Oxidation and Reduction

· Reactions done with oxidizing and reducing agents, analogous to acid-base reactions
· Reactions produce conjugate-like opposite chemicals; oxidizing agents become reducing agents and vice versa
· Electrons move from one chemical to the other in redox (reduction-oxidation) reactions instead of the hydrogen ions which are transferred in acid-base reactions
· Conjugate-like pairs can differ by more than one electron unlike acid-base conjugate pairs which can only differ by only one hydrogen ion
· The more stable an oxidizing agent or reducing agent is the less stable is its conjugate-like opposite
· Oxidizing agents are more “oxidized” (more positive, less electrons) than their conjugate-like reducing agent forms
· Reducing agents are more “reduced” (more negative, more electrons) than their conjugate-like oxidizing agent forms
· Electrons (negativity) move away from the more negative reducing agents (losing negativity oxidizes them) to the more positive oxidizing agents reducing these oxidizing agents
· In a battery the flat (negative) pole of the battery is connected to a reducing agent chemical inside of the battery; the nib (positive) pole is in contact with an oxidizing agent (chemical) inside of the battery
· Oxidation numbers
· Are essentially charges or pseudocharges; atoms of elements have zero charges and zero oxidation numbers; single-atom ions have oxidation numbers identical to their charges; atoms in more complicated structures have oxidation numbers assigned by transferring all electrons in bonds to the more electronegative atoms in bonded pairs and calculating the formal charges on atoms after doing this
· Short-cut way of calculating oxidation numbers involves assigning certain hot-spot elements their most common oxidation numbers and then calculating oxidation numbers in other elements in compounds; this is done in prioritized manner; hot spot elements on left side of periodic table have priority over elements further to the right (because of electronegativity differences)
· Oxidation of a reducing agent means increase in oxidation number (becomes more positive or less negative) of one of its elements
· Reduction of an oxidizing agent means reduction in oxidation number (becomes more negative or less positive) of one of its elements

· Electrons (negativity) are reactants (on the left side) of a reduction reaction; they reduce the oxidation number of an element in an oxidizing agent
· The opposite is true of an oxidation reaction; electrons are on the right side because they are removed from a reducing agent and produced as a free product of this reaction no longer contained in the reducing agent
· Practical issues
· Explosives usually employ redox reactions; NH4NO3 and TNT reactions are examples
· Corrosion is normally an oxidation reaction; Example: 2 Fe (iron) + 3 O2  Fe2O3 (rust); Fe0  Fe3+ in this reaction
· Oxidation of blood sugar (glucose) in animals provides energy to produce unstable ATP; ATP must be produced in every cell of every living thing (including plants and bacteria) continuously or the cell dies; plants can oxidize carbohydrate-derived glucose to make ATP or they can make ATP from CO2, water, sunlight, and ADP (photosynthesis) but animals must oxidize glucose to make ATP
· Some household chemicals like bleach and hydrogen peroxide are oxidizing agents
· Carbon is a reducing agent used to turn some metal ores (like iron oxides in iron ore) into elemental metals like iron
· Antioxidant nutritional supplements are reducing agents; examples are vitamin C, vitamin E, and the anthocyanins which are natural antioxidants found in brightly-colored fruits and vegetables
· Fuel cells are essentially batteries which operate by using hydrogen as a reducing agent and oxygen as an oxidizing agent in a redux reaction which produces water and electricity; when we get fusion working and can produce cheap abundant electricity we will likely get energy from hydrogen rather than combustion of chemicals like gasoline or natural gas; this idea is referred to as a “hydrogen economy;” hydrogen and oxygen can be made by passing an electric current through water; fuel-cell-powered electric cars currently exist and can be purchased by consumers

