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Abstract
Titanium dioxide (TiO₂) is the most extensively investigated photocatalysts, but its high band gap energy limits its photoactivity 
primarily to the ultraviolet region. This study presents a green approach to enhanced visible-light absorption of TiO₂ by utilizing 
calcined golden snail shells as a sustainable and low-cost precursor for CaO dopant. The TiO₂-CaO composites were synthesized 
via a simple loading technique. Characterization confirmed the successful distribution of CaO onto the TiO₂ surface, reducing in the 
band gap energy of TiO₂ from 3.334 eV to 3.322 eV. This modification substantially broadened the material’s light absorption into 
the visible spectrum. The optimized composites demonstrated feasible photocatalytic activity for the reduction of CO₂ under 
simulated solar irradiation with the addition of Clitoria ternatea photosensitizer, achieving initial activity higher than that of pure 
TiO₂. This work successfully combines the waste-derived CaO, offering a promising, environmentally friendly, and highly effective 
green material to improved photoresponse under visible light of TiO₂. 
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1. INTRODUCTION

Photochemical reactions, which are driven by 

light energy, necessitate the use of semiconductor 

materials with specific properties. The remarkable 

characteristics of TiO₂ in many electrochemical 

processes have been extensively examined. TiO₂ is 

capable of facilitating electrochemical reactions 

even without the application of an external voltage 

[1]. Prior research has characterized n-type TiO₂ as 

a photo-assistance agent, denoting a material that 

not only absorbs light energy but also efficiently 

directs that energy into the intended reaction 

pathways. When doped with tungsten, n-type TiO₂ 

shows a significant response close to its band gap 

energy (Eg ~3.0 eV), which corresponds to 

wavelengths of around 350 nm. This response can 

shift by up to 0.5 eV toward the blue region (visible 

light) [2]. Anatase TiO₂ crystals exhibit a Eg of 3.2 

eV when produced using reactive magnetron 

 
sputtering [3] and are generally amorphous with 

minimal crystallite dimensions. Doping TiO₂ 

facilitates a decrease in band gap energy, thereby 

broadening its photoactivity into the visible light 

spectrum.  

Numerous supporting materials have been used 

as supports for TiO₂, including Cu, Ag, MWCNT, 

Ag–MWCNT, CNT@Ni, UiO-66, Rh, Ru, Pt, and 

Zn, all of which were synthesized in different ways 

[4]-[7]. Previous research indicates that metal 

oxides (MO) have been less frequently employed to 

modify TiO₂ in comparison to metal doping, which 

continues to be the most prevalent modification 

method. One notably intriguing dopant is calcium, 

incorporated via calcium nitrate and synthesized as 

nanoparticles (Ca–TiO₂ NPs). Ca doping has been 

demonstrated to decrease the Eg of pure TiO₂, 

thereby shifting its light absorption from ultraviolet 

to visible radiation [8]. This phenomenon is 

attributed to introduction of additional electrons by 

calcium, which generates new energy states within 

the band structure [8]. In addition, modification 

with MO can improve charge carrier separation 

through the formation of heterojunctions between 

the oxide phase and TiO2, effectively promoting 

spatial separation of redox processes while 

suppressing charge recombination and competing 

side reaction [9]. Consequently, the incorporation of 

calcium oxide (CaO) offers a promising approach 

for Eg engineering in TiO2. The abundant 

availability of CaO further enhances its potential as 
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a cost-effective support material. Although TiO₂ 

doping with various materials has been thoroughly 

investigated, the utilization of natural waste as a 

sustainable source of dopant materials remains an 

area of further research.  

Golden snail shells have been shown to contain 

61.95% CaO during calcination at 800 °C [10], 

indicating their viability as a sustainable source of 

CaO. The CaO serves as a promising dopant 

semiconductor material and has exhibited superior 

efficacy as a support for MnFe₂O₄ in the 

photodegradation of methylene blue [11]. 

Moreover, prior research has demonstrated that the 

particle size of CaO can be customized; for 

instance, CaO NPs have been effectively 

synthesized via a co-precipitation approach [12]. 

