
bong  %he many new s m o t i ~  phaisee dirs~ovsrerd 

recresntly, lm6 the B a d  B phaaes ore known t o  possess o 

high degree of l o ~ a l  order eorrelatSng adjacent molecular 

layers. Both phaaazs a r e  eharacrterfred by a two dimensional 

hexagonal 1a.ttice within each Pager, In the B pha8e the 

direct o r  ie norast3. t o  the enectia plane#, whereas in the 

B phase it  is t i l t e d ,  %he nature of the intersolecrular 

force8 and the peraissib3.e degreers of freedom f o r  %he 

naole~ulera in rsuoh mesophamitla, whiah exhibit aLrnost gussi- 

orys td l ine  long ran$@ ~rder ,  have been the subject o f  

aeverral experimen%al and theoretical srtu&i es. 317-9 In 

t h i s  regard, terephthd-bia-butylaniline (1l3.B~) trihosa 

molecrular etruoture, is ahowla i n  Pigwea 5 .1 ,  ha8 been 

sxteneively ~ttudied using dif f exen* t caehniquee aro i t  
4 exhibits the srnectia H ph-e (previously referred to  a8 

smeolic B by some authora) in addition t o  three other atable  

liquid orystalline forms, Celor i~etx io  studies hare 

@horn1 ' that two new aonotropio metastable forms, labeled3 

VI and VLI, appear when the smectic? H phase i s  supercooled. 

optical1' and x-ray1 studiae have already prori  ded 



TBBA 

Figu re  - 5.1 : Molecular structure of TB3ii in the all-trans conformation. 
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of I f #  8iffersrrt nrceasophaeas* Zn addition, Pancan, 12-14 

teoh~%I.ques have dero besrr camployad In 8 tMi  r s  aimd at, 

alarifying the ~bfliture of %he 1 ~ 0 1 e ~ u ~ a r  oxder&ng $n i f @  

The far-infrared abaorpdion in suoh h i a l y  ordered 

a3meotio phaeres has not been stucltied 80 Par. In %hi@ chapter 

we pre~en* the far infra~tsd abcsorption spectra of TBBA i n  

i t s  amectic E, VI and VI3 phaaee as well as fhe orystall iae 

ghaars. 1Che spectra of them! phases are discua8ed i n  the 

l ight  o f  Gheir mown ettuetural auld dparsmiod pxogertf@s. 

The far-infrarsa speotra &ow interesting differences when 

conpared to the low-frequency BPlaan speatra13 and t h i a  

Leads t o  a further undernstmding erf the, =-re o f  the 

aeaophasrsa. The lineahrape of one of the banda i s l  seen t o  

exhibit d i a t i n o t  ohawes dependent upon the phe~gt oi the, 

sample. The broadening of thie, band in $he mec%lc  B and 

VI phases is attributed t o  the oceurrenoe of intrauriolecular 

reorientat ions of the butyl ahaim. me eorrespondi ng 

rsor ientat ional  eorrelatf  on tine# i n  both phase8 are 

est imated from a retudy of the half-widthaa of t h i a  band. 

5.2 ExperinentaZ 

!lBBA w e d  in %hias atudy was eyntheeised in our Chemistry 

Laboratory following t h e  proeedure d e ~ a r i b s d  earlies by 



f0oa as4 #%~bAlXw $ad %@ple~M f t p ~ a  %Baa Bhb6;wf, 

hfrs$org eE 4&b) &mp&ig, '@ A j C  ~aanrranrnts i n d i o u t o  t h a t  

fh@ d @ i ~ g i t ~ @ ~ d % f ; ~ ~ 1  @h$@ir$ gha@~kl(~b YI$, @ ; i s % i b % f i @ ~  @&fb&% 

Ob 06-f i Z t g ~ & & , P @  P#q,;4 &@ d? QV# 4&b~V'@s %ha  ill^ &&%PI@ IP4W 

w e d  2~4 that 4a%.rara& gftuaej0lt wex(rt BQBE ~ q r l s l % & l i g  vary 



eften a% 69V .  f t was further rioticed thaf d e n  these 

amglee ware themally oyslwl, crptallisatlon oouLd 

oeour cart even higher tenrperabraa, si %her altogetharr 

byparssing; ghaeser 'BIT ox ~ o n e r f  derfibly sh artaning th.9 temge- 

xatuse fn%ertkl of it8 ~xlstienae. In order t o  reZiab2.y 

obtain pbrses Tl and OIX, we therafare Pound it  e8tantcergetoxm 

t o  @tar* with a freah eragupls i n  mec;tis X phase and alowly 

osol i t  down over a period o f  salrsrol how8 t o  the seqpfreb 

tensperatuqes, thereby avoiding any thermal cyaling. 

