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LIQUID CIYSTALS OF IISO-LIKE MOLECULES

6.1 Inmtrodugtion

It has long bean recognised that the distinotive
feature of thermotropic liquid oryatals forzed by pwe
compounds | s the recd-like o lath-like nhipo of the
moleoule. Drooks and faylor' have found that, whem the
orgonic procursors to coke and graphite puch as petrvloum
and coal tar pitches axe ﬁubscm to novere thermal
oracking, aromatic polymorisation ocours to build large,
£1at, polynuolear aromatic molecules. Zimmer and White?
have also obzerved aimilar aromatic polymerisation to yield
polynuclear aromstic moleoules. Acoording to their otudy,
when the molecular weighte approach 1500 around 450¢C
the molecules condenae to form what has ocone %0 be kpown

3 “This carbonaceouy B0~

ag the carboraceogus mesophaae,
phase thus appears to be a larellar Xiquid oryetal in
which space 18 filled by plate like moleocules which may
vary in aige and shape but t ad to pask 12 parallel arrayo.
Purther the mesgsophase trysfarmation ceows at high teapo-
ratures, wsually | a the ruge of 40U to 500°C. Chesical
studico’ have Andde ated that the froshly formed mesophase
consloetas of planar aronatlo molecules ranglng appreoindly

né
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in molecular weight but with typical values around 2000,

The carbonacecus menophase displays the conveniional
characteris tios of liguid orystals such as alignument of
the molecular layers with & substrate surface ar with &
nmagnetic ficld. Also, the énrbanweonn nesophase has only
a transient existence in the temperature range in which
its plastic properties are svident. A8 teuperature io
iroreaned, the visowsity ateadily rises as the xreaction
of aromatic polymerisation continue betwecn the noloculos
ia the layered oumkuratim. eventuully producing o
hardened ooke with the mesophase microstructure frowen
in place, Thus, this mesophase transformntion ic an
irreversidle reaction that proceeds from the isotropic
phase to the liquid &r:.ratsil phase Wi th inoreasing toupo-
rature. Theraofore, the oard onacecus me sophave is a liguid
cryatal consisting of plate-like ocmplex molecules and
which certainly cammot be regarded as singls component
liquid orystalline syatom,.

#ith a view t0 explaring the poseibility of obsain-
ing thoxmotropic mssomorphimm in relatively simple plate-
like or more appropriately diso-like moleocules in pure,
single component aystems, we prepared a nusber of bensens
hexa~-n=al kan oates. mﬁe were propared following the



procedure of Noifert and Baﬂw." Hoxahyd roxybens ane

was prepared by the reduction of 2,3, 5,6~tetrahydroxy

1y 4=bonzoquinone following the method described by

Patiadl and ﬂwax‘-s The catars were obtained by heating |
aix moleco of the appropriate acid ohloride with one mole
of hexahydroxybenzene. The sequence of roactions carried
out is shown (Chart X). G;! the nﬁm’l bomene hexariie
alkanoates prepared, only a few oxhibifc& the rnotropic
mesophase. NHevertheloss, this is e firast observation

of mach a behaviour in pure single component sys tem. In
order to confirm the purity and strusture sf these compounds,
133-1R apeotra of isotrople solutiom of these were taken.
The spoctra of two of these are shown in figurea 6.1 and
6e2e The ‘30 shieldings for all the carboms of four
benzene hexa-t-alkanoatos are given in table 6.1

6 ainilar 4 ac=like

8ince this firot oboerwation,
mesoons have boen found by a group of French workers.
They have gynthoaised moveral triphenylene hexa-n-others (1)
and tripaenylene hexa~n~alkanoates (I11) whioh exaibit

thomotraplo Qe soRosy Mudie

The pure bensune hexa-n-alkanoates mixed with a
anall quantity of bemgene (Up to adbout 104 /W) also forn
mesophases. These mogophases are somewhat more moblile

han the ones formed by the pure materials. They exhibit
fan-rhaped texturecs mnd of ten form opherulites, some of
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Figure 6.2 50-NMR spectrum of an isotropic solution of benzene hexa-n-nonanoate

in CDCl5 with proton decoupling. Chemical shifts relative t o TMS
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which show interesting growth spirals. X-ray stuly hao
shown that mesophase of the mixture ia not as highly
ordered as that of the puvre ocompound. This ie the first
exaaple of lyotropic mescmorphisa for a diso-like mesophase.

