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Introduction  
Life processes depend on solutions, like body fluids. Body fluids are electrolyte and 
contain solute ions or molecules such as calcium, potassium, or sugar. Significant 
change of ions in body fluids or changes of oxygen levels in the blood can cause 
significant health problems. Solutions are all around us and we come across chemicals 
in our everyday life through solutions. Most of the time, we think about chemicals as 
solutions, such as medicines, cleaning products, and carbonated drinks; however, many 
others we don’t think of as “chemicals'' are also found as solutions, like tea, steel, ocean 
water, or the air we breathe.  
 
A solution is a homogeneous mixture formed by dissolving one or more solutes in a 
solvent. The solute is the substance that dissolves, while the solvent is the majority of 
the solution. The interaction between solute and solvent will determine whether a 
solution will form. Solutions are great for transporting things from one place to another. 
They are how we get most of our nutrients and medicines! The movement of water into 
and out of the cells in our bodies is an important biological process and depends on the 
solute concentration.  
 
A chemical solution is commonly applied to the liquid state of matter. However, solutes 
and solvents can be solids, liquids, and gases. It is important to know the concentration 
of solutes that controls the reactions in the solution is critical for many aspects of our 
lives. Measuring the correct dose of medicine or finding out the concentration of arsenic 
in drinking water requires knowledge that concentration of solutes controls solution 
reactions. The amount of solute dissolved in a certain amount of solution is called the 
concentration and can be expressed in different ways depending on the type of industry 
and application. The most common concentration unit used in any science lab is 
Molarity. Molarity is the ratio of the number of moles of the solute for 1 L of solution. 
Other units such as mass, volume, and mass to volume percent concentration units are 
used in the industry sector. 

Goal of Lab 6: Concentration and Solution 
Preparation  
This lab will give you an overview about solution chemistry. The goal of this lab is to 
identify the solute and solvent in a solution, define solubility, and discuss factors that 
affect solubility. In this lab manual, we will learn about concentration units, practice 
calculations, and explore simulations. In addition, the lab will help you to understand 
how to prepare stock solutions and make dilutions. 
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Theory and Background 

Solutions 
Solutions have been defined as homogeneous mixtures, meaning that the composition 
of the mixture (and therefore its properties) is uniform throughout its entire volume. 
Solutions occur frequently in nature and have also been implemented in many forms of 
manmade technology. Provided here is an introduction to some of the basic properties 
of solutions. Figure 6.1 shows an inside look into the tools used in concentration and 
solution preparation.  
 

 
Figure 6.1 Lab equipment for solution preparation. [credit: Yavuz-Petrowski, O., & the Florida Atlantic 
University College of Science. (2020). Solution Prep Lab Equipment.] 
 
 
The relative amount of a given solution component is known as its concentration. Often, 
though not always, a solution contains one component with a concentration that is 
significantly greater than that of all other components. This component is called the 
solvent and may be viewed as the medium in which the other components are 
dispersed or dissolved. Solutions in which water is the solvent are, of course, very 
common on our planet. A solution in which water is the solvent is called an aqueous 
solution. Figure 6.2 shows an example of a solution. 
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Figure 6.2 Volumetric flask filled with copper sulphate solution. [credit: Yavuz-Petrowski, O., & the Florida 
Atlantic University College of Science. (2020). Volumetric Flask.] 
 
A solute is a component of a solution that is typically present at a much lower 
concentration than the solvent. Solute concentrations are often described with 
qualitative terms such as dilute (of relatively low concentration) and concentrated (of 
relatively high concentration). 
 
Imagine adding a small amount of sugar to a glass of water, stirring until all the sugar 
has dissolved, and then adding a bit more. You can repeat this process until the sugar 
concentration of the solution reaches its natural limit, a limit determined primarily by the 
relative strengths of the solute-solute, solute-solvent, and solvent-solvent attractive 
forces. You can be certain that you have reached this limit because, no matter how long 
you stir the solution, undissolved sugar remains. The concentration of sugar in the 
solution at this point is known as its solubility. 
 
The solubility of a solute in a particular solvent is the maximum concentration that may 
be achieved under given conditions when the dissolution process is at equilibrium. 
When a solute’s concentration is equal to its solubility, the solution is said to be 
saturated with that solute. If the solute’s concentration is less than its solubility, the 
solution is said to be unsaturated. A solution that contains a relatively low concentration 
of solute is called dilute, and one with a relatively high concentration is called 
concentrated. 
 
Solutions may be prepared in which a solute concentration exceeds its solubility. Such 
solutions are said to be supersaturated, and they are interesting examples of 
nonequilibrium states (a detailed treatment of this important concept is provided in the 
text chapters on equilibrium). For example, the carbonated beverage in an open 
container that has not yet “gone flat” is supersaturated with carbon dioxide gas; given 
time, the CO2 concentration will decrease until it reaches its solubility. 
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Solutions of Gases in Liquids 

As for any solution, the solubility of a gas in a liquid is affected by the intermolecular 
attractive forces between solute and solvent species. Unlike solid and liquid solutes, 
however, there is no solute-solute intermolecular attraction to overcome when a 
gaseous solute dissolves in a liquid solvent since the atoms or molecules comprising a 
gas are far separated and experience negligible interactions. Consequently, solute-
solvent interactions are the sole energetic factor affecting solubility. For example, the 
water solubility of oxygen is approximately three times greater than that of helium (there 
are greater dispersion forces between water and the larger oxygen molecules) but 100 
times less than the solubility of chloromethane, CHCl3 (polar chloromethane molecules 
experience dipole–dipole attraction to polar water molecules). Likewise note the 
solubility of oxygen in hexane, C6H14, is approximately 20 times greater than it is in 
water because greater dispersion forces exist between oxygen and the larger hexane 
molecules. 

