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1.3: Table of Contents

Analytical chemistry spans nearly all areas of chemistry but involves the development of tools and methods to measure physical
properties of substances and apply those techniques to the identification of their presence (qualitative analysis) and quantify the
amount present (quantitative analysis) of species in a wide variety of settings.

.
=

: Introduction to Analytical Chemistry

1.1: What is Analytical Chemistry?
1.2: The Analytical Perspective

o O O

1.3: Common Analytical Problems
1.E: Introduction to Analytical Chemistry (Exercises)
o 1.S: Introduction to Analytical Chemistry (Summary)

[e]

« 2: Basic Tools of Analytical Chemistry
In the chapters that follow we will explore many aspects of analytical chemistry. In the process we will consider important
questions such as “How do we treat experimental data?”, “How do we ensure that our results are accurate?”, “How do we
obtain a representative sample?”, and “How do we select an appropriate analytical technique?” Before we look more closely at
these and other questions, we will first review some basic tools of importance to analytical chemists.

o 2.1: Measurements in Analytical Chemistry
2.2: Concentration

[o]

2.3: Stoichiometric Calculations

2.4: Basic Equipment

2.5: Preparing Solutions

2.6: Spreadsheets and Computational Software

2.7: The Laboratory Notebook

o 2.E: Basic Tools of Analytical Chemistry (Exercises)
o 2.S: Basic Tools of Analytical Chemistry (Summary)

o O O o

[e]

« 3: The Vocabulary of Analytical Chemistry
If you leaf through an issue of the journal Analytical Chemistry, you will soon discover that the authors and readers share a
common vocabulary of analytical terms. You are probably familiar with some of these terms, such as accuracy and precision,
but other terms, such as analyte and matrix may be less familiar to you. In order to participate in the community of analytical
chemists, you must first understand its vocabulary.

o 3.1: Analysis, Determination, and Measurement

3.2: Techniques, Methods, Procedures, and Protocols
3.3: Classifying Analytical Techniques

3.4: Selecting an Analytical Method

3.5: Developing the Procedure

3.6: Protocols

3.7: The Importance of Analytical Methodology

o 3.E: The Vocabulary of Analytical Chemistry (Exercises)
o 3.S: The Vocabulary of Analytical Chemistry (Summary)

o O O O o

[e]

¢ 4: Evaluating Analytical Data
When using an analytical method we make three separate evaluations of experimental error. First, before beginning an analysis
we evaluate potential sources of errors to ensure that they will not adversely effect our results. Second, during the analysis we
monitor our measurements to ensure that errors remain acceptable. Finally, at the end of the analysis we evaluate the quality of
the measurements and results, comparing them to our original design criteria.

o 4.1: Characterizing Measurements and Results
o 4.2: Characterizing Experimental Errors

o 4.3: Propagation of Uncertainty

https://chem.libretexts.org/@go/page/190264
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o 4.4: The Distribution of Measurements and Results
o 4.5: Statistical Analysis of Data

o 4.6: Statistical Methods for Normal Distributions
o 4.7: Detection Limits

o 4.8: Using Excel and R to Analyze Data

o 4.E: Evaluating Analytical Data (Exercises)

o 4.S: Evaluating Analytical Data (Summary)

5: Standardizing Analytical Methods

Standardization is the process of determining the relationship between the signal and the amount of analyte in a sample.
Previously, we defined this relationship as Stotal=k ACA+Sreag where Stotal is the signal, nA is the moles of analyte, CA is the
analyte’s concentration, kA is the method’s sensitivity for the analyte, and Sreag is the contribution to Stotal from sources other
than the sample. To standardize a method we must determine values for kA and Sreag, which is the subject of this chapt

5.1: Analytical Standards

5.2: Calibrating the Signal

5.3: Determining the Sensitivity

5.4: Linear Regression and Calibration Curves

5.5: Blank Corrections

o 5.6: Using Excel and R for a Regression Analysis
o 5.E: Standardizing Analytical Methods (Exercises)
o 5.S: Standardizing Analytical Methods (Summary)

o O O o

[e]

6: Equilibrium Chemistry

Regardless of the problem on which an analytical chemist is working, its solution requires a knowledge of chemistry and the
ability to apply that knowledge. For example, an analytical chemist studying the effect of pollution on spruce trees needs to
know the chemical differences between p-hydroxybenzoic acid and p-hydroxyacetophenone, two phenols found in the needles
of spruce trees. Your ability to “think as a chemist” is a product of your experience in the classroom and in the laboratory.

