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Chiral sanidic polyesters derived from 2,5-bis(alkylthio)-
terephthalic acids

Hans R. Kricheldorf*, Dirk F. Wulff, Christoph Wutz
Institut fir Technische und Makromolekulare Chemie, Bundesstr. 45, D-20146 Hamburg, Germany

(Received: July 3, 1997; revised: November 30, 1998)

SUMMARY: Two chiral terephthalic acids were synthesized froBrZ-methylbutane-1-thiol and bromo-
terephthalic acid or 2,5-dibromoterephthalic acid. A series of chiral polyesters was then prepared by polycon-
densation of silylated 4’4lihydroxybiphenyl and mixtures of 2,5-bis(dodecylthio)terephthaloyl chloride and
2,5-bis(§)-2-methylbutylthio)terephthaloyl chloride. The copolyesters were characterized by elemental ana-
lyses, viscosity, DSC and X-ray measurements, and optical microscopy. Depending on the reaction conditions
low and high molecular weights were obtained. In addition to a solid sanidic phase these polyesters form a
chiral sanidic LC-phase and a chiral nematic LC-phase. However, in contrast to a normal cholesteric melt,

these polyesters did not form a Grandjean texture but display the unusual “sausage texture”.

Introduction 1b. Furthermore, they interrupt the rigid rod type back-
Pone and, thus, have a direct influence on the supermole-
cular order in this way, too. In order to shed more light on

or 4 4-dihydroxybipheny? form so-called sanidic the str_ucture property relationship of chiral stiff LC—ponj
(board-liké-?) layer structures in the solid state. In con-T€rS: itwas the purpose of the present work to synthesize

trast to smectic layers the sanidic layers consist of stacfi‘é]gther class 0;: chiral Saf"d'c polygsters (struc_tﬁ),eh
of main chains with the side chains pointing sideward, sBnd to see to what extent its properties agree with those

that the layer planes parallel the main chains. This kin8f laandib.

of layer structure may be more or less maintained in the

highly viscous liquid phase (having more space a”ExperimentaI part
mobility between the main chains than the solid state)

and, thus, this kind of mesophase may be called sanidig,erials

LC-phase. Quite recently two classes of chiral polyesters

forming sanidic solid and liquid mesophases have be‘{ﬁ)—z-Methylbutar_nol, 4-methylbenzoic acid, 4dihydroxy-
describeé?. The first class contains the chiral units in Iphenyl, isosorbide and 1-dodecanethiol were all purchased
: from Aldrich Co. (Milwaukee, Wisc., USA) and used as

the side chains of the terephthaloyl units(b), whereas ocoived. Tosyl chioride, xylene and thionyl chloride were
the second clas) contains the chiral isosorbide units in yifts of Bayer AG (Leverkusen, FRG) and used without further
the main chain. For both classes of polyesters similajurification. ©)-2-Methylbutane-1-thiol g% 1.4465%; b.p.:
phase transitions were found. In addition to a solid sanit19°C; lit.?2: 118.2°C; [a]3* + 2,6,¢ = 1,5 g/dI; lit??: [o]3"

dic phase, a sanidic LC-phase and a chiral nematic phas2.7,c = 1.8 g/dl in ethanol) was synthesized as described in
was observed. However, the optical properties were large literature. The 2,5-bis(dodecylthio)terephthaloyl chloride
ely different. In the case dfaand1b a “sausage texture” (M.p.: 77—-78C) was also prepared as described previdusly
was found which we have never observed for any othéh4-Bis(trimethylsiloxy)biphenyl was obtained by silylation
class of cholesteric polyesters (including polycarbonatég 4,4-d|hydr9xyb|phenyl withan e_x.cgf)_s ofohexamethyldlsna-
and polyesterimide¥)*®. On the other hand, the poly- zane inrefluxing toluene (m. p. 6; lit.*%. 64°C).

. . 2-Bromoterephthalic acid (m.p.: 308; lit.?®: 304—
esters of structuréa, b did never form a Grandjean (GJ) 305°C) was synthesized starting from the bromation of 4-

texture?. In contrast, the polyesters of structi@elid not methylbenzoic acid in acetic acid with znBand a slight
form a “sausage texture” but a GJ texture. The isosorbidgcess of bromine. The resulting 3-bromo-4-methylbenzoic
units of the polyesterg possess certainly a higher twist-acid (m.p. 203C; lit.25: 202°C) was then oxidized with
ing power than the side chains of the polyesteesand KMnO,in pyridine to 2-bromoterephthalic acid.

