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Abstract—Several hexanuclear chloride and bromide bridged tungsten clusters have been prepared. Two new
oxo-bridged clusters, Na[W;OBr,g] and [oi-W(11,-OH)4(11,-0)4(11,-C1),Clg]>~ are reported. Crystal struc-
tures of eight new tungsten cluster complexes with different core types were determined. The possibility of Se
for Cl substitution in the {WClg}** core was investigated.
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INTRODUCTION

Clusters of 5—7 group transition metals with
{Mg(1s-X)g}"™ (M = Nb, Mo, W, Tc, Re; X—halogen
or chalcogen atom) core form an extensive family of
high-valence inorganic cluster compounds [1, 2]. This
family also includes Chevrel phases (PbMogSg etc.)
with thermoelectric and superconducting properties
[3—6]. The molecular clusters of this family are attrac-
tive candidates for design of solar energy converting
systems because of their prominent photophysical and
redox properties [2, 7]. Specifically, luminescence of
this compounds can be used for energy transmission
and triplet-singlet oxygen conversion [1]. Molybde-
num clusters are better studied [2—8] compared to the
tungsten analogues. In this work report preparation
and structural characterization of a number of new
salts with [W¢X,,]>~ (X = Cl, Br) anion, the perfluo-
robutyrate complex (Bu,N),[W,Clz(C;F,COO)¢] and
new oxo-halide clusters (BuyN),[a-Wg(3-O)e(1Ls-
CDeClsl,  (PyH),[a-We(py-OH)4(,-O)g(1,-C1),Clg]
and Na[WOBr]. The possibility of bridging chloride
substitution in {Wg(u;-Cl)g}** core with selenide was
also explored.

EXPERIMENTAL

All reagents were commercially available and used
as purchased without further purification. Solvents
were purified by standard procedures. Reactions
involving H,Se were handled in a well-ventilated fume
cupboard. The ampoules (200 x 20 mm) were opened
after cooling with liquid N,. IR spectra were recorded
with a Scimitar FTS 2000 spectrometer. ESI-MS
spectra were recorded with a Quattro LC (Micromass,

! The article was translated by the authors.

Manchester, UK). Sample solutions were injected
through injection pump at 6 L/min rate. The capillary
voltage was 3.5 kV, the chamber voltage varied between
—10and —60 V. Formulated composition of every peak
was compared with theoretically predicted isotopic
pattern using MassLynx 3.5 (MassLynx 3.5; Micro-
mass: Manchester, UK, 1998). Elemental analysis was
carried out in the analytic service of NIIC SB RAS.

X-ray structure analysis. Crystallographic charac-
teristics of compounds and experiment details are
listed in Table 1. The data were collected on a single-
crystal diffractometer Bruker X8Apex CCD (MoK,
A =0.71073 A) by standard scanning of narrow (0.5°)
frames at 100 K. The structures were solved directly
and refined by full-matrix least-squares treatment on
[F,1> in anisotropic approximation using SHELXTL
program set [9]. Absorption correction was applied
with SADABS program [10]. Hydrogen atoms were
placed in their geometrically calculated positions and
refined using riding model. Packing of cluster anions
in the crystal structures was analyzed with TOPOS 4.0
Professional program [11]. Atom coordinates have
been deposed with The Cambridge Crystallographic
Data Centre under deposition numbers 889201—
889205 (available by request at http://www.
ccde.cam.ac.uk), and in Fachinformationszentrum
Karlsruhe, 76344 Eggenstein-Leopoldshafen, Ger-
many (fax: (+49) 7247-808-666; e-mail: crys-
data@fiz-karlsruhe.de) under numbers 424877,
424892, and 424893.

