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sized with the aim to analyze the effect of the pyrrole (Py) moiety on the photophysical properties of
Pyph-Re. It was found that the triplet metal-to-ligand charge-transfer drt (Re) — w*(N-N) emission of
Phen-Re and Pyph-Re centered at ca. 527 nm with the luminescence quantum yield (LQY) of 0.015
and ca. 578 nm with the LQY of 0.011, respectively. At the same time, the geometrical structures of
the ground state and the absorption spectral properties of Phen-Re and Pyph-Re were also calculated
Characterization with the 6-31G* basis set employed on C, H, N, O, and Br atoms, and LANL2DZ adopted on Re atom.
Re(I) complexes According to the experimental and theoretical analysis, the red-shift of the photoluminescent spectrum
Phosphorescence and the lower LQY of Pyph-Re should be mainly attributed to the narrower energy gap between the high-
est occupied molecular orbital and the lowest unoccupied molecular orbital and the more LLCT transition
ration of Pyph-Re, respectively.
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1. Introduction ecule design tactics, and the effect of the Py group on the

photophysical properties of Pyph-Re are experimentally and the-

Since the first report on the electroluminescence (EL) of the oretically studied.

Re(I) complexes [1], several groups paid attention to explore novel
Re(I) complexes [2-6] with the potential application in EL devices
because of these materials’ potentiality of achieving an internal
quantum efficiency of 100% with the application of triplet irradia-
tive emission. However, the commercial basic materials from
which the widely studied chloro Re(I) complexes are synthesized
are very expensive, which limits the practical application of this
kind of Re(I) complexes. Therefore, the relatively economical bro-
mo Re(I) complexes are considered [5]. In order to improve the
photoluminescent (PL) properties and suppress the triplet-triplet
annihilation [7,8], different functional groups were applied to syn-
thesize novel bromo Re(I) complexes. The carbazole, a kind of elec-
tro-donor group, was reported to be used as the functional group to
synthesize bromo Re(I) complexes with the excellent PL properties
[9,10]. As can be regarded as the center of the carbazole, the pyr-
role (Py) ring should exert an influence on the PL properties of
the corresponding bromo Re(I) complexes. Therefore, in this arti-
cle, the bromo Re(I) complexes of [1,10-phenanthroline]Re(CO);Br
(Phen-Re) and Py-containing [5-(1H-pyrrol-1-yl)-1,10-phenan-
throline]Re(CO);Br (Pyph-Re) are synthesized by the rational mol-

2. Experimental
2.1. Materials and methods

All chemicals are commercially available and used without fur-
ther purification. The synthesis of 5-amino-1,10-phenanthroline
(Phen-NH;) was performed by the nitration of 1,10-phenanthro-
line in a mixture of concentrated sulfuric acid and fuming nitric
acid, followed by the reduction of the nitro derivative with hydra-
zine over a 5% Pd/C catalyst [11].

2.1.1. Synthesis of 5-(1H-pyrrol-1-yl)-1,10-phenanthroline (Pyph)
Phen-NH, (0.390 g, 2.0 mmol) and 2,5-dimethoxytetrahydro-
furan (DMOTHF) (0.264 g 2.0 mmol) were added into a flask con-
taining 15 mL HOAc, the mixture was refluxed under N, for 1h,
then cooled to room temperature (RT). The crude product was
poured into 100 mL H,0 and stirred 15 min. The resulting powder
was collected by filtration and washed successively with dilute
aqueous NaOH solution, H,0, and methanol to get 0.42 g (85%) of
pale yellow powder. 'H NMR (CDCl;, 400 MHz): & 6.47 (2H, t,
~ * Corresponding author. Tel.: +86 431 85262127; fax: +86 431 85698041. J=2),7.04 (2H, t, J=2), 7.63-7.66 (1H, tetr, J=4), 7.67-7.70 (1H,
E-mail address: hongjie@ciac.jl.cn (H. Zhang). tetr, J=4), 7.81 (1H, s) 8.16 (1H, d, J=8), 8.27 (1H, d, J=38)
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9.22-9.24 (2H, m), Anal. Calc. for C;gH {N3: C, 78.35; H, 4.52; N,
17.13. Found: C, 78.69; H, 4.33; N, 16.98%. IR (KBr): v 743, 1481,
1625, 3085 cm™ .

