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1. Introduction

The development of chemistry and solid matter physics lead to improved technologies in
producing polymers and nanosized films such as vacuum deposition and solid state
reactions. Over the past 20 years because of intensive research in chemistry and physics of
organic materials, place the development of the new area in materials chemistry - organic
electronics and photonics (polytronics). Polymer materials are becoming more widely used
to improve the quality of human life: from social to high-tech - household appliances,
textiles, insulation materials in industry and construction, medical implants, materials for
optoelectronics, the formation of nanosized films and more over. Important classes of
polymeric materials responded to certain technical requirements are polyimides (PI). They
contain in molecules functional group CO-NR: called imide. The presence of n-m
conjugation between non-pair electron of nitrogen atom and 7t electrons of the carbonyl
group makes them resistant to chemical agents and moisture. Mainly the type of
hydrocarbon residues (arenes, aliphatic) and the presence of other functional groups (Cl F,
NO2, OCHS3, etc) determine their physical properties and their application in practice.
In this chapter will be discussed preparation of PI, the mechanisms of reactions, possible
competitive reactions, physical properties, their application as biomedical materials
(implants, functionalized nucleic acids) and their application as optical materials for the
producing of nanocomposite layers matrix including metallic or dielectric clusters as
"guest". One of the achievements in obtaining PI layer is the application of microwave (MW)
irradiation combined with low temperature treatment compared to the application of pure
thermal imidization. This approach is particularly effective imidization for inclusion of PI
layers in multilayer lithography or optical systems in which the formed nanocomposite
films are not stable in thermal imidization condition.
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1.1. Classification of polyimides

Depending on the polymer chain, the type of hydrocarbon residues and the presence of
other functional groups, polyimides can be classified as follows:
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1.1.4. Functionalizing
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Many polyimide investigations have mainly been concentrated on aromatic polyimides, and
little information is available about aliphatic polyimides that are also potential candidates
for engineering and biomedical applications.

2. Chemical properties of polymides
2.1. Preparation and structure of polyimides

Aromatic polyimides generally prepared by a two-step procedure from aromatic diamines
and aromatic tetracarboxylic dianhydrides. The chemistry of polyimides is a specific area
with large variety of monomers available and several methodologies for synthesis [1,2,3].
The subtle variations in the structure dianhydride and diamine components have
tremendous effect on the properties of the final polyimide. The most widely practiced
procedure in polyimide synthesis is two-step process via poly(amic acid). The reaction
between dianhydride (pyromellitic dianhydride PMDA) and diamine (4,4 "-oxydianiline ODA) is
required ambident conditions in dipolar aprotic solvents, such as N-methylpyrrolidone
(NMP) or N,N-dimethylacetamide (DMAc). The next polycyclodehydration reaction of
poly(amic acid) depending on ratio of precursors lead to final polyimide with different
molar mass (Scheme 1) [4,5].

Reactions between cyclic anhydrides and primary diamines run as Sx:Ac mechanism
(bimolecular nucleophillic acyl substitution). The reaction running in two steps, the first is
attaching of nucleophillic reagent to electrophillic carbonyl C-atom. The intermediate
poly(amic acid) is formed by the nucleophilick attack of the amino group on the carbonyl
carbon of the anhydride group. Thus reaction is irreversible, because the amino group is
strong nucleophillic agent, consequence is not good leaving group than the hydroxyl group
from the carboxylic acid [1,2,5,6]. In additions, anhydride cycle have not good resonance
stability and charge delocalization, because oxygen atoms have equal electronegativity and
electron structure. The second step is nucleophillic ring closure due to dehydration and
imide ring formation. One of the disadvantages of this method is unavoidable presence of
solvents and need for their removal [7]. During the polycyclodehidration side reaction is run
that defy stereoregular control [1]. In figure 1 shows the structural formulas of the side
products of the reaction for obtaining PI.

