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Abstract. 

Surface modification of natural clay minerals with reagents containing metal chelating 

groups has great environmental value. The functionalization by adsorption or grafting 

guarantees a durable immobilization of the reactive organic groups, preventing their 

leaching when they are used in liquid media. The aim of this research was the designed 

mercapto functionalization of swelling brittle micas, Na-Mn, thorough both chemical and 

physical mechanisms. Na-Mn were functionalized with 2-mercaptoethylammonium 

(MEA), 2,3-dimercapto-1-propanol (BAL) and (3-mercaptopropyl)trimethoxysilane 

(MPTMS). The thiol concentration on swelling brittle micas is higher than the observed 

value for others adsorbents. The cation exchange reaction with MEA and one-step 

grafting with MPTMS in acid medium are the most efficient mercapto functionalization 

mechanism. 
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1. Introduction 

Industrial activities increases the load of potentially toxic compounds in the 

environment and, thus, there is a growing demand for development of materials and 

methods to remove toxic compounds from aqueous solutions. Reverse osmosis, ion 

exchange, coagulation, flocculation, chemical oxidation, biological processes and 

adsorption are some of the process used for micro pollutants removal. However, some of 

them cannot be applied due to high cost, use of chemical reagents and the formation of 

unknown oxidation intermediate compounds [1]. In this context, many studies have 

reported the use of the adsorption method as an efficient and low cost procedure in the 

removal of several micro pollutants, silicate-based materials being a very attractive option 

[2-4]. 

Clays minerals such as smectites have been widely used as sorbent of heavy 

metals in spite of their limited adsorption capacity, relatively small metal binding 

constants and low selectivity to the type of metals [5]. Surface modification of natural 

clay minerals with reagents containing metal chelating groups has been explored in an 

effort to enhance both the selectivity and the heavy metal binding constants [6, 7]. To 

overcome those problems, the surface of clay minerals can be modified throughout the 

incorporation of organic moieties into the interlayer space, both intercalated or grafted [8, 

9]. The intercalation is a physical adsorption but grafting is a process that links the 

inorganic and organic components via strong bonds such as covalent or ionic-covalent to 

obtain functionalized clays [10]. This approach enables a durable immobilization of the 

reactive organic groups, preventing their leaching when they are used in liquid media. 

Among all the surface modifications, the functionalization of silicates with thiol  

groups has been extensively studied for heavy metal cation immobilization [11] because 

the thiol groups exhibit a high binding selectivity toward the target metal cations [12] and 
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the metal adsorption is being directly associated with the amount of SH available in the 

absorbent [13]. Many efforts have been dedicated to the grafting of silicate-based 

materials with organic functional groups to provide more stable hybrid compounds [14-

17]. Organic functional groups such as amine, thiol, carboxylate, shift base are considered 

as promising molecules to favor the interaction with heavy metals, dyes, and some 

phenols and pharmaceutical residues [2, 18, 19]. 

In this environmental context,  novel materials are increasingly being sought-after 

to remove pollutants from water [20]. A new family of synthetic fluorophlogopite, Na-

Mn, has demonstrated to be attractive adsorbents for their unique combination of high 

layer charge, n, ranging between 2 and 4, swelling capacity and cation exchange 

properties, up to 4694.84 meq/kg  [21-24]. Moreover, their chemical and physical 

properties can be easily tuned by an appropriated synthesis design. Their layer charge 

derives from the tetrahedral substitutions and hence, these high charged micas behave as 

a hard base [25]. Consequently, the as-made micas are better adsorbents of hard or 

intermediate acids such as Cu2+ or Pb2+ than soft acid such as Cd2+ or Hg2+ [26]. The 

enhancement of their adsorption capacity and affinity by soft acid cations can be achieved 

by functionalization with thiol groups [27-29]. Up to our knowledge, there is not any 

report on swelling high charged micas functionalized with thiol groups in spite of their 

demonstrated capacity of harmful cations removals [21, 30-33].  

