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CHEM 1211 Promo Workshop 

Chapter 1:  

Chemical Foundations 
 

 

Looking for Study Help?  Register for our Semester Plan, which includes Workshops for each chapter 

covered in your course, Exam Review Sessions for all your exams, including a handy Mock Exam with 

solutions, and Office Hours!  

Prefer buying products individually?  Use our Workshops, Exam Reviews, and Mock Exams individually 

to achieve your goals!   

 

 Current Course Offerings at Science Guyz:  

• General Chemistry 1 - CHEM 1211  
• General Chemistry 2 - CHEM 1212  
• Physics 1 – PHYS 1111 
• Physics 2 – PHYS 1112 
• Organic Chemistry 1 - CHEM 2211  
• Organic Chemistry 2 - CHEM 2212 

• Biology 1 – BIOL 1107 

 

 

 
 

For hours of operation, important dates and other info, check our regularly updated website:  

www.scienceguyz.com 
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Learning Objectives: By the end of this workshop, you should be able to: 

• Understand the scientific method and what is included in it. 

• Compare a hypothesis, theory, and law and know the differences between them. 

• Recognize both quantitative and qualitative information and know the differences between 
them. 

• Describe the difference between precision and accuracy and provide examples of each. 

• Describe the difference between systematic versus random error. 

• Convert numbers into and out of scientific notation. 

• Describe what significant figures are and why they are important. 

• Determine how many significant figures are present in a number and the rules behind how to 
determine this. 

• Perform operations such as addition, subtraction, division, and multiplication with significant 
figures in mind. 

• Perform multiple operations while considering significant figures. 

• Perform temperature conversions between Celsius, Kelvin, and Fahrenheit.  

• Describe conceptually the differences between the three temperature scales. 

• Describe the SI units used for common properties. 

• Understand the metric system, including the prefixes and abbreviations, and be able to convert 
to various units within the system. 

• Understand why we use dimensional analysis and the applications of it in various situations. 

• Recognize common conversions for various units. 

• Be comfortable with multi-step unit conversions in dimensional analysis. 

• Describe density and how we can apply this physical quantity to various situations. 

• Describe the different classifications of pure substances and provide relevant examples of each. 

• Describe the different classifications of mixtures and provide relevant examples of each. 

• Recognize model interpretations of concepts from this chapter (pure substances, mixtures, etc). 

• Describe the difference between physical properties/changes and chemical properties/changes 
and provide examples of each. 

• Describe the three states of matter, as well as the Kinetic-Molecular Theory of Matter. 

• Define extensive and intensive properties and provide examples of each. 

• Describe the difference between mass and weight. 

• Perform mathematical operations involving density. 
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Section: Chemistry and its Methods 

I. The Scientific Method: The path that leads from experiments, hypotheses and observations into 
theories or laws. The pathway of the scientific method is questions → hypothesis → 
predictions → experimental tests → repeatable results that either support or refute the 
hypothesis. 
a. Observation: Something that you notice in nature or in an experiment. Observations are 

also referred to as data.  
b. Hypothesis: A tentative explanation or prediction based on experimental observations. It is 

important to note that a hypothesis MUST be falsifiable to be considered scientific. We only 
accept a hypothesis when it has withstood MULTIPLE experimental tests and it has good 
explanatory power.  

c. Theory: A unifying principle that explains a group of facts and the laws based on them. If a 
hypothesis can explain a large amount of experimental data, it can move from a hypothesis 
to a theory. Essentially, a theory amplifies a hypothesis and gives predictions. 
i. Theories describe why/how a particular situation occurs, or the underlying reasons for 

them.   
d. Law: A concise statement of a relation that is always the same under the same conditions. 

Laws describe or predict some facet of the natural world. Some hypotheses attempt to 
explain a behavior that is summarized in a law. 
i. Laws will describe what will occur in a particular situation. They summarize a series of 

related observations 
ii. Many laws (but not all) will be supported by a mathematical expression. 

e. Qualitative Information: Consists of non-numerical data such as the color of a substance or 
its physical appearance. 

f. Quantitative Information: Consists of numerical data such as the mass of a substance or the 
temperature at which a substance melts or boils. 
i. Quantitative information MUST contain a number and a unit. 

