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Two novel silver iodobismuthates have been obtained: (Et;N)zq-
[Bi2Ag2l10], (1) with one-dimensional infinite chains built from
bimetallic tetranuclear units and (Et4N)2q[BisAgalis], (2) with a two-
dimensional 44 grid assembly of the tetranuclear Bilig Subunits
as nodes and Ag atoms as linkages. Their optical band gaps,
2.05 and 1.93 eV, fit nicely in a size correlation of the Bi/l subunit,
which is further supported by the density functional theory studies.

lodometalates (AMy, where A= countercation) related

to the corresponding metal iodides Cul, Agl, Aul, Srdr

Pbb, etc., have been widely investigated for several decades.

Since the first single-crystal characterization ogRBlslg in

bonding into iodoplumbate systems can directly affect the
common connection of the Rfainits and thus form unusual
structural motifs and bring new propertigsAlthough some
ternary phases, such as AgBdnd AgBile3® have been
successfully synthesized and characterized, in iodobismuth-
ates families, the heterometallic anionic analogues are very
rare up to now because only one example, [GUBT],, is
known? It is therefore a challenge to explore the syntheses
of new heterometallic iodobismuthate derivatives and the
understanding of their structurg@roperty relationships. Our
strategy is to introduce transition-metal (TM) ions into Bi/l
systems in consideration of the fact that the incorporation
of additional TM—I bonding may modulate the mother Bi/l
structure. Such an approach can be expected to provide more

19682 about 60 iodobismuthates have been reported with flexibility in the self-organization of the building units.

diverse and unexpected structural and physical features. Thé>€nerally, the building blocks of the iodobismuthates consist
majority of these compounds have a general formula of Bils octahedra that are either isolated or linked together

An(Biy™) (M= y — 3x), in which A covers a large spectrum at vertexes, edges, or faces to form oligomeric clusters or

of cations, inorganié?® organic? or complex cation$.

polymeric one-dimensional infinite chains (e.g., &il

Recently, we found that the introduction of heterometallic Bizlio", Bialie™, Biglos"", [Bisl1n etc)?>” Among

*To whom correspondence should be addressed. E-mail: chenl@ (4) (a) Fisher, G. A.; Norman, N. GAdv. Inorg. Chem.1994 41, 233.

firsm.ac.cn. Tel.: (011)86-591-83704947. Fax: (011)86-591-83704947.

T Chinese Academy of Sciences.
* Graduate School of the Chinese Academy of Sciences.
§ Fuzhou University.
(1) (a) Vitale, M.; Ford, P. CCoord. Chem. Re 2001, 219, 3. (b) Cariati,
E.; Roberto, D.; Ugo, T.; Ford, P. C.; Galli, S.; Sironi, lAorg. Chem.

2005 44, 4077. (c) Patnaik, J. R. G.; Sunandana, Cl.hys. Chem.

Solids1998 59, 1059. (d) Castro-Castro, L. M.; Guloy, A. M\ngew.
Chem., Int. Ed2003 42, 2771. (e) Mitzi, D. B.Prog. Inorg. Chem.

1999 48, 1. (f) Kagan, C. R.; Mitzi, D. B.; Dimitrakopoulos, C. D.
Sciencel999 286, 945. (g) Mitzi, D. B.; Wang, W.; Feild, C. A;;

Chess, C. A.; Guloy, A. MSciencel995 267, 1473. (h) Mitzi, D.
B.; Feild, C. A.; Harrison, W. T. A.; Guloy, A. MNature1994 369,
467. (i) Fan, L.-Q.; Wu, L.-M.; Chen, Lnorg. Chem2006§ 45, 3149.

() Fan, L.-Q.; Huang, Y.-Z.; Wu, L.-M.; Chen, L.; Li, J.-Q.; Ma, E.

J. Solid State Chen2006 179, 2361.

(2) (a) Lindqvist, O.Acta Chem. Scand.968 22, 2943. (b) Chabot, B.;

Parthe, EActa Crystallogr., Sect. B978 34, 645.
(3) (a) Sidey, V. L.; Voroshilov, Yu. V.; Kun, S. V.; Peresh, E. Y.

Alloys Compd200Q 296, 53. (b) Oldag, T.; Aussieker, T.; Keller, H.

L.; Preitschaft, C.; Pfitzner, AZ. Anorg. Allg. Chem2005 631, 677.
(c) Fourcroy, P. H.; Palazzi, M.; Rivet, J.; Flahaut, J.; Ceolinyigter.
Res. Bull.1979 14, 325.

1042 Inorganic Chemistry, Vol. 46, No. 4, 2007

(b) Mitzi, D. B. Inorg. Chem200Q 39, 6107. (c) Mitzi, D. B.; Brock,
P.Inorg. Chem.2001, 40, 2096. (d) Zhu, X.-H.; Mercier, N.; Frere,
P.; Blanchard, P.; Roncali, J.; Allain, M.; Pasquier, C.; Riouln®rg.
Chem2003 42, 5330. (e) Papavassiliou, G. C.; Koutselas, |. B.; Terzis,
A.; Raptopoulou, C. PZ. Naturforsch., B: Chem. Sdi995 50, 1566.

