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Unit 2, Video 1 – Parts of the Atom 
 

This is Rebecca from ChemistryIsMyJam.com. This video begins Unit 2 and 
focuses on the atom. In Unit 2, we will be introducing the parts of the atom, 
we will look at isotopes and ions, and how the ideas about the atom have 
changed over time. We will look at the electromagnetic spectrum, and then 
we will spend a while focusing on where electrons are located within the atom. 
Let’s begin by talking about the parts of the atom. 

Here we have a simplified model of the atom that I am going to use to try to 
tell you, in general, where things are located. You can see that there is a 
nucleus in the center of the atom. This is a tightly packed, super dense portion 
of the atom. It contains protons that have a positive charge, and neutrons that 
have a neutral charge, or you could say no charge.  
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Around the outside of that nucleus, you have electrons. So in this space 
outside of the nucleus, you have negative electrons moving around the 
nucleus. All of these things are called subatomic particles and they are the tiny 
little particles that make up the atom.  

This is an oversimplified model of the atom. I want to tell you some of the 
limitations of this drawing that you have in front of you. 

First of all there is a major scale issue. We have to draw it like this so that you 
can kind of picture the protons and the neutrons, but this nucleus is super tiny 
compared to this electron cloud that is outside of it. In terms of scale, you 
could think of putting a pea in the center of a race track. The nucleus is that 
small compared to the rest of the atom. Most of the mass of the atom is in the 
nucleus so you have this really dense, really tiny portion in the center of the 
atom with a whole lot of empty space outside where the electrons are located.  

Another issue that you run into with this model of the atom is the idea of 
these orbits that the electrons are in. Scientists have learned over time that 
these electrons are not moving in perfectly circular paths around the nucleus. 
They are actually found in little orbitals, which are regions of space where 
electrons are located. They are not following a perfectly circular path like a 
planet does around the sun. I just wanted to point out a couple of the 
limitations of this as we get into our discussion about the atom.  

The main thing you should know at this point is that you have protons and 
neutrons inside the nucleus and electrons outside the nucleus.  
 

 

Here you have an overview of the different particles that we have mentioned. 
You can see that you have protons and neutrons inside the nucleus. The 
electrons are outside of the nucleus. The protons have a positive charge. The 
neutrons are neutral, and the electrons have a negative charge.  

I also want to point out the difference in size between the protons, the 
neutrons, and the electrons. The protons and neutrons are roughly the same 
size. We define them as having a mass of 1 amu. AMU means atomic mass 

Suggested Question (Time 2:45)  
True or False: Electrons travel around the nucleus of the atom like planets around the sun. 
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unit and is based off of the size of a proton and neutron in the element 
carbon-12. So an amu is an atomic mass unit and the proton and the neutron 
have a mass of roughly 1 amu. They are roughly the same size in terms of 
mass.  

The electron is much smaller. You can see that it has a mass of 1 divided by 
1800 amu. It is almost 2000 times smaller than the proton in terms of mass. 

As we move throughout the course and learn more about the atom, you are 
going to find that we ignore the mass of the electron. We only talk about the 
mass of the proton and the neutron when we deal with the mass of the atom. 
That is because the mass of the electron is so tiny.  

  

A quick glance at the periodic table will tell you that there are over 100 
different types of elements out there and each one of those elements has a 
slightly different atom. What is the difference between those different atoms? 
The difference is the number of protons. The number of protons is what 
determines which element you are dealing with.  

I have an example here of ruthenium. Ruthenium has 44 protons. If you 
change the number of protons, you are changing the element.  

We call this number, the number of protons, we call that the atomic number. 
Another thing that you will see on the periodic table, at the bottom of each 
block is the average atomic mass, which we will talk about later.  

The atomic number, which is the number of protons determines which 
element you are dealing with. In this example, I’ve got carbon and nitrogen. If 
you were to count the little blue, positive particles at the center – those are 
the protons. You can see that there are six protons over here and seven 
protons over here. That is the difference between carbon and nitrogen.  

The number of neutrons does not matter. The number of electrons does not 
matter. It is the number of protons that tells me this is carbon, this is nitrogen.  

Suggested Question (Time 4:13)  
True or False: We ignore the mass of the electron because it is located outside of the nucleus. 
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A quick glance at the periodic table will allow me to answer the question: How 
many protons are in an atom of gold?  

I need to find gold on the periodic table. Gold is right here. It has a symbol of 
Au and it has an atomic number of 79. Gold has 79 protons.  

I can do the same thing for neon. Neon is right here. It has 10 protons because 
it’s atomic number is 10.  

I can do the same thing for sodium, which is over here. Sodium has 11 protons 
because it’s atomic number is 11.  

The difference between each of the atoms of the elements on the periodic 
table is the number of protons.  

 

 

We are going to start talking about a concept called the mass number. The 
mass number is the number of protons plus neutrons.  

Notice that we are ignoring the mass of the electrons because they are so 
small.  

Kind of a silly way to think about that: Suppose you take your dog to the vet. 
The vet weighs your dog and tells you that he weighs 70 pounds. Then the vet 
tells you that your dog has fleas. Are you going to subtract out the weight of 
the fleas to get an accurate weight of your dog? No. Because those fleas are 
so tiny compared the weight of the dog that we are going to ignore them.  

The same thing here. With the atom, most of the mass is in the protons and 
the neutrons. Those electrons are 2000 times smaller in terms of mass, so we 
ignore the mass of the electrons.  

I also want to point out that this mass number that we are referring to is not 
the number that you see on the periodic table. That is the average atomic 
mass that we will talk about later. Mass number is not found on the periodic 
table. 

So if it is not found on the periodic table, how do we find it? 

Suggested Question (Time 6:27)  
How many protons are in an atom of xenon? 
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Mass number is for each individual atom and is the protons plus the neutrons. 
You would have to be given the neutrons in order to determine the mass 
number. Or if you know the mass number, you can determine the number of 
neutrons.  

In this first example, it says: Carbon has a mass number of 13. So this 
particular atom of carbon has a mass number of 13. How many protons and 
neutrons does it have?  

Take a look at the periodic table. Carbon is element number 6, so we know 
right away that it has 6 protons. We also know that the protons plus the 
neutrons equals the mass number.  

So if the protons plus the neutrons equals the mass number. Then 6 plus 
neutrons equals 13. You can solve for n and find out that there are 7 neutrons 
in this particular atom of carbon. That is not the case for all atoms of carbon. 
That is this particular atom of carbon that you are talking about.  

The next example is boron with a mass number of 11 and we are trying to 
figure out how many neutrons it has.  

We would look at the periodic table and find that boron is element number 5, 
meaning that it has 5 protons. 5 plus some number of neutrons, equals our 
mass number of 11. 11-5 tells us that the number of neutrons is 6.  

Subtracting the atomic number from the mass number will give you your 
number of neutrons.  

That wraps up our introduction of the parts of the atom. Stick around for our 
next video, which covers isotopes.  

 

  

Suggested Question (Time 9:38)  
True or False: You can find the mass number on the periodic table.  
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Unit 2, Video 2 – Isotopes 
 

This is Rebecca from ChemistyIsMyJam.com. In this video we are going to be 
talking about isotopes and learning to calculate average atomic mass. Let’s 
begin by talking about what an isotope is.  

Atoms with the same number of protons but different numbers of neutrons 
are called isotopes. I have two different version of nitrogen drawn for you on 
the screen. Nitrogen is element number 7 on the periodic table. It has an 
atomic number of 7 so nitrogen must have 7 protons. In both of these 
examples, if you count the positive charges in the nucleus, there are 7 
protons.  

However, the number of neutrons can vary for nitrogen. This one over here 
has 7 neutrons and this one over here has 8 neutrons, and that is totally OK. 
Those are two different isotopes of nitrogen.  

The number of protons is dictated by which element you are dealing with but 
the number of neutrons can change.  

 

 

Now that we know what isotopes are, and that there can be multiple types of 
atom for each element, we need some way to represent that. We need some 
way to let our readers know which type of atom we are referring to.  

