CHAPTER 2:
BONDING AND PROPERTIES

ISSUES TO ADDRESS...

e What promotes bonding?

 What types of bonds are there?

 What properties are inferred from bonding?
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BOHR ATOM

orbital electrons:
n = principal
quantum number > 1

N= 3 Adapted from Fig. 2.1,
Callister 6e.

Nucleus: Z = # protons

= 1 for hydrogen to 94 for plutonium
N = # neutrons

Atomicmass A~ Z+ N

¥
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ELECTRON ENERGY STATES

Electrons...

* have discrete energy states
* tend to occupy lowest available energy state.

Increasing energy

A 4p
[ |

=4 -e—e— e o0 -0 o0 3Jd

As

n=3 —o—o——H——Sogo—Sp

— *—o Adapted from Fig. 2.5,
n= 1 1 S Callister 6e.
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STABLE ELECTRON CONFIGURATIONS

Stable electron configurations...

 have complete s and p subshells
* tend to be unreactive.

Z Element Configuration

2 He 1 82 Adapted from Table 2.2
1 0 Ne 1 322822p6 Callister 6e. ’
18  Ar 1522522635236

36  Kr 1522522p63523p63d104524p6
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SURVEY OF ELEMENTS

e Most elements: Electron configuration not stable.

Element  Atomic# Electron configuration

Hydrogen 1 1s1

Helium 2 152 (stable)

Lithium 3 152251

Beryllium 4 152252

Boron 5 1822522 p" Adapted from Table 2.2,
Carbon 6 1822522p2 Callister 6e.
Neon 10 18225226 (stable)

Sodium 11 1s22s22p63s1

Magnesium 12 1522s522p63s2

Aluminum 13 1822822p63s23p1

Argon 18 1522522p63s23p6 (stable)
Krypton 36 1522s22p63s23p63d104s246  (stable)

e Why? Valence (outer) shell usually not filled completely.
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THE PERIODIC TABLE

e Columns: Similar Valence Structure

1e
t gases

o &’ ®» ©
= S
Q (C_{) “ L
@ 3 a ©. O Q
> @0 Metal a’
> & Key o © a==
= T e g Nonmetal
Cu “o— Symbao
2 3 ] m 63.549 Atomic weight ’ “:A
Li Intermediate &
Ll Be : L0ALL
¥ iz 12 13
Na Mg q ‘ vill S Adapted
2 Y we wve ve via g \ B g | 26%e2 .
o 70 e ) 3 75 3 3] B ) 30 3 from Fig. 2.6,
Ca ~ i v Cr Mn Fe Co \ Cu In Ga Callister 6e.
36 d | wosew [ | 47.00 | 50942 | 51006 | sa3a | 55047 | se0a3| sa71 | 6354 | esa7 | swn2
37 n 20 40 4] 42 &3 E 45 a6 47 a8 49
RblSr| Y I N | Mo Ic Re Rh P | cd n
oomyr | broe || Bt [ 9022 | 0201 | 9504 | o | 10107 | 10201 | 1064 | 10787 | 12240 | 11482
= | Rare : 3 3 3 7% T B ) B0 3
CS Ba earth it Ta W fe Os T # Au G
13291 J137.38 || series [|178.60 | 1000s| 1238 | 1862 | 1002 | 1022 | 19500 | 10697 | 200.50 | 20437 | 20700

Electropositive elements: Electronegative elements:
Readily give up electrons Readily acquire electrons

to become + ions. to become - ions.
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ELECTRONEGATIVITY

* Ranges from 0.7 to0 4.0,
e Large values: tendency to acquire electrons.

A 0
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Li | Be -AE A EAN-AAL:
1.0 | 1.5 2.0 95 30 1z | 4.0 -
¥ E 1= 3 15 i 3
Na | Mg il pr & B . | Cl | Ar
09 [1.2 | e we v wa wvus it v 1B I8 15 | 16 | 20| 25 |30 ] -
e ) = - 5 e 3] = = Y R - D
K Ca - Ti v Cr w | Fe s Ni Cu Zn cs Ca As < Br | Kr
0.8 | 1.0 15 | 1.5 t& |11.6 15 | 1.8 = 1 1.8 1 | 1.8 16 s 120 ] 24 | 2.8 E
= s % | 46 ry) E} s A iE | 42 5 T3 e % 3 z3 = =
oalto| L|Z | el e e e omfoa]aln]|a|e]|®]l|?
Cs | Ba |7 F| & R 7 E e 73 7 = %) Y iz | = & | At | Rn
- ki T2 W A 0s ' Ft A HR Fo B Fo
0.7 | 0.9 :“:—'.; 13 L5 9 1c 2.3 43 25 .'::l : | é 15 sy | 2.2 -
| Ra [0
0.7 | 0.0 IS5
Smaller electronegativity Larger electronegativity

