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Abstract: The synthesis of multifunc-
tional inorganic materials from robust
building blocks (synthons) that have a
well-defined structure and can be linked
together represents a constant challenge
in crystal engineering. We report the
synthesis of the deep blue mixed-va-
lence (MoY'/MoVY) compound Na-
[Mo24M030.129(143-0)psH14(H,0)g6.5] -

ca.300H,0O (1), which consists of nano-
sized wheel-shaped building blocks with

blocks can be prepared easily by reduc-
tion of an acidified aqueous molybdate
solution and, when linked together, they
form a layered open framework with
nanosized channels. The encapsulated
water molecules can be partly replaced

Keywords: inorganic rings - layered
compounds - mixed-valent com-
pounds - molybdenum blue - supra-
molecular chemistry

by organic molecules. The metal-oxide-
based host lattice has altogether 28 4d
electrons per ring. These can be assigned
to 14 incomplete double-cubane-type
compartments spanned by five Mo and
six O atoms, which show negligible
electronic interaction. The two electrons
delocalized in each of these compart-
ments give rise to the deep blue colour.

152 Mo atoms. These discrete building

Introduction

One of the most challenging problems in modern chemistry is
the synthesis of multifunctional compounds and materials
with desirable or predictable properties, such as mesoporosity
(well-defined cavities or channels), electronic and ionic
transport, ferro- as well as ferrielasticity, luminescence, and
catalytic activity. In particular, deeply coloured, mixed-
valence transition metal oxides|!! including the hydrogen
molybdenum bronzes!?! with their unusually high conductivity
and wide range of composition, play an important role in both
technology and materials science. Their large field of appli-
cations ranges from hydrogenation and dehydrogenation
catalysts, superconductors, passive electrochromic display
devices to ‘smart’ windows.”l The synthesis of these com-
pounds or solids from preorganized building blocks with well-
defined geometries and desired chemical properties is there-
fore of special interest.’! We have recently reported the
synthesis of giant, reduced mixed-valence molybdenum-oxide
clusters with nanosized cavities.!l Reactions that allow these
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clusters to be linked to form open frameworks are of strategic
interest. Here we report the synthesis of a layered solid-state
structure with well-defined channels (diameter ca. 2 nm).

Results and Discussion

If, under special conditions (see Experimental Section), an
aqueous solution of sodium molybdate is acidified and
reduced with tin(11) chloride at room temperature, dark-blue
rhombic-bipyramidal crystals of 1, with the condensed cluster
network 1a ([Mo};M03%0.55(143-0)sH14(H,0)465]'*"), precip-
itate together with a certain amount of amorphous material.
The crystal structure of 1 (space group Cmica) shows the
presence of nanosized, ring-shaped cluster fragments (crys-
tallographic site symmetry 2/m), which are linked to give a
framework structure with nanosized channels (Figures 1 and
2). In the crystallographic ac plane, each cluster ring is
surrounded by four further rings (Figure 1a) and is intercon-
nected by covalent Mo—O—Mo bridges (Figures 1b, 1¢), such
that a layered structure is formed parallel to the ac plane
(Figure 1a). The packing of these layers gives rise to nano-
sized channels; four neighbouring rings of one layer form a
bipyramid with two rings from the adjacent layers. This
corresponds formally to the observed shape of the crystals and
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is in agreement with the ‘correspondence principle’ of
crystallography.!®l

