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are complex refractive indices and 𝑛ଵ, 𝑛ଶ, 𝑘ଵ, 𝑘ଶ are 
real and imaginary parts of refractive indices of 
corresponding PDMS and DNA layers. 

Based on the presented in Fig. 1 geometric 
construction with the use of TMM, the reflectance and 
transmittance of light irradiation through DNA/PDMS 
structure can be determined by setting the parameters 
of all the layers included in it. To calculate the 
absorption spectrum of DNA, it is necessary to 
consider the losses of irradiation in the layers of the 
structure, i.e. to also consider the imaginary parts of 
the refractive indices. Refractive index is a complex 
function, where the real part reflects the scattering, 
and the imaginary part reflects the absorption of the 
incident optical field in the medium. 

The disadvantage is the extensive sequence of 
operations required on a small matrix. This greatly 
complicates the calculations. We will use complex 
refractive indices for layers in the form 

 

𝑛෤ ൌ 𝑛 െ 𝑖𝑘. … (1) 
 

The transfer matrix method in optics is a 
mathematical technique used to analyze the 
propagation of light rays through an optical system by 
representing each optical element as a 2x2 matrix, 
allowing for the calculation of the ray's position  
and angle after passing through the entire system  
by multiplying these matrices together22. If the 
electromagnetic field is known at the beginning of a 
layer, the field at the end of the layer can be obtained 
from a simple matrix operation. The stack of layers 
can then be represented as a system matrix, which  
is the product of the matrices of the individual  
layers. The system matrices are then converted back 
into reflectance and transmittance. The absorptance is 
calculated from reflectance and transmittance. 

According to TMM the optical characteristics of a 
multilayer structure can be represented by the 2 ൈ 2 
matrix26: 
 

𝑀௝ ൌ ቆ
𝑐𝑜𝑠𝛿௝ 𝑖𝑠𝑖𝑛𝛿௝ 𝛾௝⁄
𝑖𝛾௝𝑠𝑖𝑛𝛿௝ 𝑐𝑜𝑠𝛿௝

ቇ,  … (2) 

where the phase angle is 
 

𝛿௝ ൌ
ଶగ

ఒ
൫𝑛෤௝𝑡௝ 𝑐𝑜𝑠 𝜃௝൯.  … (3) 

 

Here 𝜆 is the irradiation wavelength, 𝑗 takes the 
values 1 and 2. 

Because  
𝑑𝑒𝑡𝑀௝ ൌ 𝑐𝑜𝑠ଶ𝛿௝ ൅ 𝑠𝑖𝑛ଶ𝛿௝ ൌ 1 ് 0, 
it can be argued that is not a singular matrix. 

The quantity 𝑛෤௝𝑡௝ 𝑐𝑜𝑠 𝜃௝ is called the «effective 
optical thickness» of the layer for the angle of 
refraction𝜃௝, а𝑡௝is the thickness of the corresponding 
j-th layer, and 𝛾௝ is “the effective refractive index”, 
which, depending on whether the incident irradiation 
is polarized parallel or perpendicular to the plane of 
incidence, is given by 
 

𝛾௝ ൌ ቊ
𝑛෤௝ 𝑐𝑜𝑠 𝜃௝⁄ parallel

𝑛෤௝ 𝑐𝑜𝑠 𝜃௝ perpendicular
 … (4) 

 

In further computations, we accept perpendicularly 
polarized incident radiation to the surface of the 
structure.  

According to the Descartes-Snell law for bordering 
media 𝑥 and 𝑦 with complex refractive indices 𝑛௫, 𝑛௬ 
and 𝑘௫, 𝑘௬, we have27: 

 

௦௜௡ఏೣ
௦௜௡ఏ೤

ൌ
௡೤
௡ೣ
ቈ1 െ ൬

௞೤
௡೤
൰
ଶ
቉. 

