
Xni~rna4 Uiohroirs aOudisre on hos.1; aa8 gueet r o l e a l e s  

in l iqu id  ~ x y ~ t S d , 8  18 kt well estarbli~hed and ~rrs~ful method 

for  probing; the astruc?.ture and mientatfond ordering of  

meaophases. SuoR inve8tig;nfi o m  were usualXy perfoma@d f n 

%he gset wing p oLa;riorer8 radiati on and honogsne owlg aligned 

aramplcse where the dfrecbor is parallel t o  the walls of 

the eample aa911, The need for polarfaell radiaf ion and %he 

Qonsequea* ]reduotion in available anexey are  two  of the 

main dieadvantages of t h i s  tsahaigue , A $iapJLer method is 

t;o w e  unpolaxizced railiation in coaJunction with a hoaoeo- 
4 troploalXy dignetd s a p l e  whose director is nornal t o  the 

o e l l  walls. Two other distincB a8vantageie of the latter 

technique ware pointed out by us in Chapter 6 whew we 

lapplietd il 80 the Uetcernlnertion of the akerolute orienf a t i o n s l  

order parameter in that resnbe~tie A and neinatfo phases of CTBOOA. 

fn this ohaptex, we dasaribs a new doublebeam 

B i f f  erential teohnique fox observing the d i ~ h ~ o i c  spectra 

in 1Squid crystals using unpolarised radiation. Unlike 

in p r e v 3 . o ~ ~  oases, thda method a&lowe the effective dichrofcr 

rergectrum t o  be reclorded in a g w l e  aaan. We! present the 



d i f  f e r ~ n t f  a1 Biehrof o @geotma (PIS)  of n-heptyl eyano- 

biphenyl and aompare ft  with the behaviour erpeofed 

of many d i s t in t t  group vibratiom i n  7C.B. Proa t h e  DDS 

fn%en~i  t y  of the - 0 2 8  Bblad, we obtain %he taagera%u~e 

dependancre of the relative o r i % n t a ~ i ~ a % l  order parmeterr 

in the nematio phaae af  7QB. The dlfferean%i& method ir~ 

aleo  preferable i n  the study of anieotropio solute molecules 

oriented in ra l iqu;fd oryataS, a@ i t  iaailSta%es c~0ple3e 

eompematien for hoat ablaoqt5on band@. This enable8 one 

t o  examine the diehroiam of slolute absorption b a d 8  free 

of in4ierf ersnas even from interns, overZapp9ng host bands* 

We present i l lustrativr reault a for p-nitro t oluene (PNT) 

di~soPv@d in a nemstict oaix2;urer. 

Ihe priaesiple o f  DDS i r  gul-ka etraightfosward, 

3dentfoal sample o e l l a  are kept i n  the two ahanmela of 

a 4ouble-beams spec~rometer The xef srwo e ehannesl crentains 

a hoaosotropia6Lly aligned n a a t i o  ample while the other 

ohanml aontains the @ample in Of a i sotrapio  phaoe. A 

egeotral under theaca ~ o n d i f  ions directly y i e l d s  the 

ra t io  Tisd~nam, whe~a 'PiaQ and T, are the transmitted 

gerecsntage intensitier%l of the i r roBrt~p$e and nematic eamplea, 

respactivaly. If we denote their eorreeponding absolcbanceg 

as *$so %ern* the agparent absorbance oomputed from 



fhe apsstrusl would bet the '4iehroicr diffesebncse' D 

W f i d t ~ € I ,  

4 2he ' d i a h r o i ~  rat to* ,  R, I s  defined a@ 

If the r ibrat iona l  trmsi4iion noaent of an abfsorption 

band makes an angle a with the long axis o f  the moLeou3e, 

it i a  artnslily shown that (~pps9naix C) 

where S is the oriexnj;a.-tj,ond. order parimetor of the l i q u i d  

osyt3tal. Prom e g ~ .  (1)-(3)), it f 0 1 1 0 w ~  that DOC 5 . 
Thw froa any given band in the DDS It; 38 goscsible t o  

deterrrsine the relative vmAar8;ion o.P S as a function of 

temperature. Conversely, if 4m0 and the absolute value 

of 3 age known iroa othex msaauraents,  DDS cran be u13ed 

t o  BeLemine a f a r  any absorption band. 

It i l s  intereafing t o  note Prom the above that for 

tho *magiat angle a,- 54*44' ,  D30. Such a band w i l l  

be abaevlt in DDS irrespsotf va of the .t;enpara*ture of -&he 

neasatio asaslslple. For m y  other  band, as D aC S, the 

largest eignale woul6 be obtained at the lowest attainable 

femprara,ture of the nematic ample.  Also ,  S3 f8 posit ive  



If r < a,, rhfle i t  i8 negative f o r  a@< a . Bate 

the obaerved aAgn of D in DDS inUoatcee the effeotivs 

df ohroio behraviour of any absosptian b a d .  

