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Gravimetric Analysis Practice Problems: Mastering Quantitative Chemistry

Introduction

Gravimetric analysis is a cornerstone of quantitative chemistry, a powerful technique relied upon by
scientists across numerous disciplines to determine the precise amounts of specific substances
within a sample. Mastering the calculations involved in gravimetric analysis is crucial for accurate
experimental results, whether you're a student tackling your first lab or a seasoned researcher
verifying compound purity. This comprehensive guide delves into the world of gravimetric analysis
practice problems, offering a step-by-step approach to understanding and solving them. We'll
explore the fundamental principles, common types of gravimetric analysis, and the essential
calculations you'll encounter. Get ready to build your confidence and excel in your quantitative
chemistry endeavors with our detailed explanations and practice scenarios for gravimetric analysis.
From precipitation to volatilization, we'll equip you with the knowledge to confidently tackle any
gravimetric analysis challenge.
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Understanding the Fundamentals of Gravimetric



Analysis

Gravimetric analysis, at its core, involves determining the mass of an analyte by converting it into a
pure compound of known composition, which can then be weighed. This process hinges on the
principles of stoichiometry and the ability to quantitatively isolate the analyte. The key steps
typically include precipitation, filtration, washing, drying, and weighing. Each of these steps
requires careful execution to ensure that the final weighed product accurately represents the
amount of analyte present in the original sample. Understanding the stoichiometry of the reaction is
paramount, as it forms the basis for all subsequent calculations in gravimetric analysis practice
problems.

What is Gravimetric Analysis?

Gravimetric analysis is a quantitative chemical analysis method where the amount of a substance is
determined by measuring its mass. This technique relies on transforming the analyte into a chemical
form that can be easily weighed, such as a precipitate or a gaseous product. The accuracy of
gravimetric analysis is high, provided that the chemical reactions are complete and the isolated
product is pure and has a known chemical formula. This method is widely used in various fields,
including environmental monitoring, food quality control, pharmaceutical analysis, and geological
surveys.

Key Principles of Gravimetric Analysis

The success of gravimetric analysis rests on several fundamental principles. Firstly, the analyte must
be quantitatively converted into a precipitate or a volatile product. Quantitative conversion implies
that the reaction proceeds to a very high degree of completion, meaning virtually all of the analyte is
transformed into the desired form. Secondly, the precipitate or product must be easily separated
from the solution through physical means like filtration. Thirdly, the precipitate must be easily
purified, typically through washing, to remove any soluble impurities. Finally, the purified product
must be stable under the conditions of drying and weighing, and its composition must be known with
certainty. Adherence to these principles is critical when working through gravimetric analysis
practice problems.

Types of Gravimetric Analysis

Gravimetric analysis can be broadly categorized into two main types based on how the analyte is
isolated:

e Precipitation Gravimetry: This is the most common type, where the analyte is converted into
an insoluble precipitate by adding a precipitating agent. The precipitate is then filtered,
washed, dried, and weighed.



¢ Volatilization Gravimetry: In this method, the analyte is converted into a volatile product
(often a gas) that is then removed by heating. The loss in mass of the original sample due to
the expulsion of the volatile product is measured to determine the amount of analyte.

Essential Calculations in Gravimetric Analysis

The heart of solving gravimetric analysis practice problems lies in accurate calculations. These
calculations bridge the gap between the measured mass of the precipitate or residue and the
unknown mass of the analyte in the original sample. Understanding molar masses, mole ratios from
chemical equations, and percentage composition is crucial.

Stoichiometry and Mole Ratios

Stoichiometry is the study of the quantitative relationships between reactants and products in
chemical reactions. In gravimetric analysis, the balanced chemical equation provides the essential
mole ratios between the analyte and the weighed precipitate. For example, if the reaction is $A + B
\rightarrow C \downarrow$, and you weigh compound $C$, the mole ratio between $A$ (analyte)
and $C$ is determined from the stoichiometric coefficients in the balanced equation. This ratio is the
foundation for calculating the mass of $A$ from the mass of $C$. Many gravimetric analysis practice
problems will directly require you to apply these stoichiometric principles.

