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Abstract 

A series of homo-dinuclear lanthanide(II1) complexes of the type: Ln,(L,,)(X),-n(H,O) and 
Ln2(b)(X),+n(HzO) (H,L, and H& are the Schiff bases obtained by condensation of 3-formylsalicylic 
acid and 4-N-dodecyldiethylenetriamine or 1,5-diamino-3-azapentane, respectively; X =NOB-, Cl-; 
n =3-S;) has been prepared and characterized. The synthesis of mono- and hetero-dinuclear complexes 
failed. On the contrary, mono-, homo- and hetero-dinuclear lanthanide(II1) complexes, 
LWKJ-&NOd3-nS, LWJ-d(NW~~nS or WH&)(NW,~ 4Hz0, LWcWO&~nS, 
Lnz(Ln)(NO&-nS or La,(LE)(N0&.4Hz0, Ln’-Ln2(&)(N0,)2-nS or Lnr-Ln*(L,,)(NO&.nS (n = l-3; 
S = H20, CH,OH), respectively, have been prepared by using the ligands II.&, H,Lu and H.,Le, which 
are the Schiff bases derived by condensation of 2,3-dihydroxybenzaldehyde with 1,5-diamino-3-azapentane, 
1,5-diamino-3-thiapentane or 4-N-dodecyldiethylenetriamine, respectively. The metal/metal ratio and 
the homogeneity of the hetero-dinudear complexes have been evaluated also by electron microscopy 
together with X-ray fluorescence microprobe. The physicochemical properties of the prepared complexes 
have been compared with those of similar macrocyclic complexes. The magnetic behaviour of the 
complex Gdz(L,)(NOa)z.4H20 has revealed a decrease in the effective magnetic moment from 10.97 
pB at room temperature to 7.96 pa at 4.2 K, and an antiferromagnetic coupling constant J=O.211(4) 
cm-‘. A superexchange mechanism through the bridging atoms has been proposed. 

Introduction 

The possibility to prepare homo- and hetero- 
dinuclear complexes, containing lanthanide ions, has 
been recently established, by the use of the macro- 
cyclic or macroacyclic compartmental ligands I&-I 
. . -Hz-V [l-S]. 

With the acyclic ligands H4-I [l, 21 and I&-II [3, 
41, only hetero-dinuclear d-f complexes have been 
prepared. In particular for the complexes 
[MLn(II)-X.nHzO] (M=Cu’+, Ni*+, X=N03-, 
OH-) the magnetic and optical properties have been 
tested and it was found that the transition metal(I1) 
ion occupies the internal N,Oz chamber while the 
lanthanide(II1) ion occupies the outer 0x0, coor- 
dination site. The presence of any magnetic inter- 
actions between the two metal ions was ruled out 
on the basis of the observed room temperature 
magnetic moments which were found very close to 
the values expected for two uncorrelated spins. Fur- 
ther these magnetic moments did not vary on de- 

creasing the temperature in the 77-300 K range. As 
the exchange interactions, if present, are expected 
to be rather weak [9], magnetic measurements at 
temperatures lower than the liquid nitrogen limit, 
are required to ascertain if the reported assumptions 
are correct or not. 

With the macrocyclic ligands HZ-III+ . -HZ-V [S-8] 
homo- and hetero-dinuclear lanthanide complexes 
have been prepared and their magnetic and optical 
properties studied. In particular the possible structure 
and the interaction between the metal ions for the 
complexes Ln#V)(NO&-nHzO (Ln = La, Pr, Sm, 
Eu, Gd, Tb, Dy; n- 1, 2) and Ln’,-Ln,,(IV)- 
(NO,), .nHzO (Lnr-Ln’ = La-Sm, La-Gd, La-Dy, 
La-Eu, Dy-Gd, Dy-Eu, Gd-Eu, Gd-Tb, Eu-Tb, 
La-Tb; n = 1, 2), have been inferred from spectro- 
scopic, mass spectrometry and magnetic data together 
with scanning electron microprobe analyses [A. 

