
6.1 Introduction 

It i e  well knawn thiaf %St6 dialeutx2o aonrrtarsta of 

liquid owstnle Plreyuenoy deptandent. Becaueme of 

the oriex%%akional order f n  the medium, el, curl E ,  ~ V Q  

different Zrelaguenay depsndeWes, ~ ~ ~ € U ' b f t ~ r  only Zhe 

mmdl ilebxe reLaxrition whiuh usuelly o ~ o u r s  i n  the UNrs 

~e@on. But r ,, ahws ,cur sdclltionrrl diaporei on i n  the 

Mtfn rcsglon s l ~  even i n  the gEln region. The low fre~uenoy 

relaxation wae Sixwt obsclrv~d by MLtier am& ~9r~icorl 1x1 

alkotgaa;owbena;anQ8. They ~rhowetl $hat i n  the rex850 

tkrequenoy region el, exhibite a dispersion wNle eL 

r6#min6 oonsltant i n  %hi6 Y?e&otI. 

%%*he 10w freclusnay relaxation of e ,, is  8ua t o  

the MNndranoe to  the retorienter%ion of the -cfipole. The 

digole, maslent p. of a moleaule nraking an angle t) 



w i t h  ab. long moleou3ar axle san be resoZvad in to  two 

aompoaan$s. The lon&ituAind& ca~tpomM; i n  the 

snd the tmnsv8x81e a o q . ~ m n t  wt 0 /L s i n  f) . Be 

rc~orientstion of px 1% Mhfn8wecI due t o  the aroleoulaur 

orvter. % M a  resuXt8 i n  a 3ew fxequsnlry dirqpere%,fon o f  

=I) * The transverse o~egonsnt % oan rearXent r;Mely 

by rotaeion ~rrouatd the Lo% arzts and sL exWbita la 

dlaperrrion i n  the nticrrowave region. Bemime of  iplpex- 

f aa t  ox?iler, pt also oontribu%es to  all lewlfw t o  a 

swond dlrPp%rerion o f  e in  Wm miorwave &%&ion. 

I n  tho %sotropic phwa, tlie, dfL&cctrSc crunetirnt ellhi- 

bfts, the uaual hbya type zelaxatioa. 

dicbleotria relaxatii on i n  1% puiars t o  nomatios. Hartin 

e t  4xL4 refirrsd the theory. It wcrs &ova by thera tha% 

ths ref axat ion tlim tR ~om5pondf  ng t o  the reosi%n$a- 

t ion of l a  ordesa of 

noma1 Bebye relaxation .tinre z0 i n  Che ifeotropio 



phaae. The r a t i o  'tR/'tO is called the retaxldaMon 

fac tor  g. The W u e  of g w a s  asLcrulorte& aa a htnotiea 

of the orienthttional nematic potent ia l  q. ' h e  sela%ion- 

ship between g aud q wae @ven by the expxeeeion 

Xn tlia ieotroyio phase, the msiatrmuo Zo the 

reasientat ion of the dipole notnent i e  malnly 8ue t o  t h e  

r iacoei ty (r)) of the medium. tcunyerhtture dmendencle 

of this can be expreeaed aa 

where Pr, is the oct lvat ion e n e r e  due t o  vieooeity effects.  

Now, the relaxation time lp,o i n  the isotropio phaee is ~c r l / k ~ .  

Rrom the def in i t ion of the retp~paation factor ,  the  

relaxation time ?R = rOg, and henoe 

where w = i y  .r- l a  thu t o t d l  act ivat ion energy fo r  

Uiaf e e t r i  a relaxation. 



A plot  of log  iH versus blE ~IXOILLCI tw o 

st&&% l i n e r ,  the r~~opt t  of which, dvenr the aat ipution 

energy w. Yhuu, the t o t a l  ml iva t ian  iemrm o m  be 

oaloulsted by bynewwia~: %tie tatlpurml;ura varSation o f  f, 
rl 

of  cc ,, . 
The die lae t r io  wmtmt c ,, i a  aa%Wly a 

? I t  
caapler qu&Sty, e ,, I. c , , +  i t i ,  where *he reall 

t 
pax% (IS,,) da8osibes the ar&Fmry diele.(3cxfa oonatant MB 

the imaginary para (a,:\ the ateleotxto xoaaea maoaistea 
** 

with the se lnwt ion  pmeem. A Cole-Cole dia&rm af e ,, 
* 

wemw e , ,  indirtates the natu~e of relrowttion. 

