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The paper presents a combined experimental and computational study of tricarbonyl complexes
fac-[Re(CO)5(LY/L%)CI] (1a/1b) (L' = 2-(methylthio)-N-((pyridine-2-yl)methylene)benzenamine and
L2 = 2-(ethylthio)-N-((pyridine-2-yl)methylene)benzenamine). The Schiff base ligands L' and L? have
been synthesized and characterized by elemental and spectroscopic analysis. Along with spectral charac-
terizations, the structural confirmation by single crystal X-ray study has been done for complex 1a. The
rhenium atom adopts a distorted octahedral geometry and is coordinated by three carbonyl ligands in a
fac arrangement. The electronic structure, redox properties, absorption and emission properties of ligands
and complexes have been explained based on DFT and TDDFT calculations. The complexes show MLCT
bands at 443-448 nm and emitted at 405-410 nm upon excitation at 320-326 nm, characterized as ILCT
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1. Introduction

The transition metal complexes having m-acidic diimine
(-N=C-C=N-) functional polypyridyl ligands display exciting pho-
tochemical and photophysical properties, and have application in
many technological fields [1-4]. The excited states of these com-
pounds are often sufficiently long-lived to become engaged in en-
ergy transfer reactions. Their electroluminescent properties have
been applied in solar energy converters [5], as electroluminescent
materials in OLED-type devices [4,6-11], and, particularly as lumi-
nescent probes for long-range electron-transfer studies in proteins
and other biomolecular systems [12-14], and light-emitting elec-
tronic devices [15,16]. The photochemistry and photochemical
properties of rhenium tricarbonyl complexes with this type of li-
gands were extensively studied by D.J. Stufkens in the 90’s [17-
19]. Interest in this type of photoluminescent compounds remains
strong as evidenced by a number of recent reviews [6,20,21]. Study
of the redox properties of these compounds can yield insight into
their photophysical and photochemical properties [22-25].

Chelating ligands containing N,N,S donor atoms have unique
interest in the coordination chemistry because of the stability,
chemical and electrochemical activities and diversity in binding
to metal ions [26-33]. In recent years, several groups have used
polydentate ligands with thioether moieties for the synthesis of
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model complexes to mimicking the spectroscopic and structural
properties of the active sites of metallo proteins [34-37]. In this
work we have synthesized the fac-[Re(CO)s(L'/L?)Cl] (1a/1b) com-
plexes with thioether containing Schiff base ligands L' and L2
(where L!=2-(methylthio)-N-((pyridine-2-yl)methylene)benzen-
amine and L?=2-(ethylthio)-N-((pyridine-2-yl)methylene)ben-
zenamine). The characterization of fac-[Re(CO)s(L!/L?)Cl] (1a/1b)
were carried out by spectral and elemental analysis, and the struc-
ture has been confirmed by single crystal X-ray structure for com-
plex 1a. The electronic transitions, assignment of spectral bands
and redox properties have been explained based on DFT and TDDFT
calculations.

2. Experimental
2.1. Materials

2-(Alkylthio)thiobenzenamine was prepared following the pub-
lished procedure [38]. Pyridine-2-carboxaldehyde, 2-aminothio-
phenol and Re(CO)sCl were purchased from Aldrich, and used as
received. All other chemicals and solvents were of reagent grade
and were used without further purification.

