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The ground-(S0) and excited-(S) and Ti) state spectra o f seven derivatives o f 9-acetoxy- 
10(4'-acetoxy)phenylanthracene were determined in the region 50000 -  15000 cm -1 (200 — 
660 nm). Comparison o f these spectra to the unsubstituted molecule (anthracene) indicates the 
presence o f bathochromic shift and the steric effect. The substituents cause changes o f positions 
of the energy levels (bigger shifts are noticed for low lying states) and also changes of the absorp­
tion intensities o f some transitions. The steric hindrances between the phenyl-substituents and the 
anthracene skeleton are more pronounced if the — O Ac(— Me) group or a heavy atom is intro­
duced at position 2' o f the phenyl ring. Molecules possessing such substituents at the meso-posi- 
tion exhibit spectroscopic properties characteristic for a plane molecule in the S0 and Si states; 
they show a better preservation o f the mirror symmetry between the absorption and fluorescence 
spectra, lower Stokes shifts and the destabilization energies and bigger fluorescence quantum 
yields.

1. Introduction

Anthracene has three positions (1, 2 and 9) for 
m onosubstitution, in which the density o f the ring 
electrons differs significantly. The m eso-position 9 
is the most electron-rich one o f the ring, and the 
bond lies in the direction o f the lowest energy tran ­
sition m om ent (S0( 'A lg) —► S i ( 1B2u)). It is known 
from earlier studies [1 -3 ]  tha t a com plete coplanar­
ity between a substituent at position 9 and the ring 
is often sterically hindered by the hydrogens at the 
positions 1 and 8. For substitu tion  in position 2 
(which is the least electron-rich position), the sub­
stituent axis is m ore aligned w ith the d irection 
of the second anthracene transition  (S0( 'A lg) —> 
^2 ( 1 ^ 3U)) and steric hindrance to coplanarity  is 
almost insignificant. The electron density at posi­
tion 1 is interm ediate between the o ther two. A 
group substituted at position 1 lies nearly along the 
axis o f the S0( 'A lg) -* S, ( 'B 2u) transition and the 
steric hindrance from the ring hydrogens is in te r­
m ediate com pared to positions 2 and 9. The spectral 
properties o f the substitu ted  anthracenes are depen ­
dent on the position and on the kind o f the func­
tional group.
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In our previous studies the spectral properties o f 
mono- and m ulti-substituted anthracenes were dis­
cussed in some detail [4 -7 ] , Some of these com ­
pounds show lasing [8, 9]. Among the lasing com ­
pounds we found a group o f molecules with d is­
tinctly different laser param eters from the rem ain ­
ing ones. The com pounds o f this group have an 
acetoxv and an aryl group (with substituents -O A c , 
- M e ,  - F .  —Cl, in the position 2' o f the phenyl 
ring) substituted in the positions 9 and 10 o f the an ­
thracene ring, respectively. In the papers [6, 9] it 
was suggested that the steric hindrance o f those sub ­
stituents by hydrogens of the anthracene ring change 
the planarity o f the molecule during the absorption  
process.

This paper confirms some earlier suggestions and 
shows how the different aryl substituents influence 
the ground state (S0 -* Si) and excited state (Si —► 
S;. and Ti -> Tm) absorption spectra. The so-called 
m irror symmetry relation between suitably nor­
m alized absorption and emission spectra is given 
and discussed.

2. Experimental

The structural form ulae o f the com pounds under 
investigation are given in Table 1. Their synthesis is 
described in [10]. The purity  o f these com pounds
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Table 1. The relative intensities o f  the vibrational peaks, the destabilization energy values and Stokes shifts o f 9-acetoxy- 
10(4'-acetoxy)phenylanthracene derivatives in dioxane.

