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Chapter 2 Mesoporous Silica MCM 41 Si MCM 41: Unlocking the Potential of
Ordered Nanoporous Materials

chapter 2 mesoporous silica mcm 41 si mcm 41 introduces us to a fascinating
class of materials that have revolutionized the fields of catalysis,
adsorption, and nanotechnology. Mesoporous silica MCM-41, often referred to
simply as MCM-41, stands out for its unique nanostructured architecture
characterized by uniform pore sizes and high surface areas. This chapter
dives deep into the synthesis, properties, and applications of MCM-41,
especially focusing on its silicon-based framework (Si MCM-41), which plays a
pivotal role in tailoring its functionalities.

Understanding Mesoporous Silica MCM-41

Mesoporous materials are defined by pores with diameters between 2 and 50
nanometers. MCM-41 (Mobil Composition of Matter No. 41) is one of the
earliest discovered mesoporous silicas, notable for its hexagonally ordered
cylindrical pores. This ordered pore structure results in a material that has
an exceptionally high surface area, often exceeding 1000 m2/g, and a tunable
pore diameter typically ranging from 2 to 10 nm.

The Structure of Si MCM-41

At its core, Si MCM-41 is composed of silicon dioxide (SiO:) arranged in a
highly ordered mesoporous network. The silica walls are amorphous but robust,
surrounding uniform cylindrical channels arranged in a hexagonal pattern.
This regular arrangement allows molecules to diffuse efficiently through the
pores, making it highly attractive for applications requiring selective
adsorption or catalytic sites.

The silicon atoms in the framework are tetrahedrally coordinated with oxygen
atoms, forming a stable matrix. Importantly, the surface of MCM-41 is rich in
silanol (Si—OH) groups, which can be further modified to enhance
hydrophilicity or hydrophobicity, depending on the desired use.

Synthesis Techniques of Chapter 2 Mesoporous
Silica MCM 41 Si MCM 41

The synthesis of MCM-41 is a classic example of self-assembly driven by



surfactant templates. Understanding the synthesis process is crucial for
tailoring pore size, morphology, and surface chemistry.

Role of Surfactants in Template Formation

The key to synthesizing MCM-41 lies in the use of cationic surfactants such
as cetyltrimethylammonium bromide (CTAB). These surfactant molecules form
micelles in aqueous solution, which serve as templates around which silica
precursors condense. The interaction between the positively charged
surfactant heads and the negatively charged silicate species guides the
formation of the ordered mesostructure.

Once the silica framework solidifies around the micelles, the surfactant is
removed—usually by calcination or solvent extraction—leaving behind the
hollow cylindrical pores that define MCM-41.

Controlling Pore Size and Morphology

One of the remarkable features discussed in chapter 2 mesoporous silica MCM
41 Si MCM 41 is the ability to control pore dimensions. By adjusting
synthesis parameters such as surfactant chain length, temperature, pH, and
the presence of swelling agents (e.g., organic solvents like mesitylene),
researchers can fine-tune the pore diameter and wall thickness.

For example:
e Increasing the hydrocarbon chain length of the surfactant typically
leads to larger pore sizes.

e Adding organic swelling agents expands the micelle size, resulting in
wider pores.

e Altering the silica source or synthesis temperature impacts the

condensation rate of silica, influencing wall thickness and pore
stability.

Such tunability makes MCM-41 a highly customizable material suited for
diverse applications.

Physicochemical Properties and Surface



Chemistry

The physical and chemical attributes of Si MCM-41 determine its performance
in practical applications. This section elaborates on its surface area,
thermal stability, and chemical modifiability.

High Surface Area and Porosity

MCM-41 exhibits surface areas often in the range of 900 to 1500 m2/g, which
is extraordinarily high compared to conventional silica materials. Its pore
volume is also substantial, facilitating the accommodation of guest
molecules. This porous network enables rapid mass transport, a critical
factor in catalysis and adsorption processes.

Thermal and Mechanical Stability

While the silica walls of MCM-41 are amorphous, they demonstrate significant
thermal stability, generally stable up to 700-900 °C under inert or oxidizing
atmospheres. However, the mesoporous structure can collapse if exposed to
harsh hydrothermal conditions or extreme pH values, which is important to
consider when designing processes involving high temperatures or acidic/basic
media.

Surface Functionalization Possibilities

An important highlight in chapter 2 mesoporous silica MCM 41 Si MCM 41 is the
versatile surface chemistry. The silanol groups on the pore walls can be
chemically modified to introduce functional groups such as amines, thiols, or
organometallic complexes. These modifications can:

Enhance adsorption selectivity

Provide catalytic active sites

Modify hydrophobic/hydrophilic balance

Improve biocompatibility for biomedical applications

Such surface tailoring significantly broadens the scope of MCM-41 in various
scientific and industrial fields.



Applications of Chapter 2 Mesoporous Silica MCM
41 Si MCM 41

The unique properties of MCM-41 have made it a cornerstone in many research
areas and commercial technologies.

Catalysis

MCM-41 serves as an excellent catalyst support due to its high surface area
and tunable pore size. Metal nanoparticles or complexes can be anchored onto
the silica surface, providing active sites for reactions such as
hydrocracking, oxidation, and selective hydrogenation. The uniform pores
facilitate rapid diffusion of reactants and products, enhancing catalytic
efficiency.

Adsorption and Separation

Thanks to its ordered mesoporous structure, MCM-41 is highly effective in
adsorbing gases, dyes, and organic molecules. It is often used in
environmental cleanup, such as removing heavy metals or organic pollutants
from water. Moreover, its selective adsorption capabilities make it useful in
gas separation technologies, including CO: capture.

Drug Delivery and Biomedical Uses

In recent years, Si MCM-41 has attracted attention as a drug delivery
vehicle. The pores can encapsulate therapeutic agents, protecting them from
degradation and enabling controlled release. Additionally, surface
modifications can target specific tissues or cells, improving treatment
efficacy while minimizing side effects.

Sensor Technology

Functionalized MCM-41 materials are employed in sensors for detecting
chemical and biological substances. The high surface area allows for
increased interaction with analytes, improving sensitivity and selectivity.

Challenges and Future Perspectives

While chapter 2 mesoporous silica MCM 41 Si MCM 41 reveals the incredible



potential of this material, some challenges remain. The stability of MCM-41
under harsh conditions can limit certain applications. Researchers are
actively exploring ways to enhance robustness, such as incorporating other
elements (e.g., aluminum, titanium) into the silica framework to create mixed
oxides with improved properties.

Moreover, scaling up the synthesis process while maintaining consistent
quality and uniformity is essential for industrial adoption. Advances in
green synthesis methods, including solvent-free or low-energy routes, are
also areas of ongoing investigation.

Looking forward, the integration of MCM-41 with other nanomaterials, such as
graphene or metal-organic frameworks, promises to open new horizons in
multifunctional devices and advanced catalysis.

Exploring chapter 2 mesoporous silica MCM 41 Si MCM 41 offers a window into a
versatile nanomaterial with profound implications across science and
industry. Its customizable structure, impressive surface area, and adaptable
chemistry make it a truly remarkable substance, continuing to inspire
innovation in material science.

Frequently Asked Questions

What is MCM-41 in the context of mesoporous silica
materials?

MCM-41 is a type of mesoporous silica material characterized by its hexagonal
arrangement of uniform mesopores, typically ranging from 2 to 10 nanometers
in diameter. It is widely used for catalysis, adsorption, and drug delivery
due to its high surface area and tunable pore sizes.

How is MCM-41 synthesized in the laboratory?

MCM-41 is synthesized using a sol-gel process involving the self-assembly of
surfactant molecules (such as cetyltrimethylammonium bromide, CTAB) as
templates in an alkaline medium, followed by the condensation of silica
sources like tetraethyl orthosilicate (TEOS). After synthesis, the surfactant
template is removed by calcination or solvent extraction to create the
mesoporous structure.

What are the unique structural properties of MCM-41
silica?

MCM-41 exhibits a highly ordered hexagonal mesoporous structure with uniform
pore size distribution, large surface area (typically over 1000 m2?/g), and



adjustable pore diameters. These properties make it ideal for applications
requiring controlled molecular sieving and surface functionalization.

In what applications is mesoporous silica MCM-41
commonly used?

MCM-41 is commonly used in catalysis as a support material, in adsorption and
separation processes, as a host for drug delivery systems, and in sensors due
to its high surface area, tunable pore size, and chemical stability.

How does the pore size of MCM-41 influence its
functionality?

The pore size of MCM-41 can be tuned by varying synthesis conditions, which
directly influences its ability to accommodate different molecules. Smaller
pores are suitable for selective adsorption of small molecules, while larger
pores enable the encapsulation of bigger molecules, enhancing its versatility
in catalysis and drug delivery.

What are the differences between MCM-41 and other
mesoporous silica materials like SBA-157?

MCM-41 typically has smaller pore sizes (2-10 nm) and a hexagonal pore
arrangement, while SBA-15 has larger pores (5-30 nm) with thicker pore walls
and a 2D hexagonal structure. SBA-15 offers higher thermal stability and
mechanical strength compared to MCM-41, making them suitable for different
applications.

Can MCM-41 be functionalized and how does this
affect its properties?

Yes, MCM-41 can be functionalized by grafting or co-condensation with various
organic groups or metal species. Functionalization modifies its surface
chemistry, enhancing selectivity, catalytic activity, or biocompatibility,
thereby expanding its application range in catalysis, sensing, and biomedical
fields.

