
X~U'RARED SPgCrIf ROSCOPIC SlMTlDW OF PHASE PRRLJSmRBIA2IOBS 

IN LIQUID CRXSTAUZm m0OA 

In the previous chapter on the far-inirared and 

%he Raman spectra of erystalliae CSiOOA, the occurrence 

of  a eolid-scr2fd tramitfsn below the onset of the 

smsctic A phase was demonstratad and the implications 

of th ie  t r m s l t i o n  for  %he formtion of the anre~opharrs@ 

were oomidered. Ihs purpose of this chapter i a  t o  

preasnt and discuss the results o f  a near and far- 

infrared study of l i q u i d  cryetdSine @8008 i n  i t s  

different phases. The erperimenta;l remalt s are discu- 

slsed in sela-bion t o  tho influence o f  aaleaular structure 

on the far-iurfrared absorption o f  the fluid phases as 

well ae certain features chitracteriaing tlae crysta l -  

amectic A transitf on. 

Hear infrared speotra were recorded in %he range 

2-15 p wing the L e i t ~  double beam prism spectrograph. 

Samples were contained between a pair of EaCl  windower. 

S o l i d  samples i n  Phaws I were prepared without wing any 



i%paQer between the windows. The result a t  polg€try@t&1f ne 

f i l m ,  a few naicrons thick, waa adequate t o  yield good, 

reproducible nirgectra. The liquid csryei%zir and i sotropic  

phases were studied wing$ amplea  of 20 p thi@kxtss@, 

a mylas spacer being used for t h i ~  purpsse. Bsaatie 

liquid orystalline aamples aligned i n  the horneotxogic 

configwa%ioa were prepared fctl l~wiag the method described 

in Chapter 2. These ssantples ~howsd good extlnatf on under 

0x088636 polarieere. A l a o  upon ~ o o l i n g  t o  the smeclttia A 

phase, the homeotropic alignment was @ti11 very well 

pxeh?~~r'tfeb. 

Par iairarad spwtra in the range 30-700 cm" 

were ~ b t a i n e d  using the Polytec PPR-36 BawAsr spec%so- 

meter. The range 30-700 a<' was covered using spectral 

range HOB. 1 ,  2 and 3 (me! table 2.1 , Ohapter 2) .  

Sample crells wL.tk a-quartz window@ were employed in the 

region 33-250 em-', while dia~ncnd windows were used in 

the range 250-700 caw'. The speatral  rssolution was 

between 3-4 cm-'. The spectrura of Phase II (of the s o l i d )  

waa investigated wing a thin layer of sieved powder. 

PoZycqatsrllinet swaglebs of Phase 5: were obtained by slow 

oooling znnd s o l i d i f i c a t i o n  of a bubble free f i l m  o f  the 

liquid carys taX . 
For diahroic iueasuremente i n  the range 30-250 om-', 

homogemousl y aligned l i q u i d  crystalline samples were 



contained between aguare a-quarts wAndow8 and the expsri- 

sent8 were crarriced su% as desoribed in chapter 2. 

4.3. Exgeriaental Results anit Discuosian 

t Figure 4.1 show@ the max 

infrared spectra of the d i f f e r e n t  phases of (9100A, in the 

range 2-15 p. Speotra of aoXid Phase XI are not shown 

because except f o r  minor f n t e n ~ i t y  changes, no e i g a i f i c a n t  

differences were observed aa oomptizred t o  the speatra of 

Phase I. As noted in Qhaptes 5 ,  Pnthe internal mode r e e o n ,  

the M a n  spectra of the %wo phase9 a l s o  show a srimilar 

behagtiour. This is cons i s ten3  with the expeeta'bt;isn tihat when 

the crystal symnetry of a complex lnsaheoulas crystal  change8 

due t o  a polymorphic transiti on, the! i m t  ramolecular aodes 

woula be affected much less aompared t o  the int ermole oular 

mobea. Pron Pig. 4.2 we note that i n  a few oases ,  the 

oharacteris t i c  s p l i t  tings observed i n  the s o l i d  (phase I) 

