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Ultrafast Luminescence Decay in Rhenium(I) Complexes with Imidazo[4,5-f]-1,10-
Phenanthroline Ligands: TDDFT Method
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The interpretation of the ultrafast luminescence decay in [Re(Br(CO);(N~N)] complexes as a new group of chromophoric imidazo[4,5-
f]-1,10-phenanthroline ligands, including 1,2-dimethoxy benzene, tert-butyl benzene (L4) and 1,2,3-trimethoxy benzene, tert-butyl benzene
(L6), was studied. Fac-[Re(Br(CO);L4 and L6] with different aryl groups were calculated in the singlet and triplet excited states. The
calculations were performed in the gas phase and in the presence of chloroform as a solvent. The absorption and luminescence
wavelengths, transition energy, and oscillator strength for singlet and triplet states were calculated for the entitled complexes with L4 and
L6 ligands. The UV-Vis spectrum and the singlet and triplet energy diagrams show a good agreement between our computational results
and the experimental results, particularly in the case of the triplet state in chloroform. The spin-orbit coupling calculations show sufficient
intensity and short wavelength in the UV-Vis absorption after SOC correction. The results of NBO calculations in the solvent show that

rhenium acts as an acceptor by means of E(2), the second-order interaction energies between donor and acceptor orbitals, at the

B3LYP/lan12mb level of theory.
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INTTRODUCTION

Rhenium(I)
extremely rich excited-state action that can be adjusted via

carbonyl diimine complexes show
structural change and the media [1-3]. They can be
agglutinated into a range of environments, including
multimolecular and polymers, or joined to biomolecules like
proteins or DNA. Potent photoluminescence and long-
lasting excited states with great reduction and oxidation
potentials, along with artificial flexibility and stability,
make rhenium tricarbonyl diimine very suitable sensitizers
[2,3] of energy transition and electron-transition (ET)
processes. Moreover, they are well matched for the
photocatalysis of reducing CO, [4-6] as phosphorescent
labels and probes of biomolecules [7-10], sensors [11,12],
or hopeful molecular exchange [13-16] and organic light-
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emitting collection emitters [17]. Excited rhenium
complexes have been utilized as IR probes of picosecond
dynamics  for  dipolar  solvents, ionic  liquids,
supramolecules, and proteins [18-22]. Their capability for
triggering ultrafast ET has been proved using a recent
outcome corresponding to a remarkable acceleration of
long-range ET in Re-labeled azurin [23,24]. Few studies
have been dedicated to intersystem crossing (ISC) processes
in complexes of transition metal. The first detailed research
of the dynamics of singlet to triplet transitions have been
made for understanding the photochemical reactivity of
HCo(CO), [25] and HM(CO);(a-diimine) (M = Mn, Re)
[26-28] that primary

photoreactions whose branching ratio is controlled by ISC

molecules undergo concurrent
from the absorbing state to the reactive states. More
recently, review articles on possible outcomes of spin-orbit
coupling (SOC) on the electronic structure, excited state
characters, and their deactivation pathways have been
propounded. They indicate the connection between SOC
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and metal-to-ligand charge-transfer character of the lowest
“triplet” states of superior emphasis for organic light-
emitting diode (OLED) applications from its zero-field
separation and photoluminescence point of view [29-35].
The photophysics corresponding to rhenium tricarbonyl
complexes Re(X)(CO);(a-diimine) (X = Chloride, bromide,
iodide) has
luminescence spectroscopy [36], and it is still many

been recently studied wusing ultrafast
unresolved issues related to SOC. Indeed, the lowest
allowed optical excitations of Re(X)(CO); to diimine
charge-transfer (CT) transition contain two or three ultrafast
steps, where the fastest one is ascribed to the singlet to
triplet ('CT — °CT) intersystem crossing (ISC). Lophine
(2,4,5-triphenyl imidazole) [37] (Scheme 1) was recognized
more than 50 years ago [38] and primarily examined for its
[39].
Syntheses have been progressed [40] and the emission