These side compounds caused defects in the synthesized PI film. They are unwanted
impurity in production of nanostructured films with chromophores as a "guest" in the
matrix, since they lead to low quality of dielectric and optical properties of layers. At
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temperatures above 200 °C by intramolecular rearrangement isoimide convert to imide
(Scheme 2) [9,10].
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Figure 1. Structural formulas of side compounds of the reaction for preparation of PI.
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Scheme 2. Intramolecular rearrangement of isoimide to polyimide.
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Another way for synthesis of polyimides from Nylon-Salt-Type Monomers has been
reported from Imai [4]. The method based on the melt polycondensation of diamine and
pyromellitic acid half diester (pyromellitic acid diethyl ester) (Scheme 3).
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Scheme 3. Synthesis of PI from pyromellitic acid half diester and diamine.

These salt monomers have been prepared as white crystalline solids by dissolving an
equimolar amount of each individual diamine and tetracarboxylic acid half diester in hot
ethanol (or methanol), and subsequently cooling the resultant solution. The author has been
found that imidization (polycondensation) of salt run to polyimide for 10 min at 250 °C. The
high-pressure polycondensation of the salt monomer has been applied. The pressure affect
on the temperature and reaction time that directly afforded high molecular-weight
polyimide. This method is useful for the synthesis of the polyimides having well defined
structures, compared with the other synthetic methods [4].

2.2. Vapour deposition and solid state reaction

The development of the chemistry of polymers and their application in nanotechnology
many researchers have been seen alternative forms for obtaining nanosized films. Our
studies have focused primarily on vapour deposition of precursors and solid state
imidization reaction [7,10,11,12]. Vapour deposition processes of organic layers play an
important role in polytronics. They allow the construction of systems without solvents,
based on principle of bottom-up and have significant role in the formation of intermediate
and protective layers. Important advantages of vapour processes are follows: (i) vacuum
deposition is basically a cleaning process from impurities and resulting deposited layers

69
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have a much higher purity. This reduces problems with local anisotropy properties,
polymorphism, etc.; (ii) vapour process allows the run of additional activated or modified
processes as resulting deposited films are changed and improved properties: higher
physical density, polymerization, high chemical purity and others. This is related take
plasma processes, electronic flow, microwave irradiation or photon interaction. All these
additional processes generate enough number of active particles as free radicals and ions in
the gas phase. The disadvantage of these so-called vapour assistance deposition processes is

the need for very precise control [7,13].

In the vacuum deposition of the precursors PMDA and ODA at temperature of 120-145 °C
reaction of polycondensation to PAA with opening of the anhydride ring of PMDA takes place
(Ac-5N2 -reaction). These processes are to great extent accelerated and controlled in the thermal
treatment of the condensed solid phase which represents PAA, with regard to their
transformation to PI by means of reaction of polycyclodehydration in solid state to linear PI
[7,10,11]. The FTIR spectra of individual films of PMDA, ODA and PAA are shown in figure 2.
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Figure 2. FTIR spectra of the vacuum deposited films of: - - - - - - - PMDA; -. - -. - ODA;
simultaneously deposited both precursors in a mole ratio of PMDA : ODA=1:1(PAA).

The band v 1716 cm! for the >C=O group in the PAA spectrum related to acid. The presence
of hydroxyl group of the acid (C-OH) is corresponded at d 1247 cm™. The amide bond is



Chemical and Physical Properties of Polyimides: Biomedical and Engineering Applications 71

identified by the bands at v 1653 cm™ (>C=O amide I band) and d 1608 cm™ (N-H amide II
band).

