
A 8 E W  ~J~ETROD FOR DETERMINltIiG TIIF: TWIST ELASIIIC 

CO?%XaPzT 08 BBMATIO LIQUID CIIYSTAIS 

ka dier<ruaeed in the previous Chapter o *is% 

8ef ormation in a hoarogsneouarly arU@md mmatia 

l i q u i d  orystal talten b@~t*ean two plane g h s s  p h t s a  

8-e not ~ a v a a l  i tee l f  spfioal3.y when obeematioaar 

are ~ h ~ d o  in o direof ion nor& t o  the saunple flla 

( 2 .  2 . 1 )  P<uc t n i e  sfmaon, only  a f e w  at te~lpte  

have been .ade in the p a ~ t ,  t o  determine k Z p .  We 

ahall e m r i m e  theee i n  the iollowdurf3: section. 

hrlier matho0a wed for orrearrrurinat k,- 

81 the different mathods w e d  ao far only  the 

firat three lietad below are oapable of y i o l d i w  

aaouratcs reeulta. For the erake of eomplLarf@nes8 we 

have briefly mentioned the, othsr iinstlsodrp d u o .  

1 ) Pxeederiukas and Zwet;kofP (1934) allowed the 

list t o  fall at  a Large angle on a homogenooualy 

alignad &ample between a oorwex ls~w and o psiam. 

Whon a auf f io i ent ly  atrow magnetic f i e l d  ilar applicad 



Figure 2 * 1  
(a) Sample with twiet defamation in the conventional geometry. 

The arrow ehwfa the! direot ion of l i g h t  propagation. 
(b) The new geometry: l i g h t  falls on the  sanple f i l m  at an 

oblique angle 



nor~aal, $0 t& birectos, the twiet befornation ooourrs 

f o r  thicrkas86 greater than a o r i f i o a l  value, - 

xo(II) given by the equation (1. 12),i-%80 r 

the aen- this belt* due to the i ~ x e m l n &  sampl@ 

h Ihe oentral oircular ares (with or thick- 

We. < xo(B) 18 d e f o r m e d .  A8 we move away froa 

the bozdar between afstorted and tandistorted reglorn 

of the sampla, the ef'factive errtraorcUnary ref rectivs 

AZJ~QI;  4o@ru8ea due t o  the lncre imf~  defommthon. 

for  a light been ( d t h  proper polarlrntion) lncldcnt 
Lk 

0 b * & ~ \ u ~ ~  On the border. By ~b43eZ'Vi~~total ly 

tefleatsd beaa they oould 8fudy the deformation in 

the ~a8~pl.e a& bema could dete2lnlne xO(IX) for an 

applied u g m t l o  f l s l d .  Uoing equatlon (1.12) kp2 

'Pb+ aathod far qu i te  good. But it rsquirea tho 

eamgle of varl)'img t l ~ i ~ m s @  t o  hc digrreci cacd irr~olvsrs 

the r;lensr;lr~mat of orriglea an8 rofraativta indiotsa. 

%he nefhod Bae not bean me4 by laker workers. 

2) GlaBfe (1272) wad a oonoaeopia figwe 

method Oo deteznlne He of r homogensously aligned 

8 m p b .  A 00XlVe1cg$il% beiWl of 1hght dk10wed f 0 



fal l  on the 88u1ple t o  get a oono~oopio figure (a pair 

of rectm&er hyperbolae with one asymptote - pardle l  

30 the urulistarted direator). When a -notlo f i e l d  

H > Ha l a  applied in the p l a ~  of the plates on8 

a01prpial f o  the un4let~rt~d , the interferenos 

figure rotate. by an mount 6 gfven by (da Ceaner 1574) 

where 0 9e, the ZwQ1 t i 3 t  of the opfia ax le  induotrd 

by R . The averaging i s  done aver the thicknsae of 

the 8amylo. He i r  obtdned by ertrapolotily: f o r  sero 6 .  

Tb3e aethod Ser olaioied to  be quite aoourata, 

and hoe be- wed now t o  get kZ2 over o range of t e m p r  

raturea (~emnhoutr & &,). 

