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1. Installing DiSCaMB

1.1. Semiautomatic procedure

a. Launch Olex2-1.5 and go to ‘Work’ = ‘Refine’.
b. Select ‘MNoSpherA2’:

m—mm

Solve _ (D|Refine _ @|braw __ ®[Report

Program olex2refine ~ G-N v IDChenl Cycles 4 5 Peaks 5%
hkl file thpp.hkl v Tue Dec 114:00:22 2020
weight @ o07ml000  m71.000  exn @ 0006152 [_

Cl Use Mask Use a solvent mask (smtbx.mask or SQUEEZE)

NoSphorAz Source of tsc | j v Clear tmp files |

NoSpherA2 Options
NoSpherA2 Properties

Refinement Settings Extra

c. From the ‘Source of .tsc” select ‘Get discambMATTS’. This action will redirect you to the
DiSCaMB webpage.

d. Onthe DiSCaMB webpage, (https://4xeden.uw.edu.pl/software/discamb/ ), locate and click
Download DiscambMATTS2tsc. Fill in and submit the form to initiate the automatic
download of ‘discambMATTS2tsc_v3.009.zip’. Unpack the zip folder.

e. Copy the ‘discambMATTS2tsc.exe’ file to the folder were Olex2-1.5 is installed. With default
Olex2 installation on Windows that woule be ‘C:\Program Files\Olex2-1.5’ folder. In case of
any problems, read README file, which is distributed with ‘discambMATTS2tsc.exe’.

f. Restart Olex2-1.5 to complete the setup.

1.2. Manual procedure:

a. Godirectly to the the DiSCaMB webpage, (https://4xeden.uw.edu.pl/software/discamb/ ),
locate and click Download DiscambMATTS2tsc. Fill in and submit the form. After submitting
the link to discambMATTS2tsc_v3.009 download will appear. Click on the link to initiate the
automatic download of ‘discambMATTS2tsc_v3.009.zip’. Unpack the zip folder.

b. Copy the ‘discambMATTS2tsc.exe’ file to the folder were Olex2-1.5 is installed. With default
Olex2 installation on Windows that woule be ‘C:\Program Files\Olex2-1.5’ folder. In case of
any problems, read README file, which is distributed with ‘discambMATTS2tsc.exe’.

c. Open Olex2-1.5.



https://4xeden.uw.edu.pl/software/discamb/
https://4xeden.uw.edu.pl/software/discamb/

2. Example I: standard case (XRD)

2.1. Preparation

a.

Open the structure in Olex2-1.5. Provided data are sourced from

Langer, D., Wicher, B., Bendzinska-Berus, W., Bednarczyk-Cwynar, B. & Tykarska, E. (2022).
Acta Cryst. B78, 606-617.

Repeat the last refinement cycle with olex.refine:
-~ A
C3Hs003 yd) = [:] TviNg
a =7.1158(2) o = 91.250(2)° 2=2
b = 13.1180(3) # = 91.505(2)° Z=2 2'99
¢ = 14.9298(4) y = 99.452(2)° V =1373.75(6) 966 8.07 %

To inspect the Fourier residual density map, go to the ‘Tools 2 Maps’ menu and select ‘diff’
map option. Choose “Source: cctbx”.
Maps

View wire ~  No map loaded! Extended D Edit

| Fourier Maps

Map diff ISnurce cctbx I Res/A 01 | Show Map

Scale Use current scale ~ (@ Use structure mask 10

Current level: 0.1

Positive (green) residuals observed on C-C bonds suggest that refinement with the TAAM
may improve the structural model.

d. Save files from this step for further comparison with the TAAM refinement.

2.2. TAAM refinement

a.

In the ‘Refine’ tab, activate ‘MNoSpherA2’ and select ‘discambMATTStsc’ from the drop
menu. In ‘NoSpherA2 Options’ please make sure that ‘CIH Aniso’ is unselected. Anisotropic
ADP for hydrogen atoms can be applied in case of TAAM refinement, but they always require
careful inspection.

.NuSpherAZ Source of tsc  discambMATTS2tsc Clear tmp files ]
| NoSpherA2 Options
(] tterative [ Update 1sc ]

(] H Aniso () No Afix

Refine until the convergence then repeat the selection of ‘discambMATTStsc’ and refine
again until convergence.



