Accepted Manuscript

CHEMICAL
PHYSICS
Research paper LETTER

logical systems

Synthesis, Characterization and Relativistic DFT Studies of fac-Re(CO);(iso-

nicotinic acid),CI complex

César Za fiiga, Diego P. Oyarzin, Rudy Martin-Transaco, Mauricio Y4 fiez-S,
Alejandra Tello, Mauricio Fuentealba, Plinio Cantero-Lépez, Ramiro Arratia-
Perez

PIL: S0009-2614(17)30912-0

DOI: https://doi.org/10.1016/j.cplett.2017.09.065
Reference: CPLETT 35145

To appear in: Chemical Physics Letters

Received Date: 30 August 2017

Accepted Date: 28 September 2017

Please cite this article as: C. Ziiiiga, D.P. Oyarzin, R. Martin-Transaco, M. Yafiez-S, A. Tello, M. Fuentealba, P.
Cantero-Lépez, R. Arratia-Perez, Synthesis, Characterization and Relativistic DFT Studies of fac-
Re(CO);(isonicotinic acid),Cl complex, Chemical Physics Letters (2017), doi: https://doi.org/10.1016/j.cplett.
2017.09.065

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.cplett.2017.09.065
https://doi.org/10.1016/j.cplett.2017.09.065
https://doi.org/10.1016/j.cplett.2017.09.065

Synthesis, Characterization and Relativistic DFT Studies of fac-

Re(CO)(isonicotinic acid),Cl complex.

César Z(fiiga'*, Diego P. Oyarz(in', Rudy Martin-Transaco®, Mauricio Yafiez-S?,
Alejandra Tello®, Mauricio Fuentealba?, Plinio Cantero-L6pez*"®, Ramiro Arratia-

Perez'?

'Center of Applied Nanoscience (CANS), Facultad de Ciencias Exactas, Universidad
Andres Bello, Av. Republica 275, Santiago, Chile.

?Instituto de Quimica, Pontificia Universidad Catdlica de Valparaiso, Av. Universidad
330, Curauma, Valparaiso, Chile.

*Relativistic Molecular Physics (ReMoPh) Group, Ph.D. Program in Molecular Physical
Chemistry, Universidad Andrés Bello, Av. Republica 275, Santiago, Chile.
*Departamento de Ciencias del Ambiente, Facultad de Quimica y Biologia, Universidad
de Santiago de Chile, Santiago, Chile.

>Laboratorio de nanotecnologia, recursos naturales y sistemas complejos, Facultad de
Ciencias-Naturales, departamento de Quimica y Biologia, Universidad de Atacama,

Copayapu 485, Copiap0, Chile.

Keywords: Rhenium (I) complex, isonicotinic acid, relativistic DFT calculations, UV—

vis spectrum.



Abstract

In this work, new fac-Re(CO);(PyCOOH),CI from isonicotinic acid ligand has been
prepared. The complex was characterized by structural (single-crystal X-ray
diffraction), elemental analysis and spectroscopic (FTIR, NMR, UV-vis spectroscopy)
methods. DFT and TDDFT calculations were performed to obtain the electronic
transitions involved in their UV—Vis spectrum. The excitation energies agree with the
experimental results. The TDDFT calculations suggest that experimental mixed
absorption bands at 270 and 314 nm could be assigned to (MLCT-LLCT)/MLCT
transitions. Natural Bond Orbitals (NBO) approach has enabled studying the effects of
bonding interactions. E(2) energies confirm the occurrence of ICT (Intra-molecular

Charge Transfer) within the molecule.



1. Introduction

In the last decades, the preparation of new transition-metal complexes with pyridine
derivate ligands have attracted increasing interest due to their application in several
fields of chemistry [1-3]. In this context, Re(l) compounds containing the fac-
[Re(CO)s]" moiety are considered prospective materials due to their -potential
applications in a wide range of applications, such as microscopy, organic light-emitting
diode (OLED) [4], photosensitizers in solar cells [5], sensors and biomedical purposes,
due to their unique photophysical and photochemical properties [6-7]. In this sense, the
photochemical properties have been studied for electrocatalytic and photocatalytic

reduction of CO; to CO [8-11].

