
BAEbX1PICPRB;f;lEP &ND RAMAH SPECTRA OF THE =LID P&ASES OF 

WOO8 

%!be vfbxationa& spectra of l iqu id  arystalline 

aateriale, havet been ueeful in e l u c f d o t i ~  the sfructuro of 

the different phase8 exhibited by themc Previous s-kudies 

have shown that the spectra o b ~ a r v e d  in %he various phases 

oan yie ld  mai@ificant iflormation r e g a r a i ~  the mture of 

the order and intermolecular foroes,  molecular 

confoxggation~ 5-6 a* w e l l  aa oertain oharactarist ics  of 

the phase %rarksitionra. 7-9 While moat of the studies so 

far have 8ealt with nermatogenic ma terialra, rsla t fve ly  

fewer studies axe available on the vibrati onal speotra 

of l i g p f  d orys%als exhibitAn& the surectie phase as well .  10,11 

Saectogeni~ materials are o f  particular intarest i n  the 

light o f  current; theoriars which indicate the p o s s i b f l i t y  

of a isecond order phasre change i n  the case of smectic C- 

amectic A I ~  and ~ m a c t i c  A-nsaatic I 3 - l 5  t rans i t ions .  1n 

this conmction, CBOOA (N-p-cyanob enei lidencb-p-n-ootyloxy 

aniline) whom molecular farmula is shown in Pig. 3. I, has 

a.t;tracted considerable attention rectsn-t;ly because it 

undergoes the m e  c t i c  A-nematic trnnai  ti on. Several 

experimental rstudies have been carried out t o  deternine 





the variation of i t s  specrific head6 ( c ~ ) ,  aagnetio 

susceptibility , l6 l ight  acatterixql7 a@ w a l l  as elast ic  

com%sants in the vicini ty  o f  t h i s  tr-iticn, in 

order t o  aaserr.t;aia %he order of $he t;r&mitf on. Thus, 

OBOOA offera an i n%eres t iw  saae fax  the study o f  

vibrational spactra in i t s  different pha~ea and merh 

information should  p s w e  helpful  in ooxrela.t;iag %heir 

structural ~ h i t r ~ ~ t e r r i ~ l i c 8 .  

With %his a i m ,  we have undertaken a spec%roscogic 

study of U300A. 2hs resu9 t~  of our  study on liquid 

crysG&l.ine GBOBA are presented in the next chapter* Here 

we present the s e a u l t o  of a far-infrared and Raman study 

of i t s  s o l i d  phares, The spectra indicate  the existence 

of a srolid-solid -Srs&f t i o n  and we pxesefit cliff ertsntiaf 

rccmnlng cdorimetric (DSU) resufta as w e l l  a&; X-ray powder 

diffract1 on data in evidence of thie structurd transit ion. 

X-ray studies  carried out recently2' show that the point 

group symetry o f  the stable roon temperature phase is  CZh* 

On this ba8i.8 the factor ggrotap analysia of the external 

modes observed in thia phase is consPdered. Xn the region 

of the internal ntodee, vibrational asaigmenfs axe suggested 

far many of the spectral l ines .  Pfnally, we discuss the 

p o ~ a i b l e  relevance of the observed s o l i d- s o l i d  t r m s i t i o n  

t o  the oocurrence of the rneaophase itself* 

3.2 Ergexi~ental 

The transition temperatures were defermined wing a 



hot ~s&birge microsoope t o  within ... +0.2*0 axid they are as 

Pollowe: solid-saectio A (73OC) ,  ame~tic A-nematia (82.5*0) 

and nematio-isotropfc (106. g ° C ) .  Turther recrya+alllsation 

d i d  not signif iaantly f lnprave %he nemafio-isot r o p b  eranoition 

temperature. 

The f~rz-infrared spectra were obtained wing the 

Polytec  BTR 30 interferometere The spectral rar7g;e in 

this study was 30-240 and it w a s  covered using spectral 

range lo@. 2 and 3. Spectra in t he  t w o  ranges ware obtained 

with resolutioaa of 3 OS-' and 2.5  em-' respectiveiy.  The 

polycxystalline aamplea, abaut 50 p in th%ckness, were 

oontained between two wedged quartz windows. Samples were 

pepared either' witih the sieved powaer of erclvent c sys ta l l imd  

material or by slowly csooling down a bub'b3.e free filsrt. of 

tho i s o t r ~ p i ~  l i q u i d .  