(Bu,N),[WCli)]l () and  (BuyN),[a-Wi(p,-
0)(n,-ChClg] (I): The reduction of WCly with
metallic antimony in the presence of NaCl was carried
out as reported in [12], but the crude melt was then
treated in air. Extraction with HCI gives a yellow-
green solution, which after addition of 1.5 g Bu,NBr
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HEXANUCLEAR CHLORIDE AND BRIMODE TUNGSTEN CLUSTERS

gives a yellow-orange precipitate. The precipitate was
filtered, dried in vacuo and dissolved in 20 mL of
CH;CN. Slow diffusion of diethyl ether vapor at 4°C
yielded a mixture of yellow (I) and red (II) crystals in
two days, suitable for X-ray analysis. Complex I was
also prepared quantitatively by reaction of III with
Bu,NBr in HCI. Calculated for (Bu,N),[WCl 4] : C:
H:N (%) 18.8:3.7:1.3; found: 18.4:3.5:1.3.

(H,05),[WCl,] - 3H,0 (III): 4.3 g of metallic Bi
(0.02 mol) and 8.8 g of WCl (0.022 mol) were placed
into a glass ampoule, which was evacuated and sealed.
The mixture was heated at 230°C, for 2 h, and at
355°C for another 2 hours, and then the ampoule was
placed in a temperature gradient such as its empty end
was situated in the cooler part of the furnace, and
heated at 350°C for 24 hours. After cooling to the
room temperature the ampoule was opened up gently
in order to avoid mixing the dark with BiCl;, subli-
mated in the cooler end. Then the melt (8.1 g) was
washed with 8 mL of cold conc. HCI, filtered through
a glass filter, and the dark precipitate was extracted
with 15 mL of hot conc. HCI by boiling for 30 min.
The insoluble part was removed by filtration. Cooling
of the filtrate yielded light yellow crystalline precipi-
tate of (H,05),[W(Cl,,] - 3H,0 (III) as thin long nee-
dles. Yield 4.1 g (65%).

Cs,[WCl,4] - 0.63H,0 (IV): A solution of 1.05 g
(0.6 mmol) of III in 8 mL of conc. HCI was added to
a solution of 0.20 g (1.2 mmol) of CsCl in 5 mL of
conc. HCI. Yellow crystals of the cesium separated.
Yield 79%. Anal. Calc. for C126.4%. Found Cl126.1%.

(PyH),[a-We(p,-OH),(1,-O)g(p2-CD),Clg] - 4H,0
(V): 0.5 mL of pyridine was added to 5 mL of the
brown hydrochloric solution exctract from synthesis of
I instead of Bu,NBr. A yellow-orange solid precipi-
tated immediately, which was redissolved upon heat-
ing and after slow cooling yielded a mixture of yellow
and red crystals. Yellow crystals were show to be

(PyH),[W,Cl,4].

For C10H12N2C114W6
C, 6.84;
C, 7.00;

H, 0.69;
H, 1.07;

N, 1.60.
N, 1.44.

anal. calced., %:
Found, %:

The composition and structure of the red crystals
were established by X-ray diffraction (V).

(BuyN),[W,Clg(C5F,COO0),] (VI): 10 mL of CHC,
were added to a mixture of (Bu,N),[W,Cl,,] (0.24 g,
0.12 mmol) and AgC;F,COO (0.22 g, 0.69 mmol),
and the suspension was stirred mixed in a foil-covered
flask for 24 hours. AgCl precipitate was filtered out
from yellow solution, and the filtrate was rota-evapo-
rated. Addition of diethyl ether to the oily residue gives
pale-yellow crystals of VI in two days. Yield 50%. IR
(KBr, 4000—400 cm™"): 2972 (m), 2884 (w), 1716 (s),
1486 (m), 1366 (m), 1326 (m), 1269 (m), 1213 (s),
1166 (m), 1118 (m), 1080 (m), 966 (m), 931 (m), 881
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(w), 807 (m), 738 (m), 714 (w), 598 (w), 527 (w), 492
(W), 438 (w).

[Na(diglyme)],[W¢Br,,] (VII): Tungsten powder
(3.50 g, 0.02 mol), NaBr (0.65 g, 6.0 mmol) and
1.0 mL of bromine (0.02 mol) were placed in a quartz
ampoule, which was evacuated, sealed, and heated at
720°C for 2 days. After cooling the ampoule was
opened and the solidified melt melt was extracted with
diglyme (50 mL, 150°C) during 2 days under Ar. The
solution was filtered and VII was crystallized after lay-
ering with diethyl ether as yellow crystalline solid
(0.335g, 10%).

