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Determination of carbon monoxide using a coated quartz
crystal sensor
O. M. Guimarées M. E. D. Zaniquelti J. R.M. Castry V. R. Balbdand J. F. Andradee
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Abstract: Carbon monoxide was detected and determined by a piezoelectric quartz crystal sensor
coated with nickel(ll)-phthalocyanine 50 % (v/v) solution in glycerine. Studies on the effect of
temperature, flow rate, and some possible interferents were carried out. Calibration curves, sensor
stability (lifetime) and the precision of measurements were also verified. The resulting selectivity is
probably due to the coordinative binding between the electronically unsatured metal complexes and the
analyte. The analytical curve is linear in the concentration range 0.10 to 1.0 % (v/v).

Keywords:carbon monoxide; piezoelectric sensor; phthalocyanine nickel(ll); quartz crystal.

Introduction physisorption generally lack a high degree of
selectivity. On the other hand, the formation of
The principle of detection by piezoelectricchemical bonds or the chemisorption process tend
crystal is based on the fact that the vibratioto be less reversible. One approach to overcoming
frequency of an oscillating sensor decreases in tiigese problems includes the application of sensor
presence of an amount of material added to irrays to compensate the low selectivity [3,4].
surface. As shown by Sauerbrey [1], the vibratind\nother solution to this problem includes
frequency of a quartz crystal, to a firstsearching for “intermediate interactions”, i.e.,
approximation, changes proportionally to the massteractions that are weaker than chemisorption
deposited onto or removed from one or both the{=300 kJ mot) but stronger than physisorption (0-
faces. Because the TSMR (thickness shear mod® kJ mott), such as coordination [5]. A central
resonator) fundamental frequency is rather low (1thetal atom surrounded by neutral or charged
MHz), it is assumed that viscosity effects(often organic) ligands is responsible for these
contribute to the frequency changes due to gdsteractions, where one or more donor atoms on
sorption to a negligible extent only [2]. Gaseoushese ligands interact with the metal ion. So,
pollutants can be selectively sorbed by the detectselectivity can be influenced by the choice of both
if an ideal coating is deposited on the metallithe metal ion and the ligand, from both an eletronic
electrodes. The observed frequency change isaad steric point of view [5]. When gaseous
measure of the amount of sorbed gas. The type wiblecules interact with metal complexes in this
interaction taking place between the analytavay, they themselves become coligands either by
molecules and the active coating determines thaecupying free coordination sites or by displacing
sorption and desorption characteristics. Lowether ligands. Earlier work in the field of
energy, perfectly reversible interactions such asoordination chemistry on mass-sensitive
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transducers includes the monitoring of oxygen binteractions result in detectable changes in the
using cobalt porphyrins and cobalt diaminghysical properties of the films, which include
complexes [6], the detection of NHand conductivity, mass, and optical properties [17].
organophosphorous compounds [7,8], detection of In this study, which is part of a systematic
water [9] and the application of an organoplatinunmvestigation in our laboratory [18,19], we have
coating to detect butadiene [10] and styrenproposed a phthalocyanine nickel(ll) coating for
vapours [11,12] or to discriminate isomeric andhe detection and determination of carbon
structurally-related unsaturated organianonoxide in air, using a piezoelectric crystal
