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The Periodic Table /

Your notes

The Periodic Table

= The Periodic Table is alist of allknown elements arranged in order of increasing atomic number, from
to118
= |naddition, the elements are arranged so that atoms with the same number of shells are placed
together, and atoms with similar electronic configurationsin the outer shell are also placed together
= Thisis achieved as follows:
= Theelementsare arranged inrows and columns
= Elements with one shell are placedin the firstrow (i.e. Hand He)
= Elements with two shells are placedin the second row (Li to Ne) and so on

= Arow of elements thus arranged s called a period
= The period number, n,is the outer energy level thatis occupied by electrons
= |naddition, the elements are aligned vertically (in columns) with other elements in different rows, if they
share a similar outer-shell electronic configuration
= The outerelectrons are known as the valence electrons
= Acolumn of elements thus arranged is called a group

The Periodic Table
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The Periodic Table showing the groups and periods

= Since the electronic 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 other

members of the group
= Heisplacedin Group O on this basis
= Hydrogen doesnot behave like any other element and sois placedin a group of its own

Diagram to show the s, p and f blocks in the Periodic Table
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The blocks 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
= s-block elements contain only s electrons in the outer shell
= p-block elements contain atleast one p-electronin the outer shell
= The d-block elements are all those with atleast one d-electron and at least one s-electron but
no f or p electrons in the outer shell (up to 5d)
= The f-block elements are all those with atleast one f-electron and atleast one s-electron but
nod or p electrons in the outer shell

= The physical and chemical properties of elementsin the periodic table show clear patternsrelated to
the position of each elementin the table
= 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 themselvesin
each period of the periodic table

= These trends are known as periodic trends and the study of these trends is known as periodicity
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Electron Configurations & the Periodic Table /

Your notes

Electron Configurations & the Periodic Table

= The electron configuration of any element can be deduced fromits positionin the periodic table
= |tislike an'address' that tells you exactly where an elementis found
= Using the element germanium as an example toillustrate how it works:

Interpreting the electronic configuration

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

(FULL INNER SHELLS) + 4s?4p?

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

Deducing the electron configuration of germanium

= Germaniumisin p block, in group 4 (using the simplify numbering system) and the second element
acrossin period 4

= Group 4 tells you there are four valence electrons and period 4 tells you the valence electrons are in
the fourth shell

= The second positionin p block tell you that two electrons are in the p subshell

= Similarly, you can deduce the position of an element in the periodic table fromits electron
configuration:
How to write electronic configuration
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ADD THESE NUMBERS TO
GIVE YOU THE GROUP

2+5=7
1s* 25% 2piidss ip:
GROUP 7, THIRD PERIOD, THIS NUMBER TELLS YOU
MEANS IT IS CHLORINE THE PERIOD NUMBER WHICH
IS THE OUTER ENERGY LEVEL (n)

Deducing information from the electron configuration of chlorine

= Testyourunderstandingin the following example:

@ Worked example

ElementZisin period 4 and group 5 of the periodic table. Which statementis correct?
A. Zhas 5 occupied energy levels.
B. Zcanformions with 3- charge.
C. Zisatransition element.
D. Zhas 4 valence electrons.
Answer:

= ThecorrectoptionisB
= Agroup5elementcanforma 3-ion
= 5occupiedenergy levels would placeitin period 5, so Aisincorrect
= Transition elements would not be foundin group 5, so Cis alsoincorrect
= Z4valence electrons would match an elementin group 4, so D must be wrong
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Periodic Trends

Periodicity
Atomic radius

= The atomic radius of an elementis a measure of the size of anatom

= |tisthe distance between the nucleus of an atom and the outermost electron shell

= |tcanbe quite hard to determine exactly where the boundary of an atom lies, so a variety of
approaches are taken such as half the mean distance between two adjacent atoms

= Thiswill vary depending on the type of structure and bonding, but it gives a comparative value for
atoms

Atomic radius diagram

NUCLEUS-

' ATOMIC
RADIUS

The atomic radius of an atom is the typical distance between the nucleus and the outermost electron
shell

Trends in atomic radii

= Atomic radii show predictable patterns across the periodic table
= They generally decrease across each period
= They generallyincrease down each group

= These trends can be explained by the electron shell theory
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= Atomic radiidecrease 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
= Thelargerthe nuclear charge, the greater the pull of the nuclei on the electrons whichresultsin

smalleratoms
= Atomic radiiincrease moving down a group as there is anincreased number of shells going down

the group
= Theelectronsin the inner shells repel the electrons in the outermost shells, shielding them from

the positive nuclear charge
= Thisweakens the pull of the nuclei on the electrons resultinginlargeratoms

Diagram to show the trends in atomic radii
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Trends in the atomic radii across a period and down a group
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= Thediagram shows that the atomic radius increases sharply between the noble gas at the end of each
period and the alkali metal at the beginning of the next period

= Thisis because the alkali metals at the beginning of the next period have one extra principal quantum
shell

Thisincreases the shielding of the outermost electrons and therefore increases the atomic radius

lonic radius

= Theionicradius of an elementis a measure of the size of anion

The trend down a group is the same as atomic radius - itincreases as the number of shells
increases

The trend across a periodis not so straightforward as it depends on whetheritis positive or
negative ions are considered

lonic radiiincrease with increasing negative charge

lonic radii decrease with increasing positive charge

= Thesetrends can also be explained by the electron shell theory

lons with negative charges are formed by atoms accepting extra electrons while the nuclear
charge remains the same

The extra electrons experience repulsion with the othervalence electrons which increases the
ionic radius

The greater the negative charge, the larger the ionic radius

Positively chargedions are formed by atoms losing electrons

The nuclear charge remains the same but there are now fewer electrons which undergo a greater
electrostatic force of attraction towards the nucleus which decreases the ionic radius

The greater the positive charge, the smaller the ionic radius

Diagram to show the trends in ionic radii
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Trends in the ionic radii across a period and down a group
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@ Worked example /

. : . . , . Your notes
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:

