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Iron nitrosyl complexes with {FeNO}’ (S = 3/2) configuration have a complex electronic structure and display
remarkable but not fully understood spectroscopic properties. In particular, {FeNO}’ (S = 3/2) complexes
have very large zero-field splittings (ZFSs), which arise from strong spin—orbit coupling, a relativistic effect.
The accurate prediction and microscopic interpretation of ZFSs in transition metal complexes can aid in the
interpretation of a vast amount of spectroscopic (e.g., Mossbauer and electron paramagnetic resonance) and
other experimental (e.g., magnetic susceptibility) data. We report the accurate calculation of the sign and
magnitude of ZFSs for a set of representative diatomic molecules based on a combined spin density functional
theory and perturbation theory (SDFT-PT) methodology. In addition, we apply the SDFT-PT methodology to
accurately calculate the magnitude and sign of the ZFS parameters of an {FeNO}’ (S = 3/2) complex and to
interpret its spectrocopic data. We find that the principal component D_, of the ZFS tensor is very closely
oriented along the Fe—N(O) bond, indicating that nitric oxide dominates the very intricate electronic structure
of the {FeNO}’ (S = 3/2) compound. We find a direct correlation between electronic delocalization along

the Fe—N(O) bond, which is due to z-bonding, and the large ZFS.

1. Introduction

The geometric structures, bonding properties, and chemical
reactivities of transition metal nitrosyls have been important
subjects of study."? In particular, the study of iron nitrosyls with
a {FeNO}’ configuration' ™ and intermediate spin (S = 3/2)
ground state is of great theoretical and chemical importance.
At the theoretical level, {FeNO}’ (S = 3/2) complexes possess
a complicated valence electronic structure*~!! that gives rise to
intriguing spectroscopic parameters. For example, {FeNO}’ (S
= 3/2) complexes exhibit Mdssbauer isomer shifts (Op. ~
0.62—0.66 mm/s),''™'* which are intermediate between those
of typical high-spin ferric and high-spin ferrous configurations,'!
and also unusual electron paramagnetic resonance (EPR)
signals.!*~16 In addition, {FeNO}’ (S = 3/2) complexes display
unusually large zero-field splitting (ZFS) parameters (D =~
12—20 cm™1),!713 which remove the degeneracy of their quartet
spin ground states as illustrated by Figure 1. Intermediate spin
{FeNO}’ complexes are also important because these mimic
many spectroscopic and some structural properties of mononuclear'!?
and binuclear!!"!® iron centers in proteins that are known to bind
nitric oxide.

Despite its importance, little theoretical work has been done
to predict and explain, in terms of electronic structure calcula-
tions, the intriguingly large ZFS parameters of {FeNO}’ (S =
3/2) complexes. One main reason is that ZFSs of transition metal
complexes are intimately related to the action of spin—orbit
coupling (SOC),!” an interaction that is not incorporated in
conventional (nonrelativistic) Hartree—Fock or Kohn—Sham
(KS) density functional theory calculations.'8~2°

ZFSs are central to the analysis of a vast amount of
experimental data. In particular, spectra from Mossbauer and
EPR experiments as well as magnetic susceptibility of bioinor-
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Figure 1. Effect of axial (D) and rhombic (E) ZFS parameters on
energy levels of S = 3/2 systems. The notation used is defined by eqs
1 and 2.

ganic complexes and metalloproteins are often interpreted in
terms of spin Hamiltonians, which include aZFS interaction.'0~!321:22
Therefore, the development and implementation of methods of
electronic structure capable of predicting and interpreting ZFS
of metal complexes has the potential to explain, at the
microscopic level, a large body of spectroscopic and other
experimental data.

