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Abstract

Photocatalytic selective oxidation of organicoay considered as one of the green techniques
for the synthesis of important starting materials different technological applications. This
work reports an efficient, simple, and cheap stpafer the synthesis of a new CuBi-TiO2
(CBOI/TiO,) photocatalytic hetero-system at room temperatflihe prepared powders were
characterized by X-ray diffraction (XRD), UV-Visftiise reflectance spectra (DRS), field-
emission scanning electron microscopy (FE-SEM)a)X+hotoelectron spectroscopy (XPS),
and electrochemical measurements. The photocatalgtivity was evaluated by performing a
probe reaction, i.e., the partial oxidation of 4thoxybenzyl alcohol (4-MBA) to 4-
methoxybenzaldehyde (4-MBAId) in water solution eangimulated solar light irradiation. The
photoactivity of the CBO/Ti®@ coupled systems was higher than that of the single
photocatalysts reaching a selectivity towards 4hmet-benzaldehyde of 45% with an alcohol
conversion of 77% after 4h of irradiation. Moregvathough high conversion of the alcohol

was achieved, the selectivity towards 4-MBAId wigsgicant, differently from what described



in literature where it has been reported for maetetogeneous photocatalytic reactions that
selectivity generally decreases significantly vifittreasing conversion of the starting molecule.
The improved photocatalytic activity could be dtiied to the partial coverage of the 7iO

surface by CBO that reduces the successive oxidafithe formed aldehyde.
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1- Introduction

The green energy industries are growing rapidlyhwite global energy crisis and can be
considered as alternatives to the traditional gsee to contribute to global energy supply and
environmental protection. Consequently, the grestigd oxidation of alcohols is a beneficial
process from both an industrial and research mdiview [1-3]. Traditionally, the synthesis of
aldehydes is based on oxidizing alcohols in halagehsolvents [4], or using strong oxidants
such as hypochlorite, Cr(IV), chlorine, and peracihich are harmful chemical agents [5,6].
In recent years, photo-induced oxidation has a#thcmuch attention owing to the
environmentally friendly processes under mild ekpental conditions [7,8]. With appropriate
design of efficient photocatalysts, the substraieslation could be performed by photo-
generated charges [9]. The photo-generated electnd holes in the presence of molecular
oxygen (Q) produce reactive species e.g., superoxide aradicals 10%") and hydroxyl
radicals {OH) which can induce several redox reactions ssadheoxidation of alcohols [10].
Recently, several attempts have been devoted telaj@ug transition metal oxide catalysts

e.g., WQ [11], TiOz [12-15], structured spinel as CuBiand perovskite as BaT#Onot only



for pollutant degradation but also for the partaldation of alcohols due to their low cost,
reproducibility, stability, and good photocatalyt@ctivity [10,16,17]. In particular, great
research effort has been devoted to the use oélspuBpO4 in electrochemical [18,19] and
chemical [20,21] processes. It has been showrnirhaith processes the efficiency of CpBj

is related with the existence of €species and oxygen vacancies on its surface. Hethe
application of TiQ-based photocatalysts is hampered due to the airfeuse of solar energy
and the short lifetime of the photogenerated aedectrole pairg22]. The coupling of different
semiconductors represents one of the most usefyd waovercome the above limitations for
practical applications of the photocatalytic metf28l24] Very few studies have analysed the
photoactivity of transition metal spinels combineith TiO2 [20,25-29].The purpose of this
research is to demonstrate the outstanding effethen coexistence of Cuigds and TiQ
particles in the field of organic synthesis. Intgatar, the selective photocatalytic oxidation of
4-methoxybenzyl alcohol, as model compound, by qusdBO/TiQ hetero-system in the
presence of @under both UV-light and simulated solar light diaion has been investigated.
We focused on the synthesis and the photocatglgtiormance of CBO/Ti@hetero-systems

with different mass ratios through an inexpenseasy and reproducible ball milling method.

