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1As9da51992M (Atomic Structure)
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Nucleus: Z = 37U protons
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N = 971U neutrons

Atomic massA= Z+ N 0



LuaamﬂaumamumuﬂuaammLmamemﬂuumuﬂsum
awegfiaunsadilaidunfnenlansy  eauazaind
UaﬂumuﬂmaqaumaumdmLaﬂaiuwufswaﬂ amu (atomic
mass unit) 6&1\‘1 1 amu SAwidu 1712 winvesiimin
avmamaﬂmsuau 12 (20) Fadulellnuvesarsuauni
1INNER

Avogadro’s number (N,) %#38ta%2119n1lAs U8
mmua“mammmwuﬂu 1 Tua F9UsznaudlesIuIu
DYADULVINAY 6.023 x 107 aznay

* lolalny (isotopes) Mnefigermonvessnviianiaiiing
ormOUTILANANITURIUAED I TUlY



NUSE5eINarnaNluda-ILLT
(Atomic Bonding in Solids)
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Primary Interatomic bond (Chemical bond)

ionic, covalent, metallic

Secondary Bonding (van der Waals bonding)

Fluctuating induced dipole bonds, Polar molecule-induced dipole bonds,
Permanent dipole bond




Ionic bonding

AnannstiuazSuBlannsounussninesmauYes 2 519 1Ay
aznaNvass N Iurhelvididansoulutwilviiduiesdidnuiu

D

BiannsoutioyadslanidnuliiuINeani desnauYeIsy

1
=

[ 1 U a & gj o
MIUHN8SUDLAARN SO UL LUILLAAID U NI aUDDNUN

Coulomblc bonding force

0@1@0
@/ @ @
&€

A\ \|/ A \I/



Covalent bonding
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Ficure 210 Schematic representation of
covalent bonding in a molecule of methane
(CHy).
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Metallic bonding
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Iicure 2.11  Schematic illustration of
metallic bonding.



NGB 23:ky) N (Secondary bonding)
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Fluctuating induced dipole bonds
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Atomic nucleus Ficure 2.13 Schematic

Atomic nucleus representations of (a) an
electrically symmetric
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Polar Molecule=induced dipole bonds
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Ficure 2,14 Schematic representation of a polar hydrogen chloride
(HCI) molecule.



Permanent dipole bonds
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Ficure 2,15 Schematic representation of hydrogen
- bonding in hydrogen fluoride (HF).
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1Ased519man (Crystal Structure)

(a) (b)

Ficure 3.1 For the
face-centered cubic crystal
structure: (a) a hard
sphere unit cell
representation, (b) a
reduced-sphere unit cell,
and (c) an aggregate of
many atoms. (Figure ¢
adapted from W. G.
Moffatt, G. W. Pearsall,
and J. Wulff, The Structure
and Properties of
Materials, Vol. 1, Structure,
p- 51. Copyright © 1964 by
John Wiley & Sons, New
York. Reprinted by
permission of John

Wiley & Sons, Inc.)



Space lattice & Unit cell

Space lattice

Usenaumegasneiseanuluwadly 3 18 usavgalu space
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Unit cell

Space lattice LJunsusuandesmunisvasornulumewad
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Unit cell




Table 3.2 Lattice Parameter Relationships and Figures Showing
Unit Cell Geometries for the Seven Crystal Systems

Axial
Crystal System Relationships Interavial Angles Unit Cell Geomelry
Cubic a=b=c =B =v=90°
a a.
a
Bt
i
I |
el | p
Hexagonal a=b%*c a=B=90%vy=120° ! L
/’.‘-—;-"\l
a 0 “a
Tetragonal a=b+#c a=pB=vy=90° ¢
a
a
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Rhombohedral a=b=c a=pB=ry+90°
iy Lo
Orthorhombic a#*b#c a=pB=vy=90° ¢
7 b
LRTEH
Monoclinic a#*b#c a=v=90°#p c
R
b

Triclinic a+b+#c aF B+ y+FN°
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Lay Hexaeonal Closed Packed
(HCP)
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Body-Centered Cubic (BCC)
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Coordination Number &

Atomie Packing Factor (A

)

® Coordination Number

AoduIUBERRUTRdlnaTnan (MSeliafafiu) lu unit cell

® Atomic Packing Factor (APF)

Junsanamnuininesveslsunasiosneudluussglu unit

cell

APF =

Volume of atoms in unit cell*

Volume of unit cell

*assume hard spheres




laseds1amantuy FACE-CENTERED CUBIC

e Coordination # 15U FCC = 12



4R




ATOMIC PACKING FACTOR (APF): FCC
» APF for FCC = 0.74

Close-packed directions:
length = 4R
R =\,—2 3
. in Unit cell contains:
6x1/2+8x1/8
= 4 atoms/unit cell

atoms

4 volume
unitcell ™4 P (2a/4)3 *+— atom
APF =
3 volume
a“ «

unit cell



BODY CENTERED CUBIC STRUCTURE (BCC)

