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»1.1. That diguid Crystals ares

1

N PO IR | ‘
. The Augird@ lan boiznist P. Reinitzer’ and the German

2’3, as early &ﬂ_iﬁaayabserveﬁ that certein

chemizt O. Lehmann
cém?oundﬁ, 2.2« cholestervl acetate snd c&éleﬁteryl henmonte,
when heated did not pass direetly %o the liquid ptate but
adopt & structure w@ich_had hoth the anisotroplic opticsl,
eiectrieal snd magnefic properties of true éryatalﬁ sgnd the
hydrodynaniec properties of true ligquids. aﬁ'reaahing a certain
tempersture, cmllied wmeliing point, the saiié,undergdes 1780 e
forgaiion into a'iurbid condition and &3 eﬁili higher iempes
rﬁﬁure, é&lleﬁ éle&ring pdint, the turbidity dipappesrs and
isotropic liquid state ip formed. On caaiing these chenges
take @1533 in iavarsa order. The result of thelr pioneering
recearch work led Lehmsnn to name this kind of subsitance asg

Lo whiquid Gryst&ls”'even though' the tern meems to be mipnomer.
Becmuse of their intermediade nmture betwaén'liquiﬁ and
golid state these compounds mre alpo termed by Ffieéel4
&8 mesophages.

The two uajor catega?iﬁ@ of liguid cryesetals are
identified ap th@rmetrapia and lyetropic. Thermoiroepic
iiguld cryetals are ebiained, as desoribed emrlier, by
hesting certain chemiocsal aompoﬁnég. On %hé sther hand,
lrvotropic liguid erystals are obiained by mixing two or
more compounds, one of which ig & palar‘galveﬁto There
systems occur in both iaanimaﬁe and anipate ﬁatter, the

most coumon exXample being aqueous soap solution. We will not
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dipcuss about lyotropic ligquid oryeteis furiher, since, in
thieg dissertation we are canaeéned only wi%ﬁ‘thermatrepic
'liquiﬁ erystals, R&views on lyeﬁiapic Riqai§5grygtal$ are

given in rﬂfareneagg”a

a8 pronosed by G.P rieaelg, in 1?22, tﬁermatvgﬁic
liguld erystals are‘genarally divided aceaxding %o their
structures, ﬁﬁto twro majar‘gxﬁupa, namely. aéﬁmtiﬂa and
suections In nematie phnse {tne term is coined from the
Greek wcrid 'Jvlftd | maﬁning thre&d} there is no correle-
tian beitween the molsculs 3 eamtres of mases but the direcw
‘tion of the molecular lana a??s do gtati%tfcally have DPres
ferred direutﬁoa af Qriena&ﬁian, salleé the &Lreg%nr. Thin
ia'?chema%ically shown in ?ig. 1e1. ®ince %hsrﬁ is no rest
rictlon regerding the poaitionﬁ of the ﬁenﬁr@s of wmas, the
molecules have w high degree of mobility ﬂnd the nematic
phaae is margﬁﬁly‘&ﬁfee%eﬂ hg_@ﬁa&!ﬁﬁl fiﬁlh&i %it&in thisg
group fall &neth&£ eategory., nemely She chmlﬁgteric phase
{50 cmlled dus to the presence of optically active choles-
-Zerol group in i%s-moleculﬁﬁ whiaﬁ E&ve the-séme structurs
an the nematlies but with ai &ﬁéitignal twist about an axis
p@rpenaicalﬁr'ta the‘lang a¥esn of the ﬁolgaﬁie@. That is
the cholesterics are nothing bub %wigte&,n&mﬂtics (Pigate2}e
The abalagiﬁﬁiaa éik3¢@y aalﬁar ﬁue %0 Brags r@flaat;an. |
fmeatie l¢qniﬁ aryetals (thie ters is also coined from a
Greek word qkﬁyrftm. meaning sgap} again have the long
axen of +the molenules ériemt&ﬁeﬁ in n certaln direciisn, but

hare *ﬁ@ raﬁtrew of mass of %he molecules are arranged in
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FIG.1.I. SCHEMATIC REPRESENTATION OF MOLECULES

IN NEMATIC AND ISOTROPIC STATES.
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FIG.1.2. SCHEMATIC REPRESENTATION
OF CHOLESTERIC  STRUCTURE.



o
eguidistant planep, ﬁh@ mai&gulas'are gea@?ﬁlly frea o
nove within smectic plaﬁeﬁfﬁidQM¢b'&crgsﬁ_%he planes.
There are many sub=-divisions of tha ﬁm@eﬁiggstate depenw
ding upon the arrvangement of the malecaléé}%ithia the
l&yérg.‘Anmﬁher type of liguid crystel wes éi&navered'by

Chendrasekhay and @ﬂuwmrkera10 1?

