Chem  AP:  Things to Know for the AP Exam

The 8 common polyatomic ions: 

acetate  C2H3O21-  (also written as CH3COO1-)

ammonium  NH41+

carbonate  CO32-chlorate  ClO31-
hydroxide  OH1-
nitrate  NO31-
phosphate  PO43-
sulfate  SO42-
Be able to predict properties using the periodic table in terms of number of valence electrons, number of shells(main energy levels) and net nuclear force(kernel charge).

Metals in Groups IA, IIA, and IIIA will form ions that have charges of 1+, 2+, and 3+ respectively. These positive ions have only one possible charge and are named by using the name of the element.

Metals(or nonmetals) that have several positive oxidation states must indicate the charge of the ion by writing a Roman numeral in parentheses following the name of the element.

Negative, monatomic (one atom) ions are named by using the root word of the nonmetal and adding the suffix      -ide.  Nonmetals in Groups VIIA, VIA, VA and IVA will form ions that have charges of 1-, 2-, 3-, and 4- respectively in binary(two element) compounds.

The patterns used to determine –ate, –ite, and –ide ions’ formulas and charges are:    




per-    ------   -ate  ( 1 MORE oxygen atom than the -ate ion)





           ------   -ate


 

           ------   -ite   ( 1 LESS oxygen atom than the -ate ion)





hypo- ------   -ite   ( 2 LESS oxygen atom than the -ate ion)

The number of oxygens in the -ate ion can be determined by using the generalizations based on the "Slivka square" of elements on the periodic chart.  The charges of the –ate and –ite ions are usually the same as that of the –ide ions.

The patterns used to determine the names and formulas of acids are:

Binary aqueous acid compounds (recognized because hydrogen is the first element that is combined with an ide ion) are named by using the pattern:  hydro- (root word of negative element) -ic   acid
Three-element acid compounds (hydrogen with a polyatomic ion) are called ternary or oxyacid compounds.  Use these patterns to name the acids:

hydrogen     per ------  ate 

changes to

 per  ------  ic acid
hydrogen    
       ------  ate 

changes to

         ------  ic acid

hydrogen   
       ------  ite 

changes to

         ------  ous acid

hydrogen   hypo ------  ite 

changes to

hypo ------  ous acid

There are also 7 elements(HINClBrOF) that usually exist in nature as diatomic molecules, written as H2, I2,etc.

1 mole contains 6.02 x 1023 particles and has a mass equal to the molar mass (sum of atomic weights) expressed in grams.  At STP, 1 mole of any gas has a volume of 22.4 L.   

For conditions other than STP (P = 1 atm and T = 273K), PV = nRT, where R = 0.0821 atm•L / K•mol

Standard pressure can be expressed as 1 atm = 101.3 kPa = 760 torr = 760 mm Hg = 29.9 inches Hg = 14.7 psi

For solutions, molarity equals the number of moles of dissolved solute per liter of solution. 

Some of the common ions will produce a specific compound when reacting, and the reaction can be reversed to re-form the ion.  
SO42-  (   SO3 

PO43-   (   P2O5

NO31-  (   N2O5 

MnO41-  (   Mn2+
SO32-  (   SO2 

CO32-  (   CO2 

NO21-  (   N2O3

C2O42-   (   CO2
NH41+  (  NH3 

OH1-    (   H2O

ClO31- (   Cl1-  +  O2
Cr2O72-  (   Cr3+
Example:  When Na2CO3(s) is heated, it will decompose to form CO2(g).  Solid Na2O will also be formed as the remainder of the original compound.  The Na2O(s) will slowly re-absorb CO2(g) from the air and convert back into Na2CO3(s).  Other carbonates follow this same pattern, as seen in the reaction of carbonic acid;   

 H2CO3(aq)  (  CO2(g) + H2O.

Other generalizations include:

· There are 7 diatomic elements (HINClBrOF) that exist as molecules in the elemental state.  

· There are 7 strong acids that ionize completely in water: HCl, HBr, HI, HClO4, HClO3, HNO3 and H2SO4 Write them as the separate ions in reactions, H1+ and the negative anion.  All other acids are weak acids, which are written as molecules in net ionic equations. 

