o)
) §§Z%¢
,9§§%y §§%%

Centimeter

1

L &,

=

Association for Information and Image Management

1100 Wayne Avenue, Suite 1100
Silver Spring, Maryland 20910

301/587-8202

6 7

8 9 10 11

15 mm

guby

Inches

E

w||||||mlm|lu111|1n|lmhm|lulluu||mlnmh||llmlllmlunluulnullmlJ||||lmhullunhmluullmllmluu

Ty ryrrrryrrrryrrrryrrrrprrr T rr Tyt e
LR RRRRE RAERNERRRN |

4

ol - X

e
e

s

L e

MANUFACTURED TO AIIM STANDARDS
BY APPLIED IMAGE, INC.

!IIII







NREL/TP-430-6084 » UC Category: 241 « DE94006906

Bibliography of Work on the
Photocatalytic Removal of

Hazardous Compounds from Water
and Air

Daniel M. Blake

A
H=¢ —
Gt NR=L
National Renewable Energy Laboratory MASTER

1617 Cole Boulevard

Golden, Colorado 80401-3393

A national laboratory of the U.S. Department of Energy
Operated by Midwest Research Institute

for the U.S. Department of Energy

Under Contract No. DE-AC02-83CH10093

. REERT) LY 18 1393 N L e
e DRANSRECED, B s St -
SRR

N e

May 1994 | Z/b



NOTICE

NOTICE: This report was prepared as an account of work sponsored by an agency of the United States government. Neither the United States government
nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States government or any agency thereof.

Printed in the United States of America
Available from:

National Technical information Service
U.S. Department of Commerce
5285 Port Royal Road
Springfield, VA 22161

Price: Microfiche AO1
Printed Copy A0S

Codes are used for pricing all publications. The code is determined by the number of pages in the publication. Information pertaining to the pricing codes
can be found in the curmrent issue of the following publications which are generally available in most libraries: Energy Research Abstracts (ERA); Government
Reports Announcements and Index (GRA and I); Scientific and Technical Abstract Reports (STAR); and publication NTIS-PR-360 available from NTIS at the
above address.

(4
'- .‘ Printed on recycled paper



Summary

The DOE Solar Industrial Program is carrying out research and development on solar processes for
destroying or removing hazardous substances from water and air. The processes are based on the

photocatalytic action of titanium dioxide.

This report provides a bibliography of work done on the photocatalytic oxidation of organic or inorganic
compounds in air or water and on the photocatalytic reduction of metal containing ions in water. The
bibliography includes information obtained through the middle of 1993 and some selected references from
the balance of that year. The general focus of the work is removing hazardous contaminants from air or
water to meet environmental regulations. The information is organized in a way that provides citations
for work done in a few broad categories that are generic to the process. The work on specific substances
is presented in three tables. The first covers organic compounds that are included in various lists of
hnzardous substances identified by the United States Environmental Protection Agency (EPA). The second
lists compounds not included in those categories, but which have been treated in a photocatalytic process.
The third covers inorganic compounds that are on EPA lists of hazardous materials or that have been
treated by a photocatalytic process.
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1.0 Introduction

This report provides scientists and engineers interested in applications of solar or photocatalytic
detoxification in environmental chemistry with a comprehensive bibliography of work available in the
open literature. The literature cited, including United States and foreign patents, dates from 1970 to the
middle of 1993. It has been compiled by manually scanning the literature and searching commercial
databases. The information is maintained at the National Renewable Energy Laboratory in Golden,
Colorado, in a Procite database. Some citations may have been missed and topics covered in certain

papers may not have been identified and covered in every appropriate category.

The photocatalytic oxidation of organic compounds in water is the subject of a large body of research that
has been performed in laboratories all over the world. A lesser amount of effort has been devoted to
removing inorganic substances from water or to oxidizing compounds in the gas phase. The general

reaction is summarized as follows:

Semiconductor

Red(aqueous) + O,(aqueous) T

> Oxid(aqueous) + H,0

The net process involves oxidizing the organic compound to an intermediate stage of oxygen content or
to carbon dioxide, water, and a mineral acid (if a heteroatom such as nitrogen or chlorine is present).
Other oxidizing agents may be substituted for oxygen. Modifying or removing certain metal ions from
water can be accomplished when the agents replace oxygen as the electron acceptor in the process. A
similar equation can be written to represent the oxidation of substances in the gas phase when the agents

come in contact with an illuminated semiconductor photocatalyst.

The following sections cover reviews written on various aspects of the technology, work in developing
and testing photocatalysts and oxidants, engineering issues, and other topics. These generic sections are
followed by a list of work performed on specific substances. Papers referring to work on gas phase

mixtures are indicated by the prefix "g" in the citation number.



2.0 Generic Information

This section refers to work that cuts across the field of photocatalytic processes for environmental

applications.

2.1 Review Articles

A number of reviews have been written that cover various aspects of photocatalytic chemistry and
technology. These can be found in the following references: 23, 26, 64, 65, 98, 103, 116, 150, 155, 186,
195, 201, 204, 221, 263, 309, 317, 331, 360, 411, 439, 449, 457, 458, 459, 496, 498, 512, 524, 533, 544,
559, 590, 599, 615, and 644, 648, 649, 653, 654, 661, and 663. The Proceedings of the 1st International
TiO, Conference contain 78 papers, most of which are not included individually in the bibliography

reference 656.

2.2 Photocatalysts

The nature of the photocatalyst determines the rate and efficiency of the process. The anatase form of
titanium dioxide has the desirable properties of being chemically stable, readily available, and active as
a catalyst for oxidation processes. On the negative side, its 3.2 eV band gap results in only a small
overlap of its action spectrum with the solar spectrum. Also, the efficiency for converting photons
absorbed to hazardous molecules destroyed is generally low (generally less than 5% in aquecus phase
reactions). To identify the reasons for the low quantum yields and to improve the overlap of the
absorption spectrum of the photocatalyst with the solar spectrum, a great deal of work has been done on
modifying TiO, and testing other semiconductors. This work is broken down into a few broad categories

and covered in the references cited.

2.2.1 Modified Titanium Dioxide

Titanium dioxide and modified forms including different commercially available forms, heat treated
materials, and materials prepared by a range of techniques: 17, 18, 39, 56, 72, 84, 113, 116, 132, 146,
156, 170, 172, 189, 228, 232, 253, 262, 266, 267, 290, 316, 334, 389, 395, 416, 419, 431, 432, 488, 495,
501, 507, 515, 517, 518, 535, 551, 555, 558, 562, 563, 565, 598, 600, 601, 604, 612, 615, 620, 623, 631,
632, and 642.




2.2.2 Hydrophobic Surface Treatment

Titanium dioxide has been modified to make the surface hydrophobic to alter the interaction with organic
compounds in water. This work is covered in the following: 19, 210, 215, 268, and 436.

2.2.3 Dye Sensitized Titanium Dioxide

Dye sensitizers have been used in conjunction with titanium dioxide to improve the response to visible
light: 53, 140,142, 144, 183, 280, 281, 282, 283, 483, and 619.

2.2.4 Metal lon Doping of Titanium Dioxide

Other metal ions have been introduced into the titanium dioxide lattice to modify the properties. They
are covered in the following: Si - 27, 206, 367, 368, 504, and 566; Li-288; Al-27, 565; Mg-242; V-26
and 265; Cr-315, and 510; Mn-241, and 324; Fe-57, 104, 403, 404, 405, 406, 541, and 579; Y-241; Nb-
491; Mo-2, 26, 315; W-124, 184, 568, and 573; and Ru-2, 47, and 191.

2.2.5 Metallized Titanium Dioxide

Noble metals have been deposited on the titanium dioxide surface to enhance electron transfer: Ni-454,
Cu-193; Rh-205; Pd-205, 302, 413, 435, and 602; Ag-3, 197, 205, 233, 243, 279, 415, and 419; Pt-2, 24,
25,29, 50,51, 90, 92, 97, 133, 134, 139, 170, 191, 192, 193, 198, 205, 206, 208, 243, 257, 264, 295, 314,
338, 344, 393, 394, 413, 454, 496, 497, 506, 522, 532, 540, 546, 552, 555, 574, 595, 617, 618, 621, 625,
2656, and g657; Ag-8, 169, 618, and 630; and Hg-243.

2.2.6 Other Semiconductors

A wide range of other semiconductors have been tested for photocatalytic activity. In general they have
been found to be less active than titanium dioxide. Relevant work is cited in the following: Sr-or
BaTiO,-191, 309, 382, and 506; V,0,- 201; Fe,0,-3, 41, 548, 642, FeO(OH)-179; Zn0-3, 29, 156, 172,
242, 261, 326, 372, 374, 375, 376, 437, 450, 477, 506, 548, and 569; Zn- or CdS- 41, 47, 375, 420, 613,
and 625; ZnO/Pt-29; ZrO2-17 and 156; M00;-17; Mo0S,-280; SnO,-156; WO0,-338, 506, and 548; SiO,-
375; TiO/N-224; and Natural Minerals-255, 256, 425, 437, 441, and 646.



2.2.7 Immobilized Photocatalysts

Most experimental work on aqueous systems has been performed using the photocatalyst in the form of
fine particles suspended in the liquid phase. In a waste treatment application it would be simpler if the
catalyst were immobilized in the photoreactor so the material would not have to be separated from the
treated fluid in a subsequent process step. Titanium dioxide has been affixed to a variety of surfaces in
attempts to solve this problem. The following refer to the surfaces indicated: Glass-2, 23, 28, 97, 165,
198, 228, 355, 396, 474, 485, 486, 487, and 527; Metal-167, 323, 384, 499, and 629; Ceramic-20, 101,
228, 362, 367, 372, 489, 490, 547, 550, 562, 582, 628, and 633; Polymer-52, 66, 89, 196, 209, 228, 236,
285, 382, 383, and 633; and Thin Film-112, 170, 248, 481, and 563.

23 Hydrogen Peroxide and Related Oxidants

Oxygen has been the oxidant of choice in most studies, but hydrogen peroxide has been found to improve
the rates of reaction with a variety of organic substrates. This work is covered in the following: 10, 32,
72, 86, 100, 160, 162, 163, 164, 182, 186, 187, 194, 228, 229, 260, 278, 291, 293, 317, 320, 331, 357,
362, 376, 377, 390, 391, 392, 397, 423, 430, 500, 517, 528, 552, 556, 557, 594, 608, 609, and 621.
24 Engineering issues

In recent years the success of laboratory work has led to interest in applying the technology to
environmental remediation and treatment of process waste streams. Work has appeared in the literature
addressing issues related to the scale-up of the process and resolution of engineering problems.

2.4.1 Reactor and System Design

A number of papers have addressed topics relevant to the designing of reactors for photocatalytic
processes: 21, 22, 33, 35, 40, 69, 101, 108, 109, 191, g239, 261, g270, 275, 276, 277, 310, 370, 373,
472, 478, 502, 503, 548, g549, 553, 554, 568, 573, 585, 589, 591, 614, 640, and 647.

2.4.2 Systems Analysis

As the technology for photocatalyticly treating contaminated air or water has progressed, a few studies

have compared the costs of solar energy and electric lamps as photon sources, others have compared the



photocatalytic processes with conventional treatment methods, such as carbon adsorption or UV-peroxide
oxidation: 64, 434, 2480, 485, 508, 511, 526, 584, 585, 586, and 662.

2.5 Miscellaneous Topics

This category includes papers of interest that do not fall into the preceding headings: photoelectrophoresis
81; photoelectrochemical detector 87; polypyrole formation 157; pigments 172; rate limiting processes 173,
174, 175; flat-band potentials 106; action spectrum 133; desorption of water 339, photoconductivity 460;
laser photolysis 488, charge carrier dynamics 513; particle photoelectrodes 529, 531; and UV attenuation
543.

2.6 Patents

The number of patents that cover aspects of photocatalytic technology has increased rapidly in the last
decade. They cover a range of aqueous and gas-phase applications. Many are broadly written and appear
to overlap in claims.

2.6.1 Aqueous Systems

Patents that mainly focus on aqueous treatment range from specific waste streams and reactor types to
those making broad claims that cover major segments of potential markets for the technology. These are
covered in the following references: removal of organic compounds from water 78, 198, 261, 284, 324,
548, and 650; reduction of metals 50, 284, and 593; decarboxylation of saturated carboxylic acids 51;
reactors and treatment processes 20, 107, 108, 109, 191, 371, 372, 373, 502, and 503; drinking water
disinfection 553; electroless coating 349 and 350; use of peroxides as oxidizing agents 320; dye modified
titanium dioxide 183; metallized photocatalyst 90; and photoelectrochemical reactor 21 and 22.

2.6.2 Gas-Phase Systems

A number of patents refer specifically to applications of photocatalytic process to remove or alter organic
compounds in the gas streams. These are included in the following: ethylene and other hydrocarbons
225, 651, and 652; other organic compounds including chlorofluorocarbons and fluorocarbons 239, 307,
322, 409, 482, 471, and 473; deodorizing air 241, 271, 274, 275, 276, 277, 573, and 589; ammonia



oxidation 367 and 368; oxidants for gas-phase reactions 471 and 473; and reactor and catalyst
configurations 246 and 638.

2.6.3 General Patents

Some patents contains claims that may be broad enough to cover aqueous or gas-phase systems or cover
aspects of photocatalytic processes that can apply to both types of systems: processes 13, 199, 481, 591,
and 592; photocatalyst structures and production methods 165, 167, 196, 209, 236, 285, 355, and 554; and
reactors 478.



3.0 Compounds Studied

A list of the compounds included in various lists of priority pollutants, air toxics, and the toxic release
inventory compiled by the EPA' provides a convenient frame of reference for citing the application of
photocatalysis to compound oxidation. Table 1 lists compounds in the EPA categories; Table 2 lists
organic compounds that are not in EPA lists; and Table 3 covers both EPA listed and unlisted inorganic
compounds. The inorganic compounds are arranged by element unless a significant number of citations
referred to work on a specific ion or compound. Formulas of compounds, when given, are not in the
standard format because the software used to prepare the tables did not support subscripts. A few broad
categories are included in Table 2 that reflect new applications. These are bacteria/algae, coal, AOX or
haloform precursors, and oil/petroleum. Again, the citation prefix "g" indicates a gas-phase study. The
treatability of compounds not studied can in many cases be inferred from results for related compounds
in the tables.

! "Notice of the Second Priority List of Hazardous Substances Commonly Found at Superfund
Sites," Environmental Reporter, October 28, 1988, 1255-1260.
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Table 1. Organic Compounds in EPA Lists of Priority Pollutants, Air Toxics,
Or Toxic Release Inventory

Substance Formula Class| Halo-| Het. Tio2
gen Atom Reference

1,1,1-Trichioroethane CHCl2CH2Cl (o} 227,9321,341,342,429
1,1,2,2-Tetrachloroethane CHCI2CHCI2 Cl 341,342,492
1,1,2-Trichloroethane CHCI2CH2ClI Cl 341,342
1,1,2-Trichloro-1,2,2-trifluoroethane CCI2FCCIF2 C\F 341,342
1,1-Dichiorosthane CH3CHCI2 Cl 341,342
1,1-Dimethy! hydrazine (CH3)2NNH2 N
1,2,3-Trichloropropane CH2CICHCICH2CI cl
1.2,4-Trichiorobenzene CeH3CI3 arom| Ci 16,318
1,2,4-Trimethylbenzene C6H3(CH3)3
1,2-Butylene oxide H2COCHCH2CH3
1,2-Dibromoetiane BrCH2CH2Br Br 407
1,2-Dibromo-3-chloropropane (DBCP) | CH2BrCHBrCH2CI Br,Cl
1,2-Dichlorobenzene ' CeH4CI2 arom| Cl 318,492
1,2-Dichloroethane CICH2CH2CI Cl 341,342,358,428
1,2-Dichloroethylene CIHC:CHCI olef | Cl 492
1,2-Dichloropropane CH3CHCICH2CI c 492
1,2-Dinitrotoluene CE6H3CH3(NO2)2 arom N
1,2-Diphenylhydrazine C12H12N2 arom N
1,2-Trans-dichloroethene C2H2CI2 oef | C
1,3,5-Trinitrobenzene C6H3(NO2)3 arom N
1,3-Butadiene HZ2C:.CHHC:.CH2 olef g24
1,3-Dichlorobenzene C6HAC arom| € 318
1,3-Dichloropropene CHCI:CHCH2CI olef | C
1.4-dichlorobenzene C6eH4CI2 arom| Ci 169,316,435
1,4-Dioxane OCH2CH20CH2CH2
1-Amino-2-methylanthraquinone C6H4[C(0O))]2C6H2NH2CH3 arom
1-Bromo-4-phenyoxy benzene p-BrC6H40QCEH5 arom| Br
2,2 4-Trimethyipentane (CH3)3C5H9 g321
2,3,7,8-Tetrachlorodibenzo-p-dioxin C12H4CI402 arom| Cl 175,16
2,4 5-Trichlorophenoxyacetic acid C6H2CI30CH2CO2H arom| Cl 46,522
2,4,5-TP acid (silvex) CI3C6H20CH(CH3)COOH arom| CI
2,4,5-Trichlorophenol C6H2CISOH arom| Ci 16,46,125,129
2,4,6-Trichlorophenol C6H2CI30H arom| C! 10,125,578,621
2,4,6-Triiitrotoluene CH3C6H2(NO2)3 arom
2,4 Diaminoanisole (NH2)2C6H3OCH3 arom N
2,4-Dichlorophenoxyacetic acid CI2C6H30CH2COOH arom| CI 272
2,4-Diaminoanisole sulfate (NH2)2C6H30CH3.H2504 arom N
2,4-Dichioropheno! Cl2C6H30H arom| ClI 10,12,14,16,301,340,565

578,621



Substance Formula Class|Halo-| Het. Tio2
gen |Atom Reference
2,4-Dimethyiphenol (CH3)2C6H30H arom
2,4-Dinitrophenol C6H30H(NO2)2 arom N |327
2,4-Dinitrotoluene C6H3CH3(NO2)2 arom
2,4-Toluene diamine CH3(NH2)2C6H3 arom N
2,6,Dinitrotoluene C6H3CH3(NO2)2 arom N
2,6-Xylidine (CH3)2C6H3NH2 arom N
2-Acetylaminofiuorene CH3C(O)NHCEH3CH2C6H4 arom| F N
2-Aminoanthraquinone C6H4(CO)2C6H3NH2 arom N
2-Butanone CH3COCH2CH3 keto
2-Chloroacetophenone C6H5COCH2CI arom| Cl
2-Chioroethyl vinyl ether CH2CICH20CHCH2 olef | Cl
2-Chiorophenol C6H40HCI arom| Cl 95,126,235,358,361,363,577
321,441,578
2-Ethoxyethanol H3CCH20CH2CH2CH20H 85
2-Methoxyethanol MeOCH2CH20H 321
2-Methyinaphthalene C10H7CH3 arom
2-Nitrophenol NO2C6H40H arom N |372
2-Nitropropane CH3CHNO2CH3 N
2-Pentanone, 4-Methyi CH3(CH2)2COCH3 keto
2-Phenyiphenol C6H5C6H40H arom
3,3"-Dichlorobenzidine C6H3CINH2C6H3CINH2 arom|{ Cl | N
3,3"-Dimethoxybenzidine [C6H3(OCH3)NH2j2 arom N
3.3"-Dimethylbenzidine (o-Tolidine)’ [C6H3(CH3)NH2])2 arom N
4.4"-Dichlorodiphenyldichloroethylene (CIC6H4)2CCCI2 arom| Ci
4,4'-Diaminodiphenyi ether NH29C6H4)2NH2 arom N
4 4'-isopropylidenediphenol (CH3)2C{C6H40H)2 arom
4,4'-Methylenebis(N,N-dimethyl) C17H22N2 arom N
benzenamine ’
4.4'-Methylenedianiline H2NC6H4CH2C6H4NH2 arom N
4,4'-Methylene-bis-(2-chloroaniline) CH2(C6H4CINH2)2 aom| Cl | N
4,4'-Thiodianiline C12H12N2S arom SN
4,6-Dinitro-o-cresol CH3C6H2(NO2)20H arom N
4,6-Dintro-2-methyiphenol C7HEN205 arom N
4-Aminoazobenzene CEH5NNCEH4NH2 arom N
4-Aminobiphenyl CE6H5C6HANH2 arom N
4-Chloroaniline CIC6H4NH2 arom| Ci
4-Chloropheny! phenyl ether p-CIC6H40CEHS5 arom| CI
4-Dimethylaminoazobenzene (CH3)2C6H3NH2 arom N
4-Methylpheno! p-CH3C6H40H arom
4-Nitrobiphenyl C6H5CE6H4NO2 arom N
4-Nitrophenol NO2C6H40H arom N |123
S-Nitro-o-anisidine NO2C6H3(NH2)(OCH3) arom N
Acenaphthene C10HB(CH2)2 arom 233



Substance Formula Class| Halo-| Het. Tio2
gen |Atom Reference

Acenaphthylene C12H8 arom

Acetaldehyde CH3CHO g241,9547,9573

Acetamide CH3CNOH2 N

Acetone CH3COCH3 keto 151,265,9321,358,9451,g472

Acetonitrile CH3CN N

Acetophenone CH3C(O)C6H5 keto

Acrolein CH2CHCHO olef

Acrylamide CH2CHCZONH2 olef N

Acrylic acid H2C:CHCOOH olef

Acrylonitrile H2C:CHCN olef N

Aldrin C12H8CI6 arom| Cl

Allyl chloride H2C=CHCH2ClI olef | CI

Anifine CEH5NH2 arom N |1,351

Anthracene C6H4(CH)2C6H4 arom

Aramite (CH3)3CC6H40CH2CH(CH3)- arom| ClI S

SO3C2H4CI

Atrazine C18H14CINS arom| Cl N [95,101,327,397,437,440,446
441,444,445,655,658

Benzal chloride C6H5CHCI2 arom| CI

Benzamide C6HSCONH2 arom N |335

Benzene C6H6 arom 161,162,163,269,304,351,587
g256,268,9321,321

Benzidine NH2(C6H4)2NH2 arom N

Benzoic acid C6H5COOH arom 82,208,258,351
352,357,358,361,363,582

Benzoic trichloride C6H5CCI3 arom| Ci

Benzoyl chioride C6HSCOCI arom| CI

Benzoyl peroxide (C6H5C0)202 arom

Benzo(a)anthracene C22H14 arom

Benzo(a)pyrene C20H12 arom

Benzo(b)fluoranthene C2CH12 arom

Benzo(g,h,i) perylene . C22H12 arom

Benzyl alcohol C6H5CH20H arom 92

Benzyl chioride C6H5CH2C! arom| Cli

BHC (Benzenehexachloride) C6H6CI6 arom| Cl

Biphenyl C6HS5C6EHS5 arom

bis(2-Chloroethoxy)methane CH2(2-CIC2H50)2 Cl

Bis(2-chloroethyl) ether CICH2CH20CH2CH2C! Cl 492

Bis(2-chloro-1-methylethyl) ether [CICH2(CH3)CH)20 c

Bis(2-ethylhexyl) adipate (C7H13)2C4HB(CO2)2

Bis(2-ethylhexyl)phthalate (C4H9CH(CH2))200C

Bis(chloromethyl)ether (CH2CI)O(CH2Cl) Ci

Bromochloromethane BrCH2Cl Br,Cl

10



Substance Formula Class|Halo-| Het. TiO2
gen |Atom Reference
Bromodichloromethane CHCI2Br Cl.Br
Bromoethane C2H5Br Br
Bromoform (Tribromomethane) CHBr3 Br 492
Bromomethane (Methy! bromide) CH3Br Br
Buty! acrylate CH2:CHCOOC4H9 olef
Butylbenzyl phthalate C4H900CCE6H4COOC7H? arom
Butyraldehyde CH3(CH2)2CHO g68,g451
Calcium cyanamide NCNCa N
Caprolactam CH2(CH2)4NHCO N
Captan (N-Trichloromethylmercapto- COHBCI3NO2S arom| CI | N,S
tetrahydrophthalimide)
Carbaryl [1-Naphthalenol, C10H7O0OCNHCH3 arom N
methylcarbamate]
Carbon disulfide cs2 S
Carbon tetrachloride ccu cl 43,227,234,302,406,428,492
Carbonyl sulfide CcOs
Catechol C6H4(0OH)2 arom 34,379,571
Chloramben (Benzoic acid, 3-amino-2, |C6H(CO2H)(NH2)CI2 arom| CI N
5-dichloro-)
Chlordane C10H6CI8 Cl
Chloroacetic acid CH2CICOOH Cl 52,100,228,293,428,555
Chlorobenzene C6eH5ClI arom} Cl 321,351,358,366,426,428
492,385
Chlorobenzilate (Benzeneacetic acid, (C6H4CI)2C(OH)COOC2H5 arom| Cl
4-chioro-alpha-(4-chlorophenyl)-)
Chlorodibenzodioxins, various C1202H8-xClx arom| Ci 16,441,443
Chlorodibenzofurans C120H8-xCix arom| Cl
Chlorodibromomethane CiBr2CH Br,Cl
Chlorodifluoromethane . CHCIF2 C\F
Chloroethane C2H5CI Cl 341,342
Chioroform CHCI3 c 4,234,292,351,428,468,492
40,42,227,g321,321,393,394
395,396
Chioromethane CH3CI Cl
Chloromethy! methyl ether C2H5CIO Ci
Chioroprene H2C:CHCCI:CH2 olef | Cl
Chiorothalonil (1,3-Benzendedicarboni- | C6CI4(CN)2 arom N
trile, 2,4,5,6-tetrachlioro-)
Chrysene C18H12 arom
cis-1,2-Dichloroethylene CIHC:CHCI olef | Cl
cis-1,3-Dichloropropene CHCI:CHCH2CI olef Cl
o-,m-,p-Cresols CH3C6H40H arom 572
Cumene C6HSCH(CH3)2 arom
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Substance Formula Class|Halo-| Het. TiO2
gen |Atom Reference
Cumene hydroperoxide C6HS5C(CH3)200H arom
Cupferron (Benzeneamine, N-hydroxy- | CEHSN(NO)ONH4 arom N
N-nitrose, ammonium salit)
Cyclohexane C6H12 203,611,612
Cyclohexanone CeH100 keto
Cyclonite (RDX) (CH2)4(NNO2)4 N
Decabromodiphenyl oxide (C6Br5)20 arom| Br
Dialate [Carbamothioic acid, bis [(CH3)2CH]2NCOSCH2CCICHC! |arom| ClI | N,S
(1-methylethyl)-, S-(2,3-
dichloro-2-propenyl) ester]
Diaminotoluene (mixed isomers) CH3C6H3(NH2)2 arom N
Diazomethane CH2N2 N
Dibenzofuran C12H80O arom
Dibenzo(a,h)anthracene C22H14 arom
Dibromochloropropane CH2BrCHBrCH2C! Br,Cl
Dibutyl phthalate C6H4(COOC4H9)2 arom
Dichlorobenzene (mixed isomers) C6H4CI2 arom| Ci 8,583
Dichlorobromomethane CHBrCI2 Ci,Br
Dichlorodifluoromethane CClI2F2 C\F
Dichlorvos (Phosphoric acid, 2 (CH30)2P(0)OCH:CCI2 o] P
dichioroethenyl dimethy! ester)
Dicofol ,4,4'-Dichloro-alpha-trichloro- C14H9CIS0 arom| Cl
methylbenzhydrol
Dieldrin/aldrin C12H100PCI6 arom| Cl P
Diepoxybutane C4H602
Diethanolamine (HOCH2CH2)2NH N
Diethyl phthalate C6H4(CO2C2H5)2 arom 397
Diethyl sulfate (C2H5)2S04 )
Dimethyl aminoazobenzene C6HSNNCEHAN(CH3)2 arom N
Dimethyl formamide (DMF) HCON(CH3)2 N [321,g321
Dimethyl phthalate C6H4(COOCH3)2 arom
Dimethyl sulfate (CH3)2504 S
Dimethyicarbamyl chioride (CH3)2NCOC! (o] N
Disulfoton (C2H50)2P(S)SCH2CH2SCH2CH4 P.S
Di-n-butyl phthalate C6H4(COOC4H9)2 arom 187
Di-n-octyl phthalate C6H4(CO2)(n-CBH17)2 arom
Di-(2-ethylhexy) phthalate (DEHP) C6H4{COOCH2CH(C2H5)C4H9]2 |arom
Endosulfan C9H6CI603S arom| CI
Endrin aldehyde/ endrin (C12H80CI6) arom} Cl
Epichlorohydrin CH20CHCH2CI cl
Ethyl acryiate CH2:CHCOOC2H5
Ethyl chloroformate CICOOC2H5 Ci
Ethylbenzenrie CeH5C2H5 arom
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Substance Formula Class|Halo-| Het. Tio2
gen | Atom Reference

