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Abstract 

There has been a growing concern for the removal of metal ions introduced into bodies of 

water and wastewater by increasing human technological activities. Therefore, a silica gel 

support was functionalized with 5-(chloromethyl)-8-quinolinol (silica gel – CMQ). The 5-

(chloromethyl)-8-quinolinol (CMQ) ligand was previously synthesized from the 8-

hydroxyquinoline in the presence of formaldehyde and concentrated hydrochloric acid. 

The new solid chelating support, silica gel-CMQ, was characterized [elemental analysis, 

FTIR spectroscopy, scanning electron microscopy (SEM)] and assayed as metal sorbent 

of (Cu(II), Ni(II), Fe(III), Al(III) and Th(IV)) was evaluated. This functionalized solid support 

demonstrated excellent ability to chelate all of these metal ions unless Ni(II), at common 

freshwater pH levels (5 – 7), following the order Cu(II)  Fe(III) > Th(IV) > Al(III) > Ni(II), 

Which is similar to the behaviour found for the model compound 5-((propylamine)methyl)-

quinolin-8-ol (Prop-CMQ) in solution (Fe(III) > Cu(II) > Th(IV) > Al(III) > Ni(II)). The silica 

gel – CMQ support also presented a better stability for higher values of pH (6 and 7) and 

until 8 h of usage it can be considered a metal sorbent with interest for potential 

environment application. 

 

 

1 INTRODUCTION 

Environment pollution by trace metals has caused lately much 

concern because of their general and specific toxicities. [1] Once 

in the environment, metals may be dispersed through the water, 

soil and atmosphere to the most remote places in the world. [2] 

In recent years, there has been an increasing ecological and 

global public health concern associated with environmental 

contamination by metals. Also, human exposure has risen 

dramatically as a result of an exponential increase of their use in 

several industrial, agricultural, domestic and technological 

applications. [3] The excess quantities of trace metals are 

detrimental as these destabilize the ecosystems because of their 

bioaccumulation in organisms, and elicit toxic effects on biota 

and even death in most living organisms. [4] Nowadays, solid-

phase extraction is one of the most effective of the multi-

elemental pre-concentration methods because of its advantages 

such as ease of use, high pre-concentration factor, and flexibility 

to choose the solid phase for optimum results. [5] In a way to 

reduce/prevent the generation of wastewaters contaminated with 

metal species, we may cite the solid-phase extracting utilizing 

adsorbent materials. Such technique exploits the adsorptive 

properties of several types of materials to perform the removal of 

dissolved metals from liquid media and porous silicas 

demonstrated to have promising properties because of their 

extraordinary physical and chemical versatility. Therefore, the 

synthesis of a successful silica-based adsorbent relies heavily 

on the functionalization step to couple the ligand of interest to 

the silica surface. This process begins with silica activation, that 

consists on the reaction between the silanol groups of silica and 

a silylating agent to form a Si–O–Si–C bond arrangement over 

the silica surface; this is responsible for the insertion of a 

pendant organic chain in the materials’ surface and afterwards 

for the fixation of the ligand molecule to the surface of silica 

particles. [2] 

In the present study we have used the organic compound 5-

(chloromethyl)-8-hydroxyquinoline (CMQ) as pending bidentate 

ligand. It is a 8-hydroxyquinoline (8-HQ), therefore being 

expected to have a high chelating ability toward several metal 

ions [6].  

In view of the considerations exposed, this work reports the 

activation of a silica gel, its functionalization with CMQ, the 

characterization of the new silica gel-CMQ solid support and the 

evaluation of its chelating capacity towards Cu(II), Ni(II), Fe(III), 

Al(II) and Th(IV). A model compound, 5-((propylamine)methyl)-

quinolin-8-ol (Prop-CMQ), as well as the commercial 8-HQ 

compound, were also studied in solution for a better 

understanding of the chelating behavior of the silica gel-CMQ 

solid support. 
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Figure 1 – Chemical structure of the functionalized silica gel 

(silica gel-CMQ) 

2 EXPERIMENTAL 

2.1 EQUIPMENT 

1H and 13C NMR spectra were recorded in a Varian Unity 300 

spectrometer and FTIR spectra were recorded in a JASCO 

FT/IR 4100 spectrometer. 

