OHAPTER 3
MESOMORPHISK OF 4,4 °~41~-n-PENTYIOXYAZOXYBENZUNE

5.1 Intreduetion

prAsoxyanincls (PAA) and 1%s higher homologues
sanstisute a elaseio series of liguid exystals wiich
have received wide experimental and Sheoretiocal atten-
uu\um.' Rxteasive theamodynamio data on Shis
series (hereafter abbreviated as Q.. where R is the
maber of carbon atams in their alkyl end~chain) were
fixes reported by Amold’ for the firss twelve howe-
logaes, Cy ~ C,,» Based on Ris and & few other
investigations” > 1% was hitherto considered thas the
Jovest meaber of this sexies exhiditing an enantiotropic
smeotic - nematie transition (Sm - N) is Gps the smsutic
phase in this ense deing of the O-typs. C¢ ia known %o

exhibit & monotropic smeotis O M.m

In shis ehapter we present svidenoe based on

calorimstric, optical texture and infrared speotral



studies vhioch strongly indicate Shat 4,4 '~di~n-
peagloyasaxybensene (Jy) exiibits a highly exdered
sanxtiotropio smectio phane below 1ts nmamtic phase.
Eitherto, thia phase, sdserrved in the Sumperature
range 341.3 K -« 349.5 K on the heating ocyole, was
believed to be a 301id phane. Ve aleo exanine the
mature of the moleoular dymamios which might give

rise %0 this neacphase.

5.2 Experimental

G, purchased from Eastman Xodak Jo. was puri-
fied by cadluma ochramatogruphy and shen dried in
womm. e nematie ~ isotrapio (¥ ~ I) treamision
Semperature vas foumd %0 be 396.2 K. Ualorimesrie
data ware obtained with a Perido~Kimer differential
scanning oalorime e (Nedel D30-2) at & soan rate of
SK/min. The phass tranaition tenparatures were deter-
mingd from doth DIC and thermal mioroscopy and are
acourate to within 40.5 K. Infrared spectra in the



differens phases were obtained using & leits double~
bean prisa speotroanetar with the sampls sanduiched
betwesn two Hall windows. Mrther experimental

detatls are given in chapter 2.

5.5 Results and Disoussion

(n) Salaimetrio »wudy
Mgare 5.1 shows the D30 remiltes cbtained

during the heating, cooling and reheating oyeles.

The three endothermic Sransiticw had been reported
by &mola? and Siwn. Our values of the emtnalpy
(4AH) ef all Shree transitions are in agreement with
theirs 2 within +5A4 It is significant that we see
thres and not Just two exothermic peaks during the
oouling oycle as wil. e edotheruic tremition
at 341.5 K has a large 4 K (22.2 kJ/mwole). If this
is A salid-solid wamsition an was presumsd hitherto,
the zalid form atadle at the higher teparature can

be normslly expeated $o swercool rather sasily and
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exist as a metastable phass at roam teaperature for
several hours or even days, befere Trunaferming
campletely $0 Vm stuble salid phase. uoh n slow
transition would Shen be unchaervable using & reia~
tively fany Sechnique as the D30, both while coaling
and upon Lwmdiate reheating of the sample. In
figare 5.10 we cdzerve the reourrews of the wrawi-
Sion at 341.35 Xk wpen imuidiate reheating as wall.

Pax oompariseon, figuares 5.2 and 3.3 show our
mmuma,m 04'. two lover homalogwes of
0, in the PAA series. Thay both exhibit strong solid-
solid wransitions at 376.5 K and 324.0 K, yespevtively.
Thelir 4 K wvalues are also large, deing 21.7 and
12.5 kJ/mole, respeotively. ZThs higher temperasure
s0l4d modifioations superscol in both Cy wad G, and
exist at room Semperature for long periods, as long

.lmﬁlmﬁimcfﬂr B absence of the

corresponding peske in the reheating cyole clewrly



FISURR 5.1

D80 eurves of Oy (p,p'~di-n-pentyloxy-
agoxybensens). (a),(d) and (o) somreupend
Xespeotively %o tis heating, cooling and
immedinte reheating oyeles. Jor the N-X
transition, the vertical soale faotor

eplayed 1a five times more semwitive.
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FIGURRE 5.2

