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Synopsis 
Different polyamides and polysulfonamides were prepared by the interfacial poly- 

condensation method. The influence of the experimental condition was specified. 
The principal characteristics of polymers are indicated (solubilities, molecular weights, 
IR spectra, thermal stability). In the case of poly(ethy1ene l,>benaenesulfonamide), 
a study of the thermal behavior was specially developed. 

INTRODUCTION 

A series of polyamides and polysulfonamides was prepared by the inter- 
facial polycondensation method,' in order to study the influence of the 
group -CONH- and -S02NH- and of the chain segments which link 
them (methylene and benzene groups) on the phenomena of dielectric and 
mechanical relaxations. This paper presents the different polymers pre- 
pared, indicates the experimental conditions, and gives their principal 
physicochemical characteristics (solubility, IR spectra, molecular weight). 
Their behavior under the influence of an increase in temperature is also 
described. Let us specify that several polymers2-' have been already 
prepared, and some of them have been indexed by Livingston.8 

STUDY OF INTERFACIAL POLYCONDENSATION 

The different polymers prepared are listed in Table I. In order to show 
(regarding their electrical and mechanical properties) the influence of the 
number of methylene groups on the flexibility of the macromolecular chain 
having an aromatic cycle, polymers A and B were synthesized. The homol- 
ogous polyamides C and E were also polymerized, as was an intermediate 
product D. Finally polyamides containing only methylene groups in their 
chain and differing only in the number of these groups were prepared (poly- 
mers F, G, H, and I) in order to study their relaxations in comparison with 
the previous products. 
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TABLE I 
Polymers Prepared by Interfacial Polycondensation 

Acid dichloride Diamine Polymer 

NH&HJ,NH, 

Purification of Initial Reagents 

Most of the reagents are prepared industrially with an adequate degree 
of purity (>98%). On the other hand, 1,3-benzenedisulfonyl chloride, iso- 
phthalyl chloride, and hexamethylenediamine had to be purified. 

The 1,3-benzenedisulfonyl chloride was purified by the method indicated 
by Arnold, Cantor, and RiIar~el.~ The dichloride is dissolved in benzene, 
and the organic solution is washed with a 5'% solution of sodium bicarbonate 
and then with water. The solution is then dried over calcium sulfate,lO 
treated with activated charcoal, and dried again by passing it through a 
column of activated alumina. The 1,3-benzenedisulfonyl chloride is precip- 
itated by the addition of pure hexane or heptane. 

The isophthalyl chloride is solubilized by heating in petrol ether, treating 
with active charcoal, and recrystallizing when cold. 

The hexamethylenediamine was purified by distillation. 

Experimental Conditions and Method of Interfacial Polycondensation 

The method of interfacial polycondensation is based on the Schotten- 
Bauman" reaction, which takes place at  the interface of an aqueous solution 
of diamine containing an acid acceptor and a solution of an acid dichloride 
in a nonmiscible solvent. There is a formation of hydrogen chloride fol- 
lowing the reaction between the acid chloride and the primary amine. 

It is noted that the exact stoichiometry of the reagents is not as critical 
as in the ca,3e of polycondensation in an homogeneous system, and in certain 
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cases an excess of diamine can even be used as acid acceptor. Some au- 
thors" consider that the reaction takes place near the interface, in the or- 
ganic phase, which limits the amount of acid dichloride likely to pass into 
the aqueous phase, thereby considerably reducing the hydrolysis. Finally, 
although stirring is not necessary, it allows obtaining rapidly the polymer 
in the form of powder or grains which are easily isolated and washed, and 
facilitating a more complete reaction between the functional groups. 

Stirring is done with 
a propeller driven by an Ultra Turrax motor (3,000-10,000 rpm). The 
vessel is placed in a thermostat which allows the initial reaction temperature 
to  be fixed to  within 0.5"C. The thermal exchange is satifactory, since at  
the end of the reaction, the increase in temperature of the reactional system 
does not exceed 2-3°C. 

After a study of different water 
immiscible solvents (CCL, CHCL, CH2C12, C6H6, etc.), benzene was chosen 
as the solvent for the acid dichlorides and disulfochlorides because of its 
high boiling point, which reduces evaporation, and because of its high misci- 
bility with methyl and ethyl alcohols, which facilitates its elimination and 
the obtention of a pure polymer. 

The acid acceptor used was sodium carbonate, dissolved initially in the 
aqueous solution. 

Thc polycondensation is always achieved with two solutions of the same 
concentration in order to obtain statistically an equal number of acid and 
amine functional groups at  the end of the macromolecular chain. 

