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The complex specific heat is measured over a wide temperature range for the liquid
crystal (LC) 4-cyano-4-octylbiphenyl (8CB) and cadmium sulfate quantum dots
(QDs) composites as a function of QD concentration. The thermal scans were
performed under near-equilibrium conditions for all samples having QDs weight
percent (¢,,) from 0 to 3wt% over a wide range of temperature well above and below
the two transitions in pure 8CB. Isotropic (/) to nematic (N) and nematic to smectic-4
(Sm4) phase transitions evolve in character and their transition temperatures offset by
(~2.3 to0 2.6 K) lower for all composite samples as compared to that in pure 8CB. The
enthalpy change associated with /—N phase transitions shows slightly different
behavior on heating and cooling and it also shows crossover behavior at lower and
higher QD content. The enthalpy change associated with N—Sm4A phase transitions is
independent of QD loading and thermal treatment. Given the homogeneous and
random distribution of QD in these nanocomposites, we interpret that these results as
arising that the nematic phase imposes self-assembly on QDs to form one-dimensional
arrays leading to QDs and induces net local disordering effect in LC media.

Keywords: calorimetry; nanomaterials; liquid crystal composites; anchoring

1. Introduction

Composites of nanoparticles with complex fluids represent a unique physical system
where properties of the components only partially mix and new behavior can emerge.
Traditional composites are relatively well understood as the superposition, weighted by
volume or mass, of the component’s properties and the interfacial interactions that play a
role in holding the composite together. As the quantum dots (QDs) added enough to the
complex fluids, the surface area begins to dominate, leading to unique behavior of the
nanocomposites. The richness of the nanocomposites that can be designed by coupling
various colloids and liquid crystalline materials opens wide field of research. QDs and lig-
uid crystals (LCs) are good examples of such components.

Controlled self-assembly of semiconductor QDs holds great promise for numerous
applications, such as next-generation photonic devices, QD displays, biomedical imaging.
[1—-9] Recently, it has been demonstrated that nanomaterials such as nanotubes or nano-
rods can be organized by nematic LCs.[10—12] In this case, the anisotropic order of the
LC imparts order onto the nano-size guest particles, along the nematic director average
orientational direction of the LC molecules, for example, due to the reduction in excluded
volume.[13] Because the director can be aligned by external electric fields, the nanoscale
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assemblies of the QDs in the LC can be manipulated. Recent research shows that a smectic
LC environment allows QDs to achieve high spatial ordering into quasi-one-dimensional
arrays along the director.[14] Thus, comprehensive understanding of the interaction of
nanoparticles of CNT with an LC and the principles governing their self-assembly through
LC mediated interactions is a very important and active area of research.

LCs [15—17] are anisotropic fluids that have numerous thermodynamically stable
phases exhibiting molecular order in between an isotropic liquid and a three dimension-
ally ordered solid. It has been shown that to minimize elastic distortions in the LC,
micrometer-size spherical particles tend to be distributed into cylindrically symmetric
chain or strands along the global nematic director which is essential for minimization of
excluded volume.[13] However, it is not clear how this analysis would change or remain
valid as the spherical particles’ diameter is reduced to nanometer scales, such as QDs.
The direct first-order transition from the isotropic (/) to the smectic-4 (SmA) phase has
attracted attention in experimental [18—26] and theoretical research [27—30] as a proto-
typical symmetry breaking phase transition. High-resolution synchrotron X-ray diffrac-
tion study of the /—SmA phase transition in 10CB—aerosil showed that the transition
remains first order for all gel densities with systematic evolution of correlation length.
[23] The study of phase transition behavior of 10CB in the presence of silica aerogels
showed that the direct /—Sm4A transition occurs through the nucleation of smectic
domains.[22] The effect of pressure on the /—Sm4A phase transition was examined and
pointed out that the effect is to increase the transition temperature and to decrease the dis-
continuity of the transition.[29] The macroscopic dynamic behavior was studied in the
vicinity of the /—Sm4 transition and the dynamic equations were presented on the / and
SmA side of the phase transition incorporating the effect of an external electric field.[30]
The existence of surface-induced order was shown in the isotropic phase of 12CB, which
has the direct /—Sm4A transition, confined to anapore membranes through specific heat
and X-ray scattering studies.[18] Recently, the research has been focused on understand-
ing of the self-assembly, structures of various shapes of nanoparticles, and shape tuning
in different LC.[31—33,34—39] All the observations showed that the /—Sm4 transition is
more first-order than the very weak /—N transition indicating that the orientational order
of the SmA phase is higher than that in the nematic phase. Even though significant effort
was applied for the study of the /—Sm4 transition behavior, many problems related to
fundamentals of the transition are yet to be solved.

