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Öz 

Son zamanlarda, nanopartiküllerin üretiminde kullanılan bilinen yöntemlerin yanı sıra yeşil sentez yönteminin kullanılması 

araştırmacılar tarafından büyük ilgi görmüştür. Bu çalışmada ilk kez literatürde, karanlık koşullar altında Luria-Bertani OG1 besiyerinde 

özel bir bakteri kullanarak yeni bir yeşil sentez yöntemi yaklaşımıyla selen katkılı grafen oksit nanoparçacıklarının (GO: Se-NPs) 

üretilmesi sağlandı. Bu işlemden sonra biyosentezlenmiş GO: Se-NPs solisyonu elde edildi. Bu çözelti p-Si altlık üzerine damlatıldı ve 

tavlama ile GO: Se ince filmi oluşturuldu. İnce film numunelerinin karakterizasyonu, ultraviyole görünür spektrofotometre (UV-VIS), 

X-ışını difraksiyonu (XRD), alan emisyon taramalı elektron mikroskobu (FE-SEM) ile beraber olan enerji dağılımlı X-ışını 

spektroskopisi (EDS) teknikleri kullanılarak yapıldı. UV-VIS ölçümleri, GO: Se ince filminin bant aralık enerjisinin (1.70 eV) olduğu 

ortaya konmuş ve bu değer ilk kez bu çalışma ile literature girmiştir. XRD ölçümlerinde GO: Se / p-Si yapısının çok kristalli bir yapıya 

sahip olduğu görülmüştür. Diğer taraftan, FE-SEM görüntüsü ise nanometre ölçeğine sahip tabakalı ve kristal yapıların oldukça düzenli 

ve homojen bir şekilde dağıldıklarını göstermektedir. Öte yandan, akım- gerilimi (I-V) ölçümleri, Ag doğrultucu ve Al omik kontaklı 

GO: Se / p-Si hetero-yapısının bir diyot davranışı gösterdiğini kanıtlamıştır. 

 

Anahtar Kelimeler: GO:Se, Mikrobiyal Yeşil Sentez, Nanopartiküller, İnce film.  

Production and characterization of GO:Se nanoparticles produced by 

biosynthesis method and current-voltage characteristics of the 

Ag/GO: Se/p-Si device developed by using GO:Se nanoparticles 

Abstract 

Recently, nanoparticle production through the use of green synthesis method as well as the known methods used in the production of 

nanoparticles has attracted a great deal of interest by researchers. In this recent research, it was first, achieved to produce graphene 

oxide: selenium nanoparticles (GO: Se-NPs) employing a new approach of green synthesis method using special bacteria OG1 in Luria-

Bertani medium under dark conditions in literature. Applying this method, biosynthesized GO: Se-NPs solution was obtained. GO: Se 

thin film was formed dropping this solution on the p-Si substrate, and then it was annealed. Optical, structural, morphological, chemical 

composision properties of GO: Se nanostructural thin film was determined by commonly preferred as UV-VIS, XRD, and FE-SEM 

with EDS techniques. UV-VIS measurements showed that the band gap energy, Eg, of the GO: Se thin film is 1.70 eV and this value is 

firstly determined with this study in literature. XRD measurements revealed that GO: Se/p-Si structure has a particle nano size 

polycrystal structure. FE-SEM measurements have indicated that GO: Se thin film has a typically nano sheeted structure and distribution 

of the grains which are very homogeneous and uniform. Furthermore, Current-Voltage (I-V) measurements proved that GO: Se/p-Si 

heterostructure with rectifying contact of Ag and ohmic contact of Al exhibits a diode characteristic behavior 
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1. Giriş 

      For a few decades, nanotechnology, resulting from its nanosized nature, has attracted a great intence attention among the 

scientists since it promises innovations in many areas, such as, photovoltaic cells, light-emitting diodes (LEDs), optoelectronics, 

photocatalysis, single-electron transistors, and especially the production of different types of industrial materials [Oremland et al., 

2004]. Scientists have studied densely for the production of nanoparticles and also tried to develop the new technologies for their 

productions. They have begun to use different methods for the fabrication of nanoparticles based on biological, physical, and 

chemical techniques. But, some of these techniques have advantages or disadvantages in producing nanoparticles. In the use of 

chemical technique among them has some disadvantages resulting from most of the chemicals which are not used being toxic and 

leading for the formation of the non-environmentally friendly by-products. On the other hand, biologic methods have many 

advantages compared to other techniques. These methods are easy and low-cost systems and they are also eco-friendly. Therefore, 

these methods known as "green nanotechnologies" are mostly required for the fabrication of the elemental metallic nanoparticles 

[Ozdal et al., 2016]. Today, it is known that many metals or metal-containing nanoparticles can be produced by biological organisms, 

such as various plants, algae, fungi, and bacteria. Among these organisms, like Pseudomonas, Escherichia, Vibrio, Pseudomonas, 

Bacillus bacteria have been studied intensely by scientists for synthesizing these nanoparticles.  

