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Abstract 
 
Titanium dioxide (TiO2) photocatalyst has garnered extensive applications owing to its excellent 
chemical stability and cost-effectiveness. Nonetheless, its practical efficiency is hindered by 
several intrinsic limitations, including a relatively wide band gap, rapid recombination of 
photoinduced electron-hole pairs, and a limited surface area, all of which significantly diminish 
its photocatalytic efficiency. To address these shortcomings, a series of novel copper-doped 
titania photocatalysts supported on Technische Universiteit Delft-Crystalline (TUD-C), denoted 
as xCu-TiO2@TUD-C (x = 0.1–1.0 mol%), were synthesized. These photocatalysts were 
fabricated through a multistep process involving sol-gel synthesis, hydrothermal treatment, wet 
impregnation, and calcination. Powder X-ray diffraction (PXRD) analysis confirmed that the TiO2 

component crystallized in the anatase phase. Additionally, PXRD verified that the TUD-C 
support retained the Modernite Framework Inverted (MFI) zeolitic structure, along with a high 
specific surface area ranging between 270 and 321 m²/g. The successful incorporation of 
Cu-doped TiO2 onto the TUD-C support was validated through energy-dispersive X-ray (EDX) 
elemental analysis. Furthermore, diffuse reflectance ultraviolet-visible (DRUV-Vis) spectroscopy 
revealed a noticeable reduction in band gap energies for the 0.1, 0.5, and 0.7 mol% 
Cu-TiO2@TUD-C samples, which exhibited values of 2.93 eV, 3.06 eV, and 2.77 eV, 
respectively, lower than that of undoped TiO2 (3.29 eV). These findings underscore the 
promising potential of the synthesized Cu-TiO2@TUD-C materials as efficient 
visible-light-responsive photocatalysts for photodegrading various organic pollutants. 
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1.0  INTRODUCTION 
 
Titanium dioxide (TiO2) exists in three predominant polymorphic forms: anatase, brookite, and rutile [1]. Its cost-efficiency, 
non-toxic nature, and outstanding photocatalytic capabilities have driven extensive research into its potential applications, 
particularly in wastewater remediation and various industrial processes [2–4]. However, the photocatalytic efficiency of TiO2 is 
hindered by inherent limitations such as a wide band gap, its restriction to UV-light activation, a high rate of photogenerated 
electron-hole recombination, and a relatively low surface area [5]. To overcome these drawbacks, metal doping, particularly 
with copper (Cu), has emerged as a promising strategy to enhance the photocatalytic efficiency of TiO2, as supported by 
numerous studies [3].  

Cu has received considerable attention for its potential use in photocatalytic systems, both in its elemental form and as 
a metal oxide. Its appeal lies in its affordability, high redox potential, superior electrical conductivity, and ability to promote 
diverse redox reactions due to its variable oxidation states [6,7]. Besides, it serves as an effective dopant for TiO2 due to its 
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atomic radius being comparable to that of titanium, allowing it to integrate seamlessly into the TiO2 lattice [8]. Within the TiO2 
matrix, Cu facilitates the capture and transfer of photoexcited electrons across the material’s surface, thereby enhancing 
charge separation. Owing to these properties, Cu is frequently employed as a dopant in the synthesis of TiO2, as it 
significantly augments the material’s photocatalytic activity [8,9]. Copper acts as an effective electron acceptor, reducing 
electron-hole recombination, and shifts the optical absorption of TiO₂ into the visible light spectrum, enabling the catalyst to 
function under visible light irradiation [9,10]. 

Technische Universiteit Delft-Crystalline (TUD-C) represents an emerging mesoporous support material, characterized 
by integrating mesoporous silica with a Modernite Framework Inverted (MFI) zeolitic structure. Furthermore, the incorporation 
of a one-step modification approach, derived from the synthesis of Technische Universiteit Delft-1 (TUD-1), simplifies TUD-C 
production through the addition of an alumina source, eliminating the need for surfactants [11,12]. TUD-C boasts several 
advantageous features, including a three-dimensional sponge-like pore architecture, strong acidity, high surface area, 
excellent thermal and structural stability, and uniform pore size distribution [11,12]. The enhanced surface area of TUD-C 
effectively compensates for the limited surface-active sites of TiO2. Nevertheless, investigations into TUD-C as a catalyst 
support remain relatively scarce, warranting further exploration to fully realize its functional and practical potential [5,11,12]. 