 

Usually the condition 
 

൫𝑘௬ 𝑛௬⁄ ൯
ଶ
≪ 1 

 

is easily satisfied for the materials we use. This allows 
us to retain only the real parts of the refractive indices 
in the Descartes-Snell law, and to write the law as 
follows: 
 

𝑛଴𝑠𝑖𝑛𝜃଴ ൌ 𝑛ଶ𝑠𝑖𝑛𝜃ଶ, 𝑛ଶ𝑠𝑖𝑛𝜃ଶ ൌ 𝑛ଵ𝑠𝑖𝑛𝜃ଵ.  … (5) 
 

The overall optical behavior of the double layer 
structure presented in (Fig. 1) is represented by the 
product matrix 𝑀: 

 

𝑀 ൌ 𝑀ଵ𝑀ଶ ൌ ቀ
𝑚ଵଵ 𝑚ଵଶ
𝑚ଶଵ 𝑚ଶଶ

ቁ.  … (6) 
 

From Eqns. (2) and (6) we have: 
 

൬
𝑐𝑜𝑠𝛿ଵ 𝑖𝑠𝑖𝑛𝛿ଵ 𝛾ଵ⁄
𝑖𝛾ଵ𝑠𝑖𝑛𝛿ଵ 𝑐𝑜𝑠𝛿ଵ

൰ ൬
𝑐𝑜𝑠𝛿ଶ 𝑖𝑠𝑖𝑛𝛿ଶ 𝛾ଶ⁄
𝑖𝛾ଶ𝑠𝑖𝑛𝛿ଶ 𝑐𝑜𝑠𝛿ଶ

൰ ൌ ቀ
𝑚ଵଵ 𝑚ଵଶ
𝑚ଶଵ 𝑚ଶଶ

ቁ, 

 

൬
𝑐𝑜𝑠𝛿ଵ𝑐𝑜𝑠𝛿ଶ ൅ 𝑖𝛾ଶ𝑠𝑖𝑛𝛿ଶ 𝑖𝑠𝑖𝑛𝛿ଵ 𝛾ଵ⁄ 𝑐𝑜𝑠𝛿ଵ 𝑖𝑠𝑖𝑛𝛿ଶ 𝛾ଶ⁄ ൅ 𝑖𝑐𝑜𝑠𝛿ଶ𝑠𝑖𝑛𝛿ଵ 𝛾ଵ⁄
𝑖𝛾ଵ𝑠𝑖𝑛𝛿ଵ𝑐𝑜𝑠𝛿ଶ ൅ 𝑖𝛾ଶ𝑠𝑖𝑛𝛿ଶ𝑐𝑜𝑠𝛿ଵ 𝑖𝛾ଵ𝑠𝑖𝑛𝛿ଵ 𝑖𝑠𝑖𝑛𝛿ଶ 𝛾ଶ⁄ ൅ 𝑐𝑜𝑠𝛿ଵ𝑐𝑜𝑠𝛿ଶ

൰ ൌ

ቀ
𝑚ଵଵ 𝑚ଵଶ
𝑚ଶଵ 𝑚ଶଶ

ቁ,  … (7) 

 
 

Fig. 1 — Double-layer DNA-PDMS structure under irradiation 
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𝛿௝ ൌ
ଶగ

ఒ
൫𝑛෤௝𝑡௝ 𝑐𝑜𝑠 𝜃௝൯ ൌ

ଶగ

ఒ
ൣ൫𝑛௝ െ 𝑖𝑘௝൯𝑡௝ 𝑐𝑜𝑠 𝜃௝൧, 

𝛾௝ ൌ 𝑛෤௝ 𝑐𝑜𝑠 𝜃௝ ൌ ൫𝑛௝ െ 𝑖𝑘௝൯ 𝑐𝑜𝑠 𝜃௝. 
 

Elements of the right side of the matrix (7) can be 
represented as the sum of real and imaginary parts as 
follows:  
 

𝑚ଵଵ ൌ 𝑚ଵଵ
ᇱ ൅ 𝑖𝑚ଵଵ

ᇱᇱ ; 𝑚ଵଶ ൌ 𝑚ଵଶ
ᇱ ൅ 𝑖𝑚ଵଶ

ᇱᇱ ; 𝑚ଶଵ ൌ
𝑚ଶଵ
ᇱ ൅ 𝑖𝑚ଶଵ

ᇱᇱ ; 𝑚ଶଶ ൌ 𝑚ଶଶ
ᇱ ൅ 𝑚ଶଶ

ᇱᇱ . 
 

