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SYNTHESIS, SPECTRA AND CRYSTAL STRUCTURE
OF BIS(1,10-PHENANTHROLINE)DI(u-o-
METHYLACRYLATO) LANTHANIDE(III)DIMERS

WEI-MIN LU**, ZONG-PING SHAQ? JING-BO HU?, XIAO-YANG LUO?,
NAN DONG* and JIAN-MING GU"

“Department of Chemistry, Hangzhou University, Hangzhou, 310028, P.R. China;
®Central laboratory, University of Hangzhou, Hangzhou, 310028, PR. China

(Received 5 December 1995, In final form 26 April 1996)

The homodinuclear complexes, [RE(CH,C(CH;)COO);(phen)], (RE=La, Ce, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb and Y, phen=1,10-phenanthroline), have been synthesized and
characterized by elemental analysis, molar conductance, IR and NMR. The complex [La(CH,C(CH,)
COO),(phen)(HL)], (HL)=CH,C(CH,)COOH) crystallizes in the monoclinic space group P2,/c with
Z = 2. Cell dimensions are a = 9.878(2), b = 11.071(1), ¢ = 26.528(3) A, B = 94.02(1)° and the
structure was refined to R = 0.036 for 4136 observed reflections. The structure consists of a
centrosymmetric dinuclear molecule. Lanthanum(llI) atoms are bridged by two bidentate and two
terdentate carboxylato groups with an La...La separation of 4.0456(4) A. Each lanthanum(I1l) atom
is nine-coordinated and exhibits a slightly distorted, tricapped, trigonal prism. The La-O and La-N
bond distances are in the range 2.473-2.738 and 2.696-2.722 A, respectively.

Keywords: Lanthanide; a-methylacrylato; 1,10-phenanthroline; X-ray structure

INTRODUCTION

There is increasing interest in the stereochemistry of lanthanide complexes of
unsaturated carboxylic acids primarily because of their potential use as extrac-
tion agents, fluorescent probes and the effect of the oo C=C double bond on
coordination of carboxylato ligands with lanthanide. Several papers have been
published on the preparation, properties and crystal structures of such mononu-
clear or homopolynuclear lanthanide complexes."™ Some heterocyclic amine
lanthanide complexes, on the other hand, also possess fluorescent properties

" Author for correspondence.
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believed to be caused by coupling of f-electrons of the central ion and
mi-electrons of the heterocyclic ligand. Lanthanide carboxylate compounds are
often polymeric in the solid state, with the COO~ group functioning as a
bridging ligand involving two or three metal atoms. However, a bidentate
carboxylate group is much less common because of the four-membered chelate
ring produced; of all possible modes of attachment to a metal, this would be the
least favoured. For this reason, cases where the carboxylates act not only as
bridging ligands, but also as chelating ligands are very rare indeed. The present
investigation was undertaken in order to further study fluorescent properties of
complexes and as part of our molecular structural studies on the rare earths with
unsaturated carboxylic acids.

EXPERIMENTAL

Preparation of Complexes

Lanthanide o-methylacrylates were prepared following a method reported in a
previous publication.4 Crystals of lanthanide o-methylacrylate (1.5 mmol) were
dissolved (ethanol : water = 4:1, v/v), and the solution mixed with one of phen
(La : phen = 1:1 mol ratio; same solvent). The resulting solution was set aside
at the room temperature and crystals of the complexes were obtained after a few
days. Analytical results show that the complexes have the formula C,sH;REN,O¢
(Table I). Single crystals of [L.a(CH,C(CH3)COQ); (phen) (CH,C(CH;)COOH)],
suitable for X-ray work were obtained when two drops of a-methylacrylic acid
were added to the above solution, containing La.

IR spectra were recorded on a Perkin Elmer 683 spectrometer (KBr dises).
The 'H NMR spectrum was recorded on a Bruker AC 80 spectrometer, and
chemical shifts are given in ppm with respect to TMS. Elemental analyses were
carried out on a Carlo-Erba 1106 instrument and all values given are the
average of at least two independent determinations. Electrolytic conductances
were measured at 25°C (~ 10~ M) in dimethylformamide.