Spectroscopic investigations on the heterodinuclear 
complex [Tb-Eu(IV)(NO,),] - nHzO have quantified 
the ligand 4 Ln(II1) and Tb(II1) to Eu(II1) energy 
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transfers also for an evaluation of the intermetallic 
distance [7]. 

The reported Gd-Gd distance (3.97 A) for the 
complexes [Gd@I)(NO,),] . 2H20 is considerably 
shorter than that estimated for the similar complexes 
with H&V. Moreover in the Eu-Eu complex with 
H&II, the lifetime is much shorter than the lifetime 
reported for the complex with Hz-IV. It was suggested 
that the different Z-substituent may induce a different 
conformation of the ligand and hence different 
Ln. . .Ln distances [7, 81. 

It was recently observed that it is possible to 
prepare SchilI base complexes containing f ions, very 
soluble in non-coordinating solvents, by adding al- 
iphatic chains to the organic ligand without alteration 
of the coordination moiety [P-11]. 

The macroacyclic Ha-VI and macrocyclic Hz-VII 
ligands (Z=Cl-, CI&-, (CH&C) and related ur- 
anyl(VI) UO,(VI), UO,(VIl) and lanthanide(II1) 
Ln(H2-VI)(NO& and Ln(H,-VII)(NO,), complexes 
have been prepared and their properties studied 
[lo-12). 

H2-Ill (X=O,Z=CH3) 

H2-IV (x=0, Z=Cl) 

H2-V (X=NH, Z=CH3) 

We have accordingly tried to obtain complexes 
with 4f ions, soluble, easier to purify and study, by 
using the compartmental Schiff base I-L,LA obtained 
by condensation of 3-formylsalicylic acid and 4-N- 
dodecyldiethylenetriamine. 

R = 4CHZ)j 1-CH3 “4 LA c 
R-N 

/ 

R = -H 

Lanthanide complexes with the similar ligand I&La 
have also been prepared for an evaluation of the 
presence of the long aliphatic chain on the physi- 
cochemical properties of the complexes. 

We had already verified that it was possible to 
prepare mono- and homo-dinuclear uranyl(VI) com- 
plexes with H4LB 113, 143 and that Schiff bases with 
a donor set N,O, coordinate the lanthanide ions, 
roughly in their equatorial plane [15, 161. Thus the 
two coordination chambers, N,O, and 0202 of I&LA 
and I&LB seem to be suitable for an easy coordination 
of 4f ions. 

Homo-dinuclear complexes have been obtained by 
reaction of the preformed ligands with the appro- 
priate lanthanide(II1) salt or by template procedure. 
On the contrary, the preparation of mono- and hence 
hetero-dinuclear complexes, with the ligand I&LA 
failed. Thus the synthesis of similar ligands, especially 
designed and synthesized for coordination of the f 
ions has been undertaken. The potentially hepta- 
dentate compartmental ligands have been prepared 
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WH4W(N03)3.4H# 
The same procedure, employed to obtain 

La(HJ_,-)(NO&.4H20 was used. 4-N-Dodecyldi- 
ethylenetriamine (135 mg, 0.1 mmol) was used as 
facultative polyamine. 

Lnl (Lc) (N03)z . nH; 0 (Ln = Tb, Gd, Eu, La), 
La,(L,)(NO,), -3CH,OH and 
La,(L_e) (NO,), .4H,O 
To a yellow methanolic solution (50 ml) of 2,3- 

dihydroxybenzaldehyde (138 mg, 1 mmol) and 1,5- 
diamino3azapentene (51.5 mg, 0.5 mmol) or 1,5- 
diamino-thiapentene (60 mg, 0.5 mmol) or 4-N- 
dodecyldiethylenetriamine (135 mg, 0.5 mmol), LiOH 
(48 mg, 2 mmol) was added. To the resulting 
red-brown solution, the appropriate Ln(NO& .6HzO 
(1 mmol) in methanol was added and the solution 
was refluxed for 2 h. The volume of the solution 
was reduced under reduced pressure, until a brown 
precipitate was obtained. This was collected by fil- 
tration, washed with diethyl ether and dried in vacua. 

