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4.6: Reactions in Solution

A solution consists of two or more substances dissolved in a liquid form. Not to get confused with a mixture, which is
heterogeneous--multiple substances exist in varying structures-- solutions are homogenous, which means that atoms of the solute
are evenly dispersed throughout the solvent (ex. water, ethanol). Think of it as comparing a cup of (dissolved) sugar water and a
cup of water with lego blocks in it. The solute is the substance dissolved in the solution, and the solvent is the substance doing the

dissolving.
ex.
A solution of NaCl in water A mixture of lego blocks and water
Note: All solutions are mixtures but not all mixtures are solutions.
Solvents

Water (H,O) is the most common solvent, used for dissolving many compounds or brewing coffee. Other common solvents include
turpentine (a paint thinner), acetone (nail polish remover), and ethanol (used in some perfumes). Such solvents usually contain
carbon and are called organic solvents. Solutions with water as the solvent are called aqueous solutions; they have special
properties that are covered here.

Solutes

Different chemical compounds dissolve in solutes in varying degrees. Some compounds, such as the strong acid hydrochloric acid
(HCI), dissociate completely in solution into ions. Others, like the weak base ammonia (NH3), only partly dissociate. Yet other
compounds like alcohol do not dissociate at all and remain compounds. Laboratory reactions often involve acids and bases, which
are covered in more detail here.

Concentration

Concentration is the measure of the amount of solute in a certain amount of solvent. Knowing the concentration of a solution is
important determining the strength of an acid or base (pH), among other things. When there is so much solute present in a
concentration that it no longer dissolves, the solution is saturated.

Scientists often use molarity to measure concentration.

molarity = moles/Liter
Since reaction stoichiometry relies on molar ratios, molarity is the main measurement for concentration.
A less common unit for concentration is called molality.

Molality = moles/Kg of solvent

Scientists sometimes use molality to measure concentration because liquid volumes change slightly based on the temperature and
pressure. Mass, however, stays the same and can be measured accurately using a balance. Commercial concentrated products are
usually expressed in mass percent; such as commercial concentrated sulfuric acid, which is 93-98% H>SO4 by mass in water (Hill,
Petrucci 116).
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Making a Solution

Solutions used in the laboratory are usually made from either solid solutes (often salts) or stock solutions.

To make a solution from solid solutes, first calculate how many moles of solute are in the desired solutions (using the molarity).
Calculate the amount of solid you need in grams using the moles needed and the molar mass of the solute and weight out the
needed amount. Transfer the solute to a container (preferably a volumetric flask, which most accurately measures volume of

solution labeled on the flask) and add a small amount of solvent. Mix thoroughly to dissolve the solute. Once the solute has
dissolved, add the remaining solvent to make the solution of the desired volume and mix thoroughly.

For example, to make 0.5 Liters of 0.5 molar NaCl:
1. Multiply the concentration (0.5 mols/Liters) by the volume of solution you want (0.5 Liters) to find the moles of NaCl you need.
0.5 moles/Liter * 0.5 Liters = 0.25 moles of NaCl
2. Multiply the moles of NaCl by its molar mass (58.44 g/mol) to find the grams of solute needed.
(0.25 moles NaCl)*(58.44 grams/mole) = 14.61 grams of NaCl

Making a solution of a certain concentration from a stock solution is called a dilution. When diluting a solution, keep in mind that
adding a solvent to a solution changes the concentration of the solution, but not the amount of solute already present.

To dilute a solution with known concentration, first determine the number of moles of solute are in the solution by multiplying the
molarity by the volume (in Liters). Then, divide by the desired molarity or volume to find the volume or concentration needed.

The equation to use is simply
M;V; =M,V,

M; and V; are the concentration and volume of the original (stock) solution to dilute; M and V; are the desired concentration and
volume of the final solution.

Solution Stoichiometry
For reactions that take place in solutions:

1. Calculate the moles of solute reacting by multiplying the concentration (molarity) by the volume of solution (Liters)

2. Determine the Limiting Reactant, if there is one

3. Follow the stoichiometric process.

4. Convert the resulting moles of solute back to molarity by dividing by the total volume, in liters, of solution used in the reaction.

5. In the case of reactions involving ions (such as in reactions between strong acids and bases), eliminate spectator ions from the
net ionic equation. Spectator ions do not react in the equations.

6. If the concentration is not given but the molar mass and volume are, use density (grams/Liter) to find the amount of solute in
grams, then convert it to moles.
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Outside Links

¢ en.Wikipedia.org/wiki/Solvent
o http://en.Wikipedia.org/wiki/Molar_concentration

Problems

1. A solution is prepared by dissolving 44.6 grams of acetone (OC(CH3);) in water to produce 1.50 Liters of solution. What is the
molarity of the resulting solution?

2. A certain laboratory procedure requires 0.025 M H,SO4. How many milliliters of 1.10 M H,SO, should be diluted in water to
prepare 0.500 L of 0.025 M H,SOg4?
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3. A sample of saturated NalNOj (aq) is 10.9 M at 25 degrees Celcius. How many grams of NaNOs are in 230 mL of this solution
at the same temperature?

4. A beaker of 175 mL of 0.950 M NaCl is left uncovered for a period of time. If, by the end of the time period, the volume of
solution in the beaker has decreased to 137 mL (the volume loss is due to water evaporation), what is the resulting
concentration of the solution?

5. A student prepares a solution by dissolving 15.0 mL ethanol (C;HsOH) in water to make a 300.0 mL solution. Calculate the
concentration (molarity) of ethanol in the solution. (density = 0.789 g/mL)

Solutions

44.6g0C(CH,), ~ 58.07S%+ 1.50L = 0.512M

1.
_ 0.025MH,50,x 0.500L  1000mL o
2= 1.10MH,S0, 1L et
2.
10.00™2NANOs o 30.0mL x —2— x 84.099YHN0: _ 195 ¢ - nano
: : 1000mL~ 77 et 79 3
3,
_0950M NaClX 0.A75L _ o
2= 0.137L = @
4.
15.0mL C, H.0H x 0.789-2 = 46,068 9211391 . 300 01 x — -
: 27s T mL T mol ; 1000mL
= 0.8856M C,H.0H
5.
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