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Chapter 4

Catalyst charactenzation: charactenzation techniques

5. Leofanti *, . Tozzola *, M. Padovan “, G. Peinm *, 5. H--:Jn:liga * A. Zecchina
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I. Characterization technigues

{. 1. Tmbrodwction

The most remarkable dsfference berseen
i:.'-|L|:|!:.'r.|'-: tlunng the S0 and 60s and I'HH'.-]-IJ'.I':‘I..
i5 the remarkahle development of characienza-
tion techniques.

Vanaus factors contributed o that prowih:

(1) need of having a bener control on ithe
catalyst in order to meetl the reguirements [os
further optimuzation of procesies already in op-
erairon and Sor for realizatson of new processes:

[11) appearance of new classes of solids wath
catalyhic properies and pecubiar characiensbics
(zeolites, zeolite-like materials, oxides with con-
iralled porosity, very lgh pore volume sihica,
slperacads, eic.F,

(1) technology and computer development
have placed on the market more powerful amd
freendly 10 use versions of known tec hnagues
IFT-1KE, FT-KEaman. calorimeter, eIc.) of new
lechmqueés, allen immally devebloped or ather
sogcbors use {RPS, EXAFS, 5IMS5, 155, EPMA,
enc.).

Te rcalre how large 14 the growth of the
charsctenzation influence in the development of
calnlysis it i enpugh to look at screntific maga-

able techniques it is impossible po review all of
thiermn o few LT &Oowe have o deckde whet
technigues 1o describe and what o treat deeply

The choice has been done on the basis of,

(i) applicability 1o real catalysis (so spectro-
scopbes on single orvstals like LEED, UPS, e
were repected);

'|.i.i:| easy BlrTRh, -¢Llh|,.".|' F o T ;-ut-:E_.-"l.l-r kTS
necessary facilities (however also iechnigues
hoth expensive like XPS, NMR, TEM and of
difficult acceis ke EXAFS, r|:|:||.1i.rir|:j: 3] |
chrotron radiation. will be reporied because of
theérr impomancg);

{iii) applicability to many different systems
fihen lttle space wall be devoled o Missbhaver
and PAS, much more o '."-.': .|'I-|,l'-|lllll'|:!l‘|'||'||'i_ IR
spectroscopy  and lemperalure  prograrmmed
lechmigues, elc, )

(i) informanive Conlemn, of capacity 1o give 3
manmfold mfsrmateon -Im1.|'|I!i:|'r=-.|r|1-|.'|';t' 1:=|:hr|.||;||.:|-|:':
likeé IR spectroscopy are prefermed)

On the whole 35 techmiques, e, 3 number
enough o face adequately mearly all the prob-
lems of daly practice, are descnibed; on a few
wiher (aboul 200 4 short descriptioa is given. For
all of thern an adegquate Wbliography useful for
a hirst decpening will be grvien.

