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SYNTHESIS AND CHARACTERIZATION OF THERMOTROPIC 
POLY ESTERS-BLOCK-POLY ETHERS 

Pascal Thuillier, Manine Tessier, Ernest Mar6chal 

Laboratoire de Synth2se MacromolCculaire - Boite 184 - UniversitC P. et M. Curie 
4, Place Jussieu - 75252 Paris Cedex 05 - France 

(Received: February 7, 1994) 

Abstract : Polyesters-block-polyethers whose rigid blocks are thermotropic polyarylates 
are prepared and studied. Rigid polyarylates are poly( 1,5-pentanediyl-4,4'-biphenyl- 
dicarboxylate) or poly(l,5-pentanediyl-4,4'-trans-stilbenedicarboxylate) ; the corres- 
ponding homopolymers are studied and they contain macrocycles which are 
characterized. Flexible blocks are oligooxytetramethylenes ( Mn =620 or 2030). The 
block-copolymers are characterized by 1H and l3C NMR spectroscopies ; the use of 500 
MHz 1H NMR permits their complete structural analysis showing that they contain a 
cyclic oligomer. SEC, polarizing microscopy and X-ray studies show that their 
mesophase is smectic. Their viscoelastic properties are compared to those of some 
aromatic polyesters-block-pol yethers. 

- 

INTRODUCTION 

Most thermoplastic elastomers are block copolymers containing rigid blocks such as 
polyamides1S2 or polysulfones3-5 and flexible blocks such as polyenes3, 
polyisobutylenes2, po lys i l~xanes~~  or polyethersl. More recently block copolymers with 
thermotropic rigid blocks were described6. In this article we describe several 
poly(alky1ene ary1ates)-block-polyethers which have the following structure : 

Ho- tad,,- 0ffi-h- fi-o-(w.~- o+ c- Ar- 

4 1 
0 0  0 0  

b- 
rigid flexible 
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2 P. THUILLIER ET AL. 

Some poly(alky1ene arylates), which are models of the rigid blocks, were already 
described7-9* ; additional information is given. 

POLY(ALKYLENE ARYLATES) 
Several articles relative to poly(a,o-alkylenediyl-4,4'-biphenyldicarboxylate), 

particularly X-ray diffractometry. have been published7-9 ; however these results and 
ours differ to some extent : we find that the smcture depends on the molar mass of the 
polyesters. Morever, a thorough analysis of these polymers shows that they contain 
macrocyclic oligoesters ; we could identify them through NMR and mass spectrometry. 
Polv ~1.5-Pentanedivl-4.4'-Bi~hen~ldicarboxvlate~ (B5) 

Svnthesis : 
B5 is prepared by reaction of diethyl-4,4'-biphenyldicarboxylate with 13- 

pentanediol : 

m C H , - C H 2 - O - ~ ~ f i - O - C H ~ - C H ~  + 3m HO-(CHjs-OH 

0 0 
Ti(OBu), , N2 

1 st step 

+ 2m CH3CH20H + m HO(CH2 )50H 
excess 

250-28OOC 

2 

3 

+ m (n- l)/n HO(CH2 )50H 4 

NMR 
1H and l3C NMR spectra are reported in Figurel. Starred peaks at 7.54 and 8.04 

ppm (IH) and 22.3,27.9 and 65.7 ppm (13C) belong to macrocyclic compounds which 
will be studied further down. Methylene group in a of hydroxy esterified by 
trifluoroacetic acid gives a peak at 68 ppm (solid triangle). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
01

