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‘A’ +- 1 ‘A’ transition of cis,tuans-1,3,5,7-octatetraene. 
However, comparison of the one- and two-photon fluorescence excitation spectra shows 
clearly that the carrier of the spectrum has inversion symmetry, as expected for tram, trans- 
1,3,5,7-octatetraene. The one-photon spectrum is built on b, 





Energy Above S 2 Origin I cm” 

FIG. 1. The S,+& fluorescence excitation spectrum of truns,truns- 

1,3,5,7-octatetraene in a He free 
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surements was limited both by the 175 MHz bandwidth of 
the oscilloscope and the 15 ns 
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TABLE I. (Continued.) 
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Assignment” Frequency (cm-‘) A Intensity Lifetime (ns) 

v45 (b”) 

v48+2v16+v17 

v47+97 

v48+v14 
v+$ (b,) 

v46+v15 

v44+v16 

v4,+4v1, 

v48+v13+v16 

v48+v12+v17 

v47+v13 

Y9 (b”) 

v48 + lr6 

v39+v16 

v48+v7+v16 

v38+v16 

v47 + Y 

v48+v12+2v16 

v47+v12+v16 

%z+%+“II 
lr46 f v7 

v48fv17+v6~ 
and/or v46+v12fv16r 
and/or v3, + vi5 

v48+v14+v13. 
and/or v38 + v,~ 

870.5 
873.3 
875.4 
883.3 
894.3 
922.5 
957.8 
964.8 
967.8 
970.2 
978.6 

1003.7 
1009.1 
1061.0 
1080.0 
1084.4 
1210.8 
1225.2 
1275.5 
1279.6 
1283.8 
1289.1 
1300.0 
1302.3 
1303.5 
1343.3 
1415.7 
1436.5 
1444.2 
1477.8 
1490.1 
1498.7 
1508.7 
1515.0 
1526.9 
1532.3 
1545.3 
1560.9 
1588.3 
1610.8 
1615.4 
1619.4 
1638.4 
1670.9 
1752.0 
1755.3 
1758.9 
1787.5 
1797.9 
1812.4 
1843.3 
1849.3 
1870.2 
1897.2 
1926.7 
1947.3 
1954.2 
1981.4 
2007.9 

2029.6 
2044.1 

2046.4 1.0 
2090.4 1.0 

1.4 

2.2 
0.7 

2.0 

2.0 

-0.5 
-0.3 

0.6 

0.0 
0.5 
0.0 
1.6 
0.5 

0.3 

0.6 
0.0 

-0.6 
-0.4 

0.1 
-0.1 
-0.8 
-1.0 

0.6 
0.2 
0.4 

-1.1 
-1.1 
-1.1 
- 1.4 
-2.2 

2.1 
0.4 
1.2 
0.2 
0;3 
0.3 
0.2 

-0.7 
-0.8 

8.7 
6.3 
5.1 
0.7 
0.2 
1.5 
2.2 
4.3 
3.2 
5.2 
1.0 
1.1 
3.2 
1.1 
8.9 
0.4 
4.2 

45.4 
8.4 
4.9 
2.5 

2.7 
2.2 
0.1 
5.7 
1.0 
1.6 

10.4 
3.2 
3.7 
8.8 

18.7 
0.5 
3.3 
2.2 

23.8 
5.3 
4.6 
2.1 
2.0 
2.5 
4.1 
1.4 
1.6 
1.8 
8.2 

92.0 
5.3 
5.5 

13.1 
2.6 
7.0 
2.5 
1.1 
1.5 
2.3 
3.6 

2.4 
0.8 

231 
253 
240 

242 
227 
242 
220 
258 

266 
286 
248 
212 

196 
235 
203 
201 
197 

194 

179 

173 
174 
174 
169 
171 

169 

166 
164 

157 

148 
145 
149 
136 
137 
140 
137 
120 

112 
110 

109 

100 
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FIG. 5. Fluorescence excitation spectra of the origin region taken at He stagnation pressures of 1.50, 260, and 480 Torr. The spectra show the vibronic 
origin of the spectrum 04s, as well as several hot-band transitions at lower frequencies. For higher He stagnation pressures, hot-band transitions decrease 
in intensity due to vibrational cooling. The two sequences of bands correspond to Au= - 1 and Au= + 1 transitions in the v4s promoting mode. 