2.2. Physical measurements

Microanalyses (C, H, N) were performed using a Perkin-Elmer
CHN-2400 elemental analyzer. The electronic spectra were mea-
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sured on Lambda 25 Perkin Elmer spectrophotometer in acetoni-
trile solution. The IR spectra were recorded on RX-1 Perkin Elmer
spectrophotometer in the spectral range 4000-400 cm ™! with the
samples in the form of KBr pellets. Luminescence property was
measured using LS-55 Perkin Elmer fluorescence spectrophotome-
ter at room temperature (298 K) in acetonitrile solution by 1 cm
path length quartz cell. Fluorescence lifetimes were measured
using a time-resolved spectrofluorometer from IBH, UK. The instru-
ment uses a picoseconds diode laser (NanoLed-03, 370 nm) as the
excitation source and works on the principle of time-correlated
single photon counting [39]. The goodness of fit was evaluated
by 2 criterion and visual inspection of the residuals of the fitted
function to the data. '"H NMR spectra were recorded in CDCl; on
Bruker 300 MHz FT-NMR spectrometers in presence of TMS as
internal standard. Cyclic voltammetric measurements were carried
out using a CH1 Electrochemical workstation. A platinum wire
working electrode, a platinum wire auxiliary electrode and Ag/AgCl
reference electrode were used in a standard three-electrode config-
uration. [nBuyN][ClO4] was used as the supporting electrolyte and
the scan rate used was 50 mV s~! in acetonitrile under dinitrogen
atmosphere. The reported potentials are uncorrected for junction
potential.

The luminescence quantum yield was determined using
carbazole as reference with a known ¢g of 0.42 in MeCN. The
complex and the reference dye were excited at the same
wavelength, maintaining nearly equal absorbance (~0.1), and
the emission spectra were recorded. The area of the emission
spectrum was integrated using the software available in the
instrument and the quantum yield is calculated according to the
following equation:

bs/Pr = [As/Ar] x [(ADS)g/(AbS)s] x (113 /11¢]

Here, ¢s and ¢p are the luminescence quantum yield of the sam-
ple and reference, respectively. As and Ag are the area under the
emission spectra of the sample and the reference respectively,
(Abs)s and (Abs)g are the respective optical densities of the sample
and the reference solution at the wavelength of excitation, and #s
and 7y are the values of refractive index for the respective solvent
used for the sample and reference.

2.3. Synthesis of complexes

2.3.1. Preparation of ligands (L'/L?)

2-(Methylthio)benzenamine (210 mg, 0.66 mmol) and pyri-
dine-2-carboxaldehyde (72 mg, 0.67 mmol) were refluxed for
10 h in dry ethanol. The reaction mixture was cooled and solvent
was removed under reduced pressure. The gummy mass of L! so
obtained was thoroughly washed with n-hexane. Yield was
123 mg, 82%.

Ligand L? was synthesized following the same procedure of L'.
Yield was 80%.

Anal. Calc. for C;3H5N,S (LY): C, 68.39; H, 5.30; N, 12.27. Found:
C, 68.46; H, 5.31; N, 12.30%. IR data (KBr, cm~!): 1622 v(C=N). 'H
NMR data (CDCl3, ppm): 8.76 (1H, d, J = 4.1 Hz), 8.40 (1H, d,] = 8.0),
7.82 (2H, m), 7.55 (1H, t, J=8.2 Hz), 7.18 (2H, m), 6.78 (2H, t,
J=8.0Hz), 2.67 (3H, s).

Anal. Calc. for C,4H4N5S (L2): C, 69.39; H, 5.82; N, 11.56. Found:
C, 69.44; H, 5.81; N, 11.58%. IR data (KBr, cm~!): 1625 v(C=N). 'H
NMR data (CDCl3, ppm): 8.70 (1H, d,J = 3.8 Hz), 8.38 (1H, d, ] = 7.9),
7.85 (2H, m), 7.51 (1H, t, J=8.1 Hz), 7.16 (2H, m), 6.71 (2H, t,
J=8.2Hz),2.98 (2H, q, J = 7.4 Hz), 1.37 (3H, t, J = 7.4 Hz).

2.3.2. Preparation of [Re(CO)s(L'/L?)Cl] (1a/1b)
Re(CO)sCl (100 mg, 0.27 mmol) and L' (63 mg, 0.28 mmol) in
toluene (50 ml) were refluxed for 4 h. The resulting reaction mix-

ture was allowed to cool to room temperature. After removal of
the solvent in reduced pressure the crude product was purified
by column chromatography on neutral alumina using toluene
and acetonitrile mixture (v:v, 3:1) as eluent. The solvent mixture
was removed in reduced pressure to obtain brown solid of 1a. Yield
was 107 mg, 74%.

