This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 21 February 2013, At: 11:35

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Emissive States of Chrysene
Crystal

Yasuko Ishizuka 2

# National Chemical Laboratory for Industry, Tsu-
) P e kuba Research Canter, Yatabe, Ibaraki, 305, Japan
Version of record first published: 20 Apr 2011.

To cite this article: Yasuko Ishizuka (1982): Emissive States of Chrysene Crystal,
Molecular Crystals and Liquid Crystals, 90:1-2, 11-22

To link to this article: http://dx.doi.org/10.1080/00268948208076167

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948208076167
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:35 21 February 2013

Mol. Cryst. Lig. Cryst., 1982, Vol. 90, pp. 11-22
0026-8941/82/9002-0011306.50/0

© 1982 Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

Emissive States of
Chrysene Crystal

YASUKO ISHIZUKA

National Chemical Laboratory for Industry, Tsu-kuba Research Center,
Yatabe, tbaraki 305, Japan

(Received January 27, 1982; in final form July 2, 1982)

Absorption spectra and fluorescence spectra of extremely purified chrysene crystal are
_observed at the temperature range from 3 K to 300 K. At 3 K absorption spectrum is re-
solved to be four series and these series are inferred to due to the crystal field splitting.
The largest splitting is 330 cm™. On the other hand fluorescence spectra are resolved to
be two series and intensity ratio of the two series depends upon the crystal temperature.
The emissive states are considered to be the highest and the lowest states of the four split
states of the lowest excited singlet state.

Chrysene crystal is known to emit both prompt and delayed fluores-
cences. Only broad fluorescences at temperatures above 77 K have
been reported,’™ and vibrational analysis of these spectra has never
been tried. Wegner et al. detected the splitting of broad bands of the
fluorescence at room temperature and explained it by the Davydov
splitting.” However, in the other three reports the splitting of broad
bands was not observed.

In this report, it is confirmed that there are two series in the fluores-
cence of chrysene crystal at room temperature. Absorption spectra of
the crystal are also observed and is compared with the fluorescence
spectra.

EXPERIMENTAL

Purification of chrysene: Chrysene (Rutgerswerke) was refined with a
recrystallization method and with a zone melting method. N,N-di-
methylformamide and ethanol were used as recrystallizing solvents and
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a zone-melting apparatus with a heater-temperature-controlling mecha-
nism® was used for extensive zone refining. No impurity was detected
in refined crystals with a high-speed-liquid chromatography.® The re-
fined crystal of which the triplet exciton lifetime was above 48 ms’ was
used for the measurements. Lamella single crystals were prepared by
sublimation.

Spectrometry: An Aminco-Bowman spectrophotofluorometer model
SPF-500 was used for the measurements of prompt and delayed fluo-
rescence spectra. With this apparatus prompt and delayed fluorescence
were observed at the perpendicular direction to the excitation light
axis. The excitation source was a 250 W Xenon short arc lamp with an
integral parabolic reflector. A 320 nm line was used as an exciting light
for the measurements of both spectra. The spectral response of the
photomultiplier tube (R 928) and the spectral transmittance of the
monochromator have not been taken into account. For the delayed
fluorescence a rotating drum phosphoroscope (5000 r.p.m.) was used
to separate delayed emission from prompt emission. UV absorption
spectra of the chrysene crystal were measured with a Cary spectro-
photometer (model 17 DX). In these measurements the crystal temper-
ature was varied with a cryostat (Oxford Electronic Instruments,
model CF-204). A Raman spectrum of the chrysene powder was ob-
served at room temperature at the spectral range from 10 cm™* to 2000
cm™', a 515 nm line of Ar ion laser being used as an incident light.

RESULTS AND DISCUSSION

Absorption spectra

Absorption spectra were observed with lamella single crystals. The
thickness of these lamella was determined to be about 4 um by the ob-
servation of interference fringe of visible light. The plane of these
lamellas was assigned to be the (001) plane of monoclinic crystal by the
X-ray reflection spectrum.