2.1.2. Synthesis of Phen-Re

Phen (0.036 g, 0.200 mmol), Re(CO)sBr (0.081 g, 0.200 mmol)
and 15 mL toluene were refluxed in a flask for 9 h. After the mix-
ture was cooled to RT, the solvent was removed in a water bath un-
der reduced pressure. The resulting yellow solid was washed with
CH,Cl,. Yield: 0.085 g (80%). 'H NMR (CDCls, 400 MHz): & 7.87-
7.91 (2H, m), 8.045 (2H, s), 8.55-8.57 (2H, tetr), 9.43-9.45 (2H,
tetr). Anal. Calc. for C;sHgBrN,OsRe: C, 33.97; H, 1.52; N, 5.28.
Found: C, 34.38; H, 1.24; N, 5.44%. IR (KBr): v 1425, 1895, 1929,
2017, 3083 cm™ .

2.1.3. Synthesis of Pyph-Re

The procedure is similar to that of Phen-Re. Yield: 84%. 'H NMR
(CDCl5, 400 MHz): 6 7.86-7.93 (2H, m), 8.01 (2H, s), 8.48-8.56 (2H,
m), 9.44-9.48 (2H, m). Anal. Calc. for C;gH;{BrN3OsRe: C, 38.33; H,
1.86; N, 7.06. Found: C, 38.52; H, 1.60; N, 7.27%. IR (KBr): v 1479,
1894, 1920, 2022, 3047 cm ™.

2.2. Measurements

The IR spectra were acquired using a Magna560 FT-IR spectro-
photometer. Element analyses were performed using a Vario Ele-
ment Analyzer. 'H NMR spectra were obtained using a Bruker
AVANVE 400 MHz spectrometer with tetramethylsilane as the
internal standard. The absorption and PL spectra of the degassed
solution with 10~ mol/L sample were recorded on a Lambda 750
spectrometer and a Hitachi model F-4500 fluorescence spectro-
photometer, respectively. The luminescence quantum yields
(LQYs) were measured by comparing fluorescence intensities (inte-
grated areas) of a standard sample (quinine sulfate) and the un-
known sample according to the following equation:

¢unk = (pstd (Iunk/Aunl() (Astd /Istd ) (”]unk/’/lstd)z

where @, is the LQY of the unknown sample; @y is the LQY of
quinine sulfate and taken as 0.546 [12]; Iun and Isq are the inte-
grated fluorescence intensities of the unknown sample and quinine
sulfate with the excitation wavelength of 400 nm for bromo Re(I)
complexes and 364 nm for quinine sulfate. Aynx and Asq are the
absorbances of the unknown sample at 400 nm and quinine sulfate
at 364 nm, respectively. The nunk and #sq are the refractive indices
of the corresponding solvents (pure solvents were assumed). The
excited-state lifetimes were detected by a system equipped with
a TDS 3052 digital phosphor oscilloscope pulsed Nd:YAG laser with
a THG 299 nm output and a computer-controlled digitizing oscillo-
scope according to the reported method [13]. The oriciN 7.0 program
by OriginLab Corporation was used for the curve-fitting analysis.
The absorption and emission spectral data of Phen-Re and Pyph-
Re in CH,Cl; media and solid state are listed in Table 1.

Cyclic voltammetry measurements were conducted on a vol-
tammetric analyzer (CH Instruments, Model 620B) with a polished
Pt plate as the working electrode, Pt mesh as the counter electrode,
and a commercially available saturated calomel electrode (SCE) as

the reference electrode, at a scan rate of 0.1 V/s. The voltammo-
grams were recorded in CHsCN solutions with ~10~2 M sample
and 0.1 M tetrabutylammonium hexafluorophosphate (TBAPFg) as
the supporting electrolyte. In order to precisely calculate the en-
ergy levels of the HOMO and the LUMO, the offset potentials are
determined by the point of intersection of the tangential lines near
the beginning part of the redox peaks. Prior to each electrochemi-
cal measurement, the solution was purged with nitrogen for ~10-
15 min to remove the dissolved O, gas.

