Fluorescence excitation spectra of the S, states of isolated trienes
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FIG. 1. The fluorescence excitation spectrum of hexatriene. The abscissa
shows both absolute energy and energy shift from the origin. The molec-
ular beam was formed by coexpanding hexatriene with helium at a pres-
sure of 575 Torr. The origin is at 34 384 cm ™ 1.

which the 2 1A3¢—1 ‘Ag transition is symmetry forbidden.'
Analogous observation of parailel bands in the
2 ]A 1 1A spectrum of dlphenylbutadlene also has been
ascrlbed to mlxmg between the 2 1A and 1 B states.”
The ratio of the FE spectrum 1ntens1ty relatlve to the
REMPI spectrum'® drops rapldly between the peaks at

shows both absolute energy and energy shift from the origin. Also shown
are lifetimes for the major peaks. The error bars correspond to one stan-
dard deviation determined from the fit of the fluorescence decays to single
exponentials. The origin is at 33 648 cm ~'.

are shown in Fig. 2. The frequencies, intensities, and life-
times of stronger peaks are given in Table II. Qualitatively,
the FE spectrum is similar to the REMPI spectrum of a
cis-octatriene isomer.!® The smaller fluorescence yields of
other isomers that are present in the sample precludes their
detection in our experiments. In the REMPI study, the
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247-263 cm ~ ! (not shown). However, the REMPI spec-
trum is seen to increase in intensity for >4000 cm !
above the origin.'®

The fluorescence excitation spectrum of octatriene, as
well as the fluorescence lifetimes measured at several peaks

TABLE 1. The frequencies, relative integrated intensities, and the ratios
of FE to REMPI (Ref. 18) integrated intensities for the major peaks in
e 7 '4 1 'd fluorescencp oxgitation svecyum of hexatriene All in-

Frequency (cm ') Relative miensity T FE/REMEL
0(34384.7cm~1)?® 49.7 0.94

5.7 100.0 1.00
71.3 11.5 0.96
157.7 5.5 0.45
247-263° 2.2 0.2

*The origin is assigned to the lowest energy peak, as opposed to the more
intense peak of the doublet at the origin as in Ref. 18.

"Due to low intensity of the FE spectrum, the peaks in this region are
considered as a group.

22 34 68

57 8.3 56
82 7.5 66
89 56.7 59
96 3.9 63
107 6.1 70
114 42.6 57
121 11.7 66
134 7.4 75
136 7.2 66
149 1NN N i 59

158 451 57
163 60.7 63
164 453 66
168 16.3 71
184 7.4 56
197 14.1 51
211 23.4 51
219 21.3 50
234 72 45
239 5.7 21
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overlap of spectra belongmg to two distinct cis-isomers ob-  below this energy. Thus in hexatriene there are at least two
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tion limit, while the REMPI spectrum has further vibra-

tional structure followed by a rising continuous

absorption. '
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Tatriene ISOIMETS. 101€ MArkKea aecrease I tne NUorescence
lifetimes shown in Fig. 2 coincides with the drop in FE
spectral intensity relative to the REMPI spectrum.'® This
implies a sudden decrease in the fluorescence quantum
yields as in hexatriene.

Even though the S, states of hexatriene and octatriene
have similar electronic structures, their spectra are remark-

more peaks, indicates that the 3, state surtace has some
complex features. Buma et a/. made a proposal supported

plane distortion of the terminal hydrogens which give rise
10 twe digtinct geemstriossin the-§, rinte. !

hexatriene. This difference is reminiscent of the differences
between the T') S, spectra of glyoxal and biacetyl. It was
proposed that the methyl groups in biacetyl undergo a 60°

the coupling between the S; and another dark state
Although the octatriene lifetimes are significantly
longer than those of hexatnene, thelr shortness (relative to

origin ooin ar€ mgicanve oI nonraaiative aecay by oarrier
crossing. The transition from discrete vibrational structure
to the continuous absorption seen in the REMPI spectrum
at higher energies probably implies an abrupt increase in
the density of states above the barrier. As in hexatriene,
there is evidence for two distinct nonradiative decay mech-
anisms.

decatetraene and a/l-trans-nonatetraene Show rich progres-
sions in low frequency skeletal distortions, and carbon-

A - 7 < =l L0 oan . R - - s . 4 * A . LR S 1
— _b'y‘ WU ititu patcu‘lﬂ’tﬁj‘ﬁsfl_uafﬁﬁs"ayﬁfﬁﬁ'g"m daetu vu-uf o —carboirst, clfci‘ﬂﬁs ulud‘CS', anu arc euus.stem—mm —_—

structures in their S state.® However, the presence of

many low frestencimiteditbhonisnthotathompoliona hoole
The presence of th § Eggvgzmmsmke_meﬁnmmm_bwsmmﬂehendmundmmmr_

tion. The fluorescence lifetimes of both tetraenes decrease
above ~2000 cm ~! due to the opening of a nonradiative
decay channels, with barriers that are an order of magni-

groups In addltlon, torsmn of the C:C bonds and out- of-

ogous to the hydrogen bending proposed for hexatriene,

also may contribute,!!'%18

The 15 ns upper limit for the cis-hexatriene S, state
lifetime is considerably shorter than the ~ 350 ns decays
observed for isolated all-trans-decatetraene and
all-trans-nonatetraene.® This indicates that, even at the or-
igin, the fluorescence quantum yield of hexatriene is signif-
icantly less than unity. Relative lifetimes as a function of
vibronic energy can be deduced from ratios of relative FE
to REMPI integrated intensities in Table I. The intensity
of lines in the REMPI spectra mainly are dictated by the
absorption of the species (assummg that the ionization rate

tra are controlled by the product of the absorption cross
S uni T ey oo Rrre—diTere. .
the intensity ratios from unity starting with peak at 157.7
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trlenes to torsron around the central C_C bond Wthh has

theoretical calculations.>!%11:13.14

Another important issue is the identification of the iso-
meric species responsible for the spectra. Despite having
sufficient sensitivity to detect fluorescence from one cis-
octatriene and one cis-hexatriene isomers, we could find no
features due to the all-trans-octatriene, other cis-isomers,
or trans-hexatriene, which show vibrational features in the
REMPI spectra.'®!® Based on the strength of all-trans-
decatetraene and nonatetraene S, S, spectra, the absorp-
tion strength of all-trans-trienes should be sufficient for the
detection of an FE spectrum provided that the zrans-iso-
mers are fluorescent. Therefore, the species not observed in
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stable than the ali-trans-isomers in the S, state, which is
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for greater stability of cis-trienes in the S states should be
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