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Bis-dipolar emissive oligoarylfluorenes, OF(2)Ar-NPhs(2), bearing an electron affinitive core, 9,9-dibu-
tylfluorene, as conjugated bridges and diphenylamino as endcaps, show great potential for application in
organic light-emitting diodes. The various electron affinitive central aryl cores that include thioffg&ne
dioxide, dibenzothiophen§S-dioxide, 2,1,3-benzothiadiazole, 4,7-dithien-2-yl-2,1,3-benzothiazole, diben-
zothiophene, and dibenzofuran produce a remarkable influence on their optical and electronic properties. In
this contribution, we apply quantum-chemical techniques to investigate a series of bis-dipolar diphenylamino-
endcapped oligoaryfluorenes, OF(2)Ar-NPhs(2). The geometric and electronic structures in the ground state
are studied using density functional theory (DFT) and the ab initio HF, whereas the lowest singlet excited
states are optimized with ab initio CIS. The maximal absorption and emission wavelengths are investigated
by employing time-dependent density functional theory (TDDFT). As a result, HOMOs, LUMOSs, energy
gaps, ionization potentials, electron affinities, and reorganization energies are affected by varying the electron
affinitive cores in OF(2)Ar-NPhs(2). The absorption and emission spectra of this series of bis-dipolar
oligoarylfluorenes also exhibit red shifts to some extent due to the electron-withdrawing property and the
conjugated length of the electron affinitive cores. Remarkably, their calculated emission spectra can cover
the full UV—vis spectrum (from 412 to 732 nm). Also, the Stokes shifes are unexpectedly large, ranging
from 34 to 234 nm, resulting from a more planar conformation of the excited state between the two adjacent
units in the oligoarylfluorenes. All the calculated results show that the oligoarylfluorenes can be used as hole
and electron transport/injection materials in organic light-emitting diodes.

1. Introduction

In a recent publication we reported on the structural, optical, Q Q
and electronic properties of a series of-B—A—x—D type fN O O A Q.Q Nz

bis-dipolar emissive oligoarylfluorenes, OF(2)Ar-NPtEhese

phenyl-basedr-conjugated oligomers have received recent Ar = aromatic ring

attention for potential applications in organic light-emitting OF(2)Ar-NPh(2)

diodes (OLEDSs) that take advantage of their excellent chemical,

thermal, and photochemical stabilities as well as ease of Ar= —@— —</_\>—4Q—</_\>—©—
structural tuning to adjust the electronic and morphological (fsﬁ) I\ \
propertieg=° Experimentally, these bis-dipolar emissive oli- N~S'N N*g'N
goarylfluorenes have been synthesized and purified, and de- OF(2)TPSO-NPh OF(2)BTD-NPh OF(2)TBTD-NPh
pending on the electronic nature of the central aryl moiety, their o. .0

emissive colors can span almost the full Yvis spectrunt. \\S// s 0
Because of the low first ionization potentials, good luminescence

properties, high thermal stabilities, and good amorphous mor- O O O O O O
phological stabilities of OF(2)Ar-NPhs, in this work we extend

our earlier theoretical Study toa Computational inVeStigation of OF(2)DBTPSO-NPh OF(2)DBTP-NPh OF(2)DBFP-NPh

another series of bis-dipolar diphenylamino-endcapped oligoary- Figure 1. Sketch map of the structures of OF(2)Ar-NPhs(2).
fluorenes, defined as OF(2)Ar-NPhs(2) (shown in Figure 1) due

to the different electron affinitive cores in the oligoarylfluorenes nave peen carried out for these oligoaryfluorenes. Highest
compared with OF(2)Ar-NPhs.Density functional theory  occupied molecular orbitals (HOMOS), lowest unoccupied
(DFT), single excitation configuration interaction (CIS), and molecular orbitals (LUMOSs), energy gaps, ionization potentials,
time-dependent density functional theory (TDDFT) calculations ejectron affinities, reorganization energies, and molecular
modeling of the oligoarylfluorenes indicate that OF(2)Ar-NPhs-

88* éistg;%Spondinlg author-fg)h0?]&86-431-88499856. Fax:+86-431- (2) can be used as hole transport/injection materials and are
4 - E-mail: Jikangf@yahoo.com. . . also good electron-accepting materials. Specifically, electronic
| Tt-tStta te foﬁ' Labtpralt%}/, of -Tth eoretical and Computational Chemistry, abso?ption and emissionpspgctra have begn calculgied for these
nstitute of Theoretical Chemistry. DSuI -
*The College of Chemistry. bis-dipolar molecules. It has been shown that these oli-
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Figure 2. Optimized structures of OF(2)Ar-NPhs(2) by DFT//B3LYP/6-31G(d).

