Key Chemistry SOL Definitions, Rules, and Formulas

Significant Figures

+ or -: smallest past decimal

2.5 + 1.25 = 3.8

x or /: smallest # of figures

1.00x2.0 = 2.0

0’s: leading 0’s never count; captive zeros always count; trailing zeros count w/ decimal

0.00002
1 SF

1.01 3 SF

2000      
1 SF (no decimal)

220.0 4 SF (decimal)

Rounding: 5 or higher goes up; 4 or below stays as is; look at number just past SF being kept

2.45 rounds to 2.5

Measured values always have SF; 
Exact values (ie conversion factors) don’t have SF

Metric System

1 km = 1000 m

1 m = 1000 mm = 100 cm = 10 dm 
Volume: 1 dm3 = 1 L 
1 cm3 = 1 mL

density = mass / volume
Scientific Notation
Negative exponents: # < 1

Positive exponents: # > 1

# of digits in front of exponents = true # of SF

2.05x10-3 ( 0.00205

3.00x101 ( 30.0
Properties
Matter exists as pure substances (elements, compounds) or mixtures (homogeneous or heterogeneous)
Physical: always characteristic of the substance

( include density, malleability, ductility, conductivity, luster, melting point, boiling point)

Chemical: only in rxns (include flammability, reactivity)

States of Matter
Solid to liquid: fusion (melting)
Liquid to solid: crystallization (freezing)
Liquid to gas: vaporization (boiling)
Gas to liquid: condensation
Solid to gas: sublimation
Gas to solid: deposition
Recognize triple point, states of matter, critical temperature, critical pressure, normal melting point, and normal freezing point on phase diagram

q=mCp(T for temperature changes only!


Remember 1 cal = 4.18 J

q=m(Hfus for melting and freezing changes only!

q=m(Hvap for boiling and condensation changes only!





Energy

Exothermic: heat (energy) “exits” the reaction

Endothermic: heat (energy) “enters” the reaction

Entropy: amount of disorder
Catalysts speed up reactions by lowering activation energy





Factors affecting reaction rate: temperature, reactant concentrations, surface area – increasing each of these increases reaction rates by increasing collisions

Vapor Pressure

Volatile substances: high vapor pressures, low boiling points

Nonvolatile substances: low vapor pressures, high boiling points




Atom Particles

Atomic number = # protons (periodic table)

Mass number = # protons + # neutrons (identifies isotopes)

Charge = # protons - # electrons (identifies atoms from ions)

Calculating atomic mass: sum of (isotope mass x dec. % of isotope mass); just like averaging grades

Half-life: find half-life time; determine number of half-lives sample has gone through; go backwards (x2) (or forward: /2) to find original (or final) amount of sample present
Atom Scientists and Models

Democritus: idea of atom

Plum pudding model: Thomson; cathode ray experiment; discovered electron; believed atom was positive matter throughout embedded with negative electrons (Millikan determined electron charge)
Nuclear model: Rutherford; gold foil experiment; discovered positively charged nucleus; believed electrons surrounded nucleus; majority of atom was “empty space”

Planetary model: Bohr; electrons not fixed but in set orbits around nucleus; determined with the help of Planck’s “quantum” worked well for small elements but not for heavier ones

Quantum mechanical model: (current model) Heisenberg, Schrödinger, deBroglie each contributed; electrons found in “orbitals” that localize location of electron to certain location outside nucleus; Heisenberg: uncertainty principle; deBroglie: wave theory

Nuclear Chemistry
Alpha: He particle
; low penetrating power; shielded by paper

Beta: electron; medium penetrating power; shielded by aluminum
       Gamma: rays: high penetrating power; shielded by lead/concrete

Periodic Table

Mendeleev: first version of periodic table; arranged by increasing atomic mass

Moseley: current version of periodic table: arranged by increasing atomic number

Group 1: alkali metals (s1 – 1 valence electron)

Group 2: alkaline earth metals (s2 – 2 valence electrons)

Groups 3-12: transition metals (end with d1-d10)

Group 17: halogens (s2p5 – 7 valence electrons)

Group 18: noble gases (s2p6 – 8 valence electrons)

Bottom two periods: lanthanide/actinide series (f1-f14)

Electron Configuration Rules: 
- Aufbau principle – electrons added singly to lowest energy levels first
- Pauli exclusion principle – orbital takes max of 2 electrons
- Hund’s rule – electrons occupy equal energy orbitals such that a max number of unshared electrons is present before electrons are paired
Metals conduct electricity; form cations; shiny, malleable

Nonmetals are poor conductors of electricity; form anions; usually found as gases

Metalloids have properties of both metals and nonmetals
Periodic Trends

Electronegativity increases across a period and down a family (does not include noble gases); is the ability to attract electrons when bonded to another atom

Ionization energy increases across a period and decreases down a family (group); is the ability to lose electrons (look at electron configs)

Atomic radii decreases across a period and increases down a family (group); is the size of atom

Reactivity: metals are more reactive down and to the left (Fr); nonmetals are more reactive up and to the right (F); noble gases not considered

Shielding Effect: the effect of filled energy levels; when moving down periods the impact of the shielding effect plays a stronger role (greater # of filled energy levels); major reason for direct of trends going down families
Compounds: Nomenclature
Ionic compounds: metal/nonmetal/polyatomic ion;
Rules: Metal name (roman # if needed) + anion (-ide/-ate/-ite) 
Molecular compounds: 2 nonmetals;
Rules: Nonmetal name (prefix if subscript) + 

prefix-second nonmetal name (ends in –ide)

