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ABSTRACT

Dynamic light scattering (DLS) method in combination with the UV/VIS spectrophotometry is used to study the interaction
of polyethylene- glycols with a molecular weight 6000 ( PEG6000 ) with sodium salts of citric and succinic acids in
aqueous solutions. The values of density, viscosity, refractive and diffusion indexes, the values of the hydrodynamic
diameter, wavelength electronic absorption bands for PEG6000 aqueous solutions, their mixtures with succinic and citric
acids are determined. It was shown that depending on the composition of the solutions the values of hydrodynamic
diameter for aqueous solutions containing 1-5 wt.% PEG6000 and their mixtures with succinic and citric acids (~ 1 wt%)
ranges from 3.6 to 5.2 nm. It is assumed that the formation of complexes with the sizes that are within the above range is
due to the features of interaction and the structure of the complexes formed in solution.
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INTRODUCTION

Among the water-soluble polymers, polyethylene -glycol (PEG) have a special place. PEGs are biocompatible,
substantially non-toxic. Low molecular weight products of H- [O-CH2-CH2-],0H, called polyethylene glycols (PEGSs) are
used in medicine as a plasma substitutes, in pharmaceuticals, cosmetics ingredients in the manufacture of ointments and
pills, household chemicals, etc. ; high molecular weight -called polyethylene oxides (PEQ) are highly effective flocculants
are used for preparation of water-soluble films for agriculture - the packages of seeds, fertilizers, pesticides, used in the
encapsulation, are also used in household chemicals in cosmetics, in the pharmaceutical industry as coated tablets, etc.
[1,2]. PEGs are capable for absorbing and transporting water molecules and this feature is of importance in industrial
applications. Therefore, the investigation of the nature of interaction PEG / water, PEG complexing organic acids and their
salts is very important to optimize technologies ranging from drug delivery to the treatment of fuel water and electrolytes.
These studies may also contribute to the understanding of more complex nature of the interaction and functioning of
proteins and enzymes [3-7]. Although the tendency of PEG to form aggregates and the presence of aggregates in
aqueous solutions of polyethylene glycol is well-known facts in the literature, the effect of additives such as organic acids
on the structural features and state of the agregates is practically not been studied, There is very little information about
the structure of PEG chains and local clustering in aqueous solutions of PEG and their interaction with organic acids to
the present time.

Over the past 10-15 years has increased the number of works that deal with physical - chemical systems based on
polyethylene-glycol and organic acids such as citric acid. Dendrimers based on citric acid and polyethylene-glycols
intensively investigated as novel drug delivery agents [8-14].

In this paper, the method of dynamic light scattering (DLS) in combination with the UV / VIS spectrophotometry is
used to study the molecular structure of aqueous solutions of PEG and effect of sodium salts of succinic and citric acids
(NaCA and NaSA, respectively) introduced into these solutions on the spectrometric characteristics of PEG/water
solutions.

The experimental part

We used polyethylene-glycol with a molecular weight of 6,000 (firm "LOBA-CHEMIE", Austria), sodium salts of succinic
and citric acids - from "Reahim", Russia, qualification "chemically pure" and redistilled water. Used PEGs , acids and
their sodium salts were not subjected to further purification. Aqueous solutions of PEG were prepared at room
temperature. Particle size and size distribution were determined by dynamic light scattering method using an analyzer LB-
550, Horiba. The method is based on measurement of the diffusion rate of dispersed particles by analysis of the intensity
fluctuations of the scattered light. This method allows to measure directly the diffusion coefficient of the particles
dispersed in the liquid and then to calculate the particle size in dispersions[15-18]. The used analyzer allows to register
the particles sizes from 0,001 to 6 microns, the changes of the size and the diffusion coefficient of the particles in the
temperature range 278-343 K. The power source is 5mW and radiation wavelength - 650 nm. The correctness of the
measurement results in the analysis of the particle size distribution is confirmed by measurements of the standard for
calibration of the system. The viscosity of polymer solutions was measured using a Ubbelohde viscometer with a capillary
diameter 0.53mm in the temperature range 20-50°C . Flow time of the solvent (bi-distilled water) under these conditions
was 103 seconds. PEG / water solutions with the concentration ~ 1-5wt.%PEG were studied. These solutions containing
~ 1 wt.% of sodium salts of succinic acid, citric acid were studied also. The intrinsic viscosity [n] was determined by
graphical extrapolation of the values ns /C and Inne. /C at infinite dilution [19]. The refractive indices of the test solutions
were determine using the refractometer IRF-23 (Russia) at 20 ° C. The electronic absorption spectra (EAS) were recorded
using a spectrophotometer SPECORD, Analytik, Jena using the same quartz cuvettes with a path length of 10 mm.
Scanning step - 1 nm, the wavelength range - from 190 to 1100 nm.