For a better understanding of the complicated structure of
1a, its basic units are compared with those of related discrete
clusters as follows. Each of the ring-shaped cluster fragments
of 1a comprises 14 {Mog}- linked by 14 {Mo,}- and 13 {Mo,}-
type units (Figure 1a), whereas {Mog} units, which occur in
several polyoxomolybdates, can be considered as the funda-
mental building units.* 72 This scheme is applicable, for
instance, to the related tetradecameric (b = 14) discrete anion
with three sets of similar units (b = number of building units):
[Mo,5,(NO) 40 159(1t3-0)2sH 4 (H,0) 0] (= [{M03"O5(H,0),} 14
{Mo}""(MoNO)Os(u5-0),H(H,0);Mo""V}, [~ = [{Moy},,-
{Mog}4{Mo,},,J?*7) 2a.¥ (See Table 1, where several related
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Figure 1. a) Ball-and-stick representation of the packing of the linked rings
in crystals of 1 when viewed along the crystallographic b axis. Each ring is
connected to surrounding rings by Mo—O—Mo bridges of the
O=Mo—0O—Mo—OH, units (b and c) to form layered networks parallel to
the ac plane. One ring is shown as the basic unit in polyhedral
representation ({Mo,} units, red; {Mog}, blue (central MoO, pentagonal-
bipyramid, light blue); {Mo,}, yellow). b) Detailed view of the bridging
region between two cluster rings of 1. One {Mog} unit of each ring together
with one {Mo,} unit is shown in polyhedral representation and one {Mo,}**
(={Mo03"'O5(H,0),}**) unit per ring in ball-and-stick representation (Mo,
red). The bridging (disordered) oxygen centres are depicted as large,
hatched circles (for clarity, the disorder in the bridging positions is not
shown here). ¢) Detailed view of the bridging {Mo,} units showing the
disorder of the bridging Mo and O centres with the two orientations in blue
and red respectively to indicate how the disorder could be resolved for the
linking unit. In about 50% of the linking units the ‘red positions’ are
occupied; in the other cases the ’blue positions’ are occupied.

compounds are given for comparison of their building units.)
Starting formally with 2a, the formulae can be obtained for the
corresponding pure, discrete polyoxomolybdate [{Moy'Os-
(H;0)}12 ((M0gV O,6(15-0),H(H,0);Mo""V}*7), 4~ 3a (based
on the substitution MoNO* —MoO*), as well as for the
corresponding cluster [{MoY'O5(H,0),};3{Moy "V O,(1t5-O),-
H(H,0);MoY"V},,]'%~ 3b with one defect in the {Mo,}** group
(which represents the building block of the layer system 1a).
Interestingly, both anions 3a and 3b occur in the recently
isolated, mixed-crystal compound 3["! listed in Table 1. The
main difference between the discrete cluster 3b and 1a is that
the latter contains 1.5 H,O ligands less per formula unit owing
to the linkage of the ring-shaped building blocks; this is
caused by a novel type of substitution reaction: {Mo,}-type
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Figure 2. a) Perspective view along the crystallographic ¢ axis showing the framework with nanotubes that are filled with H,O molecules and Na* cations.
For clarity, only one ring is shown completely in polyhedral representation. For the other rings, only the centres of the {Mo, } units are depicted and connected.
The diameter of the central cavity inside a ring in the crystal is at least 1.9 nm. b) Space-filling representation of the central part of a nanotube.

Table 1. Compounds with nanosized rings: building units, molar extinction coefficients and bond valence sum values relating to the structures.

Compound with approximate crystal Building units [/ Structure BVSeE  BVSH  Vis/NIR Ref.
water content (Mo) (u-O)  (IVCT) 4 [nm]
(e[lmol~" cm™']
x 10°)
Na;;[M0;5,0,5;H 4(H,0)g65] - 300H,0 1 {Moy}3{Mog}4{Moy}14 layer built up by rings with defects 5.6 12 750 (1.6) this paper
(NH,)25[M0,54(NO)140,445H14(H,0)] - {Mo,}1s{Mog}1,{Mo}, discrete rings 5.7 12 750 (1.7) [4a]
350H,0 2
Na,5{0.5[Mo0,5,0,46,H 4,(H,0);0]'4 - {Mo,}14{Mog}iu{Mo;},4 +  two different discrete rings, 5.6 1.2 745 (1.8) [7]
3a {Mo,},3{Mog}4{Mo,} 14 one of which possesses a defect 5.6 1.2
0.5[Mo0;5,0,457H14(H,0)5]'* "} - 400 H,O
3b
Na;s[M0,7605,5H:6(CH;OH) 7(H,0) 5] - {Mo,}is{Mog}is{Mo} 16 discrete rings 5.7 1.3 743 (2.1) (8]
600 H,0 -30 CH,OH 4
Na;4[Mo,5,046,H;4,(CH;0H)3(H,0)q, ] - {Mo,},4{Mog}4{Mo0,} 14 discrete rings 5.5 1.2 750 (1.7) [9]
400H,0 - 10 CH,OH 5kl
Nay,{0.5[M0,440,57H,(H,0)s6] - {Mo,}o{Mog}{Moy};, +  discrete rings with defects and chains [ 1 744 (1.5) this paper
6a {Mo,}o{Mog}4{Mo0,} 14 built up by rings with defects
0.5[M0,450 45, H,4(H,0) o]} - 350 H,O
6b
Na,,[M0;4,04,H 4,(H,0)s6] - 250 H,O {Mo,}o{Mog}i4s{Mo0}14 chains built up by rings with defects 5.8 1.2 745 (1.7) [10]
Nay[Mo,4044,H,(H,0)s5] - 250 H,O {Mo,},o{Mog}4{Mo,} 14 chains built up by rings with defects 5.6 1.2 743 (1.6) [7]
Li;6[M0y7605,5H16(H,0)g] - 400 H,O! {Mo,}6{Mog}i6{Moy} 16 discrete rings 5.6 1.3 740 (2.3) [11]

