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Description

This course is designed for students majoring in chemistry and covers the basic
principles of analytical instruments and their applications. The course addresses
general aspects of conventional instrumental analysis techniques used in industrial
and research laboratories. It includes essential aspects of theory, instrumentation,
and practical applications of spectroscopy, electroanalysis, and chromatography.
Students will develop skills to validate an analytical method and learn to operate
analytical instruments to perform reliable quantitative chemical analysis. The course
also covers ethical considerations related to data handling in the laboratory and the
reporting of chemical analysis results. To foster student autonomy in conducting
literature searches. Critical analysis of scientific articles related to different areas of
instrumental chemical analysis. The course incorporates laboratory experiences to
apply theoretical knowledge by performing reliable quantitative chemical analysis.

Justification

The development of modern science increasingly interconnects different areas of
knowledge. A thorough mastery of chemical analysis methods, as well as the
acquisition of the typical operational techniques required to perform such analyses,
are essential for the proper characterization of a chemical system under study. In
industrial laboratories, such as those of major pharmaceutical companies, analysts
work daily with analytical instruments that enable them to perform a series of
chemical analyses required by federal regulatory agencies such as the FDA and the
EPA. These instruments allow for the analysis of large quantities of samples in a
reasonably short amount of time. Therefore, a student aspiring to major in chemistry
needs a basic understanding of the theory and operation of
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analytical instruments. The course contributes to the student’s profile by equipping
them with the necessary skills to perform a chemical analysis and/or to develop and
implement an entrepreneurial and/or innovative project. In addition, students also
learn to write a report while maintaining an ethical commitment to the integrity of the
analysis performed and the results obtained. This course is a requirement for the
Bachelor's degree in chemistry and fulfills the requirement to take the licensing
exam for chemists, as required by law in the Commonwealth of Puerto Rico.

COMPETENCIES

The course develops the following competencies in students:

e Critical Thinking
e Innovation and entrepreneurship

OBJECTIVES

Upon completion of the course, students will be able to:
1. Critically analyze an analytical method.

2. Explain the basic theory related to the operation of an analytical
instrument.

3. Explain the theory and instrumentation of spectroscopic techniques.

4. Develop the theory and instrumentation of chromatographic and
electrophoretic techniques.

5. Describe the theory and instrumentation of electrochemical techniques.

6. Design analytical instruments based on the coupling of mass spectrometry
with spectroscopic and chromatographic techniques.

Content

I. Methods of Instrumental Chemical Analysis

A. Purpose of instrumental chemical analysis
B. Action Plan for a Chemical Analysis
1. Method selection
2. Sampling
a. Effective Sampling
b. Models
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c. Mixtures

d. Sample Integrity

e. Separations

f. Number of Samples
Sample Processing

a. Sample preparation
b. Recovery

c. Optimization

d. Interferences

e. Preconcentration

. Measurement of the Analytical Signal
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D. Sample size
1.
2. Trace, ultra-trace, and microanalysis
3. Sample Types

a. Definitions

b. Signal Types

c. Primary Types

d. Blanks

e. Error Determination

Evaluation of Results

a. Relationship Between Response and Concentration
b. External calibration curves

c. Standard addition calibration curves

d. Internal standard calibration curves
Results Reports

Inappropriate analytical methodologies
Performance metrics of an analytical method
Interpretation of Results

Statistics

Measurement errors

a. Determined errors

b. Uncertain errors

Normal distribution curve

a. Shape of the curve

b. Properties

Mean, standard deviation, variance
Linear regression

t- and F-tests

Control chart

Classifications



[l. The Analytical Instrument

A. General schematic design of an analytical instrument
1. Input signal
Sample holder
Output signal
Transducer
Signal processor
Recording
B. Analog and digital electronics
Load
. Voltage
. Electric field
. DC current
. Ohm's Law
a. Series Circuits
b. Parallel circuits
. AC current
. Capacitance, RC circuits
. Magnetic Field
Inductance, RL circuits
10. Solid-state electronic components and circuits
a. Semiconductors
b. Diodes
c. Transistors
d. Transformers
e. Voltage sources
11. Operational amplifiers
a. Operation
b. Adders
c. Differentiators
d. Integrators
e. Voltage Followers
f. Applications
12. Digital electronics
a. Logic Circuits
b. Applications
13. Registers
14. Computers
C. Noise
1. Definition
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2. Types of Noise
a. Chemical
b. Electronic
c. Environmental
3. Signal-to-Noise Ratio (S/N)
a. Baseline
b. Signal amplitude
c. Noise amplitude
4. Sensitivity
a. Definition
b. Calibration curve
c. Analytical sensitivity
5. Detection limit
a. Definition
b. Determination
6. Quantification limit

