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Appendix A

Here we submit the list of the refined parameters. Table S1 contains parameters for the structure
refined without the general Debye-Waller factor. Table S2 contains information about the structure
parameters with the general Debye-Waller factor. Coordinates x and y are given in a rhombus-
spanning base, what means real-structure r coordinate vector in 2D plane is obtained as follows:
r = xd, + yds, where d, and d; are vectors spanning the rhombic tile (d, and d4 for thin rhombus).
The ‘z’ coordinate is given in A. The letter ‘L’ stands for a thick rhomb and the letter S’ stands for a
thin rhombus. SOF defines site of fraction: 1 means the position is fully occupied, 0 means there is no
atom there. The column labeled ,,Fraction” gives the ratio of atom inside a rhombus depending on it
position in a rhombus f. i. atom on the edge is only in half inside a rhombus. Variables d,., d,, define
components of atomic displacement parameters. Table S3 contains refined values of the moments and
the shift vector.

Table S1. The list of refined parameters without the general Debye-Waller factor. The model of the
expansion of the distribution function into series with moments was used only.

No. Rhomb X y z Al Cu Rh  SOF dyy d,,  Fraction
1 L 0 0 1.08176 0 0 1 1 1.962338 3.320625 0.2
2 L 0.23079 0.22949 233003 0 O 1 0.715503 1.023047 1.834955 1
3 L 0.31644 031613 1.11511 1 0 0 1 0.686323 0.924195 1
4 L 0.53334 0.53263 1.0695 0 0 1 1 0.593798 0.245706 1
5 L 0.76579 0.76364 124532 1 0 0 1 6.393461 4.896138 1
6 L 0.85131 0.85203 1.0695 0 0O 1 1 1.570548 0.602379 1
7 L 0.1506 -0.00162 1.24532 1 0 0 1 6.89039 4.397178 1
8 L 0.45834 -0.00008 1.0695 1 0 0 1 0.36323 0.173149 0.5
9 L 0.86032 0 1.14941 0 1 0 1 0.950083 0.798045 0.5
10 L 1 0 231168 0 1 0 0.727526 1.551222 0.79255 0.3
11 L 1 0.37897 1.08665 0 0 1 1 0.240539 0.201887 0.5
12 L 1.00001 0.85079 1.08082 1 0 O 1 0.130773 1.352856 0.5
13 L 0.27307 0.06222 1.0695 0 1 0 0.5 1.975568 1.445056 1
14 L 0.37887 0.14687 1.0695 0 0 1 1 0.523905 1.076681 1
15 L 0.52379 0.14939 1.0695 1 0 0 1 0.460367 0.248695 1
16 L 0.70879 0.08511 122812 1 0 0 1 0.154357 1.661275 1
17 L 0.61639 0.24171 1.0695 0 0 1 1 0.562472 1.076089 1
18 L 0.77712 0.22557 1.12214 1 0 O 1 0.029688 0.101955 1
19 L 0.62133 0.38263 132062 1 0 0 1 5.468231 1.855598 1
20 L 0.91676 0.13472 1.0695 0 1 0 1 0.473769 1.421129 1
21 L 0.9104 0.28498 1.1051 1 0 O 1 0.782978 2.384478 1
22 L 0.85233 0.47636 1.18412 1 0 0 1 0.283633 1.420402 1
23 L 0.7556  0.62346 1.0695 0 1 0 1 0.25472  1.64595 1
24 L 0.14989  0.15 295038 1 0 O 1 0.119373 2.100859 1
25 L 0.38165 0.38251 3.16927 0 0 1 1 0.262706 0.236688 1
26 L 0.47217 0.47442 3.04386 1 0 O 1 0.156699 1.806543 1
27 L 0.68077 0.67825 3.15658 1 0 0 1 1.476138 0.955337 1
28 L 0.91759 091794 3.13195 0 1 0 1 0.88616 1.461657 1
29 L 1 1 194595 0 1 0 0.727526 0.251843 0.993838 0.2
30 L 0.23671 0 3.18986 0 0 1 1 0.128845 0.780386 0.5
31 L 0.6208 0 259388 1 0 0 1 0.128715 3.244373 0.5
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23 S 0 0.76027 3.19218 0 1 O 1 0.851687 1.114681 0.5
24 S 0.14916 09999 3.17807 1 0 O 1 0.219851 1.506929 0.5
25 S 0.46987 0.99769 296778 1 0 O 0.5 0.222311 3.119826 1
26 S 0.6196 099919 3.17206 0 O 1 1 0.460044 0.513857 0.5
27 S 0.15126 0.48116 3.18107 1 O O 1 0.03809 0.618578 1
28 S 0.23722  0.38274 3.10807 1 O O 1 1.665278 3.479037 1
29 S 0.12486 0.59985 3.20850 0 1 O 1 0.100429 0.704334 1
30 S 0.24029 0.86589 3.20850 1 O O 0.5 0.418107 0.164773 1
31 S 0.3753 0.76109 3.16621 1 0 O 1 1.905218 0.388858 1
32 S 0.53015 0.62845 3.07912 1 0 O 1 0.065106 1.241759 1
33 S 0.62659 0.85681 3.04614 1 0 O 1 4.40071 1.471342 1
34 S 0.77576  0.86038 3.19667 0 1 O 1 0.538974 1.651472 1
35 S 0.09738 0.14509 3.17968 1 0 O 0.4 1.954451 1.379616 1
36 S -0.00001 1.00007 1.48033 0 1 O 0.21  1.569291 1911193 0.1
37 S 1 0.99971 277161 0 1 O 0.21  1.188144 1.752723 0.4
38 S 0.39393 0.64175 2.17896 0 1 0 0.037493 2.519809 1.837286 1

