
Infrared apsctra om be obtained uaing either 

di~pers ive  spectromel@rs or i n l e r f ~ ~ o m e t @ r s .  Conventional 

spectrometesa equipped with iaoandeseen'b sourues and a 

prism or grating as %he dispersive, elelnent are generally 

adequate f o r  most applications i n  the range 10,000-400 cmol . 
At lower frequenoies, Ihs intensity available from such 

s o w o e s  becomes quite weak. Hence in the far-infrared 

region, disrpersive ~lpectxometsss generally yield spectra 

with rather poor eignal-to-noise (S IN)  ratio. l l h i s  

problem is especially severe when spectra with high 

resolution ore neede8. 

It is now w e l l  known that this limitation can be 

overcome t o  a conaiderabl@ extent by the teohnique of 

Fourier trmrf ornt spec trasoopy. ?he Xichelson inter- 

ferometer i s  the baaic component of an infrared Fourier 

spectrometer. Thanks t o  the multiplex and throughput 

advantages inherent t o  the H ~ c h e l s o n  interferometer, i t  

has now become poss ib le  t o  obtain superior epectra with 

both goad resolution and S h  ratio in the entire infrared 

region. It is also  worth noting some other advantages 



whioh a r i s e  due t o  4ha bsa~ic  prinefple o f  Fourier 

transform speetrosoopy ftself: 

i ?he probl~m o f  otxay radiat ion i s  largely 

avoided sar one relies only on the intensity 

modulation@ generca0ed by fhe interferometer 

f o r  obtaining the spectrum. 

ii OverXapping of  radiation from different 

xegiom o f  the spectrum, a@ enctountered with 

the different o ~ d e r s  o f  diffraction prcaduced 

by a grating, i s  eliminated. 

iii Path differences i n  Lhe intexf erometer can be 

controlled and measured t o  very good accuracy; 

this in turn leads t o  excellent frequenoy 

aocuracy i n  the apeatmun. The often sjubstantial 

calibration erroxa that a r e  ~haraoteriat ic  of 

dispersive speotroaeters are thw automatically 

r.ctduoe4. 

Extensive di~ lcuss ions  on the theory and practice 

o f  Fourier transform agectroscopy are available i n  the 

l iterature. The practical aspects relevant t o  ou r  

equipment w i l l  be  briefly dealt  with So the G o u s e  of 

the following description of the two infrared spectrooleters 

used i n  t h i s  work. 



(a) Ireits double bepa prfsn spectxons&~&eitz 

Modsl 081 2: This iaa a aonvsritional double be= 4i;eperoive 

agralrometer caqui'pped with interohrangeable M a C l  and gBr 

prisms. Th. former corere the raage 10,000-667 mam1 while 

the latter is used i n  the range 769-420 cam'. The o p t i c a l  

and electronic layou% ~f the instruglent is shown in Pig .  

2.1. Ihe sourue of radiation is a Nerrsst glawer. 2he 

incoming bema is &ivided imto two equal parts, as is 

charasteristi c of szny double berun speotrometer, and the 

two beams are chapped and Brananritted alfetrnately by the 

ro ta t ing  aemicisculnr a r r o r  E34. After being Pocussed on 

the entranoe a Z i t  $1 by %he f i e l d  lens El, the radiation 

is first collimated, than dispersed by the Lfttrow system 

comprising of the prism P and mirrar LM, and f inal ly  

foaussed on the exit s l f f  S2 o f  the monoahrom~tor. It is 

then deflected by H6 on do collectingg mixroz C3 which 

focussee %he radiation on a vacuwn thentlocoup3.e T. 

The wavelength is wcarulea by rotating the Lit trow 

n i r r o r .  Automa.t;icr scanning i ~ s  faci l i tated by the motor 

TM. The sl its  31 and $2 are coupled to the Lit trow mirror, 

and fheix: width  var ied  according t o  a prese* s1k.t; program 

80 as t o  keep the eaergy falling on the detector oonetant 

throughout the spectral range. The deflectox mirror M6 

is arranged so that f o r  frequencies lass than 735 am-', 





the polishad reflecting eurfaae 3.. automticel ly  replaoed 

by a matted glass surfaue using the ohangs over aotor OX. 

