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Abstract: Only one (trans(Os)-Na[Rh(ED3AP)]-3H,0) of possible two isomers
was synthesized and characterized by single crystal X-ray analysis, IR and
UV-Vis spectroscopy. Computational analysis of both isomers was performed
with three levels of theory (B3LYP/TZV, BP86/TZV, OPBE/TZV), which
gave consistent results. The more stable isomer by total energy and ligand field
stabilization energy (LFSE) was trans(Os) which appeared in synthesis. The
calculation of excited state energies complied with UV—Vis spectra, especially
with OPBE functional. The results of excited state energy pointed out the dif-
ferences among isomers in means of a splitting pattern of 1T2g excited state
term. Both isomers have a strongly delocalized structure, according to the nat-
ural bonding orbital (NBO) analysis. NBO analysis shows that the trans(Os)
isomer is more stable than trans(OsOg) for approx. 87 kJ/mol. Therefore, only
the trans(Os) isomer is present in the reaction mixture.

Keywords: thodium; EDTA; crystal structure; NBO; LFDFT.

INTRODUCTION

Metal complexes with EDTA-type of ligands (EDTA = ethylenediamine-
-N,N,N’N -tetraacetate) are used in laboratory settings,! industrial processes,? in
medicine,3~> environmental field®7 and biological systems.8:° The rhodium(III)
and its complexes with EDTA-type ligands have been extensively investigated
for many decades.!0-14 When it comes to the ED3AP ligand (ethylenediamine-
-N,N,N -triacetato-N -3-propionato anion), one cannot say that it is thoroughly
investigated. The unsymmetrical hexadentate ED3AP ligand can form two geo-
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562 RADOVANOVIC et al.

metrical isomers depending on the position of the six-membered chelate rings:
trans(Os) and trans(Os50¢) (Fig. 1). The literature data show that trans(Os)
ED3AP isomer is more stable of the two in the case of Co(Ill),!5 Cr(IlI),!6
Cu(I!7 and Ni(II)!8 complexes. This outcome is explained by the low strain in
the equatorial plane at the frans(Os) isomer because the in-plane 5-5-6 the
arrangement of the chelate rings makes the propionate ring less strained than the
acetate ones. The six-membered propionate ring serves better for the formation of
the less-strained ring in equatorial plane favouring the trans(Os) isomer of
[Rh(ED3AP)]~ complexes, with 5-5-6 in-plane arrangement of rings.
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Fig. 1. Two possible geometrical isomers of the [Rh(ED3AP)]- complex. The size of chelate
rings (five- or six- membered) is indicated.

Rhodium complexes are an important alternative to platinum-based com-
plexes in cancer therapy. Many half-sandwich complexes of Rh have been rep-
orted with promising results,!921 as well as the octahedral rhodium com-
plexes.22:23 Also, rhodium complexes are known as antimicrobial agents.24-27
However, there is insufficient data on the antitumor and the antimicrobial activity
of rhodium complexes containing EDTA type of ligand.!! Bearing this in mind,
we have continued our research on complexes of Rh-EDTA type. Thus, in this
paper, two isomers (trans(Os) and trans(Os50¢)) of [Rh(ED3AP)|~ complex are
investigated. In this paper a new rhodium (III) complex has been reported:
Na[Rh(ED3AP)]-3H,0. The IR, and UV-Vis spectra were discussed in relation
to the geometry of the complex. Molecular mechanics and density functional
theory (DFT) methods have been used to model the most stable geometric isomer
and significant structural and energetic data were obtained. natural bonding
orbital (NBO)28 analysis is used to get insight into the energetics of these
Werner-type of complexes. Ligand field density functional theory (LFDFT)2? has
been used to calculate the ligand field (LF) parameters and the excited state
energies and rationalize the differences between two isomers.
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INVESTIGATION OF Rh(III)-ED3AP COMPLEX ISOMERS 5 63

EXPERIMENTAL
Reagents and physical measurements

All chemicals were purchased from Sigma—Aldrich and were used without any further
purification. H;ED3AP was prepared using a previously described procedure.!® Elemental (C,
H, N) analysis of the sample was carried out in the Center for Instrumental Analysis, Faculty
of Chemistry, Belgrade. IR spectra (in KBr pellets) were recorded on a Perkin Elmer FT-IR
spectrophotometer Spectrum One. Electronic absorption spectra were obtained using a double
beam UV-Vis spectrophotometer model Cary 300 (Agilent Technologies, Santa Clara, CA,
USA) with 1.0 cm quartz cells. The melting point was measured by the Stuart melting device
with accuracy =1 °C.