Calculating Molar Masses

Before any calculations can begin, you must accurately determine the molar masses of both the
analyte and the weighed product. This involves summing the atomic masses of all atoms present in
the chemical formula of each substance, using values from the periodic table. Precision in
calculating molar masses is vital, as any error here will propagate through all subsequent
calculations in your gravimetric analysis practice problems.

Determining the Mass of the Analyte

Once you have the mass of the weighed precipitate (or residue in volatilization gravimetry) and its
molar mass, you can calculate the moles of the precipitate. Using the mole ratio from the balanced
chemical equation, you can then determine the moles of the analyte. Finally, by multiplying the
moles of the analyte by its molar mass, you can calculate the mass of the analyte present in the
original sample. This process is fundamental to all gravimetric analysis practice problems.



Calculating Percentage Composition

Often, gravimetric analysis problems ask for the percentage composition of the analyte in the
original sample. This is calculated by dividing the mass of the analyte by the mass of the original
sample and multiplying by 100. The formula is:

Percentage of Analyte = (Mass of Analyte / Mass of Original Sample) 100%

Ensuring you use the correct values for both the analyte and the original sample mass is critical for
accurate results in your gravimetric analysis practice.

Common Gravimetric Analysis Practice Problems
Explained

Gravimetric analysis practice problems typically involve scenarios where a known mass of a sample
undergoes a chemical reaction to form a weighable product. The goal is to determine the percentage
or mass of a specific element or compound within that original sample. Understanding the context of
each problem, identifying the analyte and the weighed species, and correctly applying stoichiometric
principles are key to successful problem-solving.

Scenario: Determining Chloride Content

A common gravimetric analysis scenario involves determining the chloride ion concentration in a
sample. For instance, a sample containing chloride ions might be treated with silver nitrate

($AgNO 3$) to precipitate silver chloride ($AgCl$). The precipitated $AgCl$ is then filtered, washed,
dried, and weighed. The mass of $AgCl$ is then used to calculate the original mass of chloride ions
in the sample.

Scenario: Analyzing Sulfate in Water

Another frequent application is the determination of sulfate ($SO 4~ {2-}$) in water samples. This is
often achieved by adding a soluble barium salt, such as barium chloride ($BaCl 2$), to precipitate
barium sulfate ($BaSO 4$). The insoluble $BaSO 4$ is collected, dried, and weighed. The mass of
$BaSO 4$ allows for the calculation of the sulfate content in the initial water sample. These types of
problems are excellent for honing gravimetric analysis skills.

Practice Problems: Precipitation Gravimetry

Precipitation gravimetry is a widely used technique, and mastering its practice problems is essential.
These problems often involve determining the percentage of an element or compound in a sample
based on the mass of a precipitated compound. Let's work through some typical examples.



Problem 1: Determining the Percentage of Barium

A 1.000 g sample of an ionic compound containing barium was dissolved in water and treated with
excess potassium dichromate ($K 2CrO 4$). The precipitated barium dichromate ($BaCrO_4$) was
filtered, washed, dried, and weighed. If the mass of $BaCrO 4$ obtained was 0.855 g, calculate the
percentage of barium in the original sample.

Solution Steps:

1. Write the balanced chemical equation for the precipitation of barium dichromate:
$Ba~{2+}(aq) + CrO 4" {2-}(aq) \rightarrow BaCrO 4(s)$

2. Calculate the molar mass of barium ($Ba$) and barium dichromate ($BaCrO 4$).

o Molar mass of $Ba \approx 137.33\, g/mol$

o Molar mass of $BaCrO 4 = 137.33 + 52.00 + 4 \times 16.00 = 253.33\, g/mol$

3. Calculate the moles of $BaCrO 4$ obtained:

Moles of $BaCrO 4 = \frac{\text{Mass of } BaCrO 4} {\text{Molar Mass of } BaCrO 4} =
\frac{0.855\, g}{253.33\, g/mol}$

4. Using the mole ratio from the balanced equation (1 mole of $Ba$ produces 1 mole of
$BaCrO 4$), determine the moles of barium ($Ba$) in the original sample:

Moles of $Ba =$ Moles of $BaCrO 4%
5. Calculate the mass of barium ($Ba$) in the original sample:
Mass of $Ba =$ Moles of $Ba \times$ Molar Mass of $Ba$
6. Calculate the percentage of barium in the original sample:

Percentage of $Ba = \frac{\text{Mass of } Ba}{\text{Mass of Original Sample}} \times 100\%
= \frac{\text{Mass of } Ba}{1.000\, g} \times 100\%$

Problem 2: Determining the Percentage of Chloride

A 0.5000 g sample of an unknown salt was dissolved in water. An excess of silver nitrate
($AgNO _3$) solution was added, precipitating silver chloride ($AgCl$). The precipitate was filtered,
washed, dried, and found to have a mass of 1.125 g. What is the percentage of chloride ($Cl$) in the



original salt sample?

