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Abstract. The review provides data indicating that polarimetry is a sensitive tool for studying 
the structure of  aqueous carbohydrate solutions. Using aqueous solutions of  D-levoglucosan 
(1,6-anhydro-D-glucopyranose) as an example, it was demonstrated, using polarimetry, quantum 
chemical calculations, HPLC, static and dynamic light scattering, that polarimetry allows one to 
detect changes in the structure of  solutions with changes in concentration and temperature, as 
well as the evolution of  the structure of  solutions over time. In particular, the phenomenon of  
the existence of  “critical” concentrations and temperatures was discovered at which the specific 
rotation of  the solutions undergo jump-like changes, apparently reflecting rearrangements in the 
structure of  the solution. It is also possible that in the case of  aqueous solutions, chiral carbohydrate 
molecules might act as “probes” that “sense” the slightest changes in their conformation or 
rearrangement of  the environment (in the solvation shell) caused by changes in the structure of  
water, which at the macroscopic level manifests themselves as change in specific rotation.
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1. INTRODUCTION
It has been established [1-16] that the majority 
of  macroscopically homogeneous aqueous and 
non-aqueous solutions of  various low molecular 
weight substances used in everyday life and 

ordinary laboratory practice are structured 
(inhomogeneous) at the nano and meso levels. 
The size of  heterogeneities, supramers in our 
terminology [8], varies from ~1 nm to 102–103 
nm. This new type of  “weak” (judging by the 
magnitude of  the interaction energy, which does 
not exceed kBT [17]), but the extremely effective 
and spontaneous structuring of  liquids has 
not attracted the attention of  researchers for 
a long time. Only recently has its importance 
been identified for an adequate description of  
reactions and other chemical processes [8, 9, 13, 
14, 18-29].

For rational discussion of  this complex situation 
in solution and the reactions involving solutes, 
we supposed that in many cases the real reactive 
species in solution are not isolated solute molecules 
but rather their supramolecular aggregates (which 
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we, for a reason, call supramers). The supramer 
approach is based on the assumption that the 
molecules of  solutes can form stable homo- and 
hetero-supramers (which may also include solvent 
molecules [8]), the structure of  which determines 
the observed reactivity, yield and selectivity of  the 
reaction. More detailed discussion of  these issues 
can be found in a recent review [8], devoted to an 
interconnection between chemical reactivity and 
the structure of  the reaction solution.

For practical application of  the supramer 
approach one must distinguish solutions of  the 
same reagent, characterized by the presence 
of  different supramers and consequently 
exhibiting different chemical properties [8]. For 
discrimination of  solutions, differing in supramer 
composition (i.e., with different solution structure) 
we proposed to use polarimetry – measurement 
of  the optical rotation of  solutions in question. 
Indeed, specific optical rotation is not a feature 
of  the molecular structure of  the solute [30]. 
Even small conformational changes can lead to 
enormous changes in the specific rotation [31]. 
If  these changes depend on the concentration, 
they are usually thought to be associated with 
aggregation of  solute molecules [32]. Therefore, 
it can be expected that supramers consisting of  
molecules in a different conformation or differing 
in the way they are packed [33] or solvated [34], 
will also differ in the values of  specific rotation.

2. MATERIALS AND METHODS
2.1. MaterIals

Compounds 1 and 2 were prepared and purified 
according to the described procedures [34, 35]. 
Ultrapure water with a resistivity of  >18 MΩ·cm 
(OMNI-A water purification system (PRC), 
using distilled water as the source) was used 
for preparation of  aqueous solutions and 
chromatography. Solutions for physicochemical 
studies were prepared immediately before 
measurements by dissolving a weighed amount in 
a solvent in a volumetric flask (2 mL) and then 
filtering (4 times) the resulting solution through 
a membrane filter (0.45 μm, PTFE, diameter 13 
mm, Chromafil (Macherey-Nagel, Germany); a 
separate filter was used for each sample).

