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EFFECT OF MWCNT DOPING ON THE TNI TRANSITION 
TEMPERATURES AND EMISSION BEHAVIOR OF A NON-

MESOGENIC LUMINESCENT PLATINUM(II) COMPLEX IN 
NEMATIC LIQUID CRYSTAL 5CB 

Bianca NEAGǍ1, Monica ILIŞ2, Cristina CIRTOAJE3, Octavian DANILǍ4,                 
Doina MǍNǍILǍ-MAXIMEAN5,6, Viorel CÎRCU7* 

5CB liquid crystal and multiwalled carbon nanotubes (5CB-MWCNTs) 
composites doped with luminescent platinum(II) complex were investigated by 
means of differential scanning calorimetry (DSC), polarizing optical microscopy 
(POM), emission spectroscopy and optical transmission. MWCNTs have no effect on 
the photoluminescence spectra of the platinum(II) complex. The nematic to isotropic 
phase transition was detected for all composites using the techniques mentioned. It 
was found that the values of TNI obtained for the doped samples with platinum(II) 
complex by emission and optical transmission measurements in planar orientation 
agree well with those obtained by DSC. The low value of the order parameter for the 
platinum(II) complex in 5CB (S=0.08) is most likely the result of an alignment 
mismatch between the molecules of the complex and 5CB. 
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1. Introduction 

Liquid crystals (LCs) are a highly adaptable category of smart materials that 
possess remarkable optical, electrical, mechanical, and biological characteristics. 
They also exhibit responsiveness to multiple stimuli, making them well-suited for 
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a wide variety of applications. [1] The distinct characteristics are directly 
associated with the specific arrangement in various liquid crystalline phases 
(mesophases). The properties of LCs can be significantly enhanced through their 
incorporation with other materials. [2-4] 
Novel electro-optical and physico-chemical properties for systems based on LCs 
can be obtained by doping various nanoparticles, polymers, quantum dots, dyes, 
as well as organic or inorganic compounds mostly into the nematic liquid crystals. 
The resulting composite materials may exhibit distinct properties compared to 
pure LCs. Among the different nanoparticles used for doping LCs, carbon 
nanotubes (CNTs) dispersed in LCs are the most studied class of composite 
materials. [5, 6] Both single-walled CNTs (SWCNTs) and multi-walled CNTs 
(MWCNTs) have been widely used to prepare composite materials taking 
advantage of their interesting properties such as high electrical and thermal 
conductivities or high tensile strength. In this way, LCs doped with small amounts 
of CNTs can substantially modify their electrical and optical properties. The 
integration of SWCNTs and MWCNTs in nematic and other types of liquid 
crystals as well as the effects of alignment and supramolecular organization 
resulting from orientational coupling between CNTs and the LC matrix were 
recently reviewed.[7-9] 

Moreover, various host-guest systems can be obtained by dispersing 
organic or metal complexes [10, 11] as dopants in liquid crystalline matrix with a 
significant impact on their phase transition temperatures, dielectric behavior, 
order parameter and photophysical properties.[12, 13] Non-mesogenic metal 
complexes have been utilized as dopants in LCs with the aim to transfer chirality 
to the nematic phase [14-17] or to investigate the resulting linearly [18] or 
circularly polarized emission [19] as well as the changes in the electrical or 
dielectric properties of the composite materials.  

4’-pentyl-4-biphenylcarbonitrile (5CB) is a nematic liquid crystal at 
ambient temperature and largely explored as a liquid crystalline host to study the 
effect of intermolecular interactions, ranging from dipole-dipole interactions, π-π 
stacking, hydrogen-bonding or aggregation with different doping materials. For 
example, Mashke et al. studied the effect of doping 5CB with n-dodecyl-2-
hydroxy-1-naphthaldimine and other salen Schiff base derivatives and their 
nickel(II) and iron(III) complexes on the nematic to isotropic transition 
temperature by differential scanning calorimetry (DSC), polarized optical 
microscopy (POM) and UV-visible spectroscopy, evidencing significant changes 
in the thermal behavior and orientational order parameters.[20, 21] 

By doping derivatives of benzoic acids into 5CB liquid crystals, the 
temperature range at which the liquid crystals exhibit nematic behavior is 
expanded. This indicates that adding a dopant can result in a more stable liquid 
crystalline material with an enhanced range of temperatures in which it can 
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operate effectively [22]. The nature and concentration of organic or CNTs dopants 
can also impact the dielectric parameters of 5CB.[23, 24] The interaction of 
MWCNTs with 5CB was examined by Peterson et al. [25] using dielectric 
relaxation spectroscopy. At lower frequencies, the MWCNTs undergo 
reorientation in conjunction with the 5CB molecules, whereas higher frequencies 
restrict the reorientation of MWCNTs.  