(f) Krautscheid, HZ. Anorg. Allg. Chem1999 625, 192. (g) Okrut,

A.; Feldmann, CZ. Anorg. Allg. Chem2006 632 409. (h) Pohl, S;
Peters, M.; Haase, D.; Saak, . Naturforsch., B: Chem. Sd994

49, 741. (i) Clegg, W.; Errington, R. J.; Fisher, G. A.; Green, M. E.;
Hockless, D. C. R.; Norman, N. @hem. Ber1991 124, 2457. (j)
Geiser, U.; Wang, H. H.; Budz, S. M.; Lowry, M. J.; Williams, J. M.;
Ren, J.-Q.; Whangbo, M. Hnorg. Chem199Q 29, 1611. (k) Goforth,

A. M.; Peterson, L., Jr.; Smith, M. D.; Loye, H. Solid State Chem.
2005 178 3529. (I) Charmant, J. P. H.; Norman, N. C.; Starbuck, J.
Acta Crystallogr., Sect. E: Struct. Rep. Onlig@02 58, m144. (m)
Bowmaker, G. A.; Junk, P. C.; Lee, A. M.; Skelton, B. W.; White, A.
H. Aust. J. Chem1998 51, 293.

(5) (a) Rogers, R. D.; Bond, A. H.; Aguinaga, S.; Reyes)JAAm. Chem.
Soc.1992 114 2967. (b) Feldmann, Cl. Solid State Chen2003
172, 53. (c) Goforth, A. M.; Gardiner, J. R.; Smith, M. D.; Peterson,
L., Jr.; Loye, H.Inorg. Chem. CommurR005 8, 684. (d) Kubiak,
R.; Ejsmont, K.J. Mol. Struct.1999 474, 275.

(6) Feldmann, Clnorg. Chem.2001, 40, 818.

10.1021/ic062091s CCC: $37.00 © 2007 American Chemical Society
Published on Web 01/18/2007



Figure 1. (a) Structure of a chain id along thea axis. (b) Polyhedral
representation of the chain: Bibctahedra, red; Agltetrahedra, blue.

discrete clusters such as;Bi*~ % and Bil1¢*~,> we consider
that their unsaturated terminatl andu.-1 are still coordina-

tion-active as far as other Bi atoms or Ag atoms are con-
cerned. Thus, new heterometallic structures are possible via

the competition and balance between the two mdthbnd-

ing interactions. Here we report two novel compounds:
(EtsN)2n[Bi2Ag2l 10]n (1) with a one-dimensional (1D) infinite
chain and (EiN)2[BisAg2lid]n (2) with a novel two-dimen-
sional (2D) grid array. An interesting optical band gap
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Figure 2. Structure of the anionic repeat unit &a

Figure 3. (a) Polyhedral representation of thé grid of the anion in2
with Bilg octahedra (red) and Agtetrahedra (blue). (b) Topological scheme
of the layer in which the Bl cluster is treated as a node (red) and the Ag
atom as a linkage (blue).

quite distorted with B+l = 2.866(1)-3.420(1) A and
(Bi—1)ay = 3.12 A, these are reasonable and comparable to

size and dimensional relationship of the Bi/l substructures 2.97-3.22 A in the Bilig* dimer and 2.96-3.36 A in the
and the corresponding electronic structure studies based orBj,l,¢~ tetramer®

density functional theory (DFT) calculations are also re-
ported.

Both 1 and 2 are air-stable and were synthesized with a
mixture of Bil;, Agl, and EfNI (with molar ratios of 1:1:1

Compound2 crystallizes in the monoclinic system and
exhibits a unique 2D-layered structure motif (Figures 2 and
3). The building unit is the tetranuclear 4Bk cluster
coordinated by four Agltetrahedra shown in Figure 2. The

and 2:1:1, respectively) by solvothermal reactions (see detailsagl, tetrahedra are more distorted with a maximum angular

in the Supporting Information). A solvothermal condition is
the key to obtaining botll and 2. Several other synthetic
efforts at room temperature or even under refluxing condi-
tions in various organic solvents (M&O, CHCN, N,N-
dimethylformamide, ety with different molar ratios only
afforded two simple iodides suitable for single-crystal diffrac-
tion characterization: (EN)3(Bizlo)” and (E&N)q[Agl2]n.8

The structure ofl (Figure 1), the first anionic silver

deviation of 20 from the ideal, but the average Ag¢ bond
of 2.85 A is similar to that iril.

