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THIN FILM OF TRET-BYTYLCALIX[N]JARENES AS SENSITIVE MATERIALS FOR GAS
SENSORS TO THE ORGANIC CHEMICAL COMPOUNDS

A. L. Kukla, A. A. Vakhula, 1. V. Kruglenko, V. Yu. Khorouzhenko, 1. A. Samoylova

Abstract. Adsorption properties of thin nanostructured films of tret-bytylcalix[n]arenes (n=3,
4, 5, 6, 8) with thickness of about 200 nm to vapors of different organic solvents are investigated.
Two methods were used for adsorption measurements — mass-sensitive quartz microbalance and
interference colorimetry. Gas sensitive, selective and regenerative parameters of the used calixarene
films as sensitive materials for chemical sensors were investigated. It is shown that the calix[5]arene
films are most sensitive for detection of chlorine organic compounds. The comparative analysis of
responses of quartz microbalance and optical sensor elements for each of the explored sensitive films
have been carried out.
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TOHKI IIIIBK TPET-BYTIJ KAJIIKCAPEHIB AK YYTIMBI MATEPIAJIN J1JII CEHCOPIB
J0 OPTAHIYHUX CIIOJYK

0. JI. Kykaa, O. A. Baxyaa, 1. B. Kpyzaenxo, B. FO. Xopyxcenko, 1. O. Camoiirosa

Anorania. JocmimkeHi amcopOLiiiHi XapaKTepUCTUKMA TOHKUX HAHOCTPYKTYPOBAaHUX ILIiBOK
TpeT-OyTrnkanikc[nlapenis (n=3, 4, 5, 6, 8) ToBIIMHOIO 6J13bKO 200 HM 0 MapiB pi3HOMAHITHUX
OpraHiyHMX pe4yoBMH. BuMiproBaHHS afcopOlLii KajiKcapeHOBUX 11apiB MPOBEAESHO JIBOMA CIIO-
cobaMM — 3a JTOIOMOIOI0 MAac-4YyTJIMBOTO KBapIIOBOIO0 MiKpoOalaHCy Ta IIUISIXOM iHTepdhepeH-
LiMHUX KOJIOPMMETPUUYHUX BUMipIOBaHb. BU3HAaYeHO ra3ouyTiunBi, CeJIEKTUBHI Ta pereHepaTuBHi
napaMeTpHu JOCHiIKeHUX IUTiBOK K YYTJIMBUX MaTepiaiiB AJisl XiMiuHuxX ceHcopiB. IToka3aHo, 1110
JUISL J@TEKTYBaHHS XJIOPBMICHUX CHOJYK HAWMOiNbII YYTJIMBMMU € IIapU HAa OCHOBIi KaJliKCapeHY
C[5]A. IIpoBeneHo MOPIBHSUTLHII aHaIi3 BiITyKiB KBapIIOBMX KPUCTAIYHUX Ta ONTUYHNX CEH-
COPHUX €JIEMEHTIB JJIsl KOXKHOI i3 JOCiI)KeHUX YyTIUBUX IUTiBOK.

Kmouosi cioBa: QCM ceHcop, RGB-konopumerpis, kanikc[n]apeHu
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TOHKHUE IIVIEHKU TPET-BYTWJI KAJIMKCAPEHOB KAK YYBCTBUTE/IbHBIE MATEPUAJIbI
JAJI1 CEHCOPOB K OPTAHUYECKHUM BEIIECTBAM

