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Planar supramolecular systems based on Langmuir monolayers of chromoionophores are widely used for sensor
applications, and crown ether ionophoric groups are intensively studied. However, almost no attention is devoted
to investigation of effect of alkyl moieties onto receptor properties of such systems. In the present work, we carry
out a comparative study of Langmuir monolayers of three alkylated dithiaaza-crown substituted hemicyanine
chromoionophores differing only in number of carbon atoms (12, 16, 21) in the hydrophobic alkyl substituent.
A dependence of receptor properties of the studied monolayers on the length of alkyl chain is revealed. It is shown
that the efficiency of mercury cations binding by both liquid-expanded and compressed monolayer of dithiaaza-crown
substituted hemicyanine dyes formed on pure water subphase is identical for all three compounds with various length
of alkyl chain substituent due to the key role of the interactions between chromoionophore fragments of neighboring
molecules at the interface. Degree of system sensitivity enhancement due to barium cation-induced preorganization
increases with increase of number of carbon atoms in the alkyl chain.
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Ilnanapuvle cynpamonexyiapHvle CUCembl Had OCHO8e MOHOCL0E6 JleHeMIopa pasiuyuHblX XPOMOUOHOPOPOE HAXOOM
WUPOKOE NPUMEHEHUE 68 CEHCOPUKe, NPU SMOM 0C000e GHUMAHUE NPUBTIEKAIOM KPAYH-3QUPHbLE UOHOMOPHbIE SPYNNbL.
OO0Hako enusHUe ATKUTLHBIX 3aMecmumenell Ha peyenmopHvle CeoUCmea makux Cucmem oCmaémesi npakmuiecku
He uccnedosantvim. B nacmosiwyetl pabome npoeedeHo CpasHUMEIbHOE UCCLe008AHUEe ICHEMIOPOBCKUX MOHOCTIOEE MPex
ANKUTUPOBAHHBIX OUMUAAZAKPAVH-3AMEUJCHHBIX 2EMUYUAHUHOBHIX XPOMOUOHODOPOS, OMIUNAIOUUXCS MOTLKO YUCTOM
amomos yenepooa (12, 16, 21) 6 eudpogpobrom anxunvrom 3amecmumene. Bvisenena 3a8ucumocms peyenmopHvix
CBOUICME UCCLEOYEMbIX MOHOCNIO0e8 Om OAUHbl arKuibHou yenu. Ilokazano, umo 3p@hekmueHocmy Ce:3bI16aAHUL
KAMUOHO8 PmMymu MOHOCIOSMU OUMUAA3AKPAYH-30MEUWEHHbIX 2eMUYUAHUHOBIX KPACUMENel, CHOPMUPOBAHHBIX
HA NOGEPXHOCIU OCUOHUBUPOBAHHOU 80O0bL, KAK 6 JHCUOKO-PACUUUPEHHOM, MAK U 6 CHCAMOM COCMOAHUU, 0OUHAKOBA
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0715 6CeX mpex COeOUHEHULL C PA3TUIHOU OTUHOU AKUTbHO20 3AMeCUMes U3-3a ONpedensiowelt poau 63aumo0eicmeuti
MeANCOY XPOMOUOHODOPHLIMU DPACMEHMAMU COCEOHUX MONEKYL Ha nosepxHocmu pazoeida. Cmenensb nOGblUEHUs.
YYBCMBUMENLHOCIU CUCEMbL 3 CUen NPe0Oop2anUu3ayull MOHOCIOs KAMUOHAMU Oapusi pacmém ¢ yeeaudeHuem Yucid

aniomoe yeﬂepoda 6 ANIKUTILbHOLL yenu.

KaroueBrble ciioBa: FeMI/IHI/IaHI/IHI)I, MOHOCJIOH J'[eHeropa, XpOMOI/IOHO(l)OpLI, JUJIMHA AIIKUJILHOMU nenu, CrIeKTpoCKous,

CCHCOpHKa.