'ehcf radio fmwan~y dleplucnion o f  8 ,, PUU3 been 

tzxtensive3.y svtudied fox* a raber o f  s t r o ~ g l y  pols~r cams- 

pound8 by itZatner and SwsltPahar. 4,6 

bfe bav8 roenswlcld the low fraquenay slhlfucttticm a$ 

11 
i n  the .ieomml nitpma%ic, ~maot io  A LU3d tfX(B rtr-au%ran% 



ie phases of both the pure aompounde, I 1  @t4BB 

and 12 GPHBB ma of the bf=y mixture 6 OL[if/8 008. 

6.2 *aim#lntdL 

9 % ~  s~or.imnfiEit detai l s  segwdirig We cell w e d  

fox *loaeu1?aernts, the heatcer aa8 the tdltlpsrature wantl~ol 

srra described i n  ohspfer V. *&a eetapla, sanrfdaficsd 

batwean two Qin odJo aoeted plate& visa aooZBd in the 

of ~hapter TI, for batfsir allgrotos~t. lPhe t(pctperrjturo 

oould be midasmed .to within fl.025*0, while the aonataraay 

The diolactrla ctiapcsxsiozr was raewneucrd in the 

fxi'secprncy ragion 1 XHa to 1O IQb. %%a dirsyex~ion of e,, 

i l l  froqaen~y w e  1 KE5 to  20 Klfe was tuoarnrred by 

the, vJtlgno Kcxz bxidge (8642) usinr; an extezmA source 

enii detectcar. Bar meaeurelldent& in the frequenoy rfurlSe 

100 KKpt to 10 MHs &motha Wsaynta irecdrx bttridye (336~2) me 



use& i n  conjunction with :lm Wayne Kerr W 6 8 L  source 

and deteotor. The nuxc~m error in  %ha Bet~mfnetion 

of the fr*c3qu@ncy of ~ S T ~ r n x t f  on (fix) o f  E ,, is eaffwated 

to  be 7%. 

18 

&* dPe2eol;rio LOBS (e ,, ) and mrp dieleotria 
t 

oomtwt (e ,, ) were bwth dwtermlminad. 2he meaeurad 

xactanoe w w  aorsected for the eerlcaa lnduotoaae &so+ 

t 

b. rp~psatsd, E ,, showeii ra 8icgarrjlon in 'the frsgu@xcy 

roln~rs ooverad, wMle eL Terminad cowtmL. Ilarc+~r,  

l t  
the loaa a ,  was not mro CfUe to  mn-s@ro Sonlo 

A mprssen t~ t i ve  curve showing the variation af 
f t  

the loes e ,, w;lW ;trequenoy is  #&awn in r'fmre 6.1 

for nll the tkrcsca systar~~s slbudieii. '%?he maxA~mu~ of th;Xa 

curve give8 the frcsquanoy of rolamtion (iK). 



Frequency ( MHz  

8) 

Meleatrio loae (a,,) w a funation of irequenay for 
11 (LPXBB (at 123.925'0). 12 WMBB (at 121.025*a) and 
6 OC8/8 OOB lnixture (at 49.925'0>. 



t 1) 
The pro% of E,,, v m u a  , m a  a 8clsli~riroXe 

with the cclntse lying on the a:, = O axis deno%iag s 

si%le m~iaxation tiraar.13 202 b o a  the gum caep-ds 

and tw lnixtuse sfudierd, the %ypiaal tIo3.e-Gole gY.ote 

ut a oertain temperature as@ shavn in f9mxes 6.2(&), 
1v 

6.2(b) a d  6.2(a). lPhe plot o f  e,, vereurji h'eyuenoy 

&Long w i t h  %ke Uok,~cUdle p la t  ia enough Zo dttsuxible the 

re;laxation proaests c mpleteEy. 

