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SYNTHESIS, CRYSTAL STRUCTURE AND
PROPERTIES OF A PENTANUCLEAR
CARBOXYLATO-BRIDGED COMPLEX

CONTAINING A Cus;Y, CORE

CUN-GEN ZHANG*, DEYUE YAN, YILIN MA
and FENGYUE YANG

College of Chemistry and Chemical Engineering, Shanghai Jiaotong University,
Shanghai 200240, P.R. China

( Received 27 October 1999)

Preparation and isolation of a pentanuclear mixed metal complex having the formula
[CusY5(Cl-CH,COO),2(H,0)q] - 2H,O was accomplished by the reaction of a mixture of
copper(Il) nitrate and yttrium nitrate with sodium chloroacetate in aqueous solution. The struc-
ture of the complex was determined by X-ray crystallography. It consists of linear centrosym-
metric pentanuclear molecules with a four-coordinate copper atom at the inversion site and the
other two copper atoms having a 4 4+ 1 coordination geometry at both ends. Two yttrium atoms
separate the three copper atoms. Each yttrium atom is bridged to the neighbouring terminal
copper atom by four carboxylato ligands in a syn—syn fashion forming a dimer with the
Y --. Cu distance being 3.5311(8) A. Each dimer is then linked to the central copper atom via a
carboxylato bridging ligand in a syn—anti fashion. Two other carboxylato ligands coordinate to
the central copper to complete its planar coordination. The apical site of each terminal copper
atom is occupied by a water molecule. The eight-coordinate geometry of each yttrium atom is
completed by three water molecules. Bridging and the monodentate carboxylato ligands were
characterized by IR analysis. TG studies confirmed the numbers of coordinated and lattice
water molecules.

Keywords: Copper; yttrium; chloroacetic acid; complex; X-ray structure

INTRODUCTION

Heteronuclear complexes have received much attention not only in eluci-
dating the magnetic coupling between metal ions'~ but also in model
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compounds for the active site of multi-metalloenzymes.*> Among these, the
nature of magnetic exchange interactions between d- and f~block metal ions
via bridging ligands is most important because these complexes may be con-
sidered as possible precursors for high 7, superconductors.® For the syn-
thesis of heteronuclear complexes, two methods are generally employed.
One uses a “ligand complex” which involves coordination ability to other
metal ions. The other uses a polynucleating ligand exhibiting multi-coordi-
nation sites.” Nevertheless, the relatively easier synthetic method applying
carboxylato ligands to bridge heteronuclear transition metal ions is seldom
reported.®~1° In this paper, we report the synthesis and properties of a new
carboxylato-bridged pentanuclear Cu;Y; complex [Cu3Y2(Cl-CH,COO),,
(H20)s] - 2H,0.

EXPERIMENTAL

Physical Measurements

C, H analyses were carried out with a Perkin-Elmer Model 240 instrument.
Copper and lanthanide were determined by EDTA titration of an aqueous
solution of copper(Il) nitrate and lanthanide(III) nitrate, prepared in HNO;
after the complexes were thermally decomposed. IR spectra were recorded
on a Perkin-Elmer Paragon 1000 spectrophotometer with KBr discs. An
X-ray crystal structure determination was carried out on a Siemens P4 dif-
fractometer. Thermal studies were made on a Perkin-Elmer 7 Series System
in N; atmosphere (40 cm® min~") and a heating rate of 20°Cmin™".

Preparation of the Complex [Cu3Y2(Cl-CH,C00),2(H20)s] - 2ZH,0

To an aqueous solution containing equimolar copper(II) nitrate and yttrium
nitrate was added five mol equivalents of sodium chloroacetate prepared
by mixing sodium hydroxide and chloroacetic acid at room temperature.
The resulting solution was filtered and allowed to stand at room tempera-
ture for a week. Weli-shaped crystals were obtained by filtration. Overall
yield: 75% based on copper. Found: C, 17.35; H, 2.71; Cu, 11.25; Y, 10.30%;
Calcd. (based on Cp4H44Cl12Cu303,Y5, M, =1670.43): C, 17.26; H, 2.66; Cu,
11.40%; Y, 10.65. IR spectra (cm™"): 3620.4(s) (WOH); 3379.8(s), 2959.0(w)
(6CH), 1676.3(s), 1614.5(s), 1401.3(s) (sym »CO); 1256.9(s), 1180.6(w), 969(w),
933.9(w), 796(m), 720(m), 685.6(m), 579(m).
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X-ray Crystallographic Study

