CHAPTER=-IV
EXPERIMFNTAL VERIRICATION OF 7™ ™I oRy

LR 2RGIUCTION 8

W heve ge £ar ddecunsed 'n d24n1) the theory of
light prépagaticn along tho ~ntie agis of 2 cholesterie
liguid ervetale In thim onanter we efivce ennme exverimental
studies made in tne Light of the nbeve (lLsorpetical
inveatigs tion wné exemine how DY exrzrivenis agrees
with the thenretical wredicticns. Before diecussing
the arparatue ané metheds ueed in th: vreerent investie
gation, we chall glve ¢ briei rv¢ slow of the experimental

teclknigues uzed by the 2friicy  nikeilee

Lehwann (1690) wae the 21iret nerson te euprest a
technique fOr the margurement of larce rotntery vower
ol eoholesterie 1iquid ervetalas, In hies nel up, the
mesomorthic substence is nlaced undernenth a nwlano emvex
lane rosting on a pkece of niane rlaes plate, vo thet
ite thickness increases towards the neseivherv of the
| ane. It is then inseriad basween o volepirer and an
analrger cf a nolerising mieroncome, which ‘a eet uo
for extinetion nand {1lluminated by wonnmchromtie light
(FPiz. 1e)n Goricenirle diuk exvicilnon ringes are sean
which rescuhle ''Wew.on‘es rwmm?* (#ig. ih)e Each Anrv
ring corpeqadonds $o 1ishi witieh hea heen potrted

through 1 X 180 where n ¢ on m.tere I 'p' 1e the
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radius of the N dark and 'R’ the radiue of curvature
of the surfoce of the lene in contact with t he memomore
vhiec subetance, then the thickness *1' of the substance
which has cmuged a rotation of N x 180 fs avvroxinte
tely 4/ 98. The rotation in degrees ner millimetre
will he #iven dy meesuring the radive ~f the oomee-
cutive Jerk rings hy
2R (180)

) P12 = vc?
If a clockwice rotatim ~f the ~nalvssr increasesz the
ainw ef the d4ark ringes, tha rotation of the mesomore
phic substance la dextrs> and v.ce varza. In thie
technique the svear § Vhe vvuiantion of the thiekness

neasuraneny hepg heon awientt lewlly elininnted,

The modified method of thie By Etuwrf (1913, 1812)
kncwn &g !''Evurpf sreectro oolarimetrie tschmigue'' has
been extensively used by A numher bf wWOrTers. Thie
nethod, congiete of focuesing om the 214t -7 o avectrow
seope, an imase af » Jinmetar nf the lens gvetem depe
eribed in Lehmamn'e method, whe 'adrer veiug
{1luminatéd sither with vhite 1L{pht of nredferrhly with
a anuree of i1llumination giving a number ~{ in%enne
Linesn, hash derk »ing npodioesy o Asek% hand on etther
with wutse kisghs ar mra side oFf the rentee of ench

gpeotral lina, Pho areeatar tha potation wroduced far
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any varticulnr wavelength the cleoser together will

be the vende on the correspending eveotrel Line. The
type of effect which may be choerved in the rogion

ef a point of meximim yreflection 18 shown in the
Figures (2). The distances of the coneecutive 4dnrk
bandg on tay snectral Lline fron the meridinn line
correspond to ry and r, of the abeve formln. Chnte-
rlsin and Canc (12491, 1924, 1220} have m»nde nee Of an
egsertlslly pinilar 4opim 1t i their semmirewmente

-

a2 the rototory Jisrmersion of ~heologterie liguid
or—=stnln, Thie ge% i Mre $he nlishet Sigrfpemtareg,
thnd 1t Is net vaanlly woseivig t- ~priucs verfect zincke
domain soecimensg of guch Yzres {imenalons, “ecruse

of the nmisorismtation co2uz2ed By sirf ee :f0~o0¥%s,

such as, curvature of the leme, tta,

Gaubert's method (1917) involves mzasuring t he
shifs produced 1n tha pasitinn 2 the b el crors
#ecen throvgh the polrrieing miercscope, with crossed
s3lavizers whon white T{2hh mat smechromatio lisht
arae vegd far {lluminetior ceencetively,. T™he technique

doce nct atlow the mearurerents tr he dcre over A wide

rance of specturm.