Luminescent materials that exhibit linearly polarized emission can be also 
prepared by doping metal complexes into liquid crystals [26] as an alternative to 
luminescent metallomesogens (liquid crystals based on metal complexes). [27-31] 
In this study, we took advantage of the excellent emission properties of the 
platinum(II) complex (Scheme1) as well as its good miscibility with the 5CB host. 
The nematic to isotropic phase transition in 5CB-MWCNTs-Pt complex 
composites was investigated by DSC, POM, emission spectroscopy and optical 
transmission measurements. 

2. Experimental 

The samples were prepared by mixing 5CB nematic LC with MWCNTs 
with the average length of 10 μm inner diameter of 2b = 4.5 nm and the outer 
diameter 2a = 10 nm. The nanotubes were dispersed in toluene and sonicated for 
several hours until a good dispersion was obtained. The solution was mixed with 
5CB and placed in a laboratory clean room to evaporate the toluene. The mixture 
was weighed daily until the weight was constant and the evaporation process was 
finished. The resulted nanotubes concentrations were 0.07 wt%, 0.16%, 0.26% 
and 0.61 wt%. The 5CB-MWCNT mixtures with various concentrations were 
doped with 2 wt% Pt complex by mixing the appropriate amounts in 
dichloromethane (DCM) and ultrasonicated for 30 min. The Pt complex was 
prepared according to the procedure reported elsewhere and is easily soluble in 
DCM (Scheme 1).[32] The remaining solvent was removed by heating the 
samples at 50oC until constant weight. 

For the measurement of the emission and optical transmission in planar 
orientation, the prepared mixtures were used to fill 15 μm thick planar aligned 
cells (Instec). 

Differential scanning calorimetry (DSC) experiments were undertaken 
using a Diamond DSC calorimeter (Perkin Elmer) equipped with Intracooler 1P 
(Perkin Elmer), and dry nitrogen gas was used for purging the sample (20mlmin-

1). The heating and cooling rates were 5oCmin-1 unless indicated otherwise. 
Samples in the range of 5–10 mg were sealed in aluminium pans. DSC 
experiments were performed in the temperature range 20–45oC to determine the 
nematic to isotropic transitions of neat 5CB and of its blends with MWCNTs as 
well as with the platinum(II) complex. 
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Scheme 1. Chemical structure of platinum(II) complex and 5CB used in the present study. 

 
For the optical microscopy experiment (POM), a Nikon 50 iPOL 

microscope with polarized light was utilized. 100X or 200X magnifications were 
employed and digital pictures were acquired using a digital camera (DS-Fi1, 
Nikon) and NIS Elements software. A sample hot stage (Linkam Scientific 
Instruments, Model THMS600) connected to a programmable temperature 
controller (Linkam, Model TMS94) was employed for temperature variable 
measurements. Untreated glass slides were used for POM observations. POM 
textures were captured when cooling the isotropic liquid samples (~40oC) down to 
room temperature at a ramp rate of 2°Cmin-1. The photoluminescence spectra 
were recorded for the samples sandwiched between two glass slides, with the 
OceanOptics QE65PRO spectrometer attached to the polarizing optical 
microscope and using a Nikon Intensilight excitation source and UV-2A filter 
(excitation range 330-380 nm). The same setup was utilized to capture POM 
picture with UV light irradiation. [33] 

 

3. Results and Discussion 

3.1. Investigation of the nematic to isotropic phase transition of 5CB and 
5CB-MWCNTs composites doped with platinum(II) complex by POM and 
DSC 

The textures of 5CB using a polarising optical microscope were seen and 
found to be consistent with previous findings. The platinum(II) complex was 
mixed with 5CB at 2 wt% concentration to achieve highly emissive dye-doped 
LCs. Higher concentration of platinum(II) complex above 2% in 5CB resulted in 
the formation of aggregates visualized by POM and upon irradiation with UV 
light. The POM images of 5CB-MWCNTs composites doped with 2 wt% Pt all 
displayed typical nematic optical textures (Figure 1). Moreover, the irradiation 
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with UV light confirmed the good miscibility of platinum(II) complex in 5CB 
without forming any aggregates of carbon nanotubes. 
 
