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Unit 1A: Math & Measurement of Matter Notes & CW
Unit Objectives: 

o Convert between units of measurements
o Differentiate between accuracy and precision
o Write numbers in scientific notation
o State rules to determine significant figures
o Count significant figures
o To apply sig figs rules to mathematical calculations
o Calculate the volume and density of an object
o Locate density of elements on the reference table
o Graph data
o Use the Scientific method to solve problems

Focus Questions for the Unit: 

 How can matter be measured?

 Why do scientists need to make measurements?

Define the following vocabulary: 

 S.I. unit

 Meter

 Liter

 Gram

 Mass

 Weight

 Precision

 Accuracy

 Volume

 Density

 Significant Figures

 Scientific Notation

Name:_____________________________ Period: ______

Calculate Percent Erroro
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The bold, underlined words are important vocabulary words that you should be able to define and use properly 
in explanations.  This is a study guide for what you will be tested on throughout the year.  The objectives are divided 
into categories of “Knowledge” (what you have to know) and “Application” (what you have to be able to do). 

CHECK OFF EACH ITEM WHEN YOU FULLY UNDERSTAND IT 

o Identify independent and dependent variables in an experiment and correctly plot them on an axis

Example hypothesis:  Chemistry students who do their homework will have higher test scores than students who do not do their 
homework. 

   X-axis (horizontal):  the independent variable is the one that is manipulated by the experimenter.  (“The 
one I change.” – do homework/not do homework) 

   Y-axis (vertical):  the dependent variable is the one that changes based on the independent variable.  (The 
data you collect – test scores) 

o Express uncertainty in measurement by properly using significant figures
o Identify the number of sig. figs. in data
o Round to the correct number of sig. figs. on calculations:

  Addition and Subtraction (round to least precise [farthest left] place value) 

  Multiplication and Division (round to the lowest # of digits in data) 

  Combined Rules (Add/Subtract first, then Multiply/Divide) 

o Identify relationships between variables from data tables and graphs (direct or inverse relationships)

o Understand what is meant by conditions of Standard Temperature and Pressure (STP)
(Table A)

o Recognize and convert between units on various scales of measurement (Tables C, D, and T)

   Temperature:  Celsius ↔ Kelvin   Length:  meters ↔ centimeters ↔ millimeters 

   Mass:  grams ↔ kilograms   Pressure:   kilopascals ↔ atmospheres 

   Thermal Energy:  joules ↔ kilojoules        Amount of Substance:   
GFM = 1 mole = 6.02x1023 particles 

o grams ↔ moles ↔ atoms or molecules

o Use the density equation on Table T to solve for density, mass, or volume, given the other two values

o Calculate percent error (Table T)

Goal setting: Based upon your learning style results and the information above list at least two techniques you plan to use to 
study during this unit. 

1. 
2.
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Lesson 1: Safety Rules

Objective: To identify and describe how to avoid safety hazards in the chemistry classroom. 

1. Report all accidents regardless of how minor to your teacher.

2. Work in the lab only when the teacher is present or when you have permission to do so.

3. Never indulge in horseplay or behavior that could lead to injury of others.

4. Before beginning work in lab, clean the lab bench top and your glassware.

5. Use goggles and lab aprons when instructed to do so.

6. Due to the dangers of broken glass and corrosive liquid spills in the lab, open sandals or bare
feet are not permitted in the lab. 

7. Learn the location and proper usage of the eyewash fountain, fire extinguisher, safety
shower, fire alarm box, office intercom button, evacuation routes, clean-up brush and dust pan, 
glass/chemical disposal can.  

8. For minor skin burns, immediately plunge the burned area into cold water and notify the
teacher. 

9. If you get any chemical in your eye, immediately wash the eye with the eye-wash fountain
and notify the teacher. 

10. Never look directly into a test tube. View the contents from the side.

11. Never smell a material in a test tube or flask directly. Instead, with your hand, "waft" some
of the fumes to your nose carefully. 

12. Immediately notify the teacher of any chemical spill and clean up the spill as directed.

13. Never take chemical stock bottles to the lab benches.

14. Use equipment only as directed:

a. never place chemicals directly on the pan balances. Use weigh boats or weigh paper.

b. be cautious of glassware that has been heated.

c. point test tubes that are being heated away from you and others.

15. Never taste any material in the lab. Food, drink and gum are prohibited in lab.

16. Never add water to concentrated acid solutions. The heat generated may cause spattering.
Instead, as you stir, add the acid slowly to water. 
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17. Read the label on chemical bottles at least twice before using the chemical. Many chemicals
have names that are easily confused. 

18. Return all lab materials and equipment to their proper places after use.

19. Upon completion of work, wash and dry all equipment, your lab bench and your clean-up
area. 



Activity - Laboratory Instruments 

Introduction:   The Chemistry laboratory is used to provide you with hands-on experience about 
the concepts learned in lecture.  Because there are many different pieces of lab equipment, it is 
necessary to become familiar with the uses of these tools and know that for the simplest of 
jobs there is the appropriate tool. 

Objective:  To identify different pieces of lab equipment. 
        To formulate an understanding of the uses of each piece of equipment. 

Materials & Equipment: wash bottle, test tube, beaker, graduated cylinder, ring stand, iron ring, 
wire gauze, burner, goggles, test tube holder, spatula, crucible tongs, test tube rack, thermometer,
mortar & pestle, funnel, Erlenmeyer flask, hot plate, crucible & cover, evaporating dish, clay triangle,
utility clamp

Microbiologists 
sometimes use 

Erlenmeyer flasks as 
containers for cell 

cultures.
 

Read more:
http://www.ehow.com/
facts_7325044_functi

on-erlenmeyer-
flask.html#ixzz2Ztngj

OWH

The Bunsen burner 
was designed by 
Robert Bunsen in 

1852. 

Thermometers, which 
were initially known as 

“thermoscopes” were 
first created in 1593 by 

Galileo Galilei.  
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Procedure: 
1. For each piece of equipment at your station predict the purpose of each piece of laboratory
equipment and complete the tables below.  Use the diagrams provided as a reference. 
2. Answer the questions that follow.