· All metal hydroxides are strong bases, but only the Group IA hydroxides are very soluble.  Write them as the separate ions in reactions, OH1- and the positive cation.

· Metal oxides react with water to form basic solutions.  Reactive IA and IIA metals combine with water to form metal hydroxide solutions and hydrogen gas. Nonmetal oxides react with water to form acidic solutions. 

· The conjugate base of a weak acid reacts with water (hydrolysis) to reform the acid.  Likewise, the conjugate acid of a weak base reacts with water to reform the base.   

· During double replacement (metathesis) reactions, there are no changes in the oxidation states of the elements involved; only a re-combination of the existing ions occurs.  One of the new compounds formed must be separable from the original mixture, such as a precipitate, a gas, or a nonelectrolyte (water).

· When working with water solutions, it is helpful to have a few rules concerning which substances are soluble, and which will form precipitates.  The more common solubility rules are listed below:


1.
All common salts of the Group IA(Li, Na, K, etc) elements and the ammonium ion are soluble.


2.
All common acetates, nitrates, chlorates and hydrogen carbonates are soluble.


3.
All binary compounds of Group VIIA elements(other than F) with metals are soluble, except those of silver, mercury (I), and lead.


4.
All sulfates are soluble except those of barium, strontium, lead, calcium, silver, and mercury (I).


5.
Except for those in Rule #1, everything else is insoluble.

· During complete combustion reactions of hydrocarbons, CxHy , with oxygen, the products formed will be CO2 and H2O.

· Splint tests – identify common lab gases by inserting a glowing wooden splint into test tube with unknown gas.  Hydrogen pops (explodes), oxygen makes flame burn more brightly, CO2 extinguishes the flame. 

· CO2(g) can also be identified by bubbling into limewater, which contains saturated Ca(OH)2(aq) to form a cloudy precipitate of CaCO3(s).

· Single replacement reactions occur only if the free element is more reactive than the element it would replace in the compound.  (check the activity series or Standard Reduction Potential, SRP, chart)

· If an element has several possible positive oxidation states, assume complete oxidation occurs during single replacement reactions and use the highest charge, but during composition reactions use the most stable oxidation state. 

· Ionic compounds are formed when a metal and a nonmetal react.  Covalent (molecular) compounds are formed when two nonmetals react.  Metals lose electrons and form positively charged ions.  Nonmetals try to gain electrons to form negatively charged ions.

· When two nonmetals react, the element with the higher electronegativity (closer to the upper right corner of the periodic table) will have the negative oxidation number.  The percent ionic character (dipole moment) of the covalent bond increases as the atoms become more reactive metals and nonmetals.

· Electronegativities are the relative measure of the attraction of a bonded atom for the shared electrons.

· Transition metals typically form colored solutions and colored precipitates.

· Transition metal ions act as Lewis acids by accepting an electron pair from anions and/or polar molecules to form complex ions.  The number of attached groups (ligands) is usually twice the charge of the metallic ion. 

· The total loss of electrons by the oxidation reaction(s) must equal the total gain of electrons by the reduction reaction(s).  First, adjust the coefficients of the reactants and products that contain the oxidized and reduced elements, then balance any other elements by inspection. 

· Losing Electrons Oxidation, Gain Electrons Reduction. (LEO the lion goes GER).  Substances that are easily oxidized, like metals, are called strong reducing agents.  Strong oxidizng agents, like MnO41-, C2O42-, and Cr2O72-, are easily reduced.

· In electrochemical cells, oxidation always occurs at the anode, and reduction always occurs at the cathode.

· When only net ionic equations are used, spectator ions or molecules not involved in the reaction are excluded.  

· Net ionic redox reactions are balanced by the following steps:

Step 1: 
Write the equation in ionic form.

Step 2: 
Write the separate oxidation and reduction half-reactions.

Step 3:
Adjust the coefficients to get an equal number of atoms of all elements EXCEPT oxygen and hydrogen.

Step 4:
Balance the hydrogen and oxygen atoms by adding H1+ and H2O.

Step 5:
Balance the electric charge on both sides of each half-reaction by adding electrons.

Step 6:
Multiply each half-reaction by an appropriate number to make the electron changes equal.

