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Abstract. In order to obtain films having functional groups on the
surface, polyethylene films were grafted with poly(N,N-dimethy-
laminopropyl methacrylamide), and various benzoic acids were
added to obtain polymeric salts. The benzoic acids having long subs-
tituents such as decynyloxy and n-octyloxy benzoic acids, showed
mesophases (liquid crystalline phase), and no phase separation of the
acids was observed on repeated heating and cooling. The stability is
attributed to the interaction of the long substituents with polyethylene
chains. Ethoxybenzoic acid having a short substituent, formed a poly-
meric salt but it isirreversibly separated from system on heating.
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Resumen. Se prepararon peliculas de injerto de poli(N,N-dimetil-
amino propilmetacrilamida) en polietileno mediante radiacion
gamma de CO-60, con €l objeto de tener una superficie con grupos
funcionales que puedan formar sales con varios derivados del acido
benzoico. Los &cidos benzoicos con substituyentes de cadena larga
tales como el deciniloxi y el n-octiloxi mostraron mesofases y no se
observo separacion de fases entre el &cido benzoico y la pelicula de
injerto al calentar y enfriar repetidamente. La estabilidad se puede
atribuir a la interaccion de las cadenas olefinicas substituyentes con
las cadenas del polietileno. El etoxibenzoico, teniendo una cadena
olefinica corta, forma la sal polimérica correspondiente , pero se se-
paradel sistemaen formairreversible, al ser calentada.

Palabras clave: Irradiacion gama, polimeros de injerto, sales
poliméricas.

Introduction

Mixed systems of functional compounds with host polymers
are of interest when the materials with the functionality are
desired in the form of films or filament. When the host poly-
mers and guest functional compounds have certain chemical
interactions, such as hydrogen bonding, salt formation and
dipole/dipole interactions, the concentration of the guest mole-
cules can be increased, and the mixed system becomes more
stable, and there is less possibility of phase separation and
agglomeration of functional compounds. Such concept in
developing novel functional materials through non-covalent
bonding is often employed in obtaining polymeric liquid crys-
tals [1-3]. The present authors have studied the systems con-
sisting of various benzoic acids with poly(N,N-dimethy-
laminoethyl methacrylate), and found that the morphology of
the mixed systems varies considerably depending on the types
of the acids, and the concentration of acids could be reached
up to 90 % mole without phase separation [4,5]. However, the
polymeric salts consisting of acids or base host polymers and
base or acid guest compounds, are generally hygroscopic, and
therefore water absorbed influences morphology and proper-

ties, and thisis not desirable. In order to decrease hygroscopi-
city of the polymeric sdlts, and to give mechanical strength to
the obtained films, the host polymer can be grafted to
hydrophobic polymer films, and thus a polymer film coated
with polymeric salts can be obtained. Previously, poly(N,N-
dimethylaminoethyl methacrylate) was grafted onto polyethyl-
enefilm [6], and several benzoic acids were added to form the
corresponding salt films [7]. By the grafting to polyethylene,
the phase separation between the acids and the host polymer
became reversible, that is to say, the acids separate out from
the amino polymer on heating, but they form salts again on
cooling. However, poly(N,N-dimethylaminoethyl methacry-
late) is vulnerable to the hydrolysis of the methacrylate ester
which is caused by absorbed water and the dimethylamino-
ethyl group, and the properties change on standing for a long
period. In this work, therefore, N,N-dimethylaminopropy!-
methacrylamide (DMPMA) was employed as a grafting poly-
mer because it is more resistant to the hydrolysis. Thus, a
commercia polyethylene films were grafted with DMPMA,
and the grafted films were added with several benzoic acids to
obtain novel polymer salt films. Characterization and some
morphology of such products are reported in this paper.



Studies on Salts of Amine-Containing Polymers with Benzoic Acids...

Table 1. Radiation grafting of DMPMA onto PE films.
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Samples Temp. °C Dose rate Total dose % Grafting GraftingP
KGy/h KGy weighta mole
GP1 23 1.6 25 55 8.7
GP2 35 16 50 86 13.6
GP-3 35 1.6 100 230 36.5
GP-4 48 16 84 95 15
GP-5 48 16 25 227 36
GP-6 48 18 11 5 15
GP-7 48 18 15 78 12.4
GP-8 48 19 25 240 38

aCalcd. from (Wy —Wp) © 100/ Wy, where Wy and W are the weights of the film after and before grafting, respectively.

b Mole % of grafted DMPMA per mole of ethylene.

