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Module 1: Introduction 

Learning Objectives 
By the end of this section, you will be able to: 

• Identify the physical dimensions and governmental definitions of the nanoscale. 

• Evaluate the unique chemical and physical behavioral changes of materials when engineered at 

the nanometer scale. 

• Analyze the limitations of current regulatory frameworks in managing the risks associated with 

next-generation technologies. 

Executive Summary: Current federal health and safety oversight systems, designed for the industrial age, 

are inadequate to manage the rapid advancement of nanotechnology. Because nanoscale materials 

exhibit unique biological and chemical reactivities compared to bulk materials, a completely new 

oversight system is required to mitigate unusual health risks and promote technological development. 

Defining the Nanoscale 
Nanotechnology represents the unprecedented ability to manipulate matter at the scale of single atoms 

and molecules. This level of engineering provides a degree of environmental mastery previously 

unknown in human history. 

• Official Definition: The U.S. government defines nanotechnology as the application and practical 

use of discoveries made at the nanoscale. 

• Dimensional Scale: The nanoscale is defined as ranging from 1 to 100 nanometers. 

• Comparative Scale: 

o Standard Paper: 100,000 nanometers thick. 

o One Inch: 25.4 million nanometers. 

o One Centimeter: 10 million nanometers. 

Behavioral Anomalies of Nanomaterials 
Engineers must recognize that materials at the nanoscale often exhibit chemical, physical, and biological 

characteristics that differ fundamentally from their larger-structured counterparts. 

• Reactivity: Nanomaterials possess a significantly higher surface area to mass ratio than bulk 

materials. Since chemical and biological reactions occur at the surface, these materials are 

inherently more reactive. 

• Safety Shifts: A material that is inert in bulk form may become hazardous at the nanoscale. 
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o Example: While bulk aluminum is stable and safe for consumer use, nano-sized 

aluminum is highly explosive and suitable for munitions. 

• Exposure Routes: Due to their size, nanometer-scale particles can penetrate environmental and 

biological barriers that are inaccessible to larger particles, leading to unexpected exposure risks. 

The Oversight Gap 
The existing regulatory infrastructure is struggling to bridge the gap between industrial-age capabilities 

and the requirements of the next industrial revolution. 

• Systemic Neglect: Federal health and safety agencies have faced nearly 30 years of neglect, 

resulting in capabilities characterized as weak or "useless" regarding new technologies. 

• Risk Assessment Limitations: Risk assessments designed for ordinary materials are often of 

limited use for nanotechnology because they do not account for the novel characteristics of 

nanomaterials. 

• Market Necessity: Adequate oversight is a prerequisite for market functionality and public 

acceptance. Without a robust system to obtain and act on risk information, the long-term 

promise of these technologies may be undermined by negative effects. 

    Safety Constraint: Current U.S. oversight systems have been documented as largely inadequate for 

dealing with existing nanotechnology; future generations will present even more significant challenges. 

      Design Tip: Use the higher reactivity and novel exposure routes of nanomaterials to your advantage 

in design, but ensure these attributes are balanced against the increased potential for environmental 

risk. 

Checkpoint Quiz 

1. According to the U.S. government definition, what is the approximate range of the "nanoscale"? 

a) 1 to 1,000 nanometers 

b) 1 to 100 nanometers 

c) 100 to 1,000 nanometers 

d) 25.4 million nanometers 

Answer: (b). The U.S. government specifically defines the nanoscale as the range from roughly 1–100 

nanometers. For perspective, a single inch contains 25.4 million nanometers. 

2. Why are nanomaterials generally more reactive than bulk materials? 

a) They have a lower surface area to mass ratio. 

b) They are engineered from rare earth elements. 

c) They have a much larger ratio of surface area to mass. 
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d) They are manipulated by electromagnetic radiation. 

Answer: (c). Biological and chemical reactions take place at the surface of materials. Because 

nanomaterials have a much larger ratio of surface area to mass than ordinary materials, they are 

significantly more reactive than their bulk counterparts. 

3. What is the primary reason provided for the "oversight gap" in current regulatory agencies? 

a) Over-funding of scientific research agencies. 

b) The system was designed to handle industrial-age technologies. 

c) A lack of documented harm from nanomaterials. 

d) Too much focus on improving existing regulatory structures. 

Answer: (b). The current regulatory system was specifically designed to deal with the technologies of 

the industrial age, which creates a large and widening gap when applied to the complex characteristics 

of the "next industrial revolution". 
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Module 2: The Future of Nanotechnology 

Learning Objectives 
By the end of this section, you will be able to: 

• Evaluate the different typologies of nanotechnology development, from passive nanostructures 

to molecular systems. 

• Identify the projected economic impact and global employment statistics associated with 

nanotechnology commercialization. 

• Analyze the characteristics of next-generation nanotechnology, including self-assembly, self-

replication, and disciplinary convergence. 

Executive Summary: Nanotechnology development is outpacing early predictions, with global market 

integration projected to reach $3.1 trillion by 2015. The field is transitioning from passive 

nanostructures to active, self-assembling, and self-replicating molecular systems that blur the 

boundaries between chemistry, biology, and cognitive science. This evolution introduces complex 

technical and ethical challenges, necessitating a transition from industrial-age oversight to a science-

based system capable of managing rapid scientific advancement and sophisticated, adaptive products. 

Nanotechnology Research and Development 
Predicting the future of nanotechnology is complex, often involving a tendency to underestimate the 

pace of development. Development is already outpacing predictions made at the inception of the 

National Nanotechnology Initiative (NNI) in 2000. 

• Economic Impact: By 2015, nanotechnology is predicted to be incorporated into $3.1 trillion of 

manufactured goods worldwide. 

• Global Employment: It is estimated that nanotechnology will account for 11 percent of 

manufacturing jobs globally. 

Categorization by James Tour 
James Tour categorizes nanotechnologies based on their operational complexity and commercialization 

horizons: 

• Passive Nanotechnologies (0–5 years): Adding nanomaterials to ordinary materials to improve 

performance, such as carbon nanotubes in rubber to increase toughness. 

• Hybrids (7–12 years): Technologies intermediate between active and passive. 

• Active Nanotechnologies (15–50+ years): Systems where the "nano entity does something 

elaborate," such as moving atoms. 
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Nanotechnology *Computer generated image of molecular “nano-cars”. 

 

 

 

Figure: BEYOND SYNTHETIC CHEMISTRY: An Example of Next Generation Nanotechnology *Computer 

generated image of molecular “nano-cars”. 

The Four Generations of M. C. Roco 
M. C. Roco identifies a detailed typology of four generations: 

1. Passive Nanostructures: Materials where behavior does not change appreciably over time. 

2. Active Nanostructures: Nanometer-scale structures that change behavior in response to 

environment (e.g., light, magnetic fields, pH). 

3. Systems of Nano-systems: Includes bio-assembling, robotics with emerging behavior, and 

artificial tissues. 

4. Molecular Nano-systems: Heterogeneous systems where each molecule has a specific structure 

and role, including human-machine interfaces at the tissue level. 
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