Scanning 3D X-ray Diffraction
Microscopy of Non-Cubic Au
Microcrystallite

Summer Student:
lhor Svynarskyi

Supervisor:

Chaitali Sow
DESY FS-PETRA (PETRA 1lI)

HELMHOLTZ



Non-Cubic Au Microcrystallite

treatment with Hg or aqua regia

Mettela, G.; et al. Angew. Chem., Int. Ed. 2018, 57, 9018
Mettela, G.; et al. Nano Res. 2017, 10, 2271
DESY. Ihor Svynarskyi | Scanning 3D X-ray Diffraction Microscopy | Summer Student Sessions | 11.09.2025



Experimental Setup

Scan

Optical microscope I

pZ

18 keV
> XY/
X-ray beam {\
DN

X-ray fluorescence detector

Sow, C; et al. ACS Nano 2020, 14, 9456-9465

Experimen n
DESY. Ihor Svynarskyi | Scanning 3D X-ray Diffraction Microscopy | Summer Student Sessions | 11.09.2025 pe e t co dUCted

at P06, PETRA Ill, DESY Unpublished =



Experimental Setup

Scan

Optical microscope I

A
18 keV
) _______

X-ray beam

Sample

X-ray fluorescence detector

Sow, C,; et al. ACS Nano 2020, 14, 9456-9465
DESY. Ihor Svynarskyi | Scanning 3D X-ray Diffraction Microscopy | Summer Student Sessions | 11.09.2025

Experiment conducted
at PO6, PETRA lll, DESY

Unpublished 3



Experimental Setup

Scan

Optical microscope I

7

Photo of the sample

Interpolated map of Au

18 keV
> 5/
X-ray beam {ﬂ’\
RN

Sample

encoder_fast [um]

der slow [um]

X-ray fluorescence detector

Sow, C,; et al. ACS Nano 2020, 14, 9456-9465 E ) i ducted

. . : o . Xperiment conducte .

DESY. Ihor Svynarskyi | Scanning 3D X-ray Diffraction Microscopy | Summer Student Sessions | 11.09.2025 Un ubhshed 3
at P06, PETRA IIl, DESY P



X-ray Diffraction Patterns

Individual scan
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X-ray Diffraction Patterns

Individual scan Diffraction pattern summed over all rotations
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Comparison of Diffraction Patterns

42° rotation
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Comparison of Diffraction Patterns

: Diffraction pattern summed over all rotations
42° rotation
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Comparison of Diffraction Patterns

Diffraction pattern summed over all rotations

42° rotation
1 Q 4
m Y

C

Beam center

Sow, C,; et al. ACS Nano 2020, 14, 9456-9465 ;
DESY. Ihor Svynarskyi | Scanning 3D X-ray Diffraction Microscopy | Summer Student Sessions | 11.09.2025 Unpublished 5




Presence of Twist from Previous Expt.
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Presence of Twist from Previous Expt.
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v’ ~6° twist across the length

v' How is the twist in overall crystal?
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Diffraction Spots and Maps
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Diffraction Spots and Maps
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Angle of Appearance and Twist
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Unveiling Five-Fold Symmetry
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Unveiling Five-Fold Symmetry
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Domains into Angular | Angular relation with | Angle between
consideration rot. (¢°) X-rays (°) the domains (°)
(5, 1) 0 0 0
(2, 3) 36 (144 + 36) = 180 144
(4, 5) 12 (288 + 72) = 360 288
1, 2 108 72 +108) = 180 72
X-rays (1,2) ( )
(3, 4) 144 (216 + 144) = 360 216
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Angular Relations
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Angular Relations

74°

Angles under consideration | Domain 1 Domain 4 | Domain 5

8.5, , 80.5, ,150.5 74 70 74 70 72

, 80.5, ,150.5,190 75.5 70 74 70 70.5

80.5, , 150.5, 190, 75.5 67.5 76.5 70 70.5
,150.5, 190, , 262 75.5 67.5 76.5 68.5 72
150.5, 190, , 262, 74 69 76.5 68.5 72
190, , 262, , 331 74 69 76 69 72

, 262, , 331,85 725 69 76 69 735

262, , 331, 8.5, 725 715 73.5 69 73.5
, 331, 8.5, , 80.5 725 715 73.5 70.5 72
331, 8.5, , 80.5, 74 70 73.5 70.5 72
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Visualization of Crystals
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Visualization of Crystals

Spot 33
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Visualization of Crystals
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Identify Crystals within Five Crystals
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Diffraction map

Diffraction map

Identify Crystals within Five Crystals

Right side (2nd ring)

spot 33b spot 34b spot 35b spot 36b spot 37b

Left side (2nd ring)

spot 38b spot 39b spot 40b spot 41b spot 42b
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Identify Crystals within Five Crystals

Domain 5 Domain 4 Domain 3 Domain 2
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Identify Crystals within Five Crystals

Domain 5 Domain 4 Domain 3 Domain 2 Domain 1
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Conclusions

v' Determined twist of ~5-6° along crystallite axis
v’ Calculated angular relations between domains
v" Identified crystals within crystallite

TO BE DONE:
» Assign each spot to specific domain
« (alculate crystal strain

spot 33b spot 34b

Diffraction map

i
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Diffraction from 2 lattices
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