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Abstract:  

Dual phase titanate/titania nanoparticles undergo phase transformation gradually with the 

increase of solvothermal synthesis temperature from 100 C to 200 C, and eventually are fully 

transformed into anatase TiO2. The crystal structure change results in the changes of optical 

absorption, sensitizer/dopant formation and surface area of the materials and finally affect the 

overall photocatalytic activity. Reactions under dark and light have been conducted to 

distinguish the contributions of surface adsorption from light degradation. The sample 

synthesized at 160 C (S160) shows the best performances for both adsorption under dark and 

photo-degradation of methylene blue (MB) under visible light irradiation. The adsorption 

mechanism for S160 is determined as monolayer adsorption based on the adsorption isotherm 

test under dark condition, and an impressive adsorption capacity of 162.19 mg/g is achieved. For 

the photocatalytic application, this sample at 0.1g/L loading is also able to degrade 20 ppm MB 

within 6 hours under the visible light (> 420 nm) condition. 
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1. Introduction 

Environmental contamination is one of the great challenges we are facing nowadays [1-4]. 

Photocatalysis is a promising technology making use of solar energy to break down toxic organic 

pollutants into neutral CO2 and H2O, which doesn’t require extra chemical and energy input [5, 

6]. An ideal photocatalyst needs to fulfill several criteria [7-13]: (1) effective absorption of solar 

energy by extending its absorption range to visible light; (2) efficient charge separation to 

prevent photogenerated electron-hole recombination; (3) high surface area allowing easy 

adsorption of reactants and providing more reactive sites; (4) chemically stable under light 

irradiation, robust against photo-corrosion and low in toxicity. To date, the full potential of 

photocatalysis in practical applications has not been reached as these challenges have yet to be 

overcome. Most stable photocatalytic materials studied so far such as TiO2 and SrTiO3, are 

capable of absorbing UV light that only covers 5% of solar spectrum [14], while some visible 

light active photocatalysts, such as CdS, undergo photo-corrosion during irradiation [15-18]. In 

addition, these materials often have poor surface adsorption for organic species. Much work has 

been focused on extending the light absorption of TiO2 related materials into the visible light 

range but the visible light adsorption and photocatalytic performance is not so ideal [19].  

Titanates are a new family of photocatalytic materials that were introduced in the late 1990s 

and the research in this work only grew active in the recent years [16, 20-22]. They combine the 

properties of conventional TiO2 with properties of layered materials that make them favorable 

for ion exchange [23, 24]. A unique property of titanates is their strong physical adsorption 
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capacity. Nanostructured titanates possess large surface areas and can adsorb organic species 

such as dyes on their surfaces [25-28]. Good interfacial contact between photocatalyst and 

adsorbed species enhances electron-hole interaction and reduces the possibility of charge 

recombination. Despite these advantages, titanates are responsive only to UV light as they have 

been reported to possess wide band-gaps between 3.4 to 3.8 eV [16, 29]. In addition, the 

synthesis of such materials often involves complex processes which require intense 

acidic/alkaline conditions and high temperatures [21, 22, 30, 31].  

We have previously reported a unique dual phase photocatalyst that displays excellent 

degradation of methylene blue and phenol under visible light [32, 33]. The material comprises of 

a hydrated layered titanate and anatase TiO2 with visible light sensitivity due to nitrogen doping 

and surface sensitization. However, little was known about the influence of synthesis condition 

on the phase transformation, crystallinity and performance of this class of mixed phase TiO2-

based materials. Particularly, there has been no systematic investigation on the differentiation 

between surface adsorption and photocatalytic degradation. In this paper, we explore the 

variation of synthesis temperature and its influence on crystal structure, optical absorption, 

dopant formation and the specific surface area. In particular, this temperature study allows an 

observation of phase transition across the samples and its effect on overall photocatalytic activity. 

Importantly, reactions under dark and light were conducted to distinguish the contributions of 

surface adsorption from light degradation. The adsorption isotherm and kinetics of the best 

performing material were investigated to understand the adsorption mechanism. The visible light 

photocatalytic degradation kinetics was also studied. 

