
aarouous !r~~mrmss~oar ( ~ o m u m  EPFE~T) IN 
ABSOWINQ CHOLES'SERXC LIQUID CRYSYfii3 

1, Anomalous transmission of X-rays 

2his  chapter i s  conoerned with another 

a t r ik ing  phenomenon, namely, the anomalous t r a m -  

mission of l i g h t  (o r  Borrmann e f fec t )  exhiljited 

by absorbing oholesterics.  Borrmann (1 941) 

disoovered a remarkable e f f ec t  i n  the transmission 

of X-rays when a perfect  absorbing c ry s t a l  i s  e e t  

f o r  Bragg ref lect ion.  Away from the  Bragg s e t t i ng ,  

a c ry s t a l  of sufficient thickness shows oonsiderable 

reduation i n  the transmitted in tens i ty  due t o  

photoelectric absorption. When it is s e t  f o r  Bragg 

r e f l ec t i on  one expects a fu r the r  reduation i n  the 

transmitted i n t ens i t y  a s  there  i s  an addit ional 

lose  due t o  ref lec t ion .  Borrmann, using a quarts  

c ry s t a l  o f  0.2 urn thickness and FeK, radiat ion,  

disoovered an enhancement i n  the transmitted 

in tens i ty  instead of reduction. Also the transmitted 

ray ha8 a s l i gh t  l a t e r a l  s h i f t  with respect t o  the 



inaident ray,  instead of being col l inear  with it, 

i n  auch a way t h a t  it appeared as though ins ide  

the c ry s t a l  the energy t ravel led along the Bragg 

planear. This e f fec t  can be explained qual i ta t ive ly  

as follows. A t  the Bragg s e t t i ng  standing waves 

a r e  ee t  up ins ide  the  medium due t o  the interference 

between the primary and Bragg ref lec ted  waves and 

i t@ nature (i .e. ,  posi t ion of nodes and antinodes) 

depends on t he  phaae difference between the  two 

wavee. When the medium i s  absorbing the  phase 

difference changes and f o r  erme angle of incidence 

the noddl planes of t he  standing wave coincides with 

the atomic planes ( f igure  1). Therefore t h e  atomic 

electrons aee a reduced e l e c t r i c  f i e l d  and t h i s  

r e s u l t s  i n  a decrease of photoelectric absorption. 

Due t o  the  atanding wave nature, t he  component of 

the Poynting vector normel t o  the Bragg plane 

vanishes so t ha t  the energy flows pa ra l l e l  t o  the 

planes and t h i s  r e s u l t s  i n  the a l igh t  lateraJ. s h i f t  

of the transmitted X-ray with reepect to  the incident  

ray. 

This: e f fec t ,  i n  pr inc ip le ,  can occur a t  any 

wavelength i n  an absorbing aystem having per iodic i ty  





that matchear wi th  the wavelength of t h e  inoident 

radiation.  But, so far, an optical  analogue of 

Borrmann e f feo t  does not appear t o  have been 

observed. 

2. Anomalous transmission i n  oholesterioar 

$or the  oocurrence of *is effeot ,  i t  may 

appear necessary t o  have a t r a t i f i c a t i o n  of t he  

absorption o e n t r e ~  wi th  gar iodioi ty  ma tch iq  w i t h  

the wavelength of l i gh t .  I n  cholesterica the  wave 

sees a oontinuously twisted medium and the ref laoted 

o i roular ly  polar issd wave has the aeme sense as 

that  of t he  incident wave which w i l l  not r e s u l t  i n  

sr conventional standing wave oomiat ing o f  nodear and 

antinodes. The etanding wave pa t t e rn  i n  cholesterioe 

is of a d i f fe ren t  tppej interference between the 

ref leoted  01roulazLy polar i se4  l i g h t  and the  primary 
sensle 

c i rcu la r ly  polarized l i g h t  of the @me, give@ a 
L 

l i nea r ly  polarieced wave whose asimuth r o t a t e s  at  

the a w e  r a t e  as the d i rec to r  i n  the medium. 2he 

angle made by the e l ec t r i o  vector of the standing 

wave w i t h  respect t o  the  d i rec to r  depends on ?fr , 
the phaae difference between the inoident and 



reflatoted right circularly polarized l i gh t .  