Data: 
Table 1 – Equipment used to hold and/or transfer liquids: 

      Match the description on the right to the correct lab equipment. 

Equipment Function 

_______ Beaker 
A. Used for holding, mixing, and sometimes heating 
small amounts of liquids. 

_______ Graduated Cylinder B. Used to dispense water  (H2O) for rinsing and 
washing 

_______ Funnel 
C. Used to hold liquids, sloped sides allows for free 
mixing and easy decanting (not used for measuring 
volume, except for rough estimates). 

_______ Test-tube D. Used for measuring the volume of liquids 

_______ Erlenmeyer Flask E. Used to transfer liquids into small containers 

_______ Wash Bottle F. Used to heat liquids or mixtures (not used for 
measuring volume, except for rough estimates) 

Activity: Following the directions below, complete the task. 
1. Using the wash bottle, place 10 mL of H2O into each of the following containers:

a. test tube
b. beaker
c. graduated cylinder

Questions: 
1. Based on the activity, which glassware was most accurate in measuring 10 mL of H2O?

Explain why.

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

2. Using the data in Table 1, list the items that can be heated.

__________________________________________________________________

How did you know these items can be heated?

__________________________________________________________________

__________________________________________________________________
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Table 2 - Equipment Used To Heat Materials in the Lab: 
    Match the description on the right to the correct lab equipment.  

Equipment Function 

_______ Bunsen Burner with Hose 
A. Used as support over a ring stand to heat a 
crucible 

_______ Ring Stand 
B. Used as support over a ring stand for a beaker or 
flask being heated  

_______ Wire Gauze 
C. Used to heat and evaporate off excess water 
from a mixture  

_______ Iron Ring  D.  Used to produce a flame for heating materials 

_______ Clay Triangle E. Used to hold items above a flame for heating 

_______ Hot Plate 
F. Used to produce a hot surface for heating 
materials 

_______ Crucible & Cover G. Attached to a ring stand to hold items 

_______ Evaporating Dish 
H. Small container used for heating solids to 
extreme temperatures 

Table 2 Activity: 
1. Assemble the following items into a heating apparatus:   ring stand, ring clamp, wire

gauze, burner, and beaker.   Have your teacher approve your setup.

Teacher’s Initials for Setup: ____ 
Questions: 

1. When using a Bunsen burner and ring clamp, always use the “Three Finger Rule” (the
clamp should always be approximately three finger lengths away from the Bunsen burner).
Explain why this rule exists.

__________________________________________________________________

__________________________________________________________________

2. Place the clay triangle on the ring clamp.  Now, without touching the crucible, put the
cover on the crucible and put the crucible and cover into the clay triangle of your heating 
apparatus.   Identify the equipment used for this simple task. 

__________________________________________________________________ 

3. When heating is involved in an experiment, why is it so important to be able to move and
arrange glassware without actually touching the glassware?
__________________________________________________________________

__________________________________________________________________
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Table 3: Locate the following lab tools.  With your partner, discuss and predict the 
function of each item. 

Equipment Predict the Function… 

GOGGLES 

Utility Clamp 

Spatula / Scoopula 

Crucible Tongs 

Test Tube Holder 

Test Tube Rack 

Thermometer 

Mortar and Pestle 

Questions: 
1. Without touching the test tube, put it in the test tube rack.  What instrument did you

use to accomplish this task?

__________________________________________________________________ 

2. Define the following terms:
• Qualitative Observation: _____________________________________________

________________________________________________________________

• Qualitative Observation: _____________________________________________

________________________________________________________________

3. Make a qualitative observation about the safety goggles.

__________________________________________________________________

4. Which apparatus listed in Table 3 is used to make a quantitative observation?

__________________________________________________________________
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Conclusion Questions: 
1. List 4 items that could be used to measure out 25 milliliters of hydrochloric acid for an

experiment.
o _________________________

o _________________________

o _________________________

o _________________________

2. Which piece of laboratory equipment should be used to remove a heated crucible
from a ringstand?

a) 

b) 

c)

d)

3. Which activity is considered a proper laboratory technique?
a) heating the contents of an open test tube held vertically over a flame
b) heating the contents of a test tube that has been closed with a stopper
c) goggles are optional during laboratory experiments
d) goggles should be worn during all laboratory experiments

4. Which diagram represents a crucible?

1. 2. 3. 4. 

5. Which diagram represents an Erlenmeyer flask?

1. 2. 3. 4. 
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Lesson 2: Fundamentals of Measurement  

Objective: To apply the rules of significant figures to represent precise measurements 

Chemistry, and in fact all science, involves mathematical calculations. We need to be able to 
measure quantitatively (use numbers) as well as observe qualitatively. 

Qualitative Data Quantitative Data 

 Deals with descriptions.
 Data can be observed but not measured.
 Colors, textures, smells, tastes, appearance,

beauty, etc.
 Qualitative → Quality

 Deals with numbers.
 Data which can be measured.
 Length, height, area, volume, weight, speed,

time, temperature, humidity, sound levels, cost,
members, ages, etc.

 Quantitative → Quantity

Quantitative Measurements in Chemistry: 

1. Volume-the amount of space matter (an object) takes up

Metric base units of volume are: liters 

2. Mass- the amount of matter an object contains (different than weight, which is mass +
gravity… more on this in physics!) 

Metric base  units of mass are: grams 

3. For quantitative measurements, we need to know the difference between accurate
measurements and precise measurements. 

Video  Watch this!!!  Accuracy & Precision 

Accuracy: How close is a measurement to the true value? 

Precision: How reproducible is a measurement? 

Dart board example: 

Not on test!!

https://youtu.be/hRAFPdDppzs


LAB ACTIVITY: Candle Observations 

INTRODUCTION: 
Observation - recognizing and noting some FACT to gather information about 
the world. You make observations using your five senses. Observations must 
be specific and accurate, not relative, so that it means the same to everyone. 
         There are two types of observations: qualitative and quantitative. 
Qualitative observations describe the object or event in words, without using 
numbers. For example: “The car is red” is a qualitative observation. 
Quantitative observations, as the name implies, describe the object or event 
using measurable quantities; that is, numbers. For instance, “The car is 
traveling at 100 kilometers per hour” is a quantitative observation. 