Preparation of the complex

The complex has been prepared by the previously reported procedure.!! After elution
with 0.1 mol dm™ NaCl, a main yellow band was detected on the chromatographic column.
The yellow band eluate was separated, evaporated, desalted using Sephadex G-10 resin and
evaporated to 5 cm3. After adding of 3 to 4 cm? of ethanol, the solution was left in a refriger-
ator for several days. After several days, the yellow crystals of the band were collected and
air-dried. Yield: 0.15 g (6.22 %). Melting point: > 305 °C. Anal. Calc. for C;;H,yN,NaO;;Rh
(482.19 g mol!): C, 27.40; H, 4.18; N, 5.81 %. Found: C, 27.50; H, 4.10; N, 5.76 %. IR (KBr,
Vmax / cm™D): 1664 v(COO"), 1623 v(COO"), 1567 v(COO"), 3475 v(N-H). UV-Vis (H,0, ¢ =
=107 mol dm™3): Aax / nm (& / dm3 mol'! em1): 295(sh) (432), 343 (693).

X-ray crystallographic analysis

Details of crystal data, data collection, and refinement for #rans(Os)-Na[Rh(ED3AP)]-3H,0
complex are given in Table S-I of the Supplementary material to this paper. The intensity data
were collected using MoKa radiation (A = 0.71073 A) on a Bruker-Nonius Kappa CCD dif-
fractometer, graphite monochromator. The data were corrected for Lorentz and polarization
effects and the semiempirical absorption corrections were performed based on multiple scans
using SADABS V2.06.3° The structure was solved by direct methods (SHELXTL NT 6.12)3!
and refined by full-matrix least-squares procedures on F2 using SHELXL2016/6.32 All non-
-hydrogen atoms were refined anisotropically. The positions of all hydrogen atoms were der-
ived from a difference Fourier map, and their positional parameters were refined. The isotro-
pic displacement parameters of all H atoms were tied to those of their corresponding carrier
atoms by a factor of 1.2 or 1.5. Olex2 was used to prepare material for publication.33

Computational details

Geometries for Rh (III) complexes were optimized using Gaussian 16 COl program
(G16).3* The Becke three-parameter exchange functional was employed in this study in con-
junction with the Lee—Yang—Parr correlation hybrid functional (B3LYP)3S and the TZVP
basis set.3¢ The systems were treated in restricted formalism. The calculations were done with
polarizable continuum model (PCM), with water as a solvent, as implemented in the G16. The
calculated structures were verified as local minima (all positive eigenvalues by frequency ana-
lysis). Starting geometries were taken either from the experimental X-ray structures or were
pre-optimized using molecular mechanics. NBO employed in the Gaussian 16 CO1 program
was used with the same method/basis set, and for natural molecular orbital analysis, we used
NBO 7.0.28 We used the LFDFT to calculate excited state energies on either optimized or
X-ray geometries. The LFDFT consists of four steps. Firstly, we performed an average of con-
figuration (AOC) calculation, a spin-restricted calculation with 6 electrons distributed evenly
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564 RADOVANOVIC et al.

over 5 Kohn—Sham (KS) orbitals with dominantly Rh(IIT) 4d character. Using those AOC KS
orbitals, in the second step, we calculated energies of all 210 Slater determinants (SD)
originated from the d® configuration in a spin-unrestricted way. These SD energies were then
used to determine the parameters of inter-electron repulsion (Racah’s parameters) and eigen-
values, of the one-electron effective ligand-field (LF) Hamiltonian. These parameters were in
the final step used to determine the excited state energies by diagonalizing the total LF Hamil-
tonian in the basis of SDs. LFDFT procedure was obtained using Amsterdam density funct-
ional (ADF)37 program with three different functionals (B3LYP33, BP8638 and OPBE3°) and
Slater type TZP basis set. AOC calculations were performed with water included as a solvent
through the conductor-like screening model (COSMO).

