
OPTICAL PROPERTIES OF A UOMPENSATED CHOLESTERIC 

MIXTURE : NOH-ABSORBIN@ CASE 

1. Introduction 

The opt ica l  behaviour of mixtures of r ight-  

handed and left-handed cholester ic  l iqu id  c rys ta l s  

(compensated choles ter ic  mixtures) has been the  

sub jet% matter of many investigationsl. Friedel (1 922) 

showed t h a t  t h a t  such a mixture r e su l t 8  i n  a oholester ic  

e t ruc ture  whose p i t ch  is sensitive t o  temperature and 

aomposition. For a given omposi t ion  there  i s  a 

temperature TN a t  whioh the op t i ca l  r o t a t i on  i s  mero 

and the  s t ruc ture  becomee a nematic ( i a f i n i t e  pitoh)! 

on e i t he r  s ide of TN the ro ta t ions  are  of opposite 

sigma indicat ing t h a t  t h e  s t rua tu re  ahanges handedness 

on crossing t h i s  temperature. Recently, Saakmsnn e t  al .  

(1  968) have d i r ec t l y  detemined the  p i toh  as a fuhotion 

of temperature i n  a 1 .75~1  weight mixture of cholesteryl  

ahloride and choleeteryl  myrist a t e  (a) using l a s e r  

d i f f r ac t i on  techniques. They found t h a t  on increaeing 

t he  temperature, the p i t ch  of the  sample gradually 

inoreaeed, becoming i n f i n i t y  a t  42.5*U and then 

deareased with fu r t he r  inareaee of temperature. Their 

r e s u l t s  a re  shown i n  Figure 1. Adsuns e t  a l .  (1970) 



p i m a  l r  Eemperature dependence cPi the pi$oh o f  a 
1.7581 Illizturr o f  oholerteryl ohloride and oholeetrrjl  
ajr iatote .  %he experimental data are $&en iron $.(~blDOnn 
a Ejl. 1968 (are Baearrler e t  al .  1969). 



measured t h e  variat ion of pi tch a s  a funotion of 

compoeition of a cholesteryl ahloride-choleeteryl 

nomnoate system at room temperature using the  

dispersive re f lea t ion  technique. Their experiments 

indicate8 t h a t  i n  a compermated mixture the pitoh 

depends on the oomposition i n  a way  s imilar  t o  the 

dependence of p i t ch  on temperature, i .e , ,  the  pi tch 

of the sample inoreases with increase i n  concentration 

of cholesteryl chloride, a t t a i n s  an i n f i n i t e  value 

f o r  a par t icular  concentration and then decrebses with 

additional increase of cholesteryl chloride. The 

optical rotatory power i n  a 1 . 7 5 ~ 1  by weight OM mixture 

waler measured a@ a function of temperature by Baeesler 

e t  al. (1969), fo r  two specimens of thickness 3 pm and -- 
10 pm. Their resu l t s  are presented i n  f igure 2. It 

can be seen tha t  a t  any par t i cu la r  temperature the 

opt ical  rotatory power f i s  not the same f o r  the two 

samples, the  differenoe baing far more marked around 

TI. Teucher e t  a l ,  (1 971) have determined the 

rotatory dispersion f o r  various temperatures i n  a 

1.7581 by weight CM mixture. Their studies show t h a t  

the change i n  the sign of 7 a t  % i s  due t o  the change 

i n  the he l ica l  eenee of the  system and tha t  t h e  system 

is r ight  handed &hove TN and l e f t  handed below TN. 



Bigwe 2: Rotatory power of ra 1.75: 1 ntxture of 

oholarsteryl ohlaride ax14 ohol~otaryl  

myriatat@. (1) 10 pm scunyler, (2)  3 pm 

#aslplc. (Tha BotErrd l ine  indiaatea 

photomultlgXier ernrrent a$ extlnation 

position of  poloriar~x and ciualyecar.) 

(Bae~elcr & ~ 3 "  1569). 





Phe previous workers have discussed t h e i r  

r e s u l t s  on the  bas is  of the de Vriea equation (de Vriea 

1951), 

el  - =2 where P i s  the p i tch  of t h e  he l ix ,  a = 21: 9 

6 and E* a r e  t he  pr incipal  d i e l ec t r i c  constanter of 1 
1 I A the untwisted s t ruc ture ,  e = ?(el + e2) , =.-+ 

Pe 
and is the  wavelength i n  vacuum. 

This equation p red ic t s  i n f i n i t e  op t i ca l  

r o t  a t ion  a t  Tg whereas experiment e indica te  aero 

ro ta t ion  a t  Q. Furthermore, according t o  ( la ) ,  

f should be independent of sample thickness, whereas 

the resultrr of Baeseler 9t a l .  (1969) show t h a t  t h i s  

i s  not the case. 

I n  view o f  these diecrepanoies, detai led 

experimental s tudies  of the ogt ioal  rotatory power of 

a compensated mixture sle a function of temperature/ 

p i tch  f o r  various sample thioknesses were undertaken. 

