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SI1. Chemicals 

2,2,6,6-Tetramethylpiperidine 1-oxyl (TEMPO●, 98%, Acros Organics), 

cyclohexanecarboxaldehyde (97%, Acros Organics) pyrrolidine (99%, Sigma-Aldrich), iron(iii) 

chloride (97%, Sigma-Aldrich), methyltriphenylphosphonium bromide (98%, Sigma-Aldrich), 

sodium bis(trimethylsilyl)amide (1.0 M in dry THF, Sigma-Aldrich), allyl iodide (98%, Sigma-

Aldrich), sodium sulfite (≥98%, Sigma-Aldrich), 2,2,6,6-tetramethylpiperidine (TMP, >98%, 

Alfa Aesar), allyl bromide (97%, Sigma-Aldrich), potassium iodide (≥99.0%, Sigma-Aldrich), 

meta-chloroperoxybenzoic acid (m-CPBA, ≤77%, Sigma-Aldrich), 2-(bromomethyl)acrylic acid 

(98%, Sigma-Aldrich), O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium 

hexafluorophosphate (HBTU, 98%, Alfa Aesar), N,N-diisopropylethylamine (DIPEA, ≥99%, 

Sigma-Aldrich), cyclohexylamine (>98%, Alfa Aesar), sodium iodide (>99%, Thermo 

Scientific), methyl 2-(bromomethyl)acrylate (>97%, TCI), cyclooctylamine (97%, Sigma-

Aldrich), 1-decanamine (≥99.0%, Sigma-Aldrich), ethanolamine (≥98%, Sigma-Aldrich), 

1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy-β-D-glucopyranose hydrochloride (≥98%, Alfa 

Aesar), ethylenediamine (99%, Alfa Aesar), 1,8-diaminoctane (98%, Sigma-Aldrich), 

4,7,10-trioxa-1,13-diaminotridecane (97%, Sigma-Aldrich), Boc anhydride (>99%, Acros 

Organics), D-biotin (>98%, Fluorochem), trifluoroacetic acid (≥99.0%, Sigma-Aldrich), 

N,N-dimethylethylenediamine (≥98%, Sigma-Aldrich), iodomethane (99%, Sigma-Aldrich) and 

(3-aminopropyl)tris(trimethylsiloxy)silane (95%, Fluorochem) were used for TART synthesis 

without further purification. 

1-Dodecanethiol (≥98%, Sigma-Aldrich), azobisisobutyronitrile (AIBN, 98%, Sigma-Aldrich), 

lead(iv) oxide (99.998%, Sigma-Aldrich), isopentyl nitrite (97%, Alfa Aesar), diisopropylamine 

(99%, Acros Organics), dibutylamine (≥98%, Sigma-Aldrich), N-chlorosuccinimide (NCS, 

98%, Sigma-Aldrich), octanoic acid (≥99%, Sigma-Aldrich), silver nitrate (≥99.0%, Sigma-

Aldrich), bromine (≥95%, Sigma-Aldrich), 4-methylstyrene (96%, Sigma-Aldrich), 

diphenylphosphine oxide (97%, Sigma-Aldrich), 4-chloroaniline (98%, Sigma-Aldrich), iodine 

(≥99.8%, Sigma-Aldrich), p-anisic acid (≥99%, Sigma-Aldrich), tribasic potassium phosphate 

(>97%, Thermo Scientific), styrene (99%, Acros Organics), tris(2,2'-bipyrazine)ruthenium(II) 

hexafluorophosphate (95%, Strem), benzyl mercaptan (99%, Sigma-Aldrich), thiophenol 

(>99%, Alfa Aesar), 3-methoxythiophenol (98%, Sigma-Aldrich), cyclohexanethiol (97%, 

Sigma-Aldrich), methyl thiosalicylate (97%, Acros Organics), tert-butylthiol (99%, Sigma-

Aldrich), methylenecyclohexane (98%, Acros Organics), 1-methylcyclohexene (97%, Sigma-

Aldrich), allyl chloride (98%, Sigma-Aldrich), phenylacetylene (98%, Fluorochem), ethyl 

trans-cinnamate (98%, Acros Organics), sodium acetate (≥99%, Alfa Aesar), iron(II) sulfate 

heptahydrate (≥99%, Sigma-Aldrich), hydrogen peroxide (30wt.%, Fischer Chemical), 

tert-butanol (≥99.0%, Sigma-Aldrich), thymine (97%, Alfa Aesar), D(+)-glucose (≥99.5%, 

Sigma-Aldrich), L-ascorbic acid (99%, Sigma-Aldrich), cyclohexene (≥98%, Fischer 

Chemical), α-pinene (98%, Sigma-Aldrich), Celite® Analytical Filter Aid II (CAFA II, Sigma-

Aldrich), p-toluenesulfonic acid (≥98.5%, Sigma-Aldrich), dodecamethylpentasiloxane (97%, 

Sigma-Aldrich), Galden™ HT270 (Fluorochem) and n-nonane (99%, Acros Organics) were 

used for radical trapping without further purification. 

Water (LC-MS grade, ≥99.9%, Fischer Chemical), acetonitrile (LC-MS grade, ≥99.9%, Fischer 

Chemical), formic acid (LC-MS grade, ≥99%, Fischer Chemical), tetrabutylammonium 

hexafluorophosphate (98%, Sigma-Aldrich), water-d2 (99.9 atom % D, Sigma-Aldrich), formic 

acid-d2 (95 wt.% in D2O, 98% atom % D, Sigma-Aldrich) were used for MS characterisation 

without further purification.
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SI2. Synthesis 

SI2.1. Grantham TART 

 

Figure SI1: 1-[(2,2,6,6-Tetramethylpiperidin-1-yl)oxy]cyclohexane-1-carbaldehyde 1H NMR spectrum (CDCl3, 
400 MHz, 298 K).
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Figure SI2: 1-[(2,2,6,6-Tetramethylpiperidin-1-yl)oxy]cyclohexane-1-carbaldehyde 13C NMR spectrum (CDCl3, 
100 MHz, 298 K). 

 

Figure SI3: 1-[(2,2,6,6-Tetramethylpiperidin-1-yl)oxy]cyclohexane-1-carbaldehyde mass spectrum (Pos ESI). 
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Figure SI4: 1-[(2,2,6,6-Tetramethylpiperidin-1-yl)oxy]cyclohexane-1-carbaldehyde IR spectrum. 

 

Figure SI5: Grantham TART 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 
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Figure SI6: Grantham TART 13C NMR spectrum (CDCl3, 100 MHz, 298 K). 

 

Figure SI7: Grantham TART mass spectrum (Pos ESI). 
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Figure SI8: Grantham TART IR spectrum. 

SI2.2. Allyl-TEMPO 

 

Figure SI9: Allyl-TMP 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 
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Figure SI10: Allyl-TMP 13C NMR spectrum (CDCl3, 100 MHz, 298 K). 

 

Figure SI11: Allyl-TMP mass spectrum (Pos ESI). 
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Figure SI12: Allyl-TMP IR spectrum. 

 

Figure SI13: Allyl-TEMPO 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 
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Figure SI14: Allyl-TEMPO 13C NMR spectrum (CDCl3, 100 MHz, 298 K). 

 

Figure SI15: Allyl-TEMPO mass spectrum (Pos ESI). 
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Figure SI16: Allyl-TEMPO IR spectrum. 

SI2.3. Abandoned 2-(bromomethyl)acrylic acid nucleophilic substitution 

by TMP and Meisenheimer rearrangement 

 

Figure SI17: 2-(TMPmethyl)acrylic acid mass spectrum (Pos ESI). 
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Figure SI18: N-Cyclohexyl-2-([2,2,6,6-tetramethylpiperidine]methyl)acrylamide 1H NMR spectrum (CDCl3, 
400 MHz, 298 K). 

 

Figure SI19: N-Cyclohexyl-2-([2,2,6,6-tetramethylpiperidine]methyl)acrylamide 13C NMR spectrum (CDCl3, 
100 MHz, 298 K). 
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Figure SI20: N-Cyclohexyl-2-([2,2,6,6-tetramethylpiperidine]methyl)acrylamide mass spectrum (Pos ESI). 

