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In this article we show how spherical nanoparticles (NPs) imposing planar 

anchoring can strongly impact the viscoelastic, dielectric and electro optical properties 

of a nematic liquid crystal when they are not aggregated. We also demonstrate that 

when the NPs are magnetic most nematic properties are more impacted than when they 

are non-magnetic. With magnetic NPs a molecular disorder is induced that decreases the 

nematic order parameter, this decrease impacting the values of elastic constants, 

viscosity and response time. The impact on 5CB liquid crystal (LC) has been 

investigated with spherical nanoparticles (NPs) of identical size around    , magnetic 

(Fe2O3) and nonmagnetic (CeO2) ones, that are both surface functionalized by 

Poly(amninopropylmethylsiloxane-b-dimethylsiloxane) (PAPMS-b-PDMS) block 

copolymer ligands to promote planar anchoring. In presence of non-magnetic NPs, 

despite an almost constant nematic order parameter, a significant decrease of elastic 

constants (     ), viscosity (   ) and response time (   ) is measured. It suggests a 

dilution effect for the intermolecular interactions in presence of NPs. This hypothesis is 

supported by the observation of an enhanced decrease of the same nematic parameters 

in presence of magnetic NPs that can be fully explained by the corresponding order 

parameter decrease. This finally leads to a remarkable decrease of the splay elastic 

constant by     in presence of magnetic NPs. The decrease of the nematic order 

parameter by     in presence of magnetic NPs demonstrates that the NP magnetic 

moments are only weakly coupled to the nematic director and consequently only induce 

a disorder in the composite system. A significant influence of the expected large LC 

structural modifications in presence of magnetic NPs is however shown by a 

particularly large increase of the diffusion coefficient (   ) and large decrease of the 

dielectric anisotropy (   ). We believe that the observed impact of NPs with planar 

anchoring on nematic properties could be extended to most spherical NPs if their 

aggregation can be avoided. In particular the difference between magnetic and non-

magnetic NPs could be extended to ferroelectric and non-ferroelectric NPs. 
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I. INTRODUCTION  
Nematic liquid crystals (LCs) are anisotropic fluids, easily distorted by external 

electric or magnetic fields, this characteristic making them widely used in display 

technologies (LCDs). However, the performance of the display device is mainly 

associated with a weak driving voltage and a fast response time. During the last two 

decades the research field of liquid crystals and their classical applications are 

undergoing changes towards new and diverse applications in the area of nanoscience 

and nanotechnology. This new research field has been strongly stimulated by 

experiments of nanoparticle doping in order to obtain new LC characteristics such as 

dielectric anisotropy enhancement, faster switching time, and low driving voltage.     

A lot of NP/LC composite were studied including metallic NPs [1-6], 

semiconducting NPs [7-10], carbon nano-tubes [11,12], insulating [13-14] NPs and 

quantum dots [15-19]. However, a lot of contradictory results have been obtained, in 

particular regarding the evolution of the elastic constants in presence of NPs, 

responsible for most interesting LC characteristics. Different behavior for   ,    and    

have been observed sometimes with the same behavior for   ,    and    [20-22], 

sometimes not [23,24], sometimes increasing [25,26], sometimes decreasing [27,28]. As 

a result, other physical parameters are accordingly affected like dielectric and 

viscoelastic properties [23,25,29].     

One difficulty is that NPs of different nature are used, but also of different shape, size 

and nature of the ligands [22,30,31]. This latter parameter may be a key parameter 

because the nature of the ligands usually determines the nature of the LC anchoring on 

the surface of the NPs. Recent work has compared the role of two particles of different 

natures, namely iron oxide (Fe2O3) and cerium oxide (CeO2), one of which being 

magnetic (Fe2O3), the two types however displaying identical shapes, sizes and ligands 