The present; technSqua, measure8 I& eiz difference 

between two absorbance valuee Bfrectlyj hwos i t  is 

inherently more sensitive end accurate than if Aiso and 

%em were t o  be rneaaured separately. Thie i s  er~geeiallg 

so for bands whca. a is very cloae t o  a,. 

As fr  @an be posli%ive ox negatSve, in p r w t i ~ e  i t  ~ P J  

neetweary t o  p o a i t i o n  the baosline of D M  at or below the 

middle 09 %he translgittad intensity scale on the chart. 

For t h i s  purpos@, we found it aonvenient t o  use in the 

aaatpler aharmel a wire aarsb attenuates with - 40$ trans- 

lnisaion. 

The If quid orystals used in t h e w  experiments were 

a1.L synthesised and p u r i f i e d  in our crlacsmistry lab or& tory. 

!Phe p-nitrotolaaesle waer of o o m e r u f a l  grade and i% was 

purified bay recsryotallizatbn in ethmol. Other details  

imluding the method o f  preparing horrioeotropiodly aligned 

aamplear have been desczibsd pxa3vrl owly.  

8.4  Reaul t s and d i a o u ~ r f  on 
__I 

Figure 8.1 ahawa the  DDS of 7CU. Also shown Pox 







aompasimm is the normal txconsmrieaion spectrum of the 

isotaroplcr phase. WI aerosrBainerd that when both @ample# 

were taken t o  the Saotsspicz phase, %he uompsnaation wars 

exact over the etn%ire sgecr-kreal rang@. A& noted almaw, 

%he IDDS ha@ p e & ~  on both a i d o ~ l  of the baealine. !I?he, 

behavi our elppe~tllsld of rsevcsxal 89sdinc.t; grow vji'brraQi o w  

A@ in aooozd w i t t i  that observed hem. For example, the 

- C Z %  stretching rlbratlon at -2240 om-' should her@ its 

?;ram i t i o n  moa~x1.t along %he long axia of the molsoulel for 

such a vtbratiown D i s  axpectsd t o  be positive m d  th i e  5s 

what is obsemea. In csoa%rast, the au-t-of-plsme 0-Ef 

bending modesr of tshar aaraaaticr r i n g  whicrh occlur in the 

range 770-a70 @am' and the @I2 rooking mode at 724 omo1 

a11 show the opposlitts behav4.o~~ as i s r  t o  be expect4erd. Also, 

the mode at 833 om-' appears well resolved in DDS whereas 

S t  i s  aesa only as ;a erhouldex in the no1;198al trananaie8ion 

rspet~trum. In the C-H e0rcetcthing region, the aromatic C-H 

stratoh at - 3050 omm' ex31lbits posit1 re D, whereas the 

aliphatic 0-fi stretching nodes at -2960 anrt 2880 anawl 

ahow negative D. 2her ring Q-C ake2e.l;d modes o% 1615 and 

9500 o d l  are both Been t o  be polarised pradD~lnailtly along 

the long axis o f  the molecule. Tha mode at 1008 ca-' may 

a l s o  be a ring skelefal mode. The methyle%~e and lnethyl 

B+f  o~nat ion modear in the range 1380-1490 ulearly have the 

aaaj or sompoarcsnt of their transif i on raonwt; perpendiaular 

t o  the long axis. The modes at 1925 and 1810 ore' m a  very 



pr~brabXy crombixrsirtionas of ring defexmaf iom. Theer as 

also the nods* &round 112u and 1290 eme' are barely seen 

An DDS indieatin& that their  u ralut4~ are a l l  quit@ elose 

t o  go. A8sigmaents a$ the modes in the raw@ 10W-1300 

' is, however, aonpliosted by the fact that here the 

skeletal  and CB2 deformations of the hsptyl chain can 

overlap w i t h  in-plane @rom&-It-ic r ing vibrations, WtsverBhe- 

Less, tire exemplea i I i ecw~e3d  above serve t;o ePear1 y 

i l lustrate the use of DDS in stxuutural @tui l ies on 

nierrogem . 
We have r ~ l e a ~ w s d  %he irnt @gra.t.e8 absosbancte aS the 

-Or@ band in BPS, oorrecrtrsd fox the effrscto of f inite  

spectra l  slit  width,5 An a tcrmpera%,turs interval close t o  

the naat io - i so t rop io  tramition twiperature, To. 2hese 

values, nornali~sd t o  earlier Raru~n zieaeuranentlts6 of the 

aberoluW valuear o f  S in 7im, are ahown f n 2ig. 8 * 2 .  !Phe 

relafive varia4ion of S derived fro= DDS is seen t o  beb in 

quite goad agreemratrm-k with the Bwan Bta.  

