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Atomic Structure x/

Your notes
Atomic Structure

= Allsubstances are made of tiny particles of matter called atoms which are the building blocks of all
matter

= Eachatomis made of subatomic particles called protons, neutrons, and electrons

= The protons and neutrons are located at the centre of the atom, which is called the nucleus

= Thenucleusis positively charged

= The electrons move very fast around the nucleus in orbital paths called shells

= The mass of the electronis negligible, hence the mass of an atom is contained within the nucleus where
the protons and neutrons are located

Atomic Structure Diagram

* ELECTRON

The structure of the carbon atom

O Examiner Tip

The atomis the smallest part of an element that exists even thoughit can be divided into smaller
particles.

Thisis because the atomis the smallest part of an element that still retains the properties of the
element - the subatomic particles do not.
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Relative Masses /’

. ] ] Your notes
= The protons, neutrons and electrons that an atomis made up of are called subatomic particles

= These subatomic particles are so small that it is not practical to measure theirmasses and charges
using conventional units (such as grams or coulombs)
= |nstead, theirmasses and charges are compared to each other,and so are
called ‘relative atomic masses’ and ‘relative atomic charges’
= These are not actual charges and masses, but rather charges and masses of particles relative to each
other
= Protonsand neutrons have a very similar mass, so eachis assigned arelative mass of 1
= Electrons are 2000 times smaller than a proton and neutron, and so their mass is often described
as being negligible

= Therelative mass and charge of the subatomic particles are:

The Mass & Charge of Subatomic Particles Table

Particle Relative Mass

Proton 1 +1
Neutron 1 O (neutral)
Electron 1/2000 -1

= Atoms are electrically neutral
= Thisis achieved by having the same number of electrons as protons
= The negative charge of an electron exactly cancels out the positive charge of a proton
= Anionis formedwhenanatomloses or gains electrons to achieve a full outer shell
= |fanatomloses electrons, it forms positively chargedions
= [fanatom gainselectrons, it forms negatively chargedions
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@ Worked example ,

Your notes
Explain why a magnesiumionhas a2+ charge.

Answer:

= Amagnesium atomhas 12 positively charged protons and 12 negatively charged electrons
= Togainafull outer shellmagnesium loses two electrons

= |tnowhas12 protonsbutonly 10 electrons

= Theoverallchargeis 2+

O Examiner Tip

The mass of an electron can just be stated as 'almost zero'in an exam.
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Atomic Number, Mass Number & Isotopes /

Your notes

Atomic Number, Mass Number & Isotopes

Atomic Number

The atomic number (or proton number) is the number of protons in the nucleus of an atom
= The symbol for thisnumberisZ

Itis also the number of electrons presentin an atom and determines the position of the element on the
Periodic Table

The proton number is unique to each element, so no two elements have the same number of protons
Electrons canbelost, gained, or shared during chemical processes but the proton number of an atom
doesnot changeinachemical reaction

Mass Number

The mass number (or nucleon number) is the total number of protons and neutrons in the nucleus of an
atom
= The symbol for thisnumberis A

The mass number minus the proton number gives you the number of neutrons of an atom
Note that protons and neutrons can collectively be called nucleons
The atomic number and mass number for every element is on the periodic table

Atomic Number & Mass Number diagram

MASS NUMBER =
NUMBER OF NUCLEONS
IN A NUCLEUS

A

CHEMICAL SYMBOL
FOR ELEMENT

Z

ATOMIC NUMBER
(PROTON NUMBER)=

NUMBER OF PROTONS
IN A NUCLEUS

(#Fsave myexams
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Diagram showing the notation used on the periodic table ,

Your notes
© ExaminerTip

Both the atomic number and the mass number are given on the periodic table, butit can be easy to
confuse them.

Think MASS = MASSIVE, as the mass number is always the bigger of the two numbers, the other
smaller one is therefore the atomic number

Isotopes

= |sotopes are atoms of the same element that contain the same number of protons and electrons but a
different number of neutrons
= The symbolforanisotope is the chemical symbol (or word) followed by a dash and then the mass
number
= So,C-14istheisotope of carbon which contains 6 protons and é electrons, but the 14 signifies that it
has 8 neutrons (14 - 6 = 8)
= |tcanalsobewrittenasC

= |sotopesdisplay the same chemical characteristics
= Thisis because they have the same number of electronsin their outer shells, and this is what determines
theirchemistry
= Thedifference betweenisotopesis the neutrons which are neutral particles within the nucleus and add
mass only
Table to show the structures of isotopes of hydrogen

