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A method for the determination of excited state absorption cross section spectra with a laser 
flash spectrometer is demonstrated. In the region 405-660 nm the cross sections of seven 
aromatic compounds in not degased dioxan at room temperature have been determined. The 
data obtained for anthracene are compared with those of other authors. 

1. Introduction 

The derivatives of 9-acetoxy-10-phenylanthracene 
possess interesting spectroscopic and laser properties 
[ 1 - 6 ] . The spectroscopic studies have shown that 
the nuclear conformat ion of the ground (S0) and 
first excited ( S ^ states are different . This is due to 
the steric effects of the substi tuents (—OCOCH 3 

(—OAc); - O C H 3 ( - O M e ) ; - C H 3 ( - M e ) and - C 6 H 5 

(—Ph)) interacting with the 7i-electrons of the 
anthracene skeleton. Those substi tuents also cause 
the ba thochromic effect of the ' A ^ - ^ ' B ^ 
( ' A - ' L a ) , ' A l g 'B ] u ( ' A - ' B b ) , 1 A | g —• ' A l g 

( ' A 'Cb) bands, change the intensities in com-
parison with the parent compound and influence 
the fluorescence and radiationless rate constants. 

The gain and laser ou tpu t spectra, the absorpt ion 
threshold and the ampl i f ied spontaneous emission 
depend on the position and kind of substi tuent. It 
follows f rom many papers [ 5 - 8 ] that those findings 
can be explained by the S, -> S„ and T] -»• T„ 
absorpt ion and the energy dif ference between the S] 
and T! levels. 

For this reason, it was interesting to measure the 
absorpt ion spectra originating f rom excited electric, 
states. Results of these measurements will show 
excited molecular states not seen by one-step state 
absorpt ion and give some experimental da ta needed 
to discuss the laser behavior of the s tudied deriva-
tives of 9-acetoxy-10-phenylanthracene [ 4 - 6 ] . In 
this paper we will describe the laser absorpt ion 
spectrometer constructed by us and give the results 
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of absorpt ion measurements on six derivatives of 
anthracene. The S, —• S„ and T, —• T„ absorpt ion 
spectra of those compounds were obtained for the 
first t ime. The structure formula of the studied 
c o m p o u n d s with some spectroscopic parameters 
useful in the discussion (taken f rom our earlier 
measurements [1, 2. 4, 6]) are given in Table 1. 

2. Experimental 

2.1. Apparatus 

Experimental is ts have appl ied several methods to 
measure excited state, S] —• S„ and F | -> T„, absorp-
tion spectra [ 9 - 14]. All of them use a flashing light 
source preexcit ing the sample and a second light 
source to measure timely delayed the absorption. 
These two light sources can work in a collinear 
[ 9 - 1 2 ] or in a crossed-beam [ 1 2 - 1 4 ] arrangement . 
Synchronizat ion between the pumping and analys-
ing light source is a critical aspect of this experi-
ment. Pulsed lasers allowed to overcome those 
diff icul t ies and improved the t ime resolution by 
many orders. 

F igure 1 shows a d iagram of our apparatus . The 
spec t rometer consists of an N 2 preexcitat ion laser a 
second synchronous N 2 p u m p e d dye laser, a variable 
optical delay line and a light detecting system. The 
N 2 p u m p e d dye laser worked in a Hänsch arrange-
ment. T h e generated light is tuned by a prism and 
by a Bausch & L o m b grating (1800 g rooves /mm, 
0.1 nm resolution). The end mirror [R = 2 m) of the 
dye laser had a transmission of 3 0 - 4 0 % for the 
spectral region of interest. The output energy and 
the pulse dura t ion ( fwhm) of the nitrogen laser are 
equal to 450 k W and 2.5 ns, respectively. As active 
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Table l.The fluorescence decay time rF and y S l
= quantum yield Q? and the fluorescence, A:F, and radiationless 

process, AD, rate constants. The absorption cross sections for /. = 337.1 nm are also given. 

