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Powder diffraction positions, intensity, and structural factors for XRPD & NPD

Peaks Position: 2d,SING, = NA
where | is the incident beam wavelength, d and @are the distance
between successive hkl planes and Bragg angles of reflections,
respectively.

Diffraction Intensity: 1, = C|F[?

where |F,/? is the hkI reflection amplitude of the diffracted X-ray,

or neutron, or magnetic, and C is all others.

X-ray:  [Fuq 2= 21 exp@zi (hx + ky + 12))[2e2W

where f; is the X-ray atomic scattering factor of atom j for X-ray.
Neutron: |[F., [*=2b;, exp(2zi (hx +ky + 12))* =2V

where b; Is the neutron scattering length for atom J.
Magnetic: [Fny 2= >q; fy; exp2zi (hx + ky + 12))]> &2V

where g; and fy,; are the magnetic interaction vector and the
magnetic form factor for atom j, respectively.
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|XRPD & NPD 2L THIE AR TR

2dp SING,, = N4 I =ClFpl?

74 liveplot = P4
File Options Magnification Help
BGORED_RT cycle 482 Hist 1
10000 7 ; NPD data collected by BTl at NCNR with A=1.5403 A
Better high Q intensities.
1§ Keeps good intensity at high Q.
fg 5000 —| : J | | | 1
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74 liveplot - 14 - S
I File Options Magnification Help
BGORED_RT_X cycle 798 Hist 2
XRD data collected by 11b at ANL with A=0.41356 A
100000 — R
Better resolution.
Intensity decreases as Q increases.
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XRD and NPD patterns for Bi,Ge;O,, compound
Sample comes from Jintai Zhao s group




Intensity
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11K_M1 cycle 1349 Hist 1

Single phase

meudv.

-
|

i

il

I
j%a_

] -

Help \

PRGAD001_RT cycle 122 Hist 1

Single phase with preferred orientation
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Difficulty to get each reflection intensity
due to overlaps
+ Large unite cell and low symmetry;
« Sample with multi-phase;
» Poor crystalline and particle shape;
» Defect and strain;
* Instrumental resolution
» Improper experimental condition
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Rietveld (Profile) Refinement Method for the Analysis of Powder Diffraction Data
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Hugo M. Rietveld and Dorothy Crowfoot Hodgkin
(She is The Nobel Prize winner in chemistry 1964).*

*Hugo M. Rietveld

The Rietveld method.
Phys. Scr. 89 (2014) 098002 (6pp)
A Profile Refinement Method for Nuclear and Magnetic
Structures.
J. Appl. Cryst. 2, 65-71 (1969)
Sum of the time cited: 8720+
Line profiles of neutron powder-diffraction peaks for
structure refinement.
Acta Cryst. (1967). 22, 151-152
Sum of the time cited: 1766
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The Royal Swadish Academy of Sciences
has decided to adard

/ﬂ\@gjﬂ. Kietveld »

THE gzggozz/ﬂnmforr PRIZE

in recognition of his development” of profile refinement”
methods for the am_ggs o po d?j’mm’on dactrs

STOCKHOLM , MARCH 31, 1995~
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S S 4— X NfnMo E
Kerstin Tredgao Cart-0lof Jacobson.:
President’ Secretry genem!

Albinati, A., & Willis, B. T. M. The Rietveld
method. International Tables for
Crystallography. Vol. C, 8.6, 710-712(2006).
Young, A. (1993) Edited. The Rietveld Method.
International Monographs on Crystallography.
5. Oxford University Press Inc., New York(1993).
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Chinese winner of Aminoff Preize
Mao Ho-kwang (FE3T5¢)
2005, "for his pioneering research of

solid materials at ultrahigh pressures
and temperatures"

Shi Yigong (it— =)

2014, “for his groundbreaking
crystallographic studies of proteins and
protein complexes that regulate
programmed cell death”


https://zh.m.wikipedia.org/wiki/%E7%91%9E%E5%85%B8%E7%9A%87%E5%AE%B6%E7%A7%91%E5%AD%A6%E9%99%A2
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Profile Refinement for Quantitative Phase Analysis of Mn, ;Fe, 4P, sGeg »
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GSAS-EXPGUI: expnam

! %28 EXPGUI interface to GSAS: LA7CA3MNO3-001_S0K-FM.EXP - O
> File Options Powder Xtal Graphs Results Calc Macro Import/Export Help
1 | expnam expedt genles powpref powplot Istview liveplot

LS cqntrols | Phase | Powder | Scaling | Profile | Constraints | Restraints | Rigid Body | MD Pref Orient | SH Pref Orient |

Select a histogram | Last History: GENLES Win32 Nov 30 12:01:56 2017 Sdsq= 0.304E+04
h# typé\bam: ang/wave title

m—lj mN O AR A ND b EMNMLS AR Mkl

& Experim&nt file X

Help | >n

Sort .EXP files by
< File Name

¢ Mod. Date

Select an experiment file to read
Directory DY20245cFZ S+ F51 & &> /Magnetic examples — |

:] <Parent> \ (Directory)
7CA3MNO3-001_50K-FM_EXP 01:01:58 12/01/17
: 01:09:20 12/01/17

I~ Include Archived Files |

(Model biased)
Le Bail method)

P —

Fererrsianiarians s




GSAS-EXPGUI: LS Controls b soxrmexe B

File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

powplot Istview liveplot

expnam
Phase | Powder | Scaling | Profile | Constraints | Restraints | Rigid Body | MD Pref Orient | SH Pref Orient |

LS Controls

Select a histogram | case History: GENLES Win32 Nov 30 12:01:56 2017 Sdsq= 0.304E+04
h# type bank ang/wave title
| Title: La0.8Ca0.2MnO3 at 50K, FM-Pbn'm’
1 NC 1 1.54030 1la7c3 LaO __]

Convergence Criterion

|Numb¢rof cles|3 0.01 | i |

Marquardt Damping
Print Options (2) | 1.00 [T

LS matrix bandwidth|0

—Reflection Intensity Extraction
Extraction _
Method LeBail damping 0 — | || Extract Fobs ¥ |
: (Phase #)
Rietveld ‘AN Fd Tl Ve e ied i
F(calc) Weighted & « « ¢ o ¢
Equally Weighted & « « ¢ ¢ ¢

(Model biased)
(Le Bail method)

i I ke
2 ks R

o7 o




GSAS-EXPGUI: Scaling

File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

expnam | expedt | genies | powprer | powpiot | istview | ivepiot |

LS Controls | Phase | Powder |Scaling | Profile | Constraints | Restraints | Rigid Body | MD Pref Orient | SH Pre p

There are two types of
scale factors for powder
diffraction data. The
histogram scale, S;, IS

- Scale Factor

Scale |1.0000 Refine ™ Damping 0 —-|

-Phase Fractions

Phase 2|41322.

Refine vn @ Damping 0 —

Refine v Damping 0 —

j}hﬂétl 30064 %

applied to reflections from
all phases in the sample

Phase/element fractions T~ Phase/element fractions and the p_hase f_raCt'on
for phase no. 2 for phase no. 4 scale, Sph_’ Is applied only
Hist Elem: 11 PNC Hist Elem: 11 PNC to reflections from the p-
Fraction: 41322.0 Fl_raction: 3006.41 th phase. These latter
g'r?.ftm/asd' 0608800 gf’.;ntlgsd' 78'3828 scales can be used for
I/esd. . | SA. : . < .
Wt. Frac.: 0.95605 Wt. Frac.: 0.43946E-01 quantitative phase analysis
Sigmas : 0.00000 Sigmas : 0.106842E-02 for powder mixtures.



GSAS-EXPGUI: Powder

File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

expnam | expeat | genies | powprer | powpiot | istview | iivepiot |
LS Controls | Phase |Powder || scaling | Profile | Constraints | Restraints | Rigid Body | MD Pref Orient | SH Pre P!

Select a his
h# type bank ang/wave
1 NC 1 1.54030 1la7c

Edit Background

1. Add New histogram;

2. Set Histogram use flag;

3. Set Data Limits &
Excluded Regions;

4. Edit background,

5. Edit Abs./Reff.

| |

1.5403000

Dampin 0 —
-2Q3475 PO_'

Edit Abs_/Refl. |




GSAS-EXPGUI: Phase LSMNDB—UU‘I_SDK-FM.E}{P

NoakowhE

- 0 X
File U‘Pﬁﬂﬂﬁ Powder Xtal GfﬂphS Results Calc Macro |I"I'IPDI"HEIPOI'1 HElp
expnam | expedt | genles | powpref | powplot | Istview | liveplot
LS Controls | Phase || powder | Scaling | Profile | Constraints | Restraints | Rigid Body | MD Pref Orient | SH Pref Orient |
Phase/'l/ 1 | Replace \ '* ~titte:{La0 8Ca0 2MNO3 at 50K, FM-Pbn'm'
Add Mﬂch d Mﬁ' 5.465! 897 Edit Refine Cell ['F
Phase & Nuclgar| 4 90.000¢ 90.0000 y 90.0000 —» Cell damping 0 —i|
* name type ref MA fractional coo Mult Occupancy Uiso
1 La LA X0 U0 FO -0.004805 0.022661 0. 0 4 D.7740 0.00403
R I h . 0 0.500000 O.000000 O.0000 1.0000 0.00308
ep ace p ase’ 0 0.064748 0.491805 0.250000 1. 0 0.00627
Add new phase; 0 .723533 0.275049 0.033678 8 ~\Q000™\_0.00545
Edrt Ce” parameters FO -0\0D04805 0.022661 0.250000 4 0D.22 (1] 03
Add new atoms;
Modify atoms \ Add New Atoms
Editx, y,z, K and U; rx ru rF 0 —=| 0 —| _o —[TModifyAtoms ]

