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A theoretical modeling of the L2,3-edge X-ray 

absorption spectra of Mn(acac)2 and Co(acac)2 

complexes.
†‡

  

Silvia Carlotto,*a Mauro Sambi,a Andrea Vittadinib and Maurizio Casarin*a,b  

Mn(acac)2 (I) and Co(acac)2 (II) L2,3-edge absorption spectra have been modeled by using the 

DFT/ROCIS method. Besides the agreement between experiment and theory, the combined use 

of the B3LYP exchange-correlation functional and of the def2-TZVP(-f) basis set provided 

useful information about the coordinative geometry around the M(II) ions as well as about the 

nature and the strength of the Mn–O and Co–O interaction. The lower excitation energy (EE) 

side of both I/IIL3 and 
I/IIL2 intensity distributions mainly includes states having the ground 

state spin multiplicity (S = 5/2 in I; S = 3/2 in II), while states with lower spin multiplicity (S 

= 3/2 in I; S =1/2 in II) significantly contribute to the higher EE side of both I/IIL3 and 
I/IIL2. 

As such, the occurrence on L3 and L2 higher EE sides of states involving metal to ligand 

charge transfer transitions in the presence of ligands with low lying empty π* orbitals is herein 

confirmed. 

 

1. Introduction 

 X-Ray Absorption Spectroscopy (XAS) of M complexes (M  

= metal of the first transition series) is a powerful tool able to 

provide useful information about low lying virtual orbitals, the 

M geometrical environment, the nature and the strength of the 

M-ligand bonding.1-3 The XAS versatility has been extensively 

exploited to investigate highly different chemical systems 

including single molecules,3-4 solids,5 minerals6 and 

metalloproteins.7 Inasmuch as XAS features are associated to 

the excitation of core electrons to the frontier unoccupied 

molecular orbitals (MOs) as well as to the continuum, K- and 

L-edge8 spectra are very sensitive to both the electronic 

structure and the local surrounding of the absorbing atom. As 

such, M K-edge spectral structures are generated by the electric 

dipole forbidden, but quadrupole allowed, 1sM → ndM 

transitions,9-11 which may be enhanced in non-centro-

symmetric complexes through the involvement of (n + 1)pM 

atomic orbitals (AOs) into frontier unoccupied MOs.12-13 At 

variance to that, the potentially richer M L2,3-edge structures are 

dominated by the electric dipole allowed 2pM → ndM 

transitions,9,14 thus probing the contribution of ndM AOs to the 

unoccupied electronic structure. The 2p6 → ndk transitions 

produce a final electronic configuration with a hole in the 2pM 

core levels (2p5ndk+1) whose orbital angular momentum is l = 

1; this will couple to the spin angular momentum s = 1/2 to 

generate j = 3/2 and j = 1/2 states as a consequence of the spin-

orbit coupling (SOC). The former state (j = 3/2) lies at lower 

excitation energy (EE) and it corresponds to the L3 feature,8 

whose intensity is approximately twice the one of the L2 

feature8 associated to the j = 1/2 state.15-16 Both the 

experimental analysis and the theoretical modeling of L2,3-edge 

spectra in M complexes are challenging issues; in fact, besides 

ligand-field and covalency effects, the SOC between the 

possibly many final-state multiplets has to be taken into 

account.4-5,17-19  

 Mn(acac)2 and Co(acac)2 (hereafter, I and II, respectively; 

acac = 2,4-pentanedionato) are the only tetrahedral M 

complexes of the (bis-acac)2- ligand.20 In fact, V(acac)2 has a 

distorted square pyramidal coordination environment; the bis-

acac O atoms of VO(acac)2 generate the equatorial plane of a 

square pyramid whose apex is occupied by the vanadyl 

oxygen;19e,24 Cr(II) lies on an inversion center and has a planar 

coordination by four oxygen atoms in Cr(acac)2;
25 Fe(acac)2, 

quickly converted into Fe(acac)3 in solution under aerobic 

conditions, crystallizes as a tetramer26 with “two O-bridged 

dinuclear units that are further held together by a rather long 

Fe–C bond between the inner Fe atom of one unit with one 

acetylacetonate central C atom of the adjacent one”;27 

anhydrous Ni(acac)2 is trimeric (Ni3(acac)6) with an octahedral 
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coordination around each Ni(II) ion;28-30 finally, Cu(acac)2 has 

