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_____________________________________________________________________ 8 

ABSTRACT: The chemical changes produced in the surface of activated carbon as a 9 

result of the process of preparation of activated carbon-metal oxide catalysts from 10 

SnCl2, TiO2 and Na2WO4 in water at pH 1.37 for SnCl2, 5.84 for TiO2 and 9.54 for 11 

Na2WO4
 are studied. The samples were first prepared by the wet impregnation method 12 

in two successive steps of soaking at 80 ºC for 5 h and oven-drying at 120 ºC for 24 h. 13 

Then, they were analyzed by elemental analysis, FT-IR spectroscopy and measurement 14 

of pH of the point of zero charge (pHpzc). The process yield was 149 wt% with SnCl2, 15 

102 wt% with TiO2 and 106 wt% with Na2WO4. The impregnation of the carbon with 16 

the catalyst precursors in water entails the oxidation of chromene and pyrone type 17 

structures with formation of carboxylic acid groups. pHpzc is: 10.50, activated carbon; < 18 

1.60, SnCl2; 9.35, TiO2; and 7.90, Na2WO4. The changes originated in the surface 19 

chemistry of AC with influence on the acid-base character are stronger by the order 20 

SnCl2 >> Na2WO4 > TiO2. 21 

______________________________________________________________________ 22 

  23 
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■ INTRODUCTION 24 

In heterogeneous catalysis, activated carbon (AC) is used as catalyst and mainly as a 25 

support for catalysts. As a support, high-surface-area microporous ACs are the most 26 

commonly used materials as very high catalyst dispersions can be achieved easily, thus 27 

resulting in high catalytic activity.1,2 An additional virtue of ACs is the combined effect 28 

of molecular sieving, similar to that of zeolite.1 Furthermore, they are resistant to acidic 29 

and basic media.3 However, it has also been stated that carbon as a support material is 30 

much less inert than assumed by the catalysis community.1 In many cases, the role of 31 

the carbon support is not restricted to providing a large surface on which the sintering of 32 

the active catalytic species will be minimized. In the catalyst preparation the interaction 33 

between the liquid catalyst precursor and the carbon surface is crucial and often 34 

misunderstood.1 That is why new insights into the chemical changes produced on AC´s 35 

surface because of the process of preparation of the catalyst support are needed with a 36 

view to tailoring the catalyst composition to benefit its activity in catalysis processes 37 

and also for regeneration purposes. Metal oxide (MO) catalysts such as SnO2, TiO2 and 38 

WO3 supported on AC have been used for a great variety of chemical reactions.4 In 39 

recent years, TiO2/AC photo-catalysts in particular have drawn vast interest due to its 40 

potential to degrade organic micro-pollutants in water.5-20 Herein, the chemical changes 41 

produced in the surface of AC and in its acid-base character as a result of the 42 

preparation of the AC-MO samples from SnCl2, TiO2 and WO4
2- in water by the wet 43 

impregnation method are studied by means of FT-IR spectroscopy and also by 44 

measuring pH of the point of zero charge. Data of the elemental composition for the 45 

samples are also reported. 46 

 47 
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■ MATERIALS AND METHODS 48 

Materials and reagents. In the preparation of the AC-MO samples, a granular 49 

AC (Merck; Darmstadt, Germany, Cod. 1.02514.1000;1.5 mm average particle size) 50 

and SnCl2·2H2O and Na2WO4·2H2O (Panreac; Barcelona, Spain; reagent grade) and 51 

anatase powder (Aldrich; Steinheim, Germany; particle size lower than 44 µm) were 52 

used. The starting AC was previously studied from the standpoint of surface functional 53 

groups and structures.21 Also, the AC-MO samples were characterized in terms of 54 

porous structure and chemical composition.22,23 The impregnation solutions were 55 

prepared from deionized water at pH 5.05. The pH of the impregnation solutions is 56 

listed in Table 1. Such solutions were used immediately after preparation, without 57 

previous deaeration. 58 

Preparation of the samples. The preparation of the AC-MO samples was 59 

carried out by the wet impregnation method in two successive steps of soaking at 80 ºC 60 

for 5 h and oven-drying at 120 ºC for 24 h, as described in detail elsewhere.22,23 In the 61 

case of TiO2, however, a slightly modified impregnation method at high temperature 62 

previously proposed by Kahn and Mazyck was used.24,25 In such a method, 25 g of AC 63 