Melting points were determined with Leica Gallen III microscope. 

SEM analysis was performed with FEG-SEM JSM microscope. 

The amount of ligand (N content) coupled to the functionalized 

silica gel was determined by elemental analysis (EA) on a 

Fisons EA1108 CHNF/O instrument. The silica gel stability was 

evaluated by UV/Vis spectrophotometry on a Perkin Elmer 683 

instrument. The Cu(II), Ni(II) and Fe(III) contents were 

determined by atomic absorption spectroscopy (AAS) on a S 

Series AA spectrometer, while the Al(III) and Th(IV) contents 

were determined by induced coupled plasma atomic emission 

spectroscopy (ICP-AES) in a Perkin-Elmer – Optima 2000 DV 

instrument. Potentiometric titrations were performed with 

automated titration by using a Crison MicropH 2002 

milivoltimeter, provided with a glass electrode Metrohom 

6.0133.500 and a reference electrode Orion 90-00-11, as well as 

a Crison microBU 2031 burette. 

2.2 REAGENTS AND SOLUTIONS 

The silica gel was obtained from Macherey-Nagel, 60, 0.063 – 

0.2 mm. All the reagents were purchased to Aldrich or Merck. 

The various metal ion solutions were prepared from the 

respective citrate (Fe(III), Al(III) and Th(IV)) or nitrate (Cu(II) and 

Ni(II)) salts in de-ionized water. The titrant used in the 

potentiometric titrations was a 0.1 M KOH solution, prepared 

free of CO2. The universal buffer solutions at each pH level were 

obtained by adding the required volume of a 0.2 M NaOH 

solution to a mix solution 0.04 M in phosphoric, acetic and boric 

acids. [7]  

2.3 SYNTHESIS OF THE LIGANDS 

2.3.1 5-(CHLOROMETHYL)-8-QUINOLINOL (CMQ) 

A mixture of 1 g (4.3 mmol) of 8-hydroxyquinoline, 1.1 mL of 

concentrated hydrochloric acid (37 %), and 1.1 mL of formalin 

(37 % formaldehyde and 12 % methanol), was treated with 

hydrogen chloride gas and stirred for 6 h. [8] The yellow solid 

obtained was collected on a filter, washed with concentrated 

hydrochloric acid and dried under vacuum. Yield 67 %, m. p. = 

245°C dec.. 1H NMR (400 MHz, DMSO-d6) δ (ppm): 9.29 (d, 1 

H, 1-H), 9.16 (d, 1 H, 3-H), 8.18 (t, 1 H, 2-H), 7.88 (d, 1 H, 6-H), 

7.59 (d, 1 H, 7-H), 5.34 (s, 2 H, CH2Cl). 13C RMN (400 MHz, 

DMSO-d6) δ (ppm): 40.6, 115.40, 123.22, 124.90, 128.18, 

130.51, 132.64, 142.78, 145.04, 150.30. ESI-MS: calcd. For 

(M+H)/z: 231.66. Found: [M-2H-Cl]- 194.16. Elemental analysis: 

C10H9NOCl2 found: C, 52.31; H, 4.06; N, 6.09; calcd.: C, 51.80; 

H, 3.89; N, 6.04 (%).  

2.3.2 5-((PROPYLAMINE)METHYL)-QUINOLIN-8-OL (PROP-

CMQ) 