Ethylene H2C.CH2 olef g24,225,g414

Ethylene glycol CH20HCH20H

Ethylene oxide CH2CH20

Ethylene thiourea NHCH2CH2NHCS N.S

Ethyleneimine (Aziridine) CH2NHCH2 N

Fluometuron [Urea, N,N-dimethyl-N-[3- | C10H11F3N20 arom| F N

(trifiuoromethyl)phenyl}-)

Fluoranthene C16H10 arom

Fluorene C6H4CH2C6H4 arom

Fluorotrichloromethane CCI3F C\F

Formaidehyde HCHO g451

Heptachior/heptachlor epoxide C10H7CI7 arom| Cl

Heptane CH3(CH2)5CH3

Hexachlorobenzene ceCle arom{ Cl

Hexachlorobutadiene CI2C:CCICCl:CCl2 olef | Cl

Hexachlorocyclopentadiene CsCl6 olet | Ci

Hexachloroethane CI3CCCI3 (@]

Hexachloronaphthalene C10H2CI6 arom| CI

Hexamethylphosphoramide [(N(CH3)2]3PO P.N

Hexamethylene-1,6-diisocyanate OCN(CH2)6NCO N

Hexane CH3(CH2)4CH3 614

Hydraquinone C6H4(OH)2 arom 142,379,254,571

Indeno(1,2,3-cd)pyrene C22H12 arom

Isophorone C(O)CHC(CH3)CH2C(CH3)2CH2

isopropyl alcohol (CH3)2CHOH 95,96,97,113,9114,138,200,358
151,412,514,532,605,185
290,413,419,604,610,623

Lindane (gamma-Benzenehexachloride)| CEHECI6 arom| Ci 492

Malachite Green C23H25CIN2 arom| Cl | N [238,474

Malathion (CH30)2P(S)SCH(COOC2H5)CH2 P,S |182

Maleic anhydride HC:CHC(0)OC(0) olef

Maneb (Carbamodithioic acid, 1,2 (SSCNCH2CH2NHCSS)Mn N.S

ethanediylbis-,manganese complex)

Mechlorethamine CH3N(CH2CH2Cl)2 Cl| N

Melamine H2NCNC(NH2)NC(NH2)N N

Methanol CH3OH 77,996,139,9325,352,358
363,410,536,151,311,321
400,419,464,9597,600,602

Methoxychlor CI3CCH(C6H40CH3)2 arom| Cl

Methyl acrylate CH2:CHCOOCHS3 olef

Methy! butyl ketone CH3COC4H9

Methyl ethyl ketone CH3COCH2CH3

Methy! iodide CH3I |
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Substance Formula Class| Halo-| Het. TiO2
gen |Atom Reference
Methyl! isobutyl ketone CHCOCH3
Methyl isocyanate CH3NCO N
Methyl methacrylate CH2:C(CH3)COOCH3 olef
Methyl tert-butyl ether (CH3)3COCH g472
Methylene bromide CH2Br2 Br
Methylene chloride CH2CI2 cl 230,358,428,492,563,565
562,564
Methylenebis(phenylisocyanate) (MBI) | CH2(C6H4NCO)2 arom N
Methylhydrazine CH3NHNH2 N
Michler's ketone CO[C6HAN(CH3)2)2 arom N
Mirex c1oCh2 ci
Mustard gas S(CH3CH2CH)2 cl S
m-Nitroaniline NO2C6H4NH2 arom N
N.N-Dimethylaniline C6H5N(CH3)2 arom N
Naphthales: C10H8 arom 261
Naphthylamine (alpha-, beta-) C10H7NH2 arom N
Nitrilotriacetic acid N(CH2COOH)3 N
Nitrobenzene C6H5NO2 arom N |351,352,353,358,363,464
Nitrofen [Benzene, 2,4-dichloro-1- C12H7CI2NO3 arom| CI N
(4-nitrophenoxy)-]
Nitrogen mustard (2-Chloro-N-(2- (CICH2CH2)2NCH3 Cl N
chloroethyl)-N-methylethanamine)
Nitroglycerin CH2NO3CHNO3CH2NO3 N
Nitrophenol NO2C6H40H arom N {36,123,352,432
n-Buty! alcohol CH3(CH2)2CH20H 139
n-Dioctyl phthalate (C8H1700C)2C6H4 arom
N-Nitrosodiethylamine C4H10N20 N
N-Nitrosodimethylamine (CH3)2N20 N
N-Nitrosodiphenylamine (C6H5)2NNO arom N
N-Nitrosodi-n-butylamine ONN(n-C4H9)2 N
N-Nitrosodi-n-propylamine ONN(n-C3H7)2 N
N-Nitrosomethylvinylamine ONN(CH3)(C2H3) N
N-Nitrosomorpholine ONNC4H8O N
N-Nitrosonomicotine N
N-Nitrosopiperidine C5H10NHNO N
N-Nitroso-N-ethylurea C(O)(NH2)N(NO)C2H5 N
N-Nitroso-N-methylurea C(O)(NH2)N(NO)(CH3) N
n-Pentane CH3(CH2)3CH3
Octachioronaphthalene C10C18 Cl
Octane CH3(CH2)6CH3
Oxirane H2COCH2
o-Anisidine CH30C6H4NH2 arom N
o-Anisidine hydrochloride CH30C6H4NH2.HCI arom| Cl N
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Substance Formula Class| Halo-| Het. TiO2
gen |Atom Reference

o-Nitroaniline NO2C6H4NH2 arom N

o-Toluidine CH3C6H4NH2 arom N

o-Toluidine hydrochloride CHICBH4ANH2.HCI arom| Cl

Parathion (DNTP) (C2H50)2P(S)OCEHANO2 arom P,S | 182

PCBs (Aroclor 1260,1254,1248, and1242 C12CIxH10-x arom| Ci 20,321,443,645

Pentachlorobenzene C6CISH arom| Cl

Pentachiorophenol C6CISOH arom| CI 12,14,49,340,377,492,522
578

Peracetic acid CH3COOOH

Phenanthrene C4H10 arom 233

Phenol C6HSOH arom 15,32,34,208,351,354,358
423,424,196,433,515
516,517,518,579,582
33,35,321,345,364,365,464
510,555,575,576,580,607
608,609,619,621

Phenol,2-methy! CH3C6H40H arom

Phosgene cocl2 cl 63,9408

Phthalic anhydride C6H4(C0)20 arom

Picric acid C6H2(NO2)30H arom N

Polybrominatedbiphenyis C12BrxH10-x arom | Br,C!

Propane sultone C3HES02 S

Propionaldehyde C2H5CHO

Propiolactone, beta- OCH2CH2CO

Propoxur [Phenol, 2-(1-methylethoxy)- |C11H15NO3 arom N

methyicarbamate)

Propylene oxide CH20CHCH3

Propylene (Propene) CH3CH:CH2 g24,925,9110,g657

Propyleneimine CH3HCNHCH2 N

Pyrene C16H10 arom

p-Anisidine CH30C6H4NH2 arom N

p-Chloro-m-cresol C6H3CH30HCI arom{ CI

p-Cresidine CH3C6H3(NH2)OCH3 arom N

p-Nitrosodiphenylamine (C6H5)2NNO arom N

p-Phenylenediamine C6H4(NH2)2 arom N

Quinoline CaOH7N arom N

Quinone C6H402 arom 34

Quintozene (Pentachloronitrobenzene) | C6CISNO2 arom| Ci N

Safrole C3H5C6H302CH2

sec-Butyl aicohol CH3CH2CHOHCH3

Sevin (carbaryl) C10H700CNHCH3 arcm

Sodium Alizarinsulfonate SO3C6H3(CO)2C6H2(0OH)2Na arom N,S ]238,474

Styrene C6H5CH:CH2 arom
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Substance Formula Class|Halo-| Het. TiO2
gen JAtom Reference

‘ Styrene oxide C6HSCHOCH2 arom

Terephthalic acid C6H4(COOH)2 arom

tert-Buty! alcohol (CH3)3COH 151,419,601

Tetrachloroethylene ci2c:.cc2 olef | Cl g11,52,177,428,492,557,587
227,521,566

Tetrachlorvinphos C10HOCI404P arom} Cl P

Tetrahydrofuran CH2CH2CH2CH20

Thioacetamide CH3CSNH2 SN

Thiourea (NH2)2CS SN

Toluene C6H5CH3 arom 91,161,162,163,164,304,321
g321,403,406,9547,9549

Toluene diisocyanate CH3C6H3(NCO)2 arom N

Total xylenes C6H4(CH3)2 arom

Toxaphene C10H10CI8 arom| Cl

Triaziquone C12H13N302 arom N

Trichlorfon (CH30)2P(0)CH(OH)CCI3 clr

Trichloroethylene CHCI:CCI2 olef | Ci 4,0118,g120,g121,333,358
428,429,469,9473,484,492
557,606,911,52,963,66,67
105,9119,9122,177,227 228
239,321,9321,370,3408,9453
g471,555,9628

Triethylamine N(C2HS5)3 N

Trifluralin F3C(NO2)2C6H2N(C3H7)2 F N

Trinitrophenylimethylinitramine (NO2)3C6H2N(NO2)CH3 arom N

Tris(2,3-dibromopropyt) phosphate (CH2BrCHBrCH20)3PO Br| P

Urethane (ethyt carbamate) CO(NH2)OC2H5 N

Vinyl acetate ‘CH3COOCH:CH2 olef

Vinyl bromide CH2CHBr olef | Br

Vinyl chioride CH2:CHCI olef | CI

Vinylidene chloride CH2:CCI2 olef | Ci

Xylene {(mixed isomers) C6H4(CH3)2 arom 304,451

Zineb Zn(CS2NHCH2)2 SN



Table 2. Other Organic Compounds Treated by a Photocatalytic Process

Substance Formula Class|Halo-| Het. Tio2
gen |Atom Reference
1,1,1,2-Tetrachloroethane CI3CCH2ClI Cl 343
1,1,1-Trifluoro-2,2,2-trichloroethane F3CCCL3 F.Cl 492
1,1,1-Trifluorobromochloroethane C2HF3CIBr F 43,45
1,1-difluoro-1,2,2-trichloroethane CIF2CCHCI2 F.Cl 492
1,1-difluoro-1,2-dichloroethane FCICCCIH2 F.CI 492
1,1-Difluoroethylene CH2CF2 olef F g414
1,3-Diphenylisobenzofuran (C6H5)2C6H20CEH4 arom 596
1-Bromodecane BrC10H21 Br 438
1-Bromododecane BrC12H25 Br 448
1-Butanol CH3(CH2)30H g68
1-Dodecanol CH3(CH2)110H 448
1-Hexene Cé6H12 olef 9545
1-Propanoi 1-C3H7OH 139,311,358,454
2,3- or 3,4-Difluorophenol F2C6H30H arom| F 379
Tris-(2,4-dichlorophenoxy)ethyiphosphite | C2H5P[OC6H3CI2)3 arom| Cl P |560
2,6-Dichlorophenol C6H3CI20H arom} Cl 10,125,565
2,7-Dichlorodibenzo-p-dioxin Cl2C12H602 arom| Cl 443
2-, 3-, 4-Fluorophenol FC6H40OH arom| F 379
2-Chiorodibenzo-p-dioxin CIC12H702 arom| Cl 443
2-Chloroethyimethylsulfide CICH2CH2SCH3 Cl S |156
2,3- and 2,5-Dichlorophenol CI2C6H30H arom| CI 578
2,5-Dinitrophenol (NO2)2C6H30H arom| CI N [123
2,6-Dichloroindophenol C8H2N(OH)CI2 arom 83
2-Furoic Acid (CH2)3CHOCO2H 402
2-Naphthol C10H70OH arom
3,3,3-Trifluoropropene CH2CHCF3 g414
3,3"-Dichlorobiphenyi (CiC6H4)2 arom| CI 443
3.4-Chlorophenol 3,4-Cl2C6H30OH arom| Cl 125,442
3-Chlorophenol m-CIC6H40H arom| Ci 126,363,521,578
3-Chlorosalicylic acid C7H5CIO3 arom| Cl 490,491,582
4-Chloro-3-nitro-benzotrifluoride C6HCI(NO2)F3 arom|FCl{ N |117
4-Chlorophenol CIC6H40H arom| Ci 16,17,48,358,361,363,565
577,582,378,578,621
4-Nitrocatechol (NO2)C6eH3(0H)2 arom N
4-Nitrophenylethyiphosphinate (NO2)CeH4(C2H5)PO2 arom N,P |182
4-Nitrophenylisopropylphosphinate arom NP [182
4-nitrophenyidiethyiphosphate arom NP | 181,182
4-Thiophenyl-1-butanol C6H5S(CH2)40H arom S |153
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Substance Formula Class|Halo-| Het. TiO2
gen |Atom Reference

4-t-Butyltoluene p-(t-C4HY)C6H4CH3 455,g455

4-Hydroxybenzy! Alcohol p-HO(C6H4)CH20H arom 477

5-Fluorouracil FCAH(NH)2(0)2 F 327

5-Hydroxypentanoic acid HO(CH2)4CO2H 298

12-phenyldodecanesulfonate, Sodium Sﬁ C6H5(CH2)12S03H arom 646

Acenapthane C10H16(CH2)2 233

Acetic Acid CH3CO2H 50,58,60,100,291,296,297

. 298,352,358,363,196,475

495,514,295,61,151,264,633
9659,9660

Acetophenone CH3COC6H5 arom 162,163,200

Adipic acid C5H11CO2H 208,258

p-alkyiphenol (various) R(C6H4)OH arom 447

Allyl alcohol C3H50H 456

Alochlor 387

AOX or Haloform Precursors 190,537,538

Asulam 560

Azobenzenes (various) XCEHANNCEH4X arom N |140,141,237,380,381,536

Bacteria/Algae p167,249,348,493,494,553
567

Benzoquinone C6H402 379,423

Benzyldodecyldimethylamonium chioride| (C6HSCH2)(C12H25)(CH3)2N,Cl jarom| CI | N 211,222

Biomass 137

Biphthalate (C6H4)(CO2H)CO2)(-1) arom

Butane C4H10

Buty! alcohol n-C4H70H g451,455

Butadiene CH2CHCHCH2 g24

Butyric acid C3H7CO2H 179,344,495

Carbon dioxide (reduction) CcO2 g28,9188,247,226,240,254
280,384,483,9558

Carbon monoxide co g6.955,963,9201,9558

Carbon tetrabromide CBr4 Br g9

Chlorofluorocarbons, various F.C 9307,9308,321,9321,g409
g482,g492

Chiloral hydrate CI3CO(0OH)2 Cl 556

Chioranil, o- and p- C6Cl402 Ci 377

Chloroethylammonium chioride CIH3N,CI @] N (292

Coal 197

Congo Red C32H2206N6S2Na2 474

Cresol violet arom 299,474

Cyanuric acid C3N3(0H)3 N [440

Cyclohexanedicarboxylic Acids C6H10(CO2H)2 399

Cyclohexene C6H10 19,203
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Substance Formula Class|Halo-| Het. TiO2
gen |Atom Reference

Cyclohexene oxide C6H100 19,622

Cyclophosphamide OPONHC3H6[N(C2H4Cl)2) PN |327

Cynnamyl! alcohol C6MH4C2H20H arom 456

DDT (CIC6H4)2CHCCI3 arom| Cl 74,492,522

Decalin C10H18 203

Decanoic acid C9H19CO2H 438

Decanol HOC10H21 433

Desipramine (C6H4)2(CH2)2N(CH2)3NHCH3 327

Dibromomethane CH2Br2 Br 407

Dichloroacetic acid CI2CHCO2H Cl 100,428

Dichloroacetyl Chioride Cl2CHCOC! (¢] 63,9408

Diphenylmethane (C6H5)2CH2 arom 319

Diphenyisulfide (C6H5)28 arom S |154

Dodecane C12H26 448

Dodecyi sulfate (C12H25)2804 438,220,448

Dodecylbenzenesulfonate (C12H25)C6H4S03)(-1) arom S 211,222,646

Doxycycline 326

Eosin 386

Ethane C2H6 g115,9146,9652

Ethanol C2H50H 1,139,352,358,363,497,623
251,252,253,267, 413,419
436,454,623

Ethyiacetate CH3CO02C2H5 358

Ethylenediaminetetraacetic acid (O2CCH2)4N2C2H4 N 159,309,321,327,464,492

Fenitrothion C9H12NOSPS arom NSP | 560

Fluorescein C20H1205 arom 356,361,474

Formic Acid HCO2H 62,194,351,352,358,363
274,634,2,59,67,101,151
353,464,g657

Glycerol 321

Hexafluoropropene CF2CFCF3 F gd14

Humic Acids 353

Hydrocarbons 257

Hydroxybenzoic acid (various) HOC6H4(OH)CO2H arom 357

Hydroxycarboxylic acids, aipha RCH(OH)CO2H 192

Hydroxyethyicellulose 595

Isobutane C4H10 g110,9146,9147,9148,g149
g127,9102,9202,g651

Isobutanol CH3CH(CH3)CH20H 623

Isobutene C4H8 g24,925,929,9102,9110,9148

Isobutyric Acid CH3CH(CH3)CO2H 9547,9549

Isoprene CH2C(CH3)CHCH2 g255

Isorsorbide dinitrate C602H8(ONO2)2 N 327
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Substance Formula Class| Halo-] Het. TiO2

gen |Atom Reference

L-Lysine NH2(CH2)4CH(NH2)CO2H 420

Lactic acid C3H603 245,626

Malonic Acid CH2(CO2H)2 193

Methane CH4 184

Methanethiol CH3SH S g274,9547,9549,9573

Methyt orange Na,03SC6H4N2CE6H4N(CH3)2 arom N,S [238,86,88,362,474

Methyli viologen 43,44,129,398,405,527,534

Methylene blue (CH3)2NC6H3NSCE6H3N(CH3)2,Clfarom| Ci | N,S |238,359,362,474

Methylvinylketone CH3COC2H3 340,388

Monuron CIC6H4NHCON(CH3)2 arom| CI N |466

m-Phenoxytoluene m-C6H50-C6H4CH3 70

Naphthol C10H70H arom 358

Nitrotoluene, various NO2C6H4CH3 arom N 321

Nonyiphenolethoxylate C9H17C6H40C2H5 arom 211,214,219,220,447

Oil/Petroleum 198,485,486,487,650

Oxalic acid C204H2 151,179,193

Pendimethalin 387

n-Pentyl amine n-C5H11NH2 N |327

Permethrin 210,215

Picoline CH3C5H4N arom N 152

Piperidene C5H10NH N 1327328

Polyethoxylene Alkyl Ethers R2(0OC2H4)n 212

Polyethylene (CH2CH2)n 417

Polyvinylalcohol (C2H30H)Nn 374

Proline C4HBNCO2H N |328

Prometon 440,445

Prometryn 440,445

Propionic acid C2H5CO2H 344,495,151,61

Propyne CH3CCH 924,929

Pyridine CSHSN arom N 327,328,9558

Pyrocatechol 0-C6H4(OH)2 arom 423

Reactive Dyes 636

Red Dye 79 arom N,S [333

Resorcinol CeH602

Rhodamine B 362

Rose Bengal 569

Salicytic acid C7H603 arom 1,351,352,358,361,363

430,582,208,170,353,362
364,435,464

Simazine (C2H5)CI(NHC2H5)C3N3 N 440,445

Sodium chloroacetate CH3CO2Na Ccl

Sodium dodecylbenzene sulfonate C12H25C6H4SO3Na arom S |213,216,217,219,259

Stilbene C6H5CHCHCEHS arom g6
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Substance Formula Class|Halo-| Het. Tio2
gen |Atom Reference

Sucrose C12H22011 352,353,358
Tetrafluoroethylene C2F4 olet F g414
Tetralin C10H12 203
Tetramethylenediamine NH2(CH2)4ANH2 N {305
Tetrabutylammonium phosphate [(n-C4HZ)aNl4,PO4 P |327
Theophyliine C7HBN402.H20 arom N 328
Thioethers RSR' S |99
Thiobencarb 11
Thymine C5HEN202 arom N |418
Trichloroacetic acid cizccozH Cl 100,292,342,428
Trietazine N 440,445
Triethanolamine N(CH2CH20H)3 N 305,309
Trihydroxybenzene (HO)3C6H3 arom 423
Trimethylamine (CH3)3N N 547,573
Trinitrophenol (NO2)3C6H20H 123
Triphenylacetic acid (C6H5)3CCO2H arom 297
Umbelliferone CoH603 arom 352,353,358,361
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Table 3. Inorganic Substances Included in EPA Lists of Hazardous Substances
And/Or Treated by a Photocatalytic Process

Substance/Element Formula/Symbol TiO2

Reference

Actinides Th,Pa,U,Np,Pu 168,284

Aluminum (fume or dust) Al

Aluminum oxide Al203

Ammonia NH3 94,262,327,382,509,603,637
104,367,368,461

Ammonium nitrate (soin) NH4NO3

Ammonium sulfate {soin) (NH4)2S04

Antimony Sb

Arsanic As

Asbestos Mg,Si

Azide ion N3({-) 337

Barium ) Ba

Berylium Be

Bismuth Bi 244

Boron. B

Cadmium Cd 464,465

Chiorine cl

Chlorine dioxide Cio2

Chromium Cr 3,171,463,464,489,634,641

Cobalt Co

Copper Cu 61,91,463,475,60,59,450
464

Cyanide and Complexes CN(-1) and M{CN)x 54,158,159,218,338,375,450
462,470,643

Goid Au 8,77,79,80,284,527 528,528

Halide ion X(1-), X=F,Cl,Br,or | 129,143,207,200,278,598,594
144,201,374,476

Hydrazine H2NNH2

Iron Fe L))

Lead Pb 312,314,574

Manganese Mn 91,329

Mercury Hg 463,464,465,523,238,570

Molybdenum Mo

Nickel Ni 91,463,464 ,465

Nitrates/nitrites NO3(-1),NO2(-1) 231,232,376,412,461,639
462,624,625

Nitric Oxide NO 94,230,240,303,455,635

Nitrogen N2 242,243,433,510,512,535
541
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Substance/Element Formula/Symbol Ti02

Reference

Oxalate ion C204(2-) 127,134,342

Oxygen 02 g180

Ozone 03 g415,g422

Palladium Pd 453

Phosphorus 128,223,300

Platinum Pt 79,80,284,463,464,465

Radium Ra

Radon Rn

Rhodium Rh 79,80

Selenium Se

Silicon Si 38,131,436

Silver Ag 38,289,290,412,416,419,443
463,464,465,495,506,507
517,518,519,600

Strontium Sr

Sulfate radical S04(1-) 539

Sulfite 41,201,642

Sulfur 41,47,347,9547,9549

Sulfur dioxide S02

Sulfuric acid H2804

Thallium T

Thiocyanate SCN(1-) 130,313

Thiosulfate $203(2-) 75,76,158

Thorium Th

Tin Sn 131

Tritium H.(T)

Tungsten w 568

Vanadium \'A

Zinc Zn 91

Water H20 31,135,136,176,183,273,286

23

287,287,306,401,498
501,616,617,627,630,629



4.0 Conclusions

The level of activity in this field has grown at a rapid rate. Early work was directed primarily at
developing methods for synthesis of oxygenated organic compounds, but the potential to develop new
methods for solving environmental problems has been the primary driving force for work in this area
during the last decade. The ability to use sunlight photons to power the photocatalytic process has opened
new avenues of research and development in applications of solar technology. The increase in patent
activity during the last five years indicates that a variety of applications for photocatalytic detoxification
are possible.



10.

11.

12.

13.

14.

5.0 Bibliography

Abdullah, M., Low, G. K. C., and Matthews, R. W. "Effects of common inorganic anions on rates of
photocatalytic oxidation of organic carbon over illuminated titanium dioxide." J. Phys. Chem. 94,
no. 17 (1990): 6820-5.

Aguado, M. A, and Anderson, M. A. "Degradation of formic acid over semiconducting membranes
supported on glass: effects of structure and electronic doping.” Sol. Energy Mater. Sol. Cells 28, no.
4 (1993): 345-61.

Aguado, M. A, Gimenez, J., and Cervera-March, S. "Continuous photocatalytic treatment of
chromium(VI) effluents with semiconductor powders." Chem. Eng. Commun. 104 (1991): 71-85.

Ahmed, S., and Ollis, D. F. "Solar photoassisted catalytic decomposition of the chlorinated
hydrocarbons trichloroethylene and trichloromethane.” Sol. Energy 32, no. 5 (1984): 597-601.

Ait Ichou, I., Formenti, M., and Teichner, S. J. "Photocatalytic dehydrogenation of isopropanol on
PUTiO, catalysts in connection with water photosplitting.” Stud. Surf. Sci. Catal. 19 (1984): 297-307.

Ait Ichou, I., Formenti, M., Pommier, B., and Teichner, S. J. "Photocatalytic dehydrogenation of
isopropanol on Pt/TiO, catalysts." J. Catal. 91, no. 2 (1985): 293-307.

Ait Ichou, 1., Formenti, M., and Teichner, S. J. "Reverse spillowver of hydrogen adsorbed species
in dehydrogenation photocatalysis on platinum-titania catalysts." Stud. Surf. Sci. Catal. 17 (1983):
63-75.

Albert, M., Gao, Y. M., Toft, D., Dwight, K., and Wold, A. "Photoassisted gold deposition on
titanium dioxide." Mater. Res. Bull. 27, no. 8 (1992). 961-6.

Al-Ekabi, H., Draper, A. M., and De Mayo, P. "Carbon tetrabromide as an electron acceptor in
heterogeneous photocatalysis." Can. J. Chem. 67, no. 6 (1989): 1061-4.

Al-Ekabi, H., Edwards, G., Holden, W., Safarazadeh-Amiri, A., and Story, J. "Water treatment
by heterogeneous photocatalysis." Chemical Oxidation Technologies for the Nineties, W. W.
Eckenfelder, A. R. Bowers, and J. A. Roth, 254- 261. Nashville, TN, 20 February 1991. Lancaster,
PA: Technomic Publishing Co., 1992.

Al-Ekabi, H., and Holden, W. "The photocatalytic destruction of gaseous trichloroethylene and
tetrachloroethylene over immobilized titanium dioxide." Private Communication (1992).

Al-Ekabi, H., Safarzadeh-Amiri, A., Sifton, W., and Story, J. "Advanced technology for water
purification by heterogeneous photocatalysis.” Int. J. Environ. Pollut. 1, no. 1/2 (1991): 125-136.

Al-Ekabi, H., and Henderson, R. B. Fluid Purification. U.S. Patent. 5,126,111. 702,518, May 20,
1991. (30 June 1992).

Al-Ekabi, H., Safarzadeh-Amiri, A., Sifton, W., and Story, J. "Advanced technology for water
purification by heterogeneous photocatalysis." Private Communication (1992).

25




15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Al-Ekabi, H., and Serpone, N. "Kinetics studies in heterogeneous photocatalysis. I. Photocatalytic
degradation of chlorinated phenols in aerated aqueous solutions over titania supported on a glass
matrix." J. Phys. Chem. 92, no. 20 (1988): 5726-31.

