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Polynuclear Complexes of Lanthanides with Nickel and Copper Schiff Bases

as Ligands
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Polynuclear complexes of lanthanide(Il]) nitrates,
thiocyanates, chlorides and perchlorates with NN
1,3-propylen-bis( salicylideniminato Jnickel(1l) and
N,N"1,3-propylen-bis(salicy lideniminato Jcopper(II)
have been prepared and characterized by vibrational
and electronic spectra, magnetic susceptibility, molar
conductivity and thermal analysis measurements.
Reliable information relating to the lanthanide—
ligand bondings and geometries of the complexes
have been inferred from infrared and electronic
spectral data.

Introduction

Metal complexes of tetradentate Schiff bases can
act as polydentate ligands through the oxygen atoms.
This capability has usually been associated with d-
transition metal jons [1]. By contrast few data have
been reported on the behaviour of lanthanide(III)
cations [2, 3].

In this paper we report on the synthesis and
properties of polynuclear complexes of N,N"I,3-
propylen-bis(salicylideniminato)nickel(II) and N,N'-
" 1,3-propylen-bis(salicytideniminato)copper(il) as
ligands with lanthanide(Il) nitrates, thiocyanates,
chlorides and perchlorates.
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Experimental

N,N'-1, 3 - propylen - bis(salicylideniminato) nickel-
(1) (NiPTSB) and N,N'-1,3-propylen-bis(salicyliden-
iminato)copper(II) (CuPTSB) were prepared follow-
ing procedures already described [4].

Bi- and trinuclear complexes of lanthanide(III)
nitrates, thiocyanates, chlorides and perchlorates with
NiPTSB and CuPTSB ligands were obtained by
mixing and stirring 1.0 mmol of the appropriate
cation in 10 ml of anhydrous ethanol with 2.5
mmoles of the ligand in 20 ml of the same solvent.
Microcrystalline products rapidly formed. They were
filtered off, washed with anhydrous ethanol and
dried under vacuum at room temperature.

Infrared and electronic spectra, molar conduc-
tivity, thermal analysis and magnetic susceptibility
measurements were carried out following procedures
described previously [5, 6].

Results and Discussion

The reaction of NiPTSB and CuPTSB with lantha-
nide(IIl) cations leads to formation of microcrystal-
line products that, on the basis of their elemental
and thermal analysis, molar conductivity and infrared
spectra can be formulated as Ln(L),X3°mH,0, where
L = NiPTSB, CuPTSB; X = NQ3, NCS, Cl, Cl04; n =
1, 2; m = 0—4. Analytical data, molar conductivity
and temperatures of thermal decomposition are col-
lected in Tables I and II. The complexes are
moderately soluble in acetonitrile, alcohols and nitro-
methane and are decomposed by water. Molar
conductivity values indicate that the nitrate and thio-
cyanate complexes are non-electrolytes. Chloride
complexes behave in acetonitrile—ethanol mixture
(1:1) as 1:1 electrolytes. Values obtained for the per-
chlorate complexes in acetonitrile are too small to
be simply attributed to ion association and suggest
contribution of coordinative effects. Molecules of
water are present both in the inner and outer coordi-
nation spheres of all thiocyanates and of chloride
complexes of lighter cations. Dehydration of these
complexes in fact occurs through two consecutive
endothermic processes between 70 and 160 °C. For
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TABLE I. Analytical Data, Electrolytic Conductivity and Temperature of Thermal Decomposition of Lanthanide Bi- and Tri-
nuclear Complexes with NiPTSB (NiPTSB = N,N'-1,3-propylen-bis(salicylideniminato)nickel(1I)). In parenthesis the calcd. values.

