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Synopsis

Random polyesteramides with different chemical compositions and block polyesteramides have
been prepared by a two-step polycondensation method from adipoyl dichloride, 1,10-decandiol, and
1,6-diaminchexane. A sample of alternating microstructure has been synthesized by melt poly-
condensation of 1,10-decandiol and preformed bisesteramides. The thermal and viscoelastic behavior
has been investigated and related to the chemical composition and chain microstructure. The
random copolymers exhibit one transition in the crystalline phase, whereas two transitions are shown
by the block copolymers. The viscoelastic behavior suggests that in the amorphous component a
partial microsegregation of phase occurs, generating an intermediate structure between a monophasic
and a biphasic amorphous system.

INTRODUCTION

The polyesteramides were the object of extensive investigations in recent years.
The main interest has been focused on ordered polyesteramides having a regular
enchainment of ester and amide groups.!-11 These regularly alternating co-
polymers are semicrystalline materials of promising technological interest be-
cause of their good fiber forming properties. Some attention has also been de-
voted to block polyesteramides and expecially to those designed to modify
poly(ethylene terephthalate) or to obtain high tenacity filament yarns.!2-15
Unsaturated polyesteramides, block and random, have also been prepared in
order to improve the physical properties of unsaturated polyester resins after
crosslinking with styrene.l¢-18 Finally, polyesteramides having no ordered
structures have been reported mainly in the patent literature.19-22

This work deals with the preparation and the characterization of aliphatic
polyesteramides having a random distribution of —CONH— and —CO0O—
groups along the chain and different composition or, alternatively, having dif-
ferent chain microstructure but equal chemical composition.

The thermal and viscoelastic properties of these copolymers were investigated
and related to the chemical composition and functional group distribution
law.
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EXPERIMENTAL

Materials

Dry and alcohol-free chloroform was used in low temperature polycondensa-
tions. 1,10-Decandiol was distilled by vacuum sublimation, and 1,6-dimino-
hexane was distilled from potassium hydroxide at reduced pressure. Technical
grade titanium tetraisopropylate was purified by vacuum distillation before use.
Adipoyl dichloride was prepared from adipic acid and thionyl chloride according
to standard methods and distilled twice under vacuum before use.

Techniques

Infrared spectra of the copolymers were taken on films prepared by slow
evaporation of formic acid solutions and recorded on a Perkin-Elmer 257 Spec-
trophotometer. NMR spectra were carried out by using a Varian EM-360
spectrometer operating at 60 MHz on formic acid solutions. The melting be-
havior was investigated by means of a Perkin-Elmer DSC-2 differential scanning
calorimeter under nitrogen. The maximum of the DSC endotherm was taken
as the melting point of the sample. The DSC temperature scale was calibrated
against high purity standards. The apparent enthalpy of fusion AH,,, was cal-
culated from the area under the DSC traces using indium (AH,, = 28.5 J/g) as
the standard.

The M,, determinations by the vapor pressure osmometry method were per-
formed in chloroform by Dr. Malissa and Reuter, Analytische Laboratorien
(Germany).

The dynamic-mechanical behavior was analyzed using the Vibron Viscoe-
lastometer of Toyo Instruments. The work frequency was 110 Hz. After a rapid
cooling the dynamic spectrum was detected on heating the sample step by step
in the temperature range —100°C + ~ T, (melting temperature).

The complex modulus E* and the loss term tané were obtained and reported
as a function of the temperature. Two experimental spectra were detected for
each sample, and average E* and tan 6 values were obtained when a satisfactory
reproducibility was observed.

