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Crystals of KMn(11),Mn(111){Se0;); and LisMo{ID,Mn{II1){SeO,); were synthesized under hydrother-
mal conditions and their structures were determined by single-crystal X-ray diffraction data (KMn
(NMn{Il}(SeQ;),: monoclinic, space group C2/¢, Z = 4, a = 17.660(3) A b= 10.240(1) A c=
9.582(1) A, B = 91.32(1)°, R, = 0.038 for 2557 reflections up to 20 = 65% LisMn(ID),Mn(I(SeO,)g:
triclinic, space group P1. Z = 1, a = 7.505(2) A, b = 8.350(2) A, ¢ = 10.413(2) A, a = 73.84(1)°, B
= 88.24(1)°, y = 64.24(1)°, R,, = 0.028 for 4318 reflections up to 260 = 70°). In KMn(ID),Mn{III}SeO;),.
the coordination octahedra of the Mn(Il), Mn¢lil), and K atoms form pseudotrigonal layers which are
connected by pyramidal SeQ; groups. The structore of LigMn(IN,Mn(I11)}{Se0,); is composed of SeO,
pyramids, Mn(INO, and Mn(H1)O, octahedra, LiO, tetrahedra. and a trigonal prismatic coordination
polyhedron in which the central position is occupied statistically by Mn(l[} and Li atoms in the
proportion }; 1. In both compounds. the coordination octahedra of Mn(E1) atoms exhibit pronounced

Jahn—Teller distortions. @ 1993 Academic Press, Inc.

Introduction

Recently, the Mn(IV) compound Mn(Se
(), was obtained by hydrothermal syn-
thesis and the crystal structure was deter-
mined by means of single-crystal X-ray dif-
fraction methods (/). As the knowledge on
the crystal chemistry of tetravalent manga-
nese is poor, further syntheses were under-
taken in the system Mn0O,-Se0,-H,O-
X,0 (X = Li, Na, K), but so far no other
Mn(IV) selenites have been obtained. In the
course of these experiments, single crystals
of K,Mn(S8eOs), (2} Mn{Se,0) (3) (con-
taining divalent Mn), and three unknown
Mn(I)-Mn(11I) compounds Mn(II)
Mn(IID,0(Se0,);  (4), KMn(Il),Mn(I1I)
(8¢0s);, and Li;Mn(1L),Mn(111}SeO,); (this
work) were synthesized.

Experimental

Crystals of the title compounds were syn-
thesized under the following conditions:
Teflon-lined steel vessels (V = 40 cm?)
were filled with approximately equimolar
amounts of MnQ,, Se0,, and KOH or
MnO,, Se0,, and LiOH - H,0. In both
cases, some drops of water were added. The
closed vessels were heated to = 495 K and
kept at this temperature for 4 days. Crystals
of KMn{1l),Mn(11I}{SeO;), were obtained
up to a diameter of 1 mm; the dark brown
crystals are pseudohexagonal prismatic
with (monoclinic) forms {100}, {110}, and
{001}, Li,Mn(Il),Mn(II)(SeQ;); was ob-
tained in brown triclinic crystals up to diam-
eters of 0.6 mm with predominant forms
{100}, {010}, {101}, {011}, and {T12}, some-
times also {11(}} and {011},
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Preliminary X-ray investigations were
done by oscillation and Weissenberg pho-
tography. Unit-cell dimensions (refined
from 36/38 accurate 2@ values in the range
38° < 20 < 42°) and X-ray intensities were
measured on a Stoe AED2 four-circle
diffractometer with graphite-monochro-
matized MoK« radiation {2@-w scans with
32/40 steps/reflection, increased for ey—c,
splitting; 0.03° and 0.5-1.3s/step; 2 x 5/6
steps each side for background measure-
ment; 3 standard reflections each 120 min).
The intensities were corrected for Lorentz
and polarization effects, and an empirical
absorption correction by y-scans was ap-
plied. Complex scattering curves for neutral
atoms were taken from (5). Crystal data and
additional information about the refine-
ments are given in Table 1. The structures
olved by direct methods and subsequent
Fourier summations; final structural param-

eters, listed in Tables II and III, were ob-
tained by full-matrix least-squares refine-
ments, All calculations were done with the
program system STRUCSY (6).