Complex 1b was synthesized following the same procedure as
of 1a. Yield was 69%.

Anal. Calc. for CygH;,CIN,O3ReS (1a): C, 35.99; H, 2.27; N, 5.25.
Found: C, 35.85; H, 2.26; N, 5.23%. IR data (KBr, cm™'): 2018, 1913
¥(CO); 1589 v(C=N). 'TH NMR data (CDCls, ppm): 8.87 (1H, d,
J=4.0Hz), 852 (1H, d, J=8.0), 797 (2H, m), 7.69 (1H, ¢,
J=8.1Hz), 7.21 (2H, m), 6.83 (2H, t, J=8.0 Hz), 2.83 (3H, s). Epa
(Re'/Re™): 1.15V; Epe: —1.12 V.

Anal. Calc. for C;7H14CIN,O3ReS (1b): C, 37.26; H, 2.57; N, 5.11.
Found: C, 37.16; H, 2.57; N, 5.09%. IR data (KBr, cm~'): 2020, 1916
¥(CO); 1595 v(C=N). 'TH NMR data (CDCl;, ppm): 8.92 (1H, d,
J=3.8Hz), 853 (1H, d, J=8.0), 793 (2H, m), 7.66 (1H, ¢,
J=8.0Hz), 7.19 (2H, m), 6.80 (2H, t, J=7.9Hz), 3.13 (2H, q,
J=7.6Hz), 141 (3H, t, J=7.5Hz). Ep (Re'Re): 1.12V; E,:
-1.15V.

2.4. Computational details

Full geometry optimization was carried out using the density
functional theory method at the B3LYP level for the representative
complex 1a [40,41]. All elements except rhenium were assigned
the 6-31G(d) basis set. The SDD basis set with effective core poten-
tial was employed for the rhenium atom [42,43]. The vibrational
frequency calculation was performed to ensure that the optimized
geometry represents the local minima and there are only positive
eigenvalues. All calculations were performed with caussianO3
program package [44] with the aid of the GaussView visualization
program. Natural bond orbital analyses were performed using
the NBO 3.1 module of caussian03. Vertical electronic excitations
based on B3LYP optimized geometry were computed using the
time-dependent density functional theory (TDDFT) formalism
[45-47] in acetonitrile using conductor-like polarizable continuum
model (CPCM) [48-50]. GaussSum [51] was used to calculate the
fractional contributions of various groups to each molecular
orbital.

2.5. Crystal structure determination and refinement

Details of crystal analysis, data collection and structure refine-
ment data for 1a is given in Table 1. Crystal mounting was done
on glass fibers with epoxy cement. Single crystal data collections
were performed with an automated Bruker smart APEX CCD diffrac-
tometer using graphite monochromatized Mo Ko radiation
(1=0.71073 A). Reflection data were recorded using the ® scan
technique. Unit cell parameters were determined from least-
squares refinement of setting angles with 0 in the range
1.84 < 0 < 25.00°. Out of 11918 collected data 2956 with I > 2a(I)
were used for structure solution within hkl parameters
—-9<h<9, -11<k<11, -13<I<12. The structures were
solved and refined by full-matrix least-squares techniques on F?
using the sHELxs-97 program [52]. The absorption corrections were
done by the multi-scan technique. All data were corrected for Lor-
entz and polarization effects, and the non-hydrogen atoms were
refined anisotropically. Hydrogen atoms were generated using
sHELXL-97 [53] and their positions calculated based on the riding
mode with thermal parameters equal to 1.2 times that of the asso-
ciated C atoms, and participated in the calculation of the final R-
indices.
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Where, R = Me (L) and Et (L2)

fac-[Re(CO);(L/LACI] (1a/1b)

Scheme 1. Structure of ligands (L'/L?) and fac-[Re(CO)s(L'/L%)Cl] (1a/1b)

complexes.