Mnthies (1935) aas uned o vizunl walerinmctric tee
chnigue. The azxle of ro2riion Lor fny wavelenrth

18 ~cepured by the Aifferemos 4 extincti-m randinee
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Of the annlyser With &nd withent the enecimene The
thickmese of the snecimen wag mensured bv forming
chann~1lls4 s7oetra in air zap hetwesn t he zlanse slidem
containing th- sneecimen, Tn thia method n slnrle
domalin cvecimen can he formed quite englly hetween
&lngs slides, Purther, the riomupements of reflec=-
tlem and elrcenlar dishrolem were done by measaring
Tha alliptistty of ke dpsmemdiiad Y1iaht By tha use
af 2 Briinetts eanmnenantor, Te masairewants warse
made nt A1ffarent wove lemothe b dhotoerarhing the
Lrivgyrs nredvcwﬁ'hy *the Bohinst?s anmrerentey through

n ereetroaranh.

Recentrly Ferpasen (1967) hap gtudied the cireular
gichroisr and ratotary Aiapers inn of 2 migkire oone
toining enual parts by weight of cholestervl bennronte,
chiolastervl acoetate snd cholesteryl velmitrnte by nsing
an autemntic recarding Aurl hore inatroment, tre Cary
Foéel Spestrovhoteneter. Civcvler dohreise vee
chtrired by renguring the troprnittence ~f the left
end risht clreulsarly nolariszed Y4oht and ueing the

formuls

In - 17,
IR*IL

)

Tho phaee dliference (cmd Yencs 4he rrdntory towsy)

wer firecily obbnined by meceariag Ty, end Iy the
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intensitica ¢f the trenswitted light, when the
incident light {e linearly pol-riged and the
enalyrer 18 virced parallel and werrendicunlr to the

polarizer resvestively ang evelvinz the forrula

ons <1 T -7
5 = i X,
(Yy + Tx)lt-'z'ﬁ)

where T ds the olroulop Atebrolter,

%¥e zee from the ztudine nf +ve eaprlier vorkers
i % wment of the inveettartiorg prz srnfined to a
ngrrew region of the eyeetrurn, ©pd thet detniled dnte

on circulsyr ddchrolsn ond rot tory vover risht throush

the refleetion hand nre reddsr soemty. #e shall now

]an Ckahdvastk A~y avé‘Skagm e Pyalad
1d :9 1.9 L r«&(. ,q
Lo nake me LELip nver £ orofe renge

b the srecirum,
M A et ior
Azl.i-“ Loeoreiio
Al At e pre cepdi ey
Luéated fie €Ll -dd o3

prese ite

v ilzcurged in the previous

Aitonnl drtoe

fgecipep Tromerntion 3§ « e privare & vione texture

grecimer 41 ‘g reeaperry to nl'rr the moleevlas 2t
the pusfruce ni 4he F!ln. - evhotkonee wvoe taken in
betwaem tva plnee o1 '2an an® ha~red 117 14 Becomes a

Ligquid, and {hen ollarved “n ant) into the mesomer-hie
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range. Alignmemt wap obtnined oy moving one cover
elide nver the other nack 2nd fardth 4n 6 fixed Alreg=

tioxr ©41ll waifocm colouraitiom wilte seen. In thir wavy

were obtidneds That the frece fre orticelly homne
geneons wae Lapted b cheoiine tme imiformi by and
varfeetion of tho extinatism nr» wayelengtha out aide
the rerdon of rafisot’on, Avas wejenrergnti sare
made in the area haring seef oricntotion raly, by
eovering e oteer rovete Lo M wrcmner fofls  The
grenimen woe wiiinsotned =t - S'eef tamuereture ‘e the
1isutad epratrlinc e ey mvarting the ecover elide
at the centre of the eleetricn]l aenter with & stadie
“liped wawer gunnlo, Tra temrercture of the sudbsinece
wag dctermined br 2 rre-cdlibrrted comver-oonotantan

tharmoenurn’e.