[a] Formulas of some earlier reported compounds corrected according to the now accepted type of protonation for compounds with b =14 building units
(tetradecameric case) or b=16 (hexadecameric case). [b] The general formula for the discrete pure molybdenum-oxide-based unit is [{MoY'O5(H,0),}3* -
((Moy ™Y 0,4(1t3-0),H,,,(H,0);MoV/V ) = m-y, Jb-bmi29-=[{Mo,},_ {Mog},{Mo,},]?>=>"+2~ [ = number of building units per set=number of compartments (see
Figure 3) = number of protonations at the equatorial u;-O atoms or in the {(u5-O),0,} compartment (with m = 1) = half of the (formal) number of MoV centres; x =
number of defects or missing {Mo,}?* units]. [c] Average BVS value for the Mo centres which span the b incomplete {MosOg4}-type double cubanes, built up by (parts
of) the {Mog} and {Mo,} units (Figure 3). The (formal) number of MoV centres per ring is 2b (or two per compartment) for all compounds according to the related
constant BVS (Mo) values and other experimental data (see text). [d] Average BVS value for the u;-O atoms of the b =14 or 16 {(u;-0),0,}-type compartments
(Figure 3); this indicates protonation at the equatorial u;-O atoms or within the {(«3-O),0,} compartments. The finally accepted value for the number of protons m
per compartment is 1 according to the results of the numerous cation analyses. This value corresponds to a type of disorder of the kind that only one of the two u;-O
atoms of a compartment is protonated. This situation (m =1) is also more plausible, as the other possibility (m =2) leads to a rather small H--- H distance in the
compartment (compare with ref. [13]). [e] Because of the rather high resolution of the crystal structure, Na positions could be determined for the first time, proving
their importance for the structure. [f] The structure is not sufficiently resolved to calculate reasonable BVS values.
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Mo=O0 groups of rings (acting formally as ligands) replace the
{Mo,}-type H,O ligands of neighbouring rings (Figure 1c).
Consequently, each of these connections reduces the number
of H,0O molecules in 1a by 0.5 (three of the four possible
linking positions are occupied statistically in the crystal
lattice). The complex relationship between the described
ring-shaped clusters is illustrated below.