The most recent and significant applications of these compounds are their use as
therapeutic and radiopharmaceutical agents. For instance, fac-tricarbonylrhenium(l)
complexes serve as cold analogs for radioactive **™Tc(1) biological imaging agents.[12-
15]. All these interesting properties increase the interest of the scientific community in
the synthesis and study of this type of compounds. Consequently, ligands that can act as
good coordination agents are needed. For this purpose, nicotinic derivatives, e.g. such as
isonicotinic acid have been widely used as monodentate and bridging ligands through
their pyridine and/or carboxylate end [16-17].

Re(l) complexes are normally synthetized from the Re(CO)sX (X = Cl or Br) as starting
material, the strong trans directing influence of the CO ligands results in the facile
substitution of two equivalents of CO that are cis to one another. Carbon monoxide is a
classic ligand in inorganic chemistry for describing back-bonding concept. In
organometallic chemistry, back-bonding described as a donation of electron density

from a filled nonbonding d-orbital, with an appropriate symmetry, to the LUMO in a



carbon monoxide ligand, producing a new anti-bonding of orbital character (z*) . The

result of this interaction is a stronger metal-carbonyl bond [17].

From a theoretical point of view, compounds of heavy metals and their properties are
influenced by relativistic effects [18-19]. This can be observed in the energy
stabilization of occupied and virtual orbitals. For instance, usually in the case of scalar-
relativistic calculations produce a destabilization as a product of the indirect relativistic
effects over d in comparison to non-relativistic calculations, but these orbitals are re-
stabilized by the spin-orbit coupling effect. This in turn has an influence on the correct
determination of the spectroscopic properties, among others. In this context, during the
last decade, there has been much interest in the study of electronic structure and
spectroscopic properties of Rhenium complexes, using relativistic density functional
theory (RDFT) [20]. New progress on this matter provides a convenient opportunity for
the theoretical study of absorption energies of in organic and inorganic molecules
through of Relativistic Time- Dependent Density Functional Theory (TD-RDFT). This
methodology provides important information about the nature of the electronic

transitions involved in the absorption properties of these complexes. [21-22].

On the other hand, intra- and intermolecular bonding properties play an important role
in the electronic structure, which have a direct influence on the stability of the molecule,
among others relevant properties of Rhenium complexes. In this context, Natural Bond
Orbitals (NBO) analysis provides the most probable ‘natural Lewis structure’ picture
because all orbital details are mathematically chosen to include the highest possible

percentage of the electron density. A useful aspect of the NBO method is the



information given about the energy transfer between both filled and virtual orbitals,

which could improve the analysis of intra- and inter-molecular interactions [23].

In the present work, we report the synthesis and characterization by IR, NMR, UV-vis
spectroscopy, single crystal X-ray analysis and elemental analysis of the new
tricarbonyl rhenium (I) complex with isonicotinic acid (PyCOOH) as ligand, fac-
Re(CO)3(PyCOOH),CIl. TDDFT studies were used to identify the main electronic
transitions whereas NBO analysis enabled the study of the intra-molecular charge

transfer properties.

2. Experimental Section

2.1. General Procedure

The reaction was performed under an atmosphere of argon. The organic solvents were
dried before use, using the appropriate drying reagents. Re(CO)sCIl and Isonocotinic
acid (PyCOOH) were purchased from Aldrich, and used as received. Infrared spectra
were recorded on a Perkin-Elmer FTIR Spectrum Two coupled to a UATR unit. The
sample was directly positioned over the diamond, pressed up to 30% of the total
supported pressure and scanned in the range of 4000 to 500 cm™ with a resolution of 1
cm™*H NMR and *H-'H COSY spectra were recorded on a Bruker AVANCE 400
spectrometer, all spectra being referred to TMS as an internal standard. Electronic
spectrum was measured on a spectrophotometer Perkin-Elmer Lamda 35 with resolution
of 1 nm using 1 cm quartz cells in the range 800-200 nm. Elemental analyses were

performed using a EA 1108 CE Instruments elemental analyzer.



