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The First Amine-Templated Layered Metal Selenates
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Although a few open-framework metal sulfates and selenites
have been synthesized and characterized recently, it has not
been possible to prepare the corresponding selenates, prob-
ably because of the instability of the +6 oxidation state of Se
in alkaline media. We have been able to synthesize, for the
first time, organically templated open-framework rare earth
selenates with the general formula 0.5[C,;N,H;(|[Ln(H,0),-
(SeOy)2] (I) (Ln = La, Nd or Pr) and 0.5[C4;N,H4][La
(Se0y4),]-0.5H,O (II), under hydrothermal conditions in an
acidic medium. Crystal data: I (Ln = La): triclinic, space

group = P1, Mr = 491.91, a = 7.0105(8) A, b = 7.3772(9) A, ¢ =
9.526(1) A o= 82.014(2), p = 84.514(2), y = 84.247(2)°, V =
483.76(1) A3, Z = 2; II triclinic, space group = P1, Mr =
47891, a=15.94(2), b=7.408(3), c =11.048(2) A o= 86.899(2),
B =75971(1), y = 79.456(2)°, V = 463.7(2) A3, Z=4. Being the
first report of complex layered selenates, it is likely to stimu-
late efforts to synthesize other novel open-framework struc-
tures making use of the selenate ion as the building unit.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Introduction

A wide variety of organically templated inorganic open-
framework materials are known today. Although metal sili-
cates,[!! phosphates” and carboxylatesi* ! dominate this
area, several organically templated open-framework metal
sulfatest®® and selenitesl® 'l have also been prepared
more recently. The first organically templated layered selen-
ite was synthesized by Harrison et.al,! followed by the re-
ports of three-dimensional as well as other layered metal
selenites.['~ 11 To the best of our knowledge, no organically
templated layered metal selenates are known hitherto. While
the most stable oxidation state of S is +6 as in SO,>~, that
of Se is +4 (SeO5>~ or Se»O5?"). The reduction potential of
the SO,>/SO5%~ couple is 0.119V while that of the SeO,>~/
Se0;2~ couple is only 0.03V in alkaline media. This has
direct implications on the stability of the compounds of oxy
anions of selenium. Selenites are thus commonly obtained
as products even though one may start with H,SeO, as
source of Se. This has been encountered by us in few in-
stances!!”l and it is probably because of this difficulty that
it has not been possible to prepare open-framework metal
selenates in the presence of amines. In this article, we report
the first successful synthesis and characterization of organi-
cally templated open-framework lanthanum selenates,
0.5[C,N,H o][Ln(H,0)5(SeOy),] (I) (Ln = La, Nd or Pr)
and 0.5[C4N,H 4][La (SeO,),]-0.5H,0 (II), prepared hydro-
thermally under acidic conditions.
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Results and Discussion

0.5[C2N2H10][Ln(Hzo)z(SeO4)2] (I) (Ln = La, Nd or Pl')

We shall discuss the structure of the La compound as a
representative of this isomorphous group of compounds.
The asymmetric unit of I contains 14 non-hydrogen atoms
of which twelve belong to the inorganic framework and two
to the amine (ethylenediamine) as shown in Figure 1 (a).
There are two crystallographically distinct Se atoms and a
unique La atom, with half of the amine appearing in the
asymmetric unit. The lanthanum atoms are nine-coordinate
with seven oxygen atoms from two selenate anions
[Se(1)X2, Se(2)X5] and two oxygen atoms from water li-
gands. Each La is connected to two neighboring La atoms
by La—u-O—La linkages, through three-coordinate oxygen
atoms (02 and O6). The Se(1)O, tetrahedron shares corners
(O1 and O3) with two adjacent LaOgy polyhedra. The re-
maining two oxygen atoms O7 and O8 are part of terminal
Se=0 groups. The Se2 atom forms five Se—O—La linkages
via a two-coordinate O10 atom, and the three-coordinate
02 and O6 atoms. We thus observed three types of Se—O
bonds: Se—0, Se=0 and Se—p;-O, with average bonds
lengths of 1.637 A, 1.62 A and 1.645 A respectively. Bond
Valence Sum (BVS) calculations for the La and Se atoms
[La(l) = 3.13, Se(1) = 6.14 and Se(2) = 5.98] clearly show
the oxidation states of the La and Se to be +3 and +6
respectively. The framework stoichiometry of La(H,O),-
(SeOy), creates a net framework charge of —1, which is bal-
anced by the presence of half of the diprotonated ethylene-
diamine.

