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Abstract
A kinetic study for the synthesis of polyamide-imide (PAI) is presented, determining the instantaneous intrinsic viscosity [η]
at different reaction times, in order to assess the influence of the order of addition in the reactants 1,2,4-benzenetricarboxylic
anhydride (TMA) and diphenylmethylene diisocyanate (MDI) on the chemical structure and on the thermal properties of PAI.
The kinetic parameters determined were the reaction order, n, the constant rate, k, and the activation energy, Ea. The reaction
was carried out at different temperatures from 110 to 150 °C at 30 % solids in N-methyl-2-pyrrolidone (NMP) as solvent. The
chemical structure of the polymer was determined by 1H-NMR, FTIR and elemental analysis; other properties such as the glass
transition temperature (Tg), onset temperature of weight loss rate (T0) and temperature of maximum weight loss rate (Tmax)
obtained by DSC and TGA/DSC were used to explain the most likely distribution of arrangements II, AA and AI along the chain
of PAI based on thermal stability.
Keywords: Order of addition, polyamide imide, instantaneous intrinsic viscosities, reaction kinetics, kinetic data analysis
methods, diisocyanate.

Resumen
Se presenta un estudio cinético para la síntesis de poliamida-imida (PAI), determinando la viscosidad intrínseca instantánea [η] a
diferentes tiempos de reacción, con el fin de evaluar la influencia que presenta el orden de adición de los reactivos anhídrido 1,2,4-
bencenotricarboxílico (TMA) y difenilmetilen diisocyanate (MDI) sobre la estructura química y sobre las propiedades térmicas
de la PAI. Los parámetros cinéticos determinados fueron el orden de reacción, n, la constante de velocidad, k, y la energía de
activación, Ea. La reacción se llevó a cabo a distintas temperaturas desde 110 hasta 150 °C al 30% de sólidos. La estructura
química del polímero se determinó a partir de RMN1H, FTIR y análisis elemental; otras propiedades como la temperatura de
transición vítrea (Tg), la temperatura inicial de la velocidad de pérdida de peso (T0) y la temperatura de la velocidad máxima de
pérdida de peso (Tmax) obtenidas por DSC y TGA/DSC fueron utilizadas para explicar la probable distribución de arreglos II,
AA and AI a lo largo de la cadena de PAI con base en la estabilidad térmica.
Palabras clave: Orden de adición, poliamida imida, viscosidades intrínsecas intantáneas, cinética de reacción, métodos de análisis
de datos cinéticos, diisocianatos..

1 Introduction

Although polyamide-imide (PAI) is a widely studied
polymer, it still belongs to the type of high-
performance thermoplastic resins used as wire
enamels and composites, due to its excellent thermal
and chemical properties (Atanu et al., 1983; Shen
Chou et al., 2002; Murray 2008; Kikuchi et al.,
2011; Haiyang Shi et al., 2013; Biaobing et al.,
2016). The improvement of thermal properties with
respect to polyamide (PA), by the incorporation of

an imide group in the structure, prevents degradation
in high temperatures making it more resistant. On
the other hand, the incorporation of the amide group
improves the processability of the material allowing
its thermoforming (Chen et al., 1996). Currently,
there are several synthesis routes proposed by various
research groups to obtain PAI, some of them used as
precursors to the diamines (Holub et al., 1969 and
1975; Incremona et al., 1974; Flowers et al., 1975;
Imai et al., 1985; Takuya et al., 2010; Shunchang et
al., 2018) whose main intermediary is the polyamic
acid, when is dehydrated, produces the cyclization for
the formation of the imide group.
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Others use diisocyanates; which generate carbon
dioxide as a by-product of the reaction when PAI
is formed (Zecher et al., 1969; Izumi et al.1974;
Sintes-Zydowicz et al., 1993; Kikuchi et al., 2011;
Saotome et al., 2012). It is important to have
concrete knowledge about experimental conditions
when it is working with polycondensation reactions,
in order to promote the formation of a particular
chemical structure and to visualize its potential
applications (López-Badillo et al., 2018). Yuhong-Qi
and coworkers studied in detail the synthesis of PAI
(ratio of reactants, synthesis time, heating rate and
reaction temperature) based on 4,4’-diphenylmethane
diisocyanate (MDI) as well as the mechanical
properties of PAI films (Yuhong-Qi et al., 2017).

However, despite the extensive study in the
synthesis of this polymer, only one kinetic study
reported by Ho and collaborators has been found, they
proposed the use of MDI derivatives in excess with
anhydride phthalic and benzoic acid (Ho et al., 1997).