Compound Q F T f [ns] 
y S l x l 0 8 [ s - ' ] 

kFx 107 

[s-1] 
kDx 107[s- ' j 
QD 

*s0(337.1) 
x 10-17 [cm2] 

1 l o T o T o 

[oiolo] 
0AC 

0.33 

0.21 

4.6 
2.17 

4.2 
2.38 

7.2 

5.0 

14.6 
0.67 

19.0 
0.79 

1.50 

0.97 

111 

IV 

VI 

VII 

[oiolo] 
Ph 

[ofoTo 
OAc 

[oiolo! 
OAc 

OAc 

He 

OMe 

OAc 

0.51 

0.41 

0.34 

0.62 

0.73 

6.5 
1.52 

1.23 

7.2 
1.39 

12.1 
0.82 

9.8 
1.02 

7.8 

5.1 

4.7 

5.1 

7.4 

7.5 
0.49 

7.3 
0.59 

9.2 
0.66 

3.1 
0.38 

2.7 
0.27 

0.97 

1.15 

1.20 

1.48 

1.46 

Fig. 1. The experimental set-up. 
G diffraction grating, P, ... P3 pin 
holes; A optical density filter; CL,. 
CL : cylindrical lenses; T,, T2 beam 
expanding telescopes; C | . . . C 5 dye 
laser cells on a rotary holder; Cs dye 
cell of the studied compound. 

lasing media ethyl alcohol solutions of stilben 3 
( 4 0 5 - 4 5 6 nm), coumar ine 480 ( 4 5 0 - 5 1 5 nm), 
coumar ine 540 ( 5 1 0 - 5 8 0 nm), rhodamine 590 
( 5 7 5 - 6 2 5 nm) and rhodamine 640 ( 6 2 0 - 6 6 0 nm), 
where used (dye concentration 2 - 9 • 10 - 3 Mol/1, 
depending on the dye). The dye cells are set up on a 

rotary stand coupled with the dif f ract ion grating. 
The dye laser beam was expanded by a telescope in 
order to get a p roper d imension and reduced diver-
gence of the beam throughout the delay line, which 
gives retardat ions f rom 2 to 40 ns. In the cell the 
analysing light beam has a d iameter of D = 0.1 mm. 

x - 1 
RECORDER 

LASER 
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Fig. 2. Examplified recording of the T, -* T„ absorption 
for anthracene in dioxane solution. / , , if transmission 
spectra with and without excitation. 

The beam intensity was detected twice: By the first 
photomult ip l ier to have a reference signal and by 
the second photomul t ip l ier to measure the cell 
absorption. Both integrated electric signals were 
registered with an X - t recorder. T h e neutral fil ter A 
prevents an overloading of the photomult ipl iers . 
Figure 2 shows a typical recording of the analysing 
beam transmission without and with preexcitation. 

2.2. Principle of Measuring Procedure 

Figure 3 shows a detailed drawing of the crossed-
beam setup used in the S„, T] —• T„ absorpt ion 
measurements . 

In order to de termine the absorpt ion cross section 
spectra of the S, S„, Ti -»• T„ transition two 
absorpt ion measurements are necessary: One for a 
non preexcited sample and a second one for a 
sample preexcited by N 2 laser light. For d i lu te 
solutions (the Lambert-Beer law) the analysing light 

intensities are 

ro _ I» = Io exp(— aSoNSol) (1) 

and 10+T 
j NSl(t)dt 

7, = / 0 exp \ - crSo NSo/~(ts J 

-

lo+r 
j NTl(t)dt 
to 

(2) 

In (1) and (2) as0 , as, and oT l are the photon 
absorpt ion cross sections of the S 0 . Sj and F] 
electronic states, respectively, / is the absorpt ion 
length (length of the sample cell), /0 the t ime delay 
between preexcit ing and analysing flash and r the 
half width of the dye laser pulse. 