[{Mo3" Os(H,0); }14{Mo¥"" (MoNO)O,5(u3-O),H(H, 0)sMo" "V}, 1%

+ 14 {MoO}* l — 14 {MoNO}*

[{Mo3" Os(H0): }14{Mog " Oss(us-0):H(H0):Mo "™V} 4]** 3a

- {Mo3' Os(H,0),}*

[{MoY Os(H0), }13{Mog"" Oss(et-0)H(H,0):Mo " }14]" 3b

l - 15H,0

[{Mo3' Os(H:0)6-1.5 13} 13{ Mos"" Oa6(ut3-0),H(H,O0):Mo "V} 14" la

For the problematical determination of the actual charge of
1a (or, in fact, of any known Mo-blue compound with ring-
shaped cluster units), the difference between the (formal)
number of MoV centres and the number of protons at u;-O
positions must be considered. In this context the following
observations are important: 1) According to the bond valence
sum (BVS) values' of the Mo atoms (average value 5.6; see
Table 1), 28 (= 2b) 4d electrons [corresponding to the
(formal) number of 28 MoV centres] are located within the
14 incomplete double-cubane-type compartments, each of
which is spanned by five Mo and six O atoms of the {Mog}
and {Mo;} units (see Figure 3). In other words, two 4d
electrons are delocalized within each compartment. This is
in agreement with the (formal) number of 28 (= 2b) MoV
centres determined by redox titrations, as well as with the
measured ¢ value of the 750 nm band in the solution spectrum,
which arises from an IVCT transition (e~6 x 10> Lmol~!
cm~!/MoV centrel®™). 2) On the other hand, there are in
total 28 (= 2b) us-O atoms located in the region of the ring
equator with an average BVS value of 1.20, which can be
assigned to 14 (= b) {(us-0),0,} related tetrahedral compart-
ments (Figure 3, Table 1). This BVS value indicates protona-
tion and corresponds to one or two protons per tetrahedron.
The BVS values for u;-O (1.2 £0.05) and Mo (5.6 £0.1) are
virtually identical in all of the known related tetradecameric
(b =14) and hexadecameric (b = 16) structures (ca. 20, some
of which are displayed in Table 1). It follows therefore that
the same number of relevant protons (m=1 or 2, which
means that one or both u;-O atoms in the tetrahedral
compartments are protonated) as well as the same number
of 4d electrons are present in each of the aforementioned
compartments.

In the light of these results, the charge of the clusters (of all
pure molybdenum-oxide based compounds without defects) is
given by the difference between the (formal) number of MoV
centres (2b) and the number of relevant protons (bm). On the
other hand, the values obtained from sodium analyses, which
could not be easily interpreted in the past because of the
relatively small sodium content, have now gained greater
significance because of the large number of known related
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Figure 3. Structural details (bottom) of a typical ring-shaped cluster unit in
polyhedral representation (top) with a view perpendicular to that depicted
in Figure 2a. The detailed ball-and-stick representation highlights three of
the 14 (incomplete) double-cubane-type compartments, each of which is
spanned by five Mo centres that belong to {Mog} as well as {Mo,} groups
(Mo ---Mo =3.4-4.0 A) and six O atoms [besides other experimental data,
the lowered BVS values (average =5.6) of the corresponding Mo atoms
prove that two 4d electrons are trapped in each compartment]. It also
highlights one of the 14 {(u;-0),0,}-type compartments (O---O=3.07-
4.0 A, indicated by dotted lines); these are located between two double-
cubane-type compartments [the two characteristic u;-O atoms (O---O=
3.07 A) have an average BVS value of 1.2; see text].

compounds. According to these results we get m =1, which
also seems more plausible, as a degree of protonation m =2
would lead to a rather small H --- H distance in the tetrahedral
compartments.

The bond lengths in 1 are within the expected limits.
Terminal Mo—O bonds have a length of about 1.67 A, whereas
terminal H,O ligands, which are always located trans to
terminal O atoms, have an Mo—O distance of about 2.4 A. In
some of the Mo-coordination polyhedra the terminal O and
H,O ligands change their positions. In these cases the Mo
atom is shifted from the centre of its coordination polyhedron
towards the terminal O atom and correspondingly is found
disordered over two positions. All u,-O atoms possess one
shorter (~1.85 A) and one longer (~1.95 A) bond to Mo
atoms, the unprotonated u;-O atoms have three nearly equal
Mo—O distances (~2.03 A), while the y,-O atoms have three
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equally long (~2.08 A) and one much longer bond (~2.5 A).
The characteristics of the u;-O atoms situated at the equator
are one short (~1.95 A) and two long Mo—O bonds (2.3 and
2.45 A). The O --- O distance (3.08 A) of the related 14 (u;-O)
-+ (O-us) pairs is significant for the proton localizations.

The following remarks are important with respect to the
defects observed in la. 1) The presence of the {MoO}*+
groups in 1a, instead of the {Mo(NO)}** groups found in 2a,
causes a corresponding decrease in its negative charge by 14
units. This favours the release of the positively charged
{Mo,}>* units. 2) From a structural comparison of the
tetradecameric (b =14) with the corresponding larger hexa-
decameric (b=16) ring system (such as in 4 with two
additional sets of the {Mo,}, {Mo,}, and {Mog} units), it can
be seen that the {Mo,} units in the ’smaller’ rings are less
strongly bound.