TYPICAL PREPARATIONS OF POLYESTERAMIDES

Alternating Polyesteramides

(i) Freshly distilled adipoyl chloride, 11.90 g (65.0 mmol), dissolved in 125
mL of chloroform was added dropwise, under stirring, to a 250-mL chloroform
solution containing ethyl 6-aminocaproate, 20.3 g (128 mmol), and triethylamine,
12.93 g (128 mmol) for 40 min. The temperature was kept at 0-5°C. The so-
lution was left at room temperature for an additional hour and then chloroform
was distilled off until the volume was 150 mL. N-hexane (600 mL) was added
and the obtained precipitate was collected on a glass filter and repeatedly washed
with water. The crude product was twice crystallized from toluene and 26.31
g (yield 92%) of pure bis(IN-carboethoxypentyl)adipamide, mp 113-114°C, were
obtained.

(ii) Bis(IV-carboethoxypentyl)adipamide, 4.22 g (9.9 mmol), 1,10-decandiol,
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5.22 g (30.0 mmol), and titanium tetraisopropylate, 0.016 g (0.05 mmol) in iso-
propyl alcohol (0.2 mL), were placed under nitrogen in a glass vial equipped with
a capillary tube for nitrogen inlet and a side arm for volatile products distillation.
The mixture was heated at 200-210°C for 3 h under a nitrogen stream until the
ethyl alcohol formed was distilled off through the side arm and collected in order
to follow the reaction progress. Thereafter, the pressure was gradually reduced
to 0.05 torr within 1 h while the excess of the diol, was distilled off too. Finally
the mixture was heated for an additional hour at 250°C, yielding 4.84 g of polymer
(95% yield).

Block Polyesteramides

(i) 1,10-Decandiol, 1.41 g (8.1 mmol), was added under nitrogen to adipoyl
chloride, 1.90 g (10.4 mmol). The mixture was slowly heated up to 80°C under
stirring and kept at this temperature for 1 h until the hydrogen chloride evolution
ceased. Thereafter, more adipoyl chloride, 1.72 g (9.5 mmol), was added and
the reaction was carried out for an additional 1 h. The reaction mixture was
dissolved in 50 mL of chloroform, and the resulting solution was rapidly added
under a vigorous stirring to a solution of 1,6-diaminohexane, 1.39 g (12.0 mmol)
and sodium hydroxide, 0.96 g (24.0 mmol), in 150 mL of water. The precipitated
polymer was collected on a glass filter, washed repeatedly with distilled water,
and finally dried in a vacuum oven (0.1 torr) at 50°C for 48 h. Yield: 3.25g
(65%).

(ii) In asimilar experiment 1.83 g (10.0 mmol) of adipoyl chloride and 1.43
g (8.2 mmol) of 1,10-decandiol were reacted. At the end of reaction, more adipoyl
chloride (1.83 g, 10 mmol) was added, and the reaction was carried out for an
additional 1 h. Most of unreacted adipoyl! chloride was distilled at 0.01 torr and
80°C, and the residue was hydrolyzed with water. After many extractions with
water, the product was dried in a vacuum oven (2.05 g, 88% yield based on the
diol). The oligoester had M,, = 1520 g/mol as determined by vapor pressure
osmometry in chloroform and T}, = 72°C, determined by DSC. The titration
of the carboxyl end groups in benzene required 1.21 meq/g of potassium hy-
droxide (functionality equal to 1.84 end groups per macromolecule).

Random Polyesteramides

1,10-Decandiol, 1.74 g (10.0 mmol), was added under nitrogen to adipoyl
chloride 3.66 g (20.0 mmol). The mixture was slowly heated up to 80°C under
stirring, kept at this temperature for 1 h until the hydrogen chloride evolution
ceased and finally dissolved in 50 mL of chloroform. The solution was rapidly
poured under vigorous stirring into a blender containing a solution of 1,6-di-
aminohexane, 1.16 g (10.0 mmol}), and sodium hydroxide, 0.80 g (20.0 mmol), in
125 mL of water. After 10 min, the stirring was discontinued, and the polymer
was collected, repeatedly washed with distilled water, and finally dried at 50°C
and 0.1 torr for 48 h (yield: 4.44 g, 87%).
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RESULTS AND DISCUSSION

Synthesis and Characterization

The polyesteramides investigated in this work are reported in Table I. Ac-
cording to the distribution law of ester and amide groups along the chain, we can
envisage the three fundamental classes of copolymers, i.e., random, block, and
regularly alternating polyesteramides. Appropriate synthesis methods were
employed to obtain these microstructures.

