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Unit 1, Video 1 – The Scientific Method 
 
Welcome to ChemistryIsMyJam.com. My name is Rebecca and I believe that 
Chemistry can be your jam too. This is unit one: Science and Measurement.  

This unit introduces the concept of chemistry, discusses the scientific method, 
reviews the metric system, discusses measurement, and classifies matter. 
Let’s get started. 

So what is this thing that we call science? Science is our effort to understand 
the world around us. A scientist is not ok with knowing that something 
happens. They want to know why it happens. In order to do this, we depend 
on observations, experiments, and measurements to make predictions about 
our world.  

 

Suggested Question (Time 0:58)  
True or False: Once a scientific concept has been published, it never changes. 
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Science is dynamic. It is constantly changing. Our understanding of the world 
is constantly changing as technology improves and new ideas are formed.  

Chemistry is the area of science that tries to explain how atoms interact with 
one another. A chemist may try to determine what atoms are present in a 
certain molecule, like in forensics for example. A chemist may try to determine 
what molecules need to be combined in order to produce a certain 
pharmaceutical product. Or, a chemist could study the environmental impact 
of an industrial complex. Chemists make all kinds of contributions to our world.  

One thing you should understand is that chemistry is an experimental science. 
A chemist can’t look through a microscope and watch a reaction take place. 
They depend on experiments, observations, and they follow the scientific 
method to try to explain what is going on.  

The scientific method is a series of steps that scientists go through in order to 
answer a problem. The first thing that a scientist does is identify what it is that 
they are trying to solve. They identify the problem. Then they do some 
background research. They go look in scientific journals and see what other 
researchers have already determined about their problem.  

Based on the background research, they can form a hypothesis. They can 
design an experiment that will test their hypothesis, analyze the data from 
their experiment, and then form a conclusion. The conclusion should refer 
back to the hypothesis. They could say “Yes, my hypothesis is correct and I’m 
going to rerun the experiment to make sure that it is consistently correct.” Or, 
“No, my hypothesis was wrong. I’m going to change it and design a new 
experiment to test my new hypothesis.  

 

The scientific method can be applied to things in your everyday life. Suppose, 
for example, that you are a runner who wants to improve your time in a 5K 
race. You identify your problem as “What will be the effect of interval training 
on my 5K race time?” You do some background research and find that many 
coaches recommend interval training. Your hypothesis is “Interval training will 
improve my 5K race time.” You test your hypothesis by interval training for 

Suggested Question (Time 2:53)  
True or False: Research stops when a hypothesis fails. 
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several weeks and then participating in a 5K race. You analyze the data and 
find out that your time did in fact improve. So your conclusion would be that 
interval training had a positive effect on your 5K race time.  

Consider another, more scientific example. Suppose you are an engineer 
working on an industrial site, and you have been tasked with finding ways to 
improve the environmental impact of your process. So your problem is “How 
can I reduce the amount of carbon dioxide emissions coming from the 
smokestacks on our site?” You do some background research and find a 
chemical that in most cases reduces carbon dioxide emissions. You form a 
hypothesis that switching to this chemical will reduce your carbon dioxide 
emissions. You set up a chemical trial where your industrial site uses the new 
chemical. You analyze the data and find out that in your case, your carbon 
dioxide emissions did not improve. So your conclusion would be that your 
hypothesis, in this case, was wrong. You would want to go back, do more 
background research, form a new hypothesis possibly with a different 
chemical, and test the hypothesis again. You would keep running through the 
scientific method until you found something that worked well, consistently.  

Once you find something that works consistently, so that would be a correct 
hypothesis that has been through repeated testing, then you would be ready 
to call that a scientific theory. So a scientific theory is a correct hypothesis 
that has been through repeated testing. Theories are much more common 
that scientific laws.  

A scientific law must always be true under the given conditions. Some 
examples of scientific laws are the law of gravity, the law of conservation of 
mass, the laws of thermodynamics, and the ideal gas law. There are often 
mathematical statements associated with scientific laws and that’s not always 
the case with scientific theories.  

In this video, we’ve introduced the concept of chemistry and started 
discussing the scientific method. Stick around as we continue the scientific 
method by discussing types of variables.  
 

Suggested Question (Time 5:57)  
True or False: Scientific laws are much more common than scientific theories. 
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Unit 1, Video 2 – Observations and Variables 
 

This is Rebecca from ChemistyIsMyJam.com. In this video we are going to be 
discussing scientific observations and types of variables. Let’s get started with 
observations.  

There are two major types of scientific observations that you can make. The 
first one is a quantitative observation. Quantitative observations are 
measurable. They have a number and a unit associated with them. For 
example, you might say, “I used 32 milliliters of fluid.” Or, “The room is 24 
degrees Celsius.” “There are 10 cars in the parking lot.” Each one of these 
observations has both a number and a unit associated with it.   

The other type of observation is a qualitative observation. Qualitative 
observations are more subjective and do not have numbers associated with 
them. So you might say,” The room is cold.” “There are a lot of cars in the 
parking lot.”  

 

In science, we prefer quantitative observations and that is because we want 
science experiments to be repeatable. And in order for something to be 
repeatable, it is best to know the exact numbers that go along with your 
measurements. So, whenever possible, we want to make quantitative 
observations.  

The observations that we make during an experiment are often related to the 
changes that are taking place. So let’s define those changes. The first one is 
called the independent variable. The independent variable is the one that is 
intentionally changed by the scientist. This is sometimes called the 
manipulated variable. This is the item that the scientist is trying to study. Now 
other things will react to that change. We call those the dependent variables. 
Dependent variables respond to changes in the independent variable. 
Dependent variables are often called responding variables.  

