C2 — Chemical bonds

Why is NaCl a solid at room
temperature, but oxygen is a gas?

NaCl =ionic, high MP due to
strong electrostatic forces of
attraction
O, = small covalent, low MP due
to weak intermolecular forces

What could you do to

solid magnesium chloride

to make it conduct
electricity?

Melt it or dissolve it
(so ions are free to

move)

Explain why the boiling point
increases as you go down
group 7.

The diatomic molecules get
bigger, so there are stronger
intermolecular forces which
require more energy to
break.

Titaniumchloride is a liquid at
room temperature. Explain why
you would not expect titanium
chloride to be a liquidat room
temperature.

Explain why metals
conduct electricity.

Titaniumchloride is ionic. lonic
compounds are usually solid at
room temperature because they
have strong electrostatic forces

between ions, so they have high

MP.

Metals are giant ionic

Why is steel stronger than pure
iron?

lattices that are made
up of positive metal
ions surrounded by
delocalised electrons,
so electrons are able to
move through the

Steel is an alloy made up of

differenttypes of atoms. As

the atoms are differentsizes,

the layers are distorted and

atoms are not able to slide
over each other.

metal.




C2 - Bonding, structure and the properties of matter

C2 - Bonding,

structure and the

properties of

TRIPLE

matter

HIGHER

Types of
bonding

Properties of
bonding

r lonic bonding

' Covalent bonding

Metallic bonding

3 states of matter
Properties of ionic
compounds

Properties of covalent molecules
(Small and Giant)

Metals and alloys

Graphene, fullerene and polymers

Nanoparticles and orders of
maghnitude



To be stable, all atoms want
a full outer shell.

@o(e electrons, 5'\\”.73
(No thanks, T'm soll. )
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Atoms in group 8/0 (like Neon)
already have a full outer shell
and therefore are unreactive.

All other atoms in the periodic table are unstable, so they want to achieve a full
outer shell.

To do this, they bond with other atoms by transferring or sharing electrons!

lonic bonding ~ Occurs between metals and non-metals OO
Covalent bonding Occurs between non-metals atoms OO

Metallic bonding Occurs between metal atoms C)C)



Types of bonding

lonic bonding

Covalent bonding

Metallic bonding

What atoms does

Between metals

Between non-

Between metal

this occur and non metals metals and non- atoms
between? metals
How are the Electrons are Electrons are Electrons are
electrons transferred between shared between delocalised around
involved in atoms atoms atoms
bonding?

i i Can occur in small Giant structures which
What do these Giant lattices made up of

structures look
like?

positive and negative
ions (attracted by
electrostatic forces)

covalent molecules or
giant covalent
structures

can be elements (one
type of metal) or alloys
(mixture of metals)

Examples:

Sodium chloride
Magnesium oxide

Carbon dioxide
Water

Copper
Steel




IONIC BONDING — TRANSFER

lon = a particle that has a positive or negative charge due to the loss or gain
of electrons.

Every atom in the same group will form an ion with the same charge:

LEARN THIS!!
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diagrams for:

1. Li+cCl
2. K+F

A SODIUM ATOM DONATES
ITS VALENCE ELECTRON TO
A CHIRINE. AT Task: Draw the dot and cross

l 3. Mg+0O
BOTH FORM STABLE
IONS WITH FULL
OUTER SHELLS Cha//enge:
OF ELECTRONS 4. Mg + CI
B 1 5. Na+0O
+
You only need to draw the
] il outer shell of electrons!

THERE IS AN ELECTROSTATIC FORCE
OF ATTRACTION BETWEEN OPPOSITELY
CHARGED IONS
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Challenge:
a) Mg+Cl

b)Na+O
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Task: Predict the formula of each of the following compounds:
1. Na + N NagN (sodium nitride)

2. Ca+ S CaS (calcium sulphide)
3. Al + ClI AlCL (aluminium chloride)
4. Mg + N Mg;N,  (magnesium nitride)
5. Al + 0 Al,O, (aluminium oxide)

Challenge — Name the compounds! Remember:

. The name of the metal comes first, the name of the non-metal comes second.
. The ending of the non-metal changes to ‘ide’.




Empirical formula =
a chemical formula showing the simplest ratio of
elements in a compound.

e.g. Sodium chloride has the empirical formula NaCl, which is
one Na* ion and one Cl ion.

So, if you had 10 Na* ions and 10 Cl ions, the empirical
formula would still be NaCl — this is the simplest ratio.

Challenge: What would the empirical formula if you had 10 Mg?* ions
and 20 Cl- ions?




Empirical formula

Sodium only has one electron to lose, but oxygen
needs to gain two electrons. Two sodium atoms

are needed to bond with one oxygen atom. Manganese oxide Is an ionic compound.
Figure 3
a. 2D electron transfer diagram of sodium .\ |
oxide \. Key
® Mn?*
._,.-"’.-- -...H\.‘- 1 o 02_
\
| .
' . kS
P “
\\“"-\.H ..‘__,.-' II..I" ""-_II
= @
/ A Determine the empirical formula of manganese oxide.
II \ "y — o
.
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Empirical formula="? Na,0 Empirical formula=? MnO



LO: Discuss the limitationsof dot and cross diagrams.