Therefore, our aim was the preparation and characterization of mercapto 

functionalized swelling brittle micas. Both physical (sorption) and chemical (grafting) 

functionalizations have been explored to enhance the amount of available SH groups, 

which could provide more adsorption sites for cationic pollutants. With this goal, 

parameters such as pH, time, thiol source and concentration have been explored. 
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2. Materials and methods 

2.1. Materials 

The synthesis method employed was the described by Alba et al. [21]. Powder 

mixtures with molar composition: (8 - n) SiO2, (n/2) Al2O3, 6 MgF2, and (2n) NaCl (n is 

the layer charge per unit cell, n = 2 and 4) were used. The starting materials were SiO2, 

Al(OH)3, MgF2 and NaCl and their chemical sources and purities are listed in Table S1. 

All reagents were mixed and ground in an agate mortar and, then, heated in air up to 900 

°C for 15 h, in a Pt crucible. Finally, the solids were washed with deionized water and 

dried at room temperature. The as-synthesized samples were named as Na-Mn (n= 2 and 

4) and with a nominal cation exchange capacity, CEC, of 2475.25 and 4694.84 meq/kg, 

respectively. 

 

2.2. Thiol functionalization 

2.2.a. Intercalation 

The intercalation of 2-mercaptoethylammonium (MEA) and 2,3-dimercapto-1-

propanol (BAL) into the mica structure was carried out following the procedures 

described by Tran et al. [34, 35]. The source and purity of all the chemicals have been 

included in Table S1. 

3.0 g of Na-Mn were dispersed in 60 ml distilled water under 10 min ultrasound 

shaking for MEA functionalization while 500 mg of Na-Mn were dispersed in 10 ml of 

ethanol under 10 min ultrasound for BAL functionalization. Second, a certain amount of 

MEA and BAL, equivalent to three times their cation exchange capacities, were added to 

the solution. The pH values of the mixtures were adjusted up to 1 with HCl. The reaction 

conditions (time, medium and temperature) are displayed in Table 1. After the reaction 
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was completed, the functionalized samples were collected by centrifuging (MEA-Mn) or 

filtering (BAL-Mn), washed as stated in Table 1, dried at RT and ground manually. 

 

2.2.b Grafting 

1-step and 2-steps reactions are explored in order to stablish the best experimental 

conditions to graft mercapto functional groups on swelling high charge micas. The source 

and purity of all chemicals have been included in Table S1. 

1-step grafting. 1-step grafting was explored under three different pH (acid, basic 

and neutral). 500 mg of Na-Mn were dispersed in 10 ml of ethanol (SH-Mn-1-Ac), 25 ml 

of methanol (SH-Mn-1-Ba) and dry toluene (SNa-Mn-1, 1-t and 1-c). Later, 3-

mercaptopropyl trimethoxysilane (MPTMS) was added to the suspension (see Table 1 for 

amounts). The pH values of the acid and basic mixture were adjusted to 1 by 1 M HCl 

(SH-Mn-1-Ac) and with 100 ml of 0.05 M NaOH, final pH value of 13, (SH-Mn-1-Ba). 

The resulted mixtures were shaken in an orbital shaker at 125 rpm for 24 h or 72 h (Table 

1). When the reactions were completed, the functionalized samples were collected by 

filtering and washed (see Table 1), dried at RT or at 120ºC under vacuum for 2 h and 

ground manually. 

The samples were named as Sx-Mn-1-y, where x indicates the nature of the 

interlayer cation of the starting mica (Na+ or H3O+); n is the mica charge layer (2 or 4); 

and; y is the reaction medium (Ac=acid, Ba=basic, and, null is neutral). 

2-step grafting. Within this approach, samples are first acid treated to enhance the 

active adsorption sites to perform the chemical incorporation of MPTMS molecules.  

Acid-attacked samples were prepared as follow: 1 g of Na-Mn was dispersed in a 

solution of 0.15 M HCl and shaken overnight. Two different acid/mica ratio were 

explored to analyse the effect on the acidification of the silicates (7.5 and 24.5 mmol 
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HCl/g mica for H-Mn-2-A and H-Mn-2-B, respectively). The pH of the mixtures were 

adjusted by water (18 MΩ/cm3) up to neutral pH. The solids were collected by filtering, 

dried at RT and ground manually.  

