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smaller contact shifts for hydrogen must result from 
smaller values for |̂ Aco>|2- There are two effects which 
could produce smaller values for 1^(0)!2 for hydrogen: 
(1) a larger coefficient in the unpaired electron wave 
function for the 2s orbital of the heavy element than for 
the Is orbital of hydrogen, (2) the larger value of 
|^(0)|2 for the 2s atomic orbital of 13C, 14N, and 17O 
than for the Is atomic orbital of 1H. The first effect 
will certainly dominate whenever the nucleus being 
examined is the donor atom, since the wave function of 
the unpaired electron on the metal will mix pre
dominantly with the ligand lone pair orbital which will 
have a large contribution from the donor atom. This 
probably accounts for the apparent contact shift ob
served for 14N in Eu(dpm)3(py)2.63 The second effect 
is probably responsible for the generally larger 13C con
tact shifts because even if the 1H and 13C s orbital co
efficients are comparable, as they often are, the larger 
values of |i^(0)|2 for the 13C 2s atomic orbital will tend 
to make the contact shift larger for 13C. It has been 
pointed out6566 that values of |^(0)|2 for valence s 

Schiff base complexes of nickel(II) are of particular 
interest because of the variety of spatial configura

tions and multiplicities of the ground state, and a 
number of studies on these complexes have been re
ported.1-6 However, the interpretation of spectra, 
especially of the strong absorption bands, is insufficient 
and left unsettled. The usefulness of MCD in as
signing the nature of electronic transitions has been ex
tensively demonstrated.7-10 In this paper, we report 
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orbitals increase as the atomic number increases. 
Therefore there is good reason to believe that proton 
shifts will be largely free from contamination by a 
Fermi contact contribution but that this may not be 
true for heavier nuclei.67 
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the MCD spectra of some complexes of nickel(II) with 
Schiff bases in "noncoordinating" solvent, chloroform, 
and in "coordinating" solvent, pyridine. The sign and 
magnitude of MCD will help considerably in assigning 
the transitions and in interpreting the electronic struc
ture. 

Experimental Section 
The following compounds used in this study were prepared and 

recrystallized according to previously reported procedures: bis-
(salicylaldimine)nickel(II),'' bis(salicylaldoxime)nickel(H),'2 bis-
(iV-methylsalicylaldimine)nickel(Il),'3 bisCA^-phenylsalicylaldimine)-
nickel(II),14 bis(Ar-o-tolylsalicylaldimine)nickel(Il),14 bistA'-m-tolyl-
salicylaldimine)nickel(II),14 bis(A'-p-tolylsalicylaldimine)nickel-
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Abstract: Magnetic circular dichroism (MCD) data of bis(R-N-salicylaldimine)nickel(n) complexes (R = H, OH, 
Me, Ph, o-tolyl, m-tolyl, p-tolyl) and bis(salicylaldehyde)ethylenediiminenickel(II) in chloroform and pyridine 
solutions are presented and analyzed. The MCD of an allowed transition 3A2g -»• 3Tm of the paramagnetic and 
octahedral bispyridine adduct shows the negative sign of [0]M at ca. 26,000 cm-1. The MCD of the high-intensity 
bands of Ni(Sal-7V-(o)Tol)2 in chloroform, which is diamagnetic planar, shows a negative A term pattern at ca. 
29,500 cm-1 and a positive B term pattern at ca. 23,000 cm-1. On the basis of the analysis on the sign and magni
tude of the MCD, the band at ca. 29,500 cm-1 is assigned to the transition 1Ag -* 1BU(CT5X),

