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1. Chromatogram of the reference sample

From the analysis of the reference sample by HPLC (Figure S1) it was possible to identify the 

retention time of each compound, thus making easier to determine the composition of the reaction 

product obtained in each experiment.

Figure 
S1. 
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Chromatogram of the reference sample at 259 nm. Relative area: 2 (40.4%), 3 (10.46%), 1 (8.5%), 5 (17.4%), 
6 (8.2%), 4 (15.1%) (the relative areas are presented in the increasing order of the retention time of the 
compounds).1

Table S1 indicates the compounds present in the reference sample, their retention times, and the 

absorption wavelength. The percentage of SA (2) was calculated based on the relative areas of the 

peaks observed in the HPLC chromatograms of the reaction mixture and it was assumed that there is 

no degradation but only transformation of aniline (1) into other products.

Table S1. Compounds present in the reference sample, their retention times (min.) and 

absorption wavelengths (nm)

𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑡 (𝑚𝑖𝑛) 𝜆𝑚á𝑥 (𝑛𝑚)

Sulfanilic acid (2) 7.7 249

3-Aminobenzenesulfonic acid (3) 12.2 237

Aniline (1) 22.4 230

4-Aminobenzene-1,3-disulfonic acid (5) 26.2 256

2-Aminobenzene-1,4-disulfonic acid (6) 28.4 218

2-Aminobenzenesulfonic acid (4) 33.0 239

2. Calculation of the average temperature of heating

Ohmic heating process depends on the electrical impedance, more precisely the AC resistance of 

the reaction medium and the applied voltage. On the other hand, the applied voltage depends on the 

input power from the amplifier, which also depends on the AC resistance of the reaction medium. As 

the distance between electrodes is fixed, the field strength applied will vary from experiment to 

experiment. 

Since our current prototype is not fully automated, the input power was manually adjusted during 

the experiment to maintain the desired temperature. Therefore, an average temperature value is 

indicated for each experiment. 

The methodology followed to determine the average temperature of heating, for each experiment, 

was based on the analysis of the corresponding heating curves [T = f(t)] recorded by the reactor 
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software, as exemplified in Figure S2. To calculate the average temperature of heating, only the values 

corresponding to the time interval where the temperature remains almost constant were considered; 

the temperature values of the initial heating ramp were excluded.
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Figure S2. Graphical representation of the temperature during the heating time [T = f (t)] for the experiment 9.

3.  Images of experiments 7, 9 and 13

Figure S3. Images of experiment 7 at 21 min., 40 min., 1.20 h and 6.00 h (from left to right).
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Figure S4. Images of experiment 9 at 6 min., 19 min. and 4.39 h (from left to right).

Figure S5. Images of experiment 13 at 0 h, 18 min., 30 min., 52 min., 1.36 h and 5.5 h (from left to right).

4. Four-stage reaction sequence for the synthesis of sulfanilic acid in sulfuric acid solvent 
[aniline: sulfuric acid ratio (1:2.65)][1]
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5. Images of the sulfanilic acid obtained in experiments 10, 11 and 13
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Figure S6. Sulfanilic acid obtained in experiments 10, 11 and 13 (from left to right) after dilution with 
water and filtration of the precipitated SA as the insoluble zwitterion. 

6. NMR spectra 
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Figure S7. 1H-NMR spectrum of pure sulfanilic acid used as reference (300.13 MHz, DMSO-d6).
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Figure S8. Expansion of the 1H-NMR spectrum of pure sulfanilic acid used as reference (300.13 MHz, 
DMSO-d6).

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.512.0
f1 (ppm)

-1000

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

11000

12000

13000

14000

15000

16000

17000

18000

19000

20000

21000

22000
Sep21-2022.1.fid
1H-topshim DMSO /opt/topspin3.2/rmn-rotina/VeraSilva_org-as hrt 22

2.
00

2.
00

-0
.0

02
7

0.
85

73
1.

23
30

1.
24

46
1.

95
18

1.
98

72
2.

15
82

2.
43

33
2.

48
77

 D
M

SO
2.

49
40

 D
M

SO
2.

50
03

 D
M

SO
2.

50
66

 D
M

SO
2.

51
29

 D
M

SO
2.

52
48

3.
64

14
 H

2O

5.
75

71

7.
21

89
7.

22
70

7.
23

36
7.

24
87

7.
25

54
7.

26
34

7.
64

05
7.

64
86

7.
65

66
7.

66
33

7.
67

80
7.

68
47

7.
69

27

Figure S9. 1H-NMR spectrum of sulfanilic acid isolated in the experiment 11 (300.13 MHz, DMSO-d6).
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Figure S10. Expansion of 1H-NMR spectrum of sulfanilic acid isolated in the experiment 11 (300.13 MHz, 
DMSO-d6).