This study presents the development of a novel Cu-TiO2@TUD-C composite material. The structural and 
physicochemical characteristics of the synthesized photocatalysts are systematically examined and discussed. 
 
2.0  EXPERIMENTAL 
 
2.1  Materials 
 
Titanium isopropoxide (TTIP), acetylacetone (acac), and tetraethylammonium hydroxide (TEAOH) were purchased from 
Sigma-Aldrich, while absolute ethanol (EtOH) was supplied by Hayman Limited. Tetraethyl orthosilicate (TEOS) and 
triethanolamine (TEA) were purchased from Qrec and Merck, respectively. Copper nitrate trihydrate (Cu(NO3)2·3H2O) was 
used as copper dopants, whereas Zeolite Socony Mobil-5 (ZSM-5) from Acros Organics was used as the zeolitic precursor.  
 
2.2  Preparation of Materials 
 
A series of Cu-TiO2@TUD-C photocatalysts with varying copper dopant concentrations (in mol%) was synthesized. The 
preparation involved a combination of chemical techniques, including calcination, hydrothermal treatment, sol-gel synthesis, 
and wet impregnation. For comparative analysis, pure TiO2 and TUD-C were also synthesized under similar conditions. All 
chemicals employed in the synthesis processes were used as received, without further purification. 

TiO2 was synthesized using titanium isopropoxide (TTIP) as the precursor via the sol-gel method. Absolute ethanol 
serving acetylacetone (acac) were used as the solvent and the chelating agent, respectively. The components were mixed in a 
molar ratio of 1 TTIP: 100 EtOH: 2 acac, yielding a clear, light-yellow solution (denoted as Solution A). Solution A was stirred 
at room temperature for 2 h, followed by evaporation at 80°C and drying at 110 °C overnight. The resulting solid was calcined 
at 500 °C for 5 h to obtain TiO2. For the preparation of copper-doped titania, an aqueous solution of copper nitrate (2 mL) was 
added dropwise into Solution A. The resulting mixture was stirred for 2 h, followed by the same evaporation, aging, and 
calcination procedures. Copper dopant concentrations were varied at 0.1, 0.3, 0.5, 0.7, and 1.0 mol%. 

In this study, TUD-C functioned as the mesoporous zeolitic support for the photocatalyst. Its synthesis was carried out 
via a sol-gel process followed by hydrothermal treatment, utilizing TEAOH and TEA as structure-directing agents. The 
precursor solution was prepared using distilled water, tetraethyl orthosilicate (TEOS), TEA, TEAOH, and ZSM-5 in a molar 
ratio of 11 H2O: 1 TEOS: 0.5 TEA: 0.1 TEAOH: 0.1 ZSM-5. A Si/Al molar ratio of 30 was maintained, and the resulting material 
was designated TUD-C (30). Initially, distilled water and TEA were mixed and stirred for 1 h to form Solution B, while TEOS 
and ZSM-5 were simultaneously mixed and stirred for 1 h to form Solution C. Solution B was then added dropwise to Solution 
C, yielding Solution D, which was stirred for another 1 h to ensure complete homogenization. TEAOH was subsequently 
added dropwise to Solution D, followed by 2 h of stirring. The final mixture was aged at room temperature for 24 h to produce 
a solid gel, which was then ground into fine powder. After a hydrothermal treatment at 130°C for 10 h, the powder was dried at 
130°C and calcined in air at 800°C for 6 h to remove any organic residues. 

To synthesize the Cu-TiO2@TUD-C composite photocatalysts, the pre-formed Cu-TiO2 powder was incorporated into 
the TUD-C precursor mixture. The suspension was stirred for 2 h before undergoing the same aging and evaporation 
processes as previously described. The final products were labelled as xCu-TiO2@TUD-C, where x indicates the specific 
copper dopant loading. 
 
