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Abstract: An ultrafast investigation is carried out on synthetic eumelanin
suspended either in water or in DMSO-methanol. Upon photoexcitation
by visible femtosecond pulses, the transient absorption (TA) dynamics of
the suspensions are probed in a broad visible spectral range, showing clear
nonlinearities. The latter arise from pump-probe interactions that induce
the inverse Raman scattering (IRS) effect. We show how eumelanin TA
dynamics are modified in proximity of the solvent Stokes and anti-Stokes
scattering peaks, demonstrating that IRS affects the sign of TA but not the
relaxation times. We compare the results obtained in both suspensions,
unveiling the role of the surrounding environment. Eventually, the intrin-
sic response of synthetic eumelanin to ultrafast photoexcitation is evaluated.
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1. Introduction

In the picosecond/femtosecond time regime, the transient absorption can be probed by an ultra-
fast broadband white-light continuum probe pulse, delayed from the pump pulse via an optical
delay line. In case of Raman active media, Femtosecond Transient Absorption (FTA) is a valid
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tool to investigate the inverse Raman scattering (IRS), a stimulated Raman scattering process.
In IRS the anti-Stokes scattering peaks appear upside-down as opposed to the Stokes peaks
at ultrashort time delays, due to the physical processes occurring at specific energies [1–3].
In fact, the direction of stimulated processes depends on the number of vibrationally excited
species compared with the number of unexcited molecules in the medium. Upon proper exci-
tation, molecules and atoms are stimulated to emit radiation at the Stokes frequencies and to
absorb radiation at the anti-Stokes frequencies [4], since high-frequency states are not highly
populated at room temperature [1].

In this paper, we investigate the relaxation of eumelanin suspensions by means of FTA in
different solvents. We show specific features, which will be attributed to IRS, significantly af-
fecting the temporal evolution of eumelanin relaxation. The importance of recognizing the IRS
contribution in such dynamics is crucial to avoid imaging misinterpretation, since a different
number of photons could be detected, due to the stimulated Raman scattering process. Provid-
ing an in-depth analysis, we address whether or not this coherent artifact changes the decay time
constants too. Once precisely identified the IRS impact on such samples, IRS-free eumelanin
dynamics are presented, and the influence of the solvent on this pigment is discussed.

Melanins, a major class of biological pigments, are ubiquitous in nature, being found in most
organisms. They are usually classified into eumelanin, dark- brown nitrogenous pigments, and
pheomelanin, yellow to reddish pigments also containing sulphur and nitrogen [5]. Eumelanin
is a heterogeneous macromolecule of 5,6-dihydroxyindole (DHI) and its 2-carboxylated form
5,6-dihydroxyindole-2-carboxylic acid (DHICA) [6]. Melanin exhibits many interesting phys-
ical and chemical properties such as anti-oxidant and free-radical scavenger behavior, metal
and drug binding nature [7–9], and broad band UV-Vis absorption [10, 11] leading to photo-
protective function [12,13]. A strong non-radiative relaxation of photo-excited electronic states
was also measured [6]. The most diffuse form of melanin is natural eumelanin. The latter is
well known to be a highly complex system, and its high protein content makes it challenging to
investigate [10]. A simpler approach is to study synthetic eumelanin, which is instead prepared
through a nonenzymatic method [14]. The obtained pigment is considered to be an appropriate
model of the physical properties of natural eumelanin [14].

Thus far, few time-resolved investigations have been performed on eumelanin suspensions,
where molar absorptivities and relaxation pathways are estimated [15–19]. More recently, a
deeper insight into eumelanin pigments has been provided using transient absorption spec-
troscopy [20] and microscopy [21, 22]. However, to the best of our knowledge, each of these
studies explored only the temporal evolution of the transient absorption signal in the eume-
lanin, but not the spectral one. By means of a white light supercontinuum probe, it is possible
to simultaneously investigate how the FTA evolves at different probe energies. This will easily
reveal coherent artifacts occurring at specific probe energies, such as the IRS, and will allow
the analysis of the transient dynamics of eumelanin pigments over the entire visible range.

