The Atom

· Atom – the smallest unit of an element; all matter is composed of atoms
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Electron – the negatively charged particle in an atom; located outside of 


the nucleus in orbitals

· Proton – the positively charged particle in an atom; located in the nucleus

· Neutron – the neutral particle located in the nucleus of the atom 

· Nucleus – the central part of the atom containing protons and neutrons
· Ion – an atom that has lost or gained electrons and, thus, has a positive 


or negative charge
· Isotopes – atoms of the same element with different numbers of neutrons
Nuclear Radiation

· Radioactivity – the spontaneous release of energy and particles from the nucleus of an atom

· Radiation – energy released from a decaying nucleus in the form of alpha particles, beta particles, and gamma rays

The Periodic Table

· Atomic number - number of protons in an element

· Atomic Mass - the average mass of one atom of that element in amu's (Atomic Mass Units)
· Mass number - the number of protons plus the number of neutrons in the nucleus
· Chemical symbol - the symbol that chemical formulas or equations use to indicate that certain element
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· Period – the seven horizontal rows in the periodic table
· Family – the vertical columns of the periodic table; each family consists of elements with similar properties; these are also called groups; the noble gases are an example of a family
· Nonmetals – elements that are dull in appearance and do not conduct heat; they are located to the right of the stair step line on the periodic table; examples are carbon, nitrogen, and oxygen

· Metals – groups of elements that have luster and are good conductors of heat and electricity ; they are located to the left of the stair step line on the periodic table; examples are iron, copper, and zinc

· Metalloids – elements that have properties of both metals and nonmetals; located along the stair step line on the periodic table; examples are boron and silicon
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· Periodic Trends
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· Diatomic Elements: hydrogen (H2), nitrogen (N2), oxygen (O2), fluorine (F2), chlorine (Cl2), bromine (Br2), iodine (I2) (notice how they make a “7” on the periodic table).  These elements exist naturally as a molecule (two atoms chemically bonded (covalently) to one another).
Chemical Formulas

· Elements are the simplest substance, located on the periodic table, made of only one kind of atom.

· Chemical symbols use a capital letter or a capital and a lower case letter to represent elements like C, Cl, Co, Ca, Na, Au, S

· Molecules are made of 2 or more atoms; examples are O2 (2 Oxygen atoms) and CO2 (1 Carbon and 1 Oxygen atom)

· Compounds are substances made of more than one kind of element; examples are H2O (water) is made of Hydrogen and Oxygen; NaCl (salt) is made of Sodium and Chlorine

· Chemical Formulas represent molecules; they are combinations of symbols and subscripts; examples are H2O (water) and CO2 (carbon dioxide)

· Example:
3H2O




                       coefficient

 
  
· Rules for counting atoms:                                                                     subscript
· ​subscripts multiply the atom directly in front of them (no subscript = 1)

ex:  CH4 has 1 atom of C and 4 atoms of H;  C6H14 has 6 atoms of C and 14 atoms of H

· coefficients multiply all atoms in the compound they precede, including those in parenthesis.

ex:  2CH4 has 2 atoms of C and 8 atoms of H

       2C6H12O6 has 12 atoms of C, 24 atoms of H and 12 atoms of O

Chemical Bonding
· Most atoms need 8 valence (outer) electrons in order to become stable.  This is the octet rule.

· Ionic bond – a chemical bond that results from the transfer of an electron

· Ionic compound – a compound that contains an ionic bond; these compounds are electrically charged
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· Covalent bond – a bond in which electrons are shared between atoms

· Covalent compound – a compound that contains a covalent bond; called a molecule

Inorganic vs. Organic Compounds
· Inorganic Compounds do not come from living things (living things contain carbon).  Their atoms are bonded ionically (thus, consisting of a metal and nonmetal).

· Organic Compounds always contain carbon and have covalent bonds (share electrons).  These compounds can be very large structures made from many atoms.
· Nutritional Chemistry

	Type of Nutrient/Important Information
	Functions
	Examples

	Protein (made from amino acids); energy=4 Calories /gram; RDA: 15 % of daily Calories
	To build/repair/maintain tissues/muscles; 
	Hormones, Insulin, Collagen

	Carbohydrate (three types: monosaccharides (simple sugars), disaccharides, polysaccharides (starches); energy=4 Calories/ gram; RDA: 60 % of daily Calories
	For immediate energy
	Glucose, Fructose, Cellulose

	Lipids (Fats/Oils)—2 types: saturated (all carbons contain single bonds; solid at room temperature (butter (other animal fat sources); can cause heart disease (arteriosclerosis)) and unsaturated (double bond(s) between carbons; liquid at room temperature; oils (made from plant sources—ex. Corn oil)); watch out for hydrogenation (= trans fats=bad cholesterol); triglyceride is made from glycerol (type of alcohol) and fatty acids (type of carboxylic acid; energy=9 Calories/gram; RDA: 25% of daily Calories
	For insulation/long-term energy reserves
	Cholesterol, Steroids

	Vitamins—two types (water soluble (needs to be replaced daily) and fat soluble (stored in body tissues (need less of this type)).
	micronutrient needed to maintain a healthy body
	Vitamin A, Vitamin D

	Minerals
	micronutrient needed to maintain a healthy body
	Iron, Calcium, Phosphorus


