1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

YOURNOTES

IB Chemistry DP !

3. Periodicity

CONTENTS
3.1The Periodic Table & Periodic Trends
3.1.1The Periodic Table
3.1.2 Periodic Trends: Physical - Atomic & lonic Radius

3.1.3 Periodic Trends: Physical - lonisation Energy
3.1.4 Periodic Trends: Physical - Electron Affinity
3.1.5 Periodic Trends: Physical - Electronegativity
3.1.6 Periodic Trends: Chemical

3.2 Oxides, Group 1& Group 17
3.2.1Periodic Trends: Oxides Across a Period
3.2.2 Periodic Trends: Group 1- The AlkaliMetals
3.2.3 Periodic Trends: Group 17 - The Halogens

Page 1 of 36

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

3.1The Periodic Table & Periodic Trends

3.1.1The Periodic Table

Structure of the Periodic Table

e Theperiodictableis alist of allknown elements arrangedin order of increasing atomic
number, from1to118.
¢ Inadditionto this, the elements are arrangedin such a way that atoms with the same
number of shells are placed together, and atoms with similar electronic configurationsin
the outershellare also placedtogether. This is achieved as follows:
o Theelements are arrangedinrows and columns.
o Elements with one shell are placedin the first row (i.e. Hand He)
o Elements with two shells are placedin the second row (Lito Ne) andsoon.

¢ Arow of elements thus arrangedis called a period. The period number, n, is the outer
energy levelthatis occupied by electrons.
¢ Inaddition, the elements are alignedvertically (in columns) with other elements in different
rows, if they share a similar outer-shell electronic configuration
o Theouterelectrons are known as the valence electrons.

¢ Acolumn of elements thus arrangedis called a group
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¢ Sincetheelectronic configurations of Hand He are unusual, they do not fit comfortably into
any group. They are thus allocated a group based on similarities in physical and chemical
properties with othermembers of the group

e Heis placedin group 0 on this basis, but hydrogen does not behave like any other element
andsois placedin a group of its own

Page 3 of 36

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

s—BLOCK 5—BLOCK YOURNOTES
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Theblocks of the periodic table

» Allelements belong to one of four main blocks: the s-block, the p-block, the d-block and
the f-block

o The s-block elements are all those with only s electrons in the outer shell

o The p-block elements are all those with at least one p-electronin the outer shell

o Thed-block elements are all those with at least one d-electronand atleast one s-
electronbut nof or p electrons inthe outer shell (up to 5d)

o The f-block elements are all those with at least one f-electron and at least one s-
electronbut nod orp electrons in the outer shell

¢ Thephysicaland chemical properties of elements in the periodic table show clear patterns
related to the position of each elementin the table
o Elementsinthe same group show similar properties, and properties change gradually
as you go across a period

¢ Asatomic numberincreases, the properties of the elements show trends which repeat
themselves in each period of the periodic table
o Thesetrends areknown as periodic trends and the study of these trends in known as
periodicity
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Deducing Electron Configurations YOURNOTES

e Theelectron configuration of any element can be deduced fromits position in the periodic {
table

e |tislikean'address' that tells you exactly where an elementis found

¢ Usingtheelement germanium as an example toillustrate how it works:

GROUP 4 TELLS YOU THERE ARE
4 VALENCE ELECTRONS AND PERIOD 4
TELLS YOU THEY ARE IN THE 4 SHELL

(FULL INNER SHELLS) + 4s24p?

THE SECO ELEMENT IN THE p—BLOCK
TELLS YOU TWO ELECTRONS IN THE
p—SUBSHELL

Deducing the electron configuration of germanium

e Germaniumisin p block, in group 4 (using the simplify numbering system) and the second
elementacrossin period 4

¢ Group4tells you there are four valence electrons and period 4 tells you the valence
electrons arein the fourth shell

¢ Thesecond positionin p block tellyou that two electrons arein the p subshell

« Similarly, you can deduce the position of an elementin the periodic table fromits electron
configuration:

ADD THESE NUMBERS TO
GIVE YOU THE GROUP

2+5=7
152 252 2p° 352 3p°
GROUP 7, THIRD PERIOD, THIS NUMBER TELLS YOU
MEANS IT IS CHLORINE THE PERIOD NUMBER WHICH
IS THE OUTER ENERGY LEVEL (n)

Deducinginformation from the electron configuration of chlorine

¢ Testyourunderstandingin the following example:
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*> Worked Example !
[

ElementZis in period 4 and group 5 of the periodic table. Which statement is
correct?