There are several publications addressing kinetic
studies applied to different areas of knowledge, for
example for food area in imbibition kinetics and
moisture sorption isotherms (Domínguez et al., 2007),
growth and fatty acid profile (Navarro et al., 2017),
production of mezcal, enzymatic esterification and
stability of antioxidants (Luna et al., 2007; Correa
et al., 2017; Solís et al., 2017), thermoxidation of
milk fat and chlorogenic acid degradation (Martinez
et al., 2018; Ruiz et al., 2019;); or for materials
in steel corrosion, degradation of ethers and dyes
(Cuevas et al., 2006; Ayala et al., 2017; Félix et
al., 2017), modeling isothermal cure, swelling of
hydrogels, pyrotechnic compositions and chemical
polymerization (Martínez et al., 2007; Aguilar et al.,
2013; Yang Tan et al., 2013; Chatterjee et al., 2017;
Ambekar et al., 2018; Fang et al., 2018).

Three synthesis routes based on the order of
addition of reactants were studied in this research, as
well as the observed effect of imide (I) and amide (A)
groups distribution along the chains. In addition, the
description of the kinetic parameters of each synthesis
route is presented, these were related to chemical
structure and to the thermal properties obtained by
DSC and TGA/DSC.

2 Materials and methods

2.1 Materials

For the polymerization synthesis, commercial
reactants provided by Sigma-Aldrich Chemical
were used; diphenylmethylene diisocyanate [MDI,
CAS 101-68-8], 1,2,4-benzenetricarboxylic anhydride
[TMA, CAS 552-30-7] and N-methyl-2-pyrrolidone
[NMP, CAS 872-50-4]. The MDI and the TMA were
recrystallized twice, using chloroform and toluene
respectively. Subsequently this, they were dried under
vacuum for two hours. The NMP solvent used for the
synthesis and the dimethylformamide [DMF, CAS 68-
12-2] occupied for the viscosimetric characterization
were dried by vacuum distillation for a period of
two hours to eliminate any traces of moisture. The
water content of 269 and 326 ppm respectively, was
determined by Karl Fischer analysis.

2.2 Instruments

For the synthesis of PAI resin, a system equipped
with a 150 mL round bottom five-necked flask was
assembled inside a heating blanket, it was connected
to a Digi-Sense of Cole Palmer Instrument Company
temperature controller with J-type thermocouple
(whose sensitivity was ± 1 ° C), it also consisted of
a nitrogen gas inlet tube, an arrow mechanical stirrer
model 850 with 1/8" glass arrow and 2 cm long plastic
propellers. Infrared spectroscopy characterization was
carried out in a Nicolet 510P FT-IR device with a
spectral resolution of 4 cm−1. The nuclear magnetic
resonance was carried out on a Varian-Unity nuclear
magnetic resonance 300 MHz spectrometer in DMSO-
d6. The elemental analysis of the compounds was
performed in an elemental analyzer 2499 C, H, N
series II by Perkin Elmer. The instantaneous intrinsic
viscosities of all polymers were carried out using
an Ubbelohe No. 1C capillary viscometer and a
Cannon Instruments 5010 thermostating system to
maintain the temperature at 25 °C. Thermal analyses
were performed on two devices, a DSC2010 and a
TGA/DSC SDT Q600, both TA Instruments.

2.3 Synthesis of poly(amide-imide)

The synthesis was carried out according to several
patents (Zecher et al., 1969; Izumi et al., 1974; Sintes-
Zydowicz et al., 1993; Barikani et al., 1999; Kikuchi
et al., 2011; Yuhong-Qi et al., 2017). The reaction
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consists of a mixture of TMA (19.76 g, 0.103 mol),
MDI (25.74 g, 0.103 mol) and dry NMP (84.50 g,
0.852 mol). The compounds were mixed following
three proposed synthesis routes at 110, 127, 140 and
150 °C based on the addition order of monomers:

a) PAI-1: MDI/NMP solution, to later add TMA.
TMA was added into the MDI/NMP solution
in small portions over a period of 5 min at
140 °C (carbon dioxide gas was observed at this
temperature).

b) PAI-2: TMA/NMP solution, to later add MDI.
MDI was added into the TMA/NMP solution
in small portions over a period of 5 min at
140 °C (carbon dioxide gas was observed at this
temperature).

c) PAI-3: MDI/TMA solution in NMP. MDI and
TMA were added into the reaction flask with
NMP since the beginning of the synthesis.

