Substituted Derivatives of 10-Phenyl-9-Acetoxyanthracene
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Absorption and Emission Spectra, Quantum Yield and Lifetime of Fluorescence

The absorption and fluorescence spectra of five substituted derivatives of 10-phenyl-9-acetoxy-
anthracene were measured and the oscillator strengths of the 'A—1L,, 1A— 1By and 'A—1Cp
electronic vibration bands were determined. Comparison of the absorption spectra of these com-
pounds to the unsubstituted molecule (anthracene) indicate the presence of bathochromic and
steric effects. The fluorescence quantum yield and the mean lifetime of the fluorescence were also

measured.

1. Introduction

The replacement of one or more hydrogen atoms
by some functional groups in a polynuclear aroma-
tic compound modifies the electronic absorption
spectrum in a complex manner. In the literature '3
four types of these substitution effects are recog-
nized. Usually they are designated as: a. the batho-
chromic effect (B-effect), b. the fine structure effect
(Fs-effect), c. the conjugation effect (C-effect) and
d. the steric effect (S-effect). The substitution effects
have been investigated for many derivatives of con-
jugated molecules 176 The theory of these effects
has been described in quantum chemistry books,
e.g.”8

In this paper we present the results of studies of
the substitution effects on five derivatives of 10-
phenyl-9-acetoxyanthracene (1) namely:

10- (4-acetoxyphenyl) -9-acetoxyanthracene (II),

10- (4-methylphenyl) -9-acetoxyanthracene (III),

10- (4-acetoxyphenyl) -2,9-diacetoxyanthracene (IV),
10-phenyl-2-methyl-9-acetoxyanhtracene (V) and
10- (2-acetoxyphenyl) -3-metoxy-2,9-diacetoxy-

anthracene (VI).

In order to illustrate the influence of the sub-
stituents — OCOCH,( — OAc), —OCH; and —CH;
at different positions on the anthracene or phenyl
ring on the absorption and emission transition
probabilities the oscillator strength, f, has been
computed for the 'A—1L,, 'A— By, and 'A— 1C,
bands. Also the mean lifetime 7 and the quantum
yield Q of the fluorescence have been measured.
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2. Experimental

The synthesis of the investigated compounds is
given in® The compounds were recrystallized from
ethanol and their purity was checked chromatogra-
phically before use. The solvent n-heptane was spec-
trally pure. The concentration of the compounds in
the solution was 2 x 107% g-cm™3.

The absorption spectra were measured on the
Perkin-Elmer Type 402 and the Zeiss-Jena type
VSU-2 spectraphotometers. The emission pectra
were obtained by means of photoelectric recording
as shown in Figure 1. The fluorescence was excited
by irradiation with light emitted by a 100 W bulb
filtered by means of a Hg-monochromatfilter with
maximum transmission at 365 nm.

Fluorescence vessel

Fig. 1. Schematic diagram of the experimental set-up. L,
L, — lenses, S,, S, — slits, F;...F; — filters, Ph-1, Ph-2
— photomultipliers.
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The quantum vyield of the solutions under in-
vestigation was measured by means of two photo-
multipliers (see Fig. 1), one monitoring the inten-
sity of the transmitted beam and the other (set per-
pendicularly to the former) the intensity of the
fluorescence light. The solutions were excited in the
long-wave absorption band as in the case of emis-
sion spectra measurements. The photocurrents from
photomultipliers Ph-1 and Ph-2 were measured by
means of an XT recorder and a mirror galvano-
meter, respectively. The apparatus for measuring
the fluorescence quantum yield was calibrated by
means of a solution of anthracene in n-hexane for
which the quantum yield is well known .

The fluorescence lifetime measurements for the
n-heptane solutions of these compounds were per-
formed by means of a phase shift fluorometer con-
structed by Bauer and Kowalczyk 1. In the appara-
tus, solutions are excited with a HBO-200 mercury
lamp through a monochromator transmitting the
365 nm Hg line. The emission was observed through
a second monochromator at 405 nm, i.e., at the
first vibration peak of the emission spectrum. The
quantum yield and decay time of the solutions were
measured several times. The figures given in Table 1
are mean values of five measurements performed at
intervals of several days. The instrumental errors
of the mean lifetime and the quantum yield are
£0.1 ns and =+ 0.05, respectively.

The results of spectral investigations are shown
in Figures 2, 3 and 5. The positions of the vibratio-
nal sublevel maxima of the absorption and emission
spectra, values of the molar extinction coefficient ¢,
quantum yield Q and the mean lifetime 7 of fluo-
rescence are presented in Table 1. The fluorescence
spectra are normalized to the maximal value. The
above measurements were carried out at room tem-
perature.