Com pound Frequencies and intensities o f v ibrational peaks

A bsorption Emission

vA[cm '] S2r, vp [cm" Si

v’st =  v0 -  vP  [cm ' 1] 
and A S 2 [%]

D estabiliza tion
energy [10“ 2 eV]

EO. G v"

25 500
26 850
28 300
29 750 
31 200

0.34 (0.32)
0.34 (0.32)
0.20 (0.22)
0.09 (0.10)
0.03 (0.04)

24 800 
23 550 
22 200 
20 750 
19 500

0.24 (0.28)
0.36 (0.34)
0.25 (0.24)
0.11 (0.10)
0.04 (0.04)

8.68 (2.36) 

1710 

20 (18)

25 500
26 900
28 300
29 700 
31 100

0.33
0.32
0.24
0.08
0.03

25 150 
23 750 
22 400 
21 100 
19 500

0.25
0.36
0.25
0.10
0.04

3.41

1530

16

IU

•OAc

25 500
26 900
28 300
29 700 
31 100

0.33
0.32
0.24
0.08
0.03

25 150 
23 750 
22 400 
21 100 
19 500

0.24
0.36
0.25
0.11
0.04

5.20

1400

15

IV 25 500
26 900
28 350
29 750 
31 200

0.34
0.34
0.21
0.09
0.02

25 050 
23 800 
22 400 
21 100 
19 400

0.26
0.35
0.26
0.11
0.02

5.20

1530

16

25 500
26 900
28 350
29 750 
31 200

0.34
0.34
0.21
0.09
0.03

25 150 
23 900 
22 500 
21 150 
19 500

0.26
0.37
0.24
0.11
0.02

4.34

1520

17

VI

VII

VIII

OAc

OMe

OAc

25 400
26 750
28 150
29 700 
31 000

25 300
26 750 
28 100 
29 750 
31 000

25 100
26 600 
27 900
29 450
30 900

0.33
0.33
0.22
0.09
0.03

0.33
0.33
0.21
0.09
0.04

0.29
0.28
0.24
0.13
O.Oo

24 650 
23 300 
21 900 
20 400 
19 150

24 600 
23 300 
21 800 
20 350 
18 900

24 450 
23 100 
21 500 
20 100 
18 500

0.25
0.40
0.20
0.12
0.03

0.23
0.38
0.23
0.11
0.05

0.25
0.39
0.23
0.10
0.03

9.30

1660

20

8.68

1750

20

8.06

2050

22

OAc
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was of p.a. order. A nthracene (p.a.) was add i­
tionally purified by zone melting. The solvents 
n-heptan and dioxane were o f spectral purity.

The ground state absorption spectra in n-heptane 
5 - 1 0 _5M ol/l were m easured with a Perkin-Elm er 
(m odel 402) spectrophotom eter.

The fluorescence spectra were obtained by means 
o f  a photoelectric m ethod described in [11], The 
spectral halfw idths o f the exciting and fluorescence 
beam s are 6 and 3 nm, respectively. The influence 
o f reabsorption was experim entally m inim ized, and 
the spectra were corrected for the response function 
o f the photom ultip lier and m onochrom ator.

The excited state absorption m easurem ents of 
d ioxane solutions (c =  3 • 10-3 Mol/1) were per­
form ed with a laser spectrophotom eter described in 
[7], It consists o f an N 2-dye laser com bination hav­
ing a variable delay (0 -  45 ns) between the exciting 
(N 2) and the probing (dye) beam . In order to deter­
m ine the absorbances of the S, -> S* and Tj -*• T„ 
transitions the intensity o f the probing beam  was 
m easured with and w ithout excitation by the light 
o f the N 2-laser.

For these cases, in accordance with the Lam bert- 
Beer law, the light intensities o f the probing beam  
passing a volum e / x Ö x d  of the sam ple cell are

given by form ulae

and

7t° =  IQ exp ( -  a SoN So-1)

tO+T
I i N Sl( t ) dt  

7, =  / 0 exp I — crSoiVs0 * /  — crSl / —---------------

(1)

fo+T
I N t ,(>) df 

_ / '0
Ti --------- I ---------- (2)

erSo, <7Sl and °Ti are the photon absorption cross 
sections o f the S0, Sj and T! electronic states, re­
spectively, t0 is the tim e delay between the exciting 
and analysing pulses o f the N 2- and dye lasers, r  the 
h a lf width o f the dye laser pulse and d  the absorp­
tion depth for which <rSo (337.1) N Sod =  1. 70 is the 
light intensity of the entrance beam  of the dye laser. 
Taking into account that the decay tim e r Sl<̂  r Tl, 
we are able to find such a delay between the ex­
citing and analysing laser pulses that in the solution 
one finds excited m olecules in the S, or T, state 
only [7], Then the absorbances at a particular wave­
length of the Si -► S* or T] -» T„ transition are

ASl(y) =

^Ti (D

l
2.303

2.303

ln

ln

/,°(v)
/,(v )

/,°(V)
/,(v )

to=2 ns

/o=40 ns

2.303

gT.Cv) • 1 
2.303

(3)

'Tu

(4)

where N S] and Nj ™ are the average num bers of 
molecules in te Sj and T] states, respectively (taken 
over the whole pum ping volum e o f the N 2-laser, 
only). The unknown values N Si and Nf*x can be 
elim inated by com parison [7], perform ing identical 
m easurem ents for a com pound whose <rSl(v) and 
erTl(v) spectra are known.

