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Physics Chapter 5: More on m aterials 
 
Inter-atom ic b on ds 
 
Bond type Energy required to break 

the bond / kJm ol-1 
D etails 

Ionic 500 � 3000 Electron(s) m oves from  one atom  to another 

Covalent 100 � 500 Electron(s) are shared betw een m aterials. 

M etallic 60 � 600 O uter electrons are released and flow  in a ‘sea.’ A lattice 
structure m akes m any m etals tough. 

 
Interm olecular b onds 
 
Tw o types: 
 

• Van der W alls: “uncharged” atom s have a continually changing charge that averages out over 
tim e (very short period), so w e call neutral. The actual sm all fluctuations cause w eak bonds. 

• H ydrogen 
 
Typically these take 1 � 50 kJm ol-1 to break. 
 
Further to the three states of m atter (to solid, liquid and gas) there are three others: 
 

• Plasm a: high tem perature ionised gas. 
• N uclear m atter: breakdow n of nucleus. 
• U nknow n: breakdow n of protons and neutrons. 

 
V iew ing at a m icroscopic level 
 
The w avelength of light is ≈ 4 * 10-7 m . 
 
The diam eter of an atom  is ≈ 10-10 m . 
The diam eter of a nucleus is ≈ 10-14 m . 
 
Therefore light is not suitable for view ing atom s and nuclei as it is not reflected from  such sm all surfaces. 
 
X-ray diffraction (covered in m ore detail in Chapter 6) can be used. A w ave of a given w avelength sim ilar 
to that of the gap it needs to go through it is used. If the w avelength of the sam e size as the gap a good 
im age can be m ade. 
 
This process can be used in reverse to find the size of the gap betw een atom s. 
 
In the sam e w ay light can be view ed as both a w ave and a particle electrons too can be view ed as both 
a w ave or as particles. 
 
Structures 
 
M aterials can be categorised as follow s: 
 

Crystalline 
 

• Regular geom etric arrangem ent of particles. 
• Repeating sm all cells. 
• Cleave easily along planes of atom s. 
• Large scale sym m etry reflects m icroscopic arrangem ent. 
• Long range repeated structure (throughout entire sam ple). 
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Polycrystalline 
 

• Individual crystals or grains arranged in a hap-hazard m anner. 
• M ost m etals are polycrystalline m aterials. 
• A repeated pattern w ithin a crystal or grain. 

 
A m orphous 
 

• Little or no long range order. 
• N o predictable arrangem ent of atom s and m olecules. 
• Glass and soot are exam ples of am orphous m aterials. 

 
Sem i crystalline 
 

• Som e crystalline regions in an am orphous structure. 
• Polym ers are exam ples of sem i crystalline m aterials. 

 
M aterials can also be grouped into various groups including Ceram ic and m etallic structures. 
 

Ceram ics 
 

• Covalently or ionically bonded oxides. 
• D irectional bonds, w hich m akes the m aterials brittle. 

 
Metallic Structures 
 

• N on-directional, the packing of atom s can be m odelled by spheres in three w ays: 
1. H exagonal close-packed. 

• Layers a, b, a, b, a, b…. 
• M agnesium  and Calcium  are exam ples. 

2. Cubic close packed or face centred cube. 
• Layers a, b, c, a, b, c…. 
• Copper, Alum inium , Silver and Lead are exam ples. 

3. Body centred cube. 
• Iron (at room  tem perature) and Sodium  are exam ples. 
• At tem peratures of 800°C+ Iron w ill becom e a face centred cube. 

• This m akes m etals tough. 
 

� A tough m aterial has a large area under the 
graph, betw een the yield point and the ultim ate 
tensile strength point (represented by shaded 
region on the graph) on a stress-strain plot. Brittle 
is the opposite of tough and so m ore brittle 
m aterials w ill have a sm aller area under the graph. 
Tough m aterials are ductile and do not shatter 
like brittle m aterials. 
 
 
 
 
 

D islocations 
 
A m acroscopic property of m etals, toughness, ductility and m alleability can be explained using their 
m icroscopic structure. 
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• To m odel the m icroscopic m ovem ent of atom s w ithin a m etal as planes sliding over each other 
overestim ates the toughness of a m etal. 

• A m uch better m odel is dislocations. D islocations in m etals are caused by vacancies (m issing 
atom s) or interstitial atom s (atom s out of place). 

• D islocations occur w ithin individual grains, w hich m ake up crystals w ithin a polycrystalline 
structure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• D islocations in a m etal m ake it ductile. 
• M etals w ith sm all grains w ill not deform  as readily as those w ith larger grains. 

 
Controlling m etal properties 
 

• Grain size can be controlled by heat treatm ent. 
• W ork hardening, or “cold w orking” 

o M etal is ham m ered, beaten and bent to form  m ore dislocations. 
o This m akes the m aterial harder, stiffer and m ore brittle. The dislocations becom e 

entangled, m aking the m etal brittle. This m eans cracks can propagate m ore easily. 
o W ork hardening increases the Young M odulus of a m aterial. 

• Annealing 
o The m etal is heated until it is red hot and cooled slow ly. 
o Grains grow  larger m aking the m aterial softer, m ore ductile and m alleable. 

• Tem pering 
o The m etal is heated until it is red hot and then cooled very quickly. 
o This is called “quenching,” and is usually done by subm erging the hot m etal in cold 

w ater. 
o Sm all grains are form ed, w hich m akes the m etal hard and brittle. 

 
A lloys an d Im purities 
 

• In an alloy atom s “pin” the dislocation m aking it harder the slip, and so the m etal stronger. 
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• In m etals stretching pulls bonds apart. Elastic extensibility ~0.1% . 
• In polythene stretching rotates the bonds. Elastic extensibility ~1% . 

