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Calixarenes are currently the subjects of study as chemical sensors, biosensors and
selective receptors due to their important functionalization and complexations
possibilities. A chemical sensor for the detection of alkali ions based on surface-
plasmon resonance (SPR) phenomenon was elaborated by using a gold thin film, of
which surface was modified with a Calix[4]arene-self-assembled monolayer
(SAM). The immobisation of calixarene onto modified SAM gold surface was
confirmed by impedance spectroscopy. The SPR sensor signal based on resonance
angle shift is dependent on the concentration of ion in the range from 0 to 1 pM.
Three alkalin ions were used K+, Na+ and Ca+2 and the influence of pH on ions
detection was studied and optimized for each ion. The sensor shows a high
sensitivity and a low limit of detection for different alkali ions. The sensitivities
obtained are 0.992, 0.742 and 0,122 uM-1 for Na+, K+ and Ca+2, respectively.
Regeneration of the sensor chip surface was achieved by a pulse injection of 10
mM EDTA.
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1. INTRODUCTION Zurawska, 2005; Ammann, 1986; Qin et

al., 2000). A macrocyclic complexes of
The determination of alkalin ions is alkali ~metal cations have been
important for routine quality control of  extensively investigated in aqueous
beverage products and in medicine and ~ solutions and in a wide variety of neat
environment fields (Wicker et al., 2002; ~ non-aqueous solvents (Popov and Lehn,

Wicker et al_’ 2003’ Malon and Maj_ 1985, Izatt et al., 1991, Mosier-Boss and
Popov,1985). The complexation reactions

of these complexes in mixed solvent
systems have been investigated only to a

*Corresponding author Benounis@yahoo.fr very limited extent (Izan et al., 1985,



David, 1989; Antesberger et al., 2005).
Calixarenes are currently the subjects of
study as chemical sensors and selective

receptors due to their important
functionalization and complexations
possibilities. Among  this  sensors,

different calixarene derivative may be
found in ions selective electrodes and in
chromogenic sensors (McMahon et al.,
2003; Nachtigall et al., 2002; Atwood et
al., 2002; Thallapally et al., 2005; Purse
et al., 2005; Kumar et al., 2006; Jain et
al., 2005; Lu et al., 2004). Many work
was carried out based on calixarene
molecule using polymer support and
different measurement techniques to
detect traces of ions were reported
(Duncan and Cockayne, 2001; Pérez-
Jiménez et al., 1998; Chen et al., 2000;
Bouazizi et al., 1999; Lu et al., 2002; H.
Barhoumi et al., 2005; N. Levit et al.,
2002; Love, et al., 2005). The use of
polymer as support for -calixarene
decrease the sensitivity of the sensor (T.
Baumgart et al., 2003; Park et al., 1999).
It is shown that surface adsorption and
bulk adsorption of polymers affect the
sensitivity and the response time of
sensor and exhibiting low vapor
permeability.

A self-assembled monolayer (SAM) is a
flexible and simple system that permits
the interfacial properties of a metal
substrate to be tailored for a well-
designed functional surface (Ulman,
1991; Gao and Siow, 1996; Sato and al,
1996). The advantages of SAMs include
simplicity of preparation, versatility,
stability,  reproducibility = and  the
possibility of introducing different
chemical functionalities with high level
of order on a molecular dimension
(Freire and Kubota, 2004; Steinberg and
Rubinstein, 1992; Mandler and Turyan,
1996; Flink et al., 1998). One of the most
widely used systems in the molecular
self-assembled method is the
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chemisorption of sulfur derivatives (i.e.
thiols, disul- fides) on gold surfaces
(Boussaad et al., 2000; Zacher and
Wischerhoff, 2002; Georgiadis et al.,
2000).

A large number of physico-chemical
techniques such as NMR spectrometry,
calorimetry, polarography,
spectrophotometry, conductometry and
potentiometry have been used to study
complexation of alkali metal cations in
solutions (Haymore et al., 1982; Sinta et
al., 1983; Ungaro et al., 1976; Takeda et
al., 1985; Fenton et al., 1981; Lim and
Jeong, 2006; Kruppa et al., 2006; Kudo
et al.,, 2006; Bendikov and Harmon,
2006; Katsuta et al., 2005). Surface
plasmon resonance (SPR) spectroscopy is
a powerful tool for the in situ real-time
characterization of a solid/liquid interface
and to study interactions between larger
molecules (Chah et al., 2004; Boussaad
et al., 2000; Zacher and Wischerhoff,
2002; Georgiadis et al., 2000; Sarkar and
Somasundaran, 2003; Chah et al., 2002;
Chah et al., 2002)..