Raman s y e o t r a  were obtained using a Spsx 1401 double 

nor; cchro:aa-t;or in cc.3 juz3cBi on w i t h  s oooled phot; omul-tiplier 

tube arJd photon counting sleclrctr~ios, ?he opoc9;ra were 

excited hy a He-Cd laser w i t h  -' 10 mw of output power at 

4416 %. S a p l e s  were contained in glass oapil lary tubes 

and the r i g h t  angle scattering geomekry was used. Finely 

powdered GBOOA cryataZlleet3 from n-heptane as w e l l  as that 

solidifies from t h e  mesophas@ were u ~ e d  aa samples, Even 

after about 3 hours of. irradiation by the laasr beam, the 

spectra showed no observable changes due t o  a y  pose ib le  



ghot odacozngoaition of the saxriplea, 2he spectral 

resolution was - 5 om-'. 
DSO experlmea%s wsxe aarried ou% using a Perkifi- 

Elmer differential ecaruning; aalorineter (Mo4el DSC-1B) . 
Ssusnples o r y ~  ta;llirr;@d from b 0th met thaslol and n-hep tane were 

used. A heating rate of 4*0/nain, wa8 employed and the 

data were obtained during heating. Both before and a f t e ~  

a meaaurementt the t r a m i t i o n  tempexattares o f  the  sample 

were crhecked usflag the hot stage mioro~coge* IFTs differences 

were seen and thus it wa@ ensured that there was no 

oontaaninaffsn o f  the emple due t o  the sample pan when *he 

asample waa thermally cycle4 beBween room temperature and 

the nemali~-ieof ropic txav ls i t ion  point. 

The temperature ucalibrsttion o f  the DSC instnutent 

in the vic inity  of t h ~  obaaexved ~olid-zsolid t r w i t i o n  w a ~  

aheeked i n  two wayrs. A# the peak ~orre8panding t o  this  

tramit ion wcrurs nearly 4 O  below t h a t  oQ the  solid-asaeoticr 

transition, the known value of fhe latter transition 

4eruperature served as a fir& check. In addition, t h e  

s a l t i n g  temperature of high purity asobenzene (tram), with 

a known m e l t i n g  goin* o f  68 .5"C ,  was also determined by DSO. 

In both eases, it was found that the correotion t o  the DSC 

temperature reading8 i n  th is  region w a s  +4.f5+0.2*0. - 
X-ray powder diffzaction photographs were taken usling 

OuX, radiation and a standard Philips oemera of radius 



57.5 am. !Fypioally, expoaurea of about 10 how8 were 

e~ploged 

3.3 Wper&aaenta3 Results and Disscurplsion 

(a) Bar-infrared Speotra: We first disousa the far- 

infrared agtactra of polycrysta l l ine  CBOOA at room temperature. 

Tra~e A of Pig. 3,2 ahowa the spsctmm of sieved powder 

obtained fraa solvsnt-oxystallieed CBOOA. The spectrum 

waa the same irrespeotfve! of whether n-heptane or methanol 

was w e d  f o r  orystaXXisatio~.  2he syec?Crum in t h i s  crahle is 

oharaoterf m d  by distinct and atrang, absorption features 

down t o  t h ~  very low frequ~rmoy region. Traoe B shows %he 

spectrum obtained when *he! sample was elowly cooled from 

the mes?ophase and al lowed t o  s o l i d i f y ,  Co~tparieon of %he 

two traces ~ h o w s  that Bhe spectra care markedly d i f  f erenl, 

especially in the region below 180 *a"'. This region would 

include the external modes, translatory and r o t a t o r y ,  that 

w o u l d  be obaraoteristfo of a complex malecular crystal. 

It  is aeez that the distinct l ines  present i n  trace A a t  

frequencies below 120 cmw' are either very weak or a l s o s t  

absent in trace B. In contrast, the s t rong  lines at 128 as-' 

and 166 am-' present i n  trace B ere not noticeable in trace A. 

Many aimflax differences are  obaerred between the t w o  spectra, 

in the ease of weaker lines as well. 

