
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 21 February 2013, At: 11:47
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

The Excitation Wavelength
Dependence of Adenine Cation
Single Crystal Luminescence
J. Plášek a
a Institute of Physics of the Charles University, 5 Ke
Karlovu, 121 16, Prague, 2, Czechoslovakía
Version of record first published: 13 Dec 2006.

To cite this article: J. Plášek (1982): The Excitation Wavelength Dependence of
Adenine Cation Single Crystal Luminescence, Molecular Crystals and Liquid Crystals,
88:1-4, 23-33

To link to this article:  http://dx.doi.org/10.1080/00268948208072582

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

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948208072582
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
47

 2
1 

Fe
br

ua
ry

 2
01

3 



Mo/. Cryst. Li9. Crust., 1982, VOI. 88, pp. 23-33 
0026-894 1/82/880 1-0023/806.50/0 
0 1982 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

The Excitation Wavelength 
Dependence of Adenine Cation 
Si ng le Crystal Lu m i nescence 
J. PLASEK 
Institute of Physics of the Charles University, 5 Ke Karlovu, 121 16 Prague 2, 
Czec hoslova kie. 

(Received December 1, 1981; in final form March 4, 1982) 

The excitation wavelength dependence of luminescence measured in adenine cation crys- 
tals at 77 K is reported. The observed variations of all the luminescence parameters ex- 
hibit a marked correlation with a changing penetration depth of the excitation light. The 
alterations of luminescence intensity, vibronic structure of emission spectra, emission po- 
larization and phosphorescence decay were attributed mainly to a variable contribution 
of the emission from local excited states which correspond to a different trap ensembles 
in the crystal bulk and near the surface, respectively. 

INTRODUCTION 

Adenine cation crystals may serve as a convenient molecular systems 
for modeling energy levels of polyadenylic acid and energy transfer be- 
tween adenine molecules, at least in the case of triplet states.' The ad- 
vantage of these model systems consists in the precisely known chrom- 
ophore localization and the state of their protonation. 

The aim of this paper is to investigate further the luminescence 
properties of adenine single crystals and, particularly, to investigate 
their dependence on the excitation wavelength. 

EXPERIMENTAL 

Crystals 
Adenine cation crystals (adenine sulphate-Ade H2SO4, adenine hemi- 
sulphate monohydrate-Ade 1/2 H2S04 H20, adenine hydrobromide 
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24 J .  PLASEK 

hemihydrate-Ade HBr 1/2 H2O and adenine hydrochloride hemihy- 
drate-Ade HCI 1/2 H20) were grown from acidic solutions by lower- 
ing slowly the temperature.2 Basic crystalographic data and crystal 
structures were obtained from X-ray diffraction 

The luminescence was studied either on well-developed natural crys- 
tal faces or on cut and polished plates. N o  special precautions concern- 
ing the fluorescent impurities were taken. The flat samples of approxi- 
mate size 3 X 3 X 0.5 mm were affixed by means of colloidal graphite 
on a copper sample chamber in an evacuated cryostat. 

Lumlnercence mearurementr 
The following parameters of luminescence in adenine single crystals at 
77 K were examined emission and excitation spectra of polarized fluo- 
rescence and phosphorescence, phosphorescence decay and thermo- 
luminescence glow curves. 

Emlrrlon rpectra 
The apparatus used for the measurement of the emission spectra was 
described elsewhere.' The polarization of crystal luminescence was an- 
alyzed by means of Polacoat 105 UV dichroic filter. The emission was 
observed perpendicular to the sample plane and its polarization was 
characterized in terms of the polarization ratio I a / I b ;  I. and I b  indicate 
the intensity of luminescence polarized in directions parallel to the two 
defined crystalographic directions. A disadvantageous distortion of the 
measured polarization ratio due to the double refraction of the emis- 
sion outgoing from the crystal surface could be eliminated only in the 
case of Ade HzS04 orthorombic crystals cut in (IOO), (OIO), and (001) 
planes since the emission polarized parallel to the main crystalographic 
axes of these crystals is at the same time polarized parallel to the two of 
their indicatrix principal axes. 