Compared to the classical methods for producing films from PAA, in which the acid is
preliminarily obtained in a solution and after that deposited as a thin film usually by spin
coating, in the vacuum deposition method this process is performed in only one step. More
and more researcher accept that the method of vacuum deposition provides for a greater
degree of purity in the thin film production, opportunity for controlling and computerizing
the processes of heating, imidazion and layer formation designed for obtaining standard PI
or nanocomposite products of reproducible composition, thickness, structure and properties
[12,14]. In figure 3 are compared the spectra of PAA and solid imidization film of PAA to PI
obtained after thermal treatment.
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Figure 3. FTIR spectra of vacuum deposited films with thickness 200 nm and PMDA:ODA(PAA)=1:1
——————— thermally untreated; -------------thermally treated 1 h at 300 °C.

The bands at vs 1776 and vas 1723 cm! characterize the >C=O groups of the imide ring. The
imidization confirmed by the vcn 1376 cm ! imide III band where a minimum is observed in
the spectrum of the untreated layer in this frequency. The exits of new bands in the area
deformation vibrations for C-O and C-N bonds respectively at 1241, 1168, 1116 and 1092
cm! is observed [7,9,10].

Similarly, the vacuum deposition gives the opportunity to syntheses of azo-polyimide, type
“main-chain”. In this case, as starting precursors were used PMDA and DAAB (44 '-
diaminoazobenzene), which are then vacuum deposition in a thin layer subjected to thermal
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and microwave treatment for imidization reaction to polyimide (Scheme 4) [7,15]. As is seen
the azo-chromophore is covalently bonded in the polymer matrix. So a preparation of
colored polymer is realized without to incorporate in the matrix an additional chromophore.
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Scheme 4. Reaction between PMDA and DAAB to Azo-PI

The resulting films were characterized by FTIR and UV-VIS spectroscopies before and after
imidization. It was studied kinetics imidization at different temperatures. The results show
that optimal conditions for imidization are temperature 300 °C for 1 h. It is known that
azobenzene derivatives possess optical properties associated with optical anisotropy due to
photoisomerisation photoorientation of azochromophore, perpendicular to the direction of
the polarized beam. These properties of azobenzene derivatives are important for their
application in nonlinear optics and nanotechnology, optical modulators, optical recording
media and other devices [16,17,18,19].
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2.3. Microwave synthesis

One of the achievements of polymer chemistry is development of microwave synthesis. It is
new and promising methods in organic synthesis, that time of the reaction manifold shorten.
The literature describes that reaction occurs within hours or days, by microwave synthesis
reaction time is greatly reduced - from 5 to 30 min [19,20,21]. Microwaves are distributed
evenly in the reaction mixture, which makes the temperature field uniform (homogeneous)
and radio frequency radiation provides the energy required for the reaction, and molecules
get more energy (Ea) and the reaction speed increases manifold [20,21,22,23].

Our investigation showed that after combined treatment - MW and thermal, the imidization
reaction take place for 5 to 15 min that is confirmed by FTIR spectroscopy. The quality of the
film is identical with the one of PI obtained only after a thermal treatment for 1h at 300 °C.
The method carried out allowed for PI production to be optimized by the involving of MW
treatment of vacuum deposited films [10, 24].

It was found that the prerequisite for obtaining films of PI without mechanical defects is the
establishment impact energy. It was investigated and established optimum conditions of
MW and thermal treatment. Our suggestion that the type of energetic treatment power and
time can be reduced to the substitution of different parameters: time, power and intensity of
impact is not confirmed, i.e. it was not prepared the PI films with the same imidization
degree in terms variation of treatment. Experimentally proved that 5 hours additional heat
treatment at 170 °C is not offset one hour treatment at 250 °C. By applying the DTA
(Differential Thermal Analysis) and FTIR spectroscopy was found to be necessary to achieve
clearly defined temperatures for better imidization to PI. These results are also valid in MW
treatment. Only the combination of both MW and heat, leading up to the high imidization. It
was found that higher imidization degree achieved for 15 min. after application of MW and
thermal treatment at 250 °C compared with only thermal treatment [24,25,10]. Therefore, the
mechanism of the reaction according Scheme 1 and 6 requirements not only affect energy
and same temperature achievement in the layer, but also requires strict established
parameters: the type of treatment, power and time of action to achieve a high imidization
degree.

