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ABSTRACT 

ELIZABETH RAMSEY FREY: Enlightenment Science and Nano-Science: Creating 

Order out of Magic  

(Under direction of Dr. Sheila Skemp and Dr. Nathan Hammer) 

 

People today live in a world dominated by technology. All of the conveniences 

and technologies people enjoy and utilize today, however, would not exist without the 

foundation of empirical science laid during the Enlightenment. This thesis looks at the 

Enlightenment both as a philosophical movement and as the setting of the Scientific 

Revolution. The leaders of the Enlightenment and Scientific Revolution began the 

tradition of utilizing reason in research, founded empirical science, and developed the 

scientific method. This thesis traces the development of science during the 

Enlightenment and seeks to prove that Enlightenment science set the stage for the 

science of today and that the ultimate goals of scientists in the Enlightenment and 

today are the same. I want to show that the end goals of science are and always have 

been to understand and control the natural world and to use that knowledge to improve 

peoples lives. I used nanotechnology as the example of the cutting-edge science of 

today because it, like Enlightenment science, has the potential to revolutionize society 

and how people view their world. I also conducted my own research on the 

nanomolecular building block corannulene under the direction of Dr. Nathan Hammer. 

We developed our own undergraduate Physical Chemistry laboratory exercise. This 

laboratory exercise utilizes modern analytical and computational chemistry methods 

for collecting and analyzing data and serves as an example of more basic nano-level 

research that is being done today. In researching this thesis, I looked at the work of 

many historians of the Enlightenment as secondary sources, and I read the personal 
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papers, letters, and publications of Enlightenment philosophers and scientists as 

primary sources. While developing my corannulene laboratory exercise, I consulted 

numerous peer-reviewed scientific journals to learn about what research had 

previously been done with nanomolecular building blocks. By looking generally at 

current nanotechnology research and its potential to change society and specifically at 

nanomolecular building blocks, this thesis shows that the same tenets of the scientific 

method and empirical science that began during the Enlightenment are still guiding the 

science of today, and that the same goals of understanding the world and using science 

to benefit humanity are still present. 
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INTRODUCTION 

 

 Placed on a planet with almost two hundred million square miles of surface area, 

in a solar system with other even larger planets and millions of stars, and within a system 

of countless other galaxies, the world can seem like a big, mysterious place. For that 

reason, since the dawn of time, humankind has desired to understand the workings and 

probe the secrets of the natural world. People want to understand their world, because if 

they understand it, they can control it. And if they can control it, they can utilize that 

control to their own advantage and to make life better for others. 

 Throughout the centuries, people have looked in many directions to understand 

and control the world. For centuries, religion, superstition, magic, and witchcraft all 

competed for people’s belief. A few hundred years ago, however, humans developed a 

completely new method of understanding the world. Their writings and the work they did 

changed the way people viewed society. They illuminated the world, clearing away the 

darkness of superstition and doubt, and so the time period in which they lived is called 

the Enlightenment. Enlightenment philosophers and scientists lit a torch of reason and 

held up quantitative knowledge as a beacon for all humankind, and they paved the way 

for the modern world. 
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Chapter 1 

Foundations  

 

From the dawn of time humankind has been trying to explain the world. Ancient 

cultures have myths about the sun god, the rain god, Prometheus who gave fire to man, 

Zeus the god of thunder, and legends about the stars. Native Americans have stories 

about how the spirit world controls the world around them. The stories may differ from 

culture to culture, but each story has the same purpose—to explain natural phenomena, to 

create order out of the natural world. In the eighteenth century, a new group of men set 

out to solve the problem that humans had been working on since the dawn of time: 

explaining the world. This group of men, however, did not turn to stories, myths, or 

religion. They looked elsewhere for knowledge. They were the champions of reason and 

observation, and the time period they lived in, the age they created, is called the 

Enlightenment. 

 It wasn’t until 1785 that the term “Enlightenment” came into use. Someone asked 

German metaphysician Immanuel Kant if he believed that he was living in an enlightened 

age. Kant responded, “No, we are living in an age of enlightenment.” With the very term 

Enlightenment calling to mind images of illumination, the French call the eighteenth 
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century the “century of light.”1 This light came from a new source—reason combined 

with experience. Because of the focus on reason, “the Enlightenment was not a fixed set 

of beliefs but a way of thinking, a critical approach that was supposed to open the way for 

constructive thought and action.”2  Indeed, the focus on reason and applying it to all 

aspects of life and problem solving became a unifying theme for Enlightenment 

philosophers and scientists. Enlightenment philosopher Denis Diderot went so far as to 

say that reason was what separated man from beast: “We must, in all things, make use of 

our reason, because man is not merely an animal, but an animal with the power of 

reason…. Whoever refuses to seek [the] truth has forfeited his right to be called a man 

and should be treated by the rest of his kind as a wild beast.”3 By expressing his 

confidence in reason, Diderot was merely voicing what all of the Enlightenment 

philosophers believed. Reason had many different meanings. As historian Thomas 

Hankins explains, “It could mean order imposed on recalcitrant nature, or it could mean 

common sense…or it could mean logically valid argument…because ‘reason’ in any of 

these meanings was a valuable guide to knowledge and to life, the philosophers of the 

Enlightenment used it as a rallying cry.”4 Reason was key to this new age of knowledge. 

Superstition, magic, and blind beliefs were things of the past. The broad definition of 

reason stemmed from the shift in having reason only apply to formal logic to reason 

having applications in many areas of life such as in methods of natural science. This 

                                                
1 Thomas L. Hankins, Science and the Enlightenment (New York: Cambridge University 
Press, 1985), 2. 
2 Ibid, 2. 
3 Denis Diderot, Diderot’s Selected Writings, Ed. Lester G. Crocker (New York: The 
Macmillian Company, 1966), 42. 
4 Hankins, 2. 
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change in the characterization of reason provided humans with a completely new way to 

learn about the world around them.5 

 The Enlightenment, therefore, was not solely about reason and logical thinking. 

The new method of thinking was coupled with action, experience, and doing. As historian 

Henry Commager has argued, “Order, [the Enlightenment philosophers] knew, is nature’s 

first law, and they made it their own for they were interested in harmony with nature. 

They organized, they systematized, they classified, they codified, and all nature, the 

universe itself, fell into order at their bidding.”6 The combination of reason with action 

and experience was a new approach to philosophy, one that began in the Enlightenment. 

Today it is a standard, in the sciences as well as the humanities, but it began three 

centuries ago in a philosophical movement unlike any other. In 1759, the French 

mathematician Jean Lerond d’Alembert described the time period in which he lived,  

Our century is called…the century of philosophy par excellence…the 

discovery and application of a new method of philosophizing, the kind of 

enthusiasm which accompanies discoveries, a certain exaltation of ideas 

which the spectacle of the universe produces in us—all these causes have 

brought about a lively fermentation of the minds, spreading through nature 

in all directions like a river which has burst its dams.7 

His enthusiasm is palpable. Like Immanuel Kant declaring his time period to be one of 

enlightenment, d’Alembert recognized the revolutionary nature of the work that he and 

other philosophers and natural scientists were doing. 

