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The crystal and molecular structure of what shall be called the v form of tris(acetylacetonato)manganese(III) has been
determined by single-crystal X-ray diffraction techniques and refined (anisotropically for Mn, O, and C; isotropically for
H) by full-matrix least-squares techniques to R, = 0.045 and R, = 0.052. A total of 1997 independent diffractometer-recorded
(Nb-filtered Mo K& radiation and §-26 scans) reflections having 26y.xs < 60.4° and I > 30(J) were used. The v form
of Mn(acac); crystallizes in the uniquely determined centrosymmetric monoclinic space group P2,/r with four molecules
in a unit cell of dimensions @ = 7.786 (1) A, b = 27.975 (4) &, ¢ = 8.020 (1) A, and 8 = 100.34 (1)° (peueq = 1.361 g
em™, powa = 1.366 g cm™). The crystal contains discrete Mn(acac); molecules in which the three bidentate acetylacetonato
ligands each span an edge of a tetragonally elongated octahedron. This distortion of the coordination polyhedron is presumably
the result of Jahn—Teller effects for the high-spin d* Mn(III) atom. Whereas the coordination polyhedron closely approximates
D, symmetry, the whole molecule approximates its maximum possible symmetry of C,. Average lengths for the four “short”
and two “long” trans Mn-O bonds are 1.935 (3) and 2.111 (4) A, respectively. The averaged length for all six Mn-O
bonds is 1.994 (3) A: Differences in Mn-O bond lengths within two of the three chelate rings are responsible for small
but significant differences in the C~O and C~C bonds of these ligands. Bond lengths and angles within the third ligand

are symmetrical. The ligands are planar,

Introduction

This is the third in a series of papers dealing with the
coordination chemistry of high-spin manganese(IIT) complexes.
Previous papers!?5’ described the synthesis and characteri-
zation of Mn(III) complexes having the formulations Mn-
(acac)5(X) and Mn(acac),(X)(B) where acac is the acetyl-
acetonato dianion, X~ is a mononegative anionic ligand such
as N3, NCS, or ClI7, and B is a neutral Lewis base such as
methanol or pyridine. Solid-state structures have also been
reported for Mn(acac),(N;) and Mn(acac),(NCS).

Octahedral complexes of high-spin manganese(IIl) are
" expected to be susceptible to distortions® leading to deviations
from idealized O), symmetry either by a trigonal distortion or
by a tetragonal elongation or compression. However, the
solid-state structure reported® by Morosin and Brathovde in
1964 for 3-Mn(acac); revealed no such distortion. This rather
surprising result led to considerable speculation'® concerning
the nature of this unusual behavior for Mn(III). When
crystallographic structural analyses revealed highly distorted
octahedral coordination polyhedra for Mn(acac)(pati),,'!
Mn(acac),(N,),” Mn(trop)s,'? and Mn(acac),(NCS),! several
groups began questioning the correctness of the reported
solid-state structure for Mn(acac);. In addition to-crystals
for the 3 form of Mn(acac),, which were “reexamined” in this
laboratory'® as well as in Fackler’s,!* high-quality single
crystals of a third crystalline modification—the ¥ form of
Mn(acac),;—were studied crystallographically in this labo-
ratory. Since none of the ligands in the y-crystalline modi-
fication are disordered or possess unusually large anisotropic
thermal motion, it was possible to obtain a much more reliable
characterization of the distortion in the coordination poly-
hedron for y-Mn(acac); than for 3-Mn(acac);. The results
reported herein for y-Mn(acac);, when combined with those
for recent structure determinations (or redeterminations) for
B-Co(acac); 1 and 8-Mn(acac),,'>!4 leave little doubt that the
undistorted substance initially examined by Morosin and
Brathovde was actually 8-Co(acac); and not 8-Mn(acac),.

Experimental Section

Reagent grade tris(acetylacetonato)manganese(III), Mn(O,CsH,)s,
was obtained from the J. T. Baker Chemical Co. and recrystallized
from saturated (methanol or acetonitrile) solutions by slow solvent
evaporation at room temperature. In addition to the predominant
B-monoclinic crystalline form of Mn(acac),, both recrystallizations
yielded smaller quantities of a second mono¢linic form, 4-Mn(acac);.

