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A measurement system for ultrafast time-resolved fluorescence spectroscopy was constructed based on elec-
tronic Kerr effect. Suitable Kerr medium was searched among glasses and isotropic single crystals by using
the Z-scan method that can eval uate two-photon absorption coefficient and photo-induced refractive index
change. With optimization of design of the optical system, we achieved the time resolution of 180 femto-
second, 5 % gating transmittance and the one-order-faster data acquisition than conventional method.
Time-resolved spectrawere measured for photoactive yellow protein (PYP). The Kerr-gating system enabled
for the first time to obtain the 2-dimensiona, time- wavelength mapping of time-resolved fluorescence spectra
in the femto-pico-second time region. Vibrating behavior of fluorescence intensity peak was clearly recog-
nized, which is curious and has never seen in dye solution systems at room temperature. It suggests that, in
PY P, chromophoreis energetically isolated from the main structure of amino-acid chain and that photo-excited
energy is dissipates through specific channels.
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Fig. 1 (a) The retinal chromophore of bacteriorhodopsin
(BR). BR hasaretinal linked to Lys216 via a proto-
nated Sciff base. (b) The p-coumaryl chromophore
of PYP. The chromophore is covaently bound to a
unique cyctein (Cys69) in the apoPY Pviathiol ester
bond.
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Fig. 2 (a) The photocycle of BR. Each photo-intermediate
can be distinguished with absorbance spectrum. The
absorbance maximum of photo-intermediate BR
(dark state), J, L, M, M, N, O is 570, 625, 610, 550,
410, 570, 640 nm, respectively. The
photointermediates are indicated differences in the
chromophore environment. In Fig, theretina envi-
ronments are shown as schematic drawing, for ex-
ample, the M intermediate represents the intermedi-
ate with 13-cis retinal (isomeization chromophore)
and with an deprotonated Schiff base, whose absorp-
tion maximum is near 410 nm. (b) The photocycle
of PYP. Adopted from (Imamoto, et a., 1996). The
wavy and solid lines show the photochemical and
thermal reaction, respectively. The (difference) ab-
sorption maxima of the intermediates are indicated
in brackets. The transition temperature of each con-
version is shown beside the arrows. The near-UV
intermediate (PY Py) was not detected in low tem-
perature experiments. Thelaser flash photolysishas
revealed PY P, decays with a 500 sec lifetime to
PY Py, which itself subsequently returns to the dark
state with a 500 msec time constant at pH 7 at room
temperature (Genick, et al., 1997).
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Fig. 3 Schematic diagram of time-resolved luminescence
spectroscopy based on optical Kerr gate.
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Table 1 Linear absorption edges A and obtained values of
y2 and y/B by Z-scan experiments.

Materids ~ Ac (nm) y? (cm¥W?2) /3 (cm)
(Crystals) SITiOs 393 40x1028 42x10*
*YSZ 299 3.2x10% 15x103
MgO 215 41x103% 2.6x10*
(Glass) SFS1 374 71x102% 4.4x10*
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Fig. 4 Log-log plot of integrated intensity of emission spec-
trum due to two-photon absorption as a function of
incident intensity. Closed circles, open circles and
closed triangles are results for SrTiOz with 0.1, 0.3
and 0.5 mm thickness, respectively. Theoptical Kerr-
gate transmittances are al so plotted by squares. Solid
lines are fitting curves proportional to square of the
incident power. The broken line indicates the inci-
dent power employed for measurements.
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Fig. 5 Stationary spectra of absorption and luminescence
for PY Pat room temperature. The excitation energy,
wy, both for the stationary and the time-resolved |u-
minescence measurements is 24390 cm! (410 nm)
indicated by the thick arrow. The dotted line repre-
sents the energy, o, at the crossing point of the ab-
sorption and luminescence spectra. The schematic
potential-energy diagram isillustrated in the inset
with axo, i, and the emitted photon energy of «w, at
the luminescence peak.
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Fig. 6 Time-resolved luminescence spectrafor PY Pat room
temperature are plotted in contour representation.
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Fig. 7 Normalized spectra by the peak intensity at each
wavelength obtained from the datain Fig. 6. Black
tracing arrows are drawn to guide the eye.
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