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Abstract. The effect of the nitrogen heteroatom on the excited state properties of trans-l-styryl- 
naphthalene (1-StN) and trans-9-styrylphenanthrene (9-StPh) has been investigated by fluorimetric 
and photochemical techniques. The relaxation processes of two aza analogues of each of these 
diarylethylenes, bearing the nitrogen atom in the mono- and polycyclic aryl group, respectively, 
were studied in different solvents and over a large temperature range. The aza derivatives have 
smaller radiative and large reactive decay yields compared with the parent hydrocarbons. The 
polar solvent reduces the torsional energy barrier and favours the trans cis photoisomerization 
while intramolecular hydrogen bonding may slow down the rate of the reactive deactivation. 

Introduction 

The insertion of one or more heteroatoms in the phenyl 
group(s) of trans-stilbene (S) markedly affects its photo- 
physical and photochemical behaviour ' v 2 .  The effect of 
the nitrogen atom has been mainly investigated for the 
trans isomers of the three isomeric styrylpyridines (n-StP) 
and the three symmetrical 1,2-di(n-pyridyl)ethenes ( n -  
DPE), with n = 2, 3, 4 ) ' ~ ~ - ~ .  It has been shown that the N 
atom in the ortho or para position with respect to the 
ethene bridge ( n  = 2 and 4) leads to a decrease of both 
the fluorescence and trans + cis photoisomerization 
quantum yield (the latter being particularly low for DPEs) 
in non-polar solvents compared with stilbene and the aza 
derivatives with N in meta position ( n  = 3). This be- 
haviour has been attributed to concurrent internal conver- 
sion (IC) to the ground state induced by the yibronic 
coupling between the closely located '(n,.rr * ) and (T,T * ) 
states. All these trans isomers were found to be character- 
ized by a very small yield of intersystem crossing (ISC)6 
similar to the case of the parent hydrocarbon, trans-stil- 
bene7. Therefore, as for stilbene, the isomerization pro- 
ceeds in the singlet manifold by a 'trans * + ' pep  * twist- 
ing to the perpendicular configuration from which IC to 
the ground state lperp and partitioning (almost 50 : S O )  to 
the trans and cis ground-state isomers takes place'. The 
ground-state conformational equilibria of these N-posi- 
tional isomers of trans-azastilbene have also been in- 
vestigated'.''. Similar studies of the effect of the position 
of the styryl substituent on photoisomerization and ro- 
tamerism have also been reported for styrylquinolines and 
isoquinolines' '. 
Since we have previously investigated several series of 
stilbene-like molecules where one (or both) phenyl 
group(s) were replaced by larger polycyclic aryl groups", 
it was interesting to study the N-atom effect in some 
trans-1,2-diarylethene analogues bearing the heteroatom 
in the phenyl or in the polycyclic group, respectively. 
Preliminary measurements on the n-pyridyl ( n  = 2, 3, 4) 
derivatives of the n-naphthyl- l 3  and n-phenanth- 

ry l e thene~ '~  have shown that when the nitrogen is intro- 
duced into the phenyl ring, its effect differs in the ortho 
and para positions compared with the meta position, in a 
similar fashion to that observed in azastilbenes. As an 
example, in both series of the l-(l-naphthyl)-2-(n- 
pyridy1)ethene (1,n-NPE) and 1-(9-~henanthryl)-2-(n- 
pyridy1)ethene (9,n-PhPE) isomers, we found that the 
meta compound ( n  = 3) behaved similarly to the corre- 
sponding hydrocarbons, 1-styrylnaphthalene (1-StN)'2*'s 
and 9-styrylphenanthrene (9-StPh)I6, while the ortho ( n  = 
2) and para ( n  = 4 )  compounds showed a substantial 
reduction in the yield of radiative deactivation but a 
parallel increase of the yield of the reactive pathway. 
Similar behaviour has been observed when the nitrogen 
atom is in the polycyclic group and in the same ring as the 
styryl substituent 17. On the other hand, when the N atom 
is in a ring of the polycyclic group different from that 
bearing the styryl substituent, its effect was much less 
important, the photochemistry and photophysics being 
similar to that of the corresponding hydr~carbon"~ '~ .  To 
analyze these effects, systematic research was carried out 
on two aza analogues of both 1-StN and 9-StPh. The study 
of the temperature and solvent effects on the spectral 
properties and on the photophysical and photochemical 
parameters of the molecules investigated, and a compari- 
son with the known behaviour of StPs and DPEs, allowed 
a clear description to be given of their excited state 
properties. 