Until recently, the accurate prediction and microscopic inter-
pretation of ZFSs of bioinorganic complexes had remained a
formidable challenge. One major development that paved the
way for the computation of ZFS parameters has been the
pioneering work of Pederson et al.**?* that treats SOC effects
within the framework of perturbation theory (PT). These authors
have mainly focused on the computation of the closely related
concept of magnetic anisotropies in molecular magnets.?>?* At
the same time, although some wave function-based ab initio
approaches exist for the accurate computation of SOC effects
in small organic molecules,? these are computationally expen-
sive and generally impractical for large transition metal-
containing complexes. Therefore, there was need to implement
accurate methods for the computation of ZFSs of bioinorganic
complexes.

In addition to its relevance to bioinorganic magnetism, it is
highly desirable to computationally predict ZFSs as an aid in
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the design of metal-containing single-molecule magnets, in
particular, in the design of clusters that have an intrinsically
large and negative ZFS, since these are possible building blocks
for highly dense memory storage devices.?6~2

Recently, we reported the implementation of a method that
accurately predicts the ZFS of complexes of uniaxial symmetry
at a moderate computational cost.”” More specifically, we
reported the implementation of a combined spin density
functional theory (SDFT) and PT methodology (SDFT-PT),
which incorporates the effects of SOC via PT on top of a
nonrelativistic SDFT calculation.?’ In this work, we briefly
describe the generalization of this method for complexes of
lower (arbitrary) symmetry. In addition, we focus on the
prediction and interpretation of the unusually large ZFS
parameters of an {FeNO}’ (S = 3/2) complex. Consistent with
our previous results,” we show that our SDFT-PT method is
capable of computing ZFS parameters with good accuracy. We
also show that our SDFT-PT calculations provide a much needed
correlation between molecular structure, electronic structure, and
ZFS parameters obtained from experiment.

2. Theoretical and Computational Methods

Although nonrelativistic KS-SDFT!$72 is an efficient method
for elucidating ground state electronic structures of metal
complexes, it does not incorporate SOC. Therefore, by them-
selves, KS-SDFT calculations cannot compute ZFSs, which are
intimately related to the action of SOC, a relativistic effect. For
many cases of interest, however, SOC can be considered a
perturbation to the electronic Hamiltonian of a molecular system.
Consequently, some authors have derived expressions that use
nonrelativistic KS-SDFT in conjunction with sum-overstates PT
to incorporate the effects of SOC.**¥ On the basis of these
studies, we previously implemented expressions for computing
ZFS parameters of complexes of uniaxial symmetry.?’ We have
now implemented expressions for computing ZFS parameters
of complexes of arbitrary symmetry.

In some organic complexes, there is a sizable contribution
from spin—spin (SS) interactions to their ZFS. In transition metal
complexes, however, the SOC contribution to the ZFS is
normally dominant.?! As reviewed by Kahn,!” ZFSs of metal
complexes result from the combined action of ligand fields and
SOC. The ligand fields acting on valence electrons are included
in nonrelativistic SDFT via the electron—nuclear interactions.
Therefore, to compute ZFS parameters, one can incorporate the
effects of SOC by means of PT on top of a KS-SDFT calcu-
lation. To accomplish this, however, one needs to establish a
relationship between solutions to the one-electron KS electronic
Hamiltonians and the phenomenological ZFS parameters. In
what follows, we outline such relationship and present explicit
expressions for the ZFS parameters.

The phenomenological ZFS Hamiltonian is written in terms
of the operator S corresponding to the spin ground state of a
particular complex and the ZFS tensor D:!17:21.22

Tys = S*D-S (1)

The tensor D is chosen to be traceless, and the ZFS interaction
can be expressed in terms of axial (D) and rhombic (E)
parameters:

Hyes = D|S? — %S(S +D[+ESI-S) @
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where D,,, D,,, and D_; are the diagonal components of the ZFS
tensor (D) in its principal axes xx, yy, and zz, respectively. For
complexes with uniaxial anisotropy, the rhombic term vanishes.
More generally, however, E can be finite. Figure 1 illustrates
the effect of ZFS parameters on the spin states of a complex
with S = 3/2 ground state.