a square planar arrangement.31  

 Manganese complexes have been extensively investigated 

with L2,3-edge XAS investigations32-38 because of their diverse 

technological applications, which include magnetic 

semiconductors for spintronic materials,
32-34 battery 

electrodes,35 ferrimagnetic nanoparticles for magnetic recording 

media and transformers,36 thin films37 up to biological 

applications.38 Similarly to Mn, Co complexes have been 

exploited for a massive number of applications, which again 

include magnetic semiconductors for spintronic materials,39 

ferrimagnetic nanoparticles for magnetic recording media and 

transformers,36 catalysts40 and nanocrystals for catalytic 

reactions.41 It is not then surprising that, likely to Mn, L2,3-edge 

XAS has been extensively employed to investigate Co-based 

materials.36,39-41  

 The L2,3-edge XA spectrum of I has been firstly reported by 

Grush et al.42 in an experimental study of Mn complexes,43 

while Collison et al.44 used the L2,3-edge XA spectrum of II to 

gauge the spectrum of the Co(acac)3 photoreduction products. 

In none of these contributions the I/IIL2,3-edge XA features were 

analyzed in detail. In the present study, literature42,44 I/IIL2,3-

edge XA spectra have been modeled by adopting the recently 

developed Restricted Open shell Configuration Interaction with 

Singles (hereafter, DFT/ROCIS) method.19d The origin of the 

fine multiplet spectral features is thoroughly discussed and 

analyzed from both a qualitative and quantitative point of view. 

Moreover, the peculiar M role on spectral shapes and feature 

positions are considered in detail.  

 

2. Computational Details 

 All the calculations have been performed by employing the 

ORCA program package.45 Molecular geometry optimizations46 

have been carried out by adopting the hybrid 

Becke3−Lee−Yang−Parr (B3LYP)47 exchange-correlation 

functional, i.e., by combining a standard generalized gradient 

(VWNIII) with a part (20%) of Hartree−Fock exchange, and by 

using the def2-TZVP(-f) basis set.48-49 L2,3 EEs, transition 

dipole moments and their intensities have been evaluated by 

means of the DFT/ROCIS method,17,19d,50 which includes SOC 

in a molecular Russell-Saunders fashion. As a consequence of 

the strong 2p SOC in the final state manifold, excited states 

with spin quantum numbers (S) different from that of the 

ground state (GS) have had to be computed. The combined use 

of DFT and CI requires a set of three semi-empirical parameters 

(c1 = 0.18, c2 = 0.20, and c3 = 0.40),19d which have been 

calibrated by Roemelt and Neese17 for a test set of ML-edges. 

Saturation of the final-state manifold has been obtained by 

considering forty nonrelativistic roots per multiplicity. 

Throughout the numerical experiments, the resolution of 

identity (RI) approximation51 has been used with the def2-

TZVP/J basis set.48b Moreover, the zeroth order regular 

approximation has been adopted to treat the scalar relativistic 

effects.52 Numerical integrations for all the calculations have 

been carried out on a dense Lebedev grid (302 points).53 

Simulated spectra have been shifted by 13.4 eV in I and 14.2 

eV in II to superimpose the highest intensity feature of the 

experimental and simulated L3 spectra, which do not suffer of 

extra broadening and distortion due to the Coster-Kronig Auger 

decay process.4,54 Incidentally, this is needed because absolute 

theoretical EEs carry errors arising from DF deficiencies in the 

core region, one-particle basis set restrictions and inadequacies 

in the modeling of spin-free relativistic effects.4 A Gaussian 

broadening factor of 0.8 eV has been throughout applied to 

model I/IIL2,3-edge XA spectra. 

