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ABSTRACT 29 

In this work, the dispersive solid-phase extraction of sulfonamide antibiotics was evaluated 30 

using magnetic porous carbon derived from cobalt (II)-based metal-organic frameworks. By 31 

direct carbonization under inert atmosphere of Co-SIM-1, Co-MOF-74 and Co-DABCO 32 

MOFs, different magnetic porous carbons were prepared and characterized to study their 33 

structural, morphological, chemical and textural properties. Their performance for the 34 

simultaneous extraction of three sulfonamides (sulfadiazine, sulfamerazine and 35 

sulfamethazine), prior to HPLC analysis, was also evaluated, obtaining the best results (> 36 

95%) in the case of C/Co-SIM-1 carbon, probably due to its bimodal pore structure, high 37 

surface area and high amount of surface defects. Using this adsorbent, the effect of the pH 38 

solution and contact time on the adsorption of the sulfonamides, as well as the reusability of 39 

the carbon were studied. 40 

 41 

Keywords: Porous carbons, metal-organic frameworks, sulfonamides, magnetic solid-phase 42 

extraction, water pollutants.  43 
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1. Introduction 44 

The consumption of antibiotics is increasing in both industrialized and developing countries, 45 

resulting in their frequent detection in surface waters around the world. Sulfonamides, 46 

classified as emerging contaminants (EC), are synthetic broad-spectrum antibiotics, which 47 

are widely used in veterinary to inhibit both gram-positive and gram-negative bacteria, as 48 

well as some protozoa, and also in animal industry as growth promoters.1,2 This kind of 49 

antibiotics, also known as sulfa drugs, is not biodegradable and, due to their high polarity 50 

and water solubility, usually cannot be completely removed from water in conventional water 51 

treatment plants, having been detected in some water bodies.3–5 The long-term effects of low 52 

concentrations of these pollutants, due to its biological activity and stability in water, can 53 

pose serious risks to human health and to the environment.  54 

Among the various available methods developed to remove organic pollutants, adsorption 55 

has emerged as one of the most attractive because of its simplicity, reliability, and cost 56 

effectiveness without generating secondary pollutants.6,7 Owing to their unique 57 

characteristics, such as high surface area, variable functionality and tunable pore size and 58 

composition, metal-organic frameworks (MOFs) have been applied as adsorbents of different 59 

pollutants, including some sulfonamides. For instance, the extraction of sulfamethoxazole by 60 

MIL-53 MOFs with different metallic centers8 or the excellent performance of ZIF-67 and 61 

UiO-66 MOFs for the adsorptive removal of sulfachloropyradazine antibiotic in wastewater9 62 

have been described, while metal-organic frameworks with coordinatively unsaturated sites, 63 

such as HKUST-1 and MIL-101, have been studied as efficient sorbents for the adsorption 64 

of different sulfonamides.10,11 65 
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Although many MOFs have been tested on the extraction of organic pollutants, several of 66 

them have been described as unstable in aqueous solutions under a wide range of pH 67 

conditions, limiting their applicability as adsorbents.12 In addition, the laborious and time-68 

consuming retrieval of these porous materials from the sample medium, inhibits its direct 69 

application for the extraction of organic pollutants in batch conditions.  70 

Recently, stable porous carbons have been prepared by a facile and single-step calcination 71 

procedure under inert atmosphere without the need of any additional carbon precursor using 72 

metal-organic frameworks as both templates and carbon precursors.13,14 The high porosity, 73 

defined structure and outstanding designability of MOFs allow a precise control of the size, 74 

structure, morphology and composition of the MOF-derived porous carbon. The obtained 75 

carbons are uniform doped with heteroatoms from the organic linkers, which can act as active 76 

sites, show excellent chemical and thermal stability, high porosity and hydrophobicity which 77 

makes them good candidates as sorbents for the removal of organic pollutants.15–17 78 

Furthermore, bearing in mind that after the carbonization process the metallic component of 79 

the MOF aggregates, shaping metal or metal oxide nanoparticles, the use of iron, nickel, and 80 

cobalt based MOFs as precursors to prepare porous carbons, results in magnetic porous 81 

carbons, which facilitates their retrieval due to the easy magnetic separation of the adsorbent 82 

avoiding filtration or centrifugation steps.18–21  83 

Thus, the aim of this work is to explore the use of magnetic porous carbons, obtained by 84 

simple one-step pyrolysis of different cobalt (II)-based metal-organic frameworks (Co-SIM-85 