Techniques have been prouped on the basis
ol

1. morphodogy and physical charactenstics,

Zines and Catalyss congresses procesdings,
Hecase of the tremendous vanety of dispos- 2. surface charactensiics,
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(or 20.80 cm x 25.40 cm) in TIF file format, JPG, PNG or EPS with a resolution of at least 300 DPI for pixel -based images. When an article is retracted, a warning of retraction will be published containing information on the reason for the return. Research data are defined as materials and information used in the experiments that allow the validation
of the conclusions taken in the article, including business data produced by the authors for the reported study, reused secondary data or analyzed a € <a €< by the authors of the study and any other necessary materials to reproduce or replicate the results. Each daily also has an specific poetry on previous publication. It is not appropriate for an author
to reuse the wording of other publication, including the previous publication of one, if this publication is mentioned or no. In the setting of tables, the authors must keep in mind the type of the ACS cathum type (17.8 cm £ - 23.5 cm) and the width of the column (17.8 cm) 8.5 cm) and should make the tables in accordance with the limitations of these
dimensions. B. Cynamic and equilibrium data the cynamic data report and connecting data to the equilibrium for protein, nucleic and other spirit should preferably include a description of the identity of the Catalyst or ligament molding, its origin, purity of composition and any modifications, such as mutation, pus-translational modifications or other
modifications made to facilitate the expression and the purification. The necessary information for each structure must be sent in the File of Electrical Crystallogront Information (ICF). It is not forgotten to promote their research and related data in social moms, in conferences and in academic communication networks. Pons for all solo pools, a
molecular weight estimate should be provided by a suitable motto - for example, chromatography EXCLUSION OF SIZE, including column details, eluents and calibration patterns, calibration, Viscosity, Maldi Tof, etc. Tables should be used when data cannot be presented clearly as a narrative, when many no. Mimers should be presented, or when
more significant interrelationships can be transmitted by the tabular format. At least one author must be designated with an asterisk to indicate the person to whom readers can send correspondence. References to the mothers on which the software is also based must be provided. Figure a caption that provides the number of the figure and a brief
description should be included below each figure. Apa2NDICE 1: Preparing for shipping, we develop Public Publications of Publication and Editorial of the ACS in consultation with the research communities we serve, including authors and library. New catalysts in which the screening of new catalysts is reported, the authors must provide a mass
swing for all reactions (using, for example, an internal pattern in their techniques) . Structures should be produced using a drawing program like Chemdraw. The correspondence and refutation of appearance in the same edition of the magazine. However, in these circumstances, an explicit declaration must be given in the article (not only in support
information) indicating that compounds have not been isolated. Perspectives usually have 20 pages in length, depending on the covered tonpical. Special efforts will be made to accelerate the revision and publication of letters. The tabulation of experimental results is encouraged whenever it leads to a more effective presentation or the econamemic
use of the space. The authors must include an introductory declaration describing the scientific motivation for research. The sequence of letters should continue by line and not a column. It is highly desirable to report the reaction rate for catalysts as a frequency of rotation or specific mass activity or, for catalysts as a specific surface activity. Image
files must be sent as TIF, TIF, PNG or EPS files with a resolution of at least 300 DPI for pixel -based images. The rods in the tables should receive card design and be cited in the table by letters of overshally superstradia. For compound libraries, HPLC branches must be sent as a proof of purity. Schemes. Web manuscript publication may occur weeks
before the date of the cover cover. Provides a detailed response to the comments of each reviewer, as described in section IV, the revised manuscripts. If you want to be considered only for the cover, and not for a paid supplementary coverage, do not answer according to the DIARY, cover the question at ACS Paragon Plus. Support information must
be sent at the same time as the manuscript. For organism involving DNA, RNA oligonucleotans, their derivatives or imitators, purity must be established using HPLC and mass spectrometry in the mother. Sufficient experimental details should also be included to allow another researcher to reproduce the sound. An output of the output must be
retained if requested by an editor. This includes changes in the file type, resolution, color space, source, scale, line weights and layout (to improve the legibility and professional appearance). If the present address of an author differs from that in which the work was done, the current address should be provided in a note at the end, for example,
