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(a)In polyvinyl chloride (PVC), the chlorine atoms attached to the polymer chain 

have a negative charge and the hydrogen atoms are positively charged. 

The chains are weakly bonded by van der Waals bonds. This additional bonding 

makes PVC stiffer, 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) When a force is applied to the polymer, the week van der Waals bonds are broken 

and the chains slide easily past one another 

 

 

Binding energy 
 If a body has a mass m, then it contains an amount of energy: 

                                                                                                E = mc
2
 

probably the most famous equation in physics. This means that if the mass of a 

nucleus is less than the mass of its constituents, then those constituents are in a lower 

energy state when they are bound together inside the nucleus. 
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-This difference in mass, expressed as energy (normally MeV), is the binding energy 

of those constituents inside the nucleus. 

-It is found that the mass of a nucleus is always less than the sum of the masses of its 

constituent neutrons and protons (nucleons). 

-What is the reason for this? Well Einstein showed that mass and energy are 

equivalent. The lower mass shows that the nucleons in the nucleus are in a 

lower energy state than if they were all separate, isolated particles. 

-This decrease in mass (known as the mass decrement) gives the binding energy of the 

particular nucleus in terms of the equivalent mass. 

Working in terms of the actual binding energy, we calculate as follows. 

      Say for example if we have a nucleus with Z protons and N neutrons and mass MA, 

where A = Z + N then its binding energy in MeV is given by: 

Eb(MeV) = (Zmp + Nmn - MA) x 931.494 MeV/u 

All in atomic mass units, u or all in nuclide masses, u 

It means that there must be some force between the nucleons that binds them together 

in the nucleus. This is the strong force. 

Notes:  

o Interatomic spacing is equilibrium spacing between the centers of two atoms (at a 

particular temperature), equilibrium is lowest energy state, attractive and repulsive 

forces are balanced 

o Binding (bond) energy is energy required to separate two atoms from their 

equilibrium spacing to an infinite distance apart, E = mc
2
, so each time two atoms 

bound to each other, some mass is converted into energy, … 

o Modulus of elasticity, Young’s modulus, is slope of the stress strain curve in elastic 

region (macroscopic), can be derived from slope of force versus distance curve at 

interatomic spacing (microscopic) 

o Coefficient of thermal expansion and melting temperature can also be explained 

from binding energy curve 
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Atoms or ions are separated by equilibrium spacing that corresponds to the minimum 

interatomic energy for a pair of atoms or ions (or when zero force is acting to repel or 

attract the atoms or ions, force balance) If there is external influences, e.g. load, 

temperature change, equilibrium spacing will change. 

The periodic table 

The periodic table contains valuable information about specific elements and can also 

help identify trends in atomic size, melting point, chemical reactivity, and other 

properties. 

The familiar periodic table (Figure A) is constructed in accordance with the electronic 

structure of the elements. Not all elements in the periodic table are naturally occurring. 

Rows in the periodic table correspond to quantum shells, or principal quantum 

numbers. Columns typically refer to the number of electrons in the outermost s and p 

energy levels and correspond to the most common valence. In engineering, we are 

mostly concerned with 

(a) Polymers (plastics) (primarily based on carbon, which appears in Group 4B); 

(b) Ceramics (typically based on combinations of many elements appearing in 

Groups 1 through 5B, and such elements as oxygen, carbon, and nitrogen); and 

(c) Metallic materials (typically based on elements in Groups 1, 2 and transition 

metal elements). 

Many technologically important semiconductors appear in Group 4B (e.g., silicon (Si), 

diamond (C), germanium (Ge)). Semiconductors also can be combinations of elements 

from Groups 2B and 6B (e.g., cadmium selenide (CdSe), based on cadmium (Cd) from 

Group 2 and selenium (Se) based on Group 6). These are known as II–VI (two-six) 

semiconductors. Similarly, gallium arsenide (GaAs) is a III–V (three-five) 

semiconductor based on gallium (Ga) from Group 3B and arsenic (As) from Group 

5B. Many transition elements (e.g., titanium (Ti), vanadium (V), iron (Fe), nickel 

(Ni), cobalt (Co), etc.) are particularly useful for magnetic and optical materials due to 

their electronic configurations that allow multiple valences. 
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Figure A: Periodic table of elements. 
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All the elements have been classified according to electron configuration in the 

periodic table (Figure below). Here, the elements are situated, with increasing atomic 

number, in seven horizontal rows called periods. The arrangement is such that all 

elements that are arrayed in a given column or group have similar valence electron 

structures, as well as chemical and physical properties. These properties change 

gradually and systematically, moving horizontally across each period. 

The elements positioned in Group 0, the rightmost group, are the inert gases, which 

have filled electron shells and stable electron configurations. Group VIIA and VIA 

elements are one and two electrons deficient, respectively, from having stable 

structures. The Group VIIA elements (F, Cl, Br, I, and At) are sometimes termed the 

halogens. The alkali and the alkaline earth metals (Li, Na, K, Be, Mg, Ca, etc.) are 

labeled as Groups IA and IIA, having, respectively, one and two electrons in excess of 

stable structures. The elements in the three long periods, 

Groups IIIB through IIB, are termed the transition metals, which have partially filled d 

electron states and in some cases one or two electrons in the next higher energy shell. 

Groups IIIA, IVA, and VA (B, Si, Ge, As, etc.) display characteristics that are 

intermediate between the metals and nonmetals by virtue of their valence electron 

structures. 

 

The interatomic spacing in a solid metal is approximately equal to the atomic 

diameter, or twice the atomic radius r. We cannot use this approach for ionically 

bonded materials, however, since the spacing is the sum of the two different ionic 

radii.  
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Figure :The periodic table of the elements. The numbers in parentheses are 

the atomic weights of the most stable or common isotopes. 

Compounds formed from two or more metals (intermetallic compounds) may be 

bonded by a mixture of metallic and ionic bonds, particularly when there is a large 

difference in electronegativity between the elements. Because lithium has an 

electronegativity of 1.0 and aluminum has an electronegativity of 1.5, we would 

expect AlLi to have a combination of metallic and ionic bonding. On the other hand, 

because both aluminum and vanadium have electronegativities of 1.5, we would 

expect Al3V to be bonded primarily by metallic bonds. 

Many ceramic and semiconducting compounds, which are combinations of metallic 

and nonmetallic elements, have a mixture of covalent and ionic bonding. As the 

electronegativity difference between the atoms increases, the bonding becomes more 

ionic. The fraction of bonding that is covalent can be estimated from the following 

equation: 

where  E is the difference in electronegativities.  