1, Co-MOF-74 and Co-DABCO), for the adsorption of sulfonamides (sulfamethazine, 86 

sulfamerazine and sulfadiazine). The influence of the pH of the extraction medium on the 87 

adsorption mechanism of sulfonamides compounds from water was established and, taking 88 
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into account its practical application, kinetics, regeneration and reusability of the carbon 89 

showing highest adsorption capacity (C/Co-SIM-1) were also examined. The obtained results 90 

demonstrate that the C/Co-SIM-1 is a promising adsorbent for the efficient sulfonamides 91 

extraction from water systems. 92 

2. Experimental section 93 

2.1 Chemicals 94 

All chemicals used were of analytical grade. N,N-dimethylformamide (DMF, extrapure) and 95 

ethanol (99%) were obtained from Scharlau (Barcelona, Spain). Cobalt(II) nitrate 96 

hexahydrate (99%), 4-methyl-5-imidazolecarboxaldehyde (99%), 2,5-dihydroxyterephthalic 97 

acid (98%), 1,4-diazabicyclo[2.2.2]octane (DABCO, 98%), sulfamethazine sodium salt 98 

(SMTZ, 98%), sulfamerazine (SMRZ, 99%), sulfadiazine (SDZ, 99%), trifluoroacetic acid 99 

(TFA, 99%) were purchased from Sigma Aldrich. Acetonitrile (HPLC grade) was obtained 100 

from PanReac AppliChem. Methanol (HPLC grade) was acquired from Tedia. Milli-Q water 101 

was obtained from a Direct-8 purification system (resistivity > 18 MΩ cm, Millipore Iberica, 102 

Spain). 103 

2.2 Instrumentation  104 

The morphology of the prepared materials was examined by scanning electron microscopy 105 

using a Hitachi S-3400N microscope, equipped with a Bruker AXS Flash 4010 energy-106 

dispersive X-ray spectroscopy (EDS) system. X-ray diffraction (XRD) patterns were 107 

obtained on a Bruker D8-Advanced diffractometer using Cu-Kα radiation (λ = 1.5418 Å) 108 

from 5-80° with a step size of 0.02 (2θ). Raman spectra were acquired from 100 to 1000 cm-109 

1 on a NRS-5100 (JASCO Co., Japan) using a charge coupled device (CCD) detector at the 110 

laser excitation of 785 nm with 10.8 mW laser power. The ID/IG ratios were calculated by 111 
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measuring the intensity on the band maximum. The nitrogen adsorption/desorption isotherms 112 

were collected at 77 K using a micromeritics TriStar II 3020 apparatus (Micromeritics 113 

Instrument Corporation). The samples were degassed at 423 K for 12 h using the outgas port 114 

of the TriStar II instrument. The isotherms were analyzed by using the Brunauer-Emmett-115 

Teller (BET) method to determine the specific surface area and the two dimensional non-116 

local density functional theory (2D-NLDFT) model for the determination of the pore volume 117 

and the pore size distribution. The isoelectric point was measured in a Zetasizer Nano ZS90 118 

(Malvern) by dispersing 5 mg of carbon samples into 10 mL of water at 25 °C and adjusting 119 

the pH of the suspension with 0.1 M HCl or 0.1 M NaOH. X-ray photoelectron spectroscopy 120 

(XPS) measurements were performed on a PHI 5000 Versa Probe II XPS system using a 121 

monochromatic Al Kα X-ray source (hv = 1486.7 eV). The analysis of sulfonamides (SNs) 122 

by HPLC was carried out using an HPLC Jasco MD-4017 equipped with a UV-Vis diode 123 

array detector. The separation of SNs was carried out by isocratic elution with water acidified 124 

with 0.0025% of TFA-acetonitrile (90:10, v/v) on a C18 KINETEX phenomenex® 5 µm (150 125 

× 4.6 mm) column at a flow rate of 0.7 mL/min. The analytes were detected at 230 nm. 126 