Excltatlon spectra 
The luminescence was excited by the monochromatized light of a 
Narva (GDR) HBO 500 high pressure xenon discharge lamp. The spec- 
tral distribution of the excitation source was determined with the aid of 
a Zeiss Vth-1 thermopile. The luminescence intensity emitted within a 
defined narrow spectral interval was monitored. A quantity plotted in 
Figure 2 represents a relative number of photons emitted per unit 
number of incident photons of excitation light. In view of the fact that 
a spectral dependence of crystal reflectivity is only slight and an optical 
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LUMINESCENCE OF ADENINE 25 

transmittance of the sample negligible (this condition is fulfilled for 
E,,, 1 4.2 eV) these excitation spectra render satisfactorily the excita- 
tion dependence of the luminescence quantum efficiency at a given 
emission wavelength. 

Pho8phorescence decay 
The phosphorescence decay after excitation shut off was registered with 
a Honeywell 540 fast-response Y-t plotter. The time-dependent photo- 
multiplier current was measured with a Keithley 610C electrometer. 

Thermolumine8cence 
The glow curves of thermoluminescence from the samples previously 
irradiated at 77 K by the monochromatic excitation light were measured. 
The dose of absorbed radiation was adjusted to the value sufficient 
enough to saturate the thermoluminescence light sum. The thermo- 
luminescence intensity was measured using an EM1 62563 photomul- 
tiplier directly attached to a cryostat window. The rate of temperature 
rise was 30 K/min. 

RESULTS 

The remarkable changes of (i) emission spectra (ii) polarization of 
emission (iii) relative intensity of luminescence and (iv) phosphores- 
cence decay due to the excitation at different wavelength appear to be 
common features of all the investigated samples. 

Eml88lOn spectra 
Under the excitation within the red shoulder of the first absorption 
band (E,,, = 4.1-4.2 eV) the luminescence of adenine single crystals is 
composed of structureless fluorescence of excimer nature and mono- 
mer-like phosphorescence with a well resolved vibronic structure. The 
description of these spectra was presented elsewhere.' Shift of excita- 
tion wavelength towards the region of strong absorption (Emc > 4.25 eV) 
causes gradual blurring of the phosphorescence vibronic structure with 
a concomitant shift of the maximum of the phosphorescence spectrum. 
The phosphorescence that is excited within the region of strong ab- 
sorption (E,,, > 4.3 eV) is quite structureless. As an example the emis- 
sion spectra of Ade H*SO, are presented, Figure 1. 

The variations of fluorescence spectra are not so remarkable. Only 
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26 J. PLASEK 

20 2.5 3.0 3.5 1.0 EkVl 
Luminescence of Ade HISO, crystal at 77 K; emission normal to (1001 FIGURE I 

face. Full line-E,. = 4.8 eV. dashed line-E,, = 4.16 eV. 

some blue shift of emission maxima and a relative intensification of 
emission at the blue tail of fluorescence bands were observed. 

Poiadzation of emirrlon 
The luminescence of adenine single crystals is strongly polarized for 
Eexc = 4.1-4.2 eV. The degree of polarization alters with the exciting 
photon energy in a similar way as the phosphorescence vibronic struc- 
ture does. The polarization ratios of both phosphorescence and fluo- 
rescence reach their maximal values for excitation near 4.2 eV and then 
continuously decrease with increasing photon energy, as it is demon- 
strated for Ade HzS04 crystals, Figure 2c. 

Relative Intensity of emirdon 
The luminescence excitation spectra were measured over the photon 
energy range 3.9-5.4 eV. The luminescence intensity was monitored 
within the narrow spectral band near the emission maximum (Eem = 
2.9-3.0 eV for phosphorescence and 3.5-3.6 eV for fluorescence). The 
luminescence from all the samples of examined crystals exhibited a re- 
markable increase of the relative intensity of both phosphorescence 
and fluorescence when excited near the onset of the first absorption 
band (Eat = 4.1-4.2 eV), Figure 2b. These changes in intensity of the 
luminescence coincide with a variation of the penetration depth of the 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
47

 2
1 

Fe
br

ua
ry

 2
01

3 



LUMINESCENCE OF ADENINE 27 
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FIGURE 2 Luminescence of Ade H ~ S O I  crystal-comparison of the relative lumines- 
cence intensity and polarization ratio of emission with the penetration depth of excita- 
tion light; emission normal to (100) face, T = 77 K. (A) Spectral dependence of penetra- 
tion depth dof excitation light polarized with electric vector parallel to caxis (within the 
surface layer of thickness d the 99% of incoming radiation is absorbed). The values of 
absorption index, determined by Kramers-Kronig analysis of crystal room temperature 
reflectivity spectra, are taken from Ref. 8. (B) Excitation spectra of fluorescence and 
phosphorescence; both the excitation light and emission are polarized with electric vec- 
tors parallel to c axis. ( c )  Excitation spectra of polarization ratio I c / b  of phosphores- 
cence and fluorescence. 
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28 J. PLASEK 

excitation light due to a spectral dependence of the extinction coeffi- 
cient, Figures 2a, 2b. 