Each synthesis route was prepared at constant
temperature undergoing 24 hours of vigorous stirring,
nitrogen atmosphere was maintained in the reaction
flask throughout the course of the reaction. The PAI
product was precipitated by adding ethanol, then it
was filtered and purified in a Soxhlet apparatus, the
purification takes place for a period of 8 hours with the
same solvent, to be dried later under vacuum at 190 °C
for 12 hours. Obtaining a percentage of yield of 87, 90
and 88%, respectively.

2.4 Kinetic analysis

The polymerization kinetic was followed determining
the instantaneous intrinsic viscosity [η] at different
reaction times, t1. Sampling was done by taking
aliquots from 20 minutes to 24 hours. With each
sample of precipitated PAI previously purified in a
Soxhlet apparatus and dried under reduced pressure
(procedure outlined in section 2.3), solutions were
prepared in DMF at a concentration, C, of 0.5 g/dL.
The time of pouring the solvent and each solution
was obtained by maintaining the temperature at
(25.0 ± 0.1) °C using a thermostated water bathing.
The relative viscosity (ηrel) and specific viscosity
(ηsp) allowed to calculate [η] applying the equation
of Solomon-Ciuta. It was formulated with the
expressions of Huggins and Kramer (Solomon et al.,
1962; Douglas et al., 2007), Eq (1).

[η] =
[2(ηsp − lnηrel)]1/2

C
(1)

The conversion (X) was calculated by relating each
[η] at different reaction times with [η] f , value obtained
at 24 hours. With the same equation was calculated the
concentration of [PAI] produced for each time, where
[MDI]o is the initial concentration of MDI

X =
[η]
[η] f

=
[PAI]

[MDI]o
(2)

[PAI] plotted against t1 was used to determine the
reaction orders n, and the rate constants k (M−1 s−1),
for which the integral, differential and Powell methods
were applied; Eqs (3)-(5) respectively (Levine et al.,
2004).

1
[MDI]

= kt1 +
1

[MDI]o
(3)

ln
(
−

d[MDI]
dt

)
= lnk + n ln[MDI] (4)

α1−n − 1 = φ(n− 1) to , 1 (5)

where α = [MDI]/[MDI]o = (1−X); φ = kt1[MDI]n−1
o

and [MDI] is the concentration of MDI at t1.
The activation energy Ea (kJ mol−1) can be

calculated from Arrhenius equation, a plot of lnk
versus 1/T .

2.5 Thermal analysis

A DSC2010 device (previously calibrated for energy
and temperature with high purity indium under a
dry constant-flow nitrogen atmosphere) was used to
determine the vitreous transition temperature (Tg).
Three scans were carried out of each PAI with
approximately 2 mg, the method log was: ramp
15 °C/min to 380 °C.

A TGA/DSC SDT Q600 device (previously
calibrated for mass, temperature and heat flow)
was used to research the behavior of PAI samples
under a dry constant-flow nitrogen atmosphere.
Approximately 10 mg of sample was occupied, the
method log was: ramp 10 °C/min in the range
temperature from 100 to 1100 °C.

3 Results and discussion

3.1 FTIR, 1H-NMR and elemental analysis

Unlike Ho and colleagues (Ho et al., 1997) whose
reaction was followed at 2:1 molar ratio of TMA:MDI,
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in the present work the conventional chemical reaction
for the formation of polyamide-imide (PAI) was based
on the interaction of TMA with MDI in NMP at a 1:1
molar ratio of TMA:MDI, the temperature remained
constant in each synthesis routes at 110, 127, 140
and 150 °C in nitrogen atmosphere for a period of
24 hours. The appearance within the first 10 minutes
of reaction was faint orange color, after this time it
began to change to a dark brown color which remained
until the reaction ended (unlike the polymer of Sintès
(Sintès et al., 1993) who added benzoic acid into the
reaction, obtaining a yellow powder).

PAI-3 synthesis (in which the reactants were
added at the beginning, MDI/TMA solution in NMP)
was the most stable from beginning to end of the
synthesis, in contrast to PAI-1 (MDI/NMP solution,
adding subsequently TMA) and PAI-2 (TMA/NMP
solution, adding afterwards MDI). The addition of the
second reactant caused a spontaneous release of CO2
and therefore a lack of control in the temperature,
which was stabilized after 5 min. In the three
synthesis routes the characteristic dark brown color
was observed. The precipitate in the form of purified
and dried PAIs’ dust (PAIs to refer three synthesis
route) was used both to determine the chemical
structures by FTIR, 1H-NMR and Elemental Analysis,
and to quantify the instantaneous intrinsic viscosities
at 25 °C in DMF obtaining values of 0.33 dL·g−1 for
PAI-1 and PAI-2, and 0.35 dL·g−1 for PAI-3. Figs.
1 and 2 show the FTIR and 1H-NMR spectra of
PAIs. The infrared spectra of all the PAIs confirm the
presence of I (imide) and A (amide) groups, FTIR
(cm−1): 3363 (νNH, amide), 3034 (νCN, amide), 1778
(νC=O, imide), 1660 (νC=O, amide I), 1599 (νC=C
Ar), 1511 (νCN, amide II), 1374 (νCN, imide II),
1255 (νCNH, amide III), 1088 (νCNC, imide III), 723
(νCNC, imide IV).

Sintès and colleagues (Sintès et al., 1993) have
studied the microstructure of PAI by 1H- and 13C-
NMR. They found that the repartition of I (imide) and
A (amide) groups along the chains is random. Their
formulation was 1.25 mol of MDI, 1 mol of TMA and
0.5 mol of benzoic acid in NMP at 180 °C. In our 1H-
NMR spectra for PAI-1, PAI-2 and PAI-3 at 140 °C,
the recurrent unit contains nine signals (denoted with
numbers from 1 to 9), Fig. 2. 1H-NMR (300 MHz,
DMSO-d6) δ(ppm): 10.6 (m, 1H, -NHCO-); 7.1-8.9
(m, 11H, H-Ar); 4.0 (m, 2H, -CH2-).

The integration of the seven signals observed
between 7.1 and 8.9 ppm corresponds to the eleven
types of heterotopic protons linked to the aryl
functional groups. The signal that appears in 10.6 ppm

corresponds to the amide functional group which is
integrated by one proton. In the case of the signal that
appears in 4.0 ppm, it is integrated by two protons,
the methylene proton resonances show the distribution
of II (imide-imide) at 4.09 ppm, AI (amide-imide) at
4.00 ppm and AA (amide-amide) at 3.91 ppm, Fig
3. The characterization by elemental analysis was
determined in two ways. In the first, the sample of each
PAI (C22H14N2O3) synthesized at 140 °C, previously
purified and dried at 190 °C for 12 hours and stored in
argon atmosphere showed the following results: PAI-
1 (calculated) found: %C (74.57) 74.22, %H (3.98)
4.10, %N (7.91) 7.68; PAI-2 (calculated) found: %C
(74.57) 74.42, %H (3.98) 4.10,%N (7.91) 7.63; PAI-3
(calculated) found: %C (74.57) 74.81, %H (3.98) 3.91,
%N (7.91) 7.71.

 

Fig. 1 FTIR spectra of PAIs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. 1 FTIR spectra of PAIs.

 

Fig. 2 1H-NMR spectra of PAIs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. 1H-NMR spectra of PAIs.
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Table 1. Elemental analysis of PAI.

Elemental analysisa

Polymer Formula %C found %H found %N found
(mol. weight)b (calcd) corrected (calcd) corrected (calcd) corrected

PAI-1

74.57

72.45

3.98

4.18

7.91

7.50
74.54 4.06 7.72

PAI-2 (C22H14N2O3)n 72.53 4.11 7.58
(354.38)n 74.55 4.00 7.79

PAI-3 72.46 4.15 7.60
74.50 4.03 7.81

aCorrected values for C and N = found value x (100% + % moisture uptake). Corrected value for H = found value x (100% -% moisture
uptake). %Moisture uptake =

W−Wo
Wo

x 100%, where W is the weight of the PAI sample after being exposed to the environment for 10
min, and Wo is the weight of the PAI sample after being dried in vacuum at 140 °C for 12 hours. The values of % moisture uptake were:
2.88, 2.79 and 2.81for PAI-1, PAI-2 and PAI-3 respectively.
bMolar masses are based on 2013 IUPAC recommendations (Meija et al., 2016). 

 

Fig. 3 Repartition of II, AA and AI units along the chains of PAI 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Repartition of II, AA and AI units along the
chains of PAI.