A. JI. Kykaa, A. A. Baxyaa, H. B. Kpyeaeuxo, B. IO. Xopycenxo, H. A. Camoiirosa

Annoramus. MccnenoBaHbl ancopOLMOHHBIE XapaKTEPUCTUKM TOHKMX HAHOCTPYKTYPUPOBAH-
HBIX IJICHOK TpeT-OyTUiIKaIuKc[n]apeHoB (n=3, 4, 5, 6, 8) TonmHoi okoJio 200 HM K mapam pas-
JIUYHBIX OPraHWYECKUX BellecTB. M3amepeHus aacopOLUMmM KaauKCapeHOBBIX CJI0EB MPOBOAMINCH
JBYMSI METOJAMU — C TIOMOIIIbIO MaCC-4yBCTBUTEJIBHOTO KBaplIeBOTO MUKpOOaiaHca U IyTeM MH-
TepdepeHIIMOHHBIX KOJIOPUMETPUUECKUX U3MepeHMnit. OnpeesieHbl Ta304yBCTBUTENIbHBIC, CEIEeK-
TUBHbIE U pEreHepaTUBHbIE MTapaMeTPhbl UCCIIEAYEMbIX TUIEHOK KaK YyBCTBUTEIbHBIX MAaTEPUAJIOB
JUTSL XMUMUYECKHMX ceHCOpoB. [TokazaHo, UTO 11l IETEKTUPOBAHMS XJIOPCOAEPXKAIIUX COSTUHEHU I
HauboJiee YyBCTBUTEJIbHBIMMU SIBJITIOTCS CJIOM Ha ocHOBe KanukcapeHa C[5]A. ITpoBeneH cpaBHU-
TeJIbHBII aHAJIU3 OTKIMKOB KBapLEBbIX KPUCTAUIMYECKUX U ONITUYECKUX CEHCOPHBIX 2JIEMEHTOB
JUTSL K&KI0M M3 UCCIIEIOBAHHBIX YyBCTBUTEIbHBIX TUICHOK.

Kmouessie ciioBa: QCM cencop, RGB-konmopumerpust, Kaaukce|[n]apeHb

Introduction

Chemical sensors are the rapidly evolving fields
of the modern sensor science. Majority of investiga-
tions in this area is concentrated towards diminish-
ing the sensor overall dimensions, achieving higher
sensitivity and lower reaction times, and also search
for new highly selective materials for various analyt-
es detection. Chemical sensors are widely applied in
medical diagnostics [1] and biomedical analysis [2,
3], in environmental monitoring (continuous and
long-term monitoring of detrimental compounds)
[4, 5], in food industry [6-8] and pharmacology [9-
11], cosmetics production etc.

The necessity of characterization and identifica-
tion of multicomponent mixtures has lead to devel-
opment of the multisensor arrays. The question of
sensitive layers selectivity to specific gaseous mix-
tures is essential for creation of intelligent systems
for taste and odor discrimination based on such
Sensors.

Taking into account the ability of organic mate-
rials to form various types of molecular interactions
and their variety, the organic sensitive layers are
most attractive as to their use in the new generation
of sensor arrays. Ability of volatile compounds to be
adsorbed into molecular capsules of different forms
and sizes provides the increased selectivity, good af-
finity and high sensitivity of such layers toward ana-
Iytes. These properties are well pronounced in the
volumetrically porous organic materials consisting
of the complex multiatom molecules (macrocycles,
calixarenes, polymers) which are able to bind vari-
ous organic substances and gases due to the pres-
ence of molecular cavities.

Use of the molecular organic crystals opens wide
possibilities for formation of sensitive architectures
with predefined chemical functionality. Charac-
teristic examples of this approach are given by the
use of various cavitands, first of all calixarenes [12-
14], which are very promising materials considering
the possibility of optimization of their structure to
match the analyte molecules’ one [15-20]. These
peculiarities of the molecular structure (presence of
the nanocavities) and also the ability of molecular
recognition of the organic compounds allow to uti-
lize the calixarenes for creation of the gas sensors
sensitive layers [21].

The aim of the present work is investigation of the
sensitivity and selectivity of sensitive layers formed
with thin films of tret-butylcalixarenes in chemi-
cal and gas sensors for detection of various organic
substances, and also conduction of the compara-
tive analysis of responses of the quartz crystal and
optical sensor elements as related to correlation
between the adsorbed molecular mass and corre-
sponding change in optical parameters for each of
the sensitive films under consideration.