Suggested Question (Time 1:07)  
The temperature increased by 4.8 degrees Celsius. Is this a quantitative or qualitative 
observation?  

The solution changed from clear to pink. Is this a quantitative or qualitative observation?  
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Let’s look at an example. In the picture, the scientist is changing the pH of the 
solution. That is the independent variable. That is the thing that she is 
intentionally changing. Colors changed because of the change in the pH. Those 
colors responded to the change in the pH. Those are the dependent variables.  

So the independent variable is intentionally changed and the dependent 
variable responds to the independent variable. 

 

Here is an acronym that may help you keep all of this straight. It is DRY MIX. 
The D is for Dependent variable which is often called the Responding variable. 
And this is very often found on the Y-Axis if you are graphing your 
experiment. The M is for Manipulated variable which is another name for the 
Independent variable, which is often found on the X-Axis during your 
experiment.  

Another type of variable that you should be aware of is a controlled variable. 
Controlled variables remain the same throughout the experiment. The purpose 
of controlled variables is to make sure that your experiment is measuring what 
you intend for it to measure. It is making sure that other things don’t sneak in 
and affect your data. Ideally, in a controlled experiment, all of the variables 
will be controlled – meaning that they will stay the same – except for the 
independent and dependent variables. That way the only things that change 
your data are the things that you are actually studying.  

 

Let’s look at a scenario where we are going to identify the dependent variable, 
the independent variable, and any controlled variables that are present. Here 
is the Scenario: “You are trying to determine which of three substances has 
the higher heat of solution. You add the same amount of each substance to 
the same amount of water at the same initial temperature. You measure the 
final temperature.”  

Suggested Question (Time 2:49)  
True or False: Another name for the dependent variable is the manipulated variable. 

Suggested Question (Time 4:02)  
True or False: There can only be one controlled variable in an experiment.  
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What is it that you are trying to study? You are trying to determine which of 
the three substances has the higher heat of solution. The thing that is being 
intentionally changed by the scientist, the independent variable, is the three 
substances.  

What responds to that? What is our dependent variable in this case? Our 
dependent variable is what we are going to measure. That is the final 
temperature. And then, finally, what were some things that we kept the same 
throughout the experiment? What are our controlled variables? Our controlled 
variables are the same amount of each substance, the same amount of water, 
and the same initial temperature. All of those things were kept the same so 
that when we measured our final temperature, we know that the differences 
that we saw were only due to the substances that we started with. It was a 
controlled experiment.   

 

So that wraps up our discussion of the scientific method. Stick around as we 
continue Unit One by discussing the Metric System. 

  

Suggested Question (Time 5:29)  
Consider the scenario below and identify the dependent variable.  

A scientist adds a catalyst to a chemical reaction to determine if the speed of the reaction 
changes.  
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Unit 1, Video 3 – The Metric System 
 

This is Rebecca at ChemistryIsMyJam.com. In this video we are going to be 
looking at units and the metric system.  

Let’s begin with types of units. In science, we use the International System of 
Units which are often called SI Units. It is important that scientists use a 
consistent set of units worldwide so that they can collaborate on projects 
together. According to SI units, the unit for length is the meter, the unit for 
mass is the gram, volume uses the liter, time is measured in seconds, and 
temperature is measured in Kelvin.  

Kelvin, as a temperature scale is new to many chemistry students. So lets talk 
about where these temperature scales that we use in chemistry come from. 
We are going to begin with the Celsius scale. The Celsius scale is based off of 
water. Scientists said water freezes at this temperature. We are going to call 
that 0. Water boils at this temperature. We are going to call that 100 and 
everything else was incremented in between. So the Celsius scale is based off 
of water.  

There is a low point on the temperature scale and we call it absolute zero. 
Absolute zero is the coldest that you can possibly get. The reason for that is 
that temperature is based off of the motion of particles. If you have particles 
in motion and they start speeding up, temperature raises. If they start slowing 
down, temperature starts falling back down. So you have a point where all 
motion stops. That is absolute zero. The lowest point on the temperature scale 
is the point where all motion stops and for Celsius, that is -273 degrees 
Celsius. So you have this large negative range on the Celsius temperature 
scale. That can be a little be problematic when you start doing math with 
temperatures because all of the sudden you’ve got negative numbers 
involved. So it is handy to use a temperature scale that doesn’t have any 
negative numbers. The Kelvin scale takes the Celsius scale and shifts it by 273 
degrees. All of the sudden, zero is absolute zero, 273 is the freezing point of 
water, and 373 is the boiling point of water. The increments on the Kelvin 
scale are the same as the increments on the Celsius scale but the scale has 
been shifted up by 273 degrees so that there are no negative numbers, which 
is quite handy if you have to do math with those temperature values.  
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Let’s talk some more about some of these other units that we see in the 
International System of Units. These units like meter, gram, and liter are 
considered the base units for the metric system.  

The metric system is based off of factors of ten. You have base units when 
there is not a prefix present, like the gram and the meter. Then you have 
prefixes that indicate the factor of ten that your number has been shifted by.  

Why does the metric system have these prefixes? It has to do with the size of 
whatever it is you are measuring. If you are measuring a room, then the meter 
– which is a base unit – is a very appropriate length of measurement. 
However, if you were trying to measure a city, then the meter would give you 
a really obnoxious number. So you would want to use something more like the 
kilometer where the number has been shifted by a factor of 103 so that you 
have a much more reasonable number in your measurement.  