2.2. Methods

2.2.1. Polarimetry
Measurements of  the optical rotation was 
performed on automatic digital polarimeters 
JASCO DIP-360 (Japan) (Fig. 9b), PU-7 (Russia) 
(Fig. 2, 6), or JASCO P-2000 (Japan) (Fig. 7, 8) in a 
glass jacketed polarimeter cell (length 10 cm). The 
temperature was maintained within ±0.2°C (DIP-
360 and PU-7) or ±0.1°C (P-2000) by the circulation 
thermostats MLW U-1 (GDR) (when using DIP-
360 and PU-7) or Huber CC-K6 (Exclusive) 
(Germany) (when using P-2000). Optical rotation 
value for each sample was measured only after 
stabilization of  the temperature and the instrument 
readings (~ 30 min); after this, the instrument 
readings remained unchanged for several hours. 
Processing results in the case of  use polarimeters 
JASCO DIP-360 and PU-7 involved finding an 
average of  10 measurements; standard deviations 
were calculated using Student's distribution (95%) 
and were (for both observed and specific rotation) 
less than 1% (unless otherwise indicated in the 
graphs).

In the case of  measuring optical rotation on a 
JASCO P-2000 polarimeter, for each temperature, 
three independent freshly prepared solutions 
were used (unless otherwise indicated). For each 
solution, the optical rotation was measured for 
30 min (1800 points with an integration time of  
1 s). The data obtained were averaged, the error 
was calculated as the standard deviation from the 
mean. Additionally, average values and standard 
deviations were calculated for samples including 
specific rotation values for two temperature ranges: 
12–25°C and 32–55°C. The results are shown in 
Fig. 7, 8.
2.2.2. High Performance Liquid 
Chromatography (HPLC)
High-performance liquid chromatography of  
D-levoglucosan (1) samples was carried out at 
85.0±0.1°C on a Rezex RCM-Monosaccharide 
Ca+2 (8%) column (300×7.8 mm) (Phenomenex, 
USA) with ultrapure water as the eluent at 
0.6 mL·min–1 flow rate. A Waters 1122 column 
thermostat (USA) equipped with an aluminum 
heat exchanger with eight-millimeter sockets 
was used to maintain the column temperature. 
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The samples of  solutions of  D-levoglucosan 
were injected onto the column using a Reodyne 
7125 injector (USA) with a 20 μL sample loop. A 
Gilson Model 155 UV detector (France), a Knauer 
2300 differential refractometer (Germany), or an 
Alltech 2000ES ELSD detector (USA) were used 
for detection. The elution profile expressed as the 
ratio of  absorbances at 195 nm and 205 nm (A195/
A205 detection) was obtained using a standard 
option (Real Time Ratio channel) built into the 
Gilson Model 155 UV detector.
2.2.3. Dynamic light scattering (DLS)
The intensities of  scattered light were measured 
using an ALV 5000/6010 correlator goniometer 
system (Langen, Germany) at a scattering angle 
of  150° using Pyrex cells 1 cm in diameter and 
a He—Ne laser (633 nm, 23 mW) as the light 
source. The temperature of  the scattering cell 
was maintained with an accuracy of  ±0.2°C. To 
obtain the correlation functions of  scattered light 
intensity fluctuations, [g2(τ)], the experimental data 
were averaged over 20 independent measurements 
(total time of  the experiment was 20 min) and 
then processed using the CONTIN algorithm to 
calculate the contributions to the scattered intensity 
(so-called intensity-weighted size distribution) 
from particles of  each observed size and to 
determine the correlation radii (hydrodynamic 
radii, Rh) of  the light-scattering particles (and 
the corresponding correlation times) that were 
calculated at the maxima of  the intensity-weighted 
size distribution [36].
2.2.4. Static light scattering (SLS)
Measurements of  the intensity of  the scattered 
light was performed as described in Section 2.2.3 
for DLS. The intensity of  the scattered light 
was averaged over a 20-minute interval for each 
solution. The SLS data were used to construct 
a modified Debye plot of  C/Rθ as a function 

of  sample concentration (C), in which the sign 
of  the slope (that is proportional to the second 
virial coefficient А2) indicates the thermodynamic 
quality of  solvent [36]. Rθ is the coefficient of  
scattering intensity at a scattering angle θ (an 
absolute scattering intensity defined as the ratio of  
scattered light intensity at a scattering angle θ to 
incident light intensity; Rayleigh ratio).

