K3CeR,Ss: A New Cerium Thiophosphate with One-Dimensional Anionic Chains
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As first demonstrated a decade ago, th8& low-melting flux
reacts readily with titanium metal, allowing the preparation of
K4TizS;4! This powerful synthetic method, first applied to Ti

and then extended to other transition elements, has been success-

fully widened to main group and rare earth elements, giving rise
to a rich structural chemist&® Since then, its field of
applications has been further enlarged through the substitution
of the alkali metal flux by an alkaline earth metal one, reinforcing
the ability of this method to explore new domaitfs.

From a conceptual point of view, one of the great interests of
this reactive flux technique lies in its capacity to control the
dimensionality of the covalent network by modifying the nature
of the alkali metal and its concentration, to obtain a more or less
covalent frameworR:1°® Hence, it is possible to synthesize low-
dimensional compounds with their inherent anisotropic chemical
and physical properties. An interesting property of these low-
dimensional phases is their ability to exfoliate to lead to sols and/
or gels. We recently showed that a chain containing KiyiPS
dissolves in polar organic solvents, leading to autofragmentation
of the chains into an unprecedented concave trimetallic trivalent
anion1213 |n order to have more materials with a 2-, 1-, or even
0D character with potential exfoliation properties, we attempted
to stabilize new thiophosphates of cerium and alkali metal through
the exploration of the A/Ce/P/Q system §ANa, K; Q=S, Se).

In this Communication, we report the synthesis of and band
structure calculations oneRS;, a new member of the (A§)
(ACePSs) series i = 0, 1, 2; A= alkali metal).

KsCeBS;s is one of the several members of the-Ke—P—
S(Se) family among which are found KG&R and K.CeRS;,4
the structures and properties of which will be published else-
where!® The structure of KCeRS;,'6 determined from a single-
crystal X-ray data analysig,'8is characterized by the occurrence
of infinite 1,[CeRSs]3~ chains electrostatically shielded by
surrounding K cations (Figure 1). These chains are built upon
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Figure 1. View of the structure of KCeRSg (50% probability ellipsoids
shown) along the axis showing-.[CeP:Ss]®~ chains separated by alkali
metals. K-S bonds have been omitted for clarity.

9-fold sulfur coordinated Ce polyhedra sharing successively an
edge and a face (Figure 2a) and JPt®trahedra attached to the
I,[CeS] skeleton through the sharing of three sulfur atoms (S(3)
S(4)-S(8) and S(1)S(5)S(6) for P(1) and P(2), respectively)
(Figure 2b). The structural arrangement of th§CePSg]3~
chains recalls that of thHg[Nb,PS¢~ chains in KNBPS° based
on a %[NbySy skeleton on which the [P§ tetrahedra are
condensed. The bidimensional character gE&RS;s, which is
clearly observed from the morphology of the crystals, can be
associated with the stacking, along thaxis, of2.[KCeP,Sg]>~
slabs and double alkali metal layers (Figure 1).

K:CeRS; is a bright yellow material, and in order to shed light
on the type of transition involved in the coloring process, self-

(16) Crystals of KCeRSs were prepared from a reaction of a mixture of
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The tube was evacuated to20Torr, sealed, and heated over a period
of 75 h to 300°C, maintained at 300C for 2 days, then heated at 800
°C over a period of 125 h, maintained at 8GD for 7 days, and cooled
to room temperature over 5 h. The sample was not single-phased and
contained, with KCeRS;s, some amounts of ¥CeRS; and KCeRSs. A
microprobe analysis was made on several platelike crystals by EDAX
and yielded a KCe ;P,,Ss 3 composition. The crystals deteriorate in a
few hours in air.
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to a little band dispersion. This is in agreement with the small
space extension of the f orbitals that do not allow them to
hybridize substantially with the chalcogenide orbitals. On the
other side of the Ce band, the conduction band lies above 0.69
eV: its bottom is constructed essentially upon Ce-d levels. From
these electronic features, a semiconductor behavior is inferred.
Under light excitation, and owing to the energy cost required to
move an electron from one cerium to anothet (4f4f1 — 40 +

4f2) or from the valence band to the Ce*4ével, it is more

sm energetically favorable to promote an electron from theb4hd

to the conduction band. The yellow color 0®eRSg results
thus from the f— d transition. The calculated gap (0.69 eV
instead of the 2.5 eV expected value), although underestimated
because of the difficulty of taking into account the localized
f-orbital character in a band-like approach, is consistent with
previous calculations for other types of colored cerium chalco-
genides® In red y-CeS;, a similar transition mechanism has
been proposetf- 26 Hence, in going from G&; to KsCeRSs,
because of the yellow color observed for the latter, essentially
an increase in the f-block> conduction band gap energy is
expected. With its strong covalent-B bonds, it may be assumed
that the presence of phosphorus implies an increase of th&Ce
Figure 2. (a) Structural arrangement of 9-fold sulfur coordinated cerium chemical bond ionicity through an inductive effect. This means
polyhedra sharing edge and face, and defining the skeleton of the that in going from Cg5; to K3;CeRSg, a stabilization of the
1.[CeR:Se]*~ chains. (b) View of &«[CeRSg*~ chain fragment based  antibonding levels of the conduction band would take place with

on a'.[CeS] skeleton on which [P§ tetrahedra are condensed. Selected 5 gecrease of the<t d gap energy. However, this phenomenon

bond distances: CeS(1), 3.149(2) A; Ce'S(1), 3.346(2) A; Ce S(3), . . -
3.2002) A; Ce-S(3), 2.980(2) A: CeS(a), 2.884(2) A: CeS(5). would compete with a shift to lower energy of the occupied

2.970(2) A; Ce-S(6),3.083(2) A; CeS(6), 2.992(2) A; CeS(8), electronic f states through the decrease of the f electron screening
2.915(2) A; Ce-P(1), 3.602(2) A; CeP(1), 3.790(2) A; CeP(2), effect from the cation nucleus due to the lessening of the covalent
3.333(2) A; Ce-P(2), 3.849(2) A; P(1rS(3), 2.070(3) A; P(1yS(4), charge transfer. In view of the localized character of the f orbitals,
2.035(3) A; P(1)-S(7), 2.005(3) A, P(}S(8), 2.032(3) A; P(2}S(1), this last effect must be preponderant, explaining the shifting of
2.050(3) A; P(2y-5(2), 1.994(3) A; P(2)S(5), 2.024 A; P(2)S(6), the absorption threshold from red to blue upon the insertion of
2.054(3) A. phophorus.
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with a K'3Ceé'PY,S g charge balance. Below1.96 eV (the zero

energy being taken at the Fermi level) is located the valence band Supporting Information Available: Tables listing solution and
built upon S atomic orbitals. The Fermi level lies within the Ce-f refinement data, atomic positions, bond distances and angles, and

block. A high density of states is calculated arod@éh relation anisotropic atomic displacement parameters (4 pages). Ordering informa-
tion is given on any current masthead page.
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groupP21fc, Z = 4, pcac = 2.596 g cm®, fw = 575.84 g mot?, u(Mo

KA) = 52.5 cnT?, 201ma= 56.3, T= 291 K, crystal size 0.08% 0.015 (20) TB-LMTO-ASA: tight-binding linear muffin-tin orbital in the atomic
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