The rermults a r e  presented i n  t h i s  chapter. It i s  shown 

tha t  the  de Vries equation is not val id  a t  temperatures 

close t o  'PI, The r e s u l t s  a r e  interpreted i n  terms of 



a rlgoroue theory 4eve;loped by Chandrmekhsrr & &&L 

( l 9 3 ) ,  K i n t  ( l C 7 7 ) .  A brief sumlnary of this  theory 

l a  also praaentud. 

2. 

The lneaeurerarnts were inarde on a mixture of 

claoteateryl ohlorids an$ tkhol@EJh~yl isyrixltra9o taken 

i n  the rat io  of 1.621 by w e i g h t .  (Cholastetryl ohLoxide 

wads yxwparcsil ire the Labaratary s n d  ohalaatsxyh rnyristate 

wan obtained from Var9-Light blorporatntpon, USA). 

The transitlan tasiperaturre of tho ooa~pnunds 

use4 axe $ivea below, 

78*G 8 2 O O  
Solid > aholeot.sio + ieotropio 



About 200-300 milligrams of the mixture was 

prepared i n  e amall g l a s s  cup and i t  was heated i n  

ca oven t o  temperatures s l i g h t l y  above the cholesteric-  

isot ropic  t r ans i t i on  temperature. I t  was s t i r r e d  

well with a g lass  rod t o  get homogeneous melt and 

then cooled t o  get  the  cholester ic  phase, 

The temperature of the sample was controlled 

by means of a special ly  constructed e l e c t r i c  heater. 

It consisted of a oopper tube of length 4.2 apr. inner  

diameter 2.5 am an8 outer diameter 5 om. Around t h i s  

tube, res is tance  wires were wound using m i c a ~ h e e t a  

as  insu la to r  and the whole system was f i n a l l y  enclosed 

i n  a eecond oopper tube. Glass windows ware f ixed on 

both s ides  of t h i s  outer tube t o  prevent a i r  currents. 

Thermocouple wires contained i n  a cerantic capi l la ry  

tube were introduced ins ide  the  heater  through a small 

hole d r i l l e d  i n  the  copper tube. By control l ing t he  

current i n  the  reaistanoe wire i t  was possible t o  heat 

t he  system t o  any desired level .  The temperature 

control  was b e t t e r  than 0.I0C. 

A copper-constantan thewocouple wasr ueed t o  

measure t he  sample temperature. Its thenao e.m.f., 

measured with a vernier potenticmeter and 3 spot  



d e f l e o t i o n  galvanometer system, w a s  o a l i b r a t e d  

aga ins t  a s tandard  thennometer ($ran% KUetner Naohf. 

KG., Dresden, G.D.R.). With t h i s ,  t h e  temperature could 

be  measured t o  an aoouraay of 0.05"C. The o p t i c a l  

r o t a t i o n  was measured by meam of a Winkel-Zeies 

(0'bttingen model No. 103071) polar imeter  modified 

s l i g h t l y  t o  e~ooommodate t h e  complete h e a t e r  assembly. 

The po la r imetc r  oonsistlr of ia Laurant la  half shade 

and a m  analyuing n i c o l  mounted on a graduated d i sc .  

The r o t a t i o n  could be ~ueaaured t o  an  aocuracy of 

0.01 O .  The l i g h t  souroe was a sodium lamp and a l l  

measurements were oarridtd out  at t h e  wavelength 

0.5893 pm. 

Two i d e n t i c a l  g l a s s  d i s c s  (diameter  15 am and 

th iokness  2 mm) whose worked wurfaces were f l a t  t o  a n  

order  of h/2 were used t o  con ta in  t h e  sample. Measure- 
v i 3  ., 

ments were made f o r  t h r e e  sample thicknessee, 12.7, 6.4 
A 

and 3 pm. S m p l e s  of 12.7 and 6.4 pm were obtained by 

us ing Dupont mylar spaaers  of th ickness  0.5 and 0.25 
hhe 

m i l  r e spec t ive ly .  [Here i t  wae assumed that,  sample 
L 

th ickness  is equal t o  t h e  nominal spaoer  Ohickness, 

though i n  p r a c t i c e  t h e  sample thiokness i s  o f t en  

s l i g h t l y  h igher  due t o  edge, e f f ec t s . ]  The 3 pm sample 

was prepared without w i n g  any spacer  and  t h e  thiokneas 



was measured by forming interference f r inges  i n  the 

air spacer around the specimen. Since the  p la tes  

could not be held perfect ly  p a r a l l e l  without a spacer, 

the  thickness measurement of the J im sample i s  

estimated t o  be uncertain t o  225%. 

The following procedure w a s  adopted t o  get 

aligned samples; The ~iubstra*es were thoroughly 

cleaued, successively with tsepol  (wetting agent), 

concalitrated RaOH, chromic acid,  calcium carbonate and 

d i s t i l l e d  water and then dried.  The mixture heated 

t o  the  choles ter ic  phase was sandwiched between the 

g lass  p la tes .  Looking lander a polarisin$ lktcroscope 

one p l a t e  war displaced with respect t o  the  other t o  
PC 

and f#g t o  ge t  a well aligned plane textured sample. 

