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Swarm of delocalised electrons

Topics:
1. Ionic and Metallic Bonding
Objectives:
1. Learn the properties of ionic compounds.
2. Understand Metallic Bonds and properties.
3. Understand the conditions of stability for atoms related to bonding.
4. Explain and show how elements become ions (cations and anions).
5. Explain the ionic compounds in terms of formation, electrical charge, structure and Electronegativity Difference.




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




m ~ Give the lon Symbol for each element and
WARM-UP the charge of each cation & anion.

Some Common Cations Some Common Anions

Name Symbol Charge Name Symbol Charge
Lithium Fluoride

Aluminum Phosphide

Calcium Sulfide

Sodium lodide

Magnesium Oxide

Boron Bromide

Potassium Nitride

Beryllium Chloride

4 PEARSON



m ~ Give the lon Symbol for each element and
WARM-UP the charge of each cation & anion.

Some Common Cations Some Common Anions

Name Symbol Charge Name Symbol Charge
Lithium Li* 1+ Fluoride F- 1-
Aluminum Al*3 3+ Phosphide P3- 3—
Calcium Ca*? 2+ Sulfide S2- 2—
Sodium Na* 1+ lodide |- 1-
: o ~

Magnesium Mg*? 2+ Oxide O 2

Bromide Br- 1-
Boron B+3 3+ —

Nitride N3- 3-
Potassium K* 1+ )

Chloride Cl- 1-
Beryllium Be*? 2+

5 PEARSON



n > How Do Materials Become Charged? Review

QUICK CHECK

Material A Material B
+1 +1 +1 +1
+1  +1
+]1 +1

+1  +1

Material A has 6 e- & B has 4 e-. Show the net charge of the materials?



n > How Do Materials Become Charged? Review

QUICK CHECK

Material A

-1 -1

-1 -1

-

1 -1
e -
+6
-6
0

Material A has 6 e- & B has 4 e-.

Material B

-1 -1

T L JLIg &

-1 -1
i S
+4
ﬁ
0

Show the net charge of the materials?



n > How Do Materials Become Charged? Review

QUICK CHECK

Material A Material B
+1 +1 +1 +1
+1  +1
+]1 +1

+1  +1

Initially Material A has 6 e- & B has 4 e-. 2 e- transfer to Material B.
Show the overall net charge of the materials after the transfer of e-.



n > How Do Materials Become Charged? Review

QUICK CHECK

Material A Material B
-1 -1 -1 -1
o 'L T T

-1 -1
- . 1 -1
+6 o= +4 o
t1 « +lpmm 1 £

Initially Material A has 6 e- & B has 4 e-. 2 e- transfer to Material B.
Show the overall net charge of the materials after the transfer of e-.



n > How Do Materials Become Charged? Review

QUICK CHECK

Material A Material B
+1 +1 +1 +1
+1  +1
+]1 +1

+1  +1

Materials A & B are initially neutral.
How can Material A gain a net charge of +4?



n > How Do Materials Become Charged? Review

QUICK CHECK

Material A Material B
-1 -1 -1 -1
g ' T 1 BLE.

Materials A & B are initially neutral.
How can Material A gain a net charge of +4?



/. 2 Properties of lonic Compounds  Crystalline

Most ionic compounds are Cr'ystalline solids at
room temperature.

The component ions Iin such crystals are arranged In
repeating three-dimensional patterns called Crystal

lattices.

Each ion is attracted strongly to each of its neighbors,

and repulsions are minimized.
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Fluorite (CaF,)
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/. 2 Properties of lonic Compounds

Crystalline

The large attractive forces result in a very stable
structure.

The beauty of crystalline solids comes from the orderly
arrangement of their component ions.

* High melting points due to strong INTERmolecular
bonds - a lot of energy Is needed to break them.
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Sodium chloride is
found in underground
rock deposits as a solid.

Like most ionic
compounds, sodium
chloride has a high
melting point (about
800 °C).
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Properties of lonic Compounds Solubility

lonic SONIAS do NOT conduct electricity due to no free
moving ions.

They do conduct current when melted (liquid state), vaporized
(gaseous state), or dissolved in water.

Power

Flow of source Current meter
electrons !
Inert metal / F|OW of
.- electrodes  _____ electrons

Molten salt
( (801°C—1412°C) @

To (+) To (-)
electrode electrode

When sodium chloride is melted, the orderly crystal lattice
structure breaks down and allows movement of the ions.



/. 2 Properties of lonic Compounds Solubility

lonic solids conduct electric current if
they are dissolved in water.

lonic compounds in the liquid state
conduct electricity because of free
moving ions.