disappear i n  the f l u i d  phases. The spectra of sneotio A 

and nematic p h a ~ e s  were obtained usillg homeo$ropioally 

a l i gn ed  samples. The f la t  baseline at wavelengths shorter  

than 3 p indicates that %he alignment ia very good. ff we 

define the 'df chroicr satf o1 R as the rat io  of ths int egsated 

absorption o f  the band in the Liquid arystal la %hat in the 

i s o t r o p i c ,  we see, on uomparing the inteneritiee; of the bandhi 

i n  the f l u i d  phases that R i a  less than uni ty  for certain 

bands, while it i s  greater than unity for aome others .  (Phis 

i a  indicat;ive of  the fact that the transition d i p o l e  moments 



Rear Infrared apecLra ~f Clf300A in %he 

s o l i d  (phase I), mectic A *  nemat3.0 turd 

isotropic phaaes. The taperatwe  

correlsponiing t o  eacrh phase is aLsa 

shown . 
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of tbeae band8 have their major coaponant slow 

long artia or perpalrrd9cular t o  the low axis o f  thei 

moleeula xespactivsly. The observed 'dichroic ' ratit? 
o f  each band Ita htznoe useful In ascertaining the prsdoaii- 

a n t  polariaation d irea t ion  o f  that band. A l o n g  with 

the observed fregxancies of the bands, the pslarizration 

features  of LF a! bands are also useful i n  making vfbra-t;ioml 

assigments t o  the ~pectra. 'to cansSdor acme examplea, 

the strong inodes at 970 and 8 9  am-' are  nsaignad to 

out-of-plane (I-H vibration9 of the bansene rf ~o and a l l  

o f  these do have R > 1. In c o n t r a t ,  the mode at -1160 om-' 

which ie assigned t o  a ske le ta l  mode of the o c t y l  tail (%) 
say be expected t o  have R < 1 and t h i s  i f 3  what is observed. 

The - C S N  strstohing soda at 2247 amm1 proride* another 

clear i l lus trat ion  of this type o f  beahavisw, the - transi t ion 

mouent being nearly parallel t o  the long axis of the 

tp01@0~16. 

The vlbratfcinal assignments to t h e  Baaan and far- 

infrared zpeclra of ' the s o l i d  pbarsres of C500A w ~ r e  g i~etn 

in Chapter  3.  As no2;ad thera, thera is soma cvaaelap 

between the frequency ~ e g i s u  o f  the various g a s s i b l a  

modes ar i . s i~g  from the! different mole@ulax tanZt;s c o r n t i -  

t i r t i n g  GBUQA. In add i t i on ,  driaai&~tiorzs  such as rocking 

and t w i ~  ti% modes are  only approximate as considertlble 

oouplir@ bastween these motions cran oc ctrs in a oomglarr 

molectule For these! reasona , complications can a r i a  e in 



the asslgments of eose of the modee. However, from a 

cronpariaon of the preeent spectra with those oi other 

l i q u i d  crys talsln3 and organic c oapounds that oontain 

struatural groups sisilar t o  those amprising GBOOA, a 

eentative correlation o f  ~s@treraJ. 009 the observed modes 

wi$h bharactetristio group vibrat ions can be mads. The 

obaervscl infrared PTrequetm3.e 19 Logether with the asuf @ m a t s  

proporsed on t h i s  basie are l i s t e d  in T a l e  4.1.  The 

frequencies belaw 650 ole-' were obtained from the far- 

infsarea meai~ltwcement s which are dis ousbaed below. 

(b) Par Infrared Spectra 
WIIII"IIWZIIII.-"-LIII* 

(I) grss&&-Meso&~gs-~~~~g~n: The far-infrared 

epectra of the %ol5d (2hase 1) and smectfc A phases, in 

the range 150-650 om", are shown in Fig. 4.2. Spectra of 

the nematic and i s o t ~ ~ p i ~  phases were axmost i d e n t i c a l  

%o that  of the smectic! A pkrftae and hence they are not shown 

here. Owing to upper linit; of - 4 C  rp. on the wvemge 

particle size in saruplee of Phaac 31, strong sca.t;toring 

w a s  presen* in the range above 300 em'' and t h i s  made i t  

d i f  f f cu l t  l o  obtain meaningful spectra of Phase XI at 

higher frequencf e s. 

