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Figure S1: P-XRD of the product of the conventional MOF-235 synthesis protocol (1:1 DMF:ethanol, 
3:5 Fe(III):TPA), with the exception of using a synthesis temperature of 70°C. 
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Figure S2: (A) Picture of a post-synthesis capillary where the in-situ MAXS analysis had failed (ns2.5, 
80°C). Picture of the capillary (ns2.2, 90°C) after being filled with reagent solution, (B) before analysis 
and (C) after analysis. 
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Figure S3: Calibration curve of methylene blue in the concentration range 0.313 µM (0.1 ppm) to 14.1 
µM (4.5 ppm).
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Figure S4: Reference diffractogram (λ = 1.54 Å) of Cr-MIL-101 created in the Diamond software1 
from a cif file published by Lebedev et al., 2005 2.
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Figure S5: Reference diffractogram (λ = 1.54 Å) of Fe-MOF-235 created in the Diamond software 
from a cif file published by Sudik et al., 2005 3.
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Figure S6: P-XRD (Cu Kα radiation source) patterns in the 5-10° range of the nsX.1-4 synthesis 
products. 
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Figure S7: P-XRD (Cu Kα radiation source) patterns in the 5-10° range of the nsX.5-7 synthesis 
products.
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Figure S8: Comparison of the P-XRD patterns of the ns3.2 synthesis in two different reaction vessels. 
The inset shows the respective containers.  
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Figure S9: XRD diffractograms of the ex-situ synthesis products with 1:1 DMF:etOH ratio at times 
6, 12, 24 h. The table to the right shows the determined BET surface areas of the same products.

Product BET surface 
area (m2/g)

ns3.2-24 h 1871
ns3.2-12 h 457
ns3.2-6 h 622
ns2.2-24 h 3280
ns2.2-12 h 2023
ns2.2-6 h 1641
ns1.2-24 h 3293
ns1.2-12 h 595
ns1.2-6 h 1143
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Figure S10: XRD diffractograms of the ex-situ synthesis products with 3:1 DMF:etOH ratio at times 
6, 12, 24 h. The table to the right shows the determined BET surface areas.

Product BET surface 
area (m2/g)

ns3.6-24 h 510
ns3.6-12 h 507
ns3.6-6 h 1105
ns2.6-24 h 305
ns2.6-12 h 462
ns2.6-6 h 387
ns1.6-24 h 444
ns1.6-12 h 493
ns1.6-6 h 405
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Figure 11: BET surface areas plotted against equilibration time for the syntheses with (A) 1:1 
DMF:ethanol, (B) 2:1 DMF:ethanol, (C) 3:1 DMF:ethanol solvent compositions.
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Figure S12: P-XRD (Cu Kα radiation source) pattern of ns3.1 (same as original synthesis procedure) 
displaying extensive fluorescence originating from iron in the sample.
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Figure S13: P-XRD diffractograms using (A) Cr Kα and (B) Cu Kα radiation. Note that due to 
different wavelengths of the X-rays, the 2θ angle values differ between the plots. The 2θ ranges are 
also different. 
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Figure S14: Time-resolved in-situ MAXS measurements of the solvothermal synthesis at 85°C using 
a 1:1 DMF:ethanol ratio and a 4:3 Fe(III):TPA ratio.
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Figure S15: Comparison between the P-XRD patterns of ns2.7 and ns3.2 synthesis products. Their 
XRD patterns are similar but their BET surface areas differ: 2570 vs. 1690 m2/g.
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Figure S16: Element content of some of the synthesis products, obtained from XPS measurements.



19

101.ns1.1.spe: ns1.1 Company Name

2020 Sep 24  Al mono  25.0 W  100.0 µ  45.0°  280.00 eV 3.1280e+004 max 4.17 min

Su1s/9/1

020040060080010001200
0

0.5

1

1.5

2

2.5

3

3.5
x 10

4 101.ns1.1.spe

Binding Energy (eV)

c/
s  -F

e2
p

Atomic %
C1s   59.4
O1s   30.6
Fe2p   8.2
N1s    1.4
Cl2p   0.4

 -C
 K

LL  -C
1s

 -N
1s

 -O
 K

LL

 -O
2s

 -O
1s

 -C
l2

s

 -C
l2

p

 -F
e 

LM
M

2

 -F
e 

LM
M

1

 -F
e 

LM
M

 -F
e3

s
 -F

e3
p

121.ns1.1.spe: ns1.1 Company Name

2020 Sep 24  Al mono  25.0 W  100.0 µ  45.0°  26.00 eV 1.5511e+003 max 12.93 min

Fe2p/9/1 (Shft)