Experimental 

The tram isomers of the following compounds were investigated: 
1-styrylnaphthalene (1-StN) and its aza analogues I-(l-naphthyl)-2- 
(4-pyridy1)ethene (1,4-NPE) and 4-styrylquinoline (4-StQ), 9- 
styrylphenanthrene (9-StPh) and its aza analogues 1-(9-phenanthryl)- 
2-(4-pyridyl)ethene (9,4-PhPE) and 10-styryl-I-azaphenanthrene 

a IUPAC name: 5-styrylbenzo [f] quinoline 
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Table I Absorption and emission maxima of trans-I-StN, trans-9-StPh and some of their aza analogues in MCH/3MP (dielectric constant, D 2.0), 
PrCN (D 24.8) and EtOH ( D  24.6) at room temperature. Values in parentheses refer to the molar extinction coefficient, E ( lo4  M - ' . c m - ' ) .  
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Trans 
isomer 

1-StN 

1,4-NPE 

4-StQ 

9-StPh 

9,4-PhPE 

10-St-I-APh 

Solvent 

MCH/3MP (9/1) 
PrCN 
EtOH 
MCH/3MP (9/1) 
PrCN 
EtOH 
MCH/3MP (9/1) 
PrCN 
EtOH 
MCH/3MP (9/1) 
PrCN 
EtOH 
MCH/3MP (9/1) 
PrCN 
EtOH 
MCH/3MP (9/1) 
PrCN 
EtOH 

(10-St-I-APh). The cis isomers, needed for the spectrophotometric 
measurements of the photoreaction yield, were obtained by photoiso- 
merization of the trans isomers on preparative scale. All compounds 
had been prepared previously I 3 . I 4 .  Their purity was checked by 
HPLC analysis using a Waters apparatus equipped with an Erbasil 
C,, column and a UV detector (eluent: MeCN/H,O 80/20 v/v). 
The solvents acetonitrile (MeCN), butyronitrile (PrCN), methylcyclo- 
hexane (MCH) and 3-methylpentane (3MP), all from Carlo Erba RP, 
were purified by standard procedures before use. 
The trans + cis photoisomerization quantum yield (4, - ~ ,  mean 
deviation, ca. 7%) was determined by irradiation of an olefin solu- 
tion (10-3-10-4 M) at 313 or 366 nm using an Osram HBO 200 W 
mercury lamp coupled with Balzers interference filters. The conver- 
sion percentage, measured spectrophotometrically (Perkin-Elmer, 
Lambda 5) and by HPLC, was held at below 10% to avoid competi- 
tion from the back-photoreaction. 
The fluorescence spectra and quantum yields ( I $ ~ )  were measured 
with a SPEX Fluorolog-2 F112AI spectrofluorometer. The quantum 
yield determinations (mean deviation of three independent experi- 
ments, ca. 5%) were carried out in dilute solutions (absorbance 
I 0.1 at the excitation wavelength) using 9,lO-diphenylanthracene in 
cyclohexane (4F 0.93)'' as standard. The fluorescence lifetimes ( T ~ ,  
mean deviation of three independent experiments, I 5 % )  were 
measured by an Edinburgh Instrument 199s fluorescence spectroflu- 
orometer. 
A cryostat (Oxford Instruments DN 1704) was used to control the 
temperature in the 77-350K range. For measurements of 4F as a 
function of temperature, the value at room temperature was used as 
a reference, taking into account the changes in absorbance and 
refractive index with temperature. The + F  and T~ values at 77K 
were measured in fast cooling experiments by direct immersion in 
pure nitrogen. 
The solutions were deoxygenated by purging with nitrogen. 

