Solutions and Molarity

OBJECTIVES

16. Define the terms solute, solvent, solution, and concentration.

17. Calculate the molarity of a solution, given the grams of solute and the volume of solution.

18. Calculate how many grams of solute are needed to prepare a given volume of solution of a given molarity.

19. Calculate the number of moles of solute in a given volume of solution of know concentration.

	Solute – The substance that dissolves to form a solution

	Solvent – The substance in which a solute dissolves

	Solution – A mixture of one or more solutes dissolved in a solvent


There are three states of matter: solids, liquids, and gases. Any reagent that undergoes a change in state when it forms a solution is the solute. 

If neither reagent changes state, the reagent present in the smallest amount is the solute.

Concentration
Extensive quantities such as mass and volume are often used when preparing solutions. We can talk about adding a teaspoon of sugar when we make ice tea, for example, or filling a 2-L pitcher with ice tea. But when we want to compare solutions, we need intensive quantities that tell us how much sugar has been added to a given volume of lemonade or ice tea. We need to know the concentration of the solution, which is the ratio of the amount of solute to the amount of either solvent or solution. 
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There are many different ways in which the concentration of a solution can be reported, but concentration units always describe the ratio of the amount of solute in a sample to the amount of either the solvent or the solution. 

Molarity 
Because so many calculations are based on the concept of the mole, the most commonly used concentration unit is based on the number of moles of solute per liter of solution. 
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Solutions are composed of a solute (the substance being dissolved) and a solvent (the substance doing the dissolving). Most often, water is the solvent in solutions. To measure the concentration of a solution, in other words, how much solute is in it, scientists use a unit called "molarity (M)". The molarity of a solution expresses the number of moles of a solute dissolved in one liter of solution. Therefore, if we dissolved one mole of sodium chloride in one liter of solution, you would have a one molar (1 M) of sodium chloride.
Remember, that when you are doing these calculations, it's the number of MOLES per liter of solution.   Therefore, if you are given grams, you must convert them to moles first OR if you're looking for GRAMS, you will need to convert AFTER your calculations.
Suppose we wanted to determine how much Na2SO4 is needed to prepare a 4.50 M solution of sodium sulfate. The best way to start is to find the molecular weight of the solute. For sodium sulfate, this is 142. One mole of sodium sulfate would therefore have a mass of 142 grams. If you then dissolved this in enough water to make a liter of solution, you would have a 1 M solution of sodium sulfate. To make a 4.50 M solution, you would need 4.5 moles of sodium sulfate so you would need to increase the amount of sodium sulfate 4.5 times. Therefore, to make a 4.5 M solution of sodium sulfate you would need to add enough water to 142 g x 4.5 = 639 g of sodium sulfate to make a liter of solution.
What if I don’t need an entire liter of solution? What if I only needed 250 mL instead? There are several ways to solve this dilemma (proportions come to mind). Since we’ve already determined the amount for an entire liter, we could also use this. Since 250 mL is one-fourth of 1000 mL (1 L), then I would only need one-fourth of the amount of sodium sulfate. 639 g / 4 = 159.75 g. But remember significant figures!!! So, if I dissolved 160 g in enough water to make 250 mL of solution, I would have my 4.5 M solution of sodium sulfate.
Remember the following: 

· The volume is the volume of the total solution, not the volume of the solvent.

· One cubic decimeter (dm3) = 1000 cm3 = 1 liter = 1000 ml 

	Molarity Calculation Examples: 

The factor-label solution is shown for each of the following sample problems. Study how the problem is solved, understanding each step in the conversion process. When you understand, use your calculator to find each answer with the proper number of significant digits. 

In the first two examples, the problem gives you a mass of solute in a volume of solution. This may be written as mass/volume, the form needed for molarity. The only thing you have to do is convert mass to moles and the volume to dm3. 
1. What is the molarity of a liter of solution containing 100g of copper (II) chloride? 
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2. Calculate the molarity of 100ml of solution contains 25g of silver nitrate. 
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The next problem is different. It is asking "how do you prepare?" a certain volume of solution with a certain molar concentration. Even though it asks a different question, it is still a problem that converts units, therefore it is worked with factor-label. As in any factor-label problem, the first step is to write down what is given in the problem. Look closely at how that information is used. 
3. Prepare 250ml of 0.5M salt water. 
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