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Abstract 

Picosecond polarized fluorescence experiments on DMABN (4-(dimethyl amino)benzonitrile) in polar solvents and 
toluene are reported. From the detected polarized fluorescence components emission anisotropy histograms are constructed 
and compared with the synthetic data simulated for the energy levels scheme in DMABN. For the short-wavelength emission 
of DMABN vibronic coupling between the close-lying SI and $2 energy levels occurs and leads to a vibronically mixed 
polarization of the S~ (FB) fluorescence. Low initial values of the emission anisotropy decays for the long-wavelength (FA) 
emission are observed. This observation can be explained by an assumption that the internal twisting of the amino group 
in DMABN changes the angular orientation of DMABN and by an assumption that the emission dipole moment in the FA 
emission band is not parallel to the absorption dipole moment in the $2 (~La) absorption band. (~) 1997 Elsevier Science 
B.V. 

1. I n t r o d u c t i o n  

Since discovering the dual fluorescence of DMABN 
(4-(dimethyl amino)benzonitrile) [1-3] in polar 
solvents, this compound and its derivatives have be- 
come the subject of systematic experimental and 
theoretical investigations. In parallel to the studies on 
DMABN also other compounds showing dual emis- 
sion, viz. indole, 1-naphthol, 1-naphthonitrile and 1- 
naphthylamine, were investigated in a systematic way 
(including fluorescence polarization experiments) 
(e.g. Refs. [4,5] and articles cited therein). 

The model of "twisted intermolecular charge trans- 
fer" has been introduced in Refs. [6-8] to explain 
the dual fluorescence of DMABN and related corn- 
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pounds in polar solvents. The idea of the TICT model 
was extensively investigated on a number of different 
derivatives of DMABN (e.g. Refs. [9-13] ). It has to 
be noted here that also other models have been of- 
fered in the literature to explain the mechanism lead- 
ing to dual emission in DMABN and its derivatives 
(e.g. solute-solvent exciplex formation [15-17],  
the so-called "pseudo-Jahn-Teller coupling effect" 
model [18,19] or the recently proposed model that 
assumes a bending of the cyano group [20] ). 

The absorption band in DMABN consists of two 
overlapping bands: a highly intensive absorption band 
$2 and the absorption band S1 of low extinction coef- 
ficient. The Sl and $2 absorption bands in DMABN 
have been related by Lippert et al. [ 1,2] to the 1Lb 
and ILa absorption bands in benzene, respectively. 
The 1La transition is polarized parallel to the long 
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molecular axis (the z-axis) of DMABN, while the 
lLb is short-axis (the x-axis) polarized [ 1,2,7,10,14]. 
From excitation and emission wavelength-dependent 
steady-state polarized fluorescence measurements it 
has been concluded that the short-wavelength emis- 
sion (F  a) in DMABN originates from the excited 
state of B symmetry (lI~-type state), whereas the 
second excited state which corresponds to the long- 
wavelength emission band (FA) is of A symmetry 
(1La-type state) [ 1,2]. Relatively small (or nega- 
tive at the 0-0 transition) steady-state fluorescence 
anisotropy at low temperatures in the FB emission 
band for DMABN and its derivatives has been ex- 
plained in Ref. [ 7 ] to be the result of the vibronic cou- 
pling mechanism [21] between two close-lying ex- 
cited states I Lb and I La. This feature was further dis- 
cussed in Ref. [9] (see also Ref. [ 10] ), on the basis 
of steady-state fluorescence polarization experiments 
on DMABN and its derivatives with different acceptor 
substituents, in polar solvents and at low temperatures. 

Information about the vibronically mixed polariza- 
tion of the short-wavelength emission of DMABN and 
other relevant systems, available in the literature, was 
deduced from steady-state fluorescence studies at low 
temperatures. For this reason we decided to explore 
this problem further by performing picosecond polar- 
ized fluorescence experiments on DMABN at much 
higher temperatures. In this work preliminary results 
are reported. We wish to discuss the results of picosec- 
ond polarized fluorescence experiments on DMABN 
in polar solvents and toluene. The measurements were 
performed for short emission wavelengths (in the FB 
emission band) and for long emission wavelengths (in 
the FA emission band or in the FA band with a slight 
contribution of FB emission). From the detected polar- 
ized fluorescence decays histograms of the emission 
anisotropy decays were constructed, which afterwards, 
were compared with the synthetic data generated un- 
der assumptions (a model) which correspond to the 
energy levels scheme of DMABN. Synthetic polarized 
fluorescence decays were obtained from the convolu- 
tion of the model decays with the instrument response 
function which was detected at the same experimen- 
tal conditions as the fluorescence decays of DMABN. 
Two cases were considered for the computer gener- 
ated polarized decays. In the first case we assumed 
that there was no vibronic mixing of polarization in 
the FB emission band. In the second case the vibronic 

