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ABBREVIATIONS 
 
Fe – iron 

Cu – copper 

Ce – cerium 

N - nitrogen 

TIP- titanium tetraizopropoxide 

ETOH – ethanol 

H2O – water 

HNO3 – nitric acid 

Me-TiO2 – metal doped TiO2 

N-TiO2 – nitrogen doped TiO2 

CO2 – carbon dioxide 

ICP-MS - inductively coupled plasma-mass spectrometery 

DRS – diffuse reflectance spectroscopy 

XRD- X ray diffraction  

TEM/SAED – transmission electron microscopy/ selected area electron diffraction 

SEM – scanning electron microscopy 

[OHsurf] – concentration of surface OH groups 

UV – ultraviolet radiation /ultraviolet domain  

VIS – visible radiation / visible domain 

XPS-  X ray photoelectron spectroscopy 

SBET – specific surface area 

Conc.-  concentration 

GC-MS – gas chromatography coupled by mass spectrometry 

SA – salicylic acid 

FTIR – Fourier transformed infrared spectroscopy 

Pt – Platinum 
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INTRODUCTION 

Nowadays the environmental protection is one of the most important objectives of the humanity. A lot of 

techniques are employed to accomplish this task. Among these, photocatalysis is a promising method used in 

degradation of different water or air organic pollutants. The principle of photocatalysis involves the mineralization 

of organic compounds till CO2 and H2O by using the UV (VIS) irradiation of the photocatalyst. 

Regarding its properties, TiO2 is considered a very suitable photocatalyst. It is a nontoxic material, with 

chemical stability, low cost and high oxidation power.  TiO2 is a semiconductor with a band gap of about 3.2 eV 

allowing absorption of UV light (about 5% of solar spectrum). However, the absorption of only a small fraction of 

the solar spectrum makes TiO2 not enough efficient for practical applications. Additionally, the electron-hole 

recombination is considered a serious problem for its photocatalytic performances, since this process limits severally 

the TiO2 quantum yield. 

Doping TiO2 with transition metals has been considered an efficient method for extending the TiO2 

absorption in visible region of solar spectrum. At the same time, it was stated that doping metals create localized 

states in TiO2 band gap, acting as electron/hole traps. However, the beneficial effect of metal doping is still 

uncertain, being sometimes accepted or rejected.  

Cu doped TiO2 xerogels has been traditionally used for CO2 photocatalytic reduction process, but few studies 

were dedicated to photo-oxidation processes.9-11 Thus, in comparison with undoped TiO2, Cu-TiO2 xerogels, 

synthesized by sol-gel process, showed an enhanced photocatalytic activity for methylene-blue photo-oxidation.49 

Ce and Fe doped TiO2 xerogels were more frequently investigated, but their effect on the photocatalytic activity still 

remains a controversial subject. Fe doped TiO2 showed a higher photocatalytic activity for phenol, methanol, methyl 

orange and cyclohexane photodegradation, than that observed for undoped TiO2 
65, 122, 123, 126, 127, 129. Similarly, Ce 

doped TiO2 showed a better efficiency for formaldehyde101 and 4-chlorophenol 38 photodegradation. In the case of 

TiO2, it was found that the optimum concentration of metal doping is placed in the range of 0.5 - 1 at %. At the same 

time, it was reported that: (i) Fe doped TiO2 decrease the TiO2 photocatalytic activity for methylene blue and 

benzoic acid degradation 120-122; (ii) Ce doped TiO2 presents lower photoactivity for rhodamine B 137 

photodegradation than undoped TiO2.  

The beneficial effect of nitrogen on the photocatalytic activity of TiO2 was described for the first time by 

Asahi et al.  Subsequent studies reported that nitrogen doped TiO2 exhibit absorption in the visible region and 

showed an enhanced photocatalytic activity under visible light irradiation. In the last years the chemical nature of 

nitrogen doping centers and their influence on the band structure of TiO2 were also thoroughly investigated. All 

results lead to the conclusion that nitrogen effect on TiO2 depends on many factors: the synthesis procedure (sol-gel, 

ion implantation, magnetron sputtering, oxidation of titanium nitride etc.), the location of nitrogen species (NOx, 

substitutional N or NHx) in the TiO2 structure, the interaction between the N centers and oxygen vacancies etc76, 78, 

83, 85, 88, 90, 162, 163. 