 

Figure SI21: CHANT 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 
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Figure SI22: CHANT 13C NMR spectrum (CDCl3, 100 MHz, 298 K). 

 

Figure SI23: CHANT mass spectrum (Pos ESI).
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SI2.4. Unsuccessful 2-(bromomethyl)acrylic acid UV irradiation 

 

Figure SI24: 2-(Iodomethyl)acrylic acid 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 

 

Figure SI25: 2-(Iodomethyl)acrylic acid 13C NMR spectrum (CDCl3, 100 MHz, 298 K).
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SI2.5. Methyl 2-(TEMPOmethyl)acrylate 

 

Figure SI26: Methyl 2-(TEMPOmethyl)acrylate 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 

 

Figure SI27: Methyl 2-(TEMPOmethyl)acrylate 13C NMR spectrum (CDCl3, 100 MHz, 298 K).
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Figure SI28: Methyl 2-(TEMPOmethyl)acrylate mass spectrum (Pos ESI). 

 

Figure SI29: Methyl 2-(TEMPOmethyl)acrylate IR spectrum.
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SI2.6. 2-(TEMPOmethyl)acrylic acid 

 

Figure SI30: 2-(TEMPOmethyl)acrylic acid 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 

 

Figure SI31: 2-(TEMPOmethyl)acrylic acid 13C NMR spectrum (CDCl3, 100 MHz, 298 K).
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Figure SI32: 2-(TEMPOmethyl)acrylic acid mass spectrum (Pos ESI). 

 

Figure SI33: 2-(TEMPOmethyl)acrylic acid ESI (-ve) mass spectrum. 
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Figure SI34: 2-(TEMPOmethyl)acrylic acid IR spectrum. 

SI2.7. CHANT 

 

Figure SI35: CHANT 1H NMR spectrum (CDCl3, 400 MHz, 298 K).
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Figure SI36: CHANT 13C NMR spectrum (CDCl3, 100 MHz, 298 K). 

 

Figure SI37: CHANT mass spectrum (Pos ESI). 
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Figure SI38: CHANT IR spectrum. 

SI2.8. COANT 

 

Figure SI39: COANT 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 
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Figure SI40: COANT 13C NMR spectrum (CDCl3, 100 MHz, 298 K). 

 

Figure SI41: COANT mass spectrum (Pos ESI). 
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Figure SI42: COANT IR spectrum. 

SI2.9. DECANT 

 

Figure SI43: DECANT 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 
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Figure SI44: DECANT 13C NMR spectrum (CDCl3, 100 MHz, 298 K). 

 

Figure SI45: DECANT mass spectrum (Pos ESI).
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SI2.10. DANT 

 

Figure SI46: DANT 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 

 

Figure SI47: DANT 13C NMR spectrum (CDCl3, 100 MHz, 298 K). 



 

37 

 

Figure SI48: DANT mass spectrum (Pos ESI). 

 

Figure SI49: DANT IR spectrum.
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SI2.11. AGLANT 

 

Figure SI50: AGLANT 1H NMR spectrum (CD3OD, 400 MHz, 298 K). 

 

Figure SI51: AGLANT 13C NMR spectrum (CD3OD, 100 MHz, 298 K).
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Figure SI52: AGLANT mass spectrum (Pos ESI). 

SI2.12. GLANT 

 

Figure SI53: GLANT 1H NMR spectrum (CD3OD, 400 MHz, 298 K). 
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Figure SI54: GLANT 13C NMR spectrum (CD3OD, 100 MHz, 298 K). 

 

Figure SI55: GLANT mass spectrum (Pos ESI).
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SI2.13. Tabaqui-1 

 

Figure SI56: Tabaqui-1 1H NMR spectrum (CD3OD, 400 MHz, 298 K). 

 

Figure SI57: Tabaqui-1 13C NMR spectrum (CD3OD, 100 MHz, 298 K).
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Figure SI58: Tabaqui-1 mass spectrum (Pos ESI).

SI2.14. Tabaqui-2 

 

Figure SI59: Tabaqui-2 1H NMR spectrum (CD3OD, 400 MHz, 298 K). 
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Figure SI60: Tabaqui-2 13C NMR spectrum (CD3OD, 100 MHz, 298 K). 

 

Figure SI61: Tabaqui-2 mass spectrum (Pos ESI).
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SI2.15. BIOANT 

 

Figure SI62: BIOANT 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 

 

Figure SI63: BIOANT 13C NMR spectrum (CDCl3, 100 MHz, 298 K).
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Figure SI64: BIOANT mass spectrum (Pos ESI). 

 

Figure SI65: BIOANT IR spectrum. 
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SI2.16. DEADANT 

 

Figure SI66: DEADANT 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 

 

Figure SI67: DEADANT 13C NMR spectrum (CDCl3, 100 MHz, 298 K).
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Figure SI68: DEADANT mass spectrum (Pos ESI). 

 

Figure SI69: DEADANT IR spectrum.
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SI2.17. TREADANT 

 

Figure SI70: TREADANT 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 

 

Figure SI71: TREADANT 13C NMR spectrum (CDCl3, 100 MHz, 298 K).
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Figure SI72: TREADANT mass spectrum (Pos ESI). 

 

Figure SI73: TREADANT IR spectrum.
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SI2.18. SILANT 

 

Figure SI74: SILANT 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 

 

Figure SI75: SILANT 13C NMR spectrum (CDCl3, 100 MHz, 298 K).
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Figure SI76: SILANT mass spectrum (Pos ESI). 

 

Figure SI77: SILANT IR spectrum.
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SI3. Synthetic radical reactions 

SI3.1. Barton reaction 

Table SI1: Fragments identified from tandem MS of peak corresponding to [R2/R3−ART+H]+ (m/z 254.212) from 
TART trapping of the Barton reaction, using isopentyl nitrite as substrate and CHANT as TART (11.4.2). 

Systematic m/z error = -0.0011; random m/z error = ±0.0007. 

Species 
Predicted 

m/z 

Intensity relative 
to 

[R2/R3−ART+H]+ 

Implies 
radical 

[R2−ART+H]+ 

  

254.2120 100 R2 

[R3−ART+H]+ 

 

254.2120 100 R3 

Fragments 

 

236.2014 1400 R3 

 

154.1232 130 R2/R3 

 

137.0966 90.6 R3 
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SI3.2. Hofmann-Löffler-Freytag (HLF) reaction 

SI3.2.1. Precursor synthesis 

 

Figure SI78: N-Chlorodibutylamine 1H NMR spectrum (CDCl3, 400 MHz, 298 K).
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Figure SI79: N-Chlorodibutylamine 13C NMR spectrum (CDCl3, 100 MHz, 298 K).

SI3.2.2. Trapping reaction 

Table SI2: Fragments from tandem MS of peak corresponding to [R2/R3−ART+H]+ (m/z 295.275) from TART 
trapping of the HLF reaction, using N-chlorodibutylamine as substrate and CHANT as TART (11.4.3.2). 

Systematic m/z error = -0.0007; random m/z error = ±0.0003. 

Species 
Predicted 

m/z 

Intensity relative 
to 

[R2/R3−ART+H]+ 

Implies 
radical 

[R2−ART+H]+ 

  

295.2749 100 R2 

[R3−ART+H]+ 

 

295.2749 100 R3 
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Fragments 

 

 

 

142.1596 20.4 R2/R3 

 

 

128.1439 6.70 R2/R3 

 

168.1388 4.31 R2/R3 

   

 
 

196.1701 0.882 R2/R3 

 

 

195.1861 0.864 R2/R3 

 

166.1232 0.836 R2/R3 

 

222.1858 0.709 R3 
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Fragments 

 

239.2123 0.537 R2/R3 

 

 

213.1967 0.419 R2/R3 

 

194.1545 0.257 R3 

Table SI3: Fragments from tandem MS of peak corresponding to [R2−ART+D]+ (m/z 295.275) from TART 
trapping of the HLF reaction, using N-chlorodibutylamine as substrate and CHANT as TART (11.4.3.2). This was 

compared to previous tandem MS intensities obtained in protonated solvent. Systematic m/z error = -0.0007; 
random m/z error = ±0.0003. 

