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Synopsis

Geometry and electronic structure of d® Tris(B-diketonato)iron(III).
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Highlights

e First crystal structure of tlris(benzoylacetonato—K2 0,0")metal(I11)
e Electronic structure of fac and mer [Fe(CH;COCHCOPh);]
¢ Electronic configuration of [Fe(B-diketonato)s] dxyldledyzldzzldxz_yzl

® Orbitals ordering in octahedral ligand field dsy < dy, = dx, < d,2 = dyx2y2

Abstract

Solid state crystal data of d& tris(benzoylacetonato—KZO,O')iron(III), [Fe(ba);], are presented. The
mer isomer crystallized in the solid state. Density functional theory calculations show that both fac
and mer isomers of [Fe(ba)s] can exist. Both fac and mer [Fe(ba)s] are high spin d’ complexes with
the same ordering of the d-based molecular orbitals in order of increasing orbital energy, namely d,,

< Clyz =dy<dp= dx2—y2-

1 Introduction

[-diketones are extensively used as chelating agents in analytical chemistry because of their
unique structure [1]. The deprotonated form of the B-diketone acts as ligand to form a metal-f-
diketonato complex [2]. Typically both oxygen atoms of the B-diketonato ligand bind to the metal
to form a six-membered chelate ring. The most common coordination geometries of metal-3-
diketonato complexes are square planar (groups 10 - 11 with coordination number 4 e.g. Ni(Il) [3],
Pd{D) [4,5], Pt(ID) [6,7] and Cu(Il) [8,9,10]), octahedral (groups 5 — 9 coordination number 8: e.g.
vy [i11], Crd [12,13], Mn(II) [14,15]], FedIl) [16,17] and Co(IIl) [18,19]) or square
antiprismatic (group 4 coordination number 8 e.g. Zr(IV) [20] and Hf(IV) [21,22]), as illustrated in
Figure 1. Many mixed-ligand metal-f-diketonato complexes such as [VO(acac)] (Hacac =
acetylacetone) [23], [Ti(B-diketonato),Cl,] [24,25,26], [Ti(acac),(2,2'-Biphenyldiolato),] [27,28],
[Cp,Ti(B-diketonato))]” with Cp = cyclopentadienyl [29,30], [Rh(B-diketonato)(CO)(PPh;)] [31]
and [Rh(B-diketonato)(OPPhs),] [32] are also known.

Several B-diketones can be used to extract Fe(IIl) [33] with the formation of iron-B-

diketonato complexes [34]. Fe(Ill) can be extracted completely by benzoylacetone (Hba) under
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acidic conditions [35]. Tris(B-diketonato)iron(Ill) complexes also have various application in
catalysis such as in cross-coupling reactions [36,37,38,39,40,41,42], during urethane formation
[43,44] and transesterification reactions [45]. [Fe(acac);] has been found to catalyze dimerization
(isoprene to a mixture of 1,5-dimethyl-1,5-cyclooctadiene and 2,5-dimethyl-1,5-cyclooctadiene
[46]) and polymerization (ring-opening polymerization of 1,3-benzoxazine [47]) reactions. It was
shown that the catalytic activity of the [Fe(B-diketonato)s] catalysts are highly dependent on both
the ligand’s electronic (i.e. withdrawing or donating) and steric attributes [44,45]. A combined
electrochemical and computational chemistry study provided insight into the electronic influence of
ligands on the Fe(Ill)-ion it is coordinated to [48]. An X-ray strutural study complemented by a
computational chemistry study of the [Fe(B-diketonato);] complex can give a better understanding
of the steric arrangement of ligands round the metal. The FeOg-coordination polyhedron of [Fe(B-
diketonato);] complexes can be described by an octahedron. The three B-diketonato ligands
(RCOCHCOR")™ can differently be arranged round the iron(IIl) ion. When the two groups R and R’
on the B-diketonato ligand (RCOCHCOR') are identical, i.e. when R = R', the B-diketonato ligand
is symmetrical and D; molecular symmetry applies to the [Fe(RCOCHCOR);] complex.
[Fe(acac)s] with R = R' = CHs has D3 molecular symmetry, see Figure 1 (bottom left). However,
when the substituents R # R', the molecular symmetry is lowered to either Cs for fac
[Fe(RCOCHCOR")s], or to C; for mer [Fe(RCOCHCOR');], see Figure 1 (bottom middle and right)
for fac and mer [Fe(ba);] (R = Ph and R' = CH3). We previously reported the electronic structure of
[Fe(acac)s] in D3 molecular symmetry [48,49] and were curious to see how the ordering and relative
energies of the d-based molecular orbitals changed when the molecular symmetry of the Fe(IIT)(j3-
diketonato); complex is lowered to Cs and C;. Here we thus present the a density functional theory
(DFT) study on the electronic structure of both the fac and a mer isomers of a [Fe(B-diketonato);]
complex that does not have D; molecular symmetry, namely [Fe(ba);], as well as the experimental

crystal structure of mer [Fe(ba)s].



[Cu(acac),] [Cr(acac);] [Zr(acac)4]
square planar octahedral square antiprismatic

-~

[Fe(acac)s] fac [Fe(ba)s] mer [Fe(ba)s]
D5 point group C; point group C; molecular symmetry

Figure 1: Top: Examples of square planar, octahedral and square antiprismatic metal-3-
acetylacetonato complexes. Bottom: [Fe(acac);] with D3 point group, fac [Fe(ba)s] with Cs point
group and mer [Fe(ba);] with C; molecular symmetry. The proper rotation axis is around the blue
arrows. The Ds point group has the following symmetry operations: E, Cs (perpendicular to the
page) and three C,. Colour code of atoms: Cu (orange), Cr (light blue), Zr (turquoise), Fe
(magenta), O (red), C (black) and H (white).

2 Experimental

2.1 Synthesis

Tris(benzoylacetonato—KZO,O')iron(III) [Fe(ba);] was synthesized according to literature
methods as described previously [44,49,48], using published methods as a guide [50,51,52]. The
paramagnetic [Fe(ba);] complex was characterized by MS, elemental analysis and X-ray

crystallography.



Characterization data for [Fe(CH;COCHCOCsHs)3], [Fe(ba)s]

Yield 84%. Colour: red-orange. M.p. 218.5-220.3 °C (reported: 222-224 °C [50]). UV: Apax 298
nm, €max 40260 mol'.dm*.cm™ (CH3CN). MS Calcd. ([M], positive mode): m/z 539.4. Found: m/z
539.1. Anal. Calcd. for FeC5;yoH»;0¢: C, 66.80; H, 5.05. Found: C, 66.46; H, 5.10

2.2 Crystal structure analysis

Data for the crystals, obtained from solution in diethyl ether, were collected on a Bruker D8
Venture kappa geometry diffractometer, with duo Ius sources, a Photon 100 CMOS detector and
APEX II [53] control software using Quazar multi-layer optics monochromated, Mo-Ka radiation
by means of a combination of ¢ and ® scans. Data reduction was performed using SAINT+ [53]
and the intensities were corrected for absorption using SADABS [53]. The structure was solved by
intrinsic phasing using SHELXTS and refined by full-matrix least squares, using SHELXTL + [54]
and SHELXL-2014+ [54]. In the structure refinement, all hydrogen atoms were added in calculated
positions and treated as riding on the atom to which they are attached. All non-hydrogen atoms
were refined with anisotropic displacement parameters; all isotropic displacement parameters for
hydrogen atoms were calculated as X x Ueq of the atom to which they are attached, where X = 1.5
for the methyl hydrogens and 1.2 for all other hydrogens. Crystal data and structural refinement

parameters are given in the electronic supplementary information.

