Lecture J{-

Let's review what we have been oLo’unﬁ 50-[-‘014
- Brovais Laltice
- Zxamples For common crystal structures and
iderd fied their Provais Lattice ’rﬂpPs
- Miller indices {or planes ond directions,
-P\')ao\:’mg {rochon 2 doseljj packed structures

Lels ‘re{resk 1he Close)j—packed straclures

HCP and CCP  Stuctutes
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5'\mdures {LaVe Hne Vw%hesjf Pac,l:tnﬁ ‘%roc)ﬂon equals ‘o O:HL

Look ot the slides :Fov o revied.
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Line and Planar Densiﬁ.

,Previous\g Wwe have calculaled dhe Faclcm% —fmchons/ dhal is dhe ralio
belaeen the Space occupied (o:a the oloms and the total volume of 4he

cell.

Ih the similar woa) we. coh calculote the Linear fDen.siJrj o the Planar Eeh.sitﬁ

P:%mic'Pac\c)né Fraction - Volume O?f Bloms in Jhe cell
) +otal unil cell volume

LD - Number ot Moms cenlered on Divection Vector

Le»\%%\1 4 he Direckion Vector




PD . Number & Aloms Centered on o Plane
Avea oj- the Plane

Tor examp\e,'\( gau Hhink. cloout [llO] divection ‘n FCC (Lookal dhe Sl‘udc)
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Trat said we can find that for come crﬂs’sa\ 5¥ruc+ures)56veml non-perallel
divections with dif{{erent indices are cnje\aus,-ap\mca“j equiv alent . This means
that e otomic olensifﬂ . <e. atomic arrangemen! cve Yo some o»lor\g Yhese
direchons.

For examples, n cubic crﬂsbls [\oo] , [(Tood, (010] loTa],[o01] LooT]
dire ckions ave eclu‘nva\eni- eoch other

Ih Yot wse we cal it <looD Fownlé,

In hexagonhal CTSS‘\'O\S however Me directions with eqalvaler\‘} cv-gsvl-a]\oﬂmp\mic
Froperhc’_s do no} have ’“’\e saGme M}ueV indi ces. ’st PYO\DL‘ZM 15 solved bg
‘\V\\‘Vcadvuc‘mg h—axis indices Fov Hexagonul Syetems , The 1f/fn+e55/
ndices owe caled Bravais_Miler Tndices

ﬂ;\s Y—oixis 535’rcm nedadrop i85 kind oj redundan . Bt convenient.
C Look ol the 5l‘d€§)




X—Po,ﬂ D iffro ction
( Determination ot Crﬁﬁ‘\'a\ 64’\(&(;1’0\(6’5)

@t{{rac‘l'ion occurs when o Wove sees g Series sz obstacles. S}ricjrlél

6loea\<m3 , @ rejutarkj 6Faced costacles The woaves scatter £vom the obstacles
ond Interfere Conslrruc\'tvelj or des)rrac‘c'\\/cla,

What 15 interference ?

/‘v + W - /\J\ Coh\%Y(JC:HVe .jh'l‘efferer\ce
/\l/ + J\J s — Deguckive Tnter{erence.

Whether the inderference 16 constructive or destructive is determined by Jhe
avranﬁemenl ol obstacles. |

=D Divffracted beom composed Oj— o kowse namber oj? Scattered waves,

The diffracted m’rensiJréJ 5 o signature o the arrangement ot the obstacles. Jn
Order Yo have 0 succesful diffraction pottern, Yhe seporation of ke obstacles

and Lave \eng)rk of the madend veam has to ke c‘f the some order.
X—deﬁf

X- Rays ore o form de electromagnetic rodickion wilh short wave \eng«llq
oj dhe otomic spacing m solid.

=D Now we will examine Yhe conditions fov X‘Qaﬂ o\\{{rqc;\-i on \oﬁ a Per?odyc
O.Tro.r\geff\en{' cff afoms  and hoow Yo qv\a\a’be Yhew.




X we eonsrder the X-Ray diffraction from the plone Chke)

’Me Condition :Fc)r o cang)racjn‘va m¥f‘f{efence
2d5nEG =NA <« Em.gs Condition

Bragg Law ts necessory  Joak not sufficient condition for o saccessful
diffraction peak. (e will discass about this later)

The X-Ray diffraction is velated o the electvon density of the system.

E lectron dehsi\'ﬁ 15 a periodic —Eahc’rian . We ore 801‘)8 s 5’\’qd8 abodl lhe
eleckian densi lrg as follews.

_me_ cvas‘ca\ 16 invariant ynder Yhe kcro\hs\o»l'tah vechor T.

T-_ ul& fd;a){ W3 C—Le
Z\eckvon densii-é is a periodic Fanckion of the position . Wk Ye ‘ranslation veclor
Wwe can write Yis as,

N(r+T) . N )

o‘hﬂ per{oclh: ‘Fah cAton can be CXf\aihed usia g Fourier ahakjéis.




Fourier Brolysis of Eleckron Density:

Letis consider a fanchion nc<d n one-dimension wih a pericdicity a in the

direchon 2. We expand N¢=xd Wy a Foarier series as

Ncad- No & = [Cf Cas 27Px + 51; Sin 253'&] here  p —r positive srkegers.
>0 @ o

C’\) Sp — Real Constanls C Fourier Cle—f«fic’len‘k_)
The :I'ac’\‘or Q_E appears Yo ensure the pev“\oolsci&ﬁ Cj' o\

We n simply prove that N =N (xta)  (rhere in one-dimension, a is the
branslation vecdor T

Nex<) = Not = C? Cos 8T plot® 2 6{, Gy 28 pOra)
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For differen values ot P, We define a series of points 2£P . This 15 alse «
(#d

{0“3’ vange ovder. TM ts  caled a Qad?fccg\ \atkice .

The reciprocal lathice tn fack gives the allowed terms n Pourier series

T ts alse convenient ‘o write this as:
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Now n order 4o 50}\’5,{33
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