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1. Steps of the Scientific Method
The scientific method (performing a study in organized steps) consists of: 


2. Scientific Notation 

Scientific notation is a very convenient way of expressing very large or very small numbers and at the same time provides a method of increasing efficiency in scientific calculations. 

It is a mathematical expression in which a number is expressed as: N x 10 ±n

Examples:

	Measurement 
	Scientific Notation 

	1.23 g 
	1.23 x 10 0 g 

	1000.4 mL
	1.0004 x 10 3 mL

	0.0012 mg
	1.2 x 10 -3 mg

	28.32 x 10 15 L 
	2.832 x 10 16 L 

	21.0 million kg
	2.10 x 10 7kg


Significant Figures
•  does not apply to counted items such as exact numbers (e.g., 5 cars, 3 houses) and defined conversion factors (e.g.,1 inch = 2.54 cm, 1 cal = 4.184 J). These have an infinite number of significant figures. 

Rule #1: All nonzero digits are significant figures.
Examples:  
	Measurement 
	No. of sig. fig. 

	135.62 g 
	5

	23.6 cm 
	3

	17.9871 kg 
	6


Rule #2: Counting begins from the left with the first nonzero number (thus leading zeros are not significant).  
	Measurement 
	No. of sig. fig. 

	0.056 mL 
	2

	0.000356 L 
	3

	0.0225 kg
	3


Rule #3: Zeros between nonzero digits are counted as significant figures. 
Examples:

	Measurement 
	No. of sig. fig. 

	1.056 g 
	4

	30.78 cm 
	4

	300.5 mL 
	4


Rule #4: Terminal zeros (zeros to the right of a number) are always significant if the value contains a decimal point. 
	Measurement 
	No. of sig. fig. 

	2.3700 g 
	5

	17.50 mL
	4


Terminal zeros in other cases may or may not be significant. For example, a measured value given as 200 cm does not signify anything regarding the number of significant 
figures. In such cases, sometimes a decimal point makes the zeros significant, but mostly scientific notation is used. 

	Measurement 
	Intended no. of sig. fig. 

	200. cm 
	3

	2.00 x 102 cm 
	3

	2.0 x 102 cm 
	2

	2 x 102 cm 
	1


  

Rules for Significant Figures in Chemical Calculations 

Rule #1
In addition and subtraction of measured quantities, the final answer contains the same number of decimal places as are in the measurement with least number of decimal places (least precise measurement). 

Examples:
Rule #2
In multiplication and division of measured quantities, the final answer contains the same number of significant figures as are in the measurement with the least number of significant figures. 

Examples:
Rule #3: In the final answer of a calculation involving exact numbers, unit conversion factors and constants, the number of significant figures is dictated by the measured quantity involved.
* Exact numbers, unit conversion factors and constants have no effect on the number of significant figures. 

Rule #1: For multi-step calculations, all numbers are carried to the final result, which is then rounded off to give the correct number of significant figures. If the digit being rounded off is > 5, you round the digit up by one. If the digit being 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.
Example:
Density = Mass  
                  Volume

Common SI Prefixes 
	Prefix
	Multiple
	Symbol

	Giga
	10 9
	G

	Mega
	10 6
	M

	Kilo
	10 3
	k

	Centi
	10 -2
	c

	Milli
	10 -3
	m

	Micro
	10 -6
	µ*

	Nano
	10 -9
	n


Examples:
The term matter is used to describe things which: 

•  occupy space (hence possess volume and mass) 

•  are perceivable by our senses 

Examples: 

	Element
	Compound
	Mixture
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•  Electrons have a negative charge (e-) 

•  Protons have a positive charge (p+)

•  Neutrons have no charge (no)

Atomic Number, Mass Number and 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. 
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Nomenclature

In order to determine the name of a compound you must first figure out which of the following 3 cases the molecule falls under and then follow the steps outlined to name the compound:

Case 1: Metal/Non-Metal (Ionic bond)


Name of metal + Name of non-metal + suffix “ide”


Example: NaCl – Sodium Chloride

Transition Elements: They can have different valences and therefore you must include roman numerals to indicate the valence you are using. For Example: FeO vs Fe2O3

Fe2O2



Fe2O3

Iron (II) Oxide 

Iron (III) Oxide
Case 2: Non-Metal/ Non-Metal (Covalent Bond)


“prefix” + non-metal “prefix” + non-metal + suffix “ide”


Example: P2O5 – Diphosphorus Pentoxide
You should know the first ten prefixes: mono, di, tri, tetra, penta, hexa, hepta, octo, nona, deca. 