Table 1

Crystallographic data and refinement parameters for 1a.
Empirical formula Cy6H12CIN,O3ReS
Formula weight 533.99
Crystal system triclinic
Space group P1
a(A) 8.1877(2)
b (A) 9.9841(3)
c(A) 11.1123(3)
a(°) 84.575(2)
() 86.105(2)
v (°) 70.027(2)
V (A3%) 849.32(4)
Z 2
Pcaled (g cm’3) 2.088
u (mm™1) 7.450
T (K) 293(2)
hkl range —-9-9, —11-11, —-13-12
F000) 508
0 range (°) 1.84 to 25.00
Reflections collected 11918
Unique reflections (Rint) 2956 [0.0352]

Observed data (I > 2a(I)) 2558
Data/restraints/parameters 2956/0/205

Ry?, WR,” (I> 26(1)) 0.0644, 0.1664
Ry, WR, (all data) 0.0746, 0.1739
Goodness-of-fit (GOF) on F*¢ 1.040

Largest difference in peak and hole (e A=) 2.101 and —1.434

* Ry = X|(|Fol = [FeDI/XIF-

b WR; = {Z[W(Foz - Fcz)z]/Z[W(Ft)z)z
where P = (F,? + 2 F2)/3.

¢ GOF = {[W(F,2 — F2)?]/(n-p)}'?, where n=number of measured data and
p = number of parameters.

112, w=1/[6%(F,2) + (0.1123 P)? + 8.6320 P],

Table 3
Some selected bond distances (A) and angles (°) of 1a.

Bond distance (A) X-ray Calc.
Re(1)-CI(1) 2.457(4) 2.499
Re(1)-N(1) 2.149(10) 2.196
Re(1)-N(2) 2.164(12) 2.210
Re(1)-C(14) 1.904(17) 1.913
Re(1)-C(15) 1.925(16) 1.932
Re(1)-C(16) 1.901(19) 1.926
C(14)-0(1) 1.110(18) 1.158
C(15)-0(2) 1.120(18) 1.149
C(16)-0(3) 1.13(2) 1.152
Angles (°)

N(1)-Re(1)-CI(1) 84.1(3) 82.79

N(1)-Re(1)-N(2) 73.1(4) 74.41
N(1)-Re(1)-C(14) 94.6(5) 9455
N(1)-Re(1)-C(15) 171.2(5) 171.1
N(1)-Re(1)-C(16) 100.5(6) 98.05
N(2)-Re(1)-CI(1) 81.3(3) 83.54
N(2)-Re(1)-C(14) 96.8(5) 94.29
N(2)-Re(1)-C(15) 98.6(6) 98.49

N(2)-Re(1)-C(16) 171.9(6) 170.9
C(14)-Re(1)-CI(1) 178.0(4) 177.3
C(14)-Re(1)-C(15) 89.4(6) 91.17
C(14)-Re(1)-C(16) 88.5(6) 90.06
C(15)-Re(1)-CI(1) 91.7(4) 91.43
C(15)-Re(1)-C(16) 87.5(7) 89.06
Re(1)-C(14)-0(1) 177.1(14) 179.6
Re(1)-C(15)-0(2) 179.5(16) 179.0
Re(1)-C(16)-0(3) 177.3(14) 177.8

