
& we hove eaaa Ln ab~lpBrla V W. Me etiecO 

of araa~Pfo lSke s h t  mu&&# ordax A& knwm Ba ha+r dJrea$ 
1 SaMuemb sn Che crolafu@%ivity aniss%xepy* d9x1 tilie ether 

kurd, bht, effeat  cP rrrfnact ran&@ wder an ifka Tow i r r p u r w  

dtelas.hria oam&abe ia i6om bliPfkaulO Po delineate 

%is i r $  ~~~QIUIB,  Oh* valuer of tk@ miaotrapio dltsXaatrir~ 

aenramt8 86pead an ~arevmral $@taaoQarra, +is., ( A )  hhr 

prtnrsipal p o h r i & i l l t i . a  of thin nwlaaulae, (f d)  tbb 

mqiitaBe and lgatuaP d i#pwi l ; f~a  dtpolalt woupe i n  

the m~lraleoulee, (119) tba ot.ianfsrttamP axdrrr, m b  

(AT) LntarrxlaX SUuthd whioh I@ no% sary Po caXaula%e 

f o ~  tihe hipgbhy oni&sOropia iplodiwar, an& wtabah alao de~PcsMdar 

on Blrtr ctrrao&lrct Q$ the s b ~ ~ t ;  Em&? as~der, 

As we raenMoae8 tn oh&\pb@z f, raae8lofla 1- &arf 

ranee strder mtrelar2ar ttsa3.f fm W%y d i f t ~ m t f @ a  

prttsrne ?Phb &eraaim whiah pmaess @hwt e trlaxlrm- 

Is(Diona2 order in Wte mobeahtruC w m g b m n t  aar ad1a4 



~ e ~ m t ~ g ,  ~ f i m u d -  at  a13 lll~ve s t ; u ~ ~ e &  aie 

inrIueaai6 atl aurPh eLaw& oybebcttio w0ug4 on %he ogtiaal  

p r ~ g e r t l e s  of' MB n%m t i e  d 2-@;8*w~)-Wep tylphenyt- 

4*-prrtyl-4-bipB01~~1,m~lbwla.be [?F( 2aBt)Bl;'Z. !lWa 

eoarpl~und hare a oymo g r w p  WXw a irar~a atn& ( d 6 0 e )  

w i t &  %ha law s;r& a i  the rolaou%*. IChe t 2 X t  sragUe oE 

);hs aleaw.6 oxb6taaao betruatws 4.a~easock frm d Ma f o  

d 4 O u  th+ tQ&@eP(rlt= $41 &%&8)& frQBI 29'W $0 @?"a, 
#'uxt8l@x?, th le  D rnlmigfo~wib Inl*Puaa@e on %&a tmpc 

r e h x e  n;Platrf~n ei A t @  ~ & & n w y  E Q ~ ~ O O M V Q  indm (a3,93,4, 

d e ~ ~ ~ ~ e a r n e ~  a i l ~ a t ,  attmim i* brmd e l a l m t n m  and thbn 

unvaw1,Zy incmarwsles as We f@raglrerPrbre i s  lowwed &a Bin6 

aeamaS6 pSu@@, %?hi@ wag w60Un2011 for @a. tho  baeir~ a t  

the t l L f  awl.@ vasfatiaa af f&e skewed erybo-@Ma 

aOxurtwe. 'IJI iurde-n mrauxmbsatd on $he 

iliale<s%;llic lsrgd aan8uatfvf%y wopedare &dE thAa aaabratmocp 

with a r i a s w  t a  flMimg Qha sifawt o f  tilt =la rariabion 

on thaee pop.xUee. %EZeat c ~ f  tha msfatian o f  Ws 

ahcxt rsrrge mdex on "bRe $!%arm1 scrolution cP Wla cot& 

duotivftg. mib,atrgrr Jsr ul&?ir 0bvl6w Bur tftll di@14obri~ 

aonebaats la@ nee ha+* sag tlwauarl t%&p6isulOuse, dwaJnClengs. 



fPowenr, the  azrbtk rSZsprb af short row@ order on 

the &beX@Qhrfa @amtan%@ iar raaatS~artsd a b n  we mix 

"IF( 2a )%C wwit;h 4 B * n * b e p t y f - 4 ~ y ~ ~ % ~ X r ~ ~  (7CB) a 

mlpstuaen W&M high ~ O T O B ~ P I I ~  dl~~&ttta%xt~~.lo ~E~EIIIED~~COI)Y,  

ao a@ $a %set ca very r~raer;l23. met @l@~tob.rerpy, %he sceaprlbta 

1PI2BL93%6 war@ &taa%~x@d frats %,Narak ( 

ma areal witkrau8 iw$?rer ;;aw&fioatSon. 7flB w w r  aynthe- 

eislrad in ear akletaie.bry Lab@atlb;a~m. The aocslsau;tmr 

S O m 5 b ~ c ~ t  of tke bwa owpcrunClt3i &re aven  i s  fly. 7.1. 

%%as pk&ee diaxg;cm @f their atxturere 1 1  ohown in Iig.7.2. 