coupling was included in the calculations and we as- 
sumed that an effective emission dipole moment in the 
Fn emission band made an angle of 45 ° (as an ex- 
ample) with the long molecular axis of DMABN, in 
order to reflect the vibronically mixed polarization of 
the FB emission. 

For the experimental cases reported in this work 
the vibronically mixed polarization in the FB emis- 
sion band is clearly manifested by positive initial val- 
ues of the emission anisotropy histograms r ( t  ~ 0). 
In the absence of vibronic coupling between the Sl 
and $2 excited states, the initial values of the emis- 
sion anisotropy decays should be negative. Low val- 
ues of r ( t  ~ 0) for the long-wavelength emission are 
observed, as compared to the expected values (close 
to 0.4) according to the assumption that the absorp- 
tion and emission dipoles are mutually parallel for the 
emission detected in the FA band. This finding can be 
interpreted in such a way that the internal twisting in 
DMABN depolarizes the fluorescence, assuming that 
the FA emission originates from a twisted form of 
DMABN, according to the TICT model. A rapid in- 
ternal twisting can change the orientation of DMABN 
molecules. On the other hand, however, it is also pos- 
sible that the emission dipole moment in DMABN in 
the FA emission band is not parallel to the long molec- 
ular axis. This last conclusion can be argued by a rel- 
atively low value of the initial emission anisotropy of 
DMABN in glycerol, which at 526 nm is r ( t  ,,~ O) 

0.34. 

2. Experimental 

Time-resolved fluorescence measurements on 
DMABN were carded out using time-correlated pho- 
ton counting apparatus [22,23]. A mode-locked cw 
YLF laser (Coherent model Antares 76-YLF), which 
was equipped with an LBO frequency doubler to ob- 
tain an output of 527 nm wavelength, was used for 
the synchronous pumping of a cavity-dumped dye 
laser (Coherent model 701-2 CD). For experiments 
with excitations at 295 and 300 nm, the Rhodamine 
6G dye laser was used and the output of the dye 
laser was frequency doubled using a BBO crystal 
(Gs~inger). The repetition rate of the excitation pulses 
was 951 kHz, the duration about 4 ps FWHM and 
the pulse energy in the tens of pJ range. Fluores- 
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cence of the sample was focused on the cathode of a 
photomultiplier (Hamamatsu model 1645U). Single 
photon responses from the microchannel-plate photo- 
multiplier were amplified by a wide band amplifier 
(Hewlett Packard model 8447F). The 1024 channels 
were used per experimental decay with a time spacing 
of 10 ps per channel. A photon frequency of 30 kHz 
was used to prevent pile-up distortion [22]. 

The measurements consisted of a number of se- 
quences over 10 s parallel and 10 s perpendicular 
polarized emission, until a peak content in the data 
sets of 20000 to 100000 was reached, depending on 
the requirements. All measurements were followed 
by registration of the background fluorescence of the 
solvent for subtraction purposes. The absorbances 
of the samples were between 0.09-0.1. The instru- 
ment sensitivity on the polarization of the detected 
decays (the G factor) were checked by verifying 
the plateau of the emission anisotropy histograms 
for short-living fluorophores. For such fluorophores 
the emission anisotropy histograms plateau should 
be equal to zero, i.e. r ( t  ~ oo) = 0, if the G factor 
is determined correctly. The necessary corrections 
of the polarized decays have been done for all the 
polarized fluorescence decays discussed in this work. 
Before the experiments on DMABN, a proper de- 
tection aperture was selected from a series of inde- 
pendent time-resolved polarization experiments, in 
order to eliminate a possible systematic error during 
the experiments on DMABN. We found that a proper 
selection of the detection aperture was essential for 
the accuracy and reliability of further time-resolved 
studies with polarized light, discussed in this work. 