Solution Steps:

1. Write the balanced chemical equation: $Ag”™+(aq) + C1”™-(aq) \rightarrow AgCl(s)$

2. Calculate the molar mass of chloride ($Cl1$) and silver chloride ($AgCl$).

o Molar mass of $Cl \approx 35.45 \, g/mol$

o Molar mass of $AgCl = 107.87 + 35.45 = 143.32\, g/mol$

3. Calculate the moles of $AgCl$ obtained:

Moles of $AgCl = \frac{\text{Mass of } AgCl}{\text{Molar Mass of } AgCl} = \frac{1.125),
g}{143.32\, g/mol}$

4. Using the mole ratio from the balanced equation (1 mole of $Cl$ produces 1 mole of $AgCl$),
determine the moles of chloride ($Cl$) in the original sample:

Moles of $Cl =$ Moles of $AgCl$

5. Calculate the mass of chloride ($Cl$) in the original sample:
Mass of $Cl =$ Moles of $Cl \times$ Molar Mass of $Cl$

6. Calculate the percentage of chloride in the original sample:

Percentage of $Cl = \frac{\text{Mass of } Cl} {\text{Mass of Original Sample}} \times 100\%
= \frac{\text{Mass of } C1}{0.5000\, g} \times 100\%$

Practice Problems: Volatilization Gravimetry

Volatilization gravimetry involves measuring the mass loss due to the expulsion of a volatile
component. These problems often deal with determining the percentage of water in a hydrate or the
percentage of a volatile element in a compound.

Problem 3: Determining Water of Hydration

A 5.000 g sample of a hydrated salt was heated in an oven until a constant mass was achieved. The
residue had a mass of 3.150 g. Assuming the volatile component was water, calculate the percentage



of water in the hydrated salt.

Solution Steps:
1. The mass loss represents the water content.

Mass of Water = Mass of Hydrated Salt - Mass of Residue

Mass of Water = 5.000g-3.150g=1.850¢
2. Calculate the percentage of water in the hydrated salt:

Percentage of Water = $\frac{\text{Mass of Water}} {\text{Mass of Hydrated Salt}} \times
100\% = \frac{1.850\, g}{5.000\, g} \times 100\%$

Problem 4: Determining the Percentage of Magnesium

A 1.200 g sample of magnesium carbonate ($MgCO 3$) was heated strongly. Upon heating,
magnesium carbonate decomposes to magnesium oxide ($MgO$) and carbon dioxide ($CO_2$) gas,
which escapes. If the mass of the remaining residue ($MgO$) was 0.595 g, calculate the percentage
of magnesium in the original magnesium carbonate sample.

Solution Steps:

1. Write the balanced chemical equation for the decomposition: $MgCO 3(s) \rightarrow MgO(s)
+ CO_2(g)$

2. Calculate the molar mass of magnesium ($Mg$) and magnesium oxide ($MgO$).

o Molar mass of $Mg \approx 24.31\, g/mol$

o Molar mass of $MgO = 24.31 + 16.00 = 40.31\, g/mol$

3. Calculate the moles of $MgO$ obtained (residue):

Moles of $MgO = \frac{\text{Mass of } MgO}{\text{Molar Mass of } MgO} = \frac{0.595,
g}{40.31\, g/mol}$

4. Using the mole ratio from the balanced equation (1 mole of $Mg$ produces 1 mole of $MgO$),
determine the moles of magnesium ($Mg$) in the original sample:

Moles of $Mg =$ Moles of $MgO$



5. Calculate the mass of magnesium ($Mg$) in the original sample:
Mass of $Mg =$ Moles of $Mg \times$ Molar Mass of $Mg$
6. Calculate the percentage of magnesium in the original sample:

Percentage of $Mg = \frac{\text{Mass of } Mg} {\text{Mass of Original Sample}} \times
100\% = \frac{\text{Mass of } Mg}{1.200\, g} \times 100\%$

Advanced Gravimetric Analysis Concepts and Practice

As you progress, gravimetric analysis practice problems can become more complex, incorporating
concepts like empirical formulas, analysis of mixtures, and considerations for experimental errors.
These advanced problems test a deeper understanding of the principles involved.

