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Abstract—The reaction of Bil; and Nal in acetone gives a trinuclear iodobismuthate complex,
[Na3;(Me,CO),][Bisl,] (I), which was studied by X-ray diffraction (CIF file CCDC no. 996330). The cen-
trosymmetric [Big] 112]3’ anions are groups of three distorted {Bilg} octahedra coupled at the faces. The
sodium cations combine six Me,CO molecules in the bidentate bridging mode to give linear trimers in which
the side sodium ions coordinate six terminal acetone molecules.

DOI: 10.1134/S107032841412001X

INTRODUCTION

Polynuclear bismuth iodide complexes (poly-
iodobismuthates, iodobismuthates) form an extended
class of coordination compounds, which has attracted
researchers' attention in recent years and is distin-
guished by unusual structural diversity [1, 2]. Cur-
rently, structures have been described for more than
130 complexes of this type, including anions of differ-
ent nuclearity, particularly bi- [3—7], tri- [8—10],
tetra- [11—14], penta- [15, 16], hexa- [17—19], hepta-
[20], and octanuclear [16] ones, some of them being
subject to structural isomerism. Note that in most
cases, these complexes contain organic cations
(mainly tetraalkyl- and arylammonium and phospho-
nium derivatives). As a rule, this is related to the syn-
thetic strategy (dissolution of Bil; in some organic sol-
vent in the presence of the iodide of appropriate cation
and subsequent crystallization, which often gives a
product mixture). Meanwhile, compounds containing
inorganic cations have been much less studied. The
reaction of lithium iodide with Bil; in tetrahydrofuran
(THF) afforded the complexes
[Li(Thf),],[Bigl 4(Thf),] and [Li(Thf),][Bisl;s] [14].
When Nal is used, the hexanuclear complex
[Na(Thf)el4[Bigl,,] is formed under similar conditions
[14]; complexes containing heavier alkali metal cat-
ions are unknown. Note that there are no data about
complexes formed upon the reaction of Bil; with alkali
metal iodides in acetone. In this work, the complex
[Na;(Me,CO),][Bisl ;] (I) was prepared and charac-
terized by X-ray diffraction.

EXPERIMENTAL

All operations were carried out in air. The solvents
were purified by standard procedures. The reagent
grade chemicals were received from commercial
sources. Elemental analysis was performed at the Ana-
lytical Laboratory of the Institute of Inorganic Chem-
istry, Siberian Branch, Russian Academy of Sciences,
using an EuroEA 3000 CHN-analyzer.

Synthesis of I. A mixture of Bil; (250 mg,
0.42 mmol) and Nal (64 mg, 0.42 mmol) was placed
in a round-bottom flask. Acetone (15 mL) was added
and the mixture was magnetically stirred until Bils
completely dissolved (~45 min). Ethanol (7 mL) was
added to the bright orange solution with stirring. The
resulting mixture was concentrated in air at room tem-
perature. After several hours, bright orange crystals of
I were deposited on the vessel walls. The yield was
70%. The composition and structure of I were deter-
mined by X-ray diffraction. During isolation from the
mother solution, this compound easily lost acetone
molecules being converted to the product Na;Bi;l;, -
2Me,CO.

For C6H12021123i3Na3
anal. calcd., %:
Found, %:

C, 3.09;
C, 3.07;

H, 0.52.
H, 0.50.

X-ray diffraction. The structure of I was determined
by the standard procedure on a Bruker X8Apex four-
circle automated diffractometer equipped with a two-
ccordinate CCD detector at 150.0(2) K (molybdenum
anode, A =0.71073 A, graphite monochromator). The
reflection intensities were measured by ¢- and ® scan-
ning of narrow (0.5°) frames to 26 = 55°. The absorp-
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Table 1. Crystal data and X-ray diffraction experiment details
for compound I

Parameter Value
M 2915.65
Temperature, K 150.0(2)

Radiation (A, A) MoK, (0.71073)

System Monoclinic
Space group P2,/c

a, A 11.0670(7)
b, A 25.9515(19)
c, A 13.9839(11)
B, deg 94.676(2)
v, A3 4002.9(5)
z 2

Pealcd> &/CM’ 2.419

u, mm™! 11.260
F(000) 2604

Crystal size, mm 0.17 x 0.07 x 0.01

Data collection range of 6, deg 1.85—27.50

Ranges of reflection indices —14 <h <12,

—33<k<22,-3<I<18
The number of measured reflec- 17070
tions

The number of independent re-
flections (R,

8985 (0.0384)

Reflections with 7> 2c(/) 6357
The number of refinement pa- 327
rameters

GOOF 0.976

R, (I>2c(D) 0.0383
WR, (all reflections) 0.0655
Residual electron density —1.277/1.188

(min/max), e/A3
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tion corrections were applied empirically using the
SADABS program package [21]. The structure was
solved by the direct method and refined by the least-
squares method on F? in the anisotropic approxima-
tion for non-hydrogen atoms (SHELXTL) [22]. One
of the crystallographically independent acetone mole-
cules is disordered over two positions with a probabil-
ity of 0.6/0.4. The oxygen and carbon atoms at the
minor positions were refined isotropically. The hydro-
gen atoms of the coordinated acetone molecules were
refined in the riding model in the geometrically calcu-
lated positions. The crystal data and structure refine-
ment details are summarized in Table 1 and the
selected bond lengths and angles are in Table 2.

