Exercise walk-through

Periodicity of chemical
properties of the elements in

Period 3

A-Level Chemistry



Chemical Periodicity

L Chemical properties

Oxidation numbers

Na20 MgO A|203 P401() 503
+1 +2 +3 +5 +6
The oxidation number rises across the period — it equals the va-
lence electrons used in bonding. The chlorides show the same +1 to +5

rise.



Chemical Periodicity

I—Chemical properties

Oxides: acid—base behaviour

The oxides change across the

eriod:
NaQO l\/IgO A|203 P4010 503 p
basic =~ amphoteric  acidic m metal oxides (Na, Mg) — basic
PH ~ 14 pPH ~ 7 pH ~ 0 m Al;O3 — amphoteric

metal oxides (left) are basic; non-metal oxides (right) are acidic _
m non-metal oxides (P, S) —

acidic



Chemical Periodicity

I—Chemical properties

Amphoteric aluminium oxide

Al;O3 and its hydroxide Al(OH), react with both acids and bases. Aluminium
oxide is amphoteric — it reacts with both acids and bases. With acid it behaves

as a base: with base it behaves as an acid.

with acid with base
(HCI) Al,O (NaOH)
AICI; + H20]< { (ampﬁotiric)} »[NaAI(OH)4]

behaves as a base behaves as an acid



Chemical Periodicity

L Chemical properties

Chlorides with water

The chlorides undergo hydrolysis — they react with water — giving acidic solutions and
fumes of HCI.

m ionic chlorides (NaCl, MgCls) just dissolve — near-neutral

m covalent chlorides (SiCly, PCls) hydrolyse — acidic + HCI fumes
| dissolves:
NaCl, MgCly |+ water
i) neutral,
pH ~ 7

: " hydrolyses:
SiCly, PCls |+ water
- ° acidic +

lent
(Govele) HCl fumes




Chemical Periodicity

L Chemical properties

Explaining the trends

These trends follow from the change in bonding and electronegativity

On the left, the elements are metals with low electronegativity, so their oxides and chlo-
rides are ionic and basic (or neutral).



A-Level Chemistry

Exercises 2.1:2.2

2.1 Write the equation for the reaction of sodium with water.

2.2 State the acid-base nature of (a) MgO and (b) SOs.



A-Level Chemistry

Exercises 2.1:2.2

2.1 Write the equation for the reaction of sodium with water.

2.1
e 2Na + 2H,O — 2NaOH + H,

2.2 State the acid-base nature of (a) MgO and (b) SOs.

2.2

o (strongly) acidic



A-Level Chemistry

Exercises 3.1-3.2

3.1 Which Period 3 oxide is amphoteric?
D A NayO

B MgO

C Al O3

D SO;3

3.2 When PClj is added to water, the solution formed is:

D A strongly alkaline
B neutral

C acidic, with HCI fumes
D unchanged (no reaction)



A-Level Chemistry

Exercises 3.1-3.2

3.1 Which Period 3 oxide is amphoteric?
D A NayO

B MgO

C Al O3

D SO;3

3.1C

o Al,O3 is amphoteric

3.2 When PClj is added to water, the solution formed is:

D A strongly alkaline
B neutral

C acidic, with HCI fumes
D unchanged (no reaction)

3.2C

o PCl; hydrolyses to an acidic solution and HCI fumes



A-Level Chemistry

Exercise 3.3

3.3 (a) Write an equation for the reaction of sulfur trioxide, SO3, with water, and state
the approximate pH. 2]

(b) Explain what is meant by Al;O3 being amphoteric, and write an equation for its
reaction with hydrochloric acid. [3]



A-Level Chemistry

Exercise 3.3

3.3 (a) Write an equation for the reaction of sulfur trioxide, SO3, with water, and state
the approximate pH. 2]

(b) Explain what is meant by Al;O3 being amphoteric, and write an equation for its
reaction with hydrochloric acid. [3]

3.3

(a)

e SO3+ HyO — HySOy4; pH 0-1

(b)

o amphoteric = reacts with both acids and bases; Al,O3 + 6HCl — 2A1Cl3 + 3H,O



A-Level Chemistry

Exercise 3.4

3.4 Explain why sodium chloride dissolves to give a neutral solution but silicon(IV)
chloride gives an acidic solution. 3]



A-Level Chemistry

Exercise 3.4

3.4 Explain why sodium chloride dissolves to give a neutral solution but silicon(IV)
chloride gives an acidic solution. 3]

3.4

o Na(Cl is ionic, so it just dissolves to give ions and a neutral solution; SiCly is covalent
and is hydrolysed by water, releasing HCl which makes the solution acidic



