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Sir W.L.BraggProf.W.H.Bragg

Very Short Review of Diffraction



Bragg’s Equation

λθ nsind2 =
d ：Lattice Spacing
λ：Wavelength of X-ray
θ : Bragg Angle
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Calculation of d spacing from 
Lattice constants

Cubic:
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Fundamental Equation of Fundamental Equation of 
XX--ray Diffractionray Diffraction
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F

Fourier Transform of Crystal
I ∝ |F|2

Reciprocal Space
Real SpaceReal Space
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Crystal Structure Determination

Real SpaceReal SpaceReciprocal Space
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Crystal structure and Bragg Intensities

F -1
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Synchrotron Powder Diffraction

Powder Diffraction by Lab. Source

Instrumentation of Synchrotron Powder Diffraction

Importance of Synchrotron Powder Diffraction 

in Materials Science
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Principle of Powder Diffraction



Powder Diffraction
By Bebye-Sherrer
Camera

Powder Diffraction
By Bebye-Sherrer
Camera
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Synchrotron Powder Diffraction ( Photon Factory BL-3A Case)

Synchrotron
Radiation

Be-window
Monochromator

Sample
Holder

Soller
Slit

Detector

Ionization
Chamber

Sample : NdSr2Mn2O7
Temperature : R.T. & 19K
Wave Length : 1.0Å
Step in 2θ : 0.01°
Collection Time : 20s
Resolution of Data : 0.78Å



Solar Slit



Multi-counter Powder
Diffratometer BL-4B(PF)
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Synchrotron Powder Diffractometer
with multicounters

PF BL4B2
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Parallel Beam  Diffraction by SR



Difference between Synchrotron and Lab. Data Difference between Synchrotron and Lab. Data Difference between Synchrotron and Lab. Data 

Lab. Source
SiO2
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Mirror

Double Crystal 
Monochromator

Equatorial Line (2θ=0°～80°)

Imaging
Plate

Beam Stopper
Collimator

Specimen
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Powder Sample Powder Sample Sealed in Silica Glass CapillarySealed in Silica Glass Capillary
(0.2mm int. diam.)(0.2mm int. diam.)
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Synchrotron Powder Data of CeO2



Variations of FWHM of CeO2 with 2θ
for SPring-8 & Lab. Source



W=0.1033(5)°

Lab. Source CuKα

W=0.0678(4)°

PF BL-6A2 λ=0.9Å

W=0.0289(2)°

SPring-8 BL02B2 λ=0.5Å

Powder profiles of CeOPowder profiles of CeO22(220)(220)
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222 Forbidden Reflection of Diamond

Measurement of Weak Reflection by SR
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An Example
By Y.Koyano & T.Ohba
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X-ray

Sample

Ion Chamber
Shutter

Collimator

Multi Pattern Recording SystemMulti Pattern Recording System
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Imaging Plate

200mm

40
0m

m

slit system





Low Temperature N2 Gas Flow System

Temperature Range : 80K～300K
Gas :        N2
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Metal Insulator Phase transition of VMetal Insulator Phase transition of VxxTiTi11--xxOO22

P42/mmmC2/mP21/C

J. Akimitsu et al.
@BL02B2 
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Reconstruction by MEM
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Fundamental Equation of Fundamental Equation of 
XX--ray Diffractionray Diffraction
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-2.0 ～2.0,0.1[e/Å3] step

MEM Fourier synthesis

Charge Densities of Silicon (110) PlaneCharge Densities of Silicon (110) Plane
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MEM Charge Density AnalysisMEM Charge Density Analysis

X-ray Diffraction Data Charge Density
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Reference Density[e/Å3]
Spackman (1986) 0.617(6)
Yang & Coppens (1974) 0.69
Yin & Cohen (1983) 0.565
Yin & Cohen (1982) 0.59
Wang & Klein (1981) 0.58
Kenton & Ribarsky (1981) 0.50
Zunger (1980) 0.60
Hamann (1979) 0.55
Chelikowsky & Cohen (1974) 0.65
MEM density (R.T.) 0.6

Electron densities at bond midpointElectron densities at bond midpointElectron densities at bond midpoint

Reference Density[e/Å3]

Spackman (1991) 1.57(6)
Orlando, et al. (1990) 1.96
Rodriguez, et al. (1987) 1.61
van Camp, et al. (1986) 1.53
Denteneer & van Haeringen
(1985)

1.54

Jones & Lewis (1984) 1.54
MEM density (R.T.) 1.4
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Applications

Orbital Order of
Manganites

A-type:    NdSr2Mn2O7
CE-type: Nd0.5Sr0.5MnO3
C-type:    Nd0.35Sr0.65MnO3

If time is allowed,

Fullerene compounds

VO2 system
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To reveal a structureTo reveal a structure--property relationshipproperty relationship

M.Takata et al. JPSJ Lett. 68(1999)2190

Direct Observation of Orbital Order of Manganites
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The Rietveld Fitting Result of NdSr2Mn2O7 at R.T.
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The Rietveld Fitting Result of NdSr2Mn2O7

R.T.

19K
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R.T. 19K

a 3.85029(6) 3.85015(7)Lattice
Parameters(Å) c 19.9540(3) 19.8867(4)

Mn-O1 1.934(1) 1.928(1)

Mn-O2 2.009(4) 1.968(4)Bond
Lengths(Å)

Mn-O3 1.925181(7) 1.925086(5)

Mn

O1

O2

O2

O3

Structure Parameters of NdSr2Mn2O7 from Rietveld Analysis

I4/mmm
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The Equi-contour(0.6eÅ-3) Density Map of the MEM Charge Densities
of NdSr2Mn2O7 at R.T.
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The Equi-contour(0.6eÅ-3) Density Map of the MEM Charge Densities
of NdSr2Mn2O7 at 19K
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A-type (NdSr2Mn2O7)

CE-type (Nd0.5Sr0.5MnO3)

C-type (Nd0.35Sr0.65MnO3)

MEM / Rietveld

Synchrotron Radiation Powder Data

Direct Observation of 
Orbital Ordering

Direct Observation of Direct Observation of 
Orbital OrderingOrbital Ordering