Your base units don’t have a prefix, for example the gram, the meter, the liter. 
But when you put a prefix in front of those you are telling whoever is reading 
your measurement what factor of 10 you have shifted that number by. The 
prefixes that are the most common are kilo – which is shifted by 103, hector is 
shifted by 102, deka is shifted by 10, then you have deci which is shifted by  
10-1, centi by 10-2, and milli which is shifted by 10-3.  In chemistry we are often 
counting things like atoms, which are really small, so sometimes we end up 
using things like nano or micro. There are other prefixes which are outside of 
the ones you see here but these are the most common in the metric system.  

 

Let’s now go look at a metric conversion where we will shift between a base 
and some of the prefixes that you see here. In this example we are going to 
convert 5.28 millimeters to kilometers. So we are going from one end of the 
scale all the way to the other end of the scale. You always want to start with 

Suggested Question (Time 2:52)  
True or False: A student measures a temperature of 30 degrees Celsius. This is the same as 
303 Kelvin.  

Suggested Question (Time 5:01)  
Which unit would be more appropriate for measuring the size of something tiny like an atom? 
The kilometer or the nanometer? 
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the number and the unit that you are given in the question. You can see here 
that I have started with 5.28 millimeters. Then I am going to set up a 
conversion factor here where I have put whatever unit I started with on the 
bottom of this conversion factor. I had millimeters to begin with. I need 
millimeters to be on the bottom of this factor. I am converting from 
millimeters, which has a prefix, to a base. I am going to meters, which does 
not have a prefix. The conversion factor is 10-3 which was the definition of 
millimeter that we saw on the previous screen. So for every one millimeter, 
there are 10-3 meters. If I were to stop the calculation right now, millimeters 
would cancel and I would have my answer in meters. But I want kilometers, so 
I am going to go another step. Whenever I set up a new fraction, whatever 
unit I have on the top of my previous fraction is going on the bottom of my 
current fraction. That way that unit will cancel. So I had meters here, I’ve put 
meters here. I want to go from meters to kilometers. The conversion factor to 
go from meters to kilometers is 103. There are 103 meters for every one 
kilometer. When you are set up like this you want to multiply by all of the 
numbers on the top and divide by all of the numbers on the bottom. If you will 
follow the pattern where whatever unit you have here goes on the bottom of 
the next fraction then all of these will cancel. Everything that I have here in 
pink will cancel leaving me with kilometers. My answer would be 5.28x10-6 
kilometers. 

That wraps up our brief review of the metric system. Stick around as we begin 
discussing scientific notation and how it relates to measurement.  
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Unit 1, Video 4 – Scientific Notation 
 

This is Rebecca at ChemistryIsMyJam.com. In this video we are discussing 
scientific notation and this is part of a larger discussion about measurement 
that we are beginning.  

I want to first address why we use scientific notation. One of the reasons that 
we use scientific notation is that it is great for writing really large or really 
small numbers. Keep in mind that in chemistry sometimes we are going to be 
counting atoms. Atoms are super tiny! When we count atoms, a lot of times 
we use the number that you see on your screen – that is 602 with 21 zeros 
after it. It would be really time consuming to try to write that number out 
every time we want to use it. This is one example where scientific notation is 
super helpful. 

Scientific notation always follows this pattern: you have number times ten to 
some exponent. The exponent is telling you how far you have to move the 
decimal. I also want to point out that there are some general guidelines about 
that number. You want the number to have one digit to the left of the decimal 
and then any other digits would be to the right of the decimal. There is 
typically only one digit to the left of the decimal.  

 

To go from the number written in scientific notation to the number written in 
normal notation, it is important to recognize where the decimal is. In scientific 
notation, you want the decimal where there is only one number to the left of 
it. In normal notation that decimal would’ve been here at the end of the 
number. So this 23 is telling me how many spaces I moved that decimal.  

The other piece of information I can get from the exponent has to do with 
whether or not it is a positive or negative number. My decimal in scientific 
notion is right here, and the exponent is positive – I need to move that decimal 
to the right to get back to the normal number. So I would take this decimal 

Suggested Question (Time 1:25)  
Which of the following numbers follows the correct format for scientific notation? 30.5x104 
0.21x10-3 303.5x105 2.09x10-3 
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and move it 23 places to the right. If my exponent had been negative I 
would’ve taken my decimal and moved it 23 places to the left. But in this case, 
we had a positive exponent so we moved it to the right and got a very large 
number. 

 

Let’s look at some more examples where I have given you a number in 
scientific notation and I’m going to show you how you can go from that to the 
normal notation. Keep in mind that whether or not the exponent is positive or 
negative tells you which direction to move the decimal.  

For example in this number I have 2.54x10-4. The negative four tells me that I 
am going to be moving the decimal to the left. So the decimal is starting right 
here. I’m going to move it one, two, three, four places to the left. This is the 
new location for my decimal and all of these little spaces get zeros. So you can 
see that my number started as .000254.  

In the next example I have a positive exponent. I am going to take that 
decimal and move it three places to the right. One, two, three. My new 
decimal is here. I have this empty space that represents where a zero would 
go. So my number looked like this: 5,420.  

In my last example I have another negative exponent so the decimal needs to 
go to the left. My decimal is here. I am going to move it two places to the left. 
There is a space there that gets a zero. So my number started as 0.0480.  