These differences 8uggest the p o s s i b l e  e x i s t  encs of 

t w o  different  polymorphio farms of crys ta l l ine  CBOOA, Indeed, 



Sax-f nfrared absorption spectra of polycrys taJline 
G'BOOA; 2 = 25*C, 

(A) Sample prepared f roln ~ f e v e d  powder of solvent 

~rys ta l l i e ed  CBQOA. She ordinate marks corre- 

sponding t o  th i s  trace are indicated above the 

aoale break on the r ight  vsrtf c a l  axis. 

(B) Sample prepared by ~ o l i d i f y i n g  from the mesophase. 





the DSD and X-ray powder diffraction results prersented 

below provide direct confirmation of such a etructural 

ahawe, Xn the ZoLXowfng discuereion, the two different 

forms of OBOOd obtained by solven% arystallisatfon and 

8olidi;PicaCian from the aecrophase, w i l l  be referred t o  

as Phase IT and Phase E respectively. 

Figwe 3 . 3  ~ijlhows t he  tel;xpexah;rre dependence of 

the spectmnm of Phaae IS. 1% is seen tha t  at 6 S Q C ,  the 

spectrum olxanges abruptly and resembles a temperature 

broadened version of trace B in Fig. 3.2. fn other words, 

%he far-iaa%rar@d spec-bra reveal t h a t  Phase I1 %ransforas 

t o  Phaae S at 6 T a C n  Mowever, it was noticed. t h a t  Phase I 

can be sup~rcooled to room temperatuse and remain as a 

metaelltable phase for days together. This suggestis that  

the energy barrier separating the two phases frsr high enough 

Lo hinder ready and spontaneous aonveraion t o  Phase XI. 

Nevertheless, il was established from %he spectra that 

when eupescooled, Phase 1 doe# convert t o  Phase I1 over a 

period of severd. hours, if  trace8 of the latter phase were 

present in the sample. l h i a  shows that Phase I1 f a  the 

thermodynamically rs+,able form of C'BOOA below 65*C,  while 

Phase I As the stable form above 6 5 O C  t i 9 1  the transi t ion 

to the srnactic phase. While grinding the samples at roo@ 

temperature, it was aleo noticed that Phase If could convert 

t o  Phase I or vice  versa depending upon the emrrt'rgy imparted 

t o  the sample during grinding. 21 In the present investigation, 







thsrss factors were kept in mind and appropxiate 

praroautions wetre talsen while obtaining the sp ecrtral , 
thsrmodynmraio and X-ray powder d i f f r a c t i o n  data  on the 

t w o  pharsea. 

(b) Ramssn Spectrot Bfgure 3.4 show% the Haman 

sgeotra of polyoryslallfne WOO& at roos l@mparahre. 

Traces A atfa B correspond, respectivsiy,  t o  Elklaeew TI and 

1. In the aasc of Phase IS, the sauzple was araystallixed 

froa n-hegl;arace and then ~arefu1l-y powdered. The u w e  

@ a p l e  was then melted and s o l i d i f i e d  for ~"utaining the 

apectrum of Pha8s I* On aampasfng the  two q e c t x a ,  we 

again note that marked differences occur below about 200 ern*' 

and that in this  region, the distinclt low fscequelzcy modea 

present in Phase XI axe not noticeable in Phase 1. A t  

higher frequenoie8, however, t h e  two spcc-era are n e w l y  

ident ica l  with regard t o  the observed modes. 2 h i a  i~ 

consistaxit with the expectation %bat when the  c rys ta l  

aymetry of a canplex molecular crystal changes duo Lo a 

golymoxphic transition, the intermolecular modes would be 

affected to a much g~eater 8%-&elit "Lkaxi tire i n ~ t r ~ o 2 e t 5 u l a r  

modes. Xndeed, the far-infrared spectra of the  two ~ h a s e s  

of CB09A a l s o  oupport this  expectatPori. 

The use of poLycrystalline samples f o r  Raman studies  

leads t a  a large amount of stray b i g h t ,  thereby precluding 

the observation of very low frequency modes. Hence, we 

attempted t o  grow s ing le  crystals of  m00A from a s o l u t i o n  







An n-heptana and obtained thin platelets  with the 

tygioal dimemions 0.5 x 1.5 x 2 am. how eve^, the 

srgstals 0 ontained many flaws and Pienee cut t1ng, poliehing 

and orient2 ng them proved d i f  f i o u l t  . Oorrse qusnt ly , we 

have uaea an moriented riringle o r y s t d l i t e  in Phase XI and 

obtained i t*  Raaan epactxuni in the 90-1 50 od' range. 