                                                
5 Hankins, 3. 
6 Henry Steele Commager, The Empire of Reason (London: Phoenix Press, 1977), 2. 
7 Jean Lerond d’Alembert, “Elements de Philosophie,” In Encyclopædia Britannica 
Online, http://0-www.britannica.com.libra.naz.edu/ (accessed March 15, 2013). 
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 The Enlightenment was a cultural movement, far reaching, affecting many areas 

of civilization. Leaders of the Enlightenment wanted to reform society, to make their 

world a better place for humankind. They looked to reason as their main tool in this 

endeavor rather than religion, superstition, or tradition. The Enlightenment promoted 

social justice, equality, and the idea that there were certain rights intrinsic to humankind. 

The Enlightenment was also a period of growth in scientific knowledge and research, 

with the aim of bettering society through what we would today call science. Key leaders 

wanted to promote learning through intellectual debate, research, and experimentation, 

making more information available to the ever-growing middle class. Enlightenment 

leaders supported education and the widespread dissemination of knowledge, and more 

people in the new middle class had the time and money to allow them to pursue 

education. The learning of the Enlightenment had a specific focus—humankind and the 

present world. The Enlightenment philosophers, Commager asserts, “were not interested 

in the next world. They were interested in the world about them, the world of nature, 

society, politics, and law; they were interested in man.”8 They were optimistic and 

hopeful that through reason and learning, they could improve their world.  

 The Enlightenment, because of its focus on humans, was also a movement that 

promoted liberty and the rights of all humans. Enlightenment philosophers thought that 

some rights were intrinsic to human nature and that all people were born with them just 

because they are human. They were rights derived from nature, not from people; rights to 

life, liberty, and for humans to own property and dispose of that property how they saw 

fit. The Enlightenment leaders said that humans had the liberty to speak their minds and 

                                                
8 Commager, 1. 
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freely express their ideas, including religious beliefs, because all humans were born with 

full liberty of conscience. These beliefs in the freedom to express any idea also promoted 

the spread of knowledge and science in agreement with the Enlightenment goal of 

educating more common people. One of the men who led this movement of 

enlightenment and promoted liberty, whose ideas influenced the entire character of the 

Enlightenment as well as the American Revolution and the formation of the American 

government, was John Locke. 

 

***** 

 John Locke, an Englishman who lived from 1632-1704, was hugely influential in 

setting the tone for the Enlightenment. His writings were significant in launching the 

Enlightenment as a major political and philosophical movement, influencing 

governments, society, and political theory. Out of the many essays he wrote, Locke had 

two ideas that truly defined his works and the nature of his time period—the theory of the 

natural rights of humans and the theory of humans as a being born with a “blank slate.”  

Today, Locke is remembered because his ideas led to the revolutionary promotion 

of equality for all people. He said that all humans naturally were born into a “state of 

equality” and a “state of perfect freedom to order their actions, and dispose of their 

possessions and persons, as they think fit.”9 Locke called this the “State of Nature”, and 

because people were all born into this state of nature, they were therefore born as equals. 

He writes, “there being nothing more evident than that creatures of the same species and 

rank, promiscuously born to all the same advantages of Nature, and the use of the same 

                                                
9 John Locke, Two Treatises on Government, Ed. Thomas Hollis (London: A Millar, 
1974), http://oll.libertyfund.org/title/222. 
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faculties, should also be equal one amongst another.”10  His premise was that all people 

come into this world as equals because of the dictates of nature. The state of nature was 

one of natural, not human-made equality, and therefore it was a state of perfect equality. 

However, though all people had natural rights, they were still under the dictates of a 

natural law, the law of nature. Locke says, “Though this be a state of liberty, yet it is not 

a state of license…. The state of Nature has a law of Nature to govern it, which obliges 

every one, and reason, which is that law, teaches all mankind who will but consult it, that 

being all equal and independent, no one ought to harm another in his life, health, liberty 

or possessions.”11 With this statement, Locke emphasized the importance he gave to 

reason, which was the law of the state of nature. Reason was the thing that was to govern 

all humans; it controlled their actions and dictated their natural equality.  He did not 

claim that this was how the world always was, but it was how the world should be. A 

world governed by reason was the Enlightenment ideal. 

Drawing upon Locke’s first key idea of the natural equality of all people is his 

second key idea, one that explains how people become who they are. Locke claimed that 

it was people’s environment and circumstances that shaped who they would become, 

explaining, “the mind at birth is like a blank tablet, a white sheet of paper on which all its 

characteristics or data are inscribed from an external stimulus.”12 Locke knew that a 

person’s mind did not remain blank through his whole life, so he explains his idea further 

asking, “Whence has it [the mind] all the materials of reason and knowledge? To this I 

                                                
10 John Locke, Two Treatises on Government, Ed. Thomas Hollis (London: A Millar, 
1974), http://oll.libertyfund.org/title/222. 
11 Ibid. 
12 John Locke, Essay Concerning Human Understanding. 
www.earlymoderntexts.com/loess.html. 
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answer, in one word, from experience; in all that our knowledge is founded, and from that 

it ultimately derives itself.”13 Thus, Locke introduces a second crucial theme of the 

Enlightenment, experience. People’s lives are governed by reason, and they are molded 

by their experiences. These philosophies, so radical for the time period, came to permeate 

the social consciousness and are still influencing people today. Historian Kathleen 

Squadrito highlights the widespread influence of Locke’s writing by saying, “By 

stressing the point that there are no innate differences or inherent intellectual or moral 

differences between the races, that environment produces differences in intellectual and 

moral development, [he] provided a methodology which leads to respect and to toleration 

of differences between human beings.”14 What would become the central theme of so 

many social activist movements in future decades began with John Locke; it began with 

the Enlightenment. 

 With reason, experience, and equality as its foundation, the Enlightenment 

became a time of hope for the future. If humans could understand the universe through 

reason, they could improve their surroundings. Experience came in the form of 

observations, both internal, through introspection, and external, through use of the senses. 

Humans, according to Locke, needed to learn everything through experience and 

observation. He wrote, “Our observation employed either about external sensible objects, 

or about the internal operations of our minds, perceived and reflected on by ourselves, is 

that which supplies our understandings with all the materials of thinking. These two are 

the fountains of knowledge, from whence all the ideas we have, or can naturally have, do 

                                                
13 Locke, Essay Concerning Human Understanding. 
www.earlymoderntexts.com/loess.html. 
14 Kathleen M. Squadrito, John Locke (Boston: Twayne Publishers, 1979), 126. 
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spring.”15 Intellectually, the Enlightenment was based on reason, but physically the 

Enlightenment was based on a person’s senses and experiences. Experience was the 

foundation of reason. A person needed experience as well as reason in order to seek 

knowledge. Because of his emphasis both on the physical world in the form of sensory 

experience and his emphasis on the mental world in the form of reason, Locke’s works 

formed crucial pillars of the Enlightenment. 

