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It is very important to develop research related to innovative and efficient 

methods of removing pollutants from the environment in particular from waters and 

wastewaters in the next few years. The challenges involve new, more efficient and 

selective adsorbents. To meet these requirements, new trends point to the 

development of adsorbents of a combined or hybrid nature. Organic-inorganic 

composite materials have found numerous applications in the areas of chemistry, 

biochemistry, engineering, and material science. The combination of organic and 

inorganic precursors yields hybrid materials of mechanical properties not present in 

the pure materials therefore, organic-inorganic composite ion exchange materials 

show the improvement in their properties that makes them more suitable for the 

application in the environmental protection. Besides the traditional methods used 

for this purpose research on preparation and economical use of mineral and organic 

adsorbents is carried out. Here lignin occupies an important part as a cheap and 

readily available biosorbent waste [1], and above all, the material that can be easily 

modified [2]. It can be used for heavy metal ions, dyes and organic pollutants 

removal. Lignin can also be modified by synthetic adsorbents such as oxides. In this 

group of particular interest are: (i) oxides and oxide systems (such as silicon 

dioxide, magnesium oxide, aluminum trioxide, iron oxide(II,III), titanium dioxide), 

(ii) hybrids (containing e.g. chitin, chitosan, oxide systems), and (iii) polymers.  

In this paper we attempted to use TiO2/lignin and TiO2-SiO2/lignin hybrid 

materials so far, not reported in the literature, with the potential sorbents of Pb(II) 

ions from model solutions. The obtained TiO2/lignin and TiO2-SiO2/lignin hybrid 

materials were applied for the adsorption of lead(II) ions from aqueous systems. 

Lead nitrate, Pb(NO3)2, was used as the source of lead(II) ions. It was determined 

how parameters such as: (i) the phase contact time from 1 to 180 min. for the 

solutions at the concentrations 25, 50, 75 and 100 mg/L, pH 5 and mass of the 

adsorbents of 0.5 g, at a temperature 293 K, (ii) the reaction system pH value from 

3 to 7 for the solutions at concentrations 50 mg/L, mass of the adsorbents of 0.5 g, 

at temperature 293 K and the phase contact time 180 min. as well as (iii) the mass 

of the adsorbents from 0.5 to 5 g for the solutions at concentrations 50 mg/L, at pH 

value 5, at a temperature 293 K influence on the effectiveness of lead(II) ions 

removal. 
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Fig.1. SEM images of titanium dioxide (a), TiO2/lignin hybrid material (b), titania-silica 

oxide system (c) and TiO2-SiO2/lignin hybrid (d). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.2. Kinetic data for the adsorption of Pb(II) ions at different initial concentrations on 

TiO2/lignin (a, c, e) and TiO2-SiO2/lignin (b, d, f) sorbents. 

 

It was found that the most promising removal of Pb(II) ions occurs at pH 5 and 

the amount of adsorbent 0.5 g. In all cases sorption capacity (qt) of the studied 

materials increases with the increasing initial concentration of Pb(II). Moreover, 

with the phase contact time passage the value qt also increases. The highest sorption 

capacity 16.48 mg/g and 16.27 mg/gm in the Pb(II) ions sorption was obtained on 

the TiO2/lignin and TiO2-SiO2/lignin adsorbents, respectively. These values 

correspond the minimal value of sorption percentage for the concentration range 

25-100 mg/L. For the lead-TiO2/lignin and lead-TiO2-SiO2/lignin systems the 

sorption process can be well defined by the Langmuir isotherm model. The 

obtained results showed the highest efficiency of lead(II) removal onto TiO2-

SiO2/lignin compared with TiO2/lignin. It can also be concluded that the process 

was spontaneous, favourable and exothermic in nature.   
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The application of double deposition and stripping steps was utilized to 

decrease the detection limit of Se(IV) determination by anodic stripping 

voltammetry (ASV). Gold film macroelectrode and an ensemble of five gold 

microelectrodes were used during the first and the second deposition step, 

respectively. As the deposition step at the first electrode was finished, the first 

electrode was shifted to the bottom of the vessel at a short distance opposite an 

ensemble of microelectrodes. After that stage the first stripping step was performed 

and then the analyte stripped from the first electrode was deposited on the second 

one. Because of the fact that the volume of the space between electrodes was very 

small, concentration of analyte in the solution between electrodes was much higher 

than in the depth of the solution and, consequently, the detection limit was 

decreased. The application of double deposition and stripping step was used to 

decrease the detection limit and to minimize the interference effect of Se(IV) 

determination. The optimized procedure was used for determining selenium traces 

in natural water samples. 
Preparation of gold film electrode 

The gold film was plated onto the glassy carbon electrode from the solution 
containing 1.25 Ĭ 10-4 mol L-1 Au(III) + 0.025 mol L-1 HCl + 4 g L-1 urea at the potential 
of -0.3 V for 120 s. Then the gold film was polarized at the potential of 0.2 V within 15 s 
for stripping impurities from the film and finally it was washed with purified water. 
The Se(IV) determination procedure consists of the following steps: The sample 
was pippeted to the voltammetric cell and the following reagents were added: 600 
ÕL 1 mol L-1 H2SO4 and water to the volume of 30 mL. Firstly the potential of 1.2 V 
for 15 s was applied to the first electrode in order to clean the surface of electrode 
after the preceding measurement. The deposition of elemental Se at the first 
electrode with large surface area was carried out at -0.1 V for 180 s from the stirred 
solution. Stirring was performed using a magnetic stirring bar. Next the stirring was 
stopped, the stirrer was directed near the wall of the vessel using a stir bar retriever 
placed outside the cell and the electrode was moved near an ensemble of 
microelectrodes and the deposited Se was oxidized to Se(IV) by applying the 
potential of 1.3 V for 15 s. The first electrode was disconnected and the potential of 
-0.15 V for 120 s was applied to the second electrode in order to perform the second 
deposition step at this electrode. Then, a square wave voltammogram was recorded 
at a frequency of 20 Hz, while the potential was changed from -0.2 to 1.05 V. The 
amplitude and the potential step were equal to 25 and 2 mV, respectively. The 
measurements were carried out without solution deoxygenation. After each 



measurement a conditioning step of 20 s at 1.0 V (with solution stirring) was used 
to remove the target metals from an ensemble of microelectrodes.  
The procedure optimization 

The concentration of H2SO4 was changed from 0.005 to 0.1 mol L-1 and its 
influence on selenium analytical signal was studied. The selenium peak current was 
observed to attain the maximal value when H2SO4 concentration was equal to 0.02 
mol L-1 and so this value was chosen for further study. The optimum deposition 
potentials were found to be -0.1 V and -0.15 V at the first and second electrode, 
respectively. Another parameter influencing the Se(IV) signal was the time of 
deposition. At first deposition time at the first electrode was changed from 90 to 
600 s while deposition time at the second electrode was 120 s. For further 
measurements deposition time at the first electrode equal to 180 s was chosen 
because at such deposition time the maximum value of the Se(IV) peak current was 
observed. Similar measurements were performed at constant deposition time at the 
first electrode equal to 180 s and deposition time at the second electrode was 
changed in the range from 30 to 300 s. The Se(IV) peak current in this case 
increased only as deposition time was prolonged to 120 s. 

The calibration graph for Se(IV) in the optimized conditions was linear in the 
range from 5 Ĭ 10-9 to 1 Ĭ 10-7 mol L-1 with the linear correlation coefficient r = 
0.9987. The relative standard deviation from seven determinations of Se(IV) at a 
concentration of  5 Ĭ 10-8 mol L-1 was 4.3 %. The limit of detection of Se(IV) 
determination estimated from (3ů) for the lowest studied concentration of Se(IV) 
was 8.5 Ĭ 10-10 mol L-1 for deposition time of 180 and 120 s at the first and the 
second electrode, respectively.  

The influence of foreign ions and surfactants on the determination of Se(IV) 
was studied for a Se(IV) concentration of 5 Ĭ 10-8 mol L-1. The results show that at 
least 1000-fold amounts of As(V) and Mo(VI), 500-fold amounts of As(III), Cd(II), 
Co(II), Fe(III), Se(VI) and Zn(II), 200-fold amounts of Pb(II) and Ni(II), 50-fold 
amounts of Sb(III), 25-fold amounts of Cu(II), 5-fold amounts of Bi(III) and 2-fold 
amounts of Hg(II) do not influence selenium peak current. The influence of 
surfactants as interfering organic species on the Se(IV) peak current was studied 
using Triton X-100, CTAB and SDS. It was observed that Triton X-100 at a 
concentration of 1 mg L-1 and SDS at a concentration of 5 mg L-1 did not influence 
the Se(IV) peak current, whereas CTAB at a concentration of 0.5 mg L-1 caused a 
decrease of the Se(IV) peak current to 91 % of its original value.  
The proposed procedure was used for Se(IV) determination in certified reference 
material SPS-SW1 synthetic freshwater (certified value for selenium was equal to 
2.00 Ñ 0.02 ɛg L-1). Determinations were carried out using the method of standard 
additions. The obtained result of 2.09 ɛg L-1 with a standard deviation 4.4 % (n = 3) 
confirmed the accuracy of the proposed method and indicates that this procedure 
can be used for Se(IV) determination in natural water samples. Additionally, Se(IV) 
was determined in the Bystrzyca river and Lake Zemborzyce water samples. 
Because the Se(IV) content in the river and lake water samples was below the 
detection limit of the procedure, the recoveries of added Se(IV) were studied. The 
recoveries for Se(IV) from the river and lake water samples added at a 
concentration of 2.5 Ĭ 10-8 and 5 Ĭ 10-8 mol L-1 ranged from 95 % to 103 %, so the 
proposed procedure can be applied for analyses of Se(IV) in natural water samples. 
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Gold is a precious metal widely used in various areas of the human activity. 

Being a toxic element it may cause the allergic egzematous dermatitis. However 

chosen gold organic compounds e.g. auranofin act as antitumor drugs. Due to the 

widespread application of gold in industry and medicine the development of precise 

and trustworthy procedures of its determination in samples of various matrix is 

necessary. The analytical methods ensuring the low detection limits such as GF 

AAS, ICP-OES and ICP-MS are usually employed for the gold determination in 

environmental, industrial and biological samples. However, taking into account the 

matrix interferences and low concentration of gold, the obtaining of the reliable 

results is often impossible without the separation and preconcentration of the noble 

metal. The preconcentration and separation of gold may be realized by solid-phase 

extraction (SPE). Recently, the attention of scientists focus ion-imprinted polymers 

(IIP) which are characterized by the presence of the specific ion recognition sites in 

the polymeric matrix. Despite the numerous advantages (the high recognition 

property, chemical and mechanical stability, selectivity towards specific analytes) 

IIP are characterized by low active surface which is the reason of low sorption 

capacities exhibited towards specific ions. This problem may be overcome by the 

application of silica as a matrix. The main advantage of silica-based ion imprinted 

materials is the possibility of the surface functionalization, which leads to the 

increase of the adsorption capacities.  