%ha %raaai(;5on tearperaltrrrms w@r.r da2ermrirPard ua* a 

Ha+Otbr hot s9alge ( PIP52) 28 osn$unatllon w i t h  a pgQ3awiaiw 

IIS@s63~iC(yp~.  

Zhs grPncip2 ~o*rBI~l~tivitS@@ o, ,  @Md wake 

m&~;urcad aver a rgures of is?weneies $%amp inQG 8~ - 30 Kt?a 

uolng. the wwna Kerr bl"idgs (B642) with an tsr*,asn13 

souroco (sgartroniw LF ~ s c i l l s t a r ) ~  and det@aB.m (&act&= 

la-araaprTifLat, ~dRl86lg). 



Structural ROrmulr i  o f  ( a )  2-cynno-4-hopty lahenyl-4' -pentyl- 
4-biphatnglcarboxy late [ 7 ~ (  2614 )5BC 1 and (b)  4-n-heptyl-4* - 
cy snobighenyl ( 7033). 



Phsae diagram of mixtures of 7P(2Ch)58C anri 7CB. 
(Reproduced Zroa R e f  .4 ) . 



7.3 iesnr~$tt ~ n b  pjlraawrim -- --*-,- -- 
(a) Dt*ba@?io %&die& - 

Tbn g ~ t a o t p o J .  dl@Xe,sotslio aona.toatle b,, eA) 
and @he man mlue f r (e,, 4 2a4)/2 of aboveit 

7]P(2Q#)51sU h e  a aregMrs ~a ( f i~ .?of ) r  beaaaue 

a&' a cyan@ q ~ u p  mkiw al6 w l e  o f  ~ 6 6 '  wilih %he long 

ax&& o f  rooX@gule ( f ig.  7,1). Plls 3 mLue deareasea 

w i t h .  tem~rrture tbr@udgbu% the mataf;io Em&e, buP 

these ilar P rruadea Snoxeasc~  of,^ 2;i6 in f t s  value at SbEX0 
'&la rnay be paray  @wee& by ea daomae~ $33 .Wl@ mu- 

y i a ~ ~ P l e X  cwmhtloa bsr8ulesn the lang saxis aumgton@nta 

a$ Wlra dig?oka ~~lomre~ts o f  aei&%bowiw mcslo@ule~, E i v B  but 



FIG.7.3 : Temperature dependence of t h e  low frequency d i e l e c t r i c  
oonatanta of 7~(2cN)5BC. (TNI-9) is the  r e l a t i v e  tempe- 

r a t u r e .  Dif ferent  symbols show the  r e s u l t s  of independent 
meaaurement a .  



Far EI~;Ix~wF@I, wS$k ra.La$%v*Xy U g h  cctx@entxa\fiaa 

of 76&, at is  poaitlva, (fts.7.~). Xn the  raZxtuxa v i ih  

606 W(2a)%SPt0 (fig.7.9) erJ*c, 3 dsarecgptoea vfah @we- 

rra%uras, the rade of vrar~inaticm bein& e&ler %ha3 thqt 

in the purr ampound. 1% aL~o @xhs;hPt&tra a po@i%ive 

jtmp of oal;nprarativcpIy lower &:&@tit w2e a3 THX. &'u&hext 

t, ahom a bscard rrrfmr&m. 3rr t h @  mixt;urss wkbh 3!3$ 

W(2@15~iBO, i%,, m d  srJ &ow trerdldd kn t h d r  %ewca- 
~ e t u x a  ~ar l s t iom wbXeh are wiu& Uarar a watrri;rl with - 
powitlva A&. e rcrmiss prwoM~llllly aonaa%an.b (Iig.7.6) 

w i t h  decrrraaa a2 S;888perrra;wa, uhawlnctf pr vexy &li@h% 

inersaea +&t.tur 5&ra@t karaperiuhucer. Purt&i%r, 2 
erhibitsr ~rrrraut i~~l ly  no Jump aS Fox nixlure@ 

wish ht@r oonaentr@%ioas ob 7CB (for sxwple BUS 7OB, 

fA&.?.?), 5 mwrigB&@ wi%h tarsp%t-rtfure. %he X~itiBsr 

remlf, f e  aims& by R. ~eduobSoa Sn %ha w~igarml2e l  

@ o r r % h t i ~ a  betwean rrs ieow$ng 7CB roal6au;les wJhh 

inarmas:. al: tcsarpsratura.9 PIIB~ BZS(B~W ~ ~ ~ ~ t s u s r e d  i n  the 

preview ohaptera, ra saa tibssll; i n  the mSx$srre with 



PIG.7.4: Temperature dependence of the l b w  frewency 
dieLeotrio oonstants ~f a mixture of 85 mole per cent 
of 7P(20N)58C with 15 mole per  oerit of 7CB. 



FlG.7 -5: Telnper-tture depnndelce  of t h e  low f r e q u e n w  

dielectric c o n s t a n t s  for a mix tu re  of 60 mole 

p e r  c e n t  o f  ~ P ( ~ C N ) ~ B C  with 40 mole p e r  c e n t  

of 7CB. The d i f f e r e n t  symbols i n d i c a t e  t h e  
r e s u l t s  of two independent  m e a s u r a n e ~ ~ t n .  



