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SPOT THE DIFFERENCES SIMILARITIES

Pb
3
(PO

4
)

2 
| R-3m (#166)

166
5.56 5.56 20.39 90. 90. 120.
5
Pb 1 3a  0.000000  0.000000 0.000000
Pb 2 6c  0.000000  0.000000 0.212600
P  1 6c  0.000000  0.000000 0.402100
O  1 6c  0.000000  0.000000 0.329000
O  2 18h 0.181000 -0.181000 0.096000

Ng, H. N., & Calvo, C. (1975). Electron paramagnetic resonance 
and X-ray studies of the phase transformation in Pb3P2O8. 
Canadian Journal of Physics, 53(1), 42-51.

Pb
3
(PO

4
)

2 
| C2/c (#15)

15
13.8 5.691 9.42 90. 102.3 90.
7
Pb 1 4e 0 0.291 0.25
Pb 2 8f 0.317 0.309 0.352
P 1 8f 0.599 0.241 0.447
O 1 8f 0.643 0.030 0.392
O 2 8f 0.634 0.464 0.374
O 3 8f 0.642 0.280 0.612
O 4 8f 0.491 0.222 0.420

Guimaraes, D. M. C. (1979). Ferroelastic transformations in lead 
orthophosphate and its structure as a function of temperature. 
Acta Crystallographica Section A: Crystal Physics, Diffraction, 
Theoretical and General Crystallography, 35(1), 108-114.
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PLAN OF ATTACK

??
R-3m (#166)

C2/c (#15)

symmetry reduction

affine transformation
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INDEX

klassengleiche index

translationengleiche index
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INDEX

klassengleiche index

translationengleiche index

INDEXINDEX

https://www.cryst.ehu.es/cryst/get_index.html
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POSSIBLE PATHS (WITHOUT INDEX)SUBGROUPGRAPHSUBGROUPGRAPH

https://www.cryst.ehu.es/cryst/subgroupgraph.html
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POSSIBLE PATHS (WITH INDEX)SUBGROUPGRAPHSUBGROUPGRAPH

HERMANNHERMANN

https://www.cryst.ehu.es/cryst/subgroupgraph.html
https://www.cryst.ehu.es/cryst/hermann.html
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WYCKOFF POSITIONS SPLITTING COMPATIBILITY

R-3m C2/c
Pb 3a 4e Pb

6c 8f
P 6c 8f P
O 6c 8f O
   18h 8f

8f
8f

WPASSIGNWPASSIGN
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O 4 8f 0.491 0.222 0.420

https://www.cryst.ehu.es/cryst/wpassign.html
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WYCKOFF POSITIONS SPLITTING COMPATIBILITY
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WYCKOFF POSITIONS SPLITTING COMPATIBILITY
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WYCKSPLITWYCKSPLIT

https://www.cryst.ehu.es/cryst/wpsplit.html
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R-3m C2/c
Pb 3a 4e Pb
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WYCKOFF POSITIONS SPLITTING COMPATIBILITY
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[WYCKSETS][WYCKSETS]

x

https://www.cryst.ehu.es/cryst/wpsplit.html
https://www.cryst.ehu.es/cryst/get_set.html
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WYCKOFF POSITIONS SPLITTING COMPATIBILITY
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WYCKOFF POSITIONS SPLITTING COMPATIBILITY
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https://www.cryst.ehu.es/cryst/get_set.html
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WYCKOFF POSITIONS SPLITTING COMPATIBILITY
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WYCKOFF POSITIONS SPLITTING COMPATIBILITY
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WYCKOFF POSITIONS SPLITTING COMPATIBILITY
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LATTICE COMPATIBILITY
R-3m (#166) 5.56 5.56 20.39 90. 90. 120.

C2/c (#15) 13.8 5.691 9.42 90. 102.3 90. 

CELLTRANCELLTRAN

C2/c (#15) 54.468 5.560 40.780 90.00 176.62 90.00

?

https://www.cryst.ehu.es/cryst/celltran.html
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LATTICE COMPATIBILITY (TRMAT1)
R-3m (#166) 5.56 5.56 20.39 90. 90. 120.

C2/c (#15) 13.8 5.691 9.42 90. 102.3 90. 

CELLTRANCELLTRAN

C2/c (#15) 54.468 5.560 40.780 90.00 176.62 90.00

NORMALIZERNORMALIZER

n: integer
u: odd
g: even
det(N) = ±1

C2/c (#15) 9.630 5.560 13.967 90.00 103.29 90.00

Strain: 0.20528

STRAINSTRAIN

Δ: 4.17000 0.13100 4.54700 0. 1. 0.

https://www.cryst.ehu.es/cryst/celltran.html
https://www.cryst.ehu.es/cryst/get_nor.html
https://www.cryst.ehu.es/cryst/strain.html
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LATTICE COMPATIBILITY
R-3m (#166) 5.56 5.56 20.39 90. 90. 120.