2.3. Computational details

The geometrical structures of the ground states were optimized
by the density functional theory (DFT) [14] with Becke’s LYP
(B3LYP) exchange-correlation functional [15]. On the basis of the
optimized ground state geometry structures, the absorption spec-
tral properties in CH,Cl, media were calculated by time-dependent
DFT (TDDFT) [16] approach associated with the polarized contin-
uum model (PCM) [17]. To investigate solvent effect, the singlet
absorption spectra of Phen-Re and PyPh-Re in the gas phase were
also theoretically studied at the same level. The 6-31G* [18-20] ba-
sis set was employed on C, H, N, O, and Br atoms, and LANL2DZ ba-
sis set was adopted on Re atom. To intuitively understand the
transition process, the calculated isosurface plots for the frontier
molecular orbitals of Phen-Re and Pyph-Re involved in the tran-
sitions were prepared by using the caussview 3.07 software and
shown in Figs. 4 and 5, respectively. All the calculations were per-
formed with the caussian 03 software package [21].

3. Results and discussion
3.1. Synthesis and characterization

As depicted in Scheme 1, Pyph was synthesized from the reac-
tion between Phen-NH, and DMOTHF in HOAc [22]. Phen-Re
and Pyph-Re were obtained in a previously reported approach
[23]. The structures of Pyph, Pyph-Re, and Phen-Re were fully
verified with elemental analysis, IR, UV-Vis, and 'H NMR
spectroscopy.

3.2. Photophysical properties

Fig. 1 presents the powder-sample based excitation and PL
spectra and the CH,Cl, solution based UV-Vis absorption spectra
of Phen-Re and Pyph-Re. The higher-energy absorption bands
of Phen-Re and Pyph-Re in ca. 230-330 nm region should be as-
signed to the admixture of ligand-based charge-transfer m — ©*
(ILCT/LLCT) transitions, and the lower-energy features in ca. 330-
500 nm are tentatively assigned to the metal-to-ligand charge-
transfer dm (Re) — *(N-N) (MLCT) transitions. These assignments
are confirmed by the UV-Vis absorption spectra of the free ligands
and the theoretical calculations (vide infra).

Similar to the previous reports, the broad and lower-energy
bands in the absorption spectra partially resolve into two bands
in scanning the excitation spectra, namely, 'MLCT transition states
with peaks at 390, 410 nm and 3MLCT transition states with peaks

Table 1
Absorption, excitation, and emission spectral parameters of Phen-Re and Pyph-Re in CH,Cl, and solid state at RT.
Complex Medium Absorption Excitation Emission
4[nm A[nm Zmax (Wip2)[nm ¢ (degass)
Phen-Re CHCl, 267, 292, 377, 411 310, 420 554 (90) 0.015
Solid 354, 453 527 (76)
Pyph-Re CH,Cl, 254, 290, 323, 402 372, 464 588 (88) 0.011
Solid 269, 329, 365, 488 578 (73)
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Scheme 1. Synthesis routes of Phen-Re and Pyph-Re. Reagents and experimental conditions: (i) HNO3/H,SO4, 160-170 °C, 2 h; (ii) hydrazine monohydrate, Pd/C 5%,
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Fig. 1. Absorption (CH,Cl; solution, green), excitation (powder, red), and PL spectra
(powder, blue) of Phen-Re and Pyph-Re. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)

at 444, 453 nm for Phen-Re and Pyph-Re, respectively [9,24], and
the excitation at either the ® — ©* absorption region (~256 nm) or
the MLCT absorption region (ca. 453 nm for Phen-Re and ca.
488 nm for Pyph-Re) at RT leads to the same >MLCT emission band
centered at 525 and 577 nm for Phen-Re and Pyph-Re,
respectively.

The PL spectra of Phen-Re and Pyph-Re present the emission
bands centered at ca. 525 nm with the width of half maximum
(Wi2) of 76 nm and 577 nm with the W, of ca. 73 nm, respec-
tively. At the same time, the LQYs of Phen-Re and Pyph-Re are
measured to be 0.015 and 0.011, respectively. According to the
Phen-Re, the LLCT transitions should make more contribution to
the CT transitions of Pyph-Re, which lowers the ratio of MLCT:
LLCT during the PL process. Therefore, the lower LQY of Pyph-Re
should be reasonable. Additionally, the slit rotation of the Py group
in Pyph-Re should also lower its LQY. The red-shift of the PL spec-
trum of Pyph-Re implies that the energy gap between the highest
occupied molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO) of Pyph-Re should be narrower than
that of Phen-Re, which is in accordance with the electrochemical
analysis.

