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Lists of structure factors, anisotropic displacement parameters and
complete geometry have been deposited with the IUCr (Reference:
KH1001). Copies may be obtained through The Managing Editor,
International Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.
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Abstract

The structure of catena-poly[{diaqua(methacrylato-
0,0")lanthanum-bis- ;- methacrylato-0,0':0;0:0,0'-
diaqua(methacrylato-0,0")lanthanum}-bis-u-methacryl-
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[Er(C3H7NO;)4(H;0)51(C104)6

ato-0:0";0:0'], [Lay(C4Hs50,)s(H,0)4], has been deter-
mined by single-crystal X-ray diffraction. Each La’* ion
is coordinated by seven O atoms from the methacry-
lato groups and by two water molecules which define
a distorted tricapped trigonal prism. Each of the three
independent methacrylato ligands bonds to the La'"! ions
in a different way. The crystal contains infinite chains
running parallel to the ab direction.

Comment

The stereochemistry of complexes of rare earth ions with
unsaturated carboxylic acids is of interest because of
their potential use as extracting agents; in this context
the effect of an a-C=C double bond on the coordination
of the carboxylate group to rare earth ions may be
significant. However, only a few molecular structures
are known (Xue, Zhu & Yang, 1992; Hansson, 1975).
The structure determination of the title complex, (I),
was undertaken as part of a program of studies on rare
earth metal complexes containing unsaturated carbox-
ylic acids. Each complex contains a single independent
La** ion which is coordinated by seven O atoms from
five methacrylato groups and by two water molecules.
The coordination polyhedron is a distorted tricapped
trigonal prism.

]

Rare earth metal-carboxylate complexes are very
often polymeric in the solid state, with the COO~
group bridging two or three metal ions. However,
other bonding modes of the carboxyl groups also
occur. Bidentate carboxyl groups are the least common
because of the strained nature of the four-membered
chelate ring. For this reason, cases where bridging and
chelating carboxylate ligands occur in the same complex
are very rare indeed. Unlike other polymeric Ln3*—
carboxylate complexes which contain either bidentate
bridging ligands only (Ma, Li, Lin & Xi, 1993) or
chelating and bidentate bridging ligands (Ma, Jin &
Ni, 1993), the present compound contains pairs of
La* ions linked by two distinctly different types of
carboxylate bridge. One methacrylato group acts as a
conventional bidentate bridging ligand, bonding to La
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through atom 0(22) and to La" through atom 0(21")
{La---La" 5. 524(1)A symmetry code: HE 3 —% 2 -y,
1 —z]. The other is chelated to La through atoms
O(11%) and O(12), with atom O(11') also linked to La'
{La---La' 4.268 (2) A; symmetry code: (i) 1 —x, 1 —y,
1 —z] (Fig. 1). Pairs of symmetrically related ligands
link La- - -La' and La- - -La', thus forming infinite chains
running parallel to the ab direction. The four-atom [La,
O(11), La', O(11")] and eight-atom [La, O(21), C(21),
022", La'', 0(21'), C(21"), O(22)] mean planes make
a dihedral angle of 63.71 (5)° with each other. The third
carboxylate group [O(31), C(31), O(32)] forms a chelate
ring with La.

C(33)
cRPCas Tcum (14
C2  can) g
cen o@3l)
o 1 (0(21) . C(34) ¢an
0220 Q C(3”0(32) 0(11)\’0(12')
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2 LauC Low) NMAai
a
O
0(11)
g 0(21) 0(22)
D 012 Cll' S
car (12) ~Q 0
9
d O \ . |
O OO d O \
O OO

Fig. 1. A drawing of the title complex showing the atomic numbering
scheme. H atoms are omitted for clarity.

The structure has two distinct La—O distances in-
volvmg methacrylato groups. The average La—O length
is 2.616 A for the four-membered rings and 2.429 A for
the eight-membered ring. The former is to be expected
because the angles O(12)—La—O(11') and O(31)—
La—O(32) of less than 50° indicate ring strain. The
presence of the a-C=C double bonds may have a bear-
ing on the shortness of the La—O bonds in the eight—
membered ring. The average La—OW bond length is
2.568 A.

The carboxyl groups give rise to very strong IR ab-
sorptions at 1545.0 and 1430.0 cm~'. These values can
be used to distinguish between the different coordination
modes of the ligands (i.e. ionic, monodentate or biden-
tate) (Deacon & Phillips, 1980). In this compound, the
band separation of 115.0cm™! is less than the value
for sodium methacrylate (146.0 cm~!) and is consistent
with the observed structure.

Experimental

Freshly prepared La,(CO3)3.nH>O (2.10 mmol) was added to
an aqueous solution of methacrylic acid at 331-333 K with
continuous stirring for 2h. The solution was filtered and
allowed to evaporate slowly at the same temperature. The dry
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residues were recrystallized from water and subsequently from
ethanol/water (4:1 v/v) solution. Single crystals suitable for X-
ray work were obtained after a few days by slow evaporation.
Analysis: calculated C 33.50, H 4.45, La 32.29%; found

C 33.23, H 4.38, La 32.23%.