Two crystallographically independent Bi atoms are octa-
hedrally coordinated as usual and differ only in that Bil has
one terminal | with Bi-I; = 2.903 A whereas Bi2 does not.
Four Bi atoms lie in thec plane with a geometry similar to
that in Bili>® and four individual Agl tetrahedra are
connected to this center via shared iodides (12, 18 or 13, 17)

iodobismuthate (see full crystallographic data in the Sup- with a 2-up and 2-down motif. Remarkably, such a building

porting Information), features a linear anionic chain con-
structed from tetranuclear Big.li®~ units via shared
(14—14) edges along tha axis The repeat unit can be viewed
as a Bjl1g* dimer® coordinated by two Agltetrahedra into

a geometry that is similar to the discreteylg*~ cluster
Each metal ion inl1 exhibits an ordinary coordination
polyhedron, a Agj tetrahedron, and a Biloctahedron,

block BisAgsl 16> further extends in thbc plane to form a

4% topological network (Figure 3), which features an eight-
membered ring (Figure 3b) in which theB cluster and

the Ag atom act as a node and a linkage, respectively. Such
a novel motif is the first layered heterometallic example in
a Bi/l system, and only a few compounds are even remotely
related. For example, the hexagonakRICSD #26083) has

respectively. The former shows angular deviations from the six-membered-ring layers in ttab plane that are constructed

ideal of <6° and Ag—I bonds that are quite uniform, ranging
from 2.824(1) to 2.859(2) A with an average (av) of 2.84

A. These are comparable to those of other silver iodides,

e.g., Aglg*", in which Ag—I = 2.828(1)-2.918(2) A and
(Ag—1)ay = 2.87 A? While the latter, Bi} octahedra, are
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countercations but with totally different anionic structures.
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Figure 4. Room-temperature optical absorption spectra for solid samples
of (a) Bils, (b) 2, (c) 5, (d) 1, (e) 4, (f) 3, and (g)B-Agl.

Their distinct anionic constructions might be understood in
terms of the geometric limitations. The dimerigB§*~ block

in 1 provides two coordination sites to Agthus, a two-
direction extension is allowed to generate a 1D chain.
Dissimilarly, the tetrameric Biig*~ subunit in2 supplies four
sites for Ag", which leads to a four-direction growth to form
a 2D network.

The optical absorption spectraband2 and some related
compounds-dimeric (PhCHNEt)3(Bislo) (3),” tetrameric
(PhCHNEt)4(Bisl1) (4),% a tetranuclear-unit 1D chain
(n-BusN)2r[Bi4l14]n (5)'%—and the binary iodides Bijland
B-Agl have been measured for their powdered crystals. All
measured spectra are plotted according to the Kubelka
Munk functiort! in Figure 4. The optical band gap&{ for
1-5 are found to be located between those3ehgl (2.81
eV)'? and of Bik (1.73 eV¥° and decrease according to the
following trend: 3 (2.19 eV),4 (2.16 eV),1 (2.05 eV),5
(2.02 eV), and2 (1.93 eV) (SFig. 3 in the Supporting
Information). Such a reduction apparently follows an increase
in the dimensions of the anion structure.

The ab initio calculations reveal that there are almost no
contributions of Ag to the frontier orbitals. The total density

of states at the top of the valence band (Figure 5) derives

nearly entirely from | in all cases, and the partial densities
of states of | and Bi together make up the bottom of the
conduction band. On the other hand, the partial density of
states of Ag hardly contributes in these regions. Accordingly,
the bonding of the Ag does not directly change the electronic
structures around the frontier orbitals but rather influences
it by modulating the Bi/l substructures. Further partial density

Figure 5. Total and partial densities of states plots of bulksgihd1—5

with the Fermi level setting as zero. The black line represents the total
density of states, while the olivine, pink, and blue lines represent the partial
densities of states of Bi, |, and Ag, respectively.

from occupied | 5p nonbonding states to empty Bi 6p and |
5p antibonding states. Their linear optical property studies
indicate that the values of the onset of the transition edges
(SFig. 4 in the Supporting Information) are decreasing with
an increase of the size and dimension of the Bi/l unit, which
is consistent with the experimental trend shown in Figure 4.

Thermogravimetric analyses were also performed on
polycrystalline samples df and2 (SFig. 5 in the Supporting
Information). The results show no weight loss or transitions
up to ~200 °C. Decompositions are seen upon further
heating.

In conclusion, the successful introduction of Aigto the
Bi/l system leads to two novel silver iodobismuthates with
1D [Bi,Agal1¢? ]n infinite chains and 2D [BiAgali16> ]n 44
topological grids, respectively. Their optical band gaps dis-
play a size-dependent relationship on the Bi/l subunit. DFT
calculations reveal a negligible effect of heterometallic Ag
atoms therein, and the simulated optical absorption spectra
are in agreement with the experimental results. Explorations
of the incorporation of some functional metallic ions into
the Bi/l system, such as magnetic MnCc?*, and N+ or
luminescent LA" (Ln = rare earth metal), are ongoing.
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