Isotope Atomic Structure

>0 NEUTRONS

»1 ELECTRON

-1 PROTON

Hydrogen -1

-1 NEUTRON

Hydrogen - 2

o1 ELECTRON

-1 PROTON
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4

3 Your notes

-2 NEUTRONS

Hydrogen -3 =1 ELECTRON

»1 PROTON

O Examiner Tip

Foratoms to be isotopes of each other, they must both be from the same element, hence they must
have the same atomic number. E.g. C-13 and C-14 are isotopes whereas C-13 and H-2 are not

Page70f43

©2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

PEN Numbers /

) . . Your notes
= The atomic numberis equal to the number of protons (p) in an atom

= Since atoms are neutral, thenitis also the same as the number of electrons (e)
= The mass numberis the number of protons plus neutrons
= The number of neutrons (n) can thus be calculated by subtracting the atomic number from the mass
number
= Forexample, beryllium has an atomic number of 4, therefore it has 4 protons and 4 electrons
= The mass number of berylliumis 9, soithas 9 - 4 =5 neutrons
= The PEN numbers for beryllium are thus:
= p=4
= ec=4
= n=(9-4=)5

Diagram showing an element from the Periodic Table

S
,Be

BERYLLIUM

The symbol key for beryllium as represented on the Periodic Table

©O Examiner Tip

The PEN numbers refer to the numbers of protons, electrons, and neutronsinan atom. Itis agood
study habit to write down the PEN numbers first before answering calculation questions on Atomic
Structure
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The Periodic Table

The Periodic Table

= There are over 100 chemical elements which have beenisolated and identified
= Elementsare arranged on the periodic table in order of increasing atomic number
= Eachelement has one proton more than the element precedingit
= Thisis done so that elements end up in columns with other elements which have similar properties

= Thetableisarrangedinvertical columns called groups andinrows called periods
= Period: These are the horizontal rows that show the number of shells of electrons an atom has and
are numbered from1-7
= E.g.elementsinPeriod 2 have two electron shells, elements in Period 3 have three electron shells

= Group: These are the vertical columns that show how many outer electrons each atom has and are
numbered from1- 7, with a final group called Group O (instead of Group 8)
= E.g.Group 4 elements have atoms with 4 electronsin the outermost shell, Group 6 elements have
atoms with 6 electronsin the outermost shelland so on

The Periodic Table
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" H . Your notes
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The Periodic Table is arranged in groups (columns) and periods (rows)

O ExaminerTip
The atomic numberis unique to each element and could be considered as an element's “fingerprint”.

The number of electrons changes during chemical reactions, but the atomic number does not change.
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Metals in the Periodic Table /

o . Your notes
= The elements canbe divided into two broad types: metals and non-metals

= Atoms of different elements which do not have a full outer shell of electrons, can try to achieve a full
outer shell by gaining orlosing electrons in chemical reactions
= Elementsthatreact by losing electrons to form positive ions are metals
= Metals arelocated on the left and centre of the Periodic Table
= Elements that do not form positive ions are non-metals; this includes elements that react by gaining
electrons to form negative ions and Group O elements
= Non-metals are located on the right hand side of the Periodic Table
= Most of the elements are metals and a small number of elements display properties of both types
= These elements are called metalloids or semi-metals

= The metallic character of the elements decreases as you move across a period on the periodic table,
from left toright, anditincreases as you move down a group
= Thistrend occurs due to atoms more readily accepting electrons to fill their valence shells
The Periodic Table showing the location of metals and non-metals
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[ BASIC OXIDES ]| [AciDIC OXIDES | Your notes
o/ VIl

1/1 2/l 4 I I

Li | Be B|C|N|O]|F]|Ne

Na| Mg AL|Si|P| S |[Ct|A

K |Ca|Sc|Ti|V]|Cr|Mn| Fe|Co|Ni [Cu|Zn|Ga|Ge|As | Se | Br| Kr

Rb| sr| Y |Zr|Nb|Mo|Te|Ru|Rh|Pd|Ag|cd]| In|snfisb|Te!| 1 | xe

Cs | Ba|la||Hf| Ta| W |Re|Os| Ir

~
2

Hg | L[ Pb| Bi | Po | At | R

Fr | Ra | Ac

Ce| Pr{Nd|[Pm|[Sm|Eu|[Gd|Tb|Dy|Ho|Er|Tm | Yb| Lu

Th| Pa| U |[Np|Pu|Am|Cm|Bk | Cf|Es|Fm|Md| No| Lr

KEY =

METAL METALLOID[ |NONMETAL

(#)save myexams

The metallic character diminishes moving left to right across the Periodic Table

O Examiner Tip

Inanexam, itisagoodideato draw a 'stairline’ on the Periodic Table to separate the metals and non-
metals.