A little rule of thumb that you can use to help check yourself as you do these: 
If you have a very small normal number you should have a negative exponent. 
Whereas if you have a very large normal number you should have a positive 
exponent. So that is something you can look out for to help check yourself as 
you do these.  

 

Suggested Question (Time 2:53)  
Which of the following numbers would you expect to have a negative exponent when written in 
scientific notation? 3,025,000 2,050 0.00220 602.0 

Suggested Questions (Time 4:26)  
How would you write the following numbers in scientific notation?  

0.00268 4,800 0.00000540 
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In a future video, we are going to be discussing significant figures. For now, I 
just want to point out that over here on the left hand side of the multiplication 
symbol you would only include significant figures. I will remind you of that 
later. But when we see significant figures later, all of the figures here are 
considered significant.  

 

This video began our discussion of measurement by reviewing scientific 
notation. I hope you’ll stick around for the next video where we will be talking 
about what it means for a measurement to be valid.  

  

Suggested Question (Time 4:49)  
True or False: Only significant figures will be included when a number is written in scientific 
notation. 
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Unit 1, Video 5 – Valid Measurements 
 

This is Rebecca from ChemistryIsMyJam.com. In this video we are going to be 
comparing accurate versus precise measurements and then we are going to 
look at what it means for a measurement to be valid.  

Let’s begin with accuracy. Accuracy means that your measurement is close to 
the true value. In terms of a dartboard an accurate throw is one that hits the 
bullseye. 

Precise means that several measurements are close together. So if we stick 
with our dartboard analogy, a precise thrower is one who every dart that they 
throw is hitting the same place. 

A measurement can be accurate and precise, accurate but not precise, or 
precise but not accurate. These two things do not necessarily go hand in hand. 
In our dartboard example, the dartboard that you see here on the left has 
three darts that have hit the bullseye. That is both accurate because it hit the 
true value – the desired value – and precise because all three of the darts hit 
the same place. Precise indicates consistency.  

The dartboard in the center would be considered precise but not accurate. The 
three darts hit the same place but they did not hit the bullseye.  

The dartboard on the right, which is kind of random, is not accurate because 
they did not hit the bullseye, and not precise because the darts did not hit a 
consistent location. It was not a repeatable measurement. So a dartboard is 
one way that you can think of accuracy versus precision but I also want to 
show you what it might look like for a scientific measurement.  

 

In this scenario, you have a sample that you know has a true value of 5.0 
grams. So in order of any measurement of you take of this sample to be 
accurate, they must give you a measurement of 5.0 grams. You take your 

Suggested Question (Time 1:59)  
True or False: Accuracy and precision work together. An accurate measurement is a precise 
measurement. 
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sample and weight it three separate times. You can see that the first time you 
got a measurement of 4.6, then 5.2, and then 4.2. None of those 
measurements were accurate. None of them gave you the true value of 5.0. 
Also your measurements have quite a bit of range in them. There is a lot of 
variability. These measurements were neither accurate nor precise. They 
didn’t hit the true value and they were not repeatable. 

The scenario that you have on the right – all three of the measurements are 
the same – so that makes them precise – however they were not correct 
measurements. They were not accurate. This is a case where they were 
precise but not accurate. Accurate means close to the true value. Precise 
means consistent. Several of the measurements are close together.  

 

Another concept about measurement that you should understand is what it 
means for a measurement to be valid. Chemistry is an experiment science. 
Throughout the course, you are going to be using glassware, scales, and 
thermometer – all types of lab equipment that have increments labelled on 
them. Those increments indicate certain places where you can make a 
measurement that you know to be true – that you know to be accurate. 
Measurements at those locations are considered certain digits.  

In science, it is expected that when you make a measurement you write down 
all of your certain digits and one uncertain digit. Every measurement that you 
make should have an estimated decimal place at the end of the measurement. 
Let’s look at an example.  

Here you have a graduated cylinder and each increment on the cylinder 
represents 1 mL. I look at where the liquid is located and I can tell that it is 
definitely somewhere between 34 and 35 milliliters. The certain portion of my 
measurement is the 34. I look at the liquid and it appears to me to be 34.8 
because I am expected to estimate one digit. My lab partner looks at the same 
liquid and estimates it to be 34.9. It is absolutely OK that we got a different 
answer for that last digit because that is our uncertain, estimated digit. Any 

Suggested Question (Time 3:16)  
True or False: The temperature of a laboratory is 25 degrees Celsius. A digital thermometer 
measures this temperatures three times giving the following readings: 22 degrees, 22 degrees, 
and 22 degrees. This thermometer is accurate but not precise. 
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scientists who is reading your measurement understands that your last digit is 
an uncertain, estimated digit.  

So a valid measurement is going to include one uncertain digit in the 
measurement.  

 

In this video we have looked at what it means for a measurement to be valid. 
Stick around as we continue our discussion of science and measurement by 
discussing significant figures.  

  

Suggested Question (Time 5:20)  
True or False: You and your lab partners should always have identical measurements when 
reading glassware.  
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Unit 1, Video 6 – Significant Figures 
 
This is Rebecca from ChemistryIsMyJam.com. In this video we are going to be 
talking about significant figures. Let’s first talk about why scientists use 
significant figures. The system of significant figures helps scientists keep track 
of how valid a measurement is.  