Generally, it was concluded that the photocatalytic efficiency of metal doped TiO2 is strongly dependent on 

the conditions of preparation, on their morphostructural properties (crystalline structure, specific surface area, and 

surface OH group’s concentration) and on the type of the organic pollutant photooxidized. 

It was noticed that by incresing the specific surface area (~ 150 m2/g) and the surface OH group’s 

concentration, the pollutant adsorption and photodegradation efficiency on the titania based photocatalyst increase.69 

Titania aerogels combine the aerogel properties (high porosity and high surface area) with those of the TiO2.  
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Taking into account that, it was considered interesting to correlate the synthesis conditions (especially the 

doping procedure, the temperature and time of thermal treatment) with the morpho-structural properties and the UV-

VIS photocatalytic activity of the Fe-, Ce-, Cu- and N-doped TiO2 aerogels. 

The thesis consists in seven chapters from which two of them are dedicated to theoretical aspects, closely 

related to the aim of the work, one refers to the materials and the technique used to obtain and characterize the 

prepared materials and the last four chapters refers to the original contribution in this field.
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ORIGINAL CONTRIBUTIONS 

 

 

4. PHOTOCATALYSTS BASED ON TRANSITION METAL DOPED TiO2 AEROGELS 

The aim of this study was to obtain Fe-, Ce-, Cu-doped TiO2 aerogels and to investigate the influence of the 

type and the concentration of the doping metal on morpho-structural properties and to test the salicylic acid 

photodegradation efficiency, respectively. 

 

4.1. Synthesis conditions 

Sol-gel process followed by supercritical drying with CO2 was employed in order to obtain the metal doped 

TiO2 aerogels. Doping agents were: Fe(NO3)3·9H2O, Ce(NO3)2⋅6H2O, Cu(NO3)2⋅3H2O which were added during the 

sol-gel synthesis. The molar ratios of the sol-gel reactants and the doping agents are mentioned in the below table 

(Table 4.2). 

Table 4.2. Molar ratios of the sol-gel reactants and of the doping agent. 
Solution Solution components Molar ratio 

 [Me(NO3)x] : [TIP] 0.015 
 [ETOH]:[TIP] 21 

Me (Fe / Ce / Cu) –TiO2 [H2O]: [TIP] 3.675 
 [HNO3]: [TIP] 0.08 (pH = 4.0) 
 Gelling  time (min) : 5-7 

Experimental conditions 
Reaction time (min) / Reaction temperature (0C) 7 /20 

 

A set of Fe (0.4-1.8 % at) -TiO2 gels were prepared in the same conditions mentioned in the table 4.2 except 

that the concentration of doping agent (Fe(NO3)3·9H2O)  was varied (Table 4.3).  

The supercritical drying with CO2 of TiO2 gels was performed in a critical point dryer (SAMDRI-PVT 3D, 

Tousimis), 1h maintained in supercritical conditions (100 atm, 40 0C).  

Table  4.3. Precursors molar ratio and iron content 
  

 

 

 

 

 

 

 a ICP-MS determinations 

The obtained aerogels were thermal treated at 500°C for 2h in air, and then were morpho-structural 

characterized. 