2.3  Characterization of Materials 
 
All samples were subjected to comprehensive characterization techniques, including Powder X-Ray Diffraction (XRD), Diffuse 
Reflectance UV-Visible (DRUV-Vis) Spectroscopy, Fourier Transform Infrared (FTIR) Spectroscopy, nitrogen 
adsorption-desorption surface area analysis, and Field Emission Scanning Electron Microscopy (FESEM) coupled with Energy 
Dispersive X-ray (EDX) analysis. XRD patterns were obtained using a Bruker D8 Advance diffractometer equipped with Cu Kα 
radiation (λ = 1.5418 Å), operated at 40 mA and 40 kV. The finely ground powder (about 1 g) was analyzed under ambient 
conditions over a 2θ range of 20° to 90°, applying a step time of 1 s and a step size of 0.02°. DRUV-Vis spectroscopy was 
performed using a PerkinElmer Lambda 900 UV-Vis spectrophotometer, fitted with a diffuse reflectance accessory and a 76 
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mm integrating sphere. Barium sulphate served as the reference standard. Measurements were carried out over a wavelength 
range of 190–800 nm, with a frequency of 200 Hz and a power output of 550 W. 

For FTIR analysis, approximately 20 mg of each synthesized sample was thoroughly mixed with 2000 mg of anhydrous 
potassium bromide (KBr) in a 1:100 mass ratio, then ground into a fine powder. The mixture was pressed into 13 mm pellets 
under a pressure of 10 tons for 5 minutes, yielding self-supporting discs. Spectral data were acquired using a Thermo 
Scientific Nicolet iS10 spectrometer ranging 400–4000 cm⁻¹. Nitrogen adsorption-desorption measurements were conducted 
at −196 °C using a Thermo Fisher Scientific Sorptomatic 1990 surface area analyzer to determine surface area, pore volume, 
and porosity. Before analysis, the samples were degassed at 250 °C for 16 hours. The BET method was applied for specific 
surface area determination, while pore size distribution was analyzed using the Barrett-Joyner-Halenda (BJH) method. The 
surface morphology of the Cu-TiO₂@TUD-C photocatalyst was examined using a JEOL JSM-6701F field emission scanning 
electron microscope, capable of resolutions up to 1 nm at 15 kV and 2.2 nm at 1 kV, with a maximum probe current of 2 nA. 
 
 
3.0  RESULTS AND DISCUSSION 
 
3.1  Synthesis of the TUD-C Supported Cu-TiO2 Photocatalysts 
 
A series of samples were successfully prepared, including TUD-C (Si/Al = 30), 0.1Cu-TiO2@TUD-C, 0.3Cu-TiO2@TUD-C, 
0.5Cu-TiO2@TUD-C, 0.7Cu-TiO2@TUD-C, and 1.0Cu-TiO2@TUD-C. After the calcination process, which removed the organic 
substances, white powder TUD-C and creamy white Cu-TiO2@TUD-C powders were obtained. 
 
