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WHY STUDY Atomic Structure and Interatomic
Bonding?

From Chapter 1:

Relationships

Structur.es of 593 Properties of
materials — materials

Some of the properties in solid materials
strongly depend on the type of atomic
structure and interatomic bonding



Carbon

Diamond  vs. Graphite
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Intere?tomlc Strong covalent Strong covalent
Bonding: + weak van der Waals
, Extremely hard, very Soft, lubricant,
Properties: low electrical relatively high electrical

conductivity conductivity



Atomic Structure:

Atom
A

Orbital electron

-

Nucleus
Proton (p*) & neutron (n%)

1.6 X10° C
1.673 X 10%" kg

Electron (e’)

-1.6 X10°9C
9.11 X 1031 kg

Section 2.2



Atomic number (£) = number of protons (n,) in nucleus
= number of electrons in neutral species only

Mass number (A) = number of protons + number of neutron

- Mass number (A)

_ A
Chemical
Symbol

Example:

— Atomic number (Z)

Mass number this is the number of
neutrons and protons

N
—. _.He %%M g

- Helium

Neutrons

Protons: MagneSium
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Isotopes

For all atoms of a given element, the number of protons is the
same but the number of neutrons may be variable.

Isotopes: Atoms of the same element that have different
number of neutrons.

Note the following:
1. Isotopes have the same proton numbers (Because they’re from the
same element)

2. Isotopes have different atomic masses (Because they’ve different
number of neutrons)

Example:

Carbon-12, (A=12), Carbon-13, (A=13), Carbon-14, (A=14)
Atomic number (Z) for Carbon=6

=» No. of neutrons=6, 7, & 8 for C-12, C-13, & C-14, respectively section 2.2



J Atomic mass: mass of protons + mass of neutron

d Atomic mass unit (amu): it is a measure of atomic mass
defined as 1/12 of the atomic mass of the most common
isotopes of carbon, *C.

1 Atomic weight (relative atomic mass): The weighted
average of the atomic masses of the atom’s naturally
occurring isotopes