In Figs. 1 and 2 we show the histograms of the 
emission anisotropy decays, r( t)  = (/11 (t) - I_L (t))  / 
(lll (t) + 21_L ( t)) ,  reconstructed from the detected 
polarized fluorescence decays for DMABN. The de- 
cays were collected at short and long emission wave- 
lengths. In Fig. 1 we show the emission anisotropy 
histograms for DMABN at 55°C: (a), (b) in toluene 
(excitation at 300 nm, emission at 339 nm and 
442 nm) and (c), (d) in n-butyl chloride (excita- 
tion at 295 nm, emission at 348 and 455 nm). Fig. 2 
shows emission anisotropy histograms of DMABN in 
glycerol at 21°C, obtained from the polarized fluores- 
cence decays detected at short-wavelength emission 
348 nm (a) and long-wavelength emission 526 nm 
(b). Furthermore, in Fig. 2 we show the emission 

anisotropy histograms for the long-wavelength emis- 
sion of DMABN in ethanol at 481 nm (c) and in 
propanol at 481 nm (d). In all the cases shown in 
Fig. 2 the excitation wavelength was 295 nm. The 
measurements on DMABN in ethanol and propanol 
were performed at a temperature of -55°C. 

In Table 1 we show the initial values of the emission 
anisotropy histograms for the short and long emission 
wavelengths, obtained from the polarized fluorescence 
decays of DMABN in different solvents and at differ- 
ent temperatures. 

3. Computer generated histograms of the 
polarized fluorescence and emission anisotropy 
decays 

3.1. Polarized picosecond decays 

Let us consider the energy levels scheme (A) shown 
in Scheme 1. Two excited states, 1" and 1"*, are pop- 
ulated due to the absorption of the exciting light. State 
2* is populated via state-to-state kinetic relaxation (it 
is a transient state). The reaction is reversible, in gen- 
eral. The rate constants kl, k12, k2 and k21 describe 
the kinetics of the system, ktc is the rate constant for 
the internal conversion process. 

(A) 1"* (B) La - ' " ' ~  

e'~buP lO~e~{ ~ F B " "  IF A 
L b "'"-.. ICT (TICT) 

~ k~2~l__._~ ~ ' k 1 2  , 

The polarized fluorescence decays relating to the sit- 
uation depicted in scheme (A) are defined by the fol- 
lowing relation [24,25]: 

I{1(± ) (t, ,~x, '~m) 

= C(,~x, 'bin) (OJ~)('~x) + ~{b)(a~)) 

2~ ~b(~) (t)] 
9 

~=1,2 
.I 
(1) 

C(Aex, hem) includes all excitation and emission 
wavelength-dependent instrumental factors, w(a) (Aex) 
and w(b)(hex)represent the absorption bands to the 
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Fig. 1. DMABN at -55°C in: (a), (b) toluene (TO) and (c), (d) n-butyl chloride (BC). 
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Fig. 2. DMABN in: (a), (b) glycerol (GL), (c) ethanol (ET) and (d) propanol (PR). 
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Table 1 
Initial values of the emission anisotropy histograms of DMABN 

Solvent T (°C)  hex (rim) hem (nm) r(t  ~,~ 0) hem (nm) r( t  ~ 0) A0 (o) 

toluene - 5 5  300 339 0.03 442 0.15 22 
n-butyl chloride - 5 5  295 348 0.07 455 0.16 21 
butyronitrile - 3 0  300 349 0.11 466 0.20 17 
butyronitrile - 5 5  300 349 0.13 466 0.22 15 
acetonitrile - 3 0  300 349 0.13 526 0.24 13 
ethanol - 5 5  295 348 0.07 481 0.21 16 
propanol - 5 5  295 348 0.07 481 0.24 13 
glycerol 21 295 348 0.25 526 0.34 0 

excited states 1"* and 1", and /<~:(,~em) (~: = 1,2) 
represent the emission bands of excited states 1" 
and 2", respectively. Ph (O (t) describes the kinetics 

(¢) of the system while gb(a,b)(t) describes the kinetics 
coupled to the state-dependent rotational dynamics of 
symmetric rotors, and where 

Ph (~) (t) = RE ) ( t ) ,  (2) 
(~:) p(~:) 