Table S2. The list of refined parameters, where the general Debye-Waller factor was used together
with the model of the expansion of the distribution function into series with moments.

No. Rhomb X y z Al Cu Rh SOF dy, d, Fraction
1 L 0.00000 0.00000 1.08177 0 0 1 1 1.962555 3.320889 0.2
2 L 0.23072 0.22962 233293 0 O 1 0.715503 1.022432 1.834487 1
3 L 0.31695 0.31700 1.11375 1 0 O 1 0.685871 0.923583 1
4 L 0.53284 0.53234 1.06950 0 0 1 1 0.593412 0.245402 1
5 L 0.76500 0.76434 124425 1 0 O 1 6.393952 4.896339 1
6 L 0.85185 0.85192 1.06950 0 0 1 1 1.570487 0.602274 1
7 L 0.15000 -0.00162 1.20070 1 0 O 1 6.890803 4.397266 1
8 L 0.45853 -0.00008 1.06950 1 0 O 1 0.362759 0.172744 0.5
9 L 0.86033 0.00000 1.15472 0 1 O 1 0.950021 0.797865 0.5
10 L 1.00000 0.00000 2.31330 0 1 O 0.727526 1.550725 0.792013 0.3
11 L 1.00000 0.37757 1.08982 0 0 1 1 0.240449 0.201773 0.5
12 L 1.00001 0.85062 1.08040 1 0 O 1 0.130573 1.352399 0.5
13 L 0.27244 0.06221 1.06950 0 1 O 0.5 1.975054 1.444674 1
14 L 0.37907 0.14696 1.06950 0 0 1 1 0.523759 1.076766 1
15 L 0.52344 0.14996 1.06950 1 0 O 1 0.459761 0.248331 1
16 L 0.71002 0.08519 122725 1 0 O 1 0.153926 1.66094 1
17 L 0.61751 0.24151 1.06950 0 0 1 1 0.562051 1.076258 1
18 L 0.77728 0.22675 1.12141 1 0 O 1 0.029324 0.101394 1
19 L 0.62163 0.38247 131687 1 0 O 1 5.46856 1.855246 1
20 L 0.91694 0.13456 1.06950 0 1 O 1 0.473582 1.420956 1
21 L 0.91055 0.28473 1.10466 1 0 O 1 0.782528 2.384263 1
22 L 0.85227 047563 1.18122 1 0 O 1 0.283281 1.419878 1
23 L 0.75445 0.62350 1.06950 0 1 O 1 0.254415 1.64572 1
24 L 0.15021 0.14998 295342 1 0 O 1 0.119  2.100564 1
25 L 0.38135 0.38146 3.16200 0 0 1 1 0.26272 0.236617 1
26 L 0.47251 047459 3.04559 1 0 O 1 0.156351  sty.62 1
27 L 0.68037 0.67935 3.15704 1 0 O 1 1.475795 0.954846 1
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19 S 0.39997 0.40034 3.11362 0 1 O 1 0.874313 0.224432 1
20 S 1.00004 1.00010 195436 0 1 0 0.727526 1.967485 1.409761 0.4
21 S 0.00000 0.23778 3.11991 0 O 1 1 0.280021  0.4468 0.5
22 S -0.00001 0.62207 3.03007 1 0 O 1 0.686859 3.389429 0.5
23 S 0.00000 0.76025 3.19206 0 1 O 1 0.85137 1.114516 0.5
24 S 0.14909 0.99991 3.17856 1 0 O 1 0.219308 1.506535 0.5
25 S 0.46947 099767 296861 1 0 O 0.5 0.221843 3.119749 1
26 S 0.62234 0.99920 3.16936 0 0 1 1 0.459932 0.513729 0.5
27 S 0.15135 0.48088 3.18135 1 0O O 1 0.037684 0.618106 1
28 S 0.23678 038273 3.10932 1 0 O 1 1.664907 3.478933 1
29 S 0.12441 0.60006 3.20850 0 1 O 1 0.100131 0.704089 1
30 S 0.24259 0.86545 320850 1 0O O 0.5 0.41761 0.164239 1
31 S 0.37331 0.76107 3.16720 1 0 O 1 1.905001 0.388341 1
32 S 0.52892 0.62756 3.07932 1 0 O 1 0.064662 1.241349 1
33 S 0.62712 0.85710 3.04728 1 0 O 1 4.400885 1.470944 1
34 S 0.77589 0.86085 3.19657 0 1 O 1 0.538721 1.65162 1
35 S 0.09723 0.14471 3.18011 1 0O O 0.4 1.954109 1.37921 1
36 S -0.00001 1.00002 1.47986 0 1 O 0.21 1.56893 1.910925 0.1
37 S 1.00006 1.00000 2.77228 0 1 O 0.21 1.187694 1.752425 0.4
38 S 0.39384 0.64167 2.17918 0 1 0 0.037493 2.519645 1.836991 1

