CHAPEER 2

2.1 Inwotuntion

In this ohapter we descride the wurious experi-
mental apparatus, ayrangsments and tSechniques emplared
in the studies which aonstitute the sudbjeot mather of
the next four chaptere. Infiraved spectra were studied
with a Leits double bean prism spectroneter umv
the vangs 10,000-420 en~' and a Polyteo Fourier
spectrometer operating over the rangs 20-65U a".'
Banan speotra were sWdied with a Jdary-81 Aanan
spectrameter with modified external optios, esmploying
photon caunting, and & Speotra Physics he-le laser an
the 1light source. A Perkin-Elmer DS0-2 ¢ifferential
seuming calorineter was used in the tharmul studies of
phase transitions. A hot stage miorosoaope was eployed
for the measuremsnt of phase transition Semperatures
and the study of optioal Sextures.



2.2 Infrared Spectronstere

(a) Near-infrured region

A Leitss Model 00t double heam primm
spectrometer’ employing imterchangesble Nadl and
KBy prioms was used to obtain spectra in the region
10,000 = 420 eu™! (1 = 25 ym). The trenemitved
intensity of the smple is 4irectly plotied on a
chart wvhose ordinate is calidrated in perecentage
transnission. e spectrun is linesr in wavelsngth.
e speotral resclution is determined by a chaioe of

811 programs.

(b) Far-infrared yegion
A Palysec Model FIR-30 Yourier upouwmmz

was used %9 odtain spevtre in the far-infrared regiom.
Thie is an interferomeirio speotrometer operalting on
the prinoiple of Pourier Srenaform spectroscopy” and
noxmally covers the apeotral range 20 ~ 650 om"' by
neans of four separate bdeanm splitters. The heart of



She set-up (figure 2.1) is a Michelson Snterfero-
meter with which an interferogiun is recorded and
Jourier transforned”’® in real time %o yield the
eorvesponding spectirun, The mpectrum is plotted

on a chars with percentags transmittancs as ordinate
and is linear in wvavemmber. ‘e real time Fourier
transformation and other data processing is effected
by an on-line Nova 1200 eomputer operated via a
Ssletype terminal,

8inoce this spectrometer is & aingle beam
instrument it is necessaxry to noxrwslise the spectral
data of & sample to those odtained from a sepurass
reference soan with just the empty sample ocelil in
place, keaping all other finswrunental parenetexe
unchanged.

Because of e mulSiplex amd shroughput

mm’J inherent t 0 this set-up, 14 is possidble
%0 obtain spectra with both gool resolution and high
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Schamntie optical lay sus of the Nichelson interfexo~
meter sysies, saaple chamber and detector of % Polytee
N30 Peurier Spectrometer [ Aeproduced Lrem Palyteo
feohnieal Bulletin Na.1, 1972].

a Soures
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? Sasple in the tranomission meds.






sigmal~to-noise (I/N) ratio in the entize infrared
ruglon.

The spectral renclution AY of the spectro~
mater is given ly’

where L is the eptiocal path difference betwsen the
fixed and movable mirrars in the Miochelson inter-
ferometer. The resolution employed for the far-
infrared spectra reported in this wrk ranges between

5and 8on'.

2.3 Reman SHectrmeter

A Oary MNodel 61 Remen spectrometer® with modified
axtermal optios was used %0 obvain Raman speota. his
sploys a Wwin-grating, doudls monwchromasor for the
spsotral analysis of soattered radiation over the range
of frequency shifts, 44000 "l A Spectra Physiocs
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for the exoisation of Raman spectra.

Mgare 2.2 is a block dlagram of the modifried

Gary-81 extersal opsios set-up. Plane polarised
rediation froan the He-Ve laser, at a wavelegth of
652.8 2, pess Whrough an interfevence filter ¥ which
SEENaEEes the plasms lines ofg g Ieeer. XI|#& —

to the sample 5 via surfase < &——
My la.lsmnuhmtmulmn,. dari—
Padiation frem the sasple is collected by lens L, and
fosussed an (0 the entrance 2lit of the moacohruwmator
by neans of B second lems inge TFor polarisation stuties,
& sironlar shwet pelariser mounted on a rosasing holdex
can be placed between L, and in.

The analysed radiation is incident on & ceolsd
photemitiplier tuds via the exit slit of the mamo~
chromator. The cutput of the photamultiplier is
procsased by a photon counting system and plotted on
& strip ohars recoxder agaimt the Raman frequency shifs.
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Jigure 2.2 Gspiots the beck-coattering
geametxy. I8 oould be eusily modified S0 give a
righv-angle scattering geometyy. In the bmok-
‘soattering mode t» mirrox M, had t© be extremely
small » as to mudmise the amound of aoattered
nﬂiaﬁi&omwn\z- IS vas nounted on a
pin-head and about 1.5 mm x 1.5 mm in sise.