If you are watching this from my playlist (and there is a link to my playlist in 
the description), the previous video talks about valid measurements. A valid 
measurement reads all of the certain digits on your piece of equipment and 
one uncertain digit. All of those things that you would write down in a valid 
measurement are significant. Those are your significant figures.  

The ruler that you have on your screen has a major unit here and here with 
three small increments in between. It is really not a very accurate ruler. If I 
were to take a measurement using this ruler and record my measurement as 
3.25498 inches. That is way more accurate than my ruler is. I’ve indicated to 
anyone reading my data that I used a much better ruler than I actually used. 
Significant figures are a way of keeping track of how valid your measurement 
is and to what degree your equipment was able to measure accurately.  

 

There are some rules for significant figures. These are the rules that you 
would use if you were reading someone else’s data and you were trying to 
determine which of the numbers in their data came exactly from their lab 
equipment – which of their numbers represent valid measurements.  

The rules are: 

1. All non-zero digits are significant.  

2. All numbers between non-zero digits are significant. 

3. Leading zeros are never significant, and a leading zero is one that comes 
before non-zero digits.  

Suggested Question (Time 1:31)  
True or False: The number of significant figures in a measurement is related to the quality of 
the laboratory equipment used.  
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4. Trailing zeros are only significant if there is a decimal somewhere in the 
number, and trailing zeros come after non-zeros. 

Let’s look at some examples of how you can apply these rules to some 
numbers.  

 

Here we have some numbers that we are going to be going through and 
determining which numbers are significant. We will be using the rules that we 
just went over. We are mostly going to be focusing on the zero, because if you 
will recall – all non-zeros are significant.  

As a reminder, leading zeros are zeros that come before non-zeros and trailing 
zeros are zeros that come after non-zeros.  

In this first example, the 1 and the 3 are non-zeros so they are significant. This 
zero is between two non-zeros which makes it also significant. You are going 
to find that there will never be a gap in your significant figures. They will be 
connected together.  

In this example, the 1 and the 3 are significant because they are non-zeros. 
This zero is between them so it is significant. This is a trailing zero and trailing 
zeros are only significant if there is a decimal somewhere in the number. So 
the way it is written here, there are only three significant figures. The way it is 
written in the example below, there are four significant figures because there 
is a decimal in the number.  

A scientist is going to be very intentional about their decimal points. If a 
scientist puts a decimal here they are letting their reader know that the piece 
of lab equipment that they were measuring from was capable of measuring to 
this degree of accuracy. That needs to be a significant digit in order for their 
measurement to be valid. 

In the next example, the 103 are significant digits. These zeros are trailing 
zeros and they are significant because there is a decimal somewhere in the 
number. This example has six significant figures.  

Suggested Question (Time 2:25)  
True or False: The following number has 4 trailing zeros. 0.000250  
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In the next example, the 103 are significant. This is a trailing zero. It is 
significant because there is a decimal somewhere in the number. These are 
leading zeros. Leading zeros are never significant. They have nothing to do 
with the degree of accuracy that the scientist was able to measure. All they 
are doing is letting the reader know where the decimal should be placed.  

I could write this same number in scientific notation, like I have below, and it is 
more obvious that there are only four significant figures. Leading zeros are 
never significant.  

When you write a number in scientific notation, you’re only going to include 
significant figures on the left hand side of the multiplication sign. Anything 
that you would put over here would be a significant figure. The times ten to 
the exponent has nothing to do with your significant figures. That is just 
letting you know where you should place the decimal, just like leading zeros 
are letting you know where to place the decimal. So in scientific notation, you 
only include significant figures in the number.  

 

Once you learn to recognize significant figures, you also learn to do math with 
those significant figures. You’re going to find that there are different rules if 
you are adding and subtracting or if you are multiplying and dividing. We will 
start with the rules for adding and subtracting.  

The rule says that you should round the answer to the least place of 
significant figures. This means that you are going to be counting the places 
after the decimal when you are adding and subtracting.  

For example, at the top I’ve got 309.05. That number has two places after the 
decimal. I’m adding that to 432 which has no places after the decimal. 
Whichever of those is the smallest, two places or zero places, is what I’m 
going to use to round my answer to. In this case, since zero is smaller than 
two, my answer should have zero places after the decimal. I would put all of 
this in my calculator. Whatever I get here, I’m going to round it so that there 
are no places after the decimal.  

Suggested Question (Time 5:36)  
How many significant figures are in the following number? 0.000250  
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Here is another example. 43.5 has one place after the decimal, minus 29.49 
which has two places after the decimal. One is smaller than two so my answer 
should be rounded to where it has one places after the decimal. 

Next up you’ve got 1.054 which has three places after the decimal plus 2.98 
which has two places after the decimal. Two is smaller than three. My answer 
should be rounded to where it has two places after the decimal.   

 

The rule for multiplying and dividing is different. Instead of counting places 
after the decimal, you are going to round to the least number of significant 
figures. You are going to count the number of significant figures and then 
whichever is the smallest represents how many your answer should have.  

In this case, I have 39.2 which has three significant figures. I’m multiplying it 
by 403.45 which has five significant figures. Three is smaller than five, so my 
answer needs to be written in such a way that there are only three significant 
figures. In this case the easiest way to do that was to use scientific notation. 
I’ve got three significant figures in my answer.  

Down here at the bottom, 2.90 has three significant figures. 1.8 has two so my 
answer is rounded to where it only has two significant figures.  