Step 7:
Combine the two half-reactions and simplify(subtract substances that appear on both the reactant and product sides of the equation). Check to see if the numbers of atoms of each element and total charges of reactants equals the atoms and charges of the products.

Step 8:
If the solution is acidic, you are done.  If the solution is basic, add one OH1- for each H1+ present to form water, then add an equivalent number of OH1- to the other side of the equation.  Simplify the number of H2O present.

· All elements in the same horizontal row on the periodic table, called a period or series, have the same number of occupied electron energy shells.  For example, all the atoms of the elements from K to Kr have 4 shells.

· All elements in the same vertical column on the periodic table, called a group or family, have the same number of valence (outer-shell) electrons AND the same kernel charge (net nuclear force).  The kernel charge can be calculated by subtracting the number of inner shell electrons from the number of protons.  

· For the Group IA to Group VIIIA elements, the number of valence electrons and the kernel charge (net nuclear force) increases from 1 to 8, respectively.  The greater the kernel charge, the stronger the pull of the nucleus on the valence electrons.  Therefore, ionization energy, electron affinity, and electronegative tend to increase with the increasing kernel charge.

· Filled and half-filled electron sublevels have extra stability.  Elements undergo chemical reactions by gaining, losing or sharing electrons to obtain an octet (8 electrons) in their valence shell, like the Group VIIIA inert gas elements.

· The valence electrons for Groups IA and IIA elements fill the s sublevel. The valence electrons for Group IIIA and VIIIA elements fill the p sublevel.  The valence electrons for Group B transition elements fill the s sublevel, and then the d sublevel.  The valence electrons for the rare earth elements, also called the inner transition elements, fill the s sublevel, and then the f sublevel.

· Atoms increase in size going down a Group, because the extra electron shells have more energy and occupy a larger space.  (There is more electron-electron repulsion.)

· Atoms decrease in size going left to right across a period, because the greater kernel charge has a stronger pull on the same number of electron shells.  

· When atoms lose electrons to form positively charged cations, the ionic radii decreases.  Typically, an electron shell is lost in this process.  When atoms gain electrons to form negatively charged anions, the electrons fill an already occupied valence shell.  This causes the anion to increase in size.

· Ionization energy is the energy required to remove an electron from an atom in the gaseous state.  Nonmetals with higher kernel charges and fewer electron shells have the highest ionization energies.  Filled and half-filled sublevels have extra stability that require higher than usual ionization energy.

· Electron affinity is the energy change that occurs when an atom gains an electron.  If the anion is more stable, energy is released during an exothermic change, and the electron affinity is a negative value.  If the anion is less stable, then energy must be absorbed during an endothermic change, and EA value is positive.

· Equilibrium conditions can occur when the rate of a forward reaction becomes equal to the rate of the reverse reaction.  If a stress is added to an equilibrium system, it will shift to alleviate the stress and re-establish the equilibrium. (LeChatlier’s Principle).  Adding a reactant or product shifts the equilibrium to the opposite side to use up the excess.  Removing a reactant or product shifts the equilibrium to replace the loss.
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The equilibrium constant is the ratio of the product concentrations raised to a power of the coefficients from the balanced equation divided by the reactant concentrations raised to a power of the coefficients from the balanced equation.  NEVER include pure solids or liquids in the equilibrium constant expression.

· Specific designations have been assigned to various types of equilibrium conditions, but they are all based on the product to reactant ratio.  These include Kc, Kp, Ka, Kb, Kw, Ksp, and Kf .

· The pH scale is based on the equilibrium for the ionization of water, Kw = [H1+ ][OH1- ] = 1.00 x 10-14.  pH = -log[H1+] 

pOH = -log[OH1-]

pH + pOH =14

Ka • Kb = Kw
· Buffers consist of a weak acid/conjugate base pair with a pH <7 or a weak base/conjugate acid pair with a pH >7.  

· When a strong acid is added to a buffer, the basic form reacts to neutralize the acid.  Then equilibrium is re-established with the remaining base and the extra acidic form that is produced.  

· When a strong base is added to a buffer, the acidic form reacts to neutralize the base.  Then equilibrium is re-established with the remaining acid and the extra basic form that is produced.

