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X-Ray Diffraction
What is diffraction?

- incident radiation (e.g., light, X-rays) scatters as it passes through a
finely spaced periodic array (e.g., grating, crystal lattice)

- where beams of scattered radiation
emerge from slit "in phase”,
constructive interference produces
“diffraction maxima”

- position and intensity of maxima
depends on spacing of array and
integral number of A contributing
to signal (nA)



WHY X-RAYS?

=For electromagnetic radiation to be diffracted the spacing
in the grating should be of the same order as the wavelength

= |n crystals the typical interatomic spacing ~ 2-3 A so the
suitable radiation is X-rays

" Hence, X-rays can be used for the study of crystal structures
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Table 8.1 Characteristic Wavelengths (A) of Metals Commonly
Used as Targets in X-Ray Tubes?

Metal
Mo Cu Co Fe Cr
KB 0.63225 1.38217 1.62073 1.75653 2.08479
Koy 0.70926 1.54051 1.78892 1.93597 2.28962
Koy 0.71354 1.54433 1.79279 1.93991 2.29351
Ka 0.7107 1.5418 1.7902 1.9373 2.2909

2 K& is the weighted average of K« and K.



X-Ray Diffraction
What is X-ray diffraction (XRD) crystallography?

- periodic atomic arrays in crystal lattice act like 3-D diffraction gratings

- for practical purposes, diffraction can be treated like reflection from
multiple equivalent lattice planes (hk/)
I{q)

Perfect Crystal
sharp peaks

| 4
q (=2k sin 6)

I‘ J\
q
I o
Liquid or Glass diffuse
continuous

q spectrum

Imperfect Crystal
J\ broad peaks




BRAGG VIEW OF DIFFRACTION

X-rays that hit the crystal are elastically
scattered by the sets of (hkl) planes

A(l1-2)=2d,,SInd
ni=2d,,sIiné

The path difference for rays 1 and 2
equals to the length of two blue lines:




d.cpp (~) - gedit

File Edit WView Search Tools Documents
o | OPen  ~ Wl save | [

d.cpp %

1 #include<iostream=

2 #include<=math.h=

3 using namespace std;

4 main()

5 {

6 float twotheta,d,s,l,pi;
7 cout<<"enter two theta wvalue\n";
8 cin>>twotheta;

9 pi=4=*atan(1l);

18 1=twotheta*pi/360;

11

12 s=2*sin(1);

13 d=1.54/5;

14

15 cout=="d="<< d<<"‘\n";

16 }



P,

crystallab@mubuntw: ~

File Edit WView Search Terminal Help

crystallab@ubuntu:—% g++ d.cpp
crystallab@ubuntu:—% ./a.out
enter two theta walue

o .oas

d=a9 _19431
crystallab@ubuntu:~% ./a
enter two theta walue

10.628

d=8_3=2149409
crystallab@ubuntu:—~% ./,a
enter two theta walue

12 .563

d=7 . 83753
crystallab@ubuntu:—~% ./a
enter two theta walue

15 .935

d=5.5551

crystallab@ubuntu:—~% ./a
enter two theta walue

17 . 689

d=5.83a859
crystallab@ubuntu:—% _/a
enter two theta walue
185192

d=4 87067
crystallab@ubuntu:~% _/a
enter two theta walue
19 . =399

d=9 57825
crystallab@ubuntu:—~% ./a
enter two theta walue
19. 743

d=4 499139
crystallab@ubuntu:—~% ./,/a
enter two theta walue




System Lattice Parameters

Triclinic azb#c

ol£P# 90
Monoclinic azb#c

o=7=90 , 90
Orthorhombic azb#c

o=P=7=90
Tetragonal a=b#c

- o=p=y=90

Hexagonal a=b#c

a=B=90 , yv=120
Rhombohedral a=b=c
(Trigonal) - o=p=y#£90
Cubic a=b=c

- o=p=y=90



2 2 2
Cubic: 1 _WM+k+
dz az
1 P+ I
Tetragonal —_— = L
g d? & + e
| 4 Fh* + hk + K2 12
Hexagonal: _— =TT
g d* 3 ( a’ ) c
Rhombohedral
1 _ (h% + k2 + 1*)ysin® a + 2(hk + ki + h.')[cosfi:__;qs %)
d? a*(l — 3cos® x + 2 cos® 2)
2 2 2
Orthorhombic: % = % + % f_l
Moneclinic 1 _
arz

sin® § \a* b?