The structure of I involves a two-dimensional covalently
bonded framework built up of LaOgy polyhedra and SeOy,
tetrahedra, the former being connected through La—ps-
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Figure 1. (a) ORTEP plot of 0.5[C,N,H;o][La(H,0),(SeOy),] (I);
the asymmetric unit is labeled; thermal ellipsoids are given at the
50% probability level; (b) ball and stick, and polyhedral represen-
tation of the secondary building unit, SBU-4 in I; note the presence
of two three-membered rings (La,Se); ¢) connectivity between the
SBU-4 units creating an infinite chain of edge-shared LaOy po-
lyhedra

O-—La linkages. The topology of the layer in I can be de-
scribed in terms of a secondary building unit (SBU), con-
structed by capping the two edge-shared LaOy polyhedra by
two Se(1)O4 groups as shown in Figure 1 (b). Such SBUs,
described as SBU-4 by Ferey,[!>] have been observed in sev-
eral metal phosphate systems.'® The SBU-4 units are
linked by three-coordinate oxygen atoms (O2 and O6) for-
ming an infinite chain-like structure consisting of edge-
shared LaOy polyhedra propagating in a zig-zag fashion as
shown in Figure 1 (c). Such a chain can be considered as
a tetrahedrally decorated rutile type chain as in a recently
reported FePO system.!'7l The chains run parallel to the b
axis and are covalently connected by the Se(2)O,4 groups via
La—O—Se linkages creating edge-shared four-membered
rings (ladder). The Se(2)O,4 units also share an edge with
neighboring LaOy polyhedra along the chain, where as the
Se(1)O4 units are involved only in capping the LaOg po-
lyhedra along the chain. The structure of I is thus made of
two types of chains arranged in an ABAB fashion in the ab
plane (Figure 2, a). The ethylenediamine cations occupy the
interlayer sites, forming hydrogen bonds with the frame-
work oxygen atoms (Figure 2, b).

1734 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Figure 2. (a) Ball and stick representation of the inorganic layer of
L, in the ab plane; note the presence of two different types of chains;
(b) view down the crystallographic b axis showing the packing of
layers in I; hydrogen-bonding interactions between the amine and
the framework oxygen atoms are shown by dotted lines

0.5[C4N2H]4"La (Se04)2] 0.5H20 (ll)

The asymmetric unit of IT (Figure 3, a) contains fifteen
non-hydrogen atoms of which eleven belong to the inor-
ganic framework and three to the amine (piperazine). There
are two crystallographically distinct Se atoms and a unique
La atom, with half of the amine appearing in the asymmet-
ric unit. Two bidentate and five monodentate selenate
anions give rise to the nine-coordination of the La atoms.
In the framework structure, each lanthanum atom is con-
nected to three neighboring lanthanum centers by La—p-
O—La linkages through three-coordinate oxygen atoms
(03, O4 and O8). The average La—O bond length is 2.61(8)
A. The Sel atom makes four Se—O—La linkages with the
three neighboring La atoms through a three-coordinate
oxygen atom O3 (Se—p;-O—La, bridge), and two two-coor-
dinate oxygen atoms Ol and O5 (Se—O—La bridge). The
Se2 atom is connected to four neighboring La atoms
through Se—O—La linkages via two three-coordinate oxy-
gen atoms, O4 and OS8 (Se-p;-O—La,), and a two-coordi-
nate oxygen atom, O2 (Se—O—La bridge). The O6 and O7
atoms form terminal Se=O groups. The average Se—O
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bond lengths, which are in the range 1.609(9)—1.665(8) A,
are in agreement with the literature value.['!° The coordi-
nation environments of La and Se are shown in Figure 3
(b). Bond Valence Sum (BVS) calculations show the La and
Se atoms to be in +3 and +6 oxidation states, respectively.
The framework stoichiometry of La (SeQ,), creates a net
framework charge of —1, which is compensated by the +1
charge of half of the diprotonated piperazine.