In this work, we study the phase transition behavior of the LC 4-cyano-4-octylbi-
phenyl (8CB) doped with cadmium sulfate QDs as a function of QD concentration. The
incorporation of QDs in 8CB reveals that mesophase transition temperatures shift down-
ward. These results suggest that the interactions between molecular structure, dipole
moment of LC, and QDs can allow random dispersion of QDs to both surface and disor-
der effects despite being randomly dispersed and without any external field.

Our presentation is organized as follows: following this introduction, Section 2 describes
the preparation of the sample and modulated differential scanning calorimetry (MDSC) pro-
cedure. Section 3 describes the calorimetric results of phase transitions in the 8CB/QD sys-
tem, and Section 4 discussion and conclusions of our work and future directions.

2. Methodology
2.1. Materials and sample preparation

The LC 8CB used for this experiment was purchased from Frinton Laboratory. The 8CB
has a molecular mass Mw = 291.44 g mol~" and a density of p;c = 0.996 g ml~"'. Pure
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8CB (2.3 nm long and 0.5 nm wide molecules) has a weakly first-order isotropic (/) to
nematic (N) phase transition at T}, ~313.98 K, with the second-order nematic to smec-
tic-4 (SmA) transition at T,(\),A ~306.97 K. The CdS QDs (UV absorption peak: 361 nm)
having a diameter of 6 nm with capping in toluene solvent dispersed were purchased
from NN-Labs. Oleic acid was used as ligand and the diameter of QDs is about 6 nm. To
reduce aggregation, a small amount of QDs with toluene were mixed in a vial. The 8CB
was added to the toluene + QD mixture to achieve the desired final weight percent ¢,, of
QDs. The mixture was then shaken using a mixer for 30 min, followed by sonication for
3 hours to facilitate dispersion. Finally, the toluene was evaporated slowly, and then
degassed under a modest vacuum in the isotropic phase of 8CB at ~364 K for about
2 hours. Microbalance massing of the mixture was done to ensure complete removal of
toluene before being sealed in the experimental cells. This process was repeated to pre-
pare 0 (pure 8CB), 0.3, 0.4, 0.5, 0.8, 1, 2, and 3wt% QD samples.

2.2. Modulated differential scanning calorimetry

Modulated (temperature) differential scanning calorimetry (MTDSC/MDSC) allows for
the simultaneous measurement of the evolution of both the heat flow (HF) and heat capac-
ity. It is essentially the combination of traditional ac-calorimetry with DSC. This method
allows for measuring the total HF (enthalpy) as well as its non-reversible (kinetic or imag-
inary component) and the reversible (real component) heat capacities. A detailed descrip-
tion of the MDSC method can be found elsewhere.[40—46]

MDSC experiments were performed using a Model Q200 from TA Instruments, USA.
Prior to all measurements, temperature calibration was done with a sapphire disc, under
the same experimental conditions used for all 8CB/QD samples. The analysis method
used to extract the complex specific heat is based on the linear response theory.[40] In
general, a temperature oscillation is described as T(f) = Ty 4 T t + Ay sin(wt), where T}
is the initial temperature at time ¢ = 0, T is the absolute temperature at time ¢, T is the
baseline temperature scan rate, A7 is the temperature amplitude, and o (w = 27f) is the
angular frequency of the temperature modulation. The temperature rate is also time
dependent and is given by 7'(¢) = dT/dt = Ty + A4, cos(wt), where 4, is the amplitude
of the temperature modulation rate (4g = wAT). Since the applied temperature rate con-
sists of two components, Ty the underlying rate and A, cos(wt) the periodic rate, the mea-
sured HF also can be separated into two components in response to these rates. The
periodic component can be described by Hrqg = Ayr cos(wt — ¢), where A gy is the ampli-
tude of the HF and ¢ is the phase angle between HF and temperature rate. The absolute
value of the complex specific heat is written as C; = Anr/mAq where m is the mass of
the sample. The phase angle ¢ requires a small correction (calibration) to account for
finite thermal conductivities of the sample and cell. See [46].