Polyesters derived from 2,5-bis(alkoxy)- or 2,5-bis(al
ylthio)-substituted terephthalic acids and hydroquiriche

a  Part 12: cf. ref?
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Mono-or bis((S)-2-methylbutylthio)tephthalicacid Polycondensatins
(9-2-Methylbutane-1-thio(0.06 mol), potassiuntert-butox- A) Silyl method 4,4-Bis(trimethylsiloxy)biphenyl (10

ide (0.06 mol) and 1 g benzyltriethylammoniumchloride
werestirredundernitrogenat 100°C in dry dioxane(250ml)
for 0.5 h. Thereactionmixture wascooledto roomtempera-
ture and diethyl 2-bromoterephthalatéd.06 mol) or diethyl
2,5-dibromoterephthalatéd.03 mol) was added.The reac-
tion mixture wasstirredunderreflux for 6 h, cooledto room
temperaturenddiluted with ice/water The crystallizedpro-
ductwasisolatedby filtration, dried andrecrystallizedfrom
ethanoland ligroin. The productwas saponifiedwith 4 N
sodiumhydroxidein 500ml of boiling ethanol. After 2 h the
reactionmixture was concentrated. vac.,and6 N HCI was
addeddropwise.The crudediacid wasisolatedby filtration
andrecrystallizedrom dioxane.Theyieldsandpropertiesof
thediacidsarelistedin Tab.1.
2,5-Bis((§)-2-methylbutylthio)erephthaloyl chloride was
synthesizedas describedpreviously®. The yield and the
propertiesof thediacid dichloridearelistedin Tab.1.

mmol), a substitutedterephthaloylchloride (10 mmol) and
benzyltriethylammaium chloride (10 mg) were weighed
into a cylindrical glassreactorequippedwith a mechanical
stirrer, gasinlet and outlet tubes. The reactionvesselwas
placedinto a metal bath preheatedo 150°C. The reaction
mixture was in the molten stateat this temperatureand a
slow evolution of chlorotrimethylsilanewas observed.The
temperatue wasraisedin stepsof 10°C per10 min upto a
final temperaturef 260—280°C in orderto keepthe mixture
in the molten state.Finally vacuumwas appliedfor 15 min.
The cold productwasdissolvedin a mixture of CH,Cl, and
trifluoroacetic acid (TFA) (vol. ratio 4:1) and precipitated
into methanol.The isolated polyesterswere dried at 80°C
for 2din vacuo.

B) HCI method 4,4-Dihydroxybiphenyl(30 mmol) anda
substitutedterephthaloylchloride (30 mmol) were refluxed
in dry diphenylether(100 mmol) with slow stirring. The lib-



Layerstructures]13

eratedHCI was removedwith a slow streamof nitrogen.
When the evolution of HCI had nearly stopped,the cold
reaction mixture was diluted with 1,2-dichloroethaneand
precipitatednto cold methanol.Theisolatedpolyestersvere
driedat 120°C in vacuo.

Measuements

The inherentviscositieswere measuredvith an Ubbelohde
viscometerthermostatedat 20°C or 30°C. The DSC mea-
surementswere conductedwith a Perkin EImer DSC-4 in

aluminiumpansundernitrogen.The WAXD powderpatterns
were recordedeither with a SiemensD-500 diffractometer
usingNi filtered CuK, radiationor by meansof synchrotron
radiation at HASYLAB (DESY, Hambug). A one-dimen-
sionalposition-sensitivaletectorwasusedanda heatingrate
of 10°C/min. The WAXD fibre patternswere recordedby

meansof synchrotrorradiationat HASYLAB (DESY, Ham-
burg). A two-dimensional position-sensitivedetector was
used. The DMA measurementsvere conducted with a
DuPontDMA 983in resonancevith anamplitudeof 0.3mm

andasamplesizeof 13x 0.15x 8 mm.