RESULTS AND DISCUSSION
Synthesis and spectral analysis of complexes

The hexadentate ED3AP ligand was used for the synthesis of the new
trans(Os5)-[Rh(ED3AP)]~ complex. The preparation of the ligand was reported
previously.!® The reaction between the equimolar amounts of RhCl3-3H,0 and
ED3AP in the water at 145 °C, was carried out, and column chromatography was
used to separate the complex as described above. The corresponding rhodium
(IIT) complex was obtained, as yellow crystals of trans(O5)-Na[Rh(ED3AP)]-3H,0
suitable for X-ray analysis. The complex was also characterized by elemental
analysis, IR, UV—Vis, spectroscopy and single-crystal X-ray diffraction studies.

The carboxylate asymmetric stretching frequencies have been used as a crit-
erion for distinguishing protonated (17001750 cm~!) and coordinated carbo-
xylate (1560-1680 cm~!). The carboxylate asymmetric stretching of five-mem-
bered chelate rings are at higher energy (1600-1680 cm™!) than the correspond-
ing ones of six-membered chelate rings (1560-1600 cm!). The complex shows
two high intensity band at 1664 and 1623 cm!, and these are assigned to asym-
metric vibrations of the five-membered acetate rings in-plane and out-of-plane
respectively (Fig. S-1, Supplementary material). The same complex shows one
high intensity band at 1567 cm™!, assigned to the carboxylate group of the six-
membered in-plane 3-propionate ring. The absence of other vibrations in the
1700-1750 cm™! area suggests that all carboxylate groups are coordinated.

Data of the UV—Vis spectra of the complex are presented in Fig. 2.

We also gave spectra of the trans(Os)-[Rh(eddadp)]~ complex!4 for compa-
rison. The shapes of both spectra show two bands arising from the spin-allowed
transitions (1A1g—>1T1g and 1A1g—>1T2g in Oy assignment), but there are minor
differences among them. trans(Os5)-[Rh(eddadp)]- has higher in energy transit-
ions (lower wavelength) due to the stronger ligand field surrounding of the equa-
torial plane of the 656 chelate ring system, contrary to the 556 chelate ring sys-
tem of our complex.
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Fig. 2. Electronic absorption spectra of Rh(IIl) complexes in aqueous solution (¢ = 10-3 mol
dm3): =, trans(Os)-[Rh(ED3AP)]- and =, trans(Os)-[Rh(eddadp)] .14

Description of the crystal structures

The structural diagram of the trans(O5)-Na[Rh(ED3AP)]-3H,0 along with
the packing in the crystals is illustrated in Fig. 3. Selected bond distances are
listed in Table S-II, Supplementary material. The asymmetric unit contains one
formula unit, comprising two moieties: the negatively charged rhodium
complex [Rh(ED3AP)]- and Na® coordinated to three water molecules.
Therefore, the orthorhombic unit cell contains eight units: four cations and four
anions. The four cationic species (Na') are partially (triply) hydrated. The

04

Fig. 3. Ortep diagram of the trans(Os)-[Rh(ED3AP)]- complex anion and crystal packing
view along b axis (50% probability ellipsoids).
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566 RADOVANOVIC et al.

trans(0s) geometry of [Rh(ED3AP)]~ entity contains Rh(III) center in a well
approximated octahedral geometry. The rhodium(III) ion coordinates six donor
atoms from the ligand: four deprotonated carboxylic oxygens and two amine nit-
rogen atoms.