= OptionDisthe correct answer
= First, youneedtoidentify that Be, Cand N are allin Period 2, but Mgisin Period 3, so Mg will
have the biggest radius.
= Secondly, the atomic radius decreases across the period so Be, C and N decrease in that
order as they belong to Groups 2,14 and 15, respectively

lonisation energy

= Theionisation energy (IE) of an elementis the amount of energy required to remove one mole of
electrons from one mole of atoms of an elementin the gaseous state to form one mole of gaseous
ions
= |onisation energies are measured under standard conditions which are 298 Kand 100 kPa
= The units of IE are kilojoules per mole (k) mol")
= E.g.thefirstionisation energy of calcium:
= The firstionisation energy is the energy required to remove one mole of electrons from one mole
of gaseous atoms
Ca(g)—Ca*(g)+e- Ist AHIE=+590k)Jmol”’

Trends inionisation energy

= |onisation energies show periodicity
= Ascould be expected from their electronic configuration, the Group 1 metals show low |[E whereas the
noble gases have very high [Es
= The firstionisation energy increases across a period and decreases down a group and is caused by
four factors that influence the ionisation energy:
= Size of the nuclear charge: the nuclear charge increases with increasing atomic number, which
means that there are greater attractive forces between the nucleus and outer electrons, so more
energy isrequired to overcome these attractive forces whenremoving an electron
= Distance of outer electrons from the nucleus: electronsin shells that are further away from the
nucleus are less attracted to the nucleus so the further the outer electron shellis from the nucleus,
thelower the ionisation energy
= Shielding effect of inner electrons: the shielding effect is when the electronsin full inner shells
repel electronsin outer shells preventing them to feel the full nuclear charge so the greater the
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shielding of outer electrons by inner electron shells, the lower the ionisation energy

= Spin-pairrepulsion: paired electrons in the same atomic orbitalin a subshell repel each other
more than electrons in different atomic orbitals; this makes it easier to remove an electron (whichiis
why the firstionisation energy is always the lowest)

Graph to show the trend inionisation energies fromH to Na

N
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ATOMIC NUMBER (Z)

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

lonisation energy across a period

= Theionisation energy across a periodincreases due to the following factors:
= Across aperiod the nuclear charge increases
= Thedistance between the nucleus and outer electronremains reasonably constant
= The shielding by inner shell electrons remains the same

= Thereisarapid decrease inionisation energy between the last elementin one period and the first
elementin the next period caused by:
= Theincreased distance between the nucleus and the outer electrons
= Theincreased shielding by innerelectrons
= Thesetwo factors outweigh the increased nuclear charge

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:
= Thedistance between the nucleus and the outer electronincreases
= The shielding by inner shell electrons increases
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= The effective nuclear charge is decreasing as shieldingincreases /’

lonisation Energy Trends across a Period & going down a Group Table Your notes

Across a Period: lonisation Energy Increases Down a Group: lonisation Energy Decreases

Increaseinnuclear charge Increaseinnuclearcharge

Increaseinshells

Shellnumberis the same Distance of outer electron to nucleusincreases

The distance of outer electrons to the nucleusis The shielding effect increases, therefore, the

the same attraction of outerelectrons to the nucleus
decreases
Shielding remains reasonably constant Increased shielding
Deceased atomic/ionic radius Increases atomic/ionic radius
The outer electronis held more tightly to the The outer electronis held more loosely to the
nucleus so it gets harder to remove it nucleus so it gets easier to remove it

Electron affinity

= When atoms gain electrons they become negative ions or anions
= Electron affinity (EA) can be thought of as the opposite process of ionisation energy and is defined as
= The amount of energy released when one mole of electronsis gained by one mole of atoms of an
elementin the gaseous state to form one mole of gaseousions

= Electron affinities are measured under standard conditions which are 298 Kand 100 kPa
= The units of EA are kilojoules per mole (k) mol™)
= The first electron affinity is always exothermic, e.g.

Cl(g)+e—Cl(9) AH = - 349 kJmol™!

= However, the second electron affinity can be an endothermic process, e.g.
O~ (g)+e"— 0% (g) AH = +753kJmol!

= Thisis due to the fact that you are overcoming repulsion between the electron and a negative ion, so
energy is required making the process endothermic overall

Trends in electron affinity

Graph to show the electron affinities across a period
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Graph to show the electron affinities from lithium to chlorine

Electron affinities show periodicity

The patternis very similar to ionisation energies, except thatitis inverted and the minimum points are
displaced one element to the right

As might be expected, the most exothermic electron affinities are for Group 17 elements which also
have the highest electronegativities

The strongest pull on electrons correlates with the greater amount of energy released when negative
ions are formed

Noble gases do not form negative ions, so they don't appearin this chart

The electron affinities reach a peak for Group 2 and Group 5 elements

Graph to show the electron affinities down a group
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Electron affinities down Group 17 fromF to |

= Electron affinities generally decrease down a group

= Asthe atomsbecome largerthe attraction foran additional electronisless, since the effective nuclear
chargeisreduced due toincreased shielding

= Electron affinity become less exothermic going down the group

= Anexceptionto thisis fluorine whose electron affinity is smaller than expected

= Thisisbecause fluorine is such a small atom and an additional electronin the 2p subshell experiences
considerable repulsion with the othervalence electrons

Electronegativity

= Electronegativity is the ability of an atom to attract a pair of electrons towards itself in a covalent bond

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

= Electronegativity varies across periods and down the groups of the periodic table

Across a period

= Electronegativity increases across a period

= The nuclear charge increases with the addition of protons to the nucleus

= Shielding remains the same across the period as no new shells are being added to the atoms

= Thenucleushas anincreasingly strong attraction for the bonding pair of electrons of atoms across the
period

= Thisresults in smaller atomic radii

Diagram to show the trend in electronegativity across a period
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°© NUCLEAR CHARGE INCREASES
o ATOMIC RADIUS DECREASES

© GREATER ATTRACTION BETWEEN NUCLEUS
AND OUTER ELECTRONS

Be

. A
] ELECTRONEGATIVITY INCREASES :>

GOING ACROSS A PERIOD

Electronegativity increases going across the periods of the periodic table

Down a group

There is a decrease in electronegativity going down the group

The nuclear charge increases as more protons are added to the nucleus

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

The addition of the extra shells increases the distance between the nucleus and the outer electrons
resulting inlarger atomic radii

Overall, there is a decrease in attraction between the nucleus and outer bonding electrons

