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Universality of the nematic mesophase
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This paper presents a detailed comparative study of published order-parameter experimental data of nematic
liquid crystals. Throughout a simple linear transformation, it is shown that three distinct nematic mesophases
exhibit the same and unique universal behavior for all temperatures below the nematic-isotropic phase transition.
This paper generalizes a previous one [M. Simes, D. S. Simeo, S. M. Domiciano, and A. de Campos, Phys. Lett.
A 372, 5346 (2008)], in which only the nematic mesophase delimited by the crystalline phase at low temperature
was studied. Here we have assembled order-parameter experimental data of 61 different compounds, forming a
set with data of 96 experiments, aiming to show that the nematic universal behavior is independent of what is the
actual phase or mesophase bordering the nematic phase at low temperatures; our results show that all experimental
data of all nematic mesophases coalesce along a common line that extends over the entire range of mesophases.
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I. INTRODUCTION

Liquid crystals (LCs) are complex fluids that present
outstanding properties from both scientific and technological
points of view [1-8]. Despite their very good experimental
description, which is evident from the diversity of devices
developed from it, the theoretical description of the observed
phenomena presents many challenges [9-16].

Recently, studies have revealed a universal behavior in the
nematic mesophase [17-24]. Namely, it has been shown that
the experimental data of Miesowicz’s viscosity coefficients
[17-19], elastics constants [20], and order parameter [21-24]
can be disposed along universal curves that cover the entire
range of the mesophase. Nevertheless, these studies have been
restricted to one type of nematic mesophase—that delimited
by a crystalline K phase at low temperature and an isotropic /
phase at high temperature. Our aim here is to extend these
studies to nematic liquid crystals (NLCs) presenting other
phase diagrams and show that the global universal behavior of
the nematic order parameter does not depend on the nature of
the phase transition bordering the nematic mesophase at low
temperature.

This paper is organized as follows. First we will present
the approach used to observe the universalities. Then we will
show the results obtained with the data analysis of different
NLCs and different nematic mesophases.

II. NEMATIC TEMPERATURE SCALE

The nematic mesophases’ universalities have been studied
by Simdes and co-workers over the past eleven years [17-23].
The approach used to capture these universalities consists of a
linear rescaling procedure with two steps: First, they defined
a different temperature scale, called the nematic temperature
scale ¢y, and second, they normalized the data at a common
temperature point in this alternative scale. The main result
obtained is that the nematic mesophase, delimited by the
crystalline to nematic K N and nematic to isotropic NI phase
transitions, presents a universal behavior that covers its entire
temperature domain. To extend this result to other mesophases
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we will generalize ¢y, assuming that
T-T,
Iy — Tor

where T 1 represents the temperature of the phase transition
delimiting N at low temperature, which can be 7,7 = Tk y for
KN, Ty = Tys, for nematic to smectic-A (NS4), and Ty =
Tys,. for nematic to smectic-C (N S¢) phase transitions. All
the compounds studied present a NI phase transition at high
temperature 7y .

In

III. EXPERIMENTAL VERIFICATION
OF THE UNIVERSALITIES

All the experimental data studied here have been obtained
from the LC literature. We have collected data of mass
magnetic susceptibility anisotropy Ay, volume magnetic
susceptibility anisotropy A xy, electric permittivity anisotropy
A€, and birefringence An, which are commonly used as
measures of the nematic order parameter. The scientific names
and abbreviations of the compounds studied and the references
from which these data were collected are organized in
Tables I-VII in the Appendix.

Figure 1 shows the result obtained when one considers the
data of Ay, and Ae; Fig. 2 shows the results obtained with
the data of An and Ayy. They show the global universal
behavior of the order parameter of the nematic mesophase
delimited by the KN and NI phase transitions; in them we
have a total of 78 data sets: 34 different compounds in Fig. 1
and 35 in Fig. 2. There are 5 data sets presenting some visible
deviation from the mean curves. This can be explained by the
errors on the experimental measurements and on the values of
the parameters used to define 5. An example is the LC-KN3
compound; in Fig. 1 its data agree very well with the other
curves, whereas in Fig. 2 the data do not.