3) Drla~e @J (1573) treed the 1Uht  ~ o a t f e r i 4 g  

teohuique t o  dstennint! the tw is t  eomtirnt. Ssmstf c 

l iyudd crjstjle w e  turbid  and utrow2y uorrtter Ught ,  

ds Gunnats (196ga) h u  Snteryrated t h i s  ~ 3 r o 3 g  eaattering 

of the dlreotoz. By meauriag: the mauttered lntmeity 

elastict eonetants earn be determined (~rr~qy Liquid  Crystal 

Croup 1965). LI1~;ht l a  incidant on a homeotropiaally 
3 

oligmd sample. k, i s  the lnoident wave reotor. (The 



subsariat e tMloate8 the polarfaation eet t ing  

i s  SO oho.@S& be the tlcattered wave vector. k, 
4 -+ 

that the rnomea~m transfer q - ke - ?;s is norm1 
0 

t o  the direotsr .  Then the intenefty of  aoatfering i a s  

due t o  -Set fluafuatlomr 

whore T i e  tho abeolute temperature ca m nz - n 2 
0 

(n, a n d  no ere the ertrs*ordLmry alrd ordinary r a f r a a t l n  

1ndArroe). 

Thia uctho8 ctrn give. aaourate rs2at;iwcs vuluee 

a d  kae been uesd in ar few recent exparimerit& (Chu and 

M@,iPlun 1575, Ilalay@ 1176). 

4 )  Durar~d -- e t  d. (196Sj a p p l i e d  s a a ~ n o t i c  f i e l d  

nsrnrol t o  the t w i a t  &%XI)~ of P neagstic l i q u i d  c r y 8 t d  

doped w i t h  a chbra l i c  Rmgurity so tbt n tr~cans~itiorr 

From aholcsteric t o  n e ~ a t l c  ttakefs plaoct at  er sextala 

Orit lcd f i e l d  IIU. An equation relating t o  ?I, and k2* 

has been a v e n  by de iienlrss (1568b) and by Meysr (1968): 

Sonc ~easw@ffientc have been earria0 out  u@lW 

thla teuhaiqw (PILA L PAP, Durand eJ f&. 1569; HBBA, 



Yil l iwm and C h d i e  1572). Howcvcr the error i8 

quits large ( +  275$). 

5) Leolie (1 470) derive6 a formula for the 

crft ical  fie18 r e g u i r ~ d  t o  d i s t o r t  a t w i ~ t e d  nematio 

when the f i s l d  le applied d o n g  the t w i e t  .eucb. The 

formula contafne all the three e laet io  oonetmts,  

GersStelatr - e t  a. ( 1971 ) use$ the oapacitance, meaeurc:scnt 

t o  de tec t  the  ariticrol. f i e l d ,  

The method needs the v d u c s  of ather  e l o a t i o  

oomtiintrs and heaoe the error i n  ka2 include8 the 

crrors in t h e  measureaents of kl and kg3. 

6 )  Lsger (1972) memu~crad the mi;ratSon time 7 

csf twL&t  w d l e  formed fn a nematic drop placod in a 

rotating magnettis f ie ld.  Be (tenneo (1571 ) him a v e n  

o re lat ion  between z and kZ2. Experiments have been 

made on MBbA and PA8 and t h e  e r ro r  involved An the 

method ie qui te  large ( - 215f:) (Legor 1572) 

7) Bonelelea satl Hulin (1572) applied a =gn@tf 0 

f i e l d  a l o w  t h e  t w f e t  axis of a nematic licpf b cryetul 

d o p e d  wf th a aholesteric compound and obksesved the 

Belfxieh deformsrtion (fielf r ich 1!'70) which occur8 

beyond a certain crit ioal  field HU. kZ2 a m  be s b t d n s d  

from t h i s  (~urault 9 5 7 3 ) .  



The method  give^ very low value& of kg2 ( -  50; 

lower Ehtio that o b t d m d  from o t h ~ r  methodis). 

€3) Hdlcr (1S72), followf ng ir s u ~ ; ~ ~ e s t i o n  by 

Msycpr (1271 ) appl i ed  a ntagwtia f i e l d  normal t o  the 
-9 

undietorted a anb observed that beyow s oritical 

f i e l d  the cXectrohydrodymmAo f l o w  pattern rotatea. 

However the nothod give@ only an upper l i n r i t  t o  kZp 

and n o t  $ t ~  aoturezl vdue. 

Recently Drohor (1274) suggoatsd an oblique 

incidenac wthod for the neasursscnt of kZ2. Bc IP 

ea2uulatsd by amlysini; the trammitte8 a d  reflecttwl 

l i g h t .  IIowsver no cxperlments appoar t o  have beer* 

Cone u s i ~  t b i e  nethob* 

(1 975) 
We h o e  developed a slmpls technique of beteatiin& 

L 
the os i t ia i -1  field in the a w e  cf t w i ~ t  deformation. 

be a h a 1  deecrfbs t h f o  aethob below. 