 1
8 

Fe
br

ua
ry

 2
01

3 



THERMOTROPIC POLYESTERS-BLOCK-POLYETHERS 

3 

3 

n e t t i  8 7 6 f 3 1 2 4 5  

6bprn)l 22.6 28 3 65.9 6 8 0  117.5 1295 1305 144.9 168 1 

*.I 1.e >.I I.. 1.1 ,.I 11. l . e  ,.I ,!e ,," 

i 

T : CF3COOIi 

- 
a h  n i l  , in  8 ; .  a i l  8 ; .  m i l  ;a ,,. ;v ii i. i a  i. i* -7 

FIGURE 1 - IH and 13C NMR spectra of I35 in CDC13/CF3COOH 

On first heating (2OOC min-1) thermogram of a sample whose Mn =6000 
shows two endotherms at 173 (AH=12.6 J.g-') and 21OOC (AH=17.1 J.g-1); they are 
relative to melting and to clearing and their position daes not change on second heating 
(lO°C min-1) after cooling. Cooling (lO°C min-') shows two exotherms at 93 (AH=7.7 
J.g-1) and 195OC (AH=15.9 J.g-1). 

- m 

Optical Dolarizing microscoay 
Observation of the samples on cooling from isotropic state, and after maintained at 

192 and 175OC during three days, shows focal-conic textures which are characteristic of 
smectic organization (A or C) 

X-Rav diffractometq 
Diffractograms were registered from powder or from fibers prepared from the melt. 
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4 P. THUILLIER ET AL 

Lines 

1 st order 
2nd order 
Halo 

fiberasis 

The theoretical length (dh) of the mesogenic unit in its fully streched-out conformation 
ranges between 17.3 and 18.6.A. 

In all cases they lead to a smectic C mesophase. However the position of the layers 
with respect to.the the fiber axis depends on as shown below : . 

- Sample whose M ,  is 2800 (7 = 0 5  dlg-1 ;phenol (60) I C2H2Cl4 (40) ; 25°C). 
The layers are parallel to the fiber axis. 

Distances (A) Tilt angle 0 

15.44 30.7 
7.71 
4.29 

FIGURE 2 - B5 (K = 2800). Smetic C ; relative position of the layers. 

- Sample whose M ,  is 6000 ( q  = 0.90 dlg-1 ;phenol (60) I C2H2C14 (40) ; 25OC). 

The layers are perpendicular to the fiber axis. 

I I Distances(A) 1 Tiltangle0 

1 st order 15.46 
2nd order 
Halo 

FIGURE 3 - B5 (K = 6000) Smetic C ; relative position of the layers (ref.8 and 9). 

The dependence of the structure on molecular weight was already observed by 

Deuendence of B5 characteristics on reaction parameters. 
The results are reported in Table I. p, DPn , Mn , Tm and Ti are relative to reaction 

extent, number average degree of polymerization, number average molar mass, melting 
temperature and clearing temperature. T C  is the reaction temperature. 

values obtained from NMR and SEC. On 
the other hand, ?&- values determined from effluent volume are below those derived 

from the two other methods ; some part of the effluents remains in the reactor which 
undervalues their actual volume, Sample 6 was prepared in the same run as samples 1 to 
5 but the temperature was raised from 250 to 280°C when p is 0.84. ; both SEC and IH 

Krigbaum lolll who provided an analysis of the phenomenon. 

-- 

There is a good agreement between 
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THERMOTROPIC POLYESTERS-BLOCK-POLYETHERS 5 

NMR show that degradation takes place at this temperature ; this phenomenon was 
observed for othet smetic systems 12. 

Sample 7 was obtained at 250°C but the reaction time is 12 h instead of 6 h for 
sample 5. In  fact, it is difficult to obtain high molar mass as the viscosity of the reaction 
mixture is very high and increasing temperature above 250°C leads to degradation. 

TABLE I -Characteristics of B5 - (a) from effluent volume; (b) 

determined by SEC (as standard polyoxytetramethylene ; 1,3,5-trichlobenzene at 140°C) ; 
(c) Mn from I H  NMR spectra. 

However, it was possible to increase % by using solid state polycondensation : 

sample 5 was ground then maintained at 110°C (63°C below the initial - melting 
temperature), under 0.2 tom, during 12 h ; 1,5-pentanediol was evolved and Mn reaches 

9000. Although the thermogram has the trend before and after the treatment at 110"C, Ti 
increased from 204 to 21 1°C. 

All SEC chromatograms show the presence of a peak corresponding to a low 
compound (K- 400) ; it will be analyzed in next part. 

