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 Pure and rhodamine 6G (R6G) doped titanium dioxide (TiO2) nanostructure thin films 

with different concentrations (310-4, 310-5, 310-6, and 310-7) M of doped TiO2 sol 

were deposited on glass substrate via dip-coated sol-gel method. Amorphous structure of 

the pure and doped TiO2 thin films was identified by X-ray diffraction (XRD) technique. 

UV-Visible (UV-vis) and fluorescence spectrophotometry techniques were used to study 

optical and spectroscopic characterization of the samples, respectively. The absorption 

spectra for all pure and doped TiO2 films indicate a strong absorbance in the UV region 

which open the possible application of these films for UV filter optical element. 50 nm 

blue shift of the absorption edge for the TiO2 films with respect to the sol was observed 

which proves the nanostructure texture of TiO2 thin films. Upon increasing dye 

concentration, a red shift in the maximum fluorescence emission peaks of R6G ethanolic 

solution and doped TiO2 sol was observed. The presence of R6G dye molecules in the 

matrix of TiO2 films is demonstrated by the appearance of two distinct intensity 

fluorescence peaks at 540 and 600 nm. Various fluorescence peaks of R6G doped TiO2 

thin films were observed in UV-vis region under 300 nm pumping wavelength. 
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Introduction 

 

Nanostructured materials have attracted significant interest due to their unique electrical, optical, magnetic, 

chemical and mechanical properties, which cannot be accomplished by their bulk form [1]. 

Amongst different methods for nanomaterials preparation, low-temperature sol-gel process is one of the most 

common method for preparing amorphous and nanocrystalline metallic oxide material at a laboratory scale 

[2]. This method is also used to obtain and examine the concentration-dependent fluorescence properties of 

organic dye and inorganic materials trapped in oxide materials [3, 4]. 

Generally, in a conventional sol-gel method, the hydrolysis and polymerization processes of the precursors 

produce a colloidal suspension or sol, which transitions from the liquid sol to the solid gel phase upon complete 

polymerization and lack of solvent. With more drying and hydrothermal treatment, the wet gel can be 

converted into nanocrystals [5]. 

Furthermore, the sol–gel method is a promising procedure with considerable advantages, including better 

mixing at the molecular level of the raw materials and superior chemical homogeneity of the final product [6]. 

Despite of its advantages, sol-gel processing has some limitations including; long processing times health 

hazard of some organic solutions, large shrinkage [7]. Deposition of thin films on glass, ceramics, metal, 

semiconductor and plastic substrates is one of the most important applications of the sol-gel method [2, 7]. 
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Single and multi-component oxide coatings can be achieved by spray, spin or dip-coating on a wide scale at a 

lower cost than other methods [8]. 

The sol–gel process allows the synthesis of optical materials through the fabrication of a transparent host, 

offering for the addition of high dopant concentrations to the optical materials [9]. 

One of the best candidate material, which has attracted considerable interest is pure and doped TiO2 [3, 10]. 

Due to its high transparency in the visible and infrared regions, TiO2 absorbs in the ultraviolet region [11], it 

has a high refractive index, wide band gap, and high chemical stability [12], photostability [13], thermal 

stability and strength [14]. It is also non-toxic, inexpensive, highly photoactive, and easily synthesized and 

handled [15]. 

TiO2 also considered to be a prospective host for organic guests [16]. In addition, TiO2 has been used in a 

variety of fields, including photovoltaic solar cells, gas sensors [17], photocatalysts [12], integrated electronics, 

anti-reflect coating [18], protective coatings, and optical components [19]. 

The incorporation of organic molecules within an inorganic network can improve the matrices' properties. 

Organic compounds can contribute to a unique property (optical or electrical properties, electrochemical 

reactions, chemical or biochemical reactivity). The inorganic component, on the other hand, contributes to the 

its mechanical and thermal strength, allowing it to modulate the optical index and developing desirable 

electrochemical, electrical, and magnetic properties on its own [16]. 