(J In one mole of a substance there are 6.023 X 10%3

(Avogadro’s number) atoms or molecules.
1 mole =» 6.023 X 1023 atoms

d 1 amu/atom=1 g/mole

Section 2.2



PERIODIC TABLE

Group . . National lassinte of
1 Atomic Properties of the Elements Sndard ond T
Frequently used fundamental physical constants Physical Measurement
For the most accurate values of these and other constants, vist physics nist goviconstants Wﬂfﬂv .
1 1 second = 9 192 631 770 periods of radiation cormesponding 10 the transition www.nist gowipmi
between ™he two hyperfine lovels of the ground state of "¥Cs
2 spoed of light in vacuum c 200792458 ms”' (exact) D Solids 13 14 15
1A Panck constant b 662607 x10™Js (h=N2x) . Liquids 1A VA VA |
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R.hc 1360560 oV .
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S | e | MB IVB VB VIB  VIB Vil 1B B e | g | ey | ‘e
19 “s,(20 's,|21 °D,,|22 |23 ‘F.|24 's,|25 ‘s, |26 '0,|27 ‘F.|28 F[29 s5.]130 s, |31 P |32 ¢, |33 ‘sl |34 p,
K |Ca| Sc | Ti Cr [Mn| Fe | Co| Ni [Cu | Zn | Ga | Ge Se
4 Potsssium Calcum Scandum Tianium Vanadum Chromium | Manganess fron Cobalt Nicke! Copper Irc Gallum Germanum Arsenc Selecium
39 0583 40078 | 44955912 | 47267 500415 519081 | 54908045 | ssses | sasaaes | saesas £3546 6538 69.723 7263 7492160 7896
[Arjes A’ wpaas’ | e’ | adle’ | e | oaend'a’ | amd'e’ | ase’e’ | e’ | ase®es | et | ianseesten iagaePesey’ [iagaePeaey! |iae Vees!
4407 61132 65615 68201 6.7462 67085 74340 7.902% 78810 7630 774 23542 59990 78054 2.7086 27524
37 5.(38 5,139 0,40 |41 0,|42 5|43 '5.144 7, |45 F |46 s, |4T7 ‘s../48 s |49 P |50 e |51 ‘s, 152 p, |53 ‘Pl
Rb | Sr Zr | Nb | Mo | Tc | Ru Pd Cd| In | Sn | Sb | Te
5 Radicium Svoetum Yerum Teconium Niobium Technetum | Ruhenius Rhodum Palacirs Siver Cadmiurn hdium Te Artevony Telusum oden
S &ETR avn 88 S0sas 9 ??4 L Q2 90538 95 {s9) " 0.? 102 90850 105 42 1:'7&062 12 (-11 : 114.‘010. 115\”? : 121“7(9 12.7.(0. 126 Wl’
[Kegss pojss’ pojesss’ | popd’s’ ra'ss ppa’ss | popd'ss’ [riaa’ss s rme™ s | poea™ss’ | pojeases |oneasa’s [ ponee Ussise” fiome Vst e Vs’
4.1 5 6049 62173 6635 6.7580 70024 79104 73605 74589 &350 78062 80958 5 7804 73430 56084 00007 104513
55 s5,.[56 s, 72 7|73 ‘F. |74 0|75 *s.|76 ‘0|77 ‘F.|78 '0,|79 ‘s 81 7|82 ». |83 ‘s /84 'p |85 ‘Pl
Ba Hf | Ta | W | Re | Os | Ir | Pt | Au TI | Pb | Bi | Po | At
6 Cosarm Basum Halnium Tartalom Tungsten Rhenium Osmium Sum Platrum God Thalium Lead Bamuth Polonium Asttre
120819 | 19737 ) 14y | woseres | 1 186,207 19023 w217 195004 | 100 560505 20098 2012 208 50040 (209) 210)
Pes [ages’ ponper e’ | rajarsa'es’ | presar “sa'ss’ | piajarse’en® | pepee et | peear ™ sc’es’ | et sa'ss [ pranersees M6 Msie8° Moo’ Mo’ Maks’
3 4039 52117 6 8251 75496 75840 7 5335 84382 89670 9528 9228 61083 TA16Y 72855 s414 0350
87 s.|88 's. 104 = (105 *+_|106 107 108 109 110 1M1 112 113 114 115 116 117 118
Fr | Ra Db | Sg | Bh | Hs | Mt | Ds Cn |Uut| Fl |Uup| Lv |Uus |Uuo
7 Francum Radum |Rutheriordum|  Duboium Bohrium Hassium | Metnerium | Darmatadtium Copermiciem | Usentrium | Flecovium | Ununpentium | Uvermorm | Unorseptiom | Usenoctium
@) (@28) (2¢8) (a68) @y @0 @ @7e) @8) (am0) (285) (a84) (a8%) (788) (@%9) (294) (294)
s BTy I“"W““)t‘? mqwu“)r‘l ml‘{él.‘td‘h' Lll‘-;ﬂll.“”l' .*ﬂﬂ.‘“"l?
40727 784 8 6.01 68 74 77 76
Lo ml ’ 5 57 '0,.|58 '6:|59 “.|60 1|61 "W, |62 'F |63 s, |64 ‘0|65 ,.|66 1,67 “.[68 W |69 7|70 5|71 ‘o,
2= 2 Ce | Pr Nd Pm | Sm | Eu | Gd Dy o| Er [ Tm | Yb | Lu
58 G‘ Lantharum Corum  Prasecdymiumy Neodymiom Samarum Ewopum | Gadolinem Terbiues Holmium Etum Thefiue Yiorteum Lutetum
W~.\ 150547 | w016 | wosores | 1ee2e (345) 150 36 151564 15725 | 158508 | 162500 | a0z | twr2 | 16asoas | 17a0s | 1rasess
Ce pagsoss’ | paprsets’ | pepdes’ | poejer'ss’ | pepres’ | poefes’ | pendes’ | pesefsess’ | poejefss’ | poeeres’ | penees’ | poenetes’ | peperes’ | poepres’ | poepersoss’
Name—l ™ - 5 5760 5 5538 5473 5 5260 5 532 56437 56704 61498 5 BA3A 5 9301 60215 £1077 6 13843 62642 54250
B o 89 ©0,(90 5|91 «.|92 1|93 "..|94 7|95 '5.|96 0|97 +..|98 1,99 1.,[100 ,|101 7, (102 '5.[103 .
ok, - [Xel41536s” Ac | Th | Pa Np | Pu | Am | Cm Cf | Es | Fm | Md | No | Lr
5.5386~, Actnium Thorkum Uranium Prtonium | Americium Curum Berkolum | CaMormium | Erslenum | Fermium | Mendeleviom | Nodelum | Lawsencium
t (227) razossos | 2s0ssss | 2saozme | @) (244) (243) 247 (247) @51) (252 257 Q) (262)
Ground-state  lonzation Rapars’ | Repa’nd | repfeans’ | Repsfeany’ | pepstears’ | pepntnd’ | mesdnd | meseen’ | mepstn' | epnne | meapend | mepent | mepsn | mepstnd |mepsntn
Energy (eV) 53802 63087 589 61941 62655 6.0258 59738 59914 61978 62817 6.3576 6.50 658 665 490
*IUPAC convertonal aomic weights: standard atomic weghts for these For a description of the dat
TBased the mass number of the longest.ived isctope.  elements are expressed in intorvals; 500 pac.org for an explanation and values.