The real (reversible) Cp’ and imaginary (non-reversible) Czlz/ parts of the specific heat
are then given by

C, = C;Cos(qﬁ), (1
1 Qs
Cp - Cp81n(¢)7 (2)
which allow for a consistent definition of the complex specific heat. Typically, under

equilibrium conditions, C!’)’ = 0, after ¢ correction (or have a weak linear temperature
dependence remaining). The appearance of a peak-like non-zero CI’)' feature
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commensurate with a peak in the real part of the specific heat indicates that this feature
arises from a first-order transition and involves a latent heat, where the total heat capacity
is given by C = 1/Cp’2 + Cp"*. The excess specific heats were determined in order to isolate
the contribution from the various transitions. A linear baseline was used over the entire
temperature scan range in order to determine AC, = C, — Cpyseline for both the real and
imaginary components, though always exhibited a very shallow linear baseline that was
very close to zero, indicating near-equilibrium conditions for the experimental parameters
used in this work. For specific heat features that are close together in temperature, the
wing of one peak (usually the higher temperature peak) is subtracted from the lower spe-
cific heat peak in order to isolate the excess specific heat of the lower temperature transi-
tion, denoted as 8C, = AC, — Cying, Where for Cyin, We used a mimic function
(polynomial) for the underlying wing. This calculation was applied only to the real com-
ponent of the specific heat. Figure 1 illustrates this subtraction; the dashed-dot line repre-
sents the background.

The particular transition enthalpy component is simply the integration of the excess
specific heat component over a consistent temperature range, e.g. AH = AC!; dT for the
real and AH = AC;’ dT for the imaginary enthalpy. The total magnitude of the transition

enthalpy is defined as AH = \/(AH’)* + (AH")*. Finally, for the first-order transition, the
transition temperature (77y) is determined as the highest temperature of the two-phase
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Figure 1. (a) Real part of specific heat C, as a function of temperature on heating for 8CB sample.
The dashed line represents a wing subtraction and dashed-dot line represents base line subtraction.
(b) Imaginary part of specific heat AC, as a function of temperature on heating for 8CB sample.
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coexistence region indicated by the onset of non-zero values of AC;,’ . For continuous tran-
sition, the transition temperature is taken as the peak temperatures ACP’. The nematic
range is defined as ATy = Tjy — Ty and the co-existence region ATy, y , is determined
taking the difference of high-temperature and low-temperature limits of peak CZ . Quasi-
equilibrium parameters such as scan rate, temperature amplitude, and modulation time
period were determined varying their values until rate effects were minimized. However,
the final parameters only approximate equilibrium conditions.

3. Results
3.1. Overview

For pure 8CB, from the same batch used for all mixture samples, the /—N phase transition
occurs at Ty = 313.91 K while the N—Sm4A transition occurs at Ty, = 307 K, agreeing
well with the values reported in the literature.[47] In addition, the effective enthalpy
AH}, = 6.05+0.15J/g, the dispersive enthalpy AH}, = 1.33+0.05J/g, and the effec-
tive enthalpy §Hy, = 0.68 £0.03 J/g in pure 8CB, which is within 8% of the literature
value.[48] These results indicate the relative purity of the LC and used for comparison to
the LC/QD composite results. A summary of transition temperatures, the nematic temper-
ature ranges, and enthalpies for all samples on cooling and heating are given in Tables 1
and 2.

For the /—N phase transition, an expanded view of the /—N excess specific heat
ACP’ on cooling and heating are shown in Figure 2 over a temperature range 7 K about
Tpy . Here, AC, are presented in J/K/g of the sample. The ACI; peak height for cooling
and heating scans within the two-phase /4N coexistence region is rising up to ¢,, ~
0.3wt%, and then it decreases with further increasing ¢,, ~ 3wt%. The hysteresis in ACI;
is also observed in the two-phase region /+N between heating and cooling with the heat-
ing ACI; peaks are slightly higher in temperature for above ¢,, > 0.65wt% composite
samples. The ACp’ peaks for /—N phase transition in 8CB/QD composite samples at
higher QD loading are slightly broader. The AC[; and ACZ behavior are consistent on
heating and cooling, as well as being reproducible after multiple thermal cycles. The

Table 1. Summary of the calorimetric results for pure and all 8CB/QD samples on cooling. Shown
are quantum dots weight percent ¢,,, the /—N transition temperature 7y, the N—Sm4A transition tem-
perature 7y,, the nematic range ATy, the coexistence range A7y, y, the integrated enthalpy change
AH},, the imaginary enthalpy AH)y,, and the integrated enthalpy for N—Sm4 transition AHy,,. All
temperatures are in K and enthalpies are in J/g. The heating and cooling scan rate 0.5 K/min has
been used.

