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Abstract  
 
Modelling and numerical calculations of light scattering by the ribonucleic acid (RNA) molecule were 

investigated using the transition matrix method at the phase transition region. In this model for a RNA 

molecule with helix structure, the electrical field was established and the transition matrix calculated for 

this field. Numerical computation of a simple cylindrical model, represented by adenine–thymine (A–T) 

and guanine–cytosine (G–C) formed with a lamellar-like helix, enabled important results to be obtained. 

These results were generalized for different molecular orientations with dielectric properties at the phase 

transition, which occurred due to the electric field changing. Finally, these results are associated with 

improved models for previous geometries. 
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1. Introduction  

 

The light scattering technique is generally recognized as a powerful technique for liquid crystals 

and phase transitions [1]. The phenomenon is based on the scattering of light by inhomogenities in 

the dielectric medium through which light is passed. The scattering of light by liquid crystals can 

also result from the usual hydrodynamic modes, such as density fluctuations, conventional isotropic 

fluid, and intramolecular modes. Light scattering due to liquid crystal director fluctuations is strong 

near the phase transition, since these fluctuations are expected to exhibit pronounced pretransitional 

behaviour [2, 3]. The physical properties of a liquid crystal depend on its phase. 

 

The discovery of liquid crystals was prompted at least in part by the striking turbidity of liquid 

crystals caused by light scattering and this excitable property has been exploited to elucidate 

valuable information about liquid crystals. The intensity of the scattered light contains information 

about the magnitude of the fluctuations, while the frequency shift of the scattered light contains 

information about their dynamics. 

 

Liquid crystals are strongly nonlinear materials due to their complex physical structures and are 

suitable systems for studying melting processes, phase transitions, and other critical phenomena. 

Their physical properties, such as molecular orientation, mass density, and conductivity, being 

easily perturbed by external fields, are highly sensitive to an applied optical field. As far as phase 

transitions are concerned, liquid crystals have the peculiar property of a single phase transition; 

liquid crystals may have a series of phase transitions in a relatively small temperature range [4]. 
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RNA is a remarkable polymer that exhibits a complex phase behavior as a function of packing 

density, salt concentration, and other variables [5]. Mixtures of RNA and cationic and neutral lipids 

in water form complexes that facilitate the transaction of RNA into living cells and that play an 

important role in the emerging field of gene therapy [6]. The lipids form bilayer membranes that 

stack in a lamellar structure and the RNA molecule accomplishes these functions through its 

double-helical structure (figure 1). The RNA molecule has a nucleotide, which is a compound of 

three elements: a phosphate group, a sugar ring, i.e. a five-atom cyclic group, and a base which is 

a complex organic group that can have one or two cycles. The sugars and phosphates of all 

nucleotides are the same but nucleotides differ in their bases, which can be of four types, belonging 

to two categories: the purines A and G have two organic cycles, and the pyrimidines C and T are 

smaller because they have only one organic cycle [7, 8]. 

 

In this paper we present new nonlinear optical results for RNA, discussing some of its phase 

transition problems and its dielectric properties. First, we present some experimental RNA data 

and introduce simple models of the molecule, then we show how these models lead to nonlinear 

structural phenomena that could describe some of the experimental observations. 

 

 

 

a) b) 

 

Figure 1.  (a) Schematic representation of RNA-cationic-lipid complex; (b) RNA double-helical structure 

1.1. RNA and phase transition 

 

The RNA molecule is generally represented by cholestric liquid crystal. An important characteristic 

of the cholesteric mesophase is the pitch. The pitch p is defined as the distance it takes for the 

director to rotate one full turn of the helix, as illustrated in figure 2. Cholesteric liquid crystals 

exhibit many remarkable properties due to the existence of a macroscopic helical structure. The 

cholesteric liquid crystal phase is typically composed of nematic mesogenic molecules containing 

a chiral center, which produces intermolecular forces that favour alignment between molecules at 

a slight angle to one another. This leads to the formation of a structure that can be visualized as a 

stack of very thin 2D nematic-like layers with the director in each layer twisted with respect to 
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those above and below. In this structure, the directors actually form in a continuous helical pattern 

about the layer normal. The cholesteric phase of liquid crystal is characterized by a global 

alignment of the molecules in a direction called the nematic director n(r) in each layer. 

 

However, in the vicinity of the phase transition temperature, a small temperature fluctuation causes 

a large change in temperature-gradient refractive index. Moreover, light scattering occurs in the 

vicinity of the phase transition temperature. At the phase transition region, the orientation of the 

director in a liquid crystal can be manipulated by the application of an electric field. Molecules in 

the cholesteric phase will tend to align themselves with an applied field. The ability of the director 

to align along an external field is a result of the electric nature of the molecules. When an external 

electric field is applied to the liquid crystal, the dipole molecules tend to orient themselves along 

the direction of the field. We can use electric fields to control the orientation of the director, thereby 

affecting the optical properties of the liquid crystal. The molecules react as shown in figure 3. 