Pigure 2.3 shows the lay eut of the optioal
components in the Cary-81 double mamochyoms $ox.
The two collimating mirrars O, and C, are off-axis
spherioal mirrers nwm in & LitWrow axrangessnt.
The fosal length of the moncchromtor is 1000 mm and
$%0 aperture 100 mm x 100 mm. This gives its eptics
& power of ~ £/9. The entrance, intermediate wnd exit
slits are ol miltsanecusly wariadie in widsh over whe
range 0 ~ 1.5 sm (0 ~ 15 an~! at 625 :m) and thatr
length fixmd at 253 am. The gratings are ruled 1200
iines por mm and blamed for 500 mm in the fires
order.



Sy — ENTRANCE SLIT
S2—INTERMEDIATE SLIT
S3—EXIT SLIT

Cy,Co—COLLIMATING MIRRORS

Gy Go—GRATINGS

Mg > M2—MIRRORS

Diagram of Cary 81 Double
Monochromator (Adapted from
Gary Model 81 Laser Raman
Spectrophotometer Bulletin
181, 1968).
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T™he spectrum is scanned by rotating the two
gratings in unison. A linsar vave nusberx sonls for
the soan drive is athieved by smploying a oosecant
grating 4drive nechanisn. A frequensy socourasy of
0.5 @' and a seprotucidility of 0.1 ow”!

by a synohranous motor through a ﬁmﬁm‘w
shift mechanism. Any one of Lfourxteen soan spesds,
fram 0,25 %o 500 on '/min, can be empleyed. ‘he
spectrometer gives a maximun resolution of 0.5 em”'

at 632.8 mm,

The wavelength oalibration was checisd using
the known mlMa of spectral lines from a
merowy oapillary source in conjunction with the He-le
laser wavelength.

The dlspersion of the momochromator as a
function of the wavelength is showm in figure 2.4.
The slit dial graduation is 20 em”' per am of slis
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width at 450 }a wavelength. At this wavelength
Ahe dispersionm is 20 on” '/mm. A any other wave-
length the dial reading has te be multiplied by the
20%10 of the dispersion at that wavelength S0 the
dispersion at 4350 mm, to get the astual speotral alis
vidth. 7This slit dial multipliention fuctorx is also
showm in the figure as a funotion of the wavelength.

Waile soanning a spsctral feature, a limit to
the Boan speed 15 set by the spectral slis widsh
employed, the time corwtant of the photon counter
slsotronios and She recoxrder pen traverse aspeed., Jor
a high fidelity, Gistortion-free recoxding of the true
speotral feature, the time comstant 1s chosen %o be
typloally a quarter of the time spent in sesaning the
speotral slit width. Thus

spectral sliv width
(4 x Sine comwtans)

Max. soan spesd ~

Bevause of the ruled gretings employed, the
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mobochronator has an unequal respoime for the two
different pelarisations (parallel and perpendicular
%0 the alit) of the scattered radiatien. The
renponse funotion is dependent Both m the slift

width employed and the wavelength of the speotral
feature being swudied. Teo determine Whis, poly~
ehramatic 1ight from a small inoandencent sourve,
placed at the position of the saspler, was analysed

by the monochyomator after passage through a polariser.
The intansities gorresponding to the two polarisations
of the soattered radiation were measured at the
desired frequency ( ~ 2225 om”' for the studies
reported in this work) and slit wvidth. The ratio of
the two intensities, vertical to the horisuntal, was
used as a surrection Lfaotor $¢ scale up the depalari-

sation ratios msasured.

Table 2.1 givens the RONOOCHIGMTUT Iesponse
funotion at different slit widths corrssponiing %o a
Raman frequenay shift of 2225 u"‘-

33
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Pable 2.1

Caxy-81 double monocchromutor response functiom
&% differens slis widths csorresponding to a Raman
Lrequency shift of 2225 om™!

8148 width Response funetien
on™?! 3/ 1y
0.8 900
1.0 4.77
1.9 4.58
2.0 4.5%
4.0 4.44
8.0 4.37
B.0 4.30
9.0 4.29
10.0 4.18
12.0 397

1%5.0 3.84




An ROA 8532 photomultiplier tube (PNZ) wes
used %0 deteot the analysed yadiation from the
monochromator. It was plased imside a theraselectyi~
oally refrigerated chamber and maintained as about
40 degrest bdelow ambient Sesperature %o reduce the

PRE daxk noise to svespytabdls levels. 4 photon counsing

set-up oanslsting of & PAL Model 1120 Amplifier—
Discxd minatar” and & PAR Model 1105 Data Converter’®

was espleyed to pxocess the PMT outpus.