[4]. It was shown that the magnetic threshold      and the diffusion constant     are 

both strongly affected by the presence of NPs but behaved differently depending on the 

type of NPs. This allowed establishing two different types of influence for the NPs: the 

one of inactive NPs (nonmagnetic CeO2 with PAPMS-b-PDMS block copolymer 

ligands) which imposes a weak planar anchoring; and the one of magnetic NPs 

(magnetic Fe2O3 with PAPMS-b-PDMS block copolymer ligands). These latter ones 

can be considered, as long as no magnetic field is imposed, as NPs which present a 

long-range interaction with the LC, thus leading to a strong planar anchoring parallel to 

the magnetic moment of the NPs. However, too few parameters have been studied to 

confirm this interpretation. We consequently propose in the present work to take up 

these two types of NPs and to extend their study to more LC parameters: the order 

parameter, dielectric anisotropy, rotational viscosity, electric threshold voltage, 

response time, splay and twist elastic constants. We find a different evolution of the 

order parameters for the two kinds of NPs. We observe no variation for non-magnetic 

NPs in relation with the weak planar anchoring on NPs. In contrast, we observe a net 

decrease of the order parameter for the magnetic NPs in relation with the disorder of the 

magnetic moment which drives the orientation of the planar molecules anchored on the 

spherical NPs. In this latter case, the NP magnetic moment appears to be not enough 

coupled with the nematic molecules to allow for a significant orientation of the NP 
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magnetic moment, in contrast with a ferronematics made with large magnetic platelets 

[32-35]. We show that this different evolution of the order parameters is responsible for 

the different behaviors of the elastic constants and viscosity. However the observed 

decreasing of elastic constants and viscosity for non-magnetic NPs with non-varying 

order parameter also lead to the demonstration of a facilitation of molecular LC motions 

in presence of NPs most probably due to some dilution features in presence of NPs 

weakening in average inter-molecular interactions. 

 

II. EXPERIMENTAL 

A. Materials and samples 
In this work, we used the well-known 5CB (4-pentyl-4-biphenylcarbonitrile) 

nematic liquid crystal purchased from Merck. The 5CB liquid crystal is in the nematic 

phase for temperatures ranging from    to        with a high positive dielectric 

anisotropy.   

Mixtures of 5CB doped with magnetic (Fe2O3) and nonmagnetic (CeO2) 

nanoparticles (NPs) were used in this study. Both kinds of NPs were spherical shaped 

with an average diameter       and       respectively and were synthesized by J. 

Fresnais using a procedure described in reference [4]. This led to almost identical 

spherical NPs of similar shape, size and ligands (PAPMS-b-PDMS block copolymer 

ligands), one being non-magnetic (CeO2), the other one being magnetic (Fe2O3). We 

have varied the NPs concentration (weight fraction) in the 5CB nematic from   to 

      . The pure 5CB or the 5CB/NPs mixtures were filled into an empty cell 

purchased from (E.H.C. Japan) by capillary action in the isotropic phase. Each empty 

cell consists of two parallel glass slides, which surfaces are covered with a layer of 

unidirectionally rubbed (polyimide) to ensure uniform planar anchoring of the 5CB 

nematic. Each inner face of the slides was covered by a thin ITO layer to obtain 

electrodes with an active area of      . All empty cells have thickness of      
     . To perform our measurements, the cell is placed into a homemade temperature-

controller with an accuracy of        .  

 

B. Dielectric measurements  

The dielectric measurements of pure 5CB and the 5CB/NPs mixtures were 

carried out using the impedance/gain phase analyzer (Solartron SI 1260) coupled to 

1296 dielectric interface. The dielectric permittivity of the samples was measured in the 

frequency range from       to      and the samples temperature was controlled by 

means of a Linkam TMS 94 controller with an accuracy of       . The perpendicular 

component of the relative permittivity (  ) was measured using a planar aligned cell 

without application of an external electric field. However, we applied a DC voltage of 

10Volts to the planar cell to achieve homeotropic alignment, in order to measure the 

parallel component of the dielectric permittivity (  ).  
To test the performance of our experimental setup, we performed the 

measurement of the dielectric constant of the pure 5CB liquid crystal at different 

temperatures. We obtained a good agreement with results carried out in previous works 

[36-38] in about   . At constant temperature of      we found              , 

which is very close to       found by the authors of reference [36],       obtained by 

[37] and       measured by the authors of reference [38].  
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C. Electro optical measurements 