Results and Discussion

Table 1 shows the composition of test solutions, a number of physical-chemical characteristics defined as the standard for
aqueous polymer solutions and the values of the parameters determined from the DLS spectra. The table shows that the
size distribution of PEG6000 macromolecules in solution PEG6000 / water containing 1-5 wt.% PEG6000 is uni-modal
with a mean hydrodynamic particle diameter dy in the range (3,6-5,2) nm. The particle size in the indicated above range
is detected also with the introduction of the sodium salts of citric and succinic acids. In the table 1 the values for the
diffusion coefficient of PEG6000 (1), CA-PEG6000 (2) and PEG6000-SA (3) as a function of their concentration in water
are given. Comparison of these values indicates that the presence of water-soluble salts of these acids has little effect on
the value of the diffusion coefficient of the particles and it is within (4,45-4,69) E™m?/s. Typical DLS histogram for test
solutions is shown in Fig.1. Figure 2 shows the dependence of the viscosity n on the solution concentration PEG6000. In
the concentration range from 1 to 5 wt.% viscosity dependence on concentration is linear. Calculated Huggins constants
ky values using the formula nin. = [n] + kn [N] ’c [19,20] show that from the thermodynamic point of view the water as a
solvent is the better for complexes of acids with PEG6000 than pure PEG6000. Results obtained by the DLS, clearly
indicate that the complexes dimensions increase appreciably with increasing concentration of solution PEG/water. These
complexes are aggregates of molecules PEG6000. There is a marked difference in the intrinsic viscosity of the solutions
before and after introduction of the sodium salts of succinic and/or citric acid in solution PEG/water. The value [n] of a
PEG6000 solution with the sodium salts of succinic acid and citric acid proved to be somewhat less than the initial solution
of PEG6000 (0.16; 0.12; 0.13 cm?® /g, respectively, for water solutions PEG6000, PEG6000 + NaSA and + PEG6000
NaCA. Changing of the [n] values can be caused probably by structural reorganization of aqueous solution of PEG under
influence of NaSA (NaCA).
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PEG6000 has a sufficiently large value of the degree of polymerization (n = M / Mo = 136, where M = 6000, Mo = 44 are,
respectively, molecular weights and PEG6000 recurring fragment) and it is likely to be expected random coil
conformation[21]. Estimated value of the hydrodynamic radius Rca. in this case, equal to 2.8 nm for PEG6000, within
experimental error, is the same as the measured value.

Thus, it can be assumed that the introduction of sodium salts of succinic acid and citric acid into the PEG/Water solution
leads to alter the structure of the original units PEG6000, thus changing the molecular topological structure of complexes
in solution without significantly changing their size . The formation of these complexes should be seen as a result of the
reaction of polyethylene glycol with acid fragments with acid fragments of dibasic (succinic) and threebasic (citric) acids of)

sodium salts:
-O-CH2-CH2-0O-CH2-CH2- -O-CH2-CH2-O-CH2-CH2-
O OH
O 0O O
OH
HOJ\AH/ HO OH
0o and OH
-O-CH2-CH2-0O-CH2-CH2- -O-CH2-CH2-0O-CH2-CH2-

In aqueous solution the PEG molecule reacts with the mentioned salts is likely not in dissociated state forming the
complexes through the hydrogen bonds between the hydrogen of the carboxyl groups and oxygens of PEG chain -O-CH2-
CH2-O-CH2-CH2-. Note that for solutions PEG6000 + NaCA after heating to 60°C, followed by cooling to room
temperature bimodal histogram in DLS is observed, indicating the presence of two types of particles with an average
hydrodynamic diameter 5.2 and 10.2 nm. The part of particles with a mean hydrodynamic diameter of 10.2 nm was not
more than 10% of the total number of particles. When storing the sample for 24 hours at room temperature in the DLS
again observed monomaodal histogram corresponding to particles with a mean hydrodynamic diameter 4.6 nm.

