
 
 14 Reactions 

 14) CHEMICAL REACTIONS 
 

So I'm sitting here in my office, thinking about chemical reactions - those amazing events 
when two or more materials meet and transform into something (or some things) different than 
there was before. It’s a lot like when two people meet and a new relationship forms. I thought 
that I'd begin by describing those that I saw occurring around me as I sat here, but, except for 
the complex machinations which allow my brain to think these thoughts and my muscles to 
contract in just the right ways to move my hands to type these notes, there's really not much 
going on. There are many diverse materials in contact with each other in the room, but none are 
having any noticeable impact on those they meet. So maybe chemical reactions really aren't all 
that important after all.... 
 

But then I glance out the window. Whoa... It's pretty different out there compared to in 
here. No papers, books or magazines out there. Not as many shades of color or of gloss either. 
Nothing out there that sticks to paper as well as this ink seems to. No plastic computer cases, 
cord insulation, or pens either. No metal shelf brackets, wires, pushpins, or lampshades. Yep, 
it's pretty different out there - and guess what? The reason is that all the things in here are 
products of our understanding chemical reactions, whereas everything out there is the product 
of billions of years of random encounters of molecules.  Maybe reactions are sort of important 
after all.... 
 

There are many ways of classifying reactions: Do they absorb or release heat? Do they 
cause color changes? Do they cause explosions? Do they happen slowly or quickly? Do they 
produce metals? or plastics? Do they destroy metals? plastics? The two broad classifications 
described below reflect the fact that the outsides of molecules are either 1) electrons or 2) 
hydrogen nuclei (when H’s are bonded to electronegative atoms that draw the H’s single e- 
away from the H).  Reactions involving the transfer of e- from molecule to molecule are called 
oxidation-reduction (or redox) reactions. Reactions involving the transfer of an H+ from one 
molecule to another are called acid-base reactions... 
 

OXIDATION & REDUCTION REACTIONS 
 (= "redox" reactions = transfer of e-'s) 

 
Perhaps the earliest recognized chemical reaction was combustion. After all, combustion 

was an ancient human's' only reliable source of heat and light. It really is quite amazing - 
expose a good solid 2 x 4 to a source of heat and, after a few minutes of dazzling heat and 
light, all that remains is a small pile of ashes. Pretty neat! 
 

Today, combustion is thought of as just one example of an "oxidation-reduction" reaction. 
Over hundreds of millions of years, plants have used the energy of sunlight to turn relatively 
stable CO2  and H2O into carbohydrates - while filling our atmosphere with relatively reactive 
oxygen molecules. Oxygen's reactivity reflects its high effective nuclear charge (8 protons 
shielded by only the 2 electrons in the 1s shell). This + charge makes oxygen atoms 'want' more 
electrons - or at least to want more than it can claim to own when sharing with another greedy 
oxygen in O2. This 'greed' is seen in oxygen's high electron affinity and its high electronegativity. 
 It is not too surprising, therefore, that when oxygen molecules encounter atoms which want 
electrons less than oxygens do, electrons are transferred from the encountered atom to the 
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oxygen. If the encountered atom readily loses e- (i.e., if it is a metal) the transfer is complete 
and an ionic compound is formed - such as when iron rusts:  

4Fe + 3O2  2(Fe+3)2(O-2)3  
 

In such reactions, the atom that loses e-'s is said to have been "oxidized" and the atom 

which gained e-'s (oxygen here) is said to have been "reduced" (as in "gotten less 

positive"). The atom which gains e- is the "oxidizing agent" (it causes the other to be 

oxidized) and the atom losing the e- is the "reducing agent."  
 

If the atom encountered by an oxygen is less willing to part with its electron (i.e. when it 
is a nonmetal), the transfer of electrons is incomplete, and a polar covalent bond forms. The 
degree of polarity can be estimated by the difference in electronegativities of the bonded atoms: 
 

C + O2   -  O=C=O  - 
 
In such reactions, atoms which "own" fewer e- than they did before the reaction are said to 
"have been oxidized" and those which "own" more e- are said to have been reduced. (In the 
above case, carbon comes with 4 e-, but after the reaction, if you consider the shared e- to be 
'owned' by the more electronegative oxygen atoms, it has none.) The easiest way to keep track 
of how many electrons atoms “own” is to assign "oxidation numbers" to all the atoms in a 
reaction  and see which become less positive (are reduced) and which become more positive 

(are oxidized). (An oxidation number is the charge an atom would have if all e- that it 

shares are given to the more electronegative atom and divided equally between identical 

atoms. Oxidation #s are similar to formal charges, except when calculating formula 

charges, all shared e- are divided equally between the atoms which share them.) 
 

