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Abstract  

     The aim of this research is to create thin films of GO:TiO2 by the spray pyrolysis 

method. Hummer’s method was utilized to prepare graphene oxide (GO). Different 

GO concentrations of (1, 2, 3, and 4) % were used, while a TiO2 concentration was 

maintained at 4% to form films having various volume ratios of (1:4, 2:4, 3:4, and 

4:4), which were then coated on FTO substrate at 400°C and later dipped into the 

pigment solution of anthocyanin (AD) obtained from red cabbage plant. Thin films’ 

composition, structure, morphology and optical properties were studied through 

energy dispersive X-ray spectroscopy (EDX), X-ray diffraction (XRD), Fourier 

transform infrared (FTIR) microscopy, field emission scanning electron microscopy 

(FESEM) and UV-Vis spectrophotometry among other analytical techniques. The 

sizes of the crystals in these films were range from 15.6 nm to 19.38 nm and were 

characterized by polycrystalline structures with anatase phase. The FTIR spectra 

showed a functional group of all materials used in the range between 400 cm-1 and up 

to 4000 cm-1. The surface morphology for GO:TiO2 films showed randomly 

distributed aggregates or lumps of GO on the top surface of those films. As the GO 

concentration increased, a continuous network with TiO2 was formed. 

    The optical properties and optical constants of the prepared GO:TiO2 and 

GO:TiO2:AD thin films in the spectral range 300–1100 nm were examined. The 

absorbance increased, the direct energy gap decreased (its value is within 3.56–3.17 

eV), and the optical conductivity increased with increasing the graphene oxide 

concentration. The energy gap values of GO:TiO2:AD thin films, were less than that 

for GO:TiO2. The results showed the presence of two energy gaps within the 

ultraviolet spectrum (3.31-3.12) eV and visible light ranges (2.32-2.14) eV. These 

results are good candidates for optoelectronic devices such as hybrid or dye-

sensitized solar cells and photodetectors.  

 

Keywords: GO:TiO2 thin films, Anthocyanin dye, Structural properties, 

Morphological properties, Optical properties. 
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باستخدام تقنية الانحلال الحراري بالرش،    :2TiOGOالدراسة على إنتاج أغشية رقيقة من  هدف    تركز       
.  %   ( 4، و1  ،2  ،3)   GO مختلفة من  ( بطريقة هامر. تم أخذ نسب  GOحيث يتم تحضير أكسيد الجرافين )

تم ترسيب    .( 4:4، و3:4،  2:4،  1:4% لتكوين أغشية رقيقة بنسب حجمية ) 4عند    2TiOتثبيت تركيز  مع  
درجة مئوية، ثم يتم    400(. عند درجة حرارة  FTOمن أكسيد القصدير المشبع بالفلور )   أرضية الأغشية على  

يعد التحليل الطيفي للأشعة السينية    . غمرها في محلول صبغة الأنثوسيانين المستخرج من نبات الملفوف الأحمر
(،  FTIR(، وتحويل فورييه للأشعة تحت الحمراء ) XRD(، وحيود الأشعة السينية ) EDXالمشتتة من الطاقة ) 

(، ومقاييس الطيف الضوئي للأشعة فوق البنفسجية  FESEM)   المجالي  اثنبعللاسح  ا لماالمجهر الإلكتروني    و
التقنيات التحليلية المستخدمة فيUV-Visالمرئية ) و  ظر إلى تكوين الأغشية الرقيقة،  للن الدراسة    ( بعضًا من 

 وبنيتها، ومورفولوجيتها، وخصائصها البصرية على التوالي.
  وبطور الانتاس   نانومتر  19.38إلى    15.6متعددة البلورات بأحجام بلورية تتراوح من    تراكيب   تمتلك الاغشية    
المجموعة الوظيفية لجميع المواد المستخدمة و لأغشية  التي تحتوي على الأنثوسيانين      FTIRأطياف  تظهر .  