Temperature is another factor affecting solubility, with gas solubility typically decreasing 
as temperature increases. This inverse relation between temperature and dissolved gas 
concentration is responsible for one of the major impacts of thermal pollution in natural 
waters. 

When the temperature of a river, lake, or stream is raised, the solubility of oxygen in the 
water is decreased. Decreased levels of dissolved oxygen may have serious 
consequences for the health of the water’s ecosystems and, in severe cases, can result 
in large-scale fish kills. 

The solubility of a gaseous solute is also affected by the partial pressure of solute in the 
gas to which the solution is exposed. Gas solubility increases as the pressure of the gas 
increases. Carbonated beverages provide a nice illustration of this relationship. The 
carbonation process involves exposing the beverage to a relatively high pressure of 
carbon dioxide gas and then sealing the beverage container, thus saturating the 
beverage with CO2 at this pressure. When the beverage container is opened, a familiar 
hiss is heard as the carbon dioxide gas pressure is released, and some of the dissolved 
carbon dioxide is typically seen leaving solution in the form of small bubbles (Figure 
6.3). At this point, the beverage is supersaturated with carbon dioxide and, with time, 
the dissolved carbon dioxide concentration will decrease to its equilibrium value and the 
beverage will become “flat.” 
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Figure 6.3 Opening the bottle of carbonated beverage reduces the pressure of the gaseous carbon 
dioxide above the beverage. The solubility of CO2 is thus lowered, and some dissolved carbon dioxide 
may be seen leaving the solution as small gas bubbles. [credit: modification of work by Derrick Coetzee in 
Chemistry 2e. Figure 11.10. OpenStax. CC BY.] 
 
 
Solutions of Liquids in Liquids 

Some liquids may be mixed in any proportions to yield solutions; in other words, they 
have infinite mutual solubility and are said to be miscible. Ethanol, sulfuric acid, and 
ethylene glycol are examples of liquids that are completely miscible with water.  

Miscible liquids are typically those with very similar polarities. Consider, for example, 
liquids that are polar or capable of hydrogen bonding. For such liquids, the dipole-dipole 
attractions (or hydrogen bonding) of the solute molecules with the solvent molecules are 
at least as strong as those between molecules in the pure solute or in the pure solvent. 
Hence, the two kinds of molecules mix easily. Likewise, nonpolar liquids are miscible 
with each other because there is no appreciable difference in the strengths of solute-
solute, solvent-solvent, and solute-solvent intermolecular attractions. The solubility of 
polar molecules in polar solvents and of nonpolar molecules in nonpolar solvents is, 
again, an illustration of the chemical axiom “like dissolves like.” 

Two liquids that do not mix to an appreciable extent are called immiscible. Separate 
layers are formed when immiscible liquids are poured into the same container. 
Gasoline, oil, benzene, carbon tetrachloride, some paints, and many other nonpolar 
liquids are immiscible with water. Relatively weak attractive forces between the polar 
water molecules and the nonpolar liquid molecules are not adequate to overcome much 
stronger hydrogen bonding between water molecules.  

Solubility with Temperature 

The dependence of solubility on temperature for a number of solids in water is shown by 
the solubility curves in Figure 6.4. Reviewing these data indicates a general trend of 
increasing solubility with temperature, although there are exceptions, as illustrated by 
the ionic compound cerium sulfate. 
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Figure 6.4 This graph shows how the solubility of several solids changes with temperature. [credit: 
Chemistry 2e. Figure 11.16. OpenStax. CC BY.] 
 
 
The temperature dependence of solubility can be exploited to prepare supersaturated 
solutions of certain compounds. A solution may be saturated with the compound at an 
elevated temperature (where the solute is more soluble) and subsequently cooled to a 
lower temperature without precipitating the solute. The resultant solution contains solute 
at a concentration greater than its equilibrium solubility at the lower temperature (i.e., it 
is supersaturated) and is relatively stable. Precipitation of the excess solute can be 
initiated by adding a seed crystal (see the video link on page 10, “Crystallization of the 
Magic Gel Hand Warmer Bag video”) or by mechanically agitating the solution. Some 
hand warmers, such as the one pictured in Figure 6.5, take advantage of this behavior. 
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Figure 6.5 This hand warmer produces heat when the sodium acetate in a supersaturated solution 
precipitates. Precipitation of the solute is initiated by a mechanical shockwave generated when the 
flexible metal disk within the solution is “clicked.” [credit: modification of work by “Velela”/Wikimedia 
Commons as cited in Chemistry 2e. Figure 11.17. OpenStax. CC BY.] 
 
 
For further learning, the brief Crystallization of the “Magic” Gel Hand Warmer Bag video 
shows the crystallization process occurring in a hand warmer. 
 

Endothermic and Exothermic Processes 
Matter undergoing chemical reactions and physical changes can release or absorb 
heat. A change that releases heat is called an exothermic process. For example, the 
combustion reaction that occurs when using an oxyacetylene torch is an exothermic 
process—this process also releases energy in the form of light as evidenced by the 
torch’s flame (Figure 6.6). A reaction or change that absorbs heat is an endothermic 
process. A cold pack used to treat muscle strains provides an example of an 
endothermic process. When the substances in the cold pack (water and a salt like 
ammonium nitrate) are brought together, the resulting process absorbs heat, leading to 
the sensation of cold. 
 