The e n t i r e  cleaning process had t o  be repeated i n  

casea where sample showed s t r i a t i o n s  or  domsrins, An 

aligned sample retained alignment more o r  Less t o  t h e  

same extent a t  all temperatures i n  the  cholester io  

phase except i n  the  v i c in i t y  of  TN. A t  temperatures 

i n  the  neighbourhood of TN t h e  ample developed 

inhomogeneities and a t  TN it usually consisted of 

small domains. The degree of misaiLignment a t  TN 

increased with increase i n  sample thiakness. Also a t  

TN, i t  was not possible t o  completely cross the  l i g h t  



trsunermitted by the saplple. This may be due t o  t h e  

depolariaation of the incident l i gh t .  

The opt ica l  ro ta t ion  measurements were made 

on cooling from the  i so t ropic  phase. For reasom 

pointed out above the  meaeurement of f was comparatively 

d i f f i c u l t  and l e s s  aocurate very close t o  !I!*. This wale 

pa r t i cu la r ly  s o  i n  thiok specimens where 7 changes 

from a la rge  pos i t ive  value t o  a large negative value 

i n  a very small temperature in te rva l  around T*. There- 

fore  unJ.ese the temperature i s  kept truly constant, 

measurements become prao t i ca l ly  impossible. It w a s  

possible t o  determine i n  the region between the 

pos i t ive  and negative peaks fo r  the 3 pm sample and t o  

a l e s se r  degree of accuracy f o r  the 6.4 pa sample but 

not f o r  the  12.7 ym sample. The experimental values 

of 7 as a function of temperature (pitoh) a r e  aiven 

i n  f igure  3. A s  the  temperature i s decreased, $' 

increases i n i t i a l l y ,  reaches a maximum, then s t a r t s  

decreasing and f a l l s  t o  eero a t  TN. With fu r the r  

decrease of temperature f' changes s ign,  increases  i n  

magnitude, reaching a second maximum and from then on 

gradually decreases. The in te res t ing  r e su l t  obtained 

was that both the positiolis and magnitudes of the  peak 

values of 7 are  funotiions of the sample thiokness. 



Figure 3: Experimental rotatory power a8 

a function of temperature for er 

1.6 : 1 by weight mixture of 

dholesteryl ohloride and 

oholeeteryl myristate. Sample 

thickneae (a) J - + 0.75 pm , 

(b) 6.4 pa, ( 0 )  12.7 vm . 





The measurements show t h a t  the  peak values 

increase i n  magnitude an8 move c loser  t o  !fat. with 

increase i n  ample  Ohickness, and t h a t  i s  sera  at 

Trr . This is  very clesu: f o r  the 3 pa and 6.4 pm samples 

but could not be established for  the 12.7 pm sample 

due t o  experimental d i f  f i a u l t i e s  mentioned ear l ie r .  

The f a a t  t ha t  f 3.6 dependent on sample thick- 

nese, espeoiolly i n  the neighbourhood of !PN and also 

t ha t  p vnnishee a t  !Iat. establ ishee conclusively t h a t  

squation ( la )  i s  not va l id ,  pa r t i cu la r ly  close t o  Tg. 

We s h a l l  discuss  the in te rp re ta t ion  of these r e s u l t s  

on the basis  of the rigorous theory. 

3. Theoru 

Kinr (1977) has derived an exact expression f o r  

7 of a compensated mixture applying the Jones calculus 

(1941). Thia theory i s  reviewed here b r i e f ly .  

The structure i s  regarded a s  a he l i c a l l y  arranged 

p i l e  of t h i n  birefr ingent  l ayers  w i t h  the pr inc ipa l  

axes of the successive layers  turnea through a small 

angle p .  The pi tch P i s  asaumed t o  be grea ter  than h , 
the wavelength of l i g h t  i n  vacuum so  t h a t  the e f f ec t  of 

r e f l ec t ions  i e  negleated completely. 



Let l i g h t  be inciderit normal t o  the layers ,  

i .e. ,  along; OZ. The principal axes of the first layer  

a a e  assumed t o  be a t  an angle $ with respect t o  the! 

coordinate axes OX, OY. 2he Jones retardat ion matrix 

with respect t o  the principal  nxes i s  written as  

A where y = -( A y)P represents half %he phase retardat ion 
h 

produoed by a uingls layer ,  A B  = pl - p2 i s  the layer  

birefrinkence and P i s  the  layer  thioknees. 

With respeot t o  OX, OY t h i s  retardat ion matrix i s  

where 

and S'  = 8-I is the t r8~pO@PI of S, 60 tha t  SS* = S * S  = E, 

the unit  matrix. 

The retardat ion matrix fo r  In* layers  i a  



It can be ahown that 

where COB 8 coa fl coa y . 
since fl and y a r e  emall [ p  - 9. Taking b - 1 0 x 1 ~ ~  C. 

and P = S X I O - ~  cm, p c~ 10"] 

Brom ( I b )  and (2) 

a = [coa ng eos ne + ts$ .in np s i n  ne1 

s i n  ne - i [ , r e '  .in Y 00s(n + ~ ) B J  

mi cog np s i n  ne - s i n  n$ cos nt3] = [ t a n @  

e i n  ne - s i n  Y "in (n+l ( 5 4  

where as and br a re  respectively the complex conjugates 

of a and b. 

