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Abstract

The effect of pH on the photocatalytic oxidation of butan-2-ol over naked titanium
dioxide has been investigated. The apparatus which is used in the photocatalytic reaction
has a precies temperature control which gives a high precision for the reaction .

Spectrophotometric method was used in the determination of amount of the product
formed, this method is based on the formation of 2,4 — dinitrophenyl hydrazone of the
produced carbonyl product, followed by the addition of alcoholic potassium hydroxide to
give a wine colour which is measured by spectrophotometric method .

The measurements were done at 298 K using different buffer solutions, and irradiation

with ultraviolet light from mercury vapour lamp( 150 ) Watt.
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Introduction

In the last few decades a great
interest has been done in the
development of utilization from the solar
energy by using semiconductors as a
photocatlysts , photocatalytic oxidation
of different organic substrates could be

done over these photocatalysts . This
application can be wused in the
decontamination treatment for the

polluted water which resulted from
industrial processes. The participation of
semiconductors particles such as TiO; ,
ZnO , and CdSe in the photocatalytic
reactions can provide a good mean for
different newly applications which are
necessary for the modern life such as an
environmental clean up , production of a
clean fuel , conversion of a solar energy
to chemical potential , and in chemical
synthesis as in production of carbonyl
compounds from oxidation of their
corresponding alcohols® .

In the heterogeneous
photocatalysis systems , the solid
photocatalyst is present in a separated
phase from whole mixture. The
irradiation of a photocatalyst particles
with a light of enough energy ( hv >Eg )
can promot electron from valence band
to the conduction band . This process
generates (e-h) pair in conduction band,
and valence band respectively® . When
these species are not consumed rapidly
in a desired oxidation/ reduction reaction
, they will recombine to produce thermal
energy ( hv >hv" ) or rapidly migrate to
the surface, and then reacted with an
adsorbates at the  surface  of
photocatalyst® .

As well as physical pathways
for the fate of (e - h™ ) pair which are
produced in the initial step in the
photoexcitation processes , the chemical
events for the consumption of (e — h)
pair also possible . The chemical events
include trapped of photohole ( h+ ) by a
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surface hydroxyl group (OH)yr to
generate hydroxyl radical ( OH ) which
is considered a strong oxidizing agent® .
The formation of hydroxyl radical in this
mechanism was identified by (ESR)
spectroscopy, on other hand
photoelectron is trapped by the
preadsorbed oxygen on the surface ( O, )
ads 10 generate different oxygen species
such as O, , and O, anions . These
species are contributed in the oxidation
of a differnt organic sPecies which are
adsorbed on the surface®.

The activity of semiconductor
as a photocatalyst depends on some
factors such as stability of the
semiconductor particles under irradiation
conditions, the selectivity toward
formation of a desired products, and the
band gap energy for the semiconductor
particles® . For example (CdS) has a
small band gap energy and its becomes
excited under visible light of the solar
spectrum , but it dose not has enough
stability toward light and its
photodegraded  with  continuos  of
irradiation time!” . Among different
types of the semiconductors titanium
dioxide is the most important
photocatalyst due to its high stability
toward light, but it has a high band gap
energy
(Eg = 3.23 eV ) for the anatase form of
TiO, and ( Eg = 3.02 eV) for rutile form
. So that TiO, becomes excited in the
ultraviolet region of solar spectrum ®.

The limitation of a certain
semiconductor for a particular uses can
overcome by the modification surface of
the photocatalyst . Generally , there are
different methods which are used in the
modification of the surface such as
metal-semiconductor modification
composite semiconductors , surface
sensitization , and transition metal
doping®*Y.

It has been found that there are



National Journal of Chemistry, 2005, Volume 17, 40-48

many benefits resulted from the surface
modification such as reduction the rate
of recombination reaction between (e" -
h*) pair which is commonly occurs in the
naked photocatalysts, increasing the
response of the photocatalyst toward a
high wavelengths of solar spectrum, and
changing  the  selectivity  toward
formation of a particular products®? .

In the present work, the
photocatalytic oxidation of butan-2-ol
has been investigated over naked TiO,
with the presence of different buffer
solutions . The study was carried out at
298 K wusing ultraviolet light from
mercury vapour lamp .