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.512.0
f1 (ppm)

-2000

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

22000

24000

26000

28000

30000

32000

34000

Sep21-2022.2.fid
1H-topshim DMSO /opt/topspin3.2/rmn-rotina/VeraSilva_org-as hrt 23

1.
05

1.
00

-0
.0

03
1

1.
23

26

2.
48

73
 D

M
SO

2.
49

36
 D

M
SO

2.
49

99
 D

M
SO

2.
50

62
 D

M
SO

2.
51

25
 D

M
SO

2.
52

45
2.

63
13

3.
99

96
 H

2O

7.
22

73
7.

23
54

7.
24

20
7.

25
71

7.
26

38
7.

27
15

7.
64

96
7.

65
73

7.
66

40
7.

67
94

7.
68

57
7.

69
38

9.
35

78

Figure S11. 1H-NMR spectrum of sulfanilic acid isolated in the experiment 13 (300.13 MHz, DMSO-d6).
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Figure S12. 1H-NMR spectrum of pure 4-aminobenzene-1,3-disulfonic acid used as reference (300.13 MHz, 
DMSO-d6).
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Figure S13. 1H-NMR spectrum of the product obtained in experiment 10 (300.13 MHz, DMSO-d6).
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7. Experimental setup of the experiments using vacuum 

1 – Trap

2 – Vacuum System

3a e 3b – Supports

4 – Adapter

Figure S14. Experimental setup for the experiments performed using vacuum to promote the splitting of 
water.

8. Images of the electrodes

Figure S15. Rectangular (left) and cylindrical (right) stainless steel 316 electrodes.

9. Structure of sulfanilic acid 

S

NH2

OH
OO

Figure S16. Directing effects of the substituent groups in the structure of sulfanilic acid.
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10. Images of the sulfonation of aniline using conventional heating

Figure S17. Sulfonation of aniline using the conventional heating method.

11. Chromatograms of experiments 1-13 

Figure S18. Chromatogram of the product obtained in experiment 1. Relative area: 100% of aniline (1).
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Figure S19. Chromatogram of the product obtained in experiment 2. Relative areas: SA (2) (0.3%) and 
aniline (1) (99.7%) .

Figure S20. Chromatogram of the product obtained in experiment 3. Relative areas: SA (2) (28.3%), 
aniline (1) (65.5%), 1,3-ADS (5) (2.9%) and 2-aminobenzenesulfonic acid (4) (3.3%).
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Figure S21. Chromatogram of the product obtained in experiment 4. Relative area: SA (2) (23.4%), 
aniline (1) (71.5%), 1,3-ADS (5) (2.1%) and 2-aminobenzenesulfonic acid (4) (3.0%).

Figure S22. Chromatogram of the product obtained in experiment 5. Relative areas: SA (2) (28.1%), 
aniline (1) (67.5%), 1,3-ADS (5) (0.8%) and 2-aminobenzenesulfonic acid (4) (3.7%).
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Figure S23. Chromatogram of the product obtained in experiment 6. Relative areas: SA (2) (76.6%), 
aniline (1) (20.4%), 1,3-ADS (5) (0.8% ) and 2-aminobenzenesulfonic acid (4) (2.2%).

Figure S24. Chromatogram of the product obtained in experiment 7. Relative areas: SA (2) (83.8%), 
aniline (1) (13.5%), 1,3-ADS (5) (0.9%) and 2-aminobenzenesulfonic acid (4) (1.8%).
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Figure S25. Chromatogram of the product obtained in experiment 8. Relative areas: SA (2) (93.2%) and 
aniline (1) (6.8%).

Figure S26. Chromatogram of the product obtained in experiment 9. Relative areas: SA (2) (91.3%) and 
aniline (1) (7.6%) and 2-aminobenzenesulfonic acid (4) (1.1%).
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Figure S27. Chromatogram of the product obtained in experiment 10. Relative area: SA (2) (92.3%), 
aniline (1) (1.3%) and 1,3-ADS (5) (6.4%).

Figure S28. Chromatograms of the samples analyzed during experiment 11. Samples taken every 30 min until 
2.5 h of heating.1
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Figure S29. Chromatograms of the samples analyzed during experiment 11. Samples taken every 30 min from 
3 h to 5 h of heating.1
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Figure S30. Chromatograms of the samples analyzed during experiment 12. Samples taken every 1 h until 5 h 
of heating.1
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Figure S31. Chromatograms of the samples analyzed during experiment 13. Samples taken every 1 h until 
5.29 h of heating.1

__________________________

  The chromatograms of Figures S28-S31, are organized by increasing reaction time from left to right and up to 

down. Peaks in all chromatograms are numbered sequentially and those numbers do not correspond to the 

compounds’ numbers given in the paper.
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