In this work, an SPR sensor based on
gold surfaces modified by self-assembled
monolayer of cysteamine was developed
and the response of the SPR sensor to
alkali ions was investigated. To
functionalize SPR sensor, pyridine was
made to protect oxygen provider group
and catalyze the reaction between the
SAM and the alcohol group calixarene.

2. EXPERIMENTAL

2.1.  SPR material and Principle:

Surface Plasmon Resonance
Spectrometer BIO-SUPLAR 2
(Analytical p-Systems, Germany)

produced by Biacore campany was used.
It is based on the Kretschmann type



prism and GaAs solid-state laser (A= 670
nm).

The principle of detection is that SPR is
detected by measurement of the intensity
of the reflected light. At the SPR angle a
sharp decrease or 'dip' of intensity is
measured. The position of the SPR angle
depends on the refractive index in the
substance with a low-refractive index
close to the sensing surface. The
refractive index near the sensor surface
changes because of binding of ions to the
surface. As a result, the SPR angle will
change according to the amount of bound
ions.

During a binding analysis SPR changes
occur as a solution is passed over the
surface of a sensor chip. To perform an
analysis, one interactant is captured on a
sensor surface. The sensor surface forms
one wall of a flow cell. Sample
containing the other interactant(s) is
injected over this surface in a precisely
controlled flow. Fixed wavelength light,
in a fan-shaped form, is directed at the
sensor surface and molecular binding
events are detected as changes in the
particular angle where SPR creates
extinction of light. This change is
measured continuously to form a
sensorgram (Figure 1), which provides a
complete record of the progress of
association or dissociation of the
interactants.

2.2.  Synthesis of the chromogenic
amide derivative Calix[4]arene:

The synthesis of tetra-O-substituted
Calix[4]arene derivative was performed
by the reaction sequence depicted in
Figure.  The  treatment of  p-
tetrakis(phenylazo)Calix[4]arene with
tertiary acetamide (a-chloro-N,N-
diethylacetamide) in the presence of
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CaH2 as base gave p-
tetrakisphenylazoCalix[4]arene tetra-
amide derivative in cone conformation
figure 2 (Sarkar and Somasundaran,
2003).

2.3.  Reagents and solvents

Several samples necessary to elaborate
sensor were prepared. First, 10-2 M of
cysteamine solution was prepared in
which sensor was immersed.
Calix[4]arene solution was prepared by
dissolved 5 mg of Calix[4]arene powder
in 2 ml of chloroform. Calix[4]arene was
deposited on the sensor by dip-coating
technique. This technique makes it
possible to have homogeneous layers.
PCC or pyridinium chlorochromate,
known as Corey’s reagent (Chah et al.,
2002), was prepared. To 22 ml of 6 M
HCl was added 12 g of CrO3. After
ultrasonic mixing during 10 min, 9,5 g of
pyridine was added to the homogeneous
solution. Ultrasonic mixing over 5
minutes and cooling to 0o. A dilute
sulfochromic  oxidant solution and
aqueous solutions containing 0 pM to 1
uM of the ions K+, Na+ and Ca+2 were
prepared. Phosphate buffer solution PBS
was prepared at pH equal 8.

2.4. Immobisation of calixarene onto
modified SAM gold surface

To functionalize Calix[4]arene-SAM
onto gold surface in order to make an
SPR sensor for ions detection, four stages
are necessary:

1. In SPR chip the adhesion between
gold layer and glass is only physical.
Pirhana was not made to clean gold
surface. So, acetone and ethanol were
used,

2. Grafting of SAM on the gold
surface: the sensor is immersed in 15 mM
of cysteamine during two hours,

Diagram 1 Grafting of SAM on the gold surface

Au—Au  + HS/\/NH2 - Au\s/\/NH2



3. Cleaning of SAM by ethanol for
few minutes and drying by nitrogen gas,

4. Deposition of Calix[4]arene onto
SAM of cysteamine in presence of PCC
solution. The PCC was made to protect
oxgen provider group and catalyse the
reaction between the SAM and alcohol
group of calixarene (Halouani et al.,

Benounis M. et al. 21

2002; Corey and Suggs, 1975;
Shervedani and Mozaffari, 2005).
Deposition solution was prepared by
mixing 1 ml of calixarene solution with
0.5 ml of PCC for six hours at room
temperature (cf. figure 3). After, 30 pl of
mixture solution was deposited onto
modified sensor by thin film method.