3. Results and discussion 

 Co(acac)2 presents interesting features, as it can take two  

spin states, viz. a low-spin (LS) doublet or a high-spin (HS) 

quartet,55-56 and three structural arrangements, i.e., square-

planar, tetrahedral or octahedral with two coordinative positions 

occupied by solvent molecules.57-58 Early experiments carried 

out by the Cotton group seemed to be consistent with a Co(II) 

tetrahedral environment59 and a HS GS.60 This has been 

recently confirmed by the complete active space self-consistent 

field/second-order perturbation theory (CASSCF/CASPT2)55 

and DFT21,56,61 calculations. Unlike II, neither the molecular 

structure nor the GS spin state of I have raised interest in 

literature.62 As such, Grush et al.42-43 suggested quite 

apodictically a tetrahedral geometry for I. To look into such an 

assumption, different Mn(II) coordinative environments 

(distorted tetrahedral and square-planar) and spin multiplicities 

(S = 5/2 for the distorted tetrahedral coordination; S = 5/2 and S 

= 3/2 for the square planar one) have been herein considered 

with the following outcomes: the B3LYP GS energy associated 

to the square planar coordinative arrangement with S = 5/2 (S = 

3/2) is higher than that corresponding to the HS distorted 

tetrahedral structure (see Figure 1) by 7.9 (17.0) kcal/mol.64 

Different Mn(II) coordinative arrangements are compared in 

the Figure S1 of the ESI.  

 
Figure 1. Schematic representation of M(acac)2, M = Mn (I) and Co (II). Violet, 

red, grey and white spheres correspond to the M, O, C and H atoms, 

respectively. 

 Optimized geometries (see Tables S1 and S4 of ESI) 

indicate that, on passing from I to II, the M–O bond length 

decreases less than 5% (2.04 vs 1.95 Å). In this regard, it is 

worth of note that the optimized Co-O inter-nuclear distance is 
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quite close to the ones (1.94 – 2.00 Å) evaluated by Radon et 

al.55 in their DFT calculations, where a number of functionals 

and basis sets were considered. It is also noteworthy that, both 

in I and II, optimized geometries significantly deviate from a 

regular tetrahedral environment of the M center. As such, the 

O4–M1–O5 angle is sharper in I (89.9°) than in II (95.7°) and, 

as the Co–O bond length, the O4–Co–O5 angle is very similar 

to that estimated by other DFT studies (97.4° and 97.7°).56 As 

far as the O2-M1-O4 angle is concerned, we find it to be wider 

in I (120.1°) than in II (116.8°).  Now, before entering into the 

details of the obtained theoretical results, a preliminary 

description of the nature of the main 2p → 3d one-electron 

excitations, carried out in the habit of a ligand field theory type 

of analysis (see Figure 2), coupled to a qualitative picture, 

simply based on symmetry arguments, of the acac-/(bis-acac)2- 

frontier MOs may be useful to favor the comprehension of the 

forthcoming discussion.  

 
Figure 2. MO splitting diagram of I and II within the assumption of a regular/distorted tetrahedral arrangement around M. Adapted 2p → 3d transitions in the one-

electron particle/hole approximation are also displayed. HS orbital occupation patterns refer to the 
6
A1 (I) and 

4
B1 (II) ground states. 

 The occupation numbers of 3d AOs in Mn(II) and Co(II) 