In the course of the structure solution of
LisMa({II)};Mn(I11}SeQ;};, Fourier synthe-
ses revealed that one of the coordination
polyhedra, namely the trigonal prism, is not
fully occupied by Mn(Il), as was assumed
in the first steps of structure solution.
Applying the scattering curves of Mn, the
refinement converged with an occupancy
factor of = 55% for this site. In this case—
assuming a divalent state of the Mn
atom—nearly one positive charge is missing
in the formula unit. This charge could be
equalized by filling half of the site with
Mn{II) atoms, the other half with Li atoms.
In order to verify this assumption, the Li
content of the compound was determined
by means of AAS; the analysis yielded a

TABLE 1

SUMMARY OF CRYSTAL DATA AND STRUCTURE REFINEMENTS OF KMn(ID) Mn(II)(SeO,), AND

LisMn(I1),Mn(1I1)(5c0,)

KMn(ID),Mn(II)(SeOy),

LisMn{11),Mn(I11)(Se0;)

Space group

a {A]

b {A]

c [;\]

ol

817

¥ [°]

v [AY]

Peaic [g cm_jl

w(MoKa) [em™!]

Crystal dimensions [mm]
Extinction coefficient g (/7)
280, [°]

Measured reflections
Unigue data set

Data with F, > 3g(F,)
Variables

Absorption correction
Min/max transmission factors
R

R, (w = V[a(F,)T)

C2le P1
17.660(3) 7.505(2)
10.240(1) 8.350{2)
9.582(1) 10.413(2)
73.84(1)
91.32(1) 88.24(1
64.24(1)
1732.4 561.4
4.124 3.919
160.17 153.70
0.11 X 0.13 X 0.16 0.08 x 0.21 x 0.26
1.2(1) x 107¢ 4,9(2) = 107"
65 70
6619 9940
3162 4979
2557 4318
138 194
U scans P scans
0.048/0.128 0.015/0.085
0.043 0.031
0.038 0.028
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content of 2.74(13)% Li. The theoretical
value for this model (5 Li atoms in the for-
mula unit) is 2.62% Li; for a model with an
occupation of solely 4Mn (which then has
to be trivalent), it is 2.11% Li (4 Li atoms
in the formula unit). Refining Mn and Li
together onthis site led to occupancy factors
of 0.517(2) for Mn and 0.483(2) for Li. A
symmetry rcduction to P1 indicated no cat-
ion ordering of Mn and Li on the two related
sites, and rotation and Weissenberg photo-
graphs showed no indications of superlattice
reflections. Therefore, the final refinement
was done in PT and the occupancies of Mn
and Li were fixed at the ideal value of 0.5,
Crystal-chemical considerations concerning
this problem as well as the Mn(II)-Mn(1II}
cation distribution are stated in detail in the
discussion.

Discussion

KMn{11)Mn(III)(SeO;);

Important interatomic distanccs, angles,
and distortion parameters A, {= (1/6)
Sld, — d)d )Y and o, {= (WID3(a, ~
90)?} (for octahedral environments) in KMn
(D), Mn(III}{SeO,), are listed in Table IV.
The coordination polyhedra are clear-cut in
this compound. The Se atoms are one-sided
pyramidally cocordinated to threc oxygen
atoms. Individual and mean Se-O bond
lengths coincide with data given in the litera-
ture (7), whereas all three crystallographi-
cally different SeQO, pyramids are slightly
flattened (mean angles 103.4°, 102.5°, and
103.6°) compared to the reported average
0-8e-0 angles of 100.2° (7) or 101° (8).