0(100)

Se(1) 0(3)

(2) ®)

Figure 3. (a) ORTEP plot of 0.5[C,N,H 4][La(Se0,4),]-0.5H,0 (II);
the asymmetric unit is labeled; thermal ellipsoids are given at the
50% probability level; (b) ball and stick representation showing the
coordination environment of La and Se atoms in II; (c) the LaO
layer in II; note the presence of six-membered rings made up of
edge-shared LaOg polyhedra

The structure of II is constructed from macro-anionic
framework layers of [La(SeO,4),] ! held together by hydro-
gen-bonding interactions with the amine molecules located
in the interlamellar space. The structure involves LaO
sheets formed by the edge-sharing LaOg polyhedra in the
ab plane (Figure 3, c¢). The LaOy polyhedra are connected
by La—p-O—La linkages forming chains running parallel
to the b axis with the alternate La atoms of the chains being
bridged by La—p-O—La linkages along the perpendicular
direction. Such connectivity between the chains creates
hexanuclear lanthanide rings as shown in Figure 3 (c).
Along the chain two LaOy polyhedra are capped on either
side by the Se(2)O4 units alternatively, which are also con-
nected to the two La atoms in the neighboring chains
through a three-coordinate oxygen (OS). In the perpendicu-
lar direction, the bridging La atoms are capped by two

Eur. J. Inorg. Chem. 2004, 1733—1739 www.eurjic.org

Se(1)O4 units which share an edge with a LaOy polyhedron
of the neighboring chains. Accordingly, the SeO4 units are
involved in both capping and bridging the La atoms in the
LaO sheets. Such a dual connectivity of the SeO,4 units pro-
duces corner-shared four-membered rings (La,Se,) propa-
gating along the « direction as shown in Figure 4 (a).

Figure 4. (a) The inorganic layer in II; note the capping and bridg-
ing of the LaOy dimers by two selenate units, resulting in corner-
shared four-membered rings along the « axis; (b) polyhedral view
of a hexanuclear lanthanide ring in II; (c) the (6,3) net in II

The thermogravimetric analyses (TGA) of I and II were
carried out under N, from 30—900 °C at a heating rate of
5 °C/min. Compound I decomposes to the selenite in the
temperature range 100—330 °C, with the removal of the am-
ine, water and SeO, (wt.loss: caled. 33.02%, obsd. 33.89%)
which on further heating, decomposes to a mixture of
La,Se; and La,O; (JC, PDS file, card nos: 22-0369, 19-
0659), as indicated by the PXRD of the residue at 950 °C.
Such thermal decomposition of selenate to selenite has been
observed in the case of simple lanthanum selenate hy-
drates,??] but the reduction to selenide is unusual. A similar
decomposition scheme was observed for II, except that in
the final stage, all the selenium was lost as SeO, to give
La,O; as the residue. The overall weight losses for I and II
are 55.94% (calcd. 55.55%) and 57.25% (57.12%), respec-
tively.

