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The anomalous magnetic and spectroscopic behavior of a number of N-substituted Ni(II) salicylaldimine and aminotro
poneimine complexes in solution has been examined over a range of pressures. The susceptibility of the aminotropone
imineates is found to decrease with pressure, indicating that the planar, diamagnetic form of the complex has a smaller 
volume in solution than the tetrahedral form. The susceptibility of the salicylaldimine complexes, on the other hand, is 
found to increase with pressure indicating that the associated complexes are formed with a decrease in volume. For n 
alkyl but not sec~alkyl salicylaldimines the contribution of a planar-tetrahedral equilibrium to the pressure dependence is 
negligible. 

Introduction 
In recent years many coordination compounds have 

been shown to deviate, in the solid state. and in solu-

tion, from the Curie and Curie-Weiss laws for mag
netic susceptibility_ The mechanisms giving rise to 

these deviations may be divided into four main types. 
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One type occurs when the electron-pairing energy of 
a complex lies between the ligand field strengths of 
possible high-spin and low-spin forms and results in a 
high-spin :;:::= low-spin equilibrium which has been 
observed in a number of different systems. 1- 4 A 
second type arises from the antiferromagnetic inter
action between the unpaired electrons of two or more 
metal atoms in a complex.6,6 The last two mechanisms 
depend on the changes in ligand field energy when the 
conformation about the central atom changes, either 
by association of monomeric complex molecules or by 
reorientation of the ligands in a planar :;:::= tetrahedral 
conformational equilibrium. In the present paper we 
shall be concerned mainly with the effect of pressure 
on these last two mechanisms. Similar studies will 
be reported on the crossover and antiferroma!.'TIetic ., 
equilibria. 2,7 

In several series of complexes8 - 11 deviations from 
normal diamagnetic or paramagnetic behavior have 
been found to be the result of the coordination of the 
metal atom of one complex with donor atoms of other 
molecules in such a way that the metal atom achieves 
pseudo-octahedral coordination . Such association oc
curs, for example, in solutions of N -alkyl-substituted 
salicylaldimine8 ,.9 and ,B-diketone complexes of Ni(II). 
In some related compounds, such as the N -sec-alkyl
salicyla.ldimines,12-14 a tetrahedral (paramagnetic) :;:::= 
planar (diamagnetic) conformational equilibrium plays 
a major part in addition to the associative equilibrium. 
Where these two equilibria coexist, their pressure 
dependence and temperature dependence are opposite; 
a rise in temperature favors the planar, monomeric 
species compared with the associated species and also 
favors the tetrahedral species over the planar. (This 
is not necessarily true in all cases; e.g., in the t-butyl 
complex the planar form is the higher energy form.12-14) 
Increasingpressurehas, broadly speaking, the same effect 
as decreasing temperature. As a result their relative 
contributions can sometimes be sorted out, particu
larly with the assistance of other results, such as nmr 
contact shifts. 

It cannot be predicted a priori whether the associa
tive or the conformational equilibrium will be more 
important under various conditions of temperature 
and pressure, since the effect of pressure depends en
tirely on the relative volumes of the species which co
exist in solution. However the contributions of the 

(I) A. H . Ewald . R . L . Martin, 1. G . Ross, a nd A. H . White, Proc. R o:!. 
Soc . (London), A280, 235 (1964) . 

(2) A. H . Ewald , R . L . Martin , E. Sinn, and A. H . White, to be publish ed . 
(3) R . C. Stoufer, D. H . Busch, and W . B. H adley , J . Am. Ch"n. Soc. 83 

3732 (1961) . ' , 

(4) E. Konig and K . M adeja, Chetn. Com",u1I., 61 (1966). 
(5) J . B. Goodenough , " Magnetism and the Chemical Bond ," John Wiley 

and Sons, Inc., New York, N. Y ., 1963. 
(6) M . Kato, H . B . Jonassen, and J . C . F anning, Ch"n. Rev., 6', 99 (1964). 
(7) A. H . Ewald and E . Sinn , to be published. 
(8) R . H . Holm. J . Am. Chem. Soc., 8S, 4683 (1961) . 
(9) R . H . Holm and K . Swaminatha n , 1norg. Chem .• 1 , 599 (1962) . 
(10) J . P . Fackler, Jr., and F . A . Cotton , J. Am. Chern. S oc. 8S 3775 

(1961) . ' , 

(J 1) M . Nicolini , C . Pecile, and A. Turco , i bid., 87, 2379 (1965). 
(12) R. H . Holm and K . Swamina than, i norg. Chem .. 2, 181 (1963) . 
(13) L . Sacconi , P . Paoletti, and M . Ciampolini, J . Am. Chem . Soc 85 

411 (1963). . , , 

(H ) l-. :')acC(>ni , N . Ciampolini, and N. N !lrdi , i/>id., 86, 819 (1964) . 

PRESSURE IN COORDINATION CHEMISTRY 41 

two equilibria can be separated by analogy arguments 
if one examines related systems for which it is known 
that only one of the equilibria plays a part. 
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Some Ni(II) aminotroponeimineates (i) form solu
tions with anomalous magnetic properties which have 
been shown]6 to result entirely from planar :;:::= tetra
hedral equilibria. Pressure measurements on such 
solutions have shown (Figure 1) a decrease in suscepti
bility with increasing pressure; this indicates that the 
equilibrium is shifted toward the planar, diamagnetic 
form . Solutions of nickel(II) N-n-alkylsalicylaldimine 
(ii) , on the other hand, show paramagnetism at atmos
pheric pressure which increases with increasing pres
sure. If the initial paramagnetism is due in part to 
the presence of some tetrahedral molecules, their 
concentration, by analogy with the aminotropone
imineates, will be reduced by an increase in pressure. 
Thus the n-alkyl salicylaldimines form a group in which 
only the associative equilibrium has any significant 
effect on the magnetic properties. Because of the 
important bearing of the measurements on the amino
troponeimineates on the interpretation of the studies 
made on salicylaldimines, the results for the two groups 
are presented together. 

Pyridine Adducts.-Solutions of many planar Ni(II) 
complexes can become paramagnetic by forming ad
ducts with strongly coordinating solvents such as 
pyridine. Probably all four-coordinated salicylaldi
mines combine with pyridine to some extent; most 
form stable bispyridine adducts16~ ]7 but some, such as 
the parent bis(salicylaldimine)nickel(II), 17 bis(o-phenyl
enediiminosalicylaldehyde) nickel (II) , and bis(3,4-di
iminotoluenesalicylaldehyde)nickel(II), are not fully 
paramagnetic even in pyridine solution. This results 
from an equilibrium between the planar complexes and 
their octahedral pyridine adducts. The effects of 
temperature and pressure on this equilibrium are 
qualitatively the same as those on the associative 
equilibrium discussed above. 

Experimental Section 
A Gouy method was used for the magnetic measurements (cf. 

ref 1). A beryllium- copper (Berylco 25) sample tube, with a 
moving piston carrying a Bridgman seal, was used to contain the 
compressed samples in solution or suspension. Water,I8 ben
zene,18 nickel chloride solution,18 and cesium tetrachlorocobaltate 
solution19 were used for the magnetic calibrations. Pressures 
inside the tube were calibrated as in ref 1 by observing the known 
phase transitions of carbon tetrachloride, benzene, and bromo-
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