 

 
 

Fig. 1. POM pictures in normal light and with UV irradiation (365 nm) of composite materials. 
 

 

Fig. 2. POM picture of planar cell filled with 5CB+2%Pt composite material in normal light and 
under UV irradiation (365 nm). 

 
The temperature range at which the 5CB liquid crystal exhibits nematic 

phase is from 24 °C to 35 °C. The phase transition temperatures of pure 5CB were 
analyzed by DSC and POM and compared to the existing literature. The transition 
temperatures of the nematic liquid crystal 5CB and the effect of the concentration 
of CNTs in dispersions of 5CB have been extensively investigated by DSC and 
several other techniques, including dielectric spectroscopy, UV-visible 
spectroscopy, etc. For example, Verma et al.[34, 35] found that the isotropic to 
nematic transition temperature of 5CB (35.1oC) decreases with the increase of the 
concentration of SWCNTs for 0.02 wt% (33.4oC) and 0.05wt% (32oC) SWCNTs 
when measured by dielectric spectroscopy. The same blends when measured by 
DSC gave the following transition temperature for nematic to isotropic: 34.5oC 
(5CB), 33.6oC (5CB+SWCNTs 0.02 wt%) and 33.4oC (5CB+SWCNTs 0.05 
wt%), evidencing the decrease of the clearing temperatures as a result of doping 
with SWCNTs. 
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Ibramigov et al. [36] reported that at higher concentration of SWCNTs 
(0.5 wt%), the clearing temperature of composite material has increased to 37.1oC 
from 35.2oC for pure 5CB when measured by POM and dielectric spectroscopy, 
due to an increase in the order parameter of 5CB as a result of parallel orientation 
of SWCNTs to the LC director. 

Lebovka et al. [37] investigated the impact of MWCNTs on low-
temperature phase transformations in 5CB by DSC with no particular focus on the 
isotropization temperature. The nematic to isotropic transitions were observed at 
temperatures around 35.4oC. While the DSC peaks were found to be narrow in the 
absence and low concentration of MWCNTs (0.1%), at higher concentration (1%) 
these were broader, with no discussion related to changes of TNI.  

Figure 3a shows the DSC themograms obtained for the second heating 
cycle for 5CB and 5CB-MWCNTs samples with the scanning rate of 5oCmin-1. 
DSC traces of these samples exhibited a single peak, attributed to the nematic to 
isotropic transition, in the temperature range from 25 to 45 °C. In these 
experimental conditions, the nematic to isotropic transition for pure 5CB was 
found at 35.05 oC (Table 1). The samples with 0.07, 0.16, 0.26 and 0.61 wt% 
MWCNTs show TNI at 35.75, 35.58, 35.55 and 35.48 oC, respectively (Table 1). 
The TNI was enhanced by incorporation of MWCNTs in 5CB for all samples and 
the largest shift of 0.70 oC was observed at lowest concentration (0.07 wt%). 
However, increasing the concentration of CNTs in 5CB leads to a slight reduction 
of the difference between the TNI recorded for 5CB and 5CB-MWCNTs samples. 
The observed enhancement of TNI appears to be influenced by the anisotropic 
alignment of liquid crystal molecules on MWCNTs, as it has been established in 
literature.[38]  
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Fig. 3. Effect of MWCNTs concentration on the nematic to isotropic transition temperature of 5CB 

(a) and its composites with platinum(II) complex (b). 
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The parallel orientation of MWCNTs to the nematic director leads to 
higher order parameter and, consequently, to increased clearing points. Similar 
results were found for dispersions of MWCNTs in nematic E7, a commercial 
mixture of 5CB, 7CB, 8OCB and 5CT.  

