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I. Materials  
Dichloromethane (DCM) was dried and deoxygenated using an MBraun solvent 
purification system composed of activated alumina, copper catalyst, and molecular 
sieves. All other reagent-grade materials and solvents were purchased from Millipore 
Sigma, Oakwood, or Alfa Aesar and used without further purification.  
 
3,6-dimethylthio-1,2,4,5-tetrazine (Tz–SMe ≥95%, Lot: MKBx4007V) was purchased from 
Millipore Sigma and 3,6-dichloro-1,2,4,5-tetrazine (95%, Lot: SPC-h526-11082020) was 
purchased from Spiro Chem. Tetra(n-butyl)ammonium hexafluorophosphate (TBAPF6, 
electrochemical analysis ≥99.0%) was purchased from Millipore Sigma and recrystallized 
once from ethanol (100 g TBAPF6 in 400 mL of ethanol). Tetra(n-butyl)ammonium 
tetrafluoroborate (TBABF4, electrochemical analysis ≥99.0%), tetra(n-butyl)ammonium 
bis-trifluoromethanesulfonimite (TBATFSI, electronic purposes ≥99.0%), acetonitrile 
(ACN, anhydrous 99.8%), N,N-dimethylacetamide (DMA, anhydrous 99.8%), N,N-
dimethylformamide (DMF, anhydrous 99.8%) were purchased from Millipore Sigma. All 
electrolyte salts were dried at 110 °C in a vacuum oven for 48 hours. Molecular sieves (4 
Å, 8–12 mesh) were purchased from Fisher and activated by heating to 200 °C under 
vacuum for 12 h. 
 
Flash chromatography was performed on Biotage Snap Ultra silica gel (40–63 µm) using 
a Biotage Isolera One. Thin-layer chromatography was performed on Merck TLC plates 
(pre-coated with silica gel 60 F254). The glovebox in which specified procedures were 
carried out was an MBraun LABmaster 130 with a N2 atmosphere with <0.5 ppm water 
and <0.5 ppm oxygen. 
 
Zero-gap flow cell components were fabricated by the University of Michigan Literature, 
Science, and the Arts scientific instrument shop according to JCESR Gen 2 Flow cell 
specifications.1 Graphite flow fields (machined from Tokai G347B graphite 3.18 mm 
thick), compressive PTFE gaskets (GORE® gasket tape without adhesive 2" x 0.010" x 
50' from Johnson Packings), non-woven carbon felt electrodes (Sigracet 29AA, 1.7 × 1.5 
cm with an active area of 2.55 cm2), Daramic-175 membrane (Daramic Inc., ~2 × 2 cm), 
PFA reservoirs (Savillex, 10 mL, 1 8#  in ports), PFA tubing  (Swagelock, 1 8#  in), Masterflex 
Norprene tubing L/S-14, Masterflex L/S pump driver and head from (Cole-Parmer). 
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II. General Experimental  
NMR Spectroscopy – 1H and 13C NMR spectra for all compounds were acquired at room 
temperature on Varian VNMRS 600, Varian VNMRS 500, and Bruker Avance Neo 500. 
Chemical shift data are reported in units of δ (ppm) relative to tetramethylsilane (TMS) 
and referenced against deuterated chloroform (CDCl3).  
 
High Resolution Mass Spectrometry (HRMS) – Data was obtained on a Micromass 
AutoSpec Ultima Magnetic Sector mass spectrometer using electron impact ionization 
(EI). 
 
Elemental Analysis (EA) – EA was performed by Atlantic Microlab, Inc. Norcross, GA.   
 
Electrochemistry – All electrochemistry experiments were performed in a VSP Bio-Logic 
potentiostat with capabilities for impedance spectroscopy from 10 µHz to 1 MHz, voltage 
± 10 V, current ranging from 10 μA up to 1 A. Cyclic voltammograms were performed with 
iR compensation. All experiments were carried out in N2-filled glove box (MBraun 
Labmaster 130) with <0.5 ppm water and <0.5 ppm oxygen.  
 
Spectroelectrochemistry – Measurements were done using a spectroelectrochemical cell 
kit from Pine Research Instrumentation. UV-vis spectra were obtained on an Agilent 8453 
diode array spectrometer and electrochemical analysis was performed using a CH 
Instruments 650E potentiostat. 

Gas chromatography – Analysis was done using a Shimadzu GC 2010 containing a 
Restek Rtx-5MS (crossbound 5% diphenyl – 95% dimethyl polysiloxane; 15 m, 0.25 mm 
ID, 0.25 μm df) column.  
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III. Synthetic Procedures  

 
 
3,6-Dimethyl-1,2,4,5-tetrazine (Tz–Me). In a 250 mL round-bottom flask equipped with 
a stir bar, acetamidine hydrochloride (2.14 g, 22.6 mmol, 1.00 equiv) was dissolved in 
deionized water (10.0 mL) followed by hydrazine hydrate (1.4 mL, 45.2 mmol, 2.00 equiv). 
The solution was stirred for 5 h at rt. Then sodium nitrite (7.80 g, 113 mmol, 5.00 equiv) 
dissolved in deionized water (13.0 mL) was added while stirring. The solution was cooled 
to 0 °C using an ice-water bath and acidified until pH~4 (pH strip) with slow addition of 
acetic acid (7.70 mL, 136 mmol, 6.00 equiv) in 3.00 mL increments. The resulting dark 
pink solution was extracted with DCM (2 x 70 mL). The organic layers were combined 
and dried over Mg2SO4, filtered, and concentrated in vacuo at rt (to prevent sublimation 
of the product). Tz–Me was purified by sublimation (under static vacuum at rt using dry 
ice/acetone as coolant), placed under N2 atmosphere, and transferred to a N2 glovebox 
in the sublimation apparatus, to afford Tz–Me as a dark pink/red crystalline solid (0.36 g, 
3.27 mmol, 29% yield). 
  
HRMS (EI): Calc’d. for C4H6N4 [M+H]+ 445.2638; found 445.2641. 
 
EA: Calc’d. for C4H6N4 C, 43.6; H, 5.5; N, 50.9; found C, 42.7, H, 5.4, N, 49.6.  
 