b

Compounds Ln %N %Ln %Ligand® AM Decomp.
temp. °C
Ln(NiPTSB), (NO3)3 La 9.65(9.77) 13.67(13.85) 67.43(67.60) 19 230
(Ln = La—Sm) Nd 9.61(9.72) 14.20(14.30) 67.18(67.25) 21 240
Ln(NiPTSB)(NO3 )3 :2H,; O Eu 9.77(9.82) 21.22(21.31) 47.29(47.55) 1S 215
(Ln = Eu-Lu) Tb 9.61(9.73) 21.95(22.07) 46.92(47.09) 16 220
Yb 9.35(9.54) 23.41(23.57) 46.05(46.18) 12 220
Ln(NiPTSB); (NCS); - 3H; O La 9.18(9.38) 13.07(13.29) 64.29(64.87) 27 250
(Ln = La—Dy) Nd 9.21(9.33) 13.25(13.73) 64.27(64.54) 31 250
Tb 9.02(9.20) 14.65(14.92) 63.29(63.65) 25 260
Ln(NiPTSB),(NCS);+4H,0 Ho 8.89(9.00) 15.02(15.14) 62.10(62.25) 28 258
(Ln = Ho—-Lu) Tm 8.67(8.97) 15.25(15.45) 61.88(62.02) 18 260
Ln(NiPTSB), (C104)3-4H,0 La 4.08(4.33) 10.41(10.73) 52.32(52.41) 225 280°
(Ln = La~Lu) Eu 4.11(4.29) 11.39(11.63) 51.67(51.89) 255 290°
Er 4.00(4.24) 12.23(12.65) 51.07(51.29) 280 290°
Ln(NiPTSB),Cl3-4H,0 La 5.22(5.63) 13.68(13.95) 67.98(68.12) 75 280
(Ln = La—Sm) Nd 5.41(5.60) 14.29(14.41) 67.53(67.76) 70 260
Ln(NiPTSB),Cl3-2H,0 Eu 5.49(5.76) 15.45(15.63) 69.61(69.73) 60 260
(Ln = Eu-Lu) Yb 5.31(5.64) 17.27(17.42) 68.05(68.25) 60 270

2NiPTSB was detected by gravimetric determination.
sition.

Pohm™! cm? mole ™} ;¢ =2-4-1072 M;25 + 0.1 °C. “Violent decompo-

TABLE II. Analytical Data, Electrolytic Conductivity and Temperature of Thermal Decomposition of Lanthanide Trinuclear
Complexes with CuPTSB (CuPTSB = N,N'-1,3-propylen-bis(salicylideniminato)copper(II)). In parentheses the calcd. values.

Compounds Ln %N %Ln %Ligand?® AMb Decomp.
temp. °C
Ln(CuPTSB);(Cl04)3-4H,0 La 4.15(4.30) 10.31(10.66) 52.35(52.77) 235 285°
(Ln = La—Lu) Nd 4.09(4.28) 10.87(11.02) 52.29(52.55) 270 290°¢
Gd 4.05(4.24) 11.77(11.90) 51.88(52.03) 2685 290°¢
Tm 4.01(4.20) 12.48(12.67) 51.39(51.58) 295 300°¢
Ln(CuPTSB), (NCS);*3H, 0 La 9.05(9.29) 13.07(13.17) 65.10(65.20) 31 240
(Ln = La—Dy) Pr 9.15(9.28) 13.21(13.33) 64.88(65.07) 25 250
Eu 8.91(9.07) 13.95(14.06) 63.52(63.63) 28 250
Ln(CuPTSB),(NCS);:4H,0 Ho 8.62(8.92) 13.58(13.83) 62.28(62.58) 20 245
(Ln = Ho—Lu) Yb 8.53(8.86) 15.51(15.63) 62.02(62.13) 30 250
#CuPTSB was determined by copper volumetric titration. POhm™! cm? mole™} ;= 2-4-10° M, 25+ 0.1°C. ©Violent

decomposition.

the other chloride and nitrate complexes a single
dehydration process occurs between 110 and 160 °C.
This behaviour is typical of coordinated water mole-
cules.

IR Spectra

The strong band at 1615 ¢cm ™' in the spectra of
both ligands is attributed to overlapping of C=N
stretching and aromatic ring modes. Upon complexa-

tion with lanthanide(IlI) cations this band shifts
to higher frequencies and shows three components
which peak at 1635, 1620 and 1600 cm™'. The
relatively high intensity of the component at 1635
em™! is typical of the C=N stretching vibration.

The attribution of the phenolic C—O stretching
mode is a debated question. It has been associated
with a band at 1540 ¢cm™! or at 1340 cm™. Sinn
et al. [1] suggested the 1540 cm™" frequency because
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TABLE III. Electronic Spectra of Lanthanide(III) Complexes with NiPTSB and CuPTSB (frequency values in kK; in parentheses
the extinction coefficient values). f—f bands are not reported.

