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In this work, experimental data points from which the profile of the order parameter of nematic liquid
crystals can be obtained, mainly magnetic susceptibility anisotropy and dielectric anisotropy, will be used to
show that when rescaled they coalesce along a common line that extends from the nematic-isotropic phase
transition region, until the nematic-crystalline phase transition region. A large set of experimental data of a
diversity of nematic compounds that share the presence of a nematic-isotropic and a nematic-crystalline phase
transition, without another phase within, has been collected from the liquid crystals literature. Taking for each
of them the temperatures of these two phase transitions as fixed points, a common temperature scale has been
constructed and, in this scale, the value of each physical quantity has been uniformly fixed at the nematic-
crystalline phase transition temperature. This procedure has revealed the existence of a law of corresponding
states that covers the entire nematic phase. As the values assumed by these physical quantities can be used to
measure the macroscopic order parameter, the use of this temperature scale suggests that it presents a common
behavior that covers the entire nematic phase.
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I. INTRODUCTION

Among the most fertile properties of the matter, the mac-
roscopic anisotropy presented by some materials occupies a
detached position. As a rule, it results from asymmetries at
the molecular level whose macroscopic effects furnish a
good guide to the comprehension of the microscopic struc-
ture of the matter �1�. Particularly surprising is that even in
liquids macroscopic anisotropies can be found, the nematic
liquid crystals �NLCs� being the simplest of these substances
�2�. Their anisotropies cover a broad range of properties like
viscosity, elasticity, birefringence, electric permittivity, and
magnetic susceptibility, etc. Each of these properties is a
function of the degree of alignment of the anisotropic grains
that constitute the NLCs �molecules for thermotropics and
micelles for lyotropics�, this alignment being expressed by
an order parameter S, which can be measured through the use
of experimental data of these properties �2�. As the tempera-
ture interval at which the nematic phase is found is a particu-
lar characteristic of a given material, it is assumed that the
profile of S along the nematic phase must be independently
determined for each different liquid crystal compound. Con-
sequently, along the years, for a large number of different
compounds, the order parameter profile has been measured
through the measurement of the anisotropy presented by
these macroscopic properties. The aim of this paper is to
show that, with the use of a simple linear rescaling, these
measurements can coalesce along a unique line, suggesting
that the thermal behavior of the order parameter presents a
common profile that encompasses the entire nematic phase
and therefore may not depend on the specific compound or
physical property under study. To obtain these results, ex-
perimental data of some independent physical properties
from which S is usually obtained, mainly the magnetic sus-

ceptibility anisotropy and dielectric anisotropy, have been
collected from the liquid crystals literature and linearly res-
cale. As a result, the corresponding experimental points be-
come distributed along a common curve. The simplicity of
the rules leading to this result reveals that along the entire
range of the nematic phase the molecular degree of align-
ment may present a universal temperature dependence.

A theoretical explanation to these results will not be af-
forded here. Nevertheless, some existing expressions �3–6�
establishing a functional relationship between the order pa-
rameter and temperature will be used to produce a fit of the
experimental data. In the next section the ideas that moti-
vated this study, and the experimental results that illustrate it,
are discussed and presented. In the ensuing section, some
consequences of these achievements for the concept of mac-
roscopic order parameter are discussed. At the conclusion,
some questions that a theory explaining this universality
must answer will be discussed.