fluorescence and chemiluminescence properties
specifications adjusted over the imidazole substituents [41].
The lophine derivatives have shown a great application in
analytical disciplines [42]. The variety and facility of
functionalization of the lophine core have permitted a wide
range of novel systems to be introduced including those
having applications in coordination chemistry. The closely
associated fused unit imidazo[4,5-f]-1,10-phenanthroline
(Scheme 1) has become a widely used ligand in recent years
[43]. In Re(I) case, only few studies have been performed
on the coordination chemistry of imidazo[4,5-f]-1,10-
phenanthroline type ligands, including heterobimetallic
[44]. Bonello has demonstrated that the
imidazo[4,5-f]-1,10-phenanthroline ligand is perfectly
matched with Re(I) leading to production of [ReBr(CO);
[45]. synthesized
chromophore-based ligands have been found on the fused

assemblies

L1-L8] complexes New series of
imidazo[4,5-f]-1,10-phenanthroline nucleus functionalized
with various aryl groups [45]. The production and
spectroscopic  characterization of eight new fac-
[Re(Br(CO);(N~N)] complexes have been documented,
including the X-ray structures of L4 and L6 ligands. The
L1-L8 ligands studied by Bonello et al. are shown in
Scheme 2. So far, limited reports have been published about
imidazo[4,5-f]-1,10-phenanthroline, and especially on
heavy metal compounds with heavy elements such as
rhenium. In this work, using computational chemistry, we

tried to show the transition of the lowest triplet excited state
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and on a singlet bases state corresponding to the selected
rhenium complexes including Fac-[Re(Br(CO); L4 and L6],
1,2-dimethoxy benzene, tert-butyl benzene (L4) and 1,2,3-
trimethoxy benzene, tert-butyl benzene (L6), two ligands
from eight ligands. Bromide as a halogen, imidazo[4,5-f]-
1,10-phenanthroline, and three carbonyl groups in these
complexes were used to investigate their effects on the
ultrafast luminescence decay phenomena. The main
methodologies of this work are as follows: At first,
calculating and comparing the maximum wavelengths,
transition energies, and oscillator strengths of singlet and
triplet states of the rhenium complexes with L4 and L6
ligands in gas and solution phases, and then, comparing the
maximum wavelengths of triplet states between free L4 and
L6 ligands and rhenium in combination with L4 and L6
ligands in the solution phase.

METHOD

Bonello experimental studies encouraged us to study the
UV-Vis and luminescence features using the computational
method for fac-[Re(Br(CO); L4 and L6]. The S, electronic
ground state, the lowest S;, S,, S; and S, singlet excited
states were calculated. The vertical excitations at the ground
state geometry and the T, T, T3 and T, triplet excited states
were optimized under the Cs symmetry constraint, at the
density functional level of theory (DFT), within the time-
dependent approach (TD-DFT) for the excited states, using
the functional B3LYP with all electrons and lanl2mb basis
set. Afterward, TD-DFT convergence was obtained and the
triplet excited energies were computed. All computations
were done using Gaussian 09 [46]. Moreover, Chemissian
4.23 software [47] was applied to plot the spectrums and
In all
calculations, the charge is zero and the spin multiplicity

energy diagrams of the molecular orbitals.
equals to one.

Using natural bond orbital (NBO) calculations, the
interaction energies (E(2), kcal mol') and the partial
electron transfer (q) between the rhenium metal, bromide
and ligand were determined at the B3LYP/lanl2mb level of
theory. The ORCA software, version 4.1.2 [48,49], was
applied to SOC in DKH as a relativistic Hamiltonian, and
def2-TZVP SARC/J basis was used for SOC
calculations with all electrons for singlet and triplet of the

set
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HNE \N T
Scheme 1. Molecular structures of 2,4,5-triphenylimidazole (left) and 2-phenylimidazo[4,5-f]-1,10-phenanthroline
(right) [45]
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Scheme 2. Complexes of fac-[Re(Br(CO);(N*N)] and the ligands of L1-L8
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complexes 1 and 2 in the gas and the solution phases.
RESULTS AND DISCUSSION

Gas Phase

Optimized structures of singlet and triplet of fac-
[ReBr(CO);(L4)], 1, and fac-ReBr(CO);(L6),
complex 2, are displayed in Figs. 1 and 2, respectively.

complex

Some differences were observed in matrix structures in
terms of their dihedral angles of Z-matrix. Once the
structure changed from singlet to triplet, a very slight twist
occurred on the dihedral angles (Tables 1 and 2).