2.4. Kinetic of the imidization

The kinetics of imidization is measured by the degree of transformation of PAA into PI by
given output parameters - temperature and time of reaction. Appropriate method for
determination of imidization degree is FTIR spectroscopy. The band at 1376 cm! is called
imide III (C-N-C vibrations) band and using for qualitative and quantitative estimations of
imidization degree in the present of internal standard at 1500 cm! (C-Car vibrations) [26,27].
The imidization degree of PAA to PI was determined using eq 1.

(peak area at 1376cm™Y)time/(peak area at 1500cm™1)time
peak area at 1379cm=1)300

(1)

Degree of imidization = C °C/
(peak area at 1500cm=1)300 °C
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Yang et al. was used Seo model to correlate of imidization with time [28]. In Seo's approach
the rate constant was proposed as k(t) = b x sech(-at). Inserting into the first-order rate
equation, the relationship between the degree of imidization and curing time is obtained as:

—In(1-x) =— %tan‘le‘at + const. ()

The constant in eq. (2) was obtained by fitting with the experimental data to the original Seo
model. However the constant in eq. (2) was found to be 0.785 by fitting the experimental
data at the initial condition (f = 0, x = 0). Hence, the kinetic equation was expressed as eq (3)

—In(1—x) = — %tan_le_at — 0.785. 3)

The parameters a2 and b were expressed in the form of Arrhenius expressions in this study,
which are shown as eqs (4) and (5)

a=Aaexp( - Ea/RT) 4)

b = Ab exp( - Ev/RT) 5)

The constants As, Av and E: were calculated from Arrhenius plots of the parameters a and b.
The assumption that the parameter b in the original Seo model is independent of
temperature conflict obviously with the fact that the rate constant of first-order reaction k(t)
is a function of temperature since k(t) approaches b at the initial time, t—0. The
corresponding activation energy obtained from parameter a should be the energy barrier for
the transition state and parameter b represents the rate constant for the imidization reaction.

3. Physical properties of polyimides
3.1. Intramolecular interaction

The formation of charge transfer complex (CTC) has been studied from many researches
[29,30]. They reported that CTC formated between dianhydride and diamine groups in
polyimides being an important reason for high glass transition temperature (Tg) of
polyimides [29,30]. The increased interchain attractive forces due to such interactions were
proposed as effectively increasing the chain rigidity and hence the Tg. It was also proposed
that the presence of any bridging group in the dianhydride had a strong influence on the
glass transition as it changed its electron affinity and hence promoted the possibility of CTC
formation. Figure 4 shows the idealized form of such an interaction between the
dianhydride and diamine groups.

In terms of electronic structure of PI is a prerequisite for strong intermolecular interactions
and charge transfer. The nitrogen atom is electrondonor to carbonyl group which is
electronacceptor, this leads to electron move and charge interactions. On the other hand
they are interactions between aromatic rings with their m electronic sextet, which lead to
parallel and planar orientation of individual chains to each other. Many of the properties of
the PI's dependent on intramolecular interactions due to the use of vapour processes and
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solid state reactions to obtain essential to create packing of the polymer chain and effective
CTC.
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Figure 4. Idealized charge transfer complex formation between dianhydrides and diamines

3.2. Thermal stability

Thermo-Gravimetric Analysis (TGA) is an appropriate method for estimation of thermal
stability of polymers. In figure 5 TGA curves presented our experiments after thermal
treatment of ODA and PMDA mixture [11].
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Figure 5. TGA curves of ODA and PMDA powder mixture (1:1 ratio)