Species 
Predicted 

m/z 

Intensity relative 
to 

[R2/R3−ART+H]+ 
Implies 
radical 

H2O D2O 

[R2−ART+H]+ 

  

295.2749 100 100 R2 

[R3−ART+H]+ 

 

295.2749 100 100 R3 



 

57 

Fragments 

 

 

 

142.1596 20.4 13.6 R2/R3 

 

 

128.1439 6.70 5.67 R2/R3 

 

166.1232 0.836 0.554 R2/R3 

 

222.1858 0.709 0.046 R3 

 

194.1545 0.257 0.086 R3 

Table SI4: Fragments from tandem HPLC-MS of the peak corresponding to [R2/R3−ART+H]+ (m/z 295.275) from 
TART trapping of the HLF reaction, using N-chlorodibutylamine as substrate and CHANT as TART (11.4.3.2), 

observed during the first peak (13.49 min) and second peak (13.62 min). Systematic m/z error = -0.0007; random 
m/z error = ±0.0005. 

Species 
Predicted 

m/z 

Intensity relative to 
[R2/R3−ART+H]+ 

Implies 
radical 

1st peak 2nd peak 

[R2−ART+H]+ 

  

295.2749 100 100 R2 
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[R3−ART+H]+ 

 

295.2749 100 100 R3 

Fragments 

 

 

 

142.1596 39.7 39.6 R2/R3 

 

 

128.1439 11.8 11.3 R2/R3 

 

166.1232 1.09 1.15 R2/R3 

 

222.1858 0.912 0.402 R3 

 

194.1545 0.653 0.531 R3 
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SI3.3. Radical aromatic aminophosphinoylation 

Table SI5: Fragments identified from tandem MS of peak corresponding to [R2−ART+H]+ (m/z 243.094) from 
TART trapping of radical aromatic aminophosphinoylation, using 4-methylstyrene, 4-chloroalanine, and DPPO as 

substrates and allyl-TEMPO as TART (11.4.5). Systematic m/z error = -0.0009; random m/z error = ±0.0002. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R2−ART+H]+ 

  

243.0939 100 

Fragments  

219.0575 490 

 

201.0469 62.7 

Table SI6: Fragments identified from tandem MS of peak corresponding to [R3−ART+H]+ (m/z 361.172) from 
TART trapping of radical aromatic aminophosphinoylation, using 4-methylstyrene, 4-chloroalanine, and DPPO as 

substrates and allyl-TEMPO as TART (11.4.5). Systematic m/z error = -0.0009; random m/z error = ±0.0004. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R3−ART+H]+ 

  

361.1721 100 

Fragments 

 

201.0469 212 

 

159.1174 57.2 
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SI3.4. Radical decarboxylative aromatic iodination 

Table SI7: Fragments identified from tandem MS of peak corresponding to [R1−ART+H]+ (m/z 318.171) from 
TART trapping of radical decarboxylative aromatic iodination, using p-anisic acid as substrate and CHANT as 

TART (11.4.6). Systematic m/z error = -0.0011; random m/z error = ±0.0006. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R1−ART+H]+ 

  

318.1705 100 

Fragments 

 

135.0446 829 

 

107.0497 46.8 

 

219.0657 14.0 

 

166.1232 1.46 
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Table SI8: Fragments identified from tandem MS of peak corresponding to [R3−ART+H]+ (m/z 274.181) from 
TART trapping of radical decarboxylative aromatic iodination, using p-anisic acid as substrate and CHANT as 

TART (11.4.6). Systematic m/z error = -0.0010; random m/z error = ±0.0004. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R3−ART+H]+ 

  

274.1807 100 

Fragments 
 

175.0759 52.0 

 

192.1024 24.9 
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Figure SI80: HPLC-MS chromatogram of peak corresponding to [R1−ART+H/Na]+ (m/z 318.171±0.002 and 
m/z 340.152±0.002), detected from TART trapping of radical decarboxylative aromatic iodination, using p-anisic 

acid as substrate and CHANT as TART (11.4.6). Mass spectrum (inset) recorded at time of maximum 
chromatogram intensity (8.57 min, blue) shows m/z 318.171 cleanly isolated (blue). 

 

Figure SI81: HPLC-MS chromatogram of peak corresponding to [R2−ART+H/Na]+ (m/z 294.035±0.002 and 
m/z 316.017±0.002), detected from TART trapping of radical decarboxylative aromatic iodination, using p-anisic 

acid as substrate and CHANT as TART (11.4.6). Mass spectrum (inset) recorded at time of maximum 
chromatogram intensity (7.82 min, red) shows m/z 294.035 cleanly isolated (red). 
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Figure SI82: HPLC-MS chromatogram of peak corresponding to [R3−ART+H/Na]+ (m/z 274.181±0.002 and 
m/z 296.163±0.002), detected from TART trapping of radical decarboxylative aromatic iodination, using p-anisic 

acid as substrate and CHANT as TART (11.4.6). Mass spectrum (inset) recorded at time of maximum 
chromatogram intensity (1.53 min, pink) shows m/z 274.181 cleanly isolated (pink).



 

64 

SI4. Photochemistry 

SI4.1. Radical cyanomethylation 

Table SI9: Fragments identified from tandem MS of peak corresponding to [R1−ART+H]+ (m/z 286.181) from 
TART trapping of Ru-photocatalysed radical cyanomethylation (11.5.1). Systematic m/z error = -0.0008; random 

m/z error = ±0.0002. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R1−ART+H]+ 

  

286.1807 100 

Fragments  

187.0759 777 

 

159.0810 139 

Table SI10: Fragments identified from tandem MS of peak corresponding to [R4−ART+H]+ (m/z 248.163) from 
TART trapping of Ru-photocatalysed radical cyanomethylation (11.5.1). Systematic m/z error = -0.0007; random 

m/z error = ±0.0002. 

Species 
Predicted 

m/z 

Intensity relative 
to most intense 

fragment / % 

[R4−ART+H]+ 

  

248.1626 0a 

Fragments 

 

208.1701 100 

 

126.0919 13.6 

 

109.0653 6.95 

aParent ion cleanly isolated prior to CID, but CID caused total peak fragmentation.
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SI4.2. Radical thiol-ene addition 

SI4.2.1. Literature replication 

 

Figure SI83: 1H NMR spectrum of radical thiol-ene addition literature replication (11.5.2.1, CD3CN, 400 MHz, 
298 K).
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SI4.2.2. Controls 

 

Figure SI84: HPLC-MS chromatogram of peak corresponding to [CHANT+H]+ (m/z 323.270±0.002), detected 
from TART trapping of radical thiol-ene addition, using benzyl mercaptan and styrene as substrates (11.5.2.3). 

Mass spectrum (inset) recorded at time of maximum chromatogram intensity (19.4 min, green) shows 
m/z 323.270 cleanly isolated (green). 

 

Figure SI85: HPLC-MS chromatogram of peaks corresponding to [R1−ART+H/Na]+ (m/z 290.158±0.002 and 
m/z 312.140±0.002), detected TART trapping of radical thiol-ene addition, using benzyl mercaptan and styrene 

as substrates (11.5.2.3). Mass spectrum (inset) recorded at time of maximum chromatogram intensity (20.0 min, 
blue) shows m/z 290.158 cleanly isolated (blue). 
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Figure SI86: HPLC-MS chromatogram of peaks corresponding to [R2−ART+H/Na]+ (m/z 394.220±0.002 and 
m/z 416.202±0.002), detected TART trapping of radical thiol-ene addition, using benzyl mercaptan and styrene 

as substrates (11.5.2.3). Mass spectrum (inset) recorded at time of maximum chromatogram intensity (24.0 min, 
red) shows m/z 394.220 cleanly isolated (red). 

SI4.2.3. TART-trapped radical isolation 

 

Figure SI87: N-Cyclohexyl-2-[(phenylsulfanyl)methyl]acrylamide 1H NMR spectrum (CDCl3, 400 MHz, 298 K). 
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Figure SI88: N-Cyclohexyl-2-[(phenylsulfanyl)methyl]acrylamide 13C NMR spectrum (CDCl3, 100 MHz, 298 K). 