Ehe plots  of l o g  fH vrprsus % f o r  the, g u m  uaapaulde 

a 6.5 t ; ~  6.5. It i t r  

a w n  that b o a  the puse compounds ( f i w a o  6.3 rrtrd 

6.4). fw i n  the rwen t r an t  ncraeh%fc p h ~ a e  l e  very low, 

under 10 me region. But fo r  fhe mixture (figwe 6.5) ,  

OR WM;UPB in the 100 BRz: region. Bor 12 OPHBB, we oould 

tletemine fR a% only two t~sriltures in fhe h e n t r a n t  

-matic phaae &ace it la a highly metwtabls p h e e  with 

a ralcrl; i~@ly short range. The aativat ion clmergicse 

eva;lua$ed Fran the log f& vemus %! plots  are given i n  

table 6.1. It 58 seen ixom the tab le  that Wlcs value of 



FIGURE 6.2a 

Cole-Cole plot for 1 1  CPMBB at 123.925"C 



FIGURF: 6.2b 

Cole-Cole p$ot for 12 CPMBB at 121.025'C 



0018-(301% plo* for 6 OCB/8 O(B mixture 61% 

49.9'25*u 



LogaritWo p lo t  of frequency of  relaxation (fa) 

veruusr 1/2 for 11  CPMBB, 



FIQURE 6.42 ItogaritWo p l o t  of fiequenoy or  rdloxation 
(rR) versus l/e for 12 CIPMBB 



3IOUR;IJ: 6.5r ZtogariWmlc y l o t  of frspuenay of zelaxation 
(fa) versu8 l / T  for 6 Om/8 OCB mixture. 



AativaCfon aneregr (v i n  eV) for 1 I WHBB, 12 WmB 

and 6 OW/8 OCB d x t u t ; u n t  

dcatlva%ion comppounrl 
energy 11 CPBBB 12 mBB 6 0(181'0 WB 

fhe ao%l+otion energiee for Che aorrerrapoadia(r; meeophaae 

of 91  CPluD3B a d  12 CPRBB lure abauti the @me. !&e atlixtum 

has lwsr aotfvsflon energiws. 

(I) 'Llhca noxaTP1 nailafiio pbaa   ha^ a hl@ax activation 



enexm than tfub szosaticr phraga. A eiPeilar obaemot1on 

9 haa been madm by Dmaon an8 Lfa0NUPi.r an 8 a. lPhfs f a  

f n  o o n t w t  t o  w h a t  one would expeot &me the tnaeot?lc 

phase is  more ordered and haa U&er vl@ao@ity *an 

%he nematio. It appears that  the bilezycar stlnroturt 

of the meatio A phase saa~ehaw g18~k~S the rewiantertion 

of the moleatalee sasitsx. 

(1%) In  the meatlc phase, the plot tsaaelata 0% 

two aiertinot stroxf@a% linee, with diffslmnt elopes (or 

diSfesctnt w) isrdiostfva of sane tsort of 

i n  tho eyatem, It i s  fntereot iw t o  note that %he t smperaW 

at whiah thipr 0-4 i n  r~lape oaoure f n  the 8meatia phasro 

roughly l3roon?eepomle to $he temneratnrsr at wNoh &ma 

a reversal i n  the tren4 uXdiueaed i n  seution % of 

ahapter Y. Xt should l~olvavor be mcationod here that 

the $iff erentlal 8cscanntng oufosimotry ( 3 ~ ( 1 )  rvutr taken fo r  

thee@ cmpounds widiti~ the u m l m  gorseibPe blemiWvity 

(0.1 moal/sec) f r a i l ~ d  t o  ehow ang tr&nsitlon at theem 



ohasemad. ushen viewed raader a po;iarfaia darosaape 

s fan sha3Jcsd texture pera i s te~  throwhout the a~lstatio 

phme. 

The dliferenos between the ~ot;ivatiom ensr&oa 

W, ( ~ m c - ~ t ; l ~ j  and  w:, (amo.t:ie) In m o m  ?rfin?%rxcad an t:m 

pare oomg~.atn8s %tan in the RLixttw (me table 6 .9 ) -  

The activation energy w., i n  the lo we^ teolp~riatum wwa 'I 

of the tsraarat;ic phase 9.8 lama then w, i n  the h i l . he r  temp?- 

ratuse ranfro of t h n  a .w  ;!>Mae. It i ; r c  also sigPliPicfznC3.y 

lerra tkkm Wze activlatiota enexRaf in the xe+-a:xtranhb nakatlrt 

phatre. %%I@ would aaem to  inrficuto that a3 far %a the 

die leutr io  relaxaI&on mt?ch~znrirai t s c ozrcrcrncd , the 

behavioux i n  the? l w e s  tew2wrcrt1ire r,s?:c;a r S  %h 9 : i ~ i t . t i t i ~  

pbee  nay not b e  pmtraasitlon effact. Hawnv@r, LM we 

aha31 e m  i n  t&e aext eAwpatrr, %he %ra~l~l~@??t properlies 

(in prulticuLar the elootriodl umdtrctivSty) do ahow m 

mwkett pretransltionirS e f i ~ c t  l r r i o ~  t o  the 8meettic A - 
xurenrdrm% nm:&ia i;rrms.tSlor% polnt. 