· [image: image16.wmf]For kinetics, the rate law is based only upon the concentrations of the reactants, never the products.  The concentration of each reactant is raised to a power, called the rate order, based upon how changing its concentration effects the rate of the reaction.  The rate order can ONLY be determined experimentally and does NOT depend upon the coefficients from the chemical equation. 

· If changing the concentration of the reactant has NO effect on the rate, then it is zero order.  A plot of the reactant concentration versus time will be linear.  If the overall reaction is zero order, the units for k will be M/time or M•time-1.

· If changing the concentration of the reactant has the same effect on the rate, then it is first order.  For example, if the concentration of A is doubled, then rate will double.  A plot of the natural log of reactant concentration (ln[A]) versus time will be linear.  If the overall reaction is first order, the units for k will be 1/time or time-1.  The half-life rate of decay plots for radioactive isotopes are all first order reactions.

· If changing the concentration of the reactant has a squared effect on the rate, then it is second order. For example, if the concentration of A is tripled, then rate will be nine times faster, or 32.  A plot of the inverse of the reactant concentration (1/[A]) versus time will be linear.  If the overall reaction is second order, the units for k will be 1/M•time or M-1•time-1
· The slow step for a reaction mechanism is the rate-determining step.  The rate order based upon the slow step must match those in the actual rate law for the overall reaction.  Intermediates are substances formed during a reaction that are consumed in subsequent steps.  Therefore, they do not appear in the net equation for the reaction.

· The activation energy is the minimum energy needed to overcome the energy barrier between the reactants and products and cause the reaction to occur.  A catalyst speeds up a reaction rate by lowering the activation energy 

· Reactions tend to form products that have lower enthalpy (energy) or higher entropy (disorder).  

· Solids have the lowest enthalpy, with well-defined crystal structures.  The solid particles have only vibrational motion.  As heat is added, the solid melts and the liquid particles gain rotational motion.  Gases have the greatest disorder and highest enthalpy.

· All exothermic reactions (∆Hº = -) that have an increase in entropy (∆Sº = +) are spontaneous.  The value of Gibbs’ Free Energy, ∆Gº, is negative and Eºcell is a positive value.  ∆Gº = ∆Hº – T∆Sº

· The normal boiling point of a liquid is the temperature at which the equilibrium vapor pressure of the liquid is equal to standard pressure (1 atm).  In a vacuum, water boils at a lower temperature.

· The normal melting point of a solid is the temperature at which the equilibrium vapor pressure of the solid is equal to standard pressure.

· Adding a nonvolatile solute always lowers the vapor pressure of a liquid solvent.  This raises the temperature needed to boil the solution.  The freezing point is lowered for the solution, as well as the osmotic pressure.

· Nonpolar molecules are held together by weak dispersion interaction.  This occurs when a temporary, induced dipole is created by the repulsion of the electrons in one molecule by the electrons in another.  The strength of the dispersion forces increases with increasing molar mass. (more protons and electrons)

· Hydrogen bonding occurs when hydrogen atoms bonded to N, O, or F in one molecule, attempt to form a coordinate covalent bond to an unshared pair of electrons on a neighboring molecule.

· According to the VSEPR Theory, molecules with 2 areas of electron charge are linear (180º angles), 3 areas of charge are trigonal planar (120º angles), and 4 areas of charge are tetrahedral (109.5ºC).  Also, sp hybridization forms linear molecules, sp2 hybridization forms trigonal planar molecules, and sp3 hybridization forms tetrahedral molecules.  The arrangement of 5 areas of charge is trigonal bipyramidal and 6 areas is octahedral.

· Single bonds are formed by the overlap of the electron orbitals directly between two nuclei, called sigma (() bonds.  Multiple bonds are formed by the lateral, side-to-side overlap of two orbitals, called pi (() bonds.

· Organic compounds consist of mostly C and H atoms held together by nonpolar bonds.  The names are derived from the number of carbon atoms in the main structure.  

· Methane CH4, ethane CH3CH3, propane CH3CH2CH3, butane CH3CH2CH2CH3, then the prefix indicates the number of carbon atoms.  Pentane C5H12, hexane C6H14, etc.