After long and complex mathematical calculations 
for matrix elements 𝑚௜௝

ᇱ  and 𝑚௜௝
ᇱᇱ  we obtain complicated 

expressions, which are presented below in the 
equation box. All the notations used in the 
calculations are also given there. 
 

𝑚ଵଵ ൌ 𝑚ଵଵ
ᇱ ൅ 𝑖𝑚ଵଵ

ᇱᇱ ; 𝑚ଵଶ ൌ 𝑚ଵଶ
ᇱ ൅ 𝑖𝑚ଵଶ

ᇱᇱ ; 𝑚ଶଵ ൌ
𝑚ଶଵ
ᇱ ൅ 𝑖𝑚ଶଵ

ᇱᇱ ; 𝑚ଶଶ ൌ 𝑚ଶଶ
ᇱ ൅ 𝑚ଶଶ

ᇱᇱ ; 
 

𝑚ଵଵ
ᇱ ൌ 𝜖ଵ𝜖ସ∆ଵ െ 𝜖ଶ𝜖ଷ∆ଶ െ 𝜎ଵሺ𝜖ଵ𝜖ସ∆ଶ െ 𝜖ଶ𝜖ଷ∆ଵሻ െ

𝜎ଶሺ𝜖ଵ𝜖ଶ∆ସ ൅ 𝜖ଷ𝜖ସ∆ଷሻ; 
 

𝑚ଵଵ
ᇱᇱ ൌ 𝜖ଵ𝜖ଶ∆ଷ ൅ 𝜖ଷ𝜖ସ∆ସ െ 𝜎ଵሺ𝜖ଵ𝜖ଶ∆ସ ൅ 𝜖ଷ𝜖ସ∆ଷሻ ൅

𝜎ଶሺ𝜖ଵ𝜖ସ∆ଶ െ 𝜖ଶ𝜖ଷ∆ଵሻ; 
 

𝑚ଵଶ
ᇱ ൌ

െ𝛽ଵሾ𝑛ଵሺ𝜖ଵ𝜖ଶ∆ଶ െ 𝜖ଷ𝜖ସ∆ଵሻ൅𝑘ଵሺ𝜖ଵ𝜖ସ∆ସ ൅
𝜖ଶ𝜖ଷ∆ଷሻሿെ𝛽ଶሾ𝑛ଶሺ𝜖ଷ𝜖ସ∆ଶ െ 𝜖ଵ𝜖ଶ∆ଵሻ ൅ 𝑘ଶሺ𝜖ଵ𝜖ସ∆ଷ ൅ 𝜖ଶ𝜖ଷ∆ସሻሿ; 
 

𝑚ଵଶ
ᇱᇱ ൌ 𝛽ଵሾ𝑛ଵሺ𝜖ଵ𝜖ସ∆ସ ൅ 𝜖ଶ𝜖ଷ∆ଷሻ െ 𝑘ଵሺ𝜖ଵ𝜖ଶ∆ଶ െ

𝜖ଷ𝜖ସ∆ଵሻሿ ൅ ൅𝛽ଶሾ𝑛ଶሺ𝜖ଵ𝜖ସ∆ଷ ൅ 𝜖ଶ𝜖ଷ∆ସሻ െ 𝑘ଶሺ𝜖ଷ𝜖ସ∆ଶ െ
𝜖ଵ𝜖ଶ∆ଵሻሿ; 
 

𝑚ଶଵ
ᇱ ൌ 𝑘ଵ𝑐𝑜𝑠𝜃ଵሺ𝜖ଵ𝜖ସ∆ସ ൅ 𝜖ଶ𝜖ଷ∆ଷሻ െ 𝑛ଵ 𝑐𝑜𝑠 𝜃ଵሺ𝜖ଵ𝜖ଶ∆ଶ െ

𝜖ଷ𝜖ସ∆ଵሻ െ 𝑛ଶ𝑐𝑜𝑠𝜃ଶሺ𝜖ଷ𝜖ସ∆ଶ െ 𝜖ଵ𝜖ଶ∆ଵሻ ൅
𝑘ଶ𝑐𝑜𝑠𝜃ଶሺ𝜖ଵ𝜖ସ∆ଷ ൅ 𝜖ଶ𝜖ଷ∆ସሻ; 
 