Moreover an increase of phosphorescence to fluorescence intensity 
ratio P/F was observed for Eexc > 4.8 eV, Figure 2b. This effect can 
also be directly manifested by a comparison of the relevant emission 
spectra, Figure 1. 

Phosphorescence decay 
The decay of structural phosphorescence obeys a single exponential 
law 

Z(r) = Zo exp(-r/r,h). (1) 

Phosphorescence lifetimes 7ph measured for different vibronic bands 
were found to be the same within the limits of experimental error.' 
The lifetimes of the exponentially decaying phosphorescence are 
markedly shortened after the excitation above 4.2 eV, Table I. More- 
over the phosphorescence decay becomes nonexponential for Eexc > 
4.3 eV, Figure 3. 

Thermolumlnescence mearurements 
The thermoluminescence of Ade H2S04 and Ade 1/2 H~SOJ H20 crys- 
tals was studied as an effect inherent to the existence of structural 
defects.' The thermoluminescence glow curves were measured under 
the condition of trap saturation after the irradiation of the sample by 
the monochromatic light at 77 K (Eat was chosen to be either 4.16 eV 
or 4.9 eV). By means of this excitation wavelength choice, the preferen- 
tial excitation of either bulk or surface parts of crystals could be 
accomplished. 

It was found that the thermoluminescence curves exhibit four dis- 
tinct maxima within the temperature range 77-300 K. The glow max- 
ima appeared at temperatures 129 K, 155 K, 225 K and =300 K re- 
spectively. Using the Hoogenstraatens method, Jelinek has determined 
the corresponding thermoactivation energies of particular glow peaks.'' 
The latter are 0.1 eV, 0.24 eV, 0.33 eV and 4 . 4 7  eV. 

A significant difference exists between the thermoluminescence glow 
curves of the samples excited in the bulk and near the surface respec- 
tively. The irradiation of the sample by the strongly absorbed light (Eat 
= 4.9 eV) results in the accentuation of the high temperature glow 
peaks. This effect was particularly conspicuous in the case of Ade 112 
H2S04 H20 crystals, Figure 4. 
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LUMINESCENCE OF ADENINE 29 

TABLE I 

Phosphorescence lifetimes of adenine single crystals at 77 K 

Eme[eV1 r d s ]  r d S 1  

4.10 2.42 f 0.1 2.77 f 0.1 
4.15 2.30 2.54 
4.20 2.30 2.43 
4.30 I .84 1.98 
4.35 non_exponential' non_exponentiala 

4.4-4.8 - - r = 1.6 s r = 1.3 s 
5.1-5.4 r = 1 . 1  s r = 1.5 s 

'The lifetime of emission is defined as a mean value i = r I ( r )  dr/ I(r) dr. 1- 1'- 
DISCUSSION 

The observations summarized above prove the strong dependence of 
the main parameters of low temperature luminescence in adenine ca- 
tion single crystals on the excitation wavelength. The observed de- 
crease of intensity and polarization of emission, as well as the simul- 
taneous changes of phosphorescence lifetime and phosphorescence 
vibronic structure, apparently correlate with the sharply decreasing 

1 - EeXc = 4.1eV 

2 - EeXc = L.3eV 

3 - Eext = 4.leV 

1 2 3 I 5 6 7 t C S 1  
FlGURE 3 Semilogarithmic plot of Ade HISO, phosphorescence decay. 
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30 J. PLASEK 

1.0 n 

g 0.8 
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0 
100 150 200 250 1 [KI 

FIGURE 4 Thermoluminescence glow curves of Ade 112 HzSOI HzO crystals, excited 
at 77 K. Curve I-& = 4.16 eV. curve 2-Eao = 4.9 eV. 

penetration depth of excitation light. Within the spectral range 4.2- 
4.3 eV the penetration depth ranges from the values comparable with 
the crystal thickness to the values less than 1 pm, Figure 2a. 

The observed effects can be plausibly interpreted in terms of domi- 
nating role of selective excitation of either bulk or crystal surface. 
From this viewpoint the changes of all the emission parameters over 
the excitation range 4.2-4.3 eV must be attributed to the existence of 
different sets of structural imperfections within the selectively excited 
zones of the crystal since the structural defects are generally responsi- 
ble for the creation of local excited states." 

