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Abstract - There is a huge and confusing literature about inorganic crystal structure prediction.
The word "prediction” is used sometimes as meaning "dructure determination” since the process
described needs the knowledge of the chemicd compostion and of the cel parameters. Some
clarifications are presented here together with a new software (GRINSP) and some of its
predictions.

Introduction

To predict a crystd sructure is not less than to be able to announce it before any confirmation
by chemicd synthess or discovery in Nature. This seems to have little to do with powder
diffraction. The relaiion becomes obvious only if a predicted sructure is sufficiently accurate for
the cdculation of a predicted powder pattern that would further be used with success in the
identification of a rea compound not yet characterized. In a lead aticle entitled "Stuctural aspects
of oxide and oxysdt crydds', Frank C. Hawthorne [1] dated, ten years ago: "The gods of
theoretical crygalography may be summarized as follow: (1) predict the stoichiometry of the stable
compounds, (2) predict the bond topology (i.e. the gpproximate atomic arrangement) of the stable
compounds, (3) given the bond topology, caculate accurate bond lengths and angles (i.e. accurate
atomic coordinates and cell dimensons); (4) given accurate aomic coordinates, caculate accurate
datic and dynamic properties of a crystd. For oxides and oxysdts, we are now quite successful a
(3) and (4), but fal miserably a (1) and (2)". Surprisngly, four years earlier, it was dated that
"computational methods can now make detaled and accurate predictions of the structures of
inorganic materids’ [2]. So, who shal we believe concerning inorganic predictions? The fact is that
there are not a lot of predictions of inorganic compounds mentioned in the book edited by C.R.A.
Catlow in 1997 [3] (note: concerning organic molecules, predictions do not gppear more brillant,
from the results of arecent blind test [4]).

If the state of the at had dramaicdly evolved in the past ten years, we should have huge
databases of predicted compounds, and not any new crystad structure would surprise us dnce it
would corespond dready to an entry in that database. Moreover, we would have obtained in
advance the physicd propeties and we would have preferably synthesized those interesting
compounds. Of course, this is absolutely not the case. However, two databases of hypothetical
compounds were built in 2003. One is exclusvely devoted to zeolites [5], the other includes zeolites
as well as other predicted oxides (phosphates, boroslicates, etc) and fluorides [6]. Some recent
advancesin inorganic crysta structure prediction are discussed in this manuscript.

Previous knowledge ver sus prediction

Can we assume something to be known despite cdling the process a "structure prediction” ?
Some papers claming for structure prediction assume the cdl parameters and chemica compostion
to be known. In fact, in such a case we should dlassfy this approach as a "dructure determination
technique’. Having cel parameters means that one disposes of single crysta or powder diffraction
data. Other works assume that the chemicad compostion only is known (& least tackling the
packing problem). But if a rea compound exiss with that compostion, then we do not have to
predict its dructure, we have to determine it by using diffraction techniques (single crystd or
powder). Other assume that the bond vdence rules will goply or that some sdected energy
potentials will provide the best cost function for driving the atom moves to a place corresponding to
the convenient minimum of energy. These condderations are coming from our current knowledge
of exiging compounds, and it can gopear judified to extrgpolate such characteridics to dill



unknown compounds. It is expected from a prediction process that it will provide the dructures of
compounds to be synthesized or to be discovered in Nature, for which no chemica compostion is
known in advance, and of course no cdl parameters. So, according to that definition, a few cases
presented in the past as being predictions (LisRuO4, LiCoFs4, NbF4, etc) are in fact structure
determinations redized by usng more complex agpproaches than was redly necessary. Severd
known methods for dructure determination would not have had any difficulty to solve these
problems elther from powder diffraction or from single crystd data

