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Abstract At the quantum-chemical level, we characterize

some important parameters that control photoelectronic

properties of three p-conjugated fluorene-thiophene oligo-

mers namely, 2,7-di(2-thienyl)-9,9-dihexylfluorene, 2,5-

Bis-(9H-fluorene-2-yl)-thieno[3,2-b]thiophene and 2,7-Bis

[5-(1,1-dicyanovinyl)thiophene-2-yl]-9,9-di-n-hexylfluorene

(FTCN). The geometric and electronic structures of these

compounds in the ground and the lowest singlet excited states

were studied using density function theory. By employing the

incoherent transport model, the electron and hole mobilities

were evaluated on a wide variety of nearest-neighbor charge

transfer pathways. These results show that the chemical

modifications by changing linkage mode or introducing the

electron-withdrawing group could improve the charge trans-

fer, especially for FTCN. Meanwhile, it is found that the

packing effect weakens the emission intensity to some extent

according to the simulations of photoluminescences of

dimers.

Keywords Fluorene-thiophene oligomers � Optical

property � Charge transport � DFT

1 Introduction

Fluorene-based conjugated oligomers have recently been

investigated as preferred light-emitting materials over the

corresponding polymers due to their well-defined struc-

tures, ease of purification, and absence of chain defects [1–

9]. This fascinating family of conjugated materials could

achieve full-color emission spanning almost the entire

visible range by incorporating narrow gap comonomer,

such as thiophene and its derivatives, into the large energy-

gap oligofluorene backbone [10–13]. The advantage in

combining both the thermal and chemical stability of oli-

gofluorene with the adjustment of luminescence through

facile chemical modification of thiophene fragment renders

fluorene-thiophene oligomers promising active materials

for a new generation of light-emitting diodes (LEDs).

Unfortunately, shortcomings such as H-aggregation and/or

excimer formation in the solid state will lead to unstable

emission both in intensity and in color, and thereby limit

their application [14, 15].

The usual strategy to control the aggregation of fluo-

rene-thiophene oligomers is introduction of large steric

hindrance substituents at C9-positon of the fluorene unit

[15, 16]. In the past decade, 9,9-dialkyl substituted fluorene

and fluorene-thiophene derivatives have been the subject of

several studies [17–21]. Porzio and co-workers [22] have

synthesized two fluorene-thiophene oligomers: linear alkyl

chains linked to fluorene as a protecting group (FT [23],

see Fig. 1) or a spiro-cyclopentane residue at the same

positions. Both substituents allow the solubility and

aggregation behavior of fluorene-thiophene oligomers to be
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improved independently of their electronic properties.

Meanwhile, the bulky substituents perpendicular to the

molecular backbone also increase the intermolecular sep-

aration and thus suppress the charge mobility. A possible

strategy to tune the charge-transport properties is to change

the molecular packing into a p-stacking or herringbone

motif, which will facilitate charge transfer through overlap

of intermolecular orbitals [21, 24–27]. Kim [28] and co-

workers reported a stable hole transporting material based

on a structural combination of a fused bithiophene with

fluorene (BFTT), which forms the well-known herringbone

packing, and the charge mobility is increased to

0.01–0.02 cm2 V-1 s-1 at room temperature. However, the

well-known herringbone packing molecule of BFTT

exhibits H-aggregation in addition to the keto-defect aris-

ing from oxidation at the C9 positions of fluorene fragment.

It seems difficult for luminescent materials to achieve a

tradeoff between the good charge mobility and high

quantum yield. Despite their high demand, there are rela-

tively few reports on the oligofluorene–thiophenes that

have good charge mobility while also maintaining high

quantum yield. Recently, Liu et al. [23] synthesized a

dicyanovinyl end-capped fluorene-thiophene co-oligomer

FTCN. It is noticed that the charge-transport property

could be improved by introduction of electron-withdrawing

dicyanovinyl although large steric hindrance stemming

from dialkyl side chain at C9 position of fluorene. The

molecular packing structure resembles a honeycomb

graphite, and the p-stacking of adjacent molecules is

extended to form a highly fluorescent J-aggregates in the

solid state. The dicyanovinyl group linked to thiophene is

the only variation between FT and FTCN whose opto-

electronic properties differ noticeably. It is, therefore, of

great interest to answer the questions of how the electron-

withdrawing substituents affect the charge mobilities and

luminescent properties of oligofluorene–thiophenes and

why FTCN without traditional cofacial or herringbone

motif still exhibits high mobility.