To study the electro-optic properties of our samples (pure 5CB and doped one) 

an electric field was applied to the filled cell, which causes the molecules of liquid 

crystal to alter their orientations and change their optical properties. The cell is placed 

between crossed polarizers under polarizing microscope brand Microscope Eclipse 

LV100N Nikon. The sample is connected to an Agilent 33220A function waveform 

generator which can provide positive electric pulses or sinusoidal signal. We perform 

synchronous acquisitions of the electric current across the cell during the application of 

the electric field, the electric current data being acquired by a PC connected via a GPIB 

interface. The cell was connected in series to an external electric resistance    . We 

measure the current from the voltage across the resistor which is detected by means of a 

digital oscilloscope (Agilent infiniium DSO 5052A 500MHz, 4GSa/s). Typical transient 

currents across cells filled by pure 5CB and 5CB doped with    of magnetic or 

nonmagnetic NPs are shown on Fig. 1. The cell is subjected to a DC voltage for 

1second, with a magnitude           greater than the threshold    , at fixed 

temperature. All measurements were performed at     .   

The reorientation of nematic molecules can be electrically observed as a 

realignment of the nematic director from a perpendicular to a parallel state with respect 

to the applied electric field, which results in the appearance of an important peak in the 

electric transient current across each cell as we can see on Fig. 1. The nematic director 

rotation is characterized by a response time given by the following formula [39]: 

            
                          

Where    is the rotational viscosity,       the applied electric field,   the 

cell thickness,    is the dielectric anisotropy and    is the permittivity of the vacuum.        

Experimentally the response time corresponds to the time measured between the instant 

at which the electric field is applied and the maximum of the current peak.   

 

III. RESULTS  

Figure 2 shows the behavior of the dielectric anisotropy of pure nematic 5CB 

and 5CB-doped with magnetic (red circle) and nonmagnetic (blue square) NPs 

measured at frequency       and constant temperature of     . The value of the 

dielectric anisotropy decreases on increasing the concentration from   to      for both 

kinds of NPs. By varying the concentration from   to   ,    decreases by     for 

nonmagnetic NPs and     for magnetic NPs at the same temperature conditions of 

reference [4]. For concentration larger than   , the dielectric anisotropy starts to 

increase with NP concentration.   

Figure 3 presents the evolution of the response time   as a function of the nanoparticle 

weight fraction concentration for nonmagnetic (blue square) and magnetic nanoparticles 

(red circle). Figure 3 shows that for both NPs, the response time decreases from its 

initial value (for pure 5CB) to reach a minimum at a concentration equal to    but the 

gap between the two kinds of particles remains small (about     of decrease for 

nonmagnetic NPs against     for magnetic NPs). 

Figure 4 shows the variation of the rotational viscosity    as a function of the NP 

concentration for nonmagnetic (blue square) and magnetic NPs (red circle). The 

rotational viscosity    was determined by fitting the experimental data of the response 

time   versus the applied electric field using the above equation    . The obtained value 

of    for the pure 5CB at the working temperature is in good agreement with many 

previous results [40-43]. The general behavior of the rotational viscosity    curve 

appears to be similar to the response time   and the dielectric anisotropy   , in other 
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words,    decreases (by about     and     respectively for nonmagnetic and 

magnetic NPs) with the concentration to reach a minimum at      and then 

increases by increasing the concentration.  

Figure 5 shows the behavior of the threshold voltage of cells filled with pure 5CB and 

5CB doped with magnetic and nonmagnetic NPs versus concentration. The results show 

a threshold decrease until      followed by slight increase but without reaching back 

the initial value. The threshold voltage decreases down to      and     respectively 

for 5CB doped with nonmagnetic and magnetic NPs.       

Figure 6 shows the variation of the splay    and twist    elastic constants as a 

function of the NPs concentration for nonmagnetic (blue square) and magnetic NPs (red 

circle). The twist elastic constant    was deduced from the experimental data of the 

diffusion constant         presented in reference [4] while    is directly related to 

the threshold voltage by the following equation:     

          
                                  

Where    and     are respectively the experimental measured dielectric 

anisotropy and threshold voltage. The obtained values of    and    of the pure 5CB at 

the working temperature are in good agreement with previous results [44], being smaller 

but still close to the value for elastic constants reported in other papers [36,38,40]. From 

figure 6 one observes a remarkable decrease of    (of about     and       

respectively for magnetic and nonmagnetic NPs) for both kinds of NPs. The decrease of 

   is smaller. This smaller decrease may be mostly related to a non-monotonic behavior 

with an initial increasing for the concentration between   and     .   