Precession photographs used to determine the probable space group
and a preliminary set of lattice constants indicated monoclinic, 2/m,
symmetry. The observed systematically absent reflections were those
uniquely required by the centrosymmetric space group P2,/n (a special
setting of P2,/¢—C,,%, No. 14).18 This choice was fully supported by
the results of sensitive tests for piezoelectricity!” and by all stages of
the subsequent structure determination and refinement.

An approximately cube-shaped crystalline specimen 0.60 mm on
an edge was cut from a large single crystal and ground to a sphere
0.50 mm in diameter before being glued to the inner wall of a sealed
thin-walled glass capillary. The lattice constants obtained from this
specimen as previously described® by using 15 high-angle reflections
(26pokz > 20°) and Nb-filtered Mo K@ radiation (A 0.71069 A) on
a Syntex P1 Autodiffractometer at 20 £ 1 °C are a = 7.786 (1) A,
b=27.975(4) A, ¢ =8.020 (1) A, and 8 = 100.34 (1)°. A unit
cell with these dimensions containing four Mn(Q,CsH); molecules
has a calculated density of 1.361 g cm™, in excellent agreement with
an observed density of 1.366 g cm™3, measured by flotation in a
ZnBr,/H,0 solution.

Intensities were measured by using Nb-filtered Mo K& radiation
and the §-26 scanning technique with a normal-focus X-ray tube and
a 4° takeoff angle. For those reflections having 20k, < 55.0° a
scanning rate of 3°/min was employed for each scan between 28
settings 0.75° above and below the calculated Ko doublet values (Ag,,
0.709 26 A and Ag,; 0.713 54 A). A scanning rate of 2°/min was
used for the remaining reflections. Background counts, each lasting
for half the total scan time, were taken at both ends of the scan range
for all reflections. A total of 5126 independent reflections having
20poka < 60.4° (1.3 times the number of data in the limiting Cu K&
sphere) were measured in concentric shells of increasing 26 containing
approximately 2100 reflections each. Six judiciously chosen reflections,
measured every 200 reflections as a monitor for possible crystal
disalignment and/or deterioration, gave no indication of either.

The linear absorption coefficient!® of the crystal for Mo Ka radiation
is 0.83 mm™, yielding a ur of 0.21 for the spherical crystal used for
intensity measurements. Since the variation of absorption for a
spherical sample having ur = 0.21 is negligible,!® absorption corrections
were not made and the measured intensities were reduced to a set
of relative-squared amplitudes, |F,|?, by means of standard Lorentz
and polarization corrections.

Of the 5126 reflections examined, 3129 were eventually rejected
as objectively unobserved by applying the rejection criterion 7 < 3¢(J),
where o(J) is the standard deviation in the intensity computed from
o*(I) = (C, + k*B) where C, is the total scan count, & is the ratio
of scan time to total background time (in this case k = 1), and B is
the total background count.

The atomic coordinates of the manganese atom were readily derived
from a three-dimensional Patterson synthesis calculated with 1696
independent data having 26k, < 43° and I > ¢(I). Two cycles of
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full-matrix least-squares refinement of the structural parameters for
the manganese atom resulted in a conventional unweighted residual,
Ry = T ||F,| = |Fell/ Z|Fol, of 0.485 and a set of phases sufficiently
accurate to permit the location of the remaining nonhydrogen atoms
of the totally general-position asymmetric unit from a single-difference
Fourier synthesis. Unit-weighted full-matrix least-squares refinement
of the fractional atomic coordinates and isotropic thermal parameters
of the 22 crystallographically independent nonhydrogen atoms resulted
in R; = 0.082 and a conventional weighted residual, Ry = {3 w(|F,|
= |F )}/ SwIF 42, of 0.083. These and all subsequent structure factor
calculations employed the atomic form factors compiled by Cromer
and Mann® and an anomalous dispersion correction to the scattering
factor for the manganese atom.2!

Additional cycles of unit-weighted least-squares refinement em-
ploying anisotropic thermal parameters for all nonhydrogen atoms
gave R, = 0.062 and R, = 0.067 for 1696 independent reflections
having 20yeks < 43° and I > ¢(J).

At this point the 21 crystallographically independent hydrogen
atoms were located from a single difference Fourier synthesis. Two
cycles of full-matrix least-squares refinement of the atomic coordinates
for the 43 crystallographically independent atoms employing an-
isotropic thermal parameters for the nonhydrogen atoms and isotropic
thermal parameters for the hydrogen atoms (as were used in all
subsequent structure factor calculations) resulted in R, = 0,046 and
R, = 0.048 for 1696 independent reflections.