NMR: 1H NMR (400 MHz, CDCl3) δ 3.04 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 167.35, 
21.16 (see Figure S1 on page S6).   
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3,6-Dimethoxy-1,2,4,5-tetrazine (Tz–OMe). In a 1000-mL flame-dried round-bottom 
flask, a stir bar and 800 mL of dry DCM were added under N2. Then, 3,6-dichloro-1,2,4,5-
tetrazine (10.3 g, 68.2 mmol, 1.00 equiv), anhydrous methanol (27.0 mL, 667 mmol, 10.0 
equiv), and 4-dimethylaminopyridine (DMAP) (32.3 g, 265 mmol, 4.00 equiv) were added 
sequentially. There was an immediate color change to a bright, milky orange after adding 
DMAP. After 10 min, the solution was a deep clear, red/purple. After another 10 min, no 
Tz–Cl was observed according to TLC (20:80 EtOAc:hexanes). After an additional 25 
min, the DCM was removed in vacuo, the solids redissolved in 200 mL of 20:80 
EtOAc:hexanes and passed through a silica plug. The plug was washed with hexanes 
(~400 mL), and the combined eluent was concentrated in vacuo. The product was purified 
by column chromatography (Biotage gradient 100:0 to 40:60 hexanes:EtOAc) to afford 
Tz–OMe (8.87 g, 61.2 mmol, 92% yield) as a bright pink/orange crystalline solid.  
 
Rf: 0.38 in 80:20 hexanes:EtOAc 
 
HRMS (EI): Calc’d. for C4H6N4O2 [M+H]+ 142.0491; found 142.0496. 
 
EA: Calc’d. for C4H6N4O2 C, 33.8; H, 4.3; N, 39.4; found C, 34.08, H, 4.05, N, 39.4. 
 
NMR: 1H NMR (400 MHz, CDCl3) δ 4.25 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 166.57, 
56.84 (see Figure S2 on page S7) 
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IV. NMR Spectra  

 

 
Figure S1. 1H and 13C NMR spectra of Tz–Me. 1H NMR (400 MHz, CDCl3) δ 3.04 (s, 
6H). 13C NMR (126 MHz, CDCl3) δ 167.35, 21.16. 
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Figure S2. 1H and 13C NMR spectra of Tz–OMe. 1H NMR (400 MHz, CDCl3) δ 4.25 (s, 
6H). 13C NMR (126 MHz, CDCl3) δ 166.57, 56.84. 
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Figure S3. 1H and 13C NMR spectra of Tz–SMe (Sigma ≥95%, Lot: MKBx4007V). 1H 
NMR (400 MHz, CDCl3) δ 2.71 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 172.85, 13.41. 
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V. Solubility 
The solubilities of neutral s-tetrazines were determined using 1H NMR spectroscopy in 
ACN, 0.5 M TBAPF6 in ACN, and 1:1 Tz–OMe:TBAPF6 in ACN. 
  
Tz–OMe in ACN  
A known amount of tetrazine (0.300–0.500 g) was added to a 3 mL glass vial with a stir 
bar, then ACN or 0.5 M TBAPF6 in ACN was added in small increments (~0.1 mL) until 
the tetrazine was fully dissolved.  
 
Tz–OMe in 0.5 M TBAPF6 in ACN 
A known amount of tetrazine (0.300–0.500 g) was added to a 3 mL glass vial with a stir 
bar, then 0.5 M TBAPF6 in ACN solution was added in small increments (~0.1 mL) until 
the tetrazine was fully dissolved. 
 
1:1 Tz–OMe:TBAPF6 in ACN 
Using equal moles (0.9 mmol) of each in a 3 mL glass vial followed by the dropwise 
addition of ACN in 30 s intervals to allow the solids to dissolve before adding more solvent 
(~0.4 mL total). 
 
1:1 Tz–OMe:DBBB in 0.5 M TBAPF6 in ACN 
Using equal moles (1 mmol) of each in a 3 mL glass vial followed by the dropwise addition 
of electrolyte solution in 30 s intervals to allow the solids to dissolve before adding more 
solvent (~1.4 mL total).  
 
All vials were capped to minimize evaporation and the mixture was stirred for 16 h at rt. 
Then, the mixture was filtered using a syringe filter (Machery-Nagel CHROMAFIL Xtra H-
PTFE 0.45 μm) to remove the undissolved tetrazine. The NMR sample was prepared by 
mixing a known aliquot (200–300 μL) of the soluble tetrazine solution and an aliquot of 3 
M 1,4-bis(trifluoromethyl)benzene in CDCl3 to afford a total volume of 600 μL. To allow 
adequate interval in between excitation pulses and sampling time, the 1H NMR spectrum 
was acquired in 1 scan with 60 s relaxation delay. Below are example calculations of the 
concentration for each type of experiment performed. This measurement was performed 
in triplicate for each neutral species, and the concentrations were averaged (see Table 
S1).  
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Example of solubility calculations for Tz–Me in ACN 
 

𝑛 = 𝑚𝑜𝑙𝑒𝑠; 	𝐼𝑆 = 	𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙	𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑; 	𝑇 = 𝑡𝑒𝑡𝑟𝑎𝑧𝑖𝑛𝑒;		
𝐴 = 𝑝𝑟𝑜𝑡𝑜𝑛	𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑜𝑛; 	M = 𝑚𝑜𝑙𝑎𝑟𝑖𝑡𝑦; 𝑉 = 𝑣𝑜𝑙𝑢𝑚𝑒	𝑜𝑓	𝑇𝑧	𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 

 
 
𝑛!" = 12 × 10#$	mol	 
 
𝐴%
𝐴!"

=
5.1

6	#
4
4		#

= 0.85 =
𝑛%
𝑛!"

 

     
𝑛% = 10 × 10#$	𝑚𝑜𝑙 
 
M% =	

𝑛%
𝑉

 

M% =	
10 × 10#$	𝑚𝑜𝑙
2 × 10#$	𝐿

	
 
M% = 5.0	M     
 

 
Figure S4: 1H NMR spectrum of Tz–Me in ACN (200 μL) and 3 M 1,4-
bis(trifluoromethyl)benzene in CDCl3 (400 μL). 
 
  

H2O
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Figure S5. 1H NMR spectrum of Tz–OMe in ACN (200 μL) and 3 M 1,4-
bis(trifluoromethyl)benzene in CDCl3 (400 μL). 
 