[o]

6.1: Reversible Reactions and Chemical Equilibria

6.2: Thermodynamics and Equilibrium Chemistry

6.3: Manipulating Equilibrium Constants

6.4: Equilibrium Constants for Chemical Reactions

6.5: Le Chatelier’s Principle

6.6: Ladder Diagrams

o 6.7: Solving Equilibrium Problems

o 6.8: Buffer Solutions

6.9: Activity Effects

6.10: Using Excel and R to Solve Equilibrium Problems
6.11: Some Final Thoughts on Equilibrium Calculations
6.E: Equilibrium Chemistry (Exercises)

6.S: Equilibrium Chemistry (Summary)

0O O O O o

[o]

o O O o

7: Collecting and Preparing Samples

When we use an analytical method to solve a problem, there is no guarantee that our results will be accurate or precise. In
designing an analytical method we consider potential sources of determinate error and indeterminate error, and take appropriate
steps to minimize their effect, such as including reagent blanks and calibrating instruments. Why might a carefully designed
analytical method give poor results? One possibility is that we may have failed to account for errors with the sample.

o 7.1: The Importance of Sampling

o 7.2: Designing a Sampling Plan

o 7.3: Implementing the Sampling Plan

o 7.4: Separating the Analyte from Interferents

o 7.5: General Theory of Separation Efficiency

https://chem.libretexts.org/@go/page/190264
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o 7.6: Classifying Separation Techniques

o 7.7: Liquid-Liquid Extractions

o 7.8: Separation Versus Preconcentration

o 7.E: Collecting and Preparing Samples (Exercises)
o 7.S: Collecting and Preparing Samples (Summary)

» 8: Gravimetric Methods
Gravimetry includes all analytical methods in which the analytical signal is a measurement of mass or a change in mass. When
you step on a scale after exercising you are making, in a sense, a gravimetric determination of your mass. Mass is the most
fundamental of all analytical measurements, and gravimetry is unquestionably our oldest quantitative analytical technique.

o 8.1: Overview of Gravimetric Methods
o 8.2: Precipitation Gravimetry

[o]

8.3: Volatilization Gravimetry

8.4: Particulate Gravimetry

8.E: Gravimetric Methods (Exercises)
8.S: Gravimetric Methods (Summary)

o O o

* 9: Titrimetric Methods
Titrimetry, in which volume serves as the analytical signal, made its first appearance as an analytical method in the early
eighteenth century. Titrimetric methods were not well received by the analytical chemists of that era because they could not
duplicate the accuracy and precision of a gravimetric analysis. Not surprisingly, few standard texts from the 1700s and 1800s
include titrimetric methods of analysis.

o 9.1: Overview of Titrimetry

o 9.2: Acid-Base Titrations

o 9.3: Complexation Titrations

o 9.4: Redox Titrations

o 9.5: Precipitation Titrations

o 9.E: Titrimetric Methods (Exercises)
o 9.S: Titrimetric Methods (Summary)

» 10: Spectroscopic Methods
"Colorimetry" is one example of a spectroscopic method of analysis. At the end of the nineteenth century, spectroscopy was
limited to the absorption, emission, and scattering of visible, ultraviolet, and infrared electromagnetic radiation. Since its
introduction, spectroscopy has expanded to include other forms of electromagnetic radiation—such as X-rays, microwaves, and
radio waves—and other energetic particles—such as electrons and ions.

10.1: Overview of Spectroscopy

10.2: Spectroscopy Based on Absorption
10.3: UV/Vis and IR Spectroscopy

10.4: Atomic Absorption Spectroscopy

o O O

[e]

o 10.5: Emission Spectroscopy
o 10.6: Photoluminescence Spectroscopy

[o]

10.7: Atomic Emission Spectroscopy
10.8: Spectroscopy Based on Scattering

10.E: Spectroscopic Methods (Exercises)
10.S: Spectroscopic Methods (Summary)

o O o
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11: Electrochemical Methods

In Chapter 10 we examined several spectroscopic techniques that take advantage of the interaction between electromagnetic
radiation and matter. In this chapter we turn our attention to electrochemical techniques in which the potential, current, or
charge in an electrochemical cell serves as the analytical signal. Although there are only three basic electrochemical signals,
there are a many possible experimental designs—too many, in fact, to cover adequately in an introductory textbook.

o 11.1: Overview of Electrochemistry

o 11.2: Potentiometric Methods

11.3: Coulometric Methods

11.4: Voltammetric Methods

11.E: Electrochemical Methods (Exercises)
11.S: Electrochemical Methods (Summary)

[o]

o O o

» 12: Chromatographic & Electrophoretic Methods
For this reason, many analytical procedures include a step to separate the analyte from potential interferents. Although effective,
each additional step in an analytical procedure increases the analysis time and introduces uncertainty. In this chapter we
consider two analytical techniques that avoid these limitations by combining the separation and analysis: chromatography and
electrophoresis.

o 12.1: Overview of Analytical Separations

o 12.2: General Theory of Column Chromatography
o 12.3: Optimizing Chromatographic Separations

o 12.4: Gas Chromatography

o 12.5: High-Performance Liquid Chromatography
12.6: Other Forms of Liquid Chromatography
12.7: Electrophoresis

[o]