This serve#ii t o  eliuinata scattersd radiation of shorter 

wavelengtbrs. 

Wen the two beam+ 09 light arts o f  unequal intensity, 

say, due -to absorption by the ample S at any given wave- 

length, the d e t e ~ t o r  generates a difference sigml at  the 

chopping frequency. %his aignal  i a  amplified by A which 

i a  tuned t o  the chopping frequency. It is then r e o t i f i e d  

by R which i s  phaee-locked t o  the xotating mirror N4. ?he 

rsceified signal i s  smoa%hed using a varfable time cowtaxlf 

an3 i s  displayed on the galvanometer G .  The directian o f  

def laet ion of %he gal~anornete~ needle depends an which 

beam ha8 the greater i n t ens i ty ,  and when the two beams are 

of equal intensity, there 9s no def lec t ion*  f%ho signal i s  

a l so  f e d  t o  the servaamp1ifiro.r SA which determines the 

d i r e o t i  oxmlity of the signal and trf ggexa the servomot or 

SEN. !Phis d ~ f v e s  the diaphragpi B in front of the mirror 

C2 so a@ l o  increaoe or dearease the aperture of C2 and 

thereby eguslise the in$ensily in the two beams. Ehs 

extent of opening of *he diaphragm i s  de%ermined 'by the 

attenuation i n  the saapLa beam. By meaner of a stylus SL 

coupled t o  the serroniotor, the traanit ted intensity of 

the sample i e ; r  direct;ly p lot ted  on a char* whose ordixraLe 

is oal ibratd i n  percentage Lransmisaion. The chart drmrrr RD 



i s  coupled to the wavslength drive. The latter can be 

operatea a t  different soan speeds. The wavelength scale 

on -the chart, whioh I s  l ine= in wavelength, o o u l a  a l so  

be expanded by a factor of 3 using a ~ystem 6P geare, 

when neceasrary, t o  faai l i tate aclourate meipcrua3lnsnt of  

lineahapea. 

Ths sample c e l l  is pZaoed at S. A reftzrencrs @ell may 

a l s ~  be plaoed in the reference be- after 143 i a  order t o  

eorapensate f o r  absorpt fan  due f ;I the c a l l  windows or %he 

suivexlt amgloxed- 

The xjpectsal resollaticsn a8 a funct ion of wavelength 

For  the slit pxagram used in a l l  our rneaaurements is ahown 

in rig, 2.2. 

(b) Far-infrared Pourier spec tromater5 ( ~ o l y t e c  -- 
Model FIR-30): T h i s  instrua%en% nsmnaP1y operate@ over ------ 
the rwgs 20-650 om-'. It is centered around a Wichelson 

interferometer wherein the path differenoe i s  varied by 

driving the movable mirror in a slow, continuous manner. 

In order t o  optimize the intensity transmitted by the 

bema o p l l t t e r  over the eati:re usable raqge, a choioe of 

fowc beam rsp l i t t ew with overlapping spectral ranges is 

available. 

The s~hematic opt loal  Layout is shown in Pig. 2.3. 





2he sourae of radia%ioa S is a high prseeure mercury 

axe lpglp and the radiation is chopped by the chopper 0. 

M1 i s  an off-axis paraboloidal rnirsor which collimate@ 

the beam ard direct;@ it an $he beas apliS;ter BS at; an 

angle a f  incidenae olose t o  3U0+ QB t h e  two  Micbelson 

mirrors M2, one i s  the fixed anfrror; &he other one 1s 

mom8e8 on a movable cassiage D, the di~pLlaeernen0 of 

which is monitored by a. ~ o i r 6  fringe syster  IS. %!he 

reeomblned beam enters the sample ahamber via %he p2ane 

airrox M3 and an off-axia paraboloidal ~ondenk30r M4. 

