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Nonlinear transmission measurements of a solution of radical dimers of tetramethyl-tetrathiafulvalene,
(TMTTF),, recorded with 9 ns laser pulses at 1064 nm are reported and interpreted on the basis of a
multiphoton absorption process. One finds that the process can be interpreted with a sequence of three photon
absorption, the first being a one photon absorption related to the intermolecular charge transfer process
characteristic of the dimers and the second a two photon absorption from the excited state created with the
first process. A model calculation allows one to obtain the value of the two photon absorption cross section
which is found to be several orders of magnitude larger than those usually found for two photon absorbing
systems excited from the ground state. These results show the importance of an excited-state population for
obtaining large nonlinear optical responses.

Multiphoton absorption processes are interesting for many radicals which are quite stable in solution and show peculiar
applications for example in material science for optical limit- absorptions in the near-infrared spectral redioHere we will
ers}23 optical data storage,3D microfabricatior?, optical show how the optical response of radical dimers of tetramethyl-
switching® and in the biological field for imaging with two-  tetrathiafulvalene (TMTTE; see Figure 1) to nanosecond pulses
photon excited fluorescenééany molecules which have been is quite interesting in the near-infrared region where the tail of
considered for such applications show their multiphoton re- the charge transfer absorption is located. We will show in
sponses in the visible or first near-infrared spectral regfons, particular that the response of the system, at 1064 nm, can be
but many applications would benefit if the two photon activity interpreted on the basis of a two photon absorption from an
would be shifted further in the infrared region at about 1000 excited state (ES-TPA), and as recalled above, we will find a
nm where, for example, biological tissues are more transparent.large nonlinear response which is usually not found for two

One of the main issues in multiphoton absorption research, photon absorbers excited from the ground state. Preliminary
in particular two-photon absorption (TPA) of molecules, is to results on the nonlinear transmission measurements of solution
find systems with large nonlinear absorption cross sections. of TMTTF neutral molecule and of the monomer of the its
Different types of molecules, related for example to a bis-styryl- radical cation at 532 nm were already preseffed.

benzene structurehave been synthesized, but it was also (TMMTF)CIO,4 has been obtained by oxidation of TMTTF
predicted that if a system is in its excited states nonlinear 5¢ already reportéd.UV —vis—NIR spectra have been recorded
responses much larger t_han if it is in its ground state can be iy 4 Cary5 spectrophotometer (Varian Instrument), and the
found!%1t The reason is that molecules are much more nonjinear transmittance data were registered by using 9 ns pulses
polarizable in their excited states than in their ground state. We 5 1064 nm of a Nd:YAG laser (Quantel YG980E) and a setup
will show that, by using long pulses, such as nanosecond pulses,ynich allows the control of the pulse energies with a half
one can obtain a sufficient excited-state population to be able waveplate and a polarizing cube beam splitter. Pulse by pulse
to observe exited state nonlinear optical responses and that thes@nergies were measured with a pyroelectric detector (Scientech
responses are very large as predicted. , SPHDO025) and a calibrated photodiode. Measurements were
Charge-transfer systems of omomolecular radicals are well- 5aineq in open configuration, namely with a large area detector

known systems in the field of organic conducting and SUPer- ooy 6 the sample (solid angle 0.1 sterad) to avoid the influence
conducting materials. Molecules such as tetrathiafulvalene (TTF) ¢ honjinear scattering and nonlinear refraction effects. Areas

anq 'tetracyanoqumodmethane (TCNQ) have 'been used aSyf the |aser pulses on the sample were of the order 0.2 cm in

building blocks of organic conducting crystals since the'70s diameter to minimize borderline effects. Cells with 0.2 cm

and derivatives of TTF,lIikehbis-ethylenedithio-tetrathiak\lfulvale?e optical path were used for the solutions.

BEDT-TTF) in parti r, hav n i in r . . .

(()btaining mZ)IecFL)J?atr (;lljjp?e,rcc?n:;ul():(’:’iﬁg i:;gﬂ;g‘.‘s'l'h(;estrnglseosst ° . Itis V\_/ell—knqwn that radicals of the TT'.: SEeries can _be present

units of molecular aggregation of these systems are dimers ofin solution as isolated molecules or as dimers of radicals which
show a characteristic band in the near-infrared spectral region

*To whom correspondence should be addressed. E-mail related to a charge transfer between the two moiéti€sgure
moreno.meneghetti@unipd.it. 2 shows the spectrum of the TMTTRadicals in acetonitrile,
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Figure 1. Molecular structure of tetramethyl-tetrathiafulvalene (TMT- 035
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Figure 3. Nonlinear transmittance of a 5.% 1072 M solution of
TMTTF" radicals in DMSO with 9 ns pulses at 1064 nm. Model
calculations for the 2 model (continuous line), for thet1l model