 

 

 

 

 

 

 
Sample 
notation 

 
Sample 
content 

Molar ratio 
Fe(NO3)3/ 

TIP 

 
Molar ratio 
ETOH/TIP 

Fe  
theoretical 

content 
(% at) 

Fe 
determined 

contenta 
(% at) 

(A) 0.03 21 2 1.8 
(B) 0.015 17.45 1 0.9 
(C) 0.0075 21 0.5 0.45 
(D) 0.03 17.45 2 1.8 
(E) 

 
 

Fe-TiO2 

0.0075 17.45 0.5 0.45 
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4.2. Optical and morphostructural characterization 

4.2.1. Influence of the doping metal on the TiO2 aerogel characteristics 

4.2.1.1. Optical characteristics  
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Fig. 4.1. UV-Vis diffuse reflectance spectra for doped, undoped TiO2 and Degussa P25 samples 
 

Ce doped TiO2 shows a large range of absorption in the visible region (around 525 nm). Cu doped TiO2 

presents absorption around 408 nm and also over 600 nm of the visible region. The band located at 400-500 nm 

might be assigned to three-dimensional Cu+ clusters existing in the CuO matrix. The adsorption bands at 600-800 

nm are assigned to 2Eg → 2T2g transitions of Cu2+. Among the doped samples, Fe doped TiO2 exhibits the smallest 

absorption in the visible range (around 451 nm). 

4.2.2. Morpho-structural characteristics 

Anatase (tetragonal D4hI41/amd) was the main crystalline phase of all the investigated samples. However, 

brookite and rutile phases are also present. The highest amount of anatase was found in Fe doped (96.3%) and Ce 

doped TiO2 (95%). The formation of brookite phase seems to be favoured in the undoped and Cu doped TiO2 

aerogel. The presence of Cu favours the formation of rutile phase too. 
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                      Fig.4.2. XRD spectra of the obtained                 Fig.4.7. TEM/SAED image of  

             aerogel samples                                     Fe (0.7at %)-TiO2 aerogel 
 

The TEM measurements revealed the presence of nanometric particles with mean particle size of 10-14 nm 

(Fig. 4.7 and 4.8). 

The adsorption-desorption isotherms of the type IV with the H2 hysteresis loop (Fig.4.10) indicates a 

complex pore structures which tends to be made up of interconnected networks of pores of different size and shape. 

(b) 
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Fig.4.8. Particles size distribution of undoped  TiO2 (13.3 ± 2.2 nm), TiO2-Ce (12.8 ± 2.8 nm), TiO2-Cu (14.1± 2.9 

nm), TiO2-Fe (10.8 ± 1.8 nm) determined by TEM 
 

The undoped TiO2 aerogel exhibits the highest mesopores volume, while mesopores volume of Fe-TiO2, Ce-

TiO2 and Cu-TiO2 was 1.46, 1.88, and, respectively, 1.40 times smaller. SBET of the metal doped TiO2 aerogels was 

almost unchanged in the case of Fe doped TiO2, but it decreased 1.63 times for Ce doped TiO2 and 1.24 times for Cu 

doped TiO2. Metal doping of TiO2 induces a decreasing of the pore volume and specific surface area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.4.10.  Adsorption-desorption isotherms and pores size distribution of undoped 

and Ce doped TiO2 aerogels 
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4.2.2. Influence of metal (Fe ions) concentration on TiO2 aerogel characteristics 

The XPS spectra (Fig.4.11) reveal the presence of Fe3+ ions (indicated by the ~ 710 eV şi ~723.6 eV peaks) in 

TiO2 lattice as Fe-O-Ti or Fe2O3. Some Fe2+ traces in TiO2 lattice can be evidenecd by the presence of the satellite 

peak  at ~ 714 eV. 

XRD diffractograms (Fig.4.14) indicate mainly the presence of anatase structure. The brookite crystalline 

structure was increasing (from 13% to 28%) by increasing the  iron concentration from 0.4-1.8 at %. 