Crystal data

{Laz(C4H50;)6(H20)4]
M, = 860.37
Monoclinic

C2/c

a =10.060 (2) A
b=13953(5 A
c=123.804(4) A

B =9527(1)°
vV =3327(1) A®
Z=4

D, =1718 Mg m~}

Data collection

Enraf-Nonius CAD-4
diffractometer

w/20 scans

Absorption correction:
3 scans (SDP; Frenz,
1985)
Tmin = 0.324, Thax =
0.999

3201 measured reflections

3078 independent reflections

Refinement

Refinement on F

R =0.0471

wR = 0.0560

S =5.991

2738 reflections

266 parameters

H atom parameters not
refined

Mo Ko« radiation

A=071073 A

Cell parameters from 25
reflections

8 =10-12°

p=2611 mm™!

T=293K

Plate

0.5 x 0.3 x 0.1 mm

Colourless

2738 observed reflections
[l > 3a(D]

Rin = 0.021

gmax = 25°

h=0-—>11

k=0—>16

l=-28 — 28

3 standard reflections
frequency: 60 min
intensity decay: <12%

Unit weights applied

(A/U)max =0.01

Apmax = 0.85¢ A3

Apmin = —0.31 e A2

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. 1IV)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

= (87r2/3)2,-2,'U;ja,.‘aj‘a,-.a,.

x y 4 Beg
La 0.48689 (4) 0.35034 (3) 0.51716 (2) 2.399 (8)
ow(1) 0.2491 (7) 0.4224 (4) 0.5017 (3) 4.6 (2)
OW(2) 0.5975 (6) 0.1856 (4) 0.5203 (3) 3.6(1)
Oo(11) 0.4751 (6) 0.5166 (4) 0.5606 (2) 3.0(1)
0(12) 0.6405 (6) 0.3503 (4) 0.4349 (2) 3.3(1)
0oQ1) 0.3458 (6) 0.2578 (5) 0.5724 (3) 4.1(1)
0(22) 0.3711 (6) 0.2626 (6) 0.4373(3) 4.7 (2)
o@31) 0.6253 (6) 0.3308 (5) 0.6129 (3) 3.8(1)
0(32) 0.7363 (6) 0.4046 (4) 0.5507 (3) 3.7(1)
c(11) 0.3954 (8) 0.5706 (6) 0.5854 (3) 2.7(2)
Cc(12) 0.3455 (9) 0.5410 (7) 0.6403 (4) 3.7(2)
c13) 0.397 (1) 0.4642 (8) 0.6676 (5) 6.9 (3)
C(14) 0.244 (1) 0.6001 (8) 0.6626 (5) 54(3)
c@n 0.2369 (9) 0.2386 (7) 0.5919 (4) 34(2)
C(22) 0.240 (1) 0.2144 (8) 0.6535 (4) 4.3(2)
c23) 0.122 (1) 0.204 (1) 0.6774 (5) 7.8 (4)
C(24) 0.367 (1) 0.205 (1) 0.6853 (5) 6.2(3)
C(@31) 0.7245 (9) 0.3782 (6) 0.6006 (4) 3.4(2)
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C(32) 0.832 (1) 0.4029 (8) 0.6466 (5) 48(2) Hansson, E. (1975). Acta Chem. Scand. Ser. A, 29, 927-934.

C(33) 0.807 (1) 0.389 (1) 0.6999 (5) 8.2(4) Ma, J.-F., Jin, Z.-S. & Ni, J.-Z. (1993). Huaxue Xuebao, 51, 784-790.
C(34) 0955 (1) 0.442 (1) 0.6296 (6) 8.6 (4)

Table 2. Selected geometric parameters (A, °)