This should start above aluminium and continue as if drawing a staircase down the Periodic Table.

This canbe seeninthe Periodic Table above- the metals are on the left, and the non-metals onthe
right.
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Electronic Structure /

Your notes

Electronic Structure

Electronic configuration

= We canrepresent the structure of the atomin two ways: using diagrams called electron shell diagrams
or by writing out a special notation called the electronic configuration (or electronic structure or
electron distribution)

Electron shell diagrams

= Electrons orbit the nucleusin shells (or energy levels) and each shell has a different amount of energy
associated withit
= The further away from the nucleus, the more energy a shell has
= Electrons fill the shell closest to the nucleus
= Whenashellbecomes full of electrons, additional electrons have to be added to the next shell
= Thefirst shellcanhold 2 electrons
= The secondshellcanhold 8 electrons
= Forthis course, asimplified modelis used that suggests that the third shell can hold 8 electrons
= Forthe first 20 elements, once the third shell has 8 electrons, the fourth shell begins to fill
= The outermost shell of an atomis called the valence shell and an atomis much more stable if it can
manage to completely fill this shell with electrons

© THIRD SHELL

& SECOND SHELLJ FIRST SHELL : 2 ELECTRONS
SECOND SHELL: 8 ELECTRONS
THIRD SHELL: 8 ELECTRONS

(EACH ELECTRON SHELL CAN ACCOMODATE
A FIXED NUMBER OF ELECTRONS:

© FIRST SHELL

(#)save myexams

A simplified model showing the electron shells

= The arrangement of electronsin shells can also be explained using numbers

= |nstead of drawing electron shell diagrams, the number of electrons in each electron shell can be
written down, separated by commas

= This notationis called the electronic configuration (or electronic structure)
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= E.g.Carbonhaséelectrons, 2inthe Ist shelland 4 in the 2nd shell
= |tselectronic configurationis 2,4
= Electronic configurations can also be written forions
= E.g.Asodiumatomhas1lelectrons, a sodiumionhaslost one electron, therefore has 10 electrons;
2inthe first shelland 8 in the 2nd shell
= |tselectronic configurationis 2,8
The Electronic Configuration of the First Twenty Elements

Element Atomic Number Electronic Configuration
hydrogen 1 1
helium 2 2
lithium 3 2,1
berylium 4 2,2
boron 5 2,3
carbon 6 2,4
nitrogen 7 2,5
oxygen 8 2,6
fluorine 9 2,7
neon 10 2,8
sodium N 2,81
magnesium 12 2,8,2
aluminium 13 28,3
silicon 14 28,4
Page140f43
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phosphorus 15 2,85 ,
Your notes
sulfur 16 2,8,6
chlorine 17 2,8,7
argon 18 2,8,8
potassium 19 2,8,8,1
calcium 20 2,8,8,2

Note: although the third shell can hold up to 18 electrons, the filling of the shells follows a more
complicated pattern after potassium and calcium. For these two elements, the third shell holds 8 and the
remaining electrons (for reasons of stability) occupy the fourth shell first before filling the third shell.

@ Worked example

Draw and write the electronic structure of magnesium.
Answer:

= Magnesiumhas 12 electronsin total.
=  Amaximum of two can fitin the first shell and eightin the second shell.
= Theremaining two will occupy the third shell.

= The written form of this electronic structureis 2,8,2
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O Examiner Tip /

Your notes
Itisagoodideatodraw the electronsintheir shellsin pairs.

You will still score the marks if they aren't, as long as you have the correct numberin each shell, but this
makes it easier for the examiner to count.

How does the electronic structure of an element relate toits locationin the
Periodic Table?

