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#any physical progerBies of liquid orye tals 

exhibit naxksd cchangea wlthin a homologow aerie& as 

the length of the end alwl ohaim of the gaoleoules 

is varied, The even-odd effects fn the nprmsflo- 

isotropic transition temperature1 * *  ($BglI) a8 we11 as 

the entropy1 and orientatioaal order parameter3 ( 8 )  

at %I are some well known examplee of tsuoh a bebaviour. 

Following the ~ e c e n t  theoretical studies of ~ a r o e l  js4 

end ~ i l l l r , '  who showed that the even-odd effect orlgldate@ 

primarily f r o m  the var9ous3 aonformat5ons adop4ed by the 

hydrooarboa end &aim of the moleculers, thsraa i s  now 

a renewed intereat in imerst1l;srCeng the orltentationaJ, 

order and phase transitions3 i n  different haolegou@ 

aer ies ,  both i n  the pure oompounds and $heir binary 

mixCure8. 6-8 In comparison t o  the pure conpounde, 

binary mixtures have the adaed advantage that their 

average a k y l  chain length may be varied i n  m oontlnuous 

manner orer any desired range. This property of mixtures 

has a l s o  proved t o  be a oomenieant method of studyfng; 



In CBia ehaptrr, we reporti the ramXte of am 

Infrared 0i;udy of the even-odd ctaffest in $he orian.t;artlonaJ. 

p -0yanopheny1 ainnamats ( ~ - o M ~ P @ )  er erf er~l erf 15qa6 

cryrstala. !Ek@se oorrapourmds poaraeea stable,  uo lour le rs  

IUes0gha8~0 a% rela-bively low tsmperatwea. The 

birefringence an8 elagltia ctonertanta o f  Jsome m6~~bersa of 

this seriee have been s t u d i e d  reuently. Ws bare deter- 

sined the tanperatwe deperrdame of %he S values in six 

homologuee , the number of uaxbon atom, n, in %heir alkyl 

ehain vazyiag: f r o m  7 t a  12. Aa will be seen later, our 

results on the orientotionaJ order of these pure oomgounds 

aer a lso  Weir  phaae diiag~ran prompt ~d w t o  sdiudy the 

en.t;h.alpy of tbs A-?I transition in eeveral. bimr;g aixtwe~3 

of these homsloguea. Baaed an theae c d l o r i  netria measure- 

ments, we have o b t a i m d  evidenoe For trieriticei3. behklvlour 

of! Lhs 8-8 trantlliti on in the &lures.  These remalt8 are 

a le0  presented and diaclusrsed here. 

The l i q u i d  crysltals used in thesite experimntla were 

synthesi eed and puri f  i s d  in our ohernis t r y  laboratory. 10 

The transition tempetratur@a of the crornpounda artudied are 



liarted in Table 7.1. Pox infrssrrad taeaauremsntrs, tihe 

e a g l e s  were hoaosotropf erd.ly dligned betweean I(laC1 

windowa and %he a1igmaen-t was preserve4 In the #seeti@ 

phase a8 well for sompounda IO, 11 and 13. We obarerred 

%hat the slaeotie phasles of $hem Ohree comgounda were 

sptiua3-ly uniauia%. fhia ooupZt~d w9$h %he faot  that ex1 

thee@ ametcrfic pbeers show at aiingle fan h a y e d  texture 10 

shower that they are a31 of the srnecfife A t y p e  .As the 

esunplee were hoaoeotxogioally alSgneU, ~ p o l a x f  sad 

radiation eould be w e d  in d l  the, measurement a. Other 

advantages of t h i s  technique as well  &pl our experinaental 

prooe4ure have been discussed in Qbgters 2 a d  6. As 

the meeroghaaea orould be erupbtrcso olsd consideribly , mae 
S values were obtain(ra4 Prom prpetotra taken while a o o l i q  

%he technique of xazgdo~lily p o l i ~ h i n g  RaG1 awfaees 

on ~kanrois laather d i d  not yield wl.1 digned #~nngSes o f  

fhe lowtax homologues of th is  wcariers with n values below 

7. O u r  a t t a p l a  at inducing uniform horrtoeotropic &A@- 

men* by t reatfag the PTaCl  surface^, with a dilute srolution 

of ee ty l  trim thy1 ammonium bromide in chloroi'oxm were 

alrao unsuccessful. Z f  i~9 for thie reaaron that our order 

parameter: nzeetswcaeats had t o  be restricf ed t o  the higher 

homologues of thi8 aeries, 

DSC msasu~ernents were perfosaed wing  a Perkin- 





Blmetr salgrineter (node1 B8g-2). $he trwaifion tmpe- 

rat;ureaa were detsmined fraa the omwt of the enda-srntr 

during heatin@ cycles an8 are noeainea;lly a@curlats t o  

(li +Om TOG; in %he earee of very weak A-H brianerition frhr 

acouraoy is t i * O .  )sindlmn salibratlon slaadwd w a s  

w e d  for  ealoula%in& t b  en%haiXpierr o f  the A-f tr~wbaiisions. 