3. Results and discussion
3.1. Synthesis and formulation

The fac-[Re(CO)s(L'/L?)Cl] (1a/1b) complexes were prepared by
the reaction of Re(CO)sCl with Schiff base ligands L' and L? (where,
L! = 2-(methylthio)-N-((pyridine-2-yl)methylene)benzenamine
and L? = 2-(ethylthio)-N-((pyridine-2-yl)methylene)benzenamine)
in toluene under refluxing condition in 1:1 ratio. The structures
of the ligands and the complexes having general formula fac-
[Re(CO)5(L!/L2)CI] (1a/1b) are shown in Scheme 1. In the course
of reaction two CO groups were replaced by pyridine-N and
imine-N donor centers of the ligand. Characterizations of ligands
and complexes were carried out by IR, NMR, UV-Vis and elemental
analysis. In the IR spectra, two typical bands around 2018-2020
and 1913-1916 cm™! are observed (Calculated (scaling factor
0.97), 2024, 1952, 1918 cm™! for 1a), which correspond to the
fac-Re(CO); fragment in the complexes. The v(C=N) stretching in
the complexes are observed at around 1589-1595cm~'. The
v(C=N) for free ligands are observed at 1622-1625 cm™!, which
is significantly shifted to lower frequency region in the complexes
supporting coordination of imine-N (Table 2). The 'H NMR spectra

Table 2

FT-IR, UV-Vis, emission and life time data of ligands (L! and L2) and complexes (1a and 1b).
Compd. v(CO) (cm™1)? Jmax (M~ em™1)° Emission” Life time®

;Lex (nm) ;Lem (nm) ¢ XZ Tf (ns)c

L! - 379 (4804), 321 (7027), 362(31497) 321 397 0.024 1.05 3.03
L2 - 382 (5124), 323 (8142), 365(29435) 323 401 0.022 1.03 2.97
1a 2018, 1913 443 (5070), 326 (11728), 261 (26795) 326 405 0.013 0.98 4.49
1b 2020, 1916 448 (5642), 320 (10765), 266 (22756) 320 410 0.014 1.05 4.21
2 KBr disk.

b Acetonitrile as solvent.

¢ Mean fluorescence lifetime, 7= a;t; + a,7,, where a; and a, are relative amplitude of decay process; 7, =1.039ns, 7, =4.532 ns (a; =43% and a, =57%) for L!;
71 =1.084 ns, 7, = 4.482 ns (a, = 45% and a, = 55%) for L2; t; = 1.211 ns, 7, = 6.349 ns (a; = 46% and a, = 54%) for 1a and 7, = 1.946 ns, 7, = 6.296 ns (a, = 48% and a, = 52%) for

1b.
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Fig. 1. Ortep structure of 1a with 35% ellipsoidal probability.
Table 4
Energy and compositions of some selected molecular orbitals of 1a.
MO Energy (eV) % Of composition
Re co L Cl
LUMO+5 -0.62 28 48 24 0
LUMO+4 -0.74 25 39 35 01
LUMO+3 -0.91 24 25 51 0
LUMO+2 -1.10 09 12 79 0
LUMO+1 -1.92 02 01 97 0
LUMO -3.16 04 03 92 01
HOMO -5.95 44 21 02 33
HOMO-1 -6.02 41 18 05 36
HOMO-2 —6.49 12 05 81 (S, 61) 02
HOMO-3 —6.58 57 23 19 01
HOMO-4 -7.11 08 04 74 14
HOMO-5 ~7.29 24 08 12 56
HOMO-6 —7.40 08 03 76 13
HOMO-7 -7.51 18 05 48 29
HOMO-8 -7.93 11 12 05 72
HOMO-9 —8.46 02 01 95 02
HOMO-10 -9.03 0 0 100 (S, 45) 0

of ligands and complexes are recorded in CDCl3 solution and the
signals appeared as expected. The important observation is the
down field shifting of pyridine protons by 0.3-0.6 ppm in the com-
plexes compare to free ligand values supporting the coordination
of pyridine-N to metal center (see Section 2).