2-Experimental

2.1. Materials

Copper(ll) nitrate trinydrate Cu(NR- 3HO (Merck> 98 %), bismuth(lll) nitrate pentahydrate
Bi(NO3)3-5H0O (Merck> 98%), titanium tetrachloride (Fluka 98%), 4-methoenzyl alcohol
(Fluka 98%), 4-methoxybenzaldehyde (98% Sigma-Algri 4-methoxybenzoic acid (98%
Sigma-Aldrich), potassium hydroxide (Fluka 65%)fluoroacetic acid (Merck> 98 %),
acetonitrile (ACN, UV HPLC grade Sigma-Aldrich99.9 %), acetic acid>(99%), absolute

ethanol (EtOH, 99.7%), sodium sulfate ¢8&) and hydrochloric acid (HCI, 37%) were



purchased from ScharlaBll chemicals were used as received without furtperification

along with ultrapure deionized water during thisdst

2.2. Catalysts

2.2.1.Synthesis of CuBiO4

CuBi204 (CBO) was synthesized by a very facile co-preatpnh method following the nitrate
route. Cu (NQ@)2-3HO (Merck> 98 %), and Bi(NG@)s3-5H0O (Merck> 98%) were mixed in
stoichiometric proportions and dissolved in 50 mstitled water. The mixture, after adjusting
the pH at 12.20 with KOH, was heated in air at 1@Gdor 48 hours. The solid was recovered

by filtration, washed with water, and dried at & °

2.2.2. Synthesis of Ti©

The precursor was titanium tetrachloride (Fluka $8#hich was not further purified. It was
slowly added to distilled water at room temperatimelar ratio Ti/HO 1:60; volume ratio
1:10). After 12 hours of continuous stirring at mtemperature a clear solution was obtained
and it was boiled under stirring for 0.5 h. Thisattment yielded a milky white TiQlispersion,

which was dried under vacuum at 323 K. The cod&isfsample is HP-Ti®

2.2.3. Synthesis of CuBD4/TiO2 hetero-system

The two powders of CuBD4 and TiQ were mixed in different weight ratios, such a824
and 5% and named X%CuBl/HP-TIiO, (X% indicates the CuBDsweight percentage). The
powders were kept inside a chrome steel jar coatdd zirconium oxide and filled with 6
zirconium oxide balls, and ground in the open aioam temperature for 2 h using a planetary
ball mill (PM 100, Retsch-Allee 1-5, 42781 Haany@any)(Fig. 1) at a rotation speed of 150
rpm; only the sample containing 3% of Cp®i was also prepared at 300 rpm. After the

treatment the mixtures were hand ground. In tHeviehg the value of the rotation speed of the
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ball milling treatment will be reported in the codiethe sample only for the sample prepared
at 300 rpm.
For the sake of comparison, a composite samplevegmared by mixing at 150 rpm CBO with

the commercial Ti@sample Aeroxide P25. 3% CBO/P25 was the code igemiit.

2.3. Catalysts characterization

To check the phase purity of semiconductors, Xeliffyaction was performed using an XRD,
Philips X'Pert Pro diffractometer apparatus equippeth Cu-Ko filtered with nickel E=
1.54059), and generator settings (45 kV, 40 mAj stan rate of 2° mih The band gap (Eg)
values were calculated from the UV-vis DRS spebirahe Kubelka-Munk and Tauc Plot
method [30], by considering the photocatalystsralréct semiconductors. The reflectance
spectra have been recorded from 190 to 800 nm lansnef a Jasco 650 spectrophotometer
equipped with an integrating sphere, and Ba®@s used as standard. The specific surface
areas (SSA) of the powders was calculated by a Bowse 2300 apparatus (Micromeritics) by
using the single-point BET method. The samples wegassed for 30 min at 523 K before the
measurement. The ATR-FTIR spectrum was plotted é&mw400 and 4000 cimthanks to a
Perkin Elmer FTIR spectrophotometer with a bandthvidf 2 cm'. Scanning electron
microscope (SEM) with a Schottky field emission veasployed to examine the powder's
morphology (JEOL JSM 7600F FESEM). X-ray photoelmtispectra (XPS) were acquired by
an X-ray photoelectron spectrometer system (25@@ELAB, Thermo Fisher Scientific,

