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Abstract
Efforts have been devoted to synthesize and characterize processable polymers with desired properties.
Herein, four different series of aromatic and aliphatic terpolyamides were prepared via solution phase
polycondensation of 4,4’-oxydianiline and hexamethylenediamine (HMDA) with various diacids chlorides
(isophthalyol dichloride, terepthalyol dichloride, 1, 1'- ferrocene dicarboxylic acid chloride and trans-
azobenzene-4, 4'-dicarbonyl chloride). The structural, morphological and physico-chemical nature of as
prepared polymers was explored by Fourier-transform infrared spectroscopy (FT-IR), scanning electron
microscopy (SEM), thermal analysis (TGA and DSC), and wide-angle x-ray diffraction (WAXRD). Moreover,
an aliphatic diamine was incorporated in varying concentration as a �exible methylene spacer and the
effect of its concentration on the properties of polyamides was also studied. Changes in various physico-
chemical properties such as solubility, inherent viscosity, surface morphology and �ame retarding
behaviour were investigated. Marked difference in morphology and solubility was observed with the
change in the ratio of segments in the chain. Inherent viscosities of polymers ranged from 1.8052-1.6274
dl/g indicating reasonably moderate molecular weights. Interestingly, ferrocene based aromatic polymers
were more thermally stable (Tg 260 oC, Ti 310 oC, Th 525 oC, Tf 720 oC, for PF0 ), and also found to exhibit
best �ame retarding behavior (limiting oxygen index (LOI) value for PF0is LOI 33.15 %).

1. Introduction
Polyamides continue to be one of the most promising class of polymers by virtue of their remarkable high
temperature thermo-mechanical properties [1, 2]. High temperature tolerance along with distinctive and
versatile properties of polyamides has earned these thermoplastics a place among the high-performance
engineering plastics. The characteristic features associated with each class of polyamides are conferred
due to their variable structural aspects of the monomers. Aramids have rigid phenyl rings that impart
stiffness to the polymer chain and dramatically increase the thermo-mechanical properties, abrasion
resistance, chemical resistance, solvent resistance, and impart better properties like higher impact
strength, low coe�cient of thermal expansion comparable to the high-performance materials. However,
the polymer processing via melt technique is di�cult in aramids attributed to the formation of highly
viscous melts. On contrary, Nylons, having aliphatic monomers, are silky materials that offer better
chemical resistance, weathering properties, resilience and excellent abrasion resistance, though their
thermo-mechanical properties are inferior to those of aramids. To circumvent the thermo-mechanical
problems, incorporation of the metal ions into polymers has given a new dimension to the polymer
science. This task has been eased by the synthesis of ferrocene-based polymers. This not only introduces
the strong and stable iron as the metal center but also imparts �rmness to the chains and characteristics
associated to ferrocene such as �ame retarding behavior, electroactivity, redox properties etc. [3, 4].
Ferrocene has proved to enhance the features of the polymers to a great extent and has made them a
pro�table choice where materials are expected to show superior electroactivity, conductance and semi-
conductance, catalytic activity, optical properties, thermo-mechanical stability, magnetism and �ame-
retarding behavior [5–7].
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Recently, the properties of the polyamides are optimized by terpolymerization/copolymerization with
other materials such as �exible spacers having their distinguishing features thereby incorporating the
properties of both polyamides and the induced material with desirable features [8–10]. Consequently, the
processibility of material is made easier without compromising over the loss of distinguishing features
like stability and thermo-mechanical strength. Herein, the notion behind this effort was to investigate the
effect of subsequent increase of a �exible spacer on certain physicochemical properties of polyamides.
This task was achieved by introducing a six-membered methylene chain in various concentrations so as
to observe the modi�cations generated in the properties and the ease in melt processing.

2. Experimental

2.1 Materials
Ferrocene (m.p=173 oC), triethylamine (TEA, b.p= 89 oC), 4-nitrobenzoic acid (m.p=236 oC), acetyl chloride
(b.p=50 oC), 4, 4’-oxydianiline (m.p=191 oC) and aluminium chloride (m.p=194 oC), were purchased from
Fluka (Switzerland) and used as such whereas isophthaloyl chloride (IPC) (m.p=42 oC) and terepthaloyl
chloride (TPC) (m.p=83 oC) were purchased from Aldrich (Germany). Potassium carbonate (anhydrous)
(m.p= 890 oC), sodium hydroxide (m.p= 392 oC) and thionyl chloride were obtained from Merck
(Germany). Commercially available sodium hypochlorite solution was used having 12-15% strength per
liter. 1,6-hexanediamine (60% aqueous solution, b.p= 204 oC) was purchased from Acros Organics (New
Jersey, USA). All solvents used were purchased from Merck (Germany) whereas tetrahydrofuran (THF)
was purchased from Riedel de Haën and dimethylsulfoxide (DMSO) was obtained from Fluka
(Switzerland). All the solvents were dried and distilled before usage.