 The foundation of experience tied philosophy to the natural sciences in the 

Enlightenment though the idea of empiricism. Empiricism is a theory that says that 

experience and the senses are the foundations of knowledge. Instead of relying on 

traditions, empiricism emphasizes the need for evidence, especially as apprehended by 

the senses, as the way to form ideas and discover truth. The theory of empiricism had 

widespread implications for the scientific realm, and helped drive huge developments in 

science during the Enlightenment. In the sciences, empiricism meant a shift towards a 

focus on experimentation and evidence rather than superstition or magic. Empiricism also 

encouraged people to make sense of their experiences in their daily lives as scientists 

were doing by placing their focus on observable facts and data. With the new focus on 

education, many philosophers began to proclaim, as Locke had, that knowledge came 

from reason and from experience. For this reason Kathleen Squadrito says of Locke, 

“One of his greatest achievements was to establish the fundamental importance of 

observation and experimentation, of the empirical element of knowledge. Locke’s 

empiricism instigated a reorientation of thought in science, religion, education, morality, 

                                                
15 Locke, Essay Concerning Human Understanding. 
www.earlymoderntexts.com/loess.html, (accessed January 20, 2013). 
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politics, and metaphysics.”16 In the realm of science, furthermore, empiricism not only 

revolutionized science during the Enlightenment, it set the stage for the science of today. 

***** 

 One of the most notable results of the Enlightenment, because it drew heavily 

upon the ideas of experimentation and empiricism, was the field of science. The changes 

in science as well as changes in social thought and belief that took places in the 

seventeenth and eighteenth centuries are collectively called the Scientific Revolution. 

The Scientific Revolution went further than just making advances in the field of science; 

it also brought about a shift in how people thought, what they would accept as definitive 

knowledge and truth, and what methods were acceptable for arriving at those truths. The 

title “revolution” is extremely applicable to this period because the Enlightenment 

brought about nothing less than a complete overthrow of all previous scientific practices 

and an ushering in of a whole new era of scientific thought.  

 Before the scientific revolution, the field of science did not resemble anything that 

today would pass as science. “Natural philosophy” was an umbrella that encompassed all 

of the rudimentary sciences and philosophy.  What science there was seemed closer to 

magic than to quantitative knowledge. The entire view of the universe was different. 

Since Ancient Greece and the days of Aristotle and Plato, virtually everyone had believed 

in the geocentric theory of the universe that claimed that the entire cosmos, the sun, stars, 

and planets, revolved around the earth in concentric circles. Understandings of the 

composition of the earth also dated back to Aristotle and the four elements of earth, air, 

fire, and water. The heavens were composed of a fifth element called ether that was not 

                                                
16 Squadrito,129. 
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found on earth. Methods of empirical scientific testing were not in use in Aristotle’s time, 

and so his erroneous “scientific” claims became entrenched and were the standard for 

hundreds of years.  

  Medicine, as well as astronomy, was still grounded in ancient beliefs. Both rich 

and poor people believed in magic just as much as in medicine. Doctors and their patients 

were likely to believe in witches and witchcraft as the cause of an illness. Furthermore, 

the medical practices that existed were often coupled with religion. Sick people were 

likely to be treated by both their priest and the local physician. In 1576, the Archbishop 

of Milan himself, Carlo Borromeo, led a holy procession during a time of plague. Such 

processions were common; the need for intersession with God went hand in hand with the 

need for medical care in times of widespread illness. Furthermore, seemingly basic tenets 

of medicine today such as the pathway of blood circulating through the body and the 

germ theory of disease had not yet been discovered. Illness, doctors insisted, was caused 

by an imbalance of the humors in the body. Since some of the excesses had to be purged 

from the body to restore health, bloodletting was a frequently prescribed treatment for 

any number of illnesses. Another crucial distinction between modern medicine and pre-

Scientific Revolution medicine was the fact that there was very little difference between 

the formal education of physicians and common folklore. There was no regulation of 

medical practice and no knowledge of medicine that only physicians could possess. 

 As for the hard sciences of today, many did not even technically exist. They were 

present in primitive forms, but science before the Scientific Revolution had not even been 

formally divided into separate disciplines. The fields that did exist were all still intricately 

linked, mainly because of the ancient common foundations they all shared. Hankins 
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points out that chemistry and physics, for example, “were closely associated because they 

were still based to a large extent on the concept of the Aristotelian elements.”17 Other 

fields such as biology, anatomy, botany, and history were all classified together under the 

heading of natural history.  

 The Scientific Revolution and Enlightenment did not change science or medicine 

over night. Indeed, all fields of science are continually changing, developing, and 

expanding even today. The beginning of modern science, however, began with the 

Scientific Revolution. Modern science is based on facts, data, and research, and during 

the Enlightenment, empiricism, “the doctrine that natural knowledge originates in 

observation and experiment,” became the new standard for learning and knowledge.18 

The field that became the foundation for this new method of scientific learning was 

perhaps the most logical and unemotional of all—mathematics. It was mathematicians 

such as Jean le Rond d’Alembert who coined the term “Scientific Revolution” in the first 

place because they saw mathematics as “the greatest revolutionizing force” during this 

era of change.19 It is fitting that mathematics would be the focal point for a new 

generation of scientists. Mathematics has some of the key characteristics that men of the 

Enlightenment loved so much. It is logical, based on reason, factual, can be quantitatively 

proven, and is unemotional. The Enlightenment philosophers and scientists were 

embracing these very qualities in their research, and thus mathematics became the 

foundation of modern science.  

                                                
17 Hankins, 84. 
18 Jessica Riskin, ed., Genesis Redux (Chicago: The University of Chicago Press, 2002), 
1. 
19 Hankins, 1.  
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 One area of science that changed dramatically during the Enlightenment was the 

field of chemistry, so much so that historians often refer to the era as initiating the 

Chemical Revolution. For centuries, the main focus of chemistry was alchemy. Indeed 

alchemy, believed to be a form of good magic, was the initial method of studying matter. 

Its goals were to turn base metals into gold and to discover a cure for all illnesses. 

People’s devotion to alchemy dwindled during in the Enlightenment due to their new 

focus on reason and logic, however, resulting in the virtual disappearance of alchemy.20 

This shift away from alchemy is only part of the reason that chemistry underwent such a 

revolution during the Enlightenment. Another key factor in the revolution of chemistry 

had to do with the discrediting of the four Aristotelian elements as the components of the 

natural world. Something as fundamental as the fact that the air we breathe is a mixture 

of gases rather than a single element was revolutionary at the time. For roughly twenty-

three centuries, people believed that “air” was an element. The English chemist Joseph 

Priestly said that few ideas “have laid firmer hold on the mind [than that air] is a simple 

elementary substance, indestructible, and unalterable.”21 The Scientific Revolution 

discredited this belief. It was Priestly who would conduct years of combustion 

experiments allowing him to declare in 1774 that air was in fact a colorless mixture of 

several different gases having different properties. According to Thomas Hankins, “The 

crucial realization of the Chemical Revolution was that ‘air’ was not a single element but 

a physical state that many chemical substances could assume and that atmospheric air 

                                                
20 Hankins, 81. 
21 “Discovery of Oxygen by Joseph Priestly,” American Chemical Society International 
Historic Chemical Landmarks, http://portal.acs.org/, (accessed March 17, 2013). 
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was a mixture of several different chemicals in that same…state.”22 Experiments on the 

air we breathe had shown that more than one gas was present, and this alone 

revolutionized chemistry because it disproved Aristotle’s theory of the four earthly 

elements. There were two parts to this discovery. The first part was the discovery of the 

gaseous or vaporous state of matter. Then, from the knowledge of the gaseous state came 

the discovery of many different kinds of “airs” or gases, all with different chemical 

properties.23 By the end of the Chemical Revolution, scientists had a better understanding 

of what an element was—a pure substance that cannot be broken down any further. They 

learned that a compound was formed by the reaction of two or more elements, each of 

which would be present in the compound in fixed ratios. From this, scientists learned that 

air was a mixture of gases, water was a compound, and that “earth” was also a mixture of 

different elements. Furthermore, elements began to be classified by chemical rather than 

physical properties.24 The influence of the Enlightenment philosophy is apparent in the 

Chemical Revolution as chemistry underwent a complete overhaul and became its own 

branch of science, grounded in experimentation. 