3.2  Synthesis of the TUD-C Supported Cu-TiO2 Photocatalysts 
 
3.2.1  Powder XRD 
 
Powder X-ray diffraction (XRD) analysis was employed to determine the crystallinity and phase purity of all the synthesized 
samples. Figure 1(a) presents the XRD patterns of pure TiO2, 1.0Cu-TiO2, pure TUD-C, and 1.0Cu-TiO2@TUD-C. The TiO2 
synthesized via the sol-gel method exhibited diffraction peaks corresponding to the anatase phase with a tetragonal crystal 
structure, as referenced in JCPDS No. 84-1286 [13]. A prominent peak at 2θ = 25.21° was observed and indexed as the (101) 
reflection, along with several less intense peaks at 36.92°, 37.73°, 38.39°, 47.96°, 54.13°, 55.06°, 62.56°, 68.83°, and 75.02°, 
corresponding to the (103), (004), (112), (200), (105), (211), (204), (116), and (215) planes, respectively. These patterns 
confirm the formation of anatase TiO2. The XRD pattern of the 1.0Cu-TiO2 sample closely resembled that of pure anatase 
TiO2, suggesting that the anatase structure remained intact following the incorporation of copper. Additionally, the presence of 
monoclinic CuO was confirmed by several minor peaks at 2θ values of 32.53°, 35.58°, 38.78°, 48.79°, 58.23°, 61.59°, 66.36°, 
68.03°, 72.45°, and 75.12°, corresponding to JCPDS No. 48-1548 [14]. For the TUD-C sample, two significant peaks around 
2θ = 25° indicated the presence of aluminium silicate species and ZSM-5 zeolitic structure [4].  
 

F 

  Figure 1  (a) Wide-angle XRD patterns and (b) low-angle XRD patterns of (i) pure TiO2, (ii) 1.0Cu-TiO2, (iii) pure 
TUD-C, and (iv) 1.0Cu-TiO2@TUD-C 

 
As shown in Figure 1(a), the successful incorporation of Cu-TiO2 into the TUD-C support was evident, as key 

diffraction peaks characteristic of the MFI zeolitic framework were still discernible in the 1.0Cu-TiO2@TUD-C sample. 
Furthermore, peaks that were attributed to the anatase TiO2 remained detectable, albeit with reduced intensity. This 
diminished intensity was attributed to the substantial difference in the weight ratio between Cu-TiO2 and TUD-C (1:30), 
indicating the dominant presence of TUD-C. In Figure 1(b), two distinctive peaks at 2θ = 7.83° and 8.69°, indexed as the (101) 
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and (200) phases, respectively, confirmed the presence of the MFI zeolite framework embedded within the amorphous silica 
matrix of the Cu-TiO2@TUD-C [4,11,12]. Crystallite sizes were estimated using the Scherrer equation, with the calculated 
values summarized in Table 1. The crystallite size of 1.0Cu-TiO2 was found to be 10.74 nm, which was smaller than that of the 
pure TiO2 (18.14 nm). This suggested that CuO integration into the TiO2 lattice reduced particle growth [15]. Meanwhile, the 
crystallite size of 1.0Cu-TiO2@TUD-C (63.51 nm) was comparable to that of pure TUD-C (63.16 nm), indicating that Cu-TiO2 
was effectively incorporated into or onto the TUD-C framework without significantly altering its structural dimensions. 
 

Table 1 Crystallite size of pure TiO2, 1.0Cu-TiO2, pure TUD-C, and 1.0Cu-TiO2@TUD-C 
Sample Crystallite size (nm) 

TiO2 18.14 
1.0Cu-TiO2 10.74 

TUD-C 63.16 
1.0Cu-TiO2@TUD-C 63.51 

 
3.2.2  DR UV-Vis Spectroscopy 
 
Diffuse Reflectance UV-Visible (DRUV-Vis) spectroscopy was used to explore the optical properties of the synthesized pure 
TiO2 and a series of Cu-TiO2@TUD-C composites with varying copper dopant concentrations. The DRUV-Vis spectra of all 
synthesized materials are depicted in Figure 2. 
 

 
Figure 2  DR UV-Vis absorption spectra of synthesized materials with different molar percentages of Cu dopant 