Cvclic Olicoesters. 
Several observations (NMR. SEC) show that the samples contain low molar weight 

compounds which were extracted with boiling propanone from the finely powdered 
pol yes ter. 

13C and 1H NMR spectra of the extract from sample 6 (Figure 4) show two 
characteristic peaks at 7.6 and 8.05 ppm which were already observed in the non 
extracted polymer (Figure 1) ; on the other hand their intensity is drastically decreased in 
the extracted polymer. 

The extract contains mainly a macrocyclic compound and several degradation- 
products which give peaks at 2.18, 5.05, 5.86 pprn (1H NMR) and 115.4 ppm (1% 
NMR) and corresponding to allylic end-groups. Mass spectrum of the extract shows a 
peak at 620 g.mol-1 which corresponds to the macrocycle below : 
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6 

I 

FIGURE 4 - 1H and I3C N M R  spectra of fraction of B5 extracted by propanone 

P. THUILLIER ET AL. 

I I 

I 

I 

6fppm) ?. la  5.05 5.86 
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THERMOTROPIC POLYESTERS-BLOCK-POLYETHERS 7 

Such cyclic compounds are observed in  various 
poly(alky1ene terephtalates). 

In order to obtain degradation-products free macrocycle we prepared sample 7 at 
25OoC (degradation takes place only above this temperature). The extract accounts for 
weight 0.6 % of the polymer ; its 1H NMR shows no longer peaks of degradation 
products. 

which corresponds at MH+ and M(Nb)+ .  Negative chemical ionisation gives a peak at 
620 @I)'-. 

DSC and polarizing microscopy examination of the macrocycle show that it dces not 
exhibit anisotropy. However the observation is perturbed by degradation on heating ; it 
begins at around 300°C. 

Polv( 1 .QHexanedivl-4,4'-Biphenvldicarboxvlate~ (B6). 
The characteristics of poly (1.6-hexanediyl-4,4'-biphenyldicarboxylate) are relative to 

a sample whose inherent viscosity is 1.1 dig-' (solvent as B5; 25OC). It has been prepared 
as with B5. 

polyesters, particularly 

Positive chemical ionisation mass spectrometry gives peaks at 621 and 638 g. mol-1 

m. 
IH and l3C NMR spectra show the signals which could be expected from the 

structure proposed ; moreover peaks relative to a cyclic oligoester are observed ; however 
we did not separate the macrocyclic compound from the linear polymer. *H NMR leads 
to value : 5690 (n = 17.2). 

IxG. 
Two transitions are observed on first heating (2OOC min-1) : 212OC ( melting) and 

239OC (clearing). These transitions appear at 153.5 (AH=21.6 J.g-') and 221OC 
(AH=28.2 J.g'') on cooling (lO°C min-1). Three endotherms 212, 219 and 237OC are 
observed on second heating (lO°C min-1) ; such a pattern is characteristic of 
polymorphism. 

Optical Polarkin? Microscopy 
Samples are maintained at 239OC. during 24 h from cooling. They show batonnets 

and focal-conic textures which are characteristic of smectic lamellar mesophases (A or C). 
X-Rav Diffractometrv, 
The pattern leads to the same conclusion as Watanabeg : the mesophase is smectic A ; 

= 6000 ; the layers are perpendicular to the fiber axis as in the case of B5 with 

however we did not prepare B6 samples of low molar mass. 

Po ld l  .fi-Pentanedivl-4.4'-t~.Stilbenedicarboxvlate) 65113. 

Svnthesis. 
S5 is obtained by polytransesterification of diethyl-4,4'-tr.stilbenedicarboxylate with 

1 ,ipentanediol at 25OOC. 
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8 P. THUILLIER ET AL. 

m. 
The low solubility of S5 does not permit to register a 13C NMR spectrum. 1H NMR 

spectrum (Figure 5) shows starred peaks (7.2,7.44 and 7.90 ppm) which correspond to 
a macrocyclic structure and gives = 7200. 