C2/c (#15) 13.8 5.691 9.42 90. 102.3 90. 

CELLTRANCELLTRAN

C2/c (#15) 54.468 5.560 40.780 90.00 176.62 90.00

NORMALIZERNORMALIZER

n: integer
u: odd
g: even
det(N) = ±1

C2/c (#15) 9.630 5.560 13.967 90.00 103.29 90.00

Strain: 0.20528
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Δ: 4.17000 0.13100 4.54700 0. 1. 0.

https://www.cryst.ehu.es/cryst/celltran.html
https://www.cryst.ehu.es/cryst/get_nor.html
https://www.cryst.ehu.es/cryst/strain.html
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Δ: 0.16720 0.13100 0.21230 0. 1. 0.

C2/c (#15) 13.8 5.691 9.42 90. 102.3 90. 

n: integer
u: odd
g: even
det(N) = ±1

C2/c (#15) 13.9672 5.5600 9.6323 90.00 103.29 90.00

LATTICE COMPATIBILITY
R-3m (#166) 5.56 5.56 20.39 90. 90. 120.

CELLTRANCELLTRAN

C2/c (#15) 13.9672 5.5600 40.7800 90.00 166.71 90.00

NORMALIZERNORMALIZER Strain: 0.01160

STRAINSTRAIN

https://www.cryst.ehu.es/cryst/celltran.html
https://www.cryst.ehu.es/cryst/get_nor.html
https://www.cryst.ehu.es/cryst/strain.html
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COMPATIBLE TRANSFORMATION MATRIX TO SUBGROUP

WP Splitting compatible 
Group – Subgroup TrMat

Lattice compatible element 
of Affine Normalizer

Pb
3
(PO

4
)

2 
| R-3m (#166)

166
5.56 5.56 20.39 90. 90. 120.
5
Pb 1 3a  0.000000  0.000000 0.000000
Pb 2 6c  0.000000  0.000000 0.212600
P  1 6c  0.000000  0.000000 0.402100
O  1 6c  0.000000  0.000000 0.329000
O  2 18h 0.181000 -0.181000 0.096000

-1/3a+1/3b-2/3c,a+b,a-b;-1/3,-1/6,1/3

15
13.967 5.560 9.630 90. 103.29 90.
7
Pb 1 4e 0.499999 0.250000 0.249999  
Pb 2 8f 0.181099 0.250000 0.143699  
P  1 8f 0.896849 0.250000 0.048949  
O  1 8f 0.006499 0.250000 0.085499  
O  2 8f 0.355999 0.750000 0.882999  
O  3 8f 0.355999 0.021500 0.611500
O  4 8f 0.644001 0.478500 0.888499

TRANSTRUTRANSTRU

https://www.cryst.ehu.es/cryst/transtru.html
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ATOMIC POSITIONS MATCHING
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ATOMIC POSITIONS MATCHING
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https://www.cryst.ehu.es/cryst/equivstru.html
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ATOMIC POSITIONS MATCHINGEQUIVSTRUEQUIVSTRU

https://www.cryst.ehu.es/cryst/equivstru.html
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ATOMIC POSITIONS MATCHING
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FINAL TRANSFORMATION MATRIX

WP Splitting compatible Group 
– Subgroup TrMat

Lattice compatible element 
of Affine Normalizer

Lattice compatible element
 of Euclidean Normalizer

The sought
transformation matrix!
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Pb
3
(PO

4
)

2 
| C2/c (#15)

HIGH SYMMETRY STRUCTURE DEFINED IN LOW SYMMETRY 
STRUCTURE’S SETTING (COMPATIBLE LATTICE & POSITIONS)

Pb
3
(PO

4
)

2 
| R-3m (#166)

166
5.56 5.56 20.39 90. 90. 120.
5
Pb 1 3a  0.000000  0.000000 0.000000
Pb 2 6c  0.000000  0.000000 0.212600
P  1 6c  0.000000  0.000000 0.402100
O  1 6c  0.000000  0.000000 0.329000
O  2 18h 0.181000 -0.181000 0.096000

15
13.967 5.560 9.630 90. 103.29 90.
7
Pb 1 4e 0.000000 0.250000 0.250000  
Pb 2 8f 0.681100 0.250000 0.143700  
P  1 8f 0.396850 0.250000 0.048950  
O  1 8f 0.506500 0.250000 0.085500  
O  2 8f 0.856000 0.750000 0.883000  
O  3 8f 0.856000 0.521500 0.111500
O  4 8f 0.144000 0.978500 0.388500