All other cations are coordinated by oxy-
gen atoms in more or less distorted octahe-
dral configurations. Mean bond lengths
within the Mn(1)O, and Mn{2)0 pelvhedra
are comparable with average Mn-0O dis-
tances known for divalent Mn atoms: e.g.,
Baur (9) gives 2.205 A as mean Mn(11)-O
distance, and nearly the same value (2.20
A) is given in (J0). Bond valences of 2.07
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vu (valence units) and 2,13 vu, respectively,
were obtained from bond-valence calcula-
tions according to (//); thus Mn(l) and
Mn(2) are Mn(ll) atoms. The distortion of
these polyhedra is moderate and irregular.
On the contrary, the Mn(3)O, octahedron
(point symmetry 2) exhibits a pronounced
distortion. There are four meridional oxy-
gens at =1.970 A and two apical oxygen
atoms at 2.208 A, forming an clongated te-
tragonal dipyramid. This distortion of the
coordination octahedron is typical for the
3d* clectronic configuration of Mn(III)
atoms (Jahn-Teller effect). The bond va-
lence of 2.86 vu and the mean Mn(3)-0 dis-
tance of 2.049 A also indicate the trivalent
state of the Mn(3) atoms: Shannon et al.
(12) derived 2.023 A or—considering the
extent of the distortion—1.994 A + 7.08A
as mean Mn(II1)-0 distance.

The K atom (point symmetry 2) is sur-
rounded by six O atoms forming an octahe-
dron, which is strongly flattened parallel
(001). The mean K-O distance of 2.866 A
is rather long considering an effective ionic
radius of 1.38 A for K* in sixfold coordina-
tion (/3); individual K-O distances hardly
deviate from the mean value.

The interpolyhedral connections in KMn
(I1},Mn(111)(SeO;); resuit in the forma-
tion of pseudo-trigonal (KMn{ll),Mn(1Il)
0,,)** -sheets parallel (001) (Fig. 1). Each
KO, polyhedron shares three short edges
with MnQO, octahedra; the shortest one,
0(9)-0(9) = 2.753(8) A, is in common with
Mn(3), and two edges O2)-0(6) = 3.171(5)
A are shared with Mn(2)O, polyhedra. This
configuration causes strong flattening of the
KO polyhedron parallel (001) and explains
the anisotropic thermal motion of the K
atom with r.m.s. amplitudes of 0.23 A per-
pendicular to (001) and 0.16 A within the
sheet. Mn(2)O, and Mn(3)O, each share two
short edges with Mn(1)O, (Mn(2); O{l)-
O(8) = 2.781(6) A, O(3)—0(7) = 2.788(6) A,
Mn(3): 2 x O@)-0(5) = 2.703(5) A), which
complete a (KMn(ID,Mn(1I11)O,;)*~ sheet.



INTERATOMIC DISTANCES [A], BOND ANGLES [7]

TABLE IV

, AND DISTORTION PARAMETERS A AND ol

oct

(FOrR OCTAHEDRAL ENVIRONMENTS) IN KMn{II);Mn(III)(SeO,),

oct

K o(2) 0(2)
o(2) 2.842(3)

02) 171.3¢9) 2.842(3)
Q(6) 67.4(1) 105.4(1)
0(6) 105.4(1) 67.4(1)
0©) 82.3(1) 105.6(1)
O9) 105.6(1) 82.3(1)
(K-0) = 2.866: A, = 0.00004, o, = 411.0
Mni!) ol 0(3)
ol 2.163(3) 3.163(6)
0(3) 94.4(2) 2.149(4)
O4) 82.9(2) 160.0(4)
0(5) 157.4(4) 106.9(2)
o7 83.1(2) 80.1(2)
o(8) 80.0(2) 105.5(2)
(Mn(1)-0) = 2.187; A, = 0.00064, o3, =
Mn(2) o) 02)
o 2.177(3)