Trace A of Fig,% 5 shows %hat addit ional  low fre~uenuy 

nodes are obrsexvad in t h i s  czaes a# <zoaapared t o  F i g  3.4. Xn 

order to obtain s oarre~ponding spectrum of a single crystal 

of Phase I, the crystal was first heated t o  6tj°C+ However, 

Thfis cou ld  axlee isom stra5ms in the cryat& or a disruptive 

volme change at tending th.e trmsi~mafiara t o  Phase T o  

Ne~srtheletsrs~ the smple,  now in Fhaae I, yielded a low 
frequenay specGrmm l a  the eanne range under a comparable 

stray l ight leve l  asid this is shown in trace B. It ia 

oleax *hat: again the low frequency modes axe extremely 

weak in Phase I, 

of 
It is/in.terest t o  consider the vibrational apeotra 

L 
of the two ghaues, in rsiat ion t o  the crys ta l  syaurre%ry of 

this t h e  only f o r  Phase XI. X-riiv studies on single 

cryutole &own frolu n-heptanc indicate2' that the crystal  

structw:e of Phase IX belongs . to the  spaoe group C $ ~ ( P Z ~ / ~ ) .  

The grimitlve unit c e l l  posssnses the pof11-t group symmetry 

C2h w 3 . t h  fow a o l e c u l e a  of CBOOA si%tna.t,sd at ei.f.;es h~,viw 







O1 ~~lllmctry. !the aoupliag between the  f o u r  moleoules in 

the aurjit c e l l  would lead t o  24 mne-center external or 

laf t iae  aobera. As shown in Appendix A, a fautor group 

analysie using the method of ooupl$.ng22 ahom that a l l  

af them are non-degenerate @ode@ and %heir regraa%ntatian 

i a  given by 6 A  + 6Bg + 6% + 6BU. h o n g  these, W e  three 

acous t i c  inodes b e Z o n ~  to + 33, and the xcq~lre6ental;ion 

ol' tho cztor:lal opi;i;a1 nodes i s  bivon by 6d + Cgg + 5% 
44 

+ 4x3,. Mo6es of AU aud BU symetry are infxared active 

and Ranan fmctive while those of k asrd 3 8y~1~lelGry are 
i3 43 

Rrs~nalz acCLZve airid J -nf ra red  SriactPve- However, a c ~ i d  ontal 

8egrzaexacics may ocour bclween. tho Kman oxxi irrfrassd active 

moclee. If stritabba &in& ary~i;&Jg ~ E . C O U ~  available, i t  

would be of  iri%ercs3t t o  esrxy uu% polariza*l;fon atuciiea and 

c3stesmine the symstries: of %he, obsemeii Low frequency 

modes in both phases. 

AB nated earlfex, the Haman apeatra of the two phases 

s2.iow no marked dff feren~es  in $he interrial  aode region. In 

%Ma regioa, Lhs vibrations of the @00A ~ o l e c u l e  would 

include thoae modes which are oharasteristic of the d iat izc t  

moleoulalr unfta o a p r i s f n g  GBOOA. The free CBOOA molecule 
posseeses the point  &roup symetxy 0, and henoe all of i t s  

int.ernal made8 would be in2rared as w e l l  as Rman active. 

Xn the crystal l ine s t a t e ,  tho aoupl iw  between the  different 

CXf3OOh raoleoules in the u3.i.t cell caxl, in prinaple, cause 

each of Lheae internal nodes t o  s p l f  t further into infrmed 



an3 Raman actfve rnoiiea * Considaxing -l;h e frequencies of the 

vibrat iox l~~ l  modes ob s~rvsd in this study,  we have maCe an 

at t@mpt  t o  cosreLa%e anmy of them with the ckasac%e~is%ia 

ribsatford of the different molectuXar w d t s  constituting 

CfsOOA. 