= Thereisaclearrelationship between the electronic configuration and how the Periodic Table is
designed

= The number of notations in the electronic configuration tells us the number of occupied shells
= This tellsuswhat period an elementisin
= Thelast notation shows the number of outer electrons the atom has
= Thistellsus the group anelementisin
= Elementsin the same group have the same number of outer shell electrons
Diagram showing the relationship between the electronic configurations

LLAST NOTATION

2, 3 @

L a

NUMBER OF
NOTATIONS

(#)savemyexams

The electronic configuration for chlorine

= Period: The red numbers at the bottom show the number of notations
= The number of notationsis 3
= Therefore chlorine has 3 occupied shells
= Group: Thelast notation, inthiscase 7
= This means that chlorine has 7 electronsinits outer shell
= Chlorineis thereforein Group 7
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O Examiner Tip

The group number will be labelled on the Periodic Table you are given in your exam, but the period

Chlorineis in Group 7, Period 3

numberisn't soitis a goodidea to write this onyourself at the beginning.
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GROUP O
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2| |Be B|C|[N]|O Ne
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Trends in the Periodic Table
Your notes

Trendsin Groups1& 7

= Elementsinthe same group have similar chemical and physical properties
= \We canobserve these for Group 1and Group 7 elements

Group 1elements
= The Group 1 metals are locatedin the first column of the Periodic Table and are known as the alkali
metals

= Theyform alkaline solutions when they react with water

= Group I metals all share the following properties:
= They are all soft metals which can easily be cut with a knife
= They have relatively low densities and low melting points
= They are very reactive (they only need to lose one electron to become highly stable)

= The alkalimetals share similar chemical properties because they each have one electronin their

outermost shell

The Periodic Table showing the location of Group 1

GROUP
METALS ——

t]
Li

Na

K
Rb

=]

Fr

The alkali metals lie on the far left of the Periodic Table, in the very first group

Trends in Group 1properties

= The alkalimetals are soft and easy to cut, getting softer as you move down the group
= Potassiumis the exception; it has alower density than sodium
= The first three alkalimetals are less dense than water

= They allhave relatively low melting points
= These decrease as you move down the group, due to decreasing attractive forces between outer

electrons and positive ions
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Diagram to show the trend in melting points going down Group 1 /

/ Your notes

200
130 —
160 —
140 —
120
100 —
80 —
60
40
20

MELTING POINT (°C)

[ | | | I
LITHIUM SODIUM  POTASSIUM  RUBIDIUM CAESIUM

The melting point of the Group 1 metals decreases as you descend the group

Group 7 elements

= Theelementsin Group 7 are known as the halogens
= These are fluorine, chlorine, bromine, iodine and astatine
= These elements are non-metals that are poisonous
= Halogens are diatomic, meaning they form molecules made of pairs of atoms sharing electrons
(forming a single covalent bond between the two halogen atoms) such as Fa, Cly, etc
Trends in Group 7 properties

= Atroom temperature (20 °C), the physical state of the halogens changes as you go down the group
= Chlorineis a pale yellow-green gas, bromine is ared-brown liquid and iodine is a grey-
black solid
= Thisdemonstrates that the density of the halogensincreases as you go down the group
= The colours of the halogens also change as you descend the group - they become darker

Diagram to show the change in state, density and colour of the halogens
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Your notes

The halogens get denser and change colour moving down the group

= The melting and boiling points of the halogens increase as you go down the group
= Thisisduetoincreasingintermolecular forces as the atoms become larger, so more energy is required
to overcome these forces
Diagram to show the trend in melting/boiling points going down Group 7
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S . Your notes

FLUORINE :_ .
(GAS) SRR . F
CHORNE
(GAS) I N D 7 S
BROMINE |l ““““ Y o | U
(LlQuoy oL O W S
|IODINE
(SOLID) ‘
ASTATINE
(SOLID) i _i__ A S

— —

-300 -200 -100 0 100 200 300 400
TEMPERATURE (C)

KEY:
[ = MELTING POINT
[ =BOILING POINT

Copyright @ Save My Exams. All Rights Reserved

Melting and boiling points increase going down Group 7

O ExaminerTip

Make sure you learn these properties for each group.

