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Recently, we showed that the polychalcophosphate fluxes are
eminently useful for the synthesis of new ternary and quaternary
thiophosphate and selenophosphate complex€kese fluxes
are formed byn situ fusion of AQ/P.Qs/Q and contain [[Q,]"
ligands (Q= S, Se) which, in the presence of metal ions,
coordinate to give interesting new materials. We have dem-
onstrated that novel solid state structures can be constructed
from [P.Q7]*, [PQ%~, [P.Se]*", [P.Se)*", etc2™> These
include ABIRS; (A = K,Rb)2 KMP,Se; (M = Sh,Bi)2°
C%M4(P25Q)5 (M = Sb,Bi)?aAszsz,‘gb APbPSQ,4aA4Pb-
(PSQ)Z (A = Rb,CS)‘,kjl K4EU(PSQ)2,4a A4Ti2(P283))2(P2887),4b
ATiPSe;,* and KUP;Se.*¢ In this context, the recently reported
KLaP.Se; is also noteworthy. In this family of compounds,
gold is exceptional in that, to date, no structurally characterized
compounds have been reported. Here we report the synthesis,
structural characterization, and optical and thermal properties
of the first selenophosphate quaternary gold compounds, A
AuP.Se; (A = K, Rb), which feature mixed valency, an unusual
structure, and the presence of all possible coordination geom-
etries for gold.

AAuP,Sef is an unusual mixed-valent compound which,
as it will become clear below, can be written agAd'; s
Au''y f(P-Se)s. Views of the structure along any axis give the
impression of a three- or at least a two-dimensional material
because of gxtenswe overlap of t,he atom§ (Se? Figure l),' Th igure 1. Unit cell of A;AuP,Se; viewed down théd axis. The packing
compound, in fact, possesses unique chains with a complicatedyf the chains in the unit cell forms channels where thecations are
residing (open ellipses). In the infinite part of the structure, gold is

shown as octant shaded ellipses, selenium as open ellipses, and
phosphorus as crossed ellipses with no shading.
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one-dimensional sinusoidal structure. The chains feature the
[P.Ses]*~ group which acts as bridging multidentate ligand
coordinating to four different gold atoms (see Figure 2). Each
chain possesses two different crystallographic centers of sym-
metry residing in atoms Au(1) and Au(4). There are three types
of [P,Se&]*" ligands in the structure. Each type coordinates to
(5) Chen, J. H.; Dorhout, P. Knorg. Chem.1995 34, 5705-5706. one, two, and three metal centers, respectively. The overall
(6) ((S)SAﬁnArﬁ(l?lz)S&é s(A(ggKr}?ntq)zn\)Napsg sSZng"Z%izn?ﬁqEﬁ?rl r?d”gétlige ng’;q/gl‘)i description of the one-dimensional structure can be characterized
which was ’seaI%d under vacuum in a Pyrex tube and heated to 490 .as a SIhUS.OId'aI backbone with side groups attached to it, as
°C for 4 d, followed by cooling to 150C at 4°C h%. The excess illustrated in Figure 2. Atoms Au(1), Au(2), and Au(4) are part
aArxgy;? g‘éﬁﬁéﬁﬂ%ﬁi W(i)tof/l D!\glz- ggseetélicnk,ASuhin%/ég?liggnctﬁl;tisf of the sinusoidal backbone, while atom Au(3) and its associated
microprobe analysis on s?ngl?eycrystals ga\@lKUle.,aS%_gg.nd Rb- [F.)ZSQS]‘l group involving atoms P(3) and P(4) compose the
AuPy 7Se;.» (average on four data acquisitions). (b) The structure of Side groups. Atoms Au(3) and Au(4) have square planar
the Rb salt was determined by X-ray single-crystal diffraction. The K geometries and are assigned an oxidation state3f Atoms

salt diffracted well, but it did not yield suitable single crystals for a
full crystallographic analysis. The powder pattern of the K salt
indicated that it is isostructural with the Rb analog. The structure was
solved with SHELXS-8&2 and refined by full-matrix least-squares
techniques of the TEXSANP package of crystallographic programs.
A Rigaku AFC6S diffractometer equipped with a graphite crystal
monochromator, and Mo & (1 = 0.710 69 A) radiation was used to
collect data from a crystal of 0.924 0.112x 0.084 mm dimensions

in an w scan mode. Crystal data for RP,Se; at —120°C: a =
11.961(22@A,b =10.069(2) Ac=32.137(3) Ap =91.37(1}, V=
3869(2) B, Z=12,D; = 4.653 g cm3, space groujP2,/n (No. 14),
u(Mo Ka) = 356.36 cnl, 20max = 45.1°, octants collected & h <
14,0< k < 12,—38 < | < 38; number of total data collected 5724;
number of unique data 541®; = 0.024); number of data witR?

> 30(F?) 3524; number of variables 289. An empirical absorption
correction based op scans was applied to the data, followed by a
DIFABS!Z correction to the isotropically refined data. All atoms were
refined anisotropically. FinaR/R,= 0.040/0.048.

Au(1) and Au(2) are assigned an oxidation statetdf The
trigonal coordination for Au(2) is rare for this element. The
largest angle is Se(2Au(2)—Se(13) at 137.1% which is closer

to the ideal 120than to 180, and supports the description of
distorted trigonal planar geometry rather than a linear geometry
with a 2+1 interaction. The only chalcogenide compound, that
we are aware of, with an ideal trigonal coordination for gold is
AAuTe(A = Na,K)’ [Au—Te distance 2.682(1) A].

