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College Guild

PO Box 6448, Brunswick ME 04011

~ SCIENCE SAMPLER ~
Unit 3 of 5
Chemistry
So far we have explored the birth of the universe and the fundamental laws of nature that played an important role during the early
universe. In unit 1, we learned that at the beginning there was nothing, but then space burst into existence from a singularity. We saw
how energy was converted into matter, which later combined to form stars. In this unit we will study matter. We will be exami ning the
nature of particles: their composition, structure and properties. We are moving from the grand scale to the microscopic.
1. If you were a scientist, would you want to study the grand scale or the microscopic scale? Why?
2. What grand scale discovery could you make that would benefit our planet and its inhabitants?
3. What microscopic discovery?
4. Imagine you are writing up your discovery for a scientific journal. What title would you give the article? You want to sou nd
like a serious scientist, but also get people to read it!
*********************************************************************************************************************************************************
Part 1: Nuclear Reaction
During the Big Bang, the only elements that were formed were hydrogen, helium, and some lithium and beryllium. Here are some
sketches of lithium and beryllium atoms:
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The difference between them is that the lithium atom has three protons, while the beryllium atom has four. Today, there are 118
different kinds of atoms, and many of them are much more complex than lithium and beryllium. For instance, the air that you are
breathing is composed primarily of nitrogen (7 protons), oxygen (8 protons), argon (18 protons), carbon dioxide (one carbon atom with
6 protons plus two oxygen atoms), and other gases. Where did we get those elements?
5. Why were beryllium and lithium formed so early?
6. What else are we breathing today, and where does it come from?
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Stars are huge manufacturing centers of elements. They produce heavy solid materials from the light gases. The process in which
stars covert light elements into heavy elements is called nuclear fusion. During nuclear fusion, the nuclei of two or more atoms come
together. This process is not easy, and it requires a huge amount of energy, heat, and pressure to get two nuclei to come close
enough to each other to combine. It is hard to get nuclei close to each other because a nucleus (the middle part, or core of an atom) is
made of protons and neutrons. Protons have a positive charge, and neutrons have no charge, so the nucleus of any atom is always
positively charged. Two positively charged nuclei want to repel, or push each other away. However, stars are so massive tha t the
gravitational force of the star pulls the nuclei together, creating incredibly high pressure. Gravity is crushing everything down with so
much force that the nuclei actually combine. That’s nuclear fusion!
The process started with hydrogen nuclei (each nucleus with one proton and one or more neutrons) getting together to form helium
(each nucleus with two protons). Here is a picture of that fusion process:
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This picture shows two types of hydrogen (Deuterium and Tritium) fusing to release a helium atom, a neutron, and some energy.
7. Draw a picture of one type of hydrogen atom combining with a helium atom and releasing a more complex atom.
8. What would you name this atom if you were a scientist who had just discovered it?
*********************************************************************************************************************************************************
Part 2: Atomic Structure
What is an atom exactly, and what is its structure? Imagine you have a cup of water in your hand. What is water made of?
Unfortunately, you cannot answer that question with your naked eye. For astronomy, we use telescopes to observe far away cel estial
objects, but for chemistry, we need to use a microscope.
If you magnify water down to the atomic level, you can see its molecular composition. Water is made of two hydrogen atoms and one
oxygen atom. The chemical notation that represents water is H 2O. The “H” stands for a hydrogen atom, the number 2 tells you how
many hydrogen atoms there are, and the “O” stands for an oxygen atom. Here is a picture of the structure of a water molecule 1:

9. If the oxygen atom were combined with four hydrogen atoms instead of just two, what would its chemical notation be?
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To review the chemical language we have been discussing, here are some definitions:
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Atom: An atom is the smallest particle of an element that retains the chemical characteristics of the element. For example, hydrog en,
oxygen, and helium are elements.
Molecule: A molecule is a collection of atoms chemically bonded together in characteristic proportions. For example, two hydrogen
atoms can bond together, forming H 2.
Compound: A compound is a substance that consists of two or more elements that can be separated from one another. For example,
water is a compound, because it is a molecule that contains two different elements – hydrogen and oxygen.
10. H2 is a molecule. Can it be classified as a compound? Why or why not?
After magnifying the water molecule to see its structure, we saw that water is made of two hydrogen atoms and one oxygen atom . But
what would happen if we magnified it even more so that we could see the structure of each atom? Unfortunately, no microscope that
powerful exists yet. So, throughout history, scientists have been using what they knew about chemistry and physics to come up with
models to accurately represent the structure of atoms. The model most widely accepted today was presented in 1913 by a great
physicist named Niels Bohr. In the Bohr model, an atom is made up of protons, neutrons, and electrons. Protons and neutrons make
the nucleus of the atom, and electrons orbit the nucleus.

The Bohr model 2
As we have discussed, a proton is a subatomic particle with positive charge, a neutron is one with no charge, and an electron one with
negative charge. Most of the mass of the atom is found at its nucleus. The mass of the electrons is almost insignificant in comparison
to protons and neutrons.
11. How is an atom like our solar system?
*********************************************************************************************************************************************************
Part 3: The Periodic Table of the Elements
A Russian chemist named Dmitri Mendeleev was the forerunner of the modern periodic table. In chemistry, the periodic table of
elements is a chart in which all the elements are arranged based on their atomic number. Below you will find a picture of the periodic
table3.
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In the periodic table, the horizontal rows are called Periods and the 18 columns are called Groups or Families.
The first element in the periodic table is hydrogen, which can be found in the upper left hand corner of the table. It has on ly one proton.
The “H” is the symbol that stands for Hydrogen, and the number “1” indicates the number of protons. If you look at the second element,
Helium (upper right hand corner) you would notice that its symbol is He, and the number 2 tells you that there are two protons in a
helium atom. The number of protons in an atom is called its atomic number. The number of protons plus the number of neutrons is the
atom’s atomic mass.
12. Guess or make up names for elements with the abbreviations: Zr, Rf and Sb .
13. Pick your favorite abbreviation from the Table and make up five properties of that element.
The elements in the table are divided into three categories: metals, nonmetals and semimetals. The metals, which you would find
mostly to the left of the table, tend to conduct heat and electricity well, and tend to be malleable (capable of being shaped by
hammering).
The nonmetals, which you would find in the upper right corner, are poor conductors of heat and electricity; most are gases at room
temperature. The semimetals, which you would find in between the metal and nonmetal elements, tend to have the physical properties
of metals but the chemical properties of nonmetals. Elements with atomic numbers above 94 do not occur naturally in nature; they are
created in the laboratory. The most abundant elements in the solar system and on Earth are elements from groups 1, 2 and 13 through
18.
14. The chemical symbol for Gold is Au. List all ways in which gold is useful.
15. Did you expect that there would be more or less elements that exist in nature? Why?
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16. Maybe this table is incomplete. If there are other metals that we haven’t discovered, where do you think we would find
them? Where would we find new non-metal elements? How about semi-metals?
17. Create your own element! You can name it after you and give it whatever properties you like. You can even invent some
properties!

*************************************************************************************************************************************
Remember: First names only & please let us know if your address changes
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3. Wikipedia.org, Periodic Table
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