Edit refinement flag. |

I




GSAS-EXPGUI: Phase-Replace

& EXPGUI interface to GSAS: LATCAIMMO3-001_S0K-FM_.EXP — | >
File Dpﬁons Powder Xtal Graphs Results Calc Macro ImporHExpurt HEIP
expnam | expedt genles | powpref | powplot | Istview I liveplot
LS Controls | Phase | powder | Scaling | Profile | Constraints | Restraints | Rigid Body | MD Pref Orient | SH Pref Orient |
o il
Phase:l 1 |Replace ||\ title:|La0 8Ca0 2MnO3 at 50K, FM-Pbn'm'
“7& Replace phase 1 > Refine Cell ~
Replacing phase #1 ~ell damping 0 —
Current Space Group:  Pbnm
New Space Group: a |5.480045 b |5.465816 c |7.725897
+ Keep atoms in phase a |90.0000 B |90.0000 ¥ |90.0000
¢ Delete current atoms
continue| cancel| import phase from- | Crystallographic Information File (CIF) — |

PowdercCell .CEL file

)T Crystallographic Information File (CIF)

GSAS .EXP file Add New Atoms
) 0 —| Modify Atoms

Platon .spf file |

MSI .xtl file




GSAS-EXPGUI: Phase-Add phase

@& EXPGUI interface to GSAS: LATCAIMMO3-001_S0K-FM.EXP — (| pod
File Options Powder Xtal Graphs Results Calc Macro ImpnruExport HEIP
expnam | expedt | genles | powpref | powplot | Istview I liveplot |
LS Controls | Phase | Powder | Scaling | Profile | Constraints | Restraints | Rigid Body | MD Pref Orient | SH Pref Orient |
Phase:}” 1 Replal:el title:|La0 8Ca0 2MnO3 at 50K, FM-Pbn'm’
Add Magnetic 2 5.480045 b 5.465816 c |7.725897 . Edit Refine Cell 4
Phase & Nuclear .. annnnn .’ an nnnn | = lan nnnn . Celll panl Aamnina g _.I
N 74 add new phase >
——{Adding phase‘#z —_—
g Phase title:
3 01 Cell a b c
4 02 | gpace Group: Type
n o Any — ||| =]90. g |oo. v |o0.
Add | cancel He|p| Import phase from | Crystallographic Information File (CIF) — |
< PowderCell .CEL file N
Crystallographic Information File (CIF) Add New Atoms
GSAS .EXP file 0 —| Modify Atoms

| Platon .spf file |
| MSI .xtl file |




GSAS-EXPGUI: Powder-Add New Histogram

File Options Powder Xtal Graphs Results Calc Macro Import/Export Help
expnam | expedt | genies | powprer | powpiot | istview | iivepiot
LS Controls | Phase |Powder| | scaling | Profile | Constraints | Restraints | Rigid Body | MD Pref Orient | SH Pre)

Select a histogram

h# type bank ang/wave

[~ Background
'| 7& add new histogram >
_ terms) Edit Background |
Adding a new histogram ™ Dummy Histogram
~  Dampin 0 —
Data file: \ Select File | Import CIF ping 0 —|
Select bank \
Instrument . :
P e \ select File |  Edit file |
Select set 103000
Damping 0 —
3447
« d
i O Q Run
Usable data limit: RAWPLOT ‘ rrection
= TOF
2-Th
Add | Cancel Add multiple ba Help ping 0 —i| EU“ADS-"RE-’“—I

t Data Limits &
luded Regions

Edit
AF and AT

Set Histogram
Use Flags




GSAS-EXPGUI: Powder-Set Data Limits and Excluded Regions

File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

expnam Istview

LS Controls | Phase | Scaling | Profile | Constraints |

liveplot

Restraints | Rigid Body | MD Pref Orient | SH Pre |

sele \ LA7CA3MNO3-001_50K-FIp-Ssimania 02t tima s
h# type bank angid 600 =
Excl
1 NC 1 1.9
- - " —— calg 5
roun I
10000 — 400 - #f i‘ % obs|‘Q
i | 7«& : 0 —‘I
5000 - A
200 - ; X

| T
2-Thef 36.5 37 375

Excluded Region El:li'ting\ 2-Theta Help|
Mouse click d | Delete Save &
action |Z°°M reqidg | region Finish
37100 | 53350 | s6.950 | 79.600 N, 103.000 _
E"H cluded <10.000 |, 7 e00 | to 54.150 | to 67.650 | to 79.750 | Ys103.750 | ~162.026 Edit Abs._/ I:l*"‘-"ﬂ—l
|
Set Data Limits & | Set Histogram Edit
o | _.|—| Histogram|| Excluded Regions| Use Flags | Af and Af"




GSAS TECHNICAL MANUAL PAGE 162

GSAS-EXPGUI: Edit Background

Set background function and number of coefficients
File Options Powder Xtal Graphs Results Calc Macro Import/Export Help

expnam Istview

LS Controls | Phase

powplot

| scaling | Profile | Constraints | Restraints | Rigid Body | MD Pref Orient | SH Pref Orient |

liveplot

Selecta histngram
h# type bank ang/wave title
2 NC 1 1.54030 Automatically generated file |

1 - Shifted Chebyschev

Numer of terms can be
set from 1 to 36

2 - Cosine Fourier series
4 - Power series in Q"*2n/n! 74 Edit Background %
5 - Power series in n!/Q**2n . e

i = Setting backgroungrterms for histogra Fit Background
6 - Power series in Q""2n/n! and n//Q"'2n Function fypel 2 — | Number of termd 3 —i| Graphicaly ‘

7 - Linear interpolation function
8 - Reciprocal interpolation function 1)1.0 200 3)0.0




GSAS-EXPGUI: Profile

CW profile function type 1
CW-Profile Gaussian function

Damping 0 —l| Peak cutofle.DDSDO Change Type
GU [ [0.239700E+03 GV [ |-0.296200E+03GW " |0.160800E+03

asym [~ |0.000000E+01 [F44—10.000000E+00 F2 [~ |0.000000E+00

Damping 0 — | Peak cutoff|0 00500  Change Typej//("':\}_ /_
GU I [0230700E+03 GV~ [0.208200E+03GWT™ [0.180800E+03 |~/
asym ™ [20000000 |F1 T [0.000000E+00 F2 I [0.000000E+00

] (asym)th<=

GSAS TECHNICAL MANUAL PAGE 156

RS

| mmtistis
\\\ EI\J 11_L§ o)

Rietveld and others (H.M. Rietveld, J. Appl. Cryst., 2, 65-71, 1969; Cooper & Sayer, J. Appl. Cryst., 8, 615-618, 1975; &

Thomas, J. Appl. Cryst., 10, 12-13, 1977).



: GSAS TECHNICAL MANUAL PAGE 156
GSAS-EXPGUI: Profile CW profile function type 2
CW-Profile Multi-term Simpson’s rule integration
Damping 0 — | Peak cutoff|0. 00500 Change Type | [’“’h EE:_F /7\7 E?EI7|:$

GU I [239700000 @V I [-298200000 &W I [180.800000 / \ o fa ot o En

X I~ LY [~ [0.000000 trns ™ |0.000000 // \ e i )

asym I~ [(000000  shft ™ [0.000000 GP I [0.000000 = T—\f/ ) \gl‘t—ﬂg

stec [~ [0.000000  ptec ™ [0.000000  sfec ™ [0.000000 / \g PTHIERTE .

L11 I [ooo0000 122 I [0o.000000 L33 I [0.000000

L12 I 0000000  L13 ™ [o.000000 23 I [0.000000

Damping 0 —l| Peak cmofﬂD.DDEDD Change Type ) :
GU [ |239.700000 GV [ |-298.200000 GW [ |180.800000 |/ "u

\
LX W [[40000000 |LY I~ [0.000000  trns I~ [0.000000 %f \
asym - [0.000000  shft [ |0.000000  GP T —[0-086600 /] W\

stec [ [0.000000  ptec ™ [0.000000  sfec ™ [0.000000 \ N
L11 I [ooo0000 22 ™ Jooooooo L33 I~ [0.000000
L12 [~ |0.000000 L13 I~ |0.000000 L23 [~ |0.000000 e e —

C.J. Howard (J. Appl. Cryst.,15, 615-620, 1982) of the pseudo-Voigt, F(AT), described by Thompson, et al. and used
above in the second and third functions for TOF data.



GSAS-EXPGUI: Profile CW profile function type 3 GSAS TECHNICAL MANUAL PAGE 158

The third CW profile function is a similar variation on the pseudo-\Voigt function used in the second function. However, it uses a much more
successful description of the reflection asymmetry due to axial described by Finger, Cox & Jephcoat, J. Appl. Cryst., 27,892-900 (1994) as an
implementation of the peak shape function described by Van Laar & Yelon, J. Appl. Cryst., 17, 47-54 (1984).

~ Hist 6 -- Phase 1 (type 2) —Hist 6 -- Phase 1 (type 3)
Damping 0 — | Peak cutoff[0 00100 Change Type | Damping 0 — | Peak cutoff[0 00200 Change Type |
Gu 0.512608E+03 GV I |-0.306205E+03 GW I [0 122021E+03
GU ¥ |0668891E+03 GV F |-0213626E+03 GW [~ [0 770997E+02 = | I
GP I [0.000000E+00 LX I |0.O00O0OOE+00 LY I |0.413402E+02
LX I~ |[0.810699E+01 LY K~ |0.201073E+02 trns [ |0 OOOOOOE+0O
S/L I |0.400000E-01 H/L I |0.300000E-01 =f |
asym ¥ [0.652199E+01 shft [T [0.000000E+00 GP I~ [0.000000E+00
=] stec I |0.0OOOOOOCE+00 ptec I |0 O0000OE+0O
stec [ |0.O0OOOOOE+00 ptec [~ |0.00000OE+00 sfec I~ |0.00000OE+00
sfec [ |0.00000OE+00 L11 I |0.0O000O0OE+00 L22 I |0.O0000O0E+00
L11 I [0.0O00000E+00 L22 I~ |0.000000E+00 L33 I |0.000000E+00
L33 I |0.000000E+00 L12 [ |0.000000E+00 L13 I [0.000000E+00
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CW profile function type 4

Multi-term Simpson’s rule integration
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CW profile function type 5

The fifth CW profile function is a modification of the third function to include generalized macroscopic strain. In place
of the six vyijcoefficients used in that function to describe an empirical anisotropic microstrain broadening there are a
maximum of six oi coefficients to describe an offset of each reflection position. This profile function thus becomes
useful for refinements with multiple data sets taken at a, for example, range of temperatures where the dijcan describe
the effect of thermal expansion on the lattice parameters. In this case set the 6i=0 for one histogram and allow them to

vary for the others.
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—Hist 1 -- Phase 1 (type 4)
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MgC, Nis

Carbon Content and Temperature Dependence of the T, and
Structure Parameters in the Non-oxide Perovskite
Superconductor MgC,Ni,

He T., Huang Q. Z., et al., Nature. 411, 2001, 54-56.

