How-to-series Pseudo Merohedral Twin Refinement 1.0.1
XRD Laboratory Reibenspies

Pseudo Merohedral Twinning Example with
Platon/TwinRotMat

Merohedral Twins are seen for high symmetry space groups (orthorhombic and above)
and are not seen for monoclinic and triclinic structures. Given this fact the lower
symmetry groups may “mimic” the merohedral twin if one or more of their lattice angles
are close to 90 or 120 degrees. These “twins” are called pseudo merohedral twins (see
Reqgine Herbst-Irmer section of Crystal Structure Refinement: A Crystallographer's
Guide to SHELXL (International Union of Crystallography Texts on
Crystallography) by Peter Muller editor, Regine Herbst-Irmer, Anthony Spek, Thomas
Schneider, Michael Sawaya). An example is given below on how to use the program
PLATON to resolve the problem.

Example :

The cell reported for this structure was

CELL 1.54178 8.6543 22.7909 16.7066 90.00Q0 90.204 p0.000
ZERR  4.00 0.0019 0.0054 0.0037 0.000 0.012 J0.000

Note that the structure is monoclinic and that the beta angle is near 90° (90.204°). This
may lead to a pseudo merohedral twin.

The structure as is refines poorly ....
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++++++++++++++++++++HHHHHHE AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR A
+ WL — CRYSTAL STRUCTURE REFIMEMENT - SHELXTL Uer. 6.12 W95-98-NT.-2080-HE +
+ GCopyrightdc? 2881 Bruker Analytical ¥-ray Solutionz A1l Rights Reserved +

+ potwin started at 1A:52:25 on B8-Jan—20A8 +
+++++++++++++4++ 44444+ HEH A A A A A A A A AR AR

Read instructions and data

Data: 4217 unigue ., A suppressed Riint> = B.1642 Rizigmal = B.1598
Systematic absence violations: a Bad egquivalents: a

wh2 = B.5734 bhefore cycle 1 for 4217 data and 88 - 380 parameters
GooF = 8§ = 4_827; Restrained GooF = 3.997 for 192 restraints
Mean shiftrsesd = Ba.587 Maximum = —6.927 for OSF at 18:59:29
Max. shift = B.898 A for C13 MHax. dU = 8.6811 for C4

whR2 = B.5324 bhefore cycle 2 for 4217 data and 3g@ - 380 parameters
GooF = § = 3.264; Resztrained GooF = 3.192 for 192 restraints
Mean zhift-sesd = A.334 Maximum = —-1.914 for U133 FeZ at 18:5%:32
Max. zhift = B.888 A for Ci3 Max. dU = 8.887 for C2

whR2 = B_.5251 bhefore cycle 3 for 4217 data and 388 - 380 parameters
GooF = § = 3.177: Restrained GooF = 3.166 for 192 pestraints
Mean zhift-sesd = A.125% Maximum = A.744 for x C13 at 18:59:35
Max. shift = 8.838 A for C13 Max. dU = B.884 for C2

wR2 = B.5237 before cucle 4 for 4217 data and gl s J8A parameters
GooF = 8§ = J.168; Restrained GooF = 3.88? for 192 restraints
Mean shiftrsesd = a.871 Maximum = A.583 for x G13 at 18:59:37
Max. shift = 8.828 A for C13 MHax. dU = 8.882 for 02

whR2 = B.5231 bhefore cycle 5 for 4217 data and i I 380 parameters
GooF = § = 3.154; Restrained GooF = 3.884 for 192 restraints
Rl = ®@.2395 for 2468 Fo > 4sig¢Fo> and @.2912 for all 4217 data

whR2 = B.5231, GooF = & = 3.15%4, Restrained GooF = 3.884 for all data
Ri = B8.276%9 for 4217 wnigue reflections after merging for Fouriew

Highest peak 2.86 at B.4364 B8.1422 BA.68805 [ 1.32 A from HS5C 1
Deepest hole -1.82 at 0.8788 A.86%2¢ B.8235 [ 1.65 A from 52 1

+++++++++H AR AR AR AR AR AR AR AR

+  potwin finished at 18:57:38 Total CPU time: 11.8 secs +

++++++++H+HH AR AR AR AR A AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR

The structure refines to 0.2395 R1 (4sigF) and 0.2769 for all data.
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To refine this structure better, first you must find the twin law.
Use the ACTA in XL to write the *.cif
Start PLATON by the command platon *.cif (replace * with your project)

P.LAT.ON

Z (0
3 (&

Clx

A Multipurpose Crystallogrophic Tool
(C) 1980-2007 A.L.Spek - 40M-Verslon: 50407

GRAPHICS |GEOM-CALC |vOIDS FLIP|SYMMETRY |ABSORPTIGN| REPAGRT [MISC-TOOLS [averaies

CALC SOLY |ADDSYM DELrefABS SYSTEM-S
INTRA|CALC K.P.I[ADDSYM-EQL|ABSPsLScan|ASYM-VIEW [FCF2HKL
[NTER [SQUEE ZE ADOSYM-EXT|ABSTampa  [FCF-VALID |EXPAND-PI
COCRO|CALC-FCF  |ADDSYM-PLT[ABSGauss |SUPPLEMMAT |FCF-GENER
METAL |CONTAUR-SQ|AD0SYM-SHX [ABSXtal HKL-GENER

ABSSphere [ByvoetPalr|HKL-TRANSF

OptionMenus
Norm-H-bond
LstARU RCel
LstCellSymm

ASYMaverFR

LeFage | win
PLUTAONatLv HF [X - RES|STRUCTURE%|TwinRotMat|{tal HabiLt|CIF-LOCAL

Xtal DOata (RES ] rotwln.lns-=Get = 11: md319 Ln
Refl Oata (HKL ) rotwin.hklL [ NO-DIRCI ( Q):

Browser - HELP

INPUT INSTRUCTIONS via KEYBOARD or LEFT-MOUSE-CLICKS (HELP with RIGHT CLICKS)

=

Point to the TwinRotMat button

T2l The program will begin. Be patient it
may take a few minutes to find the twin
law (if any).