"Address present for [initials of the author", followed by present address. Any grain (grain of the figure, scheme or equation) that appeared in a previous publication must include a line of cront to by citing the original source. The authors of the Open Researcher and Taxpayer ID (ORCID) who present reviews of manuscripts are required to provide
their own personal and validated ID before completing the shipping, if an Orcid ID is still not not to be to your User profiles ACS Paragon Plus. The author of the original publication can be to write a refutation. Authors with appropriate software can alternatively use the validation tool for checking in Pathon. Publish a revised versions after pairs is out
of controversy. After a manuscript is subjected to the ACS Cathalise, no revised versions can be published on prize servers while being considered by journal, including during review, rendering £ , or after acceptance. (or 20.80 cm A £ - 25.40 cm). Many financiers and institutions require institutional affiliates to be identified for all authors listed in the
work being subjected. Articles containing seriously failed or erroneous data, so that their discoveries and conclusions can not be considered retracting to correct the scientific record. If a view to the rich of the tatomus is chosen for the manuscript, a timic figure of ellipts should be included in support information. GREAT GREATIALS (groups of
structures that do not show reactions) may have a brief subtitle describing their containment. The authors of orgain compounds are required to provide unequal support for the purity and the attributed structure of all compounds using a combination of the following characterization techniques. In letters and articles, the introduction must be a
separated section of the article. The elementary dwarf is sufficient. The lines on the list of authors should include all those who made substantial contributions to work. If the text mode is used, separate columns with a guide and use a line feed (return) at the end of each line. The authors can be invited by the editors to send reviews. Data
requirements characterization of the compound, experimental and computational authors are necessary to provide sufficient information (as described in more detail below) to establish the identity of a new compound, purity and its performance. Author's responsibility get a file name (PDB ID or NDB ID) peel molecule; the file file Must appear in the
published manuscript. Summary All articles, letters, perspectives and reviews should be accompanied by an abstract, including an abstract grain (OCD), which should briefly declare the objective of the research (if this is not contained in the title), the main results and the main results and main conclusions. A brief description is required and a
nonsense of the actual containment of each file. The letters should not be less than 4.5 points in final format published. Enter your and email address below and we will send your user name if the address corresponds to an existing account, you will receive an email with instructions to recover your user name select an ACS Research Accounts
Materials Research Quemic Research ACS Agricultural Science & Technology Materials ACS Electrical Materials Applied ACS Materials Applied ACS Materials and Applied Interfaces Applied Materials AP MATERIALS ACS MATERIALS ACS BIO & MED CHEM AU BIOMATERIALS SCIENCE and Cathalise Engineering Central Central ACS Biology
Quaica Quaica Earth and Space ACS ENERGY ACTICS Engineering Auta Ambiental Adimal ACS and Engineering Engineering ACS & TA ACS SCIENCE AND FOOD TECHNOLOGY ACS INFECTIVE DESIGN ACS Macro Materials Letters Materials Materials Materials Material Letters Measurement Measurement ¢nico e em organic Au ACS
Pharmacology & Translational Science ACS Photonics ACS Physical Chemistry Au ACS Polymers Au ACS Sensors ACS Sustainable Chemistry & Engineering ACS Synthetic Biology Analytical Chemistry Biochemistry Bioconjugate Chemistry Biomacromolecules Chemical Research in Toxicology Chemical Reviews Chemistry of Materials Crystal Growth
& Design Energy & Fuels Environmental Science and Technology Environmental Science and Industrial Lettas Technology and Pesquisa quAmica inorgA¢nica Jacs AU Journal of Agricultural and Food Chemistry Journal of Chemical & Engineering Data Journal of Chemical Education Journal of Chemical Information and Modeling Journal of Chemical
Theory and Computation Journal of Medicinal Chemistry Journal of Natural Products Journal of Proteome Research Journal of the American Chemical Society Journal of the American Society for Mass Spectrometry Langmuir Macromolecules Molecular Pharmaceutics Nano Letters Organic Letters Organic Process Research & Development
Organometallics The Journal of Organic Chemistry The Journal of Physical Chemistry A The Journal of Physical Chemistry B The Journal of Physical Chemistry C The Journal of Physical Cartas de quAmica Revise o envio pronto: os periA3dicos da ACS simplificaram seus requisitos de formataA§Afo (incl. Sempre que possAvel, sugerem endereA§os de
email acadA2micos em vez de endereA§os de email pessoais. Propostas mecanicistas para apoiar propostas mecanicistas, caracterizaA§Afo de intermediAjrios EspA©cies com mA®Qtiplos mA©todos espectroscA3picos devem ser feitos, quando possAvel, e/ou adequadamente suportados por cAjlculos teA3ricos. (Observe que os co -autores nAfo precisam
