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Influence of high energetic electron irradiation (£;= 1.8 MeV) on the electron and vibrational properties of
fluorine containing polyamide films was studied. Nature of electron transitions and vibration bands in Raman and
IR-absorption spectra in the initial state of the film was determined by quantum-chemical calculations. Results of
optical absorption, Raman scattering and IR-absorption showed that irradiation of the film with dose of 1 MGy does
not lead to significant changes of electron and vibrational structure. Increase of the dose to 3 MGy influences the
intensity of vibration bands in Raman and IR-absorption spectra. Films that were transparent in the initial state

became yellow-colored and fragile after the irradiation.

INTRODUCTION

Great part of studies in nowadays nanoscience and
nanotechnology is dedicated to polymer-based
composites filled with different nanostructures [1]. One
of the directions in this field is polymers with carbon
fillers that posses row of extraordinary physically-
chemical properties and have practical applications in
electronics, energy storage, sensing platforms, field
emission devices, biological labeling ets. [2-3]. Among
different polymers that are used as matrices for the
fillers the most popular are polyamide ones that have
charming thermoplastic with good process ability,
chemical resistance [1, 4]. Irradiation with high-
energetic charged particles (electrons, ions) of such
nanocomposites often leads to improvement of
mechanical properties and appearance of new useful
characteristics [5]. The carbon fillers such as fullerenes,
nanotubes and graphene save stability under
comparative high doses of irradiation [6-8]. Therefore it
is very important to know level of stability and
understand processes of defect formation in pure
polyamide film under irradiation,

The aim of this paper is study changes of electron
and vibration properties under influence of high
energetic electron irradiation for fluorine-containing
polymer PA-24 that is characterised by good thermal
and mechanical properties [9].

MATERAILS AND METHODS

Structural formulae of elementary part of fluorine-
containing polyamide consists from two phenolic rings
that are linked by -OC, -CONH, -NH-groups,
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and contains OCF,CF,H branch.

Fluorine containing polyamide films were prepared
by spin coating from the dimethylformamide solution.
Thickness of the film was d=1000nm. After
measurements of the properties in the initial state the
film was irradiated with electrons, energy of which was
E =1.8 MeV; doses of the irradiation varied from 1 to
3 MGy. Optical absorption spectra were measured with
Shimadzu UV-3100 spectrophotomer, vibration spectra
were received with help of Yobin Yvon T64000
microspectrometer Ae =532 nm, IR absorption spectra
received with help of Nicolet iS50.

In order to receive characteristics of the electron
transitions we applied quantum-chemical calculations
for the elementary part of fluorine-containing polymer.
On the first stage optimization of the geometry with
DFT(B3LYP/6-31G, d, p) was performed and Raman
and IR-absorption spectra received. On the second stage
for calculations of the electron transitions characteristics
of spectra we applied TD SCF method. Typically,
calculated and experimental data do not coincide
perfectly in quantum-chemical studies [10-12];
however the calculation is precise enough to correctly
analyze the nature of electron transitions.

RESULTS AND DISCUSSION

Fig. 1 shows absorption spectra for polyamide film
in the initial state (curve 1) and after electron irradiation
with doses 1 (curve 2) and 3 MGy (curve 3).
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Nonirradiated polyamide film absorbs in UV region
and has a shoulder in visible range intensity of which
sharply decreases after 350 nm. Lets consider results of
quantum-chemical calculations in order to explain the
absorption spectrum.

Absorption, a.u.
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Fig. 1. Absorption spectra for polyamide film in the
initial state (curve 1) and after electron irradiation with

doses 1 (curve 2) and 3 MGy (curve 3). (Thickness
d = 1000 nm, energy of electrons E= 140 keV)

200 250

Forms of frontier molecular orbitals and their
energies for the polyamide elementary part are
represented on Fig. 2. The highest molecular orbital
HOMO has energy -6.7eV, lowest unoccupied
molecular orbital LUMO -0.72 eV, energy gap is 6 eV.
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Fig. 2. Energies and forms of frontier molecular
orbitals of elementary part of polyamide

As can be seen from Fig. 2, the frontier molecular
orbitals are localized on the phenol rings and partially
include electron density from oxygen atoms. Maximal
oscillator strength f and therefore the most intensive
transition in the absorption spectrum according to the
calculations, Table, is realized due to transition of
electron rom HOMO-1 to LUMO level. Calculated
wavelength of the transition is 511 nm and differs from
the experimental data that is caused by few factors: the
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first one is consideration of polymer part without taking
into account interaction with neighbor parts of
polyamide; the second one is calculation of the
molecule in vacuum.