705710715720725730735740

700

800

900

1000

1100

1200

1300

1400

1500

1600

121.ns1.1.spe

Binding Energy (eV)

c/
s

 -F
e2

p3
/2

 (7
11

.8
 e

V
)

 -S
at

. (
+ 

5.
89

 e
V

)

 -F
e2

p1
/2

 (7
25

.0
 e

V
)

 -S
at

. (
+5

.8
9 

eV
)

Fe2p
Pos.    Sep.   %Area  
711.79   0.00   54.06  
717.67   5.89   13.86  
725.04  13.25   27.03  
730.93  19.14    5.05
FWHM = 4.40  

121.ns1.1.spe: ns1.1 Company Name

2020 Sep 24  Al mono  25.0 W  100.0 µ  45.0°  26.00 eV 3.9508e+003 max 3.08 min

O1s/9/1 (Shft)

525530535540
0

500

1000

1500

2000

2500

3000

3500

4000

121.ns1.1.spe

Binding Energy (eV)

c/
s

 -O
1s

 (5
31

.8
 e

V
, C

O
O

-)

O1s
Pos.    Sep.  %Area  
531.77  0.00  100.00  
FWHM = 1.85

121.ns1.1.spe: ns1.1 Company Name

2020 Sep 24  Al mono  25.0 W  100.0 µ  45.0°  26.00 eV 5.5458e+002 max 5.72 min

N1s/9/1 (Shft)

392394396398400402404406

420

440

460

480

500

520

540

560

121.ns1.1.spe

Binding Energy (eV)

c/
s

N1s
Pos.    Sep.  %Area  
400.56  0.00  100.00  
FWHM = 1.60

 -N
1s

 (4
00

.6
 e

V
, R

2N
H

)

121.ns1.1.spe: ns1.1 Company Name

2020 Sep 24  Al mono  25.0 W  100.0 µ  45.0°  26.00 eV 3.2033e+003 max 4.58 min

C1s/9/1 (Shft)

280285290295

0

500

1000

1500

2000

2500

3000

3500

121.ns1.1.spe

Binding Energy (eV)

c/
s  -C

1s
 (2

84
.8

 e
V

, C
-C

)

 -C
1s

 (2
91

.3
 e

V
, p

i-p
i*)

 -C
1s

 (2
88

.7
 e

V
, C

O
O

-)

C1s
Pos.    Sep.  %Area  
284.83  0.00   76.64  
288.73  3.90   21.18  
291.29  6.46    2.18
FWHM = 1.45  

121.ns1.1.spe: ns1.1 Company Name

2020 Sep 24  Al mono  25.0 W  100.0 µ  45.0°  26.00 eV 1.7667e+002 max 7.40 min

Cl2p/9/1 (Shft)

192194196198200202204206208210
120

130

140

150

160

170

180

121.ns1.1.spe

Binding Energy (eV)

c/
s

 -C
l2

p3
/2

 (1
98

.6
 e

V
, F

eC
l2

)

 -C
l2

p1
/2

 (2
00

.2
 e

V
)

Cl2p
Pos.    Sep.  %Area  
198.60  0.00   66.67  
200.20  1.60   33.33  
FWHM = 1.50

Figure S17: XPS binding energies (A) and core level spectra of (B) Fe2p, (C) O1s, (D) N1s, (E) C1s 
and (F) Cl2p of the ns1.1 sample (mostly MIL-101).
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Figure S18: XPS binding energies (A) and core level spectra of (B) Fe2p, (C) O1s, (D) N1s, (E) C1s 
and (F) Cl2p of the ns2.1 sample (mostly MOF-235).

(A) (B)

(D)(C)

(E) (F)



21

104.ns3.2.spe: ns3.2 Company Name

2020 Sep 24  Al mono  25.0 W  100.0 µ  45.0°  280.00 eV 2.0075e+004 max 4.17 min

Su1s/12/1

020040060080010001200
0

0.5

1

1.5

2

2.5
x 10

4 104.ns3.2.spe

Binding Energy (eV)

c/
s

 -F
e2

p

Atomic %
C1s   59.7
O1s   31.1
Fe2p   8.9
Cl2p   0.3
N1s    <.1

 -C
 K

LL

 -C
1s

 -N
1s

 -O
 K

LL

 -O
2s

 -O
1s

 -C
l2

s

 -C
l2

p

 -F
e 

LM
M

2

 -F
e 

LM
M

1

 -F
e 

LM
M

 -F
e3

s
 -F

e3
p

124.ns3.2.spe: ns3.2 Company Name

2020 Sep 24  Al mono  25.0 W  100.0 µ  45.0°  26.00 eV 1.2967e+003 max 12.39 min

Fe2p/12/1 (Shft Shft)