The equatorial positions of the coordination octahedron are occupied by two
deprotonated carboxylic oxygens (Rh-O3 2.053(2) A, Rh-O7 2.043(2) A) and the
two nitrogen atoms of the ligand (Rh-N1 2.011(2) A, Rh-N2 2.023(2) A). The
axial positions are occupied by two oxygen donor atoms of the third and fourth
carboxyl (Rh-O5 2.006(2) A, Rh-O1 1.999(2) A). The second oxygen atom of the
acetic in-plane carboxylic group interacts with the sodium ion (O4-Nal 2.516(2)
A). The Rh-ligand bond distances and angles (Table S-II) are comparable with
the corresponding ones of analogous complexes.!0-13 The ethylenediamine E
ring is in a twisted conformation. The puckering parameters are g2 = 0.452(2) A
and @2 = 266.6(2)°. The ideal values for a twisted conformation are g2 > 0 A,
@2 = 90°.40 One of the five-membered rings adopted an envelope conformation,
while the other two five-membered acetate rings are in a twisted conformation.
Their puckering parameters are g2 = 0.122(2) A, ¢2 = 183.1(1)° (RhO1C4C3N1),
g2=0.4742) A, 92=157.4(3)° (RhO3C6C5NI1) and ¢2=0.151Q2) A, ¢2=
=162.1(9)° (RhOSC8CTN2). The equatorial six-membered propionate ring is in
a half-chair conformation (RhN2C9C10C1107) with puckering parameters:
g2=0.362(2) A, g3=-0.382(2) A, 92 =110.1(3)°, 0= 136.5(2)°.

Computational chemistry

LFDFT. We used three different exchange-correlation functionals (BP86,
OPBE, B3LYP) for AOC and SD calculations to determine the excited state
energies through the LFDFT procedure on X-ray and B3LYP/TZVP optimized
geometries. According to the Tanabe-Sugano diagram, the octahedral (Oy) low-
-spin d® complexes, such as Rh(III)-EDTA type complexes, give rise to two low
spin excited states: 1Tjg lower and !Tpg higher in energy. Both isomers
(trans(Os) and trans(050¢)) of [Rh(ED3AP)]~ complex are in octahedral coor-
dination but with lower true symmetry (C7 point group). Complexes have two N
and two O donor atoms in the equatorial position, higher in the spectrochemical
series than two axial O donor atoms. Because of that, Rh(II)-EDTA type com-
plexes have a splitting pattern corresponding to D4y, symmetry (i.e., holohedrized
Dy, symmetry). Due to the unequal ligand surrounding in equatorial and axial
positions, the lower energy 1T g term is split to double degenerated 1Eg and non-
-degenerated lAzg. The higher energy 1T2g term splits to double degenerate lEg
and non-degenerated leg (Scheme S-1, Supplementary material).

In the case of ideal D4y, symmetry, a splitting pattern of four terms as des-
cribed above is expected. In actual symmetry (C1), which is contained in the non-
empirical LF Hamiltonian, complete degeneracy removal is expected. This is

Available on line at www.shd.org.rs/JSCS/

(CC) 2022 SCS.



INVESTIGATION OF Rh(III)-ED3AP COMPLEX ISOMERS 5 67

what is observed in LFDFT calculations (Table I). Still nearby in energy excit-
ations may be considered as belonging to the degenerate 1Eg term. The results of
LFDFT calculation and their comparison with the experimental values of excited
state energies for trans(Os) isomer, which are also reported in this work, are
given in Table I. As a consequence of the proximity of split transitions, only two
are experimentally observed of the expected four. The average of three calculated
values of the particular transition (!Ajg—!1Tg or 1A1,—1Tsg) is compared with
the experimental one, and the comparison is given as absolute error (AE, Table
I). Considering the mean absolute error (MAE), we concluded that the results of
OPBE functional are excellent on the X-ray geometry. The results are less accur-
ate on B3LYP optimized structure no matter which functional is used. The geo-
metry optimization by B3LYP overestimates metal-ligand bond distances (Table
S-111, Supplementary material) and therefore LFDFT gives slightly lower energies
of the excited states. These results indicate the importance of geometry used for
excited state calculations. It is noteworthy that LFDFT calculations on B3LYP
geometries are still accurate within 2000 cm™!.

