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ABSTRACT. New precursors for functionalized grass fibres were obtained 
through deposition of functionalized calix[4]arenes on G14 short glass fibers. 
The methods employed for the preparation as well as the characterization by 
thermal analysis, FT-IR spectroscopy, TEM and SEM microscopy of the 
newly obtained materials is presented. 
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INTRODUCTION  
 
Calix[n]arenes macrocyclic compounds obtained by the condensation 

of para- substituted phenol with formaldehyde or para-formaldehyde, [1] can 
be functionalized with a large number of organic or organometallic groups 
[2,3], at both the lower rim (the hydroxyl groups) or the upper rim (the para 
position of the phenyl rings) leading to an important class of organic 
compounds. Their characteristic structure, namely the existence of a 
hydrophobic cavity which can be tuned in size by the number of phenolic 
units (n= 4–20) as well as the type of the functional groups grafted onto the 
aromatic rings, makes this class of compounds versatile in a large number 
of applications ranging from host-guest interactions [4] with metallic ions [5] 
and neutral molecules to biomedical research [6,7], chromatography [8], 
electrochemical and luminescent sensors [9,10,11] and catalysis [12].  
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A new and exciting field in which calixarenes have recently shown 
their potential is their use as interfaces towards new materials [13,14,15]. 
The use of calixarenes as coupling agents assures a better binding to the 
inorganic material due to multiple connection sites and could increase their 
elasticity by concurrently taking over the stress on all four connectivity points 
[16,17].  

This work presents a new functionalization method of short glass 
fibers with substituted calix[4]arene as well as the thermal behavior of the 
new product and their precursors together with the characterization of the 
studied systems.  

 
 

RESULTS AND DISCUSSION 
 
New inorganic based materials were prepared by the deposition of 

lower rim tetracarboxyl functionalized para-tertbutyl-calix[4]arene 2 onto short 
glass fibers of G14 type. Calix[4]arene systems were chosen for their relative 
good solubility when compared to their larger analogues and their preference 
to adopt a cone conformation, which is more favorable for their study as 
coupling agents. 

The preparation of the organic macrocycle 2 (Scheme 1), was 
achieved through the methods described in the scientific literature, starting 
from the commercially available para-tert-butyl calix[4]arene 1. Derivative 2 
was obtained in a two step reaction, and after the purification and separation 
of the obtained solid, its structure was confirmed by 1H NMR, FT-IR and MS 
studies, giving results similar to those already described in the literature 
[18,19,20].  

The new product glass fibers-tetracarboxyl functionalized para-
tertbutyl-calix[4]arene 3 (Scheme 1) was obtained by the deposition of 
calixarenic coupling agent 2 in dilute solutions of ethanol and acetone on 
short glass fibers type G14.  

The methods employed for this deposition consists in the preparation 
of dilute solutions of functionalized calixarene 2 (5%) in acidified ethylic 
alcohol 3a (method 1) or acetone 3b (method 2). Fine grinded type G14 
glass fibers were added to the prepared solutions and the obtained mixture 
was stirred at room temperature. 

After drying, washing and thermal treatment, the resulted products 
were granulometrical sorted and characterized by means of FT-IR 
spectroscopy, thermogravimetric analysis and electron microscopy (SEM 
and TEM).  
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Scheme 1 
 
 

In order to fully comprehend the thermal behaviour of the products 3a 
and 3b, their thermograms, together with the ones of the non-modified glasses, 
calix[4]arene 1 and functionalized calix[4]arene 2 have been recorded (Figure 1).  

 

   
 

Figure 1. DTG and DTA plots for (a) para-tert-butylcalix[4]arene 1, (b), para-tert-
butylcalix[4]arene acetic acid 2, (c) glass fibers, (d) product 3a (glass fiber – 

functionalizad calixarene) in alcohol, (e) product 3b (glas sfiber –  
functionalizad calixarene) in acetone. 
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Analysing the recorded thermograms, for products 3a and 3b, it is clearly 
to notice a better deposition onto glass fibers by the use of an acidulated 
solution of ethanol (method 1, Figure 1d). For product 3a, two important weight 
loss intervals can be evidenced: 16.1% in the temperature range of 160-340C, 
corresponding to the decomposition of the tetraacid calix[4]arene 2 [21], and 
a second mass loss of 15.0% in the 540-1100C range, which clearly represents 
the decomposition of the G14 type glass fibers. For the functionalized tetraacid 
calix[4]arene 2 (Figure 1b) the first significant weight loss of 38.1% in the 
280-460C temperature range correlates to the similar decomposition observed 
in case of product 3a. The fact that the peak temperature for the decomposition 
in case of 3a (278C) is substantially lower than in case of functionalized 
calixarene 2, denotes the functionalization of the glass fibers. The thermal 
stability of the functionalized calixarenes decreased [21,22] if the functional 
groups grafted at the lower rim of the macrocycles are connected tu the 
inorganic substrate [23]. 

On the other hand, analyzing the recorded DTG and DTA of the 
system 3b (Figure 1e), the obtained plot is almost identical to the starting 
glass fibers, which sugests that the deposition of the calixarenic coupling 
agent from acetone solution did not occurred as expected, and if it did, it was 
to a very small extent. 