Qingzhen Huang
China Spallation Neutron Source
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Intensities in higher angle range.
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Differences In Intensities
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MgC, g-sNis, T.=7.30 K
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Table. Structure Information of the MgC,Ni; Sample

Phase Fraction (%) a (A)

Xoomnd Te(K)  Xneuror | I Il | I 2 Ro®%)  Rup(%)
1.25 1.30 0.978(8) 98.0 0.0 2.0 3.81221(5) 1.191 4.49 5.95
1.05 6.59 0.968(4) 97.3 0.0 2.7 3.81207(2) 1.166 3.32 3.84
10 649  09705) 98 00 32 3.81060(2) 1174 379 476
0.95 6.30 0.965(5) 98.5 0.0 1.5 3.80990(2) 1.413 4.15 5.36
0.9 3.38 0.906(5) 100 0 0.0 3.80014(2) 1.612 4.28 5.53
085 351  0907(6) 640 346 14 380147(5) 378844(23) 1311 413 531
08 <18  0887(7) 585 380 35 379515(5) 3.77802(25) 1.690 385 4389
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T. vs C content

M (emu/mol)

Co.970

H= 15 Oe

Co.068

B site vacancy effect .

MgC,Nig

6

T (K)

8
T.=8 K

10

Yoomial  Te(K)  Xoewtor
125 730  0.978(8)
105 659  0.968(4)
1.0 649  0.970(5)
095 630  0.965(5)
0.9 338 0.906(5)
085 351  0.907(6)
0.8 <18  0.887(7)
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Plot of T, as a Function of Carbon Content x in MgC, Ni;
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a(A)

No Detectable Structural Transition Observed
Between 2 and 300 K for MgC,Ni,
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MgC,Ni;RCHI G B RS EBIVEER XL

Variation of the Temperature Factors as a Function of Carbon Content x for MgC, Ni,
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Neutron intensity showing the short-range graphite peak
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Summary

* Perovskite phase stability range 0.88 < x < 1.0 for MgC,Ni.

* Carbon vacancy affects the position of the Ni atoms.

* No detectable structural transition and magnetic order.
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Correlation between abnormal temperature factors and structure in structure refinement
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Strong Anisotropic Temperature Factor Associated with Atomic Shift and Occupancy
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Table 1. Refined structure parameters using three different models
for Ba,CuO,_, at 6 K. Space group 14/mmm (#139), atomic position:
Ba: 4e (0 0 z); Cu: 2a (0 0 0); O(1): 4e (0 0 2); O(2): 4c (0, Y, 0);
0’(2): 8) (X, %2, 0); O(11): 4e (00 2); and O(12): 4e (0 0 2).

Model 1. Isotropic temperature and full occupation.
a=b =3.9931(2) (A), c = 12.921(1) (A)

Atom Z n
Ba 0.3570(5) 1
Cu 0 1
O(1) 0.1453(4) 1
0(2) 0 1

Ryp = 5.03%, Rp = 3.97%, z2= 2.200

100 X U, (A?)
-1.1(2)

-0.5(2)

0.9(2)

9.9(4)

O(Z)EI] 7j(HE|'F s 57{5%
‘i/%ﬂﬁ BERENNE

W. M. Li, et al. Journal of Superconductivity and Novel Magnetism (2020) 33:81-85; W. M. Li, et al. PNAS, 116, 12156, (2019).




Table. Refined structure parameters using three different models for Ba,CuO,, at 6 K. Space group 14/mmm (#139),
atomic position: Ba: 4e (0 0 z); Cu: 2a (0 0 0); O(1): 4e (0 0 2); O(2): 4c (0, ¥2, 0); O’(2): 8j (x, ¥2, 0); O(11): 4e (0 0 2);
and O(12): 4e (0 0 2).

Model I1. Isotropic temperature. Model 111. Anisotropic temperature.
a=h=23.9931(2) (A), ¢ = 12.921(1) (A) a=Db=3.9932(2) (A), c = 12.919(1) (A)
Atom Z n 100 X Uy, (A?) Atom 7 n Uy (RY) U, (A2 U, (R?)
Ba 0.3580(4) 1 0.3(2) Ba 0.3576(4) 1 02(2) =U, 0.9
Cu 1 0.7(2) Cu 0 1 183 =U, 0
O(1)  0.1436(4) 1 2.3(2) O(1)  0.1446(4) 1 1.62) =U, 470
0(2) 0.58(2) 3.6(4) 0(2) 0 058(2) 18@) 22(7) O
Ryp = 4.37%, Rp = 3.47%, y°=1.665 Ryp = 4.19%, R, = 3.29%, 42=1.532

O(1) -
Model Il {24991 0(2 Model Il ERF N EH
Mot 1| S0/ 8 PRS-
O(2)8y& =) B MR E A ZR, RAFH THER
fIRAK, XoJgegHT @% 1N, HHBaOfEHYBaJR ¥
s RIRFAENE u MO MUIRBRA, ™

Cu0, B v () CuE 7 A10(2)
& Py
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Table. Refined structure parameters using three different models for Ba,CuO,_, at 6 K. Space group
I14/mmm (#139), atomic position: Ba: 4e (0 0 z); Cu: 2a (0 0 0); O(1): 4e (0 0 2); O(2): 4c (0, ¥2, 0);
O’(2): 8j (X, %2, 0); O(11): 4e (0 0 2); and O(12): 4e (0 0 2).

Model IV. Oxygen atoms splitting. R,,p = 4.16%, Ry = 3.26%, »*= 1.511

a=Db=23.9932(2) (A), c = 12.919(1) (A).

Atom X z n U, (A2 Uy, (A2 U, (A2) U, (A2 X100
Ba 0 0.3577(4) 1 0.0 =U,  0.9(3)
Cu 0 0 1 183 =Uy 0
O(11) 0 0.132(1) 05 1.5(2) . o o11
a AN\ N O
0(12) 0 0.157(2) 0.5 1.5(2) e 0120
0’(2) 0.077(4) 0 0.297(8) 0.8(5)
Model IV f£54950(1) I & CuF10(2) %57 =
EU33$D&U11EGJ\?@)§%%W%/I\1§§, ;ZDJ: N\ 02
7R | o

—1)
-
\ /,
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Ba-O1: 2.751(6) Cu-01:1.868(5) X 2; |}
2.8238(2) X 4 Cu-02:1.9967(1) X 2.4 £ | |
Ba-02: 2.715(4) X 2.4 = s qppg Momo-CuO,
— 11- Mo-Y 123 V - -~
V(Cu?+-011)=0.920 X 2=1.84 d-
V(Cu2+-012)=0.387 X 2=0.774 \ ‘ V

V(Cul*-011)=0.728 X 2=1.456
V(Cu'*-012)=0.307 X 2=0.307

enlongated

i l@ ‘ compressed
| |

V(Cu2*)=2.217 | | | |
V(Cut*)=1.711 0.4 0.6 0.8 1.0

V(Cu2+-02)= 0.398 X 2.4=0.955
V(Cut*-012)=0.315 X 2.4=0.756

Apical/in-plane C

D
E

P
b 2 H 7+
mIAE IR K IBa214 5 R E2145H 51 The ratio between the bond lengths of in-plane Cu-O and
FEANARESE/\EKRRECHRAEES, 1F copper apical oxygen of heavily over doped cuprates

. X Cu, 75M0, 55K, Y Cu,0;, 5, (M0-Y123), monolayer CuO, (Mono-
S HE £ AICu-OR K EE Tilum A Cu-O K B K, CuO,), and Sr,CuQ,_; (Sr214), compared with Ba214.



Crystal structure and possible Cu-O, polyhedron in Ba,CuO,,
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Oxygen dependence of the crystal structure of
HgBa,CuO, s
and its relation to superconductivity

Q. HUANG, J. W. LYNN, Q. XIONG, AND C. W. CHU, Oxygen dependence of the crystal structure of HgBazCuO4+z and its
relation to superconductivity. PRB, VOL. 52, NUMBER 1 1, JULY 1995-|



HgBa,CuO,,s

BIRKRAEER

=) /L

- FHA

Hg B azcan-lcu nO(Zn +2)+x%*@ﬁﬁ

Cqu

conducting
layer

BaO
regulation
layer
HgO,
charge reservoir
layer

BaO

regulation o &

layer

CuO,
conducting
layer

H

g2+B

(2+6)+
Cu O4+x

b) -
£

U ElafHgBa,CuO, . 451 %
BEull, ez ZNEbHc
B A9 pY B d Y = 2E R R 2
MERKRZBFESRESRS
'T’t = Lll'% HgBazcan 1CU O(2n+2)+x
%o ﬂiﬂit_—_l'/mfgljf_:tljl?’?’ K.
MEFF R EE TR 3
HgO,ZHIX=0/F, k&M E&
S. B, HEHNEHIOE
FHOMAEEREMRUED
EHMEMENXRNXE. B
HEBUDAFEETETE
CumIMm7&B AT, BT EIY
R¥EZE BT &4 &
HAKE,

c)
s /0

(Ca),

d) regulation layer : ¢ A
(Cu0,l, e
conducting layer & * A
e o ——x
regulation layer ¥ i
1Cu0,}, i g
conducting layer @™ §
(Ca).. A T
regulation layer "'
{Cu0,}, = :
conducting I
’ l‘ll\J':'rl : Y2 MM =
ay = =
T AN o M =
N — v— —_ o~
Lo, 2 Il I
(BaO), | M) B B B T i =
regulation @)oo, S o A S o S
layer S @ o= & o =
o o o [ o o
[HgO, ], Lok LoL Lok
charge reservoir (@8 ,'_" &i (;; {f- l.l; \B
layer I [ Il 1
=T =R = R = =
Ba0), | MA@t — N en <t »n O
A (=T o )
regulation N AN m o ?\; o\
layer o B L v N (R
o O en en on on
T - —m T =T I
(Cu0slr @ i
conducting .
layer &
(Ca)e H &
regulation layer ‘ L S O
(Cu0,}, i
conducting layer % .
(Ca)c H
regulation layer ¢
{Cu0,}, : ; Y
conducting layer @ .
(Ca)e \ 4
- _;

regulation layer & —

P4/mmm
HgBazcan-lcunO(2n+2)+x



HgBa,CuO,,5
Oxygen dependence of the crystal structure of HgBa,CuO,,5 and its relation to

superconductivity
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"% Oxygen dependence of the crystal structure of HgBa,CuO,,s and its relation to

superconductivity

TABLE 1V. (Top) Occupancy parameters of Hg (at room ternperature) (BottOm) Anisotropic tem-
perature factors of Ba (B, =B;;) and Ba splitting into [2, 5,z(1)] and 1,2(2)]; constraints:

NBa2) =No3) = 1 —Npa1)> Bpa(1) = Bpar2) (at room temperature).

