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Chapter 1: Introduction to Chemistry

“At the heart of science is an essential balance between two
seemingly contradictory attitudes—an openness to new ideas, no
matter how bizarre or counterintuitive they may be, and the most
ruthless skeptical scrutiny of all ideas, old and new. This is how deep
truths are winnowed from deep nonsense.”- Carl Sagan



Chemistry: The Study of Matter
What are the properties of mater?

What are the components of matter?

How does matter interact with other matter?



Chemistry is 
Everywhere!

• Polysaccharides

• Polypeptides

• Lipids

• Cellulose

• Polypeptides

• Metabolism

• Electro-chemical reactions

• Photosynthesis



Why study Chemistry?

• Unifying science

• 5 fields of chemistry:

– Biochemistry

– Analytical Chemistry

– Organic Chemistry

– Inorganic Chemistry

– Physical Chemistry



The 
Scientific 
Method



The Scientific 
Method

Extinction of the Dinosaurs

• Observation: The dinosaurs went extinct suddenly around 65 
million years ago

• Question: What killed the dinosaurs?

• Hypothesis: Some massive global event must have occurred 
to cause a mass extinction event

• Experiment: High concentrations of iridium detected in rock 
layers formed around the same time

• Conclusion:  Iridium came from an asteroid or comet that 
struck the earth

• Results: the dinosaurs went extinct when a large comet or 
asteroid struck the earth



1.2 Properties and 
Classification of 
Matter



The Phases 
of Matter

• MATTER: anything that occupies 
space (has) Volume and has Mass

• Solid

• Liquid

• Gas

• Plasma





Pure Substances: Element 
or Compound??



The 
Electrolysis 
of Water



Mixture: Heterogenous or Homogenous??



Classification of Matter: Overview



Physical vs. Chemical Properties

• Physical Properties: Don’t depend 

on its interaction with other matter

– Intrinsic (Intensive) Properties- Independent 
of Amount

• Color

• Density

• Molar Mass

• Boiling/Melting Point

• Specific Heat

– Extrinsic (Extensive) Properties – Depends 
on how much you have

• Mass

• Weight

• Volume

• Heat Capacity



Physical vs. Chemical Properties

• Chemical Properties: How does 
it interact with other matter?

– Intrinsic (Intensive) Properties-
Independent of Amount

• Color

• Density

• Molar Mass

• Boiling/Melting Point

– Extrinsic (Extensive) Properties –
Depends on how much you have

• Mass

• Weight

• Volume



Physical vs. 
Chemical 
Changes

• Physical Change: Changes 
form, but remains the same 
substance

– Example: Melting Wax

• Chemical Change: Change 
in chemical identity of the 
components. A reaction has 
occurred

– Example: Striking a match



The 
Periodic 
Table

T H E  E L E M E N T S  O N  T H E  

P E R I O D I C  T A B L E  A R E  

O R G A N I Z E D  B Y  T H E I R  

P H Y S I C A L  P R O P E R T I E S



Question:

Which is a chemical property of Copper

a) Reddish Brown Copper

b) Reacts with Nitric Acid

c) Conducts Electricity

d) Melting point of 1083 ˚C

𝐶𝐶𝑢𝑢 𝑠𝑠 + 4 𝐻𝐻𝐻𝐻𝑂𝑂3 𝑎𝑎𝑎𝑎 → 𝐶𝐶𝑢𝑢 𝐻𝐻𝑂𝑂3 2 𝑎𝑎𝑎𝑎 + 2 𝐻𝐻𝑂𝑂2 𝑎𝑎𝑎𝑎 + 2 𝐻𝐻2𝑂𝑂 𝑙𝑙



Measurement and Uncertainty



Critical Units!

The Mars Climate Orbiter was 
Launched by NASA on 
December 11th, 1998 to study 
the Martian climate.



Base Units



Metric 
Prefixes



Units are your Friend!

1. Help you understand the physical meaning

2. How to calculate the quantity

3. Identify errors in your calculations



Example: Find the Specific Heat ( 𝐽𝐽
𝑔𝑔℃

)

Find the Specific Heat of Aluminum if 900 J of heat are required to raise 
the temperature of 100 g of Aluminum by  10 ˚C

c=0.900 J/g ˚C



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
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