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1. Introduction

In excited state absorption measurements intense pump. pulses
promote molecules to excited states and weak probe beams in-
duce transitions to higher lying states. The measurement of ab-
solute excited state absorption cross-sections is complicated
by the fact that the transmission of probe light depends on

the number of excited molecules, on their orientational distri-
bution and on the angle between the involved transition mo-
ments. . .

In the past several techniques have been developed. for the
measurement of absolute excited singlet state absorption cross-
sections: i) orientation free absorption spectra were measured
with pump and probe beam polarizations oriented under an angle
of 54.70 [1]); ii) the excited state absorption was investigated
after complete bleaching of the ground state [2]; and iii) the
absorption measurements were compared with numerical simula-
t1ons [3].

Here a further technique is described which avoids the
problems of orientational anisotrppy: An intense picosecond
pump pulse (frequency vp) populates the S;-state. After mole-
cular reorientation (de?ay time tp = ZTor} two probe beams are
applied. One probe pulse at frequency vp measures the excited
population and the other probe beam at frequency v; monitors
the excited state absorption. .

The method is applied to determine the absolute excited
state absorption cross-sections og(v ) of rhodamine 66 and
rhodamine B in ethanol for 3 transxtlon between the s1nglet
states S; and S4

2. Description

In Fig.1-a simplified level scheme of the rhodamine dyes is
presented. A pump pulse of frequency vp = 18.960 cm” (second
harmonic of a modelocked Nd-glass laser; duration Atp = 5 ps)
promotes the molecules to the Sl—band Excited state absorpt1on
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at frequency vp leads to trinsitions to level 6. A probe beam
of frequency vi = 9 480 cm~! excites_molecules from the S, to
the S, level. &his state is frequently termed as S, when two

weakly absorbing lower lying singlet states [4] are neglected.

After reorientation of the excited molecules in the S;-state
the transmission of the probe beam at frequency vy is given by

Te = exp [-0,(v) £ N;(2)dz) (1)

oelvy ) is the isotropic S)-S, excited state absorption cross-
section at frequency v - : .

The total'popﬁlaiion [é N3(z)dz of level 3 is monitored with
the probe beam of frequency vp. Its transmission through the
sample is - .

o ' ]
T = exp {-0;, N2 + [0y, - 0,(vp)] 1 N3(z)dz} (2)

N = Nj(z) + N3(2) is the total number density of dye molecules
in the solutidn. oy, and o(vp) are the isotropic ground state
and excited state agsorption cross-sections at frequency vp.

£ s the sample length.
2

Solving Eq. 2 for é Ny(z)dz and inserting the result into
Eq. 1 leads to - .

17(Te)log(vp)=ay,)
In(T) + o1, N2

(3)

Oelvy) =

Eq. 3 is valid when: i) the excited state population N3(r) is

- constant over the cross-sections of the probe beams, i1) "the
stimulated emission tross-section oem(v,) at frequency v is
negligibly small. iii) the transfer to Eriplet states may be
neglected, iv) the probe beams do not affect the level popula-
tions (weak probe beam powers), and v) an isotropic orientatio-
nal distribution in the Sl state is established (delay.of probe
beams ty = 21,,.). . :
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3. Experiment

The experimental setup is depicted in Fig.2. A modelocked Nd-
glass laser is used. A single pulse is selected with an electro-
optical shutter and increased in enerqy with a Nd- glass ampli-
fier. The second harmonic pump pulse is generated in a KDP cry-

stal. A BK7 glass block is used for temporal separation of the
fundamentaI and second harmonic pulses. The transmitted laser
pulses at v, and v are reduced in intensity.and reflected back
to the sample. TJhey act as time delayed probe pulses and their
transmissions are measured with detectors PDl-

KDP BK7 FR
o =1 M o 1R ’ .
o= 15} La !
Fu Fig. 2 E tal
) i xperimental arrangement. KDP,
F L, N F crystal for. second harmonic generation;
D—HPDVL K I"LDPD F, filters; BK7, glass block (length 10 cm)
-+F F-:b ' for temporal separations of probe beams
PD[J O ? and v ; S, dye sample; R, reflecting
glass wedge; PD, photodetectors.

4. Results

The parameters of the analysed dyes [5) tocether with the de-
termined excited state absorption cross-sections o_(v, ) are
listed in Table 1. The o (v, )-values are rather small. In case
of rhodamlne 6G, (v') shohld be approximately equal to the
peak S absorpt?on cross-section (transition to a position
slight*y-above the S, potential energy curve [6]). The peak .
Sp-S, absorbtion in #hodam1ne 66 is a faitor gf two larger lh?n
tge absorption (o(S 4) = 4.5x10° cmé at v=28600 cm
Our resu?ts agree w1th 9o?an and Goldschmidt [2] who found
0(5)-S4) =~ 1. 5x10-1 for rhodamine 66.

The measurement of absolute excited state absorption cross-
sections at fixed°frequencies allows the calibration of quali-
tative excited state absorption spectra which may be obta1ned
with pwcosecond 11ght continua [7]. -

Table 1 .
) ’ Rhodamine 66 Rhodamine B
concentration . 1.65x107° N 2.9x107° M
sélvent éthapb] - ethanol

o 4.17x10716 cp? 2.1x10716 cn?
oplv) 5x10"17 cn? 5x10717 ¢m?

0 (v, ) " (2 +-0.2)x10717 cn? (4 + 1)x10718 cm?
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