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Chapter 1

Chemical Foundations

Steps in the Scientific Method
•• 1.1. ObservationsObservations
•• �� quantitativequantitative
•• �� qualitativequalitative
•• 2.2. Formulating hypothesesFormulating hypotheses
•• �� possible explanation for the observationpossible explanation for the observation
•• 3.3. Performing experimentsPerforming experiments
•• �� gathering new information to decide            gathering new information to decide            

whether the hypothesis is validwhether the hypothesis is valid

Figure 1.8: A 
representation of the 

scientific method.

Outcomes Over the Long-Term
•• Theory (Model)Theory (Model)

–– A set of tested hypotheses that give an overall A set of tested hypotheses that give an overall 
explanation of some natural phenomenon.explanation of some natural phenomenon.

•• Natural LawNatural Law
–– The same observation applies to many The same observation applies to many 

different systemsdifferent systems

•• Example Example -- Law of Conservation of MassLaw of Conservation of Mass

Law vs. Theory

• A law summarizes what happens;A law summarizes what happens;

•• A theory (model) is an attempt to A theory (model) is an attempt to 
explain explain whywhy it happens.it happens.

Nature of Measurement
• Measurement Measurement -- quantitative observation   quantitative observation   

consisting of 2 partsconsisting of 2 parts
–– Part 1 Part 1 -- numbernumber
–– Part 2 Part 2 -- scale (unit)scale (unit)

•• Examples:Examples:

–– 20 grams20 grams

–– 6.63 6.63 ×× 1010−34−34 Joule secondsJoule seconds
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International System
(le Système International)

•• Based on metric system and Based on metric system and 
units derived from metric units derived from metric 

system.system.

Dimensional Analysis
Proper use of “unit factors” leads to proper Proper use of “unit factors” leads to proper 
units in your answer.units in your answer.

OK mile: .1 0 62137
1

kilometer
0.62137 mile kilometer

=

NOT OK: 1 kilometer
0.62137 mile

1 mile
0.62137 kilometer

=

A 1.300 Kg infant weighs how many pounds?

1.300 Kg 2.20 lbs
Kg

x = 2.86 lbs
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(0.96 x 10-10 m)(103 mm/m) =

0.96 x 10-7 mm or 9.6 x 10-8 mm

1 C = 10-10 m, so

(0.96 C) (10-10 m/ C) = 0.96 x 10-10 m

Temperature

•• Celsius scale  =Celsius scale  =  °°C  C  
•• Kelvin scale   =   Kelvin scale   =   KK
•• Fahrenheit scale  =Fahrenheit scale  =  °°FF

Figure 1.23: 
Comparison of 
temperature 

scales.

O C = 5/9(OF - 32 OF)

K = O C (1 K/ O C ) + 273.13 K

OF = 9/5 (O C ) + 32 OF

Figure 1.12: Normal body temperature 
on the Fahrenheit, Celsius, and Kelvin 

scales.

Derived Units

•Units which are composed of two or more single dimension
units (mass, time, length)

Examples:  area units (length x length) or 1.0 m2

volume units (length x length x length) or 1 cm3

density units (mass/unit volume) or g/cm3
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Figure 1.6:  
Measurement 
of volume

Figure 1.7: Common types of 
laboratory equipment used to 

measure liquid volume.

Figure 1.24: Some laboratory glassware. Photo courtesy of 

James Scherer.

Figure 1.25: The relative 
densities of copper and 
mercury. Photo courtesy 

of James Scherer.

Density = mass/unit volume

d  = m/V

Figure 1.26: The 
relative densities of 
some liquids. Photo 
courtesy of 

American Color.

Uncertainty in Measurement

• A digit that must be A digit that must be estimatedestimated is is 
called called uncertainuncertain.  A .  A measurementmeasurement
always has some degree of always has some degree of 
uncertainty.uncertainty.
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Precision and Accuracy
• Accuracy refers to the agreement of      Accuracy refers to the agreement of      

a particular value with the true value.a particular value with the true value.

•• Precision refers to the degree of  Precision refers to the degree of  
agreement among several elements of agreement among several elements of 
the same quantity.the same quantity.

Figure 1.10:  
The results of 
several dart 
throws show 
the difference 
between 
precise and 
accurate.

Not accurate
or precise

Precise but
not accurate

Both precise
and accurate

Types of Error
• Random Error Random Error (Indeterminate Error) (Indeterminate Error) 

-- measurement has an equal probability of           measurement has an equal probability of           
being high or low.being high or low.

•• Systematic Error Systematic Error (Determinate Error) (Determinate Error) 
-- Occurs in the same direction each time Occurs in the same direction each time 

(high or low), often resulting from poor (high or low), often resulting from poor 
technique.technique.

Types of Error
Why is it important to determine if an error is random or systematic?

1.  For a measurement, we can estimate its mean value and 
uncertainty only when the error is random.  In many cases,
we cannot decrease random error – but we can estimate
it.

2. Often we can correct systematic error.  To correct a 
systematic error in a measurement, we must fix the cause 
of the error or compensate for it in some way

Figure 1.20: Precision of measurement with a centimeter.
Figure 1.9:  
Measurement 
of volume 
using a buret. 
The volume is 
read at the 
bottom of the 
liquid curve 
(called the 
meniscus).
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Rules for Counting Significant Figures -
Overview

•• 1.  1.  Nonzero integersNonzero integers
•• 2.  2.  ZerosZeros
ww �� leading zerosleading zeros
ww �� captive zeroscaptive zeros
ww �� trailing zerostrailing zeros
•• 3.3. Exact numbersExact numbers

Rules for Counting Significant 
Figures - Details

• Nonzero integersNonzero integers always count as always count as 
significant figures.significant figures.