 

2. Experimental 
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2.1 Sample preparation 

Chemicals and materials used for synthesis were titanium isopropoxide [Ti (OC3H7)4, 

99.5%, Aldrich], ethanol [technical grade, 95%], acetylacetone [C5H8O2, 99.5%, Fluka], 

triethylamine [N(CH2CH3)3, 99.5%, Aldrich] and deionized water. Ethanol and acetylacetone 

(ACAC) were mixed in molar proportion of 20: 1. Next, titanium isopropoxide (TI) and 

triethylamine (TE) were added simultaneously dropwise in molar ratio of 1:4. Lastly, 3 mol of 

deionized water were added and the mixture was allowed to stir for 30 minutes. Following this, 

50 mL of this clear yellow solution was measured into a 125 mL capacity stainless steel 

autoclave for hydrothermal reaction. The autoclave was then heated in an ambient oven for 

duration of 3 hours at temperatures varying from 100 to 200 ºC. The as-prepared samples were 

labeled as SX, where X denotes the synthesis temperature. The autoclave was cooled under 

ambient conditions. Thereafter, the gel was dried in an oven at 80 ºC. The extracted powder was 

cleaned repeatedly with ethanol and deionized water via centrifuging process to remove traces of 

organic waste. Lastly, the powder was re-dried in ambient oven at 80 ºC and collected. 

 

2.2 Materials characterization 

X-ray diffraction was used to study the crystal structure and phase transition across the 

increasing synthesis temperatures. The XRD patterns of the powders were recorded using a 

Shimadzu LabX-6000 diffractometer of CuKα radiation (λ = 0.15418 nm) equipped with a 

secondary graphite monochromator. A step size of 0.02º over 2θ ranging from 5 to 80º was used 

with scanning rate set at 0.2º per minute. Optical absorption of the bulk powders were measured 

on Perkin Elmer Lambda 900 UV-Visible spectrometer in diffuse reflectance spectroscopy mode 

over the spectral range of 200 - 800 nm. The nature of dopant species and bond integrity across 
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the samples were analyzed using X- ray photoelectron spectroscopy, XPS (Kratos Axis ULTRA). 

Specific surface area and pore size was determined using a Micromeritics ASAP 2020 surface 

analyzer based on the Brunauer Emmett Teller, BET theory. The samples were outgassed under 

vacuum and heated to 100 ºC. JEOL 2100-F transmission electron microscopy (TEM) with a 

field emission gun was used to observe the morphology of the synthesized samples. The 

accelerating voltage was 200 kV. The synthesized powders were dispersed in ethanol and 

ultrasonicated for 5 min. The dispersion was then dropped onto a holey-carbon-copper grid for 

imaging. 

 

2.3 Adsorption and photocatalytic degradation of methylene blue under visible light  

Methylene blue (MB) dye was chosen as primary candidate for photocatalytic 

degradation activity of the prepared powders in order to study both adsorption and degradation 

effects. Solutions of the dye were prepared by mixing with deionized water at 20 ppm 

concentration. 10 mg of photocatalyst powder was dispersed in 100 mL of each MB solution. An 

adsorption isotherm test was carried out by varying concentrations of methylene blue from 5 to 

50 ppm. For each test, 10 mg of adsorbent was added to 100 mL of MB solution. The 

equilibrium concentration was measured after adsorption saturation of each test was reached. 

Control experiments were performed for mixtures in the dark as well as blank MB 

solutions under light irradiation. In addition, reference photocatalyst powder Degussa P25 TiO2 

was also tested as a platform for comparison of photocatalytic activity. The irradiation source 

was a 450W Newport Xenon Arc lamp with spectral range from 200- 2500 nm. A short wave 

light filter was used to cut off the transmission below 420 nm. A cooling water filter was also 

attached to block IR-rays and prevent excessive heating. MB suspension was placed directly 
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under the light source so that the irradiation was uniform over the surface of the solution. During 

the experiment, the suspension was kept under stirring to ensure an aerobic environment for 

complete dye mineralization reaction [34]. Samples were taken at regular time intervals and 

underwent centrifuging. The spectral intensity measurements of the degraded dye were 

performed on a Shimadzu 2500 UV- Visible spectrometer. 

 

3. Results and discussion 

3.1 XRD and TEM analyses 

 Figure 1 presents the XRD patterns of the samples synthesized with varying 

hydrothermal temperatures from 100 to 200 °C. Across curves (a) to (c), broad peaks with 

relative low intensities appear. Samples S100, S130 and S160 display low angle diffraction at 

8.56º, 17.01º and 26.39º. These peaks correspond to a layered hydrogen titanate H2Ti3O7xH2O. 