!tables 3.1 an8 3.2 X i s t ,  rerirpeotAvsly, the obraesved 

far-infrared and Xaivan f requerc ies  in buth pha.se19 o f  raolid 

WOOA. P o s a l b l o   correlation^ wit11  chariictcri~5io group 

vi'bratio~x of the LSUQA molecule are also suggested in 

seveuai oases, 88 istiicated in the  tables, there i s  some 

vverlag b~tweeri  ths S E @ ~ U G ~ C J P  regions of the various p o s s i b l e  

uiodes. In a d d i t i o n ,  designation8 such a8 rocking ax~d 

t ~ i  s iiiYlg, luode~s are onlg q p r  u x i m t e  as aaonsiderable coupling 

Betwee2 these motions can occur In a ooaplex moleouLe. Bor 

these reasons, complioations can arise in the arvsigmetnts 

o f  soxne of the modes We'treriiheleao, when .the preawt  spectra 

art: compared wivth thoscs of other Liquid s~ryatall ine 

zi5r.l;carltals 1#3927  as we21 as organic eomapounds %bat cozrt;sin 

with l : k i a ~ * ~ ~ t e x f  b.f;%c ~ X G U F  ~ i b r ~ ? ; k u ~ i a  CZJL be aade. $!he 

p;~:emz=l ar;~ik;nme~t;w ~ G V L  been prcpe&ed on t h i s  b m f  ti. 

( c )  -- Dif'f erential, S c a m ~ C a l o r i m e t g - :  --J-.-IIUr-YL. . bo d i ~  cussed 

earlier, the thermal characleristfos of the t w o  phases as 

well a@ the metastable nature of Phase I below 65QC, could 



be inferred from the fa3:~irrfrisred spectra. DSG seasure- 
direct  

sent# wsrs undsr*aken i n  order t o  obtada/ evidence of the 
L 

8olid-nsolid transition and erlao determine the latent heat 

Figure 3.6 show8 the typical DSO reaulta. In traee! 1, 

the sample used was re~ryatallissd from n-fneptane. We note 

that there i a  a dietinct endothenaric peak at 6 8 . 8 O C  in 

a d d i t i o n  t o  fhe peak at 73OC. The la% t a r  geak repr@senls 

the soli8-omeotf c transition and i s shown trunoated in a l l  

the four fraaes. 2hs peak centered at 68.8@C provide8 

direct evidence of a tramfcrrmation occurring in %fie solid 

phase. To within 10$, the aorrespondlng energy of transition 

i a  estimated t o  be 20130 oa~/mole. Trace 2 &ow& t h e  BSC 

eurre obtaimd after reaolidifying the oample and cooling 

it t o  room teaparatwe. The peak at 68,8*0 is absent now 

and %his c o n f l x n ~  that when a o l l d f f i e d  from the mesophase 

one obtains Phase I ,  which beoomcas ;supercooled and exists  

below the transf t i o a  temperature as a metastable form. 

Eraoes 3 and 4 are,  respectively, the analogues of traces 

1 and 2 e x ~ e p t  that the starting a m p l e  had been crystallised 

from methanol. We note that the salid-solid tramition 

peak i s  distorted on the low temperature side due l a  the 

pseaenoe of additional structure. We f e e l  that one of the 

polssible contributing facrtors could be the presernc e of 

methanol in the c r y s t a l  as solvent of crystal11 zation. 

Then, upon heating, i t  would disappear from the erystdl 







at -J 65@C, giving rise t o  the additional etrusture. 

This point could be cheoked f'urther by coolLng the sample 

below the freesing point of aethanol and observing the 

peak corresponding t o  the 'nalting' of methanol at - 94OC. 

We were unable t o  perform th i s  cheek aa the DSC instmasnt 

was limited by itfa temperaturs range. 

The s o l i d- s o l i d  Iransitiou temgera-bre as deter- 

mined from the peak In trace 1 I s  68e80C. However, as 

aeen from Fig.j.3,the far-infared spectra indicate that 

the transieion sets in at 6GiS°C. This apparent discrepancy 

is reconciled by noting that fn trace 1 of Ffg.3.6, the 

onset of fke transiteon ocaurs at 65OC and t h e  peak 

merely denote8 the temperature at which energy is being 

absorbed at the maximum pace . Thus, if a a m p l e  in Phase 

I1 is maintained at 65.0 f o r  a suffioient length of t i m e ,  

as was the case during far-infrared measurements, ft would 

absorb eaesgy and change over t o  Phase I. 