In this work the organosilica of SBA-15 type was applied as a matrix to 

prepare the new ion-imprinted material dedicated to the enrichment of Au(III) ions. 

The parameters affecting the adsorption of Au(III), such as pH of the solution, 

contact time and interfering ions were investigated. The possibility of gold 

desorption from the ion-imprinted silica was studied using nitric acid, hydrochloric 

acid and thiourea solution. 

In the model synthesis, 2 g of P123 was mixed with 60 mL of 2 M HCl and 11 

mL of deionized water under stirring at 40ÁC. After 8 h AuCl3 (0.15 g), 

tetraethoxysilane TEOS (18 mmol) and thiocyanatopropyltriethoxysilane TCTES (2 

mmol) were added. The mixture was stirred at 40ÁC for 24 h and aged at 100ÁC for 

next 48 h. The obtained solid was washed with deionized water, filtered and dried at 

100ÁC. Pluronic123 was removed by three-time extraction with the acidified 

ethanol (99.8 %) at 78 ÁC. The template Au(III) ions were removed from the 

materials using 0.5 M thiourea in 5 % HCl, until Au was not detected (GF AAS) in 

the leaching solution. The control adsorbent was similarly synthesized in the 

absence of AuCl3. The ion imprinted and non-ion imprinted sorbents were marked 

as Au(III)TCTES and TCTES, respectively. 

The adsorption/desorption experiments were carried out using batch mode. 

The effect of equilibrium pH on Au(III)  adsorption onto the Au(II I)TCTES and 

TCTES was investigated in the range between 0.5 and 4.5 for the adsorption system 



consisting of 50 mL of 50 mg/L Au(III) solution and 50 mg of sorbents. In the case 

of Au(III) TCTES the adsorption does not depend on the pH value for the studied 

range. In the adsorption equilibrium state Au(III) ions were completely adsorbed 

onto sorbent surface for all studied systems. In the case for TCTES material the 

complete adsorption was observed between 2.0 and 4.5, whereas the decrease of pH 

from 2 to 0.5 resulted in the decrease of the adsorption from 50 to 35 mg/g. 

 

 

 
Fig.1. Adsorption isotherms of Au(III)) 
onto Au(III)TCTES and TCTES; m = 
0.005 g, V = 5 mL, tAu(III) TCTES = 3h, tTCTES 
= 24 h, T = 25ÜC, pHinitial = 2.0 

 

Fig.2. Adsorption kinetics of Au(III) onto 

Au(III)TCTES and TCTES; m=0.005 mg, 

V=5 mL, cAu =100 mg/L, pH=2 

Based on kinetic studies (Fig.2) it was stated that the adsorption equilibrium was 

achieved after 3 and 24 hours for Au(III)TCTES and TCTES, respectively. The 

acceleration of the process observed in the case of ion-imprinted material was the 

result of the absence of steric hindrance, which allows rapid contact of Au(III) ions 

with imprinting sites. In the both cases the sorption process was found to follow 

pseudo second-order kinetic model. Based on the adsorption isotherms it was stated 

that the maximum static adsorption capacity of Au(III) TCTES reached 485 mg/g 

and was 7.5 times higher than in the case of non imprinted sorbent (Fig.1). The 

experimental data could be successfully fitted to the linear Langmuir equation. Due 

to the fact that before the analysis the environmental samples are usually digested in 

inorganic acids, the impact of chlorides and nitrates (present in aqua regia) on the 

adsorption of Au(III) was investigated carefully. It was stated that even 1 M 

solution of NO3
- ions do not influence on the adsorption of Au(III) onto 

Au(III) TCTES and TCTES, whereas 1 M solution of Cl- ions drastically (about 

85%) decrease the adsorption of Au(III) when TCTES sorbent is used. In the case 

of Au(III) TCTES the decrease of the adsorption is not observed in the presence of 

chlorides. It was found that the effectiveness of gold desorption from 

Au(III) TCTES in the presence of concentrated nitric, hydrochloric acid and thiourea 

solution was significantly lower than from TCTES. Due to incomplete desorption of 

Au from Au(III)TCTES the slurry sampling graphite furnace atomic absorption 

spectrometry was proposed for determination of gold in real samples after its 

enrichment on Au(III)TCTES. 
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Surfactants are substances having the ability to adsorb on the 

electrode/electrolyte interface and thus the ability to change the properties of 

electrode surface. As a result surfactants can change the rate of electrode processes. 

Recent studies showed that the cationic surfactant octyltrimethylammonium 

bromide [1] and nonionic surfactants N-octanoyl-N-methylglucamine and N-

decanoyl-N-methylglucamine [2] have an inhibiting effect on the Zn2+ 

electroreduction rate on the mercury electrode. Surfactant particles adsorbed on 

mercury electrode close down the access of depolarizer ions to the electrode and 

thus hinder their electroreduction. Quite different ability have anionic surfactants: 

sodium 1-octanesulfonate (SOS) and sodium 1-decanesulfonate (SDS), they cause 

the increase of the rate of above mentioned electrode process.  

 

Table 1. The changes in the difference between the anodic peak potential and the 

cathodic peak potential  DE=Ea-Ek [V] and the values of the lowest charge transfer 

resistance Ra [W .cm2] determined at the formal potential for the process of Zn2+ ion 

electroreduction in 1 mol.dm-3 NaClO4 in the presence and absence of sodium 1-

octanesulfonate and sodium1-decanesulfonate at 288K and 298K. 

 

cSOS /M 

SOS 

cSDS /M 

SDS 

T=288K T=298K T=288K T=298K 

DE Ra DE Ra DE Ra DE Ra 

0 0.098 12.03 0.077 6.60 0 0.098 12.03 0.077 6.60 

1.0.10-3 0.098 11.66 0.072 6.51 2.5.10-4 0.097 9.37 0.077 5.36 

3.0.10-3 0.088 8.93 0.067 5.06 4.0.10-4 0.088 8.28 0.077 5.10 

5.0.10-3 0.080 7.54 0.058 4.10 6.0.10-4 0.076 7.20 0.060 4.06 

1.0.10-2 0.072 7.22 0.057 3.97 7.5.10-4 0.065 5.97 0.058 3.81 

3.0.10-2 0.058 5.21 0.051 2.95 9.0.10-4 0.063 6.25 0.054 3.79 

7.0.10-2 0.052 4.05 0.050 2.41 1.0.10-3 0.060 5.78 0.052 3.22 

1.0.10-1 0.052 3.72 0.048 2.56 - - - - - 

 

It has been proved by the differences between the potentials of the anodic and 

cathodic peaks (DE) on the cyclic voltamperogram (CV), the decrease of the values 

of the charge-transfer resistance (Ra) obtained at the formal potential using the 

faradaic impedance method and the increase of the standard electroreduction rate 

constants caused by the increase of SOS and SDS concentrations. The catalytic 

activity of aforementioned anionic surfactants is caused by the formation on the 

electrode surface an unstable active complex between depolarizer ions and 

surfactant particle. The complex facilitates the exchange of electrons between Zn2+ 

ions and electrode. More effective catalysts for Zn2+ electroreduction on the 

mercury electrode is the anionic surfactant with longer hydrocarbon chain like 



sodium 1-decanesulfonate. Also an increase in temperature of the solution has 

favorable effect on the Zn2+ electroreduction rate. 

The Tafel plots show that the dependences ln kf vs. f(E) are nonlinear and the 

slopes of curves change with the change of potentials and surfactants 

concentrations. Thus the Zn2+ electroreduction in the presence of SOS and SDS 

surfactants is a multi-stage process. The mechanism of Zn2+ electroreduction on the 

mercury electrode in the presence of SOS and SDS have been considered using 

Fawcett models [3, 4]: EE (electron transfer ï electron transfer), IA (ion transfer ï 

adsorption), IE (ion  transfer ï electron transfer)  and CE (chemical step ï electron 

transfer). The EE model has been ruled out and three other CE, IE and IA seem to 

be acceptable to describe the mechanism of Zn2+ ion electroreduction on the 

mercury electrode. 

The independent studies were devoted to the pH influence on the adenine 

adsorption on mercury electrode in the presence of acetate buffer. 
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The aim of the study was to develop voltammetric procedure for the 

determination of biologically active compounds with the use of electrodes modified 

with polymer and bismuth particles. The bismuth particles were deposited by an in 

situ method at Nafion covered boron-doped diamond electrode (BDDE) from 0.1 

mol L-1 sulphuric acid solution containing metal ions and different concentrations of 

paracetamol and caffeine. The obtained oxidation peaks of paracetamol and 

caffeine appear at 0.78 and 1.44 V (vs. Ag/AgCl), respectively. The obtained 

detection limits for paracetamol and caffeine were 2.62 Ĭ 10-8 and 1.14 Ĭ 10-9   mol 

L-1, respectively. The comparison to other electrochemical sensors proposed for the 

simultaneous paracetamol and caffeine assays shows that bismuth nanoparticles 

Nafion covered BDDE provides lower [1-5] detection limits of both compounds 

and the widest linear range. In one case [6] the paracetamol and caffeine detection 

limits are significantly lower than those obtained by the presented procedure. 

However, the proposed procedure of the sensor preparation is much simpler than 

the procedure described in [6].  

The optimized voltammetric procedure was used for the simultaneous 

determination of paracetamol and caffeine in commercially available 

pharmaceutical formulation containing both of these compounds. The standard 

addition method was adopted in order to minimize possible matrix effects of other 

substances present in the sample. No significant differences between the data 

supplied by the manufactures and the data obtained by the proposed voltammetric 

method were observed. The extracts of different types of tea and coffee were also 

analyzed in order to determine caffeine employing the proposed heroin differential-

pulse voltammetric method and adsorptive stripping voltammetric method using 

Nafion covered lead film glassy carbon electrode [7] for comparison. Moreover, 

both of the methods were used to determine caffeine in the weight loss supplement. 

The obtained results were found to be satisfactory. 
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Cyclodextrins belong to the group of cyclical oligosaccharides and they are formed 

from Ŭ-D-glucopyranose units linked together by Ŭ-(1,4) acetal bonds. The most 

common cyclodextrins are Ŭ-, ɓ- and ɔ-cyclodextrins, which consist of 6-, 7-, and 8- 

glucose units respectively. Ŭ-, ɓ- and ɔ-cyclodextrins occur in the form of white 

crystal powders of a delicate sweetish taste. They are capable of interacting with a 

large variety of guest molecules: organic compounds, ions, and even structures as 

small as radicals to form inclusion complexes; therefore they are widely used in 

different branches of industry [1, 2]. 

