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Experimental Proof of an Anomalous Behavior
in the Nematic Phase of the Liquid Crystal E7

F. A. DE SOUSA, R. N. MICHELS, P. M. M. CARDOSO,
AND M. M. A. DE JESUS∗

Universidade Tecnológica Federal do Paraná–C.̂ampus Apucarana, Rua Marcı́lio
Dias, 635 CEP 86812-460-Apucarana, PR, Brasil

Experimental proof about a no reported anomalous behavior in the nematic phase
of the Liquid Crystal E7 (Merck) are demonstrated by means of optical, electrical
and density measurements. Optical measurements were made by use of polarized light
transmittance, electrical measurements were obtained using impedance spectroscopy
and density measurements were made using a precision density meter. Evidence of
a temperature range in which is contained a not related anomalous behavior in the
nematic phase of the Liquid Crystal E7 is observed in optical measurements performed
on a PDLC sample at different temperatures, and proven by electrical permittivity and
volumetric density measurements. The temperature range of anomalous observation
occurs between 23◦C and 43◦C and present a peak at about 32◦C, coincidentally close
to 35 ◦C, the N-I temperature of the liquid crystal 5CB, major constituent of the mixture
that composing the eutectic liquid crystal E7 [1]. With regard to the application of this
liquid crystal, it is clear the need to consider the existence of a temperature range in
which the electro optical responses of E7 features a behavior, unknown until then.

Keywords Experimental measurements; anomalous behavior

1. Introduction

The LC E7 (Merck) is a thermotropic liquid crystal frequently used in the manufacture of
information display and in academic research. This LC is made of a eutectic mixture of
four different kind of thermotropic LC whose chemical structures and concentrations [1]
are shown in Fig. 1.

The frequent use of the LC E7 by industry and in academic research occur because it
material have a great temperature range in the nematic phase and a high N-I temperature,
about 60◦C [1,2]. In this way, the actual literature describe just two liquid crystalline
mesophase for this material: Smetic (TSm-N = −30◦C [3]) and Nematic (TN-I = 58,4◦C
[2]). Therefore, the present work has an important finding: the confirmation of an unknown
anomalous behavior in the nematic phase of the Liquid Crystal E7 that may be considered,
with strong consequences in application and basic research of this LC.

∗Address correspondence to M. M. A. De Jesus. Phone: +55 (43) 34256460 Fax.: +55 (43)
34256460. E-mail: manoelmessias@utfpr.edu.br
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Unknown Anomalous Behavior in the Nematic Phase of LC E7 (Merck) 107

Figure 1. Chemical structure and concentrations of the liquid crystals that compound the LC E7 [1].

2. Experimental Procedure

The polarized light transmittance technique has been used in liquid crystal systems charac-
terization for decades to determination of some specifics characteristics of these materials
and its behavior in different physical conditions [3–9]. In this work, the samples were
placed between two glass substrate covered by a thin conductive and transparent SnO2 film
and their temperatures were controlled by a thermo system represented in Fig. 2.

Fig. 3 shows the set up used in the optical transmittance measurement, basically with
a He-Ne laser (633 nm) and a photo-diode. The data acquisitions were obtained by use of
a digital oscilloscope (Tektronix TDS 5032B).

The electrical measurements were obtained using impedance spectroscopy. There are
some works using impedance spectroscopy related at literature, including some results in
liquid crystalline and biological systems [11–16]. Although the Debye’s pioneer work in
1929 has been established the dielectric relaxation theory, the impedance spectroscopy was
been used since the century XIX [10].

The technique is relatively simple and consist in analyze the behavior of a material
placed between two conductive electrodes, applying a known electric signal and measure
the electric response of these material.

Normally the hold sample cell is constituted by a parallel plates capacitor and the
impedance measurements results can be converted, by means of mathematical calculation
in a microscope characteristic of the physical medium as the electric permissivity, for
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Figure 2. a) Representation of the thermal control used to the sample temperature stabilization; b)
Representation of the hold sample.

example. In this way, the technique can be called dielectric spectroscopy, with experimental
and theorycal study greatly related at literature [17–21].

The impedance measurements in all range of frequency was made with a commercial
impedance analyzer, Solartron SI1260, that works in a frequency range from 10 μHz to
32 MHz. Fig. 4 show the electric model used in the permissivity and impedance determina-
tion. In another hand, the experimental apparatus used in the electrical measurements can
be presented in Fig. 5.

The admittance can be written in the form:

Y = 1

R0(ω)
+ iω C(ω). (1)

And the complex permissivity can be obtained considering that [22]:

Y = (
ε′′ (ω) + iε′ (ω)

)
ωC0. (2)

Figure 3. Experimental setup for optical transmittance measurements in PDLC samples.
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Figure 4. Electrical equivalent circuit used.

The combination of Equations 1 and 2, results:

ε∗ = ε′(ω) + iε′′(ω) = C (ω)

C0
+ i

1

ωC0R0(ω)
. (3)

In this way, the real and imaginary parts of the complex permissivity, ε∗, can be
determined:

ε′(ω) = C (ω)

C0
(4a)

and

ε′′(ω) = 1

ωC0R0 (ω)
. (4b)

The values of C (ω) and R0(ω) are obtained directly from the impedance analyzer and
the real and imaginary parts of the complex permissivity are determined indirectly knowing
the area and the space between two electrodes of the hold sample.

