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Description


STOICHIOMETRY Quantitative relationship relationship among reactants and products are called stoichiometry stoichiometry.. Stoichiometry problems are easily solved when amounts of  substances are converted from mass (in units of g, kg etc), volume (L), into moles. Amounts in moles depend on how the chemical formula or  the chemical reaction equations are written. Chemical reaction equations are the basis for reaction stoichiometry, stoichiometry, but when w hen the reactants are not stoichiometric stoichiometric mixtures, some reactants will w ill be in excess whereas others will be in limited supply. The former is called excess reagents whereas w hereas the latter are called limiting reagents



CLASSIFICATION Classification Classification is a good method for the organization of  information. It is a good start in any study, because it helps to organize our thought and to put information in an order. We can classify chemical reactions according to their  common features, and divide chemical reactions into a few types:



CLASSIFICATION Classification Classification is a good method for the organization of  information. It is a good start in any study, because it helps to organize our thought and to put information in an order. We can classify chemical reactions according to their  common features, and divide chemical reactions into a few types:



EVIDENCES FOR CHEMICAL REACTIONS A gas is released. An insoluble substance is produced. A permanent color change is observed. Changes in energy. Heat,, light Heat light,, sound sound,, and electrical electrical.. Exothermic reaction: releases heat,light and sound. Endothermic reaction: absorbs heat and light. pH change Odor given off 



EVIDENCE OF A CHEMICAL REACTION USING YOUR SENSES: Sight- Change SightChange in color, color, forma formation tion of of solid, solid, formation of gasses (bubbles), light emission Hearing- reaction Hearingreaction lead leads s to a poppin popping g noise, noise, fizzes Smell-- pungent Smell pungent odor, odor, change change in smell smell Touch-- heat Touch heat absorpti absorption on and and emis emission sion



SYMBOLS USED IN CHEMICAL REACTIONS + reads plus or add Used between two formulas to indicate reactants combined and products formed. reads yields or produces Points in the direction of change. Reactants Products Before yields After  (s) (l) (g) Solid, liquid, and gas. (aq) aqueous Dissolved in water,solution water,solution.. N.R No reaction. Reaction is Reversible



Reactants What you start with« the left side of the equation. equation. Products What you finish with« the right side of the



USING CHEMICAL FORMULAS AND ENERGY TO WRITE CHEMICAL EQUATIONS C3H8(l)+ O2(g) ---> CO2(g) + H2O(g) + energy y



y



y y y



Energy is a product, because the word energy, is on the right side of the equation.



The prior reaction was an exothermic hydrocarbon reaction. Hydrocarbons: Compounds that contain only C and H. CH4 ± methane



y



y y y



y



y



Hydrocarbons combine with oxygen gas (burn) to form: carbon dioxide gas water  energy



Liquid Methane + oxygen gas ----> carbon dioxide gas + water + energy CH4(l) + O2(g) ----> CO 2(g) + H2O(l) + energy



ENERGY Energy is anything that is not matter and can cause a change in matter. When individual atoms combine to form a compound, energy is usually released. y



Exothermic Reaction When a compound breaks apart into individual atoms, energy is required or absorbed.



y



Endothermic Reactions



Energy In Chemical Reactions y y y y



y y



Exothermic Reactions: A chemical reaction that releases energy. The surroundings warm up. Exo (outside) , therm (heat)



Energy is a product. CH4(g) + O2(g) ---> CO2(g) + H2O(l) + energy



Activation Energy: Energy needed to get a reaction going. Heat of Reaction: Amount of the energy change during the reaction. In an exothermic reaction, the products have less energy than the reactants.



Energy In Chemical Reactions Endothermic Reactions: A chemical reaction that absorbs energy. The surroundings cool off. Endo (inside) Energy is a reactant. CO2(g) + H2O(l) + energy ---> CH 4(g) + O2(g)



In an endothermic reaction, the reactants have less energy than the products. oEnergy is absorbed into the products. y



Coefficients in Chemical Reactions Coefficients tell how many molecules or atoms are available. Coefficients are numbers placed in front of each molecule or atom and are used to balance equations.



Conservation of Mass and Atoms Law of Conservation of Matter: Mass is neither created or destroyed in chemical reactions.  ± Lavoisier (1743-1794) proved this.



The number and kinds of atoms present in the products is the same number and kind of atoms present in the reactants.  ± T he atoms just rearrange.



Writing and Balancing Equations Determine the reactants and products. Write the equation.  ± U se the correct formulas for each compound - watch for the diatomics.



Balance the equation.



Balancing Examples Solid copper(II) oxide reacts with hydrogen gas to form solid copper and liquid water. CuO(s) + H2(g) ---> Cu(s) + H2O(l) Aluminum metal reacts with oxygen gas to form solid aluminum oxide. Al(s) + O2(g) ---> Al2O3(s)



Balancing Examples When balancing an equation, ONLY the coefficients can be changed. NEVER change the subscripts. For example: 3H2O 3 is the coefficient. 2 and 1 are the subscripts. Changing the subscripts changes the compound. H2O2 is not water but hydrogen peroxide.