were impregnated with 250 mL of an aqueous suspension containing 1.25 g of anatase 64 

powder and the resulting mixture was also heated at 80 ºC for 5 h under stirring of 300 65 

rpm. After vacuum-filtration, the resulting solid in two successive steps was thoroughly 66 

washed with deionised water until total colour loss in the residual liquid and oven-dried 67 

at 120 ºC for 24 h. Anatase was selected as the catalyst precursor because the 68 

photocatalytic activity of TiO2 seems to be mainly associated with the anatase-type 69 

structure.26 The yield of the process of preparation of the samples was estimated by the 70 

following expression: 71 
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∙ 100 (1) 72 

where Mi is the initial mass of AC and Mf is the final mass of AC-MO sample. The 73 

yield values are given in Table 1, together with sample codes. 74 

Analysis of the samples. The elemental analysis of the samples (C, H, N and S) 75 

was performed in an analyzer (CHNS-932, LECO), whereas the O content was 76 

estimated by difference. In addition, the samples were analyzed by FT-IR spectroscopy, 77 

using a Perkin Elmer Spectrum 100 spectrometer. Spectra were recorded in the range of 78 

wave numbers from 4000 to 400 cm-1, using sample/KBr pellets prepared as described 79 

elsewhere.21 pH of the point zero charge (pHpzc) was determined following the method 80 

previously proposed by Newcombe et al.27,28 0.01 M NaCl aqueous solutions at pH 2, 4, 81 

6, 8 and 10 were prepared by fixing these pH values with either 0.1 M HCl or NaOH 82 

aqueous solution. The pHpzc was obtained from the plot of pH of the initial solution 83 

against pH of the corresponding supernatant. 84 

 85 

■ RESULTS AND DISCUSSION 86 

Solution/suspension pH. The pH of the impregnation solution (see Table 1) was 87 

1.37 for SnCl2, 5.84 for TiO2 and 9.54 for WO4
2-. As regard SnCl2, the freshly prepared 88 

aqueous solution looked cloudy with a milk-white appearance. From the low pH of the 89 

SnCl2 solution it becomes clear that in the preparation of this solution chemical changes 90 

occurred in SnCl2 after contact with water. Stannous chloride is readily soluble in water, 91 

its solubility being as high as 178 g SnCl2 per 100 g water at 10 ºC.29 The chemical 92 

behavior of SnCl2 in excess water depends on a number of factors including solution 93 

pH, concentration, storage time, and presence of aerial oxygen.30-35 Among other 94 
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processes, SnCl2 undergoes hydrolysis and oxidation with formation of HCl which 95 

accounts for the great pH decrease for the SnCl2 solution. Titanium dioxide in water 96 

must be hydroxylated. In fact, the TiO2 surface is known to be readily covered with 97 

hydroxyl groups in a water-reach environment,36 as TiO2 has both Lewis acidic and 98 

basic centers which allow its surface to be easily hydroxylated by dissociative and 99 

molecular water adsorption.37 The pH of 9.54 for the Na2WO4.2H2O solution falls 100 

within the pH range 9.15-10.5 reported in the literature for molar solutions prepared 101 

from Na2WO4.2H2O and purified water.38 The alkalinity of the WO4
2- solution may be 102 

due to the presence of excess alkali (i.e. NaOH) in commercial Na2WO4. 2H2O or to the 103 

hydrolysis and polymerization of Na2WO4.
38

 104 

Process yield. As shown in Table 1, the yield of the process of preparation of 105 

the samples was 149 wt% for S120, 103 wt% for T120 and 106 wt% for W120, and 106 

therefore strongly dependent on the nature of the chemical species used in the 107 

impregnation of AC. Probably, a major factor influencing the process yield was the 108 

exiting speciation in the impregnation solution as it should control mass transport in 109 

pores of the carbon and thereby the amount of catalyst precursor ultimately loaded on 110 

AC. First, the very high yield for S120 is compatible with a facilitated diffusion of small 111 

size tin species in the accessible porosity of AC. Perhaps, as the impregnation of AC 112 

with the aforesaid SnCl2 solution was carried out immediately after preparation, large 113 

tin polynuclear and polymerized species were formed only to a reduced extent. 114 

