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The reaction of CuGi2H,0 and NaC4H,0, (disodium fumarate) in dilute ammonia solution produces 1-D
polymeric chain [Cug-C4H204)(NH3)2]n(H20),. The crystal structure of the compound has been solved. The
compound crystallizes in the monoclinic system, space g&im (No. 12), with chemical formula £&4;0N20s-

Cu,a = 13.955(5) A,b = 7.330(3) A,c = 8.927(2) A, = 102.39(3}, Z = 4. The interesting feature of the
complex is that one of the carboxylic acid groups acts as a monodentate coordinating ligand whereas the remaining
carboxylate moiety acts as a monoatomic bridging bidentate ligand. This unusual coordination behavior of fumarate
anion produces a chain with alternate repetition of 4- and 14-member rings. The magnetic properties of the
compound have been studied from room temperature to 4 K, which reveal the existence of a dominant ferromagnetic
interaction with exchange coupling parameter valuek ef +12 cntt andJar = —3.8 cnTl, using an alternating

ferro- and antiferromagnetic chain model f8r= 1/, local spin. The ferromagnetic interaction arises from the
alkoxo-bridged dimeric part of the chain. The fitting of thgT vs T data continued until the maximum in the
experimental data using a single dinuclear model resulteb=in+7.8 cntl.

Introduction ions is of growing interest in the field of molecular magnetism.

. . . Major studies have been done on oxalato-brid§ed metal
In the past few years chemists have dedicated their efforts tocomplexes with a few examples using terephthalic acid and

Understand the fundamental science associated vith magner TAIOME 2Cid a5 superexchange pathikyevious report
INCUGo eal that dicarboxylic acid can coordinate to a metal ion in

g]rti(ejrairftlOl?sar?(jetgeggvér()e ?r?eram:grqgtl)cstmi:ﬁ:allogjrrglrz]a(ziotr?eeither a chelating bisbidentate or bismonodentate or a bridging
ging 19 P 9 ’ bismonodentaté&t~1¢ Though the use of various dicarboxylic

$rr1]abllng the de_S|gn synt_htla5|s of |lr)1terest|ng mag dnet|c F“f‘fja's- acids to form bridges between paramagnetic metal centers has
tetf:rﬁerpsaggﬁgc nToar:iIaSi-cagn de tﬁcr)g:-t(rjlijr?wt:nsggn)g? extclerr?gésd,been extensively studied, the use of fumaric a_cid as a bridging
L o . . : C block between metal centers is scanty in the literature. To our
s_,tructure§, with the paramagnetic metal ions using bridging nowledge, only one metal compMxhas been structurally
gzi?grss tfﬁtig(;tuasérgeﬁgﬁ:;ezchaphgvs paéh\;va:)r/nli)r?twtsﬁ n t?(ehmﬁt haracterized to date using fumarate anion as a bridging block
: P ge pathway dete €s the exchangfenveen paramagnetic Mn(Il) centers that are not magnetically

coupling parametel. characterized. Herein, we report the synthesis, crystal structure,

b Relpentlydgr;e use of orgar\]nlc spactek:s, pargc?larly t:]he dlcatr-l and magnetostructural correlation of a Cu(ll) complex using
OXylic acid,”” as superexchange pathways between the metalg, ,arate as a bridging block. The coordination behavior of the

fumarate ligand in our complex is totally different from the
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fumarato complex of manganese(ll) reported earlier.
The most interesting fact in our complex is that one of the
carboxylate acid groups acts as a monodentate coordinating
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ligand where the remaining group functions as a monooatomic Table 1. Crystal Data and Details of the Structure Determination
bridging ligand to form a 1-D chain with alternate repetition of ~for [Cu(u-CaH204)(NHs)2]o(H20)n