3. RESULTS AND DISCUSSION
A detailed study of  the possibility of  using 
polarimetry to study the structure of  solutions 
was carried out on aqueous solutions of  
D-levoglucosan (1, 1,6-anhydro-D-glucopyranose, 
see Fig. 1a). Molecules 1 have a rigid structure 
in which conformational changes are possible 
only due to a change in the position (rotation) of  
hydroxy groups, which greatly simplifies quantum 
chemical calculations and interpretation of  the 
results.

Using quantum chemical calculations (TD-
DFT/GIAO), it was shown [34] that significant 
changes in the optical rotation value can 
be associated with slight distortions of  the 
conformation of  the levoglucosan molecule 
(calculations revealed 15 unique conformers) 
upon solvation caused by changes in the 
microenvironment of  the levoglucosan molecule 
(Fig. 1b). The solvent was taken into account both 
within the polarizable continuum model (PCM) 
and by adding explicit water molecules (MS + 
PCM) [37]. For example, the calculated (PCM 
(H2O)/B3LYP/6-311++G(2d,2p)//B3LYP/6-
31+G(d,p)) specific optical rotation value for the GGG 
conformer is –5.46 deg·dm–1·cm3·g–1. The addition 
of  one water molecule significantly changes the 
calculated specific rotation (–42.98 deg·dm–1·cm3·g–1). 
When a second water molecule is added, the specific 
rotation practically does not change (–42.97 
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Fig. 1. The structure of  D-levoglucosan (a); a change in the calculated (PCM/B3LYP/6-311++G(2d,2p)//B3LYP/6-
31+G(d,p)) specific optical rotation of  one of  the conformers (GGG) of  levoglucosan upon successive addition of  water 

molecules (b) [34].



98

No. 1 | Vol. 12 | 2020 | RENSIT

deg·dm–1·cm3·g–1). Conversely, the addition of  a 
third water molecule again changes the calculated 
specific rotation to –9.46 deg·dm–1·cm3·g–1. 
Thus, significant changes in the optical rotation 
can be caused by changes in the solvation shell, 
i.e. redistribution of  solvent molecules around 
solute molecules (microsolvation, MS). These 
data indicate the promise of  using polarimetry 
to study the microenvironment [37, 38] of  solute 
molecules in solutions with different structures, as 
well as for detecting rearrangements of  supramers 
in solutions.

An experimental study of  the structure 
of  aqueous solutions of  levoglucosan using 
polarimetry began with freshly prepared solutions. 
The concentration dependence of  the specific 
rotation of  aqueous solutions of  levoglucosan is 
nonlinear with discontinuities at concentrations 
of  0.1, 0.3, 0.5, and 1 mol·L–1 (Fig. 2). We called 
these concentrations “critical” and suggested that 

they separate the areas of  existence of  different 
supramers.

A relationship between the detected “critical” 
concentrations and changes in the structure of  
the solution was established when studying the 
same solutions using static and dynamic light 
scattering (SLS and DLS) [34]. The dependence 
of  the scattered light intensity (SLS data) on the 
concentration, shown as Debye plot (Fig. 3a), 
exhibits two extrema (0.5 and 1 mol·L–1), at which 
the slope changes. The slope is proportional 
to the second virial coefficient А2, the sign of  
which indicates the thermodynamic “quality” of  
solvent is [36]. Thus, in this case, at concentrations 
of  solutions lower than 0.05 and greater than 1 
mol·L–1, the solvent is good (А2 > 0), while at 
the intermediate concentrations the solvent poor 
(А2 < 0).

