
1 About Science

Science is the study 

of nature’s rules.
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“Scientific 

Measurement”



1 About Science

Measurements
 We make measurements every day: buying 

products, sports activities, and cooking

 Qualitative measurements (or observations) are 
words, such as heavy or hot

 Quantitative measurements (or observations) 
involve numbers (quantities), and depend on:

1) The reliability of the measuring instrument

2) the care with which it is read – this is determined 
by YOU!

 Scientific Notation

 Coefficient raised to power of 10   (ex. 1.3 x 107)
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Accuracy, Precision, and Error
 It is necessary to make good, reliable 

measurements in the lab

 Accuracy – how close a measurement is to the true 

value

 Precision – how close the measurements are to 

each other (reproducibility)
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Precision and Accuracy

Neither 

accurate 

nor 

precise

Precise, 

but not 

accurate

Precise 

AND 

accurate
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Accuracy, Precision, and Error

 Accepted value = the correct value 

based on reliable references (Density 

Table page 90)

 Experimental value = the value 

measured in the lab
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Accuracy, Precision, and Error

 Error = accepted value – exp. value

 Can be positive or negative

 Percent error = the absolute value of the error 

divided by the accepted value, then multiplied by 

100%

| error |

accepted value

x 100%% error =
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Why Is there Uncertainty?
• Measurements are performed with 

instruments, and no instrument can read to an 

infinite number of decimal places

•Which of the balances below has the greatest 

uncertainty in measurement?
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Significant Figures in Measurements

 Significant figures in a measurement include all 

of the digits that are known, plus one more digit 

that is estimated.

 Measurements must be reported to the correct 

number of significant figures.
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Which measurement is the best?

What is the 

measured 

value?

What is the 

measured 

value?

What is the 

measured 

value?



1 About Science

Rules for Counting Significant Figures

Non-zeros always count as significant figures:

3456 has 

4 significant figures
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Rules for Counting Significant Figures

Zeros

Leading zeroes do not count as significant 

figures:

0.0486 has

3 significant figures
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Rules for Counting Significant Figures

Zeros

Captive zeroes always count as significant 

figures:

16.07 has

4 significant figures
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Rules for Counting Significant Figures

Zeros

Trailing zeros are significant only if the 

number contains a written decimal 

point:

9.300 has

4 significant figures
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Rules for Counting Significant Figures

Two special situations have an unlimited number of 

significant figures:

Counted items

23 people, or 425 thumbtacks

Exactly defined quantities

60 minutes = 1 hour
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How many significant figures in the 

following?

1.0070 m  5 sig figs

17.10 kg  4 sig figs

100,890 L  5 sig figs

3.29 x 103 s  3 sig figs

0.0054 cm  2 sig figs

3,200,000 mL  2 sig figs

5 dogs  unlimited

These all come

from some

measurements

This is a 

counted 

value
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Significant Figures in Calculations

 In general a calculated answer cannot be more 

precise than the least precise measurement from 

which it was calculated.

 Ever heard that a chain is only as strong as the 

weakest link?

 Sometimes, calculated values need to be rounded 

off.
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Rounding Calculated Answers

 Rounding

 Decide how many significant figures are needed 

(more on this very soon)

 Round to that many digits, counting from the left

 Is the next digit less than 5?  Drop it.

 Next digit 5 or greater?  Increase by 1
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Rounding Calculated Answers

 Addition and Subtraction

 The answer should be rounded to the same 

number of decimal places as the least number 

of decimal places in the problem.
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Rounding Calculated Answers

 Multiplication and Division

 Round the answer to the same number of 

significant figures as the least number of 

significant figures in the problem.
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Rules for Significant Figures in 

Mathematical Operations

• Multiplication and Division:  # sig figs in 

the result equals the number in the least 

precise measurement used in the calculation.

6.38 x 2.0  =

12.76  13   (2 sig figs)
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3.24 m x 7.0 m

Calculation Calculator says: Answer

22.68 m2 23 m2

100.0 g 23.7 cm3 4.219409283 g/cm3 4.22 g/cm3

0.02 cm x 2.371 cm 0.04742 cm2 0.05 cm2

710 m 3.0 s 236.6666667 m/s 240 m/s

1818.2 lb x 3.23 ft 5872.786 lb·ft 5870 lb·ft

1.030 g x 2.87 mL 2.9561 g/mL 2.96 g/mL
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Rules for Significant Figures in 

Mathematical Operations

Addition and Subtraction:  The number of 

decimal places in the result equals the number 

of decimal places in the least precise

measurement.