Nevertheless, the associated changes in Eg have not 

yet been comprehensively investigated. Previous 

studies have reported that the incorporation of 

calcium into TiO2 as a dopant can modify the 

crystal structure of TiO2 through the formation of 

crystal defects [8] and oxygen vacancies [9]. In the 

present study, CaO derived from golden snail shell 

waste was incorporated into TiO2, and its effect on 

the reduction of Eg energy was evaluated. Phase 

structure, crystallite size, specific surface area, and 

pore structure are important factors influencing 

TiO₂ performance, all of which may be affected 

using raw materials with different compositions. 

Therefore, current study addressed the complete 

procedure, from the fabrication of the dopant source 

obtained from natural waste to its role in reducing 

the band gap in TiO₂. The visible-light activity of 

TiO₂ had been evaluated using CO₂ photoreduction 

generated by the reaction between sodium 

bicarbonate and citric acid in alkaline conditions. 

Clitoria ternatea photosensitizer was added to 

facilitate adequate absorption of visible light 

photons because TiO2 is an indirect Eg 

semiconductor, where electrons released from the 

valence band during the excitation process 

experience momentum before being transferred to 

the conduction band. The photocatalyst's 

physicochemical properties were investigated by FT

-IR, UV–Vis DRS, XRD, SEM, and BET analyses.  

  

2. MATERIALS AND METHODS 

 

2.1. Materials 

Golden snail shells (Pomacea canaliculate) were 

collected from rice fields in Palembang and utilized 

as a source of CaO, prepared via the calcination 

method without further purification. TiO2, 

polyethylene glycol (PEG6000), citric acid, sodium 

bicarbonate were purchased from Merck (analytical 

grade) and used as received. Distilled water and 

filter paper were purchased from Bratachem. 

Clitoria ternatea flowers as prepared as 

photosensitizer. 

 

2.2. Methods 

 

2.2.1. Preparation of CaO from Golden Snail Shells 

CaO was prepared from golden snail shells using 

a slightly modified version of the process 

previously used by researchers [13]. After removing 

the golden snail shells from the leftover meat with 

flowing water, the shells were crushed and calcined 

 

 

 
 

 
Figure 1. Schematic illustration of the reactor used for CO₂ photoreduction over CaO-doped TiO₂ under 

light irradiation in the presence of Clitoria ternatea as a photosensitizer.  



J. Multidiscip. Appl. Nat. Sci. 

 

for two hours at 900 °C to produce shell powder. A 

Bruker Alpha FT-IR-ATR fitted with diamond 

crystals was used to evaluate the shell powder to 

detect the presence of CaO functional groups. 

 

2.2.2. Preparation of Photocatalyst TiO2-CaO  

TiO2-CaO photocatalyst was made by co-

precipitation method by mixing TiO2 powder, CaO, 

and PEG6000 in a 2:1:1 (w/w) ratio with 40 mL of 

distilled water for 1 h at 350 rpm. The precipitate 

was dried for 20 min at 70 °C. A Bruker Alpha FT-

IR-ATR, UV Vis DR, and XRD were used to 

investigate the TiO2-CaO photocatalyst properties. 

 

2.2.3. Photoreduction of CO2 to Methanol 

The CO2 photoreduction reactor scheme in this 

study was a modified version of the scheme 

reported by Jenny et al.[14]. Photoreduction begins 

with the preparation of the necessary reactants. The 

C. ternatea flowers were washed with water, dried, 

then crushed to produce butterfly pea flower 

powder. Carbon dioxide gas was generated from the 

reaction between 1.92 g of citric acid dissolved in 

100 mL of distilled water contained in container A 

and 2.52 g of sodium bicarbonate in container B. 

Both containers were linked by two hoses; the first 

hose was designated for transferring the citric acid 

solution from container A to container B, while the 

second hose was used to convey CO2 gas from 

container B to container C, which contains 1 g of 

photocatalyst and a butterfly pea flower solution 

(comprising 1 g of butterfly pea flower powder 

dissolved in 100 mL of distilled water). The 

photocatalyst and photosensitizer were put into a 

photoreactor equipped with a light source as 

indicated in Figure 1.  

 

2.2.4. Characterization 

In this study, the instruments were used to 

characterize the properties of photocatalyst and to 

analyse the product obtained. FT-IR spectra were 

recorded using a Bruker Alpha FT-IR (Bruker 

optics, Germany) in ATR mode over 4000–500 cm-

1 at a resolution of 4 cm-1. UV-Vis diffuse 

reflectance spectra were measured in the range of 

200–800 nm using BaSO4 as reference and 

analyzed via the Kubelka-Munk function. XRD 

patterns were obtained using a diffractometer with 

Cu Kα radiation (λ=1.5406 Å), operated at 40 kV 

and 30 mA over a 2θ range of 10–90°. SEM-EDX 

analysis was performed using a Zeiss scanning 

electron microscopes (SEM, Germany) equipped 

with an EDX detector. The instruments was 

operated at an accelerating voltage of 10–15 kV. 

