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Abstract 

X-ray diffraction analysis of the samples showed that in the range of diffraction angles 

considered, crystalline reflexes were observed at 2θ=13.09°, 18.63°, 21.21°, 25.33° and 30.39°, 

which are characteristic of fibroin. The most intense maximum crystallographic reflex, 

characterizing the distance between planes with Muller indices (010), was observed at the 

diffraction angle 2θ=21.21°, but at the same time, the crystallographic reflex characteristic of 

(10-1) planes was observed at the angle 2θ=18.63°. X-ray phase analysis revealed that the 

fibroin samples were found to have a monoclinic crystal syngony with elementary crystal lattice 

parameters of a=7.057 Å, b=4.212 Å, c=6.114 Å, α=γ=90.00°, and β = 99.20°. 
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Introduction 

Recently, great attention has been paid to the study of biopolymers in nanostructures, especially 

to the formation of functional-active micro- and nanoparticles and composite materials based 

on them [1-4]. In this regard, obtaining bioactive surface-active polymer materials with various 

functions, determining their structures and properties, and the possibilities of their practical 

application are considered a topical issue in polymer physics [5,6]. 

 

Results and Discussion 

X-ray diffraction analysis of Bombyx mori silk fibroin obtained by hydrolysis revealed that 

within the range of diffraction angles considered, the diffraction angles 2θ=13.09°, 18.63°, 

21.21°, 25.33°, 30.39°, which correspond to the crystalline reflections of fibroin, were shifted 

and the values 2θ=11.10°, 19.25°, 21.42°, 24.59°, 29.50° were observed. 

 

Table 1. Diffractogram results of the fibroin sample 

№ Bragg 

angle2θ, o 

Inter-plane distance 

d, Å 

Peak intensity half-width 

FWHM, o 

Crystallite sizes, Å Muller 

indices, hkl 

1 13.09 6.76 5.00 16.9 001 

2 18.63 4.76 4.99 16.9 10-1 

3 21.21 4.18 4.51 18.7 010 

4 25.33 3.51 6.50 13.1 110 

5 30.39 2.93 7.13 12.05 20-1 
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X-ray phase analysis showed that the Bombyx mori silk fibroin samples obtained by hydrolysis 

had an orthorhombic crystal structure with elementary crystal lattice parameters a=7.487 Å, 

b=8.446 Å, c=4.732 Å, α=β=γ=90.00°. 

X-ray diffraction analysis of Bombyx mori silk fibroin obtained by hydrolysis under harsh 

conditions showed that crystalline reflections were observed at 2θ=10.17°, 14.30°, 15.96°, 

19.60°, 21.34°, 25.10° and 29.49°, which are characteristic of fibroin crystals, within the range 

of diffraction angles considered [7,8]. 

 

Table 2. Diffractogram results of a sample of silk fibroin with an hydroxide modulus of 

1:6, hydrolysis time of 120 minutes, and temperature of 180 °C 

№ Bragg 

angle2θ, o 

Inter-plane distance 

d, Å 

Peak intensity half-width 

FWHM, o 

Crystallite sizes, Å Muller 

indices, hkl 

1 11.10 8.00 3.40 25.0 100 

2 19.25 4.61 4.40 19.1 001 

3 21.42 4.14 3.10 27.4 020 

4 24.59 3.62 3.80 22.0 210 

5 29.50 3.02 7.00 12.3 201 

 

The most intense maximum crystallographic reflection, characterizing the distance between 

planes with a Muller index of (100), was observed at a diffraction angle of 2θ=19.0° (Fig. 1). 

 
Figure 1. Diffractogram of silk fibroin samples obtained at an hydroxide modulus of 1:6, 

hydrolysis time of 120 minutes, and temperature of 180 °C 

 

X-ray diffraction analysis of Bombyx mori silk fibroin obtained by hydrolysis under harsh 

conditions showed that in the range of diffraction angles considered, crystalline reflexes were 

observed at 2θ=10.17°, 14.30°, 15.96°, 19.60°, 21.34°, 25.10° and 29.49°, which are 

characteristic of fibroin crystals (Fig. 2). 