•• 3456 has 4 significant figs3456 has 4 significant figs..

Rules for Counting Significant 
Figures - Details

•• ZerosZeros
•• �  �  Leading zerosLeading zeros do not count as do not count as 

–– significant figures.significant figures.

•• 0.0486 has 3 significant 0.0486 has 3 significant 
figs.figs.

Rules for Counting Significant 
Figures - Details

•• ZerosZeros
•• �� Captive zerosCaptive zeros always count asalways count as

–– significant figures.significant figures.

•• 16.07 has 4 significant figs16.07 has 4 significant figs..

Rules for Counting Significant 
Figures - Details

•• ZerosZeros
•• �� Trailing zerosTrailing zeros are significant are significant 

only if the number contains a only if the number contains a 
decimal point.decimal point.

•• 9.300 has 4 significant figs.9.300 has 4 significant figs.

Rules for Counting Significant 
Figures - Details

• Exact numbersExact numbers have an infinite      have an infinite      
number of significant figures.number of significant figures.

•• 1 inch  =  2.54 cm, exactly1 inch  =  2.54 cm, exactly
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Rules for Significant Figures in 
Mathematical Operations

• Multiplication and Division:  Multiplication and Division:  # sign. # sign. 
figs in the result equals the number in figs in the result equals the number in 
the least precise measurement used in the least precise measurement used in 
the calculation.the calculation.

•• 6.38 6.38 ×× 2.0  =12.76 2.0  =12.76 →→ 13 (2 sign. figs)13 (2 sign. figs)

Rules for Significant Figures in 
Mathematical Operations

• Addition and Subtraction:  Addition and Subtraction:  # sig figs # sig figs 
in the result is determined using the in the result is determined using the 
number of decimal places in the least number of decimal places in the least 
precise measurement.precise measurement.

•• 6.8 + 11.934 =22.4896 6.8 + 11.934 =22.4896 →→ 22.5 (3 sign.        22.5 (3 sign.        
figs)figs)

Figure 1.9: Laboratory balances: A modern single-pan 
balance. Photo courtesy of American Color.

Figure 1.21: 
Significant figures and 
calculators. Photo 
courtesy of American 

Color.
Retain all the significant
figures during your calcu-
lations.  Round to the 
correct number of signi-
ficant figures at the end
of your calculations.

Matter:Matter:
Anything occupying Anything occupying 

space and having mass.space and having mass.

Classification of Matter
•• Three States of Matter:Three States of Matter:

–– SolidSolid:  rigid :  rigid -- fixed volume and fixed volume and 
shapeshape

–– LiquidLiquid:  definite volume but :  definite volume but 
assumes the shape of its containerassumes the shape of its container

–– GasGas:  no fixed volume or shape :  no fixed volume or shape --
assumes the shape of its containerassumes the shape of its container
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Figure 1.11: Molecular 
representation of a solid. 

Figure 1.11: Molecular 
representation of a liquid.  

Figure 1.11: Molecular 
representation of a gas.  

•• Element:Element: A substance that cannot A substance that cannot 
be decomposed into simpler be decomposed into simpler 
substances by chemical means.substances by chemical means.

•• Compound:Compound: A substance with a A substance with a 
constant composition that can be constant composition that can be 
broken down into elements by broken down into elements by 
chemical processes.chemical processes.

Pure Substances
Figure 1.14: Elements: sulfur, arsenic, iodine, magnesium, 

bismuth, mercury. Photo courtesy of American Color.

Hg

Mg

I2

As

Bi

S
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The element mercury (top left) combines with the 
element iodine (top right) to form the compound 
mercuric iodide (bottom). This is an example of a 

chemical change.

Figure 1.10: Heating mercury metal in air: Mercury metal 

reacts with Oxygen. Photo courtesy of James Scherer.

2 Hg (l)  +  O2 (g) º 2 HgO (s)
mercury oxygen Mercury (II) 

oxide

Figure 1.10: Heating 
Mercury in air: Mercury 
oxide decomposes. Photo 

courtesy of James Scherer.

2 HgO (s)  º 2 Hg (l) + O2 (g)
heat

Types of Mixtures

•• Mixtures have variable compositionMixtures have variable composition..

•• AA homogeneoushomogeneous mixturemixture is a solution is a solution 
(for example, vinegar)(for example, vinegar)

•• AA heterogeneousheterogeneous mixturemixture is, to the is, to the 
naked eye, clearly not uniform (for naked eye, clearly not uniform (for 
example, a bottle of ranch dressing)example, a bottle of ranch dressing)

Figure 1.3:  Sand on a beach looks uniform from a 
distance, but up close the irregular sand grains are 

visible.

Figure 1.15: A mixture of potassium dichromate and iron fillings. Photo 

courtesy of James Scherer.
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Figure 1.15: A magnet separates the iron filling from the 

mixture. Photo courtesy of James Scherer.

Mixtures of Pure Substances

•• Can be isolated by separation Can be isolated by separation 
methods:methods:

•• �� ChromatographyChromatography
•• �� FiltrationFiltration
•• �� DistillationDistillation

Figure 1.15a: 
Paper 
chromatography 
of ink.  
(a) A line of the 
mixture to be 
separated is placed 
at one end of a 
sheet of porous 
paper.

Figure 1.15b:  
Paper 
chromatography of 
ink. 
(b) The paper acts 
as a wick to draw 
up the 
liquid.

Figure 1.15c:  
Paper 
chromatography 
of ink. 
(c) The 
component with 
the weakest 
attraction for the 
paper travels 
faster than the 
components that 
cling to the paper.

Figure 1.14:  Simple laboratory 
distillation apparatus.
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Figure 1.16: Relationships among elements, compounds, and 

mixtures.