Additional cycles of unit-weighted full-matrix least-squares
minimization of the function S w(|F,| - K™!|F|)? (where X is the scale
factor and w is the weight assigned each reflection) using the more
complete data set with various values for the 7/¢(I) rejection criterion
converged to R, = 0.065 for 3246 reflections having I > ¢(I), R; =
0.060 for 2464 reflections having I > 2.0¢(J), and R, = 0.045 for
1997 reflections having I > 3.0¢(I). Empirical weights (w = 1/¢?)
were then calculated from

3
0=2a,IF," =1.08~9.51 X 10F, + 6.23 X 1075F,* -
0

7.01 X 1078F,2

with @, being coefficients derived from the least-squares fitting of the
curve

3
7, |- |E, )l =Xa, |F, I
4]

where the F, values were calculated from the fully refined model by
using unit weighting and an I > 3¢(J) rejection criterion. The final
cycles of full-matrix least-squares refinement utilized these weights
to give final values of 0.045 and 0.052 for R, and R,, respectively,
for the 1997 independent reflections®? having 28y,ks < 60.4° and I
> 3.0¢(I). During the final cycle of refinement, no parameter
(including those for the hydrogen atoms) shifted by more than 0.290,
with the average shift being 0.070,, where o, is the estimated standard
deviation of the parameter. Since a careful examination of the final
F,and F, values indicated the absence of extinction effects, extinction
corrections were not made. Differences in structural parameters
resulting from unit-weighted refinement cycles, using the various I/ o(/)
rejection criteria and those obtained from the final empirically weighted
refinement with an I > 3¢(J) rejection criteria, were insignificant.

The same computer programs as previously reported® were used
on an IBM 360/65 computer for the work.

Results and Discussion

The results of the structural analysis show that single
crystals of ~-tris(acetylacetonato)ymanganese(III), 1, are
composed of discrete mononuclear molecules. All atoms
occupy fourfold general positions: £(x, y, z) and £(!/, + x,
12—, /2 + z) of space group P2,/n.

Final coordinates and anisotropic thermal parameters for
all nonhydrogen atoms are listed in Tables I and II, respec-
tively. The refined positional and isotropic thermal parameters
of the hydrogen atoms are listed in Table III. A model seen
in perspective of the contents of the asymmetric unit specified
by the atomic coordinates given in Tables I and III is illus-
trated in Figure 1; all nonhydrogen atoms are represented by
ellipsoids having the shape, orientation, and relative size
consistent with the thermal parameters listed in Table II.

Stults, Marianelli, and Day

Table I. Atomic Coordinates in Crystalline v-Mn(0,C,H,),%

Fractional coordinates

Atom type? 104x 10%y 104z
Mn 1701 (D) 1096 (1) 3714 (1)
Og, 4319 (4) 1290 (1) 4646 (4)
(O 1010 (4) 1718 (1) 4444 (4)
Op, -957 4) 971 (1) 2719 (4)
Ob, 1960 4) 1362 (1) 1551 (4)
Oc, 2389 (5) 482 (1) 2945 (4)
Ocs 1499 (5) 828 (1) 5892 (4)
Cax 6791 (9) 1793 (3) 5324 (11)
Cas 4852 (7) 1711 (2) 4963 (6)
Cas 3750 (7) 2104 (2) 5032 (7)
Cas 1955 (1) 2090 (2) 4792 (6)
Cas 926 (10) 2537 (2) 4979 (12)
Co, -3712 (7) 1056 (2) 988 (9)
Cob, -1762 (6) 1130 (2) 1342 (7)
Cos -973 (7) 1373 (2) 153 (6)
Cohs 773 (1) 1470 (2) 298 (6)
Chs 1437 (8) 1717 (2) -1132 ()
Cer 3149 (10) -330(3) 2818 (10)
Cea 2609 (6) 94 (2) 3772 (7)
Ces 2374 (8) 44 (2) 5426 (7)
Cea 1853 (6) 401 (2) 6406 (6)
Ce: 1714 (10) 315 Q) 8224 (8)

¢ Figures in parentheses are the estimated standard deviations.
b Atoms labeled in agreement with Figures 1-3.