Results and discussion 

Spectral properties 

Table I shows the absorption and fluorescence properties 
of the six trans isomers investigated in different solvents. 
They show a strong unstructured absorption in the region 
280-360 nm, characteristic of a "stilbenic" system. The 
phenanthrenic derivative with the N atom in the poly- 
cyclic group, 10-St-1-APh, shows a marked red shift (ca .  
1700 cm-') with respect to the parent hydrocarbon, 9- 
StPh, probably due to intramolecular hydrogen bonds 
favouring more planar geometries. In fact, theoretical 
calculations have indicated an angle cp = 20" around the 
arene-ethene bond for the equilibrium conformation of 
9-StPh in the ground stateI6. No sign of n + a * transi- 
tions was observed, these being hidden by the intense 
So-S, (a a * transition. 

Absorption 
(cm - ' 1 

31150 [2.0] 
30770 [2.2] 
30860 [2.3] 
30770 [1.8] 
30490 [ 1.91 
30120 [1.9] 
31250 [1.9] 
30770 [2.2] 
30300 [2.1] 
31150 [2.2] 
30680 [2.4] 
30860 [2.51 
30770 [1.8] 
30490 [1.9] 
30030 [1.8] 
29410 [2.4] 
29410 [2.5] 
29410 [2.3] 

Fluorescence 
cmax (cm-') 

27100-2577O-2469Os 
26810-2558O-2415Os 
26950-2564O-2451Os 
26810-25640-24270 
24570 
24040 

24570 
23700 

26670"25380-24040 

26600-25 190-23920" 
26320-2488O-2353Os 
26390-2500O-2375Os 
26320-24880-23590 
23980 
23530 

24390 
23530 

261 10-24750-23470' 

The fluorescence spectra show a structured band in the 
non-polar solvent in the region 370-420 nm with vibronic 
interval Au g 1300 cm-' for the aza derivatives of 1-StN 
and Av = 1400 cm-' for those of 9-StPh, characteristic of 
the naphthyl and phenanthryl chromophores, respectively. 
In polar solvents, a red shift was observed for both the 
absorption and emission spectra indicating that the lowest 
emitting state has an ionic nature ('La-'BU), as already 
found for the parent hydrocarbons and in agreement with 
the theoretical description". Moreover, a loss of vibronic 
structure was found in the emission band for the aza 
derivatives. No significative changes in the spectral shape 

1 -styrylnaphthalene 
(1 -stN) 

9-styry lphenanthrene 
(9-StPh) 

1 -( 1 -naphthyl>2-(4'py~idyl)ethene 
(1,4'-NPE) 

1 -(9-phenanthryI)-2-(4'-pyridyl)ethene 
(9,4'-PhPE) 

4-styrylquinoline 
(4-StQ) 

Scheme 1. Trans isomers inuestigated. 

10-styryl-1 -azaphenanthrene 
(10-St-1 -Mh) 
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Figure I .  Absorption and fluorescence (normalized at unitary area) 
spectra of trans-10-St - I-APh in a non-polar solvent as a function of 
temperature. 

4F 4,+= ~ ~ ( n s )  k F ( l O * s - ' )  4F &,-.= ~ ~ ( n s )  ~ F ( I o ' s - ' )  4 F  4,-.c T F  (ns) ~ F ( I O ' S - ' )  

0.72 0.15 1.8 4.0 0.39 0.27 1.0 3.9 0.38 0.28 1.1 3.6 
0.10 0.58 0.22 4.6 0.038 0.51 1 0 . 2  2 1.9 0.027 0.48 I 0.2 2 1.4 
0.011 0.26 < 0.2 2 0.55 0.006 0.41 I 0.2 2 0.3 0.009 0.53 I 0.2 2 0.45 