2.3 Density functional theory (DFT) calculations

Density functional theory (DFT) calculations were carried out, using the ADF (Amsterdam
Density Functional) 2013 programme [55], with a selection of GGA (Generalized Gradient
Approximation) functionals, namely OLYP (Handy-Cohen and Lee-Yang-Parr) [56,57,58,59], S12¢g
[60], OPBE [61], the meta-GGA functionals M06-L [62], TPSS [63,64] as well as the hybrid
functionals B3LYP (Becke 1993 and Lee-Yang-Parr) [65] O3LYP [66], BBLYP* [67] and S12h
[60]. The TZP (Triple { polarized) basis set, with a fine mesh for numerical integration and full
geometry optimization, applying tight convergence criteria, was used for minimum energy searches.
C; symmetry has complex irreducible representations which have not been implemented in ADF
[55]; therefore complexes with C; input geometry optimize in C; symmetry in ADF. Time-

dependent density functional theory calculations were carried out with ADF.



3 Results and Discussion

3.1 X-ray structure

The [Fe(ba);] existing in the asymmetric unit is disordered over two positions in 0.70 : 0.30 ratio.
A depiction [68] of the molecular structure of the main domain of [Fe(ba)s;] mer isomer showing
applied numbering scheme, is presented in Figure 2 (see Figure S2 of the Supporting Information
for the perspective drawing of the molecular structure of the second domain). Table 1 gives
selected geometrical parameters of the main domain of mer [Fe(ba)s;] and Table 2 selected average
geometrical parameters of [Fe(B-diketonato);] complexes. The relatively symmetrical space fill of
the [Fe(ba);] allows alternate packing of the molecules in crystal net, what leads to observed
disorder. The three crystallographically independent cyclic benzoylacetonato fragments in the main
domain of mer [Fe(ba)s] that include Fe, are ringl (Fel-O1-C1-C2-C3-02), ring4 (Fel-03-C4-C5-
C6-04) and ring5 (Fel-O5-C7-C8-C9-06). These rings are planar with the largest deviation from
planarity of 0.202(1) A for O2 in ringl, 0. 159(1) A for O4 in ring4 and 0.073 (1) A for O5 in ring3.
The angles between these three rings vary between 68.97(8)° and 78.49(8)°. Two of these three
rings are, however, not in the same plane as the phenyl rings attached to them: ringl1 is tilted from
the plane of its attached phenyl substituent, resulting in a dihedral angle between these planes of
17.6(3)°. The corresponding dihedral angles for ring4 and ring5 with their attached phenyl rings are
5.8(3)° and 33.2(1)°, respectively. Some m-stacking effects [69,70] are observed, with the =...n
(parallel) distance of 5.404(5) A for ring6 (C10-C11-C12-C13-C14-C15) and 5.459(5) A for ring7
(C17-C18-C19-C20-C21-C22). In addition, another stabilizing interaction with a m-system is
observed for the perpendicular C18-H18...ring5 (2.736 A). Three weak C—H...O hydrogen bonds
[71] are present in the crystal structure (d(O2...H5) = 2.56 A), d(02...H18) = 2.60 A and
d(03...H28) =2.58 A, see Figure S2) and they create the C(6)DC(8) motifs of the unitary graph set
[72].



Figure 2: A perspective drawing of the molecular structure of the major isomer of mer [Fe(ba)s],
showing the atom numbering scheme. Atomic displacement parameters (ADPs) are shown at the 50

% probability level.

Table 1: Selected experimental (exp) and DFT calculated (calc) geometric parameters for mer

[Fe(ba)s].

experimental* calculated

B3LYP B3LYP OPBE OLYP Sl2g
Bond length (A)
Fe(1)-0(1) 2.0007(13) 2.041 2.044 2.049  2.062  2.080
Fe(1)-O(2) 1.9988(14) 2.018 2.018 2.045 2.059  2.086
Fe(1)-O(5) 1.9792(14) 2.030 2.032 2.042  2.050  2.081
Fe(1)-0(6) 2.0016(13) 2.012 2.013 2.041 2.059  2.068
Fe(1)-O(4) 1.9922(14) 2.040 2.044 2.039  2.060 2.081
Fe(1)-0(3) 1.9902 (14) 2.018 2.018 2.050  2.063 2.077
average 1.9937(14) 2.027 2.028 2.044  2.059 2.079
ave calc - ave exp 0.035 0.037 0.053 0.067  0.087
Bond angle (°)
0(2)-Fe(1)-0(1) 85.84(6) 87.1 87.1 85.7 85.3 81.6
O(5)-Fe(1)-0(6) 86.20(6) 87.2 87.1 85.8 85.7 82.0
0(3)-Fe(1)-0(4) 86.27(6) 86.5 86.4 85.7 85.3 82.0
average 86.10(6) 87 87 86 85 82
ave calc - ave exp 0.8 0.7 -0.5 -0.7 -4.3

“for the main domain of mer [Fe(ba)s]

The Fe—O bond lengths for [Fe(RCOCHCOR');] complexes vary between 1.944 and 2.095
A (see Table 2 and Supporting Information Table SI). In [Fe(RCOCHCOCF;);] complexes

containing an unsymmetrical f-diketonato ligand where one group substituted on the p-diketonato
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is CF3, the Fe—O bond near CF; (1.944 —2.001 10\) is generally shorter than the Fe—O near bond near
the non—CFj3, namely group R (1.987 — 2.036 A). The longest and shortest Fe—O bonds are 2.036
and 1.944 A respectively, both in the crystal structure of mer [Fe(CH;COCHCOCF;)3] [73]. The
longest and shortest Fe—O bonds, namely 2.036 A and 1.944 A, are near a CH; and CF; group

respectively.

Table 2: Selected average geometric parameters for [Fe(RCOCHCOR')3] complexes.*

R R' isomer O-Fe-O Fe-O near R Fe-O near R’ CSD ref code

©) A) A)
CH; CH; symmetric 87.3(9) 1.99(1) - see ref [84]
CF; CF; symmetric 87(1) 2.02(2) - BUPTAH
Ph  Ph  symmetric 86.5(7) 2.00(2) - DPPDFE, DPPDFEO1
‘Bu 'Bu  symmetric 85.4(4) 1.99(1) - DUBMES10, DUBMESI 1
Fu CF; mer 87.6(4) 2.008(4) 1.986(6) HILVAB
Th CF; mer 87(1) 2.01(2) 1.98(2) TTFBFEO!1
Th CF; fac 87.5(0) 1.995(0) 1.974(0) TTFBFE
CH; CF; mer 87.2(0) 2.02(2) 1.97(3) DUBMOCI10
‘Bu CF; fac 86.5(2) 2.01(1) 1.976(7) SOJXEUO1
CH; Ph  mer 86.2(2) 1.996(5) 1.9912(14) this study

a The Supporting Information Table S1 give a more detailed summary of the geometrical

parameters of [Fe(p-diketonato);] complexes.

3.2 Computational chemistry study

Neutral [Fe(B-diketonato)s] complexes are d’ complexes with a S = 5/2 (five unpaired
electrons) spin state [12,74,75]. It is known that not all functionals correctly predict the spin state of
iron complexes [76,77,78,79]. It has previously been shown that the GGA functionals PW91 and
BP86 give the wrong spin state for [Fe(acac)s], while OLYP and B3LYP correctly give the S = 5/2
high spin state of [Fe(acac)s] [49]. In order to identify more functionals that correctly calculate the
high spin state of [Fe(acac);], the DFT calculated energies for the possible spin states (S = 1/2, 3/2
and 5/2) of [Fe(acac);] optimized with a selection of different types of DFT functionals, namely the
GGA functionals OLYP [49], S12g, OPBE, the meta-GGA functionals M06-L, TPSS, and the
hybrid functionals O3LYP, B3LYP [49], B3LYP*, S12h, are given in Table 3. The hybrid
functionals predicted the high spin state as the most stable state by the largest energy difference.
The OLYP, S12g, B3LYP, B3LYP*, S12h and M06-L functionals that correctly calculated the S =
5/2 ground state of [Fe(acac)s], should give reliable energies the fac or mer isomers of [Fe(ba)s].