19 1% is of i3;lleres-b t o  note here t h a t  C l a d i s  and 
16 Wardouin et; a1 . , reapec%ive2y, have e a r l i ~ . ~  reported 

d i f f  eren%ial t l ~ u r t a a l  ~ l a l y s f  s a19 w e l l  as spec i f ic  heat 

measmeruen%es on CZ3OQ.A. However, no evidence for the 

a o l i d - s o l i d  "crasit iorr was r epor t ed  in e i t h e r  stad y. 

Presumably, t h i s  i o  because in both oaaes the a t a t i a g  

s m p l e  may have been s o l i d i f i e d  f ~ o x  t h e  meaophaae and 

thus existed in Phase I: t o  begin with. 



(6) X-ray Diffraction Data: X-ray powder photo- 

graphs of both phases were obtained a% room temperature. 

As Phase 1 is metastable at room tamperature and grinding 

may ~raauscss &ri%erconversiorn between the t w o  phases, it i a  

necessary t o  ummbiguouresly ascertain the phase of the 

s~ermple in order t o  avoid diacrepansicasl or apparent 

anomalfea In the X-ray data. Benee, we observed the 

f o l l o w i w  psercautiong. Xa the case af  Phase XI, the! 

sa38pbe crystallised from n-heptane was carefully powdered 

inparting m i n i m a 3  farce.  Then it was a l l ~ w e d  t o  stand 

f o r  abou* 30 houxw t o  faci l i tate completa conversion 

t o  Phase XI, before the X-ray exposure was oornmenced. 

The phase of the sample was a l so  confixwed by its far- 

infrared s p e c t m  in the region below 150 em-'. In the 

case of  Pha8t9 1, %he exgoflure was comeneeti imnaedia t e l y  

after ctareful gxbLnding. Sim&%anesusly, uaing a por t ion  

of the sample, the far-infrwed spectrum was secorded at 

different t i m e  f ntsrvals . 1% was Lhus eusured that for  

the duration of the X-ray expoBure, the sarraple indeed 

d i d  rexnain in Phase % without unt9ergoi% any appreciable 

conversion t o  Phase ?I. 

Figure 3.7 shows the xes;:,ectl.ve densitouietcr 

t r rces  of the powder photographs of the t w o  phases. In 

the Gase of Phase i, the powder photograph revealed streaks 

of  addltionial darkening near the equatorial plane, for the 

three di f fract ion  maxima lying within  %he angulas range 



Densieagaeter tra~ea of X-ray powder 

d i f  f ractf on photographs ~f mOOA in 

the two phases; 'L! = 25OC. (A) and 

(B) here have the aams connotation as 

in %he eaptisn. of Figure 5.4 



BLACKENING DENSITY ( ARBITRARY UNITS) 



16-20% Bencs ths dansitometer +rase a l a ~  show8 a 

oarre~ponding enhancement i n  the ~eork intensi%lea of 

these three diffra~t4.on maxima. I t  i s  not ~ l l e a r  at this 

f ime whether the additional streaks o f  darkening 

represent a genuine e f faat  or they wise due t o  soae 

axt i fact  of  the exg@rimental conditiom .. Bfeverthelerac~, 

i.t; ean be seen thaf the t w o  trace$ in Pig. -9.7 exhibi t  

marked differanceics with regard t o  the dJ1ffraction m a x i m a  

observed i n  each oase. Thii~l show8 that the t;wo phase8 

clearly d i f f e r  in their crystal structure. 