Copolymers of different chemical compositions having a disordered distri-
bution of —CONH— and —COO— groups were prepared utilizing the scheme
outlined below (Scheme 1) (preparation of polyesteramides of disordered
chemical structure):

(a) xCICO—(CHg)4—COCl + y HO—(CHy);0—OH — 2y HCI
+ (x — y) C1ICO—(CHg) 4—CO—+£0—(CHs) 10—O0CO—(CHj)4—CO—3,Cl
(D
n=0012---

(b) I+ (x —y)HN—+CHj)e—NH; — polyesteramide + 2(x — y)HC1

First, (a) an excess of adipoyl dichloride was reacted in bulk at moderate
temperatures (<100°C) with 1,10-decandiol to give a mixture of oligomers of
type I (n = 1,2,3, - - -), having functional COCI groups as chain ends, together with
a variable amount of unreacted adipoyl dichloride (indicated in the scheme as
compound I having n = 0).

This formation method of ester bonds for the synthesis of polymers was first
proposed by Flory?3 and used by us for the synthesis of several aliphatic poly-
esters24 and for the preparation of block polyamidoethers having polyamide and
polyether blocks linked by ester groups.?? The mixture formed in step (a) was
dissolved in chloroform and polymerized with the stoichiometric amount of
1,6-diaminohexane either by solution or interfacial low temperature polycon-
densation. The yields obtained by the two methods are comparable; however,
the viscosity values for copolymers prepared by the interfacial technique were

TABLE 1
Aliphatic Polyesteramides of Different Chain Microstructure
Molar fraction CONH» inkP Yield
Polymer Structure Caled Found (dL/g) (%)
PEA1 random 0.91 0.81 1.03 65
PEA 2 random 0.75 0.69 1.70 73
PEA3 random 0.66 0.58 0.94 86
PEA 4 random 0.50 0.43 10.94 87
PEAS random 0.33 0.27 0.61 88
PEA6 blocke 0.60 0.50 1.21 70
PEA 7 blocke 0.70 0.57 091 65
PEA S alternating 0.50 0.51 0.68 95

a Molar ratio CONH/(COO + CONH) as calculated from the reaction stoichiometry and as found
by PMR spectroscopy and elemental analysis.

b Inherent viscosity in m-cresol at 25°C, ¢ = 0.5 g/dL.

¢ Number average molecular weights of the polyester blocks calculated from the stoichiometric
ratio ¢ = y/x were of 800 and 1100 g/mol for PEA 6 and PEA 7, respectively.
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always higher than those found for copolymers of nearly equal composition
prepared by the solution technique. Both the average values of n (Scheme 1),
as well as the chemical composition of the polyesteramide, clearly depend on the
x/y ratio. Polyesteramides of very high ester content could not be obtained by
the method outlined in Scheme I because the fraction of oligomers (I) having
hydroxyl end groups, unreactive in the subsequent step (b), is not negligible when
the value of y approaches that of x. Therefore, attempts to obtain such co-
polymers yielded low-molecular-weight materials, as suggested also by the in-
herent viscosity which values decrease as the ester content from PEA 1 to PEA
5 increases (see Table I). The actual distribution of COO and CONH groups
along the copolymers chain cannot be exactly described owing to the nonequi-
librium character of both (a) and (b) reactions, apart from possible different
reactivity of —COCI end groups attached to oligomers of different sizes. Con-
sidering the absence of an ordered structure, the copolymers prepared by this
scheme, viz., PEA 1, PEA 2, PEA3, PEA 4, and PEA 5, will be referred as “ran-
dom” polyesteramides.