12.E: Chromatographic and Electrophoretic Methods (Exercises)
12.S: Chromatographic and Electrophoretic Methods (Summary)

o O o

» 13: Kinetic Methods
One way to classify analytical techniques is by whether the analyte’s concentration is determined by an equilibrium reaction or
by the kinetics of a chemical reaction or a physical process. Often analytical methods involve measurements made on systems
in which the analyte is always at equilibrium. In this chapter we turn our attention to measurements made under non-
equilibrium conditions.

o 13.1: Kinetic Methods Versus Equilibrium Methods
o 13.2: Chemical Kinetics

o 13.3: Radiochemistry

o 13.4: Flow Injection Analysis

o 13.E: Kinetic Methods (Exercises)

o 13.S: Kinetic Methods (Summary)

» 14: Developing a Standard Method
Among the goals of analytical chemistry are improving established methods of analysis, extending existing methods of analysis
to new types of samples, and developing new analytical methods. In this chapter we discuss how we develop a standard
method, including optimizing the experimental procedure, verifying that the method produces acceptable precision and
accuracy in the hands of a single analyst, and validating the method for general use.

14.1: Optimizing the Experimental Procedure

14.2: Verifying the Method

14.3: Validating the Method as a Standard Method
14.4: Using Excel and R for an Analysis of Variance
14.E: Developing a Standard Method (Exercises)

o 14.S: Developing a Standard Method (Summary)

o O O o

[e]
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e 15: Quality Assurance
Knowing that a method meets suitable standards is important if we are to have confidence in our results. Even so, using a
standard method does not guarantee that the result of an analysis is acceptable. In this chapter we introduce the quality
assurance procedures used in industry and government labs for monitoring routine chemical analyses.

o 15.1: The Analytical Perspective—Revisited
o 15.2: Quality Control

o 15.3: Quality Assessment

o 15.4: Evaluating Quality Assurance Data

o 15.E: Quality Assurance (Exercises)

+ Additional Resources
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CHAPTER OVERVIEW

2: Introduction to Analytical Chemistry

Chemistry is the study of matter, including its composition and structure, its physical properties, and its reactivity. There are many
ways to study chemistry, but, we traditionally divide it into five fields: organic chemistry, inorganic chemistry, biochemistry,
physical chemistry, and analytical chemistry. Although this division is historical and, perhaps, arbitrary—as witnessed by current
interest in interdisciplinary areas such as bioanalytical chemistry and organometallic chemistry—these five fields remain the
simplest division spanning the discipline of chemistry.

Topic hierarchy

2.1: What is Analytical Chemistry?

2.2: The Analytical Perspective

2.3: Common Analytical Problems

2.4: Introduction to Analytical Chemistry (Exercises)
2.5: Introduction to Analytical Chemistry (Summary)

Thumbnail: Several graduated cylinders of various thickness and heights with white side markings in front of a large beaker. They
are all filled about halfway with red or blue chemical compounds. The blue ink is showing signs of Brownian motion when
dissolving into water. Image used with permission (CC BY-SA 3.0; Horia Varlan from Bucharest, Romania).

Contributors

¢ David Harvey (DePauw University)

This page titled 2: Introduction to Analytical Chemistry is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated

by David Harvey.



https://libretexts.org/
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)
https://chem.libretexts.org/Bookshelves/Inorganic_Chemistry/Supplemental_Modules_and_Websites_(Inorganic_Chemistry)
https://chem.libretexts.org/Bookshelves/Biological_Chemistry
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Supplemental_Modules_(Analytical_Chemistry)
http://dpuadweb.depauw.edu/harvey_web/Index.html
http://www.depauw.edu/
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/02%3A_Introduction_to_Analytical_Chemistry
https://creativecommons.org/licenses/by-nc-sa/4.0
http://dpuadweb.depauw.edu/harvey_web/Index.html
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/02%3A_Introduction_to_Analytical_Chemistry/2.1%3A_What_is_Analytical_Chemistry%3F
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/02%3A_Introduction_to_Analytical_Chemistry/2.2%3A_The_Analytical_Perspective
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/02%3A_Introduction_to_Analytical_Chemistry/2.3%3A_Common_Analytical_Problems
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/02%3A_Introduction_to_Analytical_Chemistry/2.4%3A_Introduction_to_Analytical_Chemistry_(Exercises)
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/02%3A_Introduction_to_Analytical_Chemistry/2.5%3A_Introduction_to_Analytical_Chemistry_(Summary)

Librelexts*

2.1: What is Analytical Chemistry?
1.1: What is Analytical Chemistry?
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CHAPTER OVERVIEW

3: Basic Tools of Analytical Chemistry

In the chapters that follow we will explore many aspects of analytical chemistry. In the process we will consider important
questions such as “How do we treat experimental data?”, “How do we ensure that our results are accurate?”, “How do we obtain a
representative sample?”, and “How do we select an appropriate analytical technique?” Before we look more closely at these and
other questions, we will first review some basic tools of importance to analytical chemists.

