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POWDER DIFFRACTION

Principles

Kenny Stahl
DTU Chemistry
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*Diffraction viewed as Bragg’s law.

*Single-multi-crystal view

*Crystals - Diffraction planes - Miller indices

*Reciprocal space — reciprocal unit cell

*Ewald construction, monochromatic - single-crystal — powder
*Ewald construction, white/pink radiation — single-crystal — powder

*Reciprocal lattice points — the interference function
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BRAGG’S LAW
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(Geometric interpretation of diffraction)



DTU SINGLE- VS. MULTI-CRYSTAL DIFFACTION
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POWDER DIFFRACTION
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CRYSTAL PLANES — MILLER INDICES
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CRYSTAL PLANES - d-VALUES

a b c@Aap v(

1/d?,,, = [h?sin?a/ a? + k?sin?B/ b? + I2sin?y/ c? +
2kl(cospcosy-cosa)/(bc) + 2hl(cosacosy-cosB)/(ac) +
2hk(cosacosB-cosy)/(ab)] /
[1-c0os?a-c0s?B-cos?y+2c0SacosBcosy]

1/d?,y = (h2+k?>+12)/a?
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RECIPROCAL SPACE

i

a*:bQC/VceII (:bCSinalvcell)
*:aQC/Vce” (:aCSinB/VCGH)

c*=anoh/Vy, (=absiny/Vy)




RECIPROCAL SPACE

Reciprocal space

Direct space
d32 =1/ d32*
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EWALD CONSTRUCTION

Single-crystal, monochromatic radiation
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EWALD CONSTRUCTION

Single-crystal, monochromatic radiation

R=1/\
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EWALD CONSTRUCTION

Single-crystal, monochromatic radiation

R=1/\
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EWALD CONSTRUCTION

Single-crystal, monochromatic radiation

R=1/\
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EWALD CONSTRUCTION

Single-crystal, monochromatic radiation

R=1/A
R*sin0=r,, /2
My = dp =1/ dy

2 dp Sin B, = A

Reflections within a radius of 2R can be observed

http://www.doitpoms.ac.uk/tlplib/reciprocal_lattice/ewald.php



http://www.doitpoms.ac.uk/tlplib/reciprocal_lattice/ewald.php

SINGLE-CRYSTAL LAUE DIFFRACTION
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Single-crystal, white or ”pink” radiation

¥
Max. wavelength
Min. energy
. | -
Min. Wavelength / ' ‘
Max. energy ‘ , ;

All reflections between the two Ewald spheres can be observed.



POWDER DIFFRACTION
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POWDER DATA COLLECTION

Bragg-Brentano (reflection mode) Guinier (transmission mode)
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ENERGY DISPERSIVE POWDER DIFFRACTION
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Powder, white or ”pink” radiation

'}

Max. wavelength
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Fixed detector angle

Energy dispersive
(solid state) detector

Min. wavelength
Max. energy

Reflections crossing the green line can be observed



INTERFERNCE FUNCTION
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f, = f; exp{2ni(r +v) - r*}

v=na+n,b+ns
Feryst = Zenyst€XP{270 Vv - r*} - Foy = 3(r) - Fy

i exp{2nina-r*}= (1-exp{2rniNa-r*})/ (1 -exp{2ria - r*}) =sin{n N;a - r*}/sin{ra - r*}

sin?{n Nx} / sin?{r x}

oA
0.0 0.5



INTERFERENCE FUNCTION
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PARTICLE SIZE - STRESS/STRAIN (DEFECTYS)

Size (t) (Sherrer) : B=kA/1cos(0)

B?=FWHM,2 - FWHM,? (rad)

Stress/strain (g): B =4 ¢tan(0)

Williamson-Hall: B=kA/tcos(0) + 4 ¢tan(0)

beta*cos(th)

Bcos(O)=kA/t + 4¢sin(0)

0.0120

Strain = 0.001294
Particle size = 193 A

0.0110 -

0.0100 -

0.0090

1.2 1.6 2.0 2.4 2.8 3.2
4*sin(th)
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ANISOTROPIC SIZE EFFECTS
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ANISOTROPIC SIZE EFFECTS
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Fe, O,

ANISOTROPIC SIZE EFFECTS

18
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a=5.0364(8), c = 13.750(2) A  D(a) =399(3) A, D(c) = 87(2) A