Crystal Structure Determination

A crystal of the lanthanum complex was mounted on an Enraf-Nonius CAD4
diffractometer. A unique data set for the crystal was measured in conventional
® /26 scan mode at room temperature with Mok radiation (A =0.7107 A).
Final lattice parameters and crystal orientations were calculated from leasi—
squares refinement within the 20 range 11-14°. During the data collection, three



15:56 23 January 2011

Downl oaded At:

LANTHANIDE COMPLEXES 147

TABLE I Analytical data for the complexes

Complex C% H% N% RE %

calc.  found calc.  found calc.  found calc.  found

Cy4HysLaN,0g 5018 4975 404 416 488 483 2418 2418
CpHpCeN;Og 5008 5001 403 400 487 467 2434 2425
ChsHp;PrN,04 5001 4983 402 402 486 4.63 2445 2544
CHpNdN,O 4972 4922 400 402 483 464 2488 2494
CopHpySmN,Og 4920 4894 396 420 478 457 2567  25.69
CpuHpEuN,Og  49.07 4895 395 412 477 459 2587 2563
CyHypGdN,Og 4863 48.82 391 408 473 452 2653 2659
CHpTON,O  48.50 4834 390 400 471 449 2674 2681
CyHpDyN,Og 4820  48.18 388 402 468 450 2717 2725
CoHyHoN;Og 4801 4836 386 407 467 454 2747 2157
Cy4HErN, O 4782 48.19 384 406 465 456 2775 2191
CyHpTmN,Of  47.69  47.83 384 396 463 467 27.95  27.99
CoHpYDN,Op 4737 4747 381 392 460 455 28.44 2840
CyyHp3 YN, O 5497 5493 442 438 534 516 1696 1678

reflections chosen in different regions of reciprocal space were monitored every
60 minutes. The intensities were corrected for Lorenz polarization and absorp-
tion {empirically).

The structure was solved by the heavy atom method. All non-hydrogen
atoms were located by difference Fourier syntheses and refined by full-matrix
least-squares methods including anisotropic temperature factors. Most of the
H atoms were located by the same method and a few H atoms connected with
the phen ring were calculated based on the known atomic configuration of the
attached atoms and assuming C-H bond lengths of 1.0 A. The positions of the
all H atoms were refined with a common isotropic thermal parameter in the last
cycle. The scattering factors for neutral atoms were taken from the International
Tables for X-ray Crystallography (Vol. 1V, 1974) and were included in the program
package. The final deviation factors are R = 0.036 and R, = 0.042. All calculations
were performed on a VAX II computer using the Structure Determination Package
program system.® Details are given in Table II and complete data are available
from the authors upon request, (H atom positions, full lists of bond lengths and
angles, anisotropic thermal parameters and observed and calculated structure
factors).

RESULTS AND DISCUSSION

Solubility, Molar Conductivity, NMR and IR Spectra

The complexes are soluble in dimethylformamide, dimethylsulfoxide and
tetrahydrofuran. They are insoluble in water, methanol, ethanol, carbon tetra-
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chloride, chloroform and ethyl acetate. Molar conductivity values are 3.4~6.7 S
cm?® mol™ (Table III), which suggest that the complexes are non-electrolytes.®
The complexes have no obvious melting point and decompose at 495~525 K.

Infrared data for the complexes are listed in Table IIl. Published data on
ligands and unsaturated carboxylates’’ were used to assign the frequencies.
A comparison of the spectrum of CH,C(CH;)YCOOH with those of its complexes
reveals that considerable changes in frequencies have occur upon coordination.
A peak assigned as O-H at 1710 em™ in CH,C(CH,)COOH disappears. The
antisymmetric stretching frequencies of the OCO groups increase with decreas-
ing ionic(III) radii of the action and the symmetric stretching frequencies of the
OCO group decrease. According to Deason,® the separation of the two C-O
stretching frequencies (Av) can be used to distingnish between the different
coordination modes of the OCO group (i.e., ionic, unidentate or bidentate). In
the present case, the values separate the complexes into two groups. One from
La to Tb complexes, has Av values (137~142 cm™!) less than that of
NaCH,C(CH,)COO (146 cm™). The observed data are considered indicative of
carboxylato groups chelating and bridging with central atoms, there being no
criterion for distinguishing between them. The other group is from Dy to Yb

TABLEII Crystal and data collection parameters for the complex [La(CH,C(CH,)COO),(phen)(HL)],

Chemical formula CseHsgla;N,Og
Molecular weight 132091

Crystal system monoclinic
Space group P2|le

Crystal size (mm) 0.28x0.21 x0.11
a(A) 9.878(2)

h(A) 11.071(1)

o(h) 26.528(3)

