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Th e paper shows that the shear v iscosi ty at the nematic to smectic A

phase transition in freely Ûowin g n -hexyloxycyano bip henyl + n -octyloxy-
cyanobiphenyl mixt ures (a system exhibitin g the reentrant nematic phase)
corresp onds to the Mi ²sow ic z ² 3 viscosity coe£cient and its temp erature

b ehavior is analogou s (but strongly enhanced) to that observed for the ² 2

viscosity coe£cient at the isotropi c to nematic phase transition .

PAC S numb ers: 64.70.Md , 83.80.X z, 66.20.+ d

1. I n t rod uct io n

In our recent papers [1, 2] we analyzed some peculiari ti es in the vi scous
pro perti es of freely Ûowi ng m esogenic com pounds. In parti cular, a lack of the
externa l orderi ng forces al lowed us to observe a phenomenon of the sponta neous
m olecular rearrangement in Ûowi ng nemati c l iquid crysta ls in the vi cini ty of the
nem ati c to smectic A phase tra nsiti on.

A molecular al ignment caused by the nem ati c free Ûow in whi ch the m olecu-
lar orderi ng (the di recto r n) is para l lel to the Ûow velocity v and the both vecto rs
are perpendicul ar to gr ad v , is a well -known phenom enon. The tem perature de-
pendence of the vi scosity measured in such cases is practi cal ly identi cal to tha t
m easured as the Mi ²sowi cz ² 2 vi scosity coe£ cient (n k v; n ? gr ad v ) [3] wi th the
use of the orderi ng m agneti c Ùeld (see Fi g. 1). The converg ence of these two vi scosi-
ti es is not hazardous at al l , because \ a free Ûuid adopts such a m anner of Ûow tha t
corresponds to the m inimum of i ts vi scosity at given condi ti ons" [2]. There is no
less vi scosity of nemati c l iqui d crysta ls tha n the Mi ²sowi cz ² 2 vi scosity . An exam -
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Fig. 1. The experimental conditions for measurements of the three Mi²sow icz shear

viscosity coe£cients of nematic liquid crystals.

Fig. 2. Temp erature dep endence of the shear viscosity measured for freely Ûowing

n -hexyloxycyanobip henyl (6 OC B) in the isotropic ( I ) and nematic ( N ) phases. I n the

nematic phase the viscosi ty is very close to the Mi²sow icz ² 2 viscosity coe£cient.

pl e of such a vi scosity behavi or is presented in Fi g. 2 for n -hexyl oxycya nobiphenyl
(6OCB). Am ong the two rem aini ng Mi ²sowi cz vi scositi es, ² 1 ( n ? v; n k gr ad v )
is the hi ghest and ² 3 (n ? v ; n ? gr ad v ) is close to the vi scosity measured in
the isotro pic phase of the compound studi ed.

The situa ti on begins som ehow compl icated when the tra nsiti on from the
nem ati c (N ) to smecti c A ( S A ) phase occurs. Then, due to the form ati on of pre-
cursors of smectic layers, the m olecul ar m obi li t y correspondi ng to the ² 2 vi scosity
begins to be restri cted . So, in the vi cini ty of N À S A tra nsiti on the vi scosity ² 2

shows a strong increase and goes to inÙnity at the tra nsiti on. As the ² 1 and ² 3

vi scositi es are practi cal ly not a˜ected by the N À S A tra nsiti on, at the tempera-
ture of a few degrees before the tra nsiti on, the vi scositi es ² 2 and ² 3 intersect each
other and from then the lowest nem ati c vi scosity is ² 3 [4]. It was shown in our
papers [1, 2] tha t in case of freely Ûowi ng nem ati c l iqui d crysta l, accordi ng to
the pri nci ple of the vi scosity minimum , tha t e˜ect leads to a sponta neous change
of the molecular al ignm ent di recti on from thi s correspondi ng to ² 2 ( n k v) to
tha t correspondi ng to ² 3 ( n ? v). Fi gure 3 presents such a typ e of the vi scosity
tem perature dependence for the compound wi th I À N À S A sequence of the phase
tra nsiti ons (n -octyl oxycy anobiphenyl, 8OCB). In the Ùgure, the results obta ined
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Fig. 3. Temp erature dep endence of the share viscosity measured for freely Ûowing

n -octyloxycyanobiphenyl (8O C B) in isotropic and nematic phases. T he open p oints

present the ² 2 ( T ) and ² 3 ( T ) Mi²sow icz viscosity coe£cients measured by Graf et al. [4]

for the sample oriented w ith magnetic Ùeld.

for the sam ple ori ented wi th magneti c Ùeld [4] are compared to tho se obta ined for
a freely Ûowi ng sampl e.