200 mg of CMQ (0.9 mmol) were dissolved in ethyl acetate (20 

mL). Then, propylamine (0.5 mL; 3 mmol) was added to the 

mixture, under nitrogen atmosphere for 3.5 h. Ethyl acetate was 

evaporated. The solid obtained was collected on a filter and 

dried under vacuum. Yield 15 %, m. p. = 158-160°C. 1H NMR 

(400 MHz, CDCl3) δ (ppm): 8.74 (d, 1 H, 1-H), 8.24 (d, 1 H, 3-H), 

7.37 (d, 1 H, 6-H), 7.16 (t, 1H, 2-H), 7.07 (d, 1 H, 7-H), 3.88 (s, 2 

H, CH2N-Propilamina), 2.43 (t, 2 H, CH3CH2CH2-N), 1.60 (q, 2 H, 

CH3CH2CH2-N), 0.74 (t, 3 H, CH3). 13C RMN (400 MHz, CDCl3) δ 

(ppm): 11.90, 19.30, 55.73, 56.37, 108.98, 121.23, 127.70, 

129.80, 134.09, 138.54, 147.55, 152.03. ESI-MS: calcd. For 

(M+H)/z: 215.28. Found: [M-2H-Cl]- 216.84. Elemental analysis 

C13H15N2O found: C, 72.43; H, 7.04; N, 12.97; C13H15N2O. 0.02 

MeOH calcd.: C, 72.91; H, 6.50; N, 15.50 (%). 

2.4 FUNCTIONALIZATION OF THE SILICA GEL 

2.4.1 ACTIVATION OF SILICA GEL 

To 25 g of porous silica gel, dried overnight at 120°C and then 

stirred under refluxed toluene (150mL) was added 10 mL of 3-

aminopropyl trimethoxysilane. The mixture was kept under reflux 

for 24 h. The solid was filtered and washed with toluene and 

ethanol. It was then Soxhlet extracted with a mixture of ethanol 

and dichloromethane (1:1) for 12h, to remove the silylating 

reagent residue. The immobilized silica gel was dried in vacuum 

at room temperature. [9] Elemental analysis exp (%): N, 1.85; H, 

< 2; C, 5.79. 

2.4.2 OPTIMIZATION OF THE COUPLING CONDITIONS 

A set of different portions of CMQ (0.046 g, 0.158 g, 0.316 g, 

0.600 g and 0.800 g) was added to a group of identical portions 

of silica gel (0.06 g). The ligand was previously dissolved in 

dried ethyl acetate (20 mL) and the reaction was kept for 3.5 h at 

77.1°C. The solid obtained was collected on a filter and washed 

with distillated water, ethyl acetate, methanol, dichloromethane 

and diethyl ether. The light brown solid obtained was dried under 

vacuum. 

2.5 CHARACTERIZATION OF THE FUNCTIONALIZED SILICA GEL 

2.5.1 STABILITY AT DIFFERENT PH LEVELS (5, 6 AND 7) 

Buffer solutions at pH 5, 6 and 7 (3 mL) were added to the 

functionalized silica gel (0.009 g) and the mixtures were kept in 
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contact under moderate stirring for 30h, at room temperature. 

The ligand released along the time was controlled by UV 

spectrophotometry at the wavelength (λ=306 nm) corresponding 

to maximum absorption. 

2.5.2 METAL CHELATING CAPACITY (CU2+, NI2+, FE3+, AL3+ AND 

TH4+) 

Effect of the pH on the complexation capacity. To functionalized 

silica gel (0.01 g) was added metal citrate (200 ppm for metal 

ions Fe3+, Al3+ and Th4+) or nitrate salt solution (200 ppm for Ni2+ 

and 100 ppm for Cu2+) in universal buffer solutions, at the pH 

range 5-7. The metal amount was 3.5-fold excess that of silica 

gel-CMQ active sites. The mixtures were kept under moderate 

stirring for 4h, at room temperature. The solid supports were 

filtered; each solution was kept in volumetric flasks (50 mL) (FS 

– Filtration Solutions). Then the solids were treated with HCl 1M 

solution to release the metal ion (WS – Washing Solutions) and 

these solutions were kept in volumetric flasks (50 mL). To 

determine the silica gel chelating capacity towards each metal 

ion both type of solutions (FS and WS) were analyzed by AAS 

for nickel, copper and iron and ICP-AES for aluminum and 

thorium. 

2.5.3 POTENTIOMETRIC STUDIES 

Potentiometric titrations were accomplished in a 60% w/w 

DMSO/H2O medium, at T = 25.0 ± 0.1 °C and ionic strength (I) 

0.1 M KCl, by using 0.1 M KOH as titrant. The measurements 

were performed in a total volume of 30 mL and the ligand (Prop-

CMQ or 8-HQ) concentration was 6.7 x 10-4 M, under different 

CM/CL ratios: 0:1 (L), 1:1 (M/L, M = Fe, Cu, Ni, Al, Th), 1:2 (M/L, 

M = Cu, Ni), 1:3 (M/L, M = Fe, Al), 1:4 (Th/L) and 1:8 (Th/L). The 

stepwise protonation constants of the ligand, Ki = HiL/Hi-1LH, 

and the overall metal–complex stability constants, 
lhm LHM = 

MmHhLl/MmHhLl, were calculated by fitting the 

potentiometric data with Hyperquad program [10]. The metal 

hydrolysis constants were also determined under the same 

experimental conditions and included in the fitting of the 

experimental potentiometric data. 