/ and was termed B
golumnar uhaae, whore the flat disew-like mﬁlannl@& E5b o]
etacked in columne and 5ﬂ'$nﬁ-p1&ﬂﬁ ot the galécu¢as are
. perpendioular Lo the direcior santrary %§3t§$ Toraer tymes
where the molecules are p&raliel %o the ﬁizﬁcﬁsr. He sﬁall.
however, deperibe different ?hmﬁéﬁ in detsil in the nexd
ghanter, .

A liguid n;y%%allina-ammgla mey p@éﬁeg more than
ane memoméryhic nhage 1.8 diffﬁrﬁnf‘ﬁmégﬁi@ phases and
nematic oy ahglegterig:phgga with the fsliéﬁing transi-

tion sequenae,

ﬁglid;—-———-ﬁmectic<g;;——_—-ﬁématiah Iestropie

kN

¥o such subsiance hes hﬁem found +that ex thibise both

Ll

ematlc and cholesteric phases even though eas?egtaricﬁ
deg

enn uwnfergo = treneition to nematies under inflaﬁnca at

&

external field. ALL wmost all %1@ e EOEn0 3i0 Shes

"d

L’L’I
r)

Y-
sitiong are enantiémsrghie 1.6 thay %aka’place reversibly

)

on hesbting and conling, the reversal to the salid phose is

usually sccompanied by supercecling ag in the case of
ordinary cryﬁtallig&tiaaa*"‘ j,Momatr@wic tranpi-
tion may also ocour, 6.£. smectle phase, ocours only on

eooking in cholesieryl Eanag@ate12n



¥oet of the Ligquid crystelline materiale ave orgsanie
compounds. According taﬂﬁrﬂwn13.appraximatgly five percant
of the knowm organic‘eempouhﬁéAhave one ar'mbra ligunid
crystal phases, A few organomeitallic seépaunés of mercurys
tin and germanium13 and siliaénanickel anéAﬁalla&ium14
exhibit liquid ecrvetallinity. Ffome sslte of aliphedic acid
also pc5aegsthis property. Eacﬁer15vhas noied“tha% inorganie
compounde sguch 28 silieates vanadinm pentoxide, y=aluniniun

hydroxide and @ -iron (III) hydroxide also exhibit liquid

crysialliine super phases.
192 Holecular siruciure of Fheraotropic Hegogens:

At present there i no way of pfeﬁicting with cer-
tainity whether a given molecule will exhibit Lliquid crys~
talline phase. However, D. Vorlander, C. Vevrgend, (.Veigand

» dipcovered four general criteria that
indicate a molecule's predigposition o forming & liqguid
erystal; It should be born in mind that theeme are only

generalisation and exceptions do exiét.

Te : The molecule wilil be long relative ¥o its wi@ti.
Because of this geomeiricel emigotropy, Bhe intermolesuniar
forces are slao iikely e be anisotropic, aﬁiact TERPON-
gible for mainteining order in liguid cryeimle. The rela-
tively weak forces in cerﬁaiﬁ &iraatiana mayfﬁreak on
heating giving vime 1o gifferent me$0§hases'b@€ore going

to the isotropic 1iqmiﬁ 7 state,



2e The wolecuies wWill bave pome rigidity elong the long
axpe, otherwise Tlexibillity wonld bresk the parallel orien
tation in the molten state, |

T Thae moleoules noy have clmulisasoun sxintancse of
gtrong Aipole (perasnent snd induced) and easily polarie
gavla groupg. “he existerice of eamily Dolardizanle groupa