the ra-ontrmt netseia phase haa a mclz N&er eaai- 

mt ion  csmrL3y than the noxml mpstia yhlres, ahrhcmlnai 

tiht the hindp~u~oe t a  the marlentation l a  more i n  the 

xe-ent~an* xmn~atio phiwe. %hie 1s tho filir6t experi- 

mental evidenae 02 the mo3aeulw u:s6eooiatiens belng 

different i n  the two ncmo~io phase18, 5howlqg W~xef@ro 

tke s.arnrlii%iv&ty o f  $he experSBnenta1 technique to  deteat 

th ia  aifferenae i n  the hewo phatrtes on a molstrular level. 

It f~hould be mentiampad here t f a u t  neit;her the orientfa- 

tioaral w&er fietcBrntLimtion1' nor the elaetio aonstunt 

detentaimtf on' ' oould defeat t h i s  d i f  Persnoe. 
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7.1 _~rrf~od\uotion 

1 3t  w e  first; ahown by  ex?^ .a e w l y  a6 1914 

tha t  f o r  a naoaticr, the elealrfaal  oonrlwtivi%y me8sasured 

d o n g  %he optia axis (a ,, ) is greater than that aewurard 

n t o  i t  (a,). So aon8uatioity mew-enta wer. 

a m i e d  out  on roaectioe however, f o r  la Zong time. Qafi, 
2 

on the b w i s  of the affect  of eXeotria f ie ld  studies on 

ethyl-p[ (p *-raethcarybsn~;ylidene)-&no]aimte (lWU), 

aug@eted that  i n  We e~1ecffia A phaee. %he ( ~ ~ & ~ l ~ t t r i w  

meaarused n t o  the low nrolftaulsur kUZtl (0J ehouZd be 

greater: than We catukucrtivLty pwB;Llel t o  the e;xlia (a ,, ). 
m e  iriaireot;tlg. ooxu~nrom~ by ~ i o n i i ~ a J  mwumd 

the temperatwe dsprvmiencre of u ,, sPd a, i n  the neanatia 

phgae of 4 , 4 v L d i - h s p t y 1 ~ ~ a ~ ~ b 4 n ~ e m  (HOAX%) which 

exhibite ar wasatio O phase at lawex? twexi%tur%a. Hs 

fouad ththat the r a t i o  o f  the  eleoWZcerl rroP1BuotiV%tiea 



R m Q,, /q , 6eexemem w i t h  bhearmee of tsnrpera%wce f roa  

tha nntlaatio-isotragia t ransi t ian point (TRP) over tlrs 

enti* n m t i e  sage. %e value 0% K whlatr i a  equal t o  1 

at id ls  t o  about 0.7 at the miatia-ar~raaUa O +xwei- 

tfon. HB aWrPbutc9d thfa t o  the extfftencca of the s m a t i o  

l ike  ahart *awe mder ar cyboZPrc6io (groups4 i n  t;hs msra.tlc 

5 phrnee. Subsequently, Nlroea-Roussel and Rondeles and also 

Hepgke an8 ~cW@ider' obe-ad a siPrilar behaviour of H 

i n  the m1~b0tPc p b a r  of all the high%%? homolollues 0% the 

4 *4 '-di-siLkmryaso~ aeries. 

The f i m t  d e t a i l s &  erpexizaental etudlars of eleotrt- 

oatll ooxhauctlvity in 'the nmeot;io A pheuse wae by .yrltxma- 

B~zsse l  e t  wha maawe8 o,, aad a, i n  the n~merfio axla 

atuaiea by them are the fdtlowiwt eaaqpmda beloaging t o  

the alkoxgbenglldenrr olkg.2laallins ser ies  (nC3.m series) ,  

p , p 'di-heptylalaoxpb~~~~~ene (WAB),  I-p-eJnu,obenra;ylide~~a~~apn- 

ar.tyloxysntlins ( O B W )  , 4 * -*wty3.-&c;panobf pbenyl (8OB) 

an8 4 * -rti.oertyloxy-~g~biphen.y1 (8 OCD3 ) . 