You could be asked to recall these specific properties, or predict the properties of other elements
further down the group.
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Groups1& 7 Forming lons

Elementsreactin orderto obtain a full outer shell of electrons and become chemically stable
= Todothis, they eitherlose or gain electrons
Noble gases are chemically unreactive due to already having a full outer shell of electrons
Therefore the reactions of Group 1and Group 7 elements involves the loss or gain of electrons
Group 1atoms lose one electron from their outer shell to form positively chargedions
= ‘Theionsformedwillhave a1+ charge
Diagram to show how sodiumloses an electron to form anion

KEY:
@ = ELECTRON

(O = SPACE FOR AN ELECTRON

A SODIUM ATOM
HAS 1 ELECTRON
IN ITS VALENCE
(OUTERMOST) CELL

SODIUM ATOMS LOSE
THEIR OUTERMOST
ELECTRON, LEAVING
TWO FULL SHELLS STABLE
OF ELECTRONS

SODIUM ATOMQ\

11 @ PROTONS

11 © ELECTRONS

= ELECTRICALLY NEUTRAL
(NO OVERALL CHARGE)

THERE IS SPACE KE‘
_FOR 7 MORE SODIUM ION

ELECTRONS IN
THE THIRD SHELL

11 @ PROTONS
10 © ELECTRONS
= +1 POSITIVE CHARGE

Group 1elements formions with a 1+ charge

= Group 7 atoms gain an electron to form negatively chargedions
= Theionsformedwillhave a1- charge

Diagram to show how chlorine loses an electron to form anion
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IT IS EASIER TO GAIN 1 ELECTRON THAN TO LOSE
7 TO ACHIEVE A FULL OUTER SHELL OF ELECTRONS

CHLORINE HAS
SPACE FOR 1 MORE
ELECTRON IN ITS
OUTERMOST SHELL

FULL OUTER
SHELL

Nz

| CHLORINE ATOMfﬂ/I GAINED &E
ELECTRON CHLORINE ION

@ 17 PROTONS
© 17 ELECTRONS

= ELECTRICALLY NEUTRAL = —1 NEGATIVE CHARGE
(NO OVERALL CHARGE)

@ 17 PROTONS
© 18 ELECTRONS

Group 7 elements formions with a 1- charge
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Explaining Trends /

Higher Tier Your notes

= Thereactivity of an elementis determined by its readiness to lose or gain electrons and formions
= The morereadily anatomloses or gains an electron, the more reactiveitis
= This explains the trendinreactivity down Groups 1and 7

Why does reactivity increase going down Group 1?

= Whena Group 1elementreacts, its atoms only need to lose one electron, as there is only one electron
inthe outer shell

= \Whenthis happens, 1+ions are formed

= The next shell down automatically becomes the outermost shell and sinceitis already full, a Group Tion
obtains noble gas configuration
= Asyougodown Group lreactivity increases because:
= The number of electron shellsincreases

This means that the outermost electron gets further away from the nucleus, so there are weaker
forces of attraction between the outermost electron and the nucleus

= Lessenergy isrequiredto overcome the force of attraction as it gets weaker
= Theouterelectronislost more easily

Diagram to show the electronic structure of Group 1elements

LITHIUM

SODIUM

POTASSIUM

#)savemyexams

Going down Group 1, the outer electron is further away from the nucleus

Why does reactivity decrease going down Group 7?

= WhenaGroup7 elementreactsits atoms need to gain one electron as they have seven electronsin
their outer shell

= Whenthis happens,ions withal- charge are formed
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= Asyougodown Group 7 reactivity decreases because: /
= The number of electron shellsincreases

= Thedistance between the electron being gained and the nucleus increases so the attraction Your notes
between the electron being gained and the nucleus decreases
= |tisharderforthe atom to gainanelectron

Diagram to show the electronic structure of Group 1elements

CHLORINE

BROMINE

#Fjsavemyexams

Going down Group 7, the electron being gained is less attracted to the positive nucleus

(o) Examiner Tip
It would be harder foran atom to lose or gain more than one electron.

Thisis why Group 2 elements are less reactive than Group 1, and Group 6 elements are less reactive
than Group 7.
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Reactions of Alkali Metals

Reactions of Alkali Metals

= Youneedtobe able todescribe the reactions of the first three alkali metals with water, oxygen and the
halogens
= Thisincludes providing reaction equations to show what is happening

= Alkalimetalsreactreadily with oxygen and water vapourin air, so they are usually stored in oil to stop
them fromreacting

Reactions with Water

= Alkalimetalsreact with water to form a metal hydroxide and hydrogen gas
= Thereactions of the alkali metals with water get more vigorous as you descend the group, as with the
otherreactions

