1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

€ SLIB Chemistry s

Your notes

The Metallic Model

Contents

3 Properties of Metals & Their Uses
3 s&pBlockElements

Page10of10

© 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

Properties of Metals & Their Uses /

Your notes
Properties of Metals & Their Uses

What is metallic bonding?

= Metal atoms are tightly packed togetherinlattice structures

= Whenthe metal atoms are inlattice structures, the electrons in their outer shells are free to move
throughout the structure

= The free-moving electrons are called ‘delocalised’ electrons and they are not bound to theiratom

= Whenthe electrons are delocalised, the metal atoms become positively charged

= The positive chargesrepel each otherand keep the neatly arranged lattice in place

= There are very strong electrostatic forces between the positive metal centres and the ‘sea’ of
delocalised electrons

Metallic bonding diagram
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ELECTRONS IN THE OUTER SHELL /
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ONCE THE OUTER ELECTRON (/ METALLIC BONDING

ARE DELOCALISED, THE INVOLVES STRONG

POSITIVE METAL CENTRES ELECTROSTATIC FORCES
ARE SUSPENDED IN THE " OF ATTRACTION BETWEEN
*SEA* OF ELECTRONS THE METAL CENTRES AND
DELOCALISED ELECTRONS

The structure of metallic bonding has positive metalions suspendedin a ‘sea’ of delocalised electrons

What are the properties of metals?
Malleability

= Metalliccompounds are malleable

= Whenaforceisapplied, the metallayers can slide

= The attractive forces between the metalions and electrons actin all directions
= Sowhenthe layersslide, the metallic bonds are re-formed
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= Thelatticeis not broken and has changed shape

How metals are malleable diagram
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LAYERS CAN SLIDE OVER EACH OTHER

Atoms are arranged in layers so the layers can slide when force is applied
Strength

= Metallic compounds are strong and hard
= Duetothe strong attractive forces between the metalions and delocalised electrons

Electrical conductivity

= Metals can conduct electricity whenin the solid or liquid state
= Inthe solid and liquid states, there are mobile electrons which can freely move around and
conduct electricity
= When a potential difference is applied to a metallic lattice, the delocalised electrons repel away from
the negative terminal and move towards the positive terminal
= Asthe number of outer electronsincreases across a Period, the number of delocalised charges
alsoincreases:
= Sodium=1outerelectron
= Magnesium =2 outer electrons
= Aluminium = 3 outer electrons
= Therefore, the ability to conduct electricity also increases across a period
How metals conduct electricity diagram
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POTENTIAL
DIFFERENCE
APPLIED

DELOCALISED ELECTRONS MOVE TO THE POSITIVE TERMINAL

The delocalised electrons move towards the positive terminal when a potential difference is applied

= Since the bonding in metals is non-directional, it does not really matter how the cations are oriented
relative to each other
Thermal conductivity

= Metals are good thermal conductors due to the behaviour of their cations and their delocalised
electrons

= When metals are heated, the cations in the metal lattice vibrate more vigorously as their thermal
energy increases

= Thesevibrating cations transfer their kinetic energy as they collide with neighbouring cations,

effectively conducting heat
= Thedelocalised electrons are not bound to any specific atom within the metal lattice and are free
to move throughout the material
= \Whenthe cations vibrate, they transferkinetic energy to the electrons
= Thedelocalised electrons then carry thisincreased kinetic energy and transfer it rapidly
throughout the metal, contributing to its high thermal conductivity.
Melting and boiling point

= Metals have high melting and boiling points
= Thisis due to the strong electrostatic forces of attraction between the cations and delocalised
electronsin the metallic lattice
= Theserequire large amounts of energy to overcome
= Asthenumberof mobile charges increases across a Period, the melting and boiling points
increase due to stronger electrostatic forces

Uses of metals

= The metal chosenfora particularjob can be based on considering the following list of metal

properties:
= Malleability / ductility = Electrical conductivity = Thermal conductivity
= Melting /boiling point = Strength = Strength-to-weightratio
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= Density = Toxicity = Corrosionresistance /

= Reactivity = |ustre = Sonority

Your notes
= Forexample:

Aluminiumis usedin food cans because itis non-toxic and resistant to corrosion and acidic food
stuffs

= Copperisusedinelectrical wiring because itis a good electrical conductorand malleable / ductile
= Stainless steelisused forcutlery asitis strong andresistant to corrosion
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s & p Block Elements

Trendsins & p Block Metals

What determines the strength of metallic bonds?

Not all metallic bonds are equal
There are several factors that affect the strength of a metallic bond:

The charge on the metalion

The greater the charge on the metalion, the greater the number of electronsin the sea of delocalised
electrons and the greater the charge difference between the ions and the electrons

A greater charge difference leads to a stronger electrostatic attraction, and therefore a stronger
metallic bond

This effect can be seenin melting point data across a period, as the charge on the metalionincreases

without a significant change inionic radius:
Melting point data of the Period 3 metals

Metal

Sodium

Magnesium

Aluminium

Melting point / K

371

923

933

The melting point of the metal increases moving across a period, from left to right

The radius of the metal ion

= Metalions with smallerionic radii exert a greater attraction on the sea of delocalised electrons
= This greater attraction means a stronger metallic bond, requiring more energy to break
= Thiscanbe seenindatafrom metals, descending a group, where the charge on the ionremains

constant but the ionic radiusincreases:
Melting point data of the Group 1metals

Metal Sodium Potassium Rubidium

Melting point / K 371 336 312

The melting point of the metal decreases moving down a group
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Trends in Melting Points of Metals /

= The strength of electrostatic attraction can beincreased by: Your notes
= Increasing the number of delocalised electrons per metal atom
= Increasing the number of positive charges on the metal centresin the lattice
= Decreasing the size of the metalions

= Thesefactorscanbe seeninthe trends across a period and down a group

Melting points of metals across a period

= |f youcompare the electron configuration of sodium, magnesium and aluminiumyou can see the
number of valence electronsincreases
= Na=1s22s22p%3s!
» Mg =1522522p%3s2
s Al =1522522p%3s23p!
= Aluminiumions are also a smaller size than magnesiumions or sodiumions and these two factors lead
to stronger metallic bonding which can be seenin the melting points
= The stronger the metallic bonding, the more energy is needed to break the metallic lattice and so the
higher the melting point
= Aswe go across Period 3, we can see the effect of stronger metallic bonding on the metals
= Remember: Only the first three elements have metallic bondingin this graph

Melting point of elements across a period chart
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Melting points as you go across a period. The metallic bonding gets stronger from Na to Al

Melting points of metals down a group

= Asyougo down the group, the size of the cationincreases
= This decreases the attraction between the outer electrons and the metallic lattice
= Therefore, thereis areductionin the melting point
Melting point of metals down a group chart
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Melting points as you go down a group of metals. The metallic bonding gets weaker from Lito Cs

O Examiner Tip

= Yousee from the chart that the melting point of aluminiumis not that much higher than magnesium
= |tisaremindertousthat these are trends and not rules about melting points and sometimes there
are other factors which canresultin subtle differences from what was expected
= One factorhereis the metal packing structure, which can also influence the melting point
= Thisisbeyondwhatisrequiredinthe IB Chemistry syllabus, you just need to learn and explain
the broad trends
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