Materials and methods

In this work thin films of C[3]A, C[4]A, C[5]A,
C[6]A, CJ8]A tret-butylcalixarenes were used as
sensitive layers. Materials in powder form were syn-
thesized at the Institute of Organic Chemistry of
NASU and kindly provided by prof. V.I. Kalchen-
ko. The films were obtained by thermal evaporation
in vacuum (with the VUP-5M setup, residual pres-
sure of 5x10* Pa) and deposition onto the metal
electrodes of piezoelectric transducers [22], or onto
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the polished silicon substrate 20x20 mm in size for
optical transducers [23], in both cases at room tem-
perature (297+2 °K). The average deposition rate
was about 10 nm'min'. The films thickness was
monitored during deposition by means of quartz
thickness measuring device; the final thickness ob-
tained for all cases was about 200 nm.

The following groups of organic compounds
were used as analytes: chlorinated compounds
(chloroform, dichlorethane), aromatic compounds
(toluene, xylene), ketones (acetone), ethers (bu-
tylacetate) and alcohols (ethyl, isopropyl and butyl
alcohol).

Experimental setup and measurement principles

In this work for direct experimental evaluation of
organic compounds vapor adsorption onto the ca-
lixarene coatings, the 5-channel multisensor system
based on AT-cut quartz resonators (with resonance
frequency of 10 MHz) was used [22]. Upon adsorp-
tion of the analyte molecules on sensitive layer the
working frequency of quartz resonator decreases.
Basic equation describing the relation between the
change in resonance frequency of AT-cut quartz
crystal and the mass adsorbed on the crystal surface
is according to [24, 25]

2
APH,

where Afis the change in crystal oscillation frequen-
cy in Hz, f, is the piezoquartz frequency in MHz,
Am is the mass adsorbed on the sensitive film, g, A is
the electrode surface area in cm?, p_ =2.648 g-cm”
(the quartz density), ", = 2.947x10" g-em™-s2 (the
AT-cut quartz shear modulus).

For additional investigation of vapor adsorption
onto the calixarene layers we used the optoelectron-
ic interference multisensors with digital response
registration in form of change in the color compo-
nents (red, green and blue) of the interference-col-
ored calixarene layers upon the adsorption of ana-
Iyte molecules [23]. The sensor system included the
white light source, device for image capturing (web
camera) and the flow-type cell with the sensor array
[26]. It was shown earlier, that the calixarene films
can be used as sensitive layers in colorimetric gas
sensor for detection of alcohol molecules of several
types [27], chlororganic and aromatic compounds
[28]. Interference coloration of the thin layer of
sensitive coating deposited on reflective substrate

Af = Am (1)
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changes upon interaction with gas molecules due
to change in refraction index and thickness of the
film. Usually a change of the color vector length in
the R, G, B values space is used as response of such
colorimetric sensor [26]. However, as numerous ex-
periments have shown, the calculation of angular
coordinates of the color vector in above mentioned
space provides more accurate representation of the
colorimetric image of the film; this is achieved due
to compensation of instability caused by fluctua-
tions of the light source intensity and by noise in the
data transmission channel [29]. Thus, we will de-
fine the response of interference colorimetric sen-
sor upon the influence of analyte vapor as deviation
of angular position of the color vector from its pre-
vious state [28]:

2 2 2
AS = & — & + i — ﬁ + ﬁ — & (2)
Ll LO Ll LO Ll LO

where R, G, B are the measured values of the color

vector components, L =+ R* + G + B> is the abso-
lute length of the color vector in R, G, B space and
indices 0 and 1 define the initial and subsequent
states of the film (before and after its exposure to
analyte vapor) respectively.

