CHAPTER 4

POLYMORPHICTN OF THE SKROTOGEN RETHYL~p~AZOXYDERZOATR:
PAR-INFRARED AND RAMAK BTUDY

4.1 Introduotion
Thermotropic mesogens frequently exhibit polyworphic
Sransitions in the solid phase.'™” Owing %o the complex

structure of mesogenic moleculss, such transisions alften
involve not mersly a changs of orymtal syum ey, bus also
moleculay oanformatsion. Thus, the possible reievane of
these tramsitions to the formation and struoture of the
mesqphase 1tself has evoked recent intevest.® Infzares
and Raxan Sechmiques, among others, have been used in the
past %0 ocharacterise these transitians in several meso-
gens T4 Hovever, in sany of thess oases, the laok of
of a detailed nmovledge of tha orystal structure of the
different polynorphs has hampered a clearer understanding
of the observed spectral changes. This is especially wrue
of the low freguency speotra in the rengs bdelow 200 on Y,



vhere one often cbaserves the mnost pronounced 41ffe-
rences betwesn the lattioce modes of the warious poly-

morphs.

In this chapter, we report the results of a
cembined fux~infraved (FIR) and dassn shdy of the
smettogen ethyl-p-agsoxybensonts (EPAB). Mhis investi-
gation was motivated by the fast thas, unlike the ocase
vith wost oVer amsogens, detalled s®uotural date are
avallible' 77 for tuis compound on 1%s wwo erystalline
polyncxphs a8 also the smectic phass. EPFAR wxhibits
the following phane transformations upon heating:

102%0 116%C
solid IX ~~—w==d polid I ~——=ed> smectic A

l 124%0
isotropic phase

Here s0lid I and aolid II dencte the polymorphs stable,
respectively, above and Below 102°C. Amer and ah-u?a
have earlier reported the Rmuan speotrm of EPAB in the

range 5 - 100 o~ '. In the salid phass, shey obaerved

.90



& single Raman mode at ~ 22 on”', but d14 not Yepars

any 4ifferences bYetwesn the spestras of solide I and IIX.
In contrast, we have notioced smurked changes between

their FIR spectra in the rangs 30 ~ 160 ow '. In arder
to further understand these differences, we have studied
the FIR absarption of the smeetic A ad isowropio phuses
a3 also the Raman apeotra of 20lids I and IX in the region
of e internal modes. ZThese resuits are discunsed here
in the 1ight of the structurml charaoterislios af the

diffexrent planes of EKPARB.

2 Emperinetal

EPAB obtained from Bastman Xodak Co. was used in
the present experiments without Nirther purificasion.
The transition teaperatures already mentioned were detes-
ained, S0 wishin an acouracy of U.5°C, waing a Pexicin-
Timer differential scaming calorimeter (Model DS0-2).
Polyoryssalline samples of solid II and suvlid I were
obtained, respectively, from saolvent orystallisasion and



solidifiontion from the mesgphase. Solid I supsrooocls
quite eanily %o room temperature wherxe it exista as a
metastable phase for several daye'® before slawly
converting to solid 1II. This mude 1% feasidle to
investigate the spectra of both pw at room
Seuperature. It is interesting to note that a similer
beaviour has been chamrved in the higher temperature

s0lid phase of GBOGA a» well.!

T™he FIR abaorption of mnlid II was studied by
dlapexraing 14 in the form of fine powdsr in a poly-
stiylene pellets. The spectra of salld I, smectio A and
isotropic phanes were odtained with a sample film of
~ 110 pm thickness aontained betwesnt wedged orystal
guarts vindows. Other details of the FIR equipment and
the sxperimental procedure have deen desorided in

chapter 2 and duﬁm.w'm

Ramun specira were excited by a He-le laser with
90 m¥ of cutpus power at the 632.8 nm wavelength. The



pelyorystalline sumples were contained in glasa
capillary tubes and the wight angle scattering
goometry was uwsed. e somttered radliation was dis~
persed by a Cary=-81 double moncohromataor equipped with
s modified external optioce set-up, and detected by a
coaled ROA 8852 photommltiplier Sube in conjunction
with a photon osunting system. Whenever required an
interference filter pesked at 632.8 nx wai insexted
in the path of the incident rediation in order %o
suppress the plasma enission lines fron the laser.