A 8ystem of the above type can be t reated as  



a roaator and a rotuder.  T f  f i a  tho total  

ratatSon produoed by the eyotem, 29 $ha phase 

retarda*ion o n d y  4he ealmuth o f  the prlnoiperl axe6 

of the retwarder, 

Boa (lb) and (5b) 

b -0- Q s i n  !' - i .In Q s i n  ( 2 ~  ft)  (7) 

~ q w r t i n g  real  and irrglmry parts of (4) m d  (61, 

(5a) and (7). one $eta 



Equation (8) represents optical rotation for  

n layers, that i s  for  a sample thickness njp. 

The optlo& rotatory power i a  given by 

A t  temperatures well away from the nematic 

point TE, the pitoh i s  relat ively mall, p becomea 

muoh larger than y ,  and from (3)  and (10) 8' r 8 . 
The optical rotatory power then beoomes 

whioh i s  the Haupin-Be Vriea equatf on. Ae the 



temperature approachea (i.e., f o r  very high p i tch  

values),  9 given by (1  1) departs from ( l a )  and (12). 

k t  T = TN,  I? = m ,  8' = fi .i 0 ,  and the ro t a t i on  

vanishee f o r  dl vd.uea of ~lample thickness, whereae 

( l a )  and (12) predict  i n f i n i t e  rotat ion.  

'Eheoretkcal curves giving the  dependence of t h e  

ro ta tory  power on temperature of 1.75 r 1 CM mixture 

calculated U E I I I ~  aq,uation (11) &re ahown i n  Figure 4. 

The f values a r e  calculated f o r  ), .I 5893 and l ayer  
0 

thiaknesn = 10 A. The dependence of pi tch  on tempe- 

ra ture  has been taken from the  data  of Saokmann e t  a l .  

(1  968) f o r  the  1.75: 1 ON mirtu.re. The lnyer  birefringence 

Ap st 20°C and 55OC were oaloulated by f i t t i n g  the  

observed valuea (Raeesl6r &.. 1969) of f i n  equation 

(12 )  a t  these, temperatures which are  f a r  away from TN 

and the intermediate valuse were obtaine8 by in ter-  

polating l inear ly .  

The curve8 i n  Pigure 4 show t h a t  w i t h  increasing 

sample thickness,  the pos i t ive  and negative peaks i n  

the ro ta tory  power increase i n  height and a l so  ge t  

aloaer t o  TIT and thereby f o r  th lck  eamples t h e  reversa l  

i n  the  s ign  of ro ta t ion  tnkea place f a i r l y  abruptly. 

Comparing f igure8 3 with 4 ,  it i a  c l ea r  t h a t  t he  trend8 

i n  the observed d a t a  can be socountad for  by t h h  theory. 



Figure 4: Theoretiad variation of the 

rotatory power with tmperature 
i 

(an8 inverse p i t  oh) for fi. 75 r 1 

CM (by weight) mixture]sinmples of 

thiaknessee 2 par, 6 pm and 10 pa. 

The broken a u n e  is the rotatory 

power given b y  the Hauguin- 

de Vries equation. 
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OPFICAL PROPERTIES 02 A QOKPENSATED OH(ILESTERIO 

X U  ABSORBIIVQ CASE 

Xn the previous Chapter we presented Rome 

r e s u l t s  on a non-absorbing oompeneated choleeteric 

mixture. I n  t h i s  Chapter we discues the  propert ies  

of an absorbing compensate4 mlxturej i n  gar t ioular  

we investigate the c i rcular  dichroism of such a 

mixture. Saeva and Wysocki (1971) showed tha t  the 

addition of a @mall quantity of  l inear ly  diohroic 

molecules i n  a non-absorbing oholesteric can give r i s e  

t o  c i rcular  dlichroism i n  the region of the  absorption 

band of the solute  aoleculas. They diseolved a 

ramall quantity of n-(p-methoxybeney1iden~)-p-n- 

butylani l ine (MBBA) i n  a choleeteryl chloride-cholesteryl 

noaanoate hlyetem. %heir c i rcu la r  dichroiem spectra  

of the s y a t w  fo r  the cctsesof left-handed solvent 

and right-handed solvent a n  well as the absorption 

spectrum of NBBA a re  given i n  Figure 1 .  (In t h i s  

t he~ l i e ,  we r e f e r  the oiraular  dichroism duo to  solute  

molecules as  'Induced ciroular  dichroism' t o  distinguish 



Figure 1 

Giraular Qiaboilrm (upper) an8 obtvospti on 

rpeotrum (lower) t ------ 6. j) ~ . l  film . .L~o&~%~~LIxu I :  

52.9 mg of MBBA i n  10.0 6. of 27.7172.3 weim 

per oent oholeateryl ohleride and erholes%eryl 

noaanoate ( r ight  hand helix) $ 11.7 

f i l m  oont;ain%ng 63.19 r g  of MlBA i n  10.0 6. of 

90.6t9.4 weight per sen* aholeateryl ohloside and 

aholesf e r y l  nonanoata ( l e f t  h a  helix).  Pita 

banda aroun8 550 )\(pa) axe diwo t o  Brergg ref lea t ion 

and those around 300 ()ra) as@ due t o  the  

*bsorption by the  solute lroleeuleo ( s e r a  an8 

W~rsoolri 1971 ) . 





