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Why Solids? d

U most elements solid at room temperature

U atoms in ~fixed position -i si mpl e0 cas e
crystalline solid

— Crystal Structure

Why study crystal structures?

U description of solid
U comparison with other similar materials - classification

U correlation with physical properties




Crystals are everywhere!
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More crystals




Solid State
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Types of solids

Lattice, Cell Parameters
Bravais Lattices

Basic Packing patterns —
e Simple cubic,

e BCC,

e FCC-ABCABC

e HCP-ABAB
Density, Packing Fraction, Rank
Types of voids

Point defects

Some special structures
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*Types of Solids J)

ACrystallineSolids highlyregulararrangementof
their components Crystallinesolid producesthe
beautifulcharacteristichapef crystals

AAmorphous solids considerable disorder In
their structures Althoughglassisa solid, a great
dealof disorderexistsin its structure.




Types of Solids

Crystalline

Crystalline SiO
ry(Quartz) 4
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Crystalline Solids Amorphous Solids

They have long range ord¢ They lack in long range orde

They have sharp melting TheyR2 y Qi KI @S
points melting point

They are anisotropic They are Isotropic

Cleavage of crystakcurs They give a rough surface o
along certain planes cutting along any direction




*Representation of Componentsin a ?)
Crystalline Solid ud

Latticer A 3-dimensional system of points
designatingthe centers of components(atoms,
lons,or molecules}that makeupthe substance

Unit Celt The smallestrepeating unit of the
lattice.

A simplecubic

A body-centeredcubic

A face-centeredcubic
A




‘
Definitions L

A fi T hsmallest repeat unit of a crystal structure, in
3D, which shows the full symmetry of the
structureo

The unit cell is a
box with:
3sides -a, b, C
3angles - q, B, vy




Seven unit cell shapes

Cubic
Tetragonal
Orthorhombic
Monoclinic
Triclinic
Hexagonal
Rhombohedral

a=b=c
a=bxcC
axb+c
axb+c
axb+c
a=bxC
a=b=c

3:Y:900
3:Y:900

3:Y:900
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TETRAGONAL

a=bzc

o= p=y=90°

ORTHORHOMBIC
azbzc

o= p=vy=90°

HEXAGONAL TRIGONAL
a=b=c

o=p=y=+90°

MONOCLINIC -
bec 4 Types of Unit Cell

a# . = Primitive
o=y=90 I = Body-Centred
p+120° F = Face-Centred

C =SideCentred

+

7 Crystal Classes

— 14 Bravais Lattices

TRICLINIC

azbzc
o #py290°




1)
2D example - rocksalt =l
(sodium chloride, NaCl)

We define.lattice points ; these are points with identical

environments
e d — —




4)
Choice of origin is arbitrary - lattice points need not be ud
atoms - but unit cell size should always be the same.
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This is NOT a unit cell even though they are all thJ

same - empty space is not allowed!

e
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In 2D, this IS a unit cell J

In 3D, itis NOT
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eSimple Cubic Structure (SC)

w wl NB RdzS @2 (dnly #0 bals dhisasifacture$ y a A G &
W -pticRed d@rections are cube edges.

W | 22 NRAY L (A2
(# nearest neighbors)




eAtomic Packing Factor (APF)

Volume of atoms in unit cell*

APF
Volume of unit cell

assume hard spheres

APF for a simple cubic structure = 0.52

contains 8 x 1/8 =
atom/unit cell

4

__n (05 3

3

a

3

volume

[unit cell 1
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*Body Centered Cubic Structure (BCC) L)

Atoms touch each other along cube diagonals.

Note: All atoms are identical; the center atom is shaded
differently only for ease of viewing.

ex: Cr, W, Fex{, Tantalum, Molybdenum
Coordination # = 8

Click once on image to start animation

atoms/unit cell: 1 center + 8 corners x 1/8
— A——
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°Face Centered Cubic Structure (FCC) L)

Atoms touch each other along face diagonals.