Introduction

Currently, sensorics is one of the most promising
applications for receptor abilities of macroheterocyclic
compounds.l"¥  From this standpoint, crown ether
substituted fluoro- and chromophores capable of significant
changes of photophysical properties upon selective
binding of cations are of special interest.>-'"! Modification
of the crown ether cycle allows achieving high selectivity
and binding constants for biologically and environmentally
important metal ions. For example, replacement of one or
two oxygen atoms in this cycle by sulfur ones can lead
to higher affinity for mercury and copper cations.['>"'®
Moreover, simultaneous inclusion of nitrogen atom into
the crown-substituent of a coloured molecule as a part
of both ionophoric and chromophoric moieties is an easy
way to impart the chromoionophoric power to the dye
molecule and obtain a spectral response to metal cation
binding since their interaction with the nitrogen atom
will reduce the overall chromophore conjugation and thus
change the photophysical properties of the system.B-11:19-231
In this regard, aza-crown substituted hemicyanines
represent one of the most promising compounds for sensory
applications due to the combination of hemicyanine
spectral properties (absorbance and fluorescence in visible
range), crown ether receptor ability and ease of chemical
modification.F:12:17:24-32]

However, most studies concerning the sensory prop-
erties of such crown-substituted hemicyanines were done
in solution. At the same time, exploitation of the receptor
properties of such compounds requires their immobilization
onto the surface of the operational element of the sensor. One
of the most efficient methods to achieve this is Langmuir-
Blodgett technique, which allows formation of ultrathin
organized films on almost any type of substrates.!"2033-3
One of the principal chemical modifications of the hydro-
philic hemicyanine molecules needed to use this technique
is addition of hydrophobic alkyl chains to attain amphiphil-
ity in order to make the molecule surface active. However,
the effect of the length of such substituent on the sensory
properties of different compounds remains absolutely
unstudied.

Thus, the main aim of the present work is comparative
study of the structure formation processes in monolayers
of amphiphilic chromoionophores based on one crown-
containing hemicyanine dye with hydrophobic alkyl
chain substituents of different length and discovering
the effect of alkyl chain length on their ability to form
complexes with complementary mercury cations at air/
water interface.
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Scheme 1. Chemical structure of the studied amphiphilic
dithiaaza-crown substituted chromoionophores.

In the present work we study three dithia-aza-crown-con-
taining hemicyanine dyes with alkyl chain substituents of different
lengths (Scheme 1): 4-{(E)-2-[4-(1,4-dioxa-7,13-dithia-10-aza-
cyclopentadecane-10-yl)-phenyl]vinyl}-1-docosylpyridinium
perchlorate (ChIP21), 4-{(E)-2-[4-(1,4-dioxa-7,13-dithia-10-aza-
cyclopentadecane-10-yl)-phenyl]vinyl}-1-heptadecylpyridinium
perchlorate (ChIP16), and 4-{(E)-2-[4-(1,4-dioxa-7,13-dithia-
10-azacyclopentadecane-10-yl)-phenyl]vinyl}-1-dodecylmethyl-
pyridinium perchlorate (ChIP12). These compounds were synthe-
sized according Scheme 2.

'H and "*C NMR spectra were recorded on Avance 400 device
(operational frequency 400 MHz), internal standard — hexamethyl-
disiloxane, solvent — CDCI,

General synthetic procedure for I1-alkyl-4-methylpyridini-
um perchlorates (2, 3, 4). Solution of 4-methylpyridine (1) (0.01
mol) and corresponding bromide (0.013 mol) was boiled in 5 mL
of toluene for 10 hours. Obtained reaction mass was transferred into
a glass and 30 mL of diethyl ether was added. Obtained precipitate
was filtered and washed with ether, and then dissolved in minimal
amount of methyl alcohol, and then added several drops of 65 %
aqueous HCI solution. Beige-coloured precipitate was filtered
and then dried.

1-Dodecyl-4-methylpyridinium perchlorate (2). Yield 74 %.
'H NMR (CDCI,) 6, ppm: 0.85 (t, 3H, CH,), 1.22 (m, 20H, CH,),
1.98 (t, 2H, CH,), 2.67 (s, 3H, CH,), 4.57(m, 2H, CH,), 7.85(d, 2H,
Py), 8.67 (d, 2H, Py).

1-Hexadecyl-4-methylpyridinium perchlorate (3). Yield 81 %.
'H NMR (CDCI,) 6, ppm: 0.87 (t, 3H, CH,), 1.24 (m, 28H, CH,),
1.97 (t,2H, CH,), 2.67 (s, 3H, CH,), 4.60 (m, 2H, CH,), 7.83 (d, 2H,
Py), 8.69 (d, 2H, Py).