6.8 + 11.934 =

18.734  18.7   (3 sig figs)
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3.24 m + 7.0 m

Calculation Calculator says: Answer

10.24 m 10.2 m

100.0 g - 23.73 g 76.27 g 76.3 g

0.02 cm + 2.371 cm 2.391 cm 2.39 cm

713.1 L - 3.872 L 709.228 L 709.2 L

1818.2 lb + 3.37 lb 1821.57 lb 1821.6 lb

2.030 mL - 1.870 mL 0.16 mL 0.160 mL

*Note the zero that has been added.
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Notation
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In science, we deal with some very 

LARGE numbers:

1 mole = 602000000000000000000000

In science, we deal with some very SMALL

numbers:

Mass of an electron =

0.000000000000000000000000000000091 kg

Scientific Notation



1 About Science

Imagine the difficulty of calculating the 

mass of 1 mole of electrons!

0.000000000000000000000000000000091 kg

x 602000000000000000000000

???????????????????????????????????
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Scientific Notation:

A method of representing very large or very small 

numbers in the form:

M x 10n

 M is a number between 1 and 10

 n is an integer
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2 500 000 000

Step #1: Insert an understood decimal point

.

Step #2: Decide where the decimal must end     

up so that one number is to its left

Step #3: Count how many places you bounce 

the decimal point

123456789

Step #4: Re-write in the form M x 10n
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2.5 x 109

The exponent is the 

number of places we 

moved the decimal.
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0.0000579

Step #2: Decide where the decimal must end     

up so that one number is to its left

Step #3: Count how many places you bounce 

the decimal point

Step #4: Re-write in the form M x 10n

1 2 3 4 5



1 About Science

5.79 x 10-5

The exponent is negative 

because the number we 

started with was less than 1.
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PERFORMING 

CALCULATIONS IN 

SCIENTIFIC 

NOTATION

ADDITION AND SUBTRACTION
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Review:
Scientific notation expresses a 

number in the form:

M x 10n

1 M 10
n is an 

integer
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4 x 106

+ 3 x 106

IF the exponents are 

the same, we simply 

add or subtract the 

numbers in front and 

bring the exponent 

down unchanged.

7 x 106
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4 x 106

- 3 x 106
The same holds true 

for subtraction in 

scientific notation.1 x 106
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4 x 106

+ 3 x 105

If the exponents are 

NOT the same, we 

must move a decimal 

to make them the 

same.
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4.00 x 106

+ 3.00 x 105
+ .30 x 106

4.30 x 106

Move the 

decimal on 

the smaller

number!

4.00 x 106
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A Problem for you…

2.37 x 10-6

+ 3.48 x 10-4
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2.37 x 10-6

+ 3.48 x 10-4

Solution…

002.37 x 10-6
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+ 3.48    x 10-4

Solution…
0.0237 x 10-4

3.5037 x 10-4
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International System of Units

 Measurements depend upon units that serve as 

reference standards

 The standards of measurement used in science are 

those of the Metric System
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International System of Units

 Metric system is now revised and named as the 
International System of Units (SI), as of 1960

 It has simplicity, and is based on 10 or multiples of 
10

 7 base units, but only five commonly used in 
chemistry: meter, kilogram, kelvin, second, and 
mole.



1 About Science

The Fundamental SI Units

(Le Système International, SI)
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Nature of Measurements

Part 1 – number

Part 2 - scale (unit)

Examples:

20 grams

6.63 x 10-34 Joule seconds

Measurement - quantitative observation   

consisting of 2 parts:



1 About Science

International System of Units

Sometimes, non-SI units are used

Liter, Celsius, calorie

Some are derived units

They are made by joining other units

Speed = miles/hour (distance/time)

Density = grams/mL (mass/volume)
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Length

In SI, the basic unit of length is the meter (m)

Length is the distance between two objects –

measured with ruler

We make use of prefixes for units larger or smaller
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Common SI Prefixes 

Prefix Unit Abbreviation Meaning Exponent

Kilo- k
thousand

103

Deci- d
tenth

10-1

Centi- c
hundredth

10-2

Milli- m
thousandth

10-3

Micro-
millionth

10-6

Nano- n
billionth

10-9
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Volume

The space occupied by any sample of matter.

Calculated for a solid by multiplying the length x width 

x height; thus derived from units of length.

SI unit = cubic meter (m3)

Everyday unit = Liter (L), which is non-SI.    (Note: 

1mL = 1cm3)
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Devices for Measuring Liquid Volume

Graduated cylinders

Pipets

Burets

Volumetric Flasks

Syringes
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The Volume Changes!

 Volumes of a solid, liquid, or gas will generally

increase with temperature

 Much more prominent for GASES

 Therefore, measuring instruments are calibrated

for a specific temperature, usually 20 oC, which is 

about room temperature
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Units of Mass

Mass is a measure of the quantity of matter present

Weight is a force that measures the pull by 

gravity- it changes with location

Mass is constant, regardless of location
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Working with Mass

The SI unit of mass is the kilogram (kg), even though 

a more convenient everyday unit is the gram

Measuring instrument is the balance scale
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Units of Temperature

• Temperature is a measure of how hot or cold an 

object is.