3 RESULTS AND DISCUSSION 

3.1 FUNCTIONALIZATION OF SILICA GEL (SILICA GEL – CMQ) 

3.1.1 ACTIVATION OF SILICA GEL 

The synthetic procedure for the new chelating material can be 

summarized in figure 2. The first stage of preparation includes 

the activation of silica gel with 3-aminopropyl trimethoxysilane in 

toluene to yield the siloxane bond and amino groups attached to 

the surface of the silica gel. This NH2-groups appended on the 

silica surface are capable of reacting with CMQ [5, 11]. 

 

 

 

 

 

 

 

Figure 2 – Activation of silica gel 

3.1.2 LIGAND COUPLING TO ACTIVATED SILICA GEL (SILICA GEL 

– CMQ) 

The coupling of CMQ was achieved through the nucleophilic 

attack of the primary activated silica gel amine group to the CH2-

group of the CMQ ligand with consequent release of Cl (figure 

3). This reaction was carried out at T=77.1°C for 3.5 h. After the 

coupling reaction, the solid was worked up through successive 

washings with distilled water, ethyl acetate, methanol, 

dichloromethane and diethyl ether. 

3.1.3 OPTIMIZATION OF THE COUPLING CONDITIONS 

The optimization of the coupling conditions is determinant for 

providing the silica gel with the highest amount of immobilized 

ligand and, as a consequence, the highest amount of metal 

sequestering power. Figure 4 summarizes the effect on the CMQ 

densities of the gel due to different experimental coupling 

conditions, namely ligand amount in solution. 

 

Figure 3 – Silica gel functionalization with CMQ 

 

Analysis of figure 4 shows that the density of the silica gel – 

CMQ increases with the ligand concentration in the coupling 

reaction up to a saturation point. This is well illustrated on the 

curve profile (figure 4), where is possible to see a saturation 

trend plateau, namely for ligand concentrations higher than 20 

times in excess the number of silica gel active centres (540 µmol 

CMQ/g dry gel). Therefore, functionalized silica gel was 

prepared under the same ligand-excess conditions to guarantee 

the maximum conversion of active centres with minimum waste 

of CMQ ligand. 
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Figure 4 – Effect of ligand concentration on the coupling 

reaction to the activated silica gel 

 

3.2 PROPERTIES OF THE FUNCTIONALIZED SILICA GEL 

The functionalized silica gel was characterized in terms of 

structure, stability and metal complexation ability. 

3.2.1 FTIR CHARACTERIZATION 

FTIR spectra of activated silica gel and functionalized silica gel 

are depicted in figure 5. For both materials, the typical Si-O-Si 

band is present (1094.40 cm-1). It is possible to see the NH 

stretching vibration of functionalized silica gel at 1508.54 cm-1, 

which corresponds to the NH2 deprotonation of activated silica 

gel. On the other hand it is possible to observe peaks centred at 

1470.94 cm-1 (–(CH2)n-), 1375.48 cm-1(C=N) and 702.44 cm-1 (–

CH=CH–) for functionalized silica gel. The presence of these 

peaks means that the CMQ ligand is coupled to the activated 

silica gel. 

 

 

Figure 5 – FTIR spectra of activated silica gel (black line) and 

functionalized silica gel (blue line) 

3.2.2 SEM CHARACTERIZATION 

SEM micrographs (figure 6) were displayed to clarify the change 

in morphological features after functionalization of the silica gel 

surface. The images captured revealed that the surface of 

commercial silica gel (figures 6-a) and 6-c)) was smooth initially 

and turned out to be rough after the coupling reaction with CMQ 

(figures 6-b) and 6-d)). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 – SEM photographS of commercial and functionalized 

silica 

3.2.3 ELEMENTAL ANALYSIS  

The elemental analysis relative to carbon and nitrogen contents 

makes it possible to acknowledge the ligand introduced on the 

surface of the activated silica. Thus, for activated silica gel the 

result is %C = 5.79 and %N = 1.85.  