 
Fig.4.11. XPS spectra of the Fe (0.4-1.8 at %)-TiO2 aerogels 

 

 
                              Fig. 4.14. XRD diffractograms of the           Fig.4.16. TEM/SAED image of sample  
                                undoped,(B) Fe (0.9 at%) –TiO2,                                  A (1.8 % at)          
                                             (D) Fe (1.8 at %) TiO2, 
                                             (E) Fe (0.4 at%)-TiO2 

 
The mean anatase particle size of the Fe (0.4-1.8 at %) were around 9-13 nm.  
Generally, only mezoropores having sizes between 10-30 nm were observed and the minimal size of detected 

pores was similar to the mean size of anatase nanoparticles. The porosity can be changed as a function of iron 

doping. Thus, in the sample C, which has a minimal iron content, a high and interconnecting porosity was detected, 

while the sample B, which is very compact, contains a major fraction of individual pores, without intercommunicate 

ion among them. A peculiar structure is registered for the highest iron content (specimen A) (Fig. 4.16) where the 

microporosity was found to increase; a circumferential and interconnecting porosity around anatase particles can be 

observed. 

4.3. Photocatalytic activity estimation of metal doped TiO2 aerogels 

The photocatalysts were UV-VIS irradiated during 120 min using salicylic acid (5 10-4M), as a standard 

pollutant. To evaluate the photocatalytic activity of the doped, undoped TiO2 aerogels and TiO2 Degussa powder, the 

A 
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dependence ln(C0/C) vs. time was recorded. The apparent rate constant (kapp) of the salicylic acid photodegradation 

was taken as the slope of the ln(C0/C) vs. time plot. The evaluation of photocatalytic activity of the samples 

correlated with radiation intensity was performed by determining the photonic efficiency (ξ). 

Adsorption of the salicylic acid on Me-TiO2 surface was perform and it was found to increase by increasing 

the specific surface area and [OHsurf] (Fig. 4.20) 

Among the metal doped TiO2 samples, the highest value of the apparent rate constant was observed for Fe doped 

TiO2 (table 4.7). In order to estimate the effect of metal doping on the photocatalytic activity of TiO2 aerogels, 

eliminating the differences existing between the SBET values, the kapp/SBET ratio was calculated. It was found that Ce 

doped TiO2 exhibits the highest value of kapp/SBET ratio. Despite of its small SBET and mesopores volume, it has a 

high percentage of anatase (94.9 %), a high amount of OH surface groups (regarding the doped TiO2 series), a high 

mesopores radius and its band gap is ~2.37 eV which allows it to absorb VIS light.  

 

 

 

 

 
 
 
 
 
 
 
Fig.4.20.  Salicylic acid adsorbtion as function of specific surface area (left) and surface OH groups 

concentration (right) 
 

Table.4.7.  Porosity characteristic, apparent rate constant  and photonic efficiency 
 

kap 103 
Sample 

Mean 
mesopor 

radius 
(nm) 

Mesopor 
Volume 
(cm3/g) 

[OHsupraf] 
(mmol/m2) 

SBET 

(m2/g) 
(min-1) R 

kap /SBET 

(g/m2min) 
ξ 

(104) 

TiO2 5.18 0.32 0.017 98 10.5 0.992 0.071 1.20 
Fe-TiO2 3.12 0.22 0.009 96 9.8 0.993 0.102 1.30 
Ce-TiO2 5.09 0.17 0.011 60 9.7 0.996 0.191 1.29 
CuTiO2 4.69 0.23 0.011 79 6.9 0.990 0.087 1.07 

TiO2 
Degussa 6.9  - 0.011 42 3.5 0.983 0.083 0.50 

 

Increasing the iron concentration from 0.4 to 1.8 at % a maximum of photocatalytic activity was observed 

(table 4.8) for salicylic acid.  

 
Table. 4.8. Specific surface area, apparent rate constant and photonic efficiency of Fe (0.4-1.8 at %) – TiO2 

kap 103 
Sample SBET 

(m2/g) (min-1) R 
kap /SBET 

(g/m2min) 
ξ 

(104) 

A 163 14.9 0.994 0.091 1.59 
B 141 13.1 0.995 0.092 1.50 
C 125 9.3 0.992 0.074 1.35 
D 143 14.7 0.990 0.102 1.55 
E 139 9.6 0.998 0.069 1.32 

TiO2 
undoped 130 12.5 0.994 0.071 1.47 

Degussa P25 42 3.5 0.983 0.083 0.50 
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Cap.5. PHOTOCATALYSTS BASED ON NON-METAL DOPED TiO2 AEROGELS (N-TiO2) 
 

The aim of this study was to obtain N doped TiO2 aerogels, using different nitrogen sources, different 

methods of doping and different times and temperatures of thermal treatment. The as-prepared photocatalysts 

were characterized and then were tested for salicylic acid photodegradation.  

