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Double Peak Specific Heat Capacity Anomaly in
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The liquid crystal phase behaviour in the interval close to the isotropic-nematic
phase transition and in the vicinity of wetting and dewetting interface has been
analysed. For the theoretical study Landau-de Gennes mesoscopic model in terms
of the tensor orientational order parameter has been used.

It has been shown that in an appropriate interval of surface wetting interaction
strengths, wetting and dewetting phenomena could take place. This phenomenon could
be a reason behind the observed double peak anomaly in the specific heat capacity Cp

temperature dependence in a mixture of nanoparticles and liquid crystals.

Keywords Dewetting; double-peak anomaly; liquid crystal; mixtures; nanoparti-
cles; wetting

1. Introduction

For several years there is an interest in surface-induced wetting and dewetting
phenomena at a liquid crystal-confining substrate interface [1,2]. Such phenomena
are of interest for several electro-optical applications. In addition, the corresponding
physics shows several universalities. Consequently, the results obtained in liquid
crystal (LC) systems are of interest also for other condensed matter systems.

Most of such investigations were performed in thermotropic LCs close to the
isotropic-nematic (I-N) phase transition [3–5]. In these studies it was assumed that
the surface wetting strength is linearly proportional to the uniaxial nematic order
parameter S.

It has been shown that in an appropriate interval of surface wetting interaction
strengths there might exists a discontinuous surface prewetting transition at a tem-
perature TS which is slightly above the bulk I-N phase transition temperature TIN.
Such phenomenon can also occur in mixtures of LCs and nanoparticles (NPs) at
the LC-NPs interface. Therefore, this phenomenon could be a reason for a double
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peak critical anomaly in the temperature dependence of the specific heat capacity Cp,
which is commonly observed at the I-N phase transition [6–8].

In this paper we extend these studies to surface interactions which are proportional
to different signs of the surface interaction strengthsW and to a finite confinement cell
thickness. We analyze the phase behaviour in order to find out if the wetting=dewetting
phenomena can be the reason for the observed double peak anomaly. The plan of the
paper is as follows; in Sec. II we present the theoretical background. The results are
shown and discussed in Sec. III and summarized in the last section.

2. Theoretical Background

In order to study phenomena across the I-Nphase transition, a Landau-deGennesmeso-
scopic approach in terms of the tensorial order parameterQ has been used. The traceless
symmetric tensor can be expressed as Q ¼

P3
i¼1 si~eei �~eei, where si stand for Q-eigenva-

lues,~eei for Q-eigenvectors, and � marks the tensor product operator. In case of local
uniaxial order it can be expressed as Q ¼ S ~nn�~nn� I

3

� �
, where I is the unit tensor,~nn is

the unit vector and S is the uniaxial orientational order parameter. The so-called nematic
director fieldpoints along a local uniaxial LC orientational ordering. The states �~nn are
equivalent because of the head-to-tail equivalence of LCordering at themesoscopic level.

The free energy F of the system is given by F ¼ fc þ feð Þd3rþ fsd
2r. The first

(volume) integral is composed of the condensation (Fc) and elastic (fe) free energy
density contribution. The second (surface) integral introduces the interface free
energy density fs, describing the interactions at the LC-bounding substrate interface.

In the lowest order approximation we express the density contributions in terms
of Q as

fc ¼ A0 T � T�ð ÞQijQij � BQijQjlQji þ C QijQij

� �2
; ð1aÞ

fe ¼ LQij;kQij;k; ð1bÞ

fs ¼
3

2
We

sð Þ
i Qije

sð Þ
j : ð1cÞ

Summations over repeated indices are assumed and Qij;k ¼ @Qij

@xk
stands for the partial

derivative with respect to the Cartesian coordinate xK. For bulk LC in thermodyn-
amic limit the positive material constants A0, B, C and T� determine the degree of

nematic ordering Sb ¼ B
4C

3þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
9�8 T�T�

TIN�T�

p
4 in the bulk homogeneously aligned nematic

phase below the bulk (I-N) phase transition temperature TIN ¼ T� þ B2

24A0C
. Here

T� stands for the isotropic phase supercooling temperature. The elastic term penalizes
the deviations from a spatially homogeneous ordering. Its relative strength is in the
single elastic constant approximation given by the bare (independent of temperature)
elastic constant L. The surface interaction term is represented by a single constant w
and~eeðsÞ stands for the interface normal vector. We have taken into account only the
most essential terms needed to analyze surface phenomena of our interest.

The geometry of our problem is depicted in the inset of Figure 1. We consider a
plane parallel cell, where cell plates are placed at z¼ 0 and z¼ h of the Cartezian
coordinate system (x, y, z). At z¼ 0 we impose the homeotropic anchoring condition
given by Eq. (1(c)). At z¼ h we set the free boundary condition.