From a r~tudy of the vibrational ~pec tra  o f  @0OA 

we have damonstrated that it possesses two distinot a o l i d  

phssares. In particular, we note that iTt; was posblible to 

eluuidatr their s t a b i l i t y  regions a6 well as their thermal 

bshavious through the study o f  their far-infrared spectra 

alone. Both the 9SC and the X - r q  reaults indicate that 

the t w o   phase^ differ mrkedly  i n  their struoture and 

molecular packing and t h i s  Pact 58 alao evident f'som their 

low frequency infrared and Raman speatra, 

Previoua studies on mesogens have   ah own that mono- 

tropic  solid phases o m  be? obtainad i n  solge e w e s  by cooling 

the liquid cryatallne phase, The low frequenoy vibrational 

spectra of the monotropic aolid phaiaes have been studied in 

the Oafiiefi~ of pnasox~miso le5  (PAA) and p-methoxybenaylidene- 



pt-n-butyla;nllina23 (MBBA) . In both these aaaes, the 

apeotra o f  the monotropie phases show oer%a$n d i f  f erenoes 

when coraparsd t o  their seapstl;%ivr atiable phase@, especially 

at frepuenaias below 150 This baharlour is in 

generral agrswnt w i t h  %hat reported hers for the two 

phases of mWA. 2he s p s o t r a  oh~engea i a i c a t s  that in 

a l l  them oases the x~oPecuZar ordering within t h e  oryslal 

f s  different between the stabla an8 metastable p h ~ ~ e s .  

Xn o p i t s  of th i s  broad aimi lax i ty  , the observed thermo- 

dynamic behaviour of  CB00A i s  di s t inc t ly  different f rom 

that aaan i n  the aaaee of 1 ) ~ ~ ~  or P J B B A . ~ ~  In the latter 

two oases, either the stable phase ox the metastable 

nono-kropic phases can fuaet and d i r e c t l y  trmsfom t o  the 

mseoghase. However, %hi8 i a  not the oaase, in CBOOAo In 

th is  ease, even 19 one 8ta$df with th@ sLabJe s o l i d ,  Phase 

XI, ths fora&,tion o f  -khs mersophase o lway~  proceeds dra the 

frmsitiiaa t o  Phaae X .  In other words, Phaee I1 beooaeo 

thermodynamically =%table pzior to the ooourrenae of the 

8mea"t;o A phanre. ELur%hexraare, as Phase I can also be 

formed while approaching the algeotic A phafsa from below, 

it cannot be regarded as3 a monofropic forra. 

It Wus appeare, reaaonabhe t o  regard the t r a n s i t i o n  

from Bhaee I S  t a  Phase I: as a pse-transition effect. 

P r e - t r w i t i o n  phenomena exhibited by Bhe a o l i d  pha~as of 

?.rtesogens and Cheir relevance t o  the forrmaLfon and structure 

of the mesophase i t se l f  have evoked recent interest, Por 



axampla, Wedorfi a t  81.26 hove carried out an X-ray 

study of  cholesCeryl esters and f ind  that slightly below 

their  melting po in t ,  the order i n  directions no~xnal t o  

fher law axes of %he moleeuleer dlecsreaseas markedly. They 

interpret %his as an anticipation of the transition t o  

thee meaophaae which, of oourse, exhibits oompl~te disorder 

in directions normal t o  the long axe% of the rnole~ules.  