Figure S6. 1H NMR spectrum of Tz–SMe in ACN (200 μL) and 3 M 1,4-
bis(trifluoromethyl)benzene in CDCl3 (400 μL). 
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Example of solubility calculations for Tz–Me in 0.5 M TBAPF6 in ACN 
 

𝑛 = 𝑚𝑜𝑙𝑒𝑠; 	𝐼𝑆 = 	𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙	𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑; 	𝑇 = 𝑡𝑒𝑡𝑟𝑎𝑧𝑖𝑛𝑒;		
𝐴 = 𝑝𝑟𝑜𝑡𝑜𝑛	𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑜𝑛; 	M = 𝑚𝑜𝑙𝑎𝑟𝑖𝑡𝑦; 𝑉 = 𝑣𝑜𝑙𝑢𝑚𝑒	𝑜𝑓	𝑇𝑧	𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 

 
𝑛!" = 9 × 10#$	mol	 
	
𝐴%
𝐴!"

=
9.4

6#
4
4#
= 1.56 =

𝑛%
𝑛!"
																					 

 
𝑛% = 14 × 10#$	𝑚𝑜𝑙																																													   
 
M% =	

𝑛%
𝑉

 

 
M! =	

14 × 10"#	𝑚𝑜𝑙
3 × 10"#	𝐿  

 
M% = 4.7	M                     

 
Figure S7. 1H NMR spectrum of Tz–Me in 0.5 M TBAPF6 in ACN (300 μL) and 3 M 1,4-
bis(trifluoromethyl)benzene in CDCl3 (300 μL). * peaks are from the butyl chain of 
TBAPF6. 
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Figure S8. 1H NMR spectrum of Tz–OMe in 0.5 M TBAPF6 in ACN (300 μL) and 3 M 1,4-
bis(trifluoromethyl)benzene in CDCl3 (300 μL). * peaks are from the butyl chain of 
TBAPF6. 

 
Figure S9. 1H NMR spectrum of Tz–SMe in 0.5 M TBAPF6 in ACN (300 μL) and 3 M 1,4-
bis(trifluoromethyl)benzene in CDCl3 (300 μL). * peaks are from the butyl chain of 
TBAPF6. 
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Example of solubility calculations for 1:1 Tz–OMe:TBAPF6 in ACN 
 

𝑛 = 𝑚𝑜𝑙𝑒𝑠; 	𝐼𝑆 = 	𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙	𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑; 	𝑇 = 𝑡𝑒𝑡𝑟𝑎𝑧𝑖𝑛𝑒;		
𝐴 = 𝑝𝑟𝑜𝑡𝑜𝑛	𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑜𝑛; 	M = 𝑚𝑜𝑙𝑎𝑟𝑖𝑡𝑦; 𝑉 = 𝑣𝑜𝑙𝑢𝑚𝑒	𝑜𝑓	𝑇𝑧	𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 

 
																													𝑛!" = 12 × 10#$	mol	 
 

𝑻𝒛–𝑶𝑴𝒆										
𝐴%
𝐴!"

=
0.82

6#
4
4#

= 0.14 =
𝑛%
𝑛!"
	 

	
																													𝑛% = 1.6 × 10#$	𝑚𝑜𝑙 
 
																													M% =	

𝑛"
3 × 10#$	𝐿

= 0.82	𝑀	𝑇𝑧–𝑂𝑀𝑒 
 

𝑻𝑩𝑨𝑷𝑭𝟔 												
𝐴%'(!
𝐴!"

=
1.03

8#
4
4#

= 0.14 =
𝑛%'(!
𝑛!"

 

 
																													𝑛%'(! = 1.5 × 10#$	𝑚𝑜𝑙 
 
																														M%'()*" =

𝑛"
3 × 10#$	𝐿

= 0.77	M	TBAPF+ 
                   

Figure S10. 1H NMR spectrum of Tz–OMe:TBAPF6 in ACN (200 μL) and 3 M 1,4-
bis(trifluoromethyl)benzene in CDCl3 (400 μL). * peaks are from the butyl chain of 
TBAPF6. 
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Example of solubility calculations for 1:1 Tz–OMe:DBBB in 0.5 M TBAPF6 in ACN 
 

𝑛 = 𝑚𝑜𝑙𝑒𝑠; 	𝐼𝑆 = 	𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙	𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑; 	𝑇 = 𝑡𝑒𝑡𝑟𝑎𝑧𝑖𝑛𝑒; 𝐷𝐵𝐵𝐵: 𝑐𝑎𝑡ℎ𝑜𝑙𝑦𝑡𝑒		
𝐴 = 𝑝𝑟𝑜𝑡𝑜𝑛	𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑜𝑛; 	M = 𝑚𝑜𝑙𝑎𝑟𝑖𝑡𝑦; 𝑉 = 𝑣𝑜𝑙𝑢𝑚𝑒	𝑜𝑓	𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 

 
																													𝑛!" = 12 × 10#$	mol	 
 

𝑻𝒛–𝑶𝑴𝒆										
𝐴%
𝐴!"

=
1.07

6#
4
4#

= 0.18 =
𝑛%
𝑛!"
	 

	
																													𝑛% = 2.1 × 10#$	𝑚𝑜𝑙 
 
																													M" =	

𝑛"
3 × 10#$	𝐿

= 0.71	𝑀	𝑇𝑧–𝑂𝑀𝑒 
 

𝑫𝑩𝑩𝑩												
𝐴,'''
𝐴!"

=
0.70

4#
4
4#

= 0.18 =
𝑛,'''
𝑛!"

 

 
																													𝑛,''' = 2.1 × 10#$	𝑚𝑜𝑙 
 
																														M,''' =

𝑛"
3 × 10#$	𝐿

= 0.70	M	DBBB 

Figure S11. 1H NMR spectrum of Tz–OMe:TBAPF6 in ACN (200 μL) and 3 M 1,4-
bis(trifluoromethyl)benzene in CDCl3 (400 μL). Peaks labeled with an * are from the butyl 
chain of TBAPF6 and peaks labeled with ^ correspond to DBBB. 
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Table S1. Solubility estimates calculated from 1H NMR spectra for Tz–Me, Tz–OMe, and 
Tz–SMe in ACN and in 0.5 M TBAPF6 in ACN at room temperature. 