The main message of these figures is already known: The or-
der parameter of that nematic mesophase presents a global uni-
versal behavior [17-24]. The difference appears in Figs. 3 and
4: The global universal behavior of the nematic mesophases
does not depend on the phase or mesophase bordering them
at low temperature, with the resulting universal curve being
the same for all. Figure 3 presents the A x,, data of 30 NLCs:
22 of them present the K phase delimiting N, 5 present the
smectic-A (S4) mesophase, and 3 present the smectic-C (S¢)
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FIG. 1. (Color online) Global universal behavior of the NLCs’
order parameters. We have put together 22 data sets of mass
magnetic susceptibility anisotropy A x, and 18 data sets of electric
permittivity anisotropy Ae, all presenting a KN phase transition.
Compounds names, phase-transition temperatures, and references
are given at Tables I-III.

mesophase, corresponding to NLCs or nematic mesophases of
types 1, 2, and 3, respectively. Figure 4 presents the An data
of 34 NLCs: 24 of type 1, 7 of type 2, and 3 of type 3.

Before ending this section, let us observe that in works
Rananavare et al. [25], Freed et al. [26], and Potukuchi
et al. [27] obtained results that resemble the ones shown here.
They studied the order parameter of several compounds and
mixtures of the n.0.m [4-n-(n alkoxy)benzylidene-4'-n-(m
alkyl)aniline] homologous series, all being NLCs of type 2.
By using a temperature scale similar to zy (¢ ), they showed
that the electron spin resonance data of 14 mixtures [25] and
12 pure compounds [26] present a global universal behavior.
Potukuchi et al. [27] obtained the same result with 11 mixtures
of 4.0.6 and 6.0.4 using measurements of Ae. According
to them, the universality observed follows from the fact that
the order parameter S of these NLCs has a constant value
at the phase transitions bordering the nematic mesophase.
To ensure the constancy of S, in the case of a first-order
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FIG. 2. (Color online) Global universal behavior of the NLCs’
order parameters. This result is obtained using 29 birefringence An
data sets and 9 volume susceptibility anisotropies A xy, all presenting
a K N phase transition. Compounds names, phase-transition temper-
atures, and references are given at Tables I, IV, and V.
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FIG. 3. (Color online) Global universal behavior of the nematic
mesophases. Here we put together Ay, data sets of 30 distinct
compounds pertaining to 3 different nematic mesophases: 22 of
them present the K N phase transition at low temperature, 5 present
the NS, phase transition, and 3 present the NS¢ phase transition,
corresponding to mesophases of types 1, 2, and 3, respectively.
Compounds names, phase-transition temperatures, and references are
given in Tables I, II, and VI.

NS, transition, they used an extrapolated temperature 7y,
to define ;. The constancy of S should play the role of our
normalization of the data at the transition. In this case we
note that the relationship between ¢¥ and ty is t{ = 1 — ty.
Thus, despite their completely different interpretation of the
results, the global universalities obtained by these researchers
are an independent verification of the ideas discussed here
and increase the number of classical nematic mesophases for
which the universalities has been verified.

IV. CONCLUSION

In this paper we have assembled a total of 96 experimental
data sets of physical quantities from which the nematic order
parameter can be measured to show a universal behavior that
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FIG. 4. (Color online) Global universal behavior of the nematic
mesophases. This result is obtained by using An data of 34
compounds; 24 from the nematic mesophase of type 1, 7 of type 2, and
3 of type 3. Not all An data shown in Fig. 2 have been used because
the main objective is to show the agreement between the curves
of the distinct mesophases. Compounds names, phase-transition
temperatures, and references are given at Tables I, IV, and VII.
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does not depend on the nematic mesophase. All compounds
present a NI phase transition at high temperature; it is the
low-temperature phase transition that differentiates them.
Among the data sets that we have gathered, 78 present the
crystalline-nematic phase transition at low temperature, 12
present the nematic—smectic- A phase transition, and 6 present
the nematic—smectic-C phase transition. Figures 3 and 4
present the main result of this paper: The order parameters
of these three distinct mesophases have the same global
universal behavior.

In a recent paper [10] we studied the order-parameter curve
and showed that it presents a power-law behavior characterized
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by a single exponent § equal to 1/4. Of course, all data points
considered in this paper are embraced by that analysis and
would follow the same laws.

In conclusion, there is strong evidence suggesting the
existence of others liquid crystalline phases presenting
universalities similar to the ones shown here. For example,
Rananavare et al. [25] showed that the order parameter of their
14 mixtures presents a unique curve along the entire range
of the smectic-A phase: from the nematic—smectic-A phase
transition to the smectic-A—smectic-B phase transition. The
observation of global universalities in other liquid crystalline
phases is stimulating and is a subject for future investigation.

TABLE 1. Abbreviation and scientific names of the NLC compounds studied.