TABLE 1: Important Inter-Ring Distances and Dihedral Angles of OF(2)Ar-NPhs(2) in the Ground State with
DFT//B3LYP/6-31G(d)?

inter-ring distances (A) dihedral angles (deg)
molecule D-n a—A A—n x—D D—n a—A A—m 7—D dipole moment (D)
OF(2)TPSO-NPh 1.418 1.455 1.455 1.418 38.5 21.8 23.9 39.6 3.07
OF(2)DBTPSO-NPh 1.418 1.484 1.484 1.418 38.6 39.0 38.8 39.3 8.32
OF(2)BTD-NPh 1.420 1.479 1.479 1.420 414 34.5 36.9 41.0 1.49
OF(2)TBTD-NPh 1.419 1.464 1.464 1.420 40.2 255 235 40.8 1.47
OF(2)DBTP-NPh 1421 1.485 1.484 1.420 40.9 38.8 38.4 41.0 1.72
OF(2)DBFP-NPh 1.421 1.485 1.485 1.421 41.9 38.6 38.7 41.3 1.22

aD, diphenylamino;z, dimethylfluorene; A, electron affinitive core.

goarylfluorenes endcapped with diphenylamino moieties exhibit 3. Results and Discussion

improved OLED device performance. 3.1. Molecular Structures. Figure 2 shows the optimized

. . structures of bis-dipolar diphenylamino-endcapped oligoary-
2. Computational Details fluorenes, OF(2)Ar-NPhs(2), and a summary of the important
We have chosen the SGI origin 2000 server with the Gaussianinter-ring bond lengths, dihedral angles, and dipole moments
03 program packad@to perform the geometry optimizations, is given in Table 1. Like earlier investigations, in contrast to
spectra analysis, and excited state evaluations. The ground statthe oligoarylfluorenes in the literatufé)F(2)Ar-NPhs(2) in this
geometries of OF(2)Ar-NPhs(2), as well as their cationic and paper substitute butyl with methyl in fluorene rings for the sake
anionic molecules, were fully optimized by DFT using the of reducing the time of calculation.
B3LYP hybrid functional combined with the 6-31G(d) basis In the ground state, the DFT calculated results show that the
set. There is no symmetric constraint on the geometric optimiza- structures of dibutylfluorenes (D) and diphenylamina$ in
tion. The lowest singlet excited state structures were calculatedOF(2)Ar-NPhs(2) do not suffer appreciable variations with the
with ab initio CIS/6-31G(d) based on the optimized geometries different electron affinitive cores (A). The main structural
obtained from HF/6-31G(d). Following each optimized structure, changes occur between the two adjacent units, espegialhd
the electronic absorption and emission spectra were systemati-A. In OF(2)TPSO-NPh and OF(2)DBTPSO-NPh, due to reliev-
cally investigated by the TDDFT method. The various properties ing unfavorable steric interactions between fluorene rings and
of OF(2)Ar-NPhs(2), such as HOMOs, LUMOSs, energy gaps, thiopheneSS-dioxide or dibenzothiopheng§S-dioxide, the
ionization potentials, electron affinities, and reorganization w—A bond lengths and dihedral angles increase from 1.455 to
energies are obtained from the computed results and arel.484 A and from 21.8to 39.0, respectively. In fact, the
compared to the available experimental data. structural variations in OF(2)TBTD-NPh and OF(2)BTD-NPh
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TABLE 2: Important Inter-Ring Distances and Dihedral Angles of OF(2)Ar-NPhs(2) in the Ground State with HF/6-31G(d}

inter-ring distances (A)

dihedral angles (deg)

molecule D-n a—A A—n n—D D—x a—A A—-m 7—D dipole moment (D)
OF(2)TPSO-NPh 1.414 1.474 1.474 1.414 44.1 36.2 38.0 44.2 4.19
OF(2)DBTPSO-NPh 1.414 1.490 1.490 1.414 44.5 46.0 46.0 44.3 8.25
OF(2)BTD-NPh 1.416 1.487 1.487 1.416 46.2 44.0 45.7 46.1 1.91
OF(2)TBTD-NPh 1.416 1.478 1.478 1.416 45.9 38.6 38.2 45.8 2.47
OF(2)DBTP-NPh 1.416 1.491 1.491 1.416 46.4 45.9 46.0 46.4 1.77
OF(2)DBFP-NPh 1.416 1.496 1.496 1.416 46.7 46.3 46.5 46.6 1.23

aD, diphenylamino;z, dimethylfluorene; A, electron affinitive core.