Dot and cross 3D structure 2D structure
| Sodium lon |_Chiorine fan_|
Ha“‘ E|1-
Shows how the bonds are | Shows the Easiest to draw.
formed. arrangement of the Shows the
Shows the ratio of atoms. | atoms in space. arrangement of
atomsin one layer.
Not to scale. Not to scale. Not to scale.
Does not show the shape | Does not show Does not show how
of the molecules. information about atomsin other
forces between atoms.| layers are arranged.




QHA;MW &' N - Equations of ion formation

W88 i LI 3 (HT ONLY)

lonic equations can be used to show whether atoms LOSE or GAIN
electrons:

Na =2 Na*+ e~ This shows that sodium has lost an electron
to become positive

Cl+e > ClI  This shows that chlorine has gained an
electron to become negative.

Task: Write the equations for the ion formation in NaBr:

Na 2 Na*+ e
Br+e =2 Br
The charges balance each other out to form NaBr



COVALENT BONDING

electrons
x

A SHARED PAIR OF ELECTRONS _
= SINGLE COVALENT BOND

CHLORINE ATOMS:
EACH NEEDS 1 ELECTRON
TO ACHIEVE A FULL OUTER SHELL
SHARING of >
.

CHLORINE MOLECULE, Ct,







METALLIC BONDING

DELOCALISED
electrons

Delocalised
electrons

Positive metal nucleus

Metallic bonding occurs due to
strong electrostatic forces of
attraction between the positive
metal nuclei and the negatively
charged delocalised electrons.

i ll.-- b { ’

" . O . W ‘Sea’ of

- - delocalised
. 68 6 electrons

Positive metal nucleus



C2-4.2.1 — Chemical bonds

Why is NaCl a solid at room What could you do to Explain why the boiling point
temperature, but oxygen is a gas? |solid magnesium chloride increases as you go down
to make it conduct group 7.
electricity?
Titaniumchloride is a liquid at Explain why metals Why is steel stronger than pure
room temperature. Explain why conduct electricity. iron?

you would not expect titanium
chloride to be a liquid at room
temperature.




To be stable, all atoms want
a full outer shell.

@o(e electrons, 5'\\”.73
(No thanks, T'm soll. )
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Atoms in group 8/0 (like Neon)
already have a full outer shell
and therefore are unreactive.

All other atoms in the periodic table are unstable, so they want to achieve a full
outer shell.

To do this, they bond with other atoms by transferring or sharing electrons!

lonic bonding ~ Occurs between metals and non-metals OO
Covalent bonding Occurs between non-metals atoms OO

Metallic bonding Occurs between metal atoms C)C)



Types of bonding

lonic bonding

Covalent bonding

Metallic bonding

What atoms does

Between metals

Between non-

Between metal

this occur and non metals metals and non- atoms
between? metals
How are the Electrons are Electrons are Electrons are
electrons transferred between shared between delocalised around
involved in atoms atoms atoms
bonding?

i i Can occur in small Giant structures which
What do these Giant lattices made up of

structures look
like?

positive and negative
ions (attracted by
electrostatic forces)

covalent molecules or
giant covalent
structures

can be elements (one
type of metal) or alloys
(mixture of metals)

Examples:

Sodium chloride
Magnesium oxide

Carbon dioxide
Water

Copper
Steel




IONIC BONDING — TRANSFER

lon = a particle that has a positive or negative charge due to the loss or gain
of electrons.

Every atom in the same group will form an ion with the same charge:

LEARN THIS!!

H He
Hydrogen Helium
I 4
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diagrams for:

1. Li+cCl
2. K+F

A SODIUM ATOM DONATES
ITS VALENCE ELECTRON TO
A CHIRINE. AT Task: Draw the dot and cross

l 3. Mg+0O
BOTH FORM STABLE
IONS WITH FULL
OUTER SHELLS Cha//enge:
OF ELECTRONS 4. Mg + CI
B 1 5. Na+0O
+
You only need to draw the
] il outer shell of electrons!

THERE IS AN ELECTROSTATIC FORCE
OF ATTRACTION BETWEEN OPPOSITELY
CHARGED IONS




a) Li+Cl

b) K+F

c)Mg+0O



Challenge:

a) Mg + Cl

b)Na+O



Task: Predict the formula of each of the following compounds:

1. Na + N
2. Ca +5
3. Al + Cl
4. Mg + N
5. Al + 0O

Challenge — Name the compounds! Remember:

The name of the metal comes first, the name of the non-metal comes second.
The ending of the non-metal changes to ‘ide’.,




Empirical formula =
a chemical formula showing the simplest ratio of
elements in a compound.

e.g. Sodium chloride has the empirical formula NaCl, which is
one Na* ion and one CI ion.