The most intense maximum crystallographic reflex, characterizing the distance between planes 

with a Muller index of (100), was observed at a diffraction angle of 2θ=19.0°. X-ray phase 

analysis revealed that the fibroin samples were found to have a tetragonal crystal structure with 
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elementary crystal lattice parameters a=4.681 Å, b=4.681 Å, c=16.767 Å, and α=β=γ=90.00° 

99.20°. 

 

 
Figure 2. Diffractogram of silk fibroin samples obtained at an hydroxide modulus of 1:6, 

hydrolysis time of 150 minutes, and temperature of 180 °C 

 

Table 3. Diffractogram results of a sample of silk fibroin with an hydroxide modulus of 

1:6, hydrolysis time of 150 minutes, and temperature of 180 °C 

№ Bragg 

angle2θ, o 

Inter-plane distance 

d, Å 

Peak intensity half-width 

FWHM, o 

Crystallite sizes, Å Muller 

indices, hkl 

1 10.17 8.69 3.30 25.00 002 

2 14.30 6.20 3.10 27.00 102 

3 15.96 5.54 1.33 63.00 003 

4 19.60 4.52 4.70 18.00 100 

5 21.34 4.16 3.00 28.00 004 

6 25.10 3.55 3.50 25.00 103 

7 29.49 3.02 6.27 13.68 112 

 

The conducted studies showed that as a result of hydrolysis, an increase in the degree of 

crystallization of the obtained fibroin samples was observed. 

Increasing the duration of the hydrolysis process leads to an increase in the degree of 

crystallization of the fibroin samples, including when the hydroxide module is 1:6, the 

hydrolysis time is 120 minutes, and the temperature is 180 °C, the degree of crystallization of 

the fibroin is 58%, and when the hydroxide module is 1:6, the hydrolysis time is 50 minutes, 

and the temperature is 180 °C, the degree of crystallization of the fibroin is 62%. 

 

Conclusion 

Increasing the duration of the hydrolysis process leads to an increase in the degree of 

crystallization of fibroin samples, including when the hydroxide modulus is 1:6, the hydrolysis 
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time is 120 minutes, and the temperature is 180 °C, the degree of crystallization of fibroin is 

58%, and when the hydroxide modulus is 1:6, the hydrolysis time is 50 minutes, and the 

temperature is 180 °C, the degree of crystallization of fibroin is 62%. 

Diffractograms of silk fibroin micro- and nanoparticles were obtained, and an increase in the 

degree of crystallization was observed in the tested samples depending on the hydrolysis 

conditions. 

 

References 

1. Babayev T.M.. Yuqori molekulyar birikmalar // Fan va texnologiya Toshkent 2015. 524 bet 

2. Oripov E.O., Nasrullayev A.O. Bioorganik kimyo. O'quv qo'lIanma. - T.: “Fan va 

texnologiya”, 2012, 272 bet 

3. Sun K., Li H., Li R., Nian Z., Li D., Xu C. Silk fibroin/collagen and silk fibroin/chitosan 

blended three-dimensional scaffolds for tissue engineering. Eur J Orthop Surg Traumatol 2015; 

25(2): 243–249, https://doi.org/10.1007/s00590-014-1515-z. 

4. Guerra G. Flow-Induced Crystallization of Polymers //N.Y. :Wiley. 2002. p.340. 

5. Inoue S., Tanaka K., Arisaka F., Kimura S., Ohtomo K., Mizuno S. Silk fibroin of Bombyx 

mori is secreted, assembling a high molecular mass elementary unit consisting of H-chain, L-

chain, and P25, with a 6:6:1 molar ratio. J Biol Chem 2000; 275(51): 40517–40528, 

https://doi.org/10.1074/jbc.m006897200 

6 Kitamura Ayo. Thermodynamic parameters of the diffusion process of organic solvents in 

silk // Nihon Sanshigaku zasshi. J. Fiber, 1990. - No. 4 (59). - P.259-264. 

7. Slivkin A.I. Synthesis of medicinal analogs of chitosan // Vestn. Chemistry. Biology. 

Pharmacy. - Voronezh, 2005.- No. 2. - P.205-208 

11. Magoshi J. Silk Fiber formation by multiple spinning mechanisms // The 9th Internat. Wool 

textile Research conference / Protein chemistry. Tsukuba, (Japan), 1995. -P. 440-449. 

8. Zurabyan T.B. Primary structure of peptides and proteins // Bioorganic chemistry 

2012.p.243. 

 