In the second step, a procedure similar to the one described by Ferreria Guimaraes 

et al. [27]  was applied. 500 mg of pre-acid silicates (H-Mn-2-A and H-Mn-2-B) were 

dispersed in a solution of 0.2 M 3-mercaptopropyl trimethoxysilane (MPTMS) in dried 

toluene at two different MPTMS:mica ratios (Table 1). The resulted mixtures were 

shaken in an orbital shaker at 125 rpm under Ar atmosphere during 24 h or 72 h. When 

the reaction was completed, the functionalized samples were collected by filtering and 

washed with toluene (three times) followed by one ethanol washing. The solids were dried 

at 120 ºC in vacuum for 2 h and ground manually. 

The samples were named as SH-Mn-2-z, where n is the mica charge layer (2 or 

4); and; z indicates the experimental variables: A or B indicates the pre-acid treatment 

condition; t is the variable time; and; c is the variable MPTMS concentration. All the 

preparation details are summarized in Table 1 and Fig. 1. 

 

2.3. Characterization 

ICP-AES (Inductively Coupled Plasma-Atomic Emission Spectrometry) was used 

to analyse the sulphur content on the functionalized samples. Measurements were carried 

out at microanalysis laboratory (CITIUS, University of Seville, Spain) using a HORIBA 

JOBIN YVON-ULTIMA 2 equipment. 

Powder X-ray diffraction (XRD) was carried out to check the phase purity, to 

determine the basal spacing of the micas, and to monitor crystallinity. XRD patterns were 

obtained at the X-ray laboratory (CITIUS, University of Seville, Spain) on a Bruker D8 

Advance instrument equipped with a Cu K radiation source operating at 40 kV and 40 
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mA. Diffractograms were obtained in the 2 range of 3–70° with a step size of 0.015° 

and a step time of 0.1 s. 

FTIR spectra were recorded in the range 4000–400 cm–1 in the Spectroscopy 

Service of the ICMS (CSIC-US, Seville, Spain), as KBr pellets dried at 120 ºC, using 

JASCO FT/IR-6200 IRT-5000 instrument.  

MAS-NMR experiments were performed on a Bruker AVANCE WB400 

spectrometer equipped with a multinuclear probe, in the Nuclear Magnetic Resonance 

Service of University of Córdoba (Córdoba, Spain). Powdered samples were packed in 

3.2 mm zirconia rotors and spun at 10 kHz. 13C MAS NMR spectra were recorded at 

104.26 MHz. The single pulse with proton decoupling (SP) spectra were recorded with a 

pulse width of 2.5 μs (π/2 pulse length = 7.5 μs) and a delay time of 2 s and the cross 

polarization 1H-13C (CP) spectra were recorded with a π/2 pulse length of 2.3 μs, contact 

time of 2 ms and a delay time of 4 s. 23Na MAS-NMR spectra were recorded at 105.84 

MHz with a pulse of 0.75 µs (π/12) and a delay time of 0.1 s. 29Si MAS-NMR spectra 

were acquired at a frequency of 79.49 MHz, pulse width of 2.7 µs (π/6) each 3 s. 27Al 

MAS-NMR spectra were recorded at 104.26 MHz with a pulse of 0.38 µs (π/20) and a 

delay time of 0.5 s. The chemical shift values were reported in ppm from 

tetramethylsilane for 13C and 29Si, and from a 0.1 M AlCl3 and NaCl solution for 27Al and 

23Na, respectively.  

The binding energy of the sorbents was analysed using X-ray photoelectron 

spectroscopy at the XPS Service (CITIUS, University of Seville, Spain). The XPS 

spectrometer "Leybold-Hereus" mod. LHS-10/20 is equipped with a twin anode (Mg and 

Al) monochromatized X-ray source and a multichannel EA200 analyser. All scans given 

in this work were obtained with the Al source and binding energies were reference to C 

(1s) signal at 284.8 eV. 
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3. Results and discussion 

The amount of thiol incorporated into the micas has been obtained by ICP (Fig.2) 

and it depends on the experimental conditions as well as on the mica layer charge. The 

thiol concentration ranges between 9.4 and 3409.4 mmol/kg, which is of the same order 

than other silicate adsorbents (Table S2), noticeable the highest thiol concentration is 

higher than the maximum observed in the literature (Swy-1, 3200 mmol/kg) [7, 11, 36, 

37]. 