Mass specrrometw 
Mass spectrum of the extract (boiling propanone) shows a peak at 672 g. mol-1 

which corresponds exactly to a macrocycle with two 1,5-pentamethylene-4,4‘- 
stilbenedicarboxylate units. 

D s c  
On first heating (20°C min-I), S 5  thermogram shows endotherms relative to melting 

at 183°C (5 J.g-1) and to clearing at 265°C (AH = 11.25 J.g-I). On cooling (10°C min-1) 
two exotherms are respectively relative to the transition from isotropic phase to 
mesophase at 240°C (AH = 10 J.g-’) and to crystallisation at 1 10°C (AH = 18 J.g-1). On 
second heating ( 10°C min-1) the endotherms relative to melting and to clearing are 
observed at 187.5OC and 262°C respectively. 

Optical Dolarizing microscopv 
Observation of the samples on cooling from isotropic state, after maintained at 227°C 

during several hours, shows batonnets and focal-conic textures which are characteristic 
of A or C smetic organization. 

X-Rav Diffractometry 
We used a pattern obtained from a fiber ; it is relative to a C smetic structure but this 

shows two perpendicular layers whose characteristics are in table II. 

BLOCK-COPOLYMERS 
The copolymers were prepared according to the following reaction : 

and prepared and characterized as B5. 

and PE2030 (z = 2030). 

2030 ; n = 5 or 6 . x a n d  

blocks respectively 

Two a,@-dihydroxypolyoxytetramethylene samples were used : PE620 (z = 620) 

Copolymers are labelled BnE and tSnE(Wr) ; followed by polyether : 620 or 
are the average molar mass of rigid (R) and flexible (F) 

In all cases we carried out a preliminary study of the polycondensation of a,o- 
dihydroxyoligoether with diethyl a,o-aryldicarboxylate and the characterization of the 
resulting homopolymers. 
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THERMOTROPIC POLYESTERS-BLOCK-POLYETHERS 

Lines Distances (A ) 

1 St  order 17.66 
2"d order 8.70 
halo 4.31 
1 St order 17.25 
2nd order 8,52 
halo 4.37 

9 

Tilt angle 0 

30.4 

32.6 

nu 

jhL 

FIGURE 5 - 1H NMR spectrum of S5 (CDCI$CF3COOH) 

POIV (0r.O-DO lvoxvtetramethv lenedivl-4.4'-bi~henvldicarboxv1ate BE6 202 
Effluents contain very small amounts of 1-butanol and THF. Experimental value of 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
01

 1
8 

Fe
br

ua
ry

 2
01

3 



10 P. THUILLIER ET AL. 

- 
Mf (1H NMR) is 640, showing that no significant degradation takes place. Both end- 

groups are ethoxycarbonyl (1.42 ppm), there is no signal of hydroxy end groups; this is 
due to the fact that low-molecular-weight fractions of the polyether are distilled off 
lending to an excess of ethoxycarbonyl functions. Integration of the spectrum and use of 
the peak at 1.42 ppm allow the determination of the molar mass of the polymer : 7000 ; 
SEC (polyoxytetramethylene standardization; THF as solvent) : 7450. DSC shows that 
BE620 is amorphous (Ts = -49 "C) contrarily to the precursor oligoether (PE620) which 
is crystalline (Tm=17OC). 

Block CoDolymers BSEW.@Q 

determination of x; the characteristics of S5E(Wr)620 are reported in Table ILI. 
1H NMR spectroscopy shows that no degradation takes place and allows the 

DSC results are reported in Figure 7. Thermograms obtained on heating show only 
one melting endotherm with contrast to B5 which exhibits several endotherms 
characteristic of polymorphism. On the other hand copolymers BSE(Wr)620 exhibit 
several transitions on cooling as long as F content is below 25% ; they are monotropic. 
Comparison of the characteristics of the copolymers and B5 shows that the segregation is 
only partial. 