Experimental

Naked TiO, ( p-25 Degussa )
anatase form was used with a surface
area of 55 m%.g™ , and crystallite size of (
25-35 )nm with a purity of 99.99%% .
The unit which is used in this study has a
precise temperature control  which
facilitates the photocatalytic oxidation
of butan-2-ol with a precies temperature.
The apparatus which is used in this study
was homemade and it is shown in
Figure(1).

Photocatalytic oxidation of
butan-2-ol was done by using ultraviolet
light from mercury vapour lamp (150)
Watt. The reaction cell was made up of
a pyrex . In each experiment ( 150 ) mg
of TiO, was suspended in ( 20 ) mL of
reaction mixture which consist of ( 15)
mL of absolute butan — 2 — ol with (5)
mL of the used buffer solution . The
reaction mixture was suspended by used
motor driven stirrer. The controlling on
temperature of reaction was maintained
by mountining reaction cell in a closely
fitting  aluminum  block The
temperature of aluminum block was
controlled by frigister which is
connected with electronic control unit .
The circulation of water in a water-
jacket in contact with a frigister to
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facilitate heat exchange.

Spectrophotometric method %
18 was used for the determination of the
butanone formation, this method is based
on the formation of 2,4-dinitrophenyl
hydrazone of butanone. Periodically
(0.2)mL samples of reaction mixture
were withdrawn by microsyringe, the
sample then centrifuged to separate solid
TiO; The remaining liquid then
analyzed for reaction product.

Samples (0.1) mL of supernatant
liquid in a mixed hexane / ethanol
solvent (3.7:5)mL were reacted with 2,4
dinitrophenyl hydrazine reagent (2)mL
for (30) min , at (328) K to give 2,4 —
dinitrophenyl hydrozone of the produced
carbonyl product . The solution then
cooled to the room temperature, and
diluted to (25) mL with alcoholic
potassium hydroxide. The absorbance
then measured at (480)nm , the
absorbance was directly proportional
with concentration of the product |,
whose concentration was determined by
using standard calibration curve . The
calibration curve was consist of the
absorbance versis concentration of
carbonyl compound, the calibration
curve was obtained by using standard
butanone solutions in place of reaction
mixture.

Results and Discussion:

From this study «it was concluded
that, the photocatalytic oxidation of
butan -2-ol could be carried out with the
presence of TiO,, air, and ultraviolet
lightt  The used alcohol was
photooxidized to its corresponding
carbonyl product. These observations are
in a good agreament with previous
studies in this field *"?%. The product
was detected by using (IR) spectroscopy
which exhibits absorption band at (1700)
cm™ which deals with the absorption of
carbonyl group of the resulted butanone .
Also there is a broad band at (3100-
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3700) cm™ which deals with the
absorption of hydroxyl group of the used
alcohol .

Table (1) and Figure (2) show the
results of photoconversion of buton -2-ol
to the butanone, from these results it
could be concluded that, the addition of
the acidic buffers to the reaction mixture
leads to the reduction in the activity of
reaction with respect to the absence of
these solutions in reaction mixture.

Generally, photoreactions over
photocatalyst suspension poweders have
a weak dependence of rate of reaction on
the pH of solution®?) . It has been
found that pH of solution can effect on
the surface charge, and particle size of
the photocatalyst® . The surface of
photocatalyst at its isoelectric point does
not have any charge , for the acidic
solution ( pH< 7 ) the surface of
photocatalyst becomes positively
charged®” .
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a- Light Source

b- lens

¢- Heating filter

d- Soda glass filter
e- OX1 filter
Aluminum block
g- Insulated table
h- Frigister

i- Water jacket

j- Thermocouple
I- Reaction vessel
m-Stirrer

n- Side arm

=h

0- Attachment for ambient | a
atmosphere control

p- Synchronons motor

z- white wooden box

r- Quartz window

0

/

l

Figure (1) Apparatus for the photocatalytic oxidation of alcohol
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Table (1): Photoconversion of butan -2-ol to the butanone over TiO; and different
acidic buffer solutions at 298 K for ( 75 ) min.

