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High performance polymer films: Part 6, Durability behaviour - Effect of electron
affinity and ionization potential of monomers on hydrolytic stability of
polymide films
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Durability behav io ur of the polyimide/copolyimide films based on two di anhydrid es, pyromellitic dianhydride (PMDA)
and 3,3', 4,4' - benzophenonetetracarboxy lic dianhydride (BTDA) and two diamin es, 4,4'-oxydianiline (ODA) and a propri etary aromatic diamine (P I) has been studied in water, organi c solvents and oils, acids and alkalies etc. with the Kapton H
film of Du Pont, USA as the reference. The weight ga in of the films after immersion in water for 5 days is in the range 0.12
to 8 1%. Hydrolytic stabili ty of the Kapton H film in both concentrated and dilute aq. alkali solutio ns is very poor compared
to most of th e film s under investi gat io n. Its stabil ity in concentrated H2S0 4 (98 % w/w) is also poor. Hyd rolytic stability of
any polymide or copolyimide can be predicted by e lectron affinity-ioni za tion pote ntial (E.-IP) concept. A polymide film
based on a dianhydride o f lower Ea and a diamine o f lowe r IP will be more stabl e hydrolytically than one based o n a dianhydride and diamine of hi gher Ea and IP values. y-Ray irrad iated films are practically un affected in all respec t viz. colour;
to ug hness, flexibility etc. after a maxi mum dose of 21.60 Mrad which is below the critical do se level of y-irradiation .

Knowledge of durability behaviour, i.e. the nature of
potentiality of lasting for any plastic material in harsh
environment, like humid atmosphere, acid and alkaline medium, in solvents and oils, under high energy
radiation etc. is most essential to select judiciously a
plastic material for desired performance in any indoor
or outdoor application.
The multi-strand structure of polyimides, together
with their strong inter-chain interactions, arising from
the presence of aromatic and imide ring systems in the
polymer chains, make them very good chemical/solvent resistant. This unique structure also offers
them excellent high energy radiation resistance. Thus,
the polyimides undergo only minor changes in mechanical or other properties upon exposure to high
energy radiation under which conditions majority of
other polymers such as polystyrene, nylons, polyesters etc. are degraded completel/ -5 The unique resistance to cosmic radiations of Kapton (Ou Pont polyimide) fi lms helps succeed the Apollo program and
other space projects 6.7 .
t Presen t address: Subarnarekha, J23 Bidhannagar,
Midnapore 72 1 to 1, India
E-mail: sukumarmaiti @indiatimes.co m; 91 (03222)65209

Although the hydrolytic stability of Kapton fi lms
and other PMOA-OOA (Scheme I ) based polyimides
is poor, particularly in boiling water, strong acids and
alkali es 8. 'o, this property can be improved up to a certain extent by structural modification of polyimide/copolyimide films which is predicted from the
electron affinity and ionization potential of the dianhydride and the diamine moieties.
In this paper, the findings of durability behaviour
of the polyimide/copolyimide films in water, organic
solvents and oil, acids and alkalis and so on have been
discussed with the Kapton H film as the reference. A
con'elation of alkaline hydrolytic stability with
chemical structure of different polyimide/copolyimide
films has been made,

Materials and Methods
Water absorption test under agitated condition
The polyimide/copolyimide films and the Kapton
H film of known initial weight and of proper identification mark for each film sample were taken in a
beaker containing distiiled water. The water containing the films was continuously stirred with a magnetic
stirrer at room temperature (30°C) for 5 days . The
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out after 30 days irradiation from the Gamma chamber. Any change in properties viz. colour, flexibility
etc. of each film sample at different doses of irradiation was studied by comparison with the respective
virgin film, Total doses of irradiation upon each sample, exposed to different times were calculated by
multiplying the radiation intensity with the exposure
time of the films.

Scheme I

films were taken out from the water, dried with blotting paper and then final weight was taken after conditioning at ambient atmosphere. From the weight
difference, amount of absorbed water determined.