Fig. 4.5 presents the electronic absorption spectra (EAS) aqueous solutions PEG6000, sodium salts of succinic acid and
citric acid, mixtures of agueous solutions of these salts with PEG6000 in the UV /Vis. -region. As seen from Fig. 4 for
aqueous solutions PEG6000 observed three absorption bands in the ultraviolet region, the intensity of which increases
almost linearly with increasing concentration of these solutions. Markedly more intense absorption bands in the UV region
observed for agueous solutions of sodium salts of citric and succinic acids, and their mixtures with PEG6000 (Fig. 5). The
same intensity of the bands was observed for the same concentration of aqueous solutions of sodium salts of these acids
in mixed solutions. From Fig. 4 you can see that EAS of PEG6000 in the UV region can be clearly divided into three
bands - at 200-210 nm, 210-220 nm and 280-290 nm. A linear increase in the intensity of these bands with increasing the
concentration of PEG6000 in a solution of 1 wt% to 5mass.% suggests that these bands belong to PEG6000
macromolecules of the same structure. There are observed the band due to n — 1 * and ™ — 1 * transitions in molecules
of PEG and sodium salts of succinic acid and citric acid in the ultraviolet region. The molar absorption coefficient for the
PEG has a low value (). Therefore PEG6000 and generally PEGs compared to organic acids, in this case, succinic and
citric acids has considerably weak electron absorption spectrum. The nature of electronic transitions in these molecules is
described in detall in the literature [22,23]. Note that in the Visible region for these solutions bands at 740, 835 and 980
nm, which is likely due to absorption of visible light liquid water are observed [24-26].

Table 1. The composition and the physical-Chemical parameters of the studied aqueous solutions

Sa Composition Physical-Chemical characteristics
mepl Wpes, Wsana | Weana | Density, | Refracti Viscosity, Hydrodyna Number Diffusio
mas.% | mas% | mas% | at20°C, on Dynamic, mic of n Coeff.,
g/l Coeff. , at20°C, diametr of | particles g
at 20°C mPa.s particles, (rel.) m?/s
dy, Nm
1 1,0432 0,0 0,0 0,9995 1,3339 1,160 3,6 0,5859 5,3102
(2000)
2 | 2,0655 0,0 0,0 1,0008 1,3355 1,377 3,6 0,4824 4,2729
(3000)
3 | 2,7205 0,0 0,0 1,0021 1,3364 1,625 3,8 0,4103 4,6564
(2000)
4 | 3,9780 0,0 0,0 1,0042 1,3381 1,917 4,4 0,4724 4,0162
(2000)
5 | 4,9725 0,0 0,0 1,0056 1,3394 2,277 5,2 0,5369 4,0465
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(2000)

6 | 0,9929 | 1,1464 0,0 1,0092 1,3355 1,149 3,6 0,5270 4,4498
(2000)

7 1,9187 | 0,9799 0,0 1,0089 1,3362 1,356 3,8 0,4346 3,9840
(2000)

8 | 0,9945 0,0 0,9453 | 1,0077 1,3354 1,159 3,9 0,5410 5,772
(2000)

9 1,9890 0,0 1,0044 | 1,0095 1,3369 1,348 4,2 0,4574 4,6874
(2000)

10 0,0 1,060 0,0 1,0041 1,3337 1,005 1,6 0,5323 5,9724
(2000)

11 0,0 0,0 1,0044 | 1,0047 1,3340 1,006 1,8 0,4722 4,9338
(2000)

12 1,989 | 1,1044 0,0 1,0093 1,3368 1,351 4,0 0,4262 4,2772
(2000)

Wa 0,9982 1,3330 1,002 1,2 0,5772 5,4264

ter (3000)
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Fig 1: Histogram of the sample Ne2 at room temperature
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Fig 2: The dependence of the viscosity n,r as a function of the concentration of PEG6000 aqueous solution
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Fig 3: The dependence of the viscosity n,r as a function of the temperature for the solution of PEG6000 with
different concentration: 1 — 2 mas.%, 2 -5 mas.%.
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Fig 4: Electronic absorption spectra (EAS) of aqueous solution containing: 1- 1.0; 2- 2,0; 3- 3.0; 4- 4.0; 5- 5,0
mas.% of PEG6000
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Fig 5: EAS of aqueous solution containing: 1 -1.0 mas.% PEG6000, 2- 1,0 mas.% sodium salt of saccinic acid; 3-
1.0 mas.% PEG6000 and 1,0 mas.% of sodium salt of saccinic acid
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