So, if you had 10 Na* ions and 10 Cl" ions, the empirical
formula would still be NaCl — this is the simplest ratio.

Challenge: What would the empirical formula if you had 10 Mg?* ions
and 20 Cl- ions?




Empirical formula

Sodium only has one electron to lose, but oxygen
needs to gain two electrons. Two sodium atoms

are needed to bond with one oxygen atom. Manganese oxide Is an ionic compound.
Figure 3
a. 2D electron transfer diagram of sodium .\ |
oxide \. Key
® Mn?*
._,.-"’.-- -...H\.‘- 1 o 02_
\
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/ A Determine the empirical formula of manganese oxide.
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Empirical formula = Empirical formula =



LO: Discuss the limitationsof dot and cross diagrams.

Dot and cross 3D structure 2D structure
| Sodium lon |_Chiorine fan_|
Ha“‘ E|1-
Shows how the bonds are | Shows the Easiest to draw.
formed. arrangement of the Shows the
Shows the ratio of atoms. | atoms in space. arrangement of
atomsin one layer.
Not to scale. Not to scale. Not to scale.
Does not show the shape | Does not show Does not show how
of the molecules. information about atomsin other
forces between atoms.| layers are arranged.




cu.;u ki = \ @E Equations of ion formation
S (HT ONLY)

lonic equations can be used to show whether atoms LOSE or GAIN
electrons:

Na =2 Na*+ e~ This shows that sodium has lost an electron
to become positive

Cl+e > ClI  This shows that chlorine has gained an
electron to become negative.

Task: Write the equations for the ion formation in NaBr:



COVALENT BONDING

electrons
x

A SHARED PAIR OF ELECTRONS _
= SINGLE COVALENT BOND

CHLORINE ATOMS:
EACH NEEDS 1 ELECTRON
TO ACHIEVE A FULL OUTER SHELL
SHARING of >
.

CHLORINE MOLECULE, Ct,
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METALLIC BONDING

DELOCALISED
electrons

Delocalised
electrons

Positive metal nucleus

Metallic bonding occurs due to
strong electrostatic forces of
attraction between the positive
metal nuclei and the negatively
charged delocalised electrons.

i ll.-- b { ’

" . O . W ‘Sea’ of

- - delocalised
. 68 6 electrons

Positive metal nucleus



itle — — Properties ot substances

2023

onday, eptember

State two properties of
metals.

Shiny, hard, malleable,
ductile, high melting
point, good
conductors.

Why did Mendeleev leave
gaps in his periodictable?

For undiscovered
elements (that were
later discovered)

Describe and explain the reactivity
of noble gases.

They are unreactive, because
they have a full outer shell of
electrons.

What would the charge be
on a sodiumion? Explain
why.

Na +1, because
sodium would lose
one electron.

Describe the reactivity as you
go down group 1 metals.

Alkali metals get
more reactive as you
go down the group.

Complete the word equation and
explain why the reaction has taken
place:
sodium bromide + chlorine ->

sodium bromide + chlorine ->
sodium chloride + bromine
Chlorine is more reactive so has
displaced bromine.

One electron is transferred from sodium to chlorine. This forms a positive

sodiumion and a negative chloride ion.




C2 - Bonding, structure and the properties of matter

lonic bonding

Types of Covalent bonding

bonding _ ,
C2 - Bonding, Metallic bonding

structure and the

properties of
3 states of matter

Properties of ionic

matter

compounds

Properties of covalent molecules
(Small and Giant)

Metals and alloys

Properties of

bonding Graphene, fullerene and polymers

Nanoparticles and orders of

TRIPLE  HIGHER magnitude



PARTICLES GAIN ENERGY, MOVE AROUND FASTER >

EVAPORATING/

MELTING , BOILING

FREEZING CONDENSING o

SOLID LiQuiD GAS

< PARTICLES LOSE ENERGY, MOVE AROUND SLOWER

. Complete the diagram below to show particle diagrams for each state of
matter and the name of each process happening at A, B, C and D.

. Describe what happens to the particles in terms of energy and movement
when a solid turns into a liquid.

In a solid, particles can only vibrate and are held in fixed positions.

When heated, the particles gain thermal energy.

The thermal energy is converted to kinetic energy, so particles move faster.
Particles eventually gain enough energy to break free from their fixed
positions. They start to move past each other and become a liquid.



\,6'\"5 RECAP.. Particle theory

When a substance melts, the particles gain kinetic energy and they break
free from the regular arrangement of atoms (solid) and move further
apart (liquid):

SOLID LiIQUID

When this happens, the
intermolecular forces are

broken. Intramolecular force

Intermolecular force

H)eoedoooo

The stronger the forces the
higher the melting point and
boiling point.




Strong intermolecular Weak intermolecular

forces forces
Lots of energy needed to Not a lot of energy needed
separate molecules to separate molecules
High boiling points and Low boiling points and
melting points melting points

""‘4"?:\-_9
=

=
=N
p

e.g.