The scientific novelty of the presented work was the incorporation of selected b-

cyclodextrin derivatives heptakis (2,3,6-tri-O-methyl)-ɓ-cyclodextrin (HSMɓCD), 

heptakis (2,3,6-tri-O-benzoyl)-ɓ-cyclodextrin (HSBɓCD), (2-hydroxypropyl)-ɓ-

cyclodextrin (HPɓCD), 2-hydroxypropyltrimethylammonium-ɓ-CD - quaternary 

ammonium ɓ-cyclodextrin (QAɓCD) as electroactive material of ion-selective 

naproxen electrodes. 

The formation of inclusive complexes of these cyclodextrins was confirmed by IR 

spectroscopy. The naproxen molecule as the guest was partially or completely 

incorporated into the cavity of the host-cyclodextrin molecule.  

The optimum membrane of ion-selective electrode contains heptakis(2,3,6-tri-O-

benzoyl)-ɓ-cyclodextrin, o-nitrophenyloctyl ether and tetraoctylammonium chloride 

as a lipophilic salt. The electrode is characterized by a Nernstian response slope of  

59.0 °0.5 mV decade-1 over the linear range of 5.0 x 10-5ï1.0 x 10-2 mol L-1 and the 

detection limit 1.0 x 10-5 mol L-1, as well as the response time 10 s. It can be used in 

the pH range 6.2ï8.5 for 10 months without any considerable deterioration. The 

high selectivity, which is perhaps the most valuable advantage of the constructed 

sensors, is also worth mentioning. The use of functionalized b-cyclodextrin in the 

polymeric membrane increased the selectivity coefficients. 

 Also, the electrode is cheap and easy to construct and use for determination of 

naproxen in the pharmaceutical and milk samples with good accuracy and 

precision. It provides an attractive, alternative method for naproxen determination 

in quality control laboratories. 
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The electroreduction of metal ions in aqueous solutions is highly dependent 

not only on the type and concentration of the supporting electrolyte, but also on the 

presence of trace amounts of organic substances. Organic substances may either 

inhibit or accelerate the electrode process, or they may not affect its course. 

Lovriļ and co-workers [1 ï 2], investigating the Bi(III) ions electroreduction 

in chlorates(VII), demonstrated that the Bi(III) ion electroreduction process is 

significantly affected by water particles. The authors assumed the three-step 

mechanism of Bi(III) electroreduction with the gradual transition of single 

electrons. 

The Bi(III) ion hydrolysis limits the pH range that allows investigating the 

electroreduction of these ions [3]. It was found that a change in the chloric(VII) 

acid /sodium chlorate(VII) ratio in the basic electrolyte, affects the structure of both 

the bismuth aqua ion and the molecule of the selected amino acid, and, 

consequently, the course of the electrode process [4 ï 5]. 

Homocysteine, according to the cap-pair rule, catalyses the process of Bi(III) 

ion electroreduction. Also, changes in the double layer parameters at the electrode/ 

chlorates(VII) interface, and a correlation between the rate of Bi(III) ion 

electroreduction in the presence of homocysteine and water activity under 

conditions of varying protonation of the catalysing substance were observed. The 

catalytic activity of homocysteine increases with an increasing amount of NaClO4 

in a basic electrolyte solution. The highest catalytic activity of homocysteine was 

observed for 2 molȚdm-3 chlorates(VII). The multistage process is confirmed by the 

not rectilinear lnkf = f(E) dependences. In this mechanism, the chemical stages of  

BiïHg(SR)2 complexes formation with the participation of homocysteine, which is 

a mediator in the formation of these complexes, and water can be distinguished. 

The composition of these complexes is diversified in solutions that differ in the 

degree of amino acid protonation. 
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Polyetheretherketone (PEEK) is one of a few plastic polymers of the 

polyaryletherketones family (PAEK). It is evident that PEEK exhibits higher 

strength and greater resistance to both chemical and physical degradation than other 

well-known polymers. This polymer is largely resistant to thermal degradation as 

well as  to the attack of inorganic and organic substances. Moreover, 

polyetheretherketone has the advantage to be formed into many different shapes 

because of its excellent mechanical properties. PEEK is also one of the promising 

alternative materials instead of metallic biomaterials because it is characterized by 

good chemical resistance and mechanical properties similar to those of human 

bones [1-4]. Due to satisfactory mechanical, thermal and surface properties, 

polyetheretherketone has found numerous applications in different kinds of 

industries. However, the main aspect of the biomaterial characteristics must be its 

biocompatibility, cells adhesion to the polymer, which should be also mechanically 

strong and biodegradable. PEEK meets fully conditions but the only disadvantage 

can be poor adhesive properties because polyetheretherketone like many other 

polymers has a low surface free energy that results in poor adhesion. It is known 

that the relatively low surface energy of PEEK can limit osseointegration, 

potentially leading to fibrous encapsulation and reduced wound healing in 

applications requiring integration. The way of excluding this difficulty is surface 

modification which leads to obtain useful  properties [1-4].  

Surface treatment by low-temperature plasma is especially effective for long-

chain polymers, because such materials can be processed in a simple way. The 

efficiency of surface modification depends on plasma power, its contact time and 

concentration of active species. It is significant that physicochemical modification 

of the first few molecular layers of the surface during plasma action does not 

change the excellent properties of PEEK polymer bulk phase. During plasma 

treatment of PEEK surface hydrogen separation from polymeric chains and free 

radical creation are possible. Subsequently the radicals are able to interact with gas 

components and thus the new functional groups can be included into the PEEK 

surface.  

The interesting trend of polymer research is the chemistry of biocompatible 

substances applicable for medical production. Antibacterial chitosan was used for 

PEEK modification because it has also many extra functions: forming a translucent 



film on the surface, blocking transpiration and decreasing a moisture loss. The film 

of this active substance can reduce activity of relevant enzyme during the storage 

period of different kinds of products and improve stability of the cellular 

membrane. Chitosan molecules can also induce a series of defensive reaction 

mechanism and blocking attack of pathogenic bacteria. On the other hand, chitosan-

coated materials could be also applied as a pharmaceutical material because of its 

wound healing functions.  Wettability of base and chitosan-coated polymer surfaces 

before and after plasma modification was investigated via contact angle 

measurements of three probe liquids (water, formamide and diiodomethane). The 

contact angles allowed evaluation of the total surface free energy and its 

components (Lifshitz-van der Waals component ɔS
LW, electron-donor ɔS

- and 

electron-acceptor ɔS
+ parameters) for different systems based on the theoretical 

approach proposed by van Oss et al. (LWAB) [5]. The XPS technique was used to 

analyse the surface carbon, oxygen and nitrogen contents of different PEEK probes. 

Plasma modification causes formation of free radicals and/or additional groups 

(mainly CïO-, C=O and O=CïO-) on its surface. The low-temperature plasma 

treatment of polyetheretherketone polymer resulted mainly in the increase of 

oxygen and nitrogen amounts on the surface which was confirmed by the XPS 

analysis. Both forms of plasma treated PEEK and plasma treated PEEK with the 

chitosan film contained similar quantities of carbon on the surface. The appearance 

of functional hydrophilic group caused a sharp increase of polar interactions and 

significant increase in the surface roughness. The treated PEEK surface was more 

hydrophilic, more rugged and rougher than base untreated PEEK. This was also 

verified by wettability and profilometer measurements. As follows from the 

calculations of the surface apparent free energy, the increased polar component was 

responsible for wettability changes of the studied polymer surfaces. The apolar 

component of the surface free energy remained almost the same. Some correlations 

between the changes in surface roughness and the values of contact angles 

measured on these surfaces can be obtained. The considerable rise in the surface 

roughness of polyetheretherketone after the plasma treatment extended the PEEK 

adhesive attributes and formation of compact chitosan film was attainable.  

The presented results can be helpful to design the modified PEEK materials 

with the stable tridimensional surface structure and special antibacterial properties 

which can potentially be suitable for pharmaceutical and medical applications. 
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Besides tendency to form micelles and adsorb at various interfaces, 

biosurfactants are also characterized by low toxicity and high biodegradability as 

well as high tolerance to environmental changes. These features are an alternative to 

the conventional surfactants obtained by chemical synthesis. One of the 

biosurfactants of great importance is rhamnolipid which as a non-toxic, 

biocompatible with human skin and mucous membranes compound, is added to 

cosmetic and food products. Ethanol is a compound commonly used in cosmetics. It 

is one of the oldest known antiseptic compounds which cleans and degreases the 

skin surface, dries up wounds and sores, and at the same time also acts 

antiedematously [1,2]. Ethanol is often added to the surfactant solutions and, 

depending on the concentration, can act as a co-surfactant or co-solvent [3]. The 

presence of ethanol can affect such properties as the CMC of surfactants, the 

number of aggregation or the degree of hydration. Therefore in this work 

volumetric and adsorptive properties of ethanol and rhamnolipid (RL) mixture were 

examined. These studies were carried out by measuring the surface tension, density 

and viscosity of aqueous solutions of rhamnolipid with the fixed concentrations of 

0.00625, 0.5 and 20 mg/l and in the range of ethanol concentration from zero to 

17.13 M (mole fraction equal to unity) 

On the basis of the obtained results the mutual influence of rhamnolipid and 

ethyl alcohol on their adsorption at the solution-air interface and critical micelle 

concentration (CMC) were discussed. It appeared that in the RL concentration 

range corresponding to its unsaturated monolayer in the absence of ethanol [4] and 

the ethanol concentration range in the absence of rhamnolipid from 0 to its critical 

concentration of aggregation (CAC) [5], the independent adsorption of rhamnolipid 

and ethanol takes place. The surface tension of the solution above CAC is 

practically the same as the ethanol aqueous solutions. If the concentration of 

rhamnolipid is close to its CMC in the absence of ethanol and corresponds to the 

saturated monolayer at the solution-air interface then in the range of ethanol 

concentration from 0 to CAC [5] rhamnolipid plays a the decisive role in the 

reduction of water surface tension. However, the values of surface tension of the 

three-component solution are somewhat higher than that for the aqueous solution of 



rhamnolipid if the ethanol concentration is close to its CAC. Over the ethanol CAC 

the influence of rhamnolipid on the solution surface tension is not observed. It 

means that the values of solution surface tension are close to those of individual 

ethanol solution. As a result the adsorption of rhamnolipid at the solution-air 

interface is small if the concentration of ethanol is higher than its CAC. The above 

mentioned adsorption behaviour was confirmed by the standard Gibbs free energy 

of adsorption of ethanol and rhamnolipid calculated using different methods. The 

values of this energy at the RL concentration corresponding to the unsaturated 

monolayer at the water-air interface in the absence of ethanol and ethanol 

concentration lower than its CAC practically are the same as for individual 

solutions of rhamnolipid and ethanol. At the concentration of rhamnolipid and 

ethanol higher than the above mentioned there is mutual influence of rhamnolipid 

and ethanol on their tendency to adsorb at the solution-air interface. 