2.3 Synthesis of cobalt (II)-based metal-organic frameworks 127 

Co-SIM-1, Co-MOF-74 and Co-DABCO were synthesized by a solvothermal route using 128 

experimental conditions previously described.22–24 Briefly, Co-SIM-1 was prepared by 129 

dissolving 3.01 g of 4-methyl-5-imidazolecarboxaldehyde and 1.99 g of cobalt(II) nitrate 130 

hexahydrate in 50 mL of DMF under constant stirring. The mixture was introduced into a 131 

wide mouth glass jar and heated at 358 K for 72 h. The resulting powder was washed 3 times 132 

with DMF and ethanol and then dried at 373 K overnight. 133 
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For preparation of Co-MOF-74, 0.75 g of 2,5-dihydroxyterephthalic acid and 3.56 g of 134 

cobalt(II) nitrate hexahydrate were added successively to 300 mL of a solution of 135 

DMF:ethanol:water (1:1:1, v/v) under constant magnetic stirring, which was maintained for 136 

1 h. The resulting solution was transferred into a wide mouth glass jar and heated at 373 K 137 

in an oven for 24 h. After cooling to room temperature, the red solid was filtered and washed 138 

3 times with DMF, and then soaked in methanol for 2 days (the methanol was replaced 4 139 

times during this period). Finally, the solid was filtered and then dried at room temperature 140 

under vacuum. 141 

Co-DABCO MOF was synthesized by mixing a cobalt(II) nitrate solution (0.34 g of 142 

cobalt(II) nitrate hexahydrate in 10 mL of DMF) with 0.21 g of 2-aminoterephthalic acid 143 

dissolved in 10 mL of DMF under stirring. After that, a DABCO solution (0.21 g of DABCO 144 

in 10 mL of DMF) was added with constant stirring, that was maintained for 5 h. After this 145 

time the solid formed was separated by filtration and the solution was heated at 393 K in a 146 

stainless-steel autoclave for 72 h. The resulting powder was washed thoroughly with DMF 147 

and dried at room temperature for 12 h. 148 

2.4 Preparation of magnetic carbons 149 

The magnetic porous carbons C/Co-SIM-1, C/Co-MOF-74 and C/Co-DABCO were obtained 150 

by direct calcination of 2 g of the synthesized Co-SIM-1, Co-MOF-74 and Co-DABCO, 151 

respectively, in a tubular furnace under a nitrogen gas flow at 1073 K (heating rate of 3 K 152 

min-1) for 2.5 h. The materials were then cooled to room temperature maintaining the N2 153 

atmosphere. Finally, the obtained carbons were washed with water and dried under vacuum. 154 

2.5 Solid-phase extraction procedure 155 
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The extraction experiments were conducted under batch conditions using 50 mL of 156 

sulfonamides (SNs) solutions containing 5 mg/L of each compound (SDZ, SMTZ and 157 

SMRZ) and 5 mg of magnetic porous carbon as adsorbent. After 4 h of stirring, an external 158 

magnet was placed outside of the sample beaker to separate the sorbent from the aqueous 159 

solution, and the non-retained sulfonamides were determined by HPLC-UV analysis. For 160 

kinetics studies, a 5 mg/L (each) sulfonamide aqueous solution was mixed with the C/Co-161 

SIM-1 carbon (1 mg/mL) under stirring at pH 5 and the concentration of remaining 162 

sulfonamides in solution was measured every 30 minutes. The sorption data were analyzed 163 

with a pseudo-second-order adsorption model,25 whose linearized-integral form is expressed 164 

by the following equation:   165 

t

qt
=

t

qe
+

1

k2qe2
 166 

where qt and qe (mg/g) are the amount of sulfonamide adsorbed at a time t (min) and at 167 

equilibrium, respectively, and k2 is the pseudo-second-order rate constant (g/mg min). 168 

The enrichment factors were determined as the ratio of the peak areas from the HPLC 169 

chromatograms before and after the extraction of the sulfonamides using 1 mL of methanol 170 

as eluent. The reusability of the material was studied following the procedure described 171 

before five times. Between consecutive extractions, the material was washed thoroughly with 172 

methanol before being reused in the adsorption process. All the adsorption experiments were 173 

carried out in triplicate. 174 

3. Result and Discussions 175 

3.1 Preparation of magnetic porous carbons 176 
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In a first step, Co-SIM-1, Co-MOF-74 and Co-DABCO MOFs precursors were synthesized 177 

by solvothermal method. The X-ray diffractograms of all the cobalt metal-organic 178 

frameworks (Fig. 1a) showed good crystallinity and matched well with the theoretical 179 

diffraction patterns previously reported for the same MOF structures,22,24,26 demonstrating 180 