Na[WOBr,g] (VIII): Tungsten powder, niobium
powder, NaBr and bromine (1.0 mL) were placed in a
quartz ampoule in 10 : 2 : 6 : 11 molar ratio. The
ampoule was evacuated, sealed and heated at 720°C
for 2 days. After cooling brown crystals of VIIT were
found on ampoule walls. Formula and structure were
determined by X-ray diffraction. Yield 5%. The com-
pound is unstable on humid air because of quick
hydrolysis.

Na[W,Br,,] (IX): Tungsten powder, NaBr and bro-
mine (1.0 mL) were placed in a quartz ampoule in 6 :
2 : 6 molar ratio. The ampoule was evacuated, sealed
and heated at 720°C for 2 days. After cooling brown
crystals of IX were found on ampoule walls. Formula
and structure were determined by X-ray diffraction.
Yield 5%.

Reaction of I1I with H,Se in situ: 0.9 g (0.5 mmol)
of II1, 0.23 g (1.6 mmol) of ZnSe and 2 mL of 4M HCI
were placed into a glass ampoule, which was evacu-
ated, sealed and heated at 150°C for 8 hours. After
cooling the ampoule contained an orange-red solution
with a small amount of a black precipitate. The precip-
itate was filtered out and the solution was added to a
solution of Bu,NBr (0.5 g, 1.68 mmol) in 3.0 mL of
conc. HCI. Light gray precipitate was filtered out and
dried in vacuo. Yield 0.84 g.

For C3,H;,N,Cl,,W,
C, 18.48;
C, 18.28;

H, 3.49;
H, 3.44;

N, 1.35.
N, 1.35.

anal. calced., %:
Found, %:

IR (KBr, 4000—400 cm™!): 3444 (m), 2961 (s),
2873 (s), 1622 (w), 1464 (s), 1381 (m), 1151 (w), 1063
(w), 1023 (w), 973 (w), 881 (w), 813 (w), 738 (w). IR
(500—100 cm™"): 445 (w), 306 (s), 285 (s), 224 (m),
104 (w). The precipitate was dissolved in 2 mL of
CH;CN and the solution was put into diethyl ether
vapor at 4°C. A mixture of yellow and red crystals was
obtained. According to ESI-MS(—) in CH;CN,
orange crystals contain [Wg(u;-SeCl,)Clg]*>~ (m/z =
800) as well as [Wq(u3-SeCl,)Clg]*~ (m/z=547)in2: 1
molar ratio. Determination of crystal parameters
shows that yellow crystals are (NBu,),[WCl,,] [13].
Vol. 40
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Fig. 1. Structure of a [W¢(u3-Cl)gClg] >~

RESULTS AND DISCUSSION

Synthesis and reaction ability. Standard approaches
to WCl,, employ reduction of WClg with various met-
als [12]. It is assumed that the best way consists in the
reduction with bismuth in the presence of KC1[12]. In
this work we have carried reduction of WCly with
metallic antimony in presence of NaCl under similar
conditions, followed by work-up in air. This procedure
yielded a mixture of Bu,N* salts of [WCl,,]?>~ (I) and
[0-Wi(113-O)6(113-Cl)sClg]?>~ (IT). It should be noted
the synthesis of [a-W(,-0)4(1,-Cl)¢Cl¢]?>~ published
in [14] employed reduction of WOCI, with bismuth.
We suppose that in our case WCl; contained some
WOCI,, because repetitive experiments, carried out
under more meticulous protection from oxygen and
moisture (freshly sublimed WClg, loading in a glovebox
and thorough evacuation), led only to the salts of
[W,Cl,4]* isolated as Bu,N* (I), H;O* (III) or Cs*
(IV) salts. Crystals of (H;03),[WCl4]:3H,0 (III)
were found isostructural to its molybdenum analogue
[15]. Addition of pyridine to HCI solution, which con-
tained [W6C114]2_ and [a’_Wﬁ(u3_O)6(M3_C1)6C16]2_ led
to precipitation of the PyH™ salts. (pyH),[W,Cl,,] was
identified by elemental analysis, whereas recrystalliza-
tion of crude (pyH),[o-We(p3-O)g(p3-Cl)sClg]
resulted in partial substitution of four OH for bridging
Cl and yielded an oxo-hydroxo-chloride bridged clus-
ter (pyH),[at-We(1,-OH)4(1-O)(11,-C1),Clg] (V).

