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Peculiarities of the light scattering in dilute water-glucose solutions

This work is devoted to the behavior of the light scattering coefficient study in dilute water-
glucose solutions near the characteristic temperature T=315K (42°C). Two methods of the in-
tegral light scattering are applied. Evolution and temperature dependence of the angular ani-
sotropy index for different solutions’ concentrations are studied. We detected peaks of the
light scattering intensity in a 5 wt % aqueous solution of glucose near the characteristic tem-
peratures of a human body. In our opinion, this could be related to the peculation cluster for-
mation and solution’s structuring.

Introduction. Glucose (C¢H,Oy) is a carbohydrate of the great biological im-
portance. It is highly soluble in water, where exists in the two anomeric a and f forms
[1], characterized by a similar cyclic structure. Glucose is a simple sugar that consti-
tutes the basic units of important polysaccharides, such as trehalose and dextrans;
thus it represents a suitable system for the characterization of the structure and the
dynamics of aqueous sugar solutions [2]. Carbohydrates have a good potential in
cryopreservation and cryoprotection. They have already been used as antifreezes [3-
5].

There are many modern studies of the dynamical processes in dilute aqueous so-
lutions of biological substances and alcohols. Kaminski et al. [6] analyses dielectric
and FTIR measurement on D-glucose in its supercooled liquid phase. There are two
relaxation modes and the slower one characterizes the cluster relaxation process.
FTIR measurements of the OH bands allow authors to conclude that at temperatures
above 366K the clusters become unstable and likely disintegrate.

In [7-8] authors studied aqueous solution of glucose using dynamic light scatter-
ing (DLS). Data show the existence of clusters in a size range between 30 and 60 nm
and a percolation of a hydrogen-bonded (H-bonded) glucose network.

The characteristic temperature of water, where H-bonded network in molecular
interaction tends to zero, is close to 7=315K [9-11]. At higher temperatures the char-
acter of the molecular motion becomes similar to the argon-bonded substances.

For albumin, a human blood protein, parameters of it’s molecules are critically
changed near 7=315K [12].

The similar percolations were detected in some dilute aqueous solutions in the
anomalous light scattering studies [13-14]. It was shown that the size of inhomoge-
neities obtained by a correlation spectroscopy ten times differs with that obtained by
an angular anisotropic scattered light. A time factor is also significant. Optical and
dielectrical characteristics of aqueous solutions reaches their equilibrium values in a
long time - from several days to several weeks [15].
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Fig. 1 Schematic diagram of the integral light scattering instrument; 1 — a photo of the scat-
tered light (a line) and the reference beam (a point) obtained by CCD.

The main aim of this article is to present the light scattering study of the tem-
perature, concentration and time dependences of dilute water-glucose solutions’ pa-
rameters near the characteristic temperatures.

Experiment. Aqueous solutions of glucose of the 1, 5, 9 and 17 wt % glucose
concentrations were produced by mixing a highly pure glucose powder with double
distilled water until completely dissolved. Dilute water-glucose solutions were stud-
ied by two integral light scattering methods. In the first one measurements of the light
scattering intensity were conducted by classical methods [16-18], but with an up-
graded implementation of a reference beam derived from Fresnel reflection. The ref-
erence beam was needed to eliminate the influence of the laser intensity’s instability
and CCD sensitivity to the measurement results in long-term monitoring.

In Fig. 1 a linearly polarized light from He-Ne Laser LHN-215 with a wave-
length A=633nm and a vertical orientation of the polarization vector passes through a
Polaroid and then is divided in two with a Glass plate. The intensity of the primary
beam almost unchanged and the reflected beam is formed. According to Fresnel law
[19] the intensity of the reflected beam can be changed from 0 to 100% of the pri-
mary beam intensity. Therefore, we can manage the reference beam intensity with lit-
tle energy loss of the primary beam, which is important for small scattering coeffi-
cients. Reflected light is passed through the light guide and intersected the primary
beam in the sample at the angle 90° to the reference beam. The intensity of the refer-
ence beam was chosen approximately equal to the primary beam intensity. The scat-
tered light and the reference beam are registered by a CCD-matrix and recorded to a
PC hard drive.
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Fig.2 Schematic diagram of the optical instrument: 1 — steel disc; 2, 3 — photo-
sensors OPT101; 4 — a semiconductor laser diode; 5 — sample; 6 — a semiconduc-
tor digital temperature sensor DS18B20; 7 — electric heater.

