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1. GENERAL PROCEDURES AND METHODS 

All reactions were performed in oven-dried glassware under a slight positive pressure of nitrogen. 1H and 13C 

NMR spectra were recorded on Bruker Avance 600 MHz (Nicholas Terrace, New York, NY, USA). Chemical 

shifts for 1H NMR are reported in parts per million (ppm), calibrated to the residual solvent peak set, with 

coupling constants reported in Hertz (Hz). The following abbreviations are used for spin multiplicity: s = 

singlet, sb = broad singlet, d = doublet, t = triplet, q = quadruplet, m = multiplet. Chemical shifts for 13C NMR 

are reported in ppm, relative to the central line of a septet at δ = 39.52 ppm, for DMSO-d6. Elemental analyses 

were obtained using a PerkinElmer Series II – 2400 (Waltham, MA, USA). All solvents and starting materials 

were purchased from commercial sources where available and used as received without any further 

purification. Rheological experiments were carried out on an Anton Paar Physica MCR 301 rheometer at a 

constant temperature of 25 °C, TEM images were recorded on an instrument TEM JeolJEM 1400 Plus at an 

accelerating voltage of 80 kV. UV-Vis spectra were recorded in quartz cuvettes (optical path length 1 cm) on 

a Cary 60 spectrometer. Fluorescence spectra was recorded in quartz cuvettes (optical path length 1 cm) on 

a Cary Eclipse spectrometer. Small angle X-ray scattering data was collected at the CoSAXS beamline at the 

diffraction limited 3 GeV storage ring at the MAX IV Laboratory in Sweden.
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2. SYNTHESIS SCHEME 
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Scheme S1: General synthetic scheme. 

2.1. Synthesis of Intermediates

2.1.1. Synthesis of 1

For the synthesis of 1, a procedure already reported in the literature has been used,1 starting from dansyl 

chloride and ethylenediamine in dichloromethane.  
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2.1.2. Synthesis 5-(dimethylamino)-N-(2-((2-ethoxy-3,4-dioxocyclobut-1-en-1 

yl)amino)ethyl)naphthalene-1-sulfonamide (2)

To a stirred solution of 3,4-diethoxy-3-cyclobutene-1,2-dione (0.68 g, 3.99 mmol, 1.1 eq.) in 10 mL of 

anhydrous ethanol in presence of catalyst Zn(Otf)2 (20% squarate, 0.26 g, 0.72 mmol, intermediate 1 that is 

N-(2-aminoethyl)-5-(dimethylamino) naphthalene-1-sulfonamide (1.06 g, 3.61 mmol, 1 eq.) was added. The 

reaction was conducted at room temperature and then stirred overnight. The reaction mixture was purified 

by chromatography column (Hex: EtAcO, 1:2 v/v) collecting the sample as pale-yellow fluorescent solid. Yield: 

1.19 g, 2.85 mmol, 79%. 1H NMR (600 MHz, DMSO-d6, 298K) (ppm): 8.46 (d, J = 8.5 Hz, 1H), 8.25 (d, J = 8.6 

Hz, 1H), 8.09 (d, J = 7.5 Hz, 2H), 7.59 (dt, J = 26.2, 8.1 Hz, 2H), 7.24 (d, J = 7.5 Hz, 1H), 4.55 (dq, J = 21.2, 7.1 

Hz, 2H), 3.46 (q, J = 6.3 Hz, 1H), 3.27 (q, J = 6.2 Hz, 1H), 2.98 (d, J = 6.2 Hz, 2H), 2.82 (s, 6H), 1.29 (m, 3H).  13C 

NMR (151 MHz, DMSO-d6, 298K) (ppm): 188.9, 182.3, 181.8, 176.9, 176.3, 172.7, 172.3, 151.3, 135.9, 135.8, 

129.5, 129.1, 128.9, 128.2, 128.2, 127.8, 123.5, 119.0, 115.2, 68.6, 45.0, 43.9, 43.4, 42.8, 42.4, 15.5. Elemental 

analysis: % calc. for C20H23N3O5S (% found): C, 57.54; H, 5.55; N, 10.07; O, 19.16; S, 7.68.  Melting point: 148°C 

-150°C.
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Figure S1: 1H-NMR and 13C-NMR spectra of 2.
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2.2. Synthesis of Gelators

2.2.1. Synthesis of N,N'-((((propane-1,3-diylbis(azanediyl))bis(3,4-dioxocyclobut-1-ene-2,1-
diyl))bis(azanediyl))bis(ethane-2,1-diyl))bis(5-(dimethylamino)naphthalene-1-sulfonamide) (L1)

A stirred solution of 2 that is 5-(dimethylamino)-N-(2-((2-ethoxy-3,4-dioxocyclobut-1-en-1-yl) amino) ethyl) 

naphthalene-1-sulfonamide (0.46 g, 1.11 mmol, 2 eq.) in 12 mL of anhydrous ethanol in presence of catalyst 

