
OPTICAL ABD X-RAY BTUDIES OR THE TWIS'l!ED 

SEIEOTIO 0 AND PWISTED XVBUl'IO PHASES 

1. Introduction 

Smectic 0 m y  be described as a t i l t e d  

form of smectic A: the moleoular oentree a r e  

arranged at random i n  a l iquid  l i k e  fashion 

within each layer ,  aB i n  m e c t i c  A, but thq 

preferred molecular axis  i e  t i l t e d  with respeot 

t o  the  layer  normarl. Xn ocsr%ain compounds (0.g. , 
p-n-heptyloxyaeoxybeneene) the tilt angle 

(meaeured with reepect t o  the leyer  normal) i s  

p rac t i ca l ly  independent of temperature, but i f  

the mec t ic  0 phase i s  followed by smectic A 

a t  a higher temperature [ e. g. , terephthal-bis 

(-p-butylaniline)], the tilt angle decreases 
the 

with temperature beooming zero a t  0-A t r ans i t ion  L 
point. Smectic C i s  optloally b iax i s l ;  the  

optic ax i a l  angle i e  nowal ly  qui te  small ( - / l o 9 )  

and i s  p rac t i ca l ly  temperature independent. 

Serupe (1969) points& out t h a t  smectio 0 beare 



rerePIBXiq tha twi~teB aemartio or @hoAerterla phaae. 

Subrequent btu$iapr (Llreoberq 1969, & ? o m  

1970, Xelggioih aatl Qh 1971 ) have e s t a b l i ~ h e d  tha 

In ~xSrtureb~a isrre well a% An p w a  eroapounde, Bememan 

(1972) hae ~hown %kaoreticaJly %hat ein01,50 bomaAn 

araeaplsmr of oholeatsrio land $wiast@d oa@crt;fo U" phaaseter 

]have identical op%Aad pxopsstieaa f a r  l ight  

Pnakdant in, tha di~ecbSc>n ~f "t;e =is of twiat .  

Zn thirs gaaoastry, $C &fine~le Brag@-raflecrtion banfbtl 

at  pP ~ x i s l t s  fox eithtlx tgge QS l iqufd  @q@t&l. 

Howevar, with obliquely incPdenf l i g h t  the ewiseed 

smecrli@ C: rarmp3.e would @how aull &dditfoneaI Brag&- 

rci leot ion band at = &P. f n  h%s odaulotioncs 

he aerrrwcsd %he l o c a l  ordar i n  epmccl.c%ia C a@ uniaxial 

wharaas i n  reality it; l a  weekly bf a x i d  (la,vlor 

@it; szJ, 1570) te Tlzg d i f f  eroaacs betwt~en TSC -- 
utmatwe and the ola~a lcc&l  ohaleateria s%suaturs 

are given in tabla 1 



Twisted e m @ ~ t i s  O 

1 )  Mole~uXee w e  cnrrangacl 

i n  well befined layars. 

2) Msleoulee are tilted 

at an wgla  eo the 

hal iaa l  -is. 

4) %!hi& pholsaa oan haw@ 

mother m@sophas@ af 

kf gher t smperabur@s. 

lQholest Q ~ A Q  

There i@ no auoh 

layering. 

The local  order i s l  

op t iaa l l g  uniaxial. 

Thie phaao aireotly 

go@# over to the 

iaotrropia phese. 