Problem 5: Determining Empirical Formula from Gravimetric
Data

A compound containing only iron and oxygen was analyzed by gravimetric analysis. A 1.500 g
sample of the oxide was heated in a stream of hydrogen gas, reducing it to elemental iron. The mass
of iron obtained was 1.050 g. Determine the empirical formula of the iron oxide.

Solution Steps:
1. Calculate the mass of oxygen in the sample:
Mass of Oxygen = Mass of Iron Oxide - Mass of Iron = 1.500 g-1.050 g = 0.450 g

2. Calculate the moles of iron ($Fe$) and oxygen ($0$) in the sample.

o Molar mass of $Fe \approx 55.85\, g/mol$

o Molar mass of $0O \approx 16.00 \, g/mol$

Moles of $Fe = \frac{1.050\, g}{55.85\, g/mol}$

Moles of $O = \frac{0.450\, g}{16.00\, g/mol}$

3. Determine the mole ratio by dividing both mole values by the smallest mole value.



4. If the ratio is not a whole number, multiply by the smallest integer to obtain whole numbers.
This will give you the subscripts for the empirical formula.

Problem 6: Analyzing a Mixture

A 2.000 g mixture containing sodium chloride ($NaCl$) and potassium chloride ($KCl1$) was
dissolved in water. Silver nitrate ($AgNO 3$) was added, precipitating a mixture of silver chloride
($AgCl$) and silver bromide ($AgBr$) if bromide was present (assuming only chloride for this
problem). If the total mass of the precipitate was 2.500 g, and you are given that the original mixture
contained 40.0% $NaCl$ by mass, calculate the percentage of $KCI$ in the original mixture.

Note: This problem can be solved with simultaneous equations or by first calculating the amount of
$NaCl$ and then determining the amount of $KCl$. For simplicity, let's assume this problem is
meant to be a precursor to mixture analysis, or if the composition of the precipitate can be
determined independently (which is beyond the scope of a basic gravimetric analysis calculation).
For a more direct gravimetric analysis problem focusing on mixtures, one would typically have a
precipitate of a single compound whose constituent analyte is present in varying amounts in the
mixture, or the precipitate itself is a mixture whose analysis allows for separation. A more
appropriate gravimetric mixture problem might involve a precipitate whose mass is directly related
to one component, and then a different analysis for the other.

Let's reframe Problem 6 to be more typical for introductory gravimetric analysis practice, focusing
on a single analyte in a binary mixture:

Revised Problem 6: Determining Chloride in a Binary Mixture

A 2.000 g mixture containing only sodium chloride ($NaCl$) and potassium chloride ($KCl1$) was
dissolved in water. An excess of silver nitrate ($AgNO 3$) solution was added, and the resulting
precipitate of silver chloride ($AgCl$) was filtered, dried, and weighed. If the mass of the $AgCl$
precipitate was 4.500 g, and the molar mass of $NaCl$ is 58.44 g/mol and $KClI$ is 74.55 g/mol, and
$AgCl$ is 143.32 g/mol, calculate the percentage of $NaCl$ and $KCl$ in the original mixture.

Solution Steps:
1. Let $x$ be the mass of $NaCl$ and $y$ be the mass of $KCI$ in the mixture.
$x +y =2.000)\, g$ (Equation 1)

2. The moles of $C1™-$ from $NaCl$ is $x / 58.44$. The moles of $CI1"-$ from $KCI$ is $y /
74.55%.

3. The total moles of $C1™-$ will form $AgCl$. The total mass of $AgCl$ is 4.500 g, so the total
moles of $AgCl$ (and thus $C1™-$) is $4.500\, g / 143.32\, g/mol$.