To gain a better understanding of these issues, the

reorganization energies and electronic couplings related to

hole and electron transports as well as the luminescent

properties of FT, FTCN, and BFTT are fully investigated

by density function theory (DFT). As part of our ongoing

efforts to establish the structure/optoelectronic property

correlations [29–35], we address here the effect of chem-

ical modification by changing linkage mode and introduc-

ing the electron-withdrawing unit on the transport and

luminescence properties of oligofluorene–thiophenes.

Theoretical analysis of the relationship between monomer

structures and optoelectronic properties of materials can be

expected to provide useful knowledge for the rational

design and optimization of fluorene-based material that can

enhance OLED performance.

2 Computational methods

All the quantum chemistry calculations were performed

with the Gaussian 09 package [36]. To investigate the

effect of different functionals on the molecular geometry,

four density functionals including the B3LYP [20, 31, 37,

38], PBE1PBE (also called PBE0) [39–42], B3PW91 [43],

and BP86 [44] methods were used with the 6-31G* basis

set in the geometry optimization of the ground state (S0) in

case of FT. The selected bond lengths, bond angles, and

corresponding experimental values are listed in Table S1,

together with the sketch of relative errors of functional

effects for bond lengths. There are little discrepancies

among the bond lengths and bond angles for FT obtained

from different functionals, and they are in good agreement

with the experimental values except for the largest error of

4.5% for C–S bond evaluated from BP86. Considering the

rationality of B3LYP functional reported in evaluation of

geometric structures and spectra properties for oligofluo-

rene-thiophene oligomers [19, 20, 45–49], B3LYP hybrid

functional combined with the 6-31G* basis set was

employed to optimize geometries for the other two mole-

cules in this article (see Table S2). The basis set depen-

dency of molecular geometry is described in supporting

information (see Table S3).

There can be two different conformations of the BFTT

with the syn- and anti-form (see Table S3). Preliminary

calculations for the BFTT with B3LYP/6-31G* method

give the two conformations very close in energies (ca.

0.06 kcal/mol), but the syn-structure is slightly more stable,

so we choose it to perform further calculations.

The TD-DFT methodology [50, 51] is more reliable to

optimize the lowest singlet excited state geometry (S1)
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Fig. 1 Calculation models of FT, BFTT, and FTCN. Torsional

angle was defined as: h: C2–C3–C4–S5; R = C6H13
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[52–57] than the single-excitation configuration interaction

(CIS) [58] method. Based on the S0 state and S1 equilib-

rium state structure, TD-B3LYP/6-31G* was employed to

simulate the absorption and emission spectra of all com-

pounds. The resulting transition energies are in excellent

agreement with the corresponding experimental date.

Generally, the incoherent hopping model is employed to

describe the charge-transport properties of organic mate-

rials. Each hopping step can be described as a self-

exchange electron transfer from a charged (and relaxed)

molecule to an adjacent neutral molecule. The rate of

charge transfer is expressed by the semiclassical Marcus

equation [59, 60]

k ¼ V2

�h

p
kkBT

� �1
2

exp � k
4kBT

� �
ð1Þ

where �h, kB, and T denote the Planck, Boltzmann constants

and temperature, respectively. The intermolecular transfer

integral (V) and the reorganization energy (k) are two

major parameters that determine the electron transfer rate.

Here, k reflects the geometric changes when going from the

neutral to the charged state in the molecules. It can be

regarded as a sum of two relaxation energy terms [61, 62]:

k = k1 ? k2, as depicted in Fig. 2. However, theoretical

calculations show that all these molecules exhibit inter-ring

torsional angles in the gas phase, in contrast to the quasi-

planar structures observed in the solid state. In order to be

consistent with the crystal geometries, we constrain these

molecules to planar geometries during the calculation

process of the reorganization energies [63] using DFT

method at the B3LYP/6-31G* level. At a fixed temperature

(T), the drift mobility is expressed as the Einstein relation

l ¼ e

kBT
D ð2Þ

where e is the electronic charge, D is the diffusion

coefficient, which is related to the charge-transfer rate k,

and it can be approximately evaluated as [64–66]