United States) by using Al&radiation.
2.4. Photoelectrochemical measurement

Photoelectrochemical measurements were carriecth@l M ammonium pentaborate (ABE)
aqueous solution (pH: 9) in a three-electrode configuration cell. HP-Fi@BO, and

3%CBO/HP-TIQ photocatalysts were drop casted on carbon papgosu(Toray 40% wet
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Proofed-E-Tek) and immersed in the ABE solutiofPtAvire was used as the counter electrode,
and a silver/silver chloride (Ag/AgCl/sat. KCIl) e reference electrode (0 V vs Ag/AgCl =
0.197 V vs SHE). The photocurrent spectra were ieadjly irradiating the samples through
the quartz window of the cell using a 450 W UV-\X8&non lamp and a monochromator by
varying the wavelength at fixed potential. A potestiat was used to control the electrode
potential, and the signal related to the measurgdeist was sent to a two-phase lock-in
amplifier to isolate the photocurrent from the @lercurrent circulating in the cell. A
mechanical chopper was used to stop the irradiatiarknown frequency (namely 13 Hz). Flat
bland potential was determined by plotting photosotr versus applied potential at fixed

wavelength (330 nm).
2.5. Photoreactivity experiments and adsorption reeges

The photocatalytic experiments were carried owrnnannular Pyrex reactor, containing 500
mL of aqueous solution of 4-MBA, chosen as a madehpound which is representative of
aromatic alcohols. The initial concentration of M was 0.5 mM, and the photocatalyst
amount 1.5 g/L. A 50 W halogen lamp, placed inespondence of the internal symmetry axis
of the reactor, was used as the irradiation sodriee.lamp was switched on 30 min after the
photocatalyst addition to the 4-MBA solution to eresthe achievement of the adsorption—
desorption equilibrium of the substrate on thelgataurface. During the photoreactivity tests,
3 ml of the reaction mixture were withdrawn at fixemes and immediately filtered through

0.2 pum membranes (HA, Millipore) to separate thetptatalyst particles before the HPLC
analyses. The quantitative determination and ifleation of the starting molecule and its

oxidation products were carried out using a Beck@anlter HPLC (System Gold 126 Solvent
Module and 168 Diode Array Detector), equipped withhenomenex Kinetex®£18 (150mm

x 4.6mm) column. The eluent consisted of a mixtfracetonitrile and 2 mM trifluoroacetic

acid aqueous solution (20:80 volumetric ratio) &melflow rate was 0.8 mL mih Retention
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times and UV spectra of the compounds were compaitdthose of standards. Adsorption
measures of both alcohol and aldehyde were dopedinate the interaction of the substrates
with the catalyst. 0.15 g of CBO, HP-TiOr 4% CBO/HP-TiQ 150 Rpm were added to 100
mL of a 0.5 mM aqueous solution of alcohol or aigid) and the dispersions were left in the
dark under stirring for 2 hours to allow the adsionpof the substrates onto the catalyst surface.
The conversion of alcohol, yield and selectivityw&rds aldehyde, during the photocatalytic

runs were calculated with the following equations:

Cension % = [(G-C1)/Co] - 100 1)
e = (G/Co) - 100 (2
Seieity % = [C2/(Co-C1)] - 100 (3)