Purpose: To observe a chemical reaction (combustion reaction) 
         To write a hypothesis  
         To record inferences and observations 
         To make quantitative and qualitative observations about a reaction. 
         To use a balance and metric ruler 

Materials: candle; matches; balance; string; metric ruler; 
Note: In this experiment, you will be working with an open flame.  Tie back long hair 
and secure loose clothing.  Also wear safety goggles and a lab apron or coat at all 
times when working in the lab. 

Making Some Observations 
Directions:  Using your five senses, make as many observations as you can 
in fifteen minutes. (A. Before Lighting   B. Burning   C. After Blow out) 
1.  
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11.
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12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

Qualitative & Quantitative Observations 

Directions: Separate the observations that you made above into qualitative and 
quantitative observations. 
Qualitative Observations Quantitative Observations 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20.

12
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Example: Cheryl, Cynthia, Carmen, and Casey shot the targets above at camp.  Match each target 
with the proper description (assume bulls eye is the desired result) 

(a) Accurate and precise_________ 
(b) Accurate but not precise____________ 
(c) Precise but not accurate_____________ 
(d) Neither precise nor accurate_____________ 

(Answer: Carmen, Cynthia, Casie, Cheryl) 

We can compensate for lack of precision by making many measurements or by using better 
equipment.  You can improve accuracy by fixing the equipment you are using or correcting 
errors in use. When considering precision of a measurement, it is important to consider 
significant figures.  Significant Figures in a measurement include all the digits that can be 
known precisely plus a last digit that can be estimated. 

Significant Figures Rules 

There are 4 rules on determining how many significant figures are in a number:

1. Non-zero digits are always significant.
2. Any zeros between two significant digits are significant- aka sandwiched zeros.
3. Leading zeros are never significant.

Rule 1: Non-zero digits are always significant. 

If you measure something and the device you use (ruler, thermometer, triple-beam balance, 
etc.) returns a number to you, then you have made a measurement decision and that ACT of 
measuring gives significance to that particular numeral (or digit) in the overall value you 
obtain.  

26.38 
 7.94 

Rule 2: Any zeros between two significant digits are significant. 

406

4. Trailing zeros are significant if there is a decimal point.

2.

1.

3.

400000064.
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These are sometimes called "captured zeros." 

Rule 3: Leading zeros are never significant.

4. 0.00508

5. 0.0304

Rule 4: Trailing zeros are only significant if there is a decimal point

0.50800

0.0038000

380.00

38000

7.

8.

9.

6.

Classwork 1A-2: Place a box around the Significant Figures in each of the following
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Lesson 3: Calculations Using Sig Figs

Objective: To apply sig figs rules to mathematical calculations 

What do Significant Figures Mean? 

Precision is shown by significant figures. 

For example, measuring 5.14 mL is more precise than measuring 5.1 mL, which is more precise 
than measuring 5 mL. 

In the lab you could measure the same quantity of liquid, using different graduated cylinders. 
5.14 has 3 sig figs     most precise 
5.1   has 2 sig figs 
5      has 1 sig fig least precise 

When massing matter, you could use a balance that will give you a mass of 19.6 grams, or a 
more expensive balance that will give you 19.58g.  A very expensive balance could give you 
19.582g. 

NOTE: The last number in any measurement is always estimated. On an analytical 
balance, which measures to 3 decimal places, the last number will often fluctuate because of the 
balance’s sensitivity to air flow. In any case, the last digit is an estimate.  

**A calculation using measured values gives an answer with the number of sig figs equal to the 
lowest number of measured sig figs.** 

NOTE: Definitions do not have significant figure! 
For example, 100cm = 1m (this is not 1 sig fig) 

So:     1.02 cm  x 2.3 cm = 2.3 cm2, even though your calculator says 2.3460. That’s because the 
precision of your answer is determined by the least precise measurement. 

To calculate density, you divide mass by volume. If you measure the mass very precisely, but 
measure the volume less precisely, your answer will depend on the significant figures of the 
volume measurement. 

So:     A sample has a mass of 19.587 g and a volume of 3.2 cm3. Its density is 6.1g/cm3, even 
though your calculator says 6.1209. 

AN ANALOGY: Consider the weakest link in a chain. The chain’s strength is dependent on 
that weakest link. The chain can only be made stronger by strengthening that link. Likewise, the 
lowest precision measurement is the “weakest link” in an experiment. 



16

Rules for Using Sig Figs in Calculations 

Operation Rule Examples 

Multiplication/Division Perform operation as normal 
& express answer in least # sig 

figs that were given to you 

12.257 x 1.162 = 14.242634 

Addition/Subtraction Line decimal points up; round 
final answer to lowest decimal 

place (least accurate) value 
given  

 3.95 
      2.879 

 +    213.6____ 
  220.429 

Additional Notes: 

 Sometimes a whole number in a calculation can be considered to have an unlimited
number of significant digits ... which means essentially that you ignore it.
For example, if an object's mass is 2.5 kg (two significant digits), and you have seven of
them, the calculation for total mass would look like this:
7 x 2.5 = 17.5 kg = 18 kg (rounded to two significant digits to match the 2.5).
The number 7's significant digits are ignored.

 When doing multi-step calculations, keep at least one more significant digit in
intermediate results than you will need in your final answer.
For example, if a final answer requires two significant digits, then carry at least three
significant digits in intermediate calculations. If you round-off all your intermediate
answers to only two digits, you are discarding the information contained in the third
digit, and as a result the second digit in your final answer might be incorrect. (This is
known as 'round-off error')



Classwork 1A-3: Calculations with Significant Figures
Perform the following calculations, and express your answer using correct units and significant figures.