All of the dihedral changes are associated with the
carbonyl and bromide groups linked to rhenium metal.
Table 3 shows the transition energies, absorption and
luminescence wavelengths, and vibrational oscillator
strengths for 8 triplet and singlet electronic transitions of the
rhenium (1) complexes with L4 ligand.

1
absorption wavelength and the transition energy for So — S,
are 475.29 nm and 2.6086 (ev), respectively, while the
maximum luminescence wavelength and the transition
energy from T; — S, are 663.94 nm and 1.8674 (ev),
respectively. Oscillator strengths (f) values are measures of

transition intensity. The So — S; has the lowest oscillation

For complex in the gas phase, the maximum

(f=0.0013), implying that this transition is weakly allowed.
In comparison, the So — S, transition with f = 0.0426 is
more strongly allowed than S, — S,. Therefore, the
minimum energy and the highest wavelength are related to
T, — Sy transition. The UV-Vis absorption spectra for S,
the luminescence spectra for T and diagram energy for S,
and T, of the complex 1 are shown in Figs. 3 and 4,
respectively.

The subgroups relating to the complex of rhenium with
(4,5,)-1,10-phenanthroline and L4 ligands
include two methoxy groups, butyl phenyls, and three
carbonyl groups. Also, bromide causes the spectral lines to

imidazole

be moved to long wavelengths. According to Fig. 4, the
electronic transitions are different for the singlet and triplet
states, and the lowest unoccupied molecular orbital
(LUMO) for the triplet states is more above levels than the
singlet states.

Table 4 shows the transition energies of different
triplet and singlet states, absorption and luminescence
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wavelengths, and vibrational oscillations corresponding to
the rhenium (1) complex with the L6 ligand.

For the complex 2 in the gas phase, the maximum
absorption wavelength and the transition energy from S to
S, state are 478.36 nm and 2.5919 (eV), respectively, while
the maximum luminescence wavelength and the transition
energy for Ty — Sy, are 668.17 nm and 1.8556 (ev),
respectively. The So — S; has the minimum oscillator
strength with f = 0.0012 and show that this transition is
weakly allowed, while the So — S, transition (f = 0.0459) is
more strongly allowed than Sy — S;. So, T; — S, transition
has the maximum wavelength and the minimum energy.
Comparing the outcomes in Tables 3 and 4 demonstrates
that the maximum wavelengths related to the singlet and
triplet excited states of the complex 2 at S; and T, states are
larger than those of the complex 1. Sy — S; and T; — S
transition energies of the complex 2 is smaller than those of
the complex 1. Also, oscillator strength values in complex 2
are greater than those in complex 1 and the transition
intensity of complex 2 is stronger than that of complex 1.
The UV-Vis absorption spectra for S; and luminescence
spectra for T, and diagram energy for S; and T; of the
complex 2 are demonstrated in Figs. 5 and 6, respectively
The UV-Vis spectrum in Fig. 5A depicts a band in
wavelength of 447.83 nm and oscillator strength of
f=0.0459.

Comparison of UV-Vis spectra of Figs. 3 and 5 shows
that the absorption wavelengths of Sy — S; and the
luminescence wavelengths of T; — S, of the complex 2 are
more than those of the complex 1. This difference is related
to three methoxy groups in complex 2 and two methoxy
groups in complex 1 and their positions.

Solution Phase

In the next step, solvent was used and all calculations
were repeated in chloroform as solvent. Tables 5 and 6
show the transition energy, the absorption and luminescence
wavelengths, and the oscillator strength of the complexes 1
and 2 for the singlet and triplet states. As presented in
Table 5, Sy — S; and T; — S, transition energies are
3.0535 (eV) and 2.0617 (eV), respectively. The maximum
wavelengths in the singlet and triplet transition from Sy to S,
and T, states are 406.05 nm and 601.36 nm, respectively.
The maximum wavelengths in the solution phase are shorter
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Fig. 1. Optimized structures of the singlet states (So, Si, S», S3, S4) and triplet states (T, T, T3 and T4) of
fac-[ReBr(CO );(L4)], complex 1.
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Fig. 2. Optimized structures of the singlet states (So, Sy, S,, S3, S4) and triplet states (T, T,, T3 and T,) of
fac-[ReBr(CO);(L6)], complex 2.