2.2. Synthesis of fac-Re(CO)3(PyCOOH),CI

Rhenium pentacarbonyl chloride (100 mg, 0.28 mmol) and isonicotinic acid (123 mg,
0.56 mmol) were dissolved in 1:1 tetrahydrofuran:toluene (40 mL) and heated to reflux
for 2 days. The reaction mixture was cooled at room temperature and the solvent was
removed by rotary evaporation, the solid was then redissolved in 1:1 THF:toluene
(6mL), and precipitated with petroleum ether. The solid was filtered and washed with
small portions of petroleum ether and dried under vacuum. Yield: 115 mg, 74%. Anal.
Calc. for ReC15H10N20;ClI*H,0: C, 31.61; H, 2.12; N, 4.92. Found: C, 32.01; H, 2.14;
N, 4.93% IR, ATR (cm™)vC-O = 2024, 1882 and—COOH 1717.*H NMR ((CD3),CO) &
(ppm), J(Hz): 9.07 (d, 4H, Ha, J = 5.62); 8.06 (d, 4H, Hb, J = 5.87). *C NMR
((CD3)2CO) & (ppm): 205.25; 164.22; 154.88; 140:19; 125.28.

X-ray quality crystals of complex Re(CO);(PyCOOH),Cl were grown by vapor
diffusion of petroleum ether into a solution of the complex, previously dissolved in

acetone.

2.3. X-ray Crystal Structure Determination for fac-Re(CQO)3;(PyCOOH),CI.

X-ray suitable crystals were obtained as described above. A suitable single crystal was
mounted using a MiTeGen MicroMounts. Table 1 shows experimental and
crystallographic data for the obtained complex. On the other hand, selected bond
distances and angles are reported in Table 2, and intermolecular interactions are
summarized in Table 3. Intensity data was collected at room temperature on a Bruker
D8 QUEST diffractometer equipped with a bidimensional CMOS Photon100 detector,
using graphite monochromated Mo-Ka radiation. The diffraction frames were integrated
by means of the APEX2 package and were corrected for absorptions with SADABS.

The solution and refinement for the Re(l) complex was carried out with Olex2 [24]. The



structure was solved with Direct Methods using the ShelXS software [25]. The
complete structures were refined by the full matrix least-squares procedures on the
reflection intensities (F%) with the ShelXL [24]. All non-hydrogens were refined with
anisotropic displacement coefficients, and all hydrogen atoms were placed in idealized

locations.

3. Results and Discussion

3.1. Synthesis and Characterization

The new Re(l) complex was prepared by mixing one equivalent of [Re(CO)sCl]
compound and two equivalents of the isonicotinic acid in refluxing tetrahydrofuran:
toluene(1:1, v/v) for 24 hours, as shown in Scheme 1. Pyridine derivatives generally
require longer reflux time to fully react [26]. The obtained complex is stable in air,
microcrystalline solid, and soluble in common organic solvents.

The metal center has an almost ideal octahedral coordination sphere with a facial
arrangement of three carbonyl groups. The typical fac-tricarbonyl unit in this complex is
evidenced by the CO stretching frequencies in the IR spectrum of the complex and
confirmed by the X-ray crystal structure.

The IR spectrum of the complex showed two bands in the carbonyl stretching region,
one sharp and the other broad, at 2014 cm™ and 1882 cm™, respectively. The broader
band has been assigned as a combination of the carbonyl ligands “trans” to the
pyridines [27]. The typical stretching band of carbonyl, from carboxylic acid, was
recorded at 1717 cm™ due to vibration of the C=0 acid group.

The coordination of the isonicotinic acid to the Re(l) elicits a downfield shift of the

proton peaks of the isonicotic acid with respect to the free ligand. The *H-NMR and



13C-NMR spectra were in agreement with the proposed structure of the complex, the
proton NMR spectrum has two doublet resonances at 9.07 (Ha) and 8.06 (Hb), which
may be attributed to the pyridine protons. The IR and NMR spectra are included as

supplementary material.
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Scheme 1. Synthesis of complex.