Pb
3
(PO

4
)

2 
| (#166 → #15)

15
13.8 5.691 9.42 90. 102.3 90.
7
Pb 1 4e 0 0.291 0.25
Pb 2 8f 0.317 0.309 0.352
P 1 8f 0.599 0.241 0.447
O 1 8f 0.643 0.030 0.392
O 2 8f 0.634 0.464 0.374
O 3 8f 0.642 0.280 0.612
O 4 8f 0.491 0.222 0.420

-1/3a+1/3b-2/3c,a+b,a-b;-1/2,0,0

TRANSTRUTRANSTRU

https://www.cryst.ehu.es/cryst/transtru.html
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COMPARISON OF THE TWO STRUCTURESCOMPSTRUCOMPSTRU

https://www.cryst.ehu.es/cryst/compstru.html
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IF ONLY WE HAD A DIRECT WAY OF DOING IT...
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15
13.8 5.691 9.42 90. 102.3 90.
7
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??
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IF ONLY WE HAD A DIRECT WAY OF DOING IT...
Spoiler Alert: STRUCTURE RELATIONS! (This case is actually the default case! 8)
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

205
5.4178 5.4178 5.4178 90. 90. 90.
2
Fe 1 4a 0.000000 0.000000 0.000000  
S  1 8c 0.384730 0.384730 0.384730

FeS
2
 (Pyrite) | Pa-3 (#205)

Zuñiga-Puelles, E., R. Cardoso-Gil, M. Bobnar, I. Veremchuk, C. 
Himcinschi, C. Hennig, J. Kortus, G. Heide, and R. Gumeniuk. 
"Structural stability and thermoelectric performance of high 
quality synthetic and natural pyrites (FeS 2)." Dalton Transactions 
48, no. 28 (2019): 10703-10713.
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

PdS
2
 | Pbca (#61)

61
5.465 5.538 7.525 90. 90. 90.
2
Pd 1 4a 0 0 0
S 1 8c 0.104 0.109 0.416

Hamidani, A., Bennecer, B., & Zanat, K. (2010). Structural and 
electronic properties of the pseudo-binary compounds PdX2 (X= P, 
S and Se). Journal of Physics and Chemistry of Solids, 71(1), 42-46.
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

61
5.4650 5.5380 7.5250 90.00 90.00 90.00
2
Pd 1 4a 0.000000 -0.500000 -0.500000
S  1 8c 0.104000 -0.391000 -0.084000 

PdS
2
 | Pbca (#61)

61
5.4650 5.5380 7.5250 90.00 90.00 90.00 
2
Pd 1 4a 0.000000 0.500000 0.500000  
S  1 8c 0.104000 0.609000 0.916000

[Normalizer]
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

29
6.015 6.072 5.992 90. 90. 90.
3
Pt 1 4a 0.008600 0.742000 0.000000  
Ge 1 4a 0.383300 0.136400 0.616800  
Se 1 4a 0.619800 0.375900 0.382000

PtGeSe | Pca2
1
 (#29)

Abrahams, S. C., & Bernstein, J. L. (1977). Note on the crystal 
structure of ferroelastic PtGeSe. Acta Crystallographica Section B: 
Structural Crystallography and Crystal Chemistry, 33(1), 301-302.
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

205
5.4178 5.4178 5.4178 90. 90. 90.
2
Fe 1 4a 0.000000 0.000000 0.000000  
S  1 8c 0.384730 0.384730 0.384730

FeS
2
 (Pyrite) | Pa-3 (#205)

61
5.4178 5.4178 5.4178 90. 90. 90.
2
Fe 1 4a 0.000000 0.000000 0.000000  
S  1 8c 0.384730 0.384730 0.384730

FeS
2
 | Pbca (#61)
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

61
5.4178 5.4178 5.4178 90. 90. 90.
2
Fe 1 4a 0.000000 0.000000 0.000000  
S  1 8c 0.384730 0.384730 0.384730

FeS
2
 | Pbca (#61) PdS

2
 | Pbca (#61)

61
5.4650 5.5380 7.5250 90.00 90.00 90.00 
2
Pd 1 4a 0.000000 0.500000 0.500000  
S  1 8c 0.104000 0.609000 0.916000
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

61
5.4178 5.4178 5.4178 90. 90. 90.
2
Fe 1 4a 0.000000 0.000000 0.000000  
S  1 8c 0.384730 0.384730 0.384730

