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A growing interest in organic field effect transistors (OFETs) Chart 1
has emerged in past years due to their potential applications in s s
electronics where low-cost, large area coverage, and structural SC‘:) <r>s OOOOO
flexibility are requiredt OFET single crystals are found to give Y - s
the highest mobilities largely due to their regular molecular ordering DT-TTF Pentacene

that permits extensive intermolecular orbital overlap to occur.

Crystalline pentacene is probably the most widely studied organic Table 1. Areorg Values (eV) for Pentacene and DT-TTF

semiconductor and, because of its high performance (hole mobility pentacene DT-TTF

of 1.5 cn?/(V-s))? has been the benchmark by which other OFETs  isolated (boat geom.) 0.574

are measured. In this paper, we report on a theoretical study to isolated (planar geom.) 0.098 0.238
embedded molecule 0.080(0}8p2 0.042(0.28)2

understand the high mobility found in dithiophene-tetrathiafulvalene
(DT-TTF) transistors, with respect to that known for pentacene,
using an extended measure of the reorganization energy. We ] ) ) -
demonstrate that the molecular packing is a key factor in assessing Most attention for improving the mobility of OFETs has been
hopping mobilities. The relationship between crystal structure and Placed on the development of improved device fabrication tech-
transport properties of a material, crucial to understand for the Nidues® Other feasible strategies have attempted to increase the
rational design of new OFET materials, is thus elucidated. relatl_vely small m_term_olegular orbital over_lap found in penta_cene
At room temperature, the charge mobility of organic materials by directed functionalizatioh,or by searching for new materials

is often determined by a hopping transport process, which can beWith high intermolecular electronic coupling and IdwRecently,

depicted as an electron or hole transfer reaction in which an electronv‘{e reported a very high mobility of ,1'4 @I(nv-s) fora DT-TTF
or hole is transferred from one molecule to the neighboring one. single-crystal transistor prepared using a simple room-temperature

The localization of charge on a molecule for a sufficient time allows drOP casting technqu_Feslmllar to pentacene, DT-TTF is a Sma”
the nuclei to adopt the optimal geometry of the charged $tate, conjugated, symmetric molecule (Chart 1). The crystal packing of

coupling molecular relaxation with the charge mobility. Two major DT-TTF is also similar to that of pentacetfealthough in DT-

parameters determine self-exchange rates and, thus, the charg TT thke_zre Isa Sh;fted'COf_?ﬁ'aj'Stfik'ndg as dcor_nparedfto a tilted d
mobility:® (i) the electronic coupling between adjacent molecules 7-stacking In pentacene. 1he oulstanding device periormance an

(transfer integralf, which needs to be maximized, and (ii) the the fact that DT-TTF can be easily processed opens new perspec-

reorganization energylorg, Which needs to be small for efficient tives in the field of OFETs.

. o . Considerable attention has been placed in finding correlations
charge transport. Neglecting the contributions due to the medium - .
. L . . . betweenl and hole mobility for different compounds such as
polarization and molecular vibrations, in a hole-hopping material,

Jreorg COITESPONGS to the sum of two relaxation energies?, triphenylamine derlvatlyeg, b||i)3henyl, and various comppunds

: formed by fused aromatic ring%:12 The extremely low reorganiza-
for the transformation of one molecule from the neutral state to tion enerav of pentacene. even compared to substituted pentacenes
the +1 charged state, and, for a neighboring molecule, the gyorp ' P P '

. was attributed to its higher symmetry and resultant more delocalized
transformation from the charged state to the neutral molecular state. . . .
. . - 2 nature of the orbital from which an electron is removétle have
These two portions are typically nearly identiCalefg ~ 24re)).

