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summary 

Information on the triplet state of puns-mono-azastilbenes (n-styrylpy- 
ridines) (n is an integer) and transdiazastilbenes (n,n’-dipyridylethylenes) 
has been obtained from a laser flash photolysis study. Transient spectra in 
the ranges 320 - 400 nm and 50 - 90 ns, which can be ascribed to the T-T 
absorption of azastilbenes, were observed at room temperature in the pres- 
ence of xanthone as a high energy triplet donor and at low temperatures by 
direct excitation. The triplet yield measured in a rigid matrix at 77 K was 
found to be markedly lower for the meta N-positional isomers. The mecha- 
nism of deactivation of the electronically excited trans-azastilbenes, hypoth- 
esized on the basis of fluorometric, photochemical and theoretical studies, 
was confirmed. 

1. Introduction 

As in the case of stilbene [ 1] , both singlet and triplet excited states of 
azastilbenes are reactive in the trans + cis photoisomerization, as demon- 
strated from sensitized experiments on styrylpyridines (n-StPs) (n is an irite- 
ger) and dipyridylethylenes (n,n’-DPEs) [ 2 - 41. An experimental study of 
the effect of temperature on the photophysical properties of trans-n-StPs has 
indicated that the activated twisting -around the central double bond, which 
is dominant at room temperature, takes place in the singlet manifold [ 5,6], 
as for stilbene [ 11. Only at low temperatures, when the rotation is inhibited, 
can the S1 + T1 intersystem crossing (ISC) become important, at least for 
some N-positional isomers. 

A theoretical study [7] of the lowest excited states of StPs and DPEs, 
based on INDO/S calculations, has shown that the Sr and T1 states have a 
~,a* stilbene-like character. The determination of the spin-orbit coupling, 
based on the interaction between ls37r,rTT* and 3*1n,a* states, has led to the 
derivation of relatively high rate constants of ISC for Z-StP and 4StP 
(1.6 X 10’ s-l and 4 X 10’ s-l respectively) and a much lower value for 
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3-StP (4 X 10’ s-i), owing to the nodal properties of the ?r and T* molecular 
orbitals in the meta position of the ring [ 5 - 91. Similar results were obtained 
for the symmetrical 2,2’-, 3,3’- and 4,4’-DPEs 17 3. These theoretical predic- 
tions are in good agreement with the experimental results on the photophys- 
ical and photochemical properties of StPs [ 5,6], showing that the activated 
twisting in the singlet manifold from the trans (‘trans) to the perpendicular 
configuration (‘perp), from which internal conversion to the “perp ground 
state and partitioning to the trans and cis forms takes place, is the main 
deactivation pathway of S1 _ In fact, the rate parameter kt, for twisting is 
always much larger than both the fluorescence and the ISC rate parameters, 
kF and kr sc, for all isomers at ambient temperature. At low temperatures, 
when kt, is drastically reduced, the competition of ISC with fluorescence 
becomes important and a substantial fraction of molecules can deactivate 
through the triplet manifold, at least for the ortho and para N-positional 
isomers [5 - 71. 

It would be interesting to obtain conclusive direct proof for this inter- 
pretation of the deactivation mechanism of azastilbenes by a flash photolysis 
study of their T, --f T, absorption. There was no direct information on the 
triplet states of these compounds. A previous attempt to detect triplet tran- 
sients by laser flash photolysis at room temperature gave negative results 
[ 101. The present study indicates that T-T absorption of azastilbenes can be 
readily observed in very viscous media or in fluid solutions by sensitization 
experiments, but triplet transients are generally undetectable by direct exci- 
tation at ambient temperature. 

2. Experimental details 

trans-n-StPs (n = 2, 3, 4) and 3,3’-DPE had been synthesized for pre- 
vious work 16, If] ; the standard procedure is described elsewhere. 2,2’- and 
4,4’-DPE were commercial products from Raschig G.m.b.H. and were 
recrystallized before use. 2-Methyltetrahydrofuran (2-MTHF) from Aldrich- 
Chemie or Merck, Darmstadt, was distilled before use by standard proce- 
dures (and was kept free of peroxides, which is important for Lxc < 300 nm). 
The samples were purged with argon. 