Table 2. Kinetic values for PAI-1 at 140 ºC.
t1, s t2, sa [η]b, dL g−1 Xc [PAI-1]d

0 0 0.0000 0.0000 0.0000
1200 34.2 0.1409 0.4238 0.3759
1800 34.8 0.1766 0.5312 0.4712
3180 35.7 0.2294 0.6900 0.6121
4080 35.9 0.2410 0.7250 0.6431
5880 36.3 0.2641 0.7945 0.7048
9480 36.7 0.2870 0.8635 0.7660

13080 36.9 0.2985 0.8978 0.7964
43200 37.3 0.3211 0.9661 0.8570
86400 37.5 0.3324 1.0000 0.8871
a Pouring times using an Ubbelohe No. 1C capillary viscometer and
a Cannon Instruments 5010 thermostating system to maintain the
temperature at 25 ° C. The pour time of the DMF solvent was to=31.9 s.
b The instantaneous intrinsic viscosity was calculated according
equation 1, where ηsp = (t2 − to)/to and ηrel = t2/to
c Conversion was calculated by applying equation 2.
d [PAI-1] =X·[MDI]o, where [MDI]o= 0.8871M.

On the other hand, each polymer sample was
exposed to the environment for a period of 10 minutes,
the results of elemental analysis are listed in Table 1.
The hygroscopic nature of each of the three samples
was found within the range of 2.76 to 2.81%, which
was obtained through comparing the mass difference
between the PAI exposed to the media environment
(for a period of 10 minutes) and the PAI dried under
vacuum (at 190 °C for 12 hours). The corrected values
were in accordance with the calculated values (Ching-
Ping et al., 1999).

3.2 Kinetic analysis

Once the PAIs were characterized to know the
chemical structure, we proceeded to determine their
kinetic studies in order to explain the most favorable
chemical arrangement for each synthesis route. Table
2 shows a representative kinetic for PAI-1 at 140 °C
where the maximum of [η] reached at 24 hours was
0.3324 dL g−1. Table 3 exhibits the kinetic parameters
for PAIs at 140 °C by applying the integral, differential
and Powell methods.

Ho and colleagues (Ho et al., 1997) performed
a PAI reaction kinetic via BMDI (p-chlorophenol
blocked diphenylmethylene diisocyanate) with TMA
at a 1:2 molar ratio.

They found out that the reaction order for the
formation of the amide group had a value of 1 and
for the formation of the imide group had a value of
2. According to this research, when the molar ratio of
MDI with TMA is performed at a molar ratio 1:1, a
reaction order of 1.920 is obtained for PAI-1, of 1.927
for PAI-2 and of 1.931 for PAI-3. That is, the reaction
is approximately second order regardless of the order
of addition in the reactants, Table 4.
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Table 3. Values of n and k (M−1 s−1) at 140 °C calculated by integral, differential and Powell method.

Route Integral Differential Powell Average
n k r n k r n k n k

PAI-1 2 0.0007 0.9999 1.755 0.0006 0.9782 2 0.0007 1.918 0.0007
PAI-2 2 0.0007 0.9997 1.775 0.0006 0.9757 2 0.0007 1.925 0.0007
PAI-3 2 0.0008 0.998 1.717 0.0008 0.9687 2 0.0008 1.906 0.0008

Table 4. Kinetic parameters of PAIs at all temperatures.

PAI-1 PAI-2 PAI-3
T, K k1 n1 k2 n2 k3 n3

382.15 0.0003 1.862 0.0003 1.862 0.0003 1.900
400.15 0.0004 1.946 0.0005 1.95 0.0005 1.953
413.15 0.0007 1.918 0.0007 1.925 0.0008 1.906
423.15 0.0011 1.953 0.0012 1.972 0.0012 1.963

n, averagea: 1.920±0.041 1.927±0.048 1.931±0.032
Ea, kJ mol−1: 42.37 43.36 45.04

a The uncertainties correspond twice the overall standard deviation of the mean.

For activation energy Ea, values of 42.37, 43.36
and 45.04 kJ mol−1 were obtained for PAI-1, PAI-
2 and PAI-3 respectively, unlike Ho and co-workers
who obtained a value of 91.21 kJ mol−1 from
BMDI in excess PA (phthalic anhydride). As can be
seen in Table 4, the three synthesis routes have an
influence on Ea, not the other kinetic parameters (n
and k). Experimentally the PAI-3 synthesis showed
a controlled detachment of CO2 from beginning
to end of the reaction, this can be related to the
higher value of Ea, allowing higher molecular weights
([η] = 0.35 dL g−1) in comparison to the other two
synthesis routes. On the other hand, gradually adding
MDI in a saturated TMA solution will favor the
arrangement II (imide-imide) similar to the molar
ratio 2:1 of TMA: MDI proposed by Ho and his
collaborators.