The initial stage of the SDFT-PT calculations is based on
obtaining KS orbitals, ¢;(r), for the ground state. KS theory'$~2
yields the ground state electronic density, p(r), and energy of a
many-electron system from self-consistent solutions of one-
electron eigenvalue equations

A ¢(r) = epy(r) Q)

where p(r) = Zl¢i(r)?. To allow for spin polarization, one
can apply a spin unrestricted (U) formalism, which allows a
and f electrons to occupy orbitals with different energy and
spatial localization.!%32734

One can derive expressions for the computation of ZFS
parameters>® by doing sum-overstates PT over the space of the
KS orbitals.?*?*3 Accordingly, the SOC operator can be written
as

1

2¢°

hgoo(1) = S+p x VO(r) (6)

where the Coulomb potential is given by ®(r) = —Z(Z,/Ir —
R,l) + / d&*r[p(x’)/Ir — r'l] and the electron density is related
to the KS orbitals as mentioned above. Using second-order PT,
one can estimate the contribution from hsoc(1) to the total
electronic energy (in a.u.) as

A= X XMSST Q

oo’ Pq

(BlV i XDV i)

Ivylp] q
ap pip; dr

oo’ __ oo’ _
My =M, = Z
D€y~ €y T f
(®)

oo’ _
Sy” = oISl ©)

The integral term in the denominator of eq 8 is a correction to
the energy difference between occupied and empty orbital
energies (€, — €jr) and is dependent on the particular exchange-
correlation functional with p; = ¢i¢;.>** Our initial estimates
based on calculations for diatomic molecules indicate that [
(dvi[pl/0p)pipj dr changes the numerical values of D by a
relatively small fraction. More specifically, upon inclusion of
this latter term with the BLYP and BPW91 functionals, D
increased & 7.7% for the diatomic S,.3® This correction is likely
of comparable magnitude for metal complexes and was not
included in the present calculations on the iron nitrosyl complex.
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TABLE 1: Table of Experimental and Theoretical ZFS Parameters for Selected Diatomics

internuclear distance (a.u.)" Dggeriment (cm~1)? DSSELSE® (em™) DSSEC125 (cm™!) DSDET=PT (cm™1ye
0, 2.300 +3.96% +3.972 +2.480 +3.14
PH 2.708 +4.420% +3.824 +3.492 +4.61
PF 3.005 +5.924 +5.410 +4.926 +6.80
SO 2.799 +10.540* +10.698 +10.142 +9.90
S, 3.567 +23.54% +20.594 +20.330 +21.69

“To allow for direct comparison with SCF-CI results, bond lenghts used in ref 25 were also used in SDFT-PT calculations. * Some D values
were obtained from fits to experimental data with no reported uncertainty. Numerical values are shown after conversion to present notation
according to eq 2. ¢ SDFT calculations done for triplet states of neutral molecules at the UBLYP/6-311G* level.

In eqs 8 and 9, V, = (—i/2c)[V x V®(r)],, where p,q =
X,Y.Z, $is and ¢ represent occupied and unoccupied KS orbitals,
respectively, y are generalized spinor functions,” and o, ¢’
represent up or down spin. The matrix elements (¢;,|V,l¢) are

giVen by

(10)

_ —i d¢ia
<¢i0|vp|¢j0> - ?(< dq

d¢jd> B <d¢w
(D|K ds

where p,q,s = (X,y,2), (y,2,X), or (z,X,y). We compute {(d¢;,/
dq)I®PI(d¢/ds)) by expanding the KS orbitals ¢, in terms of
Cartesian Gaussian type orbitals (CGTO). For the case where
Mg¢ = 0 and p # q, we have derived the following expressions
for the SOC contributions to the axial (D)* and rhombic (E)
ZFS parameters with respect to the principal axes of a molecular
system

(1 2 12 210, 12
D= (ﬁ) [Mzz + Mzz - Mzz - Mzz + E(Mxx +

M2+ M+ M) — %(M}; + M2 + M + M)

Yy Yy

(11)

IR AT 2 12 21
E= (ﬁ) SIMLL M+ M)+ M -

(M) + M5y + M + M)l (12)

where AN is the difference between the number of electrons
with up and down spin in the ground state. Equations 11 and
12 are of crucial importance because these relate the phenom-
enological ZFS parameters (D, E) to the KS orbitals, ¢;(r), and
their corresponding eigenvalues e;.

