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Table S1  The values of wR2 obtained during testing of the NoMoRe procedure with various numbers
of normal modes included in the refinement. NA - refinement was unsuccessful. Green color denotes the
value of normal modes which was selected for HAR and IAM due to stable low value of wR2 and
unchanging thermal ellipsoids of hydrogen atoms.

normal | QOSZON | TIWXOP | XAXMEP | ZEYVAA | SITKUB | GOJNIF | KCPTCR_max | KCPTCR_std
modes

3 0.2234 0.0848 0.1165 0.1663 | 0.4645 | 0.0976 0.3275 0.1472
10 NA 0.0762 0.0966 0.1411 | 0.0898 | 0.0745 0.1479 0.0795
20 0.1167 0.0753 0.093 0.1326 | 0.0686 | 0.0509 0.1340 0.0770
30 0.105 NA 0.0904 0.1323 NA | 0.1896 0.1342 0.0761
40 0.0985 0.0743 0.0888 0.1322 NA NA 0.1351 0.0752
50 0.0968 NA 0.0884 0.1322 | 0.0649 | 0.0503 0.1306 NA
60 0.0949 0.0739 0.0881 0.1321 NA NA NA 0.0750
70 NA NA 0.0886 0.1321 NA NA NA 0.0745
80 NA NA NA 0.1321 NA | 0.0483 0.1322 0.0740
90 NA NA 0.0887 0.1321 NA | 0.0492 0.1286 NA
100 0.094 NA NA NA NA | 0.0481 NA NA
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Table S2

Experimental and computational details of the neutron, X-ray IAM and X-ray HAR crystal structures of QOSZON. IAM and HAR were performed

with various treatment of hydrogen thermal motions marked in the table. The IAM structures were re-refined with Olex2.refine based on the original structures.

QOSZON neutron 1AM IAM_SHADE3 IAM_NoMoRe IAM_0_HADPs HAR HAR_SHADE3 [ HAR SHADE3 1 | HAR NoMoRe | HAR_NoMoRe 1 HAR_0_HADPs
i
=) z
REFCODE £ o
[literature N N
reference] 8 Q
8 o
Chemical
formula CagH32FeOgP2
Space group p-1
(Té)mpera‘“re 2002) 203(2)
Wavelength [A] 1.315 0.71073
Theta range 2.14-61.68 2.11-26.09
(deg)
sin(9)/ . At 0.67 0.62
Completeness 0.761 0.919
Rint 0.0217 0.0344
Year of 2003 2001
publication
Parameters 733 570 538 538 538 720 538 538 538 538 538
Goodness of fit 1.41 1.00 0.99 1.02 1.01 0.71 0.73 0.73 0.55 0.71 0.80
R[%] 2.64 2.68 2.69 2.74 3.29 1.88 197 1.98 1.99 191 3.19
(reflections) (6301) (5084) (5084) (5084) (5084) (5084) (5084) (5084) (5084) (5084) (5084)
WR2[%0] 5.44 6.92 6.86 7.08 8.25 4.86 5.00 5.09 6.97 493 10.19
(reflections) (6402) (6202) (6202) (6202) (6202) (6202) (6202) (6202) (6202) (6202) (6202)
Apminimax (€A7) -0.36/0.37 | -0.34/0.34 -0.33/0.34 -0.35/0.35 -0.47/0.36 -0.25/0.21 -0.24/0.22 -0.25/0.22 -0.28/0.21 -0.25/0.21 -0.62/0.30
Refined H all all all all all all all all all all all
posmons
H th_ermal aniso iso SHADE3 NoMoRe fixed at 0 anis + iso (H1, H2) S.HAD.E3 SHADE3 NOMQRE NoMoRe fixed at 0
motions (iterative) (iterative)
Table S3  Experimental and computational details of the neutron, X-ray IAM and X-ray HAR crystal structures of SITKUB. IAM and HAR were performed with

various treatment of hydrogen thermal motions marked in the table. The IAM structures were re-refined with Olex2.refine based on the original structures.

S3



SITKUB neutron 1AM IAM_SHADE3 IAM_NoMoRe IAM_0_HADPs HAR HAR SHADE3 | HAR SHADE3 1 | HAR NoMoRe | HAR NoMoRe 1 | HAR 0 HADPs
S g
REFCODE o o
[literature g g
reference] [ [
[%p] [%p]
Chemical
formula C24H47BCIO2P2Rh
Space group P 2:/c
(T}E;“perat“re 2002) 120.15
Wavelength [A] 1.5453 0.71073
Theta range 3.9-66.94 1.78-20.06
(deg)
sin(0)/ LA 0.60 0.68
Completeness 0.474 0.998
Rint 0.0574 0.0293
Year of 2003 2003
publication
Parameters 473 421 421 421 688 421 421 421 421 421
Goodness of fit 1.07 1.06 1.07 1.02 1.07 1.06 0.97 0.98 0.83 0.83 1.08
R[%] 6.49 2.56 2.55 258 313 2.30 2.38 2.39 257 257 3.44
(refiections) (1908) (7021) (7021) (7021) (7021) (7021) (7021) (7021) (7021) (7021) (7021)
WR2[%0] 16.62 5.77 5.68 6.34 7.13 4.69 5.34 5.36 0.58 9.58 12.45
(refiections) (2356) (7624) (7624) (7624) (7624) (7624) (7624) (7624) (7624) (7624) (7624)
Apmin/max (€A) -0.73/0.56 | -0.79/0.47 -0.80/0.46 -0.80/0.45 -0.77/0.51 -0.73/0.44 -0.72/0.44 -0.72/0.45 -0.74/0.42 -0.74/0.42 -0.87/0.56
Refined H all Rh-H all all all all all all all all all
posmons
H thermal : : ’ aniso + iso (H, SHADE3 NoMoRe .
motions iso iso SHADE3 NoMoRe fixed at 0 HOA, H17C) (iterative) SHADE3 (iterative) NoMoRe fixed at 0
Table S4  Experimental and computational details of the neutron, X-ray IAM and X-ray HAR crystal structures of ZEYVAA. IAM and HAR were performed

with various treatment of hydrogen thermal motions marked in the table. The IAM structures were re-refined with Olex2.refine based on the original structures.

ZEYVAA

neutron

>
S

IAM_SHADE3

IAM_NoMoRe

IAM_0_HADPs

HAR

HAR_SHADE3

HAR_SHADE3_1

HAR_NoMoRe

HAR_NoMoRe_1

HAR_0_HADPs

REFCODE
[literature
reference]

ZEYVAA02

ZEYVAAO01

Chemical
formula

CuH

23C|2Nb5i2

Space group

P nma

Temperature

(K)

100

173(2)

Wavelength [A]

0.5-5.0

0.71073
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Theta range NA 246-29.96

(deg)

sin(9)/ . At NA 0.70

Completeness NA 0.7989

Rin 0.0599 0.1130

Year of 2000 1999

publication

Parameters 199 140 115 127 127 140 127 127 127 127 127
Goodness of fit 119 0.99 0.98 0.99 .00 173 174 174 166 0.96 0.97
R[%] 6.20 4.16 433 417 455 511 5.13 5.12 4.98 3.98 5.01
(reflections) (1424) (2212) (2212) 2212) (2212) (2212) (2212) 2212) (2212) (2212) (2212)
WR2[%] 9.8 12.56 12.62 12.60 13.05 17.78 17.92 1791 17.13 1232 16.29
(reflections) (1537) (2221) (2221) (2221) (2221) (2221) (2221 (2221) (2221) (2221) (2221)
Apminimax (€A™ appl?c";ble.. -2.80/1.21 -2.92/1.33 -2.80/1.23 -2.69/1.24 -3.29/1.20 -3.30/1.24 -3.30/1.24 -3.05/1.12 273121 -2.91/1.20
Refined H all all all all all all all all all all all
pOSlthnS

H thermal anis iso SHADE3 NoMoRe fixed at 0 iso SHADE3 SHADE3 NoMoRe NoMoRe fixed at 0
motions (iterative) (iterative)

Table S5 Experimental and computational details of the neutron, X-ray IAM and X-ray HAR crystal structures of GOJNIF. IAM and HAR were performed with

various treatment of hydrogen thermal motions marked in the table. The IAM structures were re-refined with Olex2.refine based on the original structures.

GOJNIF neutron 1AM IAM_SHADE3 IAM_NoMoRe IAM_0_HADPs HAR HAR_SHADE3 HAR_SHADE3 1 HAR_NoMoRe HAR_NoMoRe_1 HAR_0_HADPs
b
REFCODE = Y
[literature ) z
reference] 8 8
O]
Chemical ]
formula Ca9He2InNNiP3
Space group P 212121
;I'é;nperature 100Q2) 100(2)
Wavelength [A] 0.60- 3.36 0.71073
Theta range 7.352-
(deg) 78.740 2.29-36.35
sin(0)/ ). A! NA 0.83
Completeness 0.437 0.9994
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Rint NA NA
Year of
publication 2019 2019
Parameters 991 619 619 619 936 619 619 619 619 619
Goodness of fit 0.57 1.05 1.04 1.05 1.05 1.04 0.81 0.81 0.96 1.05 0.69
R[] 6.20 1.80 248 1.80 1.93 2.29 2.49 2.49 159 157 2.09
(refiections) (3111) (18741) (18741) (18741) (18741) (18741) (18741) (18741) (18741) (18741) (18741)
WR2[%] 14.79 402 6.04 4.16 432 5.08 9.05 9.05 3.96 313 7.76
(refiections) (4718) (19473) (19473) (19473) (19473) (19473) (19473) (19473) (19473) (19473) (19473)
Apminmax (€A7) -0.80/0.80 | -0.51/0.42 -0.75/0.43 -0.51/0.43 -0.59/0.40 -0.62/0.35 -1.33/0.28 -1.33/0.28 -0.55/0.34 -0.50/0.35 -0.99/0.32
Refined H all H1A, all all all all all all all all all
positions H1B

anis + iso(H1A,

H1B, H2A, H3A,
H thermal . . ) H11B, H13A, SHADE3 NoMoRe )
motions anis iso SHADE3 NoMoRe fixed at 0 HI5A H21A. (iterative) SHADE3 (iterative) NoMoRe fixed at 0

H23A, H25C,

H39C)

Table S6  Experimental and computational details of the neutron, X-ray IAM and X-ray HAR crystal structures of TIWXOP. IAM and HAR were performed

with various treatment of hydrogen thermal motions marked in the table. The IAM structures were re-refined with Olex2.refine based on the original structures.

TIWXOP neutron 1AM IAM_SHADE3 | IAM_NoMoRe IAM_0_HADPs HAR HAR SHADE3 | HAR SHADE3 1 | HAR NoMoRe | HAR NoMoRe 1 HAR_0_HADPs
—
o o
REFCODE % (@]
i X
[literature X 2
reference] S =
'_
Chemical .
formula C20H31N20SbSi2
Space group P-1
;I’:n)"nperature 120 120.01(10)
Wavelength [A] 0.85 0.71073
Theta range 0.000-57.91 3.794- 28.961
(deg)
sin(9)/ ). At 1.00 0.62
Completeness 0.775 0.9978
Rint NA NA
Year of 2019 2019
publication
Parameters 489 359 328 328 328 359 328 328 328 328 328
Goodness of fit 147 1.05 1.04 1.06 1.04 0.70 1.10 1.10 0.70 0.94 1.02
0,
R[%] 6.77 3.03 3.12 3.05 3.27 2.87 2.86 2.86 2.89 2.79 3.20
(refiections) (1031) (4181) (4181) (4181) (4181) (4181) (4181) (4181) (4181) (4181) (4181)
WR2[%] 5.37 6.36 6.63 6.44 7.08 9.21 5.0 5.0 9.23 5.76 753
(reflections) (1801) (4543) (4543) (4543) (4543) (4543) (4543) (4543) (4543) (4543) (4543)
Apminmax (€A% -0.63/0.58 -0.59/ 1.05 -0.61/1.02 -0.58/1.05 -0.64/0.99 -0.59/0.98 -0.60/0.98 -0.60/0.98 -0.58/0.97 -0.58/1.00 -0.79/1.01
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Refined H

positions all Sb-H all all all all all all all all all
anis+iso(H

:;2?);’:3' 81|l| ;%2 is0 SHADE3 NoMoRe fixed at 0 iso (?::255; SHADE3 (’:'tg:\:t?\?e‘; NoMoRe fixed at 0

Table S7  Experimental and computational details of the neutron, X-ray IAM and X-ray HAR crystal structures of XAXMEP. IAM and HAR were performed

with various treatment of hydrogen thermal motions marked in the table. The IAM structures were re-refined with Olex2.refine based on the original structures.