Rhamnolipid does not significantly influence on the CAC of ethanol. The 

obtained values of surface tension, density and viscosity of the studied solutions 

showed that the values of ethanol CAC are practically the same as the solution of 

ethanol in the absence of rhamnolipid, however, there are some differences between 

CAC obtained based on the surface tension, density and viscosity isotherms. This 

confirms the suggestions of some investigators that the CAC is not one value but a 

range of concentrations. 

Based on the results obtained from the density measurements, it appeared also 

that rhamnolipid did not influence on the apparent and partial molar volumes of 

water and ethanol. It is interesting that in the solution in which the ratio of water to 

ethanol molecules is 1 to 1, then the minimal excess of the solution volume in 

comparison to ideal mixing takes place. The values of partial molar volume 

obtained from the density data were compared to those calculated based on the 

bonds length and angle between them as well as the average distance between the 

molecules of alcohol and water. It proved that there is a good agreement between 

the volume values obtained from the density data and those calculated. 
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Modified HS-SPME for determination of quantitative relations between 

low-molecular oxygen compounds in plant matrices 

Essential oils (EOs) are highly complex fragrance mixtures of compounds, 

such as hydrocarbons (terpenes and sesquiterpenes) and oxygenated compounds 

(alcohols, aldehydes, acids, ketones, phenols, lactones, oxides, ethers and esters), 

varying in biological activity. Naturally synthesized by some plants, they are widely 

used in pharmaceutical, food, cosmetic and fragrance industries. As the quality of 

the final products containing EOs frequently depends on the type and quality of the 

source material, quality evaluation of plant material is required. Steam distillation 

(SD) is a routine method recommended by pharmacopoeias for the isolation of 

essential oils from plant materials  to estimate their value as essential oil sources. 

This standard method is very time-consuming, and thus not efficient enough in the 

aroma composition analysis of numerous plant samples. Moreover, many EO 

components, when exposed to heat, light and oxygen (typical factors for the 

distillation process), easily decompose into substances which initially do not exist 

in the examined plants. Due to these limitations, some research attention has 

recently been given to the environmentally friendly method, i.e. solid phase 

microextraction (SPME), in which sample component degradation is eliminated. 

This method is routinely used in the head-space (HS) analysis of volatiles in 

different sample types: environmental, foodstuffs and plants. It is based on the 

sorption of analytes on fiber coating. After establishing equilibria between the 

headspace above the sample (plant) and fiber coating, the components are desorbed 

from the fiber to a chromatography column. The main limitation in the standard 

HS-SPME application for the evaluation of plants as sources of EOs are different 

quantitative relations of EO components from those obtained by direct analysis of 

EO which was got in the SD process from the same plant (hereafter named EO/SD). 

As demonstrated for the system consisting of Polydimethylsiloxane (PDMS) fiber 

and silica oil plant suspension, the replacement of the plant material by its 

suspension in oil of the same physicochemical character as that of SPME fiber 

coating allows to get similar quantitative relations of EO components to those in 

EO/SD [1]. The question appears at this moment if this idea can be transferred to 

the system of polar SPME fiber coating/plant suspension in a proper polar liquid. A 

few SPME fiber coatings are commercially available. The selection of proper liquid 

to each SPME fiber may seem problematic. However, the application of the system 

consisting of SPME fiber with Carbowax and plant suspension in polyethylene 

glycol (PEG) complies with the assumptions of the considered approach: plant 



suspension in liquid of the same physicochemical character as that of SPME fiber 

coating. The question seems to be justified as the interactions involved in 

distribution of EO components between suspending liquid/HS phase and HS 

phase/SPME fiber are different for silica oil plant suspension/PDMS fiber (mainly 

dispersive interactions) and plant suspended in PEG/Carbowax fiber (mainly 

specific interactions). 

 

 

Fig. 1. presents the relative peak 

areas of the main EO components 

(n=5), estimated by direct 

injection of individual herb 

EO/SD (black bars) and HS-

SPME procedure of the same herb 

suspended in PEG (gray bars). 

Parts AïD concern four different 

plants: savory, sage, mint, and 

thyme. The presented data were 

obtained in optimal HS-SPME 

conditions: extraction time, 

equilibrium time and temperature, 

and sample mass for each plant 

material (A ï 15 min, 10 min, 60 

ÁC, 500 mg; B ï 25 min, 10 min, 

75 ÁC, 500 mg; C ï 5 min, 15 

min, 60 ÁC, 500 mg; D ï 10 min, 

15 min, 60 ÁC, 500 mg) [2]. 

 
The obtained results confirm the utility of the tested procedure. They also 

prove its applicability not only for the sample suspension/SPME fiber system in 

which dispersive interactions exist (PDMS fiber over sample suspension/emulsion 

in methyl silica oil), but also for system with specific interactions (Carbowax fiber 

over sample suspension/emulsion in PEG). The application of presented procedure 

to systems in which the equilibrium state is determined by specific interactions 

significantly shortens HS-SPME optimization, but only in the case of polar 

constituents mixtures. 

Determining the true content of quercetin and its derivatives in plants employing 

SSDM and LC-MS analysis 

Quercetin is one of the most widely distributed polyphenolics in plants. This 

aglycone compound occurs in fruits, vegetables, leaves and grains, often in the form 



of glycoside derivatives. Rutin, isoquercitrin and quercitrin are the most ubiquitous 

quercetin glycosides. In view of the antioxidant, anti-inflammatory and anti-cancer 

properties of quercetin and its glycosides, research interest in the natural occurrence 

and medical properties of these compounds has been growing. 

Reliable plant analysis is a challenging task due to the physical character and 

chemical complexity of plant matrices. First of all, it requires the application of a 

proper sample preparation procedure to fully isolate the analyzed substances from 

the plant matrix. The high-temperature liquid-solid extraction is commonly applied 

for this purpose. In the light of recently published results, however, the application 

of high-temperature extraction for phenolics analysis in plants is disputable as it 

causes their transformation leading to erroneous quantitative estimations of these 

compounds. 

Recently, research work has been focused on sample preparation methods 

which would limit or even eliminate the degradation/transformation of the analyzed 

plant constituents. One of such method is the sea sand disruption method (SSDM) 

combining the homogenization, extraction and purification processes into a single 

step. There are many examples showing that the effectiveness of this simple, quick 

and cheap low-temperature method is an alternative not only to the traditional high-

temperature solvent extractions (under reflux and in the Soxhlet apparatus) but also 

to the supported ones (pressurized liquid extraction, supercritical fluid extraction, 

ultrasound assisted solvent extraction and microwave-assisted solvent extraction). 

The report presents the results of research work on the application of SSDM 

for the evaluation of the true content of quercetin and its derivatives in the 

following plants: flowers of black elder (Sambucus nigra L.) and hawthorn 

(Crataegus L.); leaves of green tea, nettle (Urtica dioica L.) and yerba mat® (Ilex 

paraguariensis A.St.-Hil.); the heartsease herb (Viola tricolor LINN.), St John's 

wort (Hypericum perforatum L.), and artichoke (Cynara cardunculus) flower buds. 

The results obtained using SSDM are compared to those revealed by the traditional 

extraction under reflux. 

Comparing the results presented in Fig. 2 it can be seen the lower number of 

the quercetin derivatives in the SSDM extract of green tea in relation to their 

number in the green tea extract obtained under reflux. It is evident that the high-

temperature extraction promotes the formation of the quercetin derivatives, which 

are not necessarily native plant components. The lack of peaks corresponding with 

the quercetin and rutin derivatives in Fig. 2 E and F proves that quercetin and rutin 

do not transform and/or degrade in SSDM and indicates that this sample preparation 

method can be applied for the analysis of quercetin and its native derivatives in 

plants.  
 

 

 

 

 



  

  

  
Fig. 2. Exemplary chromatograms of the green tea leaves (A, D), solutions of rutin (B, E) 

and quercetin (C, F) subjected to the extraction under reflux and the SSDM 

procedure, respectively 

 
Experiments performed on different plants additionally support the conclusion 

that the transformation/degradation of quercetin and its glycosides is not induced by 

the SSDM method and prove the method to be most appropriate for the estimation 

of quercetin and its derivatives in plants. What is more, the application of SSDM in 

plant analysis allows the researcher, to determine which quercetin derivatives are 

native plant components and what is their true concentration. In other word, the 

application of SSDM in plant analysis eliminates errors in the study of plant 

metabolism involving quercetin and its derivatives. 

 

Screening of Antibacterial Compounds in Thymus vulgaris L. Tincture using TLC-

Direct Bioautography and LC-MS/MS techniquesÅ 

Thymus vulgaris L., a perennial herb from the Lamiaceae family, is a popular 

medicinal plant well-known  for its anti-inflammatory, antibacterial, antifungal, 

antispasmodic, carminative, and antioxidant properties. Although composition and 

biological properties of thyme, as of many other common herbs, are well described 

in the literature (especially the composition of essential oils) [3], there is still a need 

for explaining relations between biological properties and chemical composition of 

plants. The method of choice is an Effect Directed Analysis (EDA), that is a 

hyphenation of an analytical technique (e.g. TLC) with a bioassay followed by an 

identification of biological active substances (e.g. by spectroscopic methods). Thin-
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layer chromatography ï direct bioautography (TLCïDB) followed by LC-MS/MS 

gives such a possibility [4,5]. Mostly, antibacterial properties of separated 

compounds are evaluated [6,7]. TLC-DB, in particular, can be used for screening 

chromatographic and antibacterial properties of plants and their constituents in 

parallel [7,8]. The developed TLC plate is immersed in a bacterial suspension 

(bacteria growing in a nutrient broth) and left for incubation. Bacteria grow directly 

on the surface of the TLC plate except the spots of antibacterial substances. The 

incubated plates are generally visualized by spraying with tetrazolium salt (a vital 

dye) which is converted by dehydrogenases of living bacteria into the purple 

formazan. Finally, pale yellow inhibition zones are observed against the purple 

surface of the plate. However, using luminescent bacteria the visualization can be 

performed by the detection of light emission of viable cells with a low-light camera. 

The structure of active compounds can be found using spectroscopic methods, as 

liquid chromatography - mass spectrometry (LC-MS). This can be done directly 

from the plate using TLC-MS Interface or after isolation of active fractions using, 

for instance, preparative TLC. 

 

 
Fig. 3. LC/Q-TOF product spectra of fraction components F3 and F4; collision energy 

20 eV. 