Bar-infrnred apsctra in the range 30-650 cm-' were 

obtained usf ng the Polytec FIR-30 Poxmiex arpecttsaaeater. 

a s  frequency region 30-240 an-' was studisd wing a sample 

c e l l  fit tad w i t h  a-quaste windows, whereas diamond windows 

were used i n  the range 100-65~ mnl. .All the spectra 

raported b s e  were obtained ursing polydomsrin smplees. 

For lineshape studiea in the range 450-510 om-' 

impr~vrsd spectr~photoaaetric acouracy was attained w i U  %he 

uae of the L e i t ~  double beati.1 spec~txograph in c~njunction 

with a KBr prism and Dr. sample eel1 winclowa. For eaoh 

specltmrn two aoam were averaged and Bhtz data tlfgftil;e& by 

hand. When aomparad t o  f ha measuread Ibnfswid ths , the apectral 

s l i t w i d t h  of the Leits  ~pectrograph (2.5 c C 1 )  wae mpller 

by a factor of f ive  ar more, Bencs the effect8 of instru- 

mental brroi~idening should be, negligible i n  the! presmf case 

and no further correetlons were mde t o  the data t o  account 

f o r  the imtrumental width. 



(a) Par-infrarew3- spectra: Figure 5.2 shows the 

far-Snfrared sgaotra of  smr;atic W ,  VI, BIT and crystalline 

phases in the range 30-220 ola-'. Phs, speotra o f  the first 

three phaass l w k  rstaaarxkably rsrimAlar. A13 three of them 

exhibit; two  strow, broad abaarption band8 centered a t  

105 and 210 om-', in a d d i t i o n  t o  weak shoulders at about 

50 and 70 a<'. The band at 105 om'' l a  slightly broader 

in smcaetio H and Vf; ghrsrace~r as compared t o  phme VXI .  On 

tramforming f a  the asyii~Oafline phme, rnew tnodes appear at 

169, 193 and 212 ema'. The shoulders observed at 98 and 

158 omm' were a l s o  consistently reproducibls . 'Phe poa i t  ion 

of the atrong5 ~ s n t r a l  band i s  8h2fted upw~rde and appears 

at, 110 on" in tha arys tal l lne phase. 

While the bands occurring in the range 1%-212 em-' 

ore l i k e l y  t o  arise from OHj torsional modas, the intense, 

broad absorption centred around 105 a'' closely resembles 

sf milar Par- Infrared bands obdjerrsd in other Liqu id  

ory a %als 20-24 and pelax l i q u i d s .  In these cases, the 

broad absorption band8 were thought t o  arise f rom hindered 

ratatwry modes of %the moleoules, se f lec l ing  Lhei le neaxegl 

neighbour intezmolecular ooupling. S t  ha6 a1 80 been 

that these modes sray originate Prom the librations 

of the O6H4 group#. Purther work i e  needed before the broad 

absorption band observed in the prerrent case man be assigned 



Par-iaPrereB1 ab scsxp t ion ape ctra o f  !ISBA 

in saeutio B, VI, VTI and s o l i d  phaaes 

in the range 3-220 a". Tho taapcsrature 

oerrespowling t o  eaah phase io a Z ~ o  &own. 