SPGRfromEX

ASTM

ASYMaverFR

I:eF'ogeTuL n CALC OMEGA|AUTO-RENUM

OUSE-CLICKS (HELP with RIGHT CLICKS)

w
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P.LA.T.ON =1o) x|

TwRoMt MENL

NRefSelMin

DeltaliSigl
Anal ysit s of Fo/Fc Data for Unaccounted (NonmlMerchedral Twinning faor: md319

Cell: 0.71073 8.654 22.791 16.707 90.00 90.20 90.00 Spgr: P2l/n
Criteria: Deltal/Stgmal .GT. 8.0, DeltaTheta 0.10 Deg.» NselMin = 350
Nlrefl] = 4867, N(selected) = 50, IndMax = 15, Critl = 0.3, CrltT = 0.

DeltaTheta

]

2-axLs (0 0 11 [ Q@ 0 11, Angle (1 [1 = 0.20 Deg. Freq =

(-1.000 0.000 0.000) (h1] [h21 Nr Overlap
[ 0.000 -1.000 0.000) = (k1] = (k2] BASF
[ 0.014 0.000 1.000) (L1 21 DEL-R =-0.344

[Zone-H,K,L

F5-CritT

End

INPUT INSTRUCTIONS via KEYBOARD or LEFT-MOUSE-CLICKS (HELP with RIGHT CLICKS) Exit

i |
———
E—
ot |
|
e |

MenuA ctive

After a few minutes the program will return the following screen. In this case look at the
BASF and DEL-R lines. The BASF is the parameter you will refine in SHELXL. The
larger the value of the BASF instruction the greater the overlap in the twinned
components and the larger the drop in the final R value you will see. In this case the
DEL-R predicts a drop in the R factor by 34%.

The easiest way to proceed is the write the twin law down for use in SHELXL.
In this case the twin law we choose is first one given (the 2-fold)

» TWIN -100 0-10 0.01401
You may want to experiment with the HKLF5 refinement at a later date.

Add the twin law and the BASF statement to the INS file

TWIN -1 00 0 -10 0.01401
BASF 0.344

Enter the BASF that is given in TwinRotMat as a starting value for the refinement
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+++++++++++++++ 4+ AR AR AR AR AR AR A AR A AR AR AR A AR AR AR A AR AR
+ WL - CRYSTAL STRUCTURE REFINEMENT — SHELHTL Uer. 6.12 W?5-98-NT-2808-ME +
+ Copyrightic? 2001 Bruker Analytical #H—ray Solutions All Rights Reserved +
+ rotwin started at 11:13:22 on B8—-Jan—-28688 +

++++++++++ AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR A

Read instructions and data

Data: 42192 wnigue . B suppressed Riint>» = B.1668 Rizigma» = B.1599
Systematic absence violations: a Bad eguivalents: a

wh2 = B.1882 hefore cycle 1 for 421? data and 81 381 parameters
GooF = § = 1.6868; Restrained GooF = 1.846 for 192 restraints
Mean shift-sesd = 8876 Maximum = 11.8%93 for BASF 1 at 11:13:=27
Max. shift = B.882 A for C2 Max. dU =—8.6881 for C29

wR2 = B.182%9 hefore cycle 2 for 4219 data and 381 - 381 parameters
GooF = § = 1.6826; Restrained GooF = 1.812 for 192 restraints
Mean shift-sesd = a.p27 Maximum = 3.568 for BASF 1 at 11:13:38
Max. shift = B8.881 A for C2 Max. dU = 8.60688 for C29

wR2 = B.1825 hefore cycle 3 for 4219 data and 381 - 381 parameters
GooF = § = 1.6824; Restrained GooF = 1.811 for 192 restraints
Mean shift-sesd = A.82/ Maximum = A.35%6 for Ul3d Fel at 11:13:-34
Max. shift = 8.881 A for C2 Max. dU = B.89688 for C29

wR2 = B@.1824 hefore cycle 4 fopr 4219 data and 381 - 381 parameters
GooF = 8§ = 1.824; Restrained GooF = 1.818 fopr 192 prestraints
Mean shift-sesd = A.8a3 Maximum = A.866 for BASF 1 at 11:=13:=37
Max. shift = .88 A for C30 Max. dU = 8_.888 for C4

wR2 = @_1824 hefore cycle L fop 42197 data and a - 381 parameters
GooF = § = 1.824; Reztrained GooF = 1.818 fopr 192 prestraints
Rl = B8.878% for 2468 Fo > 4=sig<Fo> and @_.1424 for all 42192 data

wR2 = @_.1824, GooF = 8§ = 1.824, Resztrained GooF = 1.818 for all data
Rl = @.1298 for 4217 wnigue reflections after merging for Fouriep

Highest peak B.56 at B.1231 @.1495 -A.AA13 [ 1.18 A from 52 1

Deepest hole —-A.53 at B.1383 @.1947 B.95%12 [ @.82 A from FE2 1

++++++t++++ AR AR AR AR AR AR AR AR AR AR AR AR AR AR A AR AR AR AR

+  rpotwin finished at 11:13:38 Total CPU time: 15.8 =zecs +

++++++t++++ AR AR AR AR AR AR AR AR AR AR AR AR AR AR A AR AR AR AR

The structure now refines to 0.0789 R1 (4sigF) and 0.1298 for all data.
The BASF refined to 0.43791

Complete the refinement in the normal fashion.
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