TABLE 3: Important Inter-Ring Distances and Dihedral Angles of OF(2)Ar-NPhs(2) in the Excited State with CIS/6-31G(d}

inter-ring distances (A)

dihedral angles (deg)

molecule D7 a—A A—-n n—D D—n a—A A—m 7—D dipole moment (D)
OF(2)TPSO-NPh 1.408 1.422 1.422 1.408 39.3 0.2 0.2 38.5 3.98
OF(2)DBTPSO-NPh 1.389 1.441 1.490 1.415 45.4 18.4 34.5 45.3 9.61
OF(2)BTD-NPh 1.409 1.443 1.443 1.409 40.0 19.7 19.8 39.8 1.80
OF(2)TBTD-NPh 1.414 1.460 1.460 1.413 43.8 21.2 19.9 43.6 221
OF(2)DBTP-NPh 1.394 1.447 1.490 1.416 37.6 19.8 45.3 46.5 2.58
OF(2)DBFP-NPh 1.393 1.454 1491 1.416 37.9 23.0 45.9 46.7 1.90

aD, diphenylamino;z, dimethylfluorene; A, electron affinitive core.

are like those in OF(2)TPSO-NPh and OF(2)DBTPSO-NPh.

optical and electronic properties. To gain insight into the

Interestingly, due to their sharing the same group in the table influence of the various electron affinitive cores in OF(2)Ar-
of elements, the presence of the atoms oxygen and sulfur leaddNPhs(2), sketches of the HOMOs and LUMOs of the oli-

to only small changes in the inter-ring distances and dihedral
angles for OF(2)DBTP-NPh and OF(2)DBFP-NPh. As a result,
the two compounds have the very similar conformations,
indicating their similar optical and electronic properties. It can
be noted that OF(2)DBTPSO-NPh, OF(2)DBTP-NPh, and OF-
(2)DBFP-NPh exhibit high-nonplanar conformation and their

structures tend to be bending in a butterfly shape owing to the

strong steric hindrance influence of the electron affinitive cores.
Compared with the DFT calculated results, the Hartiieeck

goarylfluorenes by DFT//B3LYP/6-31G(d) are plotted in Figure
3. The calculated HOMO and LUMO energies and energy gaps
are listed in Table 4, together with the experimental results. In
addition, the total density of states (DOS) of OF(2)Ar-NPhs(2)
has been compared in Figure 4 to more easily and vividly
observe the varieties of the HOMOs, LUMOSs, and energy gaps.
Here, our calculated energy gap in theory is the orbital energy
difference between HOMO and LUMO, termed the HOMO
LUMO gap An-L).1*"13 Experimentally, it is most obtained

(HF) approach overestimates the dihedral angles between thgrom the absorption spectra, which is the lowest transition (or

two adjacent units in the oligoarylfluorenes, D andand
and A.

Electronic excitation leads to the large varieties of the
oligoarylfluorene structures as shown in Tables 2 and 3. Both

excitation) energy from the ground state to the first dipole-
allowed excited state, termed the optical band d&j (n fact,

the optical band gap is not the orbital energy difference between
HOMO and LUMO, but the energy difference between the S

the inter-ring bond lengths and dihedral angles are shortened,and S states. Only when the excitation to the State

especially forzr and A. For example, the—A bond lengths
and dihedral angles in OF(2)BTD-NPh and OF(2)TBTD-NPh
reduce from 1.487 to 1.443 A, 44.@0 19.7, and from 1.478
to 1.460 A, 38.8t0 21.2, respectively. Also, the OF(2)DBTP-
NPh excited structure is similar to that of OF(2)DBFP-NPh.

corresponds almost exclusively to the promotion of the electron
from the HOMO to the LUMO may the values of the optical
band gap and the HOMELUMO gap be approximately equal.