XAXMEP neutron 1AM IAM_SHADE3 IAM_NoMoRe IAM_0 HADPs HAR HAR SHADE3 | HAR SHADE3 1 HAR_NoMoRe HAR_NoMoRe 1 HAR 0 HADPs
— —
o o
REFCODE ] &
[literature E >
reference] < %
X X
Chemical
formula Ca2sHs20sP, BF4
Space group P-1
Temperature
20 199(2
Wavelength [A] 0.7-4.2 0.71073 A
Theta range NIA 2.14-28.28
(deg)
sin(0)/ L AT N/A 0.67
Completeness N/A 0.918
Rint N/A 0.0325
Year of 2005 2007
publication
Parameters 308 332 328 472 472 522 472 472 472 472 472
Goodness of fit 1.72 1.07 1.08 1.09 1.08 1.09 1.09 1.09 1.09 1.09 1.07
R[%] 12.9 3.35 3.39 3.34 3.46 3.33 3.35 3.35 3.31 331 3.54
(reflections) (2197) (5953) (5952) (5952) (5952) (5952) (5952) (5952) (5952) (5952) (5952)
WR2[%] 75 8.08 8.09 8.01 8.42 8.04 8.17 8.187 8.05 8.05 9.23
(reflections) (6629) (6629) (6629) (6629) (6629) (6629) (6629) (6629) (6629) (6629) (6629)
Apmin/max (€A~) N/A -1.52/1.32 -1.53/1.32 -1.57/1.36 -1.54/0.90 -1.51/0.86 -1.52/1.22 -1.52/1.22 -1.50/1.36 -1.50/1.36 -1.53/0.88
Refined H all Os-H all all all all all all all all all
positions
H thermal iso iso SHADE3 NoMoRe fixed at 0 iso S.HAD.E3 SHADE3 NoMc_JRe NoMoRe fixed at 0
motions (iterative) (iterative)
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Table S8 Experimental and computational details of the neutron, X-ray IAM and X-ray HAR crystal structures of KCPTCR. IAM and HAR were performed

with various treatment of hydrogen thermal motions marked in the table. The IAM structures were re-refined with Olex2.refine based on the original structures. All

refinements against X-ray data were performed for the maximum resolution [a] and for data pruned to the resolution of 0.59 A [b].

KCPTCR neutron IAM IAM_SHADE3 | IAM NoMoRe | IAM 0 HADPs HAR HAR SHADE3 | HAR SHADE3 1 | HAR NoMoRe | HAR NoMoRe 1 | HAR 0 HADPs
— N
REFCODE & g
[literature 8 8
reference] S 35
< <
fcoi:fnnlllt;al C10HCr20107,C1sH3sKN20s*
Space group P 2:/c
2’]2;71perature 20(1) 28(2)
Wavelength [A] 1.1173(2) 0.71069 A
Theta range 515 48.44
(deg)
Sin(0)/ % AT 0.70 .06
Completeness N/A 0.788
Rint N/A 0.0391
Year of 1981 2005
publication
barameters 208 590 [4] 553 [a] 553 [a] 553 [4] 750 [a] 553 [a] 553 [4] 553 [a] 553 [a] 553 [a]
590 [b] 553 [b] 553 [b] 553 [b] 755 [b] 553 [b] 553 [b] 553 [b] 553 [b] 553 [b]
: 0.79 [a] 1.00 [a] .00 [a] .00 [a] 0.9 [a] 1.07 [a] 0.69 [a] 0.69 [] 0.69 [a] 072 [a]
Goodness of fit 106 1.06 [b] 1.05 [b] 1.05 [b] 1.07 [b] 1.03[b] 0.51[b] 0.51 [b] 0.51[b] 0.51 [b] 1.04 [b]
R[%] 29 3.58 [a] 3.55 [a] 356 [a] 3.62[a] 3.02[a] 3.09 [a] 3.09[a] 3.09 [a] 3.09[a] 3.24[a]
@ian) 219 [b] 2.26 [b] 2.28[b] 2.26 [b] 1.40 [b] 1.61 [b] 1.61 [b] 1.60 [b] 1.60 [b] 1.77 [b]
(reflections) (22536) (5667) (5667) (5667) (5667) (5667) (5667) (5667) (5667) (5667)
WR2[%] 22 1147 [] 8.50 [a] 8.55 [a] 8.50 [a] 5.71 [a] 10.02 [a] 1002 [a] 1001 [a] 10.01 [] 1043 [4]
@i 5.65 [b] 5.88 [b] 5.94 [b] 5.7 [b] 3.21[b] 5.56 [b] 5.55 [b] 5.53 [b] 5.53 [b] 418 [b]
reflections 7017 599 509 5993 5093 599 599 599 599 599
flecti 2 3 3 3 3 3 3 3
Apmiamoc (6A) VA 1470094 [a] | -0.94/0.88 [a] 20.95/0.88 [4] 0.82/0.85 [3] 20.63/0.70 [4] 1.2600.73[a] 125073 [4] 1270.73[4] 127073 4] 117/0.76 [4]
Pminimax (& -0.36/0.30 [0] | -0.38/0.30 [b] -0.39/0.30 [b] -0.42/0.29 [b] -0.16/0.22 [b] -0.59/0.25 [b] -0.59/0.25 [b] -0.59/0.25 [b] -0.59/0.25 [b] -0.29/0.22 [b]
Refined H all all all all all all all all all all all
positions
anis + iso(H1K,
H1M, H1P, H2K,
H thermal anis iso SHADE3 NoMoRe fixed at 0 _H2L) [a] SHADES3 SHADE3 NoMoRe NoMoRe fixed at 0
motions anis + iso(H1G, (iterative) (iterative)

H1K, H2C, H2J)
[b]
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Table S9  X-H bond lengths (units: A) obtained for QOSZON with various experimental methods (neutron and X-ray) and refinement methods (IAM and HAR).
IAM and HAR were performed with various treatment of hydrogen thermal motions marked in the table. The 1AM structures were re-refined with Olex2.refine based

on the original structures.

bond neutron 1AM IAM_SHADE3 IAM_NoMoRe IAM_0_HADPs | HAR HAR_SHADE3 HAR_SHADE3 1 HAR_NoMoRe HAR NoMoRe 1 HAR_0_HADPs
Fel H1 [152902) 1.44@2) |1.442) 1.44(2) 1.442(18) 1.517(17) 1.508(17) 1.508(17) 1.50(2) 1.511(17) 1.514(19)
Fel H2 [1521(2) 1.42@2) |1.422) 1.42(2) 1.428(17) 1.503(16) 1.501(15) 1.500(16) 1.494(19) 1.499(16) 1.499(18)
C2 H3 |1086(2)  0.96(2) |0.96(2) 0.98(3) 0.914(19) 1.091(19) 1.082(17) 1.082(17) 1.09(2) 1.089(18) 1.052(18)
C3 H4 |1.0856(19) 0.95(3) | 0.96(2) 0.97(3) 0.92(2) 1.11(2) 1.107(18) 1.107(18) 1.12(2) 1.11(2) 1.114(19)
C4 H5 |1087(2) 0.96(2) |0.97(2) 0.99(3) 0.92(2) 1.095(19) 1.083(18) 1.083(18) 1.102) 1.092(18) 1.024(19)
C5 H6 |1088(2)  0.91(3) |0.92(2) 0.93(3) 0.891(19) 1.101(18) 1.097(17) 1.097(17) 1.09(2) 1.103(18) 1.105(18)
C6 H7 |1.0877(19) 0.95(2) |0.95(2) 0.97(3) 0.92(2) 1.098(19) 1.090(17) 1.090(18) 1.102) 1.097(18) 1.091(19)
C8 H8 |1086(2) 0.96(2) |0.96(2) 0.97(2) 0.947(18) 1.104(17) 1.103(17) 1.103(17) 1.09(2) 1.103(17) 1.119(18)
C9 H9 |1.0856(19) 0.97(3) | 0.98(2) 1.00(3) 0.928(19) 1.10(2) 1.085(18) 1.084(18) 1.11(2) 1.094(17) 1.088(18)
C10 H10 |1.088(2)  0.92(2) |0.94(2) 0.94(2) 0.947(18) 1.084(15) 1.089(16) 1.090(16) 1.09(2) 1.085(17) 1.112(17)
Cl1 H11|1.089(2) 0.97(3) |0.98(2) 0.99(3) 0.974(18) 1.102) 1.102(17) 1.102(17) 1.12(2) 1.106(18) 1.134(18)
Cl12 H12 | 1.0873(19) 0.94(2) | 0.94(2) 0.96(3) 0.905(19) 1.072(19) 1.060(17) 1.059(18) 1.07(2) 1.072(18) 1.057(18)
Cl4 H13 |1086(2)  0.94(3) | 0.95(3) 0.96(3) 0.91(2) 1.08(2) 1.068(19) 1.067(19) 1.08(2) 1.075(19) 1.071(19)
Cl5 H14 |1.085(2)  0.97(2) |0.97(3) 0.98(3) 0.954(19) 1.080(19) 1.078(19) 1.078(19) 1.08(2) 1.077(18) 1.062(18)
C16 H15|1.085(2)  0.95(3) |0.97(2) 0.97(3) 0.953(19) 1.11(2) 1.116(18) 1.116(18) 1.12(2) 1.114(18) 1.123(18)
C17 H16 |1.085(2)  0.94(3) | 0.95(3) 0.95(3) 0.90(2) 1.091(18) 1.085(19) 1.086(19) 1.09(2) 1.087(19) 1.075(19)
C18 H17 |1.084(2)  0.94(2) |0.95(2) 0.96(3) 0.930(19) 1.088(17) 1.076(17) 1.075(17) 1.08(2) 1.083(18) 1.081(18)
C20 H18 |1.088(2) 0.96(2) |0.97(2) 0.97(2) 0.933(18) 1.102(16) 1.096(17) 1.096(17) 1.10(2) 1.099(17) 1.080(17)
C21 H19 |1.088(2)  0.91(3) |0.93(2) 0.93(3) 0.87(2) 1.070(18) 1.074(18) 1.073(18) 1.07(2) 1.073(18) 1.046(18)
C22 H20|1.083(2) 0.90(3) |0.91(3) 0.92(3) 0.86(2) 1.08(2) 1.085(19) 1.084(19) 1.08(2) 1.086(19) 1.035(19)
C23 H21|1.087(2)  0.99(2) |0.99(2) 1.00(2) 0.987(18) 1.089(16) 1.090(16) 1.091(16) 1.09(2) 1.090(17) 1.112(17)
C24 H22 |1.085(2)  0.952) |0.96(2) 0.96(2) 0.950(19) 1.100(17) 1.105(16) 1.106(16) 1.11(2) 1.100(17) 1.132(19)
C26 H23 |1.0845(19) 0.95(2) | 0.94(2) 0.95(3) 0.93(2) 1.102(19) 1.099(18) 1.100(18) 1.11(2) 1.100(19) 1.146(18)
C27 H24|1085(2)  0.93(3) |0.93(3) 0.96(3) 0.915(19) 1.09(2) 1.085(19) 1.085(19) 1.10(2) 1.09(2) 1.110(18)
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C28
C29
C30
C32
C33
C34
C35
C36

S10

H25
H26
H27
H28
H29
H30
H31

H32

1.085(2)
1.086(2)
1.083(2)
1.084(2)
1.088(2)
1.087(2)
1.085(2)
1.083(2)

1.00(3)
0.95(2)
0.94(2)
0.98(2)
0.92(3)
0.94(2)
0.96(2)
0.95(2)

1.01(2)
0.96(3)
0.95(3)
0.99(2)
0.93(3)
0.95(2)
0.96(2)
0.96(2)

1.02(2)
0.97(3)
0.95(2)
1.00(2)
0.94(3)
0.96(2)
0.97(3)
0.96(3)

0.982(18)
0.936(19)
0.937(19)
0.952(19)
0.87(2)
0.916(19)
0.93(2)
0.93(2)

1.114(18)
1.099(19)
1.082(18)
1.114(17)
1.09(2)

1.078(17)
1.078(17)
1.103(18)

1.111(17)
1.093(18)
1.079(18)
1.101(17)
1.094(19)
1.078(16)
1.076(17)
1.098(18)

1.110(17)
1.092(18)
1.078(19)
1.101(17)
1.093(19)
1.077(16)
1.075(17)
1.098(19)

1.12(2)
1.09(2)
1.07(2)
1.10(2)
1.09(2)
1.078(19)
1.07(2)
1.09(2)

1.114(18)
1.096(19)
1.079(17)
1.105(17)
1.10(2)

1.081(16)
1.077(17)
1.098(19)