'Ehr o p t l a d  roeatory powerr of aa ZSCI 

pha~ae an8 a erholasteric phase f a r  r few wavcs- 

lengths as @ funotion of Ihbekne~s ha@ been 

zlcnrgoxted by Halfrich and Oh, Zhaair rrrea~useunetntar 

wisrre aarxied out on b9er-(p-6-methgX oclty3sxy- 

b en%ylidewre )-2-~h10r0-1 4-phsnyl%na dicamine 

which exhibit@ two nelsogha;tacae, a 9?SO phase m a  

a c~hoL@st@ri@ phasse, @q.mxlsreaif by $L first order 

phaada t ran~ei t ion.  Om noteworthy grogaxd;y whicth 

they f ind  i n  $hair %SO i~ystsm A@ the abaanca of 

any rn@aurable temperatuX@ e f f e ~ t  on ogt i  oa'l 

ro ta t ion  wnlikta i n  %be choleasLeric phaw where 

the optfad r o t a t i o n  i e  @trongly bpendent on 

tsmperatur@, Brunaat (I 975) found that bis-(4'-n- 

decyl oxy benal3JI) 2-cbloaco-1-4-phsn;ylene diainaa 

(DE~EICP) ~sntaLxUng 5s abolsart(~~ryf cixmmole (whkoh 

@how8 both the 484 and 98 phasa~)exhibits an 

o p t i c a l  ro f  a t ion which 5i3 ~f rsnglp dependsnl on 

tempriarattare f n both m@eophetraea. Ilhaa~cs experimrnt a1 

reakaUts mcea prssecanted i n  Piguro 1. Zks optioal 

xotat ory power (maswed  fox CL 5895 pa) drexeoase~l 

with inartsass in teunperature with .a very wtsalc J u g  

a t  the t r ans i t i on  t a p e r a t u r @ *  The rats of' deorceaaae 



Rotatory power oh s tunctlon 
of lernparature 

Figure 11 Rotiatorp powas a@ a W a t i o a  o f  t98aporaturc3 
for *ha lssdiwu 5 %in@ ia %he twis tcsd  canaecrtia C 

and in the t w i s t a d  nesa-tio phase ( B m e t t  1975). 



i s  highex i n  the TB phoee eompaxa8 t o  that o f  

the TSC phaee. 

$hi8 ohaptax presents d@t9til@d opt ioal  

nrtudie~ on the SfSC and TllJ ghaesaar of r laixtuxe 

o f  4,4' -di-n-heptylaxy asoxybenzenat ( R O B )  m d  

@hol@eLwql bensoate (a) fox two aonzpasitione 

(0 .9BOAB + 0.1 CB land 0.85 BOA8 4 0.15 GB). 

Ih@ opt;ietal r o t a % o r y  power P m d  pitah f 

msa@wed as funa0f ona o f  t@apsrotux@ ohibngs 

diso~ntinuouely at the ISC-TB phase transition, 

the values beiulgg higher Sn the Zowaar tmpceraturer 

phaera. The bixsf'leitqgctna(6t A p of pwe BOAB kaea 

a9eo been datsmlned i n  that nena%ie w d  amemtio 

phols~~#. An caa%tcsmgf haa beeam&d@ %o aaaount for  

th@ exgsrimentdl.  result^ i n  tam8 of %he theory 

of light propagation i n  clhoXssrterioa. f t i~ 

found that the olbs@rre4 P i n  tha 1R phas3.e cann~t 

be accounted far i n  f e m s  o f  the aeasuxed ralues 

of p an% P.  The odcmlatad 'traLues Sea too hi@ 

indiaating thaO, i n  contrart t o  the aloeef oo l  

oholwter ic  ~ tmct t lxe ,  the mol@aulea Sn %hie phase 

are not narraal but inclined with respect t o  %he 



hs l ioa l  axis, 9 h i ~  laoleoular L i l t  ha8 been 

confirmed by X-ray studies, 

2.  Experiment a1 meaaurairment e 

$!he eampoulbds ueawl i n  thees aq@simenta 

were B O D  obtdnad  fro^ East~lan Kodalc Company 

(U,S.P.) and cholesteryl Pensoate obtallns8 frcm 

Pari-Light Oorparatian (u, S.A. ) , 8 0 s  adopt@ 

a Gilted m e a t  A@ C phaws a t  lower l@nperatnrrae 

and nexwtio phase at higher t@mperatur@s, The 

token with a Faxkin-FJmsrr DSCT-2 (U.S.A, ) 

nematio and nsnria tia-Zsotropic t ran~%tf  om are 

a8 meso haee, viz. ,  
adopts  ody,eholegteric phase. th! t s  transitfan 

L 
temparatura~ ore a@ foSlowst 

The r ixfwas  wars prepare4 by t a 3 r i q g  the 



Pigwe 28 Differentid, eocasnirag oarlorimater 

tro~ee ahowing (a) the m a c l i a  C- 

nematia and mnaf i ~ - i 8 o l r o p i o  

trsuraitlonres Xoz: W1133, (b) c& (o )  the 

fwisted @neeti0 O-twisted n@rn&tio 

and C w i s  ts4 nessn1~%ic-is otsog5c 

transitiones for %he Q. 9 BO@ + 0.1 

C?B wid 0*85 f;ZO@ + 0.15 Qi) mixtures 

respectively. 





