M. Vasnetsov, G. Klishevich

https://doi.org/10.15407 /ujpe71.4.316

M. VASNETSOV, G. KLISHEVICH

Institute of Physics, Nat. Acad. of Sci. of Ukraine
(46, Prosp. Nauky, Kyiv 03028, Ukraine)

DISSOLVED SUGAR LUMINESCENCE

We report on experiments conducted to investigate dissolved sugar luminescence in order to
clarify the photophysics of the process. The conclusions we have drawn provide evidence of a
quadratic increase in the luminescence response at small concentrations (<100 g/1) and a linear
increase at relatively large concentrations (>200 g/1). We consider the possible effect of excimer
formation and luminescence. The apparently existing intermolecular interaction ezistence is
also supported by observed variations in the absorption spectra. A temporal response to a short
light pulse was measured, revealing a time delay of about 15 ns.
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1. Introduction

Organic materials possess quite specific luminescence
properties in comparison with solid-state inorganic
luminescence [1]. Normally, excited electronic states
spread photons during the radiative relaxation to a
ground state, producing a set of emission bands [2],
or manifesting as Raman scattering |3, 4|. Apart from
this general type of molecular luminescence other ef-
fects of radiative energy release take place such as ex-
citon luminescence [constitutes M.T. Shpak, 5, 6]. In
addition luminescence of solutions constitutes a spe-
cial chapter [7].

The main idea of this study is an attempt to clarify
a photophysics of this sort of emission with the use of
a disaccharide molecular crystal (sugar). In general,
bright luminescence of sugar, stimulated by ultravio-
let (UV) radiation, is a well known effect, especially a
persistent afterglow observed upon cooling the sample
to the liquid nitrogen temperature. Nevertheless, the
nature of this emission is still quite unclear. Spectral
measurements of nominally pure sugar (refined) show
the presence of luminescence emission in the visible
range from 350 nm to 750 nm.

Such a broad luminescence contour can hardly be
attributed to a single sugar molecule. To find an ex-
planation for this broadband emission, we decided to
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investigate the luminescence of sugar in aqueous so-
lutions to follow its gradual transformations from the
emission of isolated molecules in an aqueous environ-
ment to that of condensed syrup.

2. Experiment

A set of samples was prepared with concentrations
from 5 g to 600 g of a refined sugar per a liter of dis-
tilled water. A silica cell 10 x 10 x 50 mm was filled
with the corresponding solution and placed in a spec-
trofluorimeter to detect the luminescence spectrum.

First, we checked the UV-excited luminescence of a
saturated solution, the results being shown in Fig. 1
for three different excitation wavelengths. Very sim-
ilar to bulk sugar samples, the emission appears at
the Stokes side in a shape of broad non-structured
band. Moreover, the luminescence spectrum follows
the excitation wavelength in the Stokes side through-
out this region.

With dilute solutions, we have observed the lumi-
nescence band for different concentrations. Figure 2
shows the spectra registered with the concentrations
20, 40, 80, 160 and 320 g/l with EDINBURGH In-
struments FS5 spectrofluorimeter. We detected that
a decrease in concentration did not influence the spec-
trum contour shape but the signal intensity decreased
in a specific manner. The inset in Fig. 2 shows the
nonlinear dependence in the region of small concen-
trations, and we have paid attention to inspect the
behavior in more detail.

The concentration dependence was measured with
the choice of the excitation wavelengths 337 nm and
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Fig. 1. Examples of the emission spectra of sugar dissolved in
water (saturated solution). Three excitation wavelengths were
used, as indicated
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Fig. 2. Spectra registered at the concentrations as indicated.
(The spectrum for 20 g/l is not marked.) Inset: the growth of
the contour intensity with increasing concentration

405 nm conditioned by a maximum peak value of the
emission band at 400 nm and 440 nm, and the pos-
sibility of comparing the results with bulk samples
luminescence excited by Ny pulse laser radiation and
diode laser emitting at 405 nm.

Experimental results are presented in Fig. 3 for the
excitation wavelength 337 nm (a) and for 405 nm
(b). The measurements were performed with a fluo-
rescence spectrophotometer Hitachi MPF-4.

The use of log-log scale in Fig. 3 permits easy
to find the power of the dependence function. The
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Fig. 3. Experimental results for the dependence of the maxi-
mum luminescence peak on concentration, presented in log-log
scale for the excitation wavelength of 337 nm (a) and 405 nm
(b). The reference lines of linear dependence (y ~ z) and
quadratic dependence (y ~ x2) are not data fits, but indicate
the corresponding slope

reference lines indicate the inclination correspond-
ing to the linear dependence and quadratic depen-
dence. Both plots in Fig. 3 show the same qualita-
tive behavior, namely quadratic signal growth with
respect to the concentration rise in the region of rel-
atively small concentrations. Then, over the concen-
tration about 150 g/1 the dependence gradually trans-
forms to a linear one.

We note one more peculiarity which is seen in
Fig. 3, b but not well resolved in Fig. 3, a: the transfer
from quadratic dependence to linear one (crossover)
occurs with some signal decrease at the concentra-
tion range around 250 g/l. To inspect the detected
feature, we have measured the luminescence response
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Fig. 4. Concentration dependence of the luminescence re-

sponse in linear scale measured at the crossover region
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Fig. 5. Absorption spectra recorded in visible for the concen-
trations 25, 50, 100 and 150 g/1

in this interval with maximum accuracy. The results
are presented in Fig. 4 in linear scale.