For a cholesteric of semi-infinite t h i c k n a s s y  

oan be worked out a@ follows using dynmioal 

theory. 

Pxom (10) i n  Chapter 3 ,  the rat io  of the 

amplitudes of the reflected and primary waves 

Now 

s i n  h(m-I) t 
(from eqmtion 13,  
Chapter 111) 

~ o r ~ s w n i - i n f i n i t e  sample, cosh 5 - coth m E *sinh k 
L 

z oooh - erinhk = e - 5 . Therefore 
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(Sn the, railectlcr,  band 5 is real) 

Gcsyarating tnis intoanwaplitude factor and s 

phaee factor 

Therefore 

Thet depenaaoce of on c ~ (  ) 4 s  glvcn i n  

figure 2.  



Figure 2: m e  phase of the reflected wave with reepect to the primary ware 

plotted as a function of E( h ). 



Thus the phase of the ref lec ted  wave with respect  

t o  the primary wave var ies  from Int t o  '0' 

s t a r t i n g  from the shorter  wavelength edge t o  t he  

longer wavelength edge of the  r e f l e a t i on  band. 

Hence the a l e a t r i c  vector i n  the  medium makes an 

angle u/2 with respect t o  the a i rec to r  a t  the shor ter  

wavelength edge and along the  d i rec tor  a t  the 

longer ravvel.ength edge. Ehe re f rac t ive  index 

a d  the  absorption co@ff ic ient  i n  the d i rec t ion  

of the  d i rec to r  ( i .e . ,  long axis  of the  molecule) 

i s  assumed t o  be grea ter  than t h a t  i n  the d i rec t ion  

perpendicular t o  it .  Than the  e l @ c t r i o  vector of 

the ataniling wave experiences m i  snimum ut tenuat i  on 

a t  the shor te r  wavelength s ide and maximum 

attenuation at  the loqrrr  wavelength wids of t he  

r e f l e c t i on  band. Ao a result of t h i e ,  there  occurs 

an anomalous increase i n  the  t ransni t ted i n t e n s i t y  

on the shor te r  wcival@ngt2~ side which is over and 

above the  ncjrmd altenurition. r3ne f iuds  t ha t  i n  



cholester ice the optimum conditions t o  obeervs, 

Borrmam sfftaot a r e  ea t ie f ied  not exactly a t  the 

centre of the re f l ec t ion  band b u t  t a t  one edge 

of it,  t h i s  beixtg hiinilar t o  the K-xay aase 

where the e f f ec t  occurer not a t  the Bragg angle 

but a t  a e l i gh t l y  d i f ferent  angle. 

3.  xnamioal  theory of arbearbing oholeaterice . *------------ 

I n  %his  olia;,~t;c?r the  E'iymmicc?Z theory .ie 

;*ppliod ' to r;xgldll the Boxrmann e f f ec t  i n  absorbing 

oholesterica (Ohandroeekhar &. 1973). f t i s  

aearumed tha t  the layera  are Xinearly diahroia i n  

addit ion t o  being i i rwar ly  birefxingent and t h a t  

the pr inoipal  axe8 o f  the t w o  ooinoide with eaoh 

other. The~eXorcs pararntlterhi l i k e  p,  Q, yr, vL . 
4 becolue complex. J f  $, and p2 be t he  pr inaipal  

complex rofractivc, indiceis of w.ch layer ,  then the 

r e f l e c t i on  coeff ic ient  3 and the  phase re tarda t ion  
A 
g, per  p i tah  a l s o  becorile complex; i .e.,  



Here 

k, and k2 a r e  the pr incipal  absorption aoef$icients. 

