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Three Most Important Concepts
Concept 1: Chemistry is the study of matter, its properties, and the changes it undergoes. It’s 
called the central science because it connects physics and biology.
Concept 2: Matter can be classified as a pure substance (element or compound) or a mixture 
(homogeneous or heterogeneous), and changes are either physical or chemical.
Concept 3: Chemists rely on the scientific method, careful measurement in SI units, models, and 
safety practices to investigate matter reliably.

Main Concept Overview: Fill in the Blank
1. matter
2. central
3. composition
4. chemical
5. models

Matching Section
1. Element → C
2. Compound → A
3. Homogeneous Mixture → B
4. Heterogeneous Mixture → E
5. Physical Change → D

True or False
1. T. The article states chemistry bridges physics and biology, earning it the nickname “the central 
science.”
2. F. A compound is a pure substance with a fixed composition, not a mixture.
3. F. Ice melting is a physical change; the substance is still H2O.
4. T. The article defines qualitative observations as descriptions like color, smell, or texture.
5. T. The article explains that chemists use models because atoms and molecules are too small to 
see.

Fill in the Table

Chapter X - Guided Notes Answer Key

Type of Matter Example From the Article

Element Oxygen (O2)

Compound Water (H2O)

Homogeneous 
Mixture Saltwater

Heterogeneous 
Mixture Salad, or sand mixed with gravel
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Application Questions 
1. Water is a compound because it forms when hydrogen and oxygen bond together in a fixed 
ratio, and the resulting substance has properties completely different from either element alone. A 
mixture, by contrast, does not involve bonding and can be separated back into its original parts.
2. A chemist might use a ball-and-stick model to show how atoms are arranged in a molecule, or 
a computer simulation to show how atoms rearrange during a reaction. Models don’t need to be 
perfectly accurate; they just need to capture the behavior chemists are trying to understand or 
predict.

Chapter X - Guided Notes Answer Key

What is Chemistry?
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Across

2. The 

step-by-step 

process of asking a 

question, forming a 

hypothesis, 

investigating, and 

using data to 

support or revise 

an idea. _____ 

Method

3. A pure 

substance that 

cannot be broken 

down into simpler 

substances, like 

oxygen (O₂).
6. Matter with a 

fixed composition, 

made up entirely 

of one element or 

one compound. 

(Two words)

7. A change that 

creates an entirely 

new substance, 

like iron rusting 

into iron oxide. 

____ Change

9. Anything that 

takes up space and 

has mass; the basic 

subject chemistry 

studies.

10. A change in 

form that does not 

create a new 

substance, like ice 

melting into water. 

_____ Change

Down

1. A combination 

of substances that 

keep their own 

identities and can 

be physically 

separated.

4. The study of 

matter, including 

what it's made of, 

its properties, and 

the changes it 

undergoes.

5. The tiny 

particle that all 

matter is built 

from.

8. A pure 

substance made of 

two or more 

elements bonded 

together in a fixed 

ratio, like water 

(H₂O).
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Chapter X - Hypothetical & Case Study / Frontier Application Answer Key
Hypotheticals Answer Key: What Is Chemistry?

Hypothetical #1: The Boil-Water Notice
a) It could be either, since elements and compounds are both pure substances.
b) Qualitative observations only describe appearance, and a harmful metal might not change how 
water looks, smells, or tastes.
c) Careful measurement gives exact values that can be compared to safety standards, while a 
visual check could miss a real risk.

Hypothetical #2: Testing a New Shoe Sole
a) A physical change alters form without creating a new substance; a chemical change creates a 
new substance entirely.
b) If the composition stays the same, the cracking is a physical change.
c) A model could show how the atoms are arranged and how they shift or break apart under 
stress.

Case Study Answer Key: The Flint, Michigan Water Crisis

Restated case: Corrosive water reacted with old lead pipes in Flint, Michigan, leaching a toxic 
metal into the water supply, demonstrating both chemical change and the limits of qualitative 
observation.

a) The reaction between the corrosive water and the lead pipes was a chemical change, since it 
created a new substance (dissolved lead) that had not existed in the water before.
b) Qualitative observation only relies on what can be seen, smelled, or tasted, and the 
contaminated water looked and smelled normal, so there was no visible sign of the danger.
c) Quantitative measurement provided exact lead level data that could be compared to safety 
standards, and that evidence is what finally proved a real danger existed. Without it, officials could 
have kept dismissing the problem based on appearance alone. 

Frontier Applications Answer Key: Self-Driving Laboratories

Frontier Application: Self-Driving Laboratories. Autonomous chemistry labs use the same scientific 
method described in the article, but let sensors and software record quantitative measurements 
and decide what experiment happens next.

a) A robotic lab would rely heavily on quantitative observations, since machines can record exact 
numerical measurements far more reliably and quickly than they can judge qualities like smell or 
color.
b) Using the scientific method inside a machine lets chemists test many hypotheses back to back 
without waiting on a person to manually set up, measure, and record each trial, speeding up 
discovery significantly.
c) A model lets the lab predict likely outcomes before spending time and materials on a real test, 
helping it prioritize which experiments are most worth running.
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Chapter X - Reflection Questions & Data Analysis Answer Keys
Reflection Questions Answer Key: What Is Chemistry?