Resultsand discussion

Syntheses

The synthegs of mono- and bis((S)-2-methylbubxy)-
terephthalt acidshavebeenreportedpreviously?®. They
werepreparedy alkylation of diethyl trimethylsiloxy- or
bis(trimetylsiloxy)terephhalates.In the presentwork a
differert synthetic approachto chiral terephthalic acids
was studied basedon the nucleophilic substtution of
mono- or 2,5-ditromoterethalateswith a chiral thiol.
For this purpese 3-bromo-4-mehylbenzdc acid® was
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oxidizedandesteified with etharol (n}?% 1.5378" of the
diethyl estej. (9-2-Methylbutare-1-thid prepaed from
commercial (§-2-metylbutanol via the isothiouronium
tosylate wasthenusedto substtute the bromine yielding
the diethyl ester4. The synthess of the disubstitutedere
phthalate5 wasconductel anabgouslystartingfrom 2,5-
dibromoyp-xylene. Becawse the thiolytic cleavae of the
alkyl oxygenbord is a frequentsidereactionof suchsub-
stitution?®, the diethyl esters were preferred to the
dimetyl esterswvhich aremore sensitiveto a nucleophilic
attadk at the CHs; groups.The diethyleser 5 was hydro-
lyzed with sodiumhydroxide,andtheresultingterephtha-
lic acid 6 was then chlorinated by means of refluxing
thionyl chloride. The yields and propeties of all new
terephthalicacid derivaivesaresummaizedin Tab. 1.
The terephthalygl chloride 7 was usedeither aloneor
in combindion with 2,5-bis@odecyl-tho)terephhaloyl
chloride for all polycordensatios of this work. Most
polycondemsationswere conducedin sucha way thatthe
terephthalyl chlorides were heated with 4,4-bis(tri-
metylsiloxy)bipheny in bulk to afinal reactiontempen-
ture of 260 or 280°C. Benzyltiethylamnmonium chloride
wasaddedas catalyst (silyl methodA). Whena first ser
iesof polyestes preparedby the“silyl method” waschar
acteized, relaively low viscosty values (4, around
0.3 dl/g) were found (3a—3d, Tab. 3). Re-exanmnation of
the staring materiab suggested that the terephhaloyl
chlorides,which were storedover severalweeksprior to
their use, were slightly hydrdyzed. Howeer, it was
found (see below) that theselow molar masssampes
were usefulfor the charaterization of the typical proper
ties of the polyestes 3. Repdition of the polycondensa
tions with freshly prepaed terephthalgl chlorides
yielded consderably higher viscosity values, but in four

Tab.1. Yieldsandpropetiesof alkylthio-substitutederephthalicacidsandtheir chlorides

Product Yield m.p. Elem.formula Elementhanalyseg%)
in % in °C  (Form weight)

C H S Cl
(9-2-Methylbutylthioterephthalic 75 292-295 Ci3H160,S Calc. 58.19 6.01 11.95 -
acid (268.3 Found 57.82 5.83 11.05 -
2,5-Bis(-2-methylhutylthio)- 78 252-254  CigHx04S, Calc. 58.35 7.07 17.13 -
terephthalicacid (370.5 Found 57.89 6.82 16.79 -
2,5-Bis(©)-2-methyllutylthio)- 76 72 C1H240.S,Cl, Calc. 53.06 5.94 15.74 17.40
terephthaloythloride (407.9 Found 52.29 5.54 1431 17.49
Tab.2. H NMR spedraof alkylthio-substitutedterephthalicacidsandtheir chlorides

Product

H NMR (DMSO-ds; or CDCl)?, 6 in ppm

(9-2-Methylbutylthioterephthalicacid
2,5-Bis(§-2-methylhutylthio)terephthalicacid
2,5-Bis(©-2-methylhutylthio)terephthalol chloride

0.7-1.9(m, 9H), 2.6-3.1(m, 2H), 7.6-8.2(m, 3H), 12.8-13.9(s, 2H)
0.7-1.9(m, 18H), 2.6-3.1(m, 4H), 7.7 (s, 2H), 12.8-13.9(s, 2H)
0.6-2.0(m, 18H),2.6-3.2 (m, 4H), 8.1 (s, 2H)

¥  Terephthéic acidsaremeasuedin DMSO-ds, terephthaloykhloridesaremeasuredn CDCls.
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casesthe existenceof gel particles (ca. 5% of the total
yield) was observedupon dissdution of the crude poly-
esters(footnote” in Tab. 3). The samplesof this second
serieswerelabeled 3a'-3(g.