For polymer A, the two reagents being highly soluble both in water and ben- 
zene, we can use a decinormal solution as indicated by Sundet, RIurphey, 
and Speck.2 On thc other hand, in view of the low solubility of the iso- 
phthalyl chloride in benzene and of the 1, 12-diaminododecane in water, and 
of the expansion of the polymers which become impregnated with solvent 
and therefore occupy more space, limiting the possibility of stirring, we had 
to work with 0.015M solutions to prepare the polymer. 

During interfacial polycondensation, hydrolysis in the dichlorides and 
especially the disulfonylchlorides in contact with the aqueous phase is 
inevitable. It is accentuated by the violent agitation of the bath which in- 
creases the area of contact between the two phases and leads to considerable 
evaporation of the organic solvent. 

Disulfonyl chlorides being more easily hydrolyzable than the carboxylic 
acid dichlorides,12 thc phenomenon is studied more particularly for the 1,3- 
benzenedisulfonyl chloride by potentiometric determination of the chloride 
ions appearing in the aqueous phase in the course of an experiment con- 
ducted in conditions identical to those used for the preparation of polymer 
A, but without diamine in the aqueous phase. 

There is considerable hydrolysis as soon as stirring is commenced (Fig. 
1). However, if the volume of the organic phase is kept constant, either 
by working at low temperature (SOC) (although the rate of the polyconden- 
sation is then slower), or by adding benzene as it evaporates, thc extent of 
hydrolysis is reduced (Fig. 1). 

The reactor used is a 1-liter narrow-neck vessel. 

The diamines are solubilized in water. 
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Fig. 1. Hydrolysis, at 25OC, of the l,%benzenedisulfonyl chloride: (+)with addition of 
benzene; (0) without addition of benzene. 

Since this blank experiment is an extreme case as far aa hydrolysis is con- 
cerned, it is apparent that during the course of the preparation of the poly- 
mers, the hydrolysis phenomenon of the reagent is considerably reduced by 
the polycondensation reaction itself. This phenomenon is also influenced 
by the pH of the aqueous solution12 the hydrolysis being greater in direct 
relation to the pH value. 

Bearing in mind these different factors, oftfen self-contradictory, we de- 
fined the optimal conditions and worked at a temperature of 25°C using 
sodium carbonate as an acid acceptor in order to have an aqueous medium 
with a pH value of approximately 10.5. Also, since the acid dichloride is 
the less stable of the two reagents, the organic solution is poured into the 
aqueous phase under agitation. 

As far as the polyamides are concerned, it is generally accepted" that 
the time necessary for the obtention of macromolecules of maximal molar 
weight, by the interfacial method with agitation, is in the region of 10 to 15 
min. We established this time for polymer A by the determination of its 
molecular weight. It is observed that after 40-50 min of preparation, the 
value of the molecular weight is maximal (Fig. 2), as is also the yield calcu- 
lated in relation to the total weight of the reagents (Fig. 3). 

The difference in the time required for the obtention of macromolecules 
of maximal molar weight in the case of the polyamide and that of the poly- 
sulfonamide can be attributed to the weaker reactivity, with amino groups, 
of the disulfonyl chloride to the carboxylic acid dichloride. 

The polymer, separated from the reactive medium by filtration, is washed 
in water, in ethyl and methyl alcohols, and then dried at 70-75°C for 12 hr. 
Polymers A, B, C, and D appear in the form of a white powder, while the 
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Number-average molecular weight of samples of poly(ethy1ene 
sulfonamide) obtained for different times of polyoondensation. 
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Fig. 3. Preparation of poly(ethy1ene 1,3-benzenesulfonamide) yield calculated in 
relation to the total weight of the reagents. 

polymer E, also white, appears spongy. Finally, the products F, G, H, and I 
appear as compact grains relatively hard and colored to varying degrees 
(grey-brown) . 

PHYSICOCHEMICAL CHARACTERISTICS OF POLYMERS 

Solubility of Aromatic Polyamides and Polysulfonamides 
How- 

ever, it is to be noted that, in a cold state, the polysulfonamides studied 
In general, the polysulfonamides are soluble in alkaline solvents." 
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TABLE I1 
Solubility of Polymers. 

~~ ~~ 

Polymer Polymer Polymer Polymer Polymer 
Solvents A B C D E 

Sulfuric acid 
Acetic acid 
Formic acid 
N-Meth yl-Zpyrrolidone 
HMPT 
Dimethylformamide 
Dimethylformamide + LiCl 
Dimethylacetamide 
Dimethyl sulfoxide 
Tetrahydrofuran 
2,6-Dimethylaniline 
Phenol 
m-Cresol 
m-X ylen 
Chlorobensene 
Dichlorobenzene 
Methanol 
Ethanol 
Acetone 
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* (++) solubility at  room temperature; (+) soluble on heating; (f) partially 
soluble; (- ) insoluble. 

present, a t  best, a degree of solubility which is relatively weak (0.5%-1%) 
in the pure solvents we used (Table 11). 