Re(CO)sBr, 90 °C, 9 h, N».

20 T T T T g T

Pyph-Re

Phen—ReJ/
Jj

10 |

Current (uA)
=

220 1 1 L
) -1 0 1 2

Potential (V) vs SCE

Fig. 2. Cyclic voltammograms of Phen-Re and Pyph-Re measured in CH3CN (vs.
SCE) at a scan rate of 0.1 V/s. A polished Pt plate and a Pt mesh were used as the
working electrode and the counter electrode, respectively. TBAPFs was taken as the
supporting electrolyte.

The cyclic voltammograms of Phen-Re and Pyph-Re in Fig. 2
exhibit irreversible metal centered oxidation and ligand-based
reduction in CH3CN solution. The peaks of the oxidation process
(Re!'/Re'!) [25] associated anodic waves of Phen-Re and Pyph-Re
locate at +1.81V with the onset oxidation potential (Vonser) Of
+1.70V and +1.45V with the Vst of +1.31V, respectively. At
the same time, the reduction process ([Re'Br(CO)s(L)]/[Re-
IBr(CO)5(L")]") associated cathodic waves of Phen-Re and Pyph-
Re peak at —0.91 V with Vs of —0.81V and —1.14 V with Vet
of —0.95V, respectively. The energy levels of the HOMO (Eyxomo)
and the LUMO (Eyymo) are calculated from the onset oxidation
(Eonset(Ox)) and reduction (E,nse(Red)) potentials with the formula
of Evomo = —4.74—E0n5et(ox) and Erumo = —4.74—501155t(Red) (—474 \%
for SCE with respect to the zero vacuum level [26]). These calcula-
tions give the Eyonmo of —6.44 and —6.05 eV, and the E o of —3.94
and —3.79 eV for Phen-Re and Pyph-Re, respectively. The energy
gaps of Phen-Re and Pyph-Re are measured to be 2.50 and
2.26 eV, respectively, indicating that the red-shift of the PL spec-
trum of Pyph-Re should be reasonable.
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Fig. 3. PL lifetime decay measurements of the powder samples of Phen-Re (a) and Pyph-Re (b).

The potential surface crossing (PSC) from the higher © — m*
state to the lower MLCT state of Phen-Re and Pyph-Re is also ana-
lyzed by the measurements of their excited-state lifetimes [27]. As
indicated in Fig. 3, the biexponential decay lifetimes (7) of Phen-
Re and Pyph-Re are composed of t1,=0.749 (A;=3.16),
0.0046 s (A; =0.56) and 7, = 8.59 (A, =1.85), 0.32 s (A, =3.26),
respectively. In general, the observation of the strong excitation
bands in the © — ©* absorption region and the shorter decay life-
time from the m — n* state than those from the lower MLCT state
[28] can suggest the efficient PSC from the higher © — ©* state to
the lower MLCT state. As can be seen from Fig. 2, the strength of
the excitation peaks of Pyph-Re are much stronger than those of
Phen-Re in the m — ©* absorption region with the normalization
according to the maximum absorption, suggesting that the effi-
ciency of PSC from the higher m — ©* state to the MLCT state of
Pyph-Re should be much higher than that of Phen-Re. Therefore,
the assignment of 7, (the major short-lived component of Phen-Re
and the minor long-lived component of Pyph-Re) to the emission
from the m — ©* state should be believable. These results suggest
that the Py moiety in Pyph-Re should be beneficial to the PSC from
the higher m — m* state to the lower MLCT state.

3.3. Theoretical calculations

As can be seen from the selective simulated absorption param-
eters listed in Table 2 and the optimized ground state geometry
structures presented in Figs. 4 and 5, the LUMO—-LUMO + 2 for both
species are mainly composed of the 7* orbital localized on the
Phen moiety with >89.8% composition and are a little affected
by the Py moiety. The HOMO and HOMO-1 of Phen-Re and
Pyph-Re are mainly composed of the Re d orbital and the m-orbital
localized on CO and Br moieties. The composition of the HOMO-2

