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Abstract. The versatilities of calixarenes have been known primarily in the host-guest 

world. In this work, two calix[4]arenes, namely C-DHC4 and N-DHC4, possess the same 

lower rim but are distinct in the upper rim. The Langmuir Isotherm and optical properties 

have been carried out using Langmuir–Blodgett trough and UV-Visible spectroscopy, 

respectively. The topographical image of the calix[4]arenes has been observed using 

FESEM, and lead cation entrapments of these calix[4]arenes have been inspected using 

the surface potential sensor. The isotherm graph revealed the size of each calixarene; C-

DHC4 ~ 1.90 nm2 and N-DHC4 ~ 2.10 nm2. The UV-Visible result demonstrated that 

each calix[4]arene has two firm absorption peaks where C-DHC4 has two broad peaks, 

which lie in 261 and 330 nm, while N-DHC4 has two shoulders at 275 and 282 nm. 

FESEM images have shown the formation of calix[4]arene nanocluster. Further 

monitoring on the surface potential and effective dipole moment indicate that C-DHC4 

perform significant and stable results in detecting Pb2+ cations compared to N-DHC4. 

This study has demonstrated that detection limit as low as 1.25 x 10-2 mM, making the 

∆V and µ̝ measurements a reliable method for detecting Pb2+ ions and their potential in 

this nanosensor field. 
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Introduction 

 

The remarkable feature of the calixarene host-guest molecule has been widely and 

rapidly recognized for its applications [1-4]. Furthermore, various functional groups can 

be synthesised and designed to fit as a molecular device for specific ion sensing in 

current research [5-7].  

 

Calixarenes, a class of macrocyclic compounds, made up of phenol units linked 

by methylene bridged that provide flexibility to the molecule, are very attractive because 

of their ability to bind a variety of ions [8]. Amphiphilic calixarenes which are insoluble 

in water but soluble in an organic solvent, are “surfactants with a host-guest recognition 

site” [9]. A guest molecule must be stabilized, transported, or protected in aqueous 

media. As amphiphilic calixarenes can interact with aqueous systems, they are 

particularly interested in biological and environmental applications, e.g., wastewater 

treatment, medical diagnosis, and highly sensitive and selective sensors [10,11].  

 

This research aims to determine the behaviour of two types of calix[4]arenes on 

the air-water interphase, optical characteristics and to study the interaction of both 

calixarenes as a host on the metal cation guest as illustrated in Figure 1.  

 

 
 

Figure 1.  Host-guest interaction 

 

 

Materials and Methods 

 

Calix[4]arenes. Calix[4]arenes were obtained from the Institute of Technology, 

Tallaght, Dublin, Ireland, while the chloroform (>99.8% purity) and ethanol (>99.4% 

purity) were purchased from Fisher Scientific. The molecular structures, IUPAC name 

and CPK Modeling (Corey Pauling and Koltun) of both calix[4]arenes are shown in 

Table 1. Each calixarene was then made into a solution of a concentration of 0.20 mg/ml, 

a mixture of chloroform and calixarene powder. 
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Table 1. Molecular structure of C-DHC4 and N-DHC4 

 

Material IUPAC Name Molecular structure CPK Modeling 

C-DHC4 

5,11,17,23-tetra-tert-butyl-

25,27-diethoxycarbonyl 

methyleneoxy-26,28-

dihydroxycalix[4]arene 

 

 

 

 

N-DHC4 

5,17,dinitro-11,23-ditert-

butyl-25,27-

diethoxycarbony 

lmethyleneoxy-26,28-

dihydroxycalix[4]arene 

 

 

 
 

 

 

 

The П–A isotherms. Surface pressure–area (П–A) isotherms were measured on a 

KSV 2000 Langmuir–Blodgett system (KSV Instruments Ltd., Finland) with deionized 

water as subphase. The water was purified with a Millipore Milli-Q system with a 

resistivity of 18.2 MΩ. The calix[4]arene solution was spread carefully using a 

microsyringe onto water subphase with varying volumes. After 10 minutes, the 

monolayer film was compressed at a 12 mm/min speed with a measurement accuracy of 

0.1 mN/m. The П–A isotherms were measured several times to ensure the measurements 

were reproducible. All experiments were performed at a room temperature of 23°C and 

kept constant within ±2°C. From the isotherms graph, extrapolation on the mean 

molecular surface area (Alim) and comparing with the CPK modelling, the conformation 

and orientation of the calixarenes on air/water interphase can be predicted [11]. 