Wlrile soae In tewi ty  aiffersnoes are a3pa.reiz.t 

between the !!WO spea%xa shown in Figure 4.2, t h e  observed 

frewencies in the s o l i d  and amect;ic A phase are almost 

identiica2 except; f o r  %wo interest ing f eatues, which we 







eonaiaes below .in further 4et;dX. Pirst, the distinct 

mode observed in the crystal s t  518 cam' 18 absent in 

the smectic A ghaee. We have fol lowed the intensity 

change of this  mode in relat ion t o  the mighbourlng l i n e  

at 530 on?, a, a function of te~peratture, an8 thin is 

shown in FigB 4.9. The mode at 530 omw1 undergoes some 

b~oa6anincg and attenuation i n  in.tsensity as the tempexeture 

appraachers the crystal-~mectic A t r a n ~ i  t i ~ n  m d  mch a 

behavioux was aoticea'ble in Zhe CaeeB o f  o t h e r  neighbowing 

lines also. However, the mode at 518 cmw*i is Reen t o  

exhibi t  o much more,  rap id  e h a i g e  i n  inWt;enxsi%t;y in aoxpacfson 

t o  the l i n e  at 530 en-'. The former near ly  esappesrs at 

the ~ ~ p j t d - a n e ~ t i c  .!i trw~ai  tian, whereas the mode at 

530 persio t e  in the aneutic A phase, a l t h o ~ h  widh 

reduoed intemity.  Prom :% infrared s t a l y  of' p-az~xyr~nisolet 

a.xld its higher homolague~, Eulkin ef dB reported a similar 

behaviour14 the in tensi ty  of c e r t a i n  mid- infrared  bands 

was found t o  decrease! con.C;inuoualy ars the cqystal-nematic 

t r a n s i t i o n  was approached froin 'be low.  However, they 

noted %hat this phenomsralsn could not be obser'ved near a 

crystal-smsctic t r w i  t ion. The present r e s u l t s  show 

that suah effect8 om occur near the crystal-smeetis: 

tranrrsi ti  on a l a  Q .  

Ia a l l  these caaes, tY e disappearing infrared bands 

occur at t o o  high a frequency to correspond t o  t y p i c a l  

Lat t ice  modes. Bulkin e t  ax. suggceted4 that  such bands 



T ~ l p a r a t ~ e  depend erne 09 the far.- 

infrared abeorpti on of polycrys%&lf ~ l s  

CBOOA (phase I), in the range 500-550 OBI-'. 
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could be coabimtion saodee betwearzl exte~mal and internal 

vibrations and related the disappearance of the bands t o  

the onset of progreasiva disorder i n  the la t t i ce .  In 

the oass of arystal-nematio transition, ah* pretransition 

effects obhlerwd in the infrared spectra ware attributed 

t o  the rnovaent of riioTtea1ea from lstticte t o  interstit ial  

leading to  positional disorder i n  the lattiae. 

More recently, Kirov and simora5 have Pleo adopted the 

sane reasoning. However, neutron scattering studies by 

Riste et indicate that the pratraneition effects i n  

%he v ie in iLy  of $he cryrstal-nematic trtznrsition are eraused 

by in~zearaing rco-tational freedom of f he nsoleouZes raaer 

than paai l ianal  dieorder. During a study of p-erzoxymiaole 

these authors noticed that with inareasing l emperakre , 
the inhgrated intermity of several. Brogg B i f f  racted peaks 