1-Docosyl-4-methylpyridinium perchlorate (4). Yield 72 %.
'H NMR (CDCI,) 6, ppm: 0.86 (t, 3H, CH,), 1.23 (m, 38H, CH,),
1.98 (t, 2H, CH,), 2.65 (s, 3H, CH,), 4.92 (m, 2H, CH,), 7.82(d, 2H,
Py), 8.72 (d, 2H, Py).

General procedure for the preparation of 4-{(E)-2-[4-(1,4-
dioxa-7,13-dithia-10-azacyclentenadecan-10-yl)phenyl]ethenyl}-
1-alkylmethylpyridinium perchlorates [ChIP12, ChIP16, ChIP21].
A mixture of 0.03 mmol of the corresponding 1-alkyl-4-methylpyri-
dinium perchlorate (2, 3, 4), 0.03 mmol of 4-(1,4-dioxa-7,13-dithia-
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Scheme 2. Synthesis of ChIP12, ChIP16 and ChIP21.

10-azacyclopentadecan-10-yl) benzaldehyde (5), 0.05 mL of pyrro-
lidine in 0.5 mL of n-butanol was stirred for 30 minutes at 120 °C.
The viscous reaction mass was then evaporated on a rotary evapo-
rator. 10 mL of methyl alcohol were added to the resulting viscous
mass. The resulting red precipitate was filtered, washed with methyl
alcohol, and dried.

4-{(E)-2-[4-(1,4-Dioxa-7,13-dithia-10-azacyclonorodecan-
10-yl)phenyl]ethenyl}-1-dodecylmethylpyridinium perchlorate
[ChIP12]. Yield 89 %. '"H NMR (d-DMSO) &, ppm: 0.83 (t, 3H,
CH,), 1.22 (m, 20H, CH,), 1.86 (t, 2H, CH,), 274 2.82 (m, 8H,
CH,S), 3.57-3.69 (m, 12H, CH, N, CH, 0), 4.97 (m, 2H), 6.71 (d,
2H, 3J=8.1 Hz, Ph), 7.14 (d, 1H = 161 Hz, CH=CH), 7.57 (d,
2H, *J=8.2 Hz, Ph), 7.9 (d, 1H, *J=16.2 Hz, CH=CH), 8.05 (d, 2H,
3J=6.5 Hz, Py), 8.76 (d, 2H, 3J=6.7 Hz, Py).

4-{(E)-2-[4-(1,4-Dioxa-7,13-dithia-10-azacyclonorodecan-
10-yl)phenyl]ethenyl}-1-hexadecylmethylpyridinium  perchlorate
[ChIP16]. Yield 77 %. '"H NMR (CDCL,) 5, ppm: 0.88 (t, 3H,
CH,), 1.25 (m, 28H, CH,), 1.94 (t, 2H, CH,), 2.78-2.92 (m, 8H,
CH, S), 3.66-3.83 (m, 12H, CH, N, CH, O), 4.42 (m, 2H), 6.66 (d,
2H, *J=8.0 Hz, Ph), 6.82 (d, 1H, *J=16.0 Hz, CH=CH), 7.50 (d, 2H,
3J=8.2 Hz, Ph), 7.50 (d, 1H, 3J/=16.1 Hz, CH=CH), 7.79 (d, 2H,
3J=6.5 Hz, Py), 8.43 (d, 2H, °J=6.6 Hz, Py).

4-{(E)-2-/4-(1,4-Dioxa-7,13-dithia-10-azacyclonorodecan-10-yl)-
phenyl]ethenyl}-1-docosylmethylpyridinium perchlorate [ChIP21].
Yield 72 %. 'H NMR (CDCL,) 6, ppm: 0.88 (t, 3H, CH,), 1.25 (m,
38H, CH,), 1.93 (m, 2H, CH,), 2.78-2.91 (m, 8H, CH, S), 3.66-3.82
(m, 12H, CH, N, CH, O), 4.41 (m, 2H), 6.65 (d, 2H, *J=7.8 Hz, Ph),
6.83 (d, 1H, 3J=15.4 Hz, CH=CH), 7.50-7.61 (m, 3H, CH=CH, Ph),
7.80 (d, 2H, *J=6.7 Hz, Py), 8.48 (d, 2H, *J=6.6 Hz, Py).

Barium and mercury perchlorates were acquired from Sigma-
Aldrich. Ultrapure water (18 MQ cm) obtained using a Vodolei
deionizing apparatus (NPP Khimelektronika) was used for both
preparation of aqueous solutions and as a subphase in Langmuir
technique experiments.