Ln1-Ln2(Lc)(N03)2 *nHzO (Ln’-Ln’=La--Tb, 
Gd-Tb, La-Gd, La-Eu, Gd-Tb, Tb-Eu) 
To a methanolic solution (100 ml) of 2,3-dihy- 

droxybenzaldehyde (138 mg, 0.5 mmol) lJ-diamino- 
3-azapentane (52 mg, 0.5 mmol) was added. The 
resulting yellow solution became orange by adding 
the first amount of the appropriate Ln’(NO&-xHtO 
lanthanide salt (0.5 mmol) and turned to red by 
adding LiOH (48 mg, 2 mmol) under reflux. After 
a few minutes the second amount of LnZ(N0,)3~xH,0 
lanthanide salt (0.5 mmol) was added and a little 
precipitate was formed. The reflux was continued 
for 3 h, the solvent was partially evaporated and 
the solid product was collected by filtration, washed 
with diethyl ether and dried in vacua. 

La TbLD (NO3)2 * 2CHJOH 
The same procedure used in the synthesis of the 

complexes of the type Ln’Ln%,-(NO&.nHzO was 
carried out. 1,5-Diamino-3-thiapentane was used in- 
stead of 1,5-diamino-3azapentane. 

Physicochemical data 
Analytical data for the ligands &LA and H4LD 

and for the prepared complexes are given in Table 
1. The correct metal content of the reported com- 
plexes was determined by atomic absorption or flame 
emission, using a Varian AA-275 atomic absorption 
spectrophotometer. The Ln’/Ln’ ratio in the het- 
erobinuclear lanthanide(II1) complexes was also es- 
tablished by a new procedure using a SIMS apparatus 
[18, 191. In the case of punctual analyses, metal 
ratios were conveniently determined by the integral 

counting of X-ray fluorescence radiation from a 
Philips SEM 505 model scanning electron microscope 
equipped with an EDAX X-ray energy dispersive 
spectrometer ]20, 211. Samples, suitable for SEM 
analysis, were prepared suspending the microcrys- 
talline powders in diethyl ether. Same drops of the 
resulting suspension were deposited on a graphite 
plate and after evaporation of the solvent the samples 
(for taking photographs) were metallized with graph- 
ite and gold (in that order) by using a Edward’s 
S150B model sputter coater [20, 211. The IR spectra 
were carried out as KBr pellets by using a Perkin- 
Elmer 580B mode1 infrared spectrophotometer. Mag- 
netic susceptibilities were determined by the Faraday 
method at room temperature or in the 4.2-300 K 
temperature range, by using an Oxford Instrument 
equipped with a helium continuous-flow cryostat, the 
apparatus being calibrated with HgCo(NCS)4 [22]. 
Diamagnetic corrections were carried out using Pas- 
cal’s constants 1231. 

Results and discussion 

It has been recently shown that it is possible to 
prepare homo- and hetero-dinuclear complexes, by 
using the large macrocyclic ligands H2-III . . . H2-V. 
It was also suggested that these macrocycles, can 
behave as compartmental, or as binucleating ligands, 
the two metal ions being held, inside the coordinating 
cavity, at a metal-metal distance of about 4 or about 
8-10 A. 

By reaction of 3-formylsalicylic acid and 4-N-do- 
decyldiethylenetriamine in the presence of the ap- 
propriate amount of Ln(N0&*xH20 or LnCl,.xH,O, 
homo-dinuclear complexes of the type reported in 
Scheme 1 have been synthesized. 