2’2’

Sample label S1-AP S1-AV SI-RAO  SI-RAV  S2-PHP  S1-RAOHP

(8)/[T, (K)]  (0.18)/95)  (0.08)/(53) (0.18)/(94)  (0.04)/(0)  (0.21)/(80)  (0.23)/(30)

n 0.99(1) 0.97(1) 0.92(1) 0.95(1) 0.90(1) 0.91(1)

B (A% 1.37(5) 1.15(7) 1.13(6) 1.07(6) 0.84(8) 1.12(6)
Sample label  S1-RAV S1-AV S1-AP S2-PHP  S1-RAOHP

(8)/[T. (K)]  (0.04/(0)  (0.08)/(53) (0.18)/(95) (0.21)/(80)  (0.23)/(30)

Anisotropic temperature factor

B, (A) 0.84(7) 0.50(8) 0.51(7) 0.5(1) 0.72(6)
7Y Gy 0.8(1) 0.9(1) 1.2(1) 1.0(1) 1.3(2)
B, /B, 0.95 1.8 2.4 2.0 1.8
Ba splitting
Ba(1) z(1) 0.3045(5) 0.3025(7) 0.3001(10) 0.3006(7)
n 0.92(1) 0.83(1) 0.79(1) 0.77(1)
Ba(2) z(2) 0.276(7) 0.275(3) 0.284(4) 0.281(2)
e 0.08(1) 0.17(1) 0.21(1) 0.23(1)
B (A) 0.61(8) 0.59(6) 0.64(9) 0.57(6)
a
=0, O(3) fI E 1R |
'TJC/\%Z—i” = Q. HUANG, J. W. LYNN, Q. XIONG, AND C. W. CHU, Oxygen dependence of the crystal structure of HgBazCuO4+z and its

relation to superconductivity. PRB, VOL. 52, NUMBER 1 1, JULY 1995-|
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FIG. 8. (a) The ratio B,,(Ba)/B,,(Ba) plotted versus oxygen content d. (b) The behavior of T_ vs 6 and T, vs hole
concentration. The solid points are from this study, while the triangles are taken from Ref. 15. The solid curves are
simply a guide to the eye for the neutron data; parabolic fits to the T_ vs hole concentration are given in Ref. 15.
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and its relation to superconductivity
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FEER B Oxygen dependence of the crystal structure of HgBa,CuO,,;

and its relation to superconductivity

(a) The parent compound structure HgBa,CuO, where no oxygen on the Hg layer. (b) Two-site model
[Ba(1) and Ba(2)] for the Ba ions in HgBa,CuO,,; (c) the section of a=1/2 (or 6 =1/2). When the O(3)
Site is occupied, the Ba moves away from the Cu layer and towards the Hg layer.



HgBa,Cu0,; Oxygen dependence of the crystal structure of HgBa,CuO,,;

and its relation to superconductivity

TABLE V. Valences (u.v.—unit valence) calculated from cation-ox},igen bonds.

Sample label S1-RAV S1-AV S1-AP S2-PHP S1-RAOHP
(8)/[T,. (K)] (0.04)/(0) (0.08)/(53) (0.18)/(95) (0.21)/(80) (0.23)/(30)
2Vy, (u.v) 1.827 1.824 1.836 1.836 1.795
3Vga (Uv.) 2.064 2.072 2.075 2.085 2.083
SVe, (uv.) 2.036 2.040 2.075 2.088 2.094
Vo (u.v.) —2.259 —2.259 —2.195 —2.193 —2.166
3Voe (V) —1.719 —~1.710 —1.749 —1.758 —1.755

Vi= 2.V;;, Vi=exp[(R;-d;;)/b], €=2.71828, b=0.37, d;; Is bond distance




Table 6.1.1

International Tables for Crystallography (2019). Vol. H, Chapter 6.1, pp. 698-715.

6.1. Survey of computer programs for powder diffraction
C. J. Gilmore, J. A. Kaduk and H. Schenk

Software for powder ditfraction

Program Description Function(s) Reference(s) URL or other source Availability
ACerS-NIST Phase Phase-equilibria diagrams Database ACerS-NIST Phase Commercial
Equilibria Diagrams Equilibria Diagrams
Database Database (2013)
ADM Software suite including device control, Phase analysis, indexing, http/fwww RMS Kempten.de/ Commercial

American Mineralogist
Crystal Structure
Database (AMCSD)

ANAELU

ARITVE

ATOMS

AUTOFP

AUTOX

AXES

pattern evaluation, qualitative and quanti-
tative phase analysis, indexing, lattice-
parameter refinement, crystal-size
evaluation, microstress analysis, profile
analysis and pattern simulation

Online database that includes every structure
published in The American Mineralogist,
The Canadian Mineralogist, European
Journal of Mineralogy and Physics and
Chemistry of Minerals, as well as selected
data sets from other journals

Computer-based tools for inferring single-
crystal structures and fibre textures from
two-dimensional diffraction diagrams

Modelling of glass structures using the
Rietveld method

Structure visualization. Part of the SHAPE
software package

GUI for highly automated Rietveld refine-
ment using an expert system algorithm
based on FULLPROF

Autoindexing multiphase samples; included
with VMRIA

Program for X-ray powder diffraction data
evaluation, specially designed for peak-
shape analysis and data preparation for
Rietveld refinement in connection with
FULLPROF

lattice-parameter refine-
ment, crystal size, stress,
profile analysis, pattern
simulation

Minerals, database

Modelling, glasses

Modelling, glasses

Structure visualization

Rietveld refinement

Indexing

Data conversion, peak-shape
analysis

Downs & Hall-Wallace (2003)

Fuentes-Montero et al. (2011)

Le Bail (1995, 2000)

Shape Software, 521 Hidden
Valley Road, Kingsport,
TN 37663, USA

Cui ef al. (2015)

Zlokazov (1995); Bergmann et
al (2004)

Mindar er al. (1996)

http:/frruff.geoarizona.edwAMSamesd.php

http:/fwww.esrf.eu/computing/scientific/
ANAELU/Anelu_Page.htm

http://sdpd.univ-lemans.fr/aritve.html

http:/fwwwshapesoftware.com/

http://jpmedia.shu.edu.cn/autofp

http://www.ccpl4.ac.uk/cep/web-mirrors/vmria

http:/fwww.ecepl4.ac.uk/cep/web-mirrors/axes/
~hugo/axes/

Free to use

Free

Free

Commercial

Free

Free

Free for
academic use
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Table 6.1.1 Software for powder diffraction. Continue

Vol. H, Chapter 6.1, pp. 698-715.

Program Description Function(s) Reference(s) URL or other source Availability
AXES-208 Estimation of crystal size and shape. Links toa | Phase identification, data Miéndar & Vajakas (1998); http:fwww.cepl4.ac.uk/cep/web-mirrors/axes/ Free

wide range of programs and includes a conversion, structure Mindar er al. (1999)

range of data-processing and display visualization, peak

functions location, peak profiling,

indexing

Balls&Sticks Structure visualization and animation Structure visualization Ozawa & Kang (2004) http:/fwww.toycrate.org/ Free
BALSAC Construction, visualization and interactive Structure visualization K. Hermann, Fritz-Haber- http:/fwww.fhi-berlin mpg.de/~hermann/ Free

analysis of crystal lattices Institut der MPG, Berlin, Balsac/

Germany
BEARTEX Texture analysis in polycrystalline materials Texture analysis Wenk er al. (1998) http://eps.berkeley.edw'~wenk/TexturePage/ Free
beartex.htm

BGMN Fundamental parameters, Rietveld refinement | Fundamental parameters, Bergmann et al. (1998) http:/fwww.bgmn.de/methods.html Free

and quantitative-analysis software Rietveld refinement,

gquantitative analysis
Bilbao Crystallographic Variety of symmetry tools including space- Symmetry Aroyo et al. (2011) http:/fwww.cryst.ehu.es/ Free
Server group retrieval tools, Wyckoff positions of

space groups and group-subgroup relations
B-IncStrDB Database of incommensurate structures Database Kroumova et al. (2005) http://www.eryst.ehu.es/icsdb/ Free
Bond Valence Wizard Predicts interatomic distances in crystals by Bond-length prediction Orlov et al. (1998); Brown http://forlov.ch/bondval/ Free

the bond-valence method (1977)
BRASS 2 Rietveld refinement, Fourier-map calculation Rietveld refinement, Birkenstock er al. (2003) http:/fwww.brass.uni-bremen.de/ Free

and visualization software visualization
BREADTH Analysis of diffraction line broadening Line broadening Balzar (1995) httpe/f/www.dwedw~balzar/breadth.htm Free
Cambridge Structural Database (including structures derived from Database Groom et al. (2016) httpe/fwww.cede.cam.ac.uk/ Commercial