IV. DISCUSSION  

The first observation that we can highlight is that all physical parameters show 

the same concentration dependency with two concentration regimes: at low 

concentration quasi all physical parameters show a significant decrease to reach a 

minimum at     . Then an increase is observed at larger NP concentration. This is 

the same dependency than the one found in reference [4] where the low   regime has 

been interpreted as related to a dominating influence of single NPs whereas the large   

regime may be related to dominating aggregates.      weight fraction corresponds 

to          volume fraction as aggregation limit. This limit is high compared to many 

previous works where the limit is mostly found around      [29,30,45-47]. 

Aggregation occurring for a large NP volume fraction has been related to the 

functionalization with the polydimethylsiloxane (PDMS) [4], and to the corresponding 

weak planar anchoring in contrast with ligands inducing homeotropic anchoring 

[22,30,31]. These findings point out that, in order that NPs significantly affect the 

nematic properties, the NP concentration could not exceed the      limit. Indeed, 

the presence of aggregates in the nematic matrix reduces the effect of the NPs on LC 

properties.   

The second observation is that the origin of the phenomena induced by both kinds of 

NPs needs to be differently interpreted. The decrease of most parameters is indeed 

different despite the fact that they are very close in size, shape and functionalization. 

This confirms that the two behaviors are related to the different nature of the NPs, as 

discussed below. 

 

A. Nonmagnetic nanoparticles  
Let us first analyze the effect of the nonmagnetic NPs on the nematic matrix 

with a focus on the small concentration regime where the influence of isolated particles 

dominates.  
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In order to determine the evolution of the order parameter  , as a function of the 

NP concentration, we have measured the variation of    as a function of the 

temperature in absence of NP. We have also measured the evolution of the nematic 

isotropic phase transition temperature     as a function of the NP concentration and the 

results are listed in Table 1. We use the Haller model [48] showing that      
            and the fact that                , which leads to :     

     
 

   
 
 

                                                

For the determination of   as a function of the NP concentration, we assume that the 

variation of   with the NP concentration can be neglected. This is consistent with the 

demonstration by Kundu et al. [49] that for various mixtures of calamitic and bent-core 

materials the value of   remains constant, very close to the value that we have obtained 

for pure 5CB through the fitting of the measured curve of      :            , a 

value also in good agreement with measurements of many other works [48,50,51]. For 

pure 5CB, we measured                 and we found         which is very 

close to the value measured by others [40,52].      

The results for the   variation in relation with the measured     variation are 

shown in figure 7. The small decrease of     by about       in average remains out of 

the error bar estimated at        but reveals an only small   variation down to a 

maximum decrease of   . This result reinforces the approximation that was taken in 

our previous work [4] that   remains mostly constant when the NP concentration is 

increased. This absence of significant variation for the order parameter may be mainly 

related to the weak planar anchoring induced by the ligands that allow for an easy 

adaptation of the 5CB molecules anchored on the NPs to the surrounding nematic LC 

(see Figure 8a).  

If  , the order parameter, varies only few with the NP concentration, in contrast 

the elastic constants vary a lot. Figure 6 shows the behavior of    and   , respectively 

splay and twist elastic constants.    significantly decreases by       to reach a 

minimum at    of NP concentration. This behavior may be similar to an also large 

decrease of    that may be responsible for the previously observed large decrease of the 

magnetic threshold in presence of the same NPs [4]. The behavior of    is not so clear. 

A decrease is indeed found around      weight fraction, but for smaller NP 

concentration a slight increase is observed. It is well known that    is proportional to    

[44,51]. We can write    as following:           (similarly for    and   ) where 

    , a priori dependent on the NP concentration, defines the proportionality of    to 

the scalar order parameter  . Since   is concentration independent,      must strongly 

decrease with the NP concentration down to a decrease by a factor of      for     . 

This behavior may be related to the one of the rotational viscosity, decreasing by     

for      weight fraction. With a weak planar anchoring, if we believe that the NPs 

could rotate when the electric field is applied, a NP rotation may facilitate the 

realignment of the nematic molecules to its direction and therefore the value of the 

rotational viscosity may be reduced. Another possibility is that due to the presence of 

NPs, a dilution occurs in the nematic material, leading to an average decrease of 

intermolecular interactions that may decrease the average viscosity [25,53]; A 

facilitation of molecular disorientation in relation either to easy NP rotation or to 

dilution of the intermolecular interactions would also decrease the splay elastic energy 

as observed. 