 
Trial 

1H NMR 
integration 

calculated 
molarity 

(M) 
average (M)  

Tz–Me 
ACN 

1 4.1 4.1 
4.5 ± 0.4 2 5.1 5.1 

 3a 3.0 4.4 

Tz–OMe 
ACN 

1 2.4 2.4 
2.3 ± 0.1 2 2.2 2.2 

3 2.4 2.4 

Tz–SMe 
ACN 

1 1.3 1.3 
1.5 ± 0.3 2 1.3 1.3 

3 1.8 1.8 
Tz–Me 

0.5 M TBAPF6 
ACN 

1 8.7 4.4 
4.3 ± 0.5 2 9.4 4.7 

3 7.6 3.8 
Tz–OMe 

0.5 M TBAPF6 
ACN 

1 4.0 2.0 
2.0 ± 0.3 2 4.7 2.4 

3 3.5 1.8 
Tz–SMe 

0.5 M TBAPF6 
ACN 

 1b 1.5 1.0 
0.9 ± 0.1 2 1.5 0.8 

3 1.9 1.0 

1:1  
Tz–OMe:TBAPF6 

ACN 

1 0.82 0.82 
Tz–OMe 

0.79 ± 0.03 2 0.76 0.76 
3 0.78 0.78 
1 1.0 0.77 TBAPF6 

0.79 ± 0.02 2 1.1 0.79 
3 1.1 0.81 

 1 1.4 0.91 Tz–OMe 
0.78 ± 0.11 1:1 2 1.1 0.71 

Tz–OMe:DBBB 3 1.1 0.71 
0.5 M TBAPF6 1 0.84 0.84 DBBB 

0.71 ± 0.09 ACN 2 0.70 0.7 
 3 0.70 0.7 

 

a the volume of saturated Tz–Me solution used was 150 µL and 450 μL of standard 
b the volume of saturated Tz–SMe solution used was 300 μL and 400 μL of standard    
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VI. Electrochemistry Analysis 
Cyclic Voltammetry: All electrochemical experiments were performed in anhydrous ACN 
unless otherwise stated. This solvent was chosen because of its wide electrochemical 
stability window, moderate ionic conductivity, and compatibility with electrolyte salts. 
Electrolyte salts were purified and dried before analysis as specified in the materials 
section (page S2). All electrochemical measurements were performed in 0.5 M electrolyte 
solution in a N2-filled glove box (MBraun Labmaster 130) with <0.5 ppm water and <0.5 
ppm oxygen using a VSP Bio-Logic potentiostat.  
 
Cyclic voltammetry (CV) experiments were performed at 5 mM active species in a three-
electrode electrochemical cell with a glassy carbon disc working electrode (0.071 cm2, 
BASi), a platinum wire counter electrode (0.5 mm, BASi), and a fritted (frit BASi CoralPor, 
0.5 mm silver wire BASi) Ag/Ag+ reference electrode in 10 mM AgBF4 in 0.5 M 
TBAPF6/ACN (or corresponding matching electrolyte/solvent combination). Before each 
measurement, the glassy carbon electrode was polished on felt polishing pads (BASi) 
with anhydrous ACN and wiped with delicate task wipers (Kimwipes). To reference 
against ferrocene (Cp2Fe0/+), a CV at 100 mV/s was performed on a solution of ferrocene 
in the corresponding electrolyte/solvent combination for each experiment. The adjustment 
in potential was applied to all data, to reference against Cp2Fe0/+ at 0 V.  
 
Chemical reversibility was assessed via CV by calculating the peak height ratio of the 
cathodic and anodic current (ipc/ipa ≈ 1). All three compounds have a peak height ratio 
close to one that is independent of scan rate (representative data in Figures S12 and 
S13). The scan rates used were 5, 10, 20, 50, 100, 200, and 500 mV/s. Measurements 
were performed in triplicate for each neutral species. Additionally, the peak-to-peak 
separation was found to increase as a function of scan rate indicating a quasi-reversible 
reduction event (representative data in Figure S14). 
 

 
Figure S12. Cyclic voltammograms as a function of scan rate for (A) Tz–Me, (B) Tz–
OMe, (C) Tz–SMe. All experiments were conducted with 5 mM active material in 0.5 M 
TBAPF6 in ACN.  
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Figure S13. Peak height ratio (ipc/ipa) as a function of scan rate for (A) Tz–Me, (B) Tz–
OMe, (C) Tz–SMe. All experiments were conducted with 5 mM active material in 0.5 M 
TBAPF6 in ACN. Dashed line marks ipc/ipa = 1.  
 

 
Figure S14. Peak-to-peak separation as a function of scan rate for (A) Tz–Me, (B) Tz–
OMe, (C) Tz–SMe. All experiments were conducted with 5 mM active material in 0.5 M 
TBAPF6 in ACN.   
 
Diffusion coefficients (𝐷) for each of the neutral species were estimated using the 
Randles-Sevcik equation (Eq. 1) by varying the scan rate of CV measurements between 
5 and 500 mV/s. Plotting the cathodic and anodic current versus the square-root of the 
scan rate (Figure S14) results in a linear relationship providing evidence for a diffusion-
limited chemically reversible process. The slope of this linear relation was used to 
estimate the diffusion coefficient for the neutral molecule and radical anion. 
 

𝑖! = 0.4463	𝑛𝐹𝐴𝐶."#$%
&'

       (Eq. 1) 

 
In the Randles-Sevcik equation2, 𝑖! is the peak current (amperes), 𝑛 is the number of 
electrons (1 e–), 𝐹 is Faraday constant (96,485 C/mol e–), 𝐴 is the electrode area (0.071 
cm2), 𝐶 is the bulk concentration (5×10–6 mol/mL), 𝑅 is the universal gas constant (8.314 
J/mol•K), 𝑇 is the temperature in Kelvin (298.15 K), 𝑣 is the scan rate (V/s), and 𝐷 is the 
diffusion coefficient (cm2/s). The scan rates used were 5, 10, 20, 50, 100, 200, and 500 
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mV/s. If all constants are combined and calculated, the equation can be written more 
simply as in Eq. 2, followed by the input of experimental values leads us to Eq. 3. By 
solving for 𝐷 we arrive at Eq. 5 and using the slope of the linear correlation we find the 
diffusion coefficient. Measurements were performed in triplicate for each neutral species 
and diffusion coefficients averaged (see Table S2).  
 

𝑖! = 268600	𝑛( )⁄ 𝐴𝐶𝑣+ )⁄ 𝐷+ )⁄        (Eq. 2) 
𝑖! = 0.095	𝑣+ )⁄ 𝐷+ )⁄ 	          (Eq. 3) 
,!

	$" #⁄ = 0.095	𝐷+ )⁄                   (Eq. 4) 

𝐷+ )⁄ = ,! 	$" #⁄⁄

...01
 = 234!5

...01
                  (Eq. 5) 

 

 
Figure S15. Peak current versus square root of scan rate and linear fit used to determine 
diffusion coefficient for (A) Tz–Me, (B) Tz–OMe, and (C) Tz–SMe. 