Use, from an infrared study of p-aantoxyanirsole and its h i a e r  

honologuas, Bullcin a t  al.? noted that as the oryotal- 

nematio txanaition ie approaohed, several  infrare8 bands 

disappear gradually. Ifhey aftribute th is  phenomenon t o  

the oreation of la%tlice defecfa due .to the moeanent; of 

the  molecules from l a t t i c e  4;o i l~-tere%i%fal si-tea. 2her 

existence of a 'sof% solidt ragion below tho crystal- 

nematic t r a n s i t i o n  has &Lao been suggested in -tihe oasea 

The t r a m i t i o n  in CBOOA from Phase I1 t o  Phase I 

ocaura 3 ~ 8 %  bslaw the onaert of the rsmectic A phase. X t  

ie thus of Znteresrt t o  corwfder whather this sol id- sol id 

transiLion reprssernb an anlicipaeion of %he trzrnai ti on 

t o  the omsctie A phaae. If so, the structure off Pharss I 

would ref l eo t  a corresponding lowering of erys ta l l ine  

order. Prom the infrared and Raman spectrar we note that 

sertain low frequency nodes are oonaiderably broadened 

or attenuate8 in Phase I as congared t o  Phase EX, Thia 



would imply that the correepoa(iing degrees of  freedoa 

associated wf%h the rnolecsutais s r a  well coupled in Phase 

11, whereas fn Phaee 1 they tend -to become more moorre- 

lated and d f f f i a i v a ,  thereby redaoing the cry8ealIine 

order as well, $!he a d d i t i o n a l  deereca of freedom thus 

activated m y  relate t o  the enlire moleuule or they 

60Uld 'be bntxamo3;eculaz in charrzc+er* The latter case 

i s  of importantle considerin$ $he? presence 02 the rolat.Lvely 

FlexibZet actyloxy t a i l  An the CBOOA ooleoule and the r a l e  

played by conforaa.t;io~al changes f n %he a l k y l  chains near 

nany phase t r an s i t i on8  86@29 As suggested by Andrars, 30 

the laten* heaL arseaciated with the %rans i t ion  fron Phaae 

11 t o  Phaaa I @am ariwe, in part ,  if ono assumes the onset 

of a 'rneltfry~' Biasrdex ol" Lhe octyiox,y trill .  B ~ w ~ v e r ,  

any c a l c u l a t i ~ n  of .the latest  heat of the t s a ~ s i  ti on on 

t h i s  basis muat take O O C O U ~ ~  of the face t h a t  t he  w w l y  

accessible confomatior;us of the a c t y l o x y  tail w~3uld be 

limited by the aouyling uf %ha tail with the phenyl ring* 

In add i t i on ,  further d i s o r d e r  assoei  a'ted w i t h  the? orienta t ion 

of the CR=H grouper and the phsnyl r i aga  mag alisjo e x i s t .  31 

These conrsiderat2owa as well as the low frequency speutra 

reported here suggest t h a t  the s t r w t u r e  of Phase Z can 

be expected t o  be more disordered than that  of Phase 11. 

The large endsthernic p e a  obaervea in the DSC trace at 

the Phase 11-Phaae X trmscition 1~1~10 63uppor-t~ t h i 8  idea.  

further crystal ~ t r u c t u r a l  a%d neutron scattering data on 

both phases should prove useful  in elucldatiug the nature 



sf the a a l i d - s o l i d  tswslition land fn asoertaining 

whether S t  is indioa%ivet of a pre-transition that 

antioipatee the f omaLion of the I P ~ B O ~ ~ I Q .  
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Table 7.1. Far-infrared absorption frequencies fin o d l )  
of the two phases of CBOOA et 25@C, in Che range 30-220 d1 

ra axid % h e i r  propoarssi assj.gmenla . The f ~ e q u ~ s e i s e  are 
-1 accura%s to - c 9 C:Z 

122 (sh) 

136 (ah) 

156 

84 (ah) LC-C-c bend 1 I 

7) I I I 
88 t i 

Lattice 
modes 

204 

219 (sh) 

"!~ots: u B  = s i toulder ,  .mi = very weak. 
The spnhols d e ~ c r i b i n g  the propcad. acsigutie31-i;s are  

given :In Table 3 3 .  



?able z. Rman shifts  (in omw1) of  the t w o  phases of 

mOOA at 25*C, in the range 30-2300 a<' and tiheir proposed ,I 

assignmentsf. The Raman sh i f t s  are aacurate  t o  2 3 ca- ' . 
Phase TIT Pham X Proposed assigment 

I I C - u - u  - - - - p - - . . - - - . s  rc CI-- 

486 (w) LC!-c-c bend 

(Ce 8 ~ 7 )  
v 

5 %  ( ~ 1  C 6a4-Ya3 

552 (w) l ~ t e r a c t i  on 





Phase XI Phaaca I ]Froposed asa3ignmern$ 

' ~ ~ ~ t e :  lChe note u n d e r  2able3.1 i s  ~ p p l i o a b l e  here a l s o .  



l o t a t i o n  used in describing the vibrations (from Ref. 1) - 
vibration 

I.-c 

-..-PI. ---- -- S p b  01 

0-C- and C-6-X vibratiom~ - 
out-of-plane vibrations 

C-ES, drsf'ormtion vibraA5~ns 
-7 

in-plane vibratiom 
out-of -plane vAbrtitiotis 

dllroxy +- group .. vibrations 
chain ofbrations 

vl.bra4;iona 

scisooring de f  o m a l P o n  - &(OH2) 

OH* wat3ging IQ, v(m,) 
DI12 twisting - %(a2) 
GRZ rocking ...L P(cn,) 

ayme tric- and aseymmet rie- - 
dsdoxmatisn ~(cH-) 

3 
CH wagging (in C-C- plane) - 

3 r ( Gag) 
OHJ twisting I %(cH3) 
CH3 rooking (perpendicular - 

t o  C-C- plane) 