 As Chemistry changed and became its own separate discipline, so did many other 

areas of science. Hankins asserts, “the creation of the new scientific disciplines was 

probably the most important contribution of the Enlightenment as a period of transition 

between the old and the new. The changing categories of science during the 

Enlightenment were a reflection of changing views of nature and its study.”25 These 

changing views on the study of nature are made possible by mathematics becoming the 

                                                
22 Hankins, 85. 
23 Ibid, 93. 
24 Ibid, 112. 
25 Ibid, 11. 
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basis for modern science as it became central to the changes in science that took place 

and a crucial aspect of the new experimental method of science. In the age of reason, 

philosophers and scientists were no longer content with magic and superstition. They 

demanded a new method, “namely, the method of science, that of experimental research, 

observation, and mathematical generalization, and conclusions reached by research rather 

than by the authority of traditional texts.”26 As reason was the philosophers’ main tool, so 

mathematics became the scientists’ main tool. Both philosophers and scientists were 

trying to learn about their world in a whole new way. Hankins sums this up saying, “By 

the end of the Enlightenment, experimental [science] had come to mean the use of a 

quantitative, experimental method to discover the laws discovering the inorganic 

world.”27  

 This new quantitative, experimental method is today known simply as the 

Scientific Method because it is fundamental to all areas of science. The Scientific Method 

is simply a way to use observation and experimentation to ask and answer questions 

about the world. It is “scientific” because it is measurable and based on empirical data. 

The process begins with a person making an observation or asking a question about 

something in the natural world. The person then forms a hypothesis, a conjecture about 

what is occurring and why it is occurring. The person then designs and performs a set of 

experiments to test the hypothesis and collects and records the data from the experiments. 

After experiments are performed, the data is analyzed and the researcher is able to see if 

the results support his initial hypothesis. One of the main ways scientific data is analyzed 

is through mathematics. Graphs and calculations often provide a way to understand what 

                                                
26 Squadrito, 17. 
27 Hankins, 46. 
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otherwise would be only some numbers on a page. Beginning in the 1700s and 

continuing today, mathematics walks hand in hand with the Scientific Method as an 

integral part of scientific investigation and discovery. The fundamental principle of the 

Scientific Method, however, is that the data speaks for itself. Scientists and researchers 

are constantly modifying or changing their hypotheses all together if not supported by the 

evidence they have gathered through experimentation.  

 This process seems simple in light of science today. Children in elementary 

schools are taught the steps of the Scientific Method. But in the Enlightenment, it was 

truly revolutionary because it had never been used or developed to this extent. Now it is 

the completely pervasive standard for all of science. Then, it was a brand new theory. Just 

as John Locke influenced the philosophical Enlightenment, so one man influenced the 

scientific Enlightenment. This new theory of experimental science based upon 

mathematics, the one that changed every aspect of science and broke science into specific 

disciplines, all began with one exceptional man: Isaac Newton. 

***** 

 Although he would achieve greatness in his lifetime, Isaac Newton (1642-1727) 

came from humble origins. His parents were illiterate farmers, and his father died before 

he was born so his mother and maternal grandmother raised him. But though his mother 

was not educated, Isaac went to primary school near his home in Woolsthorpe, 

Lincolnshire, and then Cambridge University in 1661. While in college, he formed a 

habit that would transform the very nature of science. He began to keep a notebook filled 

with various scientific entries and philosophical questions. His practice of carefully 

recording his observations would become a key element of modern science.  
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 Newton’s scientific record keeping, furthermore, was only the beginning of his 

innovations at Cambridge. By 1664, Newton was focusing his studies on mathematics 

and optics and ignoring the traditional university curriculum that was centered on the 

classics and Aristotelian philosophy. He went far beyond the study of traditional 

Euclidean geometry in his mathematical pursuits. His was a new branch of mathematics, 

one that he developed largely on his own, and one that is central to all of modern 

science—the “method of series and fluxions,” known today as the differential and 

integral calculus. Newton realized that differentiation and integration were opposite 

processes, and he published the basic rules of calculus two years after graduating from 

Cambridge.28 Historian James Gleick has described Newton saying, “He assimilated or 

rediscovered most of the mathematics known to humankind and then he invented the 

calculus—the machinery by which the modern world understands change and flow.”29 

From the beginning of his educational career, Newton was a mathematician, and his 

mathematics would dictate his science. 

 Newton began to perform his own research and scientific experiments between 

1665-1667. During these years, he began to perform experiments dealing with light and 

optics, and he also began his initial work on gravity that would remain one of his projects 

for the next twenty years. Newton’s started studying optics by investigating the refraction 

and diffraction of light. (Refraction is a wave property that refers to the changes in how 

the wave travels as it passes from one medium to another. Diffraction refers to how a 

wave deviates from its straight-line path as it bends around a small obstacle or opening.) 

                                                
28 “Newton’s Life and Work at a Glance.” The Newton Project, 2001. 
www.newtonproject.sussex.ac.uk (accessed January 14, 2013). 
29 James Gleick, Isaac Newton (New York: Pantheon Books, 2003), 3. 
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Many of Newton’s optical experiments involved the use of prisms. In his paper “Of 

Colours,” he kept a detailed record of his thoughts, experiments, and observations, 

complete with explanatory drawings and diagrams.30 Newton observed the way that a 

prism would split white light into the colors of the rainbow. In another experiment, he 

looked at the difference in the appearance of red and blue lines when he shone white light 

on them through a prism. When writing about this experiment, Newton included the 

figure below in his report along with the following description:31 

On a black peice of paper I drew a line opq, whereof one halfe op was a 

good blew the other pq a good deepe red (chosen by Prob. of Colours). 

And looking on it through the Prisme adf, it appeared broken in two twixt 

the colours, as at rst, the blew parte rs being nearer the vertex ab of the 

Prisme than the red parte st. Soe that blew rays suffer a greater refraction 

than red ones. Note I call those blew or red rays &c, which make the 

Phantome of such colours.32 

 

                                                
30 Isaac Newton, “Of Colours,” The Newton Project, 2001, 
www.newtonproject.sussex.ac.uk (accessed January 14, 2013). 
31 No corrections have been made to Newton’s spelling and grammar in the following 
excerpt. 
32 Isaac Newton, “Of Colours,” The Newton Project, 2001, 
www.newtonproject.sussex.ac.uk (accessed January 14, 2013). 
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Newton would continue this research for years and publish one of his great works, 

Opticks [sic], in 1704.  

 By today’s standards, his experiment with the prism is a simple experiment. It is 

important, however, because it was the beginning of a new way of approaching science. 