3.2.4 STABILITY OF FUNCTIONALIZED SILICA GEL AT DIFFERENT 

PH LEVELS  

The stability of the functionalized silica gel was assessed in 

aqueous media, at different pH values (5, 6 and 7), for 30 hours, 

at room temperature, by measuring the amount of CMQ ligand 

released to the solution. These results, expressed as the 

percentage of CMQ ligand released from silica gel, are depicted 

in figure 7. Analysis of figure 7 indicates that at lowest pH 

values, the functionalized silica gel releases a higher percentage 

of CMQ ligand. It is also evident from this figure that, during the 

first 8h, the amount of ligand released is only 2-3% for pH 6-7. 

 

Figure 7 – CMQ percentage released from silica gel as a 

function of time, at different pH values (5, 6 and 7) 

Figure a) - Commercial silica 

(400 µm) 
Figure b) - Functionalized 

silica (400 µm) 

Figure c) - Commercial silica 

(40 µm) 

Figure d) - Functionalized 

silica (40 µm) 
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3.3 METAL-CHELATING CAPACITY OF THE FUNCTIONALIZED 

SILICA GEL 

The ability of the functionalized silica gel, silica gel – CMQ, for 

the complexation of trace metal ions, such as Cu(II), Ni(II), 

Fe(III), Al(III) and Th(IV) (used as model for Pu(IV)), was 

assayed at different pH conditions, for 4h, at room temperature. 

This assessment was based on the measurement of the 

attached metal ion to the solid support by using the Washing 

Solutions (WS). The values obtained for Filtration Solutions (FS) 

could not always be considered due to observed severe 

discrepancies. Table 1 summarizes the chelating capacities of 

the functionalized silica gel for the studied metal ions at different 

pH conditions. 

 

Table 1 

Chelating capacity (ion µmol/g dry gel) of the functionalized silica gel 

towards Cu(II), Ni(II), Fe(III), Al(III) and Th(IV) at several pH values 

Functionalized silica 

gel 

pH = 5 pH = 6 pH = 7 

Cu(II) (46±2)10 (52±4)10 - 

Ni(II) (15±2)10 (15±2)10 (14±2)10 

Fe(III) (46±2)10 (36±1)10 (37±1)10 

Al(III) (361) 10 2798 2377 

Th(IV) (35±1)10 (29±2)10 (25±1)10 

 

Analysis of table 1, namely for copper, clearly shows that the 

amount of copper ion complexed by the solid support is quite 

similar to the density of the ligand (540 µmol CMQ/g dry gel). 

This evidences that silica gel – CMQ has a strong affinity for 

copper, while does not happen with nickel. Thorium and 

aluminum show similar chelating ability and Fe(III) is the second 

ion with the highest affinity for the solid sorbent. 

In fact, CMQ is a bidentate ligand and seems to form quite 

stable 1:1 (metal:ligand) complexes with Cu(II), Fe(III), Al(III) and 

Th(IV). The values obtained for nickel can be interpreted either 

as corresponding to a lower affinity for the matrix or to the 

formation of 1:2 (Ni/silica gel-CMQ) surface complexes. 

On the other hand, the complexation ability of the functionalized 

silica gel seems, in general, to have a low dependence from pH, 

although for aluminum and thorium the chelating capacity is 

higher when pH decreases. This solid support is also able to 

achieve almost its maximum chelation capacity at low pH values 

(pH = 5), which is an important factor concerning the application 

of this methodology to acidified water streams. Moreover, since 

the coordinating group is anchored on a surface, even under 

conditions of ligand excess, the formation of surface complexes 

with higher stoichiometry seems to be unlikely due to steric 

restrain of the solid support. 