A l l  the  equations obtatned fo r  non-absorbing media 

a r e  e t i l l  val id  f o r  absorbing aystama excepting 
A 4 h A 

t h a t  Q, pR9 pR, PX, replace Q, ( P ~ P  ' P L ~  an% PL 

respectively.  Bor example, f o r  a th ick  specimen, 

the re f l ea t ion  ooeffiaient R f o r  the r i g h t  c i r cu l a r  
A n 

wave, the  wave rea to re  KR and PiL of the  a i r c u l a  

wave8 a r e  given by 



Here 

Pigure j presents t h e  dependenoe of R,  the  
A A 

imaginary par t#  of KR and 5 on wavelength. Here 
1 k = ?(kl + k2) - 0.02 and A k = kl - k2 = 0.028. 

lihe in te res t ing  r e su l t  i s  t h a t  on the  shor ter  wave- 
A 4 

length aide I m  (KR) i e  l e e s  than im (KL), i. e. , 
the right c i r cu l a r  wave i s  lee6 attenuated than 

the  l e f t  c i r cu la r  wave, whilst  on the longer wave- 

length s ide  the  opposite i e  true. 

lihe transmitted i n t e n a i t l e s  TR and IPL f o r  

the r i gh t  and l e f t  o i rcular  waves through an 

absorbing cholester ic  f i l m  of thickness mP f o r  

uni t  inaldent i n t  ens i ty  a r e  given by 

T~ = e x )  einh $' - einh (m-1)f 
s inh ainh 2 

'V 
'V 

4 2 ooeech m $ - 
is. + $  00th D L ~  

2 



Figure 3: The calculated values o f  ((a) ref lect ion 

coefficient R, (b)  imagimry parts of 
,I A 
Kg and EL$ ( c )  ~ o t a t o r y  power plotted 

aa Punctionr; of for an abnorbing smi- 

inf in i te  medium. 
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The theore t ica l  dependence of Tg and TL 

on wavelength a r e  shown i n  f igure  4 f o r  both 

non-absorbing and absorbing cases f o r  a f i l m  of 

thickneee 25 P. The s t ruc tu re  being righC- 

handed, the r i gh t  c i r cu l a r  oomponent i a  r e f l ec ted ,  

and hence i n  the non-absorbing film (k = A k  = 0) 

TR i s  always l a s s  than ZL. On the other hand, i n  

the absorbing caee, TR hae an enhanced value on 

the shorter  wavelength aide of the r e f l e c t i on  band 

which is the Borrmann effeot  i n  cholesterics.  It 

can be ehown t h a t  TL w i l l  exhibi t  an anomalous 

inoreasa f o r  a left-handed 8truoture (I. e. , negative 

p)  and a l so  t h a t  the enhanced transmission w i l l  

occur on the  longer wavelength side of the 

r e f l e c t i on  band fS A k i s  negative. 

4. Bxperiment s 

To observe t h e  opt ica l  analoguca of Borrmann 

ef feot  i n  a cholesterio the  molecules ( layers)  
a 

should have l i nea r ly  dichroio band i n  the  v i s i b l e  
i 

region and t h i s  i n t r i n s i c  absorption band should 

be wiaer than the Bragg band. Normally the compounds 

t ha t  exhib i t  cholesterio texture do not  absorb i n  



Bigure 4: The tranamlttetl in tens i t i e s  lrR on8 

#w! !l!& for right anll l e f t  airoular 

WaY88 (for unit incident inteneity) 

for  a f i l m  of thioknetle 25P (a) now 

absorbing, (b) absorbing. 2he 

enhanosd tranemiseion for  the right 

aircular canponcnf 1.n ( B )  .i# the 

asialagua of the Borxmann e i i e o t  . 
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the  opt ioa l  region. However, ara explained i n  

Ohapter IS, it i s  possible  t o  induce l i n e a r  

diohroism i n  the  l aye r s  i n  a oholetaterio by 

dissolving l i n e a r l y  dichroic  molecules (Saeva 

and Wysrokhi 1971). The so lu te  moleoules arrange 

themselves l o o a l l y  i n  the order prevalent i n  t h e  

medium and therefore  determine the  absorption and 

l i n e a r  diohroiu propertieta of the medium. 