The DLS data indicate the presence of  
light scattering particles of  various sizes in the 
solutions (Fig. 3b). At solution concentrations 
above 1 mol·L–1, only nano-sized supramers 
exist; in the concentration range 0.5–1 mol·L–1, 
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Fig. 2. Concentration dependences of  specific rotation ([α]D/
deg·dm–1·cm3·g–1) for freshly prepared aqueous solutions of  
levoglucosan [34]: the full range of  studied concentrations (a); 
diluted solutions region (b). Here and in the following figures, 
the horizontal black and white bands near the concentration 
axis show the ranges of  solution concentrations between the 
“critical” concentrations (0.1 (1), 0.3 (2), 0.5 (3) and 1.0 
mol·L–1 (4); marked by vertical arrows), where supramers 

with different structures can exist.

Fig. 3. Light scattering by freshly prepared aqueous solutions 
of  levoglucosan depending on the concentration [34]. The 
concentration dependence of  the intensity of  the scattered light 
shown as the Debye plot (a). The intensity distribution of  the 
size of  the correlation radii (Rh) of  light scattering particles (b).
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larger supramers are added to them; in the range 
0.3–0.5 mol·L–1, the number of  large supramers 
increases, and in ranges 0.1–0.3 mol·L–1 large 
supramers predominate. Thus, DLS revealed the 
same “critical” concentrations (0.1, 0.3, 0.5, and 1 
mol·L–1) that were detected using polarimetry and 
SLS.

The same “critical” concentrations were 
detected using ligand exchange HPLC on a 
monosaccharide analysis column (Rezex RCM-
Monosaccharide Ca+2) when eluting with water 
[39]. The elution profile, expressed as the 
absorption ratio at 195 nm and 205 nm (hereinafter 
referred to as A195/A205 detection), varied greatly 
depending on the concentration of  the sample of  
levoglucosan loaded on the column (Fig. 4).

A detailed analysis of  the shape of  peaks on 
chromatograms (A195/A205 detection) showed that 
one symmetric peak of  levoglucosan is observed 
for the solutions with a concentration not higher 
than 0.1 mol·L–1 (tR = 22.04–22.06 min; see 
chromatograms 1–3 in Fig. 4). At concentrations 
0.3 and 0.4 mol·L–1, the top of  the peak flattens 
(chromatograms 4 and 5 in Fig. 4), and starting 
from the concentration of  0.5 mol·L–1, the peak 
splits into two components (tR = 21.71–21.76 and 
22.29–22.43 min; chromatograms 6–8 in Fig. 4). 
Starting from the concentration of  1.0 mol·L–1, the 
"valley" between the two maxima becomes deeper 
and the retention times of  the peak components 
noticeably change (tR = 21.42–21.57 and 22.67–
22.79 min; chromatograms 9–11 in Fig. 4). In other 

words, a gradual increase in the concentration 
of  levoglucosan in the injected solution leads to 
abrupt changes in the shape of  the levoglucosan 
peak (A195/A205 detection). These abrupt changes in 
the shape of  the peak occur at the concentrations 
of  0.1, 0.5, and 1.0 mol·L–1, which can reasonably 
be called “critical”. These "critical" concentrations 
are also clearly visible on the concentration 
dependence of  the retention time of  the peak 
of  levoglucosan and its components (A195/A205 

detection) (see Fig. 5). It is important to note that 
these concentrations entirely correspond to the 
“critical” concentrations detected by us earlier [34] 
by polarimetry and light scattering, which suggests 
that the origins of  these phenomena could have 
similar nature associated with the concerted 
changes in the solution structure upon changes in 
concentration.