Practice (Answers at bottom of this page!):

a.) 0.304 m x 1.2000 m =  e.) 0.304 m x 1.2 m =  

b.) 400. g / 2.564 mL = f.) 400 g / 2.5 mL =  

c.) 1828 mL – 6.9 mL = g.) 1800. cm3 – 6.9 cm3 =  

d.) 3.45 cm + 0.79864 cm =  h.) (3.45 cm + 0.79864 cm) / 2.7 s =  

Problems 

1.) 47.0 m / 2.2 s = 8.) 22.0 m + 5.23 m + 15.5 m = 

2.) 140 cm x 35 cm = 9.) 0.042 kg + 1.229 kg + 0.502 kg = 

3.) 5.88 kg / 200 m3 = 10.) 170 cm2 + 3.5 cm2 – 28 cm2 = 

4.) 0.0050 m2 x 0.042 m =  11.) 0.003 L + 0.0048 L + 0.100 L = 

5.) 300.3 L / 180. s = 12.) 24.50 mL + 4.30 mL + 10.2 mL =

6.) 33.00 cm2 x 2.70 cm =  13.) 3,200 mg + 325 mg – 688 mg = 

7.) 35,000 kJ / 0.250 min =  14.) 14,000 kg + 8,000 kg + 590 kg =

15.) 100.0 mL  +  200.0 mL =  mL  =  L

16.) (0.0300 M) (0.105 L) = 

17.) 0.400 mol / (0.500 L + 0.025 L) = 

18.) (0.15 M) (0.1000 L) = 

19.)  ½ (0.015 mol) / 0.15 L = 

20.) 0.120 mol x 150.817 g/mol = 

Practice Answers:
a.) 0.304 m x 1.2000 m =  0.365 m2 e.) 0.304 m x 1.2 m = 0.36 m2

b.) 400. g / 2.564 mL = 156 g/mL f.) 400 g / 2.5 mL = 200 g/mL  
c.) 1828 mL – 6.9 mL = 1821mL g.) 1800. cm3 – 6.9 cm3 = 1793 cm3 

d.) 3.45 cm + 0.79864 cm = 4.25 cm h.) (3.45 cm + 0.79864 cm) / 2.7 s = 1.6 cm/s

17
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Lesson 4:  Scientific Notation

Objective: To convert large and small numbers into scientific notation 

Scientific Notation is 

All numbers, regardless of magnitude, can be expressed in the form:  where





Example: Standard notation 1,230,000:      Scientific notation 1.23x106 

Positive exponents 

Example: 36,600  

1. a number greater than 1:

2. value of the exponent:
number of places the decimal point must be moved so that the notation is in
standard form

3. 36,600 x 100

For each place the decimal point is moved to the left, add 1 to the original exponent
3.66 x 104

Negative exponents 

Example: 0.00563  

1. a number less than 1:

2. value of the exponent:
number of places the decimal point must be moved so that the notation is in
standard form

3. 0.00563 x 100

For each place the decimal point is moved to the right, subtract 1 from the original
exponent   5.63 x 10-3



Classwork 1A-4: 
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Lesson 5:  Temperature Conversions

Objective: To differentiate between temperature scales. To convert between temperature in Kelvin and Celsius.

Temperature Conversions 

Temperature 

 When an object loses energy, kinetic energy of the particles decreases and is observed as a 
decrease in temperature. Several temperature scales are used in Chemistry and can be 
found on reference table A:  

 Kelvin Scale based on the kelvin unit (K), the SI unit of temperature.

 Celsius Scale based on degrees Celsius (oC)

 The Celsius scale divides the range into
100 degrees—0oC to 100oC

 The Kelvin scale is divided into a range
of 273K to 373K (the same scale as Celsius)

Temperature Conversions 

Fill in the formula  as found in Table T of your Reference Tables on your chart 

Example: What is the temperature in Kelvin of an object that is 55 o C   ? 

K= 273 + o C   

Example: What is the temperature in Celsius of an object that is 150 K? 

K= 273 + o C   therefore  o C   =K – 273 
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Fill in the chart using the formula for converting temperature. 

Classwork 1A-5: Temperature
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Practice: 

1) Convert the following to Kelvin

 0o C   ________ 

-50o C   ________ 

90o C   ________ 

-20o C   ________ 

2 ) Convert the following to Celsius 

100o K   ________ 

200o K   ________ 

273o K   ________ 

350o K   ________ 

3) How many Celsius degrees separate the freezing and boiling points of water?  _______
    What are these two temperatures? ________ & _________ 

4) What is the lowest possible temperature in °C? _________

5) How many Kelvin separate the freezing and boiling points of water? ______

6) What are these two temperatures? ________ & ________

7) What is the lowest possible temperature in Kelvin? __________

8) Using the temperature conversion formula on Table T in your Reference Tables, convert the
following   temperatures to either Celsius or Kelvin. 

383 K 

80 °C 

323K 

9) Using Table S in your reference table what temperature does Sulfur melt at?

10) Using table S, what is the freezing point of Silver (Ag)?

11) Using table S, what is the boiling point of Mercury (Hg)?

10° C 

10K 
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Lesson 6     Metric conversions

Objective: To convert between units of measurement within the metric system using the 
reference table 

Designed during the French Revolution of the 1790's, the metric system brought order out of the 
conflicting and confusing traditional systems of weights and measures then being used in Europe. Prior 
to the introduction of the metric system, it was common for units of length, land area, and weight to 
vary, not just from one country to another but from one region to another within the same country. As 
the modern nations were gradually assembled from smaller kingdoms and principalities, confusion 
simply multiplied. Merchants, scientists, and educated people throughout Europe realized that a 
uniform system was needed, but it was only in the climate of a complete political upheaval that such a 
radical change could actually be considered. In Chemistry we measure matter using SI units.  This is an 
abbreviation for System International. The Metric System of measurement is based on multiples of 10. 
Prefixes are used to indicate what multiple of 10 the base unit is being multiplied by. 

SI BASE UNITS (AKA Base Units:   **If you forget, use Table D in your Reference Tables! 

  SI Metric Prefixes Conversion Factors – a mathematical expression that relates two units that 
measure the same type of quantity 

Examples:      1 min = 60 sec   1000 g = 1 kg  1 L = 1000 mL 

Methods for conversions: 

Staircase method instructions-Look at the prefix you have and count how many steps you need 
to get to the prefix you want. Then move the decimal that many steps and in the same direction 
to convert the number to the new unit. 

