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This work reports on the effect of temperature on the two-photon absorption cross section of azoaromatic
chromophores. A linear decrease in the two-photon absorption cross section with the temperature was observed
for several azochromophores. This process was characterized by introducing a two-photon absorption thermal
coefficient (d/dT), whose typical values are2GM/°C for all the azochromophores studied here. Such an
effect was attributed to thermal induced molecular conformation changes, described by the sum-over-states
model and semiempirical calculations, which affect the molecular dipole moments. The characterization of
the phenomenon reported here for other nonlinear materials can help in the design of specific applications
using two-photon absorption.

Two-photon absorption involves the excitation of a molecular 500 — T T
species by the simultaneous absorption of two photons. The
quadratic dependence of its rate on the laser intensity allows
spatial confinement of the excitation, a property exploited in 400
several applications:® Since the first experimental observation
of two-photon absorptiof)!! several important works have
established the foundations of this nonlinear effect. In recent
years, the control of nonlinear optical properties has driven the
study and design of new nonlinear materials. To date, most of
these studies rely on the dependence of the two-photon
absorption on the molecular structure, such as conjugation 200L— L L ; L
length, molecular symmetry and doreacceptor lateral 20 40 €0 83 100 120
groups!t?-19|n contrast to the extensive study on the structure temperature (C)
property relationship, the effect of molecular conformation on Figure 1. Two-photon absorption cross section as a function of
nonlinear processes is still unexplored. As the conformation of temperature. The solid line represents the fitting obtained with the sum-
the molecule can be altered by external means, for instance byiosvg{g\fvartﬁf‘ r{;‘()edi'“:]lsiiscnbed by eq 1. The molecular structure of DR19
changing the sample temperature, a dynamic control of the two- ) ' ) )
photon absorption can be achieved. obtamed_for molecules of this class. The sam_ple was placed in

In this paper, we report the effect of the temperature in the 2 mm thick quartz cuvettes for spectroscopic measurements.
two-photon absorption cross section of azoaromatic chro- The linear absorption spectrum was recorded using a Cary 17
mophores. We observed a decrease in the two-photon absorptio§Pectrophotometer. _
cross section with the temperature, which was characterized by "€ change of the two-photon absorption cross section,
introducing a two-photon absorption thermal coefficient. This With the sample temperature was measured using the open
process was attributed to changes in the molecular conformation@Perture Z-scan technigééwhich has been successfully applied
with the temperature, which alter the molecule dipole moments {0 measure the two-photon absorption cross section of several
as revealed by the sum-over-states model and semiempiricalompounds, which gives results similar to the ones obtained
calculations. Thermal induced changes on the two-photon PY two-photon excited fluorescence methods. As the azochro-
absorption, here described by the two-photon absorption thermal™Mophores studied in this work do not fluoresce, the Z-scan

coefficient, may have important implications in the selection Method appears to be an excellent option to measure the two-
of proper conditions or the material to be used for a given Photon absorption cross section. The Z-scan measurements were

application, for example. carried out using a 150.fs, 775 nm, gnd 1 kI—]; Ti:sa.pph.ire laser
For linear and nonlinear optical measurements, we prepared@S the pump for an optical parametric amplifier delivering 120

a solution of Disperse Red 19 (DR19) in dimethyl sulfoxide S Pulses. Although the two-photon absorption cross section

(DMSO) with concentrations of 0.2 10" molecules/crhand spectrum of DR19 presents a peak-d000 nnt;” its magnitude

4.9 % 10" molecules/cri respectively. The molecular structure 1S smaller thgn the one obtained in the resonant enhancement

of DR19 is shown in the inset of Figure 1. Other azochro- €gion. For this reason, we choose to perform the measurements

mophores were also studied; however, we focus only on the 8 680 nm (region of the resonance enhancement of the
results for DR19 in this work, which are illustrative of those nonlinearity?) in order to improve the signal/noise ratio. The
output beam of the optical parametric amplifier was spatially

* To whom correspondence should be addressed. PhoB6:(16) 3373- filtered to produce a Gaussian beam profile. The two-photon
8085. E-mail: crmendon@ifsc.sc.usp.br. nonlinear absorption coefficien, can be determined by fitting
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Figure 2. Linear absorption spectrum of DR19 as a function of the
temperature. The highest curve was measured atQ@Owith the g'si n ‘. . H : 5 b
subsequent ones obtained in temperature intervals ofClQip to [ ]
90 °C. ool = i
|
the normalized transmittance da&®al he two-photon absorption 5 "¥“" agy fear
cross section is determined through= Shv/No, wherehw is 2 i § ) 4 |
. . . [T
the photon excitation energy aig is the number of molecules/ o t y : »
cm®. For linear and nonlinear optical measurements, the sample & _80r H ‘r 1
temperature was controlled through a thermo-electric cooler. £ 4 A YAy
Figure 1 shows that the two-photon absorption cross section 75L& i 5‘; |
at 680 nm decreases linearly with the sample temperature. The o w4 e i 4 S 4
slope of this decrease, defined as the two-photon absorption T il . . : .
thermal coefficient (d/dT), characterizes the change in the two- oo 50 100 150 20° 250 300
photon absorption cross section with the temperature. For the torsion angle
DR19 solution, we determinedoiT = —2.5GM/°C. We Figure 3. (a) Transition dipole moments; andu;, as a function of