CaiHs5003 Ve =] [j - ko)
a=71158(2)  0=91250(2)°  2=2 @ R 17763

4.64 %

b =13.1180(3) g = 91.505(2)* =2
c =149298(4) y = 99.452(2)* V =1373.75(6) 946 wR 2

Shift 0.001 Max Peak 0.1 Min Peak -01 GooF 1.189 Hooft

c. Visualize Fourier residual density map.

Current level: 0.1

There are no residues visible at the same contour level as visualized for IAM refinement.

2.3. Analysis of the refinements results

a. Compare refinement statistics (R1, wR2 and other relevant metrics)

b. Evaluate differences in Fourier residual density maps.
Visualize and evaluate electron density deformation map: ‘Refine’ = ‘NoSpherA2 Properties’
- ‘Plot: deformation’

Current level: 0.2 Current level: 0.1

F N

d. Generate fractal dimension plots: ‘Info’ = ‘Reflection statistics’ = ‘Fractal Dimension’. On
the figure below, colors are changed for better comparison.



Fractal Dimension Plot
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red: IAM, blue: TAAM
Compare X-H bond lengths in “.cif’ file. Example values:
| IAM[A]  TAAM [A]
C1A-H1Aa | 0.978(16) 1.111(12)
C2A-H2Aa | 0.986(17) 1.092(12)
O3B-H3Ba | 0.83(2) 0.905(14)

Check ‘.log’ files:

After TAAM refinement, access the ‘discambMATTS2tsc.log’ file in the ‘olex2/Wfn_job/’
directory. This log details atom types and local coordinate systems assigned to the molecule.
Any unrecognized atoms will be listed here.

2.4. Preparing ‘cif’ file for publication:

a.

If you used discambMATTS2tsc in your work please add the following text to the resulting .cif
file :

_refine_special_details
TAAM / MATTS refinement.
Uses aspherical atomic scattering factors computed by the DiSCaMB library
(Chodkiewicz et.al., J.Appl.Cryst., 2018, 51, 193 - 199)
from multipole model
(Hansen & Coppens, Acta Cryst.A, 1978, 34, 909 - 921)
parametrized using the MATTS2021 data bank
(Jha, et al., J.Chem.Inf.Model., 2022, 62, 3752 - 3765,
Rybicka, et al., J.Chem.Inf.Model., 2022, 62, 3766 - 3783)
Refinement performed with.tsc generated by discambMATTS2TAAMtsc v3.009

’

2.5. Exporting TAAM refinement to XD2024:

a.

Locate the ‘<name>.cif_rho’ file in ‘olex2/Wfn_job/’, which contains multipole parameters
for the molecule.

Prepare the ‘.cif_rho’ file and “.fcf’ files. Change their names according to XD2024 manual
(e.g. to ‘shelx.cif’ and ‘shelx.fcf’)

Run XD2024, set the working directory, and run ‘Initialize’ = ‘XDINI’.

File Edit Initialise Refine Modules Utilities ListFiles Graphics Help

e | XDINI - Impot‘t Data

In the XDINI interface, select ‘Do NOT run the XDLSDB and XDSPOS modules’:



XD CID (max 8 char.): [DISCAMEB data_ block identifier (max 48 char): piscamB -

For CIF input, use the data_block identifier instead ofthe XD Compound Identifier
With CIF's having multiple data blocks, choose the required data_ block from the drop-down list
Note thatthe data_ block identifier needs to be the same in both XD.CIF and XD.FCF

Atomic Wavefunction Databank
® CR-Clement/Roetti STO-HF (H-Kr)

(" BBB - Bunge/Barrientos/Bunge STO-HF (H-Xe)}

(" SCM- Su/Coppens/Macchi STO-Dirac/Fock relativistic (H-Xe)
WM - Volkov/Macchi STO-QZ4P-ZORA relativistic (H-Cf)

— Inputfile format
C SHEL</SHELXTL

® CIF
C Use XD_INIINP file

— XDINI Options
[~ Retain the ariginal atom ordering from the input coordinate file. i.e. no sorting

[v Do NOT run the XDLSDB and XDSPOS modules

|v Automatically update the XD.MAS and XD.INP files after running each module

[~ Apply the pseudo-symmetry restrictions on multipoles as determined by XDLSDB

OK Cancel |

e. Click Ok
f.  Verify the presence ‘xd.inp’ and ‘xd.mas’ files in the working directory and review their

contents.