 

5.1. Synthesis conditions 

The sol-gel process, using the reactants mentioned in table 4.2, was employed in order to obtain the N-TiO2 

aerogels. The nitrogen sources were: urea, NH3 (25%) solution and guanidine-HCl. Four methods of doping were 

used: 

(A) – urea added during the sol-gel synthesis; (B) – TiO2 gel immersed in NH3 sol.; (C) – TiO2 aerogel immersed 

in NH3 sol.; (D) urea added during the synthesis and the obtained aerogel was immersed in NH3 sol.  

The obtained samples were thermal treated from 450 to 5500C and the time of thermal treatment was from 10, 

60  (table 5.2) and 120 min. 

 

Table. 5.2. Doping method, time and thermal treatment of the N-TiO2 aerogels 
 

Sample 
TiO2-xNx 

 
Doping method 

Temperature of 
thermal 

treatment 
[°C]  

Time of 
thermal 

treatment 
[min] 

A Undoped TiO2 aerogel 530  10 
B A 530 10 

A530-10 530  10 
A550-10 550  10 
A450-10 450  10 
A450-60 

 
C 

450  60 
B530-10  D 530  10 
G530-10 B 530  10 

 

5.2. Morpho-structural characteristics 

5.2.1. Optical characteristics 

Adding urea in synthesis (urea/TIP molar ratio = 0.025-0.102) do not produce adsorption in the VIS region 

(Fig. 5.2.b). Absorption in the VIS region, with a maximum at ~ 430 nm, was noticed by doping using B, C, D 

methods.  

 

5.2.2. Structural characteristics 

1) The XRD patterns (Fig.5.5) support the conclusion that all samples obtained under this synthesis 

conditions have mainly a crystalline structure corresponding to tetragonal anatase. 
The values of the anatase particles size are relatively high (15-22 nm) due to the short time (10 min) of the 

thermal treatments. The thermal treatment of about 1 hour at 4500C decreases the mean size of the anatase particles 

with about 55%, the sample (A450-60) have the smallest anatase particle size (10 nm). 

2) The XPS measurements indicate the presence of substitutional N (398 eV), interstitial N (401 eV) and 

possible some adsorbed NO, NH3 species or interstitial N (400 eV) in TiO2 lattice (Fig.5.8).  

3) FTIR analysis indicate the decreasing of surface OH groups by immersing 



 13

 
Fig. 5.2. Diffuse reflectance spectra for a) the undoped TiO2, b) N-TiO2 (method A, 5000C/120 min), c) N-

TiO2 (method C, 5000C/120 min), d) N-TiO2 (different methods, times and temperatures of thermal treatment 
(table 5.2)) 

 

 
Fig.5.5. XRD diffractograms of the samples mentioned in table 5.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
   

Fig. 5.8. XPS spectra of sample A530-10.                         Fig.5.12. FTIR spectra of samples 
                                                                        presented in table 5.2. 

 
TiO2 aerogel in NH3 sol. but do not indicate a sure evidence of the presence of N species on the surface of 

TiO2 regarding NH3 immersion. The peak at 1398 cm-1 could be attributed to the presence of hyponitrite (N2O2)2-. 
The presence of this peak in the bare TiO2 as well makes implausible this assumption, considering NH3 as a 

generating source. The nitric acid, used as acid catalyst during the synthesis process, could be a more reliable source 

for hyponitrite formation. 
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5.2.3. Pores characterization 

A representative adsorption-desorption isotherm is presented in Fig. 5.10. A decreasing of the porosity and 

SBET of the NH3 immersed TiO2 aerogels can be observed in the NH3 sol. immersed samples. NH3 solution has a 

collapsing effect on the TiO2 aerogel structure. A higher SBET of the sample G530-10, comparing with the rest of the 

NH3 impregnated samples, could be explained by the fact that the TiO2 wet gel was immersed in NH3 solution and 

thus, the collapsing effect on aerogel structure was diminished.  