Gu=To+o,(u+f> -~~x,(v+i)~, (1) 
where To contains the contributions to zero-point energy 
of all modes except for the v4s. The frequency of 04s iS 
given by 

El,,t,=To+&-- ($)2 co&-&I;+ (f)2 a&‘, (2) 

and that of the first (most intense) Av= - 1 hot band by 

E,,_,,,=T,+~~w:-(~)20~~-~~w:+(~)20dc~. (3) 

Using the appropriate relations for the frequencies of other 
bands, we can derive the following expressions: 

A2,,~,,=El,~,,-E,,_2,,=2wf- 120&‘= 173.7 cm-‘, 
(4) 

A -E 2,-o,- ,,_,,,-E,,_,,,=2~~-12~~~=152.8 cm-‘, 
(5) 

A~rr_lrr=E2,3,,-E2,-1,,=2~C-20w~x:=174.4 cm-‘, 
(6) 

A3,-1,=E3,-2,,-E1,-2,,=2~:-20w~x:= 153.5 cm-‘. 
(7) 

Equations (4)-(7) allow the determination of the har- 
monic frequencies and anharmonicities for v48 in the 
ground and excited states, and these can be used to calcu- 

late frequency of the 2 ‘Ag+ 1 ‘A, electronic origin (Table 
IV). The ‘& frequency is exactly the same as the energy 
difference between the one- and two-photon origins. That 
the excited state frequency is significantly lower than the 
ground state frequency and both of the anharmonicities 

t93und be of  And o46lo83se 
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involving CC stretches. In contrast to the S1 state, the 
vi7 mode is significantly more intense than vi6 in the 
,S’,&‘,, 
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hexatriene would be above this energy. Assuming that cis- 
and trans-hexatriene decay with similar nonradiative decay 
rates, we would have been unable to detect trans- 
hexatriene fluorescence in our experiment.28 We conclude 
that the 2 ?qg+ 1 ‘A, transitions of all-trans-trienes have 
not been observed due to a combination of small transition 
moments and fast nonradiative decays. Finally, it is impor- 
tant to emphasize the danger of making conclusions about 
the excited state structure and dynamics of tetraenes (the 
most fluorescent of linear polyenes) based on observations 
on trienes, considered nonfluorescent until recently.28 

Comparison of the relative intensities of the origins of 
Si -Se and S,+Se fluorescence excitation spectra in mixed 
crystals for cis, trans- ( 1:20) and trans, trans-octatetraene 
( 1: 105) suggests that the S, -Se spectrum is - 5000 stron- 
ger for the noncentrosymmetric isomer.24p29>50 This obser- 
vation implies that an unattainable level of purity of the 
tram, trans isomer would be necessary to observe the spec- 
trum. Such a comparison of intensities relies on (i) the 
assumption that the S2+So transition strengths and fluo- 
rescence quantum 
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tailed data on the 2 ‘A, states of isolated, all-trans poly- 
enes. Comparison of the one- and two-photon excitation 
spectra of trans, trans-octatetraene under the collision-free 
conditions offers an unprecedented view of the photophys- 
its of this prototypical molecule. Measurements of the 
structure and dynamics in the S2, Sl, and So states of all- 
trans-octatetraene under the collision-free conditions of 
free-jet expansions provide benchmarks for theoretical cal- 
culations and for comparison of the effects of conjugation 
length, alkyl substitution, and solvent perturbations on the 
electronic structure of linear polyenes. 
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