Summary table for the reactions of Group 1 metals and water

Element Reaction Observations

lithium +water — lithium hydroxide + hydrogen | * Relativelyslowreaction
L = Fizzing
2Li(s) + 2H,O(I) — 2LiOH (aq) + H,(9) = Lithium moves onthe surface
of the water
sodium +water — sodium hydroxide + hydrogen = Morevigorous fizzing
Na = Movesrapidly on the surface
2Na(s) + 2H,O(l) — 2NaOH(aq) + H,(9) of the water
= Dissolves quickly
= Reacts more vigorously than
potassium +water — potassium hydroxide + sodium
« hydrogen = Burnswithalilac flame
= M idl th
2K(s) + 2H,0 () — 2KOH (aq) + H,(g) ovesveryrapicly onthe
surface
= Dissolves very quickly

= Rubidium, caesium and francium will react even more vigorously with air and water than the first three
alkalimetals

= Of the alkali metals, lithium is the least reactive (asitis at the top of Group 1) and francium would be the
most reactive (asit’s at the bottom of Group 1)

= AllGroup 1metals produce alkaline solutions (> pH 7) when they react with water, hence the name alkali
metals
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= Lithium will produce a solution of lithium hydroxide; sodium will produce a solution of sodium hydroxide ,

andsoon.
Your notes
= [funiversalindicatoris added to the solution, it will turn purple / blue.

O Examiner Tip

A common mistake students make when they are asked to give observations of these reactions is that
‘hydrogenis formed'.

Thisis not an observation. Observations would include fizzing / hissing etc.

Reactions with Oxygen

= The alkali metals react with oxygenin the air forming metal oxides, which is why the alkali metals tarnish
when exposed to the air

= The metal oxide produced is a dull coating which covers the surface of the metal

= Whenplacedinaglassjar of oxygen, the metals react vigorously with the oxide forming as white
smoke

Summary table for the reactions of Group 1 metals and oxygen

Element Reaction

lithium + oxygen — lithium oxide
Li
! 4Li(s) + 02(g) — 2LiO(s)
sodium + oxygen — sodium oxide
Na
4Na(s) + O2(g) — 2NayO(s)
potassium +oxygen — potassium oxide
K
4K (s) + O2(g) — 2K,0O(s)

Reactions with Chlorine

= Allthe Group 1 metals react vigorously when heated with chlorine gas to form salts called metal
chlorides
= Thisreactionbecomes more vigorous moving down the group, the same as with the reaction between
the metals and water
Summary table for the reactions of Group 1 metals and halogens

Element Reaction Observations
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lithium +halogen — lithium halide
T 2Li(s) + X (g) — 2LiX(s) = Aredflame
= Awhite solidis formed
Where Xis ClorBrorl
sodium +halogen — sodium halide
Na 2Na(s) + X, (9) — 2NaX (s) = Ayellowflame
= Awhite solidis formed
Where Xis ClorBrorl
potassium +halogen — potassium halide
K 2K (s) + X, (g) — 2KX(s) = Alilac flame
= Awhite solidis formed
Where Xis ClorBrorl

©O Examiner Tip

Foreachreaction of Group 1 metals, make sure you can write the word and symbol equations (with

state symbols!)
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Testing for Hydrogen Gas /

Your notes

Testing for Hydrogen Gas

How to test for hydrogen

The test forhydrogen consists of holding alit splint held at the open end of a test tube of gas

If the gasis hydrogenit burns with aloud “squeaky pop” which is the result of the rapid combustion of
hydrogen with oxygen to produce water

Be sure not toinsert the splint right into the tube, just at the mouth, as the gas needs air to burn

Diagram to show the squeaky pop test

(#Fsavemyexams
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A positive result gives a squeaky pop sound /

Your notes
© ExaminerTip

Itis easy to confuse the tests for hydrogen and oxygen.

Try toremember that aligHted splint has an H for Hydrogen, while a glOwing splint has an O for
Oxygen.
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Reactions of Halogens

Reactions of Halogens

The Reaction of Halogens with Alkali Metals

= Thehalogensreact with Group 1metals (the alkali metals) to form ionic compounds which are metal
halide salts
= Some of thesereactions are:
= Lithiumreacts with bromine to form sodium bromide:
lithium + bromide — lithium bromide

2Li+ Br, — 2LiBr

= Chlorine will react with sodium to form sodium chloride:
sodium + chlorine — sodium chloride

2Na + Cl, —»2NaCl

= Potassiumreacts withiodine to form potassiumiodide
potassium + iodine — potassiumiodide

2K + 1, — 2K

= The word and symbol equations all have the same format, you just need to change the name or the
symbolineachcase.