 
 For the pure TiO2 sample, two prominent absorption bands were observed at 235 nm and 330 nm. The former is 
attributed to hydrated tetrahedrally coordinated titanium species (Ti4+), while the latter corresponds to octahedrally coordinated 
or polymeric titanium species, denoted as (Ti–O–Ti)n [11]. All Cu-TiO2@TUD-C samples exhibited a noticeable blue shift at the 
235 nm absorption band relative to pure TiO2, signifying successful copper incorporation. Additionally, a subtle absorption 
shoulder around 330 nm was present in all samples, further indicating the persistence of titanium species in the composite 
structure. It was also observed that the overall UV absorbance of the Cu-TiO2@TUD-C composites was significantly reduced 
compared to that of pure TiO2, which may be attributed to the dispersion or surface interaction of Cu-TiO2 within the TUD-C 
support matrix. Interestingly, UV absorbance increased progressively with copper loading from 0.1 to 0.5 mol%, suggesting 
enhanced light-harvesting capability. However, a subsequent decline in absorption intensity was recorded for samples 
containing 0.7 and 1.0 mol% Cu, possibly due to dopant saturation or agglomeration effects that hinder optical performance. 
 The band gap energy (Eg) of the synthesized materials was determined using the Tauc equation in conjunction with the 
Kubelka-Munk function. A plot of [FRxhv]2 versus photon energy (hv) was constructed, and the direct band gap values were 
obtained by extrapolating the linear portion of the curve to the energy axis. Figure 3 illustrates the corresponding [FRxhv]2 
versus energy (eV) graph, while Table 2 summarizes the calculated Eg, values for the samples. Among the Cu-TiO2@TUD-C 
composites, only the 0.1, 0.5, and 0.7 mol% Cu-loaded samples exhibited lower band gap energies than that of pristine TiO2, 
which was measured at 3.2 eV. Conversely, the 0.3 and 1.0Cu-TiO2@TUD-C samples showed slightly higher band gap 
values. It is noteworthy that the variation in Eg values did not follow a consistent trend with increasing Cu dopant 
concentration. This irregularity may be attributed to inconsistencies in reaction times during synthesis or to the presence of 
residual impurities, potentially stemming from incomplete evaporation of acetylacetone during the preparation of Cu-TiO2. 
Nevertheless, the reduced Eg values may be attributed to the incorporation of Cu2+ ions into the host lattice, and this 
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substitution also introduces a new electronic energy level near the conduction band edge of TiO2, which facilitates the 
formation of O₂⁻ species, because of the charge compensation effects [16].  

 
Figure 3  Graph of [FRxhv]2 against eV of the synthesized samples using the Tauc equation and Kubelka-Munk function 

 
Table 2  Band gap energy of the pure TiO2 and different mol% Cu-TiO2@TUD-C samples 

 

Sample Calculated direct bandgap energy, Eg, (eV) 

TiO2 3.29 
0.1 Cu-TiO2@TUD-C 2.93 
0.3 Cu-TiO2@TUD-C 3.33 
0.5 Cu-TiO2@TUD-C 3.06 
0.7 Cu-TiO2@TUD-C 2.77 
1.0 Cu-TiO2@TUD-C 3.37 

 
 
3.2.3  Fourier Transform Infrared (FTIR) Spectroscopy 
 
 FTIR analysis was conducted to examine the functional groups present in the materials. Figure 4 displays the FTIR 
spectra of pure TiO2, 1.0Cu-TiO2, pure TUD-C, and 1.0Cu-TiO2@TUD-C samples.  
 