· Types of hydrocarbons
· Alkanes—all single bonds between carbons; suffix –ane

·  (general formula: C n H 2n+2)
	Number of Carbons
	Prefix
	Structure

	1
	Methane
	CH4

	2
	Ethane
	CH3CH3

	3
	Propane
	CH3CH2CH3

	4
	Butane
	CH3(CH2)2CH3

	5
	Pentane
	CH3(CH2)3CH3

	6
	Hexane
	CH3(CH2)4CH3

	7
	Heptane
	CH3(CH2)5CH3

	8
	Octane
	CH3(CH2)6CH3

	9
	Nonane
	CH3(CH2)7CH3

	10
	Decane
	CH3(CH2)8CH3


· Alkenes—double bond; suffix –ene

·  (general formula for one double bond: C n H 2n)

CH2=CH-CH-CH-CH3

       |  |

       CH3Br

· Alkynes—triple bond; suffix –yne 

· (general formula for one triple bond: C n H 2n-2)
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· Functional Groups
· Alcohols (a characteristic –OH group is present)
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· Carboxylic Acids (a characteristic –COOH group is present)





· Esters (a characteristic –COO- group is present; the “R” represents “rest” of the molecule) esters form from the combination of an alcohol and a carboxylic acid; esters generally are sweet-smelling and are typically used/found in flavorings of foods or with aromas).



· Fractional Distillation (physical separation technique (based on boiling point) for solutions) and Properties
	Fraction
	Carbons
	BP °C
	Uses

	Gases
	1 to 4
	< 40
	• Fuel in refinery
• Bottled and sold as LPG

	Napthas
	5 to 10
	25 – 175
	• Blended into petrols
• Feedstock for making chemicals

	Kerosenes
	10 to 16
	150 – 260
	• Aviation fuel

	Light gas oils
	14 to 50
	235 – 360
	• Diesel fuel production

	Heavy gas oils
	20 to 70
	330 – 380
	• Feedstock for catalytic cracker

	Lubricants
	> 60
	340 – 575
	• Grease for lubrication
• Fuel additives
• Feedstock for catalytic cracker

	Fuel oil
	> 70
	> 490
	• Fuel oil (power stations and ships)

	Bitumen
	> 80
	>580
	• Road 
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As the number of carbons increase, intermolecular forces increase.  Therefore, more energy is needed to overcome these forces (thus, you see the boiling points increase).  The same principle can be applied to the state of matter.  If there are a small number of carbon atoms, the state tends to be a gas (very weak attraction between molecules).  The larger number of carbon atoms, we would expect a liquid or a solid (very strong attraction between molecules).

· Isomers
· Two compounds are considered structural isomers if they have the same molecular formula (i.e. the same numbers and types of atoms) but different structures.  Their properties are also different.
· Examples of two isomers (they both have the formula C5H12) but the arrangement of the atoms are different.
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Acids, Bases, and pH
· High concentrations of H+ ions indicate an acidic solution.

· High concentrations of OH​- ions indicate a basic solution.  (also called alkaline)

· Equal concentrations of H+ and OH- ions in the same solutions indicate neutral solutions.

· Characteristics of acids and bases:
	
	Acids
	Bases

	Taste/Feel
	Sour/ Non-applicable
	Bitter/ Slippery

	pH (tested using indicators (examples: pH paper and phenolphthalein)
	0-6
	8-14

	Formula
	Often begins with H (HCl, HNO3, 
H3PO4, H2SO4)
	Often ends with OH (hydroxide).  
(NaOH, KOH, NH3)

	Uses
	Weak acids often an ingredient in 
foods
	Often used in cleaning products 


· pH – the measure of hydronium ion concentration in solution


0    1    2    3    4    5    6    7    8    9   10    11    12   13    14


acidic


       neutral



   basic

· 0=strong acid; 6=weak acid; 8=weak base; 14=strong base

· pH scale – Think of the scale as starting in the middle at pH 7.  As more H+ are added to the scale, the arrow moves left and the solution becomes more acidic.  As more OH- are added to the scale, the arrow moves right and the solution becomes more basic.

· Acid Rain
· Causes
[image: image11.png]Gaseous Partcate
Paluanis in Polutans in
Afmosphere Amosphere
SOURCES 3 Polutenisin &
g e g
voc  No, & Precpiation &
Wet
Ho Degosiion

NO,

“AAAAA;A‘4A





Example of Reaction:  H20 + SOX (H2SO4 (Water in the air reacts with pollution from cars/industry (SOX or NOX to form acid rain).

· Effects

Acid rain causes acidification of lakes and streams and contributes to damage of trees at high elevations and many sensitive forest soils. In addition, acid rain accelerates the decay of building materials and paints (remember a chemical property of metals is that they react with acids), including irreplaceable buildings, statues, and sculptures that are part of our nation's cultural heritage. Prior to falling to the earth, SO2 and NOx gases and their particulate matter derivatives, sulfates and nitrates, contribute to visibility degradation (haziness of our air) and harm public health (respiratory illnesses).
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Elements with atomic numbers greater than 83 are radioactive.
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1.

		Atomic Radii		Ionic Radii		Ionization Energy		Electro-negativity		Reactivity

		What is it?		Radius of an atom		Radius of an ion		Energy required to remove an electron		An atom’s ability to attract electrons		The ability of an atom to bond with another atom

		What is the trend across a period?		Decrease		Increase		Increases		Increases		decreases, increases none; (most reactive metal: Fr; most reactive nonmetal: F)

		What is the trend down a family?		Increases		Increase		Decreases		Decreases		Metals (increases); Nonmetals (decreases)


