Experimental

Materials. The benzoic acids employed include p-ethoxy, p-
butoxy, p-n-octyloxy and p-n-hexylbenzoic acids, all of which
were supplied by Aldrich, and used as received. p,p’-akyl-
tolancarboxyl acids and p-1-alkynylbenzoic acids were syn-
thesized in our laboratory[4]. The polyethylene (PE) film used
was a PEMEX low density PE with thickness of 0.7 mm and
melting at 115 °C. N,N-Dimethylaminopropylmethacrylamide
(DMPMA) was supplied by Aldrich, and it was distilled under
areduced pressure before use.

Graft polymerization. A film cut toasguareof 1 cm” 5cm
was placed in an ampoule in which required amounts of
DMPMA and dioxane (solvent) were added, and the ampoule
was sealed off in vacuum. The ampoule was then irradiated
with gray using Gamma Beam 651-PT with 50,000 Curies of
Nordion Corporation, Canada. After irradiation the films were
poured into methanol and washed well with fresh methanol to
remove the homopolymer of DMPMA, and dried in vacuum
and weighed. The grafted film was then dipped in methanol
containing benzoic acids, and stirred gently for 24 h. The film
was then washed well with fresh methanol, dried in vacuum at
room temperature, and weighed. The grafting yields were cal-
culated from the weight increase: (W, — W,) ~ 100 / Wy,
where W, and W, are the weights of the film after and before
grafting, respectively. They were then converted to mole per-
cent with respect to ethylene. The percentage of salt formation
was calculated from the weight increase due to benzoic acids.
The processisshownin Fig. 1.

Characterization. A polarizing optical microscope observa
tion was performed using an Olympus BHC fitted with a Leitz
hot stage. Differential Scanning Calorimetry (DSC) was made
using a caorimeter of TA instruments, Model 910 under ni-
trogen. FT-IR spectra were taken using a spectrometer of Per-
kin ElImer Model 1600 with ATR mode. X-Ray diffraction
patterns on films samples were obtained using an INEL
CPS120 curved counter equipped with a quartz bent mono-
chromator for the CuKa radiation, and a computer controlled
oven, with atemperature precision of + 0.03 °C.
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Fig. 1. Mechanism of the graft copolymers salt formation.
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Fig. 2. DSC of poly(DMPMA)-g-PE salt formation with dcynyl ben-
zoic acid, 36 % graft, 67 % salt.
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Table 2. Salt formation of benzoic acids in the DMPMA-grafted PE
films.

Benzoicacids  Grafted Mole % Grafted % Salt formation
polymer DMPMA w.r.t. mole
DMPMA
ethoxy GP-1 8.7 37
ethoxy GP-2 36.5 93
n-butoxy GP-1 8.7 63
n-butoxy GP-7 12.4 21
n-octyloxy GP-4 15 28
n-octyloxy GP-8 38 62
decynyl GP-4 15 38
decynyl GP-5 36 67
butyltolanyl GP-4 15 28
amyltolanyl GP-2 36.5 56

Results and Discussion

Table 1 shows the results of DMPMA grafting onto PE films.
The 30 % monomer concentration with respect to the solvent
was chosen arbitrarily, but the homopolymer was formed with
higher monomer concentrations, and this is inconvenient in
separation of the homopolymer from the grafted polymer. The
yield of grafting increased with increase in polymerization
temperature and given dose. The greater the dose the moreini-
tiating radicals are formed in the PE films thus increasing the
amount of grafted polyDMPMA. The temperature is also an
important factor as can be seen from the difference between
GP-1 and GP-5 (Table 1). Thislarge differenceis attributed to
the increase in the rate of polymerization with temperature,
and also to increase in the monomer diffusion in PE with tem-
perature. Table 2 shows the amounts of the benzoic acids unit-
ed to the films through the salt formation with the tertiary
amine groups of polyDMPMA. The low percentage indicates
that the benzoic acids cannot penetrate deep into the grafted
films to form their salts, but they form salts with those amine
groups near the surface of films. It is known that the grafting
starts first on the surface of PE film as the initiating free radi-
cals are formed on the surface, then the grafting develops
toward the inside of the film [8]. This depends on swelling of
the film and diffusion of monomer through the film. With
respect to the benzoic acids, the small ethoxybenzoic acid is
thought to penetrate more easily between the polymer chains,
while the large acids will encounter with steric hindrance to
penetrate in the polymer chains. This is a significant diffe-
rence between the free polymer chains and the grafted poly-
mer chains. In the case of free polymers thereis no steric hin-
drance for the benzoic acids, and thus the salt formation
reaches 90 % [4, 5]. All of the benzoic acids employed in this
work are those having electron donor groups, and therefore
they are week acids, and their interaction with the base tertiary
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Fig. 3. X-ray diffraction patterns of decynyl benzoic acid at different
temperatures, 15 % graft, 38 % salt.

amine group can be week. However, when the acids were
mixed with the grafted films, the typical absorption of their
carbonyl groups at 1675-1685 cm-! decreased and shifted to
around 1630 cm-1 becoming a shoulder of the peak of aroma
tic group at around 1600 cm-1, indicating that they form salts
with the tertiary amine.