1.115(17)
1.069(18)
1.093(18)
1.105(19)
1.06(2)

1.088(17)
1.052(18)
1.11(2)



Table S10 X-H bond lengths (units: A) obtained for SITKUB with various experimental methods (neutron and X-ray) and refinement methods (IAM and HAR).
IAM and HAR were performed with various treatment of hydrogen thermal motions marked in the table. The IAM structures were re-refined with Olex2.refine based

on the original structures.

bond neutron 1AM IAM_SHADE3 IAM_NoMoRe IAM_0_HADPs | HAR HAR_SHADE3 HAR_SHADE3_1 HAR_NoMoRe HAR_NoMoRe_1 HAR_0_HADPs
Rh  H 1531(11)  1.40(2) 1.40(2) 1.41(2) 1.399(18) 1.526(19) 1.523(19) 1.522(19) 1.51(2) 1.51(2) 1.471(19)
c3  H3 1.080(16)  0.9488(NA) | 0.96(2) 0.97(3) 0.952(19) 1.12(2) 1.11(2) 1.11(2) 1.10(3) 1.10(3) 1.12(2)
C4  H4 1.081(12)  0.9485(NA) | 0.93(2) 0.94(3) 0.909(19) 1.08(2) 1.08(2) 1.08(2) 1.15(3) 1.15(3) 1.17(2)
C5 H5 1.098(11)  0.9482(NA) | 0.92(2) 0.92(3) 0.90(2) 1.082(19) 1.09(2) 1.09(2) 1.13(3) 1.13(3) 1.13(2)
C6 Hs 1.071(14)  0.9474(NA) | 0.94(2) 0.95(2) 0.928(19) 1.107(18) 1.10(2) 1.10(2) 1.08(3) 1.08(3) 1.12(2)
C7 W7 1.100(9) 0.9988(NA) | 0.99(2) 1.00(2) 0.983(19) 1.119(19) 1.12(2) 1.12(2) 1.11(3) 1.11(3) 1.10(2)
C8  HBA  |1.079(10)  0.964(12) 0.96(2) 0.98(3) 0.92(2) 1.07(2) 1.05(2) 1.04(2) 1.03(3) 1.03(3) 0.98(2)
C8 H8B  |1054(16)  0.963(12) 0.99(2) 1.00(3) 0.978(19) 1.14(2) 1.13(2) 1.13(2) 1.19(3) 1.19(3) 1.22(2)
C8 H8C  |1.072(16)  0.965(12) 0.97(2) 0.98(2) 0.954(19) 1.09(2) 1.08(2) 1.08(2) 1.10(3) 1.10(3) 1.03(2)
C9  H9A  |1.059(18)  0.955(12) 0.99(2) 1.00(3) 0.975(19) 1.12(2) 1.12(2) 1.12(2) 1.17(3) 1.17(3) 1.15(2)
C9 H9B  |1.087(11)  0.955(12) 0.95(2) 0.97(3) 0.91(2) 1.08(2) 1.06(2) 1.06(2) 1.06(3) 1.06(3) 1.008(19)
C9 H9C |1.085(10)  0.955(12) 0.91(2) 0.91(3) 0.90(2) 1.07(2) 1.06(2) 1.06(2) 1.04(3) 1.04(3) 1.03(2)
C10  H10 1.085(13)  0.9986(NA) | 0.97(2) 0.97(2) 0.957(19) 1.119(19) 1.12(2) 1.12(2) 1.15(3) 1.15(3) 1.16(2)
Cll HIIA |[1.083(13)  0.965(13) 0.96(2) 0.96(3) 0.932(19) 1.09(2) 1.09(2) 1.09(2) 1.11(3) 1.11(3) 1.12(2)
Cll H11B |1.083(11)  0.965(13) 0.96(3) 0.98(3) 0.93(2) 1.10(2) 1.10(3) 1.10(2) 1.11(3) 1.11(3) 1.03(2)
Cll HIIC |1.088(15)  0.966(13) 0.96(2) 0.96(3) 0.969(19) 1.11(2) 1.11(2) 1.11(2) 1.10(3) 1.10(3) 1.12(2)
Cl2 HI2A |1.071(13)  0.943(11) 0.94(2) 0.94(3) 0.93(2) 1.10(2) 1.09(2) 1.09(2) 1.06(3) 1.06(3) 1.07(2)
Cl2 HI2B |[1.072(14)  0.943(11) 0.95(2) 0.95(3) 0.950(19) 1.089(18) 1.09(2) 1.09(2) 1.09(3) 1.09(3) 1.13(2)
Cl2 HI2C |[1.092(13)  0.943(11) 0.95(2) 0.95(2) 0.918(19) 1.10(2) 1.09(2) 1.09(2) 1.07(3) 1.07(3) 1.10(2)
C13 Hi3 1.089(14)  0.9989(NA) | 0.97(2) 0.98(3) 0.995(19) 1.107(18) 1.10(2) 1.11(2) 1.05(3) 1.05(3) 1.08(2)
Cl4 HI14A |1.095(11)  0.974(13) 0.95(3) 0.96(3) 0.972(19) 1.08(2) 1.10(3) 1.10(3) 1.03(3) 1.03(3) 1.06(2)
Cl4 H14B |1.073(14)  0.975(13) 0.98(3) 0.99(3) 0.95(2) 1.11(2) 1.11(2) 1.11(2) 1.12(3) 1.12(3) 1.11(2)
Cl4 HI4C |[1.082(16)  0.976(13) 1.00(3) 1.01(3) 0.96(2) 1.09(2) 1.09(3) 1.09(3) 1.06(4) 1.06(4) 1.06(2)
Cl5 HI5A |1.045(19)  0.975(14) 0.95(2) 0.96(3) 0.918(19) 1.11(3) 1.12(2) 1.12(2) 1.10(3) 1.10(3) 0.963(19)
C15 HI5B |1.095(13)  0.975(14) 0.98(3) 1.00(3) 0.95(2) 1.08(2) 1.07(2) 1.07(2) 1.08(3) 1.08(3) 1.07(2)
Cl5 HI5C |[1.090(11)  0.974(14) 0.98(2) 0.99(3) 0.978(19) 1.11(2) 1.13(2) 1.13(2) 1.16(3) 1.16(3) 1.12(2)
C16  H16 1.094(11)  0.9983(NA) | 0.94(2) 0.95(2) 0.922(19) 1.108(18) 1.10(2) 1.10(2) 1.08(2) 1.08(2) 1.08(2)
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C17
C17
C17
C18
C18
C18
C19
C20
C20
C20
c21
C21
c21
C22
C23
C23
C23
C24
C24

C24

S12

H17A
H17B
H17C
H18A
H18B
H18C
H19

H20A
H20B
H20C
H21A
H21B
H21C
H22

H23A
H23B
H23C
H24A
H24B

H24C

1.096(12)
1.096(14)
1.088(14)
1.077(13)
1.081(13)
1.085(13)
1.103(13)
1.087(12)
1.078(14)
1.091(15)
1.049(17)
1.071(16)
1.077(15)
1.077(12)
1.104(13)
1.083(15)
1.073(12)
1.093(13)
1.081(13)
1.076(14)

0.968(13)
0.969(13)
0.968(13)
0.976(13)
0.976(13)
0.975(13)
0.9982(NA)
0.957(14)
0.957(14)
0.956(14)
0.974(14)
0.973(14)
0.975(14)
0.9984(NA)
0.948(13)
0.948(13)
0.948(13)
0.959(12)
0.959(12)
0.959(12)

0.96(2)
0.97(2)
0.98(2)
1.00(2)
0.96(2)
0.96(2)
0.90(2)
0.98(2)
0.94(2)
0.93(2)
0.99(2)
0.92(3)
1.01(3)
0.97(2)
0.94(3)
0.89(2)
1.00Q2)
1.00(3)
0.93(3)
0.94(3)

0.94(3)
0.99(3)
0.99(3)
1.00(3)
0.97(3)
0.96(3)
0.90(2)
0.99(3)
0.95(3)
0.93(3)
1.01(3)
0.94(4)
1.01(3)
0.98(2)
0.94(3)
0.91(3)
1.003)
1.01(3)
0.93(3)
0.92(3

0.973(19)
0.95(2)
0.947(19)
0.955(19)
0.92(2)
0.95(2)
0.898(19)
0.975(19)
0.95(2)
0.89(2)
0.998(19)
0.84(2)
1.012(19)
0.947(19)
0.91(2)
0.91(2)
0.995(19)
0.982(19)
0.89(2)
0.92(2)

1.10(2)
1.10(2)
1.10(3)
1.09(2)
1.10(2)
1.09(2)
1.08(2)
1.09(2)
1.12(3)
1.10(3)
1.08(3)
1.07(3)
1.10(2)
1.093(19)
1.08(2)
1.06(2)
1.08(2)
1.11(2)
1.08(3)
1.10(2)

1.12(2)
1.10(2)
1.09(2)
1.09(2)
1.11(2)
1.10(2)
1.08(2)
1.10(2)
1.10(2)
1.09(2)
1.09(2)
1.05(2)
1.11(2)
1.09(2)
1.07(2)
1.07(2)
1.08(2)
1.10(2)
1.08(2)
1.11(2)

1.12(2)
1.10(2)
1.09(2)
1.09(2)
1.11(2)
1.10(2)
1.08(2)
1.10(2)
1.11(2)
1.09(2)
1.09(2)
1.05(2)
1.11(2)
1.09(2)
1.07(2)
1.07(2)
1.09(2)
1.10(2)
1.08(2)
1.11(2)

1.11(3)
1.07(3)
1.06(3)
1.12(3)
1.14(3)
1.11(3)
1.10(2)
1.12(3)
1.13(3)
1.07(3)
1.01(3)
1.05(4)
1.13(3)
1.06(3)
1.08(3)
1.08(3)
1.06(3)
1.11(3)
0.99(3)
1.13(3)

1.11(3)
1.07(3)
1.06(3)
1.12(3)
1.14(3)
1.11(3)
1.10(2)
1.12(3)
1.13(3)
1.07(3)
1.01(3)
1.05(4)
1.13(3)
1.06(3)
1.08(3)
1.08(3)
1.06(3)
1.11(3)
0.99(3)
1.13(3)

1.13(2)
1.01(2)
1.019(19)
1.11(2)
1.07(2)
1.13(2)
1.043(19)
1.20(2)
1.15(2)
1.08(2)
1.05(2)
0.933(19)
1.15(2)
1.01(2)
1.05(2)
1.06(2)
1.16(2)
1.15(2)
0.98(2)
1.16(2)



Table S11 X-H bond lengths (units: A) obtained for ZEYVAA with various experimental methods (neutron and X-ray) and refinement methods (IAM and HAR).
IAM and HAR were performed with various treatment of hydrogen thermal motions marked in the table. The IAM structures were re-refined with Olex2.refine based

on the original structures.

bond neutron 1AM IAM_SHADE3 __IAM_NoMoRe IAM_0_HADPs | HAR HAR_SHADE3 HAR SHADE3 1 HAR_NoMoRe HAR_NoMoRe 1 HAR_0_HADPs
Nb H |1.816(8) 1.80(8) 1.7970(3) 1.82(8) 1.89(5) 1.90(7) 1.92(8) 1.92(7) 1.89(7) 1.87(8) 1.92(6)
C3  H3A |1.081(6) 0.86(6) 0.85881(18) 0.89(9) 0.86(6) 0.91(6) 0.88(7) 0.88(7) 0.94(7) 1.00(9) 0.97(5)
C2  H2A |1.094(6) 1.00(6) 1.00(7) 1.00(6) 1.00(4) 1.17(6) 1.25(8) 1.25(7) 1.10(6) 1.13(6) 1.06(4)
C5  H5A |1.095(9) 0.91(6) 0.81(6) 0.91(6) 0.97(4) 1.01(7) 1.13(6) 1.14(6) 1.06(6) 1.06(6) 1.12(4)
C6  H6A | 1.069(7) 0.85(7) 0.85232(13) 0.86(9) 0.81(6) 0.94(9) 0.89(8) 0.90(8) 1.01(7) 1.02(9) 0.99(5)
C4  H4A |1.090(6) 0.96(6) 0.96(7) 0.98(6) 0.97(4) 1.02(8) 1.17(6) 1.16(6) 1.16(6) 1.10(6) 1.16(4)
C8  H8A |1.087(9) 0.96(8) 0.88(7) 0.95(7) 0.94(4) 1.08(8) 1.14(7) 1.14(7) 1.14(7) 1.13(7) 1.13(4)
C8  HSB |1.095(7) 1.02(7) 1.02(7) 1.02(7) 1.03(4) 1.24(6) 1.19(7) 1.19(6) 1.18(6) 1.13(6) 1.14(4)
C8  HSC |1.094(8) 0.95(6) 0.94(7) 0.96(7) 0.93(4) 0.91(8) 0.95(6) 0.94(6) 0.94(6) 1.06(7) 0.98(3)
Cl  H1A |1.083(8) 0.97(6) 0.90(6) 0.98(6) 0.96(4) 1.01(10) 1.05(6) 1.05(6) 1.14(6) 1.12(6) 1.11(4)
C7  H7A | 1.083(7) 0.96(7) 0.85(7) 0.95(7) 0.97(4) 1.05(6) 1.13(6) 1.13(6) 1.04(6) 1.10(6) 1.11(4)
C7  H7B |1.001(8) 0.92(7) 0.84(7) 0.93(7) 0.90(4) 0.80(11) 0.70(6) 0.73(6) 1.04(6) 1.10(7) 1.10(4)
C7  HIC | 1.081(7) 0.97(7) 0.93(7) 0.97(6) 0.99(4) 1.19(7) 1.20(7) 1.19(7) 1.15(6) 1.11(6) 1.17(4)
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Table S12 X-H bond lengths (units: A) obtained for GOINIF with various experimental methods (neutron and X-ray) and refinement methods (IAM and HAR).
IAM and HAR were performed with various treatment of hydrogen thermal motions marked in the table. The 1AM structures were re-refined with Olex2.refine based

on the original structures.