There are two common ways to write isotope symbols. In the example on your 
screen, I have written carbon-14 two different ways. The first time I have 
written the word carbon dash 14. That 14 represents the mass number. That is 
the number of protons plus the number of neutrons.  

Notice that I did not tell you the number of protons, because if it is carbon it 
must have 6 protons. You can look at the periodic table and find that number.  

Suggested Question (Time 1:07)  
True or False: All atoms of an element must have the same number of neutrons. 
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Another way that we can write that is to use the symbol for carbon, so that 
would be a C. Then I would put the atomic number of the bottom. You can find 
that on the periodic table and it is the number of protons. Then on the top, I 
have the mass number, the number of protons plus neutrons for that 
particular isotope of carbon.  

Both methods of writing out isotopes give me the same information. They 
both tell me what element it is – which means that I can use the periodic table 
to determine the number of protons. They both give me the mass number. If I 
know the mass number and the protons, I can determine the number of 
neutrons.  

 

Here you have some isotope symbols that we are going to use to practice 
determining the number of protons and neutrons. Our first example is oxygen-
16, where 16 is the mass number. I can also see from this version of the 
isotope symbol that it has an atomic number of 8, because the bottom 
number tells us the atomic number. That also tells us the number of protons. 
Protons will always match the atomic number. For the number of neutrons, 
recognize that the protons plus the neutrons must equal the mass number. So 
if you take the mass number and subtract the protons, you can get the 
neutrons. 16 minus 8 tells me that there are 8 neutrons in that particular 
isotope of oxygen.  

The second example gives me the atomic number and the number of protons. 
I can look at the periodic table and find element 30, and determine that it is 
zinc. We know that we are dealing with an isotope of zinc. That goes in both of 
the isotope symbols. We also know that the atomic number is 30 so I can go 
ahead and fill that in. That atomic number matches the number of protons, so 
we know that there are 30 protons. At the bottom, it tells me that there are 
35 neutrons. We know that the mass number is the protons plus the neutrons. 
30 plus 35 is 65. Now we know the mass number that we can fill in in all three 
places on the chart.  

Our last example is sodium-22. Looking at the periodic table, you will find that 
sodium has a symbol of Na, and it is element number 11 on the periodic table. 

Suggested Question (Time 2:36)  
True or False: Carbon-12 has a total of 12 protons plus neutrons. 
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This means that it has an atomic number of 11 and it has 11 protons. This 
particular isotope of sodium has a mass number of 22. We can use the mass 
number and the protons to find the neutrons. Mass number minus protons 
gives me neutrons. This isotope has 11 neutrons.  

 

 

Recall that mass number is slightly different from the number that you see on 
the periodic table. Mass number is for a particular isotope of an atom. Mass 
number is protons plus neutrons. The number that you find on the periodic 
table is the average atomic mass. Average atomic mass considers all of the 
different isotopes of a given element. It is a weighted average so that the 
isotope that is more common factors more into the number.  

For example, copper has 2 very common isotopes. There is copper with a 
mass number of 65 and copper with a mass number of 63. Those are 
represented over here. If you were to count, you’re going to find 7 copper-63 
and only 3 copper-65, so the copper-63 is more common. That indicates to 
me that the average atomic mass for copper is going to be closer to 63 than it 
is to 65. Because copper-63 is more abundant.   

 

Calculating the average atomic mass is very much like calculating your grade 
in a course. Average atomic mass is a weighted average just like your grade is 
a weighted average. Typically tests count more than homework or classwork. 
In this example, tests count 50%, homework is 30%, and labs are 20%. We are 
going to calculate the overall grade for this particular person.  

The first thing I’m going to do is turn those percentages into decimals by 
moving the decimal two places to the left. So 50% became 0.50, 30% became 
0.30, and 20% became 0.20. Then I’m going to multiply those percentages by 
the grade for that section. So when I said 0.50 times 92, I got 46. 0.30 times 
76 gave me 23, and .20 times 95 gave me 19.  

Suggested Question (Time 4:59)  
True or False: The mass number can be determined if the atomic number and number of 
neutrons are provided. 

Suggested Question (Time 6:11)  
True or False: The mass number can be determined by looking at the periodic table. 
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The last thing I want to do is add these three numbers together and that will 
give me the grade for the course. This person currently has an 88 in the 
course.  

You can see that 88 is closer to the test average than it is to the homework 
average because tests count more. It is a weighted average.  

We are going to use very similar steps to calculate average atomic mass. In 
this case we are studying copper, which has two common isotopes – but you 
could apply this process to something that has more isotopes.  

In order to calculate average atomic mass, you need two pieces of 
information. You need the mass for each isotope and you need a percent 
abundance. Of the total element, what percentage is the isotope you are 
looking at. That is what percent abundance means.  

We want to follow these steps where we are going to convert the percentages 
into decimals. You can do that by moving the decimal two places to the left.  

Here I have converted both of the percentages into decimals. Notice that I 
kept all of my significant figures and just moved the decimal two places to the 
left.  

Now I’m going to follow step two which is where you multiply the mass by the 
abundance. You can see where I took the mass of copper-63 and multiplied it 
by the percent abundance for copper-63, giving me a 43.53.  

I repeated that process for copper-65.  

The final step is to combine all of your answers. I’m going to be adding 
together 43.52 and 20.02, which gives me 63.55. That is the average atomic 
mass for copper. Notice that the most common isotope of copper was the one 
that is 69% and that is copper-63. So, I expect my average atomic mass to be 
somewhat close to the most common isotope. In this case you can see that 
63.55 is closer to 63 than it is to 65.  

This is a weighted average that considers the most abundance isotope more.  

You can also check yourself because 63.55 should be the number that is 
printed on the periodic table for copper.  
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In this video we have covered isotopes and average atomic mass. Stick around 
while we look at ions in the next video.  

 

  

Suggested Question (Time 10:06)  
Boron has two common isotopes: boron-10 and boron-11. Which do you expect to be the most 
abundant? 
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Unit 2, Video 3 – Ions 
 

This is Rebecca from ChemistryIsMyJam.com. In this video we’re going to be 
focusing on electrons and ions, which are atoms with a charge.  

For electrons, unless you are given a charge, you can assume that the number 
of protons and the number of electrons match within an atom. This means 
that you are assuming that the overall charge of the atom is zero.  

For example, how many protons, neutrons, and electrons are in an atom of 
helium-4? Well, we learned in the last video that that 4 is the mass number. 
Helium – I can look at the periodic table and I can tell that it has an atomic 
number of 2. That means that there are 2 protons in this atom.  

There is not a charge given, so we can assume that the number of protons 
and the number of electrons match. So there are 2 electrons in this atom. And 
then, from the mass number, we can determine the number of neutrons. Mass 
number minus protons tells me that there are two neutrons in this atom.  

We can repeat this process for sodium-25. You can look at the periodic table 
and determine that sodium is element 11, so there are 11 protons. Since we are 
not given a charge, we can assume that there are also 11 electrons. The 25 is 
the mass number. Mass number minus protons tells us the number of 
neutrons. So this isotope of sodium has 14 neutrons.  

 

 

What happens if the number of protons does not match the number of 
electrons? At that point, you have an atom with a charge, which we call an 
ion.  

Comparing the number of protons and electrons helps us to determine 
whether or not it is a positive or a negative ion. If there are more protons 
present, then it is positive and we call it a cation. If there are more electrons 

Suggested Question (Time 1:46)  
How many electrons are in a neutral atom of carbon-14? 
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present than protons, then it has an overall negative charge and we call it an 
anion.  

So, positive ions are called cations and negative ions are called anions.  

 

 

Here is an example where we will be looking at some ions and determining the 
number of protons, neutrons, and electrons. Keep in mind that charge is based 
on the number of protons versus electrons. An ion that has more protons will 
have a positive charge. An ion that has more electrons will have a negative 
charge.  

The first example is nitrogen-14 with a charge of negative 3. A quick glance at 
the periodic table tells me that nitrogen is element 7, so this has 7 protons. To 
determine the neutrons, I’m going to use this mass number. Neutrons is mass 
number minus protons, so I’ll say 14 minus 7, which gives me 7 neutrons. 