The Nicholson method was used to estimate the heterogenous electron transfer rate 𝑘. 
(cm/s) according to Eq. 6,  

𝜓 =	 6
%7&

89:%'
                            (Eq. 6) 

where 𝜓 is the Nicholson dimensionless number (calculated with Eq. 7)3, which is a 
function of the peak potential separation (∆Ep) from CVs, 𝛾 = (𝐷4/𝐷;)

"
# for a cathodic 

process where 𝐷4 and 𝐷; are the diffusion coefficients (cm2/s) of the oxidized and reduced 
species, respectively, 𝛼 is the charge transfer coefficient (assumed to be 0.5), 𝑎 = "#$

&'
, 

where n is the number of electrons transferred in the redox reaction, 𝐹 is the Faraday 
constant (96,485 C/mol e–), 𝑣 is the scan rate (V/s), 𝑅 is the ideal gas constant (8.314 
J/mol•K), 𝑇 is the temperature in Kelvin (298.15 K). The dimensionless parameter 𝜓 is 
plotted against the inverse square root of the scan rate (Figure S16) where the slope is 
used to determine 𝑘. according to Eq. 6. When all constants are combined, followed by 
the input of experimental values and solved for 𝑘. it leads us to Eq. 8. Further rearranging 
of terms leads us to Eq. 9 and 10, where the slope of the linear correlation is used to find 
the electron transfer coefficient. Measurements were performed in triplicate for each 
neutral species, and diffusion coefficients averaged (see Table S2). 
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𝜓 =

-#..+0112....03	∆6#7
-3#...38	∆6#7

	        (Eq. 7) 

𝑘. = 11.05	𝑣3 0⁄ 	𝐷:
$
%𝜓         (Eq. 8) 

𝑘. = 11.05	𝐷:
$
% ;
	<&$ %⁄                    (Eq. 9) 

𝑘. = 	11.05	𝐷:
$
% × 𝑠𝑙𝑜𝑝𝑒            (Eq. 10) 

 

 
Figure S16. Plot of 𝜓 versus the inverse square root of the scan rate, the slope was used 
to determine 𝑘. for (A) Tz–Me, (B) Tz–OMe, and (C) Tz–SMe.  
 
Table S2. Diffusion coefficients and heterogenous transfer rates. 

 𝑫𝒓 (× 10–5 cm2/s) 𝑫𝒐 (× 10–5 cm2/s) 𝒌𝟎 (× 10–3 cm/s) 
Tz–Me 1.44 ± 0.08 1.6 ± 0.2  4 ± 1 

Tz–OMe 1.65 ± 0.09 1.7 ± 0.1 4.1 ± 0.7 
Tz–SMe 1.57 ± 0.08 1.5 ± 0.1 3 ± 1 

 
Table S3. Relevant N-containing anolytes in RFB literature. 

 𝑫𝒓 (× 10–5 cm2/s) 𝒌𝟎 (× 10–3 cm/s) solubility (M) 
N-methylphthalimide 844 2.54 0.5 in PC5 

2,1,3-benzothiadiazole 1.96 0.096 5.7 in ACN6 
 

Electrochemical reversibility was assessed according to Eq. 11, where parameter Λ is a 
function of the heterogeneous electron transfer rate (𝑘.), diffusion coefficient for the 
reduced and oxidized species (𝐷; and 𝐷4), charge transfer coefficient (𝛼, assumed to be 
0.5),  𝑓 = #

&'
, where 𝐹 is the Faraday constant (96,485 C/mol e–), 𝑅 is the ideal gas 

constant (8.314 J/mol l•K), 𝑇 is the temperature in Kelvin (298.15 K) and 𝑣 is the scan 
rate (V/s). 
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																																																																															Λ = 	=(

(?)
$&*?+

$&*@A)
$
%
                                              (Eq. 11) 

Λ ≥ 15	reversible 
15 ≥ Λ	 ≥ 10–D	quasi– reversible 

Λ	 ≤ 10–D	irreversible 
 
Table S4. Λ parameter indicates reduction of Tzs is electrochemically quasi-reversible.  

 Tz–Me Tz–OMe Tz–SMe 
𝚲 2.02 1.94 2.01 
 quasi-reversible quasi-reversible quasi-reversible 
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Half-cell cycling: Bulk charge/discharge cycling was performed in an H-cell (crafted in 
house), with an ultrafine glass frit (VitraPor, 10 mm × 2.8 mm porosity 5, Robu). The 
working and counter electrode were reticulated vitreous carbon 5.08 cm long (McMaster 
100 PPI) and a fritted Ag/Ag+ reference electrode in 10 mM AgBF4 in 0.5 M TBAPF6/ACN. 
The cycling current was set to 5 mA for 100 cycles under a predetermined voltaic cut-off 
(E1/2 ± 0.3 V) to completely include the redox event. The working chamber was loaded 
with neutral tetrazine (5 mL of a 5 mM solution of neutral tetrazine in 0.5 M TBAPF6 in 
ACN). The counter chamber was loaded with 5 mL of electrolyte solution (0.5 M TBAPF6 
in ACN). The working chamber was first charged to 100% capacity or to a predetermined 
voltaic cut-off (E1/2 ± 0.3 V), then subsequently the counter chamber solution was 
swapped with neutral tetrazine (5 mL of a 5 mM solution of neutral tetrazine in 0.5 M 
TBAPF6 in ACN) and continued cycling for 100 cycles while stirring both chambers at 900 
rpm. CVs were taken before and after each cycling experiment at 100 mV/s.   

 
Figure S17. H-cell utilized for bulk electrolysis cycling.  
 

 
Figure S18. First (filled circle) and last (hollow circle) charge-discharge curves from 
cycling a 5 mM solution of (A) Tz–Me with a voltaic cutoff of –1.1 and –1.7 V, (B) Tz–OMe 
with a voltaic cutoff of –0.9 and –1.5 V, (C) Tz–SMe with a voltaic cutoff of –0.65 and –
1.4 V in 0.5 M TBAPF6 in ACN and a capacity cutoff of 0.66 mAh corresponding to 98.5% 
theoretical capacity.  
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Figure S19. Cyclic voltammograms of before (solid line) and after (dotted line) cycling a 
5 mM solution of (A) Tz–Me, (B) Tz–OMe, (C) Tz–SMe in 0.5 M TBAPF6 in ACN.  
 