2.2 Synthesis of Monomers

2.2.1 Synthesis of 1, 1'-ferrocenedicarboxylic acid chloride
(FcDC)
Synthesis of 1,1’-ferrocenedicarboxylic acid chloride is carried out via three-step procedure which involves
synthesis of 1, 1’-diacetyl ferrocene followed by conversion into 1,1’-ferrocene dicarboxylic acid and
�nally to 1,1’-ferrocene dicarboxylic acid chloride [11–13].

2.2.2 Synthesis of trans-azobenzene-4, 4 '-dicarbonyl
chloride (TADC)
Synthesis of trans-azobenzene-4,4'-dicarbonyl chloride (TADC) involved two steps comprising preparation
of trans-azobenzene-4,4’-dicarboxylic acid followed by the conversion into acid chloride by the procedure
as shown in Scheme 1 [13].

2.3 Synthesis of polymers
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All the organic and ferrocene-based polymers are synthesized by Scheme 2. The pre-weighed mixture of
aromatic and aliphatic diamines with various compositions (net quantity 1.88 mmol) were dissolved in
20 mL of dried THF in a pre-baked, two-necked, 250 mL round bottom �ask equipped with a magnetic
stirrer and a condenser. The reaction mixture was stirred for 15 minutes and then 10 mL of triethylamine
(TEA) was added to the �ask at 0o C which was maintained by ice bath. After stirring for 20 minutes,
dicarbonyl chloride (1.92 mmol) solution (in dried THF) was added drop wise to the �ask with vigorous
stirring. Temperature of the reaction mixture was raised slowly to the room temperature. After stirring for
5-6 hours, the reaction mixture was re�uxed for 1 hour. The precipitated product was �ltered, washed
sequentially with THF and methanol to remove unreacted precursors and side products. The �nally
obtained polymer material was dried in vacuum for 24 hours.

2.3.1 Synthesis of PF series
i. PF0 

Aliphatic diamine 0%, Aromatic diamine 100% (1.88 mmol), Color: Brown. Yield: 84%. FT-IR (in cm−1):
3333.9 (N-H), 3157 (Ar-H), 1637.2(C=O), 1601.4 (N-H), 1312.6 (C-N), 1099.5 (C-O-C), 498.2 (Fe-Cp).

ii. PF50 

Aliphatic diamine 50% (0.94 mmol), Aromatic 50% (0.94 mmol), Color: Dark brown. Yield: 78%. FT-IR (in
cm−1): 3448.4-3284.9 (N-H), 3110-3082 (Ar-H), 2944.9 (CH2), 1634.2 (C=O), 1519.9 (N-H), 1273.3 (C-N),
1065.4 (C-O-C), 492.1 (Fe-Cp).

iii. PF70 

Aliphatic diamine 70% (1.316 mmol), Aromatic 30% (0.564 mmol), Color: Dark brown. Yield: 90%. FT-IR (in
cm−1): 3273.6 (N-H), 3167.8 (Ar-H), 2930.1 (CH2), 1622.3 (C=O), 1531.6 (N-H), 1341.3 (C-N), 1026.4 (C-O-
C), 475 (Fe-Cp).

iv. PF90 

Aliphatic diamine 90% (1.692 mmol), Aromatic diamine 10% (0.188 mmol), Color: Dark brown. Yield: 76%.
FT-IR (in cm−1): 3410.3 (N-H), 3135 (Ar-H), 2920(CH2), 1652.6 (C=O), 1535(N-H), 1216 (C-N), 511.7 (Fe-Cp).