Q) 166.3(5) 2.122(3)
o@3) 98.0(2) 93.9(2)
0(6) 90.8(2) 96.2(2)
o) 83.6(2) 92.0(2)
C(8) 78.5(2) 89.3(2)
{(Mn(2)-0) = 2.174; A, = 0.00024, o2, = 44.2
Mu(3) O 0
0(4) 1.980(3) 2.755(8)
04) 88.2(2) 1.980(3)
0(3) 80.2(2) 97.6(2)
s) 97.6(2) 80.2(2)
0(9) 168.7(7) 92.4(2)
01(9) 92.4(2) 168.7(7)
(Mn(3)-0) = 2.049; A, = 0.00301, o'}, =
Se(1) O(1) 02)
o) 1.697(4) 2.671(5)
0(2) 104.5(2) 1.683(3)
o) 101.1(2) 104.8(2)
{Se(1)-0) = 1.695, {O-Se(1)-0) = 103.4
Se(2) O(4) O(5)
O(4) 1.739(3) 2.616(5)
0(5) 99.2(2) 1.696(3)
0(6) 102.42) 106.0(2)
(Se(2)-0) = 1.703, {O-Se(2)-0) = 102.5
Se(3} O O8)
o) 1.685(3) 2.625(6)
O(®) 101.9(2) 1.694(3)
09) 103.6(2) 105.2(2)

{Se(3)-0) = 1.699, (0-Se(3)-0) = 103.6

120.9

321

0i6)
3.171(3)
4.548(6)
2.876(4)
75.7(2)
113.8(1)
169.9(4)

)
2.962(6)

2.308(4)
74.5(2)

79.8(2)
93.6(2)

o)
3.299(5)
3.155(6}
2.196(4)

83.5(2)
78.8(2)
175.1(7)

0(5)
2.703(5)
3.155(6)
2.208(3)

177.08)

BR.5(2)
93.6(2)

o)
2.626(6)
2.684(6)
1.705(4

6}
2.660(5)
2.691(5)
1.674(3)

0®)
2.674(6)
2.711(6)
L718(H)

0(6)
4.548(6)
3.171(5)
3.527(8)
2.876(4)

169.9(4)
113.8(1)

o5

3.455(8)
2.703(5)
2.153(3
92.8(2)
101.1¢2)

0(6)
3.073(6)
3.171(5)
3.051{6)
2.13%(4)

166.3(5)
93.9(2)

05}
3.155(6)
2.703(5)

2.208(3)
93.6(2)

88.5(2}

o)
3.765(6)
4.558(6)
4.822(3)

2.881(4)
57.1)

o
2.881(5)
2.788(6)
2. 884(6)
3.141(6)

2.183(3)
162.4(5)

o)
2.912(5)
3.102(6)
2.788(6)

2.191(4)
97.2(2)

o

2.844(5)
2.914(6)
3.043(5)

1.960(4)
89.2(2)

0(9)
4.558(6)
3.765(6)

4.822(5)
2.753(8)
2.881(4)

O(8)

2.781(6)
3.433(6)
3.26245)
3.335(3)

2.165(3)

0O(8)
2.781(0)
3.051(5)

3.186(6)
3.309(6)
2.2203)

09)
2.844(5)

3.043(5)
2.914(6)
2.753(8)
1.960(4)
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FiG. 1. The crystal structure of KMn{I[),Mn(II1}(SeQ;), projected along [001].

The sheets are linked by interlayed Se(h
pyramids (Fig. 2), sharing each of their cor-
ners with two cation octahedra. The planes
defined by the oxygen ligands of the three
different selenite groups are nearly parallel
[001]. Al oxygen atoms are coordinated by
three cations in nearly planar arrangements,

and their bond-valence sums are between
1.97 and 2.09 vu.