If the prefix of the first element is mono it is omitted. For example, CO is not monocarbon monoxide but carbon monoxide. 

Case 3: Polyatomic Molecules                                                                                                                         


Name of first + Name of second 


Example: K2SO4 Potassium Sulfate

Must memorize the following table:

	Name
	Formula

	Ammonium
	NH4+

	Bicarbonate
	HCO3- 

	Carbonate
	CO32-

	Hydroxide
	OH-

	Nitrate
	NO3-

	Phosphate
	PO43-

	Bisulfate
	HSO4-

	Sulfate
	SO42-


Writing Formulas

Once again we need to consider three cases above. 

Case 1&3: Metal/Non-Metal (Ionic bond)

Write out the valence of each element and crossover the numbers. Write the formula in simplest terms by dividing by a common number. 

Magnesium Oxide,   

Calcium Phosphate

Mg2+     O2-


Ca2+
PO43-
Mg2O2


                  Ca3(PO4)2
MgO                       


  
Case 2: Non-Metal/ Non-Metal (Covalent Bond)

It is pretty evident to write the formula for this case. Simply make the prefixes into corresponding subscripts.

Tetranitrogen dioxide

N4O2

Do not simplify in this case.

Some compounds are still known by their old names (and not by using the system of nomenclature):

· Water (H2O) [not dihydrogen monoxide] 

· Ammonia (NH3) [not nitrogen trihydride] 

· Hydrogen sulfide (H2S) [not dihydrogen monosulfide] 

· Hydrogen peroxide (H2O2) [not dihydrogen dioxide] 

· Methane (CH4) [not carbon tetrahydride] 

· Ozone (O3) [not trioxygen]

Representation of Chemical Reactions 

Chemical reactions are expressed as an equation (chemical equation) using chemical formulas. For example, the reaction between calcium metal and oxygen gas is expressed as the balanced chemical equation: 

2 Ca (s) + O2 (g)   →   2 CaO (s)  

Balancing Equations
The best way to learn this is to practice:

A) Fe2O3 + Mg ( MgO + Fe

B) AlCl3 + H2O ( Al(OH)3 + HCl

C) NaNO3 + H2SO4 ( Na2SO4 + HNO3
D) NiCO3 + HNO3 ( Ni(NO3)2 + CO2 +H2O
Calculating Molar Mass
For example, knowing the formula of calcium nitrate is [Ca(NO3)2] its formula mass can be calculated as:

Ca: 1 x 40.08 g/mol = 40.08 g/mol
N: 2 x 14.01 g/mol = 28.02 g/mol
O: 6 x 16.00 g/mol = 96.00 g/mol
                                    ------------------
                                   164.10 g/mol 

Similarly, the molecular mass of SF6 can be calculated as: 

S: 1 x 32.06 g/mol = 32.06 g/mol
F: 6 x 19.00 g/mol = 114.00 g/mol
                                   -----------------
                                   146.06 g/mol

The Mole

Just like the 1 dozen = 12, 1 mole = 6.02x1023 (Avogadro’s number). You need to understand how to go between grams and moles using the molar mass:


Examples: How many atoms are the in 50g of dinitrogen pentoxide? (b) What is the mass of 5 moles of Potassium Oxide?

