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Frank about blue phases in 1983: “They are totally useless, I think, except for one important 
intellectual use, that providing tangible example of topological oddities, and so helping to bring 
topology into the public domain of science, from being the private preserve of the few abstract 
mathematicians and particle theorists.” However, recently polymer stabilization was successfully 
used to widen the temperature stability range of BP [6] to more than 50K. The polymer network 
stabilizing the structure on the other side limits the possible tuning of periodicity. Nevertheless, this 
discovery lead to a possible fast switching system, and thus toward optical shutter applications [7]. 
More recently a mixture based on bimesogens that lead to BPs stable over a range of up to 50 K, 
was reported by Coles et al.[8]. The discovery of BPs with wide temperature ranges has led to a 
revival of interest in this area of research.  



New studies devoted to the phase stability that mostly employ numerical minimization of the 
Landau de Gennes free energy [9] are proving and extending Hornreich’s findings based on the 
Fourier expansion of the order parameter field [5]. Coles and co-workers examined the effects of 
flexoelecricity and claimed its crucial role in the stability of their materials [10]. For possible 
applications, these effects of electric fields are crucial. A preliminary study of electric field effects 
based on lattice Boltzmann simulations was performed by Alexander et al. [11]. 
  
In this comment I focus on two recently published theoretical papers that go much further in detail 
examining field effects [12 (Paper1),13 (Paper2)]. Both studies use the minimization of the Landau-
de Gennes free energy expansion in terms of the tensorial order parameter and its derivatives in the 
one elastic constant approximation. Field effects are included via the dielectric free energy 
contribution. Both studies address static solutions using conventional finite difference code where 
adaptation of unite cell size (redshift) is taken into account. Some aspects of dynamics are also 
taken into account using artificial relaxation kinetics of ordering tensor. The main focus of the 
Paper 2 is the phase diagram that includes low to intermediate fields while the Paper 1 focus 
predominantly of electrostriction and in particular to intermediate and strong field effects on 
structures. Therefore we first examine Paper 2. 
 
Paper 2 [13]:  With extensive numerical simulations the authors show how to improve and extend 
the phase diagram (temperature, chirality, and electric field) obtained by Hornreich and co-workers 
in a series of papers [See for instance Ref. 5]. Only the case with positive dielectric anisotropy is 
covered. Particular attention is given to 2D hexagonal H2D phase and 3D hexagonal phases Ha

3D & 
Hb

3D that were predicted before for intermediate fields. The calculated phase diagram includes BP 
I&II, three hexagonal phases, and isotropic, cholesteric & nematic phases. The limiting number 

 
 
 
 
of unit cells covered by simulations prohibit the coverage of the blue phase III. Particular attention 
is given to the visualization of defect networks by surfaces of constant order parameter, similar to 
used in nematic colloids [14]. Fig. 1 presents defect structures (surfaces of constant order 
parameter) of both H3D phases. The hexagonal phases exhibit much larger electrostriction compared 
to both cubic blue phases. 
 
Paper1[12]: In this paper the authors first focus on electrostriction of BP I&II structures in fields 
ranging from weak to very strong values. Materials with positive and negative dielectric anisotropy 
were considered for field directions (100), (110), and (111). Linear response is found only in low 
fields (below ~3V/µ). The second part of the paper is devoted to the restructuring of cubic phases 

Fig1: Defect structures (surfaces of constant order parameter) for 3D hexagonal phases Ha
3D (left) 

and  Hb
3D (right) that are stable at intermediate electric fields. Reproduced from Ref 13.  
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after application of a high external field up to 50V/µ. In a positive material the final result is a 
nematic phase while in a negative material the application of a field in the (111) direction leads to a 
stable hexagonal array of -1/2 disclinations. The transient phenomena following the application of 
high fields include a number of interesting disclination network restructurings (See Fig 2!). For 
instance the split of a -1/2 disclination into three twist disclinations is observed. More details on the 
transformation of a twisted line in either a +1/2 or -1/2 line observed in numerical simulations of 
blue phases are discussed in the recent paper by Fukuda [15]. 

 
Both studies contribute substantially to the understanding of the behavior of the blue phases in 
electric fields. This area is particularly important for possible applications of blue phases in light 
shutters or electrically controlled photonic crystals. 
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Fig. 2: Time evolution of the BP 
II defect structure after the 
application of the electric field 
in the diagonal direction of the 
cubic unit cell. Positive 
dielectric anisotropy is used. 
Reproduced from the Ref. 12. 