We say the effective nuclear charge has decreased down the group

Diagram to show the trend in electronegativities down a group
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o THE NUMBER OF SHELLS

INCREASES

o MORE SHIELDING
ELECTRONEGATIVITY o ATOMIC RADIUS INCREASES
DECREASES GOING o INCREASE IN NUCLEAR
DOWN A GROUP CHARGE IS NEGLIGIBLE

o LESS ATTRACTION BETWEEN
NUCLEUS AND BONDING
ELECTRONS

Electronegativity decreases going down the groups of the periodic table

Table of trends down a group & across a period

Down a group Across a period

Nuclear charge Increases Increases
Shielding Increases Reasonably constant
Atomic radius Increases Decreases
Electronegativity Decreases Increases
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O Examiner Tip /

Your notes
= Make sure you learn the definition of electronegativity and can distinguish it from electron affinity

as the two are often confused

= Electronegativity is about chemical character and only applies to considerations of covalent
bonds whereas electron affinity is a thermodynamic value that is measurable and applies to the
formation of negative ions

= Youmay come across something called electropositivity - thisis aterm used to describe the
character of elements to form positive ions and is useful when talking about metal atoms and
metalions
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Group 1Metals with Water

Group 1 Metals with Water

The Group 1metals
= The Group 1metals are called the alkali metals because they form alkaline solutions with high pH

values whenreacted with water
Group 1metals are lithium, sodium, potassium, rubidium, caesium and francium

= Theyallendinthe electron configuration ns!
Physical properties of the Group 1 metals

= The Group 1 metals:
= Aresoftandeasy to cut, getting softer and denser as you move down the group

= Have shiny silvery surfaces when freshly cut

= Conductheat and electricity

They all have 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

Group 1metals in The Periodic Table

GROUP
METALS ==

1

Li

Na

K
Rb

Cs

Fr

#Fsavemyexams

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

Chemical properties of the Group 1 metals
= Theyreactreadily with oxygen and water vapourin air so they are usually kept under oil to stop them

fromreacting
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hydroxide solution and hydrogen gas

Table of the reactions of Group 1 metals and water

Element

Lithium

Reaction

2Li(s) +2H,0 (I) — 2LiIOH (aq) + H2 (Q)
Lithium floats and reacts slowly

H> gasreleased, lithium keeps shape

Sodium

2Na(s) + 2H20 (I) - 2NaOH (aq) + H2 (9)
Sodiumreacts with avigorous release of H, gas

Heat produced sufficient to melt the unreacted metal, which
forms a small ball that moves around on the water surface

NaOH formed which produces a highly alkaline solution

Potassium

2K (s) + 2H,0O (I) — 2KOH (aq) + H2 (9)

Reacts more violently than sodium, bubbles of Hp gas, melts into
ashiny ball that dashes around on the surface

Hot enoughtoignite Hy gas, potassium burns with alilac flame
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@ Worked example
What would you see when sodiumis added to water?
I. Agasisgiven off
Il. The temperature of the waterincreases

[ll. Aclear, colourless solutionis formed

A.landllonly
B.landlllonly
C.llandlllonly

D.l llandlll

Answer

= The correct optionisD
= Bubbles of hydrogen gas are given off
= The sodium melts, so that tells you itis an exothermic reaction
= 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) + Cl (g) = 2NaCl(s)

= Thereactionbecomesincreasingly vigorous going down Group 1because:
= The atoms of each element get larger going down the group
= This means that the ns'electron gets further away from the nucleus and is shielded by more
electron shells.
= The furtheranelectronis from the positive nucleus, the easierit can be lostinreactions
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@ Worked example /

Your notes
Which pair of elements has the most vigorous reaction?

A. Csand|
B. Liand Cl
C. CsandF

D. LiandF

Answer

= The correct optionisC.

= Youneedtochoose the lowest elementin Group 1and the highest elementin Group 17 to
predict the most vigorous reaction
= Thisisbecause reactivity increases going down Group 1, but decreases going down Group 17
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Group 17 Elements with Halide lons ,

Your notes

Group 17 Elements with Halide lons

The Halogens

= These are the Group 17 non-metals that are poisonous and include fluorine, chlorine, bromine, iodine
and astatine
= Halogens are diatomic, meaning they form molecules of two atoms
= Allhalogens have seven electronsin their outer shell
= Theyform halide ions by gaining one more electron to complete their outer shells
Colours and States at Room Temperature

Physical state at

Halogen Colour Colourin solution
room temperature

Fluorine Gas Yellow -

Chlorine Gas Pale Green Green-blue

Red-brown (readily
Bromine Liquid evaporatestoforma Orange
brown gas)

Grey-black (sublimes

lodine Solid
toformapurple gas)

Dark brown

Trends in physical properties of the halogens
Melting point

= The density and melting and boiling points of the halogens increase as you go down the group
Trend in the melting and boiling points of the halogens
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The melting and boiling points increase down the group

Explaining the trend in reactivity in Group 17

The reactivity of Group 17 non-metals decreases as you go down the group

The halogens electron configurations all end in ns2np®

Each outer shell contains seven electrons and when they react, they will need to gain one outer
electronto get a full outer shell of electrons

Going down the group, the electron affinity decreases and the atomic radius increases

As you go down Group 17, the number of shells of electrons increases so shielding also increases

This means that the outer electrons are further from the nucleus so there are weaker electrostatic
forces of attraction that attract the extra electron needed

The electronis attracted less readily, so the lower down the elementisin Group 17 the less reactive it is

Reaction of the halogens with halide ions in displacement reactions
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= Ahalogendisplacement occurs when a more reactive halogen displaces aless reactive halogen from ,
an aqueous solution of its halide
= Thereactivity of Group 17 non-metalsincreases as you move up the group Your notes
= Qutof chlorine, bromine and iodine, chlorine is the most reactive and iodine is the least reactive
Aqueous Solution Colour of Halogens

Aqueous solution Colour
) Very pale green, but usually appears colourless asitis
Chlorine ypaleg y. PP
very dilute
Bromine Orange but will turn yellow when diluted
lodine Brown

Halogen displacement reactions
Chlorine and bromine

= |fyouadd chlorine solution to colourless potassium bromide solution, the solution becomes orange as
bromineis formed
= Chlorine is above bromine in Group 17 soitis more reactive
= Chlorine will therefore displace bromine from an aqueous solution of a metal bromide
2KBr(aq) + Cly(agq) —» 2KCl(agq) + Bry(aq)

potassium bromide + chlorine — potassium chloride + bromine
Bromine and iodine

= Bromineisaboveiodinein Group 17 soitis more reactive
= Bromine will therefore displace iodine from an aqueous solution of a metaliodide
Bro(D+ 2Nal(ag) — 2NaBr(ag) + lx(aq)

bromine + sodium lodide — sodium bromide +iodine
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@ Worked example /

Your notes
Which of the statements below are correct?

|. Potassium chloride solution will react with fluorine to form chlorine.
[I. Sodium chloride solution will react with iodine to form chlorine.