This study aims to investigate the temporal evolution of broadband spectral features in eu-
melanin pigments dispersed in different liquids using ultrafast transient light absorption in the
visible range. Our experimental results demonstrate that the intrinsic eumelanin response al-
ways consists of a positive ΔA signal, which is attributed to photoinduced absorption, in both
DMSO-methanol and HPLC-grade water. On the contrary, the negative signals observed only
at specific energies are due to the IRS effect of the solvent. To address the influence of this
coherent artifact on eumelanin FTA dynamics, three probing energies have been selected: i)
h̄ωprobe < h̄ωStokes, ii) h̄ωStokes < h̄ωprobe < h̄ωpump, iii) h̄ωpump < h̄ωprobe < h̄ωanti−Stokes. Fi-
nally, we evaluate the time constants of the intrinsic eumelanin decay processes, demonstrating
how the IRS effect changes the sign of the dynamics at very short time delays, while leaving
the time constants of the decays essentially unaltered.
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2. Materials and methods

2.1. Sample preparation

Commercial synthetic eumelanin powder produced by oxidation of tyrosine with hydrogen per-
oxide (Sigma Aldrich) was used to prepare the investigated eumelanin suspensions. Dimethyl-
sulfoxide (DMSO) eumelanin suspension was prepared by dissolving 4 mg of eumelanin pow-
der into 20 ml of DMSO-CH3OH mixture (ratio 1 : 20). Aqueous eumelanin solutions were
obtained by dissolving 50 mg of eumelanin powder into 10 ml of HPLC-grade water. The
above mixture was initially sonicated for 30 min and then centrifuged (Heraeus Megafuge 1.0
R) at 3000 rpm at 4◦C for 30 min, in order to remove larger suspended aggregates. The super-
natant was used for optical measurements. The lower solubility of eumelanin pigments in water
forced us to begin with a higher concentration of eumelanin in order to get roughly the same
amount of compound in the supernatant, as demonstrated by the absorption spectra of the two
suspensions in Fig. 1.

300 350 400 450 500 550 600 650 700 750
0.0

0.2

0.4

0.6

0.8

1.0

Wavelength/nm

N
or

m
al

iz
ed

 a
bs

or
ba

nc
e

 

 

eumalanin in HPLC−grade water
 eumelanin in DMSO−methanol

Fig. 1. Absorbance of synthetic eumelanin suspensions in HPLC-grade water (black dashed
line) and in DMSO-methanol mixture 1:20 ratio (red solid line), both normalized to ab-
sorbance of eumelanin in DMSO-methanol at 300 nm.

2.2. Optical spectroscopy investigations

UV-Vis absorption spectra were recorded at room temperature by means of a CARY VARIAN
5000 spectrophotometer. Raman spectra were recorded at room temperature by means of a
Raman confocal micro-spectrometer apparatus (Labram, Jobin-Yvon Horiba) using the 488
nm line of an Ar+ ion laser as excitation source. The laser beam was focused through a 40
mm focal length lens onto the cuvette containing the suspension. The laser power focused onto
the sample was 6 mW. Each Raman spectrum was measured with an acquisition time of 30
s. Scattered light from the sample was collected in backscattering geometry [23] (through the
same lens used to excite the sample), analyzed by means of a 1800 grooves/mm diffraction
grating, and detected by means of a CCD cooled at 223 K. The spectral resolution was ∼2
cm−1/pixel.

Femtosecond pump-probe experiments were carried out in a typical non-collinear config-
uration at room temperature (Fig. 2). A commercial diode-pumped Ti:Sapphire femtosecond
oscillator (Mai Tai, Spectra Physics), operating at a repetition rate of 78 MHz, produced pulses
of ∼ 85 fs width. These pulses were stretched and then amplified by a regenerative Ti:Sapphire
amplifier (Spitfire Pro, Spectra Physics), pumped by a Q-switched Nd3+:YLF laser (Empower,
Spectra Physics) at 1 kHz repetition rate, and finally compressed to produce 4 mJ, 85 fs pulses
at 798 nm. The amplified laser beam was divided by a beam splitter into two parts (90% trans-
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mitted and 10% reflected); the transmitted pulses were sent to an OPA (optical parametric am-
plifier, TOPAS-C, Spectra Physics) that provided 90 fs pump pulses, tunable in a broad spectral
range (290− 2600 nm). The pump beam crossed a depolarizer, then an optical chopper and
eventually it was focused onto the sample. The pump pulses (E � 5μJ pulse−1) were focused
onto a spot of � 100 μm diameter, yielding excitation densities of ∼ 2×1017 photon pulse−1