Complex Acetonitrile? Solid
NiPTSB 20.41(370); 16.95(64) 20.20; 16.13sh
La(NiPTSB),(NCS)3+3H,0 17.86(55);15.27(24); 12.82(13); 17.61;14.71;12.99; 9.81sh

Nd(NiPTSB), (NCS); - 3H,0
Ho(NiPTSB), (NCS);+3H,0
La(NiPTSB),Cl;-4H,0
Nd(NiPTSB),Cl;3 - 2H,0
Er(NiPTSB),Cl3-2H,0
La(NiPTSB), (NO3)3
Nd(NiPTSB)(NO3);3+2H,0
Er(NiPTSB)(NO3)3-2H,0
Eu(NiPTSB), (ClO4)3 -4H,0
Ho(NiPTSB); (C104)3-4H,0

CuPTSB

La(CuPTSB), (NCS)3+3H,0

Nd(CuPTSB), (NCS);3H,0
Ho(CuPTSB), (NCS)3 - 3H,0
Nd(CuPTSB),(Cl0O4)3-4H,0
Ho(CuPTSB), (Cl04)3 -4H,0

9.52sh; 8.20(49); 7.69sh
17.61(69);14.71(18);12.05(11);
10.00sh; 8.33(58); 7.69sh
17.02(57);14.28(22); 12.05(9);
9.71sh; 8.13(43); 7.69sh
18.18(49);14.71(18);12.99(10);
8.33(41)*
18.03(47);14.62(15);12.99(13);
8.20(38)*

17.86(51);14.62(28); 12.84(14);
9.81sh; 8.00(45)
17.86(52);14.62(37);12.84(20);
9.70sh; 8.13(41); 7.69sh
17.74(43);14.71(28);12.99(9);
9.70sh; 8.00(43)*
17.74(37);15.27(21); 12.99(12);
9.50sh; 8.00(44); 7.49sh
18.18(35);14.62(19); 12.05(8);
9.09sh; 8.31(28)*

17.70(48); 14.25(27); 12.84(12);
10.00sh; 8.13(41); 7.69sh
16.50(85)

16.26(56); 9.09(11)

16.13(58); 9.25(8)
16.13(63); 9.25(9)
16.0049)
16.00(53)

8.31%°
17.61;14.50;12.84; 8.20%;
7.69sh
17.74;14.25;12.05;10.00sh
8.00; 7.69sh

17.86;12.99; 8.00*

17.74;12.05;8.33; 7.14
17.02;12.84;10.00sh; 7.94
17.86;13.33; 9.09; 7.69sh
17.74;12.99; 8.33; 7.14sh
17.02;12.99;8.13; 7.45sh
17.70;14.25;12.84; 8.00*
17.70; 14.25;12.50. 8.00*

17.05;15.63sh

16 80

190V

16.50; 9.25
16.13;9.25
16.26
16.26

2The chloride complexes in acetonitrile—ethanol mixture (1:1). *Broad. bParamagnetic.

of the shift to higher frequencies observed upon com-
plexation as the result of an increased constraint.
In the present case, however, the polynucleation of
ligand with lanthanide(III) cations causes the compo-
site band centered at 1340 cm™’ to shift drastically
to lower frequencies (40—-30 c¢m '). This result sug-
gests the assignment of the band at 1340 cm ! to
the C—O stretching mode. This assignment, entirely
in accord with previous assignments [7, 8], is consis-
tent with the drainage of electron density from the
oxygen atoms due to polynucleation.

In the CsBr region the spectra do not show bands
up to 250 ¢m ! that can be reasonably assigned to
Ln—O stretching vibrations.

In the regions of the anion absorptions, the spec-
tra of the complexes with lanthanide(lIl) nitrates
show bands at 1480, 1310, 1035, 812 and 745 cm™!
assigned to the vy, vq, v,, v3 and vs modes of coordi-
nated nitrato groups (C,, symmetry). Their biden-
tate character is indicated by the large splitting (30—
40 cm ™) of the combination bands v, + vs and v,
+vgat 1770 and 1730 cm ™! [9].

The IR spectra of the present perchlorate
complexes  suggest that both  coordinated
and uncoordinated perchlorate groups act in
the complexes. The spectra show bands at 1150,
1110, 1060 and 935 cm ' due respectively to
the v,, vg, vg and v, vibrations of the perchlorate
group having C,, symmetry and strong bands
at 1095 and 625 cm™! due to the v; and v,
modes of the perchlorate group having Ty sym-
metry.

A strong band associated with the C=N stretch-
ing vibration appears in the region up to 2000
em™ ! of the spectra of the lanthanide(IIl) thio-
cyanate complexes. This band is largely split
into three or four peaks between 2130 and 2050
cm ! in the spectra of the complexes with NiPTSB
(Fig. 1). The splitting probably arises from inequiv-
alence of the three thiocyanate groups because
of anion bridging interactions. Bands around 2050

cm™! are in fact typical of N-coordination while

S-coordination is characterized by bands around

2120 cm™ [10].
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Fig. 1. Infrared spectra in the region of the C=N stretching
vibration: ( ) Nd(NiPTSB),(NCS)3-3H,0; (-—-)
Nd(CuPTS8B), (NCS)3-3H,0.
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Electronic Spectra

The electronic spectra of NiPTSB and CuPTSB
have been previously studied and interpreted in
terms of nearly planar environments around the metal
ions slightly distorted towards tetrahedral geometries
[1,4].