Abbreviation Scientific name

mCB 4-n-(m alkyl)-4'-cyanobiphenyl

mOCB 4-n-(m alkoxy)-4’-cyanobiphenyl

PAAm 4-4'-di-(m alkoxy)azoxybenzene (PAA m = 1, PAP m = 2)
mAB 4-4'-di-n-(m alkyl)azoxybenzene

PCHm 4-cyano-4'-n-(m alkyl)-cyclohexanephenyl

PTTP-mm 4,4'-di-n-(m alkyl)diphenyldiacetylene

MBBA 4-methoxybenzylidene-4'-n-butylaniline

7CT 4-n-heptyl-4’-cyanotolane

CCH7 4’-n-heptyl-bicyclohexyl-4-carbonitrile

ME105 4-methoxy-benzoic acid 4'-n-pentyl-phenyl ester

ME605 4-n-hexyloxy-benzoic acid 4'-n-pentyl-phenyl ester
ZL11052 mixture from Merck

ROCM7037 4-(5-heptyl-pyrimidin-2-yl)-benzonitrile

LC-KNI1 4-cyano-thiobenzoic acid S-(4'-n-pentyl-phenyl) ester
LC-KN2 4-n-pentyl-thiobenzoic acid S-(4'-cyano-phenyl) ester
LC-KN3 4-n-pentyl-benzoic acid 4’-n-hexyloxy-phenyl ester
LC-KN4 4-n-heptyl-thiobenzoic acid S-(4-cyano-phenyl) ester
LC-KN5 4-octanoic acid benzylidene-4’-aminobenzonitrile

N4 4-methoxy-4'-n-butylazoxybenzene (mix of two components)
OHMBBA 2-hydroxy-4-methoxybenzylidene-4-butylaniline

7CE 4-n-heptyl-benzoic acid 4-cyano-phenyl

ZLI 1083 mixture from Merck

ROCM1850 4-pentyl-cyclohexanecarboxylic acid 4-cyano-phenyl ester
ROCM1870 4-heptyl-cyclohexanecarboxylic acid 4-cyano-phenyl ester
PEBAB 4-n-ethoxybenzylidene-4'-aminobenzonitrile

BBAB 4-n-butoxybenzylidene 4’-aminobenzonitrile

HBAB 4-n-hexyloxybenzylidene 4’'-aminobenzonitrile

KN-Mix1 mixture defined in Ref. [28]

CCH24 mixture defined in Ref. [29]

M597 mixture defined in Ref. [29]

PTTP-2244 mixture defined in Ref. [30]

PTTP-2345 mixture defined in Ref. [30]

9CN 4-n-nonylbenzoate 4'-cyano-phenyl

ROCM1951 4-pentyl-cyclohexanecarboxylic acid 4-methoxy-phenyl ester
ROCM1953 4-pentyl-cyclohexanecarboxylic acid 4-propoxy-phenyl ester
TPEB trans-4-propyl cyclohexy-4 (trans-4-ethyl cyclohexyl) benzoate
TPPB trans-4-propyl cyclohexy-4 (trans-4-propyl cyclohexyl) benzoate
TPPEB trans-4-propyl cyclohexy-4 (trans-4-pentyl cyclohexyl) benzoate
7FBT 4’-heptyl-3-fluoro-4 isothiocyanatotolane

60FBT 4’-hexyloxy-3-fluoro-4 isothiocyanatotolane

CBOOA 4-n-cyanobenzylidene-4-octyloxyaniline

BBOA 4-n-butyloxybenzylidene-4’-n-octyllaniline

SAN-Mix 1 mixture defined in Ref. [31]

SAN-Mix2 mixture defined in Ref. [31]
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TABLE II. Phase-transition temperatures and references for the
data shown in Figs. 1 and 3.

PHYSICAL REVIEW E 86, 042701 (2012)

TABLE IV. Phase-transition temperatures and references for the
data shown in Figs. 2 and 4.