R . erformed density functional calculations to calcu for the
The reorganization energy gives a measure of the energy loss (or.p y lat81q

: - . ) . isolated DT-TTF molecule. All reported calculations were per-
hopping efficiency) of a charge carrier passing through a single

lecule. T lain the high bility of A ¢ ist formed at a 6-31G(d,p)/B3LY® level of theory using the
molecule. 1o expiain the nigh Mobilily Of pentacene Wansistors, o Ayess.ykes code. As reported before for similar TTF deriva-

!orelwtOl(st stuolles have folcu?;g ?n th?. relorgatlg Ization engrgi/. of thetives,16 the DT-TTF molecule adopts a distorted boat conformation
Isolated pentacene molecuienterestingly, the reorganization g, e peytral ground state, but a planar conformation fortte

energy caI(S:uIateq for the pentz_;lcene 'molecule is_ extrgmely low charged state. However, as it is also known that neutral DT-TTF
(0'098 eV} providing persuasive evidence for its high hole molecules crystallize with a planar conformatidmaving a slightly
mobility. higher energy than the boat conformation, we have calculatggl
. : employing both plan_ar and _boat neutral conformatipns (Table 1).
: Kg\r,ﬁ"ﬂrxcst'i\t’:ﬁemg;agaengggtéﬁbSE%CS‘;?‘TECh' TUDelft. The resultant.eorgWhile keeping the molecule planar in the neutral
S Institut de Cimcia de Materials de Barcelona. state is significantly lower than the respectitigorq value using

aTotal charge on the charged embedded molecule.
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a . b central DT-TTF molecule assisted by the--S intermolecular
. f e = interactions. This is supported by summing atomic charges on the
J\) G\D jf) dfj embedded charged molecule which reveals #% decrease in
&/) e. the total charge. For the more rigid pentacene molecule, a similar
G\ Q\L t\b charge-transfer effect is observed but without the accompanying
b T_. yﬁ >y L - ArearglOwering structural change. A previous study, estimating the
: 2 f f contribution of orbital polarization and charge transfer of NN
molecules to the total reorganization energy of molecular polarons
in anthracene, employing a similar approach (fixed NN pairs of
molecules) as used herein, also resulted in a comparably small
reduction ofi..org@s we observe for pentacefeContrary to most
other experimental and theoretical approaches, our extended
methodology yieldd,eoqfor a molecule together with the stabilizing
effect of local intermolecular interactions.

In conclusion, our calculations of the reorganization energies of
both pentacene and DT-TTF molecules, including intermolecular
interactions, yield very loweorg Values, helping to explain the high
mobilities reported for these crystals. We clearly demonstrate that
local intermolecular interactions can have a strong influence on

Arearg Values and, thus, hopping mobilities. This result is of high
importance for the design of new OFET materials.

a

Figure 1. Molecular crystal ordering in (a) DT-TTF and (b) pentacene.

the neutral boat conformation, consistent with the fact thattthe
charged molecule is also planar. Theoy value for the isolated
planar DT-TTF molecule is also similar to that of other studied
molecules, but still over double of that calculated for pentacene.
Considering both compounds have transfer integrals of the same
order (see Supporting Information), their reported similarly high
mobilities cannot be rationalized by the isolated moleculagg
values.

The lowering of4,eorg for the more constrained planar DT-TTF
molecule indicates that the local environmental steric packing of
nearest-neighboring (NN) molecules may play an important role
in maximizing the mobility of the DT-TTF crystal. Usually,

reorganization energies are calculated with respect to isolated Acknowledgment. M.M.-T. and C.R. thank Generalitat de

ground-state molecules, with the calculated results often ComparedCataIunya and DGI:Spain/BQU2003-00760 for financial support.
to gas-phase photoelectron spe€tr@uch studies explicitly exclude

the electronic coupling between adjacent molecules in the crystal  Supporting Information Available: Computational methods and
and, thus, may not always provide a good measure of relative crystaldetailed results. This material is available free of charge via the Internet
mobilities. Herein, we further calculatéglg of molecules while at http://pubs.acs.org.

also explicitly considering how they interact with, and are
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