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DETERMINATION OF ANISOTROPY OF THIN-LAYER POLYMERIC 

MATERIALS BY THE POLARIZATION-OPTICAL METHOD  

Matyakubov Bekzod Matnazarovich 

Military technical institute of the National Guard of the Republic of Uzbekistan 

 

Abstract In this article of optical anisotropies polymer thin films and nanofibers was 

investigated using the optical-polarization methods. The mechanical and optical anisotropy of thin-

layer polymeric materials based on fibroin silk and cotton pulp is also explained on the basis of 

several parameters. Several models for upper bounds on the different types of anisotropies are 

developed and these are compared with results of experiment. 

Keywords: fibroin, cellulose, electrospinning, nanofiber, nanomaterial, formation, polymer, 

silk, structure, anisotropy.  

 

ОПРЕДЕЛЕНИЕ АНИЗОТРОПИИ ТОНКОСЛОЙНЫХ ПОЛИМЕРНЫХ 

МАТЕРИАЛОВ ПОЛЯРИЗАЦИОННО-ОПТИЧЕСКИМ МЕТОДОМ 

Матякубов Бекзод Матназарович 

Военно-технический институт Национальной гвардии Республика Узбекистан  

 

Аннотация В данной статье были исследованы с использованием методов 

оптической поляризации анизотропия полимерных тонких пленок и нановолокон. Дано 

объяснения на основе нескольких параметров механическая и оптическая анизотропия 

тонкослойных полимерных материалов на основе фиброина шелка и хлопковой целлюлозы. 

Также разработано несколько моделей верхних границ для различных типов анизотропий, 

которые сравниваются с результатамы эксперимента.  

Ключевые слова: фиброин, целлюлоза, электроспиннинг, нановолокно, 

наноматериал, формирования, полимер, шелк, структура, анизотропия. 

 

ЮПҚА ҚАТЛАМЛИ ПОЛИМЕР МАТЕРИАЛЛАР АНИЗОТРОПИЯСИНИ 

ПОЛЯРИЗАЦИОН-ОПТИК УСУЛДА АНИҚЛАШ 

Матякубов Бекзод Матназарович 

Ўзбекистон Республикаси Миллий гвардияси Ҳарбий-техник институти  

 

Аннотация Ушбу мақолада юпқа қатламли полимер материаллар ва 

нанотоларнинг анизотропияси поляризацион-оптик усули ёрдамида тадқиқ қилинган. 

Ипак фиброини ва пахта целлюлозаси асосида олинган юпқа қатламли полимер 

материлларнинг механик ва оптик анизатропияси бир нечта параметрлар асосида 

тушунтириб берилган. Шунингдек, турли ҳил анизотропик холатлар учун юқори 



НамДУ илмий ахборотномаси - Научный вестник НамГУ 2020 йил 7-сон 

 

13 

чегараланган бир нечта моделлар ишлаб чиқилиб эксперимент натижалари билан 

таққосланган.  

Калит сўзлар: фиброин, целлюлоза, электроспиннинг, нанотола, наноматериал, 

шакллантириш, полимер, ипак, тузилиши, анизотропия.  

 

Introduction  

Currently, the improvement of the method of electrospinning of nanofibers at the 

nanotechnology level of modern materials, primarily nanoporous non-woven materials 

based on local biopolymers, is a very relevant scientific area of applied research. 

However, modern scientific research in this regard is aimed at solving quite specific 

problems based on the relevance of the problem, in particular, the creation of nanoporous 

nanofiber nonwoven materials based on local bioactive polymers, for example, chitosan, 

fibroin, collagen, cellulose, co-acrylonitrile, etc. [1]. 

Electrospinning is a simple and versatile technique applicable to a wide range of 

polymers and solvents for the production of materials in nanometer scale. 

Fibers with diameters from few tens of nm to few microns can be fabricated by 

electrospinning, a method based on electrostatic fields applied to a polymer solution [2]. 

