PHYS601 ~SSP1 Crystal Structure

Lattices and Unit Cells
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VESTA is an important tool for this class . Free to download and install
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Primitive lattice vectors
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5 Bravaus lattices in 2D
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http://en.wikipedia.org/wiki/Bravais_lattice




Wigner Seitz construction
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Basis and location of atoms in unit cell

To remember: CRYSTAL = LATTICE + BASIS




14 Bravaus
lattices in 3D

» Lattices in Three Dimensions

cubic:
cubic: all sides equal
all angles 90°
simple body face
centered centered
tetragonal:
tetragonal: only two of three side lengths equal
all angles 90°
. body
simple centered
orthorhombic:
orthorhombic: ( no two sides equal
X all angles 90°
imol body face base
simple centered centered centered
monoclinic:

angles between primitive

simple ‘ -
p base \ > lattice vectors :

monoclinic centered 2=90° fi=90°
monoclinic o 90°

only two right angles

hexagonal 'ﬁh triclinic:
<> no right angles
no two sides equal

_ rhombohedral:
all side lengths equal.
all angles equal, but not right angles.
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The Body-Centered Cubic (bcc) Lattice
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Body-centered cubic Plan view

unit cell

LatticeBites:@(l X + m y+HEE)
Lattice@oint@er@onventional@ell:Fl = 8x§

Volumelconventional®ell):@3
VolumeprimitiveRell)z@3
Number®flhearesttheighbors:®
Nearestheighbor@istance:@t
Number@®fBecond@heighbors:F2

SecondGheighbor@iistance:lﬂ/fa

Coordinates®f@heBites:H 1, n, m)

ForheBited0,0,0),

6Mearestieighbors:d+1,0,0), (0, +1,0) and®(0,0, +1)
12mest@hearesttheighbors:@+1, +£1,0), (0, £1, £1) and®+1,0, £1)



Packing fraction

Packing@raction:
WelryRopackiNBpheres@hard,@annot&eform).l

3

TheRotal@olumeftheBpheresistN4 R?

3
The@olumeRheseBpheresccupy® > N4 nR? (thereRre@pacing)
Packing#raction=total@olume®f®he@pheres/total@olumeheseBpheres®ccupy

3 3 3
N4 n% 47‘[% 47‘[%
acking fraction /4 V/N  Volume per site
3
4n%

" Volume o f a primitive cell

High@Backing@raction@neans®heBpacelslised@nore@fficiently



Packing fraction of simple cubic

R3
4 TL'? ] -
Packing fraction = — Nearest@listance=[2R
, Volume of a primitive cell R= Nearest@listance/2=a /2
R
410 4n@ R ., 4nBa/2 , nb
= = —)7= )°’=—=0.524
a3 3 “a 3 " a 6

» Abouthalf{0.524=52.4%)DfRhe@paceds@eallyisedibyEheZphere.
» The®therhalf{0.476=47.6%)dsEmpty.



The Face-Centered Cubic (fcc) Lattice
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Sodium (Na)
Lattice = Cubic-1 (bcc)
Basis = Na at [000] .

Some Real Crystals

Caesium chloride (CsCl)
Lattice = CubicP

. Basis = Cs at [000]

Plan view 111

unlabeled pointsat z= 0,1 and Cl at [555] .

12

WeRan@EnarkEny@initellbby®hreedntegers:@mn
E: lC_l)1+mC—i2 +nd>3

Coordinates@®fAnEtom:
WelRanBmark@nyEtomininitXellbyRhreeXealthumbers:Zyz.
ThefHocation®fEhisBtom:B a, + y d, + z ds

Notice@hatl) < x < land@d <y <land®d <z <1

Q:AVhyRannotiell?
A:[ue@oRheleriodicBtructure.FlAsGustDEnRhefhext@initell

Plan view
unlabeled pointsat z= 0, 1

1/2



Sodium Chloride

Face-centered@ubicattice
Na+@onsFormZFace-centered@ubicHattice
Cl- ionsredocated@etween@Each@wol
neighboringNa+dons

Equivalently,Ave@anBay@®hat

Cl- ions@Form@Hace-centered@ubiciattice
Na+EonsErefocatedibetween@Each@wol
neighboringNa+dons




Cesium Chloride

Simpleubicattice
Cs+AonsForm@Eubiciattice
Cl- ionstrefocated@EtEheXenter@f@achRube

Equivalently,Bve@an@ay&hat
Cl- ionsformBRubiclattice
Cs+ ionsfredocatedit@he@enter@®f@Each@ube

Coordinates:
Cs:[@00

NoticeRhat®hisAsEBimpleRubicHattice

NOTEDodyXenteredXubiciattice

> For@bccattice,@heXenterBiteds@hel
same@s@heRorner3ites

» Here,@enterBitestind@ornerBitesirel
different



Diamond is not a Bravais lattice

SameBtoryEsAnEraphene:

Weltan@listinguish@wo®ifferent@ype@®f@arbonBitesdmarkedy@lifferentolor)

Welheed@oRombine@woarbonBitesfonelackEnd@ne@vhite)RogetherEsEFprimitive)ainitiel
Ifave@®nly@ookEtRhellackHor@Avhite)Bites,MveFoundEhe@Bravaisiattice:@cc



Reciprocal lattice and Brillouin Zone

Examples of families of lattice planes on the cubic lattice.
Each of these planes is a lattice plane because it intersects
at least three non-collinear lattice points.

(010) family of lattice planes

(111) family of lattice planes