d~creassed gradually and became rscexo at 'the cryer td-nem atia 

transition* Also, two broad, df ffuse peaks charmteristic 

of the nematic phase were seen t o  emerge i n  t h e  crystall ine 

phase i t se l f  marly IOeC below the transition t o  the 

gleaophass and the ir  fntenaity wae men t o  increase as the 

transitf on point wa8 approached from below. 2hs wJ,tk.- 

of the disappearing Bragg peaks were found t o  be essential ly 

Sndepenent of temperature. This fmpliea that long range 

correlations of moleoulor centres of mass are mdntaimd 

until  the onset of the liquid crpt;al l ins  phase and that 

these pretramition changes are not effected by positional 



b i s o r d e r .  On the baais of mudel  oalculatism, 7 

Uste  e f  a. have coneluded that the ohmges observed 

bp than can be acrcoun%@d f o r  by aersudmg that the ssleculea 

execute unc err@lated, t~rsiosndl. oaof l l a t iona  about their 

long euten, the wpLitude of the asc i l la t iona  increasing 

as the temperature i s  raiaed toward8 the cryets2-nematic 

transit% on. The mo~ecxalas, however, were assumed to rclmain 

parallel. and at the oiLes of a, r i g i d  Lattics till the 

melting yoin% was; reached. Th i s  pfcrtuse thus corrf;sponds 

$0 progreasfvra rota7%io#al diSsordsr rat her than pasi  t i o n a l  

df @order, i t  a l s o  euggasta t h a t  the p o s i t i o n a l  order is 

loet  in such ~lynteus in w rmuoh aoxe &mpt manner very 

o lose  %ca the xaetLGing poltz.f;, The la t ter  n o t i o n  i s  not 

in~ours is tant  with the  theory of melting presented by 

~ o b a ~ a s h i *  for l i p u i d  c rys t a l l i ne  materiala. A s  emphasized 

by Kobayashi, ?;he ; x ~ z p ~ w ~ t l y  gradual disappearance of the 

+Jranelralional order pararneter at the uzelting point ,  as 

seen from h i s  C I ~ ~ C U ~ B ~ ~ O W ,  3.8 a coilaeqmce of cer ta in  

simplifying assumptions and it 18 n o t  essent ia l  to the 

theory. 

"re above model o f  r o t a t i o n a l  d i g  order may a l s o  be 

applioable *to crystal-srnectiu travlsrit ions involving the 

l e s s  ordered smectic phases5 in these cases 1180, as at 

the orystal-nematio t r a n s i t i o n ,  the  molecules bec one nearly 

free t o  rotate about theixl 10% axes a t  the  t r a n s i t i o n  

t cwnperature. 



M the external vibrations of a crystal  would be 

eemitive t o  change8 In l a l t i c e  Poreea and intermolecular 

croupliw, one aiight expeclrt that their behaviour 113. the 

prrcefrmf t ion region would provide o direct ofreek of 

@it her m o t h e s i  s. Box-iarared 3p9-12 and Raraan 

rpectra 9 3- j6 o f  lor-frequency aodaa have been raported 

for materials exhibit i -  oxystal-amat;io tramit i on ,  Jn 

8x1 these aasea, the pretra~naitjlon sf feots  gesner&ly 

consist of broadening and Zntemitg ckanges in %he spectra. 

It ~ h o u l d  however be, a@ntioneA %ha% the i n t e rp re t a t ion  of 

the results as regorPt;t;rd in Lhcrae cases doaa not permit 

one t o  uawblguouslg conalude as t o  wkrethes rotatl lond. or 

p a s i t i s m 1  dirsordsr is the dominant cause of these changes. 

M a e  defAu;itioe result# have been reported in the 

low-frequelacy raoitrss of m e  sogens exhibiting crystal-smectic 

ts;irzsitforis. The crysta l  struc$ured of ermectogen;io oompounds 

i s  known do exhibi* a pardle l ,  layered arrangement of 

mclleculea wiLh  some intrsspenetration between adJacent 

3ayetrk3. 1 7 p 1 R  2his is t o  be contrasted with the imbricated 

~ t r u o - t u r e  found la neaatogenic materials. A t  the crystal- 

sm@etic trmsi t i on ,  the osupling between the layers is 

weakened and the spacing between them increases, %hue 

al lodnq: them t o  @Ada freely, one on top of the other. 