Triclinic: l:% = -i;I_-I- (S, h7 + 85,k + 5,,0°

In the equation for triclinic crystals,

| ﬁ2+kzsin2,ﬁ+£_2hfcos,8
‘ ac

.2

+ 28, hk + 25,5kl + 28,3kl

¥ = volume of unit cell (see below),

5, = bc?sin? g,
Szz = ;(.'; Sil’lz ﬂ,

85,3 = a*b? sin? y,

5,2 = abc*(cos a cos f — cos y),

5,3 = a’be(cos B cos y — cos ),

5,3 = ab’c(cos y cos x — cos f).



Possible space groups Systematic absences
For monoclinic system

Pm, P2/m hkl: none
hOl: none
OkO: none

P21 P2/m hkl: none
hOl: none
OkO: k=2n+1

Pc, P2/c hkl: none
hOl: =2n+ 1
OkO: none

P21/c hkl: none
hOl: |=2n+ 1
OkO:k=2n+1

C2,Cm, C2/m C2,Cm, C2/m
hol: (h=2n + 1)
OkO: (k=2n+1)



MILLER PLANES

Atoms form periodically arranged planes

Any set of planes is characterized by:

(1) their orientation in the crystal (hkl) - Miller indices
(2) their d-spacing (d),) - distance between the planes

h, k, | correspond to the number of segments in which the
a, b, c axes, respectively, are cut by the set of planes

(10) (13)

On average, the higher (hkl), @
the closer is the interplanar distance, djy i i i % .\'.‘\\.\

—N Y

a

=i

(11) (41)
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Intensity of the Scattered electrons

Scattering by a crystal

. 1

Unit cell (uc) | Structure factor (F)

Atom | Atomic scattering factor (f)

Electron Polarization factor




Diffracted Beam Intensity

Structure factor

Polarization factor

Lorentz factor 2
Multiplicity factor I (q) oC ‘ = (qx
Temperature factor

Absorption factor

I (@) = MALPK|F(q)|" +1,



The Structure Factor

N
_ 2mi(hu, +kv, +lw, )
Fog = Z f.e
1

F o amplitude scattered by all atoms inaunit cell
e amplitude scattered by asingle electron

The structure factor contains the information regarding the types ( f) and
locations (u, v, w) of atoms within a unit cell.

A comparison of the observed and calculated structure factors is a common
goal of X-ray structural analysis.



The Polarization Factor

« The polarization factor p arises from the fact that an electron does not scatter
along its direction of vibration

« In other directions electrons radiate with an intensity proportional to (sin o)2:

oscillation direction
of the electron

N\

X-ray beam
== electron

The polarization factor (assuming that the incident beam is unpolarized):

_ 1+cos® 20
2




The Lorentz - Polarization Factor

The Lorenz factor L depends on the measurement technique used and, for the
Diffractometer data obtained by the usual 6-20 scans, it can be written as

1
sin26

The combination of geometric corrections are lumped together into a single
Lorentz-polarization (Lp) factor:

_ 1+cos® 20
sin 20

The effect of the Lp factor is to decrease the intensity at intermediate angles and
increase the intensity in the forward and backwards directions



The Temperature Factor

As atoms vibrate about their equilibrium positions in a crystal, the electron
density is spread out over a larger volume.

This causes the atomic scattering factor to decrease with sin6/A (or |S| =
4mnsin0/A) more rapidly than it would normally.
7

The temperature factor is given

(=)
[

—
1

This is incorporated into the atomic

o

scattering factor:

(%]

e

b o

y: . o
3 5 sin’ @ c |
P —P £ 5
-c -

&
where the thermal factor B is @ 4-
related to the mean square % )
displacement of the atomic c 3+
vibration: 2 7
_ O 2-
B =8n” xu? 2 7
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2
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The Multiplicity Factor

* The multiplicity factor arises from the fact that in general there will be several sets
of hkl -planes having different orientations in a crystal but with the same d and F 2
values

» Evaluated by finding the number of variations in position and sign in +h, +k and +/
and have planes with the same d and F 2

» The value depends on hkl and crystal symmetry
» For the highest cubic symmetry we have:

100, 100, 010,010, 001, 001 Prog = 6
110,110,110,110,101,101,101,101,011,011,011,011  pyyp=12

111,111,111, 112,111,111,111,111 p1,=8



The Absorption Factor

» Angle-dependent absorption within the sample itself will modify the
observed intensity

