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Derived Units: Density



Example: Finding 
the Density 

𝜌𝜌 =
𝑚𝑚
𝑉𝑉

𝜌𝜌 =
(69.658 𝑔𝑔)

(22.4 𝑚𝑚𝑚𝑚 − 13.5 𝑚𝑚𝑚𝑚)

𝜌𝜌 =
(69.658 𝑔𝑔)

(8.9 𝑚𝑚𝑚𝑚)

𝜌𝜌 = 7.8
g

mL



Uncertainty in Measurement

Person Volume Recorded (mL)

1 21.7

2 21.8

3 21.6

4 21.7

Certain Digits Uncertain Digits



Exact numbers

Values that have no uncertainty. 

Examples:

• Defined Values
– 12 in = 1 foot

– 2.54 cm = 1 in

– 1000 m = 1 km

• Quantities
– Number of Trials

– Number of Molecules

– Number of People



Significant Figures

What is the difference between 5.67 g and 5.670 g?

The value 5.67 and 5.670 have 3 and 4 significant figures, respectively.  

The more significant figures given in your answer, the more precise your results.  



Significant Figures

1. Every non-zero digit is significant.

2. A zero between two non-zero numbers is significant; 402 has 3 sig figs

3. A zeros at the beginning of a number are not significant, they are “place holders” 
that locate the decimal point; 0.0034 has 2 sig figs.

• 3.4 mg vs. 0.0034 g

4. A zero that comes to the right of a non-zero number after a decimal point is 
significant; 5.670 has 4 sig figs.  The last digit would not have been recorded if it 
was not significant.

5. A  zero that comes to the right of a non-zero number where there is no decimal 
point may or may not be significant.  To specify the number of sig figs, the 
number can be written in scientific notation; 200 only has 1 sig fig while 2.00 x 
102 has 3 sig figs.



Pacific-Atlantic Method

If a decimal point is Present, use the Pacific Method

Start counting from the first non-zero digit from the left side of the number

234.780

0.0000570

200.

If a decimal point is Absent, use the Atlantic Method

Start counting from the first non-zero digit from the right side of the number

48000

39200

67



How could you write 1400 with 
3 Sig Figs??

1.40 x 103



Operations with Sig Figs

Addition and Subtraction:

Answer will have the same number of decimal places as the number with 
the fewest decimal places

Multiplication and Division:

Answer will have the same number of Sig Figs as the number with the 
fewest Sig Figs



Operations with Sig Figs Example

83.5 𝑚𝑚𝑚𝑚 + 22.28 𝑚𝑚𝑚𝑚 = 106.78 𝑚𝑚𝑚𝑚

865.90 𝑔𝑔 − 2.8121 𝑔𝑔 = 863.0879 𝑔𝑔

15.6 𝑐𝑐𝑚𝑚 × 6.023 𝑐𝑐𝑚𝑚 × 0.34 𝑐𝑐𝑚𝑚 = 31.945992 𝑐𝑐𝑚𝑚3

500 𝑔𝑔 ÷ 305.4 𝑚𝑚𝑚𝑚 = 1.6371971
𝑔𝑔
𝑚𝑚𝑚𝑚

106.8 mL

863.09 g

32 cm3

2 g/mL



Combining Operation

23.09 𝑔𝑔 − 0.345 𝑔𝑔
340.147 𝑚𝑚𝑚𝑚 + 0.00991 𝑚𝑚𝑚𝑚

=
22.75 𝑔𝑔

340. 156 𝑚𝑚𝑚𝑚
= 6.687 × 10−2

𝑔𝑔
𝑚𝑚𝑚𝑚



Rounding Rules

If the first digit to be removed is > 5 ROUND UP!
45.648 → 45.65

If the first digit to be removed is <5 ROUND DOWN!
319.0672 → 319.067

New RULE:

If the first digit to be removed is EQUAL to 5….

Round the to the nearest EVEN number
78.045 → 78.04
78.055 → 78.06
78.065 → 78.06
78.075 → 78.08

This prevents systematic error, since sometimes you will be rounding up and sometimes you will be rounding down!



Rounding Rules Examples

46.7435 to 5 sig figs

46.744

108.5 to 3 sig figs

108

23.97 to 3 sig figs

24.0



Errors in Measurement

• Random Errors: Can make your values larger or smaller. Unavoidable, but can be minimized 
by taking multiple measurements

• Systematic Errors: Make your values either larger or smaller, not both.  Harder to recognize, 
can be minimized by calibration



Precision and Accuracy

Precision:  How close are your values to EACH OTHER?

Less variation (low standard deviation) means high precision.  

Random errors affect your precision much more than systematic errors. 

You get better precision with better technique and more accurate instruments.

Accuracy: How close are your values to the ACTUAL VALUE?

Low percent error means high accuracy

Sometimes the actual value (and therefore the level of accuracy) is not known

Systematic errors can greatly affect your accuracy, Random errors can be minimized by taking averages

You get better accuracy by eliminating systematic errors



Precision 
and 
Accuracy 



Lecture 
Participation:

1. Which archer is the most accurate?

2. Which archer is the most precise?

3. Which archer would you want to be?



What is Temperature??
A measure of the average kinetic energy 
of the particles.  

High KE is “Hot”, Low KE is “Cold"



Temperature 
Scales
• Fahrenheit (1724)

– Generally not used in science

• Celsius (1742)
– Principle temperature scale

• Kelvin (1848) 
– Absolute temperature scale

– Same interval as Celsius scale

– Incorrect to say “degree Kelvin”!