Arr thie tranait i  on d oe8 not erupexsoo2 p roeptibay , en0halpy 

data wre obtglitarad dug&% both heatiqg and c~oolLng arolfeai 

and Bhe average values are, quoted here. A &U. eeafht 

range of 0 .3  e#. 43.2 maal/aeo waa w e d  Wing &head measure- 

ments in order t o  f a c i l l l a t e  nose aoourate eefimates 02 

the usually low e n t U g y  oP the A-8 .t;rcazraition. 

7.3 Reeiulte and B&scwsion 

a) g ~ a i o n a l  Oxbext For deducing; that S values, 

we u t i l i z e d  the sfirong, l eo la ted  a#d well defined -C=B 

absorption band exhibited by a l l  the cronipownda end csvaluaOed 

the integrated absorbance of this b a a ,   orr re toted for the 

effects of i i n t t g  spectral slit width.'* If I( denotes 

the ratio o f  the abeorbarwe in %he, hosroeotxopiaally aligns8 

mesophaae t o  that i n  the iaotrogic phase, i t  5s ahown in 

Appendix O t h t  the oriatntational. order pasmeter l e l  given 



where or 5~ the angle batween the txmrsition dipole  

aonrent of the ban8 and the long ax28 of %he rn~leuul.8~ 

The a-OMUPC malareule may adapt either of t w o  diifexen0 

conformations10 as shown in Ylg, 7.1. M s u p i ~  *hat %he 

long axig of the 11?.01eoule l i e s  &Lon$ *he 12m joining 

the osnters of %he two bemew ringrm, it iar Been that 

Allhough the preaeme of sonfanner XT earnot be e n t i r ~ l y  

ruled out, S~dashlve has indiaated10 hhat confornar I 

is stes  c a l l y  maze favoured and that free rotat ion around b 
I 1  

Che 4-C- i e  no% 3500 l ike ly  sinas thea single bend ha@ 

@one double bond efmra(~ter due t o  resownae. Pox $his 

reason, we have taken a t o  be 18.4@ a N  e&cuXa%ed the 

S values arsntulging %hat the pogula.t;ic~r~ of conformer TI l a  

negl igible  in %he mesoghastss, !!?hi@ aernnraption, of oo%aEee, 

remaim t o  be verrified by o.f;hsr rstlethods moh as X-ray 

df f fraoCion which oan deternine the average breaeiih of 

the molecules in fhs aesophescts and hence the preferxed 

p on formation. In any oaaaa, this que~t ion  1s S l s p ~ ~ f a ~ l f t  

o n l y  w i t h  regard t o  the aaq&nit;udsr of %he corrsatisn 

factor due t s  a ,  as reeen from %he dwomimtozr of eqn.7.1, 

Ihtw, should mbsequenfi X-ray i~c tudi .8~  inaoate *hat our 

aarsumption l c r  not J u s t i f i e d ,  then given a knowledge of 

the rerlatlvs i;iibWsnces o f  the two conformers, lvt; i r s  a 

simple matter t o  aoc3ordiqg'Iy scale do= the S values 



Molecular s t r u c t u r e  and two possit~le conforiilstions of the 
r i g i d  gart of trans-p-n-dkoxy-a-motby1 p1-cyanophenyl 

cinnama-tes ( n - ~ ~ C l j i : ) .  The l o n g  axis of t b e  lnolecules is 

t aken  t o  b e  t h e  l i n e  jo in ing  t h e  c e n t r e s  of t h e  two benzene 
r i n g s .  The a l k y l  cha in  ( C n ~ 2 , + 1 )  i s  denoted by R. 



4e.t;azsdned bf 'tua . But f02 thidll aoxmiileration, OUT 

exgerimen0antl geoaeb;xy Zeade3 t o  the absolute valuerrj of 

8 as other oorrecrtlonsr due tis the miaotropy kn 4ihe 

reirsrotfve indioeer and *he p61arl m%bilifY of Ohe l iqu id  

er~ratallias mediura are known t o  be wQl1 b a l m  our n a m e  

exgeriwmteil ersor. The aalcul&ted 51 valaxssr errs sstg- 

a t e d  to  be accrurate $0 w e l l  within 5s. 