cm−2. The beam reflected by the beam splitter after the output of the Ti:Sapphire regenerative
amplifier was time delayed by using a variable optical delay line and then it was focused onto
a CaF2 crystal to generate a white light continuum (WLC) in a broad spectral range (450−800
nm). WLC was used as a probe and focussed onto the sample within the pump spot area. After
passing through the sample, the WLC was detected using a fiber-coupled CCD spectrometer.
The time resolution of the experiment was obtained by the width of the temporal cross correla-
tion between pump and probe pulses (� 200 fs). For each transient absorption measurement the
chromatic aberrations were significantly reduced using a chirp correction software procedure.

Fig. 2. Schematic representation of experimental pump & probe setup used; WLC is a CaF2
non-linear crystal used to generate the white light supercontinuum probe beam.

3. Results and discussion

Figure 1 displays the normalized absorbances at room temperature of synthetic eumelanin sus-
pensions in two different solvents: HPLC-grade water and DMSO-methanol mixture (1 : 20
ratio). Both suspensions are characterized by a strong absorption in the UV spectral region
and by a monotonic decrease at increasing wavelengths. Such a profile has been deeply inves-
tigated and partially attributed to scattering and electronic effects at the molecular level [6].
Accordingly to these spectra, FTA measurements have been carried out pumping the suspen-
sions between 300 and 500 nm and probing over the entire visible range.

3.1. Theory of IRS involved in FTA measurements

To fully understand the main contributions in the FTA measurements on eumelanin suspensions,
it is worth mentioning how the IRS process is involved in a transient absorption experiment.
The IRS is well described by the generalized Kramers-Heisenberg dispersion formula [24].
The depletion of the pump beam is consequent to the emission of a pump photon (gain process)
into the probe beam at Stokes frequencies. On the contrary, a probe beam photon annihilation

#243379 Received 18 Jun 2015; revised 2 Sep 2015; accepted 2 Sep 2015; published 17 Sep 2015 
(C) 2015 OSA 1 Oct 2015 | Vol. 6, No. 10 | DOI:10.1364/BOE.6.004000 | BIOMEDICAL OPTICS EXPRESS 4004 



(loss process) at the anti-Stokes frequencies is due to the emission of a probe photon into the
pump beam [25]. If Stokes and anti-Stokes frequencies fall into the white light supercontinuum
frequency range, Raman peaks can be observed when the time delay between pump and probe
pulses, τ , is around zero, i.e. when the two pulses are temporally overlapped.

In this temporal window it can be demonstrated that if |h̄ωprobe− h̄ωpump|= h̄ωv (where ωv is
the angular frequency of a vibrational mode of the molecule), a loss in the probe pulse intensity
at the anti-Stokes frequency can be achieved, provided that h̄ωprobe− h̄ωpump > 0; conversely, a
gain in the probe pulse intensity at Stokes frequency can occur when h̄ωprobe− h̄ωpump < 0 [26].
The loss and gain processes can be explained by considering that the Raman gain spectrum is
proportional to the opposite of the imaginary part of the third order susceptibility, ℑ(χ(3)) [27]
and that ℑ(χ(3)) > 0 at anti-Stokes frequencies while ℑ(χ(3)) < 0 at Stokes frequencies [2].
In this way, an increase (decrease) of the probe intensity at Stokes (anti-Stokes) frequencies
is experienced due to the IRS process [28]. In a FTA experiment, the variation in the probe
intensity at particular time delay and energy is proportional to the opposite of the intensity
change due to the IRS process:

ΔIFTA ∝ −ΔIIRS (1)

where ΔIFTA(h̄ω,τ) = I0
probe(h̄ω)− I pump

probe (h̄ω,τ) is defined as the difference between the
transmitted intensity in absence and in presence of the pump pulse, respectively. In the transient
absorption experiments the measured differential absorption is defined as:

ΔA(h̄ω,τ) =− log10

[
1− ΔIFTA(h̄ω,τ)

I0
probe(h̄ω)

]
. (2)

So, due to IRS, taking into account Eq. (1), ΔA is positive at anti-Stokes frequencies and nega-
tive at Stokes frequencies. In the next session we will link the IRS effect to the solvent used in
the two suspensions through clear experimental evidences.

3.2. Identification of solvent Raman features in the FTA spectral domain

In order to distinguish the sample response from the solvent contribution in FTA measure-
ments, Raman spectra of both solvents were collected (only DMSO-methanol Raman spectrum
is shown here, Fig. 3(a)).
The Raman spectrum of DMSO-methanol mixture is dominated by three narrow peaks, cen-
tered at 0.352, 0.361 and 0.365 eV, respectively. These are due to CH stretching vibrations in
both methanol (0.352 and 0.365 eV for symmetric and antisymmetric mode, respectively) and
DMSO (0.361 eV). The broad Raman band at 0.414 eV is associated to OH stretching mode in
methanol. Furthermore, the weakest peak at 0.125 eV is related to CO and SO stretching modes
in methanol and in DMSO, respectively. The feature at 0.177 eV is due to the bending of CH2

bond in methanol [29–31].
Performing FTA measurements on eumelanin suspension in the mentioned solvents, we

found a unique correspondence between the Raman peaks shown in Fig. 3(a) and the spec-
tral features observed at ultrashort time delays in Fig. 3(b). In particular, feature I corresponds
to the convolution of the CH stretching modes, feature II to the OH stretching mode, feature
III to the CH2 bending mode, and feature IV to the CO and SO stretching modes. According to
IRS theory, all the Stokes peaks (labelled from IS to IVS) shown in Fig. 3(b) display a negative
ΔA, while the anti-Stokes peaks (labelled from IaS to IVaS) experience a positive ΔA.

As further proof of the Stokes/anti-Stokes nature of the coherent artifact encountered, the
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Fig. 3. a) DMSO-methanol (ratio 1 : 20) Raman spectrum pumped with 488 nm Ar+ laser
line (Pincident � 6 mW), 30 s acquisition time. b) Transient absorption spectra of synthetic
eumelanin obtained with different pump photon energies and detected at τ ∼ 0 in DMSO-
methanol (ratio 1 : 20) suspension. The curves have been vertically shifted for clarity.

spectral evolution of the signal at τ � 0 has been analyzed at different excitation energies. As
shown in Fig. 3(b), if the pump laser energy increases, the spectral features appear at higher
energies too, maintaining a constant energy difference ΔE that is equal to the Raman shift
observed in Fig. 3(a). This uniform energy shift clearly and irrefutably proves that the observed
coherent artifact originates from a Raman scattering process.

3.3. Decoupling of IRS and FTA dynamics

According to the explanation given before on the IRS in section 3.1 and looking at the energies
of the solvent Raman peaks, we decided to excite the suspensions at 2.254 eV, in order to have
both Stokes and anti-Stokes features falling in the range of the WLC probe. Figure 4 shows
the 3D matrix of FTA for synthetic eumelanin in DMSO-methanol suspension. In this matrix,
energies of the probe pulse are reported on the x-axes, time delays on the y-axes, and transient
differential absorption signal on the z-axes. In this way, the influence of the IRS effect on the
temporal dynamics can be analyzed. The corresponding matrix for the eumelanin dispersed in
HPLC-grade water is reported in Fig. 5.

The highest intensity FTA features in Figs. 4(a) and 5(a), according to the colormap scale,
are due to the laser light diffused by the sample holder.