  GOمجاميع أو كتل من    2GO: TiO. يُظهر التشكل السطحي لأفلام  1-سم  4000وحتى    1-سم  400بين  
، تكون هناك شبكة مستمرة بأشكال  GOموزعة بشكل عشوائي على السطح العلوي لتلك الأفلام. مع زيادة تركيز  

2TiO .  2  اغشية تحتويTiOGO:    من قطع  أو  مجاميع  على  يحتوي  بشكل    GOعلى شكل سطحي  متناثرة 
 .2TiO، تتشكل شبكة مستمرة تحتوي على GOعشوائي على السطح العلوي. ومع زيادة نسبة 

المحضرة قبل     AD:2GO:TiO  و   2GO:TiO  تم فحص الخصائص البصرية والثوابت البصرية للأغشية    
نانومتر. بشكل عام، تزداد الامتصاصية مع زيادة نسبة   1100-300وبعد غمرها بالصبغة في المدى الطيفي 

نسبة   بزيادة  المباشرة  الطاقة  فجوة  تقل  الجرافين.  قيمتها ضمن  GOأكسيد  وتكون  الكترون.    3.56-3.17، 
  للأغشية   أقل من تلك   AD:2GO:TiO  غشية لأ  أن قيم فجوة الطاقة   ، بينما تزداد الموصلية الضوئية.  فولت 

2GO:TiO      3.31قد أظهرت النتائج وجود فجوتين طاقيتين ضمن الطيف فوق البنفسجي ) و فجوة الطاقة-
تعتبر هذه النتائج مرشحة جيدة   الكترون. فولت.( 2.14-2.32فولت ومدى الضوء المرئي ) الكترون . ( 3.12

 وأجهزة الكشف الضوئي. ة مثل الخلايا الشمسية الهجينة أو الحساسة للصبغبصرية للأجهزة الإلكترو 
1. Introduction 

     The extraordinary properties and numerous uses of carbon nanostructures cover a vast area. 

Graphene, a carbon material with remarkable properties, has recently been the subject of much 

discussion [1, 2]. 

 

     The exceptional thermal, electrical, and mechanical properties of graphene are due to its 

large specific surface area of 2620 m2/g. At room temperature, the material demonstrates a 

much higher level of electrical conductance, as shown by an electron mobility value of 2.5 × 

105 cm2/V.s. Another feature is its thermal conductivity coefficient, close to 3000 watts per 

kelvin. Carbon atoms hybridised in the sp2 form give graphene its unique planar structure. 

Flake graphite is primarily acknowledged as the predominant source of graphite in academic 

circles. 

 

     Graphene oxide (GO), a hydrophilic carbon material with non-conductive characteristics, is 

made by exfoliating graphite using strong oxidising chemicals [3, 4]. Despite its precise 

structural arrangement, graphene's previously infectious aromatic lattice is broken by epoxides, 

alcohols, ketones, and carboxylic groups in GO. The lattice is disrupted when the interlayer 

spacing increases, from 0.335 nm for graphite to more than 0.625 nm for GO [5,6]. Graphene 

oxide has received considerable attention due to its cost-effectiveness, convenient accessibility, 

and wide range of applications in the conversion of graphene [7].  

 

    Titanium dioxide (TiO2) is considered a desirable wide-bandgap semiconductor, specifically 

classified as a transition metal oxide. It is non-toxic, exhibits exceptional stability, and 

demonstrates photoactivity by effectively absorbing light within the ultraviolet (UV) range [8]. 
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Titanium dioxide shows notable resistance to corrosion and possesses favourable physical and 

chemical attributes, rendering it a promising material for solar cell applications [9,10]. 

Additionally, TiO2 finds utility in gas sensors [11], biological sensors, and medical diagnostic 

applications [12]. 

 

   Pure TiO2 occurs in three distinct crystalline phases: anatase, brookite, and rutile. This 

group's anatase and rutile phases have a tetragonal shape, while the brookite phase has an 

orthorhombic form [13]. The anatase and rutile phases possess tetragonal symmetry, rendering 

them more appealing than the brookite phase [14]. Doping, quantum dots, and dyes are methods 

used to reduce TiO2's energy gap and improve its ability to absorb light in the visible range 

[15]. The significance of point defects such as oxygen vacancies and titanium interstitials has 

also been investigated. Previous studies have indicated that introducing faults alters the 

electrical structure [16]. 