Pl(f  .7 - 6 :  Temperature dapendenoe of the low f requenoy 
d i e l e c t r i c  oonatante o f  mixture of  39 mole per cent  
of  ~ P ( ~ c N ) ~ B C  w i t h  61 mole par aor~t of 7CB. 
Different eymboln inRicnto the re~usults af indeperldent 
measuremcn t a. 



PIG.7.7: Temperature dependence of the Row frequency 
d i e l e a t r i c  constante o f  a mixture of  20 mole 
per cent of 7p(2C#)5BC with 80 mole per cent of 

7CB. The d i f f erent  symbols indicate  the r e s u l t s  
of independent measurement s.  



FIt3.7.8: DieLr?atric anlmotropiea crf vnriousl ~ ~ i x t u . r . o s  O Y  

7~(2CN)5~0 with '7CU us fuootiorrls of rai.%t.lwa 
temper?at:c~re. Ttrs  numbers in brsa&e ta ladioi-t kt, 

the, mole percan.t;age of 7t'( 2UP1)5BC. 



3W P ( 2 a ) m ~  (n#.7.6)* P;W apporrlte trreula 
faun& i n  the Oo~~peratur@ t~~Z.ltatfon OZ 5 011. the pur* 

a~aponenfs (li inlsreasos f n  TCB an4 &*%raw@@ An 

' I P ( ~ ~ ~ ) ~ ~ ~  WiOh AWFBDBIBO o f  twpwatu~6) BppBa $0 

balanas Sewladin($ kr?r Lta pr%~@ticalx$ oemtsrxlir value in 

me lplfxbwe w i t h  15s o f  "t exhAb&%m very 

@trlUna; m6 m& S@a+usas ( 4  Pie~hlgr, 

both a, ,  @nil r,, dleareaue wSth tawerotoulre dn s a s t  of the 

neesoatia ran&*, o,, inareme:% oau  olcrre %s %x. 811~h 

r 'Wand i n  wMah b o Wl c,, atid tL da~xwus cwl.ck Paereorsiw 

tellrp6rmemrm Mcr b ~ s n  noted i n  rwrccavaraS wU~irerr ohrlPLas, 7 
AS :r v w g  smPL m d  cohenp&ei% soLgn alas Eho kay;r@rbdura i a  

mJLeQ. Bu-b mcnsrr unurPruaL3y. a e  af&a $8 md?$Ba a t  

Xwar tc~aperratur a@ a& j i i  ac hi&h@f terarpaxsrraturaa, 



l h i r s  t g ~ ~ ~ l  of ~ V * ] P & P ~  (beaoaiw negatlre rrct highax 

tmp@ra-srr) hf t l  been Faund bjt ue fox t h e  fir@$ $i tace  

Wo have Bbirs xaaurt b$f maklw mwurerauxn%rs on 

.i raixtutuxu wim 14;.2;$ 7CfB (kXg.7.9). we sea tha$ the 

we8ultm @re laiaoZLa tio @hoarre @.Ivan ia fi8.7.4, rxacayt 

Qhsr arasa over a a w a ,  a6 a Rrghsr %esp@rar$are. 

Thlh $rend i r  opgcleite tu t h e  ow expeeQsd an 

$ha basit? o f  the  Xkarrory of Wraier era& ~eisr' (chaptiax fV )  

whiah p?lradiotc th@* 



FIG.7 $9: Temperature dependence of the low frequency a i e l e c t r i c  

aonstanta o f  a mixture of 84.8 mole per cent of ~ P ( ~ C N ) ~ B C  
with 1 5 . 2  mole per cent o f  7CB. 



Ma get  XOP $he ~ i a o l r r o p y  o l  tho d S ~ l 4 0 f ~ f c  csnatanrt 

I f  tk@ $we +.*ma kloween $ha fkower braaka2.a i n  (7.2) 

r r a  praet iosl ly  aqunL, k t  i a r  aLaar Phrt A r  em ohnng. 

a%@ rf agl .  bempraturr "E an$ ireem* ~@it;ir* .. -.--- at 

$L&= tem~prraWrae, am l a  ladead -I@uad iar isme myatma. 9 

-%ls a,, A #&a;raplia caloulafiau w i t h  b a 58 t 10 

f - 30 x Y,Q -'ls @ * 4 ~ ) ,  @ "69'. sad armnuring %ha$ 

F = 1, h .I XI t a r  bho of m a l t i n @  an illu8trpat&va 

oafoulalolon, tb t t g i c d  values of the Wcler pa rmete r  

8 (Xmlg.rr~ur, dapatanaa)  Caltoa froa ret .4 ,  a l e d g  

iadiaaBea $hie @XJHICI$@& %reat! ais dcnn i n  i lg .  7-20, 

'U. thorefanre aftribwLba t h e  xsrarm %Pen& o b ~ s n s d  

fn  our @$udioa lo@ %he 8enrgccratuse rapiatitlwr af tih@ 

rY;.wad oy'trebacrbia type o f  aharb range mber Zmnd i n  
3 7P(2CH)SbCI. Wsry 8%tadiea ravoal t h a t  the %&.It anaXo 