Experiments were oarr ied out on t h i n  films 

of oholes te ry l  nomanoate i n  whioh w a s  dissolved 

small quan t i t i e s  of p-a%oxyanisole (PM) or 

n-p-methoxybeneylidene-p-phenylaxoanil i ne  (MBPAA) 

(Mltyananda & &. 1973, Suresh 1976). P M  and 

fvIBPAA have strong l i n e a r l y  dichroic  bands around 

0.36 pm and 0.38 pm respeotively.  Pure oholesteryl  

nonanoate i s  l e f t  handed and has a Bragg r e f l e o t i o n  

band a t  0.36 pm at  88.5*0. The temperature 

corresponding t o  the Bragg r e f l e c t i o n  band 0.36 pm 

deareases s l i g h t l y  with addi t ion of amall quan t i t i e s  

of e i t h e r  YAA or MBPAA. The mixture i s  a l s o  l e f t  

handed and r e f l e o t s  l e f t  a i rou la r ly  polarieed 

l i g h t  a t  the  reXieotion bandl. The experimental 

procedure i s  t o  adjust  the  sample temperature so  



that the re f l ec t ion  band of the aholeeterio 

mixture coinaidee (as  closely as poseible) with 

the  absorbing band of the eolute  moleculee. 

The sample was taken between two opt ioal ly  

f l a t  ( r-. ?lo) fueed sf l i a a  p la tes  and by careful  

displacrsment of the p l a t e s  well oriented plane 

texture aholeateria oould be obtained. The 

thicknees of the  sample and the conoentration of 

the  so lu te  rnoleoules play an important r o l e  i n  

observing Borrwnn ef fec t .  A thick sample does 

not give well oriented speoimen by oover s l i p  

displaaement and a very t h i n  sample does not have 

su f f i c ien t  number of pi tches t o  give a well defined 

Bragg r e f l e o t i  on. Alee a very small percentage 

of the  so lu te  molecules w i l l  not show the e f fec t  

prominently and on the  other hand a high percentage 

of the  so lu te  rnoleculea does not transmit any 

detestable intensi ty .  By t r i a l 8  it w a ~  found t h a t  

a s m p l e  thiokneee of about 6 (rm and so lu te  

oonoentrations i n  the range 1 t o  4 per  eent a r e  

su i table  t o  observe the ef fec t .  I n  a l l  the  experi- 

ments the sample thiaknees wae f ixed w i n g  a mylar 

spacer of thickness 0.25 m i l  ( a 6.4 pm) . 



A. p e r a l l e l  beam o f  intense white l i g h t  

from a tungeten lamp Was passed through a 

c i r cu l a r  pa l a r i s e r  and the  sample. Phe t r a m -  

mission speotrum was recorded photographically 

using a quarts  spectrograph ( ~ i l g e r  E 498.305/ 

49645). The speotra f o r  l e f t-  and right-  

c i rcu la r ly  polarised l i g h t  were recorded on the 

same photographic p l a t e  (one above the other) 

under iden t i ca l  conditions (see f igure 5). 

Miorodensitometer t racings were then obtained 

from the developed p la tes  and the r e l a t i ve  

i n t e n s i t i e s  were evaluated using previously 

cal ibrated r e l a t i v e  intensity-density aurves f o r  

the source speotrum. The r e l a t i v e  in . tensi t ies  

thus evaluated giver a measure of the transmiaeion 

ooefficient of the sample. The oonstant of 

proport ional i ty  involved i n  the re la t ive  in tens i ty  

was eliminated by caloulatine; .the c i rcu la r  

dichroisla defined as 

where !Ca and TR a re  triansrmitted in tens i ty  f o r  l e f t -  



F i g u r e  5 

A t y p i c a l  t r a n s m i s s i o n  z p ~ - c t r r : n  si:owing; t h e  

B o r r n a n n  e f f e c t :  ( 1 )  f o r  a s L , o r t  e x p o s u r e  t i n e ,  

( 2 )  f o r  a l o n g e r  ~ 3 x p o s u r e  t i m e .  In bat11 t h e  c a s e s  

' a '  i s  f o r  t h e  l e f t  c i r c u l a r  wsve ~L.ic!?  e x h i b i t s  
anomalona  t r a n s m i s z i o n ,  a n d  'b' i:: for t h e  right 

c i r c u l a r  \mve  whicil undergoes normal  a t t e n u a t i o n .  