of Phen-Re locates at the orbitals of 7w (CO) and d (Re), while that
of Pyph-Re mainly locates at the m-orbital of the Py moiety. The
HOMO-3 of Phen-Re is mainly comprised of the m-orbital local-
ized on the whole molecule and that of Pyph-Re has the similar
distribution to the HOMO-2 of Phen-Re. These results present
that the Py moiety in Pyph-Re leads to the different distribution
of the HOMO-2 and HOMO-3 between Phen-Re and Pyph-Re,
which should partly contributes to the different photophysical
properties between Phen-Re and Pyph-Re. At the same time,
the Py moiety in Pyph-Re exerts a little effect on the composition
of other frontier molecular orbitals presented in Table 3. The Eyomo
and Ejymo of Phen-Re (Pyph-Re) are calculated to be —5.51
(—5.46) and —2.76 (—2.68) eV (Table 3), respectively, and the en-
ergy gaps are calculated to be 2.78 and 2.75 eV for Phen-Re and
Pyph-Re, respectively, which is theoretically verified that the PL
spectrum of Pyph-Re should exhibits a lower-energy properties.

The curves of the theoretically simulated absorption spectra of
Phen-Re and Pyph-Re in CH,Cl, media and the gas phase are pre-
sented in Fig. 6, and their selective parameters are listed in Table 2.
In general, the two complexes show a blue-shift in CH,Cl, solution
compared with those in the gas phase. This is in agreement with
the reports from Lu et al. [29], who pointed out that when the
polarity of the solvent increases from benzene to CH,Cl,, acetoni-
trile, and ethanol, the broad low-energy absorption band blue-
shifts. Taking Pyph-Re as an example, the S; absorption band
shows a comparatively strong solvent-dependent effect: the
absorption at 614 nm in the gas phase corresponds to that at
485 nm in CH,Cl, solution. To the transitions mainly assigned to
1 — 1* characters, the solvent effect is minor [30]. The calculated
results in solution are more in agreement with the experimental
values, therefore, the later discussions will focus on the results in
the CH,Cl, solution.

Table 2
Selected absorptions parameters of Phen-Re and Pyph-Re in CH,Cl, according to TDDFT (LANL2DZ) calculations.
Complex State Transition 2 (nm)/E (eV) Oscillator Assign Jexp (NM)
Phen-Re S1 H - L (100%) 474/(2.61 0.0010 MLCT/LLCT 434
S3 H — L+1 (100%) 427/2.90 0.0092 MLCT/LLCT
Sz H-3 — L (90%) 335/3.70 0.0663 MLCT/LLCT/ILCT 375
Sa3 H-6 — L (44%) 262/4.73 0.3500 ILCT 267
S37 H-4 — L+2 (53%) 236/5.26 0.1545 MLCT/LLCT
Sa1 H-5 — L+2 (59%) 219/5.65 0.1352 MLCT/LLCT
Pyph-Re S H - L (100%) 485/2.55 0.0009 MLCT/LLCT 452
S10 H-3 - L+1 (56%) 346/3.59 0.1037 MLCT
Si2 H-6 — L (79%) 331/3.75 0.0868 MLCT/LLCT/ILCT 329
S30 H-9 - L+1 (35%) 259/4.78 0.2308 LLCT/ILCT 257
S3q H-3 - L+3 (37%) 251/4.94 0.3064 MLCT/LLCT
Se2 H—6 — L+5 (24%) 211/5.87 0.0959 LLCT/ILCT
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Fig. 5. Calculated isosurface plots for the frontier orbitals of Pyph-Re in gas phase at the B3LYP/LANL2DZ level.

As can be seen from Fig. 6, the simulated curves of the absorp- (Phen, 89.8%) type orbital. Thus, the lowest lying transitions of
tion spectra of Phen-Re and Pyph-Re are nicely fitted to those Phen-Re and Pyph-Re should be described as [d(Re)+
from the experimental measurements. The lowest lying sin- 1(CO + Br)] — [r*(L)] in nature with MLCT/LLCT characters.
glet — singlet absorptions of Phen-Re and Pyph-Re are calculated The transitions at the largest oscillator strength with the config-

