Handson McMaille, ESPOIR and GRINSP

Armd Le Bal - Université du Maine, Laboratoire des oxydes et Fluorures, CNRS UMR 6010,
Avenue O. Messiaen, 72085 Le Mans Cedex 9, France. Email : alb@cristal.org

Absract - Detals on how inddling and usng the computer programs McMaille (for indexing
powder diffraction patterns), ESPOIR (for solving structures in direct space) and GRINSP (for the
prediction of framework inorganic compounds) are given.

Introduction

The common point between these three computer programs McMaille, ESPOIR and GRINSP
(gpart from the author) is that they agpply the Monte Carlo method to different problems. McMaille
[1] may index the powder diffraction pattern, providing the cell parameters. ESPOIR [2] may solve
the structure in direct space using structure factors (either extracted from powder data or coming
from sngle crysta measurements). GRINSP [3] may predict structures in the redtricted area of the
N-connected 3D nets, with N = 3 (B20Os), 4 (zeolites and SO, dense phases. corner shaing
tetrahedra), 5, 6 (corner sharing octahedra MXs; compounds) and binary combinations (two
different polyhedra or two sizes of the same polyhedron type). GRINSP can be aso used as a direct
space gtructure solving tool for these frameworks.

'‘May index, 'may solve, 'may predict', the prudence is because no guarantee is provided since
the process is based on the use of random numbers so that the solution may not be captured during
the random walk and aso because there may be no satisfying solution to the problem.

Another common point is the easy avalability on the Internet [1-3], the digtribution being made
according to the GNU Public Licence (the source code is open and should stay open if
modifications are made by usergprogrammers). A bad point is the austere aspect of the PC
windows in which are running the programs (generdly a DOS-like console gpplication). But this is
aso a drength since the use of a ample text editor dlows to prepare quickly a parameter file which
is then combined with some experimenta data file, also managesble by text edition.

Demondrations will be provided with McMaille by usng the UPPW data [4] and the indexing
benchmarks [5, 6]. The ESPOIR largest problems solved to date correspond to 54 DoFs (degrees of
freedom) with the minera gormanite [7], 27 DoFs with the Structure of a-LaW-Og [8]. In these
caxs, the aoms are moved independently a random in the cdl till ther pogtions fit with the
intengties of a pseudo-powder pattern regenerated from the extracted "|Fobg". ESPOIR is capable
of trandating and rotating a molecule as well, or severad objects, up to find the best fit, this will be
shown in the case of bethanecol chloride. Demondrations with GRINSP will exhibit its abilities in
the prediction of various dructures. B;Ojs, zedlites (SO», duminoslicates), MXs, boron slicates,
titanium silicates, gallium phosphates, €.

McMaille - indexing powder diffraction patterns

Ingtallation - The package (pronounce MacMy) including the manud, examples and an
executable for the MS Windows XP operating system on a Persona Computer (PC) is avaible at the
URL http:/mww.cristd.org/McMaille/. There is no need to sgn for any licence, the package is
directly available and even the source code is downloadable. The inddlation is draightforward,
after unzipping the whole package in any directory.

Running McMaille - Cryddlographers want solutions fast... Is that possble when using
McMaille ? Yes, if you condgder that 5 or 15 minutes is fast. The firs recommended approach when
usng McMallle is to use the "automatic mode'. The following demondration uses a friend software
(WinPlotr, aso graphica user inteface for Fullprof, eic) for the extraction of the postions and
intengties of the reflections from the raw powder pattern. WinPlotr has an option for the direct
creation of an entry filefor McMaille in automeatic (or black box) mode.
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Start WinPlotr,
open the
powder pattern
file and select
« autometic
peak search »

Sdect the
appropriate
conditions
(Cw
Kaphal,2
doublet, if
any, efc),
then, click on
OK.

WinPlotr
edablishesa
list of pesk
positions and
intengties.
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Savethe
results for the
McMaille
program - or if
you prefer, for
DICVOL, ITO
or TREOR,
€etc.

Givethefind
detalls:
s atitle,
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The preparation is

finished, the entry

filefor McMallle
IS created.
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0O S3K_mcenida - ‘WordPed
Fher Eiton afchege Fesmen Foma 7
. . DFE &3 A T
That filelooks quite 2 T T T =
ample: %3
! Wavelsngth, zercpolnt and WERID {RGRIE=3: black box mode)
1.5480560 L0000 3
! List of Ztheta positions, ilntensity {min.=20)
E.12272 14280.TLTLS
8.37348 1981 28308
11.48217  3138.04541
17.5614% 462835083
18.78679  109T.41%28
15,93832  25614.43880
22.05500  4MO0T. 82305
23.05860  4210,23882
24.01934  1401.50623
25,2952 1022 . TTTT
26.68750  1039.36450
27.52550  218L.97BET
28.34468  315L.54053
29.13696  363L.50562
259,.30353 A19T&_TO30DD
30. 86221 ATT_3654F
31.405%55% 11646.TO533
32.12103 471.37812
33.826493 £78. 88472
33.53804 106954763
57 Ragcouns) ven Mepillesse

Entry Tile {(mo extension L] X _ Moy

& 3x_memy

??MJF!% wrs;nn 3,04

ata Tile [ sS3X_mcmy

Y ou need then to sart

WARNIMNG - WARNING - WARNIMNG - WARNING -
This 15 the black box mode...

Could need the whole night, if not more...