We shared in previous report about the crystal structure of this titanate in detail [33]. In that 

report, S160 was found to be a dual phase structure containing titanate and anatase phase in 

approximately 50:50 weight ratio. It is believed that S100 and S130 possessed dual phases where 

titanate existed in greater proportions at lower temperatures albeit having poorer crystallinity. As 

the hydrothermal temperature increases, the peaks grow sharper; an indication of improving 

crystallinity and nano-particle growth. Additional peaks at 37.78º, 48.77º and 62.86º also 

emerged in samples S130 (curve b) and S160 (curve c). Curve (d) of Figure 1 shows the crystal 

structure underwent phase changes as the hydrothermal temperature increased to 170 ºC for 

sample S170. The first two low angle peaks at 8.56º and 17.01º decreased and the third peak at 

26.39º sharpened and shifted to 25.28º. Other distinct peaks also emerged. These peaks can be 

perfectly indexed to the well-known anatase titanium oxide structure (PDF card #21-1272) 
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having tetragonal system and lattice constants a = 0.3785 nm, c = 0.9614 nm. S170 is likely to 

assimilate a mixture of intermediate titanate phase evolving into anatase. Finally, in curve (e), 

the sample evolves completely into anatase at a temperature of 200 ºC. 

 TEM images in Figure 2 shows that the S100 sample consists of agglomerated 

nanoparticles with numerous tiny pores within the agglomeration. With increased synthesis 

temperature, S160 shows clear cubic particles averaging 20 nm in size with intra-granular pores 

with a size around 3.5 nm. At 200 C, individual solid cubic particles are clearly differentiable 

(S200, Figure 2c), but the particle size has not increased much as compared with S160. With the 

increase of synthesis temperature and increased anatase content in the dual-phase mixture, there 

is a clear trend that the crytallinity increases, and the morphology gradually changes to the 

anatase-dominant cubic shape. The number of pores and their size decrease steadily, probably 

due to the faster ripening process at higher synthesis temperatures. 

 

3.2 UV-Vis Diffuse Reflectance Spectroscopy 

 Figure 3 displays a visual comparison of the as-synthesized powders in the original 

temperature study set. From observation, S100, S130 and S160 appears to be a similar shade of 

deep yellowish orange which is a characteristic feature of N-sensitized samples [35, 36]. S170 

appeared brownish in color and S200 was a light shade of beige. The changes in color of the 

powders point towards a shift in light absorption as shown in diffuse reflectance spectroscopy 

results in Figure 3. S100, S130 and S160 show comparable optical absorption curves that extends 

into most of the visible light region. S170 displays a kink in the curve at approximately 380 nm 

and continues to absorb in the visible region but lesser than the former powders. S200 shows 
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typical absorption edge of TiO2 anatase which absorbs strongly in the UV region albeit 

exhibiting some tailing from 400 nm into 700 nm.  

  

3.3 XPS analysis 

XPS study was also performed to probe the dopant species and concentration. All peaks 

were callibrated to carbon C 1s peak at 284.6 eV (adventitious carbon). Figure 4 illustrates the 

high resolution spectras of elements present in the samples nitrogen (Figure 4a), oxygen (Figure 

4b) and titanium (Figure 4c). Similar to diffuse reflectance UV-Vis absorption results shared 

previously, samples S100, S130 and S160 displayed comparable high resolution spectra profiles 

for all the elements. It can be inferred that the bond nature of all the elements are alike in these 3 

samples. Nitrogen was detected at a concentration of 4 at%, and  the N 1s signal is centered at 

401.6 eV. The N1s peak position for TEAH
+ 

is
 
quite close at 401.2 eV. Alternatively, the N 1s 

peak at 401.3 eV was attributed to Ti-O-N bonding by Prokes et al. in a similar preparative 

approach using TEA as the N dopant [37]. This suggests the presence of surface-bond 

chromophore [32]. 

 Obvious changes in the elemental profiles of S170 was observed.  O 1s and Ti 2p peaks 

were oberved to have shifted to lower binding energy and narrowed in peak width. Co-relating 

the XPS results with previous XRD analysis, we believe that nitrogen is mostly present within 

the titanate phase. The absense of nitrogen and differences in peak positions and broadening is 

due to the transition whereby the dual phase material undergoes major phase change from 

titanate-rich to anatase-rich composition supported by other chacterization described earlier. 

During the titanate transformation, nitrogen bonds were broken and the titanate structure is futher 
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destroyed to re-arrange into anatase thus resulting in the changes in binding energy; presenting 

S170 as an intermediate structure whereby phase transformation is incomplete.  