Al-Ekabi, H., Serpone, N., Pelizzetti, E., Minero, C., Fox, M. A., and Draper, R. B. "Kinetic
studies in heterogeneous photocatalysis. 2. Titania-mediated degradation of 4-chlorophenol alone and
in a three-component mixture of 4-chiorophenol, 2,4-dichlorophenol, and 2,4,5-trichlorophenol in
air-equilibrated aqueous media." Langmuir 5, no. 1 (1989): 250-5.

Al-Sayyed, G., D'Oliveira, J. C., and Pichat, P. "Semiconductor-sensitized photodegradation of
4-chlorophenol in water." J. Photochem. Photcbiol., A 58, no. 1 (1991): 99-114.

Al-Thabaiti, S. A. "Photocatalytic titanium efficiency for multielectron reductions on small-particle
titanium oxide catalysts." Diss. Abstr. Int. B 51, no. 11 (1991): 5333.

Amadelli, R., Bregola, M., Polo, E., Carassiti, V., and Maldotti, A. "Photooxidation of hydrocarbons
on porphyrin-modified titanium dioxide powders." J. Chem. Soc., Chem. Commun., no. 18 (1992):
1355-7.

Anderson, M. A,, Tunesi, S., and Xu, Q. Degradation of organic chemicals with titanium ceramic
membranes; decomposition of polychlorinated biphenyls, irradiation with ultraviolet radiation." U.S.
Patent. 5,035,784. (30 July 1991).

Anderson, M. A,, and Zeltner, W. A. Photoelectrochemical reactor. Can. Patent Appl. P. CA
2030827 AA. CA 90-2030827, 26 Nov 1990. (28 October 1991).

Anderson, M. A,, and Zeltner, W. A. Reactor vessel using metal oxide ceramic membranes. U.S.
Patent. 5,137,607. (11 August 1992).

Anpo, M. "Photocatalysis on small particle titanium dioxide catalysts. Reaction intermediates and
reaction mechanisms." Res. Chem. Intermed. 11, no. 1 (1989): 67-106.

Anpo, M., Aikawa, N., and Kubokawa, Y. "Photocatalytic hydrogenation of alkynes and alkenes with
water over TiO,. Pt-loading effect on the primary process." J. Phys. Chem. 88 (1984): 3998-4000.

Anpo, M., Chiba, K., Tomonari, M., Coluccia, S., Che, M., and Fox, M. A. "Photocatalysis on native
and platinum-loaded TiO, and ZnO catalysts - origin of different reactivities on wet and dry metal
oxides." Bull. Chem. Soc. Jpn. 64 (1991): 543-51.

Anpo, M., and Kubokawa, Y. "Photoinduced and photocatalytic reactions on supported metal oxide
catalysts. Excited states of oxides and reaction intermediates." Rev. Chem. Intermed. 8 (1987):
105-24.

Anpo, M. "Photocatalytic activity of titanium dioxide species in various oxide catalysts." Proc.
Electrochem. Soc. 88, no. 14 (1988): 34-41.

Anpo, M., and Chiba, K. "Photocatalytic reduction of carbon dioxide on anchored titanium oxide
catalysts.” J. Mol. Catal. 74, no. 1-3 (1992): 207-12.

26



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Anpo, M., and Tomonari, M. "Photocatalytic reactions on platinum-loaded and unloaded
semiconducting materials. Differences in photoreactivities between titanium dioxide and zinc
oxide." Denki Kagaku oyobi Kogyo Butsuri Kagaku 57, no. 12 (1989): 1219-20.

Arbour, C., Sharma, D. K., and Langford, C. H. "Picosecond flash spectroscopy of TiO, colloids with
adsorbed dyes." J. Phys. Chem. 94, no. 1 (1990): 331-5.

Asanov, A. N. "Photoelectrochemical decomposition of water on titanium dioxide and zinc oxide
single crystals." Dokl. Akad. Nauk SSSR 225, no. 4 (1975): 838-41.

Augugliaro, V., Davi, E., Palmisano, L., Shiavello, M., and Sclafani, A. "Influence of hydrogen
peroxide on the kinetics of phenol photodegradation in aqueous titanium dioxide dispersion.” Applied
Catal. 65 (1990): 101-16.

Augugliaro, V., Inglese, F., Palmisano, L., and Schiavello, M. "Annular flow photoreactor for
phenol degradation in aqueous titanium dioxide dispersion.” Chem. Biochem. Eng. Q 6, no. 2 (1992):
63-70.

Augugliaro, V., Palmisano, L., Sclafani, A., Minero, C., and Pelizzetti, E. "Photocatallytic
degradation of phenol in aqueous titanium dioxide dispersions.” Toxico. and Env. Chem. 16 (1988):
89-109.

Augugliaro, V., Palmisano, L., and Schiavello, M. "Photon absorption by aqueous titania dispersion
contained in a stirred photoreactor." AICKE J 37, no. 7 (1991): 1096-100.

Augugliaro, V., Palmisano, L., Schiavello, M., Sclafani, A., Marchese, L., Martra, G., and Miano, F.
"Photocatalytic degradation of nitrophenols in aqueous titanium dioxide dispersion."” Appl. Catal. 69,
no. 2 (1991): 323-40.

Augustynski, J., Hinden, J., and Stalder, C. "Novel semiconducting electrodes for the photosensitized
electrolysis of water." J. Electrochem. Soc. 124, no. 7 (1977): 1063-4.

Baciocchi, E., Rol, C., Rosato, G. C., and Sebastiani, G. V. "Titanium dioxide photocatalyzed
oxidation of benzyltrimethylsilane in the presence of silver sulfate." J. Chem. Soc., Chem. Commun.,
no. 1 (1992): 59-60.

Bae, S. H, Kim, Y., and Hong, J. T. "Water-photolysis using semiconducting electrode (titanium(IV)
oxide ceramics)." Sae Mulli 18, no. 1 (1978): 32-7.

Bahnemann, D., Bockelmann, D., and Goslich, R. "Photochemical system for the removal of poisons
from polluted waters." DECHEMA Monogr. 124, Elektrochem. Energ.- Umwelttech (1991): 261-81.

Bahnemann, D. "Photocatalytic formation of sulfur-centered radicals by one-electron redox
processes on semiconductor surfaces.” NATO ASI Ser., Ser. A 197, Sulfur-Cent. React. Intermed.
Chem. Biol (1990): 103-20.

Bahnemann, D., Bockelmann, D., and Goslich, R. "Mechanistic studies of water detoxification in
illuminated titania suspensions." Sol. Energy Mater. 24, no. 1-4 (1991): 564-83.

27



43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Bahnemann, D. W., Fischer, C. H., Hoffman, M. R., Hong, A. P., Monig, J., and Kormann, C.
"Mechanistic study of the photocatalytic decomposition of organic compounds on semiconductor
particles.” American Chemical Society National Meeting, New Orleans, LA, 30 August 1987.

Bahnemann, D. W, Fischer, C., Janata, E., and Henglein, A. "The two-electron oxidation of methyl
viologen." J. Chem. Soc., Faraday Trans. 1, 83, no. 8 (1987): 2559-71.

Bahnemann, D. W., Monig, J., and Chapman, R. "Efficient photocatalysis of the irreversible
one-clectron and two-electron reduction of haloethane on platinized colloidal titanium dioxide in
aqueous suspension.” J. Phys. Chem. 91 (1987): 3782-88.

Barbeni, M., Morello, M., Pramauro, E., Pelizzetti, E., Vincenti, M., Borgarello, E., and Serpone, N.
"Sunlight photodegradation of 2,4,5-trichlorophenoxy-acetic acid and 2,4,5-trichlorophenol on
titanium dioxide. Identification of intermediates and degradation pathway." Chemosphere 16, no. 6
(1987): 1165-79.

Barbeni, M., Pelizzetti, E., Borgarello, E., Serpone, N., Graetzel, M., Balducci, L., and Visca, M.
"Hydrogen from hydrogen sulfide cleavage. Improved efficiencies via modification of semiconductor
particulates.” Int. J. Hydrogen Energy 10, no. 4 (1985): 249-53.

Barbeni, M., Pramauro, E., Pelizzetti, E., Borgarello, E., Graetzel, M., and Serpone, N.
"Photodegradation of 4-chlorophenol catalyzed by titanium dioxide particles.” Nouv. J. Chim. 8, no.
8-9 (1984): 547-50.

Barbeni, M., Pramauro, E., Pelizzetti, E., Borgarello, E., and Serpone, N. "Photodegradation of
pentachlorophenol catalyzed by semiconductor particles." Chemosphere 14, no. 2 (1985): 195-
208.

Bard, A. J., Dunn, W. W, and Krautler, B. Photocatalytic methods for preparing metallized
powders." In U.S. Patent 4,264,421. (28 April 1981).

Bard, A. J.,, and Kraeutler, B. Methods of photocatalytic decarboxylation of saturated carboxylic
acid. U.S. Patent 4,303, 486. (1 December 1981).

Bellobono, 1. R., Bonardi, M., Castellano, L., Selli, E., and Righetto, L. "Degradation of some
chloro-aliphatic water contaminants by photocatalytic membranes immobilizing titanium dioxide."
J. Photochem. Photobiol. A: Chem. 67 (1992): 109-15.

Berman, E. "Reduction reactions with irradiated photoconductors." Photographic Sci. and Eng.
13, no. 2 (1969): 50-3.

Bhakta, D., Shukla, S. §., Chandrasekharaiah, M. S., and Margrave, J. L. "A novel photocatalytic
method for detoxification of cyanide wastes." Environ. Sci. Technol. 26, no. 3 (1992): 625-6.

Bickley, R. 1. "Some experimental investigations of photosorption phenomena at the gas-solid
interface." Photoelectrochemistry, Photocatalysis and Photoreactors, 491-502. M. Schiavello. NATO
ASI Series C, 146. Boston: Reidel Publishing Co., 1985.

Bickley, R. 1., Gonzalez-Carreno, T., Lees, J. S., Palmisano, L., and Tilley, R. J. D. "A structural
investigation of titanium dioxide photocatalysts." J. Solid State Chem. 92, no. 1 (1991): 178-90.

28



57.

8.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Bickley, R. L, Lees, J. S., Tilley, R. J. D., Palmisano, L., and Schiavello, M. "Characterization of
iron/titanium oxide photocatalysts. 1. Structural and magnetic studies." J. Chem. Soc., Faraday
Trans. 88, no. 3 (1992): 377-83.

Bideau, M., Claudel, B., Faure, L., and Rachimoellah, M. "Homogeneous and heterogeneous
photoreactions of decomposition and oxidation of carboxylic acids." J. Photochem. 39, no. 1 (1987):
107-28.

Bideau, M., Claudel, B., Faure, L., and Rachimoellah, M. "Photooxidation of formic acid by oxygen
in the presence of titanium dioxide and dissolved copper ions: oxygen transfer and reaction kinetics."
Chem. Eng. Commun. 93 (1990): 167-79.

Bideau, M., Claudel, B., Faure, L., and Kazouan, H. "The photooxidation of acetic acid by oxygen
in the presence of titanium dioxide and dissolved copper ions." J. Photochem. Photobiol., A 61, no.
2 (1991): 269-80.

Bideau, M., Claudel, B., Faure, L., and Kazouan, H. "The photooxidation of propionic acid by oxygen
in the presence of titania and dissolved copper ions." J. Photochem. Photobiol., A 67, no. 3 (1992):
337-48.

Bideau, M., Claudel, B., and Otterbein, M. "Photocatalysis of formic acid oxidation by oxygen in
aqueous medium." J. Photochem. 14 (1980): 291-302.

Blake, D. M., Jacoby, W. A,, Nimlos, M. R., and Noble, R. "Identification and quantification of
by-products and intermediates in the photocatalytic oxidation of gas-phase trichloroethylene." 6th
Proceedings of 6th Int. Symp. on Sol. Thermal Concentrating Tech., Mojacar, Spain, 28 September
1992: 1223-31.

Blake, D. M., Link, H. F., and Eber, K. "Solar photocatalytic detoxification of water." Advances in
Solar Energy,Vol. 7, Boer, K. W., Ed. Boulder, CO: American Solar Energy Society, Inc., 1992:
167-210.

Blake, D. M. "Solar processes for the destruction of hazardous chemicals." American Chem. Soc.
Symp. on Renewable Energy and the Env., Bath, T. and Starrett, F, Eds. Denver, CO, 28 March 1993.
Lewis Publishers, Boca Raton, FL, 1994, In press.

Blake, D., Magrini, K., and Webb, J. "Solar detoxification of water." Proc. - Symp. Adv. Oxid.
Processes Treat. Contam. Water and Air, Toronto, Ont. 4-5 June 1990, Burlington, Ont.: Wastewater
Technology Center (1990): 8pp.

Blake, D. M., Webb, J., Turchi, C., and Magrini, K. "Kinetic and mechanistic overview of titania-
photocatalyzed oxidation reactions in aqueous solution." Sol. Energy Materials 24, no. 1-4 (1991):
584-93.

Blake, N. R., and Griffin, G. L. "Selectivity control during the photoassisted oxidation of
1-butanol on titanium dioxide." J. Phys. Chem. 92, no. 20 (1988): 5697-5701.

Blanco, J., Malato, S., Sanchez, M., Vidal, A., and Sanchez, B. "PSA's work in solar photocatalytic

water detoxification." Sol. World Congr., Proc. Bienn. Congr. Int. Sol. Energy Soc. Issue Pt. 2,
(1991):2097-102.

29




70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

Blatt, E., Furlong, D. N., Mau, A. W. H., Sasse, W. H. F., and Wells, D. "Photooxidation of
m-phenoxytoluene at colloidal titanium dioxide/non-aqueous solution interfaces." Aust. J. Chem.
42, no. 8 (1989): 1351-66.

Bolton, J. R. "Mechanism of the photochemical degradation of organic pollutants on titanium
dioxide." Proc. - Symp. Adv. Oxid. Processes Treat. Contam. Water Air, Paper No. 17. Wastewater
Technol. Cent.: Burlington, Ont. 1990.

Boonstra, A. H., and Mutsaers, C. H. A. "Adsorption of hydrogen peroxide on the surface of titanium
dioxide." J. Phys. Chem. 79, no. 18 (1975): 1940-43.

Boonstra, A. H., and Mutsaers, C. A. H. A. "Relation between the photoadsorption of oxygen and the
number of hydroxy! groups on a titanium dioxide surface." J. Phys. Chem. 79, no. 16 (1975):
1694-98.

Borello, R., Minero, C., Pramauro, E., Pelizzetti, E., Serpone, N., and Hidaka, H. "Photocatalytic
degradation of DDT mediated in aqueous semiconductor slurries by simulated sunlight." Environ.
Toxicol. Chem. 8, no. 11 (1989): 997-1002.

Borgarello, E., Serpone, N., Graetzel, M., and Pelizzetti, E. "Hydrogen production through
microheterogeneous photocatalysis of hydrogen sulfide cleavage. The thiosulfate cycle." Int. J.
Hydrogen Energy 10, no. 11 (1985): 737-41.

Borgarello, E., Serpone, N., Graetzel, M., and Pelizzetti, E. "Production of hydrogen through
microheterogeneous photocatalysis of hydrogen sulfide cleavage. The thiosulfate cycle." Adv.
Hydrogen Energy, Hydrogen Energy Prog. 5, Vol. 3-4 (1984): 1039-46.

Borgarello, E., Harris, R., and Serpone, N. "Photochemical deposition and photorecovery of gold
using semiconductor dispersions. A practical application of photocatalysis." Nouveau J. De
Chimie 9, no. 12 (1985): 743-6.

Borgarello, E., and Pelizzetti, E. Photocatalytic degradation of Bentazon. European Patent, Appl. P.
EP 334078 A2 R: AT, BE, CH, DE, ES, FR, GB, GR, IT, LI, LU, NL, SE. EP 89-103769, 3 Mar
1989. (27 September 1989).

Borgarello, E., Serpone, N., Emo, G., Harris, R., Pelizzetti, E., and Minero, C. "Light-induced
reduction of rhodium(Ill) and palladium(Il) on titanium dioxide dispersions and the selective
photochemical separation and recovery of gold(Ill), platinum(IV), and rhodium(Ill) in chloride
media." Inorg. Chem. 25, no. 25 (1986): 4499-503.

Borgarello, E., Serpone, N., Barbeni, M., Minero, C., Pelizzetti, E., and Pramauro, E. "Putting
photocatalysis to work." NATO ASI Ser., Ser. C 174 (1986): 673-89.

Boxall, C., and Kelsall, G. H. "Photoelectrophoresis of colloidal semiconductors. 2. Transient
experiments on titania particles." J. Chem. Soc., Faraday Trans. 87, no. 21 (1991): 3547-56.

Brezova, V., Ceppan, M., Brandsteterova, E., Breza, M., and Lapeik, L. "Photocatalytic

hydroxylation of benzoic acid in aqueous titanium dioxide suspension." J. Photochem. Photobiol. A:
Chem. 59 (1991): 385-91.

30



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Brezova, V., Ceppan, M. Vesely, M, and Lapcik, L. "Photocatalytic oxidation of
2,6-dichloroindophenol in the titanium dioxide aqueous suspension." Chem. Pap 45, no. 2 (1991):
233-46.

Brezova, V., Stasko, A., and Lapcik, Jr. L. "Electron paramagnetic resonance study of photogenerated
radicals in titanium dioxide powder and its aqueous suspension." J. Photochem. Photobiol. A: Chem.
59 (1991): 115-21.

Brezova, V., Vodny, S., Vesely, M., Ceppan, M., and Lapcik, L. "Photocatalytic oxidation of
2-ethoxyethanol in water suspensions of titanium dioxide." J. Photochem. Photobiol. A: Chem. 56
(1991): 125-34.

Brown, G. T., and Darwent, J. R. "Methy! orange as a probe for photooxidation reactions of colloidal
TiO,." J. Phys. Chem. 88 (1984): 4955-59.

Brown, G. N. "Photocatalysis and photoelectrochemical detection at semiconducting titanium
dioxide." Ph.D. diss., Univ. Colorado, 1991.

Brown, G. T., and Darwent, J. R. "Photoreduction of methyl orange sensitized by colloidal
titanium dioxide." J. Chem. Soc. Faraday Trans., 1 80 (1984): 1631-43.

Brownbridge, T. 1., and Brand, J. R. "Photocatalytic activity of titanium dioxide pigment.” Surf. Coat.
Aust 27, no. 9 (1990): 6-8.

Buehler, N., Reber, J. F., Meier, K., and Rusek, M. European Patent Appl. (1982).

Butler, E. C., and Davis, A. P. "Photocatalytic oxidation in aqueous titanium dioxide suspensions: the
influence of dissolved transition metals." J. Photochem. Photobiol. A: Chem. 70 (1993): 273-83.

Cai, B., and Chen, D. "Study on self-oxidation reaction of benzyl alcohol catalyzed by UV
illumination-activated platinuny/ titania." Gaodeng Xuexiao Huaxue Xuebao 11, no. 11 (1990):
1208-11.

Cairns, W. L., Carey, J., and Rosenfeld, J. M. "Process for the treatment of a fluid."” In International
Patent WO 9211915. (23 July 1992).

Cant, N. W, and Cole, J. R. "Photocatalysis of the reaction between ammonia and nitric oxide on
titania surfaces." J. Catal 134, no. 1 (1992): 317-30.

Carlin, V., Minero, C., and Pelizzetti, E. "Effect of chlorine on photocatalytic degradation of organic
contaminants.” Environ. Technol. Chem. 11 (1990): 919-26.

Carlson, T., and Griffin, G. L. "Photooxidation of methanol using V,0,/TiO, and MoO,/TiO, surface
oxide monolayer catalysts." J. Phys. Chem. 90, no. 22 (1986): 5896-5900.

Carturan, G., Facchin, G., Navazio, G., Gottardi, V., and Cocco, G. "TiO, coated glass beads. A
novel approach to preparation of supports for glass-titania-palladium catalysts in hydrogenation of
olefins." Ultrastruct. Process. Ceram., Glasses, Compos. (Proc. Int. Conf.) , Hench, L. L. and Ulrich,
D. R. Eds. Wiley, New York, NY (1984): 197-206.

31



98.

99.

106.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Cary, J. H. "An introduction to advanced oxidation processes (AOP) for destruction of organics in
wastewater." Symp. on Advanced Oxidation Processes for the Treatment of Contaminated Water
and Air, Toronto, Canada, June 1990. Burlington, Ontario: Wastewater Technology Centre, June
1990.

Chambers, R. C., and Hill, C. H. "Comparative study of polyoxometalates and semiconductor metal
oxides as catalysts. Photochemical oxidative degradation of thioethers." Inorg. Chem. 30 (1991):
2776-81.

Chemseddine, A., and Boehm, H. P. "A study of the primary step in the photochemical degradation
of acetic acid and chloroacetic acids on a TiO, photocatalyst.” J. Mol. Catal. 60 (1990): 295-311.

Chester, G., Anderson, M., Read, H., and Esplugas, S. "A jacketed annular membrane photocatalytic
reactor for wastewater treatment: degradation of formic acid and atrazine." J. Photochem. Photobiol.
A: Chem. 71 (1993): 291-7.

Childs, L. P, and Ollis, D. F. "Photoassisted heterogeneous catalysis: rate equations for oxidation
of 2-methyl-2-butanol and isobutane.” J. Catal. 67, no. 1 (1981): 35-48.

Clive D. Chandler, Cristophe Roger, and Mark J. Hampden- Smith. "Chemical aspects of solution
routes to Perovskite-phase mixed-metal oxides from metal-organic precursors." Chem. Rev. 93
(1993): 1205-41.

Conesa, J. C., Soria, J., Augugliaro, V., and Palmisano, L. "Photoreactivity of iron-doped titanium
dioxide powders for dinitrogen reduction to ammonia." Stud. Surf. Sci. Catal., 48, 1988. Struct.
React. Surf (1989): 307-17.

Cooper, G., and Nozik, A. J. Novel and simple approach to elimination of dilute toxic wastes based
on photoelectrochemical systems. Private Communication, Internal Report, SERI, Golden,
CO, 1989.

Cooper, G., Turner, J. A., and Nozik, A. J. "Mott-Schottky plots and flatband potentials for single
crystal rutile electrodes.” J. Electrochemical Soc. 129, no. 9 (1982): 1973-77.

Cooper, G. "System for and method of photocatalytically modifying a chemical composition and
method of constructing a panel utilized in the system and method.” In U.S. Patent 4,888,101. (19
December 1989).

Cooper, G., and Ratcliff, M. A. "Apparatus for Photocatalytic Treatment of Liquids." U.S. Patent.
5,174,877. 451,375, December 15, 1989. (29 December 1992).

Cooper, G., and Ratcliff, M. A. Photocatalytic (UV) oxidative treatment of water using semiconductor
catalysts and separation by crossflow membrane filtration. U.S. Patent US 5118422 A. US
90-557223, 24 Jv' 1990. (2 June 1992).

Courbon, A. F. ,. M., Juillet, F., Lisachenko, A. A., Martin, J., and Teichner, S. J. "Photocatalytic
activity of nonporous titanium dioxide (anatase).” Kinet. Katal. 14, no. 1 (1973): 110-17.

32



111.

112.

113.

114

115.

116.

117.

118.

119.

120.

121.

122.

123,

124.

Crosby, D. G. "Applications of photocatalysis to pesticide residues in the field." Proc. - Symp. Adv.
Oxid. Processes Treat. Contam. Water Air, Paper No, 7. Wastewater Technol. Cent.: Burlington, Ont.
1990.

Cui, H,, Shen, H. S., Gao, Y. M., Dwight, K., and Wold, A. "Photocatalytic properties of titanium(IV)
oxide thin films prepared by spin coating and spray pyrolysis." Mater. Res. Bull. 28, no. 3 (1993):
195-201.

Cundall, R. B., Hulme, B., Rudman, R., and Salim, M. S. "The photocatalytic oxidation of liquid
phase propan-2-ol by pure rutile and titanium dioxide pigmants." J. Oil Col. Chem. Assoc. 61 (1978):
351-55.

Cunningham, J., Goold, E. L., Hodnett, B. K., Leahy, E. M., and Al Sayyed, G. "Photoassisted
gas-solid reactions, photocatalytic processes and endergonic photoconversions over pure and
surface-doped metal oxides." Stud. Surf. Sci. Catal. 19 (1984): 283-90.

Daroux, M., Klvana, D., Duran, M., and Bideau, M. "Photocatalytic Oxidation of Ethane over
TiO,." Can. J. Chem. Eng. 63 (1985): 668-73.

Davis, A. P., Tseng, J. M., and Huang, C. P. Photocatalytic Oxidation Reactions at the
Semiconductor/Water Interface, U.S. Dept. of Interior Project Completion Report, May 31, 1989.

De Felip, E., Di Domenico, A., Volpi, F., De Angelis, L., Ferri, F., and Botre, C. "Photodegradation
of a benzotrifluoride induced by simulated sunlight in aqueous media.” Ecol. Phys. Chem., Proc. Int.
Workshop, Edited by: Rossi, C. and Tiezzi, E. Elsevier: Amsterdam, Neth. (1991): 585-92.

Dibble, L. A., and Raupp, G. B. "Fluidized bed photocatalytic oxidation of trichloroethylene in
contaminated air streams." Environ. Sci. Technol. 26, no. 3 (1993): 492-5.

Dibble, L. A. "Gas-solid heterogeneous photocatalytic oxidation of trichloroethylene by
near-ultraviolet-illuminated titanium dioxide." Ph.D. diss., Arizona State Univ, 1989.

Dibble, L. A., and Raupp, G. B. "Heterogeneous photocatalysis: A novel approach for the
degradation of volatile organic water pollutants." Ariz. Hydrol. Soc. 1st Ann. Symp. "Survival in the
Desert: Water Quality and Quantity Issues into the 21st Century," 221-229. Phoenix, Ariz., 16
September 1988.

Dibble, Lynette A., and Raupp, G. B. "Kinetics of the gas-solid heterogeneous photocatalytic
oxidation of trichloroethylene by near UV illuminated titanium dioxide," private communication,
September 1989.

Dibble, L. A., and Raupp, G. B. "Kinetics of the gas-solid heterogeneous photocatalytic oxidation of
trichloroethylene by near UV illuminated titanium dioxide." Catal. Lett. 4, no. 4-6 (1990): 345-54.

Dieckmann, M. S., Gray, K. A., and Kamat, P. V. "Photocatalyzed degradation of adsorbed
nitrophenolic compounds on semiconductor surfaces.” Water Sci. Technol. 25, no. 3 (1992): 277-9.

Do, Y. R,, Lee, W., Dwight, K., and Wold, A. "The effect of WO, on the photocatalytic activity of
Ti0,." J. Solid State Chem. 108, no. 1 (1994): 198-201.

33



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

D'Oliveira, J. C., Minero, C., Pelizzetti, E., and Pichat, P. "Photodegredation of dichlorophenols and
trichlorophenols in TiO, aqueous suspensions: kinetic effects of the positions of the Cl atoms and
identification of the intermediates." J. Photochem. Photobiol. A: Chem. 72 (1993): 261-67.

D'Oliveira, J. C., Al-Sayyed, G., and Pichat, P. "Photodegradation of 2- and 3-chlorophenol in
titanium dioxide aqueous suspensions.” Environ. Sci. Technol. 24, no. 7 (1990): 990-6.

Domenech, J., and Peral, J. "Heterogeneous photocatalytic oxidation of oxalate over semiconducting
oxides." J. Chem. Res., Synop, no. 11 (1987): 360-1.

Dong, Q., and Dong, Y. "Photocatalytic decomposition of organophosphorous compounds in
semiconductor suspension." Ganguang Kexue Yu Kuang Huaxue 10, no. 1 (1992): 71-6.

Draper, R. B., and Fox, M. A. "Titanium dioxide photosensitized reactions studied by diffuse
reflectance flash photolysis in aqueous suspensions of TiO, powder." Langmuir 6 (1990):
1396-1402.

