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X-ray Crystallography

In 1912 Max von Laue reported the diffraction of X rays by a crystal
(Nobel Prize in physics in 1914)

W. Henry Bragg & W. Lawrence Bragg seminal roles in X-ray crystallography
(Nobel Prize in physics in 1915)
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Crystal Lattice

Dimensions = Diffraction spots
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Structure Factor

Diffraction vector : "
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Structure Determination
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Approaches to the '‘phase problem’

Direct Methods: Intrinsic relationship among the phase values
H. Kaufman & J. Karl Nobel Prize in Chemistry 1985
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Atomic planes

Complex Molecules

{ R — Multiple Isomorphous Replacement

MAD — Multiple Anomalous Dispersion




Accurate Phase Determination
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CORRECTION IBT l'

Chemical Bonds and Anomalous Dispersion

None:
Dispersion:

Covalent bonds:
Dispersion + bonds:
YO
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52.0°
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Anomalous Dispersion
E=9560¢eV

Covalent bonds
Joa 2 Jfaa T1




Structure Refinement of Molecules

Hysteresislike Behavior in Meta-Nitroaniline Crystals
Avanci, L.H. &t. al.,
Phys. Rev. Lett. (1999), vol. 83 (24), 5146-5148

1% variation in the NO,~— NH,* distance = A6 = 3.5°




Three-beam Diffraction
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Three-beam Diffraction (reciprocal space)

X-ray beam
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[(p) = |A[ + \A ““(¢)|2 + 2/A A ”“(q))\cos( Q + §T)




Azimuthal (¢) Scan X 6+

450

90°

180° -90°

[(¢)=1+R"(¢)+ 2R (p)cos( Q + 35,)

Maximum sensitivity

Rmax = ];'{((I)G)ﬁ |FB”FC‘/‘FA‘H1




Azimuthal (¢) Scan x 6+
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Experimental Set up

Laboratorio Nacional de Luz Sincrotron - LNLS

FAPESP Fully Automated version is now Available
project # 97/13757-8 (XRD-1)

An X-ray Diffractometer for Accurate Structural Invariant Phase Determination
Jowrnal of Synchrotron Radiation (2003), 10, 236-241




Polarization Forbidden Primary Reflection
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Strength Tuning of Multiple Waves in Crystals
Acta Cryst. AS7,192-196 (2001)




Data Collection Procedure




Data Collection Procedure

A=1.2992A; Scan # S274
A (2,26); 7=0" (n)




Azimuthal (¢) Scan x polarization angle %

Wave A (primary) : 226 Wave A* (secondary) :
x=32°
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Enhanced X-ray Phase Determination by Three-beam Diffraction
FPhysical Review Letters (2002), 89(1), 015501




Kinematical x Dynamical Diffraction

Detector reading : 1

Coherent diffracted intensity
(Dynamical diffraction)

Id}m ~ (1'0[') I

Lost of coherence
(Kinematical diffraction)

I,,=al

Didlocations in dendritic weh silicon, ‘O g E_,» S 1 ‘
J. Cryst. Growth 213 (3-4), 288 (2000)

[(d)=1+R*(p)+2

\

R(Pp)cos(L2+07)

Accurate triplet phase determination in non-perfect crystals - a general phasing procedure
Acta Crystallographica Section A (2003), 59, 470-480




Comparison Standard x Modified Approach
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Aufhellung

Wave A (primary) : 226 Wave A* (secondary) : 226 & 400




General Intensity Profile Function

1(9) =va(l = Bff (9) ) + R

2 2 _ N
f(p) vs + ZER‘f(e&)‘vP Vg cos(2 + 0p)
A =1 (prumary wave); A*(dp)=R1() T Ve (secondary wave);
£(¢) =[f(¢)e™ (excitation function for A*)

I(¢p) 1s a 4-parameter (R, b, &, o) adjustable equation !!!

R amplitude reflectivity ratio

This parameter can not be estimated.
It must be measured.

O Invartant phase triplet

This parameter contains real strictire
. phase information.

b : 'Authellung' effect

This parameter represents the amount
of energy taken by the wave B.

S : coherence coetfficient

This is a new parameter that states the
capability of the waves A and A* to interfere.




Azimuthal () Scan x polarization angle %

Wave A (primary) : 260 Wave A* (secondary) : 332 & 132
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Algorithm for Phase Determination

ERROR FUNCTION

E(p) — WZ‘I((I)” Ii{ IE‘{P (d)n)
VAR

Parameter vector
— ) ) = o
= [y, W, wa R, b, &, 51

5T - global variable (same value for all $-scans)

(g. W, W, R, b, S - local variables

(ad justed for each ¢-scan)
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