Figure 1. Model in perspective showing one v-Mn(O,CsH;); molecule.
All nonhydrogen atoms are represented by 50% probability ellipsoids
which reflect the refined anisotropic thermal parameters. Hydrogen
atoms are represented by arbitrarily small spheres which in no way
represent their true thermal motion. The pseudo-C, axis of the
molecule ideally passes through the Mn, C.,, and H ; atoms,

Hydrogen atoms are represented by arbitrarily small spheres
for purposes of clarity. The numbering scheme used to
designate atoms of a v-Mn(0O,CsH;), molecule is as follows.
Each symbol for a nonhydrogen atom of an acetylacetonato
ligand carries a literal subscript to identify the particular ligand
(a, b, or ¢) and a numerical subscript to distinguish between
atoms of the same element within the same ligand. Each
hydrogen atom carries the same two subscripts as the carbon
atom to which it is covalently bonded. In addition, methyl
hydrogen atoms carry a third (numerical) subscript to dis-
tinguish between hydrogens bonded to the same carbon atom,
All atoms of ligands a and b are labeled in agreement with
the pseudo-C, axis of the molecule which ideally passes through
the Mn, C; and H,; atoms.

Complexing bond lengths and angles are shown in Figures
2 and 3, respectively, and in addition to the polyhedral edge
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Table I,  Anisotropic Thermal Parameters in Crystalline y-Mn(0,C;H,);%

Anisotropic parameters, A?

Atom typeb B, B, By B, B B B A?
Mn 4.07 (3) 3.92(3) 3.88 (3) 0.00 (3) 0.80 (2) 0.31 (3) 3.94
Oa; 4.0 (2) 54 (2) . 5.1Q2) 0.3 (D) 0.5 (1) 0.2 (1) 4.8
0,, 3.7 (1) 4.0(2) 5.7(Q) ~0.1(1) 1.3 (1) 0.3(1) 4.3
Oy, 4.8 (2) 4.9 (2) 4.7 (2) -0.8 (1) 1.1(1) 0.8 (1) 4.7
Op, 4.0 (2) 6.0 (2) 4.4 (2) -0.3(1) 0.9 (1) 0.9 (1) 4.6
Oc, 6.4 (2) 4.4(2) 4.4 (2) 0.4 (1) 1.3 () ~0.3 (D) 4.9
Oc, 5.9 () 4.00Q2) 4.1(2) 0.3(1) 1.2 (1) 0.3 (1) 4.5
Ca 3.9 (3) 8.8 (5) 8.4 (5) -0.1(3) 0.3 (3) -0.2 (4) 6.7
Ca. 3.9() 6.5 (3) 3.7 -0.7 (2) 0.6 (2) 0.5 (2) 4.5
Cas 4.7 (3) 4.2 (2) 6.4 (3) -0.8 (2) 1.2 (2) 0.2 (2) 4.9
Cas 4.7 (2) 3.8(2) 4.7(2) -0.1(2) 1.32) 1.2 (2) 4.2
Cas 6.7 (4) 4.5 (3) 9.8 (5) 0.2(3) 3.04) 1.1 (3) 6.3
Cyp, 3.9(2) 5.6 (3) 7.1(3) ~0.6 (3) 1.0 (2) -0.3 (3) 5.3
Cob2 4.4(2) 3.0(2) 4.6 (2) 0.0 (2) 0.9 (2) -0.8 (2) 3.8
Chs 3.9(2) 4.6 (2) 4.0 (2) 0.3 (2) 0.5 (2) -0.8 (2) 4.2
Cha 4.9 (2) 2.8 (2) 3.8(2) 0.3 (2) 1.3(2) -0.2 (2) 3.7
Cys 6.2(3) 59 (3) 5.003) -0.1(3) 1.9 (2) 1.2(2) 5.4
Ce; 7.8(4) 5.4 4) 7.0 (4) 1.4 (3) 0.7 (3) -2.1(3) 6.3
Ce2 3.9(12) 4.7 (3) 5.203) 0.3(2) -0.1(2) -0.8 (2) 4.6

¢ 6.6 (3) 3.7(2) 5203 0.6 (2) 04 (2) 0.7 (2) 5.0
ca 4.2 (2) 4.2 (2) 4.3 (3) -0.5 (2) 04 (2) 0.5(2) 4.2
Ces 8.0(4) 53Q) 4.6 (3) -1.1(1) 1.1 (D 1.0Q1) 5.6

% Numbers in parentheses following each B;; value are the estimated standard deviations in the last significant figure. The B;; in A* is rela-

ted to the dimensionless §;; employed during refinement as By; = 48;;/a;*a;*.