Methods of measurement
The colorimetric RGB-measurement method

The analyzed organic compound vapors with
different concentrations were prepared by dilut-
ing the initial saturated vapors with dry air to the
defined amount of dilution. Then the mixture was
transported through the sampling cell with volume
of 2 ml, where the sensor array with calixarene
layers was installed. Table 1 shows concentration
ranges for all used analytes as well as concentration
change step value. Let us note that the maximum
concentration listed in the table corresponds to 50
% dilution and the minimum concentration cor-
responds to 95 % dilution. The step at which the
analyte concentration was increased corresponded
to the 5 % change in analyte amount. The con-
centration value was calculated according to the
following formula:

_R

C= —10° 3
PV ©)

atm

where C is the analyte concentration in ppm, P is
the analyte saturated vapor pressure, P is the nor-
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mal atmospheric pressure (766 mm Hg), V. is the
volume of a saturated vapor sample, V'is the volume
at which the dilution was performed (a 20 ml sy-
ringe).

Table 1

Minimum and maximum concentration values for the

investigated analytes vapor supplied to the sensor cell,

and the step of concentration change during the concen-
tration dependencies measurement.

Saturat-| Mini- | Maxi- | SO0
centra-
ed vapor| mum mum .
tion
Analyte pressure | concen- | concen- | oo
at 23 °C, | tration, | tration, g
mm Hg | ppm ppm step,
ppm
Acetone 202 13185 | 131850 | 13185
Butanol 5 290 2900 290
Butylacetate 18 1174 11740 1174
Chloroform 177 11553 | 115530 | 11553
Dichlorethane 75 4895 48950 4895
Ethanol 50.5 3296 32960 3296
Isopropanol 39 2545 25450 2545
Toluene 25.5 1664 16640 1664
Xylene 6 392 3920 392

Registration of the colored image of investigated
sample was performed at room temperature, first
for the initial state of the sample, then every second
during ten seconds after the exposure to analyte va-
pors and then at the point 2 minutes after purging
the sample with dry air. In all cases the coloration
state after 10 seconds from the start of analyte vapor
supply was taken as the response signal for further
processing.

The quartz microbalance (QM) method

The necessary conditions for gas mixtures analy-
sis is the consistency of their composition and con-
centration during the entire period of experiment.
For each of the investigated samples, the concen-
tration was calculated according to the values listed
in Table 1; the sample then was injected into the 110
ml cell through the inlet. The analyte vapor filling
the cell contacted the sensor array. With the help of
multisensor system the quartz elements response
kinetics was simultaneously recorded for all calix-
arene layers, sequentially for each analyte at the
given concentration. Response was registered dur-
ing 10 minutes, however in all cases the maximum
response value was taken as informative parameter,
that is, the maximum deviation of the resonator os-
cillation frequency from its initial value. The tem-
perature during the measurement was maintained
at 20 °C by means of thermostat [22]. To ensure the

equal measurement conditions and eliminate the
influence of previous experiments after each mea-
surement the cell was cleaned by blowing with car-
rier-gas (argon), which always lead to restoration of
the sensors working characteristics.

Results and discussion

Using both the above described measurement
methods, the responses for five types of calixarene
films to the vapor of nine organic analytes in wide
range of concentrations were obtained.

Fig.1 shows the calculated from formula (1)
mass of adsorbed molecules for each of the inves-
tigated analytes depending on its concentration for
QM -sensors based on respective calixarene layers.

Fig.2 shows the concentration dependencies
for responses of optical RGB-sensors based on the
same sensitive layers, calculated from formula (2).
Let us note that the concentrations scale for each
analyte for all presented curves is identical and cor-
responds to the data in Table 1.

As it could be seen from the presented curves,
the responses of all investigated QM-sensors
(which are proportional to the adsorbed molecules
mass) show monotonous growth upon the increase
of analyte concentration, and the mass increase
rate varies depending on the analyte type. At the
same time behavior of concentration dependen-
cies for majority of RGB-sensors responses is
somewhat different: with concentration increase
the responses change insignificantly, and only af-
ter some threshold concentration the response val-
ue starts to increase quite rapidly. Such response
behavior is typical for C[3]A, C[6]A and C[8]A
films. Only the C[5]A calixarene demonstrates re-
sponses close to linear.