If oT l = 0 or NTl = 0 we get 
to+r 

f Ns(t)dt 

-^s (v) = In = — SlV ; 2.303 /,(v) 2.303 r 

and if a S l = 0 or NSl = 0 
t0+r 

. . . I NT(t)dt 

^ (v) - ^ ^ r - — aTl(v) / N?r-

(3) 

2.303 
(4) 

Equat ions (3) and (4) give the absorbances at a 
par t icular wavelength of the S] —• S„ or T! ->• T„ 
transit ion, respectively. The premise of (3) or (4) (a 
proper t0 value) is realized by the optical delay line. 

Fig. 3. Detailed drawing of the crossed-beam set-up in 
excited state absorption measurements. D diameter of 
analizing beam; d absorption depth for which erSo(337.1) 
• NSod= 1; / x ö the area excited by the N2-laser. 
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In our case the excited-state Sj and T] absorption 
measurements were performed for delay times /0 = 2 
and /o = 18 ns, respectively. As is shown in Sect. 2.3, 
the selected delay times correspond to maximal 
population density in the S, or T j . The average 
number of molecules in the S! state (taken over the 
whole pumping volume of the N2 laser) is given by 
the formula 

D rN 2 

N<s,x = ci cs0(337.1) Ns,, j J q{x,t) d x d / , (5) 
o o 

where a is a constant and q(x, t) the photon density 
of the N 2 laser light in the excitation volume. If 
the Lambert-Beer law is fulfilled for the N2 light 
penetrating the sample, (5) can be rewritten as 

N* = 
D 61 

aSo(337.1)7VSo 

D rN2 

• J ] P337.] (/) exp(— (Tso Ns 0 x) d x d / . (6) 
0 0 

Equation (6), integrated over the absorption length, 
gives 

^ = - e x p ( - a S o ( 3 3 7 . 1 ) NSo D] fp33Z1 (/) d t . 
o ( ? ) 

The quantum yield of intersystem crossing after 
Amand and Bensasson [14] can be defined as 

j dN T l 

Q isc - N* 
(8) 

where NTl describes the instantaneous population 
density of the molecules in the T) state and Vax is 
the time of assembling molecules in the T! state, 
counting them from the beginning of the excitation. 
Taking into account that £>ISC = 1 - Q¥ and rewrit-
ing (3), (4), (7) and (8) for the case of the standard 
compound 5 (with known erf,) and of the compound 
under studies x (unknown erf,), after simple alge-
braic operations one gets 

^ T , = vtt 
A f . l - Q ' p 1 - e x p ( - < ( 3 3 7 . 1 ) ^ 0 D ) 

As
Tl 1 -Qt 1 - e x p ( - < ( 3 3 7 . 1 )N$0D) 

(9) 
, A j 1 - e x p ( - < ( 3 3 7 . 1 ) NjD) 

a S l aSlAi 1 - e x p ( - a i ( 3 3 7 . l ) N $ 0 D ) -

Equation (10) is plausible for a case when the 
population rate constant is bigger than that of the 

depopulat ing processes of the S] state. It is easy to 
see that (9) and (10) allow to determine the absorp-
tion cross section spectra a f , and < without knowl-
edge of the density of molecules in the S] and T, 
states. 

It must be noticed that the absorption cross 
section spectra crSl and aTl can be determined also 
by means of (3) and (4) if the instant population 
density of the S, and T] states are known. These can 
be calculated by solving the rate equations for the 
population and depopulation dynamics of the Sj 
and T] states. In this paper, the excited state 
absorbance spectra are determined in both ways. 

2.3. Population Dynamics 

The Jabfonski energy diagram of anthracene — 
the representative luminescence molecule of the 
studied compounds - is shown in Figure 4. In our 
experiment the S, (v = 0) state is populated through 
higher vibrational levels. Also, it would be possible 
to excite the molecules into the higher lying singlet 
states. But in this case, as well as if the higher 
vibrational levels of the S] state are excited, very 
fast thermalization takes place and all molecules 
quickly find themselves in the lowest vibronic level 
(r = 0) of S, . 