Likewise, the proportion and size of colloidal particles should be small in the freshly 115 

prepared SnCl2 solution. In fact, as reported elsewhere,33 colloids are composed of tin 116 

species such as SnO2 and Sn3O4. Furthermore, SnO2 originates as soon as SnCl2 is 117 

brought into contact with air.39 Second, the lower yield for T120 can be accounted for 118 

by the large size of the TiO2 (anatase) particles which could not enter a very important 119 
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fraction of the AC porosity as AC is mainly a microporous carbon.22 Third, the much 120 

lower yield for W120 than for S120 denotes the involvement of larger size species in 121 

the diffusion process for the sample prepared with WO4
2-. In the presence of AC, the 122 

WO4
2- anion should provide the medium with an O2-  ion (i.e. pKeq for O2- + H2O = 123 

2OH- being ~ - 22) and this leads to the formation of WO3. 124 

Elemental composition. Data of the elemental analysis (C, H, N and S; O, by 125 

difference) obtained for AC, S120, T120 and W120 are listed in Table 2. As expected, 126 

they show that carbon is the predominant element in AC. Oxygen is also an abundant 127 

chemical constituent of AC, although much less than for carbon. However, hydrogen, 128 

nitrogen and sulfur are minor heteroatoms in AC. As compared to AC, the C, N and S 129 

contents are more or less lower for S120 and W120, in accordance with the process 130 

yield. Conversely, the O and H contents are much higher for S120 and W120, which is 131 

in line with the incorporation of oxygen as SnO2 and WO3 to AC and also with the trend 132 

exhibited by these metal oxides to hydration, as demonstrated by the presence of two 133 

water molecules in the compounds used in the preparation if the impregnation solutions 134 

in the present study. In marked contrast especially to S120, the C and O contents are 135 

similar for T120 and AC. However, the H content is much lower for T120 than for AC 136 

and the N content is much higher for T120. From these results it becomes apparent that 137 

during the preparation of T120 the incorporation of O as TiO2 to AC was accompanied 138 

with the removal of not only O but also of H, may be as H2O.  139 

Infrared analysis. The FT-IR spectra registered for S120, T120 and W120 are 140 

shown in Figs. 1 and 2, together with the spectrum of AC which has also been plotted 141 

together with the spectra for the AC-MO samples for comparison purposes. Between 142 

4000 and 2000 cm-1 all spectra have been plotted on an expanded y-axis scale in order to 143 
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make easier their analysis. The number of features shown in the spectrum of AC were 144 

tentatively ascribed elsewhere and summarized in Table 3.21
 145 

Sample S120. With respect to the spectrum of AC, in the spectrum of S120 146 

(Figs. 1 and 2) a series of major changes concerning the number, position and intensity 147 

of registered bands are noted in the analyzed spectral regions of 4000-2000 and 2000-148 

400 cm-1. First, at frequencies above 3500 cm-1, a new peak appears at 3771 cm-1 and 149 

the intensity of the peaks at 3636, 3661 and 3701 cm-1 noticeably increases. These 150 

features are ascribable to ν(O-H) vibrations of surface hydroxyl groups present in SnO2. 151 

As a general rule, the ν(O-H) absorption frequency depends on the nature of the atom to 152 

which the OH group is bonded and on the coordination of this atom within the 153 

surface.40,41 Therefore, the absorption bands of ν(O-H) vibration appearing in the S120 154 

spectrum argues for surface tin atoms in different coordination states. Second, the shift 155 

to higher frequencies and dissimilar shape of the bands at 2986 and 2885 cm-1 are also 156 

worth mentioning because, according to previous band assignments,21 these results 157 

indicate that chromene structures of AC suffered significant changes because of the 158 

process of preparation of S120. 159 

In the spectral region below 2000 cm-1 (Fig. 2), the great intensity increase of the 160 

couple of bands at 1729 and 1286 cm-1 is indicative of a greatly enhanced presence of 161 

carboxylic acid groups (-COOH) in S120. Characteristic absorptions of the carboxyl 162 

group are not only at ∼ 1700 cm-1 (vs) and 1300-1200 cm-1  (s) but also at ∼ 1400 cm-1 
163 

(m) and ∼ 900 cm-1 (w) due to bond stretching and deformation vibrations.42 Probably,-164 

