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A novel non-centrosymmetric (NCS) solid, Ba,Mn(Si,0)Cl
(CU-13), was isolated via high-temperature, salt-inclusion reac-
tions. This manganese(lll) silicate chloride adopts the fresnoite
structure exhibiting pseudo-one-dimensional channels in which the
Ba?* cations reside. The framework can be viewed alternatively
as made of a fascinating anti-ReO3 type (Ba,Mn)Cl lattice centered
on the acentric Si,O7 unit. This new compound crystallizes in one
of the 10 NCS polar crystal classes, 4mm (Cy), which is
cooperatively attributed to the MnO,Cl, tetragonal distortion and
the oriented Si,O; polyhedral unit. This discovery once again
demonstrates the utility of salt inclusion with the formation of NCS
frameworks.

Non-centrosymmetric (NCS) synthesis has attracted con-
stant attention for its importance in materials design for
nonlinear applicationsSome recent synthesis strategies for
NCS inorganic solids include using chiral organic molecules
or metal complexes as templating agengsnploying enan-
tiopure metat-organic clusters as secondary building blotks,
acentric packing of helical chain via directed metiigand—
metal linkaged,incorporating acentric polyanions to stereo-
chemically enforce acentricity of the bulland incorporating
cations with nonbonding electron pairs dttdansition metal
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cations showing cooperative second-order, Jareller
(SOJT) distortions.

Our recent discoveries of salt-inclusion solids have shed
new light on the exploration of special frameworks via
composite (hybrid) solids of mixed ionic and covalent
sublatticed. This new class of open-framework solids has
revealed the propensity of the incorporated halide salt to
direct the porous structure, e.g.,Mg(X207).+(salt) (A =
K, Rb, Cs; M= Mn, Cu, X= P, As) (CU-2)7¢* Na,CsCus-
(P207)2C|2 (CU-4) ,7d C520U7(P207)4'6CSC| (CU-g), CLus-
(P,0)3*3CsCl (CU-11)2Pand CuP@BaCl.9 It has been
evident in these structures that the chlorine-centered sec-
ondary building unit (SBU), CIA-.Cu, (A = Cs, Ba;n =
1, 2), introduces the templating effect, including the acen-
tricity, leading to the formation of NCS lattices. We have
expanded the investigations into silicate systems due to the
versatility of silicate-based acentric polyanions. Herein we
report the fascinating barium manganese(lll) silicate chloride
BaMnSi,O;Cl that reveals the cooperative Jatifeller
distortion and the utilities of polar anion and salt inclusion
with the formation of the NCS lattice.

The crystals of BaMin(SiO7)Cl were grown in the molten
BaCkL/NaCl eutectic flux Single-crystal structure was
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Table 1. Selected Crystal and Refinement Data forBaSi,O;Cl VT
. : 2
glrvnplrlcal formula 52%2&2070 i i transiton \
space group?. P4bm (No. 100), 2 = N
T,°C 27 e
a A 8.494(1) g
c, A 5.403(1) S
V, A3 389.8(1) §
w(Mo Ka)), mm2 12.23 <
eai g €T3 4.543 e — —
data/restraints/params 565/1/39 0 1 2 3 4 5 6
secondary extinction 0.0090(9)
final R1, WR2 [I > 20(1)], GOF 0.0164/0.0402/1.05 Engerey. eV

Figure 1. UV-vis spectrum of BaMnSi,O;Cl.

AR = J|IFol — IFcll/ZIFol; WR2 = [SW(|Fol — |Fel)/3WIFol3Y2
w = 1/[0¥(Fe?) + (0.0286)2 + 1.07P], whereP = (F,? + 2FA)/3.

Table 2. Atomic Coordinates and Isotropic Equivalent Displacement
Parameters for B&nSi,O,Cl

Wyckoff
atom position X y z Uq (A2
Ba 4c  —0.16971(2) —0.66971(2) —0.8165(1) 0.0097(1)
Mn 2a 0 0 —0.1994(2) 0.0075(2)
Si 4c  —0.1297(1) —0.3703(1) —0.2975(4) 0.0081(3)
cl 2a 0 0 —0.6736(3) 0.0124(3)

O(1) 4c  —0.1289(3) —0.3711(3) —0.5929(7) 0.0112(7)
0 -05

0@ 2b

-0.187(1)  0.0136(9)

0@3) 8d —0.2071(3) —0.9206(3) —0.1624(5) 0.0154(5)

aEquivalent isotropicU defined as one-third of the trace of the
orthogonalizedJ; tensor.

determined by X-ray diffraction methodsThe crystal-
lographic data and atomic parameters are listed in Tables 1
and 2, respectively. The title compound crystallizes in one

of the 10 NCS polar, nonchiral crystal classesm(C,,).*°
The reddish color of the compound is diagnostically ap-

Figure 2. Perspective view of BMnSi;O;Cl showing channel structures.

proved, according to reported procedureby the UV—vis edges of the $D; and MnQCl, polyhedral units that share
spectrum with absorption peaks at 2.30 eV (18 5509m  yertex oxygen atoms. The two symmetry planes along (220)
and 2.80 eV (22580 cm), as shown in Figure 1, due to  gng (20) intercept at the bridging oxygen, O(2), of theGSi

the °Byq — °Ey and®Byq — °Byg transitions, respectivefyf. unit. The B&" cations reside in these planes while the CI
The compound is otherwise a wide band gap semiconductorapjons are located between the Mations leading to the
with the characteristic absorption edge above 3.20 V. jinear chain of corner-shared MaOl, units alongc. The