M t h e  *trawaa qcy b a t t b a ~ o  8*ruaturo deoreaaer ~ r c m - ~ 4 ~ "  

at  2!iatr Co N 4 d  8% 87*i11 Qha r a t e  a t  dacPr*aca, R.aonfn$ 

uttangger rlo higher Cnrparzltume (fig -7 .Xl ) .  ladecrrf 

Xrary atudiea OR ?ha mixtiur* wL$h 15 rraa* per mnP o f  70B 

a l a o  reveal  a nrkew.8 aybotmobic atma$ueur* (ifg.'ir.la), 

mad jus$ arr i n  the @am of  "I( ?CPJ)3BG, $he 81rbiDaxy 

rafrarrPtvs index d C h k ~  rir0uw n l s o  w ifh 

Bsarlasc~e (li trinpsraturs far lMlw Tgxe 4 



FIGURE 7.10: Curves showing t h e  temperature 

v ~ r i a t i o n s  of the  p r i n c i p a l  d i e l e c t r i c  constant  a 
ca lcu la ted  on t h e  b a s i s  of t h e  theory of Maier 
and iuleier. 



FLG.7.11: T i l t  angle var iat ion  o f  the skewed cybotactia 
etruoture of 'IP( 2CN )5DC. (lieproduced from ref. 7 ) .  



X-ray diffraction p h o t o p p h s  of a n o a o d a l n  
wwple of a mixture of 85 mole per aent o f  
?P(~CR)~BC x l th  15 mole per aent of 7CB takan a t  
25'~. Four *pots men in the diffraotion pattern 
are characterlstia of a skewed cybotactio n e m t i a .  



~enlrgi\ri@i" bras cllarslop~d a thsaratiieill mardel 

o f  tbe die2@cabrta Qom~arnta l o  the arat~~bfe O ghsrr. 

Arsaordtw t o  thXe theory, the pannSIpIent d i p a h r  ctbntri- 

lautioaar .to bbs dieLejTsoQric mnaxtainS8 arcs gilvrm by 

.. (7.3) 

whrrla ' 9  a& r mtao t a  dirsatiernor whf 01% a m  partallal 

-4 gerpendlaulorr t a  %he 3- mua Of $he raoXc$autea rhioh 

wc$ ~ a d a a t t  $Q lave parfmb crrrienhertianal arttar, tmics 

fhw va3ua at  81 f$co&uunoy bycab %Re loweal; relamtion 

; B x L B z w ~ ~ ~ ,  M %ha numnbr of rrsolatcsuA8s mgsr aulft v o l u ~ s ,  8 

%krs $%It; glr~&$ and s m Irk%tarm2so&w diaa%sma@ in $ha 

Iszy@P* 

We ear exprae %hat cQXretirm(7.3) orro vaL1B Sox 

rakewe& eybctrae%lc graupw with cr leaatfo C typra of &!art 

r;lrwa o~e l sr  BLX~PQ. Z t i  b& tbrsln al~sar %bt a@ la dlt3areaasa 

I n  ~~PC~YM)STSC wf-fjh tiornrperrtu.ras, %be o3nt;ldba.tfon to o,, 

i o  m w  while that foftar a* llar . faguru  

7~(z"M)5Ba, g "J &oa and ~ n e d i w  ha@ 81 ntodsslatsly 

strong wgutire A r  riura %be oontrIbuM;ion &cpr %he 

Gageriltuso var3ljrr;Son of Sf 



However, if aLgh% explain Che p r o ~ t i  ~ ia l ly  lina@r 

Baurwae aP u, wlth ttrsmrawrn, w/lhwb ~rw jffon~un~efi 

inamwe i a  its rate o f  va~tgitien neaz %3; (iia.7.3). 

%ha rate o f  Beerewa, .cL ell ah~u3.4 h@Ve Lwxab~dd mar 

='EX if i t  dbpan8lsrd only on that o f  thlrb order parmetsr, 

idiawawr., Oh@ tild aurgle s f  tha crybstoct5~ antrmclur"e &o 

daclraasao s.api4J.y aeez eond the eff'farot due to  Phfa 

appaersrs ir a uonrp~lnrahs for the oraar perralse$ti*r vari,i%tion 

Sn 7n(2CrS)Wu. I t  ilmr aktac msy Qo +erlf,y from thlr 

eon. (7.7) %kt t P  IB d e o r . i ~ m ~  w i t h  o jur~g ,rat %f, dt w n  

6oKFCrlbtlC~ to & e  obswveb goritire 3- i a  E. 

Xi% %lzr ittixluzra, wPbYn 15f6 7Qi;l, A@ b~ hcbn sctduae& 

to er wal l  mlua md Ohe a%f@et o f  B~npraraW~e mrirkdclon 

a f  6 l a  iiarr~sdSar0ely &V.~OUPI. PeX %kt? fiOke 02 aP@B1(Dnfr 

w@ @*&w tbo&d tria effe'ecuawu VAAW o f  @ Z? 54'. 80 %b h 
2 cor . a $ . re Xurtiior tht (2% + $3 (?;+@:). 

ZL It# @a$ t;r. toucclS2 t s b - 6  t~rze bmll diPfsrsanea be tween 

a$ mu cia lwbiE& be &r B X ~ E  11%' o n l y ~ Z - 3 ~ *  in tihie raLatia8. 