If you do mot want to continue :

To cancel but save, type K (capital Tetter) anytime

WARNING

Ctr1+C would be better

Monte Carlo search :

cubic: RE a ¥ Mind

1 8l. 0.043 1E.B77T4 G727.1 1

1 H16. 0.043 1E.B7T4 BT27.1 1 :
Hexagonal: Rg a e W Nind

1 166E. 0.038 15.4186 9.4383 1943.2 1

1 1907 . D.038 15.4164 9.4385 1942.7 1

3 574, 0,087 15.4160 94385 19426 1
Rhombohedral: Rp a c W Nind
Tetragonal @ R:g a c v Nind

1 708, 0.04%9 13.3483 9.4547 1684.6 1

1 319E. D.038 1% .352E 9_4382 168x.B 1

| 4523, 0.037 13.351% 9.4385 1682.5 1

7] 328. D0.037 13.3513 9.4384 168z2.5 1

9 3247. 0.087 13.3512 9.4385 1882.4 1 B
arthorhombic: Rp a b C W Nind
1 201z, 0.107 ©.438]1 3I_ES40 13.3564 485 _E 2
5 ER45. 0.106 9.4380 3.8540 13.3563 485 .8 2
9 4905. D.106 9.4380 3.B534 13.3571 4B5.B 2
i 4558, 0.034 6.6750 13 3568 9.437%9 841.5 1
2 4861. D.033 7T.7046 9.4381 13.3563 571.2 1

The asttomatic mode in McMaille is an "expat sydem” which examines dl symmetries in a

McMallleitsdf (double
click on the program name
McMailleexeinits
directory) and to give the
entry file name (do not give
the file extenson .dat which
isthe default one) just
prepared from WinFlotr :

restrained domain of volumes and cdll parameters (no limit in cubic).

Symmetry max MC events
cubic V*0.5
hex/rhomb/tetra 400000
crthorhombic 4x1000000
monoclinic 4x10000000
triclinic 4x1000000000

Pmax Vmax

3*dmax [I*dmax) **3 — no limit
30 4000
20 500-1000-1500-2000
20 500-1000-1500-2000
20 250-500-750-1000



Thus, it could be
necessary to explore
larger ranges of volumes
and cdl parametersif the
automatic mode failed, or
if the user wishesto have
a deepest look. For that, at
the end of an automatic
examindion, McMaille
crestes anew entry file
ready for working in
manud mode. Here is
such afile:

B =3x_mcmy-new.dat « WordPad

f-d'-n: Edition A:H.d'ldi. Inmn:n .I'-:-'ml: il

DFEE SH & «i By

85X3

! Wevelength, zeropoint, Hgrid
1.540560 0.0000 2

! Codes for symmetry
100000

! W, Hind

0.300 2

'Pmin, Pmax, Vmin, Vmax, Fmin, Bmax, Emaxref
2, BO. 8. 125000. 0.05 0.25 0.50

! Spar, Sang

0.02 0.2

I Ntests, Nruns

2000 1

! 2-theta  Intensity
6.122720 1480.717
9.373460 1881.283
11.48217 3138.045
17.561459 4628. 351
18.78679 1097.415
19.93832 25614 .44
22.05500 4807 .623
23.05860 4210.237

Appusaz ur FL pour chbank da fade

Sarting McMaille in manua mode using thisfile produces :

d:=‘ Raccouwrci wers MoMaille. sxe

53x_mcmy-new

McMalille version 3.04

Entry file (no extension) 77s3ix_mcmy-new

Data Tile : s3x_mcmy-new

WARNING — WARNING - WARNING - WARMING - WARNING
EXPECTED total number of tasts 4401.000

EXFECTED TOTAL CPU TIME FOR A 2.4GHzZ:

Seconds : 0.2200500

Minutes: 3.6675001E-03

Hours : 6.1125000E -05

Days : 2.5468751E-06

Years: 6.9777397E-09

If you do nmot want to continue : Ctri+C wowld be better

Monte Carlo search :
Cubic: Hind

Rp a v
1 455. 0.044 18.8774 6727.1 1

YOU HAVE FOUND AM INTERESTING RESULT : Rp < Rmim !

FINAL VALUES i (STANDARD DEVIATIONS : Znd LINE)
ZERD L AMEDA A B C AL PHA BETA

E P GAMMA,

0. 005 1.5406 18.8832 18.BE32 1B8.8832 90.000 90.000 90.000

0.003 0.0000 0.0033  0.0033 0.0033 0.000 0.000 0.000

RECIPROCAL CELL : 0.05296 0.05296 0.05296 90.000 50.000 90.000
VOLUME (A**3) :© 6733.241

M{20) = 41.11
F(20) = 71.74 ( 0.0043, 65)
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o Ralcourci vers MoMaille g
| ENLry g8 (no extension ¥

| McMaille wversion 3.04
Data file : ¥

WARNING = WARNING - WARNING - WARNING - WARNING
This 15 the black box mode...
could need the whole night, if mot more...
If wyou do not want to continue : Ctrl+C would be battaer
| To cancel but save, type K (capital Tetter) anytime

Monte Carlo search :

Cubic: Rp a v Nind
Hexagonal: Rp a 4 v Hind
Rhombohedral: Rp a C W Nind
o Tetragonal: Rp a c L Nind
| ertharhombic: Rp a b e v Nind
| MonocTinic: Rp a b c bat v Nind
z 582. 0.025 9.3B01 11.8404 5.9736 96.07 64E.6 O

I' FImaL vaLues : (STANDARD DEVIATIONS : 2Znd LINE)
ZERD AMBDA A c AL BETA GAMMA,

L B PHA
! 0.000  1.5406 9.3817 11.6411 5.9733 90.000 96.061 90.000
| 0.005  0.0000 0.0021 ©.0029 ©0.0013 0,000 0,010 0,000

RECIPROCAL CELL 0.1071% ©.08590 0.16835 90.000 83.939 90. 000
|va|.m£ (A*#3) :  648.718
I
[}
|

HEZG} L] 56.94

F(20}) = 94.78 ( 0.0042, 500
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A prf fileis
built by
McMaille
which
contains data
for adrawing
by usng
WinPlotr.

Here, it isthe test
example of the
CRYSFIRE
program
(monodinic cel)
which istested
with McMallein
automatic mode.
In principe the
time of cdculation
is< 5 minuteswith
a> 2Ghz.PC.
The next
CRYFIRE
version should
include McMaille.