       Sample Questions
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1 - When one mole of nitrogen gas reacts with three moles of hydrogen gas, two moles of gaseous ammonia are produced. The reaction is represented correctly as:
[image: image9.wmf]N2 (g) + H2 (g) → NH3 (g)
[image: image10.wmf]N2 (g) + 3 H2 (g) → 2 NH3 (g)
[image: image11.wmf]2 N2 (g) + 6 H2 (g) → 4 NH3 (g)
[image: image12.wmf]N2 + 3 H2 → 2 NH3


2 - The mass in grams of one mole of neon atoms is:
[image: image13.wmf]20.18 g
[image: image14.wmf]40.36 g
[image: image15.wmf]10.04 g
[image: image16.wmf]39.95 g


3 - The molar mass of hydrogen peroxide is given by:
[image: image17.wmf]68.02 g/mol
[image: image18.wmf]18.02 g/mol
[image: image19.wmf]34.01 g/mol
[image: image20.wmf]17 03 g/mol


4 - Ammonium nitrate has the formula:
[image: image21.wmf]NH4NO3
[image: image22.wmf](NH4)2(NO3)2
[image: image23.wmf](NH4)2NO3
[image: image24.wmf]NH4(NO3)2


5 - The correct name for FeCℓ3 is:
[image: image25.wmf]Monoiron trichloride
[image: image26.wmf]Iron(III) chloride
[image: image27.wmf]Trichloroiron
[image: image28.wmf]None of the above



6 - If 15.0 mL of a liquid has a mass of 14.70 g, its density (expressed in scientific notation and with appropriate number of significant figures) is:
[image: image29.wmf]0.98 g/mL
[image: image30.wmf]9.8 × 10-1 g/mL
[image: image31.wmf]98.0 × 10-2 g mL-1
[image: image32.wmf]9.80 × 10-1 g/mL


7 - After performing a calculation, Tim’s calculator displayed the result as 3.23961 g. If the answer can have only three significant figures and must be expressed using scientific notation and appropriate unit, it should be reported as:
[image: image33.wmf]3.24 × 100
[image: image34.wmf]0.324 × 10 g
[image: image35.wmf]3.24 × 100 g
[image: image36.wmf]32.4/10 g


8 - How many nanoseconds are there in 5.00 s?
[image: image37.wmf]5.00 × 109 ns
[image: image38.wmf]50.00 × 10-10 ns
[image: image39.wmf]0.500 × 10-8 ns
[image: image40.wmf]None of the above


9 - In the Periodic Table, the rare gases are in the same
[image: image41.wmf]Group
[image: image42.wmf]Period
[image: image43.wmf]Section
[image: image44.wmf]None of the above


10 - A neutral atom contains 13 protons and has a mass number of 27. The number of neutrons in the atom is:
[image: image45.wmf]40
[image: image46.wmf]14
[image: image47.wmf]27
[image: image48.wmf]13



11 - An object had a mass of 20.2875 g when weighed on an analytical balance. The uncertain digit in the measurement is:
[image: image49.wmf]7
[image: image50.wmf]8
[image: image51.wmf]5
[image: image52.wmf]3


12 - The final answer for the calculation, (5.173 × 105) × (1.10 × 102) contains:
[image: image53.wmf]3 significant figures
[image: image54.wmf]2 significant figures
[image: image55.wmf]1 significant figures
[image: image56.wmf]107 significant figures


13 - Element with an atomic number of 54 is a:
[image: image57.wmf]Metal
[image: image58.wmf]Non-metal
[image: image59.wmf]Metalloid
[image: image60.wmf]None of the above


14 - The smallest volume is represented by:
[image: image61.wmf]1.0 L
[image: image62.wmf]1000 mL
[image: image63.wmf]2.0 x 105 µL
[image: image64.wmf]1.0 x 104 cm4


15 - If under a set of conditions, hydrogen peroxide decomposes to produce water and gaseous oxygen, how moles of water will be produced (under similar conditions) from 2.00 moles of hydrogen peroxide?
[image: image65.wmf]5.0 moles
[image: image66.wmf]4.00 moles
[image: image67.wmf]1.00 mole
[image: image68.wmf]2.00 moles
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Chapter 1












































Note: The material provided below is simply a condensed version of the course notes provided by the instructor with minor modifications. The section on Nomenclature, Writing formulas and Balancing equations were created by Gradesavers.  
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