The absence of  rectangular peaks on 
chromatograms (A195/A205 detection) (Fig. 4) 
means that the peak of  levoglucosan is not the 
peak of  an “individual compound” and is in fact 
a composite peak [40]. This also means that the 
UV spectra of  the eluate differ depending on the 
concentration of  the injected solution. One gets 
an impression that in a single chromatographic 
peak, which corresponds to the same solute 
(levoglucosan in our case), several “compounds” 
with different UV spectra are eluted from 
the column depending on the concentration 
of  the injected sample. In our opinion, such 
“compounds” can only be the supramers of  the 
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Fig. 4. HPLC elution profiles of  samples of  aqueous solutions of  levoglucosan with concentrations of  0.03 (1), 0.06 (2), 0.1 
(3), 0.3 (4), 0.4 (5), 0.5 (6), 0.6 (7), 0.7 (8), 1.0 (9), 2.0 (10) and 4.0 mol·L–1 (11), expressed as the absorption ratio at 195 
and 205 nm (A195/A205) (see also Fig. 5) [39]. In the figure (on the right), vertical black and white bands indicate “conservative” 

concentration ranges between “critical” concentrations of  0.1, 0.5, and 1.0 mol·L–1 (shown by arrows).

POLARIMETRY AS A METHOD FOR STUDYING THE 
STRUCTURE OF AQUEOUS CARBOHYDRATE...
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solute. In this case, a serious argument in favor of  
this version is the above-described detection of  the 
“critical” concentrations (0.1, 0.5, and 1.0 mol·L–1) 
separating both the similar chromatographic 
profiles and the corresponding “conservative” 
concentration ranges, detected by SLS/DLS [34], 
in which similar supramers of  levoglucosan are 
present in the solution. This observation may 
indicate an unexpectedly high stability of  the 
levoglucosan supramers in solution, especially if  
the chromatographic conditions (85°C, 25 min) 
are taken into account.

A series of  experiments was carried out to study 
the evolution of  the structure of  levoglucosan 
solutions over time [41]. Solutions with different 
concentrations were frozen and kept at –20°C, 
thawed to measure the optical rotation (Fig. 6).

Analysis of  the concentration dependences 
(see Fig. 6) of  the specific rotation values for 
freshly prepared solutions of  levoglucosan and 
those kept at –20°С suggests that the form of  the 
concentration plot does not change much for the 
solutions with concentrations equal to and higher 
than 1.0 mol·L–1. However, considerable changes 
of  specific rotation values were found for more 
dilute solutions: the specific rotation for solutions 
with a concentration of  0.1 mol·L–1 (“critical” 
concentration 1) changes noticeably; however, the 
extremum is still at this point. Although the specific 
rotation value for solutions with a concentration 
of  0.5 mol·L–1 (“critical” concentration 3) does 

not remain constant, this concentration is featured 
by the local minima of  the plot. It should also be 
noted that the specific rotation value is constant 
for solutions with concentrations of  0.3 and 1.0 
mol·L–1 (“critical” concentrations 2 and 4). Thus, 
many features of  the concentration dependences 
of  the specific rotation values observed for freshly 
prepared solutions (for example, some “critical” 
concentrations; see Fig. 2) are also preserved for 
samples kept frozen (see arrows in Fig. 6). This 
indicates that although levoglucosan solutions 
undergo evolution in time, these “critical” 
concentrations do not change [41].

This dynamics of  aqueous solutions of  
levoglucosan manifests itself  also with a change 
in temperature. To study the effect of  temperature 
changes on the structure of  the solution of  
levoglucosan [42], a concentration of  0.1 mol·L–1 
was chosen, which corresponds to the “critical” 
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Fig. 6. The values of  specific optical rotation ([α]D/
deg·dm–1·cm3·g–1) for solutions of  different concentrations 
of  levoglucosan in water (mol·L–1) 4[41]: 0.03–4.0 (a); 
0.03–1.0 (b); freshly prepared solutions (solid line), the same 
solutions after storage for 7 (dashed line) and 14 days (dotted 
line) at a temperature of  –20 °С. The critical concentrations 
of  0.1 (1), 0.3 (2), 0.5 (3) and 1.0 mol·L–1 (4) are indicated 

by vertical arrows.
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Fig. 5. Concentration dependence of  the retention time (tR/
min) of  the peak of  levoglucosan (2) (A195 detection) and its 
components (A195/A205 detection): the first (3) and second (1) 
peaks (see also Fig. 4) [39]. Horizontal black and white bands 
indicate “conservative” concentration ranges between “critical” 
concentrations of  0.1, 0.5, and 1.0 mol·L–1 (shown by arrows).