To determine the number of electrons, I need to use the number of protons 
and the charge. That charge of negative 3 tells me that there are three more 
negative particles than there are positive particles. So, if I have 7 positive 
particles, I must have 10 negative particles, or 10 electrons. 

For those of us who like an algebra formula to figure things out, you can look 
at the fact that electrons plus charge will always equal protons.  

In this case we were trying to determine the number of electrons. We knew 
that the charge was negative 3 and the number of protons was 7. We can 
solve that and you will find out that electrons in this case was equal to 10. 

The next example is lithium-7 with a charge of positive 1. Lithium is element 3 
on the periodic table so there must be 3 protons. The number of neutrons I’m 
going to get by saying the mass number minus the protons, and 7 minus 3 
means that there are 4 neutrons.  

Suggested Question (Time 2:30)  
True or False: An atom with more protons than electrons would be called a cation. 
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For the number of electrons, I’m going to compare the charge and the number 
of protons. The fact that there is a charge of plus 1 means that there must be 
one more proton than there is electron. So in this case, there are 2 electrons.  

I could also determine that using the formula. We were trying to find 
electrons.  The charge was a positive 1 and the number of protons was 3. So 
when you solve that you will find out that there are 2 electrons in this case.  

The third example is neon-20. This time we are not given the charge but we 
are given the number of electrons. So we can still determine everything up 
here. Neon is element 10 on the periodic table so there are 10 protons. The 
number of neutrons I’m going to get by saying 20 minus 10, so there are 10 
neutrons.  

Then I’m going to compare the number of protons to the number of electrons. 
In this case they are equal, and when they are equal that means it is a neutral 
charge, or a zero charge.  

If you were to put it into the formula, you have 10 electrons, you’re trying to 
find the charge, and you have 10 protons. You’ll find out that the charge is 
equal to zero. 

In the final example, I’m not given the isotope so I’m going to have to 
determine that from the protons. Element 34 on the periodic table is selenium. 
To determine the mass number, I’m going to add together the protons plus the 
neutrons, and 34 plus 45 is 79. This is selenium-79. 

Then to determine the charge, I need to compare the protons and the 
electrons. There are 34 protons and 36 electrons. You can put that into your 
formula and calculate the charge or you can look at it visually and see that 
there are 2 more electrons than there are protons. So this thing is going to 
have a negative 2 charge.  

That concludes our discussion of ions. Stick around as we move on to 
discussing atomic history.  

  

Suggested Question (Time 7:06)  
An ion has 16 protons and 18 electrons. What is the charge of this ion? 
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Unit 2, Video 4 – Atomic History 
 

This is Rebecca from ChemistryIsMyJam.com. In this video we are going to be 
looking at how our view of the atom has changed over time. While the atom 
itself has not changed, what we understand about it has changed a great deal. 

I want you to keep in mind that we still can’t just look through a microscope 
and make general observations about an atom. Our observations about the 
atom are totally dependent on experimentation and how the atom interacts 
with other things.  

So as we go through this video, I’m going to mention the key people who have 
made major discoveries about the atom and I’ll talk a little bit about the 
experiment that they used to make those discoveries.  

 

The very first person to even mention the concept of the atom was a Greek 
philosopher named Democritus. He was born in 460 BC. He did not use any 
type of experiments. He was a philosopher who was trying to think about what 
was going on and trying to understand the world around him.  

Here is what he said. He said: Matter is made up of atoms. Atoms are 
indestructible. They are solid but invisible. They are homogenous, so they’re 
the same throughout. Atoms differ in size, shape, mass, position, and 
arrangement.  

So he understood that the atom existed. He understood that the atom didn’t 
change over time. He understood that the atoms of one element were 
different from the atoms of other elements. But he had no clue what the atom 
consisted of. We weren’t quite there yet.  

He named the atom “atomos,” which was from the Greek word that means 
indivisible. 

Suggested Question (Time 0:49)  
True or False: Traditional microscopes are helpful in understanding the atom. 
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Fast forward about two thousand years and suddenly you’re not in the age of 
philosophy anymore but you’re in the age of science, where people are 
actually doing experiments and able to make real observations about the 
world around them. 

This brings us to John Dalton. John Dalton was an English scientist born in 
1776, who is famous for his atomic theory. At this point in the world of 
chemistry, but not much was known about the details that made up the 
elements.  

John Dalton said this: All elements are made up of atoms. Atoms of the same 
element are the same. So he meant that all of the gold atoms are the same. 
He said atoms of different elements are different. So a gold atom is different 
from a silver atom. He didn’t understand what was different but he knew 
there was something different about that atom. He also said that atoms 
combine in small, whole number ratios. An example of this might be water, 
H2O. John Dalton was pointing out that there would be two hydrogen atoms 
for every one oxygen atom. That’s a small, whole number ratio.  

If you consider that these observations were made in the early 1800s with 
very limited technology, John Dalton did pretty well. We still agree that all 
elements are made up of atoms. When it comes to atoms of the same element 
being the same, I’ll give him a “sort of” because now we understand the 
concept of isotopes, but there are a lot of similarities between atoms of the 
same element. I do agree that atoms of different elements are different and 
that atoms combine in small, whole number ratios. So overall, John Dalton did 
pretty well with his atomic theory.  

Dalton’s understanding of the atom in the early 1800s was a spherical mass 
where he really didn’t understand what was going on inside of it. Let’s keep 
going and see how this changed over time. 

Suggested Question (Time 1:54)  
True or False: Democritus used a great deal of experimentation to draw his conclusions. 
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In the mid 1800’s, another English scientist named Sir Joseph John Thomson 
was born. He is often referred to as JJ Thomson and he is credited for 
discovering the electron. He used something called a cathode ray tube.  

A cathode ray tube has a positive charge at one end and a negative charge at 
another end. JJ Thomson observed a lighted stream of particles going through 
this tube. He was observing electrons moving through the tube. He also 
noticed that if you brought a positive charge in - so you can see here that 
there is a positive charge on this plate - it caused the stream to move towards 
it. If you brought a negative charge in, it caused the stream to move away 
from it.  

So JJ Thomson discovered the electron and realized from this deflection that 
the electron had a negative charge. 

This was huge for the concept of the atom. Now we know that within the 
atom there is something negative. So JJ Thomson developed a new model of 
the atom that was called the Plum Pudding Model.  

 

The Plum Pudding Model of the atom said that the atom is still a sphere that is 
mostly positive with chunks of negative spread throughout. So at this point he 
knew that the electron existed but he was a little off base on where it was 
located. He named it the Plum Pudding Model because plum pudding would’ve 
been a popular food during that time period. But you could think of it now as 
being like chocolate chip cookie dough, where you have your cookie dough 
here – this positive region – and then the chocolate chips are the negatives 
that are spread throughout. 

Suggested Question (Time 4:10)  
True or False: Dalton’s atom did not include a nucleus. 

Suggested Questions (Time 5:25)  
True or False: JJ Thomson was able to determine that the electron was negatively charged. 
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So the major change between Dalton’s atom and Thomson’s atom is now we 
know about the electrons. We know that within that atom you have charges 
taking place. 

The next major development in the concept of the atom came from Ernest 
Rutherford. Rutherford was born in 1871 in New Zealand. He is credited for the 
gold foil experiment. He used this experiment to discover the nucleus.  

The gold foil experiment used a very thin sheet of gold foil. Picture aluminum 
foil, but make it gold, and make it much thinner – we are talking about just a 
few atoms thick. So here, you have the gold foil in the center of the 
experiment.  

This represents a device that shoots alpha particles. An alpha particle is a 
helium nucleus. It is a small, tiny particle that has a positive charge. So this 
device is shooting alpha particles at the gold foil, and you have a detector 
around the outside that is determining where the alpha particles land. 

Keep in mind, up until this point, Rutherford has JJ Thomson’s Plum Pudding 
Model in mind. He thinks that the atom is a solid sphere of positive. So, he is 
shooting these alpha particles. He is expecting them to maybe get deflected a 
little bit, but mostly just to go through and hit the detector on the other side.  