Challenge: Explain why gold is a solid at room temperature, but water is a liquid.
Hint: Think about the melting points of both substances.




Extra challenge: Explain why gold is a solid at room temperature, but water is a liquid.
Hint: Think about the melting points of both substances.

* Gold has strong intermolecular forces, so it has a high melting point (1064°C).

* The melting point is much higher than room temperature (~25°C).

* At room temperature, there is not enough thermal energy to melt the gold by
breaking the strong intermolecular forces.

e Water has weak intermolecular forces, so it has a low melting point (0°C).

* The melting point is lower than room temperature (~25°C).

* At room temperature, there is enough thermal energy to melt ice by breaking
the strong intermolecular forces.

* Solidice turns into liquid water.



These are known as ‘state symbols’. They are only used in symbol equations, not

word equations!
(s) (1) (aq) (9)

|l

Ll Liauio Aaueous |
/ \
The only substance that will All acids and alkalis will always
ever be a pure liquid is water! be aqueous e.qg. HCl (aqg)

A student investigated the reaction of copper carbonate with dilute sulfuric acid.

The student used the apparatus shown in the figure below.
f
-'.IIIi

/ 5 ) . :
Copper carbonate_ F. \ Dilute sulfuric acid
b A

- \
g T g )
&k Pl -

Balance |

".“.

Complete the state symbols in the equation. |

cuco; (%)) + H,80, (aq) — CuSO, (aq) + Ho0 (1)) + CO, (g)

[ Challenge — Why did the mass of the balance decrease? ]




There are three types of bonding that occurs between atoms in
compounds.

The type of bonding depends on what atoms are involved...

lonic bonding Occurs between metals and non-metals )

Covalent bonding Occurs between non-metals atoms Q)

Metallic bonding Occurs between metal atoms OO



-218.8 °C 0°C 660.3 °C 801 °C 1,064 °C

What atoms are in each of these substances?

o, H,O Al NaCl Au
2 oxygen 2 hydrogen 1 aluminium 1 sodium 1 gold atom
atoms atomsand 1 atom atomand1
oxygen atom chlorine atom

So, what type of bonding occurs in these substances?

Covalent Covalent Metallic lonic (metal Metallic
(non-metals) (non-metals) (metals) and non metal) (metals)
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Word:

SODEIT

Define it:

Property (tier 2)

Digging Deeper:

In science, a ‘property’ of a material
refers to the whole object, not the

individual atoms!

Deconstructit (Root word):

The word property is derived

from an Anglo-Norman
French variant of the
Latin proprietas, meaning
‘one's own, particular’.

A guality or characteristicof an
object.

Link it (similar words):

Quality, attribute,
feature, trait, mark,
hallmark

Use it:

The properties of a solid are
that they are rigid, have a fixed
shape and a fixed volume.

Write a sentence of
your own that uses

the word property.

Which subjects or
topics will this word
be relevantto?



lonic compounds

Key definition:

lonic compounds are GIANT IONIC LATTICES made up of
millions of POSITIVE AND NEGATIVE IONS. These

oppositely charged ions are joined by STRONG
ELECTROSTATICFORCES OF ATTRACTION (ionic bonds).

(a ™ £
~ X P> )

/ Positive ion

Bwl-%

g

Negative ion

[ . ;
P, ) - R
( b : -
A [ ’ | -
e
{ [
[ ,
\

-

-

How does this
structure affect the
properties of ionic

compounds?

J

Strong ionic bonds
(electrostatic attraction between
oppositely charged ions)




P DECODEIT

Word: Define it:

Electrostatic Relating to positive or negative
(tier 3) electric charges (on ions).

Digging Deeper:

lonic bonds are formed through -
electrostatic attraction between
positive and negative ions.

Deconstruct it (Root word):

From ‘electro-’ meaning

relating to electricity and
‘static’ meaning not moving.

Link it (similar

words):

Charged, positive,
negative

Useit

lonic bonds are very
strong due to strong
electrostatic forces of
attraction.

Write a sentence
of your own that
uses the word
electrostatic.

Which subjects or
topics will this
word be relevant
to?



Physical Properties of lonic Compounds

1. Solid at room temperature, so they have high
melting points and boiling points.

‘ Why?

Strong electrostatic
forces of attraction =

between oppositely — wuy, A _\—L J
charged ions 1 St
iy 23 8

(ionic bonding)


http://www.google.co.uk/url?sa=i&rct=j&q=strong+electrostatic+forces+ionic+bonds&source=images&cd=&cad=rja&docid=PF6g-HtFNKfSRM&tbnid=oWD5iA3A0vyG1M:&ved=0CAUQjRw&url=http://chemistry.tutorvista.com/organic-chemistry/carbon-carbon-bond-length.html&ei=hnZHUf7xCunJ0QW1x4GgBg&bvm=bv.43828540,d.d2k&psig=AFQjCNGydIMcW_bPOpkoxm3pfsM6t3tmWw&ust=1363724283441887

Physical Properties of lonic Compounds

2. Conduct electricity when molten or dissolved

(NOT WHEN SOLID)

Why?