Particular attention in the preparation of nanofibers is given to the choice of solvent 

for the initial solid polymer. The solvent must satisfy the following basic requirements [3]: 

• boiling temperature in the range of 80-200 oC; 

• saturated vapor pressure in the range of 0.35-10 kPa at 20 °C; 

• surface tension not higher than 0.05 N / m; 

• electrical conductivity in the range of 10-6-10-2 S/m; 

• relative dielectric constant not more than 100. 

The conventional process of fibre spinning is based on the principle of pressure-

driven extrusion of a viscous polymer into fibres of diameter ranging from 10 to 500μm2. 

The nano fibrous materials produced by electrospinning process exhibit novel and 

significantly improved physical, chemical and biological properties [4]. 

Electrospun nanofibres are normally collected as randomly oriented nonwoven 

mat. These fibres have smaller pores and higher surface area than regular fibres. The 

pronounced nano and micro structural characteristics of nanofibres enable to develop 

advanced materials with sophisticated applications. 

Electrospinning can produce various novel surfaces with nano-scale fibre diameter 

and also it is very simple as compared to traditional fibre forming methods. Though 

electro spun nanofibres are still at the embryonic stage, it has an emerging future in 

various applications. It is going to bring about hundreds of billions of dollars of market 

impact on new materials within a decade. Research and development will slowly break 

down the barriers for use of nanofibres in various fields. Also the advent of electro 

spinning makes it possible to bring the traditional textile sector to a level of high-

technological industry. However, there is a need of intense cooperation between people 

from various disciplines such as textile technology, chemical technology, biotechnology, 

polymer science and material science to explore these possibilities [5]. 

Objects and methods of research 

Birefringence is an optical property of a material having a refractive index that 
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depends on the polarization and propagation of the direction of light. These optically 

anisotropic materials are called birefringent. Birefringence is often quantified as the 

maximum difference between the refractive indices exhibited by the material. Crystals 

with non-cubic crystalline structures, often birefringent, as well as plastics under 

mechanical stress. Birefringence is responsible for the birefringence phenomenon by which 

a ray of light, when incident on a birefringent, split polarization material into two beams, 

taking several different paths [6].    

Polarization-optical methods are based on measuring the optical anisotropy of 

macromolecules in various structural and phase states. For anisotropic materials, the 

refractive index is dependent on the propagation direction of the light in the material. 

When the refractive index is different in all directions, nx = ny= nz, the material is referred 

to as biaxial anisotropic. 

Thin polymer films often exhibit uniaxial anisotropy, with a different refractive 

index in the direction perpendicular to the surface of the film nx = ny= nz. 

The z-direction corresponds with the so-called optical axis, i.e., the axis of 

symmetry with all perpendicular directions optically equivalent. 

The difference between two refractive indices is called optical anisotropy, Dn, also 

termed birefringence. In this paper, we refer to Dn as to optical anisotropy [7]. 

Such a set of methods made it possible to simultaneously measure the effective 

viscosity (ef) and the orientation factor of macromolecules ( (n/n)0,5, where n is the 

measured, n is the maximum possible value of the DLP) for various velocity gradients 

(g) of the longitudinal field and solvent activity (а(M, T, pH). 

The polarization-optical methods have been successfully used in the work, both 

independently and in combination with hydrodynamic, rheological, electrical research 

methods. The experiments were carried out at a wavelength of a monochromatic beam of 

560 nm.  

The quantities ∆n and g are determined using the formulas [8] 

∆n =∆/2пda                            

 

g =  Q/Sкlк                          

Where ∆ is the phase difference between the ordinary and extraordinary rays 

passing through the anisotropic region of the solution with a thickness of da; Q - is the 

second flow rate of the solution passing through the cross section of the capillary (Sk). 

On the average degree of development of macromolecules (β) is estimated by the 

value of the ratio 

β = (∆n/∆n)1/2                            

 

The value of ∆n  was calculated by the Peterlin formula [9-10]:  

 

∆n= 2π(n2-2)2(9n)-1 (a1 - a2) N' .                           