3.1: Measurements in Analytical Chemistry

3.2: Concentration

3.3: Stoichiometric Calculations

3.4: Basic Equipment

3.5: Preparing Solutions

3.6: Spreadsheets and Computational Software

3.7: The Laboratory Notebook

3.8: Basic Tools of Analytical Chemistry (Exercises)

3.9: Basic Tools of Analytical Chemistry (Summary)

Thumbnail: A Roberval balance. The pivots of the parallelogram understructure makes it insensitive to load positioning away from
center, so improves its accuracy, and ease of use. Image used with permission (CC BY-SA 3.0; Nikodem Nijaki)
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4: The Vocabulary of Analytical Chemistry

If you leaf through an issue of the journal Analytical Chemistry, you will soon discover that the authors and readers share a
common vocabulary of analytical terms. You are probably familiar with some of these terms, such as accuracy and precision, but
other terms, such as analyte and matrix may be less familiar to you. In order to participate in the community of analytical chemists,
you must first understand its vocabulary. The goal of this chapter, therefore, is to introduce you to some important analytical terms.
Becoming comfortable with these terms will make the material in the chapters that follow easier to read and understand.

4.1: Analysis, Determination, and Measurement

4.2: Techniques, Methods, Procedures, and Protocols
4.3: Classifying Analytical Techniques

4.4: Selecting an Analytical Method

4.5: Developing the Procedure

4.6: Protocols

4.7: The Importance of Analytical Methodology

4.8: The Vocabulary of Analytical Chemistry (Exercises)
4.9: The Vocabulary of Analytical Chemistry (Summary)

Thumbnail: Colonies of fecal coliform bacteria from a water supply. Source: Susan Boyer. Photo courtesy of ARS-USDA
(www.ars.usda.gov). Fecal coliform counts provide a general measure of the presence of pathogenic organisms in a water supply.
For drinking water, the current maximum contaminant level (MCL) for total coliforms, including fecal coliforms is less than 1
colony/100 mL. Municipal water departments must regularly test the water supply and must take action if more than 5% of the
samples in any month test positive for coliform bacteria.
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CHAPTER OVERVIEW

5: Evaluating Analytical Data

When using an analytical method we make three separate evaluations of experimental error. First, before beginning an analysis we
evaluate potential sources of errors to ensure that they will not adversely effect our results. Second, during the analysis we monitor
our measurements to ensure that errors remain acceptable. Finally, at the end of the analysis we evaluate the quality of the
measurements and results, comparing them to our original design criteria. This chapter provides an introduction to sources of error,
to evaluating errors in analytical measurements, and to the statistical analysis of data.

5.1: Characterizing Measurements and Results

5.2: Characterizing Experimental Errors

5.3: Propagation of Uncertainty

5.4: The Distribution of Measurements and Results

5.5: Statistical Analysis of Data

5.6: Statistical Methods for Normal Distributions

5.7: Detection Limits

5.8: Using Excel and R to Analyze Data

5.9: Evaluating Analytical Data (Exercises)

5.10: Evaluating Analytical Data (Summary)

Thumbnail: The blue vertical line segments represent multiple realizations of a confidence interval for the population mean p,
represented as a red horizontal dashed line; note that some confidence intervals do not contain the population mean, as expected.
Image used with permission (Public Domain; Tsyplakov) .

Contributors
e David Harvey (DePauw University)

This page titled 5: Evaluating Analytical Data is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by David

Harvey.



https://libretexts.org/
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.01%3A_Characterizing_Measurements_and_Results
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.02%3A_Characterizing_Experimental_Errors
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.03%3A_Propagation_of_Uncertainty
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.04%3A_The_Distribution_of_Measurements_and_Results
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.05%3A_Statistical_Analysis_of_Data
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.06%3A_Statistical_Methods_for_Normal_Distributions
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.07%3A_Detection_Limits
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.08%3A_Using_Excel_and_R_to_Analyze_Data
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.09%3A_Evaluating_Analytical_Data_(Exercises)
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.10%3A_Evaluating_Analytical_Data_(Summary)
http://dpuadweb.depauw.edu/harvey_web/Index.html
http://www.depauw.edu/
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data
https://creativecommons.org/licenses/by-nc-sa/4.0
http://dpuadweb.depauw.edu/harvey_web/Index.html

Librelexts*

5.1: Characterizing Measurements and Results

This page titled 5.1: Characterizing Measurements and Results is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or

curated by David Harvey.

https://chem.libretexts.org/@go/page/190292


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/190292?pdf
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.01%3A_Characterizing_Measurements_and_Results
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.01%3A_Characterizing_Measurements_and_Results
https://creativecommons.org/licenses/by-nc-sa/4.0
http://dpuadweb.depauw.edu/harvey_web/Index.html

Librelexts*

5.2: Characterizing Experimental Errors

4.2: Characterizing Experimental Errors

This page titled 5.2: Characterizing Experimental Errors is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated

by David Harvey.