 
Figure 6.6 (a) An oxyacetylene torch produces heat by the combustion of acetylene in oxygen. The 
energy released by this exothermic reaction heats and then melts the metal being cut. The sparks are tiny 
bits of the molten metal flying away. (b) A cold pack uses an endothermic process to create the sensation 
of cold. [credit: as cited in Chemistry 2e. Figure 5.7. OpenStax. CC BY, a) modification of work by 
“Skatebiker”/Wikimedia commons.] 
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Concentrations 
Concentrations may be quantitatively assessed using a wide variety of measurement 
units, each convenient for particular applications. Molarity (M) is a useful concentration 
unit for many applications in chemistry. Molarity is defined as the number of moles of 
solute in exactly 1 liter (1 L) of the solution: 
 
 

𝑀𝑀 =
𝑚𝑚𝑚𝑚𝑚𝑚 𝑠𝑠𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠
𝐿𝐿 𝑠𝑠𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠

 
 
 
Dilution is the process whereby the concentration of a solution is lessened by the 
addition of solvent. For example, a glass of iced tea becomes increasingly diluted as the 
ice melts. The water from the melting ice increases the volume of the solvent (water) 
and the overall volume of the solution (iced tea), thereby reducing the relative 
concentrations of the solutes that give the beverage its taste (Figure 6.7).  
 
 

 

Figure 6.7 Both solutions contain the same mass of copper nitrate. The solution on the right is more 
dilute because the copper nitrate is dissolved in more solvent. [credit: Mark Ott as cited in Chemistry 2e. 
Figure 3.16. OpenStax. CC BY.] 
 
 
Dilution is also a common means of preparing solutions of a desired concentration. See 
Figure 6.8 for an example. By adding solvent to a measured portion of a more 
concentrated stock solution, a solution of lesser concentration may be prepared. For 
example, commercial pesticides are typically sold as solutions in which the active 
ingredients are far more concentrated than is appropriate for their application. Before 
they can be used on crops, the pesticides must be diluted. This is also a very common 
practice for the preparation of a number of common laboratory reagents.  
 

https://openstax.org/books/chemistry-2e/pages/1-introduction
https://openstax.org/books/chemistry-2e/pages/3-3-molarity#CNX_Chem_03_04_dilution
https://creativecommons.org/licenses/by/4.0/


Lab Manual 6: Concentration and Solution Preparation p. 12 
 

Access OpenStax Chemistry 2e for free at https://openstax.org/books/chemistry-2e/pages/1-introduction  

 
Figure 6.8 Concentrated (blue on right) versus diluted solution (clear on left). [credit: Yavuz-Petrowski, 
O., & the Florida Atlantic University College of Science. (2020). Flasks.] 
 
 
A simple mathematical relationship can be used to relate the volumes and 
concentrations of a solution before and after the dilution process. According to the 
definition of molarity, the number of moles of solute in a solution (n) is equal to the 
product of the solution’s molarity (M) and its volume in liters (L): 
 
 
𝑠𝑠 = 𝑀𝑀𝐿𝐿 
 
 
Expressions like these may be written for a solution before and after it is diluted: 
 
 

𝑠𝑠1 = 𝑀𝑀1𝐿𝐿1 

𝑠𝑠2 = 𝑀𝑀2𝐿𝐿2 
 
 
where the subscripts “1” and “2” refer to the solution before and after the dilution, 
respectively. Since the dilution process does not change the amount of solute in the 
solution, 𝑠𝑠1 = 𝑠𝑠2. 
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Thus, these two equations may be set equal to one another: 
 
 

 𝑀𝑀1𝐿𝐿1 = 𝑀𝑀2𝐿𝐿2 
 
 
This relation is commonly referred to as the dilution equation. Although this equation 
uses molarity as the unit of concentration and liters as the unit of volume, other units of 
concentration and volume may be used as long as the units properly cancel per the 
factor-label method. Reflecting this versatility, the dilution equation is often written in the 
more general form: 
 
 

 𝐶𝐶1𝑉𝑉1 = 𝐶𝐶2𝑉𝑉2 
 
 
where C and V are concentration and volume, respectively. 

Other Units for Solution Concentration 
The previous section introduced molarity, a very useful measurement unit for evaluating 
the concentration of solutions. However, molarity is only one measure of concentration. 
This section will describe some other units of concentration that are commonly used in 
various applications, either for convenience or by convention. 

Mass Percentage 
Earlier in this chapter, percent composition was introduced as a measure of the relative 
amount of a given element in a compound. Percentages are also commonly used to 
express the composition of mixtures, including solutions. The mass percentage of a 
solution component is defined as the ratio of the component’s mass to the solution’s 
mass, expressed as a percentage: 
 
 

 mass percentage =
mass of component

mass of solution × 100% 
 
 
Mass percentage is also referred to by similar names such as percent mass, percent 
weight, weight/weight percent, and other variations on this theme. The most common 
symbol for mass percentage is simply the percent sign, %, although more detailed 
symbols are often used including %mass, %weight, and (w/w)%. Use of these more 
detailed symbols can prevent confusion of mass percentages with other types of 
percentages, such as volume percentages. 
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Mass percentages are popular concentration units for consumer products. The label of 
a typical liquid bleach bottle (Figure 6.9) cites the concentration of its active ingredient, 
sodium hypochlorite (NaOCl), as being 7.4%. A 100.0-g sample of bleach would 
therefore contain 7.4 g of NaOCl. 
 