csosapoux3i&en i n  the required ratio fn a glrsllcsrs @up 

and heating it  80 ilrtloeropio phdl~eae. fn %he 

isotropio pha~e if waa st irred wal l  an8 than sooled 

t o  l iqui& orystaAlin@ phase. %?he 980 Oraaaa oT 

the Q c 9  BOB 4 0.1 aa% a9d Q e 8 5  EGM + Q*15 t2B 

~Zxturasrsr tskbtasa under siBlilaar oo3sr9168So~rs era givm 

in Bigurra 22, and 20 raape@tfr@ly. The traeea ahow 

tbiaO i n  eaah ~ S x t u ~ e  the t w o  gaers~phsrsee are aepafatsd 

by a first ordar pha@s Iranreiti~n. Apart froa 

@hawerr L a  %ha pest& height@, Oh@ trac@e% w e  .@$milax 

Co *be one found in purlss EOAB. I U a  ind$tsat;err~ that 

addi4;ion of 413 does a ~ t  vejlry muoh eff'cc* %he l o a s 1  

ratrulehsckr, i,s,, nerrnshliacr lake in %he higher temp@- 

~ a t u r ~  phase an6 eazwtio 1Skm i n  the lawar t@mparaturs 

pha~s3. T t  wawr fauna that b o a  ghasle@ sxhibi0 optileal 

rotat% on, !thee@ pxuperCiesar IMlaaf ba that the, higher 

t~mgeratuse aemghaea i& twiat~a nsrnafii~ (%I) and 

lewes 4mmpesa4kure meapharse its bwZote4 bsmeeCic? C 

(FffSO) ghraar. 

OptkoaL sotstf org 

ghet opfioal, r ~ t a t o r y  power as a iu'~~i~Ciorn 

of temgsrahrs was aeaewcetl for both aad;9twucss 



uriw a etsuldard p ~ l a - i m e t r i ~  axrauagsmea.t; ( ~ o d s l  

No, 103071, Winkel Zeiea, @@ratany) and a sodh.tn 

lamp (X = 0.58 95 p a) . Ths swgle  %asperatux@ was 

~araintain~d by enla electxical3.y controL3sd beater an4 

mcrsrarwrerd t o  ;t 0.1 by means o f  a pxsvSowZy 

calibrated oons taatm-ohrom61 thernaoooupl@. The 

d e t a i l @  regarding the! polarLntater, ample heater 

and the aalibrati on o f  the thermocoug?ls are desaribsd 

i n  6hapP;c;lr 1, Thin f i lm 02' the rampls were -pr@par& 

batwsen glaes platee h a v i . ~  ~ u r f a c e  flatnsae o f  the 

order of h 1 5 .  The samplt thicknessas were kept 

uniform by uaiwg mylor epactmma of 0 * 2 5  ail ( s 6 - 4  pm) 

thickness. Xn stvery exper*rtmcsnt the actiral lsarnple 

thicknew8 wua found by xcrealFburiag the t;hflcrknerasea at 

an cair GEL;" which i s  deliberately introdtactild i n  the 

sample* These were nte~~uzladl by the ohmncell@d 

spectrum tschnipuc t o  aa aoourucy of 2 2%. 2he 

m@amremacanta f n the, 2% ~ X b d  T$C ~ ~ . & E I B ~ B  were oarric~d 

out on p l m o  %exlure s a p l e e .  Sn the TY phase, well 

dignet3 plane texture f i l m @  wertii sweily obtained by 

the w u a l  method o f  mechaniclal diaplaceaent of the 

upper glaaa plate. In the TSQ pbee ,  t h i s  method 

aid not work ~ a l i ~ f a c t o r i l y ;  an rrrligaae iila wa@ 



obtaned  only on slow o o ~ l i a g  of er plan@ texture 

ZllB f i l m  and the alignment wskrsr aol  as gearfeat at3 

i n  thaa TH phasat. Zhaercafore the un@ertaInty i n  the 

mearauretnrent of wa~s somewhat l a r g r r  f o r  the TSC 

phase (&396 as compared with +0.5$ for th. TB phase). 