Pw
(Wt.%) Tiy Taa ATy ATy in AH}y, AH, AH;,

0.0 313.91 £0.16 307.00 £0.15 6.91+£0.13 1.71 £0.04 6.05+0.15 1.33 £0.15 0.68 £ 0.07
0.3 313.72 £ 0.20 306.57 £0.24 7.01 £0.12 1.75£0.05 531+ 0.20 1.35£0.20 0.76 = 0.06
0.4 313.52 £0.25 306.65+0.25 6.87+0.11 1.77£0.03 536+0.20 1.38£0.15 0.75 £ 0.07
0.5 313.50 £0.15 306.61 £0.23 6.89+0.13 1.76 £ 0.04 5.65+0.30 1.36 £0.13 0.75 £ 0.08
0.8 313.35£0.20 306.52+0.20 6.83 £0.12 1.73 £0.03 592 +0.30 1.38 £0.15 0.81 £0.06
1.0 313.02 +£0.21 306.33 £0.23 6.69+0.13 1.74 £0.05 597+ 0.10 1.36 £0.14 0.78 £ 0.07
2.0 312.61 £0.13 305.69 £0.24 6.70+0.12 1.86 £0.02 5.84 =0.20 1.40 £0.20 0.78 +0.08
3.0 310.83 £0.11 304.46 £0.22 6.37+0.11 2.22£0.03 5.61+£0.25 1.37£0.14 0.86 £ 0.07
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Table 2. Summary of the calorimetric results for pure and all 8CB/QD samples on heating. Shown
are quantum dots weight percent ¢,,, the /—N transition temperature 7;y, the N—Sm4 transition
temperature 7Ty, the nematic range AT ™, the coexistence range AT,y the integrated enthalpy
change AHj), the imaginary enthalpy AH ;y, and the integrated enthalpy for N—Sm4 transition
AH,,,. All temperatures are in K and enthalpies are in J/g. The heating and cooling scan rate 0.5 K/
min has been used.

Pw B
(Wt%) T]N TNA ATN AT1+N AHI*N AH IN AHX]A

0.0 313.90 £ 0.165 306.95+0.13 6.95+0.11 1.64 £0.05 6.07 £0.31 1.33 +£0.15 0.72 £ 0.06
0.3 313.70 £ 0.24 306.78 £ 0.24 7.01 £0.13 1.56 £0.05 6.48 £0.20 1.31 +=0.20 0.73 £ 0.07
0.4 313.73 £0.25 306.55+0.25 7.18 £0.12 1.61 £0.04 6.60 £0.30 1.324+0.14 0.72 £ 0.06
0.5 313.63 £0.23 306.58 £0.22 7.23 £0.13 1.57 £0.05 6.51 £0.35 1.354+0.13 0.73 £ 0.07
0.8 313.81 £0.20 306.58 £ 0.24 7.23 £0.13 1.67 £0.04 6.48 £0.20 1.34 +=0.14 0.71 £ 0.08
1.0 313.37+0.23 306.42+0.23 6.90 £0.11 1.54 £0.05 531 £0.25 1.33 +£0.15 0.75 £ 0.07
2.0 313.00 £0.24 306.15+0.22 6.85+0.12 1.72 £0.04 530+0.30 1.34+0.16 0.71 £ 0.06
3.0 310.23 £0.23  304.60 +0.23 6.63 £0.13 1.92 £0.07 5.01 £0.28 1.29 +0.15 0.71 £ 0.07

T
% LT
i

(J/g

AC

AT=T=T, (K)

Figure 2. Excess real specific heat AC, associated with the /—N phase transition as function of
temperature about 77y on cooling (a) and heating (b). The definition of the symbols are given in the
inset.
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Figure 3. (a) Excess real specific heat §C, associated with the N—Sm4 phase transition as function
of temperature about 7,4 on cooling. The definition of the symbols are given in the inset. (b) Excess
real specific heat §C,, associated with the N—Sm4 phase transition as function of temperature about
Tn4 on heating.

ACP’ wings above and below /--N transition matches each other that of pure 8CB and
8CB/QD composite samples on heating and cooling. The consistency of ACp’ data on
heating and cooling show that the sample does not phase separate on the macroscopic
level. However, the microscopic (nanoscopic) phase separation and diffusion of QD into
LC media may still form different configuration in N and N—Sm4A phases for higher QD
concentration.

