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The saturable absorption dynamics of 4-tricyanovinyl-N,N-diethylaniline ( T C V A ) in methanol is investigated with intense 
picosecond light pulses at 527 nm. A n excited-state absorption cross-section of <rex= (2.5 ±0 .3 ) X 1 0 " 1 7 c m 2 and an absorption 
recovery time of T a = 3 ± 1 ps are determined. The fast deactivation of the Si state is due to internal conversion. 

1. Introduction 

Dicyanovinyl-d ia lkylani l ine dyes [1-3] ( = d i -
alkylamino-dicyanostyrenes=dialkylamino-benzyl i-
dene malonitr i les) and tr icyanovinyl-dialkylani l ine 
dyes [ 1 ] (=dialkylamino-tr icyanostyrenes) are ap­
pl ied for coloring synthetic polymer fibers [ 1 ]. They 
are used as sublimable dyes i n heat-transfer record­
ing materials [4,5] and photoconductive recording 
materials [6]. They act as cytotoxic agents against 
tumors [7], as X-ray protective agents [8], and as 
photostabilizers i n plastics against ultraviolet radia­
t ion [2]. 

The absorption and emission spectroscopic prop­
erties of 4-dicyanovinyl-N,N-diethylaniline ( D C V A ) 
[9-16] and 4-tr icyanovinyl-N,N-diethylani l ine 
( T C V A ) [15,16] have been investigated recently. 
The fluorescence quantum efficiencies q i n the vapor 
phase [15] and i n l i qu id solutions [9-12,16] were 
found to be very small (q< 10 ~ 3 ) . Temperature-de­
pendent fluorescence-quantum-efficiency measure­
ments indicated an intr insic barrierless deactivation 
[16]. Since the viscous drag o f the dye surroundings 
determines the fluorescence lifetime o f these dyes [9-
13,17-21 ], they are applied as micro-viscosity probes 
and free-volume probes i n micel lar emulsions [9] 
and polymers [10-13,17-21]. The analysis o f the 

solvent-dependent spectral absorption and emission 
shifts revealed a partial intramolecular charge trans­
fer i n the excited Si state [9,10,13,16,18,22,23]. 

The low fluorescence quantum efficiencies may be 
due to fast internal conversion caused by the rota­
t ional movement o f flexible molecular groups 
[10,11,13,16,17,24]. In this case, the fluorescence 
signal is emitted from the v i b ra t i ona l^ relaxed ex­
cited S! state which has a radiative lifetime r ^ d , and 
the fluorescence lifetime, r l 1 = qi*U> is equal to the 
absorption recovery time T A . 

L o w fluorescence quantum efficiencies could also 
be the result o f fast intersystem crossing to triplet 
states. In this case, the absorption recovery t ime r A 

would become equal to the phosphorescence t ime 
Tp 1 = qrjjd. But the investigated dyes exhibit very l i t ­
tle triplet yield [ 13 ], so fast intersystem crossing may 
be excluded. 

In electron-donor-acceptor systems l ike the disub-
stituted benzenes D C V A and T C V A [10,13,24], an 
excited orthogonal zwitterionic singlet state might be 
formed [25-29] (twisted intramolecular charge-
transfer state, T I C T state [30-34]). The T I C T state 
would have a long radiative lifetime T™fT because 
its radiative transit ion to the electronic ground state 
is electric-dipole forbidden [30]. Therefore the f lu­
orescence emission from T I C T states would result i n 
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low fluorescence quantum efficiencies even at slow 
nonradiative decay rates. The ground-state absorp­
t ion recovery time T a would become equal to the 
T I C T fluorescence lifetime T F I C T = ^ T ™ T . 

Saturable absorption studies, which measure the 
absorption recovery t ime, allow one to distinguish 
between internal conversion (short absorption re­
covery t ime) and T I C T state formation (slow ab­
sorption recovery t ime) . 