A. Zhas 5 occupied energy levels.
B. Zcanformions with 3- charge.
C. Zis atransition element.

D. Zhas 4 valence electrons.

Answer:

(e}

The correct optionis B. Agroup 5 element could form a 3-ion

It cannot be Abecause 5 occupied energy levels would placeitin period 5
Transition elements would not be foundin group 5, so Cis also incorrect

4 valence electrons would match an elementin group 4, so D must be wrong

[e]

o

o]
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3.1.2 Periodic Trends: Physical - Atomic & lonic Radius

Atomic & lonic Radius

Atomic radius

e Theatomicradius of an elementis a measure of the size of an atom

e |tisthedistance between the nucleus of an atom and the outermost electron shell

¢ |tcanbequite hardto determine exactly where the boundary of an atom lies, so a variety of
approches are taken such as half the mean distance between two adjacent atoms

¢ This willvary depending on the type of structure and bonding, but it gives a comparative
value foratoms

NUCLEUSe- “ATOMIC

RADIUS

The atomic radius of an atomis the typical distance between the nucleus and the outermost
electronshell

¢ Atomic radiishow predictable patterns across the periodic table
o They generally decrease across each period
o They generallyincrease down each group

¢ Thesetrends canbe explained by the electron shell theory

o Atomicradiidecrease as you move across a period as the atomic numberincreases
(increased positive nuclear charge) but at the same time extra electrons are added to
the same principal quantum shell

o Thelargerthenuclearcharge, the greaterthe pull of the nuclei on the electrons which
results in smalleratoms

o Atomic radiiincrease moving down a group as thereis an increased number of shells
going down the group

o Theelectronsin theinner shells repel the electrons in the outermost shells, shielding
them from the positive nuclear charge

o This weakens the pull of the nuclei on the electrons resultingin largeratoms
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ATOMIC SIZE DECREASES > 1

1 2 13 14 v 16 17 18

< ATOMIC SIZE INCREASES [ ]

Trends in the atomic radii across a period and down a group

e Thediagram shows thatthe atomicradius increases sharply between the noble gas at the
end of each period and the alkali metal at the beginning of the next period
e Thisis because the alkali metals at the beginning of the next period have one extra principal
quantum shell
o Thisincreases shielding of the outermost electrons and therefore increases the atomic
radius

lonic radius

¢ Theionicradius of an elementis a measure of the size of anion
¢ |onicradiishow predictable patterns
o Thetrenddown a groupis the same as atomic radius - itincreases as the number of
shellsincreases
o Thetrendacross a periodis not so straightforward as it depends on whetheritis
positive ornegativeions being considered
o lonicradiiincrease with increasing negative charge
o lonicradiidecrease withincreasing positive charge

¢ Thesetrends can also be explained by the electron shell theory
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o |lons with negative charges are formed by atoms accepting extra electrons while the
nuclear chargeremains the same

o The extra electrons experience repulsion with the othervalence electrons which
increases theionicradius

o The greaterthe negative charge, the largertheionic radius

o Positively chargedions are formed by atoms losing electrons

o Thenuclear chargeremains the same but there are now fewer electrons which
undergo a greater electrostatic force of attraction towards the nucleus which
decreases theionicradius

o The greaterthe positive charge, the smallertheionicradius

SIZES OF ATOMS AND THEIR IONS IN PM

GROUP 1 GROUP 2 | [GROUP 13| |GROUP 16 GROUP 17

Lt Li | Be” Be |B™ B |O 0> | F F~
PERIOD 2 @ @ @ @ @
90 34|59 90 | 41 82 |73 126 | 74 119
Na* Na | Mg®* Mg | AL AL |S g% | vg) cl
PERIOD 3 Q ) Q’ ) é ) Q ) Q’ )
116 154| 86130 | 68~ 118 |102 170 | 99 167
K* K | Ca® Ca Se Se*” | Br Br-
S @ ® ® @
152 196| 14~ 174 | 76 126 |116 184 | 114 182
Rb* Rb | Sr* Sk | In* In | Te Te? | | -
e @ @ @ @
166 21| 132 192 | 94 144|135 207 | 133 206

Trends in the ionic radiiacross a period and down a group
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YOURNOTES
*> Worked Example !