A variety of laser dyes have been incorporated in various sol-gel matrices, and tunable laser action has been 

demonstrated with these materials [20]. Xanthene dyes are among the most widely used laser dyes [21]. R6G 

is a xanthene derivative that is commonly employed in dye lasers as a gain medium. R6G has been shown to 

be able to be incorporated into sol-gel matrices such as nanostructure TiO2 [10, 17, 21]. 

Because of its high absorption and emission cross-sections (4x10-16 cm2) and photo-stability, rhodamine 6G 

dye (R6G) is the material of choice for many applications and demonstrations [22]. R6G is a cationic dye with 

a strong visible absorption and a high fluorescence yield. The molecule consists of two chromophores, a 

dibenzopyrene chromophore (xanthene) and a carboxyphenyl group tilted by approximately 90o with respect 

to the xanthene [23]. In order to determine the rate and direction of flow and transport, R6G is often employed 

as a tracer dye in water. Fluorescence microscopy, flow cytometry, and fluorescence correlation spectroscopy 

are some examples of R6G dye applications [24]. 

The intensive and wide survey of literature reveals that, although many studies have investigated R6G doped 

TiO2 matrices [3, 10, 11, 17, 25, 26]. There are no studies in the literature examining the effect of R6G on the 

fluorescence emission peak of TiO2 matrices. This suggests manufacturing the hybrid R6G-TiO2 active 

medium laser and optoelectronic device. 

In this work, the nanostructured R6G doped TiO2 thin films with different concentrations of R6G dye (CR6G) 

were prepared by dip-coated sol–gel method on a glass substrate. The structural and optical properties of these 

films were studied using XRD, UV–vis spectrophotometry and spectrofluorophotometery. 

 

Experimental 

A.  Chemical materials 

Titanium (IV) isopropoxide (Ti[OC(CH3)2]4; TTIP) (≥ 97%) supplied by Sigma-Aldrich was used as a starting 

material. Ethanol (C2H5OH, 99.9%; EtOH) (CHEM-LAB) acted as the solvent and hydrochloric acid (HCl, 

37%; Merck) acted as the catalyst. Deionized water was used to hydrolyze TTIP and prepare TiO2 sol. R6G 

dye (C28H31N2O3Cl) (100%) supplied as a powder was used for doping TiO2 thin films. All regents were used 

as received. 
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B. Samples preparation 

Pure TiO2 sol was prepared by mixing, at room temperature (RT), TTIP, deionized water, EtOH, and HCl in 

terms of a molar ratio of TTIP:H2O:EtOH: HCl = 1:1:10:0.1. The solution was left for 10 minutes under 

magnetic stirring. These procedures were carried out in a cooler water jacket at temperature (10˚C - 14˚C). 

The obtained sol was aged 24 hours before coating on microscope glass substrates; (76×26×1mm) supplied by 

SUPE-RIOR Germany. The substrate (2510) mm2 were first cleaned with detergent then rinsed with running 

water after that they were cleaned with distilled water and ethanol alcohol. The substrate was immersed in the 

TiO2 sol and withdrawn at controlled speed of (0.7 mm.s-1). Finally, the coated gel thin films were dried in an 

ambient atmosphere at RT (26-29 C). 

The R6G doped nanostructured TiO2 thin films were synthesised with using the following steps: First, R6G 

was dissolved in EtOH to produce CR6G= 1×10−2, 1×10−3, 1×10−4, and 1×10−5 M solutions. Second, TTIP:R6G 

=1:0.1 (g/ml) was added into TTIP:H2O:EtOH: HCl = 1:1:10:0.1 mixture that prepared by the same above 

procedure, to obtain R6G doped TiO2 sols with 3×10−4, 3×10−5, 3×10−6, and 3×10−7 M concentrations which 

was ready to be deposited on the glass substrate. Finally, the pure and doped TiO2 coating thin films were 

characterized more than month after deposition. 