In this paper the saturable absorption of T C V A 
dissolved in methanol is investigated at room tem­
perature. The dye solutions are excited wi th second-
harmonic picosecond light pulses o f a mode-locked 
N d : glass laser. The excited-state absorption cross-
section cr e x at the second-harmonic laser frequency 
(A P = 527 nm) and the absorption recovery t ime r A 

are determined by measuring the intensity depen­
dence o f transmission. 

pulses (wavelength A P = 527 nm, duration AtP&4 ps) 
used for the saturable absorption studies are gener­
ated i n a K D P crystal. Fo r the determination o f the 
intensity-dependent pump-pulse transmission 
through the saturable absorber, only the pump pulse 
along path 1 is passed through the sample S and the 
probe pulse (path 2) is covered. The input pump-
pulse peak intensity is determined by transmission 
measurements through a two-photon absorbing ru-
tile crystal (photodetectors P D 2 and P D 1 ) [36] . The 
relative error of the peak-intensity detection is es­
t imated to be ± 20%. The pump-pulse transmission 
through the T C V A sample is measured wi th the pho­
todetectors P D 3 and P D 1 . The temporal behaviour 
o f the saturable absorber at a f ixed pump-pulse peak 
intensity is studied by measuring the transmission o f 
a weak probe pulse (path 2) o f variable delay (pho­
todetectors P D 4 and P D 1 ) . The experiments are 
carried out at room temperature. 

2. Experimental 

The experimental arrangement for pump-pulse 
bleaching and time-delayed probe-pulse transmis­
sion measurements is displayed i n fig. 1. A passively 
mode-locked Nd:phosphate glass laser [35] gener­
ates trains o f picosecond light pulses (wavelength 
/ l L = 1054 nm, duration A J L « 5 ps ) . Single pulses are 
selected wi th an electro-optic shutter and are am­
pli f ied i n a Nd:phosphate glass ampli f ier (single-
pulse energy up to 5 m J ) . The second-harmonic light 
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3. Results 

Intensity-dependent transmission measurements 
allow the determination of excited-state absorption 
cross-sections <7EX at high pump-pulse intensities, and 
the determination o f absorption recovery times T a i f 
they are shorter than the pump-pulse durat ion 
( T A < A / p ) by comparing experimental data w i th nu­
merical simulations [37,38]. Time-delayed probe-
pulse transmission measurements allow the mea­
surement o f absorption recovery times i f they are 
longer than the pump-pulse duration ( T a > A* P ) [ 39 ]. 
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Fig. 1. Experimental setup. P D 1 - P D 4 , photodetectors, L, lens. 
F l , F2, filters. D L , optical delay line. S H G , K D P crystal for sec­
ond-harmonic generation. TPA , rutile crystal for peak-intensity 
detection. S, sample. 

3.1. Pump-pulse transmission 

The pump-pulse energy transmission TE through 
T C V A i n methanol versus input peak intensity 70p is 
shown by the circles i n fig. 2 (small signal trans­
mission T0=0.021, sample length /= 1 m m ) . 

The saturable absorption dynamics is simulated 
by transitions i n a four-level energy diagram. The 
level system is displayed by the inset i n fig. 2. The 
system of differential equations describing the level 
populations Nt (/= 1 to 4) and the laser propagation 
is given by [38] 
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Fig. 2. Pump-pulse energy transmission versus input-peak inten­
sity. Circles represent measured data. The solid curves are cal­
culated for < 7 P = 1 . 6 x l O - 1 6 c m 2 [16], ( 7 e x =2 .5x 10~ 1 7 cm 2 , 
r F C = 0 . 5ps (assumed), t e x = 10~ 1 3 s (assumed), r o r = 150 ps (as­
sumed, no relevance here), A f P =4 ps, and T0=0.021. The ab­
sorption recovery times are (1) T A = O O , (2) T a = 8 ps, (3) T a = 4 
ps, (4) T a = 2 ps, (5) T a = 1 ps, and (6) T a =0 .5 ps. The dashed 
curve belong to x A =2 ps and < 7 e x = 2 x l 0 ~ 1 7 c m 2 (a) and 
<TE X=3 X 10~ 1 7 c m 2 (b). The other parameters are the same as for 
the solid curves. The energy-level diagram applied to the calcu­
lations is inserted in the figure. 
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The transformation t'=t—c0z/n and z '=z is used 
(c 0 is the vacuum light velocity, n is the refractive 
index ) . The in i t ia l conditions are 

Nx{0,t'=-oo, z', r)=N0, 

N2(0, t'= - o o , z', r) =JV 3 (0, f' = - o o , z ' , r) 

=N4(0,t'=-oo, z', r ) = 0 

and 

/ P ( / ' , z ' = 0, r) =/ 0 P exp[ - ( f ' / / p ) 2 - ( r/r P ) 2 ] . 

fP =Ajp/2 (In 2 ) 1 / 2 is hal f the 1 /e width o f the pump-
pulse durat ion and r P is the 1 /e width o f the laser-
beam radius. N0 is the total number density o f dye 
molecules. The orientation-averaged number densi­
ties o f the level populations are 

71/2 

N i = J Ni(6) s in Odd ( /=1 ,2 ,3 ) . 