In orderto study the influenceof the synthetc method
on the propertesof the polyestes, threepolyestes (3a”,
3¢’, 3g”) were preparedfrom free 4,4'-dihydroxybiphe-
nyl in refluxing diphenyl ether(HCI-method “B” in Tab.
3). Howevwer, gel patticles alsowere obtainedin the case
of 3a” and3g", andthus,this methodwasnot more suc-
cessfulthanthe silyl method

Concening the chamacterizaton of all polyesters it
should be mentionedthat the *H NMR spectra(Tab. 2)
andthe elerrental analysegqTab.3) werein good agree
mentwith the expected structuresThe intensiveyellow-
ish-gre@ colour of all polyesterspreventel measue-
mentsof the opticalrotations.

Thermalproperties

All polyestes prepare in this work were chamacterized
by optical microscpy, DSC meauremerg and WAXD

. 'SCH,~CH—C,H

3

measuremerd with CuK, radiation at 25°C. Further

more, selectedsampes were characteized by synchro-
tron radiation measwementswith variation of the tem-
perature or as fibre patierns at room tempeature. The
thermal propertiessunmarizedin Tab.4 revealedthatthe
polyesters3a—3f resemite largely the analogows (co)po-
lyesters of seriesla®. The main differerce concernsthe
chiral homoplyesters3g andthe O-analogin seriesla.

The homoplyesters3g and3g” showed a relatively low

melting temperéure (T, = 237-238°C), andtheresultirg

melt wasisotropic. In contrastthe homopolester3a and
all the copolyesers 3b—3f were enaniotropic liquid

crystalline(LC).

The DSC measuementsof the polyestes 3a—3f were
quite similar to eachother andthe DSC measurerantsof
3a", 3b’ and3c alsoresembé eachother. Therefae, the
DSC curvesof 3b and 3b’ are presentedn Fig. 1 as
exanplesfor all DSC measuremer. In the first heating
curve of severalexamplesa weak endothem appeas in
thetemperaturerangeof 54—60°C which is not reprodue
ible in the 2nd heating trace.This endotkerm might resut
from the meling of partially crystallized side chains.
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Tab.3. Yieldsandpropetiesof thepolyegers3a—3g
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PolymerNo.  Synth? Yield Hinh Elem.formula Elementalanalyseg%)
method in % dL/g (Form.weight)
C H S
3a A 91 0.31? (C4aHs0S204)n Calc. 73.70 8.43 8.94
(717.10), Found 72.74 8.41 8.84
3a” B 98 1.889 (C44H50S:04)n Calc. 73.70 8.43 8.94
(717.10), Found 73.76 8.40 8.77
3b A 87 0.27P (Ca62H5755,040)n Calc. 73.36 8.27 9.19
(6974.66) Found 73.12 8.23 9.72
3b’ A 93 2.9¢9 (Ca6H5755040)n Calc. 73.36 8.27 9.19
(6974.66) Found 72.66 8.25 8.90
3c A 89 0.29 (C412H54482040)n Calc. 73.01 8.09 9.46
(6778.28) Found 72.33 7.91 9.25
3c A 97 2.839 (Cu12H5455,040)n Calc. 73.01 8.09 9.46
(6778.28), Found 72.45 7.88 9.30
3d A 90 0.3% (C38H5163:040)n Calc. 72.63 7.90 9.74
(6581.91) Found 71.70 7.72 9.27
3d’ A 95 1.189 (CaeH5163:040)n Calc. 72.63 7.90 9.74
(6581.91) Found 72.20 8.05 9.51
3¢ A 84 1.42:9 (C74H923203)n Calc. 71.81 7.49 10.36
(1237.83) Found 71.50 7.47 10.26
3¢’ B 98 0.77 (C74H92S,08)n Calc. 71.81 7.49 10.36
(1237.83), Found 71.09 7.54 9.46
3f A 95 0.84) (C342H4055040)n Calc. 70.87 7.03 11.06
(5796.39) Found 69.38 6.63 10.85
39’ A 82 0.98» (C30H328204)n Calc. 69.20 6.19 12.32
(520.B), Found 68.41 6.00 12.05
3g” B 99 2.129 (Cs0H325:04)n Calc. 69.20 6.19 12.32
(520.8), Found 68.52 6.03 12.01

Methad A: silyl method;methodB: HCI method.

Measuedat 20°C with ¢ = 2 g/l in CH,CI/TFA (vol. ratio 4: 1).
Solule fraction (90-95% of thetotal yield).