TABLE ILI -Structural characteristics of copolymers BSE(Wr)620- Wr , x : see text. 
- -  

- - - 
Wr % X Mr 

Copolymer theor. exp.a theor. exp.a theor. exp.a 
B5E(92)620 91.5 91.7 20.7 20.9 6630 6700 
BSE(84 620 84.1 84.4 9.9 9.8 3300 3250 
B5E(78)620 77.6 78.1 6.3 6.3 2150 2150 
B5E(55)620 54.6 55 1.7 1.7 740 735 

aby IHNMR 

Polv~a.o-Dolvoxvtetramethvlenedivl-4.4'-biDhenvldicarboxvlate~ (BE2030) : 
h/4 is 1840 instead of 2030, showing that a slight degradation takes place : heating 

PE2030 in the presence of Ti(OBu)4 gives of a small amount of butyrolactone. BE2030 
molar mass (SEC) is 26000 (I=2.2) ; no accurate value could be obtained from IH Nh4R 
as the end group signal is very weak. Contrarily to PE620, PE2030 is able to crystallise 
when engaged in homopolyester BE2030 : Tm=24 O C  ; AH=50 J.g-1; Tg = -70 OC. 

- 

Block CoDolvmers B5E(Wr)2030 
Their characteristics are reported in Table IV and Figure 7. Copolymers BS(WJ2030 

exhibit anisotropy on heating when Wr>65%; their thermal characteristics are close to 
those of B5. On the other hand thermograms registered on cooling show two transitions : 
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THERMOTROPIC POLYESTERS-BLOCK-POLYETHERS 1 1  

isotropic liquid -, mesophase and mesophase -* crystal when Wr>30% ; the anisotropy 
temperature domain increases with increasing Wr. Tg of flexible blocks (- -75OC) 
depends little on Wr showing that the segregation is high. 

160 

140 

1 20 

100 W r Z  

@ 

140 

120 
100 

80 
60 Wr% 

0 2 5  5 0  7 5  100  0 2 5  5 0  7 5  100 

FIGURE 6 : Variation of rigid phase transitions Tm, Ti, and Tc of copolymers B5EOY,) 
620 with respect Wr % (DSC).- a) heating (lO°C/riin) - b) cooling (lO°C/min) ; 

Tm : melting point - Ti : clearing point - Tc : crystallization point 

Polarizing microscopy and X-ray diffraction show that the mesophase of 
B5E(76)2030 is smectic C (tilt angle - 30') ; the layers are perpendicular to the fiber axis 
as in the case of B5 (K = 6000). 

TABLE IV-Structural characteristics of copolymers B5E(Wr)2030-Symbols as in table 
111. 

Wr % X Mr 
Copolymer theor. exp.a theor. exp.a theor. exp.a 

B5E(76)2030 76.3 76.1 20.9 20.8 6500 6670 
B5E(65)2030 65.1 63 11.5 10.5 3800 3450 
B5E(60)2030 59.6 58.1 9.0 8.4 3000 28 10 
B5E(50)2030 49.3 45.6 5.7 4.8 1970 1700 
B5E(42)2030 41.7 39.6 4.0 6.3 1500 1330 
B5E(28)2030 27.9 25.6 1.9 1.6 800 700 

aby1HNMR 

Block Copolvmers B6EWl 12n;xT 
In the same way we prepared copolymers derived from 1.6-hexanediol and PE2030 ; 

they are anisotropic when W, is above 55%; the mesophase is smectic A, a high phase 
segregation is observed. 
polv (oL(a=9olvoxvtetrarnethv& divl -4.#-@ans -stilbened icarboxvlate) (SE2030) 

Homopolyester SE2030 results from the polycondensation of the PE2030 with diethy1 
4,4'-trans-stilbenedi~~ylatc; experimental determination of -@ ('H NMR) showed 

that little degradation took place (1960 instead of 2030). The molar mass of the 
copolymer (SEC) is 14ooo; Ip=4.6 the value obtained by 1H NMR is 9900. 
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12 P. THUILLIER ET AL. 