When molten or
dissolved, ions are
free to move and
carry electrical

i

o9
Y0, o

o, o
o ‘o

Freeions

charge

lons fixed in a giant |attice

X




Properties of simple covalent compounds

1. Gases at room temperature, so they have low melting
points and boiling points.

' Why?

Weak intermolecular forces between molecules, do not
require a lot of energy to break (NOT weak covalent bonds!)

. %)
@@Y@ , \B@/ ) heating ?“@
' -/
{@%’\ %) '/\—\g ®)
ONONORC) \'{@,@




Can water compounds conduct electricity ?

Pure water Impure water GA@

"

No free moving charged Free moving ions, which
particles. can carry electrical charge.




Properties of simple covalent compounds

2. Cannot conduct electricity

' Why?

Pure water

No free moving ions to m
carry electrical charge. @A@




Gas (g) [ Liquid (l) }

[ Smaller molecule J [ Bigger molecule J

Weaker Stronger
intermolecular forces intermolecular forces

[ Lower MP/BP J [ Higher‘;\/IP/BP J




Metallic structures

Key definition:

Metallic bonding occurs due to strong electrostatic
forces of attraction between the positive metal nuclei
and the negatively charged delocalised electrons.

I + | 1 ¥+ [
. .-l"--‘h. .r“--‘-'\\_ { )
Delocalised S O Sea’ of
electrons .4 R delocalised

2 £ 5 electrons

Positive metal nucleus Positive metal nucleus



Word: Define it:

Delocalised When an electric charge is spread among
(tier 3) several atoms that are bonded together.

Digging Deeper:

Local means ‘relating or restricted to a

particular area’ . In everyday life, delocalise
means to detach or remove something from -
it’s particularlocation (the opposite of local!).

In metals, this means that the electrons that

are usually attached to one atom, can move
between all of the atoms.

Link it (similar

words):

Shared, spread,
between

Use it
Delocalised
electrons are

ableto movein
between atoms
in metals.

e

NOW

Write a sentence
of your own that
uses the word
delocalised.

Which subjects or
topics will this
word be relevant
to?



Properties of metals

1. They are good
conductors of heat
and electricity

<WHY?

Delocalised electrons
allow the heat energy/
electrical charge to be
transferred through the

\ structure. / gt &t sv &' !




Properties of metals

3. They have high melting
points and boiling points

<WHY?

forces of attraction

and delocalised
\ electrons

4 Strong electrostatic )

between positive nuclei

/




Properties of metals

4. They are malleable and ductile

/ \

Can be easily Can be drawn out into wires
hammered into
shape without
breaking
Copper
Goldis a Wire
very
malleable Copper is a
metal! very ductile

metall




Properties of metals

4. They are malleable and ductile

External

force
D009
————

7 Q9@ »

OREL Y QP>

O®OPH QPP
EHe 00w

<WHY?

4 N
Metals consist of layers of atoms that can slide over one
another when the metal is bent, hammered or pressed.

o )




P DECODEIT

Word: Define it:
Alloy (tier 3) Mixtures of metals that have been Write a sentence
designed to make useful materials. of your own that

uses the word

Digging Deeper: alloy.
Link it (similar

In the automotive words):

) <—
( W Mixture, blend,
made from an alloy of , combination

industry, alloy wheels
aluminiumor magnesium.

are wheels that are

Which subjects or
topics will this
word be relevant

to?
Deconstructit (Root word): Use it

From French word ‘aloyer’ Steel is an alloy of carbon
which means ‘combine’, andiron, which makes the
metal very hard.




Alloys are usually stronger than pure metals.

Pure metal:

Atoms all the same size in a
regular arrangement, so atoms
can easily slide over each other.

Alloys:

Different sized atoms disrupts the
rows and means that the atoms
can not slide easily over each
other making it stronger.




Polymers

In polymerisation reactions many H H H
small molecules called monomers \ / \
join together to form a very large C=C + C=C
molecules called polymers. H/ \H H/ \
. Monomers

Polymers are giant covalent
compounds made up of
HYDROCARBONS (formed from
hydrogen and carbon atoms only). H H H H

| P
The covalent bonds are very C——0—1—
strong, so polymers have very | | | |
high melting points. H H H H

Polymers



The diagram below shows part of the structure of sodium chloride (MaCl).

(d) What holds the particles together in sodium chloride?

Use the diagram above.

Tick () one box.

Sodium chloride

Electrostatic attractions

Intermalecular forces EXGm pl'aCtiCE
(foundation)

Metallic bonds

(e)  Solid sodium chloride does not conduct electricity.
Give two ways in which sodium chloride can be made to conduct electricity.

1.

(2)



(fl  Figure 3 shows the relative sizes of an oxygen molecule and a sulfur molecule.