LisMn(I5,Mn(II)(SeO,);

Selected interatomic distances, bond
angles, and distortion parameters A4,
ol (for octahedra), A (for the trigonal

F1G. 2. Projection of the structure of KMn(ID,Mn(1lI)}{SeQ,}, along [010].
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TABLE V

INTERATOMIC DISTANCES [A] BOND ANGLES [?] AND DISTORTION PARAMETERS Agerr O (FOR OCTAHEDRAL
ENVIRONMENTS), Ay (FOR THE TRIGONAL Prism), BLD, aNp ELD (FOR TETRAHEDRAL ENVIRONMENTS) IN
LisMn(I1};Mn{HD{SeO3)s

Li(1) 02 0(6) 0(6) O(12)
Q(2) 1.945(6) 3.624(3) 3.263(3) 3.163(4)

0(6) i31.1(2) 2.036(6) 2.869(5) 3.092(4)
0(6) 114.2(2) 92.3(4) 1.941(6) 2.991(4)
012) 110.1(3) 103.0(2) 101.8(3) 1.914(6
{Li(H-0) = 1.959, {O-Li(1)-0) = 108.7; BLD = 1.97, ELD = 5.82

Li(2) ) )] o o)
o(1) 1.998(7) 3.338(3) 2.122(3) 3.515(3)
oR) 116.5(3) 1.928(7) 3.859(4) 3.142(4)
o 95.5(3) 137.3(3) 2.215(7) 2.853(3)
0(8) 118.8(3) 103.0(3) 83.1(3) 2.086(7)
(Li(2)-0) = 2.057, (O-Li(2)-0) = 109.0; BLD = 4.56, ELD = 8.04

Mn/Li r5) 0(6) o o1 o o))
o5 2.246(2) 2.534(3) 2.797(3 3.07303)
0(6) 67.1(1) 2.336(1) 315204 3.142(4)
o 77.2(1) 129.0(1) 2.239(2) 2.692(3) 2.993(4)
0(10) 88.1(1) 88.6(1) 126.3(1) 2.172(2) 2.505(4)"
o(i1) 120.1(1) 90.4(1) 77.0(1) 148.6(2) 2.0792) 3.264(4)°
0(12) 131.6(1) 147,7(2) 83.3(1) 68.7(1) 97.3(1) 2.263(3)
(Mn/Li-0) = 2.223: A, = 0.00132

Ma() 0(2) 02 0i4) 014) O10) o3y
o) 2.249(2) 2.839(3) 1.47743) 3.032(3) 3,108(3)
O(2) 180 2.249(2) 3.477(3) 2.839(3) 3.108(3) 3.032(3)
0 78.5(1) 101.5(1) 2.240(2) 3.075(3) 3.053(4)
0 101.5¢1) 78.5(1) 180 2.24002) 3.053(4) 3.075(3)
0(10) 88.6(1) 91.4(1) 90.4(1) 89.6(1) 2.0912)
Q1) 91.41) 88.6(1) 89.6(1) 90.4(1) 180 2.0912)
Mn(1)-0) = 2.193; A, = 0.00109, o2, = 48.9

Mn(2) O(l) 0 O(4) o 08) o)
o 2.245(2) 2.563(3) 3.192(3) 1.47703) 3.269(3)

02) 68.6(1) 2.304(2) 2.839(3) 1.531(3) 3.462(4)
04) 92.3(1) 78.5(1) 2.181(1) 3.298(3) 3.003(3)
o) 102.5(1) 102.8(1) 164.6{2) 2.214(2) 2.853(3) 2.692(3)
o8 97.0(1) 165.4(3) 100.2(1) 82.4(1) 2.117(2) 3.057(3)
ol 170.7(4) 102.5(1) 88.2(1) 76.5(1) 92.0(1) 2.133(2)
Mn(2)-0) = 2.199; A, = 0.00085, ol = 134.1

Mn(3) o4} O(1) O(5) o5 0(9) 0(9)
ol 2.340(2) 3.013(3) 3.061(3) 3.046(3) 2.991(3)
o 180 2.3402) 3.061(3) 3.013(3) 2.991(3) 3.046(3)
05 89.1(1) 90.9(1) 1.936¢2) 2.702(3) 2.734(3)
[0]53)] 90.9(1) 89.1(1) 180 1.936(2) 2.734(3) 2.702(3)
o) 91.1(1) 88.%1) 89.3(1) 90.7(1) £.907(2)

O(9) BB.9(1) 911 90.7(1) 29.3(1) 180 1.907(2)