Farther experimental details are givea in chapter 2.

4.3 Results and Dissussion
8) Molecular Packing and Confoxrmstion

Mgure 4.1 shows the four posaible rotatiomal
conformers of the EPAB moleocule. Zhe i-ray data of
Krigboum ot a1'®* 6 snow shat tne malecules in salia 11
mmmmwmwuwomﬁm n tie
other hand, in solid I they axre found to adopt the ois~

rans and trans-oin confanations. There is evidence
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Four possible rotational conformers of the EPAB molecule-
and irans denote the raelative orientatiom of the estex
d = 0 band with respect to the central K - 0 bond.
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of disorder in s0lid I in the positions of the
three atoms of the asoxy group, &s they are found to

ocoupy two sets of alternative sives.

Although e X~may data san yield only a time-
averaged piothure, it is reasaadlie 0 assune that the
confarmmtionn) disoxrder in solid I arises beomuse of
the reorientational Jumps sxscuted by the asoxy growp
betwesnn the two alternative positiome. This ploture
is in acoord with reoent dislectric relaxasion studies
on the disordered polid phases®' 27 of meveral ather
liquid oryetalline smterials, all of which feature
an abaorption peak in the frequendy yange below 1 Mis.
These peaks have been interpreted as arising from the
intramoclecular reorientations of specific polar groupe
in the disordered solld phases.

Table 4.1 susmarises the relevant exystal aymae-
tries and the growp sheorwiical rTepresentation of the

sone-genter external dptic modes of aolides IX and I.



Ladle 4.1

e ipttaading

Qrystallographic symmetsyy and the representation
of the sone-center externsal optic modes in the two

solid phases
Ko, of External optio modes
Sol14 Space moleoules
phase group in the pri- IR Rasmn
nitive g.u nctive aotive
1
b & § c,‘(rt) 2 3 A, 6 AL
1 S (@e) 4 5a,+4B, 6A +6B
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As Both pelymarphs possess the inversion symmetry,

no osineidences are expected between their infrared
and Raman active noedes exsept for any acaidental
degenaxrscies. The corvelation of the molsoular, site
and factor group symeWy species is showm in Sable
4.2. Ve note At ench intvramclecular mode of the

free molenule would give yrise %0 two Iavydov coamponants
in solid IXI. In she case of salid I, the number of
Davydov camponents obeervable in the infrared and Ramn

spectra is doudbled.

In the smectio phase, the Y-ray am"

are
found to be conajatent with the existence of eentrosymmirio
dimers, the centres of she tvwo mdlecules baing displaced
along their long axes by ~6.3 A. Ouch & malscular

asgociation wauld alao lend to strong dipalar ingecactions

betvesn tip enter and %he asmoxy groups of adjacent
molecules.
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Table 4.2
Oerrelatian of the molecular, site and LfasVor growp
synnetry species in the Wwo sdid phases.

Soldd 11 dolid I

Rale~ —
mlay 3i%e Tao oy Aol 81 % Jonsoxr Aot~

srep prowp oroup vy group oW iy

IR

IR
Raman
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%) FMR Speoctra

The YIR apsotra of the &ifferent phases of
EPAP are shown in figures 4.2 and 4.3. Below 160 em™ ',
#0114 II exhidits a strong band sentred at 8O om~ ' in
addition $o other weak features at 110, 131 and 145 on .
Over the same range sclid I exhibits a very broad
absarption peak centred at 104 on~ ! and & weak shoulder
at 150 on"!. The fsotropic phase aleo shows a broad
sbeorpsion bani although 1% ie less intense and 1%s peek

Vs capared $o sclid 1.

pesition is lower by 10 om
In all these cases, the higher frequency dand at 180 o
2 on”' is 1ikely %o originate from the intramolecular

torsim of the 0!13 end graups.

An the EPAB moleoule carries a permanent dipole
moment due to the ocentral asoxy gromp, the Poley reso-
namnz"a“" due to its 1librational motion about the long
axis will oontribute to the FIR adbsarption in the fiuid
phases. Furthermore, even in the isotropic phasse, there
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FIGURE 4.2

Par-infrared absorption spectrum of solid II at 25°C,



FINRE 4.3

Fax-infrared absorption spectma of salid I and

the fiuid phases. (A) selid I at 25°C, (B) smevtie
phase at 116°0, (Q) Isotropic phane at 125°0.