FeS
2
 | Pbca (#61) PdS

2
 | Pbca (#61)

61
5.4650 5.5380 7.5250 90.00 90.00 90.00 
2
Pd 1 4a 0.000000 0.500000 0.500000  
S  1 8c 0.104000 0.609000 0.916000
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

61
5.4178 5.4178 5.4178 90. 90. 90.
2
Fe 1 4a 0.000000 0.000000 0.000000  
S  1 8c 0.384730 0.384730 0.384730

FeS
2
 | Pbca (#61) PdS

2
 | Pbca (#61)

61
5.4650 5.5380 7.5250 90.00 90.00 90.00 
2
Pd 1 4a 0.000000 0.500000 0.500000  
S  1 8c 0.104000 0.609000 0.916000
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

61
5.4178 5.4178 5.4178 90. 90. 90.
2
Fe 1 4a 0.000000 0.000000 0.000000  
S  1 8c 0.384730 0.384730 0.384730

FeS
2
 | Pbca (#61) PdS

2
 | Pbca (#61)

061
5.4650 5.5380 7.5250 90.00 90.00 90.00 
2
Pd 1 4a 0.000000 0.500000 0.500000  
S 1 8c 0.104000 0.609000 0.916000
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

PdS
2
 | Pbca (#61)

61
5.4650 5.5380 7.5250 90.00 90.00 90.00 
2
Pd 1 4a 0.000000 0.500000 0.500000  
S  1 8c 0.104000 0.609000 0.916000

29
6.015 6.072 5.992 90. 90. 90.
3
Pt 1 4a 0.008600 0.742000 0.000000  
Ge 1 4a 0.383300 0.136400 0.616800  
Se 1 4a 0.619800 0.375900 0.382000

PtGeSe | Pca2
1
 (#29)
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

PdS
2
 | Pbca (#61)

61
5.4650 5.5380 7.5250 90.00 90.00 90.00 
2
Pd 1 4a 0.000000 0.500000 0.500000  
S  1 8c 0.104000 0.609000 0.916000

29
6.015 6.072 5.992 90. 90. 90.
3
Pt 1 4a 0.008600 0.742000 0.000000  
Ge 1 4a 0.383300 0.136400 0.616800  
Se 1 4a 0.619800 0.375900 0.382000

PtGeSe | Pca2
1
 (#29)
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

PdS
2
 | Pbca (#61)

61
5.4650 5.5380 7.5250 90.00 90.00 90.00 
2
Pd 1 4a 0.000000 0.500000 0.500000  
S  1 8c 0.104000 0.609000 0.916000

PdS
2
 | Pca2

1
 (#29)

29
7.5250 5.5380 5.4650 90.00 90.00 90.00 
3
Pd 1 4a 0.500000 0.250000 0.000000  
S  1 4a 0.916000 0.359000 0.896000  
S  2 4a 0.416000 0.141000 0.60400
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

29
6.015 6.072 5.992 90. 90. 90.
3
Pt 1 4a 0.008600 0.742000 0.000000  
Ge 1 4a 0.383300 0.136400 0.616800  
Se 1 4a 0.619800 0.375900 0.382000

PtGeSe | Pca2
1
 (#29)

PdS
2
 | Pca2

1
 (#29)

29
7.5250 5.5380 5.4650 90.00 90.00 90.00 
3
Pd 1 4a 0.500000 0.250000 0.000000  
S  1 4a 0.916000 0.359000 0.896000  
S  2 4a 0.416000 0.141000 0.60400
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

29
6.015 6.072 5.992 90. 90. 90.
3
Pt 1 4a 0.008600 0.742000 0.000000  
Ge 1 4a 0.383300 0.136400 0.616800  
Se 1 4a 0.619800 0.375900 0.382000

PtGeSe | Pca2
1
 (#29)

PdS
2
 | Pca2

1
 (#29)

29
7.5250 5.5380 5.4650 90.00 90.00 90.00 
3
Pd 1 4a 0.500000 0.250000 0.000000  
S  1 4a 0.916000 0.359000 0.896000  
S  2 4a 0.416000 0.141000 0.60400
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

29
6.015 6.072 5.992 90. 90. 90.
3
Pt 1 4a 0.008600 0.742000 0.000000  
Ge 1 4a 0.383300 0.136400 0.616800  
Se 1 4a 0.619800 0.375900 0.382000

PtGeSe | Pca2
1
 (#29)

PdS
2
 | Pca2

1
 (#29)