705710715720725730735740

700

800

900

1000

1100

1200

1300

124.ns3.2.spe

Binding Energy (eV)

c/
s

 -F
e2

p3
/2

 (7
11

.3
 e

V
) -S

at
. (

+5
.8

9 
eV

)

 -F
e2

p1
/2

 (7
17

.2
 e

V
)

 -S
at

. (
+5

.8
9 

eV
)

Fe2p
Pos.    Sep.   %Area  
711.28   0.00   50.47  
717.17   5.89   16.22  
724.53  13.25   25.24  
730.42  19.14    8.08  
FWHM = 4.80

124.ns3.2.spe: ns3.2 Company Name

2020 Sep 24  Al mono  25.0 W  100.0 µ  45.0°  26.00 eV 2.0083e+003 max 3.34 min

O1s/12/1 (Shft Shft)

524526528530532534536538540
200

400

600

800

1000

1200

1400

1600

1800

2000

2200
124.ns3.2.spe

Binding Energy (eV)

c/
s

 -O
1s

 (5
29

.7
 e

V
, M

et
al

 o
xi

de
)

 -O
1s

 (5
31

.7
 e

V
, C

O
O

-)

O1s
Pos.    Sep.  %Area  
529.67  0.00   42.96  
531.70  2.03   57.04  
FWHM = 1.90

124.ns3.2.spe: ns3.2 Company Name

2020 Sep 24  Al mono  25.0 W  100.0 µ  45.0°  26.00 eV 4.4167e+002 max 6.04 min

N1s/12/1 (Shft)

392394396398400402404406
360

370

380

390

400

410

420

430

440

450
124.ns3.2.spe

Binding Energy (eV)

c/
s

 -N
1s

 (3
98

.2
 e

V
?)

124.ns3.2.spe: ns3.2 Company Name

2020 Sep 24  Al mono  25.0 W  100.0 µ  45.0°  26.00 eV 1.4200e+003 max 5.02 min

C1s/12/1 (Shft Shft)

275280285290295

0

200

400

600

800

1000

1200

1400

1600
124.ns3.2.spe

Binding Energy (eV)

c/
s

 -C
1s

 (2
82

.6
 e

V
, C

ar
bi

de
)

 -C
1s

 (2
84

.7
 e

V
, C

-C
)

 -C
1s

(2
86

.5
 e

V
, C

-O
)

 -C
1s

 (2
88

.7
 e

V
, C

O
O

-)

 -C
1s

 (2
91

.3
 e

V
, p

i-p
i*)

C1s
Pos.    Sep.  %Area  
282.64  0.00   37.64  
284.69  2.05   43.55  
286.46  3.82    8.16  
288.71  6.07    9.87  
291.27  8.63    0.78  
FWHM = 1.65

124.ns3.2.spe: ns3.2 Company Name

2020 Sep 24  Al mono  25.0 W  100.0 µ  45.0°  26.00 eV 1.8542e+002 max 9.24 min

Cl2p/12/1 (Shft)

190195200205210

100

110

120

130

140

150

160

170

180

190

124.ns3.2.spe

Binding Energy (eV)

c/
s

 -C
l2

p1
/2

(1
99

.4
 e

V
)

 -C
l2

p3
/2

 (1
97

.8
 e

V
, C

l- 
in

 c
om

pl
ex

)

Cl2p
Pos.    Sep.  %Area  
197.82  0.00   66.67  
199.42  1.60   33.33  
FWHM = 2.80

