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Phase informationPhase information

F (Q)=∑
A

f A(Q)exp(iQ RA)+∑
S

f S(Q) exp(iQRS)

F (Q)=F A(Q)+F S(Q)

ρ(R)=ρA (R)+ρS (R)

I (Q)∝|F (Q)|2=|F A(Q)|2+|FS (Q)|2+2|F A(Q)||FS (Q)|cos(ϕA−ϕS)

Scattering density – two parts

Structure factor – two parts

Scattered intensity  – three contributions

Direct phase information is lost in diffraction 
experiment but we have the crossterm – and structure 
solution is possible!

cos(ϕ A−ϕS) Cos is even function....



Resonant scatteringResonant scattering

f = fo+ f’ + if”
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Resonant scatteringResonant scattering
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f = fo+ f’ + if”



e-

Resonant scatteringResonant scattering

f = fo+ f’ + if”

f (q)=∫ d rρ(r)exp(i q r i)fo



Resonant scatteringResonant scattering

f = fo+ f’ + if”

ρ(R)=ρJ(R)+ρK (R)

F (Q)=∑
j

( f 0
j+ f ' j)exp(iQ R j)+ i∑

k

( f ' ' k )exp(iQ Rk)

i e( iϕ)=e( i(ϕ+π /2 ))

i FK (Q)=|FK (Q)|e
i(ϕK+π/ 2 )



Resonant scatteringResonant scattering

i e(i ϕ)=e(i (ϕ+π/2))

i F K (Q )=|F K (Q )|ei (ϕK+π /2)

f = fo+ f’ + if”
F (Q )=F J (Q)+i F K (Q )

sin (ϕJ−ϕK)  - is odd function!



Friedel pairs: Q and -QFriedel pairs: Q and -Q

F (Q)=∑
i

f i(Q)exp(iQ (r i))

F (Q)=|F (Q)|exp(iϕ)

Re

Im



F (Q)

F (−Q)
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Friedel pairs: Q and -QFriedel pairs: Q and -Q
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Friedel lawFriedel law

real

imaginary

ϕhkl

F(Q)

ϕ-h-k-l

F(-Q)

∣F (Q⃗)∣=∣F (−Q⃗)∣

I (Q⃗)=I (−Q⃗)

I (Q)=|F (Q)|
2
=|F A(Q)|

2
+|F S (Q)|

2
+2|F A (Q)||F S (Q )|cos(ϕA−ϕS)

cos(ϕ A−ϕS) Cos is even function....



Friedel law: close to resonanceFriedel law: close to resonance

real

imaginary

ϕ-h-k-l

|F
-h,-k,-l |

ϕhkl

|F h,k,
l|

F(Q)

F(-Q)

|F (Q⃗)|≠|F (−Q⃗)|

I (Q⃗)≠I (−Q⃗)

I (Q )=|F (Q )|
2
=|F J (Q )+i F K (Q)|

2

I (Q)=|F J (Q)|
2
+|F K (Q )|

2
+2|F J (Q)||F K (Q)|sin (ϕJ−ϕK )

sin (ϕJ−ϕK)  - is odd function!



How to solve phase problemHow to solve phase problem

I (Q)−I (−Q)=4|F J (Q)||FK (Q)|sin(ϕJ−ϕK)

I (Q)=|F (Q)|
2
=|F J (Q )+i F K (Q)|

2

I (Q)=|F J (Q)|2+|F K (Q)|2+2|F J (Q)||F K (Q )|sin (ϕJ−ϕK )

sin (ϕJ−ϕK)  - is odd function!

To get phase information from resonance scattering 
one has to be able to manipulate X-ray energy

 This is what synchrotron can do!



ChiralityChirality



Chirality in MnSiChirality in MnSi

Left and Right forms are related by the 
inversion operation

( x , y , z)L=(−x ,− y ,−z)R
ϕL=−ϕR

I (Q)−I (−Q)=±2|FJ (Q)||FK (Q)|sin(ϕJ−ϕK)

sin (ϕJ−ϕK)  - is odd function!

Opposite enantiomeric forms give an interference 
contribution of he different sign. They are 

distinguishable due to the resonant contribution.

X (Mn) X (Si)

0.137 0.846  L 

0.887 0.154   R



Absolute structure determinationAbsolute structure determination

1. Resonance contribution

f (Q⃗)=f 0(Q⃗)+ f '(λ)+i f ' '(λ)

2.  Violation of Friedel law

∣F (Q⃗)∣≠∣F (−Q⃗)∣

I (Q⃗)−I (−Q⃗)≠0

3. Flack parameter

I d(Q⃗)=(1−x)∣F (Q⃗)∣2+x∣F (−Q⃗)∣2

H. D. Flack and G. Bernardinelli (2008). Chirality 20, 681



Parsons’ quotientsParsons’ quotients

Observed: 

S. Parsons et al., Acta Cryst. (2013). B69, 249–259
 

Calculated: 

Structural chirality: 



Absolute structure determinationAbsolute structure determination



Chirality in MnSi at 18 keVChirality in MnSi at 18 keV
X (Mn) X (Si)

0.137 0.846  L 

0.887 0.154   R

Mn k-edge: 6.5390 keV
Wavelength: 18 keV (0.7 Å)
R

1
: 1 – 2%

Flack: 0.01(1)

f'(Mn) = 0.2858, f''(Mn) = 0.6739

f'(Si)   = 0.0653, f''(Si)   = 0.0646



Chirality of CuChirality of Cu22OSeOOSeO3 3 ((Cu k-edge: 8.9789 keV)Cu k-edge: 8.9789 keV)

Anion-
centered 
dimer

Magnetically 
ordered dimer

Structural spiral 
propagating along 
[111]

3D-framework of 
corner-shared 
dimers



FriedifFriedif
statstat

H.D. Flack and U. Shmueli, Acta Cryst. (2007) A63, 257



Parsons’ plot for MnSiParsons’ plot for MnSi

18 keV

f'(Mn) = 0.2858, f''(Mn) = 0.6739

f'(Si)   = 0.0653, f''(Si)   = 0.0646

78 keV

f'(Mn) = -0.0397, f''(Mn) = 0.0385

f'(Si)   = -0.0197, f''(Si)   = 0.0027



Г-histogramГ-histogram

18 keV



Г-histogramГ-histogram

18 keV 78 keV



Weighted Г-histogramWeighted Г-histogram



Weighted Г-histogramWeighted Г-histogram
18 keV 78 keV



Weighted Г-histogramWeighted Г-histogram
18 keV 78 keV



ConclusionConclusion

Determination of absolute structure using the Flack 
parameter and Parsons quotients for low energy x-
rays is a routine procedure.

Determination of absolute structure far from the 
resonant scattering is also possible if we apply 
statistical methods to the quotients distribution.



Bleeding edgeBleeding edge
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