4- and 14-member rings. The monoatomic bridging behavior chemical formula GH1oN,OsCu fw 229.5
of the carboxylic acid group is very rare because to our a[A] 13.955(5) space group  C2/m(No. 12)
knowledge only three examples are repottééito date where bA] 7.330(3) temp (K) 293
. . o . c[A 8.927(2) A(MoKo) [A] 0.71073
the carboxylic acid group shows such bridging behavior. Low- 4 's ', [deg] 90, 102.39(3), 90u [cm ] 24.37
temperature susceptibility data show that the present complexv [A3] 891.9(5) Pealc [g/Ccm?] 1.711
is primarily ferromagnetic, and this ferromagnetic interaction Z 4 R(Fo) 2 0.053
arises from the monoatomic-bridged copper(ll) dimeric part of Ru(Fo) 0.149
the complex through the large €@—Cu angle (104.7). AR=Y||Fo| = |Fcl/¥|Fol. " Ry = [X{W(Fo? — FAZ/Y{W(Fs?)Z]*2
Experimental Section Table 2. Selected Bond Lengths (A) and Bond Angles (deg) of
Svnthesis Disodium @ ) dissolved (20 mL) [Cu(u-C4H204)(NHz)2]n(H20)r?
ynthesis.Disodium fumarate (1 mmol) dissolved in water (10 m —
was added to an aqueous solution (10 mL) of copper(ll) chloride 83—88)51) i%gi((?) %:(ND(SC) 12?17558((56))
dihydrate (1 mmol) with continuous stirring. A sky-blue solid was C(1)-0(1) 1266(10) C(1r0(2) 1247(10)
filtered out and washed with water. It was treated with water (10 mL)  c(4)-0(3) 1:261(9) C(4¥0(4) 1:262(10)
and stirred well to form a slurry. A dilute agueous solution of ammonia  C(1)-C(2) 1.489(10) C(3C(3) 1.303(11)
was slowly added to it drop by drop to dissolve it completely. The C(3)-C(4) 1.489(10)
resulting deep-blue solution yields suitable single crystals for X-ray
diffraction when the solution is kept in a refrigerator for a week. Anal. 8(%):8’:8 3 %%21393) 8(?'81:(’3‘(3@ %%12%(21)3
Calcd: C, 20.9; H, 4.35; N, 12.2. Found: C, 20.75; H, 4.43: N, 11.9. OE3)3.)—(§IU—|\S c) 90'6&{3) O((gggu_,\(lf) 95'59((13%
IR: V(CO?), 1370, 1592 cmt; V(L\I—H), 2900 cnT; V(O—H)o, 3400- N—CU—N(f) 168.73(19) O(3®Cu—0(3a) 75.90(19)
3300 cntt. TGA: 8% (116-120°C) and 15.2% (166180 °C). 0(3a)-Cu—N(f) 90.66(13) O(3c)-CuN(f) 95.59(13)

Physical MeasurementsIR spectra were recorded on a Nicolet 520  Cu—O(1)—C(1) 114.3(5) O(3yC(4)-0(4) 124.0(7)
FTIR spectrometer as KBr pellets. Thermal analysis (TGA) was carried O(1)—C(1)-0(2) 123.2(7)
out using a Shimadzu DT-30 thermal analyzer under a flow of nitrogen
(30 mL mirY). The sample (particle size 5200 mesh) was heated
at a rate of 10C min ! with inert alumina as a reference. The magnetic ) ) )
measurement was carried out on a polycrystalline sample with a calculations were carried out using SHELXL%7SHELXL93?
pendulum type magnetometer (MANICS DSM8) equipped with a ZORTEP?*and PLATON99* programs. The crystallographic data are
helium continuous-flow cryostat, working in the temperature range 9givenin Table 1, and selected bond distances and bond angles are given
300-4 K, and a Bruker BE15 electromagnet. The magnetic field was in Table 2.
approximately 15 000 G. The instrument was calibrated by magnetiza-
tion measurements of a standard ferrite. Diamagnetic corrections were
estimated from Pascal constaffis. _ The IR spectrum of the title compound shows a strong band

Crystal Data Collection and Refinement.A crystal suitable for in the region 34083300 cntl (O—H stretching vibrations) and

