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The electron holes in the valence band and the electron excess in the conductive band

in the structure of TiO, are able to trigger reductive and expecially oxidative process
involving substances present in the environment, in particular those ones that can be
adsorbed on it. This property makes TiO, as an optimum phoitocatalyst,Its ability to be in
particular conditions a pH sensor combined with the previous one makes titanium dioxide
also a suitable material to be used as a sensor for measuring environmental permanency
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and consequent risks.In this paper we apply TiO, photosensor to demonstrate on target

compounds both the activities.
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Introduction

Titanium dioxide is a well known photocatalyst."* Less famous
are its characteristics as sensor material.'®'* So that in this paper we
describe some recent our experimental results concerning the adoption
of TiO, (prevailing anatase form) as component sensor of a TOC (total
organic carbon) electrode,sensor of pH, sensor of environmental
permanency,as related to the ability of a molecule to be completely
degraded, that is mineralized.

As it concerns the last point it must be emphasized the difference
between degradation and mineralization, the former bringing to a
lower molecular weight compound, the toxicity of which can be also
higher than that one of the original compound, the latter one ensuring
the total production of CO,, H,O and the mineral acids corresponding
to the elements present in the mineralized molecule.

Materials and methods

Four catalysts were tested, all based on titanium dioxide in its
mixed rutile-anatase form. In three cases TiO, was used in the P25
nanoparticled form produced by Degussa, often described in the
literature'® as an excellent catalyst for photodegradation. Most
of the oxide was in the crystalline anatase form It was tested both
supported on glass or metal grid and suspended in solution. In one
of the catalysts tested the titanium grid was oxidised directly in order
to enhance TiO, adhesion to the metal support and to obtain a more
uniform surface distribution. A highly pure submillimetric titanium
grid with suitable mechanical properties was supplied by Delker (CT,
USA)."

According to chemometric treatment of the results, using PCA
(principal component analysis), the catalytic efficiency scale we
obtained confirms these expectations and, despite of the compounds
used, nevertheless demonstrates the superiority of TiO, in suspension:
so we used TiO, in the form of anatase nanoparticled suspension in
presence of a phosphate buffer unable to interfere with TOC value and
operating in such dimension model to allow to obtain a portable TOC
monitor. Due to the abundance of a TiO, based mineral on the moonb
and so possible application to spatial research and to the positive
action of conducting polymers added to sensor materials,we tested
also these two options.

Total organic carbon content is an index of the pollution level of
a water matrix. It can be determined by photodegrading the present
compounds and determining the formed amount of CO, by a gaseous
diffusion electrode. TiO, results to be active as a photocatalyst of the
reaction.!>16

Table | Mineralisation and Photodegradation degrees by TiO, activated
photocatalysis for citric acid and dimethoate at varying concentrations

% mineralisation % Photodegradation

Sample mol/L

(RSD = * 3) (RSD% = * 8)
Citric acid 0.9 -10-2 5 70
Citric acid 0.9 10-3 47 80
Citric acid 0.9 -10-4 95 100
Citric acid 4.5-10-5 100 100
Citric acid 0.9-10-5 100 100
Dimethoate 1.0 -10-3 6 13
Dimethoate 5.0 -10-4 10 88
Dimethoate 2.0 -10-4 22 100
Dimethoate 1.0 -10-4 35 100
Dimethoate 5.0 10-5 49 100

The cell is Plexiglas made the UV radiation corresponds to 350nm.
An auxiliary cell allows a good mixing. GC-MS was applied to
determine intermediates and finally check the complete consumption
of the photomineralised organic compounds organic carbon content is
an index of the pollution level of a water matrix. It can be determined
by photodegrading the present compounds and determining the
formed amount of CO, by a gaseous diffusion electrode. TiO, results
to be active as a photocatalyst of the reaction.'>!® Acid base titrations
were also performed with TiO, and the other materials on it based as
indicators.

Results
TiO, as photocatalyst

For some target compounds the following degradation and
mineralization degrees were measured (Table 1), some interference
coming from sodium chloride presence able to slow the initial kinetics.

Behaviour of both the tested compounds suggest the conclusion
that on increasing concentration mineralisation degree decreases
compared to photodegradation one.