 1Bn^a,y):eu(a) -*• big-
(d,,!-;.̂  and the band at ca. 23,000 cm-1 is assigned to the transition 1Ag ->• LAu(ir*,z):sLle(d^) -+a2a(ir*,z). 
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Figure 1. MCD and absorption spectra of bis(JV-o-tolylsalicyl-
aldimine)nickel(II) in chloroform and pyridine at room temperature. 
[0]M is molar elipticity (defined as in natural optical activity in 
degree deciliter decimeter-1 mole"1) per gauss in the direction of the 
light beam, e is the molar extinction coefficient. The magnitudes 
in the region 5000-20,000 cm"1 are shown on the right for chloro
form solution and on the left for pyridine solution. 
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Figure 4. MCD and absorption spectra of bis(JV-/n-tolylsalicyl-
aldimine)nickel(II) and bis(JV-/>-tolylsalicylaldimine)nickel(II). 
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Figure 5. MCD and absorption spectra of bis(salicylaldebyde)-
nickel(II) and bis(JV-phenylsalicylaldirnine)nickel(II). 
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Figure 2. MCD and absorption spectra of bis(JV-methylsalicyl-
aldimine)nickel(II). The magnitudes of <• in the region 5000-
20,000 cm -1 are shown on the right for chloroform solution and on 
the left for pyridine solution. 
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Figure 3. MCD and absorption spectra of bis(salicylaldoxime)-
nickel(II). The magnitudes of [0]M and e in the region 5000-
20,000 cm -1 are shown on the right for chloroform solution and on 
the left for pyridine solution. 

(II),14 and bis(salicylaldehyde)ethylenediiminenickel(II).16 These 
are abbreviated hereafter as Ni(SaI-JV-H)2, Ni(SaI-JV-OH)2, 
Ni(SaI-JV-Me)2, Ni(SaI-JV-Ph)4, Ni(Sal-JV-(o)Tol)2, Ni(SaI-JV-Cm)-
ToI)2, Ni(Sal-/V-(p)Tol)2, and Ni(Sal2en). The absorption and 
MCD spectra of these compounds in solvents, pyridine and chloro
form, were measured at room temperature in a manner described 
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Figure 6. MCD and absorption spectra of bis(salicylaldehyde)-
ethylenediiminenickel(II). 

previously. 16I17 These results together with the corresponding ab
sorption spectra measured on a JASCO J-10 spectrometer are dis
played in Figures 1-6. Because of our instrumental restriction, we 
could not measure the MCD spectra in the frequency region lower 
than 12,500 cm"1. The MCD data should be accurate to better 
than ±20% since the signal-to-noise ratio was not so favorable in 
these spectra. 

Discussion 

Some Schiff base complexes of nickel(II), which are 
diamagnetic in the solid state, were observed to be para
magnetic in pyridine solution.18 It has been estab
lished that the paramagnetism results from the reaction 

(16) H. Kato, MoI. Phys., 24, 81 (1972). 
(17) H. Kato, /. Chem. Phys., 59, 1732 (1973). 
(18) J. B. Willis and D. P. Mellor, J. Amer. Chem. Soc, 69, 1237 

(1947). 
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of the diamagnetic complex with two molecules of 
pyridine to form an octahedral bispyridine adduct.219 

The absorption spectra of Ni(Sal-TV-(o)Tol)2 and Ni-
(SaKZV-Me)2 show two d-d bands of the nickel(II) ion at 
around 10,000 and 17,000 cm -1 , which suggests that the 
nickel atom is octahedrally coordinated. The ob
served MCD spectra (Figures 1 and 2) for the band at 
ca. 17,000 cm - 1 are similar to the MCD spectra of the 
transition 3A28(F) -*• 3 TI 8 (F ) observed in some octa
hedrally coordinated nickel(II) complexes;20 the sign of 
[0]M is negative, and the minimum point of the MCD 
spectrum is red shifted in comparison with the peak of 
the corresponding absorption band. The magnitude 
of [d]u is also in good agreement. This allows us to 
assign the band at ca. 17,000 cm - 1 to the transition 
3A28(F) -* 3T18(F). The band at around 10,000 cm- ' 
corresponds to the transition 3A28(F) -»• 3T28(F). The 
MCD of the high-intensity band at ca. 26,000 cm - 1 

shows the negative sign of [0]M, and the minimum point 
of the MCD is at the same frequency with the peak of 
the corresponding absorption band. The character
istic property will be available to distinguish the para
magnetic octahedral species from the diamagnetic 
planar or the paramagnetic tetrahedral species. This 
high-intensity band is an allowed transition 3A28 -*• 
3TJ11, but the character is not clear and a satisfactory 
answer must await further investigation. 