 
Figure S20. Discharge capacity versus cycle number for galvanostatic charge-discharge 
cycling experiments of Tz–OMe (blue), Tz–SMe (black), Tz–Me (red) in 0.5 M TBAPF6 in 
ACN. 
 
Bulk electrolysis cycling of each Tz in varying electrolyte (TBABF4, TBATFSI, and KPF6) 
and solvent (DMA, and DMF) screen were performed in the same manner as described 
above (5 mM active species, 0.5 M supporting electrolyte). Charge-discharge curves and 
CVs taken before and after each cycling experiment at 100 mV/s. Cycling of Tz–OMe and 
Tz–SMe in DMA and DMF exhibit lower material utilization than the experiments carried 
out in ACN, we attribute this to the increased resistance (Table S5. due to the dynamic 
viscosities and relative dielectric permittivities of the solvents. 
 
Table S5. Uncompensated (Ru), compensated (Rc), and total solution resistance (Rsol) 
of different solvents with 0.5 M TBAPF6. 
 

 𝑹𝒖	(𝛀) 𝑹𝒄	(𝛀) 𝑹𝒔𝒐𝒍	(𝛀) 
ACN 210 179 489 
DMF 309 263 571 
DMA 352 299 651 
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Figure S21. Discharge capacity versus cycle number for galvanostatic charge-discharge 
cycling experiments of Tz–Me. (A) solvent screen, Tz–Me in 0.5 M TBAPF6 in ACN, DMA, 
and DMF. (B) electrolyte screen, in ACN with 0.5 M KPF6, TBATFSI, TBAPF6, and 
TBABF4. 

Figure S22. First (filled circle) and last (hollow circle) charge-discharge curves from 
cycling a 5 mM solution of Tz–Me in 0.5 M (A) TBABF4/ACN, (B) TBATFSI/ACN, (C) 
KPF6/ACN, (D) TBAPF6/DMA, and (E) TBAPF6/DMF and a capacity cutoff of 0.66 mAh 
corresponding to 98.5% theoretical capacity. 
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Figure S23. Cyclic voltammograms obtained before (solid line) and after (dotted line) 
cycling a 5 mM solution of Tz–Me in 0.5 M (A) TBABF4/ACN, (B) TBATFSI/ACN, (C) 
KPF6/ACN, (D) TBAPF6/DMA, and (E) TBAPF6/DMF. 
 

 
 

Figure S24. Radical anion precipitation observed after galvanostatic cycling of 5mM 
Tz–Me in 0.5 M KPF6 in ACN.  
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Figure S25. Discharge capacity versus cycle number for galvanostatic charge-discharge 
cycling experiments of Tz–OMe. (A) solvent screen, Tz–OMe in 0.5 M TBAPF6 in ACN, 
DMA, and DMF. (B) electrolyte screen, in ACN with 0.5 M TBAPF6, TBATFSI, TBABF4, 
and KPF6. 
 

 
Figure S26. First (filled circle) and last (hollow circle) charge-discharge curves from 
cycling a 5 mM solution of Tz–OMe in 0.5 M (A) TBABF4/ACN, (B) TBATFSI/ACN, (C) 
KPF6/ACN, (D) TBAPF6/DMA, and (E) TBAPF6/DMF and a capacity cutoff of 0.66 mAh 
corresponding to 98.5% theoretical capacity. 
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Figure S27. Cyclic voltammograms obtained before (solid line) and after (dotted line) 
cycling a 5 mM solution of Tz–OMe in 0.5 M (A) TBABF4/ACN, (B) TBATFSI/ACN, (C) 
KPF6/ACN, (D) TBAPF6/DMA, and (E) TBAPF6/DMF. 
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Figure S28. Discharge capacity versus cycle number for galvanostatic charge-discharge 
cycling experiments of Tz–SMe. (A) solvent screen, Tz–SMe in 0.5 M TBAPF6 in ACN, 
DMA, and DMF. (B) electrolyte screen, in ACN with 0.5 M TBAPF6, TBABF4, KPF6, and 
TBATFSI. 
 

 
Figure S29. First (filled circle) and last (hollow circle) charge-discharge curves from 
cycling a 5 mM solution of Tz–SMe in 0.5 M (A) TBABF4/ACN, (B) TBATFSI/ACN, (C) 
KPF6/ACN, (D) TBAPF6/DMA, and (E) TBAPF6/DMF and a capacity cutoff of 0.66 mAh 
corresponding to 98.5% theoretical capacity.  
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Figure S30. Cyclic voltammograms obtained before (solid line) and after (dotted line) 
cycling a 5 mM solution of Tz–SMe in 0.5 M (A) TBABF4/ACN, (B) TBATFSI/ACN, (C) 
KPF6/ACN, (D) TBAPF6/DMA, and (E) TBAPF6/DMF. 
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We performed a bulk electrolysis cycling of Tz–SMe (5 mM) in ACN and KPF6 until total 
capacity loss (900 charge-discharge cycles with an 88% capacity fade and an 80% loss 
in current ) to identify decomposition products. The solution in the working chamber was 
analyzed by GCMS and 1H NMR spectroscopy. The GCMS data exhibits one 
decomposition product (rt: 6.21 min) and remaining Tz–SMe (rt: 4.07 min). This 
experiment suggests there is one decomposition pathway of Tz–SMe in the presence of 
ACN that we plan to further explore in subsequent research.  
 

 
Figure S31. Galvanostatic charge-discharge cycling of 5 mM Tz–SMe in 0.5 M KPF6 in 
ACN. (A) First (filled circle) and last (hollow circle) charge-discharge curves, (B) discharge 
capacity versus cycle number, (C) cyclic voltammograms obtained before (solid line) and 
after (dotted line) cycling. 
 

 
Figure S32. GCMS traces of the working chamber of a 5 mM Tz–SMe bulk electrolysis 
after undergoing 900 cycles. (A) gas chromatogram, (B) mass spectrum of Tz–SMe, (C) 
mass spectrum of unknown decomposition product.  
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Figure S33. 1H spectrum of the working chamber of a 5 mM Tz–SMe bulk electrolysis 
after undergoing 900 cycles. 1H NMR (500 MHz, CD3CN) δ 2.68, 2.31, 1.96. 
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To perform flow-cell cycling experiments it was necessary to assess the compatibility of 
Tz–OMe with different catholytes. CV of four Tz–OMe solutions each containing a 
different catholyte, 1,4-di-tert-butyl-2,5-bis(2-methoxyethoxy)benzene (DBBB), 
tris(tetramethylpiperidinyl) cyclopropenium, 5,10-dihydro-5,10-dimethylphenazine, and 
10-methyl-10H-phenothiazine in the same concentration (5 mM) were subjected to 5 
consecutive cycles (Figure S22). No loss in capacity or new peaks were observed, 
therefore all catholytes tested are compatible by CV.  
 