Zn(Otf)2 (20% squarate, 0.09 g, 0.25 mmol) was heated util completely solubilization. Then 1,3-

diaminopropane (0.04 g, 0.54 mmol, 1 eq.) in 3 mL of anhydrous ethanol was added dropwise to the reaction 

mixture. After half an hour a ppt/gel started to form. The reaction was conducted at 80° C and stirred 

overnight. The ppt/gel was filtered and washed with ethanol (2x10 mL) and then dried under pressure, 

collecting a pale-yellow solid (L1). Yield: 0.41 g, 0.50 mmol, 93%. 1H NMR (600 MHz, DMSO-d6, 298K) (ppm): 

8.45 (d, J = 8.5 Hz, 1H), 8.26 (d, J = 8.6 Hz, 1H), 8.10 (dd, J = 7.3, 1.3 Hz, 2H), 7.64 – 7.54 (m, 2H), 7.39 (s, 2H), 

7.24 (d, J = 7.6 Hz, 1H), 3.51 (s, 4H), 2.96 (t, J = 6.1 Hz, 2H), 2.82 (s, 6H), 1.77 (s, 1H).13C NMR (151 MHz, DMSO-

d6, 298K) (ppm): 182.6, 182.3, 167.8, 151.4, 135.6, 129.5, 129.1, 129.0, 128.3, 127.9, 123.5, 119.0, 115.1, 

45.0, 43.5, 43.1, 40.6, 32.3. Elemental analysis: % calc. for: C39H44N8O8S2 (% found): C, 57.34; H, 5.43; N, 13.72; 

O, 15.67; S, 7.85. Melting point: 213 °C -214 °C.
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Figure S2: 1H-NMR and 13C-NMR spectra of L1.
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2.2.2. Synthesis of N,N'-((((butane-1,4-diylbis(azanediyl))bis(3,4-dioxocyclobut-1-ene-2,1-
diyl))bis(azanediyl))bis(ethane-2,1-diyl))bis(5-(dimethylamino)naphthalene-1-sulfonamide) (L2)

A stirred solution of 2 that is 5-(dimethylamino)-N-(2-((2-ethoxy-3,4-dioxocyclobut-1-en-1-yl) amino) ethyl) 

naphthalene-1-sulfonamide (0.39 g, 0.93 mmol, 2 eq.) in 12 mL of anhydrous ethanol in presence of catalyst 

Zn(Otf)2 (20% squarate, 0.07 g, 0.19 mmol) was heated util completely solubilization. Then 1,4-

diaminobutane (0.04 g, 0.45 mmol, 1 eq.) in 3 mL of anhydrous ethanol was added dropwise to the reaction 

mixture. After half an hour a ppt/gel started to form. The reaction was conducted at 80° C and stirred 

overnight. The ppt/gel was filtered and washed with ethanol (2x10 mL) and then dried under pressure, 

collecting a pale-yellow solid (L2). Yield: 0.31 g, 0.37 mmol, 82%. 1H NMR (600 MHz, DMSO-d6, 298K) (ppm): 

8.51 (dt, J = 8.5, 1.1 Hz, 1H), 8.32 (dt, J = 8.7, 1.0 Hz, 1H), 8.15 (dd, J = 7.3, 1.3 Hz, 2H), 7.65 (ddd, J = 18.9, 8.6, 

7.4 Hz, 2H), 7.42 (s, 2H), 7.30 (dd, J = 7.6, 0.9 Hz, 1H), 3.69 – 3.45 (m, 4H), 3.00 (q, J = 6.3 Hz, 2H), 2.88 (s, 6H), 

1.59 (s, 2H). 13C NMR (151 MHz, DMSO-d6, 298K) (ppm): 182.6, 182.2, 168.1, 167.3, 151.4, 135.6, 129.5, 

129.1, 129.0, 128.3, 127.9, 123.5, 119.0, 115.1, 45.0, 43.5, 43.1, 42.9, 27.7. Elemental analysis: % calc. for: 

C40H46N8O8S2 (% found): C, 57.82; H, 5.58; N, 13.48; O, 15.40; S, 7.72. Melting point: 255 °C -256 °C. 
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Figure S3: 1H-NMR and 13C-NMR spectra of L2.

3. GELATION TEST 

L1 gelation tests (Temperature trigger)

2-propanolMeOHMeCNTHFEtOH

insolubleinsolubleppt/gelinsolubleppt/gel1% w/v
insolubleinsolubleppt/gelinsolubleppt/gel0.75% w/v

pptpptppt/gelpptppt/gel0.67 % w/v

pptpptppt/gelpptppt0.5% w/v 
no gelno gelno gelno gelno gel0.33% w/v 

DMSO: H2O
1:9 (v/v)

DMSO: H2O
1:4 (v/v)

DMSO: H2O
3:7 (v/v)

DMSO: H2O
2:3 (v/v)

DMSO: H2O
1:1 (v/v)

DMSO: H2O
3:2 (v/v)

DMSO: H2O
7:3  (v/v)

DMSO: H2O
4:1  (v/v)

DMSO: H2O
9:1 (v/v)

pptpptpptweak gelgelweak gelno gelno gelno gel2% w/v

pptpptpptweak gelgelweak gelno gelno gelno gel1.5% w/v 

pptpptpptgelgelweak gelno gelno gelno gel1% w/v 

pptpptpptno gelno gelno gelno gelno gelno gel0.5% w/v 

L1 gelation tests (Solvent trigger)