Where G, C; and G represent the initial concentration of alcohok ttoncentration of the

alcohol and that of the aldehyde during the phdtdgtc reaction, respectively,

3. Results and discussion

3.1. XRD analysis

The crystalline structure of all of the photocasédywas determined through X-ray diffraction
(XRD) recorded for 10 s at each 0.02° step oveléhiaterval 10-90°. The diffractograms of
the home prepared HP-TiOCuBrOs and CuBiO4/HP-TiO; powders are displayed kig. 2.
Fig. 2a shows that Ti@crystalline phase is prevalently anatase in agetnal crystal structure
exposing the planes (101), (004), (200) (211), J2®R0) and (303) at®Rvalues of 25.35°,
37.84°, 48.14°, 55.18°, 62.81°, 70.45° and 82.88pectively, according to the JCPDS card
No 89-4921. Rutile (plane (110) ad=27.5°) is present as a minor component. XRD patter
reported inFig. 2b shows that CuBOs is present in a single-phase showing the charatter
main planes (with the maximum peaks intensity) 2(@11), (202), (400), (330), (312), (332)

and (413) at @ values of 20.88°, 28.01°, 37.44°, 46.72°, 52.%b.66°, 66.10°, and 78.27°



(JCPDS card No 42-0334), respectively. The strestaf TiQ (HP) and the spinel Cuids
(CBO) illustrated by the Vista software are repaditethe inset oFig. 2a and 2b.

The XRD pattern of 4%CBO/Tigprepared at 150 Rpm was very similar to that oé Ba0,
(Fig. 2¢) indicating that the structure of this latter was$ modified during the formation of the
hetero-system with the Cuf)4 spinel by ball milling treatment at 150 Rpm. Moren no
CBO characteristic peaks were identified, due ®lttw CBO loading in the coupled system
and the mild preparation conditions [31,32]. Ond¢batrary, small differences with respect to
bare TiQ can be noticed in the diffractogram of the 4%CBQ¥%Isample prepared at 300 Rpm,
probably for the increase in temperature that ccatirthe higher rotation speed during ball
milling. In this case some weak peaks related t@GBe noticeabléAll peaks are indexed in
a tetragonal crystal structure with parametersckst a=8.499(6) A and ¢=5.817(2) A [10],
confirming the formation of the spinel structure.

The size of nano crystallites (D = 2.54 nm) wadatad from the Williamson Hall-pldFig.

3) from the full width at half maxim&3] of the strongest Tigpeak:

fcosd = (kA/D) + 4e& sinf (4)

3.2 Fourier Transform Infrared Spectroscopy (FTIR)

FTIR analysis is an effective method to analysectimaposition and the surface characteristics
of different materialsFig. 4 displays the FTIR spectra of the two bare and 4B6&u/HP-
TiO2 samples.

Bare TiQ displays two characteristic peaks. The first an623.5 crmt has been attributed to
the Ti-O bending mode and to the water adsorbat@surface of TiQ[33], the other at 3404
cm 1 is related to the surface hydroxyl group (-OH) aaeh exhibit both symmetrical and

asymmetrical stretching vibrations. In line withrlesa reports, CuBiO4 presents two strong
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peaks at 1386 and 554 drthat are caused by the stretching vibration ofBh® and Cu-O
bonds, respectively. In the coupled 4%CaBIHP-TIO, the features of the two components
are distinguishable with a slight shift of the baatd3404 crit attributable to the interaction

between the two oxides.

3.3. UV-visible spectra analysis

Fig. 5a exhibits the UV-VIS diffuse reflectance spectraCaBiO4, TiO2 and CBO/HP-TIQ
hetero-systems. CuB)s shows an absorption edge in the visible range dmtv$620 and 800
nm, due to its narrow bandgap and brown coloure B&D; and all hetero-systems show a clear
absorption edge at ca. 385 nm attributed to thelbatiband transition of Ti©[34-36]. The
addition of CBO to Ti@enhances the light absorption in the visible regiausing a reflectance
decrease between 400 and 800 nm.