U r i W  wne. (7. $3,  we oan RW wsite W P ~ ;  the % C ) ~ P @ X B % U X ~  

QeyeerwBenC lyarrO u i  $he di%l@catr%e @%%@Q%ZGp3 

(7*  $1 

U&Png the r,cPbamrv@d vrurLr*t.&cra o f  6 with t&r4pexa%urca, 
a (Yao@ 6 - 1) E~blr@~)welb Q P O T ~  @ O I F M E ~  thm 2' an& hema 



~s ehauld booom m~ a@ the t~~apsx&%ur?s i s  

inwacar.6, i n  abp.~~men% with the reelitb iowad l o r  the 

~ X ~ U E O  WSth 15$7Etsl ( f l g r 7 . 8 ) .  f t  fl) i n 8 w e b t l w  %Q 

ooiapsnra the ~ M I W ~ O T Q ~  v&ueo AS and 5 05 %he 

rafxBusrn w i t h  t h w s  a&0uh$66 OXP fhe baa%@ s f  an 

add i t l r e  law o f  the typo  AS,^, X1 AS, +x2 hk2 , 
where It, ir, 'Oh. atole i r a ~ t l e a  o f  tho component i r st@. 

?Fha xgraulta ul skawn i n  tiabh 7.l. Zhe bstXoap&taBob 

vrrlwr QZ he  we bbm the nssrlspwrrli onerr, 

rtrexaae Z Wuara harr ah. ogpwX;t* $rend. UuLng 

aqm,(7.3), @oth t b r o  r*rul tr  @an be explbatmll by 

msuming tU8 the ti%$ awXe o f  a s  *Lowed ~~bo t s ro t i a .  

atmethlrs la  tkas  8Jj.barxe ii# a r e  eharn that  fmp1L.d bj. 

an .nlbit&+r h w .  The llsbe2aa$&.ltaa* between n(2m)BiBO 

and 70B aa3smler  actn be eweotrd so lead t o  fbira msrlrlt. 

%%&a ssarwsgbion sXao wplalr~b tihe o ~ e r ~ d i o n  thatti atL 

re~luagl o f  aerrc! niartwer ore higher f h a  *rhos@ 04 ba$h 

the purs a w o m t a  (ilgar, 7.3-7.7)* 

d ie  a 

'the pi*caipaX oon4uotr ivi~aa a,, and @& were 

maaursd on ax]. the s ~ r # % w  ovcrr %a Srwuenoy ran(g6 
500 %blm3Q istMs. lphd as&aatLv$tigar fag 8 liypioal aaes 

16 nhowa 1s ZQU7r13. impwtrarrt ronrlt;@ ob%sixrrQ age 

a w a l r s d  below. 







t n  dl ths ayutoaar, a,, fmd immm~~a wi%h 

h.epuamy. Xa nt(2Q191BE10 (i@i@.7+14) ' b a a  c h t  .bhsn 

w r y  in prareQlcally (rke @am mmbx. The blielaotr'to 

absospf i an acroaabjiatad wi*h dipoliatr r3auae ion  60at;rA- 

bates Oo fba arawratrtpred *alwa cit Bha soaduotirS%y, 11 

and i n  the fmyueaey r w a  cornred i n  our cPxyerlmn.be, 

o o m  br expeeswd as a ~ w b s e t l l a  firwigLon c f  I*, 

(ahap*er V) t 

Ot oouma U I ? E U & ~ ~  @a long axin aompsaset 

o f  tke Qipole P I Q B I ~ C  r%Xiaxe8 a* ar raXaBiveW Jow 

flraguamcy, X.e., (rhe 00s~@sg@adlia& rsrLue TA f m  l o w  

ennuah l o  make an iar~wdrwh Qrtabribu%ion t o  tba tre$ueagy 

B(bwndenct@ o f  a fa tiB. low f;eew*nay raws wrd i n  our 

nmasutr@@oat6le, & we b v e  man is ear15er ahp-bcaro, fbir 

confrAButsrs enly t o  Oh% frwaeaoy 8egencilrws o f  a,, . XXI 

?a(aw)580, om, flxe oaher kruia, f h  a&mag a r h w r d  aybo- 

f s c t i a  a h a ~ ~ f  rsarngr order %a *a ~ a r r d l u ~ l  l ead@ rl 60 aanlri- 

bate t o  Prb ollrorr*illB f2syuanog dependem& ei' u* srlao 

(ZZ@*?+ 1 4 ) s  BQX %ha O f  W I  OBn 

f ).rat the orleoh%towl orBez! *&$_a a orbo%a&ro & X D U ~  





io paxiao4 (1.ik.e a 2  %he arehaul@& we paraxle& t o  

em another) and sarsQatePe a oaasdimPe aya be@ Fj lt 7 
with tihe a@ k ! P l h ~ ~ X l  fa 2&3?r'15 l ~ h  thttilt $ l j ~ l @ W  