Acids: start with H, use name of anion for acid name

If acid contains oxygen: no hydro; -ate goes to _____ic acid, -ite goes to _______ous acid

If acid has no O’s: hydro_____ic acid

- Arrhenius acid/base: acid produces H+, base produces OH-
- Brønsted-Lowry: acid proton donor; base proton acceptor

- Lewis: acid electron pair acceptor; base electron pair donor

Electrolytes: three types ( strong, weak, nonelectrolytes

· strong: soluble ionics, HCl, HBr, HI, H2SO4, HNO3, HClO4
· weak: other acids, NH3, tap water, carboxylic acids (-COOH)

· nonelectrolytes: remaining molecular compounds
KNOW these polyatomics: NH41+ ammonium; OH1- hydroxide; NO31- nitrate; CO32- carbonate; SO42- sulfate; PO43- phosphate
Lab

Recognize beaker, graduated cylinder, Erlenmeyer flask, crucible, evaporating dish, watch glass

Identify appropriate safety procedures (MSDS sheets)

Review key lab procedures (filtration, chromatography, decanting, titration)

Add acid to water, not reverse!

Graphs: IV on x axis; DV on y axis

Precision: how close a measured value is to other trial values

Accuracy: how close a measured value is to known value 

% error = |accepted value – experimental value| x 100



    accepted value 

Compounds: Bonding
Ionic bonds always polar, between a metal and a nonmetal
Covalent bonds can be polar or nonpolar (symmetry), between two nonmetals
Tetrahedral geometry: 4 bonds to central atom (CH4)

Trigonal planar geometry: 3 bonds to central atom with no extra electron pairs (BF3)

Linear geometry: 2 atoms or 3 atoms bonded with no extra electron pairs on central atom (SO2); bonds can be single or multiples
Bent geometry: always polar; 3 atoms bonded with extra electron pairs on central atom (H2O)

Pyramidal geometry: always polar; 3 bonds to central atom with single electron pair on central atom (NH3)

Intermolecular forces: determine substance’s state of matter, include hydrogen bonding, dipole-dipole attractions, London dispersion forces

Reactions
Balancing: same number of atoms on both sides (cons. of mass)
(s) solid; (l) liquid; (g) gas; (aq) aqueous solution

Synthesis: H2 + Cl2 ( 2HCl (1 product)

Decomposition: CO2 ( C + O2 (1 reactant)

Single Replacement: AgCl + Cu ( Ag + CuCl

Double Replacement: AgNO3 + LiCl ( LiNO3 +AgCl

Combustion: C6H12O6 +6O2 ( 6CO2 + 6H2O (always)

Neutralization: HCl + NaOH ( H2O + NaCl (acid/base)

Redox reactions: reactions in which electrons are lost (oxidation) and electrons are gained (reduction) by elements or compounds
Moles

1 mol = 6.02x1023 “particles” (atoms/molecules/formula units) = 

MM g = 22.4 L of gas at STP (1 atm, 0ºC)
Use coefficients of balanced rxn when changing between substances (stoichiometry problem)

Empirical formula: grams to moles, divide by smallest number of moles, subscripts)

Molecular formula: find EF, find EF molar mass, divide MF molar mass by EF molar mass, multiply subscripts by answer

% Comp.: mass of 1/mass of all x 100

% Yield: actual yield/theoretical yield x 100

Limiting reactant: smaller amount of product 

Excess reactant: greater amount of product

Solutions

Solubility curves: on curve: saturated solutions; above curve: supersaturated solutions; below curve: unsaturated solutions
Molarity (M): moles solute/L solution (M=mol/L)

If given grams ( convert to moles using molar mass

If given milliliters ( convert to liters (1000 mL = 1L)

pH = -log[H1+]; pOH = -log[OH-1]; pH + pOH = 14

acidic solns: pH < 7; basic solns: pH > 7; neutral solns: pH = 7

Dilutions: M1V1 = M2V2
solute (smaller quantity) gets dissolved in solvent (larger quantity) only if both are polar or both are nonpolar (like dissolves like)

Equilibrium: rxn indicated by (; reaction is occurring in both directions at equal rates; given N2(g) + 3H2(g) ( 2NH3(g),         
 Keq = [NH3]2      
         [N2][H2]3


      
LeChâtelier’s Principle: equilibrium will shift to counter stresses on it

- Stresses include concentration, volume (gases only), temperature (consider endo/exo)
Gases

Kinetic-molecular theory: can be expanded; can be compressed; fill up containers; move faster when warmer; less dense than solids or liquids, constant random motion, no attractive forces

Pressure conversions: 1 atm = 760 mm Hg = 760 torr = 101.325 kPa 
Temperature conversions: ºC + 273 = K

Gas law problems must have temperatures in K

Ideal Gas Law: PV =nRT (R: ideal gas constant)

Boyle’s Gas Law: P1V1 = P2V2 (constant temperature)

Charles’ Gas Law: V1/T1 = V2/T2 (constant pressure)

Dalton’s Gas Law: Patm = PH2O + Pgas; Patm = P1 + P2 + … 
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Volatile: gasoline





Nonvolatile: water
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