Full information on the structure of I is deposited
at the Cambridge Crystallographic Data Centre
(no. 996330; deposit@ccdc.cam.ac.uk or http://www.
ccdc.cam.ac.uk/data_request/cif).

RESULTS AND DISCUSSION

Iodides of some alkali metals are much more solu-
ble in organic solvents, in particular, in acetone, than
other halides. For this reason, they can be used as
iodide ion sources in the preparation of iodide com-
plexes. This approach was previously used to prepare
polynuclear Pb(II) iodide complexes [23] and the het-
erometallic complex [PtBi,I,,]*~ [24]. In all cases, cat-
ions of the type [Na (Me,CO) " (x=3,y=12;x=4,
y = 15) are formed during crystallization. Compounds
containing such cations are unstable and, as the crys-
talline samples are kept in air, they lose acetone mole-
cules, as can be ascertained by elemental analysis. The
behavior of complex I is characteristic: according to
the analysis, keeping of the samples in air for several
hours results in the loss of, on average, 10 out of the
12 acetone molecules.

The island crystal structure of I consists of
[Bi;1,,]*~ anions and solvated sodium cations (Fig. 1).

The structure of the centrosymmetric [Bil3“112]3—

anion can be represented as three distorted {Bilg}
octahedra coupled at the faces. Due to the stere-
ochemical activity of the lone electron pair (EP) of
bismuth, the Bi—I distances vary over broad limits,
while the IBil angles of 78.088(13)°—95.427(18)° sub-
stantially deviate from the right angle. The coordina-
tion polyhedron of the central Bi(IIT) atom is a dis-
torted octahedron with close Bi—I bond lengths of
3.0696(5)—3.0768(5) A. The peripheral bismuth
atoms have a highly distorted coordination and form
each three short (2.8758(6)—2.8808(6) A) and three
long (3.3330(6)—3.4084(6) A) bonds with terminal
and bridging iodine atoms, respectively.

Sodium cations and acetone molecules form linear
trimers [Na;(Me,CO),,]**. The sodium cation coor-
dinates each of the six acetone molecules through the
oxygen atoms at the octahedron vertices (Fig. 1). Out
of the 12 acetone molecules, six molecules are coordi-

No. 12 2014



Table 2. Selected bond lengths and bond angles in compound I

TRINUCLEAR IODOBISMUTHATE COMPLEX [Na3(Me,CO);,][Bisl;,]
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Bond d,A Bond d, A Bond d, A
Bi(1)—I(11) 2.9267(6) Bi(1)—1(14) 3.3330(6) Bi(2)—1(14) x 2 3.0768(5)
Bi(1)—1(12) 2.8758(6) Bi(1)—I(15) 3.4084(6) Bi(2)—I(15) x 2 3.0696(5)
Bil—I(13) 2.8808(6) Bi(1)—I(16) x 2 3.3478(6) Bi(2)—I(16) x 2 3.0721(5)

Angle o, deg Angle o, deg Angle ®, deg
I(11)Bi(1)I(12) 95.427(18) 1(12)Bi(1)I(16) 91.861(18) 1(15)Bi(2)1(16) 91.595(14)
1(11)Bi(1)I(13) 94.850(19) 1(13)Bi(1)I(14) 93.558(17) 1(15)Bi(2)I(16) 88.405(14)
I(11)Bi(1)I(15) 95.048(16) 1(14)Bi(1)1(16) 80.203(13) 1(15)Bi(2)1(14) 92.589 13)
I(11)Bi(1)I(16) 90.885(17) 1(13)Bi(1)I(15) 95.479(18) 1(15)Bi(2)1(14) 87.411(13)
1(12)Bi(1)I(13) 92.92(2) 1(14)Bi(1)I(15) 78.088(13) 1(16)Bi(2)1(14) 88.832(14)
1(12)Bi(1)I(14) 90.199(15) 1(16)Bi(1)I(15) 78.654(15) 1(16)Bi(2)1(14) 91.168(14)

Fig. 1. Cation and anion in the crystal structure of I (50% probability ellipsoids). The second (minor) position of the acetone mol-
ecule disordered over two positions is not shown.
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Fig. 2. View of the crystal structure of I in the yz plane. The anionic layer formed by shortened I---I1 contacts.

nated in the bidentate bridging mode and the other six
are coordinated in the monodentate mode. The Na—O
bond lengths vary over the usual limits of 22.280(7)—
2.476(7) A.

In the crystal structure, the cations and the anions
are packed in layers along the yz plane. In the layer
formed by the [BisI},]>~ anions, the iodine atoms
formed shortened I.-.I contacts of 3.70 A (Fig. 2a). In
the presence of large cations (Fig. 2b), the shortest
interatomic I.--I contacts between the layers 5.5 A.
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