Diagram 2 Deposition of Calix[4]arene onto SAM of cysteamine in presence of PCC

solution

3. RESULT AND DISCUSSION

All tests were made using SPR method.
The influence of pH on ions detection
was studied and optimized for each ion.
The regeneration of the sensor was made
by injection of 10 mM EDTA.

3.1. Characterization of modified
sensor by electrochemical impedance
spectroscopy (EIS)

The EIS is a powerful technique for
characterization and studying electrical
and electrochemical properties of a large
variety of systems.

All electrochemical measurements were
carried out using VOLTALAB 40
analyzer (PGZ301 & VoltaMaster 4). A
three-electrode electrochemical cell was
used, with the chemically gold electrode
as the working electrode; A calomel
electrode was used as the reference
electrode and a platinum was used as the
auxiliary electrode. Measurements were

[¢]
Complexing
Group

used in buffer solution at adjusted pH for
about 7.3.

Concerning the use of EIS to characterize
thin films in contact with electrolyte
solutions, three different contributions,
bulk, interfacial and electrolytes may be
determined (Sun et al., 1998; Xiao et al.,
1999; Delvaux and  Demoustier-
Champagne, 2003). From an
electrochemical point of view, when a
metal is placed in contact with an
electrolyte, a potential is generated due to
the unequal distribution of charge across
the interface, in addition, hydrated ions
will not be able to approach indefinitely
close to the interface.

In order to confirm immobisation of
calixarene onto modified SAM gold
surface faradaic impedance spectra were
presented as Nyquist plots (Zim vs. Zre)
for gold, SAM of cysteamine and SAM-
Calixarene (cf. Figure 4).



We show that the covalent attachment of
each layer increases the charge transfer
resistance. The bare Au electrode exhibits
an almost straight line (curve a) that is
characteristic of a mass diffusional
limiting electron-transfer ~ process.
Assembly of the cysteamine monolayer
on the electrode surface (curve b)
generates a layer on the electrode that
introduces a barrier to the interfacial
electron-transfer. The deposition of
Calix[4]arene onto SAM cysteamine
layer results in an increase of the
electron-transfer resistance (curve c).

3.2. pH optimization

SPR method was wused for pH
optimization and tests sensors. pH
detection of the sensor was optimized for
each ion at 1uM concentration. The pH
of buffer solution was adjusted by using
0.1 M of HCI or NaOH solution. Figure 5
shows that ions detection will be made in
basic solution at about 8. This is in
agreement with proton/ion exchange
(Hudlicky, 2005; Hunsen, 2005). At low
pH, quinone protonated and ion
complexation does not take place. At
pH>7, oxygen was deprotenated making
the sensor surface become negatively
charged. Thus, the incorporation of ion
by the Calix[4]arene-SAM also can be
favored by electrostatic interactions (Sato
et al., 1996). Such coupling of favorable
characteristics is probably the key to
achieving the remarkable sensitivity to
ions of the proposed sensor.

3.3.  Sensor detection
For all ions, we observed that output
refractive index increases with increasing
ions concentration. As shown in (Hunsen,
2005) ions are coordinated with the
oxygen atoms of the amide group and its
complexatation takes place.

As shown in figure 8, detection
limit reached are lower than 10-5uM for
the most ions used. Detection limits
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reached are 9 10- 5, 10-4 and 5 10-3 uM
for Na+, K+ and Ca+2 ions, respectively
(cf. figure 6).

Three zones of detection were observed
between 0 and 1 pM.: high concentration
zone from 0.1 to 1uM (figure 7 a)),
second zone between 10-3 and 10-2uM
(figure 7 b)) and third zone between 10-4
and 10-5 uM (figure 7 c)). In order to
determine the sensitivity of sensor, linear
smooting curves were plotted for each
zone detection. In figures 7 a), b) and c),
a linear variation of signal was showed
for each ions in all detection zones. The

slopes of stringhts represent the
sensitivities of sensor in uM-1. A
recapitulative ~ table  which  gives

sensitivity of sensor for each zone was
drawn (table 1). The results obtained in
table 1 show different sensitivities of
sensor for alkali ions. In the zone of high
concentration, low sensitivities were
observed 10-2,1.4 10-3 and 2.4 10-3 pM-
1 for Na+, K+ and Ca+2, respectively. In
the second zone, the sensitivities increase
and the values obtained are 0.122, 0.034
and 0.0039 uM-1 for Na+, K+ and Ca+2,
respectively. In the range between 10-4
and 10-5uM, high sensitivity values were
observed for alkali ions in which the
border of detection limits were reached.
As shown in table 1, the sensitivities
obtained are 0.992 and 0.742 puM-1 for
Na+ and K+.