wI%b obt~tdn.t;$ t o  ej.$hsrr of *these two origim* 

When oosngatred t o  the Unm srplsotra of ICBBA in the 

spna ire~uenoy rpnge,I5 the f-inirsred spratra shown 

here reveal intererstin& departurss. Piret ly,  the Bwca 

repactra of V Z I  and arystallinca ghasrarsa were f~und t o  b@ 

completely identioal. Howoer, when om oonsitlers their 

Par-imarstl agectra, 8he agsotmm of phase VfI oloaely 

re8emblm %hat of ~eweceicr H rra-ther %ban $ha @rgrrs tar, 

Secondly, except for  une rpoda at 19 em-', the remaining 

Rmaa l inas  were found t o  :per@iat in a13. f o u r  phase&, but 

$hey dlsan~3psaxed in the md;l@$iio C phase In o o n t z w t ,  we 

found that the far-Infrared ab~11~rpLion in 8mect.J.c C phase 

was a l s o  vary similar %a that in arraectic H except fop al-j-atjt 

addi t io lza l  'broa8ewlq. l h i a  indieat es that; d i f  f @ran% 

mlecu la r  fnt@rwc+iona are  obsgrred In the Raan and far- 

infrared spectra of these meerophaee~. The X-ray xemlta 5 

o f  Douocet e t  al. show thaf  in srasatic N ae at80 VI and V X X  

phases, a l m a l  threl~?-dinacrawSonaP ordexing o f  molsjaulers 

prevails with a correlation length of f i v e  a2 more maleculea 

across the layers. In etarntrarsrt, the aresotle C phaae d o a ~  

not; porsses~ any posi%ionsll  order correl@,tin$ raoleaula3a within 

a layer or in addlzcent layera. Hence the  d;l s3iappeasmoe of 

the low-frequency Haar%ra linea fn the @mectic O phase, but 

]not in .the lower temperatwe phase@, implies t ha t  these are  

fnteraolecuiaic modes which are ~ e n a i t i v e  t o  korrg~er-rwge 

orde r  extending t o  ~ e v e ~ d i .  aoleeular lengths. By the a w e  



rearoning , from the slPlbla~fty of fhe far-iafrare4 

rpeolt~a in dl sf therse mesopheisasp, iaolu8in.g dsmec~%i~ (3, 

I t  o a n  be argued that thee8 apectro a r i ~ ~  prigaarily froa 

orhort-gang@ am8 i n t ; r ~ o l e o u l s  eifeata within a given. 

layer as opposed f o  the relalively longer-range order 

mianifetsted in the Bman aipecrt~a. This piature .ts also 

in aiceord wiLh tha eoncXusion %.hat emerges when one compares 

tl1.e Low-f xequenay Inirar@b 20*21 **' and Rman spectra 27-29 

of other l i q u i d  crysta3.s wel l .  

Baesd on the Raman spectra, e question arose as t o  

whstha pha~e 121 ~ho.\a:td be considered a nesophase or a 

d i f  fsreat moaii icat ian of' the crya ld l ine  fom. The present 

results &ow that the aprootxum of phase VTI: i a  mucrh clokles 

@o mectio H and V I  phwcas %ban t h e  u r y a t d .  Pnfrarod 

spectra at frequencise above 200 an*', ~ ~ S C U L I O ~ ~  below, 

a l s o  reflect the same ~ i t u a t i o n .  Benae phase VII can be 

taken t o  repreaan% a dist inct  l i q u i d  crystalline farm. 
19 The Hlicxoacapic t ~ x t u r e  ~bservaf;Aon~3 of Fl iak  et a1 are 

a l so  in support o f  %hie idea* 

Figure 5 . 3  ahows the spectra o f  m a c t k o  B and 

crystalline phases in the range 150-65L wn-I. Again, 

apectra of emectic VI am3 VXZ ghaaes were found to be 

almt>s% ident ical  t o  that of ~ m @ ~ L i o  H phase and hence they 

are not sfrown here, In this spectral region, one expeafa 

t o  nee Largely modes oharactcariotfc o f  the ake le ta l  







daforaatfow of the butyk shainrs! and the plsernyl. groups 

o f  %he 2BB1 molecule. Cgsmparsa t;o %he ermactic H ghaas, 

bbe iegeotntm 09 the ~ry@t&llSm phase B ~ Q W S  adiU9ional 

w%mt?twce $9 aoaae regiow, apart fron intemifg changes. 

(b) Holeoular d ~ ~ a 0 :  X t  i s  well knwn that --.-- 
tfibratiorml Bandshapear can often yf eld csonerideraable 

infornation on fhe dynaaica of aoleaular reorientations. 30 

Assuming tk.at  the vi'braat;%sn6aS, rand r e s r i ~ n t a t i o n d  aaotioner 

are uuaoupled and tha% tths intrina2u ap@ctn;zn &.a L o r o n t z i a  

in bofh ousea, the experimentally aeasured half-?did%h 7 
(half-widt3.1 at; half maxtmum) @;an be c;xpreaaerd as a ;sum 31 