= Allof the reactions between lithium and halogens produce a crimson flame

= All of thereactions between sodium and halogens produce an orange flame

= Allof the reactions between potassium and halogens produce alilac flame

= Thereactions must be carried outin a fume cupboard due to the toxic nature of the halogens

= Thehalogens decrease inreactivity moving down the group so the reactions become less vigorous
going down the group

The Reaction of Halogens with Iron

= Group 7 elementsreactwithirontoformanironhalide
= Forexample, chlorine willreact withiron to formiron(lll) chloride
iron + chlorine — iron(lll) chloride

2Fe + 3Cl, — 2FeCl;

= Eachreactionshould be carried outin afume cupboard
= Going down the group, the reaction between the halogen andiron becomesless vigorous
The Reaction of Iron with the Halogens

Halogen Reaction with iron wool
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Fluorine Coldironwool burns to produce white iron(lll) fluoride

Chlorine Hotiron wool burns vigorously to form an orange-brown solid of iron(lll) chloride
Bromine Hotiron wool burns vigorously to form an orange-brown solid of iron(lll) bromide
lodine Hotiron woolreacts slowly withiodine vapour to form a grey solid of iron(lll)

iodide

@ Worked example

Make sure you can write the word and symbol equations for each reaction.
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Relative Reactivity of Chlorine, Bromine & lodine

Higher Tier

= Displacementreactions can show the relative reactivity of the Group 7 elements
= Ahalogen displacement reaction occurs when a more reactive halogen displaces alessreactive
halogen from an aqueous solution of its halide
= Aqueous halide solutions are colourless
= Thereactivity of Group 7 elements decreases as you move down the group
= Youonlyneedtolearnthe displacement reactions with chlorine, bromine and iodine
= Chlorineis the mostreactive andiodineis the least reactive

Chlorine with Bromides & lodides

= |fyouadd chlorine solution to colourless potassium bromide or potassiumiodide solutiona
displacementreaction occurs:
= The solutionbecomes orange as bromineis formed or
= The solutionbecomes brown asiodine is formed

= Chlorine is above bromine andiodine in Group 7 soitis more reactive
= Chlorine will displace bromine oriodine from an aqueous solution of the metal halide:
chlorine + potassium bromide — potassium chloride + bromine

C|2 + 2KBr — 2KClI + Bl‘z
chlorine + potassiumiodide — potassium chloride + iodine
Cly + 2KI = 2KCl + I,

Bromine with lodides

= Bromineis aboveiodinein Group 7 soitis more reactive
= Bromine will displace iodine from an aqueous solution of the metaliodide

bromine + potassiumiodide — potassium bromide + iodine

Br; + 2KI — 2KBr + |5

Table to show the summary of displacement reactions

Chlorine (Cl5,) Bromine (Br,) lodine (1,)

Potassium chloride
X No reaction No reaction

(KCI)
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Chlorine displaces the /
Potassium bromide bromideions
X Noreaction Yournotes
(KBr) Yellow-orange colour of

bromine seen

Chlorine displaces the Bromine displaces the
Potassium lodide iodideions iodide ions
X
(K1) Brown colour of iodineis | Brown colour of iodine is
seen seen

= From this pattern of reaction we can predict that:
= Fluorine will displace all other halogens from their compounds
= Astatine will be displaced by all the halogens from its compounds

= Having said that, astatine is the rarest naturally occurring element so there is not enough around to
actually test!

= Thesedisplacementreactions provide stronger evidence for the decreasing reactivity down Group 7
than that gained from the elements reactions withiron
= The halogens having different states at room temperature can make it difficult to make a fair
comparison when observing theirreaction withiron whereas in displacement reactions they are
competing directly against one another

O ExaminerTip

Displacementreactions are sometimes known as single replacement reactions.

