
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

2-Mercaptoimidazole Covalently Bonded to a Silica Gel Surface for the
Selective Separation of Mercury(II) from an Aqueous Solution
Newton L. Dias Filhoa; Yoshitaka Gushikemb

a DEPARTAMENTO DE CIENCIAS, ILHA SOLTEIRA, SP, BRAZIL b INSTITUTO DE QUIMICA
UNICAMP CP 6154, CAMPINAS, SP, BRAZIL

To cite this Article Filho, Newton L. Dias and Gushikem, Yoshitaka(1997) '2-Mercaptoimidazole Covalently Bonded to a
Silica Gel Surface for the Selective Separation of Mercury(II) from an Aqueous Solution', Separation Science and
Technology, 32: 15, 2535 — 2545
To link to this Article: DOI: 10.1080/01496399708000784
URL: http://dx.doi.org/10.1080/01496399708000784

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496399708000784
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SEPARATION SCIENCE AND TECHNOLOGY, 32 (15). pp. 2535-2545, 1997 

2-Mercaptoimidazole Covalently Bonded to a Silica Gel 
Surface for the Selective Separation of Mercury(l1) 
from an Aqueous Solution 
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CP 31, 15378-000 ILHA SOLTEIRA. SP, BRAZIL 

YOSHITAKA GUSHIKEM* 
INSTITUTO DE QUIMICA 
UNICAMP 
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ABSTRACT 

Silica gel with a specific surface area of 365 m'.g- I and an average pore diameter 
of 60 A was chemically modified with 2-mercaptoimidazole. The degree of func- 
tionalization of the covalently attached molecule, (=SiO)3(CH2)3-MI, where MI 
is the 2-mercaptoimidazole bound to the silica surface by a propyl group, was 0.58 
mmo1.g- ' _  In individual metal adsorption experiments from aqueous solutions by 
the batch procedure, the affinity order was Hg" Cd" > Cu" = Zn" j= Pb" > 
Mn" at solution pHs between 4 and 7. Due to the high affinity by the sulfur 
atom, Hg" is strongly bound to the functional groups. When solution containing 
a mixture of Hg", Cd". Cu". Zn", Pb", and Mn" ions was passed through a 
column packed with the adsorbent, Hg" was the only one whose adsorption and 
elution was not affected by the presence of other ions. 

Key Words. Hg" separation; 2-Mercaptoimidazole modified sil- 
ica gel; 2-Mercaptoimidazole silica gel for Hg" separation; Chemi- 
cally modified silica gel; Hg" selective adsorption 
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2536 DlAS FILHO AND GUSHIKEM 

INTRODUCTION 

Most organofunctional groups attached on silica gel surfaces with the 
aim of adsorbing metal ions from aqueous and nonaqueous solutions invar- 
iably have nitrogen as the donor atom (1-5). A few organofunctional 
groups with sulfur as the donor atom in order to adsorb mainly heavier 
metal ions from solution have been immobilized on the silica gel surface 
(6-9). These materials have been prepared in order to obtain adsorbents 
having the following characteristics: good sorption capacity, chemical sta- 
bility under the conditions of use, and, especially, high selectivity. Many 
applications in the field of chemical analyses have been found for materials 
having these characteristics (10-13). Covalently attached mercapto- 
benzimidazole molecules on a silica surface showed a particularly high 
chemical selectivity for Hg" ions (131, and this property was used to pre- 
pare chemically modified electrodes based on carbon paste for use as an 
amperometric sensor (14). This molecule has also been attached on the 
surface of a silanized glassy carbon rod for a similar purpose (15). 

In this work the preparation and use of 2-mercaptoimidazole covalently 
attached to a silica gel surface is described. The main interest in this 
molecule is related to its high chemically stability and selectivity toward 
Hg" ion. The possibility of developing new chemical sensors based on 
this material led us to undertake this study. 