[Il. Lithium iodide solution will react with bromine to formiodine.

A. landllonly
B. landlllonly
C. llandlllonly

D. I, llandlll

Answer

= The correct optionisB.
= Fluorine will displace chlorine asitis higherup in the group
= Bromine will displace iodine for the same reason.
= |odineis below chlorine so cannot displace chlorine from sodium chloride
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Metallic & Non-Metallic Oxides /

Your notes
Metallic & Non-Metallic Oxides

Oxides across a period

= The acid-base character of the oxides provides evidence of chemical trends in the periodic table
= Thebroadtrendisthat oxides change from basic through amphoteric to acidic across a period
= Aluminium oxide is amphoteric which means thatit can act both as abase (and react with an acid such
as HCl)and an acid (and react with a base such as NaOH)
Acidic & Basic Nature of the Period 3 Oxides

Period 3

Na,O
oxide -2
Aci
cid / base Basic Basic Amphoteric Acidic Acidic Acidic
nature

= The acidic and basic 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 NaZO MgO A|203 SiOz P40'|o 502, 303

Relati Iti
ealve.me ing High High | Veryhigh |Very high Low Low - -
point
lonic (with
some
Chemical
. lonic lonic |degree of | Covalent | Covalent | Covalent - -
bonding
covalent
character)
Giant Giant Giant Giant Simple Simple
Structure e L . - -
ionic ionic jonic covalent |molecular| molecular
Element Na Mg Al Si P S Cl (@)
Electronegativity] 0.9 1.2 1.5 1.8 2.1 2.5 3.0 3.5

= Thedifferenceinelectronegativity between oxygen and Na, Mg and Alis the largest
= Electrons will therefore be transferred to oxygen when forming oxides giving the oxide anionic bond
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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 (02-) become hydroxide ions (OH"):

02- (aq) + H,0 (I) > 20H- (aq)

Your notes

The oxides of P and S which show purely covalent bonding produce acidic solutions with water

because when these oxides react with water, they form an acid which donates H* ions to water
= Eg.SOgzreactswithwateras follows:

$O3(g) + H20 () > H2804(aq)

= TheH,SO4is an acid which willdonate an H* to water:
H2S04 (aq) + H20 (1) > H30* (aq) + HSO4™ (aq)

O Examiner Tip

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

= The pHchanges forthe reactions of the oxides with water can be explained by reference to the
following equations:

Table of the reaction of oxides with water
Oxide Chemical equation pH

14

Nazo Nazo (S)+ HZO (l)—>2NaOH (aq) (strong|y a|ka|ine)

10
MgO MgO (s) + H20 () = Mg(OH), (aq) (weaKly alkaline)

2
P4010 P4010 (s) + 6H20 (I) - 4HzPO4(aq) (strongly acidic)
NO 2NO, (ag) + H2O (I) - HNOz (aq) + HNO» (aq) 1
+ — +
2 2tad 2 stad 25ad (strongly acidic)
SO, SO2(g) +H20 () - HSO3z (aq) 1
SO3 SO3(g) +H20 (I) = H2S04(aq)

(strongly acidic)

= Thepatternhereis that:
= The metallic oxides form hydroxides when they react with water
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= The non-metallic oxides form oxoacids when they react with water

O Examiner Tip

You should learn how to construct these equations exactly as they are specifically mentionedin the
syllabus

= The position of an elementin the periodic table can be used to predict and explain its metallic and
non-metallic behaviour

= Thisisillustrated by the bonding of the oxides

= Metal and non-metal elements generally formionic compounds so the elements Na to Al have giant
ionic structures

= The oxides become moreionic as you go down the group as the electronegativity decreases

= The oxides become lessionic 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 to 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. COy
B. SO3
C. CaO

D. Na,O

Answer:

= The correct optionisD
= COjzand SOz will produce a pHbelow 7 as they are non-metal oxides
= CaOandNa;O will produce a pH above 7 as they are metal oxides
= However, the pH decreases as you go across a period, so Na,O will have a higher pH than
CaO
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Oxidation States

Oxidation States

Oxidation and reduction

= There are three definitions of oxidation and reduction used in different branches of chemistry
= Oxidation and reduction can be used to describe any of the following processes
Definitions and Examples of Oxidation & Reduction Table

Oxidation Reduction
Addition of oxygen Loss of oxygen
e.g.2Mg+0,—->MgO e.g.2Cu0+C—2Cu+CO,
Loss of hydrogen Gain of hydrogen
e.g. CHzOH Lol CH,0 +H,0 e.9. CoHa+Ha — CoHe

Loss of electrons Gain of electrons

e.g.Al— A3+ + 3e- e.g.Fy+2e” —2F"

Oxidation Number

The oxidation number or state of an atom s the charge that would exist on an individual atom if the
bonding were completely ionic

Itislike the electronic ‘status’ of an element

= Oxidation numbers are usedto...

= tellif oxidation orreduction has taken place

= work out what has been oxidised and/orreduced

= construct half equations and balance redox equations

Atoms and simple ions

= The oxidation numberis the number of electrons which must be added orremoved to become neutral
= The oxidation numberis always written with the charge before the number

Oxidation Number of Simple lons Table

Atoms NainNa=0 Neutral already, no need to add any electrons

Cations NainNa*=+1 Needto add1electronto make Na* neutral
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Need to take 1electron away to make CI~

ClinCl =-1
neutral

@ Worked example

What are the oxidation states of the elementsin the following species?