 

C. Characterization of samples 

To analyses the structural characteristics of the synthesized pure and doped TiO2 thin films, XRD patterns 

were obtained using an x-ray diffractometer, Shimadzu, Japan, XRD-6000 instrument with CuKα radiation (λ 

= 1.54060 Å). Absorption spectra of the different concentration of R6G solution, pure and doped TiO2 sols 

and thin films, were measured with a UV–vis spectrophotometer, Agilent Cary 60. Fluorescence emission 

spectra of these samples were measured using a fluorescence spectrophotometer, Agilent Carry Eclipse. 

Results and Discussion 

A. X-Ray Diffraction Analysis (XRD) 

XRD measurements have been carried out, at RT. Figure: 1 shows XRD patterns for three kinds of samples; 

glass substrate (blank), pure, and R6G doped TiO2 thin films with 3×10-4 and 3×10-7 M concentrations, 

deposited on glass substrate. There is no distinct diffraction peak, and only one broad scattering peak appears 

at nearly 25o belongs to the glass substrate, and can be interpreted as evidence of the presence of amorphous 

SiO2 [27]. The XRD pattern are similar and confirmed that all (doped and undoped) TiO2 matrices are primarily 

amorphous [16]. 

The XRD spectra did not show any evidence peak related to TiO2 phase this is indicate a dominant substrate 

structure and amorphousity of films. 
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Figure-1: XRD patterns of glass substrate (blank), pure, 3×10-4 and 3×10-7 M R6G doped TiO2 thin films, deposited on 

glass substrate. 

 

 

B. Optical Characterization 

   Absorption Spectra 

UV-vis Spectroscopy is one of most widely used techniques to determine the optical properties of various types 

of materials (solution, sol and solids) in different forms (colloids, nanoparticles, thin films and bulk materials). 

Firstly, the absorption spectrum of R6G ethanolic solution with different concentration from 1×10-2 - 1×10-5 

M were measured at RT and tested using a quartz cell of one 1 cm optical path and presented in Figure: 2 

which reveals the variation of the spectra for different concentration.  From this figure, it is clear that the high 

concentration 1×10-2 M; stock solution, exhibit a signal saturation. With decreasing concentration into 1×10-3 

M, the absorption spectra exhibit the monomer and aggregates contributions which make a broad band 

spectrum in the range of (432-584) nm as well as a red shifted peak at 387 nm corresponding to the excited 

singlet state S1. By diluting the concentration to 1×10-4 M the absorption spectrum of the solution is 

characterized by the superposition of two bands at around 490 and 530 nm as well as maxima at 347, 276, and 

247 nm corresponding to the excited singlets S2, S3, and S4 respectively. 

For further lower concentration at 1×10-5 M the dye dissolves practically completely into monomer. The 

absorption spectrum is determined by the intrinsic absorption of the dye molecules and the dye-solvent 

interaction, whereas dye-dye interaction is negligible because of the large average distance between the dye 

molecules. This is verified by Figure: 2, where a 530 nm monomeric R6G absorption peak (S0) with the 

vibronic shoulder at 490 nm were detected, this peak is attributed to S0→S1 excitation. In addition, the spectrum 

also consists of three peaks at 347, 276, and 247 nm corresponding to the excited singlets S2, S3, and S4, 

respectively which are in a good agreement with previous studies [28]. 
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Figure-2: The Absorption spectra of R6G dye in EtOH solution at different molar concentrations. 

 

Optical absorption spectra in UV-vis region of ageing pure and R6G doped TiO2 sol with dye 

concentration ranging between 310-4 and 310-7  M, are given in Figure: 3. The sols were poured in a quartz 

cell of 1cm optical path. The pure sol spectrum shows a highly transparence in the visible region of (400-700) 

nm and there is a sharp rise in absorbance at the UV region. A strong absorbance in UV region as well as an 

absorption edge at 366 nm are detected, as shown in inset (a) of Figure: 3, which is due to the electronic 

transition from valance band to any point in the conduction band. 

