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TWO SMECTIC-A PHASES
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.University, Chikusaku, Nagoya 464, Japan'fsuzuka College of Technology, Shinokocho,
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In the smectic-A phase of octyloxycyanobiphenyl
and octylcyanobiphenyl_, the heat capacities obsenved
in heating from the cnystalline phase and in cooling
fnom the isotnopic phase ane found to have lange and
sma11 va.l_ues, lrespectively. The state with lange
heat capacity is clarified to be stable.

1. Intnoduction
The phase tnansition of liquid cnystals with the sequence of phases,

crystalli.ne(K), smectic-A(SmA), nematic(N) and isotnopic(f) pnases, has been
studied intensively. From the viewpoint of critical phenomena, the tnansition
f:rom the smectic-A to the nematic phase has attnacted conside::ab1e atterrtion.
A simple th::ee-dimensional- XY model expected fnom the theo::etical tneatment byde Gennes [f] is not applicable to this phase transition in the st::ict sense.Letting t = lTlTy6 - 1l whene Tp6 is the nematic-smectic-A tnansition temDera-tur-e' the conrelati.on lengths divenge as Erl = Efu {vil and Er = [f 1-vr w:.itr ttre
diffe:rent values of v1; and v1, whe::e the subscni'pts, ll andr, mefr panallel and
perpendicuLan to the nematic di::ecton, respectively. Typical expenimental
nesults_show v4 - vlis a-bout 0.13 and vr/ nanges fnom 0.66 to o.g3 t2l. The
cnitical exponent s of heat capacity also depends on matenials. Fon octyloxy-
cyanobiphenyl(BOCB) L3-61 and octylcyanobiphenyt(BCB) [5,7], these cnitila]
exponents have been found to satisfy an extended hypenscaling relati.on, v7 f
2vv= 2 - q [B]. The pnoblem of the non-univensal behavio, ha" been attacked
by many neseanche::s but is stil1 left open. on the other hand, in the phase
diagnam of these liquid crystals the neentnant nematic phase has been found
under high pressune [9] and in the mixtune of the liquid cnystal and the
othen one [10,11]. At p:resent it is not clea:: whethen the non_universal
behavion is ::elated to the appearance of the reentrant nematic phase. rn the
present Paper we will exhibit that the unstable smectic-A phase appeans unden
a centain condition.
2. Expeni.mental Results

The heat eapacity of SocB and BCB was measuned by ac calonimetny. The
schematic view of the sample ceII is shor^m in Fig. 1. The bottom oflthe cell
is composed of thnee layens, a phosphor-bnonze plater liquid c:rystaI, and a
phosphon-bnonze pl-ate. Each thickness of the layens was about fOO U*. The ac
heat was applied on the l-ower: face of the bottom by alternately chopped light.
Then, the temperatr.il3e anound the centen of the.bottom plate nisea ana faffea
unifonmly. The invense of this ac tempenatune amplitude r,ias pnoportional tothe total heat capacity of the two metal plates and the liqui.d cnystal sample
pen unit area. The details of the ac calonimetny fon fiquid matenials will bepublished elsewhene.

Figure 2 shows the tempenature dependence of heat capacity of gocB
observed in cooling nun. on the othen hand, Fig. 3 shows the heat capacity inheating obtained unden the same conditions with the fonmen cooling run. By
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Fig.1. Sample
ceI1 fo:: the
ac calor:ime-
tr:y. The cell-
was composed
of two sets of
can and cover.
Fon the pnin-
ciple of the
expeniment,
see text.
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compa::ing between the both results, it is clean that the heat capacities in the
smectic-A phase ane quite diffenent fi:om each other, i.e., there ar.e two states;
one has lange heat capacity; another has sma1l heat capacity. So fan the
resul-ts which connespond to the lange heat capacity has been::epo:rted IS-01.
The fact that this state appeans frequently seems to indicate that it is stable.
In onder to test the estability, we eannied out the foltowing expeniment. The
sample was heated and cooled repeatedly in the sequence denoted by the number
enclosed by cincfe in Fig. 4: In p::ocess 1 it was heated f::om the crystalline
phase to 340.24 K just below T54 with the::ate of 1 K,/h, in p::ocess 2 cooled
down to 339 K in the smectic-A phase with 3 K/h, in process 3 heated up to
340.31 K just below Tp6 with I K/h, in pnocess 4 cooled to 339 K with 3 K/h, in
process 5 heated to 341 K above TNA with 4 K/h, in pnocess 6 cool-ed to 339 K
with 4 K,/h, in process 7 heated to 341 K with 4 K,/h, and in process B cooled to
339.7 K with 4 K/h. As seen from pr:ocess 2, in this cooling run the sample no
longer stays in the same state with pnocess l- and howeve::, in the next heating
nun of pnocess 3 the sample remains in the almost same state with process 2.
Once the sample was heated above Tp4, the heat capacity has the satur.ated
largest value. Then, it can be concLuded that the state with large heat
capacity is mone stable than that with sma11 heat capacity.