se registrar no ACS Paragon Plus.) As atividades de patentes e os autores de propriedade intelectual sAfo responsA;jveis 4apor garantir que todas as atividades de patentes e questApes de propriedade intelectual sejam resolvidas satisfatoriamente antes da primeira publicaA§A£o (ASAP 'ou em ediA§A£o0). O mA©todo de ensaio e as condiA§Apes
experimentais exatas do ensaio devem ser fornecidas como uma referA2ncia ao trabalho anterior, com ou sem modificaA§Apes, ou totalmente descrito se um novo ensaio. Sua inclusAfo como informaA§Apes suplementares deve ser observada no parAjgrafo da ESI no final do manuscrito. Essa evidA2ncia A© necessAijria para estabelecer que as
propriedades e constantes relatadas sAf£o as do composto com a nova estrutura reivindicada. A PolAtica de ACS research provides additional information on data availability data Data quotes and data repositions. After one year, the restrictions of access to your article will be raised and you may share the articles at URL request in social moms and
other channels. In addition, it is "superb", "excellent", "exceptional", "uttleard" or other similar descriptive words, are strongly discouraged. The authors must confirm that only they have the copyright of the work and read and comply with the ACS dissertation and the conditions and procedures established in the ACS Journal Publication Agreement
and procedures. Soned state materials, such as heterogeneous catalysts, should be characterized in such a way as to sufficiently describe their structure and composition. The sequences of reactions are called schemes and should be numbered consecutively with digits and placed in the text close to the first point point. However, it should be noted
that, in general, spectromated and spectroscal data do not constitute proof of purity and, in the absence of elementary dwarfs, additional purity evidence should be provided (fuse points, PXRD data etc.). This ID can be provided during the original manuscript shipping or by sending the manuscript review. In cases where filtered radiation is used, all
efforts should be made to identify residual lines -. Main body of the manuscript. When required by the limits of the structure or length of a dIARY, manuscript models should be used. As far as possible, NMR data resonances must be attributed to the specific quantum functionality. The summary may summarize geomal characteristics of unusual
interest, but it should not contain parts of the unit lula. For crystalline samples, information on the crystallization (solvents; MP; etc.) should be included. Administrative considerations: all works should not be in or published elsewhere; The manuscripts will be displayed with the plouring software; information on whether the It was already considered
earlier elsewhere; It is not forgotten to list sources of financing and orcid. Examples of insufficient descriptions: ¢ dferences “Porporate Information: Figures S1-S3 ¢ aferences or a € celn traditional figures, as mentioned in the texta €. Manuscripts may not contain the words "now", "first", or "no" novel ", nor any number of peatimo or no. If the final
decision -making decision is the adequacy of a manuscript rests only with the editor. It can not make a manuscript login should include the original title of the article and the list of authors, , including doi and details of the correction. As graceful, photographs, illustrations, diagrams and other visuals, they can play a significant role in the
communication effectively of their discoveries. The images chosen for the cover will be published at no cost to the author. Text must be legible when the grade is seen in full size. All the work related to consideration to public in the manuscript and the editor informed at the time of the submissive. QUAMIC STRUCTURES QUAMIC STRUCTURES
should be produced using a drawing program like ChemDraw. You can also find out more about open access and open access and ACS compliance initiatives. If you will not receive an email within 10 minutes, your and email address may not be registered and may be necessary to create a new Wiley Online Library Account. Cifs can not be supplied as
Microsoft Word files, Corel Wordperfect or PDF. Tables, schemes and figures must be written as table S1, Figure S1, Scheme S1, etc. Equals, data, parano meters/coordinates geomal or other essentials essential the reproduction of computational results (or appropriate reference when when in open literature) must be provided. If the manuscript is
accompanied by any support file files for publication, these files will be available free of charge to readers. Provide these elements in the order listed: a paragraph explaining why your manuscript is appropriate for ACS's Cathalise. Language and editing services a well -written article helps to share your results more clearly. These information is
provided to reviewers during the peer review process (only for review only) and are disposedable for published labor readers (for publication). Disclosure of previous shipments: If the manuscript was previously rejected by the CAT's Cathalise, it provides the number of manuscript and a detailed response to the comments of each reviewer. Structural
and sequence data for nucleic proteins and coordinated nucleics and structure factors for proteins determined by crystallography and X-ray coordinates determined by NMR should be deposited in the protein database, research collaboration for bioinform Structural Tica of Rutgers University. The authors can not review these prime. Where the