TABLE 1. Energies (103 cm'!) of the singlet electronic states from LFDFT and comparison
with available experimental data

Electronic state

[Rh(ED3AP)] trans(Os)? trans(Os)° trans(0504)®
B3LYP BP86 OPBE Exp. B3LYP BP86 OPBE B3LYP BP86 OPBE

1A, —!Ty, 28.18 27.77 27.60 29.15 26.01 25.69 2548 25.55 25.29 25.10
28.63 28.27 28.15 2642 26.13 2597 2582 25.54 25.36
30.89 30.18 29.87 28.52 2779 2747 27.58 27.10 26.72

1A 1,—>1Ts, 35.54 34.19 33.59 3390 33.35 3222 31.61 31.85 31.57 30.94
36.41 34.94 3433 3427 33.01 3239 33.56 33.36 32.58
37.84 36.60 35.98 3537 3433 33.73 3447 34.56 33.82

AE (1A,—'T;,) 0.08 0.42 0.62 2,17  2.62 2.85

AE ('A[,—>'Tyy) 269 134 0.73 043 0.71 1.33

MAE 1.39 0.88 0.67 1.30  1.67 2.09

*X-ray structure; "B3LYP/TZVP optimized structure

We presented results from Table I in the form of a chart (Fig. 4) only for the
optimized structures to discuss the relationship between the geometric isomers
and the energies of their excited states and their splitting pattern.

There is no significant difference in the splitting of the excited states origin-
ating from 1T, ¢ (lower in energy) in the case of both isomers. But the splitting of
the 1T2g (higher in energy) term seems to be more related to the type of isomer.
The 1Eq (1Tyg) is lower in energy than !By, in the case of the #rans(Os) isomer.
In the case of the trans(Os50g¢), the opposite is observed. Furthermore, in
trans(050g), the 1Eg (1T2g) state is split more.
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36

trans(Os)-[Rh(ed3ap)] trans(0s0g)-[Rh(ed3ap)]-

34 |

B3LYP —-BP86 —OPBE

Fig. 4. Excited state energies of BALYP/TZVP optimized structures for trans(Os) and
trans(050g) isomers of [Rh(ED3AP)]- complex obtained by LFDFT.

The calculation of the single-point (SP) energies by different exchange-cor-
relation functionals (B3LYP, BP86, OPBE) were performed in order to interpret
the stability of discussed isomers. SP energies were obtained on B3LYP opti-
mized structures as well as ZA(Oy) value. This parameter represents geometry
distortion of the complex from the ideal octahedron. We also calculated the lig-
and field stabilization energy (LFSE) and collected all results in Table IL
trans(Os) isomer, with a 556-55 system of chelate rings, which is more adjust-
able to octahedral geometry and has lower value of XA(Oy) than trans(O50¢)
isomer with his 555-56 system of chelate rings. The trans(O50¢) isomer has a
higher value of LFSE (less stabilization) than the trans(Os) isomer because of the
more significant angle distortion. Consequently, the tyo set (dyy, dyz, dy) is higher
in energy. The more stable isomer is trans(Os) because of LFSE’s contribution to
the total energy. The less stable frans(O50¢) isomer has not been isolated in the
synthesis. All the results presented in Table II, are independent of the choice of
exchange-correlation functional.

TABLE 1I. Relative and ligand field stabilization energies (£ / kJ mol!) of optimized
[Rh(ED3AP)] isomers

Rin State
Isomer & ZA(Op)? B3YLP BP86 OPBE
system
AE® LFSE¢ AE® LFSE® AE® LFSE¢
trans(O5)-[Rh(ED3AP)]" 556-55 44 0.00 —406.26 0.00 —400.07 0.00 —398.55
trans(0506)-[Rh(ED3AP)] 555-56 66  24.49 -398.55 20.79 —392.52 24.70 —391.11

*The sum of the absolute values of the deviations from 90° of the twelve L-M-L’ angles; "the isomer with the
lowest energy minimum has been indicated with 0 kJ mol™; ‘ligand field stabilization energy in kJ mol
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INVESTIGATION OF Rh(III)-ED3AP COMPLEX ISOMERS 5 69