Cluster complex (BuyN),[MogCli(CH;COO)4] (VI)
was obtained from I by exchange reaction with silver per-
fluorobutyrate, driven by the formation of insoluble AgCl.
Similar approach has been used for preparation of acetate

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol. 40 No. 5

ABRAMOV et al.

and trifluoroacetate (Bu,N),[Mo,Cly(CH;COOQO)¢] and
(BuyN),[MoXs(CF;COO)¢] (X = Cl, Br) complexes
[16]. Complex VI is initially obtained as an oil, which crys-
tallizes little by little. Its IR spectrum is typical for com-
plexes with monodentate carboxylates. Bands at 1716 and
1366 cm™! refer to carboxylate group, while C—F bond
appear at 1200—1100 cm~!. Weak bands near 500 cm™!
refer to W—O bond vibrations.

In a previous work [10] we studied reaction of
[(Mo¢Clg)Cl¢]>~ with H,Se generated in situ from
ZnSe and 4M HCI at 140°C in molar ratios clus-
ter/ZnSe from 1: 3upto 1: 20. Subject to the reagents
ratio, substitution of one or two chloride bridges by
selenide occurs. In the case of [(W,Clg)Cl¢]?>~ the reac-
tion was carried out under the same conditions and
was followed by ESI-MS technique, after precipita-
tion of a possible mixture of anionic clusters with
Bu,N*. Recrystallization of the crude precipitate
yielded two types of crystals. Orange-red crystals
belonged to the (BuyN),[(WX5)Clg] type [13].
Refinement of the statistic ratio Se/Cl in the X bridg-
ing positions could give no information about the
amount of selenium. However, according to the ESI—
MS(—) data the crystals contained a mixture of
monoselenide derivative [(WSeCl,)Cl¢]*~ as well as
original [WCl,,]?>~ in approximately 2 : 1 molar ratio.
Thus under similar conditions the tungsten cluster
[W,Cl,,]>~ was turned out more inert to the insertion
of a chalcogen into the cluster core than [MoyCl 4>,
and the reaction stops already at the first stage. The
reaction was also accompanied by one-electron oxida-
tion of the 24-electron {W,Clg}** core into 23-electron
{WSeCl,}** core. Assuming that crystals contain 2 : 1
molar mixture of [W,Cl,,]*>~ and [W,SeCl,;], the share
of selenium in every position does not exceed 1/24 and
cannot be reliably determined by X-ray analysis.

When developing a single-stage synthesis of
[W¢Br ,]>~ from tungsten and bromine in presence of
NaBr we discovered, along with Na,[W¢Br,] which
was isolated by extraction in diglyme and structurally
characterized as [Na(diglyme),]|[W(Br,,] (VII), the
formation of a few single crystals of two side products
containing tungsten in higher oxidation states,
namely, Na|[W;OBr] (VIII) and Na[WBr,] (IX)
characterized by X-ray analysis.

Crystal structures. All the complexes described in
this paper contain cluster anions of four different
types, their geometric characteristics presented in
Table 2. Anions like [Wy(u3-X)Xq]>~ (X = Cl, Br) con-
taining 24 cluster valence electrons (complexes I, 111,
IV, VI, VII) belong to the first type which contains
octahedral cluster core held together by eight u;-X
bridging ligands besides direct W—W bonds. The rest
of the tungsten coordination places are occupied by
terminal halide (I, III, IV, VII; Fig. 1) or carboxylate
(VI; Fig. 2) ligands. Average W—W distances are
2.610 A (1), 2.614 A (IV), 2.606 A (VI), 2.635 A (VII),
being in a good agreement with the values reported for
other salts of these anions.
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Table 2. Average distances in the cluster cores of I-IX

