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The growing class of ternary and quaternary phases with group

15/16 anions is now a substantial subclass of solid-state chalco-

genide compoundsThe most successful discovery techniques
have been solventotherrak well as molten sdlimethods, giving
access to a large number of [Ry]"™ anions (Pr= P, As, Sb; Q
=S, Se, Te), which function as building blocks. The simplest
building block hereby is the pyramidal [Pg]® unit (Pn= As,

Sb), and its stepwise condensation ability plays an important role
in the stabilization of new networks. The Ag\s—Se reaction
system has proved to be very flexible and versatile presenting a
variety of compositions and arrangements, depending on the
various reaction parameters. Initial investigations showed
KsAgoASs;Se to be the main product in a reaction otASSe

with AgBF4in MeOH at 110°C for 1 week! Subsequent studies,

however, indicated that the products greatly depend on the reaction

time and temperature. For example, a similar reaction for 3 days
at 130°C provides kAgAs;Se;,® while stopping the reaction after
only 2 h gives the solvated compoungA¢As,Se-0.25MeOH?

The products show different degrees of condensation of [#%Se
units, which can be a function of reaction time, besides other

Figure 1. Unit cell of RbAgAs;Se; viewed down the [010] direction,
showing the frameworg[Ag2AssSe)]~ (50% probability thermal vibra-

parameters, e.g. the initial pH influencing the reaction rate. This tional ellipsoids).

diversity of results prompted us to try similar studies with the
slightly more voluminous Rbcation. Thus, the reaction among

RbCI, AgBF, and LeAsSe under otherwise identical conditions

used for KAgAs;Se; led to the isostructural RBgAs:Se;.® In

crystallographically distinguishable Agitoms are present, both
are coordinated by three Sstoms of the [AsSe]® rings. It is

the very early stages of the reaction, however, we identified an
intermediate product, RbAgs:Se;,t2Pwhich is structurally very
unusual and represents a unique three-dimensional (3D-) silver-
selenoarsenate framework.

RbAgAS:Se; is built up of [AxSe]®™ rings and distorted
trigonal planar coordinated Ag atoms. The resulting
3[Ag.As:Se]~ framework is shown in Figure 1. The [48e]3"
anions consist of a six-membered ;88 ring in a chair
conformation, with alternating As/§@ositions (b= bridging),
see Figure 2. Every As atom is bonded to an additional terminal
Sg atom (t= terminal), which lie in equatorial position to the
ring. It shows a pseud@s, symmetry, although its center is lying
on a general position within the crystal structure. The rings are
formally obtained by condensation of three [Ag]Se units,
accompanied by a ring closure reaction and elimination &f.Se
This ring structure also occurs in free uncoordinated form in
[Sr(en)]-(As:Se)Cl,2 with comparable metric parameters. The
[As:Se]® rings are arranged parallel within the ac-plane.
Distorted trigonal planar coordinated Agpns connect the rings
together to form a 3D framework (Figures 1 and 2). Two
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to room temperature. After washing the product with acetone a@l H
and drying it with ether, dark red needles of RbAg;Se; were obtained
(~9%) as a minor product, together with red needles of RbAERS6)”

The X—ray diffraction pattern of the pulverized sample showed that at
least one other new phase is present. Ri#gSe; is stable in air and
not soluble in alcohols or water. Physical/chemical characterization was
performed as follows; semiquantitative microprobe analysis on single
crystals: RbBssAg2.24AS3.0056.00 Optical absorption spectrum: band gap
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Figure 2. Coordination of the Ag-Ag dumbbell units in RbAgAs;Se;