An ias-ter~nolacular: mode mising f z m  the coupling of 

molecules in adjacent lqyerhs 3.13 then expected to re f l ec t  

these changes preceding tke  m e l t i a  of the  orye ta l .  On 
7, 



this  basis, her and 3hen19 as well as  Ihorjetskf 

e t  &I..*' hare interpreted the softening of low-fraquancy 

Raman modes near the crya%snl-smecttic transition as arising 

from a pre-aeL%ing reloxafim of ths bonding between layers. 

The Xattss av9hors a l s o  not@ t h a t  %hie praoerro 38 p r ~ b a b l y  

acoompmiedt by increagsd rot a t i o n d  moLjion of Lh t~ moleculeer 

araund their low axes. 

From tkap f oragoing c onsi deraf iona , the intiem i t y  

variation of the band at 518 om-' in Fig. 4.3 can be 

expS.a%ned qualitatively if it is attribu.ted t u  a csmbi- 

nation between a ' 60 f - t '  , l~w-frequeb~oy in%ermolecular mode 

and an inBernal vibration, The direct  observation of the 

low-fresuency node in guest;ion haa not yoeL been report;ed 

in th98 c a e .  Fron earlier sP;udie@, ''"' it eeem l i k e l y  

that thfs laode can ocour  at a frequency below 30 om
v1, a 

ranger not covered in our study of the vibrational gpeotra 

of OBOOA* %he rsofferning of the intermolecular mode probably 

ooours due to %he inoreased rotational It"rersdom of the 

@ole culss  acco~lpanied by the weakening o f  Ant e ~ l a y e r  

~ o u p l i n g ,  w h i l e  approaching the crystal-smectio 'i;rmaition. 

The relative oontribulion of these t w o  factors  eran be 

assessed only after crystal  struc t u r d  and neu tron mattering 

data on CIIf30GA become available over a sufffoient temperature 

SNertfaA preaediag the crys tax-smectic transi ti on. 

The rclo played b r  aor: foraat iaml chang~a  in aUyl 



~hafncj Snil also of oonsidtarable interest in the study 

of so l id- f lu id  phase transitiom. In the cswe of 

xi-alkanea, the polyme%hylsn% chain irs knom t o  adopt W~ea 

Sully extended, trane cronfomation in the 630116. phase, 

while many poss ib le  gaucljhe aonfor~era  resulting in @hain 

8hcrtenad forms appear i n  the f l u i d  phase.. 8chauiele2' 

obtained evfdenae for ouch a behoviour frcao a study o f  

the Longi.itudiW, accordion like mode8 associa% ed w;l th 

.W? e chaf n backbone. Aleo , ~ c h n w ' ~  found a eilellar 

behaviauac during a Bman la txzdy of alkortya~oxybsnsene serf es 

of l i q u i d  oryatalrs, As c~mpared to the s o l i d  phase, the 

intensity of the  bands assigned to the aoeordian mode was 

seen to dsarease ntarkedly upon snt ering nesaphase. This  

was ia.terprst@d Za si&Sg %hat the allowed confamatiom 

of thca a2koxy tailrs differ altg.rtiifaantly Between the 

various phawes. As the CBOOA molecule gossrars~es a lcrng 

oaty l  t a i l ,  we expect on the bas1 s of previcue r e a u l t s  21,22 

that a similar accordion mode may be  oberervable in the 

presen-t iaasse @Lao; i f  ao,  i t  should occur i n  the ilsequencly 

range be tween 250-300 cam' . Cons1 dering th e molecular 

symmetry ol '  GEOQA, %he nodo can exhibit inf'saxed activj ty. 

Figure 4.4 shows the d e t a i l a d  behavioux o f  the 

dkfferent phnaee in t h i a  xange, as a funotion o f  temperature. 