X-ray analysis was mounted on a Nicolette R3/m single-crystal . - .
diffractometer equipped with graphite monochromator and Mo K 1S consistent with the presence of water. The bands at 1592 and

radiation ¢ = 0.7107 A). The unit cell parameter and orientation matrix 1370 cnT* are assigned to the{COO) andv(COO) stretching
were determined by least-squares refinements of the setting angles ofvibrations, respectively, and the strong bands at 2900*dés

25 reflections (2.3 < 6 < 25°). Crystal and instrument stabilities were ~ assigned to the NH stretching mode.

monitored with a set of three standard reflections measured over 100 Thermogravimetric analysis of the complex shows that the
reflections; in all cases variations were insignificant. The collected \yeight loss of 8% takes place in the temperature range-110
intensity data were corrected for the Lorentz polarization effect. Atotal 1o0°c and a weight loss of 15.2% in the temperature range

of 899 reflections were measured and 731 were assumed observed o )
applying the condition > 2¢(1). Extinction of reflections of this crystal 160_18_0 C, corresponding tp the loss of one water and two
ammonia molecules, respectively.

indicated the space group to B2 (acentric),Cm (acentric), orC2/m =9 .
(centric). An analysis of centriE statistics preliminarily resolved the Structure Description. In the crystal structure of the title
ambiguity. The correct space group, as confirmed by structure refine- compound, the copper centers are interlocked by fumarate
ment, wasC2/m. Also, the chemical evidence that the density indicated ligands, giving a novel [Cu{-C4H20,)(NH3)2]n(H20), infinite

Z = 4 and that the copper atom possesses the inversion center leads ughain as shown in Figure 1. Each copper is in a distorted square
to choose unambiguously the space groug2sn. The structure was pyramidal environment. Two nitrogens of the coordinated

solved by Patterson syntheSiand refined through full-matrix least 1 0nia and two oxygens of two different fumarate units define
squares oifr? using SHELXL93! with anisotropic thermal parameters h ial ol f th id. Th ial it .

for all non-hydrogen atoms. Hydrogen atoms were constrained to ridet e equatorla plane o e PYram' : N ax_la position s
on the respective carbon and nitrogen atoms-KC 0.97 A; N—H, occupied by a oxygen of the third fumarate anion. Thus, each
0.90 A) TheRn value is 0.039, and no correction was made for CU(“) center is linked to three different fumarate anions. The

extinction because we did not get any evidence of primary or secondarybond lengths in the equatorial plane are the following:—GkJ
extinction. During refinement, the water molecule was found to be 1.975(5) A Cu-0O(1), 1.973(5) A; Cu-03, 1.994(5) A. The
disordered over two positions with a site occupancy ratio 0.8/0.2. The axjal bond length is 2.458(6) A. Two carboxylate groups of
refinement converged to residual indices-RD.053 and wR2= 0.149 the fumarate ligand have two different coordination modes. In
with | > 2¢(l). The final difference Fourier map showed maximum the first mode, the carboxylate group acts as a monoatomic
and minimum peak heights of 0.94 ard..23 e/&, respectively. All . . ’ . . o .

bridge linked to two Cu(ll) ions. This bridging mode is very
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Figure 1. ORTEP diagram of [Cu{-C4H,04)(NH3)2]n(H20), with
labeling scheme showing 50% probability thermal ellipsoids for all non-
hydrogen atoms.
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Figure 2. yuT vs T plot in the 4-300 K range of temperatures of a
polycrystalline sample for [CutC4sH204)(NH3)2]1(H20)n. The solid line
shows the best fit obtained by using the Borras equation (see text).
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interesting feature of the structure is that in the dimeric-Cu
O,—Cu part of the chain one of the bridging oxygens is in the
axial position of the first Cu(ll) center whereas the same oxygen
is in the equatorial position of the second Cu(ll). The other
bridging oxygen of this dimeric part is linked to two Cu(ll) in

a reverse manner. Another oxygen atom of this carboxylate

group O(4) forms a hydrogen bond,¥(2 N)---O(4), with
the coordinated ammonia of the neighboring chain with a

distance 3.073(7) A. In the second mode it serves as a

monodentate ligand. Two first-mode carboxylate groups bond
to Cu ions, forming a four-membered ring (€0,-Cu). The

second mode of the fumarate anion produces a 14-membere(fi<tt

ring. The overall bridging mode of the fumarate anion produces
a Cu fumarate infinite chain with alternate repetition of 4- and
14-membered rings.