In this paper, we also theoretically calculated the optical band
gaps of OF(2)Ar-NPhs(2) at the TDDFT level. As mentioned

This implies that the singlet excited structures between the two above, these optical band gaps are obtained from the absorption

adjacent units in the oligoarylfluorenes should be more planar
than their ground structures. Particularly, in OF(2)TPSO-NPh,
the inter-ring dihedral angles betweearand A are nearly 9
which indicates that the diphenylamino and thioph&®-
dioxide in OF(2)TPSO-NPh may be coplanar in the excited
state.

The dipole moment values of OF(2)Ar-NPhs(2) are collected
in the last columns of Tables-. The HF data are higher than
those calculated by DFT in the ground state except OF(2)-
DBTPSO-NPh. Notably, the dipole moments of OF(2)DBTPSO-
NPh (DFT, 8.32 D; HF, 8.25 D; CIS, 9.61 D) are the largest.
This may be attributed to its high-nonplanar conformation in
comparison to OF(2)TPSO-NPh, OF(2)BTD-NPh, and OF(2)-
TBTD-NPh. On the other hand, compared with OF(2)DBTP-

spectra.

The frontier orbitals all showr characteristics as visualized
in Figure 3. For OF(2)TPSO-NPh, OF(2)BTD-NPh, and OF-
(2)TBTD-NPh, the HOMO orbitals are spread over the whole
conjugated molecules, but the LUMO orbitals are mainly
localized on the electron affinitive cores. However, for OF(2)-
DBTPSO-NPh, OF(2)DBTP-NPh, and OF(2)DBFP-NPh, the
HOMO orbitals are distributed on the dibutylfluorenes and
diphenylaminos, but the LUMO orbitals are centralized on the
diphenylaminos and the electron affinitive cores. In general, the
HOMO orbitals possess bonding character and the LUMO
orbitals hold antibonding character, although the HOMO orbitals
show an antibonding interaction between the two adjacent
subunits, D andr, andsz and A, and the LUMO orbitals nicely

NPh and OF(2)DBFP-NPh, more heteroatoms is the reason forshow the bonding interaction in these regions, which is also

the largest dipole moment of OF(2)DBTPSO-NPh.

3.2. Frontier Molecular Orbitals. It is well-known that the
HOMOs, LUMOs, and energy gaps are weightily related to the

reflected in the shorting of the corresponding inter-ring bond
lengths in the excited states. In fact, because the lowest singlet
excited state corresponds almost exclusively to the excitation
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Figure 3. Frontier molecular orbitals of OF(2)Ar-NPhs(2) (1, OF(2)TPSO-NPh; 2, OF(2)DBTPSO-NPh; 3, OF(2)BTD-NPh; 4, OF(2)TBTD-NPh;
5, OF(2)DBTP-NPh; 6, OF(2)DBFP-NPh) by DFT//B3LYP/6-31G(d).

TABLE 4: Comparison between the Experimental and Calculated HOMO, LUMO Energies, HOMO—-LUMO Gaps by DFT,
and the Lowest Excitation Energies by TDDFT in eV for OF(2)Ar-NPhs(2}

molecule —€HoMOo exptP —€Lumo exptF An-L E4(TD) exptH
OF(2)TPSO-NPh 4.80 5.22 2.33 3.12 2.47 2.16 2.10
OF(2)DBTPSO-NPh 4.97 5.22 1.82 2.43 3.15 2.85 2.79
OF(2)BTD-NPh 4.77 5.14 2.32 2.72 3.45 2.12 2.42
OF(2)TBTD-NPh 4.67 5.12 2.58 3.06 2.09 1.81 2.06
OF(2)DBTP-NPh 4.82 5.18 1.12 2.12 3.70 3.25 3.06
OF(2)DBFP-NPh 4.81 1.09 3.72 3.28

aThe HOMO and LUMO energies are given in negative and the experimental data (exptl) are taken frofEgh&rsus F¢Fc estimated by
CV method using a platinum disk electrode as a working electrode, platinum wire as a counter electrode, and SCE as a reference electrode with
an agar salt bridge connecting to the oligomer solution. Ferrocene was used as an external &as{ffarbi¢) 0.45 V versus SCELUMO =
HOMO — energy gap? Energy gap was estimated from the absorption edge.

from the HOMO to the LUMO in all the considered oli- 3, Table 2, and Table 3, the HOMO orbitals of OF(2)Ar-NPhs-
goarylfluorenes, we can explore the differences in the bond (2) have nodes between the two adjacent subunits, Dmand
lengths between the groundpf@nd lowest singlet excited state andxz and A, whereas the LUMO orbitals are bonding in these
(Sy) from MO nodal patterns. For example, as shown in Figure regions. Therefore, we can expect the contraction of these inter-
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—— OF(2)TPSO-NPh
OF(2)DBTPSO-NPh
OF(2)BTD-NPh

——— OF(2)TBTD-NPh
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w
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Energy (eV)
Figure 4. Total of density of states of OF(2)Ar-NPhs(2).

ring bond lengths; actually, the data in Table 3 confirm that

these inter-ring bond lengths are considerably shorter in the
excited state as discussed earlier.

