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Investigation of a Neat versus Magnetically Diluted Powdered Mononuclear
Mn'! Complex by High-Field and High-Frequency EPR Spectroscopy

Claire Mantel,!*?! Christian Philouze,!! Marie-Noélle Collomb,*!"! and Carole Duboc*!?l
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The isolation, structural characterization and electronic prop-
erties of a new mononuclear, pentacoordinate Mn" complex
[Mn(tButerpy)(N3),] (1; tButerpy = 4,4',4" -tri-tert-butyl-
2,2":6',2""-terpyridine) is reported. The X-ray structure of 1
reveals that the manganese ion lies in the center of a dis-
torted trigonal bipyramid. The electronic properties of 1 were
investigated by high-field and high-frequency EPR (HF-EPR)
spectroscopy, allowing the determination of the spin-Hamil-
tonian parameters. HF-EPR spectra were recorded on a neat
powder of 1 and also on 1 magnetically diluted in the corres-
ponding zinc complex. From the neat powder HF-EPR spec-
tra, the following g and zero-field-splitting terms, as well as
the sign of D, were obtained: D = —0.250(5) cm™?, E = 0.044(5)

cm™ and gy = gy = g, = 2.000(5). The magnetically diluted

sample allows the determination of the hyperfine coupling
constant A and confirms the values of the parameters deter-
mined with the neat powder: IDI = 0.260(1) cm™!, E = 0.043(1)
cm™, gy = gy = 2.001(1) g, = 2.0005(5) and A, = A,y = A,, =
77.5(5) G. A comparison between these two sets of spin-
Hamiltonian parameters is discussed, as well as the correla-
tion between the D parameter and the coordination number
around the manganese ion for a coordination shell character-
ized by O and/or N atoms (i.e. Mn"-containing proteins).

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Introduction

Mononuclear Mn"" complexes are present in several met-
alloproteins implicated in various important biological pro-
cesses. Examples include manganese superoxide dismutase,
an antioxidant enzyme that catalyzes the dismutation of the
superoxide radical,l'l concanavaline A, a saccharide-binding
protein,?! the fosfomycin resistance protein implicated in
the resistance against the antibiotic fosfomycin,®! and sev-
eral others.*! Since the manganese site is essential for their
activity, a precise determination of the geometry and the
coordination shell of the metallic ion is required to under-
stand the reactivity of these proteins. One of the best tech-
niques used to elucidate the electronic structure of a met-
allic center is EPR spectroscopy. In particular, X-band EPR
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spectroscopy (9.4 GHz) has been used to study several bio-
logical Mn!! sites.[1b—1d.2¢.2d.3.4]

High-spin Mn'" (3d°) is characterized by a fundamental
electronic spin S of 5/2 and a nuclear spin 7 also of 5/2
(**Mn, 100%). Its electronic properties are described by the
spin-Hamiltonian of Equation (1).

H=BBg-S+FA-S+ D[S.>— 1135(S + 1)] + E(S,> — S,2) (1)

The first two terms represent the electronic Zeeman and
the electron nuclear hyperfine interactions, respectively,
whereas the last two terms define the zero-field splitting
(zfs) interaction, with D and E weighting the axial and
rhombic parts.

A typical Mn'" EPR spectrum for mononuclear com-
plexes with small zfs parameters, recorded under highly di-
luted conditions (in solution) and at high temperature, is
characterized by a unique feature centered at g = 2.0 as a
sextuplet. These six lines originate from the hyperfine split-
ting of the central transition |5/2, —1/2> — [5/2, +1/2>, as
shown in Figure 1. The shape of the sextuplet depends on
the magnitude of the different spin-Hamiltonian terms.
When the zfs terms increase, the X-band EPR spectrum
becomes increasingly more complicated and almost imposs-
ible to interpret, with broad transitions between 0 and
0.5 mT. In this case, the way to simplify the Mn'' EPR spec-
tra is to record them at higher microwave frequencies such
as 35 GHz (Q-band EPR), 95 GHz or even up to 285 GHz
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Figure 1. (A) Schematic representation of the energy level diagram of an S = 5/2 system undergoing axial zero field splitting (zfs)
(negative D) and Zeeman effect with the field parallel to the z axis; (B) extended view of the Ms = *1/2 energy levels showing the
hyperfine levels for I = 5/2; arrows indicate the allowed transitions and the resulting spectra are given