Indeed, defects were not observed in the two types of
cluster species mentioned, that is, either those with {MoNO}3*
groups or those with three sets of b=16 building units
(Table 1). Regardless of this fact, we would expect, in
principle, the number of defects observed and, consequently,
the negative charge of one discrete, tetradecameric ring-
shaped cluster to increase not only with increasing pH value
of the solution, but also with decreasing molybdate concen-
tration and reducing potential of the solution. This situation is
roughly comparable with that of the (very much) smaller,
lacunary polyoxometalate structures.*> 9l The actual charge
of the system discussed here depends on the number of
missing {Mo,} groups, x. Taking into consideration the differ-
ent number of building units b (b =14, tetradecameric; b = 16,
hexadecameric ring) and the number of defects x, the general
formula for the type of discrete ring unit that we are dealing
with is

[{MoY'O5(H,0),}3%, {M0¥I/V026(ﬂ3-0)z(H)(H20)3-
MoV "), ]¢+297(= [{Mo,},_{Mog},{Mo,},]**>7). The term
2x represents the increase in charge because of x missing
{Mo,}>* groups; 2b is the formal number of Mo" centres. For
structure 1, x=1 and b =14.

In accordance with the obtained Mo BVS values,['*l the
28 4d electrons of the deep blue mixed-valence (Mo"/MoV?)
compound 1 (class III in the Robin and Day classification!'”)
are distributed over 70 Mo positions that belong to the
[{Mog}{Mo,}] units. More precisely, these electrons are located
within the 14 {MosOg4} compartments, each of which contains
two delocalized electrons. This is equivalent to the situation in
2a and also in all the other tetradecameric compounds listed
in Table 1. An EHMO calculation for the discrete cluster 2a
reveals that the 28 4d electrons can be assigned to 14 MOs
(molecular orbitals), which are mostly (>90%) spanned by
the Mo(4d)-type atomic orbitals that belong to the Mo
positions of the {Mos;O¢} compartment. Interestingly, these
14 MOs are nearly (accidentally) degenerate, but are sepa-
rated from the LUMOs by a significant gap. Also, with
increasing energy Mo(4d) functions of other Mo positions
contribute to the lower lying unoccupied molecular orbitals.
In principle, the electronic structure of this type of compound,
though not the topology, shows some similarities to the
transition metal-oxide bronzes. Of special interest in this
context are the molybdenum bronzes and the hydrogen
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molybdenum bronzes, HMoO; (i=0-2), which have a
stoichiometric composition comparable with that of 1a.?
Remarkably, these function as both electron and proton
conductors, can store hydrogen (in agreement with the given
formula) and can show the other notable properties as
mentioned in the introduction.

The lattice in 1 contains exchangeable, disordered H,O
molecules and Na' ions. (Additional, very small amounts of
Na' together with Cl™ ions, present in the solution, can in
principle be incorporated into the crystal lattice depending on
the crystallization conditions and corresponding electrolyte
concentration.) In vacuo, the compound slowly releases H,O,
which can be replaced reversibly by organic molecules, for
instance, by formic acid. Interestingly the acid is partially
deprotonated; this has been proven by infrared spectroscopy.

Conclusions

The occurrence of {Mo,}-type defects within the ring-shaped
structures leads to different reactivity and, at least, favours
easier linkage of the clusters by Mo—O—Mo bonds to form not
only compounds with layered structures as discussed above,
but also, in the case of a larger number of defects, crystalline
compounds with chains that have interesting anisotropic
electronic properties. The linking is based on substitution of

the H,O ligands located in {Mo,} groups by the terminal O

atoms of {Mo,} groups of neighbouring rings, which act

formally as ligands. This is especially favoured if the electron
density at the terminal O atom is increased.

In the compound type reported here, nanosized channels
are present with basic properties (in contrast to the acidic
channels in zeolites); these can incorporate small organic
molecules such as formic acid.

One noteworthy aspect is that by linking the giant ring-
shaped entities in different ways to form framework structures
the significance of the current problem, the structure —prop-
erty relationship, is increased; this fact can be correlated with
the following properties of the cluster ring unit.

1) It exhibits a nanometre-sized cavity and thus presents new
perspectives for novel host-guest chemistry.

2) It has an extended hydrophilic inner and outer surface due
to the presence of a large number of H,O ligands.

3) The periphery of the cluster ring has a rather high electron
density.

4) Tt is possible to generate discrete structural defects on the
inner surface of the cluster ring by the removal of
positively charged {Mo,} groups, thereby increasing the
negative charge or the nucleophilicity.

5) Different types of H,O ligands at various sites can be
substituted by other ligands.

