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Figure S1. Representative chromatogram of a standard (100 µg·L-1) containing all 
analytes. 
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Figure S2. XRD patterns of UiO-66, UiO-66-NO2 and UiO-66-NH2 MOFs. 
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Figure S3. XRD patterns of MIL-53(Al) MOF.

Synthesized 
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Figure S4. Nitrogen adsorption/desorption isotherms of UiO-66, UiO-66-NH2 and 
UiO-66-NO2 MOFs. 
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Figure S5. FTIR spectra of synthesized MOFs. 
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Figure S6. Distribution of the particle sizes for the different MOFs studied: A) UiO-

66-NO2; B) UiO-66-NH2; C) UiO-66; and D) MIL-53(Al). 
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Figure S7. Influence of the extraction time (stirring with vortex) in the extraction efficiency for all analytes in the D-μSPE-HPLC-DAD method. 
Fixed conditions as described in the text.
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Figure S8. Influence of the elution time (agitation by vortex) in the extraction efficiency of the D-μSPE-HPLC-DAD method. Fixed conditions 
as described in the text.
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Figure S9. Influence of the number of elution steps in the D-μSPE-HPLC-DAD method using UiO-66-NO2 as sorbent. Fixed conditions as 
described in the text. Experiments were carried out in triplicate.
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Figure S10. Effect of the nature of the elution solvent in the elution step of the D-μSPE-HPLC-DAD method using UiO-66-NO2 as sorbent. 
Fixed conditions as described in the text. Experiments were carried out in triplicate.
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Table S1. Structures and several physicochemical properties of the analytes studied. 

Analyte (abbreviation) Structure Molecular formula 

Molecular weighta (g·mol-1) 

Molar volumea,b 

(cm3·mol-1) 

pKa
a Vapor pressure 

at 25 ºCa (atm) 

Log 

Kow
a,c 

  

Carbamazepine 

(Cbz) 

 

C15H12N2O 

236.27 

186.5 ± 3.0 13.9 7.61·10-10 1.90 

4-Cumylphenol 

(CuP) 
 

C15H16O 

212.29 

201.1 ± 3.0 10.6 6.55·10-8 4.24 

Progesterone 

(Pg) 

 

C21H30O2 

314.46 

288.9 ± 5.0 - 4.53·10-11 3.83 

Benzophenone-3 

(BP-3) 

 

C14H12O3 

228.24 

189.9 ± 3.0 7.6 6.92·10-9 4.00 

Triclosan 

(Tr) 
 

C12H7Cl3O2 

289.54 

194.3 ± 3.0 7.8 4.29·10-8 5.34 
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Analyte (abbreviation) Structure Molecular formula 

Molecular weighta (g·mol-1) 

Molar volumea,b 

(cm3·mol-1) 

pKaa Vapor pressure 

at 25 ºCa (atm) 

Log 

Kow
a,c 

  

4-tert-Octylphenol 

(t-OP) 
 

C14H22O 

206.32 

220.6 ± 3.0 10.2 2.61·10-6 5.18 

4-Octylphenol 

(OP) 

 

C14H22O 

206.32 

219.7 ± 3.0 10.2 3.29·10-7 5.63 

Chrysene 

(Chy) 

 

C18H12 

228.29 

191.7 ± 3.0 - 1.12·10-10 5.73 

Indeno(1,2,3-cd)pyrene 

(Ind) 

 

C22H12 

276.33 

200.4 ± 3.0 - 2.05·10-12 6.65 

a SciFinder® 2018 database 
b T = 20 °C; p = 760 torr 
c n-octanol/water partition coefficient  

 

 



 

S13 
 

Table S2. Several quality analytical parameters of the HPLC-DAD method. 

Analyte Ra sy/x
b Slope ± SDc LODd (μg·L-1) LOQe (μg·L-1) Calibration range (μg·L-1) 

Carbamazepine 0.9990 0.80 0.43 ± 0.03 0.50 1.67 2.00 – 100 

4-Cumylphenol 0.9992 0.15 0.09 ± 0.01 1.00 3.33 5.00 – 100 

Progesterone 0.9990 0.65 0.33 ± 0.02 0.08 0.25 0.30 – 100 

Benzophenone-3 0.9992 0.56 0.33 ± 0.01 0.09 0.30 0.50 – 100 

Triclosan 0.9983 0.25 0.10 ± 0.01 0.09 0.30 5.00 – 100 

4-tert-Octylphenol 0.9993 0.15 0.101 ± 0.004 0.50 1.67 5.00 – 100 

4-Octylphenol 0.9993 0.12 0.082 ± 0.003 0.50 1.67 3.00 – 100 

Chrysene 0.9998 1.9 2.66 ± 0.04 0.02 0.07 0.10 – 100 

Indeno(1,2,3-cd)pyrene 0.9997 1.1 1.07 ± 0.02 0.03 0.09 0.10 – 100 

a correlation coefficient 
b standard deviation of residuals 
c confidence intervals for the slope (n = 7) with a signification level of 95% 
d limit of detection 
e limit of quantification 
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Table S3. Intra-day precision study of the HPLC-DAD method. 