Additional Resources
Mesoporous Silica MCM-41 and Si MCM-41: An In-Depth Analysis of Chapter 2

chapter 2 mesoporous silica mcm 41 si mcm 41 delves into the fundamental
characteristics and applications of one of the most studied mesoporous
materials in material science and nanotechnology. Mesoporous silica MCM-41,
along with its silicon-doped variant Si MCM-41, has garnered significant
attention due to its unique structural properties, tunable pore sizes, and
versatile functionality. This chapter provides a comprehensive overview of



their synthesis, physicochemical features, and potential uses, highlighting
the importance of these materials in catalysis, adsorption, and drug
delivery.

Understanding Mesoporous Silica MCM-41 and Si
MCM-41

Mesoporous silica MCM-41 (Mobil Composition of Matter No. 41) is a member of
the M41S family of materials, first synthesized in the early 1990s. It is
characterized by a highly ordered hexagonal arrangement of uniform mesopores
with diameters typically ranging from 2 to 10 nanometers. This precise pore
size control arises from the templating effect of surfactants during
synthesis, which directs the formation of silica frameworks around micelles.

Si MCM-41 refers to silicon-modified or silicon-incorporated MCM-41
structures, where silicon atoms are integrated to alter the framework'’s
properties. This modification often aims to enhance hydrothermal stability,
acidity, or catalytic activity. In some contexts, Si MCM-41 denotes purely
silica-based MCM-41, emphasizing the silicon oxide nature of the material,
but it can also imply silicon doping or functionalization.

Synthesis Routes and Structural Characteristics

The synthesis of mesoporous silica MCM-41 typically involves a sol-gel
process with tetraethyl orthosilicate (TEOS) as the silica source and
cetyltrimethylammonium bromide (CTAB) as the structure-directing agent. Under
alkaline conditions, CTAB forms micelles that template the silica
condensation, resulting in a well-ordered hexagonal pore structure after
surfactant removal by calcination or solvent extraction.

For Si MCM-41, synthesis may include co-condensation methods where silicon
precursors are introduced alongside TEOS or post-synthesis grafting to
incorporate silicon-based functional groups. This incorporation can tailor
the surface acidity or hydrophobicity, influencing adsorption and catalytic
behavior.

Key structural features of MCM-41 and Si MCM-41 include:

Highly ordered hexagonal mesopore arrays

Large surface area, often exceeding 1000 m?/g

Uniform pore size distribution with adjustable diameters (2-10 nm)

High pore volume (up to 1 cm3/g), facilitating guest molecule



accommodation

e Thermal stability up to 600 °C, with Si incorporation enhancing this
further

Physicochemical Properties and Functionalization

The physicochemical properties of mesoporous silica MCM-41 significantly
influence its application spectrum. Its high surface area and pore volume
enable efficient adsorption of molecules, while the silanol (Si-OH) groups on
the surface provide reactive sites for further functionalization.

Functionalization strategies for MCM-41 include grafting organic groups,
metal ions, or complexes onto the silica surface to tailor the material for
specific uses. In Si MCM-41, silicon doping or the introduction of
heteroatoms (e.g., aluminum, titanium) can create acid sites or redox
centers, broadening catalytic applications.

Advantages of Si MCM-41 over pure MCM-41 often include:

e Improved hydrothermal and mechanical stability
e Enhanced catalytic activity due to acid or base sites

e Better control over hydrophilic/hydrophobic balance

However, it is essential to balance the degree of silicon incorporation to
preserve the mesostructure’s integrity. Excessive doping may disrupt pore
ordering or reduce surface area.

Applications of MCM-41 and Si MCM-41

The unique structural characteristics of mesoporous silica MCM-41 and Si
MCM-41 have opened avenues across various scientific fields. Their tunable
pore size, large surface area, and modifiable surface chemistry make them
ideal candidates for catalysis, adsorption, sensing, and biomedical
applications.

Catalysis

MCM-41's uniform mesopores facilitate the diffusion of reactants and



products, making it a valuable support material for heterogeneous catalysts.
The incorporation of silicon or other heteroatoms enhances catalytic sites,
enabling acid-base catalysis, oxidation, and hydrogenation reactions.

For example, Si MCM-41 functionalized with sulfonic acid groups exhibits
strong Brgnsted acidity, useful in dehydration or esterification reactions.
Metal-loaded MCM-41 variants support catalysts such as Pd, Pt, or Fe,
promoting reactions in environmental remediation and fine chemical synthesis.

Adsorption and Separation

The high porosity and surface area of MCM-41 materials provide excellent
adsorption capacities for gases, dyes, and organic pollutants. This property
is exploited in environmental cleanup, where MCM-41 adsorbs heavy metals or
organic compounds from wastewater.

Si MCM-41's adjustable surface properties improve selectivity in adsorption
processes. Hydrophobic modifications allow selective uptake of nonpolar
molecules, while hydrophilic surfaces favor polar compounds, enhancing
separation performance.

Drug Delivery and Biomedical Uses

Mesoporous silica nanoparticles derived from MCM-41 structures are promising
drug carriers due to their biocompatibility, tunable pore size, and ability
to be functionalized for targeted delivery. Si MCM-41’'s surface chemistry can
be engineered to control drug loading and release kinetics, improving
therapeutic efficacy.