Indeed a deceleration of the signal growth was ob-
served in the interval between the quadratic and lin-
ear parts, as seen in Fig. 4 in between concentra-
tions of 150 g/1 and 300 g/1. The reason for the bro-
ken dependence could be related to the variation in
the absorption of the incident excitation light, and on
the next step we have checked the absorption of the
samples. The measurements were performed with a
Shimadzu UV-2450, UV-Vis spectrophotometer. The
cell used had dimensions of 10 x 10 mm. The pecu-
liarity of low absorption measurements is the account
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Fig. 6. Temporal luminescence response of dissolved sugar
for two concentrations (50 and 100 g/1) and the reference laser
pulse

of Fresnel reflection variation in the case of index
matching between the cell material (n = 1.45 for sil-
ica cell) and the solution (in accordance with litera-
ture data [8], the refractive index for the concentra-
tion range up to 500 g/l can reach 1.43). To avoid
errors, we duplicated the experiment with a glass
cell (n = 1.51). A set of recorded spectra is shown
in Fig. 5. In the visible range we observed decreas-
ing absorption without pronounced maxima (prob-
ably located in UV region). At low concentrations,
the linear increase in absorption was detected. With
the concentration rise, a surprising behavior of the
spectra was observed, namely, a decrease in absorp-
tion. These variations of the absorption spectra most
likely evidence the transformation of the molecular
absorption bands with the concentration rise; an im-
portant qualitative conclusion is that the absorption
growth in the low-concentration region exhibits a sub-
linear dependence, i.e. the relative number of the ab-
sorption centers diminishes. Again, apparently, inter-
molecular interaction can be expected.

3. A Temporal Check of the Response

The scope of the results obtained with the dissolved
sugar permits us to conclude that some kind of
intermolecular aggregation does take place. A sim-
ple model assumes that an excited molecule creates
with a non-excited one an excimer, i.e. a molecular
dimer that is instable in the ground state. That is, af-
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ter the relaxation an excimer dissociates into individ-
ual molecules. The following breakup of an excimer is
accompanied by photon emission, i.e. the observable
luminescence.

As the model predicts, the absorption of the ex-
citation photons occurs by an isolated molecule, but
the radiation centers (excimers) are created by the
association of two sugar molecules, one being in the
excited state. Hence, some time is required for the
excimer formation, after starting the external illumi-
nation in the non-stationary case. (This assumption
concerns only the small concentration stage).

In this view we applied pulse radiation from an Ny
laser (337 nm wavelength, 10 ns duration and 5 ns
rise time (checked with an avalanche photodiode). To
register rather weak luminescence of the samples, a
photomultiplier was used. The pump UV light was
blocked by a color glass filter placed at the photo-
multiplier window. The signal was developed with the
oscilloscope Rigol DS1102E. The temporal resolution
of our setup permits proper registration of the front
of the pulse but gives some protraction of the rear
front. Within these conditions we observed a retar-
dation of the luminescence response to the excitation
pulse on about 15 ns (see Fig. 6).

4. Discussion and Conclusions

The performed research permit us to conclude that
the observable emission occurs most likely in the fol-
lowing way:

(i) The concentration dependence of the lumines-
cence shows a square function, thus indicating an as-
sociation of two molecules for photon release.

(ii) The excitation light absorption acts on an indi-
vidual molecule in the solution, as evidenced by the
absorption measurements (linear rise at small concen-
trations).

(iii) To release the excited energy via photon emis-
sion, some time is required (15 ns measured); this
delay can be associated with excimer formation.

We emphasize that intermolecular interaction and
dimer formation in sucrose solution have been stud-
ied in detail in several researches [9-12]. The effect of
sucrose molecules hydration is usually measured in a
number of water molecules per one sucrose molecule,
and the onset of dimerisation is expected when this
number is about 10. That is, in striking contrast to
our results, the dimerisation processes become de-
tectable in the concentration range over 300 g/1 using
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the measurement approach adopted in this work. We
can expect that the excitation of molecules with ex-
ternal illumination induces the aggregation effect in
the lower concentration range.

In summary, this set of experiments revealed, in
general, rather complicated photophysics of the dis-
solved sugar luminescence, associated with inter-
molecular interaction and possible excimer formation
and luminescence. We note the actuality of the study,
in view of applications in food industry and medicine
[14, 15].
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M. Bacneuos, I'. Kniwesuy
JIIOMIHECIHEHIIIA BOAHUX PO3YNHIB IYKPY

TToBimoMiIsiETbCST TIPO PEIYJIBTATU JIOCIIIJIPKEHHSI JIFOMiHECIIEH-
il PO3YMHEHOTO I[yKPY 3 METOIO0 yTOYHEHHSI (DOTOMI3UKHU I[HO-
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ro mporiecy. Pesynbraru cBiggaTh Ipo KBaJpaTudHe 30ijbIie-
HHsI IOTY2KHOCTI JIIOMIHECIIEHTHOI peakIiil 3a MaJjuX KOHIIEH-
Tpauiit (Menme uixk 100 r/m) i ninifine s BIZHOCHO BeIMKHX
koHuenTpaniii (nmonaz 200 r/mx). Po3risayTo MOXK/INBUI BIUIUB
YTBOPEHHsI €KCHMePiB Ha JsoMiHecnennio. OdueBuane icHyBaH-
HsI Mi?KMOJIEKYJISIDHOI B3a€MOZil TaKOXK MiATBEPIKYEThC 3a-
3HAYEHUMH 3MiHAMH CIEKTPiB HOryimHaHHsI. Bumipm dacoBol
peakuii Ha KOPOTKUU CBITJIOBUI IMIIyJIbC BUABUJIM YaCOBY 3a-
TPUMKY BiAryKy 6sim3bko 15 HC.

Katowo6i ¢.a06a: JIIOMIHECHEHIIIS IIyKDY, MiXKMOJIEKYJISIPHA
B3a€EMO/Iisl, TTOTVIMHAHHS.
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