II. NEMATIC TEMPERATURE SCALE

Here, experimental data of magnetic susceptibility aniso-
tropy and dielectric anisotropy will be linearly rescaled. The
connection between the following results and the order pa-
rameter profile will be discussed in the next section. As dis-
cussed by Gray �7�, even small differences in the chemical
structure of nematic molecules can provoke big differences
in their phase diagram and respective transition tempera-
tures; such properties are so singular that they are used to
characterize a given material. These facts challenge us to find
a way to compare the profile of a specified physical property
in different compounds presenting the same sequence of
phases. When the temperature is the running parameter, this
procedure can be implemented by means of a twofold pro-
cess; a rescaling that unformizes the temperature attributed to
the common critical point and a regularization on the value
of the physical property at such point �8,9�. Nevertheless,*Electronic address: simoes@uel.br
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this procedure only permits a local comparison, a most valu-
able result would be obtained if it can be extended to the
entire range of the phase. This could be accomplished if the
same temperatures could be attributed to the equivalent tran-
sition points bordering a given phase, and a one to one cor-
respondence could be made between all points of the inter-
val, allowing a global comparison of the values assumed by
the physical property. For some NLCs this idea can be easily
implemented. Instead of a unique critical point, some of
them present two fixed points, one at the nematic-isotropic
phase transition �NI� and another at the nematic-crystalline
phase transition �NC� point. The existences of two transition
temperatures permit the collective establishment of two fixed
points and, as consequence, the definition of a new tempera-
ture scale; the nematic scale �10,11�. That is, for compounds
for which the nematic temperature scale can be defined, the
physical states will not characterize a particular compound,
but through a global correspondence of states, they could
join in a unique and universal line, expressing the uniqueness
of the thermal behavior of the nematic phase �3,4�.

To give experimental support to such reasoning, it will be
applied here to two different standard physical properties
whose experimental data are abundant in the liquid crystals
literature; the magnetic susceptibility anisotropy ���� and
the dielectric anisotropy ���� �2�. For the compounds listed
in the Appendix, a uniformized temperature scale was con-
structed in such a way that for the NC it was attributed the
temperature t=0, while for the NI it was attributed the tem-
perature t=1. That is, if TNI is the Kelvin temperature of the
NI and TNC is the Kelvin temperature of the NC, then the
nematic temperature t is related with the Kelvin temperature
T by the relation

t =
T − TNC

TNI − TNC
. �1�

Afterwards, the profiles of experimental data of �� and ��
have been uniformly regularized in such a way that they
assume the value 1 at the NC phase transition. Figures 1 and
2, show the result of the application of the procedure de-
scribed above. In the Appendix, Tables I–III showing the
scientific names, abbreviations, phase transitions tempera-
tures, and the references from where these data have been
taken are presented. As guessed, the use of a unique tempera-
ture scale makes the diversity found in the experimental data
disappear; they have joined in a single curve. The internal
agreement obtained with linear rescalings demonstrates that,
when regularized and expressed by means of the nematic
temperature scale, each of these physical properties lost its
individuality and a common behavior that encompasses the
entire range of the nematic phase is observed.

It is important to distinguish the universality that we have
found from that usually found on critical phenomena. Criti-
cal phenomena universalities arise from the scale invariance
observed at very narrow regions, bordering critical points,
where large fluctuations connecting neighbor phases domi-
nate the scenario. They are described by the renormalization
group theory �12,13�, which, surely, cannot be responsible
for the global regularities that we have found. Therefore the

data agglutination observed on the figures is a sign that the
use of the nematic temperature scale has reveled that for all
compounds of each figure the same underlying physical be-
havior is under action; when rescaled, the thermal profile of
the order parameter becomes the same.

III. ORDER PARAMETER PROFILE

Above, it has been shown that with the use of our rescal-
ing process, in compounds having a nematic-isotropic and a
nematic-crystalline phase transition, without another phase
within, the experimental data of two of these physical prop-
erties have coalesced along two common curves, each one

FIG. 1. �Color online� Normalized experimental data of the
magnetic susceptibility anisotropy expressed in terms of the nem-
atic scale of temperature. The points have been homogeneously
rescaled to assume the value 1 at the temperature t=0, which cor-
responds to the nematic-crystalline phase transition point. The tem-
perature t=1 corresponds to the nematic-isotropic phase transition
point. The profile acquired by the rescaled points shows that they
join together in a unique and universal line. The complete name of
the compounds and the references from where the data points have
been obtained are given in the Appendix.

