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Large Two-Photon Absorption Properties
of Polyphenyls and Polyfluorenes

REMI ANEMIAN?, PATRICE L. BALDECK"
and CHANTAL ANDRAUD?

aEcole Normale Superieure de Lyon, Stéeréochimie et Interactions moléculaires,
UMR CNRS n° 5532, 69364 Lyon cedex 07, France and
bSpectrométrie Physique, Université Joseph Fourier, CNRS (UMR 5588),
B.P. 87, 38402 St Martin d’Heres, France

The theoretical study of two-photon absorption (TPA) properties of
polyphenyls and polyfluorenes (with the number of phenyl rings N =2
to 6) was related to cooperative effects between monomers. These
effects lead to an increase of the TPA cross-section with N without
saturation according to a power law.

Keywords Two-photon absorption; polyfluorenes; polyphenyls;
CNDO/S calculations.

INTRODUCTION

Two-photon absorption (TPA) properties of organic compounds are
being involved in many applications [1]. Several organic molecules
optimized for these applications, consisted generally in symmetrically
substituted molecules, in which the role of electroactive groups was
studied [2-4].

Recently efficient nonlinear absorption properties based on TPA
processes were found in unsubstituted dimers, a bistilbene molecule (the
Stilbene-3) [5], and the bifluorene [6], and a polyfluorene (60
monomers units) [7].

In this paper, we present theoretical TPA properties, using semi-
empirical CNDO/S calculations, of two oligomers systems, the
polyphenyls I and the polyfluorenes II (Fig. 1), in order to dissect the
TPA cross-section on the basis of the two-level model and provide the
origin of the enhanced properties of these systems. Preliminary results
concerning this study were reported for polyphenyls [8].
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FIGURE 1 Molecular structures of oligomers I and II,,

CALCULATIONS METHOD

The molecule gecometry was optimized by using Sybyl, i.e. Tripos force
field and AMI from the MOPAC package [9] ; the selected geometry
corresponds to the lowest energy. For each molecule, the electronic
state characteristics, i.e. singlet state energies, and dipole moments,
were obtained by a configuration interaction (CI) procedure based on
the CNDO/S method using the QCPE program #333. The CI
calculations included 100 singly (SCI), and 100 doubly (DCI) excited
configurations.

The TPA cross-section oyp 4 is proportional to the imaginary
part of the average second hyperpolarizability:
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The tensor components Yiq Were computed using Orr and Ward’s

equation based on the time-dependent perturbation theory [10]. TPA
spectra were evaluated by using the parameters of the 19 lowest excited

states to obtain a good convergence of orpy values (Fig. 3). The

damping factors 7 were taken to be 1000 cm L for all states, and the
refractive index was assumed to be 1.

Results were interpreted on the basis of the three-level model
(Eq.(3)and Fig. 2):

2
,UO|/L422 A
s o Eoz 5 (—’)
( 01 2 )




Downloaded by [University of Haifa Library] at 20:32 13 August 2012

TPA OF POLYPHENYLS AND POLYFLUORENES 337

where 4, and g 5, are the transition moment between the ground state
S, and the lowest charge transfer excited-state S,, and the transition
moment between S| and the lowest two-photon excited state S,
respectively. £ and £ are the energy of S and S,, respectively. [3]
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N
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IFIGURE 2 Three-level model scheme

As an illustration of the validity of this model for oligomers

systems. variations of o7py with the number of excited states was
reported on Fig. 3 for the bifluorene I, and tetraphenyl II, molecules. A

rapid convergence of O7py is obtained for both molecules. Negative
values corresponding to one-photon resonance saturation effects were

obtained up to 5 excited states, while the maximum O7py value was
found for 7 states ; the subsequent decrease was ascribed to negative

contribution of z4; g4; 44, f4,terms.
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I'IGURILE 3 TPA cross-section as a function of the number of
excited states included in calculations



Downloaded by [University of Haifa Library] at 20:32 13 August 2012

338

RESULTS

The spectral distribution of o

band centered at an energy of

R. ANEMIAN er al.

for oligomers I and II is presented on
Fig. 4 for N = 2 and 6. The theoretical spectrum consists mainly in a

02

2

E
—= (Eq(3)). A weak wavelength shift is

obtained with N for the spectral distribution of o7p 4 in the case of the
polytluorenes 11 (see also Fig.6).
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FIGURE 4 TPA spectrum for I (a) and II (b).