Example: A _________________ is a mathematical expression that summarizes a pattern found in 
observations and a _________________ is the explanation of the expression based on experiments. 
 
Example: In lab, you mix two chemicals and notice that the reaction between the two chemicals 
produces light. This is an example of a ______________ and a tentative explanation of this phenomenon 
that could be further tested would be your ________________. 
 
Example: Describe each option below as a hypothesis, a theory, or a law. 
a)    Energy is neither created nor destroyed during a chemical reaction. __________. 
b)    When a piece of aluminum is placed in hydrobromic acid, bubbles will form. __________. 
c)     An apple will fall from a tree to the ground because gravity pushes it towards the ground. _______. 
 
Example: Determine whether each of the following examples are quantitative or qualitative. 
a)    Science Guyz has a lot of students. __________. 
b)    I will go to Science Guyz office hours for 2 hours today. __________. 
c)    The density of ice is less than the density of water. __________. 
d)    It was very hot today as I walked to pick up my Science Guyz packets. __________. 
e)    It was 95 °F outside as I walked to pick up my Science Guyz packets. __________. 
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Section: Accuracy vs Precision 

I. An ideal instrument will provide a measurement that is both accurate and precise. 

a. Accuracy is a measure of how close a value obtained is to the true value.  
b. Precision refers to how close measurements are to one another. 

i. It is possible for measurements to have high precision, yet low accuracy. 
c. It is important to point out that ALL measurements have some degree of uncertainty, and 

this uncertainty depends on the precision of the device you are using to make a 

measurement and your skills as an observer. 

 

 
 

 
 
    Low precision, low accuracy            High precision, low accuracy         High precision, high accuracy 
 
 
Example: A group of students are asked to make measurements regarding the amount of liquid present 
in a graduated cylinder. The amount of liquid present is known by the company to be 31.5 mL. Their 
collected measurement data is shown in the table.  
 
 
 
 
 
 
 
 

a) Which of the employee’s measurements is the most accurate? ___________________ 
 
b) Which of the employee’s measurements is the most precise? ___________________ 
 
II. Errors in measurements may occur due to both random and systematic errors. 

a. Random Error (or Indeterminate Error) tells us that a measurement has equal chance of 
being too low as it does too high. 

b. Systematic Error (or Determinate Error) occurs in the same direction each time, always 
being too high or too low. 

 

Banks Ansley Ben Austin Kailee 

31.0 
mL 

30.7 
mL 

29.7 
mL 

29.1 
mL 

31.1 
mL 

31.5 
mL 

30.5 
mL 

31.1 
mL 

30.1 
mL 

30.7 
mL 

30.8 
mL 

30.6 
mL 

27.6 
mL 

31.0 
mL 

29.9 
mL 
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Section: Scientific Notation 

I. A number is written in scientific notation when in the form 𝑎 × 10𝑛 where 1 ≤ |𝑎| < 10 and 𝑛 
is an integer.  
a. Scientific notation is used to make a large or small number with lots of zeros (like 

18,300,000,000) more compact by writing them as a product of a power of 10. 

Practice: Write 2,000.0 in scientific notation form. 

1. Move the decimal so that the number has a value (absolute) between 1 and 10.  
In this example, we must move the decimal three places to the left. 
 

2000.0 ⇒  2.0000 
 

2. Multiply the value you are left with by 10𝑛 where 𝑛 is the number of places the decimal was 
moved. If the decimal had to be moved to the left, make 𝑛 positive, and if the decimal was 
moved to the right, make 𝑛 negative. In this example, we moved the decimal 3 space to the left, 
so 𝑛 is positive 3. Thus, in scientific notation, the value is.  
 

⟹ 2.0000 × 103 

 
Practice: Write 0.000807 in scientific notation form. 