4
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3.3. lonization Potentials and Electron Affinities. As
mentioned in the Introduction, these oligoarylfluorenes, OF(2)-
Ar-NPhs(2), can act as hole and electron transport/injection
materials for OLEDs. Also, the device performance of OLEDs
depends on efficient charge (hole and electron) injection,
transfer, and balance as well as the exciton confinement in a
device. In this paper, we calculated the ionization potentials
(IPs), electron affinities (EAs), and reorganization energi&s (
of OF(2)Ar-NPhs(2) by the DFT method and list them in Table
5. The ionization potentials and electron affinities both include
the vertical excitations (at the geometry of the neutral molecule),
adiabatic excitations (optimized structure for both the neutral
and charged molecules), and extraction potentials (HEP and EEP
for the hole and electron, respectively) that refer to the geometry
of the ions. Here, the ionization potentials and electron affinities
are used to estimate the energy barrier for the injection of holes
and electrons into the oligoarylfluorenes, respectively, and the
reorganization energies are used to value the charge transfer
(or transport) rate and balance of OF(2)Ar-NPhs(2).

Obviously, the varied trends of the ionization potentials and
electron affinities of OF(2)Ar-NPhs(2) are similar to those of
the negative of the HOMO and LUMO energies. The ionization

From Figure 4 and Table 4, it can be seen that, although therepotentials of OF(2)Ar-NPhs(2) change little with the various

are some discrepancies between the calculated data and experelectron affinitive cores, suggesting that the energy barriers
mental results, the variation trends of the HOMO and LUMO required to create holes of these oligoarylfluorenes are alike.
energies and energy gaps are similar. The presence of the variough contrast to the ionization potentials, the different electron
electron affinitive cores leads to only small changes in the affinitive cores have a great influence on the electron affinities

HOMO energies of OF(2)Ar-NPhs(2), which are similar to those
of OF(2)Ar-NPhst This suggests that cooperation with the
different central aromatic rings does not weaken their hole-
creating ability. Also, such a high HOMO energy level greatly
reduces the energy barrier for the hole injection. Like OF(2)-
Ar-NPhs studied earlier, OF(2)Ar-NPhs(2) also can be used as
a good hole transport/injection material. Unlike the HOMO
energies, the LUMO energies of OF(2)Ar-NPhs(2) vary much
with the different electron affinitive cores. The LUMO energies
of OF(2)TPSO-NPh, OF(2)BTD-NPh, and OF(2)TBTD-NPh are
all much lower than those of OF(2)DBTPSO-NPh, OF(2)DBTP-
NPh, OF(2)DBFP-NPh, and OF(2)Ar-NPhsshich are—2.33,
—2.32, and—2.58 eV, respectively, indicating the improvement
of their electron-accepting ability. It is obvious that OF(2)TPSO-
NPh, OF(2)BTD-NPh, and OF(2)TBTD-NPh are the better
electron-accepting materials.

As expected, for OF(2)TPSO-NPh, OF(2)BTD-NPh, and OF-
(2)TBTD-NPh, the energy gaps, wheth&y-'s or Eg's, are
much narrower than those of OF(2)DBTPSO-NPh, OF(2)DBTP-
NPh, and OF(2)DBFP-NPh, due to the small changes in the
HOMO energies but large varieties in the LUMO energies by
the various electron affinitive cores. This may predict that the

chain-shaped molecules have the larger absorption and emission

wavelengths than the butterfly-shaped molecules. Comparing
OF(2)TPSO-NPh and OF(2)DBTPSO-NPh, OF(2)BTD-NPh,

and OF(2)TBTD-NPh, respectively, we can find that the

HOMOs, LUMOs, and energy gaps, includidg,—. and Eg,

are affected by the electron-withdrawing property and the
conjugated length of the electron affinitive cores. The stronger
the electron-withdrawing strength or the longer the conjugated
length, the higher is the HOMO energies, the lower is the