EXPERIMENTAL 

Preparation and Characterization 

Silica gel (Merck) with a specific surface area, SBET. of 365 m*.g-', 
particle sizes between 0.05 and 0.2 mm, and an average pore diameter of 
60 A was used in the present work. Before derivatization, the silica was 
heated at 150°C under vacuum torr) for 4 hours. About 50 g of 
the activated silica was immersed in 100 mL of dry xylene, 20 mL of 3- 
chloropropyl trimethoxysilane was added, and the mixture was stirred 
under nitrogen atmosphere for 24 hours at the reflux temperature. The 
resulting modified silica, 3-chloropropyl silica gel, was filtered under a 
nitrogen atmosphere and washed with xylene, ethanol, and ether. In the 
next step, 50 g of 3-chloropropyl silica gel, previously submitted to 
torr at room temperature, was immersed in dimethylformamide (200 mL), 
and 0.08 mol of 2-mercaptoimidazole was added. The mixture was stirred 
for 40 hours at 1 10°C. The resulting product, 3-[2-mercaptoimidazole]pro- 
pyl silica gel, was filtered and exhaustively washed with dimethylform- 
amide, ethanol, and acetone. In order to eliminate traces of dimethylform- 
amide, the resulting product was heated at 100°C under vacuum ( l o p 3  
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SELECTIVE SEPARATION OF MERCURY(I1) 2537 

torr) for 8 hours. The quantity of mercaptoimidazole attached on the silica 
surface was determined by analyzing the amount of nitrogen by the Kjel- 
dhal method. 

SBET was determined using a Micromeritics Flow Sorb 2300 from Micro- 
meritics Instruments Corp. 

The thermal stability of the 3-[2-mercaptoimidazole]propyl silica gel was 
measured using 10 mg of the sample with the temperature raised from 25 
to 1000°C under a synthetic air atmosphere at  a heating rate of 10"C-minp' 
using a V20B Dupont 9900 thermogravimetric analyzer. 

Adsorption of the Metal Ions at Different pHs 

The adsorption of the metal ions onto the modified silica gel surface 
was determined at 25.0 t 0.2"C by the batch technique using several 
different buffered solutions (pH 1-2, buffer of KCI/HCl; pH 2-4, buffer 
of potassium hydrogenphthalate/HCl: pH 4-5.9, buffer of HOAc/NaOAc; 
pH 6-7, buffer of KH2P04/KOH; pH 8-10, buffer of H3B03/KCI/KOH; 
the concentration of the stock buffer agent of each component was 0.1 
mo1.L-I). To 50 mL of buffer solution containing mo1.L-l of the 
metal ion, 0.1 g of the adsorbent was added and the mixture was shaken 
for 60 minutes. The solid was allowed to settle, and the metal was analyzed 
in the supernatant solution by atomic absorption spectroscopy. The quan- 
tity of the adsorbed metal, Nf,  in each flask was determined by applying 
the equation 

N ,  - N ,  
Nf = m 

where N ,  is the initial number of moles of the metal in the solution phase, 
N ,  is the number of moles in equilibrium with the solid phase, and 111 is 
the mass of the adsorbent. 

In order to carry out this experiment, the following metal compound 
solutions were prepared: MnCI?, CuCl?, ZnC12, CdCI2, Hg(N03)?, and 
Pb(N03 ) 2 .  

Retention of Individual Metal Ions at Different pHs 

The retention experiments were carried out using the batch technique. 
In the batch experiments, 0.1 g of the adsorbent was immersed in S O  mL 
of the metal ion solution of lop3 mo1.L-I at different pHs in order to 
determine the optimum value at  which 100% retention occurred. The mix- 
tures were shaken for 60 minutes, the solids decanted, and the metals 
analyzed in the supernatant solutions. The retention values (in 96) were 
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2538 DlAS FILHO AND GUSHIKEM 

