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The title compound, which contains vanadyl oxo-brid- 
ges, has a magnetic moment of 1.78 BM at 295°K and 
obeys the Curie-Weiss law (0=-P) over the range 
95-295°K. The implications of this observation for 
possible mechanisms of spin-spin coupling in magne- 
tically anomalous oxovanadium(lV) compounds are 
discussed. 

Introduction 

The phenomenon of magnetic coupling in polynu- 
clear or chain polymeric metal complexes continues to 
attract attention,’ with the twin objectives of provid- 
ing more accurate quantitative parameters describing 
the extent of spin-spin interaction and of determining 
the mechanism of that interaction, i.e. superexchange 
or direct metal-metal bonding, or their relative contri- 
bution if both are possible. . One factor which all too 
frequently limits the interpretation of magnetically 
anomalous systems is the absence of complete struc- 
tural information. This is the situation for the various 
antiferromagnetic oxovanadium( IV) compounds which 
have been described?-’ The structures of these com- 
plexes have usually been inferred from their magne- 
tic properties, supplemented in some cases5 by mole- 
cular weight studies, and by analogy with the corre- 
sponding copper(I I) compounds. 

The majority of the magnetically anomalous oxo- 
vanadium(W) complexes reported so far have the stoi- 
chiometries [VO(TSB)HzO] or [VO(TSB)l where 
TSB is a tridentate Schiff base. These compounds 
have generally been regarded as being dimeric, al- 
though association between dimers has been suggest- 
ed in some cases.4*5 Zelentsov postulated’ that the 
antiferromagnetic coupling observed for these com- 
pounds had its origin in a g-bond between the metal 
ions. Subsequent workers4.’ have attributed the ex- 
change coupling to direct a-overlap between the 5d,, 
orbitals of the vanadium atoms in dimers of type I 
(with a water molecule occupying the sixth coordin- 
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ation position in the case of the hydrates). 

Vanadyl acetate also displays pronounced antiferro- 
magnetic coupling.6.’ In this case, however, the obser- 
vation6s7 of a V= 0 stretching band close to 900 cm-’ 
was taken as evidence for vanadyl oxygen bridges, and 
the application of both Heisenberg and Ising models 
to the experimental magnetic susceptibilities led to the 
suggestion of a chain structure, II, involving both 
v=o.. . . V and carboxylate bridges. In particular, 

it has been proposed6 that the exchange pathway in- 
volves the z-component of the spin but not the x- 
and y-components. This raises the question as to 
whether the bridging oxygen atoms are significantly 
involved in the spin-coupling process. Moreover, in- 
termolecular vanadium-vanadium ccinteractions, via 
the vanadyl oxygen atoms have also been cited’ as a 
possible cause of a higher J value in the oxovanadium 
(IV) complex with 5-nitro-N-(2-hydroxyphenyl)saIi- 
cylideneimine, as compared with closely-related com- 
plexes, by altering the relative effective charges of the 
vanadium atoms within each dimer. 

Recent X-ray work’ has shown that NN’-propylene- 
bis(salicylaldiminato)oxovanadium(IV), VO( salpn), 
contains vanadyl oxygen bridges and this provides a 
good example for checking the possibility of spin- 
coupling by this pathway. 

Results and Discussion 

Orange yellow VO(salpn) was obtained essentially 
as described by Pfeiffer et a1.,g but using vanadyl sul- 
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phate instead of vanadyl acetate. The V=O stret- 
ching frequency of 857 cm-’ for our sample is in good 
agreement with the literature’ value. The X-band 
e.p.r. spectrum of a polycrystalline sample at 1lPK 
showed a single, relatively sharp band at g= 1.964. 

The magnetic moment of the complex was found 
to be 1.78 BM at 295”K, and variable temperature stu- 
dies (Table I) showed that it obeyed the Curie-Weiss 
law over the range 95295°K with only a small Weiss 
constant (-7”). The magnetic susceptibilities were 
not field dependent. 

Table I. Temperature dependence of the magnetic suscep- 
tibilities of VO(Salpn) 

TW) 106x’, P&W = 

295 1325 1.78 
266 1460 1.77 
231 1560 1.76 
196 1990 1.77 
162 2310 1.73 
130 2910 1.75 
97 3890 1.75 

a Calc. from Curie law. 

The lack of significant spin coupling between the 
metal ions in this compound suggests that the unpair- 
ed electron on each vanadium atom is in the dx, orbi- 
tal, and that the vanadyl oxygen bridges provide little 
or no antiferromagnetic coupling due to intra-ionic 
exchange* via Q (Op,-Vd,z) or R. (Op,, p,-Vd,,, d,,) 
pathways. This fact and the observation’ that vanadyl 
sulphate, which also contains oxovanadium bridges,‘O 
has a normal magnetic moment at room temperature, 
imply that in vanadyl acetate the vanadyl oxygen atoms 
do not contribute significantly to the antiferromagnetic 
coupling. 

Bridging acetate groups could, however, provide a 
very effective pathway for the spin exchange by rr- 
overlap of the singly occupied dx, orbital of each va- 
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nadium atom with the n-symmetry molecular orbitals 
of the carboxylate groups. Intra-ionic exchange aris- 
ing from carboxylate-+vanadium x-bonding (n-+d,, 
and zn.b.+dxy) and also from mutual overlap of the 
half-filled dx, orbitals on each vanadium with empty 
x*-carboxylate orbitals would in each case lead to 
spin-coupling of antiferromagnetic sign. 

Experimental Section 

Preparations. NN’-Propylenebis-salicylaldimine. 
Concentrated ethanolic solutions of salicylaldehyde and 
propane-1,3-diamine (slight excess over 2: 1 molar ra- 
tio) were mixed at room temperature. On cooling 
the solution, yellow crystals of the Schiff’s base sepa- 
rated. The crystals were filtered, washed with small 
quantities of cold ethanol and dried in vacua. 

Anal. Found: C, 72.08; H, 6.52; N, 9.69. Calcd. 
C, 72.40; H, 6.38; N, 9.93%. 

NN’-Propylenebis~salicylaldiminato)oxovanadium 
(IV). The ligand (1.4 g, 5 mM) and hydrated vanadyl 
sulphate (Hopkins and Williams) (0.8 g, 5 mM) were 
warmed together in methanol (100 ml). The orange- 
yellow comp!ex precipitated as a fine powder. The 
complex was filtered off, washed with methanol and 
dried in vacua. Recrystallisation of the complex 
proved impossible due to its low solubility in most 
solvents. 

Anal. Found: C, 58.78; H, 4.72; N, 7.82. Calcd. 
C, 58.80; H, 4.61; N, 8.06%. 

Physical Measurements. The i.r. spectrum was ob- 
tained using a nujol mull and a Perkin Elmer Model 
257 instrument. The other measurements were car- 
ried out as described previously.” 
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