 

3.1 Intercalation  

 MEA-Mn contains a significantly larger amount of SH groups than BAL-Mn, 

despite the later contains double amount of thiol groups per molecule (Fig. 2). This may 

indicate different adsorption mechanisms, whereas MEA, an organic cation, can be 

exchanged with the interlayer Na+, neutral BAL can be only adsorbed on the surface. The 

two different mechanisms could explain that the amount of thiol group is not influenced 

by the layer charge in BAL-Mn while it increases with the layer charge in MEA-Mn. 

X-ray diffractograms of the Na-Mn, n=2 and 4 (Fig. 3) show patterns that 

correspond to that previously reported for swelling high-charged micas [38] with a unique 

001 reflection corresponding to a basal space of 1.22 nm due to hydrated Na+ in the 

interlayer space [39]. 

After functionalization with MEA (Fig. 3), the d001 shifts to ca. 1.65 nm; an 

additional basal spacing is observed at 1.30 nm in both micas while other two reflections, 

corresponding to 1.57 nm and 1.46 nm, in MEA-M2 are detected. This may denote a less 

ordered configuration of the organic chain in the interlayer space of the mica with the 

lowest layer charge. The functionalization with BAL (Fig. 3) does not significantly 
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change mica basal spacing, corroborating that it has not been intercalated in the interlayer 

space as previously reported for montmorillonite and vermiculite [35]. 

 The IR/FT spectra of Na-Mn (Fig. 4) show bands at 3525 cm−1 due to the H-O-H 

stretching vibration of adsorbed water molecules in the tetrahedral sheets. [40] The bands 

at  ca. 1000 cm-1 correspond to the Si-O-Si and Si–O–Al groups of the silicate layers, 

which shift to higher frequency in Na-M2 (979 and 1009 cm-1 vs 965 cm-1 in Na-M4) 

[41]. 

In the spectrum of MEA-Mn (Fig. 4), the band at ca. 3500 cm-1 is due to residual 

H-O-H stretching vibration. The broad band at ca. 3000 cm-1 and those marked with 

asterisk at 1459 cm-1, 1506 cm-1, 3252 cm-1 are identified as the aliphatic C-H stretching 

and deformation vibrations or N-H bending vibrations of MEA [36, 42] suggesting that 

MEA has been successfully introduced into the micas. No change in the vibration band 

of Si-O-Si and Si–O–Al groups of the silicate layers, ca. 1000 cm-1, is observed. In the 

case of BAL-Mn (Fig. 4), new small peaks are observed to emerge at 1427 cm−1 from 

aliphatic C-H deformation of BAL [36, 43] and also a broad band at ca. 3428 cm-1 due to 

O-H stretching vibration [44] is observed, both features imply the successful loading of 

BAL molecules on micas. However, the expected S-H stretching band of the thiol 

functionality (at about 2575 cm−1) cannot be observed, which may be attributed to the 

aggregation or weakness of mercapto groups within the pure compounds and the 

hydrogen binding effects [45].  

All the results indicate that MEA loading into mica is favoured, probably due to 

its positive electric charge.  

 

3.2. Grafting  
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The thiol concentration in 1-step MPTMS grafting (Fig. 2) depends on the pH, 

being the use of an acid medium the most effective procedure for the mercapto 

functionalization, followed by the basic medium and last, the neutral one. When using the 

2-steps approach in the functionalization, the results are better than those obtained for the 

neutral medium and more thiol groups are incorporated into the structure, however their 

value are not close to 1-step acid or basic medium. 

  When comparing the influence of the mica layer charge, Mica-2 samples exhibit 

higher thiol adsorption capacity in acid medium (1-step or 2-step). This is due to the 

higher chemical stability at acid pH that micas with lower layer charge exhibit [46, 47].  

1-step grafting does not produce any change in the interlayer space of the mica in 

the neutral or basic medium (Fig. 5) regardless the layer charge. However, when acid 

medium is employed a shift of the 001 reflection to higher basal space is observed (around 

1.4 nm) for the mica with the lower layer charge (SH-M2-1-Ac). In SH-M4-1-Ac, a small 

shoulder in the 001 reflection is also observed. 