Prediction software

Let us cite shortly a few of the computer programs and methods producing predictions in the
inorganic world. CASTEP uses the dengity functiond theory (DFT) for ab initio modding, applying
a pseudopotential  plane-wave code [7]. The sructures gathered in the database of hypothetical
zeolites [5] are produced from a 64-processor computer cluster grinding away non-stop, generating
graphs and anneding them, the sdected frameworks being then re-optimized usng the Generd
Utility Lattice Program (GULP, written by Julian Gae [8]) usng aomic potentids. GULP itsdf
appears to be able to predict crystal structures (one can find in the manud example 24 providing the
data for the prediction of TiO, polymorphs). Recently, a genetic dgorithm was implemented in
GULP in order to generate crysta framework structures from the knowledge of only the unit cdl
dimensons and condituent aoms (so, this is not prediction...), the dructures of the better
candidates produced are relaxed by minimizing the lattice energy, which is based on the Born
model of a solid [9] (this reference corresponds to a review about crysta structure prediction]. A
concept of ‘'energy landscape of chemicd systems is used by Schon and Jansen for structure
prediction [10] with their program named G42. Another package, SPUDS, is dedicated especidly to
the prediction of perovskites [11]. The AASBU method (Automated Assembly of Secondary
Building Units) is developed by Médlot-Draznieks et d. [12], usng Ceriu2 [13] and GULP in a
sequence of dmulated anneding plus minimization geps for the aggregation of large dructurd
motifs. GRINSP [14] applies the knowledge of the common geometrica characterigtics of a well
defined group of crystd structures (N-connected 3D nets with N = 3, 4, 5, 6 and combinations of
two N vaues), in a Monte Carlo agorithm, dlowing to explore the possble modds, those dready
known (providing some proof of efficiency - see the table below) and those to be disclosed in a
certain range of cdl parameters. In GRINSP, the qudity of a modd is established by a cost function
depending on the weighted differences between caculated and ided interatomic firs neighbour
distances M-X, X-X and M-M in compounds MaXp or MsM'wX¢. These models may need further
optimization by usng bond vaence rules or larice energy minimization, however, in many cases
the predicted cdll parameters differ by less than 2% from the redl ones.

Table 1 - Comparison of afew GRINSP-predicted cell parameterswith observed ones

Predicted (A) Observed or idedlized (A)
Dense SO, a b c R a b c
Quartz 4,965 4.965 5.375 0.0009 4912 4912 5.404
Tridymite 5.073 5.073 8.400 0.0045 5.052 5.052 8.270
Crigtobdlite 5.024 5.024 6.796 0.0018 4,969 4.969 6.926
Zeolites
ABW 9.872 5.229 8.733 0.0056 9.9 53 8.8
AFI 13.836 13.836 8514 0.0055 13.8 13.8 8.6
ANA 13.555 13.555 13.555 0.0025 13.6 13.6 13.6
AST 13.611 13.611 13.611 0.0059 13.6 13.6 13.6
EAB 13.158 13.158 15.034 0.0037 13.2 13.2 15.0
EDI 6.919 6.919 6.407 0.0047 6.926 6.926 6.410
GIS 9.772 9.772 10.174 0.0027 9.8 9.8 10.2
GME 13.609 13.609 9.931 0.0031 13.7 13.7 9.9
JBW 5.209 7.983 7.543 0.0066 5.3 8.2 7.5

LTA 11.936 11.936 11.936 0.0035 119 119 119



MEP 13.692 13.692 13.692 0.0077 13.7 13.7 13.7

MER 13.972 13.972 10.077 0.0026 14.0 14.0 10.0
MON 7.126 7.126 17.859 0.0052 7.1 7.1 17.8
NAT 13.822 13.822 6.414 0.0049 139 139 6.4
RHO 14.926 14.926 14.926 0.0022 14.9 14.9 14.9
Aluminum fluorides

t-AlF; 10.216 10.216 7.241 0.0162 10.184 10.184 7.174
Na,CaAl;F33 10.860 10.860 10.860 0.0333 10.781 10.781 10.781
AlFz-pyrochlore  9.668 9.668 9.668 0.0047 9.749 9.749 9.749

A problem with these predictions is the long cdculaion time. Those programs using trid and
error procedures would benefit of pardld or grid computing. For indance, inddled on a sngle
processor PC running at 2GHz, the GRINSP software needs one day to examine one set of chemica
elements in one space group, for random search of compostion and random cell parameters (< 16
A), so that the full exploration would need 230 days!