A Spex IPO-2 Digital Photameter’ in 1% photone
counting mode was alec emplaoyed in the msasurenents
of Asman depolarisation ratics uwm in ehapter 6.
The nature of the digital averaging technique employed
in this imetrusent enadled the detexmination of inte-
grated intensity of the ~ C ¥ N Raman dbands in the

Reman apectra of 708 and 8 OCB (see chapter 6).

2.4 Differential Scanning Calocineter
e calorimetric data reported in ehapser 5

weres ddtained with a Perkin-iimer Model D02



Differential Seaming Galorimeter'’ which combines
high oalorimetric sensitivisy with exosllent baseline
linearity and repeatability.'' e sample tewpe-
rature can de varied between two preset limits at a
precisely contxralled preset rate with a digital
progremmex. ‘The thersogram is pletted on & atxip
ohart recomder with a dhalos of eight full soale
sensitivities yunging Lfrom 20 30 0.1 moul, seo.

2.5 Hot dtage Maronospy
Phase transision tsmperatures were neasured

0 an acouracy of + 0.2 K using a hot stage mioroscape.
The sanples ware filled in open~-ended flat capillary
tubes. The transitions were nonitored visually under
the misroscope. The Sexture photographs reproduced

in ohapter 5 were also made with this sedb-up. For
this, the sazple was taken in the form of a thin film

sandwviched between Swo glass plates.
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2.6 Sample Jells and Saapls Preparation
Reoept for the Raman speotra af ethyl-p-asoxy-
bengonts (EPAB) reported in chapter 4, all othex

vibrational spectra required teperature and phase
dependent atudies with or withuut preferential align-
ment of molecules ia the liguid orystalline phase.
This called far specially desijned sample cells wish
wvindows possessing high traamsaission 8 well as good
thermal and: aschanical ruggedness. Ve nov desoxibe
the various cells employed, the cell windows and the
mode of sample preparation and confinxersnt in eash.

(a) JNear-infrared studies

¥aCl was the window matexial used in this
region. Plates of NaCl, about 50 »mm x 25 wm x 5 aM
in sise, were out from commercially avallable blanks.
They were ground and pelished empleying u technique'?
perfected sarlier in our laboratory. This yislds a
reascnably flat, soxatch-free surface of high p—

quality.
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Liquid orystal samples were prepared by allowing
the mescphase to flow between the windows by oapillary
ation 20 that a dbubble~Lree thin film was obtaimed.
For matexriuls which are in the solid phase at reoom
Sempearature, the windows were Lirst heated over u het
plate %o a tamparature high snough to melt the material.
Sanples ware ganerally prepared in the nsmatio phase
sinoe many liquid erystalline cesmpounds tend to
decampose at hiher temperatures in the isowrepie liquid
phase. The thickness of the sample wav set by & mylar
spacer of Inown thiockness separating the windows all
along their edges. Thicknesses of up %0 ~ 25 pm were
employed.

Hameotropically aligned saxples of 7CE and 8 00B
»eguired for the nemr-infrared dichralc muasurements
reporsed in chapter 6 were prspared between specially
treated Nall windows. Ihe window surfaces were Liret
polished and then rubbed in a randwm manner on a piece

of chamoir leather. ‘The resultant swrfautant coating



“-- .

gave sxosllent homeotropie alignment not only in tha
nematic phase of 7CB and 8 OCB dut also in the
smeotic A phase of 8 O0B wpon cooling slowly frem the
aligned nematio phase. e aligment was cheoked
under a polariming mioroscope.

8o0lid samplos wers prapared by cooling tw
1iquid exyatalline film betwean Hall windows slosdy
1l it sclidified. This gives & palycrystalline
sample in which the orystallite size keeps the unwanted
soattering of radiation reasonably low. Heverthaless
the scattering effects of suoh samples wers camiidersdle

1

in the region 5000 - 3000 om = as meen fraom a proncunced

baseline slope.

The saxple cell war hoated t0 the desired sempe~-
ratures using a variable temperaturs oopper wu'z shown
in figure 2.5. The oven, holding the sample cell in &
vertioul position, cmld be plaoed in Whe path of she

saiple beam inside the Laits double beam spectromster.