~b(a,b) (t) = Z "'2q (t) 
q---0,1,2 

X (Ca(Aex)T  (a'O -1"- Cb(~.ex)r(b 'e) ) .  (3) 

ci (/~x) (i =a, b) are the relative spectral contributions 
of the constituent absorption bands at Aex, and 

,o(a)(a~x) 
Ca(~.ex) = o ) ( a ) ( ~ e x )  + (.o(b)(,Aex) ' 

~o(b)(a~x) 
Cb (Aex) to(a) ( ~.ex ) _{.. tO (b) (~.ex) , ( 4 )  

where Ca(Aex) + Cb(hex) = 1. 
T(q i'() (i =a, b and ~: = 1,2) describe the angular 

dependences of the polarized decays on the orienta- 
tions of the absorption and emission dipole moments 
in the molecule-fixed frame. They read 

r(o i'e) = 1'2 (0 (i) ) P2 ( O({:) ), 

Tl(i,¢) = 3 sin 2O(A i) sin 2O(E ~:/cos(~o}~ ) - ~O(EO ), 

T2(i'd) = 3 sin2 0(Ai)sin 2 0(E () cos 2(~o(~ ) -- ~O(E¢)). (5) 

The polar angles ,.~(i) (i) t v A , ~o A ) describe the orienta- 
tions of the absorption transition dipole moments 
corresponding to the absorption bands w (a) (~ex) and 
w (b) (Aex), respectively. (0(F. ~) , ~o(E ¢) ) define the direc- 
tions of the emission transition dipole moments of 

(~) excited states l* and 2*. The Rjq (t) appearing in 
( 3 )  and ( 3 )  are given by the following relations: 

R~l) ( t ) : Ajqexp(-L~ ) ,) - B j q  exp(-L~2)t), 

(2) t [exp(-LJ2),)  e x p ( - ~ t ) ] / W ~ j q ,  Rjq ( ) =  k12 

(6) 

where 

(11!1) (2) ~ )  +V;q + 

(u (~) + w! 2) X / ~ )  (7) LJq2)=½~, Jq - - - 3 q  -- 

Ajq = 2 V ~ q  ' 

/ (,) (2) _ v / ~ q  ) 8jq-- -U)q 
2v~q , (8) 

---- / (1) mjq [U)q -- I ] !2)~  2 _jq } +4W, (9) 

U)~) = j ( j  + 1 ) . h , ) + q 2  (D(_L1) o~l))  + UI, 

U)(2q) = j ( j  + l) .h2) +q2 (O(x2) _ 0~2)) + U2, 

(10) 

U1 = kl + k12, 

U2 -- k2 + k21, 

W = kl2k21. ( 1 1 )  

DI() and D ~  ) are the components of the state- 
dependent diffusion tensor for a symmetric rotor. 
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3.2. Synthetic data. Comparison with the 
experimental data 

The synthetic data discussed in this section were 
generated on the basis of relation ( 1 ), adapted to the 
energy levels scheme of DMABN - see case (B) in 
Scheme 1. The absorption and emission bands, i.e. 
o~(a)(hex), o3(b)(,~ex), KI (,'[em) and K2(~em), used in 
the simulations are shown in Fig. 3(a).  The absorp- 
tions bands A1 and A2 and the emission bands E1 and 
E2 have been simulated by using asymmetric Gaus- 
sian functions. The shapes and positions of the bands 
shown in Fig. 3 (a) do not correspond to any particular 
experimental case for DMABN. The simulations dis- 
cussed in this section have only a qualitative character. 
Nevertheless, the simulated absorption and emission 
bands are similar to those for DMABN in polar sol- 
vents at appropriate temperatures (e.g. see Ref. [ 10] ). 
The same concerns the values of the state-to-state ki- 
netic rate constants used in our simulations. 