¢ Isotropic thermal parameter calculated from B = 4[V? det(8;)]'"*.

Table III, Refined Parameters for Hydrogen Atoms in
Crystalline v-Mn(0,C,H,),%

Fractional coordinates

Atom

type? 103x 103y 103z B, A?
Hy,, 710 (11) 191 (3)  432(11) 10(2)
Hy,, 733(9)° 156 (2) 553 (9) 4(1)
Hais 712 (11) 206 (3) 620 (11) 9(2)
H,, © 423 (D) 242.(2) 524 (6) 3D
Hg.y 37 (10) 262 (3) 377 (10) 8(2)
Hass 156 (9) 275 (2) 515(9) 5(1)
Hass 29 (11) 251 (3) 594 (10) 8(2)
Hp,, —396 (9) 79 (2) 110 (9) 4(2)
Hy,, ~424 (10) 115 (3) -8(110) 7Q)
Hyp;s —-426 (13) 133 (3) 158 (13). 13 (3)
Hy, -166 (7) 147 (2) ~88 (7) 4 (1)
Hy,, 234 (9) 158 (2) -134 (10) 8(2)
Hyp,, 170(10) 203 (3)  -91(10)  8(2)
Hy,, 55(10) 171 (3) -218(10)  5(1)
He,, 230 (16) -51 (4) 215 (15 15 4)
Hc,, 342 (12) —60(3) 348 (11) 9(3)
Heys 389 (14) -24 (4) 215 (13) 12 (4)
He, 251(7) -24(2)  591(6) 3(1)
Heggy 100 (13) 63 (4) 874 (12) 12(3)
Hes, 277 (9 37 (2) 895 (9) 6(2)

Hess 149 (10) 503) 840 (9) 6(2)

@ Figures in parentheses are the estimated standard deviations.
b Atoms labeled in agreement with Figures 1-3. € Isotropic ther-
mal parameter.

lengths are given along with their estimated standard deviations
in Table IV. The approximate Dy, distortion of the octahedral
coordination polyhedron in y-Mn(acac), is similar to that
observed for Mn(acac),(N3) and Mn(acac),(NCS). There
are four short Mn-O bonds of average length 1.935 (3, 4, 7)
A? which describe a quasi-square that is oriented perpen-
dicular to the idealized fourfold axis and two long trans Mn—-Q
bonds (Mn-0,,; and Mn-O,,) of average length 2.111 (4, 2,
2) A2 which are nearly collinear with this axis. The qua-
si-square of coordinated oxygen atoms (O,3, Oy, Oy, and O,

are all coplanar with the manganese atom to within 0.01 X‘
The averaged value of 1.994 (3, 78, 118). A2? for the six
crystallographically independent Mn—~O bond lengths in y-
Mn(acac); is quite comparable to the 1,981 (8) A averaged
value for the six Mn-O bond lengths in 8-Mn(acac), de-

Atoms labeled in agreement with Table I and Figures 1-3.
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Figure 2. Diagram derived from the orRTEP drawing of Figure 1

showing selected bond lengths in the solid-state structure of ~-
Mn(02C5H7)3.

termined independently by Fackler and Avdeef!4 and in this
laboratory,!® but is considerably longer than the 1.872 (8, 10,
24) A average value originally reported by Morosin and
Brathovde® for 8-Mn(acac)s.

The 0.176-A difference between the averaged values for the
two “long” and four “short” Mn—-O bonds in y-Mn(acac),
agrees well with the tetragonal elongations of 0.19, 0.148, and
0.20 A observed for Mn—O or Mn~S bonds in tris(tropolo-
nato)manganese(III),!2 tris(dithiocarbamato)manganese(I1I),2
and (acetylacetonato)bis(N-phenylaminotroponiminato)-
manganese(IIT),!! respectively.