In order to obtain blocklike polyesteramides, some modifications to Scheme
1 were necessary. First, in step (a) the stoichiometric ratio (g = y/x) was kept
close to 1 to yield oligoesters (I) of moderate polymerization degree [P = (1 +
q)/(1 — q) = 5-7, by assuming the extent of reaction equal to 1].

These oligoesters, having both hydroxyl and acid chloride end groups, were
subsequently reacted again with a large excess of adipoyl dichloride in order to
obtain telechelic polyesters bearing only —COCI groups as chain ends. Finally,
the telechelic polyesters and the unreacted adipoyl dichloride were dissolved
in the appropriate solvent and chain extended with the diamine [step (b)].
Under separated experiment the telechelic polyester was isolated before the
reaction with the diamine [step (b)] in order to check its formation, and the
—COCl end groups were hydrolized to carboxyl groups. The found number
average molecular weight, 1520 g/mol, was close to that calculated from the
stoichiometric ratio q, 1440 g/mol, M,, = MoP = My(1 + q)/(1 — q). The analysis
of carboxyl end groups yielded a value of 1.84 carboxyl groups per macromolecule.
By varying the value of g in step (a) and the value of the excess of adypoyl chlo-
ride, it was possible to change in a concerted way the average sequence length
of both polyester and polyamide blocks at a fixed copolymer composition. The
two blocklike copolymers thus prepared, PEA 6 and PEA 7, have blocks of rel-
atively small size and high values of viscosity (see Table I); therefore, their ar-
chitecture is of the £ABY, type. They have similar compositions near to 1:1
molar ratio of COO and CONH groups. For the synthesis of the alternating
polyesteramide, the amide bonds were performed by a Shotten-Bauman con-
densation reaction between the adipoyl chloride and the ethylester of ¢-amino-
caproic acid in chloroform solution and in the presence of triethylamine as acid
acceptor:

2CoH;0C0—(CHjy)5—NH; + C1ICO—(CHg)4—COCI + 2(C2H5)sN —
2(CoH3)sNH Cl +
CoH;0CO0—(CH3)sNHCO—(CH3),CONH—(CH3)5—COOC3Hj;.

The diesters having performed amide groups were thereafter polymerized in
the melt with 1,10-decandiol as indicated in Scheme 2 (preparation of a poly-
esteramide of alternating structure):



1814 CASTALDO ET AL.

C2H50CO—(CH;)5—NH—CO-—(CHg2)s—CO—NH—(CH,)5—COOC.H5

+ 2 HO—(CHz) 10—0H - HO——(CHQ)10—000—(CH2)5—NH—CO—
+CHy)4—CONH-—(CH3)5—C0O0—+CHy),0—O0H + 2C;H;0H

In

II > —f0—(CHg);0—0CO—(CHj)5—NHCO—(CHg)s,—CONH—(CHzg)4
—CONH—(CHy)5—CO0+,— + HO—(CHg}10—OH

In the first step, a transesterification reaction, the ethoxy group of bis(V-
carboethoxypentyl) adipamide was substituted by the diol to give the bis(hy-
droxydecyl) diester (II), which subsequently formed the alternating polyester-
amide by diol elimination.

As shown by the data of Table I, all the investigated polyesteramides have
generally high viscosity values, comparable with those observed for high-mo-
lecular-weight nylon 66 under the same experimental conditions. The chemical
compositions of the copolymers, determined by PMR spectroscopy, showed
amide contents lower than those calculated from the stoichiometry of the re-
agents. The IR spectra showed the characteristic bands expected for the poly-
esteramide formation and are very similar for all the copolymers except for the
relative intensities of the absorptions of the COO and CONH groups, which
obviously depend on the chemical composition. Strong absorptions were found
at 3300 cm~! and 3050 cm~—! (NH stretching of the secondary amide linkage as-
sociated by hydrogen bonding), 1730 ecm~! and 1640 cm~—! (C==0 stretching of
the ester group and secondary amide I band respectively), 1540 ecm~1! (secondary
amide II band), 1265 cm~! (antisymmetric CO—O stretching), and 1180 cm—1
(C—O0 and C—N stretchings). In the case of the random polyesteramides PEA
2, PEA 3, PEA 4, and PEA 5 a very weak absorption was found at 3400 cm™1,
indicating that the complete hydrogen bonding occurs only in the block (PEA
6 and PEA 7) and alternating PEA 8 copolymers or in the random copolymer
with the lowest ester content, PEA 1.