101

RENSIT | 2020 | Vol. 12 | No. 1

concentration 1 (Fig. 2) identified previously [34, 
39, 41].

The study of  the effect of  temperature on 
the specific optical rotation of  a solution of  
levoglucosan was started by heating one sample 
to different temperatures during one day. To this 
end, the prepared solution (solution # 1, Fig. 7a) 
was heated to a certain temperature, kept at this 
temperature for 10 min, and then optical rotation 
was measured for 30 min (1800 points with 
integration time of  1 s). The results were averaged; 
the error was calculated as the standard deviation 
from the mean. Then the same solution was 
heated to the next temperature, kept at the next 
temperature for 10 min, and optical rotation was 
measured for 30 min. The procedure was repeated. 
Comparison of  the obtained data allowed us to 
detect a significant change in the specific optical 
rotation during the transition from a temperature 
of  28°С to a temperature of  44°С (Fig. 7a). 
For a more detailed study of  the temperature 
dependence of  specific optical rotation, a second 
solution was prepared (solution # 2, Fig. 7b), 

which was heated during 3 days (intermittently). 
From the data obtained (Fig. 7b), the variability 
of  the values of  specific rotation measured on 
different days is clearly visible. The third solution 
(solution # 3, Fig. 7c) was not only heated, but 
also cooled. The data obtained indicate that the 
specific optical rotation varies greatly during 
measurements over several days. The main thing 
is that no regularities are visible in the change in 
the optical rotation of  this solution with a change 
in temperature (Fig. 7c). This is especially evident 
when comparing the temperature dependences 
of  the specific optical rotation values for each of  
these three solutions obtained during the first day 
after preparation (Fig. 7d). It is also seen that the 
difference between the specific optical rotation 
values for the same solution, measured on different 
days even at the same temperature, can be very 
large (cf. Fig. 7b,c). According to the results of  
these experiments, the following conclusion can 
be made: keeping the solutions of  levoglucosan 
at different temperatures leads to irreproducible 
values of  specific optical rotation. Apparently, the 
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Fig. 7. Specific optical rotation ([α]D/deg·dm–1·cm3·g–1) of  aqueous solutions of  levoglucosan with a concentration of  0.1 
mol·L–1 at various temperatures [42]. Solution # 1, heated to different temperatures during one day (a). Solution # 2, heated 
to different temperatures during 3 days (b): heating on day 1 (red squares), day 2 (black circles) and day 3 (blue triangles). 
Solution # 3 at different temperatures during 8 days (c): heating on day 1 (blue squares), day 2 (green inverse triangles) and 
day 3 (purple stars); cooling on day 3 (orange hexagons), day 4 (dark blue diamonds), day 7 (black triangles), day 8 (red 
circles). Three solutions (see Fig. 7a,b,c) at different temperatures during the first day after preparation (d): solution # 1 (black 

squares), solution # 2 (red circles), solution # 3 (blue triangles).
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measured values of  specific optical rotation reflect 
the dynamics of  the structure of  these solutions.

The reproducibility problems were solved when 
the optical rotation of  levoglucosan solutions at 
various temperatures was measured exclusively on 
freshly prepared solutions (in three repetitions for 
each concentration) [43].