The corrected fluorescence spectra were recorded with a Perkin-Elmer 
MPF-44 spectrofluorometer and an Oxford Instruments cooling unit with a 
CF-204 continuous-flow cryostat. For determination of the quantum yields 
of DPEs in 3-methylpentane (3-MP) at 77 K (three independent experiments; 
mean deviation, about 5%), the standard used was 9,lOdiphenylanthracene 
under the same conditions (& = 1). For more details, see ref. 6. 

Flash photolysis measurements were carried out with two laser systems, 
the 248 nm pulse of an excimer laser (Lambda Physik, EMG 200) and the 
third and fourth harmonics of a neodymium laser (J. K. Lasers, type 2000). 
The former was applied most frequently. The excitation wavelengths 265 nm 



and 353 nm were only used for glycerol triacetate and for sensitized excita- 
tion respectively. The set-up and method of data acquisition have been de- 
scribed elsewhere [ 121. The transients of the olefin acceptors were measured 
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at relatively high concentrations (0.01 M or above), this being necessary to 
reduce the lifetime of the triplet donor (xanthone) to about 10 ns. Moreover, 
the o,Iefin fluorescence interferes with the absorption measurements (cf. ref. 
12). Therefore it was not possible to achieve good spectral separation of the 
distinct T-T absorption spectra in the presence of the sensitizer, and the tri- 
plet lifetimes reported in Table 1 have a larger error than usual (about 20%). 

TABLE 1 

Fluorescence quantum yields of azastilbenes in inert solvents at room temperature [ 2, 
61, derived parameters estimated by calculation [ 7 ] and triplet lifetimes in acetonitrile 
(data for stilbene are reported for comparison) 

Compound ha Tp= (ps) @k?F rT (ns) 

Stilbene 0.036 90 0.004 60 
a-StP 0.0008 3 0.005 70 
3-StP 0.075 221 0.009 60 
4-StP 0.0016 4 0.016 50 
2,2’-DPE 0.005 16 0.016 90 
3,3’-DPE 0.13 394 0.098 60 
4,4’-DPE 0.0004 0.8 0.004 70 

aFrom ref. 6 (for StPs in n-hexane) and ref. 2 (for DPEs in benzene)_ 

Both fluorescence and flash photolysis data in 2-MTHF have to be con- 
sidered with caution since it is probable that aggregation phenomena [133 
will influence the results at liquid nitrogen temperature with the concentra- 
tions used (about 5 X 10V5 M for $r determination and (2 - 10) X 10m4 M for 
measurement of T-T absorption). Moreover, they were not corrected for 
the changes in the ground state absorbance with temperature at &,,. 

3. Results and discussion 

Figure 1 shows the transients observed on direct excitation of the six 
compounds investigated in 2-MTHF at ‘77 K. They are assigned to the lowest 
trans triplet state by comparison with the transients formed by energy trans- 
fer from a high energy triplet donor and were clearly observable when the 
sensitizer triplet was fully quenched. It is noteworthy that no structure 
could be detected in the T-T absorption spectrum in contrast to the case of 
truns-stilbene. 

At room temperature the transient optical density AOD, which is a 
measure of the triplet yield, of StPs and DPEs is very low, as for stilbene [ 11, 
so that the transients were detectable only in the presence of sensitizers. 
Xanthone in acetonitrile (A,,, = 353 nm) was used throughout (other 
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Fig. 1. Normalized triplet-triplet absozn spectra of trans StPs and DPEs in 2-MTHF 
at 77 K (k,,, * 248 nm). 

sensitizers, e.g. benzophenone, were less suitable). The T-T absorption spec- 
tra of the olefin acceptors display their maximum around 360 nm; their life- 
time rT is shorter than 100 ns (see Table 1, last column). Only for DPEs in 
various solvents was a weak transient at 360 nm still observable at room tem- 
perature without the sensitizer. In addition to this, a long-lived stronger 
absorption around 450 nm was observed on direct excitation of DPEs. 
Further work is in progress to assign this transient, which could be due to 
hydrogen abstraction from the solvent [9,14]. 