For an indirect-gap semiconductor, it is well knatlvat the optical bandgap value is estimated

with the help of the Kubelka-Munk method combindathvthe Tauc relation [31]

2
1—-Rw _a
F(Roo) =4a; = % - E (5)
This method is based on the absorption coeffic{ant cni?) which isA-dependent, Ris
deduced from the diffuse reflectance data (R%).Hépgalue is deduced from the extrapolation

of the line with the fraxis, expressed by the relation:

(ahv) "= K x (v - Ey) (6)
Wherea is the coefficient of absorptiony lthe energy of photon, ang Ehe band gap. K is a
proportionality constant, while the exponent n aades the type of transition, equal to 2 and
0.5 for indirect and direct transition, respectwi7].
In Fig. 5b are plotted the values ofit{v)*? versus the incident photon energy)(tby
considering the hetero-structures as indirect semadigctors like the bare HP-TiOThe band

gap values of the used photocatalysts, calculated this plot, are reported in Table 1. Bare
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HP-TiOz has a band gap of 3.20 eV typical of Ti@hatase, the majority phase, whilst CBO
reveals a high absorption of visible light and thgp a band gap of 1.88 eV. The coupled
samples show almost the same band bap valueseoTarindicating that the interaction with
the spinel does not modify the electronic structifrthe oxide. Bare CBO displays a very low
specific surface area value whilst bare Fi@s an area of ca. 76 mi*. The coupled samples
have generally a greater value than the correspgrsire support, and a reduction was noticed
for the samples prepared a 300 rpm. The high ootatite caused the formation of a more

compact structure accordingly to SEM images (sebduon).

Table 1. Some features of the used photocatalysts.

Sample Band-gap (eV) S.S.A.{g)

CBO 1.88 2.1

HP-TIO, 3.20 105.5
2%CBO- HP-TIQ 3.02 101.8
3%CBO- HP-TIQ 2.98 104.5
4%CBO- HP-TIQ 3.20 108.7
5%CBO- HP-TIQ 3.20 104.9
4%CBO- HP-TiQ 300 rpm 3.08 74.51
3%CBO-P25 3.16 63.2

3.4. XPS analysis

X-ray photoelectron spectroscopy was used to sthdysurface chemical composition and
electronic core levels of the coupled samples tteustand the valence status. In particular, in
Fig. 6 are reported the spectra of the 4% CBO/HP2>E&mple as representative of the prepared
mixtures. As it can be seen from the XPS surveygtspe inFig. 6a, the composite clearly

contains the Cu, Bi, Ti, O, elements in agreemaittt the EDX results. The electronic core
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levels of Cu 2p, Bi 4f, O 1s, and Ti 2p in CBO/HR3T hetero-system were further studied by
the high resolution XPS spectra.

The C signal observed at 284.6 eV comes from tharimous carbon applied to calibrate the
scale of binding energy ifig. 6a[38]. The highly resolved spectrum of Ti Zgig. 6b) presents
two peaks centered at 459.3 eV and 465.0 eV, wtochd be attributed to Ti 2p3/2 and Ti
2p1/2 states [39 hese spin-orbit splitting states represents Tie@ding (Ti*) and are typical
for TiO2 [40]. Image inFig. 6¢ displays the XPS spectrum of Bi 4f core level. Peaks at
159.7 and 164.1 eV are ascribed to Bi 4f7/2 andf®R, respectively. This result indicates that
the bismuth species exists in the form of Bi-O bogdwith trivalent oxidation state in the
hetero-system [41].

In Fig. 6d is reported the spectrum of Cu 2p core level. péaks at 933.8 is ascribed to the
binding energies of Cti2p, and the peaks at 941.8 and 928.4 eV are thliteapeaks of Cti
[41,42]. Only one peak can be observed owing tdaWwvecontent of Cu in CuBO4/TiOo.
Moreover, the O 1s spectrum is reporteéig. 6e, in which the peak at 525.9 eV (O1) can be
assigned to lattice oxygen [43]. At the same tithe,deconvoluted peak at 529.3 eV (02) can
be assigned to the surface hydroxyl groups (-OHRK, the peak at the high binding energy of
532.7 eV (03) to the adsorbed water. XPS analystiédr confirms the co-existence of CBO

and TiQ in the heterojunction.