The long aliphatic chain at the periphery of the 
coordinating moiety was introduced to enhance the 
solubility of the complexes in organic solvents which, 
unfortunately, is not as high as expected. This be- 
haviour can be ascribed to oligo- or polymerization 
of the complexes through the oxygen atoms of the 
carboxylic groups. This certainly decreases the sol- 
ubility of the complexes, making the introduction of 
the long aliphatic chain useless. In addition this 
oligomerization can produce unsymmetrical coor- 
dination about the lanthanide(II1) ions; this causes 
low symmetry of the complexes as a whole, as evi- 
denced by luminescence data, and makes doubtful 
any further optical study on the site occupancy of 
the 4f ions. 

The IR spectra of the complexes Ln,(L,_,)(NO,), 
and Ln2(LA)(C1)2 show similar patterns: the bands 
associated with the nitrate groups cause only broad- 
enings of the absorption bands of the iigand (a band 
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TABLE 1. Analytical data for the prepared compounds 

Compound Calc. (%) Found (%) 

C H N C H N 

W-A 66.88 8.11 7.20 66.92 7.75 7.00 

H&D 59.79 5.59 7.77 59.54 6.13 7.50 

~LtNQh~ ‘%O 35.80 4.97 6.52 35.87 4.67 6.55 
PrZLA(N03)r. SH,O 36.27 4.84 6.61 37.00 4.46 6.45 
Nd,L,(N03),.3Hz0 37.31 4.59 6.80 37.63 4.28 6.71 

Sm2L,(NO&-6HrO . 35.05 4.87 6.39 35.26 4.23 6.48 
Eu~L/,(NO~)~ -4H,O 36.14 4.64 6.58 36.32 4.56 6.82 
Gd,L,(NOs),.4H,O 35.78 4.59 6.52 35.76 4.51 6.74 

TbZLA(No3)2 ’ 4H20 35.67 4.54 6.50 36.34 4.54 6.68 

m2LA(N03)2-4H20 35.43 4.58 6.46 35.79 4.28 6.09 

n2LA(N03)2’4H20 35.06 4.46 6.33 35.70 3.91 6.21 
La,La(NOs),~3H,O~CH~OH 28.56 3.08 7.93 29.27 2.82 7.40 
Sm2La(N03),-H,O.3CH,OH 29.57 3.35 7.50 30.05 3.10 7.10 
La2L,C12. 8H20 36.38 5.43 3.98 36.41 5.24 3.58 
Sm2L,C12.7H20 36.21 5.21 3.96 36.24 5.21 3.58 
La,LaCI, . 5H20 28.80 3.26 5.04 28.77 3.35 5.63 
Sm2LBC12~5H20 28.03 3.17 4.90 27.62 3.46 5.21 

La(H&c)(NOs)3. H20 31.50 3.38 12.24 32.06 3.68 12.04 

WW-cWO3)3-2H2O 30.13 3.51 11.71 31.07 3.40 11.04 

GdW,WW03)3.H2O 30.68 3.29 11.92 30.01 3.54 12.38 

~W.WWW3-H2O 30.61 3.02 11.89 29.62 3.32 12.25 

Eu,L(N03)2.H,O 27.53 2.44 8.92 27.66 2.66 8.80 

Tb2k(No3)2.2H20 26.46 2.59 8.57 26.49 2.63 8.53 
L~EI&.(NO,)~-H,O 27.99 2.48 9.07 28.37 2.86 9.01 
EuTbL&NO,), . ZH,O 26.68 2.61 8.64 26.14 2.59 8.76 
La2Ln(N03)2.3CH30H 29.52 3.30 6.56 29.80 3.09 6.59 
LaTbLt,(N03)2.2CH30H 28.72 2.87 6.65 28.82 3.00 6.48 