1. We must move the decimal 4 places to the right to get a number between 1 and 10.  
 

0.000807 ⇒ 8.07 
 

2. Multiply by 10−4 (where the 4 is negative since we moved the decimal to the right) to get the 
value in scientific notation: 

⟹ 8.07 × 10−4 

Example: Convert the following numbers into or out of scientific notation. 
a)    0.0000783 ___________________ 
 
b)   985512       ___________________ 
 
c)    9.31 × 106 ___________________ 
 
d)   7.55 × 10−3 ___________________ 
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Section: Significant Figures 

I. Significant figures involve the numbers in a measured quantity or value that are known to be 
correct and one digit that is not known for sure. A common 
application of significant figures happens nearly every day in 
lab with reading glassware.  
a. To the right is a graduated cylinder. Each mark on the 

graduated cylinder represents a 0.1 mL increase in 
volume. 

b. With the graduated cylinder to the right, it is known for 
sure that the true liquid measurement lies between 15.0 
mL and 15.1 mL. We are confident in the value of the 
ones and tenths place, but the digit in the hundredths 
place is an approximation.  

c. An appropriate guess for liquid in this graduated cylinder 
would be 15.02 mL OR 15.03 mL. Either answer would be 
fine since the digit in the hundredths place is an 
approximation. 
 

II. Rules for Significant Figures: 
a. All non-zero numbers are significant. 
b. Zeroes between two other significant digits are 

significant, including numbers that include a decimal place (e.g. 2.034, 101403).  
c. Zeroes following a non-zero number that are also to the left of a decimal are significant 

(83000.) 
d. In numbers containing a decimal, all zeros at the end of the number are significant (0.0230) 

o Combining rules 2 and 4 shows us that the 3 zeros at the end of 0.071000 are 
significant. 

e. Zeroes that do not have either a decimal point or non-zero digit to the right of them are 
“trailing” zeros and are not significant. (e.g. 320) 

f. Zeroes that occur before any non-zero number are not significant (0.00147) 
 

III. Exceptions to traditional rules: 
a. Counting numbers have an unlimited number of significant figures, meaning that there is no 

way to make them more precise than they already are. Examples of this would be counting 
12 pencils or saying that a molecule is made of three atoms. 

b. Known conversions also fall in this category. For example, 1 foot = 12 inches is an example 
of an errorless conversion. 

Example: Determine the number of Significant figures contained within each of the following numbers: 

a) 0.0900                    ___________________ 
b) 6.230                      ___________________ 
c) 0.0076                   ___________________ 
d) 4.00028                 ___________________ 
e) 4.335 x10−22       ___________________ 
f) 5600                      ___________________ 
g) 3 Science Guyz Packets           ___________________ 

Figure 1 Work by “Horia Varlan”/Flickr 

https://creativecommons.org/licenses/by/2.

0/legalcode 
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IV. Rounding following Mathematical Operations: 
a. Following any mathematical operation, you must determine how many sig figs will be in 

your answer using sig fig rules. 
b. Once you have deteremined the correct number of sig figs, you must round your answer to 

the correct number of significant figures by looking to the first non-significant digit in your 
answer.   

c. If this number is 5 or greater, you will round your last significant digit up, otherwise you will 
round you answer down to the first significant digit to the left of the non significant digit. 
 

V. Sig Figs in Multiplication and Division Problems: 
a. When multiplying/dividing two or more numbers, to express your answer in the correct 

number of sig figs, your answer must contain the same number of sig figs as the value in 
your equation with the fewest number of sig figs. 

Example: Perform the operation below and report your answer to the correct number of significant 
figures. 
 
(3.2005470) x (30.9) = ____________ 
 

VI. Sig Figs in Addition and Subtraction Problems: 
a. When adding or subtracting two or more numbers, to express your answer in the correct 

number of sig figs, your answer must contain the same number of decimal places as the 
value in the equation with the fewest decimal places. 

Example: Perform the operation below and report your answer to the correct number of significant 
figures. 
 
(321.1896) + (1.98665) + (0.1) = ____________ 
 
VII. Sig Figs with Multiple Operations: 

a. You will often find yourself performing operations that involve both addition/subtraction 
rules and multiplication/division rules. Perform operations in order as dictated by PEMDAS 
and carry the exact numbers that you obtain throughout the operation. We will only 
consider significant figures at the end. Consider the examples below: 

 
Example: Perform the operation below and report your answer to the correct number of significant 
figures. 

a) (2.9 x 4.719) + 12.710 = ____________ 

 
 
b) (30.0031 + 0.3) (6.211 – 6.185)/ (5.233 x 10-2) =   ____________ 
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Section: Common SI Base Units Used in Chemistry 
 