The corresponding
prf file.of the
CRY SFIRE test:



Algorithm - Bedow is the McMaille chart flow where Ni is the number of indexed pesks, N is the
tota number of pesks, N' is the number of tolerated non-indexed pesks, R is the profile rdidbility,
R1, R2 and R3 being the limit values defining some specid behaviours of the program..

generate randomly | calculate R

eievt oyt s}'stcm| cell parameters [_- determine Ni

— Ni > N-N'

s

R=RI1
usually 50%
yes

define limits in volume
and cell parameters

no

yes

cell "refined”
by Monte Carlo

. |

"optimization” : sometimes
keep a parameter not
having improved R

ey |

new crysial _ R <R2
sysiem ? | usually 15%
no yes yes
Vs
’ " R <R3 cell already
no ~ Ngen < Nirials o usually 5% | = cound ?
yes keep all |
STOP these cells|

The man difficulty when uing McMallle is the long cdculaion time Saving time is redized with
pre-established ligs of Miller indices hkl. Between 400 and 1000 hkl triplets are prepared in files for
each crydaline sysem and they are read only once a the program dart, then kept in memory for
subsequent use. McMallle sdlects the gppropriate Miller indices in these lists, but does not reorder
them for each text of cel parameter combinations, this would need too much time. If a cdculated
peek is never overlgpping with an observed pesk, then the corresponding Miller indices are
considered as not observed.

In the preiminary versons 1 ad 2 of McMaille (current verson being 3), a pseudo powder pattern
was regenerated from the postions and intengties of the diffraction pesks, applying an idedized
peak shape (Gaussan). That choice dlowed an important reduction of time caculation if @mpared
to the use of the raw pattern (which would need to recondtitute the background, complex pesk
shapes, asymmetry, etc). The fit between the pseudo pattern "observed” and caculated was made by
iteration of the Rietveld decompostion formula (= Le Bal method). Verson 1 was working only in
cubic in order to test the potentidities of the Monte Carlo approach. It was possible to redize 1000
tests per second by using a 24 GHz processor (corresponding to 3000 itérations of the Rietveld
decompoadition formula per second on a pseudo pattern including 20 peeks). Verson 2 of McMallle
was extended to dl crysdline systems, the fastness decreasing to 300 tests per second for a triclinic
cdl. This was not enough for the low symmetries (monodlinic and tridinic) needing 10® to 10° tests
for having chances to succeed in the indexing.

In the McMaille verson 3, the idedized pesk shape is even more smple : it is a column. That
hyper-smplification has led to a multiplication of the speed by a factor 20, dlowing to redize
20000 tests per second in cubic symmetry and 6000 for triclinic cells. The mgor part of the speed
gain is obtained because an adjustment of the pesk intendties is no longer necessary, the observed



and cdculated columns have the same heght and width, fixed & the beginning. The profile
rdiability Rp is now a function of the overlapping percentage between observed and caculated
columns. The column width, in automatic mode, is caculated by the formula : 0.3 x | / 1.54056.
It can depend on the user's choice in manua mode.

oy ——F—+—+rrrrrr Ty - 7T .

24000 E 3

X brserved” .
- 20 - enlenimin] E One of thetwo
e 3 cases leading to
.. "refine’ acdll is
& 15000 | : . .
= i when Ni > N-N

12000 | 3

0 = -

- one peak unesplained :
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An observed pesk is consgdered as indexed if some overlapping exists with a calculated pesk. The
second case leading to "refine’ the cdl parameters of a Monte Carlo proposd is when R < R1 (it is
recommended to choose R1 close to 50%).

McMaille works better if the defined pesk width is larger than observed (0.30°(2q) for the Cu K-
dpha-1 wavdength, 154056 A, this is much more than the minimum full width a haf maximum
which can be as smdl as 0.04°(2g)). This broadening may seem to contradict the expected
accuracy, however it dlows to increase the chances of success because the more the "observed'
column are large and the more there is chances for them to overlap with some caculated columns.
Let us take a cubic example, a column a 10°(2q) (d = 8.838 A) will extend between 9.85 and 10.15
°(2q) (from d =8.972 to d = 8.707; | = 1.54056 A). If this position corresponds to a 200 reflection,
the range of vaues of the cdl parameter a leading in a sure way to find the solution will be [17.41
to 17.94 A]. Any test of parameter a in this large range (> 0.5 A) will be a winning test. Later, when
refining the cell parameter, it will be the exactness of the angular postion that will be important.
The better will be that exactness and the smdler will be the rdiability R factor (an exact
overlgoping of dl the "observed" and cdculated columns leading to R = 0), dlowing to digtinguish
an excellent solution from severd poor ones.

To say more about the "refinement” of the cedl parameters if a cdl proposd is retaned by
McMalle if R < R1 and R1 is close to 50%, a classcd refinement by a leest squares process would
be difficult. Thus, it is by a Monte Carlo approach tha the cdl parameters are "refined” for cels
proposas retained if R < R1L. Smdl cdl parameters changes are tested and preserved if R improves.
Such amdl changes are tested 200 times in cubic symmetry, and up to 5000 times in triclinic
symmetry. The amplitude of the cdl parameter change is determined a random but cannot be larger
than |delta max| = 0.02 A. If a very good R factor is obtained findly @t R < R3 ~ 5%) the cell
parameters are redly submitted to a leest square refinement and the classica figures of merit (FoM)
(M20, F0) are caculated. For that selected result, pseudo powder patterns "observed' and calculated
are smulated with Gaussan pesk shgpes and a .prf file is created which can be displayed by
WinPlotr. Other computer programs are compatible with some McMaille output files (CHEKCELL
and CRY SFIRE.).



The posshility of beng trgpped in a fdse minimum is a problem occuring in most Monte Carlo
process. This can be avoided by accepting time to time a change in the cell parameters which does
not improve the R factor. The best probability P to accept a new cell parameter in spite of a R factor
not improved was found to be close to 15%, as shown in the table below, giving the number of
timesthe correct cdl was obtained for the same number of MC eventsasa function of P

P (%) 0 15 30 45 60 75 100
Test 1 — orthorhombic 41 45 32 27 15 6 1
Test 2 — rhombohedric 28 41 40 28 17 10 6
Test 4 — monoclinic 47 60 46 45 25 19 2
Test 6 —triclinic 36 42 36 24 18 12 12

P : avaueof 15 signifiesthat in 15% of the tests, achangein cell parameters will be accepted even if that change does
not improve R or does not improve the number of indexed reflections.

for P =100 : achangewill always be accepted

for P =0 : achange will not be accepted if R is not improved.