Absorption factor for thin films is given by:

Azl_ex'o(_ 52;1@)

where u is the absorption coefficient, T is the total thickness of the film



Diffracted Beam Intensity

2
%k
| oc ki Fog :‘Fhkl‘

1. (q) = Ap(LP)K|F (@) +1,

where K is the scaling factor, /, is the background intensity, g = 4sind/A is the scattering
vector for x-rays of wavelength A

K|F(q)" +1,

2ut ) |1+cos’ 26
I =1-exp| —
(@) { xp( sin@ﬂ sin26



Irt ensity

X-ray Diffraction Graph Of Pure Anthracene using ORIGIN
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Analvsis Reports

Zatterns

Tool=s

Cuskormize

Wlindons

Help

szes |

Search & Match  »

| A2

Ristweld 3

¥

VTR BTN |

P4

0 Parameteris) waried

& .

0 Conskrainkds)

-

= | Parameters

el

30 40 50

- A A

00-033-15232

Mo,

00 = 0 e | DO D

MMM mr =22 a 2 alala
& LM=OWw0d=~-omdeE M= o0

J
r

Scoring scheme:

(» Single phaze

Auto rezidue

ratch intensity

Automatic

(&) Multi phasze

Forowern Two Theta zhift [*2Th.]:

The profile data will be u=zed!

Demote unmatched strong

Search

Ok

Cancel

kore =

A

Candidates:

Fef. Code

0g-033-1532
00-035-0358
00-024-0213
00-031 -0361
0o0-0339-0749
0g-047-1749
a0-004-0402
0g-0z20-0259
00-047-2111
ag-0z23-0312
00-034-2000
0o0-047-0350
0g-0z22-1125
a0-01 2-0249
0g-015-0514
00-040-0553
00-024-1913
00-034-1078
00-036-1305
0g-0z21-0503
00-043-1573
0g-047-2333
00-044-05265
00-0z22-13904

ag-009-0790
AN n2d a2 4n

5
EE
(=10
57
55
54
54
54
53
53
53
52
52
52
52
52
52
51
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51
51
=10
50
50

50
En

Cormpound Marne
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Cubarnite
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FPurazine
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Tl ol e O e

LaMbO4
Ci12H10
EeSO412HZ0O
Tios 04

CI0OHI CINZ 02
Rb Crl3

M0 87 Ga2.03 54
Li0.E AI0.E Si2.4 OB
C18H3EMNEOE! ..
CZ28 HZZ N2 02
Fbd trn ko3 012
Ca4 H4 M2
CH4M25
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USING FULLPROF SUIT

FullProf has been mainly developed for Rietveld analysis (structure profile
refinement) of neutron (nuclear and magnetic scattering) or X-ray powder
diffraction data collected at constant or variable step in scattering angle 26.
The program can be also used as a Profile Matching without the knowledge
of the structure.



FullProf Suite ToolBar

File Programs Settings  FP Dimensions  Funa Scripk Help

PGR

- XA 90

-SEHH[H

Wiarking Direckory s |C:'|,Dn:u:uments and SettingsiRamantDeskkap), Code File: Type: Date:  |16/04)2012

M WinPLOTR [CDIFX UMR6226 Rennes [ ILL Grenoble]

File Plot ©Options Points Seleckion ¥ space  Calculations  Rietweld plok options  Text  External applications  Tools  Help

= E| 3 B¢ R Per|fd |5 B FP|Pee| 3| B8 Gt &% [sen o |5he  oe| Bi|  oos | [][sser| X

Format of the data file

Format of data file:

7 ZY data + INSTEM=10 B B B E s S S B e B S e By S B e S B e S e S B E e m e e e s e s e
" INSTEM=0: Free F (Tistep,TH 7]
" INSTRM=1:01d D14
" INSTEM=3: DI1E (ILL)
" INSTRM=4: Brookhaven(Synche) e pured anthracensb . gat
" INSTRM=35: (4.1 ]
" IN3TRM=6: DIB/AT 2542

" INSTRM=8: HRFT/DMC (PSD)
" INSTEM=9: BX (Socabim) —
" IN3TREL=11: Variahle Titme step .
+ GIAS data )
7 CPI rays) _
" PANalytical formats —
" INSTEM=14 IZIZ normalized data -
" 15 RigakuRINT

CE I Cancel -

| a1 1



WINPLOTR

WINnPLOTR is a software to plot and analyse powder diffraction patterns
It can be used to plot raw or normalized data files coming from neutron
And x-ray diffractometers as well as Rietveld files created by several
Rietveld type refinement program.