it from the  c i r cu l a r  diohroiem t h a t  oooure a t  the 

re f l ec t ion  band i n  a cholester ic . )  They demonstrated 

t h a t  changing the handednees of the solvent changes 

the s ign  of t he  induced c i r au l a r  dichroism (ICD) and 

t ha t  when t h e  cholester ic  medium i s  converted t o  a 

nematic ( e i t he r  by w i n g  a compensated mixture a t  

temperature I!* or by untwisting the cholester ic  by 

the applioation of an e l eo t r i o  f i e l d ) ,  t he  I C D  

reduces t o  eero indicat ing t h a t  a macroscopic he l i c a l  

s t ruc tu re  i s  necessary f o r  t he  induoed e f f ec t  and not 

just  a  c h i r a l  solvent. 

Sackmann and Vose (1972), a f t e r  studying I C D  

i n  several  systeme found t h a t  the  s ign  of the  I C D  

depends on the s ign of t h e  l i n e a r  diohroism of t he  

so lu te  molecules. 20 i n t e rp r e t  the or ig in  of I C D  i n  

oholeeterios,  they aseumed t h a t  the so lu te  molecules 

adopt the same he l i ca l  arrangement as the solvent 

moleoules on a mscroscopic scale.  They a l so  asmmed 

t h a t  the so lu te  moleoules alone contribute t o  the 

absorption and l i n e a r  dichroism of t he  oholester ic  

layers.  Based on t h i s  model and the de Vries theory 

of l i g h t  propagation i n  cholester ics ,  Sackmann and 

Voss theore t i ca l ly  calculated the I C D  of cholester ic  

medium and showed tha t  the  predicted fea tures  a r e  i n  



qual i ta t ive  agreement w i t h  the  obeervatiom. 

Hewever, i n  the above oarsee, the experimental 
A 

observation8 per ta in  only to  the  regime - )) A$ 
h,, 

i .e.,  (< (L = Pp. p = average refzaot ive 

index). The theore t ioa l  treatmen* of Saokmann and 

Voss holde good i n  t h i s  regime. I n  the  preeent 

Uhapter, etudies a re  descrribed on f C D  a8 a function 

of temperaturajpitoh i n  the regime P p f o r  

d i f fe ren t  sample thickneesee. Thie ha@ led t o  eome 

in te res t ing  new obeervatione t ha t  have 80 far been 

overlooked i n  previous atu8ies. 

2. Absorbing ~ornpennatea oholeeterio mixture 

The ample  was prepared by dissolving 1.48% 

by weight of p-oeirotene (Merok, Ciemnwuly) i n  a 1.64; 1 

by weight oholeeteryl o h l o r i d c o h o l e e t ~ r y l  myristate 

(@I) mixture. The aye p-crarotene has cn strong 

l i n e a r  diohroio band around 0.48 pm. Figure 2 gives 

the  polarised absorption apeotrta of f3-carotene. The 

mixture taken i n  a s m a l l  glaee cup was heated i n  a 

even t o  a temperature e l i& t ly  above the oholeateric- 

isotroplo t r ans i t i on  temperature and 8 t i r r ed  well  

t o  ge t  a homogeneous melt, Ae the melt w u  oooled it 



Pigure 2s Speotra of 5 x log4 PI p-aarotene i n  

a 1.9 t 1 by weight CM mlxture 

('PI = 40°0). 'Phe aample was aligned 

fo r  12 hr. i n  a msrgnetio f i e l d  of 

s t rength 20 KQ applied d o n g  the  

h e l i c a l  a r i e  (T =- 35.0). Tn the  upper 

epeotrmm the  e leot r io  veotor of the  

l i g h t  i s  perpendioular, and i n  the 

lower epeotrmm pa ra l l e l ,  t o  t he  

margnetio f i e l d .  The oholeeteryl  

ahloride and oholesteryl myriatate 

moleoules al ign perpendicular t o  t he  

direot ion of the  magnetic f i e l d  

( Saokmann 1 968). 





adopted a oholester ic  rstruc ture.  

To vary and t o  control  the temperature of 

the sample an e leo t r i ca l  hea ter  (described i n  

Chapter I )  was used. The temperature of t he  sample 

was sensed by a copper-aonstantan thermocouple. 

The procedure f o r  the oa l ibra t ion  of the  thermocouple 

and the measurement of t hewo  e .m.f, was s imi la r  t o  

tha t  explained i n  Chapter I. 

A block diagram of tho expexim@ntal s e t  up t o  

measure CD is given i n  f igure  3. The l i g h t  source 

was a tungeten filament; laup with a shor t  foous l ens  

positioned t o  give a pa r a l l e l  bean. It was run on a 

highly a tabi l ieed  power supply. To improve t he  s ignal  

t o  noise r a t i o ,  a ohopper, lock-in-umplifier system 

was used. The ohopper was a metal wheel with 

apertures  and rotated by a motor, the ro t a t i on  of 

which was adjusted t o  chop the light beam a t  321 cycles/ 

second. A Mekee Pederson re f l ec t ion  grat ing 

monochromator (Model MP 108, USA) was uaed t o  ge t  

0.5 pm radia t ion  at whioh these experimenta were 

conducted. Circularly polarised l i g h t  wae obtainea 

by means of a Winkel-Zeiss polar is ing miorosaope 

attaohmen*, i t  consisted of a nicol prism t h a t  could 



Figure 3: A block diagram of the experimental arrangexiient used t o  

determine the circular dichroism. 