Draper, R. B., and Fox, M. A. "Titanium dioxide photooxidation of thiocyanate: (SCN), studied
by diffuse reflectance flash photolysis." J. Phys. Chem. 94, no. 11 (1990): 4628-34.

Dulay, M. T., Washington-Dedeaux, D., and Fox, M. A. "Surface photodeposition of metal oxides
by decomposition of several group IVA organometallics (benzyltrimethylsilanes and
benzyltrimethylstannanes) on titanium dioxide." J. Photochem. Photobiol., A 61, no. 1 (1991):
153-63.

Dumont, F., Warlus, J., and Watillon, A. "Influence of the point of zero charge of titanium dioxide
hydrosols on the ionic adsorption sequences." J. Coll. and Interface Sci. 138, no. 2 (1990):
543-54.

Dunn, W. W., Aikawa, Y., and Bard, A. J. "Characterization of particulate titanium dioxide
photocatalysts by photoelectrophoretic and electrochemical measurements." J. Am. Chem. Soc. 103,
no. 12 (1981): 3456-9.

Dunn, W. W, and Bard, A. J. "The characterization and behavior of catalysts prepared by
heterogeneous photodeposition techniques." Nouv. J. Chim. 5, no. 12 (1981): 651-5.

Duong Hong Dung, Serpone, N., and Graetzel, M. "Integrated systems for water cleavage by
visible light; sensitization of titanium dioxide particles by surface derivatization with ruthenium
complexes." Helv. Chim. Acta. 67, no. 4 (1984): 1012-18.

Duonghong, D., Serpone, N., and Graetzel, M. "Integrated systems for water cleavage by visible
light; sensitization of titanium dioxide particles by surface derivatization with ruthenium complexes."
Sci. Pap. Inst. Phys. Chem. Res. 78, no. 4 (1984): 232-6.

Duran, N, Dezotti, M., and Rodriguez, J. "Biomass photochemistry. XV: Photobleaching and
biobleaching of Kraft effluent." J. Photochem. Photobiol., A 62, no. 2 (1991): 269-79.

Egerton, T. A., and King, C. J. "The influence of light intensity on photoactivity in TiO, pigmented
systems." J. Oil Colloid Chem. Assoc. (1979): 386-89.

34



139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

Enea, O., and Ali, A. "Alkyl effects on the photooxidation of the primary aliphatic alcohols in the
illuminated suspensions of platinum/titanium(IV) oxide and platinum/silica + titanium(IV) oxide
particles.” New J. Chem. 12, no. 10 (1988): 853-8.

Fan, B., and Li, J. "Catalytic degradation of soluble dyes. (II)." Huanjing Wuran Yu Fangzhi 11, no.
6 (1989): 7-10.

Fan, B., and Lj, J. "Catalytic degradation of soluble dyes." Huanjing Wuran Yu Fangzhi 11, no. 4
(1989): 16-18.

Fan, F. F., and Bard, A. J. "Spectral sensitization of the heterogeneous photocatalytic oxidation
of hydroquinone in aqueous solutions at phthalocyanine-coated titanium dioxide powders." J. Am.
Chem. Soc. 101, no. 20 (1979): 6139-40.

Fitzmaurice, D. J., and Frei, H. "Transient near-infrared spectroscopy of visible light sensitized
oxidation of I(-) at colloidal TiO,." Langmuir 7 (1991): 1129-1137.

Fitzmaurice, D. J., and Frei, H. "Sensitizer specific oxidation of iodide at the surface of colloidal
titania particles.” Symp. Electron. Ionic Prop. Silver Halides, Boris. IS&T: Springfield, Va. 1991.

Fitzmaurice, D. J., and Frei, H. "Transient near-infrared spectroscopy of visible light sensitized
oxidation of iodide at colloidal titania." Langmuir 7, no. 6 (1991): 1129-37.

Formenti, M., Juillet, F., Meriaudeau, P., and Teichner, S. J. "Heterogeneous photocatalysis for partial
oxidation of paraffins.” Chem. Techno. Nov (1971): 680-6.

Formenti, M., Juillet, F., Meriaudeau, P., and Teichner, S. J. "Heterogeneous photocatalysis. Partial
and total oxidation of hydrocarbons and inorganic compounds at room temperature on solid catalyst
under irradiation."” Proc. of the Fifth Int. Congress on Cat., Dep. Chem. Eng., Rice Univ. Joe W.
Hightower, 70-1011-23. Palm Beach, Fla., 20 August 1972. New York, USA: American Elsevier
Company, Inc., 1973.

Formenti, M., and Juillet, F. T. S. J. "Mechanism of the photocatalytic oxidation of isobutane over
titanium (IV) oxide. II. reaction mechanism." Bull. Soc. Chim. Fr. 9-10, Pt.1 (1976): 1315-20.

Formenti, M., Juillet, F., Meriaudeau, P., and Teichner, S. J. "Partial oxidation of paraffins and olefins
by a heterogeneous photocatalysis process." Bull. Soc. Chim. Fr. 1 (1972): 69-76.

Formenti, M., Juillet, F., and Teichner, S. J. "Photocatalytic oxidation mechanism of alkanes over
titanium dioxide. 1. Kinetic study." Bull. Soc. Chim. Fr. 7-8, Pt. 1 (1976): 1031-6.

Foster, N. S., Noble, R. D., and Koval, C. A. "Reversible photoreductive deposition and oxidative
dissolution of copper ions in titanium dioxide aqueous suspensions.” Environ. Sci. Technol. 27, no.
2 (1993): 350-6.

Fox, M. A, and Ogawa, H. "Selective organic photoelectrochemistry: The photooxidative degradation
of isomeric picolines." J. Inf. Rec. Mater. 17, no. 5-6 (1989): 351-61.

Fox, M. A, and Abdel-Wahab, A. A. "Photocatalytic oxidation of multifunctional organic
molecules: the effect of an intramolecular aryl thioether group on the semiconductor-mediated
oxidation/dehydrogenation of a primary aliphatic alcohol." J. Catal. 126, no. 2 (1990): 693-6.

35



154.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Fox, M. A., and Abdel-Wahab, A. A. "Selectivity in the titanium dioxide-mediated photocatalytic
oxidation of thioethers."” Tetrahedron Lett. 31, no. 32 (1990): 4533-6.

Fox, M. A., Draper, R. B., Dulay, M., and O'Shea, K. "Control of photocatalytic oxidative
selectivity on irradiated titania powders: a diffuse reflectance kinetic study.” Photochem. Convers.
Storage Sol. Energy, Proc. Int. Conf. Pelizzetti, E.and Schiavello, M., Eds. (1990): 323-35.

Fox, M. A,, Kim, Y. S., Abdel-Wahab, A. A., and Dulay, M. "Photocatalytic decontamination of
sulfur-containing alkyl halides on irradiated semiconductor suspensions." Catal. Lett. 5, no. 4-6
(1990): 369-76.

Fox, M. A., and Worthen, K. L. "Comparison of the physical properties of polypyrrole produced by
anodic oxidation and by photoelectrochemical activation of titanium dioxide." Chem. Mater. 3, no.
2 (1991): 253-7.

Frank, S. N,, and Bard, A. J. "Heterogeneous photocatalytic oxidation of cyanide and sulfite in
aqueous solutions at semiconductor powders." J. Phys. Chem. 81, no. 15 (1977): 1484-8.

Frank, S. N., and Bard, A. J. "Heterogeneous photocatalytic oxidation of cyanide ion in aqueous
solutions at titanium dioxide powder." J. Am. Chem. Soc. 99, no. 1 (1977): 303-4.

Fujihira, M., and Muraki, H. "The direct electochemical oxidation of H,0, adsorbed on TiO, fine
particles suspended in water." Chem. Lert. (1986): 2001-2.

Fujihira, M., Satoh, Y., and Osa, T. "Heterogeneous photocatalytic reactions on semiconductor
materials. Part II. Photoelectrochemistry at semiconductor titanium dioxide/insulating aromatic
hydrocarbon liquid interface.” J. Electroanal. Chem. Interfacial Electrochem. 126, no. 1-3 (1981):
277-81.

Fujihira, M., Satoh, Y., and Osa, T. "Heterogeneous photocatalytic reactions on semiconductor
materials. Part 1. Heterogeneous photocatalytic oxidation of aromatic compounds on semiconductor
materials: the photo-Fenton type reaction.” Chem. Lett., no. 8 (1981): 1053-6.

Fujihira, M., Satoh, Y., and Osa, T. "Heterogeneous photocatalytic oxidation of aromatic compounds
on titanium dioxide." Nature 293, no. 5829 (1981): 206-8.

Fujihira, M., Satoh, Y., and Osa, T. "Heterogeneous photocatalytic reactions on semiconductor
materials. ITI. Effect of pH and copper(2+) ions on the photo-Fenton-type reaction." Bull. Chem. Soc.
Jpn. 55, no. 3 (1982): 666-71.

Fujimoto, Y., Kobayashi, K., Ozora, H., and Hasegawa, S. Manufacturer of photocatalyst. Japan
Patent 04354542. (8 December 1992).

Fujishima, A. "Photodecomposition of water by sunlight. Solar cells having semiconductor
electrodes.” Gendai Kagaku 163 (1984): 64.

Fujita, Y., and Kitamura, M. Photocatalyst. Japan Patent 04284851. (9 October 1992).

Fukasawa, T., and Kawamura, F. "Photochemical reactions of neptunium in nitric acid solution
containing photocatalyst." J. Nucl. Sci. Technol. 28, no. 1 (1991): 27-32.

36



169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

Gao, Y., Lee, W., Trehan, R., Kershaw, R., Dwight, K., and Wold, A. "Improvement of photocatalytic
activity of titanium(I'V) oxide by dispersion of Au on TiO,." Mat. Res. Bull. 26 (1991): 1247-54.

Gao, Y. M., Shen, H. S., Dwight, K., and Wold, A. "Preparation and photocatalytic properties of
titanium (IV) oxide films." Mater. Res. Bull. 27, no. 9 (1992): 1023-30.

Garcia Gonzalez, M. L., and Salvador, P. "Titanium dioxide photoetching mechanisms: efficient
photocatalytic corrosion of rutile in the presence of dichromate." J. Electroanal. Chem. 326,
no. 1-2 (1992): 323-9.

Gardette, J. L., and Lemaire, J. "Photooxidation of poly(vinyl chloride): Part 3. Influence of
photocatalytic pigments." Polym. Degrad. Stab. 33, no. 1 (1991): 77-92.

Gerischer, H. "Photoelectrochemical catalysis of the oxidation of organic molecules by oxygen on
small semiconductor particles with titanium dioxide as an example." Electrochem. Acta. 38,
no. 1 (1993): 3-9.

Gerischer, H., and Heller, A. "Photocatalytic oxidation of organic molecules at titanium dioxide
particles by sunlight in aerated water.” J. Electrochem. Soc. 139, no. 1 (1992): 113-18.

Gerischer, H., and Heller, A. "The role of oxygen in the photooxidation of organic molecules on
Ssmiconductor particles." J. Phys. Chem. 95 (1991): 5261-67.

Ghosh, A. K., and Maruska, H. P. "Photoelectrolysis of water in sunlight with sensitized
semiconductor electrodes." J. Electrochem. Soc. 124, no. 10 (1977): 1516-22.

Glaze, W. H., Kenneke, J. F., and Ferry, J. L. "Chlorinated by-products from the TiO,-mediated
photodegradation of trichloroethylene and tetrachloroethylene in water." Environ. Sci. Technol. 27,
no. 1 (1993): 177-184.

Glaze, W. H., Kenneke, J. F., and Ferry, J. L. "Chlorinated byproducts from the titanium
oxide-mediated photodegradation of trichloroethylene and tetrachloroethylene in water." Environ.
Sci. Technol. 27, no. 1 (1993): 177-84.

Goldberg, M. C., Cunningham, K. M., and Weiner, E. R. "Aquatic photolysis: photolytic redox
reactions between goethite and adsorbed organic acids in aqueous solutions." J. Photochem.
Photobiol. A: Chem. 73 (1993): 105-120.

Geonzalez-Elipe, A. R., Munuera, G., and Soria, J. "Photo-adsorption and photo-desorption of oxygen
on highly hydroxylated TiO, surfaces. Part 2. Study of radical intermediates by ESR." J.C.S. Faraday
Trans. 175 (1979): 748.

Gratzel, C. K., Jirousek, M., and Gratzel, M. "Accelerated decomposition of active phosphates on
TiO, surfaces." J. of Mol. Catal. 39 (1987): 347-53.

Gratzel, C. K., Jirousek, M., and Gratzel, M. "Decomposition of organophosphorous compounds
on photoactivated TiO, surfaces." J. Mol. Catal. 60 (1990): 375-87.

37




183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

Gratzel, M., Serpone, N., and Duonghong, D. Semiconductor based redox photocatalyst sensitized
at surface with transition metal -bipyridyl or -phenanthroline type complex. US Patent 4,684,537
(4 September 1987).

Gratzel, M., Thampi, K. R., and Kiwi, J. "Methane oxidation at room temperature and atmospheric
pressure activated by light via polytungstate dispersed on titania." J. Phys. Chem. 93 (1989):
4128-32.

Green, K. J., and Rudham, R. "Photocatalytic oxidation of propan-2-ol by cadmium sulfide." J.
Chem. Soc., Faraday Trans. 88, no. 24 (1992): 3599-603.

Symp. on Adv. Oxidation Processes for the Treatment of Cont. Water and Air. Marc Halevy, Toronto,
Canada, June 1990. Burlington, Ontario: Wastewater Technology Centre, June 1990.

Halman, M. "Photodegradation of di-n-butyl-ortho-phthalate in aqueous solutions." J. Photochem.
Photobiol., A: Chem. 66 (1992): 215-23.

Halmann, M., and Auran-Blajeni, B. "Semiconductor-electrolyte solar cells for the
photoelectrochemical reduction of carbon dioxide to organic fuel." Proceedings of 2nd E. C.
Photovoltaic Solar Energy Conference, D. Reidel Publishing Co., Hingham, MA (1979): 682-9.

Hand, D. W, Crittenden, J. C., and Perram, D. L. Destruction of Disinfection By-Product
Precursors using Photoassisted Heterogeneous Catalytic Oxidation, American Water Works
Association, Denver, CO, 1992.

Hand, D. W., Perram, D. L., Crittenden, J. C., and Mullins, M. E. "Destruction of disinfection
by-product precursors using photoassisted heterogeneous catalytic oxidation." Proc. Annu. Conf.,
Am. Water Works Assoc. Water Res. New Decade (1991): 289-300.

Haneda, K. Photocatalytic element pipe, and photocatalytic chemical reactor. Japan Patent
04061933 A2. Japan Patent 90-164189 (27 February 1992).

Harada, H., Sakata, T., and Ueda, T. "Semiconductor effect on the selective photocatalytic reaction
of alpha-hydroxycarboxylic acids.” J. Phys. Chem. 93, no. 4 (1989): 1542-8.

Harada, H. "Photocatalytic reactions of dicarboxylic acids on copper-loaded titanium oxide." Chem.
Express 6, no. 12 (1991): 961-4.

Harbour, J. R., Tromp, J., and Hair, M. L. "Photogeneration of hydrogen peroxide in aqueous TiO,
dispersions." Can. J. Chem. 63 (1985): 204-8.

Harriman, A. Photochemical Aspects of Solar Energy Conversion. London: Royal Society of
Chemistry, 1988.

Hasegawa, S., Ozora, H., Kobayashi, K., and Fujimoto, Y. Photocatalyst Composite. Japan Patent
04334552. (20 November 1992).

Hashimoto, K., Kawai, T., and Sakata, T. "Photocatalytic reactions of hydrocarbons and fossil fuels
with water. Hydrogen production and oxidation." J. Phys. Chem. 88 (1984): 4083-88.

38



198.

199.

200.

201.

202.

203.

204.

205.

207.

208.

209.

210.

211.

Heller, A., and Brock, J. R. "Materials and methods for photocatalyzing oxidation of organic
compounds on water." U.S. Patent 4997576 (March 1991).

Henderson, R. B. "Fluid purification.” European Patent 0 306 301 Al. (8 January 1988).

Henglein, A. "Colloidal TiO, catalyzed photo- and radiation chemical processes in aqueous solution."
Ber. Bunsenges. Phys. Chem. 86 (1982): 241-6.

Herrmann, J. M., Courbon, H., Disdier, J., Mozzanega, M. N., and Pichat, P. "Photocatalytic
oxidations at room temperature in various media." New Developments in Selective Oxidation, 675-82.
G. Centi, and F. Trifiro, Amsterdam: Elsevier Science Publishers B. V., 1990.

Herrmann, J. M., Disdier, J., Mozzanega, M. N., and Pichat, P. "Heterogeneous photocatalysis: in situ
photoconductivity study of titanium dioxide during oxidation of isobutane into acetone." J. Catal. 60,
no. 3 (1979): 369-77.

Herrmann, J. M., Mu, W, and Pichat, P. "Mild oxidation of cyclic C6-C10 hydrocarbons in liquid
phase at room temperature by heterogeneous photocatalysis." Stud. Surf. Sci. Catal. 59, Heterog.
Catal. Fine Chem. 2 (1991): 405-12.

Herrmann, J. M., and Pichat, P. "Active species in heterogeneous photocatalytic oxidation reactions."
Geterog. Katal. 4th (1979): Pt. 1, 21-6.

Herrmann, J. M., Disdier, J., Pichat, P., Fernandez, A., Gonzalez-Elipe, A., Munuera, G., and
Leclercq, C. "Titania-supported bimetallic catalyst synthesis by photocatalytic codeposition at ambient
temperature: preparation and characterization of platinum-rhodium, silver-rhodium, and
platinum-palladium couples." J. Catal. 132, no. 2 (1991): 490-7.

Herrmann, J. M., and Mansot, J. L. "Analytical TEM study of the selective photocatalytic
deposition of platinum on titania-silica mixtures and silica-supported titania." J. Catal 121, no. 2
(1990): 340-8.

Herrmann, J. M., and Pichat, P. "Heterogeneous photocatalysis. Oxidation of halide ions by oxygen
in ultraviolet irradiated aqueous suspension of titanium dioxide." J. Chem. Soc., Faraday Trans. 1 76,
no. 5 (1980): 1138-46.

Izumi, 1. , Fan, F.-R. R, and Bard, A. J. "The heterogeneous photocatalytic decomposition of
benzoic acid and adipic acid on platinized titanium dioxide powder. The photo-Kolbe decarboxylative
route to the breakdown of the benzene ring and to the production to butane." Report TR-14, Order
No. AD-A091973, 35 pp. Available NTIS (1980).

Hetrick, R. E. Electrochemical Photocatalytic Structure. U.S. Patent 4,544,470. (1 October 1985).
Hidaka, H., Nohara, K., Zhao, J., Serpone, N., and Pelizzetti, E. "Photo-oxidative degradation of the
pesticide permethrin catalysed by irradiated TiO, semiconductor slurries in aqueous media."

J. Photochem. Photobiol. A: Chem. 64 (1992): 247-54.

Hidaka, H., Zhao, J., Suenaga, S., Pelizzetti, E., and Serpone, N. "Photodegradation of surfactants
catalyzed by a semiconductor for protection of environment." Surfactants Solution 11 (1991): 335-48.

39



212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223,

224,

Hidaka, H., Zhao, J., Kitamura, K., Nohara, K., Serpone, N., and Pelizzetti, E. "Photodegradation of
surfactants IX: The photocatalyzed oxidation of polyoxyethylene alkyl ether homologues at
TiO,-water interfaces." J. Photochem. Photobiol. A: Chem. 64 (1992): 103-13.

Hidaka, H., Fujita, Y., Thara, K., Yamada, S., Suzuki, K., Serpone, N., and Pelizzetti, E.
"Photodegradation of surfactants. ITI. Heterogeneous photocatalytic degradation of cationic surfactants
on titanium dioxide particles." Yukagaku 36, no. 11 (1987): 836-9.

Hidaka, H., Ihara, K., Fujita, Y., Yamada, S., Pelizzetti, E., and Serpone, N. "Photodegradation of
surfactants IV: Photodegradation of non-ionic surfactants in aqueous titanium dioxide suspensions."
J. Photochem. Photobiol., A 42, no. 2-3 (1988): 375-81.

Hidaka, H., Jou, H., Nohara, K., and Zhao, J. "Photocatalytic degradation of the hydrophobic
pesticide permethrin in fluoro surfactant/titanium dioxide aqueous dispersions." Chemosphere 25, no.
11 (1992): 1589-97.

Hidaka, H., Kubota, H., Gratzel, M., Serpone, N., and Pelizzetti, E. "Photodegradation of
surfactants. I: degradation of sodium dodecylbenzenesulfonate in aqueous semiconductor
dispersions." Nouv. J. Chim 9, no. 2 (1985): 67-9.

Hidaka, H., Kubota, H., Graetzel, M., Pelizzetti, E., and Serpone, N. "Photodegradation of surfactants.
II: degradation of sodium dodecylbenzenesulfonate catalyzed by titanium dioxide particles.” J.
Photochem. 35, no. 2 (1986): 219-30.

Hidaka, H., Nakamura, T., Ishizaka, A., Tsuchiya, M., and Zhao, J. "Heterogeneous photocatalytic
degradation of cyanide on TiO, surfaces." J. Photochem. Photobiol. A: Chem. 66 (1992): 367-74.

Hidaka, H., Yamada, S., Suenaga, S., Kubota, H., Serpone, N., Pelizzetti, E., and Graetzel, M.
"Photodegradation of surfactants. V. Photocatalytic degradation of surfactants in the presence of
semiconductor particles by solar exposure." J. Photochem. Photobiol., A 47, no. 1 (1989): 103-12.

Hidaka, H., Yamada, S., Suenaga, S., Zhao, ], Serpone, N., and Pelizzetti, E. "Photodegradation
of surfactants. Part VI. Complete photocatalytic degradation of anionic, cationic and nonionic
surfactants in aqueous semiconductor dispersions." J. Mol. Catal. 59, no. 3 (1990): 279-90.

Hidaka, H., and Zhao, J. "Photodegradation of surfactants catalyzed by a titania semiconductor."
Colloids Surf. 67 (1992): 165-82.

Hidaka, H., Zhao, J., Pelizzetti, E., and Serpone, N. "Photodegradation of surfactants. 8. Comparison
of photocatalytic processes between anionic DBS and cationic BDDAC on the titania surface." J.
Phys. Chem. 96, no. 5 (1992): 2226-30.

Higashi, K., and Kosaka, Y. "Treatment of hypophosphite ion in the used electroless nickel plating
solution by photocatalysis." Kenkyu Hokoku - Tokyo-toritsu Kogyo Gijutsu Senta 21 (1992): 25-8.

Hirai, T., Tari, I., and Yamaura, J. "Titanium nitride oxide semiconductor electrodes for photoassisted
oxidation of water.” Bull. Chem. Soc. Jpn. 51, no. 10 (1978): 3057-8.

40



225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

Hiramatsu, M., Tsuchiya, K., Motosawa, K., Ito, T., and Muraki, K. Ethylene photo-degradation
in the preservation of fresh agricultural products. Jpn. Kokai Tokkyo Koho P. Japan Patent 01252244
A2, Japan Patent 88-80028, 31 Mar 1988. (6 October 1989).

Hirano, K., Inoue, K., and Yatsu, T. "Photocatalyzed reduction of carbon dioxide in aqueous
titania suspension mixed with copper powder." J. Photochem. Photobiol., A 64, no. 2 (1992):
255-8.

Hisanaga, T., Harada, K., and Tanaka, K. "Degradation of trace amount of organohalogen solvent in
water." Kogyo Yosui, no. 379 (1990): 11-14.

Hisanaga, T., and Tanaka, K. "Photocatalytic degradation of organochlorine compounds over titania
supported in several matrices." Denki Kagaku oyobi Kogyo Butsuri Kagaku 60, no. 2 (1992): 107-11.

Hong, A. P., Bahnemann, D. W., and Hoffmann, M. R. "Cobalt(II) tetrasulfophthalocyanine on
titanium dioxide: A new efficient electron relay for the photocatalytic formation and depletion of
hydrogen peroxide in aqueous suspensions.” J. Phys. Chem. 91, no. 8 (1987): 2109-17.

Hon, Y., Fujimoto, K., and Suzuki, S. "Rapid oxidation of nitric oxide to nitrogen dioxide at ppm
concentration levels in a heterogeneous photocatalytic reaction-on metal oxide powders." Chem.
Lett., no. 11 (1986): 1845-8.

Hori, Y., Nakatsu, A., and Suzuki, S. "Heterogeneous photocatalytic oxidation of nitrogen oxide
ion (NO2-) in aqueous suspension of various semiconductor powders.” Chem. Lett., no. 9 (1985):
1429-32.

Hori, Y., and Suzuki, S. "Rate of heterogeneous photocatalytic oxidation of nitrite ions in cloud water
droplets. Estimated for hypothetical environmental conditions." Chem. Lett., no. 7 (1987):
1397-1400.

Homg, D. N., Hsieh, H. K., and Liang, J. J. "Photocatalytic oxidation of aromatic compounds in
titanium dioxide suspension." Hua Hsueh 48, no. 1 (1990): 15-20.

Hsiao, C. Y., Lee, C. L., and Ollis, D. F. "Heterogeneous photocatalysis: degradation of dilute
solutions of dichloromethane, chloroform, and carbon tetrachloride with illuminated titania
photocatalyst.” J. Catal. 82, no. 2 (1983): 418-23.

Hsieh, Y. H., and Wang, K. H. "Photocatalytic decomposition reaction of 2-chlorophenol by using
titania suspended colloids." Xingda Gongcheng Xuebao 3 (1992): 103-10.

Huder, K. "Photocatalytic elements.” In German Patent DE 4110227. (1 October 1992).

Hustert, K., and Zepp, R. G. "Photocatalytic degradation of selected azo dyes." Chemosphere 24, no.
3(1992): 335-42.

Hutchinson, B., Cockrum, D., Clark, C., Pamplin, K., Scoggins, T., Sloan, D., and Reeves, P.

"Photocatalytic destruction of toxic organic compounds in aqueous solution." Sol. 90 Conf. Austin,
Texas, March 1990.

41



239.

240.

241.

242,

243.

244,

245.

246.

247.

248.

249.

250.

251.

252,

253.

Ibusuki, A., Nakamura, K., and Kutsuna, S. Removal of volatile organochlorine compounds from
waste gases. Jpn. Kokai Tokkyo Koho P. Japan Patent 02107314 A2. Japan Patent 88-262176, 18
Oct 1988. (19 April 1990).

Ibusuki, T., Kutsuna, S., Takeuchi, K., and Ishitani, O. "Chemical conversion of solar photoenergy
- photoassisted catalysis for carbon dioxide fixation and pollutants treatment." IEA Conf. on Tech.
Responses to Global Env. Challenges. Kyoto, Japan, 6 November 1991.

Ikeda, T., Tokumitsu, S., Naruo, N., and Fukunaga, M. Deodorization by using photocatalysts. Jpn.
Kokai Tokkyo Koho P. Japan Patent 01288321 A2. Japan Patent 88-117239, 13 May 1988.
(20 November 1989).

Ileperuma, O. A., Tennakone, K., and Dissanayake, W. D. D. P. "Photocatalytic behavior of metal
doped titanium dioxide: studies on the photochemical synthesis of ammonia on magnesium/titania
catalyst systems." Appl. Catal. 62, no. 1 (1990): L1-L5.

Ileperuma, O. A., Weerasinghe, F. N. S., and Bandara, T. S. L. "Photoinduced oxidative nitrogen
fixation reactions on semiconductor suspensions.” Sol. Energy Mater. 19, no. 6 (1989): 409-14.

Inel, Y., and Ertek, D. "Photocatalytic deposition of bismuth onto titania powder." J. Chem. Soc.,
Faraday Trans. 89, no. 1 (1993): 129-33.