The relative energies of the fac and mer [Fe(ba);] isomers, obtained by these functionals are
8



presented in Table 3. The insignificant energy difference (< 0.03 eV) obtained between the fac and
mer isomers of [Fe(ba);], show that both isomers can exist without any clear preference for the fac

or the mer isomer.

Table 3: Relative energies (eV) calculated by a selection of functionals. The lowest energy is

indicated in bold as O.

meta- . meta- . . .
GGA hybrid GGA GGA GGA GGA hybrid hybrid hybrid

TPSS O3LYP Si12g OPBE OLYP MoO6-L  B3LYP* B3LYP S12h

Different spin states of [Fe(acac);]

12 0.00  0.00 035 0.5 0.58" 0.83 0.93 1.35° 2.19
3/2 0.68  0.86 065 078 0.78" 1.09 1.13 1.45° 1.88
512 035 035 0.00  0.00 0.00° 0.00 0.00 0.00* 0.00
[Fe(ba);] isomers

fac Fe(ba)s - - 0.000 0.004  0.007 0.000°  0.024 0.027 0.000"
mer Fe(ba); - - 0.021  0.000  0.000 0.011°  0.000 0.000 0.011°

a. values from reference 49.

b. single point on OLYP optimized geometry

We previously found that B3LYP is considered to be a good functional to calculate the
energy and geometry of the tris(B-diketonato)iron(IIl) complexes with B-diketone = acetylacetone,
4,4,4-Trifluoro-1-(2-thienyl)-1,3-butanedione and 4,4,4-Trifluoro-1-(2-furyl)-1,3-butanedione [49].
Table 1 compares the calculated and experimental Fe-O bonds and O-Fe-O angles for mer [Fe(ba);]
for a selection of functionals. The important geometrical parameters in coordination complexes are
the bond lengths and angles involving the metal centre. We will focus on average Fe-O bonds and
O-Fe-O angles. All the functionals used gave relatively good geometries, compared to the
experimental structure. All functionals over estimated the Fe-O lengths, as generally is the case
with gas phase calculations [80]. The hybrid functionals gave closest agreement with experiment,
while the GGA density functionals that are known to overestimate bonds lengths [81] performed

less accurate.

In an octahedral (Oy) environment, the five metal d-orbitals of a high spin 3d’ Fe(I1I)-
complex split into two sets, the #,,-orbitals (dyy, dx, and dy,) with lower energy and the e, orbitals
(dx2-y2 and d,») with higher energy. Figure 3 (left) illustrates this splitting of the d-orbitals by a
molecular orbital (MO) energy level diagram of the high-spin octahedral [FeF¢]®~ complex [82].
Distortion from the octahedral symmetry Oy towards lower D; or C; symmetry, splits the

degenerate f,,-orbitals into a and e components. When the e is component lower in energy than a, it
9



is referred to as a positive distortion and when the a component is lower in energy than e, it is
referred to as a negative distortion. The high spin d’ [Fe(acac)s] complex containing a symmetrical
B-diketonato ligand has D; symmetry and exhibits a negative distortion, with the lowest d-orbital
having a symmetry [49]. This distortion affects only the arrangement of the molecular energy
levels, and not the physical geometry of [Fe(acac)s], therefore [Fe(acac)s;] thus not exhibit Jahn-
Teller distortion like for example [Mn(f-diketonato)s;] complexes [83]. The Fe-Op_ocac bond lengths
in experimental X-ray structures of [Fe(acac);] without any crystallographically imposed symmetry,

are all similar, ranging from 1.990 —2.021 A [84].

Figure 3 shows the DFT calculated molecular energy level diagram of the fac and mer
isomers of [Fe(ba);], showing plots of the d-based frontier MOs. Although mer [Fe(ba)s] exhibit C;
molecular symmetry, the arrangement of the d-based MOs are very similar to that of the C; fac
[Fe(ba)s]. The orbital ordering of both fac [Fe(ba);] and mer [Fe(ba)s] is thus dyy < dy, = dy, <dpp =
dx2-y2, as expected for a distorted octahedral ligand field. This is the same orbital ordering that was

obtained for the high spin D; [Fe(acac)s;] complex with electronic configuration: dxyldledyzldzzldxz_

' [49].

10
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Figure 3: OLYP/TZP molecular orbital Kohn-Sham energy levels (eV) for [FeFq]*, fac [Fe(ba)s]
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and mer [Fe(ba)s], with S = 5/2. Plots of the d-based MOs are included. The arrows represent spin-
up (o MOs) and spin-down ( MOs) electrons. The d-based orbitals are indicated in red. The y-

axis indicates relative energy in eV.
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Figure 4 shows the OLYP/TZP calculated TDDFT spectra for fac and mer [Fe(ba);], overlaid with
the experimental spectrum. The calculated spectrum matches the basic shape of the experimentally

observed spectra.

0.30 - - 2.0
—— OLYP fac spikes —
—— OLYP mer spikes h o}
0.25 - ——OLYP fac broaden g
:S;;(P mer broaden L 1.5 Q
—~ 0.20 - S
a o
= o
@ 0.15 4 - 1.0 é
0.10 - =
- 05 S
0.05 - )
<

0.00 f - 0.0

200 300 400 500 600
wavelength (nm)

Figure 4: Experimental (magenta) and OLYP/TZP calculated TDDFT electronic absorption spectra
of fac [Fe(ba)s] (red) and mer [Fe(ba)s] (black). The vertical spikes show the calculated oscillators.
The broaden line spectrum has been generated by Doppler broadening of spectral lines to enable

comparison of calculated spectrum with the experimental spectrum.

4 Conclusions

Fac and mer tris(benzoylacetonato—lcz0,0')Fe(III) have an electronic configuration of
dxyldledyzldzzldxz,yz1 with a similar order of the d-based molecular orbitals namely dy, < dy, = dy, <
d,» = dy2.y». This orbital ordering is a negative distortion from octahedral symmetry Oy, towards the
lower Cs; symmetry of fac [Fe(ba)s;]. DFT calculated energies of the optimized geometries of fac
[Fe(ba);] and mer [Fe(ba)s;] show that both the fac and mer isomers of [Fe(ba);] can exist without
any clear preference for the major isomer. Mer [Fe(ba);] was isolated and characterized by solid

state crystallography.
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Supporting Information

Crystallographic data have been deposited at the Cambridge Crystallographic Data Centre with
number: CCDC 1447615. Copies can be obtained, free of charge, on application to CCDC, 12
Union Road, Cambridge CB2 1EZ, UK [fax: +44 (0)1223 336033 or
ww.ccdc.cam.ac.uk/products/csd/request/]. Figures S1, S2, Table S1, selected crystallographic data

and optimized coordinates of the DFT calculations are given in the Supporting Information.
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Figures S1 and S2

Figure S1. A perspective drawing of the molecular structure of the second domain of mer
[Fe(ba);], showing the atom numbering scheme. Atomic displacement parameters (ADPs) are
shown at the 50 % probability level.
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Figure S2. The molecular packing of mer [Fe(ba);], showing the intermolecular contacts as
solid lines.
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TABLE S1.