https://chem.libretexts.org/@go/page/190293



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/190293?pdf
https://chem.libretexts.org//Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2:_Analytical_Chemistry_2.0_(Harvey)/05:_Evaluating_Analytical_Data/5.02:_Characterizing_Experimental_Errors
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Analytical_Chemistry_2.1_(Harvey)/04_Evaluating_Analytical_Data/4.2%3A_Characterizing_Experimental_Errors
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.02%3A_Characterizing_Experimental_Errors
https://creativecommons.org/licenses/by-nc-sa/4.0
http://dpuadweb.depauw.edu/harvey_web/Index.html

Librelexts*

5.3: Propagation of Uncertainty

This page titled 5.3: Propagation of Uncertainty is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by David

Harvey.

https://chem.libretexts.org/@go/page/190294


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/190294?pdf
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.03%3A_Propagation_of_Uncertainty
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.03%3A_Propagation_of_Uncertainty
https://creativecommons.org/licenses/by-nc-sa/4.0
http://dpuadweb.depauw.edu/harvey_web/Index.html

Librelexts*

5.4: The Distribution of Measurements and Results

4.4: The Distribution of Measurements and Results

This page titled 5.4: The Distribution of Measurements and Results is shared under a CC BY-NC-SA 4.0 license and was authored, remixed,

and/or curated by David Harvey.

https://chem.libretexts.org/@go/page/190295



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/190295?pdf
https://chem.libretexts.org//Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2:_Analytical_Chemistry_2.0_(Harvey)/05:_Evaluating_Analytical_Data/5.04:_The_Distribution_of_Measurements_and_Results
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Analytical_Chemistry_2.1_(Harvey)/04_Evaluating_Analytical_Data/4.4%3A_The_Distribution_of_Measurements_and_Results
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.04%3A_The_Distribution_of_Measurements_and_Results
https://creativecommons.org/licenses/by-nc-sa/4.0
http://dpuadweb.depauw.edu/harvey_web/Index.html

Librelexts*

5.5: Statistical Analysis of Data

This page titled 5.5: Statistical Analysis of Data is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by David

Harvey.

https://chem.libretexts.org/@go/page/190296


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/190296?pdf
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.05%3A_Statistical_Analysis_of_Data
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.05%3A_Statistical_Analysis_of_Data
https://creativecommons.org/licenses/by-nc-sa/4.0
http://dpuadweb.depauw.edu/harvey_web/Index.html

Librelexts*

5.6: Statistical Methods for Normal Distributions
4.6: Statistical Methods for Normal Distributions

This page titled 5.6: Statistical Methods for Normal Distributions is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or

curated by David Harvey.

https://chem.libretexts.org/@go/page/190297



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/190297?pdf
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.06%3A_Statistical_Methods_for_Normal_Distributions
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Analytical_Chemistry_2.1_(Harvey)/04_Evaluating_Analytical_Data/4.6%3A_Statistical_Methods_for_Normal_Distributions
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.06%3A_Statistical_Methods_for_Normal_Distributions
https://creativecommons.org/licenses/by-nc-sa/4.0
http://dpuadweb.depauw.edu/harvey_web/Index.html

Librelexts*

5.7: Detection Limits

4.7: Detection Limits

This page titled 5.7: Detection Limits is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by David Harvey.

https://chem.libretexts.org/@go/page/190298


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/190298?pdf
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.07%3A_Detection_Limits
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Analytical_Chemistry_2.1_(Harvey)/04_Evaluating_Analytical_Data/4.7%3A_Detection_Limits
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.07%3A_Detection_Limits
https://creativecommons.org/licenses/by-nc-sa/4.0
http://dpuadweb.depauw.edu/harvey_web/Index.html

Librelexts*

5.8: Using Excel and R to Analyze Data

This page titled 5.8: Using Excel and R to Analyze Data is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated

by David Harvey.

https://chem.libretexts.org/@go/page/190299


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/190299?pdf
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.08%3A_Using_Excel_and_R_to_Analyze_Data
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.08%3A_Using_Excel_and_R_to_Analyze_Data
https://creativecommons.org/licenses/by-nc-sa/4.0
http://dpuadweb.depauw.edu/harvey_web/Index.html

Librelexts*

5.9: Evaluating Analytical Data (Exercises)

This page titled 5.9: Evaluating Analytical Data (Exercises) is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or

curated by David Harvey.

https://chem.libretexts.org/@go/page/190300


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/190300?pdf
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.09%3A_Evaluating_Analytical_Data_(Exercises)
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.09%3A_Evaluating_Analytical_Data_(Exercises)
https://creativecommons.org/licenses/by-nc-sa/4.0
http://dpuadweb.depauw.edu/harvey_web/Index.html

Librelexts*

5.10: Evaluating Analytical Data (Summary)
4.S: Evaluating Analytical Data (Summary)