 

   Anthocyanins, belonging to the flavonoid family, are a category of water-soluble pigments 

found in nature [17]. Carotenoids exhibit a wide distribution in the natural world, being present 

not only in the pigmented petals of flowers but also in many plant organs such as roots, stems, 

tubers, leaves, fruits, and seeds [18, 19]. This particular pigment exhibits a significant 

absorption level within the UV-visible range of the electromagnetic spectrum [20]. It is the 

primary factor influencing the manifestation of red-blue hues and their variations within the 

plant realm [21]. Anthocyanins exhibit inherent instability as a phenolic chemical, making 

extraction, storage, and processing operations intricate. Anthocyanins exhibit sensitivity to 

several conditions, such as temperature, light exposure, and pH levels [22]. Red cabbage is a 

notable source of anthocyanins due to its physiological activities and various applications [23]. 

    This study uses the spray pyrolysis method to investigate the impact of GO concentration 

and anthocyanin natural dye (red cabbage) on the characterizations of TiO2 thin films. 

 

2. Experimental Part 

2.1. Preparing GO  

      Graphene oxide was produced by the Hummer technique, as described in previous studies 

[24, 25]. Different amounts of 0.1, 0.2, 0.3, and 0.4 grams of graphene oxide were dissolved in 

10 ml of acidified ethanol. To achieve acidification, 50 μl of concentrated hydrochloric acid 

was added to 10 ml of ethanol. The resulting solutions yield graphene oxide concentrations of 

1%, 2%, 3%, and 4%, respectively.  

 

2.2. Preparing TiO2 

       6 ml of titanium tetraisopropoxide (TTIP), 1.2 ml of glacial acetic acid, 37 ml of deionized 

water, and 1 ml of concentrated nitric acid were mixed using a magnetic stirrer to create the 

precursor suspension; nitric acid was then slowly added to the solution. Following the initial 

mixing of the solution, TTIP was added drop-wise. The resulting mixture was then stirred for 

30 minutes until it achieved clarity. Subsequently, the mixture was re-condensed at 80 °C for 

90 minutes while maintaining constant stirring [26]. 0.4 grams of titanium (IV) nanopowder 

(supplied from Skyspring Nanomaterials, Inc., US), specifically in the anatase phase, was 

added to a suspension with 10 ml of precursor. Additionally, 250 μl of deionized water and 12 

ml of acidic ethanol were added to the mixture. After 15 minutes of agitation, the solution 

underwent 480 seconds of sonication. 

 

2.3. Preparing Anthocyanin Dye 

     Fifty grams of red cabbage leaves were chopped and put in a conical flask to which 100 ml 

of ethanol, 50 ml of acetone, and 50 ml of distilled water were added of (2:1:1) proportions. 

The conical flask was placed in a water bath at 50 °C for an hour. Three drops of hydrochloric 
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acid were then added to the dye extract and shaken well. Then, the solution was filtered using 

filter paper. The filtered solution was placed in a rotary evaporator at 100 °C and a rotation 

speed of 50 rpm to remove the ethanol, acetone, and distilled water solutions. After the time 

was up, the dye was still there. The solution was dried in an oven at 60 °C for 24 hours. 

Subsequently, 0.2 grams of the desiccated dye were dissolved in a solution of 40 ml of 

isopropyl alcohol, maintained at a temperature of 70 °C until complete dissolution was 

achieved. 3 ml of glacial acetic acid was added to the solution and stirred for 10 min, adding 

50 μl of HNO3 acid. The solution will turn red. 

 

2.4. Preparing GO:TiO2 Thin Films 

 The GO:TiO2 suspensions were prepared using 1%, 2%, 3%, and 4% (w/v) of graphene oxide 

suspension concentrations with 4% (w/v) TiO2 suspension. The volume ratios of GO:TiO2 

prepared in the experiment were 1:4, 2:4, 3:4, and 4:4. After stirring for 30 minutes, the 

mixtures underwent sonication for 5 minutes. Subsequently, the resulting mixture was sprayed 

onto a substrate made of fluorine-doped tin oxide (FTO) glass and heated to a temperature of 

400 °, then immersed in the anthocyanin dye solution for 12 hours. 

 

3. Results and Discussion 

3.1. Compositions 

The energy-dispersive X-ray analysis (EDX) spectrum of the GO:TiO2-AD  thin films with 

different GO concentrations (1, 2, 3, and 4) % deposited on FTO substrate using the spray 

pyrolysis technique are given in Figure 1. The analysis revealed the prominent presence of the 

components C, O, and Ti, along with the detection of other elements, including Sn and Si, 

which can be attributed to the FTO substrate, consisting of a SnO2 layer and silica. 