FIG. 2. �Color online� Normalized experimental data points of
the dielectric anisotropy expressed in terms of the nematic scale of
temperature. The rescaling is the same done in Fig. 1. Again, the
data points merge to a unique line.
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characterizing a different property. Nevertheless, as the order
parameter is proportional to �� and approximately propor-
tional to �� �2�, there is also another universality that must
be shared by these two curves. When the data points of these
figures are superposed, as shown in Fig. 3, it is observed that
the line of coalescence of both figures is again the same for
all physical properties and compounds listed in the Appen-
dix. The reason of this agglutination of experimental data can
be easily guessed: the rescaling that we have used reveled
that the order parameter presents a common profile along the
entire range of the nematic phase. This is the main result of
this work.

In order to get a glimpse of the kind of curve to which
these points converge, a log-log graph of the data shown in
Figs. 1 and 2 has been displayed in Figs. 4 and 5. Although
only a detailed study can determine the exact form of this
curve, the profile assumed by the data points is enough uni-
form to state that a power law behavior dominates its form.
Indeed, there are in the liquid crystals literature some propo-

sitions describing the analytical expressions to the order pa-
rameter that are consistent with the profile observed in these
figures �3,4,6�. The Maier-Saupe �3� approach is the corner-
stone of all them, the Haller expression being widespread
used in fits of individual order parameter profiles �4�. Re-
cently, Chirtok et al. �6� have proposed a generalization of
the Haller approach that, according to the authors, can im-
prove the known results for the critical exponent �c of the
nematic-isotropic phase transition. Their expression is given
by

P = A�B + �1 − B��1 −
T

T*��� , �2�

where P is the physical property under consideration and A,
B, �, and T* are parameters to be determined by the experi-
mental data. Using this expression to fit the data exposed in
Fig. 3, it is found that

A = 1.002 ± 0.002, B = 0.2 ± 0.1, T* = 1.000 ± 0.003,

� = 0.21 ± 0.02.

Otherwise, when the Haller expression �B=0 in the above
equation� is used to fit the data it is found that

A = 1.002 ± 0.001, T* = 1.016 ± 0.006,

� = 0.159 ± 0.003.

In order to interpret these results correctly and allow com-
parisons with those published in the current literature we will
make here some observations about the uncertainties that
accompany them. The uncertainties in the above data corre-
spond to the standard error, which points to the uncertainty
associated with the mean value of the random variable with
relation to the unknown real value. As we have considered a
large number of experiments to obtain the mean values of the
above parameters, the standard error attributed to them must
decrease to be in accord with the idea that when the number

FIG. 3. �Color online� In this figure a union of Figs. 1 and 2 is
presented. This figure expresses the main result of this work; the
profile acquired by these superposed points show that they coalesce
in a unique and universal line that is the same for all physical
properties and compounds listed in the Appendix. Only a universal-
ity on the rescaled order parameter profile could be responsible for
such behavior.

FIG. 4. �Color online� A log-log graph of the experimental data
of the magnetic susceptibility anisotropy, shown in Fig. 1. With this
parametrization the experimental data become ordered along a
straight line.

FIG. 5. �Color online� A log-log graph of the experimental data
of the dielectric anisotropy, shown in Fig. 2. As in Fig. 3, the
adopted parametrization makes the experimental data become or-
dered along a straight line.

CORRESPONDING STATES OF ORDER PARAMETER IN… PHYSICAL REVIEW E 74, 051701 �2006�

051701-3



of experiments becomes infinitely large the error of the mean
must go to zero. This concept is different from the standard
deviation, which gives the interval in which a measurement
of this variable is hoped to be found. For example, to the
parameter � of the Haller approach, the calculus of the stan-
dard deviation has given �=0.013, clearly larger than the
standard error, indicating that the values found to � in the
liquid crystals literature are in agreement with our results.
We also would like to observe the difference found for the
exponent � in the two expressions considered above. Such
sensibility of � to the form of the curve used to make a fit of
the experimental data points has been observed by Chirtok et
al. �6�, in a paper in which a secure way to determine the
universality class of the critical exponent �c that would char-
acterize the nematic-isotropic phase transition is looked for.
Following such reasoning, it must be emphasized that the
experimental data used in this work do not allow an evalua-
tion of such �c. The data that we have used encompass the
entire nematic phase, and �c characterize the behavior of the
order parameter only at the neighborhoods of the nematic-
isotropic phase transition region, this is the reason why we
have called our parameter � and not �c. So, for the purposes
of this work, � is only a fitting parameter that measures the
uniformity of the experimental data. Consequently, a theoret-
ical interpretation of the nature and meaning of the univer-
sality found in Fig. 3 must be addressed before a physical
interpretation of the fitting parameters used in any guessed
curve can be made.