It is also possible to assign oxidation numbers by following a set of 
"rules:" 

 
1) any atom in elemental state has ox # = 0 (C, S8, O2, etc) 
2) the oxidation #of monatomic ions = the ion's charge (Na+ = +1) 
3) F is always -1 
4) O is -2 except in compounds with F or in peroxides (R-O-O-R') 
5) H is +1 except in metal hydrides (NaH Na=+1, H = -1) 
6) the sum of all oxidation #s in a molecule or complex ion must = its   

   overall charge 
 

For simple molecules, these rules give the same results as the dot 
picture + electronegativity methods. In more complex molecules with 
more than one atom of a given type, the rules assume all atoms of 
one element are equivalent, and you get an average oxidation #. 
The dot method may give different ox #s for different atoms of one 
element. For example, in ethanol H3C-CH2-OH, the rules give  

O = -2 H = +1 C = -2 
But the dot method says that the H3C's C is -3 and the CH2OH's C is -1 (for an  

  average C ox # of -2) 
 



 
 14 Reactions 

Q14.1) a) Assign oxidation numbers to the carbon in each of the following compounds:  
 

 
 
 
 
 

b) Explain (in terms of #s of e-’s) why it make sense to think of the carbon as being 
oxidized as you move from left to right.  

 
c) Why, when C becomes bonded to an O is the C “oxidized?” 

 
d) Why, when C becomes bonded to fewer H’s is the C “oxidized?”    

 
It wasn't too long before many reactions which did not actually involve oxygen were also 

seen to involve transfer of e-, and so the terms "oxidation" and "reduction" were extended to 
cover such reactions.  
 
Q14.2) In the following reactions identify  

1) the elements which are oxidized and which are reduced 
2) the oxidizing agent 
3) the reducing agent 

a) 2Na + Cl2  2NaCl 
b) H2S + H2O + NO3-  NH4

+1+ SO4
-2 

c) 3CH4 + 8MnO4- +8H+  3CO2 + 10H2O + 8MnO2 
 
   
In general, good oxidizing agents (things that rip e- off of other things) are things with large 
positive oxidation #s compared to what they "like" to be. Some common ones include:  
 

oxidizing agent   more stable form 
MnO4

- (permanganate)   Mn+2 
Cr2O7

-2  (dichromate)   Cr+3 
Cl2 (chlorine)    Cl- 
H2O2 (hydrogen peroxide)  H2O 
O3  (ozone)    O-2  
NO3

- (nitrates)    N2 
 

Note: Because of their reactivity, it is important to store strong oxidizing agents 
away from materials which can be oxidized (such as organic materials.)  
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Oxidation reduction reactions can be quite complicated, often involving the transfer of 
many electrons. They may occur rapidly (accounting for many explosions) or very slowly 
(rusting of iron). They often occur through complex series of poorly understood elementary 
steps.  
 

BALANCING REDOX REACTIONS:  
 
Redox reactions are often difficult to balance. For example,  
          
               C12H22O12 + KClO4 + H+ ----> CO2 + H2O + KCl 
 
in balanced form looks like:  
 

2 C12H22O12 + 11 KClO4 --->24 CO2  + 4 H+  11 KCl + 20 H2O  
 
It would take you a long time to arrive at the coefficients in this balanced equation just by trial 
and error. Fortunately, there is a method that is guaranteed to be able to balance any redox 
reaction (and also helps one decide if a given reaction does or does not happen under any 
given conditions). 
 