Finally, density measurements were obtained by means of a commercial density meter,
Anton Paar DMA 5000. It is a very good accurate density meter. Measurements were made
in a temperature range from 10◦C to 80◦C with step of 0,5◦C (±0,01◦C). The accuracy in
the density measurements is 5 mg/cm3.
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Figure 5. Representation of the experimental apparatus used in the electrical measurements.

3. Results

3.1. Optical Transmittance Measurements

The first observation can be noted in the transmittance measurements of a PDLC sample
made of LC E7 (Merck) and polymer NOA 65 (Norland optical adhesive) in a 50% /
50% in weight proportion. Fig. 6 shows the thermo-electro-optical behavior of a PDLC
sample. The measurements were did in a range from 17,8◦C to 70◦C (±0,05◦C) with
voltage ranging from 0 V to 85 V applied in a sample with 25 μm thickness and area of
4 cm2.

Fig. 7 shows the points where was obtained the critical voltage (Vc) and de saturation
voltage (Vsat) (consequently the saturation intensity and the critical intensity).

The analysis of Fig. 6 shows three distinct behavior of the electro-optical response of
the LC E7 (PDLC) confined in a polymeric matrix, before the critical temperature TN-I.
This behavior can be observed in Fig. 8.
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Figure 6. Behavior thermo-electro-optical of a LC E7 confined in a polymeric matrix (PDLC).

Figure 7. Indication of the critical voltage Vc and saturation voltage Vsat obtained in the transmittance
graphic.
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Figure 8. Saturation Intensity (Isat) in a PDLC sample in different temperatures.

Fig. 8 shows the saturation transmitted light intensity. That is very clear the existence
of a discontinuity not related in the literature, in a range from 20◦C to 40◦C, with a pick
near to 35◦C (the TN-I of the 5CB). In another hand, Fig. 9 shows the dependence of the
critical voltage Vc of the PDLC on the temperature.

One more time a discontinuity is detected. In this way, Figures 8 and 9, suggest strongly
the existence of a not related anomalous comportment in the nematic phase of the LC E7.

Figure 9. Critical voltage (Vc) in a PDLC sample in different temperatures.
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Figure 10. Density of the LC E7 in different temperatures.

Of course that one can think that this comportment is a confinement effect, be-
cause the critical temperature TN-I of the LC E7 have a decrease, verified in the trans-
mittance analysis. But its modification in the critical temperature is related in the lit-
erature [23–26], and its increase and decrease according to the confinement condition
combination (Polymer and liquid crystal). Its dependence can be analyzed in another
paper.

Figure 11. Density of the LC E7 in different temperatures (confirmation of a discontinuity in the
density values near of the 5CB TN-I).
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Figure 12. The E7 thermal expansive coefficient.

3.2. Density Measurements

The proof of the existence of a not related anomalous comportment in the nematic
phase of the LC E7 can be enhanced with density measurements, shown in Figs. 10
and 11.

Figure 13. Real part of the complex permissivity of the LC E7 in different temperatures.
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Figure 14. Real part of the complex permissivity of the LC E7 in different temperatures.

The E7 thermal expansive coefficient was obtained by means of Eq. 5,

β = − 1

ρ

dρ

dT
(6)

and shown in Fig. 12.
Analysis of Fig. 12 shows clearly the existence of two discontinuity in the thermal

expansive coefficient of the LC E7, evidencing the phase transition temperature (58,4◦C)
and another discontinuity, that can be associated to an anomalous comportment in the
nematic phase of the LC E7. The first peak is not related at actual literature and occurs in
32,5◦C, coincidently, very near of the N-I temperature of the LC 5CB, the LC with more
concentration in the E7 mixture.

3.3. Electrical Measurements

Finally, impedance measurements close the proof of the existence of an anomalous com-
portment in the nematic phase of the LC E7, with another microscope analyses (the electric
permissivity). This measurement is shown in Figs. 13 and 14.

It is possible to verify the existence of a brusque discontinuity in the comportment of
real component of de electric permissivity in a temperature very far than the TN-I of the
LC E7.

4. Concluding Remarks

The critical temperature transition of the CL E7 was verified by means of three different
characterization technique and a not related anomalous comportment in the nematic phase
of this LC was founded with base in the analyses of the electrical, optical and density
measurements. The results shows the existence of this anomalous comportment in a range
localized between 25◦C and 40◦C.
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116 F. A. De Sousa et al.

In the application view point, this information is very relevant, because a not waited
behavior of a information display made of LC E7 can occur in a unwanted situation and its
can compromise an operational system, that can be very dangerous in same situations, for
example in aviation control information displays and others similar situations.

It is possible to verify the existence of a brusque discontinuity in the comportment of
real component of de electric permissivity in a temperature very far than the TN-I of the
LC E7, confirmed by optical and density measurements.

This results suggest that new measurements of DSC and X-ray difractometry can be
used in the future investigation with objective to verify if there is an no related modification
in the molecular organization of nematic phase of the LC E7 in the temperature range
related.
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