T h e  f r i n g c s  a r e  due t o  t h e  c k a n n e l l e d  s , ? e c t m n  o f  
t:?c ( q u a r t e r  wave p l a t e .  The  w a v e l e n ~ t h  sc;l . le i s  

a l s o  g. iveR i n  t h e  s a m e  p l a t e .  The r e f l e c t i o n  
0 

hanc! i s  nroun6 3 6 C C  A. 3hr yeglow 04 enhdnced 

tva-nsm~srtoa (m 'a is (nd lca ted  by the ayvow. 



and r ight- circular ly polariglad l i g h t  respectively. 

2he raw microdensitometer t r aces  fo r  non- 

absorbing sample a r e  presented i n  f igure  6. The 

two t r ace s  Bo not cross, indicat ing t h a t  the  

c i rou la r  dichroism does not change sign. Pigure 7 

gives the two t races  f o r  2.45% PAA (by weight) i n  

cholesteryl  nonanoate. For t h i s  composition, the 

aaximwo value of A k = 0.03. The Bragg r e f l ec t i on  

occurs at about 0.355 vn, aer indicated by hhe 

dig i n  the transmission f o r  l e f t  c i r cu l a r  l i g h t .  

A t  shor ter  wavelengthe, the transmission has  

ac tua l ly  r i s e n  above t h a t  f o r  r ight  c i r cu l a r  l ight .  

Figure 8 give8 the transmitted i n t e n s i t i e s  ( i n  

a rb i t r a ry  uni t s )  and f igure  9 gi.v.vos the  c i rcu la r  

dechroism f o r  the stme sample. Figure 10 ,  11 and 

12 present the r e su l t s  of a s imilar  experiment on 

4.25% MBYAA, the Bragg re f l ec t ion  being a t  about 

0.4020 )In. 

I n  i n t a r p r e t i ~  the experimental transmitted 

in tens i ty  curve8 ( f igure  8 )  one must r e c a l l  t h a t  

the l i n e a r  dichroism A k i@ a function of wave- 

length having a maximum and f a l l i n g  of f  on e i t h e r  

side.  Since the  experimental curves ( f igure  8) 





Figure 6: R a w  microdensitoneter traces for a non- 

abaorblng ssunple (purr cholesteryl norr9noata) 

showing gualltatirely the behaY%our of  the 

transmitted intensity as  a function of itrave- 

length for the tm circular polasl@atlons. 

!&ample thickness w 6.4 pm. 



Plgare 7: nicrodensltometex traces for the two ciruular polarlsations. 
Sarnple: 2.45s PAA i n  cholesteryl nonanoate. 





Figure 82 Transmitted intensity for the two circular 

poiarisatiorm (arbitrary units) . The 

dashed line is  for right circular polarisation 

and the solid line f o r  l e f t  circular. 







Figure 11: Tmmmitted intensity i n  arbitraw units ae a function of  wavelength. 
The dashed line :s f o r  r i@t circular polarisation and the solid l ine 
for l e f t  circular. 



f igure 12s aircular dfchroism as a runction of wavs- 
Iwngth for a sample of  th i cknes~  6.4 pm. 



depend ox i t i a a l l y  on t he  r e l a t i ve  posi t ion of 

the ref leut ion  band an& on the l inea r ly  diohroiu 

band of the  eolute moleculee, one does not 

expect it t o  resemble very c l o ~ e l y  the  thaoret ioal  

aurves ( f igure  4) csomputeb f o r  conetant 5 Dr. 
However, the oiroulsor d iohrois l~  trurvee ($i$ures 9 

and 12) do ehow a posi tPrr  maximum at shor ter  

wavelengths which f a l l s  off st longer warelengthe, 

aharaotar ie t io  o f  the Borrmann ef feot .  