After gassing through the smnplc placed at P, it f s 

fc3c.ussed bg the t o x o f d a , l  m:!rxor H8 on Lo the Golay detector 

G.  A suitable; ; f i l t e r  T! is placed  i rz  front o f  the Golay 

detector in ordax  t o  elininate any unwanted high frequsncg 

radiation. The ~afrxora MT and M7, which are not  used in 

txamolis~lrion meaci;i,rementa, may be s w a g  i n t o  the  opt ica l  

path f o r  measwfimg reflectfviLiss of samples placed at M6. 

The beam splitter consists  of f o u r  prestretchea 

polyethylene t erephthalate f i f m a  of di f ferent  th2cknesses 

mounted on a support frame. Corresponding to any given 

beam s p J i L t e r  a separaee high frequency cut-off  f i l t e r  I s  

pos i t ioned in f ront  of the detector.  For a given cut- off  
the 

frequency ,&nterfero$ram data must be sampled at least  a t  
4- 

t w i c e  the cut- off frequency, in accordance w i t h  the 

sampling theorem. The beam s p l i t t e r  thicknesses, their 





transrni%aefon rangee, out-off f i l ter  charaoterisrticrs 

and the oorreapondSng sampling intervals are given in 

..nL- - - ,* 
~ p e c t r a l  iB@otfv' ~eana 

av@~=bep 8 ZitZ;es: f: 
Low pass f i l t er  

Range 
S-pUnl6 

raw36 4 icznerss oomhination Interval 
No* 

--_I_- 

(ah') k!!!L -.-.." -.-----.'..-- --.- 
( ~ m )  

1 200-650 2.5 blaok polyethylene 5 

2 50-450 6 blaok polye*hylone 5 
-k 2 mm clear 
polyethylene 

3 20-181) 15 black polyethylene 10 
+ 3 &ma tei l .on 

4 20-5 5 50 black pol-yethyleae 20 
+ 2 m exystaX 
quart a 

A l l  f o u r  beaa spUl.t;era are mounted on a eomraon 

wheel which cam 'be ro.tated by an attached motor. Zfai3ag3 

sxttzrnal o o n t r u l & ,  it is t h u s  poss ib le  ki;, porji t ion say. 

beam splitter in the path o f  " c h e  ra .dia t ion.  A similar 

ar:cangeuent Xaci1ii;atea khe iselecti on 3 r d  p o s i t  iojningl; of 

the corresponding fillser in fro~nt  of t h e  detector* 

In order t o  eliminate ths abr~olrption due to 

atmoupheric water vapour, t h e  interferametsx, sample and 

detector chambers m e  all avncuatsb by a r o t a ry  pump. The 



resultant vacuum i s  typically between 100 t o  2Ci0 

xnillitsrr* 

The dsatecBion and d a b  proc~ss lng  ayat-6 are 

shown achematieally in Fig, 2.4. The drsteotor output 

f a  amplified and rirpahronously reetifieiZ, t;h@ reference 

signal bellng $enerrate8 at -&he ohogper by a photolcebl 

arrarqgaerit. X t  i s  then siliaothed. to give  an analog DC 

sikzal proporticnal t o  the interf erogxaa f nlrnal t y  The 

eigczl  13 aXsz 6 i g i  t i w d  by an. oznalcgue-to-digi%aak (P,/'D) 

convertar which is tr iggered by the Hof re  f r inge  syetem 

at pr~selec-bad i n t e rva l s  in o p t i c a l  path difference. 

2hls d i g i t i z e d  inl;erfusograa is P o w i e r  1;r~insfsr:ned in 

rea l  tirrre by a ded ica ted  ;*OVA 1200 uti~aeorgaputex.. %he 

evolving syectrura eould be JispLayed itvl a atorage 

osc i l loscope  and the fins1 spectmrnr p l o t t e d  on a strip 

chart r ecorder*  XL is a l s o  pssajible -t;o ob-t;ain a record 

OF the in-berferogrfwra data on parnohed paper tape uruiag a 

madel ASR 33 t e l e t y p e .  