2.3.2 Synthesis of PA Series
i .PA0 

Aliphatic diamine 0%, Aromatic diamine 100% (1.88 mmol), Color: Brown. Yield: 89%. FT-IR (in cm−1):
3370.7 (N-H), 3095 (Ar-H), 1641.4 (C=O), 1531.9 (N-H), 1216.7(C-N), 1035.3 (C-O-C).

ii. PA50 
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Aliphatic diamine 50% (0.94 mmol), Aromatic 50% (0.94 mmol), Color: dark brown. Yield: 88%. FT-IR (in
cm−1): 3270.5 (N-H), 3030 (Ar-H), 2970 (CH2), 1628.1 (C=O), 1530.6 (N-H), 1210.7 (C-N), 1057.4 (C-O-C).

iii. PA70 

Aliphatic diamine 70% (1.316 mmol), Aromatic 30% (0.564 mmol), Color: Brown. Yield: 84%. FT-IR (in
cm−1): 3432.8-3317.8 (N-H), 3130-3050 (Ar-H), 2977.9 (CH2), 1628.3 (C=O), 1540.6 (N-H), 1264.2 (C-N),
1034.9 (C-O-C).

iv. PA90 

Aliphatic diamine 90% (1.692 mmol), Aromatic diamine 10% (0.188 mmol), Color: Dark brown. Yield: 92%.
FT-IR (in cm−1): 3399.3 (N-H), 3134.6 (Ar-H), 2969.1 (CH2), 1635.8 (C=O), 1536.7(N-H), 1262.4 (C-N).

2.3.3 Synthesis of PT series
i. PT0 

Aliphatic diamine 0%, Aromatic diamine 100% (1.88 mmol), Color: White. Yield: 87%. FT-IR (in cm−1):
3275.3 (N-H), 3115-3048 (Ar-H), 2925-2869 (CH2), 1641.2 (C=O), 1529 (N-H), 1318 (C-N), 1098.9 (C-O-C).

ii. PT50 

Aliphatic diamine 50% (0.94 mmol), Aromatic 50% (0.94 mmol), Color: White. Yield: 82%. FT-IR (in cm−1):
3299.4 (N-H), 3115-3052 (Ar-H), 1641.3 (C=O), 1543.3 (N-H), 1217.4 (C-N), 1100.9 (C-O-C).

iii. PT70 

Aliphatic diamine 70% (1.316 mmol), Aromatic 30% (0.564 mmol), Color: White. Yield: 87%. FT-IR (in
cm−1): 3307 (N-H), 3115-3048 (Ar-H), 2936-2860 (CH2), 1622.1 (C=O), 1538.2 (N-H), 1224 (C-N), 1091.9 (C-
O-C).

iv. PT90 

Aliphatic diamine 90% (1.692 mmol), Aromatic diamine 10% (0.188 mmol), Color: White. Yield 86%. FT-IR
(in cm−1): 3305.7 (N-H), 2969.8 (CH2), 1640.9 (C=O), 1526.8 (N-H), 1217 (C-N).

2.3.4 Synthesis of PI Series
i. PI  0 

Aliphatic diamine 0%, Aromatic diamine 100% (1.88 mmol), Color: White. Yield: 92%. FT-IR (in cm−1): 3259
(N-H), 3025 (Ar-H), 1647.7 (C=O), 1525.3 (N-H), 1237.9(C-N), 1063 (C-O-C).
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ii. PI  50 

Aliphatic diamine 50% (0.94 mmol), Aromatic 50% (0.94 mmol), Color: White. Yield: 81%. FT-IR (in cm−1):
3412.7-3276.3 (N-H), 3130-3052 (Ar-H), 2938.1 (CH2), 1646.3 (C=O), 1525.7(N-H), 1238(C-N), 1102.7 (C-O-
C).

iii. PI70 

Aliphatic diamine 70% (1.316 mmol), Aromatic 30% (0.564 mmol), Color: White. Yield: 87%. FT-IR (in
cm−1): 3269.3 (N-H), 3160(Ar-H), 2968-2838.1 (CH2), 1646.8 (C=O), 1540.6 (N-H), 1324.4 (C-N), 1106.0 (C-
O-C).

iv. PI90 

Aliphatic diamine 90% (1.692 mmol), Aromatic diamine 10% (0.188 mmol), Color: White. Yield: 89%. FT-IR
(in cm−1): 3289.8 (N-H), 3080 (Ar-H), 2943-2856.4 (CH2), 1624.3 (C=O), 1539.0 (N-H), 1286.2 (C-N), 1152.6
(C-O-C).

