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Ch. 2: Chemistry

-the study of substances and how they interact 
Matter
- “stuff” 

-Anything that has mass and takes up space

States of matter

	
	Shape
	Volume
	Particle Energy

	Bose-Einstein Condensate
	constant
	constant
	Very low

	Solid
	constant
	constant
	Low

	Liquid
	changing
	constant
	Medium

	Gas
	changing
	changing
	High

	Plasma
	changing
	changing
	Very high


Types of Matter

2 Types: Pure Substances and Mixtures

Pure substances


-have all one type of particle (atoms or molecules)


- may be elements or compounds

- Element – pure substance made of atoms with all the same number of protons; cannot be broken down by normal chemical means
Atom – smallest particle of an element which still retains all the properties of that element; made of protons, neutrons, and electrons

- Chemical compounds – pure substance made of all the same combinations of atoms; composition may only be changed by chemical reactions
Molecule – two or more atoms chemically bonded together
Mixtures
- have more than 1 type of particle physically intermixed (NOT chemically bonded)
- can be separated by physical means
- may be solutions, colloids, or suspensions
-Solutions – very well-mixed, homogeneous mixtures (ex: cool-aid)
-Solvent – substance present in greatest amount (usu. water or oil)
-Solute – substance present in smaller amounts (almost anything)


“The solvent dissolves the solute.”
-Concentration of solute measured in %, mg/dl, or Molarity: M (moles per liter)
-Colloids, or emulsions – medium well-mixed, heterogeneous mixtures 
whose solutes do scatter light but do not settle out

-Suspensions - heterogeneous mixtures with visible solutes that tend to 
settle out

Major Elements of the Human Body (>96% of body)
-Oxygen (O)

-Carbon (C)

-Hydrogen (H)

-Nitrogen (N)

Lesser Elements of the Human Body (~3.9% of the body)
-Calcium (Ca), phosphorus (P), potassium (K), sulfur (S), sodium (Na), chlorine (Cl), magnesium (Mg), iodine (I), and iron (Fe)
-often found in ionic (±) form

Trace Elements (less than 0.01% of the body)
-required in minute amounts
-found as part of enzymes

Identification of Elements 

All atoms of the same element have the same number of protons.
Look at the periodic table in Appendix E on page A-8 in the back of your book.

Draw and label C’s square & an atom of Carbon, atomic # 6:

Subatomic Particles
+ Protons are positive and exist in the nucleus.

O Neutrons are neutral and exist in the nucleus

- Electrons are negative and exist far from the nucleus.
1st energy level (full/stable with only 2 electrons)

2nd energy level (full/stable with 8 electrons: octet rule)
-Atomic number – the number of protons in one atom of that element
-Mass number – the number of protons + neutrons 
-Atomic weight – average of the mass numbers of all isotopes

-Isotopes – different versions of an element; have same numbers of protons (they’re the same element, after all) but different numbers of neutrons
-Radioisotopes – unstable isotopes which undergo spontaneous decay called radioactivity, “pinging” “extra” particles off into the universe to become more stable
Ex: Carbon-12 has 6p and 6n

       Carbon-13 has 6p and 7n

-Ions – atoms which have gained or lost e-s and so have a charge (±)

-Anions have gained one or more electrons and are neg. ex: Cl-
-Cations have lost one or more electrons and are pos. ex: Na+
Energy

-The capacity to do work (put matter into motion)
-Comes in different forms

-can change form, but conversions are always < 100% efficient; some energy is always lost as heat, sound, etc.

Types of Energy: Kinetic and Potential
-Kinetic Energy – energy in action (draw a ball rolling forward)


Ex: Electrical – results from the movement of charged particles

Ex: Mechanical – directly involved in moving matter

Ex:Radiant or electromagnetic – energy traveling in waves (i.e., visible light, UV light, X rays, microwaves, radio waves)
-Potential Energy – energy of position; stored energy (draw a ball at the top of a ramp, not yet moving)


Ex: Gravitational/Positional – energy of objects held at a height

Ex: Chemical – stored in the bonds of chemical substances
Chemical Bonding
-when chemicals bond . . . by sharing, gaining, or losing valence (outer) electrons 

-The Octet Rule: Most elements are happiest/most stable when they have 8 valence electrons. 
- Elements bond in order to become more stable.

- 

Types of Chemical Bonds
-Ionic Bonds (gain/loss of valence electrons)
-Covalent Bonds (sharing of v. e-s) 

Polar covalent (unequal sharing)


Nonpolar Covalent (equal sharing)
-Hydrogen Bonds (weak attraction btwn molecules)
Ionic Bonds
- form btwn atoms by gain and loss of v. electrons 

- form ionic compounds made of continuous crystals, not individual molecules
- Ex:  formation of NaCl  
Draw:
Chemical Equation: 

Na + Cl ( NaCl

Shows relative amounts of reactants and products in symbolic form.

Other ways of describing this chemical reaction:

Explosive Metal + Poisonous Gas ( Table Salt
Far Left Element + Far Right Element ( Cation + Anion ( Ionic Compound

“Sodium and chlorine react to produce sodium chloride crystals.”
Covalent Bonds

- formed btwn atoms by sharing of v. electrons
- produces covalent compounds whose particles are called molecules 
Ex: CH4
Draw:
Chemical Equation: 

C + 2H2 ( CH4
Other ways of expressing it:

Powdery black solid + Invisible gas ( High-energy, combustible gas

Middle Element + Far Left Element ( Covalent Compound

“Carbon and hydrogen react to produce methane.”
“1 carbon atom and 4 hydrogen atoms react to produce 1 methane molecule.”

Polar Covalent Bonds: Covalent Bonding’s Dirty Little Secret
- formed by unequal sharing of v. electrons (like big bro sharing w/ little bro)
- causes partial charges on oppos. ends of the molecule
Ex: H2O
Hydrogen Bonds

-weak attraction btwn polar molecules as a result of partial charges

 Ex: H2O

-H-bonds are responsible for water’s surface tension and many of its other life-sustaining properties: high heat capacity, high heat of vaporization, polar solvency, reactivity. . . 
Chemical Reactions

-occur when chemical bonds are formed, broken, or rearranged

Synthesis aka Anabolic
 

A + B ( AB

Decomposition aka Catabolic

AB ( A + B

Replacement (ex: respiration)

AB + C ( A + BC








AB + CD ( AD + CB
-are written in symbolic form using chemical equations (see CH4 rxn above)
-are generally reversible, so ↔ is used instead of (
Energy Flow in Chemical Reactions
-Exergonic/Exothermic rxns –release energy (ex: combustion, cellular respiration)
-Endergonic/Endothermic rxns –require energy (ex: baking a cake, photosynthesis)
(products contain more potential energy than reactants did)