 
Thin-layer chromatographyïdirect bioautography (TLC-DB) was used for 

guiding the isolation and identification of antibacterial constituents of Thymus 

vulgaris L. ethanol extract. Seven bacterial strains were used as test organisms, both 

pathogenic and nonpathogenic, including methicillin-resistant Staphylococcus 

aureus as well as luminescent bacteria like Aliivibrio fischeri. These were: M. 

luteus, B. subtilis, S. aureus, MRSA,S. epidermidis, P. syringae pv. maculicola, and 

A. fischeri. Five fractions with the widest antimicrobial spectrum were detected 

using TLC-DB, isolated by semi-preparative TLC and subjected to LC-MS/MS 

analyses. Finally, two bioactive components were tentatively identified, basing on 

their fragmentation pattern, as: eriodictyol and 4,4'-dihydroxy-5,5'-diisopropyl-2,2'-

dimethyl-3,6-bifenylodion ï see Fig. 3. According to our best knowledge 



antibacterial properties of 4,4'-dihydroxy-5,5'-diisopropyl-2,2'-dimethyl-3,6-

bifenylodion were evaluated for the first time. 

 

Morphology and surface chemistry of kefir grains  

Gelatinous, irregularly-shaped kefir grains (KG) are formed by a symbiotic 

combination of yeasts, acetic acid bacteria and lactic acid bacteria (LAB). KG have 

gel-like shells consisting of polysaccharides and some other compounds. 

Water state and temperature behaviour play an important role in KG. Water 

located in cells and bacteria and between them (i.e. bulk water) can be in a strongly 

structured (bound) state. It  depends on water content, topology and chemistry of 

surroundings, presence and content of solutes (salts, small molecules as 

saccharides, fats, amino acids, etc.) and temperature. Bacteria used in food industry 

can be stored in freeze-dry state. Therefore, the behaviour of water bound in 

bioobjects stored at T<273 K is of interest. This is of importance since practically 

all properties of water are unusual in comparison of them for hydrides of other 

elements, e.g. SH2, NH3, CH4, etc. In  the case of a large part of bulk water in bio-

objects, it is difficult to study the properties of bound water. Therefore, the systems 

with small and controlled content of water are more appropriate to analyze the 

temperature behaviour of water bound in cells and bacteria. So, it was very 

interesting to study the morphology and chemistry of surface of kefir grains with 

various water content [9].  

The study was performed using TG-DTA (Derivatograph C, MOM Hungary), 

SEM (DualBeam Quanta 3D FEG (FEI, USA) and FTIR (Specord M80 (Carl Zeiss, 

Jena) methods. 
 

    
Fig. 4. TG (1ï4) and DTG (5ï8) curves of 

initial(1,5), wetted (4,8) (water:dry KG = 

1:1), dried kefir grains upon heating in air 

(2,6) and nitrogen (3, 7) atmosphere 

Fig. 5. IR spectra of KG dried at room 

temperature for 4 days (curve 1) and at 333 

(2), 373 (3), and 413 (4) K for 2 h 

 

In Fig. 4 the TG and DTG curves of initial, dried, and hydrated KG recorded 

upon heating from 293 to 1273 K show several characteristic parts. The first weight 

loss (Fig.4) from 293 to 398 K corresponds to desorption of bulk or weakly bound 

water (WBW) and other low-molecular weight compounds (e.g. CO2, alcohol, etc.). 

The second range (393ï473 K) is due to desorption of structured strongly bound 

water (SBW) and decomposition of a portion of macromolecules. The third range 



(473ï673 K) with rapid loss of the weight corresponds to dehydration and 

decomposition of biomacromolecules (e.g. polysaccharides, etc.). At T>673 K, 

there is significant difference in the TG/DTG curves recorded in the air and 

nitrogen atmosphere. For the former (curves 2 and 6), oxidation processes are 

characteristic in contrast to the latter (curves 3 and 7). Therefore, the weight loss in 

air is much greater ~93.4 wt. % for dry KG (i.e. ~6 wt. % corresponds to mineral 

components in dried kefir grains) at 1273 K than that in the nitrogen atmosphere 

without access of oxygen ~70 wt. %, in which the processes are stopped on the 

carbonization stage (i.e. formation of char).  

The IR spectra (Fig. 5) show that heating of KG results in the loss of water, 

since intensity of a broad band at 3700ï2500 cm-1 decreases with increasing 

preheating temperature. However, even after preheating at 413 K for 2 h the KG 

keep the main structural features, despite thermal inactivation of bacteria and cells. 

A broad complex band at 1200ï1000 cm-1 related to CïOïC and CïO is 

characteristic for carbohydrates. Bands at 1700ï1500 cm-1 are linked to the C=O 

and C=C stretching vibrations and the ŭCN bending vibrations and CïH overtones. 

The bands at 1460 and 1400 cmī1 can be assigned to the CH2 deformation and to 

vibrations of the amino acid side chains, respectively. A decrease in intensity of all 

bands observed can be due to desorption of low molecular weight organics (e.g., 

saccharides) in parallel to desorption of water. 
 

   
Fig. 6. SEM images of dried kefir grains at magnifications: (a) Ĭ6500 and (b)Ĭ65000 

 

Supracellular and cellular structures observed in kefir grains (Fig. 6) show 

their nonuniform morphology of a great complexity. Deviation of the cellular 

shapes (Fig.6b) can be caused by drying of cells. This suggests that intracellular and 

extracellular structures of water can demonstrate complex temperature behaviour, 

which is typical for cellular objects and can strongly depend on the water content. 

 
DSC  and  1H NMR studies of water bound in kefir grains 

Kefir grains (KG) are characterized by certain antimicrobial, antioxidant and 

disease-resistant activities depending on KG composition, amounts and 

organization of water. Water state and temperature behaviour play an important role 

in KG. The confined space effects can result in significant changes in the properties 

of liquids as solvents, since the activity and molecular mobility decreases in 



comparison with the bulk liquids. The stronger the bonding of interfacial water, the 

lower the activity of this water as a solvent. 

There are several methods which can give useful information on the structure, 

temperature and interfacial behaviours, and other properties of water in bioobjects. 

In this regard the aim of the work was to study the characteristics of water bound in 

kefir grains depending on water content, dispersion media with air or weakly 

organic solvent CDCl3 and the presence of trifluoroacetic acid F3CCOOD (TFAA) 

[9]. The study was performed using low-temperature 1H NMR and DSC methods. 
1H NMR spectra of static samples with various amounts of water in various 

dispersion media (air, CDCl3, CDCl3 + F3CCOOD) were recorded using a Varian 

400 Mercury spectrometer. Differential scanning calorimetry (DSC) measurements 

of interactions of kefir grains with water and n-decane were carried out using a 

PYRIS Diamond (Perkin Elmer Instruments, USA) differential scanning 

calorimeter at the constant heating/cooling rate of 10 K/min. Similar to the NMR 

cryoporometry, the DSC melting thermograms were used in the DSC 

thermoporometry for structural characterization of the materials. 

 

 
Fig. 7. Exemplary 1H NMR spectra of water bound in KG recorded at different temperatures and 

different hydration degree h = (a) 0.3 g/g and (b) 0.8 g/g, in (b) CDCl3 (dotted-dashed lines) and (a, b - 

solid lines) CDCl3 + TFAA. 

 

Figure 7 presents exemplary 1H NMR spectra of water bound in KG. On the 

basis of 1H NMR results it was shown that the structural and thermodynamic 

characteristics of intracellular liquids (water and organics) in kefir grains depend 

strongly on their contents and temperature, especially below freezing points of these 

liquids. Partially hydrated/dehydrated kefir grains include water structures in a 

broad range of sizes from small clusters (around 1 nm in size) to large nanodomains 

10ï50 nm in size. Changes in the hydration degree of kefir grains cause changes in 

their textural organization. Contributions of weakly (WAW) and strongly (SAW) 

associated waters and weakly (WBW) and strongly (SBW) bound waters depend on 

the amounts of water and the type of dispersion medium. The ratios between 

SAW/WAW and SBW/WBW depend on temperature since the larger the water 

structure (approaching to bulk water), the higher the freezing/melting temperature 

(approaching to 273 K). These water clusters and domains are characterized by 

different ability to dissolve strong acids (e.g. F3CCOOD). Enhanced cauterization 



of water bound to kefir grains results in diminution of dissolution of the acid in this 

water. 

Additional information on the temperature behaviour of water bound in KG 

differently hydrated can be obtained using DSC measurements. DSC investigations 

show that at a minimal content of water (h = 0.3 g/g), exotherms of freezing of 

water and some low molecular weight organics (sugars, etc.) are observed between 

263 and 273 K (Fig. 8a) in contrast to a melting peak (Fig. 8b).  

    
Fig. 8. (a) Freezing and (b) melting DSC thermograms for KG at different hydration degree 

h = 0.3 (curve 1), 0.5(2), 0.7(3) and 1 (4) g/g.  

 

An increase in content of water, the shape of both freezing exotherms and melting 

endotherms becomes more complex. The freezing exotherms shift toward lower 

temperatures at h = 0.5 and 0.7 g/g but at h = 1 g/g they shift toward higher 

temperatures. This effect is due to changes in contribution of weakly and strongly 

bound compounds observed also in NMR measurements and the textural 

organization of kefir grains at nano and micro-scales. In other words, contribution 

of WBW  increases at h = 1 g/g (Fig. 8a). The endotherm effect value of water 

melting increases with increasing value of h but it is much lower than that for 

transformation of hexagonal ice/bulk water (330 J/g). This result can be caused by 

several reasons: (*) there are many states of bound water frozen at different 

temperatures (i.e. melting of different ice crystallites or amorphous structures 

occurs over large temperature range); (**) the energy of interactions of water/water 

and water/biostructures in KG differs strongly in both directions. Therefore, total 

changes in phase transition of amorphous ice (bound water can form amorphous ice 

upon freezing) into bound water needs smaller energy than that for hexagonal ice 

transforming into bulk water. 

 

The vibrational spectrum of 1,4-dioxane in aqueous solution 

Most chemistry and essentially all biochemistry take place in solutions. The 

solvent, particularly a polar solvent like water, has a significant effect on the solute. 

Accurate thermodynamic modeling of solvent effects is very time-consuming, and 

it is often replaced by continuum solvation models or other simplified methods [10-

12]. It is important to evaluate the accuracy of such methods. Vibrational 

spectroscopy offers an excellent test since modern quantum chemical methods can 



predict vibrational frequencies with remarkable accuracy, and intensities fairly with 

modest computational effort. 

The solvent (water) effect on the vibrational frequencies of dioxane was 

investigated by two solvation models: the conductor-like screening model 

(COSMO) [10-12] and by using explicit solvation model (ESM) [13]. The ESM 

calculations were carried out in the following way. Equilibrium geometries and 

harmonic vibrational frequencies of dioxane and its hydrogen bonded complexes 

with water (cf. fig. 9) were determined at the B3LYP level with 6-311++G** basis 

set. All optimized structures were local minima (all frequencies are real). This step 

was followed by the potential energy distribution (PED) analysis and ESFF 

frequency scaling (for the dioxane molecule only) to confirm the bands 

assignments. The vibrational frequencies of dioxane in aqueous solution were 

modeled by averaging the frequencies obtained for all clusters. For the COSMO 

solvation model, we used Ů=78.39 for the dielectric constant of the water solvent in 

  

Fig. 9. The optimized structure of 5-CQA 

 

all calculations. Note that the calculated shifts refer to harmonic frequencies. The 

obtained results were compared to shifts obtained by us with the aid of IR and 

Raman spectroscopy. Shifts corresponding to infinite dilution were shown to 

correspond to those for 1:28 water:dioxane molar ratio. 