Although one cannot consider 1 as having rigorous Jahn-
Teller distortion since the molecule cannot possess full O,
symmetry, the observed tetragonal elongation is consistent with
the presence of this effect for a high-spin d* metal ion with
one 3d electron occupying each of the three o-nonbonding (d,,,
d,;, and d,;) metal orbitals and the fourth 3d electron oc-
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Table IV, Bond Distances, Polyhedral Edge Lengths, and Bond Angles Subtended at the Mn(II1) Atom in the Coordination Group of

Crystalline v-Mn(O,C,H,);¢

Typeb Length, A Typeb Length, A
Mn-O 2112 (@) . Op,-0 2.803 (5)
Mn-Op., 2100 (nf 2111 42,2 0, -Op 2.818 (5)
Mn-O,, 1942 (3) Oui0as? 2818 (5)( 28176 7. 14)
- i zz%§1-935 R
c1 . c1™VYer :
Mn-Og, 1,933 (3) Oc Oy, 2.701 (5)
e o
a1"vez ' a1"vb '
g 2'921(5)%2.909 s, 16, 32) +=Ob,
Ops-Our 2.923 (5)
Typeb Angle, deg Typeb Angle, deg
04, MnO,, 88.0 (1) Op,MnO,, 87.7 (1)
O MnOps 88.2 (1) ; 0,.MnOq, 90.2 (1)
Op,MnOp, 88.7 (1)( 881 (1,4 6) Op MnO. 90.9 (1)( 898 (1,10,21)
OpiMnO, . 87.5 (1) OpyMnO,. 90.3 (1)
0, MnOq. 92.1 (1)
O MnO 90.6 (1)
Op:MnOq. 92.4 (1)2 9191, 7,13)
Op.MnOes 92.5 (1)

@ Figures in parentheses are the estimated standard deviations. Entries in the table are grouped according to the idealized D, tetragonally
elongated octahedral geometry of the coordination polyhedron with Oy,, Mn, and Oy, lying on the fourfold axis or according to the pseudo-
C, symmetry for the entire molecule with Mn, C; and H¢, lying on the twofold axis. ® Atoms labeled in agreement with Tables 1-II and
Figures 1-3. © Average values. The first number in parentheses following each averaged value is the rms value of the estimated standard devi-
ation for an individual datum. The second and third numbers are the mean and maximum deviations from the averaged value, respectively.

d The “bite” of the ligand.

Table V. Bond Lengths within the Acetylacetonato Ligands in Crystalline y-Mn(O,C H.),®

Type? Length, A Type®? Length, &
0a:-Cos 1.258 (6] 1 754 (6. 5. 59¢ H,,,Ca, 0.94 (8)
Op~Crs 1,249 (6)f 1254 (6,5, 9) HyCor 0.77 (6)
Ous-Cav 1277 (0 HoCor 1.02 (8)

b —Cos 1273 (5) HoCo 1,02 (8)

Opi-Con 1266 (6y] 1272 &4 T) HooneCor 0.76 (7)
Our-Con 1.277 (5 o o 0.99 (8)
TE O e B
27 ~b3 . b1z 1 '
CorCor 1,377 (7) a=Chs 1.04 (10)
Cos-C 1371 (1374 :3,3) Hypi—Cos 085 (&) 0.92 (8, 8,23)
1.378 (7)) Hy o1—Ch, 0.90 (7)

cz\es 1. 52

Cer-Ce 1376 (795 13770 LD Hyoo-Cot 0.99 (6)
- 1.503 (8) Ho-C 0.92 (11)

al a

Chy~Cry 1.508 (1) HoonCo. 0.93 (8)

Cor-Cor 1512 (8) HoonC 0.89 (10)

CorCor 1,506 (8) | 506 ®:3,6) HooCor 1.15 (10)

Cos=Chos 1,508 (7) Hoo-Cor 0.93 (7)

Cor-Con 1.501 (8) Heo-Co 0.77 (7)
HooiCoo 0.95 (5)
Hyy-Cos 0.9 (5)}0.93 (5,2, 4)
Hey=Ces 0.89 (5)

@ Figures in parentheses are the estimated standard deviations of the individual measurements. Entries in the table are grouped according
to the idealized D,p, tetragonally elongated octahedral geometry of the coordination polyhedron with O,,, Mn, and Oy, lying on the fourfold
axis or according to the pseudo-C, symmetry for the entire molecule with Mn, Cg;, and H,, lying on the twofold axis. b Atoms labeled in
agreement with Tables I-III and Figures 1-3. € Average values. The first number in parentheses following each averaged value is the rms
value of the estimated standard deviation for an individual datum. The second and third numbers are the mean and maximum deviations

from the averaged value, respectively.

cupying the s-antibonding d,2 orbital (the z axis is collinear
with the idealized fourfold axis of the coordination polyhe-
dron).