Crystallographic data for selected published [Fe(B-diketonato);] complexes

R R' isomer Symmetrical beta-diketonato ligand statistics
0-Fe-0 /(°) Fe-0O /(A) 0O-Fe-0 /(°) Fe-0O /(A)

Refcode ANG1 | ANG2 | ANG3 | DIST1 | DIST2 | DIST3 | DIST4 | DISTS | DIST6 | ave max | min std | ave max min std
CH; | CH; | symmetric | FEACACO02 89.2 86.9 89.9 2.018 1.995 | 2.005 1.994 1.970 1.957 873 [ 899 |849 (09 |1991 |2.021 | 1957 |0.013

FEACACO02 84.9 86.2 85.9 2.001 1.976 1.979 2.014 1.983 1.972

FEACACO03 87.2 87.6 87.5 1.976 1.994 1.992 1.984 1.996 2.004

FEACACO05 87.9 87.6 86.8 1.998 1.976 | 2.004 2.000 1.983 1.993

FEACACO07 87.9 87.3 86.8 1.995 1.977 | 2.003 1.997 1.981 1.992

FEACACO08 88.1 87.5 86.6 1.998 1.982 | 2.005 2.006 1.985 1.997

FEACAC09 87.9 86.7 87.5 2.001 2.006 1.981 2.001 1.995 1.989

JICMEN 86.8 86.8 86.8 1.990 2.010 1.990 2.010 1.990 2.010

JICMENO1 87.7 87.7 87.7 1.983 1.974 1.983 1.974 1.983 1.974

VUBSOA 88.2 86.8 87.4 2.006 1.971 1.981 2.021 1.985 1.998
CF; | CF; | symmetric | BUPTAH 86.4 87.6 87.0 2.022 2.001 2.014 2.002 1.986 1.969 87.0 [ 87.6 | 864 |0.6 | 1999 |2.022 | 1969 |0.019
Ph Ph symmetric | DPPDFE 87.2 86.5 85.5 2.008 1.986 1.997 1.995 1.979 1.963 865 [ 872 | 855 |07 |1995 |2.018 | 1963 | 0.017

DPPDFEO1 87.1 86.9 85.7 2.003 2.018 | 2.008 2.016 1.97 1.993
‘Bu ‘Bu symmetric | DUBMES10 | 84.9 84.7 84.9 2.023 2.023 1.984 1.984 1.984 1.984 854 | 860 |84.7 |04 |1993 |2.023 |1975 |0.014

DUBMES10 | 86.0 85.3 85.3 1.983 1.987 1.983 1.987 2.004 2.004

DUBMESI11 85.2 85.7 85.7 1.988 2.009 1.975 2.009 1.981 1.983

DUBMESI11 85.6 85.8 85.2 1.991 1.99 1.987 2.011 1.988 1.983
R R' isomer Unsymmetrical beta-diketonato ligand statistics

O-Fe-0 /(°) Fe-O near R /(A) Fe-O near R'/ (A) O-Fe-0 /(°) Fe-O near R /(A) Fe-O near R'/ (A)

Refcode ANG1 | ANG2 | ANG3 | DIST1 | DIST2 | DIST3 | DIST4 | DISTS | DIST6 | ave max | min std | ave max min std ave max min std
Fu CF; | mer HILVAB 88.0 87.5 87.3 2.005 2.012 2.009 1.986 1.994 1.978 87.6 | 880 |873 |03 |2.009 |2012 |2005 |0.004 |1.986 | 1.994 | 1.978 | 0.008
Th CF; | mer TTFBFEOI 87.9 85.7 85.9 2.015 2.017 1.987 1.998 1.955 1.987 86.5 | 879 |857 |12 |2.006 |2017 | 1987 |0.017 |1.980 | 1.998 | 1.955 | 0.022
Th CF; | fac TTFBFE 87.3 87.4 87.3 1.999 1.998 1.999 1.973 1.971 1.971 873 [ 874 |873 0.0 |1999 |1.999 | 1998 |0.001 |1972 | 1973 | 1971 | 0.001
CH; | CF; | mer DUBMOC10 | 86.4 88.2 87.0 2.002 2.007 2.036 1.977 1.944 2.001 87.2 | 882 |864 |09 |2.015 |2.036 |2002 |0.018 |1.974 |2.001 | 1.944 | 0.029
‘Bu CF; | fac SOJXEUO01 86.6 86.6 86.2 1.995 2.013 2.013 1.981 1.968 1.978 86.5 | 86.6 |86.2 |0.2 |2.007 |2013 |1995 |0.010 |[1.976 | 1.981 | 1.968 | 0.007
CH; | Ph mer this study 86.3 86.0 86.2 2.001 1.991 1.996 1.987 1.999 1.976 86.2 [ 863 |86.0 [0.2 |1996 |2.001 | 1991 |0.005 |1.987 | 1999 | 1976 | 0.012

S3




Crystallographic supplementary material

Crystallographic data for mer-[Fe(ba)s3]

Table 1. Crystal data and structure refinement for ml_ba_x2_0m_delu.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

shelx

C39 Hy7 Fe Og

539.36

150(2) K

0.71073 A

Monoclinic

P2/c

a=10.2550(8) A o= 90°.
b = 18.7966(15) A B=92.468(3)°.
¢ =13.6343(10) A ¥=90°.
2625.7(4) A3

4

1.364 Mg/m3

0.616 mm'!

1124

0.102 x 0.052 x 0.021 mm?

2.633 to 25.348°.

-12<=h<=12, -22<=k<=22, -16<=I<=16
93261

4805 [R(int) = 0.0475]

99.8 %

Full-matrix least-squares on F?
480570/ 497

1.137

R1 =0.0350, wR2 = 0.0818
R1=0.0411, wR2 = 0.0844

n/a

0.287 and -0.384 ¢.A"3
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Table 2. Atomic coordinates ( x 10*) and equivalent isotropic displacement parameters (A% 10%)

for ml_ba_x2_0m_delu. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

x y z Uleq)
Fe(1) 2360(1) 1474(1) 2684(1) 28(1)
o) 778(1) 1150(1) 3367(1) 33(1)
0(2) 1135(1) 1684(1) 1542(1) 32(1)
0Q3) 2156(1) 2501(1) 2997(1) 32(1)
0(4) 3332(1) 1396(1) 3977(1) 33(1)
0(5) 2706(1) 473(1) 2326(1) 38(1)
0(6) 3921(1) 1718(1) 1919(1) 34(1)
c(1) -368(3) 1330(1) 3214(2) 25(1)
C(2) 792(3) 1729(2) 2400(2) 29(1)
Cc@3) -19(3) 1871(2) 1601(2) 29(1)
C(4) 2257(2) 2822(2) 3810(2) 26(1)
C(5) 2674(3) 2488(2) 4682(2) 33(1)
C(6) 3227(3) 1812(2) 4730(2) 31(1)
C(1A) 1293(6) 2961(3) 2683(4) 25(1)
C(2A) 439(7) 2855(4) 1881(5) 36(2)
C(3A) 345(7) 2237(4) 1334(5) 29(2)
C(4A) 480(6) 1114(3) 4225(4) 24(1)
C(5A) 1428(6) 1250(4) 4964(5) 34(2)
C(6A) 2763(7) 1373(4) 4794(5) 32(2)
C(7) 3696(2) 188(1) 1940(1) 29(1)
C(8) 4719(2) 576(1) 1565(2) 34(1)
C(9) 4756(2) 1312(1) 1540(1) 31(1)
C(10) -1316(8) 1058(3) 3926(7) 25(1)
C(11) -873(7) 850(4) 4852(7) 29(2)
C(12) -1714(8) 571(4) 5519(5) 43(2)
C(13) -3032(8) 497(4) 5246(6) 40(2)
C(14) -3500(7) 689(4) 4320(7) 40(2)
C(15) -2632(9) 966(3) 3663(4) 31(1)
C(10A) -900(14) 944(7) 4443(15) 21(3)
C(11A) -1173(17) 604(10) 5301(12) 40(3)
C(12A) -2440(20) 385(9) 5500(14) 52(5)
C(13A) -3434(17) 583(7) 4838(19) 42(5)
C(14A) -3174(15) 929(9) 4005(15) 42(4)
C(15A) -1900(20) 1095(7) 3803(10) 30(3)
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C(16)
C(16A)
c(17)
C(18)
C(19)
C(20)
c21)
C(22)
C(17A)
C(18A)
C(19A)
C(20A)
C(21A)
C(22A)
C(23)
C(23A)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)