 

 
Figure 6.9 Liquid bleach is an aqueous solution of sodium hypochlorite (NaOCl). This brand has a 
concentration of 7.4% NaOCl by mass. [credit: Chemistry 2e. Figure 3.17. OpenStax. CC BY.] 
 
 

Volume Percentage 
Liquid volumes over a wide range of magnitudes are conveniently measured using 
common and relatively inexpensive laboratory equipment. The concentration of a 
solution formed by dissolving a liquid solute in a liquid solvent is therefore often 
expressed as a volume percentage, %vol or (v/v)%: 
 
 

volume percentage =
volume solute

volume solution
× 100% 

 

Mass-Volume Percentage 
“Mixed” percentage units, derived from the mass of solute and the volume of solution, 
are popular for certain biochemical and medical applications. A mass-volume percent 
is a ratio of a solute’s mass to the solution’s volume expressed as a percentage. The 
specific units used for solute mass and solution volume may vary, depending on the 
solution. For example, physiological saline solution, used to prepare intravenous fluids, 
has a concentration of 0.9% mass/volume (m/v), indicating that the composition is 0.9 g 

https://openstax.org/books/chemistry-2e/pages/1-introduction
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of solute per 100 mL of solution. The concentration of glucose in blood (commonly 
referred to as “blood sugar”) is also typically expressed in terms of a mass-volume ratio. 
Though not expressed explicitly as a percentage, its concentration is usually given in 
milligrams of glucose per deciliter (100 mL) of blood (Figure 6.10). 

 

 
 

Figure 6.10 “Mixed” mass-volume units are commonly encountered in medical settings. (a) The NaCl 
concentration of physiological saline is 0.9% (m/v). (b) This device measures glucose levels in a sample 
of blood. The normal range for glucose concentration in blood (fasting) is around 70–100 mg/dL. [credits 
as cited in Chemistry 2e. Figure 3.18. OpenStax. CC BY: (a) modification of work by “The National 
Guard”/Flickr; (b) modification of work by Biswarup Ganguly.] 
 
 

Parts per Million and Parts per Billion 
Very low solute concentrations are often expressed using appropriately small units such 
as parts per million (ppm) or parts per billion (ppb). Like percentage (“part per 
hundred”) units, ppm and ppb may be defined in terms of masses, volumes, or mixed 
mass-volume units. There are also ppm and ppb units defined with respect to numbers 
of atoms and molecules. 

The mass-based definitions of ppm and ppb are given here: 
 
 

ppb =
mass solute

mass solution
× 106ppm 

 

ppb =
mass solute

mass solution
× 109ppm 
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Both ppm and ppb are convenient units for reporting the concentrations of pollutants 
and other trace contaminants in water. Concentrations of these contaminants are 
typically very low in treated and natural waters, and their levels cannot exceed relatively 
low concentration thresholds without causing adverse effects on health and wildlife. For 
example, the EPA has identified the maximum safe level of fluoride ion in tap water to 
be 4 ppm. Inline water filters are designed to reduce the concentration of fluoride and 
several other trace-level contaminants in tap water (Figure 6.11).  
 

 

 
 

Figure 6.11 (a) In some areas, trace-level concentrations of contaminants can render unfiltered tap water 
unsafe for drinking and cooking. (b) Inline water filters reduce the concentration of solutes in tap water. 
[credit: as cited in Chemistry 2e. Figure 3.19. OpenStax. CC BY: (a) modification of work by Jenn Durfey; 
(b) modification of work by “vastateparkstaff”/Wikimedia commons.] 
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Lab Examples 
EXAMPLE 6.1: CALCULATING MOLAR CONCENTRATIONS 
A 355-mL soft drink sample contains 0.133 mol of sucrose (table sugar). What is the 
molar concentration of sucrose in the beverage? 
 
Solution 
Since the molar amount of solute and the volume of solution are both given, the molarity 
can be calculated using the definition of molarity. Per this definition, the solution volume 
must be converted from mL to L: 
 
 

𝑀𝑀 =
mol solute
L solution

=
0.133mol

355mL × 1L
1000mL

= 0.375𝑀𝑀 

 
 
Check Your Learning 
A teaspoon of table sugar contains about 0.01 mol sucrose. What is the molarity of 
sucrose if a teaspoon of sugar has been dissolved in a cup of tea with a volume of 200 
mL? 
 
ANSWER 
0.05 M 
 
 
EXAMPLE 6.2: DERIVING MOLES AND VOLUMES FROM MOLAR CONCENTRATIONS  
How much sugar (mol) is contained in a modest sip (~10 mL) of the soft drink from 
Example 6.1? 
 
Solution 
Rearrange the definition of molarity to isolate the quantity sought, moles of sugar, then 
substitute the value for molarity derived in Example 6.1, 0.375 M: 
 
 
 

𝑀𝑀 =
mol solute
L solution

 

 
mol solute = 𝑀𝑀 × L solution 
 

mol solute = 0.375
mol sugar

L
× (10mL ×

1L
1000mL

) 

 
= 0.004 mol sugar 
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Check Your Learning 
What volume (mL) of the sweetened tea described in Example 6.1 contains the same 
amount of sugar (mol) as 10 mL of the soft drink in this example?  
 
ANSWER 
80 mL 
 
 
EXAMPLE 6.3: CALCULATING MOLAR CONCENTRATIONS FROM THE MASS OF SOLUTE  
Distilled white vinegar is a solution of acetic acid, CH3CO2H, in water. A 0.500 L vinegar 
solution contains 25.2 g of acetic acid. What is the concentration of the acetic acid 
solution in units of molarity? 
 
Solution 
As in previous examples, the definition of molarity is the primary equation used to 
calculate the quantity sought. Since the mass of solute is provided instead of its molar 
amount, use the solute’s molar mass to obtain the amount of solute in moles: 
 
 

𝑀𝑀 =
mol solute
L solution

=
25.2 g CH3CO2H × � 1mol CH3CO2H

60.052 g CH3CO2H�

0.500 L solution
= 0.839𝑀𝑀 

 

𝑀𝑀 =
mol solute
L solution

= 0.839𝑀𝑀 

 

𝑀𝑀 =
0.839mol solute
1.00L solution

 

 
 
 
Check Your Learning 
Calculate the molarity of 6.52 g of CoCl2 (128.9 g/mol) dissolved in an aqueous solution 
with a total volume of 75.0 mL. 
 
ANSWER 
0.674 M 
 
 
EXAMPLE 6.4: DETERMINING THE MASS OF SOLUTE IN A GIVEN VOLUME OF SOLUTION  
How many grams of NaCl are contained in 0.250 L of a 5.30 M solution? 
 
Solution 
The volume and molarity of the solution are specified, so the amount (mol) of solute is 
easily computed as demonstrated in Example 6.2: 
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𝑀𝑀 =
mol solute
L solution

 

 
mol solute = 𝑀𝑀 × L solution 
 

mol solute = 5.30
mol NaCl

L
× 0.250L = 1.325 mol NaCl 

 
 
Finally, this molar amount is used to derive the mass of NaCl: 
 
 

1.325 mol NaCl ×
58.44g NaCl

mol NaCl
= 77.4g NaCl 

 
 
Check Your Learning 
How many grams of CaCl2 (110.98 g/mol) are contained in 250.0 mL of a 0.200 M 
solution of calcium chloride? 
 
ANSWER 
5.55 g CaCl2 
 
 
When performing calculations stepwise, as in Example 6.4, it is important to refrain from 
rounding any intermediate calculation results, which can lead to rounding errors in the 
final result. In Example 6.4, the molar amount of NaCl computed in the first step, 1.325 
mol, would be properly rounded to 1.32 mol if it were to be reported; however, although 
the last digit (5) is not significant, it must be retained as a guard digit in the intermediate 
calculation. If the guard digit had not been retained, the final calculation for the mass of 
NaCl would have been 77.1 g, a difference of 0.3 g. 
 
In addition to retaining a guard digit for intermediate calculations, rounding errors may 
also be avoided by performing computations in a single step (see Example 6.5). This 
eliminates intermediate steps so that only the final result is rounded. 
 
 
EXAMPLE 6.5: DETERMINING THE VOLUME OF SOLUTION CONTAINING A GIVEN MASS OF 
SOLUTE  
In Example 6.3, the concentration of acetic acid in white vinegar was determined to be 
0.839 M. What volume of vinegar contains 75.6 g of acetic acid? 
 
Solution 
First, use the molar mass to calculate moles of acetic acid from the given mass: 
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g solute ×
mol solute

g solute
= mol solute 

 
 
Then, use the molarity of the solution to calculate the volume of solution containing this 
molar amount of solute: 
 
 

mol solute ×
L solution
mol solute

= L solution 

 
 
Combining these two steps into one yields: 
 
 

g solute ×
mol solute

g solute
×

L solution
mol solute

= L solution 

 

75.6g CH3CO2H �
mol CH3CO2H

60.05g
� �

L solution
0.839 mol CH3CO2H

� = 1.50L solution 

 
 
Check Your Learning 
What volume of a 1.50 M KBr solution contains 66.0 g KBr?  
 
ANSWER 
0.370 L 
 
 
EXAMPLE 6.6: DETERMINING THE CONCENTRATION OF A DILUTED SOLUTION  
If 0.850 L of a 5.00 M solution of copper nitrate, Cu(NO3)2, is diluted to a volume of 1.80 
L by the addition of water, what is the molarity of the diluted solution? 
 
Solution 
The stock concentration, C1, and volume, V1, are provided as well as the volume of the 
diluted solution, V2. Rearrange the dilution equation to isolate the unknown property, the 
concentration of the diluted solution, C2: 
 
 
𝐶𝐶1𝑉𝑉1 = 𝐶𝐶2𝑉𝑉2 
 

𝐶𝐶2 =
𝐶𝐶1𝑉𝑉1
𝑉𝑉2
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Since the stock solution is being diluted by more than two-fold (volume is increased 
from 0.85 L to 1.80 L), the diluted solution’s concentration is expected to be less than 
one-half 5 M. This ballpark estimate will be compared to the calculated result to check 
for any gross errors in computation (for example, such as an improper substitution of 
the given quantities). Substituting the given values for the terms on the right side of this 
equation yields: 
 
 

𝐶𝐶2 =
0.850L × 5.00 mol

L
1.80 L

= 2.36𝑀𝑀 

 
 
This result compares well to our ballpark estimate (it’s a bit less than one-half the stock 
concentration, 5 M). 
 
Check Your Learning 
What is the concentration of the solution that results from diluting 25.0 mL of a 2.04 M 
solution of CH3OH to 500.0 mL? 
 
ANSWER: 
0.102 M CH3OH 
 
 
EXAMPLE 6.7: VOLUME OF A DILUTED SOLUTION  
What volume of 0.12 M HBr can be prepared from 11 mL (0.011 L) of 0.45 M HBr? 
 
