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MODERN TOOLS IN CHEMICAL ANALYSIS

The course is aiming to provide the students with knowledge and skills for solving analytical
problems requiring real-time chemical analysis (real-time monitoring) in industrial
production, in environmental applications, in occupational health and safety and in life
science.

Introduction to real-time chemical analysis: Chemical analysis from laboratory to the
field and the production line in industry. Fast conversion of chemical data to chemical
information and decision making. The requirements of real-time chemical analysis
(real-time monitoring).

The vocabulary of real-time chemical analysis: An overview of basic terms in real-
time chemical analysis; technique, method, procedure, protocol, accuracy, precision,
sensitivity, limit of detection, selectivity, robustness, ruggedness, real-time chemical
analysis, field chemical analysis, stand-off detection, point detection, on-line analyzers,
off-line analyzers, field instruments, portable analyzers, hand-portable analyzers,
wearable analyzers, robotics, data acquisition, data transfer, communications, decision
making systems.

First level of real-time chemical analysis; simple chemical sensors: Sensor
definition. Basic physical sensors (temperature sensors, pressure sensors, photo sensors,
position sensors, flow sensors and velocity sensors). Types of chemical sensors
(electrochemical, near infrared, photoionization, particle counters); principles,
instrumentation and applications.

Second level of real-time chemical analysis; sophisticated chemical analysers: The
need of advanced chemical analysers in real-time chemical analysis. Successful
analytical techniques in real-time monitoring (NIR spectroscopy, IR spectroscopy, gas
chromatography, UV-vis spectroscopy, Raman spectroscopy, molecular mass
spectrometry and ion mobility spectrometry).

Biosensors: Bioreceptors, transducer and electronics. Applications in point-of-care
monitoring of treatment and disease progression, environmental monitoring, food
control, drug discovery, forensics and biomedical research.

Chemical and physical process monitoring in real-time: The need for real-time
chemical analysis in physical and chemical processes in industry. Real-time monitoring
in batch and continuous processes. Methodology for application of real-time chemical
analysis for process control. Case studies.

Field chemical analysis/wireless communications: What is field chemical analysis
and areas of application (environmental measurement, safety applications). What is a
procedure and why is it significant in field chemical analysis? Principles and basic
technologies for wireless communications.
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Calibration and verification of instruments: What is calibration and how is it
implemented. Types of calibration. Field calibration. Examples of calibration.
Specifications and purchasing of analytical instrumentation: Types of specifications
for analytical instrument purchasing. Financial and technical offers. Cost estimation.
Depreciation. Outsourcing versus purchasing.

Maintenance: Basics on instruments maintenance. Priority maintenance of analytical
instruments. Case studies of maintenance.

Chemometrics: Voluminous data (big data) in real time chemical analysis. What is
chemometrics and the need of chemometrics in real-time monitoring. Basic techniques
of multivariate analysis (Principal Component Analysis, Discriminant analysis, Partial
Least Squares). Software for multivariate analysis (Pontos, Unscrambler). Case studies.
Software: Basic components of analytical instruments software (monitoring of
operational parameters, alerts, optimization, calibration, method development, data
acquisition, data analysis, libraries). Simplified presentation of analytical instrument
software via simulator.

Methodology in management of the projects assigned to students: Basics on project
management for supporting students in organizing and accomplishing the assigned
projects (aim, objectives, rationale, work packages, scheduling, deliverables).

The experience of experts: Lectures of invited experts in industrial chemical analysis,
field chemical analysis, communications, software and analytical instrumentation.
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The evaluation of the students will be done through:
o Project assignment (teamwork of 4-6 students) and successful completion as it is proved

by a written technical report and oral presentation. The mark obtained will be the 80%
of the final mark.

o Evaluation of laboratory practice (active participation and short technical report of lab

exercises). The mark obtained will be the 20% of the final mark.