Moreover, the porous network protects encapsulated drugs from degradation and
enables controlled release in response to environmental stimuli such as pH or
temperature.

Comparative Insights: MCM-41 vs. Other
Mesoporous Silicas

While MCM-41 is among the most widely studied mesoporous silicas, it is
important to contextualize its features relative to other materials like
SBA-15 or KIT-6.

e Pore Size and Structure: MCM-41’s pores are generally smaller (2-10 nm)
with hexagonal symmetry, whereas SBA-15 offers larger pores (5-30 nm)
and thicker pore walls, providing greater hydrothermal stability.



e Thermal and Hydrothermal Stability: Pure MCM-41 is less stable under
harsh conditions compared to SBA-15; however, Si MCM-41 modifications
can partly bridge this gap.

e Synthesis Complexity: MCM-41 synthesis is relatively straightforward and
cost-effective, favoring large-scale applications.

e Surface Chemistry: Both materials allow extensive functionalization, but
differences in pore size and wall thickness influence accessibility and
loading capacity.

These considerations make MCM-41 and its silicon-modified variants
particularly suitable for applications requiring uniform pore size and high
surface area, while other mesoporous silicas may be preferred for conditions
demanding enhanced stability or larger molecular accommodation.

Challenges and Future Directions

Despite the advantageous properties of mesoporous silica MCM-41 and Si
MCM-41, certain challenges remain. Maintaining structural integrity during
functionalization, optimizing pore accessibility, and scaling up synthesis
without compromising uniformity are ongoing concerns.

Research continues to explore novel synthesis routes, such as microwave-
assisted or green chemistry approaches, to enhance efficiency and
environmental compatibility. Additionally, efforts to develop hybrid
materials combining MCM-41 with other functional components aim to expand
their applicability in energy storage, sensors, and photocatalysis.

The integration of computational modeling and advanced characterization
techniques further aids in understanding the structure-property
relationships, enabling the rational design of MCM-41 based materials
tailored for specific industrial and biomedical applications.

Mesoporous silica MCM-41 and Si MCM-41 remain at the forefront of
nanostructured material research, offering a versatile platform that bridges
fundamental science with practical solutions across diverse technological
fields.

Chapter 2 Mesoporous Silica Mcm 41 Si Mcm 41

chapter 2 mesoporous silica mcm 41 si mcm 41: Mesoporous Materials and Their
Applications Paulina Taba, Muhammad Zakir, St. Fauziah, Nunuk Hariani Soekamto, 2024-12-31
Mesoporous Materials and Their Applications Authored by Paulina Taba, Muhammad Zakir, St.
Fauziah, and Nunuk Hariani Soekamto, this book provides a comprehensive exploration of


https://stg.hffa.com/archive-th-095/chapter-2-mesoporous-silica-mcm-41-si-mcm-41.pdf

mesoporous materials, their synthesis, characterization, and diverse applications. Mesoporous
materials, with their unique pore structures and high surface areas, have revolutionized fields such
as catalysis, adsorption, and material science. This book covers various types of mesoporous
materials, including MCM-41, MCM-48, and mesoporous carbon, detailing their synthesis
techniques, structural modifications, and applications in areas such as energy storage,
environmental remediation, and pharmaceuticals. The authors delve into the fundamentals of
adsorption, providing insights into the physical and chemical forces involved, and explore the
practical uses of these materials in advanced technological applications. Aimed at researchers,
academics, and industry professionals, Mesoporous Materials and Their Applications serves as a
valuable resource for understanding the science and potential of these versatile materials. Whether
you are an expert in material science or a student looking to deepen your knowledge, this book
offers both theoretical foundations and practical insights.

chapter 2 mesoporous silica mcm 41 si mcm 41: Recent Progress in Mesostructured
Materials Dongyuan Zhao, Shilun Qiu, Yi Tang, Chengzhong Yu, 2007-03-22 Recent Progress in
Mesostructured Materials is a selection of oral and poster communications presented during the 5th
International Mesostructured Materials Symposium (5th IMMS2006). Authorized by International
Mesostructured Material Association (IMMA) and hosted by the Fudan University, China. The scope
of this involved field covers both traditional inorganic mesostructured molecular sieves and
mesostructured materials like organic polymers, metals, organic-inorganic nanocomposites, and
ordered mesoporous carbons, the hot topics in chemistry, crystallization, structure, liquid
crystalline, catalysis and materials science. This symposium provided a forum for the presentation of
the most novel development and knowledge in the science and technology of mesostructured
materials. Papers presented cover a wide range of topics that include synthesis, structure
determination, characterisation, modelling, and application in catalysis, adsorption, biochemistry
and advanced material sciences.* This highly visual book is a must for readers looking to stay
up-to-date on mesostructure science* A selection of more than 200 oral and poster papers, covering
research aspects/developing trends of mesostructured materials * An important reference for those
working in the material science, catalysis and biotechnology fields