It is now well established that bis(R-TV-salicylaldi-
mine)nickel(II) complexes (R = n-alkyl and aryl 
groups) become partially paramagnetic in inert solvents 
as a result of molecular association.41421 The spectra 
of the paramagnetic solutions of these complexes pre
sent bands at 10,000, 12,800, and 16,300 cm"1 which are 
considered characteristic of the octahedral structure 
achieved by intermolecular association.22 It was dem
onstrated that Ni(SaI-N-(O)ToI)2 is weakly paramag
netic in inert solution14 and that the diamagnetic and 
monomeric species are dominant. No characteristic 
band of the paramagnetic associated species is found in 
the absorption spectra (Figure 1). The absorption 
spectra in chloroform were measured at a concentration 
of 2 X 1O-2 M for low-intensity bands in the region 
5000-20,000 cm -1 . The paramagnetic associated 
species decrease with dilution. Therefore, the ob
served MCD and absorption spectra of high-intensity 
bands, which were measured at a concentration of 1 X 
1O-4 M, are essentially those of the planar, diamagnetic 
monomer. The MCD and absorption spectra of Ni-
(SaI-N-Me)2 and Ni(SaI-TV-OH)2 (Figures 2 and 3) are 
very similar to that of Ni(SaI-TV-(O)ToI)2 (Figure 1), and 
these complexes are supposed to be nearly identical in 
configurational and electronic structure. The concen
tration dependence of molar susceptibility of Ni(SaI-TV-
Me)2 in chloroform21 also supports that almost all 
molecules of Ni(SaI-TV-Me)2 are diamagnetic planar in 
the chloroform solution as dilute as 10 -4 M. At this 
concentration, the MCD and absorption spectra of the 
high-intensity bands were measured. 

It has been shown by the analysis of the polarized 

(19) H. C. Clark and A. L, Odell, / . Chem. Soc, 3431, 3435 (1955); 520 
(1956). 

(20) M. J. Harding, S. F. Mason, D. J. Robbins, and A. J. Thomson, 
J. Chem. Soc. A, 3047, 3058 (1971). 

(21) R. H. Holm, / . Amer. Chem. Soc, 83,4683 (1961). 
(22) L. Sacconi and M. Ciampolini, J. Amer. Chem. Soc, 85, 1750 

(1963). 

single-crystal absorption spectra23 of Ni(SaI-TV-Me)2 

that the band at 16,500 cm - 1 is assigned to the transi
tion 1A8 -*• 1BIgCd^ -*• d^-,,0 and that the shoulder at 
19,600 cm - 1 is assigned to the transition 1A8 -*- 1B38-
(dzv -*• dz>_„). Therefore, the bands of Ni(SaI-TV-
(O)ToI)2, Ni(SaI-TV-Me)2, and Ni(SaI-TV-OH)2 in chloro
form at ca. 16,000 cm - 1 are assigned to the transition 
1A8 -* 1B18Cd1,, -*• d ^ O . T h e s i g n o f [0]M at ca. 
16,000 cm - 1 is negative, and the minimum point of the 
MCD is at the same frequency with the peak of the 
corresponding absorption band. This character is 
different from that of the MCD of the transition 3A28 -*• 
3T18(F) observed in paramagnetic octahedral species in 
pyridine solution. 