5. Dependanoe of anaadloua trmaeirssion on the 

oonoentratian of eolu te  maleoulea. -". 
With a view t o  makings more U a t ~ l e d  eonparison 

wi th  the theory ws, ahsill now present etudlers oilrried 

out on t h i n   film^) of aLxturct&~ of aholeateryl  

nonanoatje and p-amoxyaniaols, (PU) of d i f f e r en t  

ooncentxationa. PAA wea ursed bacauee the polarise% 

ultrrrviolet  abaorption apeatrer o f  t h i e  aoaQpoune 

bave been reported (Plaier an8 Saupe lS56) from 

whiah k and A k  csoula be evaluated and used i n  t he  

theore t ica l  oaloulrations. A 1 1  experiment8 were 

performe4 on Silme a t  thiakneea 6.4 pa (with mylw 

s p ~ o e r s  of b.29 mil). The barsple wae prepared by 



t he  metho4 explained i n  seot ion  4. fhe  l ight 

aource wafi ahiodine-qua~ts  lamp whioh has high 

i n t e n s i t y  down t o  0.3 pm. The pos i t ion  of the  

r e f l eo t fon  band of the  medium with respect  t o  

the absorption band of' t h e  so lu te  moleoules i s  

very o r i t i o a l  i n  determining the  snamaloue trans-  

miesion p ro f i l e .  With inorease i n  the 

concentration of PAA, it becomes more and more 

d i f f ' iou l t  t o  looa te  the cen t re  of the r e f l e c t i o n  

band s inae  the  s e t t i n g  i n  of the  ernomalous 

transmission a l t e r s  the  shape of the  normal Bragg 

r e f l e o t i o n  prof i le .  Noreover the  r e f l e c t i o n  band 

i t s e l f  depends on the ooncentratIon of lZAA and 

on the  temperature. The pomition of the  r e f l e c t i o n  

ban&, looated by the  m i n i m u m  i n  the tranemiselon 

upeatrum, was adjusted (as closely aa possible)  

t o  coincide with the absorption band of the  

eolute  molecultse by varying the  temperature. 20 

evaluat3e the transmitted i n t e n s i t i e s  and oisculax 

diohroikxit D ,  the same method described i n  scot ion  

4 waa EollaweU. 

Figure 13 preeente sxperlmsrital curvea of 

3J ae a function of waveZength f o r  0, 0.98, 1.76 and 



lrigure 13: Experimental ourves of  circular 

~iohrolem as s function 04 wavelength 

for  mixtures o f  ~ h o l e ~ t e r g l  nonanoatc 

and PAA. Man-absorbing (0 6 FAA) , 
-o 0 -a -'Absorbing (1) 0.9896 PBA, 7 
+ * A - ( 2 )  1.7656PAA, U If * - 

(3)  3.*r89r; PAA, -a- c - 





3.7896 PAA (by weight) ooncentrittion. The 

curves  g ive  t h e  fol lowing fea tu res :  

a. I n  absorbing cho lea t e r io s ,  D changes s i g n  

a t  t h e  lower wavelength a ide  of t h e  r e f l e c t i o n  

band, whereas f o r  t h e  non-absorbing 

choleatericbl (0% PAA) D is always negative.  

The change of sign i n  D f o r  the  absorbing 

ca@e i s  due Lo the anon~alous t ransmias ion of 

t h e  l e f t  c i r c u l a r l y  polarified l i g h t  whioh i s  

enhanced at  thn lower wavalength s i d e  and 

a t t enua t ed  a% t h e  h ighe r  wavelength eide 

of t h e  r e f l eo%ion  band. The r i@t  nircu1arJ.y 

poLarised l i g h t  Buffers  only t h e  normal 

a t t enua t ion ,  

b. With i n c r e a s e  ir t h e  eoncentra t ion of PAA 

t h e  magpitucie of tho negat ive  peak decreases 

while t h e  goe i t ive  side  i nd l ca t eo  a n  

i na rea s ing  trend. 

c. The half wici*h o f  the ncgat ive  peak 

i nc rea se s  with inoreas ing  RAA concentra t ion.  