I. The International System of Units, or SI, is the scientific system for measurements. Most 

measurements in Chemistry are made in SI units and it is important to know the SI unit used for 
each property provided below: 

 
 
 
 
 
 
 

 

II. The Metric System (Commit to Memory!): 

Prefix Abbreviation Meaning Example 
Giga- G 109 (billion) 1 gigahertz = 1 x 109 Hz 
Mega- M 106 (million) 1 megaton = 1 x 106 tons 
Kilo- k 103 (thousand) 1 kilogram (kg) = 1 x 103 g 
Dec- d 10-1 (tenth) 1 decimeter = (dm) 1 x 10-1 m 
Centi- c 10-2 (hundredth) 1 centimeter = (cm) 1 x 10-2 m 
Milli- m 10-3 (thousandth) 1 millimeter = (mm) 1 x 10-3 m 
Micro μ 10-6 (millionth) 1 micrometer = (μm) 1 x 10-6 m 
Pico- p 10-12 1 picometer = (pm) 1 x 10-12 m 
Femto- f 10-15 1 femtometer = (fm) 1 x 10-15 m 
    

III. Other Useful Conversions: 
a. Several useful conversions are provided below. Depending on when you are taking this class 

you may be expected to memorize all conversions, or your instructor may give you certain 
ones. Ask your instructor for their expectations on the conversions! 

1 kilometer = 0.62137 mile 1 mile = 5,280 feet  

1 meter = 3.281 feet  1 inch = 2.54 cm  

1 cm3 = 1 mL  1 Angstrom (Å) = 1 x 10-10 m 

1 pound = 453.59 g = 16 ounces  1 mile = 1760 yards 

 
Example: The mass of a cat is most appropriately measured using the ___________ metric unit. 
a)    Grams.    b)   Milligrams.    c)   Kilograms.     d)    Decigrams.    e)   Centigrams. 
 

Example: The length of a cat is most appropriately measured using the ___________ metric unit. 
a)    Meter.    b)   Millimeter.    c)   Kilometer.     d)    Decimeter.    e)   Centimeter. 
 

Property Unit Used 

Mass Kilogram (kg) 

Length Meter (m) 

Time Second (s) 

Temperature Kelvin (K) 

Amount of Substance Mole (mol) 
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Section: Dimensional Analysis 

I. In Chemistry and other STEM courses, you will often have to convert from one unit to another. 
This is sometimes a multistep process that can become tedious. Dimensional analysis provides a 
strategy to organize these conversions.  
1. When unit conversions are needed, first establish what your final units must be in. 
2. Consider the numerator/denominator relationship of the final unit. 

a. For example, miles per hour requires miles in the numerator and hours in the 
denominator (miles / hour). So, the result of your dimensional analysis conversions must 
reflect this. 

3. Choose a value as a starting point for your conversion. This is the first blank in “I am 
converting ____ to ____.” It is usually helpful to start with a given value that only has one 
unit associated with it if possible.  

4. Set up a series of conversion steps that allow you to cancel all unwanted units and leave you 
only with the final units. 
a. Each conversion step is a fraction. Examples include conversion factors (such as 1 hour / 

60 seconds) or properties like density (grams / liter). 
b. Units can be canceled when they are found in the numerator and denominator of a 

dimensional analysis calculation, regardless of if they are in consecutive steps.  
5. Once your units have been canceled to your final units, multiply across the numerators and 

denominators, divide the products, and you are finished.  

Example: How many picograms are in a milligram?  
 
 
Example: How many millimeters are in 4.20 centimeters? 
 
 
Example: Convert 5.10 meters per second to micrometers per hour. 
 
 
Example: Kailee is travelling to Atlanta. One gallon of gas will allow her to travel for 8.5 miles. If it takes 
her 95 minutes to get to Atlanta and she travels at a speed of 65 miles/hour, how many gallons of gas 
does she use? 
 
 
Example: You are a medical assistant and need to administer medication to help a patient with hip pain. 
The recommended dosage of this medication is 6.71 mg/kg of body mass. What would be the dosage in 
milligrams for a 225-lb individual? Note: 1 lb = 453.59 g. 
 