This page titled 5.10: Evaluating Analytical Data (Summary) is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or
curated by David Harvey.

https://chem.libretexts.org/@go/page/190301



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/190301?pdf
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.10%3A_Evaluating_Analytical_Data_(Summary)
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Analytical_Chemistry_2.1_(Harvey)/04_Evaluating_Analytical_Data/4.S%3A_Evaluating_Analytical_Data_(Summary)
https://chem.libretexts.org/Courses/Los_Angeles_Trade_Technical_College/Analytical_Chemistry/2%3A_Analytical_Chemistry_2.0_(Harvey)/05%3A_Evaluating_Analytical_Data/5.10%3A_Evaluating_Analytical_Data_(Summary)
https://creativecommons.org/licenses/by-nc-sa/4.0
http://dpuadweb.depauw.edu/harvey_web/Index.html

LibreTexts*
CHAPTER OVERVIEW

6: Standardizing Analytical Methods

The American Chemical Society’s Committee on Environmental Improvement defines standardization as the process of
determining the relationship between the signal and the amount of analyte in a sample." In Chapter 3 we defined this relationship as

Stotal =KkANMA +Sreag 0T Siotal = kACA + Sreag (6.1)

where Siotq; is the signal, n4 is the moles of analyte, C4 is the analyte’s concentration, k4 is the method’s sensitivity for the
analyte, and Sy, is the contribution to Si,; from sources other than the sample. To standardize a method we must determine
values for k4 and Syeqq . Strategies for accomplishing this are the subject of this chapter.

6.1: Analytical Standards

6.2: Calibrating the Signal

6.3: Determining the Sensitivity

6.4: Linear Regression and Calibration Curves
6.5: Blank Corrections

6.6: Using Excel and R for a Regression Analysis
6.7: Standardizing Analytical Methods (Exercises)
6.8: Standardizing Analytical Methods (Summary)

Thumbnail: Illustration showing the evaluation of a linear regression in which we assume that all uncertainty is the result of
indeterminate errors dffecting y. The points in blue, y;, are the original data and the points in red, y;, are the predicted values from
the regression equation, y = by + bjx. The smaller the total residual error (equation 5.16), the better the fit of the straight-line to
the data
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7: Equilibrium Chemistry

Regardless of the problem on which an analytical chemist is working, its solution requires a knowledge of chemistry and the ability
to apply that knowledge. For example, an analytical chemist studying the effect of pollution on spruce trees needs to know, or know
where to find, the chemical differences between p-hydroxybenzoic acid and p-hydroxyacetophenone, two common phenols found
in the needles of spruce trees. Your ability to “think as a chemist” is a product of your experience in the classroom and in the
laboratory. The material in this text assumes your familiarity with topics from earlier courses. Because of its importance to
analytical chemistry, this chapter provides a review of equilibrium chemistry. Much of the material in this chapter should be
familiar to you, although some topics—Iladder diagrams and activity, for example—afford you with new ways to look at
equilibrium chemistry.

7.1: Reversible Reactions and Chemical Equilibria

7.2: Thermodynamics and Equilibrium Chemistry

7.3: Manipulating Equilibrium Constants

7.4: Equilibrium Constants for Chemical Reactions

7.5: Le Chatelier’s Principle

7.6: Ladder Diagrams

7.7: Solving Equilibrium Problems

7.8: Buffer Solutions

7.9: Activity Effects

7.10: Using Excel and R to Solve Equilibrium Problems

7.11: Some Final Thoughts on Equilibrium Calculations

7.12: Equilibrium Chemistry (Exercises)

7.13: Equilibrium Chemistry (Summary)

Thumbnail: The N2O(5 = 2N Oy(y) system at Different Temperatures. Nitrogen dioxide (N Q) gas converts to the colorless gas
dinitrogen tetroxide (N2 Oy) at low temperatures, and converts back to N O; at higher temperatures. The bottles in this photograph
contain equal amounts of gas at different temperatures. Figure used with permission from Wikipedia (CC BY-SA 3.0).
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CHAPTER OVERVIEW

8: Collecting and Preparing Samples

When we use an analytical method to solve a problem, there is no guarantee that our results will be accurate or precise. In
designing an analytical method we consider potential sources of determinate error and indeterminate error, and take appropriate
steps to minimize their effect, such as including reagent blanks and calibrating instruments. Why might a carefully designed
analytical method give poor results? One possibility is that we may have failed to account for errors associated with the sample. If
we collect the wrong sample, or if we lose analyte while preparing the sample for analysis, then we introduce a determinate source
of error. If we fail to collect enough samples, or if we collect samples of the wrong size, then our precision may suffer. In this
chapter we consider how collecting samples and preparing them for analysis affects the accuracy and precision of our results.