29
7.5250 5.5380 5.4650 90.00 90.00 90.00 
3
Pd 1 4a 0.500000 0.250000 0.000000  
S  1 4a 0.916000 0.359000 0.896000  
S  2 4a 0.416000 0.141000 0.60400

default
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

29
6.015 6.072 5.992 90. 90. 90.
3
Pt 1 4a 0.008600 0.742000 0.000000  
Ge 1 4a 0.383300 0.136400 0.616800  
Se 1 4a 0.619800 0.375900 0.382000

PtGeSe | Pca2
1
 (#29)PdS

2
 | Pca2

1
 (#29)

29
7.5250 5.5380 5.4650 90.00 90.00 90.00 
3
Pd 1 4a 0.500000 0.250000 0.000000  
S  1 4a 0.916000 0.359000 0.896000  
S  2 4a 0.416000 0.141000 0.60400

61
5.4178 5.4178 5.4178 90. 90. 90.
2
Fe 1 4a 0.000000 0.000000 0.000000  
S  1 8c 0.384730 0.384730 0.384730

FeS
2
 | Pbca (#61) PdS

2
 | Pbca (#61)

61
5.4650 5.5380 7.5250 90.00 90.00 
90.00 
2
Pd 1 4a 0.000000 0.500000 0.500000  
S  1 8c 0.104000 0.609000 0.916000
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

29
6.015 6.072 5.992 90. 90. 90.
3
Pt 1 4a 0.008600 0.742000 0.000000  
Ge 1 4a 0.383300 0.136400 0.616800  
Se 1 4a 0.619800 0.375900 0.382000

PtGeSe | Pca2
1
 (#29)

205
5.4178 5.4178 5.4178 90. 90. 90.
2
Fe 1 4a 0.000000 0.000000 0.000000  
S  1 8c 0.384730 0.384730 0.384730

FeS
2
 (Pyrite) | Pa-3 (#205)
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

29
6.015 6.072 5.992 90. 90. 90.
3
Pt 1 4a 0.008600 0.742000 0.000000  
Ge 1 4a 0.383300 0.136400 0.616800  
Se 1 4a 0.619800 0.375900 0.382000

PtGeSe | Pca2
1
 (#29)

205
5.4178 5.4178 5.4178 90. 90. 90.
2
Fe 1 4a 0.000000 0.000000 0.000000  
S  1 8c 0.384730 0.384730 0.384730

FeS
2
 (Pyrite) | Pa-3 (#205)

29
5.4178 5.4178 5.4178 90.00 90.00 90.00
3
Fe 1 4a 0.000000 0.750000 0.000400  
S  1 4a 0.384730 0.134730 0.615670  
S  2 4a 0.884730 0.365270 0.885130

FeS
2
 | Pca2

1
 (#29)
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

29
6.015 6.072 5.992 90. 90. 90.
3
Pt 1 4a 0.008600 0.742000 0.000000  
Ge 1 4a 0.383300 0.136400 0.616800  
Se 1 4a 0.619800 0.375900 0.382000

PtGeSe | Pca2
1
 (#29)FeS

2
 | Pca2

1
 (#29)

29
5.4178 5.4178 5.4178 90.00 90.00 90.00
3
Fe 1 4a 0.000000 0.750000 0.000400  
S  1 4a 0.384730 0.134730 0.615670  
S  2 4a 0.884730 0.365270 0.885130
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

PtGeSe | Pca2
1
 (#29)

29
5.4178 5.4178 5.4178 90. 90. 90.
3
Fe 1 4a 0.000000 0.750000 0.000400  
S  1 4a 0.384730 0.134730 0.615670  
S  2 4a 0.884730 0.365270 0.885130

FeS
2
 | Pca2

1
 (#29)

29
6.015 6.072 5.992 90. 90. 90.
3
Pt 1 4a 0.008600 0.742000 0.000000  
Ge 1 4a 0.383300 0.136400 0.616800  
Se 1 4a 0.619800 0.375900 0.382000

1st:PtGeSe, 2nd:FeS2
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TRANSLATIONENGLEICHE MAXIMAL SUBGROUPS

PtGeSe | Pca2
1
 (#29)

FeS
2
 (Pyrite) | Pa-3 (#205)

PdS
2
 | Pbca (#61)

t [3]

t [2]

https://www.cryst.ehu.es/cryst/rel3.html
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KLASSENGLEICHE MAXIMAL SUBGROUPS

AlB
2
 | P6/mmm (#191)

191
3.00390 3.00390 3.28060 90 90 120
2
Al 1 1a 0.000000 0.000000 0.000000
B  1 2d 0.333333 0.666667 0.500000

ZrBeSi | P6
3
/mmc (#194)

194
3.722 3.722 7.232 90. 90. 120.
3
Zr 1 2a 0 0 0
Be 1 2c 0.3333 0.6667 0.250
Si 2 2d 0.3333 0.6667 0.750

CaIn
2
 | P6

3
/mmc (#194)

194
4.892 4.892 7.739 90.00 90.00 120.00
2
In 1 4f 0.6667 0.3333 0.04763
Ca 1 2b 0.0000 0.0000 0.2500

Alarco, J. A., Talbot, P. C., & Mackinnon, I. D. (2015). Phonon 
anomalies predict superconducting T c for AlB 2-type structures. 
Physical Chemistry Chemical Physics, 17(38), 25090-25099.