Langmuir monolayers were formed from 1-10* M chloroform
solutions of the studied compounds using a microsyringe accord-
ing to standard technique. Monolayer compression isotherms were
recorded using a KSV mini-trough device (KSV, Finland) equipped
with hydrophobic Teflon trough and hydrophilic polyacetal bar-
riers. Monolayer surface pressure was recorded using automated
surface pressure balances with a platinum Wilhelmy plate, at a con-
stant temperature of 24+1 °C.

Absorption spectra of monolayers on aqueous subphase
were recorded in the wavelength range of 240-800 nm using
an AvaSpec-2048 optic fiber spectrophotometer equipped with deu-
terium-halogen light source AvaLight D-HAL (Avantes, Nether-
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lands). According to the previously described technique,*” UV-Vis
reflectometric probe with a fiber diameter of 400 pm combined with
a six-fiber irradiating cable was located perpendicularly to the sub-
phase surface at a distance of 2—3 mm from the monolayer. The sig-
nal obtained upon light reflection from the subphase surface imme-
diately before the monolayer spreading was used as baseline.

Results and Discussion

Dithiaaza-crown containing hemicyanine dye with hy-
drophobic alkyl chain substituents of different length (com-
pounds ChIP12, ChIP16, ChIP21, see Scheme 1) were
obtained according to the procedure presented in Scheme 2,
which is explained in more detail in the experimental sec-
tion.

Compounds 2-4 were synthesized according to a stan-
dard procedure for the alkylation of 4-methylpyridine (1)
with the corresponding alkyl bromides by boiling in toluene
followed by the subsequent replacement of the bromide anion
with perchlorate anion. The products (ChIP12, ChIP16,
ChIP21) were prepared by condensation of the correspond-
ing 1-alkyl-4-methylpyridinium perchlorates (2, 3, 4) with
4-(1,4-dioxa-7,13-dithia-10-azacyclopentadecan-10-yl) with
benzaldehyde (5) in n-butanol in the presence of pyrrolidine.
After this treatment, the desired products (ChIP12, ChIP16,
ChIP21) were isolated in individual form and their structure
was confirmed by '"H NMR spectra and elemental analysis.

On the first stage of the study of complex formation, we
carried out spectrophotometric titration of dithiaaza-crown
substituted hemicyanine dyes ChIP12, ChIP16, ChIP21
(Scheme 1) in chloroform solutions by mercury perchlorate
dissolved in acetonitrile (Figure 1). It was found that in all
cases introduction of mercury cations leads to appearance
of a new absorbance band around 350 nm. Binding of mer-
cury cations by crown ether groups of the chromoionophores
changes the conjugation length in the molecule chromophore
moiety due to interaction of nitrogen atom in ionophoric
fragment with the analyte, thus changing the spectral proper-
ties. Naturally, increase of mercury perchlorate concentra-
tion leads to increase of intensity of this band and decrease
of intensity of the absorbance around 500 nm characteristic
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to unbounded hemicyanine chromoionophore. As was ex-
pected, since the chromoionophoric part of all three studied
compounds is absolutely identical, all the dyes (ChIP12,
ChIP16, and ChIP21) exhibit identical receptor and pho-
tophysical properties in solution as the length of alkyl chain
substituent (and its presence at all) does not inhibit or pro-
mote these kinds of interactions in solution in any way.

Absorbance

250 300 350 400 450 500 550 600
Wavelength, nm

Figure 1. Typical absorbance spectra obtained during
spectrophotometric titration of ChIP21 solution in chloroform
by mercury perchlorate in range of 0.1 to 5 equivalents.

On the second stage of the present work, we inves-
tigated the effect of alkyl chain length on the behaviour
of studied hemicyanine chromoionophores in monolayers
formed on aqueous subphase according to Langmuir tech-
nique. As it can be seen from monolayer compression iso-
therms (Figure 2) the value of mean molecular area corre-
sponding to beginning of surface pressure growth decreases
in the following series: ChIP21 — ChIP16 — ChIP12, de-
spite the total identity of the hydrophilic chromoionophore
parts of these compounds. The shift of these values, appar-
ently, occurs due to different density of the initial structure
of the monolayer in liquid-expanded state caused by dif-
ferent long-range hydrophobic chain-to-chain interactions,
and lower surface activity of the molecules with shorter alkyl
chains, as predicted according to Traube rule.™!