Table 1. Dihedral Angles of the Singlet States (Sy, Si, S,, S3, Sy)
and Triplet States (T, T», T3 and T4 ) of fac-[ReBr(CO)3(L4)],

Complex 1
Dihedral® Singlet Triplet
D1 179.0530 168.9820
D2 -126.1653 -88.8634
D3 149.3176 138.1568

D1, D2 and D3 are dihedral angles between 064, C61, Re57, C4 atoms,
between 065, C62, Re57, C4 atoms and between 066, C63, Re57, C4
atoms, respectively.
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Table 2. Dihedral Angles of the Singlet States (So, Sy, S,, S3, S4) and
Triplet States (T, T,, T3 and T4 ) of fac-[ReBr(CO);(L6)],

complex 2
Dihedral® Singlet Triplet
D1 -165.3243 172.8400
D2 -135.5600 -88.1202
D3 142.1838 123.8133

*D1,D2 and D3 are dihedral angle between 075, C72,Re68, C4
atoms, between 076, C73, Re68, C4 atoms and between O77, C74,

Re68, C4 atoms, respectively.

Table 3. The TD-DFT Low-lying Singlet and Triplet States in the Gas Phase of fac-[Re Br(CO);(L4)], Complex 1

fac-[ReBr(CO);(L4)] Complex State Transition energy Wavelength Oscillator strength
(ev) (nm)

MeO
T, 1.8674 663.94
S 2.6086 475.29 0.0013

MeO
T, 2.1877 566.74
S, 2.7863 44498 0.0426
T; 2.5294 490.18
S5 3.0266 409.66 0.0212
T, 2.6416 469.35

Br—Re——CO
$ S4 3.0491 406.63 0.0220

oc ¢o

than those in the gas phase. The oscillator strength of
complex 1 is 0.0030 for Sy — S;. This is more than that in
the gas phase. The Sy — S; transition (f= 0.1091) is more
strongly allowed than Sy — S;.

In Table 6, the maximum absorption wavelengths and
transition energy and oscillator strength for S¢ — S; of
complex 2 in the solution phase are 407.46, 3.0429
and 0.0385, respectively. The maximum luminescence
wavelengths and transition energy for T, — S, are
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609.67 (nm) and 2.0336 (eV), respectively. As can be noted,
the maximum wavelengths for S; and T, in the solution
phase are shorter than those in the gas phase. The oscillator
strength for S; — S; (f = 0.0868) is greater than that for
Sy — S| and probably is stronger than that for Sy — S;.

The UV-Vis absorption
luminescence spectra of triplet in the solution phase
compared to the gas phase are presented in Fig. 7.

spectra of singlet and

In the solution phase, the wavelengths for the absorption
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Fig. 3. A) The UV-Vis absorption spectra of the singlet states, and B) the UV-Vis luminescence spectra of the triplet
states in the gas phase of fac-[ReBr(CO);(L4)], complex 1.
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Fig. 4. The energy diagram of A) singlet states; B) triplet states in the gas phase of fac-[ReBr(CO);(L4)], complex 1.
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Table 4. TD-DFT Low-lying Singlet and Triplet States in the Gas Phase of fac-[Re Br(CO);(L6)], Complex 2

fac-[ReBr(CO)3(L6)] Complex State Transition energy Wavelength Oscillator strength
(eV) (nm)
OMe
T, 1.8556 668.17
MeO. OMe
Sy 2.5919 47836 0.0012
T, 2.1726 570.68
S, 2.7686 447 83 0.0459
T; 2.3781 521.37
Ss 3.0077 41222 0.0231
T, 2.5539 48547
Sy 3.0343 408.61 0.0014
£
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Fig. 5. A) The UV-Vis absorption spectra of the singlet states, and B) the UV-Vis luminescence spectra of the triplet states
in the gas phase of fac-[ReBr(CO);(L6)], complex 2.
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Fig. 6. The energy diagram of A) singlet states, and B) triplet states in the gas phase of fac-[ReBr(CO); (L6)], complex 2.