Labelling by s and .v the p roper constants o f the 
reference and unknown com pounds, respectively, 
the absorption cross sections erSl(v) and crTl(v) can 
be determ ined using the form ulae [7]

ff$i(v) =  cr^(v)
A l ( v )
AsSl(v)

(5)

[1 — exp ( -  ctso (337.1) • N sSo ■ D)]

[1 — exp ( -  cts0 (337.1) • Â s0 ‘ D)] ’

t ,
^ ( v )  =

1 - Q t  
1 - Q i

[ l - e x p ( - g § 0(337.1)-jV§0-D)] 
[1 -  exp ( -  cr̂ o (337.1) • Ns0 • 7))]

(6)

w ithout knowledge o f the density of molecules in 
the St and T | states. In Eq. (6) the probing beam 
d iam eter D =  0.15 cm. A nthracene was used as stan­
dard.

3. Results and Discussion

3.1. The mirror and symmetry relationship

The structural changes in the ground- and excited 
state geom etries o f a m olecule and its solvent cage 
can be determ ined by the degree of m irror sym­
m etry o f the corresponding absorption and fluo­
rescence spectra. As it was shown by Blochincev [12], 
F örster [13 and Stepanov [14], the m irror image 
sim ilarity is noticed only if the following conditions 
are fulfilled:

a) the transition m om ents for the absorption and 
em ission processes are equal, i.e. Ö go. ev' ( ^ ) —
Q EO. Gv" (R)',
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b) the p o p u la tio n  d e n s itie s  o f  the v ib ra tio n a l lev e ls  
o f  the ground  and  e x cited  states at un it en ergy  
intervals As" and As'  w eig h te d  by  th e  statistica l 
p o p u la tio n  factor g c ( c " )  and  # E(£')> are eq u a l;

c) the fo llo w in g  re la tion s b e tw een  th e  freq u en c ie s  
o f  the a b sorp tion  and e m iss io n  sp ectra  are va lid :

2 V~o,o -  VED, Gv" — V go, EvS VEO g o  — VGO E0 ~  V0  o .

In order to an a ly ze  the m irror sy m m etry  w e h a v e  
norm alized  the a b so rp tio n  and  flu o rescen ce  sp ectra  
in a w ay su g g ested  b y  S tep a n o v  [14], F ig u re  1 sh o w s  
the spectra o f  th e  three c o m p o u n d s stu d ied  as an  
exa m p le  (an th racen e  is g iv en  for co m p a r iso n ). T heir  
analysis revea ls a d istin c t s im ila r ity  in  th e  a b so rp ­
tion  spectra. T h e  e m iss io n  sp ectra  sh o w  a b lurring  
o f  the v ib ra tio n  structure and th e  rela tiv e  in ten sity  
distr ibu tion  o f  th e  v ib ra tio n a l p ea k s is d ifferen t  
from  that in th e  a b so rp tio n  sp ectru m  and from  the

a n th racene em issio n . By d e c o m p o sin g  th e  spectra  in  
the w ay sh ow n  in F ig . 1 b , the re la tive  va lu es o f  th e  
F ran ck -C on d on  factors and the w a v e  nu m bers o f  
the separated  v ib ration a l transistions can be d eter ­
m ined . By an ana lysin g  th ese  d ata  (see  T a b le  1) w e  
find  that (n eg lec tin g  the b a to ch ro m ic  e ffec t w h ich  
w ill be  d iscu ssed  later) th e  w ave  n u m b er  d ifferen ces  
b etw een  n e ig h b o u r in g  v ib ration a l p ea k s (vGO, Ev' ~  

vgo, ev'+ i and veo,Gv" -■ veo, gv'+ i) in  th e  ab so rp tio n  
and e m iss io n  spectra d iffer  from  th o se  o f  an th ra­
cene. T h e  v ibration a l sp acin gs in th e  e m iss io n  are 
gen era lly  sm aller  than  in  the a b sorp tion . T h e  peak  
in ten sities  in the ab so rp tio n  spectra  eq u a l th e  cor­
resp on d in g  ones o f  an th racene (se e  T a b le  1, c o l­
u m n 3).