Besides being the first examples of two-dimensional or-
ganically templated metal selenates, I and II exhibit several
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interesting structural features. The La atoms are nine-coor-
dinate in both I and II, but there are definitive differences
between their structures. The layer structure of I is con-
structed from two types of chains: type A consisting of
chains formed by the SBU-4 units and type B chains con-
sisting of ladders, arranged in an ABAB fashion. I appears
to be a unique case whereby the layer structure is formed
by alternating chains of SBU-4 units and ladders. An im-
portant feature of II is the two-dimensional network of
edge-sharing LaOy polyhedra to form a hexanuclear lantha-
nide ring (Figure 4, b). The hexanuclear lanthanide rings
are surrounded by six similar rings resulting in the (6,3) net
shown in Figure 4 (c). This is probably the first such layer
architecture in the open-framework compounds containing
XO,?” units. Similar rings containing twelve and 14 edge-
shared MOy octahedra (M = Mn, Co) occur in metal-or-
ganic hybrid compounds containing dicarboxylate units.[!1
These organic moieties covalently connect the neighboring
metal atoms of the ring through C—O—M bonds. A similar
connectivity occurs in II whereby the two selenate units
connect the La atoms in a ring through Se—p3-O—La, link-
ages. The zig-zag chains made from edge-sharing LaOg po-
lyhedra run parallel in I (Figure 2, b), but the chains in II,
shifted along the « direction, are linked to form the LaO
sheet in the ab plane (Figure 4, c).

Conclusion

In conclusion, the successful synthesis of amine-tem-
plated open-framework metal selenates with layered struc-
tures has been demonstrated. The results suggest that it may
indeed be possible to prepare other complex metal selenates
with 2-D and 3-D networks.

Table 1. Crystal data and structure refinement parameters I and II

Experimental Section

Synthesis and Initial Characterization: Compounds I and II were
synthesized by employing the hydrothermal method in the presence
of organic amines. In a typical synthesis of I with Ln = La, LaCls
(0.25 g) was dissolved in water (2 mL) in a Teflon beaker. To this
solution selenic acid (0.26 mL, 40 wt%) was added with stirring
followed by ethylenediamine (0.08 mL) and the stirring continued
for a further 20 min until a homogeneous gel was obtained. The
resultant gel with the molar ratio LaCl3/H,SeO4/1.2en/111H,0 was
transferred to a 7 mL capacity PTFE-lined stainless steel autoclave
and heated at 150 °C for 48 h. The pH of the starting reaction
mixture was 4, and there was no change in pH after the completion
of the reaction. Colorless plate-like crystals of I were collected,
washed with de-ionized water, and dried under ambient conditions.
For the synthesis of the Nd and Pr analogues of compound I,
Nd,O; and Pr,(CO3); were used as metal sources, respectively. The
Nd analogue of I was obtained by heating a mixture of molar com-
position Nd,O3/6H,SeO4/4en/600H,0O at 100 °C for 120 h whereas
the Pr analogue of I was synthesized starting with the following
mixture: Pry(CO;5)3 (0.23 g), H,SeO4 (0.78 mL), en (0.1 mL), and
H,O (1.8 mL) at 150 °C for 48 h. For the synthesis of II, hydrother-
mal reactions were carried out at 150 °C for 70 h starting with the
following composition, LaCl; (0.25 g, 1 mmol)/H,SeO, (0.4 mL,
1.5 mmol)/PIP (0.17 g, 2 mmol)/H,O (1.8 mL, 100 mmol) (PIP =
piperazine). Initial characterization of both I and II was carried out
by powder X-ray diffraction (PXRD), energy dispersive analysis of
X-rays (EDAX), elemental CHN analysis and thermogravimetric
analysis (TGA).

The compounds gave satisfactory elemental analysis. The exper-
imental and calculated (in wt%) values for C, H, and N are as
follows: I (Ln = La): caled. C 2.43, N 2.80, H 1.84; found C 2.4,
N 2.69, H 1.86; II: caled. C 5.02, N 2.94, H 1.67; found: C 5.12,
N 2.92, H 1.61. EDAX indicated that the ratios of Ln (Ln = La,
Nd or Pr) and Se are 1: 2 for I and II, which is in agreement with

It

II

Empirical formula

Crystal system triclinic
Space group Pl

T[K] 293(2)

a [A] 7.0105(8)
b [A] 7.3772(09)
c[A] 9.526(1)
o [°] 82.014(2)
B[] 84.514(2)
v [] . 84.247(2)
Volume [A3] 483.76(1)
Z 2
Formula mass 491.91
Pcaled. [g Cm73] 3.453

p [mm™1 11.986
Total data collected 2032
Unique data 1359
MMo-K,) [A] 0.071073
Rin¢ 0.0329