What actually happened floored him. Most of the particles went straight 
through with no deflection whatsoever. They moved straight through as if 
they were moving through empty space.  

That in itself changes our understanding of the atom. Now, because of 
Rutherford’s experiment, we can see that the atom is mostly empty space.  

The other thing that truly surprised him is that some of the particles hit 
something really solid and bounced straight back at the detector. They 
bounced back in such a way that it convinced Rutherford that they had hit 
something very small, very solid, and with a positive charge. Because you 
have positive charges moving this way, they hit something positive – positive 
gets away from positive and causes it to bounce back.  

Rutherford was so surprised by this that his quote was “It is almost as 
incredible as if you fired a 15 inch shell” (which is a bullet) “at a piece of tissue 
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paper and it came back and hit you.” So he was so surprised, that it was as if 
he had fired a bullet at a Kleenex and it came back and hit him. 

This totally changed our understanding of the atom. Because, now the atom is 
mostly empty space and it has this dense, positive nucleus in the center.  

Rutherford’s gold foil experiment convinced the scientific world that there 
were major problems with JJ Thomson’s Plum Pudding Model and it changed 
that atom to something more like this. 

 

This model of the atom is called the Planetary Model and it is credited to Neils 
Bohr. He was a scientist born in Denmark around 1885.  

His model of the atom includes the nucleus, so I have a nucleus here. And then 
there are electrons moving in energy levels around the nucleus. So, Bohr 
understood that the nucleus was present. He understood that the electrons 
were moving around that nucleus in different energy levels.  

Bohr’s model of the atom is still widely used in the scientific community. 
You’ve likely drawn Bohr Models before in a previous course. There are some 
issues with this model of the atom. While it is still useful for understanding 
that electrons are in energy levels, it is not totally accurate. Because we now 
know that electrons are not moving in perfect little orbits around the nucleus.  

 

Which brings us to the Quantum Mechanical Model, which is sometimes called 
the Electron Cloud Model of the atom. This model no longer assumes that we 
know the exact path of the electron. Instead, this model uses mathematics 
and probability to predict the location of the electron.   

Scientists began to realize that even though the electron is extremely small, 
and even though it is moving extremely fast, it still follows the laws of physics. 
So scientists had to develop a model that followed the laws of physics.   

Suggested Question (Time 9:26)  
True or False: The atom is made up of mostly empty space. 

Suggested Question (Time 10:28)  
True or False: Protons move around the nucleus like planets around the sun. 
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This model is a collaborative effort of many, many scientists, however it is 
mostly attributed to two German scientists: Erwin Schrodinger and Werner 
Heisenberg.  

One of the big changes that came with the Quantum Mechanical Model is the 
concept of wave patterns. Keep in mind that scientists had to edit the model 
of the atom to make it follow the laws of physics.  

So if you picture a sin wave, but make it three dimensional, and make it go in 
a spherical shape around a nucleus. That is the mathematical model that 
scientists used to figure out the path of electrons – or to figure out where 
electrons are located. That is what I have tried to indicate here with this 
circular sin wave that I’ve got drawn. That is one of the many changes that 
came with the Quantum Mechanical Model. 

Another big change that came with the Quantum Mechanical Model is the idea 
that the energy of the electron is quantized. That means that it can only 
increase or decrease by specific amounts, and we call those amounts a 
quantum of energy.  

Think about when you are going up stairs. If you are going up stairs, you have 
to be located on a stair. You can be here or you can be here, but you can’t be 
standing in between. If you apply that concept to an electron, the electron can 
be on this energy level or on this energy level, but not on an energy level 
somewhere in between. The energy of the electron is going to come and go in 
specific amounts. It is going to give off a chunk of energy, or receive a chunk 
of energy, and that chunk is a specific size that we call a quantum of energy.  

An application of that that we will see later in this unit is that when the 
electron gives off that quantum of energy, sometimes that energy leaves in 
the form of light. Over the next couple of videos, we are going to see how 
energy levels and electrons are related to the atom giving off light.  

 

Hopefully you’ve seen that in just a few hundred years we have made some 
major achievements in our understanding of the atom. It has gone from 

Suggested Question (Time 13:21)  
True or False: A ramp is an example of something that could be compared to quantized energy. 
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Dalton’s atom, which was a very basic sphere, to understanding the energy of 
the electrons, understanding the different particles that are present, and 
understanding that you have this dense, positive nucleus in the center with 
mostly empty space around the outside.  

That concludes our brief overview of the history of the atom. Stick around as 
we learn to draw Bohr models and then later as we look at how those Bohr 
models explain how atoms give off light.  
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Unit 2, Video 5 – Drawing Bohr Models 
 

This is Rebecca from ChemistryIsMyJam.com. In this video we are going to 
learn to draw Bohr models. In the last video, we learned that the Bohr Model 
of the atom was sometimes called the planetary model, because it had 
electrons going around the nucleus very much like planets go around the sun.  

We now know that there are some issues with that model of the atom – it’s 
not totally accurate in terms of what’s actually going on inside the atom. 
However, it still helps us make some valuable statements about the atom. It 
still helps us picture the fact that the electrons are located within energy levels 
in the atom. The energy levels that are closest to the nucleus have lower 
energy. 

One thing that you should be aware of as you learn to draw Bohr models is 
that the number of electrons that each energy level holds follows a certain 
formula. The formula is 2n2 where n is the energy level. 

For example, the first energy level, if you take a 1 and plug it in for n, 1 
squared is 1, times 2, gives you 2 electrons. So the first energy level can hold 
up to 2 electrons. This formula has helped me figure out how many electrons 
the first energy level can hold.  

For the second energy level, plug a 2 in for n. 2 squared is 4, times 2, gives 
me 8. The second energy level can hold up to 8 electrons.  

For the third energy level, 3 squared is nine, times 2 is 18. The third energy 
level can hold up to 18 electrons. It doesn’t have to have 18 electrons, but it 
can’t have more than 18. It is full with 18 electrons.  

 

Let’s look at some examples where we are going to draw the Bohr Models for 
carbon, sulfur, nitrogen, and magnesium.  

Suggested Question (Time 2:02)  
What formula describes the number of electrons within an energy level? 
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We need to keep those numbers of electrons that each energy level can hold 
in mind as we do this. So you want to keep in mind that the first energy level 
can hold 2, the second energy level can hold 8, and the third energy level can 
hold 18 electrons. 

You also want to pay attention to the fact that for a neutral atom, the number 
of electrons will match the atomic number.  

So our first example is going to be carbon. Carbon has 6 protons because it is 
element number 6 on the periodic table. We are going to be drawing  6 
electrons for a neutral atom of carbon. 

The first thing you want to do is somehow indicate where the nucleus is. For 
this some people put a dot. I tend to use the symbol for the element. For 
carbon, I’m going to put a C in the center. That is representing my nucleus but 
it is also letting me know that this is the Bohr model for carbon. 

Next, I need to draw circles to represent energy levels. So I’m going to start 
with 1 circle. It is going to be fairly close to the nucleus. That is the first energy 
level and we know that the first energy level can hold up to 2 electrons. Keep 
in mind this is carbon. I’m going to be drawing a total of 6 electrons. 2 of those 
can go in the first energy level.  

I’m going to add two electrons. I’m going to use dots to represent those 
electrons. You can see that I have put my 2 dots far away from one another. 
They are both represent electrons. Both of those electrons have a negative 
charge. Since they have the same charge, they are going to repel one another. 
So I’ve put them far away from one another to try to indicate that.  

At this point, I’ve used 2 of carbons 6 electrons. There are 4 more electrons 
that I need to draw. I have filled up my first energy level. The remaining 4 can 
all fit into my second energy level. So I need to draw a second energy level. 
I’m going to put a circle outside of my first circle. It gets 4 electrons and once 
again I’m going to spread those 4 electrons out.  