Two drastically changes of the TGA curves are observed at about 180°C and about 280°C,
which indicate relatively weight loss of 3% and 9%. These values correspond to one or three
mols of water. It is well known that the polycondenzation reaction of ODA and PMDA
(Sheme 1), takes place by separate of water. Therefore is quite logical to accept that the
weight loss is a consequence of the process starting at lower (180°C) temperature till the
moment the PAA is obtained. With increasing the temperature the interaction process
continues and at higher (280°C) temperature the dehydratation leads to imidization and PI
formation. It is also clearly seen (Fig. 5), that the rest of the sample remains stable up to
520°C. As the rest most probably is consisting of PI, it can be underline that the PI
considering the destruction or weight loss is stable at temperatures higher than 500°C.
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3.3. Optical transmittance

High light transmittance for a wide spectral range in combination with dielectric and
chemical resistance properties is an attractive feature for potential applications as
encapsulating layers, protective films and intermediate for micro- and optoelectronics. In
figure 6 presents a series of spectra of PI obtained under different conditions. It is seen that
the conditions for the PI films do not significantly affect the values of transmittance in the
range 80 to 92 % in a relatively wide spectral range A 420-900 nm.
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Figure 6. Spectral dependence of transmittance (T) for PI (PMDA-ODA) films 0,22 um prepared under
different conditions.

3.4. Electrical properties

The possibility of treatment condensation of the precursors in Ar atmosphere during vapour
deposition can be interpreted as incorporation of pores, i.e. change the density or porosity of
the condensed films of ODA and PMDA respectively, and the influence of pores on the
permittivity PI layers. There was also depending on the reduction of dielectric constant with
increasing imidization degree which is higher for higher temperatures of treatment in view
of running imidization reaction [31,32,33]. Tables 1 to 3 are summarized data for
conductivity, dielectric constant and capacity of the PI films with different composition,
thickness, condition of the substrate or energy treatment and influence the conditions for
obtainig PI or composite layers with embedded nanosized carbon particles.

Impressive ability to drastically change the conductivity by incorporation of carbon
particles. The measured differences in conductivity depending on the concentration of
"guests" - carbon 0,55% and 1,4% vol, respectively filling factor can be interpreted as a
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condition of embedded clusters. Therefore, there is the possibility of one side by vacuum
deposition of the precursors and conditions of thermal treatment to influence the
parameters examined. On the other, through the incorporation one type particles created
opportunities to change individual parameters in a wide range in identical composition, for
example different conduction with or without embedded carbon [30,31].

Thickness d [um] Thermal treatment [°C] Permittivity [e]
0.1 1h170°C+1h250°C 3.0-32
0.1 1h170°C+1h350°C 2.8
0.22 1h1700C+1h250°C 31-33
0.22 1h170°C+1h350°C 29

Table 1. Thermal dependence of polyimide permittivity.

Vacuum deposited layer 500 nm | Capacity [pF] | Permittivity [€]

Planetary rotating substrates 9 3.2

Linearly moving substrates 11 3.4

Table 2. Polyimide capacity (C) end permittivity (¢) depending on the dynamic state of the substrates
during the vapour depositions of precursors.

Type of layer formation Conductivity (o), [ohm'm]
Without Ar (residual pressure 10-4Pa) 1.9x108
With Ar (residual pressure 10-2Pa) 0.7x10°4
With 0.55 vol.% Carbon 2.0x105
With 1.4 vol.% Carbon 4.0x101