Adapted from Fig. 2.7, Callister 6e. (Fig. 2.7 is adapted from Linus Pauling, 7he Nature of the
Chemical Bond, 3rd edition, Copyright 1939 and 1940, 3rd edition. Copyright 1960 by Cornell

University.
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IONIC BONDING

Occurs between + and - ions.

Requires electron transfer.

Large difference in electronegativity required.
Example: NaCl

Na (metal) O Cl (nonmetal)
unstable unstable

electron
Na (cation) — @— Cl (anion)
stable Coulombic stable
Attraction
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EXAMPLES: IONIC BONDING

* Predominant bonding in Ceramics

i U
I:I Hﬂe
2.1 CaF2 \ A WA va wal| -
¥ =T * [T oLr[ Ne
o CsCl ~>— = "
Na vl Tl SN CIT| Ar
0.9 S B e j.I:. H .'P_ \_? 3.0 -
K SIN | Zzn| | E|As| E | Br|Kr
0.8 (F=] 1.8 (] 1.8 1 & IL.A 2.0 E ] 2.8 -
= 13 FF 7 7 e = EL Z2 = =
Rb Rh P Ap cd In tn £h Ia | Xe
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- == 7 n) = z Bl e 3 ER ¥
Cs : Bt Al H e | m /e | At | Rn
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Give up electrons Acquire electrons

Adapted from Fig. 2.7, Callister 6e. (Fig. 2.7 is adapted from Linus Pauling, 7he Nature of the
Chemical Bond, 3rd edition, Copyright 1939 and 1940, 3rd edition. Copyright 1960 by Cornell

University.
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COVALENT BONDING

 Requires shared electrons
e Example: CHa4

*shared electrons
from carbon atom

C: has 4 valence e,
needs 4 more

H: has 1 valence e,

needs 1 more
- shared electrons

from hydrogen
atoms

Electronegativities
are comparable.

Adapted from Fig. 2.10, Callister 6e.
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EXAMPLES: COVALENT BONDING

_ C(diamond)
H
2.1 Ik :
Li | Be SiC
1.0 | 1.5
Na Mg ull 5
0.9 |12 | g we v WE Wi = N - [ 1.8 x5 3.0 -
K|(Ca| 2 | Ti|% |cr| 2 |Fe| 2 |N |2 |2n|Ga|Ge|As| I | Br|Kr
o8 (10| - (45| » |16 | 1= |1.8]| =]18]| 1~ |18|16]|18]|20]| .. |28 -
T X ¥ | db Iy IR, 1% e IE | I ) . E2 - »
on lvol b B % | & x (= E(x]| K] s | S\ |
2 | BT | B R T3 7E T 2 75 D ) El = e ~
or oo lmia|® | m | m m o s n x| s o e
| Ra |7% 4
0.9 #-hw | Adapted from Fig. 2.7, Callister 6e. (Fig. 2.7 is aASs
~— 1 adapted from Linus Pauling, The Nature of the Chemical Bond, 3rd edition, Copyright

1939 and 1940, 3rd edition. Copyright 1960 by Cornell University.

e Molecules with nonmetals

e Molecules with metals and nonmetals

 Elemental solids (RHS of Periodic Table) ~
 Compound solids (about column IVA) Chapterz_“



METALLIC BONDING

e Arises from a sea of donated valence electrons
(1, 2, or 3 from each atom).

+ +) +

+ + +
(+) (¥ +)

~ ~ - Adapted from Fig. 2.11, Callister 6e.

 Primary bond for metals and their alloys

¥
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SECONDARY BONDING

Arises from interaction between dipoles

* Fluctuating dipoles o
asymmetric electron ex: liquid H2
clouds\ H2 > €« H?