4=[1474] D. Jesenek et al.
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Henceforth, we restrict to the uniaxial nematic ordering. We assume that in the
nematic phase the director field is homogenously aligned along the z-axis and that
Q¼Q(z). Consequently, the free energy density terms can be expressed as

fc ¼ a0 T � T�ð ÞS2 � bS3 þ cS4; ð2aÞ

fe ¼ L
@S

@z

� �2

; ð2bÞ

fs ¼ WS; ð2cÞ

where a0¼ 2=3A0, b¼ 2=9B, c¼ 4=9C.
The characteristic sizes of the system are the nematic order parameter corre-

lation length n and the surface extrapolation length de. They are both temperature
dependent quantities. For the latter use we express them at the bulk I-N phase

transition: nIN ¼ n TINð Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

L
a0 TIN�T�ð Þ

q
, dIN ¼ de TINð Þ ¼ LS2

IN

Wj jSIN
, where SIN¼Sb(T¼

TIN)¼ b=(2C). We further introduce the scaled nematic order parameter s¼S=SIN

and the reduced temperature r¼ (T�T�)=(TIN�T�), and the dimensionless
coordinate ~zz ¼ z=h. Using this scaling the dimensionless free energy F̃ is expressed

as ~FF ¼
R

1
0 rs

2 � 2s3 þ s4 þ n2IN
h2

@s
@~zz

� �2� �
d~zzþ w nIN

h s ~zz ¼ 0ð Þ, where jwj ¼ nIN=dIN.

3. Results

The LC phase behaviour in the temperature interval above and below the bulk I-N
phase transition temperature TIN is considered. We focus on surface and bulk phase
transitions by varying the surface interaction strength and the cell thickness h.

Figure 1. Phase diagram (r, w) for wetting conditions at cell thickness h ¼ 5n0 and 10n0. TS

and TIN are surface and bulk transition temperatures, respectively. The inset shows the view
of xy-plane in a plan parallel cell. The homeotropic anchoring is imposed at z¼ 0 and the free
boundary condition is set at z¼ h.
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The phase behaviour for w< 0 was already analyzed for a semi-infinite cell [3]
and for a spherical confinement [4]. In this case, the surface promotes locally the
nematic ordering. Our results, shown in Figure 1, match these results in the limit
cases (i.e., h�>1 in our simulations, results of ref. [3] and the radius is set to infin-
ity in [4]). There are three qualitatively different regimes of behaviour on varying w,
provided that h is much larger than n. The corresponding typical order parameter
spatial variations are shown in Figure 2 and temperature variations in Figure 3.
In the 1st regime, extending within the interval jwj 2 ½0;w1�, only the bulk (I-N)
phase transition exists at a temperature TIN(h)>TIN. With increasing wj j the tran-
sition temperature slightly increases and the temperature shift is roughly linearly
proportional to w. Because the surface potential promotes the nematic ordering,
the order parameter exhibits a maximal value at the surface, which we label with
S0¼S(z¼ 0). Consequently, above TIN(h) the system exhibits a paranematic phase
within the layer thickness comparable to the nematic correlation length. Within
the 2nd regime, covering the interval jwj 2 [w1, w2], in addition to the bulk phase
transition, a discontinuous surface phase transition takes place at a temperature
Ts(h)>TIN(h). This temperature also increases roughly linearly with wj j while TIN(h)
remains essentially constant on varying w. The third regime extends above w2. In this
regime, the surface interaction is strong enough to dominantly influence the degree
of surface ordering for all temperatures above TIN(h). Therefore, above the bulk
transition temperature S0 only gradually decreases on increasing T. Note that w1

increases with h and saturates at a finite vale above h� 10n. On the other hand w2

is roughly independent of h.
We next set w> 0. The surface now promotes ordering with a negative uniaxial-

ity (S< 0), corresponding to an oblate average shape at the mesoscopic scale. The
corresponding phase diagram is shown in Figure 4. Typical order parameter spatial
profiles and temperature variations are shown in Figures 5 and 6, respectively. Again

Figure 2. Variations of the scaled order parameter s as a function ofdistance to correlation
length ratio h=n0 away from the z¼ 0 cell plate. Cell thickness is h ¼ 10n0 and w¼�0.42.
At r¼ 0.95 is first regime, at r¼ 1.05 is second and at r¼ 1.15 is third regime.