NLC Txn (°C) Tn1 (°C) Reference NLC Txy (°C) Tn: (°C) Reference

MBBA 19 45 [32] MBBA 21 46.25 [60,61]

PAA 118.2 135.3 [32,33] PAA 110 135 [32,62]
PAP 136.8 168.4 [34,35] CCH 2,4 34 64 [29]
4AB 22 31.9 [34,36] M597 65 1144 [29]
5AB 24 67.5 [34,36] PCH5 30 55.2 [29]
5CB 24 353 [29,37] PTTP-33 107.5 131.9 [63]
7CB 28.5 42 [37,38] PTTP-44 75.1 101.0 [64]
7CE 44 56.5 [37,39] PTTP-55 86.0 111.3 [63]
7CT 58.5 67.5 [37,40] PTTP-2244 55.0 98.5 [64]
PCH5 30 55 [37,41] PTTP-2345 40.0 105.0 [64]
PCH7 30 59 [37,42] 9CN 27.8 59.3 [65]
CCH7 71 83 [37,43] ROCM 1850 47.0 777 [66]
MEI105 29.0 42.7 [44,45] ROCM1951 40.7 71.1 [66]
ME605 50.0 62.1 [44,46] ROCM1953 433 71.1 [66]

ZL1 1052 15.0 48.9 [44,47] 4AB 15 31.9 [40,62]

ROCM7037 45 51 [37,48] 5AB 25.8 67.5 [40,62]
LC-KN1 66.0 102.0 [44] 5CB 22.4 34.5 [38]
LC-KN2 75.5 99 [44] 7CB 28.5 41.9 [38]
LC-KN3 40.9 62.5 [44,49] TPEB 94.0 134.0 [67]
LC-KN4 82 92.4 [37,50] TPPB 92.0 158.0 [67]
N4 17.9 74.9 [34,37] TPPEB 67.0 154.0 [67]
OHMBBA 44 64.6 [51] 7FBT 26.6 43.6 [68]
60FBT 32.5° 70.7 [68]

MEI105 29.0 42.7 [45,69]
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TABLE III. Phase-transition temperatures and references for the
data shown in Fig. 1.

NLC Txy (°C) Tnr (°C) Reference
5CB 22.5 35 [52]
6CB 13.5 29 [52]
7CB 28.5 42 [52]
PCH3 36 46.2 [53,54]
PCH5 30 54.4 [41,53]
PCH7 30 58 [42,55]
ZLI 1083 -3 51.9 [53,56]
CCH7 71 84.1 [43,55]
ROCM1850 47 79 [55,57]
ROCM1870 55.1* 81 [55]
ROCM7037 45 51.3 [48,55]
PEBAB 105.5 128.9 [28]
BBAB 62.9 110.5 [28]
HBAB 54.5 100.9 [28]
60CB 57 75.8 [58,59]
70CB 53.5 73.5 [58,59]
LC-KN5 53.7 97.6 [28]
KN-Mix1 18 96.8 [28]

“Lowest temperature in the nematic phase at which the data have been
measured.

APPENDIX

In this appendix Tables I-VII give information about the
experimental data: the scientific names and abbreviations of
the compounds studied and the references from which the data
were collected.

TABLE V. Phase-transition temperatures and references for the
data shown in Fig. 2.

NLC Txy (°C) Ty (°C) Reference
7CB 29.7 42.6 [40,55]
PCH3 36 46.2 [43,70]
PCH5 30 54.4 [41,53]
PCH7 30 58 [42,55]
ZLI 1083 -3 51.9 [53,56]
CCH7 71 83.3 [43,53]
ROCM1850 47 79 [55,57]
ROCM1870 55.1# 81 [55]
ROCM7037 45 51.3 [48,55]

“Lowest temperature in the nematic phase at which the data have been
measured.

“Lowest temperature in the nematic phase at which the data have been
measured.
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TABLE VI. Phase-transition temperatures and references for the
data shown in Fig. 3.

NLC Tys, °C) Ty (°C) Reference
6AB 17 54.2 [34]
7AB 53.9 70.6 [34]
8AB 64.5 66.7 [34]
CBOOA 82.5 108.5 [71]
BBOA 62.7 77.8 [71]
NLC Tys. °C) Ty (°C) Reference
PAA6 81 129 [34,72]
PAA7 95 124 [34,72]
PAAS 108 126 [34,72]

PHYSICAL REVIEW E 86, 042701 (2012)

TABLE VII. Phase-transition temperatures and references for the
data shown in Fig. 4.

NLC Tys, °O) Tyn; (°C) Reference
8CB 33.5 40.5 [38,73]
80CB 66.9 79.7 [31]
6AB 17 54.2 [34,62]
7AB 53.9 70.6 [34,62]
8AB 64.5 66.7 [34,62]
SAN-Mix1 45.7 65.3 [31]
SAN-Mix2 29.2 56.5 [31]
NLC Tys. (°C) Tynr (°C) Reference
PAA6 81 129 [62,72]
PAA7 95 124 [62,72]
PAAS 108 126 [62,72]
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