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4.3: The Composition of Solutions
Solutions are homogeneous mixtures containing one or more solutes in a solvent. The solvent that makes up most of the solution,
whereas a solute is the substance that is dissolved inside the solvent.

Relative Concentration Units
Concentrations are often expressed in terms of relative unites (e.g. percentages) with three different types of percentage
concentrations commonly used:

1. Mass Percent: The mass percent is used to express the concentration of a solution when the mass of a solute and the mass of a
solution is given:

2. Volume Percent: The volume percent is used to express the concentration of a solution when the volume of a solute and the
volume of a solution is given:

3. Mass/Volume Percent: Another version of a percentage concentration is mass/volume percent, which measures the mass or
weight of solute in grams (e.g., in grams) vs. the volume of solution (e.g., in mL). An example would be a 0.9%( w/v) 
solution in medical saline solutions that contains 0.9 g of  for every 100 mL of solution (see figure below). The
mass/volume percent is used to express the concentration of a solution when the mass of the solute and volume of the solution
is given. Since the numerator and denominator have different units, this concentration unit is not a true relative unit (e.g.
percentage), however it is often used as an easy concentration unit since volumes of solvent and solutions are easier to measure
than weights. Moreover, since the density of dilute aqueous solutions are close to 1 g/mL, if the volume of a solution in
measured in mL (as per definition), then this well approximates the mass of the solution in grams (making a true reletive unit
(m/m)).

Figure used with permission from Wikipedia.

For example, In the United States, alcohol content in spirits is defined as twice the percentage of alcohol by volume (v/v)
called proof. What is the concentration of alcohol in Bacardi 151 spirits that is sold at 151 proof (hence the name)?

Mass Percent = ×100%
Mass of Solute

Mass of Solution
(4.3.1)

Volume Percent = ×100%
Volume of Solute

Volume of Solution
(4.3.2)

NaCl

NaCl

Mass/Volume Percent = ×100%
Mass of Solute (g)

Volume of Solution (mL)
(4.3.3)

 Example : Alcohol "Proof" as a Unit of Concentration4.3.1
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Figure: A mostly-empty bottle of Bacardi 151. from Wikipedia.

Solution
It will have an alcohol content of 75.5% (w/w) as per definition of "proof".

When calculating these percentages, that the units of the solute and solution should be equivalent units (and weight/volume percent
(w/v %) is defined in terms of grams and mililiters).

You CANNOT plug in… You CANNOT plug in…

(2 g Solute) / (1 kg Solution) (2 g Solute) / (1000 g Solution)

 or (0.002 kg Solute) / (1 kg Solution)

(5 mL Solute) / (1 L Solution) (5 mL Solute) / (1000 mL Solution)

 or (0.005 L Solute) / (1 L Solution)

(8 g Solute) / (1 L Solution) (8 g Solute) / (1000 mL Solution)

 or (0.008 kg Solute) / (1 L Solution)

Dilute Concentrations Units

Sometimes when solutions are too dilute, their percentage concentrations are too low. So, instead of using really low percentage
concentrations such as 0.00001% or 0.000000001%, we choose another way to express the concentrations. This next way of
expressing concentrations is similar to cooking recipes. For example, a recipe may tell you to use 1 part sugar, 10 parts water. As
you know, this allows you to use amounts such as 1 cup sugar + 10 cups water in your equation. However, instead of using the
recipe's "1 part per ten" amount, chemists often use parts per million, parts per billion or parts per trillion to describe dilute
concentrations.

Parts per Million: A concentration of a solution that contained 1 g solute and 1000000 mL solution (same as 1 mg solute and 1
L solution) would create a very small percentage concentration. Because a solution like this would be so dilute, the density of
the solution is well approximated by the density of the solvent; for water that is 1 g/mL (but would be different for different
solvents). So, after doing the math and converting the milliliters of solution into grams of solution (assuming water is the
solvent):

We get (1 g solute)/(1000000 g solution). Because both the solute and the solution are both now expressed in terms of grams, it
could now be said that the solute concentration is 1 part per million (ppm).

The ppm unit can also be used in terms of volume/volume (v/v) instead (see example below).

Parts per Billion: Parts per billion (ppb) is almost like ppm, except 1 ppb is 1000-fold more dilute than 1 ppm.

× =
1 g solute

1000000 mL solution

1 mL

1 g

1 g solute

1000000 g solution
(4.3.4)

1 ppm =
1 mg Solute

1 L Solution
(4.3.5)
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Parts per Trillion: Just like ppb, the idea behind parts per trillion (ppt) is similar to that of ppm. However, 1 ppt is 1000-fold
more dilute than 1 ppb and 1000000-fold more dilute than 1 ppm.

Here is a table with the volume percent of different gases found in air. Volume percent means that for 100 L of air, there are
78.084 L Nitrogen, 20.946 L Oxygen, 0.934 L Argon and so on; Volume percent mass is different from the composition by
mass or composition by amount of moles.