6=[1476] D. Jesenek et al.
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the systems exhibit three qualitatively different regimes on increasing w. Neverthe-
less, in this case the surface tends to decrease the degree of ordering within the system
which gives rise to a different topology of the phase diagram in the (w, T) plane. In
the following we discuss the ordering changes on decreasing temperature from the
isotropic phase. In the first regime (w½0;w1�Þ only the bulk phase transition exists.
The transition temperature TIN roughly linearly decreases with increasing w. The
order parameter now exhibits a lower value at the surface with respect to the order-
ing in the cell interior, see Figure 5. In the second regime, (w2 [w1, w2]) below the
bulk phase transition, a discontinuous surface dewetting phase transition takes

Figure 3. Variations of the scaled order parameter s and the average scaled order parameter �ss
as a function of the reduced temperature r for wetting conditions. For cell thickness h ¼ 5n0
and 10n0 typical variations all three qualitatively different regimes are shown. (Figure appears
in color online.)

Figure 4. Phase diagram (r, w) for dewetting conditions at cell thickness h ¼ 5n0 and 10n0. TS

and TIN are surface and bulk transition temperatures, respectively.

Nematic Wetting and Dewetting Phenomena 7=[1477]
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place. In this case, the surface degree of order parameter exhibits a discontinuous
decrease below the surface dewetting transition temperature TS(h). The transition
temperature apparently decreases linearly with respect to w. In the third regime
(w>w2) once again only the bulk transition exists.

In the following we analytically estimate the main topological features of the
ð wj j;TÞ phase diagrams. Within the 1st regime it is sensible to assume that s(0) is

Figure 5. Variations of the scaled order parameter s as a function of distance to correlation
length ratio h=n0 away from the z¼ 0 cell plate for w¼ 1.00. At r¼ 0.50 we have first regime,
at r¼ 0.80 is second and at r¼ 1.00 is third regime. (Figure appears in color online.)

Figure 6. Variations of the scaled order parameter s and the average scaled order parameter �ss
as a function of the reduced temperature r for dewetting conditions. For cell thickness h ¼ 5n0
and 10n0 typical variations all three qualitatively different regimes are shown. (Figure appears
in color online.)

8=[1478] D. Jesenek et al.
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only slightly lifted and that the order in the remaining part of the cell follows it. The
effective free energy can be then expressed as ~FFeff � r�ss2 � �ss3 þ �ss4 � l�ss, where
l ¼ n2IN

hdIN
� Wj j and �ss stands for the spatially averaged order parameter, þl stands

for w> 0 and �l for w< 0. The bulk phase transition TIN(h) then takes place at
the critical reduced temperature [9]

rc ¼
TIN hð Þ � T�
TIN � T�

¼ 1� l: ð3Þ

For w< 0 the Eq.(3) holds for l< 0.5. Note that the linear w dependence of rc is
clearly shown in Figure 1 and Figure 4.

In the regime II the surface interaction strength is strong enough to significantly
increase s(0) with respect to �ss. We approximate the effective free energy of a thin sur-
face layer and in the remaining part of the cell as us < ~FFeff >s� r�ss2 � �ss3þ �ss4 � leff�ss,
where leff � nIN

dIN
, and < ~FFeff >s� r�ss2 � �ss3 þ �ss4. Here <	 	 	>s and <	 	 	>V indicate the

averages of the surface film of thickness n and within the remaining part of the cell,
respectively. The free energy < ~FFeff >s determines the surface phase transition TS(h),
which takes place at the reduced temperature r

ðsÞ
c ¼ Ts hð Þ�T�

TIN�T�
� 1� leff . For w< 0 the

equation is valid for leff< 0.5. For leff> 0.5 the noncritical behaviour of the surface
prevails and, consequently, only gradual changes of the surface ordering are
observed on varying temperature above TIN(h). The condition leff ¼ nIN

dIN
¼

wj jnIN
L ¼ 0:5 determines the critical surface interaction value w¼w2, where the second

regime terminates for w< 0.
On the other hand, the bulk transition is dominantly governed by < ~FFeff >V ,

yielding the critical reduced temperature r
ðVÞ
c ¼ TIN hð Þ�T�

TIN�T�
� 1. The latter equation

holds for jwj>w1. These estimates well reproduce the main qualitative features
observed in (T, jwj) phase diagrams shown in Figure 1 and Figure 4.

4. Conclusion

We have analyzed the LC behaviour in the vicinity of the interface, by varying the
wetting and dewetting surface interaction strengths W as well as the distance from
the interface. The present study has been performed near the I-N phase transition
using a Landau-de Gennes mesoscopic model in terms of the tensor orientational
order parameter.

It has been shown that, in a range of wetting and dewetting surface interaction
strengths, the system exhibits two phase transitions between the I and N phases.
Therefore, in an appropriate interval of the surface wetting or dewetting interaction
strengths, wetting or dewetting phenomena can be the reason for the often observed
double peak critical anomaly in the specific heat capacity Cp temperature depen-
dence in a mixture of NPs and LCs [6]. In this case different values of h correspond
to different concentration of NPs.
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