3.2. Crystal Structure

ORTEP drawing of fac-Re(CO)s(PyCOOH),Cl compound along with the full atom
numbering scheme are shown in Figure 1. The title compound crystallizes in the
monoclinic P2;/n space group showing, in the asymmetric unit, the rhenium complex
and one water solvate molecule. The rhenium center displays an octahedral geometry
with two isonicotinic acid ligands in cis conformation, three carbonyl ligands in fac
conformation and, one chlorine ligand trans to one carbonyl ligand. The octahedral
geometry can be confirmed for the following features: (i) the sum of the absolute value
of the deviation of all 12 cis angles from 90° is 32.5(12)°, (ii) the angles between the
trans ligands are close to 180° and, (iii) the deviation of the rhenium center from the

octahedron centroid is 0.150(2) A.



Figure 1. Molecular structure of fac-Re(CO)3(PyCOOH),CI-H,O with the atom

numbering scheme. Thermal ellipsoids are drawn at 30% probability.

As expected, the bond lengths between the metal center and the ligands are different
with (mean) values of 1.907 for carbonyl ligands, 2.212 for isonicotinic acid ligands
and, 2.469 for chlorine ligand.

The dihedral angles between the least-square planes [C13-C15-CI1-N1] and [C14-C15-
CI1-N2] with the phenyl rings of his corresponding isonicotinic acid ligands are
41.80(19) and 42.18(19)°, respectively.

One intermolecular hydrogen bond is observed for two complexes between the
carboxylic acid functional groups, O2-H2A.--O3 (-1/2+x, 5/2-y, -1/2+z). Additionally,

two intermolecular hydrogen bonds are formed between the complexes and the water



molecule, O4-H4---O1W and O1W-H1WB---O1 (1/2+x, 5/2-y,1/2+z). This set of

intermolecular interactions builds a tenth-membered ring. The crystal structure is

stabilized by this network of intermolecular hydrogen bonds generating infinite zig-zag

chains in the [1 0 1] direction (see Figure 2).

Figure 2. Intermolecular hydrogen bond interactions. Symmetry codes: * (-1/2+x, 5/2-y,

-1/2+2); 2 (1/2+x, 5/2-y,1/2+2).

Table 1. Crystal data collection and structure refinement parameters for fac-
Re(CO);(PyCOOH),CI.

Empirical formula
Formula weight
Temperature/K
Crystal system

Space group
alA
b/A
c/A
o/°
pre
v/°
Volume/A®
z
Pcalcglcm3
w/mm™
F(000)
Crystal size/mm®
Radiation
20 range for data collection/°
Index ranges
Reflections collected
Independent reflections

C15H12C|N208Re
569.92
296.15
monoclinic
P21/n
13.8283(6)
6.9775(3)
20.0599(8)
20
95.568(2)
20
1926.39(14)
4
1.965
6.490
1088.0
0.343 x 0.154 x 0.103
MoKa (A =0.71073)
5.92 t0 53.374
-17<h<17,-8<k<8,-25<1<25
52396
4068 [Rint = 0.0486, Rsigma = 0.0182]




Data/restraints/parameters 4068/0/248

Goodness-of-fit on F? 1.284
Final R indexes [1>=2¢ (I)] R; = 0.0345, wR; = 0.0658
Final R indexes [all data] R; = 0.0444, wR, = 0.0690

Table 2 Selected bond distances (A) and angles (°) for fac-Re(CO)3(PyCOOH),CI.

Bond distances (A)

Rel-Cl1 2.4694(16)
Rel-N1 2.212(5)
Rel-N2 2.212(5)
Rel-C13 1.914(7)
Rel-C14 1.905(7)
Rel-C15 1.903(8)
Angles (°)
N1-Rel-Cl1 85.80(13)
N1-Rel-N2 86.44(17)
N2-Rel-Cl1 86.06(13)
C13-Rel-N1 178.1(2)
C13-Rel-Cll 92.4(2)
C13-Rel-N2 94.1(2)
C14-Rel-N1 92.7(3)
C14-Rel-Cl1 91.6(2)
Cl4-Rel-N2 177.6(3)
C14-Rel-C13 86.7(3)
C15-Rel-N1 92.2(2)
C15-Rel-Cl1 177.9(2)
C15-Rel-N2 93.2(3)
C15-Rel-C14 89.1(3)
C15-Rel-C13 89.6(3)

Table3. Hydrogen Bonds for fac-Re(CO)3(PyCOOH),CI.