The magic steps to balancing redox reactions: 
 

1) Figure out the oxidation #s of all the elements in the reaction. (It is usually easiest to use 
the rules). Omitting H, O and K (which do not change) you find: 
 
     C12H22O12    +   KClO4 + H+  CO2 + H2O + KCl 
           C=+1/6          Cl=+7         C=+4       Cl=-1 
 

This tells you that C has been oxidized (gotten more +) and Cl has been reduced 
 (gotten more negative) 
 

2) Write the "half reactions"  C12H22O12   CO2        KClO4   KCl 

   that represent the change in  

   each element whose ox # 

   changes:  
 
 

3) Balance any non H & O's         C12H22O12 12 CO2      KClO4   KCl 

   in the half reaction 
 

4) Balance O's with  H2O        C12H22O12 + 12  H2O       KClO4 KCl +4 H2O  
                                  12 CO2   
 

5) Balance H's with H+        C12H22O12 + 12  H2O          KClO4  + 8 H+    
                                  12 CO2  + 46 H+                 KCl +4 H2O  
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6) Balance charge  

with e- (if you've done  C12H22O12 + 12  H2O           KClO4+ 8 H+ + 8e-  
everything correctly, one               12 CO2  + 46 H+  + 44e-         KCl +4 H2O  
half reaction will produce e- and the other will consume e-. 
 
 

7) Multiply the ½ rxs to          x 2 = 88 e-                     x 11 = 88 e- 

make # e- equal in both     2 C12H22O12 + 24 H2O       11 KClO4 + 88 H+ + 88e  
                             24 CO2  + 92 H+  + 88 e-         11 KCl + 44  H2O  
  

8) Add the ½ rxs:           2 C12H22O12  + 24  H2O  + 11  KClO4   + 88 H+ + 88e-  
                               24CO2 + 92 H+  + 88 e- + 11 KCl + 44  H2O  
 

9) Cancel any stuff on       2 C12H22O12 + 11 KClO4 24 CO2 + 4 H+ + 11 KCl + 20 H2O  

  both sides:                
 

10) Check:      24 C + 44 H + 68 O + 11 K + 11 Cl 24 C  + 44 H + 68 O + 11 K  + 11 Cl    
          O.K.! 
Cool eh? 
 
(If your reaction actually occurs in a basic environment, add enough OH-‘s to both sides to turn 
any H+’s into H2Os.) 
 
Q12.3) Balance the following redox reactions: 

a) MnO4
-      +    Cl-   +  H+      Cl2     +      Mn+2 

b) Cu + NO3-  Cu+2 + NO 
c) I¯ (aq)  +  ClO¯(aq)       I3¯(aq)   +   Cl¯(aq) 
d) As2O3 (s)   +   NO3¯ (aq)       H3AsO4 (aq)   +   NO (g) 
e) Br¯ (aq)   +   MnO4¯ (aq)      Br2 (l)   +   Mn2+ (aq) 
f) CH3OH (aq)    +   Cr2O7

2- (aq)     CH2O(l)   +    Cr3+(aq) 
g) Mn2+(aq)   +   BiO3¯ (aq)       Bi3+(aq)  +   MnO4¯ (aq) 
h) S8(s)   +   NO3¯ (aq)       SO3

2-(aq)    +    NO(g) 
i) H3AsO4(aq)   +   Zn(s)      AsH3(g)   +   Zn2+(aq) 
j) P4(s)   +   Cr2O7

2-(aq)      H3PO4(aq)   +   Cr3+(aq)   
 
So where do you run into redox reactions?  
 
1) Forming ionic compounds:        oxidized     reduced     oxidizing   reducing 
                                     (loses e-)  (gains e-)    agent     agent 
            2 Na + Cl2 = 2 NaCl        Na           Cl          Cl        Na 
 
2) Corrosion:  

4 Fe + 3 O2  = 2 Fe2O3    Fe           O2          O2        Fe 
 

Note: even "stainless" metals and aluminum corrode, but their oxide coatings stays 
attached. Au & Ag are truly resistant to oxygen attack. You can protect from corrosion by 
attaching metal objects to a "sacrificial" metal like Zn (galvanized iron) or Mg (Mg blocks 
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are used to protect ships & skyscrapers), or by forming a protective oxide coat (eg. inside 
solar water heat storage tanks or on rifle barrels): 

                     
                            Fe + CrO4

-2 = Fe2O3 + Cr2O3 
 
3) Batteries  
 

Batteries are , after all, just devices for 
pushing e- out of one end and pulling 
them into the other end - so something 
must be getting oxidized (to account for 
the e- leaving the battery) and something 
else must be being reduced (to account 
for the e- entering the battery). In a 
normal "dry cell", the zinc can is oxidized 
by the Mn+4 in the MnO2 paste inside the 
can.   