3. Results and Discussion

The absorption spectra of the compounds are
presented in Figures 2 and 3, and their structural
formulas are given in Figure 4 and Table 1. In Figs.
2 and 3 the absorption spectra of the compounds
IT— VI are compared to those of 10-phenyl-9-acet-
oxyanthracene, (I), reported in our earlier paper 5.
The spectra of these compounds are similar in shape
and intensity to the spectrum of the unsubstituted

hydrocarbon (anthracene), but the whole curve is
shifted to longer wave lengths. Hence they exhibit
the bathochromic effect. In the absorption spectrum,
in analogy with anthracene, three separate bands
related to three different electronic transitions can
be distinguished. They can be designated as A —
L., 'A— !By, and 'A — !C, transition using the
Platt notation3. Hereafter, for abbreviation, the
bands are designated as !L,, !B, and !C,. The
above bands consist of several vibrational peaks of
different intensities (see Table1).

As can be seen from Figs. 2 and 3 the magni-
tudes of the band shifts depend on the substituents
and their position in the ring system. The intro-
duction of —OCOCH;, —CgHy, 4-acetoxyphenyl
and 4-methylphenyl groups in positions 9 and 10
of the anthracene ring causes a change of electric
transition moments, mainly of the one which is
parallel to the shorter axis of the molecule. These
changes give rise to shifts of the 0 —0 electronic
vibration transitions. The observed shifts show a
higher value in the case of the L, band and a lower
one in the case of the !By and !C, bands. These
frequency shifts calculated with respect to the an-
thracene values for the 1L, and !By bands are: 950
and 500 cm™! for compound I; 1100 and 650 cm™!
for compound II and 1200 and 800 cm™?! for com-
pound III, respectively. The acetoxy and methyl
groups additionally substituted in position 2 of the
anthracene ring (compounds IV and V) cause extra
shifts, which, calculated with regard to the values
of 0—0 electronic vibration transitions of the L,
and !By, bands of compounds II and I, are: 150
and 400 cm™?! and 200 and 650 cm™?, respectively.
Note that the band shifts in the latter case show an
opposite behaviour, i.e., the shift of the !B, band
is about three times larger than the one for the 1L,
band, whereas in the case of compounds I, II and
I11, the shifts of the 1L, band are about twice those
of the !B, band. Since the !C;, band of the mole-
cules is blurred and, furthermore, has only a weakly
marked vibration structure, the frequency of the
0 — O electronic vibration transition given in Table 1
is not exact. However, it should be emphasized that
the !C,, band of all compounds investigated is shifted
to the longer wave lengths like the 'L, and !B,
bands.

The shifts of the L,, By, and !C, bands in the
absorption spectrum of compound VI agree with the
above considerations.
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Fig. 2. Absorption spectra of compounds
(2a); VI —-—— (2a) and IV
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Table 1. Position of absorption and emission maxima, the oscillator strengths, the quantum yield and the mean lifetime
of fluorescence of the substituted derivatives of 10-phenyl-9-acetoxyanthracene.

Compound Transition Oscillator  Quantum Frequencies of the vibration peaks
strength Yield
f Q Absorption Emission
Mean
lifetime 7 £ Vab I/Imax il
[ns] [lmol—!cm—1!] [em™—1] [em—1]
Anthracene IAZ 1L, 0.16 0.31 9 400 26 700 0.58 26 450
9 500 28 150 1.00 25150
/\/\/\ 6 800 29 600 0.39 23 800
3 500 31 000 0.11 22 500
U\) ‘ 3.40 1500 32 350 0.02 21 200
N 900 33 800
1A — 1By 2.54 181 000 39 600
95 000 41 000
1A —1Cy 0.33 13 600 45 400

10-Phenyl-9-acetoxy-

anthracene (I) 1AL, 0.25 0.59 13 500 25 750 1.00 24900
14 200 27 200 0.92 23700
8700 28 550 0.44 22 400
5.40 3700 29 850 0.11 21100
| 1200 31 200 0.02 19 500
1A 1By 2.30 166 000 39100
1 85 000 40 400
\/\l/\/ 1A > 1Cy 0.79 18 500 44 690
OAc

10- (4-Acetoxy-
phenyl) -9-acetoxy-

anthracene (II) 1AL, 0.26 0.56 13 200 25 600 1.00 24,900
OAc 14 000 26 950 0.90 23 700
| 9 500 28 400 0.36 22 200
4900 29 750 0.11 20 750
5.40 2 300 31 250 0.04 19 500
700 32700
| 1A — 1By 2.80 211 100 38950
100 000 40 350
’ 1A - 1Cp 0.90 29 000 45 200
AVAVAVS 30 050 46 000
|
OAc

10- (4-Methyl-

i o Az, 0.24 0.55 11 300 25 500 1.00 25150
. ’é;le"e (I 11 800 26 900 0.93 24,000
” 7 800 28 300 0.45 22 750
5.30 3 800 29 700° 0.15 21 250
| 1500 31 200 0.03 19 850