Which option shows atoms in order of decreasing atomic radius?
A.N>C>Be>Mg
B.Mg>N>C>Be
C.Be>C>N>Mg

D.Mg>Be>C>N

Answer:
Option Dis the correct answer

o First,you needtoidentify thatBe, CandN are allin period 2, but Mgis in period 3, so Mg
willhave the biggest radius.

o Secondly, atomicradius decreases across the period so Be, C and N decreasein that
orderas they belongto groups 2,14 and 15, respectively

Page 10 of 36

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

YOURNOTES
i

3.1.3 Periodic Trends: Physical - lonisation Energy

First lonisation Energy

* Theionisation energy (IE) of an elementis the amount of energy required toremove one
mole of electrons from one mole of atoms of an elementin the gaseous state to form one
mole of gaseousions

¢ |onisation energies aremeasured under standard conditions which are 298 Kand 100 kPa

« Theunits of IE are kilojoules per mole (k) mol)

¢ Thefirstionisation energy is the energy required to remove the one mole of electrons from
onemole the gaseous atoms

o E.g.thefirstionisation energy of calcium:

Ca(g)>Ca*(g)+e~ 1Ist AHI.E.=+590kJmol”’
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lonisation Energies: Trends YOURNOTES
l

¢ |onisation energies show periodicity

¢ As couldbe expected from their electronic configuration, the group I metals show low |E
whereas the noble gases have very high IEs

e Thefirstionisation energy increases across a period and decreases down a group andis
caused by four factors thatinfluence theionisation energy:

o Size of the nuclear charge: the nuclear chargeincreases with increasing atomic
number, which means that there are greater attractive forces between the nucleus
andouterelectrons, so more energy is required to overcome these attractive forces
whenremoving an electron

o Distance of outer electrons from the nucleus: electrons in shells that are furtheraway
from the nucleus areless attracted to the nucleus so the further the outer electron shell
is from the nucleus, the lower the ionisation energy

o Shielding effect of inner electrons: the shielding effect is when the electrons in full
inner shells repel electrons in outer shells preventing them to feel the full nuclear
charge so the greater the shielding of outer electrons by inner electron shells, the lower
theionisation energy

o Spin-pairrepulsion: paired electrons in the same atomic orbital in a subshell repel
each othermore than electrons in different atomic orbitals; this makes it easier to
remove an electron (which is why the firstionization energy is always the lowest)

2500 ~
2000 H
1500 +
1000

500

FIRST IONISATION ENERGY (kJmol™

ATOMIC NUMBER (Z)

A graph showing the ionisation energies of the elements hydrogen to sodium

lonisation energy across a period

e Theionisation energy across a periodincreases due to the following factors:
o Across a period the nuclear chargeincreases
o Thedistance between the nucleus and outer electron remains reasonably constant
o Theshielding by innershell electrons remains the same

e Thereis arapiddecreaseinionisation energy between the last elementin one periodand
the first elementin the next period caused by:
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o Theincreaseddistance between the nucleus andthe outerelectrons
o Theincreased shielding by innerelectrons
o Thesetwo factors outweigh theincreased nuclear charge

e Thereis aslightdecreaseinIstl.E. betweenberylliumandboron as the fifth electronin
boronisinthe 2p subshellwhichis furtheraway from the nucleus than the 2s subshell of
beryllium

o Berylliumhas a firstionisation energy of 900 k) mol' as its electron configuration is
1s22s2

o Boronhas afirstionisation energy of 801kJmol as its electron configuration is 1s2
2s22p!

¢ Thereis aslightdecreasein1stl.E. between nitrogen and oxygen due to spin-pair
repulsionin the 2p subshell of oxygen
o Nitrogenhas a firstionisation energy of 1402 k) mol' as its electron configuration is
1s22s22p3
o Oxygen has a firstionisation energy of 1314 k) mol~' as its electron configuration is 1s2
2522p*

lonisation energy down a group

» Although going down a group the nuclear charge increases, the ionisation energy down a
group decreases anditis due to the following factors:
o Thedistance between the nucleus and outerelectronincreases
o Theshieldingbyinnershell electronsincreases
o The effective nuclear chargeis decreasing as shieldingincreases

lonisation Energy Trends across a Period & goingdown a Group Table
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Down a Group: lonisation
Energy Decreases

Increase in nuclear charge

Increase in nuclear charge

Shell number is the same
Distance of outer electron
to nucleus is the same

Increase in shells
Distance of outer electron to
nucleus incredases
Shielding effect increases, therefore,
the attraction of valence electrons
to the nucleus decreases

constant

Shielding remains reasonably

Increased shielding

Decreased atomic/ionic radius

Increased atomic/ionic radius

The outer electronis held more
tightly to the nucleus so it gets
harder to remove it

The outer electron is held more
loosely to the nucleus so it gets
edsier to remove it

Successive ionisation energies of an element

e Thesuccessiveionisation energies of an elementincrease as removing an electron froma
positiveion is more difficult than from a neutral atom