A red shift of the R6G doped TiO2 sol absorption edge is observed by introducing the R6G dye with 

respect to the pure sol. From Figure: 3, a broad saturated band in the range of (460-560) nm for 310-4  M R6G 

is observed which is due to dye-dye interaction. While an absorption peak at 530 nm belong to S0→S1 transition 

for all other concentration is observed; inset (b) shows this transition peak for 310-7  M concentration . The 

intensity of this peak increases with increasing dye concentration, which is consistent with Beer-Lambert law. 

Figure: 4 shows the absorption spectra of the TiO2  nanostructure coating thin films for pure and dye 

doped concentration in the range of (310-4-310-7) M on glass substrate. The spectra indicate a strong 

absorbance in the UV region, attributes to the TiO2 electronic transition from valance band to the conduction 

band with a sharp rise of absorption edge a round 315 nm, as shown in inset (a) of Figure: 4 and Table:1. The 

blue shift; about 50 nm, of the absorption edge for the TiO2 coated thin films with respect to the sol ascribed to 

the quantum size effect, and this discrepancy proves the nanostructure texture of TiO2 thin films [29].  

In Figure: 4; inset (b), the absorption spectra for four concentration R6G doped TiO2 thin films on 

glass substrate are shown. A broad absorption band centered at 401 nm in addition to a band around 490 nm 

of 310-4 M R6G are observed and it may refer to the formation dimeric dyes in the pores of the as-deposited 

amorphous TiO2 coating films, where the films’ matrix pores are filled with residual solvent. The dye 

concentration in the pores is higher than it in the sols [30]. 
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Figure-3: The absorption spectra of aged pure and R6G doped TiO2 Sol at different molar concentrations. The inset; (a) 

shows absorption edge for all samples, (b) shows lowest concentration absorption peak (530 nm). 

 

 
Figure-4: The absorption spectra of pure and different molar concentrations of R6G doped TiO2 thin films on glass 

substrate. The inset; (a) shows absorption edge for all samples, (b) shows absorption peak of different CR6G. 

 

The peak to peak ratio of the dimeric absorption spectra (1: 0.44) indicates that the dye molecule- 

molecule interactions inside the matrix pores are more than the dye molecule-matrix surface interaction. For 

310-5 M R6G, the dimer absorption spectrum consists of two separate bands at 454 and 483 nm with peak to 

peak ratio (0.86:0.84) which can be explained by the exciton theory. The exciton theory, a molecular quantum 
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mechanical theory based on monomer dipole-dipole interaction in the aggregates predicts a splitting of excited 

state changing the spectroscopy characteristics of the dimers [31]. 

As similar to 310-5 M, the absorption spectrum obtained from 310-6 M consists of two separate bands at 454 

and 483 nm with peak to peak ratio (0.98:0.88), although it exhibits a red shift with respect to 310-5 M due to 

the dye aggregates formation which can affect the absorption spectrum characteristics by inducing the band 

splitting and spectral shifts, exciton theory. 

Finally, a similar behavior for 310-7 M dye concentration is observed as 310-4 M which abroad band centered 

at 380 nm and a band nearly at 490 nm with peak to peak ratio (0.92:0.30) are noticed and may be attributed 

to the same reason of 310-4 M concentration. 

   Estimated Band Gap of Thin Films 

The excitation of electrons from the valence band to conduction band of semiconductor metal oxide 

thin film perform, when the thin film absorbs photons of energy larger than the optical band gap which it is 

lead to a sharp increase in the absorbance of the semiconductor thin film to the wavelength corresponding to 

the optical band gap energy [32]. 