Table S3. The refined values of the moments and shift vector. The first type refers to the rhombus
from the first pentagon from the atomic surface and second type from the second pentagon.

Case Rhombus 7 [A] ry [A] D) A% DA () (A%
Without the Thick 1 0.001398 -0.01405 0.010989 0.01099 0.001745
general Thick 2 -0.02888 -0.04047 0.010972 0.010984 -0.00163
Debye-Waller Thin 1 0.010109 0.041965 0.010984 0.010911 0.000948
factor Thin 2 -0.01741 0.130769 0.01042 0.008896 0.001286
With the Thick 1 -0.03136 -0.00679 0.010963 0.006022 0.001657
general Thick 2 -0.04808 -0.02118 0.003645 0.008555 -0.00162
Debye-Waller Thin 1 -0.00872 0.03479 0.007526 0.008818 0.000587
factor Thin 2 -0.03273 0.107235 0.006592 0.001156 0.000966

Appendix B

Assuming both local phason flips are equally probable (for both classes of rhombuses within the same
type) and the probability of flip is constant independently on the orientation or the time we
investigated the correlation between the distribution moments for thin and thick rhombus. Correlations
can be used to reduce the number of refinable parameters in the model of the quasicrystal based on the
2" moment approximation. For obtaining the relations the PT set was generated up to 60 unit cells in

each direction of the 5D lattice and projected onto the atomic surface. It was subjected to consecutive
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phason flips following the above mentioned suppositions. The uncertainty comes from calculating
moments and standard deviation for subsets of phason flipped PT limited to 50, 44 40 and 36 unit
cells. All the moments are related to the second moment (x#) of the rhombus’s distribution. In the end,
the relation between the second moment for the thin and thick rhombus was given. The relations are
plotted in the Fig. S1, S2 and S3. All the relations are approximated by the linear function. Moments
(x,) and (y, ) give the coordinates of the center of distribution. From the perspective of our approach

these moments define the displacement vector r®¢,; in formula (6).
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Fig. S1. Relations between moments of the rhombuses distributions. The number “I” refers to

rhombuses from the first pentagon (class I - see chapter 1).
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Fig. S2. Relations between moments of the rhombuses distributions. The number “II”” refers to

rhombuses from the second pentagon (class II - see chapter 1).
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Fig. S3. Relations between the second moments of the distributions. Second moment of the thin

rhombus is related to the second moment of the thick rhombus. Afterwards, the second moment of the

thick rhombus class II is related to the second moment of the rhombus class 1.