that, in all cases, the corresponding MOF structure was obtained. Fig. 1b shows the 181 

diffractograms of C/Co-SIM-1, C/Co-MOF-74 and C/Co-DABCO carbon samples. After the 182 

carbonization process, no peaks corresponding to the precursor structure were detected in all 183 

cases, while three new peaks at 2θ = 43°, 53° and 76° appear in all the diffraction patterns, 184 

which were assigned to metallic cobalt particles,27,28 although the presence of a small fraction 185 

of amorphous cobalt oxide cannot be discarded. It should be noted that the width of the peaks 186 

assigned to metallic cobalt particles differs from one sample to another, suggesting that the 187 

MOF composition affects the size of the cobalt particles formed during the calcination 188 

process. In addition, in the case of C/Co-SIM-1, a weak diffraction line at 2θ = 25° was 189 

observed, which was assigned to graphitic carbon.28,29 The degradation of the prepared Co 190 

containing MOFs was studied by thermogravimetric analysis (Figure S1). In all cases, the 191 

first weight loss before 200 °C is due to the removal of adsorbed solvents, and the second 192 

weight loss around 300 °C for Co-DABCO and 400 °C for Co-SIM-1 and Co-MOF-74 is 193 

attributed to the decomposition of MOFs structure, indicating the high thermal stability of 194 

the precursors. After 800 °C, the mass of the materials was relatively stable. The morphology 195 

of the obtained carbons was studied by scanning electron microscopy. As it can be observed 196 

in the corresponding SEM micrographs (Fig. 2a-c), the C/Co-SIM-1, C/Co-MOF-74 and 197 

C/Co-DABCO samples are formed by micrometer-sized particles with cubic, hexagonal rod 198 

and square rod morphology, respectively. Compared to the initial MOFs (Fig. S2), all the 199 

derived carbons retained the original shape after the carbonization procedure due to the use 200 
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of thermally stable frameworks as precursors.30,31 Furthermore, elemental EDS mappings 201 

(Fig. 2d-e) confirmed that, in all cases, the Co particles were homogeneously distributed on 202 

the surface of the obtained carbon.   203 

 204 

Fig. 1. X-ray diffractograms of (a) Co-SIM-1, Co-MOF-74 and Co-DABCO MOF samples 205 
and (b) C/Co-SIM-1, C/Co-MOF-74 and C/Co-DABCO carbon samples. 206 
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 208 

 209 

Fig. 2. SEM images and Co EDS mapping of (a,d) C/Co-SIM-1, (b,e) C/Co-MOF-74, and 210 

(c,f) C/Co-DABCO samples.  211 

 212 

Nitrogen adsorption-desorption isotherms, and the corresponding pore size distribution 213 

curves, of the prepared carbon samples are shown in Fig. 3. All carbonaceous materials 214 

showed a significant nitrogen uptake at lower P/P0 values (<0.1) and a hysteresis loop (Fig. 215 

3a), which indicate the simultaneous presence of micropores and mesopores.32 The 216 

determined BET surface areas ranged from 261 to 361 m2/g (Table 1), which are lower than 217 

those of precursor MOFs (between 1213 and 373 m2/g) due to a partial collapse of the 218 

structure during the carbonization process. The pore size distributions calculated using the 219 

2D-NLDFT model (Fig. 3c), corroborated, in all the cases, the coexistence of micropores, 220 

with a diameter centered around 10 Å, and mesopores with a broad size distribution (Fig. 3b 221 

and Table 1).  222 
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 223 

Fig. 3. (a) N2 adsorption-desorption isotherms and (b) pore size distributions of C/Co-SIM-224 
1, C/Co-MOF-74 and C/Co-DABCO samples. 225 

 226 

Table 1. Textural properties of C/Co-SIM-1, C/Co-MOF-74 and C/Co-DABCO samples. 227 

Sample SBET (m2/g) Vp (cm3/g) Pore width (Å) 

