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Reteaua reciproca

(== Considerdm o refea Bravais

R = Zcfil +ma, +nd,
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functia de undd
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Notatii:

Exemple:

ortorombic;

spatiul real

azb=#cC
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spatiul real

cub simplu

ortorombic

cub cu volum centrat

ekl
! a,="%a(X+y +2)
= a,=%a(X-y+2)
cub cu fete centrate
g —® a,=Y%a [_}E+ y)
T'JAL a,=t%aly+z)
r—Jr a,=%a(Z+x)
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spatiul reciproc

cub simplu
ortorombic

cub cu fete centrate

=

b, =2ma (X + )
b, =21a(y + Z)
b, =2m/a (Z'+ X)

cub cu volum centrat
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5,
¥,

= (2m/a) (X + Y - Z)
= (211/a) (-X+y + Z)
=

2mla) (X-y +2)



K=K,  =ha +kb +ic

acest vector este perpendicular pe planul
(h,k,I)

K, L(hk1

distanta interplanara

27T
‘thl‘

dhkl —

hkl




(100): d = a,
(110): d = a,/N2
(111): d = a N3

(hkl): d=a/NhZ + K2 + 12

www.msrt.ir/fa/shaa/Documents/WikiShaa/XRD.pd



Interplanar spacings
distante interplanare

2 k2 gin? 12 2hlcosB
, 1 R 4E Monoclinic: — = —— ("_ L )
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physics.unl.edu/~cbinek/Unit10_Crystal%20Diffraction.ppt
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Difractia de raze X

physics.unl.edu/~cbinek/Unit10_Crystal%20Diffraction.ppt

Fenomenul de difractie> de la optica
prin 2 fante

Lungimea de unda ~ dimensiunile obstacolului
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Yoshio Waseda
Eiichiro Matsubara
Kozo Shinoda

X-Ray Diffraction

Crystallography

Introduction, Examples and
Solved Problems

@ Springer




Penetrates
S e — Y

Atmosphere?
Wavelength .
(maters) Ultraviolet
10? 104 105 Sx 100 108 10710 1012
About theM/\/WVVWWWUW.
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: J . @ Ly @
Buildings Humans HoneyBee Pinpoint Protozoans  Molecules Atoms  Atomic Nuclei
Frequency
{Hz)
104 108 1012 1015 1016 1018 1020
Temperature
of hodies emitting : )
the wavelength
" 1K 100K 10,000K 10 Million K

Examples: http://imagers.gsfc.nasa.gov/ems/ems.html



retelele cristaline > constantele de retea ~ 1 A= 10-1m

Razele X au A~ 1 A

Electronii atomilor imprastie radiatia X-> interactiune electromagnetica
cu norul electronic

Un atom Tmprastie razele X in
toate directiile




Interactia razelor X cu norul de electroni ai atomilor din reteaua
cristalina

physics.unl.edu/~cbinek/Unit10_Crystal%20Diffraction.ppt

Oscilatiile electronilor genereaza raze X care interfera constructiv sau
destructiv




» Absorbtie

elastica--difractie
 Imprastiere

inelastica




Legea lui Bragg ‘

2 dsin

Diferenta de drum trebuie sa fie
egala cu un multiplu al lungimii de
unda

nA=2dsmé = 3§
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Intensity
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physics.unl.edu/~cbinek/Unit10_Crystal%20Diffraction.ppt
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Descoperirea razelor X
Noiembrie 1895, Wirzburg

Wilhelm Conrad Rontgen



www.learningace.com/doc/2132100/.../topic5a-xrd
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tub de raze X, cu 2 fascicule pentru radiografii

(Bruker)



Aranjamentul experimental

tub de
raze X
Collmatoare
|

IS

H " cristal
Filtre

physics.unl.edu/~cbinek/Unit10_Crystal%20Diffraction.ppt



Tubul de raze X

invelis de sticla vidat Filament

<

intrare
\__ R =
conectori la Thalta _ = ; | apa de
tensiune — racire
[ V — iesire
catod
electroni
anod

www.learningace.com/doc/2132100/.../topic5a-xrd
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Legea lui Moseley

Moselev Plot of Characteristic X-Fays |
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0

M, 5 (3d)

My 3 (3p) 76

M, (3s) 122

Lo (2pq0) 4 952

L, (2s) 1097
l".‘w:::l Kuz

K({1s) ‘ ' 8979

www.learningace.com/doc/2132100/.../topic5a-xrd

exemplu pentru cupru
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Legea lul Bragg

ure by MIT

nAi=d,  2sind




_- unde incidente
(sau particule)

Conditia Bragg
2dsind = A

vectorul de difractie

K=2ksin®
vectorul de unda
k= 2T11/A

G vector al retelet reciproce

Conditia Laue este echivalenta cu conditia Bragg



Constructia Ewald permite sa stabilim daca conditiile pentru obtinerea unui maxim
Bragg sunt corecte.