8.1: The Importance of Sampling

8.2: Designing a Sampling Plan

8.3: Implementing the Sampling Plan

8.4: Separating the Analyte from Interferents

8.5: General Theory of Separation Efficiency

8.6: Classifying Separation Techniques

8.7: Liquid-Liquid Extractions

8.8: Separation Versus Preconcentration

8.9: Collecting and Preparing Samples (Exercises)

8.10: Collecting and Preparing Samples (Summary)

Thumbnail: An example of pipettes and microplates manipulated by an anthropomorphic robot (Andrew Alliance). Image used with
permission (Cc BY-SA 3.0; Pzucchel).
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9: Gravimetric Methods

Gravimetry includes all analytical methods in which the analytical signal is a measurement of mass or a change in mass. When you
step on a scale after exercising you are making, in a sense, a gravimetric determination of your mass. Mass is the most fundamental
of all analytical measurements, and gravimetry is unquestionably our oldest quantitative analytical technique. The publication in
1540 of Vannoccio Biringuccio’s Pirotechnia is an early example of applying gravimetry—although not yet known by this name—
to the analysis of metals and ores.! Although gravimetry no longer is the most important analytical method, it continues to find use
in specialized applications.

9.1: Overview of Gravimetric Methods

9.2: Precipitation Gravimetry

9.3: Volatilization Gravimetry

9.4: Particulate Gravimetry

9.5: Gravimetric Methods (Exercises)

9.6: Gravimetric Methods (Summary)

Thumbnails: An analytical balance (Mettler ae-260) that is often used in gravimetric analysis Methods. Image used with
permission (Public Domain; US DEA).
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10: Titrimetric Methods

Titrimetry, in which volume serves as the analytical signal, made its first appearance as an analytical method in the early eighteenth
century. Titrimetric methods were not well received by the analytical chemists of that era because they could not duplicate the
accuracy and precision of a gravimetric analysis. Not surprisingly, few standard texts from the 1700s and 1800s include titrimetric
methods of analysis.

Precipitation gravimetry developed as an analytical method without a general theory of precipitation. An empirical relationship
between a precipitate’s mass and the mass of analyte—what analytical chemists call a gravimetric factor—was determined
experimentally by taking a known mass of analyte through the procedure. Today, we recognize this as an early example of an
external standardization. Gravimetric factors were not calculated using the stoichiometry of a precipitation reaction because
chemical formulas and atomic weights were not yet available! Unlike gravimetry, the development and acceptance of titrimetry
required a deeper understanding of stoichiometry, of thermodynamics, and of chemical equilibria. By the 1900s, the accuracy and
precision of titrimetric methods were comparable to that of gravimetric methods, establishing titrimetry as an accepted analytical
technique.

10.1: Overview of Titrimetry

10.2: Acid-Base Titrations

10.3: Complexation Titrations

10.4: Redox Titrations

10.5: Precipitation Titrations

10.6: Titrimetric Methods (Exercises)
10.7: Titrimetric Methods (Summary)

Thumbnail: A Winkler titration to determine the concentration of dissolved oxygen in a water sample. The dissolved oxygen has
been converted to an equivalent amount of iodine, which is being titrated with thiosulfate using a starch indicator. The blue color in
the flask will disappear when all the iodine has been converted to iodide. Image used with permission (CC BY-SA 3.0; Will
Woodgate (Cornwall College, UK)).
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11: Spectroscopic Methods

An early example of a colorimetric analysis is Nessler’s method for ammonia, which was introduced in 1856. Nessler found that
adding an alkaline solution of Hgl, and KI to a dilute solution of ammonia produces a yellow to reddish brown colloid, with the
colloid’s color depending on the concentration of ammonia. By visually comparing the color of a sample to the colors of a series of
standards, Nessler was able to determine the concentration of ammonia.

Colorimetry, in which a sample absorbs visible light, is one example of a spectroscopic method of analysis. At the end of the
nineteenth century, spectroscopy was limited to the absorption, emission, and scattering of visible, ultraviolet, and infrared
electromagnetic radiation. Since its introduction, spectroscopy has expanded to include other forms of electromagnetic radiation—
such as X-rays, microwaves, and radio waves—and other energetic particles—such as electrons and ions.
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12: Electrochemical Methods

In Chapter 10 we examined several spectroscopic techniques that take advantage of the interaction between electromagnetic
radiation and matter. In this chapter we turn our attention to electrochemical techniques in which the potential, current, or charge in
an electrochemical cell serves as the analytical signal.

Although there are only three basic electrochemical signals, there are a many possible experimental designs—too many, in fact, to
cover adequately in an introductory textbook. The simplest division of electrochemical techniques is between bulk techniques, in
which we measure a property of the solution in the electrochemical cell, and interfacial techniques, in which the potential, charge,
or current depends on the species present at the interface between an electrode and the solution in which it sits. The measurement
of a solution’s conductivity, which is proportional to the total concentration of dissolved ions, is one example of a bulk
electrochemical technique. A determination of pH using a pH electrode is an example of an interfacial electrochemical technique.
Only interfacial electrochemical methods receive further consideration in this chapter.