McMaille is a robust indexing computer program which can possbly cope with impurity lines. The
user decides of theinsengbility degree by means of two adjustable parameters.

N’ : the number of tolerated unindexed lines,

R2 : a R factor limit dlowing to consider only solutions for which R < R2. To fix R2 at 15%
ggnifies that cel proposds explaining a least 85% of the tota intendty on the powder pattern (in
the range of the selected peaks) will be preserved into the find list of the possibilities.

Thus, it is congdered that an impurity phase should not concern more than 15% of the tota
intengty of the powder pattern. Nevertheless, the number of week intensty pesks belonging to the
impurity phase could be large, and this would force to sdect N' large enough (if one decides to add
many wesk intengty pesksin the sarting list of deta).

The conclusons of a sysematic study about impurity pesks when usng McMalle ae the
following. If the intengty associated to the non indexed pesks stays smdler than 15% of the tota
intengty, then :

- for a number of pesks smdler than 30% of the totd number of pesks, McMaille generdly
succeeds in finding the correct cdl placed a the head of the list (however the FOM decresse (R
inCcreases);

- for anumber of additiona pesks in the 35 to 50% range of the tota number of pesks, McMaille
may ill propose the correct cdl but not dways ranked at the top of the lig. It is then more difficult
to conclude.
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Beyond that problem of impurities, it can be conceivable to attempt to index multiphase powder
patterns (obtaining smultaneoudy severa cdls explaning successfully the whole powder pettern).
It is certanly better to try to optimize the syntheds conditions. Severd synthess made by
sysematicdly varying the chemicad compostion may evidence that a sample is a multiphased one
(if sygematic vaiaions of the intendties of some given pesks are obsarved - but preferred
orientation should be avoided - then peaks can be attributed to one or another phase). If redly the
efforts in synthess are inconclusve and that it is believed that the samples are mixtures of severd
phases with unknown crysd dructures, then you may try the option "multiphase’ of McMallle.
This option has anot negligible cost as can be seen on the flow chart :

read N data
™= N2
eelers cryvial systend generate randomly calculate R | Ni > N-N'
. : . cell parameters determine Ni
no
define limits in yolume
and cell parameters no| R <RI

RI1 > 50% jyes

usually 50%
yes

e IIIIHII.ll‘I' I:‘fl' “’Tn“ed“

of tells refined . by Monte Carlo

"optimization"” : sometimes
keep a parameter no
having improved R

i

new crystal
system ?

yes na

R2 = s50%

R < R21
usually 15%

35 50T yes I&'e-'s

no
- Il already
. R <R3 ce 3
no - Nzen < Nirials | o | usually 5% no| found ?

S & Yes keep all
combine 2 cells and STOP these cells

see The best elobal it o
that way prohibited

The cogt results essentialy in prohibitive calculation times, because the number of cel proposds
that have to be examined more carefully (by Monte Carlo adjustment if R < R1) becomes enormous
given that R1 has to be fixed much larger than 50% (up to 75%). And aso the R2 limit has to be
large, smilar to R1L. Findly, R3 itsdf has to be larger than 50%. A series of tests usng phase
mixtures alowed to obtain some conclusons about the effectiveness of McMaille concerning two-
phase samples. If 30 peaks are examined and that 13 to 17 pesaks belong to one or to the other phase,
and that 40 to 60% of the tota intensity belongs to one or the other phase, then McMaille gppears
able to produce correct solutions in reasonable time (less than one hour) for combinations of two
phases that would not be monoclinic nor triclinic for both of them. For these two low symmetries,
the caculation times are redly becoming too long.

Doable calls ¥ith largedt ausbs: of poil lidemed . . .
Example of indexing a mixture of
MAEHTMG - WAHMINN - HAENTWMG - EAHMING - HRRNIHA - -
This La the fuphsse mods 2 phases (20 minutes calculation).
it oould B hettar to go hack to Ehe lab .
s oy aad make @ pure sasple One phase istetragondal, the other
Rpa Yol Vol/V1 Ind Hmcl [ b = alpha bats gusa 1 H "
0.555  119B.136 100 30 A3 AL 1B 11,1880 9.4315 SD.000 S0.000  50.000 is orthorhombic. McMallle
9.108  37B.244 1.0 13 4 12.0374 3.42308 11.0374 S0.400 90.000 90.300 mbl nes the Cdl o S
2.28%  1108.120 1.04 2% 13 11.1M0 11.1480 9.4918 50,000 90.000 90.000 co p | by
9,104 S0T.981 1.9 12 1 4. 5823 10.0280 11.0248 $0.900 90.000 90.900 t\NO of than’ md g&ts the ba
4,258 118B.130 1.08 2% 13 11,180 11,1880  9.4%1% 90.400 90.900 90.000 . . . .
Q.03 TRE.TA4 1.0 B4 1 JL.0E63  7,1331 10,0983 90.900 90,000 R0.000 Comuna|0nS|nd9(|ng thela'ga
a,2k# L1AE L30 1 .99 3§ i L1011, 1880 SAFLE M0 300 R0 .00 Q0. 200
a2.14a '.Jil..;hb- 1.44 14 ‘l ;2.15'& l'.l.:"zul 11.-\:2;5 90.300 90.200 90.300 numm Of M(S
a.2%% 1108.120 1.4 2% 13 11.1M0 11.la80 9.491% S0.300 90.000 90.300
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ESPOIR - Structure solution in direct space

Installation - The package including the manua, examples and an executable for the MS
Windows XP operating sysem on a Pesond Computer (PC) is avable a the URL
http://www.cristal.org/sdpd/espoir/. There is no need to sgn for any licence, the package is directly
avalable and even the source code is downloadable. The ingalation is draghtforward, after

unzipping the whole package in any directory.