@ TT;;m 180 

140 

120 

100 
Wr% 

40 . I . I . I - I .  
\Vr 70 

0 2 5  5 0  7 5  1 0 0  0 2 0  4 0  6 0  8 0  100 

FIGURE 7 : Variation of rigid phase transitions Tm, Ti and Tc of copolymers 
B5E(Wr)2030 with respect Wr % (DSC) - a) heating (IO°C/niin) - b) cooling (40°C/niin) 
(for symbols see Figure 6 )  

Block copolvmers S E 5 t W z W  
1H Nh4R determinations (Table V) show that the block length is below theory particularly 
when the rigid monomers content is high ; this results from an incomplete 
polycondensation due to the high viscosity of the reaction medium. 

TABLE V-Structural characteristics of copolymers SE~(W~)~O~~-SYIII~OIS as in table II 
- 

Wr % X Mr 
Copolymer theor. exp.a theor. exp.a theor. exp.a 

S5E(76)2030 76.3 73.2 18.8 15.8 6500 5540 
S5E(66)2030 66.3 57.4 11.2 7.4 4000 2730 
S5E(60)2030 59.3 57.1 8.1 7.3 3000 2700 
S5E(56 2030 56.3 53.6 7.1 6.3 2600 2340 
SSE(50)2030 50 52.1 5.3 5.9 2000 2210 
S5E(41)2030 40.6 31.7 3.4 2.1 1400 940 
S5E(35)2030 35 29.5 2.6 1.8 1100 850 
S5E(30)2030 29.5 27.5 1.8 1.6 850 770 
SSE(28)2030 28 1.7 800 
S5E(24)2030 24 19.1 1.2 0.7 640 480 

a by 1H NMR 
The presence of double bonds in the chain permits a thorough analysis of the polymer 

structure using 500 MHz 1H NMR spectroscopy. The aromatic and ethylenic regions (7 
to 8.2 ppm) of spectra of polymers with Wr=lOO, 66,50,30 and 10% are nportcd in 
Figures 8 and 9. A progressive shift of the signals toward low fields is observed when 
rigid blocks content decnases; it is accompanied by a significant splitting of the peaks 
which: is d m a l  for the intermediate composition (W~3096). All these spectra, with the 
exception of those of SE2030, show a small peak at 0.05 ppm before the donble bond 
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THERMOTROPIC POLY ESTERS-BLOCK-POLYETHERS 13 

singlet and another one at  0.1 ppm before each aromatic proton doublet. These small 
peaks are due to small amounts of cyclic molecules in polymers. These observations are 
discussed below. 

Any chain contains NA blocks A and NB blocks B : 

+-6--Q-cH= ~H--(-J-~-~-~CH~~-O+- II n A 

0 0 

0 0 

which can be present in four arrangements : 

0 0 

0 0 

I 

XI 

I11 

Iv 

Evolution of the spectra (Figure 8) led to the following assignments : peaks 5,6 ,7  to 
I; peak 2 to 11; peaks 3 and 4 to III; peak 8 to IV. Integration gave the following 
dismbution (%): 138.4, I1 17.10,III 41.05 and IV 3.45 leading to N f l ~ = 1 . 7  (theory = 
1.8). Assuming a statistical distribution of polyether and pentanediyl units, the theoretical 
contents of I+IV, I1 and I11 are respectively 41.35, 12.75 and 45.9 close to experimental 
values : 42.85, 17.10 and 41.05, thus showing the possibility of determining the average 
number of successive S5 units in each sample. 

DSC results are reported in Figure 10. Copolymers with Wr above 45% are 
anisotropic; the X-ray diffractogram of S5(76)2030 shows that it is smectic C (tilt angle : 
31.4 ") between 180 and 262OC; all layers are perpendicular to the fibre axis whilst in S5 
they are either parallel or perpendicular to the fiber direction. Segregation of rigid and 
flexible blocks was observed as long as Wf was beIow 40%. 
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14 P. THUILLIER ET AL. 