To compare the eumelanin dynamics in the two solvents, the same probing energies were
chosen. Specifically, the OH bond stretching, which is common to both solvents was taken as
a reference point. Thus, we chose to probe the samples at: (i) h̄ωprobe=1.741 eV (IRS-free re-
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Fig. 4. a) ΔA 3D matrix of synthetic eumelanin in DMSO-methanol suspension excited at
2.254 eV: probe energy on the x-axes, time delay on the y-axes and differential absorption
on the z-axes; the black rectangle highlights the region around τ = 0, whose spectrum
is reported in b). The A, B and C regions in b) indicate the energies at which the transient
absorption dynamics has been probed and shown in Figs. 6(A), 6(B) and 6(C), respectively.

gion), (ii) h̄ωprobe=1.823 eV, (in between the Stokes peak and the energy of the pump pulse)
and, eventually (iii) h̄ωprobe=2.460 eV (in between the energy of the pump pulse and the anti-
Stokes peak). By doing so, it was possible to give a clear explanation of the different contribu-
tions affecting the sample dynamics, as explained later. The aforementioned probing energies
are highlighted as A, B and C respectively, in Figs. 4(b) and 5(b) where the spectral evolution
of ΔA(τ � 0) is shown.

The FTA dynamics reported in Fig. 6(A) is obtained by pumping the eumelanin sample at
2.254 eV and probing it at 1.741 eV (region A in Fig. 4(b)). The eumelanin suspension exhibits
a positive ΔA signal, which is indicative of photoinduced absorption. In fact, this signal can be
associated to an excited state absorption (ESA) process where, upon pump excitation, optically
allowed transitions to higher excited states may occur [32]. The fitting routine produced a bi-
exponential decay which is in strong agreement with the experimental data (solid red line in the
graph); the decay time constants (see Table 1) are in total agreement with the results previously
reported in literature [33].

We then probed the dynamics of the sample at 1.823 eV, in between the Stokes and laser
peak energies (region B in Fig. 4(b)). An initial negative ΔA is observed, followed by a steep
rise and a subsequent bi-exponential decay. In this pump-probe configuration, the detected dy-
namics results from two different contributions: absorption by eumelanin pigment and sol-
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Fig. 5. a) ΔA 3D matrix of synthetic eumelanin in HPLC-grade water suspension excited at
2.254 eV: probe energy on the x-axes, time delay on the y-axes and differential absorption
on the z-axes; the black rectangle highlights the region around τ = 0, whose spectrum
is reported in b). The A, B and C regions in b) indicate the energies at which the transient
absorption dynamics has been probed and shown in Figs. 7(A), 7(B) and 7(C), respectively.

vent Raman scattering. The first contribution occurs at each (positive) time delay between the
pump and probe pulses, and consists of a positive ΔA (photoinduced absorption) because the
transmitted probe light in the presence of the pump pulse is lower than the one transmitted
without sample excitation. The second contribution, i.e. the Raman scattering, occurs only
in the first few hundreds fs, when pump and probe pulses are temporally overlapped. Since
h̄ωStokes < h̄ωprobe < h̄ωpump, the IRS leads to an emission of radiation by the sample, as de-
scribed by the theoretical models [25]. As this emission process can be seen as an increase of
the transmitted probe light in the FTA measurement, a negative ΔA signal is observed. There-
fore, the FTA dynamics can be explained considering that in the first few hundreds fs the ΔA
signal is mainly affected by the solvent Raman scattering, because it is much more intense than
the eumelanin signal. As soon as the probe pulse separates temporally from the pump pulse,
the nonlinear artifact does not occur anymore and the eumelanin absorption becomes the only
contribution, leading to a positive ΔA signal. The sample then relaxes to the ground state in a
bi-exponential way.