B(*) 94.02(1)

V(AY 2894.0(9)

z 2 (dimer)
F(000) 1328
Dcalc(glcm3) 1.513

p(em™) 15.275

No. of reflection measured 5703

No. of independent reflections 5033

No. of observed reflections [/>30(1)] 4136
Absorption correction (min,max) 0.827,0.998
Intensity variation 0.013

hikl 0— 110 5 13;-31 — 31
Rin 0.017

R 0.036

Ry 0.042
Weighting scheme unit weights
(A/o) max 0.02

(Alp]) min, max (e/A3) —0.457,0.632

Goodness of fit 2.214
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FIGURE 1 H NMR spectrum of [La(CH,C(CH,)COO),(phen)],.
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including Y with Av values (~190 c¢cm™) significantly larger than that of
NaCH,C(CH,)COQO; this suggests that unidentate carboxylate groups are present.
The IR spectrum also shows peaks due to the C=C and C-H stretches ~1660
and ~2970 cm™, respectively. The characteristic ring stretch® of phen at 1561
cm™! is decreased to 1525 cm™ for the complexes and the strong C-H out-of-
plane bend is lowered from 739 and 851 cm™ in free phen to ~730 and ~847
cm' and split into several peaks due to loss of phen symmetry (C, ); this is
evidence of phen ligands coordinating with lanthanide atoms. Weak v (RE-O)
and v (RE-N) modes appear at 410 and ~285 cm™, respectively.

The "H NMR spectrum observed for the lanthanum complex, shown in Figure 1,
displays peaks due to phen (multiplets at & 9.22 ~7.74 ppm), -CH, (two
quartets & H, at 5.75 and d H,, at 5.26 ppm) and -CH, (singlet at & 1.77 ppm)
with an intensity ratios of 8 : 6 : 9. The assignment of the peaks is in accordance
with those of phen and o-methylacrylic acid in which multiplets were observed
at 9.17 —7.72 ppm for phen, a quartet at 6.05 ppm for Hy,, a quartet at 5.66 ppm
for H,, a singlet at 1.86 ppm for -CH, and another at 11.4 ppm for O-H protons.
All peaks of the o-methylacrylato group shift upfield in the complex and the O-H
peak disappears. Antimagnetic heterogeneity of B protons (H, and Hy,) increases,
which would result from an increase of the effect of a protons (-CH,) on H, and
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Hy, due to a decrease in m-electron density. The phenomenon also occurs in the
complex of [La(CH,C(CH,)COO),(H,0),], and contrasts with the complex
La(CH,CHCOO), - H,0. The spectrum of the yttrium complex closely resem-
bles that of lanthanum.

The complexes from La to Tb may be isomorphous as their IR spectra and
molar conductivities are all similar and compositions agree through analysis.
The structures from Dy to Yb complexes may be also isomorphous for the same
reason.

Crystal Structure Analysis of the La Complex

Final atomic coordinates and equivalent temperature factors for non-hydrogen
atoms are given in Table IV. Selected bond distances and angles are listed in
Table V. Figure 2 shows an ORTEP diagram of the molecular structure with the
numbering scheme. Figure 3 is a perspective view of the coordination around
the pair of lanthanum(III) ions. Each Lanthanum(III) is nine-coordinated by two
N atoms of phen and seven O atoms from three different kinds of carboxylate
groups, with a slightly distorted tricapped trigonal prism. N(2), O(21), O(31),
0(32), O(41) and O(42) atoms form the prism with N(1), O(22) and O(41})
capping the rectangular faces. The structure consists of a centrosymmetric, dimeric
unit of lanthanum(IIl) ions bridged by bidentate and terdentate carboxylato groups.
One o-methylacrylato group acts as a conventional bidentate bridging ligand,
bonding into La through O(31) and to Lal through 0(32Y. The other is chelated
to La through O(41") and 0(42), with O(41%) also linked to La. The third
carboxylato group [O(21), C(21), O(22)] forms a chelating ring with an La ion.
The four-atom mean plane [La, O(41%), La!, O(41)] and eight-atom mean plane
[La, O(31), C(31), C(32), La, O(31), C(31"), O(32)] make a dihedral angle
of 83.53(5)° and the deviation of all these atoms from their mean planes is
negligible except for O(31) atom (0.102 A).

