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Periodicity - Trends in Period 3

To succeed in this topic you need to:- The Periodic Table
» understand the work in Factsheet 1 on Atomic Structure In the periodic table, elements are placed in order of increasimgic
» understand the work in Factsheet 6 on structure of elements andmber (fig 1.)
compounds, including how bonding relates to physical properties.
* be able to use the periodic table to locate the positions of eleme

Q% The horizontal rows of elements are calfetiods

After working through this Factsheet you will:- The vertical columns of elements are catieaups

e understand the format of the PeriodicTtable.

» understand the term periodicity.

+ understand trends in melting point, boiling, electrical conductivitylodern periodic law states the properties of elements are a periodic function
ionisation energy, atomic radius and electronegativity across thsf their atomic numbers. This means that their properties repeat regularly,
third period. so that elements in the same group tend to show similar chemical and

physical properties.

Exam Hint: Examination questions across the syllabus will You need to know the names of the following groups:
require you to understand the format of the periodic table. Specific
questions are often set on describing and explaining the trends in Group Number Group Name
physical and chemical properties down groups and across the third I Alkali Metals
pejlod. Understanding these trends, and ?‘he reasons behind them, I Alkaline Earth Metals
will also make much of the rest of Chemistry easier to remember.
VI Halogens
0 Noble Gases
Fig 1. The Periodic Table
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The periodic table is divided into four blocks -s, p, d and f, which tell yoReriodic Properties
the electron sub-shell being filled in that block (see Factsheet 1 - Atongizments in the third period (Na, Mg, Al, Si, P, S, Cl, Ar) illustrate important

Structure).
Fig 2. s, p,dand f blocks

s-block elements- the metals in group 1 and 2, so called because
outer shell contains s electrons.
e.g. Sodium (Na): Atomic no. 11. Elec. config2#2p3s

p-block elements -the elements from groups 3 to 7, as they have

electrons which are p-electrons.
e.g. Carbon (C): Atomic no. 6. Elec. config.22€2p?

known as theransition metals. d-block elements have incomplete
sub shells.

e.g. Titanium (Ti): Atomic no. 22. Elec. config. 228 2p°33p°4s3cF
f-block elements - a block of elements within the transition metalg

elements. e.g. Cerium (Ce) Atomic no. 58.

d-block elements -the metals in the block between groups 2 arnd

Elec. config. 12 2p°383p43d 4S5S4 GPELAT

Metals, Non-metals and Metalloids.

The majority of elements are metals; these are on the left hand side of the
[ ]

periodic table. All of the s, d and f block are metals.

The non-metals are found in the top-right corner of the periodic table; thgy

are all in the p-block.

trends in properties across the periodic table. Table 1 overleaf summarise:
these. When looking at trends in these properties, it is important to be able
to explain them using your knowledge of structures.

Melting and Boiling Points
Rise from Na to Si, then fall to low values.

Strongmetallic bondingin Na, Mg and Al cause high melting and boiling
points. The strength of the metallic bonding depends onuhwer of

outer electrons- the greater the number, the stronger the bond. So the
strength of the metallic bond increases from Na to Al, as do the melting
points and boiling points.

Si has a giant covalent structure, leading to very high melting and boiling
points.

their

P, S and Cl have simple molecular structures, held together by Van der
Waals forces only, so melting and boiling points are low.

PUEXr exists as atoms, not molecules. This means that the Van der Waals

forces are very weak, giving it a very low melting and boiling point.

Electrical Conductivity
3Rela’[ively high for metals - Na, Mg and Al (due to the de-localised electrons
" in metallic structures). Lower in metalloids (Si) and almost negligable for
non —metals (P, S, Cl and Ar).

First lonisation Energy

: ) 1S, SOThe general trend is for an increase across a period, due to the increasin
called because electrons are being added into the f-subshell in these, -, change making it more difficult to remove an electron.

Some anomalies occur; these are due to:

* full sub-shell stability - it is comparatively harder to remove an electron
from a full sub-shell

half-shell stability - it is comparatively harder to remove an electron
from a half-empty p sub-shell

p-electrons being easier to remove than s-electrons, due to being at a
higher energy level.

Along the border between the metals and non-metals there are sevEhé$ produces the pattern shown below (fig 4) (see Factsheet 1 - Atomic

elements which are difficult to place, so the namstalloid or semi-

metal is used. Fig 3 shows these elements.

Fig 3. Metals, metalloids and non-metals

metalloids non-metals
3 4 5 6 7/0
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TI|Pb| Bi| P9 Al Rn
\
\
f

To categorise elements, the following criteria are used:-

¢,'=w Metals » Good conductors of electricity.
» Form basic oxides.
Metalloids < Poor conductors of electricity
» Form amphoteric oxides
Non-Metals ¢ Virtually non-conductors of electricity (insulato
» Form acidic oxides.

