Chemistry 112

Chapter 5 Class Notes
Molar Mass to Moles Conversion  (Ch. 4 pages 143-144)

A mole is an amount of substance. The term can be used for any substance and indicates the presence of 6.02 x 1023 particles. (this is known as Avogadro’s Number)

Particles in chemistry are very tiny so it would be useless to discuss group of particles with the term dozen – which every one knows indicate 12 things. A mole is similar to this term but indicates 6.02 x 1023 things.

Many times particles are measured in grams and must be converted to moles.
Molar Mass – the mass of one mole of a substance  (symbol = M)

Atomic Mass – a mass of an individual element (see p. table)

Finding molar mass:

Steps  
· find the atomic mass for each element present
·  multiply the atomic mass of each element by the number of each atom present

· add up the total masses for each molecule

example:  Al2(SO4)3

2 Al =   2   x  26.98 =    53.96 g





3  S  =  3   x  32.06 =    96.18 g  +




           12  O = 12   x  16.00 =  192.00 g



         

                                    342.14 g

Sometimes amount of solute is measures in grams so it must be converted to moles. How?

By the factor –label method

 grams of substance  x moles of substance



            Molar mass of substance
Example:    how many moles of NaCl (s) if 24.34 g are present?



24.34 g NaCl x ? moles of NaCl     =  0.4165 mol of NaCl




58.44 g of NaCl
Classifying Solutions
Solutions- homogeneous mixtures of substances composed of at least one solute and one solvent

**Both solute and solvents can be gases liquids or solids. Aqueous solutions have water as the solvent
All aqueous solutions are clear or transparent.  Opaque or translucent (cloudy) mixtures, such as milk, contain undissolved particles large enough to block or scatter light waves; these mixtures are considered heterogeneous.
Compounds are electrolytes if their aqueous solutions conduct electricity

Compounds are non-electrolytes if their aqueous solutions do not conduct electricity

A solution is easily tested with a conductivity apparatus (remember the lab and the light bulb)

Diagnostic test:
Conducts electricity – light bulb glows – electrolyte
Does not conduct electricity – light bulb does not glow – non-electrolyte

Understanding Solutions

Svante Arrhenius stated that:  
 “particles of a substance, when dissolving, separate from each other and disperse throughout the solution”.

· Non-electrolytes disperse neutral particles

C12H22O11 (s)  (  C12H22O11 (aq)

· Electrolytes disperse ions (electrically charged ions)

NaCl   (    Na +    +     Cl-
Definitions:

   Dissociation – the separation of ions that occurs when an ionic compound dissolves in water
   Bases – ionic hydroxide compounds that dissociate into individual positive ions and negative hydroxide           
    ions in solution.  NaOH  (  Na+  +   Cl-
   Ionization – the reaction of neutral atoms or molecules to form charged ions
    Acids – separate into individual molecules and ionize into positive H ions and negative ions


HCl (  H+  +  Cl-
Acidic solutions vary in their electrical conductivity

    Strong Acids – Acids that are extremely good conductors. Sulfuric acid, nitric acid, hydrochloric acid are    
               three examples of acids that are almost 100% ionized in solution.
    Weak Acids – Acids that are poor conductors. Most common acids are weak acids 
Major Entities Present in A Water Environment
To understand the properties of aqueous solutions and the reactions that take place in solutions, it is necessary to know the major entities present when any substance is in a water environment. Table 5.2 (page 172) summarizes this information
Reactions in Solutions

Many chemicals are more easily handled when they are in solution. For all systems, solutions make it easy to:
· Handle chemicals  (ammonia gas is dissolved in water for use as a household cleaner)

· React chemicals (baking soda is dissolved in water to initiate the reaction)

· Control reactions (the rate, extent and type of reaction is easily controlled in solution)
 Qualitative and Quantitative Analysis
Quantitative analysis – the identification of specific substances present
Three examples of Qualitative Analysis:
· color reaction to litmus

·  selective precipitation – refer to solubility table 


            spectator ions – ions present in a solution that do not change or react.



See flow chart in text (page 176)
· flame test or solution color

Qualitative analysis – the measure of the quantity of a substance present

One example of Quantitative Analysis:

· concentration of solution
Concentration of solution

Concentration: The ratio of the quantity of solute to the quantity of solvent (Solution).

Dilute solution – relatively small amounts of solute per unit volume of solution

Concentrated solution – relatively large quantity of solute per unit volume
The concentration of a solution is communicated by a concentration ratio. 

· Concentration indicated in moles/L

Concentration of solution = moles of solute       or  C = n
                                                       Liters of solution                  V

Usually the amount of solute is given in grams so you must convert it to moles using the formula 


n = m        or     factor label method

      M
· Concentration indicated as percentages:

vinegar label  - 5% acetic acid (by volume)  


         - means that there is 5 ml or pure acetic acid dissolved in every 100 ml of vinegar solution

hydrogen peroxide label – 6% W/V   (compares mass of solute to volume of solution)




-means 6 g of solute dissolved in every 100 ml of solution

· Concentration indicated in ppm (parts per million)    1 ppm =  1 g/1000 L or 1mg/L
The concentration of a solution may be increased in 2 ways, what are they?


a)  increase the solute

b) decrease the solvent
Calculating the new concentration after diluting a solution (by adding solvent)

                             V1C1  =  V2C2

 Concentration of Ions

Strong acids make solutions that conduct electricity, therefore ions are present.

Remember:
The ion concentration is always a whole number multiple of the compound

 concentration – use coefficients. (mole : mole ratio)

HCl       (             H+     +            Cl-       
      
1:1:1 ratio

2.4 mol\L
2.4 mol\l      2.4 mol\L





Ba(OH)2     (    Ba2+          +         2OH-

1:1:2 ratio

0.12 mol\L       0.12 mol\L        0.24 mol\L

Al2(SO4)3    (    2Al3+        +          3SO42-      
1:2:3 ratio

0.40 mol\L       0.80 mol\L         1.20 mol\L

 Hydrogen Ion Concentration

The higher the concentration of ions (H+ ) the more acidic the solution is. 

The higher the concentration of ions (OH- ) the more basic the solution is. 

Pure water is a neutral solution but it actually has a slight ionization.  2 in every billion molecules of water split up into its ions.

In pure water at SATP the concentration of H+ is 1 x 10-7  mol\L

See pH scale.    How does it work?


            Who developed it?

Neutralization –a reaction between and acid and a base changing the pH closer to 7

Solubility

Definitions

· Saturated Solution – a solution at maximum concentration, in which no more solute will dissolve

· Solubility – specific maximum concentration of a solute in a solution at a particular temperature

· Immiscible-a liquid that will not dissolve in other liquids

· Miscible- a liquid that will dissolve in other liquids
Six general rules on Solubility:

· Solids have higher solubility at high temperatures

· Gases have higher solubility at lower temperatures

· Gases have higher solubility at higher pressures

· Liquids are immiscible or miscible

· Pure elements have low solubility

· Halogens and oxygen have high solubility in water
Once you have a saturated solution it can still undergo change:

.

· evaporate water to crystallize solid (stalactites, and stalagmites)
· open a can of carbonated pop and you lower the pressure. The solubility of carbon dioxide decreases and it comes out of solution as its gas form is bubbles. (fizz)
· leave a glass of water out and bubbles form on the inside of the glass because air is coming out of solution because the temperature is increasing to room temp.

Solubility Equilibrium

Eventually, dissolving appears to stop, when a solution is saturated.  This is not true in a closed system.  An equilibrium is reached between the number of ions leaving the crystal surface and the number of ions returning to the crystal surface.  This is known as dynamic equilibrium.

Diagram:
