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Comparison of structures

® Comparison of crystal structures is convenient to:

« cross-check different experimental and/or theoretical structural
models of the same phase coming from different sources

+ identify different phases with the same symmetry
 classify structures into structure types

® The existence of various equivalent structure descriptions makes the
comparison of different structural models a non-trivial task in general.

Are these two structures
® ® | of Cs CI similar?

| I Yes




Similarity between two crystal structures

#Structure 1 #Structure 2

13.800 5.691 9.420 90.0 102.3 20.0 15
7 15.967 5.560 40.778 90.0 166.713 90.0

""" 0 1000 0.250000 7
9000 0.352000 Fl
1000 0.447000 Fl

0.750000
0.856300
0.951100
0.914500
0.888500
0.117000
0.611500

0 ]y 0.030000 0.332000 E
BE 0.634000 0.464000 0.374000
sf 0.842000 0.280000 0.812000
sf 0.491000 0.222000 0.420000
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Are these two structures similar?



www.cryst.ehu.es

Structure Utilities

CELLTRAN Transform Unit Cells

STRAIN Strain Tensor Calculation

WPASSIGN Assignment of Wyckoff Positions

TRANSTRU Transform structures.

SETSTRU Alternative Settings for a given Crystal Structure

EQUIVSTRU Equivalent Descriptions for a given Crystal Structure

STRCONVERT gﬁ);lp‘;?tgt%e%?lit ?éﬁgc:fulfrgTEa \E’.E;SP formats — with magnetic information where available)
VISUALIZE Visualize structures using Jmol

COMPSTRU Comparison of Crystal Structures with the same Symmetry

STRUCTURE RELATIONS Ewvaluation of structure relationships [transformation matrix] between group-subgroup related phases
PSEUDOLATTICE Pseudosymmetry of a lattice and compatible supergroups




Crystal-Structure Tools

You can access to the material of this session:

http://www.cryst.ehu.es/resources/bcs workshop2022/

You need to download:

- CrystalStructureTools.txt



http://www.cryst.ehu.es/resources/bcs_workshop2022/

The program COMPSTRU

(reference structure)

[ Structure 1 ] [ Structure 2 ]

=rl S#2.1 I I S#H2.2 I

(all possible symmetrically equivalent structures descriptions)

|
l (least distortion)

Most similar configuration to Structure 1 ]

A\ 4 —

- Lattice distortion

- Average atomic displacements
- Maximal atomic displacements
- Bergerhoff structural descriptor

Evaluation of the similarity n




The program COMPSTRU

® How to measure the similarity between two descriptions ?

degree of lattice
distortion

average atomic
displacements

maximal atomic
displacements

S = n;-eigenvalues of the Lagrangian
strain tensor
1
Aoy = EE miu; u; atomic displacements

maximal displacements of the paired atoms



The program COMPSTRU

® How to measure the similarity between two descriptions ?

structural A= [Zl/zA(C) n 1]A(d) _1

descriptor

Ym(x — %)% + (v — ¥2)% + (21 — 2,)%]*/? _[(b1/a1)(e1/ay)]
A(c) = A(d) =
xm [(b2/az)(c2/a)]
weighted mean difference relation between
between atomic coordinates axial ratios

Bergerhoff et al., Acta Cryst B55 (1998)



Input = COMPSTRU

COMPSTRU:
https://www.cryst.ehu.es/cryst/compstru.html

Input:

Two crystal structures described
in the standard setting

» Isopointal structures with the
same/different composition
* Chiral structures

Structure Data Examinar... | Mo se ha seleccionado ningdn archivo. Cl F fl |e
[in CIF formatl  HINT: [ The option for a given filename is preferential |

.2500
.3520
L4470
.35820
.3740
.8120

15
13.800 5.691 9.420 90.0 102.3 90.0
7
Bb 1 4de  0.0000 0.2910
Fb 2 8f  0.3170 0.3090
) 1 8f  0.5990 0.2410
0 1 8f  0.6430 0.0300
o 2 8f  0.6340 0.4640
Structure 1 0 3 8F  0.6420 0.2800
0 4 8f  0.4910 0.2220