The lanthanide(IlI) complexes with CuPTSB
are green and indefinitely stable in air. Their reflec-
tance spectra, apart from f—f bands, are compa-
rable one to another and consist of an unique,

2.2
log e

1.8

1.4}
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though asymmetric band around 16500 cm™!
(Table III and Fig. 2). In acetonitrile and nitro-
methane solutions this band becomes more sym-
metrical and shifts to lower frequencies. A much
weaker band appears in some spectra around 9000
cm™'. These spectra are similar to those reported
for the complexes of the same ligand with lantha-
nide(IIT) nitrates and described in terms of an
increasing distortion of the nearly planar copper(Il)
environment towards tetrahedral geometry [2].
However, in several cases the exhibition of an unique
band of relatively low intensity is consistent with
rather symmetrical structures. In consideration
both of the well-known tendency of the copper(Il)
ion to expand its coordination sphere and of the
existing ambiguity in the assignment of a certain
geometry based only upon electronic data [11], the
spectra of the present complexes may also represent
apical expansion through cation-solvent or anion
bridging interactions towards distorted octahedrons.

Polynuclear  complexes of NiPTSB  with
lanthanides are brown or green-brown in the solid
state, but tend to acquire a green colour in aceto-
nitrile and nitromethane solutions.

Apart from f-f bands, the reflectance spectra
of the complexes with lanthanide(II) nitrates,
chlorides and perchlorates are similar one to another
and consist of a relatively strong ligand field band
between 19,000 and 17,000 cm™. A much weaker
and largely asymmetric band lies in the NIR region
while additional bands of lower intensity appear
between 15,000 and 12,000 cm™*. The region up
to 22,000 cm™* is, unfortunately, obscured by strong
charge-transfer bands. These spectral patterns can
be associated with square planar environments with
pronounced tetrahedral distortions, In acetonitrile
and nitromethane solutions a new weak band appears

20 15

o

cm-1.70-3

Fig. 2. Electronic spectra: (——) La(CuPTSB),(NCS)3-3H,0 in acetonitrile; (— — —) La(NiPTSB), (NO3)3, reflectance spec-
trum (arbitrary scale of absorbance); (—--—) La(NiPTSB), (NQ3); in acetonitrile.
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Fig. 3. Electronic spectra: (— ——) La(NiPTSB),(NCS)3+:3H,0, reflectance spectrum (arbitrary scale of absorbance); (—-.-)

La(NiPTSB), (NCS)3 «3H, O in acetonitrile.

at around 15,000 cm™' while the intensity of the
bands around 18,000 and 13,000 cm™! decreases
and that of the band around 9,000 cm™ increases
(Table Il and Fig. 2). These features can be con-
nected with an expansion of the coordination sphere
of the nickel(II) ion(s).

The reflectance spectra of NiPTSB with lantha-
nide(IlI) thiocyanates are characterized, in addition
to the absorption around 18,000 cm™, by a relati-
vely intense and largely asymmetric band in the
NIR region. One or two weak bands appear between
16,000 and 12,000 cm™. In reality, these spectra
resemble those reported for pseudo-tetrahedral
nickel(Il) complexes [12]. In this case the band
appearing in the 15,000—12,000 cm™' region
should be assigned to spin-forbidden transition
from the free ion 'D state. Tetrahedral structures are,
however, scarcely represented when compared with
square planar and octahedral structures. Moreover,
it is worth noting that polynucleation of this ligand
with d-transition metal ions [1] or of similar ligands
with lanthanide(III) ions [6] does not affect apprec-
iably the ligation geometry of the adjacent metal
ion. It is thus reasonable to interpret these spectra
in terms of structures higher than tetracoordinated
attained, possibly, by anion bridging interactions.
The frequencies of the ligand field bands agree
with the energy level diagram of high-spin
nickel(II) complexes in a square pyramidal struc-
ture [13]. The lanthanum(Ill) complex is para-
magnetic; however, since both tetrahedral and square
pyramidal (high-spin) structures involve paramag-
netism, magnetic susceptibility measurements con-

cerning either the spin-paired or the spin-free lanth-
anide(IIl) cations are inconclusive about the geome-
try of these complexes.

In any case the spectra of the complexes in aceto-
nitrile and nitromethane solutions suggest expansion
of the coordination sphere of the nickel(II) ion(s)

(Fig. 3).
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