Table 5. TD-DFT Low-lying Singlet and Triplet States in the Chloroform
Phase of fac-[ReBr(CO);(L4)], Complex 1

State Transition energy Wavelength Oscillator strength
(eV) (nm)

T, 2.0617 601.36

S 3.0535 406.05 0.0030

T, 2.3889 519.00

S, 3.1909 388.56 0.0049

T, 2.5176 492 .46

S; 3.2636 379.90 0.1091

T, 2.7838 44537

S4 3.3033 375.34 0.0014
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Table 6. The TD-DFT Low-lying Singlet and Triplet States in the
Chloroform Phase of fac-[ReBr(CO);(L6)], Complex 2

State Transition energy Wavelength  Oscillator Strength
(V) (nm)

T, 2.0336 609.67

Si 3.0429 407 .46 0.0028

T, 22595 548.72

Sz 3.1143 398.11 0.0483

T; 24978 496.37

S; 3.2620 380.09 0.0868

Ty 26163 473.90

S4 3.2945 376.34 0.0053

spectra of the singlet excited state, and the wavelengths for
the luminescence spectra of the triplet excited state are
shorter than those of the gas phase and, therefore, its
energies are more than those of the gas phase, and
moreover, the oscillator strength for the solution phase is
stronger than those of the gas phase.

SOC Calculations

Spin-orbit coupling (SOC) calculations of the electronic
absorption spectra consistently point to large densities of
low-lying spin-orbit states and wide singlet-triplet that their
mixing makes vain the isolation/interpretation of pure
singlet and triplet electronic states [32-35]. A linear
combination of scalar singlet-singlet and singlet-triplet
excitations was used in each SOC transition.

The absorption spectrum via transition electronic dipole
moment and SOC corrected absorption spectrum via
transition electronic dipole moment of the complexes 1
and 2 are demonstrated in Fig. 8 in both phases. The
calculated wavelengths are shorter than those obtained
before SOC calculations for complexes 1 and 2 in the gas
and the solution phases. Also, the wavelength of the
solution phase before and after SOC is shorter than those of
the gas phase. In general, the wavelength range is increased,

and An.x splits and is shifted, especially in complex 2 after
SOC. The An. values of the absorption before and after
SOC in the gas phase are 444 nm (0.194 intensity) and
440 nm (0.125 intensity), respectively, (Fig. 8A), and in the
solution phase are 397 nm (0.122 intensity) and 394 nm
(0.102 intensity), respectively, (Fig. 8B) for the complex 1.
For the complex 2, they are 461 nm (0.152 intensity) and
458 nm (0.087 intensity), respectively, in the gas phase
(Fig. 8C), and are 393 nm (0.187 intensity) and 391 nm
(0.171 intensity), respectively, in the solution (Fig. 8D) (see
Table 7). The evaluated diagrams before and after SOC,
drawn by Multiwfn 3.6 software, [50] are shown as Figs. 1S
and 28S.

Table 7 presents the outcomes of metal to ligand charge
transfer (MLCT) in the gas phase, chloroform phase, and
experiment for the singlet and triplet states of complexes,
the triplet state of free ligands, and SOC in gas and solution
phases of 14 and L6. Table 7 illustrates the experimental
results in the solution phase at a level of 1 x 10° M. Very
low concentrations have been utilized for the chloroform
solvent in experimental work. Also, for the free ligands, the
outcomes of the triplet state are close to the outcomes of the
singlet complexes in a solution state, both in computational
and experimental methods. The transition states for SOC
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Fig. 7. A, B) The UV-Vis absorption spectra of the singlet states of complex 1 and 2, respectively; C, D) the UV-Vis
luminescence spectra of the triplet states of complex 1 and 2, respectively, in solution and gas phases.

show blue shifts in complexes 1 and 2 in the solution phase
in comparison to the experimental data.