The sum-overstates PT calculations were done with a locally
developed algorithm.?” The set of KS orbitals needed for the
SDFT-PT calculations was generated from spin unrestricted (U)
calculations carried out with Gaussian 9837 on the crystal-
lographic structure.

3. Results and Discussion

3.1. Validation of SDFT-PT Algorithm for Diatomic
Molecules. Table 1 shows experimental and predicted ZFSs for
some diatomic molecules. The third and fourth columns show
the combined contributions from SOC and SS interactions as
obtained by previous authors from fits to experiment and high
level (SCF-CI) ab initio calculations, respectively.?> Most of
the latter values, which include minor SS contributions, agree
with corresponding fits to experiment to within 10%. In
transition metal complexes, however, the SOC contributions are
generally much more dominant.?’ Accordingly, the fifth and
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Figure 2. Comparison of SDFT-PT and SCF-CI® calculations of SOC
contribution to axial ZFSs of selected diatomic molecules. Numerical
values are given in Table 1.

sixth columns of Table 1 and Figure 2 compare the SOC contri-
butions predicted by SCF-CI and our SDFT-PT implementation.
These results show fairly good agreement between the former
method, which is accurate but generally impractical for large
metal complexes, and the latter. Thus, SDFT-PT predicts fairly
accurately, as compared to both experiment and high level
theory, for a set of diatomics whose ZFS differ over an order
of magnitude (D ~ +3 cm™! <= D ~ 420 cm™!). Importantly,
for the diatomics listed in Table 1, SDFT-PT predicts not only
the magnitudes but also the positive signs of D, which, in
general, can be positive or negative. Additional SDFT-PT
calculations (to be published elsewhere) on a metal complex
with known negative D produced the correct (negative) sign.*
This further illustrates the fact that SDFT-PT can correctly
predict the signs of the ZFS parameters.

3.2. Comparison with EPR Experiments: ZFS of Diatomic
Sulfur. To illustrate the accuracy of SDFT-PT, we compare its
results against those from EPR for a diatomic for which the
SOC contribution to the ZFS is dominant. Wayne et al. recorded
gas-phase EPR spectra on diatomic sulfur,*> and analysis to their
data yielded a rather large ZFS (Dggginen = 423,54 cm™),
which includes a minor SS contribution (Dgs &~ +0.26 cm™').%

The SDFT-PT values are in fairly good agreement with EPR.
There is a small dependence on the exchange-correlation
functional with U-BLYP** (DSPFT=FT = 421 69 cm™") predict-
ing slightly greater values than those of U-BPW914345 (DSPFT-PT
= +19.82 cm™!). Although our main motivation for implement-
ing the SDFT-PT method was the treatment of transition metal
complexes, the present results show that it can also be used for
organic and other nonmetallic complexes when the SOC
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Figure 3. (a) S = 3/2 complex FeL(NO)(N;), showing orientations
and relative magnitudes of principal components of the ZFS tensor
with numerical values given in Table 2. (b) The largest component,
D.., is in the Fe—N—O plane and rotated by only 4.8° with respect to
the Fe—N(O) bond.

contribution to their ZFS is dominant. Systems that display
sizable SS interactions, however, would require the additional
calculation of the SS contribution to their ZFS.