The same feature should apply to bend and twist distortion. This may explain the 

strong decrease of the magnetic threshold in presence of these NPs [4]. A decrease of 
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   is also shown on Figure 6 but less clearly than for   . We believe that it is due to the 

fact that the    behavior shown on Figure 6 has been obtained by the connection 

between two results, the   evolution determination in [4] and the    one, both having 

been obtained with the same solution of NPs but one being just prepared [4] and the 

other one having been prepared more than one year before the measurement. We can 

thus anticipate that the density of ligands may have slightly changed before the 

measurements, thus varying the planar anchoring energy between the two 

measurements. As a result, even if the feature is visible around      weight fraction, 

the    measurement may be not so accurate than the    one. Finally, as shown by 

Figure 3, the time constant also significantly decreases, the molecular rotation being 

facilitated by the NP presence a faster molecular rearrangement is induced. 

 In order to compare the present results to the results of the literature, it is 

important to compare to the measurements made with NPs, with neither magnetic nor 

ferroelectric property. They could indeed differently influence the LC, due to long range 

magnetic or electric interactions respectively. Our results appear to be similar to the 

ones obtained by Yadav et al. [54] with SiO2 NPs. However, they differ from a number 

of other measurements. This may be due to different shapes of NPs [55,56], but also, for 

a number of cases this may be due to different anchorings at the NP surface or to quick 

aggregation that could occur for other kinds of functionalization of NPs [22, ,30, 31,57-

59]. Katiyar et al. [28] investigated the impact of TiO2 NPs in 1823A nematic liquid 

crystal. They observed that most physical parameters (dielectric anisotropy, viscosity, 

elastic constant) firstly decrease with the concentration and increase again when the 

concentration further increases similarly to the above results. However, the threshold 

voltage increases continuously when the concentration of NPs increases which appears 

contradictory with the expected proportionality of     with     and   .  

Our results finally show that with non-magnetic NPs and obviously also with non-

ferroelectric NPs, planar anchoring only induces a small variation of the order 

parameter for nematic LC like 5CB. In contrast the elastic constants, rotational viscosity 

and response time under electric field vary largely more, decreasing for example by 

    for viscosity and by       for splay elastic constants. This demonstrates a 

facilitation of molecular rotation in presence of NPs, either due to an easy rotation of 

the NPs, or due to a dilution effect of intermolecular interactions in presence of NPs. 

 

B. Magnetic nanoparticles    

As underlined by all experimental results here presented, it is clear that the 

magnetic NPs affect the nematic properties more than the nonmagnetic ones. For 

magnetic NPs, by varying the concentration from   to   ,    was reduced by    ,    

decreased by     and    decreased by about    .  

Figure 7 shows that the magnetic NPs (red circle) induce a significant decrease of the 

orientational nematic order parameter by about     when the concentration varies 

from   to   . This is in contrast with the assumption made in ref [4] and may be due to 

the NP magnetic dipolar moments being randomly oriented as shown on Figure 8b. This 

indicates that the nematic structure cannot orient the magnetic moments of these 

spherical NPs in the direction of the director. If the NP magnetic moment would have 

been oriented by the nematic structure   would have been larger than with non-nematic 

NPs. On the contrary this is the disorder of the NP magnetic moment that increases the 

disorder of the liquid crystal in relation with the strong planar anchoring that NPs 

induce through the long range magnetic interactions between NPs and LC (Figure 8b). 

The coupling between the magnetic NPs and the surrounding LC material is thus weak, 

in contrast with ferronematics made with platelet magnetic NPs [35,60], either due to 
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the small size or to the spherical shape of the magnetic NPs. The origin of the observed 

increased disorder displayed by the   decrease may thus be of different origin than the 

one observed by Haraguchi et al. [61] who showed a reduction ranging from   to     

of the order parameter   by doping the ZLI-4792 nematic by MgO and SiO2 NPs, of 

size    and      respectively in relation with an observed reduction of clearing 

temperature by       of the doped nematic with respect to the undoped nematics. 

