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Properties of SolutionsProperties of Solutions

A solution is a homogeneous mixture of two A solution is a homogeneous mixture of two 
or more substances.or more substances.

We will limit our discussion to solutions of We will limit our discussion to solutions of 
two substances: a solute and a solvent.two substances: a solute and a solvent.

5-A

A solute is dissolved into a solvent to form a solution



How many kinds of solution are 
possible?

We could possibly form solutions by 
combining substances from two different 
physical states.

There are three common states of matter (solid, 
liquid, gas) so there are 9 theoretical types of 
solutions.  (only 7 are practical)

Fortunately we will only consider the most common for now: 
A solid in a liquid and a liquid in a liquid.



Solution Terminology

A solid that dissolves in a liquid is soluble

A solution with water as a solvent is called 
an aqueous solution

A liquid that dissolves in another liquid is 
miscible

A liquid that does not dissolve in another 
liquid is immiscible



How much solute will dissolve into a solution?

The solubility of one substance describes its ability 
to dissolve in another substance.

So every compound will have a different solubility 
depending on what you want to use as a solvent!

One common way to express the solubility of a 
compound is:

 The number of grams of the compound that will 
dissolve in 100 grams of solvent at 20°C



For example table sugar (sucrose) has a 
solubility in water of 200g of sucrose per 
100 g of water at 25 °C.

So if we have a beaker of 100 g of water at 25 °C we could 
stir in 200 g of sucrose and it would dissolve (eventually).  

What would happen if we added more sucrose and stirred it 
for a while?

Nothing!!, no more sugar would dissolve, the solution is 
saturated!

In contrast salt (NaCl) has a solubility of ~36 g/100g water at 
25°C.



Mass Percent

We use ‘mass percent’ to refer to the amount of a 
solution's mass that is due to the dissolved solute.  

Mass % =     x 100

Note:  This is a totally different calculation than the “percentage 
composition” from Unit 3.

mass of solute

(mass of solute + mass of solvent)       



Mass Percent and Unit Factors

What are the ways we can use unit factors 
to relate the components of a solution?

Mass of solute

Mass of solution

Mass of solute

Mass of solvent

Mass of solvent

Mass of solution

Mass of solution

Mass of solute

Mass of solvent

Mass of solute

Mass of solution

Mass of solvent

Or the inverse of each…



Example Problems
Lecture problem V-1 (pg 149)

A.What is the mass percent of a solution of 
glucose in water if 3.8 g of solid glucose is 
dissolved in 78.5 g of water?

B.How many grams of water must be added to 
45.8 g of NaCl(s) to prepare a 4.6% aqueous 
solution of NaCl?

= 4.6% glucose

= 950 g water



Food??  For thought

Consider a 64 oz Big Gulp©®™ of Mt. Dew’s 
latest offering.  (really there is about 72 oz of soda in 
there)

If it is essentially a carbonated 13.2% 
sweetener solution, what mass of 
sweetener is in one big gulp???

= 270 g of sweetener

(about 68 sugar cubes)



Mass % solutions: your turn:
1. How many grams of HCl are contained in 425 g of a 2.00% 
hydrochloric acid solution?

2. How many grams of lithium bromide must be added to 165 
g of water in order to make a 2.25% solution?

3. How many grams of water must be added to 16.0 g of 
silver nitrate in order to make a 4.80 % solution?

EXTRA challenge: How many grams of water must be added to 
284 g of a 3.20% potassium chloride solution in order to 
reduce its concentration to 2.10%?

= 8.50 g of HCl

= 3.80 g of LiBr

= 317 g of water

= 149 g of water



Molarity

While there are many times when mass % 
of a solution is useful to know….

For the laboratory the most useful way to 
express concentration is molarity (M)

M = 
mol of solute

1 L of solution



Lecture Problem V-2 pg. 151:

A. What is the molarity of a solution 
prepared by dissolving 25.0 grams of 
magnesium nitrate into 375 mL of 
aqueous solution?

Remember: L of solution is not L of water!!
Molecular weight of Mg(NO3)2 is 148.32 g/mol

= 0.449 M  Mg(NO3)2

Ignore part B of this question for now.



Lecture Problem V-3 pg. 152:

How many grams of hydrogen chloride are 
in 59.7 mL of 0.443 M hydrochloric acid 
solution?

Since M= mol solute / L solution 

we can also use M = mol solute / 1000 mL solution

= 0.964 g  HCl

Molecular weight of HCl is 36.46 g/mol



Lecture Problem V-4 pg. 153:

If 17.0 grams of potassium hydroxide are 
used to prepare a 0.674 M solution, how 
many mL of solution must be present?

