Module 2 Notes – The Scientific Method and Matter
Scientific Method:
Step 1 – Performing experiments: a set of steps that are performed under controlled conditions.
Step 2 – Making observations: 
· Quantitative: observation is a measurement.  It has two components: a measured quantity with an appropriate unit.
· Qualitative: observation does not use numbers
Step 3 – Proposing a hypothesis (based upon the observations made): a tentative explanation to account for the observations of an experiment.
Step 4 – Confirming the hypothesis (by repeated experimentation): the validity of the hypothesis needs to be confirmed via repeated and controlled experiments.  In order to accept a hypothesis there must be no inconsistencies between the hypothesis and the experimental observations.
Step 5 – Proposing a Scientific Law

Numerical Values: 
· Scientific notation: 
· A way of expressing very large or very small numbers and at the same time provides a method of increasing efficiency in scientific calculations.
· N can be any number other than zero, and can only have one digit before the decimal, so N could be 4.56, but not 78.56 or 0.476.  As for n it can be any whole number positive or negative 
· N x 10 +/- nth power where N contains only one nonzero digit to the left of the decimal and n is an integer.
· Example: 2566 in scientific notation – 2.566 x 10^3
· Significant figures (digits)
· SI system of units (based on the metric system)
Significant figures:
1. All nonzero digits are significant figures (EX. 135.62 =5 SF)
2. Counting begins from left with the first nonzero number (0.056=2)
3. Zeros between nonzero digits are counted as SF (30.78=4
4. Terminal zeros (2.3700=5 and 2.00 x 10^2 = 3 and 2.0 X 10^2=2)
Rules for Significant Figures in Chemical Calculations:
1. For calculating significant figures the answer should have same amount of digits as the smallest measurement.  (Round up to the same point as the measurement with the least amount of numbers.)
2. 1 inch = 2.54 cm
Rules for Rounding off Chemical Calculations:
1. If the digit being rounded off is equal to 5, the preceding digit is rounded up if it is odd and remains the same if it is even.
· The SI unit for length is the meter
· The SI derived unit for volume is the cubis meter (m^3).  The most common unit for volume is the liter and the milliliter.
· 1 L = 1dm^3 = 10^-3 m^3
· 1 mL=1 cm^3 = 10 ^-3 dm ^ 3 = 10 ^-3 L = 10^-6 m^3
· The SI unit for mass is the kilogram.  Mass is constant like volume mass depends on the size of an object.
· The SI unit for density is the kilogram per cubic meter (kg/m^3).  Generally in chemistry density is expressed in the units of g/mL or g/L.  Density is a physical property of a substance.  Density=mass/volume.
· Common SI Prefixes:
· Giga – 10^9 – G
· Mega – 10^6 – M
· Kilo – 10^3 – k
· Centi – 10^-2 – c
· Milli – 10^-3 – m
· Micro – 10^-6 – mew
· Nano – 10^-9 – n
· Area = d X d = m X m = m^2 (d=length)
· Volume = d x d x d = m x m x m = m^3

Example: What is the mass of an object in milligrams that weighs 10.31 lbs?

1 lb=453.6 g
10.31 lb x (453.6 g/1.00lb)

The Scientific Method and Matter
Matter: used to describe things that occupy space, are perceivable by our sense.
Matter can be classified in terms of its physical states: solid, liquid or gas or chemical composition: element, compound or mixture.

 Elements are composed of one type of atom and are classified as metal, nonmetal or metalloid (semi-metal)
 Compounds are a combination of elements in a definite proportion.  The atoms of each of the individual elements are chemically combined to form the compound.
 A non-pure substance made of two or more elements or compounds that can be separated by physical procedures.

Atoms: composed of electrons, protons and neutrons.  The nucleus of the atom contains the neutrons and protons.  The electrons surround the nucleus and are equal to the number of protons in a neutral atom.  
· Protons have a + charge
· Electrons have a – charge
· Neutrons have no charge
 The atomic number of an element is equal to the number of protons in the nucleus of its atoms.  
 The mass number is equal to the number of protons and neutrons in the atom.  To calculate the number of neutrons, subtract the atomic number from the mass number.  Number of neutrons = A-Z
 Every element has an atomic symbol both the atomic and mass numbers are included with the atomic symbol.

	Molecules
	· Molecules are a combination of atoms in a definite proportion e.g., molecule of water

(H2O; hydrogen:oxygen = 2:1).

	Ions
	· Ions are charged species formed by loss or gain of electron(s) from an atom.

	Cation
	· Cation generation: M (g) [image: rrow] M+(g) + e- (loss of e-) [M = metal; g = gaseous state] 

[where M+, a positively charged ion is the cation]

	Anion
	· Anion generation: X (g) + e-[image: rrow] X- (g) (gain of e-) [X = nonmetal]
[where X-, a negatively charged ion is the anion] 

Example: NaC[image: http://www.econcordia.com/courses/chemistry_lives/_lib/lesson_images/symbol.jpg](table salt) a compound, consists of Na+(cation) & C[image: http://www.econcordia.com/courses/chemistry_lives/_lib/lesson_images/symbol.jpg]- (anion) ions.
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