t Vorgoptwers wsed ec thioke

nese 2f the snocinmen wera goerrrtely mengored,

Then snoeeps 1 rob ugpad, the method 't to form
irtorforemce fringer ‘n air onnp hetween the glase
ellde8,. Tha Vipkt reflected from the ineide surfaces
ol the 2lidee vop allowed to 211 om the #lit of a
apectrograrhe. 4 'channelled* spectrum was nbi~in23
tYe numbep of fringee hetweem 2oy tvio etewndard

avelenpthic (ery 4388 & end B780 b of Ha) were counteds
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The procedure waes rerented f~r various regions round
about t he specimen and the mean thicknees wre taken

using the formula ‘

t=n };/zp( N N \

vhere n is the NUMba of fringes observed between t he
wavelengths and of Hg epectrume. The thickneess
measuremente Were aleo made by sn optical comrarator
which could read to an reeursey of 1 o The film
thicknees wns usually of the order of 8 few microms.

"he aeeuracy wae NOt better than # 15 per cent.

Agcurecy of the Experiment |

The accurney of the ontieal potation measurements
wang checved Dy making ceveresl meapurements of rotatory
power Of quarteg Par wavelensths |ron 4000A to 10,000 A-
['{ was founa thas the relative rotation could be deter=
mined to £ 4' of arc from 4000 to 10,000 A— However
the determination of abeolutg rotatory power of the
liquid crvetal wae much less aceurste, since the snecimen
£ilm thicknese could be determined only to % 13 nercent.
Further t he mieroscove slides thermeelves were not

ovtically plane.

The temmerature of the liguid erve+al wng ma‘pe
teined quite constant by the stabdilired vower su-ply
and the high thermnl emrecity Oil t he heater and ¢the

experiment being condueted in an 2ir ermditioned room,



It wvae found th-t t he fluectuation in temveratire to be
less than 0.1°C by the constancy of the obrerved
emf at & varticular temmerat i re throughout t he snen of

the exveriment.

Eet up for eramoloug rotation and also away from the
Leflegtion bend s

The exverimentrl eat up is shovm in Mge (3)e A
Hg vapour lamm or neon 4lecharre larp wrs used R &
gonrce (1) The quartsz lens (2) wes placed rt a Alp-
tance equal (0 1tes foerl length from the srurce to
render the light from the esource narsallel, The parallel
light ‘e then parsed throurh a e~nstant deviation
spectrorrevh (3) a half shader (4) the liquid crvstal

evecimen (8) and then the nicol (en2lyser)(5)e.

(1) ¥hem X <Cho o F = 3/>"

Using the ahove set up, the rntotion of a svwecinmen
of cholesteriec chloride wna found for various wnvelengthse
away fromthe reflection band. The thiclmess of t he
speci men wee 12.744 This thicimess wae got by ueing
a Duront Rylar svacere. The polarimetric arranre—ents
wee of £ standnrd tyne (model No. 1013071), manufactured
by Winkel-Zeice, Gottinzen)s The light source wee a
Hg varour lemp, and light of 4 fferent wevelength wae

obtained by using a standnrrd Hilger srectronrraph.
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Fle.3 Setup for anamglous rotation and
also for away from reflection band.

Consatant deviation

. .
Quartz  Nicol , mvmn:om:;«._
Lens [

Quarter wave plate
inclined at 4s° tothe
direction of vibration
of the wicol

Fie. 4. Set up for .«mjmnm,.o,: band.
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Vithout With