Rudy, E., Benesovsky, F., Nowotny, H., & Toth, L. E. (1961). Die 
Kristallstruktur von HfBe2, HfBe13 und HfBeSi; Teilsysteme: 
MeBe2-MeB2-MeSi2 (Me= Zr, Hf). Monatshefte für Chemie und 
verwandte Teile anderer Wissenschaften, 92(3), 692-700.

Wendorff, M., & Roehr, C. (2005). Binary Indides AInx (x: 1, 2, 4; A: 
Ca, Sr, Ba, K, Rb)—Studies on Structural Chemistry and Chemical 
Bonding. ChemInform, 36(16).
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KLASSENGLEICHE MAXIMAL SUBGROUPS

AlB
2
 | P6/mmm (#191)

191
3.00390 3.00390 3.28060 90 90 120
2
Al 1 1a 0.000000 0.000000 0.000000
B  1 2d 0.333333 0.666667 0.500000

ZrBeSi | P6
3
/mmc (#194)

194
3.722 3.722 7.232 90. 90. 120.
3
Zr 1 2a 0 0 0
Be 1 2c 0.3333 0.6667 0.250
Si 2 2d 0.3333 0.6667 0.750

CaIn
2
 | P6

3
/mmc (#194)

194
4.892 4.892 7.739 90.00 90.00 120.00
2
In 1 4f 0.6667 0.3333 0.04763
Ca 1 2b 0.0000 0.0000 0.2500
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KLASSENGLEICHE MAXIMAL SUBGROUPS

AlB
2
 | P6/mmm (#191)

191
3.00390 3.00390 3.28060 90 90 120
2
Al 1 1a 0.000000 0.000000 0.000000
B  1 2d 0.333333 0.666667 0.500000

ZrBeSi | P6
3
/mmc (#194)

194
3.722 3.722 7.232 90. 90. 120.
3
Zr 1 2a 0 0 0
Be 1 2c 0.3333 0.6667 0.250
Si 2 2d 0.3333 0.6667 0.750

CaIn
2
 | P6

3
/mmc (#194)

194
4.892 4.892 7.739 90.00 90.00 120.00
2
In 1 4f 0.6667 0.3333 0.04763
Ca 1 2b 0.0000 0.0000 0.2500
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KLASSENGLEICHE MAXIMAL SUBGROUPS

AlB
2
 | P6/mmm (#191)

191
3.00390 3.00390 3.28060 90 90 120
2
Al 1 1a 0.000000 0.000000 0.000000
B  1 2d 0.333333 0.666667 0.500000

ZrBeSi | P6
3
/mmc (#194)

194
3.722 3.722 7.232 90. 90. 120.
3
Zr 1 2a 0 0 0
Be 1 2c 0.3333 0.6667 0.250
Si 2 2d 0.3333 0.6667 0.750
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KLASSENGLEICHE MAXIMAL SUBGROUPS

AlB
2
 | P6/mmm (#191)

191
3.00390 3.00390 3.28060 90 90 120
2
Al 1 1a 0.000000 0.000000 0.000000
B  1 2d 0.333333 0.666667 0.500000

ZrBeSi | P6
3
/mmc (#194)

194
3.722 3.722 7.232 90. 90. 120.
3
Zr 1 2a 0 0 0
Be 1 2c 0.3333 0.6667 0.250
Si 2 2d 0.3333 0.6667 0.750

AlB
2
 | P6

3
/mmc (#194)

194
3.003900 3.003900 6.561200 90 90 120 
3
Al 1 2a 0.000000 0.000000 0.000000  
B  1 2c 0.333333 0.666667 0.250000  
B  2 2d 0.666667 0.333333 0.250000
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KLASSENGLEICHE MAXIMAL SUBGROUPS

AlB
2
 | P6/mmm (#191)

191
3.00390 3.00390 3.28060 90 90 120
2
Al 1 1a 0.000000 0.000000 0.000000
B  1 2d 0.333333 0.666667 0.500000