 
Zn  Zn+2 + 2e- 
2MnO2 +2H+ +2e-  Mn2O3 +H2O 
 
Zn + 2 H+ + 2 MnO2  Zn+2 + Mn2O3 + H2O                                   

 
The acid (H+, usually supplied from the weak acid NH4

+) makes the Zn corrode relatively 
fast, making the battery leak. "Alkaline" cells replace the NH4

+ with KOH and the Zn 
corrodes less rapidly.  

         
In a Nickel-Cadmum rechargeable battery, the reaction is  

 
Cd + 2 OH- + NiO2 + 2 H2O  Cd(OH)2 + Ni(OH)2),      

         
What makes these batteries rechargeable is the fact that the products stick where they 
are made so can be reversed by running current through them in the opposite direction.  

         
4) "Electrolysis" is the term given to making a redox reaction happen in the reverse direction 
from how it spontaneously happens - by imposing an electric current with bigger battery. When 
you recharge a rechargeable battery, your house voltage forces the battery's reaction to 
reverse, regenerating the materials to allow the battery to discharge again: 
 
 Ni(OH)2 + Cd(OH)2    Cd + NiO2 + 2OH- + 2 H2O 
    

Electrolysisis also used in the production of Al from Al2O3, the production of Cl2 from 
seawater (NaCl) and in "electroplating:" 

                        
Quantitative electrolysis problems are handled by knowing that 1 "amp" of electrical 
current = 1 Coulomb of charge/sec, and 1 mole of e- has charge of 1 Faraday = 96,486 
C.  
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5) Biological Energy Extraction 
            
Organisms eat in order to acquire energy to organize matter in the ways desired to improve the 
organism's chances for reproduction. Food is "full of energy" because it contains "unhappy" 
electrons that release energy as they flow to where they are happier.   
   
The general strategy is to use the energy released as uncomfortable electrons flow from the 
many different types of uncomfortable electrons that critters eat to an electron "sink" (eg O2 + 4 
e- + 4 H+ = H2O) to create a few common forms of uncomfortable electrons (the common "cattle 
prods" include ATP, GTP, UTP, CTP, NADH, FADH2, etc). These few uncomfortable forms then 
transfer their electrons to other molecules, to make them unhappy enough that they will do what 
the critter wants.   
 
Some of the foods that organisms who use O2 as an e- sink are known to include: 
             kcal 
       uncomfortable      product after           energy 
        e-  source         e- removed         organisms     per e- 
         

(CH2O)n           CO2   aerobic respir.      29.9 
H2       H2O   hydrogenomonus   28.3 
H2S     SO4

-2          sulfide ox bact      23.8 
Fe+2     Fe+3           Fe oxidizing bact    21.0 
NH4

+    NO2-           nitrosomonus       10.7 
NO2-    NO3-           nitro-bacter         8.9 
Mn+2    Mn+4           Mn oxid bacteria   7.2 
 

 
In environments with no oxygen to accept the unhappy electrons, organisms live by transferring 
electrons to some other willing acceptor: 
     
       product of        kcal E 
          e- donor      e- acceptor   e- accept.   organism      per e- 
           
        carbohydrate       NO3-        N2         denitrifying b    28.4 
    "    "          NH4+   nitrate reducing   19.6 

H2S    "          N2        thiobact denitrif  15.8 
H2    SO4

-2       H2S     desulfourbrio desul. 7.2 
        carbohydrate    carbohydrate    alcohol fermenters 6.4 
    "   SO4

-2       H2S       sulfate reduction   5.9 
    "   CO2         CH4       methane producers 5.6 
          

Element cycles: 
 

In anaerobic locations, and oxidized forms of elements are used as e- sinks and 
converted into their reduced forms. These tend to be volatile covalent compounds which 
escape toward the atmosphere. As they move into more oxygenated environments, they 
are oxidized to their more oxidized, ionic, nonvolatile forms. These then slowly sink back 
to anaerobic regions and the process repeats: 
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REDUCED     OXIDIZED 
CH4 CH3OH O=CH2 CO CO2/CO3

-2 
C:  -4 -2  0  +2 +4 

       
NH3 N N2O NO NO2

-  NO2 NO3
- 

N -3 0 +1 +2 +3 +4 +5 
 

H2S S SO2 SO3/SO4
-2 

S -2 0 +2 +6 
 
6) Photosynthesis (cf electrolysis) 
 
