Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2023

Real-time in-situ monitoring using visible spectrophotometry as a
tool for probing electrochemical advanced oxidation processes for
dye decolorisation

Chelsea M. Schroeder, Taylor M. Koehler, Kristiane K. Ohlhorst, and Nicholas E. Leadbeater*
Department of Chemistry, University of Connecticut, 55 North Eagleville Road, Storrs, CT 06269-3060, USA.

*E-mail: nicholas.leadbeater@uconn.edu

SUPPORTING INFORMATION

TABLE OF CONTENTS
STL Files for 3D Printed APPATALUS .............uueerreessueeriissseeeisissvenssssssssssssssssssssssssssssssssssssssssssssssssssssns
ACIU OFANGE 7 (AD7T).....oeeeeeeeeeeeiieiiiireeennnssissssssssssnnsssssssssssssssssssssssssssssssssssssssssssssssssnsssssssssssssssnnsssssnns
ADSOIDANCE SPECLIA ... iiieeeeeccceiiitrrieereeeesrerreeeane s eeesseeerennssssseesseeeennnsssssssseeeesnnsssssssssseeesnnnnsssssssseeesnnnnnsnnssnnnns
Plot of percent dye remaining Vs tiMe .....cccuuuuiiiiiiiiiiiiiiiiciiiiiiiiiesiinessessssisesiieesssssssssssssssessssssssssssssssssans
ACid Orange 10 (AOIL0)...........euueeeeereeereesssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses
ADSOrDANCE SPECLIA ... iiieeeeecceiiiiirteeeerreeeerrrreee e rsees s e e e e snnsssssesseeesnnnsssssssseeresnnsssssssssseeesnnnsssssssssneesnnnnnsnssssnnn
Plot of percent dye remaiNing VS TiME .....ccceeeeeeiiiiiiiiiiieccceeetieeeinnneeeeeseeeennnssssseeeseeesnnnsssssssssesennanssssssensesennnns
oL T Y 1 )
P o101 4 e Y- T Lol o 1= o o - TRt
Plot of percent dye remainNing VS tiMe .....ccceeeeeeiiiiiiiiiiirsccrtrreereeeessee s s e e ernnnssssesssseennanssssssssseeennnnssssssssnesennnns
oL 2 L= -V 1 1
ADSOIDANCE SPECIIA...cceuiiiiiieiiiiiiiiiiiitiiiieneiitieneiitienssisteenssistenssssssensssssasnsssssesnssssssnnssssssnnssssssnsssssssnsssssssnsssses
Plot of percent dye remaining Vs tIMe ....cccuu it rreneeereensessenasessennssessenssssssensssssssnsssssnnssans
BASIC VIOICE 3 (BV3) .eeeeeeeeeeeeeeeeeeinueseeeeeeeeeennnnsssssssessssesssnsssssssssssssssnnsssssssssssssssnnssssssssssssessssnnnsssssssssnes
ADSOIDANCE SPECLIA .. cceueiiiiieiiiiieeiierteeeetteneeeetteneseeteenssereenssessensssssesnsssssesnssssssanssssssnnssesssnsssssssnsssssssnssesssnnssnes
Plot of percent dye remainNing VS TiMe .....ccceeuueeiiiiiiiiiiiicceeetireeiennseeesseeeennnsssseesseeesnansssssssssesesnanssssssensesennnns
ACIA VIOICE 19 [AV19)...eeueeeeeeeeeieereeeurerreenaesereensseesesmssessensssessesssssesssnssssssennsssesssnssssssssnsssssssnssssessnnssnsnes
ADSOIDANCE SPECIIA...ccuuiiiiiieiiiiiiciiiittiiiteneiitieneietienssisteenssistennsssttensssssaensssssesnssssssnnssssssnnssssssnsssssssnssssssnnsssses

Plot of percent dye remaining VS tIME ....cccuuiiiieiiiiiieeiiiiieeiccireneerrenseereenseerennseessennseessensseessenssessssnssesssnnssanes

S1



ACIH REA 51 (ARS1)..eeeeeerereeeereresesssesessssssasestssasssesessssssassssssssasessasasasessasssssestassssastasssssssssasnssssssasass 10