263

Complex W—-W(av) W—X(av) W—-X(av) W—-0O(av) Reference

1 2.610(1) 2.497(5) 2.426(5) This work, [14]

1I 2.9116(5) 2.456(2) 2.403(2) 1.906(6) »
2.6873(5)

v 2.614(3) 2.506(8) 2.428(8) »

A\ 2.687(1)* 2.457(2) 2.403(1) ok »

VI 2.606(1) 2.500(1) 2.102(4) »

VII 2.635(1) 2.6231(5) 2.5889(5) »

VIII 2.7246(3) 2.5767(5) 2.6339(5) 2.17416(17) »
3.0018(3) 2.5100(5)

IX 2.6513(4) 2.6119(9) 2.5657(7) »

Ag[WBr 4] 2.647(2) 2.622(2) 2.575(2) [18]

[WgBr 4] 2.653(1) 2.608(1) 2.569(1) [17]

Cu,[W¢Br 4] 2.631(1) 2.622(4) 2.613(1) [20]

* Data for short distances W—W.

** Distances W—0 and W—OH have large distribution and are not shown.

Crystal structure of I and of the isostructural bro-
mide cluster complex were determined earlier at room
temperature. The authors chose a monoclinic cell set-
ting, which can be reduced to our setting by rearrange-
ment of a and ¢ axes. Our data are in good agreement
with literature values [13].

In the anionic cluster [W,Clg(C;F,COO0)4]>~ (VI)
six perfluorobutyrate ligands coordinate to tungsten by
oxygen atoms in monodentate way (Fig. 2), average
W—O distances being 2.102 A. The carboxylate groups
of the perfluorobutyrate ligands coordinated to W(1)

and W(2) are oriented in such a way that oxygen, car-
bon and tungsten atoms form a flat nine-link fragment
resembling an open macrocycle (Fig. 3).

The second type includes [Wg(p;-Br)gBrg]™
anion IX (23 cluster valent electrons), which is oxi-
dized form of [Wy(u;-X)sXe]?~ (24 cluster valence
electrons). In the crystal structure the cluster anions
are bonded in a 3D network by sodium cations (coor-
dination number 6). According to the cell parameters,
cubic IX is isostructural to the binary bromide
[WgBr 4] (22 cluster valence electrons) with molecular

Fig. 2. Structure of a cluster anion [WGCIS(C3F7COO)6]2_ in VI (only one perfluorobuthirate ligand is shown for clarity).
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Fig. 3. Specific orientation of the perfluorobuthirate
ligands in the crystal structure of VI.

Fig. 4. Structure of a [(x—W6(p2—0)6(u2—Cl)6C16]2’ (long
metal-metal distances are in the dash style, short distances
are in the solid style).

Fig. 5. Structure of a [o-Wg(Hy-OH)g(,-O)g(15-
Cl),Clg] >

structure and face-centered cubic topology of cluster
arrangement [17], and to Ag[W(Br,] and
Pb[MoyBr 4] [18, 19]. Compound IX s also isotypic to
Cu,|WBr,,] with three-coordinated Cu* [20]. Com-
parison of W—W and W—Br distances for 22, 23 and
24 electron clusters (Table 1) shows that increasing
number of the cluster valence electrons shortens W—W
bonds and lengthens both bridging and terminal W—Br
bonds.