Inoue, H., Yamachika, M., and Yoneyama, H. "Photocatalytic conversion of lactic acid to malic
acid through pyruvic acid in the presence of malic enzyme and semiconductor photocatalysts." J.
Chem. Soc., Faraday Trans. 88, no. 15 (1992): 2215-19.

Inoue, T., and Moriyama, T. Photocatalyst Ceramic Heater. Japanese Patent 04341787. (27
November 1992).

Inoue, T., Fujishima, A., Konishi, S., and Honda, K. "Photoelectrocatalytic reduction of carbon
dioxide in aqueous suspensions of semiconductor powders." Nature 277 no. 5698, (1979): 637-8.

Inoue, Y., Akamura, M., and Sato, K. "A thin-film semiconduction titanium dioxide combined with
ferroelectric for photoassisted water decomposition." J. Phys. Chem. 89, no. 24 (1985): 5184-7.

Ireland, J. C., Klostermann, P., Rice, E. W., and Clark, R. M. "Inactivation of Escherichia coli by
titanium dioxide photocatalytic reaction." App. and Env. Microbiology 59, no. 5 (1993): 1668-70.

Ireland, J. C., and Valinieks, J. "Rapid measurement of aqueous hydroxyl radical concentrations in
steady-state OH flux systems." Chemosphere 25, no. 3 (1992): 383-96.

Iseda, K. "Acetaldehyde formation from ethanol over titanium dioxide photocatalysts." Nagoya
Kogyo Gijutsu Shikensho Hokoku 39, no. 2 (1990): 64-8.

Iseda, K. "Oxygen effect on ethylene formation by photocatalytic dehydration reaction of ethanol over
some titanium dioxide photocatalysts." Chem. Express 5, no. 10 (1990): 729-32.

Iseda, K. "Oxygen effect on photocatalytic reaction of ethanol over some titanium dioxide
photocatalysts." Bull. Chem. Soc. Jpn 64, no. 4 (1991): 1160-6.

42



254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

Ishitani, O., Inoue, C., Suzuki, Y., and Ibusuki, T. "Photocatalytic reduction of carbon dioxide to
methane and acetic acid by an aqueous suspension of metal-deposited TiO,." J. Photochem.
Photobiol. A: Chem. 72 (1993): 269-71.

Isidorov, V. A, Klokova, E. M., and Zgonnik, P. V. "Photocatalytic oxidation of isoprene and
terpenes on the surface of the components of natural aerosols." Vestn. Leningr. Univ., Ser. 4. Fiz.,
Khim., no. 3 (1990): 61-6.

Isidorov, V. A., Klokova, E. M., Kozubenko, S. G., and Ivanova, A. R. "Photocatalytic destruction
of aromatic hydrocarbons on the surface of natural aerosol components.” Vesm. St. Peterb. Univ., Ser.
4: Fiz., Khim., no. 2 (1992): 97-100.

Izumi, I., Dunn, W. W., Wilbourn, K. O., Fan, F. F., and Bard, A. J. "Heterogeneous photocatalytic
oxidation of hydrocarbons on platinized titanium dioxide powders." J. Phys. Chem. 84, no. 24 (1980):
3207-10.

Izumi, I, Fan, F. F., and Bard, A. J. "Heterogeneous photocatalytic decomposition of benzoic acid
and adipic acid on platinized titanium dioxide powder. The photo-Kolbe decarboxylative route
to the breakdown of the benzene ring and to the production of butane.” J. Phys. Chem. 85, no. 3
(1981): 218-23.

Izumi, I., and Kyokane, J. "Heterogeneous photocatalytic oxidative decomposition of surfactant.”
Kenkyu Kiyo - Nara Kogyo Koto Senmon Gakko 19 (1983): 43-6.

Jenny, B., and Pichat, P. "Determination of the actual photocatalytic rate of H,0, decomposition over
suspended TiO,. Fitting to the Langmuir-Hinshelwood form." Langmuir 7 (1991): 947-54.

Johnston, A. J. Wastewater treatment for decomposition of halogenated organic compounds. PCT
Int. Appl P. WO 9207797 A1 W: CA, JP RW: AT, BE, CH, DE, DK, ES, FR, GB, GR, IT, LU, NL,
SE. WO 91-US7236, 1 Oct 1991. (14 May 1992).

Juillet, F., Lecomte, F., Mozzanega, H., Teichner, S. J., Thevenet, A., and Vergnon, P. "Inorganic
oxide aerosols of controlled submicronic dimensions." Faraday Symp. Chem. Soc. 7 (1973): 57-62.

Kaempf, G. "Weather resistance of polymers: measurement of photochemical degradation processes
and the protection effect of inorganic pigments by physical test methods." Angew. Makromol. Chem.
176-177 (1990): 1-25.

Kaise, M., Kondoh, H., Nishihara, C., Nozoye, H., Shindo, H., Nimura, S., and Kikuchi, O.
"Photocatalytic reactions of acetic acid on platinum-loaded titanium dioxide: ESR evidence of radical
intermediates in the photo-Kolbe reaction." J. Chem. Soc., Chem. Commun., no. 4 (1993): 395-6.

Kashuba, E. V., Lyashenko, L. V., Belousov, V. M., and Kozlovskii, R. "Relation of the
photocatalytic properties of grafted catalysts to support structure.” Kinet. Katal. 32, no. 4 (1991):
997-1000.

Kato, K. "Morphology and photocatalytic property of alkoxy-derived titania powders." Ceram.
Trans. 22, Ceram. Powder Sci. 4 (1991): 63-8.

43



267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

Kato, K. "Photocatalytic property of titania anchored on porous alumina ceramic support by the
alkoxide method." J. Ceram. Soc. Jpn. 101, March (1993): 245-9.

Kato, T., Butsugan, Y., Maekawa, E., and Fujishima, A. "Photocatalytic formation of phenol by
using hydrophobic TiO, powders located at interface between benzene and water." Denki Kagaku
oyobi Kogyo Butsuri Kagaku 57, no. 12 (1989): 1155-8.

Kato, T., Maekawa, E., and Fujishima, A. "Photoelectrochemical synthesis of phenol on a
photoexcited semiconductor surface." Stud. Org. Chem. 30 (1987): 389-92.

Kawagoe, H., Kato, A., Yamashita, H., Honchi, A., Watanabe, N., Tate, T., Kamo, Y., Naka, R., and
Tsunoda, T. Deodorants and their manufacture, method and apparatus for deodorization, and
refrigerators and air conditioners using the deodorizing apparatus. Jpn. Kokai Tokkyo Koho P.
Japan Patent 01218635 A2. Japan Patent 88- 47141, 29 Feb 1988. (31 August 1989).

Kawaguchi, H. "Steady-state concentrations of hydroxyl radical in titanium dioxide aqueous
suspensions." Chemosphere 22, no. 11 (1991): 1003-9.

Kawaguchi, H. "Treatment method for pesticide wastewater using photocatalyst." Suishitsu Odaku
Kenkyu 14, no. 10 (1991): 659-64.

Kawai, T., and Sakata, T. "Photocatalytic decomposition of gaseous water over titanium dioxide and
titanium dioxide-ruthenium dioxide surfaces.”" Chem. Phys. Lett. 72, no. 1 (1980): 87-9.

Kawashimi, M., Naka, R., Tsunoda, T., Suenaga, N., Ogawa, S., Kashiwabuchi, M., Kameda, M.,
and Tanaka, K. Apparatus for Removing Stink. U.S. Patent 4,954,465. (4 September 1990).

Kawashima, M., Naka, R., Tsunoda, T., Suenaga, N., Ogawa, S., Kashiwabuc, M., Kameda, M., and
Tanaka, K. Appts for removing odours from refrigeration air - has absorbent with a surface layer of
photocatalyst excited during defrost cycle. In European Patent 476724, (25 March 1992).

Kawashima, M., Naka, R., Tsunoda, T., Suenaga, N., Ogawa, S., Kashiwabuc, M., Kameda, M., and
Tanaka, K. Odour removing apparatus using absorbent with photocatalyst applied on or mixed with
absorbent and exposed to exciting source. U.S. Patent 4,955, 208, (11 September 1990).

Kawashima, M., Naka, R., Tsunoda, T., Kameda, M., and Tanaka, K. Deodorizing devices containing
adsorbents and photocatalysts. Jpn. Kokai Tokkyo Koho P. Japan Patent 01189322 A2. Japan Patent
88- 10602, 22 Jan 1988. (28 July 1989).

Kerchove, F. V., Praet, A., and Gomes, W. P. "Kinetic investigation on the mechanism of the
photoelectrochemical oxidation of water and of competing hole processes at the TiO, (rutile)
semiconductor electrode.” J. Electrochem. Soc. 132, no. 10 (1985): 2357-62.

Khadzhiivanov, K., Vasileva, E., Kuncheva, M., and Klisurski, D. "IR-spectroscopy study of silver
ions adsorbed on titania (anatase)." Mater. Chem. Phys. 28, no. 4 (1991): 367-77.

Khalil, L. B., Youssef, N. S., Rophael, M. W., and Moawad, M. M. "Reduction of aqueous carbonate
photocatalyzed by treated semiconductors." J. Chem. Technol. Biotechnol. 55, no. 4 (1992): 391-6.



281.

282,

283.

284,

285.

286.

287.

288.

289.

290.

291.

292.

293.

Khan, M. M. T., Chatterjee, D., and Bala, M. "Photocatalytic reduction of nitrogen to ammonia
sensitized by the (ruthenium(Ill)-ethylenediaminetetraacetate-2,2'-bipyridyl}(-1) complex in a
platinum-titania semiconductor particulate system." J. Photochem. Photobiol., A 67, no. 3 (1992):
349-52.

Khan, M. M. T,, Chatterjee, D., Bala, M., and Bhatt, K. N. "Photooxidation of saturated hydrocarbons
with water as a source of oxygen catalyzed by [Ru(EDTA-H)CI]" complex in a platinum/titanium
dioxide/ruthenium dioxide semiconductor particulate system." J. Mol. Catal. 73, no. 3 (1992): 265-9.

Khan, M. M. T., Chatterjee, D., Krishnaratnam, M., and Bala, M. "Photosensitized reduction of N,
by [Ru(bipy),]** adsorbed on the surface of PvTiO,/RuQ, semiconductor particulate system
containing Ru(III)-EDTA complex and L-ascorbic acid." J. Mol. Catal. 72, no. 1 (1992): 13-18.

Kitamori, T., Nishi, T., Fukasawa, T., Fujimori, H., Ozawa, Y., and Suzuki, K. Process and
apparatus for oxidizing or reducing dissolved substance. U.S. Patent 4,774,026. (27 September
1988).

Kitamura, M., and Fujita, Y. Photocatalyst. Japan Patent 04327851. (17 November 1992).

Kiwi, J., and Gratzel, M. "Heterogeneous photocatalysis: platinum and ruthenium oxide loaded
titanium dioxide dispersions doped with inorganic cations active in water photocleavage processes."
Int. Congr. Catal., [Proc.], 5SDBAG, Meeting Date 1984. Volume 3, IIT 545-555. Verlag Chemie:
Weinheim, Fed. Rep 67. 1985.

Kiwi, J., and Gratzel, M. "Heterogeneous photocatalysis: enhanced dihydrogen production in
titanium dioxide dispersions under irradiation. The effect of magnesium promoter at the
semiconductor interface.” J. Phys. Chem. 90, no. 4 (1986): 637-40.

Kiwi, J., and Morrison, C. "Heterogeneous photocatalysis. Dynamics of charge transfer in
lithium-doped anatase-based catalyst powders with enhanced water photocleavage under ultraviolet
irradiation.” J. Phys. Chem. 88, no. 25 (1984): 6146-52,

Kobayakawa, K., Nakazawa, Y., Ikeda, M., Sato, Y., and Fujishima, A. "Influence of the density of
surface hydroxyl groups on TiO, photocatalytic activities." Ber. Bunsenges. Phys. Chem. 94 (1990):
1439-43.

Kobayakawa, K., Nakazawa, Y., Ikeda, M., Sato, Y., and Fujishima, A. "Influence of the density of
surface hydroxyl groups on titania photocatalytic activities." Ber. Bunsen-Ges. Phys. Chem. 94, no.
12 (1990): 1439-43.

Korman, C., Bahnemann, D. W., and Hoffmann, M. R. "Photocatalytic production of H,0, and
organic peroxides in aqueous suspensions of TiO,, ZnO, and desert sand." Environ. Sci. Technol.
22, no. 7 (1988): 798-806.

Kormann, C., Bahnemann, D. W., and Hoffmann, M. R. "Photolysis of chloroform and other organic
molecules in aqueous TiO, suspensions." Envir. Sci. Tech. 25, no. 3 (1991): 494-500.

Kormann, C., Bahnemann, D. W., and Hoffmann, M. R. "Environmental photochemistry: is iron

oxide (hematite) an active photocatalyst? A comparative study: alpha-Fe,O,, ZnO, TiO,."
J. Photochem. and Photobiol., A: Chem. 48 (1989): 161-169.

45



294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

Kormann, C., Bahnemann, D. W., and Hoffman, M. R. "Photocatalytic Production of H,0, and
Organic Peroxides in Aqueous Suspensions of TiO,, ZnO, and Desert Sand." Envir. Sci. and Tech.
22, no. 7 (1988): 798-806.

Kraeutler, B., and Bard, A. J. "Heterogeneous photocatalytic decomposition of saturated carboxylic
acids on titanium dioxide powder. Decarboxylative route to alkanes." J. Am. Chem. Soc. 100,
no. 19 (1978): 5985-92.

Kraeutler, B., and Bard, A. J. "Heterogeneous photocatalytic synthesis of methane from acetic
acid-new Kolbe reaction pathway." J. Am. Chem. Soc. 100, no. 7 (1978): 2239-40.

Kraeutler, B., Jaeger, C. D., and Bard, A. J. "Direct observation of radical intermediates in the
photo-Kolbe reaction - heterogeneous photocatalytic radical formation by electron spin resonance."
J. Am. Chem. Soc., 100, no. 15 (1978): 4903-5.

Kraeutler, B., Reiche, H., Bard, A. J., and Hocker, R. G. "Initiation of free radical polymerization
by heterogeneous photocatalysis at semiconductor powders.” J. Polym. Sci., Polym. Let. Ed 17,
no. 8 (1979): 535-8.

Kreller, D. 1., and Kamat, P. V. "Photochemistry of sensitizing dyes. Spectroscopic and redox
propetties of cresyl violet." J. Phys. Chem. 95 (1991): 4406-10.

Krosley, K. W, Collard, D. M., Adamson, J., and Fox, M. A. "Degradation of organophosphonic
acids catalyzed by irradiated titanium dioxide." J. Photochem. Photobiol., A 69, no. 3 (1992). 357-60.

Ku, Y., and Hsieh, C. B. "Photocatalytic decomposition of 2,4-dichlorophenol in aqueous titanium
oxide suspensions.” Water Res. 26, no. 11 (1992): 1451-6.

Kuchmii, S. Ya., Kulik, S. V., Korzhak, A. V., Belous, A. L., and Kryukov, A. I. "Photochemical
and photocatalytic reactions of carbon tetrachloride with alcohols.” Teor. Eksp. Khim. 25, no. 6
(1989): 682-8.

Kudo, A., and Sakata, T. "Photocatalytic decomposition of nitric oxide (N,0O) at room temperature."
Chem. Lent., no. 12 (1992): 2381-4.

Kuliev, E. M., Suleimanov, A. S., and Agaev, U. K. "Photoelectrochemical oxidation and
chlorination of some aromatic hydrocarbons on semiconductor anodes." Elektrokhimiya 22, no. 8
(1986): 1069-72.

Kume, M., Ono, S., and Osawa, M. "Photocatalytic degradation of organic nitrogen-containing
compounds on titania powders." Hyomen Gijutsu 42, no. 8 (1991): 854-5.

Kung, H. H,, Jarrett, H. S., Sleight, A. W., and Ferretti, A. "Semiconducting oxide anodes in
photoassisted electrolysis of water." J. Appl. Phys. 48, no. 6 (1977). 2463-9.

Kutsuna, S., Ibusuki, A., and Takeuchi, H. Catalysts for disproportionation and decomposition of
chlorofluoromethanes. In Japanese Patent 01,224,337. (7 September 1989).

Kutsuna, S., Takeuchi, K., and Ibusuki, T. "Adsorption and reaction of trichlorofluoromethane on
various particles." J. of Atmos. Chem. 14 (1992): 1-10.

46



309.

310.

311

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

Kutty, T. R. N., and Avudaithai, M. "Photocatalysis on fine powders of perovskite oxides." Caral.
Rev.-Sci. Eng. 34, no. 4 (1992): 373-89,

Langford, C. H., Lepore, G. P., Arbour, C., and Pant, B. C. "Factors controlling photooxidation
processes over titania." Symp. Electron. Ionic Prop. Silver Halides, Boris. IS&T: Springfield, Va.
1991.

Langford, C. H., and Lepore, G. "Quantum yields for alcohol oxidation photocatalyzed by titanium
dioxide." Proc. Symp. Adv. Oxid. Processes Treat. Contam. Water Air. Wastewater Technol.
Cent.: Burlington, Ont. 1990.

Lawless, D. "Removal of toxic metal from solutions by photocatalysis using irradiated platinized
titanium dioxide: removal of lead." Chim. Ind. (Milan) 72 (1990): 139-46.

Lawless, D., Serpone, N., and Meisel, D. "Role of OH radicals and trapped holes in photocatalysis.
A pulsed radiolysis study." J. Phys. Chem. 95 (1991): 5166-70.

Lawless, D., Res, A., Harris, R., Serpone, N., Minero, C., Pelizzetti, E., and Hidaka, H. "Removal
of toxic metal from solutions by photocatalysis using irradiated platinized titanium dioxide: removal
of lead." Chim. Ind. 72, no. 2 (1990): 139-46.

Lee, W., Do, Y. R., Dwight, K., and Wold, A. "Enhancement of photocatalytic activity of
titanium(IV) oxide with molybdenum(VI) oxide." Mat. Res. Bull. 28, no. 11 (1993): 1127-34.

Lee, W., Gao, Y. M,, Dwight, K., and Wold, A. "Preparation and characterization of titanium(IV)
oxide photocatalysts.” Mat. Res. Bull. 27 (1992): 685-92.

Legrini, O., Oliveros, E., and Braun, A. M. "Photochemical processes for water treatment.” Chem.
Rev. 93 (1993): 671-98.

Lepore, G., and Langford, C. H. "Reactions of hydroxyl radicals with chlorobenzenes: comparison
of titanium dioxide photocatalyst reactions to Fenton's reagent." Water Pollut. Res. J. Can. 24, no. 4
(1989): 537-51.

Liang, J. J,, and Liu, T. J. "Heterogeneous photocatalytic oxidation of diphenylmethane on
titanium dioxide powder."” 33, J. Chin. Chem. Soc, no. 2, Taipei (1986): 133-7.

Lichtin, N. N., DiMauro, T. M., and Svrluga, R. C. Catalytic process for degradation of organic
materials in aqueous and organic fluids to produce environmentally compatible products. U.S. Patent
4,861,484. (29 August 1989).

Lichtin, N. N., Dong, J., and Vijayakumar, K. M. "Photopromoted titanium oxide-catalyzed oxidative
decomposition of organic pollutants in water and in the vapor phase." Water Pollut. Res. J. Can 27,
no. 1 (1992): 203-10.

Lichtin, N. N., Vijayakumar, K. M., and Dong, J. Photocatalytic process for degradation of

organic materials in a vaporized or gaseous state. PCT Int. Appl P. WO 9109823 A1 W: DE, Japan
Patent. WO 90-US7651, 26 Dec 1990. (11 July 1991).

47



323.

324.

325.

326.

327.

328.

329.

330.

331.

332.

333.

334.

335.

336.

337.

Lindquist, S. E., Lindgren, A., and Yan-Ning, Z. "On the origin of the bandshifts in the action spectra
of polycrystalline TiO, electrodes prepared by thermal oxidation of titanium." J. Electrochem. Soc.:
Electrochem. Science and Tech. 132, no. 3 (1985): 623-31.

Liu, X,, and et al. Treating phenolic aldehyde-containing wastewater by photocatalysis. Chinese
Patent CN 90-108252, 5 Oct 1990. (10 April 1991).

Liu, Y. C, Griffin, G. L., Chan, S. S., and Wachs, 1. E. "Photo-oxidation of methanol using
MoO,/TiO,;: catalyst structure and reaction selectivity." J. Catal. 94 (1985): 108-19.

Lodha, A. M., Sharma, B., Punjabi, P. B., and Ameta, S. C. "Photocatalytic reaction of doxycycline
on zinc oxide powder." Chem. Chron. 21, no. 1-4 (1992): 31-40.

Low, G. K. C,, McEvoy, S. R., and Matthews, R. W. "Formation of ammonium and nitrate ions
from photocatalytic oxidation of ring nitrogenous compounds over titanium dioxide." Chemosphere
19, no. 10-11 (1989): 1611-21.

Low, G. K. C,, McEvoy, S. R., and Matthews, R. W. "Formation of nitrate and ammonium ions in
titanium dioxide mediated photocatalytic degradation of organic compounds containing nitrogen
atoms." Environ. Sci. Technol. 25, no. 3 (1991): 460-7.

Lozano, A., Garcia, J., Domenech, X., and Casado, J. "Heterogeneous photocatalytic oxidation of
manganese(II) over TiO,." J. Photochem. Photobiol. A: Chem. 69 (1992): 237-40.

Lozano, A., Garcia, J., Domenech, X., and Casado, J. "Heterogeneous photocatalytic oxidation of
manganese(II) over titania." J. Photochem. Photobiol., A 69, no. 2 (1992): 237-40.

Lunak, S., and Sediak, P. "Photoinitiated reactions of hydrogen peroxide in the liquid phase."
J. Photochem. Photobiol. A: Chem. 68 (1992): 1-33.

Luo, Z., and Gao, Q. H. "Decrease in the photoactivity of TiO, pigment on doping with transition
elements." J. Photochem. Photobiol. A: Chem. 63 (1992): 367-75.

Magrini, Kimberly A., and John D. Webb, Solar Energy Research Inst. "Photocatalytic decomposition
of aqueous organic compounds as a function of solar irradiation intensity," 1990 ASME Int. Sol.
Energy Conf. April 1990. Miami, Florida.

Mailhe-Randolph, C., Mcevoy, A. J., and Gratzel, M. "Influence of precursors on the morphology
and performance of TiO, photoanodes." J. Mater. Sci. (1990):

Maillard, C., Guillard, C., Pichat, P., and Fox, M. A. "Photodegradation of benzamide in titanium
dioxide aqueous suspensions." New J. Chem. 16, no. 7 (1992): 821-5.

Malati, M. A., and Wong, W. K. "Doping TiO, for solar energy applications." Surface Tech. 22
(1984): 305-22.

Maldotti, A., Amadelli, R., and Carassiti, V. "An electron spin resonance spin trapping investigation
of azide oxidation on TiO, powder suspensions.” Can. J. Chem. 66 (1988): 76.

43



338.

339.

340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

350.

Maldotti, A., Amadelli, R., Bartocci, C., and Carassiti, V. "Photooxidative cyanation of aromatics on
semiconductor powder suspensions I: Oxidation processes involving radical species." J. Photochem.
Photobiol., A 53, no. 2 (1990): 263-71.

Malet, P., and Munuera, G. "Temperature-programmed desorption study of activated chemisorption
involving a precursor state: desorption of water from TiO,." J. Chem. Soc., Faraday Trans. 1 85,
no. 12 (1989): 4157-66.

Manilal, V. B., Haridas, A., Alexander, R., and Surender, G. D. "Photocatalytic treatment of toxic
organics in wastewater: toxicity of photodegradation products.” Water Res. 26, no. 8 (1992): 1035-8.

Mao, Y., Schoneich, C., and Asmus, K. D. "Radical mediated degradation mechanisms of halogenated
organic compounds as studied by photocatalysis at TiO, and by radiation chemistry.” Proc. of the
First Int. Conf. on TiO, Photocatalytic Purification and Treatment of Water and Air. D. Ollis, and
H. El-Akebi. London, Ontario, 8 November 1992. New York, NY: Elsevier (1993): 49-66.

Mao, Y., Schoeneich, C., and Asmus, K. D. "Identification of organic acids and other intermediates
in oxidative degradation of chlorinated ethanes on titania surfaces en route to mineralization: a
combined photocatalytic and radiation chemical study." J. Phys. Chem. 95, no. 24 (1991): 1008-9.

Mao, Y., Schoeneich, C., and Asmus, K. D. "Influence of titania surface on 1,2-chlorine shift in
beta.-chlorine-substituted radicals as studied by radiation chemistry and photocatalysis." J. Phys.
Chem. 96, no. 21 (1992): 8522-9.

Marchand, E. "Liquid phase catalysis: The Air Force RDT&E Program." 16th Ann. Army Env. R&D
Symp. 23-25 June 1992, Aberdeen Proving Cround, MD.

Martin, C., Martin, I, Rives, V., Palmisano, L., and Schiavello, M. "Structural and surface
characterization of the polycrystalline system chromium oxide/titania employed for photoreduction
of dinitrogen and photodegradation of phenol."” J. Catal. 134, no. 2 (1992): 434-44.

Masuda, H., Shimidzu, N., and Ohno, S. "Formation of hydrophobic organic layers based on
photoelectrochemical oxidation of aromatics on semiconductor electrodes. Properties of titanium
dioxide/phenol derivative systems." Denshi Shashin Gakkaishi 24, no. 1 (1985): 27-32.

Matsumoto, Y., Nagal, H., and Sato, E. 1. "Photocatalytic oxidation of sulfur on titanium dioxide."
J. Phys. Chem. 86 (1982): 4664-68.

Matsunaga, T., Tomoda, R., Nakajima, T., and Wake, H. "Photoelectrochemical sterilization of
microbial cells by semiconductor powders." FEMS Microbiol. Lett. 29 (1985): 211-14.

Matsuzaki, 1., and Yokono, H. Manufacture of printed circuits by electroless coating using
semiconductive photocatalysts. Jpn. Kokai Tokkyo Koho P. Japan Patent 02205388 A2. Japan Patent
89-26464, 3 Feb 1989. (15 August 1990).

Matsuzaki, 1., and Yokono, H. Method for formation of a pattern of a semiconductor photocatalyst

for electroless plating. In Japanese Patent 02285076 A2. Japanese Patent 89-106468, 26 Apr 1989.
(22 November 1990).

49



351.

352.

353.

354.

355.

356.

357.

358.

359.

360.

361.

362.

363.

364.

365.

366.

367.

Matthews, R. W. "Carbon dioxide formation from organic solutes in aqueous suspensions for
ultraviolet irradiated TiO,. Effect of solute concentration.” Aust. J. Chem. 40 (1987): 667-75.

Matthews, R. W., Abdullah, M., and Low, G. K. -C. "Photocatalytic oxidation for total organic
carbon analysis." Anal. Chim. Acta. 233 (1990): 171-9.

Matthews, R. W., and Abdullah, M. "Safeguarding the environment: Organic carbon analysis in
water." Chem. Australia (1990): 85-9.

Matthews, R. W., and McEvoy, S. R. "Destruction of phenol in water with sun, sand, and
photocatalysis." Sol. En. 49, no. 6 (1992): 507-13.

Matthews, R. W. Coating photoactive metal oxides onto substrates and their use in water
purification. In AU. 600289 B2. AU 87-76028, 22 Jul 1986. (9 August 1990).

Matthews, R. W. "A comparison between ultraviolet illuminated TiO, and Co(60) gamma rays for
the destruction of organic impurities in water." Appl. Radiat. Isot. 37, no. 12 (1986): 1247-8.

Matthews, R. "Hydroxylation reactions induced by near-ultraviolet photolysis of aqueous titanium
dioxide suspensions." J. Chem. Soc., Faraday. Trans. 1 80 (1984): 457-71.