and are the raspcctise h a l f- w i d t h s  of the where, 

v lbsa t iona l  and x%orienkational speotra, %he ab ave relation 

i o l l a w s  f ~ o m  t4is faot t h a t  the o'blsclaxved line&?iape Zs given 

by the oonvalutisn. of the vibxaLionst1 and %ha r ~ o s i ~ n l a t i o n s r l  

apectra. Xi the lattas two aapeo%ra ,wet represented by 

Lorsnt siam , their eoulvolut;9on yie3.98 another L w  entsiarm 

whase half-width aa2;iefiee Bp. ( 1 ) .  This result is delcived 

in Appendix 8 ,  

The mean rarorientaticmJ1 c o r r e l a t i o n  time rR i~ then 

given ĥy 



We have w e d  tho otbms approsrah in m~bXpiWqg the 

are relevan% t 6 our  diPlr~msaAon ara r ) ~ r & s e d  tn Parble 5.1, 

Some e e n o J w i o ~  d%r*fvea fxaa ~1sr1Ier atudioa an liaolacfzaay 
dy~a~t$,lus af %&%it,, A V ; ~ K L & ~ X @  ast&a",a QZ C O R ~ ? ( S J ~ ~  $ 0 ~  t,irne% ( 1 ; )  

for earah %yps sf rasori@nGa%ioW moLiowa w e  ales &%van 
I - ' I ~ Y L " r r - * r . . . . , - ~ - ~ e . L l l . h A * c . l * c . l * L  1., ̂  - - P C C C C -  -.Ut.l.UY.IC-*L--v-U__ ' ' 

qgpa o f  nation 
.- 

Body rssrierata%f oa Rsorient ation of Reorientation of 
Phase arowid lung a x l ~  phenyf @obi&@ huty l  ohah# aegasent~ 

n Most 
prob 3.4. 

nob 



!Ehe lPIR maulte of D.loche r t  aleg5 ors aoxmist~nt 

widh the int;erpr~tatf on that Body rerorSentatiom of the 

moleuulear azleaad the long amcia are fxosen in  phwrrrs fI. 

As the outer fwr, ghrrsnyl r;Lng8 waras arelesotivatly dautcsrateU 

in their experiment, it follow8 that the phanyl rings are 

also probably stationnry in phas. VI. ~ugoner~*  reported 

of the phenyl group8 I n  Lhe erncctic O phaere of dihegtyloxy- 

asmybenzene. Eren sta~amkney that such rer~rientsations are 

permitts8 i n  both the aneotio El and Vf phaases of TBBA, the 

oorreaponding correlation tfkaeler would be exgeoted t o  be 

larger Ohan %he above value beoause of f h  e quaaicr;yetalline 

~tolecular ordering %hat prevails i n  bo%h o f  them phases. 

The e a t b a t e  in Table 5 .I for the aorrelation f Arne8 

assoaiatab with reorisntatlons of  *he phenyl groups i s  

bass4 on the above ceasiderafionsr. 

The eorrelatian tf ar@ f o r  butyl ohain reorientaLi on% 

i n  ismectio H an8 VZ phasrssr has not yet been determined, 

For the s o l i d  phase, Volino e t  a&. 34 deduced the result 

that %he last methylme and the methyl group@ - the butyL 

ohoin extreraitiee - rotate with a aorralation tima of 

- 8  x 10 - j2  me. at 1 0 l e C .  It can theraffora be expected 

tha t  in the aesopharsea the 7 value8 crorreerponding to ohain 

reorient at ions would be Q onei derably smaller than t h i  a value, 

Phe value8 aatimatad i n  this study . re ,  as w i l l  



be recur below, in the raw* 3.5-4.6 @a"' with .P 

turoerttdntj of' 21 tmm1. Fro. Table 5.1 m d  Ep. (2)  i t  

io l l swa that rcbsrient;szt;i ons of  %he entire molecule as 

a l e o  43~08% sf the ghenyl gr~upar &lane sxs exp@otaaf t~ 

hpva O h ~ ~ . a ~ t e r i B t i a  & r o l ~ e s  well d t h i n  1 wo1 . 
Within the above nrsntiomd T P I L C S W ~ ~ ~ ~ ~ ~ ,  S t  i@ not posafble 

However, 19 %he crorrelatisn t i a s @  for the bu3yl clrhwin 

reorigntstism in the meoophasea are auil?&cien.tl y small, 

oan be determined from the oorresponding valueo of 

our  apeclrtrsa $hrou& Che a-dy of a made arhfoh @;an bs 

sserignajd t o  def ormsst;ions of  the butgl clrhain. 

bfSth tlzids aofivation, lineshape e t u d f e ~  were 

aapricd out on tho node. observed in the range 450-510 cmW1. 