DMSO: H2O
1:1 (v/v)

DMSO: H2O
2:3 (v/v)

DMSO: H2O
3.5:6.5 (v/v)

DMSO: H2O
3:7 (v/v)

DMSO: H2O
1:4 (v/v)

weak gelgelgelgelppt0.5 % w/v 
pptppt/gelppt/gelppt/gelppt0.4 % w/v
pptpptpptpptppt0.3 % w/v
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L2 gelation tests (Temperature trigger)

2-propanolMeOHMeCNTHFEtOH

insolubleinsolubleinsolubleinsolubleinsoluble1% w/v
insolubleinsolubleinsolubleinsolubleinsoluble0.5% w/v 
insolubleinsolubleinsolubleinsolubleinsoluble0.33% w/v 

DMSO: H2O
2:3 (v/v)

DMSO: H2O
1:1 (v/v)

DMSO: H2O
3:2 (v/v)

DMSO: H2O
7:3  (v/v)

DMSO: H2O
4:1  (v/v)

DMSO: H2O
9:1 (v/v)

no gelno gelgelweak gelno gelno gel2% w/v

no gelno gelweak gelgelno gelno gel1.5% w/v 

no gelno gelno gelno gelno gelno gel1% w/v 

no gelno gelno gelno gelno gelno gel0.5% w/v 

L2 gelation tests (Solvent trigger)

DMSO: H2O
1:1 (v/v)

DMSO: H2O
2:3 (v/v)

DMSO: H2O
3:7 (v/v)

DMSO: H2O
1:4 (v/v)

gelpptpptppt0.5 % w/v 
pptpptpptppt0.4 % w/v
pptpptpptppt0.3 % w/v

Table S1: Gelation Tests of L1 and L2 carried out in different organic solvent and DMSO:H2O mixture by using 
both temperature and solvent triggers; “ppt”: precipitate and “ppt/gel”: mixture of gel and precipitate. 

4. GELS CHARATERIZATION 

tan G’’ (Pa)G’ (Pa)Gelation Method Gels

0.076 ± 0.003190 ± 352500 ± 250Solvent TriggerL1, Gel in DMSO:H2O (3:7, v/v), 0.5% w/v

0.061 ± 0.005320 ± 705300 ± 800Temperature TriggerL1, Gel in DMSO:H2O (2:3, v/v), 1% w/v

0.077 ± 0.0053170 ± 97041000 ± 5000Temperature TriggerL1, Gel in DMSO:H2O  (1:1, v/v), 1% w/v

0.075 ±0.007450 ± 906000 ± 750Temperature TriggerL1, Gel in DMSO:H2O (1:1, v/v), 2% w/v

0.093 ± 0.008195 ± 352100 ± 360Solvent TriggerL2, Gel in DMSO:H2O (1:1, v/v), 0.5% w/v

0.073 ± 0.009225 ± 633100 ± 900Temperature TriggerL2, Gel in DMSO:H2O  (3:2, v/v), 2% w/v

0.094 ± 0.007480 ± 725120 ± 620Temperature TriggerL2, Gel in DMSO:H2O (7:3, v/v), 1.5% w/v

Table S2: Summary of G’, G’’ and tan  values with associated errors of all gels obtained with gelators L1 and 
L2.
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Figure S4: a) Strain sweep rheology of L1 in DMSO: H2O (3:7, v/v), 0.5% w/v and (b) Frequency Sweep rheology 
of L1 in DMSO: H2O (3:7), 0.5% w/v. Both experiments were performed in triplicate.

0.1 1 10 100 1000
10-1

100

101

102

103

104

105  G'
 G''

G
', 

G
'' (

Pa
)

Strain (%)

 G'
 G''

1 10 100
10-1

100

101

102

103

104

105

G
', 

G
'' (

Pa
)

Frequency (rad/s)

a) b)

Figure S5: a) Strain sweep rheology of L1 in DMSO: H2O (2:3, v/v), 1% w/v and (b) Frequency Sweep rheology 
of L1 in DMSO: H2O (2:3), 1% w/v. Both experiments were performed in triplicate.
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Figure S6: a) Strain sweep rheology of L1 in DMSO: H2O (1:1, v/v), 2% w/v and (b) Frequency Sweep rheology 
of L1 in DMSO: H2O (1:1), 2% w/v. Both experiments were performed in triplicate.
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Figure S7: a) Strain sweep rheology of L2 in DMSO: H2O (1:1, v/v), 0.5% w/v and (b) Frequency Sweep 
rheology of L2 in DMSO: H2O (1:1), 0.5 % w/v. Both experiments were performed in triplicate.
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Figure S8: a) Strain sweep rheology of L2 in DMSO: H2O (3:2, v/v), 2% w/v and (b) Frequency Sweep rheology 
of L2 in DMSO: H2O (3:2), 2% w/v. Both experiments were performed in triplicate.
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Figure S9: a) Strain sweep rheology of L2 in DMSO: H2O (7:3, v/v), 1.5% w/v and (b) Frequency Sweep rheology 
of L2 in DMSO: H2O (7:3), 1.5% w/v. Both experiments were performed in triplicate.
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Figure S10: Time sweep rheology of L2 gels a) in DMSO: H2O (3:2, v/v), 2% w/v and b) in DMSO: H2O (3:7, 
v/v), 1.5% w/v.