Magnetic Properties. The yuT vs T plot for the titled
complex is shown in Figure 2. TheyT values are almost

Mukherjee et al.
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Figure 3. Fitting of theymT vs T data for the complex [CufC4H,04)-

(NH3)2]n(H20)n, using the formula for a Cu(ll) dimeric system with
intermolecular interactions. The solid line represents the best fit.

100 300

cm® mol~1 K) at 25 K. This nature of thgyT vs T curve is a
signature of the global ferromagnetic behavior of the compound.
According to the X-ray crystal structure determination, there
are two different pathways in the polymeric chain: the first
through the ring created by the fumarate anion, the coupling
through which will be very small and antiferromagnetic because
of the long-length exchange pathways, and the second through
the ring Cu-0O,—Cu, which can produce ferro- or antiferro-
magnetic interactio?

Thus, according to the structure, we have fitted the data in
three different ways.

(a) Assuming the system as an alternating ferro- and anti-
ferromagnetic chain, the susceptibility data are fitted (Figure
2) on the basis of the strategy given by Borras etédbr
alternatingS = 1/, chains using the exchange Hamiltonian

N-1

H==>[1SSi1+ 15S 4

with the coefficients for the polynomials valid in the ranges 2

o < 8, oo = JJf|J1, where J, and J; are the ferro- and
antiferromagnetic coupling constants, respectively. The best-
fitting parameters arg, = +12 cnm't, o = 3.15,g = 2.08, and

R (reliability factor)= 4.1 x 1074, which are consistent with a
dominant ferromagnetic coupling.

(b) The second method of fitting the susceptibility data
involves considering the system as dinuclear and assudiing
through the long-length fumarato pathway is zero, but fitting
the decreasing part of the curve (Figure 3) with the parameter
0 in the dinuclear law for a Cu(ltyCu(ll) dimeric system§f
includes the zero-field splitting of the ground-st&e= 1 (¥
+ 1/,) and the antiferromagnetic interactions between the dimers.
An alternative explanation for this downturn would be some
type of long-range ordering event. In this case, results of the
best fit areJ = +15 cntl, 6 = —3.17,g = 2.1, andR = 9.0
1074 The interpretation is poor compared to that of the former
ing because th& value is high.

(c) The susceptibility data are also fitted until the maximum

is reached in the experimental curve, assuming the system as a
single dinuclear one (Figure 4). In this case only two parameters
are necessaryd = +7.8 cnt!; g=2.06 andR= 3.1 x 10°%

constant up to 50 K. When the temperature is further decreased(25) Morgenstern-Badarau, I.; Rerat, M.; Kahn, O.; Jaud, J.; Galiyody.

theymT values gradually increase and reach a maximum (0.82

Chem.1982 21, 3050.
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10 06l ™ ] Figure 5. Orbital orientation (¢-,2 and d2) of the Cu(ll) ions in the
£ : Cu—0,—Cu dimeric part of the molecule.
05 4
E 04 . atoms do not interact via the bridging oxygen in the parallel
o il ) plane to give antiferromagnetic interaction; rather, only one Cu-
22034 - (1) atom interacts with the bridging oxygen via the magnetic
02 i orbital (d2-y?), whereas the other interacts vig.ecause the
dz orbital does not contain spin-unpaired electrons, this orienta-
0.1+ 7 tion of the overlapping orbitals around each Cu(ll) is responsible
0.0 . . . . . for showing ferromagnetic interaction through this large
0 50 100 150 200 230 300 Cu—O—Cu angle? Again, the origin of the smaller coupling
T(K) parameters for both fumarate and-@D—Cu paths can be easily
Figure 4. ymT vsT data fitting for the complex [Cu-C4H204)(NH3)2] - accounted for by considering the geometry around the copper

