Caapten 11

BXPERINENTAL DETERAVINATION OF THE CURVATURE INDUCED
REBUCTION I8 THS SHACTIC A~ NEMATIC TRANSITION POINT

2.1

Ag alresdy mentioned in ohapter I, the
soectic A phase is chardscterized by a two couponent
order pﬂ%‘*ﬁmtﬁw% Y= vl ol? , where ¢, tha phase
of the ordexr parameier, d4defines the position of the
layera and [}] , the smplitude of the order pera~
seter, describes the degree of gmoctic order. |V
liee betwesn O and 1. At V| = O, no layers
exiat. L is snslogous to the order paraseter of a
suporiluid, FPurther, becavse of the layered avrrunge-
went, aweotiec A does not allow a jourl 35 typa of
digtortion which rogulres o ohange of layver spacing
and hence & rather large energy, indeed larger by wany
orders of nagnitude than the survature dlsturtion in
the newatic phase, Thus & [ouwrl §| type of distor-
tion ia suppressed in ¢he 4 phase. This is soalogous
to the Melssner effsct in 4 superconductor, jourl i?:f
heing the analop of the sagnetie field,



- The close snulogy hoebweon o seoond ovder A~
tronalition under jourd Blaistortion ax the VT e T TEA TR /1
roroal metal treesition under o moghetic fleld was recog-
nizod by de ﬁmma@ who eonstructed a Landa-Ginghurg
froe enorgy to describe the geontic A-poumatic fransitiom

close to the trangition noint.
The {roe eoergy density ls weitton as
& 4 ,. 2
Fy = Fe * At w%&:ﬂﬁ *%‘;iaﬁ‘\ﬁ
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kw{ XV w 3‘?]13 the nematie froe osnergy, 4 » %{ﬁ?mﬁ?ﬂ'}
and B owedeh 1o @ seall positive quantity ere tho paraw-
pebters of the Landau gupansion, Bﬁ,v il %ﬁg are the compo-
nents of the pass teneor along and perpersiioular to the
unpertorted divegtoy i’% {whieh lies along the Z dxis).
My 18 inversely proportional to the slestic constant
lawnlved in the layer dilation and M, is inversely
proportional to the elastie eonstort of the directop
deforeation reiative o the leyer soroal, RW* %@ el
kﬁﬁ ars the Froaok slastic omnsbants gl 'Bm: » Ofpi, eto.



In the A phase, the amplitude [V] can be sasured to be
constant and the grodient terns desoribe the gradionts
of the phaso 95 » The second gradiont tern deseribves
the relative rototion »f the layer normsl with respect
to tha diregtor. This relative tilt is sipgnificant only
within « penetration depth A given by

A w

Buld deep inside tha sssple this deforontion s abasent
ond congecuently Jourl nlwill not oxiet., The wounling
between the director and the fluctuation 27 the swectic
opder parosoelor above T Al GRuEea the divergence of the
curvature  elastic constante k,, ond k., a3 T is
deoreasad to T,, (de Qennes).' This is analogous to
the divergence of tiw dispeguetic suscentiblliity in the
noveal phanse as the suparconiucting transition Lia
approcchad. {The three types of elostio deforcations
are Lllustrated in the proevious chaptor, £1g. Ya4.)
Thls prod¢iotion has heen the sublect of @ large nuchop
of quantitelive emporimental fnvostlpations.”

Purther, uniog the analogy with the superomdustors-
porosal motal trunsitlon, 4 Gennes alpo predicoted that

“&“. L the opectic 4 ~npopatie transition touporature, ahoulsd



be reduced Lf a twist or & bowd distortion is loposed,
Just ap 2 megnetie fioeld reduces the suporoonitedar-
normel vetal trossitlon tooperature. The detaliled noturae
of the phase diagren of jewrl B | againat Ty dependa

on the paraceter § mﬂkfg s where Afs the panotration
dapth of | urd 0 | By of diastortion {nto the mediun,

and % the goheronce i%ﬁﬁﬁh‘QVﬂr uhich any perturbation
infloonces the suectic opder. 1f % < }-ﬁ‘ér Ltype 1
materialy}, [ourl nldistortion leads to eeduction of T
gk the transition beounes firet order in churaster.