— 21
Luam un punct din spatiul k de origine. k = 7_’
«Construim vectorul incident k, din origine. R R
Din originea lui k, ducem k in toate directiile si construim o sfera ‘ko‘ =K

imprastierea e elastica Sfera Ewald

in fiecare punct in care sfera
intersecteaza un nod al retelei
reciproce avem un maxim
Bragg

In acest exemplu avem 8 puncte.

reteaua
reciproca







Zona Brillouin- celula Wigner-Seitz in
Zdhleine = nAi
G=k—k

2kG + G2 = 0

Py

spatiul reciproc

conditia Bragg

conditia Laue

1)

2

(G/2 e proiectia lui k)

|

definitia celulei
Wigner-Seitz in
spatiul reciproc

[e] o] o o

la limitele zonelor Brillouin apar
reflexii Bragg (indiferent de tipul
radiatiei)

metoda W-S ne conduce la conditia Laue
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raze X A
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o

cristal

tub de raze X

[F}

colimator film fotografic

physics.unl.edu/~cbinek/Unit10_Crystal%20Diffraction.ppt



Plane (hkl) echivalente

physics.unl.edu/~cbinek/Unit10_Crystal%20Diffraction.ppt






monocristal

Kittel

diffracted ray

rotim proba pentru ca mai multe
plane sa poata satisface
conditia Bragg

ZdthSl'ne = nA

www.learningace.com/doc/2132100/.../topic5a-xrd



permite determinarea structurii cristaline cu precizie ridicata
informatii despre ordonarea din cristal

informatii despre migcarea termica si dinamica din cristal
determinarea foarte precisa a parametrilor de legatura

orientarea cristalului



Metoda pulberilor > Debye Scherrer

toate orientarile planelor
cristalografice sunt prezente

fiecare inel corespunde unui
unghi care satisface conditia
Bragg

0 IRE RN IR imm ||III||:'IIIII||II.\""-._||III'

-30a0

Zdhleing = nA

10 30 30 i &0 110 150

130
_ _ . 2 Theta
physics.unl.edu/~cbinek/Unit10_Crystal%20Diffraction.ppt



identificarea compusilor sau a diferitelor faze prezente
. studiul omogenitatii
informatii despre tensiuni mecanice interne, deformatii si dimensiunile

cristalitelor

. analiza cantitativa a fazelor

. determinarea structurii cristaline



Metoda pulberilor > Debye Scherrer

www.learningace.com/doc/2132100/.../topic5a-xrd



Xraysin

through
film hole 1
Kittel
Direction of
Split in strip film Film nondiffracted beam
toward top inside \ hole 2
camera
[
Sy
Film
X-ray hole 1

beam Center-to-center arc = 180°



http://www.matter.org.uk/diffraction/x-ray/powder_method.htm



Debye-Scherrer camera

A=d,  2sin6

2
e a2 a
Cubic: d;,, =

h> +k*+1°

Figure by MIT OCW.
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Diffractometer
Circle

[
o
' . (%]
':..-"-’.
N

40"

Detector , it | — 120
80 100

Figure 1: Table and detector rotate about origin.

physics.unl.edu/~cbinek/Unit10_Crystal%20Diffraction.ppt
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Bruker




Bruker




1005 200

sol— 230 NaCl Cuke

intensity
T

22

420

L~ 111
L 400 422
10— : 33
e, ] Jl 2 i o

e 30 FTi1 50 60 70 80 %0 26

20 (deg)

physics.unl.edu/~cbinek/Unit10_Crystal%Z20Diffraction.ppt



Factorul de structura

~ Intensitatea maximului de difractie
F . iQ-r, depinde de aranjarea atomilor in
- 7 € refea
7

I~ |F|?

f, este factorul de imprastiere atomic

f =7 — — - -
n(max) 0 = hb, + kb, + Lb,
pozitia atomului in celula primitiva Ty = Xpdq + V,d, + Zds

- (2 mi)yhx, +kv, +iz,)
F=2 /e
2

ne arata ce maxime (h,k,l) putem astepta pe figura de difractie




Amplitudinea undei impriastiate de citre toti atomii celulei elementare

F —
| hkl | Amplitudinea undel imprastiate de citre un electron



F = Z fe(z.?ri)(hxn+kj:n+f:”)

Qo

cub cu volum centrat

cubic simplu
(x,v,z)=1(0,0,0) (X,v,2)=(0,0,0) & (4, 2, 12)
> F=1f, —|F = fﬂ {1+ ein(h+k+l)}
=F=21f  h+tk+l= par
= 0 altfel
et =gt =Sti= | =.]