The acid pre-treatment in the 2-step grafting affects the 001 reflection that shifts 

to higher basal space (around 1.4 nm) probably due to Mg2+ and/or Al3+ leaching to the 

interlayer space (Fig. S1, H-Mn-2-A and H-Mn-2-B). Moreover, the XRD of acid 

activated samples show an increase of the background in the interval 19 and 30º 2Ѳ due 

to the dissolution of mica and deposition of amorphous material (Fig. S1). Other 

researchers reported similar increase in the background after acid treatment of clay 

minerals [48-50]. The highest acid medium, with 24.5 mmol HCl/g mica in Na-M4 (H-

M4-2-B), provokes the disappearance of the 001 reflection, indicating the breaking of 

mica layer structure.  

In general, no alteration in the XRD of micas modified with MPTMS (Fig. 5) in 

comparison with their starting acid samples is observed as previously reported in the 
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literature.[51] Reduction of basal spacing in SH-M4-2-A, SH-M4-2-t and SH-M4-2-c 

may be explained by the elimination of water molecules from the interlayer during the 

grafting [51]. 

IR-FT spectra of the 1-step grafting samples in acid and basic media (SH-Mn-1-

Ac and SH-Mn-1-Ba, Fig. 6) show the bands attributed to the -SH groups and stretching 

of -CH2 of MTPMS, marked with asterisk. However, these lines are not observed in the 

1-step neutral samples regardless the reaction time or the MPTMS concentration used 

(SNa-Mn-1, SNa-Mn-1-t, SNa-Mn-1-c), due to the features overlapping.  

The 1-step grafting does not produce any alteration in the stretching bands of Si-

O-M (M=Si or Al) regarding the starting samples. However, they shift to higher 

frequency because of the pre-acid treatment in the 2-step grafting (Fig. 6 and Fig. S2), 

confirming the leaching of tetrahedral aluminium that could be responsible of the higher 

basal space observed by XRD. Similar results have been reported in others clay minerals 

[52]. In the case of Na-M4, when the acid treatment is severe (H-M4-2-B), those bands 

disappear as an indicative of the framework breakdown as previously observed by XRD. 

 

3.3. Short range structural order analysis 

The interlayer and framework short-range structural order of the samples with the 

most efficient thiol functionalization (MEA-Mn and SH-Mn-1-Ac) has been analysed by 

MAS NMR and XPS spectroscopies. 

The 29Si MAS NMR spectra of the Na-Mn (Fig. 7) can be described in terms of a 

set of signal between -70 and -90 ppm, compatible with the existence of several single 

Q3(mAl) environments as expected for 2:1 layered aluminosilicates [21]. Two others 

signals,  centered at ca. -61.7 ppm and at ca. -85 ppm, appear in the Na-M2 previously 

assigned to Q0 silicon environments from forsterite [53] and sodalite [21, 39]. In Na-M4, 
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a fifth peak is observed at ca. -75 ppm that points to a violation of Lowenstein’s rule [54, 

55]. 

The physical incorporation of thiol groups in the mica structure provokes a 

distortion in pseudohexagonal hole of the tetrahedral layer, as it can be observed in the 

29Si MAS NMR signals of MEA-Mn (Fig. 7) that are shifted by 2.5 ppm towards lower 

frequencies with respect to the original sodium mica. We have previously observed a 

similar shift of the 29Si frequencies in micas exchanged with different interlayer organic 

cations, due to the location of the polar part of the surfactant close to the basal oxygen 

plane. A tilt of the organic molecule  facilitates the incorporation of the NH3
+ moiety into 

the pseudohexagonal hole [56, 57], as demonstrated by the shift of the 29Si NMR signals. 

  Nevertheless, the exchange process between Na-Mn and MEA does not alter the 

Si and Al distribution, as shown in the 29Si spectra where all the relative intensities of the 

Q3(mAl) peaks are similar.  

Thiol chemical incorporation, on the other hand, does not affect the position of 

the Q3(mAl) signals in the 29Si spectra, that remains unaltered with respect to the original 

Na-Mn but it does change the Q3(mAl) relative intensities, mainly a reduction of Q3(3Al) 

signal is observed. Moreover, two new signals at ca. -57 and -67 ppm appear. Mercier et 

al. [7] attributed them to isolated mercaptopropyl groups (T1) and fully cross-lined 

mercaptopropyl groups (T2), respectively. This demonstrates that the mercaptopropyl 

groups have been successfully grafted into the M-OH (M=Si and/or Al) of the mica.  