In Fig. 6(C) the dynamics of synthetic eumelanin in DMSO-methanol suspension probed at
2.460 eV (region C in Fig. 4(b)) is reported. When probing the eumelanin dynamics at energies
higher than the pump one, a bleaching process can be observed at each positive time delay.
In this case a fraction of the molecules in the ground state is promoted to an excited energy
level through the action of the pump beam. This process depletes the ground state and hence
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Fig. 6. Transient absorption dynamics of synthetic eumelanin in DMSO-methanol suspen-
sion excited at 2.254 eV and probed at: (A) 1.741 eV (h̄ωprobe < h̄ωStokes), (B) 1.823 eV
(h̄ωStokes < h̄ωprobe < h̄ωpump), and (C) 2.460 eV (h̄ωpump < h̄ωprobe < h̄ωanti−Stokes). The
red lines are the result of a fitting procedure using a bi-exponential decay function; the blue
line is the measured IRF.
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the transmitted probe intensity in the presence of the pump laser pulse is higher than the one
transmitted in absence of excitation. This bleaching process explains why the dynamics shown
in Fig. 6(C) presents a negative transient absorption signal. However, the ground state bleaching
does not explain the positive peak detected in the first hundreds fs. This feature at ultrashort time
delays can be understood only if we take into account a second contribution coming from IRS
process. Since h̄ωpump < h̄ωprobe < h̄ωanti−Stokes, the IRS artifact causes a photon loss in the
probe pulse, resulting in an apparent increase of the absorbance, thus justifying the positive ΔA
signal. In the first hundreds fs, pump and probe pulses are temporally overlapped fulfilling the
requirements for the IRS effect. After that, the eumelanin pigments bleaching process becomes
predominant, and this leads to a negative ΔA signal which recovers bi-exponentially (solid red
line in the graph).

The time constants of the decays obtained from the fitting routine for the three FTA dynamics
are comparable among them, within experimental error (see Table 1). This evidence clearly
demonstrates that the inverse Raman scattering essentially influences the amplitude and the
sign of transient absorption only at very short time delays, but it does not significantly alter the
intrinsic relaxation dynamics of the eumelanin.

The same measurements for the eumelanin suspension in HPLC-grade water are reported
in Fig. 7. It is worth noting that the temporal evolution of the FTA signal is the same as the
one reported for the eumelanin pigment suspended in DMSO-methanol. The IRS influences the
FTA measurements in the same way because of the Raman response of the solvent, in particular
owing to the stretching of OH bond, as pointed out previously. The analysis performed on the
transient absorption spectra in the HPLC-grade water suspension provides time constants that
are comparable to the ones estimated for eumelanin suspension in DMSO-methanol. This leads
us to one of the conclusions of this work: the photo-physics of eumelanin is not affected by the
solvent used, and its relaxation pathways are unaffected by the surrounding environment.

Table 1. Decay times of synthetic eumelanin suspensions in DMSO-methanol and HPLC-grade water,
both excited at 2.254 eV and obtained from the fitting procedure for the dynamics reported in Figs.
6(A), 6(B) and 6(C) and Figs. 7(A), 7(B) and 7(C), respectively.

fitting routine parameters
solvent probe energy (eV) τ1 (ps) τ2 (ps)

DMSO-methanol
1.741 1.5 ± 0.2 10.1 ± 0.9
1.823 1.6 ± 0.3 16.9 ± 1.4
2.460 1.5 ± 0.1 15.3 ± 1.2

HPLC-grade water
1.741 1.3 ± 0.4 15.2 ± 0.8
1.823 1.3 ± 0.2 13.7 ± 1.1
2.460 1.5 ± 0.3 10.4 ± 1.4

3.4. IRS-free FTA eumelanin dynamics

In order to measure the intrinsic dynamics of eumelanin, we performed additional measure-
ments at different pump and probe wavelengths (Fig. 8). In particular, we set the pump energy
at 4.133 eV to take advantage of high eumelanin absorption (Fig. 1), and we tuned the probe
energy at 2.480 eV to avoid Raman scattering artifacts. In this case, we fitted the experimen-
tal curves by using a convolution function C(t) between the instrumental response R(t) and a
sample response S(t):

