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1. Mass concentration Units

1.1 Mass/Mass Unit: ppmm, mg/kg
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Similar definitions: ppbm (part per billion), pptm (part 
per trillion)

Ex.1 A one-kg sample of soil contains 5 mg of 
trichloroethylene (TCE). What is the TCE 
concentration in ppmm and ppbm?
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1.2 Mass/Volume Unit: mg/L, µg/L, mg/m3, and μg/m3

In most aqueous systems, ppmm is equivalent 
to mg/L because the density of pure water is 
approximately 1,000 g/L.

Ex.2 One liter of water contains 5 mg of 
trichloroethylene (TCE). What is the TCE 
concentration in mg/L and ppmm?
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2. Volume/Volume and Mole/Mole Units

Units of volume fraction or mole fraction are 
frequently used for gas concentrations: ppmv (part 
per million by volume)

fraction volume
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The advantage of volume/volume units is that 
gaseous concentrations reported in these units do 
not change as a gas is compressed or expanded.

2.1 Using the Ideal Gas Law to Convert ppmv to μg/m3

Ideal Gas Law:
PV = nRT

where P = the pressure
V = the volume occupied
n = the number of moles
R = the gas constant
T = the absolute temperature
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Homework: The gas constant, R, may be expressed in 
many different sets of units. Show at least 4 of them?

Solution
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The Ideal Gas Law states that “the volume 
occupied by a given number of molecules of 
any gas is the same, no matter what the 
molecular weight or composition of the gas, as 
long as the pressure and temperature are 
constant”:

P
RTnV =

Therefore, at standard conitions (P = 1 atm, T = 
273.15 oC), one mole of any pure gas will 
occupy a volume of 22.4 L. 
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Ex.3 A gas mixture contains 0.001 mole of 
sulfur dioxide (SO2) and 0.999 mole of air. 
What is the SO2 concentration, expressed in 
units of ppmv?
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From Ex.3, it can be seen that:
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Ex.4 The SO2 concentration is 100 ppbv. What 
is the concentration in the unit of µg/m3? 
Assume the temperature is 28 oC and pressure 
is 1 atm.
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3. Partial-Pressure Units
From the Ideal Gas Law, at the given 
temperature and volume, pressure is directly 
proportional to the number of moles of gas 
present; therefore, pressure fractions are 
identical to mole fractions (and volume 
fractions). For this reason, partial pressure (Pi) 
can be calculated as the product of the mole or 
volume fraction and the total pressure as 
shown:
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So far, we know:
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Ex.5 The concentration of gas-phase polychlorinated 
biphenyls (PCBs) above Lake Superior is 450 
picograms per cubic meter (pg/m3). What is the partial 
pressure (in atm) of PCBs? Assume the temperature is 
0oC, the atmospheric pressure is 1 atm, and the 
average molecular weight of PCBs is 325.
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Solution
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3.1 Corrected Partial-Pressure for Moisture

Ex.6 What would be the partial pressure (in atm) of  
carbon dioxide (CO2) when the barometer reads 
101.325 kPa, the relative humidity is 80%, and the 
temperature is 20oC? The concentration of CO2 in dry 
air is 350 ppmv.
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Relative humidity - the ratio of the amount of water in the 
air at a give temperature to the maximum amount it could 
hold at that temperature; expressed as a percentage 

Water vapor - water in a vaporous form diffused in the 
atmosphere but below boiling temperature 

Vapor pressure - the pressure exerted by a vapor; often 
understood to mean saturated vapor pressure (the vapor 
pressure of a vapor in contact with its liquid form) 
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Viscosity - A property of a fluid that characterizes its 
perceived “thickness” or resistance to pouring. It describes 
a fluid’s internal resistance to flow and may be thought of 
as a measure of fluid friction. Thus, methanol is thin, 
having a low viscosity, while vegetable oil is thick having a 
high viscosity.

Modulus of elasticity - (physics) the ratio of the applied 
stress to the change in shape of an elastic body 

4. Mole/Volume Units

Molarity (M) (the unit called “molar”) : the number 
of moles of a solute per one liter of solution.

Don’t be confused with molality (m) (the unit called 
“molal”) : the number of moles of a solute added to 
exactly one liter of solvent.
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Ex.7 The concentration of trichloroethene (TCE) is 5 
mg/L. What is the concentration of TCE in units of 
molarity? The molecular weight of TCE is 131.5 
g/mole.

Solution
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5. Other Types of Units

5.1 Normality (N, equivalents/L):
Mostly used in acid/base or oxidation/reduction 
reactions

“Reporting concentration on an equivalent basis 
is useful because if two chemical species react 
and the two species reacting have the same 
strength on an equivalent basis, a 1-mL volume 
of reactant number 1 will react with a 1-mL 
volume of reactant number 2”.

For example, HCl, H2SO4 and H3PO4 have 1, 2 
and 3 equivalents/mole of H+ that the acid can 
potentially donate, respectively. 
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Ex.8 What is the equivalent weight of HCl, H2SO4, 
NaOH, CaCO3, and aqueous CO2? 
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Ex.8 What is the normality of 1 M solutions of HCl, 
and H2SO4? 
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Note that on an equivalent basis, a 1-M solution of 
sulfuric acid is twice as strong as a 1-M solution of 
HCl.
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Homework: A chemical analysis of the mineral water 
resulted in the following cations and anions being 
identified with corresponding concentrations (mg/L): 
[Ca2+] =  2.9; [Mg2+] =  2.0; [Na+] =  11.5; [K+] =  3.3; 
[HCO3

-] = 40; [SO4
2-] = 4.7; [F-] = 0.09; [Cl-] = 7.7 

Is the analysis correct? Hint: All aqueous 
solutions must maintain charge neutrality

5.2 Concentration as a Common Constituent



15



16