A & ~ c - c  bending laode o f  the buayl chainJ5 as w e l l  as aa 

out-of-p3ane Beformation of the phenyl group may contribu%e 

t o  the absoxptPon in tbes vicinity o f  thias ragi,on. The 

ab8olclplaaa of .the s o l i d  gharrea in t h i a  se@on i e j r  ahow in 

%Sguxs 5,4. Qns obeerves two d i ~ t i n a t  paaks oenCred at 

476 and 494 m''" absorbance fn the aesophasee i s  

ahown in Fuure 5.5 . She atary~~~netrg on the low frequern cy 

adde of a3.1 three epe~tra  clearly indiaates the preasence 

of ia weaker mode in add i t i on  t o  the strong peak crenfred 

at - 484 cap-'. It  qppews that the mode Been in the s o l i d  

p h a ~ e  at 494 cm-' has undergone o frequency s h i f t  end is 



FIG 5.4: Absorbance of t h e  s o l i d  phase of TBBA 

(!I? = 7 7 O C )  in the spectral interval 
460-500 cm-' . 



Ab8orbanoe of smcsctic3 H, VP and 'BZX phaslss of EBBA 

in the range 460-500 emm'. lEhe temperature oarrs- 

~ponding t o  aaoh phase i a  indicated. Dote denote 

the mbsosbsnoe tEn3.u@s an4 the tygloal mcert&ni& 

a%~oeiated w i t h  %he&@ 8a%a i a  ahown on the Lop tr~ce. 

Por each set  of ilata, %ha braken cturves denote the 

leas% squares f i t t e d  LarenL$&m aoangonenta anif the 

a o l i d  uurve rspresrleul2;ra the sum of the intmsititas 

of the two Lorentmism oompamn%s, 





arm in the nea~phPaee at  -- 484 en-' . $he relat Sve 

i n t e n ~ i t y  of the aode at 476 asm1 ahow# o dranatio 

inamass in the s o l i d  phase when @ompared t o  the neaophaae~. 

IM& behav50urr $8 ~ ~ i k 3 , ~ y  ##A nrllla~' t o  WRaB ha@ baaen 

observed In se.osra3, other QaeEera as a raarult o f  aonfom~b- 

t io-  ch~;angss in alQZ ehaiab;l a t  solAd-flut4 phase 

8 r w i t i  a m  23136p37 game the .ode at 476 en&-' $.a 

assigned t o  a detiomatf on of the bufyl  cshain, The derrreaee 

in the intensify of this glade in %he meslaphasas further 

suggest8 %hat, as onp~paed  to the s o l i d  gham, the but;$l 

ehaina exhibit eubetmtial 'melting* in the mesophaaaa. 

'ICher rabsozrbanoe? vaPues in the meeeghasots were aalcu- 

rated from the tranelgitiasion apectra after correcting the 

apparent ba~elirr6ao for smors arising due Do wer3ap bet- 

Ween the W % ~ ~ & P I  ~f B ~ ~ . $ L o % X ~ %  b - d ~ .  The ~08ul%aXI% data, 

shown in Fag. 5 .5 ,  were f i t t e d  on an DM-360 computer f o  

the sua of two Losentmian aosponent~ usfmg ths leaat squares 

aie~ao8.  $OF both (~;rompormn.t;rs, our computing proceaure treat$ 

the p e a  hefght, -&he h d f - a d % h  and Lhe peak p o s i t i o n  a@ 

a&;fuststbSe parame.tere de.t;esx;rines the optimal ~ a 1 1 ; l e ~  of 

them nolx parmetetra l o  xelation Bo a l l  the data poiatas fa 

each spectrum. U l  t b s e  rspsotra eould be a a t ~ a f a c t t o r i l y  

f i t tec l  t a  w m m  0% t w o  XlorrktntsAan. ootap~nwta3, one centred 

a t  476 - + 2 and the other at  484 & 2 an'' . 
In order t o  detsrmine the reoxientat i anal broadening 



u#sac$ated with ths rode at - 476 on. 