More detailson GRINSP

Generation of structure candidates - With GRINSP, the building of the starting M M’ pXc
modd corresponds to a yes/no sdection (the cost function is dradtic) : firs the M/M’ aoms are
placed in a box whose dimensons are sdected a random, and the modd should exactly correspond
to the geometrical specifications (exact coordinations, but some tolerance on distances). The fact
that distances are given a large tolerance range adlows many solutions to be captured which may not
correspond to regular polyhedra. In other words, the random walker may stay far above the deep
locad minima of interest. In this first step, aoms do not move, their possible postions are tested and
checked, then they are retained or not. The cel is progressvely filled up to completely respect the
geometricd restraints, if possble. The number of M/M" aoms placed is not predetermined.

Local optimization - In a second step the X atoms are added a the midpoints of the (M/M’)-
(M/M") firg neighbours and it is verified by disance and cdl improvements (a Monte Carlo
approach as well) that regular (M/M’)X,, polyhedra can redly be built, i.e. that there is a deep loca
minima exising close to this previoudy sdected rough arangement of (M/M') aoms. The cost
function dlowing to edablish a minimum is bassd on the veification of the provided ided
distances M-M, M-X and X-X firg neighbours. Thetotd R factor isdefined as :

R = O[(R1+Rx+R3)/ (Ro1+Ro2+Ro3)],
where R, and Ry, for n =1, 2, 3 are defined as:

R.=S [Wn(dOn'dn)]Z,

Ron=S [WndOn]21
where t, are the ided firg interatomic distances M-X (n=1), X-X (n=2) and M-M (n=3), whereas
dn are the observed distances in the structura modd. The weights retained (w,) are those used in the
DLS [15] software for caculating idedized zeolite framework data (wi= 2.0, wp = 0.61 and wg =
0.23). The ided distances are to be provided by the user for pairs of atoms supposed to form
polyhedra (for instance in the case of SIO4 tetrahedra, one expectsto have dp = 1.61 A, dh = 2.629 A
and d3 = 307 A). The smilarity of the cel parameters estimated by GRINSP for zeolites with the
idedized cdl congat liged a the official zeolite Web dte [16] is not fortuitous, since these
idedlized vadues are cdculated by usng the DLS software applying a smilar cogt function during
the digance least square refinements. For ternary compounds, the M-M' ided distances are
caculated by GRINSP as being the average of the MM and M'-M' distances. It is clear that this R
factor condders only the X-X intrapolyhedra disances, neglecting any X-X inter-polyhedra
digances This cogt function R could possbly be better defined differently, br ingtance by using the
bond valence sum rules (this is in project for the next GRINSP verson). During this second step,
the aoms are moving, but no jump is dlowed because a jump would bresk the coordinations
edablished at the firgd sep. This is a smple routine for loca optimization. The change in the cdl
parameters from the structure candidate to the find model may be quite consderable (up to 30%),



this explans why some modes may show parameters larger or smaler than limits defined during
the runs, these limits being goplied only to the fird step results During the optimization, the
origina space group used for placing the M/M' atoms may change after adding the X atoms, so that
the find structure is dways proposed in the P1 space group, ad presented in a CIF file. The find
choice of the rea symmetry has to be done by usng a program like PLATON. One given model can
be retrieved in different space groups with digthly different R vadues. One can imagine usng a
pardld computer with a GRINSP verson which would alow aso to sdect randomly the space
group, so that one globa run would provide the optima space group for each structure type, the
best results being sorted out only at the end of the process.

Binary compounds predicted by GRINSP

Formulations MpX3, MX, and MX3 were partly examined (not yet MpXs which would occur for
M cationsin fivefold coordination).

Zeolites - The complete exploration is dill not finished. A thousand modds are expected to
come from GRINSP with R < 0.01 and cdl parameters < 16 A. The PCOD database contains
dready more than 300 modes mainly in cubic and hexagond symmetry. Examples establishing the
qudity of the predictions are presented in Table 1 showing dready known zeotypes retrieved by the
program. The way GRINSP recognizes a zeotype is by comparing the coordination sequence (CS)
[17] of any modd with a list of previoudy established ones (as wdl as with the other CS dready
sored during the current run). A few of these hypothetica zeolites with smal framework densty
(FD : number of S aoms for 1000 A®) are presented below, one ordered Si/Al prediction being
among them. The CIF files can be obtained by consulting the PCOD database [6], giving the entry
number provided with the figure caption (for instance PCOD 1010026, €etc).