We assumed that the transition dipole moments of 
the bands A1 and A2 are polarized along the long 
and short molecular axes, respectively. The transi- 
tion dipole moments of the emission bands E1 and 
E2 are directed along the short and long molecu- 
lar axes, correspondingly. The positions of the emis- 
sion bands E1 and E2 have been selected in such a 
way as to have a separate spectral access to the lo- 
cally excited state and to the charge transfer state. 
The bands A1 and A2 correspond to the IL a and 
lLb absorption bands in DMABN. In Fig. 3(b) we 
show the steady-state polarization-free emission bands 
of both excited states, calculated from the relation 
f0 °° (111 ( t, Aex, Aem ) "l" 21_1. ( t, Aex, .~em) ) dt for the rate 
constants l/k1 = 4 ns, 1/kl2 = 100 ps, k2 = 8 ns 
and k21 = 800 ps. The steady-state bands Iel and 
le2 correspond to the emission bands FB and FA, re- 
spectively, in the case of DMABN. In Fig. 3(c) we 
show the simulated polarization-free fluorescence de- 
cays. They have been obtained from the convolution 
of the model polarization-free decay, I (t, Aex, Aem) = 
III (t '  Aex, Aem) -]- 21± ( t, Aex, Aem), with the instrument 
response function S(t), which in our case was given 
by a monoexponential fluorescence decay of xanthione 
in hexane (25 ps fluorescence lifetime) [25]. The flu- 
orescence decays shown in Fig. 3(c) have been simu- 
lated for the excitation at 300 nm and for the emission 
wavelengths 370 (1),  460 (2) and 550 nm (3).  The 

polarized fluorescence decays have been simulated 
for the following values of the state-dependent diffu- 
sion tensor components: 1/D~ l) = 400 ps, 1 /D~)  = 

600 ps, 1/012) = 700 ps and 1 /O~)  = 1300 ps (we 
assumed that the rotational motion of molecules in 
state 2* (FA emission) is slower due to the stronger 
solute-solvent interactions in this state, as compared 
to state 1" (FB emission)). The model decays (1) 
have been convoluted with the instrument response 
function S(t) .  The Poisson noise has been added to 
the simulated polarized decays. All the calculations 
and the graphics presentation of the obtained results 
have been done in IDL (Interactive Data Language, 
Research Systems, Inc. (RSI), Boulder). 

In Fig. 4 we show the final results of the simulations 
performed, Two cases were considered, namely: case 
(I), in which no vibronic mixing between the polar- 
izations 1La and ILb was assumed, and case (II),  in 
which this mixing was included by assuming that an 
"effective emission dipole moment" at short emission 
wavelengths makes an angle 0(E t) = 45 ° with the long 
molecular axis. 

In case (I) the contribution of the A2 absorption 
band to the FA emission was neglected and the con- 
dition to(b)(Aex) = 0 was set, according to the en- 
ergy level assignment for DMABN (assumed in the 
literature) in which the higher excited state ILa is the 
precursor for the ICT (or TICT) state. As seen from 
Figs. 4(Ia,Ib), for the short emission wavelengths the 
emission anisotropy histogram takes negative values at 
initial time moments. This corresponds to the situation 
when the emission anisotropy decay originates from 
the z-polarized absorption and x-polarized emission 
(with a small contribution of the emission from the 
molecules which have been excited to Sj - x-polarized 
absorption and x-polarized emission). At long emis- 
sion wavelengths, where the emission anisotropy de- 
cay originates from the z-polarized absorption and z- 
polarized emission, the values of r ( t )  are positive and 
r(t ~ 0) ~ 0.4 (see Fig. 4( I f ) ) .  

In case (II) we assumed that vibronic coupling be- 
tween states 1" (Lb) and 1"* (La) occurs, leading 
to vibronically mixed polarization of the FB emis- 
sion. We assumed, in the calculations, that an effective 
emission oscillator makes an effective angle of 45 ° 
with the z-axis. Note that a mixed polarization of state 
1" means that apart from the (normal) x-polarized 
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Fig. 3. The absorption and emission bands assumed in the computer calculations (a) and the calculated steady-state emission bands of 
both excited states (b). In (c) we show the kinetic decays for the excitation at 300 nm and the emission wavelengths 370 (1), 460 (2) 
and 550 nm (3). S(t )  represents the monoexponential fluorescence decay of xanthione in hexane (lifetime 25 ps). 

emission component, also a z-polarized component 
of the emission occurs, which is vibronically "trans- 
formed" into state 1" from state 1"*. (For the sim- 
plicity of the calculations, we did not account for the 
emission-wavelength dependence of this effect, see 
Refs. [7,9].) 