The gl~thod 

Uonaider a homaogeneoualy al igned neuatic I l q u i d  

oryertd between two pSane g l s a s  plotea. We csrn %ink 

of t h e  sample t o  be div lbsdl  i n t o  a nwbor of thin 

seot iom paral.la1 t o  the  glana plates. Zf the deformation 

i n  the saylse  i a  weak, the t w i a t  per layer, $ $5 very 

enall eompcarcd t o  the phase retardation p e r  layer 



between the exfraorUmry a d  the ordinary rays. la 

such caaos it i e  d i f f i c u l t  t o  optically d o t c o t  the 

t w i s t  fcuc l ight propgating a long  the t w i s t  axis for  

rs?.aons d l a c u ~ s e d  in the provioua chapter. liowever , 
by aenSJng l ight at an mitable angle t o  the twist axie 

a and p o m  be made comparable in their m n g r ~ l t u d e ~ .  

Under euoh oirou~stnnces i t  i s  p o s s i b l e  t o  de tec t  Ho 

by an optical  method. 

Noax W, the dcfurmaCLoo szd her&@ E i d  3laall.  

k e  am & f f e ~ t i v e l y  reduce u by sLewim the i M @ x  

eXli2soiS at an oblique angle, s x ~  ;t 2 5' La the 

direator.  In auoh ts case the effect ive  extraordinary 

refractive i n d e x  i. glvm by the equation (iige2elb) 

where 6 i s  the aagh botween the director az9 the 

direct ion of observation. C r d n r  these ccrd,tLons 

d: 
-- -. 4 or 3 the effosotfve sample thfoirnese nleo 

imrsasee boause taf obl iqu i ty .  ";te sta te  of polari- 

zatit3n 02' t h e  l i g h t  b a a  ihu it treverses %,he ~ a q p l e  



(b) 
Pi ure 2.21 (a) Poincare sphere construction ehming the state 
-ion tia l i g h t  trararsea the ample In the new goomet 
of ig,,m~ 2.lb. The oo~strqctlon 18 ahown in ysrtar d e t a l l  lnrb). 
PA,, A1A2 atc. represent the t w i s t  per layer. / P A , P ~ ,  /P1~92, 

eto.  remesent the retardation per layer. 

4 :3 
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w e l l  as the direotor a , aa the l ight  entera the 

sample. Cor~sider the oaee where a emall d iatorf ion  

 ha^ already taken plaoe. The operation on the Soiaoare 

aphera, Am deeoribed la detail in Chapter I. Now eaoh 

eect i  on prodwee a phaee retardation of ooarparsible 

magaitude with the twist  per layer. Q repraaenttP the 

polari~eition as the! light ematrgols out  o f  the c3arnple. 

In tihe undistorted ompls,  the e f e t e  of polarleation 

of the emer$ent beam oorrtin~~8 to be repreeonled by T. 

Heme A t  io ollaar that tho a tats of pol~lrieartion i e  

different f r o m  that i n  the undiaturted sample. Suuh 

a ohawe om saeily bar deteuted o p t i o d l y ,  

Zhe ex~cdrental  set up used t o  determine 4p 
using t h h  mthOB i a  given below. 

(a) Oven; A ~ k e 2 0 h  o f  the oven At3 shown in 

figure 2.3.. A niohmme tape ie wound uniformly round 

s l o n g  hollow ooppsr aylinSlerr (with a layer af mica 

for imul~t ioa) .  This  i s  encrlossd in another hollow 

cyllrseier of aoppur. The egaea between the t w o  i~ 

f i l l e d  by aaboetoe powd~r  t o  reduoe the radiation loea. 

The ovan i a s  heate4 by load aaoumuhtors, the current 

bairy~ eontrolled by means of rheoetiata, Tho U B ~  of 

arocumulo tors eliminated the p r ~ b l e s  o f  any flue tuati ones 



(a) Cross-sectionel diegrolr of the heater used. Striped 
areas repreaer.t c upper. 

(b) Different  parts of the eamnle h o l d e r   show?^ separately.   or axplaaation see t e x t  .) 



in the mains. Hor~o=vor, aim@ the over, PC t o  be 

plucsd i n  a magnetic f i e l d ,  a dlrcct  oarrent  i r s  

preferable t o  A C. which s e t s  up vibrutiorm of the 

ourrent carryin8 wire when ths ma~netic  field is  

awitohad on. 