¢ Asmoreelectrons areremoved the attractive forces increase due to decreasing shielding
andanincreasein the protonto electronratio

e Theincreaseinionisation energy, however,is not constantandis dependentontheatom's
electronic configuration

e Takingcalciumas an example:

lonisation Energies of Calcium Table

Elactranlc 182 252 2p® 1s? 252 2p® 1s? 252 2p®  1s? 252 2p°

Configuration 3s? 3p® 4s?  3s2 3p° 45’ 3s? 3p° 3s2 3p°
IE First Second Third Fourth

IE (kJ mol™ ") 590 1150 4940 6480

¢ Thevalues becomevery large and difficult to represent meaningfully, soitis more
convenient to show thelogarithm of the ionisation energies
¢ This helps us to see significantjumpsin|.E.
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LOG IONISATION ENERGY (kJmol™
I

AP
N\

2.5

r— 1 1 T T T T T T T T T T T T T T T 1
17 2 3 4 5 6 7 8 9 10 MM 12 13 14 15 16 17 18 19 20

NUMBER OF ELECTRONS REMOVED

Successiveionisation energies for the element calcium

e Thefirstelectronremovedhas alowionisation energy as itis easily removed from the atom
due to the spin-pairrepulsion of the electrons in the 4s orbital

e Thesecond electronis a little more difficult to remove than the first electron as you are
removing an electron from a positively chargedion

e Thethird electronis much more difficult to remove than the second one corresponding to
the factthat the third electronis in a principal quantum shell whichis closerto the nucleus
(3p)

¢ Thegraph shows thereis alargeincreasein successive ionisation energy as the electrons
are beingremoved from anincreasingly positiveion

¢ Thebigjumps on the graph show the change of shell and the smalljumps are the change of

subshell
O Exam Tip

Be careful with how you interpret successive ionisation energy graphs asitis
common for students to read them the wrong way around and count outer electrons
fromright to leftinstead of left toright so they get the jumps in the wrong place. This
happens particularly when you are given only a partial successive ionisation energy
graph andhave to deduce which group the element comes from.It's a goodidea if
you see anionisation energy graph in an exam question to label the shells and
subshells soyou are less likely to make this mistake!
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3.1.4 Periodic Trends: Physical - Electron Affinity

Electron Affinity

¢ When atoms gain electrons they become negative ions oranions
¢ Electron affinity (EA) can be thought of as the opposite process of ionisation energy andis
definedas
o The amount of energy released when one mole of electrons is gained by one mole of
atoms of an elementin the gaseous state to form one mole of gaseous ions

¢ Electron affinities are measured under standard conditions which are 298 Kand 100 kPa
« Theunits of EA are kilojoules per mole (kJ mol™)
¢ The first electron affinity is always exothermic

o E.g.thefirstelectron affinity of chlorineis:

Cl(g)+e > Cl'(g) AH =-349 k) mol!
e However, the second electron affinity can be an endothermic process
O (9+e>0%(g)  AH=+753kImol’

e Thisis duetothefactthatyou are overcomingrepulsion between the electronanda
negativeion, so energy is required making the process endothermic overall

Trends in electron affinity
100

1 A A

T/ T N\ 7 T T ] T N T T T T 1
23/4 6 8910%42 14 15 16 17 18

_50 —
=100 ~
—150
-200
=250
—300 ~
—350 ~
—400 -

ELECTRON AFFINITY/ kJ mol™

ATOMIC NUMBER

Electron affinities across a period

¢ Electron affinities show periodicity

e Thepatternis very similartoionisation energies, except thatitis inverted and the minimum
points are displaced one element to theright

¢ Asmight be expected, the most exothermic electron affinities are for group 17 elements
which also have the highest electronegativities

¢ Thestrongestpullon electrons correlates with the greateramount of energy released when
negativeions are formed
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¢ Noble gases donotformnegativeions, sothey don'tappearin this chart YOURNOTES
¢ Theelectron affinities reach a peak forgroup 2 and group 5 elements 1

> Cl

=

Z

T

L

< Br

> -

o F

o

=

O

L

— |

w

ATOMIC NUMBER

Electron affinities down a group

¢ Electron affinities generally decrease down a group

e Astheatomsbecomelargerthe attraction foran additional electronis less, since the
effective nuclear charge is reduced due toincreased shielding

¢ Electron affinity become less exothermic going down the group

¢ Anexceptiontothisis fluorine whose electron affinity is smallerthan expected

¢ Thisis becausefluorineis such a smallatom and an additional electronin the 2p subshell
experiences considerable repulsion with the othervalence electrons
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3.1.5 Periodic Trends: Physical - Electronegativity YOUR TOTES

Electronegativity: Definition

¢ Electronegativity is the ability of an atomto attract a pair of electrons towards itselfin a
covalentbond