· Organic compounds with carbon-carbon double bonds end in –ene, carbon-carbon triple bonds end in –yne.

· Alcohols have an –OH group on the carbon chain and end in –ol.  A number is used to locate the position of attachment on the carbon chain.  For example, 2-propanol has three carbon atoms held together by single bonds with an –OH group attached on the middle carbon atom.

· Organic acids have the carboxyl group, -COOH, attached at the end of the carbon chain.  The doubled-bonded oxygen increases the polarity of the O-H bond and causes some of the H1+ ions to form.

· The half-reaction with the more positive Eºred value on the Standard Reduction Potential (SRP) chart will be reduced and the other half-reaction is reversed and written as the oxidation reaction.  The sign of the Eºred value is also reversed for the Eºox value.  The potentials are intensive properties and do not depend on the number of moles of reactants used.  Eºcell = Eºred + Eºox.  

· The standard conditions for the Eºred values are at 25ºC, 1 atm of pressure, and 1 M solution concentrations.  The experimental voltage, Ecell, can be predicted by using the Nernst equation.  At higher temperatures or if the value of the reaction quotient, Q, is >1, then the experimental voltage will be lower.  
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· There are several types of graphical representations that you should be able to interpret and explain:
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Equilibrium Vapor Pressure for Liquids A, B & C
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Solubility Curves

Energy Changes During Reaction


Molecular Speed of Gas Molecules
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Equilibrium Reactions Ex: PCl3 + Cl2 ( PCl5 


Effect of Catalyst on Activation Energy
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Supercooling of Solid During Freezing

Freezing Point Depression of a Solution
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Titration of Diprotic Acid with NaOH


Titration of Na3PO4 with HCl
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Titration of Weak Acid with NaOH


 EMR Absorbance of Colored Solution

[image: image12.emf]X‘.ﬁxhﬁx

5 10 15 20
millilitres of NaOH

25 30









X 

X 

X 

X 

X 

X 

X 

X 

0 

2 

4 

6 

8 

10

12

0  5  10 15 20 25 30

pH

millilitres of NaOH 

                       
[image: image13.emf]>

PO S ODT T O WVWUT >

>

Concentration, Molarity









Concentration, Molarity

 

A

b

s

o

r

b

a

n

c

e



Phase Diagrams






Half-life of Radioactive Isotope
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Descriptive Colors in Chemistry

Flame Test Colors

Li+   Deep red (crimson)

Na+   Yellow

K+    Violet

Ca2+   Orange-red

Sr2+    Red



Ba2+    Green

Cu2+   Blue-green

Aqueous Ion Colors

Cu+  Green
Cu2+  Blue 
Cu(NH3)42+  Dark Blue; produced when ammonia added to Cu2+(aq) 

Co2+  Pink
CoCl42-  Blue (Co2+ with HCl will form a blue CoCl42- complex )
Ni2+  Green

Fe2+  yellow-green (depending on anion)
Fe3+  orange-red

FeSCN2+  Wine-red to dark orange

Mn2+  Pink

MnO41-   Purple (Mn w/ +7 oxidation state is purple)


Cr3+  Violet (Cr(NO3)3 to Green (CrCl3) 

CrO42-   Yellow


Cr2O72-   Orange


• 
Al, K, Li, Mg, Na, Ca, Ba, Sr, Zn are colorless aqueous ions and most of their solid salts are white.


• 
Transition element ions with partially filled d orbitals tend to release colored light.

Assorted Compounds

F2   Pale-yellow gas


Cl2   Green-yellow gas


Br2   Red-brown liquid


I2   Dark-violet vapor & dark metallic looking solid




S8   Yellow, odorous solid

NO   Colorless gas; from reactions of metals and dilute HNO3


PbI2   Bright yellow precipitate

NO2   Brown gas; from reactions of metals and concentrated HNO3

Fe2O3   Reddish brown (rust)

Metallic sulfides   Sulfides of transition metals tend to be black
Litmus (paper) red in acid, blue in base

Phenolphthalein   Colorless (pH<7) to Pink (pH>8 ; when OH- is present)
� EMBED Equation.3  ���





� EMBED Equation.3  ���
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