All scientists today know the importance of keeping a detailed record of their work. Isaac 

Newton, however, pioneered this approach to science. His experiments and meticulous 

records were the start of the Scientific Method. Furthermore, even Newton’s early work 

on light and optics demonstrates the link between science and mathematics that he would 

continue to develop and that is fundamental to all of modern science. When using prisms 

in his experiments, he refers to lines, planes, and angles—all fundamentals of geometry. 

As his scientific career progressed, Newton expanded his use of mathematics in science 

as he used the calculus to study motion and gravity. 

 Newton began to study motion in the forms of inertia and centripetal attraction. In 

1687, he published Philosophiæ naturalis principia mathematica (The Mathematical 

Principles of Natural Philosophy), which was his masterpiece on gravity, mechanics, and 

fluids, linking mathematics with science and showing that science was only acceptable if 

based on facts and observable data.33 With this work, Newton established himself as a 

leading scientist of his time. The work he did in these areas laid the foundation for 

modern physics. The evidence for that are the fundamentals of motion taught today as 

Newton’s Laws of Motion. He maintained that a body at rest or in motion would remain 

either at rest or in motion unless an outside force acts upon it. The force an object exerts 

is equal to the product of its mass and its acceleration. The force one object exerts on 

                                                
33 Isaac Newton, Philosophiæ naturalis principia mathematica. The Newton Project. 
www.newtonproject.sussex.ac.uk (accessed January 15, 2013). 
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another is equal in magnitude and opposite in direction to the force the other object exerts 

back on it. Newton also discussed how all objects relate to each other. All objects, he 

asserted, attract each other according to their mass, with more massive objects exerting a 

stronger attractive force than those with less mass would exert. This was the center of his 

theory of gravity, and he used mathematics to arrive at and defend his claims. Later in his 

life, he claimed that years earlier when observing an apple fall from a tree, he realized 

that the same force governing gravity on earth was the force that keeps the planets 

rotating around the sun.  

 It would be hard to overstate the importance of the life and work of Isaac Newton 

to the development of our understanding of the modern world and especially modern 

science. Gleick writes, “Newton worked out measurements for weights on the different 

planets. He calculated the densities of the planets…he calculated the shape of the earth, 

not an exact sphere, but oblate, bulging at the equator because of its rotation.”34 His laws 

of motion played a large part in finally proving the heliocentric theory of the universe and 

disproving the long held belief that the earth and all other planets were perfect spheres. 

Newton’s mathematics and science literally changed humankind’s view of the world. He 

brought order to the universe and explained the motion of the planets. According to 

Gleick, “Creation, Newton saw, unfolds from simple rules, patterns iterated over 

unlimited distances. So [one] seeks mathematical laws…[one] deems the universe 

solvable.”35 Newton, through his experiments and calculations, brought knowledge and 

understanding to the world around him. 

                                                
34 Gleick, 135. 
35 Ibid, 7. 
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 Not only did Newton revolutionize humankind’s view of the universe, he used the 

tools of mathematics to do so, setting the standard for modern quantitative science. 

Through his mathematics, experimentation, and detailed record keeping, Newton 

invented what today is called the Scientific Method in which one does an experiment, 

takes and records data, and arrives at conclusions based on the data alone. His numerous 

papers and journals demonstrated the importance of experimentation and thorough record 

keeping. Record keeping during experimentation became so important because one 

person’s experimental result means nothing if another cannot independently duplicate the 

experiment and confirm the previously obtained results. In everything he did, Newton 

was a scientist well ahead of his time. He knew the importance of mathematics in science 

in an age when modern science did not exist. In this aspect, he was the founder of 

theoretical science. One of the benefits of mathematics is the vast realm of theoretical 

knowledge it opens through calculations. Newton knew this and took full advantage of it. 

He could not physically measure the earth or the courses of the planets around the sun, 

but he could calculate them and learn about their movements from his calculations. That, 

also, was true empirical data, factual and logical even if one could not see it.  

 Another area of his work, his investigation of how gravity controls the tides, 

provides perhaps the most remarkable example of Newton’s ability to use mathematics to 

conceptualize and discover things that would be impossible otherwise. Gleick shows that 

through mathematics, Newton “explained how the moon and sun tug at the seas to create 

the tides, but he had probably never set eyes on the ocean. He understood the sea by 

abstraction and computation.”36 While he never saw the shore, through his mathematics 

                                                
36 Gleick, 4. 



22 

he could visualize the tides. Mathematics gave him another sense as it were, another way 

of viewing the universe. Newton’s work began the process of making it impossible to 

practice science without mathematics, and this was the beginning of a modern journey in 

a primitive age. Isaac Newton believed in reason and in facts before Enlightenment 

philosophers began championed reason. As Gleick puts it,   

He was born into a world of darkness, obscurity, and magic…and yet 

discovered more of the essential core of human knowledge than anyone 

before or after. He was the chief architect of the modern world. He 

answered the ancient philosophical riddles of light and motion, and he 

effectively discovered gravity. He showed how to predict the courses of 

heavenly bodies and so established our places in the cosmos. He made 

knowledge a thing of substance, quantitative and exacted.37  

Through his life’s work, he created a new language, a new way of viewing the world—

the language of science. It is still the standard today.  

 Isaac Newton was the father of modern science. Everything he did formed the 

basis for the Scientific Revolution just as the philosophies of John Locke set the tone for 

the human world of the Enlightenment. Far beyond the Scientific Revolution, Newton’s 

influence is still present today. Everyone who has studied any science is a “Newtonian.” 

Forces and masses, action and reaction, watching a football game and hearing an 

announcer say one team has gained momentum, all these terms and ideas originated with 

Newton’s science.38 His research has completely pervaded modern daily life. Not all 

scientists of his day were like Newton, however. Newton was chief, many others 

                                                
37 Gleick, 3. 
38 Ibid, 6. 
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followed in his footsteps, and many others forged their own paths. Concrete, 

experimental, empirical science, proven with mathematics and data, began with Isaac 

Newton. He was the original architect of enlightenment science.  
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Chapter 2 

Variations 

 

Isaac Newton and John Locke played a crucial role in ushering in the Age of 

Enlightenment in England. In the English Enlightenment, both philosophy and science 

were grounded upon reason and empirical data. And while the intellectual movement of 

the Enlightenment was a phenomenon in virtually all of the western world, different 

regions and countries all embraced slightly different characteristics of the enlightened 

movement, leaving each with its own unique version of the Enlightenment. In all of the 

West, the foundations of the Enlightenment were the same. However, just as each country 

has its own culture, so, too, each had its own way of viewing and expressing 

Enlightenment ideals. A few countries in particular, though, led the Enlightenment and 

exemplified its’ development. One version of the Enlightenment matured in England, 

pioneered by Newton and developed by Locke. A second equally important adaptation of 

the Enlightenment arose in Scotland and France in the middle of the eighteenth century. 

While the Scottish/French Enlightenment was based on the same pillars of reason, facts, 

and empirical data as the English Enlightenment, it had another layer—the senses. This 

reliance upon the senses embraced the Enlightenment precept of observation and 

expanded it, saying that people’s senses were what connected them to the world and 

allowed them to understand the world. The historian Arthur Herman says, “It stressed 
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observation and experience as the primary source of knowledge. It saw human 

consciousness as our window on reality and onto the self.”39 It was empiricism coupled 

with what historians would later term sensibility.  

