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INTRODUCTIONS, AIMS

The analysis of trace gases in the atmosphere has gained a special significance since the
mankind has realised that global warming and stratospheric ozone depletion, acid rains and
photochemical smog showed close correlation with the increasing amount of atmospheric
pollutants. The study of physical and chemical processes, the understanding of the ways of
interactions requires the knowledge of the composition, the spatial and the time distribution of
the pollutants. For protection of human health, it is important to know the influence of toxic
compounds existing in minor concentrations in our microenvironment. Due to these demands
the various measurement techniques applicable in environmental protection have exhibited a
tremendous progress. These technical achievements can be fruitfully adopted to solve many
other problems of life and science.

In gas spectroscopy, the requirements toward suitable analytical tools are as follows: high
sensitivity, selectivity, easiness of use, capability for in-situ measurements, etc. A number of
methods have been developed from chemiluminescence to gas chromatography, as early
developments, that are still in use in detection of gaseous pollutants. I the last decade special
attention has been paid to spectroscopic techniques, since their use is favourable in many
applications due to relatively low cost, fast and reliable detection. One of the most promising
methods is the continuously progressing Fourier-transform infrared (FTIR) spectrometry.

The basic advantage of the FTIR technique is due to the fact that all atmospheric gaseous
species (except homonuclear diatomic molecules) exhibit infrared absorption bands, therefore in
addition to excellent selectivity it offers the possibility of simultaneous analysis of complex
mixtures. It is a non-destructive method, it does not need complicated sample preparations, and
by means of open-path field methods it offers the possibility of in-situ monitoring, providing
continuous information on the concentration of pollutant gases.

The literature survey clearly demonstrates that FTIR gas spectrometry has been widely used in
the last 15 years in the developed western countries, and some specific measurements are
already standardised. In spite of these facts, the method still cannot be considered as fully
developed; problems of quantitative analysis, automation, further developments of methodology
and new analytical applications are still the subjects of contemporary research publications.

The first modern FTIR-based instruments of gas analysis (long path, 32 to 360-m gas cells,
dynamically aligned spectrometers) were installed in Hungary about 10 years ago at the
Analytical Chemistry Research Group of (Veszprém) Pannon University. An open path FTIR

system capable of solving even more complex analytical problems was purchased at the



beginning of our research activity. (Due to economical considerations, the open path FTIR
system is used jointly with the Chemical Institute of West Hungarian University).
After the installation of this modern and well equipped laboratory, a number of complex
analytical problems have been solved at high scientific level.
The author of this Thesis joined this laboratory at the beginning of these developments, where
his primary task was to organize a well operating experimental unit capable of solving practical
problems of spectroscopic gas analysis. Our scientific efforts may soon gain a special
significance, as a European Union Standard is expected to appear in the near future about
applications of open path methods, which will stimulate full acceptance and widespread use of
these methods in Hungary as well.
According to the above considerations, the aim of my work can be summarised as follows:
- installation of the instruments, learning the ways of their complex applications, and
introduction of the methodology in Hungary;
- adaptation of the methods of sampling and sample preparation to specific techniques,
- practical realisation of qualitative and quantitative analysis using the existing computer
softwares;
- professional survey of the published result, in order to formulate new and important
research program;
- development of new and internationally acceptable FTIR gas analytical methods;
- solution of practical analytical problems which favour the application of FTIR

spectrometry.



THESES

L. The basis for research in the field of FTIR gas spectrometry has been established.
I/1. The state of the art in the research field has been assessed and evaluated by two
review articles published by us (the reviews amount to 130 pages and include 400 cited
references).
I/2. The method of quantitative analysis has been developed based on the existing
instruments and software and the problems and their solutions have been discussed. As a
final goal a successful laboratory of FTIR gas spectrometry has been built up to adopt

complex analytical applications.

II. A new method has been developed to collect a background spectrum for long path extractive
FTIR measurements. It was named by us “shadow spectroscopy’.
II/1. With the aid of the new method, a background spectrum can be collected in a fast
manner, whereby the absorption of atmospheric water vapor and carbon dioxide in the
sample spectrum can be compensated to such a high degree which cannot be reached by
traditional methods (e.g. by using evacuated cell background followed by subtraction of
reference library spectra of water vapor and carbon dioxide, or by using a “clean air”
background).
II/2. The method was applied to detection of six volatile organic compounds and the
detection limits have been strongly improved. On the other hand, the limitations of
shadow spectroscopy have also been described.
II/3. The disturbing absorption of ozone in the sample spectra generated by the UV

radiation has been compensated successfully by subtraction of own ozone reference.

III. The relationship between pressure and the shape of infrared spectral features of gases has

been studied.
III/1. It has been shown that the difference between the pressure of the sample and
reference can cause serious errors in quantitative analysis. New methods (CLS and half-
width methods) have been developed to determine the total pressure by means of FTIR
spectrometry at moderate spectral resolution of 0.5 cm™. These methods are applicable
to the determination of total pressure in enclosed spaces (cavities) within any kind of
infrared transparent material where a gaseous compound is present and shows resolvable

rotational fine structure.



II/2. The CLS method was successfully applied to measure carbon monoxide
concentrations and the total pressure in extremely small bubble-like gas cavities (with a

diameter of about 1 mm) in the silica glass body of gas discharge light bulbs.

IV. The open-path FTIR field technique was applied in Hungary the first time to measure the

concentration of gases (or vapours) originated from diffuse sources of pollution.
IV/1. The open-path measurements require totally different approaches as compared to
those of conventional spectrometry. The spectral subtraction method was found to be the
most suitable method for quantitative analysis in case of unknown situation when the
open-path measurements were performed at relatively high (0.5 cm™) resolution, in
contrast to the generally used CLS method which method is very sensitive to the
presence of water vapour and carbon dioxide bands.
IV/2. The detection limits of each molecule have been determined according to the noise
level of the residual spectra, since the method based on these experimental values are
more realistic than those based on the noise level of the detectors.
IV/3. A tabulated comparison between open-path and extractive FTIR techniques has
been performed on the basis of our own experimental experiences and of the available
literature. The tabulated summary offers a great help in selection of the appropriate
method of measurement, in proper judgement of the results and in identifying the
incidental sources of errors and their elimination.
IV/4. A new method was developed for calibration of the open-path spectrometer by
using a simple 10 cm pathlength gas cell in the beam, containing vapours of the pure
reference sample. The concentration (or vapour pressure) in the cell has been calculated
from the known heat of enthalpy of the solid sample.
IV/5. The critical technological processes and the places of distribution of 2.4-
dichlorophenol in a chemical factory have been established by open-path FTIR

monitoring.

V. The analysis of cigarette smoke and smoky air have been investigated by means of extractive
and open-path FTIR spectrometry.
V/1. It was proved by the analysis of cigarette smoke for 11 toxic gaseous compounds by
means of extractive FTIR spectrometry that the composition of mainstream cigarette
smoke inhaled by the smoker shows no correlation with the strength of the cigarette i.e.

with its nominal content of nicotine and tar.



V/2. A modified open-path FTIR system was successfully applied for investigation of
smoky room air. It could be established that the main source of pollution in a room is the
side-stream cigarette smoke, whereas the concentration of pollutants in the exhaled
smoke is much smaller due to the reactions between the compounds and to retentive and

filtering effects of the human lung.

VI. To optimise the operation (ideal temperature and flow rate, etc.) of catalysts used for
degradation of air pollutants, an experimental set-up has been built to investigate the efficiency

of the catalyst by continuous analysis of the reactor inlet and outlet gas streams.
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