¢ This phenomenon arises from the positive nucleus’s ability to attract the negatively
charged electrons, in the outer shells, towards itself

¢ ThePauling scaleis usedto assign a value of electronegativity foreach atom

FLUORINE IS THE MOST
ELECTRONEGATIVE ELEMENT
IN THE PERIODIC TABLE

2.4
1.0 1.5 2.0 2.5 8.8 2.8 4.0
0.9 1.2 15 1.8 2.4 2.5 3.0

First three rows of the periodic table showing electronegativity values

e Fluorineis the most electronegative atom on the Periodic Table, with a value of 4.0 on the

Pauling Scale
e |tisbestatattracting electron density towards itself when covalently bonded to another

atom
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THE SHARED PAIR OF ELECTRONS YOURNOTES
IN THE C-F BOND l

| 7/ .
H—C—F:
B

H

FLUORINE IS MORE ELECTRONEGATIVE
THAN CARBON. SO BOTH ELECTRONS
ARE ATTRACTED TOWARDS THE FLUORINE

Electrondistributionin the C-F bond of fluoromethane
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Electronegativity: Affecting Factors YOURNOTES

Nuclear charge {

¢ Attraction exists between the positively charged protons in the nucleus and negatively
charged electrons foundin the energy levels of an atom

¢ Anincreaseinthe numberof protons leads to anincrease in nuclear attraction forthe
electronsin the outershells

e Therefore, anincreased nuclear chargeresults in anincreased electronegativity

NUMBER OF PROTONS: 14 12 48

ELECTRONEGATIVITY: 0.9 1.2 1.5

AS THE NUMBER OF PROTONS INCREASE, :>
’:‘ THE ELECTRONEGATIVITY INCREASES

As the nuclear chargeincreases, the electronegativity of an element increases as well

Atomicradius
e Theatomicradiusis the distance between the nucleus and electrons in the outermost
shell
¢ Electrons closer to the nucleus are more strongly attracted towards its positive nucleus

¢ Those electrons further away from the nucleus are less strongly attracted towards the
nucleus

e Therefore, anincreased atomic radius results in a decreased electronegativity
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BONDING ELECTRON N YOURNOTES
THE OUTER SHELL !

As the atomic radius increases, the nucleus has less of an attraction for the bonding
electrons causing atom A to have a higher electronegativity thanatomB
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Electronegativity: Trends YOURNOTES

» Electronegativity varies across periods and down the groups of the periodic table {

Down a group

e Thereis a decreasein electronegativity going down the group

¢ Thenuclearchargeincreases as more protons are being addedto the nucleus

e However, each element has an extra filled electron shell, which increases shielding

¢ The addition of the extra shells increases the distance between the nucleus and the outer
electrons resultingin larger atomic radii

e Overall, thereis decreasein attraction between the nucleus and outer bonding electrons

* We say the effective nuclear charge has decreased down the group

o THE NUMBER OF SHELLS
INCREASES
o MORE SHIELDING
° ELECTRONEGATIVITY o ATOMIC RADIUS INCREASES
DECREASES GOING o INCREASE IN NUCLEAR
DOWN A GROUP CHARGE 1S NEGLIGIBLE
H o LESS ATTRACTION BETWEEN
NUCLEUS AND BONDING
ELECTRONS
. v

Electronegativity decreases going down the groups of the periodic table

Across aperiod

¢ Electronegativity increases across a period

¢ Thenuclear chargeincreases with the addition of protons to the nucleus

¢ Shieldingremains the same across the period as no new shells are being added to the
atoms

e Thenucleus has anincreasingly strong attraction for the bonding pair of electrons of atoms
across the period

¢ This results in smaller atomic radii
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o NUCLEAR CHARGE INCREASES
o ATOMIC RADIUS DECREASES

° GREATER ATTRACTION BETWEEN NUCLEUS
AND OUTER ELECTRONS

Li
Be
F
—{ ELECTRONEGATIVITY INCREASES |
GOING ACROSS A PERIOD :>

Electronegativity increases going across the periods of the periodic table

Trends down a Group & across a Period Table

Down a Group Across a Period

Nuclear charge Increases Increases
Shielding Increases Redsonably constant
Atomic radius Increases Decreases
Electronegativity | Decreases Increases

(’) ExamTip

¥ Makesure you learn the definition of electronegativity and can distinguish it from

electron affinity as the two are often confused. Electronegativity is about
chemical characterandonly applies to considerations of covalent bonds whereas
electron affinity is a thermodynamic value thatis measurable and applies to the
formation of negative ions.You may come across something called
electropositivity - this is a term used to describe the character of elements to form
positiveions andis usefulwhen talking about metalatoms and metalions
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e Periodic trends can also be seenin the typical properties of metals and non-metals which
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Metallic & Non-metallic

are summarised below:

Property

Metals

Non—metals

Electron 1-3 (more in Periods 5 & 6) 4—7 electronsin the outer

arrangement outer shell electrons shell

Bonding Metallic due to loss of outer Covalent by sharing of outer
shell electrons shell electrons

Electrical Good conductors of Poor conductors of

conductivity electricity electricity

Type of oxide

Basic oxides (a few are
amphoteric)

Acidic oxides (some are
neutral)

Reaction with
dcids

Many react with acids

Do not react with acids

Physical
characteristics

Malleable, can be bent and
shaped
High melting and boiling point

Flaky, brittle

Low melting and boiling point

The typical properties of metals and non-metals

¢ Thetypically properties of metals and non-metals can be explained by reference to their

trends in atomic radius, ionic radius, ionisation energy, electron affinity and

electronegativity

* Thelowionisation energies andlow electronegativities of metals can accountforthe

ability of their valence electrons to move away from the nucleus
o Thisis known as 'delocalisation’ of the electrons

e These propertiesincrease from left toright as you transition from metal to metalloid to non-

metal

¢ Thehigh electronegativity and electron affinity of non-metals can berelated to their
tendency to share electrons and form covalent bonds, either with themselves or othernon-

metal elements

¢ Thesimilarities in electronegativities of the diagonal band of metalloids which divides the

metals from the non-metals explains the behaviour of metalloids

Testyourself on the trends in the periodic table:
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Which increase across a period from left to right?

A

lonic radius

Electronegativity

B

Atomic radius

lonic radius

1st ionization energy

Atomic radius

1st ionization energy

Electronegativity

Answer:

The correct optionis D

o Across a period atomic radius decreases, electronegativity andionisation energy

increase andionicradius increases then decreases
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3.2 Oxides, Group 1& Group 17 YOURlNOTES

3.2.1Periodic Trends: Oxides Across a Period

Oxides

Oxides across aperiod

e Theacid-base characterof the oxides provides evidence of chemical trends in the
periodic table

e Thebroadtrendis that oxides change from basic through amphoteric to acidic across a
period

¢ Aluminium oxide is amphoteric which means thatitcan actboth as abase (andreact with
anacidsuchasHCIl)andan acid (andreact with abase such as NaOH)

Acidic & Basic Nature of the Period 3 Oxides

Period 3 SO,,

oxide Na,0 MgO  Al,0, SO, PO, SO,

Acid/base Basic | Basic | Amphoteric | Acidic Acidic | Acidic
nature

¢ Theacidic andbasic nature of the Period 3 elements can be explained by looking at their
structure, bonding and the Period 3 elements’ electronegativity

Structure, Bonding & Electronegativity of the Period 3 Elements Table

Period 3 oxide

Relative melting High High Very high | Very high | Low Low
point
Chemical bonding lonic lonic lonic Covalent | Covalent | Covalent

(with

some

degree of

covalent
Structure Giant | Giant Giant Giant Simple Simple

jonic ionic ionic covalent molecular | molecular

Element Na Mg Al Si P S Cl o]
Electronegativity 0.9 1.2 1.5 1.8 2.1 25 3.0 | 35

« Thedifferencein electronegativity between oxygen and Na, MgandAlis the largest
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Electrons will therefore be transferred to oxygen when forming oxides giving the oxide an
ionicbond

The oxides of Si, P and S will share the electrons with the oxygen to form covalently
bonded oxides

The oxides of Na and Mg which show purely ionic bonding produce alkaline solutions with
water as their oxide ions (0%") become hydroxide ions (OH"):

0?-(aq) + H,0O(l) » 20H"(aq)

The oxides of P and S which show purely covalent bonding produce acidic solutions with
waterbecause when these oxides react with water, they form an acid which donates H*
ions towater

o Eg.SOzreacts with wateras follows:

SO3(g) + H20(1) » H2SO4(aq)
o TheH,SO,4is an acidwhich willdonate an H* to water:

H,SO04(aq) + H,0(1) » H30* (aq) + HSO,~(aq)

") ExamTip
Only examples of general trends across periods and groups are required, but you
should be able to link trends in ionization energy, electron affinity and
electronegativity with trends in chemical character such as the nature of the oxides
and metallic/ non-metallic behaviour.

