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Abstract. 

Random multiblock polyamide-polyether block copolymers were prepared by 
a two step interfacial polycondensation pe-ocess from terephthaloyl chloride, 
J,6-diaminohexane and Q,W -dihydroxy poly(ethylene glycols) of three different 
mal.ecular weights. Polymer structure was deduced from the mode of synthesis 
and infrared spectroscopy. Thermal analysis was used to establish phase sepa
e-ation and to establish that the main crystalline component was a polyamide. 
X-ray diffraction studies indicated ince-eas8 in amorphous natue-e with increase 
in molecular weight of a, w-dihydroxy poly(ethylene glycols) with one anomalous 
situation. 

Incorporation of flexible elastomeric segments w crystalline polymers like poly
amides is one method of overcoming certain disadvantageous properties like 
crack propagation and low im pact strength ( 1,2) • This can be achieved by block 
copolymerisation. The materials so obtained show im proved 1m pact strength, 
phase separation and reduced crystallinity dS compared to the homopolymer( 3)_ 
These block copolymers are termed poly (amidoethers) and find use as thermo
pla.stic elastomers and in biomedical applications(4) _ In this paper we report 
the synthesis of block copolymer compositions where the crystalline polyamide 
part is provided by terephthaloyl chloride and l,6-diaminohexane and the elasto
merie segment is provided by a, W-dihydroxy poly(ethylene glycols). The block 
copolymers so prepared are chemically linked. Structure phase separation and 
cryatallinity of these polymers have been studied._ 

BXperiaental 

Materials : Terephthaloyl chloride (purum, Pluka Reagent) and 1,6-diaminohexane 
(Fluka Reagent) were used as received. Dry, alcohol-free chloroform was used 
for the low temperature polycondensation step. a, w-dihydroxy poly(ethylene 
glycol) (PEG) of molecular weights 4)(), 600 and 154) were obtained from Fluka 
and dried over 4A molecular sieves before use. 

Analysis : IR analysis was p~rformed on a Perkin-Elmer 681 IR spectrophotometer_ 
samples were analysed in the form of KBr pellet. Thermal behaviour was deter
mined using a Du Pont 29D Thermal Analyser. Temperature scale was calibrated 
against pure reference Indium. Scanning rate was D GCI min and the tern perature 
range investigated was -DOoc to 40Q°C. X-ray diffractograms were recorded 
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for finely powdered samples on a Phillips PH 1728 model with a PH laaJ diff

ractometer. The target was Fe and the instrument was operated at 4>kV and 

.DmA. 


Typical preparation of a poly(amidoether) block copolymer : To a solution of 
2.03 9 (n mmol) terephthaloyl chlorid~ in 25 mL dry, alcohol-free chloroform 

was added 1.54 9 (1 mmol) PEG of Mn ,. ]54> and the solution refluxed for 

two hours at 60 °C. After cooling, low tem perature polycondensation is carried 

out by adding the chloroform solution to a chIDed solution of J.05 9 (9 m mol) 

J,6-diaminohexane and 0.72 9 (18 mmol) sodium hydroxide in :Q ml of water 

with rapid stirring. After .15 min the precipitated polymer was filtered, washed 

repeatedly with water and dried under vacuum at 8)°C. 


Results and Discussion 

Block copolymerisation carried out to obtain poly (amidoethers) is accomplished 
by a two-step method(S,6). Three different CJ ,w-dihydroxy poly(ethylene glycols) 
[HO{PEG)OH] of molecular weights 4X), 600 and 1S4> were used to provide the 
"soft" elastomeric polyether block, by reacting PEG with an excess of tereph
thaloyl chloride in chloroform solution to prevent chain extension (y > > x) 
(step 1) : 

X OH-(-PEG-)-OH + Y CIOC-C6 H4 -COCI

1-2x HCI 
z CIOC-C H -COO-(-PEG-)-OCO-C H -COCI + (y-2x) CIOC-C H4 -COCl6 4 6 4 6 

(1] 
(Step 1) 

Low temperature polycondensation of the acid chloride end-capped 
PEG (I) and unreacted terephthaloyl chloride with an aquec~s solution 
containinq stoichiometric amount of ],6-diaminohexane was carried out 
(step 2): 

x I + (y-2x) CIOC-C6 H -COCl + (y-x) H2N-(CH2)6-NQ24 

.1 -2x HCI 

-(-CO-R-COO-PEG-OCO-R-Co-(-NH-(CH ) -NHCO-R-CO-) -NH-(CB ) -NH-] ~ 


26 n 26 m 

(Step 2) 