39



o [
o o
5o

o ]

A )

FIGURE 2.5

RExploded view of the sample cell and oven used in the
infrared measurements [Reproduced from J.R.Fexmandes,
Ph.D. Thesis, 1978].



(v) Ieax-infrared studiss

Alpha~quarts windows with palished surfaces

were used in the rangs 20 - 250 em ',

In the interferometer of the Polytee
spectrameter, the radiation is parsially polarised W
a resuls of reflection firam the beam plitser. The
versionl polarisation is ~ 1.6 times an intense as
the horisontal polarisation. Alpha-~quarts has a strong
absorption band at 128 om ' which {s alse pelarised in
& plane noracl to the O-axis. To minimire the effoets
of this ebsorptiom, the windows were out wish
principal axes lying in the plans and the C-axis was
kept along the vertical whensver wipolarized speotra
were obtained.

Giroular alpha-quarts windows of dimmster 25 mm
and thiockness 1.2 mm were used faor canfining randomly
oriented samples. To eliminate interfereme affevts,

the windows were wedged as an angle of ~ 1°. The

40



effeotive sample aperture was 15 mm which 12 also
the diameter of the deam vhen it is Lmmged at the

position of the sample.

For the dichrolio apeotra of FAA eporsed in
chaptez 3, 25 mu x 25 mm square alphw~yuaris windows
cut with the c-axis lying parullel %0 one sdge were
used. ey vers xubbed parallel % the c~axis and the
Aematic liguid orystal was allowed %0 flow batwesn them
along the direction of rubdbing. 7The resaltant sample
was aligned homogensously (to the degres the aliznment
mumh}mumwmwxs.

As noted sarlier, the radiation from the inter-
forometer fs partially polarised, with the vertioal
component of the electric weotor being mors imtenss.

To expleoit this feature and wdtain apsotra with betteyr
signal-to~nolise ratios, versically palarised radiation
was used in the dichroloc study of PAA. The smsple cell
was rotated sc that the c-axis okthcv&ndwm&r and



hende the direction of aligmment of the sample, was
kept either parallel oar petpwxcular %0 the eslectria
veotar of the incident radiation. T™his procedure
alag ensured that paeesidle birefringsnce effects
arising from the alphi~quarts windows were greatly
ajnimised.

8ince the sample chasber of the FIR speotrometer
is maintained in wacuum the spacer batweon the sample
0ell windows should de able to contain fiuld sanmples
even in high vacouum. SIpacers punched out of a tefleon

Sape of thiokness ~ 110 um were found beat suited for
his purpose.

Joxr temparature dependsnce studies, the far-
infrared cell windows were contained in a copper dlock
as show in figure 2 A oontinuously threanded nut
facilitutes an effective sealing of the cell %0 keep
the canmple oonfined within it even ia high vaouum.
The whole assembly i»s placed inside a Variabie tempe-
rature oell with vacwsr-senled lewnd wires for Lite
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JIGURE 2.6: Exploded view Of the sample cell and mounting assembly used N
the far~infrared measurements [Reproduced from J.R.Pernandes, Ph.D.Thesis, 1978]



wariadble tempersture ocontroller (Nodel 20-30) and
thermooouple. The desired Semperature oan bde presets
and 1o achieved within 10 « 15 minutes.

(e) Raman studies

The Raman spesotra of EPAB reported in chapter 4
were chtnined 4t room temperature with finedy powviered
sample taken in a eanpillimry tubs. The righv-angie

scatSering geometry was oxployed.

Te Ranan depolarimmtion ratios whioch conatituse
the yuw data for the measurementd of oxder parumeters
<?2> and a"> reported in chepsar 6 required Shin
aligned sumples of the liquid oryssalline materin) in
different orientations witch wespect t 0 the polarimtion
of the incident radiation {see figure 6.2, chapter §).

The sample was oonfined between a palr of optically
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fias, polished, fused uuwrts windows of 10 mm x 10 5m X

1.2 mm size. A mylar spucer of ~ 10U pa thicknens was

used. HNomogensous alignment was obtained by wuowum



coating the window surfaces with a very thin layer

of silioon oxide at an angle of ~ 30° to the surface.
Hoameotropio alignment was odbtained Dy evaporating

from the surfaces & dilute solution of cetyl trimethyl
ammonium dromide in chlaroform and then gently rubbing
the ooated surface rendomly with A wad of siasus paper
50 a8 %0 remove any visible traces of the surfactans.
The alighed sanple wvas prepared by lesting the nematic
fluid flow between she windows whioch wex2 preheated
$0 tiw required Ssiperature. ILoth modes of allgnment
weres checked between orossed polarigers under a

niorosoope.

