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We report an experimental proof-of-principle of a method for recording femtosecond, time-resolved
fluorescence spectra in the visible range. The method is based on a noncollinear parametric
amplification in a beta barium borate crystal and provides time resolution of the order of 100 fs. We
demonstrate that with this method, transient fluorescence spectra as wide as 60@@wcre
recorded in a single time-delay scan. Fluorescence decay dynamics and transient spectra of
Coumarin 6 dye dissolved in aniline were measured to test the usefulness of the metk@ds ©
American Institute of Physic§DOI: 10.1063/1.1850591

Time-resolved ultrafast gating techniques, e.g., The experimental setup of the NOPA-type transient fluo-
up-conversioh and Kerr gating, have been extensively rescence spectrometer is shown in Fig. 1. A train of 60 fs,
utilized®* as powerful tools for investigating fast dynamics 0.6 mJ pulses from a 1 kHz Ti:sapphire chirped pulse ampli-
of photophysical or photochemical processes proceeding oftier was split with a 4:1 ratio. The two resulting beams were
a femtosecond time scale. frequency doubled in 0.5 mm beta barium boréBBO)

The main disadvantage of the up-conversion technique i§rystals to obtain 60 fs, 400 nm pulses. The stronger of the
a limited bandwidth determined by the phase matching conPeams served as a gate, while the weaker was used to excite
ditions in the nonlinear crystal. Because of that, the nonlineathe fluorescence in the sample. The half-wave plates HW1
crystal angle has to be optimized for different wavelengthsand HW2 were used to independently control the beam
and thus the time evolution of a broad fluorescence spectrufower in both arms from 0 up te 100 mW(gate beamand
is constructed from several separate time scans. Only rdlom O up to~12 mW (excitation beam Yet another half-
cently, it has been demonstrated that in a properly designeffave plate HW3 rotated the polarization of the gate beam by

setup‘? the bandwidth of the up-converted signal can be aP0° in order to achieve appropriate interaction in the para-
large as 10 000 ch. metric amplification procesghe crystal was cut for type |

The useful bandwidth in the Kerr gating method is Veryphase matching, which requires mutually perpendicular lin-

large, but its time resolution is limited by the response of thetd' polarizations of the fluorescence and the gate beams

Kerr medium—typically a few picoseconds for molecular Ihe gate beam was chused Y\.’ith a spherical mir(nar
liquids that are the most popular. It has been shown recentl'l m) onto a .pa.rametrlc amplifier crystz(.D.S mm-thick
BO). The excitation beam was focused with a 300 mm fo-

that application of glasses instead of liquids leads to subpi=
PP g . P al length fused silica lens into the sample flow-through cell

cosecond time resolution with a reasonable efficiency of &° X - -
few percenfm y with net thickness of 0.5 mm and windows 2.5 mm thick. A

In this letter, we report a method for recording femtosec-SOIution of Coumarin 6 dye in aniline was flowed through

ond time-resolved fluorescence spectra. It is based on a noHle cell.

collinear parametric amplification: a process that has been

widely used for amplification of the white light continuum BS S1 HW1 SH1
and which forms the basis of the noncollinear optical para- > ]
metric amplifier NOPA) technology? ' The main advantage
of using a noncollinear geometry is that it allows for a broad-
band amplification—a relatively flat gain profile in
550—800 nm range can be achievédt has been also dem- >
onstrated that a NOPA can be applied to light pulses of ex- Delay line
tremely low energyfemtojoules,**** and it has been sug- s2 L1 Sample sm2

gested that the same scheme can be applied to detect very FIGFESENGS S

weak ﬂuorescencg In this letter, we describe construction FIG. 1. Scheme of the time-resolved fluorescence spectrometer based on

and performance of a NOPA-type transient fluorescenc@oncollinear parametric amplification. BS:4:1 beam splitter; S1, S2: me-
spectrometer. chanical shutters; HW1-HW3: half-wave plates; SH1, SH2: 0.5-mm-thick
frequency-doubling BBO crystals; DM1, DM2: dichroic mirrors; L1, L2:
fused silica lenses; SM1, SM2: spherical mirrors; PA: 0.5-mm-thick para-
¥Electronic mail: fita@fuw.edu.pl metric amplification BBO crystal; and Sp: spectrograph.