Finally, as the order parameter can be measured by using
different techniques or/and physical properties, a compara-
tive study of these different procedures for a some compound
has been also done. Such a study has been done with the
experimental data of PAA �4-4�-azoxydianisole� and the re-
sults are shown in Fig. 6. The references used to obtain the
experimental data are displayed in Table III of the Appendix.
Details about the techniques and physical properties corre-
sponding to each measurement can be found in the quoted
references. All data have been submitted to the rescaling de-
fined above, and the dashed line corresponds to the curve
�B=0� of Fig. 3. Essentially, the data displayed in this graph
confirms the idea that the order parameter presents a univer-
sal profile that appears to collapse to the neighborhoods of
the same curve. However, the quality of the agreement be-
tween these different experimental data seems to become
poor as the NI transition is approached. Nevertheless, as long
as the fluctuations associated with each one of these mea-
surements is considered, it is concluded that the disagree-
ment may not be as high as it appears. In fact, the highest
disagreement is observed with the electron spin resonance
�ESR� data. Nevertheless, as explicitly pointed by the au-
thors of the measurements �14�, two factors could introduce
errors on their measurements; they have not checked the ac-
curacy of their temperature settings and, furthermore, in their
measurements the PAA compound was not completely puri-
fied. These factors may be responsible for the deviations ob-
served around the NI transition. In our calculations we have
observed, for example, that a small shift in the temperature
values could make their data collapse to the mean curve.
Another set of measurements that deserves consideration is

the one corresponding to nuclear magnetic resonance at con-
stant molar volume �NMR-CMV� �15�. These data are taken
at constant volume, leading to a pressure variation between
1 bar at the NC phase, and 640 bars at the NI phase. This
pressure change has led to a shift in the NI temperature of
around 30 °C. Nevertheless, even with so high variation in
the thermodynamical conditions, the profile of the rescaled
curve has not presented any appreciable change. By itself
this is an interesting result, which strongly confirms the hy-
potheses that the order parameter presents a universal profile
when expressed through the nematic temperature scale.

IV. CONCLUSION

In this work, rescaled experimental data points of some
physical properties from where the profile of the order pa-
rameter of NLCs can be derived have been studied. All com-
pounds present a nematic-isotropic and nematic crystalline
phase transition, without any other phase within and, through
the use of a compound dependent temperature scale, these
experimental data points have been normalized at the NC
phase-transition temperature, revealing a unique coalescence
curve dominated by a well defined power law behavior along
the entire range of the nematic phase. As these properties are
or proportional ���� or approximately proportional to the
order parameter, the uniqueness of their coalescence curve
suggests that the order parameter presents a universal behav-
ior along the entire range of the nematic phase. The analysis

FIG. 6. �Color online� Normalized experimental data points of
physical properties from which the order parameter of the PAA can
be obtained. The physical properties correspond to nuclear magnetic
resonance �NMR�, electron spin resonance �ESR�, nuclear magnetic
resonance at constant volume �NMR- CMV�, birefringence ��n�,
and anisotropy of the magnetic susceptibility ����. The rescaling is
the same done in Fig. 1 and the corresponding points are indicated
in the figure by the above abbreviations. Except for the neighbor-
hoods of the NI the data points seems to merge with the neighbor-
hoods of a unique line. The largest deviation is observed for the
ESP data and, as commented on in the text of the paper and recog-
nized by the authors of the measurements, is probably associated
with experimental errors, like inaccuracy on temperature
measurements.
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presented in this work only permits us to take this as a very
tempting hypothesis. A secure experimental conclusion only
could be addressed when at least two conditions have been
considered: an ample number of physical properties, from
where the order parameter can be deduced, must be studied,
and all approximations and assumptions involved in each
one of them have been taken in account. Nevertheless, even
being true that a universal behavior of the order parameter is
a too strong conclusion in view of the fact that we have
considered only few physical properties, the set of experi-
mental data that we have considered is sufficiently incisive
and ample to support further investigations in the universal-
ity that it definitively suggests.