The solubility properties are summarized in Table II. The random and block
copolymers have common solubility characteristics, very similar to those observed
for linear aliphatic polyamides and scarcely dependent on composition or
structure, at least in the range explored by us. Only the samples PEA 5 and PEA
7, richer in ester groups, showed a decreased solubility in formic acid. The al-
ternating polyesteramide PEA 8, too, is soluble in common acidic nylon solvents,

TABLE 11
Solubility of Aliphatic Polyesteramides

Solvent action?

Polymer Toluene DMF?® Chloroform Formic acid m-Cresol
PEA1 1 1 1 4 4
PEA 2 1 1 2 4 4
PEA 3 1 1- 2 4 4
PEAS 1 1 2 3 4
PEAG 1 1 2 4 4
PEA7 1 1 2 3 4
PEAS8 1 3 3 4 4

2 1 = swelling, 2 = partially soluble, 3 = soluble when hot, 4 = soluble.
b DMF = N,N-dimethyiformamide.
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TABLE 1II
Fractionation of Some Polyesteramides by Chloroform Extraction
PEA 3 PEA 6
Relative Relative
amount Composi- Nink® amount Composi- Ninh?
Copolymer (%) tion? (dL/g) (%) tion? (dL/g)
Crude copolymer 100 0.58 0.94 100 0.50 1.21
Soluble fraction 25 0.35 0.42 20 0.32 1.01
Insoluble fraction 75 0.65 1.15 80 0.55 1.36

2 Molar ratio CONH/(CONH + COO).
b Inherent viscosity in m-cresol at 25°C, ¢ = 0.5 g/dL.

showing, however, an increased solubility in strongly polar solvents such as
chloroform and N,N-dimethylacetamide. We have found that repeated chlo-
roform extractions on some random and block copolymers yield 15-30% of a
soluble fraction. These fractions showed an enrichment in ester groups and a
decrease of the viscosities, and indicated a partial fractionation with respect to
both composition and molecular weight. In Table III are reported, as an ex-
ample, the results obtained for the PEA 3 and PEA 6 copolymers. However,
it is important to remark that polyester homopolymer contamination was not
even found in copolymers, the initial composition of which is richer in ester
groups.

Physical Properties

The physical properties of the copolymers reported in Table I were analyzed
using the differential scanning calorimetry and the dynamic-mechanical spec-
troscopy as experimental techniques. InTable IV the transition temperatures

TABLE IV
Calorimetric Data of Aliphatic Polyesteramides
Transition I Transition I1

