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Introduction
The aim of our study was to prove existence of goethite 

coating on the pyrite surface, which was exposed to ferric 
sulphate solution for several months. Stripping analysis ap-
pears as usable method for the determination of weathering 
processes. The chemical reaction of dissolution of FeOOH 
giving rise to Fe2+ ions is generally described by the Eq. 1:

FeOOH + 3 H+ + e– → Fe2+ + 2 H2O  (1)

The Eq. 2 expresses the relationship between the current 
and charge passed during the reaction, the constant g has 
been interpreted as the geometric factor1:

I = k . Q0 . (Qt  /Q0)
g    (2) 

where Q0 is the total charge passed during the reaction.

Experimental
Pyrite was leached in sulphuric acid (12.5 mM) for

146 days (pulp density of 2 %). The solid material was
washed in distilled water (three times). Pyrite was dried and 
used for electrochemical experiments. Electrochemical mea-
surements were performed in a three-electrode compartment 
with a saturated calomel electrode, reference electrode and 
auxiliary Pt-electrode (polarograph Tacussel). The working 
electrode contained the pyrite particles immobilised on car-
bon electrode. The electrolyte was purged with nitrogen and 
a nitrogen atmosphere was maintained above the electrolyte 
during experiments. The current passing through the working 
electrode was measured under the constant potential (the vir-
tual pulse 42.5 ms was inserted after 0.1  s). The potential of 
–0.2 V was inserted on the pyrite electrode, and the potential 
of +0.2 V was inserted on the auxiliary electrode. The cyclic 
voltammetric curves were obtained in the potential range 
–0.6 V–0.8 V (SCE) by scan rate 2 mV s–1.

Results and discussion
Fig.  1. shows the voltammetric curves of pyrite after 

leaching experiment. The changes on the pyrite surface are 
shown in Fig. 2. The current values in the fi rst scan are higher 

in comparison with the second, third and forth scan because 
of the higher concentration of the leaching products on the 
surface. In the case of potential values lower than –0.4 V, the 
arise of H2S was observed similarly to the behaviour of other 
sulphides2,3. The rice of H2S under the potential lower than 
–0.4 V can be described by the equation:

FeS2 + 4 H+ + 2 e– → Fe2+ + 2 H2S  (3)

Current peak under the potential –0.1 to –0.4 V (Fig. 1., 
scan 1) was assigned to the reduction of elemental sulphur 
formed on the previous positive potentials:

S + 2 H+ + 2 e– → H2S   (4)

Elemental sulfur arises probably during the passivation 
at 0.1–0.2 V by reaction:

FeS2 → Fe2+ + 2 S + 2 e–   (5)

The ferric iron hydrooxide formation occures at 0.6 V–
–0.7 V or higher:

Fe2+ + 2 H2O → FeIIIOOH(s) + 3 H+ + e–  (6)

The abrasive streeping voltammetry was realized at 
0.6 V. The charge of 0.457 C passed during 90 minutes. This 
result is equivalent to the amount of 4.74 µmol e–. The total 
iron concentration in solution increased during this time. 
0.59 µmol of iron left the pyrite surface. Thus, the amount 
of 1.18 µmol S– from the pyrite was subjected to oxidation. 
Each S– transmitted around 4 electrons. Therefore, the tetra-
thionate appears to be the fi rst product during this oxidation. 
This result explains the detection of tetrathinates during the 
pyrite biooxidation4. 

Fig. 1. Voltammetric curve of pyrite after leaching experi-
ments. Scan rate 2 mV s–1, 4.5 mg of pyrite, 25 ml of 37.3 mM 
sulphuric acid, the 1st scan (⎯)
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Fig. 2. Voltammetric curves of pyrite after leaching experi-
ments. Scan rate 2 mV s–1, 4.5 mg of pyrite, 25 ml of 37.3 mM 
sulphuric acid, the 3st scan (⎯), the 4nd scan (---) to the determi-
nation of the changes of pyrite surface

Fig. 3. The initial values of current during abrasive stree-
ping voltammetry of pyrite electrode. Plot of current against 
potential. 4.5 mg of pyrite, 25 ml of 37.3 mM sulphuric acid, 
[Fe3+] = 2.56 mM

The decrease of current during the abrasive streeping 
voltammetry under the potential of –0.2 V during 279 s was 
observed. The values of k and g obtained in our experiment 
were 6.3  . 10–3 s–1 and 1.32, respectively. These results sug-
gest the presence of α-FeOOH on the pyrite surface. Signal 
of Fe3+(aq) on the pyrite electrode under different poten-
tial values is shown in Fig.  3. The imaginary current peak 
between the potentials +0.2  V and +0.4  V is the result of 
presence Fe3+. This peak is evident in Figs. 1. and 2.

Conclusion
The results of voltammetry of immobilised pyrite 

showed that H2S arises under low redox potential. The 
coating of pyrite surface with Fe3+-minerals was proved by 
abrasive streeping voltammetry under the potential value of 
–0.2 V. The fresh pyrite layer shows the highest initial current 
value during abrasive streeping voltammetry under the po-
tential value –0.2 V due to the presence of the highest ratio of 
oxidised products on the surface. The fi rst product of pyrite 
oxidation at the potential +0.6 V (SCE) is tetrathionate. 
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Introduction
Many archive documents were inundated during the ca-

tastrophic fl ood in 2002 in the Bohemia, dominantly in many 
Prague central institutions and archives. The documents were 
frozen in huge packets just after the water receded and at 
present they are saved in freezing storages at the temperature 
under –30 °C. The frozen materials usually contain various 
kinds of documents, dominantly on paper with written of 
printed information. A signifi cant part of the material is pho-
tographic materials, both negatives and positives. Drying of 
the stored frozen materials (their total volume is more than 
10 000 m3) is an urgent task1. The frozen material drying 
techniques are of two main kinds. The fi rst group of the pro-
cesses uses the de-freezing with consequent drying by dry 
or ambient air fl ow, in some cases coupled with microwave 
heating. These processes do not protect the dried material 
from additional microbiological damage and their application 
is not recommended for valuable archive documents2. The 
second possible technique uses a direct sublimation of water 
fi xed in the frozen material. The vacuum sublimation called 
lyophilisation is the most effective process3,4. This work 
presents the fi rst results obtained during the study of positive 
photographic materials lyophilisation.
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Experimental setup
Lyophilisation is one of the vacuum drying techniques 

that are widely used in industry, especially in food and phar-
maceutical applications. The water contained in the frozen 
material in the crystalline and residual liquid forms is sub-
limated at the pressure in the range of hundred Pascals. The 
material temperature during this process decreases down to 
–56 °C. The water vapor tension at this temperature is very 
low, and thus the drying process is very long – it takes several 
weeks (approximately 4 weeks for frozen blocks of 2000 A4 
offi ce paper sheets).

Two sets of samples were prepared for the experiment. 
The fi rst set of them contains the black and white fi ber based 
photographic papers (Fomabrom N 111) with exposed stan-
dard gray scales. Modern papers on RC substrate (Konica 
Digital Long Life 100) with standard RGB profi ling color 
scale formed the second set. The solutions of humic acids 
in three concentrations (1.9, 6.9 and 31.9 mg l–1) at two pH 
values (about 5.5 and 7.8) were prepared to simulate the 
fi ltered fl ood water. Free sheets from both sets were dipped 
in these solutions for the period of 0–10 days at the tempe-
rature of 24 °C and then they were stored with a separating 
tracing paper to eliminate the gluing of sensitive layers
to another sample. Under the sample we added fi ltering paper 
to enhance the water vapor removal from the center of sheets. 
The fi nal packet (A4 format, 8 cm thick) was stored in freezer 
at–18 °C for 1 month. The lyophilisation itself taking 4 weeks 
was done at the commercial apparatus located at Technical 
Museum in Brno where simultaneously the samples from
the Czech Museum of Music were dried.

Results 
The experiment gave the fi rst result just after the sam-

ples dipping in humic acids solutions. The sensitive layers 
were stable for a few days only (fi ber based paper for 2 days, 
RC paper for 4 days) and the stability depends on the solu-
tion properties. The yellow layer was stable for all the time. 
The sample dipped in the demineralised water was stable for 
all the studied period. The humic acids also diffused into the 
photographic paper material, and thus changed its colour to 
brown. The fi ber based paper was also attacked by the mould 
at the dipping time longer than 7 days. The other results were 
obtained after the lyophilisation.

The maps of salts crystallised from the dipping solution 
were observed only on the surface of colour samples (i.  e. 
on the RC paper). These small crystals had to remove easily 
from the surface mechanically, without a visible damage. 

The main part of the study focuses on the mechanical 
properties of photographic papers. The changes in the photo-
graphic paper thickness were the fi rst studied parameter. The 
fi ber based paper thickness was independent of all the experi-
mental parameters within the experimental error. Its value 
was determined as (0.290 ± 0.005) mm. Thickness of the RC 
paper shows a clear dependence on the dipping time, more 
or less independently of the humic acid concentration (see 
Fig.  1.) at the slightly basic pH. The acid dipping solutions 

gives non-clear dependencies, but as a result the thickness 
slightly decreases with the increasing dipping time.

The tensile strength and Young’s modulus in tension 
were measured for the fi ber based papers as a function of the 
dipping time using the Universal Testing Machine ZWICK 
Z010/TH2A after sample dimensions measurement. The ten-
sile test to failure were carried out by a Universal tensile test5 
at a constant crosshead speed of 0.1 mm min–1 at a laboratory 
temperature. Fig. 2. shows the results of the Young’s modulus 
in tension. It can be seen that its value after an initial slight 
increase decreases more or less linearly with the increasing 
dipping time and it is not signifi cantly dependent on the 
humic acid concentration. The pH of the solution is an im-
portant parameter because the modulus value is about 30% 
lower at the higher pH. Similar results were obtained also for 
the tensile strength.

The relative stretch of the samples increases with the in-
crease of the dipping time up to about 4 days (see Fig. 3.). Its 
value slightly decreases at a longer dipping time. The relative 
stretch dependencies on the humic acid concentration and on 
pH are in the same order as the experimental error, and thus 
they could not be estimated.

Conclusion
The presented results show that lyophilisation of pho-

tographic positive materials can induce some changes in the 
material. Changes in the fi ber based paper thickness are not 
signifi cant; the thickness of the RC paper slowly decreases 
with the increase of the dipping time. The infl uence on the 
tensile strength and Young’s modulus in tension of the fi ber 
based paper are more signifi cant. The results show after
a small initial increase a slight decrease of these quantities 

Fig. 1. Thickness of an RC colour paper after lyophilisation as 
a function of the dipping time in humic acid solutions with the 
pH 7.5
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with the increasing dipping time. The effect can be more 
remarkable at a higher pH value and it is not dependent on 
the humic acid concentration in the dipping solution. The 
relative stretch of samples depends only on the dipping time, 
no dependence on pH and concentration were observed. The 
comparison with other drying processes will be given in the 
near future. The changes in the colour by the used dipping 
solution will be a subject of the next study.
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Fig. 2. Young’s modulus in tension in kN mm–2 of a fi ber based paper after lyophilisation as a function of the dipping time in humic 
acid solutions; at the pH 6.5 on the left, at the pH 7.5 on the right

Fig. 3. Relative extinction of a fi ber based paper after lyophilisation as a function of the dipping time in humic acid solutions; at the 
pH 6.5 on the left, at the pH 7.5 on the right
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Introduction
Carbohydrates are known to serve as carbon energy 

sources, osmotic agents, stress protectants regulatory and 
signaling molecules and may also serve as immediate carbo-
hydrate supply in stress defense reactions in plants1. Being 
formed during the light-independent reactions of photosyn-
thesis (known as the Calvin-Benson cycle) when carbon 
dioxide (CO2) is fi xed to produce P-trioses as the main
precursors for carbohydrate synthesis1, their content responds 
to the changes in atmospheric CO2 concentration. Therefore, 
analysis of carbohydrates extracted from various plant
tissues has become an important tool for prediction of plant 
behavior growing under elevated CO2 conditions in recent 
time.

This study is focused on determination of the carbo-
hydrate (up to tetrasacharidres) content, (using high per-
formance liquid chromatography (HPLC) equipped with 
refractive index (RI) detection), in Norway spruce needles 
and grown under different CO2 concentration with regard to 
the needle seasonal course. 

Experimental
M a t e r i a l s  a n d  s a m p l e s

All chemicals used were of the analytical-reagent grade. 
Investigations were carried out with Norway spruce needles 
(Picea abies [L.] Karst) grown under different CO2 con-
centrations: i) control (C-variant), ii) ambient (AC-variant) 
and iii) elevated (EC-variant) (i.e. ambient +350 ppm CO2
(v/v)); collected during one year needle course (from May 
to September) in Ecological site Bílý Kříž in the Czech
Republic2. 

S a m p l e  t r e a t m e n t
100 mg of spruce needles were frozen in liquid nitrogen, 

grounded, dissolved by adding 1.0 ml of a mixture (metha-
nol: chloroform: water (12/5/3 v/v %)3), immediately shaken, 
heated, sonifi cated and centrifuged. 500  µl of deionized water 
was added to the supernatant, mixed, shaken and centrifuged 
to break the emulsion into a i) colorless part (water-methanol 
phase) and ii) colored part (chloroform phase). Colorless 
part was fi ltered using 0.22 µm PVDF Millipore fi lter and 
concentrated using vacuum evaporator. Samples for HPLC 
analysis were dissolved in a mixture (acetonitrile (ACN)) and 
water (W) (50/50 v/v %)).

A n a l y t i c a l  i n s t r u m e n t a t i o n
Analyses were performed with Hewlet Packard 1100 

Series system equipped with refractive index detector (RID 
– HP 1100 Series, Palo Alto, CA, USA) using a 100  µl sam-
ple injection loop. Carbohydrate determination was achieved 
on a Carbohydrate analysis column (4.6 × 250 mm, 5-micron, 
Agilent Technologies, USA) using a mobile phase of ACN/W 
(70/30 v/v %) at a fl ow rate of 1,2 ml min.–1 Standards were 
dissolved in ACN/W (50/50 v/v %) solution. 

Results and discussion
Since the light is one of the most stressful environmental 

conditions that can affect needle structure, function and so 
the carbohydrate and other assimilate content, our study was 
primarily focused on the behavior of non-structural carbo-
hydrates (NSC) in needles collected in sunny-exposed sites. 

Firstly, carbohydrate composition in spruce needles 
during the annual cycle was investigated and signifi cant 
fl uctuations depending on the needle development stage 
were observed. Fig. 1. shows an example of NSC content in 
needles grown under elevated CO2 conditions, presented here 
by the two different stages of needle development. The fi rst 
stage presents the late dormant state in May (in relation to 
the climatic conditions in the Beskydy mountain site), when 
new (i. e. current (C)) needles broke through the buds. During 
this time one-year-old needles (C +1) play the most important 
role for development support of (C) needles which resulted in 
an increased content of NSC, namely due to accumulation of 
major carbohydrates (fructose, glucose and sucrose). 

The second stage was chosen to stand for the autumn 
(September) needle development, when the needle growth 
was retarded. This stage was accompanied by slow increase 
of the hexose needle content, namely accumulation of galac-
tose and pinitol was observed. In general, these carbohyd-
rates serve as main precursors for accumulation of raffi nose 
family oligosaccharides (RFOs)4 and their impact to frost 
tolerance in needles of coniferous has been discussed by 
many authors5. 

Fig. 1. Seasonal changes in carbohydrate composition for C+1 
needles grown in EC-variant both from sunny-exposed site col-
lected in: I) May – dotted line and II) September – full line. 
Peaks: ? – unknown, 1 – pinitol, 2 – fructose, 3 – glucose, 4 – ga-
lactose, 5 – sucrose
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To illustrate the effect of CO2 concentration on carbo-
hydrate composition independently from seasonal patterns, 
the differences in NSC grown in AC-, EC- and C-variant are 
shown in Fig. 2. 

Fig. 2. Effect of carbon dioxide concentration on carbohydrate 
concentration of one-year-old (C+1) needles from sunny exposed 
site collected in May and grown in: I) ambient (AC-variant) 
– dashed line, II) elevated (EC-varinat) – dotted line and III) 
control (C-variant) – full line. Peaks: ? – unknown, 1 – fructose, 
2 – glucose, 3 – sucrose.

There were no differences in carbohydrate composition 
between AC- and EC-variant althought some fl uctuations in 
concentration levels occurred. The needles grown in EC-vari-
ant showed an increase in NSC, namely a higher concentra-
tion of sucrose was observed. A larger accumulation of NSC 
has been reported in many papers as a consequence of the 
long-term exposure to elevated CO2 (ref.6) and in addition 
increased levels of sucrose can eventually lead to decrease in 
photosynthetic activity.

Conclusion
Analysis of carbohydrate composition using HPLC-RI 

during season showed some fl uctuations, which were in 
accordance with the seasonal development of needles. 
Glucose, fructose and sucrose were highest in late dormant 
stage (May), while galactose occurred in late summer (Sep-
tember) at the beginning of winter needle dormancy stage 
to serve as precursor for RFOs synthesis. Independently of 
seasonal course a small increase of NSC, namely sucrose 
content, was observed for needles grown under elevated CO2
concentration. 

This work is supported by the grant No. 526/03/1182, 
Grant Agency of the Czech Republic and Institutional re-
search plan AVO Z40310501.
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Introduction
Oxidation belongs to the main reasons of deterioration 

of rubber products properties. The rate of this process can be 
signifi cantly reduced using antioxidants. Aromatic secondary 
amines, particularly p-phenylenediamines (PPDs) represent 
the most important group of antidegradants used in rubber 
industry1,2.

Since the oxidation is an exothermic process, differen-
tial scanning calorimetry (DSC) can be used for its study. 
In this work, the antioxidant activity of several p-phenyle-
nediamines in polyisoprene rubber (PIR) is studied under 
non-isothermal conditions. At the end of induction period 
(which corresponds to the beggining of the oxidation), antio-
xidants lose their protective effect and the material properties 
suddenly deteriorate. Dependence of the induction period 
on temperature can be expressed by an Arrhenius-like rela-
tionship3:

t A B
Ti = ⋅ ⎡
⎣⎢
⎤
⎦⎥exp

    
(1)

where A and B are constants and T is the absolute tem-
perature. In the case of linear increase of temperature, the 
parameters A and B in Eq. 1 can be obtained from Eq. 23:

β=
⋅ ⎡
⎣⎢
⎤
⎦⎥

∫
d

i
T

A B
T

T

exp0

    

(2)

Materials and Methods
The calorimeter Perkin Elmer DSC-7 was employed to 

study the thermooxidation stability of the samples. The sam-
ples of 2–4 mg were placed in crimped standard aluminium 
pans, where the lid of each pan was perforated by ten pin-
holes. Heating rates were 1, 3, 5, 7, 10 and 15 K min–1. The 
purge gas forming the reaction atmosphere was oxygen. The 
starting temperature of oxidation was determined as the onset 
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temperature of the oxidation peak. Mixtures of polyisoprene 
rubber with antioxidants were prepared in the Research Insti-
tute of Chemical Technology, Bratislava, Slovak Republic. 
Characteristics of the antioxidants under study are given in 
Table I and the composition of the samples in Table II.

Table I
Characteristics of the antioxidants under study

 Antioxidant Name Summary formula

 Durazone 37 2,4,6-tris-(N-1,4-dimethyl- C42H63N9
  pentyl-p-phenylenediamino) 
  -1,3,5-triazine
 Flexzone 11 mixture of N-alkyl-N´-phenyl- –
  -p-phenylenediamines 
 BOPA bis-(4-octylphenyl)amine C28H43N
 TMBPDT 2,4,6-tris-(N-1,1,4,4-tetramethyl- C45H69N9

  butyl-p-phenylenediamino)-
  -1,3,5-triazine

Table II
Values of the kinetic parameters A and B and their standard 
deviations

 Antioxidant/phr A [min] B  . 10–3 [K]

 none (9.9 ± 5.6) . 10–13 12.90 ± 0.56
 Durazone 37/0.2 (2.0 ± 2.0) . 10–13 14.6 ± 1.1
 Flexzone 11/0.2 (6.0 ± 3.2) . 10–13 14.87 ± 0.59
 BOPA/0.2 (9.0 ± 8.2) . 10–16 17.10 ± 0.96
 TMBPDT/0.2 (1.2 ± 1.0) . 10–16 17.41 ± 0.83

Results and discussion
From the nonisothermal measurements, the kinetic pa-

rameters A and B in Eq. 2 have been obtained by minimizing 
the sum of squares between experimental and theoretical
values of heating rates by the simplex method4. The inte-
gration indicated in Eq. 2 was carried out by the Simpson 
method. The values of A and B for all samples are listed in 
Table II. 

Protection factor has been defi ned as the ratio of the 
lengths of the induction periods of stabilized and unstabilized 
polymer5:

PF
t

t
=
( )
( )

i

i

PIR+AOx

PIR
    

(3)

From Eq. 3 it is obvious that if the value of PF is greater 
than one, the additive has a stabilizing effect on the polymer. 
Temperature dependences of PFs for antioxidants under 
study are depicted in Fig. 1. These dependences exhibit incre-
asing tendency with decreasing temperature. It can be seen 
that the values of PFs are greater than one in the temperature 
range of PIR practical use.

Fig. 1. Temperature dependences of the protection factors for 
Durazone 37 (dash-dotted line), Flexzone 11 (solid line), BOPA 
(dashed line) and TMBPDT (dotted line)

Since the dependences of the protection factors of PPDs 
on their relative mass ratios are almost linear, antioxidant 
effectiveness (AEX) has been defi ned as a slope of this de-
pendence in our previous work5:

AEX
PF

X
=

−1

    
(4)

where X is expressed in phr. AEX brings about a nor-
malization of the protection factor so that the values of PF 
for various stabilizer content can be compared. Since PF de-
pends on temperature, also AEX is a function of temperature. 
The antioxidant effectiveness of individual stabilizers for the 
temperature 180 °C are listed in Table III. This temperature 
was chosen since it is a standard temperature for isothermal 
stability tests6. The order of antioxidant effectiveness decre-
ases in the following order: Flexzone 11 > BOPA > Durazone 
37 > TMBPDT. The highest ranking of Flexzone 11 indica-
tes that a synergism exists between the components of this 
antioxidant. The lowest antixidant effectiveness of the last 
additive can be explained by the sterical effect of the bulky 
tetramethylbutyl groups.

Table III
Antioxidants effectiveness for the temperature of 180 °C.

 Antioxidant AEX

 Durazone 37 38
 Flexzone 11 229
 BOPA 43
 TMBPDT 8

Conclusions
The antioxidant effect of p-phenylenediamines in ther-

mal oxidation of polyisoprene rubber has been studied by 
non-isothermal DSC measurements. For the treatment of ex-
perimental data, our method for the description of the lengths 
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of induction periods3 was employed. DSC appeared powerful 
and fast technique for studying the oxidation of elastomers 
and to evaluate the effi ciency of various antioxidants in retar-
ding the thermooxidative degradation.

The values of the protection factors and antioxidant ef-
fectiveness have been calculated. Using both criteria, the syn-
ergistic effect of the components in Flexzone 11 is indicated. 
The results obtained in this study show that the new additives 
tested have a promising potential as antioxidant agents.

This work has been supported by Science and Tech-
nology Assistance Agency under the contract No APVT-20-
005004. The work has been also supported by Slovak Grant 
Agency (Project No. 1/0054/03).
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Introduction
Ink corrosion is considered to be the results of two 

major degradation processes: acid-catalysed hydrolysis and 
iron(II)-catalysed oxidation of cellulose, contributing to
a loss in the mechanical properties of paper1.

In this work, we present some measurements carried out 
on laboratory samples consisting of paper initially immersed 
in solutions of iron sulphate and iron-gall ink respectively. 
We try to simulate a historical paper production by produ-
cing sized paper with gelatine and aluminium sulphate as 
additive. The purpose of this paper sizing was to make paper 

hydrophobic to such extent that aqueous inks can be applied. 
Moreover, the machanical properties were enhanced2.

The loss of paper’s mechanical properties versus ar-
tifi cial ageing was evaluated with bursting strength mea-
surements, as this method most closely resembles real-life 
situations, where papers burst along the corroded ink lines3. 
The cellulose oxidation was detected via FTIR spectroscopy. 
FTIR has become a valuable tool which is capable of rapid, 
non-destructive, qualitative analysis of microscopic sam-
ples4.

Experimental
The experiments on paper substrate were performed 

using Whatman No. 1 (Cat. No. 10001917) fi lter paper. The 
set of the paper squares (10 × 10  cm) was immersed in a 1% 
gelatine solution and 5% solution of aluminium sulphate for 
5 minutes.

The paper supports (10 × 10  cm) were soaked in a fre-
shly prepared ink and 5.10–3M aqueous solution of FeSO4 
respectively for approximately 10 seconds. The samples were 
then dried in an ambient atmosphere. 

The iron-gall ink was composed of FeSO4.7H2O, gallic 
acid (Aldrich No. 39822–5) and gum arabic, the molar ratio 
of iron and gallic acid was 5.5  : 13.

The samples were artifi cially aged in a OMT OVEN for 
1 day to 10 days at 60 °C and 65 % RH.

The bursting strength of paper was determined using 
a normalized bursting tester (Lorentzen  & Wettre) according 
to standard STN EN ISO 2758 for the bursting strength of 
paper.

The oxidation rate of the paper materials was estimated 
by Attenuated Total Refl ectance FTIR spectroscopy. At the 
room temperature FTIR spectra of paper samples in the 
spectral range of 600–4000 cm–1 were recorded on a FTIR 
Nexus (ThermoNicolet) spectrometer using Smart MIRacle 
ATR for ThermoNicolet with a spectral resolution 4 cm–1 and 
scan number 256. The absorption spectra were converted into 
Kubelka-Munk function.

Results and discussion
M e c h a n i c a l  t e s t

Fig. 1.–3. present the changes of bursting strength during 
accelerated ageing. As shown, the bursting strength values 
measured on non-aged samples are similar to that of origi-
nal, virgin paper. We suppose that the infl uence of iron sul-
phate alone on the degradation of paper is too small to be 
measured by this mechanical test. On the contrary, the radi-
cal infl uence of ink on the paper degradation appears clearly 
from the third day on. The real bursting strength of the highly 
damaged samples is presumed to go below the obtained
values.

As it can be seen from the starting values on Fig.  2. 
and 3., the gelatine treatment increases the initial bursting 
strength. As shown on Fig.  3., this mechanical stabilization 
effect vanishes during accelerated ageing and after 1 day no 
differences can be measured.
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Fig. 2. Evolution of bursting strength versus artifi cial ageing 
(at 60 °C and 65 % RH) for Whatman paper sized with gelatine 
in combination with aluminium sulphate (Whatman  +  Ge) and  
impregnated with two different solutions: iron sulphate (What-
man  +  Ge  +  Fe) and iron-gall ink (Whatman  +  Ge  +  ink)

Fig. 3. Effect of gelatine sizing of Whatman paper on bursting 
strength of inked paper aged at 60 °C and 65 % RH. Whatman 
paper impregnated with iron-gall ink (Whatman  +  ink), What-
man paper sized with gelatine and aluminium sulphate and then 
impregnated with iron-gall ink (Whatman  +  Ge  +  ink)

F T I R  m e a s u r e m e n t s
From the FTIR measurements we can summarize fol-

lowing facts:
No clear distinction can be formulated between the 

spectra of pure cellulose Whatman paper, paper impregnated 
with iron sulphate and inked paper. The concentration of sul-
phates and gelatine is low to modify the cellulose structure. 
Indeed, these constituents are too diluted in the paper to give 
a proper signal.

After artifi cial ageing, small variations in absorption 
appear in the region between 1600 and 1750  cm–1, which 
is characteristic for alkenes and carbonyl groups stretching 
vibration and the changes of absorption bands are attributed 
to cellulose oxidation products.

The changes of band in spectral region at 3330 cm–1 are 
evidenced for samples with different pH (Fig. 4.). This band 
corresponds to the OH stretching vibrations and its decrease 
can refl ect the changes of OH environment.

We fi rst notice that the gelatine-treated paper profi le is 
very close to the pure cellulose profi le; furthermore it is no-
ticeable that gelatine-treated paper absorption is much less. 
We propose that gelatine forms fi lm on the surface of the cel-
lulose fi bre web. This fi lm is considerably hydrophobic and 
works as an effective barrier against humidity fl uctuations2. 

Fig. 4. FTIR absorption spectra of Whatman cellulose pa-
per impregnated with two different solutions containing iron 
sulphate and iron-gall ink, and artifi cially aged for 10 days at 
60 °C and 65 % RH. Dotted line:pure unaged cellulose, thin line: 
Whatman paper impregnated with iron sulphate, thick line:
inked Whatman paper

Conclusion
Typically, paper degradation progress is traced by me-

chanical properties that provide only macroscopic informa-
tion. From the results obtained by mechanical tests, gelatine 
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sizing has no clear long term effect on ageing stability of 
iron-gall ink containing paper. 

By contrast, infrared spectroscopy is sensitive to struc-
tural changes in materials. The interpretation of spectra is 
rather diffi cult because the ink degradation and the paper 
degradation may have combined infl uences and different 
structures can coexist in the same part of paper, unmodifi ed 
or differently oxidized cellulose, hydrocellulose, etc. Since 
discrepancies between inked or even strongly damaged pa-
per, when paper lost its mechanical properties, and pure cel-
lulose FTIR spectra and absorption bands are rather small, 
we suggest to explore other FTIR techniques to confi rm these 
assumptions. 

This work was supported by Science and Technology 
Assistance Agency (Slovakia) under the contract No. APVT-
20-034202.

REFERENCES
 1. Banik G.: Phänomene und Ursachen von Tntenfrass auf 

Papier – eine Einführung. Tintenfraßschäden und ihre 
Behandlung. Verlag W. Kohlhammer Stuttgart 1999, 
13–24.

 2. Kolbe G.: Restaurator 2004, 16, 26–39.
 3. Neevel J.: Restaurator 1995, 16, 143–160. 
 4. Sistach M., Ferrer, N.: Iron-gall ink corrosion in manu-

scripts. The Postprints of the Iron Gall Ink Meeting, 
Newcastle upon Tyne, University of Northumbria 2000.

P06 PHOTODEGRADATION OF ANTHRACENE 
AND ITS DERIVATIVES IN ISOOCTANE
AND DICHLOROMETHANE SOLUTIONS

OLGA  CVRČKOVÁa and MIROSLAV  CIGANEKa,b

aBrno University of Technology, Faculty of Chemistry, Pur-
kyňova 118, 612  00 Brno, Czech Republic,
cvrckova@fch.vutbr.cz, bVeterinary Research Institute, Hud-
cova 70, 621  32 Brno, Czech Republic, ciganek@vri.cz

Introduction
Anthracene belongs to the group of Polycyclic aromatic 

hydrocarbons (PAHs). These pollutants have high chemical 
and physical stability and they are resistant to the biological 
degradation.

Several studies have demonstrated that anthracene un-
dergoes relatively rapid decomposition1–7.

This study occupies with photostability of anthracene as 
an example of basic PAHs and its derivatives, which were 
investigated for better understanding to an infl uence of func-
tional groups to photostability. 

Experimental part
Samples of PAHs dissolved in dichloromethane and 

isooctane were exposed to simulated near UV light in Light 
simulator Sanyo Gallenkamp (25 °C/60% RH – relative 

humidity; lamp with continuous spectrum 320–400  nm; 
200 Wh m–2 exposition – 7 W m–2 per hour). Samples were 
stored in closed glass vials (with 60% light permeability 
in the range of 320–400 nm) At intervals of approximately 
30  Wh m–2, 1  µl of each tested sample was analysed by 
GC-MS. Concentration of each PAH under study was calcu-
lated from peaks area. Identifi cation of degradation products 
was deduced from their retention times and were realised 
by comparison their mass spectrums with MS databases 
(NIST and Wiley), by using rules for mass spectrum inter-
pretation and by technique multiple mass spectrometry (ion
trap-MS/MS). 

Results and discussion
Molecule of anthracene in dichloromethane was de-

composed faster then in isooctane, because degradation was 
accelerated by chlorine radicals originated from dichloromet-
hane. From this fact we assumed that dichloromethane is not 
photostable solvent and that is why it is not very suitable sol-
vent for PAHs analysis. Degradation of 9,10-anthraquinone 
followed pseudo-zero and other PAHs followed fi rst-order 
kinetic. Half times are quoted in Table I.

Table I 
Half lives of Anthracene and its derivatives in isooctane 
(ISO) and dichloromehane (DCM)

 PAH τ1/2 – ISO τ1/2 – DCM
  [W h m–2]–1 [W h m–2]–1

 Anthracene 73.74 44.15
 9-nitroanthracene 7.12 7.00
 1-methylanthracene 68.46 –
 2-methylanthracene 80.12 –
 9-methylanthracene 60.64 22.8
 Anthrone 70.01 59.88
 9,10-anthraquinone 990.21 2631.58

Identifi cated photoproducts are quoted in Table II. 
Decay curves of anthracene in both solvents are shown in
Figs. 1. and 2.

Anthracane was at fi rst oxidized to 9,10-anthraquinone, 
which was degraded in following ways (see Scheme 1): 
photoreduction, multiple α-fragmentation, photoxidation, 
chlorination (fragmentation of dichloromethane to CH2Cl• 
and Cl•, furhter radical attack of anthracene and/or chlorine 
molecule recombination with consequent adition-elimination 
substitution to aromatic ring – see Scheme 2 and 3).