The triplet yield and the lifetime increase on increasing the solvent vis- 
cosity and/or decreasing the temperature. A plot of log 7T-l us. T-’ has two 
distinct sections, as shown in Fig. 2 for 2-StP in glycerol triacetate and 2- 
MTHF. By analogy with previous studies on similar olefins 112, 151, two 
temperature regions can be distinguished, below and above a certain critical 
temperature (about 230 K and about 150 K for glycerol triacetate and 2- 
MTHF respectively). The behaviour is determined by the viscosity of the 
medium. In the higher temperature region it appears that a %rans + %erp 
triplet equilibrium is established. The linear dependence of log 7T-l on T-l 
below this characteristic temperature reflects the hindrance, caused by the 
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Fig. 2. Optical density from triplet absorption at 370 mn (triangles) and reciprocal life- 
time (circles) us. T-l in glycerol triacetate (full symbols) and 2-MTHF (open symbols) 
for trans 2-StP. 

increasing viscosity, to the twisting around the central double bond towards 
the perp configuration. At even lower temperatures, the triplet lifetime ap- 
proaches a constant value (e.g. 10 ms or longer in 2-MTH-F), reflecting the 
direct decay to “trans without twisting. Under such conditions, no isomeriza- 
tion occurs and the radiationless physical deactivations, namely the ‘trans + 
‘trans internal conversion and the %rans + 3trans ISC (followed by %rans + 
%rans), remain the only processes competing with fluorescence. 

Figure 2 also shows the corresponding increase in AOD for 2-StP which 
reflects the increase in the triplet yield on decreasing the temperature, In 2- 
MTHF both the change in temperature and the viscosity seem to be respon- 
sible for the increase in AOD on cooling. The limiting values measured in a 
rigid matrix were used to estimate the relative triplet quantum yields #I”’ 
reported in Table 2. Similar dependences of AOD and rr on temperature 
were also observed for 2,2’- and 4,4’-DPE in several media but were not sys- 
tematically investigated. In 2-MTHF, slightly above 77 K, rr 3 10 ms was 
measured in each case. The second transient around 450 nm observed on 
direct excitation of DPEs at ambient temperature disappeared at high vis- 
cosity. 

Rough estimation of the fluorescence lifetime rF (from the experi- 
mental GF in fluid inert solvents at room temperature [ 2,6] and the natural 
lifetimes which had been evaluated, by comparison with stilbene, from the 
oscillator strengths and electronic transition energies calculated by the 
INDO/S method [7]) indicated values of a few picoseconds for the ortho 
and para isomers and higher values (by one to two of magnitude) 
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TABLE 2 

Comparison between the absolute and relative fluorescence quantum yields and the rela- 
tive triplet yields of azastilbenes at 77 K 

Compound 

2-StP 
3.StP 
4.StP 
2,2’-DPE 
3,3’-DPE 
4,4’-DPE 

ha 
rel 

4F 
(in 3-MP) (in 2-MTHF) 

0.42 0.48 
1.00 0.82 
0.20 0.38 
0.13 0.11 
0.60 1.00 
0.07 0.02 

rel 
h 

0.45 
0.12 
0.20 
1.00 
0.25 
0.35 

aValues for StPs are taken from ref. 5; values for DPEs are from ref. 16. 

the meta isomers. From these fluorescence lifetimes, 
and the approximate ISC rate parameters calculated 
rather small $J rso given in the fourth column of Table 

__ __ ._ . 

reported in Table 1, 
[ 71, one obtains the 
1. This confirms that 

practically all decay of azastilbenes from ‘trans at room temperature occurs 
in the singlet manifold by fast internal rotation to the perp configuration 
and possibly by ‘%ertical” internal conversion to %rans. Both $v and &c 
are expected to increase markedly at low temperature when the ‘trans + ‘per-p 
rotation is inhibited. Table 2 shows the 4v values measured in 3-MP at 77 K 
together with the relative fluorescence and triplet yields in Z-MTHF at the 
same temperature. The relative yields, &?I and @BY’, were normalized to 
those of the compounds which display the maximum yield of fluorescence 
(3,3’-DPE) and triplet formation (2,2’-DPE) respectively. 