Atomic weight:

2.2 Silicon has three naturally-occurring iso-

topes: 92.23% of “*Si, with an atomic weight
of 27.9769 amu, 4.68% of *’Si, with an atomic

weight of 28.9765 amu, and 3.09% of ““Si,

with an atomic weight of 29.9738 amu. On the
basis of these data, confirm that the average

atomic weight of Si 1s 28.0854 amu.

Section 2.2



Example 1 (Problem 2.2)

2.2 Silicon has three naturally-occurring iso-

topes: 92.23% of “*Si, with an atomic weight
of 27.9769 amu, 4.68% of *’Si, with an atomic

weight of 28.9765 amu, and 3.09% of "Si,

with an atomic weight of 29.9738 amu. On the
basis of these data, confirm that the average

atomic weight of Si 1s 28.0854 amu.

Atomic_wieght =92.23/100 * 27.9769
+4.68/100 * 28.9765
+3.09/100 * 29.9738
= 28.0854 amu

Section 2.2



Example 2:

How many atoms of iron (Fe) in 1 g of Fe?
Atomic weight of Fe is 55.845 g/mol

Avogadro number = 6.023 X 1023

See Homework 2

Section 2.2



Orbital electron

Electronic Structure PN

* Electrons are assumed to revolve around the atomic |
nucleus in discrete orbitals K,

Fig_02_01

* Energies of electrons are quantized; that is, electrons are
permitted to have only specific values of energy

 Each orbital at discrete energy level is determined by guantum
numbers.

Quantum # Designation

n = principal (energy level-shell) K,L,M,N, O (1, 2, 3, etc.)
¢ = subsidiary (orbitals, subshell) s,p,d, f (0,1, 2,3,...,n-1)
m, = magnetic 1,3,5,7 (-/to +/)

mg = spin V2, -2

Section 2.3



Electronic Structure

Shells and Subshells

Principal
Quantum Shell

s

“ i, o

2L.° ‘s/p /, 3 )

VS
=
™~
o
N
| A
e ~ Ve~ BT ~ Wie ~ LT ~ L

Number n Designation Subshells

Number
of States

1

S~ W = W e D

Table 2.1 The Number of Available Electron States in Some of the Electron

Number of Electrons

Per Subshell Per Shell

2

8

18

32

6P 7 f ¢ h
98 / // / 4
7Q% s d f g |
¢ VR Y S
SZ pﬁ le fld Q h I
0 1 2 3 4 5 6

1s22s32p 3s:,3p |, 4s: 3d . 4p 2. 5s 2.4d )5p 2,6s? 4f'5d ;

2 30 3 8

0
0

See Table 2.2 for a list of the electron
configurations for some common elements

5f 14 6d 10

112

Section 2.3
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J Valence electrons: The electrons in the outermost

occupied electron shell, which participate in inter- atomic
bonding.

d Many of the physical and chemical properties of solids
are based on the valence electrons.