Database powder data) with associated software and

software suites; organics and

organometallics
CaRine Visualization of lattices, surfaces, interfaces Visualization C. Boudias & D. Monceau, http://carine.crystallography.pagesperso- Commercial

and diffraction patterns

1989-2004, CaRlIne Crys-
tallography

orange.fr/
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Program Description Function(s) Reference(s) URL or other source Availability
CASTEP Calculates the properties of materials from Physical properties Segall et al. (2002) http://www.castep.org/ Free for
first principles European
academics
CCP14 Web page with links to powder diffraction Software database Stephenson er al. (2006) http://www.ccpl4.ac.uk/ Free
software
cethx A set of basic programming tools for X-ray Programming Grosse-Kunstleve ef al. (2002) | https:/github.com/cctbx/cctbx_project Free
crystallography
CDASH Runs DASH over a network of computers Structure solution Spillman er al. (2015) https://www.ccde.cam.ac.uk/Solutions/ Commercial
PowderDiffraction/Pages/DASH.aspx
Celref Program for refining the unit cell Unit-cell refinement Laugier & Bochu (2004) http://www.ccpl4.ac.uk/ccp/web-mirrors/ Free
Imgp-laugier-bochu/
CHECKCELL Indexing and space-group determination, links | Indexing, space-group http://www.ccpld.ac.uk/tutorial/lmgp/ Free
into Crysfire determination chekcellb.htm
checkCIF Cif checking service CIF http:/journalsiucr.org/services/cif/checking/ Free
checkfull.html
Chemical Database EPSRC-funded access to a large number of Database Fletcher er al. (1996) http://cds.dlacuk/ Free within UK
Service (CDS) scientific databases, including all the main
crystallographic databases, to UK-based
academics and students
CIFTOOLS Includes two programs: pdClFplot to plot CIF ftp://ftp.nenr.nist.gov/pub/cryst/cif/ Free
Rietveld results from pdCIF files, and
CIFEDIT to create, browse through and
edit CIF files
Cinema:Debye-Scherrer Interactive visualization of multi-data-set Data visualization Vogel et al. (2018) https://github.com/cinemascience/ Free

Rietveld analyses

cinema_debye_scherrer
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Table 6.1.1 Software for powder diffraction. Continue

Program Description Function(s) Reference(s) URL or other source Availability
Crystal Maker X Visualization, structure design, simulation and | Visualization, simulation CrystalMaker Software Ltd, hitp://www.crystalmaker.com/ Commercial
3D printing package 5 Begbroke Science Park,
Sandy Lane, Yarnton,
0OX5 1PE UK
Crystal Studio Visualization including surfaces, interfaces, Visualization, defects, data Crystalsoftcorp, PO Box 7006, | hitp://www.crystalsoftcorp.com, Commercial
defects and simulation of diffraction data simulation Wattle Park, VIC 3128, http:fwww.erystalOstudio.com/
Australia
Crystallographica A software toolkit for crystallography Visualization, pattemn Oxford Cryosystems (1997) http://www.oxcryo.com/cg/ Free
simulation
Crystallography Open Open-access database including predicted Database Grazulis et al. (2009) http://www.crystallography.net/ Free
Database (COD) structures, covering organics, inorgamnics,
metal-organics and minerals
CRYSTMET Database of metals, alloys and intermetallics Database White er al. (2002); Toth https:/fcds.dLac.uk/cds/datasets/erys/mdf/ Free to UK
Information Systems, Inc., llmd£html academic users
2045 Quincy Avenue,
Ottawa, Ontario, K1J 6B2,
Canada
DAJUST Intensity extraction and space-group deter- Space-group determination, Valleorba et al. (2012) https://departments.icmab.es/crystallography/ Free to non-
mination. Part of the XLENS package cell-parameter refinement, news/42-pdsoftware commercial
profile fitting, Le Bail Lsers
method
DANSE General software for neutron scattering Neutron scattering Cummings et al. (2002) http://wiki.cacr.caltech.edu/danse/index. php/ Free
Main_Page
DASH Software for solving crystal structures from Structure solution David er al. (2006) http:/fwww.ccde.cam.ac.uk/products/ Commercial
X-ray powder diffraction patterns powder_diffraction/dash/
Database of Zeolite Provides structural information on all of the Database Baerlocher erf al. (2003) http://www.iza-structure.org/databases/ Free
Structures zeolite framework types that have been
approved by the Structure Commission of
the International Zeolite Association
(IZA-5C)
DataScan Diffractometer automation hardware and Instrumentation, diffract- Materials Data, Inc., 2551 http://wwwmaterialsdata.com/ds.htm Commercial

software

ometer control

Second Street, Livermore,

CA 94550, USA
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CMPR Displays diffraction data, manual and auto- Data visualization, indexing, | Toby (2005) http://www.nenrnist.govixtal/software/cmpr/ Free
indexing, and peak fitting peak fitting
CMWP-fit Determination of microstructural parameters Profile fitting Ribdrik et al. (2001) http://csendes.elte.hw'ecmwp/ Free
from diffraction profiles
CONEX Angular calibration and averaging of two- Two-dimensional data Gommes & Goderis (2010) Awvailable from the authors Free
dimensional powder diffraction patterns
Conograph Integrated system with a graphical user inter- | Indexing Esmaeili et al. (2017) https:/fosdn.net/projects/conograph/releases/ Free
face for indexing
Con Quest Software for searching the Cambridge Database searching Bruno et al. (2002) http:/fwww.ccde.cam.ac.uk/ Commercial
Structural Database
ConvX Data-conversion program that can convert Data conversion Bowden (2000) http:/fwww.ccpl4.ac.uk/ccp/web-mirrors/ Free
multiple files at once. Also possible to select convx/
a particular angular range to convert
Corina Structure generator for drug-like molecules Structure prediction Molecular Networks GmbH, https://www.mn-am.com/products/corina Commercial
Nuremberg, Germany;
Sadowsk er al. (1994);
Schwab (2010)
CRISP Uses crystallographic image processing to Electron diffraction Hovmaoller (1992) http://www.calidris-em.com/crisp.php Commercial
extract information from electron micro-
graphs
CRYSCA Crystal-structure caleulations for flexible Structure prediction Schmidt & Kalkhof (1997) Available from the authors
molecules
Cryscon Allows conversion between several popular Data conversion Eric Dowry, Shape Software, http://www.shapesoftware.com/ Shareware
crystallographic file formats 521 Hidden Valley Road,
Kingsport, TN 37663, USA
Crysfire Automatic powder-pattern indexing Indexing Shirley (2002) http:/fwww.ccpl4.ac.uk/tutorial/crys/, Free
http://'www.ccpl4.ac.uk/cep/web-mirrors/
crys-r-shirley/
CrystalDiffract Data processing and visualization Peak fitting CrystalMaker Software Ltd, http://erystalmaker.com/crystaldiffract/ Commercial

5 Begbroke Science Park,
Sandy Lane, Yarnton,
OX5 1PE UK

index.html
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Datasqueeze Graphical interface for analysing data from Two-dimensional data Heiney (2002) http://www.physics.upenn.edu/~heiney/ Free
two-dimensional X-ray diffraction detectors analysis datasqueeze/index.html
DDM Refinement using the Rietveld method or Rietveld refinement, deriva- Solovyov (2004) https:/fsites.google.com/site/ddmsuite/ Free
derivative difference minimization tive difference refinement
Debussy 2.0 Analysis of powder diffraction data from Nanocrystalline and non- Cervellino er al (2015) http://debussy.sourceforge.net/de bussy/ Free
nanocrystalline, defective and/or periodic materials, defects debussy.html
nonperiodic materials
DEBVIN Rietveld refinement with the use of general- Rietveld refinement, Brickner & Immirzi (1997) https://vdocuments.site/de bvin-a-program-for- Free
ized coordinates polymers Rietveld-refinement-with-generalized-
coordinates.html
decryst Software suite for structure determination Structure solution Liu (2018) https://gitlab.com/CasperVector/decryst/ Free
from powder diffraction using the direct-
space method
Digmond Crystal and molecular structure visualization Structure visualization Crystal Impact — K. Branden- | http//www.erystalimpact.com/ Commercial
and exploration burg and H. Putz GbR,
Postfach 1251, D-53002
Bonn, Germany
DICVOL Automatic indexing Indexing Boultif & Louér (2004) http:/fwww.ccpl 4.ac.uk/ccp/web-mirrors/ Free
dicvol/
DIFFaX Simulation of powder diffraction patterns for Stacking faults, simulation Treacy et al. (1991) http://www.public.asu.eduw/~mtreacy/ Free
faulted materials DIFFaX.html
DIFFaX+ A modified version of IMFFaX for the Refinement, disordered Leoni et al. (2004) Available from the author (matteoleoni@ Free
refinement of disordered stack materials stack materials unitn.it) on request
Diffpy-CMI Python software for diffraction analysis and Modelling See httpsi//wwwdiffpy.org/ http:/diffpy.org Free
the study of the atomic structure of publications.html
materials
DIFFRACEVA Data processing, phase identification and Profile fitting, cluster Bruker AXS GmbH, https://www.bruker.com/products/x-ray- Commercial
gquantitative analysis. Cluster analysis allows analysis, quantitative Oestliche Rheinbrueck- diffraction-and-elemental-analysis/x-ray-
high-throughput screening phase analysis enstr. 49, D-76187 diffraction/xrd-software/eva/overview.html
Karlsruhe, Germany
DIFFRACTOPAS Profile and structure analysis (see TOPAS) Profile analysis, Rietveld Bruker AXS GmbH, https://www.bruker.com/products/x-ray- Commercial