 Diderot defined “sensibility” in his Encyclopedie, a Systematic Dictionary of the 

Sciences, Arts, and Crafts, as the capacity “to perceive impressions of external objects.”40 

Even from this brief definition, the link between sensibility and observation is clear. 

People use their senses, all five of them, to take in the world around them. These 

observations then connect people to each other and to their surroundings. According to 

historian Jessica Riskin, “Sentiment used to describe an ‘emotional movement’ in 

response to a physical sensation…. Ideas, emotions, and moral sentiments alike were 

expressions of sensibility, movements of the body’s parts in response to sensory 

impressions of the outside world.”41 Sensibility, then, was the fusing of sentiment, or 

emotion, with sensation, or observation. The Sentimental Enlightenment of the French 

and Scots was not rejecting reason, however. These philosophers believed in reason, and 

they certainly believed in the power of observation to collect information and in 

empirical data. They differed from the English Enlightenment leaders in that they added 

another component to reason and empiricism. They combine empiricism with emotion, in 

what at first appears to be a contradictory combination but what was really a new facet of 

the Enlightenment—sentimental empiricism. Inherent in the notion of sentimental 

empiricism was the French and Scottish belief that humankind had an innate social 

                                                
39 Arthur Herman, How the Scots Invented the Modern World (New York: Three Rivers 
Press, 2001), 392. 
40 Denis Diderot, The Encyclopedia Selections.Ed. Stephen J. Gendzier. (New York: 
Haper Torchbooks, 1967).  
41 Riskin, 1, 2. 
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instinct, a need to be connected with other humans and with the world. The philosophers 

of the French and Scottish Enlightenment, by inventing the notion of sensibility, 

“transformed the meaning of scientific empiricism, for if knowledge arose from physical 

sensation, it must now originate equally in emotion.”42 These leaders of the new 

Enlightenment were the sentimental empiricists. It was their understanding that what 

people observed through their senses and what they experienced emotionally were 

interconnected, and that they needed both of these abilities in order to obtain knowledge. 

 The importance scientists and philosophers placed on sentiment and sensation 

reveals one of the main goals they had as they continued their empirical scientific 

research: they wanted to better understand the world around them and better connect with 

the other people with whom they shared their world. They thought that science should 

accomplish more than just explaining the workings of the world; they said science should 

also help bring humans together, fulfilling a basic human need to relate to other human 

beings. According to Riskin, this aspect of empiricism illustrated a “receptiveness to a 

world outside the mind, a world that imposed its claims through the senses.”43 Reason, 

then, for a sentimental empiricist, if it meant only living in one’s mind, isolated from 

others, should not be man’s main focus. Humans were not meant to be cut off from their 

fellow humans. They said human nature was fundamentally social. Other people and 

interactions defined a person’s relationship to the universe. This was a slightly different 

approach to the Enlightenment. Humans, they held, were indeed shaped by their 

experiences, but they were also equipped with an inborn desire to relate to other humans. 

                                                
42 Riskin, 2. 
43 Ibid, 10. 
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In life, and in science, people’s senses were crucial, because that was what connected 

them to the world and to each other.  

 Emotions, sometimes referred to as passions, obtained through the senses, thus 

became an integral part of reason in the mid-seventeenth century. The pairing of emotion 

with reason seems contradictory, but it was not contradictory for the people of the 

Enlightenment. Explaining this paradox, Riskin writes, “No longer antithetical to the 

rational faculty, [passions] became, on the contrary, essential to its proper functioning. A 

new generation of empiricists viewed passions as ‘states of understanding’ and emotions 

as a ‘way of knowing.’ Specifically, emotion was the form of knowledge that most 

intimately and actively connected the knower to the known.”44 The way in which a 

combination of emotion and reason provided humankind with knowledge of the world 

had important social implications. As humans learned about each other and about their 

surroundings, they learned how they should interact with each other, and they began to 

develop a social conscience. 

 By the middle of the eighteenth century, Enlightenment individuals were familiar 

with the idea that they began life as a blank slate. These people modified this idea by 

adding human connections, and they were now interested in how they were to write on 

that slate and what sorts of experiences were best for anchoring themselves in the world. 

To find this answer, they looked to their senses and to the effect of the senses on the 

mind.45 In a way, the senses were the common currency of the time; the senses were what 

allowed people to relate to each other. It was a simple idea, but the newfound focus on 

understanding the world through experience made it a profound one. This made the 

                                                
44 Riskin, 50. 
45 Ibid, 22. 
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Enlightenment an age with a new consciousness because “moral sentiments arose from 

sensibility,” and the term sensibility came to signify “both physical sensation and moral 

sensitivity.”46 How could the logical, rational movement of the Enlightenment develop 

this moral aspect? It arose from the emotional aspect of the Enlightenment developed by 

the sentimental empiricists. As Herman explains, “Moral reasoning…is a natural human 

faculty, but it differs from other kinds of reasoning…. It is expressed through feelings 

and emotions. The most important is love, particularly love for others, which is the 

starting point of all morality.”47 Sensibility, therefore, meant a focus on the senses, but it 

also meant a focus on morality, the end goal of which was love. All humans, therefore, 

relate to each other through love, obtained by their senses, particularly sight and hearing. 

 Insensibility, on the other hand, “meant isolation from the commerce of others; it 

meant solipsism.”48 Solipsism is the philosophical idea that one’s own mind is the only 

mind that is sure to exist. In other words, that the self is the only thing that is absolutely 

real. People could isolate themselves from the world on purpose, embracing insensibility 

as it were. Or people could be involuntarily isolated from the world through a 

circumstance they had no control over such as a physical handicap. Enlightenment 

philosophers were interested in this latter scenario. They wanted to know how physical 

blindness related to morality and sensibility. If humans understood morality through the 

senses, they wondered, were people without one or more of their senses also lacking in 

some aspects of their moral compasses? Diderot was among those particularly interested 

                                                
46 Riskin, 2. 
47 Herman, 76. 
48 Riskin, 52. 
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in how a person’s morality was affected by his senses, or lack thereof. Diderot saw a 

definite connection between people’s morality and their senses. He wrote, 

Since the blind are affected by none of the external demonstrations that 

awaken pity and ideas of grief in ourselves, with the sole exception of 

vocal complaints, I suspect them of being, in general, unfeeling toward 

their fellow men. What difference is there to a blind person between a man 

urinating and a man bleeding to death without speaking? Do we ourselves 

not cease to feel compassion when distance of the smallness of the object 

produces the same effect on us as lack of sight does on the blind? Thus do 

all our virtues depend on our way of apprehending things and on the 

degree to which external objects affect us…. How different is the morality 

of the blind from ours! And how different again would a deaf man’s be 

from a blind man’s; and how imperfect—to put the matter kindly—would 

our own system of morality appear to a being who had one more sense 

than we ourselves!49 

Diderot thought that people lacking a sense of sight, since they were less able to observe 

their surroundings, were less in tune with the world. This then translated to the blind 

person having a less developed sense of morality due to their being less able to perceive 

the environment. Diderot thought that the morals of a blind or deaf person were inferior 

to those of a person with all five senses. In the same way, he postulated that a 

hypothetical being with six senses would have a superior moral code to humankind 

possessing only five senses. 