On the other hand, the studies on the assignment of the 
high-intensity bands have not been so many. Bosnich24 

proposed an assignment of the absorption spectrum of 
Ni(SaI-TV-Me)2 complex dissolved in methanol solution. 
The spectrum is markedly similar to the spectrum ob
served in pyridine solution. This fact suggests the 
formation of an octahedral bismethanol adduct.19 

Thus, methanol acts as "a coordinating solvent" 
rather than "a noncoordinating solvent" to Ni(SaI-TV-
Me)2 and this molecule is in equilibrium of predom
inantly paramagnetic form 

Ni(SaI-/V-Me)2 + 2MeOH Z£± Ni(SaI-W-Me)2(MeOH)2 

diamagnetic paramagnetic 

Therefore, the assignment of high-intensity bands pro
posed by Bosnich24 is not appropriate because the 
ground state was assumed to be diamagnetic. As we 
have shown above, the MCD and absorption spectra of 
high-intensity bands of Ni(SaI-TV-Me)2 and Ni(SaI-TV-
(o)Tol)2 in chloroform were measured in small concen
tration, and the results may be interpreted as due to the 
diamagnetic planar species. The observed MCD 
spectra show a characteristic sign of [0]M) and this fact 
will give us useful information for the spectroscopic 
assignment of the transitions. 

In order to extract more useful information, it is 
necessary to interpret the experimental MCD spectra 
from theoretical grounds. The ground state of the 
Ni(SaI-TV-Me)2 molecule, which has been proved to 
have a trans structure with C2n symmetry26 and to be 
diamagnetic in chloroform, is 1A8. The allowed 
transitions are 1A8 -»- 1Au(Z), 1A8 -*• 1Bn(X), and 1A8 -»• 
1BuOO (where x, y, and z in the parentheses are the di
rection of polarization of each transition). In the pres
ent case, since the ground state and the excited states 
are nondegenerate, only the B term is possible. The B 
term arises from the mixing by the magnetic field of 
each ground and excited state, to which transition 
occurs, with all other states connected by a magnetic 
transition dipole. The magnitude of the contribution 
to a B term is inversely proportional to the energy 
difference of the states which are mixed. The doubly 
degenerate state 1En(X,)?) in a Din field splits into 1Bu(X) 
and 1Bu(^) in a C2„ field. The local symmetry about 
the nickel(II) ions of four-coordinated trans-planar 
complexes will not be reduced much from D4n sym
metry and the energy separation between the states 
1BuOc) and 1BuOO will be small, and these states are ex-

(23) J. Ferguson, J. Chem.Phys., 34,611 (1961). 
(24) B. Bosnich, J. Amer. Chem. Soc, 90,627(1968). 
(25) E. Frasson, C. Panattoni, and L. Sacconi, / . Phvs. Chem., 63, 

1908(1959). 
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Figure 7. Geometry and coordinate system for the a- and 7r-
molecular orbitals OfNiN2O2. 

pected to be contiguous to each other. As the two 
states are close in energy, the B term for the transition 
to one of the states should arise principally from the 
mixing of the other neighboring state. 

Let us now calculate the largest contribution to the 
B term, which arises from the mixing of only one level 
closest to the excited state. Then, [0JM for each transi
tion is approximately given by 

[B(1A, - * 1B11(X))JM = 

-(72Ay2/^c)(V3)/m{(iBu(x)|M,| 1BuOOX 1AjP,! 1Bn(X)) X 

(1BuOOlP,! 1A8)ZSE(1Bu(J) - 1Bu(X))S (1) 

[0(1A8-* 1BU(J))JM = - [ 0 ( 1 A 8 ^ 1B14(X))JM (2) 

[0(1A6 -* 1AU(Z))JM = -(12Nf2IhC) X 

(V3)ZwI(1Au(Z)J^! 1BU(X))(1A8)P,! 1AU(Z)) X 

(1Bu(X)JP1I
1A8V^(1Bu(X) - 1Au(^)) -

(1Au(Z)IzX,! 1Bu(J))(1A8JP21
1Au(Z))/ "QuO0|P,| 1A8)/ 

5E(1Bu^y) - 1Au(Z))I (3) 

where N, P5 n, and / are defined in ref 16. 
In order to predict the absolute sign of [0JM for each 

transition, it is necessary to evaluate the matrix elements 
in eq 1-3. The structure of the diamagnetic Ni(SaI-N-
Me)2 molecule has been determined by X-ray methods.26 