Base Unit 10
0
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Example: Convert  52 mm to km 

 starting at milli- it is 6 steps up the staircase to get to kilo

 move the decimal six places to the left

 so 52 becomes 0.000052km

Using TABLE C in your reference table you can the same simple metric conversions as above without 
having to memorize anything. The table acts like the staircase. 

Example:  In the word kilometer, the root 
word (base unit) is “meter” and the prefix is 
“kilo.”  Kilo means multiply the root word by 
1000.  Therefore, one kilometer is 1000 
meters (1 km = 1000 m). 

1. Locate the prefix assigned to the measurement unit that you are starting with and then find the
prefix that you want to convert to.

2. Count the number difference between the factors and then move your decimal that many
places. Notice that a number of “stairs” are missing. Pretend they are there when you count.
Don’t forget that the base unit is understood to be present but is not listed!

Example: 
 The factor for centi is -2 and the factor for milli is -3.
• The difference between the two is “1 step”. Since you are moving down the chart you move the

decimal one place to the right.

M
o
v
e 

d
ec

im
al

 l
ef

t

M
o
v
e d

ecim
al rig

h
t

 

Base Unit 10
0
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Lesson 7:  Scientific Method:

Objective: To apply the steps of the scientific method to problem solving 

You got a problem? YOU GOT A PROBLEM???? Then solve it, using the Scientific Method! It is a 
logical sequence of steps designed specifically to solve problems! 

Watch the following video tutorial!     Scientific Method 

The scientific method is a way to ask and answer scientific questions by making observations 
and doing experiments. 
The steps of the scientific method are to:  

 Ask a Question

 Do Background Research

 Construct a Hypothesis

 Test Your Hypothesis by Doing an Experiment

 Analyze Your Data and Draw a Conclusion

 Communicate Your Results

Who uses the Scientific method? 

 Pharmaceutical companies apply the scientific method in determining what the best
medications for a condition are, and what the best dosage is.

 Automotive mechanics use the scientific method to diagnose and repair car problems.

 Computer technicians use the scientific method to diagnose and repair computer
problems.

http://www.youtube.com/watch?feature=player_detailpage&v=ooOfAf6X1qE
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 Doctors use the scientific method to diagnose and heal illnesses or injuries.

 Politicians use the scientific method to craft their election campaigns.

 Arson investigators use the scientific method to determine the cause of fires and
determine their point of origin.

 Forensic investigators use the scientific method to determine the nature and
perpetrators of crime.

 Business executives use the scientific method to analyze profit reports and create new
business plans.

http://www.glencoe.com/sites/common_assets/science/virtual_labs/E16/E16.html

Online Activity: Complete the online activity using the link below. The activity and complete
directions are on pages 23 & 24. This is an INDIVIDUAL ACTIVITY so if you are not tech savvy please 
ask for help.



Online Activity
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Lesson 8: Graphing
Objective: To create a visual representation of data through a graph 

Changing one thing in an experiment (independent variable) will often cause something else to 
change (dependent variable).  

For example, measuring reaction rate as temperature is increased by applying heat: 

Temperature is the independent variable, reaction rate is dependent variable. 

This information can be represented in graphic form to give the scientist a way to quickly see 
trends or patterns in the relationship between the variables. 

Graphs should contain the following features: 
1) X and Y axes with the independent variable in the X axis (with units) and the dependent
variable on the Y axis (with units). 
2) A numerical scale representing uniform increases in each variable.
3) A title: (Dependent Variable) vs. (Independent Variable) – for the example , above, this would
be “Reaction Rate vs. Temperature”. 
4) Data points, circled with “point protectors”. These circles serve two purposes: to make the
point more visible and to represent the margin of error associated with estimated digits. 
5) A line either connecting the data points or in a curve of best fit between the points.

Interpolation and Extrapolation: When data is graphed and a line drawn, one can make 
estimations about information that is either between data points or outside the range of the 
data points. 

1) Reading between the data points to get information is called INTERPOLATION.
2) Extending your graph line and reading outside your data range is called EXTRAPOLATION.
When you do either, you must keep the rules of precision in mind. If your graph reads to the 
nearest tenths, the estimated interpolation or extrapolation must be read to the nearest 
hundredth. 

Best Fit Line (Average Line): Notice how the line of best fit gives approximately the same 
number of data points above and below it, while maintaining a good idea of the slope of the 
data? Use a ruler and a pencil to create this line of best fit. GRAPHS SHOULD ALWAYS BE DONE 
WITH A PENCIL AND A RULER. 
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Relationships: Graphs show relationships between the dependent and the independent 
variable. This can be used to make predictions about behavior of physical and chemical 
phenomena. Direct Relationship: As the independent variable is increased, the dependent 
variable also increases. Indirect (Inverse) Relationship: As the independent variable is increased, 
the dependent variable decreases. 

“As the temperature is increased on a solution of salt dissolved in water, the solubility of the 
salt increases.” This is a DIRECT relationship. “As the pressure on a sample of confined gas is 
increased, its volume will decrease.” This is an INDIRECT relationship. 

 A good graph should have: 

1) Labeled Axes: dependent on the Y axis, independent on the X axis, both with appropriate
units 
2) Title: Dependent Variable vs. Independent Variable
3) Data Points: with point protectors around them
4) Best Fit Line: showing the average slope of the linear data
5) Scaled: regular interval spacing for the scales on both axes
6) Size: The data should take up more than a quarter of the graph paper itself. The larger the
graph, the easier it is to interpolate and extrapolate from 
If you are not told to draw a best fit line, then connecting the data points individually is the 
way to go. 



Reading Graphs 
Being able to read a graph is a very important skill.  Many fields of endeavor, including science, politics, and 
economics often use graphs to quickly and effectively relate a large amount of information.   

Look at the graph on the right and answer the questions.  

1. What is the label on the x-axis?

…the y-axis?

2. What units are used to describe these labels?

…x …y

3. Describe in detail what you think the experimenter
did to get the data for this graph.

4. Over what time interval(s) does the temperature
remain constant? Include units.

5. Over what time interval(s) is the temperature
rising? Include units.

6. What is the temperature of the water after four
minutes? Include units.

7. At what time is the temperature 10oC? Include units.

Creating Graphs 
All good graphs have several items in common.  All good graphs… 

1. have a title at the top.
2. have axes that are labeled, with proper units.
3. are neat, and easy to read.
4. use most of the available space.