Figure 3

Exam practice
(foundation)

Oxygen molecule

Sulfur molecule

How does the boiling point of sulfur compare with the beiling point of oxygen?

Complete the sentences.

The boiling point of sulfur is the boiling point of oxygen.

This is because in sulfur the intermaolecular forces are

than the intermaolecular forces in oxygen.
(2)



An electric current is passed through copper.

Figure 5 shows the apparatus used.

Figure 5

d.c. power
supply

@" Filament bulb

lights up
Copper
(f)  Complete the sentence.
Choose the answer from the box.
0as liquid solid solution

Figure 5 shows that copper conducts electricity as a

(g) Complets the sentence.

Choose the answer from the box.

atoms electrons ions molecules

Copper conducts electricity because of the movement of delocalised

Exam practice
(foundation)

(1)

(1)



Give two physical properties of metals.

1

(2)
Complete the sentence.

Choose the answer from the box.

attract bond slide vibrate

Wetals can be stretched into wires

because the layers of atoms can

(1)

Pure zinc

Use Figure 2 to explain why the alloy is harder than pure zinc.

@

Exam practice
(foundation)



Potassium fluoride is an ionic compound.

Explain why ionic compounds have high mefing points. E Xa m p raCtice
Use the following words in your answer: (f H )

. atraction oundation

. energy

' ions.

(4)



Poly({ethene) is produced from ethene in a polymerisation reaction. The equigtion for

the reaction is:

H H
|
n C=C
I
H H
ethene

."f X H:H":
Te-et

I".,H I-ll I-||: | j: n
poly{ethena)

Exam practice
(foundation)

Which two statements about the polymernsation reaction to form poly(ethene) are

correct? Tick («") two boxes.

Tick (+7)

A polymer is a small molecule.

FPoly(ethene) contains a double bond.

The monomer 15 ethene.

(2)



Figure 2 shows part of a large hydrocarbon molecule.

Exam practice

Figure 2
| (foundation)
il
f
+C—C-
\ |
\H H/n
(c)  Which twe elements are in all hydrocarbons?
1. Carbon
2. Hydrogen
(2)
(d) Complete the sentence. Choose the answer from the box.
an atom a metal a polymer a salt

The large molecule represented in Figure 2 is A polymer .
(1)



TO PRINT



Title — C2 — Properties of substances

State two properties of
metals.

Why did Mendeleev leave
gaps in his periodictable?

Describe and explain the reactivity
of noble gases.

What would the charge be
on a sodiumion? Explain
why.

Describe the reactivity as you
go down group 1 metals.

Complete the word equation and
explain why the reaction has taken
place:
sodium bromide + chlorine ->

Challenge — Describe the movement of electrons when sodium reacts with

chlorine.




A B
> >
NG -

SOLID LiQuiD GAS

<

. Complete the diagram below to show particle diagrams for each state of
matter and the name of each process happening at A, B, C and D.

. Describe what happens to the particles in terms of energy and movement
when a solid turns into a liquid.



\,6'\"5 RECAP.. Particle theory

When a substance melts, the particles gain kinetic energy and they break
free from the regular arrangement of atoms (solid) and move further
apart (liquid):

SOLID LiIQUID

When this happens, the
intermolecular forces are

broken. Intramolecular force

Intermolecular force

H)eoedoooo

The stronger the forces the
higher the melting point and
boiling point.




e.g.

[ Challenge: Explain why gold is a solid at room temperature, but water is a liquid. ]




These are known as ‘state symbols’. They are only used in symbol equations, not

word equations!
(s) (1) (aq) (9)
L/

Liauio Aaueous |

The only substance that will / \ - |
ever be a pure liquid is water! = dissolved in water

A student investigated the reaction of copper carbonate with dilute sulfuric acid.

The student used the apparatus shown in the figure below.

Copper carbonate_ // \ Liuie sulfuric acid

Complete the state symbols in the equation. | Balance |

CuCOs { ) + Hs50, (aq) — Cus0y4 (aq) + H,O () + CO45 (g)

Challenge — Why did the mass of the balance decrease?




There are three types of bonding that occurs between atoms in
compounds.

The type of bonding depends on what atoms are involved...

lonic bonding Occurs between metals and non-metals O

Covalent bonding Occurs between non-metals atoms Q)

Metallic bonding Occurs between metal atoms OO

Remember: METALS are on the LEFT of the periodic table,
NON-METALS are on the RIGHT of the periodic table



-218.8 °C 0°C 660.3 °C 801 °C

1,064 °C

What atoms are in each of these substances?

So, what type of bonding occurs in these substances?




lonic compounds

Key definition:

lonic compounds are GIANT IONIC LATTICES made up of
millions of POSITIVE AND NEGATIVE IONS. These

oppositely charged ions are joined by STRONG

ELECTROSTATICFORCES OF ATTRACTION (ionic bonds).

-

\_

How does this
structure affect the
properties of ionic

compounds?