The samples were gold-coated prior to imaging and 

elemental composition was analyzed using EDX. 

Methanol analysis was performed using GC-MS 

equipped with a polar capillary column and helium 

as the carrier gas (1.0 mL/min). The oven 

temperature was programmed from 40 °C (held for 

3 min) and increased at 5 °C/min to 230 °C, with 

the injector set at 230 °C and a split ratio of 20:1. 

 

 

 
Figure 2. FTIR spectra of (a) CaO from golden snail shell waste; (b) pure TiO2; and  

(c) synthesized TiO2-CaO.  
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Detection was carried out using electron impact 

ionization (70 eV) over an m/z range 40-500, and 

quantification was based on an internal standard 

using peak area ratios.  

 

3. RESULTS AND DISCUSSIONS 

 

3.1. Preparation of photocatalyst TiO2-CaO 

The TiO2-CaO photocatalyst in this study was 

produced from TiO2 and CaO derived from golden 

snail shells through the co-precipitation process by 

adding PEG6000. CaO was obtained after golden 

snail shells was decomposed during calcination at 

900 °C for 2 h by releasing CO2 gas as shown in 

Equation (1). Prior research indicated that the 

conversion of CaCO3 to CaO was accomplished at 

800 °C, therefore, calcination at 900°C for two 

hours was adequate to convert CaCO3 to CaO [12]. 

PEG6000 serves as a carrier for TiO2 and CaO, 

thereby minimizing the possibility of 

agglomeration. TiO2-CaO will coat the surface of 

PEG6000, enhancing its photocatalytic performance 

[16][19].  

 

CaCO3(s) → CaO(s) + CO2(g)   (1) 

  

 

 

 
Figure 3. XRD patterns of pure TiO2 and TiO2-CaO synthesized samples confirm the presence of anatase 

TiO2, while the addition of CaO is associated with a reduction of crystallinity.  

 
 

 

 
Figure 4. Schematic representation of defect and oxygen vacancy formation in CaO-doped TiO2 and its 

effect on band gap energy reduction.  
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Figure 5. SEM-EDX images of (a) pure TiO2 and (b) TiO2-CaO synthesized samples at 20,000× 

magnification, demonstrating predominantly spherical morphology with increased pore size in the TiO2-

CaO sample.  

 

Parameter TiO2 TiO2-CaO 

Surface Area (m2/g), BET 7.39997 2.4849 

Pore Size (nm), BJH 4.51039 8.57078 

Pore Volume (cm3/g), BJH 0.0166884 0.0106488 

Table 1. BET adsorption-desorption isotherm and BJH pore size distribution curves of pure TiO2 and TiO2-

CaO synthesized samples.  

 

 

 
Figure 6. The N2 isotherm and pore size distribution of CaO and TiO2-CaO synthesized samples.  

 

 

Table 2. Elemental Composition in pure TiO2 and TiO2-CaO synthesized samples.  

Element TiO2 TiO2-CaO 

Ti 41.47% 15.56% 

O 58.53% 63.99% 

Ca - 20.46% 
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3.2. FT-IR Analysis 

Functional group analysis was carried out using 

an FT-IR instrument to confirm that CaO had 

successfully attached to the surface of TiO2. The 

existence of CaO from golden snail shells and TiO2 

in TiO2-CaO synthesized was verified by 

comparing the FT-IR spectra of TiO2, CaO, and 

TiO2-CaO in Figure 2.  

The TiO2 spectra (Figure 2(b)) in the current 

study appeared clearly at a wavenumber of 509 cm-

1, which corresponds to the stretching vibration of 

Ti–O and Ti–O–Ti. This vibration observed at 501 

cm-1 in TiO2-CaO spectra (Figure 2(c)). 

Concurrently, the FT-IR spectrum in Figure 2(a) 

shows several characteristic peaks indicating the 

presence of calcium oxide phase and its derivative 

products. The weak band observed at 500–700 cm-1 

are attributed to Ca–O vibrational mode [15][16] 

indicating the presence of CaO. However, the 

appearance of a sharp peak at 3639 cm-1 indicates 

the presence of hydroxyl (O–H) groups, which are 

associated with the formation of calcium hydroxide 

due to the hydration of CaO [15] - [17] as described 

in Equation (2). 