1.4 0.69 0.14 4.0 1.7 0.42 0.24 3.0 1.4 
0.15 0.47 0.73 2.1 0.051 0.39 10.2 2 2.6 0.031 0.38 I 0.2 2 1.6 

1.5 0.56 0.10 4.6 1.2 0.55 0.14 3.1 1.8 0.52 0.13 3.4 

0.40 0.21 2.9 

were observed between PrCN and EtOH thus indicating 
that intermolecular H bonds do not play an important 
role. 
Decreasing temperature and increasing viscosity produced 
substantial changes in the spectral shape. In particular, a 
red shift of the bands and the appearance of a vibroriic 
structure (with an intensity increase in the vibronic com- 
ponents at lower energies) and an increase in the vibra- 
tional interval was found (Figure 1). This behaviour, simi- 
lar to that already observed for trans-stilbene" and StPs', 
has been explained on the basis of excitation of different 
distributions of non-planar conformations in these flexible 
molecules, due to different twist angles around the 
arene-ethene quasi-single bonds in the ground state. 
In the emission spectra one can distinguish between two 
cases: (i) when the emission originates from a relaxed 
geometry in S,, the spectrum is already structured at 
room temperature and (ii) when the emission comes from 
Franck-Condon states, the spectrum only shows a vi- 
bronic structure in rigid matrices (see Figure 2) .  

Photophysics and photochemistry 

Table I1 shows the fluorescence quantum yields, lifetimes 
and kinetic parameters and the photoisomerization quan- 
tum yields of the trans compounds investigated in three 
low-viscosity solvents of different polarity and proticity at 
room temperature. These values are in a reasonable 
agreement with those previously reported, when available 
in the same or similar  solvent^'^-'^. 
The results of Table I1 in the non-polar solvent show that 
the n,a*  states introduced by the heteroatom have a 
much smaller effect compared to that found for azastil- 
b e n e ~ ~ - ~ .  This is probably due to reduced proximity and 
then to smaller interaction of the lowest '(a,a * )  state of 

0.4 ' Absbrption Emjssion ' 4-StQ 1 
in PrCN 

(1) 293 K 

.. 

300 400 5 0 0  600 

X (nml 
Figure 2. Absorption and fluorescence (normalized at unitary urea) 
spectra of trans-4-StQ in PrCN as a function of temperature. 

arylic or ethenic character with the upper ] ( n , a  * )  states. 
In this solvent, the presence of the heteroatom causes a 
decrease in the emission yield of the hydrocarbon (small 
for 10-St-1-APh but particularly high for 4-StQ) and an 
increase in the photoreaction yield (not observed for 
10-St-1-APh but high for the 4-pyridyl derivatives). The 
polar solvents, both aprotic and protic, lead to a decrease 
in 4F (not observed for 10-St-1-APh) and to an increase 
of +t.+c in the hydrocarbons and 4-StQ while a small 
decrease and a substantial decrease were found in the 
APh derivative and in the two pyridyl derivatives, respec- 
tively. These different effects on the yields can be better 
understood if one looks at the kinetic parameters. The k F  
values are of the same order of magnitude for all the 
compounds and solvents investigated, thus indicating that 
the nature of the emittin state is the same in all cases, 
namely a (a,a * )  state of L,-'B, character, as suggested 
by the spectral properties. The increase in reactivity of 
1-StN and 9-StPh in polar solvents had byen ascribed to a 
decrease in the activation energy of the trans * -+ 'perp * 
twisting p r o ~ e s s ' ~ . ' ~ .  The fluorescence lifetime is drasti- 
cally reduced in polar solvents (except that of 10-St-1-APh 
which increases slightly) in agreement with the faster 
twisting generally measured. This is probably due-as said 
above-to the reduced torsional barrier in polar solvents, 
which stabilize the intermediate 'per? * configuration of 
zwitterionic character more than the trans * form2'. 
Table 111 shows the photophysical parameters measured 
in a rigid matrix of MCH/3MP and EtOH. The study was 
here limited to two solvents (the non-polar and protic 
ones) because of the difficulty in obtaining transparent 
glass matrices with PrCN. The results show that 4F never 
reaches unity, thus indicating that non-radiative and non- 
reactive processes (ISC and/or IC) are competitive with 
the radiative pathway in the relaxation of S,. The lifetime 
becomes longer in these matrices, as expected from the 

I ? 

Table II Effects of the solvent on the photophysical and photochemical parameters of trans-I-StN, trans-9-StPh and some of their aza analogues at 
293K. 

Trans isomer MCH/3MP PrCN EtOH I I I 
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9-StPh 
9,4-PhPE 
10-St-I-APh 

Table III Fluorescence quantum yield, lifetime and rate constant of 
trans-I-SIN, trans-9-StPh and some of their aza analogues in rigid 
matrices of MCH/3MP and EtOH at 77K. 