The alteration of the framework cation distribution due to the physical or chemical 

mercapto incorporation into the mica structure can be completed with 27Al MAS NMR 

(Fig. S3). MEA-Mn spectra are similar from those of starting samples because the 

exchange reaction of interlayer sodium by MEA does not affect the framework cation 

distribution. Hence, an asymmetric band at ca. 67 ppm corresponding to aluminum in 
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tetrahedral coordination together with a peak at ca. 0 ppm, arising from octahedral 

coordination, only observed in n=4 samples, can be distinguished in the spectra [58-60]. 

However, the grafting with MPTMS in acid media (SH-Mn-1-Ac) provokes an 

increment of the signal from the octahedral coordinated aluminium, meaning that an 

aluminium leaching from the tetrahedral layer to the interlayer space is occurring in the 

MPTMS chemical incorporation. This leaching would explain, as well, the decrease in 

the Q3(3Al) relative intensities shown above. 

The 23Na MAS-NMR spectra of samples Na-Mn (Fig. 8) are characterized by two 

signals: i) a main one between 0 and -25 ppm due to hydrated interlayer sodium [61]; and; 

ii) a broad one at ca. 27 ppm from non-exchangeable sodium [62]. After MEA 

functionalization, the signal from the hydrated sodium almost disappear, indicating that 

the initial interlayer Na+ in the inorganic mica has effectively been replaced by the organic 

chain, acting the latter as interlayer cation. However, in thiol grafting, the interlayer 

hydrated Na+ signal does not completely disappear, although it considerable decreases.  

This may be due to the exchange of interlayer Na+ by framework Al3+ or Mg2+ leached 

because of the acid medium used in the reaction, as previously observed by 27Al MAS-

NMR spectroscopy (Fig. S3) 

The state and configuration of the organic molecules can be analyzed thorough 

13C MAS NMR (Fig. 9). The 13C MAS NMR spectrum of the MEA-M2 (Fig. 9) is 

characterized by four signals that can be assigned to two different cations: HS-CH2-CH2-

NH3
+ (signals marked with square and with slash pattern, 40 and 23 ppm respectively) 

and +H2S-CH2-CH2-NH3
+ (signals marked with asterisk and in grey, 43 and 33 ppm 

respectively) [63]. In MEA-M4, two other signals are observed, at ca. 37 and 30 ppm, due 

to the multiplication of the carbon chain environments as a consequence of the remnant 

sodium in the interlayer space (only 72% of its CEC was satisfied by MEA, Fig. 2) [29]. 
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The presence of the -CH2-SH2
+ group at natural pH (6.27) is in agreement with the less 

negative Zeta potential observed at acidic pH, as seen by Osuna et al [64] due to the 

protonation of the thiol group. In addition, the relative intensity of the 13C MAS NMR 

signal corresponding to the -CH2-SH2
+ group is more intense in MEA-M4 than in the 

MEA-M2, which justifies that no changes in the Zeta potential values of the MEA-M2 at 

natural pH (5.80) were observed [64]. 

The 13C MAS NMR spectra of SH-Mn-1-Ac (Fig. 9) show all the carbons from 

the organic chain. The peak at ca. 13 ppm is due to de C3 of the mercaptopropyl chain, 

the peak at ca. 29 ppm corresponds to the C1 and C2 of mercaptopropyl chain, and, the 

peaks at ca. 44 ppm and ca. 55 ppm are attributed to the C4 of the metoxy group, in 

molecules with SH and SH2
+ thiol group, respectively [63, 65]. This last is more evident 

in SH-M2-1-Ac, that the hydrolysis of the MPTMS is not complete. Two additional 

signals are observed at ca. 18 ppm and ca. 24 ppm that correspond to C2 and C3 of fully 

hydrolysed MPTMS [63]. 

 Comparison of the 13C SP and CP MAS NMR spectra of SH-Mn-A (Fig. 9) shows 

changes in the peak intensities that demonstrates that MPTMS is present in different 

states: one mobile in the interlayer space and other rigid in a confined space [29]. 

