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sites and conditions on the key position in projects 
leading to recognition of origins of life.

This is a combined report of international pre-
sentations: “Software and hardware in the origins 
of life chemistry”, invited for High Level European 
Science Foundation Conference “Systems Chem-
istry”, Maratea, Italy, 3-7.10.2008 and as a lecture 
at the Workshop of the COST action CM0703, Mara-
tea, Italy, 8-10.10.2008. Support by the CSF/COST 

tylamine) with neat p-vinylbenzyl chloride or oleoyl 
chloride [3].

MMT containing above 90% pure montmo-
rillonite in the form of Na-salt was purchased from 
Riedel deHaen (RdH). For comparison, standard of 
modified MMT, Cloisite 10, was tested. Modification 
of MMT with the synthesized salts was carried out 
in water-acetone solution, following mechanical 

mixing for 24 h at RT or for 5 h in aqueous solu-
tion at 95oC.

Modified MMT samples were irradiated in an 
Elektronika 10/10 electron accelerator with a dose 
of 56 kGy.

WAXS (wide angle X-ray scattering) diffracto-
grams were obtained on a D8-Advance X-ray diffrac-
tometer in the range of 2  from 4 to 70 deg. Layer 
spacing was calculated using formula 2d sin =

IR spectra of the samples were measured on a 
Bruker Fourier-Transform apparatus for KBr pel-
lets in the range of 400-4000 cm–1.

EPR (electron paramagnetic resonance) spec-
tra of irradiated samples were detected on an 
X-band Bruker ESP-300 spectrometer at RT.

Introduction
Aim of the presented studies was to obtain fillers 
of specific properties that might be used for the 
polymer reinforcement. In order to prepare poly-
mer-montmorillonite (MMT) nanocomposites of 
improved stability, variety of methods and modifi-
cations were tested in the past [1,2]. Application 
of ionizing radiation for the modification of MMT 

reinforced polypropylene led to changes in the na-
nocomposite structure, flammability and better 
thermal stability of the product, depending on the 
absorbed dose. On the basis of the above informa-
tion, for MMT modification we have proposed 
using quaternary ammonium salts containing in 
the molecule unsaturated bond, and subsequently, 
irradiation of the fillers in order to generate ac-
tive species able to initiate covalent bonds between 
polymer chains and MMT during process of mix-
ing.
Experimental
Unsaturated ammonium salts of the formulae la-
belled A, B and C (Fig.1) were obtained by mixing 
particular tertiary amines (triethylamine or trioc-
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Fig.1. Formulas of salts.
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Fig.2. Diffractograms of samples in the range of 2Q=4-70 deg (left) and 2Q=4-10 deg (right). Symbols as in the Table.
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EPR spectroscopy
EPR signals of salt A modified MMT are more 

intensive and more stable than for MMT modified 
with salt C, however both of them decay for sev-
eral days. Poorly resolved traces of hyperfine split-
ting reveal interaction between unpaired spins 
and hydrogen atoms typical of alkyl-type radicals 
(Fig.3). Is seems that the observed signal might be 

assigned to the product formed upon addition of 
hydrogen atom, abstracted, e.g. from MMT, to un-
saturated bonds (Fig.4).
IR spectroscopy

The IR spectra might confirm absorption and 
intercalation of both salts into montmorillonite 
structure (Fig.5). Spectra of modified MMT re-
veal bands belonging to the salts that are interca-
lated between MMT layers. The bands in the range 
of 2950-2990 cm–1 (aliphatic C-H bonds stretch-
ing) are observed for salts A and B and in modi-

Thermogravimetric analysis (TGA) was con-
ducted using Q500 TA Instruments apparatus in 
air at a heating rate of 10oC/min.
Results and discussion
X-ray diffraction

MMT intercalation was estimated by the dif-
fraction measurements presented in Fig.2 and sum-
marized in Table. The most considerable change 

in MMT basal spacing is observed for samples 
modified with salt A, and the results do not de-
pend on the applied method. The modification 
with salt C is less effective and salt B intercalation 
is insignificant. Unfortunately, in comparison with 
the commercial material all results are less satisfy-
ing. Thus, synthesized salts show less utility as 
modifying agents than Cloisite 10 that induces ex-
foliation of MMT. The problem of limited effi-
ciency of salt B might be related to the structure 
of the compound.