/




Physical Properties of lonic Compounds

1.



http://www.google.co.uk/url?sa=i&rct=j&q=strong+electrostatic+forces+ionic+bonds&source=images&cd=&cad=rja&docid=PF6g-HtFNKfSRM&tbnid=oWD5iA3A0vyG1M:&ved=0CAUQjRw&url=http://chemistry.tutorvista.com/organic-chemistry/carbon-carbon-bond-length.html&ei=hnZHUf7xCunJ0QW1x4GgBg&bvm=bv.43828540,d.d2k&psig=AFQjCNGydIMcW_bPOpkoxm3pfsM6t3tmWw&ust=1363724283441887

Physical Properties of lonic Compounds

2.




Properties of simple covalent compounds

' Why?

@‘@ @"@ heating

o @ @?@)%
Y




Properties of simple covalent compounds

2.

' Why?

A
Ho Mo






Metallic structures

Key definition:

Metallic bonding occurs due to strong electrostatic
forces of attraction between the positive metal nuclei
and the negatively charged delocalised electrons.

I + | 1 ¥+ [
. .-l"--‘h. .r“--‘-'\\_ { )
Delocalised S O Sea’ of
electrons .4 R delocalised

2 £ 5 electrons

Positive metal nucleus Positive metal nucleus



Properties of metals




Properties of metals

+
-
©
/ oW e W/

Eloctiron



Properties of metals

3. They are malleable and ductile

External

> 70000 " 900D
= DD DO QPP
N OOHO 099
ENed @@
4 N
N




i

Alloys are usually stronger than pure metals.

Alloys:

Pure metal:




Polymers

In polymerisation reactions many H H H

small molecules called monomers \ / \

join together to form a very large C=C + C=C

molecules called polymers. H/ \H H/ \
Monomers

Polymers are giant covalent

compounds made up of
HYDROCARBONS (formed from

only). H H H H

The covalent bonds are very cC—C—C—C-
strong, so polymers have very | | | |

H H H H

Polymers




The diagram below shows part of the structure of sodium chloride (MaCl).

(d) What holds the particles together in sodium chloride?

Use the diagram above.

Tick () one box.

Sodium chloride

Electrostatic attractions

Intermalecular forces EXGm pl'aCtiCE
(foundation)

Metallic bonds

(e)  Solid sodium chloride does not conduct electricity.
Give two ways in which sodium chloride can be made to conduct electricity.

1.

(2)



(fl  Figure 3 shows the relative sizes of an oxygen molecule and a sulfur molecule.

Figure 3

Exam practice
(foundation)

Oxygen molecule

Sulfur molecule

How does the boiling point of sulfur compare with the beiling point of oxygen?

Complete the sentences.

The boiling point of sulfur is the boiling point of oxygen.

This is because in sulfur the intermaolecular forces are

than the intermaolecular forces in oxygen.
(2)



An electric current is passed through copper.

Figure 5 shows the apparatus used.

Figure 5

d.c. power
supply

@" Filament bulb

lights up
Copper
(f)  Complete the sentence.
Choose the answer from the box.
0as liquid solid solution

Figure 5 shows that copper conducts electricity as a

(g) Complets the sentence.

Choose the answer from the box.

atoms electrons ions molecules

Copper conducts electricity because of the movement of delocalised

Exam practice
(foundation)

(1)

(1)



Give two physical properties of metals.

1

(2)
Complete the sentence.

Choose the answer from the box.

attract bond slide vibrate

Wetals can be stretched into wires

because the layers of atoms can

(1)

Pure zinc

Use Figure 2 to explain why the alloy is harder than pure zinc.

@

Exam practice
(foundation)



Potassium fluoride is an ionic compound.

Explain why ionic compounds have high mefing points. E Xa m p raCtice
Use the following words in your answer: (f H )

. atraction oundation

. energy

' ions.

(4)



Poly({ethene) is produced from ethene in a polymerisation reaction. The equigtion for

the reaction is:

H H
|
n C=C
I
H H
ethene

."f X H:H":
Te-et

I".,H I-ll I-||: | j: n
poly{ethena)

Exam practice
(foundation)

Which two statements about the polymernsation reaction to form poly(ethene) are

correct? Tick («") two boxes.

Tick (+7)

A polymer is a small molecule.

FPoly(ethene) contains a double bond.

The monomer 15 ethene.

(2)



Figure 2 shows part of a large hydrocarbon molecule.

Exam practice

Figure 2 _
(foundation)

|II|. H H IIII|
.' |

__[:_r_*,_}_

“ |
\ f
H H/n

(c)  Which twe elements are in all hydrocarbons?

1.

2.
(2)

(d) Complete the sentence. Choose the answer from the box.

an atom a metal a polymer a salt

The large molecule represented in Figure 2 is
(1)



C2 — Giant covalent molecules

What type of bonding occurs
in sodium chloride? Why

lonic, it is a metaland a
non-metal.

Explain why oxygen (O,) is a
gas at room temperature.

