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Single crystal neutron ditfraction

A Why neutrons?

Weak neutron ~ nuclear interaction £ = 81.8 meV at 1.0 A

« Scattering length b:
—Fourier transform of the nuclear density of an atom

—b is isotope specific
—independent of scattering angle and wavelengths

# Magnetic scattering

J. A. Smith, et al. Nature, 581, 288-293 (2020)
A. Pramanick, et al. Phys. Rev. B, 85, 1444412 (2012)
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1944 - The birth of single crystal neutron diffraction
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Date: May 25, 1944 To 2. L. Desn DEsARTHENT

#som B, 0. Wollan DeranmenT R
TO: R I‘ Doan 1N piffraction of neutrons 2 w
w

From: E. O. Wollan :
In re: Diffraction of Neutrons I would like to attéapt to measure the diffraction of reutrona

by single crystals, I have brought scme equipment with me from Chicago,
| would like to attempt to measure the diffraction of neutrons by single crystals. | have brought some " and Dr. Borst has shown me an cpening in the pile at which this work
equipment with me from Chicago, and Dr. Borst has shown me an opening in the pile at which this work coald be done.
could be done. I would appreciste obtaining approval to go ahead with thie

experiment, =
| would appreciate obtaining approval to go ahead with this experiment. A prodlen sssignnent. sheet for thie work is enclosed,

A problem assignment sheet for this work is enclosed.

E. 0. Wollan i asmes
EON/o
The original letter Ernest Wollan wrote in 1944 to Richard Doan,
. . . . . i A (T Pl ;
director of research at Clinfon Laboratories, requesting funding e e p—
. . % Skl 50, 3 :
for neutron experiments at the X-10 pile. AT ety ey O
evs——— Frotibioeg by gy an =
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The suite of single crystal diffraction instruments at ORNL

& Monochromatic source
® Point detector —record photon/neutron counts using a point counter

8¢ 1D peakintegration using peak profile from step scans i
DEMAND

® Area detector —record photon/neutron counts at 2D (x, y) pixel positions Smalluicll nucloar & magntc SEIS! ang i escved pase tanshon
¢ 2D and 3D peak integration possible by combining frame images from step scans

A& White beam

© Lauve i\‘ ‘«i L
6 [Cylindrical] Image plate — 2D (x, y) pixels g
. . : : .
6 Spatial and harmonic overlap of higher order reflections
6  Quasi-Laue, limit AL/A, for example, to 15% ey S g o

© Wavelength-resolved Laue
6 Area detectors with large Q coverage at spallation neutron sources

CORELLI

Detailed studies of disorder in crystalline
materials

6 Neutron Time of Flight (TOF) provides wavelength resolution in 3rd dimension

TOPAZ

Atomic-level structures in chemistry, biology,
earth science, materials science, condensed

MANDI

Atomic level structures of proteins,
macromolecules and DNA
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Single Crystal Ditfraction Group — Instrument Scientists
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Data acquisition at HFIR

& Monochromatic source
© Point detector —record photon/neutron counts using a point counter

o 1D peak integration using peak profile from step scans

DEMAND

Diffuse-scattering studies of single crystals

© Area detector —record photon/neutron counts at 2D (x, y) pixel positions

studies

6 2D and 3D peak intearation possible by combining frame images from step scans
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Cao H.B., Chakoumakos B.C., Andrews KM. Wu Y. Riedel RA., Hodges J.P, Zhou W, Frontzek M., Andrews K.M., Jones A.B., Chakoumakos B.C., Fernandez-Baca J.A., "The Wide Angle
Gregory R., Haberl B., Molaison JJ., Lynn GW., "DEMAND, a Dimensional Extreme Neutron Diffractometer squared (WAND?2) - Possibilities and future", Physica B: Condensed
Magnetic Neutron Diffractometer at the High Flux Isotope Reactor", Crystals, 9, 1, 5 (2019) Matter, 551, 464-467 (2018)
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https://doi.org/10.3390/cryst9010005
https://doi.org/10.3390/cryst9010005
http://dx.doi.org/10.1016/j.physb.2017.12.027
http://dx.doi.org/10.1016/j.physb.2017.12.027