9-nitroanthracene underwent rearrangement to nitrite, 
which was dissociated to radicals RO-NO → RO• + •NO. 
Possible further reactions in the state 3(n, π*) were hydrogen 
cleavage from an acceptable donor (solvent), oxidation or 
reduction.

Methylanthracenes degraded in similar way as anthra-
cene. Methyl-group does not infl uence photostability of 
anthracene to an excessive degree.
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Fig. 1. Photodegradation of Anthracene in isooctane (ISO)

 PAH Photoproducts – isooctane

 Anthracene 9,10-anthraquinone, anthrone, phthalic anhydride, 9H-fl uorenone, 4-hydoxy-9H-
  fl uornenone, hydroxyanthrone
 9-nitroanthracene 9,10-anthraquinone
 1-methylanthracene 9,10-anthraquinone, 1-methylanthracenediol, anthrone, anthraldehyde, anthracene
 2-methylanthracene 9,10-anthraquinone, 1-methylanthracenediol, 9,10-dihydro-1-methyalnthracene,
  anthrone, anthraldehyde, anthracene 
 9-methylanthracene 9,10-anthraquinone, 1-methylanthracenediol, anthrone, anthraldehyde, anthracene,
  10-hydroxy-9-anthrone
 Anthrone 9,10-anthraquinone, anthracene, phthalic anhydride, 9H-fl uorenone, 9,10-anthracenediol,
  4-hydroxy-9H-fl uorenone, hydroxyanthrone
 9,10-anthraquinone anthrone, hydroxyanthrone, phthalic anhydride, 9H-fl uorenone, 4-hydroxy-9H-fl uorenone

 PAH Photoproducts dichloromethane

 Anthracene 9,10-anthraquinone, anthrone, 2,2’-diethyl-1,1’-biphenyl, 2-hydroxybenzoic acid,
  benzofurane, 2-hydroxyphenacetic acid, hydroxy-9,10-anthraquinone, phthalic anhydride,
  benzoic acid, 9,10-anthracenediol, 9H-fl uorenone, 4,4’-dichlorobenzophenone
 9-nitroanthracene 9,10-anthraquinone, anthrone, anthracene, phthalic anhydride, chloro-9,10-anthraquinone,
  dichloro-9,10-anthraquinone, chloro-benzendicarboxylic acid
 1-methylanthracene 9,10-anthraquinone, 1-methylanthracenediol, anthrone, anthraldehyde, anthracene
 2-methylanthracene 9,10-anthraquinone, 1-methylanthracenediol, 9,10-dihydro-1-methyalnthracene,
  anthrone, anthracenecarbaldehyde, anthracene 
 9-methylanthracene 9,10-anthraquinone, 1-methylanthracenediol, anthrone, anthraldehyde, anthracene,
  10-hydroxy-9-anthrone
 Anthrone 9,10-anthraquinone, anthracene, phthalic anhydride, 9H-fl uorenone, 9,10-anthracenediol,
  4-hydroxy-9H-fl uorenone, hydroxyanthrone, 10-chloroanthraldehyde
 9,10-anthraquinone anthrone, hydroxyanthrone, phthalic anhydride, 9H-fl uorenone, 9,10-anthracenediol

Table II
Degradation photoproducts of anthracene and its derivatives
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Conclusion
Photostability of anthracene, its methyl- derivatives and 

anthrone is similar. Reactivity of methyl- derivatives decre-
ased in sequence: 9-methylanthracene > 1-methylanthracene 
>  2-methylanthracene. 9,10-anthraquinone as one of the 
most signifi cant indentifi cated degradation products (vide in-
fra) was very stable but on the other hand 9-nitroanthracene 
completely decomposed in one hour. It was due to photola-
bile chromophoric group –NO2, which contributed to a more 
rapid oxidation and substitution of aromatic ring.

Photooxidation was the most signifi cant reaction of 
PAHs and NPAHs in UV-VIS interval of spectrum. Main 
photoproducts of this reaction in both solvents were carbonyl 
and carboxyl compounds. Chlorinated derivates of PAHs and 
NPAHs were formed in dichloromethane owing to its photo-
lytic instability.

This work was partly supported by the Czech Ministry of 
Agriculture, grant No. MZE 0002716201.
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Introduction
Paper as a record medium, documenting the history 

of each nation, is determined by its durability. The paper 
ages and changes its characteristics during the time, which 
results in gradual degradation and disintegration as a fi nal 
consequence. For stability evaluation of the paper material 
characteristics a permanence, indicating the preservation of 

the original paper properties accenting the chemical stability, 
is defi ned. The permanence changes are described by chemi-
cal parameters1.

Taking the effect of warm and wet during the time, the 
change in paper characteristics comes up. One of the most 
important mechanism is the acid hydrolysis. Acid hydro-
lysis is a hydrolytic decomposition of glycosidic bonds of 
cellulose and hemicellulose macromolecules, catalyzed by 
present acids, H+ ions. The decomposition of the paper as 
a consequence of acid hydrolysis could be ceased (or sig-
nifi cant delayed) by inactivation of free acids present in the 
paper, with neutralization. The alkali reserve in the form of 
calcium carbonate, or magnesium carbonate, loaded simul-
taneously into the paper creates the reserve for progressive 
neutralization of incipient acids formed as a consequence 
of natural ageing and absorption of airy oxides of S and N. 
This reserve prevents the fi bers for ageing until depletion of 
this reserve. Such a paper becomes suitable for archiving and 
long-time storage. 

In our work, we choose the modifi cation of water neut-
ralization, for purpose of paper neutralization and creating 
adequate alkali reserve, following the utilization of antioxi-
dant (reducer, deoxidizer)2 for delaying of degradation and 
additionally straining of the paper with sizing to improve 
the mechanical properties and general stability of the paper 
samples3.

In present work we are monitoring the changes of 
chemical properties (pH of cold aqueous extract and alkali 
reserve) and optical properties (b-parameter) of acid paper 
support, during accelerated ageing by using the dry hot air 
and wet hot air, to defi ne the suitability of the paper samples 
for archive purposes as a consequence. Accelerated ageing 
was realized according to norm STN ISO 5630 dry hot air 
(105 °C) and wet hot air (85 °C, 65 % RH) during the time 
period of 0, 1, 3, 7, 14 and 28 days. We suppose that 3 days 
under such a conditions (dry hot air) correspond to 25 years 
of natural ageing4.

Experimental procedure
Used materials: Within the accelerated ageing method 

we applied hot dry air (105 °C) and hot wet air (85 °C, 
65% RH) methods to writing partly groundwood acid pa-
per (80  g  m–2, pH  =  4.4 made in Slavošovské papierne, 
Slavošovce, Slovak Republic). For modifi cation of paper 
samples we used deionized water, magnesia hydrogen car-
bonate, calcium hydrogen carbonate, potassium iodide and
Empresol N.

Apparatus and experimental methods: Paper samples 
were conditioned according to norm STN ISO 187 by tem-
perature of 23 °C and 50% RH for 24 hours before particular 
measurements.

By measuring of chemical properties of paper samples 
we observed the STN and STN ISO norms, experiments were 
realized on following apparatus:

JENWAY 3510 pH Meter
ELREPHO DATACOLOR 2000
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Sample preparation (method, procedure):
eluting unmodifi ed paper (N) in deionized water for 

purpose of soluble acid products (K)
deacidifi cation with the aim of neutralization of paper 

and creating alkali reserve (Mg)
second neutralization for the purpose of increasing of 

the generated alkali reserve (Ca)
using an antioxidant for the retardation of paper degra-

dation during the ageing (S)
glue sizing for modifi cation of mechanical properties of 

paper (E).

Results and discussion
One of the most important decrease of pH values du-

ring application of accelerated ageing (with dry and wet air) 
occurs by Empresol modifi ed samples (KMgSE, KMgCaE), 
applied for improvement of mechanical properties. Minimal 
changes were obtained by samples treated by neutralization 
(dry air accelerated ageing, KMg) and by samples conditi-
oned with antioxidant (the deceleration of decreasing pH 
values in spite of following use of Empresol is evident).

The Fig. 1a, 1b shows the pH values in the given time 
of ageing depending on infl uence of particular modifi cations. 
As the fi gure illustrates, the partial modifi cation of the paper 

samples with eluting by deionized water results in a low in-
crease of pH values. The using of Empresol has a positive 
effect on stabilization of pH values in opposite to the low 
negative effect of using the antioxidant (however it is offset 
by the stabilization of samples during ageing, in the opposite 
to samples with applied Empresol).

The minimal change of alkali reserve values after acce-
lerated ageing with dry air (Fig. 2a) occurs by samples treated 
by second neutralization and using antioxidant, decreasing 
the negative effects of Empresol, which causes the greatest 
decrease of alkali reserve values (KMgE). In the case of wet 
air accelerated ageing (Fig. 2b), the positive infl uence of anti-
oxidant application (KMgCaS, KMgCaSE) is verifi ed.

Fig. 2a Alkali reserve values in the given time of dry hot air
accelerated ageing in the dependence of the infl uence of particu-
lar modifi cations

Fig. 2b Alkali reserve values in the given time of wet hot air
accelerated ageing in the dependence of the infl uence of particu-
lar modifi cations

The minimal change of chromaticity coordinate b* va-
lues until accelerated ageing (Fig. 3a, 3b) occurs by samples 
treated by second neutralization and using an antioxidant 
(KMgCa and KMgS). The most important increase of chro-
maticity coordinate b* values were obtained by unmodifi ed 
samples, eluted by deionized water and by Empresol modi-
fi ed samples (KMgSE, KMgCaSE).

Conclusion
We studied the changes of chemical properties (pH of 

cold aqueous extract and alkali reserve) of acid paper sam-
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ples before and after applied accelerated ageing. We used 
series of modifi cations for deceleration of paper degradation 
(eluting with deionized water, neutralization, stabilization 
with antioxidant and straining by sizing). Considering the ob-
tained experimental results we can predicate that the studied 
properties are considerably improved and the ageing after 
modifi cation of paper samples (especially after neutralization 
and using antioxidant) is decelerated.

This work was supported by Science an Technology 
Assistance Agency (Slovakia) under the concract No. APVT-
20-03 4202.

Ministry of education of the Slovak Republic for the 
fi nancial support of projects KNIHA SK.
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Fig. 3a Chromaticity coordinates b* values in the given time of 
dry hot air accelerated ageing in the dependence of the infl uence 
of particular modifi cations

Fig. 3b Chromaticity coordinates b* values in the given time of 
wet hot air accelerated ageing in the dependence of the infl uence 
of particular modifi cations

optoelectronic properties of conventional semiconductors 
exhibit the excellent mechanical and processing properties of 
polymeric. These can be processed from the solution at the 
room temperature onto fl exible substrates using simple and 
therefore cheaper deposition method like spin coating. Or-
ganic electronic materials are particularly conjugated solids 
where both optical absorption and charge transport are domi-
nated by partly delocalized π and π∗ orbitals. In these mate-
rials photo-generated excitons are strongly bound and do not 
dissociate into separate charges. Charge transport proceeds 
by hopping between localized states, rather than transport 
within a band, which results in low mobility. The spectral 
range of optical absorption is relatively narrow compared 
to the solar spectrum and absorption coeffi cients are high
(∼ 105 cm–1) so that high optical densities can be achieved.

The device consisted of a layer of organic material sand-
wiched between two different conducting contacts, indium 
tin oxide (ITO) and low work function metal aluminium (Al). 
The difference in work function provides an electric fi eld 
that drives separated charge carriers towards the respective 
contacts. This electric fi eld is seldom suffi cient to break up 
the generated exciton. Instead the exciton diffuses within the 
organic layer until it reaches a contact, where it may be br-
oken up to supply separate charges, or recombine. Since ex-
citon diffusion lengths are short, typically 1–10  nm, exciton 
diffusion limits charge carrier generation in such a device. 
Photo-carrier generation is, therefore, a function of not only 
bulk optical absorption, but also of  available mechanisms 
of exciton dissociation. Other loss factors are non-radiative 
recombination at the interfaces and non-geminate recombi-
nation at impurities or trapped charges.

Experiment
In our experiments we characterize materials including 

phenyl-substituted poly(phenylene vinylene) type copolymer 
(PhPPV), poly[2-methoxy-5-(2’-ethylhexyloxy)-1,4-pheny-
lene vinylene] (MEH-PPV), poly[2-methoxy-5-(3’, 7’-di-
methyloxy)-1,4-phenylene vinylene] (MDMO-PPV), 
poly[2-methoxy-5-(2-ethyloxy)-1,4-phenylene vinylene-alt-
1,4-phenylene vinylene] (poly(MEHPV-alt-PV)), poly(N-

P08 ORGANIC MATERIALS FOR PHOTOVOLTAIC 
SOLAR CELLS

KAROLÍNA  ČERNÁ and MARTIN  WEITER
Institute of Physical and Applied Chemistry, Faculty of 
Chemistry, Brno University of Technology, Purkyňova 118, 
612 00, Brno, cerna@fch.vutbr.cz

Introdution
An interesting alternative for inorganic solar cells is 

given by the semiconducting polymers, which combine the 
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-vinylcarbazole) (PVK). These materials were doped by 
2,4,7-trinitro-9-fl uorenone (TNF), 6-nitro-1’,3’,3’,-trime-
thylspiro(2H-1-benzopyran-2,2’-indoline) (SP), 4-(Dicyano-
methylene)-2-methyl-6-(p-dimethylaminostyryl)-4H-pyran 
(DCM), 9-(2-carboxyphenyl)-3,6-bis(diethylamino)xanthy-
lium chloride (Rhodamine), perylene diimide (Per). Exam-
ples of their chemical structure are given in Fig. 1.

In order to describe the power conversion effi ciency η of 
solar cell the maximum output power Pmax has to be related 
to the power of the incident light Plight

η λ
λ λ λ

( )≡ ( )⋅ ( )⋅ ( )I V FF

P

SC OC

light

,

where λ is proper wavelength, Isc is shortcut current i. e. 
current at zero voltage, Voc is open circuit voltage i. e. voltage 
at zero current and FF is the fi ll factor comprising the series 
resistance from the ohmic loss in the two electrodes and the 
shunt resistance from leakage currents. The current-voltage 
characteristics were measured by Keithley 6517A electro-
meter. For particular device characterization an impedance 
spectroscopy was used. It allows one to investigate intrinsic 
material parameters, such as frequency dependence of the 
conductivity, device structure and interfacial stability of the 
polymer layer. This would provide better insight into the 
mechanism of carrier transport and thus would make way to 
improve device performance. The impedance measurements 
were performed using HP 4192A LF impedance analyzer. 

Results
The aim of this work was the study of the processes 

connected with exciton dissociation in a bulk of doped semi-
conducting polymers. Power conversion effi ciency measure-
ments on PPV derivatives without and with controlled doping 
show that intentional doping by 1% can therefore increase the 
photogeneration of charge carriers by about a factor of 2 only. 
The higher concentrations of dopants increase the power con-
version effi ciency η till dopant concentration of about 25 %. 
However the power conversion effi ciency does not exceed 
0.1 %. On the contrary, the dopant concentrations increase 
the recombination of the charge carriers and thus decrease η. 
The effi ciency of charge generation is strongly dependent on 
the applied electric fi eld. These results are in good agreement 
with results published in1–3.

The measured data (complex impedance Z obtained by 
impedance spectroscopy) were analyzed in the form of Cole-
-Cole diagram (Real part of (Z) vs. imaginary part of (Z)) 
wherein the frequency increases from right to left. This fi gure 
shows the pronounced voltage dependence of the device 
impedance in the low frequency range. At high frequency re-
gion the impedance is independent of bias voltage and shows 
a small semicircle close to origin. With increasing bias vol-
tage, two distinct semicircles are detectable and simultane-
ously at higher voltage the right semicircle disappears. These 
two semicircles observed in the Re(Z) and Im(Z) plot may be 
represented by a parallel combination of bulk resistance (Rb) 
and capacitance (Cb) in series with a parallel arrangement 
of the junction resistance (Rj) and capacitance (Cj). The low 
frequency semicircle corresponds to junction region, whereas 
the high frequency semicircle corresponds to bulk region.

This work was supported by the grant 203/03/133 from 
the Czech Science Foundation and by 0021630501 the pro-

Fig.  1. The chemical structure of a) MEH-PPV, b) MDMO-
-PPV, c) TNF and d) DCM
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P09 DYNAMIC CONTACT ANGLE 
MEASUREMENTS ON HYDROPHILIC 
SURFACES

PETR  DZIK and MICHAL  VESELÝ
Faculty of chemistry, Brno University of Technology, Purky-
ňova 118, 612 00 Brno, Czech Republic, petr@dzik.cz

Introduction
Contact angle (CA) measurement is probably the most 

common method of solid surface tension measurement. It 
can provide us with important information about the studied
surface properties, while the instrumentation is quite straight-
forward using relatively inexpensive equipment. However, 
the interpretation of measured data is not always unam-
biguous and the correct use of CA measurement requires 
understanding of the thermodynamic status of the observed 
angles.

In 1805 formulated T. Young the relation expressing 
the equilibrium between the forces on liquid droplet on solid 
surface (Fig. 1.). 

γsg – γsl = γlv cos θ,  

where γij represent the equilibrium interfacial tension between 
solid, liquid a vapor phases and θ is the so called wetting an-
gle (the contact angle between the liquid and solid phase). 
From the thermodynamic background of this phenomenon, it 
follows that the surface tension is the parameter that controls 
the surface composition of a material. It will control all the 
physical interfacial events, such as the surface composition 

of an isolated material, wetting phenomena and adhesion 
behavior. Therefore the solid surface tension value is a very 
important variable characterizing the surface properties.

If we want to determine the solid surface tension value 
from the contact angle measurements, we have to face to 
problems: 

1. The problem coming from the Young’s relation is 
that only two of the four variables of the Young’s equation 
can be readily measured, that is the liquid interfacial tension 
and the contact angle. If we want to obtain the solid surface 
tension, a further relation must be found (if it exists at all):
γsl = f (γsg, γlv). The search for this relation has been conti-
nuing since the presentation of Young’s theory. Since then, 
several theories describing this relation have been proposed 
and much controversy has arisen between them. At present, 
no general theory applicable to any surface type exists. The 
existing theories are usually designed to describe a certain 
type of surfaces.

2. Other problems arise from the non-ideal behavior of 
the drop deposited on the analyzed surface. Instead of the 
single equilibrium contact angle value predicted by Young’s 
equation, the drop usually is able to occupy a range of con-
tact angles. Moreover, the CA on some surfaces has tendency 
to be dependent on time.

In this paper, the authors would like to point out some 
aspects of measuring contact angle on real, non-ideal hydro-
philic surfaces, where the problems described in point 2 are 
signifi cantly pronounced.

CA measurement challenges
As mentioned above, a drop of liquid deposited on a real 

surface suffers from two major deviations from the behavior 
predicted by Young’s equation. The most obvious one, which 
takes place on most real surfaces, is the existence of a range 
of allowed contact angles. This phenomenon is often referred 
as thermodynamic CA hysterezis and can be most clearly 
illustrated by depositing a drop on a real surface and increa-
sing and decreasing its volume (Fig. 2.) If the drop behavior 
was ideal, it would continuously increase/decrease its contact 
area with the support without changing the CA value. Instead, 

Fig. 1. Forces acting on a liquid – solid – vapor interface
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Fig. 2. A the drop volume increases, drop can occupy a range of 
allowed contact angles
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different values of CA can be observed and the contact area 
changes step-wise when the drop volume exceeds a limiting 
values. Consequently, different CA values can be measured 
for advancing and receding drop.

This problem was addressed by Wenzel and Cassie 
who modifi ed the Young’s equation in order to include the 
infl uence of surface roughness and heterogeneous domain 
structures, that are believed to be the cause for this behavior. 
Wenzel proposed the relation 

r (γsg – γsl) = γlv cos θ, 
 

where r is so called roughness factor (Fig. 3.). Cassie inclu-
ded the effect of domain patchy structure of real surface. For 
a two component heterogeneous surface structure,

cos θc  = Q1 cos θ1 + Q2 cos θ2, 

where Q is the fractional coverage and θ is its Young contact 
angle.

Fig. 3. The infl uence of real surface roughness

The observed hysteresis of contact angle can be explai-
ned using these two phenomena in the following way: The 
presence of surface roughness and heterogeneities give rise to 
a large number of meta-stable states of the drop shape. These 
local energetic minima then hinder the free motion of drop, 
creating energy barriers that result into a range of allowed 
CA values.

Fig. 4. CA change due to network segment reorientation

Apart from the decribed time-independent thermody-
namic hysterezis, some surfaces exhibit a kinetic hysterezis, 
caused by time dependent solid-liquid interactions. These 
interactions result into the modifi cation of the solid or liquid 
phase or both. If the measurement time scale is comparable 
to the interaction time scale, a time-dependance of observed 
CA will be present.

Such behavior is often present in materials of am-
phiphilic nature that contain two components of different 
hydrophility. Typical examples include swollen gels whose 
network segments keep a certain level of mobility. In such
a system, the network segments have tendency to reorient on 
contact with a liquid phase to occupy an energetically more 
favourable position. Such reorientation will then result into
a change in the surface energy and the contact angle value be 
chancing with time.

Experimental Example
The authors have adopted the CA kinetic hysteresis 

measurement for the study of swelling behaviour of cross-
linked PVAl fi lms and their interaction with aqueous phase. 
The studied materials were synthetized by our team and are 
intended as ink-jet printing substrates. Obviously, during ink-
-jet printing, quite the same processes take place as during 
the CA measurement, therefore this analysis can give us 
important information about the behavior of ink drops on the 
prited substrate.

So the aim of this measurement was to obtain the data 
for the dependence of the water droplet contact angle value 
on time. The measurements were done on the Contact Angle 
System OCA machine equipped with a TV camera transfer-
ring the image into a PC. The images from the camera were 
transferred to a PC, digitalized and the contact angle was 
calculated by the controlling software. The contact angle was 
measured in 2-second intervals as long as the drop kept shape 
enabling the software to calculate the contact angle. The dro-
plet spreading rate obtained by this method of measurement 
is expressed as the slope of the graph of contact angle versus 
time. Naturally, the obtained data have no absolute scale, but 
this method can be used for the comparison of relative pro-
perties of individual samples.

The data for 3 samples of modifi ed PVAl before and after 
crosslinking are presented. PVAl was modifi ed with varying 
amount of maleic anhydride and then crosslinked by photoi-
nitiated polymerization. The measured data is summarized in 
Table I. The fi rst trend to be observed it the CA increase with 
the conversion degree; the polymer becomes more hydropho-
bic. One interesting aspect should be noted: As the amount 
of modifying agent increases, so does the drop spreading 
rate. This can be assigned to the decrease of crystalline frac-
tion in modifi ed polymer and/or reduced hydrogen bonding 
between PVA chains. As more maleic groups are introduced, 
these prevent the polymer chains from acquiring long-range 
order and the concentration of crystalline domains is lower, 
therefore the chain segments are are more mobile upon swel-
ling. Naturally, the extend of crosslinking increases with the 
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amount of modifying agents as determined by another study. 
After crosslinking, a decrease in drop spreading rate is ob-
served in all cases, indicating that macromolecular segment 
movement was hindered by created crosslinks. However, the 
relative change in water droplet spreading rate is the biggest 
in the case of sample A (the least modifi ed sample). It seems 
that the infl uence of crosslinking is the most prominent in 
the case of least modifi ed sample, resulting into the greatest 
change.

Table I
CA measurement data

 Sample Crosslinkable Initial Drop spreading rate Relative
 No groups conten water CA [°. s–1] change
  [molar %] [°] raw crosslinked

 A 2.5 70 ± 2 0.0644 0.0212 3.0297
 B 5.1 76 ± 2 0.1020 0.0379 2.6889
 C 8.3 79 ± 2 0.1337 0.0710 1.8813

Fig. 5. Sample A – the difference in drop spreading rates before 
and after crosslinking

Conclusion
Contact angle measurement is a straightforward and 

powerful method for surface analysis. However, the inter-
pretation of measured data is not always unambiguous and 
the correct use of CA measurement data requires understan-
ding of the thermodynamic status of the observed angles. 
Advanced CA measuring techniques taking into account the 
thermodynamic and kinetic hysteresis can provide us with 
even more specifi c information on the surface nature. This is 
illustrated by an example of crosslinked PVAl study.

P10 STUDY OF HUMIC ACIDS BY SYNCHRONOUS 
FLUORESCENCE SPECTROSCOPY

NADĚŽDA  FASUROVÁ and HANA  ČECHOVSKÁ
Brno University of Technology, Faculty of Chemistry, In-
stitute of Physical and Applied Chemistry, Purkyňova 18, 
612 00 Brno, Czech Republic, fasurova@fch.vutbr.cz

Introduction
Humic substances (HS) like humic acids (HA), fulvic 

acids (FA) and humins play the major role in natural process, 
for example in soils. The quality of soils depends on physical 
and chemical properties of this compounds. The natural ori-
gin of HS can be separated in to soils, peats, lignitic, lakes, 
seas and rivers humic substances. The composition of humic 
acids depends on many factors. This fact is mainly dependent 
on locality with different degree of decay died organisms and 
residues of plants and therefore with different content of C, 
N, O and S. The structure of HA is complex because it inclu-
des more aromatic polycyclic compounds with substituents 
such as carboxyles, amino groups, hydroxyles. Humic acids 
include both low molecular and high molecular chains.

Samples of HA or FA can be characterised by different 
spectral methods as UV-VIS, IR, EEM, SFS etc.

It is generally known that after excitation of humic 
acid molecules, emission is observed. Fluorescence mea-
surements can be used for multicomponental analysis. The 
Excitation- emission matrix (EEM) is frequently used1. 
The SFS method (Synchronous fl uorescence spectroscopy, 
or Synchronous fl uorescence scan spectroscopy) is another 
common fl uorescence method for humic substance analy-
sis2,3. The term „synchronous“ means measurement under
a constant difference of both monochromators, marked as ∆λ. 
The resulting SFS spectra are of higher resolution of spectral 
peaks than for example EEM. 

Methods
Humic acids were isolated from South Moravian lignite 

( Mikulčice, Czech Republic ) using alkaline extraction with 
NaOH and Na4P2O7 (standard procedure of International 
Humic Substances Society  =  IHSS). The extract was puri-
fi ed with precipitation of HCl and HF solution, and then the 
preparate was washed, centrifugated and dried. The sample 
of isolated HA was dissolved in 0.5 M-NaOH solution and 
pH has been adjusted by 0.5 M-HCl to 7. This solution was 
dialysed in water with Spectrapor dialyses membranes, 
3500 MWCO (Spectrum Labs.). This way, two preparates 
of sodium humates NaHAN and NaHAHJK were prepared. 
After dialysis, the NaHAN sample was dried and NaHAHJK 
was lyophilized. For fl uorescence measurement these prepa-
rates of sodium humates were dissolved in distilled water and 
pH value was adjusted with HCl or NaOH solution in range 
from 3 to 9. One sample of humic acid (LHA) was dissolved 
in NaOH. Concentration of samples was 0.01 g dm–3.

A sample of humic acid LHA (Leonardite humic acids 
standard) was ordered from IHSS, a sample of humate tech-
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nical quality NaHAR was ordered from Humintech Corp. 
(Catalogue name: Humin S-775). 

Synchronous fl uorescence spectra were measured with 
Aminco Bowman spectrofl uorimeter, Series 2. The synchro-
nous scan spectra were measured in the range of the wave-
length from 300 to 600 nm, at the constant monochromators 
distance of ∆λ  =  20  nm. The samples were measured in to 
Suprasil cuvette (1 cm) at room temperature.

Results 
In this work were compared results of SFS measure-

ments of sodium humates and one sample of humic acid 
(LHA). Preparation of sodium humate salt is needed for 
a better solubility in water, because humic acids are so-
luble in alkaline solutions, only. Synchronous fl uorescence 
spectra from 300 to 600 nm, at pH value 7 and concentration 
0.01 g dm–3 are showed on the Fig. 1. From this fi gure can 
be seen that all samples have seven peaks at the same wave-
lengths. Synchronous fl uorescence spectra were observed at 
∆λ 20 nm at λex./λem.: 468/488, 340/360, 360/380, 400/420, 
450/470, 480/500, 492/512 nm. The main peak was marked 
at 488 nm. The most intensive SFS spectra at 488 nm has 
NaHAR sample with highest intensity 6.12. The lowest 
intensity of fl uorescence 3.46 had NaHAHJK sample. Hu-
mate NaHAHJK had the lower content of carbon and on the 
contrary LHA sample had the highest content of carbon. It 
is well known, that lignitic HA contain more aromatic rings 
than for example soil HA. Therefore they show emissions 
above 450 nm. It is assumed that the emissions at 488, 500 
and 512 nm give fl uorophores with different substituents on 
the same aromatic ring. A fl uorophores which emite under 
480 nm are derivates of coumarine or quinone3,4. 

Fig. 1. SFS spectra humates and LHA standard at ∆λ 20 nm 
a pH 7

The dependence of relative intensity of fl uorescence on 
pH value was also studied for four following samples (two 
humic acids and two humate salts). The samples exhibited 
different spectral behaviour. As an example the spectrum
of NaHAN are shown (Fig. 2.). Big changes in SFS spectra 
of sodium humate in pH from 3 to 9 were observed. It was
supposed that signifi cant infl uence of pH value on the 
structure of humate is at lower values. The most intensive 

spectrum had sample at pH 5.5. It corresponds to the changes 
in zeta potential measurements, too. At lower pH value on the 
particle surface hydrogen bridges are formed. The structure 
can be splitted into shorter and longer parts like the polymer 
chains. The lowest relative intensity of fl uorescence had sam-
ple at pH 9.

Fig. 2. The dependence of relative intensity fl uorescence on pH. 
SFS spectra of NaHAN sample at ∆λ 20 nm

This work was supported by Grant Agency of Czech 
Republic, “Study of colloidal properties of humic substances 
isolated from lignite” Project No. 104/03/D135.
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P11 PREPARATION AND CHARACTERIZATION 
OF TRANSPARENT TiO2 COATED GLASS
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Brno University of Technology, Faculty of Chemistry, In-
stitute of Physical and Applied Chemistry, Purkyňova 118, 
612 00 Brno, Czech Republic, chovancova@fch.vutbr.cz

Introduction
Titanium dioxide (TiO2) thin fi lms fi nd extensive ap-

plication in several fi elds such as photocatalysts, photoe-
lectrodes, electrochromic displays and gas sensors. A great 
deal of research has been directed at TiO2 use in applications 
involving the photoreactions of organic materials, in parti-
cular the photodestruction of organic pollutants in the solid, 
liquid and gas phases. In the fi eld of pollutant removal much 
work has been done with phenol, chlorophenols and related 
compounds1.

Photooxidative transparent TiO2 fi lms on glass could 
form the basis for self-cleaning indoor windows, lamps or 
automotive windshields2. It has been known that TiO2 thin 
fi lms on glass have also anti-bacterial and anti-virus activities 
under ultraviolet irradiation. 

This paper reports the preparation and physical charac-
terization of TiO2 transparent nanocrystalline thin fi lm, toge-
ther with results from kinetic studies of the photodegradation 
of 2,6-dichloroindophenol using this material.

Experimental
M a t e r i a l s

Ethanol p.  a. (absolute, Penta), n-propanol pure (La-
chema), titanium isopropoxide (97%, Aldrich), titanium bu-
toxide (99%, Aldrich), acetylacetone p.a. (99.5%, Lachema), 
ethyl acetoacetate (99%, Aldrich), sulphuric acid (93%, La-
chema), nitric acid (65%, Lachema). 

P r e p a r a t i o n  o f  s o l
Two types of sols were prepared: the fi rst of titanium 

isopropoxide (TIP), the second of titanium tetrabutoxide 
(TTB). The former, according to Paz and Heller3, was made 
of a precursor solution prepared by mixing 4.5  ml of TIP 
with 10  ml of propanol and 1.6  ml of acetylacetone. After 
aging for a week at room temperature (about 20 °C–25 °C), 
a casting solution was prepared by mixing 1.0  ml of the 
precursor solution with 1.8  ml of water/propanol (1 : 9 v/v). 
A clear yellow casting solution stable for at least two months 
was obtained. 

The later sol was prepared as follows. We weight 7.1  g 
of TTB, put it into the beaker and slowly added 11.6  ml of 
ethanol from the burette. Then we prepared another solution 
into the different beaker by mixing 2.7 g of ethylacetoacetate, 
11.6 g of ethanol and 0.2 g of nitric acid. We mixed these two 
solutions by adding the solution of ethylacetoacetate drop 
by drop into the constantly stirred alcoxide solution. A clear 
orange casting solution was obtained and stored in fridge. 

F i l m  p r e p a r a t i o n
The substrates used as fi lm supports were soda-lime 

glass (50 ×  50 × 1.2 mm). Substrates were cleaned just before 
performing the deposition process. It has been suggested by 
Heller and Paz3 that migration of Na2O from a soda-lime 
glass substrate into TiO2 fi lms causes a reduction in photoca-
talytic activity. Therefore the glass slides were successively 
immersed in boiling 50% H2SO4 for 45 min to avoid sodium 
ions effect. Finally, the substrates were washed with deioni-
zed water and dried. 

Spin coating process: 400 µl of the casting solution was 
then spread on the glass substrate which was spun after the 
application for 1 or 2 minutes at different speed (1000, 1400, 
1800 and 2200 rpm) to dryness using diaphragmal vacuum 
pump. In the next stage, the substrates coated by fi lms of TIP 
were directly calcinated whereas when TTB was used, the 
fi lms fi rstly hydrolyzed for 48 hours before being calcinated. 
The calcination transformed the product of the hydrolytic 
reaction into a microcrystalline oxide, removed all organic 
residues, and bound the TiO2 fi lm to the substrate. Multiple 
TiO2 layers were produced by applying another layer after 
calcination process and by new calcining.