The shape o f r ( t )  shown in Fig. 4(IIb) corresponds 
well to those observed for DMABN in toluene and n- 
butyl chloride (see Fig. 1 ) and also to all other cases 
shown in Table 1. Therefore, the initial values of the 
emission anisotropy histograms for the short emission 
wavelengths listed in Table 1 reflect the vibronic mix- 
ing of the close-lying states La and Lb, leading to a 
vibronically mixed polarization of the FB emission. 
Synthetic data corresponding to the case of DMABN 
in glycerol (and other solvents, see Table 1) can be 
obtained by assuming a larger value of the angle be- 
tween the effective emission oscillator and the long 
molecular axis, and by assuming a correspondingly 
slower rotational motion of the DMABN molecules. 

The initial values of the emission anisotropy his- 

tograms for the long-wavelength emission, shown in 
Figs. 1, 2 and in Table 1, are much below the ex- 
pected value 0.4, assuming that the FA emission band 
is of A symmetry ( l~ - type  state). If the absorp- 
tion and emission dipole moments are both paral- 
lel to the long molecular axis, the initial values of 
the emission anisotropy should be close to 0.4, ac- 
cording to Fig. 4(If) .  The low initial values of the 
emission anisotropy histograms for the long emission 
wavelengths, for the cases shown in Table 1, can re- 
sult from a rapid reorientation of DMABN due to in- 
ternal twisting of the amino group in this molecule. 
Such a molecular re, orientation can decrease the initial 
value of the emission anisotropy, taking into account 
that the emission is detected from the twisted form of 
DMABN. Assuming that the absorption dipole mo- 
ment in DMABN is oriented parallel to the z-axis, the 
reorientation of DMABN due to internal twisting can- 
not proceed around the z-axis alone, because such a 
reorientation will not depolarize the fluorescence even 
if the emission dipole moment is not directed along 
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Fig. 4. The simulated polarized fluorescence and emission anisotropy decays. Case (I) :  the emission dipole moment  in band l~t is polarized 
along the short molecular axis (Ia-If).  Case (II):  due to vibronic mixing the effective emission dipole moment  in band lE1 is polarized 
between the short and long molecular axes (O(E l) = 45 ° )  ( l la - I I f ) .  

the z-axis of DMABN. The re, orientation of DMABN 
around its short axis, due to internal twisting of the 
amino group, is required to observe lower initial val- 
ues of the emission anisotropy. 

On the other hand, however, a relatively low ini- 
tial value of r(t)  in the case of glycerol, r(t  ,~, O) 
0.34, cannot be explained by this effect alone, due to 

the high viscosity of glycerol. Probably, the emission 
dipole moment of DMABN in the FA emission band 
is not parallel to the long axis (z-axis) of DMABN. 
This could indicate a lower (effective) symmetry of 
DMABN in the charge transfer state. Assuming that 
the reorientation of DMABN forced by the internal 
twisting does not depolarize the fluorescence (or if 
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such a reorientation occurs, it proceeds around the 
long molecular axis alone and the absorption dipole 
moment is directed along the long axis of DMABN), 
from the initial value of the emission anisotropy the an- 
gle between the long molecular axis and the emission 
dipole moment in the FA emission band, 0(E 2) ~ 18 °, 
can be calculated. Nevertheless, even in the case of 
glycerol a fast depolarizing reorientation of DMABN 
due to internal twisting cannot be excluded from the 
considerations without further experimental studies. 

In the computer simulations, in case (II), we as- 
sumed additionally that the emission dipole moment 
in the FA emission band is not parallel to the long 
molecular axis of DMABN, and an angle 0CE 2) ,-~ 30 ° 
was assumed. This assumption decreased the initial 
value of r(t) to a value r(t ~ 0) ~ 0.25, accord- 
ing to Fig. 4(IIf).  This value corresponds well to the 
initial values of r(t) shown in Table I (excluding 
the case of DMABN in glycerol). Assuming that the 
value 0CE 2) ~ 18 ° (obtained for DMABN in glycerol) 
is not affected substantially by the molecular reorien- 
tation of DMABN due to internal twisting, the value 
0~E 2) ~ 30 ° used in the computer calculations can be 

interpreted as being a sum of the angle 0~E 2) ~ 18 ° 
and an angle A0 ,~ 12 °, where A0 can be assumed 
as an (averaged) effective angle between the z-axis 
of DMABN before the internal twisting and the same 
axis just after the internal twisting of the amino group 
in this molecule. All the experimental cases listed in 
Table 1 can be interpreted in a similar way, and the 
calculated values of the angles A0 will reflect the abil- 
ity of DMABN for a reorientation due to the internal 
geometrical transformation in this molecule, in differ- 
ent solvents and at different temperatures. The values 
of AO, calculated from the experimental data reported 
in this work, are listed in the last column in Table 1. It 
has to be emphasized here that the values of A0 have 
been calculated under the assumption that the contri- 
bution of the FB emission band to the fluorescence 
signals detected at long emission wavelengths, for the 
cases listed in Table l, is negligible. The contribution 
of the Fa fluorescence will decrease the initial values 
of r(t) (see cases (Id) and (IId) in Fig. 4), because 
the initial values of r(t) take much lower values in 
the Fa emission band. 