Temperature: 0.03-1300 K
Magnetic Field: 0-6 T
Pressure: 0-10 GPa

Electric field: 0-10000 v/cm

Four-circle mode

Journal of
APPLIED CRYSTALLOGRAPHY

Chakoumakos B.C., Cao H.B., et al., "Four-circle single-crystal neutron AUTO_d.GTO_
diffractometer at the High Flux Isotope Reactor", Journal of Applied reduction o
Crystallography, 44, 655-658 (2011). Background §
Cao H.B. et al., "DEMAND, a Dimensional Exireme Magnetic Neutron fl|Terlﬂ9 y
Diffractometer at the High Flux Isotope Reactor", Crystals, 9, 5 (2019).
Hao Y., et al.,, Cao H.B., "Machine-learning-assisted automation of
single-crystal neutron diffraction”, Journal of Applied -] A |
Crystallography, 56, 519-525 (2023). . . . ] ]
Polarized Neutron diffraction A ol e
Unpolarized Neutron diffraction :
%OAK RIDGE HIGH FLUX | SPALLATION COUrTeSy Of HUIbO CGO
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https://doi.org/10.3390/cryst9010005
https://doi.org/10.3390/cryst9010005
https://doi.org/10.1107/S1600576723001516
https://doi.org/10.1107/S1600576723001516
http://dx.doi.org/10.1107/S0021889811012301
http://dx.doi.org/10.1107/S0021889811012301

Science @ DEMAND

Courtesy of Huibo Cao
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Zhao et al. PRL, 2012
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M. Chilcote et al, Adv. Funct. Mater, (in press 2024)
Altermagnetic candidate MnTe for spintronics

Nature Materials 16, 905 (2017)
Magnetic Weyl semi-metal

Nature Communications 9, 2666 (2018)
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M.Marshall, et al. Nature Communications 14 (1), 3641 (2023)



Data acquisition at the SNS

© Neutron Time-of-Flight, aka Wavelength-resolved, Laue

CORELLI
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8 Neutron Time of Flight (TOF) provides wavelength resolution in 3rd dimension

Ye F., Liu Y., Whitfield R.E., Osborn R,, Rosenkranz S., "Implementation of cross correlation for energy
discrimination on the time-of-flight spectrometer CORELLI", Journal of Applied Crystallography, 51, 2,
315-322 (2018)

Schultz AJ., Joergensen M.R,, Wang X.P., Mikkelson R.L., Mikkelson D.J.,, Lynch V.E., Peterson P.F.,
“Integration of neutron time-of-flight single-crystal Bragg peaks in reciprocal space”, Journal of
Applied Crystallography, 47, 915-921 (2014).

$OAK RIDGE| | e Courtesy of Zach Morgan



https://doi.org/10.1107/S160057671800403X
https://doi.org/10.1107/S160057671800403X
http://dx.doi.org/10.1107/S1600576714006372

Detectof—’ |

CORELL' BL_9 SNS Startofseq/

Sample_ to | |

Chopper—- |

| |

Key Component i i

.

Correlation Chopper z T i
Source ;_ t1_'i i‘_ .

The combination of correlation chopper and white beam
Laue diffraction allows reconstruction of the elastic signal.

Diffuse scattering of benzil. (a) Total scattering (elastic plus
inelastic) recorded at 100 K; (b) Elastic scattering only at 100 K

Courtesy of Feng Ye
SPALLATION Quantum Beam Science, 2, 2 (2018); J. Appl. Cryst. 51, 315 (2018)
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Static Vertical
Magnetic Field,

Low background

top loading CCR FtArlr?oAc\:Se Brox =T
oK -750K RT - 1400 °C

Courtesy of Feng Ye

SHe insert

PTTIILL 300 mK-300K
r B .5 57, :: | or Magnet coil
Pressure Cell, P, = 1.8 GPa Dilfridge insert  Pulsed Magnetic Field o,
Il-gg?OFPLEUX f,.';ﬁ'}'ﬁﬁﬂm ]OO mK B 300K Bpeak = 30 T DAC, Pmox -~ 8 GPO
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Collec’non of diffuse scc’r’renng studies @ CORELLI

Courtesy of Feng Ye

Quasi-crystal Spin ice Dy, Ti,O, Spin Glass Fe,TiOx “Quantum spin Liquid” Spinel ZnFe,0, Spiral Spin Liquid
i-Tb-Cd (Nat. comm. 2020) (PRB 2021) YbMgGaO, (PRR 2021) (PNAS 2022) FeCl; (PRL 2022)
(PRB 2023)

Relaxor ferroelectrics Relax_or ferroe!ectrics Channeled carbonate Molecule Benzil superelasticity Hybrid lead halide
PMN-xPT Blo sNag sTIO; Ba;C0,04(CO3)o 7 (C14D1005) NiCoFeGa MAPDI,
(Nat. Mat. 2018) (J. of Appl. Crys. 2021) (Nat. Mat. 2020) (Joule 2023)
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Neutron Time of Flight Laue ditfraction

& Neutron Time of Flight: Event-based neutron detection technique
© de Broglie equation relates neutron wavelength to its momentum:

_h_ht_h 1t
“mv mL m(L+l)

A

© By recording the time of a neutron arrives over a fix path length from source to detector (aka
time of flight), its velocity, and consequently its wavelength can be measured.