Note: All atoms are identical; the facentered atoms are shaded
differently only for ease of viewing.

ex: Al, Cu, ARk Ni,Pt, Ag
Coordination # =12
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'AE)omic Packing Factor: FCC i |

I t C -GetdNdd tubidstruot8re = 0.74
maximum achievable APF

4
_n ([2a4)3
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FCC Stacking Sequence _41)

ABCABC... Stacking Sequence
W H5 t NR2SOUAZ2Y
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*Hexagonal Close-Packed Structure (HCP) :'1)
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Y area of circle
Area of triangle

1 .

—r
% Area filled = (2r2) g - 2% ~907
)

Area of circle
Area of square

% Area filled = rr?/(2r)2= 78.5

~Area of circle = xI? Area of triangle =joni2 AIEa Of square =




.Y . _ | B
1Nree-yu ‘\H Nens \I HS\H a (

" -‘ r. 07
' 1
AL - )

AAAAAAAAAAAY
A

At start all sites equivalent

After placing first atom in second layer, two sites now present
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At start all sites equivalent

After placini first atom in second layer, two sites now present
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*Three-Dimensional Packing
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*Three-Dimensional Packing

ABAB packing pa




*Three-Dimensional Packing

BCABC packing
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ccp =fcc ? J)

Build up ccp layers Add construction lines
( ABCé packi ng) -canseefccunitcell

c.p layers are oriented perpendicular to the body
diagonal of the cube







Ball & Stick view of polyhedra

ldeal: Positions of maximum repulsion!
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Octahedral Sites

Coordinate Y2, Y2, ¥ Coordinate 0, %2, 0 [=1, Y2, O]
Distance = a/2 Distance = a/2

In a face centred cubic anion array, cation octahedral sites at:
Yo Yo 145, % 0 0, 0% 0, 00 %



Tetrahedral sites

A Relation of a
tetrahedron to a
cube:

l.e. a cube with alternate
corners missing and the
tetrahedral site at the
body centre
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Can divide thef.cc. uni t eniicubesd ni y(# ¢

bisecting each edge; in the centre of each minicube
IS a tetrahedral site
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So 8 tetrahedral sites in a fcc
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DY
Sizes of interstitials ud

fcc/ccp

Spheres are in contact along
face diagonals

octahedral site, bond distance
= al2

radius of octahedral site
=(a/2) -r

tetrahedral site, bond distance
= a\3/4

radius of tetrahedral site

= (aV3/4) - r




So the face of the unit
cell looks like:

Calculate unit cell side In
terms of r:

2a? = (4r)?

a=2r+2

Volume = (16+/2) r?

Face centred cubic - so number of atoms per unit cell
=corners + face centres = (8 x 1/8) + (6 x 1/2) =4




3)
Packing fraction ud

The fraction of space which is occupied by atoms is
cal l ed the npwgfokhestgictufer act i on

For cubic close packing:

The spheres have been packed together as closely as
possible, resulting in a packing fraction of 0.74
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Example 1 0 Diamond Structure e

A Carbon atoms in all fcc
positions

A Carbon atoms in half of
tetrahedral positions (e.g. T,)

Carbon coordinated to 4
other carbon atoms i all
are tetrahedral

Looking at tetrahedra in
the structure helps us
see the ndi




Diamond Structure

Silicon, germanium and -tin also
adopt this structure (all group 4

elements)
Melting Point (°C) Conductor?
Carbon 3550 Insulator
Silicon 1410 Semiconductor
Germanium 940 Semiconductor
o- 11N 230 Conductor
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Example 2 - Zinc Blende (ZnS: Sphaleriif

Sulphur atoms in all fcc positions
Zinc atoms in half of tetrahedral
positions (e.g. T.)

Comparison with Diamond

Very important in semiconductor
Industry (e.g. GaAs)

Ball and stick
model shows us the
4-fold coordination
In both structures
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Example 3 0 Fluorite/ Antifluorite  struc

Antifluorite, Na,O

Oxygen atoms in all fcc positions
Sodium atoms in ALL tetrahedral sites

Fluorite, ZrO,
Zr atoms In all fcc positions
O atoms In ALL tetrahedral sites

Note formulae: blue atoms (fcc) i 4 per unit cell
red atoms (tetrahedral) T 8 per unit cell
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NaCl Crystal Structure

—acecentered cubes of
noth ions offset by a
nalf a unit cell in one
direction.