1A 5 1By, 2.70 158 000 38 800

\l/ 94 000 40 200

1A > 1Cp 0.86 26 000 45100

‘ 38 000 47 000

OAc
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Compound Transition Oscillator  Quantum Frequencies of the vibration peaks
strength Yield
i Q Absorption Emission
Mean
lifetime 7 £ Vab I/Imax Vil
[ns] [Imol='em~—1] [em—1] [em—1
10 (4-Acetoxy-
phenyl) -2,9-diacetoxy-
anthracene (IV)
OAc IAZ 1L, 0.23 0.36 13 200 25450 1.00 24700
| 13 400 26 850 0.87 23 450
/\ 10 100 28 200 0.38 22 000
| i 5.90 5 600 29 600 0.14 20 700
'\/ 2 200 31150 0.04 19150
| 1A — 1By 2.47 190 000 38 550
NN 97 500 40 000
‘ 1A = 1Cp 0.76 32 000 44 600
58 200 49 700
| OAc
OAc
10-Phenyl-2-methyl-
9-acetoxy- IAZ1IL, 0.21 0.52 9 000 25 450 1.00 24700
anthracene (V) 9500 26 850 0.88 23 450
6900 28 150 0.43 22 250
‘ 3 000 29 550 0.13 20 650
5.50 1400 30900 0.04 19 250
[ 600 32 400
1A — 1By 2.34 180 400 38 450
} 84 500 39 850
NN 1A > 1Cp 0.79 18 500 45 000
I CH, 20 500 49 000
OAc
10- (2-Acetoxyphenyl) -
3-metoxy-2,9-diacetoxy- 1A > 1,
< "La 0.25 0.37 9100 25 250 1.00 24 550
wntheaca (F1) 9 200 26 600 0.91 23 250
8 300 28 050 0.48 21 900
’ 6.60 5200 29 450 0.17 20 500
\OAc 3 000 30900 0.04 19 000
| OCH,4 1A — 1By 2.34 139 000 38 250
’ 60 500 39750
1A = 1Cy 0.59 25 000 43 400
OAc 24 500 48 500

|
OAc

It results from Fig. 2 and 3 (see also Table 1)
that, when the hydrogen atoms in the anthracene
ring are replaced by phenyl, acetoxy- and methyl-
phenyl, — OAc, — CH; and — OCHj groups, the ab-
sorption spectrum is modified in a complex man-
ner, i. e. the substituents cause the bathochromic ef-
fect and change the intensities of the !L,, !B}, and
IC, bands. In order to illustrate the influence of
the above mentioned groups on the absorption tran-
sition probabilities the oscillator strengths of the
three bands have been determined using the follow-

ing expression 6:

f=Bmen/ae?) [eydy, (1)
where n is the refractive index of the solvent,
[ e dy is the experimental value of the absorption
integral of the solution and m, e and ¢ have their
standard meaning. As has been shown earlier 2,
Eq. (1) is valid in the case when the solvent, as an
external physical medium, is considered to be con-
tinuous and structureless dielectric. For this reason
the obtained f values can be used in qualitative
interpretations only.
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The analysis of the f values (see Table 1) indi-
cates that the substituents: phenyl, acetoxy- and
methylphenyl, acetoxy, methyl and methoxy, as com-
pared with anthracene, cause a double increase of
the f value for the 1L, and 'C;, bands and smaller
changes for the !B}, band. It should be emphasized
that the 1Cy, band, which in anthracene is presumed
to be forbidden, has a larger absorption transition
probability for the compounds investigated. This
can be due to a small interaction of the two con-
jugated systems in the derivatives of 10-phenyl-9-
acetoxyanthracene 7.

The determined energy values of the 'L,, By
and !C, electronic states and their corresponding
oscillator strengths are graphically presented in
Fig. 4 where the anthracene data are included for
comparison. In Figure 4 the length of the horizontal
lines are proportional to the f values and their posi-
tion on the energy scale gives the energy value of
the lower electronic vibration transition.

The fluorescence spectrum of the compounds I,
II, IV, V and VI are given in Figure 5. As can be
seen from Fig. 5, the emission spectrum shows a less
clear vibrational structure than the absorption spec-
trum. The intensity distribution of the vibration
peaks of the emission spectrum differ from that in
the 1L, absorption band. The absorption and emis-
sion spectra do not perform the so-called mirror
symmetry. The frequency differences between neigh-
bouring vibrational peaks are not equal; they have
different values from those of anthracene. The ob-
tained differences are larger than the experimental
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error in the determination of the frequencies. The
estimated experimental error in the determination
of the frequencies of the maxima varies between
40 cm™! at the high frequencies and 20 cm™! at the
low frequencies. The absence of mirror symmetry,
and the fact that the vibration structure of the ab-
sorption and emission spectrum is blurred, appears
to be due to the weak interaction of the phenyl and
anthracene derivatives in the compounds.

Column three of Table 1 contains the fluorescence
quantum yield Q (upper number) and the mean
lifetime 7 (lower number) of the 1L, electronic
state. The fluorescence quantum yields of the com-
pounds I, II, III and V are about 40% larger than
the value obtained for anthracene. The () values
determined for compounds IV and VI are also about
14% higher. The fluorescence of the compounds IV
and VI (see Table 1) has a longer mean lifetime.
It can cause bigger solvent quenching of the fluo-
rescence than in the case of the other compounds.
Also, it should be noted that the ratio Q/7 is con-
stant for the compounds I, II, III and V and dif-
fers for the compounds IV and VI within the ex-
perimental error limit.
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