         For the last days, researchers have begun to study the graphene as a favor material due to its potential technological applications 

owing to its excellent optical, electrical, structural and mechanical properties [Bakir et al., 2017]. Many researchers have studied on 

the graphene oxide (GO) named from the oxide form of the graphene and they have investigated this material in detail since it has a 

tunable band gap, governable conductivity close to insulators, and high transmittance [Mekki et al., 2016; Kang et al., 2013]. Due 

to the properties of GO mentioned above, it has been seen that this material can be used as an interfacial thin film layer in the metal-

semiconductor heterojunction structures. Kocyigit et al. have obtained GO: SiO2 nanoparticles by a chemical method and then using 

spin coating technique, they formed GO: SiO2 interfacial thin-film layer between the p-Si semiconductor substrate and  Al metal 

contact and obtained Al/GO-SiO2/p-Si diode device structure [Kocyigit et al., 2018]. After completing the construction of the device, 

they have investigated its photovoltaic and photodiode properties. In another study carried by Kaya et al. [Kaya et al., 2016], they 

have constructed GO-doped PrBaCoO nanoceramic/n-Si capacitor device structure. They investigated the capacitive properties of 

the device using the data obtained from the impedance spectrometer measurements in a frequency range of 1 kHz -1 MHz at room 

temperature. Mekki et al. have done a similar study and obtained GO by the chemical method [Mekki et al., 2016]. But they, unlike 

Kaya et al., doped coumarin with different ratios into GO to change its photosensitivity and constructed a photosensor device to be 

used for optic communications placing this composite between the interface of p-Si crystal and Au metal contact. On the other hand, 

Jilani et al. have used GO for different goal doping coumarin with different ratios into GO to change the photosensitivity of coumarin 

dopped GO/p-Si diode that they constructed as a photosensor device to be used for optic communications [Jilani et al., 2013].  

         Schottky–type metal-insulator-semiconductor photovoltaic cell has been fabricated by Liu et al. and they employed GO as an 

insulator interlayer between the semiconductor and metal contact and also, they have proved that the developed photovoltaic cell by 

them has a rather high-power conversion efficiency [Liu et al., 2013]. Furthermore, there are several of the researchers investigating 

the production of GO and its effect on improving the electrical conductivity of the material when it is doped into it. Chen et al., in 

their study, have synthesized GO by altered Hummers method and then they obtained GO: coumarin nanoparticles mixing two 

solutions including GO and coumarin [Chen et al., 2010]. Then, they have constructed coumarin dopped GO/p-Si structure with 

different percentages of coumarin and investigated its I-V characteristics. Z.J. Li et al. have studied GO and they fabricated 

supercapacitor using GO nanoparticles [Li et al., 2012]. But, among these studies, it was not found binary GO: Se nanoparticles 

obtained by the biological method. Instead, many studies have been conducted on the acquisition of single metal nanoparticles 

through green synthesizing. Ponarulselvam et al. have achieved silver nanoparticles using the leaves of the extracts and revealed 

that it is active against the parasite malaria [Ponarulselvam et al., 2012]. Anuradha Prakash et al. have obtained nanoparticles (NPs) 

such as cadmium, silver, and lead synthesizing them on the surface wall of the bacteria called Bacillus megaterium and characterize 

them in detail [Prakash et al., 2018]. Mostafa M. Abo Elsouda et al., in this current work, have achieved to produce metallic tellurium 

nanoparticles (TeNPs) reducing potassium tellurite utilizing fungal Aspergillus welwitschias and proved their antimicrobial activities 

[Mostafa et al., 2018]. The previous research concentrated on metals or elemental nanoparticles synthesized by microorganisms. 

There appear no research binary nanoparticles synthesized by microorganisms or other green synthesis methods. 