Time Total Distance 
Bicycled (km) 

8:00 a.m. 0 
9:00 a.m. 12 

10:00 a.m. 23 
11:00 a.m. 33 

noon 42 
1:00 p.m. 50 
2:00 p.m. 57 
3:00 p.m. 63 
4:00 p.m. 68 

Time (minutes) 
0    1     2    3     4    5     6    7     8    9   10   11  12 

Te
m

pe
ra

tu
re

 (o  C
el

si
us

) 

100 

50 

0 

Classwork 1A-8:
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Using the table on the previous page, prepare a graph that illustrates this data about a bicycle trip. 

ALL graphs must be done in Pencil

a. How would you expect the graph to look if data were available for 5 and 6 p.m.?  Then, identify one factor
that might cause the graph NOT to look like this.

b. Use your graph to estimate the total distance traveled by 10:30 a.m.  Can you be absolutely certain of this
value?  Why or why not?

c. Compare the distance traveled during the first hour of the trip with the distance traveled during the last hour
of the trip.  Suggest a possible explanation for the difference.  How is this difference illustrated on the
graph?
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Bunsen Burner Lab: Tools of the Physical Scientist

Background:  Often a chemist needs to heat materials.  The Bunsen Burner is one of the most
efficient ways of doing this.  Burners come in a variety of designs but most operate on the principle of 

mixing gas with air to produce a hot flame.  In this lab you will learn how to light and adjust a burner flame 

and to locate the hottest part of the flame. 

Parts of the Bunsen Burner: 

A. Barrel – where gas and air are mixed 

B. Collar – adjust the air intake 

C. Air intake openings – air enters here 

D. Gas Flow Valve – regulates flow of gas (can also be controlled from table gas valve) 

E. Gas intake tube – gas enters burner from table source. 

F. Base – supports burner 

Materials: 
spark lighter Bunsen Burner support stand with ring wire screen 

gloves 250 mL beaker 100mL graduated cylinder metal thermometer 

Problem to solve: How do you light and adjust a Bunsen Burner? 

Where is the hottest part of a burner flame? 

Procedure: 

Part 1:  Lighting the Burner 

1. Connect the hose to the table outlet.  Clear the area of all flammable objects (including clothing and your hair!)

2. Turn the barrel so that the air intake openings are closed, and then open them three full turns.

3. Close the gas flow valve at the bottom of the burner, and then open it three full turns.

4. Put on your goggles, open the gas valve on the table and light the burner.

5. Adjust the barrel so that the flame is pale blue with a dark blue inner cone.

Part 2:  The Experiment 

1. Set up the support stand, ring, and wire screen as shown in the photos (see next page).

2. Position the ring clamp so that the beaker is at the base of the flame (Position A).

3. Put 100mL of water into the beaker and record the starting temperature of the water on your data sheet.

4. Heat the water for 2 minutes recording the temperature every 15 seconds.

5. Repeat this procedure for positions B,C, and D using fresh water each time.  Record all data.

A 

B 
C 

D 
E

F
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Bunsen Burner Lab – Data chart and questions 

    Position A       Position B   Position C    Position D 
 (base of flame)  (tip of inner blue flame)  (top of flame) (2 cm above flame) 

Data Chart: 

Position Starting 

 Temp 

15 Sec 30 Sec 45 Sec 60 Sec 75 Sec 90 Sec 105 Sec 120 Sec 

 A 

 B 

 C 

 D 

Questions: 

1. Label the parts of the Bunsen Burner.

A. __________________________ 

B. __________________________ 

C. __________________________ 

D. __________________________ 

E. __________________________ 

F. __________________________ 

2. The Bunsen burner mixes _________ with __________.

3. When the air intake openings are completely closed the flame has a

 _________________ color. 

4. According to your results, where is the hottest part of the flame?

Position A. B, C, or D.  _________________

Parts of the Flame 

A. Base of flame 

B. Tip of inside blue cone 

C. Top of the flame 

D.  2 cm above the flame 

 Position B 

A 

B 
C 

D 

E 

F 

Position A 
Position C 

Position D 
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Bunsen Burner Lab – graphing data 

5. Graph your data for all four positions.  Label each line.
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Practical test: Bunsen burner safety check pointsTeacher to check here

The location of the lab fire extinguisher and safety blanket is known.

Safety glasses were worn.

Long hair was tied back and loose items of clothing tucked away.

The Bunsen burner is not too close to the edge of the desk.

The burner was connected to the gas tap correctly.

The tubing was checked for cracks or leaks.

 The Bunsen Burner
Practical Test: Lighting/Using a Bunsen burner safely.
In this practical your teacher will watch you lighting a Bunsen burner to assess whether you are safe to 
use one in the classroom.

Bunsen Burner License

This certifies that …………………..............................  has demonstrated the ability to:

The holder of this license may therefore use a Bunsen 
burner in the lab if directed to do so by a teacher. 

Signed: ...........................................      Date: ......................

***The small print: The holder is fully responsibly for their actions while using a Bunsen burner and any failure to act safely will result in the immediate revocation of the license.

set up a Bunsen burner correctly and light it safely
adjust the flame appropriately and use the Bunsen burner safely

Bunsen burner license
If you've completed the exercises so far your teacher may be willing to award you a 'license to heat things 
safely and responsibly'. You cannot work on any lab requiring a burner until you are issued this 
license.

Turns off the Bunsen burner correctly/safely.

Understands the difference between orange & blue flame.

Lights the bunsen burner safely/effectively/correctly.
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Lesson 9:  Measuring Matter
Objective: To calculate density as a property of matter 

1. Mass vs. Weight

   
                        

                                                                      
 

*We really only work with MASS in chemistry class!
** We have the same MASS whether we are on earth or on the moon.  The different 
forces of gravity on each cause us to weigh more on earth than on the moon though 
(this is why we float on the moon!) 