Surface pressure, mN/m

1 M 1 M 1
50 100 150 200 25 300 350 400
Mean molecular area, A2

Figure 2. Compression isotherms for ChIP12 (1), ChIP16 (2),
and ChIP21 (3) monolayers formed on ultrapure water subphase.
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In order to proceed to the investigation of receptor
properties of studied monolayer we needed to ensure that
mercury cation binding takes place at air/water interface as
well. To do so, we formed monolayers of ChIP12, ChIP16,
and ChIP21 on the surface of 1-10* M solution of mercury
perchlorate and recorded the absorbance spectra. Observed
spectra exhibited absorbance peak around 360 nm for all
three cases, thus confirming the possibility of mercury-chro-
moionophore interaction at the interface. However, from
the standpoint of practical application of these systems as
sensory platforms, it would be wiser employing not liquid-
expanded monolayers, but ones compressed to a significant
surface pressure value.

To study the complex formation of the dithiaaza-crown
moiety of these compounds with mercury ions in com-
pressed Langmuir monolayers at air/water interface we
performed the following experiment. Thus, the monolayers
of the studied compounds were formed as usual at ultrapure
water surface, compressed until surface pressure value of 10
mN/m, and then aqueous solution of mercury perchlorate
was introduced under such monolayer in different amounts
step by step to reach concentration needed. Such experi-
mental conditions allow us to closely model densely packed
monolayer before its transfer onto solid substrate, which
is interesting from practical standpoint of creation of sen-
sor devices. Spectral response of this system to introduction
of mercury into the subphase was recorded in situ by fiber
optic spectrometry.

Figure 3 shows typical spectral changes for monolayer
of compound ChIP21 upon introduction of different amount
of mercury perchlorate under monolayer. It should be not-
ed that for the monolayers of the other two chromophores
the spectral response was similar and significant spectral
changes are observed only at mercury perchlorate concentra-
tion of 5-10* M. Apparently, the different density of the ini-
tial structure of the monolayer, as dependent on the alkyl
chain length, does not significantly affect analyte binding
efficiency.

Moreover, as it was shown earlier for the compound
analogous to ChIP21, but substituted with azacrown ether
group not containing sulfur atoms, "head-to-tail" aggrega-
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1

3
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2 4
[e)
2 /
< 5

0.02

0.00+ . . . .

300 400 500 600 700

Wavelength, nm

Figure 3. Typical absorbance spectra of ChIP21 monolayer

at surface pressure of 10 mN/m upon introduction of various
concentration of Hg(ClO,),: (1) 1-10%, (2) 1-10%, (3) 5-10°%, (4) 10**
and (5) 5-10*M.
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tion is possible in the monolayers under these conditions.
Since chromophoric part of the molecules studied in the pre-
sent work is completely identical and crown ether moiety
differs only by two sulfur atoms, it would be natural to sup-
pose that such aggregation happens in our case as well. Such
aggregation inhibits efficient analyte binding due to block-
ing of the crown-ether moiety by the neighbouring molecule
in the aggregate (Scheme 3,a).

To confirm this hypothesis, we carried out the studies
of the monolayers formed on the surface of the subphase
containing barium cations (1 mM barium perchlorate aque-
ous solution), as it is known from previous study of pure
oxygen crown ether substituted hemicyanine monolayers
that the presence of such "inert" ions in the subphase inhibits
"head-to-tail" aggregation.l’-20:33421

In this case, recorded monolayer compression iso-
therms (Figure 4) are significantly different to the ones ob-
tained on pure water subphase in overall form and the po-
sition of the bend. In addition, more importantly, the value
of mean molecular area, at which surface pressure begins
to increase, is shifted towards higher values for all three stud-
ied compounds. This is especially noticeable for molecules
with shorter alkyl chains ChIP12 and ChIP16, in contrast
to the case of ChIP21 monolayer, where this change is not
as dramatic. Moreover, the difference between these mean
molecular area values for all three molecules on barium-con-
taining subphase is much smaller (around 20 A?) than in case
of pure water subphase (60 A2 between ChIP12 and ChIP16,
and around 40 A? between ChIP16 and ChIP21).

254

- - N
o [&)] o
1 1 1

Surface pressure, mN/m

[&)]
1

0 T T T T T T T T T T T v
50 100 150 200 250 300

Mean molecular area, A2

Figure 4. Compression isotherms of (1) ChIP12, (2) ChIP16,
and (3) ChIP21 monolayers formed on surface of 1 mM barium
perchlorate solution.