In the fluorescence spectra the d istr ibu tion  differs 
from  that o f  anthracene. E sp ec ia lly  it is ev id en t for  
the v ibration a l transition  v' =  0  -> v" =  0 and 3
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where the difference between the Franck-Condon 
factors is Sg0 GO -  Sqo . e o  ^ 0 . 1 .  F or the other 
vibrational transition the above value is about 0.05. 
The observed changes o f the spectral structure can 
be explained using a four energy level diagram  (see 
Figure 2). The absorbing and em itting states are 
classified as therm al equilib rium  (EQ) ground and 
excited states. The molecules from the Franck- 
Condon states (FC) rearrange the nuclear configura­
tion characterized by the Franck-C ondon destabili­
zation energies A E Sl and AE 0. It follows from Fig. 2 
that

z l£ Sl +  ^ s „ ^ ( v o \ - v 0E„). (8)

The destabilization energy o f the com pounds under 
study are collected in colum n 6 of Table 1 (upper 
num bers). In the sam e colum n (lower num bers) the 
values o f the Stokes shift and the departure from 
the m irror symm etry reationship  definite as

vst=  *~o.o ~  V*g [15]
and

J 5 ’-  =  X  *-*EO. G v" *^G 0. Ev' ~ ’ 1 0 0 % .
r' r"

respectively, are given.
The com pounds can be divided into two groups. 

The first one (II -  V having an additional functional 
group in the position 2 ') and the second one (com ­
pounds VI — VIII w ith supplem entary substituents 
in the position 2 and 3 o f the anthracene skeleton). 
A nthracene and 9-acetoxy-10(4'-acetoxy)phenyl- 
anthracene (I) are used as a standard.

Fig. 2. The potential energy curves o f an absorbing and 
emitting molecule in a solution.

From  the spectra in Fig. 1 and the data in Table 1 
it can be concluded that:

a) The loss o f m irror relationship m easured by A S 2 
has values o f 16 and 20% for the two groups of 
molecules, respectively. (For anthracene 8%). 
The differences are bigger than the estim ated 
error (about 4%) caused by the decom position 
of the spectra and the determ ination  o f the rela­
tive intensities.

b) The Stokes spectral shift o f the first group of 
com pounds is constant (w ithin the error lim it 
± 5 0  cm -1); its value is bigger for the second 
group, where an increase w ith num ber o f sub­
stituents is noticed.

c) The destabilization energy is distinctly bigger for 
the second group o f m olecules (about two times). 
This indicates a difference between the equ ilib ­
rium  nuclear configurations o f the S0 and S] 
states as well as a change of the equilibrium  
internuclear distances (R G and R E in F igure 2).

d) The correlation between the loss o f the m irror 
relationship, the Stokes shift and the destab iliza­
tion energy indicates a significant change o f nu ­
clear conform ation (planarity) in the ground 
S0 ( 1 Ai g) and excited S 1( 1B2u) states [16,17], The 
differences in the equilib rium  geom etries are 
bigger for the second group o f molecules.

The small departure from the m irror sym m etry 
justifies a description o f the electronic states as for 
anthracene. The substituents influence the 7r-elec- 
trons of the ring as perturbers which do not change 
the symm etry group o f the anthracene skeleton re­
sponsible for the rad ia tion  process. Its weak in­
fluence is recognized in the absorption  and fluo­
rescence spectra as a batochrom ic and steric effect.

3.2. The ground state absorption spectra

The dependence o f the m olar extinction coeffi­
cient on the wave num ber of the four selected com ­
pounds is presented in Figures 3 and 4. Between 
2 5 0 0 0 -  50000 cm “ 1 three electronic transitions can 
be distinguished, sim ilar as for anthracene (see 
Fig. 5), nam ely the S0 ( 1A lg) —► S! ( !B2u) (in the 
25000 -  32000 cm -1 spectra! region), S0 ( lA lg) - ^  