The dichroicr behaviour of PP'P as a guest moletruPe 

was atudied by 8irsrrokving it in a nernatiu ~ i x t u x e  of 

n-oof;yl & yranobiphenyl (8G13 ) and rkoe ty l a y  oyanobiphengl 

(8 GCIB) in the s o l %  ratio î ,058 1. 'Phe ct~rroentration of 

PEJT in the mixture was -18.4 nole per can*. figure 8.3 

shows the i n d i v i d u a l  apeotza oP PIIT and (8Cd + 8 OGB) in 

the fwotrogic pharse. It irs seen t h a t  the  t w o  qsctra 



PIGURE 8.2: Variat ion of S i n  the nematic phase of 7CB as a function of t h e  r e l a t i v e  tempe- 
r a t u r e ,  T-T,; Tc represents  t h e  nematic- isotropic t r a n s i t  ion temperature. Solid l i n e  shows 
the mean va r i a t ion  of t h e  absolute  values of S obtained from Sarnan d a t a  (Ref. 6 ) .  Open 
c i r c l e s  denote the values determined i n  t h i s  study a f t e r  being normalized t o  t h e  absolute  
v a r i a t i o n  of S near the middle of t he  temperature range of i n t e r e s t .  







overlap rather atran@g, e8pociall.y in me range %O- 

1700 om*', As w i l l  bo seen below, the differential 

technique allows eabost campleta e~mgeoacratf on for host 

ab80rption b a ~ d i ~ .  %!he sample of pH2 dirrsolved in the 

nenwtlc nixture was kept in Ihe smple beam whiPe that of 

the pure nematiu ieintura, wais in xefexenote beas.  Fllhe 

lnomixtal thickurmm of both rrmples was - 6  *. F i r s t ,  both 

samples were hea-bced Bo the l .aotsepic phase and the thitsk- 

neas of the so9s;:~nce ~ami;le w a s  s l ight ly  adjusted unti l  

exact co;nponnat;fon. of tho host; absorytion bands was 

attainad. This coulA be conveniently monitored through 

the dfsapgear:sn?ce of tha -i7SES band An %he apoclrutn, 

UnSetr these oanditZaan, .the comnpeneated "iaotrogict' 

@peatrun o f  randoa3.y w;iented PB'E nolecules ~ o u l d  be 

rsaorded. fJext, both sa@ler3 were crooled t o  the arsmatic 

phase wllere they were haaoeotropioally ori$n%ed. The 

reference sample, however, was maintained at a suitably 

hi&er tptrrtpera%ure in ordele t o  mateh the lower value o f  

8 in the sainpls containing PNT. low .the uoapgnsated 

~ p s c t r u m  of ' hoptoe otropicalf y ' a1ig-d R8T mole ou.Xes asuld 

be recorded. h e  t o  Lhe relatively low   on cent ration of 

PN!l! in the nenatio orifiure, only the very intense sloluts 

bands were clearly obadarved in these spectra. Pigurar 8.4 

ahowa illvrstsative reeulta f a r  the three most interme band%, 

tagetlzer w-ith ";heir dichroic difference a% the pcaaic, Note 

thc a i m o u t  perfec-3 c ~ ~ n p e n ~ a - t i o n  of host Sib~uxp-bion b a d s  



Oompeneatetl absorgtion apeatsa o f  PIIT2 Biaaolved 

in +he mrnatia mixture (8GB + 8 0 a ) .  

(a) Xaotxopio orlenta3ion of the moleoules : 

referenee ample aQ 6900; sample w i t h  PBT 

at 44W. 

(b) Bomoeotrogf c orientation o f  the mole male s: 

refereme smpXe at  54*C9 ample wiCh PMlf 

at 3OeC. 

(o) P l o h x o i ~  U i f eren~e  D, a* the peak. 
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as revealed frcrai the abaenoe of the -a=]# band i n  these 

erpeatra. %he very weak s i m a l  af the pos i t i on  o f  the 

-0 zz I band, whioh resembl@e the, clcsrivativer of a noma1 

lineshaper, eecsrtr@ t o  indiicra%a that a t  the <ronoentrations 

of P1QT w e d  ham there i s  still  giose Anteraateon between 

gueat ant3 horst moleoulers. Due t o  thie the -C = N  band 

could have been ~ h i f t e d  t o  a s t i&t ly  higher frequacry in 

the sample conta in ing  PN2, %hereby ~ausiw the we&, 

anomalous signal. We assign7 the banda a t  1515 and 1348 
-1 

clp t o  the wyametria and symmeatrio ~~$rcstclhing mode@, 

respectively, of the NO2 group i n  PBT. Their trans1 t i o n  

rnomertLa ehouf d henaet be pesp rsndioular and garallel, 

respeatively, t o  %he Long saxis of the molecular. As 

axpeerte81, t h e  aery~lrraatric mode doeer exhibit a negative 

dichroic d i f f  erenoe whersoa the syrnnsetric mode shows the 

opposite behariour. The rode  at 7 38 oma' oan be assigned 

t o  an out-of-plane C-H bending mode of the phenyl ring i n  

PR1T.8 this  etarsignraglnt i s  also aupposcted by i t 8  negative 

diahroiu dif ferenoe. 

IlDS i s  seen t o  be sm attractive method for the 

study of host and guest molecules i n  liquid ~ r y s t d a .  The 

potentla1 ues o f  the twhnique is quite general and i t  i s  

applicable t o  any system whfeh o m  be uniaxially oriented. 

In addition to the nematio phme, this method oan therefore 
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