TABLE IV Fractional coordinates and equivalent isotropic temperature factors (AY of the non-H
atoms

Atom xa b e Beg®
La 0.11507(3) 0.08541(3) 0.55521(1) 3.268(5)
o) 0.1714(4) 0.0300(4) 0.6495(1) 4.47(9)
0(22) -0.0190(4) 0.1289(4) 0.6328(2) 4.52(9)
o@3 —0.0841(4) 0.2056(4) 0.5242(2) 4.39(9)
0(32) 0.2229(4) —0.1051(4) 0.5301(2) 4.52(9)
0@41) —0.0646(4) -0.0722(4) 0.5474(1) 4.11(8)
0(42) 0.2124(4) 0.2037(4) 0.4839(2) 5.1(1)
N(D) 0.3827(5) 0.1315(5) 0.5789(2) 3.9(1)

N(2) 0.1895(5) 0.3010(4) 0.5956(2) 4.1(1)
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TABLE IV (Continued)

Atom xla v/b e Beqg“
C(h) 0.4789(6) 0.0529(6) 0.5703(3) 4.9(1)
C(2) 0.6150(7) 0.072%(7) 0.5828(3) 5.9(2)
C(3) 0.6547(6) 0.1770(7) 0.6054(3) 5.9(2)
C(4) 0.5589(6) 0.2638(7) 0.6148(2) 5.0(1)
C(5) 0.5922(7) 0.3798(7) 0.6375(3) 6.6(2)
C(6) 0.4975(8) 0.4611(7) 0.6460(3) 6.9(2)
C(7) 0.3566(7) 0.4386(6) 0.6320(2) 5.2(1)
C(8) 0.2537(8) 0.5211(6) 0.6393(3) 6.1(2)
C(9) 0.1240(8) 0.4934(6) 0.6247(3) 5.9(2)
C(10) 0.0940(7) 0.3817(6) 0.6035(3) 5.1(D)
c(ly 0.3198(6) 0.3267(5) 0.6095(2) 4.1(1)
C(12) 0.4232(6) 0.2386(6) 0.6006(2) 3.9(1)
c@2n 0.0630(5) 0.0785(6) 0.6636(2) 3.9(1)
C(22) 0.0318(6) 0.0719(6) 0.7184(2) 4.8(1)
C(23) 0.1050(9) —-0.0048(8) 0.7507(3) 7.4(2)
C(24) -0.0751(8) 0.1454(8) 0.7327(3) 7.3(2)
C@3n -0.1870(6) 0.1985(5) 0.4941(2) 3.9(1)
C(32) —0.2732(7) 0.3095(6) 0.4858(2) 4.9(1)
C(33) -0.2246(9) 0.4177(7) 0.5024(3) 7.8(2)
C(34) -0.4064(7) 0.2971(7) 0.4613(3) 7.6(2)
C@4n -0.1388(5) -0.1635(5) 0.5525(2) 3.8(D)
C(42) —0.1400(7) -0.2255(6) 0.6026(2) 4.7(1)
C(43) -0.0428(9) —0.2064(7) 0.6381(3) 7.0(2)
C(44) -0.2501(9) —0.3075(8) 0.6099(3) 8.3(2)
o1 0.4139(5) -0.0430(4) 0.6875(2) 6.3(1)
0(52) 0.3400(6) -0.2251(5) 0.7043(3) 8.9(2)
C(51) 0.4306(8) —-0.1529(6) 0.7058(3) 5.7(2)
C(52) 0.5681(8) —0.1747(7) 0.7289(3) 6.3(2)
C(53) 0.590(1) —0.2734(8) 0.7563(3) 8.8(3)
C(54) 0.6715(8) -0.0856(9) 0.7231(4) 8.9(3)

“The isotropic equivalent displacement parameter is defined as: Beq=(4/3)(a®B, | + b*B,, + ¢’B, 5 +
ab(cos Y)B, ; + ac(cos B)B, 5 + be(cos 0B, ;).