 
 
Colours and reflected light 
 

• Electrons orbit in allow ed energy levels. 
• A change in the energy level of an electron m oves the electron nearer to or further aw ay from  the 

nucleus of the atom . 
• Energy inputted into the atom  is absorbed by the electrons. These, having a higher energy level 

m ove further aw ay from  the nucleus of the atom . 
• This can result in ionisation w here the atom  looses the electron and becom es positively charged. 
• This can also result in (for exam ple) m etals giving off coloured light as the electron drops dow n 

the energy levels. 
• Sodium , N a gives a yellow /orange light. 
• The drops in energy levels are discrete and unique am ounts. 
• W hen light is reflected the energy is reflected im m ediately. This is because electrons cannot 

sustain high energy levels. 
• This change in E, energy gives rise to the follow ing equation (w here f is the frequency and h the 

w avelength): 
 

E =  hf 
 
Electron Microscopes 
 
Given our understanding of the w avelength of light (λ ≈ 10-7 � 10-11 m ) and the size of an atom  (M ass of 
proton ≈ 1.67*10-27 kg = 1 am u, m ass of electron ≈ 10-30 kg = 1/1820 am u) it is not possible to see an 
atom  in the sam e w ay that w e view  objects by the reflection of light (m eaning w e do not “see” the 
object, only a representation of it). 
 

• N egatively charged particles are (com paratively) easy to accelerate and focus. 
• Electrons are used instead of electrom agnetic w aves. 
• The electron has a w avelength associated w ith it. 

 
 
 
 
 
 
(See “Electron M icroscopes” on the Advancing Physics AS CD -RO M ) 
 

• An electron gun creates a therm ionic em ission. Supplying heat energy causes ionic em issions 
from  atom s, in a sim ilar m anner to evaporation. A m etal cathode is used as the electrons are 
released easily from  m etallic m aterials. 

• There are tw o w ays to control the direction of this electron stream , either a m agnetic field or 
electric plates. 

 
There are various types of electron m icroscope: 
 

• Scanning Electron M icroscope: 
o ~*100,000 m agnification. 
o 3D  im ages are created by scanning across the surface and those reflected and em itted 

are recorded.  
o Each electron reflection or em ission creates a pixel in an im age. 

Planck constant (~6.6 * 10-34), h 

M om entum  (m v), p 
λ=  
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o Som e m aterials require preparation for this m ethod, w hich can take the form  of a 
m etallic coating. 

• Transm ission Electron M icroscope: 
o ~*1,000,000 m agnification. 
o Electrons pass through the specim en, and are recorded on a screen. The pattern 

created a 2D  im age. 
o This technique sam ples ~100 atom s. 

• Scanning Tunnelling Electron M icroscope: 
o Q uantum  tunnelling energy (energy required for an electron to escape an atom ) is 

m easured. 
o The tip is held close to the surface and a potential difference applied. 
o As the current increases the distance decreases. Generates 3D  im ages. 

• Atom ic Force M icroscope: 
o Sharp tip scans the surface follow ing like the relief on a m ap. 
o Repulsion betw een electrons on the surface and on the probe. 
o Force applied is constant as the tip m oves across the sam ple. 

 
Polarisation  
 
The concept can be analysed by a letter box and letter. The orientation of the polarised filter and the 
light m ust be the sam e for the light to pass through. Glare from  w ater and shiny surfaces is polarised. 
Sunglasses can reduce this glare by using polarised filters. 
 
Long chain m olecules in transparent plastics (for exam ple Perspex and Polythene) can rotate the plane 
of polarisation of the light. If tw o polaroids (polarised filters) are arranged w ith perpendicular 
polarisation planes the intensity of the light is reduced. W hen the polaroids are parallel the intensity is 
increased. 
 
W hen passing through a layer of plastic the polarisation of the plastic causes som e rotation of the plane 
of the transm itted light (varies for different plastics). Controlling factors: 
 

• λ, the w avelength of the light. 
• Strain, caused by an applied photo elastic stress in the sam ple. 

 
As the w avelength effects polarisation it m ay be that, for exam ple, only the red light is at the sam e 
polarisation as the second filter so only red light w ill be transm itted (all other w avelengths are blocked). 
 
 
 
 
 
 
Fracture energy dem onstrates toughness. 
 
 
 
 
 
 
Tensile strength dem onstrates strength. 
 
Sem icon ductors 
 
Resistance is related to tem perature. Tem perature is generally m easured in Kelvin, the increm ents of °C 
are the sam e as those in Kelvin, but the scale starts at “absolute zero,” w here 0k = -273°C, a tem perature 
w hich it is im possible to achieve. Kelvin is referred to as a “therm odynam ic” tem perature scale. 
 

Total energy used to fracture (U TS) 

Specim en cross-section area 
Fracture energy =  

Breaking force 

Specim en cross-section area 
Tensile strength =  



Gareth Jones – http://cyro.cs-territories.com  

 

This graph show s the resistance of a therm istor bead: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This graph show s the conductance of a therm istor bead: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These graphs are called calibration curves, w here the resistance of the com ponent (here, the therm istor) 
is plotted against another physical quantity. U sing versions of this graph w ith values w hen w e know  the 
resistance of a com ponent w e could determ ine the tem perature. 
 
If an experim ent w ere perform ed to create a calibration curve it is likely results w ould be scattered 
about a curve, and a sm ooth curve draw n betw een them . If generally the results w ere very close to this 
line the experim ent could be described as precise. 
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