NBO. NBO outputs from the Gaussian calculations were analyzed using the
NBO 7.4 package. The empirical regularities in ML,, stoichiometry for d-block ele-
ments suggest a Rule of 12 (“duodectet rule”), governed by six d-block valence
orbitals (one s plus five d), analogous to the four p-block counterparts (one s plus
three p). Therefore, the idealized sd M hybrids for transition metal bonding (equi-
valent to sp* hybrids for main-group bonding) is proposed. NBO analysis exhi-
bits duodectet-conforming Lewis-like bonding patterns for transition metal
species throughout the d-block. According to the NBO procedure, the formation
of a diatomic molecule leads to the key orbital transformation: NAO (natural
atomic orbital) — NHO (natural hybrid orbital) — NBO. These NHOs present
the key point in building NBOs and NLMOs (natural localized molecular orbi-
tals) and will be evaluated in this paper. Within both molecules, there are three
oRh-L 2¢ NBO pairs. These pairs enable bonding of Rh(IIl) with two nitrogens
and one carboxylate oxygen. The rhodium bonds are highly polarized and
according to the hybrid coefficients (%) of the Rh(III) ion, sd? hybridization may
be deduced. This hybridization requires an M—L angle of 90°, which is satisfied
in our case. It may be seen that BD Rh1-O5 orbital is stabilized by more than 80
kJ/mol, with respect to the other two BD Rh-N orbitals. These Rh(II)-L bonds
are highly polarized with limited total orbital participation of Rh(III) (around 20
%). The polarity of the BD NBOs is best described by the “natural ionicity para-

LP(04) ® ® BD(Rh1-08)
JPPS .\‘b/““tu —. PV
. b‘ “\u
e
LP(O6) @ ® BD(Rh1-N3)

. v‘\ w/"\

ot

LP(O10) @ ® BD(Rh1-N2)

e,

@
g Fig. 5. 3-Center, 4-4lectron
® L:—Rh—:L’ hyperbond orbitals.
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meter, iag. One may ask about the other ligating atoms from ED3AP chelate.
The answer that NBO offers might be dual. First, the NBO analysis does find
three strong 3-center 4-electrons rhodium-ligand hypervalent bonds (“w-bond-
ing”, Fig. 5 and Table III). As shown in Table III, each such 3c/4e L:-Rh—:L’
w-bond can be formulated in terms of distinct L + RhL.” and LRh + L’ resonance
structures, each conforming to the 12e duodectet rule, but appearing in composite
resonance-hybrid form as a 14e “hypervalent” species. However, the complex
unit in whole corresponds to the 18e hypervalent center involving three 3c/4e w
bonds.

TABLE III. 3-Center, 4-Electron L:~Rh—L’ hyperbonds (L-Rh:L’ <=> L:Rh-L’)* of
[Rh(ED3AP)] isomers; threshold for detection: 33.3 %

Orb. Hyperbond L : -Rh—: L’ L-Rh+:L’, %/ :L+Rh-L’, % OCC, electrons
trans(Os)
L. N2:-Rh1-:010 56.1/43.9 3.9328
2. N3:-Rh1-:06 56.6/43.4 3.9390
3. O8:-Rh1-:04 50.3/49.7 3.9386
trans(0506)
1. N2:-Rh1-:010 58.4/41.6 3.9297
2. N3:-Rh1-:06 56.6/43.4 3.9258
3. O8:-Rh1-:04 52.6/47.4 3.9315

The donor—acceptor diagram depicts a universal quantum mechanical para-
digm for energetically stabilizing the superposition of occupied and unoccupied
localized orbitals in chemical interactions. As might be expected, the interaction
of unperturbed donor ¢;(0) (valence LP) with acceptor ¢.(0) (valence BD*) leads
to the corresponding second-order i—j* of stabilization:

AE@);_js = =2 OlF |5 P/(5j:®) ~5i®) M

For the trans(OsOg) isomer, this stabilization estimate, AE?);_,x, is 87
kJ/mol lower than for the trans(Os) isomer. This result is in accordance with the
calculated SP energies and is one of the reasons for the absence of the
trans(050¢) isomer in the reaction mixture.