TABLE V Relevent bond distances (A) and angles (°)

LaLa 4.0456(4) La-0(41) 2.483(2)
La-O(21) 2.598(2) La-0(41%) 2.738(3)
La-0(22) 2.571(3) La-0(42) 2.541(3)
La-0(31) 2.473(3) La-N(1) 2.722(3)
La-0(32) 2.478(3) La-N(2) 2.696(3)
0(21)-La-0(22) 50.35(9) 0(32)-La-N(1) 77.85(9)
0(21)-La-0(31) 124.13(9) 0(32)-La-N(2) 138.62(9)
0(21)-La-0(32) 89.37(9) 0(41)-La-0(41%) 78.52(9)
0(@21)-La-0(41) 91.04(9) 0(41)-La-0(42) 127.13(9)
0(21)-La-0(41") 163.13(9) O(41)La-N(1) 145.63(9)
0(21)-La-0(42) 140.44(9) 0(41)La-N(2) 145.69(9)
0(21)-La-N(1) 71.43(9) O(419)La-0(42) 48.65(8)
0(21)-La-N(2) 78.02(9) O@41)La-N(1) 110.25(9)
0(22)-La-0(31) 73.85(9) 0(41)-La-N(2) 117.90(9)
0(22)-La-0(32) 129.15(9) 0(42)-La-N(1) 70.44(9)
0(22) La-0@1) 78.08(9) 0(42)-La-N(2) 74.60(9)

0(22)-La-0(41") 137.57(9) N(1)La-N-(2) 60.77(9)
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TABLE V (Continued)

0(22)-La-0(42) 137.86(9) La-O(21)-C(21) 93.0(2)
0(22)-La-N(1) 109.09(9) La-0(22)-C(21) 95.2(2)
0(22)-La-N(2) 69.87(9) La-O(31)-C(31) 140.6(2)
O(31)-La-0(32) 135.98(9) La-0(32)-C(31") 136.7(2)
0O(31)-La-0(41) 78.66(9) La-O(41)-La 101.5(1)
O(31)-La-0O(41) 67.15(8) La-0(41)-C(41) 165.9(2)
O(31)-La-0(42) 78.93(9) La-0O(41)-C(41) 89.7(2)
O(31)-La-N(1) 135.68(9) La-0(42)-C(41") 99.3(2)
O(31)-La-N(2) 80.95(9) La-N(D)-C(1) 122.5(2)
0(32)-La-0(41) 72.49(9) La-N(1)-C(12) 120.5(2)
0(32)-La-0(41) 74.94(9) La-N(2)-C(10) 118.8(3)
0(32)-1.a-0(42) 92.65(9) La-N(2)-C(11) 121.5(2)
Hydrogen bonding

O DH-02h) 2.663(4) O(21)-H(511)-0(51) 157.8(2)

Symmetry codes, (i): —x -y, 1-z.

The La...La separation (4.046 A) in the dimer just exceeds the sum of the two
ionic radii and is shorter than that in [{La(CH,C(CH;)COO0),(H,0),},] (4.274 A).“
It is, to our knowledge, the shortest in lanthanum(III) carboxylate complexes. We
note that the angle O(41)-La-(41%), 78.5° is larger than the corresponding
angle(70.2°) in [{ La(CH,C(CH,)C0OO),(H,0), },]. The short separation, therefore,

FIGURE 2 A drawing of the La complex showing the atom numbering scheme.
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thermal ellipsoids are at 50% probability level may be attributed to the simultane-
ous existence of four-membered and eight-membered rings between the two
lanthanum atoms. The structure has two distinct La-O distances; the average
La-Opyigging bond length is 2.494 A and that of La-Ocpelacing 18 2.612 A. The latter is
significantly larger than the sum of covalent radii of the two atoms and is to be
expected because the angles O(21)-La-O(22) or O(42i)-La-O(42) of about 50° in-
dicate ring strain. The phen ligands possess local C,, symmetry and the structure
of the phen group is almost identical to that in the structures of
[{RE(CCL,COO),(phen)(EtOH)),] complexes.'” The atoms of the phen group, in-
cluding the La atom do not deviate significantly from the containing least-squares
plane. The average La-N bond distance is 2.709 A.

The structure of [{La(CH,C(CH;)C0OO0),(H,0),},] suggests that N-bidentate
heterocyclic amines may have stronger coordination ability to lanthanide ions than
water molecules. The phenomenon also is noticed in[RE(CHCL,COQO),(phen),]
complexes.'"'* Another important observation is that the linear structure of
[{La(CH,C(CH,)COO0),(H,0),},] changes to dimeric units when the water ligands

FIGURE 3 Perspective view of coordination around the pair of lanthanum ions.
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are replaced by phen group, though the coordination number around each
lanthanum(III) atom does not change. One free a-methylacrylic acid molecule is
connected with O(21) atom by hydrogen bond.
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