0.70 2.2 3.2 0.63 3.7 1.7 
0.72 1.7 4.2 0.75 1.9 4.0 
0.75 2.3 3.3 0.70 3.2 2.2 

I I Trans isomer I MCH/3MP I EtOH 

Trans isomer 

1-StN 
1,4-NPE 
4-StQ 
9-StPh 
9,4-PhPE 
10-St-1-APh 

I I I 

MCH/3MP EtOH 

(kcal . mol- ') (10'2 'A s-'1 (108 'kact s-1) (kcal.mol-') 'A  E (10'2 'A  s-1) ( l J t f , )  ' A E  

9.2 250 0.34 7.2 100 4.2 
3.8 2.6 38 3.6 5.7 117 
1.5 0.10 76 2.4 2.9 470 
9.8 100 0.049 7.3 25 0.90 
4.2 1.7 12.5 3.5 4.5 110 

> 12 > 12 

1-StN 
0.76 

4-StQ 

Trans isomer 

1-StN 
1,4-NPE 
4-StQ 
9-StPh 
9,4-PhPE 
10-St-I-APh 

MCH/3MP EtOH 

Exper. From Eqn. 2 From Eqn. 3 Exper. From Eqn. 2 From Eqn. 3 
1.8 1.7 1.5 1.1 1.0 1.1 
0.22 0.22 0.24 50.2 0.080 0.083 

5 0.2 0.11 0.13 50 .2  0.026 0.021 
4.0 (2.2) (3.6) 2.9 (2.3) (2.8) 
0.73 (0.35) (0.33) 5 0.2 (0.078) (0.088) 
3.1 (1.7) 4.6 (2.6) 

inhibition of the activated torsional process. In EtOH, no 
significant changes in the 4, values were found with 
respect to MCH/3MP, except for 4-StQ whose yield 
increased markedly in the protic solvent. 
Compared with the k F  values measured at room tempera- 
ture, the values in matrices are ca. 15% higher for 1-StN 
and its aza derivatives, as expected from the refraction 
index effect. On the other hand, for 9-StPh and its aza 
derivatives, the k, values are ca. twice those at room 
temperature. This "anomalous" result could be due to a 
viscosity-induced change of non-planar equilibrium ge- 
ometries in S ,  towards more planar conformations, as 
observed for StPs'. 
The temperature effect on 4F was explored in MCH/3MP 
and EtOH in the 77-350 K range using the equation 

where the superscript 1 refers to the singlet manifold and 
the superscript lim refers to the values measured at low 
temperature when the activated process(es) is(are) inhib- 
ited. An example is shown in Figure 3 for 9,4-PhPE in 
ethanol. Table IV shows the Arrhenius parameters and 
the rate constants for the activated process thus obtained. 
The high values of the A parameter ( -  1011-1013 s-'), 
characteristic of a spin-allowed process, and the large 
increase of lkact in polar solvent, indicate that the 'trans * 
+ 'perp * torsional process is the activated pathway in the 
deactivation of the S, state. Only for 4-StQ, can a contri- 
bution of the IC process in the lkact value not be ex- 
cluded in inert solvent on the basis of the low quantum 

0.8 c 

t 
0.4 - 

0.2 - 

0 - - L o t  

1/T x 10' l K - ' l  

9.4 - PhPE 
in EtOH 

0 50 100 150 200 250 300 
T IK) 

Figure 3. Fluorescence quantum yield of trans-9,4-PhPE in ethanol as a 
function of temperature. The inset shows the corresponding Arrhenius 
plot (Eqn. I). 

yields of both fluorescence and isomerization (see Tables 
I1 and HI). Except for 10-St-1-APh, the activation energy 
decreases strongly for the aza derivatives compared with 
the corresponding hydrocarbons and also decreases in 
polar solvents. The small 4t+c value (ca. 0.14) of 10-St- 
1-APh measured in non-polar and polar solvents is proba- 
bly due to a high torsional barrier in both S, and TI  
caused by intramolecular hydrogen bonding, as already 
reported for 1-styrylisoquinoline in inert solvents*l. In 
agreement with the spectral results, the formation of such 
bonds forces the molecule into a "transoid" conformation 
which leads to an increase in the torsional barrier in TI 
too, even if smaller than that in S,. 
Since the lifetimes at room temperature in polar solvents 
were generally shorter than the resolution time of our 
apparatus (ca. 0.2 ns), they were also estimated by the 
following indirect methods: 
(i) From the lifetime measured at 77K (where the twisting 
was inhibited) and the quantum yields measured at low 
and room temperature, assuming that k F  did not vary in 
the 77-350K range (Eqn. 2). 
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Parameters 