HELPFUL HINTS Keep polyatomic ions together as a unit if they show up on both sides of the equation. NO3-1 , C2H3O2-1 , NH4+1 , «. Ca(NO3)2 + NaCl ---> CaCl2 + NaNO3 Save H and O until last. They will tend to balance out together  with the H2O.



Example Aluminum sulfide reacts with water to produce aluminum hydroxide and hydrogen sulfide. Al2S3 + H2O --> Al(OH)3 + H2S What should we look for immediately? Save O and H for last - there is water. Al2S3 + H2O ---> 2 Al(OH)3 + H2S Al2S3 + H2O ---> 2 Al(OH)3 + 3 H2S The Al and S are balanced - now - H & O. Al2S3 + 6 H2O ------> 2 Al(OH)3 + 3 H2S



Balance The Following Equations Al + S8 Al2S3 16 Al + 3 S 8 8 Al2S3 CO + O2 CO2 2 CO + O2 2 CO2 C2H4 + O2 CO2 + H2O C2H4 + 3 O2 2 CO2 + 2 H2O Pb(NO3)2 + NaCl PbCl2 + NaNO3 Pb(NO3)2 + 2 NaCl PbCl2 + 2 NaNO3 Mg2C3 + H2O Mg(OH)2 + C3H4 Mg2C3 + 4 H2O 2 Mg(OH)2 + C3H4 Ca(OH)2 + HBr CaBr 2 + H2O Ca(OH)2 + 2 HBr CaBr 2 + 2 H2O



LAW OF CONSERVATION OF ENERGY



Energy can not be created or  destroyed. It can change form but the total remains the same.



Synthesis reactions Synthesis reactions occur when two substances (generally elements) combine and form a compound. (Sometimes these are called combination or addition reactions.) reactant + reactant Basically: A + B











1 product



AB



Example: 2H2 + O2  2H2O Example: C + O2  CO2



Synthesis Reactions Here is another example of a synthesis reaction



Synthesis or combination reaction theory When two elements react, a combination reaction occurs producing a binary compound (that is, one consisting of only two types of atoms). If a metal and a nonmetal react, the product is ionic with a formula determined by the charges on the ions the elements form. If two nonmetals react, the product is a molecule with polar covalent bonds, with a formula consistent with the normal valences of the atoms involved. Some pairs of elements may react only slowly and require heating for significant reaction to occur.



Examples K + S8 K2S (ionic) Ca + O2 CaO (ionic) Al + I2 AlI3 (ionic) H2 + O2 H2O (covalent) I2 + Cl2 ICl, ICl3, or ICl5 (covalent) (exact product depends on relative amounts of I 2 and Cl2) (NOTE: The above reactions are not balanced. You may wish to balance the reactions in the handout as an exercise.)



Practice Predict the products. Write and balance the following synthesis reaction equations. Sodium metal reacts with chlorine gas Na(s) + Cl2(g)







Solid Magnesium reacts with fluorine gas Mg(s) + F2(g)  Aluminum metal reacts with fluorine gas Al(s) + F2(g) 



Decomposition Reactions Decomposition reactions occur when a compound breaks up into the elements or in a few to simpler compounds 1 Reactant  Product + Product In general: AB







A+B



Example: 2 H2O  2H2 + O2 Example: 2 HgO







2Hg + O2



Decomposition Reactions Another view of a decomposition reaction:



Combination



Decomposition



Reaction of a metal oxide with water produces a metal hydroxide; that is, a strong base. Reaction of a nonmetal oxide with water produces an oxyacid in which the nonmetal is in the same oxidation state as in the oxide you started with. Both of these are combination reactions, and both can be reversed by heating the products. Metal hydroxides decompose on heating to give the metal oxide and water. Oxyacids decompose on heating to give water and the nonmetal oxide in the appropriate oxidation state.



Examples Combination and Decomposition rxns Na2O + H2O



NaOH



MgO + H2O



Mg(OH)2



SO2 + H2O



H2SO3



Cl2O5 + H2O



HClO3



HNO3



¨



N2O5 + H2O



Fe(OH)3



¨



Fe2O3 + H2O



¨: means heating



Decomposition Exceptions Carbonates and chlorates are special case decomposition reactions that do not go to the elements. Carbonates (CO 32-) decompose to carbon dioxide and a metal oxide Example: CaCO3  CO2 + CaO



Chlorates (ClO 3-) decompose to oxygen gas and a metal chloride Example: 2 Al(ClO3)3  2 AlCl3 + 9 O2



Practice Predict the products. Then, write and balance the following decomposition reaction equations: Solid Lead (IV) oxide decomposes PbO2(s)  Aluminum nitride decomposes AlN(s)







Practice Identify the type of reaction for each of  the following synthesis or decomposition reactions, and write the balanced equation:



N2(g) + O2(g)  Nitrogen monoxide BaCO3(s)  (make Co be +3) Co(s)+ S(s)  NH3(g) + H2CO3(aq)  NI3(s) 



Single Replacement Reactions Single Replacement Reactions occur when one element replaces another in a compound. A metal can replace a metal (+) OR a nonmetal can replace a nonmetal (-). element + compound product + product A + BC







AC + B (if A is a metal) OR



A + BC







BA + C (if A is a nonmetal)



(remember the cation always goes first!) When H2O splits into ions, it splits into H+ and OH- (not H+ and O-2 !!)