In this case, on the graph of  the specific optical 
rotation of  aqueous solutions of  levoglucosan with 
a concentration of  0.1 mol·L–1  on temperature 
(Fig. 8), two different temperature ranges can 
be distinguished in which specific rotation values 
differ (these differences are statistically significant 
(t = 2.21, p < 0.05)): from 12 to 25°С and from 
32 to 55°С, separated by the “critical” temperature 
at 30°С. This temperature coincides with the 
“critical” temperature that we discovered earlier 
[44] (Fig. 9) when studying an aqueous solution 
of  allyl lactoside (2) with a concentration of  0.2 
mol·L–1 , although in this case the effect of  a step-
like change in the properties of  solutions at 30°C 
is much more noticeable.

Indeed, in the graph of  the temperature 
dependence of  the specific optical rotation of  
the allyl lactoside (2) solution, a small jump is 

observed at a temperature of  30°C (Fig. 9b) [44]. 
An additional confirmation that this temperature 
is “critical” is a sharp increase in the observed 
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Fig. 8. Specific optical rotation ([α]D/deg·dm–1·cm3·g–1) 
of  freshly prepared aqueous solutions of  levoglucosan with a 
concentration of  0.1 mol·L–1 at various temperatures [43]. 
Each point represents the average value of  specific rotation 
for three various solutions at a given temperature. 
The gray shaded indicate the areas: from 12 to 25°С 
([α]D –68.6±0.8 deg·dm–1·cm3·g–1) and from 32 to 
55°С ([α]D–65.6±1.1 deg·dm–1·cm3·g–1) the vertical size 
of  the shaded region corresponds to the error calculated as the 
standard deviation from the mean, dashed lines indicate the 
average values for each sample. The arrow indicates a “critical” 
temperature of  30°С ([α]D –67.8±1.4 deg·dm–1·cm3·g–1).

Fig. 9. The structure of  allyl lactoside (2) (a). Temperature dependences for aqueous solutions of  2 with a concentration of  0.2 
mol·L–1 [44]: specific rotation ([α]D/deg·dm–1·cm3·g–1) in H2O (b); the width (w½/Hz) of  the signals (δ 4.50 (1) and 5.25 
ppm (2)) in the 1H NMR spectrum of  solution of  2 in D2O (c); scattered light intensity (I/kHz) of  solution of  2 in H2O (d). 

The arrow indicates a “critical” temperature of  30°C.
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resolution in 1H NMR spectra at the same 
temperature (see temperature dependences of  
the observed signal width of  one of  the anomeric 
protons and one of  the methylene protons of  the 
double bond of  the allyl group in Fig. 9c) and an 
increase in the intensity of  light scattering (Fig. 9d) 
[44].

The coincidence of  “critical” temperatures 
for aqueous solutions of  two different derivatives 
of  carbohydrates [43, 44], apparently, indicates a 
common cause of  this phenomenon. It is possible 
that jump-like changes in the specific optical 
rotation of  aqueous carbohydrate solutions 
with a change in temperature reflect significant 
changes in the structure of  water [45, 46], and 
the molecules of  chiral solutes (carbohydrates) 
act as “probes” that “sense” the slightest changes 
in their conformation or rearrangement of  the 
microenvironment (in the solvation “shell”), 
which at the macroscopic level is manifested as a 
change in the magnitude of  the specific rotation 
(see [19, 26] and references cited therein).

4. CONCLUSION
Thus, high sensitivity of  polarimetry to changes in 
the structure of  aqueous carbohydrate solutions was 
demonstrated, which follows from the correlation 
with the results obtained by other physicochemical 
methods. In particular, the phenomenon of  
the existence of  “critical” concentrations and 
temperatures was discovered at which the specific 
rotation of  the solutions undergo jump-like 
changes, apparently reflecting rearrangements 
of  the solution structure. It is noteworthy that 
the values of  the “critical” concentrations and 
temperatures found using polarimetry, at which 
jump-like changes in the specific rotation value 
occur, coincide the “critical” concentrations and 
temperatures detected using other methods (SLS/
DLS, HPLC, NMR).
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