Whereas the coordination polyhedron of y-Mn(acac),
closely approximates D,, symmetry, the whole molecule closely
approximates its maximum possible symmetry of C, with the
twofold axis ideally passing through Mn, C_, and H,;. Major
departures of the coordination polyhedron of 1 from Dy,
symmetry are primarily the result of constraints imposed by
the acac ligand “bite”. Although the “bites” for ligands a and
b are opened by 0.068 A relative to ligand ¢, they would need
to expand by yet another 0.041 A to a value of 2.864 A in
order to properly span the vertical edges of a D, tetragonally
elongated octahedral coordination polyhedron having lengths

of 1.935 and 2.111 A for the four “short” and two “long”
metal-ligand bonds, respectively. Oxygen atoms O,; and O,
are translated off the idealized fourfold axis in a direction
parallel to the approximate C, axis of the molecule toward the
0,0y, polyhedral edge. Even with this distortion, all bond
angles subtended at the Mn atom are within 2.5° of the
idealized 90° value and they are grouped into pairs.related
by the pseudo-C, axis. The short Mn—O bonds for oxygen
atoms O,,, Oy, O, and O, relative to those for O,; and Oy,
are responsible for the four short [average value of 2.737 (5,
18, 36) A] OO contacts within the quasi-square they de-
termine; all other O-.O contacts within the coordination
polyhedron are greater than the 2.80-A van der Waals di-
ameter of oxygen.?*
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Table VI. Bond Angles within the Acetylacetonato Ligands in Crystalline v-Mn(0,C,H,),°

Type? Angle, deg Type? Angle, deg
MnoO,,C 125.1 (3) 5 20 CazCa:Hais 107 (5)\
MnOgp, Chs 1254 83} 12536,2. CorClBas 114
MnO,,C 128, az-aiflais
MnOpyCos 1285 (3 1283 3, 2,2) CorCarHan, 103 (5)
MnOg,Ce, 127.8 (3)} 1276 (3, 2,2) CasCasHas, 108 (6)
s lme Coms e
04,Ca,C 117, b2Cb1 Hpyy
Ot CpCor 1163 (511171 6,6,6) Co2CoHpys 114 3
04,Ca.C 113.8 (5) Cb:Cb,Hp:s > 16.3.9
OpConsCos 1142 (39} 11406,2,) CoCoiHpn 112(s) ) 1116:3.9)
O¢,Ce,Ce; 115.5 (5)} 115.0 5, 5, 5) Cb.Co:Hp sz 113 (5)

cz-caves 114.5 (5) Cb4ChsHpss 1;8 (6)
on 1243 (9} 124265, e 114 6)

1~b2Vbs . ci~c2len
0,,Ca.C 125.7 (5) : Co,Co,H 111 (7
On oG 126.1 (1259 5,2,2) R 111 )
801Cczccs igi-; Eg; }1243 (5’ 1, 1) 8042053052 iig Eg;

c2Vcaven . calesflcsa
Ca1CasCas 118.3 (6) Ca2CasHas 120 (3)
CoCoCos 11972 (5) J 1188 (6.5,9) CorCarHoy 114 (3)
Aoy 1193 (5) }1202(5, 4,9 e s 3y 176,29
b3vbs“bs . 4~b3tlbs
120.3 (5) Co,Ce,H 119 (3)
civ~e C3 c2v¢c3tics
CorCarCor 121.3 (5) F1208(5,5,5) CorCorHon 116 (3)
Ca2CasCas 125.8 (5) a11CaiHay2 104 (8) \
Cb:CbsCha 126.0 (5) $125.7 (5, 2, 3) Ha;;CaiHays 106 (6)

C,,C 125.4 (5) H,,C, H 113 (8)

e HqyCasHasy 99 (7)
Hg,y,CasHass 125 (1)
Has:CasHass 109 (1
gbugblgbu igg 2’87;

b b1iib1s -
HblebSHbSZ - 108 (5)
HblebSHb53 106 (6)
HbszcbsHbss 107 (6)
HCHCCIHCIZ 88 (8)
Hey;CorHora 106 (9)
HchCCIHCIS 118 (9)
HCSICCSHCSZ 95 (6)
Hes:CesHess 121 (8)
HegyCosHess 104 (7))

@ Figures in parentheses are the estimated standard deviations of the individual measurements. Entries in the table are grouped according to
the idealized D,y tetragonally elongated octahedral geometry of the coordination polyhedron with Og,, Mn, and Oy, lying on the fourfold
axis or according to the pseudo-C, symmetry for the entire molecule with Mn, C,,, and H,, lying on the twofold axis. ? Atoms labeled in
agreement with Tables I-V and Figures 1-3. © Average values. The first number in parentheses following each averaged value is the rms
value of the estimated standard deviation for an individual datum. The second and third numbers are the mean and maximum deviations from

the averaged value, respectively.