LUMO energies, and the narrower is the energy gap. Addition-

ally, we can forecast that the absorption and emission spectra

of OF(2)DBTP-NPh and OF(2)DBFP-NPh may be alike as a
result of their similar HOMO and LUMO energies and energy
gaps. These results indicate that the HOMOs, LUMOs, and
energy gaps of OF(2)Ar-NPhs(2) are affected by the use of
various electron affinitive cores.

of OF(2)Ar-NPhs(2). OF(2)TPSO-NPh, OF(2)BTD-NPh, and
OF(2)TBTD-NPh have higher electron affinities than OF(2)-
DBTPSO-NPh, OF(2)DBTP-NPh, and OF(2)DBFP-NPh. For
example, the electron affinity of OF(2)TBTD-NPh is 1.63 eV,
but that of OF(2)DBFP-NPh is 0.37 eV. For OF(2)DBTPSO-
NPh and OF(2)TPSO-NPh, OF(2)BTD-NPh, and OF(2)TBTD-
NPh, with the electron-withdrawing strength or the conjugated
length of the electron affinitive cores, the ionization potentials
decrease and the electron affinities increase. The ionization
potentials and electron affinities of OF(2)DBTP-NPh and OF-
(2)DBFP-NPh are very similar. All these results are in accord
with the analysis from the HOMO and LUMO energies and
suggest that these oligoarylfluorenes OF(2)Ar-NPhs(2) show
great potential as hole and electron injection materials for
OLEDs.

Generally, organict-conjugated materials are assumed to
transport charge at room temperature via a thermally activated
hopping-type mechanisifr’ and the vast majority of these
organic conductive materials are p-type, so the hole-transfer
process between adjacent spatially separated segments can be
summarized as follows:

MY+M—M+M*

where M represents the neutral species undergoing charge
transfer, and the Mspecies contains the hole. If the temperature
is sufficiently high to treat vibrational modes classically, then
the standard Marcus/Hush model yields the following expression
for the hole (or electron) charge transfer rite&?! assuming

that hole traps are degenerate:
Khole = L — —i
hole =\ 1ky T AT

whereT is the temperaturesg is the Boltzmann constant, is

the reorganization energy due to geometric relaxation ac-
companying charge transfer, aidis the electronic coupling
matrix element between the two species, which dictated largely

12\
— €eX

- M
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TABLE 5: lonization Potentials, Electron Affinities, Extraction Potentials, and Reorganization Energies for Each Molecule (in
eV) by DFT?

molecule IP(v) IP(a) HEP EA(V) EA(a) EEP Ahole Aelectron
OF(2)TPSO-NPh 5.61 5.52 5.43 1.23 1.49 1.71 0.18 0.48
OF(2)DBTPSO-NPh 5.76 5.72 5.68 0.81 0.98 1.13 0.08 0.32
OF(2)BTD-NPh 5.55 5.48 5.40 1.08 1.29 1.50 0.15 0.42
OF(2)TBTD-NPh 5.38 5.29 5.18 1.47 1.63 1.77 0.20 0.30
OF(2)DBTP-NPh 5.59 5.54 5.49 0.27 0.41 0.55 0.10 0.28
OF(2)DBFP-NPh 5.58 5.53 5.48 0.25 0.37 0.50 0.10 0.25

2 The suffixes (v) and (a) indicate vertical and adiabatic values, respectively.

TABLE 6: Electronic Transition Data Obtained by TDDFT for OF(2)Ar-NPhs(2) at the DFT//B3LYP/6-31G(d) Optimized
Geometry?

TDDFT//B3LYP/6-31G(d) exptl
molecule electronic transition  Aaps(NM) f main configurations Aabs(NM) f

OF(2)TPSO-NPh &S 574 1.33 HOMO— LUMO 0.67 503 2.85
OF(2)DBTPSO-NPh &S 378 0.50 HOMG-1— LUMO+1 0.48 386 6.21

HOMO — LUMO 0.11

HOMO — LUMO+1 0.14

HOMO — LUMO+2 0.44
OF(2)BTD-NPh 22— S 427 0.21 HOMG-2 — LUMO 0.67 450 6.70
OF(2)TBTD-NPh 2— S 534 0.14 HOMG-2 — LUMO 0.67 526 7.70
OF(2)DBTP-NPh 55— S 382 1.08 HOMG-1— LUMO+1 0.37 368 8.72

HOMO — LUMO 0.56
OF(2)DBFP-NPh S— S 378 1.30 HOMG-1— LUMO+1 —0.36

HOMO—-1— LUMO+2 —-0.11

HOMO — LUMO 0.56

aMeasured in CHGI(ref 2).