1.C
2.Fe’*
3. Fe?*
4.0%
5.He

6. AI%*

Answers:

1.0
2.+3
3.42
4,.-2
5.0
6.+3

= So,insimpleions, the oxidation number of the atomis the charge on the ion:
= Na*, K* H*allhave an oxidation number of +1
= Mg?*, Ca?*, Pb?* all have an oxidation number of +2
= CI7,Br, " allhave an oxidation number of -1
» 0?",S? all have an oxidation number of -2

Molecules or Compounds

= |nmolecules orcompounds, the sum of the oxidation numbers on the atoms is zero
Oxidation Number in Molecules or Compounds Table

Both th t
Elements HinHp=0 oth are the same and must add
up tozero
CinCOy=+4
Compounds 1x(+4)and2x(-2)=0
OinCOy=-2

= Since COzis aneutralmolecule, the sum of the oxidation states must be zero
= Forthis, one element must have a positive oxidation number and the other must be negative
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How do you determine which is the positive one?

= The more electronegative species will have the negative value
Electronegativity increases across a period and decreases down a group

= Oisfurthertotheright than Cinthe periodic table so it has the negative value
How do you determine the value of an element's oxidation state?

Fromits positionin the periodic table and/or
The other element(s) presentin the formula

Many atoms, suchas S, N and Cl can exist in a variety of oxidation states

The oxidation number of these atoms can be calculated by assuming that the oxidation number of the

otheratomis fixed

Here are sixrules to deduce the oxidation number of an element
Oxidation Number Rules Table

1. The oxidation number of any uncombined
elementiszero

Example

Ho
n

07

2.Many atoms orions have fixed oxidation
numbersin compounds

Group 1elements are always +1
Group 2 elements are always +2
Fluorine is always -1

Hydrogenis +1(except forin metal hydrides like
NaH, whereitis -1)

Oxygenis -2 (exceptin peroxides, where itis -1
andin FoO whereitis +2)

Zn%t =42
3.The oxidation number of anelementina -
mono-atomicionis always the same as the Fe™*=+3

charge CIF=-1
NaCl
Na = +1
4, The sum of the oxidation numberina
compound is zero Cl=-1

Sum of oxidation numbers =0
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SO42%- ,

5. The sum of oxidation numbersinanionis S=+6 Your notes

equaltothe charge ontheion Four O atoms = 4 x (~2)

Sum of oxidation numbers = -2

F,0O
6.In eitheracompound oranion, the more Both F atoms = 2 x (-1)
electronegative element is given the negative
oxidation number O=+2

Sum of oxidation numbers =0
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@ Worked example A/

Your notes
State the oxidation number of the atoms in blue in these compounds orions.
a)P,05
b) SO42-
c)H,S
d)AlyClg
e) NH3
f)ClO2-
Answer:
50atoms =5x(-2)=-10
Overall charge compound =0
P20s 2Patoms=+10
P=45
40 atoms =4x(-2)=-8
S0,2- Overall charge compound = -2
S=+6
2Hatoms =2x(+1)=+2
H,S Overall charge compound =0
S=-2
6 Clatoms =6x(-1)=-6
Overall charge compound =0
Al2Cle 2 Alatoms = +6
Al=+3
NH=z 3Hatoms =3x(+1)=+3
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Overall charge compound =0

N=-3

20atoms =2x(-2)=-4

ClO,- Overall charge compound = -1

Cl=+3

Are oxidation numbers always whole numbers?
= Theanswerisyesandno

= Whenyou try and work out the oxidation of sulfurin the tetrathionate ion S4062- you get an interesting
result!

Oxidation number of Sin $,042"

S, 08

(?7x4)+(-2x6)=-2
(?7x4)-12=-2
(7x4)=-2+12

The oxidation number of sulfurin S4042" is a fraction

= Thefactthat the oxidation numbercomes out to +2.5 does not meanitis possible to get half an
oxidation number

= Thisis only a mathematical consequence of four sulfur atoms sharing +10 oxidation number

= The foursulfuratoms are in two different environments and the +2.5 is showing the average
oxidation number of these two environments

= Single atoms can only have aninteger oxidation number, because you cannot have half an electron!
(o) Examiner Tip
= Oxidation number and oxidation state are often used interchangeably, though IUPAC does not

distinguish between the two terms

= Oxidation numbers are represented by Roman numerals according to IUPAC

Page 35 of 53

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

4

Your notes


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

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Naming Transition Metal Compounds ,

= Transition metals are characterized by having variable oxidation numbers.
= Oxidation numbers can be usedin the names of compounds to indicate which oxidation number a
particularelementinthe compoundisin
= Where the element has a variable oxidation number, the numberis written afterwards in Roman
numerals.
= Thisis called the STOCK NOTATION (after the German inorganic chemist Alfred Stock), butis not widely
used fornon-metals, so SO» is sulphur dioxide rather than sulphur(lV) oxide
= Forexample,iron canbe both +2 and +3 so Roman numerals are used to distinguish between them
= FeZ+inFeO canbe written asiron(ll) oxide
= Fe3+inFe,O3zcan be written as iron(lll) oxide

Your notes
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@ Worked example

Name these transition metal compounds.

1.CuyO
2.MnSO4

3. NazCrO4
4. KMnOy4

5. N82Cr207

Answers:

1. Copper(l) oxide

= The oxidation numberof 10 atomis -2

= Cup0O hasoverallnocharge

= So, the oxidation number of Cuis +1
2.Manganese(ll) sulfate

= The charge onthe sulfateionis -2

= So, the charge on Mn and oxidation numberis +2
3. Sodium chromate(VI)

= The oxidation number of 2 Naatomsis +2

= Therefore, CrO4has anoverall -2 charge

= So, the oxidation number of Cris +6
4. Potassium manganate(VIl)

= The oxidation numberof a Katomis +1

= Therefore,MnO4has anoverall -1charge

= So, the oxidation number of Mnis +7
5. Sodium dichromate(VI)