1 Tungsten filmtien% l ight  
8 OUTCC 

2 Hechanical chopper 

3 Detector for  reference 
a i g d  

4 Honochromtor 

5 Circular polariser 

6 Sample chamber 

7 Photomultiplier tube 

8 High tension power 
supply 

9 Lock-in-amplif i e r  

10 Oscilloscope 

12 Stabilised power 
SUPP~Y 





be a r t  at two orthogonal pasf tioms and a yuuhr 

wave plate wi th  principal u e o  inol lmb a t  45. with 

xeopeot t o  the xrSool. Bepending oa $he pwl t ion  of 

6he a001 the eaergent i tght  w a r  e i w e r  l e f t  airoular 

03 right airoular. To avoid r t r sy  Light thr heater 

rareably w u  plooed i n  a ohrapber provlbed w i t &  o ~ i t a b l e  

wlnddlawr fo r  a*lcin$ theeo Paeaeuremento. The l i gh t  

t r m a i t t e 4  by Che ample was deteotell by a photo- 

auXbipller (Modlel M10 8Q$ 29 Oar1 h i r e ,  gem). The 

eigarl m e  onpryred by a Lwlt-in-aapSi%ier urrd $he 

cesu3%in@ eignul w a s  isearnured us&?@ rr P h i l i p  D.C. 

aiexovoltmtrut. (Phe Xoak-in-amplifier warn o~natruoted 

by W.~~.R.R~~.P[OP~XWI Pnd I&. A. P u j ~ i  of tho XoCe~ialU 

Baienoe Rivioion 0% IJotlonral. Aercnaulrioa3. Laboratory, 

Banpyalore an4 the ae6La)wmanCr were owxiell out a t  'theix 

labwstoxy. I an grort~ful  to  them and bo Wr.&.&eaaeeehm, 

Heed , &$erio\le 8aienoe Division fo r  extea8ing the 

fiaoililrisr antl for  helpful advise.) 

%he a w l s  war ecmdwiohedl bePwaen two ap t i od ly  

that ( -  h/2) 8 la~a1  diool and the thlokn.rr of the 

latuple uno Slate& &sang @@mere. W;rsar@urmentrr were made 

for  Zivo .&ample tlrlolr;aeaeern 12.7, 5.5, 8, 6.3 Mb 

4 yr .  Stw%ard DuponC aylw apooerr u$ thlokruras 0.5 m i l  

aad 0.255 a1 were urea for  the 12.7 a& 6.4 pa film 

eaaqples and nloa rpaoem for  4. 8 a d  9.5 amplee. 

%he unifonaitg i n  the thialmaeu o f  the sfea apor~et 

mu taste4 wilrh a d i ed  gmge (Redel HX/100 B Oar2 Zeiro, 



%era). The thiaknrar measwcaaant B o f  mior BprQer. 

were aocurcbte fo  ;tjh pm. It was dlrssumed t h a t  Che 

sample thioknelaa i s  equal t o  the opaaer thlokness. 

(It l a  known that the  ia0fugll. sample t h i o l m e e  may 

sometimes be s l i g h t l y  higher due t o  edge ef feota  but 

no allowance wars aade f o r  t h i e  i n  the  present stu8y.) 

Plane texture  tilma were obtainsd by oover p l a t e  

displaocrmant nrsthM deaoribea in ahapter I. Before 

W i n e ;  the  measurement of' in tens i ty ,  the alignmen$ 

I n  the sample wrs chaokeB u o l ~ :  a po2arlning Joro- 

eooye. An signed sample reGuinea ali&mnenl approxi- 

oa te ly  t o  the e m @  degree a t  a l l  te~rperaturee exoept 

i n  t he  v io in l ty  of Tgl where i t  broke inSo small 

domains. The degree of misaligllp~ent at 1% inarewed 

with inorearre i n  eamplr thiaimess. The de tewinat ion  

of o i roular  diohsoiem i n  the aholeaterio phase wae 

s t a r t ed  soon a f t e r  aooling l r o a  the  ieotropia  phase. 

The, t r anmi t t ed  intetnaitiarp IR and IL were 

measured (aa voltagcaer i n  the XK: miarovoltmeter) t o r  

inaidcnt  right- an& l e f  t-ciraulsrrly polurleed l i g h t  

at every temparrilture end the csiruuLar diahroiam wars 



The bichroio power & i s  given by 

where f = sample thickness. ( I t  w i l l  be noted 

tha t  this sdufinition of D and 8 eeliminates t he  

necessity fo r  expressing the  i n t e n s i t i e s  i n  absolute 

units .)  