R[I > 26(D)]
R (all data)

0.5[C,N,H ][La(H»0)5(Se04)-]

R1= 0.0435, wR2 = 0.1083!
R1=0.0482, wR2 = 0.1105

0.5[C4N2H14][L3(S€O4)2]'0.5H20
triclinic

Pl

293(2)

5.94(2)

7.408(3)

11.048(2)

86.899(2)

75.971(1)

79.456(2)

463.7(2)

4

47891

3.358

12.476

1956

1316

0.071073

0.0383

R;= 0.0456, wR,= 0.1128
R;= 0.0610, wR,= 0.1193

[ The lattice parameters of the corresponding Nd and Pr compounds were comparable. P! R1 = ||F,| — |F||//|F,|; wR2 = [{w(F,> — F2)?}/
(W(F222, w = U[cXF,)? + (aP)?], P = [F,> + 2F.2)/3, where a = 0.0710 for I and a = 0.0623 for II.

1736 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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the molecular formulae. The formula masses of I and II are 491.91

and 478.91, respectively.

Single-Crystal Structure Determination: Suitable single-crystals of
each compound were carefully selected under a polarizing micro-

scope and mounted on the tip of a thin glass fiber using cyanoac-
rylate (super glue) adhesive. Single-crystal structure determinations
by X-ray diffraction were performed with a Siemens SMART-CCD
diffractometer equipped with a normal focus, 2.4 kW sealed-tube
X-ray source (Mo-K,, radiation, L = 0.71073 A) operating at 50 kV

Table 2. Selected bond lengths and angles for 0.5[C,N>Ho][La(H>0),(SeOy),] (I)