-619(2)
-619(2)
1876(6)
2100(7)
1757(10)
1171(9)
966(8)
1300(7)
1396(17)
1748(13)
1741(14)
1385(14)
1050(30)
1043(16)
3706(3)
3706(3)
3666(2)
2461(2)
2394(3)
3528(3)
4716(3)
4800(2)
5815(2)

2214(1)
2214(1)
3588(3)
4042(4)
4753(5)
5010(4)
4572(5)
3857(5)
3634(9)
3672(8)
4309(11)
4919(10)
4939(16)
4268(10)
1513(1)
1513(1)
-602(1)
-946(1)
-1675(1)
2071(1)
-1738(1)
-1003(1)
1682(1)

641(2)

641(2)
3780(6)
4570(5)
4510(6)
3669(9)
2851(7)
2941(6)
3229(14)
4195(12)
4716(10)
4216(15)
3238(14)
2773(11)
5687(2)
5687(2)
1871(1)
1797(2)
1716(2)
1733(2)
1835(2)
1888(2)
1004(2)

53(1)
53(1)
29(1)
42(1)
51(2)
54(3)
55(2)
37(2)
32(3)
31(3)
42(3)
39(4)
49(6)
38(3)
48(1)
48(1)
31(1)
39(1)
47(1)
53(1)
56(1)
43(1)
45(1)
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Table 3. Bond lengths [A] and angles [°] for ml_ba_x2_0m_delu.

Fe(1)-0(5) 1.9792(14)
Fe(1)-0(3) 1.9902(14)
Fe(1)-0O(4) 1.9922(14)
Fe(1)-0(2) 1.9988(14)
Fe(1)-O(1) 2.0007(13)
Fe(1)-0(6) 2.0016(13)
O(1)-C(4A) 1.223(6)
O(1)-C(1) 1.232(3)
0(2)-C(3) 1.240(3)
0(2)-C(3A) 1.341(7)
0(3)-C(4) 1.262(3)
0(3)-C(1A) 1.298(6)
0O(4)-C(6A) 1.280(8)
04)-C(6) 1.299(3)
0(5)-C(7) 1.280(2)
0(6)-C(9) 1.273(2)
C(1)-C(2) 1.393(4)
C(1)-C(10) 1.493(7)
C(2)-C(3) 1.401(4)
C(3)-C(16) 1.561(4)
C(4)-C(5) 1.395(4)
C(4)-C(17) 1.492(7)
C(5)-C(6) 1.392(4)
C(6)-C(23) 1.485(4)
C(1A)-C(2A) 1.385(9)
C(1A)-C(17A) 1.47(2)
C(2A)-C(3A) 1.380(10)
C(4A)-C(5A) 1.393(9)
C(4A)-C(10A) 1.493(17)
C(5A)-C(6A) 1.418(10)
C(7)-C(8) 1.393(3)
C(7)-C(24) 1.488(3)
C(8)-C(9) 1.385(3)
C(9)-C(30) 1.505(3)
C(10)-C(11) 1.380(7)
C(10)-C(15) 1.392(6)
C(11)-C(12) 1.384(7)
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C(12)-C(13)
C(13)-C(14)
C(14)-C(15)
C(10A)-C(15A)
C(10A)-C(11A)
C(11A)-C(12A)
C(12A)-C(13A)
C(13A)-C(14A)
C(14A)-C(15A)
C(17)-C(22)
C(17)-C(18)
C(18)-C(19)
C(19)-C(20)
C(20)-C(21)
C(21)-C(22)
C(17A)-C(18A)
C(17A)-C(22A)
C(18A)-C(19A)
C(19A)-C(20A)
C(20A)-C(21A)
C(21A)-C(22A)
C(24)-C(29)
C(24)-C(25)
C(25)-C(26)
C(26)-C(27)
C(27)-C(28)
C(28)-C(29)

0(5)-Fe(1)-0(3)
O(5)-Fe(1)-0(4)
0(3)-Fe(1)-0(4)
0(5)-Fe(1)-0(2)
0(3)-Fe(1)-0(2)
0(4)-Fe(1)-0(2)
0(5)-Fe(1)-0(1)
0(3)-Fe(1)-0(1)
O(4)-Fe(1)-0(1)
0(2)-Fe(1)-0(1)
O(5)-Fe(1)-0(6)

1.393(7)
1.380(7)
1.391(6)
1.349(16)
1.373(14)
1.400(18)
1.384(17)
1.345(19)
1.381(14)
1.362(8)
1.385(7)
1.383(9)
1.360(8)
1.395(10)
1.391(7)
1.352(19)
1.385(13)
1.392(17)
1.375(18)
1.362(17)
1.41(3)
1.385(3)
1.395(3)
1.377(3)
1.379(4)
1.372(4)
1.386(3)

175.18(6)
93.44(6)
86.27(6)
96.27(6)
84.66(6)

167.92(6)
89.06(6)
95.73(6)
87.15(6)
85.84(6)
86.20(6)
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0(3)-Fe(1)-0(6)
O(4)-Fe(1)-0(6)
0(2)-Fe(1)-0(6)
O(1)-Fe(1)-0(6)
C(4A)-O(1)-Fe(1)
C(1)-O(1)-Fe(1)
C(3)-0(2)-Fe(1)
C(3A)-O(2)-Fe(1)
C(4)-0(3)-Fe(1)
C(1A)-O(3)-Fe(1)
C(6A)-O(4)-Fe(1)
C(6)-O(4)-Fe(1)
C(7)-0(5)-Fe(1)
C(9)-0(6)-Fe(1)
0(1)-C(1)-C(2)
O(1)-C(1)-C(10)
C(2)-C(1)-C(10)
C()-C2)-C(3)
0(2)-C(3)-C(2)
0(2)-C(3)-C(16)
C(2)-C(3)-C(16)
0(3)-C4)-C(5)
0(3)-C(4)-C(17)
C(5)-C(4)-C(17)
C(6)-C(5)-C4)
0(4)-C(6)-C(5)
0(4)-C(6)-C(23)
C(5)-C(6)-C(23)
0(3)-C(1A)-C(2A)
0(3)-C(1A)-C(17A)
C(2A)-C(1A)-C(17A)
C(3A)-C(2A)-C(1A)
0(2)-C(3A)-C(2A)
O(1)-C(4A)-C(5A)
O(1)-C(4A)-C(10A)
C(5A)-C(4A)-C(10A)
C(4A)-C(5A)-C(6A)
0(4)-C(6A)-C(5A)
0(5)-C(7)-C(8)

89.04(6)

95.61(6)

