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Shear viscosity of nematic liquid crystals in the vicinity of the smecticA phase
in alkyloxycyanobiphenyl mixtures

Jan Jadyn* and Grzegorz Czechowski
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(Received 15 May 2001; published 22 October 2001

The paper presents a singular temperature behavior of the shear viscosity measured for freely
flowing nematic liquid crystals in vicinity to smectis- phase in n-octyloxycyanobiphenyl and
n-hexyloxycyanobiphenyl mixtures—a system exhibiting the reentrant nematic phase.
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I. INTRODUCTION Such a case is presented in Figb)]l where the results of
7o(T) and 73(T) measurements performed for 80CB with
In a recent papdrl] we presented the results of the shearthe use of the orienting magnetic figl8l] are compared with
viscosity measurements performed for freely flowifige.,  the viscosity measured for freely flowing 8OQRIII points)
without external ordering forcgsmesogenic compounds [1]. The results clearly show that at about 72°C, the freely
of different polymorphism: n-hexyloxycyanobiphenyl flowing nematic 80CB changes the manner of flow from that
(CgH140 Ph Ph CN,60CB) with the simplest possible se-corresponding top, (n || v) to that corresponding toy
quence of phase transitions: isotropic—nematic—crystal, andd L V). In brief, at a given temperature the flow of 80CB
n-octyloxycyanobiphenyl (gH,,0 Ph Ph CN,80CB) with IS relat_ed to the minimum of its viscosity.
the isotropic—nematic—smectic-(1 -N—-S,) —crystal transi- In Fig. 1(b) and n the, following flgures, the tempergture
tions. Essentially different temperature behavior of the vis'ange where the viscosity of freely flowing nematic liquid

cosity measured in nematic phase of the compounds, collate ystal (N) corresponds tay, Miesowicz coefficient is, in
with the Miesowicz viscosity coefficients, was the basis for® ort, deno_ted all, a}nd that 0.f773 asNg_,.
: . 7 . . The subject of this paper is the mixtures of 80CB and

formulation of a simple principle connecting the fluid flow
with its viscosity:a free fluid adopts such a manner (or way)
of flow, that corresponds to the minimum of its viscosity at
given conditiong1].

The Miesowicz shear viscosity coefficiefiy correspond
to the nematic liquid crystal flow with different mutual ori-
entations of three vectors: the macroscopic molecular order-
ing, which usually is forced by magnetic fielthe director
n), the flow velocity(v), and the velocity gradient. For elon-
gated mesogenic molecules, the lowest resistance for the 8
nematic flow, i.e., the lowest viscosity value, is expected for
n || v.Indeed, when the orienting magnetic field is parallel 3| STV AR PRI B
to the nematic flow velocity, the lowest viscosityA) is 60 65 70 75 80 85
recorded. Among the two remaining viscosities, is the 6
highest andp; is close to the viscosity measured in the iso-
tropic phase of the compound studied.

In case offreely flowing nematicghe viscosity measure-
ments give, according to the principle of the viscosity mini-
mum, the values very close g, Miesowicz coefficient, as =
shown in Fig. 1a) for 60CB. %‘

The above picture of the nematic viscosity is strongly =
disturbed for compounds exhibiting the transition from the ol
nematic to smectié phase[3-5], as 80CB. Due to the 10
presmectic effects, they, viscosity goes to infinity at the
nematic to smectié transition. Becausey; and »; viscosi- g L1
ties are practically unaffected by the transition to smeétic 65 70 B, 80 85
phase, the viscosities,(T) and 75(T) intersect themselves T

a few degrees before the transition. FIG. 1. Temperature dependence of the shear viscosity mea-
sured for free flow of isotropi€¢l) and nemati¢N) phases of 60CB
and 80CB. In(b) the open points present thg and »; Miesowicz

* Author to whom correspondence should be addressed: viscosities measured by Gref al.[3] for the sample oriented with

Email address: jadzyn@ifmpan.poznan.pl magnetic field.
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FIG. 2. The phase diagram for BOCB/60CB mixturéslenotes s | ]
the molecules ratitNgocg/Ngocg. The viscosity was measured for nE 15 | -]
Y values marked in the diagram. The area of the anomalous behav- = : | ]
ior of the nematic shear viscositpresmectic effecjsis marked in e | -]
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60CB—a classical system, already, which exhibits the phe- <
nomenon of reentrance of the nematic phigsel7|. > 20 :-l I
&k
g 15 :| |
Il. EXPERIMENT <N s |
wE
n-hexyloxycyanobiphenyl(melting point = 58°C, the s 1
transition from the nematic to isotropic phase &, 50 60 70 80 90
=76°C) and n-octyloxycyanobiphenyl (melting point T(°C)

= 54.5°C, the transition from the smect& to nematic

phase alls =66 °C andTy, =80 °C) were synthesized and FIG. 3. Tem_perature dependence of_ the shear viscosity of the
- A . . - . . 80CB/60CB mixtures of low concentrations of 60CB.
purified at the Institute of Chemistry, Military University of

Technology, Warsaw. The purity of the compounds, checked
by the chromatography, was 99.9%. ratios between 0.35 and 0.43, where the reentrance of the