TiO, as pH sensor

In this case TiO, was tested both alone and in the enriched form
with polyaniline (9 + 1 and 8 + 2 weight plus weight) and in the
combined form as ilmenite (iron (II) titanate mineral). Acid base
titrations were also performed with TiO, and the other materials as
indicators, obtaining the values reported in Table 2, compared with
the expected equivalent volumes.
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Table 2 Acid-base titration monitored by different sensor materials, all based on TiO2

Titrating Titrated Experimental Volume (mL) at Equivalenc  Theoretical Volume (mL) at Equivalence
Tio2 limenite TiO2+PA (8+2)

HCI 10-1 eq/L NaOH 10-1 eq/L  16.5+0.2 16.5+0.2 16.3

HCI 10-2 eq/L NaOH 10-2 eq/L  22.0+0.2 21.6+0.2 21.5

CHCOOH 10-4 eq/L  NH4OH 10-4 eq/L 20.0£0.2 20

Substantially TiO, and ilmenite behave similarly. Polyaniline
enrichments does not bring the electrode performances any
improvement.

The four materials were also characterised for their Nernstian
behaviour: the calibration results furnished a quasi Nernstian
behaviour for all the electrode materials (Table 3).

Table 3 Nernstian behaviour of the four tested materials based on TiO,

Material Slope (mv/pH)
TiO2 59.4+0.2
limenite 59.1+0.3
TiO2 + polyaniline (9+1) 55.6+0.3
TiO2 + polyaniline (8+2) 62.0+0.4

Comoared with the theoretical one the obtained values fit very
well.

TiO, as sensor of ability of a compound to be
mineralised

During mineralization acidification occurs'”'® due to formed CO,.
TiO, being a photocatalyst of the process but also behaving as pH
sensor is so in the lucky position to activate a process and to monitor
its proceeding. The time needed in order to record a pH shift to
more acid values can be assumed as a delay time proportional to the
recalcitrance of the compound. The slope of the potential curve after
the delay time refers to the kinetics of photodegradation,it too in some
way related to environmental permanency. So we assume as index of
ecopermanency the ratio between the delay time and the above said
slope,reasonably assumed as inversely proportional to its ability to be
mineralised by a photodegration process. The principle was applied to
some common pollutants obtaining the enclosed delay time and slope
values (Table 4).

Table 4 Delay times, acidification kinetics and eco-permanency indexes for
some tested compounds

Compound and  Delay Time (min)  Slope (DpH/ Index
concentration (RSD%= % 6) Dmin)

p-chlorophenol

10-2 mol/L 30 0.16 187
m-chlorophenol

10-2 mol/L 30 0.31 97
o-chlorophenol

10-2 mol/L 60 0.22 277
Hydroquinone

10-2 mol/L 50 0.08 625
p-quinone 10-2 20 0.04 500
mol/L ’

Glucose 10-2 60 0.04 1500
mol/L

Carbaryl 10-2 50 012 417
mol/L

Discussion

The photocatalytic activity of TiO, as such as well as of its mineral
(ilmenite) or added with conducting polymer polyaniline is shown
focusing on the obtained high degrees of photodegradation, but also
on the failed mineralisation when the tested compound concentration
is higher than a certain value( about 10(-3 for the tested compounds).
TiO, and its based materials resulted to be also material sensors for
pH with almost Nernstian behaviour. The addition of a conducting
polymer that in some cases results to improve the characteristics of a
solid state sensor in this case does not act in this direction.

An index of ecopermanency is proposed based on the combination
of the two above said properties of TiO,.The calculated values
of the above proposed index for the tested compounds are enough
agreeing with other molecular properties related to the stability of the
considered compounds. This can be considered our added value to
the evaluation of the photocatalytic activity of titanium dioxide: to
combine photodegradation tests-commonly present in literature (1-9)-
with stability ones and with kinetics behaviour.

Conclusion

We propose an ecopermanency index based on thermodynamics
and kinetics aspects of photocatalytic process, possibly of great help
in the case of unknown or not characterised compound to answer
European Union recommendation reported in a White Book of some
years ago. There scientific community was invited to make the most
of efforts in order to set up chemical tests able to give information’s
- especially alarm advices - in real - or almost real — time about the
toxicity of a compound. A representative example is the drugs, used
and abused in our society so that their presence in surface waters is
a danger for environment and health. This danger increases with the
stability and ecopermanence, so that their measurement can be of
precious utility

Acknowledgments

None.

Conflicts of interest

Author declares there are no conflicts of interest.

Funding

None.