 

Figure SI89: N-Cyclohexyl-2-[(phenylsulfanyl)methyl]acrylamide mass spectrum (Pos ESI).
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SI4.2.4. Kinetics experiments and kinetic modelling 

 

Figure SI90: Experimental data (scatter, 11.5.2.7) and fitted simulation (lines, 11.10.2) of TART trapping of 
radical thiol-ene addition, using thiophenol and styrene as substrates and TART (purple) and R1−ART (sky blue). 

Initiation rate constant used in the simulation was informed from experimental data. 

 

Figure SI91: Kinetical model produced for radical thiol-ene addition, replicating conditions of TART trapping of 
thiol-ene addition (11.5.2.8) but in absence of TART, using thiophenol and styrene as substrates, showing [R1] 

and [R2], indicating R1 was the radical resting state.
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SI4.2.5. Effect of different thiols on reaction kinetics 

Table SI11: Fragments identified from tandem MS of peak corresponding to [R1−ART+H]+ (m/z 290.158) from 
TART trapping of radical thiol-ene addition, using benzyl mercaptan (S2.1) and styrene (S3.1) as substrates after 

72 h (11.5.2.8). Systematic m/z error = -0.0010; random m/z error = ±0.0004. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R1−ART+H]+ 

  

290.1578 100 

Fragments 
 

168.1388 16.6 

 

191.0531 11.9 

Table SI12: Fragments identified from tandem MS of peak corresponding to [R2−ART+H]+ (m/z 394.220) from 
TART trapping of radical thiol-ene addition, benzyl mercaptan (S2.1) and styrene (S3.1) as substrates after 72 h 

(11.5.2.8). Systematic m/z error = -0.0013; random m/z error = ±0.0004. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R2−ART+H]+ 

  

394.2204 100 

Fragments 

 

295.1157 28.8 
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Table SI13: Fragments identified from tandem MS of peak corresponding to [R1−ART+H]+ (m/z 276.142) from 
TART trapping of radical thiol-ene addition, using thiophenol (S2.2) and styrene (S3.1) as substrates after 24 h 

(11.5.2.8). Systematic m/z error = -0.0007; random m/z error = ±0.0002. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R1−ART+H]+ 

  

276.1422 100 

Fragments 

 

177.0374 78.0 

 

194.0640 15.6 

 

149.0425 11.5 

Table SI14: Fragments identified from tandem MS of peak corresponding to [R2−ART+H]+ (m/z 380.205) from 
TART trapping of radical thiol-ene addition, using thiophenol (S2.2) and styrene (S3.1) as substrates after 24 h 

(11.5.2.8). Systematic m/z error = -0.0009; random m/z error = ±0.0003. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R2−ART+H]+ 

  

380.2048 100 

Fragments 

 

281.1000 158 



 

72 

Fragments 

 

270.1858 80.5 

Table SI15: Fragments identified from tandem MS of peak corresponding to [R1−ART+H]+ (m/z 306.153) from 
TART trapping of radical thiol-ene addition, using 3-methoxythiophenol (S2.3) and styrene (S3.1) as substrates 

after 24 h (11.5.2.8). Systematic m/z error = -0.0007; random m/z error = ±0.0002. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R1−ART+H]+ 

  

306.1528 100 

Fragments 

 

207.0480 84.0 

 

179.0531 13.7 

 

224.0745 5.42 
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Table SI16: Fragments identified from tandem MS of peak corresponding to [R1−ART+H]+ (m/z 282.189) from 
TART trapping of radical thiol-ene addition, using cyclohexanethiol (S2.4) and styrene (S3.1) as substrates after 

72 h (11.5.2.8). Systematic m/z error = -0.0010; random m/z error = ±0.0004. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R1−ART+H]+ 

  

282.1891 100 

Fragments 

 

200.1109 74.7 

 

183.0844 15.9 

 

168.1388 14.4 

Table SI17: Fragments identified from tandem MS of peak corresponding to [R2−ART+H]+ (m/z 386.252) from 
TART trapping of radical thiol-ene addition, using cyclohexanethiol (S2.4) and styrene (S3.1) as substrates after 

72 h (11.5.2.8). Systematic m/z error = -0.0010; random m/z error = ±0.0002. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R2−ART+H]+ 

  

386.2517 100 
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Fragments 

 

287.1470 61.9 

 

270.1858 29.7 

Table SI18: Fragments identified from tandem MS of peak corresponding to [R1−ART+H]+ (m/z 334.148) from 
TART trapping of radical thiol-ene addition, using methyl thiosalicylate (S2.5) and styrene (S3.1) as substrates 

after 24 h (11.5.2.8). Systematic m/z error = -0.0007; random m/z error = ±0.0002. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R1−ART+H]+ 

  

334.1477 100 

Fragments 

 

302.1215 242 

 

177.0374 29.5 

 

220.0432 20.4 
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Table SI19: Fragments identified from tandem MS of peak corresponding to [R1−ART+H]+ (m/z 256.173) from 
TART trapping of radical thiol-ene addition, using tBuSH (S2.6) and styrene (S3.1) as substrates after 72 h 

(11.5.2.8). Systematic m/z error = -0.0009; random m/z error = ±0.0003. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R1−ART+H]+ 

  

256.1735 100 

Fragments 

 

200.1109 124 

Table SI20: Fragments identified from tandem MS of peak corresponding to [R2−ART+H]+ (m/z 360.236) from 
TART trapping of radical thiol-ene addition, using tBuSH (S2.6) and styrene (S3.1) as substrates after 72 h 

(11.5.2.8). Systematic m/z error = -0.0011; random m/z error = ±0.0004. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R2−ART+H]+ 

  

360.2361 100 

Fragments 

 

304.1735 77.5 



 

76 

Fragments 

 

270.1858 6.26 

 

205.0687 4.73 

SI4.2.6. Effect of different alkenes on reaction kinetics 

Table SI21: Species identified from TART trapping of Ru-photocatalysed radical thiol-ene addition under standard 
conditions after 2 h, using benzyl mercaptan (S2.1) and different alkenes as substrates, CHANT as TART and 

MS for characterisation (11.5.2.9). Cl containing species are shown with 35Cl only. Systematic m/z error 
= -0.0005; random error m/z = ±0.0008; 100% intensity = 2.11×109 absolute count. 

Alkenes S3. 1 2 3 4 5 6 

Species Intensity relative to unreacted TART standard / % 

TART [CHANT+H]+ 111 56.7 35.3 13.6 48.1 56.5 

Trapped 
radicals 

[R1−ART+H]+ 0.018 0.309 0.210 0.913 0.072 0.178 
[R1−ART+Na]+ 0.238 2.46 2.04 7.83 0.616 1.26 
[R1−TEMPO+H]+ 0 0 0 0.005 0 0 
[R2−ART+H]+ 0.091 0.003 0 0.040 0 0 
[R2−ART+Na]+ 0 0 0 0 0 0 
[R2−TEMPO+H]+ 1.45 0.017 0.013 0.112 0.057 0.043 

Other 
trapped 
radicals 

[R1−ART+S2+H]+ 
(thiol-ene addition) 

0 0.037 0.026 0 0.003 0.013 

[R1−ART+S2+Na]+ 
(thiol-ene addition) 

0 0.039 0.047 0.347 0.002 0.011 

Products 
[P2+H]+ 0.016 0.007 0.001 0.011 0 0.019 
[P2+Na]+ 0.018 0 0 0.038 0 0.191 

Other 
products 

[TART+S2+H]+ 
(thiol-ene addition) 

0.426 5.58 3.57 13.3 0.979 2.53 

Table SI22: Fragments identified from tandem MS of peak corresponding to [R1−ART+H]+ (m/z 290.158) from 
TART trapping of radical thiol-ene addition, using benzyl mercaptan (S2.1) and different alkenes (S3.1-S3.6) as 

substrates after 24 h (11.5.2.9). Systematic m/z error = -0.0009; random m/z error = ±0.0004. 