From the S, (r = 0) state the molecules lose 
excitation by spontaneous and stimulated emission 
and nonradiative intersystem crossings to the triplet 
state. In the measurements, by changing the pump-
ing power of the N2 laser, we took attention that 
amplified spontaneous emission was absent*. 
Taking only into consideration the processes de-
scribed above, with rate constants y S l = l / r F and 
A.'isC, respectively, the population dynamics are con-
trolled by the rate equation 

-

L ^ s J 

~ /s, 
^ ISC 

7'Sj ~ Ä'isc 

0 W{t) 
?T, 0 
yTl - W(t) 

~AV 

L7VSoJ 
, c 11: 

where the total density of the molecules is 
N = NSo -I- Ns, + Nt, and yTl is the overall decay rate 
of the Ti state. The pumping rate is 

ffs„(337.1) d, I x\ 
W ( t ) = S / d I p » 7 . i ( 0 e x p l - — d.x, (12) 

* The amplif ied spontaneous emission was observed by 
us for the 9-phenylanthracene only. 
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where the N 2 laser light absorpt ion depth d is 
def ined by the relation CTSo(337. 1) N$0d = 1. The 
meaning of the other parameters (<5, /, D and .y) is 
given in Figure 3. 

The shape funct ion of the N 2 laser pumping pulse 
is described by the formula 

P (t) (13) 

Fn2(0 = = Q [exp ( - kPi t) - exp (~kp
2 /)]. 

The photon density in the incident beam and the 
shape parameters kp and k2 have constant values for 
a given laser. In our studies the parameters kp and 
k2 were determined experimental ly by a least 
squares fit procedure. The pa ramete r Q has been 
obtained by adjust ing the absorbances A™*, using 
(4) and (11), with that of our measurements for 
anthracene in benzene as a s tandard . It appears that 
o = 13.18 x 1023 [photon c m - 2 s - 1 ] , k\ = 4 x 108 [s_ 1] 
and A:2 = 4 X 109[S - 1] . For the rate constant YTL we 
used the value yTl = 6.0 x 106 [ s - 1 ] ob ta ined for 
anthracene [15]. 

Substituting the values of the spectroscopic 
parameters (see Table 1) and the value of the 
pumping rate into (11), the t emporary popula t ion 
densities of the S l 5 Ti and So states were computed . 
The calculations were pe r fo rmed by means of the 
method described in [16]. In those calculations the 
populat ion density of the ground state S0 was 
approximated by the formula 

NSo(t) = N(\-$ W{t)dt). 

Figure 4 shows a graphical presentat ion of the 
results obtained for anthracene (I) and 2,9-diacetoxy-
3-methoxy-anthracene (VI). T h e density curves of 
the remaining compounds have an ana logue course. 
It is obvious that the popula t ion density depends on 
the dye concentrat ion and on the kind of solvent 
[17]. 

3. Results and Discussion 

The absorpt ion measurements on the excited 
species were per formed at w a v e n u m b e r intervals of 
350 cm"1 in the region 1 5 - 2 4 . 5 kK ( 6 6 0 - 4 1 0 nm). 
Figures 5 - 7 show the absorpt ion (erSo) and st imulat-
ed emission (a e) cross-section spectra and excited 
singlet ASj and excited triplet ATl absorbances of the 
studied compounds in d ioxane solution at room 
temperature. The excited singlet and triplet ab-
sorbance spectra were measured at the t imes 

t0 = 2 ns and /0 ^ 18 ns af ter the start of the preexcit-
ing laser pulse, respectively. The absorpt ion and 
st imulated emission spectra give the strength of an 
absorpt ion process and the number of f luorescence 
quanta per wave number interval. 