References

1. Vamathevan V, Amal R, Beydoun D, et al. Photocatalytic oxidation
of organics in water using pure and silver-modified titanium dioxide
particles. Journal of Photochemistry and Photobiology A: Chemistry.
2002;148(1-3):233-245.

2. Dhananjeyan MR, Annapoorani R, Renganathan R. A comparative
study on the TiO, mediated photo-oxidation of uracil, thymine and
6-methyluracil. Journal of Photochemistry and Photobiology A:
Chemistry. 1997;109(2):147-153.

Citation: Campanella L. Photosensor for chemical risk assessment: review. | Anal Pharm Res. 2017;4(1):1-3. DOI: 10.15406/japlr.2017.04.00089


https://doi.org/10.15406/japlr.2017.04.00089
http://www.sciencedirect.com/science/article/pii/S1010603002000497
http://www.sciencedirect.com/science/article/pii/S1010603002000497
http://www.sciencedirect.com/science/article/pii/S1010603002000497
http://www.sciencedirect.com/science/article/pii/S1010603002000497
http://www.sciencedirect.com/science/article/pii/S1010603097001196
http://www.sciencedirect.com/science/article/pii/S1010603097001196
http://www.sciencedirect.com/science/article/pii/S1010603097001196
http://www.sciencedirect.com/science/article/pii/S1010603097001196

Photosensor for chemical risk assessment: review

. Dvoranova D, Brezova V, Mazur M, et al. Investigations of metal-doped

titanium dioxide photocatalysts. Applied Catalysis B: Environmental.
2002;37(2):91-105.

. Skubal LR, Meshlov NK. Reduction and removal of mercury from

water using arginine-modified TiO,. Journal of Photochemistry and
Photobiology A: Chemistry. 2002;148(1-3):211-214.

. Lee KH, Kim YC, Suzuki H, et al. Disposable Chemical Oxygen Demand

Sensor Using a Microfabricated Clark-Type Oxygen Electrode with a
TiO, Suspension Solution. Electroanalysis. 2000;12(16):1334-1338.

. Doong RA, Chen CH, Maithreepala RA, et al. The influence of pH and

cadmium sulfide on the photocatalytic degradation of 2-chlorophenol in
titanium dioxide suspensions. Water Research. 2001;35(12):2873-2880.

. Mishima Y, Motonaka J, Maruyama K, et al. Determination of hydrogen

peroxide using a potassium hexacyanoferrate(Ill) modified titanium
dioxide electrode. Analytica Chimica Acta. 1998;358(3):291-296.

. Oliva F, Avalle L, Santos E, et al. Photoelectrochemical characterization

of nanocrystalline TiO, films on titanium substrates. Journal of
Photochemistry and Photobiology A: Chemistry. 2002;146(3):175-188.

. Epling G, Lin C. Photoassisted bleaching of dyes utilizing TiO, and

visible light. Chemosphere. 2002;46(4):561-570.

. Maurino V, Minero C, Pelizzetti E, et al. The fate of organic nitrogen

under photocatalytic conditions: degradation of nitrophenols and
aminophenols on irradiated TiO,. Journal of Photochemistry and
Photobiology A: Chemistry. 1997;109(2):171-176.

11.
12.

13.

14.

15.

16.

17.

18.

Copyright:
©2017 Campanella 3

Glab S, Hulanicki A, Edwall G, et al. Anal Chem. 1989;21:29-34.

Byrne JA, Davidson A, Dunlop PSM, ety al. Water treatment using
nano-crystalline TiO, electrodes. Journal of Photochemistry and
Photobiology A: Chemistry. 2002; 148(1-3):365-374.

Teixeira MFS, Moraes F, Fatibello OF, et al. A novel A-MnO,-based
graphite—epoxy electrode for potentiometric determination of acids and
bases. Sensors and Actuators B. 1999;56(1-2):169—-174.

Shuk P, Ramanujachary KV, Greenblatt M. pH sensors with samarium
stabilized ceria membrane. Solid State Ionics. 1996;85(1-4):257-263.

Koncki R, Mascini M. Screen-printed ruthenium dioxide electrodes for
pH measurements. Analytica Chimica Acta. 1997;351(1-3):143—-149.

Madou MJ, Kinoshita K. Electrochemical
metal oxide electrodes—I. Zirconium dioxide.
1984;29(3):411-417.

measurements on
Electrochim Acta.