Matthews, R. W. "Kinetics of photocatalytic oxidation of organic solutes over titanium dioxide."
J.Catal. 111 (1988): 264-2.

Matthews, R. W. "Photocatalytic oxidation and adsorption of methylene blue on thin films of
near-ultraviolet-illuminated TiO,." J. Chem. Soc., Fara. Trans. 1 85 (1989): 1291-302.

Matthews, R. W. "Photocatalytic oxidation of organic contaminants in water: an aid to environmental
preservation." Pure Appl. Chem. 64, no. 9 (1992): 1285-90.

Matthews, R. W. "Photooxidation of organic impurities in water using thin films of titanium dioxide."
J. Phys. Chem. 91, no. 12 (1987): 3328-33.

Matthews, R. W. "Photooxidative degradation of colored organics in water using supported
catalysts. Titanium dioxide on sand." Water Res. 25, no. 10 (1991): 1169-76.

Matthews, R. W. "Purification of water with near UV illuminated suspensions of titanium
dioxide." Water Res. 24 (1990): 653-60.

Matthews, R. W., and McEvoy, S. R. "A comparison of 254 nm and 350 nm excitation of titania
in simple photocatalytic reactors." J. Photochem. Photobiol., A 66, no. 3 (1992): 355-66.

Matthews, R. W., and McEvoy, S. R. "Photocatalytic degradation of phenol in the presence of
near-UV illuminated titanium dioxide." J. Photochem. Photobiol. A: Chem. 64 (1992): 231-46.

Matthews, R. W, and Ollis D.F. "Photocatalytic oxidation of chlorobenzene in aqueous suspensions
of titanium dioxide." J. Catal. 97 (1986): 565-9.

Mazurkevich, Ya. S., and Vlodarchik, R. P. Method of photocatalytic production of ammonia.
U.S.S.R. From: Otkrytiya, Izobret. 1990 P. 1923. SU 87-4353902, 30 Dec 1987. (1990).

50



368.

369.

370.

371.

372.

373.

374.

375.

376.

377.

378.

379.

380.

Mazurkevich, Ya. S., and Vlodarchik, R. P. Method of photocatalytic production of ammonia.
U.S.SR. From: Otkrytiya, Izobret. 1990 P. SU 1592280 Al. SU 88-4488947, 3 Oct 1988.
(15 September 1990).

Mehos, M. S., Pacheco, K. A, and Link, H. F. "Measurement and analysis of near ultraviolet solar
radiation.” Proceedings of ASME Int. Sol. Energy Conf. Maui, HI, 4 April 1992, Solar Engineering
92, Kreider, J., Stine, W., and Watanabe, K., Eds., New York, NY, ASME (1992): 51-55.

Mehos, M. S. and Turchi, C. S. "Field testing solar detoxification of TCE-contaminated
groundwater." Environ. Prog. 12, no. 3 (1993):194-9.

Miano, F., and Borgarello, E. "Reactor for photooxidations in an aqueous environment." In EP
90201172.5, 5 May 1990.

Miano, F., and Borgarello, E. Method for the heterogeneous catalytic photodegradation of pollutants.
In EP. 417847 A1 R: AT, BE, CH, DE, DK, ES, FR, GB, GR, L], LU, NL, SE. EP 90-202382, 7 Sep
1990. (20 March 1991).

Miano, F., and Borgarello, E. Reactor for photooxidation in an aqueous environment. In EP P.
EP 401884 A2 R: AT, BE, CH, DE, DK, ES, FR, GB, GR, LI, LU, NL, SE. EP 90-201172, 9 May
1990. (12 December 1990).

Micic, O. 1., Zhang, Y., Cromack, K. R., Triunac, A. D., and Thumnauer, M. C. "Trapped holes
on TiO, colloids studied by electron paramagnetic resonance." J. Phys. Chem. 97 (1993): 7277-83.

Mihaylov, B. V., Hendrix, J. L., and Nelson, V. H. "Comparative catalytic activity of selected metal
oxides and sulfides for the photo-oxidation of cyanide." J. Photochem. Photobiol. A: Chem. T2
(1993): 173-7.

Milis, A, and Domenech, X. "Photoassisted oxidation of nitrite to nitrate over different
semiconducting oxides." J. Photochem. Photobiol. A: Chem. 72 (1993): 55-9.

Millis, G., and Hoffmann, M. R. "Photocatalytic degradation of pentachlorophenol on TiO, particles:
Identification of intermediates and mechanism of reaction." Environ. Sci. Technol. 27, no. 8 (1993):
1681-9.

Mills, A., and Morris, S. "Photomineralization of 4- chlorophenol sensitized by titanium dioxide: a
study of the effect of annealing the photocatalyst at different temperatures.” J. Photochem. and
Photobiol. A: Chem. 71 (1993): 285-9.

Minero, C., Aliberti, C., Pelizzetti, E., Terzian, R., and Serpone, N. "Kinetic studies in heterogeneous
photocatalysis. 6. AM1 simulated sunlight photodegradation over titania in aqueous media: a first
case of fluorinated aromatics and identification of intermediates." Langmuir 7, no. 5 (1991): 928-36.

Minoura, H., Inayoshi, N., Sugiura, T., Ueno, Y., Matsui, M., and Shibata, K. "Analysis of the

mechanism of indazole formation from azobenzene on a titania electrode in a methanolic solution."
J. Electroanal. Chem. 332, no. 1-2 (1992): 279-87.

51




381.

382.

383.

384.

385.

386.

387.

388.

389.

390.

391.

392.

393.

Minoura, H., Katoh, Y., Sugiura, T., Ueno, Y., Matsui, M., and Shibata, K. "Photoelectrochemical
analyses of photocatalytic reactions of azobenzene on titanium dioxide powder." Chem. Phys. Lett.
173, no. 2-3 (1990): 220-4.

Miyama, H., Fujii, N., and Nagae, Y. "Heterogeneous photocatalytic synthesis of ammonia from
water and nitrogen." Chem. Phys. Lett. 74, no. 3 (1980): 523-524.

Miyoshi, H., Nippa, S., Uchida, H., Mori, H., and Yoneyama, H. "Photochemical properties of
titanium dioxide microcrystallites prepared in Nafion." Bull. Chem. Soc. Jpn. 63, no. 12 (1990):
3380-4.

Mori, T., Doi, R., Ogawa, T., Hida, H., and Kuroda, O. Photocatalyst. In Jpn. Kokai Tokkyo
Koho P. Japan Patent 04045853 A2. Japan Patent 90-152733, 13 Jun 1990. (14 February 1992).

Moroi, S., Hirano, X., Asami, Y., and Takagi, R. "Photocatalytic decomposition of chlorobenzene in
titanium oxide (TiO,) suspensions.”" Denki Kagaku oyobi Kogyo Butsuri Kagaku 57, no. 12
(1989): 1207-8.

Moser, J., Graetzel, M., Sharma, D. K., and Serpone, N. "Picosecond time-resolved studies of
photosensitized electron injection in colloidal semiconductors.” Helv. Chim. Acta. 68, no. 6 (1985):
1686-90.

Moza, P. N., Hustert, K., Pal, S., and Sukul, P. "Photocatalytic decomposition of pendimethalin
and alachlor." Chemosphere 25, no. 11 (1992): 1675-82.

Muneer, M., Das, S., Manilal, V. B., and Haridas, A. "Photocatalytic oxidation of waste-water
pollutants: Titanium dioxide-mediated oxidation of methylvinylketone." J. Photochem. Photobiol.
A: Chem. 63 (1992): 107-14.

Munoz-Paez, A., and Malet, P. "X-ray absorption spectroscopy (XAS) study of the semiconductor-
insulator interface in titania-based photocatalysts." Appl. Surf. Sci. 56-58, no. Pt. B, Proc. Int. Conf.
Form. Semicond. Interfaces. 1991 (1992): 873-80.

Munuera, G., Gonzalez-Elipe, A. R., Soria, J., and Sanz, J. "Photo-adsorption and photo-desorption
of oxygen on highly hydroxylated TiO, surfaces. Part 3. Role of H,0, on photodesorption of O,."
J.C.S. Faraday Trans. 1 76 (1980): 1535-46.

Munuera, G., Navio, A., and Rivel-Arnau, V. "Photogeneration of singlet oxygen from TiO,
surfaces." J.C.S. Faraday Trans. 177 (1981): 2747-9.

Munuera, G., Rives-Arau, V., and Saucero, A. "Photo- adsorption and -desorption of oxygen on
highly hydroxylated TiO, surfaces. Part 1. Role of hydroxyl groups in photo-adsorption." J.C.S.
Faraday Trans. 1 75 (1979): 736-47.

Murabayashi, M., Itoh, K., Ohya, Y., and Kamata, K. "Photocatalytic degradation of chloroform

on platinized titanium dioxide powder.” Yokohama Kokuritsu Daigaku Kankyo Kagaku Kenkyu
Senta Kiyo 16, no. 1 (1989): 49-54.

52



394.

39s.

396.

397.

398.

399.

400.

401.

402.

403.

404.

405.

406.

407.

Murabayashi, M., Itoh, K., Ohya, Y., and Kamata, K. "Photocatalytic degradation of chloroform on
platinized titanium dioxide powder." Denki Kagaku oyobi Kogyo Butsuri Kagaku 57, no. 12 (1989):
1221-2.

Murabayashi, M., Itoh, K., Furushima, H., and Chen, D. C. "Photocatalytic degradation of
chloroform with rutile-anatase mixed titania powder." Denki Kagaku oyobi Kogyo Butsuri Kagaku
59, no. 6 (1991): 524-5.

Murabayashi, M., Itoh, K., Kuroda, S., Huda, R., Masuda, R., Takahashi, W., and Kawashima, K.
"Photocatalytic degradation of chloroform with titanium dioxide-coated glass fiber cloth." Denki
Kagaku oyobi Kogyo Butsuri Kagaku 60, no. 8 (1992): 741-2.

Muszkat, L., Halmann, M., Raucher, D., and Bir, L. "Solar photodegradation of xenobiotic
contaminants in polluted well water." J. Photochem. Photobiol., A: Chem. 65, no. 3 (1992): 409-17.

Muzyka, J. L., and Fox, M. A. "Oxidative photocatalysis in the absence of oxygen: methyl viologen
as an electron trap in the titanium dioxide (TiO,) mediated photocatalysis of the Diels-Alder
dimerization of 2,4-dimethyl-1,3-pentadiene." J. Photochem. Photobiol., A 57, no. 1-3 (1991): 27-39.

Muzyka, J. L., and Fox, M. A. "Selective photoelectrochemical oxidation of vicinal
cyclohexanedicarboxylic acids: a mechanistic study." J. Org. Chem. 55, no. 1 (1990): 209-15.

Nagomi, G. "Investigation of photocatalytic decomposition mechanism of organic compounds on
platinized semiconductor catalyst by rotating ring disk electrode technique." J. Electrochem. Soc.
139, no. 12 (1992): 3415-21.

Nakato, Y., Takamori, N., and Tsubomura, H. "A composite semiconductor photoanode for water
electrolysis." Nature 295(5847) (1982): 312-13.

Navio, J. A., Fuentes Mota, J., Pradera Adrian, M. A., and Gaicia Gomez, M. "Oxidation of 2-furoic
acid via singlet oxygen generated photochemically." J. Photochem. Photobiol., A 52, no. 1 (1990):
91-5.

Navio, J. A., Garcia Gomez, M., Pradera Adrian, M., and Fuentes Mota, J. "(Heterogeneous)
photocatalytic oxidation of toluene using pure and iron-doped titania catalysts.” Stud. Surf. Sci.
Catal. no. 59, Heterog. Catal. Fine Chem. 2 (1991): 445-53.

Navio, J. A., Macias, M., Gonzalez-Catalan, M., and Justo, A. "Bulk and surface characterization
of powder iron-doped titania photocatalysts." J. Mater. Sci. 27, no. 11 (1992): 3036-42.

Navio, J. A., Marchena, F. J., Roncel, M., and De la Rosa, M. A. "A laser flash photolysis study of
the reduction of methyl viologen by conduction band electrons of titanium dioxide (TiO,) and
iron-titanium oxide photocatalysts." J. Photochem. Photobiol., A 55, no. 3 (1991): 319-22.

Navio, J. A., and Rives-Arnau, V. "Remarks on "Effects of surface modification with silicon oxides
on the photochemical properties of powdered TiO,"." Langmuir 6 (1990): 1525-6.

Nguyen, T., and Ollis, D. F. "Complete heterogeneously photocatalyzed transformation of 1,1- and

1,2-dibromoethane to carbon dioxide and hydrogen bromide." J. Phys. Chem. 88, no. 16 (1984):
3386-8.

53



408.

409.

410.

411.

412.

413.

414.

415.

416.

417.

418.

419.

420.

Nimlos, M. R, Jacoby, W. A,, Blake, D. M., and Milne, T. A. "Direct mass spectrometric studies of
the destruction of hazardous wastes 2. Gas phase photocatalytic oxidation of trichloroethylene
over TiO,: products and mechanisms.” Environ. Sci. Technol. 27 (1993): 732-40.

Nomichi, S., and Fujii, T. Treatment of chlorofluorocarbons. In Jpn. Kokai Tokkyo Koho P. Japan
Patent 01143630 A2. Japan Patent 87-297832, 27 Nov 1987. (6 June 1989).

Nosaka, Y., Sasaki, H., Norimatsu, K., and Miyama, H. "Effect of surface compound formation
on the photoinduced reaction at polycrystalline titanium dioxide semiconductor electrodes." Chem.
Phys. Lett. 105, no. 4 (1984): 456-8.

Nozik, A. J. "Photoelectrochemistry: Applications to solar energy conversion." Ann. Rev. Phys.
Chem., 29, Annual Reviews, Inc. (1978): 189-222.

Ohtani, B., Kakimoto, M., Miyadzu, H., Nishimoto, S., and Kagiya, T. "Effect of surface-adsorbed
2-Propanol on the photocatalytic reduction of silver and/or nitrate ions in acidic TiO, suspension.”
J. Phys. Chem. 92 (1988): 5773-7.

Ohtani, B., Kakimoto, M., Nishimoto, S., and Kagiya, T. "Photocataly* - reaction of neat alcohols by
metal-loaded titanium(IV) oxide particles." J. Photochem. Photobic. . . Chem. 70 (1993): 265-72.

Ohtani, B., Ueda, Y., Nishimoto, S., Kagiya, T., and Hachisuka, H. "Photocatalytic oxidative
decomposition of fluoroalkenes by titanium dioxide." J. Chem. Soc. Perkin Trans. 2 (1990): 1955-90.

Ohtani, B., Zhang, S. W., Ogita, T., Nishimoto, S., and Kagiya, T. "Photoactivation of silver
loaded on titanium(IV) oxide for room-temperature decomposition of ozone." J. Photochem.
Photobiol., A 71, no. 2 (1993): 195-8.

Ohtani, B., Zhang, S., Handa, J., Kajiwara, H., Nishimoto, S., and Kagiya, T. "Photocatalytic
activity of titanium(IV) oxide prepared from titanium(IV) tetra-2-propoxide: reaction in aqueous
silver salt solutions.” J. Photochem. Photobiol. A: Chem. 64 (1992): 223-30.

Ohtani, B., Adzuma, S., Nishimoto, S., and Kagiya, T. "Photocatalytic degradation of polyethylene
film by incorporated extra-fine particles of titanium dioxide." Polym. Degrad. Stab., 35, no. 1 (1991):
53-60.

Ohtani, B., Nagasaki, H., Sakano, K., Nishimoto, S., and Kagiya, T. "Phoroinduced oxygenation of
thymine in an aqueous suspension of titanium dioxide." J. Photochem. and Photobiol., A:
Chem. 41 (1987): 141-3.

Ohtani, B., and Nishimoto, S. "Effect of surface adsorptions of aliphatic alcohols and silver ion on
the photocatalytic activity of titania suspended in aqueous solutions." J. Phys. Chem. 97, no. 4
(1993): 920-6.

Ohtani, B., Tsury, S., Nishimoto, S., Kagiya, T., and Izawa, K. "Photocatalytic one-step syntheses of
cyclic imino acids by aqueous semiconductor suspensions." J. Org. Chem. 55, no. 21 (1990):
5551-3.

54



421.

422.

423.

424.

425.

426.

427.

428.

429.

430.

431.

432,

433,

434,

Ohtani, B., Ueda, Y., Nishimoto, S., Kagiya, T., and Hachisuka, H. "Photocatalytic oxidative
decomposition of fluoroalkenes by titanium dioxide." J. Chem. Soc., Perkin Trans. 2 , no. 11 (1990):
1955-60.

Ohtani, B., Zhang, S. W., Nishimoto, S., and Kagiya, T. "Catalytic and photocatalytic decomposition
of ozone at room temperature over titanium(IV) oxide." J. Chem. Soc., Faraday Trans. 88, no. 7
(1992): 1049-53.

Okamoto, K., Yamamoto, Y., Tanaka, H., Tanaka, M., and Itaya, A. "Heterogeneous photocatalytic
decomposition of phenol over anatase powder." Bull. Chem. Soc. Jpn. 58, no. 7 (1985): 2015-22.

Okamoto, K., Yamamoto, Y., Tanaka, H., and Itaya, A. "Kinetics of heterogeneous photocatalytic
decomposition of phenol over anatase titanium dioxide powder." Bull. Chem. Soc. Jpn. 58, no. 7
(1985): 2023-28.

Oliver, B. G., Cosgrove, E. G., and Carey, J. H. "Effect of suspended sediments on the photolysis
of organics in water." Environ. Sci. Technol. 13, no. 9 (1979): 1075-7.

Ollis, D. F. "Photocatalytic oridation of chlorobenzene in aqueous suspensions of titanium
dioxide. Reply to comments." J. Catal. 97, no. 2 (1986): 569.

Ollis, D. F. "Solar-assisted photocatalysis for water purification: Issues, data, questions." International
Photochemistry Symposium, Palermo, Italy, 18 July 1990.

Ollis, D. F., Hsiao, C. Y., Budiman, L., and Lee, C. L. "Heterogeneous photoassisted catalysis:
conversions of perchloroethylene, dichloroethane, chloroacetic acids, and chlorobenzenes." J.
Catal. 88, no. 1 (1984): 89-96.

Pacheco, J., Prairie, M., and Yellowhorse, L. "Photocatalytic destruction of chlorinated solvents
with solar energy." Proceedings ASME-JSME-JSES Int. Sol. Energy Conf. Reno, NV, 17 March
1991, Solar Engineering 91, Mancini, T. R., Watanabe, K., and Klett, D. E., Eds. New York, NY,
ASME (1991): 275-281.

Pacheco, J. E., and Tyner, C. E. "Enhancement of processes for solar photocatalytic detoxification
of water." Proceedings ASME Int. Sol. Energy Conf. Miami, Florida, 1 April 1990, Solar
Engineering 90, Beard, J. T. and Ebadion, M. A., Eds. New York, NY, ASME (1990): 163-166.

Palmer, B. R., Stamatakis, P., Bohren, C. F., and Salzman, G. C. "A multiple-scattering model for
opacifying particles in polymer films." J. Coatings Tech. 61, no. 779 (1989): 41-7.

Palmisano, L., Augugliaro, V., Schiavello, M., and Sclafani, A. "Influence of acid-base properties
on photocatalytic and photochemical processes." J. Mol. Catal. 56 (1989). 284-95.

Palmisano, L., Augugliaro, V., Sclafani, A., and Schiavello, M. "Activity of chromium-ion-doped
titania for the dinitrogen photoreduction to ammonia and for the phenol photodegradation." J. Phys.
Chem. 92, no. 23 (1988): 6710-13.

Palmisano, L., Augugliaro, V., Campostrini, R., and Schiavello, M. "A proposal for the quantitative
assessment of heterogeneous photocatalytic processes." J. Catal. 143 (1993): 149-54.

55



435.

436.

437.

438.

439.

440.

441.

442.

443.

445.

446.

447,

Papp, J., Shen, H. S., Kershaw, R., Dwight, K., and Wold, A. "Titanium(IV) oxide photocatalysts
with palladium." Chem. Mater. 5, no. 3 (1993): 284-8.

Patel, K., Yamagata, S., Fujishima, A., Loo, B. H., and Kato, T. "Photosinking phenomenon:
photodecomposition rate of silane bonded on titania powders." Ber. Bunsen-Ges. Phys. Chem. 95, no.
2 (1991): 176-80.

Pelizzetti, E., Carlin, V., Maurino, V., Minero, C., Dolci, M., and Marchesini, A. "Degradation of
atrazine in soil through induced photocatalytic processes." Soil Sci. 150, no. 2 (1990): 523-6.

Pelizzetti, E., Minero, C. Maurino, V., Hidaka, H., Serpone, N., Terzian, R. "Photocatalytic
degradation of dodecane and of some dodecyl derivatives." Ann. Chim. 80, no. 1-2 (1990): 81-7.

Pelizzetti, E., and Minero, C. "Mechanism of the photooxidative degradation of organic pollutants
over titanium dioxide particles." Electrochim. Acta. 38, no. 1 (1993): 47-55.

Pelizzetti, E., Minero, C., Carlin, V., Pramauro, E., Zervinati, O., Maurino, V., and Tosato, M. L.
"Photocatalytic degradation of atrizine and other s-triazine herbicides." Environ. Sci. Technol. 24
(1990): 1559-65.

Pelizzetti, E., Minero, C., Carlin, V., and Borgarello, E. "Photocatalytic soil decontamination."
Chemosphere 25, no. 3 (1992): 343-51.

Pelizzetti, E., Barbeni, M., Pramauro, E., Serpone, N., Borgarello, E., Jamieson, M. A., and Hidaka,
H. "Sunlight photodegradation of haloaromatic pollutants catalyzed by semiconductor particulate
materials." Chem. Ind. 67, no. 11 (1985): 623-625.

Pelizzetti, E., Borgarello, M., Minero, C., Pramauro, E., Borgarello, E., and Serpone, N.
"Photocatalytic degradation of polychlorinated dioxins and polychlorinated biphenyls in aqueous
suspensions of semiconductors irradiated with simulated solar light." Chemosphere 17, no. 3 (1988):
499-510.

Pelizzetti, E., Carlin, V., Minero, C., Pramauro, E., and Vincenti, M. "Degradation pathways of
atrazine under solar light and in the presence of titanium oxide colloidal particles." Sci. Total
Environ. 123-124 (1992): 161-9.

Pelizzetti, E., Maurino, V., Minero, C., Carlin, V., Tosato, M. L., Pramauro, E., and Zerbinati, O.
"Photocatalytic degradation of atrazine and other s-triazine herbicides." Environ. Sci. Technol. 24,
no. 10 (1990): 1559-65.

Pelizzetti, E., Minero, C., Pramauro, E., Barbeni, M., Maurino, V., and Tosato, M. "Photocatalytic
degradation of atrazine at ppb levels under solar light and in the presence of TiO, particles.” Chem.
Ind. (Milan) 69 (1987): 88-9.

Pelizzetti, E., Minero, C., Maurino, V., Sclafani, A., Hidaka, H., and Serpone, N. "Photocatalytic

degradation of nonylphenol ethoxylated surfactants." Environ. Sci. Technol. 23, no. 11 (1989):
1380-5.

56



448.

449.

450.

451.

452.

453.

454.

4535.

456.

457.

458.

459.

460.

461.

Pelizzetti, E., Minero, C., Maurino, V., Hidaka, H., Serpone, N., and Terzian, R. "Photocatalytic
degradation of dodecane and of some dodecy! derivatives." Ann. Chim. Rome 80, no. 1-2 (1990):
81-7.

Pelizzetti, E., Pramauro, E., Minero, C., and Serpone, N. "Sunlight Photocatalytic Degradation of
Organic Pollutants in Aquatic Systems." Waste Management 10 (1990): 65-71.

Peral, J., and Domenech, X. "Photocatalytic cyanide oxidation from aqueous copper cyanide
solutions over titania and zinc oxide." J. Chem. Technol. Biotechnol. 53, no. 1 (1992): 93-6.

Peral, J., and Ollis, D. F. "Heterogeneous photocatalytic oxidation of gas-phase organics for air
purification: acetone, 1-butanol, butyraldehyde, formaldehyde, and m-xylene oxidation." J. Catal.
136, no. 2 (1992): 554-65.

Peterson, M. W., Tumner, J. A., and Nozik, A. J. "Mechanistic studies of the photocatalytic behavior
of TiO,. Particles in a photoelectrochemical slurry cell and the relevance to photodetoxification
reactions." J. Phys. Chem. 95 (1991): 221-5.

Phillips, L. A., and Raupp, G. B. "Infrared spectroscopic investigation of gas-solid heterogeneous
photocatalytic oxidation of trichloroethylene." J. Mol. Catal. 77, no. 3 (1992): 297-311.

Pichat, P. "Surface properties, activity and selectivity of bifunctional powder photocatalysts." New
J. Chem. 11, no. 2 (1987): 135-40.

Pichat, P., Courbon, H., Disdier, J., Mozzanega, M. N., and Herrmann, J. M. "Heterogeneous
photocatalysis: nitric oxide decomposition and oxidation of butanols by nitric oxide over titanium
dioxide at room temperature." Stud. Surf. Sci. Catal. 7, Pt. B, New Horiz. Catal. (1981): 1498-1500.

Pichat, P., Disdier, J., and Hermmann, J. M. "Photocatalytic oxidation of liquid (or gaseous)
4-tert- butyltoluene to 4-tert- butylbenzaldehyde by O, (or air) over TiO,." New J. Chem. 10, no. 10
(1986): 545-51.

Pichat, P., Disdier, J., Mozzanega, M. N., and Herrmann, J. M. "Synthesis by organic heterogeneous
photocatalysis: endergonic dehydrogenations and hydrogen transfers at room temperature.” Proc. Int.
Congr. Catal., 1984. Weinheim, Ger.: Verlag Chemie (1985): 487-98.

Pichat, P. "Photocatalytic reactions." NATO ASI Ser., Ser. C 146 (1985): 425-55.

Pichat, P. "Photocatalytic Reactions." Photoelectrochemistry, Photocatalysis and Photoreactors,
NATO ASI Series C, 146, M. Schiavello, Ed. Boston: Reidel Publishing Co., 1985: 425-55.

Pichat, P., Borgarello, E., Disdier, J., Herrmann, J. M., Pelizzetti, E., and Serpone, N. "A
photoconductivity study of electron transfer between cadmium sulfide and titania powders in
vacuum and in an oxygen atmosphere." J. Chem. Soc., Faraday Trans. 1 84, no. 1 (1988): 261-74.

Pollema, C. H., Milosavljevic, E. B., Hendrix, J. L., Solujic, L., and Nelson, J. H. "Photocatalytic

oxidation of aqueous ammonia (ammonium ion) to nitrite or nitrate at titanium dioxide particles."
Monatsh. Chem. 123, no. 4 (1992): 333-9.

57



462.

463.

464.

465.

466.

467.

468.

469.

470.

471.

472.

473.

474.

Pollema, Cy. H., Hendrix, J. L., Milosavljevic, E. B., Solujic, L., and Nelson, J. H. "Photocatalytic
oxidation of cyanide to nitrate at TiO, particles." J. Photochem. Photobiol. A: Chem. 66 (1992):
235-44.

Prairie, M. R,, Evans, L. R., and Martinez, S. L. "Destruction of organics and removal of heavy metals
in water via TiO, photocatalysis." Chemical Oxidation: Technology for the Nineties, Second Int.
Symp. Nashville, Tennessee, 19 February 1992.

Prairie, M. R., Evans, L. R, Stange, B. M., and Martinez, S. L. "An investigation of TiO,
photocatalysis for the treatment of water contaminated with metals and organic chemicals."
Environ. Sci. Technol. 27, no. 9 (1993): 1776-82.

Prairie, M. R,, Pacheco, J., and Evans, L. R. "Solar detoxification of water containing chlorinated
solvents and heavy metals via TiO, photocatalysis.” Proc. of ASME Int. Sol. Engineering Conf.
2 April 1992. Solar Engineering 92, Stein, W., Kreider, J., and Watanabe, K., Eds. New York,
NY, ASME (1992): 1-8.