It also works for division. 490 has two significant figures. 6 has one significant 
figure. I’ve written this so that there is only one significant figure. Note that 
there is no decimal here so that trailing zero is not significant. There is only 
one significant digit in this answer. I could have also written that in scientific 
notation and made it more obvious that there is only one significant figure. 
The other way that I could have written that is 8x10^1. That makes it more 
obvious that there is only one significant figure but it still represents an 
answer of 80.  

 

Suggested Question (Time 7:23)  
Carry out the following calculation to the correct number of significant figures:  
0.45 + 1.254 =  

Suggested Question (Time 9:11)  
Carry out the following calculation to the correct number of significant figures:  
0.45 + 1.254 =  
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As you just saw a lot of times when you are doing math with significant 
figures, you have to round your answer. I wanted to provide a few examples 
of how you can round significant figures. We are going to take each of these 
numbers on the left and round them to where there are only four significant 
figures. For each one, I’m going to start on the left hand side and I’m going to 
keep four digits. 

For this first example, I’m keeping the 4, the 9, the 0, and this 0. Rounded to 
four significant figures, the number looks like 490.0. I need to keep this zero 
after the decimal place because it is significant. That scientist actually made 
that measurement to that degree of accuracy, so you need to keep any zeros 
that are significant.  

Going down to the next one, I want to keep four significant figures. These first 
two zeros are not significant. I’m going to keep them but that is not where I’m 
going to start counting my four significant figures. I start counting right here. 
I’m going to keep the 2, the 9, the 4, and then I want to cut it off after the 5. I 
look at this number – it is above 5, so this number rounded up to a 6. My 
number looked like this: 0.02946.  

In the last example, you have 182,482 and I want to keep four significant 
digits starting on the left. I’m going to keep the 1, the 8, the 2, and the 
position where the 4 is, but the 4 is going to round up to a 5 because the next 
number is above 5. That means these two places right here need to become 
insignificant. Somehow, I need to let my reader know that this is still 182,000 
– the decimal should be right here. But these two places are insignificant. The 
equipment that I was using was not capable of measuring those two places. I 
have two choices. The most common method is to write it in scientific 
notation, where I have written my four significant digits, 1.825 (the 5 got 
rounded) times 10 to the fifth so that I see very obviously that there are four 
significant digits but my decimal should still be here. The times 10 to the fifth 
tells me where to place my decimal. The other choice that I have is to write it 
as a normal number, put two zeros at the end replacing those insignificant 
places. Do not put a decimal. By not putting a decimal, these two trailing zeros 
are insignificant. So this was another way to write this number with four 
significant figures and let your reader know where the decimal should be. But 
you don’t want to write a decimal because those two need to be insignificant.  
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Significant figures wraps up our discussion of measurement. Stick around as 
we continue unit one by classifying matter.  

  

Suggested Question (Time 12:43)  
Round the following number to three significant figures: 182,456  
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Unit 1, Video 7 – Properties of matter 
 
This is Rebecca from ChemistryIsMyJam.com. In this video we will be going 
into some details about properties of matter. 

A chemical property describes the way that a substance reacts with another 
substance. So the very act of measuring a chemical property causes a 
chemical change, because you are measuring how something reacts with 
other things. 

Examples of chemical properties are reactivity, flammability, ability to spoil, 
and rustability. In all of the cases, the substance that you start with gets 
changed through a chemical process and you have a different substance at 
the end of the reaction.  

 

Physical properties are different. Physical properties describe the substance 
and can often be easily observed without changing the substance. A physical 
property can be measured without changing the composition of the substance. 

Some examples include color, texture, melting and boiling point, viscosity, 
solubility, conductivity, and density.  

The one up here that tends to surprise people is melting and boiling point. 
Note that melting and boiling point is a physical property. When you change 
from the liquid to the gas phase, you are changing the state of matter but you 
are not changing the composition of the sample. Liquid water and gas water 
are both made up of H2O particles.  

 

One example of a physical property is density. You can calculate density by 
taking the mass of a substance and dividing it by the volume.  

Suggested Question (Time 0:46)  
True or False: Measuring a chemical property is a nondestructive process. It will not disturb the 
composition of your sample.  

Suggested Question (Time 1:42)  
True or False: Liquid carbon dioxide changes from the liquid to the gas phase through a process 
called sublimation at room temperature. This is an example of a physical change. 
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Water has a density of 1 gram/milliliter. If something has a density that is 
higher than that, it will sink in water. For example, this nail has a density of 
7.8 g/mL meaning that when it is dropped into water, it will sink. If something 
has a density that is lower than that, maybe gasoline for example, it will float 
on top of the water. So density helps us to determine whether or not 
something will sink or float.  

Density is also useful for helping us to identify substance. If you measure the 
density of this nail, you could then go to a table of data and use that density 
to help determine what metal the nail was made of.  

 

The density formula can be rearranged to solve for density, mass, or volume. 
One handy way to remember that is through a tringle, where I have the D on 
the bottom. D is equal to mass over volume. Let’s say I am trying to solve for 
the volume. I cover up the V and what is left is mass over density. That gives 
me the formula for volume. Or, if I cover up the M, what is left is D times V 
which is the formula for mass. So there are three different ways you can 
rearrange this formula depending on what you want to solve for.  

Here is an example. A piece of lead with a density of 11.34 grams per milliliter 
has a mass of 21.21 grams. What is the volume of the sample? If you begin 
with your density formula, you have density is equal to mass divided by 
volume. When you plug in your numbers, you’ll have 11.34 grams per milliliter 
is equal to 21.21 grams divided by x milliliters. You can cross multiply to solve 
that.  