Elements Name Volume Percent (v/v) ppm (v/v)

Nitrogen 78.084 780,840

Oxygen 20.946 209,460

Water Vapor 4.0% 40,000

Argon 0.934 9,340

Carbon Dioxide 0.0379 379* (but growing rapidly)

Neon 0.008 8.0

Helium 0.000524 5.24

Methane 0.00017 1.7

Krypton 0.000114 1.14

Ozone 0.000001 0.1

Dinitrogen Monoxide 0.00003 0.305

Concentration Units based on moles
Mole Fraction: The mole fraction of a substance is the fraction of all of its molecules (or atoms) out of the total number of
molecules (or atoms). It can also come in handy sometimes when dealing with the  equation.

Also, keep in mind that the sum of each of the solution's substances' mole fractions equals 1.

Mole Percent: The mole percent (of substance A) is  in percent form.

Molarity: The molarity (M) of a solution is used to represent the amount of moles of solute per liter of the solution.

Molality: The molality (m) of a solution is used to represent the amount of moles of solute per kilogram of the solvent.

1 ppb =
1 μg Solute

1 L Solution
(4.3.6)

1 ppt =
1 ng Solute

1 L Solution
(4.3.7)

 Example : ppm in the Atmosphere4.3.2

P V = nRT

=χA

number of moles of substance A

total number of moles in solution
(4.3.8)

+ + + . . . = 1χA χB χC (4.3.9)

χA

Mole percent (of substance A) = ×100%χA (4.3.10)

M =
Moles of Solute

Liters of Solution
(4.3.11)

m =
Moles of Solute

Kilograms of Solvent
(4.3.12)
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Figure: Different molarities of liquids in the laboratory. 50 ml of distilled water (0 M), Sodium Hydroxide solution of 0.1 M, and
Hydrochloric acid solution of 0.1 M. from group4swimmingpool.

The molarity and molality equations differ only from their denominators. However, this is a huge difference. As you may
remember, volume varies with different temperatures. At higher temperatures, volumes of liquids increase, while at lower
temperatures, volumes of liquids decrease. Therefore, molarities of solutions also vary at different temperatures. This creates an
advantage for using molality over molarity. Using molalities rather than molarities for lab experiments would best keep the results
within a closer range. Because volume is not a part of its equation, it makes molality independent of temperature.

In a solution, there is 111.0 mL (110.605 g) solvent and 5.24 mL (6.0508 g) solute present in a solution. Find the mass percent,
volume percent and mass/volume percent of the solute.

Solution
Mass Percent

=(Mass of Solute) / (Mass of Solution) x 100%|

=(6.0508g) / (110.605g + 6.0508g) x 100%

=(0.0518688312) x 100%

=5.186883121%

Mass Percent= 5.186%

Volume Percent

=(Volume of Solute) / (Volume of Solution) x 100%

=(5.24mL) / (111.0mL + 5.24mL) x 100%

=(0.0450791466) x 100%

=4.507914659%

Volume Percent= 4.51%

Mass/Volume Percent

=(Mass of Solute) / (Volume of Solution) x 100%

=(6.0508g) / (111.0mL + 5.24mL) x 100%

=(0.0520) x 100%

=5.205%

Mass/Volume Percent= 5.2054%

With the solution shown in the picture below, find the mole percent of substance C.

 Example 4.3.1

 Example 4.3.2
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Solution
Moles of C= (5 C molecules) x (1mol C / 6.022x10  C molecules) = 8.30288941x10 mol C

Total Moles= (24 molecules) x (1mol / 6.022x10  molecules)= 3.98538691x10 mol total

X = (8.30288941x10 mol C) / (3.98538691x10 mol) = .2083333333

Mole Percent of C

= X  x 100%

=(o.2083333333) x 100%

=20.83333333

Mole Percent of C = 20%

A 1.5L solution is composed of 0.25g NaCl dissolved in water. Find its molarity.

Solution
Moles of NaCl= (0.25g) / (22.99g + 35.45g) = 0.004277 mol NaCl

Molarity

=(Moles of Solute) / (Liters of Solution)

=(0.004277mol NaCl) / (1.5L)

=0.002851 M

Molarity= 0.0029M

0.88g NaCl is dissolved in 2.0L water. Find its molality.

Solution
Moles of NaCl= (0.88g) / (22.99g + 35.45g) = 0.01506 mol NaCl

Mass of water= (2.0L) x (1000mL / 1L) x (1g / 1mL) x (1kg / 1000g) = 2.0kg water

Molality

=(Moles of Solute) / (kg of Solvent)

=(0.01506 mol NaCl) / (2.0kg)

=0.0075290897m

Molality= 0.0075m

23 -24

23 -23

C
-24 -23

C

 Example 4.3.3

 Example 4.3.4
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