𝑚ଶଵ
ᇱᇱ ൌ 𝑘ଵ 𝑐𝑜𝑠 𝜃ଵ ሺ𝜖ଵ𝜖ଶ∆ଶ െ 𝜖ଷ𝜖ସ∆ଵሻ ൅ 𝑛ଵ 𝑐𝑜𝑠 𝜃ଵ ሺ𝜖ଵ𝜖ସ∆ସ ൅

𝜖ଶ𝜖ଷ∆ଷሻ ൅ 𝑛ଶ𝑐𝑜𝑠𝜃ଶሺ𝜖ଵ𝜖ସ∆ଷ ൅ 𝜖ଶ𝜖ଷ∆ସሻ ൅
𝑘ଶ𝑐𝑜𝑠𝜃ଶሺ𝜖ଷ𝜖ସ∆ଶ െ 𝜖ଵ𝜖ଶ∆ଵሻ; 
 

𝑚ଶଶ
ᇱ ൌ 𝜖ଵ𝜖ସ∆ଵ െ 𝜖ଶ𝜖ଷ∆ଶ െ 𝜎ସሺ𝜖ଵ𝜖ସ∆ଶ െ 𝜖ଶ𝜖ଷ∆ଵሻ ൅

𝜎ଷሺ𝜖ଵ𝜖ଶ∆ସ ൅ 𝜖ଷ𝜖ସ∆ଷሻ; 
 

𝑚ଶଶ
ᇱᇱ ൌ 𝜖ଵ𝜖ଶ∆ଷ ൅ 𝜖ଷ𝜖ସ∆ସ ൅ 𝜎ସሺ𝜖ଵ𝜖ଶ∆ସ ൅ 𝜖ଷ𝜖ସ∆ଷሻ ൅

𝜎ଷሺ𝜖ଵ𝜖ସ∆ଶ െ 𝜖ଶ𝜖ଷ∆ଵሻ; 
 

𝛽ଵ
ିଵ ൌ ሺ𝑛ଵ

ଶ ൅ 𝑘ଵ
ଶሻ 𝑐𝑜𝑠 𝜃ଵ; 𝛽ଶ

ିଵ ൌ ሺ𝑛ଶ
ଶ ൅ 𝑘ଶ

ଶሻ 𝑐𝑜𝑠 𝜃ଶ; 

𝛽ଷ ൌ
ଶగ

ఒ
𝑡ଵ 𝑐𝑜𝑠 𝜃ଵ; 𝛽ସ ൌ

ଶగ

ఒ
𝑡ଶ 𝑐𝑜𝑠 𝜃ଶ; 

 

2𝜖ଵ ൌ 𝑒ఉభ௞భ ൅ 𝑒ିఉభ௞భ; 2𝜖ଶ ൌ 𝑒ఉమ௞మ െ 𝑒ିఉమ௞మ; 
2𝜖ଷ ൌ 𝑒ఉభ௞భ െ 𝑒ିఉభ௞భ; 2𝜖ସ ൌ 𝑒ఉమ௞మ ൅ 𝑒ିఉమ௞మ; 
 

𝜎ଵ ൌ 𝛽ଵሺ𝑛ଵ𝑛ଶ ൅ 𝑘ଵ𝑘ଶሻ𝑐𝑜𝑠𝜃ଶ; 𝜎ଶ ൌ 𝛽ଵሺ𝑛ଵ𝑘ଶ െ
𝑘ଵ𝑛ଶሻ 𝑐𝑜𝑠 𝜃ଶ; 𝜎ଷ ൌ 𝛽ଶሺ𝑛ଵ𝑘ଶ ൅ 𝑘ଵ𝑛ଶሻ 𝑐𝑜𝑠 𝜃ଵ;  
 

