Solutions – Molarity, Molality, and Dilutions

Solution:

Homogeneous mixture of two or more substances not chemically combined.
Solute:

Substance being dissolved

Solvent:
Substance that dissolves the solute (assume the solvent is H2O unless specifically told otherwise)

Solution Properties:
1)  Particles are very small (cannot be filtered out)



2)  Particles are evenly distributed or intermingle uniformly



3)  Particles will not separate no matter how long the solution is allowed to stand under constant conditions

Many chemical compounds are stored, measured and used as solutions.  Medicines are commonly prepared by dissolving them in water so they can enter the bloodstream faster.  Household cleaners such as bleach, ammonia, and vinegar contain compounds dissolved in water.

The measurement that describes a solution in a quantitative way is called concentration.  In this unit, we will deal with three methods of expressing concentration:  molarity, molality, and in the next set of notes, % by mass.  We will also deal with the dilution of concentrated solutions.
Concentration:

Ratio of solute to solvent




1)  Concentrated solutions contain a large amount of solute per solvent



2)  Dilute solutions contain a relatively small amount of solute per solvent




3)  Concentrated solutions can be made dilute by adding more solvent.

I.
Molarity (M):
The number of moles of solute per liter of solution
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Example #1:
What is the molarity if 25.0 g of sodium nitrate, NaNO3, is dissolved 400.0 mL of solution?


Example #2:  
What volume (in mL) of 1.15 M potassium sulfate solution can be prepared using 75.0 g of K2SO4?


Example #3:  
What mass (in grams) of magnesium chloride is in 825 mL of a 1.50 M MgCl2 solution.

II.
Molality (m):
The number of moles of solute per kilogram of solvent
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Example #4: 
Calculate the molality when 35.0 g of ethyl alcohol, C2H5OH is dissolved in 1.25 kg of water.


Example #5:  
What mass (in grams) of sucrose, C12H22O11, is present in a solution that contains 750.0 g of water and is 2.0 m?


Example #6:  
What mass of water (in grams) is present in a 1.75 m solution made with 65.0 g of urea (NH2CONH2)


[image: image3.wmf]III. Dilution: 
Lowering the concentration of a solution by adding more solvent.  The number of moles of solute remain the same; only the amount of solvent is changed.





[image: image4.wmf]solute

 

moles

 

 

soln

 

L

V

M

soln

 

L

solute

 

moles

=

´

=

´






therefore





          
[image: image5.wmf]2

2

1

V

 

M

  

V

M

1

´

=

´





M1 = original molarity
M2 = new (diluted) molarity




V1 = original volume
V2 = new volume




Note:  Volume can be measured in any units as long as you are consistent.  Also,




V1 + Vwater = V2
Example #7:  What is the new molarity if 250.0 mL of 0.500 M NaOH is diluted to 1.5 L?

Example #8:  What volume (in mL) of water must be added to 12.5 mL of concentrated HCl (12.0 M) to make a 0.250 M solution?

 Example #9:  What volume (in mL) of concentrated H2SO4 (18.0 M) is needed to make 2.5 L of a 0.25 M solution?
Solutions Homework
1.  Find the molarity of a solution made by dissolving 44.2 g of ammonium sulfate, (NH4)2SO4, in 600.0 mL of solution.

2.  What mass (in grams) of calcium nitrate, Ca(NO3)2, is present in 400.0 mL of a 0.150 M solution?

3.
What volume (in mL) of a 3.00 M solution would contain 6.50 g of lithium silicate, Li2SiO3.

4.
Find the mass(in grams) of potassium permanganate, KMnO4,  present in 2.50 L of a 2.00 M solution.

5.
A 1.25 M solution was made using 65.0 g of aluminum chloride, AlCl3.  What volume (in mL) of solution was made?

6.
A student dissolved 17.2 g of potassium phosphate, K3PO4, in 250.0 mL of solution.  What was the molarity?

7.
How many grams of potassium iodide, KI, must be dissolved in 500.0 g of water to produce a 0.600 m solution?

8.
A solution is prepared by dissolving 2.50 g of sodium chromate, Na2CrO4, in 23.2 g of water.  Calculate the molality of the solution.

9.
What mass of water (in grams) must be added to 25.0 g of oxalic acid, H2C2O4, to prepare a 2.50 m solution?

10.
How many grams of  glucose, C6H12O6, are there in a 0.77 m glucose solution made with 450.0 g of water?

11.
A solution contains 75.0 g of methyl alcohol, CH3OH, dissolved in 600.0 g of water. What is the molality?

12.
What mass (in grams) of water must be used to make a 3.0 m solution of sucrose, C12H22O11, if 15.0 g of sucrose is used?

13.
What volume (in mL) of concentrated nitric acid (HNO3, 15.8 M) would be needed to make 100.0 mL of a 3.00 M solution?

14.
If 60.0 mL of water were added to 80.0 mL of a 0.500 M sodium carbonate, Na2CO3, solution, what would the final molarity be? (Hint – what is the total new volume?)

15.
What volume (in mL) of water would have to be added to 150.0 mL of 0.450 M potassium chloride, KCl, to give a solution with a concentration of 0.100 M?
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