TABLE 7: Emission Data Obtained by TDDFT for OF(2)Ar-NPhs(2) at the CIS/6-31G(d) Optimized Geometry

TDDFT//B3LYP/6-31G(d) exptl

molecule electronic transition  Aen(NM) f main configurations 7 (ns) Aem(NM) 7 (ns)
OF(2)TPSO-NPh 5~ 687 1.60 HOMO— LUMO 0.63 4.42 644 2.10
OF(2)DBTPSO-NPh 5% 460 1.03 HOMO— LUMO 0.66 3.06 530 1.29
OF(2)BTD-NPh 33— S 661 1.02 HOMO— LUMO 0.66 6.42 608 1.63
OF(2)TBTD-NPh $S—S 732 1.29 HOMO— LUMO 0.64 6.21 656 1.73
OF(2)DBTP-NPh —S 420 1.39 HOMO— LUMO 0.65 1.90 412 1.50
OF(2)DBFP-NPh S 412 1.45 HOMO— LUMO 0.65 1.75

aMeasured in CHGI(ref 2).

in transfer processes is very important. It is clear that two key the electron affinitive cores, the reorganization energy increases,
parameters are the reorganization energy and electronic couplingand this indicates that the charge-transfer rate decreases. Because
matrix element, which have a dominant impact on the charge- the An0e's are all smaller than th&gjectrons, OF(2)Ar-NPhs(2)
transfer rate, especially the former. In this paper, we mainly can be used as better hole transport materials in the organic
investigate the effect of the reorganization energy in the charge-light-emitting diodes. Moreover, we find that OF(2)TBTD-NPh
transfer processes. Here, the reorganization energy is just thehas the best charge transfer (or transport) balance performance
internal reorganization energy of the isolated active organic because the difference between ihg. andAeectronis the least,
m-conjugated systems due to ignoring any environmental only 0.1 eV.

relaxation and changes. Hence, the reorganization energy for 3.4, Absorption and Emission SpectraTDDFT//B3LYP/

hole transfer in eq 1 can be defined‘as 6-31G(d) has been used to obtain the absorption and emission
spectra of OF(2)Ar-NPhs(2). The transition energies, oscillator
A=t A, =(Eo—E) T (E,—E) (2) strengths, and main configurations for the most relevant singlet

excited states in each molecule are listed in Tables 6 and 7,
As illustrated in Figure 5Ey andE+ represent the energies of  respectively. For the absorption spectra, the calculated data are
the neutral and cation species in their lowest energy geometriesin good agreement with the experimental values. All the
respectively, whileE*y and E* ;- represent the energies of the electronic transitions are of — 7* type, and the excitation to
neutral and cation species with the geometries of the cation andthe § state corresponds mainly to the electron promotion from
neutral species, respectively. This description holds as long asthe HOMO to the LUMO. Interestingly, the absorption peaks
the potential energy surfaces are harmonic, andigrend A+ of OF(2)DBTPSO-NPh, OF(2)BTD-NPh, and OF(2)TBTD-NPh
terms are close in energy. In fact, many factors, including are assigned to theoS— Sg electronic transition. Also, the
heteroatom identity, heterocycle substituents, and conjugationHOMO—2 to LUMO excitation plays a dominant role in OF-
length, are known to be important in dictating the reorganization (2)BTD-NPh and OF(2)TBTD-NPh, but HOM&2 to LUMO
energy. As shown in Table 5, the various electron affinitive excitation does not play a dominant role in OF(2)DBTPSO-
cores produce a remarkable influence on the reorganizationNPh. For the emission spectra, the emission peaks of OF(2)-
energy of OF(2)Ar-NPhs(2). With the increase in electron- Ar-NPhs(2) are also assignedso— zz* character, arising from
withdrawing strength or the decrease in conjugated length of the §, HOMO — LUMO transition.
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Figure 5. Internal reorganization energy for hole transfer.