3.3. ZFSs of an Iron Nitrosyl Complex. To interpret the
large ZFS parameters of {FeNO}’ (S = 3/2) complexes, we
have performed SDFT-PT calculations on one such complex
with the formula FeL(NO)(N3), (L = CoHyN;).*® The
complex (Figure 3) was reported as the first crystallographi-
cally characterized octahedral {FeNO}’ system with S = 3/2
ground state and has a tridentate macrocycle, which is facially
coordinated. Debrunner et al.*’ performed 4.2 K Mossbauer
measurements on the complex and determined parameters
characteristic of {FeNO}’ (S = 3/2) systems (i.e., Op. = 0.62
mm/s, and AEg = 1.31 mm/s). The M6ssbauer isomer shifts
of FeL(NO)(Nj3), are intriguing, being smaller in magnitude
than expected for high-spin ferrous and larger than expected
for high-spin ferric configurations.!' In addition, fits of
spectroscopic data show that {FeNO}’ (S = 3/2) complexes
display unusually large ZFSs.!!~!* In particular, the value D
= 20 + 2 has been reported for FeL(NO)(Nj3), from
susceptibility measurements.!® Therefore, it is clear that
{FeNO}7 (S = 3/2) complexes have an intricate valence
electronic structure, which is ultimately responsible for their
intriguing isomer shifts and large ZFSs. This is consistent
with the works of Enemark and Feltham!? that describe
transition metal nitrosyls as highly covalent entities.

We have made a very accurate calculation of the ZFS param-
eters of FeL(NO)(N3),. The computed ZFS parameters were
fairly close for both functionals with U-BLYP yielding
somewhat greater values than U-BPW91. As shown in Table
2, there is some dependence on the basis set with larger basis
yielding somewhat larger values. The calculated D values
for the two exchange-correlation functionals were in good
agreement with experiment, all being within or close to the
reported uncertainty of the susceptibility measurements. This
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TABLE 2: Predicted and Experimental Values of ZFS
Parameters of S = 3/2 Complex FeL(NO)(N;),

SDFT-PT
U-BLYP U-BPWI1
6-31G*/6-311G*  6-31G*/6-311G*  experiment!”
D (cm™) +21.58/4+25.04 +19.77/4+22.87 +20, £, 2
E, (cm™) +0.49/+0.55 +0.48/+0.54 NA
(Du. Dy, DY (—6.698, —=7.687,  (—6.110, =7.071,  NA¢
+14.385) +13.181)

“No experimental value was reported for E, implying that it is
small or close to zero. ” Tensor components shown for 6-31G*
basis. The 6-311G* basis displays similar trends. ¢ D tensor compo-
nents are not explicitly reported.

is consistent with our previous?® SDFT-PT calculations on a
different iron complex, which yielded excellent agreement
with experiment.?’ Our calculations were also sensitive to a
small, but finite, value of E. This is consistent with a small
inequivalence of the orientation of the Fe—N—O plane with
respect to the two azido ligands in the published crystal-
lographic structure.

Equation 8 shows that computed ZFS parameters depend
strongly on the energy denominators €, — €jy. For the two
exchange-correlation functionals mentioned above, the SDFT-
PT methodology yielded fairly accurate D values. We notice,
however, that other functionals that incorporate an admixture
of Hartree—Fock exchange®® tend to give ZFS values, which
are low in magnitude relative to experiment due to their tendency
to produce €, — €j gaps, which are larger than those of pure
exchange functionals.

3.4. Magneto-Structural-Experimental Correlations Ob-
tained from SDFT-PT Methodology. Fits of magnetic sus-
ceptibility data or spectroscopic techniques, such as Mossbauer
and EPR, do not normally allow for a rigorous mapping of the
ZFS parameters to the molecular structure. By contrast, our
SDFT-PT calculations have allowed us to map the magnitudes
and orientations of the ZFS tensor to the molecular structure.
Therefore, our results provide a much needed link between
molecular structure, electronic structure, and spectroscopic
parameters. As shown in Figure 3, the principal axis (zz), which
is determined by the orientation of the largest tensor component
D, is in the Fe—N—O plane and very closely oriented along
the Fe—N(O) bond. The figure shows that D,, makes an angle
of only 4.8° with respect to Fe—N(O). To rationalize this
behavior, we briefly describe the composition of some relevant
molecular orbitals (MOs) with respect to a coordinate system
where iron is at the origin and the z-axis is defined by the
Fe—N(O) bond.