The length of the  men 1 s about '14 m a ,  whereale 

the glass platea holdSaiy the srtrrplo are only 2.5  om 

low. Those platara are mounted in a massive oopper 

block,  the lslzgth of whioh Itp 6.3 cm. Tha lewth of 

the  oven is de3iberately made much l o w o r  so that the, 

tsapsrmture graaiant clong the l c q , t h  of the r;a?lpla 

ia mlniofeed. 

One  end of the oven ic~ alorsed by a one uentl- 

metre t h i o k  copper block with a cc~n%ral hole oontai ning 

a glaes window for observatione. An inlet/ou*t;lct tube 

snabletl the chamber t o  be evacuated and f i l l e d  with 

nitrogen (figure 2.3a) .  

(b) Smj&.e,-Ip&~l: The sample holder aonsie ts 

of 5 part8 (figure 2.3b). The part ccontaim a ~lts8s 

window and a hole t o  inepert the hot ;lunotion of  er 

thernocoup3e. This hole is continued in part  C. In 

this block (c), a reutangular Groove ( indiceted by 

d o t t e a  l i n e )  1s out  at an angle of = 5 O  to the a x i ~  

of the oylinder. The %ample i a  contained between two 



optioally flat glase pla te s .  The ohortar edgse of 

the g b a a  plates are out and y o l l ~ h e d  at 5 O  fo the 

norssrl to the plates  (f igure 2.lb) such that the crme 

esctlon p x a l l e l  t o  the length and aararal t o  the 

Breadth Am a parallelogram. The glase plater, plaeeb 

in the groove o m  bs held t ight ly  by sorewiag on a 

reotan@&%r oogptbr plefe D t o  0.  Thia haa a reotarrgulssr 

hole out  in It t o  enable can o p t l a d  menerucment o f  the 

thiuknsrra of the sampla. Part E 3oined w i t h  part C 

form a aylindor. A l l  the parter of the  ample holder 

are held together by means o f  brase sorewa. The whole 

aseeeablg (B, E + C and A) oan be introduoed into  the 

oven and t k s  apaoe i n s i d e  the oven m d e  afr tight 

wing taflon warsherrs and a nut 19 wNoh lock19 i n t o  the 

right hand end of the oven shown in figure 2.38. 

( 0 )  Srrrragle preparation; -..- Chatcs1dnt s rubbina; 

teohllipuat wm used for aligaiqg the sample homogeneously 

(Ghatelah 1949). For a good aligr~tnent, theb glaser 

surfeoes ~ h o u l d  be absolutely olean (even a alight 

amouut of greaere favour8 home otropio &li@tnent). The 

glass plates were farat wagbed in distilled triehloro- 

sthyltane t o  remove any traooo of gmaoe. They were 

then kept Sn strong chromic acid for about 15 minutee. 

The oleaDiW prWela8 croad be hmtened by usling w a r m  



uhroao aaid. Flmll.;~~ they were rimed thoroughly 

in d i s l t t l l e d  watar. The raurfaoe quality was tested 

by @nauriag that a film of water s t iake  to the @area 

eurfsoe uniformly. 

A alean f i l t er  paper (Whatman 80. I ) wae uesd t o  

rub the o p t i o d l y  flat surtaoes of the d r i e d  g l ~ ~ ~ l e  

p l a t s  i n  a direofion parallel t o  the length of the 

p l a t  e~c. &bile a@smblln& the  &la@% platee,  uare wm 

token to enexma that there waei no relative, tilt between 

the birestions of rubbixg of t h e  two  plater^, 

??he glasa plates were pleoed one wer the other 

with t w o  rtzlpe of spaoer (mylar or mloa) in between 

them. They were held Ughtly by part D of  the ellrap16 

holder. To rneure unlfonnfty in the fhlokneaa of the  

air f i;iaa be tween the glau8 plates interferenot? frinl;ea 

were fonnad fn o l i gh t  beam reflected from the two 

glaes surfaaes. The eorewa were t ightened u n t i l  

straight fringes 86 few i n  number a@ poeeibls are seen. 

( d )  Thiokneeo mewursment: Sime the equation 

for  the oaloulation of kO* involres the s p u r n  of the 

ample thickness, i t  is neoeasary t o  wesure if preoinely. 

It l a  away8 f o w d  that t h e  esotud thlakngarr of the  

sample is d i g h t l y  larger than the nominal thioknesei 

of the spaoer used. 