The Ni-O and Ni-N bond lengths are 1.80 and 1.90 A, 
respectively. The O-Ni-N -angle is 96°. In setting 
up molecular orbitals for the ligand, let us consider 
only four atoms which are bounded directly to the 
central Ni(II) ion. We assume the geometry and the 
orbital coordinate as shown in Figure 7. The follow
ing types of the charge transfer can occur in general: 
the metal to ligand transitions (M -* L) 1A8 -* 1Bu 
(ir*,x):e8(d«) ->• a2u(Tr*,z)5

 1A8 -* 1Bu(Tr*,j):e8(dj,,) -* 
a2u(7r*,z), 1A8 -* 1Au(Tr*,z):ai8(d2

2) -* a2u(7r*,z); the 
ligand to metal transitions (L -* M) 1A8 -* 1Bu(O- or 
7r,x):eu(<7 or TT,X)-* big(da:»_2«)» 1A8 -* 1Bu(Cr or 7r,j):eu 

(a or TT,j) ~* big(d.,>_,.)> 1A8 -» 1Au(Tr5Z)Ib2U(Tr1Z) -* 
b i ^ d ^ O , where eu(o,x) = (Cr1 - <r3)/\/2L eu(o, j ) = 

((T2 — c r 4 ) / V 2 , _ e u ( x , x ) = (TT2h - T T 4 h ) / \ / 2 , e u ( 7 T , j ) = 

(irih — 7r3h)/V/2, b2u(Tr,z) = (7Tiv — 7r2v + TT3V — 7r4T)/2, 
and a2u(7r*,z) = (TT*IT + ir*3v)/\/2. For the 3d orbital 
of the Ni atom, we use the one obtained by Clementi 
and Raimondi.26 For the 2p orbitals of oxygen and 
nitrogen, we use Slater orbitals. Then, the magnitude 

(26) E. Clementi and D. L. Raimondi, J. Chem. Phys., 38, 2686 
(1963). 

of [B]-Hi for each possible transition is given by 

[0(1A15-*
 1BU(T^X))JM = 

- ( 0 . 0 8 W B u ( T r V ) - 1BU(TT*,X)))/2 (4) 

[0(1A8-* 1Bu(Tr* ,j))JM = 

(0.08/0^(1Bu(Tr*,j) - 1Bu(TrV))V2 (5) 

['0(1A8-*
 1Au(Tr* ,Z))JM = 

-(0.27/5£(1BU(TT*,X) - 1Au(Tr*^)) + 

0.09/OS(1Bu(TrV) - 1Au(TrV)))/ (6) 

[0(1A8-* 1BU(CT5X))JM = 

( 1 . 2 9 / S S ( 1 B U ( ^ J ) - 1Bu(Cr5X)))/, (7) 

[0(1A8 - * 1BU((T5J))]M = 

-(1.29/SE(1Bu(Cr5J) - 1Bu(^x)))/, (8) 

[0(1A8 - * 1BU(TT5X))JM = 

-(0.18 X 10-VoS(1Bu(TT5J) - 1Bu(Tr5X)))/ (9) 

[0(1A8 -* 1BU(TT5J))JM = 

(0.18 X 10-V^(1Bu(TT5J) - 1Bu(TT5X)))/ (10) 

[0(1A8-* 1AU(TT5Z))JM = 
-(0.35 X 10-VSS(1Bu(Tr1X) - 1Au(TT5Z)) + 

0.04 X 10-VSS(1Bu(TT5J) - 1Au(Tr5Z)))/ (11) 

in units of 72 X 10~4 N^e^A^/c. SEQ - a) repre
sents the energy difference; the energy of state j minus 
the energy of state a. 

