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the unit cell volume of the tellurium scheelites is larger 
than that of the molybdenum scheelites, suggesting a 
larger ionic size of TeG+ than MoG+. From chemical 
analysis evidence which yields stoichiometric formulas, 

325 

320 

31 5 

ii3 

310 

305 

300 

1. 

“‘I 
I 

I 

/ T m  
Yb I I 
3 1.05 1.10 1.15 

r (ii) 
Figure 1.-Variation of the crystal volume in A.3 with the 

Goldschmidt ionic radius of the rare earth ion M in the formula 
Nao.6Mo.jMo04. The unit cell volume was calculated from the 
data published in ref. 5 except for Nao.6Pro.6M004 and Nao.6- 
Tmo.6MoOd, first reported in this note. 

i t  seems that the charge compensation in Sro.9Gdo.lMo0~ 
and Sro.9Euo.lMo04 is achieved through the presence of 
some lower valent molybdenum. However, more 
physical measurements would be needed to ascertain 
this assumption. Table I also reports the unit cell 
dimensions of Nao.sTmo,~MoO~, whose growth condi- 
tions were apparently different from the other scheelites 
with similar composition. In the composition diagram 
Naz0-GdzO3-MoO3 two fields are indicated5 to produce 
large crystals. One field requires a higher and the 
other a lower heating temperature. Apparently, the 
Tm scheelite seems to prefer the higher temperature 
composition rather than the lower temperature mixtures. 
Figure 1 represents the unit cell volume of the dif- 
ferent sodium rare earth scheelites vs. the empirical 
Goldschmidt radius of the rare earth ions. As expected 
one can see the volume contraction of the scheelite 
crystal with the increase of the atomic number of the 
rare earth ion. 
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Magnetic measurements have for some time been 
used to distinguish between the nickel ion in a tetra- 
hedral or in an octahedral environment. Octahedral 
nickel(I1) complexes generally have temperature- 
independent magnetic moments within the range 
2.9-3.3 B.M. ; tetrahedral derivatives, on the other 
hand, have magnetic moments, which are temperature 
dependent, within the range 3.34.0 R.M. a t  25’. 
Temperature range measurements are, however, rarely 
employed and single-temperature studies have been 
extensively used as a guide to the stereochemical 
environment of the nickel ion. 

It is the purpose of this note to point out the exist- 
ence of a class of tetragonal nickel complexes which 
have moments above 3.3 B.M. 

Six-coordinate nickel complexes of the form trans- 
NiAzXz, where A is an amine and X a halogen, com- 
monly have moments between 3.3 and 3.5 B.M. (Table 
I). The moments observed are not only outside the 
range generally associated with octahedral nickel 
derivatives, but are, in fact, higher than the theoretical 
maximum obtainable from the simple theory. 

Gill and Nyholm2 have calculated the magnetic 
moment values to be expected for the nickel ion in a 
variety of different circumstances (e.g., zero or infinite 
spin-orbit coupling, very weak or very strong crystal 
fields, etc.) Although the moment can rise as high as 
5.59 B.M. in the absence of an electrical field, they 
conclude that in an octahedral environment the mag- 
netic moment should be 3.1-3.2 B.M. 

Few temperature-range studies have as yet been 
carried out with the complexes listed in Table 1,3-10 but 
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TABLE I 
THE MAGNETIC MOMENTS OF SOME COMPLEXES Ni;12X2 
Complexa p , b  B.M. Ref. Complexa p , b  B.M. Ref. 

W P Y  )nClz 3.37 3 Xi(1Quin)zBrz 3 .42  8 

Xi( p-Pic)& 3.45 4 Si(SHs)2Br2 3 .29  9 
Ni(p-Pic)2Brz 3 . 2 5  4 Ni(CH3CK)2C12 3 .47  10 
Ni( y-Pic)*C12 3 . 3 5  4 Ni(CH3CN)2Br2 3 . 4 0  10 
Xi( r-Pic)2Brz 3 , 3 4  4 Ni(3-Etpy)zClz 3.3; 8 
Xi( Mp)ClzL 3 .42  5 Si (3-Et~y)~Br : !  3 . 4 0  8 
Ki( Mp)BrzC 3.37 5 Ni(aniline)&lz 3 .36  8 
Si(2,6-Dmp)~C1~ 3 .38  5 ??i(aniline)2Br2 3 .39  8 
S i ( 2 , 6 - D m ~ ) ~ B r ~  3 .32  5 Ni(m-Tol)zClz 3 .41  8 
Si(2,5-Dmp)C12C 3 . 4  5 Ni(m-Tol)zBrz 3 , 3 9  8 
Xi( Quin)zClz 3 . 4 1  6 N i ( p - T ~ l ) ~ C l ~  3 .43  8 
Xi( Qx)2C12 3.44 7 Ni(;b-Tol>zBrZ 3.42 8 

S i (  IQuin)zClz 3 , 4 0  8 

Ni(py)zBrz 3.35 4 Ni(S€I3)2C12 3 .35  9 

S i (  Qx)*Brz 3 . 4 3  7 

a py = pyridine; Pic = picoline; M p  = methylpyrazine; 
Dmp = dimethylpyrazine; Quin = quinoline; lQuin = iso- 
quinoline; Qx = quinoxaline; Etpy = ethylpyridine; To1 = 
toluidine. I i  The moments were measured in the range 15--26'. 