{zuch az aromatic groups) as well ar Apoler in s sultable

direction snhance ithe endsotropy of oohoeive forces. &

Nigpd
Sas

2 molaculay axiz rorulie in mosd

ks
]

ermanent fivole along %

progounced liguid cryetalline effact,

e The melting point must not be too high {(vwhen thermal
mosion of the wmolacules provent ordering of the molecuisn
reguirsd to form a8 mesdophese), iegtl ounly rupercoalsd metag-

table mesophaosez e Lformed monoiroplcally. High polmvity

F»{_t;

on She terminsie of the m@laaules results 8 very strong
intermoleculur sttraciion thus raisesn the meliing point.
The vaes wajorlity of liguid cryetellins subsisnces arve

thus based on the following sitruciture:

1e Two or pore esromailif (or more rarely, heteroarow
matic and/or oycloalivhatic) riagmacalleé earejusually
benzene rings, zs showny these are eagily polarisabie

and planer,



Ze Gne or more bridsing ETOUDE, A = By %&ﬁ% bind the

rings together; usually the core and bridging groupl(s)

%3  ‘Iwo terminsl graums. Eoand T, umual;v avtched

The arometic rings may alse be direscily comnseted

&

)31"1 P s g o ) e . "‘ .
Crystal 22.5°0 Hematic 35°0 Isotropic.

The mesmomorphic behtviour is gfeatly 5mz;uenvad if the
length of the riglﬂ core im increaﬂeﬁ by 1n%raducinﬁ
additional aromaiic rings st bridging group aa in e CTER O -

prenwpentyl terphenyl 7

Very aften the orzdring sraun aanﬁa*n nult iple honds to

maiﬁtain rigidity and lwnearity. Homt @@mmanly encountered

18

bridging groups are lieted below - and more detail éeéerig#

tion on %his will be found in reféranms’éf'
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Terninal groups vary widely in chemical nature and Jdeter-

mines which mesophase will be obperved. Host freguently

encountered terminal groups are listed below "3
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- &mino R woy be H,

18,
~ Alkyl wmay be branched

- Alkoxy, also internsli ethers

- Carvoalkoxy

- ,ﬁlkyicurb&nétﬁ
- Halogen

- Gyaﬁ&

-  Hitro
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erent mesophases are liasted

2

Chemicel conegititution of 4if
by ¥ elker and Hatgag. wray2 o 21 hv atudying’ﬁhe seventy
howologous peries svadllable atd %h&t time QQF&YV ad thet
certain gensral types of curves, relating ﬁkgitranﬁiﬁiaﬁ‘
tempéraﬁures %09 the number of eaf%on &tomﬁfiﬁuthﬁ @arieg.
gight De obtained and this could be uwed_%e'aérr&laﬁe all
the meubere of the meries. Reoently r@porﬁe& hamaiégaua
ﬂerieagg can also be appr@xim&%ély:c@rrelaied by one ox

another of genersl curver of Grav. Fe . found =

1. The different phaee trancsidtion temperntures
{Wematie~Isotropic, Smeatic»Iﬁ@tropic, fmectic-Yemsitic}
give smooth eurve though the mPLting point &o not ehow

any regulari ty .

2e The clearing points of nematic phaseﬂ@rrenre with

inereasing chaip lengthe The observed arnenﬁiong “o this
, ; T a4 2

rule have slgo been expiasined 2.

- The Hemaitio=Igotropiec trannition taméegatur@ﬁ 4%

in two ourves, one Tor even and he other for 0dd number

of comrvon atoms in aikylchaln, giving rise %o £h6 g0 celled
*odd-aven® effeci. The transition t@mperaﬁﬁraﬁ de*reagev
with » Qigtinet alzarnution, the aapliitude of ihe alter—
nation, thExaapkitatex 13%&& aleo o@ing reﬂuced with

inegreesing chein l@nﬁtho



4?'fi“ “h@ Plet a? aie&*&ng‘pnint?ef’smeet cs‘anﬁ the

‘”“%femectic—n a2 ﬁic tran@itiaa tEM§er@tﬁfeﬂAL,“al;y raﬁah?t
' 3f;a mazzmum &t B mgdar&te ehain leﬁ&ﬁz f ané aecreas&g ‘
. ;‘aﬁt‘lﬁll? ﬁ’i'ﬂ? f:g.?‘ﬁh&!‘ glgﬂ: g,{:j_f}f}: Qf”_‘ﬁae Cﬁ}%iﬁ. AE‘ZZS