(1 Stable electron configurations = valence electrons shells
are completely filled (e.g. inert gasses)

Argon Ar 18 15°25°2p“35°3p°

Section 2.3



SURVEY OF ELEMENTS

« Most elements: Electron configuration not stable.

Element  Atomic # Electron configuration

Hydrogen 1 1s1

Helium 2 1s2 (stable)

Lithium 3 152251

Beryllium 4 152252

Boron 5 1s22s22p1

Carbon 6 1s822s522p?

Neon 10 1522s522p6 (stable)

Sodium 11 1522s22p63s1

Magnesium 12 1522s522p63s2?

Aluminum 13 1522522p63s23p

Argon 18 1522522p63s23p6 (stable)
Krypton 36 1s522s22p63s23p63d104s246  (stable)

Section 2.4



L L

11 %S,

Na

Sodium
22.98976928
[Ne]3s &
5.1391

PERIODIC TABLE

T8ased upon “C. () indicates the mass number of the IongestIved IsCtope.  Clements e expressed in intorvals; 500 LPac.org for an explanation and

Group . . National iny
1 Atomic Properties of the Elements Sendard end
A U.S. Deporiment of (
Frequently used fundamental physical + Physical Measurement
For the most accurati values of these and cther constants. vist physcs st goviconstants Laboratory
1 1 second = 9 192 631 770 periods of corresponding 1o the www.nist gowipmi
between ™o two hyperfine lovels of the ground state of *¥Cs )
speed of light in vacuum ¢ 200792458 ms”" (exact) DSolla 13 14 15_'
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19 s,(20 s, |21 D, |22 ¢ |23 ‘f,.|24 's,|25 ‘s.,|26 ‘'p,|27 ‘F,.|28 °F, |29 “5.|30 s, |31 P, |32 9|33 ‘sl |34 p,
.
Ca| Sc | Ti Cr | Mn | Fe Ni | Cu | Zn | Ga | Ge
4 Potsssium Calcium Scandum Taanium Vaoradum | Chromium | Manganess fron Cobalt Nickad Copper Irc Gallum Arsenc Selecwm
39 0583 40078 | 44955912 | 47287 500415 | S19961 | 54938045 | ssses | sasades | saeeo4 £3546 es3s | e 7263 74.92160 7806
A ey’ s’ | e’ | pepdle’ | et | apsd'es’ | aasde’ | agse’es’ | opmad'es’ | amsa™es | agne®es’ | iaseesTen e e’ ey’ [inpseeate’ |iapae en'es*
43407 61132 65615 60201 6.7462 6.7085 74340 7.902% 78810 763% 7.7264 23542 5996 78954 9.7086 97524
37 ‘5,[38 's5,/39 0,.|40 v, |41 0|42 s, |43 ‘5|44 7 |45 F |46 s,|47 ‘s /48 s |49 P |50 e |51 ‘sl |52 ‘p, |53 ‘Pl
Sr Zr Mo | Tc¢ | Ru Pd Cd | In | Sn Te
5 Rubicum Stootum Yerum Teconium Niobim Technetum | Rutenis Rhodium Palaciurs Stver Cadrurn hdum Te Asterony Telusum den
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Re7s =y gt et re®| prapte e e’ | s e | prept e g ee' )
40727 52784 601 68 74 77 76
mm Ww 5 57 0,|58 '6{[59 ‘.|60 1,|61 "W [62 'F |63 'si.[64 0|65 |66 °,[67 .|68 °H |69 F |70 s.|71 ‘O,
R 3 Ce | Pr [Nd Pm | Sm | Eu | Gd Dy | Ho | Er | Tm | Yb | Lu
58 G‘ £ | Lantharum Corum  Praseodymiumy Neodymiom Ewopium " Torbiuen Holmium Etium Thifium Yoortem Lutetum
w~\ § 150047 | 1e0n6 | wosores | 164242 (445) 14036 151,964 15725 | 1585258 | 162500 | 1a93002 | w6729 | 1esso4zs | 173054 | 174508
Ce papsoss’ | paprsess’ | pande’ | poejetss’ | pepces’ | penfes’ | pendes’ | peelsess’ | pejetss’ | poprPe’ | peare’ | panees’ | pepetes’ | oopere’ | por s’
m‘._c um 55760 55386 5473 55250 5582 58437 5.£704 61408 5 8534 50301 60215 £1077 61843 62542 54250
Standaed L - 140.116 89 0,.|90 F |91 %,..[92 7|93 *...[94 F |95 's.|96 0|97 %..|98 *1,|99 “1..[100 4, [101 . [102 s [103 ‘Pl
- (Xoj4fsd6s’ i Ac | Th | Pa | U p| Pu|Am | Cm Es | Fm | Md | No
5.5386+, Thorom | Protactinium | Uranium Prtonm | Americim Curum Berk Caid = Fermium | Mendeieviem |  Nodelum | Lawsencium
T 2 @zn) 73203808 | 23108888 | 23807891 @31) 2e4) (243 (247) (247) @) @ @n (258) @%9)
Grouncstate lonization mapars’ | mepa'nd’ | mepsfeans’ | repteens’ | meisfeend’ | pepednd | et | mepsdean® | mepst'nt U | mapend | et | e | mes e e
Configuration  Energy (eV) 5.3802 6.3087 589 6.1941 6.2655 6.0258 59738 59914 61978 62817 6.3876 6.50 6.58 665 450
*IUPAC convertional atomic woights; standard atomic weights for these For a description of the
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The Periodic Table