The phase diagram of E7-MWCNTs dispersion based on POM 
observations and DSC measurements, revealed a significant enhancement of TNI 
in a very narrow range of concentrations of MWCNTs (0.1-0.2 wt%) and a rapid 
decline of TNI at higher values (0.3-~1 wt%).[39] 

 
Table 1 

Transition temperatures for 5CB and its composites with MWCNTs and platinum(II) 
complexes, obtained by DSC (second heating run, Tpeak) 

_____________________________________________________________ 
Sample     TN-I(oC)  ∆T(oC) 
______________________________________________________________ 
5CB      35.05   0 
5CB+0.07%MWCNT    35.75   0.70 
5CB+0.16%MWCNT    35.58   0.53 
5CB+0.26%MWCNT    35.55   0.50 
5CB+0.61%MWCNT    35.48   0.43 
5CB+2%Pt     34.87   -0.18 
5CB+2%Pt+0.07%MWCNT   33.89   -1.16 
5CB+2%Pt+0.16%MWCNT   34.63   -0.42 
5CB+2%Pt+0.26%MWCNT   34.59   -0.46 
5CB+2%Pt+0.61%MWCNT   34.29   -.076 
__________________________________________________________________ 

When 5CB was doped with 2 wt% Pt complex, a slight decrease of TNI 
was observed by DSC, from 35.05 oC for pure 5CB to 34.87 oC, respectively. The 
size and the molecular geometry of the platinum(II) complex as well as the 
possible interactions of 5CB molecules via the cyano groups with the metal center 
in axial positions rendered the order degree to decline compared to pure 5CB. 
Interestingly, the incorporation of MWCNTs lead to further decrease of TNI with 
the highest difference observed for the sample doped with the lowest amount of 
carbon nanotubes (5CB+2%Pt+0.07%MWCNTs). The values of TNI recorded for 
the other samples doped with the platinum(II) complex followed the same trend as 
observed for the 5CB-MWCNTs composites. 
 
3.2. Investigation of the nematic to isotropic phase transition of doped 5CB 
by using emission spectroscopy and optical transmission measurements 
 

Additionally, the investigation of the phase transition in 5CB doped with 2 
wt% platinum complex sample (5CB+2%Pt) was undertaken by measuring the 
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emission intensity and optical transmission in a planar cell. The emission spectra 
were measured in the 25-50 oC temperature range with steps of 0.5oC. In 5CB, the 
platinum(II) complex display significant emission that is red-shifted in solid-state 
due to the polarity of the 5CB solute. The emission band of platinum(II) complex 
dissolved in 5CB has characteristic vibronic structure with maxima around 535 
and 575 nm and a shoulder at about 630 nm. The same features were preserved in 
the 5CB doped with MWCNTs composites (Figure 4), suggesting the absence of 
any interactions of platinum(II) complex with the carbon nanotubes. Figure 5a 
presents the variation of emission intensity measured at 535 nm as a function of 
temperature while figure 5b shows the emission spectra of 5CB+2%Pt sample 
recorded in the 25-50 oC temperature range when measured in the planar cell. No 
shift of the emission was detected on heating the sample. However, the emission 
intensity values decrease with increasing the temperature since the emission of 
platinum(II) complex is quenched at higher temperature due to a non-radiative 
deactivation process. An abrupt change in intensity was seen near the transition 
from the nematic phase to the isotropic phase. The TNI measured at the inflexion 
point is about 34.6 oC that is close to 34.87 oC value recorded by DSC technique. 
 

 

450 500 550 600 650 700 750
0.0

0.2

0.4

0.6

0.8

1.0

No
rm

al
ize

d 
in

te
ns

ity

Wavelength (nm)

 5CB+2%Pt
 5CB+2%Pt+0.07%MWCNTs
 5CB+2%Pt+0.16%MWCNTs
 5CB+2%Pt+0.26%MWCNTs
 5CB+2%Pt+0.61%MWCNTs
 Pt solid statesolid state

in 5CB

 
Fig. 4. Emission spectra of platinum(II) complex in solid state, 5CB and 5CB doped with 

MWCNTs. 
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(a)                                                                                 (b) 

Fig. 5. Emission intensity vs temperature (a) and corresponding photoluminescence spectra (b) for 
5CB+2%Pt sample measured in a planar cell. 
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Fig. 6. Optical transmission vs temperature for 5CB+2%Pt sample measured in a planar cell with 
crossed polarizers. 

 
The nematic to isotropic was also detected by measuring the optical 

transmission of a planar cell filled with the 5CB+2%Pt sample, within a 
temperature range of 22-50 oC. Figure 6 depicts the relationship between 
temperature and optical transmission. As previously found for the emission 
intensity, a sudden decrease in optical transmission was observed in the vicinity of 
the nematic phase to isotropic transition. The TNI value taken at the inflection 
point of the curve is ~ 34 0C which is slightly lower that the value detected by 
DSC and could be accounted to different heating rates used for the two 
experiments, 2 oCmin-1 for optical transmission and 5 oCmin-1 for DSC. 
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3.3. Emission anisotropy and order parameter for 5CB-Pt binary mixture 

 
5CB is a nematic liquid crystal and, therefore, its rod-like molecules tend 

to align in a parallel manner, resulting in a significant orientational order over a 
large distance. The average orientation of the molecular long axes can be 
represented by a unit vector known as the director. However, the thermal 
fluctuations can induce significant deviations of individual molecules from the 
director. The degree of orientational order can be described by employing the 
order parameter S, which is defined in the following equation: 

S= ½<3cos2θ-1> 
where θ is the angle between the director and the long axis of the molecule. The 
order parameter of 5CB is 0.67, the reason why it can generate highly molecular 
dipole orientation and currently used to provide polarized light emission of 
various dyes dissolved in the LC matrix. [40, 41] 

The emission anisotropy of the 5CB+2%Pt sample was recorded in a 
planar cell upon irradiation with unpolarized UV light. The emission spectra were 
measured after inserting a linear polarizer (analyzer) between the sample and the 
detector. Figure 7a shows the dependence of the emission polarization on the 
angle of the analyzer relative to the director of aligned LC. Figure 7b presents the 
steady-state photoluminescence spectra in the direction parallel (θ=0o) and 
perpendicular (θ=90o) to the director. Based on the analysis of Figure 7, it was 
seen that the two photoluminescence spectra have nearly identical shapes, 
regardless of the orientation of the analyzer. The dichroic ratio, denoted as P 
(P=III/I┴)[40], was estimated as 1.25 by integrating the emission intensity 
throughout a wavelength range of 400-700 nm. By using the following 
relationship S=(P-1)/(P+2), the order parameter could be estimated as S=0.08. The 
value of order parameter for platinum(II) complex is very low compared to the 
values reported for other luminescent dyes doped in 5CB due to a large mismatch 
between the orientational orders of 5CB and platinum(II) complex suggesting a 
little parallel alignment of the platinum(II) dopant with the host molecules.  This 
behavior could be explained by the large difference in size, molecular shape and 
polarity between the platinum(II) complex and 5CB. Obviously, the metal 
complex molecules do not prefer to align along the liquid crystal director given 
the square-planar geometry of the platinum(II) complex and  the possible 
interactions of 5CB with the metal center. However, this behavior deserves a more 
comprehensive investigation in a subsequent study. 
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Fig. 7. Modulation of the emission intensity at 575 nm (a) and the photoluminescence spectra (b) 
for 5CB+2%Pt with an analyzer angle from 0° (parallel to the LC director) to 90° (perpendicular to 

the LC director). 
 

 

6. Conclusions 

The effect of MWCNT concentration on the nematic to isotropic transition of 5CB 
and the emission of a Pt complex doped in 5CB were investigated and compared 
in this study. For this purpose, 5CB+2%Pt, 5CB+2%Pt+0.07% MWCNTs, 
5CB+2%Pt+0.16% MWCNTs, 5CB+2%Pt+0.26% MWCNTs and 
5CB+2%Pt+0.61% MWCNTs samples were prepared. According to POM images 
and emission measurements, all samples were observed to have the platinum(II) 
complex homogeneously dispersed in the LC matrix. The photoluminescence 
spectra do not exhibit any change due to the presence of MWCNTs in the 
samples. The nematic to isotropic phase transition was investigated by means of 
DSC, POM, emission spectroscopy and measurements of optical transmission in 
planar aligned cell. The values of TNI obtained for Pt doped samples by emission 
and optical transmission measurements agree well with those obtained by DSC. 

R E F E R E N C E S 

[1]. D. Mănăilă-Maximean, V. Cîrcu, On liquid crystals and liquid crystal dispersions, Ann. Acad. 
Rom. Sci., Ser. Phys. Chem., 2022, 7(1), pp. 88-98.  

[2]. D. Mănăilă-Maximean, C. Cîrtoaje, O. Dănilă, D. Donescu, Novel colloidal system: 
Magnetite-polymer particles/lyotropic liquid crystal under magnetic field, J. Magn. Magn. 
Mater., 2017, 438, pp.132-137. 

[3]. E. Petrescu, C. Cirtoaje, O. Danila, O., Dynamic behavior of nematic liquid crystal mixtures 
with quantum dots in electric fields, Beilstein J. Nanotechnol., 2018, 9(1), pp. 399-406. 



164            B. Neagǎ, M. Iliş , C. Cârtoaje , O. Dǎnilǎ, D. Mǎnǎilǎ-Maximean , V. Cîrcu 

[4]. C. P. Ganea, V. Cîrcu, D. Manaila-Maximean, Effect of titanium oxide nanoparticles on the 
dielectric properties and ionic conductivity of a new smectic bis-imidazolium salt with 
dodecyl sulfate anion and cyanobiphenyl mesogenic groups, J. Mol. Liq., 2020, 317, pp. 
113939. 

[5]. D. Manaila-Maximean, V. Cîrcu, C. P. Ganea, Dielectric properties of a bisimidazolium salt 
with dodecyl sulfate anion doped with carbon nanotubes. Beilstein J. Nanotechnol., 2018, 
9(1), pp. 164-174. 

[6]. E. Petrescu, C. Cirtoaje, C., Electric Properties of Multiwalled Carbon Nanotubes Dispersed 
in Liquid Crystals and Their Influence on Freedericksz Transitions, Nanomaterials, 2022, 
12(7),  1119. 

[7]. L. Lisetski, L. Bulavin, N. Lebovka, Effects of Dispersed Carbon Nanotubes and Emerging 
Supramolecular Structures on Phase Transitions in Liquid Crystals: Physico-Chemical 
Aspects, Liquids, 2023; 3(2), pp. 246-277. https://doi.org/10.3390/liquids3020017 

[8]. S. P. Yadav, S. Singh, Carbon nanotube dispersion in nematic liquid crystals: An overview, 
Prog. Mater. Sci., 2016, 80, pp. 38–76. 

[9]. M. Rahman, W. Lee, Scientific duo of carbon nanotubes and nematic liquid crystals, J. Phys. 
D: Appl. Phys., 2009, 42, 063001. 

[10]. E. Orhan, M. Gökçen, O. Köysal, Performance analysis and negative dielectric anisotropy 
behavior of nematic liquid crystal doped with newly synthesized 1-(p-chlorobenzyl)-5-
nitrobenzimidazole cobalt complex, Synth. Met., 2018, 240, pp. 8-14. 

[11]. M. Yıldırım, O. Koysal, G. Önsal, E. Gümüş, Effect of iron phthalocyanine (FePc) 
concentration on electrical and dielectric properties of the nematic liquid crystal 
composites, J. Mol. Liq., 2016, 223, pp. 868-872. 

[12]. D. Manaila-Maximean, M. Ilis, P. C. Ganea, M. Micutz, C. Boscornea, V. Cîrcu, Dielectric 
characterization of polymer dispersed liquid crystal film with chitosan biopolymer, J. Mol. 
Liq., 2024, 393, 123552. 

[13]. C. Rosu, D. Manaila-Maximean, D. Donescu, S. Frunza, A. R. Sterian, Influence of 
polarizing electric fields on the electrical and optical properties of polymer–clay composite 
system, Mod. Phys. Lett. B, 2010, 24, pp. 65-73. 

[14]. J. Yoshida, S. Tamura, K. Hoshino, H. Yuge, H. Sato, A. Yamazaki, S. Yoneda, G. Watanabe, 
Comprehensive Understanding of Host- and Guest-Dependent Helix Inversion in Chiral 
Nematic Liquid Crystals: Experimental and Molecular Dynamics Simulation Study, J. 
Phys. Chem. B, 2018, 122, 46, 10615–10626. 

[15]. G. Watanabe, J. Yoshida, Molecular Dynamics Approach for Predicting Helical Twisting 
Powers of Metal Complex Dopants in Nematic Solvents, J. Phys. Chem. B, 2016, 120, 27, 
pp. 6858–6864. 