A t  the  I SC-TI t r a n a i t i  on t eaperature the 8mgl s  

a l igmant  deter iorate@. I n  saaea whsxe the sample 

a p l i t s  i n to  multidomatins, the sxpeximent had t o  be 

rcspeated. A t  the  IN-IPSC tritimarition t@~gpetxat~re the 

 mixture^ athowad an almost abrupt jump f n unlike 

the behaoioaxr of DOBCP + oholestearyl oignm~dcte 

mixtu.re (figure 1). The acperimentaP data are 

given i n  figures 3 and 4. Ihe ~ i g n  of the opt ical  

ro ta t ion  i 8  negafive i n  dl1 o a ~ e s .  

The pi toh value# of theme mixturee l i e  i n  the 

infrared region. Tharefore it i s  not poeaibl@ Co 

aetemnine i t  by the usual l i a g h t  tr@nsmissioa ox 

ref  l ea%i  on expsrimsnta. Faxgaeon ( 1966) hae $ i w n  a 

' oblique xefleotionl method i n  which by psoperly 

a l i g n i q  the  saapla oaris cakn Bktssraatare high p i t ~ h  olalue~ 

with v'isiblfe l i gh t .  For 61, erholersteria @ample\ with 



10 % OF Ch.B IN A M IXTURE OF Ch.B R H Q A B  

Bigwe 3x Optical rotatory power a@ ira, func2;ion af  
t @mp exatul~.er. 





tha hel ix  aLigne8 approximately paroXle1 to Lhs 

aubcPtra%s the f orpaulat f o r  P loan be worked out eer 

fol lows.  Bigurs 5 d e p i ~ f ~  the re5leotionar from 

oholeaferio layetxs i n  thie  g~psometry* In crhole~~texics, 

if P f a  the pitoh than ~ / 2  fa the pclrriodieity 

dong  the helix. From Fieuse 5 one hrals 

-1 @in Y2 s in fp 
P s i n  g Psin $[.in (-. 

P 
)+aria " ( ----41 

ts 

1Chsref ore 

r - 
P =  - II 

I -1 'in 9, @&a rp 
( 1  

p ain ?[sin P )+@in " c ---41 v 





p average s@frac t i r e  index of the 

aholeateria rnedium 

X .P wave1eng'O;h 02 l i g h t  in vacuum, 

The s m p l e  wa8 prepared by sandwichin$ 

between two glass plates .  The $lam plates were 

thoroughly cleaned t o  r@aove gseaee and dust 

particlee and fha lower plate was o ~ a t e d  w i  t h  

d.uminiua t o  sake i% h i a l y  ref lec t ing .  The 

aligrunen+ with he l ica l  asee appxoxisately pa ra l l e l  

t o  the substrate  were obtained by alow aooLing 

from the i~lotxaglc phase. A heater  was 

conatsu~ted l o  uontrol the  @wmple t saperalure 

with provision t o  make r e f l ~ o t i o n  studies. 9he 

glass pla tes  containing Ohs @ample were mounted 

on o ~ o l i d  oopper cylinder whioh ooul4 be fixed 

inside the haatex. !the f ron-t sAd(er o f  t h ~  heater 

waa oovared with a @lala  window. lhis ~nsrbldl t o  



ieroliatg the sarpgl@ t h e m d l y  fxom out@id% 

without obstructing the  lie$ ray@ t h a t  axe 

inoident a t  la rge  oblique anglee, Ihe  

temp@ratur@ o f  the, eamgle woe meaaurred by a 

oonrstanta-ohromel th@moaouple. Ihe expsri- 

mental set  up t o  measure li and 9, are shown i n  

f igure  6, It aonei8teb of a spectrometer i n  

whicsh the, anglsaa arould be meaarursd t o  an acrouraoy 

09 1 minute. The ~ ~ r n p l ~ 3  f i l m  wa~b p a ~ i t i ~ n ~ ~ l d  i n  

thee vert ical  plane i l 3 f ~ i d t ~  the herater which i n  

turn waea placed on the barn fable of the 

spsclrom~ter ,  Light fxom a  odium lmp 

( )2 0,5893 pa) was rcandera4 parallal by the 

aollimator and wrsa made t o  id1 on the  ample  

and the r s f l ec t sd  l i gh t  was viewed i n  the 

taleaoops. Th6s posi t ion of the telesaope hulld 

tha t  of the turn  fable, wtaiaa aajarreted Co get the 

ref lect@d ray i n  the oentre of the f i e ld  of view 

af the tdleaoope. Ihe angle between the oollimator 

and t h s  normal t o  the sample f i l m  gives qi and 

the angle between the norm1 t o  %he sample f i b  

and the telesaope gives the  angle of re f lee t ion  

y r *  The angles yi and y,  were measured a t  

vaxi ous tremperotusae, Ihe shiarpneos of the 



Substrote 

~ iqu id  Crystol 

Figure 6 :  Experimental geometry t o  datemnltls pi and pr . 