Bath Phase I1 and Phase 1 are seen t o  exhibit  two absorption 

maxima at room Lempersture. The band a% the higher 

frequency occura at  288 =ria-' i n  Phase I1 and at 296 cme' 



Par-infxarea abrcrarption srpeetsa of the a o l i d  

and smecltio A gpkaaeo of CBOOA in the range 

250-330 an-'. (A) h e c t i c  A (80°C))  (33) S o l i d  

(phase 1) ( 7 ~ ~ 6 )  3 (G) Solid (phases I) (250C) t 

(D) Solid (phase 11) ( 2 5 s ~ ) .  





i n  Phase I .  The @light s h i f t  in the pooi-tion of t h i a  

band is probably related t o  the d i f f erenoe~  in the 

molecular environment and arysta l  structure between the 

two rirolid phases. A t  tcsmperatusee abme 6tS°C, the aoublet 

is still clearly prestan* in the s o l i d  (~haae T), althoup;k 

&om@ broadening is eviderr*, A t  the transition t o  the 

amectic A phase, the mode at 296 em*' virtually (Usoppears, 

as waa the caa@ in the naaticr and i so txop io  ghaaeis* !this 

be'navioux i s  in agreement w i t h  t h a t  already observed in 

alkoxyaeoxybeneelles22 and hence the mode a t  296 crp-' i s  

Sdexrtified aa ths ' accordion* mode belonging t o  the octyl  

tail. This value i s  a l s o  in good agxeeme~t  wi-bh %he 

calculated value23 of 3CQ Om' for the case 0.f n-octane. 

A d d l t i o m l  dvidlanoe ?or canfoxmationa2 changcs in 

ths o ~ t y l  t a i l  fs  ctlAscernible from ;wl impect ion s f  Table  

4.1 as w e l l  as Pigvre 4.1. Several ather spectral features 

asaoo ia te t  w i t h  the roekf ng, %WAS t iag and waggtng progxe- 

salon modes of the (CiI2 l7  group as well  as the Plfphatic 

G-M ~.tro&ching Prequcncie a slr ow i n t e r  eatring di f fer  @noes 

between the t w o  phases. 2Mw would be as expected 24 if 

as compared t o  the a o l i d ,  new conformastions of the o c t y l  

tail axe al lowed in the m s a t l c  phase, The present results 

tkm indicate that the crystal-rmzectic A t r a n s i t i o n  in 

CBOOA is taac ompanied by intramolecular changes assooi at ed 

witih the w t y l  t a i l  nnd %ha% such ohangear may be a general. 

feature o f  solid-aesuphase trantii t i o n s ,  especially when 



the3 ~ o n a t f  tuent mslecu$ea af th a tnenogsn posns@ua l ong ,  

f lex ible  and ~ k a l n s .  

(ii) -..-- Dicksro~~e,p,trt: We now ,turn to 8. discuserion 

of the d j*chrei c be?hxvi c w r  off %b.e %w-inf"l.ar@d abs o r p  Uon 

of l iq?;t id ~rysLa,,27,ine CE801,, To aas knowlerlge, no 

polarj.aa%:i.on s t u d i e s  on l i q u i d  cl.ry3 t a l a  have been reportad 

so fcax in. the far- infrared regiarn, Biepre 4. T show$ the 

diohrodc bahnvi o u r  of 5cmogcne ous lg c J i  p n e B  ea.~:j:~Xe c in 
-I the range 3L-250 @z@ . AB note6 c a x Z i e ~ ,  t h e  ~zlicsursr-lnt was 