The reaction pathway followed here is still relatively
complex,'8! but this must be put into perspective against a
background in which generations of chemists have attempted
in vain to isolate crystals of the so-called soluble molybde-
num-blue-type species from ill-defined solutions (see related
remarks in ref. [S]). In the meantime we have succeeded, at
least for compounds with discrete clusters 121 and for those
with chain structures,”! in developing synthetic methods that
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lead to the precipitation of pure and crystalline substances in
high yield and without formation of any amorphous by-products,
even after a few days (for instance, in the case of compounds
with discrete clusters of the type {Mo,s,} 5 1 and {Mo,) 4, 12
including those which have MeOH as well as H,O ligands; see
Table 1). Our future challenge will be to find conditions under
which compounds with layered structures can also be
prepared without amorphous material and in high yield.['8!

Experimental Section

Na[M0;5,0 49 (#3-0),5H;4(H,0) 651 - ca. 300 H,O (1): An aqueous solution
of Na,MoO,-2H,0 in H,0 (6.00 g, 2.48 mmol in 40 mL) was acidified with
hydrochloric acid (10%, 15mL) (c(Mo)=0.45molL"!; c¢y(H*)=
0.78 molLY; Z+=cy(H")/cy(Mo) =1.74). After the addition of SnCl,-
2H,0 (0.58 g, 2.6 mmol; theoretically sufficient for the reduction of 20 %
of the Mo"! to MoV) with stirring, the solution turned dark blue, and a dark
blue precipitate was formed. The reaction mixture was allowed to stand at
RTin a 100 mL Erlenmeyer flask (covered with a watch glass) undisturbed
by vibration in order to initiate and improve the formation of crystals.
Within 6 weeks, dark blue rhombic-bipyramidal crystals (crystal class
mmm) of the diamagnetic compound 1 were precipitated from the reaction
mixture. The crystals were separated mechanically from the amorphous
part, washed quickly with a small amount of ice-cold water, and then dried
under argon. The dry compound 1 is air-stable, but lost some water at 60 °C.
IR (KBr pellet prepared under argon, 1100-400 cm™'): #=971, 912 (m,
v(M0=0)), ca. 810 (sh), 750 (s), 634 (s), 559 cm™! (s); (resonance) Raman
(solid; A, =1064 nm): 7=799 (vs), 534 (m), 463 (s), ca. 438 (sh), 323 (s),
215 em~! (s); UV/Vis (oxygen-free 0.1M HCI): 2 (¢yy 10°L mol~! em~') =750
(1.6), 1065 nm (1.1) (electronic absorption spectrum of the ‘solution’ only
measured for determination of the formal number of MoV centres; for the
solid, 1~ 750, 1050 nm). Na;sMo0,5,05,3 sH;4, - 300 H,O (28879.7): caled Na
1.27, H,0 18.7; found Na 1.6, H,O 18.0 (Cl 0.5). The indirect cerimetric
titration showed the presence of 284d electrons, which (formally)
corresponds to 28 MoV centres.

If the precipitate was not filtered, additional dark blue triclinic pinacoidal
plates of the compound Na,,{0.5[Mo0;440400(143-O),sH 4 (H,0)56] - 0.5 [MO 1 44-
O 400(13-0),sH14(H,0)40]} - ca. 350H,0 (6) also precipitated. (Crystal data
for 6: space group P1, a=29.271(14), b =33.604(12), c=44.781(18) A,
a=91.40(3), B=91.44(4), y =97.55(3)°, V=43634 A3, Z=2.) The single-
crystal X-ray structural analysis of the mixed-crystal compound shows the
presence of discrete ring units as well as chains (built up from the rings) in
the ratio 1:1 (see Table 1). Interestingly, both parts of the structure possess
the same {Mo,}-type defect. For further information on this latter chain
structure see refs. [7, 10]. Compound 6 is formed after crystallization of 1,
which means it is synthesized under more dilute conditions.

Single-crystal X-ray structural analysis of 1: Several crystals were inves-
tigated by complete refinement procedures giving practically the same
result, even with respect to the type of disorder. Data (Mo, radiation,
graphite monochromator) were collected on a Siemens three-circle
diffractometer with a 1K-CCD detector. The structure was solved by
direct methods. Further details on the
crystal structure investigation(s) may
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