 
Figure S34. Cyclic voltammograms of 5 mM Tz–OMe (E1/2= –1.2 vs Cp2Fe0/+) and 5 mM 
(A) 1,4-di-tert-butyl-2,5-bis(2-methoxyethoxy)benzene, (B) tris(tetramethylpiperidinyl) 
cyclopropenium, (C) 5,10-dihydro-5,10-dimethylphenazine, (D) 10-methyl-10H-
phenothiazine in 0.5 M TBAPF6/ACN. * Tz–OMe reduction  
 
Bulk electrolysis cycling was performed to assess longer term stability than CV time scale 
of Tz–OMe and DBBB. The experiment was set up in a similar manner as described 
above but with only two electrodes. The reference electrode lead connected to the 
counter lead and both chambers contained a mixture of 5 mM Tz–OMe and DBBB in the 
neutral state (Figure S35).  
 



  
 

S33 

 
Figure S35. (A) H-cell bulk electrolysis cycling of 5 mM Tz–OMe and DBBB in 0.5 M 
TBAPF6 in ACN. (B) CV of before cycle 1 (solid line) and after cycle 100 (dotted line). (C) 
charge-discharge curves with a voltaic cutoff of 0.45 and –4.2 V due to a large 
overpotential attributed to a two electrode cell setup (reference lead connected to counter 
electrode located across a frit from the working electrode) 

Flow-cell cycling: Battery cycling experiments were performed with a zero-gap flow cell 
(Figure S36).1 The flow-cell is composed of two polypropylene electrolyte diffusers, two 
interdigitated graphite flow fields (machined from Tokai G347B graphite 3.18 mm thick), 
two compressive PTFE gaskets (GORE® gasket tape without adhesive 2" x 0.010" x 50' 
from Johnson Packings), two layers of non-woven carbon felt electrodes on each side 
(Sigracet 29AA, 1.7 cm × 1.5 cm with an active area of 2.55 cm2), and a Daramic 175 
(Daramic Inc. ~2 cm × 2 cm) membrane in the middle. Once assembled each reservoir 
was filled with 6.0 mL of solution containing Tz–OMe and 1,4-di-tert-butyl-2,5-bis(2-
methoxyethoxy)benzene (DBBB) in 0.5 M TBAPF6 in ACN. These solutions were flowed 
through the cell using a peristaltic pump (Cole-Parmer, Masterflex L/S) and 1/8" Swagelok 
PFA tubbing at 20 mL/min to pretreat the membrane for at least 4 h before the first charge. 
A Bio-Logic VSP potentiostat was used to perform voltage controlled galvanostatic cycling 
with voltaic cutoff. Results from flow (Figure S37) and charging rate (Figure S38) studies 
revealed a flow rate of 20 mL/min and a charging rate of 30 mA/cm2 were optimal to 
achieve high material utilization. All the following redox flow battery experiments are run 
at these conditions. 
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Figure S36. Laboratory scale redox flow battery.  
 

 
Figure S37. Charge-discharge curves of a 50 mM flow battery of Tz–OMe and DBBB in 
0.5 M TBAPF6 in ACN ran at a flow of (A) 10 mL/min at different current densities (5, 10, 
15, 20, 25, and 40 mA/cm2) and (B) 20 mL/min at different current densities (20, 25, 40, 
and 50 mA/cm2).  
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Figure S38. Charge-discharge curves of a flow battery of Tz–OMe and DBBB in 0.5 M 
TBAPF6 in ACN ran at a flow of 20 mL/min and a potential cut off of –1.0 and –2.6 V at a 
concentration of (A) 125 mM at different current densities (25, 30, and 40 mA/cm2) and 
(B) 250 mM at different current densities (30, 50, 60, 65, 70, 80 mA/cm2). 

 

 
Figure S39. Galvanostatic cycling of 50 mM flow battery of Tz–OMe and DBBB in 0.8 M 
TBAPF6 in ACN. (A) charge-discharge curves of cycle 1 (filled circle) and cycle 50 (hollow 
circle) with a potential cutoff of –1.3 and –2.4 V and no coulombic cutoff. (B) Plot of 
capacity loss versus cycle number flow cell cycling. 
 

 
Figure S40. 50 mM flow battery Tz–OMe and DBBB in 0.8 M TBAPF6 in ACN. (A) cyclic 
voltammograms obtained before (solid line) and after (dotted line) cycling. (B) Nyquist 
plot of before cycling (dotted) and after cycling (solid). 
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Figure S41. Galvanostatic cycling of 125 mM flow battery of Tz–OMe and DBBB in 0.8 
M TBAPF6 in ACN at 20 mL/min flow rate and 30 mA/cm2 charging rate. (A) charge-
discharge curves of cycle 1 (filled circle) and cycle 50 (hollow circle) with a potential 
cutoff of –1.2 and –2.4 V and no coulombic cutoff. (B) Plot of capacity loss versus cycle 
number flow cell cycling. 
 

 
Figure S42. 125 mM flow battery Tz–OMe and DBBB in 0.8 M TBAPF6 in ACN. (A) cyclic 
voltammograms obtained before (solid line) and after (dotted line) cycling. (B) Nyquist 
plot of before cycling (dotted) and after cycling (solid). 
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VII. Spectroelectrochemistry 
Spectroelectrochemical analysis on tetrazine derivatives were carried out at University of 
Kentuky. Analysis was performed in solutions containing 2.5 mM anolyte (Tz–Me, Tz–
OMe and Tz–SMe) in 0.5 M TBAPF6 in ACN. Measurements were performed using a 
spectroelectrochemical cell kit from Pine Research Instrumentation. The sample solution 
(1 mL) was placed in the 1.7 mm path length quartz cuvette equipped with a Pt 
honeycomb electrode card as the working and counter electrodes and a freshly anodized 
Ag/AgCl electrode as the reference electrode. The solution was slowly purged with N2 for 
1 min. UV-vis spectra were obtained using an Agilent 8453 diode array spectrometer and 
electrochemical analysis was performed using a CH Instruments Model 650E 
potentiostat. First, a UV-vis spectrum followed by a CV were recorded for each sample. 
The potential window for bulk electrolysis was chosen from the CV measurement. Bulk 
electrolysis (with coulometry) was performed for 1 min at each potential with 0.2 V 
increments from –0.2 to –1.35 V (vs. Ag/AgCl) for Tz–Me, from –0.2 to –1.15 V for Tz–
OMe, or from –0.2 to –1.10 V for Tz–SMe, and then back to –0.2 V for all. The UV-vis 
measurements were obtained at each of those potentials right after the bulk electrolysis. 
The electrolysis was repeated to ensure the reversibility of redox events. 
 