]
a
]
a
]
a
]

.4200

BCS format '

Structure Data Examinar... | Mo se ha seleccionado ningdn archivo. C I F f||e
[in CIF format] HINT: [ The option for a given filaname is preferential |

15

13.967 5.560 40.778 90.0 166.713 90.0

7

1 4e 0.0000 0.0000 0.7500

Pb 2 8f 0.0000 0.0000 0.8563

P 1 8f 0.0000 0.0000 0.9511

0 1 8f 0.0000 0.0000 0.9145

0 2 8f 0.2715 0.7285 0.8885
Structure 2 © 3 &f 0.9570 0.5000 0.1170

0 4 B8f 0.7285 0.2715 0.6115

BCS format '

Enter the maximum distance allowed between the paired atoms: A

Enter the allowed folerance (abcapy)|.5.5.5555

Tolerance '



https://www.cryst.ehu.es/cryst/compstru.html

Are these two structures similar?

Pb3(PO,),

#Structure 1 #Structure 2

15
15 13.967 5.560 40.778 90.0 166.713
13.800 5.691 9.420 90.0 102.3 90.0 90.0

7
Pb 1 4e 0.0000 0.2910 0.2500
Pb 2 8f 0.3170 0.3090 0.3520
1 8f 0.5990 0.2410 0.4470
8f 0.6430 0.0300 0.3920
8f 0.6340 0.4640 0.3740
8f 0.6420 0.2800 0.6120
8f 0.4910 0.2220 0.4200

4e 0.0000 0.0000 0.7500
8f 0.0000 0.0000 0.8563
8f 0.0000 0.0000 0.9511
8f 0.0000 0.0000 0.9145
8f 0.2715 0.7285 0.8885
8f 0.9570 0.5000 0.1170
8f 0.7285 0.2715 0.6115
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Output - COMPSTRU

Pb3(PO,),

Structure #1 Structure #2

15 15

13.800 5.691 9.420 90.0 102.3 50.0 13.9687 5.560 40.778

7 7

Pk 1 4e 0.000000 0.291000 0.250000 h=s) 1 de 0.750000
Fb 2 Bf 0.317000 0.309000 0.352000 Fh 2 Bf 0.85&300
E 1 Bf 0.5599000 0.241000 0.447000 P 1 ef 0.951100
] 1 8f 0.643000 0.030000 0.392000 o 1 8f 0.914500
o 2 8f 0.634000 0.464000 0.374000 o 3 5 0.888500
o 3 8f 0.642000 0.280000 0.612000 0 3 8 ; 0.117000
o q 8f 0.491000 0.222000 0.420000 o 4 B 0.728500 0.271500 0.611500

Atomic Displacements I

R s T I R (P,p) = —a,—b,3a+c; 1/4,1/4,0

4e[(0,y,1/4)| Pb1 [0.0000]-0.0410] 0.0000 [0.2333
st (x,yz) | Pb2 [0.0019]-0.0590( 0.0043 [0.3386
sf| (xyz) | P1 |0.0043|0.0090 [ 0.0041 [0.0816

8| (xyz) | 01 [0.0010[-0.0085[0.0035]0.0617 Description of Structure #2 in the most similar
8f| xyz) | 02 [00100[00145]00145 |0 1910 configuration to Structure #1
8f | (xyz) | O3 |0.0020)-0.0300( 0.0050 (01777 .
8f| (xyz) | O4 10002500280 |-0.0055]0.1733 13.967000 5.560000 9.630055 90.000000 103.295058 90.000000
b 1 se 0.500000 0.250000 0.750000
Evaluation of the structure similarity Fb 2 8f 0.818300 0.250000 0.856300
B 1 5f 0.103300 0.2500 0.851100
‘ 5 ‘dmu_mﬂdm (A]‘ A o 1 ef 0.993500 0.250000 0.214500
o 2 5f 0.644000 0.521500 0.888500
0.0116] 0.3386 | 0.1755 | 0.066 o 3 BE 0.644000 0.750000 0.117000
o 4 5f 0.356000 0.878500 0.611500