Chemical solvent resistance test
Different polyimide and copolyimide films together with Kapton H film of known initial weight
were immersed in 10% ag. NaOH, 10% HCl, saturated salt (NaCl) solution, dichloromethane and in jet
fuel taken in different test tubes separately for each
film sample and allowed to keep for 7 days under
static condition at room temperature (-30°C). The
change (if any) in physical appearance of the films
was observed day-to-day. After 7 days, the weight of
the existing film sample was taken after proper
washing, blotting drying and conditioning in room
temperature.
In order to make a comparative study of retention
of mechanical properties of our films and that of the
Kapton H film after treatment with ag . NaOH solution , conc. H2S04 and dichloromethane, the following
test was done:
Rectangular specimens, made from films of code
HPF 6 (PMDA 20, BTDA 80 and PO 100)
(Scheme 1) and Kapton H film suitable for tensile
testing, were immersed in 40% ag. NaOH solution,
conc. H 2S04 (98 % w/w) and in dichloromethane for
24 h at room temperature. The condition of the films
in NaOH solution and in conc. H2S04 and dichloromethane after 24 h immersion was conducted.

y-ray irradiation test
Three different film samples of polyimides viz.
films HPF I, HPF 6 and Kapton H were subject to
60Co y-ray irradiation in a Gamma chamber 900
(BARC, Mumbai, India) of radiation intensity 30
krad/h. One portion of each film sample was taken out
of the y-ray source after 5 days and 16 days . Finally
the remaining portion of each film sample was taken

Results and Discussion
Water absorption test
Weight gain in water absorption test under agitated
condition is known in Table I . The values of all the
films tested are within 1 wt% after 5 days. The value
is remarkably low in case of film HPF 2 (0.12 wt%)
compared to Kapton H film (0.35 wt%) . The value is
comparable to Kapton H in film HPF 9. It is, however, comparatively much higher in films of HPF I
and HPF 4.
Chemical/solvent resistance test
Weight change (increase or decrease) and conditions of different polyimide/copolyimide films after
treatment are presented in Table 2. So far their alkali
resistance is concerned, film HPF I is the most stable
among the six different grades of polyimide/
copolyimide films taken for testing including Kapton
H film. The film shows sufficient strength, toughness
and flexibility even after 7 days immersion in 10% ag.
NaOH solution. The film HPF 2 also survives in 10%
NaOH solution after 7 days, but its mechanical properties are affected to some extent with pale yellow
colouration and thinning of the film . However, the
film HPF 4 and Kapton H, both of which are based on
PMDA and ODA, get degraded completely in the alkali solution within 24 h giving a pale yellow colour
for the alkali solution. The appearance of the film
HPF 3 was found to be unchanged for three days in
10% NaOH solution. Then thinning of the film with
pale yellow colouration took place in 7 days. The residual fi lm portion was found to dissolve in water.
The copolyimide film HPF 8 also undergoes degradation in 10% ag. NaOH solution, but it shows some
better stability than HPF 4 and Kapton H films . It was
fo und to be visually unaffected for I day and then
gradually degraded with complete degradation in
5 days .
Degradation of polyimide films in alkaline medium
is directly associated with their hydrolytic chain scission 11.12, by which process the polyimide chains can
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be converted ultimately to the corresponding salts of
tetracarboxylic acids and diamines via the poly(amic
acid) salts. The rates of alkaline hydrolysis in 0.5 M
NaOH at 90°C of polyimide films, based on PMDA
and different di amines, indicate that the hydrol ytic
Table I-Water absorption test under ag itated co ndition at roo m
temperature (-30°C), weight gain after 5 days
Film code

Film composition

HPF I

BTDA 100
PO 100

HPF2

BTDA 100
ODA 100

0.12

HPF4

PMDA 100
ODA 100

0.81

HPF8

PMDA 80
BTDA 20
ODA90
PO 10

0.57

HPF9

BTDA 100
ODA 80
PO 20

0.45

Kapton H

Water absorption,
wt%
0.76

stability increase with increase in the number of oxyphenylene groups 12. The suggested probable cause
was that there is a relative drop in the concentration of
hydrolytically weak imide bonds with increase in the
number of oxyphenylene groups in diamines. But in
the present in vestigation, from the ex tent of degradation of different polyimide and copolyimide films in
10% aq. NaOH solution it is found that the variation
of imide bond concentration may not be the actual
cause of variation in hydrolytic stability of different
polyimide film s. As shown in Table 2, although the
imide bond concentration per repeat unit in film HPF
1, is higher than that in the film HPF 2, the hydrolytic
stability of the former is far better than that of film
HPF 2. Similarly, although the imide bond concentration in film HPF 4 is comparatively less than that in
film HPF 3, the former degrades within 1 day whereas
the later is found to be visually un affected for 3 days.
This observation is contrary to the imide bond concentration concept of hydrolytic stability of polyimides.
The weight gain in the films, which survive after
immersion in 10% NaOH solution for 7 days, may be
due to the formation of sodium salt of poly(amic acids) on the surface of the film and so me absorbed is

0.35

Table 2-Weight changes in polyi mide films after immersio n in different chemicals for 7 days under stati c conditi on
at room temperature (-30°C)
Film code

Weight change, wt %"