The c n t i r c  ~ys te ru  operatees efrt'8c";vely as z single 

be3.m spec%rorr:st.er. d cor.ventiun:-,l T3C:t,abX~ 5ean S ~ ~ S . C % S U ~  

can, however, be obtsiaed by norzmallzjng the s_~ectr .s l  

data of a a a p l e  t o  that ohtzined from a separate reference 

wan with the empty c e l l  i n  place. 

( i) Heeolu.~tir~alad a ~ ~ _ ~ d m i ~ s ~  All the spectra were 

esraputeia without  the uas of a y  a p o d i z i ~ ~ g  f;unatior;. 2his 





w a 8  becaulsa in &I1 the ampleis studied hare, %he absorption 

band8 were wsually broad enough Lo render axly apodi aa-tion 

unneusssary . The spectral resolution, A 3 in a*', 

~orreaporm8ing t o  an o p t i c a l  path differenoe of L cPte i s  

Typically,  the reso lu t ion  ea2loysd f o r  most o f  the spectra 

varied between 2.5 and 6 = - I .  

(ii) @g~q,~~&~~t~-g~-..p&gp~_e~~o,r~: AB the interferogram is, 

in pxlns iple ,  symmetric about the c e n t x d  peak, a one-sided 

scan i s  suff ici snt  for computing ,the spectrmru. ilciwever, 

th3.s _nresuiies t h a t  the first data point  exactly coinc ides  

w i t h  the actual  peak of the intexfarogrm. In practice,  

this is aXraost nsver the case a M  t h i s  ia * b e  or ig in  sf the 

phaas esrsr* The Polgtac fntesferometex i a  provided w i t h  

an externally operated mecXl;,xnical. adjustment of the S h e d  

mirror to caapt?naa.t;e for t h i s .  T h i s  permi t s  the user t o  

a c t u a l l y  alsii't -E7f?e 2eak UP tho j.ntt;rf@rogrizsn wi th in  a small 

range un-bil it ctoinsidrits nearly s~ nct lg witk one of the 

points o f  the grid where the ~ o i r &  liaingc system gives a 

the trilgger signal f o r  d i g i - t i z i f i g  the  &:iita. ?&.en t h i s  

s d j u ~ k & e n t  i@ a a t i a f a c t  ari ly  ccmpl.<;ted, the two data points 

O a  ef ';;her a i d e  of the peak aslhould be of alroast equal 

intensi ty .  Ttze actual experiment is al~lrays commenced 

af ten: tlle lueehanical phase oorrecti  on is carried out 



in this manner. Any residual phase error ier then corrected 

by the conputer itself. lPhia i s  done by fitting the apparent 

peak intensity and the two data points on either side of 

it t o  a parzibolas the remaltant f i e  dstcltrmiwr~ the mcerssary 

phase and intenrmity uorreotf on to the apparent; g e e  of the 

in-kerf erogsam. 

As fhe phase correction i s  carried o u t  in real t i m e ,  

it is necessary t o  soan the irnterferog;ram on only one s i d e ,  

except f o r  a very short stretch on the other a i d e  t o  

f a c i l i t a t e  the phase correct ion pxocedue.  

( i )  - = w e  .. : The lova 1200 computer 

executes the necessary phase correction, Fourier trans- 

formation of the interferogrm data i n  real time and 

calcrulatlon of double beam spectra. Input data required 

far spectral computat ions arcs fed t o  the oomputer via the 

teletype. me co~algut er crontrols a11 input and output 

operations concerning interferogram and spectral data. 

The requisite program f o r  all these operations 3. s available 

on gaper tape as a standard accessory t o  the spectrometer. 