with the six-membered [ASe&]3~ ring revealing a chair conformation.
(a) Agl---Agl from [010] direction; (b) Ag2Ag2 from [100] direction.
The trigonal planar coordination environments in both units are very
similar, with the latter (Ag2) being more distorted toward a linear AgSe
coordination. The distances (A) of the Ag$eangle atoms from its least-
squares plane are as follows: for (a) Ag10.1226; Se, 40.0447; Se5,
—0.0481; Se6;-0.0297; (b) Ag2;+0.2881; Se4;-0.1190; Se5;-0.0455;
Se6,—0.1236. Selected bond distances [A] and angles [deg] are
Agl---Agl, 3.033(3); Agt-Se4, 2.582(2); AgtSe5, 2.565(2); Agt
Se6, 2.720(2); SebAgl—Se4, 104.17(6); Sed4Agl—Seb5, 139.89(7);
Se5-Agl—-Se6, 114.65(7). (b) Ag2-Ag2, 2.927(4); Ag2-Se4, 2.574(2);
Ag2—Se5, 2.850(2); Ag2Se6, 2.547(2); SebAg2—Se4, 149.69(9);
Se4-Ag2—Se5, 97.25(6); SebAg2—Se6, 104.26(6). The AgAg—Se
angles range from 66.7Qo 114.65. Bond distances and angles within
the [AsSe]3~ ring: Asl—-Sel, 2.412(2); AstSe2, 2.430(2); AstSe4,
2.349(2); As2-Se2, 2.412(2); As2Se3, 2.433(2); As2Seb, 2.358(2);
As3—Sel, 2.438(2); As3Se3, 2.420(2); As3Se6, 2.345(2); SeAs—
Se angles range from 951%® 102.82; As—Se—-As angles, from 89.49
to 91.06.

worth mentioning that all Ag atoms exhibit relatively short
Ag---Ag distances (see Figure 2), with Ag2Ag2 at 2.927(4) A
and Agt--Agl at 3.033(3) A. The former value is comparable
with the Ag—Ag distance of 2.89 A in the element structdre.
Considering that one of the three A&e bonds is significantly
longer than the other two, these short-Adqg interactions
presumably cause the distortidrof the trigonal planar AgSe
coordination toward a linear Aggeoordination, see Figure 2.
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Figure 3. (a) Coordination of the Rbcation in RbAgAssSe; (distances
[A] are as follows: Rb-As, 3.839(2)-4.009(2); Rb-Se, 3.527(2)
3.898(2)). (b) The crown-like coordination forms poldRb(As:Se&;)]2
columns running down thb axis of the unit cell.

The Rb" cation is embedded in octahedral holes made of two
[As3Se]® rings, which coordinate in an unusual crown-ether like
manner, see Figure 3. Such crown-ether like coordination modes
of alkali metals with chalcogen containing ring molecules are

(@) known from several examples, e.g. [Rb{pe or [Cs(Te)]*

columns in RBPdSee!! and CsTexs,*? respectively. The unique
feature of the Rbbonding in RbAgAs;Se; is that the coordina-
tion mode isasymmetridn that one ring coordinates with its $Se
atoms, while the other one with its As atoms. The coordination
number of twelve is completed by three; 8ad three Segatoms

of additional [AsSe]®~ units. Considering the crown-ether like
coordination mode and its asymmetry, the structure of RbAg
As;Se; can be described more vividly a®lar 1[Rb(As;Se)]2
columns running down thg direction of the unit cell and held
together by Ag---Ag* dumb-bell units (see Figures 2B and 1).
However, the compound is not polar, since the three neighbors
of each column are arranged in an antiparallel manner. Therefore
the presence of formally “Ag™ in RbAg,As;Se is more
significant than in other silver-selenidoarsenates, where these
contacts are rather forced by other structure units, e.g. by small
Ag,Se four-membered rings in AgAs:Se (A = K, Rb)5 In
(MeyN)2Ag.GeS,y, isolated adamantane units [Sg)* are also
connected into a framewot{Ag,GeSig]2~ by Ag,?* units, but

due to a lower coordination number of the Ag atoms to only two
S atoms of the adamantane clusters, the-Agg contacts are
much stronger than in our case (2.761A).
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RbAgAs;Se is somewhat comparable to (Mé¥),Rb[BI- is still unmapped, rendering the prediction of new compositions
(As3Ss)2]*#in that the “Ag?™ units are replaced by octahedrally — and structure types rather difficult.
coordinated Bi* atoms. Since only half of the linking atoms are
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infinite condensation, such 3§AsSe)]~ chains. However, pack-

ing forces between the various components and the pH of the
medium are also important factors in determining the choice of
a structure type. The combination of these factors produces a
complex multidimensional parameter system whose exploration
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