 
Figure S43. Spectroelectrochemistry of charging Tz–Me in 0.5 M TBAPF6 in ACN. 
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Figure S44. Spectroelectrochemistry of charging Tz–OMe in 0.5 M TBAPF6 in ACN. 
 

 
Figure S45. Spectroelectrochemistry of charging Tz–SMe in 0.5 M TBAPF6 in ACN. 
 
Table S6. Onset and maximum wavelength values for Tz–Me, Tz–OMe, and Tz–SMe. 
 𝝀𝒐𝒏𝒔𝒆𝒕 (nm) 𝝀𝒎𝒂𝒙𝟏 (nm) 𝝀𝒎𝒂𝒙𝟐	 (nm) 𝝀𝒎𝒂𝒙𝟑 (nm) 

Tz–Me 589 547 279 – 
Tz–OMe 568 529 347 – 
Tz–SMe 578 525 425 286 
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VIII. Electron Paramagnetic Resonance Stability Measurements  
The chemical stability of redoxmers can be characterized by their calendar life (which is 
the lifetime of a charged redoxmer in the bulk of a storage tank in a flow cell), and cycling 
stability, (which is the redoxmer’s durability during continuous cycling in electrochemical 
stacks). The latter metric includes electrode reactions, crossover, and parasitic reactions. 
In contrast, the calendar life depends mainly on the electrolyte composition. We 
demonstrate that in TBAPF6 in ACN the Tz–OMe–● radical anion is exceptionally stable. 
 
Kinetic measurements of Tz–OMe–● were carried out at Argonne National Laboratory. 
Tz–OMe–● was generated electrochemically in an argon-filled glovebox with <0.5 ppm 
water and <5 ppm oxygen. A Parstat MC potentiostat (Princeton Applied Research) was 
used to control the working electrode potential. Reticulated vitreous carbon (RVC, 45 PPI, 
ERG Aerospace Corporation) was used for the working and counter electrodes. A quasi-
reference 10 mM Ag/AgNO3 (ACN) electrode (BASi MF-1085) was used to control the 
reduction of Tz–OMe on the working electrode. The lower cut potential of this working 
electrode was set 200 mV below the half-wave potential of Tz–OMe reduction as 
determined by cyclic voltammetry in the same setup. Charging at a constant rate of 3C 
was performed in a borosilicate H-cell with a 2.5 mm thick ceramic separator (porosity 5, 
Adams and Chittenden) containing 4 mL of 20 mM Tz–OMe in 0.5 M TBAPF6 in ACN in 
both cell compartments. The solutions in both cell compartments were magnetically 
stirred at 900 rpm.  
 
Tz–OMe–● was observed using continuous-wave X-band (9.436 GHz) electron 
paramagnetic resonance (EPR) spectroscopy using a Bruker ESP300E spectrometer. 
The EPR spectrum of the radical anion (Figure S30a) is a set of nine equidistant lines 
originating from four magnetically equivalent nitrogen-14 nuclei in the s-tetrazine ring 
(a=5.06 G, 1 G=10–4 T); there are no proton couplings in the methoxy groups. The radical 
anion was observed using 0.2 G modulation at 100 KHz and 2 mW microwave power. A 
100 µL aliquot of a liquid sample filled an 8 cm long glass capillary sealed in a glass tube 
equipped with Teflon piston seal (Wilmad-LabGlass model 734-LPV-7). The first-
derivative EPR spectra were collected at room temperature (25 °C) that was maintained 
through flow of house nitrogen through the resonance cavity. For kinetic analyses, the 
EPR spectra were recorded at constant time intervals, centered, baseline corrected, 
doubly integrated (I(t)), and normalized by the initial signal at t=0 (I0). These decay 
kinetics were fit by exponential functions, and the half-time t1/2 was estimated by the least 
squares method (Figure S46b).  
 
Due to slow decay kinetics for Tz–OMe–●, the EPR measurements lasted >200 h, which 
presented a technical challenge as the seals eventually leaked air into the charged fluid, 
which was observed as a “break” in the decay kinetics that occurred when the aerated 
front moved through the liquid column and entered the EPR cavity. In our experiment this 
corresponded to the delay time of 90 h (Figure S46b). This “break” can be easily identified, 
therefore in Figure S46b we used the “good” section of these kinetics that was acquired 
before the incursion occurred. The second challenge was temperature fluctuations. 
Because the decay kinetics were slow, the fluctuations became comparable with the 
small-scale loss of the EPR signal in a parasitic reaction. By fitting the decay kinetics 



  
 

S40 

collected over a sufficiently long period of time the fluctuations were averaged and the 
decay half times estimated with sufficient accuracy.  
 
For 0.5 M TBAPF6 in ACN, the observed half-decay lifetime 𝑡"

#
 was 1241 ± 6 h. To put this 

in perspective, for another state-of-the-art redoxmer, 2,1,3-benzothiadiazole in the same 
electrolyte, the lifetime of the radical anion was ~852 h in ACN7. Therefore, Tz–OMe–● 
favorably compares with the best available anolytes in the most stable environments. In 
fact, the lifetime of this radical anion is so long that it is likely to be controlled by impurities 
present in solution. 
 

 
Figure S46. (A) The first derivative EPR spectrum and (B) normalized decay kinetics for 
20 mM Tz–OMe–● in 0.5 M TBAPF6 in ACN (25 °C) in a sealed glass capillary, oxygen 
incursion occurred resulting in rapid decay of radical anion (indicated by the arrow and 
changing symbols) after 90 h due to slow diffusion of air through a Teflon seal; the region 
before the “break” point gives the kinetics before the incursion occurs.  
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