7) Metallurgy / Raku  
 

Metallurgy is basically the art of undoing corrosion. During the formation of the earth, 
metals reacted with sulfur and oxygen (the two most abundant nonmetals) to produce the 
ionic sulfides and oxides which are our metal ores of today. Obtaining the metals from 
these ores generally consists of two steps:  

 
First, if the ore is a sulfide, you roast it with oxygen: 

CuS + O2 = CuO + SO2  
(Unless trapped, the gaseous SO2 goes on to form acid rain) 

Second, you heat the oxide ore with a good reducing agent (source of e-)   
  such as charcoal (C):   

CuO + C = Cu + CO2    
(This is the same process used in Raku pottery, where partially burning 
vegetation (e.g. leaves) supplies the C to reduce the oxides in glazes to 
their metals) 

         
8) Cleaning/disinfecting solutions: 
        bleach: discolors, but doesn't remove dirt 
        peroxides 
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ACID & BASE REACTIONS 
(transfer of H+) 

 
Another type of reaction with a long history are those involving acids and bases. The following 
lists show some of their characteristics which made them extremely useful:  
 
 
  ACIDS 

 
 BASES   

 
acids dissolve/etch metals  
(to help turn lead to gold) 

 
bases make soaps from fats  

 
acids "burn" your skin  
(but is it hot?)  

 
bases feel slippery  
(they turn your skin oils into soap) 

 
acids clean mineral deposits (mortar, toilets) 
(usually muriatic acid which = HCl)    
Lysol = 9% HCl; Vanish = 10% HCl 
vinegar based wiundow cleaners 

 
bases are good cleaners (they turn grease into 
soap); many cleaners are ammonia based  
(Top Job = 2% NH3); drain & oven cleaners are 
even stronger bases (Drano contains lye 
coated with a dessicating agent and slivers of 
aluminum - which produce heat when reacting 
with OH- to help melt greasy clogs) 

 
acids catalyse reactions such as 
decomposing sugar (demo) or cellulose (in 
blue jeans or paper)   

 
bases catalyse reactions such as decomposing 
protein (in wool sweaters) 

 
acids taste sour (don't try!): as in sour patch 
kids, lemon juice, etc. 

 
bases taste bitter (don't try): quinine in tonic 
water 

 
acids make natural dyes redder 
(litmus, red cabbage, blueberries) 
 

 
bases make natural dyes bluer 
e.g. adding a pinch of baking soda to 
blueberries pies to keep them blue)  

 
acids displace positive ions from soils 

 
 

 
acids are formed from nonmetal oxides + 
water: S + O2 = SO2 which + H2O = H2SO3 

 
bases are formed from metal oxides + water 
wood ashes (solid, ionic oxides) + water = lye;  
Mg+ O2 = MgO which +H2O = Mg(OH)2 (milk of 
magnesia) 

 
acids release carbon dioxide from 
carbonates (the carbonic acid formed from 
soil critters' exhalations causes limestone to 
dissolve to make caves and undissolve to 
make stalagmites when released in the 
cave)  
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Both react with the other one to produce less acidic/basic materials known as salts. For 
example, hydrochloric acid (HCl) reacts with lye (sodium hydroxide, NaOH) to produce common 
table salt (NaCl): 
 HCl + NaOH = H2O + NaCl 
 
There are many other, less obvious but also important, uses of acids and bases: 
             

The acidity of natural waters is one of their most easily measured parameters and is one 
in terms of which others are discussed.  Acidity determines what minerals dissolve and 
which precipitate and reflects levels of photosynthesis and respiration.  

             
Biologically, acidity determines  

                -the rates of many metabolic reactions  
                   -the rates at which nutrients and drugs are absorbed into the bloodstream 
   (eg the stomach is acidic and the intestine is basic),  
                   -the 3D shapes of biomolecules (e.g., milk curdling with lemon)  
             
            Industrially, acids are important catalysts- enough so that sulfuric acid is the #1  
 chemical manufactured today 
 

 WHAT ARE SOME OF THE MORE COMMON ACIDS & BASES? 