« Columns: Similar VValence Structure

S —

Electropositive elements:
Readily give up electrons
to become + ions.

e.g. Mg 1s22s? 2p6::3:53:2:)9M92+ 182 252 2

Electronegative elements:
Readily acquire electrons

to become - ions.

\ )
(4b) ()]
s @
o o :
5 N~ 22
| -
G>J % Metal ey 8
D o o .=
A< O 0
1= Nonmetal O 2
(@) ®
H | 1A MA VA VA VIA ViIA | He
314 Intermediate | 2 | ¢ | 7 | 8 9 |10
Li | Be B|C|N|O F|Ne
1| 12 il 13 | 14 | 15 | 16 17 | 18
Nal|Mg|me w8 vB vB VIB / i s |Al|Si|P | S CI|Ar
19 | 20 21 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 [ 30 | 31 | 32 | 33 | 34 35| 36
K [Ca Ti |V |C |(Mn|Fe |Co|Ni|Cu|Zn|Ga|Ge| As | Se Brl Kr
37 | 38 39 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54
Rb| Sr Zr INb|Mo| Tc [Ru|(Rh |Pd|Ag|Cd|In|Sn|Sb |Te | | Xe
55 | 56 Rwe 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 85 | 86
Cs|Ba & Hf | Ta|W |Re|Os|Ir | Pt |Au|Hg| Tl [Pb| Bi |Po | At|Rn
87 | 88 A 104 | 105 | 106 | 107 | 108 | 109 | 110
Fr|Ra o« Rf|Db|Sg |Bh|Hs|Mt|Ds
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Electronegativity

 Ranges from 0.9to 4.1,

« Large values: tendency to acquire electrons.