Fig.3. EPR spectra of irradiated samples: (left) MMT modified with salt A, (right) MMT modified with salt C; both pre-
pared in aqueous solution at 95oC.

Table. Basal spacing for modified MMT.

Name of sample Diffraction, 2  [deg] Basal spacing [nm]

a unmodified montmorillonite RdH 7.05 1.25

b montmorillonite modified with salt A* 5.7 1.55

c montmorillonite modified with salt C* 5.8 1.52

d montmorillonite modified with salt A** 5.7 1.55

e montmorillonite modified with salt B** 6.6 1.34

f commercially modified montmorillonite 4 2.21

* Intercalation in water-acetone solution at RT.
** Intercalation in aqueous solution at 95oC.
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fied MMTs, however their intensity for samples 
containing B salt is very low. For the modified 

MMT, the band at 2850 cm–1 is growing, probably 
due to interaction of the salts with MMT. Addition-
ally, characteristic bands in the range of 1100-1400 
cm–1 (probably C-C and aromatic C=C stretch-

ing) also appear. In these ranges pure MMT does 
not absorb, thus identification of the signals is un-
ambiguous. The correlation between IR and dif-
fraction measurements is apparent – low intensity 
of salt B absorption in the modified MMT results 
from insignificant intercalation reflected by a small 
shift in basal spacing measured by the WAXS 
method.
Thermogravimetric analysis

Although salt A is stable up to 200oC, decom-
position of MMT modified with this compound 
starts at about 170oC (Fig.6). Similar process was 
confirmed for MMT modified with salt B. On the 

other hand, commercially modified MMT remains 
stable up to 230oC. No effect of sample irradiation 
on the thermal decomposition processes is ob-
served. TGA results also confirm the intercalation 
of the salts.
Conclucions
We synthesized quaternary ammonium salts con-
taining unsaturated bonds designed for the modi-
fication of MMT and forming relatively stable 
radicals that in mixing process initiate chemical 
bonds between the filler and polymer matrix.

The prepared ammonium salts probably inter-
calate into MMT layers, as was found by the WAXS 
IR methods and TGA.

Mechanism of the radiation-induced processes 
in the modified MMT, consisting in the transfer of 
hydrogen atoms from MMT to unsaturated bond 
and formation of alkyl-type, radical was proposed.

The obtained products can be used as fillers in 
in situ polymerization, polycondensation or hard-
ening of some monomers or resins, but the method 
of mixing must be improved.
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Fig.6. TGA measurements: a – MMT, b – MMT modified 
with salt A, c – MMT modified with salt B, d – commer-
cially modified MMT, e – salt A.

Fig.4. Possible mechanism of hydrogen abstraction.

Fig.5. IR spectra of: a – unmodified MMT, b – commer-
cially modified MMT, c – MMT modified with salt A, d – 
MMT modified with salt B, e – salt B, f – salt A. All sam-
ples in the form of KBr pellets.

THE INFULENCE OF IONIZING RADIATION 
ON THE THERMAL PROPERTIES OF SEGMENTED POLYURETHANES 

FOR BIOMEDICAL PURPOSES

Marta Walo, GraŜyna Przybytniak

Segmented polyurethanes (PUs) have found ap-
plication in medicine as biomaterials due to good 
biocompatibility, hydrolytic and oxidative biosta-
bility, excellent mechanical properties and good 
processibility [1]. Polyurethanes represent a class 
of synthetic elastomers whose physicochemical 
properties may be modified by changing the ratio 

between soft and hard segments. Therefore, they 
are commonly used for production of scaffolds in 
tissue engineering and for manufacturing medical 
devices, such as vascular grafts, artificial hearts, 
catheters, mammary implants [2].

The aim of this study was to characterize the 
influence of ionizing radiation on the thermal 