92.20(6)
174.64(6)
134.6(3)
128.64(16)
125.08(16)
132.23)
130.30(16)
130.7(3)
122.93)
126.83(16)
130.74(13)
129.84(13)
123.1(2)
116.0(4)
120.8(4)
123.73)
124.8(3)
113.93)
121.03)
123.03)
115.2(4)
121.8(4)
124.0(3)
124.13)
115.6(3)
120.3(3)
124.3(5)
111.9(9)
123.6(9)
125.1(6)
120.7(6)
119.1(5)
118.7(9)
122.2(9)
124.1(6)
128.8(6)
123.71(19)
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0(5)-C(7)-C(24)
C(8)-C(7)-C(24)
C(9)-C(8)-C(7)
0(6)-C(9)-C(8)
0(6)-C(9)-C(30)
C(8)-C(9)-C(30)
C(11)-C(10)-C(15)
C(11)-C(10)-C(1)
C(15)-C(10)-C(1)
C(10)-C(11)-C(12)
C(11)-C(12)-C(13)
C(14)-C(13)-C(12)
C(13)-C(14)-C(15)
C(14)-C(15)-C(10)
C(15A)-C(10A)-C(11A)
C(15A)-C(10A)-C(4A)
C(11A)-C(10A)-C(4A)
C(10A)-C(11A)-C(12A)
C(13A)-C(12A)-C(11A)
C(14A)-C(13A)-C(12A)
C(13A)-C(14A)-C(15A)
C(10A)-C(15A)-C(14A)
C(22)-C(17)-C(18)
C(22)-C(17)-C(4)
C(18)-C(17)-C(4)
C(19)-C(18)-C(17)
C(20)-C(19)-C(18)
C(19)-C(20)-C(21)
C(22)-C(21)-C(20)
C(17)-C(22)-C(21)
C(18A)-C(17A)-C(22A)
C(18A)-C(17A)-C(1A)
C(22A)-C(17A)-C(1A)
C(17A)-C(18A)-C(19A)
C(20A)-C(19A)-C(18A)
C(21A)-C(20A)-C(19A)
C(20A)-C(21A)-C(22A)
C(17A)-C(22A)-C(21A)
C(29)-C(24)-C(25)

115.42(17)
120.81(18)
123.62(19)
124.74(18)
115.58(18)
119.64(19)
118.5(7)
119.6(7)
121.8(8)
121.3(7)
119.2(6)
120.9(6)
118.7(7)
121.4(7)
118.1(15)
121.8(19)
120.0(16)
121.8(17)
117.3(19)
120.9(17)
120.1(13)
121.6(12)
118.4(6)
119.0(7)
122.6(7)
121.0(7)
119.7(8)
120.7(8)
118.1(7)
122.0(7)
116.5(16)
123.4(15)
120.1(17)
122.4(13)
118.1(13)
124(2)
114(2)
124.7(17)
119.3(2)
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C(29)-C(24)-C(7) 121.8(2)

C(25)-C(24)-C(7) 118.83(18)
C(26)-C(25)-C(24) 120.5(2)
C(25)-C(26)-C(27) 119.8(2)
C(28)-C(27)-C(26) 120.0(2)
C(27)-C(28)-C(29) 120.9(2)
C(24)-C(29)-C(28) 119.4(2)

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A2x 10%)for ml_ba_x2_0m_delu. The anisotropic

displacement factor exponent takes the form: -272[ h?a*?U!! + ... + 2 h k a* b* U2 ]

Ull U22 U33 U23 Ul3 U12
Fe(1) 27(1) 30(1) 27(1) -3(1) 8(1) -1(1)
o(1) 26(1) 44(1) 29(1) 5(1) 8(1) 1(1)
0(2) 33(1) 38(1) 24(1) 2(1) 6(1) -5(1)
0@3) 35(1) 33(1) 28(1) -4(1) 2(1) 3(1)
0(4) 27(1) 37(1) 34(1) 2(1) 3(1) 7(1)
0(5) 36(1) 31(1) 47(1) -4(1) 19(1) -3(1)
0(6) 32(1) 32(1) 38(1) -3(1) 12(1) -6(1)
c() 25(2) 25(1) 25(1) -4(1) 6(1) -1(1)
Cc) 23(1) 28(1) 35(2) 2(1) 3(1) 1(1)
Cc®3) 32(2) 26(2) 29(2) -1(1) 0(1) (1)
C(4) 16(1) 34(2) 29(2) 2(1) 7(1) -1(1)
C5) 35(2) 38(2) 24(1) -4(1) 6(1) 5(1)
C(6) 24(2) 40(2) 28(2) 2(1) 5(1) 1(1)
C(1A)  26(3) 23(3) 25(3) 12) 7(2) -4(3)
CA)  31(4) 36(4) 40(4) 3(3) -5(3) 2(3)
C3A) 304 28(4) 29(4) 2(3) 9(3) -8(3)
CA)  2303) 25(3) 24(3) -1(2) 3(2) 5(2)
C5A)  28(3) 50(4) 23(3) -5(3) 13) 6(3)
C(6A)  25(4) 34(4) 38(4) -10(3) -8(3) 13(3)
c(7) 30(1) 34(1) 24(1) 2(1) 1(1) 1(1)
C(8) 26(1) 39(1) 36(1) 2(1) 6(1) 3(1)
C©9) 25(1) 40(1) 27(1) 2(1) 2(1) -4(1)
C(10) 20(4) 28(2) 27(3) 12) 13) 12)
c(11) 22(2) 47(3) 20(4) 6(3) 8(4) 3(2)
C(12) 39(5) 66(3) 26(3) 14(2) 113) 03)
C(13) 28(6) 50(4) 42(5) 22(3) 17(3) 7(3)
C(14) 22(3) 47(4) 51(4) 10(3) 4(4) 3(3)
C(15) 22(4) 37(2) 35(3) 9(2) 2(3) 0(2)
C(10A)  25(7) 26(5) 12(7) 7(6) 9(9) 0(4)
C(11A) 3209 70(7) 19(8) 13(5) 15(5) 6(7)
C(12A)  57(15) 45(7) 56(10) 29(6) 29(10) 16(8)
C(13A)  23(8) 35(7) 69(16) 11(11) 411) 3(5)
C(14A) 1509 47(7) 64(13) 6(7) -3(6) -4(6)
C(15A)  19(8) 50(5) 21(5) 7(4) -5(8) -12(8)

S12



C(16)
C(16A)
c(17)
C(18)
C(19)
C(20)
c21)
C(22)
C(17A)
C(18A)
C(19A)
C(20A)
C(21A)
C(22A)
C(23)
C(23A)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)

38(1)
38(1)
25(2)
61(4)
74(6)
61(5)
62(3)
38(2)
28(5)
43(6)
53(8)
41(8)
64(8)
58(7)
52(2)
52(2)
40(1)
45(1)
63(2)
87(2)
65(2)
42(1)
36(1)

56(2)
56(2)
34(2)
37(4)
40(5)
27(2)
26(5)
20(5)
21(7)
25(6)
47(11)
32(11)
46(14)
16(9)
56(2)
56(2)
32(1)
34(1)
36(1)
31(1)
40(1)
40(1)
50(1)

65(2)
65(2)
28(3)
30(3)
38(4)
73(9)
75(6)
50(5)
48(11)
24(7)
25(5)
43(13)
35(11)
38(5)
37(1)
37(1)
22(1)
37(1)
40(1)
41(1)
62(2)
46(1)
51(1)

24(1)
24(1)
2(3)
-3(2)
7(4)
7(8)
10(5)
-403)
13(6)
4(6)
-7(7)
1(10)

16(10)

1(9)
-6(1)
-6(1)
0(1)
2(1)
4(1)
2(1)
4(1)
2(1)
-1(1)

0o
0(1)
7(3)
11(2)
113)
-1(8)
27(3)
-16(3)
3(6)
-3(6)
6(5)
-14(8)
-5(10)
-13(4)
-4(1)
-4(1)
2(1)
5(1)
-1(1)
0(1)
2(1)
-5(1)
19(1)

-8(1)
-8(1)
2(2)
2(3)
-1(4)
73)
0(5)
2(3)
10(5)
0(4)
A7)
4(6)
-2(8)
5(9)
10(1)
10(1)
2(1)
-2(1)
-10(1)
0(1)
19(1)
(1)
-8(1)
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Table 5. Hydrogen coordinates ( x 10*) and isotropic displacement parameters (A2x 10%)

for ml_ba_x2_0m_delu.