WINnPLOTR has also been developed to be preferential graphic interface for
The Rietveld type FullProf program : edition of PCR input file ,plot Rietveld
Type plots.



M WinPLOTR [CDIEX UMR6226 Rennes [ ILL Grenoble]

File Plot  Options  Poinks Selection ¥ space  Calculations  Riekveld plot options  Text  External applications  Tools  Help

ﬁ'|n| @ &|Q|G|B| m P:r %"E’J’ @|FP|PEF S :' % nos Lﬂ RESET )(

din | |2

Ed
Per

VIEW
CIF

FP
41

e
hEL

(418
disk

v
Hic

SEQ

12000 r-...1L,.,r,r.nr.,r,rnr-.r . o o rrrn.  rr rrnNm- rrr mr.r... . 1. . T11

10000 — e pured anthracenseb dat

* baclkground

s000 — -

6000 — -

Intensity (arD. nnits)

4000 — 3 —

} 2000




e 0 il lefs L]
File Programs Settings FP Dimensions  Run a Scripk Help
-' ;' B ;
/65959 | e . ) 5535
E 7 Lr oSERFH PCR....L...A..'., @ “lren
Warking Directary: C:\Dacuments and SettingsiR.amaniDeskiop! Code File: Twpe: Date: |09/04/2012

Editor of PCR Files

File Edtor Tools Templates Help Exit

%6

A2 g

AR
A
A A

BE Y,

e x|

Infarmation
Title, type of job: Rietveld, Integrated Intensities,

PCR

!
f II

il L
e | ] ] = — A1 ;'||_.._.__f" _-\_,'I
- |_ -~ . | | | _; T
w3 - I

FullProf

i ‘ i\‘ I| E d‘ tOI' l|¢’| ‘ H ] contribution to patterns, symmetry, ...

Simulated Annealing, ...

d Type of Pattemns, prafile, background, diffraction
i# | geometny, user-given scattenng factors ...
|

Phasze name, type of calculations [JBT], ATZ,

Mumber of cycles, relaxation factors, access to
palterris and phases [atoms and prafile]

Refinerment

i'||| _|.r5|| i

Constramts definitions, adding, deleting,

Constraints i
modiying... _onsvans ||

Fixing range of parameters, distances, angles,

Bow/Restraints

Copynght [c] 2002-2005. JGP - JRC

Ipantra

maanetic moments and linear restraints

Output options for patterns and phases:

Reflection lists, Fourier, cistances, BYS... e

Profiles: 1 Phases: 1 6f 3/2012 | 14:55:17

reae

L



The main window of EAPCR program contains a menu bar and a toolbar with the usual buttons. A brief
information is obtained when you left the mouse on a button of the toolbar.

The information of the PCR file is distributed in seven buttons:

General
Define a general information as title, type of job: Rietveld, Profile Matching, Simulating Annealing.

Patterns
Define patterns information: types of profile, background, geometry aspects...

Phases
Define Phase information: Names, contribution to patterns, symmetry...

Refinement

This button is the access to the most important part of EAPCR: editing structural and profile parameters and
conditions of refinement. Atom positions, profile shape parameters, magnetic moments, micro structural
parameters, etc ... are accessible through this button.

Constraints
Define constrains for refinable parameters. You can modify, add and delete constrains relations easily by using
mouse selection and clicks.

Output
Access to the selection of output options for each phase and pattern. This allows selecting output files: Fourier,

hkl-lists, files for other programs, etc.


//C/FullProf_Suite/edpcr_htman/dialog_general.htm
//C/FullProf_Suite/edpcr_htman/dialog_patterns.htm
//C/FullProf_Suite/edpcr_htman/dialog_phases.htm
//C/FullProf_Suite/edpcr_htman/dialog_refinement.htm
//C/FullProf_Suite/edpcr_htman/dialog_constraints.htm
//C/FullProf_Suite/edpcr_htman/dialog_output.htm

