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Abstract. In this paper, experimental investigations of carbon monoxide (CO) influence on organic materials, namely the plasma of human blood, natural

proteins in egg white (albumin) and liquid crystal materials, are presented.
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Badania materialéw do zastosowan w optoelektronicznych czujnikach tlenku wegla

Streszczenie. W artykule opisano eksperymentalne badania wplywu tlenku wegla (CO) na wybrane materialy organiczne: osocze ludzkiej krwi i naturalne

biatko jaj (albuming), oraz materialy ciekiokrystaliczne.

Stowa kluczowe: tlenek wegla, ciekty krysztat, czujnik gazu, widmo absorpcyjne

Introduction

The one of the ways of gas media determination is the synthe-
sis of new materials with high selective sensitivities to the separat-
ed gas molecules. It permits to design the new, more effective and
cheaper gas sensors on their base. There is the problem of the
environment monitoring, the quality of food products and the
determination of micro concentration of toxic and explosive com-
ponents in different types of industrial technology.

A very important task for gas sensor development is to design
threshold sensors. This type of sensors must respond to the exceed
of allowable level of explosive and harmful substances in the air.
Typically gases are colorless and has no smell. Sensor installation
in the place of potential gas leak can prevent dangerous situation
and its consequences. Gas leakage sensors differ from each other
by the type of gas they are sensitive to. Nowadays there exist
many ways to determine the gas composition. The most significant
among of them are designing gas sensors assigned in structures
based on metal-insulator-semiconductor (MIS) or in most cases in
structures based on metal-oxide-semiconductor (MOS). In these
structures the metal electrode is made of conductive metals (such
as palladium, platinum, nickel). These structures use the change of
their volt-ampere characteristics (VAC) after the interaction with a
gas they are sensitive to. There are chromatographic, thermo,
electrolytic, electrochemical methods of determination of the
chemical composition of gas [1]. Gas sensors with the shortest
response time are optical type gas sensors. The principle of their
action is based on gas absorption of optical radiation, since each
material in gas phase has a unique absorption spectrum that can be
used to distinguish different gases.

In this paper we review the results of experimental investiga-
tion of the influence of carbon monoxide (CO) on organic materi-
als, namely the plasma of human blood, natural proteins in egg
white (albumin) and liquid crystal materials.

1. Theory

Carbon monoxide is colourless, very poisonous and odourless
gas. This gas is usually formed in result of incomplete combustion
of fuel in automobile engines or heating appliances that use coal
or other types of fossil fuels. Carbon monoxide is almost insoluble
in water and chemically doesn’t interact with water. The CO
molecule has a triple the valence of chemical bound. By the meth-
od of valence bonds CO molecule is described as :C=0:. A triple
the valence of chemical bound of CO molecule is very sturdy. The
dissociation energy is equal to 1069 kJ/mol or 256 kcal/mol. This
value of dissociation energy is bigger than in diatomic molecules
[1,5].

In practice, design of carbon monoxide optoelectronic sensors
is evident based, primarily because of gas toxic effect. Maximum
permissible concentration of carbon monoxide in the air (MPC)

according to hygienic standards GN 2.2.5.1313-03 is about
0.0017 % or 20 mg/m’ (Ukraine). Petrol vehicle emissions are
allowed to contain 1.5-3 vol % of carbon monoxide. Carbon mon-
oxide has a toxic effect because its binding to hemoglobin in
blood is stronger and occurs 200-300 times faster than the binding
of oxygen. As result carboxyhemoglobin is formed, which ob-
struct the process of oxygen transport by the blood and cellular
respiration. Concentration of carbon monoxide in the air more
over 0.1 vol % leads to the death of human being within one hour.
The peculiarity of the spectral characteristic of carbon monoxide
is the presence of absorption bands in near-infrared [2, 3], ultravi-
olet as well as visible range of spectrum.

2. Experiment

This paper represents experimental absorption spectra of organ-
ic materials in the range of 300 nm to 900 nm that were under the
influence of carbon monoxide. The choice of the experimental
samples was determined by necessity to identify the spectral char-
acteristics of these samples under carbon monoxide influence.
Experimental specimens are plasma of human blood, natural
proteins in egg white (albumin), pure liquid crystal material and
low concentration suspension of Fe,O; nanoscale particles in
liquid crystal material. The carbon monoxide was obtained by
means of the following chemical reaction:

H,SO, + HCOOH = CO?T + H,0

The carbon monoxide concentration was calculated from the
concentrations of initial reagents (H,SO4, and HCOOH). Experi-
mental curves were measured under different carbon monoxide
concentrations and exposition times.
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Fig. 1. Absorption intensity dependencies versus wave length for the plasma of
human blood with different exposition time in carbon monoxide medium: 1-pure
plasma of human blood, 2 - 2 min: 3- 10 min
Rys. 1. Absorpcja w funkcji diugosci fali dla ludzkiego osocza przy réznym czasie
ekspozycji na tlenek wegla: 1-czyste ludzkie osoc: 2 min: 3- 10 min
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As described above, at the carbon monoxide absorption process
by the hemoglobin molecules the carboxyhemoglobin is formed.
Formed in result of carbon monoxide absorption and binding with
hemoglobin carboxyhemoglobin molecules block the ability of red
blood cells to carry oxygen. The plasma of human blood provides
the transport of red blood cells through the blood vessels and
dissolves necessary for human body substances.We have conduct-
ed experimental studies of spectral dependences of the plasma of
human blood under carbon monoxide influence (Fig. 1). after the
interaction with carbon monoxide The shape of obtained spectral
curves hasn’t changed.