Experimental and calculated frequency shifts (D) for dioxane upon dilution in 

the fingerprint range are gathered in Table 1. As can be seen low frequencies (CC 

and CO stretching and various types of bending vibrations) are poorly described 

with the COSMO model. In more than half cases (15 out of 26) the sign of the shift 

is incorrect and deviations between the calculated and observed shifts are frequently 

larger than 10 cmï1, up to 16 cmï1 in two cases. The RMS difference between the 

experimental and calculated shifts is close to 9 cmï1 for the 26 identified modes in 

this range. COSMO predicts the correct sign for the CO stretching vibrations 

(modes 7, 9, 14, and 15) but overestimates the magnitudes. In the case of ESM in 

all but two cases the sign of the shift is correctly predicted when the specific 



interactions are explicitly incorporated in the calculations. In addition, the RMS 

value between the experimental and calculated frequency shifts for the 26 mid-

range modes is as low as 1.7 cmï1. Apparently ESM is much more accurate in 

describing the solvent effect in the fingerprint region when hydrogen bonding 

occurs. In particular, it is much superior to COSMO for the shifts in the CO 

stretching vibrations region, giving almost perfect agreement with experiment. 

However, it should be noted that COSMO slightly outperforms ESM in the CH 

stretching range. 

 
Table 1. Experimental and calculated frequency shifts (D) for dioxane upon dilution 

in the fingerprint range 
 

B3LYP Expt 
Shifts 

COSMO DCOSMO 
ESM 

No n Dx Dx+28H2O Shift Mean DESM 
3 416.5 425.1 426.0 0.9 2.8 1.9 6.1 5.2 

4 440.3 435.3 443.9 8.6 -1.8 -10.4 10.3 1.7 

5 490.8 488.7 487.2 -1.5 -2.8 -1.3 -1.1 0.4 

6 616.8 613.3 614.3 1.0 -1.3 -2.3 3.1 2.1 

7 840.2 837.0 833.0 -4.0 -10.9 -6.9 -4.6 -0.6 

8 860.9 854.2 854.6 0.4 -4.7 -5.1 -0.9 -1.3 

9 881.9 873.6 869.4 -4.2 -17.5 -13.3 -4.6 -0.4 

10 891.8 888.4 892.4 4.0 -1.5 -5.5 4.6 0.6 

11 1016.2 1017.4 1017.7 0.3 -7.3 -7.6 -0.8 -1.1 

12 1060.9 1048.7 1046.1 -2.6 -7.8 -5.2 -2.6 0.0 

13 1102.2 1083.4 1082.0 -1.4 -11.7 -10.3 -1.0 0.4 

14 1126.9 1111.1 1099.8 -11.3 -20.5 -9.2 -12.6 -1.3 

15 1133.0 1121.2 1118.4 -2.8 -18.9 -16.1 -4.8 -2.0 

16 1143.2 1130.2 1133.0 2.8 -5.4 -8.2 2.5 -0.3 

17 1238.1 1219.3 1223.2 3.9 -0.6 -4.5 3.3 -0.6 

18 1279.4 1254.8 1258.3 3.5 -4.3 -7.8 1.6 -1.9 

19 1316.0 1289.1 1295.7 6.6 -2.6 -9.2 4.2 -2.4 

20 1326.0 1307.1 1311.8 4.7 -1.5 -6.2 4.2 -0.5 

21 1358.1 1337.8 1342.1 4.3 0.7 -3.6 3.9 -0.4 

22 1387.2 1366.3 1372.6 6.3 2.9 -3.4 6.7 0.4 

23 1405.1 1375.0 1378.7 3.7 -3.6 -7.3 0.7 -3.0 

24 1416.5 1398.4 1403.4 5.0 -1.2 -6.2 5.2 0.2 

25 1481.1 1446.4 1449.4 3.0 -9.2 -12.2 2.9 -0.1 

26 1482.2 1445.0 1445.8 0.8 -9.8 -10.6 4.0 3.2 

27 1489.5 1454.9 1456.9 2.0 -11.3 -13.3 3.3 1.3 

28 1494.8 1460.5 1464.6 4.1 -12.4 -16.5 3.4 -0.7 
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It has been proved that liquid water forms dynamic, labile H-bond networks 

whose connectivity changes constantly[1]. Such a non-diffusive jump-reorientation 

mechanism has been also observed between water molecules in the solvation shell 

of simple ions[2]. Moreover, the addition of ions to liquid water has no influence on 

the rotational dynamics of water molecules outside the first hydration shell[3].  
Sciortino et al.[4] concluded that the bifurcated hydrogen bonds play a 

fundamental role in the mobility of the molecules in the liquid state due to the 

lowered energy required to break such a bond. Thus the first hydration shell 

dynamics can be responsible for many effects observed during chemical and 

electrochemical reactions in water. The more profound understanding of 

phenomena can be helpful in designing liquid systems in which the ions mobility 

plays a crucial role. 
Recently[5,6], based on the classical molecular dynamics simulations, we 

investigated the time evolution of geometric quantities characterizing H-bonds 

between perchlorate anion and water. As the perchlorate anion includes four oxygen 

atoms which are H-bond acceptors, besides the classical H-bond the bifurcated and 

trifurcated H-bonds will be investigated. On the contrary to the classical hydrogen 

bond, where the hydrogen bond donor interacts with one acceptor, the bifurcated 

and trifurcated H-bonds are the interactions between one donor and two or three H-

bond acceptors. 
The time evolution of geometric parameters characterizing the making and 

breaking of H-bond averaged in relation to the center of the observed angular jump 

event can provide information about the mechanism of making/breaking of H-bond. 

The average jump amplitude as well as time evolution of distance characterizing 

particular H-bonds in the investigated system are shown in Fig. 1. 
The simulations indicate a large angular jump mechanism for H-bond 

exchange in the aqueous perchlorate solution. The rapid change of angular 

orientation of water during bond making/breaking was clearly visible in all cases of 

the investigated hydrogen bonds. Before and after the switch event, the angular 

water orientation remains approximately unchanged. As the angular jump is 

characteristic of hindering water rotational motion by other hydrogen bonds, it 

makes it possible to conclude that the multi-centered hydrogen bonds between 

water and perchlorate anion are of transitional character.   
Further investigations showed that initially the water molecule forms with 

perchlorate the classical H-bond. Next it can turn into the bifurcated or trifurcated 



hydrogen bridge. In this view, water can slide around the perchlorate anion. Such 

conclusion confirm PMF profiles, their minima corresponding to the total binding 

energies of multi-centered hydrogen bonds are located at similar distances from 

chloride atom.  

 
Fig. 1. Time evolution, centered on the H-bond switching event, of the geometric 

parameters representing the making of classical, bifurcated and trifurcated hydrogen bridge. 

 

When water approaches the perchlorate anion, its rotation helps overcome 

potential barriers and can cause switching between different hydrogen bridges.  
The history-independent correlation functions of the existence of particular 

hydrogen bridges show that the classical H-bond between the water and perchlorate 

is a more stable than bifurcated or trifurcated one. Moreover, the reactive flux 

correlation function for the trifurcated H-bond decays fastest indicating the shortest 

time necessary to achieve the equilibrium state. 
Summing up, the transitional character of water-perchlorate H-bonds is one of 

the main factors influencing on reorientational dynamics of water located within the 

perchlorate first shell. This finding can be a contribution to better understanding of 

the impact of ions on the structure and dynamics of water. 
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Preparation and analysis of catalytic materials for the process of removal 

(oxidation) of soot from Diesel exhaust gases 

Investigations associated with the search of a highly active and selective 

catalytic material for the process of soot oxidation from diesel exhaust gases were 

continued. It is very important issue because the emission of soot into the 

atmosphere is highly undesirable. Diesel soot is strongly carcinogenic and 

contributes to the greenhouse effect. 

Catalysts containing different amounts of cobalt and manganese were tested. 

They were prepared by a co-precipitation method and calcined at 400oC. Their 

catalytic properties were measured in the ñtight contactò using model soot (Printex 

U) and the reaction mixture containing 10 vol.% of O2 and inert gases (argon and 

helium). The studies were conducted in a quartz reactor filled with 50 mg of the 

catalyst-soot mixture (45 mg of catalyst and 5 mg of soot) and 450 mg of finely 

ground quartz. The effects of soot oxidation during a temperature-programmed 

experiment (ramp rate was 10oC/min) were analyzed by a mass spectrometer. 

Cobalt-manganese catalysts permit to significantly decrease the temperature of soot 

oxidation and prevent the formation of carbon monoxide. The highest activity is 

demonstrated by the catalytic materials containing much more cobalt than 

manganese. The catalysts containing equal amounts of cobalt and manganese and 

also those containing more manganese are worse. Further studies will be conducted. 

The effect of temperature on activity of cobalt catalysts for ethanol steam reforming 

The aim of work was to study the catalytic properties of the supported cobalt 

catalyst under steam reforming of ethanol conditions. 

The reaction of ethanol conversion with water was carried out under 

atmospheric pressure in a fixed-bed continuous-flow quartz reactor over the catalyst 

(0.1 g; 0.15-0.3 mm) reduced in situ with hydrogen at 400ÁC for 1 hour, prior to the 

reaction. The aqueous solution of ethanol (H2O/ethanol=12/1) was supplied to an 

evaporator (150ÁC) and the reactant vapours, without diluting with any inert gas, 

and were fed to the reactor at a flow rate of 100 mLĬmin-1. The catalytic 

performance was tested in the temperature range of 390-480ÁC. The analysis of the 

reaction mixture and the reaction products (all in gas phase) were carried out on-

line by means of two gas chromatographs. One of them, Bruker 450-GC was 



equipped with two columns, the first filled with a porous polymer Poropak Q (for 

all organics, CO2 and H2O vapor) and the other oneðcapilary column CP-Molsieve 

5 ¡ (for CH4 and CO analysis). Hellium was used as a carrier gas and a TCD 

detector was employed. The hydrogen concentration was analyzed by the second 

gas chromatograph, Bruker 430-GC, using a Molsieve 5 ¡, argon as a carrier gas 

and a TCD detector. 

Steam reforming of ethanol (EtOH/H2O =1/12) over 2 catalyst showed that the 

temperature of 420ÁC was the most advantageous for this process. The catalyst 

indicated the high SRE process selectivity to two most desirable products of 

reaction, hydrogen and carbon dioxide and amounts of carbon monoxide, methane 

and acetaldehyde formed in side reactions were much smaller. 