The most unique feature of the structure is the presence of
all the known coordination environments for AuThe repeating
unit, described above, gives rise to an infinite chain which
propagates in a zigzag fashion along the [110] direction (Figure
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2.494(3) A, Se(13) 2.423(3) A] and a longer one [Se(5) 2.680(2)
A]. The phosphorusselenium distances range from 2.120(6)
to 2.258(6) A, with the noncoordinated selenium atoms (e.g.
Se(3), Se(4), Se(9), etc.) displaying the shorter ones. The
phosphorusphosphorus bonds range from 2.219(8) A for P(5)
P(6) to 2.267(8) A for P(B:P(2). There are two coordination
environments for the rubidium cations. One out of the six
crystallographically independent cations is eight-coordinate
O se(9) [Rb—Se mear= 3.6(1) A] and five are nine-coordinate [Rb
Se mearF 3.7(1) A].

The solid-state UV/vis diffuse reflectance spectra gAlP,-
Se; show sharp optical gaps consistent with semiconductors in
therange 1.£1.2 eV. The infrared spectra of both compounds
display absorptions at similar energies~&804, ~490, ~422,
~411,~304,~294,~227, and~214 cnt!. Whereas similar
absorptions have been observed for other compounds with the
[P.Ses]*~ group!i this is the first time that a splitting of the
peaks can be observed which corresponds to the differently
coordinated [ESe]*~ groups. In particular, the 504, 490 ci
vibrations which can be attributed to RS&retching modés
have counterparts at 422, 411 chas well. Similarly, the
medium absorbance at300 cnt! which was ascribed to an
out-of-phase PSanodé has been split to one at 304 chand
one at 294 cm’. A tentative assignment of the lower energy
peaks 422, 411, 294 crhcan be made to the first jBe;]*~
group that connects Au(1), Au(2), and Au(3), since its higher
connectivity would reduce the energy of the RSw&etching
modes. The higher energy absorbances should contain the

side group

chain direction stretching modes for the remaining two kinds of$&]4~ which
Figur_e 2. View sho_wing a section of the chain in,AuP;Se; with possess lower connectivity.
labeling. Selected distances (A): Augd$e(1) 2.402(2), Au(2)Se(2) Differential thermal analysis (DTA) shows thabAuP,Se;

g'igg%’ ﬁ“((?;ée((%))zzai(gg)'%(%Sse((l%)zzfszs(%)' I’:”((S‘Q‘;geg and RbAUP;Se melt at 457 and 474C, respectively. An

. , Au e . , Au e . , Au e . . . ! .

2.457(3), Au(4)-Se(15) 2.461(2), Au(4)Se(17) 2.492(2), Se(:P(1) mterestlng feature of the DTA is that the compounds give two

2.220(6), Se(2yP(1) 2.197(6), Se(3)P(1) 2.132(6), similar distances ~ €Xothermic peaks upon cooling. For exampleAkP,Se; gives

for the remainder of PSe bonds, P(})P(2) 2.267(8), P(3)P(4) two exothermic peaks at 451 and 426. Upon two more

2.256(8), P(5)P(6) 2.219(8). Selected angles (deg): Se@y(1)— heating and cooling cycles, the peaks remained unchanged and

f§7(11)6%§)0§((()%’} Ee((zi;ﬁg(ag)sfl(j)&l)?g7§(2)-fé()ﬁé“((3;§i%(% examination of the ingot with X-ray powder diffraction and EDS
-018), SE(9AULS)~SE -09(8), SeGAUS)—Se +8U),analysis did not indicate any decomposition. Further thermal

Se(5)y-Au(3)-Se(®) 86.60(7), Se(B)u(3)-Se(7) 87.14(7), Se(?) analysis (DTA, DSC) of the Ku/iSQSIApSe/Se system is under

Au(3)—-Se(8) 100.07(8), Se(15Au(4)—Se(17) 98.88(7), Se(15) Y ' 2 Y

Au(4)—Se(17) 81.12(7). way to investigate the presence of a phase transition.

In summary, the first selenophosphate gold compounds have
2). In addition, the packing of these chains creates channelspeen prepared in molten polyselenophosphafB,Se] fluxes.
running parallel to théb axis where the cations are residing Other related compounds from the gold system inclugheusPs-
(Figure 1). The Au-Se distance for Au(})Se(1) is 2.402(2)  Sg and AAUP,Se;, and they feature the linearly coordinated
A, which compares very well with those found in KAuSand Au(l).1t
CsAuSeg,'? all featuring linearly coordinated Au(l). Selected  A,AuP,Se; is the first compound known to stabilize in its
distances and angles are given in the caption to Figure 2= Au  strycture all possible coordination environments for gold. Its
Se distances for the square planar Au(3) and Au(4) average aynexpected structural characteristics provide a stimulating
2.47(2) A, and they are also in excellent agreement with those example of the rich chemistry that becomes accessible with the
found in KsAuSes,° NasAuSe;,** and AAuSe™® (A = Na, K), use of the flux method in various metal systems.
all featuring square planar Au(lll). The distorted trigonal

geometry of Au(2) involves two similar distances [Se(2) Acknowledgment. Financial support from National Science
Foundation Grant DMR-9527347 is gratefully acknowledged.
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been unambiguously eliminated. The related X-ray isomorphous L L
compound CsAuBr. 6 also studied with powder diffraction, has too pages). Ordering information is given any current masthead page.

many vacancies to allow one to unequivocally establish the true local 1C9516020
coordination of gold. A full single-crystal crystallographic refinement
is needed to establish the gold coordination in these materials. (a)
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