The block copolymers are obtained directly as white flocculant precipitates 
of high molecular weights: oligomers and ionic products are dissolved in chloro
form and water respectively. The homopolymer polye hexamethylene terephthal
amide) could not be isolated as the solubility characteristics of the homopolymer 
and block copolymer are similar. The three block copolymers are designated 
as PAE «X>, PAE €OO and PAE. 154> based on the molecular weiqht of the poly iether .segment. ., 
The copolymer structure deduced from the mode of synthesis (step 2) is of 
:he random multiblock type, (AB)n assuming that terephthaloyl chloride and 
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oligomer (I) show similar reactivity towards ],6-diaminohexane and that chain 
extension with j,6-diaminohexane proceeds easily. The polyether blocks are 
moncdisperse while the polyamide blocks, due to experimental conditions, are 
polydisperse. The two blocks are linked together by ester groups. Besides 
this, m also give an indication of block copolymer formation. Formation of 
the oligomer [11 is followed by IR spectroscopy and is il1<jicated by the dis
appearance of the hydroxyl a.Prorption band at 3400 em and the presence 
of bands at J72IJ and J760 em due to carbonyl absorption of .acid chloride. 
The IR spectra of block copolymers show characteristic '!.~rptions of hydrogen
bon<]ed amide groups at 33D, J64O, lSJ) and J.DO cm. The band at J720 
cm- could be attributed to the ester linkage ~rmed between the two heterotype 
blocks. A broad band centered around JJD cm- can be attributed to the ethereal 
C-Q-C antisym metric stretch (7) • 

Thermal analysis data is reported in Table J. DSC measurements show two 
endotherms in all the copolymers. The first, observed at sub-ambient tempera
tures can be attributed to the polyether phase( 8) • The second endotherm is 
observed above J)() °C and can be attributed to the polyamide phase. The observed 
Tm lies close to that of the homopolymer(9). 

Table J : Thermal analysis data of copolymers 

Code T (oC) T ("C) H (Jig)g m m 

'r PAE 1 -:.£.:E 3.2 3.55 157.00 
PAE 2 -56. :E 3J2.5O J4 3. 2IJ 
PAE 3 -61.21 J)7.~ 89.08 

Glass transition values lying close to that of polyether homopolymer indicate 
that the segmental mobility of polyether in the block and homopolymer is similar. 
This is also indicative of the presence of a segregated polyether phase. As 
expected, the glass transition value is seen to decrease with increasing molecular 
weight of the polyether block. Melting temperatures lying close to that of 
polyamide homopolymer indicate that the polyamide component in the block copoly
mer exists in a segregated phase. Additionally, depression of melting point 
is seen with increasing molecular weight of the polyether block. The observed 
depression in melting points is related to the crystallite dimensions which is 
determined by the length of polyamide segments. The T of the polyether 
segm,ent and T of the polyamide segment are not signific~ntly influenced by 
the existence o'l polyether segments in the block copolymer, indicating the pre
sence of a distinct phase separation between the polyether and polyamide seg
ments( Xl). From the data in Table 1 it is seen that the apparent heat of fusion 
decreases as the polyether molecular weight increases. This indicates increasing 
amorphous content in the block copolymer with increasing polyether molecular 
weight. 

The WAXD pattern of the PAE 3 block copolymer is shown in Fig 1. For all 
the block copolymers, characteristic scattering angles are obtained at 21. fJ7, 
31.58, 34.87, 4:>.24 dIld 58.1]. Since the polyamide component is phase segregated, 
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Fiq 1 : Intensity of x-ray diffraction (in arbitrary units) liS. angle 
29 (.in degrees) for block cop:il.ymer PAE 3 

the polyamide block length in the copolymer should give the crystalline packing 
observed in the polyamide homopolymer. This evidence is supported by diff
raction angles that do not change with the composition. From the DSC data 
it can be observed that the molecular weight of the polyether affects some 
of the properties which arise due lo the polyamide phase. Increasing molecular 
weight and hence. greater polyether content affects the p.!cking of the polyamide 
segment and hence the ability to crystallize. % crystallinity data reported in 
Table 2 is however. ambiguous and does not show the expected trend, namely, 
decreased crystallinity with increasing polyether molecular weight. 

Table 2: Percentage crystallinity of block copolymers 

40 60 
28-.... 


Code Molecular weight of PEG % crystallinity 

PAE 1 400 29.87 
PAS! 2 600 24.79 
PAE 3' 1540 27.69 

Crystallin.ity decrease is related to the reduced size of the polyamide block, 
resulting in difficulty in packing polyamide sequences diluted by polyether 
blocks. This factor in conjunction with DSC data was expected to cause mini
mum crystallinity in PAE 3. However, this is not observed. 
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In conclusion, it was found that block copolymers could be easUy prepared 
by a two step interfacial polycondensation method. The copolymers so prepared 
showed characteristic IR absorptions indicating block copolymeriaation. Support 
for a phase segregated structure came from thermal analysis which indicated 
both the segregation of the polyamide and polyether phases as well as the 
effect of increasing polyether molecular weight in the block copoly.mers. Further 
evidence was sought from XRO. However, due to the anoma,lous behaviour of 
PAE 3, confirmation for a biphasic structure for the polyamide-polyether block 
copolymers should await electron microscopic studies which are currently in 
progress. 
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