 
Example: Ben is moving up in the world and has decided it is time to install a pool. Ben wants the pool to 
have the following dimensions: 58.7 ft long and 27.0 ft wide and 9.50 ft deep. Once the pool has been 
completed, how much water will Ben need to fill the pool (in cubic inches)?  
 
 
Example: Convert the cubic inches obtained in the previous problem into cubic centimeters. Note: 1 
inch = 2.54 cm. 
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Section: Temperature Scales  

 
I. Temperature is a physical quantity representing the manifestation of thermal energy. It is how 

we associate something as being hot or cold. There are three different temperature scales that 
you need to become familiar with and how to convert between these different scales. 
a. The Celsius (°C) scale is defined by assigning 0 °C to the freezing point of pure water and 100 

°C to the boiling point of pure water. 
b. The Fahrenheit (°F) scale is defined by assigning 32 °F to the freezing point of pure water 

and 212 °F to the boiling point of pure water. 
c. The Kelvin (K) scale uses the same size unit as the Celsius scale but assigns 0 to the lowest 

possible temperature (absolute zero). There are no negative values associated with this 
scale and the ° symbol is not used in the scale. 
i. The Kelvin scale is the only temperature scale that is an absolute temperature scale. 

d. The three formulas you need to commit to memory are provided below. On your exam, be 
ready to convert between the three scales and/or be asked a conceptual question about the 
scales. 
i. Pay special attention to the parenthesis placement is the Celsius versus Fahrenheit 

formulas! 

K = °C + 273.15                       °C = 
𝟓

𝟗
(°𝑭 − 𝟑𝟐)                 °F = 

𝟗

𝟓
°𝑪 + 𝟑𝟐 

Example: Convert each of the following temperatures into the desired units: 

a) 607 °𝐶 to Kelvin: __________ 

 

b) 48.3 K to Celsius: __________ 

 

c) 340. °𝐹 to Kelvin: __________ 

 

d) -39.1 °𝐶 to Fahrenheit: ___________ 

 

Example: Which of the statements provided below regarding the temperature scales is/are known to be 
true? Select all that apply. 
a)    The boiling point of water on the Celsius scale is 212 degrees. 
b)    The freezing point of water in both the Fahrenheit and Celsius scales is 0 degrees. 
c)     Negative values are possible in the Celsius, Fahrenheit, and Kelvin scales. 
d)    The Celsius degree is larger than the Fahrenheit degree. 
e)     The size of the temperature unit is the same for the Celsius and Kelvin scales. 
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Section: States of Matter 

I. Whether a substance is a solid, liquid or gas, this refers to the state of the substance. The state 
of a substance depends on how the individual particles which make up a substance interact with 
one another.  
 

II. The Kinetic-Molecular Theory of 
Matter states that as matter gains 
energy, its temperature increases. 
Increased temperature reflects an 
increase in the average kinetic energy 
of the particles. As this kinetic energy 
increases, matter eventually 
transforms from the solid phase to liquid, and eventually gas. Therefore, the gas phase contains 
the most kinetic energy, and solid the least.  
a. Solids: In a solid, the attractive forces between the particles that compose the solid are 

stronger than the kinetic energy of the individual particles. As a result, particles within a 
solid are packed closely together and are arranged in a regular pattern. The particles within 
a solid do have some kinetic energy which causes the particles to vibrate back and forth 
about their average positions. However, particles within a solid seldom move past 
neighboring particles.  
i. Solids retain fixed volume and shape and are not compressible. 

b. Liquids: The kinetic energy of the particles in a liquid are such that they have begun to 
overcome their attractive forces. In a liquid, particles are arranged randomly rather than in a 
regular pattern. Liquids are fluid because the particles of liquids are not confined to specific 
areas, and they can move past each other. 
i. Liquids have no definite shape. Instead, they assume the shape of the container in 

which they occupy and are not compressible. 
c. Gases:  In a gas, the kinetic energy of the particles that compose the gas is such that the 

individual particles of the gas have completely overcome their attractive forces of the 
individual particles.  In a gas, under ideal conditions, the particles composing the gas are far 
apart.  Gas particles fly about colliding with one another and the walls of the container in 
which they occupy. The random motion of gas particles allows a gas to fill the volume of the 
container in which they reside.  
i. Essentially, the volume of any container containing gas equals the volume of the gas 

within the container.  
ii. Gases ARE compressible. 