Anyway, some of the known theories proposing a tem-
perature behavior for the order parameter have been used to
produce a fit of these points. Even producing fits with good
quality, these theories cannot explain the physical origin of
the universality found in the experimental data. As the uni-
versality exposed here encompasses the entire nematic phase,
a theory explaining this universality must explain, for ex-
ample, why the order parameter behavior remains uniform at
the neighborhoods of the nematic-crystalline region. The ob-
servation of such behavior is a signal, for example, that a
correlation between the degree of orientation and its center
of mass position must exist at this region and, furthermore,
save for the scaling that we have used, such correlation must
be the same for all compounds, and encompass the entire
nematic phase, including the nematic-isotropic phase transi-
tion region. Therefore the key to understand the universality
that we have found stays in the elucidation of the physical

meaning of the temperature scale that we have used, the
nematic temperature scale. This temperature scale gives
equal emphasis to all points of the nematic phase, including
the neighborhoods of the two phase transition regions. As a
global homogeneous behavior has been found, it suggests
that to understand these results a theory considering simulta-
neously these two phase transitions must be proposed. As far
as we know, a theory comprising the entire nematic phase,
with these two phase transitions included, does not exist.
This is the difficulty that a theory would overcome to give an
explanation to our findings.

Finally, we would like to mention that the experimental
data that we have used are restricted to the uniaxial order
parameter only because the experimental data for this case is
abundant in literature, so abundant that the number of com-
pounds where such universality is found is so large that, even
being an experimental result, we believe that the proposed
universality is convincing. Furthermore, the possibility that
this same kind of universality could be also shared by other
physical properties, the biaxial case included, is so stimulat-
ing an issue that, surely, it must be the subject of future
investigation.
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APPENDIX

TABLE I. Compounds and references of the experimental data presented in Fig. 1.

Abbreviation Scientific name TNC �°C� TNI �°C� References

5CB 4-n-pentyl-4�-cyanobiphenyl 24 35.3 �16,17�
PCH5 4-cyano-4�-n-pentyl-cyclohexanephenyl 30 55 �16,18�

ROCM7037 4-�5-n-heptyl-pyrimidin-2-yl�-benzonitrile 45 51 �16,19�
CCH7 4�-n-heptyl-bicyclohexyl-4-carbonitrile 71 83 �16,20�
7CB 4-n-heptyl-4�-cyanobiphenyl 28.5 42 �16,21�
7CE 4-n-heptyl-benzoic acid 4-cyano-phenyl 44 56.5 �16,22�
7CT 4-n-heptyl-4�-cyanotolane 58.5 67.5 �16,23�
LC1 4-n-heptyl-thiobenzoic acid S-�4-cyano-phenyl� ester 82 92.4 �16,24�
N4 4-methoxy-4�-n-butylazoxybenzene �mix of two comp.� 17.9 74.9 �25,16�

4AB 4-4�-di-n-butylazoxybenzene 22 71.9 �25,26�
5AB 4-4�-di-n-pentylazoxybenzene 24 67.6 �25,26�
PAP 4-4�-di-ethoxyazoxybenzene 136.8 168.4 �25,27�
PAA 4-4�-azoxydianisole 118 135.2 �28�

MBBA 4-methoxybenzylidene-4�-n-butylaniline 19 45 �28�
PCH7 4-cyano-4�-n-pentyl-cyclohexanephenyl 30 57.3 �29,30�
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