The fured quarss windows holding the sanple were
placed in a speclially designed copper block as shown
in figure 2.7. The teflon O-ring and the contimmously
thireaded nut facilitate application of a geatle pressure
on the sample cell 8o that the sample is well confined.
A ocopper sorew can be turned inside the nut ao that

the small front surface mircar 4% the tip of the soXew

A



Copper block

Fused quartz window

<>
@ Mylar spacer
<>

Fused quartz window

Teflon O-ring

Copper block

Nut

Mirror mounted screw

PIGURE 2.7: Exploded view of sample cell and nounting
assembly used | N Raman measurements.



barely touches the Quarts window surface. 7Zhis

enables a doudle passage for the incident laser light
through the sample, thus sudbstantially inoreasing the
intensity of the Raman ascattered rediation. The sample
had a oiroular oross-section of diameter ~ 6 mm. e
illuninated aresa however was much smaller. The emtire
assemdly was placed imside a variuwble temperanture cell
nmade uwp of & cylindrieal cupper blook wound on the
outaide with niclhrome wire ad insulated Lfrou the metal
By & strip of mica. | e heater asseably was surrounded
by a metal Jacket, the intervening spwce having baen
filled with plaster of paris for thermal insulatiom.
™his was in surn imbedded in & cylindrical block of
aluminium mounted on a thiok horimontal strip of bakelite
for thermal insulation bdetwesn the sanple oven and the

base of the sxternal optios campartment.

To change the directien of malecular allgpment

in the homogensously aligned sample with respect to the
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polarisation of the incident laser light, it was
founll convenient to rotate the entire sample chamber

within the outer oylindrieal copper blook.

2.7 Semperature control and measurenent

(a) Infrared studies

The infrared sanple cell has a lawge
seoticnal ares of the windows, thus giving rise %o a
thermal gradient across the =ample. The sanple tempe-
rature as the oentre was lower (by about V.2 K at say
350°K) than that at the edges in omsact with the oven.
The teuperaturess ¢uoted for all the infrared meawsure-

nents are astimated nean values.

A oalidrated chramel-alumel shernooouple was
used t 0 measure the Semperature. A thermal lag whose
magnitude increasdd with Semperature was always found
betvesn the sanmple and the thermocouple. A correction
for this lag was deter:ined in the viacinity of the

1L udd orrotal ~ Lsotropioc ligquid tranaition



!‘. by monisoring the wxensision through ths sccomper
nying speatral changes vherever these were significant.
Using the value of T, detemmined previcusly fram
thermal miorescopy, the caxreotion t¢ the measured 2,
Gould be determined. 7This carrection was | - 1.5 K for
the range of 7, values encountared im cur studies.

The ocorrected tamperatures are estimmted 40 b moourats

to within 0.5 K.

(b) Par-infrared studies

The control and asasurement of Semperature
in the far-infrared cells were accomplished using a
pre-calibrated copper-canastantan thermcovuple in
conjunotion with a teperature cuntraller. At least
15 atnutes were allowed for the sunple to attain thersal
equilibriun after the contraller indicated that the
preset temparature had been attainel. The tomperatures
mranured are soourate $0 withia + 1 “K and texperature

fluotuations were within 0.5 K.
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(o) Resmn stuiies

Sontxrol and ssability of the sasple tewpe-
rature in the Raman spectral studies were achieved in
& manner similar to that in the infrared studies.
Because 0of the mamll exposed area of the sample ocell
windows there was no detectadle thermal gradient in
the sampls. Howaver, there was a thermal lag of
~3J:5 K detween the sample and the chromsl-alusl
thernocouple. This was determined and ovorrected for
in a manner sinilar so thats emplayed Lo the nesi~
Anfrared oell. The temperatures reported wre accurate

%o within + 0.25 K.

2.8 Swuple Purity
The compounds of the PAA Hexies used in the

near and far-infraved studies (chapters $ and 3) ware
obtained from Bastman Kodak Co. and were purified further
by salusm ohromatography followed by recrystallimmtion
in an analar grade solvent and finally vaouusm dried.



EPAB was also obtnined from Zastean Kodak Go. and

was ased without furthar purification.

The nematio=isotrapic transision Semperature

is uoumlly a sensitive measure of the purity of liguid
orystalline ‘W!S and this property was used $o
asoeriain the purity of the sasples used. The wansi-
tion texpereatures of all the sanples agreed with the
valuez reported in the literature well within acoeptable
limite. Whenever necessary, ths transition temperatures
ware rechinoked after an experiment %o ensure that it

had not degraded during ths exporiment.
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