The values of s t imulated emission cross section 
have been calculated using the formula 

cre(v) = ffWQf 
TIC H1 Tp v2 (14) 

where for the fluorescence shape funct ion: j #(v) dv 
o 

= 1. QY is the q u an tu m yield, n the refract ion index 
of the solution and r F the fluorescence mean decay 
time. 

The absorbance spectra /*Sl(v) a n d a r e 

obta ined as def ined in (3) and (4). 
The absorpt ion cross section spectra aSo of the 

subst i tuted compounds are similar in shape and 
intensity to the spectra of the unsubst i tuted anthra-
cene. They are shif ted to longer wave lengths. This 
general similarity allows to use the symmetry 
assignment of anthracene for the electronic states 
(bands) a l though the substi tuted molecules belong 
no longer to the symmetry group D 2 h . Subst i tut ion 
in position 9 of the anthracene ring causes a change 
in the electric transit ion moments parallel to the 
shorter axis of the molecule. They give rise to shifts 
and intensity changes of the following bands: 

S 0 ( ' A L G ) 

S , ( 'B 2 U ) 

S , ( 'B 2 U ) 

S , ( 1 B 2 u ) ( ~ 26700 c m - 1 ) , 

S„ ( 'A l g ) 16650 c m - 1 ) and 

S^.('BLG) ( ~ 18000 c m - 1 ) . 

As it can be seen f rom Figs. 5, 6 and 7, the 
intensities of the vibrational peaks as well as the 
total intensity change slightly. In the case of the 
SO('AIG) —• S I ( ' B 2 u ) band the f requency differences 
between ne ighbour ing vibrational peaks for the 
compounds I I - V I are the same and are equal to 
those of anthracene. But for 9-phenylanthracene 
these differences are significantly larger than the 
experimental error. Fhe excited state absorpt ion 
spectra S,(>B2u) - S„('ALG) and S , ( 'B 2 u ) - S , ( ' B l g ) 
have the same shape but the intensity decreases in 
compar ison with those of anthracene. 

Substi tution of functional groups in positions 2 
and 3 of the anthracene ring causes a change in the 
electric transition moment in the direction of the 
longer axis of the molecule. Among the observed 



Fig. 5. The population density of the Si and T| states vs. time for 
anthracene (a) and 2,9-diacetoxy-3-methoxy-9-phenylanthracene (b). 
XV,,, locAr mile» Jo njvpn for r-Am^nV 

L ( 'A ( ?J50 

Fig. 4. The Jabtonski energy-level diagram of anthracene. The arrow 
width is proportional to the transition intensity. 

oToTo o o io 

h fiji T L ( 3 ° J 

T A 3 B 2 U ) 

,"r , I 1 T r- n ' 
ALnmJ 600 550 500 450 400 350 

Fig. 6. The absorption spectra of anthracene (a) and 9-acetoxy-
anthracene (b) in dioxane solution at room temperature, C = 3 x l 0 ~ 4 <J> 
mol/1. <7So(S0->• S,); A—-A—A / * S l ( S , S „ ) ; x—x—x ATl 
CT| -> T„). For convenience the stimulated emission cross section 
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Table 2. Frequencies of the absorption cross section vibration peaks and their values of the substituted derivatives of 
anthracene in dioxane. The values in oaranthesis are calculated using (3) and (4). Here anthracene was applied as 
standard, for which of ^ 17.5 x 10 - 1 7cm2 at 432.5nm in benzene solution [18] and a l ^3.84x 10"17cm2 at 16700cm"1 

in PMM [19], 

Compounds S0( 'A l g) - S, ( 'B2u) S,('B2l l) - S„('A lg) T, (3B2u) -* T„(3B,g) 