Reflection #1 (Ethical Considerations)
I think honesty in measurement matters because people trust a scientist’s numbers, especially 
when health is involved. If someone rounded numbers to save time, people could get hurt without 
knowing why. That makes measurement feel like a responsibility, not just a skill.

Reflection #2 (Interdisciplinary Connections)
My body uses oxygen to turn food into energy, which is basically chemistry happening inside 
a biology system. My phone charger uses electricity, which is more of a physics idea. Seeing 
chemistry connect both makes my science classes feel less separate.

Data Analysis Answer Key: Manual Lab vs. Autonomous Lab Water Testing

Table Reference: Independent variable, testing method (manual or autonomous). Dependent 
variable, lead reading in µg/L.

Question 1 (Basic Interpretation)
Answer: 22.30 µg/L
Source: Row 4, Manual Lab Reading column.

Question 2 (Pattern Identification)
Answer: The autonomous lab’s readings stay very close to the manual lab’s in every trial, 
usually within 0.05 to 0.20 µg/L.

Question 3 (Application)
Answer: Yes, the small and consistent differences suggest the autonomous lab is reliable, since 
it matches the manual lab closely across every trial rather than just by chance on one or two. 
(Accept other reasonable answers that reference the data.)

Teacher Notes
• Key insight: Small, consistent differences across many trials build more trust in a method than 
a single close match would.
• Common misconception: Students may assume any difference means the autonomous lab 
is inaccurate; clarify that some variation is normal, and consistency matters more than a perfect 
match.
• Connection to article concepts: This activity ties quantitative measurement and the scientific 
method to both the Flint case study and the self-driving lab frontier application.
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Teacher Lecture Notes: What Is Chemistry?

Opening Hook
• Suggested total class time: 40 to 50 minutes. Adjust section timing based on class length and student 
pace.
• Start with three concrete examples: a phone’s metal conducting electricity, bread turning golden 
brown, and water keeping the body alive.
• Ask students what these three examples have in common. Guide them toward the answer: chemistry, 
quietly at work in ordinary moments.
• Emphasize that this course is notation based. Students will use chemical formulas and equations, but 
they will not be doing calculations or stoichiometry.

Concept 1: What Chemistry Really Is
• Define chemistry as the study of matter, including its composition, its properties, and the changes it 
undergoes.
• Define matter as anything that takes up space and has mass, built from tiny particles called atoms.
• Explain the nickname “the central science.” Chemistry bridges physics, which explains energy and 
forces, and biology, which explains living systems.
• Use a comparison: a biologist studying how cells use oxygen and a physicist studying why metal 
conducts heat both depend on chemistry to explain what’s happening.
• Connect to careers: medicine, pharmacy, environmental science, forensics, materials engineering, 
and even cooking all rely on understanding matter.
• Quick check for understanding: ask a student to name one example of matter they can see in the 
room right now.

Concept 2: Sorting Out Matter
• Introduce two broad categories of matter: pure substances and mixtures.
• Pure substances have a fixed composition.
  • Elements cannot be broken down into simpler substances. Example: oxygen (O2).
  • Compounds form when two or more elements bond in a fixed ratio. Example: water (H2O) or table 
salt.
• Mixtures combine substances that keep their own identity and can be separated again.
  • Homogeneous mixtures look uniform throughout. Example: saltwater or clean air.
  • Heterogeneous mixtures show visibly different parts. Example: a salad or sand mixed with gravel.
• Explain physical versus chemical change.
  • A physical change alters form but keeps the same substance. Example: ice melting into water.
  • A chemical change creates an entirely new substance. Example: iron rusting into iron oxide.
• Optional demo: show a beaker of oil and water side by side with a beaker of dissolved salt water, and 
ask students to identify which is homogeneous and which is heterogeneous.

Chapter X - Lecture Notes
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Concept 3: How Chemists Investigate Matter
• Walk through the scientific method: ask a question, form a hypothesis, design an investigation, 
collect data, and use that data to support or revise the original idea.
• Contrast the two types of observation.
  • Qualitative observations describe qualities like color, smell, or texture without using numbers.
  • Quantitative observations use measurement, recording values like mass, volume, or temperature in 
standard SI units.
• Introduce models as tools chemists use to represent atoms and molecules that are too small to see, 
such as ball-and-stick diagrams or computer simulations.
• Discuss safety practices, including Safety Data Sheets and proper use of balances and glassware.
• Connect this concept directly to the case study and frontier application: careful measurement 
exposed the real danger in the Flint water crisis, and self-driving labs now use the same scientific 
method with automated sensors instead of a person.

Wrap-Up
• Return to the opening hook and ask students to explain the chemistry behind each example using 
the vocabulary from today’s lesson.
• Preview that students will apply these ideas directly in the guided notes, hypotheticals, and data 
analysis activity that follow.

Discussion Questions
1. Why do you think chemistry is called “the central science”?

2. Can you think of an example of a physical change and a chemical change from your own life?

3. Why might a qualitative observation miss a real problem, like the one described in the Flint water 
crisis case study?

4. What is one career you had not expected to involve chemistry before today?

5. Do you think an autonomous lab could replace a human chemist someday? Why or why not?
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