4. Set up the equation based on the moles of chloride:
$\frac{x}{58.44} + \frac{y}{74.55} = \frac{4.500}{143.32}$ (Equation 2)

5. Solve the system of two equations (Equation 1 and Equation 2) for $x$ and $y$.

6. Calculate the percentages:

Percentage of $NaCl = (x/2.000 ), g) \times 100\%$

Percentage of $KCI1 = (y /2.000, g) \times 100\%$

Tips for Solving Gravimetric Analysis Practice Problems

Successfully navigating gravimetric analysis practice problems requires a systematic approach and
attention to detail. Here are some valuable tips to enhance your problem-solving skills.

¢ Read the Problem Carefully: Understand what is being asked. Identify the analyte, the
original sample, and the weighed product.

e Write the Balanced Chemical Equation: This is the most critical step, as it provides the
stoichiometry for your calculations.

e List Given Information and What Needs to be Found: Organize your data clearly.

e Calculate Molar Masses Accurately: Use precise values from the periodic table.

e Show Your Work Clearly: This helps in tracking your calculations and identifying any errors.
¢ Pay Attention to Units: Ensure consistency in units (e.g., grams for mass, moles for amount).

e Use Significant Figures Correctly: Report your final answer with the appropriate number of
significant figures based on the given data.

¢ Check for Reasonableness: Does your answer make sense in the context of the problem? For
example, percentages should be between 0 and 100.

e Practice Regularly: The more you practice, the more comfortable you will become with the
calculations and the underlying principles of gravimetric analysis.



Conclusion: Mastering Gravimetric Analysis Practice

Engaging with gravimetric analysis practice problems is an indispensable step in mastering
quantitative chemistry. By diligently working through various scenarios, you solidify your
understanding of stoichiometry, molar mass calculations, and the practical application of gravimetric
techniques like precipitation and volatilization. Each practice problem serves as an opportunity to
refine your analytical thinking and computational accuracy. Remember that precision in weighing
and a thorough understanding of the chemical reactions involved are paramount. Continued practice
with diverse gravimetric analysis problems will undoubtedly build your confidence and lead to
accurate, reliable results in your chemistry experiments and studies, making you proficient in this
vital analytical method.

Frequently Asked Questions

What are common sources of error in gravimetric analysis and
how can they be minimized in practice problems?

Common errors include incomplete precipitation, coprecipitation, supersaturation, and loss of
precipitate during filtration or washing. To minimize these in practice problems, ensure proper
reagent addition techniques (slowly, with stirring), control solution pH and temperature, use
appropriate washing agents, and handle the precipitate carefully during drying and ignition.

How does the choice of precipitating agent affect the accuracy
and precision of a gravimetric analysis, and what are key
considerations for selecting one?

The choice impacts solubility, particle size, and tendency for contamination. An ideal precipitating
agent forms a precipitate that is highly insoluble, easily filterable (large particles), and has a high
molar mass. Considerations include selectivity (precipitating only the analyte), solubility product
(Ksp), ease of washing, and thermal stability. For practice problems, look for agents that form
precipitates with low solubility and minimal interference.

Explain the concept of 'digestion' in gravimetric analysis and
why it's important for obtaining accurate results.

Digestion (or aging) is the process of allowing a freshly formed precipitate to stand in contact with
the mother liquor, often with gentle heating. This is crucial because it promotes the Ostwald
ripening process, where smaller, more soluble particles dissolve and reprecipitate onto larger, less
soluble crystals. This leads to larger, purer particles that are easier to filter and wash, reducing
coprecipitation and improving accuracy.

How can stoichiometry be used to calculate the amount of



analyte from the mass of a precipitate in a gravimetric
analysis problem?

Stoichiometry is fundamental. First, determine the molar mass of both the precipitate and the
analyte. Then, use the balanced chemical equation of the precipitation reaction to establish the mole
ratio between the analyte and the precipitate. Finally, calculate the moles of the analyte from the
moles of the precipitate (using its molar mass) and the mole ratio, and then convert moles of analyte
to mass using its molar mass.

What are the key steps involved in a typical gravimetric
analysis procedure, and how are these steps represented in
practice problems?

The key steps are: 1. Precipitation: Adding a reagent to selectively form an insoluble precipitate of
the analyte. 2. Digestion: Allowing the precipitate to mature for purity and filterability. 3. Filtration:
Separating the precipitate from the solution. 4. Washing: Removing impurities from the precipitate.
5. Drying/Ignition: Removing solvent and volatile impurities to obtain a stable, known composition.
Practice problems will often provide the mass of the initial sample, the mass of the dried/ignited
precipitate, and the chemical formulas to guide these calculations.

