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12.1.1 Emission Spectra & First lonisation Energy

Convergence Limits onan Emission Spectrum

Emission Spectra

Electrons move rapidly around the nucleus inenergyshells

Heat orelectricitycanbe used to excite anelectronto ahighermainenergylevel

Theserange fromn=1(ground state)ton=w

Whenthe electrons 'fall'back downtheymustlose the energydifference between the two
energylevels.Thisloss of energyis performed byreleasing electromagnetic energyinthe formof
infrared, visible light orultravioletradiation.

Whenthe electronfalls back to n=1(ground state) the energyreleased is inthe ultravioletregion
of the spectrum

This corresponds to the Lymanseries

Promotion of an electron from the ground state (n=1) ton=2
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Electronjumps in the hydrogen spectrum

= This gives evidence forBohr's modelwhichis theideathat electrons existindiscrete energy
levels so anexactamount of energyis required foranelectronto 'jump'anenergylevel, alittle like
aladder
= There are howeverlimitations to this model
= Assumes positions of electrons are fixed
= Assumes energylevels are sphericalinnature
= Bohrlimited calculations to hydrogenonly,so does notexplainthe line spectraof other
elements containingmore thanone electron

The Limit of Convergence

= Astheline spectrais produced thelines willbecome closertogether
= Where the lines appearto meetis called the limit of convergence
= The convergence limitis the frequencyat whichthe spectrallines converge
= The energyrequired foranelectronto escape the atom,orreach the upperlimit of
convergence,is theionisationenergy
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The frequencyoftheradiationinthe emissionspectrumat the limitof convergence canbe

used to determine the firstionisationenergyor /g

= Inthe Lymanseries forthe hydrogenatom (UVregion),the frequencyat the limit of
convergencerelates to the energygivenoutwhenanelectronfallsfromn=wton=1

= Forhydrogen,the lines converge to alimit withawavelengthof 9116 nmor91.16 x10-7m

Lyman series (ultra-violet radiation) corresponds to transitions between higher shells and the ground
state (n=1)
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Calculating First lonisation Energy

Calculating First lonisation Energy

When dealingwiththe Lyman series the largest transitions represent the fall fromthe infinite level
to n=1

Inreverse,itcanbe considered to be equalto theionisationenergy(note thationisationenergy
is givenpermole of atoms)

Therefore, the firstionisation energy(/E1) ofanatomcanbe calculated usingthe frequency(or
wavelength) of the convergence limit
We cando this byusing the following equations

AE=hv

c=vVA

Inorderto calculate firstionisation energy (/E}) we must first calculate the frequency using the
givendataand rearranging:

c=VvA

v=c=A

Once we know the frequency,we canuse this to calculate the ionisation energy

@ Worked example

The convergence limitforthe sodiumatomhas afrequencyof1.24 x10®s-. Calculate the first

ionisationenergyofsodiumink)mol™,

Answer:
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Step 1: Write out the equationto calculate the firstionisation energy (/5)
AE=hv

Step 2: Substitute innumbers from questionand databooklet to give energychange per
atom

I6=6.63x10734 %124 x10™®

IE=8.22x107)Jatom™

Step 3:Calculate the firstionisation energy permole by multiplying by Avogadro's constant
15=8.22x10719 x6.02 x1023
15=494916 Jmol™!

Step 4:Convert ) mol™'to kJ mol™'by dividing by 1000
I5=495kJmol™!

So the firstionisation energy (/6) of sodium has been calculated as 495 kJ mol-!

@ Worked example

The convergence limit forthe hydrogenatomhas awavelength of 91.16 nm. Calculate the

ionisation energyforhydrogeninkJ mol~.

Answer:

Step 1: Calculate the frequencyof the convergence limit, converting wavelengthinto m (nm
tom=x10-9)

v=3.00x108+91.16 x10-?
v=3.29 x10%s"
Step 2: Substitute into the equation to calculate /5forone atomof hydrogenin J I’T\O|_1

AE=hv
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I6=6.63x1073x3.29 x10%®
I6=2.18 x10""®) atom"!

Step 3:Calculate IE;forTmole of hydrogenatoms
I5=218x10"18 x 6.02x10%3

15=1313491)mol-

Step 4:Convert J mol‘1 to kJ mol‘1

15=1313 k) mol-!

So the firstionisation energy (/E) of hydrogenhas been calculated as 1313 kJ mol"

O Exam Tip

These equations are found inthe databookletso youdon't need to learnthem.Also, be careful
to calculate the firstionisation energy (/5) permole by using Avogadro's constant (Na) 6.02 x

1023and converting units to kJ mol='.Finally, whenworking through calculations, keep the numbers
inyourcalculatorto avoid roundingup too early.
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12.1.2lonisation Energy Trends

Trends Across aPeriod

lonisationenergies show periodicity - atrend across aperiod of the Periodic Table

As could be expected fromtheirelectron configuration, the group Imetals have arelativelylow
ionisationenergy, whereas the noble gases have veryhighionisation energies

= Thesize ofthe firstionisationenergyis affected byfourfactors:

= Size of the nuclear charge
= Distance of outerelectrons fromthe nucleus

= Shielding effect of innerelectrons
= Spin-pairrepulsion

= Firstionisationenergyincreases across aperiod and decreases downagroup

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

lonisationenergyacrossa period

= Theionisationenergyacross aperiod generallyincreases due to the following factors:

= Across aperiod the nuclear charge increases
= This causes the atomicradius of the atoms to decrease, as the outershellis pulled closerto

the nucleus, so the distance between the nucleus and the outerelectrons decreases
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The shielding byinnershell electrons remainreasonablyconstant as electrons are being
added to the same shell

It becomes harderto remove anelectronas youmove across aperiod;more energy is
needed

So,theionisationenergyincreases

Dipsinthe trend

Thereis aslightdecrease in /fbetweenberylliumand boronas the fifthelectroninboronisin
the 2p subshell, whichis furtheraway from the nucleus thanthe 2s subshell of beryllium

Berylliumhas afirstionisation energyof 900 k) mol-'as its electron configurationis 1s2 2s2
Boronhas afirstionisationenergyof 800 k) mol-'as its electron configurationis 1s22s2 2p,!