The DSC curves of these materials showed an endotherm
peak due to melting of crystalline PE around 111-115 °C.
The benzoic acids having p-substituents with areasonable size
which were used in thisis study, exist as dimers through their
hydrogen boding, and they form mesophases (nematic liquid
crystals) just under their melting points [9]. However, the
phase transitions of these benzoic acids dimers were not
observed in the DSC curves of their mixtures with the poly-
mer. This indicates that the benzoic acids exist as salts with
the tertiary amine (polyDMPMA), and their phase transitions
are different from those of benzoic acid dimers. However,
mesophases were observed on DSC during cooling process for
the long chain benzoic acids. For example, in the case of
decyny! benzoic acid with 36 % grafting and 67 % salt forma
tion (Fig. 2), a small endotherm pesk was observed at 78.9 °C
before the larger endotherm peak due to melting of crystalline
PE at around 110 °C. The isotropic point of decynyl benzoic
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Fig. 4. Polarized optical micrographs of poly (DMPMA)-g-PE /
decynyl benzoic acid, 36 % graft, 67 % salt.

acid dimer is aso 110 °C and therefore the two endotherm
peaks due to the melting processes could be overlapped. How-
ever, since the acid exists as sdlt, this melting temperature of
110 °C is no longer valid. During the cooling process of this
system, there were observed 2 exotherm peaks at 92.7 (crys-
tallization of PE) and 64.8 °C (solidifying the salt). During the
heating process, polarized optical microscope observation
revealed that the mesophase lies between these two tempera-
tures. a colorful texture appeared at 78 °C, and its brightness
decreased at 110 °C, and the process was repeatable. These
results suggest that the polyDM PMA-decynylbenzoic acid salt
gives a mesophase between 78 °C and 110 °C. This is aso
supported by the X-ray diffractometry at different tempera-
tures as shown in Fig. 3. The peak at around 3 (2q) is the peak
of decynylbenzoic acid in its mesophase, and the peak at
around 20 is that of crystalline PE. The intensity of the peak
due to the acid increased with temperature, and it dropped
when the temperature reached to the isotropic temperature.
Thisis commonly observed for liquid crystalline systems [10].

In the case of amyltolan benzoic acid with 36 % grafting
and 56 % salt formation (Table 2) DSC showed 2 exotherms
at 97.8 °C and 64.2 °C during cooling process. Under the
microscope the texture started to lose brightness at tempera-
ture above 90 °C, and at 111 °C the texture seems to melt, and
on cooling the original texture was reproduced. Table 3 sum-
marizes the microscope observation of some of these salt sys-
tems.

In the cases of ethoxy and butoxy benzoic acid systems,
polarized microscope observation reveal ed that the acids sepa-
rated from the polymer on hegating at the melting point of PE
(110 ©C), giving colorful crystas of these benzoic acid, and
the process was not reversible. This is probably because the
ethoxy or butoxy group is too small to maintain the mutual
interaction by miscibility with the polymer, probably PE, in
this case. In the case of the acids with larger substitute groups,
such as octyloxy, octynyl, butyltolan, pentyltolan and decynyl
benzoic acids, the phase separation was not observed, and
they showed the existence of mesophases below the melting
point of PE. One of such textures is shown in Fig. 4. The bri-
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[liant parts in the picture are due to the mesophase, and when
the temperature reaches the melting point of PE, this pase
dowly fades out, but on cooling it reappears. In the previous
study on the poly(dimethylaminoethyl metacrylate) systems,
when the polymetahcrylate is grafted to PE [ 7], no phase sepa-
ration was observed, while with polymethacrylate alone [5]
the phase separation was observed. Thisis an interesting find-
ing that PE isimportant to avoid the phase separation of acids.
It is thought that the long substituents such as decynyl group
have an attracting interaction with PE chains.

Conclusion

Stable polymeric salts can be formed between benzoic acids
with long substituents and PE grafted with tertiary amine
polymers. The materials showed mesophase (liquid crystals)
at temperatures below the melting point of PE. It was shown
that novel materials could be obtained using grafted amine-
containing polymers and functional acids.

It was shown that various types of polymeric materials
could be obtained by the surface treatment of common poly-
mers by the method of this work.
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