3. Example II: Disorder (XRD)

3.1. Preparation

a. Open the structure in Olex2-1.5. Provided data are sourced from
Yi-Hua, Y., Kai-Li, Y., Qian, L., Xu-Guang, M. & Shou-Xin, L. (2019). Chin. J. Struct. Chem. 38,
2077-2082
TAAM refinement has also been presented in
Jha, K. K., Kleemiss, F., Chodkiewicz, M. L. & Dominiak, P. M. (2023). J. Appl. Cryst. 56, 116-127.
b. Repeat the last refinement cycle with olex.refine:

CisH23N303 /%S 03

a=95959(1) 0=90° 2=4 "
b = 12.7043(1) f=90° zZ=1 o
V =1772.86(3) 151 5 %

¢ = 145425(2) y =90°
SN0 1.041 [E06(6)

Notice the presence of AFIX constraints.

3.2. TAAM refinement

a. Inthe ‘Refine’ tab select ‘MNoSpherA2’ and ‘MUpdate Table: discambMATTS’.
Unselect ‘0C0H Aniso’ and ‘CINo Afix’.
Note: Removing AFIX constraints for the terminal alkenyl chain may lead to incorrect

geometry.
@ Nosphera2 @ Update Table  |discambMATTS v Source of 1s¢
| NoSpherA2 Options
O nerative [ H Aniso O No Afix

b. Refine until the convergence then repeat the ‘Update Table’ step and refine again until

convergence.
-~ P
CiyH23N303 Pl =]
a=95959(1) a=90° 2-4 E EZ I
b=127043(1)  =90° z-1 J.JO
V =1772.86(3) 151 %

¢ = 14.5425(2) y =90°
TAAM does not improve the structure, with increased maximum/minimum Fourier residuals
and barely lowered R1. This suggests fundamental problems in the structure.

3.3. Analysis of the refinements results

a. Visualize Fourier residual density map.
IAM TAAM

Current level: 0.2




They reveal unmodeled disorder in the terminal alkenyl chain, evident even in IAM
refinement.

3.4. Modeling disorder (TAAM)

a. Select atoms C23,C24,H23,H24a,H24b and navigate to ‘Work’ = ‘Toolbox Work’ =2
‘Modelling and Disorder Tools’. Click ‘Split’ chosing ‘SAME RIGU’ option and move a little.
© |Modelling and Disorder Tools

| m || spit |with [SAMERIGU - |PART |auto - |FVAR|auto |

b. Return to the ‘Refine’ tab and select ‘MNoSpherA2’ and ‘MUpdate Table: discambMATTS’.
Refine until convergence. Then apply anisotropic ADP to disordered atoms, “Update Table’
again and refine until convergence.

c. Remove AFIX constraints by selecting ‘MNo Afix’ option:

[ -] NoSpherA2 [ -] Update Table discambMATTS W Source of tsc
| NoSpherA2 Options
[ nerative [CJ H Aniso 8 No Afix

WARNING: if the alkenyl group deviates from planarity, the proper atom type cannot be
assigned. Check the ‘discambMATTS2tsc.log’ file in “./olex2/Wfn_job/’ for details on
unassigned atom type.

Tty e ii“. 2341
¢ = 145425(2) y=90° =1772.86(3) 101 6.23 %

d. Slmllarly, model disorder in IAM refinement and remove AFIX constraints via ‘Tools’ 2>
‘Hydrogen Atoms’ = ‘Free ALL H'.

3.5. Further analysis

Below there are figures based on IAM and TAAM refinements with modeled disorder and no AFIX.
a. Compare refinement statistics (R1, wR2, etc.)

IAM:

a=95959(1) 0=90° 2-

b = 12.7043(1) p=90° z- 323

¢ = 145425(2) y=90° V= 772 86(3) 01 8.44 %
1/o(l Rint
ol 57,2 e .

TAAM:

a=95959(1) 0=90° 2=

b = 12.7043(1) B=90° z- 231'

¢ = 145425(2) y=90° V= 772 86(3) 01 6.23 %

S T ST T

b. Compare Fourier residual density maps.
IAM TAAM



Compare fractal dimension plots:

Fractal Dimension Plot

df{rho)

rho /eA”(-3)

red: IAM, blue: TAAM

Investigate X-H bond lengths in “.cif’ file. Example values:

O1W-H1Wa

0.8




4. Example Ill: Anharmonicity
4.1. Preparation

a.