𝜎ସ ൌ 𝛽ଶሺ𝑛ଵ𝑛ଶ െ 𝑘ଵ𝑘ଶሻ 𝑐𝑜𝑠 𝜃ଵ; 
 

∆ଵൌ 𝑐𝑜𝑠ሺ𝛽ଷ𝑛ଵሻ𝑐𝑜𝑠ሺ𝛽ସ𝑛ଶሻ; ∆ଶൌ 
 

𝑠𝑖𝑛ሺ𝛽ଷ𝑛ଵሻ𝑠𝑖𝑛ሺ𝛽ସ𝑛ଶሻ; ∆ଷൌ 𝑐𝑜𝑠ሺ𝛽ଷ𝑛ଵሻ𝑠𝑖𝑛ሺ𝛽ସ𝑛ଶሻ; 
∆ସൌ 𝑠𝑖𝑛ሺ𝛽ଷ𝑛ଵሻ𝑐𝑜𝑠ሺ𝛽ସ𝑛ଶሻ. 
 

The amplitudes of reflection and transmission 
coefficients 𝑟 and 𝑡are given by the following 
expressions22,23:  
 

𝑟 ൌ
ఊబ௠భభାఊబ௠భమି௠మభି௠మమ

ఊబ௠భభାఊబ௠భమା௠మభା௠మమ
, 𝑡 ൌ

ଶఊబ
ఊబ௠భభାఊబ௠భమା௠మభା௠మమ

. 
 

As a result 
 

𝑟 ൌ
ାఊబ௠భమ

ᇲ ି௠మభ
ᇲ ି௠మమ

ᇲ ା௜൫ఊబ௠భభ
ᇲᇲ ାఊబ௠భమ

ᇲᇲ ି௠మభ
ᇲᇲ ି௠మమ

ᇲᇲ ൯

ఊబ௠భభ
ᇲ ାఊబ௠భమ

ᇲ ା௠మభ
ᇲ ା௠మమ

ᇲ ା௜൫ఊబ௠భభ
ᇲᇲ ାఊబ௠భమ

ᇲᇲ ା௠మభ
ᇲᇲ ା௠మమ

ᇲᇲ ൯
;  

 

𝑡 ൌ
ଶఊబ

ఊబ௠భభ
ᇲ ାఊబ௠భమ

ᇲ ା௠మభ
ᇲ ା௠మమ

ᇲ ା௜൫ఊబ௠భభ
ᇲᇲ ାఊబ௠భమ

ᇲᇲ ା௠మభ
ᇲᇲ ା௠మమ

ᇲᇲ ൯
. 

 

Here for air 𝛾଴ ൌ 𝑛଴𝑐𝑜𝑠𝜃଴. 
 

The intensity of reflectance 𝑅 and transmittance  
𝑇 are determined through the amplitudes 𝑟 and 𝑡:  
 

𝑅 ൌ |𝑟|ଶ, 𝑇 ൌ
ఊభ
ఊబ

|𝑡|ଶ. 
 

Then: 
 

𝑅 ൌ
൫ఊబ௠భభ

ᇲ ାఊబ௠భమ
ᇲ ି௠మభ

ᇲ ି௠మమ
ᇲ ൯

మ
ା൫ఊబ௠భభ

ᇲᇲ ାఊబ௠భమ
ᇲᇲ ି௠మభ

ᇲᇲ ି௠మమ
ᇲᇲ ൯

మ

൫ఊబ௠భభ
ᇲ ାఊబ௠భమ

ᇲ ା௠మభ
ᇲ ା௠మమ

ᇲ ൯
మ
ା൫ఊబ௠భభ

ᇲᇲ ାఊబ௠భమ
ᇲᇲ ା௠మభ

ᇲᇲ ା௠మమ
ᇲᇲ ൯

మ,   

 … (8) 
 

𝑇 ൌ
ସఊబఊభ

൫ఊబ௠భభ
ᇲ ାఊబ௠భమ

ᇲ ା௠మభ
ᇲ ା௠మమ

ᇲ ൯
మ
ା൫ఊబ௠భభ

ᇲᇲ ାఊబ௠భమ
ᇲᇲ ା௠మభ

ᇲᇲ ା௠మమ
ᇲᇲ ൯

మ.   