not qut-ka unlfoim O B E ~  the ent i re  sample in d;k~ e mrnatlc 

ph.aae and if de t$ t r io rmtad  not iceably  I n  t h  e meet; is A 

phaacs. %n @pi%@ of this &@pa~ttt;1xre fr0~1 uni fom alignment, 

the speotra do ehow evidence of a clear dlohrofc  behoviuur 

in both. smectia A an& nermatic phaees. &t freqyencis8 

helow 1 30 am-', l o r  incident r ad i a t i  or, polad. ee8 perpendi- 

c u l a r  t o  the direction of? alignment, (ALs), one observes 

a @trow, broad absorption band centred at 1 U0 am-' in 

~ d i r l t i o n  t o  a rihoulder at --' 65 cn-I . an c o n t r a s t ,  f o r  

radiation golasdsed paral le l  l o  She 4% rection of alignment, 

(a I [  $1, three weak abnnlytion maxim3 are precrerrt a% 50, 
1 

$0 m d  110 em-'. It s h o u l d  be noted t h a t  a;lit;houi; the a d  

of p o l a r l a a t i n n  studiea, 31% wouid have been very dS.fiiculLt 

t o  establish tihe preaeuca 09 these m a k  f eatiarbar ZM the 

spectrum 1s o%herwise dorniraa%ed 'by thc 8'Oroag hand centred 
1 at r--JIOrJ on' . The modes at 175 and 200 can' p 2 r ~ i ~ t  in 



Dichroic behalr&ourp of Bhe far-infrared &sorption 

of CBOOA in .the snaeetic A and nenatic pbsre8. The 

sample was hor21ogeliaously aligned. The t w o  traces 

at each temperature correspond $0 the e lectric  

n - 
vector  being parallel (n 11 ) and perpendicular 

A 4 

(n i  ) t o  the direction of alf gnment . 





The rslpeetra BQ not @haw sny aignif%emt crkianges 

bast;weea mcsl~%Sa A wid m a U o  ghwea ox: as ;m fuaetion 

@s@antSally a eug e ~ p a ~ f  ti on o f  the epe8tra shown bare 

for .the two diffexeat po lao; .$gat io~ .  %h%s shows that 

tl3e long range rnola~?'~lar  cardemciasg in the Liquid ary;8LsrTZin@ 

phasefa has v w y  If*%tIe @f.i+ect 3211 -&e f a ~ d ~ r w e 8  absorp Uora 

of CBOOA, W%helrt., %he specrt;;~a appaz -bt be %ore seansi%fve 

La t h e  aslocular atrueewire a d  short  rmge effascBs 182 the 

f lu id  phaees. Tho broad a b ~ o r p f  ion band at 1UG om-' i a  

ssianilar .to %boa@ obasr'ttotd a a ~ l d s r  An ather Tlqu&d 

B X ~ B  t dl.8 ) J # " - "  wil orgwic  1 ~ ~ u i b s ~ ~ .  The weak, yet dist inct  

low frequency struclura seen husa for fi 11 2 was not 

P @ ~ O P % C ? ~  A33 pX'eV% 0U8 gl%~;d&ifj~. E a r U ~ r  i k e ~ " - i ~ f j r ~ a ~ l ; ' f S d  

&1'd;udiet31 on l i q u i d  Q P ~ B ~ & ~ B  WBXB Z i ~ i t & d  ts those with 

refatirely ~ l n a z l ; ~ ~  rrnc~JgsctxLrar ex14 grsupa, whe.~e~x&i C B d A  

gosasc3rmsse;s a long w-t;yJ. aa3.Z. '&\la& s s:iggaa%s tlza.lr; sormte of 

t h e  weak mod@@ abserved here aay be ~ ~ i ~ ~ a c 3 e ~ i ~ ~ t ~ 1 ~  df 't;h@ 

26 aalculiaGiirjnxta by Sehactf.1 tschneidote. m d  : nyder iwbdictat;e 

f hat aueh l o w  fra.etq,uca@y aodrsa a3a.n as-i se f sara LC-C-C: b a d  

and i;klpGZ12 t o r s i u n a ~  aodes whon the p olrae thy1 ene chain 

f s @rai-"Sie;bontl$ long. &~a.as '~er ,  ~ t l t h ~ . s ~ @ .  p-aaoxyaafsole 

& t s e Z f  doea mi; exhibk t azach nodas, a p a l % a d n a r y  study 



sn higher saber@ s f  $ f a  ho9aoXugow mriea wP%R hergX 

an4 haptpl en8 ahain. indiaat*on that they f o o  possaas 

aArail&r wsjr$: ba'ipfas in t h i s  rap&@. EBeas oiortori Berati  ona 

gkra fir~~.Xafrused @peafirs of o w e  t alldsre ixB!fCA give 

a v i 8 e r ~ ~ e  of pretrwsit%on e f f e c t s  ss well ws i a t ~ a r n ~ l c ~ c ~ 3 ~ a . x  