{Mn(3)-0} = 2.061; A, = 0.00920, o}, = 0.9
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TABLE V—Continued

Se(1) o(1) o) 0oQ3)
o) 1.734(2) 2.563(3) 2.631(3)
o) 95.6(1) 1.726(2) 2.593(3)
o) 10L.7(1) 100.0(1) 1.657(2)
(Se(1)-0) = 1.706, {O-Se(1)-0} = 99.1

Se(2) 0(4) o) 0(6)
0(4) 1.692(2) 2.688(3) 2.605(3)
O3 103.1(1) 1.739(2) 2.534(3)
06) 101.4(1) 95.8(1) 1.674(2)
(Se(2)-0) = 1.702, {O-Se(2)-0) = 100.1

Se(3) o7 0(8) 0(9)
o) 1.694(2) 2.634(3) 2.663(3)
0(8) 102.7(1) 1.678(2) 2.646(3)
0(9) 102.6(1) 102.2(1) £.721(2)
(Se(3)-0) = 1698, (O-S5e(3)-0) = 102.5

Se(4) 0(10) oL 0(12)
0(10) 1.697(2) 2.663(4) 2.505(4)
ol 103.8(1) 1.687(2) 2.598(4)
0(12) 95.9(1) 101.1(1) 1.677(3)

{Se(4)-0) = 1.687, (O-Se(H-0) = 100.3

4 Edge within a triangle of the trigonal prism.
¢ Edge between triangles.

prism, defined as for A,.,), BLD {= (100/
H(|d; —~ d|/d,)} and ELD {= (100/4)Z(|e;
— e,|/e,)} (for tetrahedral environments} in
LisMn{ID,Mn(III}(SeO,); are given in Table
V. The shapes of the SeO; groups in this
compound comply alse with crystal chemi-
cal experience, except that the mean
Se(4)-0 distance is rather short ¢considering
the literature data (7).

The Mn(1) atoms (point symmetry 1) are
12 + 4]-coordinated: four coplanar O atoms
have 2.245 A as mean Mn(1)-O distance,
and two oxygens with Mn(1)-O = 2.091 A
complete the compressed octahedron. Al-
though this kind of distortion might theoreti-
cally be caused by the electron configuration
of Mn(Ill) ions (in most cases, an elongation
of the Mn(I11)O, octahedra is observed), the
average Mn(1)-O bond length of 2.193 A
[compare (9, /0)] and a calculated bond va-
lence (i1) of 2.06 vu show the divalent state
of Mn(I). The same considerations concern-

ing the valence state can be applied to Mn(2)
with a mean Mn(2)-O distance of 2.19 A
and 2.02 vu. The calculated bond valence
of 3.00 vu clearly shows the trivalent state
of Mn(3). The extent of the octahedral elon-
gation with A, = 0.00920 is uncommon
even for the Jahn-Teller distorted Mn(III)
ion: Shannon et al. (/2) found Mn(111)O,
polyhedra up to A, = 0.0071. Their
relationship, R = 1.994 + 7.08 A, gives 2.059
A for a A, value of 0.0092 and therefore
closely agrees with the mean Mn(3)-0 dis-
tance of 2.061 A. As itis common for centric
Jahn-Teller elongated Mn(II1O, or Cu(Il)
Q¢ polyhedra, the bond-angle distortion
within the Mn(3)O, polyhedron is very
small.