chapter 2 mesoporous silica mcm 41 si mcm 41: Zeolites and Related Materials: Trends
Targets and Challenges(SET) Antoine Gedeon, Pascale Massiani, Florence Babonneau,
2008-08-19 The present book Zeolites and Related Materials: Trends, Targets and Challenges
reports the communications that have been presented at the 4th International FEZA (Federation of
European Zeolite Associations) Conference in Paris, September 3-6, 2008. It gives an excellent
overview of the present state of the art of ordered nanoporous solids including zeolites as well as
synthetic layered materials (clays), nanosized molecular sieves, ordered mesoporous solids,
metal-organic-framework compounds (MOFs), carbons, etc. with emphasis on the synthesis,
comprehensive characterization and advanced applications. The significant research activities in this
domain are due to the outstanding properties of those nanoporous materials that concentrate the
collaborative efforts of researchers from material science, chemistry, physical chemistry and
physics. The understanding and development of the unique properties of porous materials relies on a
unique blend of multidisciplinary knowledge covering material science, with the implication of
organic and colloid chemistry, to prepare micro- and mesoporous materials; surface and adsorption
sciences sustained by theory and modelling to understand the peculiar behaviour of molecules in
confined systems; special branches of catalysis, physics, chemical engineering and life science to
design novel applications. * This book summarizes the developments in the area of nanoporous
solids at the dawn of the 21st century, useful for both students/young researchers entering the field
of nanoporous materials, as well as for senior scientists * Also summarizes the new family of porous
compounds, e.g. MOF's and ordered porous carbon * The present state-of-the-art and prospects of
nanoporous solids for advanced applications is discussed

chapter 2 mesoporous silica mcm 41 si mcm 41: Progress in Inorganic Chemistry,
Volume 50 Kenneth D. Karlin, 2004-03-24 This series provides inorganic chemists and materials



scientists with a forum for critical, authoritative evaluations of advances in every area of the
discipline. Volume 50 continues to report recent advances with a significant, up-to-date selection of
contributions on topics such as the following: Structural and mechanistic investigations in
asymmetric copper; Catalyzed reactions; Phenoxyl radical complexes; Synthesis of large pore
zeolites and molecular sieves; Inorganic nanoclusters with fullerene-like structure and nanotubes

chapter 2 mesoporous silica mcm 41 si mcm 41: Nanotechnology in Mesostructured
Materials Sang-Eon Park, Ryong Ryoo, Wha-Seung Ahn, Chul Wee Lee, ]J.-S Chang, 2003-06-19 In
these proceedings the reader will find regular papers from many groups worldwide, covering the
most recent advances in mesostructured materials and providing future perspectives of
nanotechnology.Presents the Proceedings of the 3rd International Mesostructured Materials
SymposiumDiscusses the most recent advances in synthesis characterization, and applications of
mesostructured materials

chapter 2 mesoporous silica mcm 41 si mcm 41: Mesoporous Silica Nanoparticles
Sachin Namdeo Kothawade, Vishal Vijay Pande, 2024-11-18 Mesoporous silica comprehensively
covers the importance and applications of mesoporous silica nanoparticles in the field of
nanoscience and nanotechnology. The book delves into the synthesis and characterization of
mesoporous silica nanoparticles, discussing various synthesis methods and characterization
techniques employed in their production. It explores the properties and structure of mesoporous
silica nanoparticles, including their porosity, surface area, structural features, and tunability. It
discusses mechanical, thermal, and optical properties. The applications of mesoporous silica
nanoparticles in drug delivery are covered in detail, focusing on controlled release systems, targeted
drug delivery, and theranostic applications.The catalytic applications of mesoporous silica
nanoparticles are examined, including the use of these nanoparticles as supported catalysts in
catalytic reactions, with discussions on reaction mechanisms. The book also explores the sensing
and biosensing applications of mesoporous silica nanoparticles, including optical and
electrochemical sensing, bioanalytical applications, and detection of biomolecules and
environmental pollutants. Surface functionalization techniques for mesoporous silica nanoparticles
are discussed, highlighting the importance of tailoring their properties for specific applications.
Biocompatibility and toxicity considerations are addressed, providing insights into the assessment of
biocompatibility, toxicity evaluation, mitigation strategies, and regulatory considerations. The future
directions and emerging trends in mesoporous silica nanoparticle research are explored, along with
interdisciplinary approaches, challenges, and opportunities in the field. The book concludes by
summarizing the key findings and discussing the overall significance of mesoporous silica
nanoparticles in nanoscience and nanotechnology. The references section provides a comprehensive
list of sources used throughout the book for further exploration. The book serves as an essential
resource for researchers, professionals, and students interested in understanding the synthesis,
characterization, properties, and diverse applications of mesoporous silica nanoparticles in the
realm of nanoscience and nanotechnology.

