
Chemistry 221 - Lecture 3 – 10/2

Possible Haiku

Other Student Results

Results from the ping pong problem

Coke vs Diet Coke

  Measurement Uncertainty
Length of pen?

• Where is the uncertainty?
• What happens if I measure 5 times?
• How do we characterize uncertainty?

Precision
• how close the 5 measurements are

Accuracy
• how close to correct answer



Measurement

What is
volume
reading?

What is mass
reading?

  Characterize uncertainty by
Significant Figures

DEFINITION:  Those digits in a
measured number (or result of
calculation) that include all certain
digits  plus a final one with some
uncertainty.

Example:
• 0.997 :  between 0.995 - 0.999
• 0.9970 :  between 0.9968 - 0.9972

Significant Figures - Help us interpret a
number
Group answers from Ball problem

• How many of those digits do we know for
certain?

Densities (if rounded to whole #)
•   Oil density = 0.8637 g/mL ~ 1 g/mL
•   Water density = 0.997 g/mL ~1 g/mL

May need more digits to get significant information



  RULES: for counting
1. Express the number in scientific

notation

2.  Count the number of digits multiplying
the factor of ten.

• 8.637 x 104  ---->  4 sig figs

• 8.6370 x 104  ---->  5 sig figs

Examples:
0.86370  --->

8.6370 x 10-1 --->   5 sig figs

0.008637  --->
   8.637 x 10-3 --->   4 sig figs

400  --->
if 4 x 102   --->  1 sig fig
if 4.00 x 102  --->  3 sig figs

RULES: for calculation
When multiplying or dividing, report as many

sig figs as those in the measurement with the
least # of sig figs.

When adding or subtracting, give same # of
decimal places in the answer as there are in
the measurement with the least # of decimal
places.
• Note:  in subtraction you can lose # of sig figs but

still know the number to the same units accuracy.



Addition / Subtraction

Example

The length of a table was measured to be
3.5 meters.  A set of three tables were
placed end to end.  What length of
space did they occupy?

3.5 + 3.5 + 3.5 = 10.5 3 sig figs

3.5 x 3 = ?  3 sig figs also (3 is exact #)

Ping Pong Balls

Rough measurement of room:
Assume rectangle:
25 ft high: (25 ft)(0.305 m/ft) = 7.63 m
85 ft long: (85 ft)(0.305 m/ft) = 25.91 m
70 ft wide: (70 ft)(0.305 m/ft) = 21.34 m

7.63 x 25.91 x 21.34 = 4.21 x 103 m3



Problem - ping pong balls

Use conversion factors:
room ~ 4.21 x 103 m3 --->  convert  to cm3

• Which unit is larger?
• What do we need to know?
• 102 = 100 cm = 1 m

Write equivalence as a conversion factor:
• 100 cm / 1m

Conversion cont.
4.21 x 103 m3(100 cm/1m)3

= 4.21 x 103 m3( 1 x  106 cm3 / 1 m3)
= 4.21 x 109 cm3

To use conversion factors again:
1 ball = 54.9 cm3

• 1 ball / 54.9 cm3 (4.21 x 109 cm3)
• =  7.67 x 107 balls = 80,000,000

Approximations?

Rule of Thumb

• Conversion factor should not limit
number of significant figures

• Use measured number to determine
number of sig figs

• Carry at least one extra digit in sig
figs to reduce round off error in
calculation.



Shift Gears - measurement

Temperature Scale - Kelvin

• SI unit related to Celsius or Centigrade
• Celsius based on the physical properties

of Water
• What physical properties of water are

related to temp?

Remember: physical property
Property that can be measured without

changing the identity of the substance.

Contrast with chemical properties:
• Describe the way substances change or

“react” to form other substances.
For temperature:

• boiling
• melting

In the Celcius scale:

0 oC is assigned freezing temperature
100 oC is assigned boiling temperature
22-25 oC is room temperature

Relationships:
• Kelvin:  K = oC + 273.15
• Fahrenheit:   F = (1.8 x oC)  + 32



Example:  Hottest day in Death
Valley (1913): T= 330 K

Is this a mistake?

K = oC + 273.15
oC = 56.85
oF = (oC x 1.8) + 32 = 134.3 oF

• How should we report?
• Compare to measured number 330 K ---->

134 oF

How are steel and silver different?

• Same physical properties?
• Same chemical properties?

Why not?

• Composed of different elements

• Elements:  basic building blocks of matter -
composed of only one kind of atom.

• Steel is more than one element!

Identification of Elements:
Elements were first identified by chemical

properties

• Gave rise to element names

Now: number of protons identifies
element
• atomic number
• still use name….



Element Representation

Chemical symbols:
• Based on name of element
• Found on the periodic table
• Hydrogen - H Helium - He

Vocabulary of chemists:
H2O water
CO2 carbon dioxide

Classification of Elements

Periodic table - lists in order of atomic #

Three basic classifications:
•  Metals, nonmetals, semi metals
•  How would you describe a metal?

Organization also has further groupings:
• columns are called groups - names

Classification of Elements



Element Groups

Element Groups

Summary
Today we:

• introduced significant figures (sig figs)
• discussed uncertainty in measurement
• discussed accuracy vs precision
• Introduced celsius and Kelvin temperature

scale
• Converted between temperature scales
• Introduced the periodic table