(high-field EPR, HF-EPR). Indeed, HF-EPR spectroscopy
(frequency 95 GHz) and derived techniques such as high-
field ENDOR have proven to be useful tools.['d:1¢24:31 Un-
der high-field conditions (D << gBf), EPR spectra re-
corded on an Mn'-containing protein solution exhibit a
simplified sextuplet from which the spin-Hamiltonian par-
ameters can be extracted. However, when the magnitude of
D is very large (|[D|] > 0.2 cm™!), even at high field
(285 GHz, g = 2 at 10.2 T), the central transition |5/2, —1/

Eur. J. Inorg. Chem. 2004, 3880—3886 www.eurjic.org

2> — |5/2, +1/2> appears as a signal characterized by
more than six lines.'%!*l With such Mn" systems, a multi-
frequency HF-EPR study is necessary for a precise determi-
nation of the spin-Hamiltonian parameters.

Concerning the other transitions of the paramagnet S =
5/2 displayed in Figure 1, four others are expected along
each magnetic axis. However, they are rarely observed and
studied by X-band EPR spectroscopy, especially when the
experiments are performed in solution.

© 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 3881
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X- and Q-band EPR studies performed on powdered or
crystalline samples of synthetic mononuclear Mn"" com-
plexes have also been reported.l®) The analysis of the EPR
spectra is feasible for systems with small D values due to
the observation of some or all expected transitions. Never-
theless, Mn!! complexes are often characterized by relatively
large axial zfs, and when D is larger than or similar to the
energy provided by the EPR spectrometer, the spectra be-
come more complicated and not interpretable. Further-
more, with neat powder samples the hyperfine interactions
cannot be observed. In order to detect them, the manganese
complexes need to be diluted into a diamagnetic host. In
the few studies related to magnetic dilution,[”? the X- or Q-
band EPR spectra show several transitions split by hyper-
fine interactions that can help with the determination of the
spin-Hamiltonian parameters when D is relatively large.

Another way to obtain interpretable spectra of manga-
nese(11) complexes with large D values is the use of HF-
EPR spectroscopy. In this case, with neat powder samples
more, or even all, transitions can be then observed than
with X-band, allowing the precise determination of the
spin-Hamiltonian parameters. To the best of our knowl-
edge, only two HF-EPR studies, showing complete or
quasi-complete EPR spectra of Mn'! complexes, have been
reported so far.®] The compounds were three series of syn-
thetic mononuclear dihalo complexes with distorted octa-
hedral® or tetrahedrall®® geometries. The HF-EPR experi-
ments were carried out on neat powder samples at 94.5 and
250 GHz avoiding the observation of hyperfine splitting in
the different electronic-spin transitions. The spin-Hamilton-
ian parameters were determined, although the sign of D
was not extracted since the experiments were performed at
room temperature.

In this paper, we report the synthesis, the crystallographic
characterization and an HF-EPR study (190—285 GHz) of
a new synthetic pentacoordinate inorganic complex:
[Mn(zButerpy)(N3),] (1; Buterpy = 4,4',4"'-tri-tert-butyl-
2,2":6',2" -terpyridine). The EPR experiments were per-
formed both on a neat powder of 1 and on the complex
diluted into the corresponding zinc(i) complex,
[Zn(Mn)(tButerpy)(N3),]. We chose this solid magnetic di-
lution rather than a dilution of 1 in a solvent in order to
maintain the pentacoordination of 1. This work allows us
to compare the spin-Hamiltonian parameters obtained in
both conditions (neat and magnetically diluted samples of
1). We can thus discuss the validity of the approach devel-
oped for several Mn!! protein EPR studies in which only
the sextuplet is used to determine the electronic structure
of the Mn! site.

Results

Description of the Crystal Structure of [Mn(Buterpy)(Ns),]
@

The crystal structure of complex 1 was determined by
single-crystal X-ray crystallography and its structure is
shown in Figure 2.1 The principal crystallographic data are

3882 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

given in the Exp. Sect., while Table 1 summarizes selected
bond lengths and angles.