Solution 
Provided are the volume and concentration of a stock solution, V1 and C1, and the 
concentration of the resultant diluted solution, C2. Find the volume of the diluted 
solution, V2 by rearranging the dilution equation to isolate V2: 
 
 
𝐶𝐶1𝑉𝑉1 = 𝐶𝐶2𝑉𝑉2 

 

𝑉𝑉2 =
𝐶𝐶1𝑉𝑉1
𝐶𝐶2

 

 
 
Since the diluted concentration (0.12 M) is slightly more than one-fourth the original 
concentration (0.45 M), the volume of the diluted solution is expected to be roughly four 
times the original volume, or around 44 mL. Substituting the given values and solving 
for the unknown volume yields: 
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𝑉𝑉2 =
(0.45𝑀𝑀)(0.011L)

(0.12𝑀𝑀)
 

 
𝑉𝑉2 = 0.041L 
 
 
The volume of the 0.12 M solution is 0.041 L (41 mL). The result is reasonable and 
compares well with the rough estimate. 
 
 
Check Your Learning 
A laboratory experiment calls for 0.125 M HNO3. What volume of 0.125 M HNO3 can be 
prepared from 0.250 L of 1.88 M HNO3? 
 
ANSWER 
3.76 L 
 
 
EXAMPLE 6.8: VOLUME OF A CONCENTRATED SOLUTION NEEDED FOR DILUTION  
What volume of 1.59 M KOH is required to prepare 5.00 L of 0.100 M KOH? 
 
Solution 
Given are the concentration of a stock solution, C1, and the volume and concentration of 
the resultant diluted solution, V2 and C2. Find the volume of the stock solution, V1 by 
rearranging the dilution equation to isolate V1: 
 
 
𝐶𝐶1𝑉𝑉1 = 𝐶𝐶2𝑉𝑉2 

 

𝑉𝑉1 =
𝐶𝐶2𝑉𝑉2
𝐶𝐶1

 

 
 
Since the concentration of the diluted solution 0.100 M is roughly one-sixteenth that of 
the stock solution (1.59 M), the volume of the stock solution is expected to be about 
one-sixteenth that of the diluted solution, or around 0.3 liters. Substituting the given 
values and solving for the unknown volume yields: 
 
 

𝑉𝑉1 =
(0.100𝑀𝑀)(5.00L)

1.59𝑀𝑀
 

 
𝑉𝑉1 = 0.314L 
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Thus, 0.314 L of the 1.59 M solution is needed to prepare the desired solution. This 
result is consistent with the rough estimate. 
 
Check Your Learning 
What volume of a 0.575 M solution of glucose, C6H12O6, can be prepared from 50.00 mL 
of a 3.00 M glucose solution? 
 
ANSWER 
0.261 L 
 
 
EXAMPLE 6.9: CALCULATION OF PERCENT BY MASS 
A 5.0-g sample of spinal fluid contains 3.75 mg (0.00375 g) of glucose. What is the 
percent by mass of glucose in spinal fluid? 
 
Solution 
The spinal fluid sample contains roughly 4 mg of glucose in 5000 mg of fluid, so the 
mass fraction of glucose should be a bit less than one part in 1000, or about 0.1%. 
Substituting the given masses into the equation defining mass percentage yields: 
 
 

% glucose =
3.75mg glucose × 1g

1000mg
5.0g spinal fluid = 0.075% 

 
 
The computed mass percentage agrees with our rough estimate (it’s a bit less than 
0.1%). 
 
Note that while any mass unit may be used to compute a mass percentage (mg, g, kg, 
oz, and so on), the same unit must be used for both the solute and the solution so that 
the mass units cancel, yielding a dimensionless ratio. In this case, the solute mass unit 
in the numerator was converted from mg to g to match the units in the denominator. 
Alternatively, the spinal fluid mass unit in the denominator could have been converted 
from g to mg instead. As long as identical mass units are used for both solute and 
solution, the computed mass percentage will be correct. 
 
Check Your Learning 
A bottle of a tile cleanser contains 135 g of HCl and 775 g of water. What is the percent 
by mass of HCl in this cleanser? 
 
ANSWER 
14.8% 
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EXAMPLE 6.10: CALCULATIONS USING MASS PERCENTAGE 
“Concentrated” hydrochloric acid is an aqueous solution of 37.2% HCl that is commonly 
used as a laboratory reagent. The density of this solution is 1.19 g/mL. What mass of 
HCl is contained in 0.500 L of this solution? 

Solution 
The HCl concentration is near 40%, so a 100-g portion of this solution would contain 
about 40 g of HCl. Since the solution density isn’t greatly different from that of water (1 
g/mL), a reasonable estimate of the HCl mass in 500 g (0.5 L) of the solution is about 
five times greater than that in a 100 g portion, or 5 × 40 = 200 g. In order to derive the 
mass of solute in a solution from its mass percentage, the mass of the solution must be 
known. Using the solution density given, convert the solution’s volume to mass, and 
then use the given mass percentage to calculate the solute mass. This mathematical 
approach is outlined in this flowchart: 
 
 

 
 
 
For proper unit cancellation, the 0.500 L volume is converted into 500 mL, and the mass  
percentage is expressed as a ratio, 37.2 g HCl/g solution: 
 
 

500 mL solution �
1.19g solution

mL solution
� �

37.2g HCl
100g solution

� = 221g HCl 

 
 
This mass of HCl is consistent with our rough estimate of approximately 200 g. 
 