l1l. Spectroscopic methods

A. Introduction
1. Electromagnetic Radiation (EMR) and Its Properties
2. Jablonski diagram
a. Electronic levels
b. Vibrational Levels
c. Rotational levels
d. Singlet and triplet states
e. Intersystem crossing
f. Fluorescence and phosphorescence
3. Beer-Lambert Law
4. Schematic design of a photometer and spectrophotometer
5. UV and VIS REM sources
a. Wlamp
b. p2 lamp
6. Filters and monochromators
a. Absorption filters
b. Interference Filters
c. Prism monochromators
d. Grating monochromators
7. SEM Detectors
a. Phototube
b. Photomultiplier



c. Photodiode Array (PDA)
8. Applications of molecular UV-VIS spectrophotometry
B. Infrared (IR) Spectroscopy
1. IR Absorption Theory
a. Vibrational degrees of freedom
b. Vibrational States
c. Vibrational Modes
d. Harmonic Oscillator
2. Instrumentation
a. Sources
b. Cells
c. Detectors
d. Response
e. Schematic Design
3. Raman Spectroscopy Theory
4. Applications
C. Nuclear Magnetic Resonance (NMR) Spectroscopy
1. NMR Absorption Theory
a. Nuclear Spin
b. Energy States
c. Radio Frequency
d. Chemical Shift
2. Instrumentation
a. Sources
b. Cells
c. Magnet
d. Detectors
d. Response
e. Schematic design
3. NMR of 'H, '3C, and other nuclei
4. Two-dimensional NMR
a. NOESY
b. COSEY
5. Applications
D. Atomic spectroscopy
1. Atomic Structure and Electronic Transitions
a. Electron configuration
b. Electronic States
c. Allowed transitions
d. Atomic emission spectra



2. Atomic Absorption (AA): Instrumentation
a. Hollow cathode tube
b. Total-consumption burner
c. Premixed burner
d. Flame temperature and profile
e. Graphite furnace
f. Detectors
g. Schematic Design
h. Applications
3. Atomic Emission Spectroscopy (AES): Instrumentation
a. Sources: Flame (AFS)
b. Sources: Electrical Discharge
c. Schematic Design
d. Detectors
e. Applications
4. Inductively Coupled Plasma (ICP) Atomic Emission: Instrumentation
a. Composition of a Plasma
b. Schematic Design
c. Detector
d. Applications
E. Molecular fluorescence spectroscopy
1. Variables Affecting Fluorescence
a. Quantum yield
b. Types of Electronic Transitions in Fluorescence
c. Quantum efficiency
d. Molecular Structure and Rigidity
e. Temperature
f. Solvent
g. pH
h. Dissolved o2
2. Fluorescence as a function of concentration
3. Excitation, fluorescence, and phosphorescence spectra
4. Instrumentation
a. Sources
b. Monochromators
c. Schematic design
d. Detectors
5. Applications
F. Some Surface Analysis Techniques
1. Introduction



2. X-ray Photoelectron Spectroscopy (XPS or ESCA)
a. Source
b. Monochromators
c. Schematic Design
d. Detectors
3. Atomic Force Microscopy (AFM)
a. Sources
b. Monochromators
c. Schematic Design
d. Detectors
4. Applications