 
There are a wide variety of acids and bases in the world. Some are solids, some liquids and 
some gases. Some of the more important examples include: 
 
 
 ACIDS 

 
 BASES 

 
 acid 

 
 uses 

 
 base 

 
 uses 

 
Hydrochloric acid  
(or "muriatic" acid) is a 
saturated aqueous 
solution of HCl gas.  
When saturated, its 
concentartion = 
38%HCl or 12M. Every 
time you open its 
bottlem some HCl 
escapes, making it 
hard to know its exact 
concentration.   

 
cleaning masony; 
in dilute form it is our 
stomach's acid; its 
Cl- ions 'complex' 
many metal ions and 
make HCl very  
effective at 
dissolving many 
metals with 
protective oxide 
coatings such as 
Aluminum foil 

 
metallic hydroxides:  
such as:  
lye (NaOH, the #7    
chemical with 20.4 
billions lbs US 1985) 
and  
milk of magnesia 
(Mg(OH)2)  
or  
slaked lime 
(Ca(OH)2) 

 
lye is a commonly 
used drain cleaner 
(but it is also a 
deadly poison 
because releases 
lots of heat when 
reacts with 
stomach acid) 
milk of magnesia is a 
   commonly used 
   antacid 

 
sulfuric acid (H2SO4 ) 
is practically pure  
(94% H2SO4  or 18M). 
It's made by burning 
and then hydrating 

 
battery acid  
 H2SO4 is the #1 US 
chemical, with 79.2 
billion lbs being 
made in the US in 

 
ammonia (27%NH3 
14M) =#3: 32.4 
billion lbs US 1985 

 
cleansers 
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sulfur  1985 
 
 nitric acid (HNO3) is  
69% HNO3 in water or 
15 M      
 

 
HNO3 is very 
dangerous because 
it is also a strong 
oxidizing agent (rips 
e- off of things); 
HNO3 is used to 
make explosives  
and to dissolve 
relatively stable 
metals (e.g. Cu). It is 
the #11: chemical 
(15.6 billion lbs US 
1985) 

 
CaCO3     
calcium carbonate = 
limestone      
(CaO = lime =heated 
CaCO3) 
 #4 = 31.6 billion lbs 
(US 1985)     

 
 

 
carbon dioxide (CO2) 
dissolves in water to 

form carbonic acid 
H2CO3 

 
carbonated drinks 
 

 
soda ash (Na2CO3)  
#17: 17.1 billion lbs 
US 1985 

 
making glass 

 
highly positive metal 

ions such as Fe+3    

 
coal mines expose 
Fe deposits to the air 
which produce "acid 
mine drainage"  

 
potash (K2CO3)  

 
fertilizer to combat 
excess acidity and 
supply K+ in gardens 

 
 phosphoric acid  

 
  blood "buffer" 

 
NaHCO3    
sodium bicarbonate  
  -> CO2 with acid 
food 
(=baking soda)       
     antacids 
HCO3

- + H2O -> H2O 
+ CO2 + OH- 

 
 

 
hydrofluoric acid 
HF  

 
HF is mostly used to 
dissolve glass - as in 
making lightbulbs 
cloudy (HF + glass  
forms volatile SiF6) 
IT IS VERY  
 DANGEROUS
, dissolving through 
skin without 
knowning it & typing 
up body's Ca+2 

 
 

 
 

 
acetic acid is  
99.5%CH3COOH=18M 

 
vinegar 

 
acetates (CH3COO-) 
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formic acid  

H-COOH    

 ant stings formates  

 
butyric acid 
  H H H 

HC-C-C-COOH        
   
  H H H 

 
 rancid butter 

 
butyrates 

 
 

 
 
citric acid: 

               OOH 

            H C  H   
          

HOOC-C-C-C-COOH  

             H  O H  
       
                H      
     
                     

 
  citrus fruits 

 
citrates 
 

 
 

 
lactic acid 
H3C-CHOH-COOH 

 
sour milk 
muscle pain 

 
lactates  
H3C-CHOH-CO2- 

 
 

 
A successful theory of acidity/basicity must explain why such diverse materials have such 
similar properties. 
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 WHY ARE THINGS ACIDIC OR BASIC?  

 
As chemists grew to understand the molecular structure of materials they sought explanations 
as to why some things were acidic and others basic.  
 