Species 
Predicted 

m/z 
Intensity relative to parent ion / % 

S3.1 S3.2 S3.3 S3.4 S3.5 S3.6 

[R1−ART+H]+ 

  

290.1578 100 100 100 100 100 100 
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Fragments 

 

168.1388 18.0 19.3 21.4 19.3 15.7 21.3 

 

191.0531 11.5 15.5 19.3 14.2 14.6 11.8 

 

208.0796 0 0 6.17 0 0 0 

SI4.3. Radical dearomative spirocyclisation 

Table SI23: Fragments identified from tandem MS of peak corresponding to [R1−ART+H]+ (m/z 256.173) from 
TART trapping of radical dearomative spirocyclisation, using tBuSH (S2.6) as substrate (11.5.3.2). Systematic 

m/z error = -0.0008; random m/z error = ±0.0003. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R1−ART+H]+ 

  

256.1735 100 

Fragments 
 

200.1109 1130 

 

118.0327 37.1 

Table SI24: Fragments identified from tandem MS of peak corresponding to [R2/R3−ART+H]+ (m/z 529.289) from 
TART trapping of radical dearomative spirocyclisation, using tBuSH (S2.6) as substrate (11.5.3.2). Systematic 

m/z error = -0.0012; random m/z error = ±0.0005. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R3−ART+H]+a 

  

529.2889 100 
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Fragments 

 

473.2263 50.7 

 

430.1841 34.5 

 

374.1215 30.2 

aAll peaks could equally be assigned to [R2−ART+H]+ fragments.
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SI5. Biochemistry 

SI5.1. Alcohols 

Table SI25: Fragments identified from tandem MS of peak corresponding to [R1.1−ART+H]+ (m/z 219.134) from 
TART trapping of ●OH-initiated methanol degradation, using DEADANT as TART (11.6.2). Systematic m/z error 

= -0.0008; random m/z error = ±0.0003. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R1.1−ART+H]+ 

  

219.1345 100 

Fragments 

 

201.1239 121 

 

156.0661 85.0 

 

115.0871 53.1 

 

174.0766 26.6 
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Table SI26: Fragments identified from tandem MS of peak corresponding to [R1.1.1.1.1−ART+H]+ (m/z 217.119) 
from TART trapping of ●OH-initiated methanol degradation, using DEADANT as TART (11.6.2). Systematic m/z 

error = -0.0007; random m/z error = ±0.0002. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R1.1.1.1.1−ART+H]+ 

  

217.1188 100 

Fragments 

 

172.061 240 

 

126.0555 99.2 

Table SI27: Fragments identified from tandem MS of peak corresponding to [R1−ART+H]+ (m/z 229.192) from 
TART trapping of ●OH-initiated tBuOH degradation, using DEADANT as TART (11.6.2). Systematic m/z error 

= -0.0007; random m/z error = ±0.0002. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R1−ART+H]+ 

  

229.1916 100 

Fragments 

 

211.1810 48.9 
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Fragments 

 

166.1232 11.9 

Table SI28: Fragments identified from tandem MS of peak corresponding to [R1.1−ART+H]+ (m/z 261.181) from 
TART trapping of ●OH-initiated tBuOH degradation, using DEADANT as TART (11.6.2). Systematic m/z error 

= -0.0008; random m/z error = ±0.0003. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R1.1.1−ART+H]+ 

  

261.1814 100 

Fragments 

 

198.1130 55.3 

 

115.0871 40.4 

 

243.1709 37.8 
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Table SI29: Fragments identified from tandem MS of peak corresponding to [R1.1.1−ART+H]+ (m/z 241.187) 
from TART trapping of ●OH-initiated tBuOH degradation, using DEADANT as TART (11.6.2). Systematic m/z 

error = -0.0006; random m/z error = ±0.0003. 

Species 
Predicted 

m/z 

Intensity relative 
to most intense 

fragment / % 

[R1.1.1−ART+H]+ 

  

241.1865 0a 

Fragments 

 

115.0871 100 

 

227.1759 86.7 

 

126.0555 44.5 

 

182.1181 41.4 

aParent ion cleanly isolated prior to CID, but CID caused total peak fragmentation.
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SI5.2. Nucleobases 

Table SI30: Fragments identified from tandem MS of peak corresponding to [R1.1−ART+H]+ (m/z 331.162) from 
TART trapping of ●OH-initiated thymine degradation, using DEADANT as TART (11.6.4). Systematic m/z error 

= -0.0008; random m/z error = ±0.0003. 

Species 
Predicted 

m/z 
Intensity relative 
to parent ion / % 

[R1.1−ART+H]+ 

  

331.1618 100 

Fragments 

 

313.1512 78.8 

 

115.0871 57.3 

 

286.1039 43.9 
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Fragments 

 

268.0933 20.5 

 

126.0555 11.1 

aAll peaks could equally be assigned to [R2.1−ART+H]+, [hydroxylated R1.1.1−ART+H]+ and 
[hydroxylated R2.1.1−ART+H]+ fragments. 

SI5.3. Dipeptides 

Table SI31: D exchanges observed for MS peaks corresponding to TART-trapped radicals from D2O exchange of 
●OH-initiated Ac-Gly-Gly-OH degradation, using DEADANT as TART and MS for characterisation (Pos ESI-MS, 

4.2.2.2). Systematic m/z error = 0.0000; random m/z error = ±0.0008. 

  Proportion of total intensity of all D-
shifted species / % 

Species 
Predicted 

D shift 
3D 4D 5D 6D 7D 

R1:R3−ART 5D 0 9.7 90.3 0 0 
R1.1:R3.1−ART 5D 0 1.3 17.6 81.1 0 
R1.1.1:R3.1.1−ART 5D 0 14.6 85.4 0 0 
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SI6. Alkene ozonolysis 

SI6.1. α-Pinene 

SI6.1.1. Optimisation 

SI6.1.1.1. TART phase 

Additives dodecamethylpentasiloxane (A.1), Galden™ HT270 (A.2), [C4mim]+[Tf2N]- (A.3) and 

[C4pyrr]+[Tf2N]- (A.4) were used for TART trapping of α-pinene ozonolysis using solid 

supported TART (Table SI32). 

Table SI32: Species identified from TART trapping of α-pinene ozonolysis, using CHANT solution or solid 
supported CHANT with different additives and MS for characterisation (11.7.3.2). Systematic m/z error = -0.0006; 

random m/z error = ±0.0003; 100% intensity = 5.08×109 absolute count. 

Species 
Intensity relative to unreacted TART standard / % 

Solution 
Functionalised celite/ 

- A.1 A.2 A.3 A.4 

TART [CHANT+H]+ 19.7 11.2 20.0 7.14 17.4 18.0 

Trapped 
radicals 

[R1.1/R1.2−ART+Na]+ 0.047 0.016 0 0.026 0.002 0.003 
[R1.1.1/R1.2.1−ART+Na]+ 0.040 0.050 0 0.119 0.005 0.005 

[R2.1−ART+Na]+ 
 0.053 0.005 0 0.009 0 0 

[R2.1.1−ART+Na]+ 0.029 0.008 0 0.014 0 0 

Products 

[Pinaldehyde+Na]+ 2.81 0.202 0.001 0.278 0.055 0.058 
[Pinonic acid+Na]+a 0.676 0.286 0 0.381 0.074 0.071 
[P1.1.3/P1.2.3+Na]+a 0.676 0.286 0 0.381 0.074 0.071 
[P1.2.4+Na]+ 0.005 0.017 0 0.022 0.003 0.003 
[P2.1.3+Na]+ 0.105 0.010 0 0.013 0.001 0.001 
[P2.1.4+Na]+ 0.071 0.019 0 0.026 0.006 0.004 

aOther table entries have predicted species with same m/z. 

SI6.1.1.2. Functionality of TART, solvent and additives 

Table SI33: Species identified from TART trapping of α-pinene ozonolysis, conducted using different TARTs and 
MS for characterisation (11.7.3). Systematic m/z error = -0.0006; random m/z error = ±0.0012; 100% intensity = 

5.08×109 absolute count. 