WWWNO3)3.4HzO 39.83 5.46 9.29 39.25 5.44 10.07 

La2(La)(N03)2. 4%O 36.71 5.03 7.13 36.59 4.52 7.28 

c NH, 

2H 
0 OH 0 

CH3-(CHJ,i N 

c NHz 

2 L~(XJ).~HPO 
_____) 

X = NOB-, Cl- 

Scheme 1. Synthesis of homo-dinuclear lanthanide(II1) complexes Ln,(L,)(X,)-nH20. 

or a shoulder at about 1384 cm-’ is also present In the 1700-1550 cm-’ region, three strong bands 

in the spectra of the nitrato complexes). Thus the attributable to C-O, C-N and C-Cgroups are present. 

assignment of the nitrate coordination behaviour, by The free ligand ILLA, obtained by condensation 

comparison with the analogous chloride complexes, of 3-formylsalicylic acid and 4-N-dodecyldiethyle- 

is not possible. netriamine in a 2:l molar ratio, shows, in its IR 
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spectrum, meaningful peaks at 1686sh, 1663vs, 1613 
cm-’ due to C=O, C=N and C=C modes, re- 
spectively. These absorption bands well parallel those 
found in H.+Lu (1685vs, 1652 and 1605 cm-‘) and 
in the two forms of the very similar ligand obtained 
by using 1,5-diamino-thiapentane as polyamine pre- 
cursor (1698vs, 1660 and 1600 for one form and 
1730, 1660 and 1600 cm-’ for the other form) [14]. 

The IR spectra of the complexes with I&LB, re- 
semble those recorded for HAL,+ Three main peaks 
are present in the range 1650-1557, 1469, and 1318 
cm-’ and assigned to bidentate nitrate groups. The 
peak at about 1343 cm-‘, due to the ionic N03- 
group, can be caused by the KBr used for the 
preparation of the pellets. 

HdLA easily forms mononuclear complexes with 
transition metal ions; for instance the copper complex 
Cu(H2LA).2H20 has been prepared by template 
procedure. For this complex, with the copper very 
probably in the inner coordination chamber, the 
K=O lies at about 1685 cm,-‘, as already observed 
for other mononuclear complexes with the similar 
compartmental ligand I-L-VIII, derived by conden- 
sation of 3-formylsalicylic acid and ethylenediamine, 
where the inner occupancy does not affect the vC=O 
IR band [24]. 

H4-VIII 

We were successful only in the preparation of 
mononuclear lanthanum complexes La(H,L,)(NO,), 
and La(HzL,)(NOs), obtained in the absence and 
in the presence of two equivalents of LiOH, re- 
spectively. Here the metal ion occupies the external 
chamber 0202, where the K=O is at about 1650 
cm-‘, as is observed for the analogous mononuclear, 
0202, uranyl(VI) complex with I&-VIII [24]. 

Attempts to extend the preparation of mononuclear 
compounds to the other lanthanide(II1) ions failed; 
in any case a mixture of complexes was obtained. 
Thus it was absolutely impossible to prepare hetero- 
dinuclear complexes in a pure form where non- 
reproducible or inhomogeneous samples were ob- 
tained. 

In order to obtain mononuclear but especially 
hetero-binuclear complexes the preparation of the 

ligands H4Lc-IL& and of the related f-containing 
complexes was carried out, according to reaction 
Scheme 2. 

The change from the ligands H4LA or H4LB to 
ligands H4Lc-H4LE was done for two reasons: 

(i) to avoid the presence of free C=O groups, 
hence reducing the possibility of unsymmetrical oligo- 
or polymeric species with more well defined coor- 
dination sites; 

(ii) to enlarge the external coordination chamber 
0202 in order to accommodate better a lanthanide 
ion inside it. 

Only using 1,5-diamino-3-thiapentane as an amine 
precursor, an orange-brown solid (H4LD) was ob- 
tained which is stable in the solid state, for a long 
period of time, and soluble in the common organic 
solvents. H,L, and H4LE, on the contrary are yel- 
low-brown oils, difficult to purify and handle cor- 
rectly. 