The third type comprises [o-Wg(y-O)g(LLs-
CheClg]>™ (D) and  [o-We(p,-OH),(1,-0)g(1,-
CI),Cl¢]>~ (V) (both with 14 cluster valence electrons)
which belong to the rare for tungsten cluster type
[Mg(1,-X)1,X6]"~, more typical for Nb or Ta [21, 22].
Tungsten atoms form a distorted octahedron and
bonded with twelve p,-bridging ligands. The remain-
ing coordination places are occupied by six terminal
chloride ligands. Depending on the location of oxygen
atoms the oxo-chloride clusters may be isolated in o or
B isomeric forms [14]. Structure of [a-W4(U,-
OH),(1,-0)¢(1,-C1),Clg]?~ is shown in Fig. 4 (shorter
and longer metal-metal distances are shown with lines
of different thickness). Considering only stronger
W—W interactions (2.685(1)—2.689(1) A) the cluster
core of II can be described as a metal-cyclohexane
fragment in chair conformation with weaker addi-
tional interactions (2.908(1)—2.919(1)). In hot solu-
tions partial substitution of only four of the six bridging
chloride ligands leads to the formation of [o.-Wy(LL,-
OH),(1,-0)¢(1,-C1),Clg]? (IV) (Fig. 5) complex takes
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place. The W—O bonds for bridging hydroxide and
bridging oxide have distinctive differences in length:
the W—OH distances are 2.024(1), 2.034(1) A, while
the W—O distances vary from 1.907(1) to 1.947(1) A.
The W—W distances fall within 2.688(1)—2.846(1) A.

The fourth type of clusters contains hexanuclear
anion [Wg(pe-O)(p,-Br),Brg]~ which is found
Na[W¢(1s-O)(1,-Br) ,Brg]~ (VIII) (16 cluster valence
electrons) where tungsten atoms are placed in the ver-
texes of a triangular prism centered by a p-O ligand
(Fig. 6). The tungsten atoms are bonded pairwise by
bridging bromide ligands and the remaining coordina-
tion cites are occupied by terminal bromides. This is
the first example of an oxygen-centered cluster among
the tungsten clusters complementary to carbide and
nitride-centered analogues (Table 3). In the crystal
structure of VIII the cluster anions are bonded in a
3D network with sodium cations (coordination num-
ber 6), distances Na—Br are 2.9882(5) A.

The dependence of W—W bond length from metal
oxidation state has complicated character. Moreover
direct comparison of M—M bond length for chloride
and bromide clusters is incorrect dealing with known
effect of lengthening of M—M bonding due to increas-
ing of halogen radius (matrix effect of halogen).
Unfortunately our attempts for “excision” of a cluster
by melting with NBu,Br or by the diglyme extraction
were not successful. Final solutions had intensive blue
color and only salts of known anions [WOBr,]~ or
trans-| WOBr,(H,0)]~ were isolated.

In the structure of VIII the distances between tung-
sten atoms with the same triangular face appear
shorter (2.7246(3) A) than between the triangular
faces (3.0018(3) A). The distance between tungsten
and the central oxygen lengthens only a little

Table 3. Main parameters of prismatic-type W complexes*

Fig. 6. Structure of a cluster anion [Wg(pg-O)(uy-
Br);5Bre] ™

(2.17416(17) A) in comparison with the carbide and
nitride analogues.

In order to analyze packing motifs in the [M¢X 4]~
salts and related compounds we have concentrated on
anion placement topology. Quantitative characteris-
tics as coordination sequences and Schlaefli symbols
which allow independent determination of packing
motifs were calculated with TOPOS 4.0 Professional
program complex [11]. For data interpretation math-
ematical apparatus developed for analysis of the pack-

Complex +z Y W-Y,., A W—W, A W3—W3, A Reference
[WgNCl 5]~ 3.33 N 2.1682 2.6518(6) 3.0705(7) [23]
[WgNCl,g]>~ 3.17 N 2.173 2.6574(6), 2.6608(6), 3.0708(6), [23]

2.6585(6), 2.6584(6), 3.0789(6),

2.6759(6), 2.6835(6) 3.0518(6)
[WgNCl,5]3~ 3.00 N 2.16 2.606(1),2.730(1),2.732(1), 3.087(1), [23]

2.592(1), 2.740(1) 3.104(1), 2.803(1)