compounds [13,14]. In most of cases, problemsensor. Sensitivity, response time, reversibility, as
arise from a lack of reversibility [7-9]. Sometimeswell as stability, selectivity, and reproducibility of
it is necessary to regenerate the sensors [11,1#je detector were examined. Moreover, the effects
with significant partial changes in sensitivity. of the working flow rate, temperature, and possible
For many years 3-trifluoroacetyl (Tfa) andinterferents on the responses have been discussed.
3-heptafluorobutanoyl (Hfb) camphorates of
transition metals such as manganese (ll), cobalt
(I and nickel (Il), and of lanthanides such asExperimental details
Europium (1ll) have been used as (chiral) additives
to stationary phases in chromatography (chiralApparatus and reagents
metal) [15]. The selectivities are based on the The setup consisted of an usual
interactions of these coordinatively andpiezoelectric quartz crystal AT-cut, with gold
eletronically unsaturated metal complexes witlelectrodes of active superficial area about 0.40
analytes containing heteroatoms such as O and dh?, operating at a fundamental frequency of 10
These materials have been applied to the detectiMHz (ICM, Oklahoma, OK, USA). This sensor
and determination of volatile organic compoundsvas housed in the glass detector cell developed for
(VOC's) containing oxygen, nitrogen, but bearingoptimum exposure of the gas stream to the crystal,
no heteroatoms [16]. as described before [19]. Each crystal was
Phthalocyanines (Pcs) are organiqpowered by a homemade oscillator operating in
compounds that are able to act as chemicallyarallel resonance. The monitoring of each output
sensitive films. The properties of phthalocyaninedrequency was carried out by using a Sincler
particularly their ionization potentials, can befrequency counter. The output frequency was
varied by metal-ion insertion and by therecorded every 30 and 60 s at a 0.1 Hz resolution
attachment of additional atoms or groups whicligate time = 1 s). The working temperature was
enhance or diminish the ionization potentiafixed at 25.G 0.1°C for all measurements (except
according to their position on the electronegativitjor the study of the temperature effect).
scale. Variation of the substituents on the side Calibrated flowmeters (Matheson and
chain and the ligand qrbridge in their polymers Cole-Parmer) were used to monitor the flow rates
leads to different detection properties forof the carrier (Nor dried air) and sample gas (CO)
environmentally relevant gases. This allows thstreams. Pressurized cylinders from Aga Company
production of carefully designed and optimizedvere employed as reliable sources, carbon
thin films having different degrees of sensitivitymonoxide 10 % (v/v) being already diluted with
selectivity, and stability. In addition, these filmspure nitrogen. Analytical grade reagents were used
have high chemical and thermal stability towardor the preparation of all substances tested as
many environmental conditions. They can beoatings.
easily produced as films through coating methods
such as sublimation, spraying, and smearing [17Coating preparation
The interactions between the Pc films and the The best coating material found for the
gases may be classified in terms of irreversibl€O gas was a 50 % (v/v) mixture of saturated
chemical affinity, reversible chemical reactionnickel(ll)-phthalocyanine (in ethanol) and
(usually charge-transfer), or bulk sorption. Thesglycerol-99 % pure. Other different ratios were
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tested with little success, and criteria used foand illustrated with experiments performed during
choosing the best component ratio was ththe evaluation of coatings for carbon dioxide
maximum sensitivity reached. The crystals wertdetectors [20].