D-H--A DHA) H-A@R) D-A@R) D-H-A()
02-H2A.--03! 0.82 1.92 2.672(7) 151.4
04-H4---01W 0.82 1.79 2.560(7) 155.0

O1W-HIWB---01° 0.85 1.96 2.798(8) 168.0

Symmetry codes: * (-1/2+x, 5/2-y, -1/2+2); © (1/2+X, 5/2-y,1/2+2)



3.3. UV-Vis Absorption Spectra

The electronic spectrum of the fac-Re(CO)3(PyCOOH),Cl complex and PyCOOH
ligand, both recorded in CH3sCN, are shown in Figure 3. The band at 279 nm (1.1+10*
M™ cm™) was assigned to the n—sm transitions in the PyCOOH ligand coordinated to
Re(l). As a reference, in the UV-Vis spectrum of the ligand, this band is recorded at 270
nm. In the complex, this band appeared red shifted, probably due to the coordination of
PyCOOH ligand to the Re(I). The band observed at 314 nm (9.6°10° M™ cm™) with a
tail lying into the visible region, is assigned to the Re(I)>PyCOOH charge transfer with

a certain contributions of the m—m* intraligand transitions mentioned before [28].

Absorbance (a.u)

250 300 350 400 450
Wavelength (nm)

Figure 3. UV-Vis spectrum of fac-Re(CO)3;(PyCOOH),CI (solid line) and PyCOOH
(dashed line)

3.4. Quantum Chemistry Calculations

All the calculations for the complex reported here were carried out in the framework of
the relativistic density functional theory (RDFT) using the Amsterdam Density
Functional computational package (ADF code) via the zeroth-order regular

approximation (ZORA) Hamiltonian including the relativistic corrections. [29]

3.4.1 Geometry



The geometries were optimized at BP86/TZ2P level of theory. The most important
geometrical parameters are listed in Table 4. The bond lengths around the Rhenium(l)
metal center and CO ligand are consistent with the experimental X-ray single crystal
data. Frequency calculations were performed on Rhenium (I) complex. All their values
were real, confirming that the structures are minimal on the potential energy surface. On
the other hand, good correlation between theoretical values of the CO frequency and
available experimental results was observed. The calculated frequencies are consistent
with the fact that the back-donation to n* empty molecular orbitals in CO ligand (free

veo = 2143 cmfl) [30]

Table 4. Optimized geometries for fac-Re(CQO)3(PyCOOH),CIl at BP86. All distances

are in angstrom (A) and frequencies in cm™

Molecule Experimental Calculated

fac-Re(CO)3(PyCOOH),CI

d(Re-Cl) 2.47 2.51
d(Re-CO) 1.92 1.92
d(Re-( PyCOOH)) 2.21 2.23
d(CO) 1.14 1.17
v(sym) 1830

v(asym) 1858




3.4.2 TD-DFT Calculations

To calculate optical properties Scalar Relativistic Time Dependent Density Functional
Theory (SR-TDDFT) was employed to find the energies for the first 100 excitations.
The calculations were performed in acetonitrile and gas phase by using the standard
BP86/TZ2P level of theory. Environmental effects were included via. COSMO
continuum solvation using acetonitrile parameters. The most important transition
appears in the region between 247 and 327 nm (see Figure 4), which is in good
agreement with the experimental values. The energy (in eV) and the composition in
terms of contributions from the different groups to the MO of the main lowest virtual
MOs and highest occupied MOs involved in the computed excitations are shown in
Table 5. The HOMO orbital of the fac-Re(CO)3(PyCOOH),Cl is mainly composed of a
bonding combination d orbitals of the Re atom (51.8%), a chloride orbital (33%) and
orbital of the CO ligands. The composition of LUMO orbital includes only = orbital of

the ancillary ligand (100%).

