OALEVELNOTES.COM

CHAPTER 10: Chemical Periodicity

10.1 Periodicity in Physical Properties
10.2 Periodicity in Chemical Properties
10.3 Period 3 Oxides

10.4 Period 3 Chlorides

Learnming outcomes:

(a) describe qualitatively (and indicate the periodicity in) the variations in atomic radius, 1onic
radius, melting point and electrical conductivity of the elements (see the Data Booklet).

(b) explain qualitatiely the variation in atomic radius and onic radius.

(¢c) nlerpret the variation in melting point and in electrical conductivity in terms of the presence
of simple molecular, giant molecular or metallic bonding in the elements.

(d) explain the vanation in first wnisation energy.

(e) describe the reactions, if any, of the elements with oxygen (to giwe Na:0, MgO, Al:Os,
PiO10, SO, SOs), chlorine (to give NaCl, MgCls, Al-Cls, $1Cl1, PCls) and water
(Na and Mg only).

(f) state and explain the variation in oxidation number of the oxides and chlorides in terms of
their valence shell electrons.

(¢) describe the reactions of the oxides with water.
[treatment of peroxides and superoxides is not required]

(h) describe and explain the acid/base behaviour of oxides and hydroxides including, where
relevant, amphoteric behaviour in reaction with sodium hydroxide (only) and acids.

(1) describe and explain the reactions of the chlorides with water:

(1) nterpret the variations and trends i (f), (g), (h), and (1) in terms of bonding and
electronegativity.

(k) suggest the types of chemical bonding present in chlorides and oxides from observations of
thewr chemical and physical properties.

(1) predict the characteristic properties of an element in a giwen group by using knowledge of
chemical periodicity

(m) deduce the nature, possible position in the Periodic “lable, and identity of unknown elements
from given information about physical and chemical properties.
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10.1 Periodicity in Physical Properties

What is periodicity?

1) Periodicity 1s the recurrence of similar properties at regular intervals when the
elements are arranged in increasing atomic number.
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Variation in size of atoms

1) Covalent radius 1s half the internuclear distance between two like atoms
bonded by a single covalent bond.

2) Van der Waal's radius 1s half the average distance
1 d;

between two adjacent non-bonded atoms. 2

covalent radius

van der Waals radius

3) For example, the covalent radius of Cl21s 0.099 nm
while the van der Waal's radius of Clz1s 0.180 nm.
Note: van der Waal's radius 1s always larger than covalent radius.

4) Metallic radwus 1s half the distance between two like metal atoms bonded by
metallic bond.

5) All these measurable quantities can be given a general name called 'atomic
radi’.
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6) Across Period 3, the atomic radius decreases gradually. This 1s because the
nuclear charge increases while the shielding effect remains constant.
The outer electrons are more attracted towards the nucleus, making the atoms
smaller.

7) For comparison, metallic radii are used for Na, Mg and Al, covalent radii are
used for Si, P, S and Cl. For argon, van der Waal's radius 1s used(argon do not
form any bonds)

Note: This trend excludes argon because comparing van der Waal's radius with
covalent and metallic radius 1s not fair.

Variation in ionic radius
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1) Cations are formed when an atom loses oo
electron(s). In Period 3, Na, Mg, Al and Si form 018 _
cations by losing electron(s) to achieve stable 0.16 -
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remaining electrons are attracted more strongly N P A
d /| £ o N
towards the centre by the same nuclear charge.

3) Anions are formed when an atom gains electron(s). In Period 3, P, S and ClI
form anions by gaining electron(s) to achieve stable octet electronic
configuration. The ions formed are P*, S* and CI respectively.

4) Anions are bigger than their respective atoms because they have more
electrons than protons. The electrons are held less strongly by the nucleus.
Besides, a repulsion is created between the electrons when a new electron is
introduced and this causes the 1on to expand.

5) Anions are bigger than cations because anions have one more shell of
electrons compared to cations.

6) In the 1soelectronic series(from Na* to Si** and P* to CI), the ionic radius
decreases gradually. This 1s because the same number of electrons are
attracted more strongly by the increasing nuclear charge.
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Variation in melting and boiling points

1) Across a Period,
1. melting point increases from Na to Al because
the strength of the metallic bond increases.
i1. melting point of Si is highest because Si has a
giant covalent structure, a lot of energy is TR
required to overcome the strong covalent bonds. proton no.
1. melting points of P, S, Cl and Ar are lower because these have
, only weak van der Waal's forces of attraction exist

melting point

between them.

