SUMMARY

This master thesis focuses on the study of optically modulated desorption of gases
from thin active layers of gas sensors. The active layers selected in frame of this work
are based on phthalocyanines and on highly nano-structured metallic films (metal-
blacks). The phenomenon of optically modulated desorption called photoregenera-
tion is particularly studied using NO,-sensitive phthalocyanine-based chemiresistors
as well as the Quartz Crystal Microbalance — QCM sensors.

During the work about of 18 sensors were prepared. The experimental part
of this thesis includes description of their preparation and measurement. Within
the thesis, 11 of them — 3 chemiresistors, 4 QCM sensors and 4 metal-black-based
QCM sensors were intensively investigated. The experimental part also contains the
description of the development of a novel measurement apparatus for measuring the
QCM sensors. The development included programming of measurement software as
well. During the experiments, a new methodology of measuring of the photo-induced
gas desorption on the prepared QCM sensors was proposed.

Obtained results show that photoregeneration has a significant effect and im-
proves many properties of the gas sensors. It was confirmed that photoregeneration
stabilises a sensor baseline, significantly lowers recovery times and also allows the
reduction of a sensor normal operating temperature. Selected results obtained dur-
ing the work on this thesis have been summarised and published in the ACS Sensors
journal.

The application of the photoregeneration for QCM sensors proves that the active
layer illumination reduces the detected mass on the active layer of the QCM sensor.
The photoregeneration thus causes the photo-desorption of the molecules that were
adsorbed. Even though the QCM sensors exhibited lower sensitivity to NOy than
chemiresistors during the conducted experiments, this thesis proves that metal blacks

can improve the sensitivity of QCM sensors up to ten times.

KEYWORDS

chemical sensors, phthalocyanine, metal-blacks, chemiresistors, quartz crystal mi-
crobalance (QCM), nitrogen diozide detection, photoregeneration, photo-induced ef-

fect, gas desorption, nanostructured materials, highly porous materials



SOUHRN

Diplomovéa prace se zabyva predevsim studiem opticky modulované desorpce plyni
z aktivnich vrstev chemickych senzorti. Pouzité aktivni vrstvy v této praci jsou
zalozeny zejména na ftalocyaninech a vysoce nanostrukturovanych tenkych kovo-
vych filmech, takzvanych ¢ernych kovech. Studovany fenomén opticky modulované
desorpce plynt v praci nazyvany jako fotoregenerace je studovan jak na ftalocya-
ninovych vodivostnich chemickych senzorech citlivych na NO,, tak na kfemennych
krystalovych mikrovahach — QCM senzorech.

V praktické ¢asti prace je popsana priprava chemickych senzort a nasledné popis
provedenych experimentti. Béhem celé prace bylo pripraveno celkem 18 chemickych
senzorl, z nichz bylo vybrano 11 kusti, které byly podrobné studovany. Jednalo se o 3
ftalocyaninové vodivostni senzory, 4 ftalocyaninové QCM senzory a 4 QCM senzory
s vrstvou cerného kovu. Praktickd ¢ast prace také popisuje vyvoj nové mérici apa-
ratury pro méfeni QCM senzorti. Vyvoj zahrnoval téz naprogramovani obsluzného
meériciho softwaru. V rameci provedenych experimentii byla navrzena i nova metodika
pro méfeni foto-indukované desorpce plynt z aktivni vrstvy QCM senzorii.

Ziskané vysledky ukézaly, ze fotoregenerace ma na senzory vyrazny tcinek a zle-
pSuje jejich senzorické vlastnosti — stabilizuje vychozi hodnotu (baseline), vyznamné
snizuje dobu zotaveni senzoru a v neposledni fadé téz umoznuje snizeni pracovni
teploty senzoru. Vybrané vysledky z této prace byly shrnuty ve formé publikace v
impaktovaném casopise ACS Sensors.

Studium fotoregeneracniho procesu pomoci QCM senzori prokazalo, Ze osvit
aktivni vrstvy senzoru zpisobuje snizeni detekované hmotnosti. Fotoregenerace tedy
zpisobuje foto-desorpci adsorbovanych molekul z povrchu senzoru. Piestoze QCM
senzory oproti vodivostnim senzortim vykazovaly nizsi citlivost na NO,, tak tato
prace ukazala, Ze citlivost téchto senzort je mozné vylepsit az desetkrat, a to prave

pouzitim nanostrukturovanych materialt na bazi ¢ernych kovt.
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