531 the aoa~gounda ahow gretrraneitioxlllS eiftsata 

i n  the msnatio gharrre mar the aerPat5a-meotlc A t r a a s i -  

t ion terpperature. Bu% with regard t o  %he s l e o t r i o d  

aonduaPivity etubies i n  fhe @timcs%?lo A phrree, the 

oampaunda $dl in to  two d i s t i l r a t  group. !the first 

group ooxmicste of the auapounds af the ni3.m sexles. 

3% ~ouipound HAB ale0 fa311ow8 Rhe ame oharwterlrsticrs 

of the a0.m sexies as regards the oontawtidty. 'She 

arcsaond @OUP aomitflts of the wan0 crompounda OBOOA, 8CB 

d (3 om. 

Pox the ootapwnda, o i  the f i r e t  group, a ,, dwreamea 

aontinuau#Zy wi th  aleareaeing t(blDpsr~~turrs i n  ths m a t l o  

rand ameatio phases and then siriturntea in the lawer tempt+ 

rature  range of the meatfa phase. But the behavious of 

a, l a  nase mxpriaing, Wlth dearewe of tsnpemturs, 

o, decmeees i n  %ha mmotia phase and then beyins $0 

inareme naur the nematia-meatla A trmmitioar, p o i a t .  

%a innreme oil al. is a o n ~ d s x u b l ~  ea muoh so %hat a,  

baawee w;saPrLer $;hen a . f n  the low- toPlyerature 

range a% the ILEIPB&&~ A phaiacr, a, brjoomes at haat f ive  



%&ma greater than cr,, . %hue the aOJUpOU~8 8fie  chaxaete- 

r i s e d  by strong aon8uctivAty z&.so%rqpy aud u, uurg low 

value of R i n  the emeetio d @ w e t .  

Por the a ~ p o ~ ~ e  of the lrteoond grourp, @,, differs 

only sUght ly  f r~n o, and the variaf ion of fhe  aonducti- 

*it ies w i t h  temperature is Ufferen t  frolni t h a t  observed 

f o r  %he campwads 09 t he  firrst group. liere, bo%h a ,, 

and a, deoreae  oontinuously w i t h  tempoxatun. The ra*io 

R, amex un kr&i;iaX r i n g  near the nomafic-iaotropio trami- 

t lon  point,  d~CI?~&@et3 slowly with fal l  i n  temperature. 

The rats o f  deorcrasce i a  very slow i n  the snrnectic A phaae. 

In 8 Om, ll attains the value '1 i n  the aneot;;lc A phaee 

and henas these Pa no uoaduotivity anisotropy. 80B ham 

a lso  a beha7icrur e m l a x  t o  8 WB. Xn CBOOA, R deecreases 

t o  a value s l igh t ly  l ee s  t i ha  4 (it f r s  aaiaal3.y 0.85) i n  

the mtecstia A phataut. Bsncle me a~wongt aniso%xayy i n  

conduativlty oblrterved i n  the aoagounde o f  the first group 

i n  the erneot&a A phme i e  not found hare. 

Id i ~ r  i n t ewae t iq  %o noto, t h a t  &I t h e  QaragetrXLde 



of the second group are  strongly polar, which are known 

t o  possess er bilayer eurral~ement i n  the arnectic A phaee, 8 

while the ccmp~uade belonying t o  the f i x s t  group have a 

layer rrrpaoiag approxintateLy equal. t o  the pioleculctr length. 

Eswe the dif iarent  behoviour i n  the t r r ra~port  properties 

wagi atijx.ttsuted t o  the 4i,4Plsrenoe tn struotuse between the 

two groups of empound@. 

