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The experimental and theoretical investigations of the influence of electron irradiation on the

Introduction

IR spectra of polyimide materials

The IR spectrum of polyimide films produced on the basis of Hydroxy-4, 4-dianiline and lacquer ABimida was measured.
The carried out quantum-chemical calculations of the spectra within the Hartree-Fock approximation MDDP PM3 on
the model material (a copolymer of dianhydridethreecyclodetsentetra carboxylic acid and diaminodiphenyl ether) show
that the bulk of experimental and theoretically calculated bands in the frequency range 2000 - 400 cm' is identical.
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JKcnepuMeHTAIbHbIE H TeopeTHYecKHe HCCIeT0BAHUS BIHSHHSA 3J1eKTPOHHOT0 00,1y deH st
Ha UK-cnekTpbl NOTMMMHUAHBIX MATEPUAJIOB

Wzyuensr MK-crieKTphl B MOTMAMUIHBIX TUICHKAX, H3TOTOBICHHBIX Ha 0cHOBe Okcu-4,4-nuannnina u taka Abumvuna.
IIpoBeneHHBIE KBAaHTOBO-XMMHUYECKUE pacdyeThl CrieKTpoB Ha DBM B pamkax merona XapTpu-Poka B MpUOIIKCHUN
MJIAIT PM3 Ha MozenbHOM Marepualie (CONOIMMEp AWaHTHAPUIATPULUKIOACLECHTETPAaKapOOHOBON KUCIOTHI U AU-
(heHmIAMaMUHOBOTO 3(Hpa) MOKa3bIBAIOT, YTO OCHOBHAS YaCTh SKCIIEPUMEHTAIBHBIX U TEOPETHYECKU PACCUNTAHHBIX
nosoc B uHTepBae yactor 2000 — 400 cm! coBnanaer.

Kurouesnie ciioBa: VK-criekTp, MONMUIMUTHEIE TUICHKY, 3IEKTPOHHOE 00TydeHHE, KBAHTOBO-XUMUYECKHIE PacUeThL.
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Moannmuarik marepuangapabiy MK-crieKTpbIHA 3JIEKTPOHABI CAYJIeJIeHIIpy dcepiH
TEOPHSLIBIK KIHE IKCIEPHMEHTAJ/IbI 3epTTey

Oxcu-4,4-nuaHunuH skoHe Jak AbuMun HeriziHzne nablHOanFaH MOMMUMUITIK TUieHkana MK-cmektpsel skcmepu-
MeHTanasl enmmenai. MJIIT PM3 monenpaik MaTepHaira >KaHACYIIBUIBIKTA (COMONUMEp AMAHTHUAPH[ TPULMKIIO-
JIeLleHTeTPakapOOH KBIIIKBUIBI XKaHe AupeHmanaMuaIix 2¢upi), Xaprpu-Pok axici asceinaa IBM-re xyprisiiaren
CIIEKTOpJIAp/IBIH  KBAHTTHIK-XUMUSUIBIK €CENTeyIepi, SKCIepUMEHTANIIbI KOHEe TeOPHSUIBIK eCEeNTEeNTeH XKOTaKTap/IblH
Herisr 6ediri 2000400 cm™! sKuiTiK HHTEpBaIbIH/A COIKEC KEJICTiHIH KOPCETTi.

Tyiiin ce3nep: NK-criekTp, HOIMUMUITI IUICHKAIAP, SIEKTPOHIbI COYIETICHIPY, KBAHTTHIK-XUMHUSIIBIK €CEHTEyIIep.

the type and the internal structure of the material, its
energy characteristics, conditions of production, the

The polymers on the basis of dianhydrides and
diamines exhibit high heat resistance and can be pro-
duced from relatively inexpensive raw materials [1].

The optical properties of polymers, like most of
the physico-chemical properties are determined by
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parameters of the external loads, etc.

IR spectroscopy is the universal tool for study-
ing molecule structures, on the basis of the absorp-
tion spectra of substances in the region 4000-400
cm-1 in which there are bands most typical for mo-
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lecular structures [1]. It is one of the most common
methods of structural analysis and identification of
organic compounds [2, 3].

On the grounds of computer library IR spectra
[4-6] with Fourier transform can be carried out a
qualitative analysis of the main components of the
material when their quantity and concentration in
the mixture are unknown (polymer, additives, sur-
factants, monomers, pyrolysis products, etc.).

Thus each of the analyzed groups of monomer
has a specific chemical structure, which correspond
to the characteristic only for him absorption band,
but due to the complexity of the polymer structure
calculations of their characteristics are very difficult
[7].

In this paper, the theoretical and experimental
studies of IR spectra of polyimide films werecon-
ducted.

Experiment
As materials used polyimide (PI) films manufac-

tured according to the followingtechnology. Based
on the given size ofthe film the size ofthe glass

substrate is determined on whichwill have rolling
outthe composite material. The weighed portion
of filler to creatematerial is calculated. Then2.0 g
(0.01 mole) of hydroxy-4,4-dianiline (4,4-diami-
nodiphenyloxide) and 2.74g (0.01mol) of ABimida
varnish is loaded into a three-necked flask and is
poured12mL of m-cresol. The flask is provided with
a reflux condenser and a stirrer, which agitates the
given compound with simultaneous supply of inert
gas through the capillary. The reaction mixture is
stirred in a flask with uniform heating for 5 hours
at the rate of 30%hour to the temperature of 170°C
to obtain a viscous solution. The resulting solution
is diluted to7% solution. Inthis solution addsthe cal-
culated weighed portion of filler. To obtain a homo-
geneous mixture the solution is stirred for two hours
at 170°C.Then the mixture is uniformly poured onto
the calculated glass substrate and roll out as a film
of required size. The manufactured film is dryingin
a muffleoven at100°C.