The atom labeled Mn/Li is coordinated
to six O atoms forming a (rigonal prism
with a mean cation—oxygen distance of
2223 A (a further O atom occurs at
2.796(3} A). It is assumed that this site is
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equally occupied by Mn(ll} and Li atoms
(compare also the experimental section).
Unfortunately, there are only few data
available on the crystal chemistry of Mn
or Li in trigonal prismatic coordination
by oxygens. However, bond lengths are
comparable with these data as well as
with data for Mn(Il) atoms or Li atoms
in octahedral coordination: e.g., trigenal
prismatic coordination of Mn(Il) atoms by
oxygens is found in Mns(PO,),Cl,,(OH},,
({4). There, the mean Mn-0O distance is
2.242 A. In the high-pressure form of
Mn,GeO, ({3), the Mn(l[)-O distance
within the trigonal prismis 2.19 A, In a com-
prehensive paper on the crystal chemistry
of lithium by Wenger and Armbruster (/6),
no case of Liin trigonal prismatic coordina-
tion by oxygens is reported. The overall
mean Li%*-0O distance was found to be 2.15
A and individual average bond lengths of 32
LiO; octahedra vary between 2.1 and 2.3
A. Thus, available literature data comply
rather well with the assumed occupation of
the trigonal prism in LisMa(1l),Mn(1IT)(-

M. WILDNER

Se0s)s. This is further supported by the cal-
culated bond valence sum of 1.35 wvu,
whereas occupancy by § Mn(III) gives (.88
vu only.

The lithium atoms Li{1) and Li(2) are co-
ordinated to four oxygen atoms in strongly
distorted tetrahedral configurations. The av-
erage Li(1)*-0 distance (a fifth O atom oc-
curs at 2.913(6) A) and the bond-length dis-
tortion agree well with data from the
literature (/6), whereas the edge-length dis-
tortion ELLD = 5.82 is comparatively strong.
The ELD value of the Li(2)O, tetrahedron
is even higher (ELD = 8.04); a BLD of 4.56
is also uncommon for LiO, tetrahedra (/6).
The mean Li(2)*-0 distance (2.057 A) is
also very large, but the next-nearest oxy-
gens are at 2.609(7) and 2.881(7) f‘\, confirm-
ing the four coordination.

The crystal structure of LisMua(ll),Mn
(IIN(Se0;)g (Figs. 3, 4) consists of sheets
parallel (100). Within the sheets, structural
linkage occurs threcugh commeon corners and
edges, explaining the strong bond-angle or
edge-length distortions of the Mn(2)Qq,

FiG. 3. Projection of the crystal structure of LisMn{ID,Mn{l11)(SeO;); on (100).
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FiG. 4. The crystal structure of Li;Mn{11);Mn{IID{S¢0,), as seen along [010].

(Mn/Li1}O,, and Li(2)O,; polyhedra; con-
versely, Se(3)0; and Mn(3)O¢ have no com-
mon edges with other polyhedra. Li(2)
shares one short edge (O(7}-0(8) = 2.853(3)
A)witha Mn(2)Q, octahedron, and Mn(1)0O,
has two common edges with Mn(2)O, poly-
hedra (O(2)-0(4) = 2.839(3) A 2x). The tri-
gonal prism (Mn/Li)O, shares two of its
edges wiﬁth Se0; groups (O(5)-O(6) =
2.534(3) A and O(10)-0(12) = 2.505(4) A)
and a further edge with a Mn(2)Og group
(O(N-0(11) = 2.692(3) A). The Mn(2)O,
poivhedron shares four of its edges with
the coordination polyhedra of Li(2), Mn(1),
and Mn/Li, and the O(1)-0(2) edge
(2.563(3) A) with a Se(1)O; pyramid. The
sheets are connected by a short common
edge (0(6)-0(6) = 2.869(5) A) between two
Li(1)O, tetrahedra (O(6) is further bound to
Se(2) and Mn/Li) and via O(3), which is
shared by Se(l) and Li(2). The oxygen
atoms Q(4), O(5), O®), O(10), O(11), and
0(12) are coordinated to three cations in
nearly planar to pyramidal configurations
(bond angle sums from 339.3° to 359.3%);
O, 0(2), O6), and O(7) are fourfold

coordinated (strongly distorted tetrahedra),
whereas O(3) and O(9) have the coordina-
tion number two (Se(1)-03)-Li(2) =
118.0°, Se(3)-0(9)-Mn(3} = 134.7°). Bond-
valence calculations for the oxygen atoms
give sums from 1.80 vu for O(3) to 2.12
vu for O(11).
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