3.5. SEM analysis

The morphology of HP-Ti®and 4%CBO/HP-Ti@ hetero-systems prepared at 150 and 300
rpm were explored by SEM analysisig. 7). Bare TiQ (Fig. 7a) and bare CBOHg. 7b)
consist of particles of different shape and morpgglwhose dimensions are in the range 10-
500 nm. After the ball milling treatme(iig. 7c, d), a decrease of the Tiarticles size can
be noticed and the effect is more evident for tigiadst rotation speed. The distribution of the

particles is uniform indicating a good mixing oketlwo components and the morphology is
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similar to that of the bare T¥OThe energy dispersion spectrum (EDS) of 4%CBOIHP-
150 rpm confirms the presence of O, Ti, Cu andHsg. 7€), with Cu and Bi present in small
amounts in the coupled system. Furthermore, the Ele8ental mapping imagébkig. 7f)
reveal the homogeneous distribution of the differelements supporting the successful

formation of a mixed CBO and Ti@ystem.

3.6. Electrochemical properties

Electrochemical characterizations were also asddssstudy the electronic properties of the
used photocatalysts to investigate the role of @BMehetero-structuredn Fig. 8a and d are
reported the photocurrent spectra of the bare4at@BO/HP-TiQ, recorded in 0.1 M ABE at
the open circuit potential of 0.12 V vs and 0.229/Ag/AgCl, for HP-TiQ and 4%CBO/ HP-
TiOo, respectively. For both the samples a maximunmhotqrurrent at 330 nm was recorded,
this can be attributed to the low amount of CBOthe composite with respect to TO
Negligible photocurrent values were recorded farep@BO highlighting a poor mobility of
charge carriers and/or the high recombinationstbe photogenerated charges. This finding
can explain the practically inactivity of this sde®g(see photocatalytic results).

By considering a non-direct optical transition (0.5), the optical band gapd)Evalues of the

phocatalysts can be calculated by using the foliguiiquation (11) [44]:

(Qpn - )" O hv - Eg (11)

where v is the photon energy andQs the photocurrent yield. The latter is the meadu
photocurrent corrected for the efficiency of thr@paand it is proportional to the light absorption
coefficient at ln energy values near the band gap.

As shown inFig. 8b and e, the optical band gaps are estimated by extrapgldt zero the

(Qpnh hv)?® vs hy plots. The values are very similar for the two phes (that is 3.1eV for Ti©
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and 3.14 eV for 4%CBO/Ti§), and in agreement with the experimental findingtined by
DRS. The presence of CBO does not modify the bapdod TiQ.

The flat band potential ¢ is essential for predicting theand H potentials and therefore the
possible occurrence of determining redox reacti@isvalues, determined considering the
potential value when the photocurrent vanishes. (Eignd f), resulted similar for the two
samples being -0.08 V for TiOand -0.1 V for 4%CBO/Ti@ The chrono-amperometry
recorded by manually stopping the samples irraahidtght (nset Fig. 8) is characteristic af-

type semiconductors.

3.7. Evaluation of photocatalytic performance: plomatalytic partial oxidation of 4-

methoxybenzyl alcohol (4-MBA) under simulated solaght irradiation

In order to investigate the effect of ball millingtation rate, the photocatalytic performance of
the samples 4% CBO/HP-TiQ50 rpm and 4% CBO/HP-TK300 rpm is compared ig. 9.