However it is difficult to answerwhy this endotlermis
not detectablein the DSC tracesof 3a and3a”. Further
more,the tempeaturerangeof 54—60°C is too high for a
melting procesof the dodecylgrougs. It is rathertypical
for the melting of hexadecylside chairs. Anothea specu
lative explanaton is the assunption of a glasstransition
stepin combimation with a so-calledenthalpy relaxaton.
An evapration of solventis unlikely, becausehe sam-
pleswere driedat80°C. In othe words,a straighforward
explanaton canrot be offeredat thistime.

In the first heating curvesof most(co)polyesersthree
endotherrs were detecable. A weak endotlerm appers
in the tempeature range of 96—106°C (labeled Ty, in
Tab. 3). This endbthermdid not show up in the second
heatingtracesof most polyestes. It wasonly observale
in the secondheatingcurvesof 3a’, 3d, 3e and3f. How-
ever dynamic mechaiical measurerantsof films pressed
at 200-220°C revealedthat a kind of melting process
occursaround100°C. An anabgousphasetransitionwas
found for the polyestes of structurela or 1b at some
what differenttenperaturesin the caseof the low mole-
cular weight samples3a—3d a birefringent highly vis-

Measuedat 30°C with ¢ = 2 g/l in 1-chloroghenol/CHCI, (wt. ratio 1:1).

cous but mobile melt was detectable by optical micro-
saopy. No mobility wasobserve for the high molecula
weight samples3a’and3b’-3g'.

The semnd endotlerm (Tyz) and the third weake
enddbtherm (T)) indicatedcleaty reversible phase transi-
tions with the corresponihg exothermsin the cooling
curves. On the basis of optical microscgy, a hematic
(3a/3a") or cholesteric (3b—3d, 3b'-3f) mobile melt
was found betweenthese endotherms (or exotherms).
Above T; the melt was isotrogc and turned anisdropic
upaon cooling below T,. Consideing the existenceof a
sanidic layer structure betweenT,,; and T, (seediscs-
sionbelow), it may be concludecthatthe polyestes 3a—
3f (and 3a”, 3b’—3d’) form two differert LC-phases:a
chiral sanidicphaseabove T.,; anda chiral nematic melt
above T, (analogousproperties havebeenfound for the
polyestersof structurela andlb).

The compaison of the low molar masssampes (3a—
3d) and of the high madar masspolyestes (3a’—3d’)
illustrateshow much the higher molecular weights shift
the phase transitionsto higher tempeatures(Fig. 1 and
Tab. 4). It is particdarly notewathy to seethat the tem-
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Tab.4. Thermal propetiesof the polyegers3a—3g

H. R. Kricheldorf, D. F. Wulff, Ch. Wutz

PolymerNo. DSCmeasuremen Optical microsopy
TQ or Tmb) Tmlb) Tmzb) Ti/ Taib) lc) Taic)
°C °C °C °C °C °C
3a 1stheating - 95.5 173.5 206.5 207-221 215-205
1stcooling - - 158.5 199.5
2ndheating - - 1745 208.0
33" 1stheating - 94.0 210.0 - 281-289 277-272
1stcooling - 74.5 183.0 295.0
2ndheating - 94.0 202.0 -
3b 1stheating 58.5 110.0 160.0 205.5 210-220 211-205
1stcooling - - 146.0 199.0
2ndheating - - 161.0 204.5
3b’ 1stheating 54.5 - 213.0 - 293-305 280-272
1stcooling - - 186.0 -
2ndheating - - 2115 288.5
3c 1stheating 59.0 98.0 162.5 222.0 226-245 231-221
1stcooling - - 123.5 202.5
2ndheating - - 152.5 209.0
3c 1stheating - - - - 269-281 267-262
1stcooling - - 165.0 -
2ndheating - - 185.5 270.5
3d 1stheating 60.0 105.0 165.5 235.0 244-252 242-237
1stcooling - - 1345 221.0
2ndheating - 106.0 - 237.0
3d’ 1stheating - - 185.5 269.0 272-290 276-268
1stcooling - - 151.0 243.0
2ndheating - - 177.0 257.0
3e 1stheating 55.5 104.0 154.5 263.0 265-275 264-258
1stcooling - - 1345 249.0
2ndheating - 104.5 151.0 262.0
3¢ 1stheating - - 197.5 295.5 279-285 277-272
1stcooling - - 166.0 277.5
2ndheating - - 1935 295.5
3f 1stheating - 100.0 - 307.0 307-323 305-295
1stcooling - - 214.0 -
2ndheating - 104.0 223.0 -
3d 1stheating - 98.0 238.5 - isotropic isotropic
1stcooling - - 182.0 -
2ndheating - - - -
3¢’ 1stheating - 105.0 237.0 - isotropic isotropic
1stcooling - - 181.5 -
2ndheating - - - -