 

CaO(s) + H2O(l) → Ca(OH)2(s)   (2) 

 

Additionally, the peak observed at 872, 1089, 

and 1445 cm-1 correspond to the bending and 

stretching vibrations of carbonate (CO3
2-) groups, 

respectively. These features suggest that part of the 

CaO has undergone carbonation through 

chemisorption of atmospheric CO2 on the catalyst 

surface (see Equation (3)) [8][9][18][19].  

 

CaO(s) + CO2(g) → CaCO3(s)   (3) 

 

Meanwhile, the presence of OH group at the 

TiO2-CaO spectra (Figure 2(c)) showed the 

appearance of two sharp and broad absorptions at 

wavenumbers of 3642 and 3253 cm-1. The region of 

the IR spectra at wavenumbers >3300 cm−1 is the 

region completely dominated by the stretching 

vibration of the OH group, which is usually 

involved in the hydrogen bonding network of the 

crystal [20]. The success of CaO as a support and 

bonding with TiO2 in the synthesized photocatalyst 

was shown by the appearance of new absorption 

from CaTiO3 at 1062 cm-1 and was confirmed by 

the presence of Ti–O vibrations at 501 cm-1 [21] 

[22]. 

 

3.3. XRD Analysis 

The crystal phase was confirmed by comparing 

the TiO2 and TiO2-CaO diffractogram patterns 

shown in Figure 3. The XRD patterns of TiO2 and 

TiO2-CaO exhibit similar diffraction peaks, 

indicating the preservation of the TiO2 crystalline 

structure after CaO addition. Characteristic peaks of 

TiO2 are observed at 2θ = 25.28°, 37–38°, 48°, 53–

55°, 62–63°, 70°, 75°, and 82–83°, which are 

attributed to the anatase phase and are consistent 

with COD card no. 7206075. The dominant peak at 

2θ = 25.28° confirms the presence of anatase TiO2. 

Furthermore, the presence of CaO in TiO2-CaO 

enables its reaction with H2O to form Ca(OH)2 with 

 

 

 
 

 
Figure 7. UV Vis-DRs spectra of (a) pure TiO2 and (b) TiO2-CaO synthesized samples.  
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characteristic peaks at 2θ of 18.04° and 34.06° [23], 

corresponding to the (001) and (011) planes, 

respectively consistent with COD card no. 1001768.  

Based on peak sharpness, the two diffractogram 

do not show a significant difference. However, the 

peak intensity of TiO2 is higher than TiO2-CaO, 

indicating a decrease in the crystallinity of TiO2 

after the addition of CaO. The characteristic peak of 

the anatase TiO2 phase appear in both diffractogram 

with slight chemical shift, meanwhile in the TiO2-

CaO XRD pattern, these peaks are more dominant. 

The presence of CaO inhibits lattice re-organization 

associated with the transformation from anatase to 

rutile, thereby stabilizing the anatase phase and 

prolonging its retention in a less ordered 

nanocrystalline structure [24]. In addition, the 

formation of a new phase, CaTiO3 (confirmed by 

FT-IR spectra) at elevated temperatures reduce the 

TiO2 fraction, leading to decrease crystallinity [25]. 

Furthermore, the incorporation of CaO also affects 

the band gap energy. The incorporation of Ca2+ ions 

into the TiO2 crystal lattice induces structural 

defects, including lattice distortion and oxygen 

vacancies (as illustrated at Figure 4). These defects 

introduce new energy levels below the conduction 

band of TiO2. Electron associated with Ca2+ can 

occupy these levels and require lower excitation 

energy [8][9][18] resulting in reduction of the 

effective Eg as confirmed by UV-DRS results. 

3.4. SEM-EDX, BET and BJH Analysis 

Confirmation of the successful modification of 

TiO2 with CaO from golden snail shells in terms of 

morphology using SEM-EDX analysis is shown in 

Figure 5, combined with BET and BJH analysis 

methods as depicted in Figure 6. Figure 5 shows 

that the uniformly spherical TiO2 morphology [8] 

has a larger specific surface area than TiO2-CaO 

(see Table 1). The incorporation of CaO on the 

TiO₂ surface results in a threefold reduction in 

specific surface area and a 1.5-fold decrease in pore 

volume, accompanied by an approximately twofold 

increase in pore size. Thus, the presence of CaO 

results in the TiO2 pores becoming wide and 

shallow. Additionally, the pore size distribution of 

CaO plays a crucial role in determining the pore 

size uniformity of the synthesized TiO₂–CaO 

(Figure 6).  