= The oxidation number of 2 Naatomsis +2

= Therefore, CrpO7has anoverall -2 charge

= So the oxidation number of Cris +6

= Todistinguishit from CrO4we use the prefix diin front of the anion

O Examiner Tip

= The answerto question 2 should strictly speaking be manganese (Il) sulfate(VI) since sulfuris an
element with a variable oxidation number

= However, the sulfateionis acommonionwhose name and formula you should know and you are
only required to name transition metal compounds using Stock Notation
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lonisation Energy Trends Across a Period (HL)

lonisation Energy Trends Across a Period

= Thetrendsinionisation energy across a period and down a group have been discussed in ourrevision
note on Periodicity
= Trendsinionisation energy across a period provide evidence for the existence of energy sublevels
Graph showing lonisation Energies From H to Ne

N
[$)]
o
o
|

2000 ~

1500 -

1000

500 A

FIRST IONISATION ENERGY (kJmol™

ATOMIC NUMBER (Z)

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

= Theionization energy across a period increases due to the following factors:
= Across a period the nuclear charge increases
= Thedistance between the nucleus and outer electronremains reasonably constant
= The shielding by inner shell electrons remains the same
= Thereisarapid decrease inionisation energy between the last element in one period and the first
elementin the next period caused by:
= Theincreased distance between the nucleus and the outer electrons
= Theincreased shielding by innerelectrons
= Thesetwo factors outweigh the increased nuclear charge

Exceptions to the general trend inionisation energy

= There are discontinuities in the general trend which are caused by the following:
= Thereisaslight decreaseinistl.E. between beryllium and boron as the fifth electroninboronisin
the 2p subshell whichis further away from the nucleus than the 2s subshell of beryllium
= Beryllium has a first ionisation energy of 900 kJ mol-'as its electron configuration is 1s2 2s2
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= Boronhas afirstionisation energy of 801kJ mol-!as its electron configurationis 1s2 2s2 2p! ,
= Thereisaslight decreaseinistl.E. between nitrogen and oxygen due to spin-pair repulsionin the
2p subshell of oxygen Your notes
= Nitrogenhas a first ionisation energy of 1402 k) mol-!as its electron configuration is 1s2 2s2
2p3

= Oxygen has afirstionisation energy of 1314 k) mol-!as its electron configuration is 1s2 2s2 2p*4

Summary of lonisation Energy Trends across a Period & going down a Group Table

Across a Period: lonisation Energy Increases Down a Group: lonisation Energy Decreases

Increase in nuclear charge Increaseinnuclear charge

Increasein shells
Shellnumberis the same
Distance of outer electron to nucleusincreases
The distance of the outer electron to the nucleus

is the same The shielding effectincreases, therefore, the attraction

of valence electrons to the nucleus decreases

Shielding remains reasonably constant Increased shielding

Deceased atomic/ionic radius Increases atomic/ionic radius

The outerelectronis held more tightly tothe | The outerelectronis held more loosely to the nucleus so
nucleus so it gets hardertoremove it it gets easiertoremove it
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Characteristic Properties of Transition Elements (HL) /

Your notes

Characteristic Properties of Transition Elements

= Although the transition elements are metals, they have some properties unlike those of other metals
onthe periodic table, such as:
= Variable oxidation states
= Highmelting points
= Have magnetic properties
= Behave as catalysts
= Useincatalytic converters and as biological catalysts
= Form coloured compounds
= Form complexions withligands
= These properties are aresult of having anincomplete d sublevel
Formore information about the electrical conductivity and high melting points of transition metals, see our
revision note on the Physical Properties of Transition Elements

Variable Oxidation States

= |ike othermetals onthe periodic table, the transition elements will lose electrons to form positively
chargedions
= However, unlike other metals, transition elements can form more than one positive ion
= They are said to have variable oxidation states
= Because of this, Roman numerals are used to indicate the oxidation state of the metalion
= Forexample, the metal sodium (Na) will only form Na*ions (no Roman numerals are needed, as the
ion formed by Na will always have an oxidation state of +1)
= The transition metaliron (Fe) can form Fe2+ (Fe(ll)) and Fe3+ (Fe(lll)) ions

Magnetic Properties

= Magnetismin transition metalsis due to the presence of unpaired electrons in the d-orbitals
= Spinning electrons create a tiny magnetic dipole
= When paired electrons orientate themselves, the magnetic dipoles act in opposite directions, which
means that there is no overall magnetic effect
=  Most materials have paired electrons arranged like this, making them non-magnetic
= Some transition elements have unpaired electrons
= Theseunpaired electrons can be aligned in an external field resulting in magnetic properties
= Thetransitions elementsiron, cobalt and nickel have strong magnetic properties
= The alloy steel also has strong magnetic properties because it contains iron
= They containunpaired electronsin their d orbitals
Arrangement of electrons in orbitals for iron, cobalt and nickel
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Iron, cobalt and nickel have strong magnetic properties because they contain unpaired electrons in
their d orbitals

= |firon, cobalt and nickel are heated and cooled in a magnetic field, the magnetic field of the electrons
remains

= Magnetic regions within the metal that are aligned magnetically are known as domains

= Banging orheating a permanent magnet will weaken the magnetism

O Examiner Tip

= Previous specifications required you to know about the three types of magnetism:
= Diamagnetism
= Paramagnetism
= Ferromagnetism
= The current specification states that "knowledge of different types of magnetism will not be
assessed”

Transition elements as catalysts

= Transition metals are often used as catalysts in the elemental form oras compounds
= The ability of transition metals to form more than one stable oxidation state means that they can
acceptandlose electrons easily
= Thisenables them to catalyse certainredoxreactions
= They canbe readily oxidised and reduced again, orreduced and then oxidised again
= Thisisaconsequence of transition metals having variable oxidation states
= There are two types of catalyst:
= Aheterogeneous catalystisin a different physical state (phase) from the reactants
= Thereactionoccurs at active sites on the surface of the catalyst
= Anexampleistheuse of iron, Fe, in the Haber process for making ammonia
N2 (9) +3H2(9) = 2NHz(9)

= Ahomogeneous catalystisin the same physical state (phase) as the reactants
Further examples of transition metal catalysts