Comparative results show that signal is
proportional to the capacity of adsorbed
ions on the surface of sensor which is in
agreement with literature (Muzart, 1992;
Macdonald, 1987).

Different limits detection observed for
various ions can be explained by several
parameters: adsorption potential and
formation of various metal hydroxides
which not the same for different heavy
metals ion, oxygen deprotenation making
the sensor surface become negatively
charged (Hsu et al., 2001; Ding et al.,
2005; Norlin et al., 2002; Profumo et al.,



2006; Parsons et al., 1995). So, the
incorporation  of ion by  the
Calix[4]arene-SAM can be favored by
electrostatic interactions which
influences directly the stability of
complex formed and its association
binding (Sato et al., 1996; Karlsson and
Falt, 1997). Although the ionic force in
aqueous medium and interactions
between host and guest such as =-
stacking, dipolar-dipolar interactions
have a strong influence on the stability of
the complexes (Paarmann et al., 2002;
Ma et al.,, 2001; Muioz and Palmero,
2004; Farghaly, 2003; Tsukube, 1997).

4. Conclusion

In conclusion, this work demonstrates
that alkali ions can be detected using an
SPR sensor elaborted by immobilization
of Calix[4]arene onto modified SAM
gold surface and open the way to
biosensor for ions detection and to the
use of Calix[4]arene in biochemistry
field. SPR sensor developed shows a high
sensitivity and a low limit of detection
for different alkali ions. Since the
magnitude of the SPR response is
proportional to the molecular masses of
the interacting species, the system 1is
ideally suited to study complexation of
small molecules.

REFERENCES

Wicker L, Ackerley JL, Corredig M
(2002). J. Agric. Food Chem., 50: 4091.

Wicker L, Ackerley JL, Hunter JL
(2003). Food Hydroacolloids, 17: 809.

Malon M and Maj-Zurawska M (2005).
Sensors and Actuators B: Chemical, 108:
828-831.

Ammann D  (1986). lon-selective
Microelectrodes, Springer-Verlag, Berlin.

Benounis M. et al. 23

Qin W, Zwickl T and Pretsch E (2000).
Anal. Chem., 72 : 3236-3240.

Popov Al and Lehn JM (1985). in G.A.
Melson (Ed.), Coordination Chemistry of
Macrocyclic Compounds,

Plenum press, New York. Chapter 9.

Izatt RM, Pawak K and Bradshaw
JS(1991). Chem. Rev., 91 : 1721.

Mosier-Boss PA and Popov Al (1985). J,
Am. Chem. Sot., 107 : 6168.

Izan RM, Bradshaw JS, Nielsen SA,
Lamb JD and Christensen JJ (1985).
Chem. Rev., 85 :271.

David GC (1989). Cambridge, Royal
Society of Chemistry.

Antesberger J, Cave GW, Ferrarelli MC,
Heaven MW, Raston CL, Atwood JL
(2005). Chemical

Communications (Cambridge, England),
7: 892-4.

McMahon G, O’Malley S, Nolan K and
Diamond D (2003). Arkivoc, Part (vii).

Nachtigall FF, Lazzarotto M and Braz
FNJ (2002). Journal of the Brazillian
Chemical Society, 13.

Atwood JL, Barbour LJ, Jerga A (2002).
Proceedings of the National Academy of
Sciences, 99 (8): 4837-41.

Thallapally PK, Lloyd GO, Atwood JL,
Barbour LJ (2005). Angewandte Chemie
(International ed. in English), 44 (25):
3848-5.

Purse BW, Gissot A, Rebek JJr (2005).
Journal of the American Chemical
Society, 127 (32): 11222-3.



Kumar S, Paul D, Singh H(2006).
Arkivoc, 05-1699LU: 17 — 25.

Jain AK, Gupta VK, Singh LP,
Srivastava P and Raisoni JR (2005).
Talanta, 65: 716-721.

Lu JQ, Pang DW, Zeng XS and He XW
(2004). Journal of FElectroanalytical
Chemistry, 568: 37-43.