48 



2.4 

Arrangement t o  n e a w e  the thickness o f  the 

ample by forming the channelled speot". 



The thfaknese of Wae erunpZe WE@ meaeure8 by 

ualng the ohannelled spuotrdm tucbnLque (see e.6. , 
Ditohbwn 1952) (figure 2.4). U g h t  from a white 

l i ~ h t  @ource 0 IB rendsrea parallel  by lens L, anil 

ic ullowed t o  fall normdXy on tho eir fib between 

the glass p h t e a .  The l i g h t  ref loctod from &he air 

f i l m  is allowed t o  converge on the slit S1 of a oonetant 

davfation apctrwcope (Adam alld Hilgcr L t d . ) .  In the 

field of view of the t e l e s ~ s p s ,  b r d ~ h t  rsnd dark b a s  

ere seen due t o  the In.l;@rferencne of the 311~h.a; reflected 

from tihe two eurfeoss forening the air f i l m .  The 

3bickmea of the air filsa i a  G v c a  by 

where h ,  the  w a v e l o ~ t h  corrc~gonding t o  any dcrk 

Zrlnge (say seroth fringe) rrnd h ,  that for nth dark 

fringe. 

(a) Allgnraent of ths director with m t a  

fho magnetic f i e l d :  3'mm equztfom (1.5) and ( l . 6 )  

it i~ clear that the mngnetic torque < = 0 when n 
-3 

iar parallel or perpsnsdioulor t o  I? arar? the magnetis 
4 4 

energy density i a  leaat when xk i& pardbe1 %o N o  



directw 1s exactly n o r w  to . If $ ie e l f g h t l g  

off-normal, distort ion exis t a  even for very a m l l  

values of H so that a tail is famed mar the aociticnl. 

f i e ld  ae ehwn firroa the oaloulationa of U p i n i  and 

Papoulorr ( 1969). 

To adjust % t o  be exaotly n o d  t o  2 tho 

msn 18 mounted on a h a %  provided wttb level l ing 

screw6 I I  , Lp and frj (figure 2.5.). I t  l a  aleo 

provided with #id. &crew8 8, aid S2 hariag gradu~ted 

heade. By wing L2 and LJ, the mgnetic f i e l d  w a a  

aerde f o  aut In the plane of the nematio f i l m .  %his 

ad3uotment emurea that the deformation i c a  a pure t w i s t .  
3 

By using aorev8 8, and S2, a could be nab. aroa t l j  
3 

normal t o  3 . When 3 i0 sxaotly parpandioular t o  Fi 

there 16 no partioular p r e i a r e ) ~ ~ ~  for the director t o  

tilt in either direotion froa i t s  d i e t o r t e %  

oricsntation. A8 a result, reglone, o f  opgorrite e w i s t  

aepairatad by inversion wall@ aro forned. Nenoe the 

screw 9, and S2 oould be adjw tsd u n t i l  the naxlmuol 

nuarber of sunh w a l l s  are observed. 

(f) Tm~erature me~aurrcewsnt and osntra& 'The 

t~mgeriature wsle melamured wing a aoppr-oonetuntan 

thenaooouple oalibraated agelmt a ~ltanclard t hermor~eter 

provided with tb. ailoroheating table 'BOLTIUS~ ( ~ r a n e  



2.5 
(a) Ths baas for the heater providad with levell ing 

sarewa L, , L2, Lg. The aide screw. are used to 
align the nematic diredtor t o  be exactly normal 
t o  %he rna@etio f ield.  

(b) Schematic diagra. of the set up t o  detect optioally 
the crltical magnetic f i e l d  for kZ2. 



ZOuotner 8saoht K.G., S.wt Germmy). SAnoe the 

them0 ~ r m o f o  58 not a hiacw function of tgayoratu~e, 

o qmbrntlo interpolation fornula waa u ~ e d  t o  ccralaulnte 

the temperature ficlom tht 1laeaaurc9d themu 6.a. f. 