fost ssectics appuar to e of type 1 chavancter. [However,
i # > ?%? ¢ Wa Lave tws oriticsl distortions (type IX
raberialst, A% the first oritical dietartion, A phuse
pones ey Lo a alxed phase or Shibnibov phage, Undor

the auwecors! eritleal distoption, Simbnilkov phose goos over
to the ¢clogglonl aesutig. both thwoe tronsitlons are

aadtond oprdey in gharootep,

. ™
To entisaie the effvaet of jlouwrl nlin tyue I
pberials, we Yotaln only the following terns in the

frae energy dengity for infinitely large samplos,

R 4 1 > 2

a.
i = 2 for twist
3» o 33 ﬁ‘:}x’ m ]



The pininisation of free energy of & deforvation free
sample yislds the unsual equation for the order paraneter
for T 7% AN

Yl =« =af (2.2)
with & = A, (7 « Tyul,

Hence, £or the transition of the nenatia with the imrl"ﬁ’ ]
type of diastortion

2 2
Fy - F*@m% » ;&(ng) .
The ti=& tyansgition in this oase obviously ooocurs when
2 | > 2
A/B & Ky (ourin {2e22

which gives the threshold curve. The transition tonpe-
rature is lowered to fﬁ%«& given by the reiation

A w kQ(Tgﬂ - Tgﬁ)

whare T, is the transition teuperature of u deforcation
free sapple, For ‘t’éﬁ :vwgw the energy %ku(wl n)?
released on expelling the (curl i ) distortion is more
than the energy galned, viz,., -ﬁ/2§3. by the mediun from
& trannition to the A phase, At wﬁm the two energies
balance and the medium poes over to the A phage, Purther,
at this Sevperature, the order pavazater [Y-| is not zero,
but has & finite value givon by relation (2.2), and honce
the transition takws first order characteristics.

There have been very few experimental studlos



regarding this prediction, To our knowledge, there p,ye
bean only two emperipenta in which this theovetioal
prediction has beon token Ints agvount o exrlaeln
shasreationg. PR the first one by Dlacis end Yorze ,E

a stripal toxture was observed when H-pegyanobhonsyiideng
prescbyloxyvaniline (CDUDA)} with a strong bend dlstortion
vas ooolaed to *.Z’m, ang was Intororetod in beresg of the
intersaciliate stale. Hore reccotly, alpllar ohasvwations
have boen sade by é'%&mm“ an & CROOA gunple with 4 bend
desorvation imiveed by an elactrie field. However,

tiwere s boon no exporisentad detepndinetion of the phage
Qlugrags Leeer b0 dependance of T, on  fourl ¥ i,

N this ehapter we prese:t thw fivst experinontal deter-

mination of such o phase Jiagron.

242 Bxporimental

Twn enperinomtal geovetries bave boen used Lo

duternine the phage diagran.

{11 In the first, the defopsation 18 ianducod by
& pagoetie fleld applicd o a bowopoouwowsly siisgmed
gorple. ‘Uhe elignoont wea obtained by Taking the sample
botwaen two glasy plotes whoee inglie sullaces wore
coated 8t an obligue angle with silicon monoxide. The

thickneas »f the samole, uwessured using channelled



spoctrun, was in the vange of 20 to 50 M. The

sawple vos then mounted inside 2 heater provided with
glase windowa., The detalled construction of the heator
1a given ip chapber IV. The beoter was lept bhetwern
the poele pleces of an eleotromupnot which ¢ould glive

& Fleld strongth up to 16 Heuas. The temperature of
the sonple was seasured uslong a galibrated Gopper-
sonstantan thevaoeosuple and o Aefthley 1097 digitel
nanovolitseter. In all ouy noasurenents, the Leupe-

rature wos seasured $0 an accupusy of O e Ve .