a)

500nm

b)

c) d)

500nm 500nm

1µm

Figure S11: TEM images of L1 gels in a-b) DMSO: H2O, (3:7, v/v), 0.5% w/v (scale bar of 500nm and 1µm), c) 
DMSO: H2O, (2:3 v/v), 1% w/v (scale bar of 500nm) and d) DMSO: H2O, (1:1 v/v), 2% w/v (scale bar of 500nm).
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Figure S12: TEM images of L2 gels in a) DMSO: H2O, (1:1 v/v), 0.5% w/v (scale bar of 500nm), b) DMSO: H2O, 
(3:2 v/v), 2% w/v (scale bar of 500nm) and c-d) DMSO: H2O, (7:3 v/v), 1.5% w/v (scale bar of 1µm).
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Figure S13: SAXS data with fitting of L1 a) in DMSO: H2O (3:7 v/v), 0.5% w/v, b) in DMSO: H2O (2:3 v/v), 1% 
w/v, c) in DMSO: H2O (1:1 v/v), 1% w/v and d) in DMSO: H2O (1:1, v/v), 2% w/v.
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L1, DMSO:H2O (1:1, v/v), 2% w/v       

Free gel (FCE_PL) 

L1, DMSO:H2O (1:1, v/v), 1% w/v         

Free gel (FCE_PL) 

L1, DMSO:H2O (2:3, v/v), 1% w/v         

Free gel (FCE_PL) 

L1, DMSO:H2O (3:7, v/v), 0.5% w/v        

Free gel (FCE_PL) 
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1111Scale
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46.712127.378.811930.878.811930.88.3853.3A_length (Å)

3.19113.565.3392.755.3392.753.3178.1A_Kuhn_length (Å)

0.2045.090.2842.0990.2842.0990.0940.7A_radius (Å)

/0.2//////Polidispersity

0.00632.170.0121.980.0121.980.0091.991A_axis_ratio (Å)

4.08× 10-60.000325.65× 10-60.000265.65× 10-60.000265.17× 10-60.00023B_scale

0.0022.720.0042.620.0042.620.0032.67B_power

2.21591.54561.54561.1717χ2

Table S3: SAXS fitting data of L1 gels obtained from DMSO:H2O mixtures in different ratios at different 
concentrations. 

5. DYES ADSORPTION STUDIES 
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Residual S 0.00542
Pearson's r 0.9984
Adj. R-Squ 0.99653

Value Standard E
B Intercept 0.02346 0.01002
B Slope 89871.220 1470.0152

a) b) 

Figure S14: UV−Vis spectra of calibration curve a) of Nile Blue A in H2O, starting solution concentration 1.2·10-

5 M and b) linear fitting of calibration curve. 
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Figure S15: UV−Vis spectra of calibration curve a) of Rose Bengal in H2O, starting solution concentration 
1.1·10-5 M and b) linear fitting of calibration curve. 
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B Intercept 4.23525E- 0.00309
B Slope 10718.334 80.80051

a) b)

Figure S16: UV−Vis spectra of calibration curve a) of Naphthol Yellow S in H2O, starting solution concentration 
6.5·10-5 M and b) linear fitting of calibration curve. 

RE% Naphthol YellowRE% Rose BengalRE% Nile Blue A Gels

44.8%93.3%75.2%L1, Gel in DMSO:H2O (3:7, v/v), 0.5% w/v

54.8%71.5%57.6%L1, Gel in DMSO:H2O (2:3, v/v), 1% w/v

48.8%66.3%40.6%L1, Gel in DMSO:H2O  (1:1, v/v), 1% w/v

43.1%73.3%67.5%L2, Gel in DMSO:H2O (1:1, v/v), 0.5% w/v

      