Bridging amine. 

there is some evidence1' that the magnetic moment, of 
some of the pyrazine complexes a t  least, actually 
increases slightly with decreasing temperature. This 
effectively precludes the possibility that the enhanced 
moments arise solely through a temperature-inde- 
pendent paramagnetic mechanism. The moments 
are independent of field strength, thus eliminating 
ferromagnetic phenomena. It appears, therefore, that 
the high moments may arise from a larger than normal 
orbital contribution, but a t  present there seems to be 
no reasonable mechanism to account for this. 

The magnetic moment of an octahedral nickel com- 
plex is given,l to a first approximation, by 

/.Le = (4S(S + 1 ) ) " Z  (1 - 2) 
where X is the spin-orbit coupling coefficient and AE 
is the energy difference between the ground state and 
the first excited state (1ODg). In addition, there is 
a temperature-independent term arising from the 
second-order Zeeman effect12 

8Npz 2.09 
AE AE 

- XTIP = ~ - __ 

The lowest value of AE likely to be experienced by the 
nickel ion in an octahedral environment is about 7000 
cm.-l as in CsNiBrs, which, assuming X = -2240 
crn.-l (or about 75y0 of the free-ion value), leads to a 
moment of 3.33 B.M. (anhydrous nickel bromide has 
a magnetic moment of 3.25 B.M.9 but is probably not 
magnetically dilute). Use of the free-ion value for X 
leads to a magnetic moment of 3.45 B.M., but this 
upper limit would never be reached due to the known 
tendency for X to be considerably reduced upon complex 
formation. Even if X is as high as 85y0 of the free- 
ion value, p = 3.39 B.M. (for AR = 7000 cm.-l), 

(11) A. B. P. Lever, J, Lewis, and R. S. Nyholm, unpublished observa- 
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which is below many of the values quoted in Table I 
obtained from complexes where the meall value of 
A E  is likely to be considerably above 7000 cni.-l. 
The practical limit for regular octahedral nickel de- 
rivatives may therefore be regarded as being about 
3.33 B.M. 

Although no X-ray analysis has been carried out on 
any of the compounds, Ni(py)zC12 is isomorphous3 with 
violet Co(py)zClz, which has been shown13 to have a 
polymeric six-coordinate structure involving chloride 
bridging and trans pyridine groups. The symmetry is 
C2h.  A similar structure is envisaged for all the com- 
pounds. 

The absorption spectrum in the visible region8 is 
typical for an octahedral nickel complex with a medium 
field ligand (10Dq 7800-8600 cm.-l), implying little 
splitting of the second and third excited states in the 
lower symmetry. There is some evidence, however, 
of broadening or splitting of the first electronic tran- 
sition in the near-infraredj7l1O indicating that the first 
excited state may be split appreciably. Such splitting 
might have been predicted to have given rise to a re- 
duction rather than an enhancement of the orbital 
contribution. 

Since most other nickel complexes of similar type, 
such as NiA4X2, have moments4, 5314 within the normal 
octahedral range, i t  is possible that the high moment 
arises in some manner as a result of the presence of 
s-orbitals on the halogen atoms. Interaction of these 
filled orbitals with nickel filled ds-orbitals could con- 
ceivably reduce the energy separation between the 
ground state (3B1,)15 and the first excited state to  
a value below 7000 cm.-'; there is some spectroscopic 
evidence that this does occur in the acetonitrile corn- 
plexes.1° However, this implies a mixing of the ligand 
and d electrons and will result in a loss of orbital 
angular momentum by an amount proportional to k ,  
the orbital delocalization factor.16 Such a mechanism 
therefore does not seem to be very useful unless k 
can be assumed to be near 1, which is unlikely. I t  is 
hoped that a possible mechanism will arise when de- 
tailed measurements have been made with these com- 
plexes over a temperature range. In  the meantime 
i t  is pertinent to point out the danger which exists in 
assigning a tetrahedral stereochemistry to nickel 
complexes with moments above 3.3 B.M. unless there 
is good alternative evidence to support such a con- 
clusion. l7 
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