Of s p e o i f i a  intereet in the study of v ibrat ional  

apeotra of liquid arystala i n  their  saxious phases i s  the 

temperature aependence of the ~peotra .  It i s  therefore 

necessary to be able t o  confine l i q u i d  crystals  in 



appropriate sasrple c e l l s ,  whoae temperature xuay be 

varied aontrolled Lo %he requPred ~greoisfon, 

Saaples were prepared in a sandwich oonfiguration, 

betweem t w o  windowrr reegarated by a rsgwer, The windowrs 

are ohosen so $hat they have good tranarnfssion in the 

frequency region to be sttadied. Myhs spauewcs were used 

f o r  near i n f ~ w e &  ~ t u d i s e ,  For the fmirrfrared region, 

as the sample ohambar hsrs to be evacuated, it i e  necessary 

t o  have a spacer which 19 able t o  contain even f l u i d  samples 
under Ugh vatsum* T% was found that spacers at o u t  of 

t e f l o n  tape were ideal for t h i s  purpose, 

%P 

Liquid c r y ~ t i a l  samples were prepared by a l l o w i v g  

the mesaphase t o  f law between the w i ~ d o w s  h y c a p i l l a r y  

a c t 1  on, ao that a bubble free f i l m  was ~ b t a i n e d .  For 

substances &!ich are rrolids at rooxn te iq le rnkre ,  %h.e 

windows were f.irrsl heated t o  the aelting poin t  of the 

material, Since t h e  materials rnay decoapose at; higher 

temperatures, samples were generally prepared in the 

nel~atic phase, 

Homeotropically aligned sa .qles  for near infrared 

measurements were prepared between spec ia l ly  treated HaC1 

windows, The  window^ were first polished as described 

fu r the r  below, The polirrhed surfaces were then rubbed in 

a random manner on chaaylois leather. O u r  experience shows 

that the resultant suxfact&at coating irnparted by chamois 

leather favours the homeotropio alignment of many smectio A 



and ne~a%io l iquid  cxys ta ls .  The nmaaio l i q u i d  cry@ tal 

was a l l ~ w e d  t o  9 ' 3 . 0 ~  between the  rrurfaoes treated f n ~ w h  

a rnannes. Samples prepared folXowing thie proasdure 

%hawed goad extinotion under c ~ a s a e d  polaxoids. On 

cooling bel-ow the neanatic-smecttic A transi.tion t h e  awpbse 

continued to maintain their aligment i n  the smeotia A 

phase a l s o .  

S o l l a  sample& ccould be p r q ~ a r s d  by e i  Lher of t w o  

tuethoiis. In one, the s;mpls fn t h e  l i q u i d  crys b l l i n e  

phase is cooled slowly L P l l  il solidifiest This gives 

a polycrystal l ine emple where the o r y s  tallit c si WS 
t y p i a a l l y  large eriough to reduce the sc;%tering o f  

radiation. The aoal%erlng effeots of swple s  prepared in 

t h i s  manner are howersr considerable in the very high 

frequency range o f  10000-4000 am' . 
In the o t h e ~  method, thle s w p l e  is prepwed us ing  

f ine ly  ground powder which i s  sub~requently siev~rsd t o  

eliminate p a ~ t i c l e a  larger than "'40 )J . A fairly uniform 

layer of  the powder ia %hen sandwiched between the windows. 

%his method ydlelds satisfactory far intrared spectra at 

frequencies below 200 am-'. The scattering losses are 

min.imim.v3 in thie  crase because the t y p i c a l  part ic le  s ize  

i s  sa&I2er than the wavelength of the radiat ion,  

For near infrared studies  spacer thicknesses up t o  

25 p were used. Samples w i t h  a thiakness leas than - 3  p 



could be prepared w i t h o u t  using any spacer. For far 

infrared studies, the spaoer thicknes8 was between 

SO-100 p. 

Por temperattars depend@=$ stu8ies, the  ell windows 

mu~t posmss  high transmission aa we11 as good thermal 

and mechanical ruggedness. E3o s ingle material is available 

BJhich has unif oru11y good transmission over the en t i r e  

iMQrared region, It was however possi .ble t o  cover the 

region of 10000-20 oa-' with four different materials. ., 
MaCZ transmits f rom the visibLe region down t o  

about 670 cm-' while I(Br is transparent dona t o  400 em-'. 