calculated by applying the equation 

N ,  - N ,  
N ,  Retention = x 100 

Retention and Elution of Individual Metal ton 

The experiments were carried out using a glass column (20 cm height 
and 0.8 cm diameter) packed with 2 g of the material with a bed height 
of 10 cm. A solution with 5 x lop6 mol of the metal ion at  the optimum pH, 
as determined in a previous experiment, was passed through the column at 
a flow rate between 0.5 and 1 .O mL.min- I .  Under these conditions, 100% 
retention of the metal ions was achieved. The column was washed with 
10 mL of water, and then a solution of HCI was passed to elute the ad- 
sorbed metal. The volume of HCI was fixed at 25 mL, and the concentra- 
tion of the acid was varied between lo-* and 6.0 x lo-' mo1.L-I. In 
the case of Hg", the acid concentration was varied between 0.1 and 6.0 
mol.L-'. The elution of the metal ion (in %) using HCl in various concen- 
trations for each experimental point was calculated using the equation 

(3) 
Ne 
NP 

Elution = - x 100 

where N ,  is the number of moles of the metal passed through the column 
and N e  is the number of moles of the metal determined in the eluted 
solution. 

Retention and Elution of a Mixture of Ions 

To study the retention and elution of a mixture of ions, solutions con- 
taining the above cited metal compounds were prepared under the follow- 
ing conditions: the concentrations of all metal ions were fixed at 
mol.L-' except one, whose concentration was 5.0 x or 5.0 x l o p 3  
mo1.L- I .  For adsorption, 5 mL of the solution at pH 5 was passed through 
the column and the elution was done with 25 mL of 6 mol.L-' HCI so- 
lution. 

RESULTS AND DISCUSSION 

Characteristics of the Material 

The reactions which describe the preparations can be represented by 
the following equations: 
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SELECTIVE SEPARATION OF MERCURY(I1) 2539 

3ESiOH + (MEIO)~S~(CH,),CI - (~SiO)3Si(CH2)3CI +3MeOH 

I 
H 

where r S i O H  stands for silanol groups on the silica gel surface. 
Bonding through the sulfur atom is assumed to occur as was observed 

in the case of the 2-mercaptobenzimidazole molecule (13). For the sake 
of brevity the product, 3-[2-mercaptoimidazole]propyl silica gel, will here- 
after be denoted as SiMI. The chemical analyses and the specific surface 
areas for duplicate preparations are summarized in Table 1. 

The results in Table 1 show that the preparation of the materials, de- 
noted as SiMI(1) and SiMI(2), is very reproducible. The specific surface 
areas of the modified silica, compared to that of the native one, are practi- 
cally the same. Assuming that the organofunctional groups uniformly 
cover the silica surface, the average surface density of the attached mer- 
captoimidazole is 0.93 molecules per 100 A' with an average intermolecu- 
lar distance of 11 A. 

The thermogravirnetric (TG) curves showed that SiMI is very stable 
(Fig. I), with no detectable loss of mass up to 200°C. This experiment is 
important because the temperature used in the present case to degas the 
material under vacuum was about 100°C. No loss of the adsorption capac- 
ity of the material was detected upon heating the sample at this tempera- 
ture. The small loss of mass observed between room temperature and 
100°C is due to physically adsorbed water. To ascertain this, the TGA 
curve was also obtained for SiO' (solid line in Fig. 1). 

TABLE 1 
Nitrogen Elemental Analyses and Specific Surface Areas 

Preparations NO (wt%) Nob (mmol.g-') SBET ( m Z c  ') 

- SiOzc - 
SiMI (1) 1.60 +_ 0.02 0.57 
SiMI (2) 1.66 2 0.02 0.59 

365 2 15 
370 +_ 15 
361 f 15 

N is the quantity of nitrogen found by chemical analyses. 
No is the corresponding quantity of attached organofunctional groups. 
Native silica used in the preparation. 
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0 

I- 

w 80 
25 200  4 0 0  600 800 1000 

TE M PER ATUR E/ O C  

Thermogravimetric analyses of (=SiO)3(CH2)3-MI and SiO2. Heating rate of FIG. 1 
10"C.min- under a synthetic air atmosphere. 