Synthesis and characterization of Pd/ZnO-CeO2 catalysts for the steam reforming 

of methanol 

Steam reforming of methanol (SRM) is one of the most efficient low-

temperature hydrogen production methods. The reaction product mixture containing 

mainly H2 and CO2 can be easily handled and utilized in the fuel cell systems for 

electricity production. The main obstacle of widely studied SRM copper catalysts is 

low thermal stability. The aim of the recent studies was synthesis and 

characterization of novel palladium-zinc oxide catalysts modified with ceria. ZnO-

CeO2 supports of different Ce/Zn molar ratio ranging from 0 to 0.5 were prepared 

by the co-precipitation method. Palladium was introduced by the impregnation 

method. It was found that modification of the support composition influenced the 

way of active phase formation and redox properties of catalysts. Partial replacement 

of ZnO with CeO2 in the supports led to the slight decrease of the selectivity of 

catalysts to CO2 without significant changes of initial activity.  

Catalysts 

The main objectives of the studies was the preparation and physico-chemical 

characterization of the unpromoted and potassium-promoted cobalt-based catalysts 

with ceria support. The Co/CeO2 catalyst was prepared by impregnation of the 

commercial nano-dispersed ceria support with a solution of cobalt nitrate and citric 

acid. The catalystôs precursor was dried and then calcined. The K/Co/CeO2 was 

prepared by impregnation of potassium nitrate solution to the Co/CeO2. The sample 

was dried, and then calcined , as it was previously described. The Co/K/CeO2 was 

prepared similarly, however, firstly dried nano-ceria support was impregnated with 

potassium nitrate solution and then subsequently with a solution of cobalt nitrate 

and citric acid. For all samples, the amounts of cobalt and potassium introduced 

were 10 and 2 wt.%. The catalysts were characterized by nitrogen adsorption, 

hydrogen chemisorption, XRF, XRD and TPR methods. The studies have shown 

that the order of potassium addition (to the support or onto Co/CeO2) does not 

significantly change the physico-chemical properties of the catalyst. In the further 

studies the obtained catalysts will be characterized by the XPS technique. 

Additionally the gravimetric studies over zirconia-supported catalysts for 

EtOH/H2O equal 1/3, 1/9 and 1/12 were performed in order to supplement the data 

presented in the PhD thesis (S. Turczyniak). 
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One of the most important characteristics of micelles is their ability to take up 

all kinds of substances. Binding of these compounds to micelles, co-called 

solubilization, is generally driven by hydrophobic and electrostatic interactions. 

Solubilisation is usually treated in terms of the pseudophase model, in which the 

bulk aqueous phase is regarded as one phase and the micellar pseudophase as 

another. The micelles catalytic effect on unimolecular reactions can be attributed 

exclusively to the local medium effect. For more complicated bimolecular or 

higher-order reactions, the rate of reaction is affected by an additional parameter: 

the local concentration of the reacting species in or at the micelle [1]. 

In this report the results of our investigations of the reactivity of 

diphenylpicryl hydracil radicals (DPPH) towards phenolic acids in the Triton X-100 

micellar solution are presented. We used this micellar solution as a simple model of 

food system. 

Phenolic compounds are a complex group of substances that have attracted 

 a considerable attention due to their role in maintenance of flavour and colour 

characteristics of food as well as in protecting human health. Many of the benefits 

of phenolic-rich foods consumption are due to their antioxidant activities. The 

efficiency of a phenolic antioxidant will depend upon the reactivity of its phenolic 

groups and locations of the radical and the antioxidant in the microheterogeneous 

food system. The rate of the reaction between an antioxidant and a radical totally 

incorporated within a microphase will be determined by the antioxidant 

hydrophobicity. The hydrophobicity will strongly inþuence its distribution between 

the microphase and the external medium as well as its location inside the 

microphase. 

To address these two aspects, the reactivity of DPPH towards cumaric (CA), ferulic 

(FA) and caffeic (CAA) acids was investigated in the Triton X-100 micellar 

solution of various concentrations (0.001M, 0.003M and 0.005M) and at different 

temperatures.  
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Fig. 1. Effect of phenolic acid molecular 

structure on the reaction rate with DPPH 

in the micellar solution. 

Fig. 2. Effect of TX-100 conentration on 

the reaction rate of phenolic acid with 

DPPH. 

 

Using the relationship A(t) the rate constant kobs of CA+DPPH reaction at various 

temperatures was determined. The activation energies of these reactions from the 

realationship lnkobs(T-1) were found. 
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Fig. 3. Effect of temperature on the 

reaction rate of phenolic acid with DPPH. 

Fig. 4. Temperature dependence of CA 

and DPPH reaction rate constant. 

 

The main factors influencing the reaction of phenolic acids with DPPH in the TX-

100 micellar system are the acid molecular structure and reagents localisation in 

micelles. Cumaric acid is the least active radical scavenger. Ferulic and caffeic 

acids exhibit similar antioxidant activities. 

In the most concentrated  TX-100 solution  the reaction between the phenolic acid 

and DPPH proceeds according to the pseudo-first order mechanism. 

The method with DPPH is very suitable for determination of antioxidant activity  

of phenolic acids in the micellar systems. 

 

References: 

[1] M. Niyaz Khan, Micellar Catalysis, Surfactant Science Series vol. 133, Taylor 

& Francis Group, A CRC PRESS BOOK, 2006. 



SYNTHESIS AND INVESTIGATIONS OF NEW COORDINATION 

COMPOUNDS AND SUPRAMOLECULAR COMPLEXES  

 

Agata BARTYZEL, Beata CRISTčVëO, Wiesğawa FERENC, Halina 

GĞUCHOWSKA, Renata ĞYSZCZEK, Liliana MAZUR, Agnieszka 

OSTASZ, Dariusz OSYPIUK, Iwona RUSINEK, Zofia RZłCZYőSKA, 

Justyna SIENKIEWICZ-GROMIUK 

DEPARTMENT OF GENERAL AND COORDINATION CHEMISTRY 
 

Novel molecular and supramolecular complexes, coordination polymers of: 

acylamidrazones, Schiff bases, mono- and dicarboxylic acids with d- and f-metals 

were synthesized and investigated. These compounds have attracted great attention 

as new functional materials in a number of fields (catalysis, optoelectronics, 

pharmacy etc.). In order to characterization these compounds: X-ray single crystal 

and powder diffraction techniques, photoluminescence, CHN, TG-DSC, TG-FTIR, 

FT-IR, Raman, UV-VIS, XANES, XPS, biological, magnetic methods were applied 

and the quantum chemical calculations were performed.  

The complexes of 4,4ô-{(1,3-propanediyl)bis[nitrilophenylmethylidene]}di(1,3-

benzenodiol) with Mn(III), Co(II), Ni(II), Cu(II) and Zn(II) ions were synthesized 

from the direct reaction of symmetrical Schiff base with M(II) acetates. The Ni(II) 

complex crystallizes as a methanol solvate in the monoclinic space group P21/c. 

The N2O2 coordination geometry around the metal centre is slightly tetrahedrally 

distorted from square-planar. During heating, at first complexes lose solvent 

molecules (water or methanol), after that the organic part undergoes 

defragmentation and combustion. The magnetic studies of paramagnetic complexes 

exhibit the existence of weak antiferromagnetic (for Mn(III) and Co(II) complexes) 

and weak ferromagnetic (for Cu(II)) interactions.  

3,4-dimethoxyphenylacetates of Mn(II), Co(II), Ni(II), Cu(II), Zn(II) were 

obtained with the formula ML2ĿnH2O, where: L=C10H11O4, and n=1-4). The 

compounds crystallize in monoclinic or triclinic systems. The carboxylate groups 

form bidentate chelating or bridging ligands. On heating in air they decompose in 

three steps. The magnetic moments determined for the complexes confirm that they 

follow the CurieïWeiss law. The Mn(II) and Ni(II) compounds are high-spin 

complexes with octahedral structures while that of Co(II) with tetrahedral one. The 

new complexes of 4-oxo-4-[(4-fluorophenyl)amino]but-2-enoic acid with Mn(II), 

Co(II), Ni(II), Cu(II), Zn(II), Nd(III), Gd(III) and Er(III) ions were synthesized of 

the formulae: MnL2Ŀ2H2O, CoL2ĿH2O, NiL2ĿH2O, CuL2Ŀ4H2O, NdL3Ŀ2H2O, 

GdL3Ŀ3H2O and ErL3, where: Lï = C10H7O3FN. The Co(II) and Cu(II) complexes 

crystallize in the monoclinic system whereas those of Mn(II), Ni(II), Nd(II), Gd(III)  

and Er(III) in the triclinic one. Heated in air they decompose in three steps (except 

the Er(III) complex). The magnetic measurement data indicate all complexes to 

obey the CurieïWeiss law and to show the paramagnetic properties with the 

ferromagnetic interactions between molecular centres.  

Novel heterotrinuclear complexes Cu(II)-Ln(III) -Cu(II) (Ln = La, Pr, Nd, Ho, 

Er, Tm, Yb ) were obtained in the reaction of N,Nô-bis(2,3-



dihydroxybenzylidene)2,2-dimethyl-1,3-diaminopropane (H4L = C19H22N2O4) with 

the respective salts of Ln(III) and Cu(II). The temperature dependence of the 

magnetic susceptibility and the field-dependent magnetization indicate that the 

interactions between Cu(II) and Ln(III) ions are antiferromagnetic for Ln = Pr and 

Nd, whereas in the Cu(II)ïLn(III) pairs ( Ln = Ho, Er, Tm, Yb) the weak 

ferromagnetic interaction between the paramagnetic centers is observed.  

The disubstituted N-acylamidrazones crystallize in the monoclinic space group 

P21/n, with one molecule in the asymmetric unit of the crystal. The complexes of 

amidrazones with Cu(II) crystallize in the centrosymmetric space groups: P-1, P21/c 

or C2/c. Reaction with copper(II) acetate results in double deprotonation of the 

ligands and leads to centrosymmetric binuclear species with CN = 4. The reaction 

of the studied amidrazones with CuCl2 leads to mononuclear species with CN = 5. 

The carboxylic group of the ligand is not deprotonated and the charge of the central 

ion is compensated by Cl- ion. Uncoordinated COOH group is involved in 

intramolecular hydrogen-bonding. The obtained complexes are air-stable and they do 

not disintegrate in DMSO, ethanol or water. In in vitro cytotoxicity research some of 

them exhibited moderate cytostatic activity against HL-60, MCF-7 and HT-29 

cancer cell lines. 