For the N—Sm4 phase transition, the excess specific heat SCP’ vs. temperature about
Tn4 on cooling and heating as a function of temperature is shown in Figure 3 for pure
8CB and 8CB/QD composite samples. For all samples, the N—Sm4 phase transition does
not exhibit any feature in the imaginary specific heat, indicating an apparent absence of
latent heat and a likely continuous transition. The SCI; of N—Sm4 phase transition shows
a lower wing on the Sm4 side for 8CB/QD composite samples compared to pure 8CB.
The SCP’ of the N—Sm4 transition of all composite samples overlay each other for all ¢,,
and pure 8CB on the Sm4 side where they are systematically above that of pure 8CB on
the nematic side of the transition. Given no strong change in the SCI; behavior as a func-
tion of ¢,,, no power law fits were attempted.

3.2. Phase diagram

The /—N and N—Sm4 phase transition temperature as the function of ¢,, are shown in
Figure 4 on heating and cooling scans. The /—N phase transition temperature 7y is
defined as the temperature of C, inflection point on the high-temperature side of the C,
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Figure 4. The /—N phase transition temperatures 7y [left axis: heating (0) and cooling (®)] and
1—SmA phase transition temperature Ty, [right axis: heating (O) and cooling (®)] as a function of
¢w- Lines are guides for the eye.

peak.[48] Here, T;y represents the lowest stable temperature of the isotropic phase. The
N--Sm4 phase transition temperature Ty is taken as C, peak temperature. The Ty and
T'n,4 suppresses 2.67 and 2.35 K, respectively, with loading of QDs. Because of the uncer-
tainty in the homogeneity of the 8CB/QD composite samples, the small noise appeared in
the transition temperatures can be related to perfect mixing of 8CB/QD samples. The
nematic temperature range, ATy slightly increases on heating up to 0.65wt% QDs then
decreases by 0.5 K with increasing ¢,, as shown in Figure 5 (a) and the nematic range
ATy decreases on cooling with increasing ¢,,. The AT, y coexistence region is constant
up to 0.65wt% QDs loading and then increases with higher loading of QDs on heating
and cooling as shown in Figure 5 (b). The AT;  y increases 1 K on cooling and 0.5 K on
heating as the function of QDs loading. For concentration ¢,, <.65wt%, /—N and N--Sm4
move together and no change in coexistence range, for ¢,, > 0.65wt%, /—N transition
temperature decreases faster than N—SmA phase and coexistence region widens with
increasing ¢,,.

3.3. TheI—-N and N—SmA phase transition enthalpy

The effective /—N transition enthalpy §H; was obtained by integrating AC,, from 290 to
330 K for pure 8CB and 8CB/QD composite samples then subtracting the N—Sm4A transi-
tion enthalpy. See Figure 1.

The resulting §H}y, and 8Hjy, for the heating and cooling scans as the function of ¢,
for pure 8CB and 8CB/QD composite samples are shown in Figure 6 (a). The N—SmA
transition enthalpy for heating and cooling as the function of pure 8CB and 8CB/QD com-
posite samples are shown in Figure 6(b). The transition enthalpies 8H,, of the /—N phase
for 8CB/QD composite samples show crossover behavior on heating and cooling at
0.65wt% QDs loading. There is a slight hysteresis observed between cooling and heating.
The imaginary part of enthalpy 8H, on heating and cooling is constant within the experi-
mental uncertainties as the function of ¢,,, which indicates latent heat is constant as the
function of ¢,, as shown in Figure 6(a). The transition enthalpy of N—SmA phase
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Figure 5. (a) The nematic range on heating (0) and cooling (@) as a function of ¢,,. (b) The I+N
coexistence region on heating (0) and cooling (®) as a function of ¢,,. Lines are guides for the eye.

transition §Hy, is also constant within the experimental uncertainties as the function of
¢,,» which means smectic fluctuations remain constant as shown in Figure 6(b).

4. Discussion and conclusions

Suspending colloidal particles in LCs can be carried out with the aim of making new mate-
rials which exhibit new physical properties. In this section, we briefly review some of
recent work done on colloidal self-assemblies in LCs and connect our work with recent
studies. Using three-dimensional numerical modeling, the self-assembly of triangular,
square and pentagonal sub-micrometer sized platelets was studied in a thin layer of nematic
LC.[32] The inter-particle potential depends in a complex way on the orientation of the par-
ticle and the particles form linear chains at higher concentration to minimize their free
energy. A theory has not yet developed to study such nano-size particles and the behavior
of nanoparticle interactions depends on the nature of the LC, the anchoring conditions and
the particle size. Exploring the re-orientations and interactions potential between nano-sized
particles will be interesting in nanoscale photonics applications. In this study, we proposed
a physical model to explain experimental results as shown in Figure 7.