Tagether they cover tha entire spectraL range offered by 

the L e i % &  spectrometer. NaCl i a  generdly  preferred as 

Pt f s  themal ly  mechalaical3.y more ruggea and i% w a s  

therefore w e d  in all the measurements in th;e near i n f r a r e d  

region from 1OOOO t o  670 am*'. 

l3.'X2& t e n  of KaC3, 5';; x 28 x 5 m in size, ttero cut 
.*." 
I i . ~ i i ~  i = o ~ i ~ i ~ t ~ . ~ . ~ c . i ~ ~ l L y  available blanks. 4 Af;'-t~@ preliminary 

grinding using a s:l.urry of f ine  grade carborundum (#600) 

In a sa.t;lw?.?-LeJ aolution of IaCl in d i s t i l l e d  water, they 

wexe pol ished on chnmols !.eather which was held taut on a 

glas~ plate.  Red rouge was used as the polishin# agent 

and a saturated ~ o Z u t i o n  of N a C l  in d i s t i l l e u  water served 



as the Xubrioant. This nsethod y5e3ds rataeonably flat, 

soratah-free windows, The surface quality was checked 

by observing the quality of a reflected image. A w e l l  

polishe8 surface shows s sharp image o f  the  object mer 

the entire area. %he aethod sf polishing fCBr windows 

was identical except that a saturated ~ o l u t i o n  of KBr 

i n  d i s t i l l ed  water warer use4 a@ the  lubrioant during both 

grinding and polishing. 

Diamond windows were used in the r a g a  250-650 em-'- 

They were approximately c i rou la r  in &ape with a diameter 

ai about 15 mm and their  surPaces were alr8ady g ed  

when obtained. An. e f f e c t i v e  samyple aperture of 10 mm 

dims t e r  was attainable with these windows, 

a-quarts windows were used i n  the range 20-250 cn-I. 

Their surfaces were already polished when i n i t i a l l y  

ob ta,lne8. For rand oaly  orlented splecimens , circular 

windows of 25 rn diameter and a thickness of I , %  mm at 

the centre were used, To eliminate interference effects, 

the window8 were wedged a t  an angle of 1 0 .  Ars a. result  

of reflection from tkL@ beam s p l i t t e r ,  %he raUat;ion from the 

interferometer i s  partially polar ized ,  the ver t i ca l  

polarization being 1.6 time8 more intense than the 

horizontal pola r i za t ion .  a-quarts has an absorption 

band at 128 om-' which is polarized in a plane normal t o  

the  c-axis. 'Po minimise the effects of t h i s  absorp t ion  , 



the windows were cut with the two principal axes lying 

in the plane and the c-axis we@ kept along the vertical 

whonever unpolarised spectra were obtained. The 

effective sample aperture war 15 nun. %his 18 also the 

diameter u f  the beam when it is fmagec? a t  the position 

of  the s a p l e .  

2.5 --.--.- Far f a f ~ a x e d  dichroic atudies 

Dichroism measurements in the range 30-250 omw1 

were carried out on horrtogeneousjly ali-ed samples usfw a 

wire g r i d  polarieer.7 Hitherto no polar izat ion s K6 on oriented liquid sryatals  have been reported i n  

far infrared region, The major d i f  ficultiera encountered 

in t h i s  regard axe the reduction i n  available energy with 

t he  use of a polarfzer  rand fhe lack o f  adegusta choice 

i n  wind ow materials, which can facilrhtate the preparation 

of oriented sm~>les at izfgllsr t engesn tursu  aa  well w 

pennit a .visual check of the alignment under a polarizing 

microscope. a-quart% windows are n o m a l l y  employed in 

the range below 250 c c l  and here again the birefringence 

of %he windows can pose added problerns unless due grecautiona 

are taken. 2he square a-quartz windowe used in this study 

were out with the c-axis lying parallel t o  one edge. 

They were rubbed parallel t o  the c- axis and the nematio 

liquid crystal was allowed t o  f low between them a l o ~  

the direction of  rubbing. The resultant sample waa, 



homogeneously aligned parallel t o  the c - a x i ~  . Yhe 

degree of aligmwnt c~uld be ohecked under s polarizing 

miaroacope p r o r i d ~ d  the incoming li&t was polarized 

sl;loacg either of the two principal axas of the windows. 