                                                
49 Diderot, ed. Crocker, 17. 
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 Diderot investigated his hypothesis by performing philosophical experiments and 

questioning blind people he encountered, attempting to further understand how they 

perceived morality. He refers to one man in his writings as the “blind man of Puiseaux.” 

Diderot questioned this man about his opinions on virtue and vice. What he discovered 

was that the blind man was extremely opposed to stealing because he himself was an easy 

victim of theft, but that he could not understand the concept of modesty. This 

conversation supported Diderot’s views that people’s senses affected their moral values. 

Humans, he postulated, are unable to understand what could be wrong with an action if 

they cannot perceive it with their senses. People’s senses, therefore, not only allowed 

them to observe the world but also dictated how they understood their relationship to the 

world and their relationship to their fellow humans. Diderot concluded that virtues 

“depend on our manner of sensing” and upon “the degree to which external things affect 

us.”50 As Riskin put it, “the more affected one was by external things, the better 

developed one’s moral faculty…the vividness and intensity of one’s sensory experience 

of an event shaped one’s moral response to it.”51 

 The key to sensibility, therefore, was being immersed in one’s surroundings. This 

affected people’s daily encounters with other people because how in tune they were to 

their senses affected their compassion, morals, and even their very humanity. This same 

tenet of sensibility in the French and Scottish Enlightenment governed science and 

empiricism because of the connection between observation and the senses as well as 

social thought and behavior. For the Scots, the connection of sensibility and social 

behavior was particularly important. Philosophers of the Scottish Enlightenment were 

                                                
50 Diderot, ed. Crocker, 17. 
51 Riskin, 60. 
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responsible for introducing a new science—based on emotion, the senses, and the 

interconnectedness of all humans—the science of man.52  

 Scottish Enlightenment philosopher David Hume promoted both empiricism and 

the study of humankind in his writings. Potentially his most influential work was his 

Treatise on Human Nature that was first published in 1739-1740. In his Treatise, Hume 

states that the science of man is human nature, and he says, “The science of man is the 

only solid foundation for the other sciences, so the only solid foundation we can give to 

this science itself must be laid on experience and observation.”53 This demonstrates 

Hume’s belief that sensibility was tied to empiricism. If the study of humankind was the 

basis for all the other sciences, and it needed to be grounded on empiricism, it follows 

therefore that all the sciences needed to be empirical as well. By wanting to study human 

nature through the use of observation and the senses, Hume and the other philosophers of 

the Scottish Enlightenment showcase their idea that all humans are all inextricably 

connected to each other. This was the foundation of all of the civic consciousness of 

sensible empiricism. Humans were not meant to be isolated; they were meant to interact 

with each other through their senses and through observation and experimentation. These 

ideas meant that Enlightenment philosophers saw enormous promise for the future 

because they could use the principles of science to better society. Historian Peter Gay 

claims the Scots thought, “The science of man was possible and would be immensely 

useful. That is why the men of the Enlightenment were ultimately not afraid of science; it 

was not merely their best, but their only, hope for the knowledge that would give man 

                                                
52 Peter Gay, The Enlightenment, (New York: Norton, 1969), 167. 
53 David Hume, Treatise on Human Nature. www.gutenburg.org. Accessed March 20, 
2013. 
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both abundance and freedom.”54 Through science, humans could understand more fully 

how they were to relate to their world and to each other. 

In order to utilize the resources of sensibility and empiricism to the fullest, the 

Scottish and French Enlightenment philosophers supported the already present 

Enlightenment focus on making education more widely available for people of all 

classes. Education provided a way for people to write on the blank tablet of their lives 

and to come to know the world outside them. Although he was born in Geneva, the 

Enlightenment philosopher Jean-Jacques Rousseau spent a large part of his life in France, 

and he held views on the importance of education similar to those of other Enlightenment 

figures. Rousseau thought that “as long as a child’s ‘sensibility remains limited to his 

person there will be no morality in his actions.’ Only after his sensibility is extended 

beyond himself would [he] acquire ‘sentiments of good and evil that constitute him a true 

man.’ Moral learning, like natural philosophy, was a matter of fostering sensibilities.”55 

All people had to find their place proper place in the world. As this became the goal of 

the sentimental empiricists in the Enlightenment, people came to see that education was a 

key method for extending a person’s sensibilities beyond himself. The Enlightenment, 

then, was a social movement as well as a philosophical one. It gave rise to civic 

education, the goal of which was to “civilize its beneficiaries.”56 

 In today’s world, having at least some education is essential in order for a person 

to fully take part in society. More and more jobs now are requiring advanced degrees past 

even a bachelor’s degree. However, in the eighteenth century, education for a middle 
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class person meant learning reading, writing, and basic mathematics. The Enlightenment 

focus on educating the middle class was a new phenomenon, and it is what prepared the 

world of the Enlightenment to become the modern world of today. Scotland in particular 

led this movement toward middle class literacy. Herman writes, “For middle class Scots, 

education was more than just a means to professional credentials or social advancement. 

It became a way of life…. In that sense no other society in Europe was as broadly 

prepared for ‘takeoff’ into the modern age as was eighteenth century Scotland.”57 Higher 

education also expanded in Scotland, and Scottish universities drew students from all 

over Europe. The universities, too, affected more people in Scotland than just the upper 

class. The growing literacy rate in Scotland during the eighteenth century allowed these 

universities to become “in effect centers of popular education as well as more academic 

learning.”58 This meant that philosophers and intellectuals towards the end of the 

seventeen-hundreds could write for a literate public that included both middle class 

people and the elite, instead of simply writing for other intellectuals. Education of the 

middle class showed the sense of civic responsibility that many Enlightenment leaders 

felt. They knew that education was important and that expanding the realm of education 

would benefit all levels of society. The trend in civic education only grew as time went 

on, and as more people learned reading and mathematics, Europe as a whole became 

more ready to enter the modern age.  

 One aspect of civic education was, to Enlightenment philosophers, a particularly 

good representation of the uses of sensibility, and that was the establishment of schools 

for the blind. Previously, philosophers’ such as Diderot and many others were not even 
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sure that blind people were fully human, and they were convinced that their morals were 

flawed. They thought the blind were isolated from society. However, the establishment of 

schools for the blind and the use of the Braille alphabet for teaching blind people how to 

read demonstrated the uses of the senses, in this case the sense of touch, as a unifying 

force in society. Because of this, schools for the blind were living symbols of “the union 

of sensibility and social harmony”59 as well an obvious representation of the personal 

obligation that many Enlightenment leaders had to help their fellow humans. 

***** 

 Sensibility was just as much a characteristic of the Enlightenment as was reason 

or empiricism. It affected the social sciences by influencing how people related to one 

another and how they understood basic human psychology. It also affected the natural 

sciences, those that today are categorized as the hard sciences such as chemistry and 

physics, because scientific empiricism was applied through the lens of sensibility. 