Thermostat is placed on the table of a goniometer I'-1,5. This allowed us to con-
trol the angle scattering with an accuracy up to 20". Optical vibrations are absorbed
by the optical table.

Fig.1.1 represents the photo of the scattered light (a line) and the reference beam
(a point) obtained by CCD. The original program “Intensity” is used for the calcula-
tions of the average light scattering intensity.

We used the theory of Debye [20] for calculations. The angle anisotropy index is

Z=1I,/1,. here, I,.and /.. — intensities corresponded to angles 45° and 135°.

Z parameter allows us to calculate a size of inhomogeneities in accordance with a re-
lation (1) depending on the light scattering intensity, on the scattering angle and the
quantity AT=T-T,,i;.; (the difference between the measurements temperature and the
critical temperature of stratification).

ar
I.=C T (1+cosz®)
T TAT 87 ., 0 ; (1)
T+ 37\} sin E
K

where C — a constant at the point 7, ® — the angle between the laser beam direction
and the observation point, A — wave length of the emitted light, / — the radius of mo-
lecular interactions.

The second method of the light scattering intensity study is realized by an origi-
nal optical experimental instrument shown in Fig. 2. The angular anisotropy of the
scattered light was measured.
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Fig.3 Temperature dependences of the light scattering intensity in dilute water-
glucose solutions of different concentrations.

Two photosensors OPT101 2 and 3 with a semiconductor laser diode 4 are at-
tached on a steel disk 1. In the center of the disk 1 is placed a sample of the studied
solution 5. All these pieces are put into a metallic light-tight box. The box is insulated
by penopoliestirol and equipped with a semiconductor digital temperature sensor
DS18B20, 6, and the electric heater 7. A car battery with a capacity of 60 A/h is used
as a power supply. It’s power is enough for the instrument’s work for 30 days with a
turned on thermostat. The system is controlled by the board STM32-Discovery with
the microcontroller STM32F100R8T6B. The microcontroller has ADC with 16 chan-
nels and 12 bits, 51 lines 10, 64kB program’s memory (FLASH) and 4kB RAM.

The board STM32-Discovery is installed on a breadboard where are also in-
stalled a power supply, a heater control and a laser diode control keys, ICs of a
matching between the microcontroller ADC inputs to the photosensors OPT101 out-
puts, a connector for the temperature sensor and connector for memory card SD.

Results and discussion. In Fig. 3 temperature dependences of the light scatter-
ing in water-glucose solutions are shown. The peak of the light scattering is observed
at the concentration 5 wt% near 7=35°C and at the water characteristic temperature.

To explain this phenomenon it is appropriate to draw an analogy with aqueous
solutions of glycerol and albumin studies [21, 12]. It was found that the maximal val-
ue of the scattering coefficient for dilute water-glycerol solutions is observed for a
solution of x=0,046 mole fraction of glycerol, which corresponds to the formation of
the percolation cluster in the solution. For solutions with other mole fraction values
the light scattering peak’s value decreases and it’s position is shifted to higher tem-
peratures.

An additional low-concentration peak of the light scattering in water-glycerol
solutions is associated with a structuring of solutions and a peculiar cluster formation
[21]. Critical behavior of water-albumin solutions is explained by a phase transition —
pre-denaturation [12]. All these facts allow us to assume that the peculation in water-
glucose solutions can be explained in terms of a solutions’ structuring.
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Fig.4 Time dependence of the angular anisotropy index Z =1, /1 . in5 wt% wa-

ter-glucose solution at room temperature.
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Fig.5 Time dependence of the angular anisotropy index Z=17_/1 . in5
wt% water-glucose solution at 28°C.
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Fig.7 Temperature dependence of the angular anisotropy index Z=1,_/1I

in 5 wt% water-glucose solution.
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We studied relaxation processes in water-glucose solutions by an instrument in
Fig. 2. Results of the evolution of the angular anisotropy index for 5 wt% and 9 wt%
glucose concentrations are presented in Fig. 4, 5 and 6.