J t  was found that; the fiegreet 09 aligniaeat i.r; the nesma%ic 

phase was not quite uniforla over the e n t i r e  sswnple, On 

oooling t o  the smectic A phase, the alignment deteriorated 

n ~ t i c e a b l ~ r ,  although an overd,l  tendency towards  alignment 

a long  the  ixzigim1 d i r e c t i o n  was s t i l l  apparent, 

As al.ready noted,  the radiation i r o a  the i c t e ~ f e r o -  

meter is partially polar ized  with  the vert ical  eo ent 

of the e lec tr ic  vector  be ing  more isrtsrxe. To exploit  

Lhfa f qature and obtain sgectra w i t h  bcttsr signal-to-noiae 

ra t io ,  vertical ly polar ized  raaaticrn was wed in a l l  the 

~.edsusements. The sample cel l .  was r o t a t e d  so tha t  the 

d i ~ ' e c t f o x ~  of a l igment  of the smple  and hence %he c-axis 

of the  window& were a l l  kept  either parallel o r  gerpendioular 

t o  the electric vector of the incident radiation, This 

procedure ensured tha t  p o s s i b l e  bixafrinsjence effect8 

ariaing f  om the a-quarts window8 were grea t ly  miniaizad 
in our d iohrof  o measureaenls. 

2.6 Temperature variation and control ----------------- 
The a m p l e  ~ e l l s  were heated using a variable 

temperature copper oven. 

The oven used i n  the near infrared measureaents 



i g ~  shorn in Fig. 2.5,  It consists of a rectangulax: 

copper frame around which nichrome wirer is wownd, t h e  

copper frame being insulated with a thin sheet of mica. 

This assembly is suraor;mded by an alsbestas frame, the 

intervening space being filled with plaoter of Paxis 

in order t o  reduce heat losses .  On the open s i d e s  of 

t h i s  frame, copper sheets with seatangular openings axe 

f i x e d  as &own in the figure. One sheet i s  fixed 

permanently t o  the irme, and a g r a m  cut intu its side 

fac i l i tatee  the  mounting of t h e  e e l 1  on an i n ~ u l a t l n g  

stand* The othor  sheet  is f ixed by means of  removable 

screws. Continuously threaded holes near the inne * 
perimeter of thfs  sheet enables four screws ?;o be brought 

i n t o  contact w i t h  kite windowpl, Thus the pressure on the 

windows, and hence the thicknee8 af  fluid samples could 

be v a r i e d  OVOT a srualL range, 

The temperature 09 the S Z ~ ~ ~ E E  wzs YLLII~~ b~ 

changing the vo3.tage a p y l i e d  .t:\ %he rdchrone Izeakizlg 

elenenti. The t~r1pexatu3i.e stabAl.ises by r=on.ire;c~t;ive and 

radiative exehange of hent w3 th, thc  s-mruundings arid it 

was found t h a t  about 91 ruinutes were required for a given 

temperatuse t o  s t a b i l i z e  af%es t h e  corresponding voltage 

was set .  2he SluotuaLiona 1s the temperature were lese 

than O . l o @ ,  The laxge cross sectional area of the windows, 

odly the edges sf whioh are in oomtact with the oven, gives 

rise t o  a I h ~ r m a l  gradient across the sample. The 





toaperature difference between the csntre and the outer 

edge of the a m p l e  was found t o  be .~0.2~C. The temps- 

rature quoted fox all the nasrsurcmcmte ia h s ~ c s  the meaim of 

W e  tenperatrrrs at %he cents@ and that at the edge, 

A eopper-constantm thexrnoaouple was uoed t o  measurs 

the temperature, The therao @.rn.f. was measured usin@; a 

vernier y otentiomat cr aad a mirror galvanometer (OSAW) . 
A thexaal lag was noticeable bstweea the ample and the 

thermocoup:,e. The magnitude o-f .this l ag  increases with 

increasing 'l; empcra"t"tlrs and -it if238 not always r e g r a d  ucribl e. 