refinement

Oestliche Rheinbrueck-
enstr. 49, D-76187
Karlsruhe, Germany

diffraction-and-elemental-analysis/x-ray-
diffraction/xrd-software/topas.html
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DIscuUs Simulates defect structures and diffuse Defect structures, simulation Proffen & Neder (1997, 1999) https://www.xray.cz/ecm-cd/soft/xray/general/ Free
scattering, plus the simulation of perfect discus/discus/disfeat.html
structures of non-crystalline materials
DIS-76 Structure refinement with distance constraints; Rietveld refinement Baerlocher et al. (1976, 1977) https://github.com/stefsmeets/focus_package, Free
part of FOCUS http://www.crystal. mat.ethz.ch/Software/
index.html
DRAWxil Open-source program for producing crystal- Visualization Finger et al. (2007) http:/fwwwlwiinger.net/drawxtl/ Free
structure drawings
DRXWin Diffraction data manipulation and qualitative Visualization, gqualitative Vicent Primo Martin, El http:/fwww.ccpl4.ac.uk/cecp/web-mirrors/ Free
analysis phase analysis, peak Instituto de Ciencia de los drxwin/drxwin/
search Materiales, Universitat de
Valencia, Avda. Blasco
Ibafez, 13, 46010 Valencia,
Spain
Dysnomia Calculates electron and nuclear densities from | Electron and nuclear density | Momma et al. (2013) http://jp-minerals.org/d ysnomia/en/ Free
observed structure factors by the maximum- calculations
entropy method
Eager Genetic algorithm for crystal structure Structure solution Harris ef al (2004) Contact K. D. M. Harris
solution from powder diffraction data
EFLECHANDEX Whole-pattern indexing Indexing Bergmann (2007) http:/f'www.bgmn.de/indexpgm.html Free
ELD Quantitative information from electron- Electron diffraction Calidris, Sweden http:/fwww.calidris-em.com/eld.php Commercial
diffraction patterns
enClFer Viewing and editing CIF files CIF editing Allen er al. (2004) https://www.ccde.cam.ac.uk/Community/ Free
csd-community/encifer/
Endeavour Direct-space method for ab initio solution of Structure solution Putz et al. (1999) http:/f'www.crystalimpact.com/endeavour/ Commercial
structures from powder diffraction data by
combined global optimization of pattern
difference and potential energy
EPCryst Structure solution from powder diffraction Structure solution Deng & Dong (2011) http:/f'www.epcryst.com Free
data using models generated by an
equivalent-position combination algorithm
based on unit-cell content and space-group
information
ESPOIR Structure solution by Monte Carlo analysis of | Structure solution Le Bail (2001) http:/fwww.cristal.org/sdpd/espoir/ Free

powder diffraction data
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EXPGUI Graphical interface for (GSAS Rietveld refinement, Toby (2001) http://www.nenrnist.gov/programs/ Free
visualization crystallography/software/expgui/
EXPO2014 Structure-solution toolkit for phasing crystal Structure solution Altomare er al. (2013) http:/fwww.ba.ic.cnr.it/softwareic/expo/ Free for non-
structures from powder data expo2014-installation/ profit users
ExtSym Space-group assignment. Bundled with DASH | Space-group determination Markvardsen er al. (2001) http://www.mark vardsen.net/projects/ExtSym/ Free
but can be obtained separately from Anders main.html
Markvardsen
FABLE Reads many X-ray detector image formats Data processing Schmidt et al. (2000) http://sourceforge.net/projects/fable/ Free
FAULTS Refinement of structures with extended Defect structures, simulation | Casas-Cabanas et al (2016) Free
defects, based on DIFFaX
FIT Decomposition of powder diffraction patterns | Profile analysis, PDF analysis | Petkov & Bakaltchev (1990) http://web.pa.msu.edu/people/petkov/ Free for
and profile analysis of pair correlation software.html academic use
functions
FIT2D Calibration and correction of detector distor- Data analysis, visualization Hammersley (1998, 2016); http:fwww.esrLir/computing/scientific/FIT2D/ Free
tions, integration of two-dimensional data to Hammersley er al. (1996)
a variety of one-dimensional scans, and one-
and two-dimensional model fitting
FitAllb Fitting centre-of-mass grain positions, orien- Strain Oddershede et al. (2010) https://sourceforge.net/p/fable/wiki/FitAllB/ Free
tation and elastic strain tensors
FitGISAXS Modelling and analysis of grazing-incidence GISAXS Babonneau (2010) https://www.pprime.fr/?7g=en/node/1013; Free
small-angle X-ray scattering data contact D. Babonneau,
david.babonneau@univ-poitiers.fr
FlexCryst Program suite including crystal-structure Structure prediction, Hofmann & Apostolakis http:/fwwwflexcryst.com/html/home.pdf Commercial
prediction, structure determination and structure determination (2003)
clustering
FOCUS Automated structure determination of Structure determination, Grosse-Kunstleve et al. (1997) | https:/github.com/stefsmeets/focus_package Free
zeolites. Can use electron-diffraction data zeolites
FOX Ab initio structure determination using global- | Structure solution Favre-Nicolin & Cerny (2002) | httpJ//objeryst.sourceforge.net/Fox/ Free

optimization algorithms, suitable for any
type of crystal structure (organic, inorganic
including automatic correction of special
positions); can combine several data sets
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FOXGrid Structure solution using FOX with distnbuted Structure solution Rohlicek et al. (2007) https:/ftox.vincein net/ Manual/Fox.Gnd Free
computing
FULLPAT Full-pattern quantitative phase analysis Quantitative phase analysis Chipera & Bish (2002) http://www.cepl4.ac.uk/cep/web-mirrors/ Free
merging the advantages of existing full- fullpat/
pattern fitting methods with the traditional
reference intensity ratio method. Coded
into Excel
FULLFPROF Rietveld refinement and pattern matching Rietveld refinement, pattern | Rodriguez-Carvajal (1990) https:/fwwwill.ewsites/fullprof/ Free
matching
GDASH Structure solution using grid computing Structure solution Griffin et al. (2009) Contact Tom Griffin, tom. griffin@stfc.ac.uk
GEST Structure solution using a genetic algorithm Structure solution Feng & Dong (2007) Contact Zhen Jie Feng, Free
fengzhenjie@gmail.com
GETSPEC Calculates the symmetry operators and special | Symmetry Altermatt & Brown (1987) http:/fwww.ccpl4.ac.uk/ccp/web-mirrors/ Free
positions for any setting of any space group i_d_brown/getspec/
based on the Hall space-group symbol
Gnu Xtal System Set of portable crystallographic routines Software development http://xtal sourceforge.net/ Free
GrainSpotter Indexing grains in monophase crystalline Indexing Schmidt (2014) https://sourceforge net/p/fable/wiki/ Free
materials grainspotter/
Gretep Displacement-ellipsoid plot structure viewing | Visualization Laugier & Bochu (2004) http:/fwww.cepl4.ac.uk/tutorial/lmgp/#gretep, Free
and analysis. Part of the LMGPF suite http:/fwww.cepl4.ac.uk/cep/web-mimrors/
Imgp-laugier-bochw/
GRINSP Inorganic structure prediction Structure prediction Le Bail (2005) http:/fwww.cristal.org/grinsp/ Free
GSAS Comprehensive system for the refinement of Pattern fitting, structure Larson & Von Dreele (2004) http://subversion.xray.apsanl.gov/trac/ Free
structural models to both X-ray and neutron solution, Rietveld refine- EXPGUI
diffraction data. Supemseded by GSAS-11 ment, visualization
GSAS-II Open-source Python project that addresses all | Pattern fitting, structure Toby & Von Dreele (2013) https://subversion xray.aps.anl.gov/trac/ Free
types of crystallographic studies, from solution, Rietveld refine- pyGSAS
simple materials through macromolecules, ment, visualization
using both powder and single-crystal
diffraction and with both X-ray and neutron
probes
gsaslanguage A language that provides input to and Scripting Vogel (2011) http://code.google.com/p/gsaslanguage/ Free

processes output from the GSAS package
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G SASHscriptable Scripting interface for GSAS-1f Scripting O’ Donnell et al (2018) https://gsas-iL.readthedocs.io/en/latest/ Free
GSASllscriptable.html
GudrunN and GudrunX | Programs for comrecting raw neutron and Data processing, neutron Soper & Barney (2011) In-house software at 1518
X-ray total-scattering data to differential diffraction, total scattering
cross sections
HELIX Simulation of helical diffraction Powder-pattern calculation Knupp & Squire (2004) https:/fwww.diamond.ac.uk/Instruments/ Free
Soft-Condensed-Matter/small-angle/
SAXS-Software/CCP13.html
Hypertext book of Space-group diagrams Space-group information Cockeroft (1999) httpe/fimg.chem.ucl.ac.uk/sgp/ Commercial
crystallographic
space-group diagrams
and tables
ICDD Powder Comprehensive powder database: PDF-4+, Database, phase identifica- International Centre for http:/f'wwwicdd.com/ Commercial
Diffraction File PDE-4 organics and PDF-2, plus derivatives tion Diffraction Data,
12 Campus Boulevard,
Newtown Square,
PA, 190733273, USA
IGOR Pro Scientific data-analysis software Data analysis Kline (2006) https://www.wavemetrics.com/products/ Commercial
igoTpro
ImageD11 Python codes for processing diffraction data Data processing, neutron Wright (2011) http://sourceforge.net/projects/fable/files/ Free
from 2D detectors at the ID11 beamline at diffraction ImageD11
the ESRF
Inorganic Crystal Database of inorganic structures Database Belsky er al. (2002) httpe/f/www2.fiz-karlsruhe.de/ficsd_home.html Commercial

Structure Database
(1CSD)
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mnputdMAUD Input of two-dimensional data into MAUD Data conversion Raue (2014) hitp:/kristall.uni-mki.gwdg.de/Docs/rane/ Free
input4dM AUD/main.html
International Tables Online editions of all volumes of International | Space-group information, International Tables Online https:/fitiucr.org Commercial
Online Tables for Crystallography, including database (2019)
Volume A (Space-Group Symmetry), and an
extensive symmetry database
iothx.cif Input, output and validation of CIFs CIF Gildea et al. (2011) https://ceilbl.gov/cctbx_docsfiotbx/ Free
iotbx.cifhtml
ISAACS Interactive structure analysis of amorphous Structure analysis, Le Roux & Petkov (2010) http:/fisaacs.sourceforge.net Free
and crystalline systems amorphous materials
IsoDEC Calculation of diffraction elastic constants Strain Gniupel-Herold (2012) https://www.nenr.nist.gov/xtal/software/isodec Free
IsoStar Information on intermolecular interactions Database Bruno et al. (1997) https://'www.ccde.cam.ac.uk/solutions/ Commercial
derived from small-molecule crystal struc- csd-system/components/isostar/
tures in the Cambridge Structural Database
and from protein-ligand interactions
observed in the Protein Data Bank (PDB)
ISOTROFPY Applies group-theoretical methods to the Space-group determination Stokes & Hatch (2002) http://stokes.byu.edu/isotropy.html Free web service
analysis of phase transitions in crystalline
solids
Iro Powder-pattern indexing. Incorporated into Indexing Visser (1969) http://sdpd.univ-lemans.fr/ftp/itol 3 zip Free/commercial
many other packages, both free and
commercial
JADE Comprehensive powder diffraction data- Cluster analysis, data Materials Data, Inc. (2016) http://wwwmaterialsdata.com/products.htm; Commercial