Open the structure in Olex2-1.5. Provided data are sourced from
Zwolenik, A. & Makal, A. (2025). IUCrJ, 12, 23-35.

Repeat the last refinement cycle with olex.refine:

a=7221(2) a=90° 2=4 0%
b =11.0779(3) f = 103161(3)° z=1 35 0 —
V = 138470(7) 790 9.17 %

¢ =17.7769(5) y = 90*
Anharmonic ADPs for oxygen atoms, as noted in the publication, are already applied and can
be inspected in the “.res’ file.

4.2. TAAM refinement

a.

In the ‘Refine’ tab, activate ‘MNoSpherA2’ and select ‘MUpdate Table: discambMATTS’. As
hydrogen atoms are refined anisotropicaly and there are no AFIX constraints applied, you can
leave ‘NoSpherA2 Options’ unchanged.

The existing anharmonic ADPs for oxygen atoms require no additional adjustments when
using NoSpherA2 with DiSCaMB.

Refine until the convergence, then repeat the ‘Update Table’ step and refine again until
convergence.

a=72211(2) 0=90° 2=4
b = 11.0779(3) # =103161(3)° Z-=1 247 ol
¢ =17.7769(5) y=90° V = 1384.70(7) 79 5.85 %

0
ot ooy [ o ere oo o

4.3. Analysis of the refinements results

a.
b.

Compare refinement statistics (R1, wR2 and other relevant metrics)
Visualize and compare Fourier residual density map.

IAM TAAM

Current level: 0.1

Current level: 0.1

11



c. Generate and compare fractal dimension plots. On the figure below, colors are changed for
better comparison.

Fractal Dimension Plot

df(rho)

rho feAn(-3)

-0.6 -0.4 -0.2 -0.0 0.2 0.4 0.6 08

red: IAM, blue: TAAM

d. Compare X-H bond lengths in “.cif’ file. Example values:

IAM [A]  TAAM [A]
C3-H3 0.988(14) 1.052(12)
C6-H6 1.015(19) 1.076(16)
C14-H14 | 1.004(13) 1.088(11)
C18-H18a | 1.02(2) 1.050(18)

12



5. Example IV: standard case (3DED)

5.1.

a.

Preparation

Open the structure in Olex2-1.5. Provided data are sourced from

Kumar, A., Jha, K. K., Olech, B., Goral, T., Malinska, M., Wozniak, K. & Dominiak, P. M. (2024).

Acta Cryst. C80, 264-277.

Repeat the last refinement cycle with olex.refine:

a=5596(3) 0=90° 2=2
b = 5.594(3) f-90° z-025 & 17.67 &
c = 47164(17) y = 90° V = 147.70(11) s WwR 40.24 %

Eomon 0560 0. R
Shift 0.001 Max Peak 0.9 Min Peak -1.0 GooF 1.398 Hooft 1(23)

Note the appearance of the ‘ED SFAC’ option:

Home |Work  |View [Tools |info |
Refine _ @[braw __ ®[Report

U} Program |olex2refine ’G—N v Cycles 4[5 Peaks 53
0 hkl file ureahkl v Tue Feb 18 16:19:49 2025
€ EpSFAC |Peng-1999 (46) v Update SFAC

5.2. TAAM refinement

a.

WARNING! Refinement must be performed on asymmetric unit. The “.tsc’ file is calculated for the

In the ‘Refine’ tab select ‘“NoSpherA2’ and ‘MUpdate Table: discambMATTS’.

In ‘NoSpherA2 Options’ unselect ‘CJH Aniso’.

Refine until the convergence then repeat the ‘Update Table’ step and refine again until

convergence.

a=5596(3) o =90° 2=2 o

b = 5596(3) g=90° z =025 4! 16.12 E!
c=AN6AT7) =P V=270 zim WA 34.62 %

min 5 / Rint Full 1.7¢
4o 00251) 0,56 [0 106, 12.97%f500 . 89.9]

hift -0.001 ﬂnM 20,096 1.671 |Hooft 1(23)

asymmetric unit, and attempting refinement on a larger fragment (e.g., the full molecule) will result
in an error.