 

 

 

 

 

 

 

Fig.5.10. Adsorption-desorption isotherms and pore size 

distribution of sample B530-10 

 

 

5.3. Photocatalytic activity estimation of the nitrogen doped TiO2 

Photonic efficiency (ξ) was determined in order to evaluate the photocatalytic activity of the samples (Table 

5.7).  

The photocatalytic activities of the samples A530-10, B530-10, A450-60, G530-10, A550-10 are higher with 

respect to the undoped TiO2 (sample A). 

 

Table. 5.7. Band gap, pores characteristics, [OHsurf], SBET and photonic efficiency  

Catalyst 
Band 
gap 
(eV) 

Mesopores 
mean 

radius (nm) 

Pores 
volume 
(cm3/g) 

[OHsurface] 
(mmol/g) 

SBET 
(m2/g) 

ξ 
(104) 

A 3.04 4.5 0.5 0.70 131 1.01 
B 2.97 4.9 0.4 0.69 103 1.06 

A530-10 2.80 2.1 0.1 0.57 67 1.26 
A550-10 2.84 2.1 0.1 0.55 71 1.08 
A450-10 2.80 1.9 0.2 0.64 91 0.99 
A450-60 2.82 2.1 0.1 0.65 99 1.22 
B530-10 2.86 2.0 0.1 0.38 78 1.32 
G530-10 3.02 4.6 0.3 0.71 105 1.26 

TiO2 
Degussa 

(P25) 
3.23 6.9  - 0.11 42 0.50 

 

The samples A530-10, G530-10 and B530-10 exhibit the highest photocatalytic activity among the N-TiO2 

samples. A high amount of nitrogen incorporated in substitutional and interstitial positions of TiO2 lattice, a higher 

SBET led to the highest photocatalytic activity (ξ = 1.32 10-4) of sample B530-10. Sample A530-10 exhibits a slightly 

smaller photoactivity than sample B530-10, in contrast with its higher number of surface OH groups, smaller anatase 

particle size and higher microstrain, respectively. Sample G530-10 is a particular case. In spite of many favorable 

factors (~1.63 times smaller particle size, higher porosity and surface area than sample B530-10, the highest surface 

OH concentration among of all the investigated samples), it did not show the highest photocatalytic activity. Urea 

addition in TiO2 synthesis (sample B) showed unnoticeable increase of the photocatalytic activity, with respect of 
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undoped TiO2. The photocatalytic activity of the sample B increases about 1.3 times after its immersion in NH3 

solution (sample B530-10), reported to the undoped TiO2. A maximum of photocatalytic activity was obtained by 

increasing the temperature from 4500C (10 min) to 5300C (10 min). The lowest photocatalytic activity of the sample 

A450-10 might be due to its highest particle size (22 nm) comparing with the rest of the samples.  

VIS irradiation (using 4 R7S fluorescent lamps (24W)) of the A530-10 photocatalyst during 135 min 

decreases SA concentration with about 31.7% (Fig.5.17). 

 

 

 

 

Fig.5.17. The decreasing of the SA concentration by VIS irradiation 

 

 

 

 

Cap.6. Fe3+-TiO2 AND TiO2-XNX APPLICATION ON POLLUTANT ORGANIC COMPOUNDS 

PHOTODEGRADATION 

In this study Fe (1.8 at %)-TiO2, N-TiO2, undoped TiO2 aerogels and TiO2 Degussa P25 were tested at UV 

(312 nm) photooxidation of some pollutant organic compounds: 2, 6 – dichlorphenol, 1,2,3-trichlorbenzene, 

ametrine, triclosan  
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Fig.6.1. Organic compounds: a) 2,6 – dichlorphenol (M=162),  b) 1,2,3 –trichlorbenzene (M=180),  c) ametrine 
(M=227), d) triclosan (M=288) 

 

Table.6.1. Final concentration and percents of photodegradated organic compounds, after 5 hour of UV irradiation, 
using different photocatalysts (initial concentration 200 μg/L) 

 
Nr. 
Prb. 