Now I have drawn the 6 electrons that make up carbon. 2 of those electrons 
are in the first energy level. At that point that energy level is full. The 
remaining ones all fit into the second energy level.  
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Even though we know that in the true atom, electrons are not moving in 
perfect little orbits around the nucleus, this is still a useful model of the atom 
because it helps me picture the energy levels where those electrons are 
located. The thing that you need to keep in mind as you draw these: your 
number of electrons will match your protons as long as you are doing a neutral 
atom. The first energy level holds 2, the second holds 8, and the third holds 
18.  

Let’s move on to our next example which is sulfur. Sulfur is element number 
16 on the periodic table. It has 16 protons. A neutral atom of sulfur will also 
have 16 electrons.  

I’m going to use the symbol of sulfur to represent my nucleus and I am going 
to start drawing in energy levels. Here is my first energy level. My first energy 
level will be full with 2 electrons. So I’ve drawn my two electrons. At this point 
that energy level is full. 

I’ve used 2 of my 16 electrons. There are 14 more electrons that need to be 
drawn. 8 of those can go in the second energy level. So I’m going to go ahead 
and draw my second energy level.  

At this point, I’m going to fill up that second energy level. So I want to point 
out something that is very common when people draw Bohr models. There are 
four locations within an energy level where they tend to put electrons. They 
tend to use these four corners right here and they put the electrons in pairs. 
So I’m going to be putting pairs of electrons. I do want to spread them out as 
much as possible, but they tend to go in pairs. So I’m going to have one here, 
one here, one here, one here, and then I would start to pair them in that same 
location.  

The most crucial thing is to make sure that you have the correct number of 
electrons on the correct energy level but this is the accepted way for drawing 
Bohr models – to put them in pairs but to spread them out.  

Let’s take a step back and see what we have drawn so far. We have put 2 
electrons on the first energy level and 8 electrons on the second energy level. 
We have drawn 10 electrons. There are a total of 16. We need to draw 6 more 
electrons.  
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I’m going to draw a third energy level here. This third energy level can hold up 
to 18, however we only need to use 6. So I’m going to have 6 electrons on this 
energy level. I still want to spread them out, so I’m putting the first 4 spread 
out. And then, there are 2 remaining that will end up getting paired. There are 
6 electrons on the third energy level.  

And now, we are done with the Bohr model for sulfur. Let’s go give nitrogen a 
try.  

Nitrogen is element number 7 on the periodic table so it has 7 protons. Since it 
is neutral nitrogen, we know that it has 7 electrons. I use the symbol for 
nitrogen as my nucleus. My first energy level can hold 2 of those 7 electrons, 
meaning that there are 5 more that are going to go into this outside energy 
level. I’m going to kind of go to my 4 corners and then one of them is going to 
have to get paired.  

The Bohr model for nitrogen has 2 electrons in the first energy level and 5 
electrons in the second energy level. Let’s take a look at magnesium.  

Magnesium is element 12 on the periodic table so I will be drawing 12 
electrons. I’m going to use the symbol for magnesium in the center. 

My first energy level can hold 2 of my electrons. At that point my first energy 
level is full. My second energy level can hold up to 8. I’m going to need to fill 
that energy level up as well. So I’m putting 8 electrons. I’m spreading them out 
but I am putting them in pairs.  

I’ve drawn a total of 10 electrons. I’m going to end up with two more electrons 
in this outside energy level and I want to spread those out. That is the Bohr 
model for magnesium  

That wraps up how we draw Bohr models. Stick around as we talk about the 
electromagnetic spectrum and how electrons relate to light being given off.  

 

  

Suggested Question (Time 9:49)  
How many electrons will be in the outermost energy level for the element oxygen? 
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Unit 2, Video 6 – Electromagnetic Spectrum 
 
This is Rebecca from ChemistryIsMyJam.com. In this video we are going to be 
looking at the electromagnetic spectrum and at the conditions under which an 
atom can give off light. Since light is made up of waves, we need to begin 
with a general discussion about the properties of waves.  

I have a wave in front of you. The top point of the wave is called the crest. 
The bottom point is called the trough. This portion where you are going from 
the midpoint to the top of the wave indicates the amplitude. And then, if you 
go from trough to trough, or from crest to crest, that distance is the 
wavelength. I would caution you to not go from midpoint to midpoint because 
that distance is only half of a wavelength. The wavelength is the entire wave. 
So it would be from trough to trough or from crest to crest.  

 

Light is made up of waves and if you take all of the different types of light 
waves that are out there and put them in one place, you have the 
electromagnetic spectrum. So I have a diagram of the electromagnetic 
spectrum before you. You can see that it ranges from radio waves, which 
have a wavelength of 10^3 meters, all the way down to gamma rays, which 
have a wavelength of 10^-12 meters. So there is a really wide range of 
wavelengths that make up the electromagnetic spectrum.  

I love this particular diagram because it also gives you some ways to kind of 
visualize that size. For example, a radio wave, if you are talking about the 
length of a radio wave, you’re comparing that to the size of a building. One 
radio wave is roughly the size of a building.  

Whereas when you get down here to microwaves, you’re getting into the size 
of somewhere between a human and a butterfly. Infrared waves are around 
the size of a needle point. Visible light, the length of the wave, is about the 
size of a protozoan so it is getting very small. Ultraviolet light is about the size 
of a molecule, and x rays are about the size of atoms.  

Suggested Question (Time 1:00)  
True or False: Measuring from midpoint to midpoint on a wave describes the wavelength. 
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A gamma ray, which is the highest energy type of light, it has the shortest 
wavelength – is about the size of the atomic nucleus, so it is very, very small. 

You can also see on this diagram that the only portion that the human eye can 
see is this visible portion right here. You’ve got your rainbow in there – the 
visible portion of the electromagnetic spectrum. Beyond that, the human eye 
is not able to see these waves.  

Another thing that I want to emphasize is that what distinguishes the different 
types of light are the wavelengths. The speed of these waves remains the 
same, but the wavelength is what changes was you go from a radio wave 
down to a gamma ray.  

 

So here are some things that you should be aware of about the 
electromagnetic spectrum. First of all, as I just mentioned, the type of light 
differs by wavelength. Speed remains the same. You should also notice that 
for the electromagnetic spectrum we looked at, wavelength decreases from 
left to right. The wavelength gets shorter as you go from a radio wave down 
to a gamma ray. Energy increases from left to right. The energy of a radio 
wave is much smaller than the energy of a gamma ray.  

Frequency, which is the number of waves that pass a particular point in an 
amount of time increases from left to right. Frequency and wavelength are 
inversely proportional. As one gets larger the other gets smaller.  

 

You may be wondering why I have randomly included this information about 
light and the electromagnetic spectrum in a series about the atom. It is 
because under certain conditions the atom can give off light. 

Electrons are in energy levels, and their lowest energy level available is called 
the ground state. Electrons try to stay in their ground state. But sometimes, 

Suggested Question (Time 3:16)  
True or False: A gamma ray has a shorter wavelength than ultraviolet light. 

Suggested Question (Time 4:14)  
True or False: Frequency and wavelength are directly proportional. As frequency increases, 
wavelength increases.  
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that atom receives energy. Maybe it gets heated up. Maybe is absorbs light. 
Something happens that causes that atom to receive energy and it excites the 
electrons. So the electrons jump from their ground state to up to a higher 
energy level. 

As soon as possible they are going to fall back to their ground state. And when 
they fall back to their ground state they have to get ride of that energy 
somehow. They emit that energy in the form of light. So electrons emit light 
when they fall from a higher energy level down to a lower energy level. The 
Bohr model for hydrogen allows us to predict the type of light that they give 
off.  

 

Here you have a diagram of the Bohr model for hydrogen. This particular one 
came from the North Carolina chemistry reference tables. You can see that 
you have the nucleus in the center. These circles around it represent the 
different energy levels that are available to an electron.  

Then you have these arrows that indicate that an electron is falling from a 
higher energy level down to a lower energy level. If you follow these lines 
down it tells you the wavelength of light that will be given off by that electron. 
And then how that type of light is classified. I do want to point out that 
wavelength, in this case, would be measured in nanometers.  

I also want to point out how these electron transitions are grouped. They’re 
grouped by the energy level that they fall to. All three of these electrons are 
falling down to the first energy level, these are all falling to the second energy 
level, and these are falling to the third energy level.  