Page 340f 43
©2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Properties & Uses of Chlorine & lodine /

= Chlorine andiodine are both located in Group 7 of the Periodic Table Your notes
= The both exist as diatomic molecules, so are made up of pairs of atoms
= Althoughbothin Group 7, theirappearance and state are different:
= Chlorineis a green-yellow gas at room temperature which s toxic
= |odineis adark grey solid which can form a purple vapour whenitis warmed
= Chlorineis used to sterilise drinking water, making it safe for us to drink
= |tisalsoused tokill the bacteriain swimming pools
= Thelevels of chlorine in swimming pools have to be carefully monitored because chlorine is toxic
= There needs to be enough chlorine present to kill bacteria and sterilise the water without causing
any harmtous
= |odine canbe used as an antiseptic following hospital procedures, in plasters and sterilising sprays
= |odineis also toxic would levels are carefully monitored
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Photo by Jason Hawke on Unsplash /

Your notes
Chlorine levels need to be carefully monitored in swimming pools
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Group 0 Gases

Group 0 Gases

The noble gases are in Group VIl (or Group O); they are non-metals and have very low melting and
boiling points

They are allmonoatomic, colourless gases

The Group O elements all have full outer shells

This electronic configurationis extremely stable so these elements are unreactive and are inert
Electronic configurations of the noble gases:

Although they are all unreactive, noble gases have other properties that make them ideal for different
uses

He: 2
Ne: 2,8
Ar:2,8,8
Kr:2,8,18,8
Xe:2,8,18,18,8
The Periodic Table showing the location of the noble gases

NOBLE
GASES

‘ He

Ar

Kr

Xe

#)savemyexams

Noble gases are located in Group O / 8 of the Periodic Table

Helium has a very low density and is unreactive so is used in airships and weather balloons
Neon emits light when electric current passes through t so is used in advertising signs
Argonis unreactive soisusedinlight bulbs and as aninert atmosphere for welding
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O Examiner Tip /

Your notes
Noble gases all have 8 electronsin the outer shell, except for helium which has 2.
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Testing Cations & Anions 4

Your notes

Testing Cations & Anions

Testing for Cations

= The flame testis used to identify the positive metals ion (cations) by the colour of the flame they

produce

= |ons from different metals produce different colours
= Tocarry outaflame test:

= Diptheloop of anunreactive metal wire such as nichrome or platinum in dilute acid

= Holditinthe blue flame of a Bunsen burner until there is no colour change

= Dip theloopinto the solid sample / solution and place itin the edge of the blue Bunsen flame
= |tisimportant that place the wire into acid first to prevent contamination

= Not doing this might resultin two or more ions being present on the wire meaning the colours will

mix
= One colour could mask another colour and you willnot be able to identify the ion
How to carry out a flame test

— —

#Fsavemyexams
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The blue flame must be used to carry out a flame test

Cation

Flame Colour

Li* Red

Na* Yellow-orange
K+ Lilac
Ca2+ Brick-red
Ba2+ Apple-green

LLLL

e

Diagram showing the colours formed in the flame test for metalions

O Examiner Tip

You must be specific when giving the colours.

You will not score the mark for stating that copper produces a 'green’ flame. It must be 'apple-green.’

Testing for Anions

Na*

K-I-

C02+

Negatively charged non- metalions are known as anions

You must be able to test for halide ions

= These are theionsformed by the elementsin Group 7
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How do | test for halide ions? /

= Addsilver nitrate solution, AQNO3

= [fahalideis presentitforms asilver halide precipitate

= Forexample, the following reaction occurs between aqueous potassium chloride and and silver nitrate
solution:

Your notes

potassium chloride + silver nitrate — potassium nitrate + silver chloride
KCl(aq) + AgNOs3z(aq) — KNO3z(aq) + AgCI(s)

= Thesilverhalide formed, in this case silver chloride forms a precipitate
= Thisisrepresented using the state symbol, s
= Theionic equation for the precipitationreaction occurring in this example is:
Ag*(aq) + Cl- (aq) = AgCl (s)

= The generalionic equation for the precipitation reaction that occurs when a silver halide is formediis:
Ag*(aq) + X~ (aq) = AgX(s)

= The potassium and nitrate ions do not participtate in the precipitate reaction so are known as
spectatorions
= Depending onthe halide present, a different coloured precipitate is formed, allowing foridentification
of the halide ion
= Silver chloride forms a white precipitate
» Ag*(aq)+Cl (ag) —AgCl(s)
= Silver bromide forms a cream precipitate
» Ag*(aq)+Br (ag)—AgBr(s)
= Silveriodide forms a yellow precipitate
» Ag*(aq)+I-(ag)—Agl(s)

Diagram to show the precipitates formed by different halide ions
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U U

_/

CHLORIDE (WHITE) BROMIDE  (CREAM)

IODIDE

(YELLOW)

#save myexams

Each silver halide produces a precipitate of a different colour

O Examiner Tip

Itisimportant that you include state symbols when you are writing equations for precipitation

reactions but you will be told to include these in your exam.
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