When dissolved, the 1ons are free to move about
In the solution.

lonic Solids :13)

https://screencast-o-matic.com/watch/cF6eq5YIsl|

Solutions: (1:31)
https://screencast-o-matic.com/watch/cF6eq8YIMI

To(+)
electrode SO
+—— R

16 PEARSON


https://screencast-o-matic.com/watch/cF6eq5YlsI
https://screencast-o-matic.com/watch/cF6eq8YlMI

7. 2 Properties of lonic Compounds Cleavage

“Cleavage” Iis the ability to split the crystal lattice along a
definite plane, thus, fragmenting the crystal lattice.

PEARSON

Chapter 7A lonic Bonding g



/. 2 Properties of lonic Compounds  Summary

lonic compounds (especially solids) dissolve in water

lonic compounds are often used for “salt bridges” in
electrolysis.

Molten ionic compounds can conduct electricity.
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Indicate Properties of lonic Compounds

QUICK CHECK

Metals tend to have (low/high)
lonization energies.

Nonmetals tend to have (low/high)
electronegativities.

Metals tend to (lose/gain)
electrons to complete their
valence, forming (cations/anions).

Nonmetals tend to (lose/gain)
electrons to complete their
valence, forming (cations/anions).

An electronegativity difference of
(less than/greater than) 1.7
determines ionic bonds.

Which of the following does
not apply to ionic
compounds?

| ] cleavage along a definite
plane

[ ] high melting points
[ ] conduct electricity all the
time

| ] electrons are transferred
between atoms



Indicate Properties of lonic Compounds

QUICK CHECK

Metals tend to have (low)
lonization energies.

Nonmetals tend to have (high)
electronegativities.

Metals tend to (lose) electrons
to complete their valence,
forming (cations).

Nonmetals tend to (gain)
electrons to complete their
valence, forming (anions).

An electronegativity difference of
(greater than) 1.7 determines
lonic bonds.

Which of the following does
not apply to ionic
compounds?

| ] cleavage along a definite
plane

[ ] high melting points

[X] conduct electricity all the
time

| ] electrons are transferred
between atoms



2 | What are the properties of metals? How
do metals form bonds with each other?




/.3 Bonding in Metals Metallic Bonds and Metallic Properties

Metals consist of closely packed cations and loosely
neld valence electrons rather than “neutral” atoms.

The valence electrons of atoms in a pure metal can be modeled

asaSea 0f electrons. The valence electrons are mobile
and can drift freely from one part of the metal to another.

2



The Electron Sea Model

Metallic bonds are the forces ® . . . .

of attraction between the free-floating . . . . .
valence electrons and the positively

charged metal ions. These bonds hold ~ (#)°. . . . ® .
metals together.

Metallic bonding results from the sharing of valence
electrons among any of the metal atoms.

» “Delocalized” electrons act like glue.

* Electron sea model: electrons flow easily between
atoms as in a “sea” of electrons in which nuclei “float”



Delocalized Electrons in Metals

Some properties of metals:
= Large atoms
* Relatively low electronegativities

= Low Ionization energies

These properties allow: Sodium (Na)
= Electrons of the metals to “roam”

= Electrons are shared among all
the metal nuclei

= Electrons are “delocalized”

Copper (Cu) Silver (Ag)



QUICK CHECK

Describe the Electron Sea Model

Check all the boxes that describe the electron sea model.

[ ]
[ ]

[ ]
[ ]

[ ]

[ ]

Metallic bonding results from the transfer of valence electrons.

Metallic bonding results from the sharing of valence electrons.

The electrons are delocalized.

The electrons are attracted to specific nuclei.

The delocalized electrons serve as the glue that keeps the metal
atoms together.

The electrons that are attracted to specific nuclei serve as the glue
that keeps the metal atoms together.



QUICK CHECK

Describe the Electron Sea Model

Check all the boxes that describe the electron sea model.

[ ]
[X]

[X]
[ ]

[X]

[ ]

Metallic bonding results from the transfer of valence electrons.

Metallic bonding results from the sharing of valence electrons.

The electrons are delocalized.

The electrons are attracted to specific nuclei.

The delocalized electrons serve as the glue that keeps the metal
atoms together.

The electrons that are attracted to specific nuclei serve as the glue
that keeps the metal atoms together.



/.3 Bonding in Metals Metallic Bonds and Metallic Properties

Ductile — can be drawn into wires.

Malleable — hammered or pressed into shapes.~ k b))
11NN /

Good Conductors of heat and electricity. *\ \
Xx (

When a metal is subjected to pressure, its A %1’?3: A

cations easily slide past one another.