 … (9) 
 

The absorptance 𝐴 is defined as follows:  
𝐴 ൌ 1 െ 𝑅 െ 𝑇.  … (10) 
 

Absorption coefficient of DNA in the range 187-297 nm 
In many theoretical problems related to the 

calculation of optoelectronic characteristics of bio-
optical organic devices (sensors, receivers, emitters, 
etc.), it is necessary to have an analytical formula for the 
absorption coefficient 𝛼. The latter can be determined 
from the spectral dependence of absorptance  
𝐴. Absorption coefficient can be calculated from this 
simple relation (see, Appendix): 
 

𝛼 ൌ 2.303
஺

௧
,  … (11) 

 

Where 𝑡 is the sample (DNA molecule) thickness. 
 
Results and Discussion  

As already noted, elastomeric PDMS ሺ𝑛ଵ ൌ 1.4, 
𝑘ଵ ൌ 10ି଺) is used as a substrate18. 

There is data in the literature on the technology of 
obtaining small values of the thickness of uniaxial 
nitrogen bases9. Following these studies, for 
numerical calculations we chose a real DNA thickness 



GASPARYAN et al.: OPTICAL PROPERTIES OF DNA-POLYDIMETHYLSILOXANE 
 
 

149

of 10 nm. In the wavelength range 181-300 nm the 
real part the refractive indices of DNA molecules take 
values from 1.6 to 1.78 and imaginary part takes 
values from 0.27 to 0.05212. 

For numerical calculations in the wavelength range 
180 - 310 nm we use the following parameters: 
𝑡ଵ ൌ 100 nm, 𝑡ଶ ൌ 10 nm, 𝑛଴ ൌ 1, 𝑛ଵ ൌ 1.4, 
𝑘ଵ ൌ 10ି଺. Two cases of incidence angle will be 
analyzed: 𝜃଴ ൌ 30° and 𝜃଴ ൌ 60°. Numerical 
modeling was carried out in two cases:  
 The case of averaged constant values of 𝑛ଶ ൌ

1.68 and 𝑘ଶ ൌ 0.26 for the considered spectral 
region of 180–310 nm (the results are presented in 
Figs. 2 and 3); 

 The case considers the spectral dependence of 
𝑛ଶሺ𝜆ሻ and 𝑘ଶሺ𝜆ሻ according to the data of Ref. 
[12] (the results are presented in Fig. 5). 

The spectral dependences of reflectance and 
absorptance have a well-known behaviour with 

characteristic extrema (Figs. 2-5). Such extremes have 
been repeatedly detected experimentally1,11-14. As can 
be seen from (Fig. 2a), as expected, the behaviour of 
the absorptance almost mirrors the behaviour of the 
reflectance. This is seen more clearly on (Fig. 2b).  
The spectral dependence of the reflectance  
clearly shows a minimum (220 nm) and maximum 
(260 nm), which shift slightly towards short waves, 
correspondingly 215 nm and 250 nm with a decrease 
in the angle of incidence of irradiation (Fig. 3a). 
Clearly manifested extremes not only in behaviour,  
but also numerically completely coincide with 
experimental data1,11-14. 

At smaller angles 𝜃଴ ൌ30°, absorptance is shifted 
toward shorter wavelengths on ~15 nm: maximum 
from 215 and 270 nm shifted to 200 and 260 nm, 
minimum from 250 nm shifted to 233nm (Fig. 3b). 
Such weak shifts in the behavior of absorptance 
probably can be explained by the activation of excited 

 
 

Fig. 2 — (a) Spectral dependency of reflectance, transmittance and absorptance of thin-layer DNA at the θ0=30o; and (b) Spectral 
dependency of reflectance, transmittance and absorptance of thin-layer DNA at the θ0=60o 

 

 
 

Fig. 3 — (a) Spectral dependence of reflectance. Blue curve is plotted for θ0=30o, the red one for θ0=60o; and (b) Spectral dependence of 
absorptance. Blue curve is plotted for θ0=30o, the red one for θ0=60o 
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energy states HOMO and LUMO of DNA molecules 
(from 60° to 30°) and creating more favorable 
conditions for absorption of high-energy photons  
at the decreasing of incident irradiation angle.  
The dependence of the position of extreme points  
on the absorption spectrum on the angle of incidence 
of irradiation can be used to create an angle of 
incidence sensor. When DNA molecules are exposed 
to UV-B light, they absorb the light energy  
at a specific wavelength of around 200-220 and  
250-260 nm. 

