Working with Solutions

SOLUTION:
a homogeneous mixture of two or more substances




(solute/s) dispersed throughout another substance (solvent)

SOLUTION


=
SOLUTE(S)

+
SOLVENT

(homogeneous mixture)

substance being

substance doing







dissolved



the dissolving

AQUEOUS SOLUTIONS:
- solutions in which the solvent is water

Examples:

Aqueous Solution

=

Solute


+
Water


Vinegar



=

Acetic Acid

+
Water

Salt Water


=

Salt



+
Water

Soda Water


=

CO2



+
Water

Rubbing Alcohol

=

Isopropyl Alcohol
+
Water

Wine



=

Ethyl Alcohol

+
Water








(+ natural flavors







  
from grapes)





CONCENTRATION OF SOLUTIONS

- expresses the relative amount of solute dissolved in a given amount of

  solution.

- may be expressed:

I. Qualitatively (no precise quantities are given)

Solutions may be:
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Concentrated




Dilute
A relatively large amount of

A relatively small amount of  

        solute is dissolved in a given

solute is dissolved in a given 

amount of solution



amount of solution

Concentrated and Dilute are Relative Terms

II. Quantitatively

The ratio between a given amount of solute and a given amount of solution is given.

1. Mass Percent Solution  (g solute/g solution) 

2. Mass/Volume Percent   (grams solute/mL solution)

3. Volume Percent   (mL solute/mL solution)

4. Molar Concentration or Molarity (M)

Most common and useful in the Chemistry Laboratory

   - moles of solute dissolved in one liter of solution

                                    moles of solute        moles


Molarity = M = ((((((( =  (((  



                     L of solution              L

Example:


You work in a lab and your job is to prepare 250.0 mL of 0.2000 M solution of 

copper (II) sulfate pentahydrate (CuSO4 . 5 H2O). How do you go about it?

How many grams of CuSO4 . 5 H2O are needed ?

0.2000 moles CuSO4.5H2O                  ? g

? g CuSO4.5 H2O = 250.0 mL solution ((((((((((((x ((((((((( 

                                                                   1000 mL solution                    1 mole CuSO4.5H2O 

The mass of 1 mole of CuSO4.5H2O must be calculated:


1 Cu
=
1 
x 63.5
=
63.5



1 S
=
1 
x 32.1
=
32.1



4 O
= 
4 
x 16.0
=
64.0



10 H
=
10
x   1.0
=
10.
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5 O
=
5
x 16.0
=
80.0



Mass of 1 mole

=    249.6 g/mole 

      0.2000 moles CuSO4.5H2O                  249.6 g

? g CuSO4.5 H2O = 250.0 mL solution ((((((((((((x ((((((((( 

                                                                 1000 mL solution                     1 mole CuSO4.5H2O





= 12.48 g CuSO4 . 5 H2O needed
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   250 mL mark  

12.48 g CuSO4 . 5 H2O
   The copper (II) sulfate

Water is added to bring 

is weighed on a balance
   is transferred carefully

the solution level to the

                  1 mole              to the 250.0 mL 


mark on the neck of the

12.48 g x ((((           (0.2500 L)                           250.0 mL volumetric flask

 
         249.6 g              volumetric flask                   (0.0250 L solution obtained)



                                                                         0.05000 moles

                                                                                       ((((((( =  0.2000 M
                                                                                       0.2500 L solution

    0.05000 moles

Sample Problem

Calculate the number of moles of NaOH in 27.40 ml of 0.08543 M NaOH solution.

     1 L NaOH solution          0.08543 moles NaOH
? moles NaOH = 27.40 ml solution x ((((((((( x   ((((((((( 

                                                              1000 mL solution              1 L NaOH solution




= 0.002341 moles NaOH


CONVERSION BETWEEN CONCENTRATION UNITS

Sample Problems


Molarity                  % by mass

The molarity of a particular brand of vinegar (solution of acetic acid, HC2H3O2,  in water) is 0.8527 M. The density of vinegar is 1.0052 g/mL.