3.3 Thermal properties of the PAIs

The thermal properties of the PAIs were evaluated by
DSC and TGA/DSC in a nitrogen atmosphere, as it
can be seen in the data summarized in Table 5. The
incorporation of amide groups along the chain tend to
increase PAI processing because its chemical structure
allows mobility, free rotation and, therefore, flexibility.
The parameter used to analyze this effect is the glass
transition temperature (Tg) determined by DSC (Fig.
4), when its value decreases the polymer backbone
flexibility increases. For this reason, PAI-1 shows the
lowest value of Tg, due to the greater distribution of
arrangements AA (amide-amide). Thus, the order of

processing is PAI-1>PAI-3>PAI-2 in relation to the
increment of Tg. 

 
Fig. 4 DSC thermogram of PAI-1 in nitrogen at a heating rate, 15 °C min-1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. DSC thermogram of PAI-1 in nitrogen at a
heating rate, 15 °C min−1.

 

 
Fig. 5 TGA/DSC thermogram of PAI-1 in nitrogen at a heating rate, 10 °C min-1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 TGA/DSC thermogram of PAI-1 in nitrogen at
a heating rate, 10 °C min−1.
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Table 5. Thermal properties for the PAIs synthesized
at 140 °C.

T a
0 , Tb

max, T c
2.5, T d

g ,
ºC ºC ºC ºC

PAI-1 410 508.9 763.4 257.0
PAI-2 420 519.8 770.3 292.7
PAI-3 415 512.6 767.8 280.4
a Onset temperature of weight loss rate determined by
TGA/DSC
b Temperature of maximum weight loss rate determined
by TGA/DSC.
c Temperatures at 2.5% weight loss
d Glass transition temperature determined by DSC of
three runs.

When the distribution of arrangements II (imide-
imide) increases the thermal stability is better. The
parameters that allow to analyze this effect are onset
temperature of weight loss rate (T0), temperature of
maximum weight loss rate (Tmax) and 2.5% weight
loss temperature (T2.5), which were determined by
TGA/DSC (Fig. 5 and Table 5). In thermograms
are shown an initial percentage of weight loss of
0.42-0.46% at 200-250 °C due to loss of ocluded
NMP. Subsequently, the PAIs exhibit excellent thermal
stability showing values of T0 from 410 to 420 °C
and of Tmax from 508.9 to 519.8 °C. The weight
loss of 2.5% is observed from T0 to T2.5, when it is
heated in a temperature range from 100 to 1100 °C.
The 2.5% weight loss temperature (T2.5) for PAI-1
was observed at 763.4 °C, for PAI-2 at 770 °C and
for PAI-3 at 767.8 °C. The PAI-2 shows the highest
values of T0, Tmax and T2.5 due to a greater distribution
of arrangements II (imide-imide). Thus, the order of
thermal stability is PAI-2>PAI-3>PAI-1 in relation to
the increment of T0, Tmax and T2.5.

Conclusions

The chemical structure of the PAI was confirmed by
techniques such as FTIR, 1H-NMR and elemental
analysis. The spectroscopic characterization confirms
that the arrangement of groups AA (amide-amide),
II (imide-imide) and AI (amide-imide) are random
along the polymer chain. The result obtained
by elemental analysis shows that the chemical
composition corresponds to the chemical formula
C22H14N2O3. The activation energy obtained by
kinetic studies shows that the PAI-3 synthesis has
a better experimental control, because the value is
higher. Although 1H-NMR spectra show arrangements

of groups AA, II and AI for all the PAIs regardless
of the synthesis route, the thermal analysis studies
indicate that there is a more likely distribution
regarding the order of addition of reactants.

Acknowledgements

We are grateful for the facilities provided by the
Materials Research Institute (UNAM), and by the
Vicerrectoría de Investigación y Estudios de posgrado
(VIEP) of the BUAP for supporting this research. M.
A. G. C. acknowledges PRODEP (project number 511-
6/18-9344).

Nomenclature

PAI polyamide imide
TMA 1,2,4-benzenetricarboxylic anhydride
MDI diphenylmethylene diisocyanate
NMP N-methyl-2-pyrrolidone
k rate constant, M−1· s−1

−rA reaction rate
n reaction order
[η] instantaneous intrinsic viscosity, dL·g−1

W weight of PAI sample after being exposed
to the environment

Wo weight of PAI sample after dried in vacuum
DMF dimethylformamide
[A] concentration of the reagent
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