Anger Camera

5w

Pulsed Neutron
@ 60 Hz

<1 u sec readout time

B

tof 0.5 msec. 16.67 msec.
L 02A 3.66 A
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Neutron Wavelength-resolved Laue

Combine de Broglie's equation and Bragg's law /= h._ M I =2dsing

my m(L, +1,)

m
t=E(L1+l2) XZdSlne

l,-—0.39 t0 0.46 m

Pulsed Neutron
60 Hz

Neutron Time-of-flight Laue
Wavelength-resolved Laue

LLLLLLLLLLLLLLLLLL
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TOPAZ Single Crystal Diffractometer BL-12 SNS

Anger Camera nl ml

Cr tal fogic nlostﬂ X
8 gP_

TOPALZ Detectors J. Appl. Cryst. 47, 915 (2014)

https://neutrons.ornl.gov/topaz
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TOPAZ Ambient Goniometer

* A two-axis goniometer
- Omegaq, phiwith chi fixed at 135°.

- Both omega and phi are fitted with sliprings that
allow unlimited 360° rotational motion.

- The omega and phi rotation axes are separated
by 45 degrees.

- Sample mount

MiTeGen loop (1 mm ¢)

Glued

Glued or Coated with perfluorinated grease  Gued onto the fip or
inside a Kapton tube
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TOPAZ Cryogenic Goniometer

o  One axis of rotation (360°) with precision motor controls to center, orient, and hold the sample in
the temperature range 5 K - 300 K.

A A video camera is mounted on the base of the DAT

TOPAZ Cryogoniometer

Sample mount

IVC Shield will thread on

and off, one to two turns Sample

Sapphire Window
(Optional)

OVC O-ring allows OVC to
slide on and off.

Sapphire Vacuum will hold it in position

Window

a Click-to-center of a single crystal sample
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Single crystal peaks on 2D detector space

16596 Reset
am, Right -- Translate. Axes: X = Red; Y = Green; Z = Blue
%OAK RIDGE HIGH FLUX | SPALLATION
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Single crystal peaks in 3D Q space

Sample continuous reciprocal Q space

Cover a large number of reflections stimulated at a stationary crystal

kf—ki=G

Laue condition

d*4

(lmax D’lll’l) max

4 4

Numlber of reflections

HIGH FLUX SF‘ALLATION
EUTRON
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TOPALZ Data Collection

- Instrument Status ~ Main Detector X/Y Plot (4x4 Bi d)
Beam Power (kW) . 13TB06KkW
Primary Shutier O 25 of 48 Detector Ports Populated (52%)
Acquisition Software Status

DataReduction Status (@)

- Proposal Information
Proposal # IPTS-12132

Proposal Title NX School: High-resoluson
single crystal structure

Team Members. Xiaoping Wang, Justn
(XCAMS/UCAMS) Paloni, Ashley Cardenal,

~ Run Information

s — Il Detectors Pixels / Det | Total Pixels -

Run Number 40731

Run Time 35 — 25 256 x256 1.6384 Million

Total Neutron Counts: g35132

Count Rate (counts/s). 121473

TetslProwucheps:  FESE Meas. Time Pulse Rate  File Size
s 2 o 7 One Pulse @60Hz  27.3GB ~
1 Sec. @ 60 Hz 1.60 TB
1 Sec. meas. 121473 n 0.97 MB

1 hour meas. 4373E+8 n  3.5CGB

https://neutrons.ornl.gov/topaz
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https://neutrons.ornl.gov/topaz

Site Specific Deuteration of a Cyclohexene Complex

Transition metal-mediated dearomatization.

Opened pathways for a new generation of medicines and therapies
that incorporate deuterium into the active pharmaceutical ingredient.

Hydrogen T'H -3.74 fm
‘\NO H Deuterium D (2H) 6.67 fm

Neutron structure of a d, isotopologues of cyclohexene complex.

SPALLATION J. A, Sm”h, et al. Nature, 581, 288-293 (2020)

NEUTRON
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Chemical crystallography

A Locate Hydrogen Atoms in a Crystal Structure

H8+...H o-
1.489(10) A

0.32x0.90 x 1.95 mm?3 0.25x 1.10 x 1.62 mm?3
T. Liv et. al. Angew. Chem. International Edition, 53, 21, 5300-5304 (2014) R. S. Dhayal, et. al. Chemistry - A European Journal, 21, 8369 (2015)
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Single Crystal Neutron Diffraction beyond three dimensions

Diffraction space

Neutron event data

a

(3+d) d=0,1,23
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. 4D Temporal Data }: | Parameter space ]
Link event data to metadata _
with an associated p| 1=T, E, P,

—»C Time-stamp )*

|

Polarization (C/m?)