Composition
10% aq.
NaOH

10%
HCI

Saturated
NaCl soln

Dichlorometh ane

Jet
fuel

HPF I

BTDA 100
PO 100

+9.0

0

+0.289

HPF2

BTDA 100
ODA 100

+16.40 b

+0. 18

0

+6.80

0

HPF3

PMDA 100
PO 100

c

HPF4

PMDA 100
ODA 100

d

-0.58

-2.40

-0.66

0

HPF 8

PMDA 80
BTDA 20
ODA90
PO 10

e

+0.41

-0.42

+3.50

+ 1.54

d

0

+0.32

+2.56

0

Kapton H

a '+' represents weight gain and '-' represents weight loss
b visually unaffec ted for 2 days, then part iall y affected after 7 days givi ng faint ye llow colour of the film
c, degrades in 7 days
d, degrades within 24 h givi ng pale ye llow colouration of th e solution
e, visuall y un affected for day, then gradu all y degradation with complete deg radati on wi th days.

+1.05
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water molecule in the filmll . Although the film HPF 2
affected much in the alkali solution becoming a pale
yellow and thin film than the film HPF I , its weight
gain is higher than that of HPF I . This may be due to
the presence of higher amount of sodium salt of
poly(amide acid) in the film as hydrolyzed product.
These alkali salts of poly(amic acids) ultimately show
a net weight gain, compensating the weight loss in the
films due to hydrolytic corrosion.
The films after treatment with 10% HCI , saturated
NaCI solution, dichloromethane and jet fuel remain
unaffected physically. There is margin al weight loss
or gain in the treated films in the above chemicals
except the films treated with dichloromethane.
The condition of the film HPF 6 and Kapton H film
40% aq . NaOH solution and in conc. H 2S04 (98 %) in
different time intervals has been shown by the
photographs I3. 14 . While the Kapton H film is
completely so luble in both 40% aqueous NaOH
so lution within 2 h and in conc. H 2 S04 within 15
minutes of immersion at room temperature, film HPF
6 is found to remain undi ssolved even after 24 h
immersion in these two harsh media. The film HPF 6
is only found to get rolled fro m its rectangular shape
with softening in conc. H 2 S04 . But after washing of
the film with water and drying in blotting paper its
original toughness was regained. Retention of
mechanical properties of the film s HPF 6 and Kapton
H after treatment with 40% aq. NaOH solution. Conc.
H 2 DS0 4 and dichloromethane is presented in Table 3.
As shown in Table 3, the film HPF 6 still retains 81 %
and 69% of the original ten sile stre ngth after
immersion in 40% NaOH solution and conc. H 2S04
respectively for 24 h compared to complete
dissolution of Kapton H film within 2 h in 40%
NaOH solution and 15 min in conc. H 2S04 . But
mechanical property retention of Kapton H film in
dichloro meth ane is comparatively better than that of
the HPF 6 film .

Role of electron affinity and ionization potential on
hydrolytic stability of polyimide/copolyimide films
An actual cause of different hydrolytic stability of
polyimides of various monomer compositions may lie
in the electron affinity (Ea) of the dianhydride derived
moiety, and the electron availability (ionization potential , ( P) of the diamine derived moiety in a particular polyimide system. A probable reaction path for
hydrolyti c scission of the imide bond in alkaline medium is given in Scheme 2.
The attack of OH (-l ion on the carbonyl carbon
atom of the imide group, giving rise to the unstabl e
tetrahedral intermediate I, is the rate determining step
of the hydrolytic reaction. Therefore, any factor, capable of influencing the electron deficiency of the
carbonyl carbon atom of the imide group will affect
the hydrolytic stability of the imide group. One such
influe ncing factor is obviously Ea of dianhydride and
1 P of diamine of a polyimide. Therefore, it can be
expected that a carbonyl carbon atom of an imide
group in a pol yi mide derived from dianhydride of
lower Ea value will be less electron deficient, and
hence will be less susceptible to hydrolytic attack than
one derived from a dianhydride of higher Ea value.
Employing the same logic, a carbonyl carbon atom of
a poly imide derived from a di amine of lower IP (more
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Tabl e 3- Pe rce ntage o f mec hani ca l prope rti es, o f po lyimide film s retained afte r chem ic al treatme nt
Chemicals used

_ _ _ _ _ _--'.F...::ilc:.:m HP F 6

Kapto n H

T e ns il e stre ngth.
%

% Elo ngati o n
al break, %

Te ns ile stre ngth .
%

% Elo ngation
at break, %

40% NaOH so luti o n

81

82

Deg rades

Deg rades

Co n. H 2S04 (98 %)