Table S4: Summary of RE% values of all gels studied as potential adsorbent materials (value averaged over 
three measurements).
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5.1. Contact Analysis 
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Figure S17: L1, DMSO:H2O (3:7, v/v), 0.5% w/v in presence of Nile Blue A (1.2·10-5 M) a) gels adsorption at 
different hours (scale bar of 1 cm), b) withdraw solution at different hours (scale bar of 1 cm), c) UV-Vis 
spectra of characteristic peak of dye at 634 nm and c) histogram with percentage of dye in solution. 
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Figure S18: L1, DMSO:H2O (3:7, v/v), 0.5% w/v in presence of Rose Bengal (1.1·10-5 M) a) gels adsorption at 
different hours (scale bar of 1 cm), b) withdraw solution at different hours (scale bar of 1 cm), c) UV-Vis 
spectra of characteristic peak of dye at 550 nm and c) histogram with percentage of dye in solution. 
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Figure S19: L1, DMSO:H2O (3:7, v/v), 0.5% w/v in presence of Naphthol Yellow S (6.5·10-5 M) a) gels adsorption 
at different hours (scale bar of 1 cm), b) withdraw solution at different hours (scale bar of 1 cm), c) UV-Vis 
spectra of characteristic peak of dye at 428 nm and c) histogram with percentage of dye in solution. 
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Figure S20: L1, DMSO:H2O (2:3, v/v), 1% w/v in presence of Nile Blue A (1.2·10-5 M) a) gels adsorption at 
different hours (scale bar of 1 cm), b) withdraw solution at different hours (scale bar of 1 cm), c) UV-Vis 
spectra of characteristic peak of dye at 634 nm and c) histogram with percentage of dye in solution. 
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Figure S21: L1, DMSO:H2O (2:3, v/v), 1% w/v in presence of Rose Bengal (1.1·10-5 M) a) gels adsorption at 
different hours (scale bar of 1 cm), b) withdraw solution at different hours (scale bar of 1 cm), c) UV-Vis 
spectra of characteristic peak of dye at 550 nm and c) histogram with percentage of dye in solution. 
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Figure S22: L1, DMSO:H2O (2:3, v/v), 1% w/v in presence of Naphthol Yellow S (6.5·10-5 M) a) gels adsorption 
at different hours (scale bar of 1 cm), b) withdraw solution at different hours (scale bar of 1 cm), c) UV-Vis 
spectra of characteristic peak of dye at 428 nm and c) histogram with percentage of dye in solution. 
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Figure S23: L1, DMSO:H2O (1:1, v/v), 1% w/v in presence of Nile Blue A (1.2·10-5 M) a) gels adsorption at 
different hours (scale bar of 1 cm), b) withdraw solution at different hours (scale bar of 1 cm), c) UV-Vis 
spectra of characteristic peak of dye at 634 nm and c) histogram with percentage of dye in solution. 
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Figure S24: L1, DMSO:H2O (1:1, v/v), 1% w/v in presence of Rose Bengal (1.1·10-5 M) a) gels adsorption at 
different hours (scale bar of 1 cm), b) withdraw solution at different hours(scale bar of 1 cm), c) UV-Vis 
spectra of characteristic peak of dye at 550 nm and c) histogram with percentage of dye in solution. 
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Figure S25: L1, DMSO:H2O (1:1, v/v), 1% w/v in presence of Naphthol Yellow S (6.5·10-5 M) a) gels adsorption 
at different hours (scale bar of 1 cm), b) withdraw solution at different hours (scale bar of 1 cm), c) UV-Vis 
spectra of characteristic peak of dye at 428 nm and c) histogram with percentage of dye in solution. 
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Figure S26: L2, DMSO:H2O (1:1, v/v), 0.5% w/v in presence of Nile Blue A (1.2·10-5 M) a) gels adsorption at 
different hours (scale bar of 1 cm), b) withdraw solution at different hours (scale bar of 1 cm), c) UV-Vis 
spectra of characteristic peak of dye at 634 nm and c) histogram with percentage of dye in solution. 
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Figure S27: L2, DMSO:H2O (1:1, v/v), 0.5% w/v in presence of Rose Bengal (1.1·10-5 M) a) gels adsorption at 
different hours (scale bar of 1 cm), b) withdraw solution at different hours (scale bar of 1 cm), c) UV-Vis 
spectra of characteristic peak of dye at 550nm and c) histogram with percentage of dye in solution. 
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Figure S28: L2, DMSO:H2O (1:1, v/v), 0.5% w/v in presence of Naphthol Yellow S (6.5·10-5 M) a) gels adsorption 
at different hours (scale bar of 1 cm), b) withdraw solution at different hours (scale bar of 1 cm), c) UV-Vis 
spectra of characteristic peak of dye at 428 nm and c) histogram with percentage of dye in solution.
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Figure S29: Strain Sweep after dyes adsorption of L1, a) in DMSO: H2O (2:3, v/v), 1% w/v and b) in DMSO: 
H2O (1:1, v/v), 1% w/v. Full points indicate G’ and empty points indicate G’’, black points are free gels, blue 
point are gels in presence of Nile Blue A, yellow point are gels in presence of Naphthol Yellow S and pink 
points are gels in presence of Rose Bengal. 

Figure S30: 1H-NMR Spectrum of D2O put in contact with gel L1, DMSO:H2O (3:7, v/v), 0.5% w/v after 48h.
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Figure S31: 1H-NMR Spectrum of D2O put in contact with gel L1, DMSO:H2O (2:3, v/v), 1% w/v after 48h.

Figure S32: 1H-NMR Spectrum of D2O put in contact with gel L1, DMSO:H2O (1:1, v/v), 1% w/v after 48h.
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Figure S33: 1H-NMR Spectrum of D2O put in contact with gel L2, DMSO:H2O (1:1, v/v), 0.5% w/v after 48h.

5.2. Flow Analysis 

a) b) c)

1cm 1cm1cm

Figure S34: Experiment setup of flow test for L1 gel in DMSO:H2O (3:7, v/v), 0.5% w/v, a) inversion tube test 
of free gel, b) Rose Bengal solution (1.1·10-5 M) flowing through the gel, c) inversion tube test of gel after 
dyes removal (scale bars of 1 cm). 
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a) b) c)

1cm 1cm1cm

Figure S35: Experiment setup of flow test for L1 gel in DMSO:H2O (3:7, v/v), 0.5% w/v, a) inversion tube test 
of free gel, b) Nile Blue A solution (1.2·10-5 M) flowing through the gel, c) inversion tube test of gel after dyes 
removal (scale bars of 1 cm). 