V aS oxlO" 1 7 V <7SixlO"17 V CTTIX10"17 

[cm -1] [cm2] [cm -1] [cm2] [cm -1] [cm2] 

oToTo 

III 

IV 

OAc 

26 420 
27 830 
29 250 
30 710 
32 080 

25 830 
27 210 
28 710 
30 170 
31 500 

25 800 
27 200 
28 650 
30 100 
31 700 

25 750 
27 170 
28 580 
30 000 
31 500 

2.02 
3.18 
2.18 
1.19 
0.54 

3.06 
3.37 
2.22 
1.19 
0.61 

3.28 
3.49 
2.16 
1.08 
0.51 

2.49 
2.76 
2.07 
1.23 

16 650 

16 650 

3.80 
(4.11) 

2.69 
(3.15) 

16 600 2.76 
(2.77) 

23 490 

23 540 

16 750 3.95 23 000 

25.0 
(25.9) 

14.7 
(13.7) 

8.3 

23 100 10.2 
(13.0) 

OAc 

25 830 
27 170 
28 580 
29 950 
31 380 

25 500 
26 960 
28 290 
29 750 
31 250 

25 000 
26 420 
27 880 
29 330 
30 830 

2.68 
2.92 
2.18 
1.26 
0.61 

2.18 
2.26 
2.15 
1.53 
0.84 

2.87 
2.91 
2.53 
1.57 
0.73 

16 600 

16 900 

16 800 

2.72 
(2.67) 

3.98 
(3.56) 

3.82 
(3-49) 

23 100 

22 730 

22 670 

11.5 
(10.08) 

10.2 
(11.5) 

9.4 
(9.72) 

OAc 

absorpt ion bands only the transi t ion m o m e n t of the 
T , ( 3 B 2 u ) T„ ( 3 B l g ) ( ~ 2 3 5 0 0 c m " 1 ) band is par-
allel to the longer axis. As can be seen f rom Figs. 5, 
6 and 7 for the subst i tuted c o m p o u n d s ( I I I - V I I ) 
this band shows a ba tchochromic shift . This fre-

quence shift , calculated with respect to the anthra-
cene value, is 400 c m - 1 ( compounds IV and V), 
500 cm" 1 ( compound III) and 800 c m " 1 ( compound 
V), respectively. In the case of compound II this 
band shows a small shift to higher f requencies 



LASER NZ 

30 \>" !03 [cm1] 

A[nml eoo 
—I I 
550 500 

<m:: 
OAc 

Fig. 7. The absorption spectra of 2,9-diacetoxy-anthracene (a) and 
2,9-diacetoxy-3-methoxy-anthracene (b) in dioxane at room tempera-
ture. C = 3 x lO"4 mol/l. The spectra are marked as in Figure 6. Fig. 8. The absorption cross section spectra of 9-phenylanthracene (a) 

and 2,9-diacetoxy-3-methoxy-10-phenylanthracene (b) in dioxane 
( 7 = 293 K, C = 3 x 10~4 mol/1). The spectra are marked as in 
Figure 6. 
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(hypsochromic effect). Additionally, to the 3B2U -> 
3 Bi g band in the delayed (r0 = 18 ns) spectrum a 
very weak peak at - 21 000 c m - 1 shows up. This 
peak appea r s in the spectra of all s tudied com-
pounds. 

Table 2 collects the wave numbers of the absorp-
tion m a x i m a and their cross sections. The cross 
sections <rSl and crij were determined using (9) and 
(10) (uppe r number ) and (3) and (4) (number in 
paranthesis) . Compar ing the two numbers a good 
agreement is noticed. This finding gives a good 
check of the correctness of (9) and (10), which 
were given by us in order to determine the excited 
state absorp t ion cross sections crSl and erTl. 