2.4 Characterization
Melt-temp, Mitamura Riken Kogyo Inc, Tokyo, Japan, was employed to take the melting temperatures of
synthesized monomers using open capillary tubes. The samples in solid state were subjected for analysis
of functional groups by FT-IR instrument, Nicolet 6700, Thermo scienti�c company, USA using direct
sample by ATR mode. Mettler Toledo Perkin Models DSC-823 was used to obtain the DSC curves of
polymer samples at a heating rate of 10˚C/min in nitrogen atmosphere ranging the temperature from
room temperature to 600˚C and using sapphire as an internal standard. Thermogravimetric analysis of
polymers was performed on a Perkin-Elmer instrument TGA7 thermobalance. Samples were heated at
rate of 10°C/min under nitrogen atmosphere from room temperature to 900˚C. Polymer samples were
analyzed by WAXRD using Philips 3040/60 X Pert PRO Diffractometer provided with a Cu-Kα radiation
source. Surface morphology was analyzed by SEM using a JOEL JSM-6460 instrument. Samples were
made conducting by applying gold-coated tapes and were mounted on an Al stub under vacuum to check
the changes in surface morphology with change in composition of terpolymers. Viscometric
measurements of polymers were done at room temperature in DMSO using U-tube Ubbelohde’s
viscometer with 20 mL capacity. The data thus collected was used to obtain relative viscosity (ηrel),
speci�c viscosity (ηsp), reduced viscosity (ηred) and inherent viscosity (ηinh).

3. Results And Discussion
Low temperature solution polycondensation route was adopted for the polymerization of diamines and
diacid chlorides under inert conditions in the solvent, THF [14, 15]. The reaction is exothermic, thus,
initially; the temperature of the reaction mixture was maintained at 0oC using ice bath to avoid the side
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reaction of the highly reactive acyl groups. It is well understood that THF is a better choice of solvent
when moderate molecular weight polymers are required to be synthesized.

3.1 Structural elucidation of synthesized terpolyamides
To elucidate the structural composition and functionalities of as-prepared polymers, FT-IR spectra were
obtained. The representative spectra of each series are shown in Figure 1.

The FTIR spectra showed a prominent single characteristic band in the region 3440-3270 cm−1 which is
indicative of secondary amide –N-H [16–18] showing the successful condensation of monomers. The
second most projecting peak observed was around 1655-1625cm−1 attributed to the stretching frequency
of carbonyl of amide group. The lowering of stretching frequency can be attributed to conjugation as it
extends the dipolar character of conjugated carbon to β-carbon also, thereby increasing the single bond
character of carbonyl group. Another characteristic, but rather weak band associated with bending
vibration of N-H bond was observed around 1560-1520 cm−1[19–21]. Moreover, the peak for ether linkage
of 4,4’-ODA appeared in the region 1106-1014 cm−1 whereas this band was altogether absent in aliphatic
polyamides. The aromatic and aliphatic moieties are easily distinguished owing to the presence of their
characteristic peaks in the FTIR spectra. Besides, ferrocene based- terpolyamides were marked by the
presence of a sharp peak in the �ngerprint region around 511-475 cm−1 indicating Fe-Cp ring’s stretching
vibrations. The slightly higher absorption frequencies of carbonyl functional group in case of
isophthaloyl based terpolyamides than terepthaloyl grades was due to the hydrogen bonding of
polyamides. It is known that the phenomenon is more extensive in case of more ordered polymer
microstructures, as was observed in the case of terepthaloyl-based polymers. The same trend was
expected in case of azo-based polymers as the monomer (TADC) is also para-functionalized. However, no
appreciable increase in frequency was observed which might be due to the highly conjugated system
present in azo-based monomer; thus, the expected increase in vibration frequency due to H-bonding was
compensated due to conjugation in same functional group [22].

3.2 Solubility Behavior
Aromatic terpolyamides were found to be completely insoluble in common organic solvents like THF,
DMF, DMAc and DMSO, however, they exhibit good solubility in H2SO4 (Table 1) [23]. Interestingly, a
subsequent increase in the solubility was observed with the increase in the aliphatic spacers in the
polymer chain. In addition, upon treatment with tri�uoroacetic acid (TFAA), the insoluble aromatic macro
chains were found to be soluble in all the organic solvents attributed to the promising role of
tri�uoroacetic acid in overcoming the H-bonding present among the chains.
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Table 1
Qualitative solubility data of synthesized terpolyamides.