We s a w  i n  chapter V that  %be mean Adelectrio 

conatant exhibits a eurprising var%ation with temps- 

raturs. It ctecreaeee f i r e t  with decrease i n  temperature 

from the  nematic-iaatropia tranrriti on pain% snd the  

lninimunr m1ue is mached i n  the ~sraeatic r nge .  On further 

ouoling, it incremes as the re-elltrwl.'t rxematio phase waa 

approaohed. !this w a s  attributed t o  some structural a-ge 

i n  the syatem. It osn be inferred that  the antiparaXla1 

order, which wrus inoreming till the aazioum r&ue i r i  

rtaaohed i n  the ameatfo yhiaee (trhen i e  mininrw) decreases 

sxs the mefin dieltratrics oomtiant inorowes near the re- 

~~~~~t nentatfc phirse. Srr chaptw IT At wae obswveed tha t  



the molpawlar wsoaiat iom are t%ignifliliaantly differ& 

i n  the nomail mmatio and rs+.entrBtlt nsnrotla phasrss. 

The plot of 1% f, verraua l& ~ & V B  iiwo roraight llaals 

with &1fferent elopee india&t~Lw iUfferent aat&vutlon 

emrgiea. 'Phis meam tha t  the xwntrernt  yhlanaaenon 50 

asscclcated wlth soma kind o f  ahwge i n  Ulai  isyetem a% st-Cho 

rnolecuXar ismX. 20 find out w h n s i b r  aruoh etmcratwal 

crhiznges hatre ; u ~ '  ef foot on @-@ tranerpor+ propextilea, wa 

etudfad the temperature vurirition of the pr imiyal  

eleatr ia& uoniiucstivttier, af fwo re-crn*eant nmatogisns. 

7.2 &perfmental 

ass aaarpouzrde studtea are 12 QPmB and 35,0,16 

weight mlxtuze of 6 OaS An 8 Wl3 (am table  5.1 for 

tmrmi t l an  temperaratwee). 

icf~ts oonduo%ivltfenP a ,, and , were %ertems%ned 

at 1592 fia ucziw a Wqna Korrr (B642) iwtob&anaa bridge 

wiw the exparima%af. s a t  up deecritbe4 i n  seot;ioa YA of 

h p t e r  fl. As mentioned i n  tbt ssaaan,  Ulo ample 



a&wiahcab between two t i n  o a d e  oaaCad plat- w w  td.llyleti 

by a @trow aamtirr f%.celr% (13 KQawa). The well U r n 4  

armeatio A wag abtaineil by oooUq cm a;e;i@md nm~Cia  19 

the preseaoe o f  W magnotlo fiald. 

araowaay af &e raetive vnriatlon a f  a ,, and 

a, was - +0.2P while the aboLuta mauraay i l e  oatimatsd 

t o  bat 3 t a  4A 

7.31 R%sulte a d  IMseuaafoa -- 
fEhe variation of a ,, , u and 31 in a , , / ~ , )  with 

temperature for 12 CllWRB auzd 6 Of23 lairtwce ~ F Q  ahown 

I n  figurea 7.1 and 7.2 respstoWrely. 

I n  both the nrystaaloe o%u&f.ed, R Bhowr~ an 1nt;erertting 

vwlat ion w i % h  trsmperatwe. rjeJ @hall diseurrls hhae ncrture 

of viariation of rr ,, , a, ernd 1R wAth tannpaxulture far the  

gum ~0111p~wad and the mixhare aspaxateXy. 

a) 12 GPBB 

Ia the violafty of the neanatia-ioaa%ropirr tranaitim 

paint  (Tgxf a ,, @light ly  imraaeee with tieorsane ia  .bump%- 





%IQW 7.2: 
%he principal e l ea tr iaa l  oouductivl.tiee a,, an8 @A, and aha 
ratio R = a,, /aL of 6 Ofg /8  OCg mixture ae iunotiom of 
temperature i n  a e  nematic, emeatiu A iand reentrant lumtio 
phaees . 



satur* an6 t h a  b e a m  %a &ear6aae. %he dearewe f a  

rapid for mcmt af the WIMI(PO~Q man&@. %he viiLu5 of a,, 

rursloheia a rar0nimm at abwt 85*0 and then be&m Cu 

tamreass. %4: sate a i  increar~e 1s faatex n e w  tihe 

meaPia A - reentram% n m t l a  trwlticur. aL ahwa r 