 

Optical properties of calix[4]arenes. Ultraviolet-Visible absorption spectra of 

both calixarenes solutions were recorded on a JASCO V-570 UV/VIS spectrophotometer 

[12] and using the quartz cuvettes. 

 

Field Emission Scanning Electron Microscope with Energy Dispersive X-ray 

Analysis. This work used a high-resolution Field Emission Scanning Electron 

Microscope (FESEM) with Energy Dispersive X-ray (EDX) model Hitachi SU 8020 

UHR. This enables to visualisation of the morphology and identifying the elements of the 

sample [13]. The accelerating voltage (Vacc) was set to 3 kV, the working distance was 

set to 5 mm and a magnification of 10.0 k to 50.0 k. 

 

Surface potential and Effective dipole moment measurements: Capability of 

Calix[4]arene in Lead (Pb2+) cation entrapment. The capability of calix[4]arene in Pb2+ 

cation entrapment may be measured by investigation of the maximum surface potential 

(∆Vmax) and maximum effective dipole moment (µ̝ max) of these calix[4]arenes within 

Pb2+ Solution. The ∆V measurements are used as a supplementary source of information 

on the arrangement of molecules on the water surface [11]. The ∆V was measured by 
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KSV Surface Potential Sensor (S-POT) as shown in Figure 2 with a vibrating plate 

condenser connected to the counter electrode placed at the bottom of the trough. The 

vibrating plate is placed approximately 1.00 -2.00 mm from the water surface, and the 

sensitivity of the device is ± 1.00 mV. The ∆V was simultaneously recorded with П-A 

isotherm reading. 

 

 
 

Figure 2. KSV Surface Potential Sensor (SPOT) 

 

Effective dipole moment, µ̝ is the vertical component of dipole moment in the 

monolayer [14]. The maximum value of ∆V can be obtained by measuring the maximum 

value of µ̝ at the same area per molecule from the ∆V-A and µ̝-A isotherms [15]. The ∆V 

and µ̝ are related by the Helmholtz equation in (1). 

 

∆𝑉 =
𝜇⊥

𝜀𝑜𝜀𝐴
                                                                                                                          (1) 

 

where ∆V is the measured surface potential, µ̝ is average µ normal to the monolayer 

plane, εo is the vacuum permittivity, and A is the mean molecular area of the monolayer. 

 

 

Results and Discussion 

 

Surface pressure-area (П-A) isotherms. The П-A isotherms of C-DHC4 and N-

DHC43 are shown in Figure 3. Using a microsyringe, 100 µl of each material was spread 

to form a Langmuir film on the air-water interface. The similarity of these two calix 

[4]arenes is the lower rims but different upper rims. Therefore, the estimated mean 

molecular surface area (Alim) of C-DHC4 and N-DHC4 is within the close range of ~ 2.00 

nm2. 
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Figure 3. Comparison of П-A isotherm of C-DHC4 and N-DHC4 at 100 µl                 

spreading volume 

 

Initially, the surface pressure was nearly zero, then increased linearly, after which 

it increased sharply at the lower mean molecular area before collapsing. When the barrier 

is slowly closed, the molecules begin to move nearer to each other from the gaseous 

phase, liquid phase, and solid phase, resulting in the П-A curve shifting towards the left.  