Today there are three common ways of thinking about acids and bases:  
 
 
 THEORY 

 
  ACIDS 

 
 BASES  

 
NEUTRALIZATION 
= ACID-BASE 
REACTION 

 
 ARRHENIUS:         
          

 
release "H+"  
HCl = H+ + Cl-      
     

 
release OH-  
NaOH = Na+ + OH-  

 
 HCl + NaOH = NaCl 
+ H2O 

 
BRONSTED-LOWRY  
                       

 
produce H+   
Fe+3 + H2O = 
FeOH+2 + H+ 

 
accept H+ 
 

 
 HA + B- = A- + HB  

 
 LEWIS       

 
 accept e- pair  

 
 donate e- pair    

 
 A + :B = A:B 

 
In the ARRHENIUS theory, acids are seen as substances which release  "H+" ions when they 
are added to water. On the other hand, bases are substances which release OH- (hydroxide) 
ions. For example, hydrogen chloride gas HCl is an acid because when it is bubbled through 
water, it dissociates by: 
      HCl = H+ + Cl- 
 
The resulting soluution is known as "hydrochloric acid."  
 
Similarly, when sodium hydroxide (NaOH, "lye") dissolves in water, it dissolciates by: 

                      NaOH = Na+ + OH-     
The resulting solution is 'a base.' 
 
In this picture, an acid neutralizes a base becaue the H+ from the acid combine with the OH- 
from the base to make water, leaving the other, less interesting ions, as dissolved:  
 

H+ + OH- = H2O 
              

Note: there really are no "free" H+ floating around, H+ would be a bare proton which 

rapidly combines with e- on outside of molecules (like H2O) to form things like H3O+,  
              

It might be useful to think of there being a distribution of protons that have been lost to 
different degrees? THat is, a proton need not be on the acid OR on the water, but could 
be half-way inbetween, etc. This "continuum" picture could replace well defined 
molecules in other reactions also. It would require revamping of notion of equilibrium 
among a few species to equilibrium among an essentially infinite continuum of species.It 
might be that some intermediate species are actually more effective at catalysing 
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reactions than are the undissociated or totally dissociated species?)  
   
  "Polyprotic" acids are acids which can release more than 1 H+, For example, the hydrogen 
sulfide responsible for the smell of rotten eggs is a "diprotoc" acid: 
   
 H2S ---> H+ + HS-      HS- ---> H+ + S-2 
 
and phosphoric acid is a triprotic acid: 
 
 H3PO4 = H+ + H2PO4- = H+ + HPO4-2 = PO4-3  
 
THE BRONSTED-LOWRY PICTURE 
 
While the Arrehnius theory is very useful, it fails to explain how substances like CO2 & Fe+3 
could be acids and how substances like NH3 and I- could be bases? The Bronsted Lowry picture 
solves this problem.          
 
In 1923, the Dane Johannes Bronsted (1879-1947) and the Englishman Thomas Lowry 
(1874-1936) both proposed defining an acid as a "proton donor" and a base as a "proton 
acceptor." Bronsted extended his earllier work on measuring electron affinities by the potentials 
set up in ewlectrical cells to use Ka's to measure acid strengths.  
 
 
Thus CO2 is an acid becuase when you bubble it through water, it pulls an OH- off the water, 
liberating an H+: 
 

CO2 + H2O = HCO3
- + H+   

 
Similarly, many metal ions, such as Fe+3 attract OH- from water, leaving behind H+'s: 
 

Fe+3 + H2O = FeOH+2 + H+ 
 
In the Bronsted-Lowry sense, substances which attract OH- more strongly than does H+ will be 
acids. 
 
As for bases, a Bronsted-Lowry base need not produce OH-, instead, it must accept H+'s. THis 
does include substance which produce OH-'s (because they pick up H+ to form water), but it 
also includes materials such as  NH3 and I-: 
 
   NH3 + H+ = NH4

+   I- + H+ = HI   
 
In the Bronsted-Lowry picture, acid-base reactions are thought of as "proton-transfer reactions." 
When an acid loses its H+, it leaves behind a base- its "conjugate base." An acid and the base 
formed when it loses its H+ are called a "conjugate pair."  
           
                HOAc + CN- ---------->    OAc-    +    HCN 
                acid   base            conj base     conj acid 
 



 
 14 Reactions 

The Bronsted/Lowry definition is most popular. It can explains most of what acids & bases do 
(would Li+ function similarly?). We will use it mostly. 
     
 