bond neutron 1AM IAM_SHADE3 IAM_NoMoRe IAM_0_HADPs | HAR HAR_SHADE3 HAR_SHADE3_1 HAR_NoMoRe _HAR_NoMoRe_1 HAR_0_HADPs
Nil HIA |1612) 1.64(2) 1.65(3) 1.652(19) 1.620(14) 1.67(4) 1.68(4) 1.68(4) 1.66(2) 1.660(16) 1.71(2)
Nil HIB  |161(2) 1.58(2) 1.58(3) 1.572(19) 1.593(14) 1.68(5) 1.68(4) 1.68(4) 1.686(19) 1.680(16) 1.68(2)
C2  H2A  [110Q3) 0.95 0.91(4) 0.92(2) 0.922(18) 1.07(2) 1.03(3) 1.03(3) 0.96(3) 0.98(2) 0.95(3)
C3  H3A | 115Q2) 0.95 0.95(3) 0.950(18) 0.955(14) 1.07(3) 1.03(3) 1.03(3) 1.044(15) 1.061(13) 0.984(15)
C4  HIA  [113(2) 0.95(NA) 0.92(3) 0.930(18) 0.908(14) 1.07(2) 1.01(3) 1.00(3) 1.081(16) 1.073(13) 1.098(17)
C5  HsA | 1.12(3) 0.95(NA) 0.93(3) 0.950(18) 0.978(14) 1.08(2) 1.07(3) 1.07(3) 1.087(16) 1.091(13) 1.036(16)
C7  HIA [115Q) 0.99(NA) 0.91(3) 0.936(18) 0.954(14) 1.09(2) 1.06(3) 1.06(3) 1.099(15) 1.097(13) 1.168(18)
C7T  H7B | 1142 0.99(NA) 0.97(3) 0.990(19) 0.951(14) 1.11(3) 1.12(3) 1.12(3) 1.102(16) 1.106(14) 1.056(16)
C8 HBA [113Q3) 1(NA) 0.99(3) 1.000(19) 0.995(15) 1.11(3) 1.07(3) 1.07(3) 1.100(16) 1.108(14) 1.161(18)
Co9  H9A  [113(2) 1(NA) 0.97(3) 0.990(19) 0.970(15) 1.11(3) 1.12(3) 1.12(3) 1.119(17) 1.105(14) 1.144(18)
Cl0 HI10A | 1.08(3) 0.98(NA) 0.95(3) 0.949(19) 0.994(14) 1.08(3) 1.16(3) 1.16(3) 1.116(16) 1.116(14) 1.128(17)
Cl0 H10B |1.07(4) 0.98(NA) 1.01(3) 1.01(2) 1.007(14) 1.10(3) 1.01(3) 1.01(3) 1.10(2) 1.090(16) 1.25(2)
Cl0 HI10C |1.11(3) 0.98(NA) 0.97(3) 1.07(2) 0.967(14) 1.12(3) 1.26(3) 1.26(3) 1.13(2) 1.116(17) 0.993(15)
Cll HUA |[1113) 0.98(NA) 1.07(3) 0.98(2) 1.007(14) 1.05(3) 1.06(3) 1.06(3) 1.11(2) 1.110(17) 1.34(2)
Cll HUB |111(3) 0.98(NA) 0.96(3) 0.98(2) 0.932(14) 1.04(3) 1.06(3) 1.06(3) 1.103(18) 1.080(15) 1.160(18)
Cll H1IC |[1.10Q3) 0.98(NA) 0.94(3) 0.98(2) 0.939(14) 1.09(3) 1.09(3) 1.08(3) 1.11(2) 1.101(18) 1.071(16)
Cl2 HI2A | 1.10Q3) 0.98(NA) 0.99(3) 0.95(2) 0.997(14) 1.07(3) 1.05(3) 1.05(3) 1.03(2) 1.035(17) 1.148(18)
Cl2 HI12B |[1.11Q3) 0.98(NA) 0.97(3) 0.99(2) 0.957(14) 1.11(3) 1.20(3) 1.20(3) 1.077(17) 1.083(14) 1.072(18)
Cl2 H12C |1.09(4) 0.98(NA) 1.02(3) 0.96(3) 1.025(14) 1.09(3) 1.05(3) 1.05(3) 1.08(2) 1.094(18) 1.187(18)
C13 HI3A |[1.113) 0.98(NA) 0.96(3) 1.01(2) 0.948(15) 1.07(3) 1.07(3) 1.07(3) 1.11(2) 1.099(18) 1.061(16)
C13 H13B | 1.05(4) 0.98(NA) 0.96(3) 0.99(2) 0.936(15) 1.12(3) 1.10(3) 1.10(3) 1.091(18) 1.088(15) 1.076(18)
C13 HI3C |[1.12(4) 0.98(NA) 1.00(3) 0.99(3) 0.974(15) 1.08(3) 0.95(3) 0.94(3) 1.07(2) 1.09(2) 1.094(17)
Cl5 HI5A | 1.10(3) 0.95(NA) 0.97(3) 1.01(3) 0.953(15) 1.09(2) 1.17(3) 1.18(3) 1.11(2) 1.12(2) 1.068(17)
C16 HI6A |1.15@2) 0.95(NA) 0.92(3) 0.915(18) 0.931(14) 1.09(2) 1.10(3) 1.09(3) 1.106(16) 1.099(14) 1.164(18)
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C17
C18
C20
C20
Cc21
C22
C23
C23
C23
C24
C24
C24
C25
C25
C25
C26
C26
C26
C28
C29
C30
C31
C33
C33
C34
C35
C36
C36
C36
C37
C37
C37
C38
C38
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H17A
H18A
H20A
H20B
H21A
H22A
H23A
H23B
H23C
H24A
H24B
H24C
H25A
H25B
H25C
H26A
H26B
H26C
H28A
H29A
H30A
H31A
H33A
H33B
H34A
H35A
H36A
H36B
H36C
H37A
H37B
H37C
H38A

H38B

1.13(2)
1.13(3)
1.12(2)
1.13(2)
1.16(2)
1.13(2)
1.12(3)
1.06(4)
1.08(3)
1.06(3)
1.12(3)
1.08(3)
1.14(2)
1.103)
1.11(3)
1.06(3)
1.14(3)
1.13(3)
1.12(2)
1.103)
1.13(2)
1.12(2)
1.16(2)
1.12(2)
1.13(2)
1.13(2)
1.08(3)
1.15(3)
1.08(3)
1.103)
1.09(3)
1.09(3)
1.14(2)
1.103)

0.95(NA)
0.95(NA)
0.99(NA)
0.99(NA)
1(NA)

1(NA)

0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)
0.95(NA)
0.95(NA)
0.95(NA)
0.95(NA)
0.99(NA)
0.99(NA)
1(NA)

1(NA)

0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)

1.00(3)
0.95(3)
0.98(3)
0.97(3)
1.00(3)
0.98(3)
0.96(3)
0.97(3)
0.95(3)
0.95(3)
0.92(3)
0.93(3)
0.96(3)
0.96(3)
0.95(3)
0.93(3)
0.97(3)
0.94(3)
0.91(3)
0.98(3)
0.90(3)
0.91(3)
0.94(3)
0.98(3)
0.96(2)
0.96(3)
0.95(3)
0.92(3)
1.00(3)
1.02(3)
0.96(3)
0.95(3)
0.93(3)
0.90(3)

0.997(19)
0.964(19)
0.978(19)
0.982(18)
0.999(17)
0.988(18)
0.979(18)
0.97(2)
0.95(2)
0.96(2)
0.95(2)
0.96(2)
0.95(2)
0.977(19)
0.93(2)
0.96(2)
0.97(2)
0.94(2)
0.95(2)
0.998(18)
0.911(19)
0.921(19)
0.945(18)
0.984(17)
0.974(16)
0.961(18)
0.964(18)
0.933(19)
1.03(2)
1.00(2)
0.97(2)
0.94(2)
0.95(2)
0.94(2)

0.995(14)
0.958(14)
0.979(14)
0.991(14)
1.003(13)
0.977(14)
0.979(14)
0.989(14)
0.963(14)
0.977(14)
0.946(14)
0.927(14)
0.954(14)
0.970(14)
0.967(13)
0.938(14)
0.983(14)
0.954(14)
0.916(14)
1.004(14)
0.897(14)
0.930(14)
0.955(14)
0.990(13)
0.966(12)
0.959(14)
0.955(14)
0.923(14)
0.985(14)
1.045(14)
0.988(15)
0.960(14)
0.923(15)
0.928(15)

1.08(3)
1.11(2)
1.11(3)
1.11(2)
1.10(3)
1.09(2)
1.11(3)
1.06(3)
1.09(3)
1.12(3)
1.05(2)
1.09(3)
1.10(2)
1.08(2)
1.08(3)
1.09(2)
1.06(2)
1.06(3)
1.08(2)
1.06(3)
1.08(3)
1.05(2)
1.10(2)
1.09(2)
1.10(2)
1.09(2)
1.07(3)
1.09(3)
1.10(3)
1.07(3)
1.06(2)
1.06(3)
1.05(3)
1.07(3)

1.15(3)
1.08(3)
1.15(3)
1.11(3)
1.12(3)
1.11(3)
1.10(3)
1.16(3)
1.09(3)
1.19(3)
1.03(3)
1.09(3)
1.08(3)
1.03(3)
1.10(3)
1.10(3)
1.08(3)
1.08(3)
1.12(3)
1.03(3)
1.22(3)
0.97(3)
1.13(3)
1.09(3)
1.11(3)
1.08(3)
0.91(3)
1.09(3)
1.08(3)
1.07(3)
1.04(3)
0.98(3)
1.01(3)
1.06(3)

1.15(3)
1.09(3)
1.15(3)
1.11(3)
1.13(3)
1.11(3)
1.10(3)
1.15(3)
1.09(3)
1.19(4)
1.03(3)
1.09(3)
1.09(3)
1.03(3)
1.10(3)
1.09(3)
1.08(3)
1.08(3)
1.12(3)
1.03(3)
1.22(3)
0.97(3)
1.13(3)
1.09(3)
1.12(3)
1.08(3)
0.92(3)
1.09(3)
1.08(3)
1.06(3)
1.04(3)
0.99(3)
1.01(3)
1.06(3)

1.109(16)
1.111(17)
1.097(16)
1.117(16)
1.110(15)
1.098(16)
1.096(15)
1.099(18)
1.12(2)

1.07(2)

1.180(19)
1.086(19)
1.069(18)
1.112(16)
1.09(2)

1.088(19)
1.100(17)
1.103(19)
1.071(18)
1.104(16)
1.058(16)
1.086(16)
1.039(15)
1.112(15)
1.084(14)
1.098(15)
1.095(16)
1.045(16)
1.13(2)

1.11(2)

1.088(17)
1.054(18)
1.062(18)
1.072(18)

1.094(14)
1.091(14)
1.101(14)
1.113(14)
1.112(12)
1.120(13)
1.103(13)
1.102(15)
1.107(18)
1.072(17)
1.160(16)
1.093(16)
1.071(16)
1.107(13)
1.081(16)
1.090(15)
1.096(14)
1.094(16)
1.079(16)
1.096(13)
1.063(14)
1.084(14)
1.057(13)
1.106(12)
1.093(12)
1.109(13)
1.104(13)
1.081(14)
1.125(17)
1.101(16)
1.086(15)
1.067(16)
1.072(16)
1.080(15)