(H20)n using the BleaneyBowers formula up to 25 K. The solid line  atoms. The magnetic orbital describing the single electron on
shows the best fit. each copper is lying in the basal plane of the copper atoms and
has a very small contribution to the axis perpendicular to this

Here theR factor is best (minimum) and thé (ferro) value : e
plane. The consequence is a good delocalization of the Cu(2)
seems to be completely reasonable for the shape of the curve;

The formula for fitting a dinuclear of Cu(ll) (BleaneyBowers Slectron d.ens'lty toward the brldglngxcatom. while the
7 TN AT elocalization is poor from Cu(1) becausgd@cupies an apical
formula)’ is exact, and any approximation is not necessary.

In conclusion, none of these models provide an adequatepOSition with Ionge_r dist_ance_. The overlap between the Cu(1)
description of the observed behavior. This is itself not surprising and _Cu(2) magnetic orbitals is thus. expected to be very weak,
because magnetic interactions are often complex and hard t Ieadlng to a small exchange coupling parameter as observed.
model. As a conclusion, we can only state that the magnetic he situation for the fumarate pathway_ Is due to a Iong_
coupling is dominated by the short pathway-G0,—Cu that superexchange pathway and smaller coupling parameter for this

shows an angle 104 And creates an intramolecular ferromag- pgth; compared o the former the fumarate bridging entity has
netic coupling. six atoms instead of one in the former case.

Magnetostructural Correlation. The superexchange path-  concluding Remarks
way in the titled complex that leads to the ferromagnetic o
interaction is attributed to the monoatomic (alkoxo type) bridged ~ e have presented here the synthesis, single-crystal structure,
dimeric unit of the molecule. The details of the magnetostruc- @Nd magnetostructural correlation of a novel 1-D fumarate-
tural correlation in the case of hydroxo, oxo, and chloro-bridged Pridged copper(ll) chain. The structural characterization shows
parallel-planar Cu(ll) dinuclear systems have been well explored, & raré monoatomic bridging mode of an acid group and that
and it is found that the nature of the magnetic interaction is the remaining carboxylate group acts as a monodentate coor-
dictated by the bridge ang?&-3 Generally, the complex with dinating Ilga}nd. Such a coord!natlpn mode of the .b.ndgmg
a Cu-O—Cu angle larger than 97shows antiferromagnetic fumarate anion prod_uces a chain with alterr_1ate repetition of 4-
interactio! between the metal ions, and when this angle @nd 14-membered rings. From the magnetic point of view the
increases, the coupling parametesJ] increases. However, in cqmplex shows an oyerall intrachain ferromagnetic interaction.
our complex, although the GtO—Cu angle is 1043, it stil Fltt!ng of the Qata using the model of ferro- and antlferromgg-
shows ferromagnetic interaction. This can be easily accountedN€tic alternating chain for Cu(ll) system gave the coupling
for if we look at the exact environment around the copper(ll) Parametersh = —3.8 andJ, = +12 cnt* for fumarate and
in the alkoxo-bridged dimeric unit. The crystal structure shows Monoatomic bridged C+O,—Cu pathways, respectively. In our
that each Cu(ll) is in distorted square pyramidal environment ©Pinion, a wide variety of molecular architectures with varied
where one of the bridging oxygens,§ds in an axial position C_:u—O—Cu angles with dlff_eren_t intensities of magnetic interac-
(Figure 5) to Cu (1), whereas the same atony)(® in an tion can _be constructed using different nonchelating monodentate
equatorial position of the Cu(2) environment. The other bridging 19ands instead of ammonia.
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