Running ESPOIR - At this step of a gtructure determination by powder diffractometry (SDPD),
a cdl is known (obtained from McMaille for instance), so that it is possble to extract the structure
factors from the powder pattern after having selected the appropriate space group. ESPOIR is
configured to accept the extracted "|Fobg" according to the so-cadled Le Bal method implemented
in the program Fullprof (or in GSAS, etc). Fullprof produces a .fou file containing these "|Fobg
which will be used by ESPOIR (after removing some text from the .fou file and renaming it with
.kl extenson). Other required knowledge is a good idea of the chemica compaosition or even more
for organic and organometalic compounds : the three-dimensond molecular formula ESPOIR, as
well as many other programs working in direct space, is quite versatile and may undertake various
kinds of problems characterized by partid or tota chemica knowledge. Two sdected examples are
described below.

Firg example : La;W,0g9 - The purpose is to locate the 9 oxygen aoms from the neutron
powder pattern of La,W,0g, knowing aready the postions of the La and W aoms, these atomic
postions coming from powder X-ray data (located by direct methods). Why neutrons ? This is
because the conventiond X-ray data did not revealed accurate postions for these oxygen atoms,
being quite light if compared to the tungsten and lanthanum atoms (Rg was dready as smdl as 15%
with only the W and La atoms). ESPOIR accepts the partid modd built up from the W and La
atoms, and does not modify it a dl, dlowing to introduce 9 oxygen aoms a random, moving them
up to obtain the best fit between the caculated powder pattern and a pseudo "observed' pattern
regenerated from the extracted "|Fobg'. Using that pseudo-observed powder pattern allows to
escape from peak overlapping problems. Fifty independent tests of 200000 oxygen atom moves (10
millions Monte Carlo events) will be peformed in a few minutes. The data used are the 150 firgt
"|Fobg" extracted from the netron powder pattern by usng the Fullprof program. This is consdered
to be sufficient for the estimation of the 27 atomic coordinates x,y,z of these 9 oxygen aoms. The
solution isfound in 10% of the tests, obtaining Re close to 6%.

¥:% Espoir, - tdat View - L bwwB] E@@
“f File Edit Yiew Run Window Help =
est on LaZW209 Smadl datafile for ESPOIR containing the
7.2714 7.3053 7.0631 96.33 94.72 70.22 .
P problem definition :
Mt Cell parameters, space group, wavelength,
laWw O U,V,W, chemica content, interatomic
‘I . - .
e T distance restraints, maximum moves of the
-193 ?3 ;.m aoms, conditions of the Monte Carlo tests
50000 200000 200000 (number of events per test, number of
i—'ﬂuﬂﬂﬂﬂ 0.30 2 100 tests), définition of the objects (here an
009 object isstationary : 2 La+ 2 W atoms, and
L athe other object is congtituted by 9
oo .
220 oxygen aoms first placed at random).
1.000 ilai i NI
0.84935 0.73977 0.157301.00000 A second flle IS hecessary contani ng the
0.58660 0.72487 0.62462 1.00000 Miller indices and the "|Fobg" extracted
10.06370 0.27152 027779 1.00000 from the powder patten.




Fih Espoir

File Edit Wiew Run Window Help

Once ESPOIR s
Sarted, reliabilities
R are displayed
Data file : LiwwB together with
Title of run : variousindications
Test on La2W¥W209 -
WARNING : Object 2 cannot move at all (r:g;:n;?(s)fd moves
, Of Moves
Testnumber: 1 accepted of
Starting R value = 0.457 permutations made -
if alowed - €etc) :
Object number 1 attest 1. Previous minimum R= 0.457 at test 1
0 moves acc. 0 gen. and 0 tested; Chi**2=0.457 , R=0.457
0 perm. acc. 0 tested
0.84935 0.73977 0.157301.00000
0.58660 0.72487 0.62462 1.00000
0.64464 0.20354 0.84285% 1.00000
-0.06370 0.27152 0.27779 1.00000
1% Progress View - LbwwB |:||E|E]
136 events did not improve the fit, DAMP = 0.249615 {_\_
Object number 2 at test 21. Previous minimum B= 0.106 at test 2
0 moves acc. 0 gen. and 0 tested; Chi**2=0.118 ., R=0.118
0 perm. acc. 0 tested s
0 events did not improve the fit, DAMP = 1.000000 Izrt::?lt ’
Object number 1 attest21.  Previous minimum R= 0.065 at test 21 R=0.065is
367 moves acc. 199999 gen. and 163601 tested; Chi*™*2=0.646E-01, R=0.0 atained at
0 perm. acc. 0 tested .
168 events did not improve the fit, DAMP = 0.009995 the 21th test:
Object number 2 at test 21. Previous minimum RB= 0.065 at test 21
0 moves acc. 0 gen. and 0 tested; Chi**2=0.646E-01, R=0.065%
0 perm. acc. 0 tested =
N fwents did nnt imnrowve the fit NAKMP = 1 NNOODNON | o
£ I >
£ Espoir |:|@®
itis possible to display the
at View - Lbww - [B][x] pseudo powder pattern
b View -Liww8 - [B]x] built from the pesk
events did not improve the n A0 LU 1t
l: Object number 2 at test 28. Previous minimum R= 0.061 at test 22 2 FI)IOStIOI:S md the_ex':r&taj
o1 Omovesacc. Oaen.and  Otested: Chi*2=0.199 , R=0.199 [Fobg". it is obvious here
£ 0 perm. acc. 0 tested 1 i
La that the resolution isredly
1 L84 +:: Profile View - LiwwB M= bad. Peaks are
3. . )
| Object i i
1u. Sai ] " ov_erlqoplng alot, a_n_d this
eni Upe isnot redly surprisng
20 Oi};cf sncethe cdl istridinic
' omo with parameters al close
1.0 Ope to 7 angstroms. The X-ray
0 0 ew )
» AL pattern had a quite better
1.000 resolution.
0.84935
0.58660
0.64464
-0.06370




2, RasWin Version 2.6.4 FEX
File Edit

Colours  Cptions  Export  Help

‘Wireframe

The structure can
be displayed with
RASMOL, a
public domain
drawing program
integrated in
ESPOIR:

Backbone
Sticks
Spacefill —
Ball & Stick. | m R= 0.061 at test 22
| Ribbons : *2=0.211 , R=0.211

Skrands
Cartoons

However, RASMOL
isnot redly efficient
with inorganic
compounds. A
projection of the
dructureis shown
here by usng
STRUVIR (VRML
verson of
STRUPLO) showing
the WOg octahedra
and WOs polyhedra
forming the
La,W,0g Sructure
(The Laatoms are
represented by
spheres) :

Second example : bethanechol chloride - In this second example, the postion of the bethanechol

molecule and that of a Cl aom will be established in the cryddline cdl of the bethanechol chloride.