I$F 

T F  (ns) 

f " r  (108 s-1) 

k , ,  (108 s-1) 
k, , ,  (108 s-11 

4 1 - c  

k ,  (108 s-I) 

k , ,  + k l S  (108s-l) 
'kac,  !los s-') 

Table VI Photophysical and photochemical parameters for trans-l- 
StN and two aza analogues in MCH/3MP and EtOH at 293K. 

MCH /3 M P EtOH 

9-StPh 9,4-PhPE 10-St-1-APh 9-StPh 9,4-PhPE 10-St-I -APh 
0.69 0.15 0.55 0.40 0.031 0.56 
0.14 0.47 0.14 0.21 0.38 0.10 
4.0 0.73 3.1 2.9 0.09 4.6 
1.7 2.1 1 .8 1.4 3.5 1.2 
0.78 12 1.4 2.1 110 0.96 
0.70 13 0.9 1.5 86 0.43 
0.049 12.5 0.90 110 

< 0.07 < 0.01 I 0.6 24 
IO.8  I 1.6 5 1 . 1  I 1.2 I 1.3 s 0.94 

I Parameters I MCH/3MP I EtOH 

1.8 

0.34 
< 0.01 
2 1 . 6  

45 a 

< 0.01 
I 1.4 

4-StQ 
0.01 1 

5 4 . 9  

a In the application of Eqn. 7 to these compounds, a maximum value 
of unity was assigned to the ratio 4, /a. 

(ii) From the parameters for the non-radiative processes 
at 293K, using Eqn. 3 where the sum k, ,  + kIsc, assumed 
to be temperature-independent, was estimated by the 
ratio (1 - 4F) /7F measured at 77K. 

7F=4nr/knr= (1-4F)/('kact +kisc+kI,)  (3)  
The latter method seems to be more reliable in the 
present case since the change in the distribution of twisted 
conformations with temperature, as indicated by the spec- 
tra, can lead to changes in the radiative kinetic parameter 
on going from 77K to higher temperatures, which should 
have less effect on the parameter derived by Eqn. 3. 
Anyway, when a comparison was possible between the 
values derived by Eqns. 2 and 3 and the value directly 
measured at 298K, the three parameters were in reason- 
able agreement. Table V shows the experimentally meas- 
ured lifetimes and those derived through Eqns. 2 and 3. 
For phenanthrene and its aza derivatives, the derived 
values are in parentheses since the assumption of a tem- 
perature-independent k ,  (present in both methods) can 
no longer be valid for the reasons mentioned above. 
When the experimental lifetime was shorter than 0.2 ns, 
averages of the values derived by the two methods, when 
available, are given in Table V. These lifetimes allowed 
the kinetic parameters for the competitive relaxation pro- 
cesses of S, at room temperature to be obtained through 
the usual relationships in Eqns. 4 and 5. 

k ~ =  4 ~ 1 7 ~  (4) 

k n r  = (l  - 4 F ) / 7 F  ( 5 )  
The isomerization quantum yield is the sum of the singlet 
and triplet contributions and then: 

4, 'C = l4, 'C + '4, -.+, 

=Ik ,  - p  'a. 7, + kIsc. 7 F  .'k,-, 'a. 73 (6) 
where a is the partitioning factor (assumed to be 0.5 in 
both the singlet and triplet state)**I2 when "'pep decay to 

the 'trans and 'cis ground-state isomers; since for these 
molecules the trans -'perp twisting is the fastest decay 
process in the triplet manifold ( 3 k ,  - = 1 / ~ ~ ) ' ~ ,  Eqn. 6 
reduces to Eqn. 7. 

