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ABSTRACT  ARTICLE INFO 

 Silk fibroin (SF) is a natural substitute used in biological medicine for its good 

biocompatibility and biodegradability. Compared to other easily degradable 

(biodegradable) materials, they exhibit excellent properties, such as excellent 

mechanical properties, optical properties and electrical insulation, which are 

advantageous in the development of materials made from silk bromine, flexible 

electronics. In here, optoelectronic parameters such as optical band gap, transmittance, 

dielectric constant and conductivity components of the silk fibroin solution were 

obtained and were discussed for biomaterial applications. 
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1. Introduction 

 

Silk (S) is a natural semi-crystalline biopolymer [1]. 

Fibroin (F) protein is the main structural component of 

silkworm cocoon fiber. Silk fibroin (SF) is a natural protein 

polymer [2]. Bombyx mori silk consists of two types of 

protein, fibroin and sericin [1]. In recent years, silk fibroin 

(SF) has been extensively studied in many biomedical 

applications thanks to its excellent biocompatibility, 

biodegradability, minimal inflammatory effect and superior 

mechanical properties. They are used in different fields, 

especially in biological applications, medicine and 

structural mechanics. Although SF has been used in 

biomedical applications for centuries, it is still widely used 

today as technological material. SF offers great potential for 

use in medically relevant applications due to a lack of 

immune response and high biocompatibility [3-7].  

In this manuscript, the fibroin silk solution, which is 

made of 100% fibroin protein was used. Optoelectronic 

parameters (e.g., optical band gap, transmittance, dielectric 

constant and conductivity components) of the silk fibroin 

solution were obtained and were discussed for biomaterial 

applications. Several SF structures have been reported as 

seen in Fig. 1 [8]. 

 

2. Results and Discussion 

 

The optical properties of a material can be 

investigated by measuring UV spectra. The absorbance 

(Abs) and transmittance (T) spectra of SF were recorded. 

Figure 2 shows the Abs spectra of SF material. Figure 2a 

emphasizes that the Abs spectra of SF are dominant and 

exhibit maximum peaks (275 nm) in the NUV region. 

To investigate the optical behaviors of the SF protein 

polymer-solution, the transmittance (T) measurement was 

taken. The plot of the T vs. wavelength (λ) of the SF is 

shown in Figure 2b. The T values of SF predominate in the 

visible region and increase very sharply in the range of 

about 290-320 nm. 

Absorption band edge and optical band gap are 

important parameters in bio devices and biomaterial-based 



Kenan Bulduruna & Bayram Gündüzb Journal of Physical Chemistry and Functional Materials 
 

2 

applications. To obtain the absorption band edge of the SF 

protein polymer solution, the dT/dλ curve vs. λ was plotted 

(Fig. 3a). The absorption band edge of the SF protein 

polymer was found to be 3.982 eV. The optical band gap 

can be estimated from the Tauc relation and from the (αhν)2 

plot vs. photon energy (E) as seen in Figure 3b. The optical 

band gap of the SF protein polymer was found to be 3.974 

eV. This optical band gap is compatible with the absorption 

band edge value.

 

 

Fig. 1. Schematic representation of the deduced SF structure [7,8]. 

 

 
(a) 

 
(b) 

 

Fig. 2. The a) absorbance b) transmittance spectra of the 

Silk Fibron solution. 

 
(a) 

 
(b) 

Fig. 3. The a) dT/dλ curve vs. λ b) (αhν)2 curve vs. photon 

energy (E) of the SF. 
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The optical conductance (σop) and electrical 

conductance (σelec) of the SF protein were obtained from the 

related equations [9]. Fig. 4. shows the σop and σelec curves 

vs. E of the SF material. The maximum σop (about 3.10x1010 

S) and σelec (about 280 S) values of the SF protein polymer 

were observed.  

 

 

 

Fig. 4. The σop and σelec curves vs. E of the SF material. 

 

3. CONCLUSION 

 

We investigated the optoelectronic properties of silk 

fibroin solution for biomaterial applications. The silk 

fibroin is a suitable material for biomaterial devices. 

Because the absorption band edge and optical band gap 

values of silk fibroin material are ideal for these devices. 

We also compared the optical and electrical conductivities 

of the silk fibroin. We have determined photon energies 

where their conductivity is highest and lowest. The silk 

fibroin is ideal for bio-devices in the 4 eV band. 

 

REFERENCES 

 

[1] D. Metcalfe and M. W. J. Ferguson, ‘‘Bioengineering 

skin using mechanisms of regeneration and repair,’’ 

Biomater., vol. 28, pp. 5100-5113, 2007. 

[2] D. Naskar, R. R. Barua, A. K. Ghosh, S. C. Kundu, 

‘‘In Silk Biomaterials for Tissue Engineering and 

Regenerative Medicine,’’ 1st edition, S. Kundu, Ed., 

Woodhead Publishing Limited, Sawston, Cambridge, 

pp. 3-40, 2014. 

[3] Yu Qi, Hui Wang, KaiWei, Ya Yang, Ru-Yue Zheng, 

Ick Soo Kim and Ke-Qin Zhang, ‘‘A Review of 

Structure Construction of Silk Fibroin Biomaterials 

from Single Structures to Multi-Level Structures,’’ 

Int. J. Mol. Sci., vol. 18, pp. 237-257, 2017. 

[4] Q. Lu, X. Wang, S. Lu, M. Li, D. L. Kaplan, H. Zhu, 

‘‘Nanofibrous architecture of silk fibroin scaffolds 

prepared with a mild self-assembly process,’’ 

Biomater., vol.32, pp. 1059-1067, 2011. 

[5] Y. Chen, L. Duan, Y. Ma, Q. Han, X. Li, J. Li, A. 

Wang, S. Bai, J. Yin, ‘Preparation of transient 

electronic devices with silk fibroin film as a flexible 

substrate,’’ Colloid Surface A, vol. 600, pp.  124896, 

2020. 

[6] L. D. Koh, Y. Cheng, C. P. Teng, Y. W. Khin, X. J. 

Loh, S. Y. Tee, M. Low, E. Ye, H. D. Yu, Y. W. 

Zhang, M. Y. Han, ‘‘Structures, mechanical properties 

and applications of silk fibroin materials,’’ Prog. 

Polym. Sci., vol. 46, pp. 86-110, 2015. 

[7] Z. Xu, L. Shi, M. Yang, L. Zhu, ‘‘Preparation and 

biomedical applications of silk fibroin-nanoparticles 

composites with enhanced properties - A review,’’ 

Mat. Sci. Eng. C, vol. 95, pp. 303-311, 2019. 

[8] V. Volkov, A.V. Ferreira, A. Cavaco-Paulo, ‘‘On the 

Routines of Wild-Type Silk Fibroin Processing 

Toward Silk-Inspired Materials: A Review,’’ 

Macromol. Mater. Eng., vol. 12, pp. 1199-1216, 2015. 

[9] B. Gündüz, ‘‘Effects of molarity and solvents on the 

optical properties of the solutions of tris[4-(5-

dicyanomethylidenemethyl-2-thienyl)phenyl]amine 

(TDCV-TPA) and structural properties of its film,’’ 

Opt. Mater.,  vol. 36, pp. 425-436, 2013.   

 

 