Thereis aslightdecrease in /5 betweennitrogenand oxygendue to spin-pairrepulsioninthe
2pyorbital of oxygen

Nitrogenhas afirstionisationenergyof1400 k) mol-1as its electron configurationis

1s2 252 2p,! 2p,' 2p,'

Oxygenhas afirstionisation energy of 1310 kimol-'as its electron configurationis
1s22s22py2 2p,' 2p, "

Inoxygen, there are 2 electrons in the 2pyorbital, so the repulsionbetweenthose electrons
makes it slightlyeasierforone of those electrons to be removed

Fromone period tothe next

= Thereis alarge decreaseinionisationenergybetweenthelast elementinone period, and

the first elementin the next period
Thisis because:

= Thereisincreased distance betweenthe nucleus and the outerelectrons as youhave added

anew shell

= Thereisincreased shieldingbyinnerelectrons because of the added shell
= Thesetwo factors outweightheincreased nuclear charge
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Successive lonisation Energies

Successiveionisation energiesof an element

The successiveionisationenergies of anelementincrease

This is because once youhave removed the outerelectronfromanatom,youhave formed
apositiveion

Removinganelectronfromapositive ionis more difficult thanfromaneutralatom

As more electrons are removed, the attractive forces increase due to decreasing shielding and
anincreaseinthe protonto electronratio
Theincreaseinionisationenergy,however,isnotconstantandis dependentonthe atom’s
electronic configuration

Taking calcium as anexample:

lonisationEnergies of CalciumTable
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Successive ionisation energies for the element calcium

The first electronremoved has alow /E as itis easilyremoved fromthe atom due to the spin-pair
repulsionof the electrons inthe 4s orbital

The second electronis more difficultto remove thanthe first electron as there is no spin-pair
repulsion

The third electronis much more difficult to remove thanthe second one correspondingto the
factthat the third electronis inaprincipal quantumshell whichis closerto the nucleus (3p)
Removal of the fourthelectronis more difficult as the orbitalis no longerfull,and there is

less spin-pairrepulsion

The graphshows there is alarge increase insuccessive ionisationenergyas the electrons are
beingremoved fromanincreasingly positive ion

The bigjumps onthe graph show the change of shelland the smalljumps are the change
ofsubshell
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Deducing the Group

= Successiveionisationdatacanbe used to:
= Predictorconfirmthe simple electronic configurationof elements
= Confirmthe numberofelectronsinthe outershellof anelement
= Deduce the groupanelementbelongs tointhe Periodic Table

= Byanalysingwhere the large jumps appearand the numberof electrons removed whenthese
large jumps occur, the electronconfigurationof anatomcanbe determined

= Na,Mgand Alwillbe used as examples to deduce the electronic configuration and positions of
elementsinthe Periodic Table usingtheirsuccessive ionisation energies

Successive lonisationEnergies Table

Sodium

= Forsodium,thereis ahuge jump fromthe first to the second ionisationenergy,indicating that it

is mucheasiertoremove the firstelectronthanthe second
= Therefore, the firstelectronto be removed mustbe the lastelectroninthe valence shell thus Na

belongs to groupll
= Thelarge jumpcorresponds to moving fromthe 3s to the full 2p subshell

Na 1s22s22p63s!

Magnesium

= Thereisahugeincrease fromthe second to the third ionisationenergy,indicating thatitis far
easierto remove the first two electrons than the third
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= Therefore the valence shellmust containonlytwo electrons indicating that magnesiumbelongs
to groupll

= Thelarge jumpcorresponds to moving fromthe 3s to the full 2p subshell
Mg 1s22s22p®3s2

Aluminium

= Thereis ahugeincrease fromthe third to the fourthionisationenergy,indicating thatitis far
easiertoremove the first three electrons thanthe fourth

= The 3pelectronand 3s electrons are relativelyeasyto remove compared with the 2p electrons
whichare located closerto the nucleus and experience greaternuclear charge

= Thelargejump corresponds to moving fromthe third shellto the second shell

Al 1s22s22pt3s23p!

@ Worked example

Values forthe successive /Es of anunknown element are:

» /5 =899 kJmol,

= [E,=1757 k) mol,

= [E5=14850kJmol,
= /E4=21005k) mol!

Deduce whichgroup of the periodic table of elements youwould expect to find the unknown
element.

Answer:

The largest jumpis between /E; and IEs which will correspond to achangein energylevel.
Therefore,the unknown element mustbe ingroup 2.
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@ Worked example

The table shows successive ionisationenergies forelement Xin period 2.

Identifyelement X.

Answer:

= Thelargestjumpinionisationenergyis between JEg and /E; meaning that the 7thelectronis
beingremoved fromanenergylevel closerto the nucleus

= Therefore,elementXmustbe group 16 (6)

= |felementXisingroup16 (6)andinperiod 2,it must be oxygen
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