A 0
H He
2.1 A A IVA VA VIA VIIA| -
Li | Be B|C|N/|O|F |Ne
1.0] 1.5 2012513135 14.1]| -
Na | Mg VIII Al | Si| P | S |Cl|Ar
1.0 1.3|IlIB IVB VB VIB VIIB / \ IB 1IB|15(18|21|24[29]| -

K|Ca|[Sc| Ti |V |Cr|{Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As | Se | Br | Kr
09(1.1]|1.2|113(15|1e6|16|1.7|11.7(18|1.8(1.7]1.8|20(22|25|28]| -

Rb|Sr| Y | Zr [ Nb|{Mo| Tc |[Ru|Rh|Pd|Ag|[Cd|In |Sn|Sb|Te| | | Xe

09]1.0[1.1]1.2]13]13]1.4[14]15]|14|14]|15]|15]|1.7|1.8|20]|2.2| -
Cs|Ba|lLa|Hf |Ta|W |Re|Os| Ir | Pt |Au|Hg| Tl | Pb| Bi | Po| At | Rn
0.9]09|1.1]1.2]1.4]1.4[15[15]16]15]|1.4]|15]|15]|16]|1.7|1.8|2.0] -
OFB OR?Q '10‘% Lanthanides: 1.0-1.2
Actinides:  1.0-1.2
Smaller electronegativity Larger electronegativity
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INTERATOMIC BONDING



Atomic Bonds

l l

Primary interatomic Secondary,
bonds van der Waals, or

> depends on the electron structures physical bonds

of the atoms
» Seeks stable electron structures (by
filling the outermost electron shell)

v v \ 4

lonic Covalent Metallic
bonding bonding bonding



1. IONIC BONDING

lonic bond — metal + nonmetal

| T

donates accepts
electrons electrons

Dissimilar electronegativitie

ex:MgO Mg 1s22s22p83s> O 1s? 252 2p*

[Ne] 3s2
Mg?* 1s? 252 2p° 02 18?252 2p°
[Ne] [Ne]
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1. IONIC BONDING

e Occurs between + and - ions.

* Requires electron transfer.

 Example: NaCl

5.1391

electron
Na (cation) — €— Cl (anion)
Attraction

M s, -
Na [Na (metal) Q Cl (nonmetal) |1
e unstable unstable E"s;gp

12.9676
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 Predominant bonding in Ceramics

EXAMPLES: IONIC BONDING

NaCl—

MgO

s 5
I:| Hﬁe
2.1 Ca F2 \ A A YA ma || -
Li e | & 3 Ox F || Ne
1.0 CSC' \ T 9K 2 3.5 4.¢ -
Nla Wi i:;\ II.E C' A}
0.9 =i 1B I M: H o | _-?' »3.0 -
K ZIN |2 ]zn| ] = |Aas| Z |Br|Ke
0.8 15 1.8 L5 1.8 16 LA 2.0 ra | 2.8 -
A iE Az 7 Ia e = EL R = ;

Rb Fh P Ap rd in tn Eh Iz | Xe
08 22 20 Lx5s | M 1.3 o | | =] al 25 -
- 3 78 ) ) El B = AL ¥ 3
Cs : et | au | Hy 1 o | m | ro | At | RN
0.7 & 2 a4 L |2 L& 15 sa | 2.2 -

az

Give up electrons

Acquire electrons
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lonic materials (materials with predominate
ionic bonding):

J Most ceramic materials have ionic bonding
 Bonding energy is relatively large =2 High

melting temperature

L

lonic materials are hard and brittle

L

Electrically and thermally insulative

L

Covalent bonding is nondirectional

Section 2.6



2. Covalent Bonding

e Requires shared electrons
* similar electronegativity ... share electrons

Example: H,

Each H: has 1 valence e,
needs 1 more

Electronegativities
are the same.

eshared 1s electron
from 1st hydrogen
atom

Section 2.6



2. COVALENT BONDING

* Requires shared electrons

 Example: CH4
eshared electrons

L §
@ from carbon atom

C: has 4 valence e, CHy4
needs 4 more / “\

H: has 1 valence e, ® @ @
needs 1 more \,

@

Electronegativities
are comparabile.