The deposited fi lms were slowly heated at a rate of 
10 °C min–1 to temperature of 450 °C and then holding at that 
temperature for 3 hours. Because of lack of soda-lime glass 
heat-resistance, the calcination temperature did not exceed 
500 °C. 

P h o t o d e g r a d a t i o n  o f  
2 , 6 - d i c h l o r o i n d o p h e n o l

The photocatalytic property of the TiO2 fi lms was eva-
luated by oxidation of 2,6-dichloroindophenol (2,6-DCIP) 
under UV irradiation. Photodecomposition reactions were 
performed in a beaker with stirring during the reaction to 
maintain uniform concentration and temperature. The spin-
-coated TiO2 plate carrying either one, two or three coats of 
TiO2 was immersed into a 100 ml reaction solution. The ini-
tial concentration of 2,6-DCIP was 1.10–5 M and the reaction 
temperature was around 25 °C. Air was continuously bubbled 
through the solution. Illumination was provided with medium 
pressure mercury lamp (125  W, Phillips) with intensity of 
970 µW cm–2. The lamp was placed in upper side of the reactor. 
The concentration of 2,6-DCIP was determined by measuring
the absorbances at a wavelength of 596 nm in quartz cuvette 
using UV/VIS spectrometer Helios α (Spectronic Unicam).

F i l m  c h a r a c t e r i z a t i o n  
TiO2 fi lm thickness measurements were performed 

using scanning electron microscopy (Quanta 200, Phillips). 
The samples were cut into pieces under nitrogen atmosphere. 
Film thickness was studied in the edges as well as in the 
middle. The fi lms homogeneity was observed using optical 
microscope. 

To determine the hydrophilic properties, the contact 
angle was measured by Contact Angle System, model
OCA 10 (Dataphysics). It was observed a great decrease of 
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contact angle after exposing the coated slides to UV light of 
variable intensity.

Results and discussion
The obtained TiO2 fi lms showed refl ection-interference 

colors (yellow, orange, pink and green) in dependence on the 
thickness and speed of spin coating process. The higher was 
speed of spin coating process, the thinner was TiO2 fi lm.

The fi lm thickness was between 0.12–0.19 µm in de-
pendence on the distance from the centre of glass substrate. 
The fi lms are resistant to scratching, but they show a rough 
structure.

Fig. 2. Dependence of 1. order formal reaction rate constants of 
2,6-DCIP photooxidation on spin coating speed at coating time 
of 1 and 2 min for TTB and TIP once coated slide

Conclusion
From the previous experiments we observed that sodium 

ions effect was signifi cantly eliminated by treated the glass 
substrates in sulphuric acid prior to coating. We found that 
using of multiple TiO2 layers did not improve the photocata-
lytic effi ciency of TiO2 fi lms signifi cantly and moreover, the 
layers did not adhere good to the glass substrates. Therefore 
we use only one TiO2 layer for all next reactions. 

In the case of 2 minutes coating time, the photocatalytic 
activity of TIP was 25 % higher compared with TTB. While 
for the spin coating time of 1 minute, the kinetic results of 
2,6-DCIP photodegradation were almost the same for TTB 
and TIP. We observed that TIP layers possessed better optical 
and mechanical properties. 

The follow up reactions did not induce the signifi cant 
changes in photocatalytic effi ciency, so we could use the 
same substrate repeatedly. 
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Fig. 1. The TiO2 layer in optical microscope with magnitude of 640 (left) and in SEM with magnitude of 50 000 (right) 
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Introduction
Hyaluronic acid (HA) is a well-known and widely na-

turally occurring polysaccharide. It occurs in namely higher 
organisms, particularly in their connective tissues such as sy-
novial fl uid of joints, cartilage, vertebrate disks; it is a struc-
tural component of vitreous body of the eye1 etc. HA can be 
produced by a fermentation of bacteria strains as well2.

HA extraordinary properties, like a strong hydrophilic 
character, unique rheological properties, biocompatibility, 
etc., are used particularly in medicine – drug delivery, sur-
gery, etc.3 – pharmacy, cosmetics and elsewhere. To broaden 
its practical applications HA can be modifi ed through its 
numerous functional groups. For instance, alkyl hydrophobic 
chains can be attached to the main backbone to change and 
control hydrophilic-hydrophobic behavior of the macromole-
cule3. Due to a presence of alkyl chains on the polysaccharide 
backbone, such modifi ed HA could obtain a solubilization 
capability for drugs insoluble in water, and could be used as
a drug carrier.

Solubilization requires existence of micelle-like aggre-
gates with hydrophobic domains in a system. Classic me-
thods investigating a micelle or aggregates formation are, for 
instance, surface tension measurement4 and measurement of 
absorbance of a dye solubilized in hydrophobic domains, or 
another dye polarity probe of the dye’s microenvironment5.

Aim of the Research
The aim of this research was to carry out surface tension 

measurements of hyaluronic buffered aqueous solutions with 
regard to the length of an alkyl chain attached to the macrom-
olecular backbone and to the substitution degree (SD) of 
single HA derivatives. Furthermore, to compare the surface 
tension measurement results with the results of method of
a dye solubilization by the derivatives studied, and lastly, 
make an estimation of potential utilization of HA derivatives 
particularly in pharmacy.

Experimental
HA derivatives or hydrophobically modifi ed HA 

(hHA) synthesized from a bacterially produced HA were 
investigated. Two types of hHA were provided: the deriva-
tives with epoxy bound alkyl chains and the derivatives with
carbamate bound alkyl chains to the polysaccharide bac-
kbone. The derivatives differed in molecular weights 
(30  000–850 000), in SD (3.3–100%), which represents 

number of alkyl chains per disaccharide unit of HA, and in 
the length of an alkyl chain (C4-C12). 

Preparation of samples for surface tension measure-
ment: samples were dissolved in a buffer into a set of so-
lutions with appropriate concentrations. The buffer solution 
consisted of H2PO4

–, HPO4
– ions, NaCl or KCl with pH 7. 

These solutions were let shaken for 24–48 hours at 25 °C. 
The measurements were performed at (23 ± 1) °C using K-10 
KRÜSS tensiometer. 

Preparation of samples for evidence of hydrophobic 
micro domain formation: samples were prepared in the 
same way as the samples for surface tension measure-
ment. Furthermore, certain amount of Sudan Black dye
(CAS [4197-25-5]) was added into the diluted solutions, 
and samples with the dye were stirred for 24–72 hours
at 25–30 °C. Absorbance spectrum of the dye in centrifuga-
ted solutions was measured. Besides the Sudan Black dye, 
the Coomassie Brilliant Blue (CBB) dye, which reacts on
the difference of its micropolarity by shifting its absor-
bance maximum5, was tried for detection of an aggregation
process too.

Results and Discussions 
The surface tension measurements results showed that 

HA, by its hydrophobic modifi cation, obtains surface active 
properties. That means that such hHA reduces surface tension 
of an aqueous environment, while pure unmodifi ed HA is not 
surface active (Fig.1.).

Fig. 1. Comparison of surface activity of unmodifi ed HA (LW 
– lower molecular weight 5.6   .  105), a carbamate HA derivative 
with C8 alkyl and the classic surfactant sodium dodecyl sulfate 
(SDS); γ represents a sample surface tension, γ0 represents the 
buffer surface tension

The hHA surface activity greatly depends on an alkyl 
chain length (Fig. 2.) and substitution degree (SD). However, 
the hHA studied displayed slightly different surface active 
behavior in comparison to SDS. Nevertheless, some critical 
points, on the breakages of surface tension dependence on 
concentration, could be noticed. Those points probably indi-
cate an aggregates formation4,5, or correspond to CMC-like 
concentration4. 
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Fig. 2. An alkyl chain length infl uence on surface activity of HA 
epoxy derivatives. Molecular weight of the samples was appro-
ximately 1 . 105. SD (C4-EP-HA7) = 6.7 %, SD (C6-EP-HA2) = 
= 31 %, SD (C8-EP-HA6) = 32 %

Fig. 3. Comparison of results from a surface tension measure-
ment and a measurement of the Sudan Black dye absorbance in 
C10-NH-HA9 (Mw = 29 290, SD = 5.28 %) solutions. Cti or Cbi 
represent critical points on the dependences 

From the Fig. 3. is obvious an increase of absorbance 
of the dye with the concentration of the HA derivative. That 
means increasing of an extent of hydrophobic domains
presented in the solutions. On the absorbance concentration 
dependences, some critical points were also distinguished. 
While the critical points determined from the surface tension 
measurements, signed as Ct, represent a state of saturation
of a solution surface by the surfactant5, the critical points 
Cb on the absorbance concentration curve correspond to the 
onset of formation of hydrophobic clusters in a bulk solu-
tion5. These two different critical concentrations underline 
the complex behavior of amphiphilic polymers in aqueous 
solutions5.

Conclusions
Surface activity and therefore a solubilization ability 

of HA derivatives are greatly dependent on the length of 
an alkyl chain attached to the polysaccharide backbone and 
substitution degree. Some of the HA derivatives are able to 
solubilize a hydrophobic agent, and therefore might be used 
as a drug carrier or for drug delivery purposes. This ability 
is perhaps conditioned by the convenient length of an alkyl 

chain and by the biocompatibility of an employed substitu-
tion degree of such amphiphilic polysaccharide.
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Introduction
Considerable efforts has been devoted to fi nd an addi-

tive or pretreatment procedure that would protect the cellu-
lose and make the ozone react preferentially with the lignin 
in the fi ber1–4. The substances are expected to decrease or 
completely eliminate the degradative reactions that destruct 
polysaccharides chains. This paper describes the infl uence 
of the new additives as methylhydroxyethyl cellulose, zir-
conium(IV) propoxide, cationic potato starch derivative, 
2-tert-butyl-5-aminopyrimidine, D-mannitol and magnesium 
ethoxide on ozone bleaching.

Experimental
The following additives were used: methylhydroxy-

ethyl cellulose (Tylose MH 300 P2, viscosity 300 mPa s–1 
(20 °C), SE Tylose GmbH & Co.KG), zirconium(IV)
propoxide solution (70 wt. % in 1-propanol, Lambda Life), 
2-tert-butyl-5-aminopyrimidine (p.  a.), ammonium molyb-
date ((NH4)6Mo7O24.4H2O, 81–83 % as MoO3, Sigma), urea 
(Merck), salicylic acid (Merck), cationic potato starch de-
rivative (Empresol NE 2 SE, degree of substitution ≤ 0.035, 
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Emsland – Stärke GmbH.), D-mannitol (Sigma), magnesium 
ethoxide (purum ≥ 95.0% (T), Lambda Life).

The kraft pulp after oxygen stage was used with the 
following characteristics: kappa number 9.92, viscosity of 
876 ml g–1 and brightness of 46.93 % ISO. The ozoniza-
tion of the 50 g o. d. pulp in a rotating vessel with 250 ml 
volume was carried out at the following conditions: the pulp 
consistency was 35%, pH 3, temperature 40 °C, oxygen fl ow 
rate was 4.45 l O2 min–1, ozone production was 7.563 mg 
O3.l

–1O2 as determined by iodometric titration, ozone charge 
(0.3 % o. d. pulp). The ozonization 1 % additives on o.d. pulp 
as a cellulose protector were used. The pulp was character-
ized: kappa number (TAPPI T236), viscosity (TAPPI T230) 
and brightness (TAPPI T452).

The selectivity of ozone bleaching was evaluated us-
ing both the decrease in kappa number (SlcK) and increase 
in brightness (SlcB) both related to the unit change of the 
intrinsic viscosity. The effi ciency of the lignin removal was 
evaluated through the decrease of the kappa number (EfcK) 
and the pulp brightness gain (EfcB) related to the ozone con-
sumption5. The reactivity of ozone bleaching was calculated 
according to Lidholm6.

Results and Discussion
The infl uence of the 1 % o. d. pulp additon additives 

on the characteristic parameters: ozone consumption, kappa 
number, viscosity, brightness of the pulp after ozonization 
are shown in Table I. The effect of additives on the reactivity 
of the pulp with ozone, can be seen in Fig. 1. The effect of 
additives on the effi ciency of ozone bleaching in brightness 
(EfcB), the effi ciency in kappa number (EfcK), selectivity in 
brightness (SlcB) and selectivity in kappa number (SlcK) are 
presented in Fig. 2.

As can be seen from Table I and Fig.1., the presence 
of the methylhydroxyethyl cellulose and 2-tert-butyl-5-
aminopyrimidine increases both the ozone consumption and 
reactivity.

The presence of all additives enhanced brightness 
(Table I) and improved the selectivity of ozone bleaching in 
brightness SlcB (Fig. 2.). The highest increase above 5% was 
achieved by salicylic acid, ammonium molybdate, D-manni-
tol and urea.

The selectivity of ozone bleaching in kappa number 
SlcK was increased in the presence of D-mannitol (Fig.  2.). 
D-mannitol protects carbohydrates in ozone bleaching, 
increases the intristic viscosity (Table I) and promotes the 
lignin removal during ozonization evidenced by a decrease in 
kappa number from 6.39 to 6.03 (Table I) at constant 0.3 % 
o. d. pulp ozone charge.

The experimental results showed that the effi ciency
of ozone bleaching expressed as brightness gain on the
ozone consumption increased by all additives (Fig.  2.). 
Ammonium molybdate, salicylic acid, magnesium ethoxide
and urea increased the effi ciency in brightness 9.36–10.39 
times.

2-tert-butyl-5-aminopyrimidine has a fairly negative
effect on the effi ciency of the lignin removal (Fig. 2.). En-
hanced positive effect was spotted at substances such as 
magnesium ethoxide, D-mannitol, urea and minor effect was 
observed with additives such as cationic potato starch, sali-
cylic acid and ammonium molybdates.

Conclusion
All additives examined in this investigation cause im-

provement of the selectivity of ozone bleaching (SlcB) and 
also effi ciency of ozone bleaching (EfcB).

Presence of substances improved the effi ciency of the 
removal of lignin in respectivetly: magnesium ethoxide > D-
mannitol > urea > amonium molybdate > cationic potato 
starch > salicylic acid.

D-mannitol is the sole agent invoking favourable effect 
on the selectivity of ozone bleaching in kappa number. The 
best overall bleaching result with additive was attained by 
addition of D-mannitol as cellulose protector.

 Type of additive Ozone consumption Kappa no. Viscosity Brightness
  [% o. d. pulp]* – [ml g–1] [% ISO]

 Without additive 0.1852 6.39 763 47.92
 Methylhydroxyethyl cellulose 0.2393 7.34 647 54.36
 Zirconium(IV)propoxide 0.1535 8.41 723 49.43
 2-tert-butyl-5-aminopyrimidine 0.1964 10.17 808 50.25
 Ammonium molybdate 0.1311 6.99 745 54.21
 Urea 0.1330 6.36 745 53.58
 Salicylic acid 0.1664 6.45 728 56.14
 Cationic potato starch 0.1397 6.93 740 51.13
 D-mannitol 0.1444 6.03 814 50.17
 Magnesium ethoxide 0.1432 5.90 693 54.25

*ozone charge is 0.3 % ozone on o. d. pulp

Table I
The infl uence of (1 % o. d. pulp) additives on the characteristic parameters of the ozonized pulp
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in kappa. Oxygen-predeligniefi ed hardwood kraft pulp at 35 % consistency, pH  =  3, T  =  40 °C and ozone charge 0.3 % o. d. pulp
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Technical and economic problems arising from nega-
tive infl uence of the environment on polymer durability 
have been studied since the commercial introduction of the 
polymers. Oxidation is enhanced especially at elevated tem-
peratures during the processing of the polymer1,2. The loss of 
mechanical properties represents the main consequence.

Rubber products undergo degradation caused mainly 
by oxygen, ozone, heat and dynamic stress. The thermal 
oxidation of rubber is an autocatalytic, free radical chain 
reaction. Its rate can be reduced using antioxidants. Chain-
breaking antioxidants, i. e., arylamines and hindered phenols, 
donate labile hydrogen to a peroxy radical so interrupting 
the propagation step2. The most widely used antioxidants in 
rubber industry are N,N’-substituted p-phenylenediamines 
(PPDs). The antioxidant activity of N,N’-substituted p-phen-
ylenediamines in polyisoprene rubber has been studied by
Differential scanning calorimetry3,4 and antioxidant effec-
tiveness values, AEM, have been determined for the tempera-
ture 180 °C.

The aim of this study is an insight into the energetics 
of the antioxidant action of seven N,N’-substituted p-phen-
ylenediamines: N-phenyl-N’-dimethyl-butyl-p-phenylene-
diamine (6PPD), N-o-cumyl-phenyl-N’-dimethyl-butyl-
p-phenylenediamine (oC-6PPD), N-p-cumyl-phenyl-N’-
dimethyl-butyl-p-phenylenediamine (pC-6PPD), N-phenyl
-N’-isopropyl-p-phenylenediamine (IPPD), N-phenyl-N’-
(α-methylbenzyl)-p-phenylenediamine (SPPD), N-(2-me-
thoxybenzyl)-N’-phenyl-p-phenylenediamine (MBPPD), 
N-(1-methyl-1-phenylethyl)-N’-phenyl-p-phenylenediamine 
(CPPD), Fig. 1. Molecules and their radical structures were 
studied using the PM3 semi-empirical quantum chemical 
method5–7 in order to calculate the bond dissociation energies 
of hydrogen atom abstraction from three possible reaction 
centers – N(1), N(2) or C(3) atoms. Besides, we would like to 
correlate AEM values with the calculated reaction enthalpies 
of homolytic hydrogen atom splitting-off.

In this study we have restricted our attention to the most 
stable conformations of studied molecules – the energy dif-
ference between the most stable conformation of the antioxi-
dant molecule and the other conformations does not exceed 
1.5 kcal mol–1. Table I shows the Boltzmann’s weighted 
mean reaction enthalpies of radical formation calculated for 
180 °C and AEM values3,4.

We have focused on the correlation of the reaction 
enthalpies of hydrogen atom splitting-off from N(1), N(2) Fig. 1. Structures and notations of the studied antioxidants
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and C(3) atoms with antioxidant effectiveness of the studied 
compounds. Roughly linear dependence was found between 
∆rH1w and AEM values for all antioxidants, except oC-6PPD 
and MBPPD. The higher the ∆rH1w value, the lower the ef-
fectiveness of the antioxidant. Difference between pC-6PPD 
and oC-6PPD proves the effect of the cumyl group position 
on N(1)–H bond and AEM value. Although the ∆rH1w value in 
case of oC-6PPD is the highest, its AEM value is comparable 
with that of 6PPD. For IPPD, 6PPD, pC-6PPD, and SPPD the 
relationship between AEM and ∆rH3w is almost linear, too. 
No clear trend between AEM and ∆rH2w can be found. Mo-
reover, if we compare the values for IPPD, 6PPD, oC-6PPD, 
and SPPD, we obtain unreasonable trend: the higher ∆rH2w 
value, the higher AEM value.

We suppose that overall antioxidant action expressed in 
terms of AEM can be ascribed to all three reaction centers in 
the molecules. Hydrogen splitting-off runs simultaneously 
from N(1), N(2), and C(3) atoms, though the energy require-
ment is lowest for C(3)–H bond cleavage. Since the motion 
of antioxidant molecules and polymer chains is restricted, 
antioxidant cannot react exclusively through C(3)–H bond 
cleavage.

The aim of this work is also to fi nd relation between 
AEM and reaction enthalpies ∆rH1w, ∆rH2w, and ∆rH3w, which 
can be useful for the other PPDs AEM prediction. We have 
searched for the linear AEM  =  f(∆rH1w, ∆rH2w, ∆rH3w) de-
pendence. In the calculation we included these antioxidants: 
SPPD, 6PPD, pC-6PPD, IPPD, and MBPPD. We excluded 
oC-6PPD due to partial charge on N(1) signifi cantly different 
from the other antioxidants, and CPPD which has no hydro-
gen on C(3). In the case of MBPPD we used in calculation 
∆rH3w value for sterically non-hindered hydrogen on C(3). 
The found dependence is

AEM  =  39876.0  –  330.1  .  (∆rH1w/kcal  mol–1)  –
–  44.5  .  (∆rH2w/kcal mol–1)  –  93.6  .  (∆rH3w/kcal mol–1)
Differences between calculated and experimental 

AEM values are in 0.3–1.7 % range. This equation is valid 
for the antioxidants in polyisoprene rubber with partial 
charge on N(1) atom in 0.102–0.117 range, on N(2) atom in 
0.012–0.038 range, and on C(3) atom in range from –0.081 

to 0.080. It would be appropriate to use larger number of the 
antioxidants in the regression, but more antioxidants have 
not been synthesized yet. Our results show, that quantum 
chemical methods may complement experimental study – the 
energetics of radical formation (the fi rst step in antioxidant 
action) is in good agreement with experimentally determined 
antioxidant effectiveness values.

This work has been supported by Science and Technol-
ogy Assistance Agency under the contract No APVT-20-
005004.
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Table I
AEM values and weighted mean reaction enthalpies at 180 °C

 Antioxidant AEM (kg mol–1) ∆rH1w (kcal mol–1) ∆rH2w (kcal mol–1) ∆rH3w (kcal mol–1)

 SPPD 351a 85.858 88.574 77.379
 6PPD 277a 85.797 87.887 78.650
 pK-6PPD 375b 85.696 87.588 78.171
 oK-6PPD 263b 88.177 88.419 77.519
 IPPD 177a 85.916 87.783 79.417
 MBPPD 152a 85.612 87.899 80.689
 CPPD 0a 86.232 88.651 ––

a) Data taken from Table V in ref.3
b) Data taken from Table III in ref.4
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P15 FLOW BEHAVIOUR OF LIGNITE-CARBOXY
METHYLCELLULOSE-WATER DISPERSION 
SYSTEM
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612 00 Brno, Czech Republic, klimovic@fch.vutbr.cz

Introduction
Recently we have reported on rheological problems in 

processing lignite pastes to form elements for lignite alter-
native applications outside the power generation industry1,2. 
We have also shown how these problems can be overcome 
using cellulosic derivative as a rheological aid3. Further, our 
work delt with the study of much more diluted suspensions 
of liquid-like appearance. We have found that small amount 
of lignite surprisingly lowered apparent viscosity of the so-
lution comparing with the pure solvent. This work reports on 
fl ow behaviour of inorganic particle dispersions in the same 
medium. The aim was to fi nd whether this thinning effect is 
specifi c to lignite or not.

Experimental
Carboxymethylcellulose (in the form of sodium salt; 

CMC) was supplied by Aldrich. Two preparations were 
used with following producer’s specifi cations: high mole-
cular weight, Mw  =  700  000 g mol–1, degree of substitution 
0.9; low molecular weight, Mw  =  90  000 g mol–1, degree of 
substitution 0.7. Moisture content was determined as 8.2 and 
9.4 %.

Two types of fi ller were used for preparation of disper-
sions, the foundry sand from laboratory of FSI VUT Brno 
and microsil  from Silchem. The fraction of foundry sand 
captured between 0.15 and 0.30 mm sieves was used for sub-
sequent experiments. Microsil is Silchem trademark of glass 
microspheres; type G080 was used. 

The preparation of suspensions consisted in suspen-
ding weighted amounts of fi ller and CMC in corresponding 
amount of warm (70 °C) deionized water. Mixture was stir-
red for one hour, temperature was maintained for the fi rst
30 min only.

Measurements of fl ow properties were carried out at 
25 °C on Haake RS100 rheometer equipped with the double 
cylinder sensor Z20 DIN both in constant rate and in constant 
stress mode. All reported data points are averages from three 
replicates.

Results and discussion
Fig 1. shows fl ow curves for increasing sand contents  

measured immediately after preparation with suspensions 
based on the high molecular weight cellulose derivative. 
Higher sand loadings (7  % and more) shift fl ow curves up, 
to higher shear stress values, on increasing sand contents 
and also apparent viscosity rises. On contrary, fl ow curves 
for low sand loadings (5  %) lie bellow the curve of blank 

CMC solution giving also lower apparent viscosities. Thus, 
adding sand to the carboxymethylcellulose solution does not 
increase its (apparent) viscosity as expected, unless the sand 
concentration is suffi ciently high. The same effect was obser-
ved for lignite as a fi ller.

Suspensions prepared from the low molecular weight 
cellulose derivative did not show this untypical behaviour.

The same behaviour of suspensions was observed at car-
boxymethylcellulose-microsil-water dispersions (Fig. 2.).

Fig. 1. The dependence of shear stress on shear rate for disper-
sions of pure CMC solution and different concentrations of sand 
in CMC solution (2 %, 5 %, 7 %, 10 %)

Fig. 2. The dependence of shear stress on shear rate for dis-
persions of pure CMC solution and different concentrations of 
microsil in CMC solution (0.5 %, 1 %, 3 %, 5 %)

Measured fl ow curves can be adequately fi tted by the 
Ostwald-de Waele model

τ γ= K n�

Model parameters refl ected the infl uence of lignite on 
suspension fl ow behaviour.

Results of this study indicate that lowering apparent 
viscosity of suspensions prepared from water solution of 
high molecular weight carboxymethylcellulose may be quite 
common phenomenon when concentration of dispersed 
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particles is low (approximately in orders of tenths up to ten 
weight percent). The cause is probably in easier movement of 
particles entrapped within long biopolymer chains like balls 
in ball-bearing.

Conclusion
Flow curves determined in this study showed that 

lowering suspension apparent viscosity at moderate amount 
of particles suspended in high molecular weight carboxyme-
thylcellulose solution is not specifi c effect of lignite particles. 
The same effect was observed also for sand and even for 
glass microspheres, which are usually used as thickener. 
Results thus confi rm our hypothesis on some “ball-bearing” 
effect, which enables easier fl ow of long macromolecular 
chains then when they are in closer contact in pure solution.
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P16 SEPARATION OF HUMIC ACIDS
 ON MICRO-MEMBRANE
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Institute of Physical and Applied Chemistry, Faculty of 
Chemistry, Brno University of Technology, Purkyňova 118, 
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Introduction
Humic acids (HA) belong to wide group of organic 

compounds formed during decomposition of organic matter 
of vegetable origin. As a result of the large number of differ-
ent organic compounds in living organisms their degradation 
and recombination processes lead to nearly infi nite number of 
molecules1–4. In general, HA are the fraction of humic sub-
stances which is soluble in alkaline solutions. They are the 
mixture of many various organic substances therefore their 
structure cannot be precisely defi ned. To study structure and 
properties of HA comprehensively it is suitable to divide HA 
into several fractions. Many various methods as ultrafi ltra-
tion5–6, gel chromatography7–8, organic solvents9–10 or buffer 
fractionation11–12 etc. are utilized for HA fractionation.

Separation of HA on micro-membrane GR 61 PP is stud-
ied in this contribution. The aim of the work is to fi nd optimal 
separation conditions. Humic acid has a big structure full of 
conjugate bounds and ion’s groups. It is rightful suppose, 

that such a big structure could mean problem for perme-
ation. Concentration polarization phenomena could infl uence
permeation. Concentration polarization is an additional 
complication that arises when hydrocolloids, macromo-
lecules (such proteins) and other relatively large solutes or 
particles are fi ltered. These compounds are largely rejected 
by membrane. Thus they form the layer on the surface of 
the membrane. This layer could be viscous or gelatinous, 
depend on the type of solid. This additional layer is called by
various terms such as the gel layer, CP layer, cake or po-
larization layer. This layer is not to be confused with the
fouling layer that occurs because of membrane-solute inter-
actions13.

Experimental part
To fi nd optimal separation conditions a set of HA solu-

tions in NaOH was prepared. Initial concentration of HA was 
0.01–0.05 g dm–3. Three various NaOH solutions (0,001  M; 
0,01 M and 0,1 M) were used as solvents for HA separation. 
These solutions were fi ltrated through membrane under vari-
ous pressures (1–5 kPa). Obtained fractions were measured 
on UV/VIS spectrometer Perkin Elmer 320. Humic acid 
concentration in individual fractions was computed by means 
of calibration curve determined in advance. All experiments 
were carried out in Denmark Techniske Universitet.

Results and discussion
The comparison of results obtained for various ini-

tial HA concentrations in 0.01 M NaOH is shown in 
Fig. 1.  We can see that optimal initial HA concentration is
30 mg dm–3, because concentration of fi ltrate is suffi ciently 
high and it is not dependent on pressure. If highly con-
centrated initial HA solution is used, fi ltrate concentration 
depends on pressure. The layer of humic particles is formed 
on the membrane surface. This layer makes separation more 
diffi cult, therefore effective fi ltration is possible only under 
high pressure.

The infl uence of concentration of used solvent is re-
presented in Fig.  2. We can see that fi ltrate concentration 
is strongly infl uenced by concentration of used NaOH.

Fig. 1. Dependence of fi ltrate concentration on pressure for 
various initial HA concentration in 0.01 M NaOH
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The decrease of fi ltrate concentration and its dependence 
on pressure were observed for highly concentrated solvent. 
Probably high ionic strength causes stronger polariza-
tion on membrane surface, which negatively infl uences
separation process. On the other hand, clogging membrane 
complicates fi ltration in the case of 0.001M NaOH mainly 
under high pressure. Optimal NaOH concentration is thus 
0.01 M.

Conclusions 
On the basis of experimental results the optimal sepa-

ration conditions were chosen to achieve high separation
effi ciency and humic acid fractions of reproducible pro-
perties.
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P17 INFLUENCE OF PH VALUES AND 
ACCELERATED AGEING ON LIGHT 
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MIRIAM  TURANOVÁ and MICHAL  ČEPPAN
Department of Graphic Arts Technology and Applied Photo-
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Introduction
Cultural property includes many archival and library 

materials like pictures, graphics etc. which belongs to cultu-
ral heritage of every state. Most of these materials written in 
past 150 years have bean destroyed by ageing, which leads 
to total lost of printed and written documents in libraries 
and archives1. The best method to ensure long durability 
of texts and pictures stays prevention, therefore using
materials, which are up to standard for holdback quality and 
utility of articles2–4. Infl uence of ageing on paper caused 
permanent deterioration of optical properties and yellowing 
of paper occurs. This phenomenon is attributed to the
presence of chromophores found in some of the products 
formed from the degradation of paper components. Actu-
ally, the ageing process of paper is very slow. For this
reason, simulation of accelerated ageing conditions is ne-
cessary5. For archiving, papers which are up to standard
STN ISO 7906 and ANSI/NISO Z 39.48-1992 are used. 
Laboratory search of accelerated ageing affords suffi cient
information about selection of suitable paper for archi-
ving6–8. 

This study is oriented on monitoring of optical (bright-
ness, color difference) and chemical (pH of cold aqueous 
extract) properties of different papers. We choose ageing 
method using hot air and moist heat ageing on all paper sam-
ples. These methods were realized according to standards 
STN ISO 5630 during required time period (0, 8, 24, 72, 168, 
336 and 672 hours). 3 days of accelerated ageing respond to
25 years of native ageing9.

Consequently, the results obtained accelerated ageing 
can help to predict the changes in paper for the period of 
hundredths of years.

Fig. 2. Dependence of fi ltrate concentration on pressure for 
initial HA concentration 30 mg dm–3 in various NaOH solu-
tions
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Experimental procedures
M a t e r i a l s

Four types of papers were used:
A – classic woodfree offset alkali paper, supplied by 

Bratislavská papierenská spoločnosť, Bratislava, Slovak Re-
public

B – printing voluminous paper classic, polished unsized 
paper, with contend of 65% mechanical wood pulp and 35% 
unbleached sulphite pulp, made in Jihočeské papírny, Větrní, 
Czech Republic

C – writing partly groundwood acid paper Slavošovské 
papierne, Slovak Republic

D – fi ne printing groundwood sized paper, with contend 
of 54 % mechanical wood pulp, 18 % unbleached sulphite 
pulp and sulphate pulp, 15 % clay, made in Jihočeské pa-
pírny, Větrní, Czech Republic

A p p a r a t u s
All paper samples were submitted accelerated ageing in 

accord with standard ISO 5630–1 at 105  ±  2  °C in the hot-air 
drying unit WSU 100 (VEB MLW Labortechnik, Illmenau, 
Germany) during the required time period (0, 8, 24,72, 168, 
336 and 672 hours). 

Moist heat ageing was performed in climatize unit Feut-
ron GmbH Greis, Germany, at 80 °C and 65% RH.

Brightness was measured by fi lter photometer ELRE-
PHOMAT DFC-5 SNR.

The pH values of the cold aqueous extracts were mea-
sured at 25 °C by pH-meter Jenway model 3510 (England) 
complies with Europe standards: EN 50081-1, EN 50082-1, 
EN 61010-1.

Results and discussion 
Table I summarizes the mean values of characteristic 

parameters of papers A–D. Paper A is characterized with 
high values of brightness (102, 4) and suffi cient pH values 
of cold aqueous extract (9, 6) for alkali reserve. Paper B and 
groundwood sized paper D have the lowest values of bright-
ness (64, 2 and 68, 5), moreover the pH values are similar
(5, 9 and 6, 2).

Table I
The mean values of properties for the original Paper
samples

 Paramter Paper samples 
  A B C D 

 Basic weight
 g/m2 80 50 80 60 STN ISO 536

 pH of cold aqueous
 extract 9.6 5.9 4.4 6.2 STN ISO 6588

 Brightness (%) 102.4 64.2 76.4 68.5 STN ISO 2470

Original paper C shows lower values of brightness 
(76.4) and signifi cant acid value of cold aqueous extract
(pH 4, 4).