free ions are five (3d5, GS = 6S) and seven (3d7, GS = 4F), 

respectively. Upon a 2p → 3d one-electron excitation, the M 

final electronic configuration is then 2p53d6 in Mn(II) and 

2p53d8 in Co(II).65 If the whole set of multiplets arising from 

the 3d6 (3d8) configuration is collectively labeled as D6 (D8), the 

electronic states generated by the 2p53d6 (2p53d8) configuration 

are:65-66 2P ⊗ D6 = 2,4S, 2,4,6P, 2,4,6D, 2,4,6F, 2,4G, 2,4H, 2,4I, 2K (2P 

⊗ D8 = 2,4S, 2,4P, 2,4D, 2,4F, 2,4G, 2H). As a consequence of the 

ligand field, covalent interactions and SOC admixture, these 

states will further split to generate a total of 6 × 210 = 1260 (6 

× 45 = 270) molecular magnetic spin sublevels with MS = ±1/2, 

±3/2, ±5/2  (MS = ±1/2, ±3/2). According to Maganas et al.,4 

they have been labeled |±1/2>, |±3/2> and |±5/2>. The one 

electron excitation pattern describing the M final states in the 

tetrahedrally distorted structure (D2d symmetry point group) of 

I and II is then dominated by states having either a spin 

multiplicity equal (∆S = 0) or lower (∆S = –1) than the GS one 

(S = 5/2 in I, S = 3/2 in II) (see Figure 2).67-68 The forthcoming 

analysis of I/IIL2,3-edge spectra will be then carried out by 

treating explicitly these excitation patterns in the habit of an 

appropriate CI scheme, which includes electron correlation and 

anisotropic covalency. 

 The acac-/(bis-acac)2- frontier MOs may be factored in two 

sets according to their σ or π character.69 The σ set consists of 

two completely occupied orbitals: the in-phase (n+) and the out-

of-phase (n-) linear combinations of the O lone-pairs, both of 

them lying in the acac- plane. The latter set consists of five π 

orbitals (πi, i = 1 - 5), three of them (πj, j = 1 - 3) completely 

occupied. As far as the empty π MOs are concerned, both π4 

and π5 are C–O antibonding; moreover, π4 has a node on the 

methinic carbon atom [C(H)], while π5 is also C–C(H) 

antibonding. When the (bis-acac)2- ligand is considered, each σ 

and π acac-based frontier MO generates in-phase (σ+/π+) and 

out-of-phase (σ-/π-) combinations; n
+

+,n
+

−,n
−

+,n
−

−  transform as the 

a1, b2 and e irreducible representations (IRs) of the D2d 

symmetry point group, while π1
+,π1

−,π2
+,π 2

−,π 3
+,π 3

−,π 4
+,π 4

−,π 5
+,π 5

−    
belong to the e, a2, b1, e, a2, b1, e IRs, respectively. 

 The actual relative positions of the frontier MOs of I 

together with dominant one-electron 2p → 3d excitations are 

displayed in Figure 3 (HOMO – LUMO ∆E = 4.53 eV).70 In 

agreement with qualitative predictions, the IGS is a 6A1; 

nevertheless, it is noteworthy that this state is generated by an 

electronic configuration completely different from that reported 

in Figure 2. More specifically, among the five Mn(II) 3d-based 

MOs, two of them (the t2-like xy and the e-like x2 – y2) are 

fulfilled (DOMO),71 while the latter e-like (z2) and the 

remaining two t2-like (xz/yz) correspond to SOMOs (see Figure 

3).71 As far as the left over two unpaired electrons are 

concerned, they occupy a double degenerate, (bis-acac)2-–based 

MO (the corresponding atomic character is reported in Table S5 

of the ESI together more detailed 3D contour plots), 

characterized by the symmetry allowed contribution of both

n
−

+,n
−

− and π 3
+,π3

− pairs (both of them transforming as the e IR) 

and lying in between the z2 HOMO-2 and the xz/yz HOMO. 

Upon closer inspection, the HOMO and the HOMO-1 appear to 

correspond to the anti-bonding and non-bonding combinations 
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between the Mn(II) t2-like xz/yz AOs and the just described 

(bis-acac)2-–based hybrid orbital.72 

 
Figure 3. Dominant contributions to the L3-edge spectrum of I. The HS orbital 

occupation pattern refers to a 
6
A1 ground state. In the adopted framework, the 

Mn 3d-based AOs transform as a1 (z
2
); b1 (x

2
 - y

2
); b2 (xy); e (xz, yz), while the Mn 

2p AOs transform as b2 (z); e (x, y). Both the 3d(x
2
 - y

2
) and the 3d(xy) are 

DOMOs, the absence of any arrow on them is for the sake of clarity.  