A pale yellow crystal having dimensions 0.58 x 0.16 x 0.16 mm was mounted
on a glass fibre. Unit cell parameters and the orientation matrix were deter-
mined by least-squares refinement using the setting angles of 38 centred
reflections (2.72° <8 < 15.65°) measured on a Siemens P4 diffractometer
with graphite-monochromated MoKa radiation. Intensity data were col-
lected at 296 K using a w—26 scan technique up to a maximum 28 of 50°,
Three standard reflections were monitored for crystal and instruments stabili-
ties after every 97 data measurements. In all cases no significant variation
was found. Some 5936 reflections were measured (h— 0-12, k — —1 to 21,
! — —18 to 17) which after data reduction (R,, = 0.0205) gave 4934 indepen-
dent reflections. The intensity data were corrected for Lorentz and polariza-
tion effects and empirical absorption. Details on crystal data, intensity
collection and refinement are listed in Table I. Some 3018 reflections with
I>20(I) were used in the refinement of 429 parameters. The crystal
structure was solved by direct methods and difference Fourier syntheses,
and refined by full-matrix least-squares techniques using anisotropic
temperature factors. All the hydrogen atoms were located using a riding
mode. The final cycle of refinement converged at R =0.036 and R, =0.064.
All calculations were carried out using SHELXS-97,!' SHELXL-97'? and
Siemens SHELXTL'® programs. Complete tables of atomic coordinates and
thermal parameters, exclude structure factors are available from the authors
upon request.

RESULTS AND DISCUSSION

Structure Description

An ORTEP view of the complex with the atom numbering scheme is shown
in Figure 1. Atomic coordinates and selected bond distances and angles are
listed in Tables IT and III, respectively. The complex contains three copper
and two yttrium atoms in a linear arrangement, Cu---Y---Cu---Y---Cu
The central copper atom is four-coordinated by four carboxylato oxygen
atoms, among which two are monodentate ligands and the other two are
bridging ligands linking to the neighbouring yttrium atoms. Each terminal
copper atom is linked to the adjacent yttrium atom via four carboxylato
ligands with the Cu- --Y distance being 3.5311(8) A. All four chloroacetato
ligands bridge the two heteronuclear atoms in a syn—syn fashion, different
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TABLE1 Crystal data and structure refinement details

Compound

Colour/shape

Empirical formula
Formula weight
Temperature

Crystal system

Space group

No. of reflections nsed for

unit cell determination (¢ range)

[CU3Y2(CI CH 2COO)1 z(HzO)g] -2H0
Green/prismatic

C24Ha4034C112Cus Y3

1670.43

296K

Monoclinic

P2 1 / (4

38(2.72-15.65°)

aA 10.471(2)
bA 17.971(3)
cA 15.233(2)
a(®) 90
8) 100.050(10)
() s 90
Volume (A% 2822.5(8)
z 2
Dearc (gfem’) 1.984
4 (MoKa) (cm™) 38.06
F(000) 1674 .
Radiation MoKa (A=0.71073 A)
Scan type w
28 max 50°
No. of reflections measured Total: 5936; unique: 4934 (R, = 0.0205)
Correction Semi-empirical from psi-scans
Structure solution Direct methods (SHELXS-97)
Refinement Full-matrix least-squares (SHELXL-97)
Refinement method Full-matrix least-squares on F?
Treatment of H atoms Riding mode and refined isotropically
No. observations {7 > 20(1)] 3018
No. variables 429
Goodness-of-fit on F2 7.03
Final R indices [I> 20(])] R1 =0.036, wR2=0.064
. Rindices (all data) R1=0.075, wR2=0.070
Largest diff. Peak and hole 0.677 and —-0.494¢~ /A3

from the syn—anti fashion found in the other two carboxylato ligands
bridging the central copper and yttrium atoms. Two terminal copper atoms
have a 4+ 1 coordination geometry in which a water molecule occupies the
apical site. The yttrium atom has a eight-coordination double-cap tripris-
matic geometry, involving five carboxylato oxygen atoms and three water
molecules. The coordination geometry is shown in Figure 2. The packing of
the structure is mainly achieved by hydrogen bonding interactions.