Electron transitions of elementary polyamide part near
energetic gap

Transition n)br; f t;)rqg?ti%fn Main configuration
S—S; | 511 | 1.4 | n—n | HOMO-1-LUMO
S¢—S; | 355 | 01| m—n | HOMO—LUMO
S¢—S; | 306 | 05| w—n | HOMO-4—LUMO

Higher excited states are in better agreement with
experiment: wavelength of the second transition Sy—S,
is 355 nm (see Table). Next S;—S; transition is at
306 nm and is realized due to transfer of the electron
from HOMO-4 on LUMO level. All the transitions are
—7 type, therefore the calculations classify the fluorine
containing polyamide as n-conjugated structure.

Experimental absorption spectra in visible range are
not sensitive to irradiation at doses of 1 and 3 MGy, all
the maximums save positions and intensities.

Despite of that Raman spectra undergo essential
changes. At first let’s consider spectrum in the initial
stage. As the calculations show (Fig.3), Raman
spectrum has row of vibrational bands in the region
1200...1720 cm™, and vibrations within
2980...3150 cm™.
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Fig. 3. Calculated Raman spectrum for elementary
part of polyamide

Positions of the calculated bands are in good
agreement with the experimental ones (Fig. 5, curve 1).
For example, low intensive band at 994 cm™, that in the
experiment is at 997 cm™ and has high intensity,
corresponds to unsymmetrical bending of phenol ring,
Fig. 4,a. Intensities of experimental and calculated
vibration bands are different due to abovementioned
factors.

The most intensive vibration in the calculated
spectrum at 1661 cm™ corresponds to symmetrical
breathing of phenol ring, Fig. 4,b. Unsymmetrical shift
of phenol ring that includes shift of Nitrogen atom at
1015 cm™ is presented on Fig. 4,c.
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Fig. 4. Forms of vibrations of elementary part of
polyamide at 994 (a); 1015 (b); 1661 (c) cm™.
Arrows show directions of atomic displacements

Electron irradiation at dose 1 MGy of polyamide
film causes slight change of vibration bands form and
redistribution of their intensities. Shit of the bends is not
observed but some background in the region
2500...3500 cm™, appears. Irradiation with 3 MGy
leads to growing of the background starting from
500 cm™.
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Fig. 5. Raman spectra of fluorine containing polyamide
in the initial state (curve 1) and after irradiation with
electrons 1 MGy (curve 2), 3 MGy (curve 3).
(Thickness of the film d = 1000 nm, energy of electrons
E =1.8 MeV)

Decrease of the intensities of bands at 2550 cm™,
shift of mode at 3074 cm™ in high frequency region by
5cm® at 3 MGy points on appearance of radiation
defects in the film: knocked atoms, broken bonds.

Dose dependences if infrared absorption spectra
confirm destruction of the film. In the initial state
polyamide is characterized by rich spectrum of vibration
bands (Fig. 6, curve 1) and is in good agreement with
the calculations, Fig 7.
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Fig. 6. IR absorption spectra of fluorine containing
polyamide in the initial state (curve 1) and after
irradiation with electrons 1 MGy (curve 2), 3 MGy
(curve 3). (Thickness of the film d = 1000 nm, energy of
electrons E= 1.8 MeV)

Similar to the calculations of Raman spectra,
intensities in the IR spectrum do not coincide with the
experimental ones but positions of vibrations are in
agreement.
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Fig. 7. Calculated IR-absorption spectrum for
elementary part of polyamide

In the initial state of fluorine-containing polyamide
IR-absorption spectrum have vibrations of amide groups
at 1660, 1540, 1230 cm™, and vibrations of N-H bonds
at 3300 cm™. It should be noted that vibrations of
hydrogen bonds are revealed both in Raman and IR
spectra in region 3000...3100 cm™.

Electron  irradiation  results in  significant
transformation of the spectra, for example, mode at
1096 cm™ shifts to 1100cm™ at 1 MGy and to
1105cm™ at 3 MGy. For the vibration mode at
1661 cm™ no shift is observed at the applied doses but
its intensity decreases. Similar to dose dependences of
Raman spectra for polyamide, it is observed fall of
vibrational intensities in IR-absorption spectra. The fall
is caused by breaking of chemical bonds in the polymer,
background is due to appearance of great amount of
knocked atoms in the structure of the film.