 The actual relative positions of frontier MOs in II (see 

Figure 4, HOMO – LUMO ∆E = 4.96 eV) look like similar to 

the ones displayed in Figure 3 for I,70 the main unlikeness being 

the different number of electrons contributed by Co(II), which 

fulfill the e-like z2 HOMO-273 and leave a single hole in the 

HOMO-1. Incidentally, such an electronic configuration 

generates a GS (4E)74 different from that foreseen on a 

qualitative ground (4B1, see Figure 2). 

 Besides these macroscopic differences, a thorough analysis 

of B3LYP GS ORCA45 results underlies a M–ligand interaction 

stronger in II than in I. As a matter of fact, i) the contribution 

of the M 3d-based t2-like xz/yz AOs to the bonding combination 

with the n
−

+,n
−

− / π 3
+,π3

−  (bis-acac)2--based hybrid is slightly 

larger in the HOMO-6 of II (45%) than in the HOMO-6 of I 

(43%) (see Table S5 and S6 of the ESI);72 ii) the contribution of 

M 3d-based t2-like xz/yz AOs to the anti-bonding combination 

with the n
−

+,n
−

− / π 3
+,π3

−  (bis-acac)2--based hybrid is significantly 

smaller in the HOMO of II (12%) than in the HOMO of I 

(25%); iii) the overall M–O overlap population is smaller in I 

(0.28e) than in II (0.33e) and accordingly iv) the M–O bond 

distance is shorter in II (1.95 Å) than in I (2.04 Å); finally, v) 

the M Mulliken gross atomic charge76 is larger in I (0.97e) than 

in II (0.76e), thus suggesting a higher ionic contribution to the 

Mn–O interaction when compared to the Co–O one. 

 XAS spectra. It has been already emphasized that neither the 

molecular structure of I nor its GS spin state have been 

extensively debated in literature.  

 
Figure 4. Dominant contributions to the L3-edge spectrum of II. The HS orbital 

occupation pattern refers to a 
4
B1 ground state. In the adopted framework, the 

Co 3d-based AOs transform as a1 (z
2
); b1 (x

2
 - y

2
); b2 (xy); e (xz, yz), while the Co 

2p AOs transform as b2 (z); e (x, y). Both the 3d(xy) and the 3d(x
2
 - y

2
) are 

DOMOs, the absence of any arrow on them is for the sake of clarity. 

In this regard, the IL2,3-edge XA spectrum (see Figure 5(a)) has 

been analyzed by Grush et al.42-43 on the basis of a postulated 

HS tetrahedral geometry.  

 
Figure 5. Experimental (a)

42
 and simulated 

I
L2,3 XA spectra for different Mn(II) 

coordinative environments and spin multiplicities: S = 3/2 square planar (b), S = 

5/2 square planar (c), S = 5/2 distorted tetrahedral (d). All the simulated spectra 

have been shifted by 13.4 eV. A 0.8 eV Gaussian broadening has been applied to 

the energy levels.  
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 To further check this assumption, we have simulated the 
IL2,3-edge XA spectrum for different Mn(II) coordinative 

environments (distorted tetrahedral and square-planar) and spin 

multiplicities (S = 5/2 for the distorted tetrahedral coordination; 

S = 5/2 and S = 3/2 for the square planar one).64 Results 

reported in Figure 5(b) clearly indicate that the number, the 

shape, the position and the relative intensities of the IL2,3 XA 

spectral features obtained by assuming a Mn(II) square planar 

environment and S = 3/2 completely disagree with the 

experimental evidence.42-43 Even though such a disagreement is 

somewhat relieved when a Mn(II) HS (S = 5/2) square planar 

arrangement is presumed (see Figure 5(c)), both the overall 

shape of the IL2,3 XA spectrum and the relative intensities of its 

features poorly reproduce the experimental outcomes.42-43 In 

contrast to that, the agreement between experiment and theory 

is very satisfactory when a HS tetrahedral distorted structure for 

I is considered (see Figure 5 (d)). This allows us to avoid any 

further analysis of the other cases.  

