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3.2.1 Periodic Trends: Oxides Across a Period

Oxides

Oxides across a period

The acid-base  character o f the o xides pro vides evidence o f chemical trends in the perio dic

table

The bro ad trend is that o xides change fro m basic  thro ugh ampho teric  to  acidic  acro ss a perio d

Aluminium o xide is ampho teric which means that it can act bo th as a base (and react with an acid

such as HCl) and an acid (and react with a base such as NaOH)

Acidic & Basic Nature o f  the Perio d 3 Oxides

The acidic and basic nature o f the Perio d 3 elements can be explained by lo o king at their

structure, bo nding and the Perio d 3 elements’ electro negativity

Structure, Bo nding & Electro negativity o f  the Perio d 3 Elements Table
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The di�erence in electro negativity between o xygen and Na, Mg and Al is the largest

Electro ns will therefo re be transf erred to  o xygen when fo rming o xides giving the o xide an io nic

bo nd

The o xides o f Si, P and S will share the electro ns with the o xygen to  fo rm co valently bo nded

o xides

The o xides o f Na and  Mg which sho w purely io nic bo nding pro duce alkaline so lutio ns with water

as their o xide io ns (O ) beco me hydro xide io ns (OH ):

O (aq) + H O(l) → 2OH (aq)

The o xides o f P and  S which sho w purely co valent bo nding pro duce acidic so lutio ns with water

because when these o xides react with water, they fo rm an acid which do nates H io ns to  water

Eg. SO  reacts with water as fo llo ws:

SO (g) + H O(l) → H SO (aq)

The H SO  is an acid which will do nate an H  to  water:

H SO (aq) + H O(l) → H O  (aq) + HSO (aq)
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Exam T ip

Only examples o f general trends acro ss perio ds and gro ups are required, but yo u sho uld be able

to  link trends in io niz atio n energy, electro n a�nity and electro negativity with trends in chemical

character such as the nature o f the o xides and metallic/ no n-metallic behavio ur.

Oxides reacting with Water

The pH changes fo r the reactio ns o f the o xides with water can be explained by reference to  the

fo llo wing equatio ns

Reactio n o f  Oxides with Water

The pattern here is that:

The metallic o xides fo rm hydro xides when they react with water

The no n-metallic o xides fo rm o xo acids when they react with water

Exam T ip

Yo u sho uld learn ho w to  co nstruct these equatio ns exactly as they are speci�cally mentio ned in

the syllabus
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Making Predictions

The po sitio n o f an element in the perio dic table can be used to  predict and explain its metallic

and no n-metallic  behavio ur

This is illustrated by the bo nding o f the o xides

Metal and no n-metal elements generally fo rm io nic  co mpo unds so  the elements  Na to  Al have

giant io nic structures

The o xides beco me mo re io nic  as yo u go  do wn the gro up  as the electro negativity decreases

The o xides beco me less io nic  as yo u go  acro ss a perio d  as the electro negativity increases

The o xides o f no n-metals such as S, N and P fo rm mo lecular co valent co mpo unds

So metimes yo u may be asked to  make predictio ns abo ut o xides that are no t speci�cally

mentio ned in the syllabus but yo u sho uld be able deduce their pro perties if yo u understand the

patterns o utlined abo ve, as the fo llo wing example sho ws:

Worked example

Which o f these o xides pro duces the so lutio n with the highest pH when added to  water ?

A.  CO

B.  SO

C.  CaO

D.  Na O

Answer:

The co rrect o ptio n is  D.

CO and SO will pro duce a pH belo w 7 as they are no n-metal o xides. CaO and Na O will

pro duce a pH abo ve 7 as they are metal o xides; ho wever the pH is decreasing as yo u go

acro ss a perio d, so  Na O will have a higher pH than CaO

2

3

2

2  3 2

2
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3.2.2 Periodic Trends: Group 1 - The Alkali Metals

Alkali Metals

T he group 1 met als

The gro up 1 metals are called the alkali metals  because they fo rm alkaline so lutio ns with high pH

values when reacted with water

Gro up 1 metals are lithium, so dium, po tassium, rubidium, caesium and francium

They all end in the electro n co n�guratio n ns

Physical propert ies of  t he group 1 met als

The gro up 1 metals:

Are so ft and easy to  cut, getting so f ter and denser as yo u mo ve do wn the gro up

Have shiny  silvery surfaces when freshly cut

Co nduct heat  and electricity

They all have lo w melting po ints and lo w densities and the melting po int decreases go ing

do wn the gro up as the ato mic radius increases and the metallic bo nding gets weaker

The alkali metals are located on the left of the periodic table in the �rst column of the s block

Chemical propert ies of  t he Group 1 met als

They react readily with o xygen and water vapo ur in air so  they are usually kept under o il to  sto p

them fro m reacting

1
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Gro up 1 metals will react similarly with water, reacting vigo ro usly to  pro duce an alkaline  metal

hydro xide so lutio n and hydro gen gas

T he Reactio ns o f  Gro up 1 Metals and Water

Test yo urself o n this example questio n:
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Worked example

What wo uld yo u see when so dium is added to  water?

