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Preface 

 

Few molecules have reshaped a scientific field as swiftly, or as completely, as the sixty-carbon cage now known as buckminsterfullerene. When a hollow sphere of pure carbon was first identified in 1985, it was a laboratory curiosity glimpsed in the mass spectrum of vaporized graphite. Four decades later, fullerenes underpin  organic  and  perovskite photovoltaics,  seed a  new  generation of  two-dimensional carbon materials, serve as qubits for quantum information, deliver drugs to targeted tissue, and — as of late 2025 — enable a fundamentally more stable class of lithium-ion battery anode. This book tells that story with the rigor the subject deserves and the clarity a broad readership requires. 

 

This edition has been written to be read as much as consulted. It is deliberately visual: more than forty original diagrams, structures, spectra, and device schematics carry the argument alongside the text, so that ideas are seen as well  as described. Dense derivations are confined to  clearly marked equations and appendices; the running text keeps its eye on  meaning. Where mathematics earns its place — Euler's polyhedron theorem to explain why every fullerene contains exactly twelve pentagons, the Hückel picture to  explain the electronic gap, the BCS relation to frame superconductivity in  the doped solids — it  is presented plainly and put immediately to work. 

 

The aim throughout is to bridge two readerships that too often read different books. The advanced student and practicing researcher will find the governing relations, the symmetry arguments, and the quantitative data needed to work with confidence. The scientifically curious reader outside the specialty will find those same ideas motivated in ordinary language, illustrated at every turn, and connected to the technologies they are beginning to enable. 

 

This is a 2026 edition in substance, not merely in date. Alongside the foundational chemistry and physics, it  incorporates the developments that most define the field today: the synthesis and rapidly maturing science of monolayer fullerene networks, widely called graphullerene; the covalently bridged magnesium– fullerene  battery  framework  reported  in  December  2025;  the  emergence  of  C₆₀  as  a  metal-free electrocatalyst for carbon-dioxide reduction; and the steady progress of endohedral fullerenes toward practical quantum devices. A concluding part surveys the innovation and intellectual-property landscape that is carrying these materials from the laboratory into commerce. 

 

A  note  on  the  author's  contributions. This  work  also  reflects original  research and  patented innovations developed by the author. Where those inventions bear on the science under discussion — particularly in the chapters on functionalization, energy applications, and intellectual property — they are highlighted, so that the reader can see how fundamental understanding becomes protected, practical technology. 
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How to Use This Book 

 

The book is organized into six parts that carry the reader from first principles to the present frontier. Part I establishes what fullerenes are: where they sit among the forms of carbon, how they were discovered, and how their geometry and electronic structure follow from a handful of elegant principles. Part II covers how they are made, purified, and identified. Part III examines their physical properties in isolation and in the solid  state, including the  celebrated superconductivity of  the doped  fullerid es. Part  IV  develops the derivative chemistry that turns the bare cage into a tunable building block. Part V surveys the applications — energy, catalysis, medicine, and quantum technology — that have grown from that chemistry. Part VI looks to the newest materials and to the commercial and intellectual-property landscape now taking shape. 

 

Several recurring features are designed to make the material easier to absorb: 

 

•   Figures. Every chapter is built around diagrams, structures, spectra, or device schematics. They 

are meant to be studied, not skimmed; captions summarize the key point of each. 

•   Key-concept boxes. At important junctures, a shaded box distils the essential ideas into a short, 

memorable list. 

•   Worked examples. Boxed calculations show how the governing relations are applied to concrete 

numbers. 

•   Numbered equations. Relations that are referred to later are numbered for cross-reference; a 

full list appears in Appendix A. 

•   Chapter summaries. Each chapter closes with a brief recap of what was established. 

Readers seeking a rapid orientation may follow the figures and their captions from front to back; readers seeking depth will find the supporting argument in the surrounding text and the quantitative detail in the appendices. Either path is intended to be rewarding. 
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A Note on Sources and Currency 

 

This book aims to  reflect the state of fullerene science as of 2026,  and several of the developments it describes — the monolayer and few-layer fullerene networks, the covalently bridged magnesium–fullerene battery framework, and the use of C₆₀ as a metal-free catalyst for carbon-dioxide reduction — are recent enough that the primary literature around them is still growing. The account given here is intended to convey the essential ideas, their significance, and how they fit within the broader arc of the field, rather than to serve as a substitute for the original research papers. Readers who intend to build on any specific result, and especially those preparing work for publication or seeking to rely on particular quantitative figures, should consult the primary sources directly and confirm that the details remain current. 

 

The quantitative data collected throughout the book — bond lengths, energies, transition temperatures, market figures, and the like — are drawn from the standard literature and from published surveys, and are given to convey magnitude and trend. Precise values often depend on temperature, phase, purity, and method of measurement, and where a number matters to a calculation or a decision it should be checked against an authoritative source. The references and further reading at the end of the book offer starting points for that deeper study, organized so that a reader can move from the general treatment given here to the specialized literature on any topic. 
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Notation, Symbols, and Constants 

 

The following symbols and physical data are used throughout. Values for C₆₀ are collected more fully in Appendix B, and the fundamental constants below are given to the precision needed for the estimates in this book. 
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The last entry is a convenient conversion: a photon's energy in electronvolts, divided into 1240, gives its wavelength in nanometers. It is used, for example, to translate the 1.9 eV optical gap of C₆₀ into an absorption edge near 650 nm in the red. 