Check Your Learning 
What volume of concentrated HCl solution contains 125 g of HCl? 
 
ANSWER 
282 mL 
 
 
EXAMPLE 6.11: CALCULATIONS USING VOLUME PERCENTAGE 
Rubbing alcohol (isopropanol) is usually sold as a 70% vol aqueous solution. If the 
density of isopropyl alcohol is 0.785 g/mL, how many grams of isopropyl alcohol are 
present in a 355 mL bottle of rubbing alcohol? 
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Solution 
Per the definition of volume percentage, the isopropanol volume is 70% of the total 
solution volume. Multiplying the isopropanol volume by its density yields the requested 
mass: 
 
 

(355 mL solution) �
70 mL isopropyl alcohol

100 mL solution
� �

0.785 g isopropyl alcohol
1 mL isopropyl alcohol

� 

 
= 195 g isopropyl alcohol 

 
 
Check Your Learning 
Wine is approximately 12% ethanol (CH3CH2OH) by volume. Ethanol has a molar mass 
of 46.06 g/mol and a density 0.789 g/mL. How many moles of ethanol are present in a 
750 mL bottle of wine? 
 
ANSWER 
1.5 mol ethanol 
 
 
EXAMPLE 6.12: CALCULATION OF PARTS PER MILLION AND PARTS PER BILLION 
CONCENTRATIONS 
According to the EPA, when the concentration of lead in tap water reaches 15 ppb, 
certain remedial actions must be taken. What is this concentration in ppm? At this 
concentration, what mass of lead (μg) would be contained in a typical glass of water 
(300 mL)? 
 
Solution 
The definitions of the ppm and ppb units may be used to convert the given 
concentration from ppb to ppm. Comparing these two-unit definitions shows that ppm is 
1000 times greater than ppb (1 ppm = 103 ppb). Thus, 
 
 

15ppb ×
1ppm

103ppb
= 0.015ppm 

 
 
The definition of the ppb unit may be used to calculate the requested mass if the mass 
of the solution is provided. Since the volume of solution (300 mL) is given, its density 
must be used to derive the corresponding mass. Assume the density of tap water to be 
roughly the same as that of pure water (~1.00 g/mL), since the concentrations of any 
dissolved substances should not be very large. Rearranging the equation defining the 
ppb unit and substituting the given quantities yields: 
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ppb =
mass solute

mass solution
× 109ppb 

 

mass solute =
ppb × mass solution

109ppb
 

 

mass solute =
15ppb × 300mL × 1.00g

mL
109ppb

= 4.5 × 10−6g 

 
 
Finally, convert this mass to the requested unit of micrograms: 
 
 

4.5 × 10−6g ×
1μg

10−6g
= 4.5μg 

 
 
Check Your Learning 
A 50.0 g sample of industrial wastewater was determined to contain 0.48 mg of 
mercury. Express the mercury concentration of the wastewater in ppm and ppb units. 
 
ANSWER: 
9.6 ppm, 9600 ppb 
 
 
EXAMPLE 6.13 MOLARITY SIMULATION 
With this PhET Molarity Simulation, you will be able to explore the relationship of mole 
to liter in terms of calculating molarity. This simulation will allow you to prepare a 
different solution with a different concentration. You will also be able to do dilutions. You 
will learn about the relation between color and concentration. 
 
 
EXAMPLE 5.14 CONCENTRATION SIMULATION 
With this PhET Concentration Simulation, you can discover how concentration of 
solutions will vary by dilution or changing the solvent and solute ratio. You will be able to 
relate concentration to color of the solutions. 
 

Relations to Health Sciences 
Solutions are an important part of our body. Although the percentages of water in the 
human body varies by age, and weight, the mass of water in average adults is around 
60%. About 2/3 of the body’s water is contained within the cells as intracellular fluids; 
the other 1/3 makes up extracellular fluids which carry nutrients and waste materials 
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between cells and the circulatory system. Body fluids contain a mixture of electrolytes 
such as Na+, Cl-, K+ and these electrolytes play important roles in our body in terms of 
function of the cells and organs. It is important that the medicine we take is compatible 
with the rest of the bodily fluids. This is especially true for intravenous (IV) fluids. Figure 
6.12 shows a nurse preparing an IV for a patient. Figure 6.13 shows a nurse 
administering an IV to a patient.  
 
 

 
Figure 6.12 Lt. Amy Moore, a Navy reserve nurse at Naval Hospital in Jacksonville, Florida readies an IV 
for use. [credit: U.S Navy photo by Jacob Sippel. (2018). Nurses inspire, innovate & influence. Public 
domain.]  
 
 

 
Figure 6.13 Stem cell IV administration for Duchenne muscular dystrophy. [credit: Pien, A. (2018). Stem 
cells iv administration dmd ama regenerative medicine. CC BY-SA.] 
 
 
Fluids given intravenously must be isotonic, meaning they are the same concentrations 
as body fluids so that the blood cells do not gain or lose any water. If the solutions have 
a lower concentration than the blood cells, this will cause water to flow into the cells 
causing them to swell or if the solution has a higher concentration than the blood cells,  
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this will cause the water to flow out of the cells causing them to shrink. The 
concentrations of electrolytes present in body fluids and in intravenous fluids are often 
expressed in milliequivalents per liter (mEq/L) solution.  

Electrolyte Application 
Since body fluids contain a mixture of electrolytes, which are used to conduct or 
transport energy throughout the body, this explains why it is important for athletes to 
make sure they maintain the proper amount of electrolytes in their body, as shown in 
Figure 6.14.  
 