6
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Oxidesreacting with Water

the following equations

Reaction of Oxides with Water

Chemical equation

Na,0 | Na,Ofs) + H,0(l) — 2NaOH(agq) ey
(strongly alkaline)
10
MgO MgO(s) + H,0(l) — Mg(OH),(aq)
2 e e SRl waikly alkaling)
P,O PO, (s) + 6H.O(l) —> 4H_PO, (aq) -
A 410 2 3 (strongly acidic)
1
NO, 2NO,(aq) + H,0 (1) —> HNO,(aq) + HNO, (aq) (strongly acidic)
S0,, | SO,(g)+H,0()— H,SO, (aq) 1
SO, S054(g) + H,0(l) —> H,S0, (aq) (strongly acidic)

¢ Thepatternhereis that:
o The metallic oxides form hydroxides when they react with water
o Thenon-metallic oxides form oxoacids when they react with water

(’) Exam Tip

You shouldlearn how to construct these equations exactly as they are specifically

mentionedin the syllabus
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Making Predictions YOURNOTES

¢ The position of an elementin the periodic table can be used to predict and explainits {
metallic and non-metallic behaviour
e Thisisillustrated by the bonding of the oxides
e Metaland non-metal elements generally formionic compounds so the elements Nato Al
have giantionic structures
¢ The oxides become moreionic as you go downthe group as the electronegativity
decreases
e The oxides becomelessionic as you go across a period as the electronegativity
increases
¢ The oxides of non-metals such as S, N and P form molecular covalent compounds

¢ Sometimes you may be asked to make predictions about oxides that are not specifically
mentionedin the syllabus but you should be able deduce their properties if you understand
the patterns outlined above, as the following example shows:

*> Worked Example
Which of these oxides produces the solution with the highest pH when added to

water?
A.CO,
B. SOz
C. CaO
D. Na,O
Answer:

The correct optionis D.

o CO,and SOz willproduce a pH below 7 as they are non-metal oxides. CaO and Na,O
willproduce a pH above 7 as they are metal oxides; howeverthe pHis decreasing as
you go across a period, so Na,O willhave a higherpH than CaO
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3.2.2 Periodic Trends: Group 1-The Alkali Metals

Alkali Metals

The group 1metals
e The group 1 metals are called the alkali metals because they form alkaline solutions with

high pH values when reacted with water
e Group 1metals arelithium, sodium, potassium, rubidium, caesium and francium

 Theyallendin the electron configuration ns!

Physical properties of the group 1metals
e ThegroupImetals:
o Aresoftandeasyto cut, getting softerand denser as you move down the group
Have shiny silvery surfaces when freshly cut

Conductheat and electricity
They allhave low melting points and low densities and the melting point decreases
going down the group as the atomic radius increases and the metallic bonding gets

weaker

(e}

o

(e}

GROUP
METALS ‘ !

1

Li

Na

K
Rb

Cs

Fr

#save myexams
The alkalimetals are located on the left of the periodic tablein the first column of the s block

Chemical properties of the Group 1metals
e Theyreactreadily with oxygen andwatervapourin airso they are usually kept under oil to

stop them fromreacting
¢ Group 1 metals will react similarly with water, reacting vigorously to produce an alkaline

metal hydroxide solution and hydrogen gas

The Reactions of Group 1Metals and Water
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ELEMENT REACTION

LITHIUM 2Li(s) + 2H,0(l) — 2LiOH(aq) + H,(q)
— REACTION SLOWER THAN WITH SODIUM, BUBBLES OF H2 GAS
— LITHIUMDOESN'T MELT DUE TO ITS HIGH M.P.

SODIUM 2Na(s) + 2H,0(l) = 2NaOH(aq) + H,(q)

— BUBBLES OF H, GAS, MELTS INTO A SHINY BALL THAT DASHES
AROUND THE SURFACE

— NAOH FORMED WHICH PRODUCES A HIGHLY ALKALINE SOLUTION

POTASSIUM [ 2K(s) +2H,0(1) — 2KOH(aq) + H, (g)

— REACT S MORE VIOLENTLY THAN SODIUM, BUBBLES OF H, GAS, MELTS
INTO A SHINY BALL THAT DASHES AROUND THE SURFACE

—HOT ENOUGH TO BURN H, WHICH FORMS LILAC FLAME

e Testyourself on this example question:

9 Worked Example
°

What would you see when sodium is added to water?
|. agasis given off
Il. the temperature of the waterincreases
[ll. aclear, colourless solutionis formed
A.landllonly
B.landlllonly
C.llandlllonly

D.l,llandlll

Answer:
The correct optionis D.

o Bubbles of hydrogen gas are given off. The sodium melts, so that tells you itis an
exothermicreaction and the product, sodium hydroxide, is very soluble so a clear,
colourless solution would be formed.