Table II summarizes the mean values of characteristic 
parameters of paper samples submitted hot-air and moist heat 
accelerated ageing after 672 hours.

Fig. 1a, b shows relative decrease of brightness upon 
accelerated ageing for papers A–D. The most signifi cant de-
crease was recorded in case of voluminous paper B.

Exponential decay of brightness during hot-air and
moist heat ageing was observed (Fig. 2.). These values show 
good resistance to yellowing during ageing for paper A
whereas fi nal decrease of brightness was approximately 
17.8 %. Final loss of brightness was compared for all used 
papers.

Fig.  3. shows color difference after accelerated ageing 
for papers A–D. The largest color difference was obtained 
for paper B.

Infl uence of ageing on chemical properties of given 
papers was studied on pH values of cold aqueous extract. 
Experimental results obtained by measuring of pH were dis-
played in Table III and plot in Fig. 4a, b. These results show 
the eventual ability of paper A to neutralize acid products cre-
ated in process of accelerated ageing and so high resistance 
in ageing process. Resistance of pH on optical properties are 
shown in Fig. 5a, b.

 Accelerated Parameter Paper samples
 ageing  A B C D

  pH of cold aqueous extract 8.6 4.9 4 4.7
 Hot air (105 °C)    
  Brightness % 84.4 40.1 50.4 46.6
     
  pH of cold aqueous extract 9.2 5 3.6 4.4
 moist heat 80 °C,    
 65 % RH Brightness % 83.4 37.2 51.7 44.6

Table II
The mean values of paper properties corresponding 672 hours of accelerated ageing
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 pH of cold aqueous extract
 A B C D

 Original sample 9.6 5.9 4.4 6.2

  8 h 9.2 5.9 4.4 5.9
  24 h 9.1 5.8 4.4 5.7
 105 °C 72 h 9 5.6 4.3 5.5
  168 h 8.9 5.4 4.2 5.3
  336 h 8.7 5.1 4.1 4.9
  672 h 8.6 4.9 4 4.7
  8 h 9.4 6.2 4.3 6
  24 h 9.4 6.1 4.2 5.8
 80 °C, 72 h 9.3 5.8 4.3 5.6
 65 % RH 168 h 9.3 5.5 4 5.2
  336 h 9.2 5.2 3.9 4.8
  672 h 9.2 5 3.6 4.4

Table III
The pH values for different papers under conditions of accelerated ageing
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Fig. 1a, b Relative decrease of brightness for papers A–D after 
hot-air (1a) and moist heat (1b) ageing
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Fig. 2a, b Exponential decay of brightness during hot-air (2a) 
and moist heat (2b) ageing for paper samples A–D
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Fig. 3a, b Color difference after hot-air (3a) and moist heat (3b) 
accelerated ageing for papers A–D
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Fig. 4a, b The changes of pH values monitored during accelera-
ted ageing of paper samples A–D
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Fig. 5a, b Resistance of pH on optical properties during hot-air (5a) and moist heat (5b) accelerated ageing for papers A–D
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Conclusions
Optical and chemical properties were observed on four 

types of papers. All paper samples were treated by accelera-
ted ageing and studied under the given conditions. The best 
stability after ageing was obtained for paper A. We can con-
sider that this kind of paper is the most suitable for storage 
and printing documents. The most signifi cant changes of 
properties were obtained in case of voluminous paper B. The 
acid paper C showed small decrease of pH after ageing. This 
kind of paper could be suitable for storage after deacidifi ca-
tion process. Papers B and D are not suitable for long-time 
storage on the gound of their initial properties which caused 
deterioration of optical and mechanical parameters. 

This work was supported by Science and Technol-
ogy Assistance Agency (Slovakia) under the contract No. 
APVT-20-034202 and Slovak Grant Agency (Project VEGA 
1/2455/05).
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Introduction
With expansion of inkjet printers to the array branches, 

requirements on inkjet media are increased too and must be 
improved. Once of frequent material which is used for pre-
paration of special layers, is PVAl, which takes advantage of 
solubility of PVAl in water. Modifi cation of PVAl therefore 
further widens the fi eld of PVAl application1.

Our basic aim is based on the idea of introduction of 
photoreactive lateral groups to the backbone macromolecule 
of receiving layer-forming polymer. We seek highly hydro-

philic thin polymer layer with effective conversion. We per-
formed numerous experiments with PVAl modifi ed by maleic 
anhydride, but this product has serious disadvantages as low 
aqueous solubility at higher conversion degrees and very low 
photographic sensitivity2. So we have modifi ed PVAl with 
other compounds which contain double bond, as glycidylmet-
hacrylate (GMA), methacrylic acids (MAA), methacryloyl-
-aminoacetadehyde dimethyl acetal (MA-MAA-DA) and its 
derivatives. These compounds are essentially hydrophobic, 
leading to lower surface energy and hydrophobization. On 
the other hand they are highly susceptible to photoinitiated 
cross-polymerization, and the effective crosslinking speed of 
these compounds is much higher than maleinized PVAl.

Experimental
Poly(vinyl alcohol) modifi ed by maleinanhydride 

(Mowiol 8/88, as solvent dimethylformamid, temperation on 
70 °C, as catalyzer DMAP,  maleinanhydride in the amount of 
5, 10, 20 w. %, reaction time 2 hours at 70 °C) is used2. 

Other modifi cation is in progress with methacrylic acid 
(80 ml of water, different ratios of acetic acid and methacry-
lic acid), mixture is stirred in a beaker in water bath at 40 °C, 
then PVAl (20  g) is added and mixture is then stirred for 
another 36 hours)3.

Glycidylmethacrylated PVAl is prepared by dissolving 
of PVAl (20  g) in a mixed solvent consisting of 100  ml 
DMFA and 50 DMSO at 70 °C. After complete dissolution, 
GMA in the amount of 1, 2, 4 and 8 w. % is slowly added and 
then 5 ml of methanolic solution of KOH (5 w. %) is added 
in the same manner. The reaction mixture is stirred at 70 °C 
for 2hours.4 

The last modifi cation process: Mowiol 10/98 (10 g) is 
completely dissolved in water, then dimethylacetal in the 
amount of 2.5, 5, 10 and 20 w. % is slowly added.  After 
complete dissolution, acetic acid (15 ml) is added and hyd-
rochloric acid (4 ml). The reaction mixture is stirred at 70 °C 
for 2 hours.

Prepared modifi ed polymers were used for further study 
to evaluate their suitability for the projected purpose, i.e. 
ink receiving layers. To do so, they were characterized by 
analytical methods including infrared and UV spectroscopy, 
surface characterization by dynamic contact angle measu-
rement, photoresist speed determination, thermal analysis, 
swelling kinetics study and image analysis. With respect to 
the limited space for this paper, this article is dealing with 
infrared and UV spectroscopy in detail, mainly with degree 
of conversion and synthesis effectivness.

Results 
D e g r e e  o f  c o n v e r s i o n

According to the amount of modifying agent used, vari-
ous products were obtained. In order to be able to relate the 
prepared product properties to their chemical composition, 
it is essential to determine their conversion degree, ie. the 
extend of modifi cation expressed as a molar fraction of modi-
fi ed monomeric units. The degree of conversion of malenized 
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PVAl was determined by titration of excess of KOH and such 
is determined as molar amount of groups containing ester 
group and non-esterifi cate OH groups as publish in previous 
works, but we created the new and easier method for this de-
termination. This method utilizing UV spectroscopy is based 
on the oxidation of organic compounds by potassium per-
manganate. In aqueous solutions, potassium permanganate 
acts as a powerful oxidizing agent, completely destroying 
most organic compounds. Our method is based on spectro-
photometric detection of the oxidation products at 280 nm. 
At 20 °C, the reaction with double bonds proceeds very fast 
and signifi cant changes in the oxidation products concentra-
tion can be detected after 10 minutes of reaction time. On the 
other hand, blank samples containing unmodifi ed PVA show 
no changes for up to 1 hour, thus enabling spectophotometric 
measurements with good accuracy.

Fig. 1. UV-VIS spectra of different acrylate concentration

We prepared 4 grades of malenized PVAl and methacry-
lated PVAl. The samples differed in their conversion degree. 
The conversion degree was determined by UV spectroscopy 
for malenized PVAl in the amount of maleinanhydride 5, 10 
and 20 % mol and 2, 5, 10 and 20 molar % of methacrylated 
units in table below:

 Modifi cation Degree of conversion of modifi ed PVAl
 agent [w. %] maleinanhydride glycidylmethacrylate

 2 X 3.2
 5 4.35 6.1
 10 9.52 9.5
 20 14.99 insoluble

Infrared spectroscopy
Thin fi lms were prepared from the grades of modifi ed 

PVAl. These fi lms were analysed by FTIR and transmission 
IR spectra were recorded. It was shown positive change in 
comparison with unmodifi ed, so absorbefacient maximum 

in the area 1640 cm–1. The absorption peak at 1640 cm–1 
corresponds with incorporation of double bond C  =  C into 
the macromolecule. The C  =  O bond in modifi ed macrom-
olecule corresponds with absorption maximum in the area 
1740 cm–1. 

Fig. 2. The comparison of IR spectra: PVAl 8-88 with PVAl 
modifi ed by glycidylmethacrylate 
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Introduction
Plasmachemical treatment of archaeological artifacts 

is a relatively new technique developed during the 1980s1,2. 
The process is based on using low-pressure hydrogen plasma 
in which the artifacts are treated for several hours, usually 
in more steps3–5. The problem is how long period of the
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plasmatic treatment is optimal and how to characterize its 
effi ciency. The studies focused on the composition of the 
layers show that various oxide and chloride complexes, 
usually containing also crystalline water, are the dominant 
compounds of the layer5. Recently the technique monitoring 
the plasmachemical oxide corrosion removal process was de-
veloped and successfully tested on silver ancient coins6. The 
monitoring of the ·OH spectrum was chosen as a fi nger point 
for the process control. The situation when the corrosion la-
yers are more complex has not been studied up to now. 

Experimental setup
The simplifi ed scheme of our experimental device is 

presented in Fig. 1. The experiment usually takes place at the 
total gas pressure of 100–110 Pa and at the hydrogen fl ow 
rate of 100 Sccm. The capacitively coupled RF power supply 
gives the total power of 400–450 W. The sample temperature 
during the fi rst 15 minutes of discharge increases up to about 
280 °C and then it is more or less constant. Details concer-
ning the experimental device as well as the complete list 
of the operating conditions can be found in bibliographical 
sources7. The optical spectrum emitted from the discharge 
in the part just behind the treated sample was measured 
by a spectrometer Jobin Yvon TRIAX 550 coupled with
a multichannel UV CCD detector. To minimize the disturbing 
effects and to eliminate the discharge instabilities, we used
a relatively long integration time of 10 s.

Fig. 1. Experimental setup: 1 – mass fl ow controller; 2 – Pyrex 
glass reactor (length 88 cm, inner diameter 10 cm); 3 – sample 
glass holder; 4 – treated sample; 5 – baratron gauge; 6 – rotary 
oil pump; 7 – outer cylindrical copper electrodes (length 50 cm); 
8 – RF power supply; * – point of spectroscopic measurements

C o r r o d e d  s a m p l e s  p r e p a r a t i o n
Two sets of copper corroded samples were prepared 

for the study. The fi rst one was in acid atmosphere; in the 
other case the basic atmosphere was applied. The acid 
atmosphere was prepared as a saturated vapor mixture of 
three water solutions (HCl (18.5 %), HNO3 (32.5 %) and
HCl  +  Na2CO3  +  Na2SO3 mixture). The last compound was 
added to obtain the chloride, sulfate and carbon corrosion 
layers. The composition of the basic atmosphere was simi-
lar, only the NH3(aq.) was applied instead of the HNO3. The 

technical copper samples (70 × 100 × 0.6 mm) were initially 
cleaned by an alkaline galvanic solution and then they were 
placed on a glass grating in the dessiccator where they were 
stored at the temperature of 20 °C. The samples were remo-
ved after six days and dried at ambient air.

Various corrosion compounds were detected at the sur-
face, depending on the corrosion atmosphere. The CuCO3, 
CuCO3.2Cu(OH)2, CuSO4, and CuSO4.Cu(OH)2 compounds 
were the main in the case of acid corrosion atmosphere. In 
the other case, the NH3 complexes were dominant. The CuO, 
CuO2, and CuS compounds represented only a minority in 
both cases (about 10% of the surface).

Results
Spectra emitted from the discharge during the plasma-

chemical treatment were measured as a function of the treat-
ment time. Identifi cation of the atomic lines and the molecu-
lar band was the fi rst step. An example of the spectrum with 
the main identifi ed bands is presented in Fig. 2. Besides the 
hydrogen Lyman’s lines and the lines of molecular hydrogen 
(not presented in Fig. 2.), many other bands were observed. 

The most intense are the nitrogen second positive system and 
the OH spectra, and also the nitrogen fi rst negative system 
when the basic corroded sample was used. The CN violet 
bands and the NOβ system give spectra of a relatively low 
intensity. Intensities of all measured spectral lines and bands 
are strongly dependent on the plasma treatment duration and 
on the kind of corrosion. The band head intensities of nitro-
gen containing species were used as an intensity marker, the 
integral intensity in the range of 305–325 nm was chosen for 
the OH spectrum. The time evolution of the intensities of the 
selected bands is presented in Fig. 3. for the sample prepared 
in the acid atmosphere, Fig. 4. shows the same dependencies 
for the sample corroded in basic atmosphere.

Fig. 2. Selected part of the identifi ed spectrum during the 
treatment (10 min.) of the sample prepared in the acid corrosion 
atmosphere
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Fig. 3. Intensities of the selected bands as a function of the 
plasma treatment duration (sample corroded in the acid atmo-
sphere)

Fig. 4. Intensities of the selected bands as a function of the 
plasma treatment duration (sample corroded in the basic at-
mosphere)

The time dependencies show two completely different 
shapes. The intensities of the nitrogen bands (both neutral 
and ionized) decrease during the discharge treatment more or 
less exponentially. These bands can be negligible after about 
one hour of the discharge with the acid atmosphere corroded 
sample, in the other case the shape is similar, but the process 
takes a longer time due to a higher nitrogen concentration in 
the corrosion layer. The intensity of ·OH radicals decreases 
with the increasing treatment time more slowly than the in-
tensity of nitrogen bands. This decrease is more or less linear, 
and thus the emission from ·OH radicals becomes dominant 
after a longer treatment time. These results are in a good 

agreement with our previous experiments with the removal 
of a dominantly oxide corrosion layers6.

The intensities of the NO and CN bands can be studied 
in the time evolution only with diffi culties, because their in-
tensities are relatively low and their main vibrational bands 
are overlapped by the molecular hydrogen radiation within 
a short time.

Intensities of the hydrogen lines show an opposite 
dependence with respect to the OH radical intensity. An 
interpretation of this observation is clear – with the decrease 
of the oxygen concentration in the corrosion layer the ·OH 
production decreases, and thus the concentration of atomic 
hydrogen proportionally increases.

Conclusion
The corrosion layers removal by the low pressure hydro-

gen plasma was studied by the optical emission spectroscopy. 
The copper samples were corroded in acidic and basic atmo-
sphere to obtain different kinds of corrosion layers. The 
results show that the oxygen removal from the sample takes
a longer time than removal of the other elements, dominantly 
nitrogen containing compounds, contained in the corrosion 
compounds. Due to this fact, monitoring of the OH radical 
spectrum could be suffi cient during the plasma treatment 
of more complex corrosion layers than oxide layers and the 
simple monitoring device presented in6 can be applied inde-
pendently of the corrosion kind.

This work was completed in co-operation with Methodic 
Centre of Conservation at Technical Museum in Brno and it 
was supported by Czech Ministry of Education, project No. 
0894/2003.

REFERENCES
 1. Veprek S., Patscheider J., Elmer J.: Plasma Chem. 

Plasma Process. 5, 201 (1985).
 2. Veprek S., Elmer J., Eckmann Ch., Jurcik-Rajman M.:

J. Electrochem. Soc. 134, 2398 (1987).
 3. Klíma M.: Archeologické Rozhledy 50, 255 (1998).
 4. Klíma M., Zajíčková L., Janča J. et al.: Zeitschrift für 

Schweizerische Archäologie und Kunstgeschichte 54, 
2398 (1997).

 5. Klíma M., Zajíčková L., Janča J.: Zeitschrift für Schwe-
izerische Archäologie und Kunst-geschichte 54, 29 
(1997).

 6. Rašková Z., Krčma F., Klíma M., Kousal J.: Czech. J. 
Phys. 52, D927 (2002).

 7. Klíma M.: Plasmachemical Regeneration of Degraded 
Ancient Artifacts, PhD Thesis, Masaryk University 
Brno, 2000.



Chem. Listy, 99, s49–s652 (2005) Physical  & Applied Chemistry

s586

P20 KINETICS OF THE NITROGEN PINK 
AFTERGLOW

FRANTIŠEK  KRČMA and VĚRA  MAZÁNKOVÁ
Institute of Physical and Applied Chemistry, Faculty of 
Chemistry, Brno University of Technology, Purkyňova 118, 
612 00 Brno, Czech Republic, krcma@fch.vutbr.cz

Introduction
The nitrogen afterglow kinetics is a really complicated 

problem that is a subject of many studies during more then 
last 50 years1–5. The pink afterglow is a special part of the 
pure nitrogen post-discharge. It is characterised by the strong 
enhancement of the pink light radiation. The emission of
the nitrogen fi rst and second positive and fi rst negative spect-
ral systems is dominant during this period. The mechanisms 
populating the upper states of these spectral systems must be 
discussed separately for the neutral molecule (N2 (B 3Πg) and 
N2 (C 3Πu) states) and for the molecular ion (N2

+ (B 2Σu
+) 

state).

Results
N e u t r a l  n i t r o g e n

The N2 (B 3Πg) and N2 (C 3Πu) states are dominantly 
created by pooling reactions of lower metastable states, espe-
cially by vibrational excited ground state and lowest 8 levels 
of N2 (A 3Σu

+) state2,6. These reactions show the creation of 
both these states but they cannot explain the strong population 
enhancement during the pink afterglow. Therefore another 
process must be considered. It is known that in nitrogen post-
-discharge kinetics of the ground state the initial Boltzmann 
distribution changes by v-v process into the Treanor-Gordiets 
distribution that can be characterized by the enhancement of 
populations at higher vibrational levels. In the creation of N2 
(B 3Πg) and N2 (C 3Πu) states by pooling, the ground state 
must be excited at least to the levels v = 4, resp. v = 19 when 
pooling is with N2 (A 3Σu

+) state or v = 14, resp. v = 24 when 
two ground states are involved. It is clear that at the end of 
an active discharge all these species are present in the gas but 
their concentrations are much lower than concentrations of 
lowly excited molecules. The creation of higher vibrational 
levels takes some time, of course, and thus the dark space 
between end of the active discharge and pink afterglow is 
observed. The pooling reactions can also lead to creation of 
the (A 3Σu

+) state and thus the pink afterglow effect is further 
enhanced. The reaction scheme can be written as follows (for 
references and rate constants see in7:

N X N X N X N Xg g g g2
1

2
1

2
1

2
11 1Σ Σ Σ Σ −+ + + +, , , ,ν ν( )+ ( )→ +( )+ ( )w w

      (1)

2N X N A Ng u2
1

2
3

212Σ ≥ Σ+ +,ν( )→ ( )+   (2)

2N X N B Ng g2
1

2
3

214Σ ≥ Π+ ,ν( )→ ( )+
  

(3)

N X N A N B Ng u g2
1

2
3

2
3

24Σ ≥ Σ Π+ +, ,ν ν( )+ ( )→ ( )+
 

(4)

N A N A N B Nu u g2
3

2
3

2
3

2Σ Σ Π+ +( )+ ( )→ ( )+
  

(5)

2N X N X N Cg g u2
1

2
1

2
34Σ ≥ 2 Σ Π+ +,ν( )→ ( )+ ( )

 

(6)

N X N A N N Cg u u2
1

2
3

2 2
319Σ ≥ Σ Π+ +,ν( )+ ( )→ + ( )

 

(7)

N A +N A N X N Cu u g u2
3

2
3

2
1

2
3Σ Σ Σ Π+ + +( ) ( )→ ( )+ ( )

 

(8)

N A +N B N X N Cu g g u2
3

2
3

2
1

2
3Σ Π Σ Π+ +( ) ( )→ ( )+ ( )

 

(9)

The fi rst two reactions form the precursors, the other 
lead to formation of both radiative states. The other meta-
stable states, especially singlet states, must be included in 
the scheme when a numeric modeling will be used but this 
simplifi ed form clearly demonstrates the principle of the pink 
afterglow creation.

M o l e c u l a r  i o n
The kinetics of the molecular ion radiative state is more 

complicated and it can be explained in a two-step scheme. 
Before the pink afterglow the charged particles concentration 
is very low8 but during the pink afterglow it signifi cantly 
increases. So, the fi rst step must lead to the molecular ion 
creation. 

Due to the fact that the post-discharge is without any 
external energy source some of the kinetic processes must 
be enough effi cient for the ionization. The whole process is 
known as a step-wise ionization4,5. In its principle, the highly 
excited neutral metastable molecules (both electronically and 
vibrationally) during their collisions can have energy suffi ci-
ent for the ionization. Precursors for the ionizing collisions 
are created by  the process (1)  and by processes similar to (2). 

When the molecular ion is created the excitation to the 
radiative state must be completed. Recent studies have shown 
that the main process populating the radiative N2

+ (B 2Σu
+) 

state is the collisionally induced energy transfer from the 
vibrationally excited neutral ground state6. 

The reactions describing the kinetics of molecular ion 
are, besides the reaction (1), as follows:

N X N X N Ng g2
1

2
1

2 2Σ Σ+ +, , *ν( )+ ( )→ +w

               
(10)

2N X N B N eg u2
1

2
2

2Σ ≥ 32 Σ+ +,ν( )→ ( )+ ++

               
(11)

N X N N +N eg2
1

2 2 2Σ+ , *ν( )+ → ++

                
(12)
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N X N X N X N Bg g g u2
1

2
2

2
1

2
212Σ ≥ Σ Σ Σ+ + + +,ν( )+ ( )→ ( )+ ( )+ +

                   (13)
The N2

* in the reactions above means an electronically 
excited neutral molecule.

The same molecular states (N2 (X 1Σg
+, ν ≥ 12)) are the 

reactants in the reactions (2) and (13). Because the experi-
mental results show more or less the same dependencies for 
all observed spectral systems, it can be concluded that the 
highly vibrationally excited neutral nitrogen ground state 
molecules are the dominant species in the nitrogen post-dis-
charge kinetics. The presented kinetic model could not ex-
plain the decrease of the vibrational populations of molecular 
ion by decreasing the temperature and this effect thus must 
be further studied.

This work was supported by the Czech Science Founda-
tion under project No. 202/05/0111.
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Introduction
Synthetic compounds called biological buffers are wi-

dely used for the pH control in the pH range of 5.5–11.4 (ref.1).
Zwitterionic Good buffers, one of subgroups biological 

buffers, frequently serve as protein solubilization agents in 
aqueous solutions2, too. Popularity of biological buffers in 
biochemistry and in analytical chemistry follows from two 
facts. Photometric detection dominates in modern instru-
mental analytical methods and biological buffers are free of 
chromophores absorbing UV-light above 200 nm. Despite 
this, it was reported recently that aqueous solutions of three 
biological buffers pronouncedly affect the intensity of the 
passing UV-light beam in the short-wavelength range3. The 
aim of our study is the verifi cation of this fi nding for three 
most frequently utilized zwitterionic Good buffers.

Experimental part
The UV-Vis spectrophotometer VARIAN – CARY 50 

Probe (Varian BV, Netherlands) equipped with the quartz 
cell of 1 cm optical path length served for photometric mea-
surements in the range of 190–300  nm. Investigated buffers 
(Table I) are from Sigma-Aldrich (Prague, Czech Republic). 
The pH of their 4–200 mmol l–1 solutions in redistilled water 
was adjusted with sodium hydroxide (Lachema, Brno, Czech 
Republic).

Table I
Investigated GOOD buffers1

Buffer Formula M W pKa  pH range
  [g mol–1] [25  °C]

MOPS C7H15NO4S 209.26 7.2 6.5–7.9
MES C6H13NO4S 195.24 6.1 5.5–6.7
CAPSO C9H19NO4S 237.32 9.6 8.9–10.3

Results
Investigated Good buffers, 2-morpholinoethanesulfonic 

acid (MES), 3-morpholinopropanesulfonic acid (MOPS) 
and 3-(cyclohexylamino)-2-hydroxy-1-propanesulfonic acid 
(CAPSO) cover almost completely pH range of the Good 
buffers applicability. The investigated buffers are free of 
chromophores absorbing light above 190 nm disregarding 
their chemical identity and pH. Weakening of a light beam 
passing through their aqueous solutions cannot be therefore 
classifi ed the light absorption even if it is displayed in ab-
sorbance units by the used instrument. Three pH units below 
their pKa values, the buffers are only in the zwitterionic form 
considering the measurement precision. At pH  =  pKa, the 
concentration of the zwitterionic form and of the anionic 
form is identical. At pH  =  pKa  +  3, practically only anions 
exist in solution.

Experiments with purely zwitterionic solutions of MES, 
MOPS (Fig. 1.) and CAPSO revealed that their formal ab-
sorbance increases with both increasing concentration and 
with the decreasing wavelength of the passing light. The 
maximum measured absorbance depended on the dissolved 
compound. In the range of usually utilized concentrations 
of Good buffers, ranging from 20 to 60 mmol l–1, the light 
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Fig.  1. Typical course of the dependence of the formal ab-
sorbance of dissolved zwitterionic buffers on the passing 
light wavelength documented on the example of MOPS. The 
MOPS concentration is given as a parameter: 1) 4.1 mmoll–1,
2) 50 mmol l–1, 3) 100 mmol l–1, 4) 200 mmol l–1

Fig. 2. Typical course of the dependence of the formal absor-
bance of dissolved zwitterionic buffers on the buffer pH docu-
mented on the example of MOPS. The wavelength of the passing 
light is given as a parameter: (A) 1) 200 nm, 2) 220 nm and 3) 
250 nm, (B) 1) 210 nm and 2) 230 nm

Fig. 3. Typical course of the dependence of the formal absor-
bance of dissolved zwitterionic buffers on the buffer pH at 1) 
pH  =  pKa and 2) pH  =  pKa  +  3 documented on the example of 
MOPS

Fig. 4. Typical course of the dependence of the formal absor-
bance of dissolved zwitterionic buffers on their concentration 
documented on the example of MOPS. The wavelength of the 
passing light is given as a parameter: (A) 1) 200 nm, 2) 220 nm 
and 3) 250 nm, (B) 1) 210 nm and 2) 230 nm
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absorption was acceptably low above 200 nm. Zero absorb-
ance was obtained at the wavelength of 250 nm and higher 
disregarding the compound and its concentration.

The (pH–pKa) difference affects the light beam weaken-
ing dramaticly at concentrations up to pH  =  pKa (Fig. 2.). At 
pH > pKa, the absorbance rises up much less. The depend-
ences of formal absorbance at pH  =  pKa and pH  =  pKa  +  3 
on the light beam wavelength differ therefore only slightly
(Fig. 3.). The steepness of the concentration dependence of 
the apparent absorbance rises up with the decreasing wave-
length (Fig. 4.) as may be expected from previous experi-
ments.

Conclusions
Photometric experiments evidenced general aggregation 

capability of investigated zwitterionic Good buffers MES, 
MOPS and CAPSO and, in agreement with the previous 
communication3, dramatic increase of this capability in the 
pH range in which the concentration of the anionic form of 
the buffer approaches 50 % of its total concentration. Forma-
tion of aggregates from dissolved MES, MOPS and CAPSO, 
which disperse the passing UV-light beam, is a possible in-
terpretation of presented experiments. Conductivity measure-
ments not presented here evidence that the aggregates are not 
micelles. This fi nding controverts the explanation proposed 
in the article3.

Presented results of photometric experiments evidence 
correctness of experiments given in Ref. 3. The results also 
substantiate continuation of the presented research.
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Abstract
There were studied electrophysical properties of two 

types of solid fi lms of hydroxyethylcellulose. Measurements 
of dielectric relaxation spectra of Natrosol 250 H4R and Na-
trosol 250 LR in the frequency range from 1 to 1400 MHz 
have been realized. The dependencies of real part ε’(f) and 
imaginary one ε’’(f) were determined. It has been found that 
the results of the measurement are strongly infl uenced with 
traces of binary electrolytes and also with a thermal history of 

the studied samples, and small amounts of water situated in 
the inner part of fi lms and on the surface, especially.

Introduction
Many papers from the recent years dealt with the poly-

meric dynamics of polysaccharides in the solid state1–3. It has 
been found that the main relaxation measured in the low tem-
perature range (–120 °C to 0 °C) is associated with the local 
backbone or segmental motion of the chain. This process is 
called β-relaxation in comparison with the motion of the side 
groups at the repeating unit named γ-relaxation and βwet-rela-
xation measured in all wet or swollen systems4.

Segmental mobility of a polymer chain determines 
many properties of macromolecular compounds, e.  g. the 
ability of free vacance creation, and for this reason also
a transport resistibility of matter in processes of viscous fl ow, 
diffusion phenomena and many others5–8.

One of the methods to characterize materials is based 
on the analysis of their dielectric spectra. Dielectric analysis 
provides the information about the motion of entities having 
an electric charge or an electric dipole moment, i.e. about 
dipole reorientation, rotations of the main and segmental 
chains and conductivity mechanism. Dielectric relaxation in 
hydroxyethylcellulose has been studied by K. Liedermann 
and L. Lapčík, Jr. and coworkers9–11. In this papers the origin 
of the relaxation in the hydroxyethylcellulose is interpreted 
as being due to the reorientation of the double ethylene oxide 
groups constrained by their large size and inter-chain bound-
ing by hydrogen bridges. The authors9–11 also pointed out the 
fact that the relaxation phenomena are often masked by the 
conductivity component. On the contrary, the relaxation due 
to secondary hydroxyl groups is assumed to take place at 
higher frequencies (in the MHz to GHz range). 

Marianiová D., Lapčík L., Jr. and M. Pisárčík12 have 
studied the temperature and frequency dependences of elec-
tric conductivity of hydroxyethylcellulose, carboxymethyl-
cellulose, 2.5 cellulose acetate, and cellulose triacetate in 
the temperature range from 20 °C to 150 °C and in frequency 
range from 0.5 to 100 kHz. This study was completed by 
DTA measurements. The glass transition temperature and 
the values of the activation energies have been determined 
and discussed with respect of the structure of the cellulose 
derivatives. The authors12 measurements have proved semi-
crystalline structure of the mentioned derivatives connected 
with the ionization and polarization processes in the samples 
in the external electric fi eld. The reciprocal penetration of 
corresponding segments has a complex character and can be 
explained by two different groups of powers. Electrostatic 
and repulsion powers between electrical charges of ions,
i. e. coulombic powers modifying especially the correspond-
ing distribution of solvated ions and change of quasi-crys-
talline structure of the electrolyte, and polymorphic and 
conformation changes of the solid fi lms dominate in the fi rst 
group, too. The second group interactions, the solvation, i. e. 
interactions between ions and molecules of solvents (water), 
cause the decomposition of water structure and bound water 
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molecules and ions to a more or less confi gurated system (but 
usually not by covalent bonds). 

In this study, the behavior and dielectric properties of 
hydroxyethylcellulose in the frequency range from 1 MHz to 
1500 MHz are studied.

Experimental
The study was realized on two types of commercial sam-

ples of hydroxyethylcellulose (HEC) from Hercules Inc. (Na-
trosol 250 LR and Natrosol 250 H4R) in the thin layer fi lm 
form of thickness from 0.05 to 0.25 mm. These fi lms were
prepared from water solutions of HEC (40  g of HEC in 750 ml 
of redistilled water) by casting on Petri dishes and following 
slow water evaporation in dissiccator (over NaOH solid pel-
lets) at constant temperature 25 °C. Frequency dependence of 
dielectric constant – real part ε’ and imaginary one ε’’ – was 
measured with LCR meters (Hewlett-Packard 4291A) equip-
ped with a parallel plate type of cell) to which the specially 
prepared Pt-Pt electrodes were attached. The measurements 
were performed at constant temperature 25 °C.

Results and Discussion
The principal property of solid polar polymer fi lm seems 

to be a possibility of a certain electrostatic fi eld existence in-
side it. Such electric fi eld can exhibit a strong infl uence on 
charge particular entities localized inside the sample and this 
phenomenon prevents them from free movement on longer 
distance. This is in principle the difference from conductors 
of metallic type. When such a dielectricum is inserted into 
an external electric fi eld the certain shifts of charged enti-
ties can be identifi ed and permanent and induced dipolar 
structure reorientation in electric fi eld direction is usually ob-
served. In the structural formula of HEC can be distinguished
a few such dipolar structures in fundamental monomeric unit 
(Fig. 1.).

On the other hand, the vectorial additivity of the polar 
structural elements (–O–H, R–O–R, R’vO-R, …) leads to
a certain spectrum of harmonic resonators with character-
istic dielectric properties responses. These effects are to be 
observable on frequency dependences of real ε’(f) and ε’’(f) 
parts of dielectric constants (mentioned above).