Table 3. Polyimide conductivity (c) depending on the type of layer formation

4. Biomedical and engineering application
4.1. Biomedical

Polymer materials have been established as excellent materials in chemistry, automotives
and electronics to interconnect different components, to electrically insulate conductors and
to survive harsh corrosive environments. Polyimides are the most common material class
for substrate and insulation materials in combination with metals for interconnection wires
and electrode sites. Therefore, it is quite natural that the medical device industry has
focused its attention to polyimides for medical devices in general and especially for
encapsulation and insulation of active implants. Neural implants are technical systems that
are mainly used to stimulate parts and structures of the nervous system with the aid of
implanted electrical circuitry or record the electrical activity of nerve cells. Their application
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in clinical practice has given rise to the fields known as “neuromodulation” and
“neuroprosthetics” or neural prostheses. Neuromodulation, namely the stimulation of
central nervous system structures to modulate nerve excitability and the release of
neurotransmitters, alleviates the effects of many neurological diseases. Deep brain
stimulation helps patients suffering from Parkinson’s disease to suppress tremor and
movement disorders. It is also a treatment option for severe psychiatric diseases like
depression and obsessive-compulsive disorder. Neural prostheses aim to restore lost
functions of the body, either sensory, motor or vegetative. All neural implants have to fulfill
general requirements to become approved as a medical device - they must not harm the
body and should stay stable and functional over a certain life-time which is in most cases in
the range of decades. Generally polymides are used as an insulation or passivation layer,
polyimides provide protection for underlying circuitry and metals from effects such as
moisture absorption, corrosion, ion transport, and physical damage. Furthermore, it acts as an
effective absorber for alpha particles that can be emitted by ceramics, and as a mechanical
stress buffer. Key properties are thermoxidative stability, high mechanical strength, high
modulus, excellent insulating properties, and superior chemical resistance. Devices made of
polyimide have elicited only mild foreign body reactions in several applications in the
peripheral and central nervous system showing good surface and structural biocompatibility.
They have proven to be biostable and functional for months in chronic in vitro and in vivo
studies. Most often used polyimide is BPDA-PPD as biomaterial and commercially available
under the trademark of DuPont’s PI2611 or UBE’s U-Varnish-S (figure 7) [34]

oboodo]

Figure 7. Structure of BPDA-PPD polyimide.
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Advanced microtechnologies offer new opportunities for the development of these active
implants. Biocompatible materials such as titanium and polyimide are potential candidates
in encapsulating implant devices. A. Main et al. have been tested laser joined titanium-
polyimide samples for bond strength, andwas observed that the laser bonding parameters
such as laser power and feed speed affect the bond strength of all material systems [35]. The
applicability of laser joining for a specific material combination and the selection of the
appropriate approach depends on the optical properties of the materials. The need to join
dissimilar materials occurs as the encapsulation includes functional elements such as
electrodes used for neural stimulation or modules with defined micropores for the effusion of
drugs. Currently, the implants such as pacemakers and cochlea implants are being used to
treat cardiac and hearing disorders, respectively. Examples of other implants include neural
and muscular stimulators for the treatment of seizures caused by epilepsy, and implantable
drug delivery systems to locally effuse chemicals and drugs such as pain medication,
hormones and other pharmaceutical compounds. Research is underway to develop subretinal
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implant devices that will replace damaged photoreceptor cells. These damaged cells fail to
send electrical signals to the rest of the eye and eventual the brain, that results in blindness
[36]. The study of Humayun et al. has showed successful results to restore vision by
permanently implanting a retinal prosthesis in the blind eye. These active implants utilize
microelectronic devices that are developed on biologically toxic materials such as silicon. Jong-
Mo Seo et al. have been development biocompatibilities of polyimide microelectrode array for
retinal stimulation [37]. They development a platinum electrode- embedded polyimide film
and tested in feline eye. The authors used flexible polyimide selected as the substrate material
of gold microelectrode array to minimize the damage during ophthalmic surgery and to get
better contact to retina. To evaluate the feasibility of polyimide microelectrode array as a
retinal prosthesis, in vitro and in vivo biocompatibility have been shown that retinal pigment
epithelial on gold electrode-embedded polyimide film in a monolayer after 10 days of culture,
and showed good affinity to it. Electroretinography revealed no difference between the
transplanted eye and the healthy eye. Gold electrode-embedded polyimide film showed good
biocompatibility in vitro and in vivo test and was suitable as a candidate biomaterial for the
fabrication of retinal stimulator in visual prosthesis system.