 Close packed directions are cube diagonals.

e Coordination # ®1%5uU BCC = 8



ATOMIC PACKING FACTOR: BCC

+ APF for BCC= 0.68

Close-packed directions:
length =4R
=/3a

Unit cell contains:
1+8x1/8
= 2 atoms/unit cell

volume
atom

4
unitcell ™2 B n (3a/4)3 +—
APF =

3 volume
a“ «

unit cell



HEXAGONAL CLOSE-PACKED STRUCTURE (HCP)

e ABAB... Stacking Sequence

e 3D Projection o 2D Projection

A sites Top layer

B sites

Middle layer

A sites Bottom layer

e Coordination # = 12

« APF = 0.74
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= 1/6 x 6 Xx 2 = 2 969U
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® 9EAOUTTTUIURINAT9YS unit cell
= 3 9¥HU

® YIUIUSIUNINUA = 6 DSNDU



Hexagonal Close-Packed (HCP)
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THEORETICAL DENSITY, p

# atoms/unit cell\A | Atomic weight (g/mol)
_"nA
p=
Volume/unit Ce"/vVCNAV\Avogadro's number
(cm3lunit cell) (6.023 x 1023 atoms/mol)

Example: Copper

e crystalstructure=FCC: 4 atoms/unit cell

e atomic weight = (1 amu=1g/mol)

e atomic radius R=0.128 nm (1 nm=10-cm)
Vc=a3 ;ForFCC,a= 4R/ Z°; Ve =4.75 x1 0-23¢cm3

Result: theoretical pcy =38.89 g/cm3
Compare to actual: pcy =8.94 g/cm3



LWUURNTR  997ANURUNLUUN 9N v dlasiile
F93lA59ET9 BCC mMuualnialinzmauwininy 0.125
nm kazi1ninesmau 52 ¢/mol

LUUNNR  2999UIA1095 AN naUYB95 19 TR N
FLATIFTIRNANLUY FCC UANNNUILUWINIAY 22.4
o/cm’ Lardli1nuNaEnauNIAY 192.2 ¢/mol




Characteristics of Selected Elements at 20C

At. Weight Density  crystal  Atomic radius
Element Symbol (amu) (g/cm3)  Structure (nm)

Aluminum Al 26.98 2.71 FCC 0.143
Argon Ar 3995 = - —_— -
Barium Ba 137.33 3.5 BCC 0.217
Beryllium Be 9.012 1.85 HCP 0.114
Boron B 10.81 2.34 Rhomb W --—----
Bromine Br 7990  ------ —— e
Cadmium Cd 112.41 8.65 HCP 0.149
Calcium Ca 40.08 1.55 FCC 0.197
Carbon C 12.011 2.25 Hex 0.071
Cesium Cs 132.91 1.87 BCC 0.265
Chlorine Cl 356.45 « -—--- -
Chromium Cr 52.00 7.19 BCC 0.125
Cobalt Co 58.93 8.9 HCP 0.125
Copper Cu 63.55 8.94 FCC 0.128
Flourine F 19.00 = ------ ——— -
Gallium Ga 69.72 5.90 Ortho. 0.122
Germanium Ge 72.59 5.32 Dia. cubic 0.122
Gold Au 196.97 19.32 FCC 0.144
Helium He 4.003  ----- —— -

Hydrogen H 1.008 = ------ S —



CRYSTALLOGRAPHIC POINT,
DIRECTION, AND PLANES
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Projection on
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Crystallographic point
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Ficure 3.6 The [100], [110], and [111] directions within a
unit cell.
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Crystallographic Planes
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Linear and Plane Densities

o aunuuuluLldunse (Linear Density : LD)
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(b)

The [110] linear density for FCC is

2atoms 1

LD, = -
HO 4R 2R
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Density : PD)
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The (110) planar density for FCC is
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SEUURANALT (Sin gle Crystal)
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Frcure 3.16  Photograph showing several single
crystals of fluorite, CaF,. (Smithsonian Institution
photograph number 38181P.)




WANS (Polycrystalline Materials)

* NsnnNaANlagaILIINYBYTaRUUITUsENaUlUMENENLEN®
nagaNan (grain) MBNULLINIYNI polycrystalline
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Ficure 3.17  Schematic diagrams of the various stages in the solidification of a

polycrystalline material; the square grids depict unit cells. (a) Small crystallite
nuclei. (b) Growth of the crystallites; the obstruction of some grains that are
adjacent to one another is also shown. (¢) Upon completion of solidification,
grains having irregular shapes have formed. (d) The grain structure as it would
appear under the microscope; dark lines are the grain boundaries. (Adapted from
W. Rosenhain, An Introduction to the Study of Physical Metallurgy, 2nd edition,
Constable & Company Ltd., London, 1915.)