As shown in Tables 6 and 7, the absorption and emission
spectra of this series of bis-dipolar oligoarylfluorenes exhibit
red shifts to some extent due to the electron-withdrawing
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7 and are good accord with the experimental ddtar example,

the value of 1.90 ns of OF(2)DBTP-NPh shows agreement
within realistic expectations since the experimentally observed
lifetime is 1.50 ns. Also, the emission lifetimes of OF(2)TPSO-
NPh, OF(2)BTD-NPh, and OF(2)TBTD-NPh are higher than
those of OF(2)DBTPSO-NPh, OF(2)DBTP-NPh, and OF(2)-
DBFP-NPh. In conclusion, these results further support that the
optical and electronic properties of these oligoarylfluorenes can
easily be modified or tuned by the use of various electron
affinitive cores. Also, it is a key point toward the development
of this sort ofz-conjugated materials for OLEDs.

4., Conclusions

Due to great potential for application in organic light-emitting
diodes, a series of bis-dipolar emissive oligoarylfluorenes, OF-
(2)Ar-NPhs(2), has been systematically investigated in this work.

property and the conjugated length of the electron affinitive Because of computational efficiency, DFT/B3LYP and ab initio
cores (see the absorption and emission spectra of OF(2)TPSOHE methods have been used for the ground geometry optimiza-

NPh and OF(2)DBTPSO-NPh, OF(2)BTD-NPh, and OF(2)-
TBTD-NPh, respectively). Remarkably, their emission spectra
calculated can cover the full UWis spectrum (from 412 to

tions and the lowest singlet excited states are optimized with
ab initio CIS. Following each optimized structure, the electronic
absorption and emission spectra are studied by the TDDFT

732 nm). The Stokes shifes are unexpectedly large, ranging frommethod. The calculated results show that their optical and

34 to 234 nm, which may result from a more planar conforma-
tion of the excited state between the two adjacent units in the
oligoarylfluorenes, OF(2)Ar-NPhs(2). As expected, the main
absorption and emission features in OF(2)DBTP-NPh and OF-
(2)DBFP-NPh are very similar [the absorption spectra, 382 nm
(OF(2)DBTP-NPh) and 378 nm (OF(2)DBFP-NPh); the emis-
sion spectra, 420 nm (OF(2)DBTP-NPh) and 412 nm (OF(2)-
DBFP-NPh)]. These results confirm the prediction from the
energy gap discussion above.

Moreover, we find in Table 6 that OF(2)TPSO-NPh, OF(2)-
DBTP-NPh, and OF(2)DBFP-NPh have much larger oscillator
strengths than OF(2)DBTPSO-NPh, OF(2)BTD-NPh, and OF-
(2)TBTD-NPh. The oscillator strength for an electronic
transition is proportional to the transition moment. The transition
moment reflects the transition probability from the ground state
to the excited state. The transition moments of OF(2)Ar-NPhs-
(2) are 5.01 (OF(2)TPSO-NPh), 2.47 (OF(2)DBTPSO-NPh),
1.71 (OF(2)BTD-NPh), 1.56 (OF(2)TBTD-NPh), 3.68 (OF(2)-
DBTP-NPh), and 4.02 au (OF(2)DBFP-NPh), respectively. This
means that the electronic transition probability of OF(2) TPSO-
NPh, OF(2)DBTP-NPh, and OF(2)DBFP-NPh (the excitation
to S state) is higher than that of OF(2)DBTPSO-NPh, OF(2)-
BTD-NPh, and OF(2)TBTD-NPh (the excitation tg State).

On the other hand, from Table 7, we also find that TDDFT

calculations performed on the geometry optimized in the lowest
excited state at the CIS level show that the-SS, transitions

for OF(2)Ar-NPhs(2) have high oscillator strengths, which may

be attributed to the influence of the molecular structure variety
and the heteroatom in electronic excitation. This implies that

electronic properties, including HOMOs, LUMOSs, energy gaps,
ionization potentials, electron affinities, reorganization energies,
and absorption and emission spectra, are affected by the electron
affinitive cores of the oligoarylfluorenes, OF(2)Ar-NPhs(2).
With the electron-withdrawing strength and the conjugated
length of the electron affinitive cores, the HOMO energies,
electron affinities, and reorganization energies increase, the
LUMO energies and ionization potentials decrease, the energy
gaps narrow, and the absorption and emission spectra exhibit
red shifts to some extent. Importantly, the emission spectra of
the oligoarylfluorenes can cover the full UWis spectrum (from

412 to 732 nm). The results presented show that varying the
electron affinitive cores of bis-dipolar emissive oligoarylfluo-
renes is a highly promising approach to develop this series of
materials for OLED applications.
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