C14 c16
c14

C18 15

Figure 2. ORTEP view of [Mn(zButerpy)(Ns),]; hydrogen atoms
have been omitted for clarity

Table 1. Selected bond lengths [A] and angles [°] for complex 1

Mn—N(1) 22495  N()—-Mn—N(1")  144.1(2)
Mn—N(2) 2206(5) N(1)-Mn-N(3)  101.0(2)
Mn—N(3) 2.038(5)  N(I)-Mn-N@3')  99.6(2)
N()-Mn—-N(2)  72.0(1) N(3)-Mn-N@3’)  108.8(3)
NQ2)-Mn—N@3)  125.6(2)

The manganese ion lies in the center of a distorted trig-
onal bipyramid. The equatorial plane is occupied by two
nitrogen atoms of the two azide ligands [N(3) and N(3')]
and the central nitrogen atom [N(2)] of rButerpy. The two
distal /Buterpy nitrogen atoms [N(1) and N(1')] are in the
axial positions. The structure possesses a rotational C, sym-
metry axis passing through the Mn and N(2), atoms im-
plying that the atoms N(3) and N(3’) are crystallograph-
ically equivalent, as are N(1) and N(1"). It can also be seen
that the tert-butyl group of the central pyridine ring rotates
around this C, axis. This implies that each carbon atom of
the tert-butyl group [C(14), C(15) and C(16)] possesses two
equivalent crystallographic sites whose occupancy ratio is
50%. The Mn—Ngyerpy bond lengths and the angles
N(1)-Mn—N(1") and N(1)-Mn—N(2) are typical for
mononuclear (terpy)Mn'' complexes.!'”l The Mn—N(2) dis-
tance [2.206(5) A] is shorter than the Mn—N(1) distance
[2.249(5) Al The magnitude of the N(1)~Mn—N(1")
[144.1(2)°] is reduced from the theoretical value of 180° of
an idealized trigonal bipyramid due to the rigidity of the
tButerpy ligand. The angles between the atoms in the equa-
torial positions are 125.6(2)° [N(2)—Mn—N(3){N(3')}] and
108.8(3)° [N(3)—Mn—N(3")]. These values are a measure of
the distortion as a value of 120° is expected for an undis-
torted trigonal bipyramid. The Mn—N,;q. bonds [2.038(5)
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A] in 1 are slightly shorter than those observed in
[Mn(phen),(N3)(H,0)]" (2.151 A) or [Mn(phen)(N3)] (av.
2.138 A) (phen: 1,10-phenanthroline).['!]

HF-EPR Spectroscopy of a Neat Powder of [Mn(zButerpy)-
(N3)2l

The electronic properties of a neat powder sample of
complex 1 were investigated by a multi-frequency EPR
study between 190 and 285 GHz and over a temperature
range of 5—30 K. Figure 3 shows experimental and simu-
lated 285 GHz HF-EPR spectra recorded at 5 and 10 K. At
this frequency, the spectra show transitions located between
9.0 and 11.2 T. Since high-field limit conditions are reached
(D << gBB), all of the transitions are allowed, permitting
an easy interpretation of the experimental data.
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Figure 3. Plots of energy vs. field for the six levels arising from an
S = 5/2 spin state using the parameters given below; the field is
parallel to the molecular z axis (A); arrows indicate the observed
resonances; experimental (B and D) and simulated (C and E) pow-
der 285 GHz EPR spectra of 1, recorded at 5K (B and C) and
10 K (D and E); the parameters used for the simulation are: D =
—0.250(5) em™!, E = 0.044(5) cm ™! and g, = g, = g. = 2.000(5)

In the 5 K spectrum (Figure 3B), the furthest transition
(9.11 T) from the center of the spectrum (close to g = 2.00
for Mn'::l'?1 10.18 T at 285 GHz) is associated with the |5/
2,—5/2>—|5/2,—3/2> transition along the z axis, since D..
> D,, and D, (with D.. + D, + D,, = 0). This is in
agreement with the fact that, at low temperature, only the
first Zeeman levels (Ms) levels are populated (|—5/2> and
|=3/2>). From its field position, the sign and an estimate

Eur. J. Inorg. Chem. 2004, 3880—3886 www.eurjic.org

of the magnitude of D can be obtained. Since this transition
is located in the low-field part of the spectrum at low tem-
perature, we infer that the sign of D is negative. Its distance
from the central field of the spectrum is 4D/g_f, implying a
D value of 0.27 T or 0.25 cm™~! (with g. = 2.00 as a first
approximation). The intensity of the transition observed at
9.60 T increases from 5 to 10 K (Figure 3D), in agreement
with the Boltzmann population of the Ms levels. Thus, it
can be attributed to the |5/2,—3/2>—|5/2,—1/2> transition
along z. Moreover, this transition is located at the expected
field position of +2D/g_P from the |5/2,—5/2>—|5/2,—3/2>
transition along z, confirming our analysis.