The reduction of the clearing temperature was attributed to the nature of ligand 

molecules covering the nanoparticles [61]. In this latter case the results may be mostly 

related to an anchoring close to be homeotropic with non-ferroelectric and non-

magnetic NPs. On the other hand Gdovinová et al. [62] observed that doping the 

nematic LC 6CHBT by magnetic nanorods increases its nematic isotropic transition 

temperature     whereas doping with spherical magnetic NPs decreases it in agreement 

with our results.  

This decrease of   however does not explain the observed reduction of    and   .    

decreases until     , to about half its value for the pure nematic LC and increases 

for further increase of NP concentration. This is consistent with the observed decrease 

of   but it could not be explained only by the order parameter   variation since    is 

proportional to    and    decreases only by a factor     . The proportional term      
then again also decreases with the NP concentration. In order to obtain        
          ,            must be equal to     . This value is similar to the one for 

non-magnetic NPs (    ). This indicates that the facilitation of molecular orientation is 

similar with magnetic NPs and non-magnetic ones without any significant enhancement 

induce by the expected long-range magnetic interactions. The same observation holds 

for    since the decrease in presence of magnetic NPs with respect to non-magnetic NPs 

is more efficient by     , in agreement with    being proportional to   
[42, 63-67] and 

the larger   decrease being only monitored by the   decrease. These results finally shed 

a new light on the previous results outlined in reference [4] for magnetic NPs. They 

showed that the magnetic threshold,   , with magnetic NPs decreased by     whereas 

it decreased by     with non-magnetic NPs.    being expected to be proportional to 

square root of the order parameter [4], we obtain again that this large decrease of    is 

mostly monitored by the order parameter decrease. This shows that the driving force for 

the decrease of    is not the orientation of the magnetic NPs induced by the external 

magnetic field but mostly the small value of the order parameter in presence of 

magnetic NPs. This observation that long range magnetic interactions do not promote a 

further facilitation of molecular orientation suggests that the assumption relating the 

observed decrease of the elastic constants and viscosity to a dilution effect may be the 

more appropriate.  

This latter interpretation is also consistent with the observed decrease of NP 

impact for all parameters once NP aggregates dominate. The number of molecules with 

reduced intermolecular interactions corresponds to the number of molecules close to the 

NP surface. The surface of   assembled NPs in a spherical aggregate scale as      

instead of   for the same number of isolated NPs indeed leading to a decrease of the 

dilution effect when aggregates form. Accordingly Podoliak et al. [25] showed for two 

types of liquid crystals (TL205 and 18523) doped by BaTiO3 and Sn2P2S6 ferroelectric 

NPs a decrease of the elastic constant by      and      for TL205 doped respectively  

by BaTiO3 and Sn2P2S6 and a more important decrease was observed (      and 

     ) for 18523 doped  by BaTiO3 and Sn2P2S6 respectively. They related this 

decrease to a dilution of the nematic liquid crystal when the NPs are introduced but 

unexpectedly, they observe an associated increase of the rotational viscosity. 
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We finally show that for spherical magnetic NPs of small size (   ), there is an 

only weak coupling with the nematic order parameter. As a result, the nematic order 

parameter is not able to orient the NP magnetic moments. Reversively the disordered 

NP magnetic moments without external magnetic field impose an enhanced disorder to 

the nematics through the strong planar anchoring around the NPs, mediated by the long-

range magnetic interactions (Figure 8b). This decrease of nematic order parameter 

induces a larger decrease of the elastic constants, rotational viscosity and response time 

under electric field with respect to non-magnetic NPs. However, no further facilitation 

of molecular reorientation is observed despite the expected strong planar anchoring on 

the NPs. This suggests that the facilitation process is due to a dilution effect of 

intermolecular interactions in presence of NPs. The modified structure of the LC 

associated with the long range magnetic interactions (Figure 8b) appears to only 

specifically impact two parameters in addition to the order parameter: firstly the 

diffusion coefficient which has been shown to increase much more with magnetic NPs 

(increase of    ) than with non-magnetic NPs (increase of    ) [4] whereas   is 

expected to be close to be proportional to the order parameter,    being equal to    over 

the viscosity   ; secondly   , decreasing by     with magnetic NPs and by     with 

non-magnetic NPs whereas it is expected to be proportional to the order parameter. The 

relationship between the specific structure of LC in presence of magnetic NPs (Figure 

8a) and the large evolution of the two parameters is not clear. However, the observed 

variation of   and    at least confirms a significant modification of the LC structure in 

presence of magnetic NPs, as suggested by Figure 8b. 