6.3 Thermodynamis properties

Aftor proliminary wviaunl obmervation of g sauple,
mounted between a mioroscope slide and cover s8lip, as it
cooled from the isotropie liguid, the tranpiti om were
stullied by diffarontial asocanning calorimetry weing a
Porkin~Flmor model D32, Only three homologuwea, bensene
hexa=n-hoptanoate, bdongene hexa-n-octanoate and bonsene
hoxa-Benonancate show sesophases. The DIC owrves for all
the three of them are shown in figares 6.3, 6.4 and 6.5
rospeotively. The teuperatures end heate of tramwition
deterained Lrow the ourves are given in sable 6.2. As
can be seoun, in the heptunvate and ovttanoate derivatives
there 1o supexcooling sf both the fgotropic ligmid and
the mesophase. Supercvoling of the isotroplc liquid 3s
not surprisisg in these oases, since the heat of tho
lootropio-mesophaage tranaition La quite large. 7Thio ls
in contrast to the sunll heats of transition obtained
during the nonatic-inotropic and slightly higher valuoes
obtai ned during smoetle~fgviropic tramsition Ain conventional
11519 cryetale. Thio supresats a very highly ordoexed
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Fig. 6.3%: Differential scanning claorimetric curves
for bengene hexa-n-heptanoate.
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Table 6.2

PTranu it ion temperatures and beats of transition of
benzone hoexa=-n-glkanoates

Pompe~ Heat of
Conpound Tracsition rature trassition
(*a) Loals,/mole
Benzene hoxaw oryatal isotroplo 106 60U
n~-pontancade
Bensone hexa- oryotal 11 crystal X 757 2.8
n-hexancate exyotal 1 isotrople G4 5 T4
Benzone hexa- oryotal masophuasy 80.5 T6
n-heptanoate me sopha 9o {aot ropin 86.1 5.3
isotropic me sophage 8%.5
Bangene hexae orystal me sophade T8.8 107
n-oatanonte mesophase  isotroplc €57 ]
isotropic e nopha se 81.8 45
Bongene hexg- cryatal inotroploe 80e5 16 7
n-genancate igotropic  mesophase 78.7 344
Benaete hexa- eryatal 11  erynstal 1 5005 fued
a~decanoate oryutal I 8505 20T

dzet roplo
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mo sophose, obably smeotic~like in chareoter in the
disc=-l1ike moleculss.

6.4 Optical Sextures of dbensene hexg-n-allkanoutes

The trapeitions could be ssen very clearly through
the polarising mioroscope when the sauple was cooled from
the icotropio phase. Typilcal texsures obtained for these
compounds are 1llustrated in figuras 6.6, 6. 7 and 6.8
Sometimen, the maaphaéc made its appeararce as 1l ower=
like particles (fig. 6.6), which on further cooling grew
in size and finally ssrged together to £111 the entire
field of view (fig. 6.7). However, mont ofton the Loace
phase adopted a 'broken-fan' texture eimilar % that of
smectio C (fig. 6.8), ocoasionally with striations running
aqross the fans as in mmeotics E and F.0 Uptd cal cbeerva-
tions with the aid of a phase retardation plate confirmed
that the diso~like molooules are ariented with thoely long
moleoular axes (l.9s 4 the dlametors of the dlacs) aligned
*adinlly in the fun and their short axes (or the normuls
to the 3isen) lying in the ylané of the samplo. Also,
like the omectlo phases, the materinl is highly wvlocous.

The transition to the solid phase on cooling the
sanple was also quite &at&mtly obaervadle. However, the
change 4n texture attending the revorse 'ixmaitim. 1e8ay-
when the aolid trunsformed to the mesophace on heating was



Pigure 6.6

The mesophase appearing as flower-like particles
on cooling the isotropic liquid

Pigure 6.7

(n further cooling, the particles grow and merge
together to f£i11 the entirefield of view.



Figure 6.8

Broken-fan texture of t he mesophase.
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80 8ligh$ that 1% was pracsically undetectodle, but the
SO qurves proved that the two coupounds, heptanocate and
ootanoato are in fast onantictroplio.

6.5 JXwray studiea

X~ray otudies® have indicated that the mesophase
la not a plastic eryetal. A plastic orystalline phuve io
obtained prior $0 melting of molecular solids, whoso
scomptituent moleculsa have a globulaxr mm.g Rorbornylene
ar [bigyolo(2.2.1)heptene-2], III and its homologues,
norbornane, IV, and norbormdicne, V, form a plastic
eryatslline phose which has a hexagonal structure. ZThay
gonorally posaess a oublo orysial structure which is
usually face-centrod. DBased on our own Xeray diffraction
nmdmu,s we have proposed a structure for the mesophase,
in which the discs are stacked one on top of the otier in
colwmws, a8 shown in fig. 6.9, that constitute a hexagonal
arrangaent, but the spaoing between the di ots in each
column is irregular. Horeover, by analogy with emectlc
one may expect a Mfmture consiuting of liquid-lize
solumne to be readily deformed %o give the radlating or
fan-like arrargenont of molooules that is observed in the

AW

opt loal textures.