From the point of view of the studied HEC fi lms, charac-
teristic by a certain thermal history, implemented in the sys-
tems during their preparation, it should be taken into regard 
also a fact, that the fi lms prepared by casting cannot exhibit 
isotropic properties, especially in perpendicular direction to 
the free outer surface plane. It may be different a self-organi-
zation of the HEC chain molecules in the outer phase bound-
ary of that inside the thin layer and then the ε’(f) and ε’’(f) 
curves might differ of each other with sample thickness. It 
was found that for the most studied samples of HEC the fol-
lowing empiric formula can be utilized (Fig. 2.):

1

ln 'ε
= kf ,      (1)

where ε’ is real part of complex permittivity. On the base of 
the result presented in Fig. 3. and the others, there is possible 
to receive the value of static permittivity εs.

ε
εs

f

=
→0

1
lim

ln '
,    (2)

Table I
HEC samples thickness and their numeric notation

HEC Sample Thickness Root mean square
 No. [mm] deviation
   of thickness ± σ

Natrosol 1.07 0.052 0.002
250 H4R 1.15 0.062 0.002
Natrosol 2.25 0.232 0.002
250 LR 2.27 0.304 0.002
 2.30 0.316 0.002

The symmetric structural aggregates on the surface 
of polymer fi lms after solvent evaporation were identifi ed 
by S. Sakurai, Ch. Furukawa, A. Okutsu, A. Miyoshi and
S. Nomura13. The same effects we have found in thin fi lms of 
water soluble derivatives of cellulose and these results will 
be published later14. Especially in the case of polyelectrolytes 
this complexes can be very easy iden- tifi ed15.
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Fig. 1. The structural formula of HEC
Fig. 2. The frequency dependence of 1/ln(ε’) for several ran-
dom chosen samples of HEC
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Fig. 3. The frequency dependence of ε’= ε’(f) and ε’’= ε’’(f) for samples given in Fig. 2.
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Abstract
Stability of white offset paper, uncoated and coated 

was tested by artifi cial accelerated thermal aging according 
new method of Begin-Kaminska. The mechanical, optical, 
chemical and structural changes were characterized by op-
tical spectrometry, brightness, whiteness, gloss, absorption 
Fourier transform infrared (FT-IR) spectroscopy, double-

-bending and breaking length. IR spectroscopy techniques, 
single diamond ATR (attenuated total refl ection) for surface 
characterization and diffuse refl ectance (DRIFT) techniques 
for deeper attack were compared. DRIFT is more suitable 
at low absorption regions (above 1080 cm–1), however
diamond ATR is better at higher absorption (below 1080 cm–

1). Correlations among the original and aged paper parame-
ters were considered, while the biggest changes were found 
in mechanical properties and in whiteness, brightness and 
gloss. 

Introduction
Many efforts are focused to preserve archival documents 

and to measure the changes of papers, inks and the whole 
system including interactions. Mechanical, optical and che-
mical properties of documents are irreversible changed upon 
aging1,2. Destructive mechanical tests methods as fold endu-
rance, tear and breaking tests are sensitive, reliable, but ex-
pensive and time consuming. Optical and spectral methods are 
nondestructive, simple and quick, but less correlated and sen-
sitive to aging effects. Besides visible measurements, FT-IR 
spectroscopy is now used for chemical, structural and crystal-
linity analysis mainly studding IR various absorption bands 
ratios (1280/690, 1430/900 and 2900/1370, in cm–1) (ref.3).
The aim of this work is to evaluate and to correlate the extent 
of mechanical, optical and spectral changes.

Experimental
Standard uncoated (100 g m–2) and coated (130 g m–2) 

offset alkaline papers were aged artifi cially by new accele-
rated method by Begin-Kaminska4: 9 g of treated paper was 
preconditioned at relative humidity RH  =  50% (at 23 °C), 
afterwards enclosed into 300 ml glass bottle, covered by Vi-
ton® (DuPontDow) sealing and heated to 100 °C for 5 days. 
The aging better correlates with the natural one than a dry or 
wet aging. Original and aged papers were tested mechani-
cally, optically and spectroscopically:

Mechanical tests: Fold endurance were measured by 
double bending technique (Schopper instrument).

Tear strength Fmax, breaking length lt, tensile strain δt 
and Young modulus E were measured and calculated by IN-
STRON 1122.

Optical tests: Lightness L* with coordinates, a*, 
b*, and brightness R457 (blue light refl ection at 457 nm) 
were measured by ELREPHO Datacolor 2000. Spectral 
whiteness W (Y, x, y) was calculated from L*, a*, b* data: 
W  =  Y  +  800(xn  –  x)  +  1700(yn  –  y), where xn and yn are 
coordinates of the white standard. Gloss was measured by 
red laser diode light refl ection at the angle of 60 °, defi ned as 
G  =  Rs/Rstand . 100 % (Rs and Rstand are light refl ections of the 
sample and a black glossy standard, respectively).

Spectroscopy: Fourier Transform IR (FTIR) spectro-
meter, Excalibur, DigiLab was used to measure remission 
spectra by DRIFT (Diffuse Refl ectance Infrared FT) method 
and absorption spectra by Single refl ection Diamond ATR 
technique (just ~1 µm surface layer absorption). Kubelka-
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-Munk (KM) procedure for remission DRIFT spectra was 
used to get KM function (fKM) that is proportional to absorp-
tion: fKM = (1 – R)2/2R, where R is measured remission.

Results and conclusions
Mechanical properties deteriorate the most with aging, as 

expected. Double Folds indicate less decrease with aging (to 
30–80 %) than tear parameters (to 10 %), Fig. 1. Lengthwise 
folds (machine direction, MD) decreased more than cross 
folds (CD), while all tear parameters decreased perfectly to 
the same relative values with no respect to fi ber direction, 
despite big differences in absolute values. This confi rms isot-
ropic aging rate of paper, equal character of inter-fi ber bonds 
and perfect quality of tear measurements. For aging studies 
one tear parameter is representative enough.

Fig.  1. Relative decrease of optical and mechanical parame-
ters of aged papers, uncoated – light bars, coated – dark bars,
MD – machine, CD – cross direction

Fig. 2. Comparison of DRIFT (Kubelka-Munk) and ATR ab-
sorption spectra. (DRIFT is divided by 100)

Considerable optical changes were confi rmed in white-
ness and brightness, for coated papers also in gloss, however, 
the lightness L* is changing a very little.

FTIR absorption spectra of papers differ when using 
DRIFT or Diamond ATR techniques, Fig. 2. DRIFT gives 
the information about the whole semitransparent paper 
(due to IR light scattering inside the paper). This mixed
refl ection/absorption spectrum is useful outside the regions 
of high absorption, where the internal remission exceeds 
the infl uence of gloss. Contrary, diamond ATR is sensitive 
mainly at high absorption region, because of single refl ection 
– single contact of IR wave with sample surface just to the 
depth of several microns. So it measures just coatings in the 
coated paper case.

Spectral changes cased by aging are very week compa-
ring with mechanical or optical changes. Just very precise 
and detail measurements can show some trends. Global in-
crease of DRIFT absorption with aging, Fig. 3., is not caused 
by chemical changes, but by the increase of physical surface 
(roughness) of aged papers.

Fig. 3. DRIFT Kubelka-Munk spectra of uncoated paper, 
original, aged, and two times aged
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Introduction
Mutagenesis is process in which specifi c changes in 

genome are formed. These changes comprise substitution, 
deletion or insertion in sequences of nucleotide which are 
called mutations. The induced or spontaneous mutations 
are formed by action of mutagens – it means chemical, 
physical or biological factors. The antimutagen is sub-
stance able to reduce occurrence of spontaneous or induced 
mutations.1

Humic acids belong to wide group of organic com-
pounds formed during decomposition of organic matter of 
vegetable origin. Humic acids are operationally defi ned as 
fraction of humic substances, which is not soluble under 
acidic conditions. Isolation of humic acids from natural 
sources as soil, coal or peat is based on acidifying alkaline 
extract to pH 1–2, which results in precipitation of humic 
acids2.

Structure of humic substances is composed of alkyl/
aromatic formations linked by groups of oxygen and nitro-
gen. Carboxylic acid, hydroxyls of alcohols and phenols are 
the main functional groups. Humic acids are more aromatic 
and in the H+ – exchange form are not soluble in water3.

It is well known that soil organic matter has a favor-
able effect on the physical, chemical, and biological char-
acteristics of soils. This effect is now realized to be caused
by the active components of the inorganic and humus
fraction4.

The adsorption, dispersion or emulsifi cation property 
and other attributes of humic matter attract the interest of 
medical science and the pharmaceutical industry. Using
humic matter in the pharmaceutical industry is derived 
from a number of reasons. The oldest reason comes perhaps 
from peat, which has been known for its therapeutic proper-
ties. In the modern cosmetic industry, face muds are offered 
for curing and removing old skin. These healing properties 
have been currently ascribed to humic acid, the dominant 
component of peat. The potential of use of humic acids
as antiviral, anti-infl ammatory, estrogenic, profi brinolytic 
and anti-coagulatory agents has been under serious investi-
gations4. Active substances from group made from tannins, 
catechins, humans, humic acids, gallic acids and other
components or combination two or more of these com-
ponents are used in the therapy of asymptotic infections 

of HIV and other diseases caused by retrovirus, quickly 
proceeding infections of clinical AIDS, hepatitis B and 
cancer3.

The aim of this work was the study of the potential 
genotoxic/antimutagenic effects of some preparatives of 
humic acids using two biological test systems: (i) specifi c 
yeast Saccharomyces cerevisiae D7 and (ii) a protozoon 
Euglena gracilis.

Methods
For testing of biological properties of water soluble 

sodium humate the Saccharomyces cerevisiae D7 test and 
Euglena gracilis test were used. The humates are in essence 
the salts of humic or fulvic acids. As technical grade chemi-
cals these humates are also the fertilizers4. In this work four 
different partially purifi ed samples of sodium humate were 
tested. 

In the Saccharomyces cerevisiae D7 test biological 
effects were observed as ability to inhibit the formation 
of mutant colonies (tryptophane-conversions, isoleucine-
reversions) caused by affect of standard mutagen 4-N-
nitroquinoline-N-oxide (4-NQNO). The yeast suspension 
of S. cerevisiae D7 in the logarithmic phase of growth in 
the liquid YPD medium was divided into test tubes. The 
cells were centrifugated (4500 rpm, 5 minutes, 20 °C) and 
cell sediment was washed twice by the Sörensen (phos-
phate) buffer pH 6.98. The 10 ml of the yeast suspension in 
the Sörensen buffer was infl uenced by 1% and 0.125% wa-
ter solution of sodium humate and 0.1 ml of 0.06 mg ml–1 
4-NQNO. After 20 hours of incubating at 28 °C yeasts 
cells were centrifugated and washed twice by the Sörensen 
(phosphate) buffer pH 6.98 again.

Yeast suspension (0.1 ml of 106 cells ml–1) was inocu-
lated in the selective medium without tryptophane and/or 
isoleucine. The number of the tryptophane conversions was 
evaluated after 5 days while the colonies of isoleucine re-
versions were counted after 10 days of incubation on Petri 
dishes at 28 °C.

The Euglena gracilis test was carried out with 
ofl oxacin as standard mutagen which caused reduction of 
chlorophyll absorption. Antimutagenic effect is based on 
reduction of number of white mutant colonies formed in 
the presence of ofl oxacin.

The 6 ml of culture of E. gracilis in the logarithmic 
phase of growth was affected by the same concentrations of 
water solution of sodium humate as in the S. cerevisiae D7 
test. The concentration of ofl oxacin in the 6 ml of culture 
was 430 µmol l–1. The extent of biological effect of sodium 
humate in the cells of E. gracilis was determined by mea-
suring of absorbance of chlorophylls a and b after 12 days 
of incubating cells in the presence of light (20 W). The iso-
lation of chlorophylls was carried out by extraction using 
99.5% acetone. After 1 hour extraction in the dark and at 
room temperature the absorbance of chlorophylls was mea-
sured spectrophotometrically at 663 nm (chlorophyll a) and 
645 nm (chlorophyll b). 
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Results
Using two biological test systems a pilot study of 

genotoxicity/antimutagenicity of sodium humate was ob-
served. 

In the S. cerevisiae D7 test the results were obtained by 
comparison of the number of the yeast colonies grown in 
the presence of mixture of sodium humate and the standard 
mutagen (4-NQNO) and the number of the yeast colonies 
in the Petri dish which were infl uenced with the standard 
mutagen (in the absence of sodium humate). In this test all 
used concentrations of water solutions of standard sodium 
humate led to suppression of growth of yeasts cells. Some 
slight antimutagenic effects were observed using 0.125 % 
concentration of purifi ed sodium humate preparatives. For 
future testing lower concentrations of sodium humate solu-
tions should be used.

In the E. gracilis test the biological activity of sodium 
humate was evaluated by comparison of content of chlo-
rophyll a and b in the cells after infl uence with mutagen 
and/or sodium humate with the content of chlorophylls 
in the unaffected cells. The results of the E. gracilis test 
showed that 1% sodium humate acted as powerful promu-
tagen while the 0.125% sodium humate perfomed as the 
antimutagen. The contents of both chlorophylls in the cells 
affected by 0.125% sodium humate itself (in the absence 
of mutagen) proved some effect of sodium humate on the 
cell growth. 

This work was supported by the project MSM 
0021630501 of the Czech Ministry of Education, Youth and 
Sports.
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Introduction
Recently, industrial activities have been disturbing the 

geological equilibrium of metal ions through the release of 
large quantities of toxic metal ions into the environment.

Toxic metal ions are generally released into the environ-
ment through human activities such as coal burning, trash 
incineration and industrial emission. They are usually used 
in metallurgical, pharmaceutical, chemical and petrochemi-
cal industries and in paints, electronics, batteries, dental 
materials, pesticides, fungicides, herbicides, insecticides, 
bactericides etc.

A heterogeneous photocatalytic system consists of se-
miconductor particles (photocatalyst), which are in a close 
contact with a liquid or gaseous reaction medium.

Upon exposing the catalyst to light, excited states are 
generated and these are able to initiate subsequent processes 
such as redox-reactions and molecular transformations. The 
presence of hole scavengers in the water solutions is impor-
tant. They are organic and inorganic compounds, which are 
easily oxidized in photocatalytic systems.

Theoretical part
The basic principles of heterogeneous photocatalysis 

can be summarized shortly as follows. A semiconductor (SC) 
is characterized by an electronic band structure in which 
the highest occupied energy band, called the valence band 
(vb), and the lowest empty band, called the conduction band 
(cb), are separated by a band gap (characterized by band gap 
energy, Eg), i. e. a region of forbidden energies in a perfect 
crystal. Semiconductors have typically the band gap energy 
Eg in the 1 eV – 4 eV range.

When a photon of energy higher or equal to the band 
gap energy is absorbed by a semiconductor particle, an elec-
tron from the vb is promoted to the cb with simultaneous 
generation of a hole (h+) in the vb. The ecb− and the hcb+ 
can recombine on the surface or in the bulk of the particle in
a few nanoseconds (and the energy dissipated as heat) or can 
reach particle surface where they can react with donor (D) 
or acceptor (A) species adsorbed or close to the surface of 
the particle. Thereby, subsequent anodic and cathodic redox 
reactions can be initiated.

Fig. 1. Schematic representation of the processes occurring in 
and on semiconductor particles during the photocatalytic mine-
ralization of organic molecules by oxygen
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A variety of organic molecules can be photocatalytically 
oxidized and eventually mineralized according to the follow-
ing general reaction:

organic molecule  +  O  CO2

h½  E , semiconductor

2
g≥

⎯ →⎯⎯⎯⎯⎯⎯⎯   + H O + mineral acids2

      (1)

Experimental part
In our work the photochemical oxidations of hole-sca-

vengers in aqueous solutions of silver nitrate were studied. 
The concentration of Ag+ ions was 200 mg dm–3. Organic and 
inorganic compounds were used as the hole-scavengers. We 
used easily oxidizable compounds in our photocatalytic sys-
tem, e.  g. phenol and sodium thiosulphate. Next, it is impor-
tant that the photocatalyst were present in the system. The most
widely used one is titanium dioxide (Degussa P25), which was
used in a powder form (reaction solution is in suspension with 
this TiO2). Reactions were performed in an immersionwell
bath reactor. Total volume of the suspension was 370 cm–3. 

Fig. 2. Photochemical immersion well bath reactor

Discussion
The determination of its rate constant is the most wide-

spread approach to the analysis of photochemical reactions. 
Formal fi rst-order reaction kinetics is usually applied. In this 
work, we have tried to develop a kinetic model of photoche-
mical reduction of silver ions and to describe quantitatively 
the changes of hole-scavengers concentrations.
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Introduction
The primordial study of aggregation behaviour of the 

new polysaccharides–based surfactants is presented. The 
alkyl modifi ed hyaluronic acid, prepared by CPN spol. s r. o., 
are in the forefront of our research. The unique derivative 
(Fig. 1.) has, contrary to derivatives prepared by common 
ways like esterifi cation, free carboxylic group. From this 
point we speak about amphiphilic polyelectolytes. 

Fig. 1. Derivatives presented in this study – carbamate (-NH-)

Experimental
Materials. Hydrophobized hyaluronate derivatives 

(hHA) were purchased from CPN spol. s r. o. Fluorescence 
probe pyrene was purchased from Fluka and used without 
further purifi cation. Acetone p. a. and n-heptane p. a. were 
taken from Lachema a. s. and dimethylsulfoxide SPECTRA-
NAL®, ≥  99.7% (GC) was purchased from Riedel-de-Haën. 
Sodium dodecylsulphate was purchased from Lachema a. s. 
Water was doubly distilled (Millipore). 

Instrumentation. Fluorescence spectra of pyrene in 
aqueous solution of hHA were recorded on AMINCO-Bow-
man Series 2 Spectrofl uorometer at 25 °C  ±  0.1. 

Results and discussion
Fluorescence measurement, pyrene 1  :  3 ratio method 

(Py1:3), is widely used and well defi ned method1 for deter-
mination of the critical micelle concentration (CMC). As 
“1” is meant band with maximum around 372 nm of pyrene 
emission spectra and “3” is band localized closely to 383 nm 
at the same spectra. Dependence of 1 : 3 ratio on logarithm of 
concentration is described by a decreasing Boltzman’s S-type 
curve. This curve is four-parametric (Eq. 1)
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where a is equal to maximum, b to minimum, ∆x to gra-
dient and from its infl ex point, located at x0, is determined the 
CMC directly or as a lower limit for defi nition of the CMC 
range. Upper limit can be then taken from dependence of the 
excimer-to-monomer ratio, E : M (maximum of excimer fl u-
orescence is around 470 nm) or of the fl uorescence intensity 
(F) on logarithm of concentration. 

First dependence of Py1:3 on macroscopic relative 
permittivity ( εr

M ) of probe environment was determined. 
Acetone ( εr

M =  20.7) and n-heptane ( εr
M =  1.91) were chosen 

in different volume fraction as a model system. Expected 
decreasing of Py1:3 with decreasing εr

M  were observed 
(1 : 3  =  0.037 εr

M +  0.4569; R2  =  0.996). For pure acetone
Py1:3 value was found equal to 1.22 and for n-heptane
to 0.53. 

Behavior of pyrene fl uorescence spectra in micellar sys-
tem was tested on sodium dodecylsulphate SDS in the aque-
ous solution. Expected jump-change in the dependence of 
Py1:3 on the logarithm of concentration was observed and was 
resolved  with S-curve. Literature value for CMC of SDS is 
reported2 to be around 8.0 mM at 25 °C. From our measure-
ment CMC value was determined around 1 mM (1.08 mM). 
For verifying this value CMC was evaluated also from the 
dependence of fl uorescence intensity on the logarithm of con-
centration. It was found nearby 1 mM too (1.32 mM). 

As model derivatives of hyaluronic acid is presented 
DEC–NH–HA (DEC…C10; –NH–…carbamate bridge; 
HA…hyaluronic acid) where alkyl chain is C10 with substitu-
tion degree (SD), determined from 1H NMR measurement, 
10, 30, 50, 70 % and molecular weight, determined from 
light-scattering measurements, 134  000 g mol–1. From lyo-
philized samples stock solution was prepared in concentra-
tion 2 g l–1. From this stock concentration sets were diluted 
to fl ask with constant contents of pyrene evaporated from its 
stock solution. After 24 h standing at laboratory temperature 
the fl uorescence spectra were recorded. The fi rst and third 
vibronic bands were taken and 1 :  3 ratio plotted against the 
logarithm of hHA concentration. Data were fi tted with the 
Boltzmann’s S-type curve using “Resolver” function of MS-
Excel and sum of squared deviations as the criterion. CMC 
was taken as x0 parameter of the model.

It is predictable that CMC’s of hHAs, with the same 
alkyl chain type and molecular weight , is depending on 
their SD. Four hHAs, with M  =  134  000 g mol-1, -NH- type 
and C10, substituted to 10, 30, 50, and 70 % respectively are 
shown in Fig.  2. We can observe decreasing tendency of 
CMC with increasing SD. This is in agreement with predic-
tion that hHA including more side alkyl chains is less soluble 
than hHA with smaller SD.

Value of the Py1:3 at concentration above CMC gives 
evidence about quality of interior environment of a domain 
formed by hHA. The limiting concentration value of Py1:3 

(~1.2 g l–1), directed by solubility of hHA, is changing with 
the SD value (Fig. 3.). The lowest value of Py1:3 was obtained 
for the hHA with SD 50 %. These values are above the value 
for pure n-heptane. 

Fig. 3. Dependence of the limiting value of Py1:3 on SD for C10 
derivatives 

Conclusion
The hydrophobized derivatives of hyaluronate make 

in water solution micelle-like hydrophobic domains. These
domains have interior relative dielectric constant lower
than 11. This value is higher than value in pure hydrocarbons, 
so it is possible that domain contains polar groups which 
changing microenvironment properties of domain core.

Fluorescence spectroscopy looks useable for determina-
tion of CMC in the water solution of hHA. The best way, how 
to determine CMC and interior properties of hydrophobic do-
main, seems the Py1:3 ratio method.
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Introduction
Gelatin layers have very low oxygen permeability. 

Therefore they can be used as barrier layers in food packing 
industry. However, they are soluble in warm water, what is 
considerable defi ciency for using such surfaces. Gelatin has 
the same structure as collagen, they are both α-amino acids 
bonded in peptide chain1.

Side groups of molecules allow coating the chemical 
cross-linking. So gelatin can be kept at higher temperatures
than its melting point. Beside those advantages, gelatin has
some disadvantages which include brittleness by low moisture
and the layer has tendency to wave by wrong application1.

The modifi cation of gelatin is a way how to overcome 
this problem. Electron beam curing or UV exposure are 
possible ways how to cross-link the modifi ed gelatin2. By the 
function modifi cation of gelatin with glycidyl acrylate and 
glycidyl methacrylate Koepff, Brauner and Babel prepared 
biological degradable, water resistant polymeric material 
with defi ned composition and properties suitable to packing 
materials production such as foils and fi lms. Acrylic and met-
hacrylic groups are able to cross-link and curing of coating 
takes place. The properties of treated materials is possible to 
adapt to their usage according to reaction conditions.

In this study, gelatin derivates3 have been prepared by 
the chemical reaction of gelatin and glycidyl methacrylate 
(GMA), which posses functional groups able to UV cure by 
short expositions.

Experiment
M a t e r i a l s

Gelatin, glycidyl methacrylate (Merck, Germany), so-
dium hydroxide (Lachema, Brno), sulphuric acid (Lachema, 
Brno), initiator Irgacure 2959 (Ciba, Switzerland) and KBr 
were used as received.

M e t h o d s
Preparation of gelatin derivates

100 g of gelatin was solved in 900 ml of distilled water 
by strirring at 50 °C. pH of dissolved gelatin was changed to 
8.5 by 1M NaOH. 4.45 ml of glycidyl methacrylate (GMA) 
was added after changing pH. The solution was allowed to 
proceed for 1 h at 50 °C and neutralized to pH 7 by 1M H2SO4 
fi nally. Gelatin without changing its pH was also prepared.

I n s t r u m e n t a t i o n
The gelatine systems were studied by FTIR spectrome-

ter, EXCALIBUR, FTS 3000 MX (DIGILAB, USA), set in 

transmission mode. Spectrum of GMA was obtained using 
KBr pellet technique. Gelatinous systems were measured 
on aluminium plates by single refl ection technique. The 
infl uences of exposure on modifi cation of fi lm barrier pro-
perties were investigated. Observation of curing process was 
carried out by discontinuous UV exposition and taking the 
spectrum in the cut-off time. Coated samples were cured by 
medium pressure mercury UV lamp at exposure intensity of 
12 mW cm–2 and power of 250 W.

To study the surface hydrophility contact angle mea-
surements and the swelling method by Dogatkin were used. 
Dogatkin method includes measuring the volume of absorbed 
distilled water Q in ml g–1 (at 20 °C) by a dry sample in the 
time range from 1 to 45 minutes. Systems with 1 % of initi-
ator Irgacure 2959 were exposed for 1 hour and their barrier 
properties were investigated also.

Refl ex goniometer Contact Angle Meter, Kernco Instru-
ments (USA) was used for acquisition the contact angle. The 
angle was taken 15–20 seconds after the drop of water was 
applied to the coated support.

The printability properties of coated foil by black-ink 
were determined and the humidity resistance of such samples 
was also evaluated. To study thin polymerous layers used as 
receiving medium in ink-jet printing the ink affi nity to the 
layer is needed to quantify4. The concrete fractal analysis 
is talked about here. The most important are the parameters 
fractal measure K and fractal dimension D, from which 
percent dot area after printing are easy to calculate5. Box 
Counting method was chosen for the fractal analysis. In spite 
of densitometry this method doesn’t need the calibration and 
references values for the percent dot area calculations4. The 
disadvantage is masking the picture before analysis5. Squa-
res were printed with the percent dot area in the range from 
0 to 100 % on the coated plastic foils. Printer HEWLETT 
PACKARD 970CX1 with the 400 dpi resolution was used. 
Consequently the foils were scanned on the CANON FS 
4000. Obtained pictures were cut into individual squares in 
Photoshop, expanded to format 800 × 800 pixels and saved 
as tiff fi les without compression. Level of masking for 50 % 
dot area was assigned and associated to the value of 148 in 
program HarFA4 to separate the tones to white and black and. 
The real percent dot area was calculated in Excell. Finally 
density of all squares was verifi ed on densitometer MEO-
DENZI TDR 04. Thicker foils in the format A6 were used 
for this purpose.

The infl uence of moist environment on printed material 
was simulated. Printed foils in the size 3.5  ×  8.0 cm were 
wrapped with wet fi ltration paper and weighted with 1 kg to 
17 hours. Resistance printed exposed (0.5 h) foils were tested 
also. The samples were scanned, the percent dot area was 
obtained as mentioned above and the density for all squares 
was measured.

Results and discussion
The FTIR spectra of GMA, modifi ed gelatins and raw 

gelatin are shown in Fig. 1. GMA peak at 908 cm–1 respon-
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ded to asymmetric valence vibration of epoxy group. Two 
absorption peaks at 1640 cm–1 (stretching vibrations) and 
810 cm–1 (twist vibrations) are used for identifi cation double 
bonds. It is impossible to observe the peak at 1640 cm–1 be-
cause of strong band of raw gelatin in this region. If the peaks 
at 810 cm–1 in the spectra of modifi ed gelatins belonged to 
the rest of GMA, the peak at 908 cm–1 would occur also, 
which is stronger than fi rst mentioned. This fact shows suc-
cessful modifi cation. It is assumed that the very small peak at 
810 cm–1 is due to low content of double bonds inbuilt during 
the reaction.

Fig. 1. FTIR spectra of raw gelatin (1), MZ1 (2), MZ2 (3) and 
GMA (4) (Table I)

Table I
Used shortcuts

 Shortcut Description

 Z raw gelatin
 MZ1 modifi ed gelatin with adjusting pH
 MZ2 modifi ed gelatin without adjusting pH
 I initiator Irgacure 2959

The penetration results were characterized by exponen-
tial relation in form Q = Qmax (1 –  e–k. t). It is evident that within 
the modifi cation of gelatin the swelling degree decreases (Fig. 2.). 
Considerable decrease was found when the modifi ed gelatin prepa-
red according Koepff, Brauner and Babel (MZ1) was used, and 
Qmax declined through 18 %.  Swelling degree Q of both modifi ed 
gelatins was stabilized at Qmax 9 ml g–1 for the sample MZ1 
(Fig. 3.) and at 7 ml g–1 for the sample MZ2 (Fig. 3.) after UV 
exposure. Decrease of the swelling degree confi rms curing 
termination and the modifi cation of gelatin.

Curing of foils should be established with contact angle 
measurements accordingly. Changing of hydrophility was 
signifi cant. Hence the water as measuring liquid was suffi ci-
ent for this purpose. Expected decrease of contact angle was 
not performed after exposure. Surprisingly, all three systems 

appeared to be hydrophilic (Table II). The UV exposure 
caused decrease of contact angle. Some portion of water 
could be evaporated from the layer during the exposure. 
Water-evaporation changed the measurement conditions, 
what sometimes caused troubles by spectra identifi cation. We 
have decided not to measure C  =  C bonds, because of false 
absorption bonds.

Fig. 2. Swelling degree of three different saples as a function 
of time

Fig. 3. Swelling degree of two different compositions as a func-
tion of time after 1 hour exposition, (Table I, unexposed sample 
– 0, exposed sample – exp)

Table II
Results of contact angle before the exposition (θo) and after 1 
hour the exposition (θe)

 Composition Contact angle
  θo [°] θe [°]

 Z + I 86 21
 MZ1  +  I 73 34
 MZ2  +  I 79 41

Printability properties of the samples have been evalua-
ted using fractal analysis method and density measurements. 
In general, gelatin is relatively good printable (Fig. 4., 5.), 
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the squares had sharp edges and uniform percent dot area. 
The best agreement between theoretic and real percent dot 
area was found for modifi ed gelatins, without the infl uence of 
pH during preparation of modifi ed gelatin. Average deviation 
moves in the range from 0.1 to 4 %. Ink-jet ink fi xes well on 
the prepared layers (Fig. 6.). There is no remarkable leakage 
of ink after the 17 hour resistance test. UV exposure didn’t 
infl uence a lot the resistance of substrates toward water. The 
greatest decrease in density, from 2.02 to 1.51, is observed for 
the sample MZ2 at 100 % square (Fig. 7.).

Fig. 4. Printed foil coated with composition Z + I 

Fig. 6. Printed foil coated with composition MZ2 + 2, a) imme-
diately after printing, b) after resistance test, c) after exposure 
and resistance test

Conclusion
Gelatin has been modifi ed by GMA and characte-

rized by FTIR spectroscopy. Sensitized compositions have 
been prepared containing modifi ed gelatin and initiator Ir-
gacure 2959. Effect of medium pressure mercury UV lamp 
has been investigated by the properties of thin layer. UV 
exposition leads to considerable lower swelling degree of 
compositions and doesn’t affect the resistance of printed 
substrates to water.

Fig. 7. Densities of printed foil coated by composition MZ2  +  I, 
Da – immediately after printing, Db – after resistance test,
Dc – after exposure and resistance test

We thank the Slovak Grant Agency VEGA (project 
VEGA 1/2454/05) and Science and Technology Assistance 
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Introduction
Sol-gel method was used for the preparation of photoca-

talytic hybrid layers consistig of two inorganic components 
(TiO2 and SiO2) and one organic component (polydimethyl-
siloxane). TiO2 causes photocatalytic activity, SiO2 increases 
the resistance against corrosive environment, and polydime-
thylsiloxane (PDMS) guarantees good adhesion of the fi lms 
on the substrate and facilitates the formation of crack-free 
coatings. The present paper describes the infl uence of the 
amount of inorganic components, namely TiO2 and SiO2, on 
the properties of the resulting hybrid layers.

Experimental
M a t e r i a l s

Polydimethylsiloxane (PDMS, mol. wt.  =  550, Sigma-
-Aldrich Chemie), tetraethoxysilan (TEOS, 98%, Fluka Che-
mie) and titaniumisopropoxide (TiP, Sigma-Aldrich Chemie) 
were used as the starting inorganic and organic compounds; 
tetrahydrofuran (THF, p. a.), isopropanol (IPA, p. a) and ace-
tylacetone (AcAc, p. a.) served as solvents; hydrochloric acid 
(HCl, 36%) was used as a catalyst.

P r e p a r a t i o n
The sols with various molar ratio of TiO2/PDMS and 

SiO2/PDMS were prepared. The molar ratio PDMS/H2O/HCl 
was fi xed at 0.5/0.9/0.15. The simple principle of the prepara-
tion of hybrid materials consisting TiO2/SiO2/PDMS was fol-
lowing: one third of the total amount of solvents was mixed 
with the PDMS, TEOS and TiP. Then, the solution was ho-
mogenized for about 2 hours. After that, the rest of solvents, 
demineralised water and hydrochloric acid were added. The 
solution was coated on the glass substrate (microscope slides; 
25.4 mm  ×  76.2 mm, thickness: 1–1.2 mm) after 24 hours of 
stirring by dip coating method. Finally, the coated substrate 
was dried (30 min. at the room temperature) and burned out 
(250–400 °C).

C h a r a c t e r i z a t i o n
The following measurements were chosen to demon-

strate that the given expectations were fulfi led: measurement 
of photocatalytic activity (static tests in water solution of 
methylene blue), measurement of chemical resistance (corro-
sion of the layers in water – optical microscopy), and meas-
urement of thickness of the layers (SEM analysis, Talystep, 
spectrometer Avaspec-2048-2).