Normalized Intensity

200.00 250.00 300.00 350.00 400.00
Wavelenght(nm)



Figure 4. Experimental (red line) vs computed (blue line) electronic absorption spectra

of fac-Re(CO);(PyCOOH),Cl (solvent included) (BP86/TZ2P). The spectra was

simulated using Lorentzian curves.

Table 5. Energies and composition (%) of the MOs of the fac-Re(CO)3;(PyCOOH),Cl.

All values were obtained via COSMO continuum solvation using -acetonitrile

parameters.
Contributions (%)
MO ev
Re co Cl (PyCOOH)ligand

LUMO+1 -7.56 0 0 0 100

LUMO -1.57 0 0 0 100

HOMO -10.03 52 15 33 0
HOMO-2 -10.35 67 30 0 3
HOMO-3 -11.23 7 0 19 73
HOMO-4 -11.27 49 1 16 34
HOMO-6 -11.47 3 0 26 71
HOMO-12 -12.22 7 6 2 86

Table 6 and Figure 5 list the most important lower singlet excited states along with the

corresponding wavelength of the transition from the ground state, the calculated

oscillator strength and the major contributions to the final wavefunction.



Table 6. Maximum absorption wavelengths (nm), molar extinction coefficients (L mol’

'em™) (determined experimentally), and maximum absorption wavelengths (nm), and

nature of the electronic transitions (determined by TD-DFT calculations) for fac-

Re(CO)3(PyCOOH),Cl.
Aexp € Acalc f Assignment
314 9578 327 3.01E-02  MLCT(HOMO-4—LUMO+1)(88%)
Acetonitrile 270 11465 280 6.80E-02  LLCT(HOMO-6—LUMO)ST%)
268 5.91E-02 MLCT(HOMO-2—LUMO)(83%)
247 4.02E-02 LLCT(HOMO-12—LUMO)(97%)
Gas 355 4.06E-03 MLCT(HOMO—LUMO-4)(95%)
315 2.00E-05 LLCT(HOMO—LUMO+5)(93%)
278 4.32E-03 MLLCT(HOMO-2—LUMO)(84%)
257 2.97E-04

LLCT(HOMO-3—-LUMO+3)(96%)

According to the calculated transitions, the band centered at 314 nm in the experimental

spectrum-may originate by electronic transitions from HOMO-4—LUMO+1 and can be

assigned as a MLCT. The second band centered at 270 nm was assigned as

LLCT(HOMO-6—LUMO) transitions and obey to m — m* excitations into isonicotinic

acid ligand. This band has also some contribution from the MLCT (HOMO-2—LUMO)

state, which was mainly assigned to d- 7* (Re—(PyCOOH)). The third band centered at

247 nm can be assigned as LLCT(HOMO-12—LUMO) and is characterized by m — *

transitions in (PyCOOH) ligand with some contributions of charge transfer from CO

ligands, Re(l) atom to the ancillary ligand.
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Figure 5. Qualitatively Molecular Orbital diagram for fac-Re(CO)3(PyCOOH),Cl with

the most important electronic transitions. Gradient isosurface (0.03 a.u.).

3.4.3 NBO Analysis

To get a more comprehensive picture about of the interactions <in  fac-
Re(CO)3(PyCOOH),Cl, Natural Bond Orbital analysis (NBO) was performed. This
method provides an efficient way to study intra- and intermolecular bonding and
interaction between molecular fragments. Additionally, NBO gives a convenient basis
set to investigate charge transfer in molecular systems [31-33]. The second-order Fock
matrix was carried out to evaluate the donor and acceptor interactions in the NBO
analysis, for each donor (i) and acceptor (j), the stabilization energy E(2) associated

with the delocalization i—j is estimated as:

F(i, j)?

E(2) =AE;; =q

where g; is the donor orbital occupancy, E; and E; are diagonal elements and F (i, j) is

the diagonal NBO Fock matrix element. The larger the E(2) value indicate that there is a
strong interaction between electron donor and electron acceptor. The scheme used and

results obtained are shown in Figure 6 and Table 7 respectively.