Sehwatiec dlagran of the ewnerdoental aob up

used Lo dotost Light seattered by Lend f&w-mﬁmwﬁ

in shown In figure 2.7, Lipght from a 2 ¥ Heslle lasor
was posasd theough & polarizer (P) and then tirough

tho esample a8t wn obligue sngle as ghown in the dlogras.
The Lipght scatitered fron the sanple wus pasged throuph
another polarcid (i) whicn lies in eruased omfigpuraetion
with rocpret o the polarizer 7. e depolarized ooupo-
nent of The soatiercd light with the geattoring veoter
lyfng along the wdisgtoprbed dirpector was poteived by &
photomultiplive (Medel Ranomates tyoe B998) whose osutput
was fod to a phoston eounter [ opew Cigitul photsceterl.

The output fron the shoton eouwnteor and Paithlay 1899
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FIGURE 2.1

Schematic diagram of the experimental set up to detect
light scattered by bend fluctuations, The magnetic
field H applied perpendicular to the plane of the paper
produces a twigt distortion in the medium. For the
sake of clarity, the thickness of the sample is very
much exaggerated compared to that of the glass plate.



digital nanovoltmeter (used for tompercture NEMITe-
ment) were comnocted to Y and ¥ channels respectively
of & Riken Denshi XY recorder. Thus the recorder
plotted the intensity of socadtered light ngainst thermo
2.0+%. 8lnce the boud fluctuationg arc quﬁnchud‘in the
A phage, the scattered light intensity increascs as the
pample ls hoated from the A phwse Yo the R phase, and
thuas @ﬂaﬁiﬁa the deteetion ol the AN trangition point.

(1i) In the second method, two glasa plates whose
inside gurisces were c¢oated with silicon monoxide at an
obligue angle, are arranged fn o twisted nenetls conligu-
ration, The sauple thickness was neasured uaing the
channelled speetrur technigue €0 be desoribed later. The
sell was then illed with the liguld oryatel and mounted
inside a hot stuge and the temperature of the sanple was
measured using a calibrated alumel~chromel thermocouple
in conJunetion with o Keithley 1891 nsnovoltmeter. The
sanple was observed through a8 polarizing mioroscope
{Leitz Ortholux Fodel 1T POL-BK). Preliminary observa-

tiong ware sads on colls wvith wniforn thickness.

N arder to detersine T 88 & fusction of (0P/ax),
we used a twisted neratie ¢ell in the forn of a wedye as

ghown in  figure 2.2. The wedge sngle was about 0,001



SPACER - g

FPICURE 2,2

Schewatic diagram of the wedge shaped twiated nematic
cell used Lo determine the dependence of Tyy on jeuri @ |.
The dots and dashes represent the easy axes of alignnent.

In the actual experiment, the twist angle was ~ 75°.



radsan. The thickpesseos ol the cell at various
nasitiong of the wedpge in the sootian shown in £10.2.2
were dotoerpined by the chunnelled spectyun tvohnigue
pofopre the gomple wes £111led. The actunl twist angle
at the desired point o the ssople could bhe veamared

by noting the sonpgles of the polorizor and the analywer
of the sierascope for gotting Gark fileld of view whoen
the asample waes Lo the necatic phase. The wngle vould be

ransursd to an acourssy of 1°.

PThe eomoounds studliod are DB, fere0a Ly logy-lte
cyapopiphenyl {0 OURY and brang-bepropylovolotieny l-fe

{ trana-b-pontriayelobeey Fhonsokte,

Thickness woupurenenbe

The thickmess »F the alr {1l babweon %wo glogs
platen was neagered using choanelled speclirum,. White
1izkd feor 8 poures O 18 rendered puraliliel by a gonvex
long h@ and 1o pade to fall norenlly On the alr film
encloged botween the plons plates (Fig.2.%).  The light
refisched from the Ytwo glage plates formivg the alr film
i vade to converge on the sllt &, of @ owmgtant deviation
speotesanype [adar-lidger LBy, Altoernate bright end

dork fringos ere Dorwed dug to the interfurenge of light



HGURE 2,3

Arrangement to measure the thickness
of the sample by forming the channelled
spectrum.