Rocent 1y, Lwalut” who obtained Xeray Qiffractlion

patierns from the mesoacrphic phase of two derivatives of



Norbornylene
1981

Norbornane
1V

Norbornadiene

v



Schematic representation of the
structure of the mesophase. The
di scs are spaced irregularly to
form liquid-1ike columns.
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triphenylens hexa-n-ether {(Strugture 1, d = 051;2" o

¢ Hii&») has confirmed the structure proposed by wuss the

T
molecules are stacked in columns and the coluuns form a

regalar axrays
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EXPERDERTAL

Hoxahyd ro xybe nzene

?Ma was prepared following the procedure of
Fatiadl and i’;zz.g;er.g Thus, tetrahyiroxybsnsoguinone
(200 8, Ue116 mol) wos added to a boiling solution of
stannous chloride dihydrate (200 g, Y88 mol) &n 2.4H
hydrochloric acid (400 ml) contained i N a four litre
boaker. Consentrated hydrochloric acid (12, 50U ml)
was added 30 the mixture and boiled with conetant stirring.
The bLeaker was rasoved from the hot plate and cumcentrated
hydroohloric acid (12H, 1200 ml) was added and the solu~
tion cooled in 4 refrigeratar overnight. 2Zhe hexshydroxy-
benzene was collocted on & sintored glane fumnel. Thio
was reorystallised from a solution of 2.4H hydrochloric
aeld (G000 ml) and stamnous chleride dihydrase (6.0 g)
usd yr decolour iming carbon (2.0 g). The white oryatals
of hexashylroxybenzene were collected on a sfntered glass
furnel under a blanket of nitrogen (15.2 & 755) Bepe
>310°¢ (reported” yiold 70-774, m.p. >310°C).

Benzene hoxa-nehe ptanoate

his wae propared following the procedure of
welfery and léax:tw.‘* 4 nixture of hexahydruxybensaie
(o340 g, UeOUZ2 mol,; and b~heptanoyl chlardde (2.073 g,
G018 mol) gus heated in an 01l bath at 15U*¢ for oix



houra and cooled. The mixture was dissolved in chloroform
(100 nml) and washed with 10X aque cus podium hyiroxide
solution (3 x 40 ml) and water (2 x 50 ml)., The chloro=-
form solution was dried over anhpirous &odium sulphate.
Aemoval of solvent affarded a pale brown material which
was chronatographed on silica gel and eluted with chloro=
form. Removal of solvent fram the cluate afforded & white
watorinl which was reoryetallicred from absolute ethyl
aloohol to constant melting point (2.1 g, 88.54) mepe
80.5°0; J) Be 4770, 1465, 1570, 1216, 1042 ana 725 ou 'y
6 (833013) 0.61 (s, W1, 6xCH,) Oel-2.06 (m, 48H, methylenes)
2.41 (%, 128, 6x0-0-CH )

[Pound: C, 68,213 H, 932% ¢

| 48 73 42 rog:ires
C, 68.03; R, 9;21%}0

The physical dats of the cognate preparations of
other bonsene hexa-n-alkanoates are given deol ow,

Denzene hexa-n~pentancate

tield 834, mop. 106205 ) T8I0 1778, 1470, 1317,
and 1220 om™ Yos (opcay) 0.9 (¢, ma, 6xCfl;) 14 16-2.03
(m, 241, methylones) 2.41 (%, 128, 6xCUGH3)

{Pound: C, 63.545 H, T.824 Cqglis a0y Togires
G, 63!71} KQ 7.%%}.



Benzeng hexa-n~hexanoatoe

Yield 814, meps 94.5°Cs~) mod®d 4778, 1470, 1371
and 1018 om™ %y Q (CDGLy) 0.93 (¢, 188, &xG,) 1.13-2.06
(m, 361, methylenas) 2.43 (¢, 128, 6xC0.CHj;)

[Poumd: O, 66.55y H, 8.90% O4ollgg0qp Toqaires
G, 66.14y H, 8.724]. |

Bengene hexa-n-octanoate |
Yield, 834 m.p. 79.8%03 ) pad®t 1778, 1470, 1376,

1210, 1135, 1005 and 724 o™ 'y & (cna2) 0.91 (%, e,
6xCly) 141=2.0 (m, 601, nethylenes) 2.43 (%, 12H, 6xCOUH5)

53, 69:57’ H' 9067&10

Bennane hexa-p-nonancate

Yiold T4, meps 80.5%C3~) 301 43495, 4470, 130,
1208, 1098 and 722 ¢a™', & (6Dalg) 0.91 (% 18H, 6x0jiy)
1.06-2.91 (m, T2H, methylensa) 2.43 (¢, 12, me%:é)
[Pound: €, 71,065 H, 10.43%F Ogofq0o0yp Tequires
G, 71,053 H, 13.05%],

Benzane hWwexa-n~deosnoate

Yield 794, mep. 85,5703 Sud0l q790, 1468, 1372,
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1204, 1090, 1010 amd 718 @™’y & (00014) ©.9 (&, Ial,

6x3ii,) 1.06-2,0 (m, 841, methylones) 2.4 (t, 12, 6xCoCl3)

[Pound: C, 72.32%y H, 10,214 06533114 01.’2 roguiron |
Q. 72;13’ ﬂ’ 10038}‘}0
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