 
Figure 4  FTIR spectra of (a) pure TiO2, (b) 1.0Cu-TiO2, (c) pure TUD-C, and (d) 1.0Cu-TiO2@TUD-C samples 
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 The spectrum of the 1.0Cu-TiO2@TUD-C sample exhibited a broad absorption band in the region of 3400–3600 cm-1, 
along with a minor peak at 1639 cm-1. These features are due to the O–H stretching and bending vibrations, respectively, 
indicating the presence of surface-adsorbed hydroxyl groups (–OH) from moisture [17,18]. Additionally, the 
1.0Cu-TiO2@TUD-C sample revealed several characteristic absorption bands corresponding to the ZSM-5 zeolitic framework. 
Notable peaks were detected at 450 cm-1, 555 cm-1, 799 cm-1, and 1102 cm-1, which are associated with T–O bending 
vibrations (T = Si or Al), MFI framework skeletal vibrations, external symmetric stretching of Si–O–Si, and internal symmetric 
stretching of Si–O–Si, respectively [5,11]. Furthermore, the band at 1230 cm-1, associated with asymmetric stretching of T–O 
(T = Si or Al), provided additional evidence of the ZSM-5 structure [5,11]. This vibrational mode is known to be 
structure-sensitive and is linked to external connectivity between TO4 tetrahedra.  
 The intensity of the zeolitic peaks attributed to TUD-C exhibited a noticeable reduction, with minimal or no peak shifts 
observed following the impregnation of the Cu-TiO2 sample. This attenuation in intensity can be attributed to the interaction of 
SiO2 with the formation of Ti–O–Si and Cu–O–Si linkages. A shift in the band near 965 cm-1, along with the diminished peak 
intensity, serves as indirect evidence for the presence of Ti–O–Si and Cu–O–Si bonds, which are further associated with the 
bending vibrations of Si–OH groups. However, the characteristic peak for Ti–O–Si and Cu–O–Si at 965 cm-1 did not appear 
distinctly and instead manifested as a weak shoulder, likely due to overlapping with the broader Si–O–Si band centred at 1102 
cm-1 [5,11,19]. Additionally, several faint and narrowly defined absorption bands appeared within the 400–800 cm-1 region, 
which are caused by the overlapping skeletal vibrations of bulk TiO2 and Cu–O stretching modes. Specifically, bands at 580 
and 760 cm⁻¹ correspond to O–Ti–O and Ti–O–Ti linkages, while peaks located at 483, 517, and 584 cm-1 are indicative of 
Cu–O stretching vibrations [5,11]. 
 
3.2.4  Nitrogen Adsorption-Desorption Surface Area Analysis 
 
Nitrogen adsorption–desorption surface area analysis was employed to determine the specific surface area, pore diameter, 
pore volume, pore size distribution, and adsorption–desorption isotherms of the synthesized samples. The analysis focused 
on Cu-TiO2@TUD-C composites with copper dopant loadings of 0.1, 0.5, 0.7, and 1.0 mol%. Table 3 presents the measured 
surface area, pore diameter, and pore volume of each sample. An overall increase in surface area was observed with the rise 
in Cu dopant concentration, except for the 0.7 mol% Cu-TiO2@TUD-C sample, which showed a slight deviation from this 
trend. According to the literature, pure TiO2 possessed a surface area of approximately 21 m²/g [4]. In contrast, the 
incorporation of TUD-C as a support matrix significantly enhanced the surface area of TiO2, by more than 10-fold, as reflected 
in Table 3. This demonstrated the advantageous role of TUD-C. Furthermore, all analyzed samples exhibited pore diameters 
greater than 2 nm, confirming their mesoporous nature and successful integration of Cu-TiO2 within the TUD-C framework, 
irrespective of the Cu dopant concentration on TiO2 [4]. The observed increase in pore diameter can be attributed to the 
expansion of pore volume, which likely results from the accumulation of Cu-TiO2 nanoparticles along the internal pore 
channels. This accumulation effect subsequently leads to a broadening of the pore structure [11].  
 

 
Table 3 Surface area, pore volume, and pore diameter of TUD-C supported Cu-TiO2 materials 

 
Samples Surface area (m2/g) Pore volume 

(cm3/g) 
Pore diameter 

(nm) 
0.1 Cu-TiO2@TUD-C 291 0.45 6.19 
0.5 Cu-TiO2@TUD-C 298 0.56 7.51 
0.7 Cu-TiO2@TUD-C 270 0.37 5.53 
1.0 Cu-TiO2@TUD-C 321 0.64 8.02 