resolution at + 1 ¢ & A = 2 duples occurs, the identification of the space d for each line such as dA® = 1, da® A + 2 provides a measure of the quality of the diffraction pattern. Details such as abbreviations, experimental conditions, etc., when applicable, the number of imaginary frequencies must be reported to identify strict structures. CIFs must be
sent at the same time as the manuscript is sent by the web, with the designation of support files for publication. Tables of distance and interactive essentials are not required, but they can be subjected (the mother information for standard structural components should not be included). See also the press release on the ACS in the Crosscheck
initiative. Type of graph chart of grain table (OCD)/abstract graph Contension/abstract grain for specifications. It must be sent within 18 months from the date of publication as stuffed as possible in the original article. (c) the compounds of state materials are in this category are those who do not exist in solution. Evaluating as a whole, the evidence
presented in support of the claims made by the authors. Research data policy all the journal of the ACS strongly encourage the authors to make research data underlying their articles publicly at the time of publication. Where the compound is molecular, the authors must provide data to unequivocally establish their homogeneity, purity and
identification. The magazine is dedicated to reports of new and original experimental research on mollets, macromolith or catalytic materials (displaying catalytic turnover), and catalysts should be characterized as possible by the frequency of turnover and parano ¢ Cinamal meters Fundamental. If the expression is long, it may be included in the
electrical supplementary information, rather than in the main text of the manuscript. Possible space groups can also be listed if the data justify it. The views usually range from 3 to 6 pages of length of length and not the abstract included. DISCLOSURE OF THE POLICY OF PRIVATE PUBLIC PUBLIC PUBLICATION AND ACS OF ACS CATTOM:
PRINTING POLICY POLICY AUTHOR LIST WITH Affiliations: It must correspond between the manuscript file and A Electrical input in shipping, choose manuscript type: letter, article, perspective, review, view point, account, correspondence or addition and summary: be clear and concise, reflect the The nobase and the containment of the article.
Publication as well as possible possible usually occurs within a few days after the receipt of the proof of proof of the pando, which may have several before the problem coverage date. Authors who send material that was used in your thesis/dissertation should notify the editor-in-chief Letter. Separate granals can be supplied later in the review if
necessary. A fully indexed pess differing standard that agrees with crystal data can be used as evidence of a homogeneous structure and mass quantumness can be used to establish purity and homogeneous composition . When possible, representative spectra must be provided in support information. Guidelines for the characterization of organ
compounds (a) sample quality for new substances, the evidence of purified sample homogeneity should be included. For this reason, the authors of cards must ensure that the manuscripts are in the final form and without errors when sent. Refers can be provided in any style, but should be complete, including tankers. It should be placed on a table
note, not in the title. Our service of no. Letter of presentation a letter of presentation must follow all manuscript shipments. Ensure that any use and abbreviations used to the text in the text agree with those in the work of art. If a mentioned reference has already appeared on the web, indicate that it is published electronically (& € ceAasapa € for the
journal of the ACS) and provides the number of DOI for convenient access. Problems are not solved and emerging areas should be highlighted. Schemes Each scheme (sequels of reactions) may have a brief subtitle describing its containment. The art of the cover at the time of the presentation of a revised manuscript, the authors of the ACS Cathalise
are encouraged to send images to be considered for use on the cover of the magazine cover or supplementary cover. The components of the manuscript text components should clearly and concisely reflect the nock and the containment of the article. Before the publication, all manuscripts, including Invited, this is subject to a cructic and dwarf review.
Characterization of most of the sample may require determination of composition and quantum size in large parts of the sample. Security: Authors should emphasize any unexpected, new and/or significant risks or risks associated with the reported work. Sufficient data must be provided to identify and verify the structure of such compounds, and
original preparation must be cited in experimental section or support information. The publication material that has been used in reports to research sponsors is acceptable, provided that one or more of the authors have copyright. After the conclusion of any related investigation, and when an end determination on the result of the article is made, the