Input = COMPSTRU

Pb3(PO,),

-C 2yc [C 1 2/c 1] #15

a=13.967A

b=5.560A

c=9.630A Structure #1
o=90.000°

8=103.295° Structure #2
y=90.000°

Structure #2 (most similar)

| Compare Structures |
Compare Lattices
Atomic Displacements

Structure 1: Mopaque
@ ball&stick Ostick O
cross
Structure 2: Mopaque
@ ballgstick Ostick O
Cross

Show Distances
cutoffj0.5 5|

Save PNG+Imol



Example: Structures with different composition

Are these two

i ?
Pb,B.0,Br structures equwalent. Pb,BO,Cl

Belokoneva et al., 2003 Egorova et al., 2008

Comparison of isopointal structures with different composition



Example: Structures with different composition

Comparison of crystal structures of the same symmetry Pnn2 ( No. 34)

Structure #1 Structure #2
34
11.524 11.431 £.53%8% S0. S0O. 9O 11.3840 6.56335 S0. 90
oh 1 ac 0. 1 1c
=3 2 ac 0. 2 1c
Br 1 2a Cl 1 Za
5r 2 2b 0. c1 2 b 0.
o 1 4c 0. o 1 4c 0.
o 2 4c 0. o 2 4c 0.
o 3 4c o. o 3 4c 0.
o 4 4c o. o 4 4c 0.
o 5 4c o o 5 4c 0.
o &8 4c o o & 4c 0.
o T 4c o o 7 4c 0.
o g 4c o. o g 4c 0.
o) 3 ac 0. o ] 1c a.
] 1 ac 0. = 1 1c a
= 2 ac 0. 2 2 1c 0.
5 3 4c 0. 5 3 4c 0.
5 E 4c 0. 5 - 4c 0.
s 5 4c 0. = 5 4c 0.
Select | Transformation (Pp) Cell parameters of the S_Iruciure #1 . | strain
4 Cell parameters of the Structure #2 applying the transformation matrix
(@) a,b,c 0.0046
11.5240 11.4310 6.5399 S0.0000 S0.0000 90.0000
@ -b-a,-c 11.3240 11.3810 6.5633 80.0000 $0.0000 90.0000 0.0043

(SR N R i ]

[ A I e e R R R e R R

[ R R i ]

All equivalent unit-cell parameters are
calculated and compared with the unit-
cell parameters of structure 1



Example: Structures with different composition

Comparison of crystal structures of the same symmetry Pnn2 ( No. 34 )

Structure 1 Structure 2
34 24

11.3810 11.3B40 £.56335 S0. 50. S0. 11.524 11.431 £.5359 50 S0. S0
Bk 1 do 0.0 Bl 1 4o
Eb 2 4o 0.2 Eb z 4o
cl 1 2a 0.0 Br 1 Za
cl 2 2b 0.5 Br prd ped'al
(=] 1 do 0.2 o] 1 Lo
o] 2 4= 0.4 o] 2 4=
o] 3 4c 0.2 Q 3 4z
=] & do 0.2 < 4 4o
o] 5 4o 0.4 o] 5 4o
o] [ 4c 0.2 Q [ 4c
[o] 7 4o 0.2 Q 7 4z
(=] g do 0.2 o] g Lo
o] El 4= 0.11 o] El 4=
B 1 4c 0.3 B 1 4z
E 2 do 0.2 E 2 4o
B 3 4o 0.2 B 3 4o
B 4 4c 0.2 B 4 4c
E S 4o 0.2 E =1 4z

The similarity of the two structures will be evaluated taking into account the following correspondence between the atomic species:

Structure #1 | Structure #2
Cl Br
e} (o]
Pb Pb
B B

Do you agree with the proposed correspondence schemea? D I F F E R E NT
[ves] [Ro] COMPOSITION



Example: Structures with different composition

[ Structure 1 ]

[ Structure 2 ]

Transformation matrix (P, p). -b,-a,-c ; 0,0,0.00659

Evaluation of the structure similarity

S

dmax. (A)

day. (A)

A

0.0044

0.1339

0.0784

0.011

—[ Most similar configuration to Structure 1 ]




Example: Chiral Structures

P3,21 (No. 152)

#ICSD: 158620

152

4.5191 4.5191 10.471 90. 90. 120.