Duncan DM and Cockayne JS (2001).
Sensors and Actuators B: Chemical, 73:
228-23.

Pérez-Jiménez C, Escriche L and Casabo
J (1998). Analytica Chimica Acta, 37:
155-162.

Chen L, Zeng X, Ju H, He X and Zhang
Z  (2000). Microchemical Journal,
65:129-135.

Bouazizi A, Maaref H, Jaffrezic-Renault
N, Ben Chaabane R, Gammoudi Mand M
and G. Guillaud G (1996).

Sensors and Actuators B: Chemical, 34:
487-489.

Lu J, Chen R and He X (2002). Journal
of Electroanalytical Chemistry, 528 : 33-
38.

Barhoumi H, Maaref A, Mlika R,
Martelet C, Jaffrezic-Renault N and
Ponsonnet L (2005). Materials Science
and Engineering C, 25: 61-66.

Levit N, Pestov D and Tepper G (2002).
Sensors and Actuators B: Chemical,
82:241-249.

Love JC, Estroff LA, Kriebel JK, Nuzzo
RG and Whitesides GM (2005). Chem.
Rev. 150 : 1103.

Baumgart T, Kreiter M, Lauer H,
Naumann R, Jung G, Jonczyk A,

Benounis M. et al. 24

Offenhdusser A and Knoll W (2003). J.
colloid Interface Sci. 258 : 298.

J. Park J, Groves WA and Zellers ET
(1999). Anal. Chem., 71/17: 3877-3886.

Ulman A (1991). An Introduction to

Ultrathin  Organic Films. Academic
Press, Boston.
Gao ZQ and Siow KS (1996). J.

Electroanal. Chem., 412:179.

Sato Y, Fujita M, Mizutani F and Uosaki
K (1996). J. Electroanal. Chem., 409
:145.

Freire RS and Kubota LT (2004).
Electrochimica Acta, 49 :3795-3800.

Steinberg S and Rubinstein 1 (1992).
Langmuir, 8: 1183.

Mandler D and Turyan I
Electroanalysis, 8 : 207.

(1999).

Flink S, Boukamp BA, van den Berg A,
van Veggel FC and Reinhoudt DN
(1998). J. Am. Chem. Soc., 120: 4652.

Boussaad S, Pean J and Tao NJ (2000).
Anal. Chem., 72: 222.

Zacher T and Wischerhoff E (2002).
Langmuir, 18:1748.

Georgiadis R, Peterlinz KP and Peterson
AW (2000). J. Am. Chem. Soc., 122:
3166.

Haymore BL, Lamb JD, Izatt RM and
Christensen JJ (1982). Inorg. Chem., 21
:1598.

Sinta R, Rose PS and Smid J (1983). J.
Am. Chem. Soc., 105:4337.



Ungaro R, Elhaj B, and Smid J (1976). J.
Am. Chem. Soc., 98 :1598.

Takeda Y, Kudo Y, and Fujiware S
(1985). Bull, Chem. Soc. Jpn., 58 :1315.

Fenton DE, Perkin D and Newton RF
(1981). J. Chem. Soc, Perkin Trans., 1
:449.

Lim R and Jeong SY (2006). Journal of
Solid State Chemistry, 179:1009-1015

Kruppa M, Frank D, Leffler-Schuster H
and Konig B (2006). Inorganica Chimica
Acta, 359:1159-1168

Kudo Y, Usami J, Katsuta S and Takeda
Y (2006). Journal of Molecular Liquids,
1:29-37

Bendikov TA and Harmon TC (2005).
Analytica Chimica Acta, 551:30-36.

Katsuta S, Ito Y, Kudo Y and Takeda Y
(2005). Inorganica Chimica Acta, 35:
713-719.

Chah S, Yi J and Zare RN (2004). Sens.
Actuators B, 99: 216.

Boussaad S, Pean J, Tao NJ (2000). Anal.
Chem., 72 : 222.

Zacher T and Wischerhoff E (2002).
Langmuir, 18 :1748.

Georgiadis R, Peterlinz KP and Peterson
AW (2000). J. Am. Chem. Soc.,
122:3166.

Sarkar D and Somasundaran P (2003). J.
Colloid Interface Sci., 261:197.

Chah S, Fendler JH and Yi J (2002).
Chem. Commun., 2094.

Benounis M. et al. 25

Chah S, Yi J, Pettit CM, Roy D, Fendler
JH (2002). Langmuir, 18 :314.