C/Co-SIM-1 361 0.25 8-10/14-100 

C/Co-MOF-74 261 0.24 8-13/15-90 

C/Co-DABCO 291 0.25 9-11/14-65 
 228 

 229 

To study the nature of the carbon formed during the carbonization process, Raman spectra of 230 

the samples were recorded. As shown in Fig. 4a, all the carbon samples exhibited two broad 231 

bands near 1310 and 1581 cm-1 which correspond to the D and G bands of the carbon, 232 

respectively. D band is attributed to the presence of defects or disorder within the carbon, 233 

and the G band is associated with the sp2 hybridization existing in graphitic carbon.33 The 234 

relative intensity ratio between D and G band (ID/IG) in the Raman spectra provides useful 235 
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information about the graphitization degree of the carbonaceous materials.34 The ID/IG ratios 236 

calculated for C/Co-SIM-1, C/Co-MOF-74 and C/Co-DABCO were 2.21, 1.78 and 1.55, 237 

respectively, indicating that the prepared carbons possessed mainly disorder structures or 238 

contained long-range disordered graphitic carbon, being the C/Co-SIM-1 the carbon which 239 

presented more quantity of defects. X-ray photoelectron spectroscopy (XPS) analysis of the 240 

MOFs derived carbons was performed to investigate their chemical composition. In all cases, 241 

the spectra (Fig. 4b) exhibit peaks in the C 1s, Co 2p and O 1s regions, which confirm the 242 

presence of these elements in all the materials. Additionally, the spectra of C/Co-SIM-1 and 243 

C/Co-DABCO showed a signal in the N 1s region, indicating the presence of N in both 244 

samples coming from the ligands used for their synthesis. For all the materials the high-245 

resolution C 1s spectra (Fig. S3) showed two peaks centered at 284.5 eV and 288.5 eV, which 246 

are assigned to C–C/C=C and C=O bonds, respectively.35,36 The spectra in the Co 2p region 247 

of C/Co-SIM-1, C/Co-MOF-74 and C/Co-DABCO (Fig. S4) are fitted to six peaks 248 

corresponding to metallic cobalt (794.8 eV - 793.8 eV and 779.6 eV - 778.6 eV), cobalt oxide 249 

(796.8 eV – 796.4 eV and 781.2 eV – 780.6 eV) and shake-up satellite peaks (803.8 eV – 250 

803.0 eV and 785.8 eV – 785.0 eV).35,37,38 The spectra N 1s of C/Co-SIM-1 and C/Co-251 

DABCO (Fig. S5) showed three signals centered at 398.6, 400.7 and 405.4 eV, which can be 252 

assigned to pyridinic N, graphitic N and oxidized N, respectively.39 253 

 254 

 255 

  256 

 257 
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Figure 4. (a) Raman and (b) XPS spectra of C/Co-SIM-1, C/Co-MOF-74 and C/Co-DABCO 258 

samples. 259 

 260 

3.2 Extraction of sulfonamides  261 

 262 

Carbons derived from cobalt (II)-based metal-organic frameworks were tested for the 263 

simultaneous magnetic extraction of three sulfonamides (sulfadiazine, sulfamerazine and 264 

sulfametazine). Fig. 5 shows the percentages of sulfonamides adsorbed by the three prepared 265 

carbons from a 5 mg L-1 (each) solution. As it can be observed, the three MOF-derived 266 

carbons showed high extraction percentages, which are comparable or even better than most 267 

of the values reported in the literature using other magnetic adsorbents,40–42 especially in the 268 

case of C/Co-SIM-1 carbon which reaches values higher than 95%. The excellent adsorption 269 

performance of this material could be attributed to its higher surface area and bimodal pore 270 

structure, which facilitates the access of sulfonamides to the pores, and its significant amount 271 

of surface defects, which could act as adsorption sites of SNs, improving the extraction 272 

800 1000 1200 1400 1600 1800

 

 

 

 

 

Smoothed X 2

C/Co-DABCO

C/Co-MOF-74

C/Co-SIM-1

D band

G band

Wavenumber (cm-1)

In
te

n
s
it

y
(a

.u
.)

1000 800 600 400 200 0

O 1sCo 2p
N 1s

 C/Co-SIM-1

 C/Co-MOF-74

 C/Co-DABCO

 

 

A

C 1s

Binding Energy (eV)
In

te
n

s
it

y
(a

.u
.)

a) b)