aontalxtar Ohe mraaL1, g 181 t o  $ho Zlagrarr. The f l l t  a w l e  

d iE3 %tat# an@d bB%waad +h(l 5 Pule an4 $ 3" &a eZdet~ ta  

iiearld pan*d.X*l %a the TJ g ~ i a ~  my, bad@ %a an eZeclria 

QenrSllration both y 5 r ~ i l l t t Z  rrrrfl normal %a the Layer@. Zff 

the uaoorra&mpaali ng 6asduoQfvitles m e  given by o ~rnd 
r P 

a* taaegeo2*lrg;ly, we e m  write 

2 2 
a 3 U g O Q 1  & * a  bkn 6~ 

i! * 2 
"F * an s i n  8 * ET QOS Q , 

P 
m d  Q; a P (7.6) 

we a m  new tarerigine a @pace iixea csoor$latrtrr 

ayatea Zra s w ~ ,  :,hat the % auia irr along the arcriwl;ia 

director 2 . hffning ah. EalerAm onglso in %be wuali 

ssnnar taeQwwa XPa -6 €jq'cj s y % t m ,  and avg~"cr@w aver 

thee@ anglea e;&ln(gt i ntio aosouna ih@ uniaxhl  @yam trg 

of the m t l i ~ l p f i ~ ~  we 08% write 

a* 'n '2s 2 25 30"" 6 - 1 
a,, * f--"P) " -jr (- -.- 

2 
Ma, - ap) 



Boheinratic representation of a akewed 
oybotactic group. Q 8 i s  the normal 
to  the boundnry planes (layer norm1 ) 
mid 6 im the tilt anc:Xe. 



%A&% -14 Sa W(208)WSBO me@ up iro d 5 O *  a@ $be 

temrgorahure Ir &arrr.d, and brth %(a) ma ap(w) 

have ~onBrSbufian5 froor idhat se2aaf &MI of' &AS &fa  

in turn l e ~ a s  80 %he @War**& ~ipJlsnr fxequenoy depem- 

Benalrrr of bsirh a,,  rand a&* 

fm aixturee asl 7~(21PB)W4 w%%h $a, thc aonip~ro- 

ellri%r a&sotirogy ~caaLo ag(r o,64& 1 %s aswrersa @eablrr 

than om. In ah% m i ~ % w e  w f  *&L MB ?g]i), at 30w $rs@pa- 

xatwer a,, in@rw@w wi*Pih irwwficoy aor* xrrpi&ly than 

in Wts ocrae of a, (8ilfg.7.15). ea t h a t  aM beaaplepr fawr 
at hlgb 2rfrat;lrsaasmsllra, JLB f. 1ZJu@%rat& i n  ifg.7.16 

for the n i x ~ c r  wim 61 $ 7m,prifh Snrsrcrase of tiempa- 

mOUro, @&&I fr~tt~~OLiay EP%p@n~~~~%rn vjr o,, dllld u1 bee~lll 

cidlar olnd dlwbretoxo dose noti vary B I ~ U Q ~  i n  tJdQ 

fre~~l l laay.  ThiiD rgaWZti a m  tm eoprily uadsrsfaod i n  

Oererrs o f  the oon%~&bu%iono t o  the ~cpnbuetLrLty f ro@ the 

law Preyuomy e,, raterxa81on o f  7@ ma&crou3e@ wlziah have 

e vaxy large PI &us t o  Oh% oyano and $sow@, %he tflt 

sngXs f n thew m1x$3~%0 atall ba axp@@Zihd t o  be 3w ( N O * ) ,  

an4 #a th61 teaperolar(r Ss bwemd, tiis r@larcixtfan W m  

ooxreagtrnding to  e,, pelaxatlorn &norewar tima tli.rsf"Qrr 

laaa~utrse ranoter tssur @, ( ~ t  uaa  a @em fmn %E%B 

eaa.(7.3). 

t,ropexalruPra t ~ r ~ @ t ; l o m  0Uf the ma0e d w e  



Frequency in Hz 

FIG.7.16: Frequency dependence of' the r a t i o  of  the  principal 
c o n d u c t l v i t i e ~  (aR) of  a mixture of 39 mole per cent  
of ~ P ( ~ C N ) ~ B C  with 63. mole p e r  cent o f  7CB. 



p r l m l p l  o6nrdu6~i+ptieo (aR) 8% l582 Bm am shwn 

box a%% %ha tPytrtelDlr sOuaSab i n  fgg.7.17. Ae we men- 

&ion& aall.2iar, ugt laa smaitktve funation o f  t h e  ehort 

mnae o&er i n  hhe m4iussd an4 rlao t o  saaa extent on 

fhe nrnSu~e and aonaentrstim of i a d a  digeaier, 1;6,19 

uH g#wraZ;Ly Lrutrrsercainpg w i t &  Snaseoeisyk oem38ue0ivlty o f  

the aadiuar. Our mwg2es aon%&ae& @.,oms unlmam oondue- 

$$a& lslpuribiear. We haw idiaaterd the aoarcnge :apeoiZSa 

oon&ut~%ivP$r ( a t  rr c o m n  Caap;alsrofuxe u 42*W) 
I P a 5. *en (J-/A) ie t  the gemmtria p u . r  t u  o f  ttm 

w&raur&n(il @ e l l  wbioh lrrr ~ I l l l r ~ u l r l O ~ d  uoiw bh. raealnuzrd 

~lglPua OP Oha @ ~ @ 8 f m a ~  af the arrapty aar3.3.. i n s  bhr 

mauurc~tl of aha ormduativtty i f  ?As aawla 3~ i n  

alre i@a.brapic ghaae or b r (a,,  4 2a,)/3 i f  the  mmpk 

i s  i n  %he nenuP;tb@ pmed. X6. 1% @Xew @b;)lkiiG 0u1? 7(38 sample 

has P muah h i ~ ~ b r  Sapetsi%y Qontie~rQ thm 7R(2a)BC 

ermple 1She mixwmras having a ore# i n$&xasrrdin ts ve&2w aa;. 