These results, i.e., eq 4 and 5, 7 and 8, and 9 and 10, 
predict that the MCD spectra of the transitions, 1A8 -*-
1Bu(X) and 1A8 -* 1Bu(J)5 which are close in energy, are 
equal in magnitude and opposite in sign. This corre
sponds to the fact that the A term is dominant in the 
transition 1A8 -* 1En in Dih symmetry. In fact, the 
MCD of Ni(CN)4

2- shows a positive A term pattern 
corresponding to the absorption band at 37,200 cm -1, 
and it is assigned to the transition 1A8 -* 1Eu(dIZ5 dvz -* 
T*̂ _27,28 Kobayashi and Daszkiewicz29 also observed 
the same pattern of MCD at 35,500 cm - 1 in the study 
on nickel(II) complexes with 1,4,8,11-tetraazacyclo-
tetradecane derivatives, and assigned it to the transition 
1A8 -* 1Eu(dIZ, dj,2 -* TT*). Equations 4 and 5 and 9 
and 10 show that the MCD spectra of the transition 
1A8 -* 1Bu(TrV)5

 1Bu(Tr*5y):eg(dX25d„2) -* a2u(Tr*,z) and 
1A8 -* 1Bu(TT5X), 1Bu(TT5J)IeU(Tr) -* big(dxj_».) are ex
pected to show a positive A term pattern formed by 
overlapping B terms. The MCD of Ni(SaI-N-(O)ToI)2 

in chloroform shows an A term pattern corresponding 
to the absorption band at ca. 29,500 cm -1. However, 
the observed MCD shows a negative A term pattern. 
Equations 7 and 8 show that the MCD of the transitions 
1A8 -* 1Bu(Cr5X)5

 1Bu(Cr5J)IeU(O-) -* b i ^ d ^ O is ex
pected to show a negative A term pattern. Therefore, 
we assign the band at ca. 29,500 cm - 1 to the transition 
1A8 -* 1Bu(O5X), 1Bu(O5J)ICu(O) -* b j ^ d ^ O . It 
should be noted that the sign of the A term pattern 
formed by overlapping B terms does not depend on the 
order of transition energies of 1A8 -* 1Bu(X) and 1A8 —* 

(27) P. J. Stephens, A. J. McCaffery, and P. N. Schatz, Inorg. Chem., 
7,1923(1968). 

(28) S. B. Piepho, P. N. Schatz, and A. J. McCaffery, J. Amer. Chem. 
Soc, 91, 5994 (1969). 

(29) H. Kobavashi and B. K. Daszkiewicz, Bull. Chem. Soc. Jap., 45, 
2485(1972). 
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1B11(J), as is easily found from eq 4 and 5, 7 and 8, and 
9 and 10. As the result, we cannot decide the order of 
energy of the transitions 1A8 -»- 1Bu(O-,*) and xAg -+ 
1BuKJ). 

Equations 6 and 11 show that the MCD spectra of 
the transitions, 1A8 -*• ^ ( T T * ^ ) and 1A6 -*• 1Au(Tr1Z), 
are expected to show a positive B term pattern. Since 
the sign of the MCD of these two transitions is in ac
cord with the observed MCD corresponding to the ab
sorption band at ca. 23,000 cm -1 , we cannot assign the 
band only from the sign of MCD. However, judging 
from the magnitude of the calculated [0]M, it seems to be 
plausible to assign the band as the transition 1A8 -+• 
1A11(Tr*,z):aig(ds2) -»• a2u(Tr*,z). This assignment is con
sistent with the assignment of the lowest energy al
lowed transition observed in Ni(CN)4

2-. The reason 
why the second allowed transition of Ni(SaI-JV-(O)ToI)2 

is different from that of Ni(CN)4
2- will be explained as 

follows. The a-orbital eu(<r) in Ni(Sal-N-(o)Tol)2 is 
essentially nonbonding and the orbital energy of the <r-
ligand orbital is higher than that of the 7r-ligand or
bital. As the result, the molecular orbital energy level 
scheme is different from that proposed by Gray and 
Ballhausen,30 and it seems that the transition 1A8 -*• 
1Bu(C,*), 1Bu(CT5J) is observed at the lower energy region 
than the transition 1A8-*- 1Bu(Tr*,*), 1Bu(Tr* ,j). 