F:Y o X¥oT o o T- T Lol o T=Tot o - TSP UPRPRt 10
Plot of percent dye remaining Vs tiMe ......cccuuuiiiiiiiiiiiiiiniiiniiiiiieniiieiisssseeeiiseessssssesiisessssssssssssssesses 10
ACIH REA 87 (ARB7) ....eeeeeeeiiiciicisiiississssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 11
1Yo 13015 o -1 Tol=Ty o 1=T o1 1 - TRt 11
Plot of percent dye remaining VS tiMe .....ccceeeeeeiiiiiiiiiiieccecerirerennnsseeeseeesnnnssssssessesesnnnsssssssssesssnnnssssssssnasennnn 11
ACIH REA 91 (ARGL) ....ceueeeeeeisisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 12
ADSOIDANCE SPECEIIA...ccuuiiiieeiiiiiiiiiiriirrenitrteeeierreneieteanssessennssstenssssseenssessennsssssennsssssensssssssnssssssnnssssssnnsnans 12
Plot of percent dye remaining VS tiMe .....ccceeeeuiiiiiiiiiiiiicciiinrrreeessces s reerreesssseesseeesnnnsssssssssssssnnsssssssssnaeennnn 12
First Order rat@ CONSTANLS .........ueeeeereiiiiissssueeeeeiiiiiisiissssneesssiisissssssssssssssissssssssssssssssssssssssssssssssssssssssssns 13

S2



STL Files for 3D Printed Apparatus
.stl Files for the 3D-Printed Continuous Monitoring System can be accessed at:
https://drive.google.com/drive/folders/1m]G3-UcBzAMPNOvbM13GWpU37FFQ-Xp4?usp=sharing
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Acid Orange 7 (AO7)

Absorbance spectra
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Figure 1: AO absorbance spectrum of AO7. Conditions: graphite
anode, graphite cathode, [AO7] = 100 uM, [Na,S;0s] = 14 mM,
stirring = 1000 rpm, current =5 mA, overlay spectrum recorded
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every minute from 4 - 30 min. Trial 1 of 3.
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Figure 2: EAP absorbance spectrum of AO7. Conditions: BDD
anode, graphite cathode, [AO7] = 100 uM, [Na;S,0g] = 14 mM,
stirring = 1000 rpm, current =5 mA, overlay spectrum recorded

every minute from 4 - 30 min. Trial 1 of 3.
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Figure 3: AO- and EAP-mediated decolorisation of Acid Orange 7 as a function of time at a Apax = 484.16 nm.
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Acid Orange 10 (AO10)

Absorbance spectra
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Figure 4: AO absorbance spectrum of AO10. Conditions: graphite  Figure 5: EAP absorbance spectrum of AO10. Conditions: BDD
anode, graphite cathode, [AO10] = 100 uM, [Na,S,0g] = 14 mM, anode, graphite cathode, [AO10] = 100 uM, [Na;S;0g] = 14 mM,
stirring = 1000 rpm, current =5 mA, overlay spectrum recorded  stirring = 1000 rpm, current =5 mA, overlay spectrum recorded

every minute from 4 - 30 min. Trial 1 of 3. every minute from 4 - 30 min. Trial 1 of 3.
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Figure 6: AO- and EAP-mediated decolorisation of AO10 as a function of time at a Amgx = 475.54 nm.
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Acid Red 18 (AR18)
Absorbance spectra
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Figure 7: AO absorbance spectrum of AR18. Conditions: graphite  Figure 8: EAP absorbance spectrum of AR18. Conditions: BDD

anode, graphite cathode, [AR18] = 100 uM, [Na,S,0s] = 14 mM, anode, graphite cathode, [AR18] = 100 uM, [Na,S;0s] = 14 mM,

stirring = 1000 rpm, current = 5 mA, overlay spectrum recorded  stirring = 1000 rpm, current =5 mA, overlay spectrum recorded
every minute from 6 - 40 min. Trial 1 of 3. every minute from 6 - 40 min. Trial 1 of 3.
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Figure 9: AO- and EAP-mediated decolorisation of AR18 as a function of time at a Amgx= 507.02 nm.
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Acid Blue 1 (AB1)

Absorbance spectra
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Figure 10: AO absorbance spectrum of AB1. Conditions: graphite ~ Figure 11: EAP absorbance spectrum of AB1. Conditions: BDD
anode, graphite cathode, [AB1] = 100 uM, [Na,S,0s] = 14 mM,  anode, graphite cathode, [AB1] = 100 uM, [Na»S;0s] = 14 mM,
stirring = 1000 rpm, current =5 mA, overlay spectrum recorded  stirring = 1000 rpm, current = 5 mA, overlay spectrum recorded

every minute from 10 - 60 min. Trial 1 of 3. every minute from 9 - 60 min. Trial 1 of 3.