The IR spectra were measured by IR spectrom-
eter Nicolet model 5700 in the spectral range 2000
— 400 cm’'. Power on the line was 200 mW. For
decryption the spectracomputer library was used.

Figure 1 — The model of polyimide based on copolymer dianhydridetricyclodetsentetra
carboxylic acid and diphenyldiamine ether

Results and Discussion

Because of the structure complexity ofthe poly-
mer material and the in ability to accurately calcu-
late the various physico-chemical parameters, in
particular, the vibrational spectra, the model ma-
terial is presented as two units. For polyimide is a
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copolymer of dianhydridethreecyclodetsentetra car-
boxylic acid and diphenyldiamine ether (Figure 1).
The algorithm was developed and computer
modeling of the structures was conducted. For this
model the quantum-chemical calculations was con-
ducted of the MOPAC Hartree-Fock in the approxi-
mation of MDD PPM3 [9-11]. When calculation and
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interpretation of the spectra one took into account
all the vibrations including those associated with the
atoms located in the middle of the chain, giving the
main contribution to the IR spectra.

It was calculated the electronic structure and
vibrational spectrum of the polyimide for the re-
duced model. The fig. 2 shows the experimental and
calculated infrared (IR) spectra of the model in the
ground and ionized states.

The calculated spectrum is a line spectrum, so for
comparison with the experiment and for construction
using a package MATLAB, the convolution integral
of the line spectrum with the nucleus-Lorentzian
function (Cauchy distribution) was calculated: 1/ ((v*-
v2)+y?), where v is the current wave number, v,, is the
calculated value of the wave number, vy is the width
entrance gap (instrument function). It was adopted
v=10 cm’'.
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Figure 2 — The experimental (a) and calculated (b) IR spectrum of polyimide

The frequencies below 800 cm™ are the clear
skeletal deformation. Up to 1100 cm™ mixed valence
and deformation C-C, CN. Further with 1200 cm™ to
1300 cm-' are the valent aliphatic C-C, CN and CO.
Since about 1250 cm'to 1400cm'mixed-valence
bending vibrations of aromatic rings. From 1500 cm’!
is a purely stretching vibration of phenyl groups.

In the region 1650 cm™ the stretching vibra-
tions of the carbonyl groups with an admixture of
deformation imide groups. In the region 1710-1770
cm is a purely stretching vibration of the carbonyl
groups.

From the figure 2 follows that most of the ex-
perimental and theoretically calculated bands in the
frequency range 2000-400 cm™ is identical (includ-
ing the band of frequencies 1772.2, 1704.9, 1628.2,
1512.6,1383.5, 1294, 0, 1107.5, 947.6, 835.8, 727.5,
659.2603.6, 490.9).

However, it should be noted that the intensity of
the peaks are not always quantitatively described by
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the present model. However, in our view, the model
is quite good and allows deep enough to understand
the vibrational spectra of molecules of polyimide
and other polymeric materials.

Then the IR spectrum of polyimide film irradi-
ated by electrons with energy of 2 MeV to a dose of
40 kGy was the experimentally measured (Figure 3,
a). As follows from the experiment, the IR spectrum
of the film after the electron irradiation is signifi-
cantly changed.

As it follows from the experiment, the IR spec-
trum of the film after the electron irradiation is sig-
nificantly changed. Thus there is are structuring,
misalignment of the optical centers, destruction of
the polymer chains and the process of gas formation.
The irradiation of polyimide results in a substantial
change in the intensity of some bands of the IR spec-
trum and their broadening.

Furthermore, there is an increase in the content
of benzene rings substituted PI films. In the range
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17002000 cm! there are associated PI groups. The
increase in the intensity leads to increase the content
of the radicals and the formation of hydrogen bonds.

The irradiation also leads to formation cycles
involving of nitrogen atoms and the formation of
nitrogen oxides. To describe the experimental data
is similarly to the calculation for the pure polyimide
the IR spectrum of the radical cation (which corre-

)
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sponds to a first approximation irradiated polyimide)
was calculated. As it follows from the figure 3, b the
spectrum of the radical cation generally follows the
spectrum both the parent molecule and irradiated
polyimide. In this case, the ratio of the intensities
vary somewhat. However, intensities (as for the un-
irradiated polyimide) the spectrum of radical cation
is significantly different from the original spectrum.
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Figure 3 — The experimental IR spectrum of polyimide film irradiated by fast electrons with energy of 2MeV and a dose of 40
kGy (a) and calculated IR spectrum of the radical cation of polyimide (b)

Conclusion

The theoretical and experimental studies of the IR
spectra of polyimide films fabricated on the basis of
Hydroxy-4,4-dianiline and varnish Abimida were con-
ducted.

The calculations of the spectra by com-
puter were performed by the Hartree-Fock

approximation MDD PPM3 on the model ma-
terial which was presented in the form of two
units (copolymer dianhydridethreecyclodet-
sentetra carboxylic acid and diphenyldiamine
ether).

The main part of the experimental and theoreti-
cally calculated bands in the frequency range 2000—
400 cm is identical.
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