NBO Calculations

NBO analysis [51,52] demonstrated the role of
intermolecular interactions in the complexes. It highlights
the role of intermolecular orbital

interactions in the

complex, mainly charge transfer. For this purpose, it is

619

necessary to consider all likely interactions between filled
donor and empty acceptor NBOs and estimate their
energetic importance. The stabilization energy, E(2), for
each donor NBO (i) and acceptor NBO (j), related to the
electron delocalization between the donor and the acceptor

was estimated as:
2
Ea)

8,-—8/-

E(Z) =—q;
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Fig. 8. The absorption spectrum and SOC corrected absorption spectrum of complexes 1 and 2 in the gas and the
solution phases, (A and B) and (C and D)), respectively.

where q; refers to the donor orbital occupancy, € and &
represent diagonal elements (orbital energies), respectively,
and Fqj represent the off-diagonal NBO Fock matrix
element. The stabilization energy, E(2), offers a quantitative
standard for the strength relating to the interaction between
an electron donor and the receptor. A greater E(2) means a
stronger interaction between the electron donor orbital i
and the acceptor orbital j. Also, the orbital i shows more
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tendency to give an electron to the orbital j.

Table 8 shows the data analysis resulting from NBO
calculations for the single and triple modes of two
complexes in solution phase. Table 8 presents only
significant amounts of energy greater than 20 (kcal mol™)
for states in which rhenium metal was utilized as a donor or
acceptor of electrons. The summation of transition energy
in the NBO calculations was measured for transferring
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Table 7. S| and T, States of 1 and 2 Complexes for Gas and Solution Phases with Chloroform as Solvent

and Experimental Data

Physical State Transition State

fac-[ReBr(CO);(L4)] fac-[Re Br(CO)3(L6)]

Gas S 445 448
Solution S 380 380
experimental data® S, 418 426
Gas T, 664 668
Solution T, 601 610
experimental data® T, 580 580
solution free ligand T, 499 506
experimental free ligand® T, 399 419
Gas SOC 440 458
Solution SOC 397 391
*The reported experimental data refer to (Ref. [45]).
electrons from the rhenium metal as a donor and the ligand values appear in the nxnew — N*gres and

as the acceptor, as well as the other states of the ligand as
the donor and the rhenium metal as the acceptor. This value
represents that the summation of the transition energy of
rhenium metal to the ligand is greater than the summation of
the transition energy from the ligand to rhenium metal.
For example, in the NBO calculations of complex 1, the
summation of Re — L4 transition energy is
563.75 (kcal mol') and the summation of 14 — Re
transition energy is 465.94 (kcal mol™).

Based on the data presented in Table 8, the antibonding
orbitals corresponding to the acceptor are able to interact
with the lone pairs of N(58), N(59) and Br(60) of singlet
and triplet states of complex 1 and N(69), N(70) and Br(71)
of the singlet and triplet states of complex 2 as the donor
orbital. In the singlet state of complex 1, the greatest E(2)
values are observed in the nynss — N*res7 and
Nxopreo — N¥zres7 interactions. For the triplet of this
complex, the maximum amounts of E(2) are found in the
NxNss — N*res7 and Nexypreo — N*zres7 interactions. For
the singlet state of complex 2, the greatest E(2) values
appear in the Nx)Ne9 — n*(x)Re(yS and Nx)Bi71 — n*(Z)ReGS
interactions. For triplet of this complex, the maximum E(2)
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Neopr71 — N¥zress Interactions. The greatest partial electron
transfer (Q) in the singlet and triplet states for two
complexes is associated to the electron transition between
N, Br and Re, that led to a high luminescence. In complex 2,
Q is more than that in complex 1.

CONCLUSIONS

In this work, complexes 1 and 2 were optimized under
Cs symmetry group. In the triplet excited states Ty, T,, T;
and T, and in the singlet electronic ground state, the lowest
Si, Sy, S3 and S; singlet excited states were calculated
vertical excitations at the ground state geometry in gas
phase and in chloroform solvent. The results of the
absorption wavelengths, transition energy, and oscillator
strength for the triplet states in the solution phase are closer
to the experimental data. The spin-orbit coupling (SOC)
calculations show sufficient intensity and short wavelength
in the UV-Vis absorption after SOC correction. The UV-Vis
absorption spectra for the SOC transition show blue shifts in
complexes 1 and 2 in gas and solution phases. The
summation of transition energy of rhenium metal to the
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Table 8. Some Significant Second-order Interaction Energies (E(2), kcal mol™) and Partial Electron
Transfer (q) between Donor and Acceptor Orbitals in the Singlet and Triplet States of Complex
1 and Complex 2 in Solution Phase Calculated at the B3LYP/lanl2mb Level of Theory