In tha t scope, the vi scosity behavi or at the nemati c to smectic A tra nsi ti on
and in the smectic A phase i tsel f, is of a special interest. In thi s paper we present the
resul ts of the vi scosity m easurements perf orm ed in the smectic A phase of 8OCB
+ 6OCB m ixtures. Thi s system was chosen for investigati ons because the smectic
A phase of pure com pounds is rather \ sol id- l ike" wi tho ut any possibi l i ti es for
m easurements of i ts vi scosity . Num erous exp erimenta l data show tha t the smectic
A phase of the above-m enti oned mixtures exhi bi ts som e degree of Ûuidi ty [5{ 10],
dependent, however, up on the concentra ti on of 6OCB molecules.

2. E x per i m en ta l

n -Hexyl oxycy anobi phenyl (C 6 H13O À Ph- Ph{ C ² N, 6OCB) wi th the fol low-
ing sequence of the phase tra nsiti ons: crysta l (Cr) À 5 8 C{ nem ati c (N ) À 7 6 C{
isotro pic ( I ) and n -octyl oxycy anobiphenyl (C H O À Ph- Ph{ C ² N, 8OCB):
(Cr) À 5 4 : 5 C{ smectic A ( S )À 6 6 CÀ (N )À 8 0 CÀ ( I ), were synthesi zed and pu-
ri Ùed at the Insti tute of Chem istry , Mi l i ta ry Uni versi ty of T echnology, W arsaw.
The puri ty of the compounds, checked by the chro matog raphy, wa s better tha n
99.5%.

The vi scosity wa s measured wi th a Haake vi scom eter RV 20 wi th the m easur-
ing system CV 100. The system consists of a rota ry beaker Ùlled wi th the studi ed
compound and a cyl indri cal sensor of Mo oney- Ewa rt typ e placed in the center of
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the beaker. The l iqui d gap wa s 0.5 m m. The accuracy of the vi scosity m easure-
m ents was 0.5%. The tem perature of the sam ple was contro l led wi th an accuracy
of 0 : 1 £ C.

3. R esul t s an d d iscu ssio n

Fi gure 4 presents the phase di agram f or 8OCB and 6OCB m ixtures. It is a
cl assical al ready system in whi ch the reentra nt nemati c phase (N R ) occurs. As seen
in the diagram , the N R phase appears for the m olecules rati o Y = N 6O C B =N 8OC B

between about 0.36 and 0.43. For Y < 0 : 3 6 ; the crysta l l izati on of the mixtures
prevents an app earance of N R phase. The smectic A pha se disappears when there
is more tha n tw o nem atogenic 6OCB m olecules by about Ùve smectogenic 8OCB
m olecules (Y > 0 :4 3 ). In the m ixtures of less numb er of 6OCB m olecules tha n
tha t, a stabl e smecti c A pha se exists, al tho ugh i ts physi cal pro perti es gradual ly
evolve from these characteri stic for the \ solid- l ike" S A phase in pure 8OCB to
tho se close to the pro perti es of the nem ati c phase, in case of the m ixtures at the
end of the parabola from Fi g. 4.

Fig. 4. T he phase diagram for 8O C B/6O CB mixtures. Y denotes the molecules ratio

N 6O C B =N . T he viscosity w as measured for Y values mar ked in the diagram.

Fi gure 5 shows tha t an e˜ect whi ch is im possible in pure 8OCB begins pos-
sible in 8OCB / 6OCB m ixtures. In the smectic A phase composed of mixture of
8OCB and 6OCB m olecules, the shear vi scosity can be m easured and i ts behavi or
at the nem ati c to smectic A phase can be investi gated. As can be seen in Fi g. 5,
the tra nsiti on to the smectic A phase m ani fests i tsel f in a considerable increase in
vi scosity , but the e˜ect strongly depends on the 6OCB concentra ti on in the m ix-
ture. A huge e˜ect is observed f or the m ixtures of a low value of Y , for whi ch just
after the N S A tra nsiti on, the vi scosity increases to the value of about one order
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Fig. 5. The viscosity measured in the smectic A phase of 8O C B/6O C B mixtures as a

function of temp erature.