 

3.4 BET analysis 

BET technique was employed to measure the surface areas and pore size distribution of 

the as-synthesized samples (Figure 5). High surface area is regularly suggestive of enhanced 

photocatalytic performances since it presents more active sites for photoreactions to take place 

upon. The surface area and average pore size are as summarized in Table 1. 

           Pure titanates typically have high surface areas ranging from 130 to 300 m
2
/g [25, 26] 

whereas anatase samples tend to possess low surface areas ranging from 10 to less than 100 m
2
/g 

[38, 39]. We also measured the surface area of P25 to be 51.4 m
2
/g. Hence as far as estimating 

the phase content goes, a high surface area is indicative of more titanate being present and a low 

surface area suggests that more anatase is present. The results show that as the hydrothermal 

processing temperature increased, surface area gradually decreased, signifying the titanate phase 

decreases in phase ratio and the anatase phase increases accordingly. This can be explained by 

the fact that the titanate structure embodies water molecules within the interlayer; this structure 

collapses upon dehydration and the TiO6 octahedras rearrange themselves to form the more 

stable anatase at higher temperatures  [33]. The BET surface area and pore size distribution of 

the as-prepared samples strongly depend on the hydrothermal temperatures (Figure 5). It can be 

seen that all prepared samples show type IV sorption isotherms according to IUPAC 

classification, indicating the presence of mesopores (2-50 nm). The isotherm presents a typical 

hysteresis loop of type H2 for S100 and S130 samples, which is attributed to the difference in the 

adsorption and desorption mechanisms occurring in the “ink-bottle” pores. S100 and S130 



Page 10 

 

displayed close to equal surface area and similar pore distribution, indicating that the samples did 

not undergo much transition at the low temperature range between 100 to 130 °C. Both samples 

are titanate rich and the phase contents should be approximately the same. As the hydrothermal 

temperature increases, the hysteresis loops shift toward higher relative pressure and the area of 

the hysteresis loops gradually decrease, indicating the decrease of BET surface area and pore 

volume. Also, the peak of pore size distribution shifts toward larger pore diameter. The peak of 

pore diameter distribution below 10 nm is attributed to the nanogaps inside the nanoparticle, 

while the large pore diameter (> 10 nm) is due to the aggregation of as-prepared particles. The 

surface area for S160 decreased to 179.7 m
2
/g, demonstrating a significant transition from 

dominating titanate phase to more anatase phase emerging. Upon further increase of the 

hydrothermal temperature to 170 and 200 °C, the hysteresis loop shift to high relative pressure 

and the loop shape changes from the type H2 to type H3, reflecting the appearance of the 

macrospore structures. The trend continues as surface area of S170 and S200 decreased to 121.9 

m
2
/g and 75.1m

2
/g. In particular, S200 displays higher surface area than P25. 

 

3.5 Adsorption performance of MB 

Figure 6 compares the change in concentration (C) of MB under the dark across samples 

S100, S130, S160, S170, S200, P25 and blank MB solution. All concentrations were normalized 

to initial concentration (C0). P25 shows little or no dark response, indicating poor adsorption of 

MB molecules onto its surface. Similarly S200, which was found to be anatase TiO2 also shows 

little adsorption. The result is typical of TiO2 materials which are known to adsorb poorly[34]. 

The dual phase samples show progressive improvement in adsorbing MB with increase in 

hydrothermal heating temperature. This is attributed to strong adsorption originating from the 
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titanate phase which is reported to adsorb organic species well [25, 40-42]. S160 fared the best in 

adsorption over all the other samples. In a study relating synthesis temperature on the dye 

adsorption of titanate nanotubes, Chung et al. discovered that the adsorption capacity of 

nanotubes increased for two basic dyes (BG5 and BV10) with increase in synthesis temperature 

[29, 43]. The MB concentration level using S160 dropped rapidly in the first hour and eventually 

tunnelled out, suggestive of an adsorption isotherm to saturation. S170 showed some adsorption 

but lower than the other samples. This observation can be correlated to its structure whereby 

most of the titanate phase underwent a transformation into anatase hence the decrease in 

adsorption completely for S200.  