The key observations of the /—-N C, peak change with loading of QDs whereas the
N—SmA phase C,, peak remains the same. There is a crossover behavior observed at
0.65wt% QD loading and for ¢,, > 0.65wt% QD loading, all transition temperatures
decrease with increasing ¢,,. Since only ¢,, changes, these effects may be coming from
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imaginary enthalpy §H [right axis: heating (O and cooling (®)] as the function of ¢,,. (b) The inte-
grated 8C, N—Sm4 enthalpy H" on heating (0) and cooling (@) as the function of ¢,,. Lines are
guides for the eye.
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Figure 7. The QD configuration in LC media at higher QD concentration in N phase (top panel)
and the QD configuration in LC media at higher QD concentration in Sm4 phase (bottom panel).
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QD arrangements below and above 0.65wt% loading. The arrangement of QDs may be
different in both N and SmA phases. Considering the spherical symmetry of the QDs, for
the dilute regime, the QDs are likely to be independent (dilute ideal gas). For higher load-
ing of ¢,,, QDs are more likely to form groups. The free energy is minimum when dealing
with spherical particles in uniaxial phase and forms a ‘pearl-necklace’ chain of QDs. This
arrangement more closely matched the symmetry of the nematic phase. This effect is
essentially independent of surface anchoring of the director 7, but it is most likely radial.
However Sm4 is not coupled. In the cooling process, the system moves from disorder
state to order state, QDs form highly anisotropic structures along nematic director and
nematic range is decreased for ¢,, > 0.65wt%. In SmA phase, the size of QDs is much
larger than the nematic layer and QDs do not pin the molecule. As a result, the SmA phase
remains bulk-like. On heating, the Sm4—N and N—I phase transition temperatures are
higher than cooling transition temperatures and the /—N phase transition temperatures
decrease faster than for the N—Sm4A phase. This leads to the two-phase coexistence range
increases for ¢,, > 0.65wt%. The QDs form a ‘pearl-necklace’ chain configuration for ¢,,
> 0.65wt% due to minimization of their free energy as shown in the top panel of Figure 7.
The effect of QDs on SmA phase remains same due to the size of QDs larger than the
nematic layer shown in the bottom panel of Figure 7. This leads to the effective transition
enthalpy for N—Sm4A phase remaining bulk-like in its behavior. On cooling at low ¢,,, the
N nucleates in between QDs and hence coexistence range shifts to minimum free energy
state. At higher ¢,,, QDs do not move away due to the pinning of QDs as chains and as a
result enthalpy §H becomes stabilized. On heating, at lower loading of QDs, the N phase
remains at minimum free energy state with QDs’ stable positions and hence the melting
process behaves as bulk-like. At higher ¢,,, QD chains stabilize the N phase to para-
nematic phase and hence the transition enthalpy reduces to / phase. As a result, the
nematic phase imposes self-assembly on QDs to form one-dimensional arrays leading to
QDs and induces net local disordering effect in LC media.

We have presented a detailed calorimetric study on the effect of sphere-like particles
with QDs on phase transitions of the 8CB/QD nanocomposites as a function of QD load-
ing. The complex specific heat was measured over a wide range of temperature for 8CB/
QD composites as a function of QD concentration. The thermal scans were performed
under near-equilibrium conditions between 290 and 330 K, first cooling followed by heat-
ing scans, for concentration of QDs ¢,, ranging from 0 to 3wt%. The /—N phase transition
temperature 2.67 K and N—Sm4 phase transition temperature 2.35 K suppress for compos-
ite samples compared to the pure 8CB. The enthalpy change associated with /—N phase
transitions shows slightly differently on heating and cooling and it also shows crossover
behavior at lower and higher QD content. The enthalpy change associated with N—Sm4
phase transitions is independent of the QD concentration and thermal treatment. The order
of the transition remains the same, with the /—N weakly first-order and the N—SmA sec-
ond-order. The behavior of QDs depends sensitively on the nature of the LC, the anchoring
conditions and the QD size. The results clearly demonstrate that the nematic phase
imposes self-assembly on QDs to form one-dimensional arrays leading to QDs and induces
net local disordering effect in LC media. Continued experimental efforts probing the
homogeneity of the sample, frequency-dependent dynamics and elastic behavior via light
scattering of the homogeneous sample as a function of CNT concentration and temperature
would be particularly important and interesting in photonic applications.
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