Hypothetical zeolite PCOD1010026 Hypothetica zeolite PCOD1010038
SG: P432, a= 14623 A, FD = 11.51 SG: P432, a= 14.70A -FD = 11.32
formulation : [S,AlOg]



Hypothetica zeolite PCOD1030060 Hypothetical zeolite PCPD1030067
SG: P6;mc, a=18.74 A, c = 9.02A, FD = 14.6. SG: Pécc, a=14.48 A, c =9.17A, FD = 18.0.

Hypothetica zeolite PCOD1030083

Hypothetical zeolite PCOD1030081 SG:P6cc, a= 1414 A, c= 1390 A, FD = 174,

SG: P6/m,a=1560A, c=7.13A, FD = 16.0.

Hypothetical zeolite PCOD1030157 Hypothetical zeolite PCOD1030129
SG P3,21,a=11.18 A, c = 11.24A, FD = 17.3. SG: P61, a=8.661 A, c = 4403A, FD = 21.0.



B203 polymorphs predicted by GRINSP - Not a lot of crysdline varieties are known for this
B,O3 compostion. Too many are proposed by GRINSP. A complete exploration may not be
judtified due to some lack of interest ?

Hypothetical B,O; PCOD1062004.

Hypothetical B,O; PCOD1051002.



AlF; polymorphs yet to be synthesized, predicted by GRINSP - Apat from the well known
perovskite gructure type, which can be retrieved in dmost al space groups during the exploration
of the 6-connected 3D nets with GRINSP, dl the known structure-types were retrieved, including
that of t-AlF; [18] A saries of "yet to be syntheszed" AlF3 polymorphs were aso proposed (which
apparently were not disclosed by the AASBU process [12], the known t-AlF3 dructure type itsef
being not mentioned). Some structure types are redly known with AlF3 formulation, or a least may
exig with other MX3 formulations, stuffed or not (KxFeFs, etc). The complete search was made in
the 230 space groups, however it was restricted to cell parameters smaler than 16 A, using the
following fird-neighbours ided interatomic distances : 35 A for Al-Al, 1.81 A for Al-F and 2.559
A for F-F in the R cdculaions. The range of distances sdected at large for obtaining the initia
models with Al only atoms were 2.90-4.10 A for first Al-Al neighbours and 4.20-6.70 A for the
second Al-Al neighbours. The F aoms being then added a the midpoints of the Al-Al firg
neighbours, and the modd being Morte Carlo refined up to obtain regular octahedra. Due to the
Monte Carlo approach, models may have escaped the search which was limited to 10000-200000
tests per space group, dlowing 300000 MC events (for postioning first the Al atoms) indde of each
test. For the modd improvement in the second step, up to 10000-20000 MC events (either moving
Al of F atoms or changing the cdll parameters) were alowed.

Table 2 - Classification of the AlF; polymor phs proposed by GRINSP (identified as known or
unknown) according to increasing values of the distance quality factor R