COOH groups were generated from pyrone and chromene type structures of AC, as a 165 

wide series of spectral features (i.e. shoulders at 1675, 1636 and 1249 cm-1, etc.), which 166 

were registered in the spectrum of AC and associated with the aforesaid structures, are 167 
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not visible in the spectrum of S120. In this connection a very remarkable spectral 168 

change concerns the band at 1024 cm-1 in the spectrum of AC as this band is shifted to 169 

1020 cm-1 and clearly shows a very pronounced absorption decrease (as a guide, see the 170 

lower frequency branch from the absorption maximum down to ~ 935 cm-1) for S120. In 171 

addition, the band at 1020 cm-1 is markedly weaker than the band at 1073 cm-1 for S120, 172 

unlike for AC. Since the band at 1024 cm-1 was tentatively ascribed before to the 173 

aforementioned reducing structures of AC,21 the here obtained results corroborate that 174 

they were involved in the process of formation of the –COOH groups during the process 175 

of preparation of S120. Furthermore, a higher content of –COOH groups in S120 than 176 

in AC is also supported by the fact that no readily visible absorption band at around 177 

1560 cm-1 is noted in the spectrum of S120, which is compatible with an increased 178 

degree of substitution in benzene rings and consequently of symmetry gain and skeletal 179 

C=C vibration inactivation. Moreover, the shift of the band from 1720 cm-1 for AC to 180 

1729 cm-1 for S120 argues for an increase in the content of hydrogen-bonded aliphatic –181 

COOH groups in the case of S120.43  182 

A remarkable change in the spectrum of S120 is the markedly broader and 183 

stronger band at 1126 cm-1 than the band at 1166 cm-1 in the spectrum of AC. To an 184 

enhanced absorption at around 1126 cm-1may contribute the Sn-OH group and the O2
-

185 

ion because of δ(Sn-OH) and ν(O-O) vibrations. In fact, the corresponding band to the 186 

O2
- ion appears in the frequency range 1180-1060 cm-1.40 Also, absorption due to the 187 

ν(C-O) vibration of C-O-Sn atomic groupings may take place in the spectral region of 188 

1126 cm-1. The medium intensity band lying at 1020 cm-1 is attributable to νs(C-O-C) 189 

vibrations of ether type structures coming from AC,44 which were chemically stable and 190 

remained unaltered after the preparation of S120. The surface Sn-O-Sn linkages absorb 191 

below 770 cm-1.45-48 For crystalline and amorphous components of SnO2, the band 192 
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usually appears at 625 and 675 cm-1 or at 550 cm-1, respectively.49 However, in 193 

connection with band assignments for SnO2 it should be taken into account that, as 194 

previously reported by Baraton,50 the performance of infrared studies on SnO2 surface is 195 

handicapped by the instability of the material with regard to stoichiometry. As a 196 

consequence of oxygen sub-stoichiometry the conductivity of the material increases, 197 

leading to an opacity of the sample to IR radiation. 198 

Likely, the oxidation of surface groups of AC with formation of –COOH groups 199 

occurred with involvement of strong oxidizing species generated as a result of the 200 

oxidation to Sn(II) (i.e. metastable or dative peroxides which are characterized by a high 201 

energy content and great instability)51 during the soaking step or of O2 (air) in a reaction 202 

catalyzed by SnO2 during the oven-drying step. As is well known, many oxides mainly 203 

act as a support material for dispersed metal catalysts; tin oxide, however, is an 204 

oxidation catalyst in its own right. As in most oxide catalysts the oxidation reactions are 205 

supposed to follow the Mars-van Krevelen mechanism. Thus, adsorbed molecules are 206 

oxidized by consuming lattice oxygen of the oxide catalyst which in turn is re-oxidized 207 

by gas-phase oxygen. This is possible because transition and post-transition oxides have 208 

multivalent oxidation states that allow the material to easily give up lattice oxygen to 209 

react with adsorbed molecules and can be subsequent re-oxidize by gas-phase oxygen.52 210 

As a guide, in the case of SnO2 its surface exhibits high adsorption properties and high 211 

reactivity due to the presence of free electrons in the conduction band and to the 212 

presence of surface and volume oxygen vacancies and of active chemisorbed oxygen. 213 

Adsorbed oxygen can be present in various chemical species according to the following 214 

processes:53,54 215 

O2(g) = O2(ad) = O2
- = O-(ad) = O2-(ad) = O2-(lattice) 216 
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The temperature dependence of the various species was examined by Chang,55 
217 

observing a transition temperature at 150 ºC. Below which oxygen is mainly present as 218 