 Further evidence about the successful grafting of the thiol group into the structure 

of mica was obtained by XPS. The S 2p core-level spectra (Fig. 10) show bending energy 

of 163.1 eV for MEA-Mn and 163.8 eV for SH-Mn-1-Ac, which are attributed to the 

sulphur element in –SH group [35]. The binding energy value of SH-Mn-1-Ac is typical 

of S 2p signal of the silica-bound (3-mercaptopropyl)trimethoxysiloxane [66], which 

could be due to the chemical graphitization of the mica surface with thiol. However, the 

sulphur binding energy shifts to a less positive value, in MEA-Mn, due to more-

electronegative S atoms in the surface [67]. 
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4. Conclusions 

The thiol concentration on swelling brittle micas is higher than those observed for 

others clays. For the physical functionalization, the amount of thiol groups is considerable 

higher for MEA than BAL functionalization, in spite of BAL contains double thiol group 

per molecule than MEA. Thus, the cation exchange mechanism is more efficient for 

functionalization than sorption of polar molecules. 

The grafting with MPTMS is more efficient when is performed in one-step in an 

acid medium. In this case, an incomplete polycondensation of silicic species occurs and 

the amount of fully cross-linked mercaptopropyl groups increases with the layer charge. 

Therefore, potential effective metal adsorbents are provided from thiol grafting of 

the design micas with higher thiol content than those reported in the literature. 
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Table 1.  

Functionalization parameters of Na-Mn (n= 2 or 4, layer charge); w: water; e: ethanol; t: toluene; m: methanol 

 

Sample name Pre-step Functionalization 
mmol 
HCl/ 
g mica 

Reaction 
medium 

mmol 
mercpato 
molecule
/g mica 

t(h) wash dry 

sorption  MEA-M2 -- w, HCl 0.1 
M, 30ºC  

7.4 24 w air, RT 

MEA-M4 -- w, HCl 0.1 
M, 30ºC 

14.1 24 w air, RT 

BAL-M2 -- e, HCl 1M, 
80ºC 

7.4 20 e, w air, RT 

BAL-M4 -- e, HCl 1M, 
80ºC 

14.1 20 e, w air, RT 

grafting 2 steps SH-Mn-2-A 7.5 t 10 24 t, e vacuum, 
120 ºC 

SH-Mn-2-B 24.5 t 10 24 t, e vacuum, 
120 ºC 

SH-Mn-2-t 7.5 t 10 72 t, e vacuum, 
120 ºC 

SH-Mn-2-c 7.5 t 25 24 t, e vacuum, 
120 ºC 

1 step SH-Mn-1-Ac -- e, HCl 1 M 7.3 24 w air, RT 
SH-Mn-1-Ba -- m, NaOH 

0.05M 
10 24 w, e air, RT 

SNa-Mn-1 -- t 10 24 t, e vacuum, 
120 ºC 

SNa-Mn-1-t -- t 10 72 t, e vacuum, 
120 ºC 

SNa-Mn-1-c -- t 25 24 t, e vacuum, 
120 ºC 
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FIGURE CAPTIONS 

 

Fig. 1. Schematic representation of the functionalization. 

Fig. 2. Amount of sulphur per kg of mica 

Fig. 3. XRD of the Na-Mn functionalized by exchange reaction. 

Fig. 4. IR/FT spectra at 120 ºC of the Na-Mn functionalized by exchange reaction. 

Fig. 5. XRD of the Na-Mn after grafting. 

Fig. 6. IR/FT spectra at 120 ºC of the Na-Mn after grafting. 

Fig. 7. Schematic representation of isolated (T1) and fully cross-linked 
mercaptopropylsilane groups and 29Si MAS NMR spectra of the Na-Mn, MEA-Mn and 
SH-Mn-1-Ac: a) n=2 and b) n=4.  

Fig. 8. 23Na MAS NMR spectra of the Na-Mn, MEA-Mn and SH-Mn-1-Ac: a) n=2 and 
b) n=4. 

Fig. 9. 13C MAS NMR spectra of the MEA-Mn and SH-Mn-1-Ac (black line= 13C (SP) 
MAS NMR spectra, and, red line=1H-13C (CP)MAS NMR spectra 

Fig. 10. XPS spectra of the MEA-Mn and SH-Mn-1-Ac. 
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