When a sample is organic or organometdlic and if the three-dimensond molecular formula is
known, once the cdl indexed and the space group established, one has only to postion the molecule
into the cell. The Monte Carlo method is well adapted to this kind of problem. In the case of the
bethanechol chloride with ESPOIR, two objects are placed a random in the cdl and will move
independently. The first object is the molecule C7N2O, (without the 17 hydrogen atoms) describe in

cartesan coordinates coming from a database. The second object is the chlorine atom. The molecule
will be submitted to rotations and trandations, and the Cl atom to trandations, up to find a
satisfying fit between the "observed" and calculated intensties.

Below isgiven the .dat file containing the problem description for running ESPOIR :



Bet hanechol - molecule without H atonms + Cl random

8.880822 16.416883 7.140692 90. 000000 93.829346 90. 000000
P 21/ N

0.6995 4 12 4 2 1 3

0.027662 0. 000000 0. 000078 5

C N o d

0
8. 8. 8. 8.
1.5 1. 0.02

20000 200000 100000
100000 0.30 2 20

2 4

7220

1.500

0. 0. 0. 90. 90. 90.
1.12559 1.62885 4.89741 1.00
2.18536 3.78472 6. 69582 1.00
3.38781 2.29083 4.00240 1.00
2.79920 2.34124 6. 52033 1.00
2. 94085 0.19817 5.37523 1.00
2.29373 4.13788 8.17289 1.00
2.47432 5.31671 4.78811 1.00
1. 33316 5. 24660 4.53231 1.00
2. 60361 1.67334 5.14159 1.00
3. 14464 4.77523 5. 96655 1.00
3. 50507 6.27914 4.41895 1.00

10

0001

2.500

The hkl and "|Fobg" extracted from the synchrotron powder pattern (by using Fullprof) are shown
below. In such a case, the number of degrees of freedom is 9 (3 postion and 3 orientation
parameters for the molecule, and 3 postion parameters for the chlorine atom) if the torson angles
are not dlowed to change. So that only the firs 50 "|Fobg' will be sufficient. Usng more would
only lead to much longer caculation times.

50
0 2 0 22.08 0. 00
1 1 0 5.72 0.04
0 1 1 57.71 0. 00
1 2 0 53. 90 0. 00
-1 0 1 187.76 0. 00
-1 1 1 86. 45 0. 00
0 2 1 97. 82 0. 00
1 0 1 91.13 0. 00
1 1 1 126.19 0. 00
-1 2 1 225.36 0. 00
1 3 0 15. 09 0. 00
1 2 1 83. 88 0. 00
2 0 0 280.27 0. 00
0 3 1 53.58 0. 00
2 1 0 265.62 0. 00
0 4 0 58. 99 0. 00
-1 3 1 158.44 0. 00
2 2 0 29. 81 0. 00
1 3 1 74.19 0. 00
-2 1 1 95.18 0. 00
1 4 0 135.27 0. 00
2 1 1 130.60 0. 00
0 0 2 264.85 0. 00
0 4 1 196.57 0. 00
-2 2 1 64. 65 0. 00
0 1 2 130.57 0. 00



-1 2 2 29. 44 0. 00
1 5 0 6.48 0.24

The solution is quickly obtained. It would be obtained a bit dowly if the 17 H atoms were added.
Below is a screen copyshowing ESPOIR during a run including the H aoms. A rdiability R vdue
closeto 10% is obtained at the third test :

BrTT— ISELT
| o' ResWin Vorsion 2.6.4 =1

Brithoacchal - complet: malecule = O random |0k Fdt peply cobuas optans Cpot Help
H.BA0EX? 16 416BH3 7.140857 S0.00A000 93029346 90.0080080

BO2FEE2 D.0D0DDE 0E00S7E 5
C M 0HO

0

0.8 B8 8

1.5 1. 0,00

RO00 1 D 100008

0. 0. 1. 50, 30, 98,

Objert namber 1 alfest &, Pressinus mindimiam H= 0107 af est 3
Trob ace. 7762 gen. amd 7762 1ested, Chi**2=0.448 . R=0.448
Alrens, ace, 2507 tesled
1 events did not imprene the 1@, DAMP = L7062 24

Object namber 2 allesl 5, Peesdous mindmum A= 0107 of kest 3
2moves scc, 100136 toslbed; Chi™2=-0.448  , A-0.4508
0 perm, ace, 0 tested
1 evenis did ot imprees thi 10, DAMP = 0011842
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An application of the DASH program to the same problem was obtained from J. van de Streek
(CCDC) during the UPPW Round Robin, with an analogous success :
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GRINSP - Geometrically Restrained | Norganic Structure Prediction

Installation - The package including the manud, examples and an executable for the MS
Windows XP operating sysem on a Pesond Computer (PC) is avable a the URL
http://imww.cristal.org/gringy/. There is no need to sgn for any licence, the package is directly
avalldble and even the source code is downloadable. The inddlaion is draightforward, after
unzipping the whole package in any directory. Note that some files like connectivity.txt,
distgrinsp.txt and wyckoff.txt have to be absolutely in the same directory as gringp.exe and the .dat
file defining the run of your expected predictions.