roflected from the twe surtaccs forming the alr Dilm,
Thwe thickpess »f She alyr Ml con b oalouloted usling
ton oxpression

fowmlA N
x -} immw Mr«wwmmmnﬁ

9 ?i?\ w)\

aya
where )\ o 300 )‘m /@.iw wavalangths gorreapondiing o the

o and nﬁa dark fringes respagtively,

2.3 Results and Discussion

(1) Twize defornation Lnduoed by a negretic field.
L2 @ hongggeneasusdy ablaned nonetie saeple ol

thi i ss g in sobdeeted Bo oo vopmetie fleld (1) ecting
in the olane of the glaoss plates tut 2?%“%”*?3%“?&&3%13’.&!' o
the intsial opientation of the diregtor ( # 3" $fig. 2uati,
for o Flold ubreagth B > i.; e the Feoederichan thweasbold,
the seddun semidres & twinh deforsceion  jeurd A § -
dfi sy fdx with the X axis noroal to the pleates. The
tivreshold flald lo given by

AP ey

W A'}L. do the aedsofrony of thoe wsluwosg dlooagnebic
aantes BibEALiey of Lhe oodiun.



jouri ?!f | ot any given point () for a fleld W
{ >Hﬁ3 is given Yy

?ﬁ)ﬁiﬁ - A e %é; Ea:ngbm - gin® Sb{xﬂ% (253

63 ﬂa

where ¢ (H) is the wexinum angle of twist ot the
nidplane. aP/dx tonos the lurgest value near the
poundoprles snd reduces bto 2ero ar the nldplans. The

wardoam valae 1 gives by

ah T .. o
(=) om g et sl (2.6)
L 4 & £5

> & » |
Gne sveregs walue of jeurl B | over the entirs sawle

thicionenn Lo pilvon Ly

% v O 2’*’:&@5 Y
{;;a?} s ‘ﬁl':: * :%;' P— wm_,w‘.,é&% (‘{ -~ ﬁi )g
fuw " fbm
4
* "MW*%WW ﬂ'{‘ %ﬁ«mﬁy# T“‘;g} {Qt?}
Bin Sﬁiﬂ ¥ e

whore EBisin ?Sm" Tf2Y ia the copplate elliotio
intogral of the geeond kind. Yor LR85 4, {%&37%{
Ag the regetically dedorned gepple 18 cooled holow
f{ﬁ&gg e croeoby Boet o A phase la Jorned ot Che

RN ¥ T T2 s @% w Uy aptd growe buward Bhe boundaries



at lowor tenparatimes. OCur visuol observation cloearly
showed the redustion of ‘:i‘m on application of & suffy-
ciently strong field. If the sumole is ecoled under
the field to & temperature alightly lower than Qgﬁ {the
superacript o' standiing for 4 = 0}, and # ia veducud
Lo pere, the tracnsition to the 4 phose agcurred lame~
diatyly. The H-4 front could be moved by chonging the
valug of H. Purther, on garcful observationg 1t wee
noticed that the Y-A transition umder the Dield was
roally couplete only whea the temperature iz lowered by
@ considerabie vynlue, For exsuple, £ 4 = 25M,

H o 14,000 Gauss, Wrwnsition is covplete ondy for

T = ‘ii“gw - 2°c. tha layges tenperature ruge of the
&nt@rwﬁmm shote” $a probubly due to the soentinuous
insrease in the value of jourl © | a8 the growing sueotio
layeyr soueezes the nesstic roglon inte & progresslvely
thinver raglon as the feupersture fa lovered, #oe could
alzo observe the roduption in ¥ Al in the heating noxie,
under the aption of H, Thw trassition polnt wes deboobed
by the light scattering teomiczue o sxplained in the
axperimental part.

The field dependanoes of ‘.%‘&W Lor CHUE {(whioh has
almont A& gsecond opder A wwm&mme’i and B 0CB (whilch
s an exbromely wosk first orvder A trmm&%m?) e



shown in Plgs. 2.4 and 2.% respectively. Though we
get the sorreot trend in both the cases, it is 4iffi-
cult to esticote the notund value of jewrlw | for

the following reasons: (o) ¢%dx ts non-uniform morops
the sample, ag discuased eariier, and {H) the value of
i, is diffioult to cutinmate ob o (%fiﬁ iy expoeted to
tond £0 oo 88 Kyy-> oo Ak Ty d. Hence this nethod is
not sultable for detersining the phage dlagras cuanii-
tativaly, '

(48] Studies on ‘twisted nesatic' eells

A nupatie sample takon io & twisted cell hug
e - Py~ | |
a unifors jeurl W | uﬁu- m»g;»f@ s whare (£, “Pui

1 the twiat aagle whioh iz ¢lwsen to he abouk 7%% in

o axyerd mont.