The FT-IR spectra (Figure 2) confirm the results of the thermogravimetric 
analysis previously discussed. The spectra measured for compounds 3a and 
3b suggest furthermore that the deposition of the calixarenic coupling agent 
in alcohol gives the expected results. The broad bands specific to the -OH 
functional groups around 3500 cm-1 for compound 2 are less significat in 
the spectrum of product 3a, suggesting their involvement in the interactions 
with the surface of the inroganic substrate. The characteristic bands for the 
organic moieties of calixarenic macrocile are situated in the specific range, 
accordingly with the literature [1, 24, 25]. 

For a complete characterization of the product 3a and 3b, a morphological 
study using scanning electron SEM (Figure 3) and transmission electron 
microscopy TEM (Figure 4) respectively was realized.  
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Figure 2. IR spectra of para-tert-butylcalix[4]arene 1 (a), para-tert-butylcalix[4]arene 
acetic acid 2 (b), glass fibers (c), system 3a (glass fiber – functionalizad calixarene) 

in alcohol (d), system 3b (glass fiber – functionalizad calixarene) in acetone (e). 

SEM images suggest that, in the case in which the functionalization of 
the glass fibers has been achieved in acidulated solution of alcohol, the 
deposition of the functionalized calixarene 2 is much more efficient than if the 
process is undertook in acetone (Figure 3). 
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Glass particles (100m) 
Para-tert-butylcalix[4]arene  

acetic acid (100m) 

Product 3a (100m) Product 3b (100m) 

Product 3a 50m Product 3b 10m 

Figure 3. SEM images of used glass fibers, acid functionalized calixarene 2  
and the products 3a and 3b. 

The SEM images of the precursors suggest a clean flat surface in the 
case of the glass fibers while the acid functionalized calix[4]arene 2 shows a 
needle-like surface sharp form 3a. The images recorded for 3a show the 
deposition of a continuous layer of coupling agent on the glass surface, while 
for the product 3b, the changes of the glass surface are less obvious. 
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  Product 3a (300 nm)          Product 3b (500 nm) 

Figure 4. TEM images of product glass fiber – functionalizad calixarene. 

The results obtained by SEM are supported by TEM analysis, in 
which a more uniform deposition in the case of 3a compared to 3b can be 
observed (Figure 4). 

The complex morphostructural analysis carried out show that the new 
material has been formed. 

CONCLUSIONS 

This work presents the successful binding of tetraacetyl functionalized 
calix[4]arene to short glass fibers of type G14. The deposition of the macrocycle 
to the glass surface has been done through a novel method, in acidified alcohol 
solution. The new system together with his precursors were characterized 
by specific methods including FT-IR, DTG, SEM and TEM, which prove the 
presence of interactions of the functionalized calixarenic macrocycle system 
on the inorganic substrate. 

EXPERIMENTAL 

All the chemicals were used as purchased without any further 
purification with the exception of THF which was distilled from Na/benzo-
phenone before using. 

The 1H NMR spectra were recorded on a Bruker Avance 400 MHz 
spectrometer in CDCl3, with TMS as reference at a frequency of 400.13 MHz.  

The thermal behavior of the samples was investigated by thermo-
gravimetry (TG) differential thermal analysis (DTA) and derivative thermo-
gravimetry (DTG) using a Mettler Toledo TGA/SDTA851 instrument in alumina 
crucible, with a heating rate of 10 C min-1 under nitrogen flow of 50 mL min-1.  
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The scanning electron microscopy experiments were performed on 
an Inspect S microscope (FEY Company). The TEM images were obtained 
using a Hitachi Automatic TEM H7650 system (accelerating voltage 40-120 
kV, zoom 200x-600000x) 

Synthesis of product 2 
Step 1: 3.40 mL of ethyl bromoacetate (5.029 g, 30.11 mmol) were 

added to a suspension of 1 g (1.54 mmol) of para-tert-butylcalix[4]arene and 
1.655g (69 mmol) NaH in 30 ml of THF. The resulting mixture was refluxed 
for one hour, quenced in water after cooling and filtered to yield 1.37 g of 
tetraethyl calix[4]arene acetic ester (95% yield). The obtained ester was 
characterized by 1H NMR giving resonance signals in the ranges described 
by the literature. [19] 

Step 2: A Mixture of 1.37 g brute tetraethyl calix[4]arene acetic ester 
(1.381 mmol), 25 mL of methanol and 600 mg of NaOH (5.524 mmol) 
dissolved in 10 mL of water was refluxed for an hour. After cooling, water was 
added to the reaction mixture. The off-white waxy solid was filtered and 
washed with several portions of acetone (5 x 10 mL) to yield 2 as a white 
powder. The derivative was characterized by 1H NMR, MS and FT-IR giving 
similar results to those reported in the literature.[20] 

Deposition of the organic coupling agent on the glass fibers 
The functionalized calix[4]arene was deposited on the glass fibers by 

dissolving into an alcoholic solution (90 ethanol and 10% distilled water) 
acidified to a pH of 3.5-4 by means of glacial acetic acid. Due to the low 
solubility of the macrocycle, a 5% (in weight) solution was used for the 
deposition. 10 mL of this solution was added to 2 g of finely grinded G14 glass 
fibers. The mixture was vigorously stirred for 1 hour at room temperature. The 
thick white paste thus obtained was allowed to dry, in air. After 2 days at room 
temperature, the resulted product was fixated by thermal treating at 70 °C, in a 
1 cm layer for 7 hours. The final product was obtained after sieving through a 
vibrating sieve (50 µm). The deposition in acetone was achieved in the same 
manner by dissolving the functionalized calix[4]arene in acetone (5% weight 
solution) and following the same working procedure.  
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