Away from TN the e r ro r  i n  the in tenxi tg  

mea@urements were lessl than 2%. But a l a ~ l e  t o  TN 

t h i e  e r ro r  inareased s l igh t ly .  Also the e r ro r  i n  

'the in.tiensity raeaeurement i n  the  neighbouxhoob of 

fN i r ~ ~ ~ e a s e d  w i t h  increaeing sample thickness for  

reason6 explained e a l . i e r .  

I n  f igure  4 i s  given t he  experimental dependence 

of the  diohroio power) on temperature f o r  various 

sample thicknesses. For any sample thiokneee the 

behaviour of 13 versus temperature i a  arnalogoura t o  tha t  

of the  opt ica l  ro ta tory  power in a nor&-abzlnoxbing 

compensated mixture ( t rea tea  i n  Chapter I). A t  TN 

is equal t o  zero. S t  is negative on the lower 

temperature s i de  and pos i t ive  on t he  higher twpe ra tu r e  



Figure 4: Experimental values of diohroic 

power versus temperature for 

different thiaknessses of the sauple 

i n  a 1.64 : 1 by weight mixture of 

aholeateryl ahloride and oholesteryl 

myristate containing 1.48$ by weight 

of $-aasotene. 





eiUe of TH, the r a r i a t i  on being almost symmetric 

about this temperature. # lnareaeea rapidly aa 

one moves away (on e i t he r  sitla) from TN reaching a 

a r a x i m u m  a t  a charaoter is t ic  temperature and then 

deareaeare graclually. Phe moat in teres t ing  resu l t  

f rom t h i a  f igure  is t h a t  the peak diohroio power 

decreases as the simple thiokneas inoreases i n  tho 

r w e  4 t o  12.7 @a. This behaviour i e  d i f fe ren t  

iron normal absorbing optioally active materials 
thicknecsse indepenaent 

whioh exhibit c i rcular  Bichroism. I n  addition, the L 
posi t ion and the  map;nitudras of the  peak raluea a re  

functions of msample thicknwss, the peaks moving away 

from TN and becoming l e s s  and l e s s  aharg with inorease 

i n  sample thicknese. We s h a l l  now Uiscuas the i n t e r  

prepation of thaea, r e s u l t s  on the basia of the  

rigorous theory clue t o  K i n i  (1977,). 

Saokmann and Y08t3 (1 972) who establiehed t h a t  

XGD i r e  due t o  heliocel otaoking of l inear ly  diohroio 

molecules have t reated thirs problea i n  two extreme casesr 



On %his assumption they have obtained an expression 

f o r  the a i r cu l a r  dichroism whiah s a t i s f a c t o r i l y  

explains t h e i r  experimental observati one. 

!phis holds good fo r  very l a rge  p i t ch  values, i . e * ,  i n  

systems l i k e  the twisted nematic devices (obtained by 

ro ta t ing  the walls containing a nematic) where t he  

normal waves a r e  l i n e a r  vibrations polarised along and 

perpendicular t o  the loodl director .  I n  compensated 
h mixtures, however, pitcrh values i n  the  range P)/ 

a l so  occur and at these p i t ch  values the waves are  

e l l i p t i c a l l y  polarised.  Hence the treatment by 

Saokmtann and Voss (1972) i e  not val id  i n  t h i s  regime. 

The theory of opt ical  rotatory power given i n  (lhapter I 

has been extended by Kini (1977) t o  explain the opt ica l  

propert ies  of absorbing twisted s t ructures .  

A s  before the  choleeter ic  s t ruc ture  i s  looked 

upon as a he l i c a l  s tack of very t h in  b i ref r ingent  

layers .  Eaoh layer  is supposed t o  have uniaxial  

symmetry with the pr incipal  ax i s  of the successive 

layara turned through a small angle p .  I n  addi t ion 



t o  the  phase retardat ion 2y per  layer ,  defined as 

21 - $ ( A ~ ) P ,  one a180 haa anisotropic absorption 

i n  the layers.  The axes of the  pr incipal  absorption 

coeff io ients  k, and k2 a re  assumed to  ooinoide with 

the pr inc ipal  axe8 of the refraot ive indices  p, and 

"2' I n  t h i s  case, the Jones matrix of any l ayer  with 

reference t o  i t s  principal  axes i s  

where 

@ere the oonvention followed i s  tha t  the phase fac to r  

a t  any point Z i s  given by exp[-i(2apZ/)r ) I ) .  

If the  pr incipal  axes of the first l aye r  be 

inclined at an angle f3 with respect to  OX, OX of the  



coordinate system XXZ with l ight t r ave l l ing  along 02, 

then the Jones matrix of t h e  nth l aye r  with respect  

t o  XY is 

where 
COB np -#in n$ 

sn m 

[ s i n  np cos np] 

and sn is the  inverae of S-" ( i .  e. , sns'" E,  the  

unit  matr*). For n l a y e r s  the, ne t  Jones matrix ia 

given by 

snGos-nsn-l.@ s-(n-l) 
0 

. . . .. SG,S-' 

But .5PSn = sm+n 

Hence 

If and a r e  t h e  eigenvalues of (G~S- ' )  then 

one can show t h a t  



where ), , and A are  given by 

with 
h 

00s e COB 008 

Thererf ore 

n 

-1 n s i n  ne ein(n-1)i  
(0,s ) = exp(-na) - (Q,s-I) - exp[-(n+t)a] E 

s i n  3 s i n  G 

Since n l a  very la rge  compared t o  unity.  