Complex Donor (i) Acceptor (j) ) Q (me)
(kcal mol™)
N(xNs8 0¥ ()Res7 91.52 0.1044
N(x)Ns8 n* y)res7 37.68 0.1038
(N5 8% Res7-ce3 43.46 0.0942
N(x)N59 ¥ (Res7 60.93 0.1038
N(x)N59 0¥ (y)Res7 67.26 0.1048
N9 8% Res7-c62 4297 0.0959
Singlet L4
N(xRe57 ¥ C62-065 37.57 0.0970
N(x)Re57 TT* 063-066 36.35 0.0963
N(y)Res7 ¥ c61.064 50.65 0.0955
N(Res7 8* c61-064 4425 0.0921
N(x)Br60 n* (,)Res7 88.55 0.1067
N(x)Br60 d*Res7-c1 24.26 0.0967
NNss 0¥ ()Res7 49.52 0.1029
N(xNs8 ¥ (y)Res7 88.49 0.1041
N(x)Ns8 8% Res7-c63 48.80 0.0942
N(x)N59 ¥ ()Res7 58.47 0.1042
N(x)N59 ¥ (y)Res7 68.19 0.1049
N(xN59 3*Res7.c62 42.89 0.0942
Triplet L4 N(xRe57 ¥ C62-065 39.25 0.0964
N(xRe57 ¥ C63-066 33.79 0.0968
N(y)Re57 ¥ c61.064 46.86 0.0946
N(z)Re57 8* co1-064 43.51 0.0927
0¥ (y)Res7 8* c61-064 52.05 0.0200
1(x)Br60 n* (,)Res7 85.95 0.1059
N(x)Br60 8% Res7.co1 22.63 0.0958

622



Ultrafast Luminescence Decay in Rhenium(I) Complexes/Phys. Chem. Res., Vol. 8, No. 4, 609-627, December 2020.

Table 8. Continued
N(x)N69 n* (Re6s 90.68 0.1045
N(x)N69 % (y)Re68 383 0.1061
N(NG9 0% Re6s-C74 43.46 0.0942
N(x)N70 n* (Re6s 61.79 0.1039
DegNTO 1 Ress 66.37 0.1047
N(N70 8*Ress-c73 42.99 0.0944
. N(x)Re68 ¥ cn3.076 37.26 0.0962
SneletLe N(x)Re68 ¥ c74.077 364 0.0964
N(y)Re68 72075 50.72 0.0956
N(2)Re68 0* 72075 44.25 0.0921
n* (Re6s 0* 72075 50.72 0.0373
0¥ (y)Re6s &*cr075 414 0.0347
Nx)Br71 n* )R8 88.54 0.1067
N(x)Br71 0% Ress-c72 24.28 0.0968
N(x)N69 % (y)Re68 115.39 0.1047
N(x)N69 0% Re68-C74 48.81 0.0942
N(x)N70 n* (Re6s 87.01 0.1037
NeoN70 ¥ Ress 39.71 0.1047
NxN70 &% Ress-73 42.87 0.0942
N(x)Re68 ¥ 73-076 39.31 0.0966
Triplet L6 N()Re68 T* 74077 337 0.0966
1(y)Re68 72075 47.13 0.0951
Ny)Re68 8*cr3.076 24.76 0.0945
N(;)Re68 0* 72075 43.68 0.0930
¥ y)Rees 8* o7 50.36 0.0211
Nx)Br71 n* )R8 8591 0.1059
0()B71 8% Re6s-C73 22.64 0.0959
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ligand is greater than the summation of transition energy
from the ligand to rhenium metal. So, thenium metal shows
more tendency to give an electron to ligand. The maximum
E(2) values appear between Re and N, Br atoms. In
complex 2, Q is more than that in complex 1. Thus this
property can be used in cell imaging agents, chemosensors
and OLED applications.
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