              As the adsorption performance of S160 was evidently the best, it is interesting to 

understand the kinetics behind its unique activity. An adsorption isotherm of S160 was plotted 

across MB concentrations ranging from 0 to 20 mg L
-1

. Figure 7 presents the adsorption isotherm 

of S160. The adsorption isotherm curve was fitted to well-known Freundlich and Langmuir 

adsorption models which are described as  

Freundlich: 𝑞 = 𝐾𝐹𝐶
1

𝑛     (1) 

Langmuir: 
1

mq KC
q

KC



     (2) 

where q (mg g
-1

) is the amount of adsorbed MB, C the concentration of MB at equilibrium, qm 

(mg g
-1

) the maximum adsorption capacity, KF and n are Freundlich constants and K is the 

Langmuir constant. The amount of MB adsorbed onto the photocatalyst q can be given by: 

0( )fC C V
q

M


       (3) 
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where C0 and Cf represent the initial and final concentrations of MB in the solution, V is the 

volume of MB solution (L) and M is the mass of photocatalyst added (g). The Freundlich and 

Langmuir models can be linearised as: 

Freundlich: 𝑙𝑛𝑞 = 𝑙𝑛𝐾𝐹 + (
1

𝑛
) 𝑙𝑛𝐶    (4) 

Langmuir: 
1

𝑞
=

1

𝑞𝑚𝐾𝐶
+

1

𝑞𝑚
     (5) 

 

The Langmuir model describes monolayer adsorption whereas the Freundlich model 

describes a heterogeneous surface binding. The results of fitting can be seen in Table 2. A 

relatively high regression coefficient (R
2
) is an indicator that the model successfully describes 

the kinetics of adsorption [44]. The Langmuir adsorption model was found to fit S160 reasonably 

well where R
2
 value was found to be closer to unity. The value of qm derived theoretically was 

also in close agreement to the experimental value. Hence, the adsorption of MB is determined as 

monolayer adsorption; whereby a layer of MB molecules form over the surface of dual phase 

S160. The MB adsorbed for S160 (qm) was found to be 162.19 mg/g
 
and fared comparatively 

higher in adsorption as compared to other reported adsorbents such as rice husk (40.58 

mg/g)[45]], raw date pits (80.29 mg/g)[3] and titanate nanotubes (133.33 mg/g) [25]. 

 

3.6 Photocatalytic degradation of MB under visible light 

Figure 8 shows the photocatalytic activity of MB decomposition under visible light 

irradiation. A filter was used to cut off all wavelengths under 420 nm thus exposing only visible 

light.  

Once more, S160 shows the best activity; nearly all the MB disappears in 6 hours. As 

discussed above, S160 was found to be successfully sensitized with nitrogen and nitrogen-



Page 13 

 

complex for visible light absorption. Although the surface area of this sample was not the highest 

among all samples, it had the best combination of high surface area and improved crystallinity 

which contributes to less defect states that promote electron hole recombination. In addition, the 

intimately matched interfaces of titanate and anatase on nanoscale promote charge transfer that 

further reduces electron hole recombination. Blank MB shows some decomposition under visible 

light which is due to the effect of direct photolytic breakdown of MB [46]. P25 does not 

demonstrate much visible light activity since both the anatase and rutile phases within the sample 

absorbs only in the UV region. The weak photo-activity shown is presumably a result of 

photolysis or dye sensitization effect which is lesser than that of blank MB due to suspended P25 

particles blocking the penetration of light into the solution. Pure anatase S200 displayed a similar 

trend line, its poor surface adsorption does not facilitate in the photo-degradation process. In 

addition, pure anatase absorbs little visible light; hence there is little marked improvement in MB 

decomposition. S100 showed little improvement over blank MB irradiation, likely due to the 

poorly crystalline phases which contain defect sites that trap electrons and holes formed to 

impede the degradation rate. Comparatively, S170 and S130 fared much better under visible light 

irradiation. S130 showed approximately 60% decrease in MB concentration. Its visible light 

degradation performance is a result of successful nitrogen inclusion in the titanate phase. S170 

demonstrated approximately 50% decrease in concentration. As discussed in the previous section, 

S170 is an intermediate structure due to incomplete transformation from titanate to anatase phase. 

It is presumed that the interfaces remain intimately matched during this transformation and aid in 

electron-hole separation that forms from excitation of the dye under visible light. 