processing suite. JADE Srandard is avail-
able as perpetual license and JADE Pro as
an annual subscription

conversion, indexing, Le
Bail fitting, Pawley fitting,
peak location, peak
profiling, phase identifica-
tion, powder-pattern
viewing, quantitative
phase anaysis, Rietveld
refinement, size—strain
analysis

http:/f/wwwicdd.com/
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Jana2006 Analysis of incommensurate, modulated and Le Bail fitting, Rietveld Petricek et al (2000); Dusek er | http:/jana.fau.cz/ Free
composite structures, as well as standard refinement, Fourier-map al. (2001)
Rietveld refinement calculation and visualiza-
tion, structure solution
JEMS Simulation of high-resolution TEM Electron diffraction, Stadelmann (2003) http://wwwjems-saas.ch’/Home/jemsWebSite/ Free for students
(HRTEM), CBED, PED and SAED simulation jems.html
patterns, and simulation of powder
diffraction rings
J-ICE Visualization of crystallographic and Visualization, data conver- Canepa et al. (2011) http:/fj-ice sourceforge.net Free
electronic properties using Jmol sion
Jpowder JAVA data viewer Data visualization Markvardsen ef al (2010) https://sourceforge.net/projects/jpowder/ Free
KoalaRiet Powder-pattern viewing, peak profiling and Pattern visualization, peak Cheary & Coelho (1996) http:iwww.ccpl4.ac.uk/ Free
Rietveld refinement, fundamental para- fitting, Rietveld refine-
meters approach ment
LABOTEX Crystallographic texture analysis of rocks, Texture analysis Pawlik & Ozga (1999) http:/iwww.labosoft.com.pl/ Commercial
semiconductors and superconductors, cera-
mics and composites, polymers, metals and
alloys
LAPOD Refinement of lattice parameters using Unit-cell refinement Dong & Langford (2000) http:/fwww.ccpl4.ac.uk/cep/web-mirrors/ Free
optimal regression powderx/lapod/
LauePt GUI for Laue-pattern simulation and analysis | Data analysis, simulation Huang (2010) http:/'www.ccpl4.ac.uk/ccp/web-mirrors/ Free
xianrong-huang/
MacDiff Analysis and display of powder data on Database, phase identifica- Petschick (2001) http:/fwww.geol-paluni-frankfurt.de/Staff/ Free
Macintosh platforms tion, data conversion Homepages/Petschick/MacDift/
MacDiffInfoE.html
MATCH! Compares the diffraction pattern of the Phase identification, quanti- Crystal Impact — K. Branden- | http://www.crystalimpact.com/match/ Commercial
unknown to a database containing reference tative phase analysis burg and H. Putz GbR,
patterns; additional knowledge such as Postfach 1251, D-53002
known phases, elements or density can also Bonn, Germany
be used
Materials Studio Multipurpose suite Indexing, model building, http:/faccelrys.com/products/collaborative- Commercial

structure solution,
visualization

science/biovia-materials-studio/
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MAUD Rietveld-based program for combined Data integration, indexing, Lutterotti et al (1999) http://maud.radiographema.ew/ Free
analysis. Can be used to fit diffraction, space-group assignment,
fluorescence and reflectivity data collected texture analysis, size—
using X-rays, neutrons or electrons strain analysis, Rietveld
refinement, quantitative
phase analysis
MCE-Marching Cubes Interactive visualization of electron and other | Fourier-map calculation and | Husak & Kratochvil (2003) https://sourceforge.net/projects/ Free
density maps, optimized for small molecules visualization mce-marching-cube-eld/
McMaille Indexing using Monte Carlo methods Indexing Le Bail (2004) http:/fwww.cristal.org/McMaille Free
Mercury Statistical analysis of data from the Cambridge | Structure visualization Sykes er al (2011) http:/fwww.cede.cam.ac.uk/products/mercury/ Free; commercial
Structural Database, structure visualization version has
and simulation of powder patterns more functions
MINCRYST Contains crystal-structure data for minerals Database Chichagov et al. (2001) http://database.iem.acru/mincryst/ Free
The Mineralogy Includes information on the crystal structures, | Database http://webmineral.com Free
Database powder diffraction patterns, chemical
composition, and physical and optical
properties of minerals
Mogul Validation of bond lengths, angles and torsions | Structure validation Bruno et al. (2004) hitp://www.cede.cam.ac.uk/products/ Commercial
against the Cambridge Structural Database csd_system/mogul/
MOPAC2016 Semi-empirical quantum chemistry calcula- Structure validation, Stewart (2012) http://openmopac.net Free for
tions. Mercury has an interface to MOPAC structure building academic use
Mstruct Microstructure analysis using powder Microstructure analysis Matéj et al. (2014) hitp:/fwwwxray.cz/mstruct/ Free
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Multifiv'Polydefit Open-source IDL software package for data Texture analysis Merkel & Hilairet (2015) http://merkel.texturerocks/Multifit-Polydefix/ Free
analysis of synchrotron-based plasticity,
rheology or other time-dependent
experiments
MultiRef MATLAB framework for GSAS; Rietveld Rietveld refinement Frglich & Birkedal (2015) http://chem.au dk/en/research/research-areas/ Free
refinement of multiple powder diffracto- inorganicchemistrymaterialschemistry/
grams from in situ, scanning or diffraction biological-and-bioinspired-materials/
tomography experiments multiref/downloads/
NanoPD Fo4 Software package for analysis of pair- PDF analysis Skrobas et al (2017) http://www.unipress.waw.plmanopdf Free
distribution functions of nanocrystals, also
capable of calculating theoretical powder
diffraction patterns and pair-distribution
functions for atomistic models of
nanocrystals
NEWMOD i1 Modelling of interstratified layer structures Powder-pattern calculation Yuan & Bish (2010) https:/mewmod-for-clays.com Commercial
Nickel-Nichols Mineral Mineral database Phase identification The Nickel-Nichols Mineral http://wwwmaterialsdata.com/ Free
Database Database, Materials Data, MINERALS htm
Inc., 1224 Concannon Blvd,
Livermore, CA 94550,
USA; Nickel & Nichols
(1991)
Nika Open-source Igor Pro-based program for SAXS, WAXS Havsky (2012) https:/fusaxsxray.anl.gov/software/nika Free
reduction of two-dimensional scattering
data from area-detector small- and wide-
angle scattering instruments. Can be used
in transmission and grazing-
incidence geometries
NXS Library for neutron cross-section calculations | Neutron diffraction Boin (2012) https://www.helmholtz-berlin.de/people/boin/ Free
nxs_en. html
OpenBabel Open-source chemistry toolbox, allowing File conversion O’Boyle et al. (2011) http://openbabel.sourceforge.net/ Free

users to search, convert, analyse or store
data from molecular modelling, chemistry,
solid-state materials, biochemistry or
related areas
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OpenGenie Neutron-data analysis Powder-pattern visualization | Akeroyd et al (1999) http://www.opengenie.org/Main_Page Free
PASCal Online tool for determining principal coeffi- Strain Cliffe & Goodwin (2012) http://pascal chem.ox.ac.uk Free web access
cients of thermal expansion and compressi-
bilities using variable-pressure and variable-
temperature lattice-parameter data
PATE GSAS powder-pattern extractor Data conversion http:/fwww.ccpl4.ac.uk/ccp/web-mirrors/ Free
scott-belmonte-software/pate/
PCED3 Simulation of polycrystalline electron diffrac- | Electron diffraction, phase http://'www.unl.eduwnemn-cfem/xzli/download Free
tion and phase identification identification
PCOD Open database of structures of inorganic Phase identification, http:/fwww.crystallography.net/pcod/ Free
compounds predicted or enumerated mainly database
using ZEFSA If or GRINSP
PDXL 2 Provides various analysis tools such as auto- Rietveld refinement, Rigaku (2014) https://www.rigak u.com/en/service/software/ Commercial
matic phase identification, quantitative quantitative analysis, pdxl
analysis, crystallite-size analysis, lattice- phase identification,
constants refinement, Rietveld analysis, ab structure determination
initio structure determination and data
clustering. Peak shapes can be modelled
using a fundamental-parameters approach
PeckCryst Molecular crystal structure determination Structure solution Feng et al. (2009) Contact J. C. Zhang, jezhang@shu.edu.cn Free
from powder diffraction data using a
particle swarm optimization algorithm
PLATON Implements a large variety of standard Data conversion, space- Spek (1998, 2003) http://www.eryst.chem.uunl/platon/ Free
geometrical calculations and tests (e.g. for group assignment,
missing symmetry, voids in the lattice erc.), structure refinement,
and includes utilities for cell transformation H-atom placement,
and graphics. Used in checkCIF structure validation,
powder-pattern
calculation, structure
visualization
PM2K Full-pattern fitting allowing microstructural Whole-powder-pattern Leoni et al. (2006) Contact M. Leoni, matteo.leoni@unitn.it Free for

investigation of nanocrystalline materials.
Includes analysis of size broadening due to
an analytical or to a generic (unconstrained)
distribution of crystallites, the presence of
dislocations, stacking faults and antiphase
boundaries

modelling

academic use
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FPolySNAP3

poplLA

Powder Cell

FPowderiD

PowderX

FPowlD .1

PRODD

PROFEX

Clustering powder diffraction, XRF and spec-
troscopic data. Semi-quantitative analysis

Pole-figure evaluation using the harmonic and
WIMV methods

Represents the crystal structure and the
corresponding powder pattern simulta-
neously. Translations and rotations of a
preselected part of the asymmetric unit
allow manipulation of the structure

Multiple-pattern data reduction and graphical
presentation. Part of Materials Studio

Uses include plotting X-ray patterns, data
smoothing, background subtraction,
o-peak elimination, peak search, indexing,
zero-angle error comrection and data-format
conversions

NET dynamic link library used for intercon-
version between variable formats of X-ray
powder diffraction files

Refinement of crystal and magnetic structures
from powder diffraction data, can be used
with time-of-flight and constant-wavelength
neutron data as well as synchrotron X-ray
data