Furthermore, a small percentage of impurities, such as phosphorus (P), sulfur (S), chlorine (Cl), 

and calcium (Ca), were identified as a result of the components utilized during the preparation 

process, as indicated in Table 1. 

 

 
Figure 1: EDX spectrum of GO:TiO2-AD thin film. 
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Table 1: EDX analysis for prepared films elements compositions. 

Atomic % Weight % Element 

23.0 10.3 C 

53.4 31.8 O 

2.5 2.7 Si 

0.3 0.4 P 

0.4 0.4 S 

0.5 0.6 Cl 

0.9 1.4 Ca 

11.9 21.3 Ti 

7.0 31.1 Sn 

 

3.2. Structural Properties 

3.2.1. X-Ray Diffraction 

     The X-ray diffraction (XRD) patterns of GO, TiO2 powders, and GO:TiO2 thin films 

deposited on FTO substrates were analysed, as shown in Figure 2. The produced GO exhibited 

a pronounced peak at 2𝜃 = 11.7o, which refers to the (001) plane; additionally, a small peak 

can be noted at 2𝜃 = 24.21o for the (002) plane, which is related to graphene [27].  

     The diffraction pattern of TiO2 showed a maximum intensity peak at 2𝜃 = 25.28o for the 

(101) plane, which corresponds to the anatase phase of TiO2 [28] for tetragonal structure with 

a = b = 3.77 Å and c = 9.49 Å lattice constants according to the JCPDS card number # 00-002-

0387.  

 

     The XRD of GO:TiO2 thin films exhibited polycrystalline structure and distinct peaks at 2𝜃 

= 24.73o, 25.53o, 36.43o, 46.53o and  53.56o corresponding to the planes (002) (101), (004), 

(200) and (211), respectively. The optimum peak was observed at the (101) plane, 

corresponding to the anatase phase of the TiO2. Also noted are peaks at 2𝜃 = 32.51o and 50.39o 

of the (101) and (211) planes, respectively, corresponding to the FTO substrates [29]. 

     The results depicted in Figure 2 indicate that no substantial alteration was observed of the 

diffraction pattern. The only change is that the single diffraction peak at about 11.7o in the GO 

spectrum disappeared; this makes a clear peak appear at 24.21o, caused by diffraction from the 

(002) crystallographic plane. This suggests that the water trapped within the material was 

eliminated during synthesis. Additionally, inter-sheet restacking, produced by Van der Waals 

forces, occurred. Furthermore, the ultrathin nanosheet establishes a conjugate network [30, 31]. 

Table 2 presents the computed values for several parameters, including interplanar spacing (d), 

lattice constants (a) and (c), crystallite size (D), dislocation density (δ), and microstrain (ε). 

The numerical values presented are derived from analysing the preferred (hkl) plane of the GO 

(001) and (101) for TiO2 and GO:TiO2 powders.   

      

      The interplanar spacing from Bragg's diffraction law was calculated using the below 

equation [32]:                                                                  

                                                                           𝑑 =
𝑛𝜆

2 𝑠𝑖𝑛𝜃
                                                     (1) 

      In the given context, the variable n is an integer, λ represents the wavelength of the incident 

X-ray, and θ is the Bragg angle. The preferred orientations of the GO:TiO2 were found to be 

associated with the tetragonal structure. Consequently, the lattice constants (a) and (c) (where 

a = b ≠ c) for planes (200) and (004) were determined using the equation [32]: 

 
1

𝑑2
=  

ℎ2+𝑘2

𝑎2
+

𝑙2

𝑐2
                                                         (2) 
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      The Scherrer formula was used to estimate the crystallite size [31]: 

𝐷 =
0.9𝜆

𝛽 𝑐𝑜𝑠𝜃
                                                                     (3) 

     The parameter β represents the peak's Full Width at Half Maximum (FWHM). The length 

of dislocation lines per unit volume is defined as dislocation density, irregularity, and defects 

in the crystalline structure. The Williamson-Smallman method was employed to determine the 

dislocation density (δ) [33]: 

𝛿 =
1

𝐷2                                                                     (4) 

where D is crystallite size. 