L2, DMSO:H2O (1:1, v/v), 0.5% w/vL1, DMSO:H2O (1:1, v/v), 1% w/vL1, DMSO:H2O (2:3, v/v), 1% w/vL1, DMSO:H2O (3:7, v/v), 0.5% w/v

RE % Nile Blue ARE % Nile Blue ARE % Nile Blue ARE % Nile Blue A
86.3%97.5%97.5%88.1%Cycle 1

75.9%91.9%96.7%75.4%Cycle 2

69.9%89.3%88.6%71.2%Cycle 3

/87.6%85.9%/Cycle 4

/84.3%82.1%/Cycle 5

/73.9%75.9%/Cycle 6

//56.6%/Cycle 7

//40.2%/Cycle 8

Table S5: Summary of RE% values of all gels studied by using flow test in presence of Nile Blue A (1.2·10-5M). 
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L2, DMSO:H2O (1:1, v/v), 0.5% w/vL1, DMSO:H2O (1:1, v/v), 1% w/vL1, DMSO:H2O (2:3, v/v), 1% w/vL1, DMSO:H2O (3:7, v/v), 0.5% w/v

RE % Rose BengalRE % Rose BengalRE % Rose BengalRE % Rose Bengal
98.1%98.7%97.6%97.5%Cycle 1

74.3%97.7%97.1%96.8%Cycle 2

61.8%97.6%92.7%95.3%Cycle 3

47.1%97.5%72.9%94.5%Cycle 4

41.1%96.7%64.8%82.8%Cycle 5

/85.3%58.9%63.9%Cycle 6

/73.9%40.6%57.9%Cycle 7

/66.4%36.5%49.8%Cycle 8

/52.4%//Cycle 9

/40.4%//Cycle 10

Table S6: Summary of RE% values of all gels studied by using flow test in presence of Rose Bengal (1.1·10-

5M). 
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Figure S36: Reuse Analysis of L1, DMSO:H2O (3:7, v/v), 0.5% w/v in presence of a-b) Rose Bengal (1.1·10-5 M) 
and c-d) Nile Blue A (1.2·10-5 M), UV-Vis Spectra, histogram with percentage of dye in solution and picture of 
water solution analysed (scale bar of 1 cm).
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Figure S37: Reuse Analysis of L1, DMSO:H2O (2:3, v/v), 1% w/v in presence of a-b) Rose Bengal (1.1·10-5 M) 
and c-d) Nile Blue A (1.2·10-5 M), UV-Vis Spectra histogram with percentage of dye in solution and picture of 
water solution analysed (scale bar of 1 cm).
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Figure S38: Reuse Analysis of L1, DMSO:H2O (1:1, v/v), 1% w/v in presence of a-b) Rose Bengal (1.1·10-5 M) 
and c-d) Nile Blue A (1.2·10-5 M), UV-Vis Spectra, histogram with percentage of dye in solution and picture of 
water solution analysed (scale bar of 1 cm).
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Figure S39: Reuse Analysis of L2, DMSO:H2O (1:1, v/v), 0.5% w/v in presence of a-b) Rose Bengal (1.1·10-5 M) 
and c-d) Nile Blue A (1.2·10-5 M), UV-Vis Spectra, histogram with percentage of dye in solution and picture of 
water solution analysed (scale bar of 1 cm).

Figure S40: 1H-NMR Spectrum of D2O flow with gel L1, DMSO:H2O (3:7, v/v), 0.5% w/v.
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Figure S41: 1H-NMR Spectrum of D2O flow with washed gel L1, DMSO:H2O (3:7, v/v), 0.5% w/v.

Figure S42: 1H-NMR Spectrum of D2O flow with gel L1, DMSO:H2O (2:3, v/v), 1% w/v.
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Figure S43: 1H-NMR Spectrum of D2O flow with washed gel L1, DMSO:H2O (2:3, v/v), 1% w/v.

Figure S44: 1H-NMR Spectrum of D2O flow with gel L1, DMSO:H2O (1:1, v/v), 1% w/v.
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Figure S45: 1H-NMR Spectrum of D2O flow with washed gel L1, DMSO:H2O (1:1, v/v), 1% w/v.

Figure S46: 1H-NMR Spectrum of D2O flow with gel L2, DMSO:H2O (1:1, v/v), 0.5% w/v.
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Figure S47: 1H-NMR Spectrum of D2O flow with washed gel L2, DMSO:H2O (1:1, v/v), 0.5% w/v.
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Figure S48: Strain Sweep after washing treatment of L1 gels a) in DMSO: H2O (3:7, v/v), 0.5% w/v, b) in DMSO: 
H2O (2:3, v/v), 1% w/v, c) in DMSO: H2O (1:1, v/v), 1% w/v.
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c) d)

500nm

500nm 500nm
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Figure S49: TEM images of L1 gels after been washed with water in a) DMSO: H2O, (3:7, v/v), 0.5% w/v (scale 
bar of 500nm), b) DMSO: H2O, (2:3, v/v), 1% w/v (scale bar of 500nm) and c-d) DMSO: H2O, (1:1, v/v), 1% w/v 
(scale bar of 200nm and 500nm).