x y z Ueq)
H(Q2) -1654 1915 2386 34
H(5) 2574 2737 5280 39
HQA) -125 3236 1693 43
H(5A) 1162 1261 5623 41
H(8) 5430 321 1311 40
H(11) 27 898 5034 35
H(12) -1397 432 6156 52
H(13) -3616 312 5705 48
H(14) -4398 633 4134 48
H(15) -2944 1094 3021 38
H(11A) -484 514 5774 48
H(12A) -2610 111 6065 62
H(13A) -4313 474 4973 51
H(14A) -3866 1059 3555 51
H(15A) -1727 1322 3200 36
H(16A) -1527 2348 740 79
H(16B) -117 2638 478 79
H(16C) -591 1870 102 79
H(16D) -1071 2673 611 79
H(16E) -254 2112 3 79
H(16F) -1239 1838 801 79
H(18) 2496 3862 5162 51
H(19) 1930 5060 5053 61
H(20) 898 5492 3638 64
H(21) 608 4756 2249 66
H(22) 1121 3547 2402 44
H(18A) 2010 3249 4530 37
H(19A) 1975 4321 5397 50
H(20A) 1370 5352 4574 47
HQ21A) 846 5368 2898 58
H(22A) 774 4250 2098 45
H(23A) 3586 1865 6206 72
H(23B) 3213 1082 5830 72
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H(23C)
H(23D)
H(23E)
H(23F)
H(25)
H(26)
H(Q27)
H(28)
H(29)
H(30A)
H(30B)
H(30C)

4634
3223
4397
4095
1679
1570
3485
5492
5628
6406
5422
6306

1397
1490
1153
1987
-675
-1905
-2574
-2015
=776
1327
1963
1996

5657
6291
5709
5627
1803
1650
1672
1871
1935

741

463
1458

72
72
72
72
46
56
63
67
51
67
67
67
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Table 6. Torsion angles [°] for ml_ba_x2_0m_delu.

C4Ab-O(1)-Cla-C2a
Fe(1)-0(1)-C(1)-C(2)
C(4A)-0(1)-C(1)-C(10)
Fe(1)-O(1)-C(1)-C(10)
0(1)-C(1)-C(2)-C(3)
C(10)-C(1)-C(2)-C(3)
C(3A)-0(2)-C(3)-C(2)
Fe(1)-0(2)-C(3)-C(2)
C(3A)-0(2)-C(3)-C(16)
Fe(1)-0(2)-C(3)-C(16)
C(1)-C(2)-C(3)-0(2)
C(1)-C(2)-C(3)-C(16)
C(1A)-0(3)-C(4)-C(5)
Fe(1)-0(3)-C(4)-C(5)
C(1A)-0(3)-C(4)-C(17)
Fe(1)-O(3)-C(4)-C(17)
0(3)-C(4)-C(5)-C(6)
C(17)-C(4)-C(5)-C(6)
C(6A)-0(4)-C(6)-C(5)
Fe(1)-0(4)-C(6)-C(5)
C(6A)-O(4)-C(6)-C(23)
Fe(1)-0(4)-C(6)-C(23)
C(4)-C(5)-C(6)-0(4)
C(4)-C(5)-C(6)-C(23)
C(4)-0(3)-C(1A)-C(2A)
Fe(1)-O(3)-C(1A)-C(2A)
C(4)-0(3)-C(1A)-C(17A)
Fe(1)-O(3)-C(1A)-C(17A)
0(3)-C(1A)-C(2A)-C(3A)
C(17A)-C(1A)-C(2A)-C(3A)
C(3)-0(2)-C(3A)-C(2A)
Fe(1)-0(2)-C(3A)-C(2A)
C(1A)-C(2A)-C(3A)-0(2)
C(1)-O(1)-C(4A)-C(5A)
Fe(1)-O(1)-C(4A)-C(5A)
C(1)-0(1)-C(4A)-C(10A)
Fe(1)-O(1)-C(4A)-C(10A)

156.1(4)
10.5(4)
27.5(4)
-173.1(3)
10.3(4)
-165.9(4)
-140.0(6)
24.1(4)
46.8(5)
162.72(16)
2.8(5)
169.9(3)
155.1(3)
6.2(4)
23.9(4)
-172.8(2)
11.3(4)
-169.7(3)
-119.0(6)
-17.6(4)
59.1(5)
160.54(17)
-5.2(5)
176.8(3)
-162.3(6)
-13.6(8)
22.3(7)
171.0(6)
3.1(11)
178.0(9)
107.8(8)
11.2(9)
-1.7(11)
-149.7(6)
-8.0(8)
28.7(7)
170.4(6)
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O(1)-C(4A)-C(5A)-C(6A)
C(10A)-C(4A)-C(5A)-C(6A)
C(6)-0(4)-C(6A)-C(5A)
Fe(1)-O(4)-C(6A)-C(5A)
C(4A)-C(5A)-C(6A)-O(4)
Fe(1)-0(5)-C(7)-C(8)
Fe(1)-O(5)-C(7)-C(24)
0(5)-C(7)-C(8)-C(9)
C(24)-C(7)-C(8)-C(9)
Fe(1)-0(6)-C(9)-C(8)
Fe(1)-0(6)-C(9)-C(30)
C(7)-C(8)-C(9)-0(6)
C(7)-C(8)-C(9)-C(30)
O(1)-C(1)-C(10)-C(11)
C(2)-C(1)-C(10)-C(11)
O(1)-C(1)-C(10)-C(15)
C(2)-C(1)-C(10)-C(15)
C(15)-C(10)-C(11)-C(12)
C(1)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(10)
C(11)-C(10)-C(15)-C(14)
C(1)-C(10)-C(15)-C(14)
O(1)-C(4A)-C(10A)-C(15A)
C(5A)-C(4A)-C(10A)-C(15A)
O(1)-C(4A)-C(10A)-C(11A)
C(5A)-C(4A)-C(10A)-C(11A)

C(15A)-C(10A)-C(11A)-C(12A)
C(4A)-C(10A)-C(11A)-C(12A)

C(10A)-C(11A)-C(12A)-C(13A)
C(11A)-C(12A)-C(13A)-C(14A)
C(12A)-C(13A)-C(14A)-C(15A)
C(11A)-C(10A)-C(15A)-C(14A)
C(4A)-C(10A)-C(15A)-C(14A)

C(13A)-C(14A)-C(15A)-C(10A)

0(3)-C4)-C(17)-C(22)
C(5)-C(4)-C(17)-C(22)

-5.4(10)
176.2(8)
125.1(9)
14.3(10)

1.3(12)
-8.8(3)
173.90(13)
2.13)
175.07(19)
2.1(3)
179.74(14)
5.4(3)
-172.1(2)
22.1(6)
-161.4(4)
-153.7(4)
22.8(6)
-1.7(8)
-177.6(5)
0.4(9)
0.8(10)
-0.6(11)
-0.7(9)
1.8(8)
177.7(4)
-26.2(14)
152.3(11)
151.7(11)
-29.9(15)
3(2)
-174.9(11)
-6(2)
5(2)
0(2)
1(2)
179.2(11)
3(2)
8.5(6)
-170.5(4)
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0(3)-C(4)-C(17)-C(18)
C(5)-C(4)-C(17)-C(18)
C(22)-C(17)-C(18)-C(19)
C(4)-C(17)-C(18)-C(19)
C(17)-C(18)-C(19)-C(20)
C(18)-C(19)-C(20)-C(21)
C(19)-C(20)-C(21)-C(22)
C(18)-C(17)-C(22)-C(21)
C(4)-C(17)-C(22)-C(21)
C(20)-C(21)-C(22)-C(17)
0(3)-C(1A)-C(17A)-C(18A)
C(2A)-C(1A)-C(17A)-C(18A)
0(3)-C(1A)-C(17A)-C(22A)
C(2A)-C(1A)-C(17A)-C(22A)
C(22A)-C(17A)-C(18A)-C(19A)
C(1A)-C(17A)-C(18A)-C(19A)
C(17A)-C(18A)-C(19A)-C(20A)
C(18A)-C(19A)-C(20A)-C(21A)
C(19A)-C(20A)-C(21A)-C(22A)
C(18A)-C(17A)-C(22A)-C(21A)
C(1A)-C(17A)-C(22A)-C(21A)
C(20A)-C(21A)-C(22A)-C(17A)
0(5)-C(7)-C(24)-C(29)
C(8)-C(7)-C(24)-C(29)
0(5)-C(7)-C(24)-C(25)
C(8)-C(7)-C(24)-C(25)
C(29)-C(24)-C(25)-C(26)
C(7)-C(24)-C(25)-C(26)
C(24)-C(25)-C(26)-C(27)
C(25)-C(26)-C(27)-C(28)
C(26)-C(27)-C(28)-C(29)
C(25)-C(24)-C(29)-C(28)
C(7)-C(24)-C(29)-C(28)
C(27)-C(28)-C(29)-C(24)

