Chem 208 Module 2
The Scientific Method
Steps of the Scientific Method
· Performing Experiments
· An experiment is a set of steps (procedures) that are performed under controlled conditions to propose or test a hypothesis. 

· Making Observations 
· Observations ( a key factor in scientific studies as well as in everyday life) can be classified as:
· Qualitative – Observation does not use numbers
· Quantitative – Observation is a measurement. It has 2 components: A measured quantity (numerical value) and an appropriate unit. 

· Proposing a Hypothesis ( based on observations)
· A hypothesis is a tentative explanation to account for the observation of an experiment. A hypothesis is valid provided that one’s assumptions to explain the observation of an experiment can be tested. 

· Confirming a 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.
· In the event of any inconsistencies, steps 1-4 must be repeated. 

· Proposing a Scientific Law
· By repeatedly performing experiment and modifying the hypothesis to account for the observation from these experiments, one is able to propose a scientific law. 






Rules for Determining Significant Figures
Every measurement has some uncertainty. This is due to experimental error. In the case of measuring devices, the last digit of the measurement is uncertain. Sig figs in a measured number include all certain digits and one uncertain digit. 
The concept of Sig Figs is:
· Used to indicate the precision (closeness of measurements).  
GENERAL RULES:
1. All nonzero digits are significant figures.
2. Counting begins from the left with the first nonzero number.
3. Zeros between nonzero digits are counted as significant figures.
4. Terminal zeros (zeros to the right of a number)
· 2.00 x 102 = 3 Sig. Figs
· 2.0 x 102 = 2 Sig. Figs
· 2 x 102 = 1 Sig. Figs
RULES FOR SIGNIFICANT FIGURES IN CHEMICAL CALCULATIONS:
In calculations involving measured values, the number of Sig. Figs. in the final answer is based on the operation performed. 
1. In addition and subtraction of measured quantities, the final answer contains the same number of decimal places as the measurement meant with the least amount of decimal places. 

2. In multiplication and division of measured quantities, the final answer contains the same number of decimal places as the measurement meant with the least amount of significant figures.


3. The final answer is based on the measured quantity involved and the previous two rules





RULES FOR ROUNDING CHEMICAL CALCULATIONS
1. Multi-step calculations
· All numbers are carried to the final result, which is then rounded off to give correct number of Sig. Figs.
2. Digit being rounded off is > 5
· Round up
3. Digit being rounded off is < 5
· Round down
4. Digit being rounded off is = 5
· The digit before is rounded up if it is odd.
· The digit before is kept the same if it is even.
SI  SYSTEM OF UNITS
1. Length
· Meter (m)

2. Volume
· Cubic meter (m3)
· 1 L = 1 dm3 = 10-3 m3
· 1 ml = 1 cm3 = 10-3 dm3 = 10-3 L = 10-6 m3
· Volume depends on size of object.

3. Mass
· Kilogram (kg)
· Refers to the amount of matter an object contains (constant). 
· Mass depends on size of object

4. Density
· Kilogram (kg / m3)
· g/ml or g/L
· Physical property of a substance
· Density = 
**DIMENSIONAL ANALYSIS**


 Matter
What is matter?
Matter:
· Occupies space
· Perceivable by our senses.
· Physical States:
· Solid, Liquid, Gas
· Chemical Composition:
· Element, Compound, Mixture
Chemical Compositions:
Element:
· Composed of 1 type of atom.
· Classified as metal, non-metal, metalloid (semi-metal).
Compound:
· Combination of elements in a definite proportion. 
· Atoms of each individual element are chemically combined to form a compound.
· The properties of a compound are different from individual elements it is comprised from. 
· A chemical change can break down a compound into its individual elements. 
Mixture:
· Non-pure substance made of 2 or more elements or compounds.
· Can be separated by physical, as opposed to chemical procedures
What are Atoms? 
· Atoms are 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 positive charge (p+) 
· Neutrons have no charge (no) 
· Electrons have a negative charge (e-) 
Atomic & Mass Numbers
	Atomic Symbol

	[image: Atomic symbol]


· The atomic number of an element (Z) is equal to the number of protons in the nucleus of its atoms. Each element has a different atomic number. 
· The mass number (A) 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 (X). Both the atomic and mass numbers are included with the atomic symbol.








Molecules and Ions
	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
	· Loss of an electron
· (+ charged ion) 

	Anion 
	· Gain an electron
· (- charged ion) 




. 
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