refl%otion dspend~ on ths bbrefringsnoe of the 

ehunpla an8 on the alignment, Al&o i f  depend@ 

on %hjuppXe thicknese, X f  was f o w d  the* snmplea 
th$.ckne;sop 

sf 10 pa i n  the 52% phaee aaci 5 pn &a the TSO 
L 

phase are hiluitenbls f o r  the, axpatriment~~ Xn 

BOaS + OB rPixBuxes, %he refleatiom war@ not very 

sharp but sti l l  meamrwri@ntsr ware goserltble both 

in the I N  and TSC phaae exciliagt; i n  tha ragion clloazrer 

Using equation ( 1 )  the P value& wars cal@ulated 

for  rari oue i;rmps~ratuxea bath in the ?IN and TSC 

ghaeea. The sxper&m@ntal r e ~ u l t a  are presented 

tispenden* on %canzgeroture An the 5?NI gha~le and 

indepsndent of teaperature i n  the TSC ghwe, 

The pitoh in tha 2N phase was oleo measured 

texture i i l l p  using a Leitms iroublaa beam infra$?ed 

speotrophotometsr (~odsL 081 ) a Here the sampl~a 

were sandwiched betwaen $wo 0 a l ~ i u n  fluorid@ U i m ~  

each of diamter  30 ma m d  fhioknes~ 4 amr, Ihe 

arrangeaent %a haat %he sample and t o  m@mure the 

f cmgeratures, wasl a5nril&slr ts fhat uslea i n  the 











ne4aaurement of ? aar a funetion of tctmgeraturat. 

Infrared ray@ from a 1%3irarsl lanrg warfa passe4 

through the ample (m;hl~ntdn&d at  a temperature) 

and Ch@ txan691nittard intensity waB r(eclorcle8 a8 ra 

function of waveleag.f;h, Xn dhs tra;nsmf aeion 

spectrum aa d i p  i n  the intren~ity corr@spanding; to 

the raflection band was observed. The 

pitch was calculated from the relation = pP 
whare p was assumed t o  ba the av@rags of' p, and 

p p ,  the principal inQicsa af the layer at the 

wavelength ha. (Ih@as ware obtainoad from Drude * s 

dispersive formulo usang the values of p, and p p  

oorrssgonding Lo o g t i c a f  wavelength. ) The 

proaeduxre was repsated at v a i s u e  swple  tanpe- 

rature~~ Ihf a S;echn?irgu@ yitalda a mars precilera " 

estipitala of  the pi% ah. Them experimrntal values 

axe allno presentad in f f g w ( ~ ~ 8  7 and 8, Thee@ 

value# are eligktly highs$* than t;hoa@ oblstinsd 

f x ~ m  the s b l i ~ u e  reSPeaS;;;icrm. tsshnlc;uc. 

Thaa bf refringsnw A p QP pure EOAls wass 

de texa ia~ t i  in the nematiQ and ~ m e o t f a  C ghaeea by 



sremuriftg the pb&m xebtdraatbcwa (Sa mr ample o f  

known ~lhficaknasa) us~iag 61r B a b i ~ b t  O I Q ~ ~ ( B ~ B ~ O E *  

%he o~mp%e war f&ea betwren CW &mas p2atea; 

(of dimamion# 11 ma opuare 2 mm thiakna~s) 

having aurfao. glatnaaa of  tha w4.r of h/t0 . 
The owrfao@s wars alr~arnsd dho~oughlg a 4  then 