Section 2.6



2. COVALENT BONDING

J Availablein

>

YV VYV VY

Most nonmetallic elemental molecules (H,, Cl,, F,, etc)
CH,, H,0O, HF, etc
Elemental solids such as diamond, silicon, germanium

Polymers

(1 Bonding may be weak or strong

d lonic bonding is directional

It should be noted that partially ionic and partially covalent

bonding are possible

Section 2.6



3. METALLIC BONDING

v' Primary bond for metals and
their alloys

v' Arises from a sea of donated
valence electrons

1) Metallic elements have 1,
2, or 3 valence electrons

=>» Electron clouds
(negative charge)

+

2 Non valence electrons
and atomic nuclei = ions
cores (positive charge)

= forms Metallic bonding
Section 2.6



L

D O

3. METALLIC BONDING

Primary bond for metals

Good electric and thermal conductivities (because of
the free electrons)

Bonding may be weak or strong

Metallic bonding is nondirectional

Section 2.6



Secondary Bonding or
van der Waals Bonding

(J Secondary bonding arise from interaction between atomic
or molecular dipoles

- Dipole is a pair of equal yet opposite
®_® — ®_® electrical charges that are separated
\ / \ /

by a small distance.

Atomic or molecular dipoles

d Weak bonding (10 kdJ/mol)

d Can exist between all atoms or molecules

4 Fluctuating induced dipole bond, polar molecule- induced
dipole bond, permanent dipole bond, and hydrogen bond (see

section 2.7) Section 2.7



Atomic Bonds

Secondary, van der Waals,
Primary interatomic or physical bonds

bonds 0—O ~0—0O

Atomic or molecular dipoles

lonic Covalent Metallic
bonding bonding bonding
Atoms give up their valence share electrons between Arises from a sea of
electrons to other atoms adjacent atoms donated valence electrons
® eshared electrons

from carbon atom

electron CH4 ﬂ\
Na (cation) — €— Cl (anion) ® /@j ®

stable Coulombic stable \\P
Attraction
@

: n 2.6



Type

lonic

Covalent

Metallic

Secondary

SUMMARY: BONDING

Bond Energy

Large!

Variable
large-Diamond
small-Bismuth

Variable
large-Tungsten

small-Mercury

smallest

Comments

Nondirectional (ceramics)

Directional
semiconductors, ceramics
polymer chains)

Nondirectional (metals)

Directional
inter-chain (polymer)
inter-molecular

Section 2.6



Relationships between bonding and
some physical properties



PROPERTIES FROM BONDING: T,,

* Bond length, r e Melting Temperature, Tm
O M AEnergy (r)

< r—»

e Bond energy, Eo
)l'
A Energy (r)
smaller Tm
r.ct:nstretched length Iarger Tm
i »r
IE0= Tm is larger if Eo is larger.
“bond energy”




PROPERTIES FROM BONDING: E

e Elastic modulus, E
Ccross

\ length, Lo sectional Elastic modulus

Ci‘/area Ao /
undeforme F L

A5| - &
Ao Lo
deformed [|F

>

045

e E~curvature at ro

Energy
A

unstretched length

o

. E is larger if Eo is larger.
|

>r

smaller Elastic Modulus

larger Elastic Modulus



PROPERTIES FROM BONDING: «

» Coefficient of thermal expansion, o

length, Lo o coeff. thermal expansion

unheated, T1

\ Ly
% = =&(TxTy)
heated, T2 (o

G s

* a.~symmetry at ro

A{Energy

>r o is larger if Eo is smaller.

smaller o



SUMMARY: PRIMARY BONDS

Ceramics

(lonic & covalent bonding):

Metals
(Metallic bonding):

Polymers

(Covalent & Secondary):

e

Large bond energy
large Tm
large E
small o

Variable bond energy
moderate Tm
moderate E
moderate a

Directional Properties
Secondary bonding dominates
small T
small E
large o



Chapter 2: Summary

1) Atomic structure and electron
configurations

2) Interatomic bonding

(primary & secondary, van der Waals, bonding)