05 0.2 0 095 05
Field (kV/mm)



R em O-I- e < - O m £ https://analysis.sns.gov/ bie = 1 =
Controlled Experiment

CAC
OIS

httos://analysis.sns.qov AN Remote Analysis Service
/S

"777_‘, 7T /__,,—,/'///

~

Remote Desktop Capabilities

As a Neutron Sciences user, you can view, analyze and download your data from anywhere.
You will be on a machine just like one you use in our Instrument Hall or Target Building. You
can work with your data and use the Data Analysis tools provided. To get started using our
webclient click the "Launch Session" button below. For more information about different
ways to access your data, please see the "Connection Options" section below.

s | V\{eb _» SSH

Connection Options

ThinLi 8 & ”
tent — TS WO R Fre

Mouse over one of the icons above for more information

For assistance connecting to the Analysis servers or accessing your data, please contact
Linux Support: linux@support.sns.gov or call 865-309-4649 for urgent requests.

HIGH FLUX | SPALLATION
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https://analysis.sns.gov/

TOPAZ data reduction interface

$ python3 main.py Terminal output

MainWindow - O x Sxw(@analysis-nodel2:/SNS/TOPAZ/IPTS-12132/shared/2021/ReductionGUI

File File Edit View Search Terminal Help

Lattice Type: Body centred

Point Group symmetry: m-3 (Cubic)

Z score: 3.0

StatisticsOfPeaksWorkspace-[Notice] StatisticsOfPeaksWorkspace started

Sample Information | Reduction Input ~ Peak Input = Anvred Input  Plotting Input

Load Config File |/SNS/snfsL/instruments/TOPAZ/IPTS-12132/shared/2021/ReductionGUI/bixbyite 295K _tutorial.config Browse Statistisabifeskaworkapaces[Noticel Statisticsiffenkaborkapeece succesatul, Durmtion 9:37 scconds
Instrument name TOPAZ - Crystal symmetry
Point Group: m-3
Experiment name bixbyite_295K Lattice Sysstem: Cubic
Lattice Centering: Body centred
Molecular formula Fel.12 Mn0.88 O3
Peak Statistics
z 16.0 Number of Peaks: 3286
. Multiplicity: 6.13
e i Data Completeness: B80.48%
Sample radius(mm) 15 Resolution Min: 0.5
Resolution Max: 6.83
Centering | v No. of Unique Reflections: 536
Mean ((I)/sd(I)): 23.94
Crystal system Cubic - Rmerge: 4.86%
Rpim: 2.17%
Point group m-3 -
Number of peaks after outlier removal: 3286
Write Configuration File Saving result
- - - - /SNS/snfsl/instruments/TOPAZ/IPTS-12132/shared/bixbyite 295K/bixbyite 295K Cubic I.hkl
Run Reduction with Configuration File /SNS/snfs1/instruments/TOPAZ/IPTS-12132/shared/bixbyite 295K/bixbyite 295K Cubic I symm.hkl

Stop Reduction R S R R S R P R

et oo ok ok ok ok ok ok sk ok Rk ok ok ok kol ok ok ok AT DIONE ok sk ok ok ok sk ook ook e sf sk of o ol sk sk ook sk oo ook sk ok o ook sk s o ook sk ok o ok ok ko

B e T T e

*OAK RIDGE | {a5anen
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TOPAZ data reduction demo

analysis-node12.sns.gov X @ New tab

@) () https://analysis-node12.sns.gov

Activities  Applications v Places v+ B ] » MainWindow ~ Sun Aug 1, 10:39:25 e

~ Flle
1odel2 ReductionGUI]$ python3 main.py

0 Bl 4: GtkDialog mapped without a transient 11s 1s discouraged = e Inf t
Sample Information

Load Config File |/S
Instrument name
Experiment name
Molecular formula
z

Unit cell volume
Sample radius(mm)
Centering

Crystal system

Point group

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE

MainWindow

Reduction Input  Peak Input ~ Anvred Input  Plotting Input

S/snfsl/instruments/TOPAZ/IPTS-12132/shared/2021/ReductionGUI/bixbyite . 295K _tutorial.config Browse

TOPAZ

bixbyite_295K I
Fel.12 Mn0.88 O3
16.0

832.97

15

I

Cubic

m-3

Write Configuration File
Run Reduction with Configuration File

Stop Reduction

K

Snallatinn Nout nn ﬂnur(p ; farte

- MainWindow




Machine Learning for single crystal neutron ditfraction

Satellite Peak Index Product of ORNL GO! Student Project Peak Integration Recent progress