[WsCClig]~ 3.50 C 2.157(8) 2.74(1) 2.93(2) [24]
[W,CCl,g]>~ 3.33 C 2.1595 2.66(7) 3.028 [24]
[W,CCl,g]3~ 3.17 C 2.15(3) 2.71(5) 2.96(8) [24]
[WsCCl,,(CF;S05)]>~| 3.33 C 2.15(3) 2.632(2) 3.037(5) [25]
[W(CCl,,(Dmf)¢]** 3.33 C 2.1323 2.6618 2.9562 [25]
[W(CCl,,(Py)¢]** 3.33 C 2.15(2) 2.67(3) 3.00(6) [25]
[WsOBr 5]~ (VIII) 3.17 (0] 2.174(1) 2.725(1) 3.002(1) This work

* z—average oxidation state of tungsten, Y—inner atom, W—W—d(W—W) in the triangular faces, W3—W3 = d(W—W) between tung-

sten triangles.
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Table 4. Characteristics of the crystal packing of the anions in the salts of [M¢X;4]>~ and related complexes

Complex Top osllcl)tg;]};toil(c:gnlon G; Gi, % Reference

(BuyN),[WCl,4] (I) fcc 0.07894 99.8 This work
(BuyN),[W(OCl,,] (IT) fcc 0.07917 99.5 ”
Cs,[W,Cl,,4] - 0.63H,0 (IV) hep 0.07901 99.4 "
(PyH),[W(11i-OH),(1-0)¢(11-Cl),)Clg] - 4H,0 (V) fcc 0.08014 98.3 "
(BuyN),[WClg(C;F,CO0)] (VI) fcc 0.08142 96.7 "
(Na{diglyme},),[W¢Br 4] (VII) fcc 0.08439 93.3 "
Na[W(p13-O)Brg] (VIIT) hep 0.07959 98.7 "
Na[W¢Br,] (IX) fce 0.07875 100 "
(BuyN),[WCl,4] fcc 0.07892 99.8 [13]
(BuyN),[WeBr4] fcc 0.07897 99.7 [13]
(BuyN),[Wel 4] fcc 0.08065 97.6 [13]
(H;0),[W¢Br,4] - 4H,0 hep 0.08020 97.9 [28]
[W¢Br 4] fcc 0.07875 100 [17]
Agy[WeBr4] hcp 0.07903 99.4 [18]
a-Cu,[W¢Br 4] fcc 0.07875 100 [29]
B-Cuy[WeBr 4] fcc 0.07875 100 [29]
Cd[W,Br,] fcc 0.07875 100 [30]
K,[W¢Br 4] fcc 0.07875 100 [31]
Rb,[W,Br 4] hep 0.08148 96.4 [31]
Cs,[WBr4] hep 0.07894 99.5 [31]
T1,[WeBry,] fce 0.07875 100 [32]

ing in monomolecular and ionic compounds was used
[26, 27].

Results of crystal packing characteristics calcula-
tion are listed in Table 4. The Gf parameter shows

evenness of anion distribution (larger G3* value means
more even distribution), 100% being a value expected
for the ideal structure of this type. As can be seen from
Table 4, the principle of anionic close-packing is
obeyed in every case. In other words, the topology of
anionic centers of gravity always corresponds to fcc or

hep types. High values of G;k indicate high evenness of
the anionic substructures (negligible distortion). The
most distorted substructures are those with asymmet-
ric cations like [Na(diglyme),]* or large organic sub-
stituents coordinated to the cluster core.

It appeared interesting to examine the principle of
close packing vs. an effect of possible presence anion-
anion contacts in the structure. In the case of mono-
atomic cations like Na*, K*, TI*, etc., the anions con-
tact with each other in all directions, forming a pseudo
3D framework with the cations occupying interstitial
spaces. However in the structures with organic cations
the latter efficiently shield anions from each other
causing decrease in the network (pseudo)dimension
down to 2D in (BuyN),[Wl,4], 1D in II and VII, or

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol. 40

even to complete isolation of the anion by bulky
Bu,N* in I and isostructural (Bu,N),[WBr;,4].

These observations show that cation-anion inter-
actions and associated demands for accessible space
and coordination environment can determine mutual
orientation, but not the motif of gravity centers
arrangement. Even isolation of anions by bulky
organic cations cannot prevent close-packing arrange-
ment of their substructure.
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