Why are alloysstronger than pure

metals?

Oxygen (covalent) has a
low boilingpoint due to
weak intermolecular
forces

Different sized atoms means

the layers are disrupted, so

atoms can’t slide over each
other.

Why do polymers have high
melting points?

The atoms are bonded
with strong covalent
bonds that need a lot of
energy to break.

What is the mass number of

aluminium?
27
27 P‘I
alumineum
13

How many of each atom are in the

following compounds?

H,50,=2H,1S,40
CaCO,=1Ca, 1A,30

2 CaOH=2Ca, 20, 2H
3 MgCl,= 3Mg, 6 Cl

Independent = concentration of acid
Dependent = temperature change

Control variables = VOLUME of acid, VOLUME of alkali, concentration of alkali,

starting temperature




C2 - Bonding, structure and the properties of matter

lonic bonding

Types of Covalent bonding

bonding , ,
C2 - Bonding, Metallic bonding

structure and the
properties of
3 states of matter
matter : e
Properties of ionic

compounds

Properties of covalent molecules
(Small and Giant)

I\,I"'L 1 1 LN
v Lald> dlild dllUy..J

|

Properties of

bonding IGraphene, fullerene and polymers

Nanoparticres=arra-oraers of
maghnitude

TRIPLE HIGHER



Examples of giant covalent structures

iﬁiﬁ

gs.‘i

——-"

Silicon dioxide

Giant structures

Potentially made from billions of atoms
Strong covalent bonds acting between the atomes.




You need to be able to describe and
explain the properties of four types of
giant covalent compounds...

1. Diamond
2. Graphite

3. Graphene
4. Fullerenes

These are all made
from CARBON, so all
contain STRONG
COVALENT BONDS
that require a LOT OF
ENERGY TO BREAK



Diamond Graphite Graphene Fullerenes

Bonding & Structure Bonding & Structure Bonding & Structure Bonding & Structure

Properties Properties Properties Properties

Uses Uses Uses Uses




Diamond

Graphite

Graphene

Nanotubes/fullerenes

Bonding & Structure

- Each carbon bonded to
4 other carbon atoms
- No delocalised

Bonding & Structure

- Each carbon bonded with 3
other carbon atoms
- Delocalised electrons that

Bonding & Structure

- Each carbon bonded to 3
other carbon atoms.
- Delocalised electrons that

Bonding & Structure

- Each carbon bonded to 3
other carbon atoms.
- Delocalised electrons that

electrons. can carry charge. can carry charge. can carry charge.
- Arranged in layers with weak | - Only one layer thick. - Arranged in tubes/spheres.
forces between
layers. %
Properties Properties Properties Properties

- High melting point and

- High melting pointand

- High melting point and

- High melting point and

boiling point boiling point boiling point boiling point

- Does not conduct - Conducts electricity (dueto | - Conducts electricity (due - Conducts electricity (due to

electricity delocalised electrons) to delocalised electrons) delocalised electrons)

- Hard - Softand slippery because - Transparentand - Large surfaceareato

- Transparent layers can slide over each lightweight volume ratio

- Shiny other

Uses Uses Uses Uses

- Drill bits - Pencils - Solar cells and batteries - Tennis rackets

- Jewellery - Electrodes - Electronics - Transporting drugs around
- Lubricants the body




The diagrams show the structures of diamond and graphite.

' o
Y1 SRR
" ‘H‘;;-"‘{;Kt * 5‘_:“:5 %
Diamond Graphite

{a) Diamond and graphite both contain the same elemeant.
What is the name of this element?

{a) Usethe diagrams above and yvour knowledge of structore and bonding to explsin
wihy

iy  graphite is very soft

(i} giamand is very hard

lily  graphite conducts electricty.

{1

12)

12

12)

{Total 7 marks)

Challenge:
Both diamond
and graphite
have high
melting points,
but diamond’s

thermal
conductivity is
10x higher than
that of
graphite.
Suggest why.




The disgrams show the structures of diamond and graphite.

' RS

r"-. T Ry VR, .
] S =
A=
T .-
.h!-. ‘\. L - L
Diamond Graphite

{3} Diamond and graphite both contain the same elemeant.

What is the name of this element? Carbon

{1}

{a) Usethe diagrams above and your knowledge of structure and bonding to explain
wihy

iy  graphie is very soft
Arranged in layers with weak intermolecularforces, can slide over each other.
12)

(i}  diamansis very hard
Giant lattice, with strong covalentbonds between each carbon atom.

12

iy graphite condwcts electnicty.
Each carbon has 1 delocalised electron, so can carry an electrical charge.

12)
{Total 7 marks)




Graphite and diamond are different forms of the element carbon.

Graphite and diamond have different properties. &B
The structures of graphite and diamond are shown below. gazg
(a) Graphite is softerthan diamond. %

Explain why. (a

Graphite

(b)  Graphite conducts electricity, but diamond does not.

Explain why. (3

Diamond
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