Additional Resources

Here is a numbered list of 9 book titles related to gravimetric analysis practice problems, with
descriptions:

1. Quantitative Chemical Analysis: A Modern Introduction

This comprehensive textbook provides a thorough grounding in the principles of quantitative
analysis, including detailed sections on gravimetric techniques. It offers numerous worked examples
and a wide array of practice problems that cover various gravimetric methods, stoichiometric
calculations, and error analysis. The book is designed to build a strong understanding of the theory
behind the practice.

2. Vogel's Textbook of Quantitative Chemical Analysis_

A classic and highly respected resource, this book delves deeply into gravimetric analysis, explaining
fundamental concepts and advanced applications. It features a wealth of practical examples and
exercises, ranging from introductory to challenging, which are crucial for mastering gravimetric
procedures and calculations. This text is essential for anyone seeking in-depth knowledge and
extensive practice.

3. Principles of Instrumental Analysis

While focusing on instrumental methods, this book often includes foundational chapters that cover
classical techniques like gravimetric analysis. It provides context for gravimetric analysis within the
broader landscape of analytical chemistry and includes problems that often require integrating
gravimetric principles with other analytical concepts. The exercises are useful for understanding
gravimetric analysis from a more theoretical and comparative perspective.

4. Laboratory Manual for General Chemistry
Many general chemistry laboratory manuals include experiments specifically designed to teach



gravimetric analysis. These manuals typically provide step-by-step procedures and associated
practice problems that reinforce the techniques and calculations learned in the lab. They are
excellent for hands-on learners looking to solidify their understanding of basic gravimetric
applications.

5. Analytical Chemistry: Principles and Applications

This textbook offers a balanced approach to analytical chemistry, dedicating significant attention to
gravimetric methods. It includes a variety of problems that challenge students to apply gravimetric
principles to real-world scenarios, covering topics like precipitation, ignition, and weighing. The
problems are designed to test comprehension and problem-solving skills effectively.

6. Practice Problems for Analytical Chemistry

As the title suggests, this book is entirely focused on providing extensive practice for students in
analytical chemistry. It features a dedicated section or multiple chapters on gravimetric analysis,
offering a broad spectrum of problems that test understanding of stoichiometry, sources of error,
and common gravimetric procedures. This is an ideal supplement for targeted practice.

7. Introduction to Analytical Chemistry

This introductory text covers the essential techniques of analytical chemistry, including gravimetric
analysis, with a focus on building foundational skills. It presents problems that are designed to
introduce students to the core concepts of gravimetric calculations and experimental design. The
problems are generally straightforward, suitable for those new to the subject.

8. Foundations of Analytical Chemistry: Theory and Practice

This book aims to bridge the gap between theoretical concepts and practical execution in analytical
chemistry. It provides clear explanations of gravimetric analysis and offers problem sets that require
students to interpret data, calculate results, and consider potential sources of error. The problems
often involve analyzing experimental results obtained from gravimetric procedures.

9. Solving Problems in Analytical Chemistry

This specialized book is dedicated to helping students develop their problem-solving abilities in
analytical chemistry. It includes a substantial number of gravimetric analysis problems, ranging
from basic calculations to more complex scenarios that require critical thinking and application of
multiple concepts. The book is an excellent resource for improving confidence and competence in
gravimetric analysis.

Gravimetric Analysis Practice Problems

Gravimetric Analysis Practice Problems

Related Articles

e go math student edition grade 4
e glory movie questions and answers
¢ goulds pathophysiology for the health professions ebook

Back to Home


https://redns7-fra4.belugacdn.com/textbook-ga-24-1-13/gravimetric-analysis-practice-problems.pdf
https://redns7-fra4.belugacdn.com/textbook-ga-24-1-13/go-math-student-edition-grade-4.pdf
https://redns7-fra4.belugacdn.com/textbook-ga-24-1-13/glory-movie-questions-and-answers.pdf
https://redns7-fra4.belugacdn.com/textbook-ga-24-1-13/goulds-pathophysiology-for-the-health-professions-ebook.pdf
https://redns7-fra4.belugacdn.com