coated with these substances by direc The choice of NiPc was based on
application of a small amount of the adsorbenspectroscopic studies of Pc materials in the visible
material over the surfaces of the electrode (botand infrared spectral regions, and their gaseous
gold faces of a thin piezoelectric crystal), using :adsorption-desorption properties were studied
microsyringe, and the viscous solution wasusing Langmuir-Blodgett (LB) films [21]. It was
spread with a tiny glass rod. All the material stay:also found that the central metal atom played a key
just on the gold electrode area leaving ¢role in the gas-film interaction mechanism [22].
reproducible film, which can have its mass (caBecause the electronic spectrum (ES) is one of the
70-75 pg) controlled by monitoring the probes used to monitor such interactions, the
frequency change of the crystal and calculatecharacteristics and changes in these spectra (Pc

from the Sauerbrey equation [1]. complexes) imposed by the central metal atom are
of current interest.
Vapour mixing When the mixture NiPc/Glycerol was used

The various concentrations of carbonas coating, the signal magnitudsF}j increased
monoxide were prepared by using the flowwith a increasing of substrate amount until it
dilution method in nitrogen. Samples from thereached a frequency shift of about 30 KHz. After
generation system were introduced into thethis point, the response did not increase any more
detector cell by a four-port sampling valve (stability). Too much material usually lead to total
(Varian). In operation, the carrier gas was firsicessation of the crystal oscillations. Consequently,
allowed to pass through the crystal sensor until ththe optimal amount of mass (coating) was
baseline frequency became stable. The samplirconsidered to be 70-7%g (30 KHz, under our
valve was then rotated to introduce the sample intexperimental conditions).
the detector cell, where the interaction between tr
sample gas and the coating took place. AfteEffect of the flow rate on the response and
equilibrium was reached, the frequency readinireversibility
became stable. The response was taken as | In general, the piezoelectric-detector
difference between the frequency of baselinrresponse is also very much influenced by the flow
before sampling and the frequency obtained afterate of the carrier gas in a flow analysis. For the
the established exposure time. When the sampselected coating material, an increase in the flow
valve was rotated again, allowing nitrogen to pasrate leads to a larger signal as far as approximately
through the cell, desorption occurred and thi72 mL minl. After this value, a reduction in the
frequency returned to the original baseline, beinisignal magnitude (Fig. 1) occurs, but the
the detector ready to be used again. desorption time is also shortened. However, the

use of a faster carrier gas flow rate also results in

some disadvantageous effects such as accelerated
Results and Discussion damage by physical forces or even by

volatilization (loss) of the coating material, which
Development and amount of coating material  hinders return to the baseline frequency. Thus, an

The selection of a compound (or mixture) appropriate choice of the working flow rate when
to be used as a piezoelectric quartz crystal coatirusing this species as detector should be the main
is of utmost importance in the development of iconcern among all the above factors mentioned.
chemical sensor. Recently, the relevant parameteFor the studied coating material, a flow rate of
to be evaluated (stability, sensitivity, reversibility, approximately 72 mL mi# was considered to be
response time, reproducibility, and selectivity),ideal and complete gas desorption (reversibility,
and the main variables affecting the results anrecovery, or regeneration time) took about two
influencing the choice of coating were discusseiminutes.
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Figure 1. Effect of flow rate on the response of the Figure 2. Effect of temperature on the response of
NiPc/glycerine coating: & = 1.1 % (v/v), temper-  the sensor: €= 1.07 % (v/v), flow rate = 62 mL
ature 23C, amount of coating = 7f6g, and differ-  min-1, amount of coating = 7fig, and sampling

ent sampling times. time 30 s.
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Calibration curves, precision, stability and fferent co concentrations and exposure times: working
interferents temperature = 2&, amount of coating = 7g, flow
Typical response analytical curveSfF(Hz)  rate = 62 mL mirt, and sampling times = 30 and 60 s.

results (sensitivities).
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vs. CO concentration, are shown in Fig.3 for twoencountered at room temperature is not high enough
different contact times. It was found that thisto allow general determinations, this method can be
dependence is linear in the studied concentratioapplied in some special situations [24-26].

range from 0.10 to 1.0 % v/v. Good linearities (r = Table 1 shows the results of the precision

0.9982 and 0.9988) were obtained with sensitivitiestudies for 10 different crystals, where standard

of 8.94 and 9.54 Hz/ppM, for exposure timesdeviations of about 3.3 and 5.4 Hz were obtained
between the pollutant and the sensor of 30 and 80r sampling times of 30 and 60 seconds,

seconds, respectively. Although the sensitivityrespectively.

Table 1. Precision measurements on the responses of the CO sensor: amount of coating
=76 ug, flow rate = 62 mL min™', and Cco = 1.07 % (V/v)

Crystal AF 30s%(Hz) AF 60s(Hz)

1 100 156
2 92.0 144
3 102 144
4 102 149
5 100 143
6 98.0 145
7 102 142
8 101 146
9 104 156
10 101 153

Mean 100 148

Standard Deviation (s) 3.3 5.4

Confidence Interval (95%) 100 +2 148 +4

*Average of three successive measurements.