The absorption spectrum of the 'Ly (B, — A,) band of chrysene crys-
tal is shown in Figure 1. At room temperature peaks are at 366, 358,
and 348 nm. The vibrational structure is similar to that observed in so-
lution except shoulders at 370 and 362 nm. Energy difference (1400 cm™)
between the two peaks at 366 and 348 nm corresponds to the ring
stretching vibration (1387 cm™) observed in Raman spectrum.
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FIGURE 1
368.9, 367.1, and 365.3 nm.
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As the temperature decreases, peaks appear instead of shoulders. At
3 K three sharp peaks are observed at 369.7, 368.9, and 367.1 nm in-
stead of a shoulder observed at room temperature. Absorption spec-
trum at 3 K is consistently resolved to be four series. The intense peak
at 365.3 nm and the above three peaks are assigned as the absorption
lines from ground state to pure electronic S level (Table I). Vibrational
energies are somewhat different in the four series. Since these absorp-
tion spectra are observed with the extremely purified crystals, four ab-
sorption series are thought not to be caused by impurities in the crys-
tal. The facts that the plane of the lamella is assigned by the X-ray
reflection spectrum and that the peak intensities at 369.7, 368.9, and
367.1 nm are comparable to that of 365.3 nm suggest that these four
series of absorption are not the set of absorptions of crystal defects and
intrinsic absorption of chrysene. Consequently these four series of ab-
sorption are inferred to be the transitions to the splitted states in the
crystal field.

Chrysene crystal is known to be monoclinic with the space group .,
where four molecules are contained in unit cell.® In chrysene B, state of
a molecule splits into four states in crystal, two 4, and two B, states.
According to group theory, all the transitions from the ground state to
the splitted states are optically allowed. Since 'L, band corresponds to
the transition from 4, to B’ the appearance of four series of absorp-
tions does not contradict the above symmetry consideration. In the
case of chrysene crystal Davydov splittings have been calculated to be
negligibly small with the first approximation where only the dipole-
dipole interactions are considered for the crystal-field-splitting, result-
ing from small oscillator strength of the 'Ly band.'® However, in the
case of the 'L, bands of naphthalene and phenanthrene, in spite of
negligibly small splittings expected with the first approximation,'’ ob-
served splittings are 150 cm™ and about 50 cm™, respectively.'*™"* The
observed largest splitting in the chrysene crystal is 330 cm™ and is rela-
tively large compared with the ones in the 'L, bands of naphthalene
and phenanthrene crystals.

Thus, four series (A, B, C and D in Table I) are observed in the ab-
sorption spectra with the chrysene single crystal. The A, B, C and D
series are in order of decreasing excitation energies. Only relatively in-
tense A series are observed as clear peaks at 300 K. As the temperature
decreases blue shift of A series are observed. The magnitude of the blue
shift at 100 K is about 1 nm, which is comparable to that of observed in
the 'L, band of a phenanthrene single crystal.'* On the other hand, B,
C and D series appear as peaks at the temperatures lower than 200 K.
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0-0 band of D series appears as shoulder at 300 K and other peaks be-
longing to B and C series appear at the temperatures lower than 100 K.
0-0 band of D series shows no red shift in the temperature range from
300 K to 3 K.

In the case of the 'L, band of the anthracene, b component shifts to
red and a component does not shift when the crystal temperature de-
creases.'® Red shifts of 'L, bands have been reported with anthracene,'®
tetracene,'” and pentacene'® single crystals when the high pressure is
supplied. In general, as the temperature decreases, and as the high
pressure is supplied, it is expected that the distances between molecules
in the crystal are shortened, and that the intermolecular interactions
become stronger. In that case, it is expected that the energy of the Lrme
absorption bands become lower and that the Davydov splittings in-
crease. Therefore, as the temperature decreases the D series of chrysene
crystal are expected to show a red shift. But such a red shift cannot be
observed. From this result, it may be concluded that the energy of the
'L, band does not decrease with decreases in temperature. As the cause
of the blue shift of A series, increases of the energy of the 'Ls band and
of the Davydov splitting with decreases in temperature may be men-
tioned. However, a clear conclusion about this point cannot be ob-
tained at this stage.