The viscosity was measured with a Haake viscometer Ry?ematic phase occurs. The shape of the nematic—smectic-
20 with the measuring system CV 100. The system consistgoundary is close to the parabola with the maximuny at
of a rotary beaker filled with the studied liquid and a cylin- =0-43 andT=38°C. ForY>0.43 the mixtures show the
drical sensor of Mooney-Ewart-type, placed in the center ofSotropic and nematic phases only. The presented diagram
the beaker. The liquid gap was 0.5 mm. The accuracy of th@grees well with that published previougfy,8].
viscosity determination was 0.5%. In the available range of The viscosity measurements were performed for the com-
the shear rates 30 8= —300 s! the nematics studied Positions of the 8OCB and 60CB mixtures shown in the
show a Newtonian behavior. The temperature of the samplgiagram. The mixtures are divided into three groups and the
was controlled with an accuracy of 0.1°C. viscosity of each of them as a function of temperature is
presented in separate pictur€sgs. 3—6.

The mixtures of the first grouffig. 3) correspond to the
part of the diagram in which the—=N—-S, transitions occur

Figure 2 presents the phase diagram for 80OCB and 60CBY =0.172—0.340); here the crystallization prevents studying
mixtures. The following features of the diagram are the mosthe smecticA—reentrant nematic transition. Two observa-
important. The addition of 60CB molecules to 80CB mani-tions concerning the viscosity behavior for these mixtures
fests itself in a decrease of the nematic to smeétichase seem to be importanti) as the concentration of 60CB in-
transition temperature. Since the transition from the isotropicreases, the change of the viscosity frgmto 73 becomes
to nematic phase in pure 60CB and 80CB occurs at temmore-and-more pronounced, if compared with pure 80CB;
peratures Ty;) quite close to each other (76 °C and 80 °C), (ii) the change fromy, to 55 occurs in the mixturegand in
the value ofTy, for studied 80OCB and 60CB mixtures is pure 80CB at, more-or-less, constant temperature distance
practically independent on their composition. So, it can beao the nematic to smecti&-transition.
seen in the diagram that the increase of the molecules ratio Figure 4 presents the viscosity on temperature depen-
Y=Ngoce/Ngocg leads to an essential increase of the tem-dence for three mixtures in which the reentrant nematic
perature range of the nematic phase existence: from abophase occurs. The main experimental result is the following.
14° in pure 80CB Y =0) to about 40° in the solution of The viscosity of the reentrant nematic corresponds torthe
Y =0.422. The most fascinating is the range of the moleculesiscosity coefficient, in the whole possible for measurements

Ill. RESULTS AND DISCUSSION
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FIG. 4. Temperature dependence of the shear viscosity of the FIG. 6. Temperature dependence of the shear viscosity of the
80OCB/60CB mixtures with “classical” reentrant nematic phase. 80OCB/60CB mixtures beyond the parabola of existence of the
The reentrance ofy; viscosity occurs. smecticA phase. The reentrance g} viscosity occurs.

temperature range. This is clearly seen in Fig. 5, where th&esults presented in Fig. 6 show without doubt that the pres-

viscosity of the mixture ofy =0.399 is presented in a form Mectic effects are extended along tfi@xis and appear for

of Arrhenius plot. The calculated viscosity activation ener-Y=>0.43. Although the smectic-like short range order was

gies for 7, and 75 are closed to each other, but as shown indetected foly > 0.43 with many different experimental meth-

[1], the values of the energies are so strongly influenced bds, such as a high resolution x-ray scattefiigor an ionic

the presmectic effects that the discussion on them would beonductivity [11], it is surprising that the order is strong

hazardous. enough for forcing the change of the manner of nematic free
The last four 80CB and 60CB mixtures studied are beflow. As seen in Fig. 6, the temperature range of the

yond the parabola of the existence of smedtiphase. The Viscosity appearance in the region ¥f > 0.43 decreases
symmetrically with respect to the median temperature 38°C

of the parabolic phase boundary 8f existence. In lower

. temperatures the viscosity returns to its “normal” valug,

So, from the viscosity point of view we are dealing with the
second phenomenon of the reentrance in the 80CB and
60CB mixtures.

The main conclusion resulting from the presented studies
is the following. The shear viscosity of freely flowing nem-
atic liquid crystal is surprisingly sensitive to the presmectic
molecular arrangements. However, the presmectic change in
the viscosity fromz, to 73 occurs at a quite good defined
temperature and it concerns also the mixtures really without
the smectic phase but the concentration of which is not far

28 29 30 31 32 33 34 from the critical 60CB concentranoﬁ{-(.: 0:43). The §et
1° T (K™ of. the temperatures 0#7? to n; transitions in all st_udled
mixtures (full points in Fig. 2 forms the parabola with the

FIG. 5. Arrhenius plot for the viscosity measured for the mix- same median temperature as the parabola describing the
ture of Y=0.399. smecticA

100 ....,....,....I,..].,...J,....
80T y=0.399
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phase boundary: the two curves are only shifted horizontallpears after crossing the boundary of the area of presmectic
by AY=0.1. In such circumstances, from the viscosity pointshort range ordering of mesogenic molecules.

of view, two nematic reentrant phenomena can be distin-

guished in 80CB and 60CB mixturésee Fig. 2. The first ACKNOWLEDGMENT

one is the reentrant nematic with; viscosity coefficient The work was supported by the Polish Committee for
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