As can be seen in Scheme 2, by using mild con- 
ditions, it is possible to obtain mononuclear lan- 
thanide(II1) complexes where the Schiff base behaves 
as a neutral pentadentate ligand. 

These mononuclear complexes suffer a transme- 
tallation reaction when treated with uranyl(V1) salts, 
giving rise to the mononuclear and homo-dinuclear 
uranyl(V1) complexes already reported [25]. 

Owing to the failure to grow crystals suitable for 
X-ray investigations, the inner occupancy of the metal 
ion cannot be clearly identified in the mononuclear 
complexes. For instance on going from the mono- 
nuclear to the dinuclear terbium(II1) complexes, 
small differences are detectable in their IR spectra; 
uC=N lies almost at the same frequency (1648 cm-’ 
in the mono and 1646 cm-’ in the dinuclear species). 
A new band, at 1563 cm-‘, due to the C-O phenolic 
groups is present in the dinuclear complex. In addition 
the complexity of absorptions in the range 1493-1218 
cm’, due to the NO3 groups, in the mononuclear 
complex is considerably reduced in the dinuclear 
complex, where for the same IR range, only three 
bands at 1468, 1392 and 1274 cm-’ are present. 

The inner N302 occupancy in the mononuclear 
complexes may be suggested also by analogy with 
the uranyl(VI) mononucIear complex, for which this 
coordination behaviour was established by X-ray 
diffractometry 2261. In UO,(H&) . dmf (dmf = di- 
methylfonnamide) the ligand, using the inner co- 
ordination chamber, binds equatorially to UOzz+ 
leading to seven coordinated uranium in a distorted 
bipyramidal coordination geometry. A dmf molecule 
is hydrogen bonded to the phenolic oxygens of the 
ligand (Fig. l(a)). 

The ability of these ligands to act as compartmental 
dinucleating agents towards f ions has been also 
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Scheme 2. Synthesis of mononuclear, homo- and hetero-dinuclear f-containing complexes of the ligands H4L&I.&. 

verified on the complexes (UO,),(k)(dmso) 
(dmso = dimethyl sulfoxide) and (UO,),&)(dmf) 
(Fig. l(b)). 

The chelating ligand coordinates the inner U02*+ 
as in UOz(HzLc).dmf, while the outer UOz2+ is 
coordinated by four oxygen atoms of the dinucleating 
ligand and by the oxygen atom of the solvent molecule. 

The homo-dinuclear lanthanide(II1) species are 
conveniently prepared in one step reaction, by tem- 
plate procedure. The hetero-dinuclear complexes 
must be prepared in two subsequent steps. This is 
allowed by the easy formation of the mononuclear 

lanthanide(II1) complex. Again the introduction of 
a long aliphatic chain does not considerably enhance 
the solubility of the dinuclear complexes derived 
from the ligand I&Ln. 

The homogeneity and the metal ratio in the hetero- 
dinuclear complexes have been established by elec- 
tron microscopy together with X-ray fluorescence 
analysis [21]. It was observed that the complexes are 
homogeneous with a 1:l metal ratio within exper- 
imental error; for one complex, LaTb(Lu)- 
(N0&.2CH30H, the S/La/lb ratio (l\l\l) has 
been estimated. 
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Fig. 1. Schematic representation of the mononuclear UO,(H&) (a) and dinuclear (UO&&)(L) (b) (L=dmso, dmf) 
uranyl complexes. 

It must be noted that for this complex, prolonged 
heating can lead to a partial transmetallation reaction. 
As a final result, the IanthanideWfur ratio remains 
unaffected (2:l) but the lanthanide/terbium ratio is 
in favour of terbium (1:2) and means that the second 
ion tends to substitute the lanthanum from its inner 
coordination chamber. A similar behaviour has been 
observed for the other hetero-dinuclear species. 