Results and discussion
The thickness of the layers ranged from 0.2 to 1.2 µm, 

depending on the burning temperature (Table I) and on the 
composition of the layers (Table II). 

Table I
The infl uence of heat treatment on the thickness of layers 
with molar ratio of precursors Ti/Si/PDMS=1/1/0.5

 Heat treatment [°C] Thickness [nm]

 250 1250
 300 1100
 350 990
 400 800

Table II
The infl uence of molar ratio of Ti/Si/PDMS on the thickness 
of layers

 Molar ratio Ti/Si/PDMS Thickness [nm]

 1/0/0.5 200
 1/0.25/0.5 550
 1/0.5/0.5 800
 1/1/0.5 990

The infl uence of amount TiO2 on the photocatalytic acti-
vity of layers is shown in Fig. 1. The molar ratio SiO2/PDMS 
was fi xed at 1/0.5, the molar ratio TiO2/PDMS was changed. 

Fig. 1. The infl uence of amount TiO2 on the photocatalytic 
activity
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The results indicated that the decrease of concentration of 
methylene blue was nearly the same for the molar ratios 
TiO2/PDMS  =  1/0.5 and 0.5/0.5. In the case of molar ratio 
TiO2/PDMS  =  0.25/0.5 the degradation rate was lower and 
for the ratio TiO2/PDMS=0.1/0.5 was almost negligible.

The images a), b) and c) in Fig. 2. show the layers with 
molar ratio TiO2/SiO2/PDMS=1/1/0.5 after 8 hours exposi-
tion in water at 85 °C. The heat treatment of samples was a) 
250 °C, b) 350 °C and c) 450 °C. The layer burned at 250 °C 
was dissolved after 8 hours (Fig. 2a)) and this was visible by 
naked eyes. The amount of cracks on the surface was lower 
in the case of layer burned out at 450 °C (Fig. 2c)). It means 
that the higher burning temperature the better resistance of 
the layers against corrosive environment. 

Fig. 3a), b) and c) describe surface of layers with molar 
ratio TiO2/SiO2/PDMS  =  1/0.5/0.5 burned at 350 °C a, b) 
and 450 °C c). The image a) shows the layer which was not 
exposed. The other surfaces b, c) are depicted after 8 hours 
exposition in water at 85 °C. The layer b) was dissolved after 
8 hours exposition (It was detected by naked eyes). From the 
comparison of Fig. 2b)–3b) and Fig. 2c) and 3c) we can con-
clude that the lower amount of SiO2 in the layer results in the 
decrease of chemical resistance.

This research was supported by the Ministry of Educa-
tion, Youth and Sports of the Czech Republic (project number 
1M4531477201). 

a b c 
Fig. 2. The surface of hybrid layers with molar ratio Ti/Si/PDMS  =  1/1/0.5 after 8 hour exposition in water at 85°C. The heat
treatment of samples was 250 °C a); 350 °C b) and 450 °C c)

a b c
Fig. 3. The surface of hybrid layers with molar ratio Ti/Si/PDMS  =  1/0.5/0.5 burned out at 350 °C (a; b) and 450 °C (c) 
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Introduction
Cyclopropyl derivatives of enamines are often used in 

synthesis of biologically active heterocyclic compounds1,2. 
Their reactivity and stereochemistry of reaction is strongly 
dependent on the nature of electron donor and acceptor sub-
stituents on double C  =  C bond and polarity of environment3. 
In our study we have investigated the infl uence of the polarity 
of environment on the structure and conformational behavior 
of two cyclopropyl enamines 3-cyclopropyl-2-acetylprope-
nenitrile and 3-cyclopropyl-2-methylsulfonyl-propenenitrile 
differing by one from the electron acceptor groups. The infra-
red and NMR experiments has been supported by theoretical 
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DFT calculations performed in gas phase and also in polar 
environment.

Experimental
The synthesis of both samples was performed by similar 

way from ethoxy derivatives of appropriate reactant by re-
placement of ethoxy group with secondary amino group: 
CpNH2  +  H5C2–O–CH  =  C(CN)Y → CpNH–CH  =  C(CN)
Y  +  C2H5OH where Y is –COCH3 or –SO2CH3 group and Cp 
is cyclopropyl.

The 1H and 13C NMR spectra were collected on a Varian 
VXR-300 spectrometer at room temperature in DMSO and 
CDCl3. Mid IR spectra were recorded on Nicolet model NE-
XUS 470 FTIR spectrometer in solid phase and in solutions 
of acetonitrile and chloroform at ambient temperature. The 
IR spectra at various temperatures in acetonitrile were recor-
ded using standard variable temperature cell Specac equip-
ped with KBr windows. All theoretical calculations were run 
in GAUSSIAN03 program on DFT level with B3LYP functi-
onal and standard 6-31G** basis set. Polarizable continuum 
model was employed to include the solvent effects into the 
calculations.

Results and discussion
Although the synthesis of both compounds started from 

E-isomers of appropriate reactants the E-isomer of CPACS 
and Z-isomer of CPACA (fi rst letter in marking) were obtai-

ned as it was confi rmed by NMR spectroscopy according to 
3JH-CN coupling constants (Fig. 1.) [4]. It implies that during 
the preparation lead in the polar methanol solution the C=C 
double bond in CPACA polarizes to such an extent that the 
rotation about it can occur. Consequently, the formation of 
the most stable ZZa conformer which contains an intramole-
cular hydrogen bond between the acetyl and secondary amino 
group is preferred. According to the theoretical calculations 
it is the most stable arrangement for this molecule. Although 
there is the possibility to form two other conformers by 
rotation about C-N (ZZs) and C-CO bond (ZEa) both have 
very high relative energies with respect to ZZa conformer
(Table I). The highly polar environment evidently decreases 
the rotational barrier about C  =  C bond causing partial iso-
merisation as it is seen from 1H NMR spectrum in DMSO 
compared with those in CDCl3 at Fig. 2. In acetonitrile solu-
tion a new weak band at 1620 cm–1 was observed in infrared 
spectrum after several minutes which did not appeared in less 
polar chloroform. This fact confi rmed that polar environs 
causes large polarization of C  =  C bond and reduces the mul-
tiple character of this bond.

Table I
Calculated DFT relative energies and dipole moments of 
possible conformers and isomers of CPACA and CPACS

 Conformer E [kJ mol–1] µ D

 CPACA
 ZZa 0.00 5.11
 ZZs 49.35 5.24
 ZEa 57.78 9.59
 EZa 16.01 4.54
 EZs 26.68 4.75
 EEa 35.23 8.37
 EEs 49.65 8.52
 CPACS
 Zaa 0.00 6.34
 Zas 0.45 6.53
 Zs 36.07 4.54
 Eaa 3.87 6.55
 Eas 4.14 6.65
 Esa 12.30 6.42
 Ess 12.84 6.63

As we have calculated the more stable structure for 
CPACS is Zaa conformer with dipole moment 6.34 D simi-
larly as in the case of CPACA. But maybe due to starting 
compound as well as synthetic conditions the E-isomer was 
obtained. E-CPACS can exist in two different conformations 
syn or anti according to the orientation of cyclopropyl to-
wards or out from C  =  C bond (marked by second letter). The 
more stable is anti conformer with calculated dipole moment 
6.55 D which should crystallize in solid phase. In acetonitrile 
solution we have observed in infrared spectrum new strong 
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band positioned at 1613 cm–1 which was assigned to C  =  C 
stretching frequency of syn conformer (Fig. 3.) and its in-
tensity increased with increasing temperature. The enthalpy 
difference between these conformers calculated in gas phase 
is 8.43 kJ mol–1. Taken into account preferable anticlinal 
arrangement of sulfonyl group5 for all E-isomers of CPACS 
there is also another possibility to form the conformations 
arising from the mutual position of cyclopropyl and methyl 
group bound with sulfonyl. These can be also in anti or syn 
position (denoted by last s or a letter) but the calculated 
enthalpy difference between such structures is very small, 
less than 1 kJ mol–1. Such small difference should not be

observed by NMR spectroscopy but our measurements revea-
led two different E-conformers of studied compound because 
of similar 3JH-CN coupling constant (Fig. 1.). The amount of 
less stable syn conformer evidently increases with increasing 
polarity of solvent (Fig. 2.).

Conclusions
We have found that in polar solutions partial conversion 

around =  C–N bond from anti to syn conformer of CPACS 
occurs. Calculated enthalpy difference between the syn and 
anti CPACS in acetonitrile is 1.65 kJ mol–1 while the expe-
rimental value obtained from IR temperature measurements 
is ~ 1 kJ mol–1. The most stable conformer of CPACA is that 
with intramolecular hydrogen bond between the carbonyl and 
amino group and with dipole moment 6.34 D. Probably due 
to signifi cant lowering of rotational barrier around polarized 
C  =  C bond, the more favorable for this molecule in polar 
solutions is isomeric interconversion.

We thank Slovak Grant Agency (Projects VEGA/1/0052/
03 and VEGA/1/0058/03) for its fi nancial support and the 
IBM Slovakia for computing facilities.

REFERENCES
 1. Dyke S. F.: The Chemistry of Enamines. Cambridge 

University Press, London 1973.
 2. Rajappa S.: Tetrahedron 55, 7065 (1999).
 3. Pappalardo R. R., Sanchez Marcos E., Ruiz-López 

M. F., Rinaldi D., Rivail J.-L.: J. Phys. Org. Chem. 4, 
141 (1991).

 4. Gatial A., Sklenák Š., Milata V., Klaeboe P., Biskupič S., 
Scheller D., Jurašková J.: Struct. Chem. 7, 17 (1996).

 5. Oelichmann H.-J., Bougeard D., Schrader B.: J. Mol. 
Struct. 77, 179 (1981).

P30 CHEMICAL PROPERTIES OF HUMIC ACIDS 
ISOLATED FROM ARABLE SOILS.
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Introduction
Humic acids, the main component of soil organic matter, 

refl ect intensity of soil cultivation and their chemical proper-
ties are very useful for evaluation of soil quality. Agricultural 
and ecological role of humic acids (HAs) results not only 
from their presents in soils, but also affect physical and 
chemical soil properties and dynamic of soil organic matter. 
Their specifi c structure contained a number of functional 
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groups such as carboxyl, phenolic, amidic and others which 
are very active in interacting with organic and mineral com-
ponent in the soil and can act as scavengers for various kind 
of soil contaminants1. One of the main criteria characterising 
HAs of various kind is their absorbance (465 nm–665 nm) 
and value of coloured quotient (E1/6). It was found out that 
absorbance of humate solutions in the UV-VIS ranges incre-
ases with the carbon content in the HAs molecules. Coloured 
quotient positively correlated with H/C ratio and negatively 
with ratio O/H (calculated from elemental composition). Ku-
mada3 determined maturity of HAs on the basic of the delta 
log K parameter value and classifi ed HAs into three basic 
categories according to their UV-VIS range. Type A includes 
HAs of very high humifi cation degree (delta log K up to 0.6). 
Type B includes HAs with delta log K within the range 0.6 to 
0.8. Type Rp comprising of HAs with delta log K parameter 
ranging 0.8 to 1.1. 

FTIR spectra has been widely used for characterising 
chemical composition of HAs, content and nature of func-
tional group (e. g. carboxylic, phenolic) and also for spatial 
arrangement of functional group (Stevenson, 1982).

The objective of this study was to isolate preparation of 
HAs from arable soil (Eutric Cambisol). We also aimed our 
study at evaluation of their chemical properties (elemental 
composition and optical properties). 

Material and methods
Our study is a part of a larger investigation on the che-

mical, physical and biological soil properties under different 
type of land use. Long-term fi eld experiments at Vatín in 
the Czech–Moravian Highland have been started in autumn 
1998. Soil type was classifi ed according to the FAO system 
as Eutric Cambisol. Soil samples were collected from the 
humic horizon (0–20 cm). 

Humus content was determined according to Walkley–
Black method (modifi cation Novák–Pelíšek, In: Jandák, 
2003).

Isolation of HA preparation was made according to the 
IHSS method (Hayes, 1985). Elemental composition was 
determined using the elementary micro-analyser EA 1108 
Carlo Erba, Italy. 

Optical density (UV-VIS spectra) was measured ac-
cording to the standard IHSS method using UNICAM 8625

UV/VIS spectrometer within the range 400  nm–665  nm.
Ratio E1/6 was calculated according to Kumada3. Ratio Q 
4/6 was calculated according to Orlov4.

FTIR spectra were obtained using the diffuse refl ection 
spectroscopic method (the powder sample is mixed with KBr 
and briguetted into a pellet). Also attenuated total refl ection 
(ATR) method was used. The last is popular not only in FTIR 
but also in conventional dispersive IR. This is because it is 
not necessary to chemically treat, or machine, the samples. 
We used FT-IR spectrometer FTS165 Bio-Rad, laboratories 
GmbH (München). All data were statistically calculated 
using t-test, A-nova.

Results and discussion
The aim of our study was focused on to chemical chara-

cterisation HAs isolated from arable land (Eutric Cambisol). 
Special attention was given to the isolation of HAs prepara-
tion according to the IHSS method.

Results of elemental composition and atomic ratios 
are typical for this soil type (Table I). Carbon content was 
assed as low, oxygen and hydrogen content was high. The 
maturity and dominant processes in HAs molecule given by 
the atomic ratios (H/C, O/C, C/N, C/H) showed high C/N 
ratio and low H/C ratio. Correlation between H/C and O/C 
showed also high stability. Molecular mass and maturity of 

Table I
Elemental Composition of Humic acids isolated from  Eutric cambisol

  C H N O C : H O : C C : N H : C
  [%] [%] [%] [%]

 HAs 36.2 41.6 2.4 19.54 0.9 0.54 15.1 1.15
  35.8 43.2 2.52 19 0.83 0.53 14.21 1.21
  36.2 41 2.5 18.8 0.9 0.52 14.48 1.13
 AVERAGE 36.0667 41.933 2.47333 19.1133 0.87667 0.53 14.5967 1.16333
 SDEV 0.18856 0.92856 0.05249 0.31255 0.033 0.00816 0.37259 0.03399
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Fig. 1. UV-VIS spectra of humic acids isolated from Eutric 
Cambisols
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HAs was high as well as condensation degree and content of
aromatic groups. Maturity of HAs on the basic of the 
delta log K parameter value according to Kumada (1987) 
performed type A (delta log K up to 0,6). UV-VIS spectra
(Fig. 1.) may be an indicator of the extent of humifi cation 
degree as well. We used optical parameters suggested 
by Orlov (1985) and Q4/6 is more than 4. According to
Kumada (1987) quotient E1/6 varies from 8–10. UV-VIS 
optical density curve suggested high stability of HAs and 
middle humifi cation degree. Optical properties are in good 
agreement with the results of elementary analysis and
literature. Linear correlation between elemental composi-
tion and optical properties was found (Table II). Position
in Van Krevelen diagram indicates that dehydrogenation
and demethylation processes are dominating in the HAs
molecule and their tendency to mineralisation is not
signifi cant.

Table II
Linear correlation between chemical and optical properties of  
Humic acids isolated from eutric cambisols

  C [%] E1/6 COOH H/C

 C (%) 1   
 E1/6 0.7624 1  
 Cooh –0.8003 –0.7828 1 
 H/C –0.9945 –0.6991 0.7472 1

FTIR spectra (Fig. 2.) indicate bands at 3360–50 cm–1 
for the O-H various groups, bands at about 2920 cm–1 for 
the aliphatic groups and bands at about 1700–1720 cm–1 

for the carboxylic groups. The intense band at 1650–
1655 cm–1 is for the carboxylate and amide (I) groups. 
Band at about 1100 cm–1 is for the SO3H vibration. Peaks at
1040–1030 cm–1 are for the polysacharide chains and 
1226–1220 cm–1 O-H and C-O vibration of various ether and 
alcoholic groups.

Fig. 2. FT-IR Spectra of humic acids isolated from Eutric 
Cambisols

Conclusions
Humic acids isolated from Eutric Cambisols performed 

preparation of high aromaticity, condensation degree, stabi-
lity and not signifi cant tendency to mineralisation. Elemental 
analysis showed less content of carbon, more hydrogen and 
oxygen. UV-VIS spectra suggested high stability and middle 
humifi cation degree. Maturity according to Kumada (1987) 
performed type B. FTIR spectra indicated the involvement 
of oxygen (carboxylic), nitrogen (amide) and SO3H func-
tional groups. Experimental results showed possibilities of 
evaluation soil organic matter quality and thus quality of soil 
environment.
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P31 STUDY OF DISSOCIATION MATTERS
IN DIAPHRAGM DISCHARGE IN LIQUIDS
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Introduction
The discharges generated in liquids have been a subject 

of an intensive research during a few last years. The proces-
ses taking place in such discharges are applied in fi elds of 
water treatment1–5, destruction of various organic pollutants 
dissolved in water6, surface treatment of polymeric fi bres7 
and in specifi c reactions in the liquid phase. The common 
discharge confi gurations are point-to plane1,2 and coaxial3, 
several experiments were done in diaphragm (electrode-
-less) confi guration4. During almost all of these experiments,
a pulsed high voltage in the range from about 10 to 20 kV 
was used to create the discharge. The present contribution 
focuses on the diaphragm discharge created using the non-
-pulsed DC high voltage, which could be lower than in the 
case of the pulsed high voltage (only about 2 kV)5. Various
active species are produced by such discharge (hydroxyl 
radicals, hydrogen and oxygen radicals, hydrogen peroxide 
etc.)2.
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Experimental setup
The batch discharge reactor (Fig. 1.) divided into two 

parts is used in this experiment8. The experimental device 
uses the diaphragm discharge with an applied non-pulsed DC 
voltage from 1.4 to 2.8 kV. The stainless steel electrodes in 
the distance of 2 cm from the diaphragm (PET, thickness of 
0.25 mm) are used. To protect the experimental medium from 
the heat caused by the discharge, two cooling boxes are in-
stalled in both parts of the reactor. NaCl, Na2HPO4  .  12H2O, 
KHCO3 and LiNO3 electrolytes are dissolved in deminerali-
zed water used to obtain the defi ned conductivity (the opti-
mum is 300–700 µS cm–1) of the solution.

Fig. 1. A scheme of the discharge reactor: 1 – dielectric dia-
phragm, 2 – positive electrode (anode), 3 – negative electrode  
(cathode), 4 – quartz fi ber, 5, 6 – cooling boxes, 7, 8 – stirrers,
9 – safety switch, 10 – cap

During all experiments, the pin-hole (with the initial di-
ameter of 0.4 mm) is altered by the discharge. Its diameter is 
enlarged by the discharge and the pin-hole becomes slightly 
irregular in its shape. Due to these effects, the discharge also 
burns irregularly, and therefore a longer integration time is 
necessary to use for measuring the emission spectra.

Results and discussion
The emission spectra of the diaphragm discharge were 

observed during the experiments. The relative OH integral 
intensity from the range of 306.5–318.0 nm as a quantitative 
parameter of the diaphragm discharge was calculated for 
each measurement and plotted as a function of the discharge 
conditions. The spectroscopic observations were done in se-
lected electrolytes at different initial conductivities (400 and 
550 µS cm–1).

The infl uence of the applied voltage was measured in 
the solution of KHCO3 (the concentration of 4.0 mmol l–1). 
The measurements were done at six different voltages. As it 
can be seen from Fig. 2., the line intensities are near to the 
noise level at the lower voltage (1.40 and 1.75 kV). At the 
higher voltage, the intensities of both kalium resonance lines 
increase proportionally with the increasing applied voltage. 

On this basis, the tension of 2.80 kV was used in all the fol-
lowing experiments.

Fig. 2. Dependence of the potassium resonance lines intensities 
on the wavelength for the different applied voltages 

The solution conductivity is not constant during the dis-
charge. Water solutions of LiNO3 with the initial conductivity 
of 400–1100 µS cm–1 were used to study this effect. The con-
ductivity increases directly proportional to the initial concen-
tration with a different slope in each part of the reactor (see 
Fig. 3.). The conductivity increase is caused by the chemical 
active species (radicals, ions etc.) produced by the discharge 
in the liquid phase and also by the involved metallic traces 
(Fe and Cr ions) from the high voltage electrodes8.

Fig. 3. Conductivity dependence [µS cm–1] on the LiNO3 con-
centration after 5 minutes of the discharge in both discharge 
polarities

The main part of the experiment was focused on the 
study of the spectral intensities as a function of concen-
trations of various salts. The intensities of the hydrogen
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lines as well as the integral intensity of the OH radicals
are independent of the salt concentration. No signifi cant
dependence of their intensities on the salt type was ob-
served.

The resonance line intensities of the alkaline elements 
(Fig. 4., 5.) are more or less directly proportional to their con-
centrations in the solution. The direct comparison of different 
electrolytes containing the same alkaline element is at present 
impossible due to technical experimental problems and it is 
planned for the near future.

Fig. 4. Dependence of the K emission intensities (766.48 and 
769.89 nm) on the KHCO3 concentration at the applied voltage 
of 2.8 kV

Fig. 5. Dependence of the Na emission intensities (766.48 and 
769.89 nm) on the NaCl and Na2HPO4 12H2O concentration at 
the applied voltage of 2.8 kV

Conclusions
This work is focused on optical observations of the DC 

non-pulsed diaphragm discharge in the liquid phase. The 
contribution describes the results obtained by the optical 
emission spectroscopy during the discharge treatment in wa-
ter solutions of various alkaline metal salts. The dependence 
of the emission intensity of hydroxyl radicals, atomic H and 
resonance spectral lines of the used alkaline metals on the salt 
concentration was studied. 

The emission intensities of H and OH are independent 
of the concentration solutions, while the intensity of alkaline 
metals resonance lines are dependent more or less linearly on 
the salt concentration.

These results show that the DC diaphragm discharge can 
be applied as an alternative source for the atomic emission 
spectroscopy. A very similar method was recently patented 
independently of our observations9,10.

This work was supported by the Grant Agency of the 
Czech Republic, contract No. 202/03/H162.
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Selenium trioxide reacts with 1,4-dioxane explosively at 
ambient temperature, but the donor-acceptor compound Se-
O3·C4H8O2 can be isolated from the reaction when carried out 
at low temperature1–3. During the formation of this adduct, 
several other by-products were observed and isolated, among 
others the cyclic Se3O7·2C4H8O2, containing selenium atoms 
in oxidation states +IV and +VI, respectively3. The con-
formation of the cyclic Se3O7 molecule in Se3O7·2C4H8O2 
is different than that of the fi rst reported adduct of trisele-
nium heptaoxide Se3O7·CH3NO2 (ref.4). The two terminal 
oxygen atoms bonded to Se+IV in Se3O7·CH3NO2 molecule 
are located cis to each other, whereas they are trans in the 
Se3O7·2C4H8O2 molecule.

Recently, other interesting compounds have been 
isolated and studied by X-ray structure analysis and Ra-
man spectroscopy from a SeO3/1,4-dioxane system as 
well as from systems containing additional solvents. For 
example, two cyclic esters of selenic acid, C2H4O4Se and
C2H2O8Se2 ·  C4H8O2 were obtained and described5. All exa-
mined compounds are highly sensitive towards moisture. 

The extremely high sensitivity of the last observed 
compound toward moisture and traces of impurities made its 
separation and identifi cation rather diffi cult3; this white solid 
decomposes to elementary selenium even during mechanical 
manipulation. Nevertheless, it was isolated from a reaction 
carried out in nitromethane and identifi ed by X-ray structu-
ral analysis and Raman spectroscopy as Se4O10· 2C4H8O2. 
The low quality of the crystals only allows us to present 
the structure of this compound as a ball and stick model 
(Fig. 1.). Attempts to remove the solvating 1,4-dioxane mo-
lecules in vacuo resulted in a complete decomposition of 
the substance. The structure of Se4O10 can be described as 
a [Se(O)2(µ-O)Se(O)(µ-O)]2 eight-member ring and can 
be easily derived from the above mentioned structure of 
Se3O7 in Se3O7·2C4H8O2 by inserting one SeO3 unit. The 
conformation of the eight-membered ring is very close to 
the preferred boat-chair conformation of cyclooctane6. In the 
layered structure of Se4O10·2C4H8O2 there are two molecules 
of 1,4-dioxane coordinated to the equatorial positions of 
Se+IV (dSe···O = 238.9 and 245.1 pm). The ordinary octahedral 
environment of the Se+IV atoms is completed by very weak 
interlayer contacts SeIV···O  =  SeIV (dSe···O = 344.2 pm). The 
tetraselenium decaoxide Se4O10 can be considered to be an 

unstable dimeric form of the much more stable chain poly-
meric diselenium pentaoxide (Se2O5)n (ref.7,8).

Fig. 1. The ball and stick presentation of the Se4O10 unit in 
Se4O10·2C4H8O2

Two possible mechanisms for the formation of 
Se4O10·2C4H8O2 can be suggested. Whereas the fi rst involves 
partial reduction of the tetrameric selenium trioxide (SeO3)4, 
the second and more probable is based on the presence of 
suffi cient amounts of Se3O7·2C4H8O2 and SeO3·C4H8O2 in 
the reaction mixture (Fig. 2.). In this case the SeO3·C4H8O2 
molecule can act as a donor of a monomeric SeO3 unit and 
thus its fusion with Se3O7·2C4H8O2 would produce the tetra-
selenium decaoxide Se4O10.

Fig. 2. The probable mechanism of Se4O10·2C4H8O2 formation
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Introduction
Humidity sensors are utilized for the measurement of 

relative humidity in processing control and monitoring of 
the environment. Organic and especially polymeric mate-
rials are investigated and widely used for humidity sensing 
due to their high sensitivity, quick response, chemical and 
physical stability and low cost. Materials for the humidity 
sensors could contain hydrophilic groups to improve water 
sorption and dissociable segments of the type A+B– which, 
after the dissociation in external electric fi eld, can generate 
free charge carriers. Thus, electrical conductivity during
a humidity exposure increases. The aim of this work is to 
present a new material for humidity sensors, hydroxyalumi-
num phthalocyaninesulfonate sodium salt and characterize its 
electrical answer. 

Experimental
Phthalocyanines (Pcs) are thermally and chemically 

stable organic semiconductors, but usually not soluble. The 
soluble form, hydroxyaluminum phthalocyaninesulfonate so-
dium salt [Al(OH)Pc(SO3Na)1–2] (Fig.1.) was prepared from 
hydroxyaluminium phthalocyanine [Al(OH)Pc] dissolved in 
10 % fuming sulfuric acid and subsequently heated (85 °C, 
6 hours). The reaction mixture was purred into the mixture 
of water and ice, fi ltered and washed. The fi lter cake was 
dispersed in water and pH adjusted with NaOH to the value 

of about 11. Thus, [Al(OH)Pc] was converted into dark blue 
water soluble sodium salt, which was isolated by evaporation 
of water by using a water bath. Impedance Analyzer Hewlett 
Packard 4192A with frequency range 5 Hz–13 MHz was 
used for measurement of A.C. characteristics. Kinetic re-
sponses during the change of RH were measured at constant 
mode at 100 kHz.

Samples for humidity sensors were prepared by drop 
casting on ceramic substrates with surface platinum electrode 
confi guration. The distance between the electrodes was 
100 µm. The degree of humidity in measuring cell was re-
alized in two ways: (i) Sample was kept in the atmospheres 
of saturated vapors of inorganic salts (lithium chloride, po-
tassium hydrogen sulphate, etc.), which have defi ned value 
of the relative humidity (RH); (ii) The humidity of the atmo-
sphere around the sample was established by mixing dry and 
wet gases (bubbling through water).

 
Results and discussion

The studied sensors are based on the increase of electri-
cal conductivity after their exposure to humidity. The process 
is related to the dissociation of ionic groups chemically at-
tached to the basic π-conjugated skeleton of the molecule: 

Al(OH)Pc(SO3Na)0
1–2  +  humidity → Al(OH)Pc(SO3

– Na+).

Under the infl uence of external electric fi eld the ionic 
groups (SO3

– Na+) can effi ciently dissociate and ionic contri-
bution to the current can be observed. Because the mobility 
of the ions is relatively low, the ionic contribution is responsi-
ble for relatively slow current kinetics. However, the forma-
tion of negative SO3

– groups is responsible for the induction 
effect; by transfer of movable π-electrons of the Pc skeleton 
pairs Pc+…SO3

– are formed. This process is very fast and fol-
lows immediately after the primary dissociation of SO3

– Na+. 
In external electric fi eld the ion-pairs Pc+…SO3

– can disso-
ciate onto free charge carriers Pc+, holes (positive polarons). 
They can move relatively fast by charge hopping through Pc 
molecules: Pc+ Pc0 Pc0 Pc0  → Pc0 Pc+ Pc0 Pc0  → etc. The 
fast current kinetics is mainly infl uenced by charge transport 
of positive polarons.

The charge hopping was tested by the frequency depen-
dence of A. C. conductivity. The sample was kept in air atmo-
sphere with 44 % RH, then the atmosphere was spontaneously 
changed to 15 % RH. As expected, the conductivity decrea-
sed with time (see Fig. 2a) as the number of groups available 
for the dissociation decreased. The low frequency current 
decrease was about half-order of magnitude during 70 min. 
The conductivity increased with frequency as follows from 
Fig. 2a. It is a feature common to amorphous and disordered 
materials; conductivity increases approximately linearly with 
frequency at least in the frequency range 1–108 Hz

σAC(ω) = Aωs    (1)

where the frequency exponent is usually s ≤  1. The total 
measured conductivity at a given frequency ω is separable 
into D.C. and A. C. components (if A.C. and D.C. conduction 

Fig. 1. The molecular structure of soluble phtalocyanine, 
[Al(OH)Pc(SO3Na)1–2]
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arise from completely separate and different processes or the 
same basic process is responsible for both types of conducti-
vities, but the states giving rise to the A.C. conductivity are 
clustered and do not constitute a percolation path throughout 
the sample)1

σtot(ω) = σDC + σAC(ω).   (2)

If the same process is responsible for both D.C. and A.C. 
conduction, σDC is simply the ω → 0 limit of σ(ω) and the 
validity of Eq. 2 is more dubious, but often used by many 
authors. In Fig. 2a σDC components can be taken as the values 
σ (10 Hz). With time, after the change of RH from 40 % to 
15 % the density of centres available for the dissociation and 
σDC decreases. If σDC ≈ σ (10Hz) values are taken out from 
the total conductivities, σtot(ω), we can get σAC(ω) which 
show nearly linear dependences of the type log σAC(ω) ~ s 
log ω up to the frequency about 1 MHz, with s being close to 
1 (0.9 for the curve measured at after 70 min after the change 
of RH from 40 % to 15 %, see Fig. 2b and depending slightly 

on the number of states contributing to the A.C. loss; s decre-
ases with increasing value of σDC. It is known that in Pcs two 
processes are important for charge carrier transport: polaron 
formation due to strong electron-phonon coupling and charge 
hopping among Pc molecules. The charge carrier transport is 
realized by hopping through tail states arising from the dis-
persion of polarization energy (due to the molecular geomet-
rical disorder). The charge transport is in this case infl uenced 
by barrier height W separating two sites and having an energy 
difference ∆. Usually the model assuming that the relaxation 
variable W is independent of the intersite separation R (and 
hence the hopping distance is independent of frequency)
seems to be too simple. The model of the electron transfer by 
thermal activation over the barrier between two sites, each 
having a Coulombic potential well seems to be more appro-
priate for many real cases. For neighbouring sites at a separa-
tion R, the Coulomb wells overlap, resulting in a lowering of 
the barrier (correlated barrier hopping model).

Note, that the dependence of W on R is the same as one 
can expect for the overlapping-large-polaron model. In the 
narrow-band limit (∆ << kT), and assuming that the centres 
are distributed randomly in space, real part of A.C. conducti-
vity is given approximately by the relation1

σ ω π εε ω ωAC( )=
1

24

3 2
0

6N R

   
(3)

where Rω is the hopping distance. Thus, σAC conductivity in-
creases with number N of electronic states, as it follows from 
Fig. 2b. However, a small decrease of s with increasing N is 
not very clear yet and needs more discussions. The important 
experimental fact is that for frequencies higher than 0.8 MHz 
the σAC is a superlinear function of frequency, i. e. s increases 
with ω. This fact can be explained by a non-random distribu-
tion of barrier heights.

The kinetics of changes of the conductivity of [Al
(OH)Pc(SO3Na)1–2] fi lm during the change of RH (from 
15 % to 86 %) at constant measuring frequency 100 kHz 
is shown in Fig. 3. After the increase of relative humidity 
A.C. conductivity increases. From the shape of the build-up 
curve (especially given in semilogarithmic plot) it is clear 
that at least two physical processes are responsible for the 
conductivity increase. The conductivity increase during the 
humidity raise (from 15 % to 86 %) was found to be nearly 
three orders of magnitude; the full saturation was achieved 
during about 250 s.

It could be noted that process was much faster if 
the change of the humidity was realized by fl owing gas.
After the decrease of RH from 86 % to 15 % to conductivity 
strongly decreased. The decay can also be characterized by 
two components (see Fig. 2b); the long time kinetics was the
fi rst-order reaction with rate constant k = 0.017 s–1. 