C(t) = R(t)⊗S(t) =
∫ +∞

0
R(t ′)×S(t − t ′)dt ′ = ΔA(t) (3)
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Fig. 7. Transient absorption dynamics of synthetic eumelanin in HPLC-grade water sus-
pension excited at 2.254 eV and probed at: (A) 1.741 eV (h̄ωprobe < h̄ωStokes), (B) 1.823
eV (h̄ωStokes < h̄ωprobe < h̄ωpump), and (C) 2.460 eV (h̄ωpump < h̄ωprobe < h̄ωanti−Stokes).
The red lines are the result of a fitting procedure using a bi-exponential decay function; the
blue line is the measured IRF.
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The instrumental response function (IRF) R(t) is assumed to be a Gaussian [34]:

R(t) =
1

2πσ
exp

[
− t2

2σ2

]
(4)

where σ is related to the experimental full width at half maximum (FWHM) of the cross corre-
lation between pump and probe pulses according to the equation FWHM=2

√
2ln2σ .

The sample response S(t) is a bi-exponential decay function with time constants τi and ampli-
tudes Ai (i=1,2):

S(t) =
[
A1 exp

(
− t

τ1

)
+A2 exp

(
− t

τ2

)]
(5)

Figure 8 shows that a two-exponential function satisfactory fits the experimental data. On the
other hand, a three-exponential function has also been used to fit the absorption decay in
Ref. [33] for similar melanin samples. We attribute this discrepancy to a different chemical
composition and protein content between our samples (synthetic eumelanin) and those investi-
gated in Ref. [33] (eumelanin from Sepia officinalis and pheomelanin).
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Fig. 8. Transient absorption dynamics of synthetic eumelanin in (a) DMSO-methanol so-
lution and (b) HPLC-grade water, respectively, both obtained exciting at 4.133 eV and
probing at 2.480 eV; the red solid lines are the result of the fitting routine. The insets show
the short time delay dynamics.

The decay times in Table 2 are different from those reported in Table 1. The differences can
be explained taking into account the monotonic decrease of the static absorption spectrum of
eumelanin pigments. Pumping at lower energies, different excited states are involved, leading
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Table 2. Parameters obtained from the fitting procedure of the eumelanin transient absorption dynam-
ics in Fig. (8)

fitting routine parameters
solvent pump energy (eV) probe energy (eV) τ1 (ps) τ2 (ps)

DMSO-methanol 4.133 2.480 3.5 ± 0.2 35 ± 4
HPLC-grade water 4.133 2.480 3.3 ± 0.1 40 ± 5

to different decay times. In particular, pumping at lower energies gives access to fewer de-
excitation pathways, and this could reflect in longer decay times. To deeper investigate this
effect more measurements, performed at different pumping energies, would be required, but
this is beyond the scope of this work.

4. Conclusions

In this paper the inverse Raman scattering in synthetic eumelanin suspensions of different sol-
vents was investigated by means of femtosecond transient absorption spectroscopy. We studied
how IRS affects the temporal evolution of FTA and presented eumelanin dynamics free of this
coherent artifact. Tuning appropriately pump and probe pulses over the entire UV-Vis range, we
thoroughly investigated how the transient absorption of synthetic eumelanin solutions evolves
in time after photoexcitation. We found that at specific probe energies the sample transient ab-
sorption signal shows an intense peak in the first hundreds of femtoseconds. The peak sign, due
to nonlinear interaction between pump and probe pulses, could be related to emission or ab-
sorption of photons at Stokes and anti-Stokes frequencies, respectively. The same IRS features
were observed in the dynamics of eumelanin collected in both DMSO-methanol and HPLC-
grade water suspensions, even though they showed different spectral features. Through appli-
cation of fitting routines, we demonstrated that IRS did not affect the eumelanin decay times.
Moreover, we showed that the surrounding environment does not change the relaxation path-
ways since equivalent time decays were recorded for both solvents. Furthermore, by selecting
suitable pump and probe energies we were able to avoid the Raman features and measure the
intrinsic transient absorption dynamics of eumelanin. Eventually, we fitted our experimental
data and evaluated the typical relaxation times of synthetic eumelanin in DMSO-methanol and
HPLC-grade water suspensions.
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