Chemistry 122
Chapter 16
3

Solutions

Solution Formation

The “nature” (polarity, or composition) of the solute and the solvent will determine whether a substance will dissolve and how much will dissolve

Factors determining rate of solution: 

1. stirring (agitation) - moves fresh solvent into contact with the solute.

2. surface area of the dissolving particles - smaller pieces increase the amount of surface area of the solute. Think of how fast a breath mint dissolves when you chew it

3. temperature - makes the molecules of the solvent move faster and contact the solute harder and more often. Speeds up dissolving. Higher Temperature ALSO Usually increases the amount that will dissolve (an exception is gases, more on that later).

Solubility

For solids in liquids, as the temperature goes up-the solubility usually goes up (Fig. 16.4, p.474)
For gases in a liquid, the effect is the opposite of solids in liquids. As the temperature goes up, gas solubility goes down. Think of boiling water bubbling? Thermal pollution may result from industry using water for cooling.

Concentrations

Concentration is a measure of the amount of solute dissolved in a given quantity of solvent. A concentrated solution has a large amount of solute. A dilute solution has a small amount of solute. These are qualitative descriptions, but there are ways to express solution concentration quantitatively (NUMBERS!) 
The chart on the next page has the different ways ways to measure concentration summarized.
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Finding the Concentration of a Solution
1. Mass percentage: It may be defined as the number of parts of mass of solute per hundred parts by mass of solution. If WB is the mass of solute B and WA is the mass of solvent A, then
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For example, the percent composition by mass of a 100 g sugar solution which contains 15 g sugar will be [image: image3.png]159 Sugar
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2. Volume Percent: It can be represented as % v/v or % volume and used to prepare such solutions in which both components are in liquids state. It is the number of parts of by volume of solute per hundred parts by volume of solution. Therefore, [image: image4.png]volume of solute
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For example, 20% solution of ethanol by volume means that 100 cm3 of the solution contains 20 cm3 of ethanol and 80cm3 of water.

3. Mass-volume percentage (W/V %): It may be defined as the mass of solute present in 100cm3 of solution. For example, If 100 cm3 of solution contains 5g of sodium hydroxide, than the mass-volume percentage will be 5% solution.

4. Parts per million (ppm): The very low concentration of solute in solution can be expressed in ppm. It is the numbers of parts by mass of solute per million parts by mass of the solution.
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5. Mole Fraction (X): Mole fraction may be defined as the ratio of number of moles of one component to the total number of moles of all the components (solute and solvent) present in solution. It is denoted by letter x and the sum of all mole fractions in a solution always equals one. If a solution contains the components A and B and WA g of A and WB g of B are present in it, than the moles of A (nA) = WA/(MA); 

Moles of B(nB) = WB/(MB) 

Where MA and MB are molar mass of A and B respectively 
Total number of moles of A and B = nA + nB
Hence Mole fraction of A (xA) = nA / nA + nB 
Mole fraction of B (xB) = nB / nA + nB 
xA + xB = ( nA / nA + nB ) + ( nB / nA + nB )= 1
Mole fraction is not depends upon temperature and can be extended to solutions having more than two components. 

6. Molarity (M): Molarity is most common unit for concentration of solution. It is defined as the number of gram mole of solute present in one litre or one dm3 of the solution or millimol of solute present in one mL of solution. 
Mathematically, it can be expressed as
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One molar solution is defined as the solution having unity Molarity. Such solutions have one mole of solute per liter of solution. The unit of Molarity is mol/L or mol dm3-. 

7. Molality (m): The number of gram mole of the solute present in 1000 g of the solvent is known as molality of solution. It represented by letter ‘m’.
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The unit of molality is mol/kg and it does not effect by temperature.

8. Normality (N): The number of gram-equivalent of the solute present in one liter of solution is known as normality of solution. In other words; number of milli-equivalents of solute present in one mL of solution is called as normality of that solution. It represented by letter ‘N’.
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A solution having normality equal to unity is known as normal solution. Such solution contains one gram equivalent of solute per dm3 of solution.
Calculating the Concentration of a Solution

Solved Examples

Question 1: Calculate the mole fractions of the components of the solution composed by 92 g glycerol and 90 g water?
(M(water) = 18; M(glycerol) = 92)
Solution: 
Moles of water = 90 g x 1 mol / 18 g = 5 mol water
Moles of glycerol = 92 g x 1 mol / 92 g = 1 mol glycerol
Total moles in solution = 5 + 1 = 6 mol
Mole fraction of water xwater = 5 mol / 6 mol = 0.833
Mole fraction of glycerol xglycerol = 1 mol / 6 mol = 0.167
 