= 450. mL of solution

Molecular weight of KOH is 56.11 g/mol



Unit 5-E: Solution Stoichiometry

   mass         mol          stoichiometric ratio       mol                  mass           
                given            of given           from chemical Eq.        of desired             
of desired

volume         mol          stoichiometric ratio         mol             volume  of 
given             of given           from chemical Eq.         of desired         of desired

Molecular weight Molecular weight

Solution molarity Solution molarity

Or molecular weight

mass of 
desired

For solution stoichiometry…



Unit 5-E: Solution Stoichiometry

Lecture Problem V-5 (pg 154)

How many milliliters of a 0.234 M phosphoric acid 
solution are necessary to just neutralize 87.4 mL of 
a 0.302 M sodium hydroxide solution?

37.6 mL



Unit 5-E: Solution Stoichiometry

Lecture Problem V-6 (pg 155)

How many grams of calcium carbonate will form if 
10.00 mL of 0.100 M K2CO3 solution is mixed with 
enough CaCl2 to ensure all the carbonate has 
precipitated?

0.100 g



Unit 5-F: Solution Stoichiometry

Lecture Problem V-7 (pg 157)

If 25.0 mL of 0.0500 M FeCl2 solution are mixed with  
5.00 mL of 0.200 M K3PO4 solution, how many 
grams of Fe3(PO4)2 (s) will form?

Formula weight of Fe3(PO4)2  is 357.46 g/mol

0.149 g    Fe3(PO4)2 



What about this one?

How many grams of silver metal will form if 13.2 g 
of copper wire are placed in 875 mL of a 0.90 M 
silver nitrate solution and allowed to react?

44.8 g   Ag



5-G: Dilutions
What happens to the concentration or 

molarity of a solution if we dilute it?

What happens to the solute in a solution if 
we dilute it?

Absolutely Nothing! 

The amount of solute does not change when we dilute a 
solution.

It gets smaller



Recall that: 
M = mol of solute / Liter of solution    

And therefore 
mol of solute = M x Volume of solution

If we dilute a solution both M and V will change, 
but the mol of solute stay the same

 Initial                                 Final

M1 x V1 = mol of solute = M2 x V2

M1V1 = M2V2



Lecture Problem V-8 (page 159)

What is the final volume of a solution of 0.020 M 
sodium nitrate that started off with a volume of 
150.0 mL and original molarity of 1.50 M?

Final volume = 11 L



The toughest dilution problem you 
will see (in here at least)

I have some volume of a 2.25 M HCl 
solution to which I add 3.20 L of water.  If 
the final molarity was 1.08 M, what was 
the original volume in L?

Initial volume = 2.95 L



Practice with Molarity and mass %

How many grams of NaCl must be added to 540 g of water to prepare a 8.2% 
solution?

How many grams of HCl are contained in 224 g of a 4.0% solution of hydrochloric 
acid?

What is the molarity of a solution prepared by adding enough water to 20.0 g of 
sodium hydroxide to make 0.400 L of solution?

How many mL of a 0.40 M solution of KI are needed to provide a 1.2 gram dose of 
KI?

The density of a 4.5% NaCl solution is 1.10 g/mL.  What is the molarity of the 
solution?

48 g NaCl

9.0 g HCl

1.25 M NaOH

18 mL

0.85 M NaCl 



Extra practice and group exercises…

1. How many mL of a 0.65 M phosphoric acid solution will be required to 
completely react (neutralize) with 117 mL of 0.45 M strontium hydroxide?

2. 25 mL of a 0.45 M ammonium carbonate solution is mixed with 50 mL of a 
0.12 M mercury (I) nitrate solution.  How many grams of mercury (I) 
carbonate will be precipitated?

3. 0.120 L of a 0.025 M silver acetate solution is mixed with 145 mL of 0.025 
M gold (III) chloride solution.  What is the limiting reagent?  How many grams 
of precipitate will be produced?

4. 145 mL of a 2.5 M sodium chloride solution is mixed with 85.0 mL of a 
0.82 M ammonium acetate solution.  Nothing happens! But what is the 
molarity of the new solution with respect to ammonium acetate?

54 mL H3PO4

5.2 g

AgCl      0.43 g

0.30 M



Extra practice and group exercises…

5. If 87.0 mL of a sodium hydroxide solution just neutralizes 145 mL of a 
1.40 M sulfuric acid solution, what is the molarity of the sodium hydroxide 
soln.?

6. If a 5.00M HCl solution is going to be used to precipitate 1.47 g of 
lead from a solution containing the lead (II) ion, how many mL of 
hydrochloric acid will be required?

7. Sulfuric acid reacts with calcium hydroxide to form calcium  sulfate.  If 
22.5 mL of 8.00 M sulfuric acid was mixed with 755 mL of a 0.125 M 
calcium hydroxide solution, how many grams of CaSO4 could be formed? 
Molar mass of CaSO4 = 136.15 g/mol

8. 4.25 g of potassium hydroxide are dissolved in water to make 250. mL 
of solution.  This solution is then mixed with 110. mL of a 0.0850 M barium 
nitrate solution.  How many grams of precipitate will be formed?

4.67 M4.67 M

2.84 mL

12.8 g

1.60 g
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