General Information

Calculations

* Refinement/Calculation of a Powder Diffraction Profile

" Refinement an Single Crestal Data / Integrated Intensity Data

" Sirmulated Annealing Optirmization [Integrated Intenzities) Cancel

[ Optimize calculations according to the particular ophions uged in this Job

-
Patterns Information

|lzer Scatt, Factors

Infarmatiarn
Pattern: 141 Wweight: l— Data fle/Peak shape |
Backaround Type |
| | [ | | X | | | Excluded Regions |
Iitial Previous Add Del Meut Lazt Geometry/IRF | i
|

(] | Cancel




Patterns Information

— Information

|F"attern: 1.1 "-.-'-.-"eight:l 1.0000

D ata file/Peak shape

Background Type

|
|
JSJ AJ m | > _LI _t” Excluded Regions |
|
|

Iritial FPrewvious Hdd Dzl Ml ext La=t Geometry/IRF

U=zer Scatt. Factors

Ok I Cancel I

Profile Data Information: Pattern 1

Drata File A Format I Refinement / Simulation I Pattern Calculation/Peak. Shape I

D ata File: Ipantra Browse. . I

— Forrmat

7 D1ASDZE [(Old Formmatl ™ Free Format [2thetal, step, 2T hetaF] 7 “ariable Time »-rap Data
i D1ASDZEAIT2AG42 7 Two Az Instrument, G4 7 R SIG A B DT )

" D1B [Old Format] 7 G5AS5 Format 7 'Celerator [PAk alutical]
T D1EAD20 7 Socabim Software 71515 multi-bank normalized
T D4sD20L 7 Sunchroton [Brookhawven]

i DMCAHRBPD [P.S.1.] 7 Sepnchroton [DEWS Software]

Ok I Cancel I




Profile Data Information: Pattern 2

Data File / Format  Refinement 4 Simulation | Pattern Calculation/Peak Shape I

— Simulation / Refinement D ata

" Pattern Calculation [+-Fay) I
7 Meutron - Cw [Nuclear and Magnetic) i Pattern Calculation [Meutran - Chw!)
" Meutron - T.0.F [Muclear and kM agnetic) " Pattern Calculation [Meutran - T.0O.F.]

—wiavelength

IUserDeFined vI A I 0.000000 A I 0.000000 I:fg.l"fljl 0.00a0 |

carce |

Profile Data Information: Pattern 1

D ata File # Format I Fefinement / Simulation  Pattern Calculation/Peak Shape I

L

— Peak Shape
IPseudD-"-.-"Digt ;I % CodefillSHF " Global SHF

— Scattering “Wariable

i* 2Theta 7 T.0.F. [microzeconds] i Energy [kev]

— Range
Theta_min: I 1.0000 Theta_max: I 1500000 Step: I 0.0200

Range of calculation of a single reflection in units of PwHRM: I 2 a000

Incident beam angle at zample surface [2): I 0.00a0

ak. | Cancel |




The pseudo-Voigt function

The pseudo-Voigt function has been shown to provide a good approximation
to most peaks.

The pseudo-Voigt can be given by the following equation:

1(26) = Ip [N L (20 = 28,) + (1 - n) G (20 - 28,) |]

where, respectively, L (20 — 26,) and G (20 - 26,) represent suitably
normalised Lorentz and Gaussian functions,.

Cauchy neta=1 i
Gauss neta=0
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Cpclesz of Hefinement: 1 E

Stop Criterium of Covergence R elaxation Factors Far Shifts
Farced T ermination when  shifts < | 010 1 ES.D.
Others: Criterion of Convergence is MOT applied [Profile M atching Mode] - Atomic 1.00 Anizokropic 1.00 Profile 1.00 Global | 1.

R eflections ordering

7 Only at the first cycle i* Each cycle [ Bragg R-Factor excluding reflections limiting excluded regions

Fattern 1 ] | | | | «|» FPhase 1 ] ] | | | | R
R efinement weighting modesl| Frop. “Yectors

= Least Squares B ackaround |

Fatterns
M aximumn Likelihood [ ———— | = 1 i to - £ f‘ ~
7 Unit wwieights Profile kicro-Structure
= Ficro-Sbzarption | | |
HEL Shifts | Further F'arametersl

Feduction Factor of number of data points: | a E

rofile Parameters: Phase 1 Pattern 1

Factars

Scale O~erall B-factor 3
Coefficients 0.1 0000E-02| o.oo0of—

Cell Parameters

u] =] alpha beta gamma
Coefficients E.062511 [ 11407743 90,000 124652 90000
FwHR 4 Shape Parameters Szprmmetry Parameters Freferred Orientation Bifing Al
FHi Parameters Fiee 51
N} e ot 15
Coefficients a.z4zo040| ai1araa| 0024257 0.01 054 [ L
Shape Parameters [
Eta_ 0O B2
Coefficients [niich F=1=in] i ooiiess| I —




% FullProf Program
Load Edit PCR Mode Run  Exit

=> ZBolving L.8. equations...