It is to  be observed that the isophthalyl polyamides, (C, D, E) are not 
very soluble. H a n d 3  notes the same phenomenon with polyamides pre- 
pared from aromatic dichlorides and aromatic diamines. It will also be 
noted that for a given type of polymer, the increase in the number of meth- 
ylenes between -CONH- and -S02NH- groups seems to  lead to an in- 
crease in the solubility which is probably due to  a diminution in the number 
of hydrogen links. 

Elemental Quantitative Analysis 

Elemental quantitative analysis was carried out on the different poly- 
mers, and the results are in good agreement with theoretical values. For 
example, results are given in Tables I11 and IV for polymers A and C. 
Theoretical values are calculated considering that polymers can be written 
as specified in Table I. 

TABLE I11 
Analytical Results for Polymer A 

s, % 
Theoretical 36.6 3.8 10.7 24.4 24.4 
Experimental 36.4 3.9 10.8 24.7 23.7 
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TABLE IV 
Analytical Results for Polymer C 

Theoretical 63.1 5.2 14.7 16.8 
Experimental 62.3 5.5 14.1 17.4 

Molecular Weight 

The molecular weight of the aromatic polymers obtained after a reaction 
time of 1 hr were measured by determination of the number of amino 
groups (--NH2) situated at the end of the chains, using Van Slyke's 
methods extended to the determination of the amino groups of insoluble 
polyamides. 9-10 

Taking account of the stoichiometry of the reagents when they are pre- 
pared, it can be allowed that the macromolecular chains are terminated sta- 
tistically by one amino group and one acid group. This being so, the value 
of the volume of nitrogen released leads to the following average molecular 
weightsM,: polymer A, 14,000; polymer B, 3,500; polymer C, 16,000; 
polymer D, 15,000; polymer E, 4,000. 

IR Spectra 

The IR absorption spectra of all the campounds were determined by 
tabloid technique with potassium bromide using a Perkin-Elmer spectro- 
photometer. The spectra obtained for the poly(ethy1ene 1,3-benzenesul- 
fonamide) and poly(ethy1ene isophthalamide) are shown in Figures 4A and 
4B, respectively. For A, we can note presence of two strong absorption 
bands at 1340-1320 cm-l and 1170-1130 cm-l which is characteristic of 
the sulfonamide g r ~ u p ~ ~ ~ ~ ,  and for C, two bands at  1660-1640 and 1540- 
1520 cm-I corresponding to  the amide functions. The two products show 
absorption bands at  1430-1450 and 1640-1630 cm-' due to the benzenic 
cycles. 

Thermal Properties 

The study of the thermal stability of the polymers was done by dif- 
ferential thermal analysis (DTA) with the aid of a BDL microanalyzer 
Type M2 and thermogravimetric analysis (TGA) with an Adamel apparatus 
Type C. Table V shows the results obtained in the case of a first rise in 
temperature for the prepared products. 

Studying more precisely polymers A and C by differential thermal analy- 
sis, we noted some unusual phenomena regarding the thermal behavior of 
these polymers. For product A, the DTA curve obtained in an inert 
atmosphere or in air, with a temperature increase rate of 10"C/min, shows 
an endothermal peak, the beginning of which is around 150°C. On cooling, 
no exothermal phenomenon appears which might be evidence of solidifica- 
tion. If heating is continued, decomposition occurs a t  320"C, but before 
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spectra of poly(ethy1ene isophthalamide). 
Fig. 4. (a) Infrared spectra of poly(ethy1ene 1,3-bensenesulfonamide). (b) Infrared 

this temperature a second endothermal peak can be seen at around 27e 
280°C (Fig. 5, curve a). 

The TGA curve (Fig. 6, curve A) shows indeed that a beginning of deg- 
radation only starts at 320°C. Observation with a Maquenne block 
shows, at 15O"C, a considerable and sudden decrease in the apparent volume 
of the polymer and the presentation of a sticky state. When the tempera- 
ture reaches 280°C the product seems to change into a liquid state, at the 
same time undergoing a light browning which could be due to the beginning 
of degradation in air. 

In order to determine the significance of the first endothermal phenomenon 
observed (a phenomenon which is not accompanied by a loss in weight mea- 
surable by TGA, Fig. 6, curve A), the product, heated at 19O"C, is recooled 
and submitted to a new rise in temperature by DTA. It is noted that the 
curve no longer shows an endothermal peak at 150°C. The peak at 
270°C is not changed; on the other hand, a very clear change in the base- 
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0 100 200 
~~ - 

300 TOC 

Fig. 5. DTA curves obtained for poly(ethy1ene 1,3 benzenesulfonamide): Curve a, 
first rise in temperature up to temperature of decomposition; curve b, successive thermal 
treatments. 