Infrared Spectra and Thermogravimetric Analysis

IR spectra of the complex clearly show the existence of the carboxylato
ligands and water molecules. Carboxylate groups can coordinate to metal
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TABLE II Atomic parameters and equivalent isotropic thermal parameters

Atom x/a ylb zfc U, (A%
Y1 0.32167(4) ~0.13690(3) 0.17732(3) 0.02779(12)
Cul 0.45252(5) —0.27006(3) 0.33867(3) 0.03082(15)
Cu2 0.0000 0.0000 0.0000 0.0360(2)
011 0.3443(3) —0.22427(18) 0.41822(19) 0.0368(8)
012 0.2732(3) -0.13365(19) 0.3225(2) 0.0490(9)
C1l 0.2846(4) —0.1636(3) 0.3962(3) 0.0323(12)
c12 0.2308(5) ~0.1279(3) 0.4711(3) 0.0465(14)
cu 0.12468(16) —0.05311(9) 0.44023(10) 0.0729(5)
021 0.5859(3) ~0.19508(18) 0.3805(2) 0.0388(8)
022 0.5147(3) —0.11799%(17) 0.2697(2) 0.0431(9)
c21 0.5863(4) —0.1349(3) 0.3399(3) 0.0347(11)
C22A 0. 6894(14) —0.0813(5) 0.3832(9) 0.060(2)
crzAa 0.6758(3) 0.00652(12) 0.33139(15) 0.1250(14)
C22B 0.659(8) —0.062(3) 0.380(5) 0.060(2)
CIZB 0.5499(11) —0.0107(6) 0.4320(10) 0.146(8)
031 0.5493(3) —~0.30616(18) 0.2482(2) 0.0432(9)
Q32 0.4551(3) —0.2300(2) 0.1411(2) 0.0484(9)
C31 0.5300(4) —0.2807(2) 0.1702(3) 0.0339(12).
C32A 0.6047(5) —0.3132(3) 0.1030(3) 0.0516(15)
CI3A 0.7284(4) —0.3745(2) 0.1408(2) 0.0760(17)
C32B 0.6047(5) —0.3132(3) 0.1030(3) 0.0516(15)
Cl3B 0.5914(7) —-0.41013(19) 0.0973(3) 0.113(3)
041 0.3052(3) —0.33545(17) 0.2931(2) 0.0437(9)
042 0.2153(3) ~0.24736(19) 0.2003(2) 0.0554(10)
c4l 0.2165(4) —0.3090(3) 0.2362(3) 0.0401(13)
C42A 0.1025(14) —0.3649(9) 0.2228(11) 0.056(3)
CH4A —0.0246(3) —0.3329(2) 0.1414(3) 0.1129(17)
C42B 0.0938(18) —0.3499(%) 0.1922(14) 0.056(3)
Cl4B 0.0588(6) ~0.4251(4) 0.2571(4) 0.068(3)
ca2C 0.0938(18) —0.3499(9) 0.1922(14) 0.056(3)
cuC 0.113(2) —0.4467(6) 0.205(3) 0.102(11)
051 ~0.0744(3) —0.03761(18) 0.1007(2) 0.0424(9)
052 0.1176(3) —0.09039(18) 0.1393(2) 0.0401(8)
Cs1 0.0023(4) —0.0825(3) 0.1465(3) 0.0363(12)
C52 —0.0466(4) —0.1295(3) 0.2154(3) 0.0609(17)
Cli5 —0.21176(15) —0.15005(10) 0.18931(12) 0.0893(6)
061 —0.0099(3) -0.10078(17) —0.0497(2) 0.0427(9;
062 —0.2224(3) —0.08075(19) —0.0808(2) 0.0508(10)
Cé1 —0.1266(5) —0.1204(2) —0.0786(3) 0.0411(13)
C62A —0.1505(5) —0.1986(3) ~0.1108(4) 0.0675(17)
CI6A —0.0184(3) —0.2555(2) -0.1027(3) 0.0969(17)
C62B ~0.1505(5) —0.1986(3) ~0.1108(4) 0.0675(17)
Cl6B —0.070(2) —0.2648(5) -0.034(2) 0.147(13)
01 0.5462(3) —0.3485(2) 0.4404(2) 0.0555(10)
02 0.3263(4) —0.0088(2) 0.2184(2) 0.0554(10)
03 0.4407(3) —0.0720(2) 0.0805(2) 0.0442(9)
04 0.2389(3) —0.1694(2) 0.0266(2) 0.0417(9)
05 0.3385(4) —0.02184(19) —0.0912(2) 0.0459(9)

ions in a number of ways and IR spectroscopy is a useful tool in diagnosing
the nature of carboxylate coordination. The separation between v, (COO™)
and v(COO™) when significantly less than the free carboxylate anion value
is considered indicative of bidentate bridging or chelating carboxylate
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TABLE Il Selected bond distances (A) and angles (°) for the complex