CONCLUSIONS

Influence of high energetic electron irradiation
(E;i=18MeV) on the electron and vibrational
properties of fluorine containing polyamide films was
studied. Nature of electron transitions and vibration
bands in Raman and IR-absorption spectra in the initial
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state of the film was determined by quantum-chemical
calculations. It is shown that fluorine-containing
polyamide PA-24 is n-conjugated system absorption in
which is caused by electron transitions between
molecular orbitals localized on phenol rings. Results of
optical absorption, Raman scattering and IR-absorption
showed that irradiation of the film with dose of 1 MGy
does not lead to significant changes of electron and
vibrational structure. Increase of the dose to 3 MGy
influences the intensity of vibration bands in Raman and
IR-absorption spectra. Films that were transparent in the
initial state became yellow-colored and fragile after the
irradiation.
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SJIEKTPOHHASA U KOJIEBATEJIBHASA CTPYKTYPA IIVIEHOK ®TOPCOIEPKAILLEI'O
MHOJIMAMMIA TP OBJIYYEHUU BBICOKOHEPI'ETUYECKHUMH 3JIEKTPOHAMM

EJIL Hagnenxo, B.A. Cenowx, O.I1. /Imumpenxo, H.II. Kyauw, E.B. Illenyovko, A./]. Kaukosckuii,
A.A. Hnvuenxo, B.B. Illnanaukasn

IIpuBenenst HCCIIEI0OBaHUSA BJIUSHUSA o0myueHus IUIEHOK ¢dbTopcoaepkaIiero noarnaMuaa
BBICOKOOHEPreTHIeCKUMH diekTpoHamu (E; = 1,8 MbdB) Ha ero 3JeKTpOHHYI0 U KoJjiebaTenbHyr CTpyKTypy. C
ITOMOIIEI0 KBAHTOBO-XUMHYECKIX PACUETOB YCTAaHOBJICHA IPUPO/Ia IIEKTPOHHBIX mepexo1oB u nooc KPC, a takxke
HK-nornomenns B BICXOJHOM COCTOSIHUH. Pe3ynbraTel ontndeckoro M MK-mormomeHns, paMaHOBCKOTO PacCesTHUS
CBeTa TOKA3BIBAIOT, YTO JAaHHBIC IUICHKH Tpu o3¢ 1 MI'p COXpaHSIOT CBOIO AJIEKTPOHHYIO M KOJICOATENbHYIO
CTPYKTYpY. YBemmueHune 1036l no 3 MI'p NpHBOAWT K HM3MEHCHHWIO WHTCHCHUBHOCTEH KOJICONIOMIMXCS MOJ B
criekTpax pamaHoBckoro paccesHuss u WK-nornomenus. Ilpu gaHHON [03€ MJIEHKH TEPSIOT MPO3PAayHOCTD,
prOOpeTast JKENTHIHA [[BET, U CTAHOBATCS XPYIIKAMH.

EJIEKTPOHHA TA KOJIUBHA CTPYKTYPA ®TOPBMICHOTI' O ITIOJIIAMIAY
IPU OINTPOMIHEHHI BUCOKOEHEPTETUYHUMU EJIEKTPOHAMUA

O.JI. Ilaénenko, B.A. Cenowk, O.I1. /Imumpenko, M.I1. Kyniw, €.B. Illenyovko, O./]. Kaukoscovkuii,
0.0. Invuenxo, B.B. llInanayvka

[IpuBeneHo aOCHIMKEHHS BIUIMBY ONPOMIHEHHS IUTIBOK ()TOPBMICHOTO TMOJiaMigy BHCOKOCHEPTETHYHHMH
enektpoHamu (E; = 1,8 MeB) Ha iioro enexkTpoHHY Ta KOJHBHY CTPYKTYpy. 3@ IOIIOMOTOI0 KBaHTOBO-XIMI4HHX
PO3paxyHKiB BCTAHOBIIEHO MPHUPOAY €IeKTPOHHUX TepexoaiB Ta cmyr KPC, a takox [Y-mornuHaHHS Yy BUXiTHOMY
crani. Pe3ynpraTi ontuaHoro Ta [Y-mornMHaHHB, PaMaHIBCHKOTO PO3CISHHS CBIiTJIAa MTOKa3ylOTh, IO JaHi IUTIBKH
mpu 1031 1 MI'p 36epiratoTh CBOIO €JIEKTPOHHY Ta KOJIMBHY CTPYKTYpY. 30UIbIIeHHS 103U 10 3 MI'p mpu3BoauTh 10
3MiHH iHTEHCHBHOCTEH KOJMBHHX MOJ Y CIIEKTpax paMaHiBCHKOro po3cisHHA Ta [Y-mormmuansa. [lpn nanid nosi
IUTIBKY BTPa4yaroTh MPO30picTh, HAOyBaIOUM KOBTOTO KOJIBOPY, 1 CTAIOTh KPUXKUMH.
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