Figure 4 shows the dependences 𝑅ሺ𝜆ሻ, 𝑇ሺ𝜆ሻ and 
Aሺ𝜆ሻ of a thin DNA film with a change in the 
refractive index of DNA according to the data12, and 
at an incidence angle of 60°. Unlike Figures 2 and 3, 
the curves in (Fig. 4) are constructed using the 
spectral distribution of the real and imaginary parts of 
the DNA refractive index. The reflectance has a 
maximum at 220 nm, then decreases. Up to 257 nm 
absorptance exhibits almost mirror behaviour, passing 
through a minimum at 220 nm and taking a maximum 
value at 257 nm. The dependencies presented in  
(Fig. 4) do not change significantly when the angle of 
incidence of irradiation changes. Comparing the 
behaviour of the absorptance from (Fig. 3b and  
Fig. 4), for 𝜃଴ ൌ 60° we see that: 
 Instead of two maximums in 213 nm and  

270 nm there is one maximum in 257 nm, their 
absolute values are very close. 
 Minimum in Figure 4 at 220 nm is very 

different from minimum in (Fig. 3b) (red curve,  
250 nm). Their absolute values are very close. 

It is obvious that the spectral dependency of 
absorptance presented in (Fig. 4) is more realistic and 
agrees quite well with the known experimental data 
presented in1,11-14.  

A comparison of the ratios of the amplitudes of the 
absorption maxima and minima shows a virtually 
complete match between our data (~1.56, Fig. 4) and 
the experimental data of work13 (~1.67, Fig. 1) in 
work13. This confirms the acceptability of TMM for 
biomaterials. 

Undoubtedly, the differences between curves in 
Figs. 3 and 4 is due to a change in the absorption 
spectrum. Such a shift of the extreme points is 
probably because the imaginary part of the refractive 
index for the upper curve in Fig. 3b (plotted at 
𝑘ଶ ൌ 0.26) is comparatively greater than the 
imaginary parts of the refractive index for the 
minimum (𝑘ଶ ൌ 0.20) and maximum (𝑘ଶ ൌ 0.12) of 
the corresponding curve in Fig. 4. Since the 𝐴ሺ𝜆ሻ has 
an ambiguous spectral dependence (Fig. 4), the 
modeling of dependency 𝛼ሺ𝜆ሻ is carried out as 
follows. Dividing the spectrum into two parts and 
using the extrapolation method, we construct the 
following dependencies: 

 

a) Region with minimum acceptance at 220 nm 
 

𝐴ଵሺ𝜆ሻ ൌ 0.34 ൅ 20 ቀ
ఒ

ଶଶ଴
െ 1ቁ

ଶ
;  

 

𝛼ଵሺ𝜆ሻ ൌ 2.3 ൈ 10଺ ൤0.34 ൅ 20 ቀ
ఒ

ଶଶ଴
െ 1ቁ

ଶ
൨.  … (12) 

 

b) Region with maximum acceptance at 257 nm 
 

𝐴ଶሺ𝜆ሻ ൌ 0.60 െ 23.21 ቀ
ఒ

ଶହ଻
െ 1ቁ

ଶ
; 

 

𝛼ଶሺ𝜆ሻ ൌ 2.3 ൈ 10଺ ൤0.60 െ 23.21 ቀ
ఒ

ଶହ଻
െ 1ቁ

ଶ
൨.  … (13) 

 

In (12) and (13) the absorption coefficients are 
given in cm-1. When obtaining formulas (12) and (13), 
the DNA layer thickness value of 10 nm was used and 
condition of equality of 𝛼ଵሺ𝜆 ሻ and 𝛼ଶሺ𝜆ሻ is applied at 
the wavelength 237 nm. Total absorption coefficient 
𝛼 for wavelength diapason 190-290 nm will be the 
sum 𝛼ଵሺ𝜆 ሻ and 𝛼ଶሺ𝜆ሻ. 