D ¼ 1

2d

X
i

r2
i kiPi ð3Þ

d = 3 is the dimensionality. i represents a specific hopping

pathway with ri being the hopping centroid-to-centroid

distance. Here, we assume that the charge hopping occurs

only between nearest-neighbor molecules. Pi is the relative

probability for charge carrier to a particular ith neighbor

Pi ¼ ki=
X

i
ki ð4Þ

The intermolecular transfer integrals, characterizing the

strength of electronic coupling between the two adjacent

molecules, are obtained from the direct dimer Hamiltonian

evaluation method [66–69] and can be written as

V ¼ U0;site1
LUMO=HOMO

Fj jU0;site2
LUMO=HOMO

D E
ð5Þ

where U0;site1
LUMO=HOMO

and U0;site2
LUMO=HOMO

represent the LU-

MOs/HOMOs of isolated molecules 1 and 2, respectively,

and F is the Fock operator for the dimer with a density

matrix from the noninteracting dimer of F = SCeC-1,

where S is the intermolecular overlap matrix and C and e
are the molecular orbital coefficients and energies from

one-step diagonalization without iteration. We employed

the information of orbitals obtained using the B3LYP

functional [70] in Gaussian 09 program to evaluate the

values of transfer integrals for all hopping pathways by

using our own developed program.

3 Results and discussion

3.1 Molecular geometries in ground- and excited-

singlet state

The chemical structures of the oligofluorene-thiophene

oligomers FT, BFTT, and FTCN are shown in Fig. 1. The

selected optimized geometry parameters in their S0 and S1

states with B3LYP/6-31G* associated with experimental

date are summarized in Table 1. For all molecules, the

calculated bond lengths and bond angles are in good

agreement with the X-ray measurement, and the deviations

between computational and experimental results are within

0.08 Å and 0.8�, respectively. Differing from the quasi-

planar structure observed in experimental measurements in

the solid state, our theoretical calculations reveal that there

exists a torsion angle of about 26� around the inter-ring

C-C for all systems. For fluorene-thiophene oligomersFig. 2 Schematic description of the reorganization energy calculation
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TFT, a slightly larger torsion angle between thiophene

and fluorene (ca. 39�) in fluorene-thiophene oligomer has

been reported based on HF/6-31G* method [71]. More

recently, Hannongbua and Nakatsuji [45] revealed from

their B3LYP/6-31G* calculations that the torsion angel

between fluorene and thiophene in FT is about 27�, just as

our results predicted. Such a discrepancy in the torsion

angle between gas-phase calculations and condensed-

phase measurements is normally ascribed to the intermo-

lecular packing in the solid state [72]. In order to assess

the stacking effect on the molecular structure, a packing

model of BFTT is selected from X-ray structure in such a

way that the nearest four neighboring molecules are

retained surrounding the center molecule. The corre-

sponding inter-ring dihedral angle of BFTT decreases

from 26� to 15� (see Table S2). If increasing the numbers

of the stacking molecule surrounding the center molecule,

we predict that the dihedral angle may reduce much

better. Therefore, intermolecular packing can primarily

account for the discrepancy. Another intriguing possibility

is that planar geometry may represent the rotationally

averaged position between the fluorene and thiophene ring

[73].

For the ground state, our calculations reveal that the

introduction of the fused bithiophene and electron-with-

drawing dicyanovinyl group has little effect on the bond

lengths of the fluorenyl fragment, but shorten the interring

bond C3–C4 in the progressive sequence of FT (1.467

Å) [ BFTT (1.465 Å) [ FTCN (1.462 Å). Comparing the

geometrical structures in the lowest singlet state with those

in ground state, there are significant variations in the bond

lengths (see Table S2) and interring torsion angels h for all

compounds (Table 1). The geometry structures have a

strong coplanar tendency in S1 states with the torsional

angle close to 0�. In addition, the inter-ring bond distance

(C3–C4) is shorter in the S1 state than in the S0 state for

each molecule. This evident geometry twist between S0 and

S1 states will bring the large relaxation energy, especially

for BFTT.

3.2 Frontier molecular orbitals and electronic spectra

For describing the optical and electronic characteristics, it is

helpful to investigate the highest occupied molecular orbital

(HOMO), the lowest unoccupied molecular orbital

(LUMO), and the energy gap defined as energy difference

between the HOMO and LUMO levels (shown in Fig. 3).