      Micro strain (ε) is measured to reveal details about the characteristics and structural 

composition of the material due to dislocations, grain boundaries, and other structural 

abnormalities in the crystal lattice [16]: 

𝜀 =
𝛽 𝑐𝑜𝑠𝜃

4 
                                                                     (5) 

      

      The results indicated that D decreased with the increase of GO concentration, which means 

the surface area had increased, as higher surface area allows it to work efficiently as a 

photocatalyst. Also, when D decreased, ε and δ increased. 

 

 
Figure 2: XRD patterns of (a) GO, (b)TiO2 and (c-f) GO:TiO2 thin films at different volume 

ratios ( 1:4 , 2:4 , 3:4 and 4:4), respectively. 

 

Table 2:  Structural parameters for prepared films with various GO concentrations. 

Material 2𝜃      (deg) 

Structural parameters 
Lattice 

constants 

d101 (Å) D (nm) 
δ × 10-3 (nm)-

2 
ε × 10-3 a (Å) c (Å) 

TiO2 25.28 3.51 15.65 4.08 2.21 3.78 9.49 

1:4 GO:TiO2 25.52 3.49 19.38 2.66 1.78 3.77 9.73 

2:4 GO:TiO2 25.51 3.49 18.52 2.91 1.87 3.77 9.67 

3:4 GO:TiO2 25.54 3.49 17.32 3.33 2.00 3.77 9.66 

4:4 GO:TiO2 25.53 3.49 16.61 3.62 2.09 3.77 9.66 

Material 2𝜃     (deg) d001  (Å) D (nm) 
δ × 10-3 (nm)-

2 
ε × 10-3 a (Å)  

GO 11.7 7.57 4.64 46.4 7.46 7.5  
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3.2.2. FTIR 

     The primary components of the organic portion of the dyes and GO consist of carbon, 

hydrogen, and oxygen. Figure 3 displays the FTIR spectra of TiO2, GO, anthocyanin dye and 

GO:TiO2-AD thin films in the 4000–400 cm-1 spectral range.  

According to the vibrational analysis of TiO2, Ti-O-Ti stretching vibration is noted at 480 cm-

1. The other vibration peak at 1621 cm-1 indicates the stretching vibration of Ti-OH [34]. 

GO spectrum exhibited many firm absorption peaks related to various oxygen functional 

groups. The peaks at 3430, 1730, 1636, 1389, and 1060 cm-1 are ascribed to the stretching 

vibration of the hydroxyl (OH) groups, carboxylate C=O stretching, the skeletal vibration of 

C=C, carboxyl C-O, and epoxide C-O-C or phenolic C-O-H, respectively. The presence of 

oxygen-containing functional groups, such as C=O and C-O, in the graphite confirms its 

oxidation into GO, which is compatible with the existing literature [35,36]. 

Anthocyanin dye spectrum showed strong absorption bands at 3430,1730,1636, 1449, 

1340,1080 and 1020 cm-1. The absorption bands indicate to OH, C=O, C=C, C-H, OH-CH2, C-

O-C and C-O functional groups, respectively, which are characteristics of anthocyanin [22]. 

 

       All the GO:TiO2-AD thin films with various  GO concentrations  exhibited a peak at 3430 

cm-1, which refers to the hydroxy-OH functional group. The band observed at 1740 cm-1 

corresponds to the stretching of the C=O, and the band at 1678 cm-1 is attributed to the C=C 

bonds in the aromatic compounds. The presentation of C=C groups demonstrated the oxidation 

of graphite into GO and that the underlying layered structure of graphite is still retained. A 

band at 1485 cm-1 was also observed, associated with the deformation of the C-H bonds in the 

epoxy. Another band localized at 1430 cm-1 is due to OH-CH2 bonds in the phenolic rings 

found in anthocyanin [34]. The band  at 1336 cm-1 and 1026 cm-1  were correspond to the C-O 

and alkoxy C-O bonds, respectively. At the same time, the stretching vibration of the C-O-C 

esters is observed at 1149 cm-1. The C-O-Ti bond at 810 cm-1 confirms the establishment of a 

connection between graphene sheets and TiO2. The  graphene oxide flake, which possesses a 

quinone structure, exhibits movement towards the surface of the semiconductor grain. 

Subsequently, the C-O-Ti bond was formed, leading to the transfer of electrons from the 

valence band to the carbon ring. The bond order of the C-O is enhanced during charge transfer. 

The emergence of an extra band C-O at 1336 cm-1 explains the occurrence of a new bond. 