¥ HCI method(B); all otherpolyegersweresynthesizedby thesilyl method.
®  FromDSCmeasuementswith a heating(cooling) rateof 20°C/min.
9  Fromopticd microscopywith a heating(cooling) rateof 20°C/min.

peraturerange of both LC-phasesbroades with higher
molecublrweights.In contast,it is rathertypical for non-
sanidic LC main-chain polymers that the tenperature
rangeof the LC-phasesarows with increasng molecu-

lar weight.

The texturesof theselLC-phasesvary mainly with the
temperaure andnot so muchwith the compositionof the
copolyesers. A diffuse broad schlieren texture was
observedbetweenT,; and Tn, (Fig. 2). A cholesteric
schlierentexture similar to a threacd nemadic texture
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213.0 °C Fig. 3. Schlierentexture of the mobile cholestericphaseof 3d
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D)y sa5°C

E)

288.5°C

10 60 110 160 210 260 310

Temperature [°C]

Fig. 1. DSC measuremds (heatingand cooling rates20°C/
min) of the copolyesters3b (A: 1stheatirg; B: cooling; C: 2nd
heating)and3b’ (D: 1stheatirg; E: cooling; F: 2nd heatirg)

was observed immediately aboV, (Fig. 3). Close toT, Fig.4. Textureof themobile cholegeric phaseof 3b at195°C

the low molar mass sampl8b-3d yielded the so-called
“sausage texture” (Fig. 5) and another schlieren texture FgiER
(Fig. 4) as an intermediate state between the textures of
Fig. 3 and 5. This “sausage texture” was almost colour- f
less (in other words: black and white) in contrast to all
schlieren textures of the polyest&8b—3f. The “sausage
texture” was not observed in the much more viscous £
melts of the high molar mass samp@s —3€’. Perhaps |

Fig.5. Textureof themobile cholegeric phaseof 3b at210°C

difference and the different temperatures of the phase
transitions underline that it may be useful for complete
understanding of the properties to compare a low molar
mass and a high molar mass sample of the same chemical
structure.
The “sausage texture” has exclusively been observed
. for chiral sanidic polyesters having the chiral center in
Fig.2. Textureof thesanidt LC-phaseof 3f’' at190°C their side chainsl(a, 1b). It has never been observed for
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Tab.5. d-Spacingof the polyegers3a—f andthe polyestersl a

H. R. Kricheldorf, D. F. Wulff, Ch. Wutz

Alkylthio-subgituted polyeders

Alkoxy-substitutedpolyegers

Polymer Minh d-spacig Polymer Minn d-spacing Polymer d-spacing
[No.] di/g in A No. di/g in A No. inA
3a 0.31 20.5 3a’ 1.85 27.8 la 239
(10:0)
3b 0.27 26.0and20.5 3b’ 2.90 255 la 232
9:1
3c 0.9 26.0and17.5 3c 2.83 26.5 (1a) 215
8:2
3d 0.2 255 3d’ 1.18 26.0 (la) 215
(7:3)
3¢’ 0.77 25.0 3¢ 1.42 245 la 188
(5:5)
- - - 3f 0.84 24.0 la 16.4
3:7)
the polyestes of structure2'® or for the numeous other N d;
cholestere LC main-chainpolyestes having the chiral b P NN
centerin the polymer backbon& -1 2-3) Furthermae, %
several chiral rigid-rod type polymers hawe been AN T T O NN X A
describedsuchassubstitutectellulosé?, poly(y-alkylglu- %
tamate)&“Y, or poly(N-alkylisocyanatedy. The struc- mzw
turesof all thesechiral stiff polymers are fundamenmally O e P Ve i
differert from the polyestersdescibed here (3) or pre- N TETNT TN
viously (1a, 1b), either becausethe chiral centersare a
locatedin the main chan, or becauseanesa@enic groups
arelocated in the side chains.To the bestof our know-
ledge even in these casesno “sausa@ texture” was dy
observed We hawe previously specuated?® that the B -