The absorption anisotropy o f the electric-dipole i n -



teraction is taken into account for the ground-state 
absorption (Gp(6) = 3<J PCOS 20). 6 is the angle be­
tween the transition dipole moment for ground-state 
absorption o f the molecules and the direct ion o f the 
electric f ield o f the pump laser ( l inearly polar ized) . 
r o r describes the molecular reorientation o f the tran­
sit ion dipole moments. The energy transmission o f 
the pump laser is given by 

T SfrdrJ^IAt', z' = l,r) dt' 

where / is the sample length. 
The curves i n fig. 2 are calculated by solving nu­

merically eqs. (1) - (6 ) . The dye parameters used are 
listed i n the figure caption. The best numerical fit to 
the experimental points corresponds to an excited-
state absorption cross-section o f cr e x= (2 .5±0 .3 )X 
1 0 " 1 7 c m 2 (<7ex/(7p = 0.16£0.02) and a ground-state 

absorption recovery t ime o f T a = 3 ± 1 ps. 
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Fig. 3. Probe-pulse energy transmission versus time. Pump-pulse 
input peak intensity is / O P ± 2 x l 0 9 W/cm 2 . The small signal 
transmission is T0=0.021. The structural formula of T C V A is 
inserted in the figure. 
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3.2. Probe-pulse transmission 

The temporal posit ion of the probe pulse relative 
to the pump pulse is varied. The probe-pulse trans­
mission versus t ime is displayed i n fig. 3. On ly laser 
shots wi th measured pump-pulse peak intensities be­
tween 1.5 X 1 0 9 and 2.5 X 1 0 9 W / c m 2 were remained 
for the plot. The probe pulses were attenuated by a 
factor o f 50 compared to the pump pulse. 

The probe-pulse transmission curve versus delay 
t ime is symmetric relative to the transmission max­
i m u m where pump pulse and probe pulse pass s i ­
multaneously through the sample (delay time £ D = 0 ) . 
Th is symmetric shape indicates that the absorption 
recovery time T a is shorter than the laser-pulse du­
ration AtP i n agreement wi th the computer s imula­
tions o f the pump-pulse transmission (section 3.1). 

4. Discussion 

In ref. [16] , the fluorescence quantum efficiency 
o f T C V A in methanol at room temperature was found 
t o b e # « 7 x l 0 ~ 4 and a radiative lifetime o f the v i -
brationally relaxated S! state was estimated to be 
Trad ^ 6 ns. The assumption o f S i - S 0 internal con­
version gives a fluorescence lifetime o f zp = qrfid - 4 
ps. Th is value is i n good agreement wi th the ground-
state absorption recovery time o f r A = 3 ± 1 ps deter­
mined i n this paper. The excited T C V A molecules i n 
methanol relax to the ground state by fast internal 
conversion at room temperature. Rotat ional mo­
tions o f the cyanovinyl group and the diethylamino 
group seem to be responsible for the fast excited-state 
deactivation [ 10,11,13,16 ]. The fast relaxation seems 
to hinder an efficient T I C T state formation. 

5. Conclusions 

The combined measurements o f fluorescence 
quantum efficiencies and absorption recovery times 
allow the dist inct ion between different relaxation 
channels o f excited molecules. The same informa­
t ion could bej^btained by the combined measure­
ments o f fluorescence quantum efficiencies and time-
resolved fluorescence decays (e.g. streak-camera 
measurements) [40] . The bleaching behaviour o f 



T C V A i n methanol at 527 n m allows the appl icat ion 
of the dye as a fast saturable absorber for lasers i n 
this wavelength region (e.g. second-harmonic pulses 
of N d lasers). 
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