Alkali metals with halogens
» Allthe alkali metals react vigorously with the halogens in group 17
¢ Thereactionresultsin an alkali metal halide salt
2Na(s) + Cla(g) » 2NaCl(s)
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¢ Thereaction becomes increasingly vigorous going down group 1because
o The atoms of each element getlarger going down the group
o This means that the ns' electron gets further away from the nucleus andis shielded by
more electron shells.
o Thefurtheran electronis from the positive nucleus, the easierit can belostinreactions

Canyou apply whatyou havejustlearned? Check out the following example question:

> Worked Example

Which pair of elements has the most vigorous reaction?
A. Csandl|
B. Liand Cl
C.CsandF

D. LiandF

Answer:
The correct optionis C.

o Youneedtochoosethelowest elementin group 1andthehighest elementin group 17
to predict the most vigorous reaction as reactivity increases going down group 1, but
decreases going down group 17
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3.2.3 Periodic Trends: Group 17 - The Halogens

Halogens

The halogens

e Thesearethe group 17 non-metals that are poisonous and include fluorine, chlorine,
bromine, iodine and astatine

e Halogens are diatomic, meaning they form molecules of two atoms

¢ Allhalogens have seven electrons in theirouter shell

¢ Theyform halideions by gaining one more electron to complete their outershells

Colours and States at Room Temperature

HALOGEN PHYSICAL STATE AT COLOUR COLOUR IN
ROOM TEMPERATURE SOLUTION
FLUORINE GAS YELLOW =
CHLORINE GAS PALE GREEN GREEN-BLUE
BROMINE LIQUID RED-BROWN (READILY ORANGE
EVAPORATES TO FORM A
BROWN GAS)
IODINE SOLID BLACK (SUBLIMES TOFORM A | DARK BROWN
PURPLE GAS)

Trendsin physical properties of the halogens
Melting point

¢ Thedensity and melting and boiling points of the halogens increase as you go down the
group
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YOURNOTES
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#savemyexams

Explaining the trend in reactivity in Group VIl

¢ Reactivity of group 17 non-metals decreases as you go down the group

 Thehalogens electron configurations allend in ns?np®

e Eachoutershellcontains seven electrons and when they react, they willneed to gain one
outerelectronto geta full outer shell of electrons

¢ Goingdown the group, the electron affinity decreases and the atomicradiusincreases

¢ Asyougodown group 17, the number of shells of electrons increases so shielding also
increases

¢ This means thatthe outerelectrons are further from the nucleus so there
are weaker electrostatic forces of attraction that attract the extra electron needed

e Theelectronis attractedless readily, so thelower down the elementis in Group 17 the
lessreactiveitis

Reaction of the halogens with halide ions in displacement reactions

¢ Ahalogendisplacement occurs when a morereactive halogen displaces aless reactive
halogen from an aqueous solution of its halide

e Thereactivity of group 17 non-metals increases as you move up the group

¢ Outofthe 3halogens, chlorine, bromine andiodine, chlorineis the mostreactive andiodine
is theleastreactive

Aqueous Solution Colour of Halogens
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AQUEOUS SOLUTION COLOUR

CHLORINE VERY PALE GREEN, BUT USUALLY APPEARS COLOURLESS
ASIT IS VERY DILUTE

BROMINE ORANGE BUT WILL TURN YELLOW WHEN DILUTED

IODINE BROWN

Halogen displacement reactions
Chlorine and bromine

¢ |fyouaddchlorine solution to colourless potassium bromide solution, the solution
becomes orange as bromineis formed

e Chlorineis above brominein group 17 soitis morereactive

e Chlorine will therefore displace bromine from an aqueous solution of a metal bromide

2KBr(agq) + Cly(ag) > 2KCl(ag) + Bry(aq)
potassium bromide + chlorine > potassium chloride + bromine
Bromine and iodine

e Bromineis aboveiodinein group 17 soitis morereactive
+ Bromine will therefore displaceiodine from an aqueous solution of a metaliodide

Bro(D+ 2Nal(ag) » 2NaBr(aq) + I,(aq)
bromine + sodium lodide » sodium bromide +iodine

Testyourself on halogen displacements:

) Worked Example

Which of the statements below are correct?

|. potassium chloride solution willreact with fluorine to form chlorine.
II. sodium chloride solution willreact with iodine to form chlorine.
1. lithiumiodide solution will react with bromine to formiodine.

A. landllonly

B. landlilonly

C. llandlllonly

D. I, Ilandlll

Answer:

The correct optionis B.
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o Fluorine willdisplace chlorine as itis higherupin the group and bromine will displace YOURNOTES
iodine forthe samereason. 1
o lodineis below chlorine so cannot displace chlorine from sodium chloride
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