The respective ardinate scale serees evrreuponding
%0 apacotra A aad B are indioated along the »ight

verstical axis.
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would be a charasteristic bharrier which hindere
exchange between the different poesible conformers of
molecule. At longer times, this conformational
exchangs will contridute t 0 the overall dieleotrio
relaxation process in the miorowave mgion. As genaral
thearetical aansideratins®o'27 and experimensal
dbservations in cases show,”"12¥ g snare-tine
behavicour of wah a low freyuanoy dipolear relaxation
process shauld be manifested as a toreional band in
the FIR region. e Sherefore attribute the bLroad band
osntred at 94 on~' ia the isotropic phase %0 the supar-
position of such o torwional dband and the Poley absorp-
tim. In ehapter 3 we have seen that the FIR adsaxrpsion
speotra 0f the p-agoxyanisole (PALA) Serias of liguid

oryatals ean alao de understood on this bm.m

Gampared to both salid I md the isetroplic phase,

the speotrum of the smeotio A phane appears highly
broadensd. The extent of this droandening seems far %00
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large to bde acoounted for by any experimental artifacs,
such as the effeats arising from the soastering of
radiation by tshe polydomain liguid erystal sampls. Ron
the reproducible mature of Shis spectrum we cawlude
that the broadening arises due to the spesific inter-
molecular interactianoe cbiaining in s smectic phase,
ic0.y the formation of 4dimers and the Fesultant dipelsr
interactions betwesn the terminal and central polar
sraoaps of the twe adjacnt moletules. The resultant
changesr in the mhape of the posential barrier which
hindars the lidrational and low frequeney %or'sional
mnmmmoﬂxn inoxeared broadening of these
sanda. The abaewe of sush a broadening in the isotropio
phase is explained by the fact that the cuneentration of
such dimers would be megligible in this phase. It is
also seen that the molecular packing in solide IX ang X
is such Shat the sster and asoxy groups of adjacent
molecules are further removed fram sach other than in

the smectic phase.
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From table 4.1 we note that shres nondegenerate
amnqtumozah-mwmwu
the FIR spectrun of salid IX. The obsexved speotrun
cmtaize at least four distinet features below 160 om ',
indioating that certain other low Lxequensy, intre~
molecular defoxwmatsions or cobination modes also coour
in $his region. The Droad absorption damd in solid I
resembles that of the isotraplo plmse. The Poley
absorpsion 18 an fmprobadble eauss of this broad feature
as there is no svidence to suggest that the nolecules
in salid I ave free t0 recrient about thelir leng axes.
Rowever, as in the isotropic phass, the oonformmtiomal
disorder Qus to the hindexred resrientatimms of the
polar asoxy growp should onoe again lead 50 a Soxsional
Band in this oase in the FIR regiam. In addition,
Shere must be present the nine exteraal aptic modes of
rmtmtauenﬁl.“qwnu. The superposision of »o many
Lfeatures within a relatively narrow speotral region appears
$0 Yo She most likely explunatiom fur the compovite,
unresolved absorption profile odserved in solid I.



b) Baman pectra
The detailed Saman spectira of EPAB in the

regiom of the intermal modes have not been published so
far.'® e most intense humn Lines of both pedymarphs
eaeur in the reglom 1000 - 1750 om~'. Figure 4.4 showe
the spectrum of molid II in Shis intexVal. AN is sesn
muu:ua.mm.mummuwg‘
symsetry. The muber of Nasar gotive Davydav cemponents
should, in princinle, be doubled in #0lid I as now moden
ofboﬂxt‘uwn‘tmmﬂtb.pmm. However,
ne Rovw lines were pressant in 80lid I over this spectral
sange although there were elear changes in the relative
intensities of several lines. 7This indicates that the
coupling between the Lfour MQMQ in the primitive ocell
is rather weak. Oomsejusntly, the mgnitude af the
Lfaotor group splitiing betwesn the A‘uﬁli‘ modes is %00
small t0 be cbeerved for all shese intramalecular modes,
unless one takes Xecourse %0 polarisation ssudlies on
eriented single oxystals of solid l.