 
Photocatalyst 
 

 
   Organic compound 

Final 
Conc. 
[μg/L] 

Compound 
transformated 

[%] 
2,6-dichlorfenol 1.05 99.5 

1,2,3-trichlorbenzene 0.78 99.6 
Ametrine 0.78 99.6 

 
  1.  

M (TiO2) 
 

Triclosan 0.20 99.9 
2,6-dichlorfenol 1.17 99.4 

1,2,3-trichlorbenzene 1.74 99.1 
Ametrine 1.14 99.4 

 
  2. 

 
A 

(Fe(1.8at%)-
TiO2) Triclosan 0.31 99.8 

2,6-dichlorfenol 0.78 99.6 
1,2,3-trichlorbenzene 1.06 99.5 

Ametrine 0.72 99.6 

 
3. 

 
A2  

(N (0.5%)-
TiO2) Triclosan 0.28 99.8 

2,6-dichlorfenol 1.85 99.1 
1,2,3-trichlorbenzene 0.72 99.6 

Ametrine 1.63 99.2 

 
4. 

 
DP25 

Triclosan 0.63 99.7 
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The adsorption of the organic compounds on the photocatalyst was depending on the hydrophilicity of the 

compound and the specific surface area of the photocatalyst.  Thus, for the hydrophilic compounds (ametrine) the 

adsorption was ~ 45% while for the hydrophobic compounds (2,6 – dichlorphenol, 1,2,3 –trichlorbenzene, 

triclosan), the adsorption was ~ 70%. Monitoring the remaining compounds by GC-MS, after 5 hours of UV 

irradiation the organic compounds were > 99% adsorbed and photodegradated.  

 

Cap.7. PHOTOCATALYSIS H2 PRODUCTION USING  Pt/N-TiO2 AEROGELS 

Platinum was photodeposited on undoped TiO2 and N-TiO2 aerogels and TiO2 Degussa P25 in order to test 

them for hydrogen production via photocatalysis. 

 

7.1. Synthesis condition 

N doped TiO2 aerogels were obtained by sol-gel process and supercritical drying with CO2, except that TIP 

was refluxed with the nitrogen source (urea, guanidine-HCl) during the sol-gel synthesis (Table 7.1.). 

Table 7.1. Molar ratios between nitrogen source and TIP 

Sample [UREE]/[TIP] [GUAN]/[TIP] 

I 0.24 

II 0.37 

III 0.48 

IV 0.12 

 

          - 

V 0.08 

VI 0.16 

VII 0.23 

VIII 

 

- 

0.28 

 

The obtained aerogels were thermal treated at 5300C/10 min or 5000C/120 min. 

Pt (~1%) was photodeposited on the obtained aerogels, undoped TiO2 aerogels and TiO2 Degussa P25, 

using an aqueous solution of (C2H2O4) (5·10-3M) and H2PtCl4 (3.56·10-5 M) and UV irradation. 

 

7.2. Structural characterization 

The crystalline structure of the Pt/N-TiO2 (5300C/10 min) aerogel is mainly anatase. The mean particles 

size was about 11-24 nm, with the highest particle size for the Pt/VIII aerogel. 