Or you can rearrange the formula the way I showed you on the previous slide. 
The rearranged formula says volume is equal to mass over density. That 
would be 21.21 grams divided by 11.34 grams per milliliter leaving you with a 
final answer of 1.870 milliliters.  

One thing I do want to point is that if you see milliliters or centimeters cubed 
those are exactly the same thing. So these two things are the same.  They 
have the same values.  

Suggested Question (Time 2:42)  
A sample consists of ethanol and water. The ethanol has a density of 0.79 g/mL. Which liquid 
will float on the top of the sample – the ethanol or the water? 
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Now that we have seen physical and chemical properties, lets take a look at 
physical and chemical changes. A physical change indicates that there is no 
change in the composition of the substance. This means you can change the 
size, the shape, or the state of matter, but the composition of the particles 
you started with are the same as the particles you end up with.  

A chemical change involves the formation of a new substance with a different 
composition. Like spoiling, or tarnishing, or rusting. You have formed a new 
substance when a chemical change takes place.  

 

It is handy to be able to recognize when a chemical change takes place. These 
are some clues that you can look for to help indicate that a chemical change 
has happened: color change, formation of a gas, formation of a solid – 
meaning you poured two liquids together and a solid formed – that would be 
called a precipitate, or if something gives off or takes in heat or light. These 
are some things that you can look for when you are in the lab to help you 
determine whether or not a chemical change has taken place.  

Stick around for our last video in unit one where we will go into more details 
about properties of matter.  

 

  

Suggested Question (Time 4:33)  
Ethanol has a density of 0.79 g/mL. What will be the mass of a 52 mL sample of ethanol?  

Suggested Question (Time 5:16)  
True or False: Rusting is an example of a physical change.  

Suggested Question (Time 6:09)  
When a piece of magnesium metal is placed into hydrochloric acid, the metal disappears and 
bubbles can be observed indicating that a gas formed. Would you describe this as a chemical or 
a physical change?  
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Unit 1, Video 8 – Classifying Matter 
 
This is Rebecca from ChemistryIsMyJam.com. In this video we are going to be 
talking about classifying matter. Lets begin by talking about what matter is.  

Matter is anything that has mass or takes up space. Matter can be in the solid, 
the liquid, or the gas phase. So the air that you breath is considered matter. It 
has a mass and it takes up space. Some of the few things that are around us 
that are not considered matter are light and sound. Light and sound are some 
of the few examples of things that are not matter. 

 

This is a flow chart designed to help us determine how to classify matter. We 
are going to be coming back to this several times as we discuss the different 
ways that matter can be organized. 

To begin with, matter is broken apart into pure substances and mixtures. Let’s 
take a few minutes and talk about what a pure substance is. The first example 
that I have here is an element.  

Elements are made up of atoms. Atoms are considered the smallest particle of 
an element. We will go later into details about the individual parts of an atom, 
but for now recognize than an atom is the smallest individual particle that 
makes up an element.  

The atoms of each type of element are unique. What I mean by that is that 
carbon atoms are different gold atoms, which are different from hydrogen 
atoms.  

On our flow chart, I’ve used a picture to try to help you visualize what is going 
on with an element. I’ve used a series of dots that are all the same color to try 
to represent the fact that all of those atoms are the same. In order for an 
element to be a pure substance, everything about it needs to be the same. So 
each of those atoms is the same.  

Suggested Question (Time 0:41)  
True or False: The recording you are listening to is a form of matter. 
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Let’s next talk about a compound which is a different type of pure substance.  

 

Compounds are two or more elements chemically combined, meaning that a 
chemical reaction has taken place and these atoms are held together by a 
chemical bond.  

An example of a compound is sodium chloride, which is table salt. One thing to 
note is that compounds have different properties than the elements that form 
them. This is a great example, because sodium by itself, is a metal that reacts 
dangerously with water. Chlorine by itself is a poisonous gas. But when they 
form this new compound and come together to form table salt, you have 
something that you can eat and is tasty on fries. So they have totally different 
properties when they are combined chemically then when they are separate. 

In our chart, I’ve used a picture of a blue and a pink dot to represent a 
compound. So you can see that each one of these particles has a blue and a 
pink dot that are held together by a chemical bond. This is considered a pure 
substance because every single particle has a blue and a pink dot.  

Later in the course we will go into details about the different types of bonds 
that hold compounds together, but for now we are just going to into a quick 
overview of what you should know about compounds as you start the course.  

 

One type of compound is a molecule. A molecule is a group of atoms that stay 
together as a unit, and have a fixed ratio of the number of atoms present.  

For example, carbon dioxide. Carbon dioxide will always consist of two 
oxygens and one carbon that stay together as a unit. They are held together 
by chemical bonds. If you change the ratio of carbon to oxygen atoms, you 
have changed the molecule. For example, if you changed this to one carbon 
and one oxygen atom, it would suddenly be carbon monoxide, a totally 

Suggested Question (Time 2:12)  
True or False: Atoms that make up the element barium are the same as those that make up the 
element silver.  

Suggested Question (Time 3:42)  
True or False: At room temperature, sodium is a solid, oxygen is a gas, and hydrogen is a gas. 
These elements combine to form NaOH, sodium hydroxide. Based on this information, sodium 
hydroxide must be a gas at room temperature.  
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different compound with totally different properties. So a molecule has a fixed 
ratio of atoms.  