Analyte 
Level 1: 6.0 µg·L-1 Level 2: 30 µg·L-1 Level 3: 70 µg·L-1 RSD (%) 

retention timeb 

Average retention 

time (min) RSD (%) intra-daya RSD (%) intra-daya RSD (%) intra-daya 

Carbamazepine 1.2 2.4 2.2 0.21 1.96 

4-Cumylphenol 2.7 2.2 2.2 0.13 6.09 

Progesterone 0.9 1.8 1.5 0.12 6.40 

Benzophenone-3 2.6 1.3 0.7 0.12 6.62 

Triclosan 3.1 3.5 0.9 0.07 7.23 

4-tert-Octylphenol 3.7 1.5 2.5 0.06 7.63 

4-Octylphenol 3.4 2.2 2.9 0.04 9.02 

Chrysene 2.3 3.1 1.3 0.08 10.2 

Indeno(1,2,3-cd)pyrene 2.8 3.6 1.9 0.12 12.9 

a relative standard deviation of the calculated concentration using the HPLC-DAD calibration curve (n = 5) 
b relative standard deviation of the retention times (n = 15) 
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Table S4. Extraction methods described in the literature for the determination of several of the studied pollutants using solid-based extraction 
methods and HPLC with UV or DAD detection (to have comparable systems with that of the current study). 
Analyte family 
(number) 

Sample 
prep. 

Detector Sorbent (mg) Sample 
(mL) 

ER
a

 (%) / 
spiked level 

LODb 
(µg·L-1) 

RSDc 
(%) 

Ref. 

PAHsd (4) D-μSPEe DADf MNPsg-nylon-6 
composite (40) 

water (25) 79.4 / 
20 µg·L-1 

0.31 4.2 J. Chromatogr. A 
2014, 1345, 43–49 

Benzophenones (3) D-μSPEe DADf MIL-101(Cr) (12) toner (20) - 0.9 <7.4 Talanta 2015, 132, 
713–718 

Drugs (3) D-μSPEe DADf Fe3O4@polyDA-
MWCNTsh (15) 

plasma (5), 
CSFi (5) 

86.5–95.1 / 
50–200 µg·L-1 

0.4–1.9 <6.4 Anal. Bioanal. Chem. 
2018, 410, 3779–3788 

Steroids (3) MSPEj UVk Fe/CNTsl-SrTiO3 (20) milk (20)  - 0.033 2.31 Food Anal. Meth. 
2018, 11, 3179–3189 

Cbz, Pg, Tr (6) D-μSPEe DADf MIL-53(Al) (5) water (10) 32.7 – 61.7 
2–8 µg·L-1 

0.04–0.15 <8.3 Talanta 2018, 179, 
775–783 

Phenols (4) D-SPEm UVk Fe3O4-OA/CQDsn (-) water (20), 
milk (20) 

- 0.09–0.17 <2.8 J. Mol. Liq. 2018, 
261, 155–161 

PPCPso (3) MSPEj UVk Fe3O4/GOp (20) water (50) - 0.63 4.18 Water Sci. Technol. 
2018, 77, 2220–2227 

a extraction efficiency 
b limit of detection 
c relative standard deviation 
d polycyclic aromatic hydrocarbons 
e dispersive micro-solid phase extraction 
f diode array detection 
g magnetic nanoparticles 
h multi-walled carbon nanotubes 
 

i cerebral spinal fluid 

j magnetic solid-phase extraction 
k ultraviolet-visible detection 
l carbon nanotubes 
m dispersive solid phase extraction 
n carbon quantum dots 
o pharmaceutical & personal care products 
p graphene oxide 
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Table S5. Analytical performance of the entire D-µSPE-HPLC-DAD method in terms of relative recovery, extraction efficiency, and inter-day 
precision with tap water and wastewater samples. 

Analyte Tap water Wastewater-1 Wastewater-2 
Wastewater-1 (spiked level: 1.5 µg·L-1) 

ER
a (%) RRb (%) RSDc (%) 

Carbamazepine nd nd nd 1.15 52.5 13 

4-Cumylphenol nd nd nd 36.8 130 17 

Progesterone nd nd nd 5.76 17.6 2.8 

Benzophenone-3 nd nd nd 36.7 133 1.8 

Triclosan nd nd nd 92.2 195 4.5 

4-tert-Octylphenol nd nd nd 5.99 5.04 5.5 

4-Octylphenol nd nd nd 15.3 25.8 3.1 

Chrysene nd nd nd 14.6 38.9 5.5 

Indeno(1,2,3-cd)pyrene nd nd nd 9.92 34.1 2.8 

nd: non-detected 
a extraction efficiency calculated considering the preconcentration achieved with the microextraction method 
b relative recovery (calculated with calibration curves in ultrapure water) 
c relative standard deviation (n = 3, intra-day) 

 