The hot gumtion ww i lxed t o  the caczple holder 

80 that it w a a  in oontaot with one of the &&as plate8 

at 1 % ~  a d  point. The oold Jmnotion wae in contwt  

with a zsraranlve copper blook which 9c tutn i r s  pZaoed 

i n  mc39c t iq  100 (made by wing  d i s t f  l l s 3  water). The 

The fernparotups ww osntrolleb by yoaofng a 

lmowa ourrsnt through the heater 0011. A suffiezicnt 

time (about half an hour) was allowad for  the orcn t o  

oome t a  an equilibrium te~psreture (wi th in  -. 0.02~C) 

before the asaauremeate were @ak@no 

(el Optical set ups The 2Laht bem fmm a - 
 odium Vaiiour lamp l e  rendered parallel by lens L, 

[figure 2.5b). Llsearly golarioed l i ~ h t  from a 

polmsistur 3 set at 45* t o  tho f i e l d  direati or, i eil 

allowad t o  fuli on the ss3jlzgle. The U g h t  aer&n$ f rom 



the sample l e  e l 1 i p t i o d I y  paltzntp;ed. Gy a c i q  e g'U%rter 

wave plate Q with itrs fmt a i l s  parallel  to t h e  omrir: 

of the polarieer, tho elliptkaally pokrieed T l ~ h t  i s  

converted t o  ei l inearly polo:rizrsd one which is then 

viewed through the linear analy~or A. The oboorvstf on 

was made by fooussing a low pcwer nrioroeoope [shown in fA'ig.2.' 
w i t h  

L objective l G p  and eye pieoe  onto o auitoble region of 

the ample. 

(h) Moesurement of ---- the msgwtiu field; -.- A Hall 

probe g;ausarnster ( ~ o d e %  @if367 - !:lectronLcs CorparatBon 

sf India) wars used. The gausfirglrtter wuas c t d i b r a t e d  

egalnst a BM1 unit. The monsurnzerit of H vaEi accurate 

$0 - (I +25 ~ B L U O J B .  The oalibrrrtion of the mugnctla 

f i e l d  wa8 eheoked against the readingss of trnothcr 

gauolr;a@tsr, Hodel 750, RaiU  o Frequency Lab. , U. 9.1,. 

(i) cYeaowcanect of the or i t i ca l  fislg: To o t n r t  

the analyfsdr W a 8  r ~ a t  4x3 m e  a dar% f i e l d  of ~ f e f w .  

Obecmation was made on a s m a l l  area ( -- 1 m2) of the 

sam;slet t o  reduee any errore d w  t o  teml;c?rerture ~rad:eant@ 

and aon-m$zornity 3f th ickness .  The ffia~netic fi old 

was f ncreaeed unti 1 a weak BeformatSon occwrod in 

8a~plt3. The fieu of view, then becam bright. The 

rmgne tic ffeld waer then reduced f n r;t@ps of -- 25 garuspi. 



A t  each step r suff ic ient ly  long tipic w a  allowed 

80 that the sample had enough t i iae t o  relass. The 

a a p e t i o  f i e l d  at which the f i e l d  of view becomerc 

Bask was Oaken m the o r i t i o d  Z i e l d .  To verify that  

thie is the oorreot crlt ioal  f i e l d ,  the f i e l d  was 

inoreased by 25 gaues and Pt waa ascertained t h a t  

the field of view b e e w  juait br ight .  

Resulta and caloulatf - ons 

Erron? equation (1.12) we hevc 

is the anisotropy of voluwo diamzagnotic rsusceptl- 

bilitp of the  medlua. ke o m  write AX = AX om . f) .  S 

where S Ire the degree of osSenlutlont;r2 order of the 

m e d i m ,  7 1s the density end AX- om ic the misotropy 

of the xmt~tu diamagrzetic u u s c a p t f b i l i t y  of the perfectly 

oriented medium w i t h  S = 1 .  fiexrcs 

k l r  hame measured thc fbriat c l & a t i c  esnet~cllt of 

two  w e l l  known nematic colci;ouncts, namely, gar~eoxym.isofe 



(PAA) and permsoxyphenetole (PAP) for  which all 

the relcvant data are avalable. 

(a) &A: The order parameter S of 1'AA has been 

meaoursd by a namber of t~sohnSquae. The valuere f z o m  

opt ic  ol onisotropy mesrrurment s (~hotc la in  and Geraain 

1964) ortlculrrteb by Chandrosekhar a d  Haiihueudana 

(1965) and Saupe (1968) agree wal l  with each other. 

:ha v d u e e  calculated from a soleculcskr statlstf a d  

model (Chandraeekhar olnd Madhusudansa 9571 ) @ve a good 

Z i t  with the experimental v~bluea. Moreover, the  

n a p e  tic suscept;ibili'ty wf reotroyy oaloulated wlag 

the theoret ica l  value8 of S agree w e l l  with the  

exparlxient al b t a  of baaparour and Proat ( 1571 ) . 
Aenoc we hare  taken the 5 values f a  our oaiculatione 

frorn the theoretiwl ourve. 