For more intuitive juxtaposition of QM and
RGB-sensors sensitivity and selectivity Fig.3 shows
normalized responses to investigated analytes at
fixed concentration equal to P /2.

Reasoning from the present data, we may out-
line the following characteristic features of ca-
lixarene layers as sensitive materials that were
equivalently evidenced in both types of sensors.
First, all films appeared to be least sensitive to al-
cohol, especially in RGB-measurements. Second,
the largest responses were observed for chlorinated
analytes (chloroform, dichlorethane). Most sen-
sitive in respect to all considered analytes are the
C[5]A and CJ6]A films, and the least sensitive is
C[4]A.
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Fig. 1. Concentration dependencies for the mass adsorbed on calixarene layers of specified types for the entire set
of investigated analytes: (a) C[3]A, (b) C[4]A, (c) C[5]A, (d) C[6]A, (e) C[8]A; concentration range for each of the

given analytes are listed in Table 1.

To specific differences in responses of QM
and RGB-sensors we may attribute the following:
among the QM-sensors maximum absolute sensi-
tivity to the majority of used analytes is observed for
sensors with the C[5]A sensitive layer (see Fig.3,a).
Less sensitive are the sensors with C[6]A layer (ap-
proximately by factor of two) and the least sensi-
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tive are sensors with C[3]A, C[4]A, C[8]A layers (by
factor of 4-5). At the same time RGB-sensors with
different calixarene layers differ from each other
not as much by sensitivity but more by dynamics of
the sensitivity change depending on concentration.
However, the sensors with C[5]A sensitive layer also
stand out here demonstrating nearly linear dynam-
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ic range of responses in considered concentrations film demonstrate weak reaction to all analytes at
range; on the contrary, sensors based on the C[4]A  any concentrations.
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Fig. 2. Concentration dependencies for responses of the RGB-sensors with sensitive layers formed with calixarenes
of five types to the vapor of specified analytes: (a) C[3]A, (b) C[4]A, (c) C[5]A, (d) C[6]A, (e) C[8]A; concentration

range of the analytes are listed in Table 1.

When analyzing the obtained responses, one has
to keep in mind that variation of concentration in
experiments was achieved by dilution of saturated
vapor, and since the saturated vapor pressure for
considered analytes significantly varies (see Ta-

ble 1), the concentration scale is actually different
for different analytes.

However, from the diagrams in Fig.3, one may
notice that the magnitude of response to various
analytes is not proportional to their concentration
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and even not correlate with it. E.g. responses to
the acetone vapor (P,=202 mm Hg) are equal to
responses to butyl acetate (18 mm Hg) and xylene
(6 mm Hg) and approximately 2 times lower than
responses to dichlorethane (75 mm Hg) and chlo-
roform (177 mm Hg).
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Fig. 3. Relative responses of QM-sensors (a) and RGB-
sensors (b) with sensitive layers of C[3]A, C[4]A, C[5]A,
C[6]A, C|[8]A to the vapors of all investigated analytes at
fixed concentration of P /2.

Obviously, the individual selective properties of
the “analyte — sensitive layer” system play more
important role than the analyte concentration.

Regenerative properties of calixarene sensitive
layers upon the influence of organic compounds
vapor were also investigated. Fig.4 shows (by the
example of sensor with C[5]A layer) the RGB-sen-
sor regeneration curves (that is, the return to initial
baseline after exposure to the analyte vapor at vari-
ous concentrations and subsequent purging with
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dry air). The results indicate high reproducibility
of responses in a wide range of concentrations (300
through 100000 ppm, depending on analyte). Simi-
lar data were also obtained for sensors with sensitive
layers of other types.
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Fig. 4. Regeneration curves for RGB-sensor with the
C[5]A sensitive layer, characterizing the return of the
film color to its initial state after the exposure to acetone
(a) and chloroform (b) vapor in various concentrations
and subsequent purging with dry air.