ZrBeSi | P6
3
/mmc (#194)

194
3.722 3.722 7.232 90. 90. 120.
3
Zr 1 2a 0 0 0
Be 1 2c 0.3333 0.6667 0.250
Si 2 2d 0.3333 0.6667 0.750

AlB
2
 | P6

3
/mmc (#194)

194
3.003900 3.003900 6.561200 90 90 120 
3
Al 1 2a 0.000000 0.000000 0.000000  
B  1 2c 0.333333 0.666667 0.250000  
B  2 2d 0.666667 0.333333 0.250000
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KLASSENGLEICHE MAXIMAL SUBGROUPS

AlB
2
 | P6/mmm (#191)

191
3.00390 3.00390 3.28060 90 90 120
2
Al 1 1a 0.000000 0.000000 0.000000
B  1 2d 0.333333 0.666667 0.500000

ZrBeSi | P6
3
/mmc (#194)

194
3.722 3.722 7.232 90. 90. 120.
3
Zr 1 2a 0 0 0
Be 1 2c 0.3333 0.6667 0.250
Si 2 2d 0.3333 0.6667 0.750

AlB
2
 | P6

3
/mmc (#194)

194
3.003900 3.003900 6.561200 90 90 120 
3
Al 1 2a 0.000000 0.000000 0.000000  
B  1 2c 0.333333 0.666667 0.250000  
B  2 2d 0.666667 0.333333 0.250000

default
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KLASSENGLEICHE MAXIMAL SUBGROUPS

AlB
2
 | P6/mmm (#191)

191
3.00390 3.00390 3.28060 90 90 120
2
Al 1 1a 0.000000 0.000000 0.000000
B  1 2d 0.333333 0.666667 0.500000

CaIn
2
 | P6

3
/mmc (#194)

194
4.892 4.892 7.739 90.00 90.00 120.00
2
In 1 4f 0.6667 0.3333 0.04763
Ca 1 2b 0.0000 0.0000 0.2500
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KLASSENGLEICHE MAXIMAL SUBGROUPS

AlB
2
 | P6/mmm (#191)

191
3.00390 3.00390 3.28060 90 90 120
2
Al 1 1a 0.000000 0.000000 0.000000
B  1 2d 0.333333 0.666667 0.500000

CaIn
2
 | P6

3
/mmc (#194)

194
4.892 4.892 7.739 90.00 90.00 120.00
2
In 1 4f 0.6667 0.3333 0.04763
Ca 1 2b 0.0000 0.0000 0.2500

What if we 
don’t know the 
transformation 

matrix?
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KLASSENGLEICHE MAXIMAL SUBGROUPS

AlB
2
 | P6/mmm (#191)

191
3.00390 3.00390 3.28060 90 90 120
2
Al 1 1a 0.000000 0.000000 0.000000
B  1 2d 0.333333 0.666667 0.500000

CaIn
2
 | P6

3
/mmc (#194)

194
4.892 4.892 7.739 90.00 90.00 120.00
2
In 1 4f 0.6667 0.3333 0.04763
Ca 1 2b 0.0000 0.0000 0.2500
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KLASSENGLEICHE MAXIMAL SUBGROUPS

AlB
2
 | P6/mmm (#191)

191
3.00390 3.00390 3.28060 90 90 120
2
Al 1 1a 0.000000 0.000000 0.000000
B  1 2d 0.333333 0.666667 0.500000

CaIn
2
 | P6

3
/mmc (#194)

194
4.892 4.892 7.739 90.00 90.00 120.00
2
In 1 4f 0.6667 0.3333 0.04763
Ca 1 2b 0.0000 0.0000 0.2500
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ISOMORPHIC MAXIMAL SUBGROUPS

TiO
2
 (Rutile) | P4

2
/mnm (#136)

136
4.6012 4.6012 2.9637 90. 90. 90.
2
Ti 1 2a 0 0 0
O  1 4f 0.3049 0.3049 0

Mashimo, T., Bagum, R., Ogata, Y., Tokuda, M., Okube, M., 
Sugiyama, K., ... & Yoshiasa, A. (2017). Structure of single-crystal 
rutile (TiO2) prepared by high-temperature ultracentrifugation. 
Crystal Growth & Design, 17(4), 1460-1464.