1.086(17)
1.156(18)
1.070(17)
1.157(18)
1.105(16)
1.128(18)
1.090(17)
1.110(17)
1.070(17)
1.256(19)
1.25(2)

1.093(17)
1.085(17)
1.118(17)
1.038(16)
1.110(17)
1.107(17)
1.033(16)
1.117(17)
1.161(18)
1.013(16)
1.238(19)
0.998(16)
1.124(17)
1.102(17)
1.077(16)
1.059(17)
0.997(16)
1.088(17)
1.174(18)
1.113(17)
1.011(16)
1.031(16)
1.018(17)



C38
C39
C39
C39

S16

H38C
H39A
H39B

H39C

1.11(3)
1.08(3)
1.08(3)
1.12(3)

0.98(NA)
0.98(NA)
0.98(NA)
0.98(NA)

0.91(3)
1.00(3)
0.94(3)
0.95(3)

1.01(2)
0.93(2)
0.96(2)
0.99(2)

0.920(14)
0.998(14)
0.942(15)
0.938(14)

1.10(2)
1.08(3)
1.06(2)
1.09(3)

1.17(3)
1.09(3)
1.04(3)
1.09(3)

1.17(3)
1.09(3)
1.04(3)
1.10(3)

1.11(2)
1.116(19)
1.075(19)
1.11(2)

1.102(17)
1.115(16)
1.087(16)
1.105(18)

1.101(17)
1.173(18)
1.166(19)
1.129(18)



Table S13 X-H bond lengths (units: A) obtained for TIWXOP with various experimental methods (neutron and X-ray) and refinement methods (IAM and HAR).
IAM and HAR were performed with various treatment of hydrogen thermal motions marked in the table. The 1AM structures were re-refined with Olex2.refine based

on the original structures.

bond neutron 1AM IAM_SHADE3 IAM_NoMoRe IAM_0_HADPs | HAR HAR_SHADE3 HAR_SHADE3_1 HAR_NoMoRe HAR_NoMoRe_1 HAR_0_HADPs
Sb HIA | 173(2) 1.74(3) 1.73(3) 1.74(3) 1.74(3) 1.77(4) 1.82(2) 1.81(2) 1.78(4) 1.81(3) 1.80(3)
c3  H3 1.11(3) 0.88(3) 0.88(4) 0.91(3) 0.88(3) 1.04(4) 1.07(3) 1.07(3) 1.05(4) 1.07(3) 1.05(3)
C4  H4 1.103) 0.96(3) 0.97(4) 0.98(4) 0.95(3) 1.13(4) 1.13(3) 1.13(3) 1.14(4) 1.14(3) 1.09(3)
c5  Hs 1.03(3) 0.92(3) 0.90(3) 0.94(3) 0.90(3) 1.03(4) 1.02(2) 1.02(2) 1.06(4) 1.05(3) 0.98(3)
C7  HIA | 1.100) 0.92(3) 0.92(4) 0.93(4) 0.90(3) 1.06(4) 1.04(3) 1.03(3) 1.05(4) 1.04(3) 1.00(3)
C7  H7B | 1.08(4) 0.90(4) 0.87(4) 0.91(4) 0.91(3) 1.03(5) 1.01(3) 1.00(3) 1.06(5) 1.05(4) 1.07(3)
C7  HIC | 1.04%5) 1.01(4) 1.01(4) 0.99(4) 1.00(3) 1.17(6) 1.11(3) 1.12(3) 1.19(5) 1.13(4) 1.13(3)
C8  H8A  |108(NA)  0.85(5) 0.80(4) 0.85(4) 0.78(3) 1.19(11) 0.90(3) 0.90(3) 1.25(5) 1.00(4) 0.79(3)
C8 H8B  [108(NA)  0.90(4) 0.88(4) 0.90(4) 0.91(3) 1.12(5) 1.09(3) 1.09(3) 1.11(5) 1.10(4) 1.11(3)
C8  H8C |108(NA)  0.96(4) 0.96(4) 0.97(4) 0.96(3) 0.96(6) 1.103) 1.10(3) 0.94(5) 1.07(4) 1.11(3)
C9  H9A | 1.06(3) 0.95(4) 0.95(4) 0.96(3) 0.95(3) 1.13(4) 1.08(3) 1.09(3) 1.18(4) 1.09(3) 1.03(3)
Cco  H9B | 1.09(6) 0.96(4) 0.94(4) 0.96(4) 0.94(3) 1.06(6) 1.09(3) 1.08(3) 1.06(4) 1.11(3) 1.10(3)
C9  HIC | 1.09(4) 0.95(4) 0.94(4) 0.94(4) 0.90(3) 1.03(6) 1.07(3) 1.07(3) 0.99(4) 1.05(3) 0.98(3)
CI0  HI0A |1.07(3) 0.90(4) 0.91(4) 0.90(4) 0.92(3) 1.03(5) 1.08(3) 1.07(3) 1.03(4) 1.06(3) 1.06(3)
Cl0 H10B |1.08(4) 1.04(5) 1.01(4) 1.04(4) 1.05(3) 1.13(5) 1.16(3) 1.16(3) 1.15(4) 1.18(4) 1.19(3)
C10  HI10C | 0.97(4) 0.89(4) 0.86(4) 0.89(4) 0.85(3) 1.06(8) 1.01(3) 1.01(3) 1.05(4) 1.03(3) 1.00(3)
Cll HUA |[1.07(4) 0.94(3) 0.93(4) 0.94(4) 0.94(3) 1.06(4) 1.07(3) 1.07(3) 1.08(4) 1.09(3) 1.06(3)
Cll HI11B | 1.05(4) 0.95(3) 0.94(4) 0.94(4) 0.96(3) 1.09(4) 1.06(3) 1.05(3) 1.11(5) 1.08(3) 1.08(3)
Cll HUIC |[111@3) 0.95(3) 0.95(4) 0.95(4) 0.93(3) 1.10(4) 1.06(3) 1.06(3) 1.08(4) 1.07(3) 1.06(3)
Cl2 HI2A | 1.05(4) 0.91(4) 0.89(4) 0.88(4) 0.91(3) 1.10(5) 1.07(3) 1.08(3) 1.12(5) 1.07(4) 1.09(3)
Cl2 H12B | 1.01(6) 0.93(4) 0.90(4) 0.95(5) 0.93(3) 1.14(5) 1.08(3) 1.08(3) 1.14(6) 1.12(5) 1.11(3)
Cl2 HI12C | 1.02(5) 0.89(4) 0.90(4) 0.90(4) 0.88(3) 1.05(6) 1.03(3) 1.03(3) 1.05(4) 1.04(4) 1.04(3)
Cl5 Hi15 1.06(4) 0.92(3) 0.91(3) 0.93(3) 0.90(3) 1.07(4) 1.06(3) 1.06(2) 1.07(3) 1.06(3) 1.04(3)
C16 Hi6 1.07(4) 0.93(3) 0.93(4) 0.95(4) 0.93(3) 1.09(4) 1.10(3) 1.10(3) 1.11(4) 1.12(3) 1.10(3)
C17  H17 1.07(3) 0.94(3) 0.92(3) 0.95(3) 0.92(3) 1.07(4) 1.07(2) 1.07(2) 1.10(4) 1.08(3) 1.05(3)
C19 HI9A | 1.08(4) 0.96(3) 0.94(4) 0.95(4) 0.95(3) 1.07(5) 1.04(3) 1.03(3) 1.07(4) 1.06(3) 1.05(3)
C19 H19B | 1.10(4) 0.95(3) 0.94(4) 0.96(4) 0.98(3) 1.02(6) 1.10(3) 1.09(3) 1.05(4) 1.10(3) 1.11(3)
C19 HI19C | 1.01(5) 0.92(4) 0.91(4) 0.91(4) 0.89(3) 1.02(6) 1.06(3) 1.06(3) 1.06(4) 1.07(3) 1.03(3)

S17



C20 H20A | 1.15(4) 0.96(4) 0.95(4) 0.98(4) 0.95(3) 1.02(8) 1.09(3) 1.08(3) 1.08(5) 1.11(3) 1.08(3)
C20 H20B | 1.02(5) 0.92(4) 0.90(4) 0.92(4) 0.90(3) 1.09(5) 1.05(3) 1.05(3) 1.07(4) 1.07(3) 1.05(3)

C20 H20C |1.11(4) 0.91(4) 0.89(4) 0.91(4) 0.90(3) 1.06(7) 1.04(3) 1.04(3) 1.02(4) 1.05(4) 1.02(3)

S18



Table S14 X-H bond lengths (units: A) obtained for XAXMEP with various experimental methods (neutron and X-ray) and refinement methods (IAM and HAR).
IAM and HAR were performed with various treatment of hydrogen thermal motions marked in the table. The 1AM structures were re-refined with Olex2.refine based

on the original structures.

bond neutron IAM IAM_SHADE3 _IAM_NoMoRe IAM_0_HADPs | HAR HAR_SHADE3 HAR_SHADE3_1 HAR_NoMoRe HAR_NoMoRe_1 HAR_0_HADPs
Os H1 1.606(17)  1.63(4) 1.62(6) 1.60(6) 1.62(4) 1.70(4) 1.69(6) 1.69(6) 1.68(6) 1.68(7) 1.72(5)
Os H2 1.632(15)  161(5) 1.61(6) 1.61(6) 1.59(4) 1.67(5) 1.67(6) 1.67(6) 1.67(6) 1.67(6) 1.63(4)
Os H3 1.599(21)  1.60(6) 1.59(6) 1.61(7) 1.58(4) 1.66(6) 1.65(7) 1.65(7) 1.68(7) 1.68(7) 1.65(5)
Os H4 1.626(19)  1.60(7) 1.59(6) 1.58(7) 1.62(4) 1.69(7) 1.67(7) 1.67(7) 1.66(7) 1.66(7) 1.72(5)
C6  HBA  [1.092(25)  0.980(6) 0.979(6) 0.95(7) 0.93(5) 1.10(9) 1.11(7) 1.11(7) 1.10(7) 1.10(7) 1.08(5)
C6  HeB  |1.002(26)  0.979(6) 0.981(6) 0.94(8) 0.91(5) 1.06(8) 1.04(7) 1.04(7) 1.08(8) 1.08(8) 1.10(4)
C6  HB6C  [1.093(23)  0.980(6) 0.979(6) 0.99(8) 1.02(4) 1.15(8) 1.15(7) 1.15(7) 1.14(8) 1.14(8) 1.17(5)
C8  HsA  |1.002(25)  0.981(8) 0.982(8) 1.02(9) 0.96(5) 1.17(11) 1.13(8) 1.13(8) 1.12(9) 1.12(9) 1.04(5)
C8 H8B  [1.091(28)  0.980(6) 0.978(6) 0.90(8) 0.91(5) 1.14(16) 1.13(7) 1.13(7) 1.09(8) 1.09(8) 1.10(5)
C8  HSC  |1.096(23)  0.981(7) 0.982(7) 1.00(9) 0.93(5) 1.14(10) 1.14(8) 1.14(8) 1.12(9) 1.12(9) 1.26(4)
C7  H7TA  [1.093(25)  0.979(6) 0.980(6) 0.85(10) 0.79(5) 0.99(9) 0.94(7) 0.94(7) 1.00(10) 1.00(10) 0.85(4)
C7  H7B  |1.08427)  0.981(6) 0.980(6) 0.94(9) 0.97(5) 1.00(11) 1.05(7) 1.05(7) 1.10(9) 1.10(9) 1.12(5)
C7  HIC  [1.09227)  0.979(7) 0.979(7) 0.90(8) 0.82(5) 1.12(11) 1.09(7) 1.09(7) 1.05(8) 1.06(8) 1.07(5)
C9  H9A  [1.094(26)  0.980(6) 0.979(6) 1.00(7) 1.00(5) 1.12(8) 1.12(7) 1.12(7) 1.11(7) 1.12(7) 1.14(5)
C9 H9B  [1.092(25)  0.980(7) 0.981(7) 0.94(8) 0.94(5) 1.05(8) 1.07(8) 1.07(8) 1.10(8) 1.11(8) 1.12(5)
Co9  H9C  |1.003(25)  0.979(7) 0.980(7) 0.99(8) 0.93(5) 1.18(10) 1.14(8) 1.13(8) 1.13(8) 1.13(8) 1.04(5)
C10 HIOA |[1.096(27)  0.981(6) 0.980(6) 0.95(7) 0.93(5) 1.12(9) 1.12(7) 1.12(7) 1.11(7) 1.11(7) 1.10(5)
C10 HI0B |[1.089(24)  0.980(6) 0.980(6) 0.95(7) 0.92(5) 1.13(10) 1.12(7) 1.12(7) 1.12(8) 1.12(7) 1.14(5)
C10 HI0C |[1.093(29)  0.980(7) 0.981(7) 0.99(8) 0.97(5) 1.10(8) 1.09(7) 1.09(7) 1.11(8) 1.11(8) 1.11(5)
Cll  Hi1 1.093(26)  0.999(4) 0.999(4) 0.97(6) 0.94(5) 1.12(6) 1.11(6) 1.11(6) 1.11(6) 1.11(6) 1.07(4)
Cl2 HI2A [1.096(20)  0.989(5) 0.988(5) 1.02(7) 0.98(5) 1.17(6) 1.15(6) 1.15(6) 1.15(7) 1.15(7) 1.11(4)
Cl2 H12B [1.092(26)  0.990(5) 0.990(5) 0.96(7) 0.94(5) 1.11(6) 1.11(6) He 1.11(7) 1.11(7) 1.09(5)
C13 HI3A |[1.096(26)  0.989(6) 0.989(6) 0.96(8) 0.91(5) 1.08(7) 1.08(7) 1.08(7) 1.07(8) 1.07(8) 1.03(5)
C13 HI3B [1.094(21)  0.990(5) 0.991(6) 1.03(7) 1.01(4) 1.14(10) 1.15(6) 1.15(6) 1.16(7) 1.16(7) 1.16(5)
Cl4 HI14A [1.094(26)  0.990(6) 0.991(7) 1.00(8) 0.95(5) 1.16(8) 1.15(7) 1.15(7) 1.14(8) 1.14(8) 1.09(5)
Cl4 H14B [1.093(20)  0.990(5) 0.989(5) 0.92(8) 0.92(4) 1.06(8) 1.08(6) 1.08(6) 1.07(8) 1.07(8) 1.09(4)
Cl5 HI5A [1.089(21)  0.990(6) 0.990(6) 0.99(8) 1.00(4) 1.12(7) 1.14(7) 1.13(7) 1.13(8) 1.13(8) 1.16(5)
Cl5 HI5B |1.097(26)  0.990(6) 0.991(6) 1.03(8) 1.06(4) 1.18(7) 1.17(7) 1.17(7) 1.14(8) 1.14(8) 1.18(5)