at 474 and 485 nm, respectively. As presented in Table 2, the con- urations of HOMO—-6 — LUMO (44%) and HOMO-3 — LUMO (37%)
figuration of HOMO — LUMO is responsible for both of the lowest contribute to the higher-energy absorption of Phen-Re (262 nm)
lying transitions. Table 3 shows that the HOMO of Phen-Re is and Pyph-Re (251 nm), which are in good agreement with the
mainly composed of ca. 20.9% Re(I) d,, orbital, 14.4% carbonyl experimental values of 267 and 257 nm, respectively. The
group, and 55.2% bromine, and the LUMO of Phen-Re is a w* HOMO-6 of Phen-Re and the HOMO-3 of Pyph-Re are 1t (Phen,
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Table 3
Frontier molecular orbital compositions (%) in the ground states for Phen-Re and Pyph-Re at B3LYP/LANL2DZ level.
Orbital Phen-Re Pyph-Re
E (eV) Bond type Contribution (%) E (eV) Bond type Contribution (%)
Re co Br Phen Re co Br Pyph
LUMO+2 -1.29 m*(L) 95.0 -1.41 m*(L) 92.2Phen
LUMO+1 257  wHL) 99.3 —268  m(L) 96.1Phen
LUMO 268  wHL) 89.8 276  wHL) 88.9Phen
HOMO 546  d(Re) 7(CO + Br) 20.9 d, 144 552 -551  d(Re) m(CO+Br)  18.7 dy, 139 569
HOMO-1  -550  d(Re) m(CO + Br) 17.8 dy 113 584 556  d(Re) n(CO+Br)  16.0 dy, 108 599
HOMO-2  —636  d(Re) n(CO) 657de ., 284 -638  m(L) 87.9Py
HOMO-3 —6.63 d(Re) m(CO +Br+1L) 24.9 dy, 14.7 36.8 15.1 —6.41 d(Re) m(CO) 412 de_ye 27.4
1.0 E T T T T T . 1.0 T T T T T =

3 3

8 08 —o—  Abs (gas) L & 0.8 —0— Abs (gas) E
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Fig. 6. Simulated absorption spectra in CH,Cl, media and gas phase for Phen-Re (left) and Pyph-Re (right) calculated at the TDDFT (B3LYP)/LANL2DZ level.

82.9%) and [d (Re, 68.8%) + 1 (CO, 27.4%)] orbitals in nature, respec-
tively, thus these higher-energy absorptions are attributed to the
ILCT and MLCT/LLCT characters, respectively. At the same time,
the absorptions with moderate oscillator of Phen-Re and Pyph-
Re are calculated to be the MLCT/LLCT or MLCT/LLCT/ILCT
characters.

De Angelis et al. [31] and Chou, Chi et al. [32-34] found that the
efficient energy intersystem crossing from the LLCT states to the
MLCT states could notably enhances the MLCT participation,
namely, the phosphorescence (T; — Sp radiative transition) should
be greatly enhanced by increasing the ratio of MLCT: LLCT. Addi-
tionally, Abrahamsson et al. concluded that the LQY could be in-
creased by larger MLCT excited-state compositions [35]. These
conclusions are consistent with our calculated results. Phen-Re
possesses more MLCT composition than Pyph-Re, which leads to
the fact that the LQY of Phen-Re (0.015) are higher than that of
Pyph-Re (0.011). This result is also proved by the calculated tran-
sition moments of Phen-Re (1.825) and Pyph-Re (1.479) based on
the fact that the larger transition moments present the higher tran-
sition probability from the ground state to the excited-state and re-
sults in the greater emission probability [36].

In conclusion, the photophysical behaviors of two bromo Re(I)
complexes of Phen-Re and Pyph-Re are experimentally and theo-
retically studied to analyze the effect of the Py moiety on the
photophysical properties of Pyph-Re. It is experimentally found
that Phen-Re and Pyph-Re present the MLCT emission centered
at ca. 527 nm with LQY of 0.015 and ca. 578 nm with LQY of 0.011,
respectively. These results verify that the Py group in Pyph-Re
leads to the more LLCT transitions during the PL process which
lowers the LQY of Pyph-Re. The ground state molecular structures
and the UV-Vis absorption behaviors of Phen-Re and Pyph-Re are
theoretically studied, which are in good agreement with the exper-
imental measurements. Together with the previous studies on the
light-emitting bromo Re(I) complexes containing carbazole groups,
this study further suggests that the functional groups with bigger

steric and conjugated effect should be helpful to improve the
photophysical properties of bromo Re(I) complexes.
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