It has to be mentioned that in both types of mea-
surement that was conducted at room temperature
after purging and regeneration of sensor element
the informative parameter magnitude (the film col-
or or quartz resonator frequency) practically always
returned to its initial value, which indicates the
absence of strong chemical bonding of molecules
within the calixarene films, that is the interaction
is characterized by rather weak (coordination, van
der Waals) bounds.

As could be seen from the responses of QM and
RGB-sensors (see Fig.3), the different calixarene
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layers has overlapping but at the same time quanti-
tatively different sensitivity to investigated analytes.
This fact could be put to the base of development
of the multielement multiparametric sensor for or-
ganic substances based on the sensitive films of vari-
ous calixarenes, when the output signals from each
separate sensor element are being registered and
form the multidimensional response, which is then
to be processed with the help of statistical pattern
recognition techniques.

Each analyte or mixture forms its own unique
chemical image, which can be mathematically rep-
resented, transformed and compared to other im-
ages. Fig.5 shows the result of processing the ob-
tained 5-dimensional response vectors from the
array of five QM-sensors and five RGB-sensors re-
spectively, by means of principal component analy-
sis [30]. This method allows do reduce the dimen-
sionality of the initial data to two dimensions and
visualize it with convenient graphical representa-
tion on the principal coordinates plane. Each point
on the plane corresponds to one of the analytes at
specific concentration and the series of one-kind
points corresponding to different concentrations
forms certain chemical image of the given analyte
occupying a certain region. Absence of overlapping
regions would indicate the high selectivity of the
sensor array.

As could be seen, in our case reliable discrimi-
nation is possible for chlororganic compound and
acetone for both sensor arrays, other analytes are
more difficult to discriminate, especially at small
concentrations. The better selectivity results are
demonstrated by the QM-sensors array, probably
due to wider range of sensitivity to various ana-
Iytes.

Comparative analysis of QM and RGB-sensor
responses

If one compare the diagrams of the sensor re-
sponses for QM and RGB-sensors to the entire set
of used analytes (see Fig.3,a,b), one could notice
a certain similarity at least in general tendency of
change that’s why we may suppose that there ex-
ists a correlation between the magnitudes of these
responses. The reason for this assumption is that the
both sensor types used the same calixarene films as
sensitive layers, of the same thickness and obtained
with identical technology. Besides, the measure-
ment conditions for quartz and optical sensors
were also chosen to be identical. The physical and

chemical processes taking place upon adsorption of
the analyte vapor onto the sensitive layer are also
identical.
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Fig. 5. Disposition of the investigated analytes images on
the principal coordinates plane for the five QM sensors
array (a) and five RGB-sensors array (b); as the source
statistic for calculation all available response values
shown in Fig.1 and 2 were used.

Thus, it would be interesting to compare the re-
sponses of two types of sensors to find out the grade
of similarity in responses caused by identical pro-
cesses, that is to find out if there exists correlation
between the adsorbed molecular mass and corre-
sponding change in optical parameters for each of
the investigated sensitive films.

Using all the available response values for QM
and RGB-sensors obtained in the experiments, the
two-dimensional response diagrams were built for
all investigated calixarene films used as sensitive lay-
ers for respective sensors (Fig.6). As can be seen, the
registered distribution statistics shows general ten-
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dency of simultaneous increase on both axes, that is
the positive correlation between the QM and RGB-
responses. Table 2 lists the calculated correlation
coefficients for each type of calixarene film over the
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Fig. 6. Correlation diagrams for QM and RGB-sensor responses for five types of the investigated sensitive calixarene
films; straight lines show the least squares linear approximation of the obtained data.