;5¢plgt ﬁgr ﬁllj shawa aa 51 timat ”oé@.ewen“ ﬁ:fectg”

”'{;5.-531 hen mare tnaa Qne yhasa iﬁ4?0ﬂﬁi%xa tbe ameaﬁic;: 

-‘:;staqe iuckaaaea in the”mal e%abi&itfa ai,g?::§!P8356 03 |

"~ ‘bhe uomatio ar chaléﬁterlc paa@e a@fchazn leﬁg@h inc-
‘?freaaes. Kt ia afﬁen seen ﬁa@%, Whll& aha 1@war hama&a-

v Ry gou% are gurely nemaﬁic, ﬁhﬁ Llrhnr ara pur 13 ﬁmeﬁiic -

_fand th@ lntermeﬁiwt@ bc&@laﬁeuea, exhibxt aﬁﬁjﬁeséyﬁg,»

‘;i”@Bo ﬁmeat tateg &re st&hill aﬁ by ‘el @léfﬁigﬁi@&ﬂg’

‘E‘]actxng trungv&rse ta tae m@l@cuxar &xis (L’ﬁa?al‘attraaq

 f:azea nhe ﬁiﬁﬂ of kha oar@ mtrua%urs *a g: an in ﬁ%tdil

?G

kby Gray ”he bro&deming rﬁauaeg %he anip _%ropic ﬁol@ri- -

:yf?fgabﬁxity an& cens@qmsntly ﬁﬁe 1 ﬁﬁrﬁnleuul 

"gxtractmang..*”
24 At

";Veung an& hig ca-workerﬁ 'gg Qmpaané.ﬁ"'

N



and zound a ayﬂtematie &&cra sa in sma«ieazse%re@ic tene

»ryeratura a5 ﬁhe numhar cf ; greu@ in%ra&u”ed at peaia

'.fﬁi@ﬂs ﬁ» B 6r ;.~@ was ir@r@ageﬁn

030 “.“'yptal 9% aﬂ%uﬁagﬁqﬁz%harméﬁré§i¢~méﬁggénﬁ:j‘

It is new well e_ﬁabliahaé that’ far a prapex

“f;undarﬁtanﬁ ng aaé iﬁ%erpratatian of ﬂaveral ghyaisal

 7lA pr9§ert1as af liﬁuiﬂ eryﬁta¢xine ghaaes, a Eﬁavieége a!

;the molecu;a” rvruauure in}ihe a@vetﬁllisﬁ @tate is very

;x‘fuqefux, au the malacul&r aanﬁarmatian in the £r tallxnﬁ:};,.?

”.Jztata @reﬁ@%exmlnes the mm

ul@r grganxs&t;en in Bh@

2-5 ﬁemorpaic staﬁe. Frﬁm %k previanﬁ seetlafFip ia @hvioua

tha ﬁ ~‘ac@ %ﬁe difcavery ef llﬁuié erye%alliaitv a great

“i >tu$i@n have heen wta%ed. ﬁnﬁ wo far, mush lﬁﬁ 1? Lnown

v '7 ﬂ.bout ‘k"xa rﬁ;a g,ﬁmahj.gr Bﬁ%wa&n mal@a&ay gfmm z“ in the

  139lid ﬁﬂﬂ th@ paﬁgzbie acﬁmr@uas @f therm&i 'ﬂemarﬁhiﬁm
‘L“~‘&ftar melting. Tﬁaugh tﬁe firgt mttsmpt ta ;arreiase the

'ﬁ'v;agleaalar arrangﬁmant 1& tha megaph& 9 wﬁ»h tﬁe uryﬁﬁﬁl

HAgnraﬂtu:e of the merageﬂic:f'termdl wan undarﬁaken oy
'  DernmL and rawfgaﬁzg 13 #he e;rig 1930'&. furtﬁﬁr |

stulies had ;ar maﬁj genrs beﬁn very fﬁﬂ- bptg 1“74,

: aﬂly seven eryszai szrucﬁur@s;had been ﬁe%ermineé25

A ';*ue si%uatﬂan, ah&nga& &r&sﬁis&l&g with ﬁh@ adven% nf

'wngGomnuﬁer nrawram in ﬁha la%a‘iﬁTQ'ﬁ._iow a large ﬁambar of
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ﬁtructnvep have been Petermined. memt af _being