The other 5 K spectrum features are associated with x
and y transitions. The 10.98 T and 10.59 T features are
associated with the |5/2,—5/2>—|5/2,—3/2> and |5/2,—3/
2>—|5/2,—1/2> transitions along the x axis, respectively.
These assignments were confirmed thanks to the tempera-
ture effect on the intensity of the transitions. Indeed, the
intensity of the first transition of the multiplet decreases on
going from 5 to 10 K whereas the second feature increases.
The E term can be extracted from the resonance-field differ-
ence of these two subsequent x transitions, which corre-
sponds to (3E — D)/g.p. This implies an E value of 0.038
cm™

The transitions associated with the y axis for the Ms =
—5/2 and —3/2 levels of 1 are observed at 10.47 T and 10.34
T, respectively, which yields a field difference of 0.13 T
equal to —(D + 3E)/g,B, giving an E value of 0.043 cm ™.
This value is similar to the previous one obtained from the
X transitions.

Concerning the central feature located at g = 2.0 (10.18
T at 285 GHz), it corresponds to the contribution of the
|5/2,—1/2>—|5/2,+1/2> transitions along the three mag-
netic axes. At 5 K, the major contribution comes from the
y transition since the Ms level |—1/2> is not populated in
the x and z directions. On the contrary, at higher tempera-
tures the [5/2,—1/2>—|5/2,+1/2> transitions along x, y and
z contribute to the central feature. For this reason, this cen-
tral transition is largely enhanced at 10 K compared to the
other transitions.

The absence of observable splitting due to hyperfine in-
teractions in the experimental spectra originates from the
large line width of the spectral features. Different mecha-
nisms can contribute to line broadening. In our case, the
line width is not temperature-dependent, implying that the
major contribution of the broadening comes from dipolar
interactions between metallic centers.

As hyperfine interactions are not observable in the exper-
imental data, the spin Hamiltonian of Equation (2) that de-
scribes our system under these conditions is simpler than
in Equation (1).

H=PBBgS+ D[S2— 1/35(S+ 1)] + E(S,2 — S,2) 2)

The HF-EPR spectra were simulated using a full-matrix
diagonalization procedure of the spin Hamiltonian [Equa-
tion (2)].141 The best simulation of the experimental spectra
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(Figure 3) was obtained using the following spin Hamilton-
ian parameters: D = —0.250(5) cm~ !, E = 0.044(5) cm ™!
and g, = g, = g. = 2.000(5). These spin-Hamiltonian par-
ameters also simulate successfully the HF-EPR spectra re-
corded at all temperatures and frequencies.

HF-EPR Spectroscopy of a Magnetically Diluted Powder
of [Mn(tButerpy)(N3),| in Zinc(1r)

To experimentally observe the hyperfine interactions for
determining the 4 term, one way is to minimize the line
broadening by diluting the paramagnetic centers. A good
way to magnetically dilute a paramagnetic center is to in-
corporate the sample in a diamagnetic host in order to de-
crease the dipolar interactions. We therefore diluted com-
plex 1 in the corresponding zinc(r) complex at a concen-
tration of approximately 5% by weight of manganese(1).

230 GHz, 30 K

8.10 8.15 8.20 8.25

115 GHz, 30K

400 405 410 415 420 425 430
BIT —

Figure 4. Experimental (bold line) and simulated (dashed line) EPR
spectra recorded at 230 and 115 GHz of [Zn(Mn)(Buterpy)(N3),]
at 30 K; the parameters used for the simulation are: |[D| = 0.260(1)
em™ !, E = 0.043(1) em ™!, g, = g, = 2.001(1) g. = 2.0005(5) and
A2 4,=4.=7155G

Figure 4 displays the 115 and 230 GHz experimental and
simulated EPR spectra of [Zn(Mn)(zButerpy)(Ns),]. As ex-

pected, this spectrum is characterized by a unique feature
located at g = 2.0, split into multiple lines corresponding
to the |5/2,—1/2>—|5/2,+1/2> transition along the three
axes x, y and z. Since the two experimental spectra are cen-
tered at a g value of around 2.000, the Zeeman interaction
is dominant above 4 T. As already observed by Un et al.,['e]
the total width of the spectra increases from 115 to
230 GHz (0.135 and 0.220 T, respectively) and the spectra
appear better resolved at low field. Since the exact positions
of all of these lines are dependent on the zfs terms (D and
E) and g, simulations have been performed to extract the
spin Hamiltonian parameters of these spectra.