Ravichandran C, Kennady CJ, Chellammal S, et al. The electrochemical
synthesis of aminonitriles I. H-cell studies with adiponitrile and
azelanitrile. Journal of Applied Electrochemistry. 1991;21(1):60—63.

Fujishima A, Cai RX, Otsuki J, et al. Biochemical application
of photoelectrochemistry: photokilling of malignant cells with
TiO, powder. Electrochim Acta. 1993;38(1):153-157.

Citation: Campanella L. Photosensor for chemical risk assessment: review. | Anal Pharm Res. 2017;4(1):1-3. DOI: 10.15406/japlr.2017.04.00089


https://doi.org/10.15406/japlr.2017.04.00089
http://www.sciencedirect.com/science/article/pii/S0926337301003356
http://www.sciencedirect.com/science/article/pii/S0926337301003356
http://www.sciencedirect.com/science/article/pii/S0926337301003356
http://www.sciencedirect.com/science/article/pii/S101060300200045X
http://www.sciencedirect.com/science/article/pii/S101060300200045X
http://www.sciencedirect.com/science/article/pii/S101060300200045X
http://onlinelibrary.wiley.com/doi/10.1002/1521-4109(200011)12:16%3C1334::AID-ELAN1334%3E3.0.CO;2-5/full
http://onlinelibrary.wiley.com/doi/10.1002/1521-4109(200011)12:16%3C1334::AID-ELAN1334%3E3.0.CO;2-5/full
http://onlinelibrary.wiley.com/doi/10.1002/1521-4109(200011)12:16%3C1334::AID-ELAN1334%3E3.0.CO;2-5/full
http://www.sciencedirect.com/science/article/pii/S0043135400005807
http://www.sciencedirect.com/science/article/pii/S0043135400005807
http://www.sciencedirect.com/science/article/pii/S0043135400005807
http://www.sciencedirect.com/science/article/pii/S0003267097006508
http://www.sciencedirect.com/science/article/pii/S0003267097006508
http://www.sciencedirect.com/science/article/pii/S0003267097006508
http://www.sciencedirect.com/science/article/pii/S1010603001006141
http://www.sciencedirect.com/science/article/pii/S1010603001006141
http://www.sciencedirect.com/science/article/pii/S1010603001006141
http://www.sciencedirect.com/science/article/pii/S0045653501001734
http://www.sciencedirect.com/science/article/pii/S0045653501001734
http://www.sciencedirect.com/science/article/pii/S101060309700124X
http://www.sciencedirect.com/science/article/pii/S101060309700124X
http://www.sciencedirect.com/science/article/pii/S101060309700124X
http://www.sciencedirect.com/science/article/pii/S101060309700124X
http://www.sciencedirect.com/science/article/pii/S1010603002000643
http://www.sciencedirect.com/science/article/pii/S1010603002000643
http://www.sciencedirect.com/science/article/pii/S1010603002000643
http://www.sciencedirect.com/science/article/pii/S0925400599001732
http://www.sciencedirect.com/science/article/pii/S0925400599001732
http://www.sciencedirect.com/science/article/pii/S0925400599001732
http://www.sciencedirect.com/science/article/pii/0167273896000689
http://www.sciencedirect.com/science/article/pii/0167273896000689
http://www.sciencedirect.com/science/article/pii/S000326709700367X
http://www.sciencedirect.com/science/article/pii/S000326709700367X
http://www.sciencedirect.com/science/article/pii/001346868487084X
http://www.sciencedirect.com/science/article/pii/001346868487084X
http://www.sciencedirect.com/science/article/pii/001346868487084X
http://link.springer.com/article/10.1007/BF01103824
http://link.springer.com/article/10.1007/BF01103824
http://link.springer.com/article/10.1007/BF01103824
http://www.sciencedirect.com/science/article/pii/001346869380022R
http://www.sciencedirect.com/science/article/pii/001346869380022R
http://www.sciencedirect.com/science/article/pii/001346869380022R

	Title
	Abstract
	Keywords
	Introduction
	Materials and methods 
	Results
	TiO2 as photocatalyst 
	TiO2 as pH sensor 
	TiO2 as sensor of ability of a compound to be mineralised 

	Discussion
	Conclusion
	Acknowledgments
	Conflicts of interest 
	Funding
	References
	Table 1
	Table 2 
	Table 3