Malleability, Ductility, and Luster in Metals Explained

Metals are malleable, ductile, and exhibit luster.
= Delocalized electrons allows for metals to be easily shaped
= Easy electron movement produces “flexible” bonds
- Metals are malleable and ductile instead of brittle
= metallic luster (shines) is due to “free” electrons easily lost

= 3 e
RN
=3




Conductivity of Metals Explained

Metals conduct heat and electricity
well.

= Delocalized electrons allow for
easy electron movement and the
moving electrons carry current or
thermal energy

= As electrons enter one end of a bar
of metal, an equal number of
electrons leave the other end.




I Electrons

Describe the Consequences of Mobile
IBOUTlT

What properties of metals are explained by its
mobile electrons?

] strength

[ ] malleability

[ ] ductility

] heat conduction
] current conduction

] luster

| opacity



I Electrons

Describe the Consequences of Mobile
IBOUTlT

What properties of metals are explained by its
mobile electrons?

] strength

X] malleability
ductility

heat conduction

current conduction

luster

— X X X X

opacity



Metallic Bonds

Metallic Properties & Metallic Bonds
(3:03)

https://screencast-o-matic.com/watch/cgéwlju9ON



https://screencast-o-matic.com/watch/cq6wIju9ON

Alloys

Homogeneous

mixture (solution) of
two or more metals

= Properties of an
alloy are different
from properties of
the pure metals

= Composition can vary
from sample to
sample

Alloy Component Metals
Bronze Copper a_tnd tin or
aluminum
Brass Copper and zinc
Rose gold Gold and copper
Steel Iron, chromium, and

nickel




/. 3 Bonding in Metals

34

Alloys

Alloys are important because their properties are
often superior to those of their component elements.

Sterling silver (92.5% silver and 7.5% copper) is
harder and more durable than pure silver, yet it is still
soft enough to be made into jewelry and tableware.

Cast Iron can be molded into intricate shapes.

Sterling Silver
92.5% Ag
7.5% Cu

-

Cast Iron
96% Fe
4% C



/. 3 Bonding in Metals  Alloys

The most important commercial alloys today are
steels.

The principal elements in most steels, in addition to
iIron and carbon, are boron, chromium, manganese,
molybdenum, nickel, tungsten, and vanadium.

/
Steels have a wide range gia'r;'ess
. ee
of useful properties, such 30.6% Fe .
as corrosion resistance, 18.0% Cr " 7
ductility. hard d 0.4% C V=
uctility, hardness, an 1.0% Ni

toughness.

J "

35




7.1 lons >

Practice Test: lonic & Metallic Bonding

Go to Chapter 7 Homework section
and click on the link.

The Answer Key Is provided after the
test questions.

36




7.1 lons > Properties of lonic Compounds ENRICHMENT

The coordination number of an ion is the number of ions of
opposite charge that surround the ion in a crystal.

In NaCl, each ion has a
coordination number of 6
because each Na* ion is
surrounded by six CI- ions.

The coordination
number of Cl-is also 6
because each Cl-ion is
surrounded by

six Na®ions. Sodium chloride @ CI~
(NGCI) 0 NG+

37




7.1 lons > Properties of lonic Compounds ENRICHMENT

In CsCl, each ion has a coordination number
of 8.

Each Cs* ion is
surrounded by eight CI-
lons.

Each Cl-ion is
surrounded by eight Cs*
lons.

Cesium chloride @ CI~
(CSC') o CS+

38




7.1 lons > Properties of lonic Compounds ENRICHMENT

Titanium dioxide (TiO,), or rutile, forms tetragonal crystals.

The coordination number for
the cation (Ti**) is 6.

« Each Ti*" ionis
surrounded by six O%-
IoNS.

The coordination number of
the anion (O%) is 3.

« Each O% ionis | Rutile (TiO,)
surrounded by three Ti**
lons.