I.   a gas is given o �

II.  the temperature o f the water increases

III.  a clear, co lo urless so lutio n is fo rmed

A. I and II o nly

B. I and III o nly

C. II and III o nly

D. I, II and III

Answer:

The co rrect o ptio n is D.

Bubbles o f hydro gen gas are given o �. The so dium melts, so  that tells yo u it is an exo thermic

reactio n and the pro duct, so dium hydro xide, is very so luble so  a clear, co lo urless so lutio n

wo uld be fo rmed.

Alkali met als wit h halogens

All the alkali metals  react vigo ro usly with the halo gens  in gro up 17

The reactio n results in an alkali metal halide salt

2Na (s) + Cl  (g) → 2NaCl (s)

The reactio n beco mes increasingly vigo ro us go ing do wn gro up 1 because

The ato ms o f each element get larger go ing do wn the gro up

This means that the ns electro n gets f urther away  fro m the nucleus and is shielded  by mo re

electro n shells.

The further an electro n is fro m the po sitive nucleus, the easier it can be lo st in reactio ns

 Can yo u apply what yo u have just learned? Check o ut the fo llo wing example questio n:

2

1 
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Worked example

Which pair o f elements has the mo st vigo ro us reactio n?

 A.  Cs and I

B.  Li and Cl

 C.  Cs and F

 D.  Li and F

Answer:

The co rrect o ptio n is C.

Yo u need to  cho o se the lo west element in gro up 1 and the highest element in gro up 17 to

predict the mo st vigo ro us reactio n as reactivity increases go ing do wn gro up 1, but

decreases go ing do wn gro up 17
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3.2.3 Periodic Trends: Group 17 - The Halogens

Halogens

T he halogens

These are the gro up 17 no n-metals that are po iso no us  and include �uo rine, chlo rine, bro mine,

io dine and astatine

Halo gens are diato mic, meaning they fo rm mo lecules o f two  ato ms

All halo gens have seven electro ns in their o uter shell

They fo rm halide  io ns by gaining o ne mo re electro n to  co mplete their o uter shells

Co lo urs and States at Ro o m Temperature

Trends in physical propert ies of  t he halogens

Melting po int

The density and melting and bo iling po ints o f the halo gens increase  as yo u go  do wn the gro up
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Explaining the trend in reactivity in Gro up VII

Reactivity o f gro up 17 no n-metals decreases as yo u go  do wn the gro up

The halo gens electro n co n�guratio ns all end in ns np

Each o uter shell co ntains seven electro ns and when they react, they will need to  gain o ne o uter

electro n to  get a full o uter shell o f electro ns

Go ing do wn the gro up, the electro n a�nity  decreases and the ato mic radius  increases

As yo u go  do wn gro up 17, the number o f shells o f electro ns increases so  shielding also  increases

This means that the o uter electro ns are f urther fro m the nucleus so  there

are weaker electro static fo rces o f attractio n that attract the extra electro n needed

The electro n is attracted less readily, so  the lo wer do wn the element is in Gro up 17 the

less reactive  it is

Reactio n o f  the halo gens with halide io ns in displacement reactio ns

2 5
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A halo gen displacement  o ccurs when a mo re reactive halo gen displaces a less  reactive halo gen

fro m an aqueo us so lutio n o f its halide

The reactivity o f gro up 17 no n-metals increases as yo u mo ve up the gro up

Out o f the 3 halo gens, chlo rine, bro mine and io dine, chlo rine is the mo st reactive and io dine is

the least reactive

Aqueo us So lutio n Co lo ur o f  Halo gens

Halogen displacement  react ions

Chlo rine and bro mine

If yo u add chlo rine so lutio n to  co lo urless po tassium bro mide so lutio n, the so lutio n beco mes

o range as bro mine is fo rmed

Chlo rine is abo ve  bro mine in gro up 17 so  it is mo re reactive

Chlo rine will therefo re displace  bro mine fro m an aqueo us so lutio n o f a metal bro mide

          2KBr (aq)       +    Cl  (aq)  →     2KCl (aq)     +       Br (aq)

po tassium bro mide + chlo rine → po tassium chlo ride + bro mine

Bro mine and io dine

Bro mine is abo ve  io dine in gro up 17 so  it is  mo re  reactive

Bro mine will therefo re displace  io dine fro m an aqueo us so lutio n o f a metal io dide

    Br  (l) +      2NaI (aq)    →    2NaBr (aq)     +    I  (aq)

bro mine +  so dium Io dide → so dium bro mide + io dine

 Test yo urself o n halo gen displacements:

2 2

2 2
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Worked example

Which o f the statements belo w are co rrect?

I.   po tassium chlo ride so lutio n will react with �uo rine to  fo rm chlo rine.

II.  so dium chlo ride so lutio n will react with io dine to  fo rm chlo rine.

III. lithium io dide so lutio n will react with bro mine to  fo rm io dine.

 A.  I and II o nly

B.  I and III o nly

C.  II and III o nly

 D.  I, II and III

Answer:

The co rrect o ptio n is B.

Fluo rine will displace chlo rine as it is higher up in the gro up and bro mine will displace io dine

fo r the same reaso n.

Io dine is belo w chlo rine so  canno t displace chlo rine fro m so dium chlo ride
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