( 1B3u) (in the 38000 -  41 000 cm -1 region) and 
So(’A lg) -» S3 ( 1B ,g) (4 5 0 0 0 -4 8 0 0 0  cm “ 1). Table 2 
(column 2 and 3) collects the 0 - 0  vibrational fre­
quencies o f the corresponding electronic transitions
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Fig. 3. The ground- and excited-state absorption spectra of: a) 9-acetoxy-10(2',4'-diacetoxy)phenylanthracene, b) 9- 
acetoxy-10(4'-acetoxy-2-'-metoxy)phenylanthracene in dioxane---- the S0 -> Sl9 S2 and S3 absorption curve,-------nor­
malised fuorescence spectrum, -  A - A -  Sj -> Sk (ASl) and - x - x -  Tj -* T„ (ATl) absorbances spectra.

and their absorption cross sections. Comparing the 
obtained values with the respective data of anthra­
cene (they are given in parentheses) one finds that 
they are shifted to longer wave lengths. The shifts 
with respect to the position of the 0 -0  vibronic 
transition of anthracene are 1250, 750 and about 
300 cm-1 for the first group of compounds. Com­
pounds possessing additional functional groups in 
the positions 2 and 3 of the anthracene ring (second 
group of compounds) exhibit larger shifts of all 
three bands. They are particularly large for the 
S0 S2 and S0 -*■ S3 bands (800, 1000 and 1400 cm-1 
for the S0 -*• S2 band and 1000, 1100 and 3000 cm-1 
for the S0 —► S3 band of the compounds VI, VII and 
VIII, respectively). These shifts occur because the

electronic transition moment responsible for those 
bands is parallel to the longer axis of the molecule.

The analysis of the absorption cross sections 
(a (v) = 3.81 • 10“ 17 e (v)) indicates that the substi­
tuents in compounds of the first and partly of the 
second group cause a 12% and 30% increase of the 
a (v) value for the S0 —>• S] and S0 -* S3 bands and a 
20% decrease in the S0 —► S2 band with respect to 
anthracene. It must be noted that the acetoxy and 
metoxy groups substituted at positions 2 and 3 of 
the anthracene skeleton influence the ground state 
absorption spectra otherwise. The intensities of the 
two first bands are significantly weaker, and for the 
S0 —► S3 band stronger than those of anthracene. 
These findings confirm that for this class of com­
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Fig. 4. The ground and excited state absorption spectra of: a) 2-mehyl-9-acetoxy-10(4'-acetoxy)phenylanthracene and 
b) 3-metoxy-2,9-diacetoxy-10(4'-acetoxy)phenylanthracene in dioxane (marked as in Figure 3).

pounds the intensity of the absorption bands de­
pends mainly on the position of substitution and the 
kind of the functional group substituted in the an­
thracene ring.

3.3. The excited state absorption spectra

In Figs. 3 and 4 dashed curves with triangles and 
crosses give the excited singlet, ASl(v), and excited 
triplet, ATl(v), absorbances of the compounds in di­
oxane solution at the room temperature. These spec­
tra are averaged over five measurements. The maxi­
mum deviation between measurements was < 20% 
even when data were obtained from samples in dif­
ferent experimental runs. The absorbance spectra 
ASl(v) and ATl(v) have been deconvoluted into

three peaks of different intensity. Their absorption 
cross sections and wave numbers are collected in 
Table 2, column 3 and 4. The corresponding data 
for anthracene are given in parenthesis.

Scrutinizing the absorption spectra of triplet 
states it can be concluded that functional groups 
as well as their location in the phenyl ring do not 
influence the intensities and positions of the vibra­
tional peaks. Weak auxochromes additionally intro­
duced into positions 2 and 3 of the anthracene ring 
cause a small change of the peak positions (a bato- 
chromic shift with respect to the parent hydrocar­
bon, see Fig. 5) and an intensity decrease of the 
peak at 23300 c m '1. The intensity of the second 
peak at about 22400 cm-1 remains unchanged with-
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Fig. 5. The Jabtonski energy-level diagram of anthracene and 3-methoxy-2,9-diacetoxy-10(4'-acetoxy)phenylanthracene 
with indication of the transitions studied. The positions of the triplet levels of anthracene (dotted lines) are taken from
[18], The positions of the Tm and T„ levels of the compound VIII (full lines) are given under the assumption that the 
T,-level has the same energy value as anthracene.

in the limit of the experimental error of the AXl(v) 
determination. The intensity behaviour of those two 
peaks suggests that the peaks belong to a different 
electronic transition. In accordance with the classifi­
cation discussed for anthracene in [18,19], these two 
peaks belong to the T[ (3B2u) -*■ Tm (3Alg) and 
T| (3B2u) -* T„(3Blg) transitions, respectively. The 
transition moments of those bands are parallel to 
the shorter (a) and longer (b) axis of the molecules. 
There is an exception for the molecule IV, for which 
the triplet absorption cross sections of both elec­
tronic transitions are smaller than for the corre­
sponding other compounds.