Obviously, the angular anisotropy index changes non-monotonically and reaches
it’s equilibrium value in a few days. In this case, the initial stages of the 5 wt% and
10wt% dependences are radically different.

It is important to note that the evolution of water-glucose solutions’ parameters
significantly differs from those of water-alcohol solutions. The angular anisotropy in-
dex changes not more than in 10% range. Therefore, in homogeneities grow slightly,
but we can see evolution of the angular anisotropy depending on the sample’s tem-
perature. Measurements are conducted at room temperature.

It is established that the evolution of solutions occurs, the equilibration time is
about a week, the temperature dependence of the angular anisotropy index is signifi-
cant.

We also conducted the measurements of the angular anisotropy index depending
on the sample’s temperature. Results are presented in Fig 7. This dependence has two
peculiarities at characteristic temperatures 36°C and 42-44°C.

Conclusions.

1. The light scattering intensity in water-glucose solutions increases sharply at
the temperature of 35°C, has a maximum at a concentration of 5 wt% that is similar
aqueous solutions of alcohols, which suggests that the characteristic temperatures are
associated with structural peculiarities of water.

2. The angular anisotropy of light scattering in water-glucose solution indicates
the existence of ~100nm mesoscale inhomogeneities in solutions and a slow equilib-
rium achieving (about a week), which strongly depends on the temperature.
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Xanuuu K.I10., Menvnuk FO.A., I'oyynvcokuit B.A.
Oco0uBoCTi PO3CisiHHS CBiT/Ia B BOJHAX PO3YHHAX [TIOKO3H

Y oaniti pobomi docniodceno nosedinky xKoeiyicnma poscianis y HU3bKO KOHYeHmpa-
YIUHUX BOOHUX PO3YUHAX 2TI0KO3U nobu3y xapakmepucmuunoi memnepamypu 315K (42°C).
Memooamu inmezpanbHoO20 pO3CIAHHA CEIMAA OMPUMAHO MEMNEPAMYPHI 3aNeHCHOCTI iH-
MeHCUBHOCMI C8IMAOPO3CIAHHA O PO3YUHIE PISHUX KOHYenmpayiu. Buseneno icnysanms
MAKCUMYMY C8IMNOPO3CIAHHA NpU memnepamypi, Ou3bKill 00 HOPMANbHOI memhepamypu
M0O0CbKO20 Mina, ma Macosiiu Konyenmpayii posuuny 5%. € eci niocmasu eeaxcamu, wo ye
NOACHIOEMbCSL YMBOPEHHAM KIACMEPIE Mma CIMPYKIMYPYEAHHAM POZHUHY.

Xanuuy E.10., Menvnuk FO.A., I'oyynvcokuii B.A.
Oco0eHHOCTH paccedBaHUsI CBETAa B BOJHBIX PACTBOPAX IVIIOKO3bI

B oannoil pabome ucciedosano nosedenue Ko3gpuyuenma ceemopaccesiHus 8 HU3KO-
KOHYEHMPAYUOHHBIX 8OOHBIX PACMBOPAX 2NIOKO3bl 6OIU3U XAPAKMEPUCTIUYECKOU meMne-
pamypet 315K (42°C). Memoodamu unmezpanvHo2o ceemopaccesHusi NOLy4eHbl memnepa-
MypHble 3a6UCUMOCTIU UHMEHCUBHOCIIU DACCEAHHO20 C8ema Ol PACMEOPO8 DA3IUUHbIX
xonyenmpayuii. OOHAPYICEHO CYUECMBOBAHUE MAKCUMYMA CEEMOPACCEsHUL NPU meMne-
pamype, O1U3KOU K HOPMATLHOU MeMnepamype 4eio8eyeckoco mend, U Maccosou KOHYeH-
mpayuu 5%. Ecmb éce ocnosanus noiazamu, umo 3mo 00wbACHAEeMCs. 06pa306aHuem Kid-
CMepos 1 CMpPYKmMypuposanuem pacmsopa.
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