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Preface

	Nanodiamonds have travelled a remarkable road. Once dismissed as mere abrasive grit or an industrial curiosity, they are now recognized as genuinely multifunctional nanomaterials — bridging mechanics, chemistry, electronics, and quantum physics in a single particle only a few nanometers across.

	Why this book.  The nanodiamond literature is vast but fragmented: brilliant on synthesis in one place, on tribology in another, on quantum sensing in a third. Students and newcomers deserve a single, coherent account that connects the fundamental science to real engineering and to where the field is going. This edition is built for exactly that reader.

	A single organizing idea.  One theme runs through every chapter: a nanodiamond's value comes not from any one property but from the interplay of its structure, surface, defects, and interfaces. Time and again we will find that what happens at the interface matters more than bulk composition, and that surface chemistry — not particle size alone — decides performance.

	How this edition is different.  Compared with earlier treatments, this 2026 edition integrates fundamentals, applications, and future directions in one arc; typesets and explains the governing equations rather than merely naming them; presents data in structured tables; illustrates each idea with a purpose-built figure; and adds worked examples, chapter summaries, and review questions so the book works as a course text as well as a reference.

	Looking forward.  The field is entering an exciting phase — precision nanomaterial engineering, quantum sensing, advanced energy systems, and sustainable multifunctional materials. In many ways the story of nanodiamond science is just beginning. It is my hope that this book helps a new generation of students and engineers write the next chapters.

	— Perumal Pugazhendhi

	 


How to Use This Book

	The book is organized into five parts that move from fundamentals to applications to professional practice. You can read it front to back as a one-semester course, or dip into individual chapters as a reference. Each chapter shares the same learning architecture:

	
	• Learning objectives — A short list at the start of every chapter that tells you exactly what you should be able to do once you finish.

	• Key-equation boxes — The most important governing equations are set off in tinted boxes, fully typeset, with every symbol defined immediately beneath.

	• Worked examples — Numbered, gold-accented boxes that carry a calculation all the way through, so you see the method and the order of magnitude — not just the formula.

	• Figures and tables — Purpose-built diagrams make mechanisms visual, while structured tables let you compare methods, materials, and data at a glance.

	• In a nutshell — A compact summary box at the end of each chapter that distils the essential takeaways.

	• Check yourself — A handful of review questions to test understanding and prompt discussion.



	 

	
		
				● Reading the mathematics
A note on symbols. Throughout the book, boldface vectors (for example B and S) denote vector quantities, subscripts identify the physical context (for example E_c for a composite modulus), and the proportionality sign ∝ signals a scaling relationship rather than an exact equality. A consolidated list of constants and equations appears in Appendix A.
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Part I — Fundamentals of Nanodiamond Science
What a nanodiamond really is: structure, surface, defects, and the physics that makes a few nanometers of carbon behave unlike anything else.

		

	

	 

	Chapter 1

	Introduction to Nanodiamond Materials

	From abrasive grit to quantum sensor — why a few nanometers of diamond can do so much.

	
		
				Learning objectives   —   after this chapter you will be able to:

	▸ Describe what distinguishes a nanodiamond from bulk diamond and from other carbon nanomaterials.

	▸ Explain, using scaling relations, why surface area and surface chemistry dominate at the nanoscale.

	▸ Identify the main synthesis routes and the size, purity, and defect trade-offs among them.

	▸ State the organizing framework — structure, surface, defects, interfaces — used throughout the book.



		

	

	 

	 


1.1  Overview of Nanodiamond Properties

	Nanodiamonds are nanoscale carbon crystals, typically from a few nanometers to several tens of nanometers across. At this scale they retain the tetrahedral sp3 bonding of bulk diamond — the source of diamond's extreme hardness, chemical stability, and high thermal conductivity — yet the shift from bulk to nanoscale introduces new physics governed by surface effects, quantum confinement, and defects.

	Diamond's structure is a face-centered-cubic lattice with a two-atom basis. Its hardness traces directly to bond strength and spacing, a relationship that can be written to first order as:
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				(1.1)

		

	

	where H is hardness, Eb is the bond energy, and d is the interatomic spacing. At the nanoscale this is modified by the huge fraction of atoms sitting at or near the surface.

	That surface fraction is captured by the specific surface area, which for compact particles scales inversely with size:

	
		
				◆ Specific surface area
[image: Image]
where  S is surface area per unit mass;  ρ is density;  d is particle diameter.

		

	

	 

	As d falls into the nanometer range, S grows dramatically — which is precisely why surface chemistry, not the bulk lattice, ends up governing behavior.

	
		
				▸ Worked example — How much surface does a 5 nm particle have?
Take detonation nanodiamond of diameter d = 5 nm and density ρ ≈ 3.5 g cm−3 (3500 kg m−3). Then
[image: Image]
S = 6 / (3500 × 5×10−9) ≈ 3.4 × 105 m2 kg−1  ≈  340 m2 per gram.
A single gram exposes roughly the area of a tennis court — so even trace surface groups can dominate how the material disperses, bonds, and reacts.

		

	

	 

	Heat conduction in nanodiamond is inherited from bulk diamond and carried by phonons, described by kinetic

	
		
				
				
				
		

	

	
	
	
		
				
				
				
		

	

	
	
	
	
	1.2  Why Nanodiamond Matters in Materials Science
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