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ELECTRON CONFIGURATIONS

ELECTRON SHELLS AND SUBSHELLS

o Electron shells have quantum numbers, The first shellisn=1.

3

Each shell has smaller subshells, for example 1s, 2s and 2p.

e

Each subshell has a different energy level.

s subshells have lower energy levels than p subshells.

The electrons in an atom fill the lowest energy level that is available.
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IONISATION ENERGIES AND SUBSHELLS

Looking at the pattern of first ionisation energies across a period gives evidence
that electron shells contain subshells at different energy levels.

First ionisation energies against atomic number
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KEY POINTS ABOUT IONISATION ENERGIES ACROSS PERIOD 3

« The first electron removed from every atom is from the third shell (n = 3).
» The electrons are all shielded by two inner shells.
 The general trend is an increase, as the nuclear charge increases.

o 5 10

o The first ionisation energies of aluminium and sulphur ‘dip’.

o The third shell contains a 3s subshell and a 3p subshell at different energy levels.

« The 2,3,3 pattern is caused by electrons being removed from the single s or the
three p orbitals.

» The other periods also show dips and peaks' due to subshells. o
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WORKING OQUT ELECTRON CONFIGURATIONS

; ’ MUST REMEMBER ;
, i CF ATOMS AND IONS
= The 3d subshell is L
- at a higher energy
level than theds. - -
e Electronsinan EXAMPLES
atpmyle the 4s Element Proton Electronic configuration Electronic configuration
subshell before . number of atom of ion
filling the 3d.
Subsiell' : calcium 20 Ca:1s22522p635s23p6(3d0)4s2  Ca?+: 1522522p63523p6(3d0)as0
i titaniom 22 Ti: 1522522p63523p63d24s2  Ti2+: 1522522p53523p63d2450 \;,
S Wheh atoms{form ; itanium I: 15425°2p°3s°3p s 4+ 1522522053523p63d /s
o » /L
e a0st /“4s electrons are lost first
before the 3d. :
when atoms form ions.

s AND p ORBITALS

e Electrons in a subshell occupy orbitals.

» An orbital represents the space in which fast-moving electrons
are most likely to be found.

» Each orbital carries two electrons.
e ssubshells have a single s orbital.

¢ pshells contain three p orbitals (see the 2,3,3 pattern in the first
jonisation across Period 3).

1s 2s 3s

Shape of s orbitals

P, orbital Py orbital P, orbital

Shape of p orbitals

WORKED EXAMPLE

(a) Describe the arrangement of protons, neutrons and electrons in an atom of zinc (proton
number 30, mass number 65).
(b) How does this arrangement differ from the arrangement in a zinc ion, Zn2+?

(a) Zinc atom:
Proton number 30: There are 30 protons and 30 electroqs.
Mass number 65: There are (65 - 30) = 35 neutrons.
The protons and neutrons are in the nucleus. The electrons are arranged in shells and subshells.
The electronic configuration is: 1s22522p63s23p63d104s2

(b) Zinc ion, Zn2+;
The arrangement of protons and neutrons is the same. Two electrons are lost from the 4s subshell.
The electronic configuration is: 1522522p63523p€3d10450
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harder to remove an electron. This is the result of the
increasing positive nuclear charge across the period
without the addition of any extra electron shells to
screen the outer electrons. The atomic radius gets
smaller and the electrons are held more firmly, so it
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requires more energy to bring about ionisation. i
1 } shows the first ionisation energy of the first
55 elements. The end of each period is marked by

the high ionisation energy of a noble gas. As you have
scen, this distinctively high jonisation energy is a result
of the stable electronic structure of the noble gases
and is indicative of their unreactive natures.

\ shows, first ionisation energies do

not increase smoothly across a period. This is due

to the presence of subshells within each shell. In the
period lithium to neon, the first ionisation energy

of beryllium is larger than that of boron. The same
relationship is seen for magnesium and aluminium in
the next period. Removing ¢ne electron from an atom
of boron or aluminium removes the single electron in
the p subshell. However, for beryllium or magnesium
an electron must be removed from a full s subshell.
Full subshells are particularly stable, so this requires
more erergy than removing the single p electron from
boron or aluminium.

The unexpectedly high first ionisation energies of
nitrogen and phosphorus can be explained by the

fact that both these elements contain half-full outer

p subshells. Half-full subshells also appear to be
associated with greater stability. Removing an electron
from an atom of oxygen or sulfur removes the

fourth electron in the p subshell, leaving a half-full p
subshell. On the other hand, removing one electron
from a nitrogen or phosphorus atom requires breaking
into a half-full subshell, a process that requires more
energy. Successive ionisation energies like these
provide clear evidence for the existence of energy
shells and subshells in the structure of the atom.

Tonisation energy generally decreases down a group — it
becomes easier to lose an electron. You will be looking
at this in more detail later, when you consider the
properties of group 2 elements.
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(a) The first ionisation energy of the first 55 elements of the

at patterns within individual periods reveals more subtle fluctuations.
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Periodic Table & Electron Configuration

1% |.E.s change greatly for the s and p block elements.

ie

Period 1

H AH;; = +1310kJmol™ He:. AH; 1 = +23700kJmol™

AH, 1 for He is much larger than for H, because H has 1 positive proton in the
nucleus while He has 2, therefore 2 positive charges pulling in electrons in the
1s orbital. Electrons are almost the same distance from the nucleus in both

atoms & there is no shielding.
He has a full orbital, sub-shell & guantum shell so is very stable.

Therefore, more energy is required to remove an electron from He than H. .

Period 2 1
Li: AHi; = +519kJmol™ s
This is much lower than that of H or He.| ;

As n=1 energy level is full (1s?), the 3™ electron goes into n=2 level (2s"). This *

elsctron is a) further from the +ve nucieus -
b) shieldzd from the nucleus by electrons in 1s orbital.
Thase 2 factors ou? weigh the greater.nuclear charge therefore less energy .

nesded to remove 2s’ elsciron.

Thare is a gensral trend across the pariod of increasing 1% 1LE., as all the
‘new’ elzclrons are ¢ tive n=2 enargy ieve!, therefore there is

2) no increased distance from tha nucisus

b) o shie'ding
but there is anine in tha afraction for the nucleus due to the increasing
number of protons ( is increased nuclear chargea).
Tharefore electrons are hald more firmiy & so harder to remove, thus AHj4
becomes larger.

Extra details
BatoB'
Slight drop in AH; ; as Be = 15’ 1s?
B =1s?2s22p'
The extra electron of B enters a 2p orbital & will feel effects of the shielding by
the 252 & 152 electrons, therefore there is a slight decrease in AHi 1 for B

BtoN
increased nuclear charge & the 2p electrons are in different ‘p’ orbitals thus

little shielding of one another.

Nto O
N = 1s? 25% 2p° 0= 1s?2s% 2p*
The extra electron on O must go into a ‘p’ orbital which already has 1 electron

therefore repuision between these 2-electrons so it is easier to remove this
new elactron from O.
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