=» Writing results for cycle 1
=» R-Factors: 10.6 14.4 Chiz: 14.4 DW-5tat.: 0.1862 Patt#: 1
=> Expected : 3.78 1.86948
=> Conventional Rietveld R-factors for Pattern: 1
=> Rp: 23.9 Fwp: 24.4 Rexp: G5.43 Chiz: 14.4
=» Globkal user-weigthed Chi2 (Bragg contrib.): 17.09
=F ———m— > Pattern# 1
=> Phase: 1
= Bragg R-factor: 0.2845E-03
= RF-factor : 0.7207E-01

=> Normal end, final calculations and writing...

= CPU Time: 0.172 szeconds
= 0.003 minutes

=> END Date:16/04/2012 Time =>» 11:57:09.484

Cycle: 1 pured anthraceneb TINSTRMO.dat
12000
1
H _
O 10000
-
. 8000
4 6000
M
4000 A
oy
H o




R.

r

Ry

R

) Z ‘IK('OE}S')I *—I.("calc")’ 1‘

Z I.( 03}5')1 :

. Z ‘IK('UEJ.S") — IK('FL{?!IH )‘
_ Z IK('GZ?S')

v,(0bs) - , (calc)
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2

[ X w,(3,(0bs) - 3, (cale))* |

wp
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R-structure factor

R-Bragg factor

R-pattern

R-weighted pattern



The function that is minimised is the chi-square 72

R

cale

}_rf

obs

> 3
L= N-P
where:
Z : summation over the N points of the fitted region.
: . 1 .
W, : weighting factor (1, = —_)
o (}absj

}jiu : observed counts

¥, :calculated counts

P : number of refined parameters.
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Wavelength:  1.54000 A S crystallab@ubuntu: ~
2theta_min: 5.00000

2theta_max: 50.00000 File Edit View Search Terminal
Space group: P 21/m crystallab@ubuntu:~$ g++ d.cpp
Cell parameters: 8.54990 6.01000 11.17000 crystallab@ubuntu:~$ ./a.out

9.608

d=9.19431
crystallab@ubuntu:~$
enter two theta value

> Number of reflexions: 101

h k | mult stl(A-1) d_hkl(A) 2theta(deg)

1 001 2 005438 9.19443 9.608 10.628

2-101 2 006014 831373  10.628 d=8.31409

3100 2 007105 7.03773 12.563 crystallab@ubuntu:~$
4 -1 02 2 0.0901 555520 15.935 enter two theta value
5 011 4 0.09939 5.03062 17.609 17 .563

6 -1 11 4 010266 4.87061 18.192 d=7.83753

7 002 2 0.10876 4.59722 19.284 crystallab@ubuntu:~$
8 110 4 0.10940 4.57029 19.399 enter two theta value
9 101 2 011132 4.49149 19.743 15.935

10 2 01 2 0.11988 4.17077 21.278 B

11 2 0 2 2 0.12028 4.15686  21.350 =5.5551

12 -1 1 2 4 012257 407944  21.760 crystallab@ubuntu:~$
13 -1 03 2 013601 367611  24.181 enter two theta value
14 01 2 4 0.13693 3.65144 24.347 17.689

15 1 1 1 4 0.13897 3.59779 24.716 d=5.83859

16 2 0 0 2 0.14209 3.51887 25.280 crystallab@ubuntu:~% _,
17 2 0 3 2 0.14310 3.49396 25.463 enter two theta value
18 -2 1 1 4 0.14592 3.42650 25.973 18.192