At higher rpm a decrease of both conversion (46#lgctivity (33%) and yield (15%) were
obtained, attributable to the more drastic synthesnditions that induces modifications in the
catalyst structure, as observed in the XRD pattEan. this reason, the samples containing
different percentages of CBO were prepared at pb0 r

In Fig. 10 the photocatalytic activity of the different sampltowards the partial oxidation of
4-MBA is compared in term of alcohol conversi@tig. 10a) and aldehyde selectivitfFig.
10b) and vyield(Fig. 10c) under simulated solar light irradiation. The alebbonversion by
using pristine CBO is very low whilst reaches valigher than 70% with the bare HP-ZiO
and the different CBO/HP-Tixxomposites. Interestingly, the coupling of CBOWHP-TIO
does not influence the oxidant power of the lasiisthigher selectivity and yield values were
obtained. The best results were reached with the B@HP-TiQ hetero-system with 77% of

conversion, 45% selectivity and 35% yield. The pree of CBO changes the surface
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properties of TiQfavouring the aldehyde formation probably worksigpilarly to WG when
coupled with TiQ [45]. In this case, the electronic features of CB&Ye a minor/negligible
effect on the photocatalytic activity with respexthe surface ones sindee partial coverage
of the TiQ surface by the inactive CBO reduces the successigation of the formed
aldehyde.

Notably, the coupled samples revealed good perfoceaeven under simulated sunlight
irradiation, paving the way for their large-scase wnder direct solar irradiation [4&]should
also be noted that good selectivity was obtainsgitkethe high alcohol conversion as generally
high selectivity value are obtained at low convansilegree [47]A continuous reactor could
be used under direct solar irradiation in the preseof a selective membrane to separate the
formed aldehyde, thus preventing its further oxatat

These results confirm that the CeBi/HP-TIO, coupled samples can be easily prepared by
ball milling and used as promising photocatalystdtie selective oxidation of 4-MBA alcohol
to the corresponding aldehyde.

Under simulated solar light irradiation both Bi@nd CBO are excited by considering the
conduction and band edges potential of the twoesxahd the formation of a heterojunction
cannot be ruled out, although the characterizatimasle did not allow us to definitively
establish the presence of a heterojunction. Werames inclined to think, however, that the
increase in selectivity in coupled samples is synghle to the fact that once the oxidation
product, the aldehyde, is formed, the latter isaséd into the solution and its further oxidation
on active sites of Ti®is reduced as the CBO on the surface limits ie Ficreased aldehyde
production, in other words, can be attributed spghesence of the practically inactive CBO on
the TiG; surface.

The dark adsorption measurements revealed simdeceptages for 4-MBA on the three

catalysts, whereas the aldehyde adsorption shoavbd dbne order of magnitude lower on the
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composite sample (Table 3). This result stronglypsuts the higher selectivity obtained with
coupled samples compared to baresliO

Table 3. Dark adsorption of 4-methoxybenzyl alcohol and didmoxybenzaldehyde on HP-
TiO2, CBO and 4% CBO/HP-Ti©

Cata|ysts 4-MBA 4-MBald
Ads (%) | Ads(%)
HP-TIO, 13 13
CBO 11 18
4% CBO/HP-TIQ 7 0.9

4. Conclusions

In conclusion, CBO/HP-Ti®hetero-systems were successfully prepared ussimple and
inexpensive mechanical ball milling method by mxi@BO with HP-TiQ powders for 2 h, in
different weight ratios. The photoactivity of theposites was evaluated under simulated solar
light irradiation by following the selective oxidan of 4-MBA towards 4-MBAId as a probe
reaction. The method allowed to have a good interfaontact and strong interaction between
the two oxides, thus promoting absorption of visiliight and enhancing separation and
migration of photogenerated electron-hole pairse Bample 4%CBO/HP-TD150 rpm
displayed the highest photoactivity with a convemsdf 77%, a selectivity of 45% and a yield
is 35% after 4 h under solar light irradiation ksing water as the solven®,” and H are the
important oxidizing agents in the reaction systemdl £BO is essential to increase the
selectivity without diminution in the conversionldwer aldehyde adsorption on the composite
samples was noticed with respect to the bare, T&dd this finding can justify the higher

selectivity in the presence of the hetero-structsaamplesThe method used for obtaining them

15



allowed large quantities of catalyst to be prepanesh economic, simple and rapid manner in

view of a large-scale application using sunlightasrradiation source.
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Fig. 7. SEM images of the samples: (a) bare HP,T({0) bare CBO (c) 4% CBO/HP-T}Q50 rpm and
(d) 4% CBO/HP-TiIQ 300 rpm, (e) EDS spectra of 4% CBO/HP-TIB0 rpm (f) the EDS elemental
mapping images of 4% CBO/HP-Ti@50 rpm.