4

Al 1 3a 0.441200 0.000000 0.333333
P 1 3b 0.437300 0.000000 0.833300
O 1 6¢c 0.398200 0.332600 0.385500
O 2 6¢c 0.389200 0.297900 0.868700

P3,21 (No. 154)

#1CSD: 50100
154

4.9438 4.9438 10.9498 90. 90. 120.

4

Al 1 3a 0.466460 0.000000 0.666667
P 1 3b 0.466900 0.000000 0.166700
O 1 6c 0.416400 0.291900 0.602540
O 2 6¢c 0.415500 0.257400 0.116180



Example: Chiral Structures

Structure #1 Structure #2
1532 154
4.5191 4.5181 10.471 20. 90. 120 4.5435 4.9438 10,9498 90. %0. 120
E 4
a1 1 3a 0. 0.000000 0.333333 al 1 3a 0.466460 0.000000 0.666667
E * 35 a. 0.000000 0. B 1 3b 0.466900 0.000000 0.186700
o 1 ic 0. 0. 0. o 1 éc 0.416400 0.291800 0.&02540
o 2 Ec 0. 0. 0. o 2 &c 0.415500 0.257400 0.116180

Transformation matrix (P, p): a,b,-c ; 0,00
Atom pairings and distances

| Atom Mappings
WP Atom Coordinates in S4 Atom Coordinates in S3
3a|(x,0,1/3)| A1 |(0.441200,0.000000,0.333333)| Al1 [(0.466460,0.000000,0.333333)
3b](x,0,5/6)| P1 |(0.437300,0.000000,0.833300) P1 |(0.466900,0.000000,0.833300) The enantiomorphic description of Structure #2 in the most
6c| (xyz) | O1 [(0.398200,0.332600,0.385500)| O1 |[(0.416400,0.291900,0.397460) similar configuration to Structure #1
6c| (xyz) | 02 [(0.389200,0.297900,0.868700)| 02 |(0.415500,0.257400,0.883820) -
4.943200 4.943200 10.945200 90,000000 90,000000 120,000000
:
Atomic Displacements ;_ 1 :E :jg:if: : ::::::
R T [w [ S D gmmmo o

3a(x,0,13)| A1 [0.0253] 0.0000 [0.0000]0.1142
3b[(x,0,5/6)| P1 [0.0296 [ 0.0000 [0.0000[0.1338
6c| (xyz) | 01 |00182]-00407 001200 2672 | S ‘dmax. ‘A}‘da\r. IAI‘ A

6c| (xyz) | 02 [0.0263-0.0405|0.0151|0.3073 |g_0413‘ 0.3073 ‘9_2323 ‘0_107




Exercise 4

® In ICSD can be found several structure data sets of e-Fe,O,, all of them
of symmetry Pna2,; (No. 33). Compare the following two descriptions
and check if they belong to the same structure type.

#1CSD:173024 #1CSD:415250

33 33

5.0885 8.7802 9.4709 90 90 90 5.07158.73599.4178 90 90 90

10 10

O 1 4a 0.978000 0.328200 0.431400 O 1 4a 0.337000 0.853000 0.887000
O 2 4a 0.515000 0.490700 0.418700 O 2 4a 0.019000 0.474000 0.610000
O 3 4a 0.650000 0.997900 0.188300 O 3 4a 0.453000 0.677000 0.651000
O 4 4a 0.160000 0.163700 0.195600 O 4 4a 0.527000 0.669000 0.100000
O 5 4a 0.841000 0.168000 0.666900 O 5 4a 0.868000 0.334000 0.863000
O 6 4a 0.527000 0.163700 0.936200 O 6 4a 0.336000 0.513000 0.891000
Fe 7 4a 0.192800 0.150600 0.580700 Fe 7 4a 0.204000 0.350900 0.772600
Fe 8 4a 0.682600 0.029100 0.789700 Fe 8 4a 0.807000 0.660500 0.693000
Fe 9 4a 0.185800 0.151900 0.000000 Fe 9 4a 0.676800 0.842700 0.000000
Fe 10 4a 0.810400 0.158000 0.307100 Fe10 4a 0.685200 0.463400 0.983000