• Heat moves from the object at the higher 

temperature to the object at the lower temperature.

• We use two units of temperature:

– Celsius – named after Anders Celsius

– Kelvin – named after Lord Kelvin

(Measured with a 

thermometer.)
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Units of Temperature

• Celsius scale defined by two readily determined 
temperatures:

– Freezing point of water = 0 oC

– Boiling point of water = 100 oC

• Kelvin scale does not use the degree sign, but is 
just represented by K

• absolute zero = 0 K   (thus no negative values)

• formula to convert:  K = oC + 273
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Measuring

 Volume

 Temperature

 Mass
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Reading the Meniscus

Always read volume from 

the bottom of the 

meniscus. The meniscus 

is the curved surface of a 

liquid in a narrow 

cylindrical container.
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Try to avoid parallax errors.
Parallax errors arise when a meniscus or needle is 

viewed from an angle rather than from straight-on at 

eye level.

Correct: Viewing the 

meniscus

at eye level

Incorrect: viewing the meniscus

from an angle
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Graduated Cylinders

The glass cylinder 

has etched marks to 

indicate volumes, a 

pouring lip, and quite 

often, a plastic 

bumper to prevent 

breakage. 
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Measuring Volume
 Determine the volume contained in a 

graduated cylinder by reading the bottom of 

the meniscus at eye level. 

 Read the volume using all certain digits 

and one uncertain digit. 

 Certain digits are determined 

from the calibration marks on the 

cylinder. 

The uncertain digit (the last digit of 

the reading) is estimated. 
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Use the graduations to find all certain digits

There are two 

unlabeled graduations 

below the meniscus, 

and each graduation 

represents 1 mL, so 

the certain digits of 

the reading are…

52 mL.
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Estimate the uncertain digit and take a 

reading

The meniscus is 

about eight tenths 

of the way to the 

next graduation, so 

the final digit in the 

reading is           

The volume in the graduated cylinder is

0.8 mL

52.8 mL.
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10 mL Graduate
What is the volume of liquid in the graduate?

_ . _ _ mL6 26
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25mL graduated cylinder 
What is the volume of liquid in the graduate?

_ _ . _ mL1 1 5
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100mL graduated cylinder 
What is the volume of liquid in the graduate?

_ _ . _ mL5 2 7
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Self Test
Examine the meniscus below and determine 

the volume of liquid contained in the 

graduated cylinder.

The cylinder contains:

_ _ . _ mL7 6 0
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The Thermometer

Determine the temperature 

by reading the scale on the 

thermometer at eye level.

Read the temperature by 

using all certain digits and 

one uncertain digit. 

Certain digits are determined from the calibration 

marks on the thermometer. 

The uncertain digit (the last digit of the reading) is 

estimated. 

On most thermometers encountered in a general 

chemistry lab, the tenths place is the uncertain digit.
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Do not allow the tip to touch the walls or 

the bottom of the flask.

If the thermometer bulb 

touches the flask, the 

temperature of the glass 

will be measured instead 

of the temperature of the 

solution. Readings may 

be incorrect, particularly 

if the flask is on a 

hotplate or in an ice bath.
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Reading the Thermometer
Determine the readings as shown below on 

Celsius thermometers:

_ _ . _ C _ _ . _ C8 7 4 3 5 0
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Measuring Mass - The Beam Balance

Our balances have 4 beams – the uncertain digit is 

the thousandths place ( _ _ _ . _ _ X)



1 About Science

Balance Rules 
In order to protect the balances and ensure accurate 

results, a number of rules should be followed: 

 Always check that the balance is level and 

zeroed before using it.

 Never weigh directly on the balance pan. Always 

use a piece of weighing paper to protect it. 

 Do not weigh hot or cold objects. 

 Clean up any spills around the balance 

immediately. 
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Mass and Significant Figures
o Determine the mass by reading the riders on 

the beams at eye level.

o Read the mass by using all certain digits and 

one uncertain digit. 

oThe uncertain digit (the last 

digit of the reading) is 

estimated. 

o On our balances, the 

thousandths place is 

uncertain.
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Determining Mass 1. Place object 

on pan

2. Move riders 

along beam, 

starting with 

the largest, 

until the pointer 

is at the zero 

mark
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Check to see that the balance scale is at zero
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Read Mass

_ _ _ . _ _ _1 1 4 ? ? ?
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Read Mass More Closely

_ _ _ . _ _ _1 1 4 4 9 7