O2
- and above chemisorbed oxygen in the form of O- or O2- is present. Depending on the 219 

temperature at the surface of transition metal-metal oxides there can appear ions O2
- or 220 

O- as a result of chemisorption. Ion of O2
- is classified as an “electrophilic” agent while 221 

ions O2- connected with the lattice at the surface as a “nucleophilic” agent.56,57 
222 

Therefore, in the case of our reaction system, oxygen transfer should occur from SnO2 223 

to AC.  224 

Sample T120. Unlike the spectrum of AC and especially of S120, the spectrum 225 

of T120 between 3800 and 3600 cm-1 does not show features ascribable to free –OH 226 

groups. In the case of T120, the –OH surface groups seem to be involved in hydrogen 227 

bonding as the spectrum of this sample displays the broad band centered at 3458 cm-1, 228 

which is compatible with the presence of such a physical bond in the sample. 229 

Furthermore, phenolic –OH groups were detected in AC and TiO2 has a high tendency 230 

to hydroxylation,36,58 as commented above. At lower frequencies in the T120 spectrum, 231 

the weak bands at 2980 and 2881 cm-1 also appear in the spectrum of AC. Notice that 232 

band positions and intensities are similar in the spectra of both samples. Therefore, 233 

according the here obtained FT-IR results, the –CH2– groups present initially in AC did 234 

not undergo appreciable chemical changes after the preparation of T120. Although such 235 

groups may be found in a different molecular configuration in both samples as the band 236 

is shifted to slightly higher frequencies for T120. 237 

 Below 2000 cm-1, the spectrum of T120 at first sight is also fairly well similarly 238 

shaped to the spectrum of AC. Thus, the former spectrum displays the broad series of 239 

stronger absorption bands at nearly the same frequencies (i.e. 1721, 1566, 1279, 1163, 240 

1117, 1070, 1033, and 740 cm-1) that are registered as well in the spectrum of AC. Also, 241 
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shoulders in the frequency ranges 1721-1619 cm-1 and 1279-1224 cm-1 are readily 242 

visible in the spectrum of T120. Therefore, the surface groups and structures of AC 243 

were largely preserved after the impregnation of AC with the TiO2 suspension in the 244 

preparation of T120, as expected because TiO2 is a chemically stable substance.59 245 

However, the number of shoulders between 1721 and 1619 cm-1 and band intensities at 246 

around 1721 cm-1 and 1033 cm-1 are different in both spectra. Clearly, the 1720 cm-1 
247 

band is somewhat stronger and and the band at 1033 cm-1 for T120  is noticeably 248 

weaker than the band at 1024 cm-1 for AC. From these results it is evident that C-O-C 249 

containing reducing structures of AC in part, at least, were oxidized and transformed 250 

into –COOH groups during the process of preparation of T120. Probably, the oxidation 251 

of AC was facilitated as a result of the large particle size of TiO2 (i.e. lower than 44 µm) 252 

which would not effectively prevent the oxidizing agent from entering smaller size 253 

pores of AC, where most part of the surface area of microporous solids such as AC 254 

concentrates, that would remain then available for oxidation during the preparation of 255 

T120. Another spectral change noted in the spectrum of T120 concerns the medium 256 

intensity band at 1435 cm-1, which is not registered in the spectrum of S120 and that 257 

may be associated with carboxylate groups formed between –COOH groups of AC and 258 

TiO2 surfaces.58 Alternatively, such a spectral feature may be due to ν(COO-) vibrations 259 

of CO2
- and CO3

2- or HCO3
- formed after chemisorption of carbon species on TiO2.

60-62 
260 

On the other hand, the spectrum of T120 also displays bands and shoulders in the 800-261 

400 cm-1 frequency range that are ascribable to ring substitution and υ(Ti-O) 262 

vibrations,63 according to the strong band at 690 cm-1 with a pronounced shoulder at 545 263 

cm-1 exhibited by the infrared spectrum obtained separately for the starting anatase used 264 

in the preparation of T120, which is plotted in Fig. 3. 265 
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Sample W120. The spectrum of W120 between 4000 and 2000 cm-1 displays a 266 

very broad band in the range 4000-3450 cm-1, which is centered at 3699 cm-1and that is 267 

decorated with a large number of barely defined peaks. These spectral features are 268 

compatible with the presence in this sample of a variety of free –OH groups, the 269 