= The hydrogenation orreduction of alkenes makes use of a nickel catalyst
CHZZCHZ (g) + Hz (g) — CH3CH3 (g)
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= The samereactionisusedinthe hydrogenation of vegetable oils ,
= The decomposition of hydrogen peroxide isacommon reactionin the study of chemical kinetics and
uses manganese(lV) oxide as the catalyst Your notes

2H705(g) — 2H20 (aq) + O2(g)
Catalytic converters

= Catalytic converters are used in car exhaust boxes to reduce air pollution
= They usually consist of a mixture of finely divided platinum and rhodium supported on a ceramic base
Catalytic converter diagram
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The transition metal catalystis on aninert support medium in a vehicle catalytic converter

= Carbonmonoxide, nitrogen dioxide and unburnt hydrocarbons are sources of pollutionin car exhaust
= The transition metal catalysts facilitate the conversion of these pollutants into less harmful products:
2NO(g) +2CO(g) — N2(g) +2CO2 (9)

CH3CH,CHs3(g) + 502 (g) » 3CO, (g) +4H,0 (g)

= Some transition metals are precious metals so they can be very expensive
= |nordertominimise the cost and maximise the efficiency of the catalyst the following measures
canbe taken:
= [ncreasing the surface area of the catalyst
= Coatinganinert surface medium with the catalyst to avoid using large amounts of the catalyst
= Thisis achieved by spreading the catalyst over a hollow matrix such as a honeycomb-like structure
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Biological catalysts

= Many of the enzyme catalysed reactions in the body make use of homogeneous transition metal
catalysts
= Anexample of thisis haemoglobin, abbreviated to Hb, which transports oxygen around the blood:
Haemoglobin structure diagram
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Haemoglobin contains haem units that are responsible for transporting oxygen

The structure of haem
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The haem unit contains aniron(ll) ion

= Theiron(ll)ionisinthe centre of alarge heterocyclic ring called a porphyrin
= Theironhas acoordination number of four, is square planarand can bind to one oxygen molecule
= The Hb molecule contains four porphyrinrings so each Hb can transport four oxygen molecules

Forming coloured compounds

= Anothercharacteristic property of transition elements is that their compounds are often coloured
= Forexample, the colour of the [Cr(OH)6]3‘ complex (where the oxidation state of Cris +3) is dark
green
= \Whereas the colour of the [Cr(NH3),f,]3+ complex (the oxidation state of Cris still +3) is purple
Formore information about transition metals as coloured compounds, see our revision note on Colourin
Transition Metal Complexes

Forming Complexlons

= Another property of transition elements caused by their ability to form variable oxidation statesis the
ability to form complexions
= Acomplexion consists of a central metal atom orion, with a number of molecules orions surrounding it
= Amolecule orion surrounding the central metal atom orionis called aligand
= Due to the different oxidation states of the central metalions, a different number and wide variety of
ligands can form bonds with the transition element
= Forexample, the chromium(lll) ion can form [Cr(NHz)s]%*, [Cr(OH)s]3~ and [Cr(H20)6]3* complexions
Formore information about complexions and transition metals, see ourrevision note on Coordinate Bonds
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Variable Oxidation States in Transition Elements (HL)

Variable Oxidation States in Transition Elements

Electron Configuration

The full electronic configuration of the first-row transition metals is shownin the table below
Following the Aufbau Principle electrons occupy the lowest energy subshells first

= The 4soverlaps with the 3d subshell so the 4s is filled first
Remember: You can abbreviate the first five subshells, 1s-3p, to [Ar] representing the configuration of
argon (known as the argon core)

Table showing the electronic configuration of the first d-series transition elements

Noble gas core

Transition . . .
metal Electronic configuration electronic
configuration

Ti 1522522p% 352 3p6 3d? 452 [Ar] 3d2 452
\" 152252 2p® 352 3p% 3d3 452 [Ar] 3d3 4s?
Cr 152252 2p% 352 3pb 3d° 4s! [Ar] 3d° 4s!
Mn 152252 2p% 352 3p% 3d° 452 [Ar] 3d5 452
Fe 152252 2p® 352 3p% 3d6 452 [Ar] 3dé 4s2
Co 152 252 2p 352 3pb 3d7 42 [Ar] 3d7 4s2
Ni 152252 2p% 352 3pb 3d8 452 [Ar] 3d8 4s2
Cu 152252 2p% 352 3p% 3d10 45! [Ar] 3d10 45!

There are two exceptions to the Aufbau Principle in the first row of the d-block:

= Chromium

= Copper
Inboth cases, an electronis promoted from 4s to 3d to achieve a half-full and full d-subshell,
respectively
Chromium and copper have the following electron configurations, which are different to what you may
expect:
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s Cris[Ar] 3d® 4s!not [Ar] 3d4 452
= Cuis[Ar] 3d'0 45 not [Ar] 3d% 452
= Thisis because the [Ar] 3d° 4s'and [Ar] 3d'° 4s! configurations are energetically more stable and are
preferred configurations
= Whenforming cations, remove the 4s electrons first

@ Worked example
Deducing the electronic configuration of transition elementions
State the full electronic configuration of:

1.Cu
2.Mn(lll)ions
3.V4+

Answer1-Cu:

= Cuatomicnumber=29

n 1522522p63523p83d'04s! OR 1522522p¢3523p04s13d10

= Remember: Copperatoms preferacomplete d subshell
Answer 2 - Mn(lll):

= Step 1: Write out the electron configuration of the atom first:
= Mnatomic number=25
= 1522522p63523p%4523d°
= Step 2: Subtract the appropriate number of electrons starting from the 4s subshell
= Mn(lll) =22 electrons
= 1522522p%3523p43d4
Answer 3 - V4+;

= Step 1: Write out the electron configuration of the atom first:
= Vatomic number=23
n 1522522p83523p63d34s2
= Step 2: Subtract the appropriate number of electrons starting from the 4s subshell
= V4 =19electrons
= 1522522p%3523p43d!