200 800 8OO 1000 1200 (_dashed line), and for thet2 model but wih a 1 pspulse (dotted
» (nm) line) (see text).
Figure 2. UV—vis—NIR spectra of TMTTF radicals in DMSO . . L
(continuous line) where aggregation of molecules in the form of dimers 'e€sponse, showing that the nonlinear behavior is related to the
is present and in acetonitrile (dashed line) where only the monomer is presence of the dimers.
present. The band at 814 nm (1.52 eV) is the intermolecular charge-  The interpretation of the experimental data can be obtained
transfer band. on the basis of a model for the dynamic of the excited states of
] o . the active species. Population dynamic is related to the diagonal

where the molecules are isolated, and in dimethyl sulfoxide glements of the more complete time dependent density matrix
(DMSO), where the molecules are associated in dimers. description of the interaction between light and matter. In this

Two bands related to intramolecular electronic excitations at case, the diagonal elements are sufficient for the description of
460 nm (2.70 eV) and 653 nm (1.90 eV) are present for the the process since coherent effects are not present using pulses
monomer spectrum. These bands are shifted to 416 nm (2.98with a long time duration with respect to the characteristic times
eV) and 577 nm (2.15 eV) in the dimer spectrum where a new of the molecular processé%2°
band is also present at 814 nm (1.52 eV). This new band is At 1064 nm, there is a weak absorption due to the tail of the
characteristic of the associated molecules and has been |dent|f|e<éharge transfer band and, therefore, we have to consider that
as a charge-transfer gxcitation in which the final state corre- tpe first optical process is an absorption of a one photon from
sponds to the two radical electrons present on one of the tohe ground state to the charge transfer excited state which is a
molecules® The presence of the charge-transfer excitation in process related to the first order optical susceptibility, usually
the near-infrared spectral region is characteristic of the ag- 1 order of magnitude larger than higher optical susceptibilities.
gregated species of these radical systems and is the origin ofrhis absorption, however, accounts for the linear transmission
the conducting and superconducting properties of crystals basecyf the sample. For the nonlinear behavior starting at about 5.0
on these types of molecules for which this band is shifted toward ,, 126 ph cnT2 s1, one has to consider other optical
the very far-infrared? Description of the charge-transfer band ~ apsorptions starting from the first excited state. The most simple
of these systems and of related new excitations of the infrared pyocesses one can consider are a one photon or a two photon
spectrum was obtained in the framework of the Hubbard model absorption from this state.
with electron correlation energies of the order of 1 eV and | Figure 3 is reported (dashed line) the best result of a

hopping parameters of the order of 0.1 &V. calculatiort® in which a one photon excitation from the excited

In the present paper, we are interested in the charge-transfeistate is considered 11 model). One can see that the fitting of
band as a source of electronic excitation in the near-infrared the experimental data is very poor. This can be observed both
region that can be used in nonlinear optics. in the T/li», at low intensities, and in théu{lin, at high

Figure 3 shows the nonlinear transmission data of a>x5.1 intensities, curves. In the same figures the result of the model
1072 M (TMTTF)CIO4 solution in DMSO by using 9 ns pulses  calculation for a one photon excitation from the ground state
at 1064 nm. and of a two photon excitation from the excited state-Z1

In Figure 3a, the transmission of the solution against input Model) (continuous line) is also reported. In this case, the fitting
intensities T/lin) of the laser pulses is reported in a logarithmic  is very satisfactory both in the low and in the high intensity
scale and gives evidence in particular to the low intensity region regions. The fitting needs two parameters, namely the excited-
where the nonlinear behavior starts to be present. Figure 3bstate two photon absorption (ES-TPA) cross sectigf)(and
reports the same experimental data but using the outputthe relaxation constant for the intermediate first excited state
intensities against input intensitielg ¢li,) in a linear scale. In  (ki). Another parameter of the model, namely the cross section
this case, one can easily observe, in particular, the high-intensityfor the one-photon excitation from the ground stat€)) is
region, where multiphoton absorption can occur. The lower experimentally obtained from the linear spectrum whereas the
transmission in Figure 3a and the lower output intensities in relaxation from the highest final statie;) can be considered to
Figure 3b, observed at high input intensities, show that a be very fast, in the subpicosecond time scale. The inset in Figure
nonlinear absorption is occurring. We have also recorded the 3 shows the energy levels scheme of the model. The best fitting
nonlinear transmission of a solution of the monomer in Wwith the 1+2 model has been obtained with) = 2.27 x 10719
acetonitrile at 1064 nm, and we have not found any nonlinear cn?, afx) =212x 10%cm*s phrt mol™t, k; = 1.5 x 101

Absorbance (a.u.)
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s1, k; = 8.0 x 10" s, The result that the relaxation time we have shown how a stable aggregation of TMTT&dical
from the first excited statek{~?) is of the order of picoseconds dimers has a large ES-TPA in the infrared region.

(6.6 x 10712s) is consistent with the results of pump and probe

measurements using nanosecond pulses which do not show any Acknowledgment. The authors thank G. Marcolongo and
transient absorption in the nanosecond to the microsecond timeS. Crivellaro for technical help. Financial support from the
scales. Pump and probe measurements with shorter pulses willtalian Ministry for Universities and Research (MIUR (Cntr.
give more information on this relaxation process. The value of No. 2004035502) and FIRB (Cntr. No. RBNEO1P4JF)) is
0@ shows that a very large nonlinear response is found for this acknowledged.

process which starts from an excited state. The valug2bis,
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