Table 7. Second-order perturbation theory analysis of Fock matrix in NBO basis?

Donor(i) Type Acceptor(j) Type E(2) ( kcalmol ") E()-E@) b(a.u.)  F(i,j)c(a.u.)
N 1-C4 BD Re RY* 41.45 9.91 0.10
N 1- C5 BD Re RY* 56.29 6.84 0.12
N 2- C6 BD Re RY* 50.98 9.44 0.03
N 2- C7 BD Re RY* 48.28 7.22 0.04
Cl LP Re-C BD 128.55 0.49 0.02



Cl-o1 BD Re RY* 191.93 7.18
C2-02 BD Re RY* 228.50 5.68
C3-03 BD Re RY* 184.38 6.05
Re RY* C1-01 BD 15.03 6.2
Re RY* C2-02 BD 13.48 6.26
Re RY* C3-03 BD 12.71 6.17

0.12

0.16

0.10

0.11

0.03

0.03

a BD= bonding orbitals, LP=lone pair , RY= Rydberg

Figure 6. Scheme used in NBO analysis

From Table 7 the NBO analysis clearly evidences the intramolecular charge transfer
leading to stabilization of the complex and is related to electron donating from a)
bonding of Ni- Cus and Na- Ce7) to Rydberg (RY*) in Rhenium(l) atom b) CI lone
pair to bonding of Rhenium (I) atom c) electron-donation from bonding of CO group to
RY* in Rhenium(l) atom. Another important interaction is the back —donation from
metal orbitals in the metal to the n* empty molecular orbitals in CO ligand, which is
consistent with the frequency analysis mentioned before.

4. Conclusion



In the present work, we have reported the synthesis and a rigorous characterization of a
new Re(l) tricarbonyl isonicotinic acid complex. The complex was fully characterized
by structural (single-crystal X-ray diffraction), elemental analysis and spectroscopic
(FTIR, NMR, UV-vis spectroscopy) and DFT methods.

The theoretical results obtained in this work are in agreement with the experimental data
reported for the fac-Re(CO)3;(PyCOOH),Cl (crystallographic and UV-vis absorption
spectrum). The spectroscopic transitions involved are mainly ascribed to (MLCT-
LLCT)/ MLCT phenomena. The molecule under study in the present work has a

remarkable ICT (Intra-molecular Charge Transfer) within the molecule.

Supplementary Materials

Crystallographic data for the structural-analysis has been deposited with the Cambridge
Crystallographic Data Centre, CCDC Nos. 1565058. This data can be obtained free of
charge  from  The _Cambridge  Crystallographic  Data  Centre  via
www.ccdc.cam.ac.uk/data_request/cif.
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Figure 1. Molecular structure of fac-Re(CO)3(PyCOOH),Cl-H,O with the atom

numbering scheme. Thermal ellipsoids are drawn at 30% probability.



Figure 2. Intermolecular hydrogen bond interactions. Symmetry codes: * (-1/2+x, 5/2-y,

-1/2+2); 2 (1/2+X, 512=y,1/2+7).
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Figure 3. UV-Vis spectrum of fac-Re(CO)3(PyCOOH),CI (solid line) and PyCOOH
(dashed line)



Normalized Intensity

200.00 250.00 300.00 350.00 400.00
Wavelenght(nm)

Figure 4. Experimental (red line) vs computed (blue line) electronic absorption spectra

of fac-Re(CO)3(PyCOQOH),ClI (solvent included) (BP86/TZ2P).
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Figure 5. Qualitatively Molecular Orbital diagram for fac-Re(CO)3;(PyCOOH),Cl with

the most important electronic transitions.



Figure 6. Scheme used in NBO analysis
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Highlights

New d® transition-metal complex was prepared from isonicotinic acid ligand.
This compound has been studied using relativistic two-component density
functional theory.

Relativistic DFT calculations suggest that experimental mixed absorption bands,
which could be assigned to (MLCT-LLCT)/MLCT transitions

The computational study of these compounds requires an accurate and

efficient approach to treat the relativistic and solvent effects



