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Powder e.s.r. spectra are reported for manganese- At the simplest level, the zero-field splitting for 
(II) ions doped into cis-Mg(dibenzoylmethane)2- a trans-complex is expected to be double that for an 
(dimethylformamide)2 and Mg(hexafluoroacetyl- analogous cis-complex and opposite in sign. However, 
acetone)z(H20)3, and zero field splitting parameters a recent single-crystal e.p.r. study [I] of trans-Mg- 
D and X (= E/D) are den’ved. In each case D is nega- (Mn)(acac)2(H20)2 showed the D-tensor to be 
tive, and considerably smaller than in trans-Mg(acetyl- strongly rhombic, and it is clear that simplistic inter- 
acetone)Z(H20)Z. The rhombicity is also lower in pretations are of no value. Moreover, with powder 
the cis-complexes, and it seems that a ‘stereochemical spectra it is not always possible to determine the sign 
criterion based on these parameters may be possible. of the splitting. 

Introduction 

Adducts of metal P-ketoenolates, M”(diketone)2- 
L2, where L is a monodentate ligand, may have either 
cis- or trans-stereochemistry, several examples of each 
being known. In principle, the two configurations 
may be distinguished by vibrational spectroscopy, 
but with such complicated ligands this technique is 
fraught with difficulty. 

As part of our investigations into the use of 
manganese(H) as a stereochemical probe for com- 
plexes of group(H) metal ions, we considered it 
worthwhile to assess whether the powder e.s.r. 
spectra of manganese-doped complexes can be used 
to distinguish cis- from trans-stereochemistry. 

We report here a study of manganese(H) in cis- 
Mg(dbm)2(dimethylformamide)2 (where dbm = 
dibenzoylmethane) and in Mg(hfac)s(HsO)s (hfac = 
hexafluoroacetylacetone) of unknown configuration. 
Attempts to prepare the corresponding dihydrate 
were unsuccessful, but the infrared spectrum of the 
trihydrate showed no “unbonded” C=O groups, a 
single sharp band being observed in the u(C=O) 
region. 

Experimental 

Mg(Mn)(dbmh@MF)2 was prepared by the 
method of Hollander et al. [2] using 1 mol percent 
manganese chloride with the magnesium salt. Anal. 
Found: C, 70.7;H, 5.8;N,4.7. Calc.: C, 70.1;H, 5.9; 
N, 4.5%. 

TABLE I. E.s.I. Spectra (mT) of Mg(Mn)(dbm)z(DMF)z; a, b, d and e Transitions. 

Observed 

Y = 35.740 GHz v = 9.531 GHz 

Calculated for D = -0.022 cm-‘, k = 0.13 

B B 
(Q-band) (X-band) 

Axis, 
levels 

1183 w 246 w 1183 246.4 a, 
1212 ms 277 ms 1212 276.6 
1233 

eY 

s 1230 293.3 bz 

305 s 306.6 dY 
1306 371.0 a, 

371 s 1309 371.4 1318 
1324 

by s 
387.4 

1341 
dz 

ms 404 ms 1343 406.9 
1369 

aY 
w 434 w 1371 434.8 e, 

-.-- _-__-_- 





Mn(II) Diketonates 

TABLE IV. Zero Field Splitting Parameters for Mn” in some Chelated MO6 Environments. 
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Host D (cm-‘) A Ref. 

PWbmMDMFh 1 
Mg(hfac)2*3H# 

[Mg(a=)2(Hz%l 

[Zn@A&(H20)2 1 
Zn(OAc)z l 3H20 

Cd(OAc)2*3H20 

-0.022 f 0.001 0.13 f 0.01 This work 

-0.038 f 0.001 0.18 f 0.01 This work 

+0.060 0.29 1 

+0.023 0.10 8 

0.024 0.11 10 

+0.032 0.10 11 

the components was too severe to permit detailed 
analysis. 