L2, DMSO:H2O (1:1, v/v), 0.5% w/vL1, DMSO:H2O (1:1, v/v), 1% w/vL1, DMSO:H2O (2:3, v/v), 1% w/vL1, DMSO:H2O (3:7, v/v), 0.5% w/v

RE % Nile Blue A                                                                                                             
(after washing)

RE % Nile Blue A                                                                 
(after washing)

RE % Nile Blue A                                                                 
(after washing)

RE % Nile Blue A                   
(after washing)

97.6%97.8%97.8%97.5%Cycle 1

97.2%97.7%97.2%97.5%Cycle 2

95.8%96.1%95.5%97.5%Cycle 3

92.1%93.4%89.2%97.5%Cycle 4

86.3%88.9%80.3%97.4%Cycle 5

///97.3%Cycle 6

///88.6%Cycle 7

///82.1%Cycle 8

///75.1%Cycle 9

////Cycle 10

Table S7: Summary of RE% values of all washed gels studied by using flow test in presence of Nile Blue A 
(1.2·10-5M). 
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L2, DMSO:H2O (1:1, v/v), 0.5% w/vL1, DMSO:H2O (1:1, v/v), 1% w/vL1, DMSO:H2O (2:3, v/v), 1% w/vL1, DMSO:H2O (3:7, v/v), 0.5% w/v

RE % Rose Bengal                                                                 
(after washing)

RE % Rose Bengal                                                                 
(after washing)

RE % Rose Bengal                                                                 
(after washing)

RE % Rose Bengal
(after washing)

97.8%98.3%98.1%98.6%Cycle 1

97.2%98.3%97.6%98.4%Cycle 2

89.5%98.2%97.5%98.4%Cycle 3

80.5%98.2%97.4%98.4%Cycle 4

78.3%98.2%97.3%98.3%Cycle 5

/97.9%96.1%94.9%Cycle 6

/95.7%88.4%87.1%Cycle 7

/90.6%/79.9%Cycle 8

/85.4%//Cycle 9

////Cycle 10

Table S8: Summary of RE% values of all washed gels studied by using flow test in presence of Rose Bengal 
(1.1·10-5M). 
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Figure S50: Reuse Analysis of L1 washed gel, DMSO:H2O (3:7, v/v), 0.5% w/v in presence of a-b) Rose Bengal 
(1.1·10-5 M) and c-d) Nile Blue A (1.2·10-5 M), UV-Vis Spectra, histogram with percentage of dye in solution 
and picture of water solution analysed (scale bar of 1 cm).
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Figure S51: Reuse Analysis of L1 washed gel, DMSO:H2O (2:3, v/v), 1% w/v in presence of a-b) Rose Bengal 
(1.1·10-5 M) and c-d) Nile Blue A (1.2·10-5 M), UV-Vis Spectra, histogram with percentage of dye in solution 
and picture of water solution analysed (scale bar of 1 cm).
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Figure S52: Reuse Analysis of L1 washed gel, DMSO:H2O (1:1, v/v), 1% w/v in presence of a-b) Rose Bengal 
(1.1·10-5 M) and c-d) Nile Blue A (1.2·10-5 M), UV-Vis Spectra, histogram with percentage of dye in solution 
and picture of water solution analysed (scale bar of 1 cm).



S37

450 500 550 600 650
0.0

0.2

0.4

0.6

0.8

1.0

Ab
so

rb
an

ce
 

Wavelength (nm)

 Start Sol
 Cycle 1
 Cycle 2
 Cycle 3
 Cycle 4
 Cycle 5

Cyc
le 

0

Cyc
le 

1

Cyc
le 

2

Cyc
le 

3

Cyc
le 

4

Cyc
le 

5

0

20

40

60

80

100

Pe
rc

en
ta

ge
 in

 s
ol

ut
io

n 
(%

)

500 550 600 650 700 750
0.0

0.2

0.4

0.6

0.8

1.0

Ab
so

rb
an

ce

Wavelength (nm)

 Start Sol
 Cycle 1
 Cycle 2
 Cycle 3
 Cycle 4
 Cycle 5

Cyc
le 

0

Cyc
le 

1

Cyc
le 

2

Cyc
le 

3

Cyc
le 

4

Cyc
le 

5

0

20

40

60

80

100

Pe
rc

en
ta

ge
 in

 s
ol

ut
io

n 
(%

)

a)

c)

b)

d)

1cm

1cm

Figure S53: Reuse Analysis of L2 washed gel, DMSO:H2O (1:1, v/v), 0.5% w/v in presence of a-b) Rose Bengal 
(1.1·10-5 M) and c-d) Nile Blue A (1.2·10-5 M), UV-Vis Spectra, histogram with percentage of dye in solution 
and picture of water solution analysed (scale bar of 1 cm).
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 Figure S54: SAXS data with fitting of L1 in DMSO: H2O (3:7, v/v), 0.5% w/v after adsorption of a) Rose Bengal 
(1.1·10-5 M) in two different depths and b) Nile Blue A (1.2·10-5 M) at two different depths. Black points 
indicate the free gel, while light pink and light blue indicate the gel in presence of the respectively dyes and 
pink and blue indicate the measurement at 3 mm and 5 mm of depth, respectively.
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Figure S55: SAXS data with fitting of L1 in DMSO: H2O (2:3, v/v), 1% w/v after adsorption of a) Rose Bengal 
(1.1·10-5 M) in two different depths and b) Nile Blue A (1.2·10-5 M) at two different depths. Black points 
indicate the free gel, while light pink and light blue indicate the gel in presence of the respectively dyes and 
pink and blue indicate the measurement at 3 mm and 5 mm of depth, respectively.