A full-matrix diagonalization of Equation (1) was per-
formed, and the best simulated spectra using |[D| = 0.260(1)
em™ !, E = 0.043(1) em™ !, g, = g, = 2.001(1), g. =
2.0005(5) and A, = A4,, = A.. = 77.5 (5) G are shown in
Figure 4. The sign of D cannot be extracted from the mul-
tiplet.

Discussion and Conclusion

In this paper we have described the synthesis and the
crystallographic characterization of a mononuclear Mn'!
complex possessing two terminal azide ligands, [Mn(sButer-
py)(N3),]. Such mononuclear complexes are not common
since azide ions have mainly been used for their ability to
bridge paramagnetic Mn'! centers into dimers, clusters, and
polymers.['3] A large number of such compounds have been
described in the literature including the dimer [Mn,™(p-
Ni)s(terpy),](N3),].['

We performed an HF-EPR study of 1 in order to deter-
mine the spin-Hamiltonian parameters of this complex. The
experiments were performed in the solid state both on the
neat compound and its magnetically diluted form. From the
HF-EPR experiments carried out on the neat powder, we
extracted the magnitude of g, D and E, as well as the sign
of D. The unambiguous determination of the sign of D was
possible by recording the spectra at low temperature. In pre-
vious HF-EPR studies on mononuclear Mn'" complexes,
the sign of D was not determined since the experiments
were performed at room temperature.®! The experiments
conducted under magnetically diluted conditions allow us
to determine the A term and to confirm the value of the
other spin-Hamiltonian parameters; the sign of D cannot

Table 2. Electronic characteristics and coordination number of Mn! sites in enzymes

D E A Coord. number Ref.

[10~% cm™ 1] [10*cem™ 1] [Gauss]
Mn>"-FosA + substrate 2300 200 - 5 [30]
Mn-SOD R. capsulatus 3588 146 86 5 tel
Mn-SOD E. coli 3548 305 85 5 tel
R. capsulatus + azide 720 193 81 6 tel
E. Coli + azide 462 91 82 6 le]
Mn2"-FosA 600 60 - 6 [30]
Mn>" concanavaline A 216 23.7 92.5 6 [2d]
Mn2" xylose isomerase 422-450 105.5—112.3 - 6 [4b]

3884 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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be extracted. Since both sets of parameters are essentially
the same, a similar environment for each manganese ion
can be postulated in both pure and diluted lattices.

In Table 2, we report the spin-Hamiltonian parameters
of several mononuclear Mn™ complexes present in different
metalloproteins. In all cases the spin-Hamiltonian param-
eters have been accurately determined from the EPR hyper-
fine split multiplet of the [5/2,—1/2>—|5/2,+1/2> tran-
sition using extended spectroscopic techniques such as Q-
band EPR, HF-EPR or HF-ENDOR. The coordination
number cannot be adequately correlated to A, although
such a correlation has already been proposed.[**!51 On the
contrary, a good agreement is observed between the magni-
tude of D and the coordination number of the Mn!! ion. D
is larger than 0.2 cm ™! for pentacoordinate complexes while
it is smaller than 0.1 cm™! for hexacoordinate ones. The D
value found for 1 is in good agreement with a pentacoordi-
nate complex. The large E/D value (0.176) reflects the dis-
tortions observed in the X-ray structure of complex 1.

We found similar spin-Hamiltonian parameters to simu-
late both neat and magnetically diluted powder of 1. This
result shows that the analysis of the HF-EPR spectrum un-
der diluted conditions is sufficient to allow an accurate de-
termination of the electronic parameters of mononuclear
Mn"! complexes. For the study of manganese sites present
in metalloproteins, samples obviously correspond to diluted
conditions where only the |5/2,—1/2>—|5/2,+1/2> tran-
sition can be observed. As shown in Table 2, where all spin-
Hamiltonian parameters have been determined using Q-
band or HF-EPR spectroscopy, the advantage of increasing
the frequency is that the spectra are simpler than X-band
spectra. Consistent with this view, our work confirms that
HF-EPR spectroscopy permits the resolution of the elec-
tronic structure of mononuclear Mn!' complexes even for
systems with a large D value, making it a promising tool for
the study of Mn! compounds, including metalloproteins.

Experimental Section

General: Reagents and solvents were purchased commercially and
used as received. Caution: Both N3~ and its complexes are poten-
tially explosive; although we have encountered no such problems
with complex 1, it should still be handled with care; further, N3~
releases explosive HN; on contact with acid solution!