S19



C16
C16
c21
C22
C22
C23
C23
C24
C24
C25
C25
C26
C26
C31
C32
C32
C33
C33
C34
C34
C35
C35
C36
C36

S20

H16A
H16B
H21

H22A
H22B
H23A
H23B
H24A
H24B
H25A
H25B
H26A
H26B
H31

H32A
H32B
H33A
H33B
H34A
H34B
H35A
H35B
H36A

H36B

1.095(20)
1.098(25)
1.097(21)
1.095(27)
1.100(20)
1.102(21)
1.099(21)
1.094(21)
1.100(20)
1.091(27)
1.098(21)
1.093(21)
1.097(20)
1.099(22)
1.092(19)
1.102(22)
1.092(21)
1.091(24)
1.090(21)
1.091(21)
1.097(19)
1.102(21)
1.100(21)
1.098(24)

0.990(5)
0.990(5)
1.000(4)
0.990(5)
0.990(5)
0.990(5)
0.989(5)
0.991(5)
0.989(5)
0.989(5)
0.989(5)
0.989(5)
0.989(5)
1.002(4)
0.989(5)
0.990(5)
0.991(5)
0.988(5)
0.991(5)
0.989(5)
0.990(5)
0.990(5)
0.991(5)
0.990(4)

0.989(5)
0.990(5)
1.000(4)
0.989(5)
0.989(5)
0.990(5)
0.989(5)
0.990(5)
0.988(5)
0.988(5)
0.990(5)
0.989(5)
0.990(5)
1.002(4)
0.989(5)
0.990(5)
0.992(5)
0.986(5)
0.990(5)
0.988(5)
0.990(5)
0.990(5)
0.992(5)
0.989(4)

0.98(6)
0.97(7)
0.98(6)
0.97(6)
0.96(7)
1.02(7)
1.03(6)
0.98(6)
1.09(7)
1.01(7)
0.98(7)
0.92(6)
1.05(7)
1.09(6)
1.00(6)
1.01(6)
1.08(7)
0.96(7)
0.99(7)
0.94(7)
1.10(6)
1.05(7)
1.03(6)
0.98(6)

0.96(4)
0.98(5)
1.00(4)
0.96(5)
0.94(5)
1.00(4)
1.03(4)
0.96(4)
1.12(4)
0.97(4)
0.92(5)
0.88(5)
1.04(4)
1.10(4)
0.99(4)
0.98(4)
1.10(4)
0.95(4)
0.96(5)
0.91(5)
1.08(4)
1.00(4)
1.01(4)
0.93(5)

1.11(8)
1.11(6)
1.13(6)
1.15(7)
1.07(7)
1.15(6)
1.17(6)
1.10(6)
1.21(7)
1.08(8)
1.11(7)
1.04(6)
1.16(6)
1.18(4)
1.12(8)
1.10(6)
1.16(6)
1.15(7)
1.08(7)
1.04(6)
1.21(7)
1.19(7)
1.14(6)
1.05(6)

1.10(6)
1.11(6)
1.12(6)
1.15(6)
1.06(6)
1.15(7)
1.17(6)
1.11(6)
1.20(7)
1.09(6)
1.09(7)
1.04(6)
1.15(6)
1.18(6)
1.12(6)
1.10(6)
1.16(7)
1.16(6)
1.08(6)
1.05(7)
1.20(6)
1.18(7)
1.13(6)
1.04(6)

1.10(6)
1.11(6)
1.12(6)
1.15(6)
1.06(6)
1.15(7)
1.17(6)
1.11(6)
1.21(7)
1.09(6)
1.09(7)
1.04(6)
1.15(6)
1.18(6)
1.12(6)
1.10(6)
1.17(7)
1.16(6)
1.08(6)
1.05(6)
1.20(6)
1.17(6)
1.14(6)
1.04(6)

1.11(6)
1.10(7)
1.14(6)
1.14(6)
1.08(7)
1.15(7)
1.16(6)
1.12(6)
1.21(7)
1.12(7)
1.12(7)
1.04(6)
1.16(7)
1.19(6)
1.12(6)
1.10(6)
1.18(7)
1.13(7)
1.12(7)
1.04(7)
1.20(6)
1.18(7)
1.15(6)
1.08(6)

1.11(6)
1.10(7)
1.14(6)
1.14(6)
1.08(6)
1.15(7)
1.16(6)
1.12(6)
1.21(7)
1.12(7)
1.12(7)
1.04(6)
1.16(7)
1.18(6)
1.12(6)
1.10(6)
1.18(7)
1.13(7)
1.12(7)
1.04(6)
1.20(6)
1.18(7)
1.15(6)
1.08(6)

1.12(5)
1.12(5)
1.15(5)
1.12(5)
1.09(5)
1.16(4)
1.16(5)
1.08(5)
1.23(5)
1.09(4)
1.07(4)
1.03(4)
1.14(5)
1.18(5)
1.12(5)
1.09(5)
1.24(5)
1.15(5)
1.09(5)
1.03(5)
1.17(5)
1.21(4)
1.12(5)
1.05(5)



Table S15 X-H bond lengths (units: A) obtained for KCPTCR (sinf/A = 1.06 A™*) with various experimental methods (neutron and X-ray) and refinement methods
(IAM and HAR). IAM and HAR were performed with various treatment of hydrogen thermal motions marked in the table. The IAM structures were re-refined with

Olex2.refine based on the original structures.

bond neutron 1AM IAM_SHADE3 IAM_NoMoRe IAM_0_HADPs | HAR HAR_SHADE3 HAR SHADE3 1 HAR NoMoRe HAR_NoMoRe 1 HAR_ 0 HADPs
cri H 1.735(5) 1.81(2) 1.752(16) 1.751(16) 1.742(12) 1.738(11) 1.754(17) 1.752(17) 1.754(17) 1.752(17) 1.761(13)
cr2 H 1.723(5) 1.61(2) 1.678(16) 1.678(16) 1.693(12) 1.716(11) 1.688(17) 1.690(17) 1.689(17) 1.692(17) 1.679(13)
Cll HIA | 1.111(5) 1.004(17) 1.010(15) 1.009(16) 1.004(12) 1.113(9) 1.115(16) 1.117(16) 1.113(16) 1.115(16) 1.123(12)
Cll HIB 1.092(4) 0.989(16) 0.984(15) 0.983(15) 0.989(12) 1.086(10) 1.088(15) 1.090(15) 1.088(16) 1.088(16) 1.105(12)
Cl2 HIC 1.098(5) 0.955(16) 0.976(15) 0.978(15) 0.981(12) 1.115(10) 1.119(15) 1.112(15) 1.118(16) 1.111(15) 1.134(12)
Cl2 HID 1.106(5) 1.029(16) 1.021(15) 1.028(15) 1.009(11) 1.100(10) 1.101(15) 1.102(15) 1.106(15) 1.107(15) 1.102(12)
C13 HIE 1.099(3) 0.940(17) 0.967(15) 0.967(16) 0.962(12) 1.102(9) 1.093(15) 1.094(15) 1.096(15) 1.097(15) 1.088(12)
C13  HIF 1.106(4) 0.992(16) 0.973(15) 0.974(15) 0.974(12) 1.097(10) 1.102(15) 1.098(15) 1.105(15) 1.102(15) 1.099(12)
Cl4 HIG 1.093(5) 1.002(16) 1.001(15) 1.002(15) 0.993(11) 1.095(9) 1.102(15) 1.100(15) 1.102(15) 1.100(15) 1.090(12)
Cl4 HIH 1.105(4) 0.993(15) 0.996(14) 0.998(15) 0.986(12) 1.096(9) 1.099(15) 1.093(14) 1.099(15) 1.093(15) 1.089(12)
C15  Hil 1.096(3) 0.942(16) 0.958(15) 0.957(15) 0.963(12) 1.100(10) 1.103(15) 1.102(15) 1.103(15) 1.102(15) 1.104(12)
Cl5 HL 1.094(3) 0.981(17) 0.982(15) 0.985(15) 0.970(12) 1.104(10) 1.087(15) 1.085(15) 1.089(15) 1.087(15) 1.087(12)
Cl6 HIK | 1.095(3) 0.975(16) 0.969(15) 0.970(15) 0.959(12) 1.081(10) 1.096(15) 1.093(15) 1.096(15) 1.093(15) 1.086(12)
C16  HIL 1.109(5) 0.999(17) 0.988(15) 0.991(15) 0.979(12) 1.102(10) 1.092(15) 1.093(15) 1.096(15) 1.097(15) 1.087(12)
C17 HIM | 1.099(4) 0.965(14) 0.966(15) 0.964(16) 0.962(12) 1.089(10) 1.076(15) 1.074(15) 1.071(16) 1.068(16) 1.076(12)
C17  HIN 1.099(5) 0.969(17) 0.958(15) 0.959(16) 0.954(12) 1.095(10) 1.084(15) 1.087(15) 1.084(15) 1.088(16) 1.086(12)
C18 HIO 1.096(5) 0.965(18) 0.956(15) 0.957(16) 0.965(12) 1.111(10) 1.119(15) 1.121(15) 1.117(16) 1.120(16) 1.132(12)
C18  H1P 1.094(5) 1.006(14) 1.014(15) 1.017(16) 1.001(12) 1.101(10) 1.098(15) 1.098(15) 1.097(16) 1.097(16) 1.100(12)
Cl9 HIQ 1.092(5) 0.952(16) 0.951(15) 0.951(16) 0.946(12) 1.075(9) 1.084(15) 1.085(15) 1.082(16) 1.083(16) 1.083(12)
C19 HIR 1.103(5) 0.985(18) 0.993(15) 0.999(16) 0.981(12) 1.089(10) 1.084(15) 1.091(15) 1.083(15) 1.089(15) 1.085(12)
C20  H2A | 1.105(4) 0.950(18) 0.938(15) 0.939(16) 0.937(12) 1.084(10) 1.095(15) 1.091(15) 1.098(16) 1.094(16) 1.086(12)
C20 H2B 1.106(5) 0.981(19) 0.960(15) 0.964(16) 0.946(12) 1.081(10) 1.095(15) 1.093(15) 1.094(16) 1.092(16) 1.099(12)
C21  H2C 1.097(4) 0.965(18) 0.986(15) 0.988(15) 0.987(12) 1.099(9) 1.105(15) 1.106(15) 1.102(15) 1.103(15) 1.117(12)
C21  H2D 1.089(4) 0.947(16) 0.931(15) 0.930(16) 0.937(12) 1.079(10) 1.082(15) 1.079(15) 1.084(16) 1.081(16) 1.067(12)
C22  H2E 1.107(4) 0.994(17) 1.012(15) 1.016(15) 1.000(11) 1.111(10) 1.103(15) 1.105(15) 1.105(16) 1.108(16) 1.096(12)
C22  H2F 1.081(5) 1.017(15) 0.994(15) 0.995(15) 0.986(12) 1.090(10) 1.102(15) 1.105(15) 1.103(16) 1.105(16) 1.107(12)
C23  H2G 1.099(5) 0.934(16) 0.955(16) 0.956(16) 0.942(12) 1.074(10) 1.078(16) 1.074(16) 1.077(16) 1.074(16) 1.066(11)
C23  H2H 1.116(5) 1.066(19) 1.035(15) 1.037(16) 1.020(12) 1.113(10) 1.119(16) 1.124(16) 1.120(16) 1.126(16) 1.121(12)
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c24  H2l 1.097(5) 0.985(18) 0.991(16) 0.992(16) 0.992(12) 1.126(10) 1.139(17) 1.136(16) 1.137(17) 1.135(17) 1.138(12)
C24  H2 1.096(5) 0.935(19) 0.947(15) 0.947(16) 0.943(12) 1.097(10) 1.101(15) 1.102(15) 1.101(16) 1.103(16) 1.103(12)
C25 H2K | 1.098(5) 0.950(18) 0.968(15) 0.965(15) 0.970(12) 1.101(10) 1.084(15) 1.088(15) 1.083(15) 1.086(15) 1.085(12)
C25  H2L 1.100(4) 0.955(15) 0.971(15) 0.970(16) 0.974(12) 1.116(10) 1.105(16) 1.105(16) 1.105(16) 1.106(16) 1.110(12)
C26 H2M | 1.102(5) 0.964(18) 0.964(15) 0.968(16) 0.960(12) 1.111(10) 1.117(16) 1.119(16) 1.118(16) 1.120(16) 1.126(12)
C26  H2N 1.099(5) 0.941(17) 0.983(15) 0.987(16) 0.971(12) 1.091(11) 1.084(15) 1.090(15) 1.086(15) 1.092(15) 1.086(12)
C27  H20 1.517(2) 0.980(16) 0.974(15) 0.977(16) 0.965(12) 1.080(10) 1.072(15) 1.078(15) 1.075(16) 1.081(16) 1.079(11)
C27  H2P 1.091(5) 1.025(16) 1.018(15) 1.019(16) 1.022(12) 1.117(10) 1.134(16) 1.129(15) 1.132(16) 1.126(16) 1.143(12)
C28  H2Q 1.096(4) 1.008(17) 0.975(15) 0.975(15) 0.974(12) 1.100(9) 1.108(15) 1.111(15) 1.109(15) 1.111(15) 1.104(12)
C28  H2R 1.096(5) 0.949(15) 0.948(15) 0.950(15) 0.942(11) 1.074(9) 1.076(15) 1.066(15) 1.077(15) 1.068(15) 1.068(11)