       In this report, for the first time, GO: Se nanoparticles were obtained by a special bacterium and GO: Se nanoparticles were 

sintered on glass and p-Si substrates to obtain GO: Se thin films.  GO: Se thin films were characterized by UV-VIS, XRD, FE-SEM, 

and EDX techniques. Ag metal evaporated on directly GO: Se/p-Si structure as a rectifier contact and Ag/GO: Se/p-Si diode structure 

was constructed. Current-Voltage measurements were carried out at room temperature to assign the numerical values of some 

electrical parameters of the fabricated device, such as ideality factor, n, barrier height, ϕb, and saturation current, I0.  
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2. Materials and Methods 

2.1. Preparation of GO: Se Nanoparticles 

To achieve the synthesis of GO / Se nanoparticles in a solution by a selected special bacteria, the the way has been followed step by 

step as following;  

To do this, it was used a specially selected bacteria P. aeruginosa strain OG1 [Ozdal et al., 2016a; Ozdal et al., 2017a]. Many bacteria 

can grow under extreme conditions such as high salt, pesticide, metal concentrations [Raddadi et al., 2015; Ozdal et al., 2017b; 

Ozdal et al., 2016b]. One of these bacteria is P. aeruginosa and it produces various types of enzymes, pigments, and biosurfactants, 

which enhance it to survive under very difficult conditions. P. aeruginosa can produce graphene [Gurunathan et al., 2013], Au 

[Husseiny et al., 2007], Ag [Kumar and Mamidyala, 2011] by direct electron transfer.  

      P. aeruginosa bacteria, first, as mentioned in our previous study, was cultured [Çakıcı, 2019; Çakıcı et al. 2019]. The cell 

suspension (100 µl, OD600 1) was taken from inoculums and inoculated into the Luria Bertani Broth mediums (20 mL) and added 

0.5 mM graphene oxide and 0.5 mM SeO3
-2 into this medium. Hence, the biosynthesizing process of the nanoparticles was started 

at room temperature and dark conditions during 96 hours on rotating shaker (150 rpm). On the other hand, the same experimental 

processes were repeated for only 0.5 mM SeO32- and 0.5 mM graphene oxide after adding them to another culture solution. After 

this application, it was seen that the color of the reaction mixtures was changed during the biosynthesizing process from yellow to 

a reddish-brown color demonstrating the production of GO: Se nanoparticles.  Fig. 1 a, b, c show change in the color of selenium, 

GO, and GO: Se nanoparticles from light yellow to reddish pink, from dark yellow to black, and from green-yellow to reddish-

brown in 96 h, respectively. 

 

Figure 1: Change in the color of Se, GO, and GO: Se nanoparticles (a) from light yellow to reddish pink, (b) from dark yellow to 

black, and (c) from green-yellow to reddish-brown in 96 h, respectively. 

        Then nanoparticles were cleaned and removed from the bacteria cellular impurities. [Oremland et al., 2004; Yoshida et al., 

2016; Wadhwani et al., 2017]. This process is described in detail in our previous studies [Çakıcı, 2019; Çakıcı et al. 2019]. After 

this, cleaned Se (0), GO and GO: Se nanoparticles were suspended again in deionized water. The final solution was filtered and the 

material obtained after filtering was rinsed with deionized water again. After this process, only GO: Se nanoparticles remained in 

solution. A 50cc solution of GO: Se nanoparticles were directly dropped on the surface of the p-Si and glass substrates formed on as 

mentioned above, and then they were dried on a heater plate at 65oC for 75 min. Hence, GO: Se thin films were synthesized both 

glass and p-Si substrates. The thin films formed on the glass substrates were separated for their characterization and the GO: Se thin 

films were separated for the fabrication of Ag/GO: Se/p-Si/Al device. 

2.2. Characterization of GO:Se Thin film 

       After the production of the GO:Se thin films, characterization of the thin films was performed. The optical characterization of 

the GO:Se thin film was examined by using UV-VIS Perkin-Elmer Lambda 2S UV-Visible spectrometer method from the glass 

substrate. Crystal structure properties and surface morphology were investigated from the p-Si substrate by using X-rays 

diffractometer XRD Bruker D2, Kα, λ=1.54 Ao and field emission scanning electron microscopy FE-SEM Sigma 300 Model Zeiss 

Gemini, respectively. Qualitative analysis of GO:Se thin films were determined by using electron diffusion X-ray, EDS equip with 

FE-SEM method. 