[16]. T. Taniguchi, K. Monde, S.-I. Nishimura, J. Yoshida, H. Sato, A. Yamagishi, Rewinding of 
helical systems by use of Cr(III) complex as a photoresponsive chiral dopant, Mol. Cryst. 
Liq. Cryst., 2006, 460, pp. 107–116. 

[17]. H. Sato, F. Sato, A. Yamagishi, Rewritable optical memory in liquid crystals containing 
photo-epimerizing Cr(III) complexes., Chem. Commun., 2013, 49, pp. 4773–4775. 

[18]. K. Driesen, C. Vaes, T. Cardinaels, K. Goossens, C. Görller-Walrand, K. Binnemans, 
Polarized Luminescence of Non-mesogenic Europium(III) Complexes Doped into a 
Nematic Liquid Crystal, J. Phys. Chem. B, 2009, 113, 31, pp. 10575–10579. 

[19]. A. Bobrovsky, M. Kozlov, V. Utochnikova, Eu-doped cholesteric mixtures with a highly 
thermosensitive circular polarization of luminescence, J. Mol. Liq., 2021, 341, 117431. 

[20]. A. Bendahoua, Z. Khoubaa, T. Benabdallah, U. Maschke, Liq. Cryst., 2018, 45, pp.1312-
1323, https://doi.org/10.1080/02678292.2018.1435827 



MWCNTS doping on the TNI and emission of luminescent platinum (II) complex in liquid crystal  165 

[21]. F. Achache, Z. Khouba, T. Benabdallah, U. Mashcke,  M. H. Youcef, Phase transition 
behavior of pentylcyanobiphenyl liquid crystal containing n-dodecyl-2-hydroxy-1-
naphthaldimine, J. Dispers. Sci. Technol., 2024, 45, pp. 538 – 547. 

[22]. S. Al-Zangana, Enhancement of electro-optical properties and phase transition temperature of 
thermotropic liquid crystal 5CB by doping with 4-n-pentylbenzoic acid, Liq. Cryst., 2023, 
50, pp. 1715 – 1724. https://doi.org/10.1080/02678292.2023.2203102 

[23]. N. Y. Canli, Z. G. Özdemir, M. Okutan, D. Güzeller, H. Ocan, B. B. Eran, Dielectric 
Properties of 4-Cyano-4'-pentylbiphenyl (5CB): 4-[4-(S)-2-
Methylbutoxybenzoyloxy]benzoic Acid (BAC) Composite, Mol. Cryst. Liq. Cryst., 2015, 
623, pp. 17 -30. 

[24]. N. Y. Canli, D. Ozukanar, D. Vardar, P. Kavak, A. A. Bozkurt, H. Ocak, B. B. Eran, 
Determination of dielectric properties of 5CB nematic liquid crystal doped with new chiral 
calamitic compounds, J. Mater. Sci. Mater. Electron., 2023, 34, 1304. 

[25]. M.S.E. Peterson, G. Georgiev, T.J. Atherton, P. Cebe, Dielectric analysis of the interaction of 
nematic liquid crystals with carbon nanotubes, Liq. Cryst., 2018, 45, pp. 450-458, 
10.1080/02678292.2017.1346212. 

[26]. Y. Wang, J. Shi, J. Chen, W. Zhu, E. Baranoff,  Recent progress in luminescent liquid crystal 
materials: design, properties and application for linearly polarised emission,  J. Mater. 
Chem. C, 2015, 3, pp. 7993-8005.   

[27]. T. A. Ilincă, L. F. Chiriac, M. Ilis, D. Manaila-Maximean, P. C. Ganea, I. Pasuk, V. Circu, 
Effect of disubstitution pattern of the terminal alkyl chains on the mesophase of liquid 
crystals based on lanthanide (III) complexes: A study of the thermal, emission and 
dielectric behavior, J. Mol. Liq., 2022, 360, 119425. 

[28]. F. L. Chiriac, M. Iliş, A. Madalan, D. Manaila-Maximean, M. Secu, V. Cîrcu, Thermal and 
emission properties of a series of Lanthanides Complexes with N-Biphenyl-Alkylated-4-
Pyridone Ligands: Crystal structure of a Terbium complex with N-Benzyl-4-Pyridone, 
Molecules, 2021, 26(7), 2017. 