As can be seen from Fig. 3, both the HOMOs and LUMOs

in all systems hold p orbital features and are delocalized

over the whole aromatic backbone. Compared with FT, the

elongation of p-conjugation of BFTT slightly increases the

HOMO level and decreases the LUMO level, thus leading

to a moderate contraction of the HOMO-LUMO gap by

0.34 eV. While the electron-withdrawing substitution

linked to thiophene moieties significantly lowers the LUMO

energy more than the HOMO level. This results in a

HOMO-LUMO gap for FTCN of roughly 2.78 eV, almost

one electronvolt smaller than that of FT. The reduction in

the energy gap observed when going from FT to BFTT and

to FTCN will impact their optical properties.

The relevant parameters such as transition energies and

oscillator strengths for each compound are listed in

Table 1 Optimized geometries of S0 and S1 states for the three molecules as well as the corresponding experimental date

Parameters FT BFTT FTCN

S0 Exp.22 S1 S0 Exp.28 S1 S0 Exp.23 S1

Bond distances (Å)

C3–C4 1.467 1.469 1.433 1.465 1.464 1.423 1.462 1.457 1.436

C8–C11 1.464 1.464 1.422 1.467 1.468 1.452 1.460 1.438 1.430

C4–S5 1.756 1.689 1.776 1.774 1.721 1.866 1.746 1.724 1.763

S5–C13 1.734 1.693 1.735 1.744 1.668 1.815 1.757 1.727 1.760

Dihedral angles (�)

C2–C3–C4–S5 27.3 4.9 0.0 26.5 0.6 0.0 25.2 1.0 0.5

Fig. 3 The frontier molecular orbitals of FT, BFTT, and FTCN
according to DFT calculations at the B3LYP/6-31G* level
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Table 2. It can be seen that the calculated data for maxi-

mum absorptions and emissions are compatible with their

experimental counterparts. The lowest-energy excitations

evaluated for all systems are mainly associated with tran-

sitions from corresponding HOMOs to the LUMOs, as the

coefficients in the configuration interaction wave functions

are up to 0.70. The absorption maximum follows the order

FT (360 nm) \ BFTT (401 nm) \ FTCN (492 nm), well

consistent with the changing trend of energy gap.

Similarly, the bathochromic shift passing from FT to

BFTT and to FTCN is reproduced in the p ? p* emission

peak related to the S1 ? S0 transitions. The emission

maximum of each single compound is predicted to be more

intense compared with that of absorption, with the Stokes

shifts of 63, 100, 63 nm for FT, BFTT, and FTCN,

respectively. Figure 4 shows the vertical excitation and

relaxation energies (eV) for BFTT and FTCN. The large

Stokes shift for BFTT could be attributed to the big

relaxation energies of 0.61 eV.

Compared to FT, enhancements in the oscillator

strengths of substituted BFTT and FTCN, especially for

the BFTT, are detected both in S0 ? S1 and S1 ? S0

transition. The increased intensity in emission, desirable

for improvement of quantum efficiency, can be ascribed

to the elongation of the p-delocalization along the

molecular long axis. The situation is exactly reverse when

the packing effect is taken into account (see Fig. 2),

which obviously weakens the emission intensity, espe-

cially for the BFTT that the packing effect leads to

quenching of luminescence.

3.3 Ionization potential, electron affinity,

and reorganization energy

The performance of OLED also depends on the balanced

injection and transport of holes and electrons into the

emitter layer. In general, conjugated molecule having a low

ionization potential (IP) (or high electron affinity EA) will

facilitate the injection of holes (electrons) into the devices

with a low initial driving voltage. The calculated vertical

and adiabatic IPs and EAs for all molecules studied in this

paper are listed in Table 3. Upon going from FT to BFTT,

the IPs decrease by about 0.3 eV, and the EAs increase by

0.3 eV; the respective changes suggest that the extension of

conjugated length will simultaneously enhance the injec-

tion of positive and negative charges. However, the intro-

duction of electron-withdrawing dicyanovinyl unit into FT

contributes to moderately elevating the IPs by 0.6 eV and

markedly increasing the EAs by about 2.0 eV, which

means that the electron-pull effect greatly improves the

injection ability of electrons.

