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What is matter?  What are substances?  How do we classify matter and substances?

Homework:  Give several examples of substances (elements, compounds), and several examples of mixtures (both homogeneous mixtures and heterogeneous mixtures).  What is the difference between a homogeneous mixture and a compound?

Chemistry is fundamentally about substances and how substances may change into other substances by way of chemical reactions.  Chemistry also addresses how substances can change into other forms of the same substance by way of physical transformations.  Can you give an example of each kind of change?

A substance is either an element (the simplest kind of substance) or a compound (a chemical combination of two or more elements).  At the submicroscopic level the book says that a simplest substance is made of only one kind of atom (not strictly true as we will see when we learn about isotopes).  It is more accurate to say that an element consists only of atoms with the same nuclear charge.

In the early days of chemistry, nucleus, nuclear charge, and even atoms were not known about!  So at that time an element was a substance that could not be broken down into or synthesized from simpler substances.

Example:  100.00 g of the substance called cinnabar (a red mineral) can be decomposed by heating to 86.22 g of mercury and 13.78 g of sulfur.  Mercury and sulfur cannot be broken down into simpler substances via chemical reactions so these substances were deemed elements by the early chemists.

Substances are classified and described by observing and measuring their properties.   This is what descriptive chemistry is about.  A particular substance can be identified by its chemical properties and by its intensive physical properties.

Chemical Property:  any chemical reaction involving the substance of interest
It is a chemical property of cinnabar that it can be chemically decomposed (broken down) into mercury and sulfur.  Another chemical property of cinnabar is that it can be synthesized from mercury and sulfur.

It is a chemical property of hydrogen that it can be reacted with oxygen to synthesize water.  Another chemical property of hydrogen is that it can be produced by reacting magnesium with hydrochloric acid.

In summary, the chemical properties of a substance are all possible chemical reactions involving the substance.


Physical Property:  any property which pertains only to the substance itself without reference to other substances.   (i.e. any property not having to do with chemical reactions.)

Melting point temperature, boiling point temperature, density, color, electrical conductivity, specific heat, thermal conductivity, etc. are all physical properties which can be used to identify a substance.  These also happen to be intensive physical properties which do not depend on the amount of substance present.  Substances can typically be identified by their characteristic intensive physical properties.

Volume, mass, number of moles, energy, enthalpy, entropy, etc. are extensive physical properties they depend on the amount of substance present.



The ratio of two extensive properties is always a characteristic intensive property which can be used for substance identification!  Examples:

mass/volume = density

mass/(number of moles) = molar mass

volume/(number of moles) = molar volume

These kind of intensive properties (involving ratios of two extensive properties) also serve as conversion factors between the extensive properties involved.  

Homework:  Calculate the volume of a piece of cinnabar weighing 1.00 kg (density of cinnabar is 8.19 g/cc).


Measurements:  units, uncertainty, and significant figures

Since we are studying substances, and want to characterize or identify them according to intensive properties as described above, we need to make measurements on extensive properties!  Then we can take the ratio of two extensive properties to get an intensive property useful for identification  Of course any measurement always involves some kind of measuring device.  We might measure length with a ruler, volume with a graduated cylinder, mass with an analytical balance, etc.  To be useful, a value obtained from a measuring device needs to be communicated with units telling us what the measurement means and with some indication of the uncertainty to tell us how good the measurement is.

Units
The Mars Climate Orbiter crashed in 1999 because Lockheed delivered thrust data in English units while NASA assumed the data was in metric units.  (Thrust data was sent in pounds instead of newtons.  1 pound = 4.45 newtons)

Metric Base Units
distance		mass		time		temperature	amount
SI		meter  “m”	kilogram “kg”	second “s”	Kelvin “K”	mole “mol”

English		foot		pound		second		degree Farenheit	mole

SI Derived Units	
	volume			speed				density
SI	cubic meter “m3”		meters per second “m/s”		kilograms per cubic meter “kg/m3”

Metric Units for Laboratory Scale work
SI base units and units derived from base units are too large quantities for use in the chemistry lab.  Instead will commonly use the following metric units:

distance		 mass	    volume			            		
centimeter “cm”	 gram “g”   cubic centimeter “cc”, “cm3”, or “mL”

density
gram per milliliter “g/cc”, “g/cm3”, “g/mL”               (mL = cc = cm3 is the same unit of volume)

Of course you should know how to do unit conversions between metric units, i.e. between laboratory scale units and SI base units.  Study the prefix table on p. 14 of the text.  Other useful unit conversion factors (including English-metric conversions) can be found under the back flap of your book.
Suppose a mass of about one gram  is weighed on three different types of balances:

			centigram balance       precision balance     analytical balance

Measured Quantity      =    X	1.03 g		1.030 g		1.0300 g

Absolute Uncertainty   = ΔX	0.01 g		0.001 g		0.0001 g

Relative Uncertainty    = ΔX/X	0.01		0.001		0.0001

Percent Uncertainty     = 100 ΔX/X   1%		0.1%		0.01%

Number of Sig. Figs.		   3		4		5


The uncertainty in a measurement completely depends on the device used to make the measurement.  An analytical balance might cost $7000 while a centigram balance might only cost $150.  Why?
The more significant figures there are, the smaller the uncertainty is, and the better (more precise or more accurate) the device is.  

Absolute Uncertainty is the actual uncertainty of the measured quantity and depends on the device used.  The absolute uncertainty has the same units as the measured quantity!

Relative Uncertainty = Absolute Uncertainty / The Measured Quantity and can also be called the “fractional uncertainty”.  The Relative Uncertainty has no units.  
Percent uncertainty is 100 x relative uncertainty.

More Sig. Figs. always implies smaller uncertainties!


Significant Figure Propagation Rules or “sig fig rules” are really methods to carry uncertainty through calculations so that you have an estimate of  uncertainty in a calculated quantity or answer.

Multiplication or Division:  Answer has least number of sig. figs. of the input quantities.

Addition or Subtraction:  Answer has least number of decimal places of the input quantities.