D. Sarkar, P. Somasundaran (2003). J.
Colloid Interface Sci., 261: 197.

S. Chah, J.H. Fendler, J. Yi (2002).
Chem. Commun., 2094.

Halouani H, Dumazet-Bonnamour I and
Lamartine R (2002). Tetrahedron Letters,
43:3785-3788.

Corey EJ and Suggs JW (1975).
Tetrahedron Letters, 16:2647-2650.
Shervedani RK and Mozaffari SA
(2005). Surface and Coatings
Technology, 198:23-128.

Sun J, Fang HQ and Chen HY (1998).
Analyst, 123: 1365.

Xiao Y, Ju HX and Chen HY (1999).
Chen, Anal. Chim. Acta, 391:73.

Delvaux M and Demoustier-Champagne
S (2003). Biosens. Bioelectron., 18:943.

Hudlicky M (1990), American Chemical
Society, Washington DC. Academic,
New York.

Hunsen M (2005). Tetrahedron Letters,
46.

Hunsen M (2005). Tetrahedron Letters,
126:1356-1360.

Muzart J (1992). Chem. Rev., 92 : 113—
140.

Macdonald JR (1987). ed., John Wiley,
sect. 2.2.3.4.

Hsu CS and Mansfeld F (2001).
Corrosion, 57: 747.



Ding SJ, Chang BW, Wu CC, Lai MF
and Chang HC (2005). Analytica
Chimica Acta, 554:43-51

Norlin A, Pan J and Leygraf C (2002).
Biomolecular Engineering, 19: 67-71.

Profumo A, Merli D and Pesavento M
(2006). Analytica Chimica Acta, 557:45-
51.

Parsons ID, Perssoni B, Mekhalfia A,
Blackburn GM and Stockley PG (1995).
Nucleic Acids Research, 23.

Karlsson, R. and Falt A (1997). J.
Immunol. Methods 200, 121-133.

FIGURE CAPTIONS
Figure 1: SPR sensing principle
Figure 2:

tetra-amide derivative

EIS measurement of sensor in buffer solution: a) Gold

Benounis M. et al. 26

Paarmann I, Spangenberg O, Lavie A and
Konrad M (2000). The J. of Biological
Chemistry, 277:40832-40838.

Ma Q, Ma H, Su M, Wang Z, Nie L and
Liang S (2001). Analytica Chimica Acta,
439:73-79.

Munoz E and Palmero S(2004). Food
Control, 15: 635-641.

Farghaly OA (2003). Microchemical
Journal, 75:119-13.

Tsukube H, Furuta H, Odani A, Takeda
Y, Kudo Y, Inoue Y, Liu Y, Sakamoto H
and Kimura K (1997). Compreshensive
Supramolecular Chemistry; Oxford, UK,
8:425.

Reaction sequence for the synthesis of p-tetrakisphenylazocalix[4]arene

b) SAM

Calibration Curve of SPR Calix[4]arene SAM sensor for alkali ions

Figure 3: SAM-Calix[4]arene scheme for ions detection
Figure 4:
c¢) Calixa[4]rene-SAM
Figure 5: pH optimization for each ion
Figure 6:
detection
Figure 7:

of detection: a) zone 1
Table 1:

Behavior of alkali ions adsorption on calixarene-SAM in different zones
b) zone 3
Sensitivities of SPR sensor for different detection zones

c) zone 3



Benounis M. et al. 27

Optical

detection : :
Light- unit Intensity
source

| ]
Polarized od Angle
light ¢ =
gt . ght
Prism T Resonance

signal

Sensor chip with -

gold film Time

Sensorgram

Flow channel

Figure 1. SPR sensing principle
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N
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CHyL4  pyridine, THF, 0°C CH,L4  CaH,, dry DMF, 80°C CH
A

O;\N/\

Figure 2. Reaction sequence for the synthesis of p-tetrakisphenylazocalix[4]arene tetra-
amide derivative
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Figure 6. Calibration Curve of SPR calix[4]arene SAM sensor for alkali ions detection
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Figure 7. Behavior of alkali ions adsorption on calixarene-SAM in different zones of
detection: a) zone 1
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Sensitivity pM™
Zone 1 Zone 2 Zone 3
Na® 0.01 0.1215 0.992
K* 0.0014 0.0336 0.742
Ca™ 0.0024 | 0.0039 -

Table 1. Sensitivities of SPR sensor for different detection zones
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