280 ourves of dy (p,p‘~di-n-propyloxyagexy-

benzene). (a), (b) and (o) cermespond
zespectively t0 the heating, cesling and
imndiate redwating oyoles. Jor the N-X
wansition, the vertical scale factor

employel is five times wmore samitive.
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FIOURR 5.3

D30 ourves of O, (pop ' =i =n-Dutyloxynsoxy-
bensens). (a), (d) and (o) correspend
respectivaly to the heating, cooling and
Smmediate redmating oyvles. The saall endo-
thermio peak a8 360 K 1» due to a very

woak soiid-solid txrasition.
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dencnetrates this fast. (The small endethermie

posk at ~ 360 X in the sase of U, is Gue to & very
weak solid-salid transition with an enthalpy comparabls
$0 that of she k-1 Wrwnsitian. This is not seen in
the cooling ayele but shows wp in the weheuting
eyole.) UBOGA also ehibits a similar dehaviour.'!

The lowest tenperature mxmua,ma
be detented By DSC during every cooling and reheating
eyels. The transition temperature was also found so
be the s on the first heating and the subsequent
raheating syoles. This behavicur 18 in accord with
the existenos of 2 stable, snantiotropio phase in
betwesn the solid phases. The nature of
iz intermediate phase was ascertained whrough
microscupio texturs cbserwatianas, as disoussed below.

Tigure 5.4 shows ths Sextures of the oryotalline
and the ‘insermediante’ phasa discussed above, betveen



oroesed polarigers. The mesalo texturs of the
intermediate phase strongly suggests shat it is

& highly oxdered smectic mesophase, similar %0
smestio B ar A types.'?  Mis 14 also comaistent
with She relatively high enthalpy chwexved for the
transd tion.

The texture of the mesophans wvas the sane
fxrespeotive of vhether {4 was obtained by heating
the orystulline solid axr by oodling the nematic phase.
The latter cbmervation exoludes the posaibility thas
the mosaio texture oould be the esult of strain
eracks that say attend a solid~salid Wransition.

A gsover slip pressed ovaer a thin sasmples of the meao~
phase oould be displased, but the viscosity in thin
phase was much greater than that in the nematic phase.
Alae, by presaing on the ocover slip with a fine steel
needle it was possible to cbusrve a net revarsihle
shange in the mosalic tSaxturs. ZThis is further
evidenoce that the phane in question ia not juos a



FIRURRE 5.4

MRiomescopic textures cbserved detwesn
cxoased polarisers in the case of Oy

(pep '~S4-n~pentylaxynsoxybensene); X 250,
(a) salid phase a% -~ 341 K

(b) smectic phase as ~ 345 K.



(b)




pelymoxphic modification of the »alid phame.

A YTray powier 4iffrastion phetegraph
showed that the mesaphase exhibits several maxiams
13 the low angle region. However, Shay were fever
and less intense than in the crystalline phase.
™is is in general acooxd with pravious X-ray studies
of other highly exdered W-"‘“ |

(o) Infrared spestrw

Figure 5.5 shows the infiraved spestra of
Oy in the three d1ffexrent phusas Over the range
700 = 1600 en”! which sovers the region of the intermal
modes. IS is sesh thas, sxoept for meme changes in
relative intensities, the spactra of the smectic and
nemtic phases are wvary similar % sach other whereas
significant differences are sesn betwesn the spevtra
of the salid and emectic /Memtic phases. deverel
spectral features asscaiated with the rooking,
twisting and wagging moSes of the (M), sxoup and



She aliphatio C - K stretcohing frequencies (in

the range 700 = 1250 on~') show differences between
the solid and ammotic phases. Thiis would be
expectet'? 1f mew eonfarmations of the polymethylene
end-ghain are allowed in the smestic phase as coparetd
to the 50lid plmse. e intresclecular changes
asgooiated with the end-chain of the moleoule, an
indicated by the cheserved changes in spestral
features, appear to be a general feature of solid~-
mesophase transitions, especially when the molecules

of the masogen possens long, flexible ed Mm.“

Relative intensity changes are also obherved
between the 50114 and sweotic phases in the we
regions 1150 = 1200 on~! and 1350 - 1625 en”' whioh
are associated with vibrations in the rigid central
core of the 1iquid orystal moleculs. They imply
mmmmm-réym«umqrmam

at the csalid~anectis Wwansision. 7



sgmigirecing ebservasions suggest the fluid-
like of the meleoular dynamios in the

smeotio phase Lfdentifisd hare.