• Freezing Point of Water
– 32 ˚F, 0 ˚ C, 273.15 K

• Boiling point of water
– 212 ˚F, 100 ˚ C, 373.15 K



Temperature Conversion

𝑇𝑇𝐶𝐶 =
5
9

𝑇𝑇𝐹𝐹 − 32

𝑇𝑇𝐾𝐾 = 𝑇𝑇𝐶𝐶 + 273.15

𝑇𝑇𝐶𝐶 = 𝑇𝑇𝐾𝐾 − 273.15



Dimensional Analysis Examples

Convert 8.9 x 1018  m/s to km/day

8.9 × 1018 𝑚𝑚
1 𝑠𝑠

1 𝑘𝑘𝑚𝑚
1000 𝑚𝑚

60 𝑠𝑠
1 𝑚𝑚𝑚𝑚𝑚𝑚

60 𝑚𝑚𝑚𝑚𝑚𝑚
1 ℎ𝑟𝑟

24 ℎ𝑟𝑟𝑠𝑠
1 𝑑𝑑𝑑𝑑𝑑𝑑

= 7.7 × 1020 𝑘𝑘𝑚𝑚/𝑑𝑑𝑑𝑑𝑑𝑑

How many miles in 1 light year?

3.00 × 108 𝑚𝑚
1 𝑠𝑠

100 𝑐𝑐𝑚𝑚
1 𝑚𝑚

1 𝑚𝑚𝑚𝑚𝑐𝑐ℎ
2.54 𝑐𝑐𝑚𝑚

1 𝑓𝑓𝑓𝑓
12 𝑚𝑚𝑚𝑚𝑐𝑐ℎ𝑖𝑖𝑠𝑠

1 𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖
5280 𝑓𝑓𝑓𝑓

3600 𝑠𝑠
1 ℎ𝑟𝑟

24 ℎ𝑟𝑟𝑠𝑠
1 𝑑𝑑𝑑𝑑𝑑𝑑

365.25 𝑑𝑑𝑑𝑑𝑑𝑑𝑠𝑠
1 𝑑𝑑𝑖𝑖𝑑𝑑𝑟𝑟

= 5.88 × 1012 𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑠𝑠 𝑝𝑝𝑖𝑖𝑟𝑟 𝑑𝑑𝑖𝑖𝑑𝑑𝑟𝑟



Question

• You have a recipe that says to use 410 g of flour and to set you oven to 250 C.  Your scale 
only has units of oz, and your oven uses Fahrenheit. How much flour are you going to 
measure out and what will you set your oven temperature to?

• 1 oz= 28 g 480 ˚C

15 oz



Chapter 2: Atoms, Molecules and 
Ions

E A R LY  A T O M I C  T H E O R Y

T H E  S U B - A T O M I C  P A R T I C L E S  

I S O T O P E S  A N D  I O N S

M O L E C U L A R  A N D  I O N I C  C O M P O U N D S

N O M E N C L A T U R E



Early Theories About Matter

The Greeks:

Can matter be divided into infinitely smaller pieces?

If not, what is the smallest unit of matter?

“Atomos”- Indivisible



Early Theories about 
Matter

Alchemists-

Tried to “transmute” lead in to gold, among other 
things.

Very secretive, not sharing knowledge





Dalton’s Atomic Theory

1. Matter consists of atoms

2. Atoms are the smallest unit of an element 
that still has the properties of that element

3. Elements consist of only one type of atom

4. Atoms of one element differ in properties 
from atoms of another element

5. A compound is made from atoms of tow 
or more different elements combined in 
small whole number rations (Law of 
Constant Composition)

6. During chemical reactions, atoms are not 
created or destroyed but rather 
rearranged to form different compounds 
(Law of Conservation of Mass)



Law of 
Constant 
Composition

All samples of a Pure 
Compound contain the same 
elements in the same 
proportions



J.J. Thomson

Discovery of Electrons

Calculated the mass to charge ratio 
for electrons

https://youtu.be/o1z2S3ME0cI



Oil Drop 
Experiment

Determined the magnitude 
of the elemental charge



Gold Foil 
Experiment

Discovery of the Nucleus





The Subatomic Particles



Isotopes



Ions



Atomic Symbols



The periodic table





Atomic Mass vs. Atomic Weight vs. Mass Number

• Atomic Mass= The mass of a single atom
– A single 12C atom has an atomic mass of exactly 12 amu (defined)

– A single 13C atom has an atomic mass of 13.003355 amu (to 8 sig figs)

– A single 16O atom has an atomic mass  of 15.994914 amu (to 8 sig figs)

• Atomic Weight (Average Atomic Mass)= The average mass of the isotopes
– Carbon has an Average Atomic Mass of 12.011 amu

– Oxygen has an Average Atomic Mass of 15.999 amu

• Mass Number = Number of Protons + Number of Neutrons
– 12C has 6 protons and 6 neutrons

– 13C has 6 protons and 7 neutrons



How many protons, neutrons and electrons?

8
16𝑂𝑂−2



Mass Spectrometry



Calculating Average Atomic Mass

27.97693 amu (0.9223) + 28.97649 amu (0.0468) + 29.97377 amu (0.0309) = 28.09 amu



Finding Percent Abundance
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