The composition of the frontier MOs was extensively
described in a previous study'! and provides significant insight
about the origin of the large axial ZFS parameter of Fel-
(NO)(N3),. For convenience, we refer the two azido ligands as
(N3)a and (N3)g. As shown in Figure 4, occupied MO 87p is
delocalized throughout the three fragments of the complex and
has main contributions from NO, (N3)a, and Fe(3d) orbitals.
The contour shows a strong sz-bonding interaction between
Fe(d,;) and NO 7*(p,), which allows for substantial overlap
between iron and ligand orbitals. The occupied MO 868 (not
shown) is also delocalized throughout the molecule with main
contributions from NO, (N3)g, and Fe(3d) orbitals. MO 860
displays a strong 7-bonding interaction between Fe(d,.) and NO
r*(p,), which also allows for strong overlap between iron and
ligand orbitals. Thus, MOs 864 and 87/ have very similar
characteristics and are responsible for strong delocalization of
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Figure 4. MO 87f of FeL(NO)(Nj3),. The isovalue contour plot was
obtained from SDFT calculations at the U-BPW91/6-311G* level.
The plot is in the xz plane and shows the mz-bonding interaction
between Fe(d,,) and NO s*(p,) orbitals. The s-bond allows strong
electron delocalization along the Fe—N(O) axis. This is consistent
with the largest tensor component, D_,, being very nearly oriented
along the Fe—N(O) bond (Figure 2b). The contour also shows
delocalization toward one of the N3 ligands. MO 863 (not shown)
has similar characteristics."!

two spin-down (f3) electrons between NO(s*) and two iron
orbitals, Fe(d,,) and Fe(d,;), which are oriented along the z-axis.
Such delocalization along the Fe—N(O) bond, which defines
the z-axis, is fully consistent with the large magnitude and
orientation of the largest component, D_,, of the ZFS tensor
(Figure 2b). The nearly coincident orientation of D_, with the
Fe—N(O) bond is also consistent with the very strong field
character of the NO ligand according to its relative position in
the spectrochemical and magnetochemical series.*’

Plots of the partial density of states (DOS) provide further
insight about the valence electronic structure and its relationship
to the ZFS of the iron complex. Figure 5 shows that around the
o-highest occupied molecular orbital (HOMO) energy region,
the DOS has significant contributions from Fe(3d) and (N3)ap
shells and, to a lesser extent, from NO(2p) and TACN N(2p).
The DOS at the a-lowest unoccupied molecular orbital (LUMO)
energy and higher is dominated by contributions from NO(2p)
and, to a lesser extent, Fe(3d) shells. The DOS around the
B-HOMO region has contributions from (N3)ap, Fe(3d), and
NO@2p) shells, whereas the S-LUMO region has a main
contribution from Fe(3d) and, at higher energies, from NO(2p).

Figure 6 displays the energies of the frontier orbitals and
shows that the o HOMO—LUMO gap (1.4 eV) is smaller than
the corresponding S-gap (1.7 eV). The figure also shows how
the smallest energy differences between occupied and unoc-
cupied orbitals, le; — €jl, arise from combinations of at-HOMOS
and S-LUMOS. Equation 8 shows that small le; — ¢l promote
large ZFS. This is consistent with an analysis of the contributions
to the axial ZFS splitting. Table 3 shows that the admixture of
majority (o) occupied orbitals with minority () unoccupied
orbitals produces the largest contribution to the ZFS. In fact,
Table 3 also shows that the second largest contribution arises
from admixtures of minority occupied orbitals with minority
unoccupied orbitals. It is noteworthy that the two largest
contributions involve minority LUMOs, which, as shown in the
DOS plots, have substantial contribution fron NO(2p) orbitals
underscoring the prominent role of the NO ligand on the large
ZFS.