-170.6(4)
10.4(6)
-0.4(9)

178.7(6)
1.1(12)
-3.0(13)
4.1(12)
1.6(9)
-177.5(5)
3.4(11)

-34.1(16)

150.4(13)

150.2(11)

-25.3(16)

12)
-174.8(12)
-1(2)
-1(3)
34)
1(2)
177.3(17)
-3(3)

-151.5(2)
31.1(3)
27.9(3)

-149.5(2)
-1.6(3)

178.96(19)
1.6(3)
0.4(4)
2.4(4)
-0.3(3)

179.12)
2.3(4)

Symmetry transformations used to generate equivalent atoms:
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Table 7. Hydrogen bonds for ml_ba_x2_0m_delu [A and °).

D-H.. A d(D-H) d(H...A)

dD...A)

<(DHA)

C(5)-H(5)...0Q2)#1 0.95 2.56

3.418(3)

150.9

Symmetry transformations used to generate equivalent atoms:

#1 x,-y+1/2,z+1/2
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Optimized Cartesian coordinates (A)
All compounds were optimized with OLYP/TZP

1.  fac-[Fe(ba)3] S=5/2

S20

Fe .001700000 .000400000 1.022400000
0 .894200000 .432800000 0.161900000
0 .542100000 .570400000 2.234300000
0 .690400000 .057300000 0.161500000
0 .090900000 .255500000 2.233800000
0 .792000000 .491300000 0.161100000
0 .628100000 .318200000 2.236800000
C .733800000 .323100000 0.080600000
C .552800000 .270300000 1.228700000
C .465800000 .283000000 2.224000000
C .148100000 .662800000 0.082600000
C .696500000 .344100000 1.233200000
C .118700000 . 776100000 2.226000000
C .882400000 .338500000 0.082700000
C .246600000 .069200000 1.233900000
C .346800000 .490800000 2.226600000
C .565100000 .624200000 3.400900000
H .194600000 .650000000 3.348800000
H .659800000 .637100000 3.439000000
H .216300000 .160900000 4.330200000
C .426900000 .317800000 3.396300000
H .981600000 .374000000 3.433700000
H .854200000 .391600000 4.327200000
H .133300000 .148600000 3.341200000
C .857700000 .300100000 3.402700000
H .632000000 . 764200000 4.331100000
H .931100000 .493500000 3.350600000
H .320200000 .253700000 3.442900000
H .000100000 .372200000 1.375800000
H .288700000 .321000000 1.376600000
H .295500000 .044200000 1.367700000
C .923900000 .031200000 .933400000
C .666300000 .097100000 .812300000
C .149400000 .648300000 .048900000
C .613500000 .486600000 . 756900000
C .092100000 .264800000 .000900000
C .831200000 .809300000 .854200000
H .716000000 .616700000 .738800000
H .367200000 .499700000 .411100000
H .400800000 .322000000 .420900000
H .030900000 .809200000 .078800000
H .570600000 .112000000 .593500000
C .991400000 .379600000 .931900000
C .011600000 . 780500000 .050900000
C . 792300000 .624100000 .805100000
C .818100000 .405400000 .000200000
C .606500000 .249900000 . 746700000
C .625200000 .643000000 .847100000
H .377300000 .394000000 .418300000



e e e O NONONONON@Nus s
NEREOWONWRFWOR ™ RNN

N
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.770000000
.812700000
.229000000
.259900000
.932800000
.873900000
.139600000
.008800000
.277400000
.209800000
.055600000
.990600000
.173600000
.222700000
.316100000

mer-[Fe(ba)s] S=5/2

-0.055800000
0.916100000
-0.380800000
-1.752200000
-1.214500000
0.538700000
1.598000000
1.509600000
2.467400000
2.474700000
1.206100000
0.824100000
0.063700000
-2.900300000
-3.281600000
-2.439500000
-0.285600000
0.098500000
-1.374500000
0.119300000
-2.
-2
-4
-2
1
-4
3
-3
-3
-4
-4
-5
-5
-2
-5
-4
-6
-6
2
2

984800000

.910600000
.023300000
.362500000
.158600000
.299500000
.220700000
.865300000
.625300000
.987000000
.489500000
.845500000
.603700000
.751300000
.183800000
.291000000
.701800000
.275800000
.018400000
.035000000

T R O A O B
NUTdWWUOURdPR_WWOIN O
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P WORNRPRPRPRPOORPRORPROWRRARWNENWWPArRWERERONMNWNNENNORRPRORRO

.541300000
.490500000
.648400000
.132200000
.410800000
. 733200000
.121000000
.750400000
.130800000
.455400000
.178400000
.872900000
.994200000
.662500000
.248800000

.064800000
.420600000
.669900000
.252400000
.078300000
.451700000
.447900000
.274600000
.272400000
.363000000
.652300000
.387000000
.866000000
.301500000
.100500000
.423700000
.757300000
.773500000
.792600000
.316400000
.247000000
.662100000
.549400000
.138200000
.411900000
.463100000
.048500000
.034900000
.052300000
.845400000
.332100000
.571100000
.522100000
.671800000
.715000000
.183300000
.217500000
.736700000
.305300000
.695600000
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RPRPRPRPOWWOWAWLWLWWNRERPONRPRPONDREFONMNONONOR

. 729600000
.081100000
.406000000
.583700000
.934600000
.800300000
.061600000
. 742800000
.012000000
.851500000
.718000000
.434500000
.396300000
.099700000
.589000000

.198200000
.014600000
.445900000
.061900000
.459300000
.062900000
.320700000
.043500000
.071700000
.150300000
.170200000
.312500000
.372400000
.170400000
.268900000
.346600000
.548600000
.439000000
.662000000
.466100000
.497700000
.421200000
.348400000
.631500000
.402200000
.315300000
.047600000
.948100000
.805500000
.195300000
.861400000
.258500000
.092800000
.630500000
.575600000
.509600000
.439800000
.921600000
.910200000
.115500000



asgasga e HONONONORON@N R N @R g RONORON@]

DB ONUUTO RO WP WRONE R BRNDNNDE WWDNDDN

.785700000
.802800000
.562900000
.575400000
.426200000
. 766700000
. 793700000
.160900000
.179200000
.589400000
.449800000
.671000000
.635900000
.541700000
.804400000
.277600000
.769000000
.237100000
.487000000
.052100000
.307700000
. 745600000
.010600000
.239100000

BRNNORE O WOoN

.494600000
.257000000
.057200000
.440900000
.348100000
.419200000
.334600000
.413900000
.880700000
.321600000
.985100000
.918900000
.822500000
.453600000
.018100000
.938200000
.074800000
.007800000
.576200000
.391700000
.489200000
.504000000
.615100000
.625400000
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. 763500000
.134600000
. 773200000
.963300000
.496600000
.617600000
.284800000
.415800000
. 754900000
.050900000
.941600000
.042400000
.024700000
.202000000
.954600000
.481900000
.959300000
.489300000
.232700000
.965400000
.673100000
.745000000
.478700000
.017800000