Polymer AH,,(J/g) THK) AH,,(J/g) T(K)
PEA1 a — — 53.6 521

b — — 38.5 519
PEA2 a — — 33.1 511

b — — 15.9 503
PEA3 a —— — 22.2 515

b — — 19.3 516
PEA4 a trace 326 trace 515

b - _ _ _
PEA5 a 16.7 340 — —

b 21.3 340 — —
PEAG6 a 15.9 350 22.6 516

b — — 19.3 515
PEA7 a 20.1 348 28.5 521

b 9.6 340 24.7 519
PEAS8 a 59.0 407

b 51.1 406

a First heating run.
b Second heating run.
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and the apparent transition enthalpies AH,, are reported. The endotherms
observed in the lower and higher temperature range are indicated respectively
as transition I and transition II. The Table IV data show that for the random
polyesteramides (PEA 1-PEA 5), the transition temperatures observed for the
samples at higher amide content, fall in a temperature range typical of the
melting of linear aliphatic polyamides,?6 whereas for the polyesteramide of high
ester content, PEA 5, the first order transition occurs in the melting region of
linear aliphatic polyesters.26 The copolymer of intermediate composition, PEA
4, is practically amorphous. In the block copolymers PEA 6 and PEA 7, both
melting transitions I and I were observed. The regularly alternating polyest-
eramide, PEA 8, shows one melting transition at a temperature intermediate
between those of transition I and transition II.

The dynamic-mechanical data of the random polyesteramides are reported
in Figures 1 and 2. In Figure 1 the complex modulus E* is reported as a function
of the temperature while the loss function, tand, is reported in Figure 2. The
presence of a wide dissipation band in the tan 6 function, associated with a con-
tinuous decrease of the complex modulus E*, indicates that a softening process
takes place in a large temperature range. Therefore, we could not determine
a definite glass transition temperature, but rather we refer to a glass transition
temperature range. The lower temperature point of the glass transition range,
obtained as shown in Figure 3, will be referred as “apparent glass transition
temperature,” T'g. In Figures 4 and 5 are shown the dependence of the complex
modulus E*, at —80°C and +80°C, on the sample composition and the T'; be-
havior as a function of the ester content, respectively, for random polyesteram-
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Fig. 1. Complex modulus E* reported as a function of the temperature for the random copolymers.
(@) PEA 1, (0) PEA 2; (A) PEA 3; (0) PEA 4; (m) PEA 5.
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Fig. 2. Loss term tan § as a function of the temperature for the random copolymers. (®) PEA
1;(0) PEA 2; (A) PEA 3; (0) PEA 4; (m) PEA 5.

ides. In the same figures are also reported, for the sake of comparison, the values
of E* and T, for the two homopolymers. The data concerning the pure homo-
polymers are those we previously reported?’ for the polyamide whereas, in the
case of the polyester, they have been obtained from the dynamic-mechanical
spectrum shown in Figure 6. In Figures 7 and 8 are reported the dynamic-
mechanical spectra of the block copolymers PEA 6 and PEA 7, respectively.
Significant effects due to the thermal history of the sample have been observed,
and therefore we report both the spectra corresponding to the first and the second
run. Finally in Figure 9 we report the data obtained for the regularly alternating
polyesteramide PEA 8.

For the sake of clearity the thermal and mechanical results will be discussed
following the scheme of Table I, where the copolymers are classified in three
different groups on the basis of the functional groups distribution law.
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Fig. 3. Dynamic mechanical spectrum of the sample PEA 4 in which is shown the general method
used to obtain the apparent glass transition, 7.
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Fig. 4. Complex modulus E* reported as a function of the chemical composition for the random
samples. The two plots correspond to different isotherms. T' (°C): (®) —80; (O) +80.

Random Polyesteramides

As expected, on the basis of the general knowledge concerning polymer crys-
tallization,28 in the random copolymers the microstructural disorder hinders the
crystallization process particularly for COO/CONH molar ratios near to 1, where
the probability of finding homopolymer segments long enough to crystallize is
very low. This is clearly shown in Table IV, where a decrease of the melting
enthalpy, and consequently of the crystallinity, is observable going from the pure
homopolymers (polyamide or polyester) to intermediate compositions. This
feature directly influences the mechanical properties, particularly the complex
modulus E*, as shown in Figure 3. The observed minimum in the E* value for
copolymers of intermediate compositions, corresponding to the minimum in
crystallinity, is attributable to a reduced filling effect arising from the rigid

— — .
]

Te
110

30+~

I
80 ;
-COO0-
Fig. 5. Apparent glass transition temperature reported as a function of the chemical composition
for random polyesteramides.
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Fig. 6. Dynamic mechanical spectrum of the poly(decamethylene adipate).