[29]. L. F. Chiriac, P. C. Ganea, D. Manaila Maximean, I. Pasuk, V. Circu, Synthesis and thermal, 
emission and dielectric properties of liquid crystalline Eu (III), Sm (III) and Tb (III) 
complexes based on mesogenic 4-pyridone ligands functionalized with cyanobiphenyl 
groups, J. Mol. Liq., 2019, 290, 111184. 

[30]. V. Cîrcu, C. P. Ganea, M. Secu, D. Manaila-Maximean, G. C. Marinescu, R. G. Popescu, I. 
Pasuk, Columnar Liquid Crystals of Copper (I) Complexes with Ionic Conductivity and 
Solid State Emission, Molecules, 2023, 28(10), 4196. 

[31]. C. Roşu, D. Manaila-Maximean, V. Cîrcu, Y. Molard, T. Roisnel, Differential negative 
resistance in the current–voltage characteristics of a new palladium (II) metallomesogen, 
Liq. Cryst., 2011, 38, pp. 757-765. 

[32]. M. Micutz, M. Iliş, T. Staicu, F. Dumitraşcu, I. Pasuk, Y. Molard, T. Roisnel, V. Cîrcu, 
Luminescent liquid crystalline materials based on palladium (II) imine derivatives 
containing the 2-phenylpyridine core, Dalton Trans., 2014, 43, pp. 1151-1161. 

[33]. I. Dumitru, F. L. Chiriac, M. Ilis, I. Pasuk, D. Manaila-Maximean, M. Micutz, T. Staicu, V. 
Cîrcu, Evidence of Counterion Size Effect on the Stability of Columnar Phase of Ionic 
Liquid Crystals Based on Pyridinium Salts Derived from N-3, 4, 5-Tri (alkyloxy)-benzyl-4-
pyridones, Crystals, 2022, 12, 715. 

[34]. R. Verma, M. Mishra, R. Dhar, R. Dabrowski, Single walled carbon nanotubes persuaded 
optimization of the display parameters of a room temperature liquid crystal 4-pentyl-
4′cyanobiphenyl, J. Mol. Liq., 2016, 221, pp. 190–196. 

 
 



166            B. Neagǎ, M. Iliş , C. Cârtoaje , O. Dǎnilǎ, D. Mǎnǎilǎ-Maximean , V. Cîrcu 

[35]. R. Verma, M. Mishra, R. Dhar, R. Dabrowski, Enhancement of Electrical Conductivity, 
Director Relaxation Frequency and Slope of Electro-Optical Characteristics in the 
Composites of Single-Walled Carbon Nanotubes and a Strongly Polar Nematic Liquid 
Crystal,  Liq. Cryst., 2017, 44, pp. 544–556. DOI: 10.1080/02678292.2016.1225842. 

[36]. T. D. Ibragimov, R. M. Rzayev, Dielectric relaxation, electric conductivity, and electro-optic 
properties of SWCNT-doped liquid crystal 5CB, Fuller. Nanotub. Carbon Nanostructures, 
2020, 28, pp. 982 – 988.  

[37]. N. Lebovka, V. Melnyk, Ye. Mamunya, G. Klishevich, A. Goncharuk, N. Pivovarova, Low 
temperature phase transformations in 4-cyano-4’- pentylbiphenyl (5CB) filled by 
multiwalled carbon nanotubes, Physica E Low Dimens. Syst. Nanostruct., 2013, 52, pp. 65-
69. 

[38]. M. D. Lynch, D. L. Patrick, Organizing Carbon Nanotubes with Liquid Crystals, Nano 
Letters, 2002, 2, 11, pp. 1197–1201. 

[39]. H. Duran, B. Gazdecki, A. Yamashita, T. Kyu, Effect of carbon nanotubes on phase 
transitions of nematic liquid crystals, Liq. Cryst., 2005, 32, pp. 815-821, 
http://dx.doi.org/10.1080/02678290500191204 

[40]. M. Honma, T. Horiuchi, T. Nose, Light-emitting liquid-crystal cells with polarization 
switching function: Electrochemiluminescent method, J. Appl. Phys., 2009, 106, 014507 
doi: 10.1063/1.3159649. 

[41]. T. Shim, S. Kim, D. Kim, M. Oh-e, Fluorescence enhancement of dye-doped liquid crystal by 
dye-induced alignment effect, J. Appl. Phys., 2011, 110, 063532  doi: 10.1063/1.3642960. 

 