Pramauro, E., Vincenti, M., Augugliaro, V., and Palmisano, L. "Photocatalytic degradation of
monuron in aqueous TiO, dispersions.” Environ. Sci. Technol. 27, no. 9 (1993): 1790-95.

Primet, M., Basset, J., Mathieu, M. V., and Prettre, M. "Surface and bulk reactions of carbon
tetrachloride with titanium dioxide." J. Phys. Chem. 74, no. 15 (1970): 2868-74.

Pruden, A. L., and Ollis, D. F. "Degradation of chloroform by photoassisted heterogeneous
catalysis in dilute aqueous suspensions of titanium dioxide." Environ. Sci. Technol. 17, no. 10
(1983): 628-31.

Pruden, A. L., and Ollis, D. F. "Photoassisted heterogeneous catalysis: the degradation of
trichloroethylene in water." J. Catal. 82, no. 2 (1983): 404-17.

Rader, W. S., Solujic, L., Milosavjevic, E. B., Hendrix, J. L., and Nelson, J. H. "Sunlight-induced
photochemistry of aqueous solutions of hexacyanoferrate(II) and -(I) ions." Environ. Sci. Technol.
27, no. 9 (1993): 1875-9.

Raupp, G. B., and Dibble, L. A. Gas-solid photocatalytic oxidation of environmental pollutants.
U.S. Patent. 5,045,288. (3 September 1991).

Raupp, G. B,, Junio, C. T., Mallela, R. K., and Phillips, L. A. "Destruction of organics in gaseous
streams over UV-excited titania." Air and Waste Management Association, Kansas City, Missouri,
21 June 1992.

Raupp, G. B., and Dibble, L. A. Gas-solid photocatalytic oxidation of environmental pollutants.
In EP. WO 9104094 A1 W: CA, JP RW: AT, BE, CH, DE, DK, ES, FR, GB, IT, LU, NL, SE. WO
90-US4996, 4 Sep 1990. (4 April 1991).

Reeves, P., Ohlhausen, R., Sloan, D., Pamplin, K., Scoggins, T., Clark, C., Hutchinson, B., and

Green, D. "Photocatalytic destruction of organic dyes in aqueous TiO, suspensions using concentrated
simulated and natural solar energy." Solar Energy 48, no. 6 (1992): 413-20.

58



47s5.

476.

477.

478.

479.

480.

481.

482.

483.

484.

485.

486.

487.

488.

489.

Reiche, H., Dunn, W. W., and Bard, A. J. "Heterogeneous photocatalytic and photosynthetic
deposition of copper on Titanium dioxide and tungsten(VI) oxide powders." J. Phys. Chem 83, no.
17 (1979): 2248-51.

Reichman, B., and Byvik, C. E. "Photoproduction of halogens using platinized TiO,." NASA Tech.
Brief, NASA, Langley Research Center, Hampton, VA, 1980.

Richard, C. "Regioselectivity of oxidation by positive holes (h+) in photocatalytic aqueous
transformations." J. Photochem. Photobiol. A: Chem. 72 (1993): 179-82.

Ritchie, D. G. Photocatalytic fluid purification apparatus having helical nontransparent substrate.
U.S P. US 5069885. A. US 90-512311, 23 Apr 1990. (3 December 1991).

Rives, A. B., Kulkamni, T. S., and Schwaner, A. L. "Nitrogen and water adsorption on combinations
of titania and ferric oxide." Langmuir 9, no. 1 (1993): 192-6.

Rizzuti, L., Brucato, A., latridis, D., and Yue, P. L. "Light transmittance and reflectance of flat
fluidized photoreactors." Chem. Biochem. Eng. Q 6, no. 1 (1992): 19-23.

Robertson, M. K., and Henderson, R. B. Fluid purification. U.S. Patent 4,892,712. (9 January 1990).

Roderwald, P. G. Method of removing chlorofluorocarbons from the atmosphere. U.S. Patent
4,997,632. 529,997, 29 May 1990. (5 March 1991).

Rophael, M. W, Khalil, L. B., and Moawad, M. M. "The reduction of aqueous carbonate to methanol,
photocatalyzed by titanium dioxide phthalocyanine." Vacuum 41, no. 1-3 (1990): 143-6.

Rose, T. L., Aurian-Blajeni, B., and Ibechem, J. "Quantum Thermal Catalytic Destruction of
Chloroaliphatic Pollutants on Metal Oxides Using Concentrated Sunlight.” Final Report, SBIR
Phase I Research, DOE contract no. DE-ACO01-89ER80845, Norwood, Mass, March 1990.

Rosenberg, I., Brock, J. R., and Heller, A. "Collection optics of TiO, photocatalyst on hollow
glass microbeads Ffoating on oil slicks." J. Phys. Chem. 96 (1992): 3423-8.

Rosenberg, 1., Brock, J. R., and Heller, A. "Collection optics of titanium dioxide photocatalyst on
hollow glass microbeads floating on oil slicks. [Erratum to document cited in CA116(18):184376v]."
J. Phys. Chem. 96, no. 21 (1992): 8676.

Rosenberg, 1., Brock, J. R., and Heller, A. "Collection optics of titanium dioxide photocatalyst on
hollow glass microbeads floating on oil slicks. [Erratum to document cited in CA116(18):184376v]."
J. Phys. Chem. 96, no. 17 (1992): 7146.

Rothenberger, G., Moser, J., Graetzel, M., Serpone, N., and Sharma, D. K. "Charge carrier trapping
and recombination dynamics in small semiconductor particles." J. Am. Chem. Soc. 107, no. 26 (1985).
8054-9.

Sabate, J., Anderson, M. A., Aguado, M. A., Gimenez, J., Cervera-March, S., and Hill, Jr. C. G.

"Comparison of TiO, powder suspensions and TiO, ceramic membranes supported on glass as
photocatalytic systems in the reduction of chromium(V1)." J. Mol. Cat. 71 (1992): 57-68.

59



490.

491.

492

493.

494,

495.

496.

497.

498.

499.

500.

501.

Sabate, J., Anderson, M. A, Kikkawa, H., Edwards, M., and Hill, C. G. "A kinetic study of the
photocatalytic degredation of 3-chlorosalicylic acid over TiO, membranes supported on glass." J.
Catal. 127 (1991): 167-77.

Sabate, J., Anderson, M. A., Kikkawa, H., Xu, Q., Cervera- March, S., and Hill, C. G. "Nature and
properties of pure and Nb-doped TiO, ceramic membranes affecting the photocatalytic degradation
of 3-chlorosalicylic acid as a model of halogenated organic compounds.” J. Catal. 134 (1992): 36-46.

Sabin, F., Turk, T., and Vogler, A. "Photooxidation of organic compounds in the presence of titanium
dioxide: determination of the efficiency." J. Photochem. Photobiol. A: Chem. 63, no. 1 (1992):
99-106.

Saito, T., Iwase, T., Horie, J., and Morioka, T. "Mode of photocatalytic bactericidal action of
powdered semiconductor titanium dioxide on mutans streptococci.” J. Photochem. Photobiol., B 14,
no. 4 (1992): 369-79.

Sakai, H., Cai, R., Kato, T., Hashimoto, K., Fujishima, A., Kubota, Y., Ito, E., and Yoshioka, T.
"Photocatalytic effect of titanium dioxide particles on tumor cells - study on mechanism of cell death
by measuring concentration of intracellular calcium ion." Photomed. Photobiol. 12 (1990): 135-8.

Sakata, T., Kawai, T., and Hashimoto, K. "Heterogeneous photocatalytic reactions of organic acids
and water. New reaction paths besides the photo-Kolbe reaction." J. Phys. Chem. 88 (1984):
2344-50.

Sakata, T., and Kawai, T. "Photosynthesis and photocatalysis with semiconductor powders."
Energy Resources through Photochemistry and Catalysis, 332-358. Michael Gratzel. New York:
Academic Press, 1983.

Sakata, T., and Kawai, T. "Heterogeneous photocatalytic production of hydrogen and methane
from ethanol and water." Chem. Phys. Lert. 80, no. 2 (1981): 341-4.

Sakata, T., and Kawai, T. "Photodecomposition of water by using organic compounds. Hydrogen
evolution by using powered semiconductor photocatalysts." Yuki Gosei Kagaku Kyokaishi 39,
no. 7 (1981): 589-602.

Sakurada, T. Photocatalyst and multifunctional material using it. In Jpn. Kokai Tokkyo Koho P.
Japan Patent 03008448 A2.Japan Patent 89-71414 23 Mar 1989. (16 January 1991).

Salvador, P., and Gutierrez, C. "On the nature of surface states involved in the photo- and
electroluminescence spectra of n-TiO, electrodes." J. Phys. Chem. 88 (1984): 3696-8.

Sarkisyan, A. G., Arutyunyan, V. M., Arakelyan, V. M., Begoyan, K. G., and Pogosyan, A. A.
"Effect of the degree of reduction of a semiconducting photoelectrode made from titanium dioxide
on the effectiveness of solar energy transformation by a water photolysis method." Geliotekhnika,
no. 6 (1980): 11-17.

Sato, K. Apparatus for decomposition of organic halogen compounds in wastewaters with

photocatalyst. In Jpn. Kokai Tokkyo Koho P. Japan Patent 04114667 A2. Japan Patent 90-233861,
3 Sep 1990. (15 April 1992).

60




503.

504.

505.

506.

507.

508.

509.

510.

511.

512.

513.

514.

515.

516.

517.

Sato, K. Drinking water container capable of decomposing organic halogen compounds by light
irradiation. In Jpn. Kokai Tokkyo Koho P. Japan Patent 04114791 A2. Japan Patent 90-233862,
3 Sep 1990. (15 April 1992).

Sato, S. "Effects of surface modification with silicon oxides on the photochemical properties of
powdered TiO,." Langmuir 4 (1988): 1156-9.

Sato, S. "Photocatalytic function of titania powder." Hyomen 28, no. 6 (1990): 427-37.

Sato, S., and Kadowaki, T. "Photoevolution of oxygen from metal oxide semiconductor suspension
in aqueous silver salt solution." Denki Kagaku oyobi Kogyo Butsuri Kagaku 57, no. 12 (1989):
1151-4.

Sato, S., Sobczynski, A., White, J. M., Bard, A. J., Campion, A., Fox, M. A., Mallouk, T. E., and
Webber, S. E. "Photochemical properties of ultrathin titanium dioxide films prepared by chemical
vapor deposition." J. Photochem. Photobiol., A 50, no. 2 (1989): 283-90.

Schertz, P., Kelly, D., and Lammert, L. Analysis of the Cost of Generating or Capturing Ultraviolet
Light for Photocatalytic Water Detoxification Systems, Solar Kinetics, Inc., Dallas, TX.

Schiavello, M., Rizzuti, L., Sclafani, A., Majo, 1., Augugliaro, V., and Yue, P. L. "Study of the
ammonia photoproduction process over iron-doped titanium dioxide catalysts." Adv. Hydrogen
Energy, V3, Hydrogen Energy Prog. 4 2 (1982): P821-6.

Schiavello, M. "Some working principles of heterogeneous photocatalysis by semiconductors."
Electrochim. Acta. 38, no. 1 (1993): 11-14.

Schiavello, M., Augugliaro, V., and Palmisano, L. "An experimental method for the determination
of the photon flow reflected and absorbed by aqueous dispersions containing polycrystal'ine solids
in heterogeneous photocatalysis.” J. Catal. 127, no. 1 (1991): 332-41.

Schiavello, M., and Sclafani, A. "Photocatalytic reactions: an overview on the water splitting and
on the dinitrogen reduction." NATO ASI Ser., Ser. C 146 (1985): 503-19.

Schindler, K., and Kunst, M. "Charge-carrier dynamics in TiO, powders." J. Phys. Chem. 94
(1990): 8222-6.

Sclafani, A. "Acid-base properties and their influence on the photoreactivity of oxides." NATO AS!
Ser., Ser. C 237 (1988): 361-6.

Sclafani, A., Palmisano, L., and Schiavello, M. "Influence of the preparation methods of TiO, on
the photocatalytic degradation of phenol in aqueous dispersion." J. Phys. Chem. 94 (1990):
829-32.

Sclafani, A., and Palmisano, L. "Phenol photo-oxidation over aqueous dispersions of oxygenated
titanium dioxide mediated by the Fe*’/Fe** Redox System." Gazz. Chem. Ital. 120 (1990):
599-601.

Sclafani, A., Palmisano, L., and Davi, E. "Photocatalytic degradation of phenol by TiO, aqueous
dispersions: Rutile and anatase activity." New J. Chem. 14 (1990): 265-8.

61




518.

519.

520.

521

522.

523.

524.

525.

526.

527.

528.

529.

530.

Sclafani, A., Palmisano, L., and Davi, E. "Photocatalytic degradation of phenol in aqueous
polychrystalline TiO, dispersions: The influence of Fe(+3), Fe(+2), and Ag(+) on the reaction rate."
J. Photochem. Photobiol. A: Chem. 56 (1991): 113-23.

Sclafani, A., Mozzanega, M. N., and Pichat, P. "Effect of silver deposits on the photocatalytic
activity of titanium dioxide samples for the dehydrogenation or oxidation of 2-propanol.”" J.
Photochem. Photobiol., A 59, no. 2 (1991): 181-9.

Sclafani, A., Palmisano, L., and Davi, E. "Photocatalytic degradation of phenol by TiO, aqueous
dispersions: Rutile and anatase activity." New J. Chem. 14 (1990): 265-8.

Sczechowski, J. G. "The role of dissolved oxygen in the photocatalytic decomposition of dilute
aqueous solutions of chlorinated hydrocarbons." MS Thesis, North Carolina State University, 1987.

Serpone, N. "Heterogeneous photocatalysis at work. II. Total photodegradation of clorinated organics
including chlorophenols, DDT, chlorobenzenes, dioxines and PCBs." AIChE Meeting, New York City
(November 1987).

Serpone, N., Ah-You, Y. K., Tran, T. P, Harris, R., Pelizzetti, E., and Hidaka, H. "AM1 simulated
sunlight photoreduction and elimination of mercury(+2) and methylmercury (CH;Hg)(+2) chloride
salts from aqueous suspensions of titanium dioxide." Sol. Energy 39, no. 6 (1987): 491-8.

Serpone, N., Pelizzetti, E., and Gratzel, M. "Photosensitization of semiconductors with transition
metal complexes - a route to the photoassisted cleavage of water." Coord. Chem. Rev. 64 (1985):
225-45.

Serpone, N., Pichat, P., Herrmann, J. M., and Pelizzetti, E. "Interparticle electron transfer in
semiconductor dispersions: a new strategy in photocatalysis." NATO ASI Ser., Ser. C 214,
Supramol. Photochem. (1987): 415-34.

Serpone, N., Terzian, R., Lawless, D., Kennepohl, P., and Sauve, G. "On the usage of turnover
numbers and quantum yields in heterogeneous photocatalysis." J. Photochem. Photobiol. A: Chem.
73 (1993): 11-16.

Serpone, N., Borgarello, E., Harris, R., Cahill, P., Borgarello, M., and Pelizzetti, E. "Photocatalysis
over titanium dioxide supported on a glass substrate." Sol. Energy Mater. 14, no. 2 (1986): 121-7.

Serpone, N., Borgarello, E., Barbeni, M., Pelizzetti, E., Pichat, P., Hermann, J. M., and Fox, M.
A. "Photochemical reduction of gold(IIl) on semiconductor dispersions of titanium dioxide in the
presence of cyanide ions: disposal of cyanide by treatment with hydrogen peroxide." J. Photochem.
36, no. 3 (1987): 373-88.

Serpone, N., Borgarello, E., and Pelizzetti, E. "The semiconductor particle as a photoelectrochemical
cell and its application to photocatalysis." Proc. Electrochem. Soc. 88-14, no. Photoelectrochem.
Electrosynthesis Semicond. Mater (1988): 1-8.

Serpone, N., Borgarello, E., and Pelizzetti, E. "Utilization of the semiconductor particle as a

microphotoelectrochemical cell. Electrochemical evidence for interparticle electron transfer and
application to photocatalysis." J. Electrochem. Soc. 135, no. 11 (1988): 2760-6.

62



531.

532.

533.

534.

535.

536.

537.

538.

539.

540.

541.

542.

543.

Serpone, N., Borgarello, E., and Graetzel, M. "Visible light induced generation of hydrogen from
hydrogen sulfide in mixed semiconductor dispersions; improved efficiency through inter- particle
electron transfer." J. Chem. Soc., Chem. Commun., no. 6 (1984): 342-4.

Serpone, N., Borgarello, E., Pelizzetti, E., and Barbeni, M. "Visible light induced dehydrogenation
of alcohols: improved efficiencies of hydrogen formation via coupling of two semiconductor
catalysts.” Chim. Ind. Milan. 67, no. 6 (1985): 318-24.

Serpone, N., and Pelizzetti, E. "Fundamental studies into primary events in photocatalysis employing
cadmium sulfide and titanium dioxide semiconductors: photoluminescence, laser flash photolysis and
pulse radiolysis." NATO ASI Ser., Ser. C 174 (1986): 51-89.

Serpone, N., Sharma, D. K., Moser, J., and Graetzel, M. "Reduction of acceptor relay species by
conduction band electrons of colloidal titanium dioxide: light-induced charge separation in the
picosecond time domain." Chem. Phys. Lett. 136, no. 1 (1987): 47-51.

Shao, C., Pan, L., and Yang, X. "Photocatalytic reduction of nitrogen on titanium dioxide powder and
effect of its crystalline form on activity." Cuihua Xuebao 11, no. 1 (1990): 66-9.

Shibata, K., Mimura, T., Matsui, M., Sugiura, T., and Minoura, H. "Heterogeneous photocatalytic
reactions of azobenzenes on titanium dioxide powder in methanolic solution." J. Chem. Soc., Chem.
Commun., no. 19 (1988): 1318-20.

Sierka, R. A., and Bryant, C. W. "Biological treatment of kraft wastewater following pretreatment of
the extraction waste stream by illuminating titanium dioxide and membranes." First Int. Conf. on TiO,
Photocatalytic Purification and Treatment of Water and Air, London, Ontario, 8 November 1992.

Sierka, R. A., and Bryant, C. W. "Enhancement of biotreatment effluent quality by illuminated
titanium dioxide and membrane pretreatment of the kraft extraction waste stream and by increased
chlorine dioxide substitution." 4th IAWQ Symp. on Forest Industry Wastewaters, Tampere, Finland,
8 June 1993. Tampere, Finland: Inst. of Water and Enviromental Engineering.

Smandek, B., and Gerischer, H. "Photo- and electroluminescence on n-TiO, in an electrochemical
Cell." Electrochim. Acta. 34, no. 10 (1989): 1411-15.

Smotkin, E., Bard, A. J., Campion, A., Fox, M. A, Mallouk, T., Webber, S. E., and White, J. M.
"Bipolar titanium dioxide/platinum semiconductor photoelectrodes and multielectrode arrays for
unassisted photolytic water splitting." J. Phys. Chem. 90, no. 19 (1986): 4604-7.

Soria, J., Conesa, J. C., Augugliaro, V , Palmisano, L., Schiavello, M., and Sclafani, A. "Dinitrogen
photoreduction to ammonia over titanium dioxide powders doped with ferric ions." J. Phys. Chem.
95, no. 1 (1991): 274-82.

Fan, F.-R.F. and Bard, A.J. "Spectral sensitization of the heterogeneous photocatalytic oxidation of
hydroquinone in aqueous solutions at phthalocyanin-coated titanium dioxide powders." J. Amer.
Chem. Soc. 101, no. 20 (1979): 6139-40.

Stamatakis, P., Palmer, B. R., Salzman, G. C., Bohren, C. F., and Allen, T. B. "Optimum particle size

of titanium dioxide and zinc oxide for attenuation of ultraviolet radiation.” J. Coatings Tech. 62, no.
789 (1990): 95-8.

63



544.

545.

546.

547.

548.

549.

550.

551.

552.

554.

555.

556.

557.

558.

559.

Steinbach, F. "Heterogeneous photocatalysis." Fortschr. Chem. Forsch 25 (1972): 117-54,

Stepanenko, V. I, Lyashenko, L. V., and Belousov, V. M. "Heterogeneous and homogeneous
photooxidation of hydrocarbons on titanium-containing catalysts.” Khim. Fiz. 4, no. 1 (1985):
97-102.

Sugimura, H., Uchida, T., Kitamura, N., and Masuhara, H. "Photocatalytic micropatterning of
titanium oxide surface with platinum." Chem. Lett. 2 (1993): 379-82.

Suzuki, K. L., Satoh, S., and Yoshida, T. "Photocatalytic deodorization on TiO, coated honeycomb
ceramics.” Denki Kagaku 59, no. 6 (1991): 521-3.

Suzuki, K., Yoshimoto, T., Honda, K., Fujishima, A., and Baba, R. Purification of waste using
photochemical reaction using a photocatalyst in vessel irradiated with light. In Japan Patent
60187322. (24 September 1985).

Suzuki, K. "Photocatalytic air purification on TiO, coated honeycomb support.” Proc. of the First Int.
Conf. on TiO, Photocatalytic Purification and Treatment of Water and Air, in Press. London, Ontario,
8 November 1992.

Suzuki, K., Sato, S., and Yamashita, K. Manufacture of metal oxide photocatalyst." In Jpn. Kokai
Tokkyo Koho P. Japan Patent 04083537 A2. Japan Patent 90-195656, 24 Jul 1990. (17 March 1992).

Tada, H., Saitoh, Y., Miyata, K., and Kawahara, H. "Effect of silica-coating over rutile titania
particles on the suppression of their photocatalytic activity." Shikizai Kyokaishi 62, no. 7 (1989):
399-403.

Tafalla, D., and Salvador, P. "Photosynthetic production of H,0, from water at n-TiO, electrodes
in a photoelectrochemical cell: influence of electrolyte pH and Pt electrodeposition.” J. Electroanal.
Chem. 237 (1987): 225-36.

Tanahashi, I., and Nishino, A. Disinfection apparatus in water purification. In Jpn. Kokai Tokkyo
Koho P. Japan Patent 02251290 A2. Japan Patent 89-69720, 22 Mar 1989. (9 October 1990).

Tanahashi, I., and Nishino, A. Photocatalytic device. In Jpn. Kokai Tokkyo Koho P. Japan Patent
02251241 A2. Japan Patent 89-69721, 22 Mar 1989. (9 October 1990).

Tanaka, K., Capule, M. F. V., and Hisanaga, T. "Effect of crystallinity of TiO, on its photocatalytic
action.” Chem. Phys. Lett. 187, no. 1,2 (1991): 73-6.

Tanaka, K., Hisanaga, T., and Harada, K. "Efficient photocatalytic degradation of chloral hydrate in
aqueous semiconductor suspension." J. Photochem. and Photobiol., A: Chem. 48 (1989): 155-9.

Tanaka, K., Hisanaga, T., and Harada, K. "Photocatalytic degradation of organohalide compounds
in semiconductor suspension with added hydrogen peroxide." New J. Chem. 13, no. 5 (1989): 3 pp.

Tanaka, K., and White, J. M. "Characterization of species adsorbed on oxidized and reduced anatase."
J. Phys. Chem. 86 (1982): 4708-14.

Tanaka, K. "Treatment of organochlorine compound." Mizu Shori Gijutsu 32, no. 2 (1991): 61-5.

64



560.

561.

562.

563.

564.

565.

566.

567.

568.

569.

570.

571.

572.

573.

574.

Tanaka, K., Abe, K., Sheng, C. Y., and Hisanaga, T. "Photocatalytic wastewater treatment combined
with ozone pretreatment.” Environ. Sci. Technol. 26, no. 12 (1992): 2534-6.

Tanaka, K., Capule, M. F. V., and Hisanaga, T. "Effect of crystallinity of titanium dioxide on its
photocatalytic action." Chem. Phys. Lett. 187, no. 1-2 (1991): 73-6.

Tanguay, J. F., Coughlin, R. W, and Suib, S. L. "Photodegradation of dichloromethane with titanium
catalysts." Prepr. - Am. Chem. Soc., Div. Pet. Chem. 34, no. 3 (1989): 497-500.

Tanguay, J. F., Suib, S. L., and Coughlin, R. W. "Dichloromethane photodegradation using titanium
catalysts." J. Caral. 117 (1989): 335-47.

Tanguay, J. F., Coughlin, R. W., and Suib, S. L. "Photodegradation of dichloromethane with titanium
catalysts." ACS Symp. Ser. 437, no. Novel Mater. Heterog. Catal (1990): 114-18.

Tanguay, J. F., Suib, S. L., and Coughlin, R. W. "Dichloromethane photodegradation using
titanium catalysts." J. Caral. 117 (1989): 335-47.

Tausch, M. W., Mundt, C., and Kehlenbeck, V. "Complete mineralization of perchloroethylene."
Prax. Naturwiss., Chem. 40, no. 4 (1991): 28-31.

Tennakone, K. "Semiconductor photocatalysis for life-support systems on the moon." J. Photochem.
Photobiol. A: Chem. 71 (1993): 199-200.

Tennakone, K., Ileperuma, O. A., Bandara, J. M. S., and Kiridena, W. C. B. "Titanium dioxide and
tungsten trioxide semiconductor particles in contact: photochemical reduction of WO, to the
nonstoichiometric blue form." Semicond. Sci. Technol. 7, no. 3 (1992): 423-4.

Tennakone, K., Kiridena, W. C. B., and Punchihewa, S. "Photodegradation of visible-light-absorbing
organic compounds in the presence of semiconductor catalysts." J. Photochem. Photobiol., A 68, no.
3(1992): 389-93.

Tennakone, K., Thaminimulle, C. T. K., Senadeera, S., and Kumarasinghe, A. R. "TiO,- catalyzed
oxidative photodegradation of mercurochrome: an example of an organo-mercury compound.” J.
Photochem. Photobiol., A 70, no. 2 (1993): 193-5.

Terzian, R., Serpone, N., Minero, C., Pelizzetti, E., and Hidaka, H. "Kinetic studies in heterogeneous
photocatalysis. 4. The photomineralization of a hydroquinone and a catechol." J. Photochem.
Photobiol., A 55, no. 2 (1990): 243-9,

Terzian, R., Serpone, N., Minero, C., and Pelizzetti, E. "Photocatalyzed mineralization of cresols in
aqueous media with irradiated titania." J. Catal. 128, no. 2 (1991): 352-65.

Tokumitsu, S., Naruo, N., Fukunaga, M., and Ikeda, T. Deodorization using photocatalysts and
apparatus for the deodorization. In Jpn. Kokai Tokkyo Koho P. Japan Patent 01159030 A2. Japan
Patent 87-319413, 17 Dec 1987. (22 June 1989).

Torres, J., and Cervera-March, S. "Kinectics of the photoassisted catalytic oxidation of lead(II) in
titania suspensions." Chem. Eng. Sci 47, no. 15-16 (1992): 3857-62.

65




575.

576.

577.

578.

579.

580.

581.

582.

583.

584.

585.

586.

587.

588.

Trillas, M., Domenech, X., and Pujol, M. "Photocatalytic removal of phenol." Ing. Quim. 24 (1992):
106-10.

Trillas, M., Pujol, M., and Domenech, X. "Phenol photodegradation over titanium dioxide." J.
Chem. Technol. Biotechnol. 55, no. 1 (1992): 85-90.

Tseng, J., and Huang, C. P. "Photocatalytic oxidation process for the treatment of organic wastes."
Chemical Oxidation Technologies for the Nineties, W. W. Eckenfelder, A. R. Bowers, and J. A. Roth,
262-277. Nashville, TN, 20 February 1991. Lancaster, PA: Technomic Publishing Co., 1992.

Tseng, J. M., and Huang, C. P. "Removal of chlorophenols from water by photocatalytic oxidation."
Water Sci. Technol. 23, no. 1-3 (1991): 377-87.