Modulated Structures

A  Multiresolution Bayesian optimization with global
prior from ML/AI for integrating weak magnetic
peaks near strong Bragg reflections

max
-0.315p90

10° 0.30590) \/ ¥
/ Bayesian profile fitting \ ﬂayesian peak iniegraﬁoﬁ % o B

Ny -0 Pla) = [q: |IVP(w)(g — ulw))]] < 4}

10° oy ! n ; \
L(H|AN) ~ n.«]'- expl—-A) LD~ (I li(r,ﬂ)rap(—f /.(q].!q)
(5 =1 / 2 Hw) = J (A(g.w) = b*(w))dg
10! qePiw)
T, ., o A H . Carn g
- 4 o L™ o
05 | { "4

b

log L{H|A) + log p(d)

108 L(Hy_11) + log p(A|H,)

PAIDY
—_—

N

/ log L{F |2} + log p(A|Hz)

T T AT e AT - =

o
s
bl

o . @ 2o @ - | @ B B vy ft 1o D=, / _-;r(n:jf[ﬁ(m])p[i\ﬁ}dl(ru] [N % g3
10° L] ” . |
s } Qf’(ll‘ﬂ,ﬂ;----}i log £(DIA) +;Jun£tmm+-\-=:ry \l‘iurlrtl:l:}&‘;:"}W / ‘% '“5 6‘
-1 “10 Zos 00 0s 10 15 -ms 1050 max
K H -0.495000
O 10!
Classification of satellite peaks using DBSCAN SNS TOPAZ Data
try: .
lattice = self.peaks ws.sample().getOrientedLattice() | || | || |" ‘ ‘| | Il |m
except: ey =5 00 05 1
I lattice = OrientedLattice(1,1,1) | : ' L '
astar = v3D(0.5,0,0)

bstar = v3D(0,0.5,0)

cstar = V3D(0,0,0.5)

hkls = np.array([np.array([x, y, z]) for x,y,z in zip(self.x,self.y,self.z)])
labels, centroids = self.dbscan(hkls, eps=.0425, min_points=6)

i=o0
modTest = str(self.peaks ws.getPeak(0).getRunNumber())
lastRun = str(self.peaks_ws.getPeak(npeaksTotal-1).getRunNumber())
if lastRun !'= modTest:
modTest = modTest + "-" +lastRun

modTest = modTest + " Type a, b, or ¢ for axis alignment" Mon‘l'id Algori‘l‘hms
Available to users
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https://docs.mantidproject.org/nightly/concepts/ModulatedStructure.html

TOPAZ Data reduction for modulated crystal

Q = 2n(ha* + kb* + lc* + mq, + nq, + pq;)

Shiyun lJin

UuB ModUB ( Zz \ U Wisconsin
I; UBll UB12 UB13 MV11 MVlz MV13 ll
Qv | = [|UBz UBx UBus| [MVy MVay MVyf| x|
Z; UB31 UB32 UB33 MV31 MV32 MV33 ’I’Lz

\ D /
¥ Modulated Structure X o+ - = 2
& CcC O @ docs.mantidproject.org/nightly/concepts/ModulatedStructure.html Q@ ¥ S B C I - | e

MANTID Home Download Documentation Contact Us

Modulated Structure

Data reduction for single-crystal neutron diffraction on (3+d) dimension
modulated structure with Mantid

Modulated Structures cannot be described by only three hkl indices, so additional dimensions must be added to standard reduction

S https://docs.mantidproject.org/nightly/concepts/ModulatedStructure.html
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TOPAZ data reduction GUI for modulated crystal

TOPAZ Data Reduction Tutorial — Modulated Crystal

$ python3 main.py Mod UB Matrix with g-vectors

MainWindow = | X
Flle
Sample Information Reduction Input Peak Input Satellite Peak Input Anvred Input Plotting Input
Satellite Indexing Tolerance | 0.08 K2V308._sat_Niggli.mat X K2V308._sat_Niggli.integrate
7 |-0.05116429 -0.05623988 -0.08270616
Mod Vector 1 dhl | 0.313 dkl | 0.313 dil | 0.5 0.01924751 ©.08581240 -6.07632198
Mod Vector 2 dh2 | -0313 | dk2 | 0313 |di2 |05 Hg&lljg'?m“g -0.67894279 -6.65642491
0.07392460 -0.03005621 -0.07314879
Mod V dh3 | 0.0 13 |00 di3 | 0.0
RENRES : - 0.10583377 0.00555507 -0.02142485
Max Order | 1 Cross Terms Save Mod Info [+ 0.00000000 ©.00000000 ©.00000000
8.9013 8.88608 5.1949 90.0226 90.0158 90.0235 410.6562
0.0001 0.0001 0.0000 0.0008 0.0009 0.0009 0.0076
Satellite region radius | 0.13 Satellite peak size | 0.07 .
Modulation Vector 1: 0.3132 0.3140 0.4989
Satellite inner size 0.09 Satellite outer size 0.11 MOdUIat‘!'on Vector 1 error: 0.0043 0.0046 0.0032
Modulation Vector 2: -0.3138 0.3169 0.4976
Modulation Vector 2 error: 0.0043 0.0047 0.0032
Max Order: 1
Cross Terms: 0