T h e s t imula ted emission cross section spectrum, 
(Te (v), of an thracene (I) shows a mirror image 
re la t ionship to the absorpt ion spectrum <TSo(V) (see 
Fig. 5a ) and a very small Stokes shift of the 
0 - 0 transi t ion. This indicates that the vibrational 
spacings of the Franck-Condon (FC) and equilib-
r ium (EQ) excited states are similar. As can be seen 
f rom Figs. 5 b, 6 and 7, the mirror symmetry is 
partly lost in the above spectra of the substi tuted 
derivat ives of anthracene. Already subst i tut ion of 
the —OAc g roup in posit ion 9 of the anthracene ring 
(Fig. 5 b ) modi f i e s the intensity of the vibrational 
peaks, bu t does not change the frequencies. This 
holds for c o m p o u n d s I I I - V I notwithstanding the 
spectra a re more blurred. The phenyl g roup intro-
duced at posi t ion 9 or 10 in the anthracene ring 
modi f ies the ( 7 E ( V ) spectrum in a somewhat different 
way (see F igure 7 b). The emission spect rum of 
2 ,9-diacetoxy-3-methoxy-9-phenylanthracene shows 
a very weak vibrat ional structure. It is d i f fused in 
the d ioxane solution at room temperature . These 
f indings indicate that the nuclear conformat ion of 
the equ i l ib r ium excited S 1 ( 'B 2 u ) state is d i f ferent 
f r o m that of the ground state S 0 ( ' A l g ) and that 
rota t ional vibrat ions of the - P h , - O A c or - M e 
groups cause d i f fus ion of the fluorescence spectrum. 

The results of our measurements can be sum-
mar ized as follows: 

a) The absorpt ion spectra S0 ( 'A,G) S , ( ' B 2 u ) of 
all c o m p o u n d s are shif ted to longer wavelengths in 
compar i son to anthracene. The positions of the 
excited state absorption spectra S,( 'B2 U) S„('ALG), 
M ' B ^ - S a C B . g ) depend little on the kind of 
subst i tuent and its position. The phenyl g roup sub-
sti tuted in posi t ion 9 is an exception. T h e values of 
the absorp t ion cross sections of the 'B 2 U -+ 1 A L G 

Table 3. Comparison of the anthracene triplet-triplet ab-
sorption cross sections, x 10 -17[cm2], for various 
solvents with literature data ( T = 290 K). a This work. 

Benzene Cyclohexane Alc.ethyl. Dioxane 

_ 24.0 a 19.8 a 25.0 a 

(430.6 nm) a (423.0 nm) (420.7 nm) (425.9 nm) 
17.5 [18] 24.9 [18] 19.2 [20] 

(432.5 nm) (425 nm) (419 nm) 
20.4 [21] 33.0 [20] 28.8 [22] 

(428.5 nm) (422.5 nm) (421 nm) 
16.1 [23] 20.2 [23] 18.6 [23] 

(431 nm) (423 nm) (421 nm) 

band are constant for compounds I, III, VI and VII 
and about 30% lower for the others. 

The "triplet absorption band T] (3B2 u) T„( 3 Bi g ) 
of compounds I I I - V I I is shif ted to longer wave 
lengths in compar i son to anthracene. Its intensity 
decreases f rom abou t 40 to 62% for the compounds 
I I - V I I , respectively. 

c) Good agreement between the erSl and aT l values 
calculated using (3), (4) and (9), (10) gives con-
f idence that the theoretical principles of the pro-
posed method for de te rmina t ion of the excited state 
absorpt ion cross sections is correct. The agreement 
of our results (obta ined for anthracene) with those 
of other au thors [ 1 8 - 2 3 ] suppor ts the erSl and CTT] 

values de te rmined for the c o m p o u n d s under study 
(see Table 3). 

As a conclusion it can be stated that the excited 
state 'B2 u ' A l g , 'B2U 'B IG and 3B2U -» 3B]G ab-
sorpt ion measuremen t s give fu r the r informat ion 
abou t the electronic structure of the compounds ; 
they are supplementa ry to those obta ined f rom the 
ground state ' A l g , absorpt ion studies. In our 
measurements we have de te rmined the energy 
values of excited states which are not a t ta inable 
f rom absorpt ion f rom the ground state. Such 
measurements pe r fo rmed for dyes give impor tant 
in format ion abou t their usefulness as active med ia 
in dye lasers. 
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