Structure-type FD a b c a b g G Z N R

HTB 1968 6.987 6.987 7.212 90.00 90.00 120.00 P6/mmc 6 1 0.0035
TICaTasOs5 20.67 7.004 7.228 9558 90.00 90.00 90.00 Pmmm 10 2 0.0040
U-1 (AlF3) 2127 6.992 7.218 13513 90.00 10522 90.00 P2,/m 14 3 0.0042
Pyrochlore 17.71 9668 9.668 9.668 90.00 90.00 90.00 Fd-3m 16 1 0.0046
U-2 (AlF3) 2043 6.889 6.889 8252 90.00 90.00 90.00 P-4m2 8 2 0.0057
Perovskite 2116 3615 3615 3615 9000 90.00 90.00 Pm3m 1 1 0.0063
Ba,CoTa;003 2115 9499 13.777 7.224 90.00 90.00 90.00 Iba2 20 2 0.0095
TTB 20.78 11.539 11.539 7.229 90.00 90.00 90.00 P4, /mbc 20 2 0.0099
U-3 (AlFs) 2237 6.960 7.402 5207 90.00 90.00 90.00 Pnc2 6 2 0.0160
t-AlF; 2117 10.214 10.214 7.242 90.00 90.00 90.00 P4/nmm 16 3 0.0162
U-4 (AlF3) 21.71 10.505 10.505 6.678 90.00 90.00 90.00 l4,/a 16 1 0.0181
U-5 (AlFs) 1974 7125 7125 11977 90.00 90.00 90.00 P4 /mmc 12 2 0.0191
U-6 (AlF3) 2365 12.601 12.601 6.391 90.00 90.00 90.00 P4/nmm 12 2 0.0233
U-7 (AlF3) 1922 6396 6.396 5087 90.00 90.00 90.00 P4,mc 4 1 0.0243
U-8 (AlF5) 19.65 10.624 10.624 7.212 90.00 90.00 90.00 P4/mmm 16 2 0.0275
Na,Ca,Al;F33 2327 9805 9.805 9.834 90.00 90.00 90.00 I4/mmm 22 3 0.0283
U-9 (AlF5) 2346 7.997 7997 7.997 90.00 90.00 90.00 P4,32 12 2 0.0287
U-10 (AIF,) 1768 6.874 6.874 14.360 90.00 90.00 90.00 P42mc 12 2 0.0299

FD = framework density (number of Al atoms for avolume of 1000A3).

SG = higher symmetry spage group in which the initid modd of Al-only atoms was obtained (not being
necessarily the true final space group obtained after including the F atoms).

Z = number of AlF; formula per cell.

N = number of Al atoms with different coordination sequences.

R = quality factor regarding the ideal Al-F, ~F and Al-Al first neighbour interatomic distances.

Up to R < 0.02, five unknown gructure types are disclosed by GRINSP which could well
conditute some viable “yet to be syntheszed” AlF3 compounds. Three of them (noted U-1, U-2 and
U-3) have even R vaues smdler than for the known metastable compound t-AlF; (R = 0.0162), and
the two others (noted U-4 and U-5) present R vaues only dightly higher than 0.0162. U-1 is a
gmple HTB-perovskite intergrowth with one more perovskite layer than into the TIC&TasO1s



intergrowth structure type. Tetrahedra of octahedra, like in the pyrochlore or the t-AlFs sructure
types are recognized aso in the U2 and U4 modds. For R values larger than 0.02, problems may
arise like too short interatomic distances for a small part of them, and some octahedra are becoming
much more digtorted. For indtance, in spite of an interesting channe with rings of 8 octahedra, U6
has a large framework density because of the too close poximity of the octahedra dong the ¢ axis
(distances Al-Al = 3.195 A, redly too short for corner sharing). Other models listed with 0.02 < R <
0.03 ae probably not viadle with this AlFs; formulation but could be encountered as MXs
compounds if the MXg octahedra accept some distorson. Only one (U-10) of these models presents
a framework dengty dightly smdler than the pyrochlore one, but some too short Al-F distances are
certainly prohibiting its exisence. The modd showing the Na,CasAl;F33 arangement replaces the
Ca aoms by Al ones, this modd is dso obtained among the ternary compounds with a [CayAl;Fas]*
6-connected 3D network, but GRINSP is Hill unable to place the Na atoms in the holes. The figures
below are corresponding to 12 of the 13 cases with R vaues up to 0.0233 (the smple wel known
perovskite being excluded).

HTB (Hexagona Tungsten Bronze) structure-type

TIC&TasO;5 Structure-type,
intergrowth HTB-perovskite (2 layers)

Y et to be synthesized U-1,

intergrowth HTB-perovskite (3 layers) Pyrochlore structure-type,

built up from tetrahedra of octahedra



Ba,CoTa 05 Structure-type

Y et to be synthesized U-2 (AIF5),
intergrowth pyrochlore-perovskite

L 4

Yet to be synthesized U-3 (AIF).