uoafrrb wi@h a uecl~y GhSn ai;ulkSatw lo~yer. Thiie 

rlialmtaa surf a m  flaw8 bu% trranmita Ugh%* 

2he thi~knera of %ha @mpla  ww kept! -form over 

t;ba whola eucea by usfw lgit mylaz* ergaoer of amAniarlllt 

thioknrass o f  138 Ha, !!%a o o t w l  thiokneea warar 

ll~eas~eQt by the ahma#SXad apaa t r u ~ n  teakague 

A g c i s  a h+atrrr wieiar aomtru@leQ sfmilax ti@ the  one 

dersar5blsad for %hias drstterrst2had2on oP 7 but; wZfh 

muah aadLlebr dfasmar50n@ (d fmaf  r r  o f  a s  ou%ar 

sylindrx 3 30 mi) $0 emble %d O;o $it i a t s  the 

egace batwaaisn %he pale pfaeea o f  the =gnat, $be 

tmperatw@ o f  tha mmpTe was e e ~ a Q  by a 

aonrts*dandan-ohxo~~~(%X .t;3LcarmoolaupZ$ aalibrat~ad An the 

wudlrl ww. %he ~suop3.~ w6U$ ai$mB by m aagnetio 

f i e l d  of I E D ~ T @ ~ $ % ~  7.5 E ~S.IS%OPI W&d SS1ea~Wementa 

ware in the yraaelixos of %ha f i o l 4  after th@ 

argeal~an hadl rea~imril la AS; fax rruteEy 2 hsura, 



The expsriaacrrnD aonai@leb of senCling a parallel 

be= of  1ig;ht froa m s o d i w  Ih-p ( h  0,5893 pa) 

through a p o l ~ x i ~ ~ r c l . ,  that smplca and a Babirzaat 

aomp@matos, A t  eaah taperalure the nwaber of 

fringes m crroe3eirrg the raierstnaet l i n e  i n  tha 

field of view of %ha $tabinat oorngatnsator wa& 

nolmd. %henay of the medium wasr oeala.c;llalebd 

iroa the relation 

where 

gChllg exp(~lrim8ntd 81111~1 ~f A p in %he 

nematic! and smeotia G plzaeee sere pr%sent%di in 

Figwe 9. X t  @how@ that A p her@ a dieeontinuity 

at the nema9ia-saneofio O t ~ a m i t i o n  and a l s o  that 

A @  deposrnds rstrongXy on tc+mperohre %n the 

nematia phase as ctompauced t o  smeotfo O phase. 





3. Compari8on with theoxx 

E~uatioxw fox Lhe %wo wave veatore f o r  

normal wtxverrir as @van by the r i g o x ~ u s  the027 

were used ts aalouJaBe %he o g t i a a l  xot&tor;y power 

from a knowPedge of  P m d  A p . 
From @quati on (30) of Chapter 111, %he two 

W ~ V B  V@Q%OXB am 

Here 



Putting 

Ihei o p % i s s l  rotatory power 

Using equtiltlonrs (2) t o .  ( 6 )  alang with the 

observed values 09 pitoh on@ can caloulata *he 

rotatory power provided ths birefsinganoe of tihe 



asaw19od t o  be 0.05 and using ths biraixl#(r;sma o f  

HUM, the 'krire~f'rimgeam@ of the a i x t w ~  wa8 obtafnad 

by a @iapl@ ad4itivit;y law. %ha3 rotsatoxy pewarrr 

i n  the TBI ghaara wara aduulmtcetd far  the 0 3  BBAB + 0.3 

alxtUCtsr %he aalesulatad valwlcsrs logrsther with the 

the exper i~anta l  vaXues, %hi& indfs&%es that the 

n o l e ~ u l w  are probably not norm1 t o  %he hel l sa l  axis  

(as In  fha clasedeal oholeater&o) but t f l te4  rsaulting 

An a rcs8ulotion o f  the aifecstive bixcsiringenia@ for 

%his dirascftiob o i  propagation. Crbtalblsabla can4 Cano 

have alao oaae t o  n ia i2m sonalu~ion@ while in%er- 

prfs$ing thr olbaasvas4 aptioa;l. rotatory gowar Jn sa :p-aeoxy- 
phene t a l e  
, t ~ k o l e ~ t s r g l  bengaat@ mixtwt~. X-ray afuc3iee were 
i 

under%&an t o  ver i fy  thia comlu@loa.  