 Intensity relative to unreacted CHANT standard / % 

Species 
Grantham 

TARTa CHANTa DEADANTb TREADANTc 

TART [CHANT+H]+ 0.055 11.9 0.034 1.066 

Trapped 
radicals 

[R1.1/R1.2−ART+Na/H/0]+ 0.738 0.024 0.007 0 
[R1.1.1/R1.2.1−ART+Na/H/0]+ 0.759 0.053 0.011 0 

[R2.1−ART+Na/H/0]  1.10 0.055 0 0 

[R2.1.1−ART+Na+Na/H/0]+ 0.558 0.100 0.005 0.005 

Products 

[Pinaldehyde+Na]+ 1.93 2.04 1.58 1.48 
[Pinonic acid+Na]+d 2.59 1.91 4.82 1.07 
[P1.1.3/P1.2.3+Na]+d 2.59 1.91 4.82 1.07 
[P1.2.4+Na]+ 0.020 0.017 0.010 0.007 
[P2.1.3+Na]+ 0.117 0.091 0.122 0.053 
[P2.1.4+Na]+ 0.194 0.140 0.024 0.032 

aTART-trapped radicals shown as sodiated MS adducts. bTART-trapped radicals shown as protonated MS adducts. 
cTART-trapped radicals pre-charged and hence have no (0) cation. dOther table entries have predicted species 
with same m/z. 
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Table SI34: Species identified from TART trapping of α-pinene ozonolysis, using different TARTs dissolved in 
different solvents and MS for characterisation (11.7.3). Systematic m/z error = -0.0006; random m/z error = 

±0.0006; 100% intensity = 5.08×109 absolute count. 

Species 

Intensity relative to unreacted CHANT 
standard / % 

CHANTa/ DEADANTb/ 

MeCN DMF MeCN DMF H2O 

TART [CHANT+H]+ 19.7 13.4 0 0 0.069 

Trapped 
radicals 

[R1.1/R1.2−ART+Na/H]+ 0.047 0 0.002 0.001 0.001 
[R1.1.1/R1.2.1−ART+Na/H]+ 0.040 0.001 0 0 0.002 

[R2.1−ART+Na/H]+ 
 0.053 0 0 0 0 

[R2.1.1−ART+Na/H]+ 0.029 0.004 0 0 0 

Products 

[Pinaldehyde+Na]+ 2.81 0.107 1.12 0.669 0.078 
[Pinonic acid+Na]+c 0.676 0.024 0.291 0.321 0.022 
[P1.1.3/P1.2.3+Na]+c 0.676 0.024 0.291 0.321 0.022 
[P1.2.4+Na]+ 0.005 0 0.002 0.003 0 
[P2.1.3+Na]+ 0.105 0 0.007 0.037 0 
[P2.1.4+Na]+ 0.071 0.002 0.025 0.027 0.002 

aTART-trapped radicals shown as sodiated MS adducts. bTART-trapped radicals shown as protonated MS adducts. 
cOther table entries have predicted species with same m/z. 

Table SI35: Species identified from TART trapping of α-pinene ozonolysis, using DEADANT as TART dissolved 
in different solvents and MS for characterisation (11.7.3). Systematic m/z error = -0.0006; random m/z error = 

±0.0008; 100% intensity = 5.08×109 absolute count. 

Species 

Intensity relative to unreacted CHANT 
standard / % 

MeCN/ H2O/ 

- TFA - TFA 
AcOH/
NaOAc 

TART [CHANT+H]+ 0.028 1.28 0.069 19.7 18.8 

Trapped 
radicals 

[R1.1/R1.2−ART+Na]+ 0.014 0.004 0.001 0.001 0.003 
[R1.1.1/R1.2.1−ART+Na]+ 0.006 0.014 0.002 0.002 0.005 

[R2.1−ART+Na]+ 
 0.000 0.003 0 0.004 0.006 

[R2.1.1−ART+Na]+ 0.001 0.004 0 0.001 0.001 

Products 

[Pinaldehyde+Na]+ 0.466 0.755 0.078 1.65 2.16 
[Pinonic acid+Na]+a 0.251 1.30 0.022 0.461 0.744 
[P1.1.3/P1.2.3+Na]+a 0.251 1.30 0.022 0.461 0.744 
[P1.2.4+Na]+ 0.002 0.008 0 0.016 0.009 
[P2.1.3+Na]+ 0.006 0.070 0 0.017 0.022 
[P2.1.4+Na]+ 0.010 0.017 0.002 0.104 0.126 

aOther table entries have predicted species with same m/z. 
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Table SI36: Species identified from TART trapping of α-pinene ozonolysis, conducted using Grantham TART and 
MS for characterisation (11.7.3). Systematic m/z error = -0.0006; random m/z error = ±0.0005; 100% intensity = 

5.08×109 absolute count. 

Species 
Predicted 

m/z 

Intensity relative to 
unreacted CHANT 

standard / % 
Trapless 
control 

Grantham 
TART 

TART [CHANT+H]+ 266.2484 0 0.055 

Trapped 
radicals 

[R1.1/R1.2−ART+Na]+ 331.1885 0.686 0.738 
[R1.1.1/R1.2.1−ART+Na]+ 315.1936 1.068 0.759 

[R2.1−ART+Na]  303.1936 0.951 1.10 

[R2.1.1−ART+Na+Na]+ 287.1987 0.267 0.558 

Products 

[Pinaldehyde+Na]+ 191.1048 2.229 1.93 
[Pinonic acid+Na]+a 207.0997 2.549 2.59 
[P1.1.3/P1.2.3+Na]+a 207.0997 2.549 2.59 
[P1.2.4+Na]+ 205.0841 0.022 0.020 
[P2.1.3+Na]+ 179.1048 0.094 0.117 
[P2.1.4+Na]+ 177.0891 0.234 0.194 

aOther table entries have predicted species with same m/z. 

SI6.1.1.3. TART concentration 

Table SI37: Species identified from TART trapping of α-pinene ozonolysis, using CHANT at different 
concentrations and MS for characterisation (11.7.3). Systematic m/z error = -0.0006; random m/z error = 

±0.0009; 100% intensity = 5.08×109 absolute count. 

Species 
Predicted 

m/z 

Intensity relative to unreacted 
TART standard / % 

50 µM 500 µM 5000 µM 

TART [CHANT+H]+ 323.2698 40.7 21.8 56.6 

Trapped 
radicals 

[R1.1/R1.2−ART+Na]+ 388.2100 0.012 0.013 0.012 
[R1.1.1/R1.2.1−ART+Na]+ 372.2151 0.030 0.037 0.006 

[R2.1−ART+Na]+ 
 360.2151 0.011 0.061 0.005 

[R2.1.1−ART+Na]+ 344.2202 0.001 0.017 0 

Products 

[Pinaldehyde+Na]+ 191.1048 0.529 1.45 0.217 
[Pinonic acid+Na]+a 207.0997a 0.169 1.51 0.040 
[P1.1.3/P1.2.3+Na]+a 207.0997a 0.169 1.51 0.040 
[P1.2.4+Na]+ 205.0841 0.003 0.010 0 
[P2.1.3+Na]+ 179.1048 0.007 0.059 0 
[P2.1.4+Na]+ 177.0891 0.014 0.034 0.001 

aOther table entries have predicted species with same m/z.
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SI6.1.2. Detailed results 

SI6.1.2.1. Formula Find 

 

Figure SI92: Background corrected mass spectrum from TART trapping of α-pinene ozonolysis (11.7.2), showing 
the peak corresponding to [R6/R7−ART+Na]+ (m/z 356.220, pink). 100% intensity = 2.01×109 absolute count. 

SI6.1.2.2. HPLC-MS 

 

Figure SI93: HPLC-MS chromatogram and mass spectrum (inset) of peaks corresponding to R1.1.1/R1.2.1−ART 
(m/z 350.233±0.002 and m/z 372.215±0.002) from TART trapping of α-pinene ozonolysis (11.7.2). MS source 

was sent to waste between 13.5-14.0 min, to prevent injection of unreacted TART. Mass spectrum of 
[R1.1.1/R1.2.1−ART+H]+ (red) is at time of maximum intensity (red). 
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Figure SI94: HPLC-MS chromatograms of peaks corresponding to R5.1/R5.2−ART (m/z 384.239±0.002 and 
m/z 406.221±0.002, top, green) and C10H17O6−ART (m/z 400.234±0.002 and m/z 422.216±0.002, bottom, light 

blue) from TART trapping of α-pinene ozonolysis (11.7.2). MS source was sent to waste between 13.5-14.0 min, 
to prevent injection of unreacted TART. 

