ion has a charge of +2.

An aluminum ion has a charge of +3.

A fluorine ion has a charge of -1.

An oxygen ion has a charge of -2.

A phosphorus ion has a charge of -3.

A Selenium ion has a charge of -2.
An krypton ion has a charge of 0.

A Gallium ion has a charge of +3.

When is an atom stable?
a. when its electrons are evenly
distributed through its energy levels

b. when its lowest occupied energy
level is filled with electrons

c. when its highest unoccupied energy
level is filled with electrons

d. when its highest occupied energy
level is filled with electrons

Which description applies to an
element that has two valence
electrons?

a. reactive metal

b. nonreactive metal

C. reactive nonmetal

d. nonreactive nonmetal



Explain How lonic Bonds Form.

QUICK CHECK

How and why do ionic bonds form? Check all that apply.

[ ]
[ ]
[ ]
[ ]

lonic bonds form between metal atoms and other metal atoms.
lonic bonds form between metal atoms and nonmetal atoms.

The atoms with lower ionization energy transfer one or more electrons to the atom
with higher ionization energy.

The atoms with higher ionization energy transfer one or more electrons to the atom
with lower ionization energy.

The metal atom forms a cation and the nonmetal atom forms an anion.
The metal atom forms a anion and the nonmetal atom forms an cation.

The attraction between ions with the same charge forms an ionic bond.
The attraction between ions with an opposite charge forms an ionic bond.

Positive ions are called cations and negative ions are called anions.
Negative ions are called cations and positive ions are called anions.



Explain How lonic Bonds Form

QUICK CHECK

How and why do ionic bonds form? Check all that apply.

[X]
[X]

[X]
[X]
[X]

lonic bonds form between metal atoms and nonmetal atoms.

The atoms with lower ionization energy (metal) transfer one or more electrons to
the atom with higher ionization energy (non-metal).

The metal atom forms a cation and the nonmetal atom forms an anion.
The attraction between ions with an opposite charge forms an ionic bond.

Positive ions are called cations and negative ions are called anions.



Distinguishing Properties of Compounds.

QUICK CHECK

Why does water have a Why do ionic

much higher boiling compounds tend to
- igh meltin

point than methane? have r;g eiting

a. Methane molecules are more polar, pOIntS )
so its molecules have stronger a.  lonic compounds contain more than
attractive forces. one element, which causes a high

b.  Partial charges on the polar water melting point.
molecules increase attractive forces 0. lonic compounds cannot absorb
between molecules. energy efficiently because they

c. A water molecule has much more contain ions.
mass than a methane molecule, so c.  Anionic compound contains metal
water has a higher boiling point. atoms that raise its melting point.

d.  Water has a higher boiling point d.  Astrong electrical attraction means
because its molecules do not contain ions require a lot of energy to move

carbon atoms. apart.



Distinguishing Properties of Compounds.

QUICK CHECK

Why does water have a Why do ionic

much higher boiling compounds tend to
- high meltin

point than methane? have 79 elting

a. Methane molecules are more polar, pOIntS )
So its molecules have stronger a.  lonic compounds contain more than
attractive forces. one element, which causes a high

b. Partial charges on the polar water melting point.
molecules increase attractive 0. lonic compounds cannot absorb
forces between molecules. energy efficiently because they

c. A water molecule has much more contain ions.
mass than a methane molecule, so c.  Anionic compound contains metal
water has a higher boiling point. atoms that raise its melting point.

d.  Water has a higher boiling point d. A strong electrical attraction (in
because its molecules do not contain the crystal lattice) means ions
carbon atoms. require a lot of energy to move

apart.
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