Prompt tfluorescence spectra

The fluorescence spectrum of the chrysene lamella at 4.2 K is shown in
Figure 2. Main peaks are observed at 371.5, 391.7, 414.2, and 438.9
nm. The energy intervals of these peaks are about 1380 cm™ and cor-
respond to totally symmetrical ring stretching vibration as also ob-
served in the absorption spectra. Weak peaks are also observed at
375.9, 396.0 and 418.5 nm and their energy differences from the cor-
responding main peaks are about 290 cm™'. In the Raman spectrum of
chrysene crystal a relatively strong peak is observed at 295 cm™, cor-
responding to the A, skeletal out-of-plane vibration. The distinct pro-
gression observed in the fluorescence spectrum at 4.2 K consists of
these two vibrations and is denoted D’ series fluorescence.

In the temperature range from 4.2 K to 70 K, the observed prompt
fluorescences does not change except that the peak intensity at 371.5
nm reduces by the reabsorption of the fluorescence. Figure 3 shows
that at 100 K new bands are observed at 366.5, 385.7, 407.6 and 432.3
nm. These new bands are denoted as A’ series. The peak intensity in A’
series increases with the rise of the temperature, while the intensity of
the peaks in D’ series reduces. The energy intervals of the A’ series
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FIGURE 2 Prompt fluorescence spectra of chrysene lamella at 4.2 K. Spectral band
width was 0.5 nm.

bands are also consistently assigned as the ring stretching vibration
(Table IT). The energy difference of A" and D’ series is 370 cm™'. At 220
K the fluorescence spectrum consists of A’ series as major and D’
series as minor and is quenched at 366.5 and 371.5 nm because of the
reabsorption of fluorescence. As the reabsorption by a hot band causes
the reduction of the peak intensity at 385.7 nm it seems as if the peak at
385.7 nm shifted to red slightly and reduced at 270 K. Figure 4 shows
the fluorescence observed with another lamella at 295 K. Since in this
lamella the effect of the reabsorption is relatively small, the strong in-
tensity at 371.5 nm is observed. At this temperature, two series are
both observed, the intensity of both A’ and D’ series reduces as a
whole. The facts that both A’ and D’ series have the same vibrational
structure and that main progression have the ring stretching vibration
observed in Raman spectrum show that both A” and D’ series are the
emissions from chrysene molecules. Both emissive states are inferred to
be prepared by some physically different circumstances.
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FIGURE 3 Prompt fluorescence spectra of chrysene lamella. Spectral band width was

1 nm. Arrows show the A’ series emission.
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FIGURE 4 Prompt fluorescence spectra of chrysene lamella at 295 K. Spectral band
width was 0.5 nm.

A similar temperature change in the prompt fluorescence is observed
with polycrystalline chrysene prepared by various kinds of crystalliza-
tions, recrystallization from solvents, rapid and slow solidifications
from melt.This fact suggests that two series of fluorescences are intrin-
sic for the chrysene crystal and are not due to defects in the crystal. The
activation energy to increase the intensity of A’ series is estimated to be
about 100 cm™' from Arrhenius plot in both cases of lamella and poly-
crystal. It is considerably small compared with the energy difference of
A’ and D’ series. In our measurements where a 320 nm line was used as
an excitation light, the chrysene molecules could be excited to the S;
state ('L,). In this case, it is thought that the S» — S internal conver-
sion controls the population of the S, splitting levels in which the
Boltzmann distribution does not come about.
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Origin states of two fluorescence series

Thus two intrinsic fluorescence spectra are observed as is reported by
Wegner et al.”> On the other hand, A’ fluorescence series starts at the
same wavelength as the A series absorption while D’ fluorescence series
starts at almost the same wavelength as the D series absorption. These
facts support that two series of fluorescences are due to the transitions
from the state split in the crystal field. The highest and the lowest states
of the four split states are the emissive states. The emissions from the
middle two states are thought not to be detected clearly because of
their weakness.

Delayed fluorescence spectra

Figure 5 shows the delayed fluorescence of polycrystalline chrysene. In
the delayed fluorescence only D’ series is observed in the temperature

Delaved Fluorescence Intensity / arbitrary units

350 400 450nm

FIGURE 5 Delayed fluorescence of polycrystalline chrysene at 4.2 K (solid line), 70 K
(broken line), 110 K (dotted broken line), and 295 K (dotted line); spectral band width
were 14,4, and 5 nm, respectively.



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:35 21 February 2013

22

Y. ISHIZUKA

range from 4.2 K to 295 K. 7-T annihilation is deduced to pump only
the lowest split state in the chrysene crystal.
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