2. Volume -
 Techniques:

a. Liquids  use graduated cylinder

Reading a graduated cylinder: 

►Measurements are read from the bottom of the MENISCUS

b. Regular Solids à

c. Irregular Solids à

Intial volume-final volume= volume of object 

How much MATTER 

something has 

MASS WEIGHT 

Depends on gravity 

(force pulling object 

toward earth, moon, 

or other planet) 

Directly 

proportional: as 

mass increases, 

weight increases 

MENISCUS 



Lab/Activity - Measuring Volume

Part A:  Count your drops!
Take a guess - How many drops of water will it take to equal 1 milliliter?  __________ drops

Follow the directions to find the number of drops in 1 milliliter of water, then answer the questions. You 
will need a small graduated cylinder (25 ml), a beaker of water, and an eyedropper for this section.  
(1) Fill a small graduated cylinder with 10 ml of water.
(2) Count the number of drops it takes to raise the water to 11 ml.  Record the number in the chart.
(3) Leave the water in the graduated cylinder and count the number of drops it takes to raise the water to 12 
ml.  Record the number in the chart.
(4) Leave the water in the graduated cylinder and count the number of drops it takes to raise the water to 13 
ml.  Record the number in the chart.
(5) Calculate your average and round to the nearest tenth.

Based on your average, how close were you to your guess?  ____________

Based on your average, how many drops would it take to make 1 liter?  _________

Part B:  Water Displacement
Follow the directions to find the volume of three marbles using water displacement.
(1)  Add 20 ml of water to a 100 ml graduated cylinder.  Record this amount in the chart.
(2)  Add three marbles to the cylinder and measure the volume.  Record this amount in the chart.
(3) Find the difference between the two measurements and record in the chart.  The difference between the 
two measurements will be the volume of the three marbles.  

Part C:  Volume by Formula
Use the formula to find the volume of the box.  Measure to the nearest centimeter (no decimals) before 
calculating your answer.

Volume of water 
before adding 

marbles

Volume of water 
after adding marbles

Difference in volume Volume of 3 marbles

Volume = length x width x height

__________ x __________ x __________ = 
__________ 

# of drops to 11 ml # of drops to 12 ml # of drops to 13 ml Average

Remember 1 liter = 1,000 mL
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Part D:  Color Challenge
1. Obtain the following items from your teacher:

3 beakers with colored water- 25 ml of each color (red, blue, and yellow)
1 graduated cylinder (25 ml - 50 ml)
1 eyedropper
6 test tubes labeled A, B, C, D, E, and F

2. Perform each step outlined below using accurate measurements.

(1)  Measure 17 ml of RED water from the beaker and pour into test tube A.  
(2)  Measure 21 ml of YELLOW water from the beaker and pour into test tube C.
(3)  Measure 22 ml of BLUE water from the beaker and pour into test tube E.
(4)  Measure 5 ml of water from test tube A and pour it into test tube B.
(5)  Measure 6 ml of water from test tube C and pour it into test tube D.
(6)  Measure 8 ml of water from test tube E and pour it into test tube F.
(7)  Measure 5 ml of water from test tube C and pour it into test tube B. 
(8)  Measure 2 ml of water from test tube A and pour it into test tube F.
(9)  Measure 4 ml of water from test tube E and pour it into test tube D.

3. Complete the chart.

Test Tube Color Final Amount (ml)

A

B

C

D

E

F
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3. Density:

Fill in the formula for Density as found in Table T of your Reference Tables on your note 
packet 

Example: What is the density of an object with a mass of 60 g and a volume of 2 cm3? 

        
      

D=

D = 

Classwork 1A-9:



Density Detectives – a Laboratory Experiment
Introduction:
Pennies are made out of copper, right?  Well... let's find out.

Density is a measure of mass per volume and has units grams per cubic centimeter (g/cm3).  
We can calculate density by dividing a material's mass by its volume:

Density g / cm3=
Mass g 

Volume cm3

So, if a penny is made of copper, it should have the same density as copper. 
If it is made of a different metal, it will have that metal’s density.  You will 
measure the mass and volume of some pennies to determine their density.  In 
order to measure the volume of the pennies, you will use a clever technique 
called water displacement.

If you put an object in a container of water, the water level will rise by an 
amount equal to the volume of the object – the amount of water displaced by 
the object.  This is difficult to measure for just one penny, so you will use 
many pennies for your measurement.

Using more pennies will make the density more accurate by making the 
measurements larger compared to the errors involved.

Purpose:
The purpose of this experiment is to determine if the metal pennies are made from has changed, and 
what metal they are (or were) made from.

Procedure:
Perform the following steps twice – once for the older pennies and once for the newer pennies.
Record all observations in a chart like the one below.  Make your own table on your lab report.

Table 1: Sample Observation Table
Old Pennies 
(up to 1996)

New Pennies 
(2000 and later)

Number of pennies
Mass of pennies
Volume of water
Volume of water 
and pennies

Water displacement  
method
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1) Make sure the pennies you will be weighing are dry.  Count and record the number of pennies.
Using the digital scale, determine the mass of the pennies. Record in your table.

2) Fill the graduated cylinder part way with water.  Precisely record the volume of water.
3) Place all of the pennies that were weighed, one at a time, into the graduated cylinder.  Hold the

graduated cylinder at an angle so that the pennies do not splash the water.  Ensure that no air
bubbles are trapped in the water – gently shake the cylinder until no bubbles remain.

4) Record the new water level (volume of water and pennies).

Calculations and Analysis
1) Using your measurements of the volume of water and the volume of water with pennies in it,

calculate the volume of the pennies (do this for both the old and new pennies).
2) Calculate the density of both the old and new pennies by using the recorded mass and the

volume you just calculated.
3) Compare your calculated densities to the table of densities for metals.  What metal is each kind

of penny most likely made from?
Table 2: Densities of Metals in g/cm3

magnesium 1.7
aluminum 2.7
titanium 4.5

steel 7.8
copper 8.9
silver 10.5
lead 11.3
gold 19.3

4) Why might your calculated densities be slightly different from the values in the table?
5) What errors could you have made in this experiment?
6) Since the metal in a pure copper penny is worth about two cents, why might they have changed

the metal used to make pennies?
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Lesson 10: Percent Error

Objective: To apply a formula to determine experimental error 

What is experimental error? It’s the process of screwing stuff up in the lab. It’s all about 
accuracy.  In my experience, there are three main ways that experiments are screwed up in the 
lab: 

1. Human error: You screwed up! Directions were not followed correctly (ie – used the
wrong amount of chemicals, mixed chemicals together in the wrong order) or values
were miscalculated.