chapter 2 mesoporous silica mcm 41 si mcm 41: Molecular sieves , 2005

chapter 2 mesoporous silica mcm 41 si mcm 41: Molecular Sieves: From Basic Research
to Industrial Applications Jiri Cejka, 2005-08-30 Due to their unique porous properties, zeolites
(also referred to as molecular sieves) are used in a variety of applications - major uses are in
petrochemical cracking, ion-exchange (water softening and purification), and in the separation and
removal of gases and solvents. Molecular Sieves: From Basic Research to Industrial Applications,
Volume 158 A,B presents over 265 worldwide contributions on the latest developments in zeolitic
research. Readers will find this book, which is divided into five sections: Synthesis, Characterization,
Adsorption, Catalysis, and Novel applications, ideal for staying up to date on current research on
porous materials.* Comprehensive overview of current research on porous materials* Contains
experimental as well as theoretical input, reflecting the increasing overlap between theory and
experiment* Contributions from the world's leading authorities

chapter 2 mesoporous silica mcm 41 si mcm 41: Nanotechnology in Catalysis Volumes 1




and 2 Bing Zhou, Sophie Hermans, Gabor A. Somorjai, 2004

chapter 2 mesoporous silica mcm 41 si mcm 41: Innovations in Green Chemistry and Green
Engineering Paul T. Anastas, Julie B. Zimmerman, 2012-12-13 Processes that meet the objectives of
green chemistry and chemical engineering minimize waste and energy use, and eliminate toxic
by-products. Given the ubiquitous nature of products from chemical processes in our lives, green
chemistry and chemical engineering are vital components of any sustainable future. Gathering
together ten peer-reviewed articles from the Encyclopedia of Sustainability Science and Technology,
Innovations in Green Chemistry and Green Engineering provides a comprehensive introduction to
the state-of-the-art in this key area of sustainability research. Worldwide experts present the latest
developments on topics ranging from organic batteries and green catalytic transformations to green
nanoscience and nanotoxicology. An essential, one-stop reference for professionals in research and
industry, this book also fills the need for an authoritative course text in environmental and green
chemistry and chemical engineering at the upper-division undergraduate and graduate levels.

chapter 2 mesoporous silica mcm 41 si mcm 41: Redox Rozina Khattak, 2020-07-08 The
book Redox provides vast insight into the oxidation-reduction reactions to its readers. The book
consists of three sections that include redox in the coordination compounds, organic compounds and
polymerization; redox in electrochemistry; and redox and fish welfare. The first section consists of
three chapters that describe the role of redox reactions in several fields such as transition metal
chemistry, degradation processes of toxic compounds and dyes in treatment of water and
wastewater, the catalysis of oxidation of organic compounds by metal active sites, and synthesis of
copolymers. The second section consists of two chapters. The role of redox reactions and reactivity
description of compounds are discussed in the second section of the book. The non-aqueous redox
flow batteries are described in this section. The third section extensively discusses the redox balance
and fish welfare and consists of one chapter.

chapter 2 mesoporous silica mcm 41 si mcm 41: Alkanes—Advances in Research and
Application: 2012 Edition, 2012-12-26 Alkanes—Advances in Research and Application: 2012
Edition is a ScholarlyEditions™ eBook that delivers timely, authoritative, and comprehensive
information about Alkanes. The editors have built Alkanes—Advances in Research and Application:
2012 Edition on the vast information databases of ScholarlyNews.™ You can expect the information
about Alkanes in this eBook to be deeper than what you can access anywhere else, as well as
consistently reliable, authoritative, informed, and relevant. The content of Alkanes—Advances in
Research and Application: 2012 Edition has been produced by the world’s leading scientists,
engineers, analysts, research institutions, and companies. All of the content is from peer-reviewed
sources, and all of it is written, assembled, and edited by the editors at ScholarlyEditions™ and
available exclusively from us. You now have a source you can cite with authority, confidence, and
credibility. More information is available at http://www.ScholarlyEditions.com/.

chapter 2 mesoporous silica mcm 41 si mcm 41: Materials Transactions , 2008

chapter 2 mesoporous silica mcm 41 si mcm 41: Impact of Zeolites and other Porous
Materials on the New Technologies at the Beginning of the New Millennium R. Aiello, F.
Testa, G. Giordano, 2002-08-16 Crystalline solids with highly structured micro-scale pores are called
zeolites. Their well-defined structure and large contact surface make them extremely useful as
catalysts. Their most common use is in washing powders. Different features are caused by the shape
and size of the pores and the presence of different metals in the crystal structure. Research is
conducted both towards better understanding of the relations between form and function and
towards identifying new possible uses.This title presents a collection of contributions from
internationally renowned researchers in the field of the Science and Technology of micro and
mesoporous materials. The aim of the conference is to create an international forum where
researchers from academia as well as from industry can discuss ideas and evaluate the impact of
zeolites, and other porous materials, on new technologies at the beginning of the new
millennium.-Gives the most recent developments in the origin, synthesis and characterisation of
zeolitic materials-Outlines the impact and application of zeolites in various industrial processes-An