Moiety Distance [A] Moiety Angle [°]
La(1)—0O(1) 2.449(7) O(3)—La(1)—0(6)*? 77.1(2)
La(1)-0(2) 2.476(7) 0(10)*' —La(1)—O(6)* 139.7(2)
La(1)-0(3) 2.498(7) O(4)—La(1)—0(6)** 140.4(3)
La(1)—O(10)#! 2.521(7) 0(5)—La(1)—0(6)*? 81.0(3)
La(1)—0O(4) 2.556(8) O(6)—La(1)—0O(6)*? 65.5(3)
La(1)-0(5) 2.586(9) O(1)—La(1)—0(2)*? 67.5(2)
La(1)—0(6) 2.609(7) O(2)—La(1)—-0(2)*3 63.7(3)
La(1)—0(6)" 2.637(7) 0(3)—La(1)—0(2)** 64.5(2)
La(1)—0(2)* 2.842(7) O(10)*' —La(1)—0(2)** 147.8(2)
La(1)—Se(2)"2 3.4747(1) O(4)—La(1)—0(2)*3 120.0(2)
Se(1)—0(7) 1.617(8) 0(5)—La(1)—0(2)** 120.2(3)
Se(1)—0(1) 1.623(7) 0(6)—La(1)—0(2)*3 112.4(2)
Se(1)—0(8) 1.627(7) 0(6)"2—La(1)—0(2)* 55.5(2)
Se(1)—0(3)* 1.647(7) O(1)—La(1)—Se(2)*? 74.3(2)
Se(2)—0(9) 1.608(8) 0(2)—La(1)—Se(2)* 91.6(2)
Se(2)—0(10) 1.637(7) O(3)—La(1)—Se(2)*? 67.1(2)
Se(2)—0(2)* 1.646(7) O(10)*' —La(1)—Se(2)* 156.6(2)
Se(2)—0(6) 1.668(7) O(4)—La(1)—Se(2)*? 134.7(2)
Se(2)—La(1)"2 3.4747(1) O(5)—La(1)—Se(2)*” 100.2(2)
0O(2)—Se(2)* 1.646(7) O(6)—La(1)—Se(2)*? 89.5(2)
0(2)—La(1)* 2.842(7) 0(6)"2—La(1)—Se(2)" 27.6(2)
0(3)—Se(1)*3 1.647(7) 0(2)"*—La(1)—Se(2)" 27.98(1)
O(6)—La(1)*? 2.637(7) O(7)—Se(1)—0(1) 109.2(4)
O(10)—La(1)#! 2.521(7) O(7)—Se(1)—0(8) 111.3(4)
: S O(1)—Se(1)—0(8) 108.3(4)
Moiety Angle [°] 0(7)—Se(1)~0(3)# 106.8(4)
O(1)—La(1)-0(2) 74.5(3) O(1)—Se(1)—0(3)* 112.2(4)
O(1)—La(1)-0(3) 131.4Q2) 0(8)—Se(1)—0(3)" 108.9(4)
0O(2)—La(1)-0(3) 78.2(2) 0(9)—Se(2)—0(10) 112.7(4)
O(1)—La(1)—O(10)*! 85.2(3) 0(9)—Se(2)—0(2)* 112.6(4)
O(2)—La(1)—O(10)#! 93.7(2) 0O(10)—Se(2)—0(2)* 109.3(4)
0(3)—La(1)—0(10)*! 136.3(2) 0(9)—Se(2)—0(6) 110.4(4)
O(1)—La(1)—-0(4) 135.6(3) O(10)—Se(2)—0(6) 110.2(4)
0(2)—La(1)—-0(4) 72.5(3) 0(2)"—Se(2)—0(6) 101.0(4)
0(3)—La(1)-0(4) 68.2(3) 0(9)—Se(2)—La(1)* 128.0(3)
O(10)#1 —La(1)—O(4) 68.4(3) O(10)—Se(2)—La(1)#? 119.03)
O(1)—La(1)—0(5) 150.4(3) 0(2)**—Se(2)—La(1)" 54.1(3)
O(2)—La(1)-0(5) 135.1(3) O(6)—Se(2)—La(1)*? 47.0(2)
0(3)—La(1)—0(5) 67.4(3) Se(1)—O(1)—La(1) 144.6(4)
O(10)*!—La(1)—0O(5) 92.0(3) Se(2)"—0(2)—La(l) 145.7(4)
0O(4)—La(1)—0(5) 68.5(3) Se(2)#5—0(2)—La(1)*3 97.9(3)
O(1)—La(1)—0(6) 75.3(2) La(1)-O(2)—La(1)" 116.3(3)
0(2)—La(1)—0(6) 148.2(2) Se(1)**—0(3)—La(1) 134.3(4)
O(3)—La(1)—0(6) 130.6(2) La(1)—O(4)—H(8) 119(8)
0(10)*' —La(1)—O(6) 74.2(2) La(1)—0(5)—H(5) 130(1)
O(4)—La(1)—0(6) 126.1(3) Se(2)—0(6)—La(l) 129.5(4)
0(5)—La(1)—0(6) 75.6(3) Se(2)—0(6)—La(1)" 105.4(3)
O(1)—La(1)—0(6)*? 82.2(3) La(1)—0(6)—La(1)*? 114.5(3)
0(2)—La(1)—0(6)*> 119.22) Se(2)—0(10)—La(1)#! 141.4(4)
Organic moiety .
Moiety Distance [A] Moiety Angle [°]
N(1)—C(1) 1.479(14) N(1)—C(1)—C(1)# 109.4(11)
C(1)—C(1)*6 1.55(2)

Symmetry transformations used to generate equivalent atoms: #!' —x, —y + 1, =z + 2;#—x + 1, —p + 1, =z + 2; P —x + 1, —y +

2, —z+ M,y - 1L xy+ 1, —x, —y+1, —z+1

Eur. J. Inorg. Chem. 2004, 1733—1739
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Table 3. Selected bond lengths and angles for 0.5[C4N,H 4][La(SeO,),]:0.5H,0O (II)