In contrast, CaO-modified TiO2 exhibited a 

relatively larger and more spherical morphology 

than pure TiO2. The SEM results indicate that TiO2-

CaO has a particles size of 25 nm, compared to 12 

nm for TiO2. Previous studies have reported that the 

co-precipitation method may lead to particle 

agglomeration [26][27]. As discussed previously, 

the use of PEG6000 as a capping agent to link TiO2 

with CaO during the synthesis process reduces the 

possibility of agglomeration [21][28]. Meanwhile, 

in this work, agglomerates were seen to form in 

 

 

 

Table 3. Identification and characterization of compounds generated via photocatalytic reactions employing 

TiO₂ and TiO₂–CaO catalysts under visible and UV irradiation, as determined by GC–MS analysis.  

 
 

Interpretation of compounds  
Retention Time  Base Peak  Peak Area  

Catalyst  
Light  

(min) (m/z) (%) source 

Aliphatic amine (2-amino-6-
methylheptane or Octodrine)  

1.389  21.45 

TiO₂ 

Visible 1.700 44 53.17 

2.350  25.38 

Bicyclo [2.2.1] heptane,-5-(ethyl
-1-amine) and DL-α-Alanine  

1.688 44 96.92 
UV 

2.440  3.08 

Bicyclo[2.2.1] heptane,-5-(ethyl-
1-amine)  

1.696 44 90.96 

TiO₂–CaO 

Visible 2.114  1.15 

3.036  7.89 

1.724 44 53.68 

UV 
Bicyclo[2.2.1] heptane,-5-(ethyl-

1-amine) and 5-methyl-2-
Heptanamine,  

2.005  2.34 

3.054  2.35 

3.494  41.63 
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various locations due to small spherical TiO2 

adhering to CaO, which had an irregular shape and 

a bigger size.  Additionally, the elemental content 

of the TiO2-CaO photocatalyst (Table 2) revealed 

that Ca is more dominant than Ti since the Ca 

element is higher than Ti.  

 

3.5. UV Vis-DRS Analysis 

TiO2 is a semiconductor with a broad Eg in the 

range of 3.20–3.56 eV [29] that forms in three 

crystal phases: anatase, rutile, and brookite. Anatase 

and rutile exhibit tetragonal crystal structures, 

whereas brookite show an orthorhombic crystal 

structure. Due to its higher electron mobility, 

anatase is the more favorable of the three phases as 

a photocatalyst [8]. According to the UV Vis-DRs 

spectra in Figure 7, TiO2 and TiO2-CaO had band 

gap energies of 3.335 and 3.322 eV respectively, 

indicating that the CaO support on TiO2 reduced the 

band gap energy by 0.013 eV. Additional energy 

from CaO between TiO2's valence and conduction 

bands narrow the electron excitation distance and 

shifts the edge wavelength toward visible light [30]. 

Consequently, the synthesized TiO2-CaO 

photocatalyst exhibits enhanced photocatalytic 

activity in the visible light spectrum when 

compared to TiO2. This is supported by the study's 

findings, loading CaO to TiO2 decreased the energy 

band gap causes this material to be active in visible 

light spectrum.  

 

3.6. Photoreduction of CO2 to Methanol 

In this study, CO2 gas used is the result of the 

reaction between citric acid solution and sodium 

bicarbonate (see Equation (4)). The CO2 gas was 

subsequently reduced using TiO2 and TiO2-CaO 

catalysts. The reaction performance in the visible 

and ultraviolet light regions was examined to 

observe the catalyst activity in specific light 

regions.  

 

H3C6H5O7(aq) + 3NaHCO3(s) → Na3C6H5O7(aq)+ 

3H2O(l) + 3CO2(g)     (4) 

 

Gaseous products like CO, CH4, and ethylene 

(C2H4) were frequently produced by CO2 reduction 

and were easily identified along with byproducts 

like H2, O2, and N2 from leaks [31]. Gaseous 

products from CO₂ photoreduction were analyzed 

using gas chromatography (GC) by comparing 

retention periods to calibrated gas standards under 

the same chromatographic circumstances (e.g., CO₂, 

CO, CH₄), each compound was identified as shown 

in Table 3.  