Isopointal and isoconfigurational structures

® Two structures are defined as isopointal if:

(1) they have the same space-group type or belong to a pair of
enantiomorphic space groups, and

(2) the atomic positions are the same in both structures

® Two structures are defined as isoconfigurational (or belonging to the
same structure type) if

(1) they are isopointal, and

(2) for all corresponding Wyckoff positions, both, the crystallographic
configurations (crystallographic orbits) and their geometric
interrelationships, are similar.

Lima-de Faria et al. Acta Cryst. (1990), A41, 1



Example |

225 NaCl
5.63347 5.63347 5.63347 90. 90. 90.

2

Na 1 4a 0.000000 0.000000 0.000000
Cl 1 4b 0.500000 0.500000 0.500000
225 MgO
4.2052 4.2052 4.2052 90. 90. 90.

2

Mg 1 4a 0.000000 0.000000 0.000000
O 1 4b 0.500000 0.500000 0.500000

NaCl and MgO are isopointal structures

NaCl and MgO are isoconfigurational structures



Example Il

Pyrite: Pa3
a=b.42 A

Fe 4a 00O
S 8¢ xXxX
with x=0.384

CO,: Pa3
a=5.62 A
C 4a 000
O 8c X X X
with x=0.118

Pyrite and CO, are isopointal structures



Exercise 5

@=—p b KAs F6

#ICSD: 59413

148

7.348 7.348 7.274 90. 90. 120.

3

K 1 3b 0.333333 0.666670 0.166670
As1 3a 0.000000 0.000000 0.000000
F 1 18f 0.129200 0.216500 0.138100

® Do the following three structures belong to the same structure type?

#ICSD: 240981

148

7.3965 7.3965 7.2826 90. 90. 120.

3

Ir 1 3a 0.000000 0.000000 0.000000
F 1 18f 0.072900 0.232500 0.164000
Ba 1 3b 0.333333 0.666667 0.166700

#ICSD: 33788

148

7.42797.4279 7.418 90. 90. 120.

3

Ba 1 3a 0.000000 0.000000 0.000000
Sn 1 3b 0.000000 0.000000 0.500000
F 1 18f 0.258600 0.826200 0.004700



Structure types - COMPSTRU

ABX6 family R-3 (148); WP sequence: fba; Pearson: hR8

KCrFg LiNbFg VNbFg HgRhFg MgPbFg InAsFg Reference structure:

RbCrFg | LiRuFg | CozrFg | NiRhFg | ZnPbFg | CsNbFg CaCrFgq

KAsFg LiRhFg | PdPtFgs | CaCrFs | NiPbFg | HgCrFg .
maximal

RuAsFg LiTaFg FeNbFg MgCrFg | MgPdFg | CoSnFg distance d,,, [A]
CsAsFg LiOsFg CaSnFg | CdCrFg | CaPdFg | CsNbFg

RbSbFg LilrFg FeZrkg MnSnFg | ZnPdFg MnPtFg

rg
NiPtF,
0.1282

BaSnFg LiPtFg CuzrFg | FeSnFs | CdPdFg | CdRhF MnPtFg

CsBrFg LiAuFg CaPtFg | ZnSnFg LiSbFg NaBiFg Q.1282

CsSbFg NiPtFg ZnPtFg NiSnFg BalrFg TIAsF, ]
, , Type: LiSbFg
CsBiF; | CdPtFy | CoPtFy | CuSnFg | RbBiFg

CsUF LiPFs | MgRhF | CdSnFy | KRhF,

NiPtF,

KOsFq LiAsFg CaRhFg CdTiFg CsReFq 1.1397

NaCrFs | PdzrFy | znRhFg | LiBiF KPFg

Type: KOsFg



