Formulas, equations, conversions, units, and definitions for CHMY 171
Scientific Notation: Numbers greater than 1, decimal point is moved to the L, and the exponent is +.  Numbers less than 1, decimal point is moved to the R, and the exponent is -.  Units: Mass=gram(g), volume=liter(L), length=meter(m), time=second(s), temperature=Kelvin(K).  Significant Figures: Zeros that come after nonzero digits are only significant if there is a decimal in the number.  Zeros that come before all nonzero digits are NEVER significant.  Physical Properties: Intensive – the amount of the substance doesn’t change the measurement, Extensive – the value will change depending of on the amount of the substance.  Mixtures: Homogeneous – uniform, Heterogeneous – non-uniform.  Conversions: Always be sure the top=bottom in any conversion.  Make sure your units cancel.  Make sure the final answer makes sense.  Dalton’s Atomic Theory (only some aspects of the theory turned out to be true): All matter consists of tiny particles called atoms.  Atoms are indivisible.  Atoms are the smallest particles that exist.  An atom cannot be created from nothing.  An atom can not be converted to any other type of atom.  Atoms of different elements have different properties.  Radiation: Pieces of matter and light that are given off when an atom is broken apart.  Proton: Found in nucleus, positively charged, mass=1 amu.  Neutron: Found in nucleus, not charged, mass=1 amu.  Electron: Found in electron cloud, negatively charged, mass=too small to count.  Isotopes: Two atoms that have the same number of protons but a different number of neutrons.  Two isotopes do not have the same mass.  Atomic number: The number of protons in the atom.  Mass number: The sum of the number of protons and neutrons in an atom.  Charge = the number of protons – the number of electrons.  Cation: positively charged ion.  Anion: negatively charged ion.  Light: Smaller wavelength means higher frequency and higher energy.  Quantization: Electron energy is quantized.  Electrons can only possess certain levels of energy.  An electron gains and losses energy in a stepwise, rather than continual manner.  Electron location is also quantized.  Maximum number of electrons in a principle energy = 2(n2).  Periodic Table: The horizontal row tells you the principal energy level of the outer electrons.  Rules that can never be broken: 1) Pauli exclusion principle – no two electrons in the same atom may have the same four quantum numbers.  If 2 electrons are in the same box, they must have opposite spins. 2) Orbitals hold a maximum of two electrons.  Rules for ground state configuration: 1) Hund’s rule - For orbitals of identical energy, electrons enter empty orbitals whenever possible. 2) Electrons in half-filled orbitals have parallel spins. 3) Completely filled and half-filled  sublevels are more energetically favorable configurations.  Valence electrons include all e- in the entire outermost principal energy level that is occupied.  Octet Rule – elements will react to obtain the same number of electrons as a noble gas.  Diamagnetic – nonmagnetic.  Paramagnetic – has magnetic properties.  There are different degrees of magnetism.  Ionization energy is the energy required to remove ONE electron from a ground state atom in the gaseous state.  Electron affinity is the energy change that occurs when ONE electron is added to a gaseous atom.  Ionic Bond – atrraction of oppositely charged atoms or molecules.  Covalent Bond – attraction of atoms due to shared electrons.  Electronegativity is a measure of the ability of an atom to attract bonding electrons to itself.  Writing Lewis Structures – 1) Determine the total number of valence electrons 2) Write a plausible skeletal structure and connect the atoms by single dashes (covalent bonds).  3) Place pairs of electrons as lone pairs around the terminal atoms to give each terminal atom (except H) an octet. 4) Assign any remaining electrons as lone pairs around the central atom. 5) If necessary, move one or more lone pairs of electrons from a terminal atom to form a multiple bond to the central atom.  Formal charge = the number of valence electrons the free atom normally has minus the number of electrons assigned to that atom when bonded in a Lewis structure.  Resonance occurs for a molecule or ion when it can be represented by two or more plausible Lewis structures that differ only in the distribution of electrons, the true structure is a composite, or hybrid.  Polarity – 1. Draw the Lewis structure  2. Predict the geometry, and redraw the molecule representing the geometry  3. Use arrows to represent the polarity of the individual bonds  4. Consider how those individual arrows will work together or cancel each other out to get one arrow for the overall molecule.  Formula Mass (or molecular mass for a molecule) is the mass of one formula unit in units of amu (comes from masses on periodic table).  Mole – just like a dozen=12, a mole is 6.022 x 1023 items. Molar Mass – the mass in grams of one mole of a substance (comes from masses on periodic table).  Stoichiometry - the mathematical connections or coefficients expressed before each reactant and product.  Balancing – only the stoichiemetry can be changed to balance (get equal amounts of each type of element on both sides of a reaction).  Balancing does not involve changing the identity of a substance.  Balancing Hints – save an element until the end.  If .5 of a substance is needed, then double all of the reactants and products.  Limiting reagent - chemical reactant that is completely consumed in a reaction and therefore limits the quantity of product formed.  The limiting reagent is the reactant that would provide the smaller amount of product if it were to completely react.  