[ 641 ]

Study of the nematic and smectic A phases of N-p-
eyanobenzylidene-p-n-octyloxyaniline in tubes

By P. E. CLapis
Bell Laboratories, Murray Hill, New Jomsoy, U B.A.
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ABsTRACT

Observacions on & glass soba flled with the lowisl eryatal N-P-ovanc.
benylidene-p-woctvieoyranibine (BHEA}L and which hres heen fronted s
thit the CBOOA lies mdislly st che nnerwill s peisssted, We bave
cocled the CBOOA tobe through che pemalo—anmelic 4 Lraosilbon Dempera-
eira, Ty Dhir rraults may ho semmerized as follows

(L) ['.-eu.rl.iun- the I'l'!1.l.r-|'_:| mule mf the memncie pl'_..- crmrarels T, resmulis
in the Frank planar sldutsen.

12 The planar solublon hos been obsseved o usleale ot dBclination
F’Dm— P

{8 Nuteng the lomperaturs st which cha planar solution |8 the murs
stable anables oos Lo maks sstitmstes of the sore mdivs e, Thess eatiostes
wro atill in the primitive stags,

{4) In the smectie phase, the smeerie lavers form eylindoers eoneenkric
with ehie gliss bolat. A oore s obeervod. Eomntimes © bende © ilewslige
alung the suie.

(5) Cvlimelrieal somplee of a0 Bguid ervetal which hes o farger latent heny
ab A nomatks-smartde A fmansdiian give A focal eonde domaln eeerare i

Ll oy, ol Ll B b L e i e e

1 mutter low slowly we cool the sample.
i (8} Ubmervations on s homosobrepm syunne Lubes baliosts st the dicaplest
r topobogical eolation i3 probabls, It also supporis the notion cthat o

“pritionl nematic bend | ooxiete,  When the bend enengy of the nemisks
phuse 5t T, s smuller than this value, oud B, whern nois e dimsetor fislid,
is ideatically zero in the resulting smwelio phass. Hewds above this value
land ta (ncal conie toxtures.

[7] Wn.rming' the cplindrioni _mplr- hark thrnqh T urwrl:.rn Temlts e
plibnmr conliguratlon, B part of o segatber polnt dissbinncion s svailsble,
the planar solulmn ceverte Lo the splay-bend mmle. I pol, 0w stable,

Bl i el §

§ 1, IXTRODUCTION

'.

f- Recently, a great deal of attention has been focussed on the problem

- of o nematic liquid crystal confined in & glass tube of radius, R (Cladie
and Kleman 1972, Barrat 1972, Meyer 1973). The tube has been
treated with a surfactant (Kahn 1973 b) eo that n, the director. lies
completely radially when r=R. The question was, what happens at
r=01%1 Clearly, if n, in evlindrical coordinates [r, #, 2), haa the com-

. ponents n= (I, 1, 0j for all r [* planar " solution), an infinite total energy

- results. Consequently a core region of radius, r_, is nsnally introduced .

E_:-.n maintain a finite tolal energy.

) .
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Since the energy required to create cores appears to be large (Cladia
and Kleman 1972) it was possible to show that a solution of lower coergy
than the planar solution corresponded to a configuration where n changed
smcothly from n=(1, 0, 0) at r= & to n={0, 0, 1} at r=0 {splay-bend
mode). This solution does not require a core, It has a finito rotal
energy/umit length. independent of the tube size, of the form

.k
Fuh“ﬂ‘[ﬂﬁﬁ'ﬁ:m] (1)
where tan % ={K,— K,)/K, and K, and K, are the Frank {1938) elaslic
constants of splay and bend respectively. Tho plunar solution, on e
other hand, has enerpyiunit length

R
F,=vkK, [h (E)+I] 2

and r,=K,/25 where & is the interfucial surface energy between the
core and the nematic.

Near a nemuatic—smectie A transition (deGennes 1972), which is second-
ortler, KyT)—20 as T= T, the nematic-smectic A transition tempera-
ture. Equation (1} shows that F.p—ao like Ky  Consequenty, it
may b possible to find & value for K(T) for which F > #, in which
rase the planar solution is now the energetically favourable one.  Know-
ing this value of K T} one may then deduce # aml hence 4.

Tl purpose of this paper is to report ohservations of the liguid eryver o
N-p-cvanobenzvlidene-p-octyloxyaniline {('BOOA) on samples  whi
have boen made by filling glass oylinders suitably treated with o -0
fuctant (Kahn 1973 b} so that ».= 1-0 when r= £ (thomeotropic bimnvdary
conditions). CBOOA has a very small first-order sematic smeetic A
transition ((ladia 1973} with a latent heat of the order of ~ 1106 calories:
wrum. These samples have heen moled very slowly through T, into
the sinectio phase, then warmed slowly back to the nematic phase,  The
results indicate that the topologically possible solutions (planar or splay-
bene) are linked (literally) to ench ather by half-point disclinativne.  In
the absence of point singularities a given solution is stable mo matter
how much more energetic it is compared to another possible solutinn.
It iu s if the activition energy sepurating two solutions is infinite io
the abzence of point singularities, When a point singularity |or part
thoreof) is wvailable, it moves through the tube leaving the luss elersit .
solution in ite wake. By saitably adjmsting the temperature, vhis »i.
be either a planar solution or the splay-bend solution.

In the next scetion we prosent our observations first on cooling the
sample in the splay-bend mode through 7', then on reheating back to
the nematio phose. It will be seen that in the abwenes of point singu-
laritics this is not a completely reversible process, We also . present
results we have obtained on a square tubp treated so that the director
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must be everywhers perpendicular to the fuces of the tube, In the third
seotion wo discuss our resalts.

§ 2. OpsERvaTIONS
2.1, Cylindrical semples
2.1.1. Cooling _

Figure 1 shows the configuration we expect (Cladis and Kleman 1672}
for the splay-bend case as (K, - £,)/K, increases. &, the ordinste axis
is related to the director m=(vos dir), 0,sin &{r)). As K, increases, a
more planar configuration is to be expectsd. Figure 2 shows phoato-
graphs taken in o glass eylinder as the sample is cooled through T,
As T—T,, K, inoreases and in fact we do observe u shrinking of the
eentral portion of the nematic where éd~=/2. This is most evident in
the photos taken with the light polarized along the tube (which shall
be called ° parullel ' polarization for simplieity). From the photos for
which the polarization is perpendicular to the tube axis (' perpendicular '

Fig. 1

| e |
o5 12
L

he director orientation in eylindrical notation is e oo gir, 10, sin dir).
Here 4 in plotted as & function of v/ B, where # is the tube radins, for
varioua values of the parameter (K,— K,)/K,. & wos cnvaluated using
the expression from Cladis and Kleman [1972),
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Fig, 2

PO ARIE ATION 1_ POLARNZATION ===

A glass evlinder treated so that the CBOOA molnewles li perpetdicular to Lhe

slase walls is shown as the temperature i decreased towiard the nematic-
smeciic A tramsition temporsture and into the <meetie phase  Twn
different polarzations ame shown. the ' perpendicular j el 7aLION
purpendicular to the tribe) dieid the ' pavellsl ' (polorzatibon '|'|::||'||.|||; Lz
to the tube),  No analvser is used. (@3 T T Here we <ee thor Ly
flig leoritiy gusocinted with the fluctuationse of the extra wpitinary ©
curves sut of the (. #) plane as r—0 and is ahsent when r~10 for the
perpendicnlar  polarization.  Turning the polarizer 00 povenls  fhe
flickering alonyg the cenrre line of the Lube. if) The tube has v
cooled tn ~02°C of T_ Thea curved flickering seen in Fig. 2 {01 1
now =een to be mostly rsdial in fig. 2 {b) (perpendioular pulwrization)
and is very difficull to deteet along the tube in the parsllel polarizs-
tion : 4ee also fig. 3 i) ) We have vooled through 7. The smeotic
front is eeen advaneing from the left of the phote towands Lhe right
(perpendienlar polarizstion), The bright white line also relracls i
the same direction slighlly in apdvance of the smectic regon. (i) e
arc about 107 balow T The beading along the ' core ' is most olearly
~pen in the parallel polanzation,
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Fig. %

;JI::-.---M-FM L-.-..._. -_ _ ..j
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fa) Narullel and purpsndioular polarization viewed near T for a very lurge
' tube [f~1 mm. %) Strocture which iz observed to develop nlong
L LIH"' l1|'|ﬁ eloges L T '|1.-|1_:|-E1_ thic ' orieis T "I:LII:I 1 ol whle wn] .H:m!”_h



ET P. E. Cladis vn

polarization) it is scen that the director adopte the radial configuration
for smaller and smaller velues of r. Finally when AT~T -7 .
01=0-2°C, the sample adopts a * planar * appearance (fig. 3{a]). The
central part of the tube, which for large AT had the associated flickeri
which ooccurs whenever the director and polarization are parallel, {fig.
2 (a)) is seen to squeeze down to & single bright line (figs. 2 (b) and 3 (a3)
near T. Sometimes this line develops a structuve along it (fig. 3 (b))
At the transition, this bright line turns green (observations in white
light) then collapses to a very fine, white line barely contrasted for this
polarization (fig. 2 (). Transfer of material can be observed to take
place along the tube axis as the line collapses.

We note the behaviour of the point defects during this transitior,
Point defects in the tube are cxpected to be of two sorts (Williams:
Pieranski and Cladis 1972) (fig. 4 {2}). The observations on the evolu-
tion of the negative kind are shown in fig. 4 (B). Observing the trans-
tion in the vicinity of these point defects may allow us to make some
kind of estimute of the nematio core size, As T is lowered, the core of
the point is seen to stretch along the tube, (fig. 7, fig. 4 () and {¢}). This
is evidenced by the movement of foreign particles often entrupped at
these sites (fig. 4 (#)). They are seen to aetually move along the tube
axis. 1f there are two particles trapped on the same point defect,
although they may appear as a single aggregate far above T very
close to T they are seen to move away from each other (fig. 4 (b
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h taken from Williama, Pieranski and Cladia ¢ 1872) of the two types
point defects wa HtPent for the splay-bend solution. (3} Micra.
npha of the * nogative " point defect sa the tube i cooled toward T..
" point to two specks which were resting in the vieinity of the point
fect. As the point spreads, Ehntwn;;nhmhammhm-
weud telative to cach other. The selution jtwo S=} lines,
t very olose to each other) is seen i the wake of the point defects,
This tube has been with & pleochroic dye. The actnal photo-
spha are in colowr, central black Jine is soun aa & deep purple
ek, the background as yellow. Tn this sequence we see the ceniral
ok rogion retracting towards the menisous on the left hand mide. On
> right-hand side the black region appears to be anchored by the
e imm. JIn the amectic phuse & are seen Lo develop in
8 " 0 * region but not in the region which has bern swept ont
the mmrimnint half, (d) The evolution of & positive point defect
an air bo collapsas,
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