Tn view aP eheaa &lSieren@es Am P v&Xwrar B;P QSfllw~~rwRt 

@yjlea tea&, we Qagrn only &iz;au;ris %he Baspcrc&Zurs rarlp%tiam 

uf' a& raluaaa, mtMr Ghaan elaceir srh6~alul;e valuaas. Pax o 

aaa;zlatia L i j k a i P  nwb tacl. wlthaut oay ayLa&aatia r t n r ~ h u r r ,  

akZ, dayen.3n waly us tihe oESrantsrOloarl o r d w  pcnsguorster 8, 

and ah~hl;ruJd m~atcniac@r3Zy deare~we wiCk $lw~~mperohrcr, t2tPl3 

e's,$ . C , l t P j  02 dB(PM08e IISL)JT~SU~W BB Tgx Sikl ~s@XOSLdh@de 

745 ha@ a %~yb@taatie a~truo%re, a f  tho sraragie A type, 



ZPIQ.7.17: Temperature v a r i a t i o n s  of t h e  r a t i o  of oonductivi- 
t i e s  ( a t  1592 Hz) i n  the  nematic ghane of t h e  systems 
s tudied.  The numbers appearing immediately a f t e r  t h e  
~ymbolo n r e  t h e  mole percenta,.;es o f  ' ~ P ( : ? C N ) ~ B C  and the  
next  numbor is tl: e mean s p e c i f i c  conduct iv i ty  

I( X 10' (ohm cm)" at  42 '~.  



whferh ir m e  tap of  bi~aay.rs '~  whrhSoh ariati aur to 

$he an$ipat.olbl owx*iaPlonra batwarn the hi&Ty 

palrnr aei@bourtng iuaPsrtuPraar. l'he crbibuCaoWa ardor 

Beaaare ~opnrwkat es$rorngclr (Ire. ,  9ert @oxMatA@n 

la~ggth incrrerrre*) wiab duarerslba af ~ . B ~ ~ I ~ ~ P ~ L J E B ,  

7QB &ma no$ exhibit the s w a t i o  A ghaar. Ar awh uR 

ci' 7F11b vM& is relatively hP& acrade t o  LsYe l  o f f  rpnd 

*wen Oeareaee srXi&k%Is ,gal; lawar tarnporrature8 (fSg. 7.17). 

(we hare elZr*aB$ d50saulraed Sn &ap%err B and \IS that 

sausctic9 A l@yerln& farsrearaea u, and lowers3 a,, leadlq 

$5 ddaro@(~e SYI ti%@ rafllo u% u,, /a4 .) 14a the otMr 

han,%, as ws have dLsm~ltt(Bd ~ ~ L F U ~ S ,  ?P(2M)5Bjls@ II 

vary &.Grow ekaw axbclti%efis nrdsr whme @$rang& ass 

uolll 48 %PI% angle 8ecbrer?.na, ~ i e h  increa8e rrQ O e ~ e -  

~&%uEQ. Bat22 ~ o f  %Mae perrm9are debmrnfm uR, a@erWw 
th-ruQ; iarz~ aaun iZw wwa! r&sjCl,y i t s  %he plaar of We 