Conclusion
Soluble phthalocyanine [Al(OH)Pc(SO3Na)1–2] is sui-

table material for the preparation of humidity sensors. The 
change of the conductivity during the step change of the 
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Fig. 2. Conductivity as a function tivity as a function of fre-
quency [Al(OH)Pc(SO3Na)1–2] at 15 % relative humidity at 
22 °C. The curves were measured at time given Fig. 2b after the 
change of relative humidity from 40 % to 15 %. (a) As measured 
data, (b) A. C. conductivity calculated as conductivity σ (as me-
asured) minus σ (10 Hz)



Chem. Listy, 99, s49–s652 (2005) Physical  & Applied Chemistry

s612

relative humidity from 15 % to 86 % was about three orders 
of magnitude during about 250 s. The build-up and decay 
kinetics suggest that at least two physical processes are re-
sponsible for the conductivity changes. From the frequency 
dependence of A.C. conductivity follows that charge carrier 
transport is infl uenced by charge hopping mechanism over 
the system of Coulombic potential walls with a non-random 
distribution of barrier heights. 
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Introduction
Synthetic polymers belong to a group of materials 

nowadays widely used in many branches of industry. They 
offer good processibility, low density and favourable price 
– value ratio and can substitute conventional materials such 
as wood and metals. Polymers often have low surface energy 
resulting in poor adhesion, which can be desirable (non-ad-
herent Tefl on®) but in most cases brings problems. Typical 
examples are glued joints, protective coating application, 
printing, etc1,2. Surface energy can be increased by chemical 
methods, burning off by a fl ame or stream of hot air or plasma 
treatment. Plasma induces chemical and structural changes in 
the polymer surface layer, bulk properties does not change. 
Low-molecular components ablation, cross-linking or sur-
face activation occur, according to the plasma type. The main 
purpose of this work is to study the effect of low-temperature 
air plasma treatment on the surface properties of polycarbo-
nate (PC) and polystyrene (PS).

Methods and materials
Two polymeric materials were examined: polystyrene 

KRASTEN (Kaučuk a. s, Kralupy nad Vltavou) and polycar-
bonate Lexan® 9030 sheet (GE Plastics, Pittsfi eld). Materi-
als were in a form of sheets with the thickness from 1.0 to 
1.5 mm. Samples with dimensions 20 × 20 mm were prepared 
by cutting. Sample dimensions were measured by a digital 
micrometer, resulting dimension was an average of four ob-
servations. Surface of the sample was cleaned by ethanol and 
rinsed by distilled water.

Plasma treatment was performed in a vertical cylinder 
reactor with plane parallel electrodes (quartz reactor cham-
ber, inner diameter 80 mm), in a radio-frequency discharge 
(13.56 MHz) with power supply 5 to 10 W and working 
pressure 0.1 to 1.0 torr. Samples were placed on the lower 
electrode, each side of the sample was treated for 1, 5 and 
20 minutes.

Dynamic contact angle measurements were performed 
on the Tensiometer K12 (Krüss GmbH) at the temperature 
20 °C, utilising Wilhelmi plate method. Resulting value was 
an average of four observations. Redistilled water, ethylene 
glycol and glycerol were used as testing liquids. Samples 
modifi ed by plasma were measured directly after removal 
from the reactor. In order to determine contact angle hys-
teresis, advanced and receding contact angle values were 
collected. 
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Fig. 3. Conductivity change of [Al(OH)Pc(SO3Na)1–2] for 
step change of relative humidity from 15 % to 86 % at 22 °C 
at measuring frequency 100 kHz. (a) Linear coordinates, (b) 
semilogarithmic plot
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Results and discussion
As expected, the values of both advancing and receding 

contact angles were signifi cantly lower on plasma trea-
ted samples compared to referential. The most noticeable 
changes occurred during fi rst 5 minutes, prolonged plasma 
treatment can even cause moderate increase of contact ang-
les (Fig. 1.). Special behaviour of glycerol was observed on 
treated samples, where advancing contact angle declined no 
lower than to 60 degrees but receding contact angle went to 
zero after one minute of plasma treatment on both materials, 
as illustrated by hysteresis of angles (advancing minus rece-
ding) in Fig. 2.

Fig. 1. Advancing contact angle on polystyrene vs. time of 
plasma treatment (20 °C)

Fig. 2. Contact angle hysteresis on polycarbonate vs. time of 
plasma treatment (20 °C)

Surface energies of the polymers were calculated by 
harmonic mean method (1) and by Young – Dupre equa-
tion (2) in order to compare the results of both methods3,4. 
First method enables determination of disperse and polar 
components of surface energies while the second allows 
determination of electron-donor and electron-acceptor parts 
of the polar component. Calculations were performed in the 
program Mathematica 4.1. Mean contact angle cosine values 
(cos θ) were used (3).
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These quantities are present in equations: advancing and 
receding contact angle (θa, θr, resp.); total, disperse, polar, 
electron-donor and electron-acceptor liquid surface tension 
components (γL, γL

d, γL
AB, γL

– and γL
+, resp.); total, disperse, 

polar, electron-donor and electron-acceptor solid surface 
energy components (γS, γS

d, γS
AB, γS

– and γS
+, resp.). Results 

obtained by both methods show signifi cant surface energy 
increase, particularly the polar component, with the time of 
plasma treatment (Fig. 3., Fig. 4.). 

Fig. 3. Polycarbonate surface energy (γ) determined by har-
monic mean method and Young – Dupre equation vs. time of 
plasma treatment (t)

Fig. 4. Polycarbonate surface energy (γ) determined by har-
monic mean method and Young – Dupre equation vs. time of 
plasma treatment (t)

The reason for this is that plasma induces incorporation 
of functional groups containing oxygen into the surface. 
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Young – Dupre equation provide surface energy values 
higher than those from the harmonic mean method and fa-
vours strongly the polar component (Table I). 

The increase in contact angle hysteresis of glycerol on 
treated surfaces can be possibly attributed to more intensive 
interaction of polar groups generated by plasma with its –OH 
groups.

Table I
Polycarbonate surface energy and its components, determi-
ned by Young – Dupre equation

 Time of plasma Surface energy [mJ m–2]
 treatment [min] γS

d γS
AB γS

+ γS
– γS

 0 9.70 19.30 5.79 16.09 29.00
 1 7.03 45.74 15.03 34.80 52.77
 5 0.64 72.38 27.59 47.47 73.02
 20 1.08 73.09 23.74 56.25 74.17
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Introduction
Bismuth vanadate (BiVO4) is a non-toxic yellow 

pigment widely used to substitute potentially harmful 
cadmium- and lead-containing pigments. It can be prepared 
by various techniques, which affect the resultant properties 

of the material (particle shape, size and its distribution and 
crystalline phase type). Procedures based on precipitation 
from aqueous solution offer more possibilities to infl uence 
these characteristics than solid-state reactions1. Modifi cation 
of the chemical bath deposition process (CBD)2 was used to 
prepare solid fi lms of morphologically well-defi ned particles 
of BiVO4 at low temperatures (below 100 °C). This method 
utilises ethylenediaminetetraacetic acid (EDTA), which pre-
vents BiVO4 from spontaneous precipitation. As a chelate 
agent, EDTA can form very stable metal-EDTA complexes. 
The main idea in this work is to examine the effect of alpha, 
beta and gama cyclodextrins (CD) present in the solution.
It is well known that CD can form inclusion complexes with 
various substances. During the formation of the complex, no 
primary bonds are formed between the host and guest mole-
cule and the stability of the system depends mainly on steric 
and thermodynamic factors3.

Methods and materials
Synthesis were performed as follows: fi rst, 2 mmol of 

EDTA and intended amount of cyclodextrin were dissolved 
in 15 ml of distilled water and 1,25 mmol of Bi(NO3)3.5H2O 
was added. This white turbid mixture was stirred at room 
temperature for 15 minutes. Then 1 mmol of NaVO3 was 
added and stirring continued for another 7 minutes. After 
that the pH of the solution was adjusted to 8.5 using 1 and 
0.1 M NaOH. Transparent yellow solution formed after hea-
ting and stirring in oil bath at 100 °C. Clear liquid was trans-
ferred into a glass tube, microscope slide cover (previously 
rinsed by acetone and destilled water) was placed inside ver-
tically and the tube was sealed by a plastic cap. Deposition 
was performed in a silicon oil bath at temperatures ranging 
from 45 to 100 °C during required time. Finally, the substrate 
with the deposited fi lm was rinsed by destilled water and 
dried under the air stream. 

Morphology and size of the BiVO4 particles were de-
termined by scanning electron microscopy (SEM), analysis 
of the fi lm chemical composition were performed using 
infrared (FT-IR), Raman and ultraviolet-visible (UV-Vis) 
spectroscopies.

Results and discussion
Coating of the glass slip was performed at different 

temperatures, times of deposition and concentrations of 
cyclodextrin. Film was formed in all cases, having yellow 
colour characteristic for BiVO4, but there were signifi cant 
differences in the fi lm density. Temperature and cyclodextrin 
concentration seemed to have the main infl uence on the fi lm 
formation. Best results were achieved with referential sam-
ples at temperatures close to 100 °C. The higher the concen-
tration of cyclodextrin, the thinner the layer of pigment was 
formed. At concentrations close to 80 mmol dm–3 only traces 
of yellow particles were observed. Without EDTA clear solu-
tion did not form and attempts to prepare morphologically 
well-defi ned particles were not successful. Spectroscopy 
analysis confi rmed that the fi lm consisted of BiVO4 particles 
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and no organic compounds were present in it. Cyclodextrin 
can possibly infl uence the growth of the crystal, but probably 
does not incorporate itself into the crystal lattice. 

It has been known from previous research2,4 that crys-
tals prepared by the CBD method had monoclinic structure. 
Fig. 1. shows details of fi lms prepared with various cyclo-
dextrins at 100 °C during 8 hours. In all samples the fi lm 
consisted of regular particles distributed uniformly on the 
substrate. Similarity can be observed between samples R 
(referential) and C1 (α-CD) where the particles are platelets-
like, while crystals in samples C2 (β-CD) and C3 (γ-CD) are 
cubic and smaller in size. Moreover, chamfered edges can be 
observed on crystals grown in the presence of α-CD. This 
feature, however, can not be ascribed only to the infl uence 
of cyclodextrin. It has been observed even in referential 
samples and samples which have grown in the presence of
β-CD. Temperature effect is demonstrated in Fig.  2. Both 
fi lms crystallized from the same solutions (modifi ed by β-
CD), but density of the coating deposited at 45 °C in 20 hours 
is very low and particles are three-times smaller and irregular 
in shape compared to those synthesised at 100 °C in 8 hours. 

Obtained data suggested that cyclodextrin can possibly 
infl uence the morphology of BiVO4 particles, its effect was, 
however, often prevailed by stronger factors such as EDTA 
concentration and the temperature of reaction mixture.

Petr Smolka thanks EU for the Marie Curie Fellowship 
contract HPMT-CT-2000-00206-20.
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Introduction
The discharges generated in liquids have a special po-

sition among the plasma sources. Various active chemical 
species such as hydroxyl radicals, hydrogen and oxygen 
atoms, hydrogen peroxide etc. are produced by this kind of 
discharge1. These active species initiate many further chemi-
cal reactions. Therefore the processes taking place in such 
discharges can be applied in fi elds of water treatment, surface 
treatment etc. Especially the destruction of various organic 
pollutants or organic dyes dissolved in water and specifi c 
reactions in the liquid phase are at present the main research 
fi elds of discharges in liquids1–3.

Various confi gurations of the electrodes were used for 
the discharge creation in previous works of many authors1–4. 
During almost all of these experiments, a pulsed high volt-
age in range from about 10 to 20 kV was applied. This work 
focuses on the diaphragm discharge created using the non-
pulsed DC high voltage with the tension of about 2 kV only. 
The discharge is created in a small pinhole in the dielectric 
diaphragm which is placed between two planar electrodes. 
When the DC voltage is used, different plasma channels 
(so-called streamers) are created in both parts of the reactor 
(Fig. 1.). These streamers have an inverse polarity and differ 
in their structure, shape, velocity of propagation and energy 
of electrons4.

The degradation process is studied on selected orga-
nic dyes and for various discharge conditions (the applied 
voltage magnitude and polarity, initial conductivity of the 
solution etc.).

Fig. 1. SEM images of BiVO4 fi lms taken at 25 kV; a) referential sample R, b) C1 modifi ed by α-CD, c) C2 modifi ed by β-CD and d) 
C3 modifi ed by γ-CD; 8 hours at 100 °C

Fig. 2. SEM images of BiVO4 fi lms taken at 25 kV; a) deposi-
tion 20 hours at 45 °C and b) deposition 8 hours at 100 °C
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Fig. 1. A scheme of the diaphragm discharge principle with 
different plasma channels in the parts of the reactor

Experimental part
A special batch discharge reactor was used in experi-

ments5. It consisted of two chambers divided by a dielectric 
diaphragm (PET). A small pinhole (initially with the diam-
eter of 0.25 mm) was located in the centre of this diaphragm. 
Each chamber contained a planar electrode (stainless steel 
or platinum), a cooling box with a mixture of ice and water,
a defi ned volume of electrolyte (1500 ml) and a mixing sys-
tem that ensured homogenous conditions. To generate high 
voltage and to create the discharge, a non-pulsed DC high 
voltage source (1–3 kV) was applied.

Demineralised water containing electrolyte NaCl, 
Na2HPO4 was used to obtain solution of the defi ned initial 
conductivity (the optimum is 300–700 µS cm–1). Various 
organic dyes dissolved in water with different structure, co-
lour and purpose of use were used in experiments. The initial 
concentration of the used dyes varied from 1 to 20 mg l–1. As 
most of the organic dyes were not electrolytes, it was neces-
sary to add extra electrolyte to the solution. The concentra-
tion decrease of each dye was determined by photometry at 
the corresponding maximum absorption wavelength (λmax).

Results and discussion
The fi rst results from the experiments with the dye 

degradation by the diaphragm discharge were already pre-
sented6. Fig. 2. shows the relative concentration decrease of 
the Saturn Red dye during the discharge treatment. The dye 
concentration decreased almost exponentially in time and 
the decomposition of the dye was much faster in the nega-
tive discharge polarity. While in the positive discharge the 
relative concentration became about 20 % after 100 minutes 
of the experiment, in the negative polarity the concentration 
dropped to 20 % in the fi rst 10 minutes of the discharge. The 
degradation process was mainly caused by the active species 
produced in the electric discharge in water7. The comparison 
of both dyes degradation and H2O2 generation process as
a function of the discharge polarity was presented recently8.

As the DC non-pulsed high voltage was used to create 
the discharge, the degradation process could also be infl u-
enced by the electrolysis. In this case, the electrochemical 

oxidation on the anode takes place in the system9. Therefore 
a special experiment focused on the electrolysis was carried 
out. The same discharge conditions as in previous experi-
ments were established, but the pinhole in the diaphragm was 
enhanced and the applied voltage was as low as possible to 
exclude the discharge. The results of this experiments are 
demonstrate in Fig. 3. It is seen that the degradation process 
was not avoided, only the dye decomposition was not so sig-
nifi cant as in the discharge. The concentration became just 
about 50 % after the one-hour experiment.

The process of organic dye degradation was investigated 
as a function of various parameters. One of them was a che-
mical structure of the used dyes. Four different compounds 

Fig. 2. Concentration decrease of the Saturn Red dye during 
the discharge (204 W) – 5 mM NaCl, the initial conductivity of 
500 µS cm–1, λmax = 506 nm

Fig. 3. Concentration decrease of the Saturn Red dye during 
the electrolysis (44 W) – 5 mM NaCl, the initial conductivity of 
500 µS cm–1, λmax = 506 nm
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dissolved in water were treated by the discharge – their 
relative concentrations during the discharge treatment are
shown in Fig. 4. The experiments show that the solutions 
of the azo, the diazo-dye and the fl uorone had almost si-
milar evaluation in the decolorisation process and the fi nal
concentration reached 30–40  % after 100  minutes. The 
solution of Methylene Blue, which belonged to thiazine 
compounds, was not decomposed so intensively and the con-
centration decrease lead to only 80 % in the same time. When
the positive discharge was used, the results were almost
similar but the dependencies of the dye concentrations
on the discharge time were not so fast as in the negative 
polarity.

Fig. 4. Comparison of the concentration decrease for the or-
ganic dyes with different chemical structure during the positive 
discharge (204 W, 5 mM NaCl, the initial solution conductivity 
of 500 µS cm–1, λmax: Saturn Blue 608 nm, Evans Blue 592 nm, 
Methylene Blue 576 nm, Eosin 516 nm)

Fig. 5. Infl uence of the applied high voltage on the degradation 
of the organic dye Saturn Red (5 mM NaCl, the initial conducti-
vity of 500 µS cm–1, λmax = 506 nm)

The infl uence of the voltage tension on the degradation 
process was investigated, too. The dependence of the Saturn 
red concentration on the applied voltage is given in Fig. 5. 
for the positive discharge polarity. The decomposition was 
directly proportional to the discharge power. The time eva-
luations of the dye concentration were very similar in the 
negative discharge and there was only a slight dependence of 
the concentration decrease on the voltage tension.

Conclusions
The degradation process of organic dyes dissolved in 

water was observed during the DC diaphragm discharge. 
This phenomenon was caused mainly by the active species 
produced by the discharge in water (radicals, hydrogen per-
oxide etc.) and it was also enhanced by the electrolysis. The 
dye decomposition was dependent on the discharge conditi-
ons, especially on the applied high voltage. The degradation 
process was faster with the increasing discharge power and 
it was more effective in the negative discharge polarity. 
Various organic dyes with different chemical structure were 
compared. The destruction effi ciency reached up to 80% after 
100 minutes of experiments.

This work was supported by the Czech Science Foun-
dation, contract No. 202/03/H162 and by the Grant of the 
Czech Ministry of Education number 2003/0894.
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Introduction
The complex wood processing requires rapid and reli-

able identifi cation of wood species and nondestructive eva-
luation (NDE) of qualitative classes of wood raw materials 
and products. The color information are used for visual sor-
ting of raw materials, sawnwood, fi bre and particle boards, 
paper, decorative paper laminates, fl ooring and siding ma-
terials, furniture and wood-based buildings. Using the color 
information for machine vision and automation is still limited 

although the research in this area has been recognized to have 
the most signifi cant implications for the woodworking indu-
stry1–8. This may be caused mainly by variability and fuzzy 
character of wood color9–13. 

The aim of this paper is the quantifi cation of classifi ca-
tion accuracy expressed using the parameter of recognition 
effi ciency (RE) of the color RGB tristimulus values at distin-
guishing broadleaved wood species. 

Experimental
The model set of 25 rustical wood lamellas of beech (Fa-

gus silvatica, L.); oak (Quercus robur, L.); maple (Acer pseu-
doplatanus, L.); ash (Fraxinus excelsior, L.); cherry tree (Ce-
rasus avium, L.); Measured sample size: 63 × 345 × 5 mm. 

The surface was scanned using HP ScanJet 4P color 
scanner (Hewlett-Packard) with the resolution of 200 dpi. 
The CIE RGB tristimulus values from the 5 random scan 
positions were evaluated by means of ScanWood Ekorex SK 
software at three apertures, 1 × 1, 10 × 10 and 100 × 100 px, 
respectively. The average RGB tristimulus values, as well as 
standard deviations were calculated for each scan. Then, mul-
tivariate analysis and discriminant analysis were carried out 
to evaluate classifi cation accuracy, information content and 
recognition effi ciency of the RGB tristimulus values.

Results and discussion
The average RGB tristimulus values, obtained after 

scanning procedure for each wood lamella sample are de-
picted at Fig. 1. The here presented 3D projection clearly 
demonstrates the heterogeneity and complexicity of studied 
problem. 

Fig. 1. 3D projection of average RGB tristimulus values, ob-
tained for wood lamellas, made from: oak common( ), beech 
copper ( ), ash common ( ), maple great ( ), cherry tree ( )

Fig. 2. represents the experimental RGB tristimulus 
values, obtained using the aperture of 1 × 1 px with resolu-
tion of 200 dpi for 1 scan line position, here for beech. The 
black line on lamella illustrates the scan line position. Each 
wood sample undergoes 25 scans (5 for each lamella) from 
randomly selected positions and the average RGB tristimulus 
values are then calculated (Fig. 3.). From the mathematical 
point of view, the homogeneity of multi-dimensional set of 
RGB values was tested in fi rst step. The tested hypothesis 
was postulated as follows: „H0:RGB set is fully homoge-
nous“, but this postulate was soon dismissed (p-value ~ 0). 
We found out, that each relevant parameter (R, G, B) together 
with their standard deviations (sR, sG, sB) causes or strongly 
infl uences the inhomogeneity of evaluated data set, from 
which the main causative agent reliable for this phenomenon 
seemed to be B-values. Using the the discriminant analysis 
and classifi cation functions ψj (Eq. 1), containing the vector 
of  averaged RGB values of each scan ( �y ) evaluated for 
each wood sample (j), covariance matrix Sj and the prior
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Fig. 3. The of experimental RGB tristimulus values of beech 
copper obtained using the aperture of 1×1 px with resolution of 
200 dpi (average of 25 individual scan line positions)
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probability πj, representing the probability that the specifi ed y 
value will be assigned to correct “j“.

ψ πj j j j j j=− − − + −−1

2

1

2

1( ) ( ) log logy y S y y ST
  
(1)

According to the values of classifi cation function, the 
evaluated wood samples were divided into groups, corre-
sponding to the type of wood with the reliability of RE. The 
obtained recognition effi ciency data RE % are summarized 
in Table 1. 

It can be seen that the classifi cation accuracy expressed 
through number of correctly classifi ed hardwoods using indi-
vidual scans in the model case of the distinguishing between 
the 5 hardwoods of beech, oak, maple, ash and cherry tree 
varies between 107–119 from total 125 scans. 

The information value of the RGB tristimulus values 
at the recognition of the 5 model species is relatively high, 
varying from 85–95 % percentage of correct decisions, when 
using only 1 scan for the each decision.

The authors express their thanks to the VEGA agency for 
fi nancial support of the project No. 1/0061/03.
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        scans

 1 × 1 px 125 20 25 24 25 25 119 95.2 %
 10 × 10 px 125 16 25 22 24 20 107 85.6 %
 100 × 100 px 125 19 25 22 24 24 114 91.2 %

Table I
The recognition effi ciency (RE) of the RGB tristimulus values in classifying of wood species, expressed as the percentage of 
correctly classifi ed scans

Fig. 2. The experimental RGB tristimulus values of beech 
copper obtained using the aperture of 1 × 1 px with resolution of 
200 dpi for 1 scan line position
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Introduction
In the present work, the ionic conductivities of cerium 

oxide doped with yttrium, gadolinium and samarium were 
studied.

Oxide materials with predominant oxygen ionic condu-
ctivity attract great attention for high-temperature electroche-
mical applications, such as solid oxide fuel cells (SOFCs), 
oxygen sensors and pumps1. 

Cerium oxide is a well-known fast oxygen ion condu-
ctor. It has been frequently studied as a model system for 
the class of metal oxide electrolytes that exhibit the fl uorite 
crystal structure2. Ceria-based solid solutions have been re-
garded as the most promising electrolytes for intermediate 
temperature solid oxide fuel cells (SOFC)3. The mixed ionic 
and electronic conduction properties of doped ceria may be 
desirable in some applications, such as electrode/electrode 
interfaces4. Y3+, Gd3+ or Sm3+ doped ceramics are potentially 
the most useful electrolytes for SOFCs since they have the 
excellent ionic conductivity5.

In the present work, the ionic conductivities of cerium 
oxide (doped with yttrium, gadolinium and samarium)
were studied as a function of dopant content from 25 °C 
to 800 °C in air using impedance spectroscopy and I–V mea-
surement.

Experimental part
S a m p l e  p r e p a r a t i o n

Doped cerium oxide powders were prepared by homo-
geneous co-precipitation, using aqueous solutions of cerium 
nitrate, mixed with varying amounts of Sm-, Gd-, or Y-nit-
rate. The obtained doped oxide powders were consolidated 
into pellets at room temperature and an uniaxial pressure. 
These specimens were sintered in air for 2 hours at 1500 °C, 
some of these samples were further annealed in air for 1 h at 
800 °C. 

E l e c t r i c a l  m e a s u r e m e n t s
The samples were measured using impedance spectros-

copy (four-point method)  in air at temperatures ranging from 
20 °C to 800 °C. The four-point method utilizes four elec-
trodes. Two are current carrying electrodes and two are volt-
age probes6. The impedance measurements are performed 
over the frequency range from 5 Hz to 13 MHz. The applied 
voltage was 1 V. 

It was investigated the infl uence of the dopant content 
and of the reaction conditions (surfactant presence, time of 
milling, ultrasound supply and hydrotermic conditions) on 
the electrical conductivity of CeO2.

The I–V characteristics of doped CeO2 were studied 
in the temperature range from 25 °C to 800 °C. The I–V 
measurements were performed by the use a Keithley elec-
trometer.

Results 
In the low temperature range doped CeO2 electrolytes 

showed the electronic conductivity. On the other hand, at hig-
her temperature the high ionic conductivity was observed. The
temperature area where the transition between the electronic 
and ionic conductivity has been found were at about 250 °C. 

All measured doped solid oxides showed an increase 
in the conductivity in comparison with undoped samples. 
The conductivity was accordingly increased with increas-
ing the concentration of aliovalent guest cations at the initial 
stage of doping. However, further doping decreases conduc-
tivity after a relatively sharp maximum. 

From analysis of the total resistance of combined pro-
cesses of the bulk and grain boundary, ionic conductivities 
for ceria doped with the rare earths were calculated7. The 
ionic conductivity in an electrolyte with negligible electronic 
conduction was determnined by using Ohm s law8. In CeO2-
based solid solutions the highest conductivity was supported 
by the presence of Sm. Doped ceria had σiont approximately 
0.53−1.8 . 10–2 S cm–1 at 600 °C. From the Arrhenius plot it 
can be calculated the activation energy9. The activation en-
ergy at 600 °C for doped CeO2 electrolytes was in the range 
from 0.75 to 1.00 eV. 

It was investigated the infl unce of reaction conditions 
on the electrical conductivity of CeO2. Triton (surfactant) 
showed the highest infl uence on the conductivity increasing, 
whereas SDS the lowest one. The application of ultrasonic 
waves showed the highest infl uence in case of the most inten-
sive support. Specimens with longer milling period exhibited 
the electronic conductivity under conditions at which sam-
ples with shorter milling period showed impurity-controlled 
ionic conductivity.

Discussion
The results of above experiments showed a different con-

duction mechanism in the doped sample in comparison with
pure one. The addition of rare earth oxide dopants to ceria
resulted in structural changes in the crystal lattice and changes 
in the ionic conductivity. The strong dependence of ionic
conductivity on dopant type and concentration has been ex-
plained in terms of the lattice distortions introduced by the do-
pant, with those that produce the least amount of strain causing
the smallest variation in the potential energy landscape10.

In CeO2-based solid solutions the highest conductivity 
was supported by presence of Sm. The way of samples pre-
paring showed the infl uence on the electrical conductivity 
of CeO2 as well.
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Introduction
Even though formation of humic substances (HS) is one 

of the least understood aspects of humus chemistry, it is re-
cognized that oxidoreductive enzymes, such as polyphenolo-
xidases produced by microorganisms and plants are directly 
involved in these processes. The active site of these enzymes 
is formed by metal porphyrins that are able to catalyze the 
oxidation of humic constituents – phenolic moieties into 
free radicals that in turn can be stabilized by spontaneous 
coupling to each other without additional involvement of the 
catalyst1.

Since HS are important contributors to C cycle as major 
source of CO2 and C reservoir, it is of paramount importance 
to increase the stability of these compounds against further 
biotic and abiotic degradation2. Recent insights into humic 
substances indicated that rather than being high molecular 
weight polymers, they are associations of heterogeneous 
molecules stabilized by hydrophobic interactions into only 
apparently high molecular weights3. With this understanding, 
it could be reasoned to mimic the catalytic coupling of HS 

phenolic constituents and in this way stabilize humic com-
pounds by increasing the number of intermolecular covalent 
bonds. 

Previous work4 has shown that synthetic iron porphyrin 
successfully catalyzed the oxidative polymerization of HS 
when H2O2 was used as singlet oxygen donor. The aim of 
this work was to verify whether photo-oxidation could sub-
stitute the presence of singlet oxygen donor in the biomimetic 
polymerization of humic material.

Materials and methods
Detailed description of humic material extraction, bi-

omimetic catalysis and High Performance Size Exclusion 
Chromatography (HPSEC) system used in this work is given 
elsewhere4.

Results and discussion
Biomimetic polymerization of lignite humic material, 

induced by UV light exposure, was followed by HPSEC 
system coupled with UV and refractive index (RI) detectors. 
The effi ciency of biomimetic catalysts, namely manganese 
(Mn-pha) and iron porphyrin (Fe-pha) was evaluated by de-
termination of the average molecular weight (Mwa) values of 
control and catalyzed samples. 

The addition of metal porphyrin catalyst to the non-
-exposed humic solutions did not vary the Mwa values 
previously obtained for control humic solution. However, 
signifi cant changes of molecular weight were detected in the 
UV light exposed samples. Percentage increase of Mwa is 
shown in Fig. 1. and 2.

According to the UV-detected (280 nm) chromato-
grams, the irradiated humic material increased Mwa by 4 and
11 % after 5.5 h and 14 and 12 % after 13 h of exposure to 
UV light, in the presence of Mn- and Fe-pha, respectively
(Fig. 1.). The time course progression of the UV light indu-
ced photo-oxidation was observed when already irradiated 
samples for 13 h were further collected after 8 and 11 d from 
the exposition. This time the Mwa values reached an increase 
of 27 and 23 % after 8 d and of 34 % after 11 d since UV 
exposure (Fig. 1.). 

Since UV detector reveals only the molecular absorpti-
vity of chromophore groups at chosen wavelength, the Mwa 
was determined also from chromatograms collected by RI 
detector that is able to follow the overall mass distribution 
of humic matter. Evaluation of RI-detected size exclu-
sion chromatograms verifi ed the general increase of Mwa
values obtained during photo-induced oxidative polyme-
rization of dissolved humic material. In fact, polymerized
humic materials increased the Mwa values by 9 and 6 %
after 5.5 h and 6 % after 13 h of exposure to UV light, in 
the presence of Mn- and Fe-Pha, respectively, compared to 
the control HA solution (Fig. 2.). Then a signifi cant increase 
in molecular dimension was observed for samples analyzed 
after 8 and 11 d following 13 h irradiation with UV light.
In this case, Mwa was increased by 24 and 32 % after 8 and 
11 d from the UV irradiation in the presence of Mn-pha, 
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respectively, whereas the increase of Mwa values obtained 
with the Fe-Pha catalyst was 13 and 50 % after the same time 
courses (Fig. 2.).
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Introduction
The accuracy of the molecular constants determina-

tion is important for prediction of the transition frequency 
of the observed molecules. If we know the exact molecular 
constants then it will be easier to measure the spectra of the 
molecules and also to economize with the time of measure-
ment and the sample.

This article, therefore, describes the methods of deter-
mining the rotational molecular constants from the experi-
mental data and of computing their accuracy. This method is 
part of the program RotSimul1 which helps to calculate these 
constants automatically.

The principle of the rotational molecular constants 
determination

The determination of rotational molecular constants is 
based on the theoretical calculations of the transition fre-
quencies between the higher and lower energetic states. For 
example, the formula2 for the symmetric prolate rotor is as 
follows: 

υ= + − + − +2 1 4 1 2 13 2B J D J D J K( ) ( ) ( )J JK  +�
 (1)

where υ is the transition frequency, B represents the rota-
tional constant, J and K are the rotational quantum numbers 
(where |K| = 0, 1 …J), DJ and DJK are centrifugal distortion 
constants – they depend on the bond strength.

The equation (1) is applicable to most measurements, 
but sometimes it is necessary to use a different higher order 
correction for centrifugal stretching where HJ, HJK, HKJ are 
the centrifugal sextic3
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If we measure the dependence of the transition frequency 
υ on the rotational quantum number J, then it is possible to 
use the multi-linear regression (3) and through this procedure 
determine the values of rotational molecular constants4,5.

y b b x b x b x= + + + +0 1 1 2 2 3 3 …    (3)

where y represents the transition frequency, x1, x2, x3,… pre-
sent the terms (J + 1, (J + 1)3, …and parameters b1, b2, b3,… 
are the fi tting molecular constants. Using the knowledge of 
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Fig. 1. Percentage increase of apparent weight-average mo-
lecular weight (Mwa) of lignite humic solutions added with
Mn-pha or Fe-pha catalyst and exposed to UV light for 5.5 or 
13 h, right after exposure (0 d), after 8 and 11 d after irradiation 
end. HPSEC chromatograms were revealed by UV detector

Fig. 2. Percentage increase of apparent weight-average mo-
lecular weight (Mwa) of lignite humic solutions added with
Mn-pha or Fe-pha catalyst and exposed to UV light for 5.5 or 
13 h, right after exposure (0 d), after 8 and 11 d after irradiation 
end. HPSEC chromatograms were revealed by RI detector
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statistics it is also possible to calculate the uncertainties of the 
molecular constants6.

Results and discussion
The above described principle was analyzed and then 

the general algorithm was created for the program RotSimul. 
The possibilities of the molecular constants determination by 
the created program are shown in Fig. 1. and the results of 
this procedure are shown in Table I.

Table I
Results of rotational molecular constants determination by 
the program RotSimul for the H3Si35Cl molecule. The units 
of molecular constants in the table are in MHz. Residual error 
of this fi tting is 0.1021 and the coeffi cient of determination 
0.999999

 Parameter Est. value Std. dev.