Males and Sturpe (1960) have areaeured the 

temperature variation of dens1 ty of PAA accurately. 

ChaMraeekhar ot a. (1569) harva given an e n y f ~ i c o l  

rolati  on 



t o  f i t  the o~perimenttrl vtiluet3. We u e d  the r e l a t i on  

(2.7) t o  obtain P at aql temperature. The value8 of 

S and P st some temperature8 are given in table 2.1 

given at  the end af t h i s  Chapter. 

Foex (1933) meaoursd the principal  magnetic 

suscept ib i l i t i e s  of the a r y s t d l l n e  e t a t e  of PAA. 

f~i-ray s t u d i o s  on srystdliae PAA show that the 

molecule6 are arranged in the lat t ice  pw~d.le1 t o  one 

another (Bornal and Crowfoot 1935)). Iienae the 

anisotropy of mas8 diamagnetio fsuaosgtibil ity o f  t h e  

medium with  perfeat orientatlsn (S = 1) can be calm- 

leted ( A x o ,  = 2.42 r loo7 c.g.a. am.uaa units). 

ilaing the above dtlta re have cdculnted kap 

for YAA at varioue temperature&, l a b h  ( 2 . 2 )  contains 

the ~ e a o u r c d  valuae of Ho and d u o  kZ2. The v d u e s  

obtained from two dif ferent  sap1ss are given ueparately, 

Ignoriqg the changes in t h e  niolar volume with 

temperature, we have lccet  Bpuare f i t t e d  kZ2 t o  the 

equation 

k cal  = C sx 



where C and m: are free geradetsrs. The b c ~ t  f i t  

'3 giv~s-  Q = 15.73 x 1 ~ ~ ~ '  and r - I . %  . 
Hence the elastic oonotant r ~ l u s w  aE;rt:e well wi th  the 

3 

rnem f i e l d  theory whiah predicts kii rL zL . The 

variation (Prom equation 2.8) arts shown f n figure 2.5. 

calculated from optical aril tutro, ,y ni~~irxw.rt-.tr; of 

Chate1d.n and Ceriaaf n ( 1  564) ,bj. Chax;3;.i;sckk;;z. and 

;';adhuouJdua (156%) and by au;pt. jt5Gb). ','ho c.x;]lerl- 

mentel  vuluerr agree well with the tFAeo;*e",~iil curve 

uT Chandmeekhar d Madhusufliarr (1579). da have? 

t c ken  the thtoretiod. values fox our ~ d l ~ u l a t i o ~ .  

B a u e ~  and Bermmonr ( I  5 3 6 )  h ~ o s  ~ ~ 3 0  r c l n t i v e  

ailaLomotric meaaurc?uento on i 4.F E L  & f ~ n c t i o n  of 

absolute eoale from the molar vol-ima at Tli1 ( ~ a i c r  

and a u p e  1460) .  Ohandrassic;hax & %A. ( 9  569 have 

~ i v e n  an empirioal re lat ion  (2 .7)  which fits fho experi- 

Yhc S and f' valusa af diZfe~cxrt teapcratdres 

are given in t a b l e  2 .3 .  



Twist c o n ~ t a n t  n. reletive tsmparatws ( T ~ ~  - I) for FAA. 
Circles and triangle8 r e ~ r a a o n t  aeasurenents on t w o  different 
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Sime the anlsotropy of diamagnetic susoepti- 

b i l i t y  arise8 episcsntially frola the  aromatia rings, 

we have a ~ ~ w n e d  Chat the molar sueoeptibility of PAA 

and PAP are the erame. Benue 

where Rpb* .nd l lp lp  are the molcoular weights 05 

PAA and PAP rsopeotfvely. The ordculated v a u e  of 

lKo,(PAP)Ia 2.19 x l f 7  o.g.s. a.m. unite. 

The tabla 2.4 gitrea the maaoured value. of He 

and the oslluaa of tw is f  uonatmt of  PAP at r e r r i o w  

temperuturmer oaloulated usiw the data compiled above. 

The valuers imm three lndegendevrt seto of nrersrsurlelgents 

on different eaaplee are given aeperrately. The 

value8 of' kZ2 e n  estillated t o  be accurats t o  25% 

ta luea  of k2* t o  the equation (2.8) yie lds  the results 

O - 15.3 r loo7 and r 1 1 . 4 6  = 2. Heme kp2 values 

of PAP ale0 are in good agreement with the meern f i e l d  

theory. Zhe experimental values along with oeiloulated 

variation from eqn. (2.3) are given in f & u e  2.7. 