Ikagc~m tthn Pn $M yrarg*diaular dfracrtbe+ A* teape* 

~ & t z \ i ~ r !  ulnnle trz !PBX, fhe t&lt swJm i n  em3.f. and 

a&< 4 (f2g.7.17). I.@. , $he ompow4 ha@ bz@gaMve @OR- 

daativlty ~nP@otrQ)rJJ( $%@ * @,,- #&). AS %he %qePBtlllre 

la &were&, ti~exe &a a vary zapit$ flzaxerraa sf eii, U"e 

rat@ w t  ifi.arc%a~er brcrdnca, Lrrxgsr a% ~O W Q J F  %%)~1~%%&krea, 

w$nly bocab~e both, ths &&g@g% a " d O i r t  mlyls s f  the 

~ybotacr tlo wkraups inwrolae, %%let @an ba ureaers krod from 

eqn, (7+ 7) for a,, and u*. (en * @ ) SJUB;~; h m&@wmr 9 



a t m e  (o,, - o,) LSP iw)i&tiive even o l t  the higheat 

tamperatwe. lbrr Ma lewessrtrmre 2s J ~ w m d ,  8i incrrrrasea 
2 

~ p l  ( r o a ~  & - 1)/2 4aormea ~orgiBly. lEhZls deoxasae 

I@ stronger than the jaoreaea o f  bio(rb 3 an& a e  aargai- 

tuda & a$cm ilrC lovair te&wr&.&urss, ion& igararr#a 

ea Zolwrr t e w e r a w r a .  fPhs lanr6rm of  tRa mluef icon 

1Craquamw af t,, mi&h% s l ~ ; o  oont~ibute  t u  this bmrrd 

in the ua values. 11 

&VOQ fer %be ~lirCura w i t %  t 5 $  ?a, at% we ~IP)oP- 

eeeQ i n  eonasatSon with. thce dteler~f rl o gropexeiear. the 

ct%xua.ture shoul.8 ratrscia $ha, aww eybctlrtaZ2a nra%ure, bul 

i t @  astrawth t r t  26dslacd (as rrrisQtiden@od Sraa Xxw c.~rbdiekc) 

(fig.7.12) &a tht aJS velues go up 00mpwBB %a t h ~ a e  o l i  

7 ~ ( 2 C g ) % ~ .  lChe %@asper?artusle tateiatllan of oa i s  simtlar 

t o  tht c f  w pure s~youran.  it'2tb 4 0 i  7m ( W  $0 P 

7~(2(;?2J)58~) t n  the  ahtrwa, oR value arkiwc k o u &  

mnia~g a d  then r mln9rauar berage it start: t e  i na~saee  

again rloata as ilgx, the @tren&eh o f  Cbsl cy'hot'acttc orrfrsr 

sfruula be r ~ s l  orauall fhalt- t@m~cr~:dl%we virrLaticn oP 

lira Beteratmd bg t;MO of  M e  ariszrolOianaZ, ezdrrz pb20a- 

DM b a r .  dm elbe Ecc~r?iaa l-a.kia ck. 1uewlsa9, $ha oybobauMo 

ar11er stjarta b u i P & l a  up aw3 a, ri@nsedl~ese, WL%h & ~ W e x  +a 

&rsclr@acr o f  te8,ves;*twe, '%+8 Imi6ugtifl~1 i n  Lilt hflg1a 

S'lrlakly Xrd@ t o  an inor@a;ltM 0xemd n i  MAth h&har 



eonoen%rahionrr o f  T(XB, tJIa peak An ag fr rhiiOed 

46wwds THHrr, p~Obl*bS~ tornuaa erybo%aaaM.u pouprs 

WE@ t& llDiFlb # E w O & ~ C  3- bih-lgrl) O1)P1@8R&~lr) 

OAanb. fn any ma@, &a mmtfa ormgce, $a d m  e&ucrad 

&dl we m e  er &@nard ILsvePU~ cjMl n4 tiR a% the ravaoO 

faap+raDursr (fig. 7.17)r 

Zn canarkuaioxl, we hove Oaua4 %he$ tha tsspe- 

mclrture mriaBica o f  tilt an&@ o f  r~kawd rflobacptia 

&%ntrakra h s  am &@=V&*lk?! aif@ei& on boPh %r d i s h a b r l a  

a~nstiumts ana candtrcrtiri~ies6 o f  * i h e  eystea8 s t \~~ ieu .  



5 I.V.Whwudnna, K.P.L.Wdl ilihaga an4 &.A+ Wash, 
Win% Xa%. t l ~ u i c l  Czg~g?oOo3. Collf., Pl-aTorca, 1482. 
M%*tTryeti.&ip.C~~sh* 239 (fCJB3). 

4 K. F. S1.PfaoBiaagan, Op%&orrl w d  83,ae%Aifa Propexwe. 
of" Lkukd CryaW.i%, Bearis, W v , o f  Bjleante (1 W l ) .  

82 0.%o;rr3e.larct 26~ru%~ibkUau a ;E bBlt~~da 61.19 ( o P ~ o B C ~ :  
ar 4hamp9 d l l tw  l ee  orl@@ur li~aaul&sar neEraPS%ilrse 
rt ohaZl8O~dyuaa~  @kk,D* C h e i a ,  UnLvweritr @f 
$ w L ~ - & u b ,  Urcny, 9 473. 


	~LWF0419.pdf
	~LWF0420.pdf
	~LWF0421.pdf
	~LWF0422.pdf
	~LWF0423.pdf
	~LWF0424.pdf
	~LWF0425.pdf
	~LWF0426.pdf
	~LWF0427.pdf
	~LWF0428.pdf
	~LWF0429.pdf
	~LWF0430.pdf
	~LWF0431.pdf
	~LWF0432.pdf
	~LWF0433.pdf
	~LWF0434.pdf
	~LWF0435.pdf
	~LWF0436.pdf
	~LWF0437.pdf
	~LWF0438.pdf
	~LWF0439.pdf
	~LWF0440.pdf
	~LWF0441.pdf
	~LWF0442.pdf
	~LWF0443.pdf
	~LWF0444.pdf
	~LWF0446.pdf
	~LWF0447.pdf
	~LWF0448.pdf
	~LWF0449.pdf
	~LWF0450.pdf
	~LWF0451.pdf
	~LWF0452.pdf
	~LWF0453.pdf
	~LWF0454.pdf
	~LWF0455.pdf
	~LWF0456.pdf