 B 6673.8238 0.0005
 DI 0.0041253 0.00000025
 DJK 0.060577 0.000006
 HJ –88.29.10–11 3.22.10–11

 HJK 90.06.10–9  1.16.10–9 
 HKJ 140.30.10–8  1.05.10–8 

Conclusion
The algorithm was created in order to automatically 

determine rotational molecular constants; the applicability 
of this algorithm is in the general calculations all of the 
rotational molecular constants for all of rotor types – linear, 
spherical, symmetric prolate, symmetric obligate and also 
asymmetric rotor. This algorithm is a part of the program 

RotSimul that is a freeware and can be downloaded from the 
Internet1.
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Fig. 1. The control of rotational molecular constants fi tting by the program RotSimul
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Introduction
The building industry is using modern materials that are 

usually extremely porous to improve the thermal insulation 
properties. The performance of these materials depends on 
their thermophysical properties. This paper discusses the 
heat transport properties in glass wool fi bers measured by 
pulse transient method and deals with the use of new data 
evaluation method1. The method results from generalized 
relations that were designed for study of physical properties 
of fractal structures2. As it is shown these relations are in
a good agreement with the equations used for the descrip-
tion of time responses of temperature for the pulse input of 
supplied heat3–5. Thermal parameters (specifi c heat, thermal 
diffusivity and thermal conductivity) calculated are corre-
sponding for both methods.

Theory
The dependence of fractal structures’ (characterized by 

the fractal dimension D in E-dimension space) temperature 
on the distance from heat source hT and on the time t was 
determined1 using the theory of the space-time fractal fi eld2

T
Q

c at

h

atE D
= ⋅ −

⎛

⎝
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⎞

⎠
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( ) /( )
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ρ π4 42

2

,  (1)

where Q is the total heat transferred to the body from the heat 
source with the thermal conductivity λ ρ= c ap . This rela-
tion3–5 is applicable for fractal dimensions D = 0, 1, 2 and 
topological dimension E = 3, see Fig. 1.

Fig. 1. Heat fl ow geometry for a) plane-parallel, b) cylindrical 
and c) spherical coordinates Euclidean space

From this equation the thermal diffusivity at the maxi-
mal time can be determined
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where fa is a coeffi cient that characterizes the deformation 
of the thermal fi eld5. This coeffi cient is equal to one for the 

ideal plane source (E = 3, D = 2). The maximum temperature 
of the response for Dirac thermal pulse is obtained by intro-
ducing of the thermal diffusivity (2) in the term (1)
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It is possible to defi nite the coeffi cient fa (fractal di-
mension D respectively) for every point of the experimental 
dependence
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    respectively. (4)

The relations on the left side are used for the tempe-
rature increase; the relations on the right side are used for 
the temperature decrease. The value of the coeffi cient fa 
could be also affected by the geometry of sample5 or by the
fi nite pulse width6, too. When the value fa is known it is 
feasible to determine the parameters of the studied thermal 
system.

Experimental
The Thermophysical Transient Tester 1.02 was used for 

measuring of the responses to the pulse heat. It was develo-
ped at the Institute of Physics, Slovak Academy of Science6.

Thermal responses from Slovak Academy were used for 
the data evaluation. The measured sample was round shaped 
with diameter R = 0.03 m. Its density was ρ = 77.9 kg m–3 
for its thickness h = 0.0075 mm, the thermal conductivity 
was λ = 0,0254 W m–2 K–1.

Results
The Fig. 2. represents the typical time responses of 

temperature for the pulse of input power. The coeffi cient fa 
of the fractal heat source for every point of the experimen-
tal dependence was calculated using the Eq. 4. The fractal 
heat source characterizes the distribution of the tempera-
ture in the specimen in specifi c time. From the Fig. 3. it is
evident that for very short time there is the value of the 
fractal dimension D ≈ 2 and therefore, the plane heat sou-
rce is formed. The value of the fractal dimension decreases 
with increasing time value since the heat disperses into
the space. From the time τ1 ≈ 12 s (the intersection of tan-
gents of the curves) the fractal dimension is getting settled 
to the value D ≈ 0.15. The spatial distribution of the tempe-
rature in the sample does not change yet in this area. It is
possible to determine the coeffi cient of the heat source fa0 = 1 
and the diffusivity of the specimen a ≈ 4.679  .  10–7 m2 s–1 
from the extrapolated value of the fractal dimension to the 
time t = 0 s. This value is identical to value determined
by the Institute of Physic, Slovak Academy of Sciences, 
Bratislava.
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Fig. 2. Thermal response of the sample measured by the pulse 
transient method

From the descending characteristic we can again de-
termine, by using (4) for each point of experimental depen-
dence of measured temperature on time, coeffi cient fa, fractal 
dimension D of the fractal source “of cold” presented by 
specimen surface. From Fig. 3b it is evident that there are not 
any cold spots over the surface of specimen for time intervals 
close to the maximum. With rising time the value of fractal 
dimension of decreasing temperature is smaller again until 
the value D ≈ 3. This is a fractal dimension of the specimen 
volume.

Conclusion
In this article, the results of thermal responses to the 

pulse of supplied heat evaluations are discussed. To inter-
pret the outcomes, the simplifi ed heat conductivity model is 
used1. The model is based on expectations3. Results show the 
image of heat distribution in the specimen, in various time 
intervals after the heat supply from the source. These evalua-
tions could be used for more accurate determination of the 
thermal parameters of studied matters.
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Fig. 3. Fractal dimension of the heat distribution in the specimen from a) increased and from b) decreased part of characteristics
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Introduction
A solid thin polymeric fi lm dissolution in a liquid sol-

vent, at the temperature below the Tg, is characterized by
a few kinetic parameters depeAnding on the static or dynamic 
conditions of the experimental arrangement1. The dominant 
role in the dissolution has been given to the internal diffusion 
of solvent molecules into the studied macromolecular sample 
and a proper polymer chains expansion.

The whole process can be divided in two steps: swelling 
and following real dissolution. The both of the mentioned 
sub-processes have been studied in the system PFO-benzene, 
toluene, trichlormethane and o-, p-, metaxylene. It has been 
found that the values of the integral diffusion coeffi cients of 
the solvents in the PFO decrease linearly with increasing mo-
lecular weight of the polymer.

For a precise evaluation of numeric features of swel-
ling process has been used specially developed software
system2,3,4. The application is designed for a direct data mi-
ning from camera images to obtain required information. Ge-
nerally, using of the system is applicable for miscellaneous 
research activities with similar ideas of data analysis. 

Methods of Data Evaluation by Software Application 
The observed diffusion process of solvent into polyme-

ric material is recorded in the form of interferograms using 
appropriate equipment of experimental framework and stored 
in image fi les for further analysis. 

The interferograms acquired by a digital camera are ana-
lysed to evaluate the refractive index distribution along fl ow 
coordinate axis and then a distribution of concentration. Con-
sequently, the kinetic and thermodynamic activation parame-
ters are outgoing from knowledge of concentration profi le in 
surface swollen layer of polymer/solvent system by software 

tool developed in LabVIEW environment. The main idea of 
the system is to identify the fl owline between a polymer and 
solvent area by recording coordinates, which is followed by 
computations based on the formulas describing interference 
in thin or wedge layer. From aquired camera images, the 
application of functions available in the developed system 
enables exact determination of refractive indexes and the 
concentration profi le during swelling process of polymers. 

The name of the LabVIEW developed system is SAIA 
(System for Analysis of Interferograms). The SAIA system 
consists of three  integrated modules, support and administra-
tive tools for controlling the whole user-friendly system. The 
simple scenario for primary getting acquainted with system 
functions is also available. 

Implemented relations:
A. Evaluation of the refractive index (n(I,i)) at the corre-

sponding crossing points. The input variables are the number 
of crossings (k), the tabular value of the refractive index of 
polymer (np) and solvent (ns).

n n i
n n

k
pi p

s p= +
−

,    (1)

where i is the i-th step in evaluation. 
B. Evaluation of the concentration (c(ni )) at the co-

rresponding crossing points. The input variables are the 
previously computed refractive index of polymer in the i-th 
position (npi) and coeffi cients approximated by regression 
analysis, the initial value of refractive index of solvent (b0) 
and effect of unit change to the value of refractive index of 
solvent/polymer system at crossing point (b1).

n n i
n n

k
pi p

s p= +
−

,    (2)

where i is the i-th step in evaluation.
A recommended sequence of steps in the system appli-

cation is described in the following fl ow chart.

Fig. 2. Flow chart of recommended operations
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Fig. 1. Principle of fl owline determination
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Results and discussion
The activated parametres of swelling, dissolution, inter-

nal diffusion and expansion work of PFO under infl uence of 
internal pressure, are correlated with the fundamental mole-
cular characteristic of the solvents molecules. 

The SAIA system, which was used for data analysis, is 
designed as a modular system and there is a high fl exibility of 
the enlargement of the functions maintained in the implemen-
ted modules. Its main strenght consists in the interconnection 
of the image analysing and computing batch suites. The new 
system modules, which could be developed as independent 
applications, could be simply integrated into the contem-
porary system. The new intended modules are going to be 
focused on analysis, mathematical modeling, simulation and 
statistical description of processes.

The system has been developed with the support of the 
National Instruments Corporation and DEWETRON-Prague 
Ltd.
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Introduction
PI-conjugated polymers are of a particular interest 

mainly because they enable to produce cheap, lightweight 
and large area displays and for their promising applications 
in solar cells and photodetectors. One of the main advantages 
of organic semiconductors usually stressed is their wide 
electronic tunability. In this work, the electronic properties 
of poly(p-phenylenevinylene) derivatives are tuned by re-
versible light driven permanent dipole moment formation. 
Dipole moment contributes to the fi eld acting on surrounding 
molecules and infl uences polarization energy in its vicinity. 
The conjugation of π-electrons along a polymer chain (re-

sponsible for semiconducting properties) is thus infl uenced. 
This feature has been used in the design of special type of 
optoelectrical switch1.

Among possible reversible dipole moment forming 
species, spiro-coumpounds (SP) were used to produce such 
response2. Spiropyran molecules can reversibly change their 
conformation according to energy absorbed. This results in 
formation of dipole moment and also in UV-VIS, PL and IR 
spectra modifi cations of the whole system. The polymer ma-
trix strongly infl uences the reaction rate, lifetime of coloured 
species and the value and distribution of activation energies 
of the bleaching process. 

Experimental
To examine the photophysics of π-conjugated polymeric 

systems infl uenced by presence of high dipole moment 
possessing species, solid solutions of poly[2-methoxy-5-
(2’-ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV), 
poly[2methoxy-5-(3’,7’-dimethyloctyloxy)-1,4-phenylene-
vinylene] (MDMO-PPV) and poly[(p-phenylenevinylene)-
alt-(2-methoxy-5-(2-ethylhexyloxy)-p-phenylenevinylene)] 
poly(MEHPV-alt-PV) as the conjugated matrix with dis-
persed photochromic 1’,3’-dihydro-1’,3’,3’-trimethyl-6-
nitrospiro[2H-1-benzopyran-2,2’-(2H)-indole] (SP) were 
prepared by spin-coating method on quartz glass and Si 
substrates. The thickness of the samples was typically 
80–120 nm. To convert the SP into it’s highly polar merocya-
nine (ME) form, a high pressure Hg lamp HBO 200 fi ltered 
with 360 ± 20 nm spectral fi lter was used. The systems were 
studied using standard absorption, and photoluminescence 
spectroscopy (PL).

Results and conclusions
It was found, that the rates and activation energies of 

back reactions (vanishing of the polar centres) depend on the 
intensity and exposure time of the light used for the photo-
chromic conversion. In the case of MEH-PPV, developing of 
more than one isomer (possessing different dipole moments) 
was observed. The rates of their formation and termination 
signifi cantly differ, which corresponds to diverse interactions 
between the isomers and the polymeric matrix.

Study of degradation processes by absorption and PL 
spectroscopy shows blue shift of the maximums. In ener-
getically disordered systems this means good migration of 
excitons and bleaching of energetically lower lying sites. 
The presence of polar centres (produced by photochromic
conversion) led to a further quenching of PPV photolu-
minescence and in the case of high concentration of SP 
(30 % wt.) in a poly(MEHPV-alt-PV), radiative energy 
transfer was observed (Fig.  1.). According to our previous 
work2, we contribute this to a reduction of charge trans-
fer in favour of energy transfer, which is demonstrated in
a drop of polymers’ photoconductivity. The most stable and
simultaneously showing the best on/off contrast ratio turned 
out to be the system based on the poly(MEHPV-alt-PV) 
polymer.
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Fig. 1. Normalised absorbance and luminescence spectra (full 
lines) of poly(MEHPV-alt-PV) with dispersed spiropyran  and 
their relative changes (scattered) after 1 minute illumination 
at 360 nm. A new absorbance maximum (coming from mero-
cyanine) followed by a drop of the polymer luminescence was 
observed. Furthermore, excitation at 450 nm (polymer absorp-
tion) led to a noticeable luminescence at 660 nm (coming from 
merocyanine). The energy absorbed by poly(MEHPV-alt-PV) 
was hence transferred to merocyanine and radiative decay was 
observed

This work was supported by the grant 3446/2005/G1 
from the Development Fund of Universities and by the pro-
ject No. 203/03/133 from the Czech Science Foundation.
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Introduction
Humic acids and humin represent the major part of 

soil organic matter, which is known to play a key role in the
environment by increasing or maintaining soil fertility and 
stability. Humic acids are not chemical individuals, but 
mixture of various compounds1. Their chemical structure

remains largely unknown, as a consequence of the com-
plexity and heterogeneity of these “macromolecular” com-
pounds. The basic structure is aromatic rings of the di- or 
ri-hydroxyl-phenol type bridged by –O–, –CH2–, –NH–,
–N=, –S–, and other groups containing all free OH groups 
and carboxylic groups and quinone groups (C  =  O)2. Pre-
sence of a wide range of functional groups on molecules
of humic acids makes them very reactive and infl uential in 
soil and natural water chemistry. Out of these functional 
groups, the carboxylic and phenolic ones are most abun-
dant and most infl uential in regards to metal complexation3. 
Therefore model compounds containing at least one of
these functional groups have been chosen to model inte-
ractions of humic acids with metal ions. We can fi nd both
aromatic and aliphatic compounds among the models which 
have been chosen. As metal component, copper was used 
for experiments due to stability of its complexes with humic 
acids. 

Material and methods
Ethanol, tert-butyl alcohol, phenol, benzoic acid, acetic 

acid, pyrocatechol, resorcinol, hydroquinone, salicylic acid, 
oxalic acid, tartaric acid and EDTA were chosen to model 
possible binding sits in humic acids. Model compounds were 
prepared in water solutions. As a source of cupric ions 0.5 M 
solution of CuCl2 were utilized. UV/VIS spectrometry was 
used to characterize the system in equilibrium and to follow 
course of complexation. The time development of absor-
bance at maximum wave-length was measured after mixing 
solution of a model compound with solution of cupric ions. 
The UV/VIS spectra both of the model and the complex of 
model with cupric ion were measured after establishment of 
the equilibrium.

Results and discussion
The maximums of absorbance in spectrums of acetic 

acid, oxalic acid, tartaric acid and EDTA are situated at 
the beginning of measured range. It is possible that the 
maximums of absorbance are situated at lower wave-length, 
because they are aliphatic compounds forming colourless 
solutions. In some cases e. g. in aromatics compounds
the absorbance higher then 2.5 were found. In system of
phenol with cupric ions we can see shift of the maximum
characteristic for phenol to higher wave-length and its 
increase of absorbance. In cases of pyrocatechol and resor-
cinol shifts of theirs maximums to lower wave-length and 
decreases of the absorbance were founded. The maximum 
of absorbance of the salicylic acid after complexation
increases, on the other side in case of hydroquinone the 
maximum of its absorbance decreases. In some cases we 
detected shifts of maximum characteristic for cupric ions to 
lower wave-length. We can fi nd new zone of absorbance in
cases of both pyrocatechol and hydroquinone. Maximums 
characteristic for acetic acid, oxalic acid, tartaric acid and 
EDTA were coincided with absorbance of cupric ions. (See 
Table I)
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Fig. 1. UV/VIS spectra of all the pyrocatechol, the Cu-complex 
of pyrocatechol and cupric ion

Fig. 2. UV/VIS spectra of all the hydroquinone, the Cu-com-
plex of hydroquinone and cupric ion

Dependence of absorbance of the maximum of new zone 
on time was measured. We detected increase of absorbance 
on time in both cases. There is not detectable decrease of 
absorbance at 810 nm. Growth of absorbance at wave-length 
of the maximum of the new zone is steeper in the case of 
pyrocatechol.

Fig. 3. Dependence of absorbance on the time after mixing 
pyrocatechol resp. hydroquinone with cupric ions

Conclusion
Genesis of new zone of absorbance in cases of both py-

rocatechol and hydroquinone is visual noticeable so we can 
visibly follow course of complexation in these cases. Colour 
of the solutions was changing from blue to green in the case 
of pyrocatechol and from blue to powder-blue in case of hyd-
roquinone. Decrease of the maximum of the absorbance of 
hydroquinone may be indicative of bonding of hydroquinone 
with cupric ion. 

Table I
UV/VIS characterisation of models and their Cu-complexes

   Shift of   Shift of
  Maximum maximum Model Complex maximum New zone
 Model compound  of the model of the model   of Cu

  λmax /Amax λmax /Amax A810 A810 λmax /Amax λmax /Amax

 Ethanol none  0.0003 0.3055 810/0.3055 none
 Tert-butyl alcohol none  0.0006 0.1474 810/0.14735 none
 Phenol 250/> 2.5 265/> 2.5 0.0015 0.3044 810/0.3044 none
 Benzoic acid  270/1.5878 270/> 2.5 0.0000 0.3101 810/0.3101 none
 Acetic acid 200/0.1350 – 0.0004 0.3122 807/0.3125 none
 Pyrocatechol 275/2.2485 272/> 2.5 0.0000 0.2274 788/0.2313 441/0.0790
 Resorcinol 273/1.8306 268/> 2.5 0.0006 0.3032 810/0.3032 none
 Hydroquinone 289/> 2.5 280/1.4903 0.0009 0.2373 804/0.2382 326/0.4118
 Salicylic acid 297/> 2.5 296/> 2.5 0.0001 0.3061 810/0.3061 none
 Oxalic acid 200/1.7060 – 0.0000 0.1549 810/0.1549 none
 Tartaric acid 200/0.2689 – 0.0000 0.3097 810/0.3097 none
 EDTA 200/0.4126 – 0.0004 0.3188 797/0.3196 none
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Summary
The purpose of this article is to present partial results of 

experimental work, whose principal objective are the studies 
of plastic materials surfi cial fi nishing resistance towards 
selected organic solvents. Our attention is concerned mainly 
on the coating resistance testing of systems based on nitro-
cellulose, epoxide, acrylate and polyurethane. We study the 
effects of organic solvents derived from pyrrolidone, glycols, 
acetates, glykolacetates,glycolethers, glycolesters atc and 
projected mixed solvent agents. These substances should 
provide a well-performing option to the harmful substances 
(such as dichlormethane) used so far without the negative 
effect on the environment. 

The subject of our study is mainly the impact of types 
and chemical structure of the given solvents on the degrada-
tion of said coating types. Especially, the study is focused on 
the impact of physical and chemical properties and chemical 
structures of given solvents and paintfi lms on their chemical 
degradation. Mainly it is concerned to the determination and 
study of solubility parameters of the solvents and their mixtu-
res and of the paintfi lms and to the projection of new solvents 
mixtures with well-performing option for the coating and 
graffi ti removing, too.

The projected agents must have fi nely tuned properties, 
so that they are capable of selective removing of unwanted 
paints, leaving the substrate material or coating unaffected 
and/or even renovated. 

We expect the use of the obtained results of the executed 
study in the industrial practice. Of special interest is remo-
ving of paintfi lms and for the cleaning and refreshing non-
-porous materials overpainted with graffi ti.

Theroretical Background of the Problem
The term “chemical resistance of coatings” means the 

ability to retain visual apperance and original qualities upon 
the exposure to organic solvents. It could be defi ned as phys-
ical and chemical interactions between fi lm-forming compo-
nents of the paint and chemical surroundings, which leads to 
changes in paint qualities.

It is evident, that the dissolution and solubility of paint 
fi lm depend on a lot of attributes, such as: 
– paint fi lm morphology, porosity, pigmentation and type 

of used pigments,
– character, structure and properties of polymer macromo-

lecules, 
– physical and chemical properties of the solvents, 
– type of individual interaction, penetration of chemical 

solvent in the polymer, 
– coating permittivity, intermolecular interactions, which 

relate other thermodynamical characteristic such as the 
change of Gibb’s energy, and especially parameters of 
solubility of concerned components.

From the therodynamic point of view, degree of solvent 
affi nity to polymert is given by the Gibb’s energy change, 
which is determined by the interaction between solvent 
molecules and macromolecular chain elements. Then, the 
solubility is mainly determined by the enthalpy value ∆Hmix., 
which therethrough relates a change of internal energy during 
evaporation ∆Hev. This value related to unit volume  ∆Hev/V  
is the density of cohesive energy ∆ε. A root of this formula is 
mentioned the solubility parameter δ.

The solubility parameter of the solvents could be calcu-
lated from general equation:

δ= ×
=

interal evaporative heat density

relative molecular mass

LL RT

V

−

where L is work executed during isothermal volume growth 
by constant pressure.

However, the solubility parameters of polymers couldn’t 
be determined by this way. Instead, often they are determined 
according to the behaviour of polymers in interaction with 
solvents with known value of δ. For example by the coeffi ci-
ents of swelling: 

Q =Q exp1 max 1⋅ ⋅ −( )⎡
⎣⎢

⎤
⎦⎥

−KV δ δ1 2

2

Or by viscometric measurements according to equation:

η η δ δ[ ] [ ] ⋅ ⋅ −( )⎡
⎣⎢

⎤
⎦⎥

= exp
max 1−KV 1 2

2

Then, these solubility parameters can be determined for 
example from the internal pressure or polymer structure. 

The smaller is the difference δ of solvent and polymer, 
the better is dissolution. The polymers are mostly soluble in 
that solvents, which their < δ > correspond to middle interval 
of polymer solubility approximately to two units. 



Chem. Listy, 99, s49–s652 (2005) Physical  & Applied Chemistry

s631

The Experimental Part

Conclusions
Obtained results of testing of selected solvents mainly 

correspond to theory of coating solubility based on the solu-
bility parameters, with the exception of three solvents – ethy-
lene glycol, N,N dimethyl formamide, dimethyl sulfoxide. It 
could be accounted for some factores – for example such as 
impact of types and chemical structure of the given solvents 
on the degradation of said coating types, type of indivi-
dual interaction and penetration of chemical solvent in the
polymer etc.
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Table I
The result of testing of  alkyd coating system – made from basic synthetic paint and enamel synthetic paint – resistance  towards 
selected types of organic solvents 

 Solubility parameters δ of tested solvents [10–3 J1/2 m–3/2]

 Weak hydrogenous bond Medium hydrogenous bond

 Cyclohexane 16.77 Ethyl methyl ketone 19.01
 Heptane 15.19 Acetone 20.16
 Benzene 23.39 Cyclohexanone 18.92
 Toluene 18.73 Ethylene glycol 21.49
 Xylene 18.22 N,N dimethyl formamide 24.82
 Dichlormethane 18.36 dimethyl sulfoxide 24.60

 Strong hydrogenous bond Alkyd coating 19.22
 isopropyl alcohol 23.25
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The type of solvent
the paint wasn´t degraded
after impact of tested solvents

Fif. 1 Dependence of type of solvents on duration of infuence 
needed to coating degradation 
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Introduction
Photodegradation using semi-conductors has proved to 

be a promising technology for pollution remediation. Cata-
lysts developed by the sol–gel method and the addition of 
rare earth oxides have received much attention. The effect 
of coating substrates and the system parameters such as tem-
perature, UV intensity, relative humidity and residence time 
have been investigated.

Titanium dioxide is a non-toxic material. TiO2 thin fi lms 
exhibit high stability in aqueous solutions, no photocorro-
sion under band gap illumination and exceptional surface
properties. TiO2 thin fi lms are already widely used in dye-
-sensitized solar cells, and lithium insertion batteries. 
Titanium dioxide appears to be one of the most important
photocatalytic materials in the area of environmental puri-
fi cation and especially in heterogeneous photocatalysis, an 
attractive low temperature, low cost, non-energy consuming 
technique, where a catalyst is capable of entirely decom-
posing organic pollutants in both the liquid and gaseous
phase by using solar light illumination. The material in 
the form of powder suspensions has extensively been used 
for water treatment involving a large number of organic
substrates1.

Photoremoval of metals
We used an immersion well photoreactor for a reac-

tion on TiO2 powder (Degussa Aeroxide 25) as a catalyst. 
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When the powder catalyst was tested, its concentration was 
0.4 g dm–3.

In the case of immobilized catalyst, the thin TiO2 fi lm 
was prepared by sol–gel method from titan-tetrabutoxide. 
For reaction on immobilized TiO2 catalyst we used multi-
-tube fl ow reactor and desk reactor2.

S i l v e r  i o n s  A g +

Reaction solution was made from AgNO3, starting con-
centration of Ag+ was set to 200 mg dm–3. All reactions with 
silver ions proceeded in 0.005 M ethanol solution.

C u p r i c  i o n s  C u 2 +

Reaction solution was made from CuSO4, starting con-
centration of Cu2+ was set to 50 mg dm–3. All reactions with 
cupric ions proceeded with two different electron donors. 
Thiosulphate of 0.005 M concentration was used in fi rst case, 
ethanol of 0.05 M concentration together with acetate buffer 
set to pH 4 in the second.

M e r c u r i c  i o n s  H g 2 +

Reaction solution was made from HgCl2, starting con-
centration of Hg2+ was set to 100 mg dm–3. All reactions with 
mercuric ions proceeded in 0.005 M ethanol solution.

Results and diskusion
Every chosen metal ion was tested in presence of etha-

nol, because the photocatalytic reduction with ethanol added 
as electron donor will always take place. And that is why 
ethanol is good for comparison of the fi rst order reaction 
rates of the process. In Fig. 1. we can se the behavior of the 
metal ions reduction in presence of ethanol and in Fig. 2. we 
can compare its rate constants. It is clear, that the fastest rate 
constant has mercuric ion.

For cupric ions the reaction rate in presence of ethanol 
was not so fast, and the whole process was not so easy as with 
other metal ions. The reduction always stopped, when the pH 

of the reaction solution has reached value of 3. That is why we 
have added the buffer solution, and than the reaction ran with 
higher rate constant and the fi nal concentration was lower. 
We have tested also different electron donor for cupric ions 
reduction. We have found, that thiosulphate will be a good 
one. We have tested many concentrations of thiosulphate, bat 
the highest rate constant was in the case of 0.005 M, when it 
is comparable with silver ions reduction.

We have also tested immobilized layers of TiO2 for 
silver ions reduction. The reaction rate constants in two dif-
ferent photochemical reactors were approximately the same. 
On the comparison with powder catalyst they were much 
slower, but immobilization of the catalyst brings so many 
advantages, that in the future catalyst only in immobilized 
form will be used.

Consultions
We have found out that reactions on powder catalyst are 

faster than on immobilized one, because of the high surface 
area of TiO2 powder. However, powder catalyst has many 
disadvantages, such as centrifugation or fi ltration of pow-
der from reaction media, necessity of catalyst regeneration 
which means high energy consumption. On the other hand 
it is impossible to use powder catalyst for greater amounts 
of metal ions, because it blocks the access of radiance to the 
photoactive sites on catalyst by reducing metal. After the 
whole particle is being coated by metal, it becomes inactive 
and the reaction rate decreases. One side of the immobilized 
catalyst layer is always exposed to the light and the decrease 
of reaction rate was not observed (depending on the adjust-
ments of the reactor).
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Fig. 1. Behavior of photocatalytic metal ions reduction on 
immobilized(glass tube and plate) and powder TiO2 (0.4 g dm–3) 
catalyst in ethanol (0.05 M) and thiosulphate (0.005 M) solution

Fig. 2. First order rate constants of photocatalytic metal 
ions removal: 1–Cu2+ on powder TiO2 (0.4 g dm–3) in ethanol 
(0.05 M) and acetate buffer solution (pH 4), 2–Ag+ on immo-
bilized TiO2 in multi-tube reactor in ethanol solution (0.05 M), 
3– Ag+ on immobilized TiO2 in desk reactor in ethanol solution 
(0.05 M), 4– Cu2+ on powder TiO2 (0.4 g dm–3 )in thiosulphate 
solution
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Introduction
Humic substances are the main components of soil orga-

nic matter. They occur not only in soil, but also in peat, coal, 
natural water, sediments, lignins and other natural deposits. 
They have a widespread distribution in all terrestrial and 
aquatic environments1. Humic substances represent a hetero-
geneous mixture of compounds, which do not have a uniform 
structural formula, but can be divided into three groups: hu-
mic acid, fulvic acid a humin. 

Infrared spectroscopy has been widely used for chara-
cterization of humic substances and can provide valuable 
information on the structural and functional properties of 
natural organic matter molecules2. The application of FT-IR 
spectroscopy on solid organic phase provides information 
about the nature, reactivity and structural arrangement of 
oxygen/containing functional groups, the occurrence of pro-
tein and carbohydrates constituents, the relative proportions 
of aromatic versus aliphatic moieties, and a deeper insight 
of all overall evolution of the organic materials with depth 
long the profi le3. A major problem in the application of IR 
spectroscopy for analysis of humic substances is interference 
caused by absorbed moisture, which produces bands in the 
3300 to 3000 and 1720 to 1500 cm–1 region. Interference is 
particularly serious when pressed discs of alkali halides are 
used4. 

Experimental part
Humic acids were extracted from South-Moravia lig-

nite according to following procedure. 100 grams of lignite 
were mixed with 2 litres of 0.5 M NaOH and 0.1 M Na4P2O7 
solution and shaken 24 hours under N2 atmosphere. After 
centrifugation the supernatant was treated with 20% HCl up 
to pH  =  1. Then humic solution was extensively purifi ed by 
three cycles of dissolution in 1 M NaOH and subsequently 
precipitated in 20% HCl. After precipitation solution was 
shaken for 36 hours with HCl – HF solution to remove re-
sidual ashes. It was dialyzed (dialysis tubes, 3000 Mw cut 
– off) against distilled water until chloride – fl uoride free and 
fi nally dried 72 hours with 25 °C. 

Infrared spectra of extracted humic acids and leonardite 
humic acids standard (IHSS) were measured by two various 

techniques (Nicolet Impact 400). Traditional KBr pellets 
(1 mg of sample, 100 mg of KBr) and thin layer on the silicon 
plate were used. Sample of humic acid was always dissolved 
in DMSO, deposited on the silicon plate and dried with infra-
red lamp. The whole process was repeated several times to 
achieve optimal humic acid layer for measurement. 

Result and discussions
FT-IR spectra of the humic acids from lignite are rela-

tively un-complex. Absorption bands of aromatic, aliphatic 
and carboxylic groups were mainly observed. 

The major spectra bands were assigned as follow: 
3400 cm–1 (OH stretch of the bound water), 3000–2800 cm–1 
(aliphatic C-H stretching), 1725–1600 cm–1 (C=O groups), 
1620–1600 cm–1 (C=C aromatic stretching), 1510 cm–1 
(aromatic skeletal vibrations), 1450–1410 cm–1 (CH defor-
mation of CH3 and CH2, C=C aromatic ring stretching), 
1370 cm–1 (O-H deformation and C-O stretching of phenolic
OH groups, COO- asymmetric stretching), 1260–1230 cm–1 
(C-O stretching of ethers and COOH), 1010 cm–1 (O-H stret-
ching in polysaccharides, aromatics), 900–650 cm–1 (out-of-
-plane deformation), 840 cm–1 (C-H vibration of aromatic 
rings)1,2,3,4.

Both spectra, lignite humic acid and IHSS humic acid, 
are similar in the position of main bands. The differences 
could be observed only in relative intensity of some specifi c 
absorption bands. Generally, the spectra measured with sili-
con plate are more intensive and differentiated than spectra 
recorded with KBr pellets. The main differences in the inten-
sity are visible in the area from 2000 to 800 cm–1. 

Fig. 1 shows FT-IR spectra of humic acid extracted from 
lignite. The largest differences in the spectra are in the region 
from 1200 to 800 cm–1, the region which contains mainly 
information about oxygen compound. 

Fig. 2. shows the FT-IR spectra of IHSS humic acid. In 
spectra acquired with silicon plate measurement is missing 
broad band from 3500 to 3200 cm–1. This band is due to the 
OH stretching motions of the bound water and to some OH 
groups present in the humic acids, partly also assignment to 
the NH groups.
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Fig. 1. FT-IR spectra of humic acid; A – spectra run on silicon 
plate, B – spectra run like KBr pellet
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A major problem in the application of IR spectroscopy 
for analysis of humic substances is interference caused by ab-
sorbed moisture, which produces bands in the 3300 to 3000 
and 1720 to 1500 cm–1 region. Interference is particularly 
serious when pressed discs of KBr are used. It was observed 
that spectra measured using silicon plate are more suitable for 
comparison of various humic samples because they are more 
detailed than those measured in KBr pellets. The spectra do 
not show any signifi cant structural differences between using 
KBr pellets and Si plate. 

This work was supported by the Ministry of Education, 
Youth and Sport of the Czech Republic, project no. 3400/
2005.
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Fig. 2. FT-IR spectra of IHSS humic acid; A – spectra run on 
silicon plate, B – spectra run like KBr pellet
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