The UV-vis spectra of pure and different concentrations R6G doped TiO2 sol and thin films onto glass 

substrate (as-deposited and dried at RT) are shown in Figures (3, 4); inset (a). The extrapolation straight line 

method was used to locate the absorption edge wavelength of the TiO2 thin films, and the optical band gap of 

the samples were calculated from the equation E(eV)=1240/λ (nm), where λ is the wavelength of optical 

absorption edge in the absorbance spectrum [33]. The pure and doped TiO2 thin film band gaps were estimated 

and listed in the Table:1. 

The optical band gap for pure and doped TiO2 coated thin films are approximately unchanged at 3.94 

eV. This result is in agreement with the work of Valencia et al. 2010 [32]. This result may be belonged to the 

quantum size effect [29, 32]. 

Table-1: Absorption edge and band gap for pure and doped TiO2 sol and thin films on glass substrate. 

 

CR6G (M) Absorption Edge (nm) Band Gap (eV) 

 Sol Thin Film Sol Thin Films 

0 366 312 3.39 3.97 

310-4 376 314 3.30 3.95 

310-5 367 316 3.38 3.92 

310-6 367 316 3.38 3.92 

310-7 378 314 3.28 3.95 

 

   Fluorescence Emission Spectra 

A fluorescence is a spontaneous emission of radiation from the excited singlet states, in which the 

electron in the excited orbital has the opposite spin orientation as the ground-state electron. Also, the 

fluorescence emission spectra are a draw of the fluorescence intensity as a function of wavelength (nm) or 

wavenumber (cm-1). It changes widely and depends upon many factors, some of them are; the fluorophore 

(dye) chemical structure and its solvent, pH of the environment, temperature, type and size of the host 

materials, as well as physical and chemical interactions of the dye with the host and other species [21, 25, 30]. 

Because fluorescence emission is caused by the recombination of free carriers, it may be used to disclose the 

effectiveness of charge carrier entrapment, immigration, and transfer, as well as to comprehend the fate of 

electron–hole pairs in semiconductor matrix [34]. 
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The fluorescence spectra of R6G in EtOH solution with different concentration from 1×10-2 – 1×10-5 

M were measured at RT and presented in Figure: 5. The dye solutions were tested in quartz cell of 1cm optical 

path. The maximum intensity wavelength of the fluorescence emission spectra was obviously found to be 

concentration dependent. 

 
Figure-5: Fluorescence emission spectra of R6G dye in EtOH solution for different molar concentrations, at RT. 

 

The maximum fluorescence emission wavelength is 552 nm for the dilute concentration of 1×10-5 M, and shifts 

to 595 nm with increasing the concentration into 1×10-2 M, as shown in Table:2. These values are in close 

agreement with the values reported by zehentbauer et al. [35]. In general, dyes dissolve in monomers, dimers, 

trimers, etc. At low concentration 1×10-5 M according to the absorption spectrum, monomers dominate. With 

increasing concentration, dimers and higher aggregates may gain importance. The red shift, suggesting that 

the fluorescent state of the dimers, trimers and higher aggregates are located at lower energies than the 

monomer excited state. 

 

Table-2: Fluorescence Emission Peaks of 1×10-2 – 1×10-5 M R6G ethanolic solution. 

CR6G (M) 
Excitation Wavelength 

λexc (nm) 

Emission Wavelength 

peaks λem (nm) 

1×10-2 514 595 

1×10-3 389, 504 586 

1×10-4 348, 522 564 

1×10-5 348, 530 552 

 

Figure: 6 presents normalized fluorescence spectra of R6G in TiO2 sol at different concentration of 

the dye obtained at RT upon excitation the sols were tested in glass cell of 1cm optical path. 