Gate arm
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FIG. 2. Comparison of the steady-state fluorescence spectrum and integrated
transient fluorescence spectrum of Coumarin 6 in aniline. The latter was
obtained by integrating transient spectra over the range of available delay
times (0—100 ps$. The correction curve used to correct transient spectra is
the ratio of the two spectra.
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The fluorescence originating in the sample was collected 257 (c) ° E'::;f,sef:i';f:tdecay @ 525 nm

with a 5-cm-diameter sphericéR=600 mmn) mirror and im- 2.0 7

aged onto the parametric amplifier crystal. We adjusted the 157

direction of the fluorescence beam to match the apex angle 103 —

of the parametric superfluorescence cone emitted by the 22: . iiaae . SSNVNER
BBO crystal when illuminated by a strong gate pulse. The ' LA LI LA LA BN B B e

0

BBO crystal was rotated to achieve the widest possible spec-
trum of the parametric superfluorescence ring. Amplified
fluorescence was collected with an achromatic lens L2 and ] o
focused onto the sit of  grating specirograph ecuipped witf. %, e esohes luorescence specs o Covnr 0 e o
a CCD array. We found that the amplified fluorescence Waghe signal for short delays is accompanied by a shift of the maximum to-
so intense that neutral dens{tyD) filters had to be placed in  wards longer wavelengths, presumably caused by a vibrational cooling,
front of the slit to avoid detector saturation. Depending onwhereas the quenching of the fluorescence for longer delays is a result of
the pump beam intensity, the total optical density of the fi|terelectron transfer from the solvent to the dye molecule_s. The kinetic trace pf
set was between 2 and 5. We also recorded the stationaf eofs'%';a:jgtcg;ei?:ﬁmg_m the spectrum together with a monoexponential
fluorescence spectrum in the same setup, but with the gating
pulse blocked and ND filters removed.

To estimate the time resolution of the parametric ampli-culated as a ratio of the raw spectrum to the parametric su-
fier, a cross-correlation between 800 nm pulses leakeg@erfluorescence spectrum.
through the dichroic mirror DM2 and the gate pulses was  The dispersion of the sample cell output window as well
measured, yielding~110 fs full width at half-maximum. as the solvent itself introduces a wavelength-dependent mis-
This measurement has been done with the sample cell renatch of the zero delay. In order to correct for this effect, we
moved from the signal arm. need to know the group delays for different spectral compo-

Two mechanical shutters S1 and S2 blocking the gatgents of the fluorescence. We obtained values of these delays
and the pump beams, respectively, were used to record spy utilizing the fact that the fluorescence rise tiufined
quentially the following spectra(l) the spectrum of the as a time interval in which the signal rises from 0.05 to 0.95
parametric superfluorescence from the BBO crystal in thef the maximum valupwas very similar for different wave-
absence of the sample fluoresce(®& open, S2 closed(2)  lengths and was equal to approximately 500 fs. This allowed
the spectrum of the stationary unamplified fluorescence fronus to identify the group delay at a specific wavelength with
the sample transmitted through the BBO crys@&il closed, the delay at which the signal at this wavelength reaches one-
S2 open and (3) the summary spectrum of the amplified, half of its maximum value. The error of the group delay
gated fluorescence and both of the spectra just ligeth  obtained this way is less than the time resolution of the
shutters open The raw spectrum of the amplified, gated setup. With the group delays determined as described, we
fluorescence was obtained by subtractiig and (2) from  shifted kinetic traces for each wavelength by a proper value.
(3). This procedure is well justified, because the BBO crystal  Figure 2 shows the stationary fluorescence spectrum and
is totally transparent for visible light. We found that the the spectrum obtained by integrating the time-resolved fluo-
shape of the raw spectrum was significantly distorted due toescence spectra in the entire delay-time range covered in our
nonflat amplifier gain curve. In order to correct this, we as-experiment(0—100 pg. One would expect that the inte-
sumed that, in the lowest approximation, the shape of thgrated spectrum should well reproduce the stationary spec-
parametric superfluorescence spectrum reflects the profile afum because the time range is sufficient for the fluorescence

the gain curve. The transient fluorescence spectrum was cab decay down to less than 10% of its maximum value. Nev-
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ertheless, a spectral shift of the maxima and a slight differ~1:3. As a result, we had to resort to differential measure-
ence in the shapes of the two curves are observed. We atents to subtract the superfluorescence signal. In this case,
tribute this effect to the difference between the spectrum othe sensitivity of the method is not limited by the intensity of
the parametric superfluorescence and the gain curve of thtbe amplified fluorescence, but rather by fluctuations of the
amplification process. All the registered transient spectrgyate pulse energy.
were corrected for this distortion by using the ratio of the In conclusion, we have demonstrated experimentally a
stationary spectrum to the integrated transient spectrum asraethod for ultrafast fluorescence gating. The method, based
correction function'shown as a dotted line in Fig,).2 on noncollinear optical parametric amplification, provides

Figures 8a) and 3b) show transient spectra of Cou- subpicosecond time resolution, wide spectral bandwidth cov-
marin 6 dissolved in aniline. It is well known that intermo- ering most of the visible range, and sensitivity that is not
lecular electron transfer from electron-donating solvents likdimited by the detector noise.
aniline to a Coumarin molecule in the excited state results in )
efficient fluorescence quenchihy.Figure 3c) shows the This work has been supported by KBN grant no. 2P03B
fluorescence decay measured at 525 nm. A single exponef29 26.
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