Basic Powder X-ray Diffraction Analysis



Import your data files

Powder data from:

File name ‘ i3_ABDC.dat

MAC format

GSAS format

Riet7 formats

ILL D1A/D2B (Rietveld-Hewat format)
ILL D1A/D2B standard format

ILL D1B/D20

LLB G4.1

Saday format

PSI format

11-BM

APS Argonne

CPI format

UXD format (Siemens/Bruker)
Jana2000 format

PANalytical XRDML

Rigaku formats

Huber formats

Stoe raw data format

Free format of I values

Free format of 2th, I, [sig(I)]

Show details about the selected format

Debye-Scherrer method
Bragg-Brentanno method - Fixed Divergence Slit
Bragg-Brentanno method - Variable Divergence Slit

Another funknown method

Browse \

Important!
Rename your .xyd file to .dat



Input your “guessed” lattice parameters

Complete/correct experimental parameters

ell parameters: | b5.7262 25.7262 25,7262 90 90 90

a~l

Target dimension: 3 — Info about metrics parameters

X-rays X-ray tube Polarization correction:

Neutrons Circular polarization

Electrons I Perpendicular setting  Info

Kalpha1/Kalpha2 doublet (o) Parallel setting Info
Wave length 1.54051 "' Guinier camera

Linearly polarized beam

Monochromator parameters:

Perfectness

~

Temperature [ 293 Glancing angle 13.28815 ' Set glancing angle

Cancel




Edit your M50 file

Important!
Change the space group to the one from the .cif file

Define /modify basic structural parameters:

Cell Symmetry Composition Multipole parameters Magnetic parameters

Define/modify basic structural parameters: Space group | Fm-3m Select from list

Cell Symmetry Composition Multipole parameters Magnetic parameters

00 DI

'St_yucmre: |

Cell parameters | 25.7262 25.7262 25.7262 90 90 90 The operators derived from the group symbol

E.s.d.'s 0.0004270.0021210.000481000 Load ->

- -
Dimension | 3 = <- Add <-Rewrite

Delete operator Clean out

Cell centering

Complete the set

Define local symmetry operators




Cell | Radiation

Cell parameters

Edit your powder diffraction profile

Important!
Refine your lattice parameters

Powder options

Profile Asymmetry Diffractometer Sample [Experiment Corrections | Various

Important!
Refine your peak shape

Powder options

Cel | Radiaton Profile Asymmetry [Diffractometer Sample Experiment Corrections | Various

Peak-shape function
Gaussian Cutoff
Lorentnan
Pseudo-Voigt
Modified Lorentzian

Anisotropic partide broadening

" -

ic strain br

Important!
Refine your background

Powder options

Asymmetry Diffractometer Sample /Experiment Corrections | Various

Number of terms 20 —

Edit background
bokg2| 0
bokgs | 0
bokgs | 0

bekg14| 0
bokgi7| 0

bekg3| 0
bekgs | 0
bkgd | 0

bckgis| o
bckgis | 0

Show p/sig(p)




Edit your refinement profile

Refine commands

Basic Select/Listing \ Various Modulation

Number of cydes | 100 I | ] UseMarguart technique (¢ Sigmaweight Instability factor | 0.01
Damping factor 0.1 ‘ [v| Use wilson's modification

Unit weight

Use dynamical LS method => if Rw is increased by \ 10% reduce the damping by a factor ] 2

After | 3 21 cydes try to enlarge it back.

Check for convergence  => stop if max(change/s.u.)< _.0.05 in |1 : consecutive cydes. Ready tO Sta rt refinlng!

Disable atoms having too large isotropic ADP parameter =2 ADP(iso) limit for disabling [ 0.2

Automatic refinement keys [ ] Apply Berar's correction

Automatic symmetry restrictions ' 1 :‘ Frequency of le Bail decomposition

iRefinements on F(obs)**2!

After last cyde call Fourier

Randomize atomic coordinates ’

Waring: the randomize procedure will apllied just once during the next run




Refinement

At the end of the refinement
check your ptofile

Profile R factors :[2937/23+1], Damping factor: 0.1000 | Wlana2005
GOF =11.53Rp =29.32wRp =36.08 4
Last wRp: 58.03 54.22 50.81 47.74 44.96 42.44 40.13 38.02 L=l

Maximum change/s.u. : 17.9576 for LY

16115 COUNTY(0)
Save

16995 COUNT(c)
X- X+

CIETIE T T e e e e rere e

Create new

Refining procedure - cycle 15/100

End Parameters |  Cancel




Refinement (modify your profile and repeat)

Powder options
Cell | Radiation | Profile Asymmetry/Diffractometer Sample /Experiment Corrections | Various

When your powder pattern is
close to the experimental one
Chebyshey palynomial Use L term refine the shift (Edit Profile Icon)

Cos-ortho background Edit background

Background

e Legendre polynomials Number of terms

-
h 4

Cos-GSAS background
Import manual background
Define exduded regions

Shift parameters

sycos| O




Use your data

Report your final lattice parameters .
(Edit M50 Icon) Plot your data (Profile

Report your statistics after refinement Viewer Icon)

converges
GOF, Rp and wRp

Define/modify basic structural parameters:

Multipole parameters

Profile R factors :[2937/24+1], Damping factor: 0.1000
GOF = 5.05Rp =10.60wRp = 15.81

Last wRp: 15.81

Maximum change/s.u. : 0.0457 for bckg2
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Regular end of REFINE program

Open the listing?

It remains 4 sec - press space for pause [




X-ray diffraction: The basic principle

2dsiné=n A

fa -



Miller Indices (hkl) of the atom planes

Tetragonal Orthorhombic




The concept of Dimensional Reduction

ATMZX-,

C. C. Stoumpos, M. G. Kanatzidis, Acc. Chem. Res. 2015, 48, 2791.
Androulakis. J.. Peter, S. C.. Li, H., Malliakas, C. D.. Peters. J. A.. Liu, Z.. Wessels. B. W.. Song. J.-H. Jin. H.. Freeman. A. J. Kanatzidis, M. G. (2011), Adv. Mater.. 23: 4163-4167



Crystal Structures of (BA),(MA) _.Pb I. .. (n=1,2,3,4)

n = oo A

a< ob
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b=is (2a"n+ x),
a* = 6.3 A (MAPDI,)
D. H. Cao, C. C. Stoumpos, O. K. Farha, J. T. Hupp, M. G. Kanatzidis, J. Am. Chem. Soc. 2015, 137, 7843 x ~ 8 A ((BA)22+ )

C. C. Stoumpos, D. H. Cao, D. J. Clark, J. Young, J. M. Rondinelli, J. I. Jang, J. T. Hupp, M. G. Kanatzidis, Chem. Mater. 2016, 28, 2852



Powder patterns of 2D materials
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Preferred growth orientation Intermediate Members

Film growth direction
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