Although the considerations presented here do not 
provide any exact information on the orientation of 

the emission dipole moment in DMABN in the charge 
transfer state and on the change in orientation of the z- 
axis of DMABN due to internal twisting, the qualita- 
tive analysis demonstrated here can be a useful method 
for further more systematic experimental studies of 
the fluorescence depolarization of DMABN in the FA 
emission band. 

4. Discussion 

The emission anisotropy histograms discussed 
in this work manifest a vibronic coupling mecha- 
nism in the short-wavelength (FB) emission band of 
DMABN, which is in excellent agreement with the 
conclusions drawn in Ref. [7] and further confirmed 
in Ref. [9]. 

The long-wavelength initial values of the emission 
anisotropy histograms take lower values as compared 
to what one could expect taking into account the lit- 
erature assumptions that the long-wavelength emis- 
sion band originates from the La-state molecules and 
that the absorption and emission dipoles are mutually 
parallel for the fluorescence detected in the FA band. 
On the basis of the experimental data reported in this 
work we concluded that probably internal twisting of 
the amino group in DMABN leads to a re, orientation 
of the long axis of DMABN. The result observed for 
DMABN in glycerol seems to provide indication that 
the emission dipole moment in the FA emission band 
is not directed along the long axis (the z-axis) of 
DMABN. Both effects may be responsible for much 
lower initial values of the emission anisotropy his- 
tograms, observed in this work. Undoubtedly, further, 
more systematic, fluorescence polarization studies of 
DMABN and other similar compounds are needed to 
explore this problem in more detail. First of all, the rea- 
son why the emission dipole moment in the FA emis- 
sion band is not parallel to the z-axis of DMABN, has 
to be indicated. It seems that the picosecond excitation 
and emission multiwavelength fluorescence polariza- 
tion experiments performed on DMABN in different 
solvents and at different temperatures can display the 
discussed problem in more detail. Such experiments, 
apart from the qualitative analysis employed in this 
work, could be a subject of a more detailed analy- 
sis based on the formalism described in our recent 
work [25], adapted to the energy levels scheme of 
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DMABN. From the global analysis of the excitation 
and emission multiwavelength polarized fluorescence 
decay surfaces, the values of the angles 0¢E l), 0(E 2) and 
the components of the diffusion tensors describing the 
rotational dynamics of DMABN in both excited states, 
can be recovered. 0~E 1) should be a freely adjustable 
parameter for all excitation and emission wavelengths 
and their values should reflect a characteristic (for 
the vibronic coupling mechanism) dependence on the 
excitation and emission wavelengths. The angle 0~E 2) 
can be freely adjustable or it can be linked over all 
emission wavelengths. It would be interesting to ver- 
ify whether its values change upon a change in the 
emission wavelength. (If 0<E 2) varies with the emis- 
sion wavelength, this could mean that also in the FA 
emission band a vibronic coupling between the TICT 
state (the La-type symmetry) and another close-lying 
state of different symmetry occurs.) From the analysis 
discussed here the components of the state-dependent 
diffusion tensor can also be determined, enabling the 
differentiation of the state-dependent solute-solvent 
interactions. Values of the angle A0 describing the 
change in the orientation of the long axis of DMABN 
due to internal twisting of the amino group, listed in 
Table 1, have been calculated under the assumption 
that at long emission wavelengths only the FA fluo- 
rescence is detected. The global analysis of the exper- 
iments suggested above will enable the selection of 
such emission wavelengths or, if the FB and FA emis- 
sion bands overlap, to decompose the effective fluo- 
rescence signal into FB and FA contributions, and fi- 
nally, to calculate the initial values of r ( t )  for an ar- 
bitrary emission wavelength in the FA emission band. 
Thus the possible influence of internal twisting of the 
amino group in DMABN on the initial values of r ( t )  