2) Melting point of S > P > Cl > Ar because these elements exist as Ss, P+, Cloand
Ar respectively. Ss contains the most number of electrons, followed by P4,
Cl2 and Ar. Van der Waal's forces get stronger with increasing number of
electrons.

Variation in electrical conductivity

1) Across the Period, the elements change from
metals(Na to Al) to semi-metal(Si) and then to
non-metals(P to Ar).

conductivity

Na MgAl Si P S

2) Electrical conductivity is highest is metals, lower in semi-metals and lowest in
non-metals(Most non-metals do not conduct electricity at all).

3) The electrical conductivity of Period 3 elements:

1. increases from Na to Al because the number of electrons contributed by
per atom to the sea of delocalised electrons increases from one in Na, two in
Mg and three in Al. There are more electrons to conduct electricity.

1. decreases from Al onwards. Si 1s a semi-metal therefore it is a semi-

conductor. The remaining elements do not conduct electricity because there
are no mobile electrons.

Variation is first ionisation energy

(Refer Chapter 3)
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10.2 Periodicity in CGhemical Properties

Reaction with oxygen gas, Oo

1) Sodium burns on heating with an to
form white sodium oxide.

4Na(s) + Os(g) — 2Na20(s)

2) Magnesium burns on heating with a brilliant white
flame to form white magnesium oxide.

2Mg(s) + Os(g) — 2MgO(s)

3) An oxide layer will form on the aluminium when it is exposed to air, this oxide
layer prevents aluminium from reacting. However, if powdered aluminium is
used, it burns on heating with white flames to form white aluminium oxide.

4Al(s) + 30:(g) — 2ALO(s)

4) Silicon burns slowly at red heat to form silicon(V1) oxide or silicon dioxide.

Si(s) + Os(g) — SiOx(s)

5) Phosphorus burns on heating with a white flame to form clouds of white
covalent oxides, phosphorus(Ill) oxide and phosphorus(V) chloride.
Pu(s) + 302(g) — P:Os(s)  ;1f oxygen gas 1s limited
Pu(s) + 502(g) — P+O1o(s) ;1if oxygen gas is in excess

6) Sulfur burns on heating with a blue flame to form sulfur dioxide gas.
S(s) + Oulg) = SOx(g)

Under suitable conditions, sulfur dioxide can be converted to
sulfur trioxide.(See also the Contact process)

9SO0s(g) + Os(g) = 2S0s(g)

7) Chlorine forms several oxides(Cl2O and Cl.O7), but it will not
react directly with oxygen.

8) Argon does not react with oxygen to form any oxides.

9) Going across Period 3, the reactivity towards oxygen decreases because
the reducing power(tendency to be oxidised) of the elements decreases.
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Reaction with chlorine gas, Clo

1) Sodium burns on heating in chlorine gas with an to
form white sodium chloride.

2Na(s) + Clo(g) — 2NaCl(s)

2) Magnesium burns on heating in chlorine gas with a
to form white magnesium chloride.

Mg(s) + Cla(g) — MgCly(s)

3) Aluminium burns on heating to form ionic aluminium chloride.
2Al(s) + 3Cly(g) — 2AICIs(s)
At temperature about 180 °C, aluminium chloride converts to a molecular
form, Al:Cls, a dimer of covalent AlCls. At even higher temperature, Al:Cls
breaks into simple AlCls molecules.

9Al(s) + 3Cl(g) — ALCls(g)

4) Silicon burns slowly in chlorine gas at red heat to form covalent silicon(IV)

chloride or silicon tetrachloride, a colourless liquid which vaporises.
Si(s) + Cla(g) — SiCla(l)

5) Phosphorus burns in chlorine gas to produce a mixture of two chlorides,
phosphorus(III) chloride, PCls and phosphorus(V) chloride, PCls. In excess
chlorine gas, PCls is the major product.

P4(s) + 6Clz(g) — 4PCls(1) ; if chlorine gas 1s limited
P4(s) + 10Cly(g) — 4PCls(s) ; if’ chlorine gas is in excess
PClsis a fuming liquid while PClsis an off-white solid.

6) Sulfur burns in chlorine gas to produce disulfur dichloride, an orange, evil-
smelling liquid.
25(s) + Cla(g) — S2Cl(])

7) Chlorine obviously does not react with chlorine gas.