2.3. The Fabrication Process of Ag /GO: Se / p-Si / Al Diode 

         In order to fabricate to Ag /GO: Se / p-Si / Al diode structure, p-type Si crystals were degreased with acetone and methanol in 

an ultrasonic cleaner for 10 min consecutively and they were etched in a sequence of H2O:H2O2:HNO3 (6:1:1) at 60oC, 20% HF and 

a solution of H2O:H2O2: HCl (6:1:1) at 60oC, 20% HF. Finally, the substrates were rinsed thoroughly in de-ionized water with a 

resistivity of 18 MΩ cm. After the chemically cleaning process, an electrode (Ohmic contact) was formed thermally evaporating Al 

onto the backside of the p-Si substrate in a vacuum system with a pressure of 1×10 -5 Torr. Then, to improve the conductivity of the 

electrode, p-Si/Al, each of these substrates was annealed in an oven at 550 ° C for 3 minutes in a nitrogen atmosphere. Other Ag 

metal electrode applying with shadow mask was evaporated on directly GO: Se thin film surface as rectifying contacts. Rectifying 

Ag metal contacts were formed cylindrical geometry of 1.00 mm diameter in vacuum pump (1.5 10 -5 Torr). After this process, 

fabrication of the Ag/GO: Se/p-Si/Al diode structure was completed.  

         I-V characteristics of the Ag/GO: Se/p-Si/Al diode structure was performed in our laboratory and electrical properties of the 

diode structure were determined to conduct the measurements at room temperature (300oC) by using Keithley 2400 Source Meter 

System (current-voltage measurement system). 
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3. Results and Discussion 

3.1. Optical properties 

      The optical absorption spectrum from UV-VIS measurements of GO: Se thin film sample depending on the wavelength of the 

photon varying from 300-1000 nm is given in Fig. 2. 

  

Figure 2: The optical absorbance of GO:Se thin film is deposited on a glass substrate versus the wavelength of incident photons. 

The optical band gap energy (Eg) value of the thin film sample is calculated substituting the values of absorption coefficients, α, 

corresponding to each wavelength into Equ. 1 given as following: 

ɑhυ=A (hυ-Eg) n                            (1) 

where A, h, Eg, hυ, and n are 𝛼 absorption coefficient values constant related to the effective masses of charge carriers, the Planck 

constant, the band gap energy, the energy of the photon, and the exponent that depends on the nature of the optical transition. By 

using Equ.2 and for the direct transition (n = ½) [Çakıcı et al., 2015], the graphic of the (ɑhυ)2 versus hυ was plotted (Fig.3). As seen 

from Fig.3, after applying the extrapolation, the intercept on the hυ-axis gives the value of the direct band gap of GO: Se thin film 

sample as approximately 1.70 eV which is found firstly by this study for this material.   

       (ɑhυ)2=A (hυ-Eg)                             (2) 

 

 

Figure 3: (ɑhυ)2 plot versus photon energy (hυ) and the band gap energy (Eg) determined by extrapolation for GO:Se thin film 

sample. 

3.2. Structural properties 

XRD peaks of the GO: Se/p-Si structure (red line) are shown in Fig. 4. The (h,k,l) diffraction planes of GO: Se thin film is displayed 

in Fig. 4. Herein, the strongest peak appearing at 2θ ~ 70o and directed as (100) corresponds p-Si (100) with cubic crystallization. 

On the other hand, two peaks of the GO: Se structure, one of them is weak and the other is strong, emerge. These two weak and 

strong peaks appearing at about 23.11° and 9.14° belong to (002) directional plane of GO layers with different interlayer distances 
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which are 0.38 and 0.97 nm, respectively. This difference between these structures can be referred to as some structural defects and 

the existence of the oxygen-containing [Robinson et al., 2008; Wang et al., 2008].  

As shown in Fig. 4, GO: Se thin film have two strong peaks, therefore it exhibits a polycrystalline thin film nature. Crystallite sizes 

of polycrystalline GO: Se thin film according to the different 2ϴ angles were calculated by using Debye-Scherrer's formula,





cos

9,0
D                                                 (3) 

Herein, D is crystallite size, β is the full width at half maximum (FWHM) and λ is the wavelength of the X-ray (λ=1.5405 Å).  XRD 

parameters of the GO: Se thin film is given in Table 1. 

Tablo 1. XRD structural parameters of GO:Se thin film 

(hkl) FWHM FWHM (rad) 
Intensity 

(a.u.) 
2θo (Observed) d-values (nm) 

Crystal size (D) 

nm 

(002) 3.58 0.062 4745.10 9.36 0,94 2,23 

(002) 0.165 0.003 559.12 23.11 0,38 49,15 

 

 

Figure 4: XRD peaks of the GO:Se /p-Si structure. 

For the investigation of the structural properties such as morphology and composition of the GO:Se /p-Si structure, it was used the 

data procured from the FE-SEM and EDX analysis techniques.  