chiral rigid-rod polyestes of structure 1a or 1b may
adopta helical corformation of their backbors in the
nematicphasealong with a moreor lessparallel packing
of these “hairy rods” analgous to the orientdion of
achiralrods in a nematic phase.Whentherigid units are
long relative to the dimensiams of the domairs, andwhen
chiral groupsof low twisting powerarelocatedin flexible
side chains,it might happenthat the chiral polyme's do
notform a helicd supernolecularorder, but form a chiral
nematicphase Suchan ordeing would be differert from
the helical array of mes@enstypical for a classich cho-
lesteric phase.The supemolecular order of the molten
polyestes 1a, 1b or 3 andthe origin of the “sausageex-
ture” arenot clearat this time, andthe structureproperty
relationsips of chiral rigid-rod LC-polymers deseve
furtherintensivestudesfor a completeunderstading.

Chainpacking

For the bisalkox/-substitutel polyestes 1a and 1b, a
sanidiclayer structurewith interdgitated sidechanswas
establshed??. This kind of layer structure is chamcter
ized by a middle anglereflection (MAR) in the WAXD

= :aromatic main chain
~~~~ : aliphatic side chain

Fig. 6. Schemtc illustration of a sanidiclayer structurewith
interdigitatedside chainsof polyegers derived from 2,5-disub-
stituted terephthalicacidswith A) a perpendiculamarray of the
sidechainsandB) atilted array

paternswhich indicates the distance betweenthe stacks
of the main chans. The d-spacdngs of the polyestes 1a,

3a-3f, 3a” and3b’-3¢ calcuatedvia the Bragg equa-
tion are summarizedin Tab.5. The meaningof the term
“d-spadng” is illustrated by Fig. 6. Fig. 7 depids the
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Intensity
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Fig. 7. WAXD powder patterns of various (co)polyestes
recordedwith CuK, radiationat25°C

WAXD powder patierns of sevensamples The d-spac-
ings of the bis(dodecylhio)-subsituted polyestes (selies
3) areby 3-4 A greaterthanthoseof the polyestersla.
This differenceresuts from the larger diameterof the sul-
fur atomsrelative to the oxygenatoms.Therefore the d-
spacingsof 3a-3f, 3a” and3b’-3¢€ arein goodagree
mentwith a sanidc layer structurehaving extendedbut
interdigitatedsidechairs (Fig. 6A).

Howeve, the WAXD powderpatternsof the low molar
masssamples3a—3c (Fig. 7) alsoreveded someunex-
pectedpecuarities. Two MAR’swereobsenredin thecase
of 3b and3c. The MAR’s corresponihg to the shortd-
spacingq20.5and17.5A) arecompletdy lacking in the
WAXD powderpattansof 3b" and3c’. Obviously, thelow
molar weights favor a chain packng with shorter dis-
tancespossiblydueto coiling or hair-pin conformationor
atiltedarrayof the sidechairs (Fig. 6B). The WAXD pat-
ternsof 3a and3a” havemuch in comma with those of
3b, 3b’ and3c, 3¢'. In the caseof 3a (driedat 100°C but
neverheatedo highertemperatues)only a shortdistance
MAR is detectablgFig. 7). Thisreflecion (20A = 0.5A)
alsoappears$n the synchrotra radation measuementsof
thehigh molarmasspolyeste 3a”, butthethermodyami-
cally stablemadification of 3a” represergdby the second
heatingcurve (Fig. 8B) shows astrong MAR at28A = 0.3
A. Whenthe MAR’s of 3", 3b'-3¢, 3f aretaken into
accountaslight shrinkageof the d-spacingsis observake
with increasingmolar fraction of the chiral substiuent.
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278K

200
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Fig.8. Synchptronradiationmeasuremes (heatingandcool-
ing rates:10°C/min) of the homopdyester3a”: A) heatingand
1stcooling,B) 2ndheatirg

Thistrendis reasonald, becasethevolume requirements
of this subsituent are lower than those of the dodecyl
chan. An anabgous but more pronaunced trend was
obsevedfor thepolyestersl a®.

The MAR measurerantwith synchrotronradiationhad
mainly the purpcse to classify the natue of the phase
transitionsoccuring at Tm; and Tre. The heating/ooling
cyclesin Fig. 8A and Fig. 9A/B yielded the following
information. At T.; the MAR’s turn shaper and more
intensive,ndicatinga more perfectorderingof thelayers.
The MAR’s conmpletely varish aroundTy,. This observa
tion confirmsthatthe LC-phasebetweenT; and T, pos-