8) Argon does not react with chlorine gas to form any chlorides.
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Reaction with water, HoO

1) Sodium catches fire in cold water and a violently exothermic reaction occurs to
form sodium hydroxide and hydrogen gas.
2Na(s) + 2H20(l) — 2NaOH(aq) + Ha(g)

2) Magnesium reacts very slowly with cold water, taking several days to collect a
test tube of hydrogen gas and a weakly alkaline magnesium hydroxide solution.
Mg(s) + 2H20O(1) — Mg(OH)s(aq) + Ho(g) ; very slow
However, 1t reacts rapidly with steam to produce magnesium hydroxide and
hydrogen gas.
Mg(s) + H2O(g) — MgO(s) + Ha(g)  ; very fast

Variation in oxidation number of Period 3 oxides and chlorides

1) Oxidation number of a Period 3 oxide or chloride corresponds to the number
of electrons used for bonding. It is always positive because oxygen is more
electronegative than any of the element.

2) The maximum oxidation number is the same as Group number. This
corresponds to the total number of valence electrons.

;
3) 1. In the oxides, the maximum oxidation number (lw :E
increases from +1 in Na to +6 in S. £ ] %
1. In the chlorides, the maximum oxidation E J
number increases from +1 in Na to +5 in P. Z 5 &
)

4) Phosphorus and sulfur show several oxidation 1 T %
numbers because they can expand their octet T et .
through the excitation of electrons to the empty No Me ATSERS
3d orbitals. X mmmmnostn

5) For example:
1. In SOq, S has oxidation number +4 because only four electrons are used for
bonding.
1. In SOs, S has oxidation number +6 because all six electrons are used for
bonding.
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10.3 Period 3 Oxides

Summary of the properties of Period 3 oxides.

< P.Og/ . .
Na,O MgO AlLO; S10- . SO,/ S0,
§ = > | POy it
lonic Giant ..
structure ’ Simple molecular
* AlLOy 1s 1onic with covalent character covalent
hich ngh low
melting L # " (strong (only weak dipole-
(strong 1onic bonds must be broken for covalent A
point dipole forces need to be
melting to occur) bonds must broken)
be broken) roken
acid’'base : N
basic amphotenic (inert) acidic
nature
effect of | alkaline | dissolves Insoluble in water strongly acidic
water on | solution slightly (high lattice energies solution
oxide (pH = 13) (pH=9) making solution difficult) (pH=2)

Reaction with water, H.O

1) Sodium oxide reacts exothermically with cold water to form sodium
hydroxide. A strongly alkaline solution of sodium hydroxide is produced.
Na:O(s) + H:O(l) —» 2NaOH(aq) ;pH =13

2) Magnesium oxide reacts slightly with water to the extent that it is almost

insoluble. A weakly alkaline solution of magnesium hydroxide is produced.
MgO(s) + H:O(l) = Mg(OH)(aq) ;pH =9

3) Aluminium oxide does not react or dissolve in water due to its high lattice
energy.

4) Silicon dioxide does not react or dissolve in water due to the strong
covalent bonds.

5) Phosphorus oxides react with water to form acidic solutions(pH = 2).
Phosphorus(III) oxide reacts with water to form phosphorous acid.
P:O¢(s) + 6H20(l) — 4HsPOs(aq)
Phosphorus(V) oxide reacts with water to form phosphoric(V) acid.
P:+O1o(s) + 6H20(1) — 4Hs5POu(aq)

6) Sulfur oxides react with water to form acidic solutions(pH = 2).
Sulfur dioxide reacts with water to give sulfurous acid or sulfuric(IV) acid.
SO:(g) + H2O(l) —» H2SOs(aq)
Sulfur trioxide reacts violently with water to form a mist of sulfuric acid.

SOs(g) + H:0(l) — H:SOu(aq)
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Acid-base behaviour of Period 3 oxides

1) Going across Period 3, the nature of the oxide changes from basic(Na:O,
MgO) to amphoteric(Al20s) then to acidic(S102, P4Os/P1O10, SO2/SOs).

The acidity of the oxides increases across the Period.