Running GRINSP - Once it is decided to explore some chemica compostion MgXy, or
MaM'pXc (the verson 1 of GRINSP is limited to the building of N-connected 3D networks having
such formulations, with N = 3, 4, 5, or 6 and mixtures N/N'), then the first thing to do is to verify if
the distgrinsp.txt file digtributed with the package contains the appropriate geometricad redraints :
the interatomic distances for the M/X atom pairs (ided distances for first neighbours MX, X-X and
M-M, as wel as ranges of digances tolerated during the exploration: the edtimated minima and
maxima second neighbour distances (M/M')-(M/M") are dso requested). Such distances can be
found in databases (ICSD, AMCSD, COD) by looking a known compounds belonging to the
family you wish to explore, or can be found in the International Tables for Crystdlography, or in
books or publications about structure and bonding. Then you have to prepare a .dat file containing
the description of the problem to be explored. A typicd example of .da file delivered with this
verson (edi.dat) is detailed below (see the GRINSP manud for full explanations):

EDI : text for thisrun

P1 : SG : space group

2101 : nsym, npol, hcon, Nmim

4 : ncpol (coordination for every polyhedron-type)
Si O : dements for asearch in the distgringp.txt file
6.7 71 6.7 7.1 6.2 6.6 : min and max cdl parametersa, b, ¢

90. 90. 90. 90. 90. 90. : min and max angles

10. 30. : min and max framework dengty (FD)
100000 20000 0.01 : nruns, genmax, Rmax

6000 1 :idis (MC cydlesfor distance refinement) and iref ([1] or not [Q]))
4001000 : first filename (will be 4001000.*, 4001001.*, etc) .dat, .cif, .xtl

Most parameters are self-explanatory for crystalographers. Some require to read the short manual.
Another example of .dat file for exploring aternary system, note the main differences:

Mixte 6-3 ReOg/BO3

P1

4202 npol = 2 here

63 note the two coordinations defined here (octahedron and triangle)
Re O onelinefor an ReOg octahedron
B O and one linefor aBOs triangle
3.13.3.13.3.13.

90. 90. 90. 90. 90. 90.

10. 30.

100000 200000 0.05

6000 1

2042101



Below isapart of the manud :
nsym, npol, ncon, nmim : four integers (free format)

nsym = alows to define the condraints on the box cdll parameters

- cubic

 tetragond

: hexagond

: orthorhombic

: monodlinic

 tridinic

Note that it may occur that the red symmetry will be different from the symmetry imposed here...
A way to find the true find symmetry isto apply the PLATON software to the CIF file. PLATON
would find the symmetry dements missing in the P1 (or else) space group description.

OO WNE

npol = number of different types of polyhedra you wish in the predicted structure
Warning : only npol =1 or npol =2 are allowed in GRINSP version 1.00.

ncon = defines the degree of connection between polyhedra
0: every X atom is connected to two M/M' atoms (corner-sharing)
> 0: some X atoms are connected to only one polyhedron
< 0 there could be edge-sharing, etc

Warning : only ncon=0isworkingin GRINSP verson 1.00

nmin = minima mumber of M/M" atoms for saving amodel

(if you aretired to see these small suctureswith 2, 3 or 4 M aoms only dl the time)

For exploring aM/M' system, only solutions mixing M and M" will be retained (meaning thet the
minimum will be nmin=2, anyway)

ncpol = coordination for every of the npol different polyhedron-type
Warning ! only four values ncpol=3, 4, 5 or 6 areallowed in GRINSP version 1.00
and a maximum of 1 or 2 values can be given (because npol =1 or 2 maximum)

Elements : two dements for agiven polyhedron - there may be two linesif aternary MaM'pXc
sysem isexplored. Thispart isformatted as 2A4 : four spaces per atom.

GRINSP will have to find the minima/maximal/ided interatomic distances for this polyhedron
ingde of thefile distgringp.txt

After the same atom codes in distigringp.txt is added the coordination, and then 4 lines
corresponding to the prescribed interatomic distances:

SiO 4 : atom codes and coordination (here a SiO4 tetrahedron)

2.60 3.60 3.070 : minima/maxima/ided firg distance between atom pair 1-1
1.301.901.610 : minima/maximal/ided firs distance between atom pair 1-2

2.203.00 2.629 : minima/maxima/ided firg distance between etom pair 2-2

4.406.00 : minmal/maximal second distance between atom pairs 1-1

You may edit distgrinsp.txt and add there your own data (anywhere) : 5 lines per kind of
polyhedron as above. Carethat the elementsare given in 2A4 for mat.

Etc.



The Windows PC verson will run by dicking on gringp.exe, opening a window shown below. The
name of your .dat file has to be given (tet48.dat in the example below, but the .dat default
extenson should not be provided). The entry data parameters are displayed, as wel as a summary
for every successful prediction. You may stop the program execution by typing K (capita letter)
anytime. The program will store and sort the results and stop a the next multiple of 50 runs (so the
stop is not immediate but may need afew seconds).

s C:\Fortran\GRINSP\Zeolites\B\GRINSP.exe

i

Input file <no extenszion?
est4d
Test

Space Group = PH HH

constraint on symmetry - orthorhombic box

Mumber of different typesz of polyhedra: 1
Connectivity degree (H = 3D net): a
Minimum number of polyhedra in the cell: 4
Polyhedra coordinations: 4

For polyhedra

pair i—j :1-1 mins/max~ideal distances
pair i—j 1-2 minsmax~ideal distances
pair i—j =2-2 minsmax-ideal distances

2.578 3.578 31.6878
1.318 1.918 1.618
2.229 3.829 2.629

second pairs 1-1 mins/max distances - 4.480 6.0080

Min and max a, b, ¢ = 6.A068 16.°A60680Q 6.8080 16 .080000 6.0000 16 .8000

Min and max angles = 0.8 99.80 0.8 90.80 909.88 0.0U0

Min and max framework density : L.88 30.098

Mrun, genmax, rdtm = 288808 388804 .8 1.588000080E—-82

Monte Carlo cycles of distances vefinement: 18888

Cell refined

Run MCgen a b [ alpha bheta gamma nT R
997 4166, 12_.77539 7.1886 11.5%728 98.80 90.08 90.00 20 A_6142
1889 48 . §.9532 8.9631 §.954% 96_. 60 98.80 90.00 12 O.0065
2369 14, §.1814 P22 £.3331 98.880 98.80 9Y09.80 & O.0185%
2825 3. 8.9537 8.7612 8.9579 98.880 98.80 90.00 12 O.0066
3189 78754, 18.86824 18.4%83 78341 989,880 90.80 98.660 16 BO_.8837
3314 11. £.3287 8.5723 64562 90.00 90.80 99.00 8 BO.6123