Hence tiha a2yropriaSe cor:rection f o r  bPte i%tg i l l  the vicinity  

sf %kj.e r e s p e ~ t i v e  l i q k i d  i;:r;.ystizl-lsat.copi~ t rwsi t ;Lon 

tt?np?rat 2 w s  deterwined duri-XI& eaub measux6~ucnt. 
C' 

2 h i ~ ~  wwb dcrns by molii.tuxirig i L e  L i q u i d  cry Y t a 2 - i s o t  r o p i c  

kxansitkau through t h e  acouupa~yilrig spcctrd.  changes. 

i i 6 i . r ~  t h e  value oL" 2 deterruined Zrom tRsz~iaX aicroscopy 
0 

as the stanbtiixd, the correct icn to the measired Tc could 

be dctexmined, 4he eoxrectiou was u s u d l y  within 1 or 

2°0  f o r  the range of 'PC values eucounterad in o u r  studies.  

2he measured ternperature~ are estimated t o  be accurate 

within 4: O.TeC, 

For Ear i i a x r z ~ o d  atud.Pee, th.e windows were ;mounted 

in a copper block s2sotml in Fig, 2 ,6 .  A c~~Sinuously 

threaded nut S~ci-f-.iI;dt;es the app l ica t ion  of preesure on 

the avindows, so that the &ample i a  held securely within 

the spacer and not leaked i n t o  the sample chamber when i t  





5 variiabls femperafure us11 . The control cand measurement 

of tctmperature were acooaplished uaing a calibrated 

ooppar-oonstantan thermocoupl@ i n  czonjunction with a 

TQ 30 temperature controller. The temperature measure- 

ments are accurate t o  within 2loC and fluctuations axe . 
within 0.  Before mgasurexnents were aornmenced, about 

fifteen minutea were normally allowed for the a m p l e  to  

attain therrmal @puSlfbrium after the controller ind i  oated 

the desired temperature. 

2-7 Purification - o f  samples 

OBOOA* obtained from Eastman Kodak Co. was 

recrry~ta l l i~ed  i n  AnalaR grtii.de n-heptanet following the 

procedure of C l a d i s .  The samples were d r i e d  i n  vacuum. 

Another batch of  the same matarid was recrystal l i ssd 

using the same prooedure from ae-bhanol. 

The other l i q u i d  crystals were prepared i n  our 

Chamistry Laboratory a d  were used without further p u r i f i -  

sad& on. 

Commercial grade p-nitrotoluene, which was used in 

the solute dichroiam studiee,  waa r e c r y s t a l l i ~ e d  i n  ethanol 

after the  ~ o l u t i o n  i n  ethanol was boiled with activated 

oharcoal and fi ltered. Pale yellow orystals were 

obtained. 



u~lually a aensltfve meamre of the purity of l i q u i d  

orystals," and t h i a  property was used t o  asaertain the 

gurlty o f  the sgecfmens used. The transition temperatures 

ware mea8ured using a hot etage aicrosoopel1 and are 

accurate t o  within w +0.2*C. The s;nnple& were normd3lly 

f i l l e d  fn open-ended P l a t  capillary tubes except i n  the 

cars@ of TBBA, where, owing t o  the possibility of dscoa pos i t i on  

in the greeence of atmospheric oxygen, t h e  capillaries were 

sealed under vaouum. 

The temperatures of the other t r a n s i t i o n s  were a l s o  

measured by thia technique. The smrrmectic 0-smectio A 

transi-tion in D B A  ~ o u L d  not be observed vic~ually a d  was 

detected using dif femntijl scanning aalorimetry . 

2 9 DiPf erential Scanning ..- CaZosiaoetry (DsC) 

DSC experiments were carried out; wing Perkin-Eber 

differential scanning oal orimetera , l2 Nodels  DSC-1B and 

DSC-2. About 5 nsg of the? samy1;le was orimped in an 

aluminium sample pan with a cover. Data were obtained 

during  both the heating and cooling cycles and the sample 

chamber was continually flushed with dry nitrogen during 

the experiments. 
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