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PERIODICITY – SUMMARY
Trends of Period 3 Elements

Property Graph Explanation

Atomic 
radius

  

General Trend
- Across period, proton number increases, hence nuclear charge (NC) 
increases
- electrons added to same shell, hence shielding effect (SE) relatively 
constant
- effective nuclear charge (ENC) increase, valence electrons more 
strongly attracted to nucleus, pulled closer to the nucleus hence atomic 
radius decrease

Anomaly – Ar 
- Ar is discrete atom and radius measured is Van der Waals radius, 
hence larger than others

Ionic radius

  

For cations (Na  +  , Mg  2+  , Al  3+  , Si  4+  )   
- proton number increase hence NC increase
- isoelectronic hence SE constant
- ENC increase hence stronger attraction on valence electrons and 
ionic radii decrease

For anions (P  3-  , S  2-  , Cl  -  )  
- proton number increase hence NC increase
- isoelectronic hence SE constant
- ENC increase hence stronger attraction on valence electrons and 
ionic radii decrease
- anions have one more quantum shell than cations hence larger in 
radii

Melting point

  

Metals (Na to Al)
- more valence electrons delocalised into the sea of electrons to form 
more positively charged cations, hence stronger metallic bond and 
melting point (mp) increase

Giant molecule (Si)
- strong and extensive covalent bonds within Si molecule hence need 
very large amounts of energy to overcome, hence highest mp
- not all giant molecules have the highest mp, as observed later

Simple molecules (P4, S8, Cl2, Ar)
- weak id-id attraction between molecules hence low mp
- electron cloud size and polarisability, strength of id-id attractions and 
hence mp in order S8 > P4 > Cl2 > Ar

Electrical 
conductivity

  

Metals (Na to Al)
- more valence electrons delocalised into the sea of electrons, more 
mobile charge carriers hence conductivity increases

Giant molecule (Si)
- semi-conductor hence low conductivity
- pure Si is non-conducting but doping with very small traces of boron 
or phosphorus makes it a semi-conductor

Simple molecules (P4, S8, Cl2, Ar)
- no mobile charge carriers hence zero conductivity
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1st IE

  

General Trend
-  Across period, proton number increases, hence nuclear charge (NC) 
increases
- electrons added to same shell, hence shielding effect (SE) relatively 
constant
- effective nuclear charge (ENC) increase, valence electrons more 
strongly attracted to nucleus, need more energy to remove, hence IE 
increases

Anomaly 1 – Mg to Al
Mg: 1s2 2s2 2p6 3s2         Al: 1s2 2s2 2p6 3s2 3p1

For Mg, remove electron from 3s subshell while for Al, remove electron 
from 3p subshell, which is further from the nucleus, hence weaker 
attraction between electron and nucleus, easier to remove, lower IE 
than Mg

Anomaly 2 – P to S
P: 1s2 2s2 2p6 3s2 3p3

S: 1s2 2s2 2p6 3s2 3p4

For S, remove electron from paired electron in 3px orbital which 
experience interelectronic repulsion, hence easier to remove and lower 
IE than P

Reactions of Period 3 Elements with oxygen and chlorine

Element
Reaction with O2(g) Reaction with Cl2(g)

Product OS Obvn Product bonding and 
structure

Product OS Obvn Product bonding and structure

Na Na2O(s) +1 Vigorous, 
yellow flame

Ionic NaCl(s) +1 Vigorous Ionic

Mg MgO(s) +2 Vigorous, white 
flame

Ionic MgCl2(s) +2 Vigorous Ionic with covalent character due to 
large and polarisable Cl-

Al Al2O3(s) +3 Slowly at high 
temperature

Ionic with covalent 
character due to high 
charge density of Al3+

Al2Cl6(s) +3 Vigorous Simple molecular due to 
Al3+ high charge density and polarisable 
Cl- resulting in orbital overlap

Si SiO2 (s) +4 Slow Giant molecular SiCl4(l) +4 Slow Simple molecular

P P4O6(s)
P4O10(s)

+3
+5

Vigorous, dense 
white smoke

Simple molecular PCl3(s)
PCl5(s)

+3
+5

Slow Simple molecular

S SO2(g) 
SO3(g) 

+4
+6

Slow, blue 
flame

Simple molecular - - -

Melting 
point of 
oxide/ 
chloride
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Reactions of Oxides with water, acids and bases

Oxide Nature
Reaction with water

Reaction with H+ Reaction with OH-

Product Observation pH 

Na2O(s) Alkaline NaOH(aq) Vigorous 13 Na2O(s) + 2H+ → 2Na+ + H2O No reaction

MgO(s) Basic Mg(OH)2(aq) Slow, slightly 
soluble

9 MgO(s) + 2H+ → Mg2+ + H2O No reaction

Al2O3(s) Amphoteric due to 
covalent character

None Insoluble 7 Al2O3(s) + 6H+ → 2Al3+ + 3H2O Al2O3(s) + 2OH- + 3H2O → 2 [Al(OH)4]-

SiO2(s) Acidic None Insoluble 7 No reaction SiO2(s) + 2OH- → SiO3
2- + H2O

P4O6(s) Acidic H3PO3(aq) Soluble 2 No reaction P4O6(s) + 12OH- → 4PO3
3- + 6H2O

P4O10(s) Acidic H3PO4(aq) Soluble 2 No reaction P4O10(s) + 12OH- → 4PO4
3- + 6H2O

SO2(g) Acidic H2SO3(aq) Soluble 2 No reaction SO2(g) + 2OH- → SO3
2- + H2O

SO3(g) Acidic H2SO4(aq) Soluble 2 No reaction SO3(g) + 2OH- → SO4
2- + H2O

pH of 
oxide in 
water

Reaction of Chloride with water

Chloride Process Reaction pH

NaCl(s) Dissolution only NaCl(s) + aq → Na+(aq) + Cl-(aq) 7

MgCl2(s) Dissolution followed by hydrolysis. High charge 
density of Mg2+ distorts electron cloud of H2O, 
weaken & break O-H bonds to release H+

MgCl2(s) + aq → Mg2+(aq) + 2Cl-(aq)
[Mg(H2O)6]2+(aq) + H2O(l)  [Mg(H2O)5(OH)]+(aq) + H3O+(aq)

6

Al2Cl6(s) Dissolution followed by hydrolysis. Al3+ higher charge 
density than Mg2+ hence release more H+

Al2Cl6(s) + aq → 2Al3+(aq) + 6Cl-(aq)
[Al(H2O)6]3+(aq) + H2O(l)  [Al(H2O)5(OH)]2+(aq) + H3O+(aq)

3

SiCl4(l) Hydrolysis only SiCl4(l) + 2H2O(l) → SiO2(s) + 4HCl(g) 1

PCl3(s) Hydrolysis only PCl3(s) + 3H2O(l) → H3PO3(aq) + 3HCl(g) 1

PCl5(s) Hydrolysis only PCl5(s) + 4H2O(l) → H3PO4(aq) + 5HCl(g) 1

pH of 
chloride 
in water
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