UsudlXy rrV takes t o  be the haJ.i-width in the s o l i d  

pharaJ1 where a l l  rsorirntational a o t t  om are assued t o  

be frosea. In the present baa@, the rPbratAoma3. half- 

f i o n a l  changes in the bu-kg2 chain at the aoUd-mesophsse 

traneition. Any direct cronparfrson Bllatween the half-  

viath In the solid phase andi that in the maeoghaeea can 

then l e a d  t o  substantial errors in the e ~ f i n a t e e  of rR. 
A8 a l l  available evideme 3* j5 33 indicates that body as 

weal l as ahain reorientations are froecsn i n  phase VXI, we 

have taken the croapateed half-wlidfh of the node in phase VII 

ae the iatrimic t l b r a U o ~ 1  half-width oharra~.l;erLs.t;ia of 

all %be@ ~981h~~~h698f~8. Xmpl ia i t  bere a r e  the assumgtiom 

that shows no appreciabla change within the short 

temperature intesval of intereat and that the ertat i s t iod  

weighla of the chain conformations do not change eignifi- 

The r, am3 %a raluas oarresponding t o  smeatic H 

arid Vf phaaeer were estimhttdl on th i s  basis by oomparing the 

half-widths in both of t hem ph8~3%8 with tihati fa phase VII 

These data are Gven in ?able 5.2 .  As diecusaed earlier, 

the present valuoa o f  rR refer, most probab lg, t o  the man 

oorrelation time f o r  reorientationsr of the butyl ohsin 



selgsnts in aaeotic H end VX phams. The values of T, 
are found t o  be aomperrabh in both ~f thaw gharsea. 

This As in aooord with spin-lattice ~ a l a x a t l o n ~ ~  masure- 

aentas wfiluh show that %hfibsbt r~oridtntaGSon@ @at a08 yef 

quencrhed in phaee V I ,  although they freeae out in phase 

H a l f  -widths and aesn reor%eatatS on& corrslaf %oat 

.times dddzlesd frorun the aberoizption band benf red at 
476 $ 2 mu-'. Por the emeotic H and BI phases, 
ie given by the differexlee between their rsarpeotlve 
values of r and the oornsponding value in phaae 

B o a  Bfg. 5.5, the half-wldtb *+t' the mode centred 

a t  484 an-' i s  found t o  be, within 2 1 cap-', unchanged in 

all three phaprss. It is l i k e l y  that  t h i a  3128de orriginate8 

from a skeletal o u t - o f  bef araaff on of the phetxryl 

groups in the molecule. If so, the laok of a measurable 

r@orientpPtIom1 broadenin6 for %?!..is mode 4 a om? ~ ~ x ~ e r f r n a t s  

i s  not t o o  surprie~ing ortl only the reorientatPoas of the 



eaCixe a o l e ~ u l a  or thsse 02 the phenyl group@ c a  

affect the wi8tb of this mode. As noted already, both 

a@cbnism m e  Q ) X P & I O $ ~ ~  t o  hare typic a2 correlsr%i om 

tilase which orrsls f s o  Isargca t o  bet maswed within o u r  

a~curaoy . 
5.4 Oomlusiom 

2ke present s k d y  shows $hat armeo%ic H, PI aw~d VSX 

pho~es al l  passreas crlosely similar infrared sp etotra whf dh 

are yet different fro= fhe spectra of the s o l i d  pharse, 

On t h i ~  basis,  phase Y L I  can be ccrnaidezsd t a  represent 

a dist inof  l i q u i d  o r y a t a l l A ~ e  f o m  rathes thm a a o d i f i -  

uation of the crystall in@ phaao. i~&f2are4 ab sorp-tion 

in%rasaolerrula~ and &or%-ranget e f f ~ c t s  d a i n  a gives 

molecular layer xalihtarre %ban by interacti oars sens%tiv@ t o  

longer-range ctorx-elaa ~ n a  witshin a Jd~rsitr or between adJacent 

layers. 

Prom a a h d y  of the Linewidths of  a band at; 476 1; 2 

en-' in smectio H, VI and YII phases, we have eatimoted the 

mettan oorrelation 4;imee f o r  intr&xo2ecular reor ient  ations in 

grobably of t h e  butyl. afiain aeme:ntss i a  $he T B A  molecule. 

?he values o f  r are found t o  ba colnparabls in both smectic 

El and VZ: phase& This is In agxeement with spin-laf f l o e  

relaxation maasurgmerrts which ahow that these reorientations 

peraiat  PR phase V I ,  but fr4aetse ouL in phase VII I 
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