Plot of percent dye remaining vs time
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Figure 12: AO- and EAP-mediated decolorisation of AB1 as a function of time at a AmaxpH 0.62 = 436.82 nm, AmaxpH 7 = 638.04 nm.
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Basic Violet 3 (BV3)

Absorbance spectra
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Figure 13: AO absorbance spectrum of BV3. Conditions: graphite ~ Figure 14: EAP absorbance spectrum of BV3. Conditions: BDD
anode, graphite cathode, [BV3] = 100 uM, [Na,S;0s] = 14 mM,  anode, graphite cathode, [BV3] = 100 uM, [Na,S,0s] = 14 mM,
stirring = 1000 rpm, current = 5 mA, overlay spectrum recorded  stirring = 1000 rpm, current = 5 mA, overlay spectrum recorded

every minute from 19 - 120 min. Trial 1 of 3. every minute from 19 - 120 min. Trial 1 of 3.
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Figure 15: AO- and EAP-mediated decolorisation of AV3 as a function of time at a Amax = 589.09 nm.
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Acid Violet 19 (AV19)
Absorbance spectra
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Figure 16: AO absorbance spectrum of AV19. Conditions: Figure 17: EAP absorbance spectrum of AR18. Conditions: BDD

graphite anode, graphite cathode, [AV19] = 100 uM, [Na,S;0s] = anode, graphite cathode, [AR18] = 100 uM, [Na,S;0s] = 14 mM,

14 mM, stirring = 1000 rpm, current = 5 mA, overlay spectrum  stirring = 1000 rpm, current =5 mA, overlay spectrum recorded
recorded every minute from 25 - 105 min. Trial 1 of 3. every minute from 14 - 105 min. Trial 1 of 3.
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Figure 18: AO- and EAP-mediated decolorisation of AV19 as a function of time at a Amax = 545.20 nm.
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Acid Red 51 (AR51)

Absorbance spectra
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Figure 19: AO absorbance spectrum of AR51. Conditions: Figure 20: EAP absorbance spectrum of AR51. Conditions: BDD

graphite anode, graphite cathode, [AR51] = 100 uM, [Na,S,0g] = anode, graphite cathode, [AR51] = 100 uM, [Na,S,0s] = 14 mM,

14 mM, stirring = 1000 rpm, current =5 mA, overlay spectrum  stirring = 1000 rpm, current = 5 mA, overlay spectrum recorded
recorded every minute from 3 - 90 min. Trial 1 of 3. every minute from 3 - 90 min. Trial 1 of 3.

Plot of percent dye remaining vs time
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Figure 21: AO- and EAP-mediated decolorisation of AV19 as a function of time at a Amax=525.47 nm.
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Acid Red 87 (AR87)
Absorbance spectra
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Figure 22: AO absorbance spectrum of AR87. Conditions: Figure 23: EAP absorbance spectrum of AR87. Conditions: BDD

graphite anode, graphite cathode, [AR87] = 100 uM, [Na,S,0s] = anode, graphite cathode, [AR87] = 100 uM, [Na;S;0s] = 14 mM,

14 mM, stirring = 1000 rpm, current = 5 mA, overlay spectrum  stirring = 1000 rpm, current =5 mA, overlay spectrum recorded

recorded every minute from 6 - 59 min, then every other minute every minute from 5 - 59 min, then every other minute until 105
until 105 min. Trial 1 of 3. min. Trial 1 of 3.
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Figure 24: AO- and EAP-mediated decolorisation of AR87 as a function of time at a Amax=515.90 nm.
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Acid Red 91 (AR91)
Absorbance spectra
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Figure 25: AO absorbance spectrum of AR91. Conditions: Figure 26: EAP absorbance spectrum of AR18. Conditions: BDD

graphite anode, graphite cathode, [AR91] = 100uM, [Na,S,0s] = anode, graphite cathode, [AR18] = 100uM, [Na,S,0s] = 14 mM,
14 mM, stirring = 1000 rpm, current =5 mA, overlay spectrum  stirring = 1000 rpm, current = 5 mA, overlay spectrum recorded
recorded every minute from 2 - 45 min, then every other minute every minute from 1 — 80 min. Trial 1 of 3.
until 105 min. Trial 1 of 3.
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Figure 27: AO- and EAP-mediated decolorisation of AR91 as a function of time at a Apax=519.45 nm.
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First order rate constants

Table 1: First order rate constants at 20 min for nine dyes under two decolorisation protocols. AO conditions: Graphite anode and cathode,
[Dye] = 100 uM, [Na,S;0s] = 14 mM, stirring = 1000 rpm, | = 5 mA. EAP conditions: BDD anode, graphite cathode, [Dye] = 100 uM, [Na,S;0s]

=14 mM, stirring = 1000 rpm, | =5 mA.

Acid Orange | Acid Orange | Acid Red | Acid Blue Basic Acid Violet Acid Red Acid Red Acid Red
7 10 18 1 Violet 3 19 51 87 91
AO 3.51x10° 2.42 x103 2.12x10° | 1.87 x1073 1.64 x1073 1.15x1073 2.59x10° | 2.47x10° | 2.97x103
(ks™)
EAP 3.71x10°% 3.48 x10°® 3.17 x10° | 2.17 x10°® 1.64 x10° 1.99 x10°% 2.60x10° | 2.61x10% | 3.54x10°%
kst
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