69

60

So lubl e

So lubl e

Dic hl orometh ane

83

81

99

96

*Imme rsio n al 30°C for 24 h
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Table 4-Effect of different doses ofy-ray irradiation to the polyimide films
Film code

·ad_i_at_io_n..:...,_M_ra_d_ _ _ _ __
Monomer composition _ _ _ _ _ _O_o_s_e _o f_i_r1_

HPF I

BTOA 100 PO 100

3.60

11.52

21.60

unchanged

HPF6

PMOA 20
BTOA 80
PO 100

3.60

11.52

21.60

unchanged

HPF6
(post-cured at
360°C for I h)

PMOA 20
BTOA 80
1'0100

3.60

11.52

21.60

unchanged

3.60

11.52

21 .60

unchanged

Kapton H

electron availability) value will a lso be less electron
defic ient than one derived from a di a mine of hi g her IP
value. Although these Ea and IP values of dianhydrides and di a mines cannot be used directly for the
derived mo ieti es in the pol y mer backbone, their relative values are certainly sig nificant to correlate the
hydrol ytic stability of different po lyi mides . The combined effect of different dianhydrides and di amines
makes the ultimate hydrolytic stability of any pol yimide/copolyimide film. The Ea value of PMDA is
higher than that of BTDA (1.90 e V vs. 1.55 e V) and
the IP value of PO is found to be lower tha n that of
ODA. Therefore, from the Ea-IP concept of hydrolytic stab ility of pol y imide as discussed above, the
alkaline hydro lyti c stability of HPF 4 a nd Kapton H
fi lm would be the least and that of HPF I would be
the hi g hest amongst the polyimide/copo lyimide film s
of thi s study. The results as di scussed above agree
very well with this concept and th ere is a good correlation of the Ea values of two dianhydrides and the IP
values of two diamines with hydrolytic stability
of different polyimide and the copo ly imide films
(T ab les 2 and 3).

y- ray irradiation test
Effect of di ffere nt doses of y-ray irrad iati o n of the
po ly imide films , and associated changes th erein are
show n in T able 4. When the radi ati o n inte nsity of the
Gamma Chamber became very weak (30 krad/h ), total
doses to the fi lm s were low eno ug h to change the
properties of the films. Thu s the IR-rad iated film s
were found to be physically un affected in all res pects
viz. colour, tou ghness, flexibility etc. Lite rature studies 2 .4 re po rted that eve n doses in the range of (1-2) x
104 Mrad do no t significantly lower the stre ng th or the
modulus of the po ly imides tested.

Observed physical change

Conclusion
This paper describes the durabili ty behaviour of
different polyimide/copolyimide films . The water absorption test, chemical and solvent res istance test, yray irradi ation test etc. have been done taking Kapton
H polyimide film as the reference. A corre lation of
alkaline hydrolytic stability with chemical structure of
different polyimide/copolyimide films has bee n made.
The weight gain of the films tested after immersio n
in water for 5 days under agitated condition is fo und
to be in the range 0.] 2 to 0 .8 1%. T he value is remarkably low in case of film HPF 2 (0. 12%) compared to Kapton H film (0.35 %). H ydrolytic stability
of the Kapton H film in both concentrated and dilute
aq. alkali so lutio ns is very poor compared to most of
the film s under inves tigati o n. Its stability in concentrated H 2S0 4 (98% w/w) is also poor. Whil e Kapto n
H film is completely solubl e in both 40% aq. NaOH
solution within 2 h a nd in 98 % conc. H2S04 within 15
minutes of immersion at room te mperature, film HPF
6 is found to remain undi ssolved even after 24 h immersion in both 40% aq . NaOH and 98% conc. H 2S04
still retains 81 % and 69 % of th e o rigina l tensil e
stre ng th respecti vely.
Hydrol yti c stability of any polyimide or copolyimide can be predicted by e lectron affinity-i o nizati o n
po te nti al (Eq-IP) concept. A poly imide film based o n
a dianhydride of lower Ea and a di amine of lower IP
will be more stable hydro lyti ca\l y than one based o n
di anhydride and diamine of hi g her Ea and IP values.
Thus the alkaline hydrol ytic stabi lity of the film HPF
1 (based on BTDA/PD) is found to be the hi ghest th an
that of the films HPF 4 and Kapto n H (based o n
PMDA/ODA ) amongst the po ly imide/copo lyimide
films of thi s study.
y-ray irradi ated films were fo und to be practi call y
un affected in all respects viz. co lo ur, toughness,
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flexibility, etc. after a maximum dose of 21.60 Mrad
which is below the critical dose level of y-irradiation .
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