Pigwas 7.2 and 7.3 ahow the taexrperalare Bependame 

o f  S for osmpoundsl 7-9 rani3 30-12, xespfsotively. In %he 

namatia phaaea of oomgowlds 7-9, i t  is asen .that ar~r \rs-1 

the S values daoreass monotonically as is spproaohed. 

10 OMOPC exhibit@ a ~ionotropic A-118 Irarmition 16OE belew 

%I1 . It is ereen irdsl fig. 7 . 3  that i n  %hirs ease the 

chsngcr i n  8 st lyy i s  hardly di~aernible.  This i s  in 

aeoora w i t h  our  ct~osimrtr;la lrmslaawcsm~lntar d;L&~cu~~ed below, 

whioh gives a, rather low M u e  of - 1.0 ~BZ/~aole for %he 

enthalpy ctf this  8rane2t&on, 

On the other hsrn4, $here tss ra iafrly larger and 

wbmgt @hang@ i n  S at the monetxogli~ A-151 tramitf oa o i  

11 OMCP(1, charaatrriestio of a dist inct ly  first osdazx 

transition$ the enlhdpy o f  %his t r w l t i o n  is a l a o  

found t o  be nearly 40 tfmeer larger when aoapased t o  10 OI4C'laC. 

12 OHCPO exhibit@ only a 8)meodi.a A gaelsophase. 

The obtaerved S values in this  coae, even close to tihe 

i~otropio tramition, are a ~ ~ l o r d i n g l y  ~ u e h  higher than 



Variat ion of S i n  t h e  nematic phase of 
compounds 7-9.  



V a r i a t i o n  of S i n  the  smectic A and nematic 
phases of 10 atid I ,  and i n  tile smect.ic A phase 

o.? 112. l'he a r r o w s  s h o w  t k e  A-N t r a n e i t i o n p o i n t s .  



those obtafnetd mar !Em in the other oonpounde studled 

here. 

X t  I s  of i n t e s e ~ t  t o  eospare the S r a l u e e  of all 

these meaogem at  a aomon ren&srt$vle tempea*ar in +he 

vscinity of the isotropia tramition. Pigsre 7 * 4  shows 

the ae data 2. below the re~peot lve  i s o t r o p i ~  trw8ition 

temperahre in each ome. Sere @a& S valw oorreapondsr 

t o  the average of three i&ebp@ndent t:t?wwcaiant@. 

Aocordingly, the error Liaaf t  on these vaLucsa As within - 3s. lEhs i~dtropLO transiti~a tmgexatures of the 

eompounda are alero shown for (300aparison. P Q ~  crosngounds 

8-10, ~ a r a t "  har d e t s m i n e d  the relative S values iron 

birefringem e meaetureaent 8 .  We have aompare8 BIB data 

with ours, after nsrmalisaing the two sses of data f o r  

9 O#UP(I. WiChin the aoouracsy o f  the present mcaasuremcsnts, 

a reasonable agreement exfets between both sets of data 

for compowrda 8-10. 

For oompound@ 7-10. it 18 seen that Lha trend of 

evea-odd eifeot i n  S values i a  at best very week. %heir 

respective 'En values also show a similar behaviour. As 

thia  aerie^ possesses an slkoxg end group, i t  is wader- 

standable that anrong thsso four oomgounds, the odd members 

may have @lightly lower S vduse than the even mrnbem. 4t5 

Even 80, the 0b8emed variation in S i s  adaiCtedLy 

aomparabls t o  the maximum p o ~ s i b l e  error %lanit OR theas 



data. This i e  not entirely eurpri#in& eoneridsrlag 

%hat %he end ohaim are already quite long fax the 

homologues considered hers and that the even-odd sffe0B 

progxesasivel y diminishes for higher hoaologue s within 

any oeries. Furthereor@, the even-odd effect in !EMx 

Ptself far seen t o  bb qttlte mall far crcsnrgoun8e 7-1 1. 