For further analysis let us denote the follow-
ing. Used calixarenes, being the volumetrically
porous organic materials, are composed of cyclic
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macromolecules having a cup-like shape and the
nanocavities between them. The volatile analyte
molecules easily penetrate to the bulk of the film.
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Basing on the concept that this leads either to the
film material the density increase due to the in-
creasing number of particles per unit of volume,
when the analyte molecules are being bound with-
in the film, or the organic film swells as a result of
adjacent film fragments being pushed aside by the
embedding analyte molecules [26-28], we could
assume that in the first case such interaction leads

to increase of the refraction index of the film and
in the second case to increase of the film thick-
ness. This model is confirmed by the papers [31,
32], where it is shown that the contact of calixarene
films with saturated vapor of benzene, toluene and
chloroform may lead to the increase of film thick-
ness by 10-20 % and/or increase of its refraction
index by 0.01-0.1.

Table 2

Correlation coefficients for QM and RGB-sensor responses calculated for each type of calixarene film over the fol-
lowing data sets: whole totality of the obtained responses, by every fixed concentration for all analytes, and by every
analyte for all its concentrations.

Calixarene C[3]A C[4]1A C[5]A C[6]A C[8]JA Calculation method
Correlation co- 0.726 0.637 0.935 0.862 0.709 Over entire data set
efficient (S, 0.773 0.374 0.910 0.823 0.681 Averaging by concentrations

Son) 0.616 0.497 0.924 0.778 0.821 Averaging by analytes

Now we need to relate the magnitude of RGB-
sensor response calculated from (2) to a change of
optical parameters of the thin film — thickness d,
refraction index # and their product nd. Simulation
of the response for three-layer thin film system with
Frenel equations with varying optical parameters of
the film [33] in vicinity of the used calixarene films
parameters n = 1.5 and d = 200 nm shows that with
the increase of parameters by the above mentioned
relatively small deviations of thickness and refrac-
tion index the colorimetric response magnitude in-
creases monotonically with the change of nd prod-
uct. This means that we can unambiguously relate
the RGB-sensor response to the change in the film
optical parameters.

Returning to the two-dimensional response dia-
grams for QM and RGB-sensors (see Fig.6), we may
state the positive correlation between the changes in
optical parameters and adsorbed mass in general for
all considered calixarene films. However, from the
Table 2, it follows that the correlation strength sig-
nificantly differs for different films: it is profoundly
maximal for C[5]A layers independently of calcula-
tion method, a little lower for C[6]A, intermediate
correlation is observed for C[3]A and C[8]A layers,
and the minimum correlation in all cases is charac-
teristic for C[4]A layers.

We may suppose that the presence of strong cor-
relation between QM and RGB-responses, that is
the synchronous change in adsorbed mass and the
nd parameter of the film, indicates that the whole
bulk of the film is involved into adsorption process,
being uniformly filled with the analyte molecules.
This effect is most pronounced for the C[5]A films.

If the correlation is weak, it is logical to assume that
molecules mostly accumulate on the surface of the
film and do not penetrate into the bulk. This effect,
as we can see, is mostly characteristic for the C[4]A
films. Considering the C|[3]A, C[6]A and C[8]A
films, we may assume that both adsorption types
may take place.

Conclusion

Obtained results allow to predict which of the in-
vestigated sensitive materials may be promising for
use in the sensory systems for specific applications.
It is shown that the most sensitive type of calixarene
layers for all considered analytes appear to be the
C[5]A and CJ6]A films, and the least sensitive is
C[4]A. At this, for classification of the chlorinated
chemical compounds most sensitive and promising
are the layers based on the C[5]A calixarene.

It is shown that with the increase of concentra-
tion of the analytes the mass of adsorbed molecules
for all investigated calixarene films gradually aggre-
gates on the films however for different films at a
different rate. At the same time optical parameters
ofthe C[3]A, C[4]A, C[6]A and C[8]A films change
insignificantly and only start to rapidly increase af-
ter the exceeding of a certain concentration thresh-
old, which varies depending on both calixarene and
analyte types.

For the C[5]A layers optical parameters change
quite synchronously with the growth of adsorbed
mass. The positive correlation between the change
of these parameters is strongest for the C[5]A layers
(0.93) and weakest for the C[4]A layers (0.63).
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