Vain@; ( 3 )  and (4) the net  Jones matrJx Jn can be worked 

i n  terms of p ,  y ,  k,, k2 and n. 

a l so  
The matrix Jn can be uniquely resolved i n t o  a L 

rotator ,  a re tarder ,  a c i rcu la r ly  dichroic p l a t e  and 

a l i n e a r l y  diohroicr p la te .  %he unique matrix resolut ion 

is $iven by 

Jn - ~XP(-T  n @ K 1 y' ( 5 )  



where 
00s yl -einy, 

oos f' 

- 1  s i n  e t -sin 008 P '-1 

where f i a  the rotation, a the imaginary part of 

rotation (equal i n  magnitude to  'D' at large values 

of p )  , 2y the l inear phase retardation, 4 k the 

l inear diohroiem and ?L the satenuation ooef f i c i ent .  

Prom ( 3 ) ,  (4) and ( 5 )  i t  follow8 



with 
A 
81 rn .Itan-' 

t an  8 tan 
a t an  4 

There a r e  two cases of special  i n t e r e s t :  

a) B )) Y 

b k  I n  t h i s  case cp .I 7 
n 

and 

Hence 

Zhersfore the  l i n e a r  diohroism of the  l aye r s  

not only r e s u l t s  i n  cirarzlar dichroi6m but a l s o  makes 

a contr ibut ion t o  o p t i a a l  r o t a t i o n  which i s  oppoalte 

i n  s i g n  t o  t h a t  due t o  l i n e a r  birefringencre. However 

t h i s  oontribution i s  m u a l l y  very m a l l .  

In t h i s  case 

n~ -::; :'] [ exp(-i+n) 
Jn r exp(-m) 

s i n  np o exp(iqn) "'I 



From t h i s  i t  follows t h a t  a t  any point i n  the 

medium there  a r e  two l i n e a r  vibrat ions polarized along 

the l o c a l  pr incipal  axes of the layer.  A s  one moves 

along the  ax i s  i n  the d i rec t ion  of l ight  propagation, 

the two vibrat ions ro t a t e  with the pr inaipal  axes. 

The phase re tarda t ion  and amplitude reduction under- 

gone by these two vibration@ are t he  same as i n  an 

untwisted nematic* 

However a t  intermediate valrlss of @ one has t o  

use the couplete expreswions (6).  The parameter a 

whioh i s  the imaginary p a r t  of opt ica l  r o t a t i on  i s  

d i f f i a u l t  t o  measure d i rec t ly .  It i s  f o r  t h i s  reason 

t h a t  we have measured the parameter D defined ea r l i e r .  

rn f a c t   is^ away from 4. I D \  s 1.1 + 

'Po ca lcula te  D theore t ica l ly  one oan use the 

folLowing re la t ione  (whioh desoribe the nature of the 

emergent l i g h t  when a  r igh t  or  l e f t  c~ i rou la r ly  polarized 

beam i s  incident on the specimen]: 

f o r  r ight  c i r cu l a r  l i gh t .  

f o r  l e f t  c i r c u l a r  l i gh t .  



Then 

Figure 5 gives the var ia t ion  of dichroic 

power wi%h temperature (or  inverse p i t ch)  obtained 

theore t ica l ly  f o r  a typical  system. The parameters P 

and A p pertaining t o  CM mixture were the same as 

used i n  Chapter I. Gurther t h e  l ayer  bireflringenoe 

and l aye r  dichroism were assumed t o  decrease a t  t he  

same r a t e  with r i s e  of temperature. The l i n e a r  dichroism 

( hk) was taken t o  be 0.1 x ICJ'-' at  $ 5 3 x 1 0 " ~  on the 

lower temperature s ide  of the nematic point .  Prom the 

f igure  5 one f i nds  t h a t  exhibi ts  anomalous behaviour, 

the s i gn  of the  dichroism being opposite on e i t he r  

s ide  of the nematic point. This prediction has been 

confirmed experimentally. The theory a l so  leads t o  an 

in te res t ing  r e su l t  regardirlg the atapondenae a9 t he  

diohroic power P on sample thickness. I n  t ab le  1 ,  the 

negative peak value! of 8 f o r  various U E . L T I I ~ ~ &  thicknesees 

a r e  given. It can bo inferred t h a t  as the sample 

thickness i s  increased, iti) Lnaresrses i n i t i a l l y  reaching 

a maximun and than deoreasee. Far the range of sample 

thickness used i n  the experiment@, calculated P does 





Figure 5: Theoretical dependence of dichroic power 

on temperature and inverse pitch for a 

1.75 : 1 C# mixture of sample thickness 6 w. 



Table 1 

- - - - - - -- - 

Sample thiaknese Negative peak 
(in W) value of 



ehow broadly a deoreasing trend with increasing 

earnple thickness, though a t  a earnewhat slower rate 

than observei¶ experimentally. (lonsidering the 

unoertdnty i n  the assumed parameters, particularly 

hk, it i s  gratifying that there i s ,  at  l e a s t ,  

reasonably good qualitative sgreement between theory 

and experiment. 
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