IV. Chromatographic and Electrophoretic Methods

A. Theory of Chromatography
1. Definition
2. Stationary Phase
3. Mobile phase
4. Theoretical plates
5. Resolution
6. Selectivity factor
7. Capacity factor
8. Van Deemter equation
B. Gas Chromatography (GC)
1. Gases
2. Sample injection systems
3. Packed and capillary columns
4. Temperature Programming
5. Ovens
6. Detectors: TCD, ECD
7. Applications
C. High-Performance Liquid Chromatography (HPLC)
1. Schematic Design
2. Flow Pumps
3. Injection system
4. Columns
5. UV-VIS Detectors
6. Isocratic and gradient elution modes
7. Applications
D. Supercritical Fluid Chromatography (SFC)
1. Theory of Supercritical Fluids



2. Injection Systems
3. Columns
4. co2 and Modifiers
5. Ovens
6. Detectors
7. Applications
E. Two-Dimensional Chromatography
1. Experimental Design for Two-Dimensional Chromatography
2. Applications
F. Capillary Electrophoresis
1. Instrumentation
2. Electroosmotic flow (EOF)
3. Modalities: zone, gel, MECK, and isotachophoresis
4. Detectors
5. Applications

V. Electrochemistry

A. Components of a galvanic cell
1. Electrodes
2. Salt Bridge
3. Meter
4. Current Flow
5. Polarity
6. Cell potential
7. Galvanic and electrolytic cells
B. Standard potential
1. Definition
2. Standard hydrogen electrode
3. Determination of E°
4. Activity Series
C. Nerst equation
1. Variables in that equation
2. Calculation of an electrode potential
D. Reference electrodes
1. Saturated calomel electrode
2. Ag/AgCl electrode
E. Potentiostat circuit
F. Voltammetry in General
a. Theory
b. Applications



G. Differential pulse voltammetry
a. Theory
b. Applications
H. Square-Wave Voltammetry
a. Theory
b. Applications
I. Anodic Displacement Voltammetry
a. Theory
b. Applications

VI. Mass Spectrometry (MS) and Couplings

A. Fundamentals of MS
a. General Schematic Design
b. lonization Modes
c. lon Separators
d. m/z Ratio
B. Tandem Mass Spectrometry (MS/MS)
a. General Schematic Design
b. SIM
c. Applications
C. GC-MS
a. Interfaces
b. Applications
D. HPLC-ESI-MS
a. Interface
b. Applications
E. ICP-MS
a. Interface
b. Applications
F. CE-MS
a. Interface
b. Applications

LABORATORY EXPERIMENTS

A. Introduction to the Instrumental Chemical Analysis Laboratory

B. Conceptualization of the Entrepreneurship Project
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Sampling

Analog and Digital Electronics

Calibration Curves

Determination of Acetic Acid Percentage Using the Gran Method
Determination of %Mn in steel

Validation of an analytical method

Analysis of an aqueous glucose solution

Analytical separations

Presentation and defense of an entrepreneurship project

METHODOLOGY

The following active learning strategies are recommended:

e Simulations

e Problem-based learning

e Discussions, forums, debates, or panels

e Laboratories

e Immersive experiences

ASSESSMENT

Midterms 20%
Fieldwork 25%
Oral presentation 30%
Project or (final) exam 25%
TOTAL 100%

Student Learning Assessment

The institutional assessment rubric is applied to the core activity of the course.
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You can find more information resources related to the course topics on the library’s
website at http://biblioteca.sagrado.edu/

Reasonable Accomodation

For detailed information on the process and required documentation, please visit the
appropriate office. To ensure a level playing field, in compliance with the ADA (1990)
and the Rehabilitation Act (1973), as amended, any student who needs Reasonable
Accomodation or special assistance must complete the process established by the
Vice-Presidency for Academic Affairs.

ACADEMIC INTEGRITY

This policy applies to all students enrolled at the Universidad del Sagrado Corazén
to take courses with or without academic credit. A breach of academic integrity is
any act or omission that fails to demonstrate the honesty, transparency, and
responsibility that should characterize all academic activity. Any student who
violates the policy on honesty, fraud, and plagiarism is subject to the following
sanctions: a grade of zero on the assessment and/or having to redo the seminar
assignment; a grade of F(*) in the seminar; or suspension or expulsion, as
established in the Academic Integrity Policy document effective November 2022.
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