Fig. 5 displays FE-SEM images of GO: Se thin film is deposited on the p-Si substrate and herein, it is seen that the formation of 

graphene oxide layers [Karteri and Güneş, 2016]. Also, sectional nanoscale GO: Se thin film FE-SEM image in the range of 200 nm 

displays the typical sheeted structure of the graphene oxide layer.  

The EDX spectrum showing the component elements in the GO: Se/p-Si structure is given Fig. 6 and component elements 

percentages are given in the list, taking place in the composition of GO: Se/p-Si structure. According to this list, it is consisted of 

expected elements for GO: Se/p-Si structure, O, Se, C, and Si. 

 

Figure 5: FE-SEM images of GO:Se /p-Si heterostructure with magnification scale (200nm). 
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Figure.6: EDX spectrum image of the GO:Se/p-Si structure and the list of the elements detected. 

 

3.3. I-V Characteristics 

The current-voltage characteristic pilot of Ag/GO: Se/p-Si/Al diode structure is shown in Fig.7. According to the Thermionic 

Emission theory (V≥3kT/ q) are calculated to find numerical values of some parameters of the diode structure, such as ideality factor, 

n, barrier height, ϕb, and saturation current Io. For the calculation numerical values of these parameters, the mathematical expression 

(Equation 4) of thermionic emission theory has been used given as following: 

𝐼 = 𝐴𝐴∗𝑇2𝑒𝑥𝑝 (
𝑞𝛷𝐵

𝑘𝑇
)⏟          

𝐼0

[𝑒𝑥𝑝 (
𝑞𝑉

𝑛𝑘𝑇
) − 1]             (4) 

Herein, I0 is the reverse-saturation current determined from the intercept of the straight line drawn from the linear region of the 

forward-bias ln(I)-V graph at V=0. I0 is given the following expression: 

𝐼0 = 𝐴𝐴
∗𝑇2𝑒𝑥𝑝 (

𝑞𝜙𝑏

𝑘𝑇
)                                       (5) 

Herein, A, A*, and T are the diode area (=7.85×10−3 cm2), Richardson constant (A*=32 Acm−2 K−2 for p-type Si) and the temperature 

of the media respectively. 

Substituting the numerical values of these parameters into Eq. 5, saturation current value was obtained as 1.13×10−10 A at room 

temperature. Moreover, ideality factor and barrier height values for V≥3kT/q are derived from the Eq. 5. They are given as follows:  

𝑛 =
𝑞

𝑘𝑇
𝑒𝑥𝑝 (−

𝑑𝑉

𝑑𝑙𝑛𝐼
)                                  (6) 

 

𝜙𝑏 =
𝑘𝑇

𝑞
𝑙𝑛 (−

𝐴𝐴∗𝑇2

𝐼0
)                                (7) 

Hence, 𝑛 and 𝜙𝑏 values of the Ag/GO: Se/p-Si/Al diode structure was calculated as 2.16 and 0.86 eV, respectively. A rather higher 

ideality factor value can be attributed to non-uniform distribution of the carriers in the interface layer and barrier inhomogeneity 

[Çakıcı et al., 2015].
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Figure.7. Current-Voltage (I-V) characteristics pilot of Ag/GO:Se/p-Si/Al. 

 

4. Conclusion 

In this report, GO: Se nanoparticles were synthesized via the bacterial green synthesis method and used them as an interfacial thin film 

in the production of Ag/GO: Se/p-Si/Al diode structure, for the first time. GO: Se thin films were deposited glass and p-Si substrates. 

Optical and electronic, crystal structure, morphology, the composition of these thin films were characterized by absorption (UV.Vis.), 

XRD, FE-SEM with EDS methods. XRD peaks displayed to nano polycrystalline structure of GO: Se thin film with typical GO peaks 

position. FE-SEM image revealed that the GO: Se thin film has a nanosheets structure and EDS measurement depicted that the structures 

have a composition with the expected elements. All of these obtained results from measurements showed that GO: Se thin film was 

obtained successfully. Fabricated Ag/GO: Se/p-Si/Al diode structure some electrical parameters were tested by the current-voltage 

method at room temperature and dark conditions. Saturation current, ideality factor and barrier height of diode structure were determined 

as related to the thermionic emission theory of, 1.13×10−10 A, 2.16 and 0.86 eV, respectively. Consequently, all findings show that this 

device structure has relatively well and consistent diode characteristics. On the other hand, some further studies are planned to prove 

whether this structure can be used in photovoltaic cells or not. 
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