 

Where n -  is the refractive index of the solution; N'= NAC/Mo - is the number of 

elementary units in a volume element with a concentration of C (in the case of a solid 

polymer, instead of C,  -  is the density of the polymer); (a1 - a2) - is the optical anisotropy 
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of the elementary link. 

In these experiments, instead of Мо   and  (a1 - a2), similar segment indicators in the 

chain can be used. 

For many polymers, the values (а1 - а2) were established; however, such information 

is not available in the literature for fibroin molecules. 

It is known that fibroin molecules in a fiber are antiparallel, i.e. are in the β-form and 

are fixed between themselves by hydrogen bonds, which are destroyed when the fibers 

dissolve. Macromolecules in solution shave predominant -spiral conformation [11-12]. 

However, under the conditions of the longitudinal flow of solutions, the molecular 

chains unfold and orient themselves along the axis of symmetry of the hydrodynamic cell. 

In this case, the anisotropic region manifests itself in the form of a thin “cords” or “tapes” 

[13]. 

 

Results and discussion 

In this regard, the measurement of ∆nвwas carried out by placing a fiber with a 

thickness of dв= 0,0036 сm in saline solvents. 

As a result of such an experiment, ∆nв= 8,34*10-3for a solvent of 2,5 МLiCl-DMF and 

∆nв= 8,55*10-3for a solvent of 7,7 МNaCNS-water were determined. 

 

(а1 - а2) = 9n∆nвМо/[2πNA(n2 + 2)2]              

where Мо=345 and  = 1,33 г/см3were taken from.  

Using the values of ∆nв and expressions, we calculated the value (а1 - а2): 

Thus, (а1 - а2) = 4,2*10-25см3 и (а1 - а2)= 4,4*10-25см3, respectively, for dimethyl 

formamide and aqueous saline solvents [14]. 

Using these values (а1 - а2)and replacing  with C in equation we found the 

coefficients connecting ∆nwith the concentration of fibroin in solutions: for 2,5 МLiCl - 

∆n= 6,16*10-3С; for 7,7 МNaCNS -water - ∆n= 6,43*10-3С. 

                              

n/n  

 
Fig. 3. The dependence of the amount of light refraction (n/n) on the longitudinal 

gradient of the field velocity (g):1  - ФБ1 ;  2 -ХЦ;   3 - ФБ2 
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Table 3 . Anisotropic properties samples of fibroin silk and cotton cellulose 

Indicators 
films fibers 

cotton cellulose Fibroin silk Fibroin silk 

Optical anisotropy 

Elementary link (a1 - a2), 10
-2

, cm
3
  

Macromolecular orientation factor, ∆n/∆n0 

30 

0,70 

64 

0,75 

64 

0,85 

Mechanical anisotropy 

Tensile strength, MPa: 

longitudinal 

transverse 

 

126 

49 

 

55 

17 

 

580 

- 

Moisture absorption24 hours, % 

heat resistance, 
o
C 

45-115 

130 

45-70 

110 

18-25 

150 

 

Obviously, this is due to the fact that fibroin molecules effectively interact with 

hydrophilic groups with water molecules. In fact, anisotropic properties are characteristic 

of silk fibers, but they are less pronounced than in fibroin films.This similarity is due to the 

fact that fibroin forms an orientation structure [15]. 

 
Fig. 4. Various kinds of nanomaterials. (A) 0D spheres and clusters. (B) 1D nanofibers, 

wires, and rods. (C) 2D films, plates, andnetworks. (D) 3D nanomaterials [16]. 

Thus, orientationally crystallized films of fibroin samples are characterized by 

optical and mechanical anisotropic properties, pronounced indicators are the anisotropy of 

absorption, swelling, and moisture sorption, which depend on the crystallinity of the 

sample [17]. 

Conclusion   

The results revealed that the optical anisotropy of the nanofibers was highly and 

thin films showed weak anisotropy. These results suggested that the electrospinning 

conjugated polymer nanofibers had macromolecular chains preferably oriented along the 

nanofiber axis. 
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