The kinetics of MB degradation is presented in Figure 9 by plotting the logarithm of the 

normalized dye concentration against irradiation time. Fairly good linear relationships were 
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observed thus establishing the degradation to follow a modified Langmuir-Hinshelwood 

mechanism: 

1

r e

e

k K CdC

dt k C



       (6) 

Expressed in integral form it gives: 

0

0

1 1
( )

e r r

C
t In C C

K k C k
        (7) 

When the concentration of the dye is adequately low (<< 10
-3

) as is the condition of the 

experiment, the equation can be expressed as: 

0

'r e

C
In k K t k t

C
        (8) 

where C and C0 represent the concentration of MB at time t and initial concentration, kr is the 

apparent reaction rate constant, Ke is the apparent equilibrium constant for the dye to adsorb onto 

the photocatalyst and k’ represents the overall rate constant. 

The results show that degradation of all samples was well described by the pseudo first 

order kinetic model. All the linear plots have R
2
 values close to unity. S160 shows a degradation 

rate constant k’ of 0.63438, which is approximately 21 times that of P25 under visible light 

irradiation. The degradation curve for S160 (Figure 8) was less linear than its counterparts, 

which is indicative that the overall degradation over the sample could be influenced by 

synergistic adsorption and degradation reactions. 

 

4. Conclusion 

 In this work, a study focusing on the variation of synthesis temperature on a low 

temperature solvothermal route was performed to investigate phase transformation of titanate to 
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anatase TiO2 within a dual phase photocatalyst. Nitrogen was successfully incorporated into the 

samples, thereby enhancing visible light absorption. The sensitized dual phase samples displayed 

superior degradation of methylene blue under visible light as compared to un-sensitized samples 

and P25. The titanate phase also contributed to surface adsorption which improved the overall 

photocatalytic process. Adsorption isotherm, kinetics, and photocatalytic degradation 

experiments show that S160 has the best adsorption in dark and degradation under visible light 

of MB. This work provides a platform to the understanding and design of dual phase 

photocatalysts, which is helpful for the future development of more efficient photocatalyts for 

pollutant treatment using visible light. 
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Figures and Captions 

 

Figure 1: X-Ray diffraction patterns of samples treated at various temperatures (a) S100, (b) 

S130, (c) S160, (d) S170 and (e) S200. T denotes titanate and A denotes anatase phases. 

 

Figure 2: TEM images of (a) S100, (b) S160, and (c) S200 samples. 

 

Figure 3: (a) Visual comparison of as synthesized powders, and (b) Diffuse reflectance 

spectroscopy curves displaying absorbance of corresponding powders. 

 

Figure 4: High resolution XPS spectrums of (a) nitrogen N1s, (b) oxygen O1s and (c) titanium Ti 

2p for samples S100, S130, S160, S170 and S200. 

 

Figure 5: (a) Adsorption and desorption curves; (b) BJH desorption curves showing the pore 

volume distribution. 

 

Figure 6: Adsorption of methylene blue under dark using photocatalyst samples P25, S100, S130, 

S160, S170 and S200. 

 

Figure 7: Adsorption isotherm of S160 sample. 

 

Figure 8: Photocatalytic degradation of methylene blue under visible light (> 420 nm) using 

samples P25, Blank MB solution, S100, S130, S160, S170 and S200. 

 

(c) 
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Figure 9: First order degradation rates for P25, Blank MB, S100, S130, S160, S170 and S200 

under visible light irradiation. 

 

 

 

 

Figure 2: X-Ray diffraction patterns of samples treated at various temperatures (a) S100, (b) 

S130, (c) S160, (d) S170 and (e) S200. T denotes titanate and A denotes anatase phases. 
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Figure 2: TEM images of (a) S100, (b) S160, and (c) S200 samples. 
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Figure 3: (a) Visual comparison of as synthesized powders, and (b) Diffuse reflectance 

spectroscopy curves displaying absorbance of corresponding powders 
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Figure 4: High resolution XPS spectrums of (a) nitrogen N1s, (b) oxygen O1s and (c) titanium Ti 

2p for samples S100, S130, S160, S170 and S200. 

 

  

(c) 

(c) 



Page 24 

 

 

(a) 

 

(b) 

Figure 5: (a) Adsorption and desorption curves; (b) BJH desorption curves showing the pore 

volume distribution.
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Figure 6: Adsorption of methylene blue under dark using photocatalyst samples P25, S100, S130, 

S160, S170 and S200. 

 

 

Figure 7: Adsorption isotherm of S160 sample 
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Figure 8: Photocatalytic degradation of methylene blue under visible light (> 420 nm) using 

samples P25, Blank MB solution, S100, S130, S160, S170 and S200.

 

Figure 9: First order degradation rates for P25, Blank MB, S100, S130, S160, S170 and S200 

under visible light irradiation. 


