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the ferromagnetic and ferroelectric nematic phases [1-9]. The 

invariance of the nematic director traditionally marks the cylin-

drical (quadrupolar) symmetry of the nematic phase, and it can 

be broken at interfaces but not in bulk. In contrast, the nematics 

with vector symmetry represent examples of genuine 3D polar 

 converse magneto electric effect, where the magnetization can 

-

-

-

er relaxation rates. 

Chirality, that is easily achieved in liquid crystals, breaks the par-

ity and time-reversal symmetry, giving rise to new topological 2D 

and 3D soliton structures. Knotted structures of the magnetic 

director known as skyrmions have been found to form hexa-

gonal lattices in the ferromagnetic cholesterics [3].

An anisotropic LC matrix is not a prerequisite for the stabiliza-

can form lyotropic nematic even in an isotropic matrix such as 

n-butanol [2, 4]. The magnetic order is attributed to the dipolar 

chaining of the magnetic platelets, which can be ordered using 

-

plex multimode magnetic dynamics [4].

However, in the case of ferroelectrics, the ferroelectric order was 

 order, already in the seventies. The translationally  symmetric 

theoretical models of the orientational order developed by Max 

Born and Peter Debye, as early as 1912, considered dipolar 

electrostatic interactions as the stabilizing force and predicted 

nematic phases with a ferroelectric ground state.  However, these 

models were unable to explain the nematic order of nonpolar 

molecules and the development of quadrupolar order in most 

nematic phases. Ferroelectric nematics remained elusive until 

recently. Solely a few lyotropic and polymeric systems showed 

indications of the polar order in the bulk. 

Only in 2017 did Nishikawa et al. and Mandle et al. independent-

ly report new LC compounds (DIO and RM734, respectively) ex-

hibiting multiple polymorphic nematic phases [5-6]. Although the 

high-temperature phases appeared to be nonpolar nematics, the 

transition to the low-temperature phases was accompanied by a 

dramatic increase in the dielectric response and the ferroelastic 

effect, indicating the development of the ferroelectric order. The 

polar order in this ferroelectric  nematic (NF) phase was evidenced 

by a large spontaneous second harmonic generation (SHG) 

signal and the formation of the domains of  opposite  polarity 
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In the early seventies, Brochard and de Gennes suggested that 

dispersing (ferro)magnetic nanoparticles (MNPs) in a nematic host 

can stabilize a “ferronematic” state with a remanent magnetiza-

tion. However, countless attempts to produce liquid magnets by 

suspending spherical and rod-shaped MNPs failed. Ferronematics 

Only in 2013, Mertelj et al. demonstrated that ferromagnetic 

behaviour is possible in suspensions of magnetic  nanoplatelets 

in a nematic host [1]. The remanent magnetization is stabi-

lized by the coupling between the platelet's magnetization and 

the nematic director anchored orthogonally to the platelets. 

nematic director, accompanied by nucleation and propagation 

of the domain walls. The magnetic domains result from the 

coupling gives rise to a multitude of new effects, such as the 
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separated by domain walls. Ferroelectric nematics are distin-

guished by a very high spontaneous polarization in the range of  

10 µC/cm2

F 

suitable for perspective applications such as electro optic devices 

(Pockels effect), nonlinear optics, and sensors. 

-

tonishing properties of NF materials such as superscreening, 

F liq-

uid [8]. Without any layer structure, NF forms freely suspend-

in droplets on ferroelectric substrates. When placed between 

two electrodes and exposed to AC voltage, microscopic NF 

bridges display complex dynamic behavior, including active 

propulsion. This movement is powered by the piezoelectric and 

electrostriction effects, causing the contact line of the asym-

metrical bridges to undergo local stick-slip motion.

The fascinating properties of vector symmetry nematics pro-

vide us not only with new, unexpected physics but also with 

exciting novel applications. The continued exploration of these 

materials and their unique properties is essential for unlocking 

their full potential and realizing their practical applications.
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