Adsorption Dependence on Solution pH 

Figure 2 shows the adsorption of the metal ions from aqueous solutions 
at 25°C and at different pHs. For Hg" the adsorption achieved a constant 
value (saturation condition) at pH 4 with an adsorption capacity of 0.58 

0- -d 
1 2 3 4 5 6 1 8  

PH 

FIG. 2 Individual metal ion adsorptions on (=SiO)l(CHZ)3-MI, by the batch technique, 
from aqueous solutions at different pH. (V) Mn", (A) Cu", (U) Zn", (0) Cd'l, (0) Hg". 

(A) Pb". 
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SELECTIVE SEPARATION OF MERCURY(II) 2541 

mmol.g-'. For Cd" the saturation condition was achieved at pH 5 with 
an adsorption capacity of 0.28 mmol.g-'. For the remaining ions, Cu", 
Zn", Pb", and Mn", the adsorption curves did not show a plateau such 
as was observed for Cd" and Hg". The curve profiles observed for these 
ions are probably due to hydrolysis of the metal ions in the solution phase, 
which may occur above pH 5 (16), or by the adsorption of the metal ions 
by the unreacted free silanol groups which are ionized, i.e. =SO- (17). 

Retention of Metal Ions at Different pHs Using 
the Batch Technique 

In the batch procedure the quantity of the added individual metal ion, 
N , ,  was 5 pmol and the mass of SiMI, m ,  was 0.1 g in order to keep the 
ratio mNoIN, ;= 12. Figure 3 shows the retention of the individual ions, 
calculated by applying Eq. (2), in various solution pHs. It can be observed 
that all Hg" was retained by the solid phase at pH 4. At this solution pH, 
retention of the remaining ions was smaller, = 40% for Cu", = 20% for 
Zn" and Cd", and less than 10% for Pb". Mn" was not adsorbed at this 
pH. A 100% retention was observed for Cu" and Pb" at a pH near 4.5, 
for Cd" at a pH near 7, and for Cd" at a pH near 9. About 90% retention 
was observed for Mn" at pH 9.5. 

0 2 4 6 8 10 
PH 

FIG. 3 Retention of metal ions on (=SiO)ACH2h--MI at different solution pH by the 
batch technique. (0) Mn", (A) Cu", (0) Zn", (0) Cd", (0) Hg", (A) Pbl'. 
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2542 DlAS FlLHO AND GUSHIKEM 

Elution of the Individual Metal Ions from a Column 

The column was loaded with the individual metal ion by passing 5 mL 
of a l op3  mo1.L-' solution at pH 6 over 2 g of SiMI. The column was 
washed with bidistilled water and then with 25 mL of acid solutions be- 
tween [H'] = 1 x and 6 x lo-* mo1.L-'. Figure 4 shows the 
elution curves calculated using Eq. (3). 

Mn", Cu", and Pb" were completely eluted by passing an acid solution 
of [H'] = 2.5 x l o p 2  mol .Lp '  through the column. For Zn" and Cd", 
a slightly more concentrated acid, [H'] = 6 x lo-* mol.L-', was neces- 
sary to elute these ions. The Hg" ion was not easily eluted from the column 
since it began to appear in the eluted solution only when an acid solution 
with a concentration of 1 rno1.L-' was used. Complete elution required 
25 mL of 6 mo1.L-' acid solution. This strong adsorption of Hg" by 
the mercaptoimidazole group attached to the silica surface is due to the 
normally high affinity shown by this metal for the sulfur atom. Since Hg" 
and S atoms are a soft acid and a soft base, respectively, the result is in 
perfect accordance with Pearson's hard and soft acid-base concept (18). 