3398 I5673. 5.1767 12.3598 9.2257 99.88 98.88 978.84 1@ A.4181
3554 33578, 7.8%68 1@.4938 108.695% 98.80 98.80 968.08 16 O.0898
3798 147522, 9.1881 5.1811 12.6866 98.80 98.80 90.008 18 O.0638

4199 222. 8.9598 8.9538 8.962% 90.88 98.88 78.80 12 A.86066
4586 1285. ?.4473 7.7787  16.2766 98.88 8.8 968.88 22 A.68146
4771 185. 12.8784 7.2424 5.1734 99.88 98.88 T8.84A 1@ A.A181

41809 57567, 6.6618 6.6781 13.9134 98.60 98.80 90.008 16 A.6A133
5428 126115, 4.8837 108.6492 2.A351 98.88 98.88 98.84 12 A.06086

5464 8184, 8.9609% 8.9472 8.9561 98.88 98.88 98.80 12 B.86061
6253 462@. 12.8591 5.1731 ?.8156 9A.88 98.88 98.80 18 A.8675
6448 123. ?.8243 4.9283 160.6935 98.680 978.80 98.88 12 O.88Y7

GRINSP creates several output files:

name.imp : summarizes dl the results (including FD, the framework dengty)

name.con : contains the coordination sequences (CS) of dl predicted compoundsin arun
filename.dat : atomic coordinatesin STRUPLO/STRUVIR format, allowing a direct ook
at the dructurein VRML

filenamextl : aomic coordinatesin the CERIUS Accerys format which may be used by
the zeoTsites software for coordination sequences, vertex symbols and geometry andyss.
filename.cif : aomic coordinatesin the IUCr CIF format

The STRUVIR program (dso didributed a the Web dte  hitp:/imwww.cristd.org/)  produces
interatomic distances caculations and prepares two VRML files (po.wrl and wi.wrl, respectively for
disolaying the crystd dructure with polyhedra or in wireframe syle). A good VRML viewer is
CosmoPlayer shown on the next picture:
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General prediction - If the am is to explore the possible crystd structures showing corner-sharing
in M2X3 (triangles) , MX, (tetrahedra), M X3 (orctahedra) or mixte compounds MiM'pXc, then it is
recommended to examine firg cubic cdls, going from high symmetry to low symmetry. If cdls are
predicted in cubic, store the new coordination sequences (CS) in the connectivity.txt file, then test
with tetragond cdls, dore the new CS if any, test with hexagonad cdls (etc : orthorhombic,
monodlinic and findly tridinic completing the full exploration). New CIF files are generated only if
a new CS occurs that is not dready into the connectivity.txt file. However, the nameimp globd file
will contain dl predicted results so that if you are searching for isostructurd compounds, you may
want to reduce the content of the connectivity.txt file to a very minimum, so that al predictions will
be estimated to be new and you will obtain the CIF files Usng a negative fird file number dlows
to create al predicted structurefiles.

Using GRINSP as a structure determination tool for zeolites or MXs compounds (or €tc):
If the am is to explore a andl range of cdl parameters and if the symmetry is known, this is even
more smple, see the EDI example above. Redtrain the search to the known cdll parameters (dlow a
gmall tolerance).

The find dructure is dill described in the P1 space group, but you will find in the .imp file the
general or special postions occupied by the cations in the selected working space group before the
find refinement made in the P1 space group.

GRINSP does not work by applying smulated anneding to a dating random configuration.
Verson 1.00 works schematicdly as follows, by using the Monte Carlo method :

Manua sdection of the congtraints on cell parameters, of restrained interatomic distances, of
the type(s) of coordinations, and of the space group. Then the Monte Carlo process starts.
Random sdlection of the cell parameters insde of the predefined range.



Random positioning of afirst cation M (or M") of the future M Xp, (or MaM'pX¢) compound
on agenerd or pecia pogtion, itsdlf sdected randomly.

Random paositioning of the next cations (random choice of M or M") in respect of the
distance restraints with the previous ones, on agenera or specia pogtion, itsalf selected
randomly.

If amode fulfillsdl distance criteria, place the X atoms at M-M midpoints, "refine’ the
atomic postions and cdll parameters by a Monte Carlo process so asto improve an R factor.
Continue to try to predict structures in that way till a certain number of independent runs are
made.

Find if the predicted structures are new or were aready described (using CS - Coordination

Sequences).

In the GRINSP dgorithm, the number of M or M' aoms in a randomly sdected cdl is not
predetermined, it is predicted as well. Only distances are consdered (not angles - though
consdering arange for the second M-M distancesis like restraining angles).

Currently, there are many limitations in that beta verson. GRINSP 1.00 proved to be efficient for a
maximum number of 64 M/M' aoms on up to 4 different genera or specid postions (10-15 M/M'
aoms in a tridinic cdl which you may force to be cubic-like or hexagond-like or etc). It was
shown to be able to predict many zeolites (ABW, ACO, AFI, BIK, EDI, GIS, LTA, SOD... but not
dl of them since the exploraions were limited to cel parameters < 16 A) or the compact SO-
phases (quartz, cristobdite, tridymite, etc), polymorphs for B,Os, AlF3, hypotheticd phases in
binay sysgems B,03/S0,, B,03/Re03;, SO,/ReO3 (see the PCOD [9]). It is up to you to try
GRINSP with other systems, and even the above ones have not been completely explored. One life
would not be sufficient.

Further work is needed for improving the GRINSP efficiency :

Introduction of different linkage modes than by corners (edges, faces...)

Adding the possibility for insertion of big cations K/S/BalCg/etc as spheresin the
holes'tunnds

Consdering bond vaence as an dternative to pure geometrica restraints for the modd find
refinements

Increase speed by not recaculating dways everything (distances)

Increase the box size for the CS (coordination sequence) calculations (729 cellsis not
aways enough...)

Etc!

Good luck with McMaille, ESPOIR and GRINSP !
Think to improve them by your sdf and communicate the changes (GNU Public Licence).
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