Table S16 X-H bond lengths (units: A) obtained for KCPTCR (sin6/A = 0.59 A) with various experimental methods (neutron and X-ray) and refinement methods
(IAM and HAR). IAM and HAR were performed with various treatment of hydrogen thermal motions marked in the table. The IAM structures were re-refined with

Olex2.refine based on the original structures.
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bond neutron 1AM IAM_SHADE3 IAM_NoMoRe IAM 0 HADPs | HAR HAR_SHADE3 HAR SHADE3 1 HAR NoMoRe HAR NoMoRe 1 HAR 0 HADPs
ci H 1.735(5) 1.73(2) 1.73(2) 1.73(2) 1.726(16) 1.732(12) 1.747(13) 1.744(13) 1.747(13) 1.744(13) 1.732(12)
cr2  H 1.723(5) 1.70(2) 1.69(2) 1.69(2) 1.704(16) 1.720(12) 1.694(13) 1.697(13) 1.695(14) 1.698(13) 1.723(12)
Cll  HIA | 1111(5) 0.997(18) 1.00(2) 1.00(2) 0.992(17) 1.109(11) 1.105(13) 1.106(13) 1.104(13) 1.105(13) 1.102(12)
Cll HiB 1.092(4) 0.954(18) 0.96(2) 0.96(2) 0.950(17) 1.084(12) 1.089(13) 1.090(13) 1.086(13) 1.087(13) 1.088(12)
Cl2 HIC 1.098(5) 0.986(18) 0.99(2) 0.99(2) 0.986(17) 1.113(11) 1.109(13) 1.104(12) 1.109(13) 1.103(13) 1.120(12)
Cl2 HID 1.106(5) 1.000(18) 1.01(2) 1.01(2) 0.994(17) 1.102(11) 1.102(13) 1.103(13) 1.108(13) 1.108(13) 1.101(12)
C13 HIE 1.099(3) 0.973(18) 0.98(2) 0.98(2) 0.971(17) 1.107(12) 1.091(13) 1.091(13) 1.095(13) 1.095(13) 1.104(12)
C13 HIF 1.106(4) 0.960(18) 0.97(2) 0.97(2) 0.956(17) 1.092(11) 1.099(12) 1.097(12) 1.102(12) 1.100(12) 1.085(12)
Cl4  HIG 1.093(5) 0.975(18) 0.99(2) 0.99(2) 0.970(17) 1.090(11) 1.088(13) 1.086(13) 1.090(13) 1.088(13) 1.086(12)
Cl4  HIH 1.105(4) 0.976(17) 0.99(2) 0.99(2) 0.974(17) 1.098(11) 1.096(12) 1.091(12) 1.096(12) 1.090(12) 1.094(12)
Cl5  Hil 1.096(3) 0.955(18) 0.96(2) 0.96(2) 0.952(17) 1.089(12) 1.105(13) 1.104(13) 1.105(13) 1.104(13) 1.091(12)
Cl5 HL 1.094(3) 0.970(18) 0.98(2) 0.98(2) 0.964(17) 1.109(11) 1.084(12) 1.080(12) 1.087(12) 1.083(12) 1.096(12)
C16  HIK 1.095(3) 0.950(18) 0.96(2) 0.96(2) 0.948(17) 1.080(12) 1.087(13) 1.083(13) 1.087(13) 1.083(12) 1.071(12)
Cl6  HIL 1.109(5) 0.962(18) 0.97(2) 0.97(2) 0.962(17) 1.103(11) 1.096(12) 1.095(12) 1.100(12) 1.099(12) 1.101(12)
C17  HIM | 1.099(4) 0.960(17) 0.97(2) 0.97(2) 0.959(17) 1.090(12) 1.074(13) 1.072(13) 1.070(13) 1.067(13) 1.083(12)
C17  HIN 1.099(5) 0.957(19) 0.96(2) 0.96(2) 0.954(17) 1.099(12) 1.097(13) 1.101(13) 1.098(13) 1.102(13) 1.096(12)
C18 HIO 1.096(5) 0.965(19) 0.96(2) 0.97(2) 0.970(17) 1.108(12) 1.124(13) 1.127(13) 1.123(13) 1.126(13) 1.123(12)
C18 HIP 1.094(5) 0.983(18) 1.00(2) 1.00(2) 0.977(17) 1.090(12) 1.106(13) 1.107(13) 1.103(13) 1.105(13) 1.081(12)
C19 HIQ 1.092(5) 0.959(18) 0.96(2) 0.96(2) 0.957(17) 1.082(12) 1.092(12) 1.096(13) 1.089(13) 1.093(13) 1.082(12)
Cl9 HIR 1.103(5) 0.98(2) 0.98(2) 0.99(2) 0.967(17) 1.090(12) 1.092(12) 1.097(12) 1.094(13) 1.099(13) 1.083(12)
C20 H2A | 1.105(4) 0.963(19) 0.97(2) 0.97(2) 0.959(17) 1.085(13) 1.093(13) 1.090(13) 1.097(13) 1.093(13) 1.085(12)
C20 H2B 1.106(5) 0.94(2) 0.95(2) 0.95(2) 0.933(17) 1.091(12) 1.096(13) 1.094(13) 1.095(13) 1.094(13) 1.084(12)
C21  H2C 1.097(4) 0.982(19) 0.99(2) 0.99(2) 0.981(17) 1.091(12) 1.103(13) 1.105(13) 1.101(13) 1.104(13) 1.095(12)
C21  H2D 1.089(4) 0.934(18) 0.94(2) 0.94(2) 0.930(17) 1.084(13) 1.103(13) 1.101(13) 1.103(13) 1.101(13) 1.082(12)
C22  H2E 1.107(4) 1.001(19) 1.00(2) 1.01(2) 0.997(17) 1.116(11) 1.105(13) 1.106(13) 1.110(13) 1.111(13) 1.117(12)
C22  H2F 1.081(5) 0.956(19) 0.96(2) 0.96(2) 0.952(17) 1.092(12) 1.090(13) 1.093(13) 1.089(13) 1.092(13) 1.092(12)
C23  H2G 1.099(5) 0.967(18) 0.98(2) 0.98(2) 0.963(17) 1.077(12) 1.087(13) 1.084(13) 1.086(13) 1.083(13) 1.072(12)
C23  H2H 1.116(5) 0.98(2) 0.98(2) 0.99(2) 0.967(17) 1.109(11) 1.109(13) 1.113(13) 1.110(13) 1.115(13) 1.099(12)
C24  H2l 1.097(5) 0.994(19) 0.99(2) 1.00(2) 0.997(17) 1.120(11) 1.146(14) 1.144(14) 1.145(14) 1.144(14) 1.126(12)
C24  H2 1.096(5) 0.95(2) 0.96(2) 0.96(2) 0.944(17) 1.090(13) 1.094(13) 1.097(13) 1.096(13) 1.100(13) 1.088(12)
C25  H2K 1.098(5) 0.961(18) 0.97(2) 0.97(2) 0.960(17) 1.099(12) 1.076(13) 1.081(13) 1.074(13) 1.078(13) 1.108(12)
C25  H2L 1.100(4) 0.983(18) 0.99(2) 0.99(2) 0.982(17) 1.113(11) 1.112(13) 1.114(13) 1.113(13) 1.115(13) 1.111(12)
C26  H2M | 1.102(5) 0.946(19) 0.95(2) 0.96(2) 0.941(17) 1.100(13) 1.123(13) 1.126(13) 1.124(13) 1.127(13) 1.097(12)
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C26
c27
c27
C28
C28

S24

H2N
H20
H2P
H2Q

H2R

1.099(5)
1.517(2)
1.091(5)
1.096(4)

1.096(5)

0.968(19)
0.942(19)
0.999(18)
0.961(19)

0.933(17)

0.98(2)
0.95(2)
1.00(2)
0.96(2)

0.94(2)

0.98(2)
0.96(2)
1.01(2)
0.96(2)

0.94(2)

0.962(17)
0.938(17)
0.995(17)
0.958(17)

0.931(17)

1.095(12)
1.086(13)
1.111(12)
1.102(11)

1.075(11)

1.071(12)
1.066(13)
1.135(13)
1.105(13)

1.075(13)

1.077(12)
1.073(13)
1.130(13)
1.105(13)

1.067(13)

1.075(12)
1.068(13)
1.132(13)
1.104(13)

1.079(13)

1.081(13)
1.075(13)
1.128(13)
1.105(13)

1.071(13)

1.085(12)
1.084(12)
1.114(12)
1.103(12)

1.061(12)



S1. Computational details of SHADE3 and NoMoRe

Estimating values of hydrogen ADPs with SHADE3 or NoMoRe requires MSDs resulting from uncorrelated internal motion
of atoms, the values of which can be obtained either in the course of theoretical calculations or from experimental results.
In this study internal MSDs were derived from calculations of normal modes and their frequencies at the I" point of the
Brillouin zone performed in CRYSTALL7 (Dovesi et al., 2018, 2017). Periodic ab initio DFT calculations were performed
with the B3LYP functional and the 6-31G(d,p) basis set used for all atoms in the structure except heavy metals which were
modelled with various basis sets given in Table 1. Atomic positions were preoptimized whereas unit cell parameters were
fixed at the experimental X-ray values. Input for the CRYSTAL frequency calculations was created using the cif2crystal
routine (http://shade.ki.ku.dk/docs/cif2crystal.html) (Madsen & Hoser, 2014). Calculating normal modes and their
frequencies is a computationally demanding procedure which requires using supercomputing resources. E.g. for the
structures considered in this study, 576 CPUs with 2GB of memory per CPU were used to run calculations, which took,
depending on the structure, from a few hours to a few days.