Synthesis of [Mn(rButerpy)(Ns),]: An ethanolic solution (10 mL) of
tButerpy (0.055¢g, 0.136 mmol) was added, with stirring, to an
aqueous solution (2 mL) of MnCl, (0.017 g, 0.136 mmol). An ex-
cess of solid NaN;3 was then added to the yellow solution. The
solution was filtered to remove any impurities and the solvents were
evaporated to dryness to give a yellow precipitate corresponding to
complex 1. Single crystals of [Mn"(/Buterpy)(N5),] were grown by
slow diffusion of diethyl ether into a concentrated solution of 1 in
a mixture of dichloromethane and acetonitrile (1:1). Yield: 0.032 g
(22%). Cy3H3sMnNyOg 5 (563): caled. C 59.67, H 6.80, N 22.37;
found C 60.42, H 6.70, N 22.40. IR (KBr): v = 2959 (m) cm™!,
2076 (vs), 1607 (s), 1549 (m), 1402 (m), 1364 (m), 1251 (m), 1013
(m), 845 (m).

Eur. J. Inorg. Chem. 2004, 3880—3886 www.eurjic.org

Synthesis of [Zn(Mn)(tButerpy)(Ns),]: [Mn(O,CCH3),]-4H,0O
(0.0032 g, 0.013 mmol) was added with stirring to a methanolic
solution (5 mL) of [Zn(O,CCHj3),]-2H,0 (0.0551 g, 0.25 mmol). A
solution of 7Buterpy (0.1056 g, 0.263 mmol) in 100 mL of methanol
was then added to this solution. Finally, an excess of solid NaN;
was added. The solution was stirred for 1 h until formation of a
white precipitate. The solution was filtered and the filtrate was con-
centrated to dryness to give a yellow precipitate of [Zn(Mn)(/Buter-
py)(N3),]. Yield: 0.045 g (31%).

Crystal-Structure Determination of [Mn(zButerpy)(Ns),]: Diffrac-
tion data were collected with an Enraf-Nonius CAD4 dif-
fractometer. The structures were solved by direct methods and re-
fined using the TEXSAN software package (Single Crystal Struc-
ture Analysis Software, version 1.7, molecular structure corpor-
ation, 3200 Research Forest Drive, The Woodlands, TX 77381,
USA, 1995). Further details of the data collection and refinement
are given in Table 3. CCDC-209520 (1) contains the supplementary
crystallographic data for this paper. These data can be ob-
tained free of charge at  www.ccdc.cam.ac.uk/conts/
retrieving.html [or from the Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: (internat.)
+ 44-1223-336-033; E-mail: deposit@ccdc.cam.ac.uk].

Physical Measurements: IR spectra were obtained with a
Perkin—Elmer Spectrum GX spectrophotometer, piloted by a Dell
Optiplex GXa computer. Spectra were recorded with a solid sample
at 1% in mass in a pellet of KBr. High-frequency and high-field
EPR spectra were recorded with a home-made spectrometer.!'¢]
Gunn diodes operating at 95 GHz and 115 GHz and equipped with
a second-, third-, fourth-, and fifth-harmonic generator were used
as the radiation source. The magnetic field was produced by a
superconducting magnet (0—12 T). The HF-EPR experiments were
performed on polycrystalline powder pellets of 1 in order to avoid
magnetic orientation of crystals. Diluted samples of 1 were pre-
pared by immobilizing the powder either in KBr or in n-icosane
mull; identical HF-EPR spectra were obtained in both cases.

Table 3. Principal crystallographic data and parameters of com-
plex 1

Empirical formula C,7H35MnN,
Formula mass 540.57
Crystal system monoclinic
Space group C2/c
Crystal dimensions [mm] 0.56 X 0.20 X 0.12
a [A] 22.766(4)
b[A] 11.718(4)
¢ [A] 11.343(2)
I 112.10

V [A3] 2804(1)

T [°C] 20

A[A] 0.7107
Pcaled. [g-cm73] 1.281

Z 4

F(000) 1140

Abs coeff [em™!] 0.503

No. of reflections collected 10088

No. of independent reflections 3475

No. of observed reflections [/ > 25(/)] 1634

No. of refined parameters 183
Largest peak/hole [eA 3] 0.51/-0.37
Rl 0.0628
R, 0.0902

B R = X|IF| = |FVEIF]. ™ Rw = [Ew(F| — [FZw(F)]".
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