Units of Concentration

A solution is a solute dissolved in a solvent. This solution is a homogeneous mixture of solute and
solvent. Concentrations of solutions are expressed either as the amount of solute per amount of solution
amount solute amount solute

: or .
amount solution amount of solvent
Various units are used to express the amounts.

or amount of solute per amount of solvent:

Consider a solution made by dissolving 40.52 g of FeCl3 in 90.45 mL (= 90.18 g) of water to make
100.0 mL of solution.
m  130.7 g soln

Density is not a concentration, but we calculate itas D= —=————— =1.307 g/mL
V 100.0 mL soln
Percent by mass is concentration = Mx O%:mxloo% = 31.00 % FeCl;
mass soln 130.7 g soln

moles solute

A common and very useful form of concentration is molarity = ———
1 liter solution

40.52 g FeCl, y 1 mol FeCl, ><1000 mL soln

Molarity =
100.0 mL soln  162.2 g FeCl, 1L soln

=2.498 M FeCl3 [2.498 molar FeCls(aq)]

The M in the answer means moles per liter but is read as “2.498 molar iron(III) chloride solution.”
Notice one can convert to molarity from percent by mass and density as follows:

31.00 % FeCl3; =? M FeCls;

31.00 % FeCl, = 31.00 g FeCl, 5 1 mol FeCI3 ><1.307 g soln xlOOO mL soln = 2.498 M FeCls

100.0gsoln  162.2gFeCI3 1 mL soln 1Lsoln

Or convert from molarity to % using the density:  2.498 M FeCl; =? % FeCl;  D=1.307 g/mL

2.498 mol FeCl, y 162.2 g FeCl, y 1 mL soln

2.498 M FeCl3 =
1000 mL soln 1 mol FeCl, 1.307 g soln

x100% = 31.00% FeCls

Solid iron(I11) chloride is usually found as a hydrate: FeCls3-6H,O. When the hydrate is dissolved in
water the resulting solution is a FeCls solution. It is not a FeCl;-6H,0 solution. The water from the
hydrate becomes part of the solvent. The dissolving process can be represented by a chemical equation:

FeCls:6H,0(s) —% 5 FeCls(aq) + 6 H.O(1)

Problem: Calculate the mass of FeCl3-6H,0(s) necessary to make 250.0 mL of 3.00 M FeClj3 solution.
250.0 mL FeCl3 soln = ? g FeCl3-6H,0(s)

3.00 mol FeCl, 1 mol FeCl, -6H,0 8 270.3 g FeCl, -6H,0

=250.0 mL solnx X
1000.0 mL soln 1 mol FeCl, 1 mol FeCl, -6H,0

= 202.7¢ FGC|3'6H20(S)