 The inspection of Figure 3 and Figure 6 (left panel) clearly 

indicates that relevant contributions to the IL2,3-edge intensity 

distribution arise from states having either GS (S = 5/2, ∆S = 0) 

or lower (S = 3/2, ∆S = –1) spin multiplicities. As such, 

electronic excitations involving states with ∆S = 0 are mainly 

DOMO → SOMO,71 while those with ∆S = –1 are mostly 

DOMO → VMO.71 In more detail, the lower IL3 EE side (< 639 

eV) includes only states having the GS spin multiplicity, while 

states with both S = 5/2 and S = 3/2 contribute to the higher IL3 

EE side (see Figure 6, left panel). At variance to that, states 

with S = 5/2 and S = 3/2 contribute to the whole IL2 feature. 

According to Maganas et al.,4 the analysis of these states has 

been then extended to their MS values (Figure 6, right panel). 

Such a survey pointed out that the ground magnetic sublevels 

|±5/2> contribute for a 36% to the simulated spectrum, while 

the participation of the |±3/2> and |±1/2> ones amounts to 40% 

and 25%, respectively. DFT/ROCIS results allow us to assign 

the evident shoulder on the lower EE side (638.4 eV) of the 

experimental and simulated IL3 feature to states mainly 

involving 2p → HOMO-1 single electron excitations with 

minor contributions from the 2p → HOMO-2 ones.72 Similarly 

to , the intense peak  (639.3 eV, see Figure 6) is, as 

already stressed, dominated by states with S = 5/2 and it 

involves 2p → HOMO single electron excitations with tiny 

contributions from the 2p → HOMO-1 ones. Moving to the 

analysis of the weaker  peak lying at 640.5 eV, the 

comparable contribution provided by states with S = 5/2 (52%) 

and S = 3/2 (43%) has to be underlined before anything else. 

Moreover, it has to be emphasized that transitions with S = 5/2 

have to be associated to 2p → HOMO single electron 

excitations, while those with S = 3/2 involve the 2p → 

LUMO+2 single electron excitations.77 As far as the weakest 

component (
 
at 641.7 eV, see Figure 6) of the IL3 feature is 

concerned, it seems relevant that major contributions come 

from S = 3/2 (60%) mainly involving one electron excitations 

toward high lying virtual MOs (2p → LUMO+3/LUMO+4).77 

 
Figure 6. Simulated (black solid line) and experimental (black dotted line)

42
 L2,3-

edge spectrum of I. (left panel) Red and blue lines represent deconvolution of 

the simulated spectrum in terms of states with different spin multiplicity (S). 

(right panel) Orange, green and violet lines represent deconvolution of the 

simulated spectrum in terms of states with different Ms. Likewise to the value 

suggested for similar transition metal complexes, the simulated spectrum has 

been shifted by 13.4 eV
4 

and has a Gaussian broadening of 0.8 eV. 

Even though it is well known4 that main deviations between 

experiment and theory concern the L2 region, the DFT/ROCIS 

 ∆EE quantitatively reproduces the experimental value 

(~ 11 eV).42 Moreover, theoretical results indicate that both S = 

5/2 and S = 3/2 states contribute to the IL2 components (S = 5/2, 

59%, 28%, 28%; S = 3/2, 32%, 47%, 53%). 

Any further assignment of the L2 feature is herein avoided as 

this EE region is not unambiguously determined by 

experiment.4  

 The thorough description of the frontier orbitals of I 

combined to the use of DFT/ROCIS results makes the 

assignment of the IIL2,3-edge spectrum rather straightforward 

(see Figure 4 and Figure 7). It has been already mentioned that 
IIL2,3 features have been firstly recorded by Collison et al.44 

without providing any accurate analysis of the experimental 

evidence. Similarly to the IL2,3-edge spectrum, the IIL2,3-edge 

intensity distribution arises from states having either GS (S = 

3/2, ∆S = 0) or lower (S = 1/2, ∆S = –1) spin multiplicities. 