Table 2 The maximal absorption (kmax, S0 ? S1) and emission (S1 ? S0) by TD-DFT for FT, BFTT, and FTCN at the S0 state (B3LYP/6-

31G*) and S1 state (TD-B3LYP/6-31G*) geometries, respectively, together with the corresponding experimental date

Molecule Absorption Stokes shift (nm) Emission

kmax, abs(nm) E(eV) f Exp. kemi(nm) E(eV) f Exp.

FT 360 3.44 1.18 357a 63 423 (457) 2.93 (2.71) 1.35 (0.15 9 10-1) 442a

BFTT 401 3.09 1.98 430b 100 501 (559) 2.47 (2.22) 2.19 (0.00) 500b

FTCN 492 2.52 1.39 483c 63 555 (616) 2.23 (2.01) 1.66 (0.86 9 10-2) 571c

E and f represent vertical excited energy and oscillator strength, respectively
a Measured in film (Ref. [23])
b Measured in about 50-nm-thick film for absorption and about 300-nm-thick for emission (Ref. [28]). The data shown in parenthesis represent

the maximal emission of the dimers of these corresponding compounds
c Measured in film (Ref. [23])

0.54 (0.29)

0.074 (0)

2.
47

(2
.2

3)

3.
09

(2
.5

2)

S0

S1

Q

E
ne

rg
y/

eV

Fig. 4 The transition and relaxation energies (eV) calculated with

TD-B3LYP/6-31G* for BFTT and FTCN (in parenthesis)

Table 3 Ionization potentials, electronic affinities, and reorganiza-

tion energies (eV) for FT, BFTT, and FTCN calculated by DFT//

B3LYP/6-31G*

Molecule IP(v) IP(a) EA(v) EA(a) khole kelectron

FT 6.35 6.24 0.38 0.49 0.23 0.22

BFTT 6.06 5.96 0.67 0.79 0.22 0.24

FTCN 6.91 6.84 2.25 2.34 0.14 0.19
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One important parameter that determines the charge

mobility is the reorganization energy, which comes from

geometry relaxations as the electron or hole transfers from

one molecule to the neighboring one. Our calculation

results indicate that both the hole reorganization energy

khole (0.23 eV) and the electron reorganization energy

kelectron (0.22 eV, see Table 3) of FT are very close to

those of BFTT (0.22 eV for the khole and 0.24 eV for the

kelectron), which can be ascribed to the similar molecular

distortions of both compounds from neutral- to charged

state (shown in Figure S1). The khole (0.14 eV) and kelectron

(0.19 eV) of FTCN are much smaller than those of the

others mainly because of the weaker geometry relaxation.

Generally, small reorganization energy is in favor of

speeding up to the charge-transport process according to

the (Eq. 1).

3.4 Charge transport

Besides k, another factor that plays an important role in

determining the charge carrier mobility is the transfer

integral V. For FT, BFTT, and FTCN, all carrier hopping

pathways obtained directly from their X-ray data are dis-

played in Fig. 5, and the corresponding transfer integrals of

all systems calculated by the direct coupling method

(Eq. 5) through these pathways are shown in Table 4. The

maximum transfer integrals Vmax of hole and electron for

each compound are emphasized with bold font. It is gen-

erally accepted that the transfer integral between two

molecules correlates to some extent to the intermolecular

interaction. Therefore, the intermolecular interactions of

main hopping pathways for all compounds were evaluated

by natural bond orbital (NBO) analysis [29] and listed in

Table 5.

For FT, the largest transfer integrals of the hole and

electron are in the pathway 3 with the value of 6.79 and

4.41 meV, respectively, which are almost one order of

magnitude smaller than those of BFTT (18.8 meV for Vhole

in pathway 3 and 36.7 meV for Velectron in pathway 11).