Structure for more details):
Fig 4. Trends in first ionisation energy across period 3

First p electron
dded Ar
> . « CI
2 . P\' s
D . Si
c .
ol , May Half-shell
Na stability

Atomic Radius
Decreases across the period

If we move from one element to the next across the third period, electrons
are being added to the same third shell at about the same distance from th
nucleus, whilst protons are being added to the nucleus. The increasec
nuclear change pulls the electrons in the third shell closer to it, hence
atomic radii decrease.

Electronegativity
This is the ability to attract electrons within a bond (see Factsheet 5 -

s) Bonding). Aswe move across the period, electronegativity increases to Cl.

Ar has little or no electronegativity since as a noble gas, it has only completed
shells of electrons and so does not form bonds at all readily.

—————
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Table 1. Physical properties across Period 3

Group 1 2 3 4 5 6 7 0
Element Sodium Magnesium| Aluminium Silicon Phosphorus| Sulphur Chlorine Argon
Symbol Na Mg Al Si P S Cl Ar
Character metallic metallic metallic metalloid | non-metallic | non-metallic | non-metallic| non-metal
Structure giant metallici giant metallic| giant metallic | giant covalent molecular molecular molecular atomic
Melting Point (K) 371 922 933 1683 37 392 172 84
Boiling Point (K) 1156 1380 2740 2628 553 718 238 87
Conductancex 1000 10 16 38 4 1016 102 - -
(ohnricm?)
1st lonisation Energ 496 738 578 789 1012 1000 1215 1521
(kJmolY)
Atomic covalent 0.156 0.136 0.125 0.117 0.110 0.104 0.099 0.095
radius (nm)
Practice Questions Answers
1. ThePeriodic Tablearranges the different elements in a pattern accordiny. a) (i) Increasing atomic number / number of protons
to the structure of their atoms and the way in which they behave. (if) Groups (i) Periods
b) (i) Alkali metals (i) Alkaline earth metals (i) Halogens
a) (i) In what order are the elements arranged in the Periodible? (iv) Noble gases / inert gases
(i) What name is given to the vertical columns? c) Transition metals / d-block elements
(iiiy What name is given to the horizontal rows? d) (i) Group number indicates the number of electrons found in an
atom’s outer shell (1)
b) What names are given to the following groups in the Periodic Table? (i) In a period, atoms of all elements have the same electron core
(i) Group 1 (i) Group 2 (iiy Group 7 (iv) Group O e) (i) Trend Decreasesalong the period (1)
Cause Increasing nuclear charge / number of protons in
c) What name is given to the block of elements found between Groups the nucleus
2 and 37 (if) Trends Increase Na- Si (1)
Decrease P- Ar (1)
d) What is the connection between the electronic configuration of an
element and: Causes Na - Si stronger bonding (1)
(i) the group in which the element is found? P - Ar weaker van der Waals’ forces (1)
(ii) the period in which the element is found? (iiif) Trend Increasesalong the period (1)
Cause Increasing nuclear charge (1)
e) Periodicity is the study of the patterns of properties of the elements ) L
found in the Periodic Table. State theneraltrends in the variation a) (i) A measure of the power of an atom of that element, within a
of the following properties of the elements Na Ar across Period 3. molecule (1) to attract towards itself (1) the electrons of a
In each case state the major factor which influences this change. __ covalent bond (1)
(i) Atomic radius (i) Melting point (iiiFirst ionisation energy (ii) Elgctronegatlwt_lesncrease(1)because the_ tg_nde_ncy of atoms to
gain electrons increases (Dr(electron affinities increase (1))
2. a) (i) Define theelectronegativityof an element due to an increase in nuclear charge (1) and decreased atomic
) . . . radius (*2) with no increase in shielding (¥2) Simultaneously, the
(i) State and explain how the electronegativities of elements vary d f atoms to lose electrons decreases (1)
across a period of the Periodic Table. tendency of a S
(Or ionisation energies increase (1))
b) State how the elements of Period 3 (Na — Ar) vary with regard t0 3. a) (i) Type of bonding Metallic bonding (1)

their tendency to undergo ionic bonding and covalent bonding.

3. Electrical conductivity is measured in units calieeimens per metre&Sm?.
Values for the elements in Period 3 are given in the table below.

Element

Na Mg Al Si P S al Ar

Electrical
conductivity|
/1S m*

0.218 | 0.224| 0.382 10 | 10% 15| - -

Description Lattice of cations (1)
with delocalised valency electrons / flux

(or ‘sea’) of electrons (1)

(i) Electrons (1) cammove under an applied p.d. (1)throughout

the entire metal (1)

(iii) Number of outer shell electrons increases from 1 to 2 to 3 (1)

Hence there are more free / delocalised / mobile electrons (1)
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