Discussion 

The zero-field splitting parameters for the com- 
plexes are compared in Table IV with results for 
other Mn06 chelated complexes. As expected, the D 
value for cis-Mg(Mn)(dbm),@MF), is much smaller 
than that for trans-Mg(Mn)(acac)2(H20)2. The fine 
structure parameters for the cis complex are 
remarkably close to the values observed [8] in cis 
octahedral Zn(OAc)2(H20)2 despite the much higher 
angular distortion of the coordination polyhedron in 
the acetate where the angles O-M-O range between 
61” and 103” [93. Both these complexes, crystallize 
in space group C2/c, with Z = 4, and the molecules 
are required to have C2 symmetry; the two-fold axis 
coincides for the parameters listed in ref. 8, with 
D, (and presumably g,) in Zn(Mn)(OAc)2(H20)z. 
For the latter complex, D and E as given in ref. 8 are 
of opposite sign and are evidently not referred to a 
‘proper’ coordinate axis system. We note, however, 
that simple interchange of x and y, giving the orienta- 
tion of Fig. 1, reverses the sign of E leaving D 
unchanged; this is the proper system of axes in which, 
for this complex, D and E are both positive. The para- 
meters [IO] of Zn(Mn)(OAc)2*3H20 (Table IV) are 
so similar to those of the dihydrate as to suggest 
identical molecular structures for the complexes, 
and that of the cadmium complex [ 1 l] is probably 
similar. 

As the axial zfs in Mg(Mn)(hfac)z*3H20 lies 
within the range of values given by the MO6 chromo- 
phores of Table IV, it is likely that two of the water 
molecules are coordinated to give basically octa- 
hedral microsymmetry at the metal ion. D is substan- 
tially lower than in truns-Mg(Mn)(acac)2(H20)2, 
however, and X lies in the intermediate region of the 
range of values (O-0.33) available to this parameter 
in a proper coordinate system. The similarity with 
Mg(Mn)(dbm)2@MF)2 and Zn(Mn)(OAc)s(H20)2 is 
evident, and strongly indicates a cis arrangement of 
ligands in Mg(hfac)2*3Hs0. The negative sign for D 

Dx 

A 

OY 

Fig. 1. Presumed orientation of the D-tensor in c&-M&B2 
complexes. 

in Mg(Mn)(hfac)2*3H20 is then readily explicable 
on the basis of the same axis system as in Fig. 1, since 
the Mg-OH2 bond length (which is 2.15 A in Mg 
(acac)2(H20)2) is expected to exceed Mg-hfac (2.06 
in Mg(hfac);) by -0.1 A; this is also the probable 
reason for the larger D compared with Mg(Mn) 
(dbm)2@MF)2 in which Mg-dbm = 2.056 and Mg- 
DMF = 2.095 [2], On present evidence, therefore, it 
appears that in this class of molecules with C2 sym- 
metry a positive value of D is associated with elonga- 
tion in the zdirection, and vice versa; unfortunately, 
no theoretical prediction of the sign of D in this sym- 
metry is available for comparison with the experi- 
mental results. 

The value of X also appears to be consistently 
smaller in the &compounds than in trans.Mg(Mn)- 
(acac)2(H20)2. This is in accord with the suggestion 
[l] that the strongly rhombic zero-field-splitting 
of the trans compound is due to the charge accumula- 
tion along the x-axis (see Fig. 3 of ref. 1) that results 
from metal-ligand d,-p, overlap. In the cis-com- 
plexes the n-interactions are not localised along one 
axis, and the x and y directions should have a more 
similar electron distribution. 

At a more general level, this work shows that even 
for D values as low as 0.02 cm-‘, an accurate evalua- 
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tion of the zero field splitting parameters is possible 
from powder spectra. At this low value of D, no spin- 
forbidden bands were present to complicate the inter- 
pretation. However with D of 0.038 cm-’ (i.e., D/hv 
about 0.1 at X-band) such spin-forbidden transitions 
occurred with intensity comparable with that of the 
outermost spin-allowed transitions. It seems, there- 
fore, that the possibility of such transitions should 
always be borne in mind when interpreting powder 
spectra. 
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