The DOS and composition of frontier orbitals show that
FeL(NO)(N;), has a complex valence electronic structure.
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Figure 5. Total and partial DOS corresponding to (a) spin up (o)
and (b) spin down () frontier orbitals of FeL(NO)(N3),. The partial
DOS were calculated for contributions from basis functions centered
on the Fe(3d), NO(2p), (N3)a(2p), and (N3)p(2p) shells. In addition,
partial DOS are also shown for the 2p shells of the three TACN
nitrogens bound to iron. The left and right vertical lines correspond
to the energies of the (a,3)-HOMO and (a.,3)-LUMO, respectively.
Orbital energies were obtained at the U-BPW91/6-31G* level.

However, despite the accuracy of magnetic susceptibility
experiments'® and extensive electronic structure calculations,!!
the relationship between the microscopic electronic structure
and large ZFS of FeL(NO)(Nj3), had not been fully understood.
The present analysis provides insight about the origin of the
large ZFS and establishes a direct correlation between strong
electron delocalization along the Fe—N(O) bond and the
magnitude and orientation of the dominant tensor component
D,.. In addition, fitting of susceptibility data, by itself, did not
allow for a rigorous mapping of the ZFS parameters to the
molecular structure. By contrast, as shown in Figure 3, the
magnitudes and orientations of the ZFS tensor obtained from
our calculations have been plotted with respect to the molecular
structure. Thus, the present SDFT-PT calculations provide
important correlations between ZFS parameters and molecular
structure, which are not normally obtained by standard fits to
experimental data.

4. Conclusions

The results presented in this work give rise to the following
conclusions.
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Figure 6. Energy level diagram of spin up (o) and spin down (53)
frontier KS orbitals of FeL(NO)(Nj3),.

TABLE 3: Partial Contribution to ZFS Parameters of
FeL(NO)(N3); from Sets of Occupied and Unoccupied
Orbitals®

occupied unoccupied (D, E) (cm™)
majority majority (+3.44, +0.25)
majority minority (+13.83, +0.34)
minority majority (—1.47, —0.31)
minority minority (+4.07, +0.23)

¢ Orbitals obtained at the U-BPW91/6-31G* level.

(i) The SDFT-PT methodology allows, quite generally, the
accurate computation of ZFSs of molecular systems that range
from small diatomics to inorganic and bioinorganic complexes.
Very importantly, the calculations yield not only the magnitude
but also the sign of the ZFS parameters.

(ii) We have computed the ZFS parameters of FeL(NO)(Nj3),
and have obtained fairly accurate values for this important
complex. In addition, we have shown that the largest tensor
component, D, is very closely oriented along the Fe—N(O)
bond, indicating that NO, a strong-field ligand, dominates the
electronic structure of the complex.

(iii) Many fits of experimental data do not normally allow
for a rigorous mapping of the ZFS parameters to the molecular
structure. By contrast, our SDFT-PT calculations have allowed
us to map the magnitudes and orientations of the ZFS tensor to
the molecular structure. Therefore, our results provide a much
needed link between molecular structure, electronic structure,
and spectroscopic ZFS parameters.

(iv) The spin Hamiltonian (2) has been extensively used in
the analysis of experimental data of bioinorganic complexes and
metalloenzymes.!%!1:1730 Thus, the present SDFT-PT method for
predicting ZFS parameters has the potential to aid in the
interpretation of a large amount of experimental data.

(v) The SDFT-PT methodology allows for a much broader
range of applications. In particular, SDFT-PT calculations are
useful for the computational design of complexes with large
and “negative” ZFS for potential highly dense memory
storage?~28 applications.
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