Bond distances
Cul 031 1.958(3) Y1 022 2.278(3)
Cul 021 1.965(3) Y1 032 2.307(3)

Cul 041 1.967(3) Y1 042 2.332(4)
Cul Oll 197703 Y1 012 2.3553)
Cul O  2.196(3) Y1 04 238103

Cu2  O51* 1958(3) Y1 02  2.334(4)

Cu2 051  195803) Y1 03 2.394(3)

Cu2 06l 1.959(3) Y1 Cul  3.5311(8)

Cu2 061* 1.959(3) Yi 052 2.274(3)

Bond angles

052 Y1 022 142.73(12) 052 Yl 032 141.93(12)
022 YI 032 75.32(11) 052 Y1 042 84.20(12)
022 Yl 042 115.45(12) 032 Y1 042 75.16(13)
052 Y1 012 83.29(11) 022 Y1 012 74.30(12)
032 Y1 Q12 118.77(12) 042 Y1 012 72.14(12)
052 Y1 04 71.14(11) 022 Y1 04 140.07(11)
032 Y1 04 74.06(11) 042 Y1 04 80.38(13)
012 Y1 04 144.05(12) 052 Y1 02 71.76(13)
022 Y1 02 73.67(12) 032 Y1 02 141.01(14)
042 Y1 02 140.45(14) 012 Y1 02 74.20(13)
04 Y1 02 118.50(12) 052 Y1 o3 103.37(11)
022 Y1 03 78.86(11) 032 Y1 03 78.67(13)
042 Y1 03 145.16(13) 012 Y1 03 141.95(12)
04 Y! o3 70.51(12) 02 Y1 03 72.67(14)
031 Cul 021 91.68(13) 031 Cul 041 91.39(14)
021 Cul 041 173.40(14) 031 Cul Ol 172.58(13)
o221 Cul o1 88.10(13) 041 Cul Oll 88.10(13)
031 Cul 01 93.55(13) 021 Cul Ol 90.36(14)
041 Cul (0)1 95.28(15) 011 Cul O1 93.87(13)
051 Cu2 051 180.0(3) 051 Cu2z 061 88.98(13)
C11 011 Cul 120.2(3) C1l 012 Y1 147.4(3)
Cc21 . 021 Cul 119.8(3) C21 02 Y1 147.1(3)
C31 031 Cul 121.9(3) C31 032 YI! 145.5(3)
C41 041 Cul 117.4(3) C41 042 Y1 149.6(3)
Cs1 051 Cu2 110.6(3) C51 052 Y1 155.0(3)
cé1 06l Cu2 111.93)

Symmetry code: *—x, —y, ~2.

groups, and separation more than the free anionic value is indicative of a
unidentate ligand.'* Therefore the absorption peak at 1676cm™! is attrib-
uted to the asymmetric monodentate carboxylato ligands and bands at 1614
and 1401 cm™! for the complex are assigned to O—C—O asymmetric and sym-
metric stretching vibrations of bridging carboxylato ligands, respectively.
Thermogravimetric analysis for the complex indicates that the complex
loses two lattice water molecules at ca. 80°C followed by the eight-coordi-
nated water molecules with a weight loss of 11.40% being close to the calcu-
lated value of 10.78%. The resulting residue is unstable and its organic
moieties continue to decompose to ca. 210°C with a weight loss of 37.17%
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032

FIGURE 2 The double-capped triprismatic coordination geometry of the Y atom.

which is somewhat smaller than that required for the CH,COO moiety
(41.67%). This value suggests that almost all the organic moieties have
decomposed and the residue is mainly (2YCl; + CuCly) at ca. 350°C. At
higher temperatures CuCl, is released from the residue to 580°C with a
weight loss of ca. 29.58%, comparable with the calculated value of 30.51%.
The final residue is YCls.
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