Theoretical yield – the MAXIMUM amount of product that could be formed determined by the amounts of reactants added.  Theoretical yield is the amount of product that would be formed if the limiting reagent were totally used up.  Percent Yield – a measure of the success of a reaction.  Actual Yield – the amount of product actually obtained in a real life reaction.  Electrolytes – compounds that conduct electricity when dissolved in water.  They allow + and - charges to separate from one another.  Solute – the substance that is dissolved; present in lesser quantity than the solvent.  Solvent -  the substance that does the dissolving.  Concentration – the amount of solute dissolved in a solution.  Dilution - adding solvent to to a high concentration to make the concentration lower.  Addition of solvent does not change the amount of solute in a solution.  C1V1=C2V2.  Conductivity - you must consider the number (moles) of each type of ion and the charge.  Strong acids completely ionize in water.  Weak acids only react partially with water.  Neutralization - acid and base react together to cancel out.  Oxidation – causes the oxidation number to be a larger more positive number or losing electrons.  Reduction – causes the oxidation number to be a smaller positive number or a negative number or gaining electrons.  RULES for calculating oxidation numbers:  The sum of all the oxidation numbers is zero for a neutral species.  The sum of all the oxidation numbers is equal to the overall charge for an ion.  The Group 1A metals have an oxidation number of +1, and Group 2A metal have an oxidation number of +2.  The oxidation number of fluorine is –1.  Hydrogen has an oxidation number of +1.  In most of its compounds, oxygen has an oxidation number of –2.  Potential energy - possibility of doing work because of composition or position.  Kinetic energy - moving objects doing work.  Law of Conservation of Energy – in a physical or chemical change, energy can be exchanged between a system and its surroundings, but no energy can be created or destroyed.  Consider the sign of energy from the point of view of the system you are studying.  Exo – energy goes out.  Endo – energy goes in.  The heat capacity - the amount of heat energy needed to change the temperature of the system by 1 oC.  Specific heat - the heat capacity for 1 gram of a substance: q = (m) (S.H.) (ΔT).  Enthalpy (H) -the heat energy of a system.  Bond-dissociation energy - the quantity of energy required to break one mole of covalent bonds between atoms in a molecule in the gas phase.  Enthalpy of vaporization - the quantity of heat that must be absorbed to vaporize a given amount of liquid at a constant temperature.  Vapor pressure - the partial pressure exerted by the vapor when it is in dynamic equilibrium with a liquid at a constant temperature.  Sublimation - the process of a molecule’s passing directly from the solid to the vapor state.  Standard enthalpy of formation - the enthalpy change that occurs in the formation of 1 mol of the substance from its elements when both products and reactants are in their standard, natural states.  ΔHrxtn =  ΣΔHf prod – ΣΔHf react.  Boyle’s Law - For a given amount of a gas at constant temperature, the volume of the gas varies inversely with its pressure.  Charles’s Law - The volume of a fixed amount of a gas at constant pressure is directly proportional to its Kelvin temperature.  Avagadro’s Law - At a fixed temperature and pressure, the volume of a gas is directly proportional to the amount of gas in moles (n) or to the number of molecules of gas.  Ideal Gas Law – PV=nRT, R = 0.08206 L atm mol–1 K–1.  Dalton’s Law - The total pressure exerted by a mixture of gases is equal to the sum of the partial pressures exerted by the separate gases.  Kinetic Molecular Theory - 1. A gas is made up of molecules that are in constant, random, straight-line motion.  2.  Molecules of a gas are far apart – i.e., a gas is mostly empty space.  Most gasses are ~ 1000 less dense than most liquids.  3. There are no forces between molecules except during the instant of collision.  4. Individual molecules may gain or lose energy as a result of collisions; however, the total energy remains constant.  5. The average translational kinetic energy of the molecules of a gas is directly proportional to the Kelvin temperature.  KE = (1/2)(mass)(speed)2.  Hydrogen Bonding - H is sandwiched between two highly electronegative atoms (N, O, F).  Strengths of molecular forces - Covalent (needed for octet) bonds ~ Ionic (full charges) bonds >> Ion-dipole interactions (1 full charge and one partial charge) > H-bonds (2 large partial charges) > Dipole-dipole interactions (2 smaller partial charges) > Dipole-induced dipole interactions (1 partial charge and 1 temporary charge) > London forces (2 temporary charges).  Crystalline – a solid in which atoms or molecules are packed together in an organized way.  Amorphous – opposite of crystalline.  Saturated Solution - solvent contains the maximum amount of solute that can possibly be dissolved at that temperature.  Supersaturated - The solvent contains more than the maximum amount of solute that can possibly be dissolved at that temperature.  Molality (m) is moles of solute per kilogram of solvent.  
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Dilution formula: C1V1=C2V2
Colligative Properties 

FPD: ∆Tf = –i Kf m
BPE: ∆Tb = i Kb m.  

K = modal constant, i = van’t Hoft factor (used for strong electrolytes), m = molality.
Graham’s law 
[image: image20.png]Ave. speed of A~ v mass of B

Ave. speed of B 'mass of A




van der Waals Equation 
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