Here is an example where we will use this diagram to predict the type of light 
that an electron will give off when it goes through different transitions.  

In the first case, we are going from the n=4 to the n=2 energy level. That “n” 
represents the energy level. This is a case that should give off light because 
you are going from a higher down to a lower energy level, so light will be 

Suggested Question (Time 5:31)  
True or False: Electrons give off light when they go from a lower to a higher energy level. 
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emitted. If you go from low to high, energy is absorbed and that will not give 
off light. So you have to be going from a high down to a low energy level. 

In this case, the electron is going to end up on the n=2 energy level. That is 
this group of electrons right here. So we need to find the case that is starting 
on the fourth, and you can see where it is labelled up here, so follow the 
fourth around and then dropping down to the 2. That gives off a wavelength 
of 486 nanometers. You can also see that that would be visible light, so you 
would actually see light being given off by that atom.  

In the case of n=3 going down to n=1, that is going to be one of these that are 
dropping down to the n=1. It needs to start on this n=3. That is going to be this 
middle one here that has a wavelength of 103 nanometers and the type of 
light would be UV. 

In the case of n=5 going down to n=3, that is going to be one of these three 
electrons because they all drop down to the third energy level. We want the 
one that starts on the fifth. The fifth would be here. Follow it around. We are 
dealing with that electron transition right there. It drops down and you can see 
that it would be 1,282 nanometers and it would be infrared light.  

 

Some applications of all of this. Scientists have realized that each individual 
element gives off a different spectrum of light. This is great for identifying 
elements. You can excite the electrons in an atom and then measure the type 
of light that is given off. That will tell you which element you are looking at.  

This has a lot of applications in astronomy when you have got something that 
you want to know what it is made of but you can’t take a sample of it. You 
can point a special type of telescope at it that will tell you the spectrum of 
light that is being given off and use that to identify elements. 

It is also used in flame testing which is a common lab procedure where you 
take a sample and put it into a flame and it causes the flame to turn different 
colors. So that is one way that you can identify the elements that are present.  

Suggested Question (Time 8:45)  
What wavelength of light will be given off when an electron drops from the n=4 to the n=1 
energy level? 
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And then a more fun way that this is applicable is through fire works. Because 
in the case of fireworks, the elements that are shot up into the air. Those 
electrons get excited inside those atoms. They fall back down to their ground 
state and when that happens they give off different colors of light. So there 
are a lot of different applications with how the electromagnetic spectrum lines 
up with the electrons inside of an atom.  

I hope you will stick around as we continue unit 2 by looking at electron 
configuration.  
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Unit 2, Video 7 – Electron Configuration 
 
This is Rebecca from ChemistryIsMyJam.com. In this video are going to be 
talking about electron configuration. 

Each electron within an atom has its own location and we need a method for 
indicating what that location is. Just like in this stadium that I have on the 
screen, each person has their own location. If I were trying to indicate to you 
the location of this person wearing pink, I would first indicate whether or not 
they were on the first or the second floor. Then I would indicate the section 
number, the row number, and finally the seat number. Each person in the 
stadium has their own set of numbers that help you find exactly where they 
are. The same is true for electrons.  

When we are locating electrons, we will go through four different levels. The 
first level is the energy level. The energy level is indicated by the row on the 
periodic table. So if an element is in the third row down on the periodic table, 
you should expect that there are electrons in the first 3 energy levels for that 
element.  

Within those energy levels are sublevels. We will take a look at these but you 
are going to find that those sublevels are called S, P, D, and F.  

Within those sublevels are orbitals and the type of sublevel dictates the 
number of orbitals. For example, the S sublevel has 1 orbital while the P has 3. 

Then within the orbitals – that’s where the electrons are located and each one 
of those orbitals can hold up to 2 electrons.  

I’m going to go through and spend a minute on each one of these different 
levels and then we will look at how we can write electron configurations.  

First of all, the energy level. We saw these when we talked about Bohr 
models. You have different energy levels where electrons are located.  

The number of energy levels is indicated by the row down on the periodic 
table. The Bohr model for aluminum shows you that there are 3 energy levels 

Suggested Question (Time 1:59)  
True or False: Every sublevel has the same number of orbitals. 
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for aluminum and aluminum is located on the third row down on the periodic 
table. So your row down indicates the number of energy levels present.  

 

Within those energy levels, you have sublevels. And there are 4 different 
types of sublevel: S, P, D, and F. These sublevels are where the orbitals are 
located and those orbitals are where the electrons are located. So sublevels 
hold orbitals and orbitals hold electrons.  

For each sublevel, you should be aware of the shape of its orbitals, the 
number of its orbitals, and then the number of electrons that it can hold.  

The S sublevel has orbitals with a spherical shape. The P sublevel has orbitals 
with a barbell shape. We will look at the D and the F but those have a shape 
that is a little more difficult to describe.  

The number of orbitals is important. The S sublevel has 1 orbital, the P has 3, 
the D has 5, and the F has 7. 

Each of those orbitals can hold up to 2 electrons, so the number of electrons is 
2 times the number of orbitals. 

I want to make some relationships back to the periodic table. This periodic 
table is one that we will be using throughout this video to try to understand 
electron configuration and you can see that it has been color coded.  

The periodic table is arranged in such a way to indicate where electrons are 
located. This portion right here represents the S sublevel. This portion 
represents the P. This portion represents the D and then underneath would be 
the F.   

If you count the number of elements across, like for the F there are 14 
elements across – the F sublevel holds 14 electrons. That is not a coincidence.  

The P sublevel: That block on the periodic table is 6 elements across which 
can help you remember that the P sublevel holds 6 electrons.  

So that is a tool that we will be using throughout the video. For now, I want to 
go back and finish discussing orbitals and electrons.  

Suggested Question (Time 2:31)  
How many energy levels would you expect an atom of calcium to have?  
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This diagram shows you the different types of orbitals that are present within 
the sublevels. Starting at the top, you have the S sublevel. Recall that the S 
sublevel had 1 orbital and it had a spherical shape. So this 1 sphere is 
representing the S sublevel. 

The P sublevel had 3 orbitals, so you can see that for this yellow portion there 
are 3 orbitals, and it has a barbell shape so there are little tiny barbells. Also 
notice that if you look at these on a three dimensional axis, one of them falls 
along the X axis, one along the Y, and one along the Z – so it is very three 
dimensional.  

The D sublevel has 5 orbitals and we said that the shape was a little more 
difficult to describe, as you see here. And then the F sublevel has 7 orbitals 
with also some difficult shapes. I do want to point out that the shapes remain 
very three dimensional and the shapes get more complicated as you go from 
S, P, D, down to F.  

So once again, these are the orbitals that are located within the sublevels, that 
are located within the energy levels. And these orbitals are the regions of 
space where you will find the electrons.  

 

The electrons are located within orbitals. Each orbital holds up to 2 electrons 
but they must have opposite spins. We indicate that with arrows – one going 
up and one going down to indicate that one is going this direction while the 
other is spinning the opposite direction.  

 

Suggested Question (Time 4:47)  
How many electrons can fit into the D sublevel? 

Suggested Question (Time 6:10)  
What is the shape of orbitals within P sublevels? 

Suggested Question (Time 6:32)  
True or False: Each electron resides in its own orbital. 
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So we have looked at energy levels, which contain sublevels, which contain 
orbitals, which contain electrons. If we are trying to locate each electron 
within an atom, we do that with an electron configuration. 

The example in front of you is an electron configuration. It is always going to 
have a large number here that indicates the energy level, followed by a letter 
– this is always going to be S, P, D, or F – that indicates the sublevel. And then 
you will have a superscript on that letter that indicates the number of 
electrons in that sublevel.  

So the electron that this particular electron configuration is referring to is 
located within the first energy level, in the S sublevel, and that sublevel is 
holding 2 electrons. 

Recall that the periodic table has been arranged in such a way to help us 
indicate electron configuration. So you have an S block, a P block, a D block, 
and an F block. And in this particular periodic table, I have color coded those 
for you.  