Differently from the outer linear UOZ+ group in 
the dinuclear (UO-J&)(S) complexes, which 
reaches its equatorial pentacoordination through the 
coordination of a solvent molecule (dmso, dmf, HzO, 
etc.), the outer lanthanide(II1) can reach its coor- 
dination saturation through oligomerization. Thus in 
the prepared complexes with H,&H_,L, a dimer- 
ization through the phenolic oxygens, in order to 
fill the coordination sphere about the rare earth 
metal ion, can be suggested. 

This bridging behaviour of the phenolic oxygens 
is well known and has been recently observed also 
in the hetero-dinuclear complexes, containing rare 
earths, [MLn(LF)(N03)(dmso)]2, (H.+F is the poten- 
tially hexadentate compartment ligand obtained by 
condensation of ethylenediamine and 2,3-dihydrox- 
ybenzaldehyde in methanol) [27]. Thus the complex 
[CuY(LF)(N03)(dmso)JZ (Fig. 2) is a tetranuclear 
asymmetric unit, two eight coordinate yttrium(II1) 
ions being held together by two phenolic oxygen 

Fig. 2. Schematic representation of the tetranuclear com- 
plexes [CuY(L,)(N03)(dmso)12. 

As the Gd(II1) ion has an orbital singlet as ground 
state (‘S) in [Gd,(L,)(NO,),] -4HzO its magnetic 
properties are rather straightforward within the iso- 
tropic spin Hamiltonian approximation [28, 291. The 
temperature dependence of the magnetic suscepti- 
bility of the gadolinium derivative in the XT versus 
T fashion in the range 4.2-300 K is shown in 
Fig. 3. 

It is apparent that the effective magnetic moment 
decreases on decreasing the temperature passing 
from 10.97 pLg at room temperature to 7.96 PB at 
4.2 K. The room temperature value is slightly lower 
than the expected one for a couple of non-interacting 

bridges. One bidentate nitrate group and one oxygen S==7/2 ions (11.17&. The decrease in the XTvalues 
of a dimethylsulfoxide molecule complete the co- on lowering the temperature is indicative that states 
ordination sphere about each yttrium(II1). with a lower spin multiplicity are progressively pop- 

This oligomerization, via the phenolic oxygen of ulated at temperatures lower than room temperature. 
the outer chamber, can be prevented by the addition This fact may be indicative that some magnetic 
of anions, i.e. CuLn(H&)(NO&, which fill the interactions are operative between the gadolinium 
coordination sphere about the lanthanide(II1) ion ions in the complex. By using the Hamiltonian 
with the consequent formation of monomeric species. R’==JS,&, it is possible to derive the expression for 



Fig. 3. Temperature dependence of the magnetic suscep- 
tibility of [Gdz(L,)(N0,).4H,0] in the range 4.2-300 K 
in the XT vs. T fashion. 

the magnetic susceptibility. A least-squares fitting 
procedure to the experimental data, maintaining the 
g factor to the Iixed value of 1.975, yielded an 
antiferromagnetic coupling constant .T=O.211(4) 
cm-’ with an agreement factor R = 0.011. If a Gd-Gd 
distance of 3.8 A is assumed by comparison with 
similar complexes, a value of 0.032 cm-’ for the 
dipolar interaction is calculated [29]. This value is 
one order of magnitude lower than the coupling 
constant derived by the fitting procedure: this fact 
is indicative that a superexchange mechanism through 
the bridging atoms is operative in this compound. 

In conclusion, it is possible to prepare homo- and 
hetero-dinuclear lanthanide(II1) complexes from 
suitable compartmental ligands, which contain a large 
inner coordination chamber to accommodate a 4f 
ion. It is also possible, by magnetic measurements, 
from 4.2 K to room temperature to evaluate the 
type and the extent of magnetic interaction between 
the two metal ions and hence the metal- . -metal 
distance. 
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