contents of which being low. Also, molecular water absorbing in such a spectral region 270 

may be found in W120 as hydration water of WO3 that remained in the sample after 271 

oven-drying at 120 ºC in its preparation. It is supported by the fact that the dehydration 272 

of hydrate precursors of both various metastable and stable WO3 occurs at higher 273 

temperatures in the range 235-350 ºC.64 At lower frequencies in the region of 2900-2800 274 

cm-1 the only noticeable spectral change is the absence from the spectrum of W120 of 275 

the weak peak at 2973 cm-1 in the spectrum of AC. Otherwise, there must be 276 

overlapping bands on account of the absorption increase produced at higher frequencies. 277 

In any event, these results seem to indicate occurrence of changes in the –CH2– groups 278 

of chromene type structures present in AC because of the preparation of W120.  279 

 The fact that the spectrum of W120 between 2000 and 400 cm-1 only features 280 

very weak bands evidences that W120 was little amenable to the infrared analysis, 281 

which must be necessarily connected with the presence of WO3 in this sample. Because 282 

tungsten is a very heavy metal, its density being as high as 19.3 g cm-3,65 the content of 283 

carbon in the weighed amount of W120 used in the preparation of the W120:KBr pellet 284 

was surely low, this affecting the sensitivity of the infrared analysis. Accordingly, a 285 

transmittance-axis expanded spectrum was plotted in Fig. 4. As compared to the 286 

spectrum of AC, it is worth noting the increased intensity of the strong bands at 1721 287 

and 1284 cm-1 together with the absence of shoulders at 1657 and 1636 cm-1, which are 288 

registered for AC, and the intensity decrease of the band at 1018 cm-1. Therefore, from 289 

these results it becomes clear that AC was also oxidized during the preparation of W120 290 
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and that reducing structures of AC took part in the oxidation process. Another 291 

absorption band registered for W120 is the weak band at 1643 cm-1 that is ascribable to 292 

OH bending of molecular water present in the sample as hydration water of WO3. The 293 

broad band at 1114 cm-1 denotes contribution to infrared radiation by part of C-O-W 294 

atomic groupings. At frequencies in the range 1000-600 cm-1, absorption may be caused 295 

by ν(W=O) and ν(W-O) vibrations.66,67 Specifically, the characteristic bond vibration 296 

frequency is between 1000 and 948 cm-1 for W=O and between 870 and 610 cm-1 for 297 

W-O, depending on the WO3 crystalline phase and its degree of hydration.66 298 

 Comparison of the spectra for S120, T120 and W120 in the regions of around 299 

1720, 1280 and 1120 cm-1 suggests that carboxylic acid groups were formed to a larger 300 

extent for S120 than for W120 and especially for T120 and that correspondingly the 301 

decrease of reducing structures should be also greater for S120. In any event it should 302 

be mentioned here that the relative intensity of the bands at around 1070 and 1020 cm-1 303 

is rather similar for S120 and W120, unlike for T120. In connection with the reactivity 304 

of carbon it was reported before that it is high with oxygen.68 However, it was also 305 

found that carbonaceous materials are not oxidized below 175 ºC in air and that the 306 

process is slow even when heating at 250 ºC.69 Using AC and SnCl2, TiO2 and WO4
2- in 307 

water, reducing structures of AC are oxidized at lower temperatures, especially when 308 

the low-pH SnCl2 solution is used, which is a relevant finding in relation to the changes 309 

originated in the surface chemistry of AC as a result of the process of preparation of the 310 

AC-MO samples. 311 

pH of the point zero charge. As shown in Table 4, the pHpzc is 10.50 for AC, < 1.60 312 

for S120, 9.35 for T120, and 7.90 for W120. The high pHpzc for AC is worth noting as it 313 

is consistent with the presence of chromene and pyrone type basic structures in the 314 

carbon. Evidence for the pyrone-type site as the basic site has been provided before by 315 
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acid titration and TPD as well as by theoretical calculations.70-73 Beside the chromene 316 

and pyrone types, the basic behavior of carbon surfaces has been associated with the π 317 

basicity (or Lewis basicity) of the aromatic rings.70,74,75 Furthermore, it was stated that 318 

the basicity from the aromatic rings is weak; and the main basicity is still attributed to 319 

the oxygen containing groups.76 On the other hand, since chromene and pyrone type 320 