The MCD and absorption spectra of Ni(SaI-N-Me)2 

and Ni(SaI-N-OH)2 are very similar to that of Ni(SaI-N-
(o)Tol)2. It is therefore reasonable to extend the as
signment proposed for Ni(Sal-N-(o)Tol)2 to Ni(SaI-N-
Me)2 and Ni(SaI-N-OH)2. The bands at 31,000 and 
33,000 cm-1 of Ni(SaI-N-Me)2 and Ni(SaI-N-OH)2, re
spectively, which show a negative A term pattern of 
MCD, are assigned to the transition 1A8 -*• 1Bu(O-,*), 
1Bv(O5J). The bands at 24,000 and 26,000 cm"1 of 
Ni(SaI-N-Me)2 and Ni(SaI-N-OH)2, respectively, which 
show a positive B term pattern of MCD, are assigned to 
the transition 1A8 -*• 1Au(Tr*,z). In the same way, we 
can extend the assignment to the other compounds by 
using the characteric signs of [0]M. 

It has been found that upon alteration of the R sub-
stituent in bis(R-N-salicylaldimine)nickel(II) complexes, 
as R = o-tolyl, phenyl, p-tolyl, and m-tolyl, large in
creases in the solution paramagnetism in inert solvents 
are produced.14 However, any essential change was 
not observed in the MCD spectra of the high-intensity 
bands in chloroform solution (Figures 1, 4, and 5). 
Inspection of the solution magnetic data14 has revealed 
that all these complexes except o-tolyl complex are 

(30) H. B. Gray and C. J. Ballhausen, J. Amer. Chem. Soc, 85, 260 
(1963). 

strongly paramagnetic in solution. However, the mea
surement was done at high concentrations (>1 X 1O-2 

M). On the other hand, the measurement of the MCD 
and absorption spectra of high intensity bands was 
done at 1 X 1O-4 M. It seems that the molecular asso
ciation is deduced in such a dilute solution and the 
MCD spectra show the situation. Of these complexes, 
the MCD and absorption spectrum of Ni(Sal-N-(m)-
ToI)2 is a little different from the others. The absorp
tion band of the chloroform solution at ca. 25,000 cm - 1 

is in accord with the absorption band of the pyridine 
solution, and the corresponding MCD spectra also sug
gest the coexistence of considerable paramagnetic 
species with diamagnetic species in chloroform solu
tion. 

The MCD and absorption spectra in pyridine solu
tions of Ni(SaI-N-H)2 and Ni(Sal2en) (Figures 5 and 6) 
are different from those of the other compounds which 
are found to be completely paramagnetic in pyridine. 
The spectrum of Ni(SaI-N-H)2 in pyridine is of the form 
expected for equilibrium between diamagnetic and 
paramagnetic forms. According to the analysis of the 
MCD spectra discussed above, an absorption band at 
23,500 cm - 1 is assigned to 1A8 -*• 1Au(Tr^z), and the ab
sorption bands at 29,000 and 31,000 cm - 1 are assigned 
1A8 -»• 1Bu(O,*), 1Bu(O1J), which are ascribed to the 
presence of a diamagnetic form. On the other hand, an 
absorption band at 26,000 cm - 1 is assigned to the al
lowed transition 3A2g -*• 3T2u, which is ascribed to the 
presence of a paramagnetic and octahedral bispyridine 
adduct. The structure of Ni(Sal2en) can only be 
tetrahedral or cis planar because of the steric con
straint of the ethylene bridge between chelating ni
trogen atoms.31 We cannot observe any absorption 
band in the 6000-7000 cm - 1 region which is character
istic of the tetrahedral nickel(II) complexes,22 and the 
structure will be cis planar. This compound is known 
to be diamagnetic in the solid state and also in pyridine 
solution. The spectrum in pyridine is very similar to 
that in chloroform. The signs and the magnitudes of 
the MCD of Ni(Sal2en) are very similar to those of the 
other diamagnetic trans-planar complexes. Therefore 
it seems that the MCD of the compounds in the present 
paper is not sensitive to the local symmetry, such as cis 
or trans, and can be interpreted by the assumption that 
the effective field around the nickel(II) ion is approxi
mately of Dih symmetry. 
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