4 - I s T T S ———
)3 b) 9 c) g0 Hghten :
— 5 — 8 . 60 -~ 1
T 3 5 7 < prd 330 nm | Lightoff !
= 25 5, 6 — 0 1
E B 0 ‘E -20 1
s 2 S 5 ) 70 90 110 130 1501
= > = 1
3 15 £ 4 3 Time [s] 1
S .3 <} -_—================.J;
s . O;? 2 ° 23 Light on Lightoff |
o -0 9 o o \ P2 !
0 20 330 !
200 250 300 350 400 450 55 0 m |
. I
Wavelength [nm] 70 90 110 130 150 .
_______ Timel(sl_ _ _ ___.
16
d) 12 e) f) 300
14
. 10} —_ 250 T TN oo,
< <12 < _
S 8t 8, 10 £ 200 400
— — 300
c 0 c
o 61 . 8 3 150 200
= > = 100
S 4| <6 3 100 0
2 4 S
o < o i
2+ s so0f \/  beo----tmebl
T Q2 o
0 1 1 1 LI J 0 N N 0
200 250 300 350 400 450 25 35 45 55 0.2 0 0.2 0.4
Wavelength [nm] hv [eV] UE [V vs Ag/AgCl]

Fig. 8. Photocurrent spectra of HP-Tj@nd 4% CBO/ HP-TiQrecorded in 0.1 M ABE and UE of 0.12

V and 0.22 V vs/Ag/AgCl respectively are reported) and d). The respective ng h))o'5 vs tv plots

are shown in b) and e). Current transient underaclmmatic light recorded at 330 nm are reported in

c) and f), respective photocurrent vs time plotraported in the inset.



80 +

Il Conversion
. B Selectivity
B Yield Ald
60 -
40
20 -
0- :

4%CBOHP-TIO2 4%CBOHP-TIO2
150 rpm 300 rpm

Percentage %

Fig. 9. Comparison of photocatalytic performance towahgsselective oxidation of 4-
methoxybenzyl alcohol by using the 43BO/HP-TiQ junction prepared @50 and 300 rpm.

100
] Conversion a)
80-
A
o  60-
(@)]
G
=
()
© 404
[}
o
20+
O_

CUBi204
HP-TIiO
2% CBOHP
-TiO2
3% CBOHP
-TiO2
4% CBOHP
-TiO2
5% CBOHP
-TiO2
4% CBOHP
TiO2 300 rp
3% CBOP2



b)

B Selectivity

T

'_— T - T I T I T I T I T

2d04dD %¢E

di 00€ 2OLL-
dHOgD %

cOll-
dHO4dO %S

cOlL-
dHO4O %V

cOLL-
dHO4dO %€

cOLlL-
dHO4dO %¢

Oll-dH

Yodigno

80

T
)
©

04 abrlU82Iad

40

20+

0O-

[_1Yield ald

-G2d0dO %E

udy00€ zOl1-

- dHO4GO %V

cOLL-

- dHO4D %S

cOlL-

-dHO4D %t

cOlL-

-dHO49O %€

cOlL-

-dHO4dO %¢

-Oll-dH

L Vodigno

T

80

0 obejUsdIad

T T
o o
O <

T
o
(9\]

Fig. 10. Photocatalytic performance of the different CBO/HP coupled samples and bare CBO and
HP-TiO. under irradiation for 4 h towards 4-MBA oxidationterm of Conversion (a), Selectivity (b)

and Yield (c).



Fig. 11. Proposed mechanism for selective oxidation ofBAMio 4-MBald using CuBiO4/HP-
TiO2 photocatalysts under simulated solar light irradra



