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Max Theodor Felix von Laue The very first diffraction pattern. 1912
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CoBpemeHHble NCTOYHUKN
PEHreHOBCKOro n3ny4yeHus

3% Bonbluan APKOCTb, ObICTPOE AETEKTUPOBAHME PACcCeAHOro N3ly4eHuns
3% BO3MOXHOTb U3MepATb c/1abble cevyeHns pacceaHus

% BpemeHHas 3Bostoums obpasua

% Imaging, coherency, nanofocusing v np.



ABTOMATM3aUUNA SKCNEePUMEHTOB
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[Tpobriema 27 — pasziesieHVie BKJIA/TOB

p(r)=ps(r)+ pu(r)
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HeBO3MOXHO pa3genuTb BKNadbl OT pasHbIX NOAPELLETOK U
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Periodic stimulus can act upon
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* Atomic positions
 Atomic Displacement Parameters

Chernyshov et al. Acta Cryst. (2011). A67, 327-335



MoaynaunoHHaa Agndpparkuma
Modulation Enhanced Diffraction
MED

% MogpaenbHble pacyeTbl (KOMNbOTEPHAA CMMYANALKA
3KCNEePUMEHTOB)

3% lMocTpoeHue Teopnn n GopMynNpPoOBKa
TpeboBaHUM K SIKCNEPUMEHTY

% JKcnepumeHTaNbHaA NPOBEPKa



MogaenbHble pacyeTbl (KOMNblOTEPHAA
CUMYNALUNA SIKCMEPUMEHTOB)

Li Occupancy variation in Li,CoO, 0.3>x<0.5
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LiCoO,, Li intercalation/de-intercalation
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Simulation
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Xenon occupancy modulation in Zeolite




Simulation: 3 Peaks (time)

Measured in detector
2
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Simulation - Direct Methods :
2 omega pattern solved and
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TTocTpoeHue Teopum U POpMyIUPOBKA
TpebOoBAHUU K SIKCNEPUMEHTY

* What does the
modulation do witha . How does crystal

structure? structure manifest
itself in the
diffraction
- What does the experiment?
modulation do with
diffraction
intensity?

Back to the roots...



Silent and Active
p(r,t)=ps(r)+ pu(r,t)= ps(r)+ pu(r)+ oo, (r.t)
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What does the modulation do
with diffraction intensity?

1(t) =[Fa + Fs| +oFat) +oF A(t)(FA+FS)+éFA(t)( "a+F s)

Fourier transform @ from time to frequency domain

[ (w)=FT {éFA(t)|2}+ (F.+F, ) FT{oF at)}+ (F_*A+ =i ) FT {oF, (t)}

We assume simplest periodic response @ ﬂ: ACOS(Qt)

~

[ () oc ”22 (6(e)+ 8( - 2Q)+ (e + 20))+ 27A(Re(F, )+ Re(F )(5 (0—Q)+5(0+Q))

[(o)

|

-2Q -Q)




"linear response”
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direct and inverse problems

{l IV

* We know tfime - We know structural
dependence of a changes and we want to
response and we want fo know time evolution of
know Uﬂd@f'lYlng the r-esponse
structural changes

: - linear response is not
+ We assume linear necessary

response and * partitioning the atoms

partitioning the atoms : ,
on Active and Silent do ?jgezc}:sﬁ_and Silent

hold.

Both stimulation and response may be much more complex than a simple cosine.
As periodic functions they can always be expressed as a Fourier series.



Stimulation and response expressed
as Fourier series
éS‘”(t):S(t)—%:Soi p,explirat) P, = SlT J‘S“’(t)exp(ira)t)dt

© T
SF“a(t)=F, > G, explirat) = FlT IFACO (t) exp(ir ot )dt
- 0570

If the response is delayed by the time 7,

‘FA“’(t)‘ = Foiqr exp(irat )exp(iror ) g, expliror, )=,

Usetul formula for the squared term

‘éFA‘" (t)‘2 - \FO\Zii q,q, exp(ior,(r + n))exp(iwt(r + n))

=200} . =00,

For a linear response of the active sub-lattice r and n are also only odd, | Remember
and m is necessarily even Qand 2 Q




Essential conditions for theory to hold

square wave = i(sin wt +%sin 3wt +%sin St +---+ sin(2n-1wt +-- j
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* The stimulus has to have a symmetric shape.
 The sample has to have a linear response to the stimulus.




MED development setup

Detector: Pilatus 300K-W

Modern detectors not only increase the amount of data
but can also provide access to new information.




ZrO, " modulation
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Before the edge F”’ Zr and F’ Oxygen can be neglected



f" modulation hypothesis visual

We expect to find only the Zr sub-
Zr0, lattice in 2 omega channel

Hypothesis:
Before the edge F”’ Zr and F’ Oxygen can be neglected



. -~ We force a cosinusoidal f’
- J shape and calculate the
: EW Monochromators energy
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f" modulation experiment

Averaged

Time

X-ray energy (keV)
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Other time = X-ray energy dependent
factors

Source (E)

Monochromator(E) Diffracted Intensity proportional Lambda3

Monitor (E)
Sample (E)
Detector (E)

Pre-factor(t)
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MED: New tool to untangle
scattered intensities
Status
* Theory N

5
e Simulations %

* Experiments

Ongoing theoretical and experimental developments:

 Structure Solution / linear response for 2w term
* 1 wtermDevelopment new phasing tools
* 2 w term Existing phasing tools, active sub-lattice, selectivity

* Kinetics / Non linear response
* Fourier coefficients analysis
* Correlation multi-dimensional analysis



Thanks to the MED Team, this is how we
progress and thank you
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