3.2. Molecular structure

Single crystal suitable for structure determination was obtained
by slow diffusion of n-hexane into dichloromethane solution of 1a.
The crystallographic data collection and refinement parameters are
given in Table 1; selected bond lengths and angles are given in Ta-
ble 3. ORTEP plot with atomic numbering scheme is shown in
Fig. 1. The rhenium atom adopts a distorted octahedral geometry
and is coordinated by three carbonyl ligands in a fac arrangement,
two nitrogen atoms (pyridine-N and imine-N) of L! ligand and
chlorine atom. The deviation of the Rhenium coordination sphere
from the ideal octahedron is because of the small bite angle of
the five membered chelate ring (Re1-N1-C5-C6-N2) [73.1(4)°].
The Re-N(pyridyl) bond, Re(1)-N(1), 2.149(10) A is shorter than
the Re-N(imine), Re(1)-N(2), 2.164(12) A. The Re-C(CO) (Re(1)-
C(14), 1.904(17); Re(1)-C(15), 1.925(16) and Re(1)-C(16,
1.901(19)A) and C-O (C(14)-0(1), 1.110(18); C(15)-0(2),
1.120(18) and C(16)-0(3), 1.13(2) A) bond distances are found as
expected for similar rhenium carbonyl complexes [54-56].

3.3. DFT calculation and electronic structure

The geometry of L' and fac-[Re(CO)5(L?)Cl] (1a) were optimized
in singlet state by the DFT method with the B3LYP hybrid func-
tional. The optimized geometric parameters for 1a are given in Ta-
ble 3. The calculated bond parameters for 1a are well correlated
with the X-ray crystal structure data.

The energy and compositions of some selected molecular orbi-
tals for 1a are given in Table 4. Contour plots of some selected
molecular orbitals of L! and 1a are presented in Fig. 2 and Fig. 3
respectively. The LUMO of L! have n* character while the HOMO
to HOMO-2 are 7 character with reduced contribution of pm(S)
orbitals. The low lying virtual orbitals, LUMO to LUMO+2 corre-
spond to ©* orbital of L, while LUMO+3 to LUMO+5 show greater
mixing of dn(Re) and 7*(CO) orbitals along with the contribution of
L' for complex 1a. The HOMO and HOMO-1 orbitals have the
mixed contribution of dn(Re), pn(Cl) and m-orbitals of CO. The
HOMO-2 concentrated on S atom (64% p7(S)) along with reduced
contribution from dn(Re) orbitals. HOMO-3 has 57% Re(dr) and
reduced contribution of CO (23%).

HOMO (E, -5.90 eV)

LUMO (E, -2.10 eV)

e WO -

HOMO-1 (E, -6.45 eV) HOMO-2 (E, -7.12 V)

LUMO+1 (E, -1.11 eV) LUMO+2 (E, -0.63 eV)

Fig. 2. Contour plot of some selected molecular orbitals of L.
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HOMO HOMO-1 HOMO-3
LUMO LUMO+1 LUMO+2 LUMO+3
Fig. 3. Contour plot of some selected molecular orbitals of 1a.
Table 5

Natural bond orbitals (NBOs) analysis result of 1a.

Bonds Occupancy Bond orders Contribution/hybridization Natural charges (a.u.)
Atoms Charge

Re(1)-C(14) 1.9484(0.1539) 1.3449 (37.46%)Re(sd>22) + (62.54%)C(sp>>") Re(1) -0.863

1.7684(0.4327) (83.727)Re(d) +(16.28%)C(p) cl(1) —0.409

1.7205(0.4461) (84.40%)Re(d) + (15.60%)C(p) o(1) —0.470
Re(1)-C(15) 1.9145(0.0874) 1.2643 (34.40%)Re(s d2 81) (65.60%)C(sp®53) 0(2) —0.447
Re(1)-C(16) 1.9608(0.0984) 1.2859 (36.91%)Re(sd>'4) + (63.09%)C(sp®°?) 0(3) —0.452
C(14)-0(1) 1.9912(0.0304) 2.0319 (30.68%)C(sp"%2) + (69.32%)0(sp'3?) N(1) -0.379
C(15)-0(2) 1.9970(0.0226) 2.0965 (31.26%)C(sp"9°) + (68.74%)0(sp - 29) N(2) -0.368