structures not only are reducing in character but also basic in character, their removal 321 

from AC because of oxidation during the preparation of the samples is reflected by the 322 

behavior of the AC-MO samples in acid-base neutralization reactions. Thus, the lower 323 

pHpzc for the AC-MO samples than for AC is in line with a basicity decrease and acidity 324 

increase produced for the AC-MO samples. From the pHpzc values it becomes apparent 325 

that changes originated in surface groups and structures of AC are stronger by the 326 

sequence S120 >> W120 > T120. For the samples, this sequence is in accord with the 327 

extent to which carboxylic acid groups were formed, as shown by the FT-IR analysis of 328 

the samples. 329 

 330 

■ CONCLUSIONS 331 

The preparation of AC-MO catalysts by wet impregnation of AC with SnCl2, TiO2 and 332 

WO4
2- in water at pH 1.37, 5.84 and 9.54, which has been carried out into successive 333 

soaking and drying steps, entails marked changes in the surface chemistry of the carbon. 334 

By selective oxidation of AC reducing structures, such as chromene and pyrone 335 

structures, during the preparation of the samples,–COOH groups to a larger extent 336 

especially with SnO2 than with WO3 and TiO2 are formed. pHpzc is 10.50 for AC, < 1.60 337 

for S120, 9.35 for T120 and 7.90 for W120, and therefore the AC-MO samples greatly 338 

range in the acid-base character of their surface. With respect to AC, the strongest 339 
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change in such a character occurs for S120. Obtained results are surely of interest for 340 

preparative, use in catalysis processes, and regeneration purposes of the AC-MO 341 

catalysts.  342 
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Table headings 553 

Table 1. Preparation of the Samples 554 

Table 2. Elemental Analysis of AC and AC-MO Samples 555 

Table 3. FT-IR Spectrum of AC. Position and Assignment of Bands 556 

Table 4. pHpzc Measured for AC and AC-MO Samples 557 

 558 

 559 

 560 

Caption to figures 561 

Figure 1. FT-IR spectra of AC, S120, T120 and W120 between 4000 and 2000 cm-1. 562 

Figure 2. FT-IR spectra of AC, S120, T120 and W120 between 2000 and 400 cm-1. 563 

Figure 3. FT-IR spectrum of TiO2 (anatase powder) between 2000 and 400 cm-1. 564 

Figure 4. Expanded FT-IR spectrum between 2000 and 400 cm-1 for W120. 565 
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 569 

Table 1 570 

precursor pH 
yield 
(wt%) 

codes 

SnCl2·2H2O 1.37 149 S120 
TiO2 anatase 5.84 103 T120 

Na2WO4·2H2O 9.54 106 W120 
 571 

 572 

Table 2  573 

sample C (wt%) H (wt%) N (wt%) S (wt%) Odiff. (wt%) 
AC 86.50 0.51 0.26 0.64 12.09 

S120 52.32 1.25 0.06 0.37 46.00 
T120 85.81 0.20 0.55 0.63 12.81 
W120 78.32 0.98 0.20 0.61 19.89 

 574 

 575 

Table 3 576 

spectral feature position (cm-1) Assignment group / structure 
Peaks 2972-2823 υ(C-H) chromene structures 
  υ(O-H) quinone oximes 
Band 1720 υ(C=O) carboxylic acid group, 2-pyrone stucture 
shoulder 

1657 υ(C=O) 
pyrone and chromene structures, 
carbonyl structures 

shoulder 1636 υ(C=C) pyrone and chromene structures 
Band 1566 υs(C=C) skeletal aromatic ring 
  υ(C=C) 2-pyrone structures 
Band 1279 δ(O-H)- υ(C-O) carboxylic acid 
  υas(=C-O-C) 4H-chromene 
shoulders 
band 

ca. 1249 
1024 

υas(=C-O-C) 
υs(=C-O-C) 

2H-chromene, 2-pyrone 
chromene, pyrone and ether structures 
 

Abbreviations: υ, stretching; δ, bending (in-plane); as, asymmetric; s, symmetric. 

 577 

 578 
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 579 

Table 4 580 

sample pHpzc 
AC 10.50 

S120 < 1.60 
T120 9.35 
W120 7.90 

 581 

582 
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Fig. 1 583 

 584 

 585 

Fig. 2 586 

 587 
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Fig. 3 589 
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Fig. 4 593 
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