4. HIlrp11~~ 8 t ~ & i e b  

X-ray d & f f  rstcttlon phot ogsaphrer of randomly 

orisatead ermplara of purr H O U  tan& of the 0.9 gOJ@ + 
0.1 CIB mZxtur. were %&en at different %@mpexaturse 

ueing Biokal f i l t erad  CluIa radiation (1.542 i) 
from a Rhs~war (~ng1azlB) X-ray unit. '1Che ~geoinen 

was f a k ~ n  i n  th@ f o m  of a frae iZlr of about 2 mm 



p- 

PtataOcrj power ( f ) r 
-UII-UP1.- - 

(T&-2) 'O C9mbauZr tad GeJlclalr$a& 
b;*~srinnntal Ttmw* with qt*39* 



i n  4ieuneter on a loop of wire. Por t h i s  

geometry a di f ferent  type of heater  is  required. 

This  was oon~truated  i n  the usual way but with 

f a c i l i t y  t o  place the  wire loop a f  the cenlre. 

Thin mylar windows were uaed t o  i s o l a t e  the 

sample thermally from external disturbances. 

The sample temperature waea @@need by a oonstantan- 

chrome1 thennooouple and the @.rn*f. developed i n  

it was measured by a Phil ips  microvoltmeter. %!he 

d i f f rac t ion  ghotograghls (are shown i n  f igure 10. 

I n  a l l  caaels, w i t h  the exception of the one taken f o r  

t h e  i s  otropic phase, there occurs a re la t iv@ly  

intense inner  r ing and a f a i n t  outer ring. For 

the araectic C ghslstsl of pure H O U  and the  IESC phase 

of the mixture, the  inner r ing  i~ quite  @harp as 

would b@ expectat3 of a amactic layered structure.  

On the other hand, f o r  the wmatia phase of RQAB 

and the Ti? pham of the mixture, the inner xing 

i s  more diffuee. S t i l l  the inner r ing i s  of 

greater  in teaei ty  compared Co the outer xing i n  

both caaes, oharacteriatfa of a cybotactio s tructure.  

I n  every case, t h e  diameter of the inner 

r i n g  was measured w i n $  a oomparat~r. The tilt 



Pigwe 108 X-ray diffraotion par.ttsrnfs for 

wszalign@d swaplee. Plsse EOAB S J ~  *he 

smeotic C pha~e (top l a f t )  an8 i n  

the nematia phaee (bottom l e f t ) ,  The 

3).  9 S O U  + 0.1 CB mixture i n  the 

twisted m e ~ t i ~  Q @use (top right) ,  

twiated nematio phage ( m i d d l s  xight) 

and is otrogic pham fbottora right). 

$!he spots i n  the phofodgrakghs on the 

right are due t o  the sample holder. 





anglt~ tt ( d ~ i i n e d  with mapact t o  laysr normal) 

eta calcul%t@b froat the ralations 

0 

where ). = 1.542A is ths  waralength 01 X-r;lg@, 

1 length af %her rwloleolxZaa uaepr gasurnad ZQ be 
QI 

33 A for HOAfi (~histyakamr w d  C h a l k w ~ k y  1569). 

2 = bPsL5n08 betwoerr the smyle &rZd the phOtugraphia 

f i l m *  

The tilt angled aaZaulated in the 8ifferant 

phaaea are given Balow. 

Hsmalfo phase of g ~ @  lKW3 OL 4 I a  

TSC phase of 0. S nQ1lB + 0.1 @R 41.5' 

I t  wae fauna %hat the SiZl angles in a l l  the 

phaae~ are praotfoally iMependent of t~~lfperature. 



A photograph taken i n  the i so t ropia  phase f o r  

the mixture ahowe a very weak and dfffuee inner 

sing indioating t raees of cybotaatia nature. 

Qn the basile~ of  the evSdenoe obtained %POD 

X-ray 1~tudi@i~,  thra theoret ical  rotatory power o f  

the  TN phase w a s  reodoula0@d taking ths moleaules 

t o  be t i l t e d  a t  39* $0 the helicraal. axis. 

The eifectirs l a y e r  ref rac t ive  index po f o r  

an eleetris vector polarised in the plane of the 

tilt f o r  lgght propagating normal t o  fhs l a y e r  28 

given by 

2 cos pt sin2 qt 
% = 7 + - - r  
p, P I  4% 

where 9% is the tilt angle with respect t o  the 

ha l iaa l  axis .  Hsre (p, - p,) gives the  layer  

birefringence. It waa ~ssumed thaf p1 - 1.55 

which i e s  "ths approxirtzata value o f  the ordinary 

index f o r  p-a%oxyani~ol@ and other sinrilar oompounds. 