 

3.4 FTIR CHARACTERIZATION AND SOLUTION STUDIES WITH 

THE LIGANDS 

 

The compounds Prop-CMQ and 8-hydroxyquinoline (HQ) were 

characterized by FTIR spectra and their acid-base behaviour as 

well as complexation capacity towards Cu(II), Fe(III) and Th(IV) 

were studied in solution. The synthesized Prop-CMQ compound 

simulates the anchored CMQ ligand and allows solution 

equilibrium studies. The acid-base as well as metal stability 

constants of 8-HQ were already reported in the literature but 

those values can be used to interpret the complexation 

behaviour of the immobilized CMQ ligand. 

3.4.1 FTIR SPECTRA 

The FTIR spectrum of the synthetized 5-(cloromethyl)-8-

quinolinol (CMQ) ligand was performed in order to verify the 

addition of a CH2Cl group to the initial 8-HQ compound (figure 

8). It is possible to see the Cl stretching vibration peak (867.81 

cm-1) only for CMQ spectra, while the band at 1200 cm-1 

corresponding to the phenolic group, is present in the spectra of 

both compounds. 

Figure 8 – FTIR spectra of activated 8-hydroxyquinoline (red 

line) and 5-(cloromethyl)-8-quinolinol (blue line) 

3.4.2 ACID-BASE BEHAVIOUR 

In order to estimate the competition between the protons and the 

metal (M) ions for the nucleophilic sites, it was necessary to 

determine the acid-base properties of both ligands (Prop-CMQ 

and 8-HQ) firstly. Prop-CMQ possesses three potential 

protonation sites: a pyridyl nitrogen atom, a phenolate oxygen 

atom and an amine nitrogen atom from propylamine. 8-HQ has 

two labile protons from the pyridyl nitrogen atom and the 

phenolate oxygen. From the analysis of the titration curve 

(figures 9 and 10) and by using the HYPERQUAD program [10] 

it was possible to determine the protonation constants of both 

ligands (Table 2). Prop-CMQ is characterized by three log Ki 

values, 11.51 (nitrogen atom from propylamine), 10.31 

(phenolate oxygen atom) and 5.37 (pyridyl nitrogen atom). 8-HQ 

has two log Ki values, namely 10.87 (phenolate oxygen atom) 

and 3.51 (pyridyl nitrogen atom). 
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Figure 9 – Titration curves of Prop-CMQ ligand in the presence 

and absence of metal ions, Cu(II), Fe(III) and Th(IV) (CL = 6.7 10-

4 M; a = base moles/ligand moles) 

 

Figure 10 – Titration curves of 8-HQ ligand in the presence and 

absence of Cu(II) (CL = 6.7 10-4 M; a = base moles/ligand moles) 

 

Table 2 

Protonation constants (log Ki)
a, stability constants of metal 

complexes (log βMmHhLli)
b and pMc values of Prop-CMQ and 8-HQ (T 

= 25.00.1ºC, I = 0.1 M KCl, DMSO/water (60/40 w/w)). 

 

a Ki = HiL/Hi-1LH; b
lhm LHM = MmHhLl/MmHhLl; c pM = 

−log[M] at pH 7.4 (CL/CM = 10, CM = 10−6 M) 

 
 
Figure 11 – Species distribution curves of Prop-CMQ (CL = 6.7 

10-4 M) 

 
 

Figure 12 – Species distribution curves of 8-HQ (CL = 6.7 10-4 

M) 

 

The prevailing ligand species present in fresh waters (for pH 

between 6.5 and 8.5) are H2L+ for Prop-CMQ (figure 11), and HL 

for 8-HQ (figure 12). 

3.4.3 DETERMINATION OF STABILITY CONSTANTS FOR METAL 

COMPLEXES OF PROP-CMQ AND 8-HQ 

The stability constants of complexes of Prop-CMQ with Cu(II), 

Fe(III) and Th(IV) were determined in solution in order to 

understand the complexation behaviour of the ligand in the 

presence of divalent, trivalent and tetravalent ions. The same 

kind of study was made for the system Cu(II)/8-HQ in order to 

compare with the already reported values in the literature and 

also to match with the complexation behaviour of Prop-CMQ 

exactly in the same experimental conditions. 

After the addition of base, the neutralization curve of an acidified 

solution of Prop-CMQ displays two equivalence points, a = 0 

(deprotonation of pyridyl nitrogen atom) and a = 1 (phenolate 

oxygen atom) (figure 9). Thus, the observation of this figure for 

the different M/CMQ systems allows concluding that the NH 

amine group from propylamine is not involved in the 

complexation process. 