(7) 

(8) 

I 
k t  + p + klSC = 41 - c / ( ~  

Moreover: 

1 k,,, = 'A . exp[ - I A E / ( R .  T I ]  

kIc=knr -  ( 'kt+p+k1sc)  (9) 

In the latter relationship, one has to consider that the 
term on the right contains k,? and to assume that k,,, 
is temperature-independent. 
Tables VI and VII collate the photophysical and photo- 
chemical parameters for the six compounds. The kinetic 
parameters show that the twisting process (singlet and/or 
triplet mechanism) predominates among the other non- 
radiative processes (knr  z Ik,, + kIsC) .  This indicates 
that the S, +So IC process does not compete in the 
deactivation of S,, except for 4-StQ in the non-polar 
solvent, for which a substantial IC contribution (ca. 50% 
of the non-radiative processes) was evaluated. The latter 
behaviour is probably due to a smaller energy gap be- 
tween the lowest '(T,T * ) and ' (n ,T  * ) states and a conse- 
quent larger S,-So vibronic coupling. For the other com- 
pounds, k, ,  was always very small, generally much smaller 
than kIsc. 
Contrary to the case of the parent  hydrocarbon^'^^'^, in 
the aza derivatives the Ik,,, values are close to the ( I k ,  - 
+ k values, thus indicating that isomerization pro- 
ceeds by a prevalent singlet mechanism induced by a 
smaller torsional barrier in S, (see Table IV). The k,,, 
values are generally small, the ISC process becoming 
competitive with the radiative one only at low tempera- 
tures in media of high viscosity. 
In the case of 10-St-1-APh, for which evidence of in- 
tramolecular H-bond formation was mentioned above, the 
sum Ik t -p+k l sc  is close to k,,, indicating that the 
twisting is mainly operative in the triplet manifold be- 
cause of the too high torsional barrier caused by the H 
bonds. 
In the polar and protic solvent, the lkact generally in- 
creases and the k,, of 4-StQ decreases. This behaviour is 
due to the decrease of the torsional barriers, as men- 
tioned above, and to a larger energy gap between the 
(T,T * )  and '(n,n- * )  states. The 10-St-1-APh compound 

is peculiar in this respect. In fact, its relaxation processes 
are practically independent of the solvent since the H 
bond, still present in EtOH (in contrast to l-styry- 
lisoquinoline where intermolecular H bonds have been 
reported to prevail in alcohols2'), maintains high torsional 
barriers in both S ,  and TI. In this case, the trans -' cis 
photoisomerization proceeds through a triplet mecha- 

I 
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nism. The slight decrease of c$~ ~= in EtOH could depend 
on the fact that the deactivation processes of S ,  originates 
from Franck-Condon states (see spectral properties), 
namely from distorted geometries for which the IC pro- 
cess can become competitive with the radiative and reac- 
tive ones5. 

Conclusions 

The present study of the heteroatom and solvent effects 
on the excited state properties of 1-StN and 9-StPh, even 
if limited to few compounds and few solvents, gave most 
informative results. 
In the two parent hydrocarbons, the high activation en- 
ergy to twisting in S ,  leads to a mixed singlet and triplet 
mechanisms, the latter prevailing at low temperatures and 
in non-polar solvents. An increase of the singlet contribu- 
tion is generally found in their aza derivatives. However, 
two cases have to be distinguished. When the N atom is 
introduced in the phenyl ring (1,4-NPE and 9,4-PhPE) or 
in the same ring of the polycyclic group bearing the styryl 
substituent (4-StQ), the reduction in activation energy 
leads to a prevalence of the singlet mechanism in all 
solvents. The behaviour is similar to that found for 
styrylpyridines: as in that case, the presence of the n , r *  
states leads to a decrease of the torsional barrier but can 
have a deactivating role, inducing IC at the expense of the 
radiative and reactive pathways. On the other hand, when 
the N atom is in a ring different from that bearing the 
styryl group (10-St-1-APh), the activation energy in S ,  
remains high (in this case, also because of the presence of 
the intramolecular H bonds) and the trans compound is 
forced to isomerize in the triplet manifold where the 
stabilizing effect of the polar solvent becomes negligible. 
A study of the triplet state of these compounds and of the 
quantum yields of the T ,  production would aid discrimi- 
nation between the two series of aza compounds. 
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