Since the Vmax makes the major contribution to the carrier

transfer, detailed comparison of the intermolecular inter-

actions in the maximum transporting pathway between FT

Fig. 5 Carrier transport pathways of FT, BFTT, and FTCN
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and BFTT would be helpful for understanding the rela-

tionship between chemical modification and the transport

property of this series of materials. As can be seen from

Table 5, the FT dimer in the pathway 3 adopts an edge-to-

face configuration, and the primary intermolecular inter-

action is originated from the CH���S contact between lone

pair (LP) of sulfur in the thiophene ring and the adjacent

pendant alkyl. When the large side chain at C9 position is

replaced by H atom, planar BFTT can achieve close

packing in a herringbone arrangement, which consists of

face-to-face stacking besides edge-to-face packing. For

BFTT, the representative CH���p and additional CH���S
interactions are found between adjacent edge-to-face

stacked molecules, companying with the S���p [74] and

CH���p/S interactions existing between neighboring face-

to-face molecules. We may infer that removal of large

steric hindrance of dialkyl substituents in BFTT could

effectively strengthen the intermolecular interactions, and

then enhance its transfer integrals. The drift mobilities (l)

calculated from Einstein-Smoluchowski relation are listed in

Table 6. The hole mobility of BFTT (0.022 cm2 V-1 s-1) is

reasonably close to the experimental datum [28]. For

BFTT, the lhole and lelectron (0.071 cm2 V-1 s-1) are

about two times larger than those of FT. Considering their

similar reorganization energies stated above, the higher

Table 4 The maximal transfer integral values V (eV) of hole and

electron for FT, BFTT, and FTCN compounds

Molecular Pathway Dimer CM

distance (Å
´

)

Vhole Velectron

FT 1 9.76 4.75 9 10-3 9.31 9 10-4

2 9.80 3.60 9 10-4 9.71 9 10-4

3 11.71 6.79 3 1023 4.41 3 1023

4 10.25 3.41 9 10-4 7.6 9 10-10

BFTT 1 23.01 2.59 9 10-4 4.67 9 10-4

2 5.06 4.14 9 10-3 2.12 9 10-3

3 5.24 1.88 3 1022 3.04 9 10-2

5 5.24 1.52 9 10-2 2.99 9 10-2

6 5.06 9.92 9 10-5 1.54 9 10-2

7 24.66 8.16 9 10-4 7.96 9 10-5

8 24.09 2.03 9 10-3 2.11 9 10-3

11 5.77 2.50 9 10-3 3.67 3 1022

12 5.77 1.79 9 10-3 3.31 9 10-2

FTCN 1 9.58 6.29 3 1022 9.68 9 10-3

4 16.05 2.70 9 10-2 3.39 3 1022

5 15.36 6.96 9 10-4 9.40 9 10-4

6 12.39 2.03 9 10-2 2.90 9 10-2

7 17.29 4.70 9 10-4 7.22 9 10-4

8 18.45 5.97 9 10-4 8.20 9 10-4

9 7.93 2.88 9 10-2 2.43 9 10-2

10 13.74 3.39 9 10-2 1.57 9 10-2

Table 5 Natural bond orbital (NBO) analysis of intermolecular interactions in these molecules

CH…π

*
S CHLP σ→ *

CC CHπ σ→ *
CC CHπ σ→ *

S CHLP σ→ *
CC CHπ σ→ * *

CC CHπ σ→

FT-path3 BFTT- edge-to-face BFTT- face-to-face

S…π π…π Hydrogen Bond

*
S CCLP π→ *

S CNLP π→ *
S CCLP π→ * *

CC CCπ π→ *
CC CCπ π→ *

N CHLP σ→

BFTT- face-to-face FTCN- cross-like packing FTCN- face-to-face FTCN- cross-like packing

Table 6 The calculated carrier mobilities (cm2 V-1 s-1) for both

hole (lh) and electron (le) of FT, FTCN, and BFTT

Compound lhole lelectron Exp. (lhole)

FT 1.2 9 10-2 6.7 9 10-3 –

BFTT 2.2 9 10-2 7.1 9 10-2 0.01–0.02 (0.009–0.01)28

FTCN 19.1 9 10-1 6.2 9 10-1 –

Theor Chem Acc (2012) 131:1121 Page 7 of 9
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mobilities of BFTT are ascribed to its larger transfer

integrals.