Sample Name THF DMF DMSO DMAc H2SO4 TFAA+ any organic solvent

PF0 - - - - - - - - + + + +

PF1 - - - - + - - - + + + +

PF2 - - - - + - - - + + + +

PF3 - - + - + + + - + + + +

PF4 - - + - + + + - + + + +

PF6 + - + + + + + - + + + +

PA0 - - - - - - - - + + + +

PA1 - - - - - - - - + + + +

PA3 - - - - - - - - + + + +

PA6 - - + - + + + + + + + +

PT0 - - - - - - - - + + + +

PT1 - - - - - - - - + + + +

PT3 - - - - - - - - + + + +

PT6 - - + - + + + + + + + +

PI0 - - - - + - - - + + + +

PI1 - - + - + - + - + + + +

PI3 - - + - + + + - + + + +

PI6 - - + + + + + + + + + +

(- - = insoluble, + - = partially soluble, + + = soluble)

3.3 Thermal Analysis
Thermal analysis (TGA& DSC) was carried out at the heating rate of 10o C/min in nitrogen atmosphere.
The following parameters were determined to estimate the thermal stability of polymers were initial
temperature (Ti) at which weight loss started, temperature at 50% weight loss (Th), �nal temperature (Tf)
at which maximum weight loss occurred, char residue (CR) at the end of experiment at (Tf) and the
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limiting oxygen index (LOI) values, as shown in Table 2. The stability of aliphatic repeating units was
expected to be less as compared to the aromatic repeating units owing to the resonance stabilized
aromatic moieties which required additional thermal energy to undergo degradation as compared to the
aliphatic C-H bond with the reduced dissociation energy.

Table 2
Thermal analysis data of synthesized terpolyamides.

Polymer sample Tg

(oC)

Ti

(oC)

Th

(oC)

Tf

(oC)

Char Residue (%) LOI

(%)

PF0 260 310 525 720 39.12 33.15

PF1 202 250 460 690 32.31 30.42

PF3 147 227 428 572 26.68 28.17

PF6 108 185 357 527 12.68 22.57

PA0 180 230 430 582 38.16 32.40

PA1 134 189 383 495 25.31 27.60

PA3 119 160 347 485 19.40 25.30

PA6 106 153 333 440 7.10 20.34

PT0 172 300 564 670 12.10 22.34

PT1 149 280 508 658 7.90 20.66

PT3 120 248 478 640 4.43 19.27

PT6 97 213 337 485 2.70 18.58

PI0 155 208 460 572 22.20 26.38

PI1 116 198 428 527 5.80 19.82

PI3 110 182 357 478 5.20 19.58

PI6 91 150 288 395 1.45 18.08

From Table 2, the thermal data revealed that the excellent thermal stability of all four series was
associated with ferrocene-based terpolyamides. This can be attributed to the presence of a metal atom in
the polymer architecture which imparted additional strength to the polymer chains [24]. The terephthaloyl-
based terpolyamides also showed better thermal stability due to their highly ordered and consistently
stacked polymer chains because of the para-catenation of the monomers. Additionally, glass transition
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temperatures were quite in agreement with values reported in literature [25]. The subsequent addition of
�exible methylene spacer was expected to decrease the glass transition temperature, but the decrease
was not observed in a regular fashion instead a general decreasing trend was seen as depicted by Figure
2. Char residue which was left at �nal degradation temperature was also indicative of thermal stability of
polymer [26]. Noteworthy, char residues were found to be higher for ferrocene-based terpolymers.

Moving forward, �ame retarding behavior of synthesized terpolyamides was estimated by determining
the limiting oxygen index (LOI) values which can be estimated from the char residue. Greater the char
residue, higher would be the LOI values and more would be the �ame retarding behavior. It is known that
the polymers having LOI values greater than 21 are �ame retarding materials whereas the polymers
having LOI values higher than 33 are known to be self-extinguishing polymers [27]. LOI values can be
found by applying the Van Krevelen-Hoftyzer equation (eq. 1) [28].

LOI = 17.5 + 0.4CR. (1)

The �ame retarding behaviors were found to be best in case of ferrocene-based terpolymers as compared
to the rest of analogues, signifying the bene�cial role of iron atom which is left in the char in form of iron
oxide and is resistant to further degradation.