Similar to the absorption spectra, with increase of the dye concentration, the maximum emission spectra 

wavelength experienced a red shift as they are summarized in Table:3. The red shift is belonged to the 

dimerization of R6G molecules. For more explaining, the aggregation (e.g. dimerization), effect on colouristic 

photophysical properties of dye and therefore being of special characteristics. The dimerization formation may 

be led to absorption bond shifting, which in turn of affects the colour emission, that can be explained via 
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exciton theory by Kasha et al. [31]. Table 3 shows that the maximum emission wavelength is independent of 

the excited wavelength for all CR6G doped TiO2 sol. The results agree with kasha rule [31]. 

 

Figure 6: Fluorescence Emission spectra of R6G doped TiO2 Sol for different molar concentrations, at RT. 

Table-3: Fluorescence emission peaks of 310-4 – 310-7 M R6G doped TiO2 Sol. 

CR6G (M) 
Excitation Wavelength 

λexc (nm) 

Emission Wavelength 

λem (nm) 

310-7 340, 530 553 

310-6 340, 530 555 

310-5 340, 530 563 

310-4 340, 530 576 

 

The fluorescence spectra with 300 nm excitation wavelength of the different R6G dye concentration 

doped TiO2 films; deposited on glass substrate, was measured. The fluorescence scan at the front-face (45o) 

films orientation; according to Bartl et.al. [26], was performed. There is a dramatic change in the fluorescence 

spectra upon changing from sol host to solid film host. 

Typical fluorescence spectra of the dip-coated sol-gel R6G dye doped TiO2 films on glass substrate at 

RT as a function of the CR6G in the range of (310-4-310-7) M were presented in Figure: 7. Fluorescence scans 

were carried out   between 310 and 700 nm using an excitation wavelength of 300 nm (4 eV). For best 

appearance of fluorescence emission peaks and high intensity value, 4 eV excitation energy was chosen. 

Figure: 7 shows different intensity peaks at (326, 347, 362, 378, 410, 475, and 486) nm belongs to 

TiO2. The highest intensity of emission peak for all CR6G is in ultraviolet UV band at 362 nm in addition to red 

band at 600 nm. 

It is known that amorphous (a-TiO2) is a semiconductor with a band gap of (~ 3.4-4.1) eV [36], and 

that UV light with wavelengths shorter than 330 nm (3.75 eV) can excite electrons above the band gap. The 

UV emission peak 326 nm corresponds to the band-to-band transition due to excitation of electrons from 

valence band to conduction band which agrees with the TiO2 film’s energy band gap result (3.94 eV). 
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Figure 7: Fluorescence emission spectra of (Dip-Coated) sol-gel TiO2 thin films doped with different CR6G on glass 

with λex =300 nm, at RT. 

The shape and maximum fluorescence wavelength for all the films are almost the same because of the 

preparation condition were fixed through deposition process and the fluorescence spectra measurement. The 

difference in appearance might be due to the effect of different CR6G (impurity) which effect on shallow and 

deep level emission throughout a profound influence on TiO2 matrices structural defect. 

The photoexcitation to conduction band leads to the self-trapping of the excitonic state, which causes 

strong self-trapped exciton (STE) emission at (362 nm), as shown in previous works [37, 38]. 

The self-trapped state is intrinsic exciton, an electronic excitation wave consisting of an electron-hole 

pair which propagates in a nonmetallic solid, that interacts with phonons, the lattice vibrations. The emission 

peaks have been interpreted as a recombination emission of a STE, which is formed, in turn, from a charge-

transfer exciton. In TiO2, STE seems to be insensitive to impurities and the probability of its formation in a 

TiO6 octahedron depends on the strength of exciton-phonon coupling [37]. 

 

A well-defined emission peaks at 346, 378, and 410 nm are attributed to shallow trap center bellow 

the conduction band. From the bottom of conduction band few electrons jump to these shallow levels and then 

emit light at those above peaks [38]. Another peak at 475 and 486 nm with maximum intensity at 310-6 M of 

R6G concentration are observed in fluorescence spectrum, which belong to oxygen vacancy defect which 

including the electron transfer from Ti3+ to oxygen anion in a octahedral TiO6
8- complex [34, 39]. Also, the 

496 and 521 nm fluorescence peaks with the maximum intensity at the same above R6G concentration are 

noticed due to the emission of STE localized on titanate TiO6 octahedra group in TiO2 [40]. 