J 5

Refinement finished at: 2025-02-18 17:09:19.154487
Using tabulated atomic form factors

+++ STARTING olex2.refine +++++ C:\Program Files\Olex2-1.5/cctbx
Using 6 threads. Using OpenMP: False.

Number of atoms in model and table are not matching!

Error!:

Insufficient number of scatterers in .tsc filel!

Did you forget to recalculate after adding or deleting atoms?

5.3. Analysis of the refinements results

13



a. Compare refinement statistics (R1, wR2 and other relevant metrics)
b. Visualize and compare Fourier residual density map.
To extend the view, go to ‘Work’ 2’Toolbox Work’—>’Growing’ and select ‘Grow all’:

| Growing
Grow Mode Grow Assemble
Grow All ~  Selection ~ | Broken Fragments ~

Then visualize Fourier residual density map.
IAM TAAM

Current level: 0.75 Current level: 0.75

R P

¢ N

"

@ &

Current level: 0.2

f. Generate and compare fractal dimension plots. On the figure below, colors are changed for

better comparison.

Fractal Dimension Plot

2 3.00

df(rho)

Z 250

2.25

2.00

1.75

1.50

1.25 ll ‘
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] "
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| |
0.50 L]
0.25
0.00 —EEE .
12 -1.0 0.8 06 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

red: IAM, blue: TAAM
c. Compare X-H bond lengths in “.cif’ file:

| IAM [A] TAAM [A]
N1-Hla | 1.06(3) 1.05(2)
N1-Hlb | 1.27(7) 1.17(4)

14
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6. Example V: Worse data (3DED)

6.1. Preparation

a.

Open the structure in Olex2-1.5. Provided data are sourced from
Hawash, M.; Al-Smadi, D.; Kumar, A.; Olech, B.; Dominiak, P.M.; Jaradat, N.; Antari, S.;
Mohammed, S.; Nasasrh, A.; Abualhasan, M.; et al. Biomolecules (2023), 13, 1486.

Repeat the last refinement cycle with olex.refine:

CisHioF3NO3 |/ 7‘ & D o

a = 7.1000(1) 0=90° 2=4 S E
b = 6.8000(1) a =919° z=1 ; ] 0 9 J U
€ = 243000) 90.000(1)° V = 1172.56(5) Y} vR 30.81 %

0.001 OB 05> 0.973 1(23

Note the appearance of the ‘ED SFAC’ option and enabled ‘EXTI’ option.

m—mnﬂ_

Program olexzrefine |G-N v |Cydles 415 Peaks 5

- -
hkifile  |SSAT2hki v Mon Feb 24 18:02:01 2025
ED SFAC |Peng-1999 (46) v Update SFAC

Weight @ 1951195 | 000|000 Exn @ 33726515920 [_v|

AFIX constraints are implemented. Note that X-H bond lengths are fixed to averaged neutron
positions. This is the correct choice for 3DED structures, both IAM and TAAM refinements.
Below some examples from “.res’ file:

AFIX 43 1.083

AFIX 43 1.027

AFIX 23 1.091

Removing them results in inappropriate bond lengths and angles.

6.2. TAAM refinement

a.

In the ‘Refine’ tab select ‘MINoSpherA2’ and ‘MUpdate Table: discambMATTS'.
Do not select ‘C0H Aniso’ and ‘CINo Afix’.

@ Nospheraz B Update Table :discambMATTS v Source of tsc
| NoSpherA2 Options
() terative () H Aniso () No Afix

Refine until the convergence then repeat the ‘Update Table’ step and refine again until
convergence.

a =7.1000(1) 0=90° 2=4 , /
b = 6.8000(1) f=919° Z-=1 4 u
¢ = 24300(1) y = 90.000(1)* V = 1172.56(5) [FX) 4 29.45 %

Shift 0.001 [ W ;‘Goof 0.978 Noon 1(23)

Note: Removing AFIX constraints is possible but may lead to incorrect hydrogen atom
positions. For consistency, retain AFIX in subsequent comparisons.
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6.3. Analysis of the refinements results

a. Compare refinement statistics (R1, wR2 and other relevant metrics)
b. Visualize and compare Fourier residual density map.
IAM TAAM

Current level: 0.4

Current level: 0.4 @ @‘@ I 4

c. Generate and compare fractal dimension plots. On the figure below, colors are changed for
better comparison.

Fractal Dimension Plot
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red: IAM, blue: TAAM