Moiety Distance [A] Moiety Angle [°] Moiety Angle [°]

La(1)—0O(1) 2.479(9) O(1)—La(1)—0(2) 150.6(3) O(8)#1—La(1)—0O(4)*3 115.7(2)

La(1)—0(2) 2.480(8) O(1)—La(1)—0(3) 140.4(3) O®)#2—La(1)—0O4)"? 57.0(2)

La(1)—0(3) 2.533(8) 0(2)—La(1)—0(3) 67.6(3) O(1)—La(1)—O(3)* 117.9(3)

La(1)—0(4) 2.534(7) O(1)—La(1)—0(4) 73.2(3) 0O(2)—La(1)—0(3)* 78.1(3)

La(1)—0O(5) 2.554(8) 0O(2)—La(1)—0(4) 136.0(3) O(3)—La(1)—O(3)"* 65.0(3)

La(1)—O(8)*! 2.605(7) 0O(3)—La(1)—0(4) 71.5(3) O(4)—La(1)—O(3)* 70.4(2)

La(1)—O(8)*? 2.614(7) O(1)—La(1)—-0(5) 84.1(3) O(5)—La(1)—0O(3)* 56.6(2)

La(1)—0O(4)*3 2.665(8) 0O(2)—La(1)=0(5) 85.8(3) O(8)#1—La(1)—0O(3)* 119.1(2)

La(1)—O(3)* 2.795(8) 0O(3)—La(1)=0(5) 119.5(2) 0O(8)*2—La(1)—0O(3)* 160.8(3)

O(4)—La(1)*3 2.665(8) O(4)—La(1)—0(5) 100.9(3) O4)*3*—La(1)—0O(3)* 125.2(2)

O(8)—La(1)*! 2.605(7) O(1)—La(1)—O(8)*! 72.9(3) La(1)—O(3)—La(1)* 115.0(3)

O(8)—La(1)*> 2.614(7) O(2)—La(1)—0O(8)*! 77.8(3) La(1)—O(4)—La(1)#3 115.7(3)

O(3)—La(1)# 2.795(8) O(3)—La(1)—0(8)*! 143.6(3) La(1)*'—O(8)La(1)*> 116.7(3)

Se(1)—0(6) 1.609(9) O(4)—La(1)—0O(8)*! 144.8(3) 0(2)—Se(2)—0(7) 113.9(4)

Se(1)—0O(1)# 1.628(8) O(5)—La(1)—O(8)*! 66.7(2) 0(2)—Se(2)—O(4)#4 111.9(4)

Se(1)—0O(5) 1.645(8) O(1)—La(1)—0(8)*? 81.3(3) O(7)—Se(2)—O(4)# 110.1(4)

Se(1)—0O(3)# 1.660(8) O(2)—La(1)—0(8)*? 84.3(2) 0(2)—Se(2)—0(8) 109.4(4)

Se(2)—0(2) 1.600(8) O(3)—La(1)—0(8)*2 101.3(3) O(7)—Se(2)—0(8) 112.1(4)

Se(2)—0(7) 1.614(9) O(4)—La(1)—0(8)*2 119.7(2) 0O(4)#*—Se(2)—0(8) 98.6(4)

Se(2)—O(4)#4 1.657(7) O(5)—La(1)—0(8)*? 130.0(2) 0(6)—Se(1)—0O(1)* 109.7(4)

Se(2)—0(8) 1.665(7) O(8)#!—La(1)—O(8)*? 63.3(3) O(6)—Se(1)—0O(5) 110.5(5)

O(1)—Se(1)*? 1.628(8) O(1)—La(1)—0(4)*3 76.7(3) O(1)*3=Se(1)—0O(5) 110.3(4)

O(3)—Se(1)* 1.660(8) O(2)—La(1)—0(4)*3 115.8(3) 0(6)—Se(1)—0O(3)# 113.5(4)

O(4)—Se(2)* 1.657(7) O(3)—La(1)—0(4)*3 72.4(2) O(1)#5—Se(1)—0O(3)# 111.9(5)