2 = pAni = b = = 4] elnmi = (-1)" el = p-nmi et + e =2 cos x



cub cu fete centrate

(x,v,2)=(0,0,0), ("2, 4, 0).
("2, 0, 2) & (0, Y4, )

= F =1 {1 + ™tk ¢ gumh*l) 4
ein(cr]))

F=4f:hk,]I toti pari, toti impari

= 0 altfel




O - Na ®—_ C

. 0,00 s ]
* 220 0,0,%
» %20% | 0.%.0
« 0,%,%. %4.0.0

- _ (2ﬁf)(;1.rn+k‘1-'n+f_-}?)
F=2 fe
n

‘)FNH (E:LT;(G) n Em’(iﬁk) i Eﬁ'i{f}+§} N Q’T‘f(’ﬂf‘) ) _

fv (I—I-E’T‘;{HH
AL

Ti(h+k+l
Ja ('3 D e

+€m‘{h+f) _|_€mr'{ﬂr+;))

Pentru Cl

i) | TR em‘{hj)



_ Jﬂ'i{h+k} J;rz'{}HF} Jm’{ﬁr#)
Fe = faa(1+e€ +e +e )+

‘fm(em{h+k+fj +€9ﬂ'(!} _|_€;rfi{kj +€?ﬁ(hj)

£

1

=(f _|_j~ €m{h+k+fj)(1+€m{h+k} +€ﬁfi{h+€} +€mﬁ{k+3})
vl J Na Cl
F., = 4(];,” +fﬁ) pentru h,k,I pari

F..= 4(]{?\;ﬂ -fﬂ) pentru h,k,I impari

extinctii 1! F,.=0 pentru h,k,I amestecati (pari si impari)

ik




Intensity (%)
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figura de difractie pentru NaCl
obtinuta cu radiatia Cu Ka

http.:/www.matter. org. ul/diffraction/x-ray/powder_method htm
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Intensity (%)

indexarea figurii de difractie

100 { (200)
%0 NaCl
w0l radiatia CuKa
70
ﬁ_q_’D
60 (220) O
| Ou5—205—C0)
50
40
http:/www.matter.org. ul'diffrac tion/x-ray/'powder_method htm
30
20 (222) (420)
(422) (600)
(442)
10+ (111 (400) .
» K
L il W em|  ser
20 30 40 50 60 70 80 90 100 110 120 i



Debye-Scherrer camera

A=d,  2smnb

2
Ty - 2 _ a
Cubic: d;,, =

h +k*+1°

(aceeasi expresie pentru CS,
CFC si CVC)

Figure by MIT OCW.



* Masurind fiecare arc, generam un tabel cu S;, 0 si sin%0.

e Valorile experimentale ale lui sin?0 trebuie
corelate cu indicii planelor cristalografice h, k si |

e multiplicam sin20 cu o constanta K astfel incat sa
gasim valori aproape intregi pentru toate valorile
h2+ k2+ |2 si identificam planele hkl.

Cautam sa obtinem numere intregi

h= 154 Angstroms B0 = 180mm /
A

Factorul de structura
corespunde la cub cu
fete centrate: hkl fie

toti pari fie toti impari

!
[ inmultim cu 27,3 in acest caz

www.mse.nthu.edu.tw/~cjtsai/courses/CrystalDiffraction/Chapter%209.pptx

S fmm) 8 ShE Al i G
38 k(190 k0711 k[ 30 3 | 111 | [405
Wa | leEs om0 4 | |200 || am2
56 (330 §| oz f]| 82 g | |20 || 402
78 | {390 | |o40 | |09 ]| 11 [|311 |]|404
33 B|a415 B|oas §|123 §| 12 }| 222 ¥ 402
97 | {495 | |oss | |158 || 16 ||200 || 404
113 Bl =65 §| o070 B 191 }| 19 §|331 B 403
1a | |50 | |o73 | |199 || 20 ||420 || 404
129 | | 9.5 g | | 220 | 24 ||422 | |20
68 | | 840 V/ooa | |zzo || 27 ||511 || 403

h2 + k% + 1% = sinZo



Intensity (%)

http:/iwww.matter. org. wi/diffrac tion/c-ray/powder_method. hitm

100 { (200)
0 NaCl
w0l radiatia CuKa
70
ﬁ-q-b
60 (220) O
40
30
20 (222) (420)
(422) (600)
0} (1) (400) #42)
" EX
0 l | l &30 1 ‘53}4 |
20 30 40 50 60 70 80 20 100 110 120
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Formula lui Scherrer

Largimea maximului (peak-ului) de difractie (D) (se mé&soara in radiani,

la jumatatea inaltimii )
. 09-4
~ t-cosf

putem gasi dimensiunea
medie

a cristalitelor (1)

de la Chemistry Stack Exchange

Intensity (a.u.)

Si (331)
Si (400)
bulk Si }
66 68 70 72 74 76 78
Bragg Angle (Degrees)
Figure 1 Diffraction patterns of nanaocrystalline silicon showing

broadening becanse of particle size.



Efectul simetriei
asupra figurilor
de difractie
20
00 i ey
a — cubic i 3 N
————— -0
b — tetragonal 200 " 700 "T200
c — ortorombic 2=t i}i_ﬁ_ N
022
v 1 220 safiHe e -2 |
2
Y __ 3ot __Q:C', 103
310 3m
222
222
222
28 = 1R0° —= NI

de la Chemistry Stack Exchange



Efectul

tensiunilor

mecanice d,

asupra figurii —] fara

de difractie _ | tensiune

d

— k- tensiune distribuita
uniform

maximul se deplaseaza spre unghiuri mai mici

iy 2 . . o
G]: QLN tensiune neuniforma

de la Chemistry Stack Exchange
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