A more pronounced even-odd effect i n  Pyx and rsla%re 

9 value@ ha8 been obse~~rc$d i n  %he l0wex hmslogue~  ~i 

this ssricss. 10,14 

Xn Fig, 7.4, .t;he S value I# Bee% t o  inorease on 

g~irr$ from 10 to 11. %his bathaviclur iar at variance froar 

the pattern caxhibi%t;.esd by %he lower odd hoaaolo@ecs, A t  

To - 2, 9 1 Q&ClPO is barely 1.6% above Tgg. The pxsssncr 

of near mighb~uc ossr~~latlom rtseultinlg i n  ahort sang@ 

smectio l i k e  srder within the nematic p b s a  ia sexy 

probably the sxglanatian for the anoaaloua inoream in 

-t;hlas case. Evident1 y, prsdiotiorm b a ~ e d  on mean-ff el4 

thtaozies 4 * 5  .amat aoconnt f o r  the effects arising from 

suoh interactions . 
b) !l?&critlcal behag;taur: Considerable interest  

has been evinced xeesn%ly i n  tmieritioal A-El transition8 

By vaxying a parameter related t o  the maleoular pak in$  

or i n t  ermoleoul&r int eractiom , the chasm ter of the, A-gl 

tramition cran be mads t o  evolve in a eontinuow manner 

from f i ra t  t o  s e c o u  order. Pox %his gwcpose, aoacrentration 



Figure 7.4 

Varia,t ion of S ( c i r c l e s )  a n d  t he  i s o t r o p i c  t r u l s i t . i o n  tempe- 
r a t u r e ,  'Ic ( t r i a n g l e s ) ,  w i t h  t h e  number of carbon atoms in the  
a l k y l  chain.  The o r d i n a t e  marks correspondin5 t o  Tc  are  shown 

on t h e  right v e r t i c a l  axis. ?he s va lues  a r e  r e f e r r e d  t o  a 

common r e l a t i v e  temperature o f  (Tc - 2 )  O K .  The v e r i a t i o n  

f rom 11 t o  1 2  i s  shown b y  broken l i n e s  as 12 e x h i b i t s  only t h e  
smectic A phase. 



etarvea aa a convenient variable Ln b i m q  arrixtwcere, 9 

whereas pure aornpoundsr xeguire 4hs apglfeatioa of hi@ 

pressures. '*I6 A* ~bth t tr ior i t ioal  point, rdtexe the 

lineer of first an8 seoond order Brwi t ioaar  a e e t ,  '!he 

en%haJ-py of the trans~ition rourishea a& %he firrsii order 

Bransieion yield8 plasle t o  ow ~f c r i t i c a l  babstviowc. 

Our results on the rariafion o f  S values at  Tyy as . I 8 0  

the ghbaase diagram of aolagourade 9-12 lard w .tso ia~eea+;i&ate 

the thermadynaunia behavlour of binzlry ~aixtuxeter o f  these 

hamof oguea. Based on the fheoxies proposed by 

~ l o l i l l e n ' ~  ond Lee e t  a1 .I0, a t ~ i c r i t i o a l  point i n  the 

A-&I tramition is axgeoted t o  oecur at the reduced 

temperature IPR = !l!d2gx -0 .88.  Borrr,T&le 7.1 it is 

eaen that fR decreases on going from 11 t o  10, their 

respeotfve values bsiw 0.99 8318 0.95. It was &so 

noted esrl ier that the enlihalpy o f  tlhs A-IN t r a m i t i o n  

deereases drssLically while god% from 1 1 to 10, f .e. , 
as the aLkyl. ohain length. dscrames. These factors 

suggest thaL om m y  be observing here a trioxitical 

behaviour w h i c h  e m  be stu8ied i n  further detai l  by 

varying the average alkyl &ain length in a con%inuous 

manner. Thus binary a i x t w e a  fl 10 or 11 wj,th lower 

homologue8 m y  reveal, at atasospheric prensrFIure, Bbe 

prelsencre of a triorltiotil9 point at an appropxtats ratio 

i n  the phase diagram of  the mixt;ur@s. In f ac t ,  som 

homologuea i n  t h i s  series with n values below 10 might 



conceivably have seaond order 8-16 taawitiona whioh 

are noti observed press3wmabky becrsurae of the intervention 

of the sol id phar~re. Another noteworthy iea%ure fxon 

Table 7.1 i 8  that the narnatic range deerea%er on $oLng 

front 10 t o  1 1  and Qisappsarrs Plltogethar f o r  12. Pfera 

again, the phase 8iagraar. of binwry mixtures of 11 and 

12 may reveal, at afipoaphtaria greesurs, the swrfeteme o f  

aa t r ip le  point  between the rsmestio A, mmatio arrU 

isotrogio phases. 

Motivated by %hem considerations, we geriomd 

aalorimetrio mhlsrurement s on several binary mixturee~ 

wherein 1 1  was om component while the o t h a  was 12, 10 

or 8 as the sase may be. If A and El denote the two 

components and X A and )(* their  respective s o l e  par 

cent aont3entration i n  %he mizinwe, the avwage number 

o f  trarbon atolge in  that ale1 uhain i s r  gloen by 

where nA and ng are the respective number of oaxbon 

atoms i n  the d k y l  uhain of the pure hoaaologues, %he 

different mixturee studied and their na and !Pg values 

are arugambtxiieed in Table 7.2, Figure 7 .5  ahowe their  

transit ion tenperatures !tdll and as a iunctlon of  n,. 