19 212 4 0.14625 3.41878 26.032 d=4_.870/7

0115 e o s may crystallabeubuntu:=s
22 00 3 2 0.16314 3.06481 29.102 enter two theta value
23 210 4 0.16465 3.03665 29.378 19.399

d=4.57825
crystallab@ubuntu:~$
enter two theta value
19.743

d=4.49139
crystallab@ubuntu:~$
enter two theta value




24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

NOORFRORFRPONPFPONRPRPRPROONNORPRPRNONRPNPRPRONNRPRPRPRPEPRLPNOORNRPOOONONN R

NBANUUUOUNWWPAPROINOWOUONWOPPNWWNRRPRPADMPNWARPRNNRPMNWONWDMRPERNRPOW

ANONNANPAPNNPRPPAPNOOPRPPRARANOMONMNAEPRANDNDDPDNASAESAEMAPANPDPPAREREPAAEAEANNPEPRARPEANONMNMNANPDNDN

0.16553
0.16639
0.17505
0.17587
0.17692
0.17867
0.18001
0.18042
0.18048
0.18092
0.18313
0.18658
0.18767
0.18917
0.19455
0.19709
0.19831
0.19868
0.19878
0.20019
0.20023
0.20429
0.20508
0.20529
0.20531
0.21172
0.21491
0.21682
0.21752
0.21880
0.21946
0.22264
0.22415
0.22748
0.22880
0.23095
0.23139
0.23289
0.23303
0.23393
0.23768
0.23883
0.23909
0.23976
0.24057
0.24211

3.02060
3.00500
2.85632
2.84303
2.82606
2.79847
2.77760
2.77124
2.77038
2.76362
2.73030
2.67979
2.66420
2.64308
2.56998
2.53693
2.52135
2.51659
2.51531
2.49757
2.49717
2.44751
2.43809
2.43562
2.43531
2.36159
2.32659
2.30603
2.29861
2.28515
2.27828
2.24575
2.23063
2.19799
2.18533
2.16498
2.16083
2.14694
2.14569
2.13741
2.10368
2.09353
2.09124
2.08538
2.07843
2.06521

29.537
29.694
31.278
31.428
31.622
31.942
32.188
32.264
32.275
32.356
32.762
33.397
33.598
33.875
34.869
35.338
35.564
35.633
35.652
35.914
35.919
36.674
36.821
36.860
36.864
38.05

38.654
39.012
39.143
39.383
39.507
40.104
40.387
41.014
41.262
41.668
41.752
42.035
42.060
42.231
42.941
43.160
43.210
43.337
43.489
43.782



71 2
72 -2
73 -3
74 -3
75 3
76 -4
77 -1
78 -3
79 -1
80 -4
81 4
82 0
83 -1
84 -4
85 -4
86 1
87 -3
88 3
89 1
90 -1
91 1
92 -3
93 -4
94 3
95 2
96 -4
97 0
98 -2
99 0
100 1 3
101 0 2

WOORONRERONWORNWOOWWERRPRELENNRPRORNONNMNN
NoULVUun WO pRrproWwNnuPPRPRpPpOUREREPRPAENORDDWOWRP O WRER
AR PNONNANAANPRAANARANNAPRRERARARAAANSELSRNP

FNQN

0.24415
0.24513
0.24544
0.24589
0.24809
0.24828
0.25000
0.25081
0.25291
0.25379
0.25455
0.25544
0.25673
0.25723
0.25872
0.25950
0.26034
0.26167
0.26441
0.26532
0.26928
0.27002
0.27035
0.27039
0.27043
0.27177
0.27190
0.27203
0.27225
0.27328
0.27386

2.04794
2.03972
2.03720
2.03339
2.01541
2.01385
2.00003
1.99352
1.97702
1.97015
1.96429
1.95741
1.94759
1.94381
1.93259
1.92679
1.92058
1.91083
1.89098
1.88454
1.85681
1.85173
1.84948
1.84916
1.84892
1.83981
1.83889
1.83806
1.83653
1.82959
1.82572

44.171
44.358
44.416
44.504
44.922
44.959
45.287
45.443
45.844
46.013
46.158
46.330
46.577
46.673
46.960
47.110
47.272
47.527
48.058
48.232
49.000
49.143
49.207
49.216
49.223
49.483
49.509
49.533
49.577
49.778
49.890



Application of XRD

XRD is a nondestructive technigue. Some of the uses of
x-ray diffraction are;

Differentiation between crystalline and amorphous materials;
Determination of the structure of crystalline materials;

Determination of electron distribution within the atoms, and
throughout the unit cell;

Determination of the orientation of single crystals;
Determination of the texture of polygrained materials;
Measurement of strain and small grain size.....etc



Advantages and
disadvantages of X-rays

Advantages;

X-ray is the cheapest, the most convenient and
widely used method.

X-rays are not absorbed very much by air, so the
specimen need not be in an evacuated chamber.

Disadvantage;

They do not interact very strongly with lighter
elements.
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