Figure S19: XPS binding energies (A) and core level spectra of (B) Fe2p, (C) O1s, (D) N1s, (E) C1s 
and (F) Cl2p of the ns3.2 sample (mostly MIL-101).
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Figure S20: XPS binding energies (A) and core level spectra of (B) Fe2p, (C) O1s, (D) N1s, (E) C1s 
and (F) Cl2p of the ns1.4 sample (MOF-235).
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Figure S21: XPS binding energies (A) and core level spectra of (B) Fe2p, (C) O1s, (D) N1s, (E) C1s 
and (F) Cl2p of the ns2.5 sample (MOF-235).
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Survey.104.NS2.6.spe: NS2.6.MOF-235 (Mixed) Company Name
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Figure S22: XPS binding energies (A) and core level spectra of (B) Fe2p, (C) O1s, (D) N1s, (E) C1s 
and (F) Cl2p of the ns2.6 sample (MOF-235).
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Survey.105.NS1.1.spe: NS1.1 Company Name
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Figure S23: XPS binding energies (A) and core level spectra of (B) Fe2p, (C) O1s, (D) N1s, (E) C1s 
and (F) Cl2p of the ns1.7 sample (slightly amorphous MOF-235).
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Survey.102.NS2.1.spe: NS2.1.MIL-101 Company Name

2020 Mar 17  Al mono  25.0 W  100.0 µ  45.0°  280.00 eV 1.9180e+004 max 4.17 min
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Narrow scans.114.NS2.1.spe: NS2.1.MIL-101 Company Name
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Figure S24: XPS binding energies (A) and core level spectra of (B) Fe2p, (C) O1s, (D) N1s, (E) C1s 
and (F) Cl2p of the ns1.7 sample (slightly amorphous MOF-235).
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Figure S25: XPS binding energies (A) and core level spectra of (B) Fe2p, (C) O1s, (D) N1s, (E) C1s 
and (F) Cl2p of the ns1.7 sample (slightly amorphous MOF-235).
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Figure S26: XPS binding energies (A) and core level spectra of (B) Fe2p, (C) O1s, (D) N1s, (E) C1s 
and (F) Cl2p of the ns1.7 sample (partially amorphous MOF-235).
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Figure S27: Nitrogen adsorption isotherms of the (A) ns1.7, (B) ns2.7, (C) ns3.7 synthesis products 
used to determine the respective BET surface areas. 
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Figure S28: Nitrogen adsorption isotherms of the (A) nsX.1, (B) nsX.2, (C) nsX.3, (D) nsX.4 synthesis 
products used to determine the respective BET surface areas.
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Figure S29: Nitrogen adsorption isotherms of the (A) nsX.5, (B) nsX.6 synthesis products used to 
determine the respective BET surface areas.
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Figure S30: Comparison between XRD patterns of 24 h ex-situ products (“nsX.X-24 h”) and regular 
solvothermal products treated for 24 h at 80°C (“nsX.X”). The syntheses were either conducted with 
a (A) 1:1 or (B) 3:1 DMF:etOH solvent ratio.
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Figure S31: Full N2 adsorption and desorption isotherms of the largest surface area product from the 
“ex-situ synthesis” (ns2.2-24 h, XRD shown in Figure S9).
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Figure S32: Full N2 adsorption and desorption isotherms of ns2.6 (MOF-235(Fe)).
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Figure S33: Full N2 adsorption and desorption isotherms of ns2.5 (MOF-235(Fe)) after 1 year of 
storage in desiccator.
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Figure S34: SEM images of ns2.2-24 h (MIL-101(Fe)) at different magnification levels. Synthesis date: 
September 2020.
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Figure S35: SEM images of ns2.5 (MOF-235(Fe)) at different magnification levels. Synthesis date: 
January 2020. 
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Temperature (°C)

Figure S36: XRD diffractograms at T = 25, 100, 200, 300, 350°C of ns2.2-24 h (MIL-101(Fe)).
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Figure S37: XRD diffractograms at T = 25, 100, 200, 300, 350°C of ns2.5 (MOF-235(Fe)).
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Tables.

Table S1: Elemental analysis by XPS of some of the synthesized solid products.

Synthesis C content (%) N content (%) O content (%) Cl content (%) Fe content (%)
ns2.5 56.7 1.0 28.8 2.0 11.5
ns2.1 59.7 0 28.3 1.0 10.7
ns3.1 58.0 0.1 31.3 0 10.5
ns2.6 59.5 1.1 27.5 2.0 10.2
ns1.1 55.9 2.1 30.7 0 10.9
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Table S2: pH measurements of dispersions of ns2.1 (MIL-101) and ns2.7 (MOF-235) before and after 
methylene blue adsorption.

Synthesis product Sample # pH0 pHafter

ns2.1 1 3.91 4.32
2 3.80 4.69
3 3.79 4.70

Average 3.83 4.57
ns2.7 1 3.99 4.98

2 3.86 4.68
3 3.94 4.87

Average 3.93 4.84
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