 

2. Materials and Method 

 

The scattering problem can be divided into two parts. The first part involves scattering of light by 

a single particle; the second part involves scattering of light by an ensemble of particles having a 

variety of sizes, shapes, and orientations. 

 

The T-matrix is used to solve the scattering problem for a single particle. The computed scattering 

properties of perfectly symmetric crystals are useful for comparisons with laboratory experiments 

conducted under controlled conditions. 

 

The T-matrix of a particle depends on its complex refractive index, shape, and size parameter, and 

characterizes its light scattering properties independently of the incident field. The T-matrix 

depends also on the orientation of the particle with respect to the laboratory frame, and on the 

choice of vector expansion functions [9]. 

 

We used the following method to compute the electromagnetic quantities for randomly oriented 

lamellar with angle between 32o and 36o, as a cholesteric phase. The first step was to calculate the 

T-matrix of the system with respect to the helical structure, with the z-axis along the axis of 

cylindrical symmetry. We consider the incident light to be a plane wave with electric field Einc in 

the form 

 

𝐸𝑖𝑛𝑐(𝑟, 𝑡) = 𝑖(𝐸𝑜𝑒𝑥𝑝[𝑖(�⃗⃗�, 𝑟 − 𝜔𝑡)]) (1) 

 

where, Eo is the amplitude and i is a unit vector in the direction of the incident field. 
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a) c) 

 
b) 

 

Figure 2. Schematic view of cholesteric RNA: (a) pitch distance; (b) basic dimensions; (c) lamellar. 

 
 

Figure 3. Application of an electric field to cholesteric RNA and transmittance of light. 

 

Then this T-matrix was used in an analytical procedure to compute the orientationally averaged 

optical cross-sections and expansion coefficients appearing in the following expansions of the 

elements of the scattering matrix relating the Stokes parameters [10]: 
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[
𝐸∥𝑠𝑐𝑎

𝐸⊥𝑠𝑐𝑎
] =

𝑒𝑖𝑘𝑟

−𝑖𝑘𝑟
[
𝑆2 𝑆3

𝑆4 𝑆1
]  . [

𝐸∥𝑖𝑛𝑐

𝐸⊥𝑖𝑛𝑐
] (2) 

 

where the elements Sj of the amplitude scattering matrix depend on scattering and azimuthal angle. 

The scattered expansion coefficients are obtained from the known incident expansion coefficient 

by 

 

[
𝑓𝑣

𝑔𝑣

] = −[𝐵]. [𝐴]−1 . [
𝑖(−𝑖𝑎𝑣)

𝑖(−𝑖𝑏𝑣)
] (3) 

 

where fv and gv are the scattered expansion coefficients. The quantity [B] · [A]-1 is the [T] matrix, 

which converts the   incident   field   coefficients   to   the   scattered   field coefficients. 

 

3. Numerical results 

We present results of computations for cholesteric liquid crystals, whereas scatterer we used the 

helical structured RNA. The size parameters 15 were used to compute the elements of the scattering 

matrix for scattering angles from 0o to 180o for RNA at the equatorial plane. The dielectric 

constants used are listed in table 1 [11]. The particular choice of a dielectric constant of 2"0 for the 

second near–neighbour interaction is due to the fact that the minimum dielectric constant in the 

RNA double helix is 2"0 at low frequencies. The refractive indices used are listed table 2 [12]. 

 

We have checked calculations in our computer code in fixed and random orientation in several 

ways: 

 

1. computations of amplitude scattering matrix with high accuracy, 

 

Table 1. Dielectric constants of double-helical RNA 

 
Chemical group "in 

Phosphate 33.0 "0 

Sugar    2.0 "0 

Adenine base 3.4 "0 

 Thymine base 3.4 "0 

Bulk water                                                                         41.0 "0 
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Table 2. Refractive index values of RNA. 

 

Material Refractive index 

PMMA 1.491 at 1.55 mm 

DNA 1.53 at 633 nm, 1.48 at 1.55 mm 

 

2. numerical   data   obtained   with   an   independent T-matrix code. 

 

Finally, our computations for RNA as cholesteric liquid crystal structure have shown satisfactory 

agreement with results of other calculations [13]. 

 

 
 

Figure 4. Scattered intensity versus scattering angle with different values of electric field (arbitrary units) 

 

Conclusions 

 

We have used the T-matrix method to compute the scattering of light by the RNA structure. First, 

we briefly described the computational scheme for calculating elements of the scattering matrix; 

discussed numerical aspects of T-matrix computations; and presented results of benchmark 

computations for a double helix structured RNA model. Then we reported results of computer 

calculations for RNA with different electric field voltages (figure 4). Figure 4 shows that as the 

applied voltage is increased, the oscillation intensity versus scattering angle gradually decreases, 

showing that the applied voltage (electric field) effects the optical properties of RNA and impedes 

the transmittance of light. It is expected that this will continue to be a valuable technique in liquid 

crystal research, with many novel applications to be explored in the future. 
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