Furthermore, electronic excitations involving states with ∆S = 0 

are mainly DOMO → SOMO,71 while those with ∆S = –1 are 

mostly DOMO → VMO (see Figure 4).71,77 Likewise to I, the 

analysis of these states has been extended to their MS values 

(see Figure 7, right panel), pointing out that the GS magnetic 

sublevels |±3/2> contribute for 44% to the simulated spectrum, 

while the participation of the |±1/2> ones amounts to 56%. 

With specific reference to the IIL3 region, the evident

shoulder at 778.3 eV is due to states with the same GS 

multiplicity and it involves 2p → HOMO-1/HOMO one 

electron excitations. Analogous considerations hold for the 
 

feature at 779.1 eV, dominated by states with S = 3/2 and 

involving 2p → HOMO one electron excitations. 
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Figure 7. Simulated (black solid line) and experimental (black dotted line)

44
 L2,3-

edge spectrum of II. (left panel) Red and blue lines represent deconvolution of 

the simulated spectrum in terms of states with different spin multiplicity. (right 

panel) Orange and green lines represent deconvolution of the simulated 

spectrum in terms of states with different Ms.  The simulated spectrum has been 

shifted by 14.2 eV and has a Gaussian broadening of 0.8 eV. 

Interestingly, both S = 3/2 (39%) and S = 1/2 (54%) contribute 

to the feature (the one lying at the highest EE – 780.4 eV). 

States with S = 3/2 involve 2p → HOMO one electron 

excitations, while states with S = 1/2 involve DOMO → VMO 

(2p → LUMO+1, LUMO+2 and LUMO+3) single electron 

excitations. It is noteworthy that this finding confirms what 

already underlined in I about the participation of states with ∆S 

= –1 to the higher EE side of L3 (see Figure 6, left panel). 

Analogously to I, the DFT/ROCIS  ∆EE 

quantitatively reproduces the experimental value (~ 15 eV).44 

Furthermore, once again similarly to I, theoretical results 

indicate that both S = 3/2 and S = 1/2 states contribute to the 
IIL2 components (S = 3/2, 83%, 71%, 38%; S = 

1/2, 13%, 25%, 50%). Any further assignment of 

the IIL2 feature is herein avoided as this EE region is not 

unambiguously determined by experiment.4 

4. Conclusions 

Literature L2,3-edge absorption spectra of Mn(acac)2 and 

Co(acac)2 have been successfully modeled by using the 

DFT/ROCIS method. This confirms a distorted tetrahedral 

coordination around the Mn(II) species. The most intense peak 

of the I/IIL2.3-edge spectral patterns (  and ) is 

dominated by states with the GS spin multiplicity (S = 5/2 in I 

and S = 3/2 in II), which involve 2p → HOMO/HOMO-1 

single electron excitations. In both complexes, the double 

degenerate HOMO and HOMO-1 account for an anti-bonding 

(HOMO) and non-bonding (HOMO-1) interaction with a (bis-

acac)2--based orbital, characterized by the symmetry allowed 

contribution of both n
−

+,n
−

−  and π 3
+,π3

−  pairs. Moreover, the 

HOMO is significantly localized on the M t2-like 3dxz/3dyz 

AOs. As such, the participation of the Co-based AOs to the 

HOMO is lower than the Mn-based ones. Such a result, coupled 

to the metal contribution in the bonding partner, higher in II 

than in I, provides a rationale of the larger overlap population 

and of the shorter Co–O bond length as compared to the Mn–O 

bond. As a final consideration, we point out that, similarly to 

other M(II) complexes characterized by the presence of ligands 

with low lying empty π* orbitals,31a,78 the higher EE side of 

both I/IIL3 and I/IIL2 includes states, which involve metal to 

ligand charge transfer transitions.  
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