When compared with the @$?’ obtained in the same medium, the @yl of 
the azastilbenes at 77 K show a trend which is in qualitative agreement with 
what would be expected on the basis of competition between fluorescence 
and ISC. In fact, the azastilbenes with the heteroatom in the meta position, 
characterized by the highest c$~, have the lowest Asc whilst the ortho and 
para aza-analogues show the opposite behaviour. This complementarity no 
longer exists when the ortho and par-a isomers themselves are compared. 
However, this might be expected from the limited reliability of the data (see 
Section 2) and from the probable involvement of ‘trans --f %rans internal 
conversion for these particular isomers, probably resulting from strong mix- 
ing between the lowest excited singlet state of ethylenic character with the 
n,;rr* state located nearby. The contribution of this decay channel to the 
overall decay of rtrans had already been hypothesized to explain the rela- 
tively lower quantum yield & of trans + cis photoisomerization of 2- and 4- 
SW in non-polar solvents at room temperature [ 63. Internal conversion 
seemed to become negligible in polar solvents since #c increases in acetoni- 
trile up to the maximum value of about 0.5 and #+ reaches a value close to 
unity in EPA at 77 K [6,6,17]. 
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4. Conclusions 

The present findings constitute the first results on the triplet behaviour 
of azastilbenes and confirm the validity of hypotheses derived from the 
study of the fluorescence and the photoreaction mechanism. In particular 
they confirm the importance of the deactivation of ‘trans through the triplet 
manifold at low temperature when the heteroatom is ortho or para to the 
styryl group [ 5, 71. Finally, they provide evidence that internal conversion 
competes with ISC for these isomers [ 5, 61. 

Acknowledgments 

This work was performed with financial support from the Italian Con- 
siglio Nazionale delle Ricerche and the Minister0 della Pubblica Istruzione. 
The authors are grateful to Professor G. Bartocci for useful discussions and 
to Mr. L. J. Currell for technical assistance. 

References 

1 J. Saltiel. J. T. D’Agostino. E. D. Megsrity. L. Metts, K. R. Neuberger, M. Wrighton 
and 0. C. Zafiiiou, Olg. Photo&em., 3 (1973) 1. 
J. Saltiel and J. L, Charlton, in P. de Mayo fed.), Rearrangements in Ground and 
Excited States, Vol. 3, Academic Press, New York, 1980, pp. 25 - 89. 

2 D. G. Whitten and M. T. McCall, J. Am. Chem. Sot., 91 (1969) 5097. 
3 P. Bortolus, G. Favaro and U. Mazzucato, Mol. Photo&em., 2 (1970) 311. 
4 G. Cauzzo, M. Casagrande and G. Galiazzo, Mol. Photochem., 3 (1971) 59. 
5 F. Barigelletti, S. DelIonte, G. Orlandi, G. Bartocci, F. Masetti and U. Mazzucato, J. 

Chem. Sot., Faraday Tmns. I, 80 (1984) 1123. 
6 G. Bartocci, F. Masetti, U. Mazzucato and G. Galiazzo, J. Phys. Chem., 84 (1980) 

847, and references cited therein. 
U. Mazzucato, Pure Appl. Chem., 54 (1982) 1705. 

7 G. Orkndi, G. Poggi and G. Marconi, J. Chem. Sot., Faraday Trans. II, 76 (1980) 
598. 

8 A. R. Gregory, W. Siebrand and D. F. Williams, J. Am. Chem. Sot., 101 (1979) 1903. 
9 Y. J. Lee, D. G. Whitten and L. Pedersen, J. Am. Chem. Sot., 93 (1971) 6330. 

D. G. Whitten and Y. J. Lee, J. Am. Chem. Sot., 92 (1970) 415; 94 (1972) 9142. 
10 R. Bensasson, E. J. Land, U. Mazzucato and S. Monti, unpublished results, 1980. 
11 G. Beggiato, G. Favaro and U. Mazzucato, J. Heterocyclic Chem.. 7 (1970) 583. 
12 H. GBrner, J Phys. Chem., 86 (1982) 2028. 
13 F. Masetti, G. Bartocci, U. Mazzucato and E. Fischer, J. Chem. Sot., Perkin Trans. II, 

(1983) 797, 
14 A. Harriman, J. Photochem., 8 (1978) 205. 
15 H. Gijrner and D. Schulte-Frohlinde, J. Phys. Chem.. 89 (1985) 4105. 

D. Schulte-Frohlinde and H. Gijrner, Pure Appl. Chem., 51 (1979) 279. 
16 G. Bartocci, private communication, 1979. 
17 G. Bartocci, F. Masetti, U. Mazzucato, S. Dellonte and G. Orlandi, Spectrochim. Acta, 

Part A, 38 (1982) 729. 
G. Bartocci, P. Bortolus and U. Mazzucato, J. Phys. Chem., 77 (1973) 605. 