adjourned state of art in the field of zeolites and other porous materials

chapter 2 mesoporous silica mcm 41 si mcm 41: Comprehensive Inorganic Chemistry II ,
2013-07-23 Comprehensive Inorganic Chemistry II, Nine Volume Set reviews and examines topics of
relevance to today’s inorganic chemists. Covering more interdisciplinary and high impact areas,
Comprehensive Inorganic Chemistry II includes biological inorganic chemistry, solid state chemistry,
materials chemistry, and nanoscience. The work is designed to follow on, with a different viewpoint
and format, from our 1973 work, Comprehensive Inorganic Chemistry, edited by Bailar, Emeléus,
Nyholm, and Trotman-Dickenson, which has received over 2,000 citations. The new work will also
complement other recent Elsevier works in this area, Comprehensive Coordination Chemistry and
Comprehensive Organometallic Chemistry, to form a trio of works covering the whole of modern
inorganic chemistry. Chapters are designed to provide a valuable, long-standing scientific resource
for both advanced students new to an area and researchers who need further background or
answers to a particular problem on the elements, their compounds, or applications. Chapters are
written by teams of leading experts, under the guidance of the Volume Editors and the
Editors-in-Chief. The articles are written at a level that allows undergraduate students to understand
the material, while providing active researchers with a ready reference resource for information in
the field. The chapters will not provide basic data on the elements, which is available from many
sources (and the original work), but instead concentrate on applications of the elements and their
compounds. Provides a comprehensive review which serves to put many advances in perspective and
allows the reader to make connections to related fields, such as: biological inorganic chemistry,
materials chemistry, solid state chemistry and nanoscience Inorganic chemistry is rapidly
developing, which brings about the need for a reference resource such as this that summarise recent
developments and simultaneously provide background information Forms the new definitive source
for researchers interested in elements and their applications; completely replacing the highly cited
first edition, which published in 1973

chapter 2 mesoporous silica mcm 41 si mcm 41: The Selected Papers of Sir John
Meurig Thomas John Meurig Thomas, 2017-07-07 John Meurig Thomas is a former Director of the
Royal Institution of Great Britain, a former head of the Department of Physical Chemistry and former
Master of Peterhouse, University of Cambridge. A world-renowned solid-state, materials and surface
chemist, he has been an educator, researcher, academic administrator, author of university texts,
government advisor, industrial consultant and trustee of national museums in a career spanning
over 50 years. Recipient of many international awards, including the Linus Pauling, Willard-Gibbs,
Kapitza, Natta, Stokes, Davy and Faraday medals, he is also a fellow of the Royal Society (1977), of
the American Philosophical Society (1993) and of ten other national academies. He is best known for
his fundamental work in heterogeneous catalysis, chemical electron microscopy and in the
popularisation of science, for which, in conjunction with his services to chemistry, he was knighted
(1991). He is also founding editor of three scientific journals and editor or co-editor of some 30
monographs. A new mineral, meurigite, was named in his honour (1995). Most recently in 2016, Sir
John was awarded the Royal Medal for Physical Sciences by the Royal Society. Drawn from over
1200 publications, this volume contains a summarised account of Sir John's work, with a selection of
the new techniques pioneered and discovered by him and his colleagues. Also included are popular
science articles, and various illustrations of techniques which have enhanced our knowledge of many
facets of condensed matter science. Contributions from 80 peers, colleagues, former co-workers,
students and friends worldwide who have interacted with or been influenced by him are a tribute to
the professional and personal life of Sir John, making this book a unique reflective summary of the
work of one of the greatest achievers in modern British physical science.

chapter 2 mesoporous silica mcm 41 si mcm 41: Dicarboxylic Acids—Advances in
Research and Application: 2012 Edition , 2012-12-26 Dicarboxylic Acids—Advances in Research
and Application: 2012 Edition is a ScholarlyEditions™ eBook that delivers timely, authoritative, and
comprehensive information about Dicarboxylic Acids. The editors have built Dicarboxylic
Acids—Advances in Research and Application: 2012 Edition on the vast information databases of



ScholarlyNews.™ You can expect the information about Dicarboxylic Acids in this eBook to be
deeper than what you can access anywhere else, as well as consistently reliable, authoritative,
informed, and relevant. The content of Dicarboxylic Acids—Advances in Research and Application:
2012 Edition has been produced by the world’s leading scientists, engineers, analysts, research
institutions, and companies. All of the content is from peer-reviewed sources, and all of it is written,
assembled, and edited by the editors at ScholarlyEditions™ and available exclusively from us. You
now have a source you can cite with authority, confidence, and credibility. More information is
available at http://www.ScholarlyEditions.com/.