One thing you should also be aware of, many periodic tables put helium right 
here – which makes sense because helium has similar properties to the noble 
gases – but for electron configurations it makes more sense to put helium 
here, because helium only has a 1s sublevel. It is best to pretend that helium is 
here when you are doing your electron configurations.  

In this example, we are going to be writing the electron configuration for 
oxygen, which is located here on the periodic table. We are going to be 
starting in the top, left corner of the periodic table and going through each 
element until we get to oxygen, and writing the electron configuration.  

I find that it is helpful to have a printed periodic table when you’re doing this 
and to go ahead and number the rows on the periodic table, because those 
are going to indicate your energy levels.  

We are doing the electron configuration for oxygen, so I’m going to indicate 
that by putting oxygen here. Then I’m going to be beginning in the top left of 
the periodic table with hydrogen, and I’m going to go through each element 
until I get to oxygen. 
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So starting up here with hydrogen – hydrogen is in the first energy level, so I 
put a big one to indicate the first energy level. It is in the s block of the 
periodic table – this whole dark blue block is considered the s block. So I’m 
going to put an s.  

The number of elements in that s block is the next thing that I want to count. 
There is hydrogen and then there is helium – there are 2 elements in the 1s 
block, so that two becomes a superscript here to indicate that there are 2 
electrons in the 1s sublevel for oxygen.  

That got me through hydrogen and helium – elements one and two. Now I go 
to the next element, which is element 3 – lithium. That is in the second energy 
level. It is in the s block. That 2s block holds 2 electrons, so I put a 2 here.  

That got me through element 4, so next I start with element 5, which is boron. 
I am still in the second energy level, so I put a 2, but now I am in the p block so 
I’m going to put a p. Then I want to count across until I get to oxygen – there 
are 1, 2, 3, 4 elements across. I’m going to put a superscript 4 there. That tells 
me that the 2p sublevel for oxygen is holding 4 electrons.  

So this is the electron configuration for oxygen. As a reminder, the large 
numbers indicate the energy level, the letter indicates the sublevel, and then 
the superscript is telling you the number of electrons within that sublevel.  

 

Let’s repeat this process for another element. This time we will do sodium. 
Sodium is located here. I’m going to indicate that I’m talking about sodium.  

I’m going to go ahead and number my rows down and then I’m going to start 
in the top, left corner of the periodic table – up here with hydrogen. That is in 
the first energy level. It is in the s block, which is this whole dark blue portion. 
That 1s energy level is holding 2 electrons so I will put a 2 here.  

That got me through elements 1 and 2 so then I’m going to go to element 3. 
I’m now in the second energy level. I’m still in the s block and there are 2 
electrons in that 2 block. Then I go across to here. This is the portion I’m 

Suggested Question (Time 10:52)  
How many electrons are in the 2s sublevel for oxygen? 
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looking at next. I’m now in the second energy level but I’m in the p block. I’m 
going to go all the way through it. There are 6 elements there indicating that 
there are 6 electrons in that 2p block.  

That got me through element 10 so now I go to element 11. That’s in the third 
energy level down. It’s in the s block and sodium is the first element in that 
block so I’ll put a 1 here to indicate that I’m going to stop there. There is only 1 
electron in that 3s sublevel. 

You can see that this periodic table is very helpful because it has been color 
coded and it has been labelled. I want to use these labels to show you one 
area where you have a change in the pattern.  

I’m going in order through the elements on the table. You have 1s, then there 
is 2s. Come across to here you have 2p, 3s, 3p. Notice that everything here is 
on the same row, it has the same energy level number.  

You run into a change when you get down to the fourth row. Here you have 
the 4s so you would expect this to be the 4d, however in the d block, the 
energy level drops by 1.  

So it goes 4s, 3d – here you’re leaving the d block so it goes back up to normal 
– 4p, 5s, 4d, 5p.  

You can see that any time you’re in the d block, the energy level has been 
reduced by 1.  

For the electron configuration for bromine, you can see where this happens. 
You have 1s2, 2s2, 2p6, 3s2, 3p6, 4s2, 3d10 – it takes 10 to go all the way 
through the d block – and the energy level dropped down to a 3. Here we are 
coming out of the d block, you go to a 4p and 5 electrons gets you to bromine.  

In terms of the f block, the f block will make sense when you realize that the f 
block actually fits into the table right here. You have element 55, 56, 57, here 
is 58 all the way to 71, back up to 72 here. 87, 88, 89, down to 90 here. The f 
block fits right here into the periodic table. Right here between elements 57 
and 72, and 89 and 104.  

So this is the sixth row down on the periodic table and the seventh row down 
on the periodic table. You can now see that the f block drops by 2. It went 
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from 6s to 4f, and then from 7s to 5f. The energy level drops by 1 in the d 
block and by 2 in the f block. 

 

This all seems rather tedious. Surely there must be a short cut, and there is – 
we call it the noble gas configuration. 

You can see it here for bromine. I’ve written out the long version or bromine 
and then I’ve written it out in the short cut method – the noble gas 
configuration.  

What you do is you find bromine on the periodic table. Recognize that there 
elements over here on the far right are your noble gases. You want to find the 
last noble gas that you pass before you get to bromine. So you’re going to go 
up and all the way to the right. You can see that for bromine that would be 
argon. So argon goes right here in brackets.  

And then, the rest of the electron configuration starts with the element after 
argon. Argon is number 18. Start with number 19 and the write the electron 
configuration as normal. Let’s look at another example. 

In this example I’m going to write the electron configuration for silver which is 
element number 47 on the periodic table. I need to start by indicating the 
noble gas in front of silver. Find silver, go up and all the way to the right and 
you see krypton. Krypton goes in brackets. I’m going to be putting Kr in 
brackets.  

By putting Kr in brackets you are letting your reader know that you are 
indicating that everything in front of Kr is already there. It would be tedious to 
write it out again.  

Now that I have put Kr in brackets, I can start with the element after Kr. Kr is 
number 36, I’m going to start with element number 37. I do need to count my 
rows down on the periodic table, so I’m in the fifth row down. I’ll put a 5 here. 
This portion is the s block and there are 2 elements in that s block, so I’ll have 
5s2. I am entering into the d block and when I go into the d block, the energy 

Suggested Question (Time 14:53)  
What sublevel comes after the 4s sublevel when writing electron configurations? 
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level drops by 1, so instead of a 5, I need to put a 4d, and then I’m going to 
count over to silver. You’ll see 1, 2, 3, 4, 5, 6, 7, 8, 9 elements gets me to 
silver which indicates that there are 9 electrons in the 4d sublevel for silver.  

 

And then one last example that I want to include. What if you are writing the 
electron configuration for a noble gas? I’m going to write the one for argon. 
I’m going to be writing the electron configuration for argon. 

If I am using the short cut method, do I have to go up to the previous noble 
gas? The answer is Yes. And the reason for that is that this electron 
configuration is going to show you the electrons that are in the outermost 
energy level for that particular element, and those are the most important 
ones. We are going to see later that those are the ones that are participating 
in bonding, so those are the electrons that really matter in terms of the 
chemistry of the element. So it is important that you list those last electrons.  

What I’m going to do for argon, is I’m going to go up and all the way to the 
right. My last noble gas is going to be neon. And then I’m going to start after 
neon. Neon is number 10 so I come here to number 11. That’s the 3s sublevel. 
It has 2 electrons. Come across here. Now I’m into the 3p. Fill up that p 
sublevel with 6 electrons and you’re done.  

Even though it seems a little redundant when you’re writing the electron 
configuration for a noble gas, to go up to the previous noble gas, the reason 
for that is that these are the electrons that are going to participate in bonding 
so you want to show those in your electron configuration.  

Stick around for our last video for unit 2 which covers orbital notation. 

 

 

Suggested Question (Time 17:26)  
What element should go in brackets when writing the noble gas electron configuration for 
chlorine? 

Suggested Question (Time 19:20)  
True or False: When writing the electron configuration for a noble gas, it is sufficient to simply 
put that noble gas in brackets. No other information is necessary. 