 the infrared #peotrum of the solid phase
showsd a proncunced baseline siape in the 3000 -
3000 an™? region (figurs 5.6). Tis is a geeral
featrs of the infrared speotra of polyerystalline
salid samples and is due S0 soattering by she axyste~
114%ee in the showt wavelength region. The slope
aisappeared in the two nesvphases. Iarthermore, the
IR transmicgion in this spuoral Tegiom was signifi-
cantly higher than in the solid phase. These chogxrve-
4ions indicate the gross liquid-like feature of the

mesophase in gquestion,

mmwsmmorsmrum“u
also consistent with the ssauption of & highly
ardered smsctic phass intermsdiate between m solid

and nematio phases.
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Based om owr D0 and thermal misxorocpy data,

the different Sransition semperatures (im X) of oy

oan be repressnted ss fallows:

341.5 Highly 349.5 396.2
#olid o> exdered ---—--=' nematis <> jsotrople.

T35 Smeotio Syg”

Gumpared ® Ogp Whe 4 K Wulues of the Se-¥
Wrensition in G = Oy, AYe all an oxrder of magnitude
omaller.'"'? e snestio phase of @11 these higher
homologues is of the less axdeved U typm also 1%
1s omly a memotrepic Srensision in Og.'C In view of
this, the scourrence of an snantiosropis, highly
oxdered emectio phase in Gy poinmts %0 & distimoNly
anomalous belaviour of this mesogen.

(4) Phermedymmmios of the solid-mesophase
Sransi tion

In the selid oryatalline phass the alkyl

m«mumosmm-ummmwhm




the fully sxtended, u-momfomnm.’ Prom
protoa M stul1es?® 2! 14 1a seen that the spestral
second moment, (muummdus

is oamparable ta that in the nematie phase, but muoh
smaller than shat in the exystalline phase. This
indioates that ocmasidersble intramslecular motions
are pumitted in the smectic phase although Whede

are Guanched in tis aryastalline phass. On Whis dasis,
a closex sorutiny of the thernodynmmio data suggesis
& plausible nechanism underliying the solid-smestio
transition of Gy. The abserved emtropy of
transition 18 (7.8 + 0.4)R, where R 15 the gas eanmtan.
Based on the NMR remults, 10 nearly all RiniaEmmiaEE.
oan ds attributed to the lideratiom of

degress of freedom and the sum of the novwly accessibls
molecular omfigurations is demoted Dy (0., the total
eutropy would be givea by R 1ln.l.. Tas (L would
be of the arder of 2400. The ealy parts of the mole~-
oule whioh oan give rise %o suoh & largs mmber of
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sonfigurations are the flexible alkyl snd-chaing,
where ench 0 - ¢ bond ean exist in either the Lyaps
or %wo gauehe states about the preseding O = O bemd.
Insluding she relative orientations of oae end~ahain
with respeot %¢ the other, this leads $0 (1 valuess

in the rangs of 3° - 37, the remltent entropy changs
being 6.6 - 7.7h. Although this 14 & qualitatsive
sstimate, Lt does smrve to demcnetrate that asquisition
of oanfiguratioml entropy by the two end-ghaine of

the moclecules 0axt be a major sontiribytery fastor %o

the ebesrved entropy of this transition. On this
basis, the enthalpy of the transition per methylene
group tuwrns out $0 be ~ 2.4 kJ,mels. This walue 4w

also in agresnent with that chasrved for other alipimtic

‘ehain melting’ mzuma.”

5.4 Qenclusion
Galorimetric and gptical Sexture studies

sypported Wy infrared spentra and HHR data reveal
that the phase exhibited by 4,4'-di-a-pentyloxyasaxy-



bensens (0;), in the temperature rangs 341.5 K -
349.5 Kk ann %he heating cycle, is & highly ordered
shantiotropic smeotic phase, hitherto dbelieved %o

be a salid nxiifigation. This represents an
anomalous: bebaviour as the Rext five homologues,

Qg = Cypr G0 Mot @hibis such a Aighly oxdered
smectic phase. It is shown that econfigwrational
melting of the alkyl end~chains of the maletules can
lnrgely ascoaunt for the obeaerved thermodynanie pare-
meters of the solid-smectic tramsitiom of Cy.

Purther studies are required to determing the presise
sature and type of the smectic phase exhidited dy

this mesogen,
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