Cos

Cﬂ 128.7

PN

Cas

Cbz
mz\ues

Cht

Figure 3, Diagram derived from the OoRTEP drawing of Figure 1
showing selected bond angles in the solid-state structure of y-Mn-
(0,CsHy)s.

Bond lengths within the acetylacetonato ligands are shown
in Figure 2 and given with their estimated standard deviations
in Table V. Ligand bond angles are shown in Figure 3 and
given with their estimated standard deviations in Table VI,
The structural parameters of the ligands appear to be sig-
nificantly affected by the differences in Mn—O bond lengths.
The bond lengths and angles of the six-membered (-Mn~
0,—C,-C3-C,;~04-) chelate ring and the seven-atom (ex-
cluding hydrogen atoms) acetylacetonato skeleton of ligand
¢ are seen to be symmetrically related by the pseudo-C, axis
of the ligand (and the molecule) whereas bond lengths and
angles within the six-membered chelate rings and the sev-
en-atom acetylacetonato skeletons of ligands a and b are not
symmetrical within the same ligand but are related in pairs
between the two ligands by the pseudo-C, molecular axis. The
differences between Mn—O bond lengths seem to be propagated
in the entire six-membered chelate ring for ligands a and b
with C,—O, being shorter than C4~0, by 0.019-0.024 A

3-4¢) and C;-C, being shorter than C,-C; by 0.026-0.029

(40). As expected the shorter C-O bonds are adjacent to
the longer Mn—~O bonds and the longer C-C bonds are ad-
jacent to the shorter C-O bonds within the chelate ring.
Similar effects on the geometry of the acac ligand have been
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observed for the precise structural analyses of Zr(acac);-
(NO;)* and Zr(acac),(NO;),.*" The pairs of C—C and C-O
bonds have nearly equal values for the chelate ring of ligand
¢ where the two Mn—O bonds have nearly equal lengths. The
bond lengths and angles for ligand c are significantly different
from those for ligands a and b and are in accord with the values
found in other acetylacetonate structures?® and virtually the
same as those determined for crystals of Mn(acac),(N;)® and
Mn(acac),(NCS)!—two other high-spin Mn(III) complexes
with tetragonally elongated octahedral coordination polyhedra
where the acetylacetonato oxygen atoms determine a quasi-
square which is oriented perpendicular to the pseudo-fourfold
axis.

While the entire seven-atom (excluding hydrogen atoms)
ligand skeletons are somewhat nonplanar for the acetyl-
acetonato ligands, the five-atom (O;, O,, C,, C;, and C,)
chelate rings are quite planar (maximum displacement of any
atom from its least-squares mean plane is 0.01 A). Directional
displacements of the manganese atom from the least-squares
mean planes of these five-atom chelate rings are 0.371 A
toward Oy, 0.222 A toward O,,, and 0.051 A toward O, for
ligands a, b, and ¢, respectively. The angles of folding thus
produced along the appropriate O-+Q polyhedral edge are 14.7,
8.8, and 2.2° for ligands a, b, and c, respectively. Although
the folding of the acetylacetonate ligands is presumably the
result of packing forces, there are no intermolecular contacts
less than the sum of the respective van der Waals radii.?’

In conclusion, the results reported herein for v-Mn(acac),
and those obtained for recent studies of 3-Mn(acac),'>* all
reveal distorted octahedral coordination polyhedra. Whereas
the coordination polyhedron for 3-Mn(acac), has either a
rhombic octahedral distortion!? or a tetragonal compression,'#
that for y-Mn(acac), clearly possesses a tetragonal elongation.
These results, together with the nearly identical crystallo-
graphic structures for a recent study of 3-Co(acac);" and the
original study of 8-Mn(acac),,? provide conclusive evidence
for the (initial) mislabeling of 8-Co(acac); crystals as $-
Mn(acac); by Morosin and Brathhovde.’
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