2. Procedural error: Before you are offended that your teacher thinks you would screw up
in the lab, please understand that it’s impossible not to make mistakes in the laboratory.
These mistakes can range from splashing chemicals while pouring them together,
leaving residue on the inside of glassware, and any number of procedural errors. It’s
impossible not to make any errors, making it inevitable that percent error values are
almost never 0%. Most of the reported sources of error in your written lab abstracts
should be procedural error.

3. Instrumentation error: The black box screwed up! Modern technology has given us a
wide variety of machines that give us data in magical and mysterious ways. Take an
electronic balance, for example: Place an object on the pan and the mass magically
shows up on the screen. Unfortunately, it’s hard to tell when these machines are
mistaken, making them a possible source of error. You may, however, be unhappy to
find that most instruments work reliably, making this sort of error unlikely, but not
impossible.

4. Unknown error: Something screwed up! Was atmospheric humidity the culprit? Was
there a mini-earthquake that threw off the data? Probably not – most unknown errors
are just human or procedural errors that we can’t even imagine we made in the first
place. No matter what the source, you should be made aware that error is inevitable, no
matter how carefully an experiment is performed. This may make you feel better if you
do something wrong in an experiment.

We can calculate experimental error using the Percent error formula. This is a measure of accuracy! 

Percent error is defined as the Measurement of the % that the measured value is “off” from 
accepted value 

    Measured value = value you “get” 
    Accepted value = value you “should get” 

If value is negative, your measured value is LESS THAN the accepted value 
If value is positive, your measured value is GREATER THAN the accepted value 
*It is very important that you put the given values into the proper place in the formula!

Example: Calculate the percent error if a student measures the density of gold to be 17.2 g/
cm3. Use Table S to find the accepted value for the density of gold.



1. A student determined the heat of fusion of water to be 366.9 J/g. If the
accepted value is 333.3J/g, what is the student's percent error?

Classwork 1A-9: Show ALL Work

2. In an experiment, a student found 18.6% by mass of water in a sample of
BaCl2 * 2H2O. The accepted value is 14.8%. What was the student's 
experimental percent error?

3. Working in the laboratory, a student finds the density of a piece of pure aluminum to
be 2.85 g/cm3. The accepted value for the density of aluminum is 2.699 g/cm3. What is 
the student's percent error?

4. A student takes an object with an accepted mass of 200.00 grams and masses it on his own
balance. He records the mass of the object as 196.5 g. What is his percent error?

5. A student experimentally determines the specific heat of water to be 4.29 J/g x Co. He
then looks up the specific heat of water on a reference table and finds that it is 4.18 J/g x 
Co. What is his percent error?
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Unit 1 Review 

If you can do all the things listed below, you are ready for the Unit 1 test. 

Place a checkmark next to each item that you can do!  If a sample problem is given, complete it as 

evidence. 

_____1. I can list five 

important lab safety rules. 

5 important lab safety rules are: 

1. 

2. 

3. 

4. 

5. 

_____2. I can identify the 

most common laboratory 

tools such as: beaker, 

graduated cylinder, 

Erlenmeyer flask, scoop, 

beaker tongs, test tube, test 

tube rack, test tube holder,  

crucible tongs, Bunsen 

burner, striker, stirring rod, 

funnel, dropper pipette (aka 

eye dropper) 

Draw and label as many of the common laboratory tools as you can! 

_____3. I can determine the 

independent and dependent 

variable in a lab experiment. 

A farmer wants to know what the effect the amount of fertilizer has on 

the amount of fruit an apple tree produces. 

What is the independent variable? 

What is the dependent variable? 

_____4. I can determine the 

number of significant figures 

in a measurement. 

How many significant figures are there in 30.50 cm? 

How many significant figures are there in 400.0 sec? 

_____5. I can determine the 

answer to a math problem to 

the correct number of 

significant figures. 

To the correct number of significant figures, what is the answer to 

5.93 mL + 4.6 mL? 

To the correct number of significant figures, what is the answer to 

5.93 cm * 4.6 cm? 
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_____6. I can read the 

meniscus on a graduated 

cylinder to the correct 

number of significant figures. 

The volume is______________________ mL. 

_____7. I can use dimensional 

analysis to solve math 

problems. 

To the correct number of significant figures, determine how many 

meters there are in 15.4 ft. 

To the correct number of significant figures, determine how many 

minutes there are in 2.7 years. 

_____8. I can convert 

numbers into scientific 

notation from standard 

notation. 

Convert 87,394,000,000,000 to scientific notation. 

Convert 0.0000040934 to scientific notation. 

_____9. I can convert 

numbers into standard 

notation from scientific 

notation. 

Convert 5.8 x 109 to standard notation.

Convert 4.3 x 10-5 to standard notation.

_____10. I can use my 

calculator to input numbers 

in scientific notation using 

the “2
nd

 function & EE keys.

Enter the number 5.67 x 1052 on your calculator and show Mrs. S.

She’ll initial this box, if you’ve done it correctly! 

_____11. I can convert 

between different metric 

units by using Reference 

Table C and dimensional 

analysis. 

1.5 x 10-3 km = ? m

4.67 x 1013 pm = ?dm

Honors Chem Only

Honors Chem Only

Honors Chem Only

Honors Chem Only
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_____12.  I can solve for “x” 

when it’s in the denominator 

of a fraction. 

What is the volume, in cm3, of 54.6 g of beryllium (density = 1.85

g/cm3)

_____13. I can convert oC to

degrees kelvin and degrees 

kelvin to oC.

What kelvin temperature is equal to 200oC?

What Celsius temperature is equal to 200K? 

_____14. I can determine the 

percent error of experimental 

data 

The density of water at 4
o
C is known to be 1.00 g/mL.  Kayla

experimentally found the density of water to be 1.075 g/mL.  What is 

her percent error?   
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