3.4 WAXRD Analysis
Surface morphology of terpolyamides (whether crystalline or amorphous) was determined by wide angle
X-Ray diffraction. Diffraction patterns were obtained at room temperature in the region 2θ = 15-30˚, which
is typical of polymers. From the diffractograms, Figure 3, it is evident that the ferrocene-based
terpolyamides were amorphous in nature whereas the other polymers showed crystalline morphology.
Among the organic terpolyamides, terephthaloyl-based polymers exhibited more crystalline nature [29].
This depicted that the para-catenation of the monomers led to the closed and ordered packing of polymer
chains.

The bulky ferrocene moieties caused disruption in polymer chains thereby preventing the ordered
arrangement of polymer microstructure, thus, were amorphous in nature [30]. By increasing the aliphatic
content, polymers showed progression from semi-crystalline to amorphous behaviors. This is because
the chain packing was disorganized due to increase in �exible linkage which subsequently leads to
decrease in stiff aromatic linkages in polymer chains [31]. A broad background, with few minor peaks,
was observed in case of ferrocene-based terpolyamides revealing the amorphous nature [30]. All
terpolyamides had crystalline structure and showed resistance towards common organic solvents which
is in agreement with the general trend reported that increasing the crystallinity tends to decrease the
solubility. Additionally, the amorphous nature of these DMSO soluble terpolyamides could be due to the
presence of bulky ferrocene moiety that makes them incapable of getting a regular ordered structure.

3.5 Viscometric analysis
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The viscosity data was obtained using polymer solutions in DMSO by U-tube Ubbelohd’s viscometer at
room temperature. The inherent viscosities of all polymers ranged from 1.8052-1.6274 dl/g showing that
polymers solutions were quite viscous which is indicative of the fact that polymers formed have
reasonable molecular weights [32–34].

From the data, it is revealed that the ferrocene-based polymers have highest ranges of viscosity and with
increasing concentration of �exible methylene linkage, a decreasing trend in viscosity was observed for
all synthesized polymers. The data plots (Figure 4) showed that with the decrease in the concentration of
aromatic diamine, viscosity was decreased. This could be attributed to free volume created in between
the polymer chains due to introduction of �exible methylene linkage, thereby decreasing the viscosity of
polymers. The data further highlighted that the strong H-bonding operative in polymer structural design
sourced the unusually high viscous �ow of polyamide solutions as compared to other classes of
polymers.

3.6 SEM Analysis
From the surface morphological analysis of synthesized terpolyamides (Figure 5), it is evident that
organic terpolyamides had surface features resembling that of sphere-shaped particles whereas
ferrocene-based terpolyamides showed sponge like appearance [35–39]. The introduction of an aliphatic
diamine along with an aromatic diamine showed marked effect on surface topology of polymers, which
was clearly depicted in micrographs. Progression from low percentage of �exible spacer to higher
percentage had rendered a marked effect by making surface more compact and undistinguished.
Henceforth, by increasing the aliphatic content of terpolyamides, surfaces can be made smoother and
lubricating. Also, porosity of polymer can be decreased, thereby making it �t for use in various �elds
where smooth, lubricating and compact surface coatings and materials are required. Conclusively, the
diverse morphology of all grades showed that we have successfully altered composition of aliphatic
diamine in terpolyamides [40].

4. Conclusions
In the present study, polymers containing aliphatic and aromatic spacers were synthesized and
characterized successfully in order to investigate the effect of increase in concentration of methylene
spacer (HMDA) and to explore the subsequent changes in various physico-chemical properties. The
objective was achieved as remarkable improvement in the properties of the synthesized polymers
pertaining to the solubility, crystallinity, thermal stability, viscosity, surface morphology and �ame
retarding behavior was observed. Summarizing, the present study opens new gateways for designing the
high-performing materials by varying the ratio of sequences and processable materials which
consequently leads to desired physico-chemical attributes and tailored thermal and surface properties to
be used for smooth, lubricating, and compact surface coatings and various other potential applications.
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Scheme
Scheme 1 & 2 are available in the Supplementary Files section.

Figures

Figure 1

Representative FT-IR spectra of Terpolyamides series PF, PT, PA, and PI, respectively.
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Figure 2

Variation in Tg with increasing concentration of aliphatic spacer.
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Figure 3

WAXRD patterns for (a) Organometallic polyamides, (b) Azo-based organic terpolyamides, (c)
Terepthaloyl-based organic terpolyamides and (b) Isopthaloyl-based organic terpolyamides polymers.
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Figure 4

Viscosity Composition Plots of Organometallic and organic terpolyamides.
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Figure 5

Scanning electron micrographs of terpolyamides.
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