A platform-independent open-source
graphical user interface for the Rietveld
refinement program BGMN. Reads and
converts a varety of proprietary raw data
formats

Cluster analysis, phase
analysis

Texture analysis

Data conversion, powder-
pattern calculation,
powder-pattern viewing,
Le Bail fitting, size—strain
analysis, Rietveld refine-
ment, quantitative phase
analysis, structure visuali-
zation

Data integration, data
conversion, powder-
pattern viewing, peak
location

Data conversion, powder-
pattern viewing, peak
location, indexing

Data conversion

Pawley fitting, Rietveld
refinement, proteins

Rietveld refinement, data
COnversion

Barr er al. (2009)

Kocks et al (1998)

Kraus & Nolze (1996)

Hinrichsen er al. (2008)

Dong (1999)

Kourkoumelis (2005)

Wright (2004); Wright &

Forsyth (2000); Wright et al

(2007)

Doebelin & Kleeberg (2015)

http://'www.bruker.com/
http://lansce.lanl.gov/facilities/lujan/
instruments/hippo/popLA.php

http://powdercell-for-windows.software.
informer.com/2.4/

hitps:fwww.ikLmpg.de/4T08688/
Powder-3D-Software

http:/fwww.ccpl 4.ac.uk/cep/web-mirrors/
powderx/Powder/

http://users.uoi. grinkourkou/powdll.htm

http:/f'www.ccpl4.ac.uk/cep/web-mirrors/
prodd/~jpw22/

http://profex.doebelin.org/

' Commercial
Free

Free

Free

Free

Free

Free

Free
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Program Description Function(s) Reference(s) URL or other source Availability
Profil Rietveld refinement and utilities. Can be used Unit-cell refinement, Cockceroft (1994) http:/fimg.chem.ucl.ac.uk/www/cockcroft/ Free for
for organics and organometallics requiring Rietveld refinement, profilhtm academic use
restrained refinement Fourier-map calculation,
visualization, data
conversion
publCIF Editing, validating and formatting CIF files CIF editing Westrip (2010) http:/journals.iucr.org/services/cif/ publcif/ Free
PyCifRW Support for reading and writing of CIF files CIF editing Hester (2006) https://pypiorg/project/Py CifRW/4.3/ Free
using Python, with optional validation
against DDL dictionaries
PyMOL A comprehensive software package for Structure visualization https://pymol.org/2/ Commercial
rendering and animating 3D structures
Quanto Allows automatic estimation of the weight Quantitative phase analysis Altomare et al (2001) http:/fwww.ic.cnrit/ Free
fraction of each crystalline phase in a
mixture. The amorphous content can be
estimated using the internal-standard
method, and corrections for preferred
orientation and microabsorption effects are
available
RIETAN-FP A package of programs for analysing crystal Rietveld refinement, data lzumi & Momma (2007) http:/fujioizumi verse.jp/ Free
structures from X-ray and neutron powder conversion download/download_Eng.html
diffraction data and visualizing the results in
three dimensions, along with electronic-
state calculations
Rietica Aids the creation and updating of Rietveld Le Bail fitting, Rietveld Hunter (1998) http:/www.rietica.org/ Free
input files for and provides point-and-click refinement, visualization
control of the Rietveld program LHPM
RMC++ Reverse Monte Carlo modelling of the struc- PDF analysis Evrard & Pusztai (2005) http:/fwwwszfki.huw/~nphys/rme++/ Free
ture of disordered materials, mainly using opening.html
diffraction data, but additional information
such as EXAFS data and different
constraints can also be used
RMCAWOS Uses the reverse Monte Carlo method for PDF analysis Mellergard & McGreevy http:/fwww.eristal.org/glasses/rmea/ Free

modelling both lattice and magnetic
disorder in powder crystalline materials by
direct calculation of the structure factor

(1999)

rmcaw?3.html
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Reference(s)
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RMCprofile

ROCKJOCK

Siroquant

SPEC

STEREOFOLE

Struvir

SUPERFLIP

Built from the original RMCA code of
McGreevy & Pusztai to determine the local
structure of crystalline materals while still
being capable of analysing disordered
systems. Can be used to fit many data types
(including total scattering, EXAFS, diffuse
scattering) simultaneously

Quantitative analysis of mineralogical samples
with or without using an internal standard
by automatically fitting the sum of stored
X-ray diffraction patterns of pure standard
minerals to the measured pattern

Comes with a comprehensive database of over
1800 phases. Phases from public sources
such as the 1CSD and AMCSD can also be
added

Software for the control of data acquisition.
Includes C-PLOT for data display and
analysis

Analysis of X-ray diffraction pole figures,
allowing experimental data to be compared
graphically with simulated results, and
epitaxic relationships between up to five
different crystal layers to be evaluated

Converts STRUPLO data files into Virtual
Reality Modeling Language (VRML) for
3D visualization

Structure solution from diffraction data using
charge flipping. Can solve periodic
structures, incommensurately modulated
structures and the structures of quasicrystals
from X-ray and neutron diffraction data

PDF analysis

Quantitative phase analysis,

minerals

Phase identification

Instrumentation

Texture analysis

Visualization

Structure solution

Tucker et al (2007)

Eberl (2003)

Sietronics (2012)

SPEC, Certified Saentific
Software, PO Box 390640,
Cambridge, MA, 02139-
0007, USA

Salzmann & Resel (2004)

Le Bail (1996); Fischer (1985)

Palatinus & Chapuis (2007)

hitp://www.rmeprofile.org

http://pubs.er.usgs. gov/publication/ofr200378

http://www.sirogquant.com

http:ifwww.certif.com/

http:/fwww.if.tugraz.at/amd/stereopole/

http://www.cristal.org/vrml/struvir.html

http://superflip.fau.cz

Free

Free

Commercial

Commercial

Free

Free

Free
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Program Description Function(s) Reference(s) URL or other source Availability
TOFAS and TOFPAS- Nonlinear least-squares optimization | Peak fitting, Le Bail fitting, | Coelho (2018) . https://www.bruker.com/products/x-ray- | Free
Academic programs written in C++, allowing users to Pawley fitting, Rietveld diffraction-and-elemental-analysis/x-ray-
easily modify program functionality to suit refinement, PDF analysis, diffraction/xrd-software/ /topas.html,
the problem at hand indexing, structure http://www.topas-academic.net
solution, charge flipping,
magnetic structures,
stacking-fault analysis
VALENCE Calculates bond valences from bond lengths Structure validation Brown (1996) http:/metlib.ccpl 4.ac.uk/cep/web-mirrors/ Free
and vice versa. Can also calculate bond- valence
valence sums and average bond lengths, and
can determine bond-valence parameters
from the bonding environments of various
cations
VMRIA Full-profile analysis of neutron-diffraction Rietveld refinement, Zlokazov & Chernyshev http://www.cepl 4.ac.uk/cep/web-mirrors/ Free
time-of-flight data for multiphase samples. indexing (1992); Zlokazov (2003) vrmria/
Includes Autox
WinPLOTR A graphical user interface for displaying Powder-pattern viewing http:/fwww.edifx.univ-rennesl fr/winplotr/ Free
powder patterns; part of FULLPROF readme.htm
WinPSsP Uses direct-space methods to solve the crystal | Structure solution Pagola et al (2017) http:/fusers.uoi.grmkourkowwinpssp/ Free
structures of small-molecule organic
materials from X-ray powder diffraction
data
WinXPow Comprehensive package for data collection, Phase identification, profile STOE & Cie GmbH, hitps://www.stoe.com/product/software- Commercial
profile fitting, indexing, and size—strain and fitting, indexing, size— Hilpertstr. 10, D-64295 powder-xrd/
crystallinity analysis strain analysis, crystallinity Darmstadt, Germany
XDrawChem Two-dimensional molecule drawing program Model building Herger (2002) http:/fxdrawchem sourceforge.net/ Free
for Unix operating systems
XINTERFDF Analysis of intermolecular pair-distribution PDF analysis Shi (2018) https://githubcom/curieshicy/ xINTERPDF Free
functions of organic compounds from X-ray
total-scattering data
XLENS Uses Patterson-function direct methods Structure solution Rius (2011, 2013) https://departments.icmab.es/crystallography/ Free for

instead of the modulus function. Well suited
for handling powder diffraction data for
oreanic compounds

software

academic use
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xPDFEsuite

X'Pert HighScore Plus

Xpowder

XRD2DScan

XRDUA

ZEFSA 11

Suite of algorithms and software for pair-
distribution-function analysis

Integrated powder-processing suite including
profile fitting, structure solution, Rietveld
refinement, quantitative analysis and cluster
analysis

Identification, quantification and characteri-
zation of the crystalline components of
solids, including natural minerals, artificial
compounds and biological crystals

Display and analysis of two-dimensional X-ray
diffraction patterns collected with an area
detector

Reconstruction of crystalline phase distribu-
tion maps from two-dimensional diffraction
patterns collected by scanning and tomo-
graphic X-ray powder diffraction

Zeolite structure solution using a biased
Monte Carlo scheme

PDF analysis

Cluster analysis, data
conversion, indexing, Le
Bail fitting, Pawley fitting,
peak location, peak
profiling, phase identifica-
tion, powder-pattern
viewing, quantitative
phase analysis, Rietveld
refinement, size—strain
analysis

Phase identification

2D data

Data processing, phase
distributions

Structure solution, zeolites

Juhis ef al. (2013)

Malvern Panalytical BV,
De Schakel 18, Kamer 50,
Eindhoven, 5651 GH,
Netherlands

Quetzal Com 8. L., La Carmrera
5,18110 HIJAR- Las
Gabias, Granada, Spain

Rodriguez-Navarro (2006)

de Nolf (2014)

Falcioni & Deem {1999)

https:/f'www.diffpy.org/products/
xPDFsuite html

https://www.malvernpanalytical.com/products/
category/software/x-ray-diffraction-
software/highscore-with-plus-option

http:/fwwwxpowder.com/

http://www.ugr.es/~anava/xrd2dscan htm

http://xrdua.ua.ac.be

htitp://wwwmwdeem.rice.edwzefsall/

Free for
academic use

Commercial

Commercial

Free

Free

Free