6. Uomparison with theory  

I n  s e c t i o n  3 while  wr i t i ng  down the  

equat ions  f o r  anomalous t ransmiss ion i t  was 

assumed t h a t  t h e  absorbing ayrstam i s  a r i g h t  

handed a h o l e s t e r i c  wherears t h e  c h o l s s t e r y l  

nonznoate and PAA mixture used i n  the  experiments 

adoQta le f t  handed h e l i x .  Here t h e  l e f t  c i r c u l a r l y  
L 

polas i sed  l i g h t  undergoes Bragg r e f l e c t i o n  and 

anomalous transmisaion. From (5)  t h e  t;ranimi0tecS 

in ten l s i t i ee  o f  the left- and r i gh t -o i r cu l a r ly  

po la r ized  l i g h t  ara given 5y 

where m = number of p i t o h e s  i n  t h e  snxa~lo thioknase.  

Using equat ions  (7) and (6) the t h e o r e t i c a l  va lues  

of D verrsus wavelength were computed. The above 

ca l cu l a t i one  were ma(!@ on a XBM 360 computer us ing 

Po r t r an  I V  language. (I am g r a t e f u l  t o  Dr .  G.S. 



Rangmath f o r  his  help i n  w r i t i n g  the oomputar 

prograPame,) The srbsarptlon coeffioients o f  *he 

cholesteryl nonanoate 4 PAA a ix ture  around 0,36 pm 

were assumed t o  ba only duce t o  %ha$ o f  PAA. The 

moleculas extinction ooefiloient ( foz P U  i n  

i so t ropic  phase ( T )  and i n  the nematio phase f o r  

the e lea t r io  rea tor  polarisad pexp@ndioular to the 
the data of 

director  ( GL) were taken fro$ Lvaaier ax16 Saupe 

a re  a t  0.34 and 0.355 ~ r n  respectfvely. l a  

related go the ~*bsorption coeff ielrnt  k by $he 

General equlation 

where c = oonoenttr~ltion of Pa, h = wavelength 

of Light.  2he absorption p r o i l l s ~ s  were f i t t e d  

~ppraximetely t o  a Causeian of t h e  form 

= &ax exp 

Uaring the experimental values o f  7 end fi 

along with the abova erpreaaionr. k - $(k, + k2) 
an6 A k = (k, - k2) were oaloulated &# a jeunction 



of wavelength and coxioentration. The other 

pa rme te r s  used i n  the  oaloulatione were P = 0.24 ym, 

m = 25 and by = 0.07. ehe aispersion of p ana 

~ p ,  at# we11 a@ the  dependence of k and $ k  on 

temperature were neglectea. Theoretical ourves of 

D computed f o r  a few typical  values of k and A k  

are presented i n  Figure 14. 

To check the theory quant i ta t ively i e  

d i f f i c u l t  owing t o  experimental difficulty of 

adjust ing t he  re f l eo t ion  band t o  ooincide exaotLy 

with the  absorption band of the  moleculeer. A 

s l i g h t  deviation can d r a s t i c a l l y  change the 

anomalow tranPueisai on prof i le .  For exampler 

the Borrmann e f f ec t  i e  l e se  prominent i n  Figure 9 

than i n  Figure 13 f o r  oomparable ooncentrationa of 

PAB nrinoe i n  the preliminsry experiments (Pigure 9) 

the  re f l eo t ion  band waa not ae oareful ly  adjuated 

t o  coincide with the absorption band of the ~ o l u t e  

molerrulee as i n  the  case af the  l @ t e r  experiments 

(Figure 13). XBeally, the  experiment shou1.d have 

hsen perfarme+ with solute  malecules v ~ i t h  a vary 

broad if near1.y aiohro5-0 absorption band, but there  



Bigure 14: 'fheoretica2 arurvea of oirouLar dichroian 

a6 a funittion of wavelength for  a few 

values of k and A k. 





a r e  few euah rnoleoulea. Nevertheless, it 15 

gra t i fy ing t h a t  there 18 qual i ta t ive  agreement 

between experiment and theory. I n  par t icular  

the prediction t h a t  with inarcaaeing oonoentrstion 

of PAA, the posi t ive peak i n  the a i raular  

dichroism curve ahoula inorsaee i n  rnagxiltude and 

the negative peak ahould aeareaae i n  magnitude 

but increase i n  hsrlf  wid th  is borne out by 

experiment8 . 
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