chapter 2 mesoporous silica mcm 41 si mcm 41: Nanoporous Materials II T.]. Pinnavaia,
Abdel Sayari, M. Jaroniec, 2000-04-14 The first symposium on Access in Nanoporous Materials was
held in Lansing, Michigan on June 7-9, 1995. The five years that have passed since that initial
meeting have brought remarkable advances in all aspects of this growing family of materials. In
particular, impressive progress has been achieved in the area of novel self-assembled mesoporous
materials, their synthesis, characterization and applications. The supramolecular self-assembly of
various inorganic and organic species into ordered mesostructures became a powerful method for
synthesis of mesoporous molecular sieves of tailored framework composition, pore structure, pore
size and desired surface functionality for advanced applications in such areas as separation,
adsorption, catalysis, environmental cleanup and nanotechnology.In addition to mesostructured
metal oxide molecular sieves prepared through supramolecular assembly pathways, clays, carbon
molecular sieves, porous polymers, sol-gel and imprinted materials, as well as self-assembled
organic and other zeolite-like materials, have captured the attention of materials researchers around
the globe.The contents of the current volume present a sampling of more than 150 oral and poster
papers delivered at the Symposium on Access in Nanoporous Materials II held in Banff, Alberta on
May 25-30, 2000. About 70% of the papers are devoted to the synthesis of siliceous mesoporous
molecular sieves, their modification, characterization and applications, which represent the current
research trend in nanoporous materials. The remaining contributions provide some indications on
the future developments in the area of non-siliceous molecular sieves and related materials. This
book reflects the current trends and advances in this area, which will certainly attract the attention
of materials chemists in the 21st century.

chapter 2 mesoporous silica mcm 41 si mcm 41: Catalysis of Organic Reactions Michael L.
Prunier, 2008-12-24 Apply an Omnibus of Knowledge from Leaders in the Field The unexpected
diversity of topics presented at previous gatherings forced organizers of 2008’s 22nd Conference on
Catalysis of Organic Reactions to expand its format to reflect the remarkable current degree of
specialization in the field. Catalysis of Organic Reactions contains a compilation of papers presented
at the event, and subsequently, few books will be able to match the breadth and depth of its content.
Featuring papers by respected scientists from academia, industry, and the governmental
research-and-development sector, it covers various aspects of the production, sale, and use of
catalysts for practical purposes. Articles concentrate on the general area of catalyzed synthesis,
emphasizing the production of organic chemicals. With a focus on application rather than theory, the
dominant theme is the traditionally practiced area of heterogeneous catalysis. Topics include:
Hydrogenation and hydrogenolysis C-C coupling Amination and oxidation (including the precious
metal, supported base metal, and sponge metal, Raney process, and homogeneous catalyst types)
End uses of products, including industrial petrochemicals, fine chemicals, and pharma intermediates
Those working with applied catalysis will benefit greatly from this consolidation of insights and
reviews of the latest developments in the field. Each of the papers presented were edited by ORCS
members, drawn from both academia and industry, and peer-reviewed by experts in related fields of
study.

chapter 2 mesoporous silica mcm 41 si mcm 41: UV-Visible Photocatalysis for Clean Energy
Production and Pollution Remediation Xinchen Wang, Masakazu Anpo, Xianzhi Fu, 2023-02-22
UV-Visible Photocatalysis for Clean Energy Production and Pollution Remediation Comprehensive
resource detailing fundamentals of photocatalysis, clean energy production, and pollution treatment,




as well as recent developments in each field UV-Visible Photocatalysis for Clean Energy Production
and Pollution Remediation: Materials, Reaction Mechanisms, and Applications provides current
developments in photocatalytic reactions for both inorganic and organic-based materials which
operate under UV-visible light or sunlight irradiation, with a focus on the fundamentals and
applications in clean energy production and pollution remediation. The text curates interesting and
important research surrounding photocatalysis for hydrogen production, including the fundamentals
and photocatalytic remediation of our better environments, which covers the reduction of CO2 and
fixation of N2 with H20 under UV-visible light or sunlight irradiation. The first chapter of the book
introduces these diverse subjects by including a brief history of the developments of photocatalysis
research since around the 1960s. Specific sample topics covered in this book include: Visible-light
active photocatalysts in pollutant degradation and conversion with simultaneous hydrogen
production Application of S-scheme heterojunction photocatalyst and the role of the defects on the
photocatalytic reactions on ZnO Strategies for promoting overall water splitting with particulate
photocatalysts via single-step visible-light photoexcitation Polymeric carbon nitride-based materials
in aqueous suspensions for water photo-splitting and photo-reforming of biomass aqueous solutions
to generate H2 Visible light-responsive TiO2 thin film photocatalysts for the separate evolution of H2
and O2 from water For chemists, scientists, physicists, and engineers across a wide range of
disciplines, UV-Visible Photocatalysis for Clean Energy Production and Pollution Remediation is an
essential resource for understanding current developments in photocatalytic reactions on both
inorganic and organic-based materials which operate under UV-visible light or sunlight irradiation.
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