!!he carloulaLed values 02 7 are given i n  tablr 2 (page \ o 7). 



the l-wiatsdl amectio C, taking the  tilt erngls $8 

be 41 .$* an8 f orlcnlrrt@d at a few tunpsrahcrea 

of for  !EN phase and 280 phase rrr also 

preeentts8 i n  the abave, tablea $or oo&perri,boon, 

Swprfslngly, the thaoraticez2 vause Cwn out t o  

b@ about half of trhs ~3xgexirn~ln4ical vaZu@r i n  bo$h 

the TM and 280 phaotr~s. On@ rieartnron Zor %ha highax 

t o  &he glaae eurfaoeo, %bus inc?x@aa&% the 

faffsotfv@ layerlc bir*sfr$n$encl@ of the medium a23 
(sea, P i  Ue, 11) 

the boundary.. !&ere aurr a l so  be changes in the 
L o L o ~ e  t o  that b o u n B q *  

t w i ~ t  between aucceseioa lejpr~ Xn artlets ts L 
ixkvarrsltigate thisr, mserlsursmatnt of on osuaplee of 

are gfoen in Plgura 12. It SnBicatc~tss that lrshs 

rotatory power deroretmeer with %ncrallz@erfn(g t̂hdcltk;netaiea 

@ug$s~ting a b o u n d w  layer: effsclt .  lChias m y  

partly occrount for %ha 4ieoreg~;1~rc3y between Qha 

expe3rirae4n.tsrl and QIZC~U;Z~~F~%IB)~ v&Lu~@. A r815atb3r~a 

eatinkale of" the aontr2butfon tsf the bounaary Iagex 

to the r o t a t o r y  pswex i s  d i f f i a u l t  aa %hare are 



Rotatory power ( 1  z low3 dsg.odl 

(Pm-2) *C 
Bxp@rira%rrtaX CebleuZat~td with 9% = 4 1 . 5 O  

7 valuas in the TSCI phase for 10% CB + 90s R O U  
mixture at tamperaturerr away from TSHp tha TSC t o  
!EN .f;ransil;ion point, 



m/flw///-y// 
z s G Z e - - ~ = =  - I boundary lay, 



Pigtaras I t t  Op(ti~&J x~tibltory POWB~C ag 8~ ;lfTUP@t20n 

o f  thA@knrsec EQZ Ghat 0.  $3 80M + 0,1 aB 

s&xtur. at r&rioru tamparoture&. rgx 
xagreean*s the 

transition tmparoture and rQ8 repxssents 

the %SO-%I tsansitSon Osmp@xaf;taru. 
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likely 60 bco @haweb@ in the tf1.t; a@ w a l l  asr thr 

p i t & &  of  the @%nt~fure,  

Mareover in *he, @tkLc%lation6j o f  thaa faye2 

birtsis=1nj?teanaa of tha mbrturs, the ~ i m ~ l e  addi f iv i ty  

l a w  ww '~bla(l. A@t;u&lly 858dl@kvAng QB An 80AB 

ahangeba the txana~lt ion f;@mg@raturcefis~ and a2ao $he 

range of the l i q u i d  aryrstshJ, Jplkassa. 9h1m fhare 

axe likely Oo be aggreciabl@ srbnglsa o f  order 

paalcmel;er whioh i n  turn would alt;sr the l~yer 

bireirlngenca o f  the sixdure. 8imr r a r l e a  as 

the @quare o f  %he bdre$ring@nae tbfs  @onbrribution 

may be partly rasrilgonsribfea fox the ddaocrxaegrarnoy 

bwtwsen t h e ~ ~ y  and expsrlnent . 
Perspf t e tfries crtiifioulty i n  u n d e t r s d ~ l  ng 

th@ d l i f 6 ~ r s m ~ s  batwean cshaloulation and taxperlment, 

Lhaa X-ray result@ to$ei;ktrsr wJ/%h $ha ~p"eoa1 

eviaeasa greaen%@b Xn this ehaptar q g e a  to @how 

fairly sonclluaivaf y that $he twisCed-namatio pha~et 

of Chra ah%=@ ha# a sfmoturca guiCs t l i i i~rent  

froa the uauaZ oholela.t;cerio in that the nol%oulsa~ 

are no% aormal bu4; t i 5 t s d  with xeapeot t o  the 

heliaal iaxie. 
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