Question 2: What will be the Molarity of solution when water is added to 10 g CaCO3 to make 100 mL of solution?
Solution: 
10 g CaCO3 / (100 g CaCO3 / mol CaCO3) = 0.10 mol CaCO3
100 mL x 1 L / 1000 mL = 0.10 L
Molarity = Mole of solute / Volume of solution (L)= 0.10 mol / 0.10 L
Therefore; Molarity of given solution = 1.0 M
 
Question 3: Calculate the molality of a solution containing 20 g of sodium hydroxide (NaOH) in 250 g of water?

Solution: 
Moles of sodium hydroxide= 20 g NaOH / (40 g NaOH / 1 mol NaOH) = 0.2 mol NaOH
250 gm = 0.25 kg of water (250 g water x 1 kg / 1000 g = 0.25 kg)

Hence molality of solution = Mole of solute/ Mass of solvent (kg)= 0.2 mol / 0.25 kg
or Molality(m) = 0.8M / kg or 0.8 m
                                     
 Question 4: Calculate the ppm of mercury in water in given sample contain 30 mg of Hg in 500 ml of solution.
Solution:
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Mass of Hg = 30 mg
Mass of water = 500/1 = 500g = 50 x 104 mg
(As Mass = Volume /density; density of water 1 g/ml)
 
Therefore 
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Practice Questions

1. Sea water contains roughly 28.0 g of NaCl per liter. What is the molarity of NaCl in sea water? 

2. What is the molarity of 5.30 g of Na2CO3 dissolved in 400.0 mL solution? 

3. How many moles of Na2CO3 are there in 10.0 L of 2.0 M soluton? 

4. How many moles of Na2CO3 are in 10.0 mL of a 2.0 M solution? 

5. What volume (in mL) of 18.0 M H2SO4 is needed to contain 2.45 g H2SO4? 

6. How many grams of Ca(OH)2 are needed to make 100.0 mL of 0.250 M solution? 

7. Calculate the number of grams of copper sulphate (CuSO4) needed to prepare 250.0 mL of 1.00 M CuSO4?
Dilution Definition and Calculations

To dilute a solution means to add more solvent without the addition of more solute. The resulting solution is thoroughly mixed so as to ensure that all parts of the solution are identical. The fact that the solute amount stays constant allows us to develop calculation techniques.

First write:
moles before dilution = moles after dilution

From the definition of molarity, we know that the moles of solute equal the molarity times the volume.

So we can substitute MV (molarity times volume) into the above equation, like this:


MCVC = MDVD
This is the dilution equation.

The "sub C" refers to the situation before dilution and the "sub D" refers to after dilution. 

#1  You have 53.4 mL of a 1.50 M solution of NaCl. You need some 0.800 M solution. How many mL of 0.800 M can you make?

Using the dilution equation, we write:
MCVC = MDVD

(1.50 mol/L) (53.4 mL) = (0.800 mol/L) (x)

Solving the equation gives an answer of 100. mL.

Notice that the volumes need not be converted to liters. Any volume measurement is fine, just so long as the same one is used on each side.

#2. Concentrated H2SO4 is 18.0 M. What volume is needed to make 2.00 L of 1.00 M solution? 

Using the dilution equation, we write:
MCVC = MDVD

(18.0 mol/L) (xL) = (1.00 mol/L) (2.00L)

Solving the equation gives an answer of 0.111L or 111mL.

Practice Problems

1. How many milliliters of a 1.50 M stock solution are needed to make 100.0 mL of 0.750 M KCl?

2. What volume of 0. 500 M NaCl is needed to make 100.0 mL of 0.100 M solution? 

3. Concentrated HCl is 12.0 M. What volume is needed to make 2.00 L of 3.00 M solution? 

4. A 0.250 M solution is to be diluted to 500.0 mL of a 0.150 M solution. How many mL of the 0.250 M solution are required? 

5. Calculate the final concentration if 3.00L of 2.00 M KCl and 2.00L of 1.50M KCl are mixed. 

6. Calculate the final concentration if 1.50L of 2.00M LiCl, 2.00L of 1.50M LiCl and 4.00 L of water are mixed. 