Example: Determine whether each statement provided below is true or false. 
a)    Only liquids can flow.  
 
 
b)   Gases and liquids are both compressible.  
 

c) Liquids and gases have definite volumes, but not shapes. 
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Section: Pure Substances and Mixtures 

I. Pure Substances have a unique set of physical properties by which they can be recognized (ex: 
melting point, boiling point, and density). Additionally, pure substances cannot be separated 
into two or more different species by any physical technique at ordinary temperatures.   
a. Elements:  Substances which cannot be subdivided by a chemical or physical process. 
b. Compounds: Groups of two or more different atoms joined by chemical bonds in fixed 

ratios. When atoms bind together to form compounds, the original properties of the 
elements (color, hardness, melting point and boiling point) are replaced by the properties of 
the compound. 

c. Molecules are two or more atoms (can be same or different) chemically joined together. 
i. All compounds are molecules, but not all molecules are compounds! 

 
II. Mixtures consist of two or more pure substances that can be separated by physical techniques.  

Mixtures can be categorized as homogenous or heterogeneous. When a mixture is separated 

into its individual components (typically through a lab technique known as filtration), the 

components are considered purified.  

a. Heterogeneous Mixture: A mixture in which the components of the mixture are unevenly 

distributed. Examples include a bowl of cereal, milk, a salad, sand, and mud. 

b. Homogeneous Mixture: A mixture of two or more substances, in the same phase, in which 

the substances are evenly distributed. Homogenous mixtures are often called solutions. 

Examples include wine, black coffee, and common sports drinks. 

Example: You begin to boil some water for pasta! You are not paying attention and accidentally 
evaporate all the water, leaving behind only salt crystals that were not previously visible in the water. 
This serves as an example of a _____________________________. 
 
Example: The breakdown of liquid X produces two different liquids that are known to be pure 
substances. Using this information, answer each of the following statements as true or false. 
a)   Liquid X cannot be an element. 
 
b)   The products from the breakdown are for sure both elements.  
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Section: Pure substances, Mixtures and Model Interpretation 

I. The definitions of types of pure substances and mixtures are straight forward at a glance; 
however, your exam is not going to be simple recall of definitions, but rather application of the 
different definitions. 
 

II. Interpreting models and figures is an important skill you will develop throughout your time in 
Chemistry. An instructor will give you a figure or a model and ask you what it is an example of. 
We will walk through a few examples of this below. 
a. The model on the right has two spheres linked together that are the 

same color. Since all the spheres are the same color and nothing else 
is present, this is an example of a pure substance, more specifically a 
molecule made from the same elements. We know this since the 
spheres linked together are the same color. Another interpretation 
of this model could be a phase change since the molecules are close 
together with a defined shape at the bottom (solid) and closer to the 
top they are more spread out with not specific shape or volume (gas). 

b. The model to the right has three spheres linked together with two 
of them being the same color and one being a different color. Since 
the spheres are not all the same color, this is an example of a 
compound. Understand that this is still an example of a pure 
substance since there is nothing else present besides that one 
compound. 

c. The model to the right has two different sets of spheres linked 
together that are different colors. Since we have these two separate 
sets of spheres that are different colors, we know that we are 
looking at a mixture. Defining this mixture further, we can see that 
there is an even distribution of the different colored spheres, 
meaning that we are looking at a homogeneous mixture. 

d. The model to the right has two different sets of spheres linked 
together that are different colors. Since we have these two separate 
sets of spheres that are different colors, we know that we are looking 
at a mixture. Defining this mixture further, we can see that there is 
not an even distribution of the different colored spheres (they are 
layered), meaning that we are looking at a heterogeneous mixture. 

Example: Four diagrams are provided below. Use these diagrams to answer the following questions. 

 
            I.                                       II.                                    III.                                    IV. 
a)   Which diagram(s) represent(s) an element? __________ 
b)   Which diagram(s) represent(s) a compound? __________ 
c)   Which diagram(s) represent(s) a pure substance? __________ 
d)   Which diagram(s) represent(s) a mixture? ___________ 
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Section: Physical Changes and Chemical Changes 

I. Physical Properties: Properties that can be observed and measured without changing the 
composition of the substance.  
a. Examples of physical properties include color, state of matter, melting point, boiling point, 

density, solubility, conductivity, malleability, ductility, and viscosity. 
 