The crystal2msd routine (http://shade.ki.ku.dk/docs/crystal2msd.html) (Madsen & Hoser, 2014) was employed to use the
output file of the CRYSTAL frequency calculations to add the internal MSDs to the CIF file. The internal MSDs were
calculated using only the high-frequency normal modes with frequencies above 200 cm™. The CIF file was submitted to the
SHADES3 server (Madsen & Hoser, 2014) in order to obtain the external MSDs using TLS analysis and estimate the values
of hydrogen ADPs. In parallel, the NoMoRe program (Hoser & Madsen, 2016) was used to perform Normal Mode
Refinement (NoMoRe). The refinement was started from the normal modes and their frequencies obtained in the course of
the CRYSTAL calculations and performed according to the procedure described in the literature (Hoser & Madsen, 2017).
The number of refined normal mode frequencies was selected individually for each structure. Initially, the number of
frequencies refined during NoMoRe was increased in the order 3, 10, 20, ..., 100, which resulted in decreasing variability
of thermal ellipsoids and stabilizing of the value of wR,. The final number of refined frequencies was selected as the smallest
one providing stable ellipsoids and optimal wR: (see table S1 in the Supporting Information). Normal Mode Refinement
was performed on a desktop computer with 30GB RAM and 12 CPUs. It allowed to run 4 NoMoRe computations at the
same time, which took from a few minutes to a few hours, depending on the structure and the number of normal modes

refined.

S2. H and non-H ADPs obtained with standard-resolution vs. high-resolution data

The ADPs obtained for the structure of KCPTCR based on refinement against the full high-resolution data set were
compared to the ones in the structure resulting from X-ray data cut to the resolution limit of 26 = 50° (Table 6). As it could
be expected, based on the results presented in the previous subsection, the averaged Si» calculated between the structure
obtained in refinement against high- and standard- resolution data is very low in the case of all types of HAR (0.14-0.18)
and in the case of IAM it is closer to one. This is in line with our conclusion stating that HAR performed against standard
resolution data yielded ADPs of non-H atoms very close to the ones obtained from refinement against high-resolution data,

S25



whereas 1AM required high-resolution data to produce as exact non-H ADPs as HAR did using only standard-resolution
data.

The change in data resolution has a more significant effect on H ADPs from HAR (S12 = 1.57). In the case of SHADE3 and
iterative NoMoRe, there is a very small difference in H ADPs caused by different data resolution. When NoMoRe was
carried out at the beginning of refinement, different data resolution did not influence the obtained H ADPs at all, which was
reflected by 0 values of Sy, for IAM_NoMoRe and HAR_NoMoRe_1.

Table S17 Averaged S;» comparing H and non-H ADPs obtained with refinement against high-resolution and standard-
resolution X-ray data for KCPTCR. Averaged Si, is accompanied with its estimated error.

1AM IAM_NoMoRe  IAM_SHADE3 _ IAM_0_HADPs HAR HAR_NoMoRe  HAR_SHADE3 HAR_0_HADPs
H - 0 0.04 - 1.57 £0.89 0.04 0.03
non-H  1.13+0.06 0.98 +0.06 0.99 +0.06 1.08 £ 0.06 0.14£0.01 0.18+0.02 0.18+0.02 0.16 +0.02
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Figure S 21: S;s for non-H atoms calculated between the ADPs obtained with various methods. Shading illustrates
the estimated standard deviation of Sqs.
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Figure S 22: S;s for non-H atoms calculated between the ADPs obtained with various methods. Shading illustrates
the estimated standard deviation of Sqs.
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Figure S 23: Si2 for non-H atoms calculated between the ADPs obtained with various methods. Shading illustrates
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Figure S 25: Sio for non-H atoms calculated between the ADPs obtained with various methods. Shading illustrates

the estimated standard deviation of Sqs.
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Figure S 26: Si2 for non-H atoms calculated between the ADPs obtained with various methods. Shading illustrates

the estimated standard deviation of Sqs.
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Figure S 28: Mean Sy for H atoms calculated between the ADPs obtained with various methods. The error bars are
estimated standard deviations resulting from error propagation.
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Figure S 29: Mean Sp5 for H atoms calculated between the ADPs obtained with various methods. The error bars are
estimated standard deviations resulting from error propagation.
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Figure S 30: Mean Sy for H atoms calculated between the ADPs obtained with various methods. The error bars are
estimated standard deviations resulting from error propagation.
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Figure S 31: Mean Sy for H atoms calculated between the ADPs obtained with various methods. The error bars are
estimated standard deviations resulting from error propagation.
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XAXMEP, H atoms
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Figure S 32: Mean Sy for H atoms calculated between the ADPs obtained with various methods. The error bars are
estimated standard deviations resulting from error propagation.
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ZEYVAA, H atoms
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Figure S 33: Mean Sy for H atoms calculated between the ADPs obtained with various methods. The error bars are
estimated standard deviations resulting from error propagation.
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KCPTCR_max, H atoms
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Figure S 34: Mean Sp5 for H atoms calculated between the ADPs obtained with various methods. The error bars are
estimated standard deviations resulting from error propagation.
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KCPTCR _std, H atoms
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Figure S 35: Mean Sy for H atoms calculated between the ADPs obtained with various methods. The error bars are
estimated standard deviations resulting from error propagation.
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KCPTCR, H atoms
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Figure S 36: Mean Sy for H atoms calculated between the ADPs obtained with various methods. The error bars are
estimated standard deviations resulting from error propagation.
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GOJNIF, non-H atoms
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Figure S 37: Mean S;5 for non-H atoms calculated between the ADPs obtained with various methods. The error bars
are estimated standard deviations resulting from error propagation.
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QOSZON, non-H atoms
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Figure S 38: Mean S;5 for non-H atoms calculated between the ADPs obtained with various methods. The error bars
are estimated standard deviations resulting from error propagation.
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SITKUB, non-H atoms
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Figure S 39: Mean S;5 for non-H atoms calculated between the ADPs obtained with various methods. The error bars
are estimated standard deviations resulting from error propagation.
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TIWXOP, non-H atoms
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Figure S 40: Mean S;5 for non-H atoms calculated between the ADPs obtained with various methods. The error bars
are estimated standard deviations resulting from error propagation.
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XAXMEP, non-H atoms
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Figure S 41: Mean S;5 for non-H atoms calculated between the ADPs obtained with various methods. The error bars
are estimated standard deviations resulting from error propagation.
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ZEYVAA, non-H atoms
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Figure S 42: Mean S;5 for non-H atoms calculated between the ADPs obtained with various methods. The error bars
are estimated standard deviations resulting from error propagation.

38



KCPTCR_max, non-H atoms
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Figure S 43: Mean S;5 for non-H atoms calculated between the ADPs obtained with various methods. The error bars
are estimated standard deviations resulting from error propagation.
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KCPTCR_std, non-H atoms
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Figure S 44: Mean S;5 for non-H atoms calculated between the ADPs obtained with various methods. The error bars
are estimated standard deviations resulting from error propagation.
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KCPTCR, non-H atoms
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Figure S 45: Mean S;5 for non-H atoms calculated between the ADPs obtained with various methods. The error bars
are estimated standard deviations resulting from error propagation.
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(a) neutron (b) HAR (¢) HAR_NoMoRe (d) HAR_SHADE3

Figure S 46: Crystal structures of GOJNIF obtained with various refinement and experimental techniques.

(a) neutron (b) HAR (¢) HAR_NoMoRe (d) HAR_SHADE3

Figure S 47: Crystal structures of QOSZON obtained with various refinement and experimental techniques.

(a) neutron (b) HAR (¢) HAR_NoMoRe (d) HAR_SHADE3

Figure S 48: Crystal structures of SITKUB obtained with various refinement and experimental techniques.
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Figure S 49: Crystal structures of TIWXOP obtained with various refinement and experimental techniques.

(a) neutron (c) HAR_NoMoRe (d) HAR_.SHADE3

Figure S 50: Crystal structures of XAXMEP obtained with various refinement and experimental techniques.
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(a) neutron (b) HAR (c) HAR-NoMoRe (d) HAR-SHADE3_1

Figure S 51: Crystal structures of ZEYVAA obtained with various refinement and experimental techniques.
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(a) neutron (b) HAR (c) HAR_NoMoRe (d) HAR_.SHADE3

Figure S 52: Crystal structures of KCPTCR_max obtained with various refinement and experimental techniques.

(a) neutron (b) HAR (c) HAR_NoMoRe (d) HAR_.SHADE3

Figure S 53: Crystal structures of KCPTCR_std obtained with various refinement and experimental techniques.
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KCPTCR_max: HAR_NoMoRe - HAR_NoMoRe_1
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Figure S 54: AF,.,. vs data resolution showing differences between performing NoMoRe/SHADE3 before each HAR
cycle and only before the first cycle.
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Figure S 55: AF,,. vs data resolution showing differences between HAR and IAM depending on the method of

obtaining hydrogen thermal motions.
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Figure S 56: AF,.y. vs data resolution showing differences between the case in which hydrogen thermal motions are
estimated with given method and the case in which H ADPs are set to 0 values.
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Figure S 57: AF,.y. vs data resolution showing differences between the case in which hydrogen thermal motions are
estimated with given method and the case in which H ADPs are set to 0 values.
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Figure S 58: AF_,. vs data resolution showing differences between refinement against the full data and against the

cut data.
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Figure S 59: AF_,. vs data resolution showing differences between refinement against the full data and against the

cut data.
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Figure S 60: AF,q . vs data resolution showing: (a-b) differences between performing NoMoRe/SHADES before each
HAR cycle and only before the first cycle, (c-f) differences between HAR and IAM depending on the method of
obtaining hydrogen thermal motions.
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Figure S 61: AF,,. vs data resolution showing differences between the case in which hydrogen thermal motions are
estimated with given method and the case in which H ADPs are set to 0 values.
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Figure S 62: AF,q . vs data resolution showing: (a-b) differences between performing NoMoRe/SHADES before each
HAR cycle and only before the first cycle, (c-f) differences between HAR and IAM depending on the method of
obtaining hydrogen thermal motions.
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Figure S 63: AF,,. vs data resolution showing differences between the case in which hydrogen thermal motions are
estimated with given method and the case in which H ADPs are set to 0 values.
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Figure S 64: AF,q . vs data resolution showing: (a-b) differences between performing NoMoRe/SHADES before each
HAR cycle and only before the first cycle, (c-f) differences between HAR and IAM depending on the method of

obtaining hydrogen thermal motions.
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Figure S 65: AF,,. vs data resolution showing differences between the case in which hydrogen thermal motions are
estimated with given method and the case in which H ADPs are set to 0 values.
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Figure S 66: AF,q . vs data resolution showing: (a-b) differences between performing NoMoRe/SHADES before each
HAR cycle and only before the first cycle, (c-f) differences between HAR and IAM depending on the method of
obtaining hydrogen thermal motions.
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Figure S 67: AF,,. vs data resolution showing differences between the case in which hydrogen thermal motions are
estimated with given method and the case in which H ADPs are set to 0 values.

58



XKAXMEP: HAR_NoMoRe - HAR_NoMoRe_1 KAXMEP: HAR_SHADE3 - HAR_SHADE3_1

sin(B)A A1) sin(@)/A [A71]
(a) (b)
KAXMEP: HAR_MNoMoRe_1 - I1AM_NoMoRe XAXMEP: HAR_SHADE3 1 - IAM_SHADEZ

-10 4 ' -10 4 LI
01 02 03 04 05 06 07 01 02 03 04 o5 06 07
sin(@)/A [A~Y] sin(@)/A [A~1]
(c) (d)
XAXMEP: HAR - 1AM XAXMEP: HAR_O_HADPs - IAM_0_HADPs

~10

sin(@YA A1 - sin(@)A [A71]
(e) (f)

Figure S 68: AF.q . vs data resolution showing: (a-b) differences between performing NoMoRe/SHADES before each
HAR cycle and only before the first cycle, (c-f) differences between HAR and IAM depending on the method of
obtaining hydrogen thermal motions.
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Figure S 69: AF,,. vs data resolution showing differences between the case in which hydrogen thermal motions are
estimated with given method and the case in which H ADPs are set to 0 values.

60
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Figure S 70: AF.q. vs data resolution showing: (a) differences between performing NoMoRe before each HAR cycle
and only before the first cycle, (b-e) differences between HAR and IAM depending on the method of obtaining hydrogen
thermal motions.
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Figure S 71: AF_q. vs data resolution showing differences between the case in which hydrogen thermal motions are
estimated with given method and the case in which H ADPs are set to 0 values.
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