‘mbc ansignad,

respettively, %o the N - 0 and N = N Dbond stretehing

The modes as 1330 and 1460 om



FTHRE 4.4

Ranen speotrum of wolid II in the 1000-1730 em'
mnge; T = 235°%. The asterisk denctes a

pessible plasma emission line from the laser.
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umum.’o In view of ths ohoerved disorder in

the positions of the atoms of the asoxy M' in

#alid I, W have capared the yespestive lineshapes

of these Swo modes in both salid phases. Thess measure~
Bents were performed using a spectral mesolution of

1.2 on”', which 18 7 = 10 tines smmlier than the IWHN
(full width as half maximm intensity) of she lines
Question. Hence the effects of Sretrumental broadening
on the observed line shapes should be negligidble. Ro
measurable broadening was seen in solid I for the mode
at 133 o', although 1% should be noted ¥hat the
shoulder at 1320 am~' interferes with the task af
estimating the intrinsic width of the K-0 stretohing
mode in both aolid phases. The FWilX of the K=l stretching

‘aamm.trmnudnto

mode increases by ~ 4 om
solid I, as is showvm in figure 4.5, The relative inten-
sity of the band at 1485 on” ' also inoreases in salid I
as compared to solid XXI. If She bromdening of the line

at 1460 oa™! —y $2 Originate from the reoxientations



FIGURE 4.5

Raman 1ine shapes of the band at 1460 om ' in solsd IX
and I; T = 25°C. The obeserved speoctrum of solid X
has boen sumerically sealed up dy a factor of 1.5 so as
%0 noxmalise the peak intensity of this band in doth

phases. The spectral slit width is also indioated.
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of the asoxy grouwp in solid I, they would have So
osocur on a ather fast time soale, with a correlation
tine in the range of 2-3 psec. 'm-mnwm
wlikely as no suoh brvadening was seen for e li-v
stretohing male. Also, an noted eariiexr, the Wypieal
resrientation rates of intranalecular poalar groups in
e disoxdered salid phases of other mesogens are
found %o be well below 1 Mim. One tharefore expects
that the reoriantations of the azoxy groups in soelid X
ahould also coocur on a similar, slow time scale. If s,
this notion would appear frosen B0 far an the infrared
and Raman speotra of solid 1 are concernad. Ye are
thus led to attridute the broadeaing of the dand ot
1460 on~' %o an unresolved Davydov component of the

NuR stretohing mode in s01id I. This is also suppurted
by the fact that the line shaps is uite symmetxie in
s0lid 11, bus exhibits an asymsetry an the higher
fraguenay side in the cace of saiiqd 1.
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4.4 COConolusions

™he present study shows that the spectzal
changes whigh acoospany the phase tramitions in
Uquid erystalline substances are better wderstood
wiient thay can be sarrelated with the atrustural
sharacteriatios of the different phases. A5 expeuvted,
the sigmtures of the Wwo salid modificasions of EPAB
are found %0 be distinotly aifferent in the 7IR vegion.
Although the speotirum of esolid I has a suwperficial
rssenblance t9 that of the isotrapic phase, evidently
the fastore gontridgting to the brosnd band absorption
cannot be entirely idention) in he two ocases. The
7IR spectrum of the Lsotrepic phase would Ls dominated
by the Poley absorption and the torsional band asecolated
vith the ciz-trans lsamerism of the molecules. The
lattexr feature shauld be present in 80lid I also in
view of the emformational disorder obtaining in this
phase. In addition, the infrared-active sxternal ¢psic

modes must cantribute to the FIR sbsarption of salld 1.



The Baman line oorresponding to the K-0 domd
stretohing mode shows no significant broadening Let-
woen molids II and I. Based on this and She svidence

fran the dielectric dispersion studies of other A1

; W canalude *x the redrientations & the asaxy
groups in s0lid I should be far %00 slow $0 influence
the line shapes of the N-0 and li=ll bond stresching
nodes. Hemve She broudening of the laster mode in
salid I is attrituted to the presence of an unresalved

Davydov oamponent on the higher frequancy side of the
nain ”‘k-

166
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