Because of the significance of sensibility in France, it is not surprising that it would 

influence scientists in France. One man who was influenced by sensibility in his scientific 

pursuits was hugely important in the development of chemistry, and that man was 

Antoine Lavoisier. Lavoisier was a French chemist who lived from 1743-1794. He is 

perhaps the first man to be referred to as a chemist rather than a general scientist, and 

people today sometimes remember him as the father of modern chemistry. Largely 

through his work, chemistry became its own field rather than simply being grouped with 

what today people know as botany, physics, biology, and chemistry under the heading of 

the natural sciences or natural philosophy. Lavoisier set out with the goal of defining the 
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Figure 2: Comparison of the UV/visible absorption spectra of the PAHs 
perylenebisimide (PBI), corannulene (abbreviated C20), and Buckminsterfullerene 
(C60). 
 

 

Figure 3 compares the experimental and theoretical Raman spectra from 150 – 

1650 cm-1 for solid state corannulene.  The agreement between experiment and theory is 

very good and illustrates to students the usefulness of modeling the properties of new 

materials theoretically.  This is especially true in the design of new materials where the 

properties can be simulated prior to synthesis.  Students can visualize atom displacements 

of the different normal modes using a program such as GaussView [51], Molekel [56], 

Molden [57], Jmol [58], and Vibalizer [59].  Shown in Figure 3B is a representation of 

the motion of the atoms in the most intense normal mode at 1430 cm-1 (ring breathing 

mode).  In this mode, the central pentagon expands and contracts while carbon-carbon 
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bonds in the surrounding hexagons also stretch.  The surrounding hydrogen atoms also 

bend. 
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Figure 3: (A) Comparison of theoretical and experimental Raman spectrum of 
corannulene and (B) normal mode displacements of the largest Raman active mode 
1430 cm-1. 
 

Particle in a Disk 

Corannulene is a bowl-shaped molecule and delocalized electrons travel a path 

resembling a disk.  Newhouse and McGill previously derived the Particle in a Disk model 

in this Journal [47].  The time-independent Schrödinger equation in two dimensions can 

be solved using the following model: A particle of mass µ  moves within a circular two-

dimensional disk of radius r under the influence of no potential: 

     V(r) = 0         

(1) 

Since the geometry of corannulene resembles a disk, polar coordinates (r, θ ) are very 

useful.  The time-independent Schrödinger equation in polar coordinates is given by: 
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Because the Schrödinger equation is a partial differential equation, we can use the 

product method for separation of variables.  In this case, solving the Schrödinger 

Equation involves the use of Bessel functions and setting boundary conditions such that 

𝝍𝒎 𝒓,𝜽 = 𝟎   at the edge of the disk (where rb denotes the value of r at the boundary of 

the disk) yields  

             𝐽! 𝑘𝑟! = 0     

 (3) 
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where Jm denotes a Bessel function of order m.  The values of interest are krb = αm,n, 

which are the nth roots to the mth order Bessel functions.  The resulting wavefunctions are: 

                                 𝜓! 𝑟, 𝜃 = 𝐴𝐽!
𝛼𝑚,𝑛!
𝑟𝑏

𝑒!"#     

 (4) 

where A is a normalization constant.  The energy levels of the electron in the disk are 

given by: 

                                           𝐸!,! =
!!,!
! ℏ!

!!!!
!                

 (5) 

Students can determine rb for corannulene using the results from the electronic structure 

calculations and measuring the diameter (across terminal carbon atoms).  The diameter of 

corannulene optimized using the B3LYP/6-311G(2df,2pd) level of theory is 6.5 

Angstroms, giving rb = 3.25 Å.  Rouillé, et al. assigned features at 334, 285, and 250 nm 

in the electronic absorption spectrum (see Figure 2) to S4 ← S0, S5 ← S0, and S6 ← S0 

electronic transitions with lower energy transitions being symmetry forbidden [40].  The 

energy required for a transition is given by: 

                      ∆𝐸!,! = 𝛼!!,!!
! − 𝛼!,!! ℏ!

!!!!
! =

∆!!ℏ!

!!!!
!             

 (6) 

and the resulting observable wavelengths are given by: 
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                𝜆 = !!!!
!ℎ!

∆!!ℏ!
            

 (7) 

Fitting the experimentally observed electronic transitions yield values of Δα 2 = 10.3, 12, 

and 13.8.   

 

Conclusions 

This laboratory exercise offers students the opportunity to learn about nanotechnology 

and study firsthand both experimentally and theoretically the properties of the unique 

nano-molecular building block corannulene.  Students learn how to employ 

computational chemistry to predict the physical properties of such building blocks and 

how the traditional models of Particle in a Box, Sphere, and Disk can be applied to 

various conjugated molecules that are relevant in current and future nanotechnological 

applications. 
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Conclusions 

 

Just as science in the Enlightenment changed the way people viewed the world, 

science today is changing how modern humans view the world. Science today has far 

surpassed the limits of Enlightenment science and the comprehension of Enlightenment 

scientists. Yet modern science owes its foundation and indeed its very existence to the 

Enlightenment. During the Enlightenment, for the first time philosophers and scientists 

began to obtain information based on reason and empirical data. In science, they relied 

solely upon quantitative experimentation and followed a rational, orderly series of steps 

in their research that today is known as the Scientific Method. They developed the link 

between science and mathematics that has only become more entrenched as time goes on. 

They brought order and comprehension to the world around them in a way never done 

before, and through the years and across all nationalities, they shared a common goal—

use science to understand and control the world, and use that knowledge to improve the 

lives of all humankind. 

The Enlightenment philosophers and scientists gave people a new way of viewing 

the world. They were focused on the senses, believing that people were influenced by 

their surroundings and needed to use all of their senses to observe and experience life and 

to relate to other people. Today, too, scientists are giving people a new way of viewing 

the world. But today, they have surpassed our senses just as today’s technologies have 



99 

surpassed Enlightenment inventions. Today’s science deals with a realm too small to see, 

touch, or even fully comprehend, but it is based on the same principles that came into 

existence during the Enlightenment—the Scientific Method, empiricism, quantitative 

data, and mathematical calculations. The goals of science are the same today as well. 

Humans are still searching for answers to the age-old question of how the universe 

works. The fundamental goals of science—understand the world, create order out of 

chaos, and improve life for all mankind—remain unchanged. Benjamin Franklin invented 

bifocals and a stove. Today scientists are developing machines on the nano-level with 

applications in fields as diverse as medicine, energy, and water purification. These nano-

machines have the possibility to perform tasks such as detecting diseases earlier, curing 

previously fatal diseases, providing efficient, clean energy, and supplying clean water to 

third world countries. 

 Because of the exciting potential of nanotechnologies, science today 

provides the same sense of hope for the future that science during the Enlightenment 

provided. Humankind has not solved every problem or unlocked every mystery, but the 

world today is a more understandable, less mysterious place, than the world of yesterday. 

This trend of knowledge will only continue. Scientists have not yet succeeded in 

explaining and controlling the world, but they are working on it. Some aspects of nature 

are still unexplainable, like magic to people before the Enlightenment. Enlightenment 

scientists set out to rationalize away superstition and shed light on natural phenomena 

people believed to be magical. They, in their work, began a great tradition. They lit a 

torch of reason and held up knowledge and discovery as a beacon to all humankind. 

Today, that torch remains undimmed. Scientists are working still on the same centuries-
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old goal. Explain and control the workings of nature; take away magic and mystery and 

replace them with discoveries that better the lives of all human beings. 
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