~h~aggeo war the arys ksS-i3ao~%ia " I r a n ~ i t i o n ~  I3 .. 

T l U d  pkiahser, &3e f d~=Xf i f i&~"eB a8zs art.; t i  on apye'xca t CJ b c  

3@nsJ&GiV6; ts fhe dtruu%~kre 006 &he w h o l z c ~ l a r  extd is":.ltfs, 

In t h o  e ~ m s  93.' .uXya%eonr~rph&e iinata~%~-iLss, o f f e r s  %ha 

p ~ ~ d i b i a k i  ty o f  fnave~t i~at ing  the iufluence sf : t i f f  srat; 

%ygea caf w " L ~ I ~ c M X Z . &  r)rds.rla~: Q;M, fTXexl'lble ezid oixsdrih 3rd 

t h e  ~ b M ~ x * a a t P u i k  ofxu~ges a ~ a o c i a t e d  uf %B f h8m imz ~aash 

p l s a ~ e ,  
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T~dblg 4.1 

Infrared absorption frequencies (in om-') of WOQA in the 

~eoXSd (Pha~se I) and lemeaatia A phalires, In &he range 
?IS: 30- 31 00 em-' and their proposcd assignments. ?he absorption 

frapuencies of s o l i d  (Phase I) below 220 o d l  are a l so  
If eted here for oonnparison. W~~sslengths corresrponding 80 

frequencies idbore 730 a=-' a r e  accurate t o  - + 0.01 p, below 
700 the frequencies are acourote to 2 2 cm". 

S o l i d  
(Phase I) Smeoticr A Proposed assigment 

187 

204 

219 (sh) 

274 

2 94 

'336 ( ~ 1  

65 (sh) % ( W2CH2 E I 
I 

80 LC-C-c bend I 
(%al7) i 

1' i I 
La* tics 

modes ( s o l i d )  
Libra t ion  C6N4 1 

I 
I 

110 

Accordi c\n 
=ode (C8H17) C-C-C bend 

334 
(CaA97) 



CII - 
Saabid 

( ~ b s e  1) 
Smeotio A Pr og oaed we si @men% 

364 (w) 361 (-4 ? Libration CHN 
38 9 '386 

470 (@h) 474 l ic-c-cbend I 

484 482 ( c ~ H ~ * ~ )  

C6B4-0 Z N  interaction 
499 499 

518 ! r' 

559 i 
594 

602 

6 37 

646 

662 r 
67 1 

712 (sh) 



9951 (sh) 

1018 1 
1029 (ash) 

lb63 (ah) 1062 (ah) ! 

1191 

1217 (sh) 

1244 

1261 (sh) 

! 

I : 1103 1 I 
I 
i 

1126 (sh) r(CH2) 
6 

2 161 wc 
! J 1 

11'72 (ah) 1 I 
i 

I 

1152 I 
7JCH2) 

T ( 9) I 
1247 O-0-C stretch 

t 



Solid 
( ~ h a s ~ e  1) Proposed assignment 

I459 (sh) 4463 (sh) 

1470 3 472 

1558 (w) 1561 (wh) 

1589 S531 
a-a; O=N s%retch 

1620 1624 



C-H stretch ( o ~ H ~ ~ )  

%ote: sh = shoulder; w = very weak. 

In the case of Ihe syabol8 desaxibimg the 
proposed asaigment 5 ,  ?!:re f o-tkow hem %he 
no.Ga%io~m given in %able! 3.3. 