crystalline regions. This minimum is more pronounced at +80°C, the temper-
ature falling between the T, of the two homopolymers,27-?® while at —80°C, where
every elemental volume fraction is frozen in a glassy state, this effect appears
to be less relevant. Similar information may be deduced from Figure 1, and
shows that the softening process is more relevant and more sharp as ester content
increases; this is due to the reduced overall crystallinity in the samples of inter-
mediate composition and to the melting of the ester crystalline phase in sample
PEA 5. The T, values also are dependent in a relevant way on the copolymer
composition, showing a drastic decrease with an increase in ester content. This
effect is due to the decrease of amide group and hydrogen bond concentrations
in the amorphous phase, with a consequent increase of overall chain flexibili-
ty.3031 Particular attention should be paid to the behavior of the loss term tan 6
as a function of the temperature (see Fig. 2). The dynamic spectra are charac-
terized by a wide dissipation band expanded in the temperature scale. A con-
tinuous decrease of the complex modulus is associated with this band, and we

(dyne/cm?)

- N TANG.S
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10t {a1
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-80 ~40 0 40 80 120 e 160
¢

Fig. 7. Dynamic mechanical spectrum of the sample PEA 6. (0O) First thermal run; (@) second
thermal run.
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Fig. 8. Dynamic mechanical spectrum of the sample PEA 7. (0O) First thermal run; (®) second
thermal run.

can consider this experimental result as indicative of a glass transition widely
expanded in the temperature scale. Such behavior suggests the presence of an
amorphous phase where partial microsegregation takes place, thus generating
a situation intermediate between those corresponding to the presence of a mo-
nophasic and a biphasic amorphous fraction,32 characterized respectively by one
single sharp band and by two distinct bands. The broad bands observed are
therefore due to a partial collapse of the two different bands, each typical of the
two homopolymers. Similar results were observed by some authors analyzing
the morphology and the mechanical properties of elastoplastic polyesteramide
systems.33

Block Polyesteramides

In copolymers having a blocklike structure two crystalline phases are present,
characterized by melting temperatures typical of linear polyesters and poly-
amides.26  However, the recrystallization of the polyester hardly seems to proceed
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Fig. 9. Dynamic mechanical spectrum of the sample PEA 8.
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after the first melting run, and this may arise from the reduced chain mobility
of the polyester sequences in an environment where rigid polyamide sequences
are present. This effect is also clearly evident in the mechanical results presented
in Figures 7 and 8, where in the first heating run a maximum in tan 6 is present
at the melting temperature of the polyester sequences, but disappears in the
second run in agreement with the thermal data. The influence of the thermal
history is more evident in the PEA 7 copolymer containing longer polyester se-
quences. Moreover, in the heating run, the shape of the tan 6 function becomes
very similar to that observed for the random polyesteramides, thus indicating
similar structures for the amorphous fractions.

Alternating Polyesteramide

The PEA 8 sample shows thermal and mechanical behaviors typical of an
homopolymer, in agreement with its alternating chain microstructure. The
values of T, and T are intermediate between those of aliphatic polyesters and
polyamides.

CONCLUSIONS

The main problem considered in this paper is the influence of the molecular
structure on aliphatic polyesteramides physical properties. Clearly, in these
systems, the molecular structure is determined by the chemical composition,
(i.e., the molar ratio between amide and ester groups) and by the distribution
law of monomeric units along the chain. The observed relationships between
structure and physical properties give a coherent picture of the analyzed co-
polymers. For what concerns random and block copolymers, one or two crys-
talline phases, respectively, can be present, depending on the chain micro-
structure, while the amorphous component is characterized by a partial micro-
segregation of phases, generating a structure that can be considered intermediate
between a monophasic and a biphasic amorphous system. The bulk properties
of the alternating polyesteramide are those typical of a semicrystalline homo-
polymer.
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