Many alkali metals have o
this same geometry. @

What Is the coordination ¥ —a"
number (nearest
neighbor)?

— 4
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CsCICrystal Structure J)

Chloride i1ons form
simple cubes with cesiurps
ijons in the center e

The cesium I1on IS able tc
fit In to center hole.
How?

Other crystal structures.
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Summary *J)

Close packing occurs in a variety of metals

We can envisage layers, positions denoted by A, B
and C, so that hexagonal close packing is
represented by ABABAé and
represented by ABCABCAE

ccp Is equivalent to face-centred cubic

Small ions can occupy interstitial sites in a close
packed structure - both tetrahedral (4) and

octahedral (6) Sites exist
S— — —



Review & Further
Understanding
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Factors affecting the formation of the amorphous state { b ‘
y

C When primary bonds are 1D or 2D and secondary bonds aid in the
formation of the crystal

C The crystal structure is very complex

C When the free energy difference between the crystal and the glass
small= Tendency to crystallize would be small

C CoolingrateY f ast cooling promot es
eif asto depends on the mate
e Certain alloys have to be cooled af K@s for amorphization
e Silicates amorphizes during air cooling




CRYSTALS
Non-molecular

D,

Molecule held together by primary COVALENT
covalent bonds
Intermolecular bonding is Van der walls IONIC

1| L

METALLIC

CLASSIFICATION OF SOLIDS BASED ON BONDING
IONIC METALLIC




METALLIC

C Positive ions in a free electron cloud

C Metallic bonds are nodirectional

C Each atoms tends to surround itself with as magighboursas possible
C Usually high temperaturenrt to MP) Y BCC (Open structure)

C The partial covalent character of transition metals is a possible reas
for many of them having the BCC structure at low temperature:

C FCC Y AFe (910 1410°C)Cu, Ag, Au, Ni, Pd, Pt

CBCC Y Li, Na, K , CTI Mo, WZe (belowBL0°CN
CHCP Y Be, Mg, Ti, Zr, Hf, Zn,
COthers Y UMnPuSm Po,




FCC

CLOSE PACKING
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Shown displaced for clarit§
g

HCP

Note: Atoms are colored differently but are the same

Unit cell of HCP(Rhombic prism










)

SC BCC* CCP HCP

Relation between atomic radius () a = 2r a=2r

and lattice parameter (a)
A

Atoms / cell 1 2 4 2
Lattice points/ cell 1 2 4 1
No. of nearest neighbours 6 8 12 12

Packing fraction

=0.52 =0.68 =0.74 =0.74

2coration O —-—
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FCC “)
—OCTAHEDRAL o
»

TETRAHEDRAL

» .
.
» »
N \Q
.
‘-\\‘
. .
Y4 way along body diagonal At bodycentre
{Ya, Ya, Ya}, {3a, Ya, ¥a} {Yo, %2, Y3
+ face centering translations + face centering translations

1

etrahedrm — A A
24

V, Vv 1

cell

V V

cell

octahedron 6




FCG OCTAHEDRAL ‘)

Site for octahedral voi

Equivalent site for a
octahedral void

_|_Note] —-—




FCC voids Position \Voids / cell| Woids / atom

Y, way from each vertex of the cube
Tetrahedral along body diagonal <111> 8 2

s (Y4, Ya, Ya))

ABody centre: 1 (Y5, Y5, Y5)

Octahedral
AEdge centre: (12/4 = 3) (Y, 0, 0)




Size of the largest atom which can fit into the tetrahedral void of |

Size of the largest atom which can fit into the Octahedral void of




HCP VOIDS ?)
TETRAHEDRAL OCTAHEDRAL J

Q‘

These voids are identical to the ones found in |

_|_Note,
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Octahedral voids occur in 1 orientation, tetrahedral voids occur in 2 orient

_| Notey