 

6


P A R T   I

 

Foundations

What fullerenes are, and why their form matters

 

Before one can appreciate what fullerenes do, one must understand what they are. This first part builds that understanding from the ground up. It begins with carbon itself — the singular element 

whose bonding permits so many forms — and locates the fullerenes among diamond, graphite, graphene, and the nanotubes. It recounts the improbable discovery of the sixty-atom cage and the reasoning that revealed its structure. And it shows how the geometry of the cage, its exceptional 

symmetry, and its electronic structure all follow from a small set of elegant principles, chief among 

them the requirement that twelve pentagons, and  only twelve, are  needed to  close a  sheet of 

hexagons into a sphere. 

 

The  themes introduced here —  the  link  between form  and  property,  the  central role  of  the pentagons, the low-lying orbital that makes the cage  an  electron acceptor,  and the organizing 

power of symmetry — recur throughout the rest of the book. A reader who grasps them in this part will find the chemistry, physics, and applications that follow to be natural consequences of the molecule's structure rather than a catalogue of unrelated facts. 
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C H A P T E R   O N E

 

Carbon and Its Allotropes 

 

Carbon is the most versatile element in the periodic table. It is the chemical backbone of every living thing, the basis of an entire branch of chemistry, and the raw material from which some of 

the hardest, softest, strongest, and most electrically remarkable solids known to science are built. 

That versatility springs from a single atomic fact: a carbon atom has four valence electrons and 

can share them in several distinct bonding geometries. The same element that forms the slippery sheets of a pencil lead also forms the hardest natural material on Earth. To understand fullerenes, we begin by placing them among carbon's other elemental forms — its allotropes. 

 

Why carbon is special 

Two properties set carbon apart. The first is catenation: carbon atoms bond strongly and stably to 

one  another, forming chains,  rings,  sheets, and  cages  of  essentially unlimited size.  No  other element sustains such large, robust frameworks of identical atoms under ordinary conditions. The second is the flexibility of its bonding. A carbon atom can adopt sp³  hybridization, forming four 

single bonds directed toward the corners of a tetrahedron; sp² hybridization, forming three bonds 

in a plane with a fourth electron in a perpendicular π orbital; or sp hybridization, forming linear 

arrangements. Each  geometry gives  rise  to  a  different class  of  material, and  the  boundaries between them are where the most interesting physics lives. 

 

The classical allotropes: diamond and graphite For most of  scientific history, carbon's elemental forms were thought to number just two. In diamond, every atom is sp³-hybridized and bonded to four neighbors  in a rigid three-dimensional 

tetrahedral lattice. That seamless network of strong, equivalent bonds makes diamond the hardest natural material, an excellent thermal conductor, and an electrical insulator with a wide band gap. 

In graphite, every atom is sp²-hybridized and bonded to three neighbors  within flat hexagonal 

sheets. The sheets themselves are held together only by weak van der Waals forces, so they slide 

past one another readily — which is why graphite is soft, marks paper, and lubricates. Within each sheet the delocalized π electrons conduct electricity, making graphite a semimetal in the plane.

 

The contrast is instructive. Two solids built from nothing but carbon atoms, differing only in how those atoms are bonded, span  the extremes from hardest insulator to soft in-plane conductor. 

Bonding geometry, not composition, dictates the properties. This lesson recurs throughout the 
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book: the fullerenes owe their character not to any exotic ingredient but to the particular way 

ordinary carbon atoms are arranged in space. 

 

The nanocarbons and a map by dimension Beginning in the 1980s, a family of new carbon forms transformed this two-member picture into a rich landscape. It is most naturally organized by dimensionality — by how the carbon network extends through space. Diamond and graphite are three-dimensional. Graphene, a single isolated 

sheet of sp² carbon first isolated in 2004, is two-dimensional: a one-atom-thick plane of hexagons and the ultimate limit of a single graphite layer. Carbon nanotubes, discovered in 1991, are one -

dimensional: graphene  sheets  rolled  seamlessly  into  cylinders  only  nanometers  across  but potentially millimeters long. And fullerenes are zero-dimensional: closed cages in which the sp² 

network wraps  completely  around an  empty  interior, so  that  the  structure has  no  extended dimension at all. 

 

This dimensional map  is  more than a  filing system. It  reflects  deep  physical  relationships. A fullerene can be  seen as  a  graphene sheet forced  to close by  the introduction of pentagons; a 

nanotube as a  sheet closed in one direction but open in the other; graphite as  many graphene sheets stacked. Understanding one member of the family illuminates the others, and, as the final 

chapters show, the newest materials in the field are being built by bonding fullerene cages back together  into  extended  two-dimensional  networks —  closing  the  loop  between  the  zero-

dimensional cage and the two-dimensional sheet. 
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Figure 1.1  The principal allotropes of carbon arranged by dimensionality: sp³ diamond (3 -D), sp² graphite and graphene, the 

rolled cylinder of a nanotube (1-D), and the closed cage of a fullerene (0-D).
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Key  concepts

Carbon's versatility arises from catenation (stable bonding to itself) and from three bonding geometries: sp³, sp², and sp. Diamond (sp³, 3-D) is a hard insulator; graphite (sp², stacked sheets) is soft and conducts within its planes.

The nanocarbons form a map by dimension: graphene (2-D), nanotubes (1-D), and fullerenes (0-D).

Properties follow from geometry, not composition — every one of these solids is pure carbon.

 

The four bonds of carbon in detail 

It is worth dwelling on why carbon, and carbon almost alone, supports
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