obtained values in the same order of magnitude for other the temperature. (b) Theoretical valug§ obtained through PM3
azoaromatic compounds (Disperse Red 13, Disperse Orange 3guantum chemical calculations as function of the torsion angle. The
and Disperse Red 3SCI). It is important to mention that the inset shows the molecular structure for three distinct torsion angles.
observed changes in the two-photon cross section with the
temperature are completely reversible, demonstrating that no
thermal degradation takes place. In Figure 1, the solid line . g .
represents the fitting obtained with a sum-over-states model @ _ 77 transition frequency ioy(T)) in eq 1. .
assuming temperature dependencies to the transition dipole To.f't eq 1 to the data in Flgure 1, we determined the
moment andr — x* transition of the azochromophore, which transition dipole moment as a functhn of temperatue(T), .
will be described later in this paper. through _the_oscnlator strength obtained from th_e apsorpﬂon
The solid line in Figure 1 was obtained by fitting the spectra in Figure 28 These values are presented in Figure 3a

experimental data with a sum-over-states model, described b (). VOl(D was extracted from the peak of the absorption spectra
xper w um-ov ! yshown in Figure 2. The damping constaiitg = 2000 cn1?

andI'g; = 10 000 cn1! were obtained from ref 17. In this way,

of these observations, we assumed temperature dependencies
to the transition dipole momentgdi(T) andu1x(T)) and to the

2 2
oM = 4 (n)* v 132N lptox(N T the excited-state transition dipole momemtx(T), is the only
S (hc)2 (Voy(T) — V)Z + F012 (Vo2 — 21,)2 + r022 adjustable parameter in the fitting procedure. As seen by the
a solid line in Figure 1, the sum-over-states model assuming
temperature dependencies to the transition dipole moment and
whereh is Planck’s constant is the speed of light, and is z — qr* transition (eq 1) fits very well with the linear decrease

the laser frequencyimn, I'mn, @ndumn represent, respectively,  experimentally observed.

the transition energy, damping constant and transition dipole Figure 3a shows that;,, determined by the fitting in Figure
moments of the m~ n transition?:2%In eq 1, the term inside 1, decreases with the temperature with a slope similar to that
the brackets corresponds to the line-shape of a two-photonobserved fopos, indicating that our results are related to changes
transition to a staté2(in the UV region. For the two-photon  in the molecular conformation induced by the temperature.
absorption tensor term, outside the brackets, we assumed thaAttempts to model the data in Figure 1 considering only the
only one intermediate state contributes to the virtual state in shifts in the absorption band, which will affect the two-photon
the sum-over-states. The— z* transition, which corresponds  absorption cross section line shape (eq 1), were not successful.
to the band around & 10*4Hz shown in Figure 2, was assumed We observed that this process produces only a slight decrease
to be the one giving the major contribution to the virtual in the two-photon absorption cross section, indicating that
intermediate state represented Hin eq 1. The highest curve  changes in the transition dipole moment due to temperature
in Figure 2 was obtained at 2C, with all the subsequent ones induced molecular conformation play a major role in the
obtained in temperature intervals of 10 up to 90°C. As can observed effect.

be seen, thetr — x* band shifts to high energies, and its For azoaromatic compounds, temperature induced conforma-
amplitude decreases when the temperature is increased. Thision changes would most likely appear as a twist of the aromatic
process is also completely reversible, showing that no thermalrings around the azo group-NN=N-). As a consequence of
induced degradation occurs as mentioned before. On the basighis torsion, the effective conjugation length of the azochro-
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mophore decreases, leading to a decrease in the opticaprocess was explained by thermal induced conformational
nonlinearity. In order to test this hypothesis, we performed PM3 changes that affect the transition dipole moments. Our experi-
ClIS/semiempirical (15 eV as the energy criterion) quantum mental results were described by the sum-over-states model,
chemical calculations (Hyperchem 7.5) of the transition dipole considering temperature dependences to the transition dipole
moment,u&, for distinct torsion angles, defined as the angle moments and to the — z* frequency. Semiempirical quantum
between the azo group and the aromatic ring. As an illustration, chemical calculations revealed that different torsions of the
the inset in Figure 3b displays the molecular structure for three aromatic rings around the azo group leads to changes in the
different torsion angles. Figure 3b shows tp@lt decreases by  transition dipole moment. Such changes are compatible to the
12% as the torsion angle changes frotid®30°. This decrease ones observed through the sum-over-states model, corroborating
is approximately the same observeddgrwhen the temperature ~ the molecular conformation hypothesis.

varies from 20°C to 110°C as observed in Figure 3m). These

results indicate that, indeed, thermally induced molecular ~Acknowledgment. This work has been supported by Fun-
conformation changes are taking place, leading to changes inda@o de Amparo @esquisa do Estado dédSaulo (FAPESP),

the two-photon absorption cross section due to the change inConselho Nacional de Desenvolvimento Cigot e Tecno-
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semiempirical method overestimates the experimental ones, the

guantum chemical calculations provide enough information to References and Notes
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