Write Configuration File

Run Reduction with Configuration File

Stop Reduction

*,OAK RIDGE | {a5anen
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https://www.dropbox.com/s/nqc6igo3j0hzdgz/TOPAZ%20Data%20Reduction%20Tutorial%20-%20Modulated%20Crystal.pptx?dl=0

TOPAZ data reduction GUI for modulated crystal

$ python3 main.py

MainWindow

Flle

Sample Information Reduction Input Peak Input Satellite Peak Input

Satellite Indexing Tolerance | 0.08

Mod Vector 1 dhl | 0.313 dkl | 0.313 di1 | 0.5
Mod Vector 2 dh2 | -0.313 | dk2 | 0.313 di2 | 0.5
Mod Vector 3 dh3 | 0.0 di3 | 0.0 di3 | 0.0
Max Order | 1 Cross Terms Save Mod Info [«

Satellite region radius | 0.13 Satellite peak size | 0.07

Satellite inner size 0.09 Satellite outer size 0.11

Write Configuration File

Anvred Input

Plotting Input

- 6-D Miller Indices h, k, I, m, n, p

Run Reduction with Configuration File

Stop Reduction

% OAK RIDGE e
National Laboratory | SOURCE

- a I s =] -

—— [ GUTLINUIOU 1IJ.0130 ULOLOUU FI. T FL.0JUL T, JuUou UL ZZIU UL I0JT0 UL UU1IU UL Ui oo UL Zuuuw LU TS L ERAL L —
26 256 256 15.8190 15.8190 0.2000 42.96 -33.3644 -11.8977 -24.3020 0.24748 0.67683 -0.69329 -0.56819 ©0.68097 0.46198
27 256 256 15.8190 15.8190 ©0.2000 42.83 -41.1527 -11.8538 0.0401 -0.22100 0.67040 -0,70833 -0.21274 ©0.67566 0.70585
28 256 256 15.8190 15.8190 0.2000 42.82 -33.2339 -11.8293 24.2698 -0.57232 0.67843 -0.46064 0.24576 0.67781 0.69294
36 256 256 15.8190 15.8190 0.2000 39.94 -23.4001 0.0045 -32.3631 0.57141 0.70977 -0.41197 -0.57878 0.70442 0.41086
37 256 256 15.8190 15.8190 ©0.2000 39.91 -37.9576 -0.0367 -12.3172 0.22454 0.70857 -0.66896 -0.20011 0.70539 0.67999
38 256 256 15.8190 15.8190 ©0.2000 39.94 -37.971@ -0.0419 12.4012 -0.22067 0.70788 -0.67098 0.23183 0.70629 0.66889
39 256 256 15.8190 15.8190 0.2000 40.60 -23.4411 -0.0039 32.4164 -0.57082 0.70582 -0.41951 ©0.55633 0.70824 0.43462
47 256 256 15.8190 15.8190 ©0.2000 43.89 -41.4160 11.8848 0.0647 ©.21227 0.67325 -0.70829 ©.19976 ©.67963 0.70585
48 256 256 15.8190 15.81990 0.2000 43.82 -33.4109 11.8621 24.3698 -0.26474 0.68451 -0.67924 ©.57218 0.67848 0.46073
58 256 256 15.8190 15.81990 0.2000 46.87 -37.1289 24.4298 12.1112 0.12362 0.60825 -0.78486 ©.56368 0.60723 0.55994