The use of a such concentrated acid to elute Hg" from the column led 
us to carry out experiments to determine the chemical stability of the 
attached organic group under this treatment. A sample of the SiMI mate- 

0.01 0.02 0.03 0.04 0.05 0.06 1 2 3 4 5 6 

[H?/ m o l .  I-' 

FIG. 4 Elution of adsorbed metal ion mixtures from a column packed with 
(CH2)3-MI by acid solutions. (V) Mn", (A) Cu", (0) Zn", (0) Cd", (0) Hg", (A) Pb". 
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SELECTIVE SEPARATION OF MERCURY(II) 2543 

rial was immersed in 6 mol.L-' HCI and allowed to stand for 24 hours. 
After this time the quantity of nitrogen was determined. No detectable 
decrease in nitrogen content of the sample was observed, and neither was 
a decrease of the adsorption capacity observed. In a second test of stabil- 
i ty ,  the material in the column was submitted to 15 cycles of Hg" adsorp- 
tion-desorption operations. Even in this case, no significant loss of col- 
umn efficiency was observed. A similar chemical stability has previously 
been observed for mercaptobenzimidazole attached to a silica gel surface 
through a propyl bridging group (13). Although the silica matrix can be 
attacked by alkali solution (pH above 7) with consequent breaking of the 
SO-C bond, concentrated acid solutions did not affect this bond. 

Elution of a Mixture of Metal Ions from a Column 

The effects of mutual interactions between the ions in the process of 
elution from the column were studied, especially for situations where one 
ion was present at a higher concentration. For this experiment a series 
of solutions were prepared in which the metal ion concentrations were 
fixed at 0.1 x lo-' mo1.L-I except for one which was fixed at 0.5 x 

or 5 x l o p 3  mol.L-'. The results are presented in Table 2. It is 
observed that for Hg" fixed at 0.5 X lo-' mol.L-' concentration, the 
recovery of the remaining ions was near 100% in every case. However, 

TABLE 2 
Elution of Mixture of Metal Ions Adsorbed in a Column Packed with SiMI 

Recovery (%) 
[M"] x lo3 

M" (mo1.L-I) Mn" CU" a Znll a Call a Pb" * Hg" a 

Mn" 0.5 
5.0 

c u l L  0.5 
5.0 

Zn" 0.5 
5.0 

Cd" 0.5 
5.0 

Pb" 0.5 
5.0 

Hg" 0.5 
5 .O 

- 
71 
91 
92 
45 

I00 
42 

100 
34 
89 
17 

100 
80 

- 
94 
55 

100 
93 

100 
50 
98 
34 

I00 
74 

100 
100 

100 
26 

100 
45 
98 
27 

98 
70 

100 
38 

100 
39 
- 
- 
100 
39 
97 
23 

98 
67 

100 
43 

I00 
45 

100 
44 

96 
19 

100 
100 
100 
97 

100 
100 
100 
100 
100 
98 
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2544 DlAS FILHO AND GUSHIKEM 

when the Hg" concentration was increased to 5.0 x l op3  mol.L-', inter- 
ference became significant and the recovery of all ions was considerably 
reduced, i.e., between 17 and 34%. The interference of the other ions as 
their concentrations were changed from 0.5 x 10W3 and 5.0 x 
mo1.L-I was much smaller than that of Hg" under the same conditions. 
Table 2 also shows that Hg" is the only ion whose elution was not affected 
by the presence of other ions, reaching 100% in every case within experi- 
mental error. 

CONCLUSIONS 

The present work indicated that 3-[2-mercaptoimidazole]propyl silica 
gel can be used to selectively separate Hg" from a mixture of metals. The 
affinity order Hg" + Cd" > Cu" = Zn" = Pb" > Mn" (Fig. 2)  was 
observed at a solution pH of 4. The material is chemically very stable 
under acid treatment and potentially very useful as a packing material in 
separation or preconcentration columns where various cycles of adsorp- 
tion/desorption operations are required. The material is also potentially 
useful to prepare new electrochemical sensor for Hg" (14, 15). 
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