ZnSb
2
O

6
 (Odonezite/Trirutile) | P4

2
/mnm (#136)

136
4.6638 4.6638 9.263 90 90 90
4
Zn 1 2a 0 0 0
Sb 1 4e 0 0 0.3322
O  1 4f 0.315 0.315 0
O  2 8j 0.304 0.304 0.325
Ercit, T. S., Foord, E. E., & Fitzpatrick, J. J. (2002). Ordoñezite from 
the Theodoso Soto mine, Sapioris, Durango, Mexico: new data and 
structure refinement. The Canadian Mineralogist, 40(4), 1207-
1210.
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ISOMORPHIC MAXIMAL SUBGROUPS

TiO
2
 (Rutile) | P4

2
/mnm (#136)

ZnSb
2
O

6
 (Odonezite/Trirutile) | P4

2
/mnm (#136)
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ISOMORPHIC MAXIMAL SUBGROUPS

TiO
2
 (Rutile) | P4

2
/mnm (#136)

ZnSb
2
O

6
 (Odonezite) | P4

2
/mnm (#136)
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ISOMORPHIC MAXIMAL SUBGROUPS

TiO
2
 (Rutile) | P4

2
/mnm (#136)

ZnSb
2
O

6
 (Odonezite) | P4

2
/mnm (#136)
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COMMON SUPERGROUP

α-Na
2
CO

3
 | P6

3
/mmc (#194)

194
5.20784 5.20784 6.45403 90. 90. 120.
4
Na 1 2a 0 0 0
Na 2 2c 0.6667 0.3333 0.75
C  1 2d 0.6667 0.3333 0.25
O  1 6h 0.7958 0.2042 0.25

Swainson, I. P., Dove, M. T., & Harris, M. J. (1995). 
Neutron powder diffraction study of the ferroelastic 
phase transition and lattice melting in sodium 
carbonate, Na2CO3. Journal of Physics: Condensed 
Matter, 7(23), 4395.

α-K
2
CO

3
 | P6

3
/mmc (#194)

194
5.66 5.66 7.1 90. 90. 120.
4
K 1 2a 0 0 0
K 2 2c 0.3333 0.6667 0.25
C 1 2d 0.3333 0.6667 0.75
O 1 6h 0.203 0.406 0.75

Becht, H. Y., & Struikmans, R. (1976). A monoclinic high-
temperature modification of potassium carbonate. Acta 
Crystallographica Section B: Structural Crystallography 
and Crystal Chemistry, 32(12), 3344-3346.

β-Na
2
CO

3
 | C2/c (#12)

12
8.898 5.237 5.996 90. 101.87 90.
6
Na 1 2a 0 0 0
Na 2 2c 0 0 0.5
Na 3 4i 0.17125 0.5 0.74784
C 1 4i 0.16454 0.5 0.24887
O 1 8j 0.10175 0.29345 0.28667
O 2 4i 0.28941 0.5 0.17472
Dušek, M., Chapuis, G., Meyer, M., & Petricek, V. (2003). 
Sodium carbonate revisited. Acta Crystallographica 
Section B: Structural Science, 59(3), 337-352.

β-K
2
CO

3
 | C2/c (#12)

15
5.675 9.920 7.018 90. 96.8 90.
5
K 1 4a 0.5 0.5 0.5
K 2 4e 0 0.332 0.25
C 1 4e 0 0.333 0.75
O 1 4e 0.5 0.702 0.75
O 2 8f 0.678 0.895 0.707

Becht, H. Y., & Struikmans, R. (1976). A monoclinic high-
temperature modification of potassium carbonate. Acta 
Crystallographica Section B: Structural Crystallography 
and Crystal Chemistry, 32(12), 3344-3346.
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COMMON SUPERGROUP

α-Na
2
CO

3
 | P6

3
/mmc (#194)

194
5.20784 5.20784 6.45403 90. 90. 120.
4
Na 1 2a 0 0 0
Na 2 2c 0.6667 0.3333 0.75
C  1 2d 0.6667 0.3333 0.25
O  1 6h 0.7958 0.2042 0.25

α-K
2
CO

3
 | P6

3
/mmc (#194)

194
5.66 5.66 7.1 90. 90. 120.
4
K 1 2a 0 0 0
K 2 2c 0.3333 0.6667 0.25
C 1 2d 0.3333 0.6667 0.75
O 1 6h 0.203 0.406 0.75
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α-Na
2
CO

3
 | P6

3
/mmc (#194) α-K

2
CO

3
 | P6

3
/mmc (#194)

β-Na
2
CO

3
 | C2/c (#12)

β-K
2
CO

3
 | C2/c (#12)
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Nikolova, R., & Kostov-Kytin, V. (2013). Crystal 
chemistry of “glaserite” type compounds. Bulgarian 
Chemical Communications, 45(4), 418-426.
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Albay, S. (2019) “Classification of the Glaserite 
Structures Family by means of Group Theory”, M.S. 
Thesis, Hacettepe University
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