= Whentransition elements formsions they lose electrons from the 4s subshell first
= Thisisbecause when the orbitals are occupied, the repulsion between electrons pushes the 4sinto a
higher energy state so that it now becomes slightly higherin energy than the 3d subshell
= The4sisnow the outer shell and loses electrons first
= Theloss of the 4s electrons means that +2 is acommon oxidation state in transition metals
= Thereasonwhy the transition metals have variable oxidation states all comes down to energy
Table showing the common oxidation states of transition elements
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Element Most common oxidation states ,
Your notes
Ti +3,+4
Vv +3,+5
Cr +3,+6
Mn +2,+4,+7
Fe +2,+3
Co +2,+3
Ni +2
Cu +1,+2

Explaining variable oxidation states using successive ionisation energies

= Usingtitanium and vanadium as examples, the graph below shows that the first few ionisation energies
arerelatively small and relatively close together
= This means that the energy difference associated with removing a small number of electrons
enables transition metals to vary their oxidation state with ease
Graph of titanium and vanadium ionisation energies
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lonisation energies increase for the removal of successive electrons in titanium and vanadium

= The+2and +3 oxidation states are shown by all the transition elements
= The +3 stateis more stable in the elements up to chromium
= The +2 stateis more stablein the later elements
= Transition metalions with oxidation state +3 and above tend to be polarising and have a degree of
covalent characterinthe bonds they form
= Theionshave a high charge density and pull electrons towards themselves
= The maximum oxidation state possible corresponds to the total number of electronsin the 4s and 3d
which reaches a maximum at manganese
= Anexample youmay be familiar with is the manganate(VIl)ion, MnO 4~ which is a powerful oxidising
agent

O Examiner Tip

= Youmay sometimes see electronic configurations with:
= 3delectronswritten before 4s
= 4selectrons written before 3d
= Bothways are acceptable although putting the 3d electrons firstis more conventional, even
though 4s fills before 3d
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Colour in Transition Metal Complexes (HL) 4

Your notes
ColourinTransition Metal Complexes

= Transition elements form coloured complexes when they bond with ligands
= |ligands are molecules, such as ammonia and water, orions, such as ammonium or chloride ions that
form a coordinate bond to a central metalion
= Formoreinformation, see ourrevision note on Coordination Bonds

Crystal Field Theory (CFT)

= Thecrystal field theoryis amodel based on electrostatic point charges andis used to explain colourin
transition metal compounds
= |natransition metal atom, the five orbitals that make up the d-subshell allhave the same energy
= Thetermforthisis degenerate
= However, whenligands are attached to a transition metalion, the electric field formed by the lone pairs
of electrons on the ligands repel the electronsin the d-subshell causing the d-orbitals to splitin energy
= The dative bonding from the ligands causes the five d orbitals to splitinto two sets
= Thesetwo sets are not equal in energy and are described as being non-degenerate orbitals

The effect of ligands on the d-orbitals of a central transition metal ion

dya—y2 d,2 N

3d AE
[ dyy dxy dxz-yz  dj2

DEGENERATE 3d ORBITALS

dyz dxz dxy

SPLITTING THE d ORBITALS
TONGIVERBWO RSERSROE
NON-DEGENERATE ORBITALS

Upon bonding to ligands, the d orbitals of the transition element ion split into two non-degenerate sets
of orbitals

= The central metalioninacomplexhas five d-orbitals for the electrons

Diagram showing the shapes and orientation of the five d-orbitals
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The names of the different d-orbitals are based on their positionin the x, y and zplanes. The shapes are
shown here for reference only. You are not required to know the shapes of d-orbitals in the exam

Perception of colour

= Most transition metal compounds appear coloured
= Thisis because the difference in energy between the non-degenerate orbitals allows electronsin the
lower energy orbitals to be promoted into the higher energy orbitals
= Alargersplitting of the d-orbitals means that more energy is required to promote an electron
= Thishappens when the complex absorbslight energy with a wavelength corresponding to the energy
gap between the orbitals
= With alarger splitting of d-orbitals, light of a shorter wavelength and higher frequency is absorbed
= The amount of energy absorbed relates to certain parts of the visible electromagnetic spectrum
= Thecolourthatis seenis complementary to the colourthatis absorbed, i.e.itis made up of the parts of
the visible spectrumthat aren’t absorbed
= Forexample, agreen compound will absorb all frequencies of the spectrum apart from green light,
whichis transmitted
The colour wheel

Page 50 0of 53

© 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

647 nm 585 nm ,

Your notes

575 nm

424 nm 491 nm

The colour wheel shows complementary colours in the visible light region of the electromagnetic
spectrum

= Complementary colours are any two colours which are directly opposite each otherin the colour wheel
= Forexample, the complementary colour of red is green and the complementary colours of red-
violet are yellow-green

O Examiner Tip

= The colourwheelis given section15inthe Data booklet, so thereisnoneedtolearnit
= There are different splitting patterns possible but you are not required to know different splitting
patterns or theirrelation to coordination number.

Absorption of light

= Whenwhite light passes through a solution of aqueous nickel(ll) sulfate, an electronin the lower energy
d-orbitalsis excited and jumps up into the higher energy d-orbitals
= Aphoton of red lightis absorbed and light of the complementary colour (green) is transmitted
= Thisis why nickel(ll) sulfate solution appears green
= The energy of the separationis AE corresponding to a wavelength of about 647 -700 nm
lllustration of the electron promotion process in Nickel(ll)
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During electron promotion of a Ni(ll) complex, an electron jumps from a d, orbital to ad,2_ 2 orbital

when light is shone on the solution
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@ Worked example /

Your notes
Titanium(lll) sulfate forms a purple aqueous solution. Estimate the wavelength of light absorbed by this

solution, using Section 15 of the data booklet.

Answer:

= Titanium(lll) sulfate appears purple
= The complementary colour of yellow is absorbed
= The wavelengthrange of the complementary colouris 575 - 585 nm

Wavelength, frequency and energy

= Agreatersplitting of the d-orbitals resultsin alarger energy gap, AE
= This means that more energy is needed to promote an electron from a lower to a higher energy orbital
= Therefore, thelight needs to have:
= Shorterwavelength
= Higherfrequency
= The equationsrelating wavelength, frequency and energy are:

speed of light frequency wavelength
(3.00x108ms™) = (s X (m)
c f A
energy Planck's constant frequency
() = (6.63x10734)g) X (s
E h f

= Theseare givenin Section1of the Data Booklet, so there is no need to memorise them, although you
do need to how to manipulate them and what the units are
= The constantsarelistedin Section 2 of the data Booklet
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