L1, DMSO:H2O (3:7, v/v), 0.5% w/v       

Gel (3mm) + Rose Bengal (C_PL)

L1, DMSO:H2O (3:7, v/v), 0.5% w/v        

Gel + Rose Bengal (EC_PL)

L1, DMSO:H2O (3:7, v/v), 0.5% w/v        

Gel (5mm) + Nile Blue A (EC_PL)

L1, DMSO:H2O (3:7, v/v), 0.5% w/v        

Gel + Nile Blue A (EC_PL)

ErrorValueErrorValue ErrorValueErrorValue 

1111Scale

0.2*0.15*0.15*0.16*Background (cm-1)

7.35× 10-60.000142.45× 10-50.00471.31× 10-50.00341.19× 10-50.0022A_scale

406.491007.5/1000*/1000*/1000*A_length (Å)

////////A_Kuhn_length (Å)

1.6643.450.1545.160.0941.640.1442.08A_radius (Å)

//0.0122.560.0142.940.0223.11A_axis_ratio (Å)

6.28× 10-91.52× 10-75.87× 10-60.000226.26× 10-82.24× 10-68.02× 10-81.74× 10-6B_scale

0.0073.630.00452.500.0053.580.0083.48B_power

1.66221.88531.56281.1229χ2

Table S9: SAXS fitting data of gel L1, DMSO:H2O (3:7, v/v), 0.5% w/v after Nile Blue A and Rose Bengal 
adsorption (SAXS data collected at two different depths of capillary). 
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L1, DMSO:H2O (2:3, v/v), 1% w/v              

Gel (3mm) + Rose Bengal (EC_PL)

L1, DMSO:H2O (2:3, v/v), 1% w/v             

Gel + Rose Bengal (FCE_PL)

L1, DMSO:H2O (2:3, v/v), 1% w/v              

Gel (5mm) + Nile Blue A (C_PL)

L1, DMSO:H2O (2:3, v/v), 1% w/v             

Gel + Nile Blue A (FCE_PL)

ErrorValueErrorValue ErrorValueErrorValue 

1111Scale

0.2*0.19*0.2*0.135*Background (cm-1)

7.17× 10-60.00034.81× 10-60.00454.38× 10-60.00049.0× 10-60.0043A_scale

/1000*28.57873.1670.031236.15.831513.5A_length (Å)

///150*///121*A_Kuhn_length (Å)

0.9744.25/43*0.3184.4850.08746.46A_radius (Å)

0.133.190.0172.64//0.00582.19A_axis_ratio (Å)

2.78× 10-84.74× 10-74.76× 10-61.46× 10-61.67× 10-74.84× 10-62.52× 10-60.00014B_scale

0.013.560.0063.70.0063.150.0032.86B_power

1.40161.01971.12611.2611χ2

Table S10: SAXS fitting data of gel L1, DMSO:H2O (2:3, v/v), 1% w/v after Nile Blue A and Rose Bengal 
adsorption (SAXS data collected at two different depths of capillary). 

L1, DMSO:H2O (1:1, v/v), 1% w/v                        

Gel (3mm) + Rose Bengal (FCE_PL)

L1, DMSO:H2O (1:1, v/v), 1% w/v             

Gel + Rose Bengal (FCE_PL)

L1, DMSO:H2O (1:1, v/v), 1% w/v              

Gel (5mm) + Nile Blue A (C_PL)

L1, DMSO:H2O (1:1, v/v), 1% w/v             

Gel + Nile Blue A (FCE_PL)

ErrorValueErrorValue ErrorValueErrorValue 

1111Scale

0.2*0.15*0.25*0.135*Background (cm-1)

1.06× 10-50.0091.06× 10-50.00476.45× 10-60.00095.14× 10-50.01A_scale

/1846*10.792331.434.91226.768.382398.1A_length (Å)

/100*/100*//4.84134A_Kuhn_length (Å)

0.06748.2/45*0.1885.360.2345.73A_radius (Å)

/0.2/0.2/0.2/0.2Polidispersity

0.0052.160.00242.21//0.0132.29A_axis_ratio (Å)

1.67× 10-60.000161.14× 10-68.39× 10-52.61× 10-71.72× 10-54.01× 10-60.0003B_scale

0.0023.030.0022.910.0033.140.0032.71B_power

2.21931.01231.91561.4232χ2

Table S11: SAXS fitting data of gel L1, DMSO:H2O (1:1, v/v), 1% w/v after Nile Blue A and Rose Bengal 
adsorption (SAXS data collected at two different depths of capillary). 
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