 

 
Figure 6.14 Athlete reaching for electrolyte sports drink during endurance bike ride. [credit: Gkenius. 
(2016). Pixabay image.] 
 
 
When some substances are dissolved in water, they undergo either a physical or a 
chemical change that yields ions in solution. These substances constitute an important 
class of compounds called electrolytes. Substances that do not yield ions when 
dissolved are called nonelectrolytes. If the physical or chemical process that generates 
the ions is essentially 100% efficient (all of the dissolved compound yields ions), then 
the substance is known as a strong electrolyte. If only a relatively small fraction of the 
dissolved substance undergoes the ion-producing process, it is called a weak 
electrolyte. 

Ionic Electrolytes 
Water and other polar molecules are attracted to ions, as shown in Figure 6.15. The 
electrostatic attraction between an ion and a molecule with a dipole is called an ion-
dipole attraction. These attractions play an important role in the dissolution of ionic 
compounds in water. 
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Figure 6.15 As potassium chloride (KCl) dissolves in water, the ions are hydrated. The polar water 
molecules are attracted by the charges on the K+ and Cl− ions. Water molecules in front of and behind 
the ions are not shown. [credit: Chemistry 2e. Figure 11.7. OpenStax. CC BY.]  
 
 
When ionic compounds dissolve in water, the ions in the solid separate and disperse 
uniformly throughout the solution because water molecules surround and solvate the 
ions, reducing the strong electrostatic forces between them. This process represents a 
physical change known as dissociation. Under most conditions, ionic compounds will 
dissociate nearly completely when dissolved, and so they are classified as strong 
electrolytes. Even sparingly, soluble ionic compounds are strong electrolytes, since the 
small amount that does dissolve will dissociate completely. 
 
Consider what happens at the microscopic level when solid KCl is added to water. Ion-
dipole forces attract the positive (hydrogen) end of the polar water molecules to the 
negative chloride ions at the surface of the solid, and they attract the negative (oxygen) 
ends to the positive potassium ions. The water molecules surround individual K+ and Cl− 
ions, reducing the strong interionic forces that bind the ions together and letting them 
move off into solution as solvated ions, as Figure 6.15 shows. Overcoming the 
electrostatic attraction permits the independent motion of each hydrated ion in a dilute 
solution as the ions transition from fixed positions in the undissolved compound to 
widely dispersed, solvated ions in solution. 

Covalent Electrolytes 

Pure water is an extremely poor conductor of electricity because it is only very slightly 
ionized—only about two out of every 1 billion molecules ionize at 25 °C. Water ionizes 
when one molecule of water gives up a proton (H+ ion) to another molecule of water, 
yielding hydronium and hydroxide ions. 
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H2O(𝑚𝑚) + H2O(𝑚𝑚) ⇌ H3O+(𝑎𝑎𝑎𝑎) + OH−(𝑎𝑎𝑎𝑎) 
 
 
In some cases, solutions prepared from covalent compounds conduct electricity 
because the solute molecules react chemically with the solvent to produce ions. For 
example, pure hydrogen chloride is a gas consisting of covalent HCl molecules. This 
gas contains no ions. However, an aqueous solution of HCl is a very good conductor, 
indicating that an appreciable concentration of ions exists within the solution. 

Because HCl is an acid, its molecules react with water, transferring H+ ions to form 
hydronium ions (H3O+) and chloride ions (Cl−), shown in Figure 6.16: 
 
 

 
Figure 6.16 Formation of hydronium ions and chloride ions. [credit: Chemistry 2e. Covalent electrolytes 
example reaction. OpenStax. CC BY.]  
 
 
This reaction is essentially 100% complete for HCl (i.e., it is a strong acid and, 
consequently, a strong electrolyte). Likewise, weak acids and bases that only react 
partially generate relatively low concentrations of ions when dissolved in water and are 
classified as weak electrolytes.  
 
Another common example to the solution, is the saturation, saturation solution is formed 
when solute is added to the solvent, but not all the solute can be dissolved by the 
solvent, remaining forms as precipitate. Gout and kidney stones are two medical 
conditions that are caused by a saturation of our blood systems. The concentration of 
uric acid in blood plasma exceeds its solubility, insoluble deposits needle-like crystals of 
uric acid can form in the cartilage, in soft tissues or in kidneys. High levels of uric acid in 
the body is failure of the kidneys to remove uric acid. Kidney stones are formed by 
access phosphate and calcium oxalate, causing crystals of these compounds to 
precipitate within our body (Figure 6.17). Crystals can form in other areas of the body, 
such as in the shoulder shown in Figure 6.18. 
 
 

https://openstax.org/books/chemistry-2e/pages/1-introduction
https://openstax.org/books/chemistry-2e/pages/11-2-electrolytes#CNX_Chem_11_02_waterions
https://openstax.org/books/chemistry-2e/pages/11-2-electrolytes#CNX_Chem_11_02_waterions
https://creativecommons.org/licenses/by/4.0/


Lab Manual 6: Concentration and Solution Preparation p. 31 
 

Access OpenStax Chemistry 2e for free at https://openstax.org/books/chemistry-2e/pages/1-introduction  

 
Figure 6.17 Image of 5mm kidney stone. [credit: RJHall. (2008). Kidney stone 5mm. Public domain.]  
 
 

 
Figure 6.18 X-ray of a right shoulder with calcific deposits indicating calcific tendinitis. [credit: elmundo. 
(2008). Calcific tendinitis marked. CC BY-SA.]  
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