Development of nanotechnology and chemistry of polyimide have been applied in biology
and medicine as nano-biosensor device, biochips and thin film DNA immobilize. Biochips,
particularly those based on DNA, are powerful devices that integrate the specificity and
selectivity of biological molecules with electronic control and parallel processing of
information. Examples of current applications of DNA chips include genomic analysis to
screen and identify single nucleotide polymorphisms or to sequence gene fragments, pathogen
identification, and gene expression profiling. Other possible features of a DNA chip surface
include the presence of microelectrodes based on PI matrix thin films, that can be used as
sensing devises and to generate electric fields that promote the migration of oligonucleotides,
hybridization and covalent binding [39]. Forster et.al. have been purposed the Nanochip™
with a layered polyimide structure that supports the controlled electrophoretic transport of
oligonucleotides [40]. They shown show that the biased electrodes preserve the integrity of the
DNA by performing an electronic reverse-dot blot hybridization assay after electrophoretic
transport of the target oligonucleotides [40].This nanodevice in future can serve as the basis for
a low cost specific biomolecular detection tool in clinical diagnostics.

4.2. Engineering

The attractiveness and applicability of the PI's are determined not only from single their
characteristics like high chemical and thermal stability, high optical transmission, high
electrical resistance, but most important is their saving at combination of the cited properties
[41,42]. The combination of the high optical transparency by simultaneously high chemical
and thermal stability make the PI very attractive material for applying as capsulating or
protective layers, films for laser microstructuring in micro- or optoelectronic, etc. [11,42].
Additionally, it could be noted the influence of the fast unlimited choice of the “guest” to
enlarge the number of composites for many different purposes — from conductive or
insulating transparency or colored films until insulating substrates, optical, chemical and
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thermal stable coatings [15,43]. Recently, much research interest focuses on polyimide films
containing azobenzene fragments. These films are interest because of their potential
application as photoactive materials for optical recording, biosensors, reversible optical
switch, liquid crystal, photosensitive elements, optical information storage, holographic effect
etc. An intensive research effort is being undertaken to use holographic techniques for optical
information storage and optical information processing. Holographic storage is technologically
very promising because information storage capacity, that can be reached with this technique,
is much higher compared with other techniques (the storage capacity of CD is 0.7 GB, of DVD
is from 4.7 to 17 GB, of PAP DVD is about 40 GB, of HOLO CD could be 1 TB) [19,44].
Development of holographic technology depends on the properties of recording materials. For
such practical applications materials besides of specific requirements viz the principal the
presence of photochromic moieties, the thermal stability of orientation alignment, the high
optical non-linearity, high damage threshold, chemical resistance, mechanical endurance, they
should exhibit the high optical quality ability and feasibility of device fabrication which are
determined in wide range by their solubility. Significant efforts have been made to improve
solubility of polyimides by designing their structure [45].

5. Conclusions

In this chapter, we have discussed methods for obtaining of polyimides, chemical properties
and physical parameters that are related with obtaining nanosized films by vapour
deposition. It was discussed possibilities for the solid state synthesis of polyimides in thin
film and applied microwave synthesis. The studies show that can be obtained homogeneous
films without defects on the surface and volume of layers with controlled density, thickness
and dielectric properties. The developments of polymer chemistry produce polyimide films
with covalent bonded chromophore to the chain. One of these achievements is our
development a method for solid state synthesis of azo-polyimide.

Polyimide layers are suitable matrix for incorporation of metal, salts, chromophores as
nanoscale particles to obtain of nanocomposite materials. It was discussed the possibility of
use polyimides in materials chemistry and nanomaterials, one of these applications is the
use for making biomedical implants for neurology, ophthalmology, biosensor device and
chips which are a powerful tool in clinical diagnostics. Another important trend is use in
electronics and optoelectronics such as dielectric substrates and intermediate barrier layers,
creating nanocomposite films with various nanosized particles such as dyes, metal,
dielectric and other clusters.
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