La.--La' 4,268 (2) 0R21)»—C(21) 1.254 (4)
La- - -La" 5.524 (1) 0Q2)—CR1"™ 1.232 (4)
La—OW(1) 2.590 (7) O3 1)—C(31) 1.253 (4)
La—OW(2) 2.551(2) 0O(32)—C(31) 1.259(12)
La—O(11) 2.547 (5) C(11)—C(12) 1.506 (4)
La—O(11") 2,674 (5) C(12)—C(13) 1.334 (6)
La—0(12) 2.601 (2) C(12)—C(14) 1.446 (5)
La—O0(Q21) 2.403 (2) C(21)»—C(22) 1.506 (5)
La—0(22) 2462 (7) C(22)—C(23) 1.371 (6)
La—0O(3!) 2.575(2) C(22)—C(24) 1.430 (6)
La—0(32) 2.672 (6) C(31)—C(32) 1.504 (5)
0(11)——C(1]) 1.283 (10) C(32)—C(33) 1.333(7)
O(12)—C(11") 1.248 (4) C(32)—C(34) 1.442(7)
La". . .La---La' 122.37(1) O(11)—La—0(21) 102.57 (9)
OW(1)—La—O0W(2) 138.50 (8) O(11)—La—0(22) 136.74 (9)
OW(1)—La—0(11) 68.05 (8) O(11)—La—0O(31) 77.45 (8)
OW(1)—La—O(11") 79.55 (8) O(11)—La—0(32) 72.47(8)
OW(1)—La—0(12) 119.65 (9) O(11'y—La—0(12) 49.11(7)
OW(1) —La—0(21) 72.89 (9) O(11"y—La—0(21) 152.09 (8)
OW(1)—La—0(22) 73.59 (9) O(11"—La—0(22) 84.2(2)
OW(1)—La—0(31) 125.8 (1) O(11'y—La—0(31) 125.9(2)
OW(1)—La—0(32) 139.64 (8) O(11'Y—La—0(32) 79.68 (8)
OW(2)—La—0(11) 147.64 (8) 0O(12)—La—0(22) 71.99 (9)
OW(2)—La—O(11") 123.8 (2) 0O(12)—La—0(31) 110.99 (8)
OW(Q2)—La—0(12) 74.6 (2) O(12)—La—0(32) 67.58 (8)
OW(2)—La—0(21) 77.2(2) 0O(21)—La—0(22) 84.1 (1)
OW(2)—La—0(22) 75.6 (1) O(21)—La—0(31) 75.60 (9)
OW(2)—La—0(31) 71.3(2) O(21)»—La—0(32) 124.97 (9)
OW(2)—La—0(32) 81.44 (8) 0O(22)—La—0(31) 144.0 (1)
O(11)—La—O(11") 70.24 (8) 0(22)—La—0(32) 137.40 (9)
O(11)—La—0(12) 110.80 (8) O(31)—La—0(32) 49.52 (8)
0O(12)—La—0(21) 146.64 (9)

D—H- - A D---A D—H.. A
OW(1)—HW(11)- - -0(32") 2.735(3) 149.7 (2)

Symmetry codes: (i) | —x, 1 —y, 1 —z: (i) § —x,§{ =y, 1—2z

Data collection was performed using CAD-4 Software (Enraf-
Nonius, 1989). All non-H atoms were located by Patterson
and Fourier techniques and refined by full-matrix least-squares
methods with anisotropic displacement parameters. Most H
atoms were located by the same methods and the remainder
were placed in calculated positions. All H atoms were assigned
a Bio Of 4.0 A and their parameters were not refined. All
calculations were performed using SDP (Frenz, 1985), on a
VAX II computer.

This work was supported by the Education Committee
of Zhejiang province.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates, complete geometry and least-squares-planes data,
together with three packing diagrams, have been deposited with the
IUCr (Reference: MU1143). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

UQ,(NO;), reacts with p-tert-butylcalix[8]arene, de-
protonated with triethylamine as base, in acetoni-
trile to give the bimetallic complex p-hydroxo-
1:2k%20-p-[5,11,17,23,29,35,41,47-octa-tert-butylnona-
cyclo[43.3.1.137,1%13 115,19 121:25 127,31 1 33,37 13943 |hexa-
pentaconta-1(49),3,5,7(56),9,11,13(55),15,17,19(54).-
21,23,25(53),27,29,31(52),33,35,37(51),39,41,43(50),-
45,47 -tetracosaene-49,50,51,52,53,54,55,56-octolato-
153049305152 94 (053:54:55:36 | bis [ dioxouranium (VI ) ]
with bis(triethylammonium) hydroxide bis(triethylamine)
trihydrate tetraacetonitrile solvate, (C¢H 6N),[(UO2);-
(CgsH;0303)(OH)](OH).2C¢H,sN.3H;0.4C,H3N. The
two uranyl ions are included in the fourfold deproto-
nated macrocycle, each of them being bonded to four
phenolic O atoms, with a bridging hydroxyl ion ensur-
ing the five-coordinate equatorial environment usual for
a uranyl ion. A protonated triethylamine molecule is hy-
drogen bonded to one O atom of each uranyl moiety.

Comment

The ability of calixarenes to complex metallic cations
has been the subject of extensive research in re-
cent years (for reviews see: Gutsche, 1989; Biinzli
& Harrowfield, 1991). Among large-metal-ion com-
plexes, those containing lanthanides have been inves-
tigated particularly, both structurally and spectroscop-
ically, while structurally characterized actinide com-
plexes remain scarce, being limited to the complex
of uranyl with bis(thomooxa)-p-tert-butylcalix[4]arene
(Harrowfield, Ogden & White, 1991a) and the bimetallic
complex of thorium(IV) with p-tert-butylcalix[8]arene
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