II. Physical Changes: Changes in the physical state (solid, liquid or gas) or size/shape of a 
substance. 
 

III. Chemical Properties: Properties which determine whether and how readily a substance reacts 
(changes into a different substance). 
 

IV. Chemical Changes: Changes which convert one or more substances into one or more different 
substances.  
a. A chemical change will always result in a change in composition. 
b. There are other things that occur that indicate a chemical change has occurred, including 

odor production, color change, light production, new product formation, sound production, 
change in energy, and fizzing or foaming (gas). 

Example: Describe the following changes as physical or chemical. 
a)   A piece of paper is burned __________                        e)  Ice melting __________   
b)   Paper is balled up __________                                       f)  Grilling a steak __________   
c)   Removing salt from sea water __________                  g)  Dicing an apple __________   
d)   Removing carbon from carbon dioxide__________   h)  Lighting a match __________   
 
Example: Several models are provided below. Identify whether the model is depicting a chemical change 
or a physical change. 

a) Physical or chemical?                                                          b)   Physical or chemical? 

 

V. More on Physical Properties of Substances: Now that we have defined the difference between 
physical and chemical properties, there are some additional aspects of physical properties that 
we need to discuss.  
a. An intensive property is a bulk property, meaning that it is a physical property of a system 

that does not depend on the size or the amount of sample in the system.  
i. Examples include density, odor, color, luster, malleability, ductility, conductivity, 

temperature, hardness, melting point, and boiling point. 
b. Extensive Properties: An extensive property is a physical property of a system that changes 

with the size of the sample measured (it is additive).  

i. Examples include mass, volume, length, or total charge.   
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VI. The Difference Between “Mass” and “Weight”: Mass describes the quantity of matter 
contained within a thing/object. The standard unit for mass is the kilogram, however we will 
often discuss mass in terms of grams. Weight on the other hand has to do with the force of 
gravity on an object and is proportional to the mass of an object. 
a. If you were to take your weight on a scale on the Earth versus the moon, your weight would 

be significantly less on the moon since the gravitational force is less. Your mass, however, 
would be identical on the Earth as on the moon. 
 

Example: For each of the following, determine if the statement provided is true or false: 
a) True/False: An intensive property can be determined by dividing two extensive properties. 
b) True/False: The value of an intensive property can change. 
c) True/False: Density, boiling point, and melting point are all considered intensive properties. 

 
VII. Density is a common physical property that a pure substance or a homogenous mixture can 

demonstrate. Density is represented, mathematically, by dividing the mass of the pure 
substance by its volume.  

𝑫𝒆𝒏𝒔𝒊𝒕𝒚 =  
𝒎𝒂𝒔𝒔 (𝒈)

𝒗𝒐𝒍𝒖𝒎𝒆 (𝒎𝑳 𝒐𝒓 𝒄𝒎 𝟑)
 

a. Density was used, before modern analytical methods, to determine the identity of an 
unknown substance.  

b. In liquid and gas mixtures, substances that are less dense in the mixture will “float” on top 
of substances that are denser.  

c. A common application of density problems involves fluid displacement. The displacement of 
a fluid before an object is added to it and after can be used to determine volume of the 
object used in the displacement. A walk through of a practice problem involving fluid 
displacement and density can be seen in the following practice problem: 

Example: There is a small pellet of some metal that has a mass of 3.45 g. The pellet is placed into a 
beaker that contains 20.00 mL of water. The metal pellet is then submerged into the water, which 
causes the water level in the beaker to rise to 21.28 mL. What is the density of the metal pellet? 
 
 
 
 
Example: A commonly used metal in a manufacturing plant is known to have a density of 11.25 g/mL. If 
a 0.400 kg cube sample of the metal were taken, what would the volume of the metal be (in cm3)?  
 

 

 

 
Example: There are three globes on display at your favorite local tutoring company, Science Guyz. These 
globes have the same mass but have increasing density with globe 1 having the smallest density and 
globe 3 having the largest. Rank the three globes in terms of increasing volume: 
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