' nemstic, & few with differeﬁt tyyea af sm&' e NreouT-
'gs@aas 36 E ﬁ:@;iﬁiﬁ&?ﬁ &urvey of the prasent knawis&ae '
witn *e neaﬁ to the g@lié»mnaaphaﬂe relatianeh*pﬁ Wi

5iven,b§ ?xyan31. un %he haris gf the meagra:evidcnee at
hand it ie ntateds ‘ e

1. The molecuies of %hegarganiévﬁrystalstEEn heated

”

He the iiguid cryetnlline ptete adopt en arrangemenﬁ

eomewhad Pimzlar %o tbvt in mhe aryuialsag '

2. . In mematen@n@ the iang nayﬂgw'_ molecu¢ep are
fﬂuﬂé 4o be. mnre of ¢ess garaLLel and 1ﬂoﬁf1$&?& one
enother to fora what-wae-dagcrlbea by merng;;and,.'
Qrewféoﬁ as an 'i&brica?ﬁﬁfyﬁgking{. @he ?ré%éfcrm&tion -
frbm‘the ﬁ@l&d to the nemaﬁic phase is wha&éé%erizeé by |
the bredeaﬁn of the gaaﬁ%ianul arﬁar a; the moleeulem

but na* of the er-ﬁntatianai erdén’?

}3; : ?cr smectogania ﬂamaaun&ﬁ ‘+the mcleeulew ara
found %o be packeﬁ in aarallel array. aﬁaip as praéie—
ted?7’33 ' ~ R

?ertainly %hiﬁ‘iﬂ true 9? a% lenst tha majarity

0f the emsil’ number of cases po. far knawn ;}ibut Bt
 fhis e%afa we mmet be eautious %o ;aneralis@ it23 '
Erown’% ﬁeunﬂ an imbria&teﬁ.paeking for a nematogenie
cempaﬂn& wiﬁh the nnn—planar aoleeuleg &rraneed in

herringhbone f&ahion,in,planes pgryenéieulapwtq_the long



.~ ?i¢~ar36 38

bﬂ éi@cuaead thajréle af hyﬂragan haaa in

e fcrma 1an ef meaagan'ﬁ=eawpﬂanaﬁ.-;

| 1;4;‘ Anplieaiiong mf liquid cryptal

’ lnj aia yian@ering'wmr.“asra tu&ﬁ figgy yearg aga;{gf"'

‘ﬁ Q Worlmuﬁer’9 haé mi }a‘* cansia@red the iﬂea of tecb—'ﬂgi‘

";nlcal bppllcau ans Qf_‘lﬁﬂiﬂ cr;atals.w1thout. hawever. s

o ginging

'”-{;f‘:-ln*ﬁ;enﬂive ﬂaigmcﬂl Ll‘fzg_'.,\ Gf ﬁ;a

taia _én acveunt of ﬁﬂah-?ﬂ":f
18, 40'661¢{25f"

'wiven iu came b@ﬂgs

/'v;;Re?arenves Qf eerieﬁf >

e

flKelxer ﬂné &ataq?ft eﬁéll}hmwevev yive hvre on y a f‘;
. fhrzaf autline. ’ Coe

@TV@ry aan_,]ive s wa&k

":uc ;llQLiﬁ ergetalsﬂar

rert&rnal perturbﬁtimaﬁf uha; are;aa&ﬁ.-a ﬁ&tee%&au af

themperﬁture *p ﬁ&sura &n@, hamical e@ntamin&zian. he

'fhe&ical nwtch of tte c%ale'

§?

$a?§gjligg;ﬁ'aryr5'is ie

Anhif&iy temperﬂ%ure &enqitﬂve @h ﬁa a ”li h§ ahang& in

ﬁa@aaraﬁare changew ga;'"‘ be ﬁ&mple. In aama aﬂgaa

‘ it is zaund %aa% a ria

£less ??ﬁ 13 aﬁe@u&%e to ehange

the cglonr'gff

viﬂibls ﬁyea%rur:'
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Table 1.1

Oolour change s s function of temperature (°C) in a

cholesteric liquid urystmigz.