Finally, it reached ~ 28.0 mN/m for spreading volume of 100 µl for N-DHC4. At higher 

pressure, the monolayer was of poor quality. The monolayer was very rigid, collapsing 

rapidly, and appearance of irregular [16]. From the isotherms, the Alim occupied by each 

N-DHC4 molecule was estimated by extrapolating the linear portion of each curve to a 

surface pressure equal to zero (Red dotted line in Figure 3). Such extrapolations are 

routinely used to estimate the surface area per molecule in films that are condensed. 

These extrapolations yielded Alim resulting in a similar orientation as C-DHC4. 

 

The effect of increased loading of N-DHC4 was studied as shown in the isotherms 

graph. By calculating and comparing the theoretical cross-sectional area value from CPK 

modelling [17], both calix[4]arenes possess a parallel (ǁ) orientation of the plane of the 

calixarene ring with respect to the plane of the water surface, as shown in Figure 4. From 

the CPK value, the cross-sectional value is 2.00 nm2. Compared with CPK modelling, 

which had been a powerful method in estimating the orientation of molecules at the air/ 

water surface, these measurements yield a parallel orientation of the plane of the 

calixarene ring and water plane [18]. 

 

 
 

Figure 4. An illustration of calix[4]arene parallel orientation on water 
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Optical properties of calix[4]arenes. Figure 5(a) shows the UV-visible spectra of 

C-DHC4 in chloroform. It can be observed that the absorption spectrum has two broad 

peaks, which lie in 261 and 330 nm, respectively. The two peaks are due to the 

absorption band of the benzene ring corresponding to the excitation of a π electron of the 

conjugated system to a π* orbital. Thus, when the concentrations of C-DHC4 are 

increased, the absorption peak rises as well. 

 

 
 

Figure 5. UV-Visible spectra of (a) C-DHC4 and (b) N-DHC4 
 

The UV–Visible spectra of the N-DHC4 are shown in Figure 5(b). These samples 

have strong absorption bands in the range of 260–300 nm. N-DHC4 has two shoulders 

that resemble strong absorption peaks at 275 and 282 nm. All the strong absorptions are 

assigned to π-π* and n-π* transition due to chromophores at the upper rim of N-DHC4.  

 

FESEM Analysis. Figure 6(a) and (b) shows the top view of the FESEM image of 

C-DHC4 and N-DHC4, respectively, at 50.0 k magnifications for the LB films. Certainly 

the clusters could be seen formed in both calix[4]arenes LB films. For C-DHC4 in Figure 

6(a), the particles were neatly assembled and practically display similar sizes. The sizes 

of the N-DHC4 are exposed in Figure 6(b) where the sizes of the particles are irregular. 

Prominently, spacing between the particles are noticeably emerging which implied that 

the isotherm preasure was inadequate while performing the LB films process. These leads 

to the theoretically relation to the analogy; phase of the films is interpreted as the C-

DHC4 revealing the solid phase while N-DHC4 is in the gas-liquid phase. Both depict 

almost spherical particles of calix[4]arene, which confirm the theory of vase-like and 

CPK model exactly [4,9,18].  

 

Figure 6(c) gives the EDX distribution of elements for the deposited N-DHC4 

Langmuir-Blodgett films. EDX analyses of these particles in FESEM micrographs at 

various locations has shown that it consists of carbon (C), nitrogen (N) and oxygen (O) in 

the composition of the prepared film, which substantiated with the molecular 

components.  

 

 



Faridah Lisa Supian et al. Malaysian Journal of Microscopy Vol. 17 No.2 (2021), Page 9-19 

15 

 

 

 
 

Figure 6. FESEM images of N-DHC4 LB films at 50.0 k magnification of                            

(a) C-DHC4 and (b) N-DHC4 and (c) EDX element distribution of LB film 

 

Surface potential and Effective dipole moment measurements: Capability of C-

DHC4 and N-DHC4 in Lead cation entrapment. Figure 7 shows the overall ∆Vmax and µ̝ 

max characteristics of C-DHC4 in the full range of Pb2+ ion concentrations. Based on 

Figure 7(a), ∆Vmax gradually rises to ~ 530 mV and become constant for concentrations of 

2.50 x 10-2 mM. This suggested that the potential rises consistently as an increasing 

number of Pb2+ ions are incorporated into the C-DHC4 monolayer, but once the 

maximum number of ions have been achieved, no further increase in ∆Vmax is possible. 