 

Figure SI95: HPLC-MS chromatogram and mass spectrum (inset) of peaks corresponding to R6/R7−ART 
(m/z 334.238±0.002 and m/z 356.220±0.002) from TART trapping of α-pinene ozonolysis (11.7.2). MS source 

was sent to waste between 13.5-14.0 min, to prevent injection of unreacted TART. Mass spectrum of 
[R6/R7−ART+H]+ (pink) is at time of maximum intensity (pink).



 

90 

SI6.1.2.3. Oligomers 

Table SI38: Five most intense peaks believed to correspond to monomeric products from TART trapping of 
α-pinene ozonolysis, obtained using the Formula Find programme. Molecular formula limits were set as 

C1-10H0-100O0-15Na0-1 and m/z limits 100-1000. Illogical molecular formulae were eliminated. 

Observed 
m/z 

Intensity 
relative to 
unreacted 

TART 
standard / % 

Corresponding 
molecular 
formula 

Structure identified 

225.1098 1.74 C10H18O4 P5.1.3/P5.2.3/P5.3.1.2/P5.3.2.2 
191.1043 1.12 C10H16O2 Pinaldehyde/P4.3/P6.2/P7.2 

207.0993 0.242 C10H16O3 Pinonic acid/P5.3.2.4 
193.1200 0.109 C10H18O2 P3.3 
209.1152 0.104 C10H18O3 P3.2/P4.2/P5.3.1.3/P5.3.2.3 

Table SI39: Dimers from the ten most intense peaks from TART trapping of α-pinene ozonolysis, obtained using 
the Formula Find programme. Molecular formula limits were set as C1-40H0-100N0-2O0-15Na0-1 and m/z limits 

100-1000. 

Observed 
m/z 

Intensity 
relative to 
unreacted 

TART 
standard / % 

Corresponding 
dimer 

molecular 
formula 

Corresponding monomer 
cluster molecular formula 

393.2249 32.8 [C20H34O6Na]+ [(C10H18O4)(C10H16O2)Na]+ 
[(C10H16O3)(C10H18O3)Na]+ 

409.2200 11.9 [C20H34O7Na]+ [(C10H18O4)(C10H16O3)Na]+ 
391.2094 9.16 [C20H32O6Na]+ [(C10H16O3)(C10H16O3)Na]+ 
375.2144 5.06 [C20H32O5Na]+ [(C10H16O2)(C10H16O3)Na]+ 
425.2149 4.83 [C20H34O8Na]+ - 
359.2195 2.19 [C20H32O4Na]+ [(C10H16O2)(C10H16O2)Na]+ 
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Figure SI96:HPLC-MS chromatograms of peaks (m/z ±0.002) corresponding to dimers and their potential cluster-
forming monomers from TART trapping of α-pinene ozonolysis (11.7.2). Peaks corresponding to each dimer and 
their potential cluster-forming monomers either did not overlap or overlap poorly, indicating dimers were formed 

during TART trapping of α-pinene ozonolysis and not during MS. 

Table SI40: Radical-alkene-alkene trimer species identified from TART trapping of α-pinene ozonolysis, using MS 
for characterisation (11.7.2). Systematic m/z error = -0.0005; random m/z error = ±0.0012; 100% intensity = 

2.01×109 absolute count. Radical-alkene dimer nomenclature is of the form PR-Trim-x, where R is the index of 
reactant radical species and x is the total oxygen count in the α-pinene unit, including the bridges between the 
two units (1-2), two new alkene inner rings (0-2) and new alkene alcohol/hydroperoxide (1-2) functionalisation. 

  
Intensity relative to unreacted TART 

standard / % 

Species 
Predicted 

m/z 
No 

substrate 

No O2/ 
No 
UVa 

No 
TART 

Trapping 
reactionb 

[CHANT+H]+ 323.2698 0.019 
98.1/ 
92.5 

0 29.5±1.2 

[P1.1/1.2-Trim-3+Na]+ 511.3399c 0 0 0.009 0.003±0.001 
[P1.1/1.2-Trim-4+Na]+ 527.3348c 0.003 0 0.030 0.020±0.001 
[P1.1/1.2-Trim-5+Na]+ 543.3297c 0 0 0.092 0.049±0.003 
[P1.1/1.2-Trim-6+Na]+ 559.3246c 0 0 0.752 0.66±0.11 
[P1.1/1.2-Trim-7+Na]+ 575.3196c 0 0 0.674 0.58±0.04 
[P1.1/1.2-Trim-8+Na]+ 591.3145c 0 0 0.277 0.24±0.02 
[P1.1/1.2-Trim-9+Na]+ 607.3095 0 0 0.083 0.037±0.002 

[P1.1/1.2-Trim-10+Na]+ 623.3044 0 0 0.026 0 
[P5.1/5.2-Trim-3+Na]+ 529.3505 0.006 0 0.019 0.013±0.002 
[P5.1/5.2-Trim-4+Na]+ 545.3454c 0 0 0.711 0.311±0.005 
[P5.1/5.2-Trim-5+Na]+ 561.3403c 0.002 0 0.250 0.120±0.003 
[P5.1/5.2-Trim-6+Na]+ 577.3352c 0 0 3.32 3.41±0.14 
[P5.1/5.2-Trim-7+Na]+ 593.3301c 0 0 6.18 4.8±0.3 
[P5.1/5.2-Trim-8+Na]+ 609.3251c 0 0 1.57 1.15±0.04 
[P5.1/5.2-Trim-9+Na]+ 625.3200c 0 0 0.250 0.193±0.013 

[P5.1/5.2-Trim-10+Na]+ 641.3150c 0 0 0.043 0.018±0.001 
[PC10H17O6-Trim-3+Na]+ 545.3454c 0 0 0.711 0.311±0.005 
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[PC10H17O6-Trim-4+Na]+ 561.3403c 0.002 0 0.250 0.120±0.003 
[PC10H17O6-Trim-5+Na]+ 577.3352c 0 0 3.32 3.41±0.14 
[PC10H17O6-Trim-6+Na]+ 593.3301c 0 0 6.18 4.8±0.3 
[PC10H17O6-Trim-7+Na]+ 609.3251c 0 0 1.57 1.15±0.04 
[PC10H17O6-Trim-8+Na]+ 625.3200c 0 0 0.250 0.193±0.013 
[PC10H17O6-Trim-9+Na]+ 641.3150c 0 0 0.043 0.018±0.001 

[PC10H17O6-Trim-10+Na]+ 657.3099 0 0 0.008 0.004±0.001 
[P6/7-Trim-3+Na]+ 479.3501 0 0 0 0 
[P6/7-Trim-4+Na]+ 495.3450 0 0 0 0 
[P6/7-Trim-5+Na]+ 511.3399c 0 0 0.009 0.003±0.001 
[P6/7-Trim-6+Na]+ 527.3348c 0.003 0 0.030 0.020±0.001 
[P6/7-Trim-7+Na]+ 543.3297c 0 0 0.092 0.049±0.003 
[P6/7-Trim-8+Na]+ 559.3246c 0 0 0.752 0.66±0.11 
[P6/7-Trim-9+Na]+ 575.3196c 0 0 0.674 0.58±0.04 

[P6/7-Trim-10+Na]+ 591.3145c 0 0 0.277 0.24±0.02 
aNo UV and no N2 controls combined into single column. bThree repeats undertaken and an average and 
associated error calculated. cOther table entries have predicted species with same m/z. 

SI6.1.2.4. Kinetic modelling 

 

Figure SI97: Liquid phase model of TART trapping of gaseous α-pinene ozonolysis between 0-10 min at 
residence time 56.5 ms. Simulation indicated [RO●] was extremely low, whilst [RO2

●] existed in solution at 
concentrations greater than TART-trapped RO2

●. 
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SI7. ●OH-initiated alkane degradation 

SI7.1. Using water photolysis as an ●OH source 

 

Figure SI98: HPLC-MS chromatograms of peaks corresponding to RO2−ART (m/z 326.270±0.002 and 
m/z 348.251±0.002) from TART trapping of ●OH-initiated n-nonane degradation, using water photolysis as an 
●OH source and CHANT as TART, after 100 min and with controls (11.8.2). HPLC output was sent to waste 

between 13.5-14.0 min, to prevent spectrometer contamination by unreacted TART. 