sessesa layeredsupernolecularorderjustfying the label
sanidic LC-phase. Above Ty, no layers do exist as
expected for a normal chiral nemaic (or cholesterig
phase. An analgousphasebehaviarr was found for the
polyestersla and1b.

A deepe insightinto the chainpackng of the sampes
canbeachieedby theacqusition of X-ray fibre patterrs.
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Fig. 9. Synchotron radiation measuementsof: A) 3c, 1st
heatingand1stcooling,B) 3¢, 1stheatingand1stcooling

The pattensof 3a”, 3b’ and3c arealmostidentical and
the fibre diagramof 3a” is displayedin Fig. 10 as an
example. The equdorial amaphous halo in the wide
angle region resultsfrom the non-adered main chains
oriented preferably pardlel to the vertical fibre axis. In
addition,a numberof reflectionsis detecte in the middle
angleregon. The two shap andstrongreflecions on the
equatorrepresentthe d-spacingsof 27.8 A and20.4A as
observedin the powder pattern (Fig. 8A). The two
weakerreflectionsat larger andes correspondo d-spac-
ingsof 16.3A and13.6A. The 13.6 A reflecion may be
the secondorder of the strang 27.8 A reflection, but the
reflectionat16.3A cannotbeexplanedatthistime. Any-
way, the appearanceof all strong reflectionson the equa-
tor indicatesthat the layers of main chairs are oriented
parallelto thefibre axis. However the arranggmentof the
main-chainlayers is somavhat complex becausethey
can adt different d-spadéngs dependng on the corfor-
mationof thesidechairs.

H. R. Kricheldorf, D. F. Wulff, Ch. Wutz

fibre
axis

Fig. 10. X-ray fiber patternof the homopolyester3a”’, hand-

drawnfrom the LC-phase

fibre
axis

b

O : sulfur atom

: polymer chain

Fig. 11. Schematidllustration of the array of polymerchains
in astackof mainchains

The X-ray fibre patten revealedandher seriesof layer
shaped reflections in meridiond direction. With respect
to the scdtering anglethe reflecions canbe attributedto
thefirst-, second-andthird-order reflecion of a microfi-
brilliar systemwith a correlaion lengh of 17 A in fibre
directon. The correlation lengh correspond to the
lengh of the repeting unit, suggsting a periodc
arrargementof the sulfur atomswhich, dueto their high
electondensity give riseto thesereflections.Such aphe-
nomeron is reasmable provided that the main chains
hawe quite a rigid characterAnother reflection occursat
the same meridional scatteing angk as the first-order
refledion but with an azimuthal splitting of f = 43°. It
indicatesthatthe sulfur atomsexhibit anaddtional lateral
comelation.Dueto thelarge volumerequiredof the sulfur
atomsandthe attacled sidechains, they may form areg
ular staggred arrangemen within the layers, as illu-
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stratedschenatically in Fig. 11. From the radial position
of the amorfhoushalo, the averagemain-chaindistance
is calculatedto be 4.2 A. Consegently, the angleof 43°
correspond to a staggeing of 3.9 A betweenadjacet
sulfur atoms.At this point we wish to emphasizethatthe
aboveinterpretationof the X-ray patternsis only a first,
and certanly incomplete, hypothesis, which needs a
further more detailed elaboraton. Yet a more detailed
study of the supemolecular structurein the solid state
wasnotintendal in thiswork.

Conclusion

The nucleophilic substiution of diethyl 2-bromo- or

diethyl 2,5-dibromderephthalte with (S)-2-methybu-

tane-1-thol allowedthe synthess of two new chiral tere-

phthalicacids.Basedon the double substitued terephtha-
lic acid and 4,4-dihydroxybipheny a seriesof rigid-rod

type polyestes was preparedwhich can form two kinds

of LC-phasesAt lower temperatues (i.e., betweenT,

and T.,,) a sanidc LC-phasewas formed which upmn

cooling below Ty, yielded a sanidc glass.Above T, a

relatively mobile chiral nematic phasewas observed
whichin the caseof thelow molar masssampledisplays
the so-called‘sausagdexture”, which wasonly observed
for rigid-rod polyestes having the chiral centerin the

sidechans. The mearing andorigin of this textureis not

clearatthistime anddeservesnoredetailedstudies
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