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Chapter 2: The Chemicals that Make Matter 

Introduction 

As fun as it is to think about bananas 
annihilating Earth as they emit particles of 
antimatter, this course isn’t about that. It is 
about matter and the particles that make it. 
Chemistry is the science where you study 
chemicals. Chemicals are matter and the 
particles that make matter.  

A common misperception is that the word 
chemical refers to something cooked up in a 
lab. Let’s dispel that myth, right now. 
Everything is made of chemicals or it is not a 
thing.  

 

 

Anything with no chemicals is not a thing, it is a 
vacuum. The science definition for a vacuum is a space 
with no matter in it. Not the vacuum you clean the 
floors with either. That vacuum is made of matter 
which means it is made of chemicals.  

 

 

 

The Things that Make Matter 

To understand matter, it helps to start with atoms. The concept of atoms has been around for over two 
thousand years. In 400 B.C.E., the Greek philosopher, scientist Democritus proposed that all things were 
made of tiny, indivisible particles called atoms. According to him, the difference between solids, liquids, 
and gases is how the atoms are arranged. Democritus’ theory did not include protons, neutrons, or 
electrons. Therefore, it did not include different types of atoms, called elements. Fifty years later, the 

THE ONLY THING WITH NO CHEMICALS IN IT IS NOTHING. 
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Greek philosopher Aristotle had a theory about matter, too. According to Aristotle matter was not made 
of atoms. Matter was made of the four “elements:” earth, water, fire, and air.  

Both Democritus and Aristotle made a statement about what matter was made of. Only one of them 
could be correct. The problem with both of their statements, was that neither had scientific evidence to 
support them. Scientific evidence includes appropriate and sufficient data, followed by a logical analysis 
and interpretation of that analysis that supports the data. What Democritus and Aristotle were putting 
forward as theories were hypotheses. It was no fault of either of these two men, that the technology for 
collecting data had not been invented at that time.  

 
The Scientific Method 
Scientists used the scientific method. The scientific method 
uses logic to ask and answer questions about how the natural 
and physical world works. Scientists conduct experiments and 
examine the research of other scientists when developing a 
hypothesis. Once they have made a prediction about what is 
going on with the system, scientists conduct more 
experiments and draw one or more conclusions based on 
their data and observations. That is not the end of the process 
though. Before sharing the conclusions with the public, 
Scientists have their work evaluated by other scientists 
working in the same field. If the majority agree with the 
conclusions, then and only then, are the conclusions shared.  
 

 

Scientists used the scientific method to determine that rising sea levels, caused by 
global warming, are swamping areas where endangered sea turtles make their nests. 

 
The Scientific Method Has Six Steps 
Step 1. Scientists make observations that lead them to ask a science question.  
Step 2. Make observations focused on answering the question. An observation means to study carefully. 
Step 3. Form a hypothesis. A hypothesis is a prediction based on observations. 
Step 4. Design an experiment to test the hypothesis. 
Step 5. Analyze the data from experiments and observations. 
Step 6. Draw a Conclusion. 
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A Timeline for Things that Matter 

1808: John Dalton – Back to ATOMS! 

It was not until 1808 when a schoolteacher from England, John Dalton, proposed that all matter was 
made of elements called atoms. Like Democritus, he proposed that atoms could not be divided into 
smaller particles. Dalton departed from Democritus when he also proposed that all atoms in an element 
have identical atoms, but that different elements are made of different atoms.  

 

1897: J. J. Thomson – A Plum Pudding Model of the Atom 

It was another 90 years before J. J. Thomson proposed that 
atoms were made of particles. When Thomson passed 
electricity through gas, he found that some of the moving 
particles within the gas were negatively charged. Based on 
this data, Thomson reasoned that an atom is like plum 
pudding, with a positively changed pudding-like structure 
with negatively charged particles dotting it like plums.   

 

1900: Rutherford strikes Gold and Discovers the Proton 

Ernest Rutherford set out to determine the structure of the atom. The video below will show you how 
he discovered protons, protons are positively charged. Rutherford also discovered that, instead of a 
pudding model, atoms were mostly empty space with the protons in an area in the center, called the 
nucleus and the electrons orbiting the nucleus. 

 

 Click two times on the video to go to a larger screen on YouTube.  

 

 

https://www.youtube.com/embed/5pZj0u_XMbc?feature=oembed
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1932: James Chadwick Discovered the Neutron 

He used a similar method to Rutherford. From Chadwick’s 
analysis, he concluded that the nucleus also contains a particle 
which has equal mass to the proton, but unlike the proton, is 
electrically neutral. He named it the neutron. 

 
 
 
 
 
 
 
 
 

 

 
 

Here is a video showing the discovery of the neutron. Click two times on the video to go to a larger 
screen on YouTube.  

 
 

https://www.youtube.com/embed/HnmEI94URK8?feature=oembed
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In 1913, between Rutherford and Chadwick’s discoveries, Niels Bohr proposed a model for the atom. 
Bohr didn’t know about neutrons, but he did know about the nucleus. So even with the discovery of the 
nucleus the model did not change in appearance. Today we know that Bohr’s model is a simplification. 
The electrons do not orbit the nucleus in an orderly fashion like planets orbit the Sun. Even so, it is the 
model to use when learning about the parts of the atom.  
 

 
 
In this Bohr model of a carbon atom, you can see there are six electrons orbiting the nucleus. The 
nucleus contains six protons and six neutrons.  
 
 
This was the best video I 
could find about where 
electrons are in an atom. 
There is material in it that 
we will not study, but it is 
worth the watch. ���� Click 
two times on the video to go 
to a larger screen on 
YouTube. And yes, chemists 
do <3 electrons! 

https://www.youtube.com/embed/8ROHpZ0A70I?feature=oembed

