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ORBITALS OF OXYGEN: as an element: one 2s & three 2p. When bonded in water they hybridize into four equal energy orbitals. (sp3)

WATER ORBITAL SHAPE: tetrahedral

WATER MOLECULAR SHAPE: bent 104.5 degrees. It is not 109.5 ° as expected because unbonded pairs of electrons take up a little more space pushing the 2 bonded pairs closer together

WATER BOND LENGTH: H-O covalent bond is .99 A

WATER BOND STRENGTH: 68.3 kcal or 286 kJ

BOND LENGTH (HYDROGEN BOND): 1.77 A

BOND STRENGTH (HYDROGEN BOND): 4 kcal or 16.7 kJ

Hydrogen bonds raise the melting and boiling points

ICE: structure is hexagonal

SURFACE TENSION:  due to hydrogen bonds; Only Hydrazine (N2H4), H2O2, & Hg have greater surface tension among common liquids
Study Table 10-4 on pg 237 for oxygen family trends

TRIPLE POINT OF WATER: When solid, liquid and gaseous water exist at the same temperature & pressure (.01°C & 4.6 mmHg) They are in equilibrium

DENSITY OF WATER = 1g/mL but it changes slightly with temperature (also 1kg/L or 1g/cmm3)


Liquid water contracts from 100°C to 3.98°C


Liquid water expands from 3.98°C to 0°C

Density changes inversely to volume; maximum D = 3.98°C

Why: because hydrogen bonds start to hold the molecules in open hexagonal shapes. This takes up more space than the random pattern of water above 3.98°C. Ice has an open hexagonal crystalline structure

TWO MAJOR ENVIRONMENTAL ASPECTS OF WATER:
1. H2O expands when freezing so ice floats preventing rivers from freezing solid

2. H2O - high specific heat moderating extreme temperature where large bodies of water are found

THREE REACTIONS TO PRODUCE WATER:

1. Combustion of hydrocarbons produces CO2 & H2O 



(propane C3H8 + 5O2 --> 3CO2 + 4H2O)


2.  The combustion of hydrogen produces water.  2H2 + O2 --> 2H2O


3.  ACIDS + BASES --> SALT + WATER



HCl + NaOH --> NaCl + H2O  (OH- makes a compound a base)
DECOMPOSITION OF WATER: Electrolysis


2H2O --> 2H2 + O2

Cathode (negative) :  4H2O  +  4 electrons   -->   2H2  +  4OH-

Anode     (positive):


      2H2O   -->   O2  +  4H+  +  4 electrons

Since pure water will not carry a current, substances that ionize (electrolytes) must be added like sulfuric acid, hydrochloric acid, or sodium chloride

4 REACTIONS WITH WATER:

1. More active metals react with water: form a base and H2 



2Na + 2H2O --> 2NaOH + H2

2. Halogens and water form acids (except for F2) 
Br2 + H2O --> HBr + BrOH

ANHYDRIDES: compounds that react w/ water in composition reactions. Metallic oxides are basic anhydrides and Nonmetal oxides are acidic anhydrides




 
 
      metallic oxide  + water   -->       base


3 BASIC ANHYDRIDE  

   Na2O + 
  H2O    --> 
2NaOH






nonmetallic oxide  + water   -->        acid


4 ACIDIC ANHYDRIDE  

SO2             +   H2O    -->   
  H2SO3
HYDRATES: chemical compounds that include water in their crystal structures.

WATER OF HYDRATION: water in the crystal structure 


CuSO4•5H2O: copper II sulfate pentahydrate


CuSO4•5H2O   --> CuSO4 + 5H2O

HYGROSCOPIC: compound that attracts and removes water from air

DESICCATORS: airtight containers for storing hygroscopic compounds; often with drying agents

DELIQUESCENCE: process of attracting enough water to completely dissolve

EFFLORESCENCE: loss of water when exposed to air