According to the results of the MS analysis, this 

data indicates a greater diversity in product 

variations. The primary peak, which has a dominant 

area percentage, exhibits at a retention time of 1.6–

1.8 min and has an area percentage from 50–97%. 

The most prominent feature of this peak is the m/z 

44 fragment, which is the most prominent 

characteristic. Although methanol is not produced, 

the compound that is generated has an amine group 

and an amino acid (alanine), which is a very 

unexpected but reasonable result. Table 4 presents 

several possibilities for m/z 44 fragments, which 

include indicating the existence of an amine 

attributed to the nitrogen constituent of secondary 

metabolites, primarily anthocyanins, present in the 

C. ternatea extract utilized as a photosensitizer. The 

synthesized catalyst transforms CO2 into an 

oxygenate intermediate or generates acetaldehyde. 

The system retains residual CO2 that is not fully 

reduced, resulting in peak 44 manifesting as the 

parent molecule. The amino acid alanine is created 

by a complicated interaction between CO2 and 

nitrogen molecules. The m/z 44 fragment is 

generated via decarboxylation, or the breakage of 

 

 

Source Compound Parent Molecular Structure Fragment Structure (m/z 44) 

Aliphatic amines R-CH(NH2)CH3 [CH3-CH=NH2]
+ 

Carbon dioxide O=C=O [O=C=O]+° 

Ethanal (acetaldehyde) CH3CHO [CH2=CH-OH]+° 

DL-Alanine (amino acid) CH3CH(NH2)COOH [CH3-CH=NH2]
+ 

Table 4. Proposed structural assignments for the prominent m/z 44 base peak based on electron ionization 

(EI) fragmentation patterns of amines, carboxylic acids, and CO2.  
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the carbon-carbon bond, resulting in the release of a 

charged amino group. This fragment may also 

derive from free amino acids present in the extract 

of the C. ternatea plant.  

This study evaluated the performance of TiO2 

and TiO2-CaO in CO2 reduction under visible and 

UV light. Figure 8 depicts the reduction in TiO2's 

band gap energy both before and after CaO doping, 

along with the implications for enhancing 

photocatalytic activity when exposed to visible 

light. TiO2 exposed to UV light generated a 

dominant peak product with a larger percentage 

area than TiO2 exposed to visible light, which was 

96.92%, as shown in Table 3. However, the TiO2-

CaO catalyst working under visible light yielded 

more dominant products, 90.96%. This suggests 

that the decrease in band gap that occurs as a result 

of doping with CaO has an effect on the 

characteristics of TiO2 as well as its catalytic 

sensitivity towards visible light.  

 

4. CONCLUSIONS 

 

This study successfully implemented the 

modification of TiO2 photocatalyst using CaO 

support derived from golden snail shells obtaining 

the anatase crystal phase. Synthesized TiO2-CaO 

has a smaller specific surface area, greater pore 

size, uniform pore size distribution, and a larger 

spherical shape than TiO2. The current work also 

demonstrates that catalyst modification and 

irradiation wavelength significantly influence the 

photocatalytic performance of TiO₂-based catalysts 

in CO₂ reduction. The introduction of CaO into 

TiO₂ effectively decreased the band gap energy 

from 3.334 eV to 3.322 eV, thereby improving 

activity under visible light irradiation. GC–MS 

analysis identified a predominant m/z 44 fragment 

with retention periods of 1.6–1.8 min, associated 

with nitrogenous organic substances, such as 

aliphatic amines and amino acids. The 

manufacturing of these compounds, instead of 

methanol or basic hydrocarbons, is credited to the 

interaction between CO₂ and nitrogen-based 

secondary metabolites, particularly anthocyanins 

from Clitoria ternatea extract performing as a 

photosensitizer. Under mild irradiation conditions, 

the enhanced visible-light responsiveness of TiO₂–

CaO and the observed product diversity show that 

combining natural photosensitizers with catalyst 

 

 

 
Figure 8. TiO₂ and TiO₂–CaO band gap diagrams and their implications for increasing photocatalytic 

activity under light irradiation.  
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modification to encourage different CO₂ reduction 

techniques is feasible. 
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