TTB structure-type
(Tetragonal Tungsten Bronze)

U-4 (AlFs), dense packing of tetrahedra of
octahedra, exclusively

t -AlF; - tetrahedra and chains of octahedra



U-5 (AIFs3), HTB tunnelsintercrossed at 90° in
the ab plane

U-6 (AlF5), not viable due to atoo high leve of
octahedra distortion and short FF distances

By-products of the search with GRINSP - Other sxfold polyhedra than octahedra can be
produced: trigona prisms or pentagond based pyramids. Since they do not correspond to one
unique ided F-F distance or Al-F distance, they are ranked with high R-vaues Aluminum is not
known in fluoride solids with other coordination than a very regular octahedron, so that such
predictions are very probably usdess. However, on the point of view of the dructures, some were
surprisingly presenting very smal framework densties and may be of interest. Two examples are
shown below.

Moreover, many two-dimensonnd compounds can be formed which will correspond to Al
polyhedra corners satisfied. In such cases, GRINSP has no way to make any correct estimate of the
intersheet distance, s0 that these models were not collected (they will possibly correspond to
extremey smal FD vaues). Some one-dimensonnd modds were even built (cylinders with B,O3
formulation for instance). Also in that case, the distances between the rods could not be estimated
and the cdll parameters are fanciful. A picture of these B,O3 cylindersis represented below.




Ternary compoundswith corner-sharing 3D nets

Here, M and M’ cations are consdered. They could have a same coordinaion but different ionic
radii (dlowing to explore ordered duminoslicates or phosphoglicates) or different coordination,
but the current limitation with GRINSP is that the connections by X atoms will only be by corner
sharing: dl X aom should be connected to exclusvely two M aoms or two M’ atoms or one M and
one M’ aom. As a consegquence, only some formulations can occur which fulfill these conditions,
moreover, if M or M' are not able to form eectricdly neutrad binary compound with corner-sharing
only, then the built ternary compound will dso not be dectricadly neutrd. All the boroslicates
formed with GRINSP ae automaticaly eectricdly neutrd snce B is involved in BOs triangles
corner sharing B,Os; polymorphs and S occurs in SO4 tetrahedra corner sharing SO, dense
polymorphs and zeolites

Borosilicates - There is only one hit in the ICSD database for this kind of compound. A strange
result is that GRINSP produces a huge quantity of hypothetica boroslicates, showing exclusively
BO; triangles and SIO4 tetrahedra linked by corners. Limiting R < 0.006, working in cel symmetry
higher or equad to monodlinic, but usng the generd Wyckoff postion of the P1 space group, 57
different models were found with SB,Os formulation, 32 modds for SzB4012, 28 for ShBsO;13 and
Si4BzO]_1, 24 for SiszO7, 18 for 3'85011, 17 for 38403, 14 for 538209, 6 for 9.682015 and 2 for
Si3BsO15. Moreover, 369 different additiond modds were discdosed in tridinic symmetry | The
number of these models would probably explode by a complete search in the 230 space groups
snce the introduction of Wyckoff postions having more than one equivaent boods the capacity of
the GRINSP software having difficulties to find structures more complex than 10-20 independent
M/M' aoms in a triclinic cel. Those hypotheticd boroslicates are not al yet enclosed into the
PCOD. Two of them are shown below.

PCOD2050102, 8.582013, R = 0.0055. PCOD2050018, 8.384012, R = 0.0039.



Titanoslicates - Explorations in this domain (in fact a part of the domain where octahedra and
tetrahedra are exclusvely corner-linked) are in progress. The number of hypothetica strutures with
gndl R vdues is lage and the enumeration is far from being finished. Many sructure-types
exising for other compostions were enumerated. A very smdl part of the new modes is proposed
below, some being clearly not viable if the polyhedra do not accept some distorson (those modes
have R > 0.02). The models are not dectricaly neutrd so that the frameworks would have to accept
some additiond cations or charged molecule for exising redly. A next sep in the GRINSP
development is clearly to add the automatic filling of holes by cations adle to bring neutrdity.