I '  . - -  

I ,.i, ,.is 7.23 7.13 7.,0 
rim 1.2 1.0 7.1 7.r 7.4 7.2 7 . D  

rrm 

FIGURE 8 : 1H NMR spectra (500 MHz) 
of S5,  S5E(66)2030, SE5(50)2030, 
SE5(30)2030 and SE2030 

FIGURE 9 : Extending and deconvolution 
of 'H NMR spectrum area between 7.1 
and 7.3 ppm of copolymer S5E(30)2030 

VISCUbLABI'IC PKUPbK I IhS UP U U Y U L Y  MhKY JjnM WrILU5U AlYU b3CLW)LWU 

The determination of the elastic modulus E of copolymers BnE(Wr)2030 at different 
temperatures showed that their rigidity increases with W, regardless the temperature. 
Several E drops were observed : around -70 "C (flexible phase Tg), between 10 and 20 
O C  (flexible phase melting) and between 30 and 40 "C (rigid phase Tg). The value of tg 6 
is maximal at Tg(F ; tg 6) and its intensity decreases with increasing W,. In all cases tg 6 
maximum is around -60 "C whatever the copolymer composition is; this behaviour differs 
from that of Hytrelm whose tg 6 maximum increases with rigid block content showing 
that substituting 4,4'-biphenyldicarboxylate for terephthalate units increases the phase 
segregation and leads to materials with smectic rigid phase. Table VI compares the 
variation of rigid phase crystallinity degree x , at 25OC, and the modulus drop between 
-100 and 60 "C for various B5E(Wr)2030 copolymers as well as for S5E(50)2030 and 
B6E(50)2030 copolymers. The characteristics of B6E(50)2030 are above those of the 
other two copolymers with Wr = 50%. The modulus drop increases with decreasing 2. 
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THERMOTROPIC POLYESTERS-BLOCK-POLYETHERS 

-1: 
200 - 
160 - 

15 

Wr % 

170 - 
130 - 
90 - 
50 

Wr% 

@ 
280 -1 @ - 290 

0 Tc I I 

TABLE VI : Dependence of the elastic modulus drop AlogE=logE(-100"C) - 
10gE(+60~C) on the crystallinity degree x for various block copolymers 

Copolymer x (%) AlogE' 

B5E(76)2030 25 1.26 
B5E(60)2030 1.60 
B5E(50)2030 10 2.30 
B6E(50)2030 12 1.60 
S5E(50)2030 0 2.40 

TABLE VII-Thermal and viscoelastic characteristics of block copolymers prepared from 
oligo(oxytetramethy1ene) 2030 and pentanediol with T, B and S diesters (see text). Tg(F ; 
El), Tg(R ; E') and Tg(F ; tg 8) are the glass transition temperatures corresponding to the 
maximum of E and tg 6, respectively. R and S as before. 

_. 

Copolymer wr (exp) Tg(R;E") Tg(Rtg6) T m Q  Tg('.E") Tm(r) x AlogE' 

T "c "c T T % 

T5E(66)2030 65.2 -5 124 1.5 
B5E(66)2030 63 -65 -50 10 178 1.6 
5ES(66)2030 57.4 -63 -53 187 1.7 
T5E(50)2030 47.3 -68 -60 -30 124 11 1.5 
B5E50)2030 45.6 -70 -55 15 40 170 10 2.3 
S5E50)2030 52.1 -67 -53 10 50 185 0 2.4 
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16 P. THUILLIER ET AL 

The characteristics of block copolyesters prepared by polycondensation of PE2030 
and 1,5-pentanediol with diethylterephthalate (T) or 4,4'-biphenyldicarboxylate (B) or 
4,4'-tr.~tibenedicarboxylate ( S )  are reported in Table VII. 
T copolymers .have thermomechanical characteristics above those of B and S copolymers 
although their melting points are 35 to 60 "C below those of the latter two. The values for 
B copolymers could be increased by increasing polymerization degree. 
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