 

V. CONCLUSION  

The impact of magnetic (Fe2O3) and nonmagnetic (CeO2) nanoparticles (NPs) 

of similar size (around 6nm), shape (spherical) and ligands promoting planar anchoring 

(PAPMS-b-PDMS block copolymer ligands), on viscoelastic, dielectric and electro 

optical properties of nematic 5CB was studied. Due to the fact that until a NP 

concentration of     , the dominating regime is the one of isolated NPs, in contrast 

with the regime where aggregates dominate for NP concentration larger than     , we 

can deeply explore the influence of isolated NPs. Our results shed light for the specific 

case of planar anchoring induced by NPs on the difference between inert NPs and active 

ones (magnetic NPs and also possibly ferroelectric NPs). They demonstrate that it 

resides mainly in order parameter variations that are observed for the latter NPs only. 

For the non-magnetic NPs, despite the non-varying order parameter in presence of NPs, 

most physical properties decrease (elastic constants by      , rotational viscosity by 

   , response time by    ). This can be interpreted as a dilution effect of the 

intermolecular interactions in presence of NPs. For magnetic NPs, this dilution effect, 

combined with a significant decrease of the nematic order parameter (by     for a 

concentration of     ) leads to a significant decrease of almost all nematic properties, 

in particular to a decrease of the splay elastic constant by    . These values in 

presence of magnetic NPs however reveal no specific enhancement of the dilution effect 

for active NPs. The nematic order parameter decrease in presence of magnetic NPs 

suggests that the magnetic moments of the magnetic NPs are not aligned parallel to the 

average nematic director. This shows an only weak coupling between magnetic 

moments of NPs and 5CB nematic order parameter in contrast with ferronematics made 

of large magnetic platelets. This may be due to the spherical and small size of the 

magnetic NPs. Finally, the magnetic NPs appear to affect more than expected through 

the combination of dilution effect and order parameter decrease the diffusion coefficient 

(increasing by    ) and the dielectric anisotropy (decreasing by    ). This confirms 
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that a significant structural modification of the LC occurs in presence of magnetic NPs 

in relation with long range magnetic interactions. 
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Table 1. Nematic isotropic phase transition temperatures     of different samples.  

Concentration                          

       
Fe2O3                               

CeO2                               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



18 

 

 

FIG. 1. (Color online) Transient currents induced by a DC voltage of     applied to a 

cell filled with pure 5CB nematic liquid crystal (black dotted curve)  and two cells filled 

with 5CB doped with    of magnetic NPs (red dashed curve) and    of nonmagnetic 

NPs (blue solid curve) at constant temperature of     .  

 

 

 

 

 
 

FIG.2. (Color online) Variation of the dielectric anisotropy as function of the 

nanoparticle weight concentration for nonmagnetic (blue square) and magnetic (red 

circle) nanoparticles.    
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FIG.3. (Color online) Evolution of the response time as a function of the nanoparticle 

weight fraction concentration for nonmagnetic (blue square) and magnetic (red circle) 

nanoparticles.  

 

 

 
 

FIG.4. (Color online) Variation of rotational viscosity as a function of the nanoparticle 

weight concentration for nonmagnetic (blue square) and magnetic (red circle) 

nanoparticles.   
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FIG.5. (Color online) Variation of the threshold voltage as a function of the nanoparticle 

weight concentration for nonmagnetic (blue square) and magnetic (red circle) 

nanoparticles.  

 

 

 
 

FIG.6. (Color online) Variation of the splay (solid line) and twist (dash line) elastic 

constants as a function of the nanoparticle weight concentration for nonmagnetic (blue 

square) and magnetic nanoparticles (red circle).  
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FIG.7. (Color online) Evolution of the order parameter   as a function of the 

nanoparticle concentration for nonmagnetic (blue square) and magnetic (red circle) 

nanoparticles.  

 

 

 
  

FIG.8. (Color online) Scheme illustrates the expected nematic molecules orientation 

around the nonmagnetic NPs (a) and magnetic NPs (b). The red dot is indicating the 

expected position of the defect in presence of nonmagnetic NPs. The arrow represents 

the magnetic moment of the NPs which should orient locally the molecules parallel to 

its direction. 