The existence of R6G dye molecules in TiO2 film’s matrix is a proved by showing up two different 

intensity peaks at 540 and 600 nm. The first weak peak, which is blue shifted with respect to its sol emission, 

is attributed to the interaction between the TiO2 host matrix and R6G dye molecules [25], or with lower 

probability it may be due to TiO2 matrix surface defects [38]. Whereas the second was very high intensity 
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emission at 600 nm, with shoulder at 573 nm, may belong to superposition between the molecular guest excited 

singlet states and TiO2 defect states and hence an efficient energy transfers from these states to the R6G excited 

singlet states [3]. The above two peaks are in a good agreement with other articles [3, 25]. 

Finally, the trap levels at (649, 670, 692) nm are noticed only at minimum and maximum CR6G. This 

interpreted that the R6G may decrease the Ti3+ defect since the electron trapped located at (0.7-1.6) eV bellow 

the conduction band edge contributes to the red band at wavelength around 590-700 nm [34, 39]. The 

fluorescence emission peaks of the dip-coated sol-gel R6G dye doped TiO2 films on glass substrate were 

summarized in Table:4. 
 

Table-4: Fluorescence emission peaks of 310-4 – 310-7 M R6G doped TiO2 thin films on glass substrate with 

λex =300nm. 

Fluorescence Peaks Values (nm) 

CR6G=310-4 M CR6G=310-5 M CR6G=310-6 M CR6G=310-7 M Peak’s Energy (eV) 

326     327 3.80 

337     337 3.68 

347   347 346 3.57 

362 362 362 362 3.43 

378 378 378 378 3.28 

410 410 409 410 3.02 

461 461 462 461 2.69 

475 476 475 476 2.61 

486 486 486 486 2.55 

496 496 496 496 2.50 

505 505 505 505 2.46 

521 522 521 521 2.38 

546 545 546 546 2.27 

600(573 shoulder)     600(573 shoulder) 2.07 

649       1.91 

670       1.85 

692       1.79 

 

Conclusions 

In this paper, dip-coating technique via low temperature wet chemical sol–gel process, was effectively used to 

synthesize pure and R6G doped TiO2 nanostructured thin films on glass substrate. The prepared thin films 

were analyzed using XRD, and the patterns did not show any evidence peak related to TiO2 phase which 

indicate that doped and undoped TiO2 matrices are primarily amorphous.  Absorption spectra of R6G solution, 

sol, and thin films were recorded. A 530 nm monomeric absorption peak with the vibronic shoulder at 490 nm 

of low concentration R6G ethanolic solution were detected which indicates that R6G dye dissolves completely 

into monomer. Absorption edge of the R6G doped TiO2 sol was experience to a small red shift with respect to 

the pure sol. Absorption peak at 530 nm for all doped sols was observed. The absorption spectra for all pure 

and doped TiO2 films indicate a strong absorbance in the UV region and 50 nm blue shift of the absorption 

edge with respect to the sol that proves the nanostructure texture of TiO2 thin films. The dye aggregates 

formation in the pores of the as-deposited amorphous doped TiO2 coated films change the absorption spectrum 

features by inducing band splitting and spectral shifts, which may be explained by the exciton theory. 
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Maximum fluorescence emission peak of R6G ethanolic solution and doped TiO2 sol exhibit a red shift with 

increasing of the dye concentration. The existence of R6G dye molecules in TiO2 film’s matrix is a proved by 

showing up two different intensity fluorescence peaks at 540 and 600 nm. So the manufacturing the hybrid 

R6G-TiO2 active medium laser and optoelectronic device can be suggested. 
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