NRUN DETNUM CHI PHI OMEGA MONCNT

8071 17 135.80 -67.11 45.47 4569640

SEQN H K L M N P coL ROW CHAN L2 2 THETA AZ WL D IPK INTI SIGI RFLG

] 2 -4 1 ] ) 0 85.e6 163.00 13393 46.026 1.76215 -2.56379 2.865775 1.8575 375 39378.08 243.81 310
1 2 -5 1 1 [} e 92.e0 48.00 11438 46.261 1.85675 -2.43819 2.445612 1.5273 78 4327.06 65.78 318
2 2 -5 2 e -1 e 32,00 103.00 10663 46.361  1.74947 -2,45580  2.152941 1.4028 64 2407.00  49.86 318
3 2 -4 2 e -1 0 137.00 22.00 12342 46.395 1.92591 -2.44232 2.640519 1.6083 39 4169.00 64.57 318
4 3 -6 1 (] 1 0 61.ee¢ 138.00 9408 46.113 1.75500 -2.51707 2.013046 1.3086 103 2862.00 53.5@ 318
5 3 -5 1 (] 1 e 172.e@ 57.00 11451 46.181 1.93918 -2.51137 2.450009 1.4855 70 3776.00 61.45 318
6 3 -6 2 -1 ) e 21.ee 177.00 8462 46.561 1.68199 -2.52979 1.810338 1.2145 60 90l.06 30.08 310
7 3 -5 2 -1 ) 0 1ee.ee 110.600 10119 45.957 1.81935 -2.51566 2.165317 1.37117 75 2605.00 51.e4 318
8 3 -4 2 -1 ] 6 218.00 28.00 12330 46.624  2.01092 -2.51434 2.637632 1.5618 63 4212.00 64.90 318
9 3 -7 2 ) ] e 21.00 98.00 7611 46.472 1.74111 -2.44206 1.628125 1.0646 2086  24981.00 163.72 310
10 3 -6 2 ] ) 0 1e2.ee 27.00 8926 46.395 1.88316 -2.42142 1.909706 1.1810 3632 74272.00 278.39 310
11 3 -8 2 1 ) e 32.00 34.00 6919 46.726  1.79991 -2.37808  1.479980 0.9447 109 810.00 28.46 310
12 3 -7 1 1 ) 0 71.ee 207.00 7962 46.281 1.71301 -2.60143 1.703536 1.1273 97 1455.00 38.14 318
13 3 -6 1 1 0 0 168.00 149.00 9449 45.940 1.86386 -2.61491 2.022093 1.2594 122 3158.00 56.20 310
14 3 -7 2 e -1 0 27.e@ 233.00 7229 46.777 1.64624 -2.59534 1.546206 1.0543 61 617.00 24.84 310




Data format for modulated crystal

o Extended SHELX HKFL 2 Laue format with six indices h, kK, |, m, n, p

h kK I m n p I ofl) bnl 4 t-bar < direction cosines > run  seq
1 -3 -4 0 0 0 7302 178 201.89287§0.14303 0.é8718 —-0.46953 —-0.17725 —-0.45864 —-0.70434 —-0.75488 8072 4906
1 -3 -3 0 0 0 3498 g5 2042.37125§0.14307 0.€8718 -0.41¢e64 -0.17725 —-0.€15983 -0.70434 -0.€6552 8072 45907
1 -7 =7 1 0 0 16 © 241.03874§0.14032 0.é8718 —-0.53077 —-0.17725 —-0.6€014%9 —-0.70434 —-0.597¢7 8072 4915
1 -& -8 1 0 0 45 10 240.98173§0.14142 0.€8718 -0.53707 -0.17725 —-0.44885 -0.70434 -0.714¢7 8072 4916
1 - -7 1 0 0 26 © 241.1006880.14136 0.€8718 -0.51%9%6 —-0.17725 —-0.52377 —-0.70434 —-0.&7527 8072 4917
1 -& -6 1 0 0 22 5 2041.24005§0.14104 0.€8718 -0.50024 -0.17725 —-0.¢l446 -0.70434 -0.¢€1l0&7 8072 4918
1 -5 -5 1 0 0 15 3 201.53722§0.14199 0.e8718 -0.45¢1l5 —-0.17725 —-0.&3150 —-0.70434 —-0.&2757 8072 4921
1 -4 -6 1 0 0 24 3 2081.40411§0.14320 0.€8718 -0.47362 -0.17725 —-0.40265 -0.70434 -0.783¢9 8072 4922
1 -4 -5 1 0 0 9 2 201l.668¢64§0.14353 0.6e8718 -0.43555 —-0.17725 —-0.51087 —-0.70434 —-0.74159 8072 4923
1 -7 -8 o -1 0 36 13 240.83093§0.14039 0.e8718 -0.56147 -0.17725 —-0.50414 -0.70434 -0.¢€5673 8072 4932
1 -7 =7 o -1 0 4z 8 200.91129§0.14013 0.&e8718 -0.548%93 —-0.17725 —-0.57005 —-0.70434 —-0.¢el1l191 8072 4933
1 -5 -5 o -1 0 22 4 281.27571§0.14150 0.€8718 —-0.459500 —-0.17725 —-0.58308 —-0.70434 —-0.6e4475 8072 4939
1 -3 -4 o -1 0 17 2 2481.71003§0.14399 0.6e8718 —-0.42858 —-0.17725 —-0.45904 —-0.70434 —-0.778e1 8072 4943
1 -3 -3 o -1 0 g 1 202.09457§0.14423 0.€8718 —-0.37306 —0.17725 —-0.80221 —-0.70434 —-0.70628 8072 4944
2 -8 -8 0 1 0 25 7 240.908¢€60.14079 0.€8718 -0.51303 -0.17725 —-0.e0434 —-0.70434 -0.¢1015 8072 4953
2 =1 =7 0 1 0 12 © 2f81.058¢080.14144 0.e8718 —-0.48368 —-0.17725 —-0.61le49 —-0.70434 —-0.82185 8072 4957
2 -5 =7 o 1 0 10 4 201.17683§0.14339% 0.€8718 -0.45928 -0.17725 —-0.435%42 -0.70434 -0.77240 8072 49¢3
2 -5 -6 0 1 0 S 4 2081.35640§0.14361 0.68718 —-0.4Z2¢Z6 —0.17725 —-0.53288 —-0.70434 —-0.73144 8072 49¢p4
2 -4 -5 o 1 0 9 2 2041.70479§0.14502 0.€8718 -0.359%8% -0.17725 —-0.52485 -0.70434 -0.77173 8072 4966
2 -1 -5 -1 0 0 30 10 200.8450640.14132 0.€8718 —-0.52441 —-0.17725 —-0.51348 —-0.70434 —-0.&7972 8072 4979
2 -6 -7 -1 0 0 21 7 2040.97402§0.141%8 0.€8718 -0.4%954 -0.17725 -0.51027 -0.70434 -0.70055 8072 45983
2 -6 -6 -1 0 0 52 K 241.08204§80.14185 0.é8718 —-0.47%900 —-0.17725 —0.588%85 —-0.70434 —-0.&514e 8072 4984
2 -6 -5 -1 0 0 33 5 2081.21030§0.14145 0.€8718 -0.45477 -0.17725 —-0.€7755 -0.70434 -0.578¢3 8072 45985
2 -5 -6 -1 0 0 11 5 201.14255§0.14285 0.6é8718 —-0.46¢07 —0.17725 —-0.50501 —-0.70434 —-0.72692 8072 4987
2 -5 -5 -1 0 0 28 5 201.297%8§0.14283 0.€8718 -0.43¢48 -0.17725 -0.5%9704 -0.70434 -0.€7359 8072 44988
2 -4 -5 -1 0 0 g 3 2 -.36444§)0.143%9 0.68718 -0.42153 -0.17725 -0.49183 —-0.70434 -0.76227 8072 4990
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TOPAZ Data format: SHELX HKLF 2 Laue