Tseng, Jesseming, and Chin-Pao Huang, Env. Eng., Depart. of Civil Eng., Univ. Delaware.
"Mechanism of phenol oxidation by photocatalyst TiO,," Emerging Technologies for Hazardous
Waste Treatment, 1989 I & EC Division/ACS Symp. Atlanta, GA, May 1, 1989.

Tseng, J., and Huang, C. P. "Mechanistic aspects of the photocatalytic oxidation of phenol in aqueous
solutions." ACS Symp. Ser., 422, Emerging Technol. Hazard. Waste Manage (1990): 12-39.

Tseng, J., and Huang, C. P. "Photocatalytic oxidation process for the treatment of organic wastes."
Chem. Oxid., Proc. Int. Symp. Meeting Date 1991, 262-77. Edited by: Eckenfelder, W. and Bowers,
A. 1992,

Tunesi, S., and Anderson, M. "Influence of chemisorption on the photodecomposition of salicylic
acid and related compounds using suspended titania ceramic membranes." J. Phys. Chem. 95,
no. 8 (1991): 3399-405.

Tunesi, S., and Anderson, M. A. "Photocatalysis of 3,4-dichlorobiphenyl in TiO, aqueous
suspensions: Effects of temperature and light intensity: CIR-FTIR interfacial analysis." Chemosphere
16, no. 7 (1987): 1447-56.

Turchi, C. S., and Link, H. F. "Relative Cost of Photons from Solar or Electric Sources for
Photocatalytic Water Detoxification." Int. Sol. Energy Soc. 1991 Sol. World Congress, Denver, CO,
17 August 1991.

Turchi, C. S., Mehos, M. S., and Link, H. F. "Design and cost of solar photocatalytic systems for
groundwater remediation.” Internal Report, NREL, Private Communication (1992).

Turchi, C. S., and Mehos, M. S. "Solar photocatalytic detoxification of groundwater: developments
in reactor design." Chemical Oxidation: Technologies for the Nineties, Second Int. Symp. Nashville,
TN, 19 February 1992.

Turchi, C. S., and Ollis, D. F. "Mixed reactant photocatalysis: Intermediates and mutual rate
inhibition." J. Catal. 119 (1989): 483-96.

Turchi, C. S., and Ollis, D. F. "Photocatalytic degradation of organic water contaminants:
mechanisms involving hydroxyl radical attack." J. Catal. 122 (1990): 178-92.

66



589.

590.

591.

592.

593.

594.

595.

596.

597.

598.

599.

600.

601.

602.

Ueda, T., Sekiguchi, K., and Natsume, Y. Deodorizing method and apparatus for waste gas from
roaster. In Jpn. Kokai Tokkyo Koho P. Japan Patent 02207823 A2. Japan Patent 89-28635, 9 Feb
1989. (17 August 1990).

Ufford, J. R., and Serpone, N. "Titanium. [Transition metal chemistry]." Coord. Chem. Rev. 57
(1984): 301-43.

Urwin, D., Howarth, C. R,, Sayer, A. T., and Wallis, C. Destruction process for photocatalytically
degradable organic material. In European Patent EP 499362. (19 August 1992).

Urwin, D., Howarth, C. R,, Sayer, A. T., and Wallis, C. Destruction process for photocatalytically
degradable organic material. In Europe. EP 499363. EP 92-300474, January 20, 1992. (19 August
1992).

Van Antwerp, W. P., Steinmetz, M. G., and Goudy, P. R. Photodegradation of metal chelate
complexes. U.S. Patent 4,943, 357. (24 July 1990).

Vanden Kerchove, F., Praet, A., and Gomes, W. P. "Kinetic investigation on the mechanism of the
photoelectrochemical oxidation of water and of competing hole processes at the titanium dioxide
(rutile) semiconductor electrode. Comments." J. Electrochem. Soc. 133, no. 7 (1986): 1522-3.

Vesely, M., Ceppan, M., Brezova, V., and Lapcik, L. "Photocatalytic degradation of
hydroxyethylcellulose in aqueous platinum-titania suspension." J. Photochem. Photobiol., A 61,
no. 3 (1991): 399-406.

Vinodgopal, K., and Kamat, P. V. "Photochemistry on surfaces. Photodegradation of
1,3-diphenylisobenzofuran over metal oxide particles." J. Phys. Chem. 96 (1992): 5053-9.

Viswanathan, B., Mary, U. D., and Viswanath, R. P. "Photocatalytic dehydrogenation of methanol
on platinum/titanium dioxide." Indian J. Chem., Sect. A: Inorg., Phys., Theor. Anal 29A, no. 11
(1990): 1138-9.

Vlachopoulos, N., Liska, P., Augustynski, J., and Gratzel, M. "Very efficient visible light energy
harvesting and conversion by spectral sensitization of high surface area polycrystalline titanium
dioxide films." J. Am. Chem. Soc. 110, no. 4 (1988): 1216-20.

Vicek, A. J. "Mechanistic studies of the photocatalytic behavior of titanium dioxide particles in a
photoelectrochemical slurry cell and the relevance to photodetoxification reactions." Chemtracts:
Inorg. Chem. 3, no. 4 (1991): 238-41.

Wakoh, H., Honda, K., and Fujishima, A. "Photocatalytic properties of titanium oxide powders."
Kenkyu Hokoku - Kanagawa- ken Kogyo Shikensho, no. 60 (1989): 68-71.

Walker, A., Formenti, M., Meriaudeau, P., and Teichner, S. J. "Heterogeneous photocatalysis:
photooxidation of methylbutanols." J. Catal. 50, no. 2 (1977): 237-43.

Wang, C. M., Heller, A., and Gerischer, H. "Palladium catalysis of O, reduction by electrons

accumulated on TiO, particles during photoassisted oxidation of organic compounds.” J. Am. Chem.
Soc. 114, no. 13 (1992): 5230-4.

67



603.

604.

605.

606.

607.

608.

609.

610.

611.

612.

613.

614.

615.

616.

Wang, D., Xiao, L., Li, T., and Hong, G. "Heterogeneous photosynthesis of ammonia - effect of rare
earth(3+) and iron(3+) on the photocatalytic activity of strontium titanate (S1TiO,)." Taiyangneng
Xuebao 7, no. 4 (1986): 400-6.

Wang, L., Zhu, Y., and Sun, B. "Study on decreasing the photoactivity of titanium dioxide powder
by using surface modification." Ganguang Kexue Yu Kuang Huaxue, no. 2 (1990): 106-12.

Warman, J. M., de Haas, M. P., Pichat, P., and Serpone, N. "Effect of isopropyl alcohol on the
surface localization and recombination of conduction-band electrons in Degussa P25 TiO,. A
Pulsed-radiolysis time-resolved microwave conductivity study." J. Phys. Chem. 95 (1991):
8858-61.

Webb, J. D., Blake, D. M., Turchi, C., and Magrini, K. "Kinetic and mechanistic overview of
TiO,-photocatalyzed oxidation reactions in aqueous solution." Solar Energy Mat. 24 (1991):
584-93.

Wei, T. Y., and Wan, C. C. "Heterogeneous photocatalytic oxidation of phenol with titanium
dioxide powders." Ind. Eng. Chem. Res. 30 (1991): 1293-1300.

Wei, T. Y., and Wan, C. C. "Kinetics of photocatalytic oxidation of pkenol on TiO, surfaces." J.
Photochem. Photobiol. A: Chem. 69 (1992): 241-9.

Wei, T. Y., Wang, Y. Y., and Wan, C. C. "Photocatalytic oxidation of phenol in the presence of
hydrogen peroxide and titanium dioxide powders." J. Photochem. Photobiol. A: Chem. 55 (1990):
115-26.

Weiss, J., and Hoffmann, V. "Vibrational spectra and force constant calculations of adsorption states
of 2-propanol on titanium(IV) oxide surfaces." J. Mol. Struct. 218 (1990): 441-6.

Weng, Y., Wang, F., and Lin, L. "Photocatalytic oxidation of cyclohexane to cyclohexanone. IIl.
Photocatalysis of anatase-type titania." Taiyangneng Xuebao 10, no. 3 (1989): 259-64.

Weng, Y., Wang, F,, and Lin, L. "Photocatalytic oxidation of cyclohexane to cyclohexanone. IL
Electron diffraction microstructures and the photocatalytic activities of titanium dioxides." Huaxue
Wuli Xuebao 2, no. 2 (1989): 135-9.

Willner, 1., and Eichen, Y. "Tiianium dioxide and cadmium sulfide colloids stabilized by
beta.-cyclodextrins: tailored semiconductor-receptor systems as a means to control interfacial
electron-transfer processes." J. Am. Chem. Soc. 109, no. 22 (1987): 6862-3.

Witier, P., Estaque, L., Roberge, P. C., and Kaliaguine, S. "Heterogeneous photrcatalytic oxidation
reactor.” Can. J. Chem. Eng. 55, no. 3 (1977): 352-4.

Wold, A. "Photocatalytic properties of titanium dioxide (TiO,)." Chem. Mater. 5, no. 3 (1993):
280-3.

Wrighton, M. S., Bocarsley, A. B., and Bolts, J. M. "Photoelectrolysis of water at high current

density: use of laser light excitation of semiconductor-based photoelectrochemical cells." Prog.
Astronaut. Aeronaut. 61 (1978): 613-25.

68



617.

618.

619.

620.

621.

622.

623.

624.

625.

626.

627.

628.

629.

630.

Wrighton, M. S., Wolczanski, P. T., and Ellis, A. B. "Photoelectrolysis of water by irradiation of
platinized n-type semiconducting metal oxides." J. Solid State Chem. 22, no. 1 (1977): 17-29.

Xiao, Z., Lin, L., and Wen, Y. "Photocatalysis of doped sandwich-type semiconductor photoelectrode.
I. Photoelectric characteristics of the electrode and its ability to decompose water." Taiyangneng
Xuebao 7, no. 2 (1986): 155-62.

Xing, J., Zhi, P., and Chang, Q. "Photocatalytic degradation of phenol by polyaniline/titanium
oxide(TiO,) organic semiconductor particles in aqueous solution." Synth. Met. 41, no. 3 (1991):
1139-42,

Xu, W. W, Kershaw, R., Dwight, K., and Wold, A. "Preparation and characterization of TiO, films
by a novel spray pyrolysis method." Mat. Res. Bull. 25 (1990): 1385-92.

Xu, Y., Zhu, Z., Chen, W., and Ma, G. "Photocatalytic degradation of phenol and chlorophenols
on platinum/titania-coated photoreactor." Yingyong Huaxue 8, no. 6 (1991): 28-32.

Yamagata, S., and Fujishima, A. C. "Homogeneous and heterogeneous photocatalysis.
Polymerization of cyclohexene oxide catalyzed by Ti(OR), and TiO,." Denki Kagaku oyobi Kogyo
Butsuri Kagaku 57, no. 5 (1989): 436-7.

Yamagata, S., Loo, B. H., and Fujishima, A. "Photocatalytic oxidation of alcohol by titanium
tetraalkoxide - an analog of heterogeneous photocatalysis on titanium dioxide." J. Electroanal.
Chem. Interfacial Electrochem. 260, no. 2 (1989): 447-50.

Yamagata, S., Mineo, K., Murao, N., Ohta, S., and Mizoguchi, I. "Characterization and photocatalytic
activity of titania in zeolite network." Denki Kagaku oyobi Kogyo Butsuri Kagaku 59, no. 10 (1991):
871-4.

Yamakita, H., Tazawa, M., Taoda, H., and Hayakawa, K. "Reduction of nitrite ion with some
photocatalysts." Denki Kagaku oyobi Kogyo Butsuri Kagaku 57, no. 12 (1989): 1147-50.

Yamamoto, T., Sato, T., Nishida, Y., Nishikawa, R., Negishi, K., Ueshiro, M., and Niwa, M.
"Decomposition of lactic acid with semiconductor titanium oxide rod in vitro." Koku Eisei Gakkai
Zasshi 39, no. 4 (1989): 564-5.

Yamase, T., ard Inoue, T. "Electrochemical conversion of light energy using semiconductors."
Kenkyu Hokoku - Asahi Garasu Kogyo Gijutsu Shoreikai 45 (1984): 261-70.

Yamazaki-Nishida, S., Nagano, K. J., Phillips, L. A., Cervera-March, S., and Anderson, M. A.
"Photocatalytic degradation of trichloroethylene in the gas phase using titanium dioxide pellets." J.
Photochem. Photobiol., A 70, no. 1 (1993): 95-9.

Yazawa, K., Kamogawa, H., and Morisaki, H. "Semiconducting titanium dioxide films for
photoclectrolysis of water." Int. J. Hydrogen Energy 4, no. 3 (1979): 205-9.

Yazawa, K., Kamogawa, H., and Morisaki, H. "Semiconducting titanium dioxide films for
photoelectrolysis of water." Adv. Hydrogen Energy 2 (1981): 2095-2103.

69



631.

632.

633.

634.

635.

636.

637.

638.

639.

640.

641.

642.

643.

644.

645.

Yokco, T., Kamiya, K., and Sakka, S. "Preparation of TiO, film by the sol-gel method and its
application to photoelectrochemical electrodes.” Denki Kagaku 54, no. 3 (1986): 284-5.

Yoko, T., Kamiya, K., and Sakka, S. "Photoelectrochemical properties of TiO, films prepared by
the sol-gel method." Yogyo- Kyokai-Shi 95, no. 2 (1987): 150-5.

Yoneyama, H. "Photocatalysis of size-quantized titanium dioxide and ferric oxide prepared in clay
interlayers and Nafion." Res. Chem. Intermed. 15, no. 2 (1991): 101-11.

Yoneyama, H., Matsumoto, N., Furusawa, T., and Tamura, H. "Temperature dependence on the rate
of heterogeneous reactions on titanium(IV) oxide photocatalysts." Nippon Kagaku Kaishi, no. 2
(1984): 253-7.

Yoneyama, H., Shiota, H., and Tamura, H. "Heterogeneous reactions of nitrogen monoxide on
titanium dioxide photocatalysts in solutions.” Bull. Chem. Soc. Jpn. 54, no. 5 (1981): 1308-13.

You, D., Xie, H., and Dai, S. "Photocatalytic decolorization of reactive dyes." J. Environ. Sci. 4, no.
1 (1992): 97-105.

Yue, P. L., Khan, F., and Rizzuti, L. "Photocatalytic ammonia synthesis in fluidised bed reactor."
Chem. Eng. Sci. 38, no. 11 (1983): 1893-1900.

Yue, P. L., and Ali, A. M. Process for carrying out a photocatalytic reaction. PCT Int. Appl P.
WO 9208544 A1 W: AT, AU, BB, BG, BR, CA, CH, CS, DE, DK, ES, FI, GB, HU, JP, KP, KR,
LK, LU, MC, MG, MN, MW, NL, NO, PL, RO, SD, SE, SU, US RW: AT, BE, BF, BJ, CF, CG, CH,
CI, CM, DE, DK, ES, FR, GA, GB, GR, IT, LU, ML, MR, NL, SE, SN, TD, TG. WO 91-GB1987,
12 Nov 1991. (29 May 1992).

Zafra, A., Garcia, J., Milis, A., and Domenech, X. "Kinetics of the catalytic oxidation of nitrite
over illuminated aqueous suspensions of titanium dioxide."” J. Mol. Catal. 70, no. 3 (1991): 343-9.

Zeltner, W. A., Hill, Jr. C. G, and Anderson, M. A. "Supported titania for photodegredation."
ChemTech. (1993): 21-8.

Zhang, C., Jiang, Y., Liu, W., Yang, H,, Li, T., and Xiac, L. "Study of titania ultrafine powder
photocatalyst in reducing dichromate (Cr,0,%)." Taiyangneng Xuebao 12, no. 2 (1991): 176-80.

Zhang, C., Liu, W, Han, M., Li, T., and Xiao, L. "Study of titania and doped iron trioxide ultrafine
powders by surface photovoltage spectroscopy." Ganguang Kexue Yu Kuang Huaxue 9, no. 3 (1991).
225-8.

Zhang, J., Hendrix, J. L., and Wadsworth, M. E. "Photocatalytic oxidation of cyanide."” Proc. of
Symp. TMS Ann. Meeting, 665-76. 1991.

Zhang, M., Xia, Z., Xie, S., Li, P., Bao, J., Wang, J., Kang, D., Wang, Y., Chen, N., and et al.
"Removal of organic pollutants using titanium dioxide mediated photocatalytic oxidation." Chin.
Chem. Lett. 1, no. 3 (1990): 269-70.

Zhang, P. C., Scrudato, R. J., Pagano, J. J., and Roberts, R. N. "Photodecomposition of PCBs in
aqueous systems using titanium oxide as catalyst.”" Chemosphere 26, no. 6 (1993): 1213-23.

70



646.

Zhao, J., Oota, H., Hidaka, H., Pelizzetti, E., and Serpone, N. "Photodegradation of surfactants X.
Comparison of the photo- oxidation of the aromatic moieties in sodium dodecylbenzene sulfonate and
in sodium phenyldodecy! sulfonate at TiO,-H,O interfaces." J. Photochem. Photobiol., A 69, no. 2
(1992): 251-6.

5.1 Supplemental References

647.

648.

649.

650.

651.

652.

653.

654.

655.

656.

657.

658.

659.

660.

Ayoub, P. M,, and Dranoff, J. S. "A model for heterogeneous photocatalytic reactions in a
transport reactor.” 1987 AIChE Ann. Meeting. New York, NY, 15 November 1987.

Chandler, C. D., Roger, C., and Hampden-Smith, M. J. "Chemical aspects of solution routes to
perovskite-phase mixed-metal oxides from metal-organic precursors." Chem. Rev. 93, no. 3 (1993):
1205-41.

Fox, M. A., and Dulay, M. T. "Heterogeneous photocatalysis." Chem. Rev. 93 (1993): 341-57.

Heller, A. Materials and methods for photocatalyzing oxidation of organic compounds on water,
U.S. patent No. 5,256,616 (1993).

Juillet, F., Teichner, S., and Formenti, M. Photocatalytic oxidation of isobutane, French Patent
2116640, 25 August 1972.

Juillet, F., Teichner, S., and Formenti, M. "Photocatalytic oxidation of hydrocarbons," Great Britain
Patent 1331084, 19 September 1973.

Kamat, P. V., and Dimitrijevic, N. M. "Colloidal semiconductors as photocatalysts for solar energy
conversion," Solar Energy 44, no. 2 (1990): 83-98.

Kamat, P. V. "Photochemistry on nonreactive and reactive (semiconductor) surfaces." Chem. Rev. 93
(1993): 267-300.

Kiserow, D. J., and Pugh, K. C. "Photocatalytic treatment of atrazine contaminated water using TiO,
impregnated mesh." 45th ACS Southeast Regional Meeting, Johnson City, Tennessee, 17 October
1993.

Ollis, D. F. and Al-Ekabi, H. (Eds). Photocatalytic purification and treatment of water and air, Trace
Metals in the Environment, Jerome O. Nriagu, 3. New York, NY: Elsevier, 1993.

Pichat, P., Herrmann, J. M., Disdier, J., and Mozzanega, M. N. "Photocatalytic oxidation of
propene over various oxides at 320 K. selectivity." J. Phys. Chem. 83, no. 24 (1979): 3122-6.

Pugh, K. C., and Kiserow, D. J. "Identification of atrazine degradation products from an optimized
TiO, photocatalytic system." 45th ACS Southeast Regional Meeting. Johnson City, Tennessee, 17
October 1993.

Sato, A. "Photocatalytic synthesis of ethane from acetic acid. Kolbe reaction at a gas-solid
interface under UV-illumination." J. C. S. Chem. Commun. (1982): 26-7.

Sato, S. "Photo-Kolbe reaction at gas-solid interfaces." J. Phys. Chem. 87, no. 18 (1983): 3531-7.

71



661.

662.

663.

Thomas, J. K. "Physical aspects of photochemistry and radiation chemistry of molecules adsorbed on
Si0,, v-AlLO,, zeolites, and clays.” Chem. Rev. 93 (1993): 301-20.

Turchi, C. T., Wolfrum, E. J., and Nimlos, M. "Cost estimation for treating VOCs in an air
stripper offgas with gas-phase photocatalysis." Fifth Ann. Symp. on Emerging Technologies in
Hazardous Waste Management, I&EC Special Symp., American Chem. Soc. Atlanta, GA, 27
September 1993.

Zepp, R. G, Helz, G. R,, and Crosby, D. G., Eds., Aquatic and surface photochemistry, Lewis
Publishers, Boca Raton, FL, (1993).

72



6.0 Distribution List

Dr. Hussain Al-Ekabi

Hitech Advanced Photo-Oxidation Inc.
71 Brandy Lane Rd.

London, Ontario Canada N6G 4S2

Dr. Marc Anderson
University of Winconsin
660 N. Park Street
Madison, Wisconsin 53706

Mr. M. E. Bahm

Radian Corporation

1801 Broadway, Suite 1000
Denver, CO 80202

Mr. Kelly Beninga

Science Applications International
Corporation

15000 W. 6th Ave, Suite 202
Golden, CO 80401

Mr. Julian Blanco
CIEMAT-PSA

Aptdo, 22

E-4200 Tabernas (Almeria)
Spain

Dr. Jim Bolton

University of Western Ontario
Department of Chemistry
London, ON N6A 5B7

Mr. Thomas Caldwell
Solar Detoxificaton Corp
211 Cornell Street
Albuquerque, NM 87106

Dr. John Crittenden

Michigan Technological University
Environmental Engineering Center
1400 Townsend Driver

Houghton, MI 49931

73

Dr. Abhaya Datye

University of New Mexico
Chemical & Nuclear Engineering
Albuquerque, NM 87131

Mr. Ron Enzweiler
ClearFlow Inc.

5680 Central Avenue, Suite C
Boulder, CO 80301

Professor John Falconer

Department of Chemical Engineering
University of Colorado

Boulder, CO 80309

Dr. James Freihaut

United Technologies Research Center
411 Silver Lane MS 129-24

East Hartford, CT 06108

Dr. K.RH. Funken

DLR MD-ET

Postfach 906058

D-5000 K6Iln 90 Germany

Dr. William Glaze

University of North Carolina
Department of Environmental Sciences
CB #7400, Rosenau Hall

Chapel Hill, NC 27599-7400

Dr. James Goodrich

U.S. EPA

Drinking Water Research

26 W. Martin Luther Kinz Dr.
Cincinnati, OH 45268

Dr. Yogi Goswami

University of Florida

Solar Energy Conversion Laboratory
2610 SW 23rd Terrace

Gainsville, FL 32608



Dr. Kimberly Gray
University of Notre Dame
Dept. of Civil Engineering
Notre Dame, IN 46556

Dr. Adam Heller

University of Texas

Department of Chemical Engineering
Austin, TX 78712-10162

Mr. Ephraim Heller

Heller Environmental, Inc.
2007 Kramer Lane, Suite 103
Austin, TX 78758

Mr. Gus Hutchinson
Solar Kinetics Inc.

10635 King Williams Dr.
Dallas, TX 75220

Dr. John Ireland

U.S. EPA

Office of Research and Development
Risk Reduction Engineering Lab

26 W. Martin Luther King Dr.
Cincinnati, OH 45268

Dr. Marina Jovanovich

Lawerence Livermore National Laboratory
P.O. Box 808

Livermore, CA 94551

Dr. Carl Koval

University of Colorado

Department of Chemistry and Biochemistry
Boulder, CO 80309-0215

Dr. Peter Kuhn

Paul Scherrer Institute
CH-5232 Villigen
Switzerland

Ms. Linda Ladas

Solar Energy Industries Association
777 North Capitol St., Suite 805
Washington, D.C., 20002-4226

74

Dr. Sheldon Larson

Research Associate

University of Colorado

Dept of Chemical Engineering Box 424
Boulder, CO 80309

Dr. Norman Lichtin

Boston University
Chemistry Department

590 Commonwealth Avenue
Boston, MA 02215

Mr. Sixto Malato
CIEMAT-PSA

Aptdo.22

E-04200 Tabernas (Almeria)
Spain

Dr. Manuel Romero Alvarez
CIEMAT-IER

Avda. Complutense 22
28040 Madrid Spain

Mr. Ken May

Industrial Solar Technology
5775 W. 52nd Avenue
Denver, CO 80212

Dr. Tom McKinnon
Department of Chemistry
Colorado School of Mines
Golden, CO 80401

Mr. Richard Miller

International Technology Corp
Technology Development Laboratories
304 Directors Drive

Knoxville, TN 37923

Professor Richard Noble

Department of Chemical Engineering
University of Colorado

Boulder, CO 80309

Dr. Carlos Nunez

U.S. EPA
AEERL-OCT (MD-61)
RTP, NC, 27711



Dr. Tim O'Neill

President

Measurement Technology
3822 Latona Avenue N.E.
Seattle, WA 98105

Dr. David Ollis

North Carolina State University
Dept of Chemical Engineering
College of Engineering

P.O. Box 7905

Raleigh, NC 27695-7905

Dr. José Peral

Universidad Auténoma de Barcelona
Depto. de Quimica

Unitat de Quimica-Fisica

08103 Bellaterra (Barcelona) Spain

Dr. Pierre Pichat
U.R.A. au C.N.R.S.
Ecole Central de Lyon
E.P. 163

69131 Eculty Cedex
Lyon, France

Ms. Anne Polanski

Solar Energy Industries Association
777 North Capitol St., NE
Washington, D.C., 20002-4226

Dr. Michael Prairie
Sandia National Labs
P.O. Box 5800

Division 6216
Albuquerque, NM 87185

75

Mr. Beningno Sanchez
CIEMAT-IER

Avda. Complutense 22
28040 Madrid, Spain

Dr. Raymond Sierka

University of Arizona

Department of Chemical Engineering
Tucson, AZ 85721

Dr. Sam Stevens

SolarChem Environmental

130 Royal Crest Court

Markham, Ontario Canada L3R 0A1

Mr. Frank Wilkins

U.S. Department of Energy EE-222 5G-067

1000 Independence Ave., SW
Washington, D.C., 20585

Professor Aaron Wold
Department of Chemistry
Brown University
Providence, RI 02912

Dr. R.G. Zepp

U.S. EPA

960 College Station Road
Athens, GA 30613-7799



1. NREL Report No.
NREL/TP-430-6084

Document Control

Page DE94006906

2. NTIS Accession No.

3. Recipient’'s Accession No.

4. Title and Subtitle
Bibliography of Work on the Photocatalytic Removal of Hazardous Compounds
from Water and Air

6. Publication Date
May 1994

7. Author(s)
Danicl M. Blake

8. Performing Organization Rept. No.

NREL/TP-430-6084

9. Performing Organization Name and Address

National Renewable Energy Laboratory
1617 Cole Blvd.
Golden, CO 80401-3393

10. Project/Task/Work Unit No.
S141.3020 and S141.3040

11. Contract (C) or Grant {G) No.
(C)

(G)

12. Sponsoring Organization Name and Address

Nationa! Renewable Energy Laboratory
1617 Cole Blvd.
Golden, CO 80401-3393

13. Type of Report & Period Covered
Technical Report

14.

15. Supplementary Note
NREL technical contact, Daniel M. Blake (303) 231-7000, x1202

16. Abstract (Limit: 200 words)

This is a bibliography of information in the open literature on work that has been done to date on the photocatalytic oxidation of
compounds, principally organic compounds. The goal of the listing is removing hazardous compounds from water or air. It
contains lists of substances and literature citations. The bibliography includes information obtained through the middle of 1993 and
some selected references from the balance of that year.

17. Document Analysis
a. Descriptors
photocatalytic action, titanium dioxide, hazardous substances, solar detoxification, hazardous contaminants

b. |dentifiers/Open-Ended Terms

¢. UC Categories
241

18. Availability Statement
National Technical Information Service

19. No. of Pages

U.S. Department of Commerce 80
528‘5 Port Royal Road 20. Price
Springfield, VA 22161

A0S

Form No. 30-87)