We used natural proteins in egg white namely albumin in our
investigation because "artificial blood" is typically based on modi-
fied albumin [3]. These authors report that they have connected
the heme iron with albumin and created hemealbumin. Curves of
spectral characteristics of the plasma of human blood and natural
proteins in egg white (albumin) have almost the same shapes (Fig.
2). Such shapes of spectral dependencies of the plasma of human
blood and the natural proteins in egg white can be explained by
absence of iron atoms.
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Fig. 2. Absorption intensity dependencies versus wave length for the natural proteins
in egg white (albumin) with different concentration CO and exposition time: 1 —
0 mg/m® CO and 0 min; 2 =20mg/m*> CO and 2 min; 3 — 20mg/m* CO and 5 min; 4 —
40mg/m3 CO and 2 min; 5 — 4()mg/m3 CO and 5 min; 6 — I60mg/m3 CO and 2 min; 7
— 160mg/m’ CO and 5 min

Rys. 2. Absorpcja w funkcji diugosci fali dla protein biatka kurzego (albumina) przy
roznych koncentracjach tlenku wegla i réznym czasie ekspozycji.

Physical properties of liquid crystal materials depend on the ex-
ternal influences, such as temperature, pressure, humidity, electric
and magnetic fields. However electro optical properties of such
organic materials can depend on influences of the interaction with
other materials that can be absorbed from the air.
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Fig. 3. Absorption intensity dependencies versus wave length for nematic liquid
crystal RO-TN-615 with 0.25wt.% of Fe;Os nanoscale dopant with different CO
concentrations and times of absorption: 1 — 0 mg/m* CO and 0 min; 2 ~20mg/m* CO
and 2 min; 3 — 20mg/mj CO and 5 min; 4 — 4()mg/m3 CO and 2 min; 5 — 40mg/m3 CcO
and 5 min; 6 — 160mg/m* CO and 2 min; 7 — 160mg/m* CO and 5 min
Rys. 3. Absorpcja w funkcji dlugosci fali dla nematycznego cieklego krysztatu RO-
TN-615 z nano domieszkq 0.25% wagowo Fe;0; przy roznych koncentracjach tlenku
wegla i réznym czasie ekspozycji.

The RO-TN-615 liquid crystal with 0.25 % Fe,O; nanoscale
dopant is the object of our experimental investigation. The exper-
imental dependencies of absorption intensity versus wave length
of this material are shown in Fig. 3.
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As shown in Fig. 3 the shapes of experimental spectral depend-
encies are the same, although there is the minor change of intensi-
ty of absorption .

Cholesteric liquid crystals has the maximum of absorption in
visible range of spectrum. The mixtures of cholesteric liquid
crystals namely CLC2101L, CLC2103L and 3DA are the objects
of our investigations too. The experimental dependencies of ab-
sorption intensity versus wave length are shown in Fig. 4-6. The
maximum of spectral dependencies this types of liquid crystals has
changed after the interaction with absorbed carbon monoxide. In
Fig. 4, 5 the maximums are shifted towards long wave lengths,
and in Fig. 6 the maximums are shifted towards short wave
lengths.
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Fig. 4. Absorption intensity dependencies versus wave length for cholesteric liquid
crystal mixture CLC2101L with different CO concentration: 1 — 0 mg/m’; 2 —
20 mg/m3; 3 — 40 mg/m’
Rys. 4. Absorpcja w funkcji dlugosci fali dla cholesterycznej mieszaniny cieklych
krysztatow CLC2101L przy roznych koncentracjach tlenku wegla
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Fig. 5. Absorption intensity dependencies versus wave length for cholesteric liquid
crystal mixture CLC2103L with different CO concentration: 1 — 0 mg/m’; 2 —
20 mg/m’; 3 — 40 mg/m’

Rys. 5. Absorpcja w funkcji dlugosci fali dla cholesterycznej mieszaniny cieklych
krysztatow CLC2103L przy roznych koncentracjach tlenku wegla
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Fig. 6. Absorption intensity dependencies versus wave length for cholesteric liquid
crystal mixture 3DA with different CO concentration: 1 — 0 mg/m’; 2 — 20 mg/m’; 3 —
40 mg/m’
Rys. 6. Absorpcja w funkcji dlugosci fali dla cholesterycznej mieszaniny cieklych
krysztatow 3DA przy réznych koncentracjach tlenku wegla

The analysis of the absorption dependencies for cholesteric lig-

uid crystals mixtures shows that areas with carbon monoxide
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concentration int he air equal or higher than maximum permissible
concentration (namely 20 mg/m®) can be detected by the changes
in the intensity of absorbtion spectrum of cholesteric liquid crys-
tal. That’s why cholesteric liquid crystal mixture can be applied as
an active element of optoelectronic carbon monoxide sensor.

