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3.11: Solution Concentrations

In the laboratory, in your body, and in the outside environment, the majority of chemical reactions take place in solutions.
Macroscopically a solution is defined as a homogeneous mixture of two or more substances, that is, a mixture which appears to be
uniform throughout. On the microscopic scale a solution involves the random arrangement of one kind of atom or molecule with
respect to another.

There are a number of reasons why solutions are so often encountered both in nature and in the laboratory. The most common type
of solution involves a liquid solvent which dissolves a solid solute. (The term solvent usually refers to the substance present in
greatest amount. There may be more than one solute dissolved in it.) Because a liquid adopts the shape of its container but does not
expand to fill all space available to it, liquid solutions are convenient to handle. You can easily pour them from one container to
another, and their volumes are readily measured using graduated cylinders, pipets, burets, volumetric flasks, or other laboratory
glass-ware. Moreover, atoms or molecules of solids dissolved in a liquid are close together but still able to move past one another.
They contact each other more frequently than if two solids were placed next to each other. This “intimacy” in liquid solutions often
facilitates chemical reactions.

Pictured above is a familiar solution: salt water. In this solution, water serves as the solvent, dissolving the solute, salt.

Since solutions offer a convenient medium for carrying out chemical reactions, it is often necessary to know how much of one
solution will react with a given quantity of another. Examples in other sections have shown that the amount of substance is the
quantity which determines how much of one material will react with another. The ease with which solution volumes may be
measured suggests that it would be very convenient to know the amount of substance dissolved per unit volume of solution. Then
by measuring a certain volume of solution, we would also be measuring a certain amount of substance.

One measure of the concentration c of a solute in a solution is often called molarity, but it is probably better to call it "the
concentration in molar units" or "molar concentration" (keeping the parameter concentration, and its unit, M for molar distinct).
The molar concentration is the amount of the substance per unit volume (L or dm3) of selution(not solvent):

amount of solute, mol

Concentration of solute, M = -
volume of solution, L

Nsolute, mol

Csolute, M — (3111)

‘/;olution,L

The units moles per liter (mol liter ') or moles per cubic decimeter (mol dm™) are used to express molar concentration. They are
equivalent (since 1 dm™ = 1 liter).

If a pure substance is soluble in water, it is easy to prepare a solution of known concentration. A container with a sample of the
substance is weighed accurately, and an appropriate mass of sample is poured through a funnel into a volumetric flask, as shown in
the figure. The container is then reweighed. Any solid adhering to the funnel is rinsed into the flask, and water is added until the
flask is about three-quarters full. After swirling the flask to dissolve the solid, water is added carefully until the bottom of the
meniscus coincides with the calibration mark on the neck of the flash. This process is shown in detail in Figure 3.11.1:
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b) 58.441g of NaCl (~1 mole) is measured.

g) A dropper is used to dilute to the 1 liter line. h) The meniscus reaches the mark.

v Example 3.11.1: Concentration

A solution of KI was prepared as described above. The initial mass of the container plus KI was 43.2874 g, and the final mass
after pouring was 30.1544 g. The volume of the flask was 250.00 ml. What is the concentration of the solution?

Solution: The concentration can be calculated by dividing the amount of solute by the volume of solution [Eq. 3.11.1]:

TUKT, mol
CKI = >
‘/;olution, L

We obtain ng; from the mass of KI added to the flask:

mxr = 43.2874 —30.1544 g = 13.1330 g

1 mol 5
=13.1 — =7.9115x 1 1
NKI 3 330gx166.00g 7.9115 x 10" ° mo
The volume of solution is 250.00 ml, or
1dm?®
Violution = 250.00cm® x ———— =2.5000 x 10~' dm®
10 cm3

Thus
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—3.1645 x 10 mol dm

nKI 7.9115 x 102 mol

CKI = = 1 3
‘/;olution 2.50 x 10" dm

Note that the definition of concentration is entirely analogous to the definitions of density, molar mass, and stoichiometric ratio

that we have previously encountered. Concentration will serve as a conversion factor relating the volume of solution to the
amount of dissolved solute.

. concentration c
Volume of solution <—  amount of solute V+—n

Because the volume of a liquid can be measured quickly and easily, concentration is a much-used quantity. The next two examples
show how this conversion factor may be applied to commonly encountered solutions in which water is the solvent (aqueous
solutions).

v/ Example 3.11.2 : Amount of HCI

An aqueous solution of HCI [represented or written HCl(aq)] has a concentration of 0.1396 mol dm3. If 24.71 cm3 (24.71 ml)
of this solution is delivered from a buret, what amount of HCI has been delivered?

Solution
Using concentration as a conversion factor, we have

V —»ecn

0.1396 mol
1 dm®
The volume units will cancel if we supply a unity factor to convert cubic centimeters to cubic decimeters:
0.1396 mol o 1 dm
1 dm? 10 cm
0.1396 mol 1 dm®
1dm?® 10% cm3
=0.003450 mol (3.11.4)

nol = 24.71 cm?® x

ngol = 24.71 cm® x

)3 (3.11.2)

=24.71 cm® x (3.11.3)

The concentration units of moles per cubic decimeter are often abbreviated M, pronounced molar. That is, a 0.1-M (one-tenth
molar) solution contains 0.1 mol solute per cubic decimeter of solution. This abbreviation is very convenient for labeling laboratory
bottles and for writing textbook problems; however, when doing calculations, it is difficult to see that

1 dm3 x 1 M = 1mol

Therefore we recommend that you always write the units in full when doing any calculations involving solution concentrations.
Also, it is sometimes easier to use the unit liter, which is equivalent to cubic deciliters:

1
1m3x1%:1m01

1L><1mT°1=1m01

Problems such as Example 3.11.2are easier for some persons to solve if the solution concentration is expressed in millimoles per
cubic centimeter (mmol cm™) or millimoles per ml (1 ml = 1 cm™) instead of moles per cubic decimeter. Since the SI prefix m
means 10‘3, 1 mmol = 1073 mol, and

1 mol 1dm?® 1 mol

1M = =
ldm? 1L L
1 mol 10° L 1 mmol 1 mmol
1 M = X X =
L 1 ml 10'3 mol 1 ml
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1 mol o 1dm?® y 1mmol 1 mmol
1dm® 10°cm3 103 mol 1cm?
Thus a concentration of 0.1396 mol dm™ (0.1396 M) can also be expressed as 0.1396 mmol cm™, 0.1396 mol/L or 0.1396
mmol/mL. Expressing the concentration this way is very convenient when dealing with laboratory glassware calibrated in

milliliters or cubic centimeters.

v/ Example 3.11.3: Mass of NaOH

Exactly 25.0 ml NaOH solution whose concentration is 0.0974 M was delivered from a pipet.

1M =

a. What amount of NaOH was present?
b. What mass of NaOH would remain if all the water evaporated?

Solution:
a) Since 0.0974 M means 0.0974 mol dm3, or 0.0974 mmol cm™3, we choose the latter, more convenient quantity as a
conversion factor:

0.0974 mol

= 2.44 mmol = 2.44 x 10" mol

nN.oH = 25.0 cm?® x n
cm

b) Using molar mass, we obtain

40.01g
1mol

myaon = 2.44 x 10° mol x 9.76 x 1072g

The symbols nn,on and myaon refer to the amount and mass of the solute NaOH, respectively. They do not refer to the
solution. If we wanted to specify the mass of aqueous NaOH solution, the symbol myaom(aq) could be used.

This page titled 3.11: Solution Concentrations is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Ed Vitz,
John W. Moore, Justin Shorb, Xavier Prat-Resina, Tim Wendorff, & Adam Hahn.
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