Additionally, the bending mode of Ti-O-Ti and the deformative vibration of Ti-OH stretching 

mode can be observed at 483 cm-1 [27, 31].  

 

     Figure (4) illustrates schematic diagrams of the bonding between the surface of the TiO2 

grains with graphene oxide and anthocyanin dye. GO possesses different oxygen-containing 

functional groups, such as hydroxyl, epoxy, and carboxyl. These groups can interact 

electrostatically with TiO₂ to create a hybrid layer known as GO:TiO2. The aromatic rings in 

anthocyanin dye molecules can engage in π-π* stacking interactions with the graphitic domains 

seen in GO. On the other hand, anthocyanin dye molecules can be adsorbed onto the TiO₂ 

surface by interacting with the hydroxyl groups on anthocyanin and the TiO₂ surface, which 

frequently has hydroxyl groups or other reactive sites. GO functions as a highly conductive 

platform with a high surface area; TiO₂ functions as a photocatalyst or offers supplementary 

binding sites for the dye, whereas anthocyanin dye enhances the light absorption of TiO₂, 

making it very valuable in optoelectronics applications [37, 38].  
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Figure 3: FTIR spectra of GO, TiO2, anthocyanin dye and GO:TiO2-AD thin films at 

different GO:TiO2 volume ratios. 

 

 
Figure 4: Schematic diagram of the mechanism of bonding between the surface of the TiO2 

molecules and  (a) graphene oxide (b) anthocyanin dye. 

 

3.2.3. Morphological Properties 

      Figure 5(a-e) shows FESEM images of TiO2, GO:TiO2-AD thin films at different GO:TiO2 

volume ratios ( 1:4, 2:4, 3:4 and 4:4). 

It can be noted that GO:TiO2 thin films have a common surface shape comprising many 

randomly placed chunks or aggregates of GO on the top surface of the films. The findings 

suggest that there was a tendency for GO to cluster and diffuse well in the GO:TiO2 thin films. 

As the concentration of graphene oxide increased, it formed a continuous network with 

titanium dioxide. This network consists of pathways characterized by low electrical resistance, 

which permits the passage of charge carriers. The findings presented herein are consistent with 

the conclusions reached by Qiu et al. [27].  
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Figure 5: FESEM images of (a) TiO2, (b-e) GO:TiO2-AD thin films at GO:TiO2 volume ratios 

of ( 1:4 , 2:4 , 3:4 and 4:4), respectively. 

 

3.3. Optical Properties 

     The optical properties of thin films composed of GO:TiO2 and GO:TiO2-AD are analysed 

throughout the 300–1100 nm wavelength range, as illustrated in Figures 6 and 7. The results 

from Figure 6 indicated that for wavelengths less than 400 nm, the absorbance was high and 

then decreased with increasing wavelength. In contrast, the behaviour is the opposite for 

transmittance and reflectance. It can be noted that graphene oxide samples exhibited a higher 

capacity to absorb electromagnetic radiation at longer wavelengths than titanium dioxide. This 

implies that GO can potentially decrease the band gap of TiO2. The findings showed that the 

unmodified TiO2 possessed a band gap value of 3.58 eV [39, 13]. One can notice that the energy 

band gap of the GO:TiO2 thin films decreased from 3.56 eV to 3.17 eV as the GO concentration 

was increased from 1% to 4%, respectively, as shown in Figure 7 and Table 4, where some 

unpaired electrons combine with the unbound electrons on the surface of TiO2, resulting in the 

formation of a Ti-O-C structure. This decrease of the band gap is caused by the shifting up of 

the valence band edge. Additionally, the presence of graphene oxide facilitates the generation 

of Ti+3 and Ov, which lowers the valence states generating intra-gap states; the energy levels of 

these states are lower than those within the band gap of TiO2. Consequently, light absorption 

at higher wavelengths is enhanced [35].  
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Figure 6: Variation of transmittance, absorbance and reflectance vs wavelength for GO:TiO2 

and GO:TiO2-AD thin films 

 

       Figure 7 illustrates the variation of (αhν)2 with photon energy of GO:TiO2 and GO:TiO2-

AD thin films. This figure indicates that all the prepared films have allowed direct energy gap. 