Adapted from Fig. 2.13, Callister 6e. bondlng

bonding

 Permanent dipoles-molecule induced

seconda Adapted from Fig. 2.14,
-general case: @Q—) bonding:y(_@O Callister 6e.

seconda Adapted from Fig. 2.14,
-ex: IICIUId HCI @@_) bondmg:y @ Callister 6e.

-ex: polymer SQCOnda,.y
bo
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SUMMARY: BONDING

Type Bond Energy Comments
lonic Large! Nondirectional (ceramics)
Variable Directional
Covalent large-Diamond semiconductors, ceramics
small-Bismuth polymer chains)
Variable

Metallic large-Tungsten  Nondirectional (metals)
small-Mercury
Directional
Secondary smallest inter-chain (polymer)
inter-molecular
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PROPERTIES FROM BONDING: T,

* Bond length, r » Melting Temperature, Tm
O W Energy (r)

«—r —> A
e Bond energy, Eo S

r
A Energy (r)
| smaller Ty

r :)mstretched length la rger Tm

i »r

_____ IEO: Tm is larger if Eo is larger.

“bond energy”
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PROPERTIES FROM BONDING: E

 Elastic modulus, E _ .

¥ length. L sectional Elastic modulus
§ ength, ~o areaAg
%undeforme L
% A L =E A—
§ e ’—)F Ao Lo
ertorme
e E ~curvature at ro
Energy

A

unstretched length
Fo > E is larger if Eo is larger.

smaller Elastic Modulus

larger Elastic Modulus
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PROPERTIES FROM BONDING: «

e Coefficient of thermal expansion, o

\\‘ .
§ length, Lo o coeff. thermal expansion
§unheated, T1
. A AL
3 — = (To-Tq)
. alla-14
§ heated, T2 I-0
e o.~symmetry at ro
A Energy

>r o is larger if Eo is smaller.
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SUMMARY: PRIMARY BONDS

Ceramics Large bond energy
(lonic & covalent bonding): large Tm
large E
small o
Metals Variable bond energy
(Metallic bonding): moderate Tm
moderate E
moderate o
Polymers Directional Properties
(Covalent & Secondary): Secondary bonding dominates
"“l..‘m small T
S

€con small E

dary po, .
"“"‘l-.::"’g large o
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ANNOUNCEMENTS
Reading:

Core Problems:

Self-help Problems:




Introduction to Materials Technology

Materials Technology is the branch of science and engineering that studies the
properties, structure, processing, and applications of materials used in
manufacturing and engineering systems. It bridges the gap between science and
practical engineering by focusing on how materials can be selected, modified, and
improved to meet design and performance requirements.

1. Importance of Materials Technology

Materials form the foundation of all engineering systems. From bridges and
aircraft to microchips and medical implants, the performance, safety, and cost of a
product depend largely on the materials used and how they are processed.

2. Classification of Engineering Materials
Engineering materials are generally classified into:

o Metals (e.g., steel, aluminum, copper)

« Polymers (e.g., plastics, rubber)

o Ceramics (e.g., glass, porcelain)

« Composites (e.g., fiberglass, carbon fiber)

« Advanced materials (e.g., smart materials, nanomaterials, biomaterials)
3. Structure—Property Relationship

Materials technology emphasizes the relationship between a material’s structure
(atomic or molecular arrangement) and its properties (mechanical, electrical,
thermal, etc.). Understanding this relationship allows engineers to tailor materials
for specific functions.

4. Material Processing

Processing involves shaping, joining, and treating materials to achieve the desired
structure and properties. Common processes include casting, forging, welding, heat
treatment, and additive manufacturing.



5. Material Selection

Choosing the right material involves balancing performance, cost, availability, and
environmental impact. Tools such as Ashby charts help engineers compare
materials based on their properties.

6. Applications
Materials technology is essential in fields such as:
o Mechanical and aerospace engineering
« Civil and structural engineering
« Electronics and energy systems
« Biomedical and environmental engineering
7. Future Trends
Emerging trends include:
o Development of smart materials that respond to environmental changes
« Use of nanotechnology for improved strength and conductivity

« Focus on sustainable materials and recycling to reduce environmental
impact