Values of” oppy are reported on Table 1 as a function of N.

When comparing values of 07p4 for a same number of monomers N (a
benzene ring for I and a fluorene for II), II leads to higher values

OTPA-

N
2
3
4
5
6

I
80
330
610
1260
2090

I1
430
1502
2289
3290
4940

TABLE 1 TPA cross-sections (10'50 cm4 s/photon) of
polyphenyls and polyfluorenes as a function of the monomers

number N.
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Variations of oppy are presented on Fig. 5. A In order to
compare TPA properties of I and II, these variations were plotted
versus N'according to the system (4).

N

chpvent 2 phting

4 A ® 1 12

FIGURE 5 oyp4 versus the number of moieties for I and II

N'=N
N =2N

A continuous increase of 07p4 was obtained for N =1 to 6 for I and II.
However, when comparing values for a same number of benzene rings

N’, polyphenyls 1 give rise higher values 07py4 (Fig. 5). These large
variations of 97'p 4 could be quantified following the power law (5) :

P=KN® (5

These variations are in good agreement with recent theoretical
results obtained for polyene oligomers, for which a strong correlation
between TPA properties and the length of theses systems was

established [11]. Values of the exponent « obtained for I and II for
orp 4 arc reported on Table 2. These values of aare in good agreement

with found for other oligomers (a = 5-6[7c]).
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» E —leve
P oy 101 102 (B =20 o™
I 2.8 0.67 0.64 0.47 3.6
11 _ 1.9 0.54 0.42 0.25 2.4

TABLT: 2 Exponents o involved in Eq. (5) for parameters P describing
the relationship (3) in oligomers I and 1I

DISCUSSION

In the tollowing we will consider oligomers I and II as constituted of N
monomers in excitonic coupling similarly to J-aggregates in order to
interpret the above enhancement of oppy of these oligomers. This
assumption requires a dependence of the dipole moments y: of the

oligomer with that of the monomer ,u:j following the relationship (6)
[12,13]:

Values of 201 and w12 are reported on Fig. 6 for systems I and
IT with that of £, and E,. Variations with N of these parameters

follows a power law of type (5), for which the values of the exponent «
are repocted on Table 2. These values, which are very close for 11 and

412 from the value of 0.5 proposed in the excitonic model (see Eq. (6)),
valid our assumption of coupling interactions in oligomers I and II.
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FIGURE 6 Energy diagram with #01, 2212 values for systems I
(a) and II (b).

We note on Fig. 6 that polyfluorenes II presents energies k£, and
Ey, shiticd towards the red range with respect to those of a polyphenyls
I. However, for systems II weaker variations with N of these energies
are predicted ; furthermore, a decrease with N of g2 is calculated.
These observations is in good agreement with preliminary experimental
data in fluorencs [14] and led to weaker « exponent values for HOL, 412

)
and (I, ~—2“l )" in the case of systems II (Table 2).
The above coupling model allows to interpret readily large

variations of opp 4 with N ; when replacing all parameters (101, 112
E . . .
and ([, —f ') involved in the relationship of the three-level model

(Eq. 3) by their powcer law expression, we obtained an « exponent value

for ,.\"" similar to that obtained directly from variations of orp4
with N (Table 2).

CONCLUSION

This theoretical study shows that the two-photon absorption cross-
section of polyphenyls and polyfluorenes increases with the number of
monomer units. No saturation is predicted at least up to n=6. This TPA
enhancement follows a power law that results from cooperative effects
between monomers on excited state characteristics.
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