The evidence for the existence of different manifolds of imperfec- 
tions within the bulk and near the crystal surface was provided by 
means of thermoluminescence method. Jelinek and Tale have con- 
cluded earlier that the UV-stimulated thermoluminescence of adenine 
in solid state is conditioned by the existence of electron traps which are 
formed due to the existence of structural defects9 Then the difference 
between the thermoluminescence glow curves obtained on the con- 
dition of trap saturation after 4.16 and 4.9 eV excitation, respectively, 
indicates the existence of different trap ensembles within the bulk and 
near the crystal surface. Particularly in the case of 4.9 eV excitation, 
more pronounced peaks corresponding to higher activation energies 
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LUMINESCENCE OF ADENINE 31 

are to be taken as the evidence of an enhanced contribution of deep 
traps to the thermoluminescence from the surface zones. This suggests 
a comparatively high degree of structural disorder near the crystal sur- 
face with respect to the bulk of the crystal. 

All the observed excitation dependences of luminescence in adenine 
crystals are consistent with the proposed model of selective excitation 
of different trap ensembles. Particularly (i) the blurring of the phos- 
phorescence vibronic structure; (ii) the non-exponential phosphores- 
cene decay, which in general can be taken as a sum of various exponen- 
tially decaying components, and (iii) the decrease of polarization ratio 
should be interpreted as a consequence of prevailing emission from 
wide distribution of local excited states which belong to irregularly ori- 
ented molecules embedded within the capacious defects near the crys- 
tal surface. The strongly polarized exponentially decaying phosphores- 
cence with the well resolved vibronic structure, emitted after the 4.16 eV 
excitation, should be on return attributed to the comparably uniform 
set of triplet states associated with the bulk of the crystal. Further- 
more, (iv) the decrease of luminescence intensity for E,, > 4.2 eV is to 
be explained in terms of the well known fact that the rates of nonradia- 
tive transitions are substantially dependent on an microenvironment 
surrounding the excited molecule.'2 Thus far we may admit that the 
quantum yields of the luminescence associated with the local states 
near the surface are substantially lower than the quantum yields of the 
bulk luminescence. In case of phosphorescence this inference is further 
supported by the existing difference in decay rates. For E,, = 4.2 eV 
Tph is significantly higher than for Esac = 4.3 eV, Table I. 

It should be emphasized here that the results presented in this paper 
only for the case of Ade H2S04 crystals reflect satisfactorily enough the 
typical behavior of the rest of adenine cation crystals. Moreover, the 
fluorescence excitation spectra similar to that one presented in Figure 
2b were also observed by Yamashita and Shibuya in the case of thick 
anthracene  crystal^.'^ This remarkable fact suggests that the effect of 
changing excitation light penetration depth may be expected to appear 
in various thick molecular crystals. 

As regards the adenine cation crystals the only effect which cannot 
be simply explained in terms of selective excitation of different crystal 
zones is the remarkable enhancement of P/F ratio for Eexc > 4.8 eV, 
Figures 1 and 2b. Seeing that the associated changes of the excitation 
light penetration depth are small, Figure 2a, we must take into account 
a possibility of intramolecular nature of P/F enhancement. Our con- 
clusion is supported by the earlier observations that the luminescence 
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32 J. PLASEK 

quantum yields of adenine in solutions depend markedly on the excita- 
tion ~avelength."-'~ The likely origin of P/F increase is an enhance- 
ment of intersystem crossing rate after either the excitation of vibronic 
sublevels of higher ss+ singlet states of adenine or the direct excitation 
of its hidden nn* singlet states.I6 

CONCLUSION 

The properties of adenine cation crystals luminescence have been 
found to be strongly dependent on the excitation wavelength. The ob- 
served dependences could be reasonably understood in terms of the in- 
terplay between the two substantionally different effects: (i) the mani- 
festation of the selective excitation of different crystal regions due to 
spectral dependence of crystal absorption and (ii) the manifestation of 
a successive excitation of different molecular excited states. 

The latter effect is responsible mainly for the P/F ratio enhancement 
for &., > 4.8 eV. So far the real mechanism of intersystem crossing 
rate increase has not been unambiguously identified. Anyhow the exci- 
tation dependence of luminescence in adenine single crystals at 77 K is 
dominated by the effect of selective excitation which is closely con- 
nected with the high value of adenine molar extinction coefficient. 
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