12.1: Overview of Electrochemistry

12.2: Potentiometric Methods

12.3: Coulometric Methods

12.4: Voltammetric Methods

12.5: Electrochemical Methods (Exercises)
12.6: Electrochemical Methods (Summary)

Thumbnail:Comparison of the current response of a platinum disc electrode in 1 M sulfuric acid given by linear sweep voltammetry
and staircase voltammetry methods. Image used with permission (CC BY-SA 3.0; Earth-Rare).
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13: Chromatographic

Drawing from an arsenal of analytical techniques—many of which were the subject of the preceding four chapters—analytical
chemists design methods for the analysis of analytes at increasingly lower concentrations and in increasingly more complex
matrices. Despite the power of these analytical techniques, they often suffer from a lack of selectivity. For this reason, many
analytical procedures include a step to separate the analyte from potential interferents. Although effective, each additional step in
an analytical procedure increases the analysis time and introduces uncertainty. In this chapter we consider two analytical techniques
that avoid these limitations by combining the separation and analysis: chromatography and electrophoresis.

13.1: Overview of Analytical Separations

13.2: General Theory of Column Chromatography

13.3: Optimizing Chromatographic Separations

13.4: Gas Chromatography

13.5: High-Performance Liquid Chromatography

13.6: Other Forms of Liquid Chromatography

13.7: Electrophoresis

13.8: Chromatographic and Electrophoretic Methods (Exercises)

13.9: Chromatographic and Electrophoretic Methods (Summary)

Thumbnail: Separation of black ink on a thin layer chromatography plate. Image used with permission (CC BY-SA 3.0; Natrij)}
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14: Kinetic Methods

There are many ways to categorize analytical techniques, several of which we introduced in earlier chapters. In Chapter 3 we
classified techniques by whether the signal is proportional to the absolute amount or the relative amount of analyte. For example,
precipitation gravimetry is a total analysis technique because the precipitate’s mass is proportional to the absolute amount, or
moles, of analyte. UV/Vis absorption spectroscopy, on the other hand, is a concentration technique because absorbance is
proportional to the relative amount, or concentration, of analyte.

A second method for classifying analytical techniques is to consider the source of the analytical signal. For example, gravimetry
encompasses all techniques in which the analytical signal is a measurement of mass or a change in mass. Spectroscopy, on the other
hand, includes those techniques in which we probe a sample with an energetic particle, such as the absorption of a photon. This is
the classification scheme used in organizing Chapters 8-11.

Another way to classify analytical techniques is by whether the analyte’s concentration is determined by an equilibrium reaction or
by the kinetics of a chemical reaction or a physical process. The analytical methods described in Chapter 8-11 mostly involve
measurements made on systems in which the analyte is always at equilibrium. In this chapter we turn our attention to
measurements made under non-equilibrium conditions.

14.1: Kinetic Methods Versus Equilibrium Methods
14.2: Chemical Kinetics

14.3: Radiochemistry

14.4: Flow Injection Analysis

14.5: Kinetic Methods (Exercises)

14.6: Kinetic Methods (Summary)

Thumbnail: Determination of a reaction’s intermediate rate from the slope of a line tangent to a curve showing the change in the
analyte’s concentration as a function of time.
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15: Developing a Standard Method

In Chapter 1 we made a distinction between analytical chemistry and chemical analysis. Among the goals of analytical chemistry
are improving established methods of analysis, extending existing methods of analysis to new types of samples, and developing
new analytical methods. Once we develop a new method, its routine application is best described as chemical analysis. We
recognize the status of these methods by calling them standard methods. Numerous examples of standard methods are presented
and discussed in Chapters 8—13. What we have not yet considered is what constitutes a standard method. In this chapter we discuss
how we develop a standard method, including optimizing the experimental procedure, verifying that the method produces
acceptable precision and accuracy in the hands of a single analyst, and validating the method for general use.

15.1: Optimizing the Experimental Procedure

15.2: Verifying the Method

15.3: Validating the Method as a Standard Method

15.4: Using Excel and R for an Analysis of Variance

15.5: Developing a Standard Method (Exercises)

15.6: Developing a Standard Method (Summary)
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16: Quality Assurance

In Chapter 14 we discussed the process of developing a standard method, including optimizing the experimental procedure,
verifying that the method produces acceptable precision and accuracy in the hands of a signal analyst, and validating the method
for general use by the broader analytical community. Knowing that a method meets suitable standards is important if we are to have
confidence in our results. Even so, using a standard method does not guarantee that the result of an analysis is acceptable. In this

chapter we introduce the quality assurance procedures used in industry and government labs for monitoring routine chemical
analyses.

16.1: The Analytical Perspective—Revisited
16.2: Quality Control

16.3: Quality Assessment

16.4: Evaluating Quality Assurance Data
16.5: Quality Assurance (Exercises)

Thumbnail: Examples of property control charts that show a sequence of results.
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