Table 2. Lifetime measurements on the responses of the CO sensor: amount of coating
=76 ug, flow rate = 62 mL min", and Cco = 1.07 % (v/v) and temperature = 25 °C

Time AF 30s"(Hz) AF 60s"(Hz)
0 102 156
15 min 103 156
30 min 101 154
lh 102 153
2h 101 152
4h 100 152
6h 101 153
12h 102 150
24h 102 150
48h 101 151
72h 98 148
7 days 98 145
10 days 97 144
15 days 95 144

* Average of three successive measurements.
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Table 3. Effect of some substances as possible interferents on CO determination: Cinterferent =
10 % v/v (except other notation), amount of coating = 70 ug, flow rate = 80 mL min!,
and temperature = 25 °C

Tested substances AF 30s°(Hz)
Dry air 9
CO, 26
SO, 47
NO; 426
H,S 246
H,0 (60 % v/v) no vibration
HCl 78
NH; 15
CO (1 % v/v) 100

* Average of three measurements.

The lifetime of a single coating (crystal) enough to allow general determinations, this
was observed for fifteen days (Table 2), and thmethod can be applied in some special situations.
results show good stability (loss of 7%).A sample of the exhaust gas from a car could be
Measurements carried out for a contact time of 3collected into a sampling bag and analyzed in the
seconds were also more reproducible in this studlaboratory without C@ interference, using
When not in use, the crystal was stored in iabsorbent tubes (soda lime) placed before the
desiccator (under vacuum). crystal cell, in the line. The concentration range of

Interference of some species such ainterest for carbon monoxide depends on the
carbon dioxide, sulfur dioxide, nitrogen dioxide, sample, and although in the environment the
hydrogen sulfide, hydrogen chloride, ammonia“safe” concentration limit is placed at 1000 ppm (1
dry air, and water vapour, which are expected tppM), the concentration in cigarette smoke
exist in the air environment and maybe a potenticreaches 40 ppM (4.0 %), which is in the useful
interferents, were tested at 10 % (v/v)range. Carbon monoxide analysis in unpolluted
concentration level except for moisture. Theareas, 0.1-0.2 ppm, can only be achieved with
syringe dilution method was used to obtain thissome previous preconcentration treatment. The
value for all these substances. In these conditionamount of CO in gaseous fuels is much higher and
the present study has shown that only,N&@S, depends on its origin. It ranges from a few percent
and moisture cause significant frequency change4-18 % (v/v) in coal gas, 27 % in blast furnace gas,
in comparison with that observed for 1 % (v/v)and around 29 % in producer gas, to 30-41 % in
carbon monoxide (Table 3). water gas. So, CO concentration in gaseous fuels

could be determined by the present method.
It was observed that the interaction
Conclusions between CO and NiPc increases at higher
temperatures. So, in future studies, new efforts in

The nickel(Il)-phthalocyanine/glycerol this direction will be important if higher
mixture tested as substrate in this work issensitivities are to be achieved.
potentially good for use as gas captor on th Another way to try to improve the
piezoelectric sensor, being suitable for carboisensitivity of the sensor would be to test different
monoxide determination in the concentratiormethods for the film preparation (coatings).
range 0.10 to 1.0 % (v/v). Although the sensitivityElectrochemical depositions, deposition by
encountered at room temperature is not higvacuum sublimation, or the use of Langmuir-
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O. M. Guimaraes, M. E. D. Zaniquelli,J. R.M. Castro, V. R. Balbo e J. F. Andrade. Determinacao
de monoxido de carbono usando um sensor de cristal de quartzo revestido.

Resumo:Mondxido de carbono foi detectado e determinado por meio de um sensor piezelétrico de cristal
de quartzo, cujos eletrodos foram revestidos com um filme formado por uma solucdo saturada de
niquel(ll)-ftalocianina (em etanol) e glicerina pura, na propor¢éo 50 % (v/v). Realizaram-se estudos sobre

o efeito da temperatura, vazao e a presenc¢a de algumas outras substancias (possiveis interferentes).
Elaboracdo de curvas de calibracéo, estabilidade do sensor (tempo de vida) e estudos de repetibilidade
também foram verificados. A seletividade resultante é provavelmente devida a ligacéo coordenativa entre
os complexos eletronicamente insaturados do metal e o analito. A curva analitica € linear no intervalo de
concentragdo entre 0,10 e 1,0 % (v/v).

Palavras-chavemonoxido de carbono; sensor piezelétrico; niquel(ll)-ftalocianina; cristal de quartzo.
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