mancrtanio deeor*arre with %he Zowsxina; a i  tBnDgtarature. 

(me rlttLt;fo of Chte elactr2ual con&tativXtiea H 

a veilus ergml ta 1 near TRx. lLat %he t rrzture &a 

lowmad, R inaremeis %hrou@out the nos&& ncrtlratla M a ,  

m&%ahfng a value mw1y equal t o 1.3 at a tcrppparitture 

recry eloes ta  the sarecttic A-neaatlc f r ~ i t f o n  p a n t  (!EM). 

txende of d bn %€%;he meetfa A W e  b v o  been observed 

The mbaa o f  R acntinues ta deaxem@ tfll. about the 

atZd paint o i  the mtaet;la mmge w h e r e  it attaw a W u e  

nearly equal to 0.8. Bsyontt thilr B gg with flurther 



csodllag, the imrePare beodrrg wry ~~haqp a, the 

r r e n % r a $  neroa%i~-meo%~ A tranai.tion t~~ape:ratwI 

(Igpg. .m A) i r  qpproaobwi. lEbcirr is @leasly a prabwmktional 

a i iba t  pr lar  to the formauon of the ra-entrant aarraaI&o 

phPea. Yntsrea~nglg,  thrs trsnrgerartupcr at -ah B 

ra*~rr@ta i t e  trend oorres~~ands Za tbe appxslrlmate tslppb 

rature at whiah the man dieilea$rAa aonotan% show* a 

ahernge of slaga (4;taauesoeb i n  amtion 3 a2 a k p % % r  V). 

%Ma is parhap also rsLeQ& i n  8oatlr mnrietr %a tha 

reucsraal i n  eign of the th~mal axp~@lon of the l&y%r 

@paiqg  dieoussea i n  chapter fP. 

On eppmaehtW 5m-A* tke v a u e  & R i w e m e a  

vsry rapidly. !'the inaza:aosiq t reM @anti-@ @van balaw 

Tm-~* tfre v a u e  i n  the rts-antran% nasraUo pw#e a t  the 

l o w e t  %smperhltUT, art\adiicrd ((cBsE.d - 2 * 1.2 *GI beiw 

about 16 (not ahown i n  the figure 7.1). 

Cb) 6 OCB/8 OCB MxOurg 

WhlZe baQh a ,, suad a, &.oretr@e w i t h  daoseisls~ 

o f  taatgera%um, a, dips  down farther o %Q u ,, i n  



we nsaretia mmgo ( f i ~ r e  7.2). %he rrcttwre of 

rariet2on of X &a alsPmt s5ail~1r t o  +.ha* obrremmd in 

12 OPHBB. 'Phe value of B whialx irlcreases en l O w Z i r y 2 :  the 

taarparatura frm 'I!m *baa288 deaa?el*8uaring mar reBFi. U t e x  

~)ao&a(s; a raPiniaausl i n  the sareo%io phase, H inareaees near 

Tm-~* the iaarertsle baing lase, steep than Wat obesr*ab 

i n  12 . %he nt-um oalw al R i n  the rs-sntran* 

mnert%~~ phae ia neaz2y 1.8 Cat 'I!= - A - 2 P 2.0 ' 0 ) .  

'Phe intesesting beherviowc of R i n  bath the rayatema 

i t #  enkirely due t o  the v a ~ i a t i g n  of o ,, . %his i e  nam 

ob+ious i n  12 imm. a, achtbite the omimouslgr 

deosssceiw tr@n$ ows the sntlra teayeratwe r&~&tt. %MB 

indimtee that OW the koala aobiXfty normal t o  Ulca iqy4tr 

gi~ts affected w i t h  the aipprolnOh of the rwentraot nsaratia 

lUId oozltlitsguen.t rr0ruotumL ohnndemi orkile the 

mobility &ow the layer ramaim pr~0tloQ1ly ,~UNlff@~tBd* 

me  stmyp S m ~ e a e e  i n  B near - & o m  that a nerarrtio 

like- beh f iv i~u~  tr9 onaatfested se a pratrenei%ioW eifwt 

ev@n i n  the mestia phwca. Thta i e r  more proxtou~scl i n  

pure ~ m g o m d  than i n  the aPSxtuxe. 



me iaot that the viil;luQ of U l a  aueh Mirthel" i n  

the re-entrant xm~~ebt&c pbee thew i n  %he n- ~ P I P L ~ ~ Q  

phase iap/&ea that there &a &tifarentre in  tbo mole- 

auJ&]: 6~618001.atlo118 hatween tbe twa ph&mu. 
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