)

f

%QAK RIDGE

HKLF 2 | + batch number (BN) and wavelength A for individual reflections
Data Format 314, 2F8.2,14,F8.4

1234123412341234567812345678123412345678

h Kk | Fo? o(Fo?) BN A

Neutron Time of Flight Lauve

© Reflections are measure on a stationary single crystal sample.

© Integrated intensities are corrected for intensity distributions by neutron wavelengths, Lorentz
and sample absorption.

It is possible to refine the scale factors BN for different sets of reflections measured at different
sample orientations / or on different detectors

The neutron wavelength for each reflection was recorded separately. No symmetry average
is applied to individual reflections due to wavelength- dependent sample extinction
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http://shelx.uni-ac.gwdg.de/SHELX/shelxl_html.php#HKLF

JANA2020 — Neutron structure solution and refinement

JANA2020 Data import

Data reduction file from: Complete/correct experimental parameters
Input fie name:  K2V308_Niggii.hki Browse T eI 8.9013 8.8808 5.1949 90.0226 90.0158 90.0235
| | Number of input indices: 6 = Info about metrics parameters
) Nonius-CCD (O Koala at ANSTO
1st modulation vector: 0.3132 0.314 0.4989
() Bruker-CCD (O SCD-LANL
2nd modulation vector:  -0.3138 0.3169 0.4976
(O Bruker-CCD (raw) (O Hasylab F1
3nd modulation vector:
() Oxford Diffraction-CCD (O Hasylab HUBER
Data collection details:
(O Rigaku-CCD (O Hasylab XDS
Temperature: Qd
(O IPDS Stoe ()6T2LBB
_ (O D9-ILL, D23 or Trics-Zebra (O Pets electron diffractometer
‘ () HeiDi (O SENJU TOF ‘
O ILL-Vivaldi (O Polarized neutrons
(O 1SIS SXD (O SHELX on I - abs.correction needed \
|
O TOPAZ
Back Next Cancel Back Next Cancel
d
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Software

M > Software

Software

Resources
Data reduction

Structure databases Zach Morgan

Web applications

Structure refinement

Diffuse scattering analysis

Reduction
Loading data

Converting data to Q-sample

Determining the UB-matrix

Refining the UB-matrix

Integrating peaks

Normalizing data https://single-crystal.ornl.gov/software/
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https://single-crystal.ornl.gov/software/index.html

Welcome o ORNL!
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https://conference.sns.gov/event/415/page/2917-agenda
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