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6.4: Mass Relationships and Chemical Equations

To convert from mass or moles of one substance to mass or moles of another substance in a chemical reaction.

We have established that a balanced chemical equation is balanced in terms of moles as well as atoms or molecules. We have used
balanced equations to set up ratios, now in terms of moles of materials, that we can use as conversion factors to answer stoichiometric
questions, such as how many moles of substance A react with so many moles of reactant B. We can extend this technique even further.
Recall that we can relate a molar amount to a mass amount using molar mass. We can use that ability to answer stoichiometry
questions in terms of the masses of a particular substance, in addition to moles. We do this using the following sequence:

Collectively, these conversions are called mole-mass calculations.

As an example, consider the balanced chemical equation

If we have 3.59 mol of Fe O , how many grams of SO  can react with it? Using the mole-mass calculation sequence, we can determine
the required mass of SO  in two steps. First, we construct the appropriate molar ratio, determined from the balanced chemical equation,
to calculate the number of moles of SO  needed. Then using the molar mass of SO  as a conversion factor, we determine the mass that
this number of moles of SO  has.

The first step resembles the exercises we did in Section 6.4. As usual, we start with the quantity we were given:

The mol Fe O  units cancel, leaving mol SO  unit. Now, we take this answer and convert it to grams of SO , using the molar mass of
SO  as the conversion factor:

Our final answer is expressed to three significant figures. Thus, in a two-step process, we find that 862 g of SO  will react with 3.59
mol of Fe O . Many problems of this type can be answered in this manner.

The same two-step problem can also be worked out in a single line, rather than as two separate steps, as follows:
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We get exactly the same answer when combining all the math steps together as we do when we calculate one step at a time.

How many grams of CO  are produced if 2.09 mol of HCl are reacted according to this balanced chemical equation?

Solution
Our strategy will be to convert from moles of HCl to moles of CO  and then from moles of CO  to grams of CO . We will need the
molar mass of CO , which is 44.01 g/mol. Performing these two conversions in a single-line gives 46.0 g of CO :

The molar ratio between CO  and HCl comes from the balanced chemical equation.

How many grams of glucose (C H O ) are produced if 17.3 mol of H O are reacted according to this balanced chemical
equation?

Answer

It is a small step from mole-mass calculations to mass-mass calculations. If we start with a known mass of one substance in a chemical
reaction (instead of a known number of moles), we can calculate the corresponding masses of other substances in the reaction. The first
step in this case is to convert the known mass into moles, using the substance’s molar mass as the conversion factor. Then—and only
then—we use the balanced chemical equation to construct a conversion factor to convert that quantity to moles of another substance,
which in turn can be converted to a corresponding mass. Sequentially, the process is as follows:

 Example 6.4.1
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This three-part process can be carried out in three discrete steps or combined into a single calculation that contains three conversion
factors. The following example illustrates both techniques.

Methane can react with elemental chlorine to make carbon tetrachloride ( ). The balanced chemical equation is as follows:

How many grams of HCl are produced by the reaction of 100.0 g of ?

Solution
First, let us work the problem in stepwise fashion. We begin by converting the mass of  to moles of , using the molar
mass of  (16.05 g/mol) as the conversion factor:

Note that we inverted the molar mass so that the gram units cancel, giving us an answer in moles. Next, we use the balanced
chemical equation to determine the ratio of moles  and moles HCl and convert our first result into moles of HCl:

Finally, we use the molar mass of HCl (36.46 g/mol) as a conversion factor to calculate the mass of 24.92 mol of HCl:

In each step, we have limited the answer to the proper number of significant figures. If desired, we can do all three conversions on
a single line:

 Example : Chlorination of Carbon6.4.2
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This final answer is slightly different from our first answer because only the final answer is restricted to the proper number of
significant figures. In the first answer, we limited each intermediate quantity to the proper number of significant figures. As you
can see, both answers are essentially the same.

The oxidation of propanal (CH CH CHO) to propionic acid (CH CH COOH) has the following chemical equation:

CH CH CHO + 2K Cr O  → CH CH COOH + other products

How many grams of propionic acid are produced by the reaction of 135.8 g of K Cr O ?

Answer

Taxol is a powerful anticancer drug that was originally extracted from the Pacific yew tree (Taxus brevifolia). As you can see from
the accompanying figure, taxol is a very complicated molecule, with a molecular formula of . Isolating taxol from its
natural source presents certain challenges, mainly that the Pacific yew is a slow-growing tree, and the equivalent of six trees must
be harvested to provide enough taxol to treat a single patient. Although related species of yew trees also produce taxol in small
amounts, there is significant interest in synthesizing this complex molecule in the laboratory.

After a 20-year effort, two research groups announced the complete laboratory synthesis of taxol in 1994. However, each synthesis
required over 30 separate chemical reactions, with an overall efficiency of less than 0.05%. To put this in perspective, to obtain a
single 300 mg dose of taxol, you would have to begin with 600 g of starting material. To treat the 26,000 women who are
diagnosed with ovarian cancer each year with one dose, almost 16,000 kg (over 17 tons) of starting material must be converted to
taxol. Taxol is also used to treat breast cancer, with which 200,000 women in the United States are diagnosed every year. This only
increases the amount of starting material needed.

Clearly, there is intense interest in increasing the overall efficiency of the taxol synthesis. An improved synthesis not only will be
easier but also will produce less waste materials, which will allow more people to take advantage of this potentially life-saving
drug.

Figure  The Structure of the Cancer Drug Taxol. Because of the complexity of the molecule, hydrogen atoms are not shown,
but they are present on every atom to give the atom the correct number of covalent bonds (four bonds for each carbon atom).

Key Takeaway
A balanced chemical equation can be used to relate masses or moles of different substances in a reaction.
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 Exercise : Oxidation of Propanal6.4.2
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 To Your Health: The Synthesis of Taxol

C47H51NO14

6.4.1

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://chem.libretexts.org/@go/page/86219?pdf
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Fundamentals_of_General_Organic_and_Biological_Chemistry_(LibreTexts)/06%3A_Chemical_Reactions_-_Mole_and_Mass_Relationships/6.04%3A_Mass_Relationships_and_Chemical_Equations
https://creativecommons.org/licenses/by-nc-sa/3.0
https://chem.libretexts.org/@go/page/16116
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://2012books.lardbucket.org/books/introduction-to-chemistry-general-organic-and-biological