e G AR S ME Gma e B MEe AW Gk G b N SR W G G S e W owe e Gedt W SRe Gw

Humnn body temperanture | TE o9
Colourless - = Hed 5945
Xed | - Grénge 27T
Oraﬁge - Yellow 40,40
Yellow - Green 4G 2
Green - Oysn 40.6 R
C&an | - Blue ‘ 412
Slue ~ YViolet #2.0
Violet ~ « Colourless 43,0
i3

At the expenrse of the indicmtor range , the lemperature
resolution can even reach 097 Ce Thus choliesteric
liquid crystals have imteresting_sanaing.@ggliaationa49,
One of thepe is the po~ocrlled thermal mapﬁigg of elects
ronic cemponentﬂ.'ﬁwa prime purposes for thermal mapring
in the electronics industry are to obtain ﬁemperature
dietributions of operating devices and to iﬂantzfy hete
producing nelfunctionsg.

Cholesteric liguid eryeialp have been‘faund NEC=
ful also in %the mensurement of surface %empéra%ures in
aercdynanic deaigns13. The remarkable enwitivi*v to
temperature change hag made 1% poassible, fer tbe first

BRI o
Vﬁ‘ﬁa@,‘*‘“‘, %
P

p rw,. e r‘ !'J) a‘
~y\5L? 338 ‘ggﬁ

Y
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time, %o obgerve some of tﬁs-finer details in boundary
layer flow such &s ecour in transition regiong from
laminar to turbulent. Smell shook waves impinging on
the suriace can algo be detecteds The use Qf,ehele&%eric
Cliguid crystals as an iﬁ#eatig&tive and diagnostic tool .
in medicine hes become r&theerida&yre&d in‘ﬁhe pagt
peveral vearn. Fér exanple skin infectlons and mealignent
gkin bumowr may be deteeted and loeated by use of cholen-
teric liquid orystels. The Gumour im { located in that
the tempersture of the skin in the viaini%giéfva tunour -
is higher then that of %he aﬁﬁrauﬁaing ares.

The digcovery of ﬂgﬁamie scattering‘mQ&e in
nematic liguid cr‘ystalssﬂ ‘opm‘éd‘ 2 new s&rea of electronic
&i&play techﬁalogye In thin laysre nematie iigaiﬁ eryatale
chenge their transmisecion properties for normsl or yola»'
riged Lighit when &uhjeaﬁad'tm'an eleotric field. This
yhen@meha can be utiliged for slphanumeric and enslog
Giéplay image converters and matriXe-itype yiaﬁure GOreens.
In practice, liguid ecrystels are now widely used in 2.
displeys for ¢ = watehes, clocke, caloeoulaltors and variané
digltal yannél meters. The rolativEly 1cwvé§%ieal eon te
rest than LED's in dynamic 93&%%@#1&@ zode has been drs-
matically improved in field effect mmde51 diéplay devices,

&e the ligquid eorystel molecules ars orientated in
magnetic field with optic aris parallel to the fieild, they

can be uced ng snigsotropic rolvents for nmiclear magnetic
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respnence measuremente,s Ligulid eryetale have ailpe been
used as colvents for the nptudies of “IR. &nd UV spectra

of polute molecules in liguid crystal films,

15 Zcope and aim of the works

It ig evident frowm the last smecition thaet liguid
erjgtala have enorpous remarkable appliecmtions. For
thie purpogse, identificetion of different phoces, their
elaétro-optic properties and moleaular and arrotal
etructure mnrlysis are important, In the present work

we have chopen five ligquid crystalline substences -

BHBA, APAPA, O0OBED, 5008 end OPHB -

for Ierey diffrmotion studies, Taking powder and
aligned Y=ray 4iffraction photographs of DBBA, ADAFA
end GOBPD their phazer have been ldentified, Alsoo 9oriene
tati@m&l diptribution functions f( {3) and brder

‘ parameters .<P2>.anﬁ <{P%> of magﬂetically“aliggﬁﬁ
samples have been caloulated, Theme nre described in
chapters II to Ve Yeray diffraction studies in liqu;é
eryrtalline pﬁaseEfSGGE and CFHB were mande earliier in
our iazborsiory. In the present work we h&vélﬁetmrmineé
their crystal =nd molesulsr struchures by ﬁnray L8 Lo
tion fechnique and tried to find out corfela%icn between
erygialline and wesoporphic phaéea.<ﬁbe$e have baeh

reporied in chepteors VI %o VIiI.
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