As shown in Figure 2, the title compound exhibits pseudo- |atter adopts a tetragonal distortion giving rise to one short
one-dimensional channel structures where*‘Baations Mn—Cl bond, 2.562(2) A, and one long MCI bond,

reside. The channels reveal a pentagonal window made 0f2.841(2) A, which are significantly longer than 2.46 A, the

(8) Crystals of Bavin(SizO7)Cl were grown by employing eutectic BaLl

sum of Shannon crystal radii of six-coordinate ¥i0.785

NaCl flux in a fused silica ampule under vacuum. Aldrich BaO (3 A, high-spin) and Ci (1.67 A)** The MnQ unit forms a

sm,'gzOI(hW%)ﬁ E;aCdélggngcc]}l,)%E%),_ Mgos (dl mmoléI 99:?){' anEil 5 square pyramid with four uniform MnO bonds, 1.895(3)
| mmol, tused, .97%) were mixed ana ground wi ux (1: A
by weight) in a nitrogen-blanketed drybox. The mixture was heated A’ and a nearly perfect sum 6fMn—O—Mn angles, 3574

to 900°C and isothermed for 6 days, followed by slow cooling to  This tetragonal distortion, elongation along the M2l

300°C at 6°C/h and then furnace cooling to room temperature. The bonds. is intuitively attributed to the* dMn3+ Jahn-Teller
reddish column crystals were retrieved upon washing off the salt with !

deionized water; ca. 90% yield, based on @ was obtained. effect.
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Figure 3. A section of the structure viewed (a) alongnd (b) from the
side showing the stacking of the Mi8i—0O and Ba-Cl slabs. The thermal
ellipsoids were drawn at 95% probability.

Figure 4. A cage view showing the D7 unit residing in the center of
the anti-ReQ@type (BaMn)Cl lattice (left). The SiO; unit is made of two
corner-shared Si{tetrahedra in an eclipsed configuration (right).

3.247(1) A, are slightly shorter than 3.33 A, the sum of
Shannon radit? It would be interesting to see if substituting
Ba>" with SP* could affect the distortion and the nonlinear

Figure 5. A slab of the (BaMn)Cl lattice showing the origin of the polar
lattice. The Mnr-Cl linkages along consist of alternating short (solid lines)
and long (dotted lines) bonds giving rise to the distorted s\&a"
octahedra. The latter is shown, for clarity, by one Cl-centered octahedron
in green. Selected B&O and Mn—O bonds are drawn to outline the
respective coordination and connectivity.

Figure 6. Coordination around chlorine in (a) NaCl, (b) CU-9 and
CU-11, and (c) BaMnSi,O;Cl. The electropositive cations are drawn in
black and transition metal cations in blue.

highlighted CIBaMn, octahedron) along the polar axis
The barium cations adopt the Bg@, coordination, which
is shown by Ba-O and Ba-Cl bonds, sharing edges with
the square planar MnQunit.

We have reported yet another example of a salt-inclusion
solid showing the stuctural directing effect of the chlorine-
centered CIA-\M, octahedral SBU, whose centricity can be
varied via cation substitutions. The dication substitution (
= 2) in CINa& (Figure 6a) can occur either in the cis positions

properties, including the negative thermal expansion behav-(Figure 6b), as seen in the CU-9 and CU-11 structures: (A

ior,%6 currently under investigation.

The polarity and, in turn, the bulk acentricity have been
the most conspicuous structural features of interest in the
titte compound. The extended framework can be viewed as

constructed by two SBUs: anti-Re®pe (BaMn)Cl cage
and S}O; pyrosilicate. As shown in Figure 4 (left), the dis-
torted (BaMn)Cl cage is made of corner-shared ClBia,,
and the SiO; unit is caged in the center of this anti-RgO
lattice. The pyrosilicate unit (Figure 4, right) is formed by
two corner-shared SiOtetrahedra in an eclipsed config-

Cs, M= Cu),2bor in the trans (Figure 6c¢), as shown in
CU-13 (A = Ba, M = Mn). It should be noted that the
incorporation of acentric SBU is a necessary but not suf-
ficient condition for bulk acentricity. In other words, the
material can crystallize such that the distortions occur in an
antiparallel manner, thus producing macroscopic centricity.
The formation of BavinSi,O;Cl demonstrates the utilities
of polar anion, JahnTeller distortion and once again the
salt inclusion with the formation of NCS lattice.

Acknowledgment. Financial support for this research

uration. The structure formula can thus be rewritten as (DMR-0077321) and the purchase of a single-crystal X-ray

(SiO7)@(BaMn)Cl (=Ba,MnSi,O;Cl). The preferred ori-
entation with respect to the 8} polar unit and the tetragonal
elongation results in the bulk polarity alomg

The extended (BMn)Cl lattice (Figure 5) shows that the

chlorine atoms are displaced (see the green circle in the

(15) Kunz, M.; Brown, I. D.J. Solid State Chen1995 115 395-406.
(16) The powder X-ray diffraction studies show that the cell volume

diffractometer (CHE-9808165) from the National Science
Foundation is gratefully acknowledged. The authors are in
debt to Dr. M. Krawiec for his assistance with the X-ray

structure analysis.

Supporting Information Available: X-ray crystallographic file,
in CIF format. This material is available free of charge via the
Internet at http://pubs.acs.org.

decreases by 0.9% as the temperature increases from 123 to 423 K,

while the largest decrease is 0.5%arand increase by 0.1% ia
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