3. Conclusions

The analysis of the experimental dependencies of the absorption
spectra of the plasma of human blood and the natural proteins in
egg white (albumin) has confirmed the invariability of the spectra
and according to the absolute inertia of the plasma of human blood
and the natural proteins in egg white to the influence of carbon
monoxide.

Analysis of the spectral dependence of cholesteric liquid crystal
materials have shown the changes in the absorption spectrum of
the influence of carbon monoxide. Spectral studies were conduct-
ed to design the carbon monoxide optoelectronic sensors based on
cholesteric liquid crystal materials.
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WARSZTATY DOKTORANCKIE WYDZIALU ELEKTROTECHNIKI
I INFORMATYKI POLITECHNIKI LUBELSKIEJ

W dniach 6 — 8 lutego 2012 roku odbyty si¢ Warsztaty Doktoranckie Wydziatu Elektrotechniki i Informatyki Politechniki Lubel-

skiej.

W warsztatach uczestniczyli doktoranci WEil PL oraz doktoranci Instytutu Elektrotechniki w Warszawie.
Zajecia odbywaly sie pod patronatem Lubelskiego Oddzialu Polskiego Towarzystwa Elektrotechniki Teoretycznej i Stosowanej

oraz pod patronatem medialnym kwartalnika elektro.info.

Wyktad inauguracyjny wygtosit prof. dr hab. inz. Jack Starzynski, w ktéorym zostaty zaprezentowane osiggnigcia Instytutu Elektro-
techniki Teoretycznej i Systemow Informacyjno-Pomiarowych Politechniki Warszawskiej w dziedzinie modelowania numerycznego

pol elektromagnetycznych.

Zajecia zostaty podzielone na szes$¢ sesji plenarnych. Kazdego dnia odbywaty si¢ dwie sesje plenarne, z ktorych kazda byta prowa-

dzona przez pracownikéw naukowych Politechniki Lubelskiej.

Do najciekawszych referatow wygloszonych pierwszego dnia nalezy zaliczy¢:

Tomograficzne sterowanie separacja mieszaniny materiatow paramagnetycznych — Alicja Idziaszek-Gonzalez z IEL Warszawa.
Metody lokalizacji uszkodzen w liniach kablowych — Szczepan Robak z IEL Warszawa.
Modelowanie emisji $wiatta w diodach LED — Tomasz Cegielski z IEL Warszawa.

Wplyw temperatury pozarowej na bezpieczenstwo funkcjonowania urzadzen ppoz., ktére musza funkcjonowaé w czasie pozaru —
Julian Wiatr red. naczelny elektro.info.

W godzinach wieczornych zostata zorganizowana uroczysta kolacja z udzialem Dziekana Wydziatu Elektrotechniki i Informatyki
Politechniki Lubelskiej, prof. dr. hab. inz. Waldemara Wojcika oraz prodziekana ds. nauki prof. dr. hab. inz. Piotra Kacejki.

Drugi dzien zaje¢ rozpoczat si¢ wycieczka do Kopalni Wegla Kamiennego w Bogdance, gdzie uczestnicy warsztatow mieli okazje
zwiedzi¢ wyrobiska kopalni na giebokosci 960 m, zapoznaé si¢ z codzienng praca gornikow oraz §ledzi¢ proces wydobycia wegla
kamiennego.

Po powrocie z kopalni, zostaly wznowione zajgcia, gdzie nastgpita prezentacja osiagnie¢ najmtodszych doktorantow WEil PL. Do
najciekawszych referatow nalezy zaliczy¢:

e Metody cyfrowego przetwarzania danych w diagnostyce zatorowosci ptucnej — Marcin Maciejewski.

o Kogeneracyjne zrodta energii a optymalizacja jej zuzycia na przyktadzie wybranego obiektu uzytecznosci publicznej — Jan Gilew-
ski.

e Estymacja stanu w sieciach elektroenergetycznych najwyzszych napie¢ — Adam Rzepecki.
Trzeci dzien warsztatow zakonczyly prezentacje starszych rocznikow studiow doktoranckich WEil PL, migdzy innymi:

e Metody oznaczania zawartosci czesci palnych w statych, ubocznych produktach spalania

e (Oddziatywanie niesubtelne w eletroceramice Biffo(1-x)-BaTiO(3x) — Karol Kowal

e  Wplyw $Srodowiska obliczeniowego na wydajnos¢ algorytmu odwracania macierzy — Daniel Sawicki.

Warsztaty zakonczylo wystapienie prof. Jana Sikory, ktory podsumowat zajgcia oraz poinformowat o Ogoélnopolskich Warsztatach
Doktoranckich, ktére odbeda si¢ w 9-11 lipca br. w Lublinie.
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