Most probably, barium cations preorganize monolay-
er via weak interaction with dithiaaza-crown ether moi-
ety of the studied molecules in the same way as it was for
analogous azacrown substituted hemicyanine dyel’-2-334
and the resulting repulsion between the likely charged
chromoionophoric groups provides the main contribution
to the monolayer structure, while the length of alkyl chains
are not as important (Scheme 3,b).

At the next step, we studied receptor properties
of the pre-compressed monolayers of all three chromoiono-
phores as was described above, but barium perchlorate solu-
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Scheme 3. Schematic representation of the studied
hemicyanine dye molecules structure (on example of ChIP12)
in (a) the monolayer at pure water subphase in "head-to-tail"
aggregated state and (b) in preorganized monolayer at barium-
containing subphase at the initial stage of monolayer formation.

tion was used as subphase instead of ultrapure water. In this
case, monolayers of all three compounds have shown sig-
nificant change in sensitivity to mercury cations. Spectral
responses to the presence of mercury perchlorate in the sub-
phase for all the systems are observed at much lower con-
centrations than without Ba*" cations: at 1-10° M in case
of ChIP21 monolayer, 1-10° M for ChIP16, and 10* M
for ChIP12. Typical observed spectral changes on example
of ChIP21 are shown in Figure 5.

It means that compared to the monolayers formed
on pure water, the mercury cation detection limit of the sys-
tems preorganized by barium cations is 5 times lower for
the case of short alkyl chain length molecule ChIP12, 50

0,04

0,03 1

Absorbance

0,02~

0,01

0,00

300 400 500
Wavelength, nm

Figure 5. Absorbance spectra of ChIP21 monolayer formed

on 1 mM barium perchlorate solution at surface pressure

of 10 mN/m upon introduction of various amounts of Hg(CIO,),:
(1) pure water, (2) 1-107, (3) 1-10°%, (4) 1-10°,(5) 1-10%,

(6) 1-10° M.
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times for the case of ChIP16, and 500 times for the case
of ChIP21 (Table 1).

Table 1. Detection limits of hemicyanine chromoionophore
monolayers to mercury cations in the subphase.

Minimum concentration of Hg(ClO,),
that leads to significant spectral response
of a compressed monolayer (M)

Ultrapure water 1 mM Ba(ClO,),

Compound subphase solution subphase
ChIP21 510 110
ChIP16 510 1'10°
ChIP12 510 110*

It should also be noted that introduction of barium per-
chlorate into the subphase after the compression of the mon-
olayer formed on pure water does not lead to changes of sen-
sitivity of the studied systems in any way. These data agree
well with the concepts of preordering mechanism of crown
substituted hemicyanine monolayer by inert ions described
in."! According to this concept, Ba*" cations weakly inter-
act with crown ether fragments of the chromoionophore at
the initial stage of monolayer formation and preorganizes
them in monolayer. Apparently, such preorganization oc-
curs while the solvent of precursor solution is still present
in the interface, since its evaporation is followed by solva-
tion of both crown ether and barium cation by water mol-
ecules which finally leads to formation of monolayer, where
hydrophilic crown ether groups of co-ordered hemicyanine
fragments are submerged into aqueous phase thus eliminat-
ing "head-to-tail" aggregation, where crown ethers are oppo-
site of each other. Probably, the monolayer of the molecules
with longer hydrophobic alkyl substituent retains chloro-
form longer, which gives more time for barium cation in-
duced preorganization at this stage of monolayer formation.
On the other hand, molecule with short alkyl chain allows
faster release of chloroform from interface, thus decreasing
the number of preorganized molecules in the monolayer.
This would explain the decrease of the minimum mercury
perchlorate concentration required for significant spectral
response of monolayers formed at barium-containing sub-
phases with increasing alkyl chain length.

Conclusions

It is shown that the efficiency of mercury cations bind-
ing by monolayer of dithiaaza-crown substituted hemicya-
nine dyes formed on pure water subphase is identical for all
tree compound with various length of alkyl chain substituent
(12, 16, and 21 carbon atoms) due to the key role of the inter-
actions between chromoionophore fragments of neighbour-
ing molecules at the interface. Degree of sensitivity enhance-
ment of the studied systems provided by barium cation in-
duced preorganization increases with increasing alkyl chain
length, probably due to effect of longer retention of solvent
by longer alkyls in initial stage of monolayer formation,
which is a crucial stage for molecular organization at air/wa-
ter interface.
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