Single Replacement Reactions Another view:



Single Replacement Reactions Write and balance the following single replacement reaction equation: Zinc metal reacts with aqueous hydrochloric acid Zn(s) + 2 HCl(aq) 



ZnCl2 + H2(g)



Note: Zinc replaces the hydrogen ion in the reaction



Single Replacement Reactions Sodium chloride solid reacts with fluorine gas 2 NaCl(s) + F2(g)  2NaF(s) + Cl2(g) N ote



that fluorine replaces chlorine in the compound 



Aluminum metal reacts with aqueous copper (II) nitrate Al(s)+ Cu(NO3)2(aq)



Double Replacement Reactions Double Replacement Reactions occur when a metal replaces a metal in a compound and a nonmetal replaces a nonmetal in a compound Compound + compound



AB + CD







AD + CB







product + product



Double Replacement Reactions Think about it like ³foil´ing in algebra, first and last ions go together + inside ions go together  Example: AgNO3(aq) + NaCl(s)  AgCl(s) + NaNO3(aq) Another example: K2SO4(aq) + Ba(NO3)2(aq)  2KNO3(aq) + BaSO4(s)



Practice



Predict the products. Balance the equation 1. HCl(aq) + AgNO3(aq)  2. CaCl2(aq) + Na3PO4(aq)  3. Pb(NO3)2(aq) + BaCl2(aq)  4. FeCl3(aq) + NaOH(aq)  5. H2SO4(aq) + NaOH(aq)  6. KOH(aq) + CuSO4(aq) 



Combustion Reactions Combustion reactions occur when a hydrocarbon reacts with oxygen gas. This is also called burning!!! In order to burn something you need the 3 things in the ³fire triangle´: 1) A Fuel (hydrocarbon) 2) Oxygen to burn it with 3) Something to ignite



Combustion Reactions In general: CxHy + O2  CO2 + H2O Products in combustion are ALWAYS carbon dioxide and water. (although incomplete burning does cause some byproducts like carbon monoxide) Combustion is used to heat homes and run automobiles (octane, as in gasoline, is C8H18)



Combustion Reactions



Edgar Allen Poes drooping eyes and mouth are potential signs of CO poisoning.



Combustion Example C5H12 + 8O2  5 CO2 + 6 H2O



Write the products and balance the following combustion reaction: C10H22 + O2 



Mixed Practice State the type, predict the products, and balance the following reactions: 1. 2. 3. 4. 5.



BaCl2 + H2SO4  C6H12 + O2  Zn + CuSO4  Cs + Br2   FeCO3 



Total Ionic Equations (HONORS ONLY)



Once you write the molecular equation (synthesis, decomposition, etc.), you should check for reactants and products that are soluble or insoluble. We usually assume the reaction is in water  We can use a solubility table to tell us what compounds dissolve in water. If the compound is soluble (does dissolve in water), then splits the compound into its component ions If the compound is insoluble (does NOT dissolve in water), then it remains as a compound



Solubility Table



Total Ionic Equations Molecular Equation: K2CrO4 + Pb(NO3)2  PbCrO4 + 2 KNO3 Soluble



Soluble



Insoluble



Soluble



Total Ionic Equation: 2 K+ + CrO4-2 + Pb+2 + 2 NO3-  PbCrO4 (s) + 2 K+ + 2 NO3-



Net Ionic Equations These are the same as total ionic equations, but you should cancel out ions that appear on BOTH sides of the equation Total Ionic Equation: 2 K+ + CrO4 -2 + Pb+2 + 2 NO3-  PbCrO4 (s) + 2 K+ + 2 NO3Net Ionic Equation: CrO4 -2 + Pb+2  PbCrO4 (s)



Acid-base Reactions Acid-base: This is a special kind of double displacement reaction that takes place when an acid and base react with each other. The H+ ion in the acid reacts with the OH- ion in the base, causing the formation of water. Generally, the product of this reaction is some ionic salt and water: HA + BOH ---> H2O + BA One example of an acid-base reaction is the reaction of hydrobromic acid (HBr) with sodium hydroxide(NaOH): HBr + NaOH ---> NaBr + H 2O



Checklist for figuring out what type of  reaction is taking place Follow this series of questions. When you can answer "yes" to a question, then stop! 1) Does your reaction have oxygen as one of it's reactants and an oxide as products? If yes, then it's a combustion reaction 2) Does your reaction have two (or more) chemicals combining to form one chemical? If yes, then it's a synthesis reaction 3) Does your reaction have one large molecule falling apart to make several small ones? If yes, then it's a decomposition reaction 4) Does your reaction have any molecules that contain only one element? If yes, then it's a single displacement reaction
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