1.9962(0.2525) (24.36%)C(p) + (75.64%)0(p) c(14) 0.670

1.9951(0.2206) (24.86%)C(p) + (75.14%)0(p) c(15) 0.735
C(16)-0(3) 1.9972(0.0187) 2.0818 (31.09%)C(sp"%°) + (68.91%)0(sp’ ) C(16) 0.727

1.9955(0.2164) (24.67%)C(p) + (75.33%)0(p)

1.9949(0.1872) (24.86%)C(p) + (75.14%)0(p)

To understand the nature of Re-CO bonding the natural bond
orbitals (NBOs) calculation has been performed on the optimized
structure of 1a. The occupancies and hybridizations of the calcu-
lated Re-C and C-0 natural bond orbitals (NBOs) are summarized
in Table 5. For each carbonyl group three natural bond orbitals

Table 6
Some selected singlet-singlet vertical electronic transitions of L!.

Character A E (eV)
(nm)

Key excitations

Osc. strength
()

. (95%)HOMO — LUMO pn(S) » L(n*) 391.0 3.1709 0.0573
should be detectc_ed for the C-O bond, and one orbital for the Re- (94%)HOMO-1 — LUMO  L(m) — L(w*) 3315 37407 0.0839
C bond [57]. But in our case the NBO analysis is found as expected (67%HOMO-2 - LUMO L(m) - L(z*) 2709 45765 0.1416
(89%)HOMO-3 - LUMO L(m) -» L(n*) 263.9 4.6987 0.2082
35 Table 7
Some selected singlet-singlet vertical electronic transitions of 1a.
30 - Key excitations Character A E (eV) Osc.
— (nm) strength (f)
'E 25 | (88%)HOMO — LUMO dn(Re)/ 451.6 27457 0.0698
O Cl - L(n")
e | (82%)HOMO-3 - LUMO  dn(Re) - L(n*) 4069 3.0470 0.0251
= 20+ (91%)HOMO-4 » LUMO  L(m) - L(n*) 3549 3.4934 0.2200
‘:; 4 (75%)HOMO—4 - LUMO+1  L(n) - L(7*) 2662 4.6573 0.1613
2 15 4
o
h
10 4
for Re-CO bonds trans to pyridine-N and imine-N, while three nat-
5 ural bond orbitals for Re-C bond and one for carbonyl group trans
1 to Cl are detected (Table 5). Among the three NBOs of Re-C bond
0 : ; : : trans to Cl, one has 37% Re and 63% C character while other two
300 400 500 600 700 have ~84% drn(Re) contribution along with reduced contribution
A (nm) from C atom of carbonyl group.

Fig. 4. UV-Vis of L! (-) and 1a (—

The bonding between CO ligands and Re atom is supported by

) in acetonitrile. the resonance structure ;_S—q. from the calculated atomic
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Fig. 5. Energy level diagram of MOs involved in singlet-singlet vertical excitations.
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Fig. 6. Excitation and emission spectra of L! (-) and 1a (—) in acetonitrile.

charges (Table 5). The calculated natural charges on the carbon
atoms of the carbonyl ligands are positive, whereas the oxygen
atoms are negatively charged. The least positively charged carbon
of CO groups is in the trans position to the halogen atom as ex-
pected. The calculated charge on the rhenium atom (—0.863 a.u.)
is considerably lower than the formal charge +1. The population
of the 5d,, 5dy, 5d,, 5d,*_,*> and 5d,? of the rhenium atom is
1.1695, 1.4150, 1.2881, 1.4299 and 1.3146.

3.4. TD DFT calculation and electronic spectra

The L' and L? exhibit moderately intense absorption bands at
379-382 nm and 321-323 nm along with a shoulder at 262-
265 nm. The complexes (1a/1b) show one moderately intense
broad band at 443-448 nm along with an intense peak at 320-
326 nm and a shoulder at 261-266 nm in acetonitrile (Table 2,
Fig. 4).