It must be noticed that the maximal erXl at 
23400 cm "1 is about four times smaller than that 
of anthracene. This makes the T] -> T„ absorption 
measurements more difficult.

As it was mentioned, the Si -*• S*. absorbance 
spectra were also deconvoluted into three peaks.

The long-wave peak is responsible for the S! ('B2u) 
-»•S/t ( 1A 1g) transition. This transition is hipso- 
chromically shifted by 400 cm-1 with respect to the 
corresponding band in anthracene (see Figure 5). 
The intensity is constant within the limits of the ex­
perimental error and is slightly weaker than in the 
case of anthracene (the average absorption cross- 
section for all compounds is (3.60 ±  0.24) 10~,7cm2 
whereas it is for anthracene (3.80 + 0.36) 10_17cm2. 
The second peak at about 18000cm-1 corresponds 
to the S] ('B2u) -»■ S/('B ,g) transition and is hipso- 
chromically shifted by about 200 cm-1 with respect 
to anthracene. The intensity of this peak is 25% 
smaller than for anthracene. The third peak at 
20100cm-1 is very weak and needs further studies 
before it can be discussed.

It follows from theoretical studies [18,19] that the 
transition moments of the two identified peaks are 
parallel to the longer and shorter axis of the mole-
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Table 2. Cross sections for absorption from S,- and T r states and their peak frequencies for the substituted derivatives of 
9-acetoxy-10(4'-acetoxy)phenylanthracene in dioxane. The values for anthracene, given in parantheses, were used as a 
standard.

Transition

Compounds 

I

III

IV

VI

VII

VIII

OAc

OAc

So(Aig) -*■ •
S ,(B 2u)a 
S2( B3u) b 

i S}( Alg)b
S,('B2u) ^ jS/t(lA1„)b

|s ,( 'B lg)a T, (3B2u) - | M 3A,g)b

v[cm-1] er [10-17 cm2] v [cm-1] a [10~17 cm2] v [cm-1] a [10-17 cm2]

25 500 4.01 17 050 3.97 20 250
(26 750) (3.60) (16 650) (3.80) (21 000) (1.82)
38 950 50.41 18 400 1.67 22 250 3.72

(39 650) (68 74) (18 200) (2.41) (22 600) (3.34)
45 800 8.10 21 800 23 400 9.16

(46 000) (5.79) (21 400) (23 550) (25.04)

25 500 4.28 17 000 3.41 20 500
38 850 45.82 18 500 1.43 22 250 2.30
46 000 9.39 20 100 23 450 7.99

25 500 4.43 17 050 3.33 20 700
38 900 56.52 18 250 1.06 22 150 2.22
46 000 9.55 20 100 23 400 8.55

25 500 4.66 17 000 3.63 20 800
38 900 61.10 18 200 1.87 22 250 1.87
45 500 8.63 20 000 23 450 5.75

25 500 4.77 17 000 3.65 20 500
39 000 49.10 18 350 1.86 22 300 3.36
45 500 10.30 20 100 23 450 7.20

25 500 4.28 16 950 3.76 20 700 1.05
38 850 45.82 18 150 2.10 22 550 3.90
45 000 9.39 20 100 23 250 5.43

25 400 2.94 17 000 3.38 20 500 1.03
38 650 51.93 18 250 1.79 22 150 3.52
44 900 9.47 20 000 23 100 4.73

25 200 2.27 17 050 3.51 20 800 0.57
38 250 31.70 18 400 1.85 22 400 3.18
43 000 6.49 20 300 23 350 4.04

OAc
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cules. The observed shifts and intensity changes do 
not allow us to draw conclusions on the correlations 
between the kind of substituents, position of the 
substitution and the changes of the energy value of 
the high-lying electronic states.

Further measurements could give more precise 
data helpful in the classification of the separate 
electronic transitions in the excited absorption spec­
tra.
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