No | pH of the used acidic buffer 102 x butanone con/mol. dm® | 10% x rate/mol. dm=3.sT
1 - 0.58 1.360
2 5 0.52 1.200
3 4 0.45 1.050
4 3 0.30 0.600
0.60 —
——— No buffer
|| —@— pH=5
—4A— pH=4
—&— pH=3

0.40 —

Butanone con X 10%/mol.dm™

0.20 —

0.00

0.00 20.00

40.00
Time (min)

60.00

I
80.00

Figure (2). Photoconversion of butan-2-ol to the butanone at 298 K using different
acidic buffer solutions.
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Table (2) and Figure (3) show the
results of photoconversion of butan -2-ol
tothe butanone with presence of
different basic buffer solutions in
reaction mixture. From these results, it
could be concluded that, the presence of
basic buffers reduces the activity of
butanone formation with respect to the
absence of these buffers from reaction
mixture under the same conditions of
reaction. The reduction in activity of
butanone formation in this case can be
attributed to the negatively charged
surface for the basic solution (pH>7)%" .

These observations could be
explained by considering the effect of
surface charge on the adsorption of
reacted species , and desorption of
reaction products . The decreasing in pH
leads to the protonation of both bridging
surface (O") and surface hydroxyl groups
on photocatalyst surface. These factors
effected on the adsorption of alcohol
molecules on the surface of TiO,, the
adsorption of alcohol molecules on TiO,
surface is very important step in their
photocatalytic oxidation which is related
to the hydroxylation of the surface®®.

It has been found that, oxygen on
TiO,  surface is  coordinatively
unsaturated which is considered a
suitable position for the adsorption of
alcohol molecules on the surface . The
adsorption of alcohol molecules on the
surface occurs either by hydrogen bond
as (OH --- O ), or by coordinative
bond as (Ti — O) for the non dissociative
alcohol® . The formation of these
bonds also infulenced by the surface
charge resulted from the variation in pH
of reaction mixture which inturn leads to
the reduction in the activity of butanone
formation for acidic and basic buffer
solutions, as it compared with the
absence of these solutions from reaction
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mixture when used only reacted alcohol
and TiO,, without any buffer solution.
Mechanism of Reaction:

The  first step in  the
photocatalytic oxidation of alcohol over
TiO, surface is the excitation of
photocatalyst particles by absorption
ultraviolet light (A < 400)nm . This
process produces (e-h) pair in
conduction band and valence band of

TiO, particle respectively as follows®? :

hv
TiO,————» TiO, (e -h") ....... 1)
TiO, (€ -h )= e-gp+h yp ... 2)
Conduction band electron , and valence

band hole are contributed in the
formation of reactive radical species on

the surface as follows :

3)

e+0" — 0 _(ads)

h+ + OH_(sur) _>OH ' (sur) ««-- (4)

Both (O 2)as and (OH')s, radicals are
contributed in the dehydrogenation of
the used alcohol by proton abstraction as
follows :

O 2(ads) + H2O —»OH' (sury + HO2 ... (5)
)<CHOH+OH(SUR) OH + H,0O .. (6)
7OH + HO, —O= 9 =0 +H,0, ... (7)

2 OH —>H0H> .8

46

Thls mechanism is in a good agreement
with a similar previous studies in this
field®39),
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Table (2): Photoconversion of butan — 2 - ol to the butanone over TiO;, and
different basic buffer solutions at 298 K for ( 75 ) min.

No | pH of the used acidic buffer 10° x butanone con/mol.dm 10° x rate/mol.dm>.s?
1 - 0.60 1.400
2 8 0.48 1.100
3 9 0.40 0.910
4 10 0.28 0.550
0.80 —
| ——— No buffer
—@— pH=8
—4A~— pH=9
© 0.60 —
‘s —&A— pH=10
i
°
£
NS. 0.40 —
>
[
8
(3]
=
8 0.20 —
8
>
@
0.00 T T T T T T T 1
0.00 20.00 40.00 60.00 80.00
Time (min.)
Figure (3). Photoconversion of butan-2-ol to the butanone at 298 K using different
basic buffer solutions.
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