To assign the nature of electronic transitions in the compounds
TDDFT calculations on the optimized geometry of L! and 1a were

performed in implicit acetonitrile. The bands at 379-382 nm for
the ligands has been assigned as p7(S) — L(7*) transitions, while
the bands at 321-323 nm and 262-265 nm have © — n* character
(Table 6). The calculated vertical electronic transitions for 1a show
two weak transitions at 452 nm and 407 nm corresponding to
HOMO - LUMO and HOMO-3 — LUMO transitions having
dn(Re) —» n*(L) character along with reduced contribution of
pn(Cl) - *(L) transitions (Table 7, Fig. 5). The high energy bands
at 320-326 nm and 261-266 nm are 7(L) —» w*(L), intra-ligand
charge transfer (ILCT) transitions.

The ligands (L'/L?) exhibit intense emission at 397-401 nm
upon excitation at 321-323 nm. For complexes (1a/1b) the emis-
sion occurs at higher energy (405-410 nm) than the lowest absorp-
tion band (443-448 nm). It would indicate the presence of a
ligand-localized excited state completely decoupled from the rest
of the complex. We do not observe emission upon excitation in
MLCT band at 443-448 nm for the complexes. So, the 7(L) — 7*(L)
transitions are taken to investigate the emission properties (Ta-
ble 2, Fig. 6). The emission quantum yields (¢) of the compounds
are in the range 0.013-0.024.

Lifetime data of the compounds are taken at 298 K in acetoni-
trile solution when excited at 370 nm. The fluorescence decay
curve was deconvoluted with respect to the lamp profile. The ob-
served florescence decay fits with bi-exponential nature for both
the ligands and complexes (Table 2, Fig. 7). We have used mean
fluorescence lifetime (7¢= a;7; + a,7,, where a; and a, are relative

1000 5 [A]
4
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=~ 1 B
b2} 1 o
g |m
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O 104 .‘
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Fig. 7. Exponential decay profile of (A) ligand, L! and (B) fac-[Re(CO)s(L!)Cl] (1a) in
acetonitrile.
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Fig. 8. Cyclic voltammogram of 1a in acetonitrile.

amplitude of decay process) to study the excited state stability of
the complexes. The fluorescence lifetime of the ligands is in the
range 2.97-3.03 ns and for complexes 4.21-4.49 ns.

3.5. Electrochemistry

The complexes show one irreversible oxidative response at
1.12-1.15 V when scanned in the potential range 0.0 to 2.0 V which
is assigned as Re(II)/Re(I) oxidation as HOMO of 1a has 44% contri-
bution of Re(dn) orbitals (Fig. 8). In addition one irreversible reduc-
tion peak at around —(1.19-1.22)V has been observed for the
complexes. The LUMO of complex 1a has 92% n*(L) character and
the reduction is assigned as ligand centered. The nature of voltam-
mogram does not change with scan rate (50-250 mV S~1).

4. Conclusion

New pyridyl Schiff base ligands (L!'/L?) containing thioether
group have been synthesized and characterized. The rhenium car-
bonyl complexes containing the {Re(CO)s;}* fragment and Schiff
base ligands (L'/L2) with general formula fac-[Re(CO);(L!/L2)C]
(1a/1b) have been synthesized and characterized by both experi-
mental and theoretical studies. X-ray and IR studies confirm the fa-
cial geometry of the carbonyl ligand in the complexes. The
electrochemical properties of the complexes have been examined
and supported by DFT data. The spin allowed electronic transitions
computed by TDDFT method have a good agreement with the
experimental spectra. The ILCT based emission properties and ex-
cited state stability of the complexes have been studied by quan-
tum yield calculation and lifetime measurement.
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Appendix A. Supplementary material

CCDC 867934 contains the supplementary crystallographic data
for [Re(CO)5(L?)Cl] (1a). These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif. Supplementary data associ-
ated with this article can be found, in the online version, at http://
dx.doi.org/10.1016/j.ica.2013.01.013.
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