2) Sodium and magnesium oxides are basic oxides, they react with acid to
give the corresponding .
Na:0O(s) + 2HCl(aq) — 2NaCl(aq) + H20(1)
MgO(s) + 2HCl(aq) — MgCly(aq) + H2O()

3) Aluminium oxide is amphoteric, it can react with both acid and base.
Aluminium oxide reacts with hot and concentrated acids to give salt and water
AlOs(s) + 6HCl(aq) — 2A1CIs(aq) + 3H20()
Aluminium oxide reacts with hot and concentrated sodium hydroxide to give
sodium aluminate.
AlLOs(s) + 2NaOH(aq) + 3H20(l) — 2NaAl(OH)s(aq)
sodium aluminate
4) Silicon dioxide is an , it reacts with hot and concentrated
sodium hydroxide to give a colourless solution of sodium silicate.
Si0q(s) + 2NaOH(aq) — Na2Si10s(aq) + H2O(l)
sodium silicate
5) Phosphorus oxides are acidic oxides, they react with alkalis to form salts and
water.
Phosphorus(IIlI) oxide reacts with sodium hydroxide to form sodium
phosphate(III) and water.
P:Oq(s) + 12NaOH(aq) — 4NasPOs(aq) + 6H2O(l)
Phosphorus(V) oxide reacts with sodium hydroxide to form sodium
phosphate(V) and water.
P:+Ono(s) + 12NaOH(aq) — 4NasPOs(aq) + 6H20(])

6) Sulfur oxides are acidic oxides, they react with alkalis to form salt and water.
Sulfur dioxide reacts with sodium hydroxide to form sodium sulfate(IV) and
water.

SOq(g) + 2NaOH(aq) — Na:SOs(aq) + H2O(])
Sulfur trioxide reacts with sodium hydroxide to form sodium sulfate(VI) and
water.

SOs(g) + 2NaOH(aq) — Na:SOu(aq) + H:O()
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10.4 Period 3 Chlorides

Summary of the properties of Period 3 chlorides

NaC/ | MgCl alc, | sic, PCI5/PCl

Giiant ionic

! ) Simple molecular
(composed of oppositely

charged ions held together by
strong electrostatic forces)

structure (composcd of small discrete molecules held

together by weak van der Waals™ forces)

low

high .
melting & sublimes # (only weak van der Waals
point (strong ionic bonds must be (at 180 °C) forces need to be broken)
broken for melting to occur) ’ . . . .
= * Exception: PCl solid
) X dissolve readily hydrolyse to give fumes of HC/ gas.
effect of . acidic solution
water on (neutral (shghtly
chiloride solution) acidic) N s
(PH=T7) (PH=6.5) (pH =3) (PH=2)

Reaction with water, H.O

1) Sodium chloride dissolves in water to form a of sodium

chloride.
NaCl(s) + ag — Na*(aq) + Cl(aq) ;pH=7

2) Magnesium chloride dissolves in water with slight hydrolysis to form a
solution of magnesium chloride.
MgCls(s) + 6H.0 — [Mg(H20)s]*(aq) + 2Cl'(aq)
hexaaquamagnesium ions

[Mg(H:0)5]**(aq) +H:0(l) = [Mg(H:0)(OH)]*(aq) + H:O%aq) ;pH = 6.5

3) Aluminium chloride, AlCls hydrolyses in water to give an acidic solution,
white fumes of hydrogen chloride gas are formed.
AlCls(s) + 6H20(1) — [Al(H20)s]*(aq) + 3Cl(aq)
[Al(H20)s]*(aq) +H-0O(l) = [Al(H.0);(OH)]**(aq) + HsO*(aq) ;pH =3

4) Silicon tetrachloride undergoes complete hydrolysis in water to form a
strongly acidic solution, white fumes of hydrogen chloride gas are formed.
SiCly(l) + 2H2O(l) — SiOs(s) + 4HCl(g) ;pH =2

5) Phosphorus(III) chloride reacts violently with water in a hydrolysis reaction
to give a strongly acidic solution and fumes of hydrogen chloride gas.

PCLi(l) + 3H:0(l) — HsPOs(aq) + 3HCl(e) ;pH =2
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Phosphorus(V) chloride is an off-white 1onic solid at room temperature and
sublimes at 163 °C to give phosphorus(I1l) chloride and chlorine gas.
PCls(s) = PCls(l) + Cls(g)

It reacts violently with water in a hydrolysis reaction to give a strongly acidic
solution and fumes of hydrogen chloride gas.
PCls(s) + 4H2O(l) —» HsPOu(aq) + 5HCl(g) ;pH =2

6) The acidity of the chlorides increases across the Period as the nature of
the chlorides changes from ionic to covalent.