O(4)—La(1)—0(4)*3 64.3(3) O(5)—Se(1)—0O(3)# 100.7(4)
O(5)—La(1)—0(4)*? 158.4(3)

Organic moiety )

Moiety Distance [A] Moiety Angle [°]

N()—-C(2) 1.46(2) N(1)—C(1)—C(2)*¢ 111.9(12)

N(1)—-C(1) 1.47(2) N(1)—-C(2)—C(1)#¢ 112.4(11)

C(1)—C(2)%#¢ 1.48(2)

C(2)—C(1)*® 1.48(2)

Symmetry transformations used to generate equivalent atoms: #! —x, —y, —z;# x + 1, y, ;" —x + 1, =y + 1, —z; # —x, —y + 1,

—®ix— 1Ly —x+1,—y —z—1

and 40 mA. The structures were solved by direct methods using  Table 4. Hydrogen-bonding interactions in I and II

SHELXS-86,['2 which readily revealed all the heavy atom positions - - -

(La, Se) and enabled us to locate the other non-hydrogen (C, N Moiety D—H [A] H-A [A] DA [A] D—H-A [°]

and O) positions from the difference Fourier maps. Empirical ab-

sorption corrections based on symmetry-equivalent reflections were I

applied using SADABS.['3] All the hydrogen positions were found

in the difference Fourier maps. For the final refinements, hydrogen N-H(1)=0(7) ~ 0922)  2.072)  2.83(2) 138.8(1)

) ) ) ' - , N(I)-HQ2) 0(6) 0.92(2)  2.00(1) 2.92(1) 171.2(1)

atoms fqr both the fra.meworlf as well as the amine were placed C(H—HB)~ 0(1)  0.99(2) 2.51(2) 33102) 138.1(1)

geometrically and held in the riding mode. The last cycles of refine- C()—H@)~ O(7)  0.99(2) 2.52(2)  3.242) 129.9(1)

ment included atomic positions, anisotropic thermal parameters for ~ C(2)—H(5) -+O(5)  0.99(2) 2.46(2)  3.44(2) 171.8(1)

all the non-hydrogen atoms and isotropic thermal parameters for ~ N(1)—H(1)--O(100) 0.92(2) 2.23(1)  2.91(1) 130.7(1)

all the hydrogen atoms. However hydrogen positions for the extra-

framework water (0100) for II were not included in the final refine- 1T

ment because of disorder at that site. Full-matrix least-squares

structure refinement against |F?| was carried out using the ~N(DTH(D)=O9)  0.861(16) 2.501(14) 2.823(14) 103.1(11)

SHELXTL-PLUS!M pack ¢ Details of the struct N(1)—H(2)--0(3)  0.860(16) 2.125(14) 2.981(14) 173.8(13)
S package ol programs. LICLAlls Of The SUUCture Ny g (3)--0(9)  0.64(12) 2.29(12) 2.823(14) 143(14)

determinations and final refinements for I (M = La) and II are N(1)-H(3)~0(10) 0.64(12) 2.57(12) 3.048(14) 134(13)

listed in Table 1. Selected bond lengths and bond anglesin I'and I~ *Q(5)—H(6)-+0(8) 0.71(14) 2.46(14) 3.049(15) 142(13)

are given in Tables 2 and 3, respectively. Various hydrogen-bonding ~ O(5)—H(7)--:O(8) 0.5(3) 2.4(3) 2.858(13) 158(38)

interactions in I and II are listed in Table 4. The powder X-ray g(()i;‘)_lililéig)o(()gf) (1)841183 %%8‘3‘; 3(7)(1)(9)82 }gggg

diffraction patterns of I and II were in good agreement with the C()—H(@#)~0(9)  0970(17) 2.327(15) 3.099(15) 136.0(11)

simulated patterns based on single-crystal data, indicative of their
phase purity. CCDC-212329 (I) and -212330 (II) contain the sup-
plementary crystallographic data for this paper. These data can be

1738 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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