expression of concern can be replaced by a warning or correction RETIREMENT. Instead, an estimate of the detection limit based on sensitivity and testing of test errors should be provided. To obtain information on the necessary components of different types of refinement, see the Rabbi Guide to the ACS style. After the publication in ACS Catalysis,
the authors are advised to add a link from the prize to the published article through digital object Identifier (DOI). Note that permission should be obtained for use of all images and figures. Observe the use of a prize server explicitly explicitly in the presentation letter and, as appropriate, indicate how the manuscript was adjusted/updated between
the practitioner ACS CATTOM. This includes data such as fields of Field of Strength and equations that define the model (or refinements to where this material is disposed of in open literature). (c) diverse numerical listings of characteristic spectroscrical data should be included to support attributed structures, changes in functionality, unusual
chromes, etc. During the shipping process, the corresponding author must provide a declaration in name of all the authors of the manuscript, describing potential sources of bias, including affiliates, sources of financing and or management relationships, this can constitute conflicts of interest. The accepted manuscripts will be published on the ACS
Publications website, as soon as the pamin tests are corrected and all the authors' concerns are resolved. Athanic coordinates and structure factors for all structures must be released immediately after the publication of the article. The authors can be invited by the editors to send perspectives. Readers who detect errors of consequences at other
people's work should contact the corresponding author of this work. When an exchange coupling constant (J) is cited in summary, the Hamiltonian shape should also be included in the summary. If the correlation data is provided based on the HPLC or GLPC, the time of retention for both enantiion should be provided, along with solvent information
and the rate of flow and the identification of chiral support. The reviewers are advisory to the editor. Manuscript conclusions can not contain words a € ceSuperba €, a € ,ceExcentean, a € ceExceptinalia, a € ceDestacting € or similar descriptive words unless the claim £ £ o be strictly supported by a complete comparison with the state of the art in the
manuscript. They should include details of the researcher's career, including their scientific influences and positions occupied, with the main body of the Peado discussing the main new new discoveries or advances he has made about his career. If only small reviews are involved, in most cases, the editor will examine the revised manuscript of the
recommendations of the reviewers without seeking more opinions. Work reported. Production and publication tests via the right correct correction of the ABS of the guys' tests are the responsibility of the corresponding author. Note that a crystalline structure of x -ray is not sufficient to characterize a Material, since the crystal used in this dwarf does
not necessarily represent the bulk sample. These files must be Electronically as described below. In most cases, they will be organized chronologically. All granted must be prepared and sent in digital format. CIFs should be saved in text format only (simple ascii), with an .cif extension before they are sent. The determination of the excess
enantiomarity of chiral substances do not be bornered with GC/HPLC tractions with time of retention for enantiion and separation conditions and conditions. £ o (ie, chiral support, solvent and flow rate) or for mosher/chial change reagent, dwarf, change of change, and dwarfs reagent LISE, Chiral Exchange Whair ,, Keeping, Management of Change
of Change of Change, the Reagent of Change ,,, C. ACS Publications uses Crosscheck Ithenticate software to display manuscripts sent by similarity to published material. The no. Words -Chave All articles, letters, perspectives and reviews must be accompanied by 5 words -chau. See the list of compatible Weo formats. Tables Each table must have a
brief title (a sentence or sentence) that describes the containment. (b) Molecular weight molecular weight evidence should be provided, especially if elementary dwarf is not performed. Guidelines for characterization of organometric and inorgain compounds (A) compounds of routine composed in this category are those who are preceded by
literature. A statement confirming the manuscript, or its containment of some other way, was not published earlier by none of the authors and/or is not considered to be published in another DIARY at the time of the submissive The. An author must inform the editor-in-chief of the dissemination of the containment in printed or electrical formats in the
presentation letter. Information for manuscripts generated from the Tex/Latex these are available. Perspective authors should provide a crust evaluation of the field of interest rather than a compilation and summary of the literature reports. Relevant information on the sample used should be included. included. People who meet the inclusion of
inclusive how co-authors should be included, with recognition indicating the date of death. All calculated values 1/d2 must be listed (excluding systematical absences) to the limit of the data mentioned. Tables can be created using text mode or table format feature of a word processor. During the shipping process, you can digit it or put it in the
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