The fixed ratio of atoms that show up in molecules and other types of 
compounds can be represented by a chemical formula. A chemical formula 
tells you the kind and the number of atoms present in a molecule.  

Water for example, has one oxygen and two hydrogen atoms. The chemical 
formula for water has a capital H indicating the hydrogen, and there are two 
of those, so there is a small subscript beside the H that lets me know that 
there are two of those hydrogen atoms. Then it has a capital O to indicate 
oxygen. 

So the elements indicate what type of atoms are present and then the 
subscripts indicate the number of each type of atom. The subscripts go with 
the element that is directly in front of them. If there are no subscripts present, 
you can assume that there is only one of that type of element. For example, 
there is only one oxygen.  

If you see parenthesis, the subscripts go with everything that is inside the 
parentheses. It can be distributed into the parentheses. In this example, there 
is one magnesium, there are two nitrogen’s, and then there are two times 
three oxygens. Magnesium nitrate has one magnesium, two nitrogens, and six 
oxygens.  

 

Another thing to point out about chemical formulas is that the capital letters 
matter. The first letter in a chemical formula is capitalized and the second 
element is not. Some elements have one letter while some elements have two 
letters in their symbol. Two capital letters in a row indicates that you have two 
separate elements.  

Let’s look at an example. Co. Notice that there is a capital C and a small o. 
That is the element cobalt. The fact that we have the small o there indicates 
that you have not changed elements yet. You are still talking about the same 
element. Cobalt is a silver metal that is sometimes used in magnets.  

Suggested Question (Time 5:59)  
Consider the chemical formula Ca(NO3)2. How many calcium atoms are present? How many 
calcium atoms are present? How many oxygen atoms are present?  
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If you change that to wear you have a capital C and a capital O, that is two 
separate elements. When I see that next capital letter, I know that we are 
changing elements. This is totally different. That is carbon monoxide. It is an 
odorless, poisonous gas.  

A chemist needs to be very careful when they are writing these compounds to 
make sure that they have capital letters in the correct place. Co and CO may 
look the same but they mean two very different things if that o is capitalized.  

 

Everything that we have talked about up this point is considered a pure 
substance. Elements and compounds are considered pure substances. Lets 
now go this direction and talk about mixtures.  

Mixtures are combined physically. A chemical reaction is not necessary to 
create a mixture. An interesting thing about mixtures is that each particle 
within the mixture maintains its original properties.  

You have two types of mixtures. You have homogenous mixtures, which are 
often called solutions. Homogenous mixtures are the same throughout. A 
sample at any two parts of the mixture would have the same composition.  

In my picture of a mixture, I have pink and blue dots. They are separated by a 
space to indicate that there is not a chemical bond between them. There is a 
pattern to them. What you would find in this area of the mixture is the same 
as what you would find in this area of the mixture. It is a homogenous 
mixture. 

A heterogenous mixture is not evenly mixed. Different samples of the mixture 
would give you different compositions. In my picture, once again, they are not 
chemically combined, so there is a space between the particles. This portion is 
all pink dots and this portion is all blue dots. They are not evenly mixed.  

 

Suggested Question (Time 7:23)  
How many elements are represented by the following chemical formula? NaC2H3O2 

Suggested Question (Time 8:57)  
True or False: Scuba divers use a combination of nitrogen and oxygen in their tanks. Hopefully 
every breath of the mixture is the same. This is a heterogeneous mixture. 
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Mixtures can be any combination of solid, liquid, and gases. A great example 
of a gas mixture is the air that you breath. It is mostly nitrogen with oxygen, 
carbon dioxide, and water vapor mixed in.  

A mixture does not have to consist of things that are in the same phase. For 
example, soft drinks are liquid with carbon dioxide, which is a gas, mixed in. 
That is an example where you have a liquid gas mixture. You can have any 
combination of these phases to be a mixture. 

Now that we have been through some examples of the different types of 
matter that you see on this chart, lets talk about the major difference between 
mixtures and pure substance.  

Mixtures can be separated using physical properties. That means you can 
separate the portions of a mixture without a chemical reaction taking place.  

Pure substances are different. You cannot separate a pure substance using 
physical properties.  

In the case of an element, you can’t separate it any further. In the case of a 
compound, a chemical reaction is necessary to separate the pink and the blue 
dot. Chemical means are necessary to separate a compound, whereas in the 
case of a mixture, you can separate them using physical means.  

 

Two of the ways that we can separate mixtures are filtration and distillation. 
These are both using physical properties to separate the parts of the mixture.  

In the case of filtration, you are using a difference in the size of the particles. 
In this picture, you have a filter set up here. The mixture would be dropped 
into here and solid particles would be caught by the filter. The liquid particles, 
which are smaller go through the filter and are collected here. You have 
separated the mixture using a difference in the size of the particles.  

Distillation is a little different. Distillation depends on the difference in the 
boiling points in the parts of the mixture. You would have two things mixed 
together. They have different boiling points. When you apply heat, one of 

Suggested Question (Time 10:30)  
True or False: A chemical reaction is necessary to separate the parts of a homogenous mixture. 
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them boils off first. The gases come up through the chamber. They condense 
here and are collected over here. A difference in boiling point has been used to 
separate the mixture. And boiling point is a physical property.  

That’s the end of our first unit of chemistry. If you have found these videos 
helpful, I hope that you will like them and subscribe to ChemistryIsMyJam.com 

 

 

 

Suggested Question (Time 12:01)  
Two components of a mixture have roughly the same size but different boiling points. What 
method would you recommend for separating them?  
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