Calculate the mass percent of HC2H3O2 in vinegar.

   g HC2H3O2                 0.8527 moles HC2H3O2    60.06 g HC2H3O2       1 L vinegar        1 mL vinegar
?  (((( x 100 = (((((((((  x  ((((((( x (((((   x  (((((( x    100

    g vinegar                      1 L vinegar               1 mole HC2H3O2    1000 mL vinegar  1.0052g vinegar

= 5.095 % g HC2H3O2 / g vinegar

               DILUTING SOLUTIONS


Suppose you are making orange juice from frozen concentrate: 
















































































   +


    +



1 can of frozen
  2 cans of water




   3 cans of orange juice


 concentrate





NOTE: The diluted  Orange Juice:
- has three times the volume of the concentrate
(3x)









- one/third the concentration of the concentrate
(1/3)


Meaning: Volume and Concentration are inversely proportional

Suppose you want to prepare 100 mL, 3 M CuSO4 from 6 M CuSO4.


                   a   add water

                                      100 mL mark

   




                               100 mL

   ??? mL          




         6 M
    12M           

 ???? mL






100 mL

   6 M







  3 M

concentrated





        dilute

  solution                                                        solution

NOTE:
- The concentration is halved (from 6 M to 3 M)


- The volume must have been doubled 

Concentrated Solution


Dilute Solution

Mc = 6 M




Md = 3 M

Vc  = ????




Vd  = 100 mL
Recall: Volumes and concentrations (Molarities are inversely proportional)

Mc         Vd










     Md x Vd     (3M) (100 mL)

(( = ((  or by cross multiplying: Mc x Vc = Md x Vd     Vc = (((( = ((((((    

Md        Vc











 Mc                  6 M





Vc = 50 mL
General Dilution Formula


Mc x Vc = Md x Vd
OR

Mf x Vf = Mi x Vi

OR

M1 x V2 = M2 x V2
concentrated




 final


                  Solution 1



             dilute




  initial


                       Solution 2

Sample Problems

1. 
25.00 mL of a vinegar solution was diluted to 250.0 mL. The concentration of the diluted


vinegar solution was determined to be 0.08527 M. 


What was the concentration of the original vinegar ?


Conc’d Solution
Dilute Solution


Note: - The volume increased 10 times
 
Vc = 25.00 mL
Vd = 250.0 mL 



  (10-fold dilution)


Mc = ??????

Md = 0.08527 M



- The concentration must have 













   decreased 10 times













   (Mc = 0.8527 M)

Mathematically:
Mc x Vc = Md x Vd
              Md x Vd      (0.08527 M) (250.0 mL)

Mc  =   ((((  =  ((((((((((  = 0.8527 M 

                 Vc                      25.00 mL

 2. 
1.00 mL of a solution of 6.00 x 10(4 M  ferric chloride is diluted to


15.00 mL by addition of water.


What is the concentration of the diluted solution ?



Concentrated Solution

Dilute Solution




 
Vc  = 1.00 mL



Vd = 15.00 mL 



  


Mc = 6.00 x 10(4 M 

Md = ???

Mc x Vc = Md x Vd


Mc x Vc      (6.00 x 10(4 M) (1.00 mL)


Md  =   ((((  =  ((((((((((( = 4.00 x 10(5 M 
             
     Vd                     15.00 mL

3.
What volume of a 0.73 M solution must be obtained to prepare


1.36 L of a 0.20 M solution ?

Concentrated Solution

Dilute Solution




 
Vc  = ???




Vd = 1.36 L



  


Mc = 0.73 M 


        Md = 0.20 M

Mc x Vc = Md x Vd


     Md x Vd       (0.20 M) (1.36 L)


Vc  =   ((((  =  (((((((( =  0.37 L 
             
         Mc                 0.73 M
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