The similan tempenature hysteresis of the heat capacity was also observed
in BCB. Thenefone, this behavion appears to be general phenomena.

3. Discussion
When we considen the two states in the smectic-A phase, we should pay

attention to the pressure effect. In the present sample ce1I, the sample was
held between a pair of the hard metats, which wene kept in a fixed distance
during the expeniment. Owing to the lange thenmal expansion of liquid crystals,
the sample will become dense in cooling and might ::emain in a compnessed
condition in heating. Enom the measu::ement of the pressure dependence of heat
capacity for BoCB by Kasting et aI. [4], at 4 K lowen than Ty6, the heat
capacity can be estimated to be about 80R at I ba:: and about 60R at 2000 bar,
whene R is the gas constant. Above about 2300 ban the smectic-A phase
disappea::s and the reentnant nematic phase comes out [9]. In onder to
calibnate the absolute value, we fitted oull data in the nange -5 K < T - TNA <

0 K to the heat capacity obtained at I bar by Kasting et aI. [4]. Thus
obtained heat capacity for our: small value in the smectic-A phase is about 30R.
The magnitude is ext::emely small in comparison with the value observed at 2000
ba:: and then, the smectic-A phase with such small heat capacity no longen
exists. For this neason, the pressune effect seems to be not the case fon the
onigin of the state with small heat capacity. However, thene sti1l nemains a
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Yig. 2. Temperatune
dependence of heat
capacity of BOCB in the
cooling nun fnom the
isotnopic phase.
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pnoblem in companing between ou:: data and the nesult by Kasting et al. [4]. we
obsenved a big jump of heat capacity at the isotnopic-nematic tnansition
temperatune except for a sha::p anomalyand on the othen hand, Kasting et al.[a]
have not found such a jump. At present it is not clean why this discnepancy
takes place.

, As seen in Figs. 2 and 3, in spite of the diffenence of the heat capacity
in the smectic-A phase, Tp4 in the cooling nun is nean]-y identicar to thit in
the heating run. This fact, together with the test of the stabirity of the
smectic-A phase done in the expeniment of Fig. 4, veny nean TpA the riqui.d
cnystal necovens quickly f::om the unstable state and changes into the stable
state. It is veny likely that the change of the stnucture nean Ty4 holds the
key to the stabilization of the smectic-A phase.

The dnop of the heat capacity in the smectic-A phase of BOCB did not
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Fig.3. Tempenatur:e
dependence of heat
capacity of 80CB in the
heating nun from the
crystalline phase.
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Fig. 4. Examination of
the stability of the
smectic-A phase. Fon the
details, see text.
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depend on the heating nate and was almost constant. Its magnitude was the
near same with that of the isotnopic phase. The above facts wer:e very simila:r
in 8CB. 0n the othe:: hand, the heat capacity with large value which appeaned
in cooling is the same magnitude with that of the nematic phase in both BOCB
and BCB. Fnom these results, the state with small- heat capacity seems to be
not simply unstable but metastable.

In the present experiment, care was not taken fon the sunfaee of the
liquid c::ystals with the thickness of about 100 pm, which wene put between a
pair of the metal plates. It is well-knor"rn that the nematic liquid crystals
ane oriented by the effect of the boundary sunface. rn a fur.then study, the
pnesent phenomena should be considened fnom this nespect.
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Note added- A pnecise measurement of the heat capacity of BCB fon the large
bulk of 22 g has been canried out by J. Thoen et al. [to be published in phys.
Rev. A 26 [5] (1982)1. rt gives a quite differ:ent result f:rom this nesult.
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