T w i e t  constant rs. relativi temperature for PAP. 
Circlea, square8 and triangles represent measurements o n  
three  - different samples. 



The oaly v ~ l u e t ~  of kilZ of Iji'A avolloble for 

oompnri eon with our  experiment& Gats are (1 ) meauure 

mnta at d l  ff erornt twperetures by i rae;tericrcos an4 

Zwtatkoff (1234) which wore uaed by L1aupo ( 1 5 6 ~ )  t o  

calculate k22, ( 2 )  that at 12'J°C by DuranB g& &. 

(1563). and (3) that at  125W by Lcger (1572). 

Por t h e  sake of oomparison, the values @v@n Bg 

the above authors are reaalccr1slztc.d using t t m  data on 

S, $' and given ab o w .  The r ceu l t  e are given om 
in figur6 2.8. It can be soan t h c t  the n~racamt  of 

our vduee  with thoria of e 3 r U c s  menci lsmcnt~  18 quite 

good. ( ~ 1  though Legart 8 value is s l i g h t 1  y ?high ( 9 5 ? ' )  

St i s  witUn the error  o w Q &  by her.). 

The odly value of' Bz2 for P49 avai lable  for 

comparison i a  that  o t  147°C by brand -- et - dl. (1505) 

f r o m  t h e  m@aeuranent of magnetic f S d d  ~ Y Z " J  M C B ~  ~kh01eat0ric- 

at that temperature. 

The tmperature ttariabvion ~f k,, & boBh P*LA mad 
LL. 

pe .2  P i s  are in agrement w i t  ;s depen2e;ice. f t implies 
I' 

L 
that throughout the temperature range the rnoleealis 

d i s tr ibut ion  function which would I r f l ucnze  Irq2 does 
6 
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not ohsnge. Conrgarin& the value8 of C i n  P h i  end 

PAP, we note that they are nearly equal. Hewe in 

going from PAA t o  PAP the average distance between 

the moXeau1ar oentres measured along the breadth of 

the molecrulas bas rerndned almost the a u e  (Gruler 

1575) 

The dspenbenae ut" the mean f i e l d  potent id  on 

the molar velum i 8  ca matter of muoh diacuasion. Bor 

exmple, Haier and Saupe (1959) found the dependence 

of r2, Chandraaekhor & a. (1S72) uoe vo3 dopsndenoe 

while Alban (1S71) gets va4 depsndence. 916 preasure 

work o f  ncooll and Chih (1372) seems t o  suegent ye4 

dependenae, while reoently Cettor (1976) has as~ued 

that any meen field theory w i l l  be self  o o n ~ i o t e a t  only 

\if th o V-' depaaie~~anoe. We hare ignored the rolupa 

dependems in our odcula t ions  of koal Sinoa the . 
ohtrnge in the molm volum~ ovsr the entire temperature 

r-e is only - 22 the rewlts ore not draetioally 

al terecl 

we %&are our  mensuremente on r"i t h  ths 
L 

bend and splay aomtunta sneiigured bg Crulcr (1973). 

In PA* kg3 varies nora ragidly than that given by an 
2 s2 d a p e n d e ~ e ,  while k,, s e t i a f i a ~  on S dapendenoe. 

ae we s h & l  Bee in Chapter6 XI1 and IV, kg3 dose not 



obey ratm f k c l d  thcory in ca3aost a l l  Ohs other 

czompousj a ctudf ed. 

( 1  ?he new rncthorit t o  determine the t w i s t  

elaatde constant,  enployad hero, &vse oonslut@nt 

vcrlue~l for independent stamplea. #oreover they ugreo 

well w i t h  LBicoso mscrauroa from other methods. lfanoe 
grseent 

the method 18 quite roliab3.a. 

obey tho noan Plaid thosry. Hence the etructure o f  

the ahort rows order rolovant to kq2 doeo not change 
a. 

throughcut the tmgerrtura raqge. 

( 3 )  The values of C In equation ( 2 . 8 )  are a l l m o ~ t  

s g u i ~ l  for ?.:&A arPa PAP. Iience the nature of the osfhort 

range crder ba rc~thcr  eirnilar in the two oases. 
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211-2 H r;i. 7 dynes ~,,-OIFX I S 
in *C &a ~ L ~ U L I I  BY= 



Tabre 2.48 ! M e t  alastio aomtant of PAP 