Vavelength Totation
Srneat e

Blue 1.68 188,68 160,02

Green 3.3 00,1 178,.8

Yellow 1.9 180,3 1784

(2) Anamolous rotation

The same set un as vner the fbove experiment was
usede The epecimen trken wae cholesterylefeupropyn=i-
yl=corbenate, wvhich gives & steble oriented cholesterie
phare hetwewn weyver showing drilliant eolours in the
super cooled stata at roam temmerature, The compound
was first heated to liquid ohese hetween cover slides.
The slides were moved aganinet each other forwerd and
backward in a gingle direction as the enecimen cooled
to roam temperature, The svecimen then bVecomes & zinrle
domain and ahows brilliant colours in the vellow region
of the epectrum. Such a svecimen 1is rsferred to ne o
'*'plane texture'! preparation. The measuremente Of

rotation ON one euch epecimen are ziven in tadble 7T,

The set uv far thi- is shown in Fig.d. The
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trenemiseion phogopraph throurh & plone texturs nf O
mixture is shown when circuloriy volaprimed white light
is incident on it. The circuinrly velsarired lirht
woe produced in the usual manner by the nee o n
quarter woave plate. Ap ean he geen from the £irure
wvhen left ecircularly nolapisred 1i-ht & incident hardl-
rmy 1isht is tronesitted over 2 roectral remiom of

nbout 200 A, becruse the light le rlmnat who'ly reflected.

¥IARL

-

I

= i1

w -

Optienl rotation measarenanty ol cheleghberylebenpronghe

l=yl=corbonnte. _

et
o

e length Rotation in Yewelength  Rotntiom in
gu ﬁamnaaa agp. &mﬁ@a@a

40446 ~i1Bef 638e 3PP
4077 «15.,92 8409 +34 .9
4358 wile8 6506 P8
5461 -17.8 aros +109.9
570 4 o f3 i )

5790 -25.8 87032
BOPY =346 Tiv3

5074 -] Bed 7045

534% T o0 T4ER

8163 +10,3 AR

ari7 #16.4 5377

8968 +08 .2 B495

6334 A0 1

+EEEFPE T
-9
.
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ANOMALOUS ROTATION
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IABLE=IN

Refleetion of Circular Compansnis 3

Cholesteric chloride (25 vercent) + cholestorol myrie

Fi | m thickness 234/ cxont

state (75 nercent)

Pilm balder ¥illivoltmeter Polariseaw Exvosure
reading read ing Temperature ;. genese time

0 P53 mV 47.1° 2.5 mte.

10 2.5 nV $17.1° 2.5 mta.

20 2.3 nv 47,.1° 2.5 mte.

30 2.3 mv 317.1° 2.5 mta.

40 2.0 mV 47.1° 2.5 mte.

80 2.0 mV %1741° 2.5 mts.

80 B& 10 mts.

IABLE=IV

(Reflection of eirculer comnonents Wth temme:ature)

Cholesteral chloride (£) vereent) + Cholesteric nonaneste

Pilm thicknesr = 5°°8‘®\i@<mﬂ

(50 per cent)



s 12 3

PRI NI s 20V, PP
0 2.8 mV 49435° 1 mt.
10 2.3 m¥ 49,35° 1 mte.
20 2.0 gv 49,38° 1 mt.
30 1.3 uv 49.35° 1 mt.
40 1e4 u¥ 49.%5° 1 wt.
80 Hz 10 mt,

It wae verified that with the o voeite circulrr polarisae
tion, the trunsmirsion is practically 100+/ over the

mome anectral rarres

The photogreph‘c technique ip sntisfrotory for
eudstances that ore gtable at rrom temreratu-e far
quite a lons time, The technigus fa however, quite
elow and ie ant eonven‘ent for 1iguid crratalg which have
to he maintained at hich temmernture and »eecne impure
Aue to oxildation after some timees Also the nhotegranhie
technique becomer auite tedious for wavelensths in the
infrarcd region, So a suitable a~paratug wae set up

in arder to overcome these diradvwontages.

After making nerfect disnment eof the above svsuieme

the rotatory power wrne mensured nfl £rllovge
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Piret Of rll the wavelength nf interent was fixed
by the wnvelength Arive., The analyser was rot-~ted
t111 a crossing 18 forunds Knowing the crossing
reprding W th and without the specimen, the nntical
rot:tion wia determined for any wave lenzthe The
relative rotaiim e could he mensiured tn an neouraey

of # 4' of arc.

The abeolute value of the r-tatory vower wre

obtained by measuring the thickneee of the esrecimen.