Phe tranlsition temperatux es of the relevant pure 00mpound8 



Mixtures lmeatigat$d and their correspondiq nn, and Zi 
values. A and B denote fhe two oomponant 8 .nd and 
)CB their respratire r o l e  par c a t  ooncentratlon i n  thr 

lpllcture 
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F i g u r e  - 7.5 

V a r i a t i o n  o f  TAN and  TNI i n  t h r e e  fanilies of  m i x t u r e s  
as a fu r i c t i on  of t h e  average number of carbon atoms,  
n a' in the a l k y l  cha in .  The transikion t e n p e r n t u r e s  

o f  t h e  pure  conpounds are a l s o  shown f o r  com?arison. 
C i r c l e s :  8-1 1 inixtures; triangles: 1 'J-1 1 mix tu re s ;  
s q u a r e s :  1 1  -1 2 mix tu re s ;  c r o s s e s :  pare  compounds.  



are &Lao ahown for cromparimn. It i s  Intereestirrg t o  

note that erlthough data eorrcssgonding to  threre sslpwate 

families o f  mixtures oar@ being compare4, they 811 point 

t o  a aomon %red when the average chain length or % . * 
i a j  eonsridered t o  be tbe rariaable, e .  , Bhe mmiatio 

range increases as n, d@orsasee. 00, as ~xpec ted ,  

2R i 8  seen t o  dlminlsh as n, i a  lowered i n  the mixtures 

and t h i s  indicrateer an approaahing t r i o x i t i a d  point  i n  

the A44 t ransi t ion.  2he anticipated trAple point between 

the wmectic A, nematict and irsotropic phases is aeen to  

oueur i n  a lt-12 mlxtwe at the aole per ~ e n t  rafio of 

-- 27373- 

When compared t o  Iu, the  var ia t ion  of TslI i n  a l l  

thzee feuniliea of mix.tusea is nuoh sm&lar. This is  not 

rrurprising considering that the %I values of the relevant 

pure compounds are t;hemsc;dlva@ quite crlotae to each other. 

It 18 09 interest t o  exaains the apecific manner 

i n  which the enthalpy of  the A-XI t r ans i t ion  (  AH^) varies 

against ZR as the t r i c r i t i c a l  poixi% is approaohed. I n  

Fig. 7.6 the  AH^ values obtained i n  8-1 1 and 10-11 

mixture8 are  plotted as a function of Tg. In the case 

of the mixtures, the AHm values per ta in  to Chs appro- 

priate averenget molar weight for any given composition of 

the laixture. To the extant that AHllA varies  againat 

PR i n  a non-linear fashion. the present results are i n  



Variation o f  /AHAdN wi th  TR i n 8 - 1 1  and l ~ - l . i  

mix tu res ,  Experimental unc crtainties in the t h r e e  
lowest entha! py values a r e  also i n d i c a t e d .  





reaain $0 be explalmd rsatisfaotorily. En @if8  

redlpect, dif fersnoea betwecan the r i g i d  o w e  sizela of 

lasaogelnicr aoleculea at.sr;lr bra a releranf ieroltor i n  deter- 

mining We a a a t  tr irrxit i~al  behcavious obaerved i n  eaoh 

aeries . 
7.4 Qomlwiom 

SChe results of this study emphasis@ the oloee 

link that exists between the molsoular ordering an8 

themodynaunic bahavious of mesophases. !Phe even-odd 

ef fect  i n  both 9 and !FIX is not vary pronounced i n  the 

higher homologuea we have investigated, as they a l l  

possess relatively long a l k y l  end ahaim. Heverthelesa, 

the observed disoontinuities i n  S valuea a t  the A-I 

transition clearly reflect $he enthalpy of t h i a  trovrrsielon 

i n  the t w o  hoaologues ?O and 1 1 .  Che ~silorimetrie 

reaults on binary mixture8 &ow the preamcze of a 

aonoentration dependent triple point befween A, Ei and 

I phasegl. In addition, ar %ricritfc2al p0in.l; is  shown t o  

oocur i n  the A-10 transition at  ra xeduoed temperature of 

- 0.94.  Jhrther etudiea of the cr i t i~a ; t  exponsn-k as 

well as the f1uoQualiorus i n  concatration and order 

paramet sr in the d a i n i t y  of 4ihis t r i o r i t i o d  point 

would be of considerable interest. 
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