When electron-withdrawing dicyanovinyl groups are

connected to thiophene moieties in FT, excessive inter-

molecular interactions are introduced among neighboring

molecules in FTCN. In addition to p-p interactions within

the quasi-parallel molecules, the intermolecular interac-

tions in FTCN are highly strengthened by CH���N hydro-

gen bonds and p-type (S���CN/CC) contacts along

horizontal and vertical directions, respectively, in the

cross-like packing motif. The predicted Vmax for electron

(33.9 meV) and hole (62.9 meV) of FTCN with large side

chain are comparable to or even slightly larger than those

of BFTT and one order of magnitude higher than corre-

sponding values of FT. Comparing with the other two

compounds, the large transfer integrals and small reorga-

nization energies of FTCN greatly enhance the charge

transfer according to the Marcus rate formula. Thus, both

hole (1.91 cm2 V-1 s-1) and electron (0.62 cm2 V-1 s-1)

drift mobilities (see Table 6) of FTCN are the largest one

among the three molecules investigated. As mentioned

above, the transfer integrals of BFTT and FTCN are rel-

atively close, but the calculated mobilites differ by one

order of magnitude. It is the reorganization energy that

really makes the difference.

4 Conclusions

According to the quantum-chemical results, it was found

that the chemical modifications by changing linkage mode

or introducing the electron-pulling group could improve

the charge transfer to some extent. However, the packing

effect weakens the emission intensity, especially for the

BFTT. Although the packing style of FTCN also decrease

the oscillator strength of emission, the present of electron-

withdrawing unit obviously increases the transfer integral,

decreases the reorganization energy, and consequently

enhances the charge transport.
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Ibañez A, Bernède JC (2010) J Mol Struct 973:56. doi:

10.1016/j.molstruc.2010.03.022

73. Perez-Jimenez AJ, Sancho-Garcia JC, Perez-Jorda JM (2005) J

Chem Phys 123:134309. doi:10.1063/1.2043107

74. Yan S, Lee SJ, Kang S, Choi K-H, Rhee SK, Lee JY (2007) Bull

Korean Chem Soc 28:959

Theor Chem Acc (2012) 131:1121 Page 9 of 9

123

http://dx.doi.org/10.1039/c0jm02119a
http://dx.doi.org/10.1007/s00214-011-0928-6
http://dx.doi.org/10.1007/s00214-010-0841-4
http://dx.doi.org/10.1063/1.464913
http://dx.doi.org/10.1021/ct600369b
http://dx.doi.org/10.1021/jp903075s
http://dx.doi.org/10.1021/ja9032023
http://dx.doi.org/10.1021/ja056676h
http://dx.doi.org/10.1021/jp912122q
http://dx.doi.org/10.1021/jp067067e
http://dx.doi.org/10.1016/j.polymer.2005.03.120
http://dx.doi.org/10.1002/qua.21030
http://dx.doi.org/10.1021/jp7104067
http://dx.doi.org/10.1021/jp805553e
http://dx.doi.org/10.1002/jcc.21490
http://dx.doi.org/10.1103/PhysRevLett.52.997
http://dx.doi.org/10.1002/qua.20491
http://dx.doi.org/10.1021/om0494317
http://dx.doi.org/10.1021/jp067685v
http://dx.doi.org/10.1021/j100180a030
http://dx.doi.org/10.1103/RevModPhys.65.599
http://dx.doi.org/10.1103/RevModPhys.65.599
http://dx.doi.org/10.1021/cr941154y
http://dx.doi.org/10.1103/PhysRevLett.89.275503
http://dx.doi.org/10.1103/PhysRevLett.89.275503
http://dx.doi.org/10.1021/jp034225i
http://dx.doi.org/10.1016/j.orgel.2009.06.015
http://dx.doi.org/10.1016/j.orgel.2009.06.015
http://dx.doi.org/10.1002/chem.200601803
http://dx.doi.org/10.1039/b816406c
http://dx.doi.org/10.1088/0957-4484/18/42/424029
http://dx.doi.org/10.1016/S0009-2614(01)00792-8
http://dx.doi.org/10.1021/cm8002172
http://dx.doi.org/10.1021/jp057291o
http://dx.doi.org/10.1021/ja061827h
http://dx.doi.org/10.1021/ma001042a
http://dx.doi.org/10.1021/ma001042a
http://dx.doi.org/10.1016/j.molstruc.2010.03.022
http://dx.doi.org/10.1063/1.2043107

	Theoretical studies of the effect of electron-withdrawing dicyanovinyl group on the electronic and charge-transport properties of fluorene-thiophene oligomers
	Abstract
	Introduction
	Computational methods
	Results and discussion
	Molecular geometries in ground- and excited-singlet state
	Frontier molecular orbitals and electronic spectra
	Ionization potential, electron affinity, and reorganization energy
	Charge transport

	Conclusions
	Acknowledgments
	References