Figure 5 shows spectral dependency of absorption 
coefficient 𝛼ሺ𝜆 ሻ of thin DNA layer. Its behavior is 
the same as absorptance behavior (Fig. 4, green 
curve). The magnitude of the absorption coefficient is 
quite large, which is due to the small thickness of the 
DNA layer. 

 
 

Fig. 4 — Spectral dependencies of reflectance, transmittance and
absorptance at the θ0=60o in the case of the spectral distribution of
the refractive index of DNA 
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Conclusion 
Theoretical simulation of optical properties of a two-

layer structure containing a thin-layer DNA was 
performed using the TMM. The analysis was 
performed considering both the real and imaginary 
parts of the refractive index of the layers. Reflectance, 
transmittance and absorptance spectra were 
determined. In the case of constant average values of 
the real and imaginary parts of the refraction indices of 
DNA, the behavior of the reflection (absorption) 
coefficient, passing through a minimum (maximum) at 
the wavelength 215-220 nm and through a maximum 
(minimum) at 250-260 nm. When DNA molecules are 
exposed to UV light, they absorb light energy at 
specific wavelengths around 220 and 260 nm. In the 
case of considering the spectral distribution of the real 
and imaginary parts of the refractive index of DNA in 
the calculations, the behavior of the reflection and 
absorption coefficients shifts along the wavelength 
towards long waves: reflection has maximum value  
at 220 nm and then decreases tending to zero; 
absorptance have minimum value at 220 nm and 
maximum at 257 nm. It is shown that the position of 
the extreme points on the reflectance and absorptance 
is not only mutually related but also depends on the 
angle of incidence of the irradiation. An attempt was 
made to explain the spectral dependence of the 
absorptance of DNA both on the value of the imaginary 
part of the refractive index and on the initial angle of 
incidence of UV irradiation. Using the approximation 
method, on the base of spectral dependency of 
acceptance a formula is obtained for the DNA 
absorption coefficient for the wavelength range 185-
295 nm. The correspondence between the behavior of 
reflectance and absorptance is generally consistent with 
known experimental data. The absorption of UV light 
at specific wavelengths provides important information 

that can be used in a variety of applications such as 
spectrophotometry and sensorics. 

The results of this work can be used to create 
organic nanoscale biosensors for UV irradiation and 
nanoscale devices based on biomaterials. Intensive 
research is being conducted in this direction1-6. The 
results will also be useful in studying the optical 
properties and mechanisms of electric current transfer 
in various biomaterials. 
 

Appendix 
From the Beer-Lambert law we have: 
 

𝛼𝑡 ൌ  て𝑛 ቀ
ூబ
ூ
ቁ.     (A1) 

Here 𝐼 and 𝐼଴ are the intensities of transmitted and 
incident light, respectively, 𝛼 is the absorption 
coefficient and 𝑡 is the thickness of the thin layer. 
Acceptance 𝐴 is decided as: 
 

𝐴 ≡ 𝑙𝑜𝑔 ቀ
ூబ
ூ
ቁ,     (A2) 

 

or 
 

𝐴 ≡ 𝑙𝑜𝑔 ቀ
ூబ
ூ
ቁ ൌ 𝑙𝑛 ቀ

ூబ
ூ
ቁ ൈ 𝑙𝑛ሺ𝑒ሻ ൌ 0.4343 ൈ 𝛼𝑡. 

 

Then 
 

𝛼 ൌ 2.303
஺

௧
.     (A3) 

 

By extending the Beer-Lambert law to a thin layer of 
DNA and assuming that it is a homogeneous medium, 
the absorption coefficient of DNA can be determined 
through the absorptance using formula (A3). 
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