 
 Figure 5 illustrates the nitrogen adsorption–desorption isotherms of Cu-doped TiO2 supported on TUD-C with varying 
copper loadings (0.1, 0.5, 0.7, and 1.0 mol%). All Cu-TiO2@TUD-C samples exhibited type IV isotherms accompanied by 
H4-type hysteresis loops [4], characteristic of mesoporous materials with narrow slit-like pores. Within the relative pressure 
range of P/P₀ ≈ 0.1 to 0.5, the desorption branches of all samples closely followed their respective adsorption curves. This 
behaviour is attributed to mass transfer limitations arising from the irregular pore architecture, where structural constrictions 
hinder the uniform filling and emptying of adsorbate molecules [4,11]. Additionally, the presence of ultra-small mesopores 
adjacent to micropores contributed to the convergence of adsorption and desorption curves within this pressure interval. This 
dual-pore character is linked to the use of TEAOH as a structure-directing agent during hydrothermal synthesis, facilitating the 
formation of microporous features within the MFI zeolitic framework. Concurrently, the employment of TEA, a known silicon 
chelating agent, promoted the generation of mesopores through the formation of silicon atrane complexes, particularly during 
the ambient aging stage of the synthesis process [4,11]. A distinct hysteresis loop became evident for all the samples at P/P₀ 
Mean values exceeding 0.5. Furthermore, a stepwise shift in the isotherms within the range of P/P₀ = 0.55–1.0 was observed, 
providing compelling evidence for the negligible presence of macropores in the material structure [4].   
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Figure 5  N2 adsorption-desorption isotherms of xCu-TiO2@TUD-C (x = 0.1, 0.5, 0.7 and 1.0 mol%) 

 
3.2.5  Field Emission Scanning Electron Microscopy (FESEM) and Energy Dispersive X-Ray (EDX) 
Analysis 
 
FESEM was used to observe the synthesized samples' surface shape and structure. Figure 6 shows the FESEM images of 
1.0Cu-TiO2@TUD-C. From the images, the sample showed rough, uneven, and ball-like particles, which indicate that Cu-TiO2 
had clumped together. In addition, sponge-like structures that were not uniform or symmetrical could be seen in the image 
taken at 100x magnification [4]. The weight and atomic percentages of all elements are listed in Table 4. Both Ti and Cu 
elements in the 1.0Cu-TiO2@TUD-C sample confirm that Cu-TiO2 was successfully added to the TUD-C support. According to 
the EDX analysis, the empirical formula of the material was determined to be CuTi2AlSi250C751O1769. It should be noted that 
EDX is a qualitative analysis, and the high content of O could be due to environmental contamination.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6  FESEM micrographs of 1.0 Cu-TiO2@TUD-C with the magnification of (a) 30 x and (b) 100 x 
 

Table 4 EDX elemental analysis of 1.0 Cu-TiO2@TUD-C sample 
 

Chemical composition Weight percentage / % Calculated atomic percentage / % 

O 58.6 63.33 
Si 26.1 16.07 
C 14.0 20.16 
Ti 0.6 0.22 
Cu 0.6 0.16 
Al 0.1 0.06 
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4.0  CONCLUSION 
 
A series of Cu-TiO2@TUD-C photocatalysts with varying copper dopant molar ratios was successfully synthesized through a 
multi-step approach, combining sol-gel, wet impregnation, hydrothermal treatment, and calcination processes. For 
comparative purposes, pristine TiO2 and TUD-C were also prepared. The structural and physicochemical characteristics of the 
synthesized materials were thoroughly examined. Powder XRD and FTIR spectroscopy confirmed the formation of the 
MFI-type zeolitic framework across all TUD-C-supported samples. XRD patterns further revealed the co-existence of 
anatase-phase TiO2 and monoclinic CuO in the Cu-TiO2@TUD-C composites. Besides, DR Uv-Vis spectroscopy revealed that 
the Cu-TiO2@TUD-C samples with 0.1, 0.5, and 0.7 mol% copper doping exhibited a notable reduction in band gap energies, 
with 2.93 eV, 3.06 eV, and 2.77 eV, respectively, lower than that of pristine TiO2, which was recorded at 3.29 eV. On the other 
hand, nitrogen adsorption-desorption analysis verified that the TUD-C-based materials exhibited a high specific surface area. 
Additionally, energy-dispersive X-ray (EDX) spectroscopy affirmed the successful incorporation of Cu-TiO2 onto the TUD-C 
support. The findings suggested that the prepared Cu-TiO2@TUD-C materials are potential visible-light driven photocatalysts 
for degradation of various organic pollutants such as dyes, phenol, pharmaceuticals, etc. 
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