Uhaervationn wn tuisted newmstic oells of uniforn
thickneus x, showed that the transition to the A phuse
Tirat started poar the glass boundnriss and eould be
rocognined by tie appearance of foldg {(Pig, 2.6a).
However fluctuatfons in tae Intensiby of light eould
also be sean indicating the cooxistence of A amd ¥ pheses,
The "intersediete sbate” (Lig, 2.6b) egein lagted &—
~a T - Pc, gar reassons alresdy nentisned. ¥When €M

entire sample was trensforwed La the A phase (fig. 2.%e),
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Magnetic field dependence of the shift in
Tan for a 25 paz t hi ck sample of CBOOA
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thie foldy gorresponded to an orientution sidweay
between G, and $,, In thin senples, sometines

ane oould seo moaell jelands in which the general alipgn-
pont wos diffarent fron the surroundings, probably due
to delfective couting and/or nom-umiforoity of the glass
marfucas (fig. &.6470,

A% pointed out earliior, & woldpge shoped twlated
nomatic gell was used to deternine T,, 4s a Dunetion
of APfax. By eoreful cbservation, the tenperaturs at
which the Tolds Just appoursd (os in £ig.2.08) at any
given point wasn noted down. This lopperaturs is tohob
o be the valuve of “%g@ {Bhe swersoript "¢ indiceting
a *twisted! amrnle) eorrospoaniing ¥ the fnltial walueg
of lourl W | ot thot podnt. The results on CHOUA are
ghovmn 10 £l 207, Uslng ¢ dipensional aprgunent one
can write gouotion {(2.9%) m$§

,,%% - T - Mﬁ“’ fourl o (2,8

whoers supereseript 't Indicetes the walue for the
Swistal roglon and Lig a soleceier sluonsion. Souations
(2230 and {3,4) prodiod o linear vapiation of 7, with

1 — - R . Y .;Qa’
jeurl o | elose to Ty .

%
Al

p o
Uging the data neay %’%q e MO Dhad that i o LS A
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FIGURE 2,7

Variation of TAN with gg for CBOOA.
>
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For the twist deforuation, A should be compured to

8 tranaverse dlpengion of the molegules, and the large
value taet we obtain may nean that A ropresenta the
dimmnsion of g short range opdered group. Thae fati-
paraliel dorrelationg Letwean the strongly nolsy (HUOA
solueulseg give rise o glrong ammmr plfeobs sy
fay above T e

The resulis on & OB are shown dn fig.2.8. The
retiugtion in T Al Lo sovgwhat seeller thon in the cuse
af CEDIA for the sae 'af%m Uging the data ¢lose to
m, L= 4y ﬁ which is alao considerably shoprter than
st found fop CUUMA thoupgh 231l largor thoo @ mologular
flapetey. Thowe resalis are in suallintive aproosent
with the trends gshowm by our expericonts with the nagpetie
field Induced distortions (flgs. 2.0 au! 2,97,

Both GBGOA and 2 XB fore partisl bliayer swectics
ghae %o m%mg#m silel interaotiong hetwesn nelghbouring
makesuios wits the stronrly oolar ovano end groubs. Ve
fdve Garrlod oub oreliminary exsevisonts on ‘!:x*rfazmwfw
spopyleyelohenyl. #sw{t;mm m&mwnwz eyclobewyl Yhanraute
which anhilits an alnost second opder AN transition at
859, This sanpuand ices not have 8 highly polar end
giouy and 1g seooeoted Lo ennibit o ronolaver soeotio,
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FIGURE 2.8

Variation of Tan with &¢/5~ for 8 OCB. Two curves
represent two independent measurements with two
different cells.



The rosults indlcate & very weah reduction of Ty,
which is deereased by loas than 3:17C gop Phx X 107
.8, This indicatep theot the woalue of  in this
cane ig =t &,ﬁ'ﬁ aeopparable 4o o poleowiar diasveter.
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