can be explored more precisely. 
The experiments reported in this work and their 

qualitative analysis demonstrated can be a method 
to verify different models offered in the literature to 
explain the photophysical and photochemical proper- 
ties of aminobenzonitriles, e.g. the TICT mechanism 
[6-8], solute-solvent exciplex formation [15,16], 
the so-called "pseudo-Jahn-Teller coupling effect" 
model [ 18,19] and the model assuming a bending 
of the cyano group [20]. All these models are based 
on different assumptions which can be verified by 
means of the time-resolved polarized fluorescence 
technique. In the case of the TICT model, such effects 

as the internal-twisting-induced rapid reorientation of 
TICT compounds, leading to lower initial values of 
the emission anisotropy in the FA emission band, and 
state-dependent solvation effects, leading to different 
rates for rotational motion in the LE and TICT state, 
should be observed. The fluorescence polarization 
experiments performed at short emission wavelengths 
should display in more detail the role of the vibronic 
coupling mechanism in the charge transfer reaction 
(the model discussed in Refs. [ 18,19] ). 

In the model offered in Refs. [ 18,19] the prox- 
imity between the Sl and $2 levels is a requirement 
and the N-inversion of the amino group is a pro- 
moting mode for the charge transfer reaction. In 
Refs. [ 18,19] the "proximity" between the Si and $2 
states is concluded from the position of both absorp- 
tion bands of the aminobenzonitriles. This model has 
been argued on the basis of the absence of the dual 
emission in 1-methyl-5-cyanoindoline (NMCI) and 
1-methyl-6-cyano- 1,2,3,4-tetraquinoline (NMCQ) 
in polar solvents. In these systems the 5-membered 
or 6-membered ring connecting the amino nitrogen 
with the phenyl group hinders: (a) internal twisting 
of the amino group within the TICT model [7] or 
(b) the nitrogen inversion within the model proposed 
in Refs. [18,19]. The absence of dual emission for 
NMCI and NMCQ in polar solvents due to hindered 
nitrogen inversion has been argued in Refs. [ 18,19] 
by the fact that for NMCB (7-membered ring con- 
necting the amino nitrogen with the phenyl group) 
with a more flexible aliphatic ring dual emission in 
polar solvents occurs. 

On the other hand, NMCI and NMCQ show bi- 
exponential fluorescence decays in toluene [ 17]. This 
observation cannot be explained either in terms of the 
TICT model or in terms of the model proposed in 
Refs. [ 18,19]. The fluorescence polarization of NMCI 
and NMCQ shows vibronically mixed character [7] 
(the same is seen for DMABN in toluene, see Fig. 1 
in this work). Therefore, what is the reason why dou- 
ble emission (in the time-resolved experiments) oc- 
curs for NMCI and NMCQ in toluene? The charge 
transfer reaction (!) and solute-solvent exciplex for- 
mation has been suggested in Ref. [ 17] to explain this 
observation. But why is this mechanism not opera- 
tive in polar solvents? Perhaps, an assumption that the 
charge transfer state can be trapped by a small-angle 
out-of-plane torsional mode (a small-angle twisting 
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mode) of the amino group and by a fast modification 
of the electric field configuration (which is generated 
by the electric dipole moments induced in the toluene 
molecules) could be a possible explanation as to why 
dual emission occurs for NMCI and NMCQ in toluene. 
Toluene is a non-polar but highly polarizable solvent 
(the electric dipole moment can be induced in any di- 
rection in toluene molecules). Perhaps, the time scale 
for a larger-angle torsional mode of the amino group 
in NMCB is long enough so that the torsional mode 
can be trapped (stabilized?) in polar solvents (by the 
relaxation of solvent molecules to an appropriate con- 
figuration) and dual emission occurs. Undoubtedly, 
further studies are needed to explain this problem. 

It seems that the experiments on NMCI and NMCQ 
in toluene, similar to the experiments on DMABN de- 
scribed in this work could be a direct way of verify- 
ing the hypothesis drawn in this work that the internal 
twisting in DMABN can lower the initial values of 
the emission anisotropy in the FA emission band. One 
may expect that the small-angle twisting modes of the 
amino group in NMCI and NMCQ will not influence 
the fluorescence polarization, in contrast to the 90 ° 
internal twisting of this group in DMABN. 
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