of m agni tude higher tha n tha t in the nem ati c phase. For higher values of Y , i t was
possible to perform the vi scosity m easurements in the who le tem perature range
of exi stence of the smecti c A phase. It is worth to noti ce tha t for the m ixture of
the hi ghest concentra ti on studi ed (Y = 0 : 4 2 2 ), altho ugh the vi scosity of S A phase
is not to o di ˜erent from tha t of the nemati c and reentra nt nem ati c phases, the
bounda ry of the S A phase exi stence stands out sti l l very disti nctl y.

At the nemati c to smectic A phase tra nsiti on in 8OCB/ 6OCB m ixtures of
the m edium values of Y , one observes a peak of the vi scosity . Fi gure 6 presents

Fig. 6. T he viscosi ty temp erature b ehavior in the vicini ty of the nematic to smectic

A phase transition in 8O C B/6O CB mixtures. The arrow denotes the temp erature of

N À S A transition in a given mixture.
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the e˜ect in deta i ls. Simil arly to the vi scosity behavi or at the isotro pic to nem ati c
phase tra nsi ti on, at the nemati c to smecti c A tra nsiti on the vi scosity atta ins i ts
m axi mum, next, wi th decreasing tem perature, the vi scosity stro ngly decreases and
afterwa rds a \ norm al" increase is observed.

On the basis of hi therto obta ined exp erimenta l resul ts on tem perature de-
pendence of the vi scosity of m esogenic compounds being in a f ree Ûow, i .e. wi th-
out externa l ori enti ng forces, the fol lowi ng m olecular picture of the pro cess can
be dra wn (see Fi g. 7). The phase tra nsiti on from the isotro pi c to nem ati c phase
m ani f ests i tsel f as a decrease in vi scosity and i ts tem perature dependence in the
nem ati c phase is analogous to tha t measured as the ² 2 vi scosity . The fact is in
agreem ent wi th our intui ti on because the lowest resistance to the nemati c Ûow,
i .e. the lowest vi scosity value, is expected in the situa ti on when the molecular
al ignm ent (vecto r n) is para l lel to the vel ocity v of the Ûow. It a lways happens for
the nemati c l iqui d crysta ls in the absence of the pretra nsiti onal e˜ects.

Fig. 7. T he sketch presenting di ˜erent mo des of the molecula r alignmen t due to free

Ûow of the mesogenic comp ound in di˜erent phases. The exp erimental viscosity data

concern 8O C B/6O CB mixture of Y = 0 :2 40 . T he inset show s the viscosity behavio r in

the vicini ty of the isotropic to nematic phase transition of the mixture.

An appro achi ng of the smectic A phase reveals as an anom aly in the vi scosity
dependence of temperature, whi ch is observed a few degrees before the nem ati c
to smecti c A tra nsiti on. In Fi g. 7 the anom aly is cl earl y seen at about 6 0 £ C, i .e.
about 5 degree before the tra nsiti on. At thi s tem perature in the freely Ûowi ng
nem ati c com pound, the m olecul ar ori enta ti on underg oes a change. The molecular
al ignm ent caused by the Ûow, whi ch up to now was the \ natura l and obvi ous"
(n k v), changes at the tem perature of about 6 0 £ C and becomes (n ? v), as
shown in Fi g. 7, i .e. now corresp onds to the Mi ²sowi cz ² 3 vi scosity coe£ cient.
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From the point of vi ew of a layered structure as the liqui d crysta l l ine smectic A

phase, only such a change on the m olecular level m akes possible a free Ûow of
the S A phase on the m acroscopic scale. As a consequence, at the tem perature
of the tra nsiti on to the smecti c A phase, the layers form ed make the Ûow of the
smectic sam ple much more easier tha n in the nemati c phase wi th the precursors
of the layers onl y. Hence, at the N À S A tra nsiti on one observes a stro ng decrease
in vi scosity . The decrease is simi lar to tha t observed in the isotro pi c to nem ati c
phase tra nsiti on (see the inset in Fi g. 7), but the strength of the change in case of
the N À S A tra nsi ti on is about one order of magni tude higher tha n tha t observed
at the I À N phase tra nsiti on.
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