15 
 

capacity.36 According to these results, the C/Co-SIM-1 was selected for the study of the 273 

extraction variables.  274 

 275 

Fig. 5. Percentage of sulfonamides extracted by C/Co-SIM-1, C/Co-MOF-74 and C/Co-276 
DABCO samples. 277 
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sulfonamides by the C/Co-SIM-1 carbon was carried out at different pH values (Fig. S6). As 287 

it can be observed, the highest extraction percentages for the three SNs were achieved at pH 288 

values between 5 and 7.5 and the adsorption capacity significantly decreased when the pH 289 

increased from 7.5 to 10. Considering the pKa values of the studied sulfonamides4 and the 290 

isoelectric point of C/Co-SIM-1 (Fig. S7), it must exist an electrostatic attraction between 291 

the negatively charged surface of the carbon material and the positively charged SNs at weak 292 

acid and neutral pH, which becomes a repulsion in basic conditions due to the negative charge 293 

of SNs at high pH values. However, the high extraction capacity of C/Co-SIM-1, even at 294 

basic pH, suggests that other mechanisms, such as π- π interactions and hydrogen bonding, 295 

should exist between the carbon and the sulfonamides.10,43 296 

The effect of the contact time on the adsorption of SDZ, SMRZ and SMTZ on C/Co-SIM-1 297 

was also studied (Fig. S8). For the three sulfonamides, the adsorption equilibrium was 298 

reached in 30 min, indicating a fast extraction process. The adsorption kinetic data were 299 

analyzed using a pseudo-second-order kinetic model;25 the fitting results are presented in 300 

Table 2. The obtained determination coefficients (R2), which were between 0.9916 and 301 

0.9932, indicate that the experimental data could be successfully fitted by this model, 302 

suggesting that chemical adsorption is the rate-limiting step of the adsorption process and it 303 

is dependent on the number of active sites.8 The amount of each of the sulfonamides adsorbed 304 

at equilibrium ranks among the highest ones reported in the literature using magnetic 305 

adsorbents, demonstrating the high adsorption capacity of C/Co-SIM-1,44–49 probably related 306 

to its high surface area and porosity and the different interactions that could take place 307 

between the adsorbent and the target analytes. 308 

 309 
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Table 2. Parameters of the pseudo-second-order kinetic model for the SNs adsorption by 310 

C/Co-SIM-1 carbon. 311 

SNs qe(exp) (mg/g) 
Pseudo-second-order kinetic model 

qe(calc) (mg/g) k2 (g/mg min) R2 

SDZ 48.21 44.44 0.00111 0.9916 

SMRZ 48.85 45.04 0.00113 0.9932 

SMTZ 49.51 45.66 0.00112 0.9931 

 312 

In order to study the applicability of the C/Co-SIM-1 carbon, we evaluated its capacity for 313 

the simultaneous extraction and preconcentration of sulfonamides from water. Fig. 6 shows 314 

the chromatograms obtained, before and after solid-phase extraction, of the three 315 

sulfonamides from a mixture solution of 5 mg/L each, using C/Co-SIM-1 as adsorbent and 1 316 

mL of methanol as eluent. It can be seen that the intensity of the SNs peaks significantly 317 

increases after preconcentration, reaching enrichment factors of 47, 43 and 44 for SDZ, 318 

SMRZ and SMTZ, respectively, in comparison with the direct injection of a mixture of 319 

sulfonamides. 320 
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 321 

Fig. 6. SDZ, SMRZ and SMTZ chromatograms before and after solid-phase extraction by 322 
using C/Co-SIM-1. 323 

 324 

 325 

An important feature for practical extraction applications is the reusability of the adsorbent. 326 

To evaluate the capacity of regeneration of the C/Co-SIM-1 material, a recyclability 327 

extraction test during five consecutive cycles was carried out. As it can be observed in Fig. 328 

7, after 5 extraction cycles, similar extraction capacities of the three sulfonamides were 329 

obtained. The relative standard deviations of the extraction capacity of SDZ, SMRZ and 330 

SMTZ were 1.5, 2.1 and 1.0%, respectively, demonstrating the excellent reusability of C/Co-331 

SIM-1 for the extraction of sulfonamides.  332 
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 333 

Figure 7. Recyclability of C/Co-SIM-1 for adsorption of SNs from water. 334 
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facilitated the SNs adsorption on the internal channels of this material. The C/Co-SIM-1 346 
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exhibited fast extraction kinetics and high enrichment factors ranging from 43 to 47 for the 347 

mixture of three sulfonamides catalogued as emerging contaminants. The obtained C/Co-348 

SIM-1 carbon was reused several times keeping its extraction performance, making it a 349 

promising material for the simultaneous extraction and preconcentration of emerging 350 

pollutants from water.  351 
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