
  Concentration of Solutions 
 The relative amounts of solute and solvent are described by the 
concentration of a solution. In general, a solution with a large 
amount of solute is  concentrated,  and a solution with much less 
solute is  dilute.  The terms  dilute  and  concentrated  are somewhat 
arbitrary, and it is sometimes difficult to know the difference 
between a solution that is “weakly concentrated” and one that 
is “not very diluted.” More meaningful information is provided 
by measurement of the  amount of solute in a solution.  There are 
different ways to express concentration measurements, each 
lending itself to a particular kind of solution or to how the infor-
mation will be used. For example, you read about concentrations 
of parts per million in an article about pollution, but most of the 
concentration of solutions sold in stores are reported in percent 
by volume or percent by weight. Each of these concentrations is 
concerned with the amount of  solute  in the  solution.

 Concentration ratios that describe small concentrations 
of solute are sometimes reported as a ratio of  parts per million
(ppm) or  parts per billion  (ppb). This ratio could mean ppm by 
volume or ppm by weight, depending on whether the solution 
is a gas or a liquid. For example, a drinking water sample with 
1 ppm Na � by weight has 1 weight measure of solute, sodium 
ions,  in  every 1,000,000 weight measures of the total solution. 
By way of analogy, 1 ppm expressed in money means 1 cent in 
every $10,000 (which is 1 million cents). A concentration of 
1 ppb means 1 cent in $10,000,000. Thus, the concentrations of 
very dilute solutions, such as certain salts in seawater, minerals 
in drinking water, and pollutants in water or in the atmosphere, 
are often reported in ppm or ppb. 

 The concentration term of  percent by volume  is defined as 
the  volume of solute in 100 volumes of solution.  This concentra-
tion term is just like any other percentage ratio, that is, “part” 
divided by the “whole” times 100 percent. The distinction is that 
the part and the whole are concerned with a volume of solute 
and a volume of solution. Knowing the meaning of percent by 
volume can be useful in consumer decisions. Rubbing alcohol, 
for example, can be purchased at a wide range of prices. The 
various brands range from a concentration, according to the 
labels, of “12% by volume” to “70% by volume.” If the volume 
unit is mL, a “12% by volume” concentration contains 12 mL 
of pure isopropyl (rubbing) alcohol in every 100 mL of solu-
tion. The “70% by volume” contains 70 mL of isopropyl alcohol 
in every 100 mL of solution. The relationship for percent by 
volume is

volume solute
volume solution

solution� �100% %% solute

 The concentration term of  percent by weight  is defined 
as the  weight of solute in 100 weight units of solution.  This 
concentration term is just like any other percentage composi-
tion, the difference being that it is concerned with the weight of 
solute (the part) in a weight of solution (the whole). Hydrogen 

FIGURE 10.6 Salinity is a measure of the amount of salts dissolved 
in 1 kg of solution. If 1,000 g of seawater were evaporated, 35.0 g of salts 
would remain as 965.0 g of water leave.
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Sometimes it is useful to know the conversion factors between 
ppm or ppb and the more familiar percent concentration by 
weight. These factors are ppm � (1 � 104) � percent concentra-
tion and ppb � (1 � 107) � percent concentration. For example, 
very hard water (water containing Ca2� or Mg2� ions), by defini-
tion, contains more than 300 ppm of the ions. This is a percent 
concentration of 300 � 1 � 104, or 0.03 percent. To be suitable 
for agricultural purposes, irrigation water must not contain more 
than 700 ppm of total dissolved salts, which means a concentra-
tion no greater than 0.07 percent salts.

Connections . .  .Connections . .  .
Ppm or Ppb to Percent

peroxide, for example, is usually sold in a concentration of 
“3% by weight.” This means that 3 oz (or other weight units) of 
pure hydrogen peroxide are in 100 oz of solution. Since weight 
is proportional to mass in a given location, mass units such as 
grams are sometimes used to calculate a percent by weight. The 
relationship for percent by weight (using mass units) is

mass of solute
mass of solution

solutio� 100% nn % solute�

   
 Both percent by volume and percent by weight are defined 

as the volume or weight per 100 units of solution because per-
cent  means  parts per hundred. The measure of dissolved salts in 
seawater is called  salinity.     Salinity    is defined as the mass of salts 
dissolved in 1,000 g of solution. As illustrated in  figure 10.6 , 
evaporation of 965 g of water from 1,000 g of seawater will 
leave an average of 35 g salts. Thus, the average salinity of the 
seawater is 35‰. Note the ‰, which means parts per thousand 
just as % means parts per hundred. Thus, the average salinity of 
seawater is 35‰, which means there are 35 g of salts dissolved 
in every 1,000 g of seawater. The equivalent percent measure 
for salinity is 3.5%, which equals 350‰. 

 A    mole    is a measure of amount used in chemistry. One 
mole is defined as the amount of a substance that contains the 
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same number of elementary units as there are atoms in exactly 
12 grams of the carbon-12 isotope. The number of units in 
this case is called  Avogadro’s number,  which is 6.02 � 10 23 —a 
very large number. This measure can be compared with iden-
tifying amounts in the grocery store by the dozen. You know 
that a dozen is 12 of something. Now you know that a  mole  is 
6.02 � 10 23  of whatever you are measuring. 

   Chemists use a measure of concentration that is convenient 
for considering chemical reactions of solutions. The measure 
is based on moles of solute, since a mole is a known number of 
particles (atoms, molecules, or ions). The concentration term 
of    molarity    (M) is defined as the number of moles of solute 
dissolved in one liter of solution. Thus,

    

molarity
(M)

moles of solute
liters of soluti

�
oon

  
An aqueous solution of NaCl that has a molarity of 1 contains 
1 mole of NaCl per liter of solution. To make such a solution, 
you would place 58.5 g (1.0 mole) NaCl in a beaker, then add 
water to make 1 liter of solution.  
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