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The biopolymer matrix synthesized from epoxidized soybean oil (AESO)
and vanillin dimethacrylate (VDM) in a molar ratio of 1:1 was investigated
by the Positron Annihilation Lifetime Spectroscopy (PALS) in the pres-
ence of pure water, saline solution, and water contaminated with xenobi-
otics from a reservoir. The main aim of the research is the construction
of a biosensor with a biopolymer matrix for the detection of trace water
pollution with xenobiotics, which are carcinogenic and have a negative im-
pact on the human endocrine system. These substances may come from
the pharmaceutical industry, households, and are used as plant protection
products or food additives. The measurements show that the presence of
ions and pollution in water causes the elongation of the absorption process
into the matrix. The performance of the biosensor will therefore correlate
with the level of ion concentration and pollution.

DOI:10.5506/APhysPolBSupp.15.4-A5

1. Introduction

The development of materials engineering and biotechnology has enabled
the production of biopolymers, which are materials of plant origin environ-
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mentally friendly and biodegradable. This type of materials has found many
applications e.g. in medicine [1] and in the production of single-use bioplas-
tics [2]. Biopolymers can also be used to produce enzymatic biosensor ma-
trices, where they fulfill two important roles: immobilizing the enzyme on
the detection part of the biosensor and improving the detection properties
of biosensors [3].

The Positron Annihilation Lifetime Spectroscopy (PALS) allows for non-
invasive investigation of the nanostructure of samples, which enables to pre-
dict matrix properties in the macroscale. It is based on the detection of
the phenomenon of electron (e−) and positron (e+) annihilation. In the free
nanovolumes of the sample, a hydrogen-like positronium (Ps) atom can be
formed, which is a quasi-stable bound state of the electron and positron.
The Ps can exist in two spin configurations: para-positronium (p-Ps) with
parallel spins and ortho-positronium (o-Ps) with anti-parallel spins [4, 5].
During the measurements, positron and positronium lifetimes and intensi-
ties are obtained. It allows to track the dynamics of the processes taking
place in the samples under given humidity conditions [6] and estimate the
size of free volumes using the Tao–Eldrup model [7, 8] as shown in [9].

The biopolymer matrices can be also tested in chronoamperometric mea-
surements in order to verify the biosensor parameters [10, 11].

2. Experimental

A biopolymer matrix containing epoxidized soybean oil (AESO) and
vanillin dimethacrylate (VDM) in a molar ratio of 1:1 was synthesized in
the same way as described earlier [12]. The matrix nanostructure was in-
vestigated using the PALS technique to analyse the sorption properties of
the sample in the presence of pure water, saline solution, and water con-
taminated with xenobiotics from a natural water reservoir. The last type of
measurements was made in conditions close to the real work of the biosen-
sor. For PALS measurements, a digital spectrometer was used, equipped
with two Hamamatsu detectors positioned at an angle of 90◦ to each other,
containing BaF2 scintillation crystals. The scintillators are used to detect
the 1274 keV “START” signal associated with the emission of the positron
from the source and the 511 keV “STOP” signal that indicates annihilation
in the sample. The time resolution (FWHM) was 0.193 ns. The sample
was placed in a chamber with the 22Na positron source, activity of 0.5 MBq
in the sandwich configuration [6]. The chamber was connected to the pres-
sure control system and the dosing of vapors from the liquid. The obtained
spectra were analyzed with the LT 9.2 software [13].

Measurement on the degassed sample was treated as reference data. Data
for fresh degassed biopolymer sample were collected for 24 hours. These data
are necessary to compare nanostructure of the sample before and after the
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influence of liquid. Then the measurements were performed in the three
regimes: (i) in the presence of vapour, (ii) in the liquid, and (iii) measure-
ments of desorption in a vacuum environment after removing the liquid from
the measuring chamber [6]. As the liquid environment, we used: (a) pure
(deionized) water, (b) 0.9% NaCl (saline solution), and (c) water polluted
with xenobiotics taken from the natural water reservoir. The natural wa-
ter sample was taken from the Dnieper River in Ukraine. The main aim
was to check the sorption properties of the sample in pure water (clean
environment), in the presence of ions, and in the presence of xenobiotic
contamination. The last type of measurements was performed to check the
properties of the biosensors matrix in conditions approximating to the real
operating environment. The measurement at each stage lasted until the o-Ps
intensity, I3 values were stabilized, and after the system achieved stability
(80 h in vapour, 120 in liquid, and 150 h in vacuum), then the next stage
of analysis was started. The time constants of the processes taking place in
the sample were also determined by fitting the exponential curves according
to the following equation:

I3 = I30 + I3∆

(
1− e−

t
Θ

)
,

where I3 is the o-Ps intensity, I30 is the initial o-Ps intensity value, I3∆ is
the maximum o-Ps change as a result of sorption/desorption process, and
Θ is the time constant of sorption/desorption process. The comparison of
the time constants of the processes makes it possible to determine the rate
of water infiltration and removal from the sample.

3. Results

The analysis of the sorption properties of the biopolymer matrices in
the presence of three types of used liquids was carried out on the basis of
the o-Ps lifetimes and intensities. The results obtained for samples in the
presence of pure water, saline solution, and water contaminated with xeno-
biotics (Fig. 1) show very good sorption properties of the matrix due to the
presence of changes in PALS parameters caused by the presence of a liquid
medium. The o-Ps lifetimes τ3 have different values when measuring the
sample in liquid depending on the type of water used. In the presence of
vapour liquid, the differences in the o-Ps lifetime are small. The lowest val-
ues of τ3 can be observed in the liquid environment in pure water. It can be
concluded that the presence of ions and pollution (e.g. xenobiotics) in the
water hinders the absorption into the sample. In the presence of water (in
the vapour and liquid), it can be observed that at the beginning of the mea-
surement o-Ps intensity I3 was about 25.8%, then decreased during analysis
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in vapour and liquid. During the desorption process, I3 values were higher
than o-Ps intensities during measurements in the degassed sample. This
proves the presence of water molecules in the nanostructure of the reference
sample. The fresh polymer matrix absorbs the water molecules from the
vapour. Higher I3 values obtained during desorption measurements indicate
the possibility of removing water molecules from the sample nanostructure.

Fig. 1. The o-Ps lifetimes (τ3) and intensities (I3) as a function of time in different
humidity conditions in the sample AESO: VDM = 1 : 1 (mol). Curves were fitted
to experimental points: solid blue line — pure deionized water, green dashed line
— saline solution, yellow crosses — water contaminated with xenobiotics, gray dots
— measurements in a degassed sample. The figure is divided by dashed lines into
sections: reference data, vapor, liquid, and vacuum environment, respectively.
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Time constants based on fitted exponential curves of the processes were
determined (Table 1) in the sample during sorption measurements Θvap and
desorption process Θvac.

Table 1. Time constants of the sorption (from vapour) processes Θvap and during
desorption process Θvac, and the R2 of fitted curves.

Θvap, h R2 Θvac, h R2

Pure water 43.33 0.791 25.02 0.828
Saline solution 47.54 0.777 35.39 0.886
Water polluted with xenobiotics 78.77 0.725 21.74 0.907

From the obtained time constans, it can be concluded that the sorption
and desorption processes are not time equivalent. The speed of the sorption
process in vapour decreases with the presence of ions and xenobiotics in
water. The longest time constant was obtained for the vapour sorption of
water contaminated with xenobiotics. In the case of the desorption process,
the highest time constant was obtained for the saline solution, which may
mean that the process time constant increases in correlation with higher
level of salinity (the longest desorption process is in saline solution).

4. Conclusion

Measurements made under given humidity conditions allow to investigate
changes in the nanostructure of the sample due to the presence of liquid. In
this way, the dynamics of the processes taking place can be monitored and
the ability of the sample to absorb liquid can be examined. Analysis of des-
orption process enables checking the possibility of removing water molecules
from the matrix. Such measurements allow to predict the sorption proper-
ties of the matrix and check its usefulness in the construction of biosensors.
Based on the obtained results, it can be predicted that the matrix will be
useful in the construction of biosensors. The obtained time constants in-
dicate the dependence of the process speed on the presence of ions and
xenobiotics in the water. The sample will also be tested in chronoampero-
metric measurements in order to verify the results obtained with the PALS
technique.
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