CONCLUSION

We reported the investigation of two isomers (trans(Os) and frans(050¢)) of
[Rh(ED3AP)]~ complex. Only one of the possible two was synthesized and char-
acterized. We determined the trans(Os)-Na|[Rh(ED3AP)]-:3H,0 X-ray structure
and characterized it by IR, and UV—Vis spectroscopy data of complex as well.
We investigated the stability of two isomers by total energy and LFSE using
different DFT levels of theory (B3LYP/TZV, BP86/TZV, OPBE/TZV). All DFT
calculations are in agreement with each other. The total energy difference
between trans(Os) and trans(Os0g) isomer is beyond boundary energy we rep-
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INVESTIGATION OF Rh(III)-ED3AP COMPLEX ISOMERS 5 7 1

orted in our previous work!0; therefore, the absence of trans(050¢) isomer in the
synthesis was expected. We used the same levels of theories for the LFDFT cal-
culation of excited states. All three (B3LYP/TZV, BP86/TZV, OPBE/TZV) gave
results in good agreement with the experimental ones (UV—Vis spectra). The best
result was obtained with OPBE functional on the X-ray geometry (mean absolute
error of only 670 cm!). By examining the splitting pattern of excited state
energies, we determined an obvious difference in splitting the 1T2g term among
isomers. In the case of the trans(Os) isomer, the 1Eg(szg) term is lower in energy
than the leg term. For the trans(OsOg) isomer opposite is found. The NBO ana-
lysis suggests a strongly delocalized structure for both isomers. According to the
NBO analysis, the trans(Os) isomer is a more stable one for approx. 87 kJ/mol
and the only present in the reaction mixture.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/11533, or from the corres-
ponding author on request.
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U3BOJ
HOBHU POOUJYM(III)-ED3AP KOMIIJIEKC: KPHUCTAJTHA CTPYKTYPA,
KAPAKTEPU3ALMJA U KOMITJYTALIHUOHA XEMHJA

MAPKO [I. PATOBAHOBUR', MAPUJA C. PACTUR', MATHJA 37IATAP?, FRANK W. HEINEMANN®
1 30PAH MATOBUR'

’Ynueepsulmw y Kpaiyjesuy, [Ipupogrno—matiemaitiuuxu Gaxynideits, Hncmuinyw 3a xemujy, 34000
Kpaiyjesauy, ZYHueepsumem y Beoipagy, Huctuuitiyi 3a xemujy, thexHonoiujy u metuanypiujy, Fbeiowesa 12,
11000 Beoipag u “University Erlangen-Nuinberg (FAU), Department of Chemistry and Pharmacy, Inorganic

Chemistry, Friedrich-Alexander, Egerlandstrafie 1, 91058 Erlangen, Germany

Jepan (trans(Os)-Na[Rh(ED3AP)]-3H:0) om moryha nBa M3oMepa CHHTETHCAH je U
OoKapakTepucaH mpumeHoMm fudpaxnuje X-3paka Ha MoHokpucramy, IR u UV-Vis crek-
Tpockonujom. Kommjytepcka aHanusa oda u3omepa oDaB/beHa je MOMOhy TpU TeopHjcka
Mofiena Koja Cy fiana KOH3UCTeHTHe pesynrare. CTabMIHUjU M30MED 10 YKYIHO] €HEPIUjH U
€Hepruju cradunusauuje nuranpHor nomka (LFSE) je trans(Os) KojH je ¥ U30/10BaH y CHHTE3H.
ITpopauyH eHepryja eKCLUUTOBAHUX CTama Jao je #odpy ycamtameHocT ca UV-Vis cnekTpom,
nocebHO y ciyvajy npopayyHa ca OPBE dyHkuunonanom. Ha ocHOBy pesynraTa eHepruja
eKCLIUTOBAHUX CTaka youeHe Cy pa3nuke udMel)y n3oMepa y HauMHY Lenama 12, Tepma. Oda
HW30Mepa [1ajy CHaXXHO Jeokann3oBaHy cTpyKkTypy cynehu mo NBO anamusu. Ha ocHoBy NBO
aHanuse, trans(Os) usomep je cradbuinHuju 3a 87 kJ/mol ¥ jenuHHM je MPUCYTaH Y PeaKLHOHOj
CMEILH.

(ITpummeno 30. neuembpa 2021, peBunupano 14. janyapa, mpuxsaheno 15. janyapa 2022)
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