80 

200 400 600 TOC 

Fig. 6. Curve A, TGA curve obtained for poly(ethy1ene 1,3-benzenesulfonamide). 
Curve C, TGA curve obtained for poly(ethy1ene isophthalamide). 

line appears a t  119°C. After this thermal treatment, the DTA curve 
undergoes no further change whatever the reheating, lower than the de- 
composition temperature, imposed on the polymer. 

In general, a modification in the baseline like that observed here a t  119°C 
(Fig. 5, curve b), corresponding to  a simple change in the heat capacity of 
the polymer, is attributed to the phenomenon of glass transition a t  the 
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0 100 200 300 T "C 
Fig. 7. UTA curves obtained for poly(ethy1ene isophthalamide): curve a, first rise 

in temperature up to temperature of decomposition ; curve b, successive thermal 
treatments. 

crnter of the amorphous regions.ls It may br that this phenomrnon is not 
observed during the first temperaturc rise because its low intensity, which 
is in turn due to  the size of the apparrnt volume, leads to poor thermal con- 
ductivity. 

A release of gas was observed when the product was treated at  150°C. 
Furthermorr, mcasures of intrinsic viscosities in sulfuric acid give the fol- 
lowing resulis: initial polymer A, [ q ]  = 13; polymer A treated at  lSO"C, 

These observations would lead one to believe that the temperature of 
150°C corresponds to the end of the polycondensation of the product. In  
order to verify this hypothesis, we carried out a determination of the num- 
ber of the amino groups for an initial sample and for a sample heated at  
1SO"C. This lead to the following number-average molecular weights: 
initial polymer A, Hn = 14,000; polymer A treated a t  lSO"C, Hn = 
50,000. 

However, let us observe 
that due to the thermal treatmrnt, which caused a slight burnishing of the 
polymer, a certain transformation of the polymer could lead to  a certain 
extent to a decrease in the number of amino groups. 

In  conclusion, thc irreversible endothermal effect observed at  150°C 
corresponds to  the juxtaposition of the different processes previously shown 
(polycondensation, release of gas, softening, and contraction). 

As for the poly(ethy1ene isophthalamide), the T)TA curve shows three 
distinct endothermal peaks at  220, 29.5, and 340°C (Fig. 7, curve a). AS 

[ a ]  = 1s. 

The results seem to confirm our hypothesis. 
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in the case of polymer A, the corresponding exothermal peaks do not re- 
appear on cooling. Furthermore, the peak at  220°C is not accompanied by 
a softening observable on the Maquenne block. 

On the other hand, after the second peak, the product is in a sticky 
state. Evers and Ehlers" observe similar phenomena with other aromatic 
polymers. 

The endothermal phenomenon at 220°C disappears if polymer C has 
been previously heated at  240-250°C. The same is true for the second pro- 
cess if the product has been heated at  320°C (Fig. 7, curve b). 

The decomposition, with considerable loss in weight, of polymer C, shown 
by DTA and by TGA (Fig. 7 and Fig. 6, curve C), occurs a t  340°C in air 
and at  360°C in nitrogen atmosphere. On the Maquenne block, one ob- 
serves that up to  295"C, the polymer stays in the form of a white powder. 
At 3OO-31O0C, the product becomes slightly sticky and starts to  turn 
slightly brown. 

As in the case of polymer A, previous thermal treatment of product C 
leads to the appearance of a glass transition point which is not observable 
in the initial product. After heating the polymer to 250"C, the glass 
transition phenomenon, which occurs at 19O"C, is not very evident; on the 
other hand, the thermal analysis of the product heated to  310°C shows a 
very clear glass transition point a t  190°C (Fig. 7 curve b). 

Let us observe that for all the polymers studied, thermal decomposition 
takes place in two stages. In  the first stage with product C, at 340-360°C 
it was possible to  show, in particular, the release of COZ and NHI. 

In  general, for all the polymers this first stage, which occurs at tempera- 
tures of 300" to  400°C according to the products, corresponds to  a loss in 
weight of the order of 50y0 to  90%. The second stage, which appears at 
temperatures of 400" to 500"C, leads to  almost total decomposition, the total 
loss in weight being about 95-99y0. 

In  conclusion, all the aromatic polyamides and polysulfonamides studied 
show a softening phenomenon accompanied by a considerable decrease in 
the apparent volume which is not to be found in the homologous aliphatic 
polyamides. Thermal treatment carried out a t  a temperature higher than 
thht of the start of this phenomenon leads to its disappearance. 

On the other hand, a very noticeable glass transition occurs in the thermo- 
grams of the obtained products. 

In  order to determine the structure modifications of these polymers when 
they are heated, a study is being developed with x-rays diffraction, vapor 
retention in gas-solid chrorna t~graphy,~~ and the depolarization thermo- 
current method.20 
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