The stability constants for the metal complexes with both ligands 

and respective pM values, calculated with HYSS program [12], 

are summarized in Table 2. Table 2 shows the following relative 

stability order: pFe > pTh > pCu for Prop-CMQ. Both pCu values 

found for Prop-CMQ and HQ point to the fact that these ligands 

must have the same complexation behavior with analogous 
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metal coordination sphere, involving the pyridyl nitrogen and the 

phenolate oxygen atoms. 

 

 

 

Figure 13 – Species distribution curves of 1:2 Cu(II)/Prop-CMQ 

(CL = 6.7 10-4 M) 

 

 

Figure 14 – Species distribution curves of 1:3 Fe(III)/Prop-CMQ 

(CL = 6.7 10-4 M) 

 

Figure 15 – Species distribution curve of 1:4 Th(IV)/propilamine-

CMQ (CL = 6.7 10-4 M) 

 

Figure 16 – Species distribution curves of 1:2 Cu(II)/8-HQ (CL = 

6.7 10-4 M) 

 

The prevailing complexe species involving Prop-CMQ present in 

fresh waters (for pH values between 6.5 and 8.5) are MH2L2 for 

Cu(II) (Figure 13), MH3L3 for Fe(III) (Figure 14), and MH4L4 for 

Th(IV) (Figure 15). On the other hand, for 8-HQ, the most 

common Cu(II) complexes species in fresh waters are ML2, for 

Cu(II) (figure 16). 

3.4.4 REPORTED VALUES IN THE LITERATURE FOR 

PROTONATION AND STABILITY CONSTANTS  

Reported values for different ligands with similar coordinating 

atoms were collected (Table 3) and compared with the 

experimental values herein obtained.  

The experimental values obtained for protonation constants of 8-

HQ (10.87 and 3.51) are similar to those found in the literature 

[13, 14, 15], although they were determined in different media. It 

is also possible to see that metal stability constants trend for 8-

HQ is Fe > Cu > Th > Ni, while the experimental values obtained 

(Table 2) show that the pM trend is Fe > Th > Cu. The difference 

between both sequences may be due to the presence of a Cu(II) 

precipitate in solution, above pH 6.5, that influenced the 

potentiometric obtained results. 

 

Table 3 

Reported values for protonation constants (log Ki) and stability 

constants of metal complexes (log βMmHhLl) of 8-HQ, 5,7-Cl2-8HQ, 5-

Cl-7-NH2-8HQ, Clioquinol and Picolinic Acid (T = 25 ºC, I = 0.1 M). 

 

awater [13]; b70/30 water/dioxane [14]; c50/50 v/v dioxane/water [15]; 

dwater [16]; eT = 21 ºC, I=0,3 M, 50/50 v/v dioxane/water [17]; f50/50 

v/v dioxane/water [18]; g80/20 p/p methanol/water [19]; hwater [20] 
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4 CONCLUSIONS 

A new functionalized solid support, silica gel with 5-

(chloromethyl)-8-quinolinol (silica gel-CMQ), has been prepared 

and studied, namely on its sequestering capacity towards a set 

of metal ions (Cu(II), Ni(II), Fe(III), Al(III) and Th(IV)). This 

functionalized silica gel demonstrated high ability to complex 

with Cu(II), Fe(III), Al(III) and Th(IV). The ability of silica gel-

CMQ to chelate metal ions has a small dependency on the pH 

and is according to the following trend: 

Cu(II)Fe(III)Th(IV)Al(III)Ni(II). That behaviour is not exactly 

in agreement with the stability order found for the complexes of 

these metal ions with Prop-CMQ in solution  (Fe > Th > Cu). In 

fact, it is possible to notice a change in Cu(II) position, probably 

due to the appearance, in this case, of a precipitate in aqueous 

solution. Under the tested experimental conditions, the 

functionalized silica gel proved to be more stable at pH values 

ca 6-7 and especially during the first 8 hours of usage. 

In summary, there are good perspectives for the potential use of 

this metal sorbent as a new technology for water treatment at 

neutral pH values. 
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