Chemistry Is My Jam.Com   

© ChemistryIsMyJam.com.  

Unit 2, Video 8 – Orbital Notation 
 
This is Rebecca from ChemistryIsMyJam.com. In this video we are going to be 
looking at orbital notation. Orbital notation is another way to visualize the 
location of electrons within an atom.  

On the screen, you have the orbital notation for oxygen in its ground state. 
We are going to take a look at what information you can get from this and 
then we will look at how you can write the orbital notation for any element.  

Each of the arrows on the screen represents an electron and each of the 
boxes represents an orbital.  

Someone could quickly glance at this diagram and tell that there were 2 
electrons in the 1s sublevel for oxygen. They could also see that there were 4 
electrons in the 2p sublevel for oxygen.  

 

Now that you have seen an example of orbital notation, let’s take a look at 
some of the rules that govern how you write orbital notations.  

The first rule is the Pauli Exclusion Principle. This says that electrons fill the 
lowest energy level first. In the case of oxygen, that means that the electrons 
would fill this 1s sublevel, then they would go to the 2s, and then they would 
go to the 2p. So electrons will fill the lowest energy level that is available to 
them before they go to a higher energy level. 

The second rule is the Aufbau Principle. The Aufbau Principle says that each 
orbital can hold up to two electrons but they must have opposite spins. We 
indicate that by having one arrow going up and one arrow going down. So 
within each orbital – within each box – you should have an up arrow and a 
down arrow.  

Keep in mind that even though electrons are very tiny, they are still following 
the rules of physics, which is why electrons need to have opposite spins within 
an orbital. An electron is a charged particle. It has a negative charge. If you 
have one charged particle spinning this direction, it is going to create a 

Suggested Question (Time 0:57)  
How many electrons are in the 2s sublevel for oxygen in its ground state? 
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magnetic field. Another charged particle spinning the opposite direction would 
counteract that magnetic field, which is why the Aufbau Principle says that 
these electrons must have opposite spins within each orbital. 

The final rule is Hund’s Rule. Hund’s Rule says that electrons fill sublevels so 
that as many as possible will have the same spin. This doesn’t apply much to 
the S sublevel because each S sublevel only has 1 orbital, but it does apply to 
the P sublevel. You see it here in our example for oxygen.  

Notice that in the case of oxygen, you have an up arrow here, an up arrow 
here, and another up arrow here, before there were any down arrows put into 
place. This was to obey Hund’s Rule. The sublevel was filled so that as many 
electrons as possible had the same spin.  

If you had said up-down in that orbital, up-down in that orbital, you still have 
the correct number of electrons but you have violated Hund’s Rule. This is an 
incorrect to do the orbital notation for oxygen. You should have as many up 
arrows in place before you put any down arrows in order to keep from 
violating Hund’s Rule.  

 

Now that we have seen some of the details about orbital notation, let’s take a 
look at some of the tools that you have in place when you need to write one.  

First of all it is important to know the number of orbitals that are within each 
sublevel. I have that listed here. You should know that an S sublevel always 
has 1 orbital. So anytime I draw a 1s sublevel, I’m going to have 1 orbital. A P 
sublevel always has 3 orbitals, so I would have 3 boxes. D should always have 
5 and F should always have 7. This is a key piece of information that you need 
when writing an orbital notation.  

I find it helpful whenever I’m writing an orbital notation to start with an 
electron configuration. Here I have the electron configuration for oxygen. This 
is like a road map that I can use to help me write an orbital notation.  

When I look at this, the first thing that I see is the 1s sublevel. From the S, I 
know that I need to start with 1 orbital in the 1s sublevel, because an S 

Suggested Question (Time 3:48)  
Which rule of orbital notation prevents us from filling the 2s sublevel before filling the 1s 
sublevel? 
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sublevel is always going to have 1 orbital. And then, I see this superscript – 
that 2 tells me that there should be 2 electrons within that 1s orbital. I would 
have an up arrow and a down arrow.  

Then I would go to the next spot, and I see that I have a 2s sublevel. The fact 
that it is an S means that it should only have 1 box. And then there should be 2 
electrons within it – one going up and one going down.  

The 2p sublevel comes next. P has 3 orbitals, so I would have 3 boxes. I’ve 
labelled it 2p and I need to have 4 electrons in that sublevel. You should 
always draw your electrons one direction first. I always draw my up arrows 
first. I would have an up arrow here, an up arrow here, an up arrow here. At 
that point I’ve maxed out my up arrows. Now I can go back and put a down 
arrow.  

I have obeyed Hund’s Rule, the Aufbau Principle, and the Pauli Exclusion 
Principle by doing things in that order.  

 

Here is an example where we are going to be writing the orbital notation for 
the element phosphorous. Keep in mind you should start with the electron 
configuration for phosphorous. Here you have the electron configuration for 
phosphorous. I do have a previous video in this playlist that goes over how to 
write an electron configuration.  

Now that we have that in place, we can write our orbital notation. I’m going to 
go step by step, left to right through my electron configuration and draw it out 
as an orbital notation.  

The first thing that I see is 1s2. The s tells me that I should be starting with a 
sublevel that only has 1 orbital. So I’m going to start with 1 box. I’m going to 
label it 1s. And then I see that this 1s sublevel should have 2 electrons in it. So 
I’m going to have 2 arrows, one going up and one going down.  

Suggested Question (Time 6:11)  
How many orbitals should be drawn for a P sublevel?   
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I now go to my next place, which is 2s2. It is still an S sublevel, so it gets 1 
orbital. I’m going to have 1 box. I’m going to label it 2s. And then it should 
once again have 2 electrons in it.  

The next sublevel is a p. A p sublevel should have 3 orbitals, so I’m going to be 
drawing 3 boxes. I’m going to label the whole thing 2p. And then I’m going to 
fill it up. It should have 6 electrons. That’s going to totally fill up my p sublevel. 
Even though I’m going to fill it up, I still drew all of my up arrows first. Because 
that is going to be a good habit for me to be in so that I don’t ever violate 
Hund’s Rule. Then I drew my down arrows. There are 6 arrows total.  

I’m now ready to go to the 3s. The 3s is an s sublevel so it only gets 1 box. It 
gets 2 electrons so now its full.  

Now I’m ready to go the 3p, which should have 3 orbitals. So a 3p is here. 
Here is where Hund’s Rule could easily be violated. I need to have 3 electrons 
in that 3p sublevel. I’m going to draw all my up arrows first. So an up, an up, 
and an up, and I’m done. That is the correct way to write the orbital notation 
for phosphorous in the ground state.  

If I had written up, down, up, I would have violated Hund’s rule and this would 
be an incorrect answer. 

 

There are some different variations of orbital notations out there. I wanted to 
take a minute to show you one of those. You will see that these still follow all 
the rules that we looked at. They still follow the Pauli Exclusion Principle by 
filling the lowest energy level first. They still follow the Aufbau Principle by 
only having 2 electrons in each orbital with opposite spins. And they still follow 
Hund’s Rule by putting as many electrons as possible with the same spin 
within a sublevel.  

However, it does look a little different. Notice that instead of boxes, the 
orbitals have been illustrated with lines. They mean the same thing. Each line 
represents an orbital and each arrow represents an electron. 

Suggested Question (Time 9:02)  
The 3p sublevel in our example for phosphorus has three up arrows. Which rule caused these 
electrons to be arranged like this? 
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The other thing that you sometimes see is instead of being straight across the 
way we were doing them, sometimes they are on an energy level. You can see 
that the 1s has the lowest energy level, then the 2s, then the 2p, then the 3s, 
the 3p, the 4s, and the 3d.  

In order to follow the Pauli Exclusion Principle, you would need to start with 
the lowest energy level at the bottom of the graph and fill these sublevels as 
you go up the graph. 

That concludes Unit 2 about the atom. If you have found these videos helpful, 
I hope that you will like them and subscribe to ChemistryIsMyJam.com. 

 

Suggested Question (Time 10:47)  
When the orbital notation for an element is drawn on an energy graph with energy on the y-
axis, which rule or orbital notation causes these sublevels to be filled from bottom to top? 
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