 

 

 

 

 

Fig.7.3. XRD spectra of Pt/N-TiO2 aerogels 
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 7.3. Pores characterization 

The process of Pt deposition on the surface of the aerogels determined a decreasing of the pores volume, 

mean mesopores size and specific surface area.  In the case of sample VIII, Pt deposition produced a decreasing with 

about 67.5% and 35.44% of the pores volume and specific surface area, respectively (Fig.7.6). 
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Fig. 7.6. Adsorption-desorption isotherms and pores size distributions of samples VIII and Pt/VIII 

 

7.4. Hydrogen production using Pt/ undoped and nitrogen doped TiO2 aerogels 

As can be observed in Fig. 7.8, in the absence of a sacrificial agent (oxalic acid) the hydrogen production 

rate is ~ 0.23 μmol/min. In the presence of the oxalic acid (5 10-4 M), the hydrogen production rate increase with 

about 97%, using a temperature of 250C and Pt/undoped TiO2 aerogel. Increasing the temperature from 250C to 750C 

the hydrogen production rate increased again about 26%.  
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Fig.7.8. Hydrogen production at different temperatures of reaction, using Pt/undoped TiO2 aerogel and Pt/TiO2 

Degussa P25 
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Fig.7.9. Hydrogen production at 250C, using Pt/N(II, VI, VIII)-TiO2 and Pt/TiO2 Degussa P25 

 
  However, hydrogen production rate on Pt/TiO2 Degussa P25 remains about 1.5 times higher than 

Pt/undoped TiO2 aerogel.  

 Using Pt/N (II)-TiO2 aerogels the hydrogen production can be increased by 12 % (Fig.7.9). These 

promising results encourage continuing the research in this field. 

 

GENERAL CONCLUSIONS 

• Metal (Fe, Ce, Cu) ions and non-metal (N) were used in order to dope TiO2 aerogels. The aerogel structure 

was obtained by sol-gel process in acid catalysis, followed by supercritical drying with CO2. Techniques 

such XRD, XPS, adsorption-desorption isotherms, ICP-MS, [OHsurf] determination, FTIR, TEM, SEM, 

Raman spectroscopy, thermogravimetry were used in order to morhostructural characterize the obtained 

materials; 

• The type and the concentration of the doping agents, the doping methods, and temperatures and times of 

thermal treatment were mainly studied; 

• All the obtained samples had mainly TiO2 anatase crystalline structure (> 75%), rutile and brookite 

structures were also detected predominantly in Ce- and Cu - TiO2 aerogels; 

• The mean anatase particle size were between 10-24 nm, depending on the synthesis conditions; 

• The position of Fe3+ ions was predominantly substitutional (Fe-O-Ti) and the position of N was 

subtitutional (Ti-N-Ti) and/or interstitial, in TiO2 lattice; 

• The M-TiO2 and N-TiO2 aerogels had a mesoporous structure, with mean mesopores radius between 2 - 6 

nm and specific surface area between 60-160 m2/g. 

• The Me-TiO2 and N-TiO2 absorb radiations in the UV and in the VIS region of solar spectrum; 

• The apparent rate constant (kapp) normalized with the specific surface area indicated an increase with about 

60% in the case of N-TiO2 aerogel (sample A530-10), comparing with the undoped one; 

• The highest photonic efficiencies were obtained for Fe(1.8at%)-TiO2 (ξ = 1.59·10-4), and N-TiO2 (sample 

III) (ξ = 1.43·10-4);  

• SBET and [OHsurf] favored the adsorption of SA on the photocatalysts surface, and thus,  increasing the 

photocatalytic activity. However, N in substitution position mainly induced a narrowing of the band gap 

from 3.04 eV to 2.80 eV and could compensate a smaller SBET and [OHsurf]. An increasing with about 

23.5% of the photonic efficiency was observed in the case of N-TiO2, comparing with the undoped TiO2 ; 
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• VIS irradiation of the N-TiO2 (sample A530-10) determined a conversion of 68.3% of SA. 

• After 5 hours of adsorption and UV irradiation, the concentration of pollutant organic compounds existing 

in the wastewaters (ametrine, triclosan, 1,2,3-trichlorbenzene, 2,6-dichlorphenol) decreased ~99%. 

• Pt/N-TiO2 aerogel increased the hydrogen production rate with about 12 %. 
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