39
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Polyatomic Ions

Name Formula Name Formula
perPhosphate (PO5)” perCarbonate (COy)~
Phosphate (PO.)~ Carbonate (CO;)*
Phosphite (PO;)” Carbonite (CO,)~
hypoPhosphite (PO,)~ hypocarbonite (CO)*
perChlorate (ClO4) perNitrate (NOyg)
Chlorate (C10;)™ Nitrate (NO;Y
Chlorite (ClO,)" Nitrite (NO,)
hypoChlorite (Cloy” Hyponitrite (NOY Ammonium
rr \H
perSulfate (SO5)* perChromate (CrOs)* (NHy)
Sulfate (SO4)* Chromate (CrO,)*
Sulfite (SO;3)* Chromite (CrO;)*
hyposulfite (S0, Hypochromite (CrO;)*
Acetate (C,H;0,) Cyanide (CNY
Hydroxide (OH) Manganate (MnOy)™
43
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Practice Test: lonic & Metallic Bonding

Which electron configuration would most likely represent an atom in the excited state?
a) 1s22s22p 3sl b) 1s22522pf83s23pl c) 1s22522pb3s523p? d) 1s22s22pf3s

Which is the correct electron dot representation of an atom of sulfur in the ground state?

aaaaa

a)-S- BLiS: e-St  d) S

A crystal of NaCl is held together by what type of bonds?
a) covalent b) coordinate covalent c) hydrogen d) 1onic

The element found in Group IIIA (13) and in Period 2 is:
a) Be b) Mg c) Al d) B

Element “M”™ has an electronegativity of less than 1.2 and reacts with bromine to form the
compound, MBr; . Element M could be:
a) Al b) Na c) Ca d K

aaaaaaa

aaaaaaaaaa

a) 0.400 b) 1.65 c) 24.7 d) 98.4

Which of the following compounds has the greatest ionic character?

a) NO b) KI ¢) HCI d) MgS
Elements in a group have similar chemical characteristics because of similar:
a) nuclear configurations c) principal quantum numbers
b) outer electron configurations d) mass numbers



9. When flourine reacts with a Group IA (1) metal, it becomes an ion with a charge of:
a) -1 b) -2 c)+1 d) +2

10. Which substance 1s an 1onic solid?
a) Fe b) HC1 c) Ne d) LiCl

11. The greatest degree of ionic character would be found in a bond between Sulfur and
a) oxygen b) chlorine ¢) bromine d) phosphorus

12. Which of the following elements has the lowest electronegativity?

a) oxygen b) flourine c) nitrogen d) carbon
13. The element with atomic number 10 has an electron configuration that is the same as
a) Cl- b) Cl c) Na+ d) Na
Chemistry 1
Practice Problems Tonic & Metallic Bonding

14. In what region of the Periodic Table are electrons first being added to the d sublevel as

atomic number increases?

a) alkali metals b) transition elements c) non-metals d) actinide series



15.

16.

17.

18.

19.

20.

21.

22.

23.

A neutral atom of an element has an electron configuration of 2-8-2. What is the total
number of “p” electrons in this atom?

a)6 b) 2 c) 10 d) 12
What is the total number of electrons in a Mg+2 ion?
a) 24 b) 12 c) 10 d) 2

Which atom has the strongest attraction for electrons?
a) Cl b) F c) Br d) I

Which formula represent an ionic compound?
a) H20 (1) b) CCly (1) c)NHs:(g) . d)NaCl(s)

Which substance exists as a metallic crystal at STP? a)Ar b)Si0O; c¢)Au d)CO;

Which of the following does NOT promote an electron being gained by an atom?
a) ionization energy ¢ ) non-metallic character
b) electronegativity d) electron affinity

Which one of the following statements is incorrect?

a) In a group, the atom with the largest volume has the lowest ionization energy
b) three half-filled p orbitals cause an increase in ionization energy

c) Argon has a higher ionization energy than any other element in period 3

d) unstable atoms tend to have high i1onization energies

By one definition, the smallest particle of a substance capable of independent existence or
independent motion is the: a) electron b) 1on c) atom d) molecule

Calcium 1odide is stable than (as) calcium.
a) more b) less c) equally d) horse



For each of questions 24-26, select the letter of the electron configuration chosen from the
list below which best answers the question.

a. 1s?2s22p? b. 1s22s22pf c. 1s?2522p63sl d. 1s22522p33p3
24. Which electron configuration shows the least reactive atom?
25. Which electron configuration shows an atom with the lowest ionization energy?

I-d

6. Which electron configuration shows an atom with the highest electronegativity?

Base vour answers to questions 27-30 on the partial Periodic Table below

Groups in the Periodic Table
IA (1) ITA (2) IITA (13) | IVA(14) | VA (15) | VIA(16) | VIIA (17) VIIIA
(18)
A E
J D M R
L G

27. Which two elements would be least likely to form a compound?
aA)A &G b)D & G c)JT &M dL & R

28. Which two elements would form the most highly ionic compound
a)A &G b) D & M c) T &G dL &M

29. What would be the probable formula for a compound formed from elements L & M?
H] LM b) LM3 C) L3M3 d] LgMg

30. Which element has the lowest melting point?
a)G b)J c) R d)D