Hypothetical titanosilicate [SisTia02,]%, R = 0.0101
SG: P-4m2,a=7564 A, c=9.702A, FD=162.  Hypothetical titanosilicate [SigTi,Os0] ¥, R = 0.0181

SG : PA/mmm, a=10.19A, c=5.46 A, FD = 229,

'v“|. ‘I.’*
v ePes

Hypothetical titanosilicate [SisTi,O:6]*, R = 0.0132

. i . g . . .2_ _
SG: 14/mmm, a= 1312 A c= 769 A FD =211, . Hypothetica titanosilicate [STIO] ™, R = 0.0335

SG: P4,/mmc,a=12.85A,c=7.76 A, FD = 125.
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Hypothetical titanosilicate [SITiOs]%, R = 0.0109 Hypothetica titanosilicate [S-zTiO7]2-, R =0.0044
SG: Pa/mmc, a=10.47A,c=764A, FD=191.  SG:P&/mmc a=773A,c=1050A, FD =191

Hypothetical titanosilicate [Si,TiO,,]*, R= 00175 Hypothetical titanosilicate [S,TiO,]", R = 0.0165
SG: Pa/mme, a= 1289 A, c= 923 A, FD =130, SCG: PA/nbc,a=1232A,c=727A, FD=217.

Hypotheticd titanosilicate
[SisTiO5]*, R = 0.0124,
SG: P6;, a=11.97 A,
c=6.30A,FD=1709.

.




Fluoroaluminates - This category of compounds was only partly explored up to now,
combining octahedra with different szes (AlFs and CaFs or NaFg). Some known 6-connected
frameworks were retrieved, such as [CayAlzF33]* existing as NayCasAl,F33. A mode was obtained
too replacing Ca by Al but the R factor was high gR = 0.0283). Hypothetical frameworks which
could well be viable were disclosed like [CasAlsF21]* or [NaAlFo]* (the latter being obtained as
well with Al atoms only but with R = 0.0287, U-9 in Table 2), see the figures below.

PCOD1000015 - [CaAl,Fss]*. PCOD1010005 - [CagAlsFa]*.

[NaAl,Fg]“, Space group
P4,32, a=9.05A.

Limitations of the GRINSP software

There is no way for the random waker in the GRINSP software for exploring something dse
than the predefined 3, 4, 5 or 6-connected nets leading to corner-sharing polyhedra, in binary
(M2X3, MX2, MX3) or ternary (MaMpXc) compounds. However, it can be easly imagined to
introduce more complexity in the predictions, dlowing for example to make appear corner-, edge-,
and face-sharing polyhedra, atogether, and to propose an automatic way to obtan an dectrica



neutraity by the detection of holes and the filling of these holes by large cations. It appears clear
that the use of bond vaence rules would be more efficient when optimizing the find modeds than
the use of smple ided interatomic distance consderations. There is a project in this direction for
improving GRINSP.

Prediction confirmation

More difficult even is the prediction of the synthesis conditions for making to appear the
predicted crystd gtructures. However, a least if the chemical compogtion is more complex than
SO, o AlF3, one may try the battery of classcd methods. If an interesting moded is predicted
having the [CagAlsF21]™ formulation, may be it could be redly synthesized as NaCagAlsF21 or
LisCagAlsF21, or may be not. We can dready be sure that most predictions will be van, never
confirmed, because the synthess route may depend on a precursor (organometdlic, hydrate,
amorphous compound) which itsdf is yet unknown, or because the prediction is smply fase. One
of the latest discovered t-AlF; vaiety [18] was obtaned from the thermolyss of ether

[(CH3)4N]JAIF4- H20 or amorphous AlF3- xH,O (x < 0.5). It is a unique example, no other MX3 was
found yet to adopt his sructure, though there would be no geometricad or lattice energy objection

to the existence of some andogous t-FeFs, t-VF3 or t-CrFs polymorphs. The [CasAlzFas]* network
proposed by GRINSP in the above table redly exists with the NayCasAl;Fs3 formulaion. The
database of hypothetica zeolites [5] contains more than 100000 proposas, dthough the number of
zeolite different types is less than 200, incressing quite dowly! More modesly, the PCOD [6] will
propose probably one thousand selected hypothetical zeolites For the confirmation of the
predictions, we will have to wait for decades or centuries, who knows. Anyway, structure prediction
is an unavoidable part of our future in crystdlography and chemistry. One can predict dso that the
accuracy of the structure prediction methods will improve.
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