An improvement in the visible range of the electromagnetic spectrum when anthocyanin dye, 

a natural sensitizer, was added, can be observed; the energy gap of GO:TiO2-AD thin films was 

in the range from 2.02 eV to 3.05 eV as the GO:TiO2 volume ratio increased. These results 

agrees with that of other studies [40,41]. The chemical adsorption of these dyes onto the surface 

of TiO2 is commonly acknowledged to result from the condensation of alcoholic-bound protons 

with the hydroxyl functional groups present on the nanocrystalline TiO2 surface [37]. A 

significant shift of light absorption towards wavelengths exceeding 400 nm was seen. 

Anthocyanin dye contains chromophore groups within their chemical composition, enabling 

them to selectively absorb light within a particular area of the electromagnetic spectrum [17, 

35]. The experimental findings demonstrated the presence of two separate energy gaps, one 

encompassing the ultraviolet wavelengths with values of 3.31 to 3.12 eV. The second energy 

gap is related to the visible wavelengths, with energy gap values from 2.32 to 2.14 eV. The 

process by which a group of anthocyanin forms a complex with graphene oxide is commonly 

known as chelation. This result has implications for the photocatalytic properties of GO:TiO2 

films when exposed to visible light [26]. The values of absorption coefficient (α), extinction 

coefficient (k), refractive index (n), real and imaginary dielectric constants (ɛr, ɛi), energy gaps 

(Eg1, Eg2), and optical conductivity(σ) [42] are listed in Table 4. Figure 8 illustrates band gap 

diagram for GO:TiO2-AD thin films.  
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Figure 7: Variation of (αhν)2 vs photon energy for GO:TiO2 and GO:TiO2-AD thin films 

 

 
                                         Figure 8: Band gap diagram for GO:TiO2-AD thin films. 

 

Table 3: Values of α, k,n, ɛr , ɛi ,Eg1,Eg2 and σ for GO:TiO2 and GO:TiO2-AD thin films 

σ × 1013 

(s-1) 

Eg2 

(eV) 

Eg1 

(eV) 
ɛi ɛr n k 

α × 104 

(cm-1) 
Sample 

0.776 3.58  0.017 2.920 1.708 0.0052 0.190 TiO2 

0.241 3.56  0.005 1.707 1.306 120.00  0.077 1:4 GO:TiO2 

0.543 3.43  0.013 92.42  1.558 20.004  0.145 2:4 GO:TiO2 

0.612 3.33  0.015 .5802  1.606 0.0047 0.159 3:4 GO:TiO2 

0.754 3.17  0.019 .8742  1.695 0.0058 0.186 4:4 GO:TiO2 

1.114 3.05 2.02 0.030 3.557 1.886 0.0080 4720.  Anthocyanin Dye 

1.512 3.31 2.32 0.037 4.216 .0532  20.009  0.308 1:4 GO:TiO2-AD 

2.331 3.25 2.28 0.059 5.305 .3032  820.01  3820.4  2:4 GO:TiO2-AD 

3.075 3.16 2.19 0.080 5.993 .4482  0.0164 520.5  3:4 GO:TiO2-AD 

3.786 3.12 2.14 0.100 6.359 12.52  0.0198 820.6  4:4 GO:TiO2-AD 



AlSultani and Alias                                 Iraqi Journal of Science, 2025, Vol. 66, No. 6, pp: 2336-2349 

 

2347 

4. Conclusions 

     GO:TiO2 and GO:TiO2-AD thin films successfully synthesized with different 

concentrations of GO were deposited on an FTO substrate using the spray pyrolysis deposition 

technique. The results showed the GO concentration effects on structural, morphological and 

optical properties of GO:TiO2. XRD examinations confirmed the anatase phase with 

polycrystalline structure of GO:TiO2 thin films. The crystallite size of prepared films increased 

with increasing the GO concentration. The GO:TiO2 films showed a surface morphology of 

randomly dispersed aggregates of GO on the top surface. As the GO concentration increased, 

a continuous network with TiO2 was formed. There was a tendency for GO to cluster and 

diffuse well in the GO:TiO2 thin films. It is worth noting that increasing the GO concentration 

decreased the allowed direct energy gap values. As for the GO:TiO2-AD thin films, the results 

showed two energy gaps within the ultraviolet and visible light ranges. These results are 

promising for the development of next generation optoelectronic devices, such as hybrid or 

dye-sensitized solar cells, and ultraviolet and visible detectors. 
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