The results are complemented with the calculated value of µ̝ max where the ions begin to 

interact with C-DHC4 until equilibrium is achieved. At concentration ~3.00 x 10-2 mM, 

the µ̝ max is ~2.70 D and started to stable. While the ∆Vmax recorded was 552 mV. This 

indicates that the most significant number of ions bind with C-DHC4 has been reached. 

Hence, ion sensing of Pb2+ ions using C-DHC4 can be achieved with the highest 

detection limit of 5.00 x 10-2 mM. 

 

The ∆Vmax and µ ̝ max data of N-DHC4 are plotted in Figures 7(c) and 7(d) as a 

function of concentration, respectively. In Figure 7(c), the ∆Vmax increases slowly before 

the value slightly decrease and is stable for 5.00 x 10-2 mM concentration. However, 

when the concentration of Pb2+ is raised, the potential increase until it reaches the highest 

value. This is due to the optimum number of Pb2+ has been trapped at the lower rim of N-

DHC4. Hence, the optimized value of µ̝ max of N-DHC4 incorporating Pb2+ is ~1.80 D at 

6.25 x 10-2 mM, and ∆V max is 376 mV. Table 2 represents the summary data of Alim, 

∆Vmax and µ̝max of C-DHC4 and N-DHC4 in Pb2+ solution. From the data, a detection is 

as low as 1.25 x 10-2 mM and therefore manifest promising potential for Pb2+ ions 

detection for C-DHC4 and N-DHC4. 
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Figure 7.  C-DHC4 with increasing concentration of Pb2+ ion of (a) ∆Vmax (b) µ̝max, 

and N-DHC4 with increasing concentration of Pb2+ ion (c) ∆V max and (d) µ̝ max  

 

 

Table 2. Summary of A0, ∆Vmax and µ̝max of C-DHC4 and N-DHC4 in Pb2+ solution 

 

Subphase 
Concentration 

(1x10-2 mM) 

C-DHC4 N-DHC4 

A0 

(nm2) 

∆Vmax 

(mV) 

µ̝max 

(D) 

A0 

(nm2) 

∆Vmax 

(mV) 

µ̝max 

(D) 

Water 0 1.68 460 1.80 1.55 359 1.30 

Pb2+ 1.25 2.09 496 2.40 - - - 

Pb2+ 2.50 2.04 536 2.60 1.70 356 1.40 

Pb2+ 3.75 2.03 547 2.60 1.78 363 1.60 

Pb2+ 5.00 1.84 552 2.60 1.60 370 1.70 

Pb2+ 6.25 1.91 530 2.60 1.71 376 1.70 

Pb2+ 7.50 2.00 502 2.60 1.70 368 1.70 

Pb2+ 8.75 - - - 1.72 370 1.70 

Pb2+ 10.00 - - - 1.71 376 1.70 
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Conclusion 

 

This work has investigated two types of Calix[4]arenes that possess the same 

lower rim but are divergent in the upper rim. Molecular orientations and studies have 

been carefully examined at the optimum condition. By extrapolation of the isotherm, the 

size of each calix[4]arene has been deduced, which is ~ 1.90 to 2.10 nm2 . UV-Visible 

results explain that each calix[4]arene has two firm absorption peaks but different range 

transitions due to their molecular structures. FESEM images of N-DHC4 has shown the 

formation of almost spherical particles of calix[4]arene, while EDX analyses confirmed 

the elemental composition of the structural molecular of N-DHC4. Further observation 

has been done on the ∆Vmax and µ̝max of the two functionalized dihydroxycalix[4]arene 

for Pb2+ cation entrapments. By comparison, C-DHC4 has shown significant and stable 

results in detecting Pb2+ cations compared to N-DHC4. This work proves that this 

calix[4]arene is beneficial for further metal cation sensing field research. 
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