Trimethoprim(TMP) and p-xylylene-bis(thioacetic) acid (p-XBTA) form three 

forms of salts. Crystal structure of salt s1 belongs to the monoclinic P21/c space 

group while salts s2 and s3 crystallize in triclinic P-1 space group. The 

trimethoprim is a protonated at atom N of the pyrimidine moiety. The crystal 

packing of all three forms of salts is characterized by the extended network of 

hydrogen bonds containing related trimethoprim homodimers formed by a pair of 

N-HĀĀĀN hydrogen bonds. The melting point of salt was distinct from that of the 

individual components confirming the formation of new phases. 

The series of lanthanide coordination polymers of biphenyl-4,4ô-dioxydiacetic 

acid (H2bpoda) of the general formula Ln3(bpoda)3Öxsolv (where Ln= from La(III) 

to Lu(III); solv=DMF or water and bpoda=(C6H4)2(OCH2COO)22-) were obtained 

under the solvothermal conditions with microwave heating. Coordination of Ln(III) 

ions occurs through both the deprotonated carboxylate groups and covalently 

bonded DMF or water molecules. The Eu and Tb complexes display intensive red 

and green luminescence. Polycrystalline lanathnide complexes of 1,2- and 1,3-

phenylenediacetic acids (H2pda) of the formula Ln2(pda)3ĀnH2O (Ln=from La(III) to 

Lu(III); pda= C6H4(CH2COO)22-) obtained in the classical method exhibit perfect 

thermal stability. They dehydrate in one or two steps forming metal-organic 

frameworks stable up to 400ÁC.  

The quantum chemical calculations for benzylthioacetic acid (Hbta) were been 

performed. In the case of optimized dimeric structure, the molecules of acid form 

the eight-membered hydrogen-bonded (HB) ring system similarly to that in the 

crystal structure. The appearance of two equivalent stable hydrogen-bonded 

O-HĿĿĿO intermolecular contacts results in the increased stabilization of the 

theoretical model of the dimeric structure in comparison to monomeric one. The 

optimized model of the dimeric structure significantly improves the convergence of 

carboxylic geometrical parameters in relation to the experimental data. 
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Polyurethanes, owing the variety of their uses, have an important place in the 

world production of polymeric materials. They can be either thermoplastic or 

thermosetting. Thermoplastic polyurethanes (TPUs) are usually produced by the 

reaction of diisocyanates with both oligomeric and short-chain diols, resulting in 

block copolymers of the (A-B)n type. One block of the polymer chain, called the 

soft segment, is constituted by oligomeric diol, while the second block, referred to 

the hard segment, is built of a diisocyanate and short-chain diol. The soft segments 

confer the polyurethanes with their softness, elasticity, long elongation at break and 

low-temperature resistance, whereas the hard segments particularly affect the 

modulus of elasticity, hardness and tear strength. Oligoester, oligoether and 

oligocarbonate diols are the most used oligomeric diols to synthesize conventional 

TPUs. The polymers based on the latter diols, which are relatively new, have at the 

same time a high resistance to heat, hydrolysis and oxidation in comparison with 

ones derived from oligoether and oligoester diols [1,2]. The best mechanical 

properties give these polymers the hard segments formed by 1,1'-methanediylbis(4-

isocyanatobenzene) (MDI) and butane-1,4-diol (BD). In special cases, e.g. to obtain 

polymers with higher modulus of elasticity and hardness, enhanced thermal stability 

or liquid-crystalline properties, BD is replaced by nonconventional chain extenders. 

The studies undertaken by us are a part of an on-going investigation 

concerning new TPUs obtained from nonconventional aliphatic-aromatic sulfur-

containing chain extenders, derivatives of, among others, diphenylmethane, 

diphenylethane, benzophenone, diphenyl ether and diphenyl sulfide, commercial 

aliphatic and aromatic diisocyanates and oligoester, oligoether and oligocarbonate 

diols. On the basis of the studies conducted for selected polymers it was stated that 

the introduction of sulfur atoms to the polymer chain improved their adhesive 

strength [3-6] and refractive index [5,6] in relation to conventional ones. Polymer 

antimicrobial activity against Gram-positive bacteria was also discovered [6]. 

The aim of these studies [7-9] was to synthesize and determine the structure 

and some properties of new TPUs based on chain extenders with different content 

of sulfur atoms, i.e. 2,2¡-[sulfanediylbis(benzene-1,4-diyloxy)]diethanol (diol 

OSOE), 2,2¡-[oxybis(benzene-1,4-diylsulfanediyl)]diethanol (diol SOSE) or 2,2¡-



[sulfanediylbis(benzene-1,4-diylsulfanediyl)]diethanol (diol SSSE), MDI, 1,1'-

methanediylbis(4-isocyanatocyclohexane) (HMDI) or 1,6-diisocyanatohexane 

(HDI) and 30ï60 mol% poly(hexane-1,6-diyl carbonate) diol of nM  = 860 

(PHCD-860) or 2000 g/mol (PHCD-2000). 
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The structures of the TPUs were examined by FTIR, X-ray diffraction analysis 

and atomic force microscopy. Their thermal behavior was investigated by means of 

differential scanning calorimetry and thermogravimetry (TG). For the selected 

polymers the gaseous products evolved during the decomposition process were 

analyzed by TG-FTIR. Moreover, their physicochemical, optical, tensile and 

adhesive properties as well as Shore A/D hardness were determined. 

The obtained TPUs were transparent or opaque high-molar-mass materials, 

showing amorphous or partially crystalline structures. The polymers based on 

PHCD-2000 exhibited lower glass-transition temperatures than those based on 

PHCD-860 (ï35ï20ÁC vs. 10ï46ÁC) as well as a higher degree of microphase 

separation.  

On the basis of TG data it was found that thermal stability of the TPUs was 

relatively good and slightly depended on the kind of the chain extender used and the 

length and content of the soft segment, but was more dependent on the kind of the 

diisocyante applied. The temperatures of 1% mass loss were contained in the range 

of 262-265ÁC (from HMDI), 266-272ÁC (from HDI) and 280-290ÁC (from MDI). 

The polymers decomposed in two or three stages. The main volatile products of the 

hard-segment decomposition were carbon dioxide, water and carbonyl sulfide, 

while aliphatic ethers, aldehydes and unsaturated alcohols, as well as carbon 

dioxide, originated from the soft-segment decomposition.  

The synthesized TPUs were characterized by very good or good tensile 

strength, ranged from 28.5-51.9 MPa, with elongation at break in the range of 

200-600%. The best tensile strength (49.7ï51.9 MPa) was revealed by the polymers 

derived from diol OSOE, MDI and PHCD-860. 

The TPUs based on PHCD-860 showed middle or high refractive index values 

(1.573ï1.602), whereas those based on PHCD-2000 exhibited rather low these 

values (1.494-1.533). All the TPUs were characterized by improved adhesion to 



copper in comparison with those of conventional ones. It was also shown that both 

these parameters increased with an increase of the content of sulfur atoms in the 

polymer chain.  

Such materials can be attractive for numerous medical applications like blood 

tubing, catheters, cannulae, pacemakers, neurostimulators and orthopedic nail 

encapsulation [2,10], as well as for optical applications like ophtalmic lenses, fiber 

optics and non-linear optics, and so on [11]. They can also be applied as interlayers 

or inner layers for automobile laminated windscreens [12]. Moreover, in view of 

good adhesion to copper they can be considered as materials used in the production 

of printed wiring boards [13]. 
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This work aims is presenting the properties of new materials ï palladium 

nanoparticles deposited on mesostructural cellular foam (MCF) synthesized by 

using of Nay zeolite. The NaY zeolite was chosen as a microporous aluminosilicate 

source.  

Palladium exhibit a strong catalytic activity for important chemical reactions 

such as: hydrogenation, dehydrogenation and palladium catalyzed coupling 

reactions. Industrial palladium catalysts are often in the form of metal supported on 

solid substrates such as porous silica because of their high surface area and  pores 

structure.  

The synthesis of MCF was carried out by conventional method and using the 

appropriate amounts of the copolymer (Pluronic P123), TEOS, TMB and various 

amounts of zeolite NaY. As result, a series of MCF samples having different 

amounts of meso and micropores was obtained. Fig.1. shows an MCF image 

obtained by TEM method. 

 

 
 

Fig.1. TEM images of MCF prepared by using 3g of Pluronic, 3,47 cm3 of TMB , 7 cm3 of 

TEOS and 2.25g of NaY zeolite. 
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In this work MCF materials containing palladium species were prepared by 

using of tetraammine palladium chloride ([Pd(NH3)4]Cl2) complex as a palladium 

source. This complex was adsorbed on MCF samples in an amount such that the 

content of palladium was 1%, 2% or 3%. Then the complex to be reduced to 

palladium metal using ascorbic acid. Fig. 2 shows the XRD pattern for the selected 

system Pdo /MCF. 

 

 
 
 
 
 
 
 

 

 

 

 

Fig.2. XRD pattern for3% Pdo/MCF prepared by using 3g of Pluronic 1,74 cm3 of TMB , 7 

cm3 of TEOS and 2.25g of NaY zeolite.   

 

As seen in Figure 2. XRD pattern shows a high broad peak characteristic of 

amorphous materials, and 3 smaller peaks that have been identified as originating 

from the palladium metal (peaks 111, 200, 220). High broad peak undoubtedly 

comes from the amorphous structure of the MCF. Using the Scherrer formula the 

average crystallite size of palladium metal was calculated. The values obtained for 

the different samples are very small - the size of crystallites is in the range of 5.7 to 

7.8 nm.  

Thus, obtained Pdo/MCF samples have been checked in Suzuki-Miyaura 

coupling between o-tolylboronic acid and different phenyl halides. With phenyl 

iodide all tested catalysts effectively promoted coupling with boronic acid in water 

as a solvent under standard reaction conditions (110oC, 24h). With phenyl bromide, 

the reaction performed in water failed to produce the corresponding biphenyl. 

Fortunately, the analogous reactions performed in toluene as a solvent afforded 

cleanly the desired product with high yields for each catalyst. With phenyl chloride 

the reaction was the least selective. Here, the formation of 1,3,5-triarylboroxine was 

observed. For the sample (3g of Pluronic 3.47 cm3 of TMB, 7 cm3 of TEOS and 

0.75g of NaY zeolite, 3% Pdo)  this compound was be only isolated from the 

reaction mixture. For two other catalysts, (3g of Pluronic 3.47 cm3 of TMB , 7 cm3 

of TEOS and 1.5g of NaY zeolite, 3% Pdo) and (3g of Pluronic 1.74 cm3 of TMB , 7 

cm3 of TEOS and 1.5g of NaY zeolite, 1% Pdo) the formation of both biphenyl and 

1,3,5-triarylboroxine was observed.  

In conclusion, the synthesized Pd/MCF system exhibit a well-shaped porous 

structure, palladium crystallites are very small; the whole system has a high 

catalytic activity. 
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