Table SI41: Species identified from TART trapping of ●OH-initiated n-nonane degradation using water photolysis 
as an ●OH source, DEADANT as TART and MS for characterisation after 10 min (11.8.2). Systematic m/z error 

= -0.0005; random m/z error = ±0.0005; 100% intensity = 6.11×108 absolute count. 

Species 
Predicted 

m/z 

Intensity relative to unreacted 
TART standard / % 

Trapless 
control 

Unreacted 
TART 

standard 

Trapping 
reaction 

TART [CHANT+H]+ 323.2698 0.909 100 120 

TART 
degradation 

[N-oxidised 
CHANT+H]+ 

323.2698 0 0.067 1.91 

Trapped 
radicals 

[RO2−ART+Na]+ 348.2515 0 0 0 
[RO−ART+Na]+ 332.2565 0 0 0.041 

Products 

[RH+Na]+ 151.1463 0 0 0 
[ROH+Na]+ 167.1412 0 0 0 
[RCO+Na]+ 165.1255 0 0 0 

[ROOH+Na]+ 183.1361 0 0 0 
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Figure SI99: HPLC-MS chromatograms of the peak corresponding to RO2−ART (m/z 315.265±0.002) from TART 
trapping of ●OH-initiated n-nonane degradation, using water photolysis as an ●OH source and DEADANT as 

TART, with controls (11.8.2). 
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SI8. Modelling equations 

SI8.1. Radical thiol-ene addition 

Table SI42: Reactions and their rate constants for TART trapping of radical thiol-ene addition, using styrene 
(S3.1) and thiols S2.2, S2.3 or S2.5 as substrates (11.5.2.8, 11.10.2). Key parameters: time = 24 h. 

Concentrations / M: [thiol]0 = 0.400; [styrene]0 = 0.200; [TART]0 = 0.020. 

Reactiona A 

S2.2 S2.3 S2.5 

S==>R1 6.81E-06b 

R1+A==>R2 3.54E+07c 3.54E+09c 3.54E+10c 

R2==>R1+A 5.31E+07d 

R2+S==>P+R1 2.48E+06c 2.48E+05c 2.48E+04c 

P+R1==>R2+S 1.45E+00d 

2R1==>T 1.00E+08e 

R1+R2==>T 1.00E+08e 

2R2==>T 1.00E+08e 

R1+TART==>R1.ART+TEMPO 4.35E+06f 3.03E+06g 3.03E+06g 

R2+TART==>R2.ART+TEMPO 4.50E+02h 

R2+TEMPO==>R2.TEMPO 1.64E+08i 

R1+R1.ART==>R1.ART.R1 4.35E+06f 3.03E+06g 3.03E+06g 

R1.ART.R1==>R1+R1.ART 7.99E+06f 1.35E+07g 1.35E+07g 

R1.ART.R1+S==>R1+R1.ART.R1.P 1.00E+06f 1.32E+07g 1.32E+07g 

R1+R1.ART.R1.P==>R1.ART.R1+S 5.74E-01f 1.44E+01g 1.44E+01g 

R1.ART.R1+ART==>R1.ART.R1.ART+TEMPO 4.50E+02h 

R1.ART.R1+TEMPO==>R1.ART.R1.TEMPO 1.64E+08i 

R1+R2.ART==>R2.ART.R1 4.35E+06f 3.03E+06g 3.03E+06g 

R2.ART.R1==>R1+R2.ART 7.99E+06f 1.35E+07g 1.35E+07g 

R2.ART.R1+S==>R1+R2.ART.R1.P 1.00E+06f 1.32E+07g 1.32E+07g 

R1+R2.ART.R1.P==>R2.ART.R1+S 5.74E-01f 1.44E+01g 1.44E+01g 

R2.ART.R1+ART==>R2.ART.R1.ART+TEMPO 4.50E+02h 

R2.ART.R1+TEMPO==>R2.ART.R1.TEMPO 1.64E+08i 

R1.ART.R1+R1==>T 1.00E+08e 

R1.ART.R1+R2==>T 1.00E+08e 

2R1.ART.R1==>T 1.00E+08e 

R1.ART.R1+R2.ART.R1==>T 1.00E+08e 

R2.ART.R1+R1==>T 1.00E+08e 

R2.ART.R1+R2==>T 1.00E+08e 

2R2.ART.R1==>T 1.00E+08e 
aS = thiol, A = alkene; P = thioether product; T = terminated product; R1.ART = R1−ART; R2.ART = R2−ART; 
R2.TEMPO = R2−TEMPO; R1.ART.R1.P = R1−ART+S2. bEstimated using experimental data and kinetic 
modelling. cEstimated from literature reaction of thiophenol with styrene208 and altered by hand until experimental 
[R1−ART]/[R2−ART] was achieved. dEstimated from literature reaction of thiophenol with styrene.208 eRadical-
radical termination rate defined by literature.204 fEstimated from literature reaction of thiophenol with methyl 
methacrylate.208 gEstimated from 4-chlorothiophenol with methyl methacrylate.208 hEstimated from literature 
reaction of benzyl radical with methyl methacrylate.209 iEstimated from literature reaction of PhC●HCH3 reaction 
with TEMPO●.210 
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Table SI43: Reactions and their rate constants for TART trapping of radical thiol-ene addition, using styrene 
(S3.1) and thiols S2.1, S2.4 and S2.6 as substrates (11.5.2.8, 11.10.2). Key parameters: time = 24 h. 

Concentrations / mM: [thiol]0 = 0.400; [styrene]0 = 0.200; [TART]0 = 0.020. 

Reactiona A 

S2.1 S2.4 S2.6 

S==>R1 6.81E-06b 

R1+A==>R2 3.10E+06c 3.10E+07c 3.10E+07c 

R2==>R1+A 1.30E+03d 

R2+S==>P+R1 5.00E+02c 5.00E+02c 5.00E+01c 

P+R1==>R2+S 4.00E+01d 

2R1==>T 1.00E+08e 

R1+R2==>T 1.00E+08e 

2R2==>T 1.00E+08e 

R1+TART==>R1.ART+TEMPO 3.20E+06f 

R2+TART==>R2.ART+TEMPO 4.50E+02g 

R2+TEMPO==>R2.TEMPO 1.64E+08h 

R1+R1.ART==>R1.ART.R1 3.20E+06f 

R1.ART.R1==>R1+R1.ART 1.50E+04f 

R1.ART.R1+S==>R1+R1.ART.R1.P 2.10E+03f 

R1+R1.ART.R1.P==>R1.ART.R1+S 2.30E-01f 

R1.ART.R1+ART==>R1.ART.R1.ART+TEMPO 4.50E+02g 

R1.ART.R1+TEMPO==>R1.ART.R1.TEMPO 1.64E+08h 

R1+R2.ART==>R2.ART.R1 3.20E+06f 

R2.ART.R1==>R1+R2.ART 1.50E+04f 

R2.ART.R1+S==>R1+R2.ART.R1.P 2.10E+03f 

R1+R2.ART.R1.P==>R2.ART.R1+S 2.30E-01f 

R2.ART.R1+ART==>R2.ART.R1.ART+TEMPO 4.50E+02g 

R2.ART.R1+TEMPO==>R2.ART.R1.TEMPO 1.64E+08h 

R1.ART.R1+R1==>T 1.00E+08e 

R1.ART.R1+R2==>T 1.00E+08e 

2R1.ART.R1==>T 1.00E+08e 

R1.ART.R1+R2.ART.R1==>T 1.00E+08e 

R2.ART.R1+R1==>T 1.00E+08e 

R2.ART.R1+R2==>T 1.00E+08e 

2R2.ART.R1==>T 1.00E+08e 
aS = thiol, A = alkene; P = thioether product; T = terminated product; R1.ART = R1−ART; R2.ART = R2−ART; 
R2.TEMPO = R2−TEMPO; R1.ART.R1.P = R1−ART+S2. bEstimated using experimental data and kinetic 
modelling. cEstimated from literature reaction of methylthiol with styrene204 and altered by hand until experimental 
[R1−ART]/[R2−ART] was achieved. dEstimated from literature reaction of methylthiol with styrene.204 eRadical-
radical termination rate defined by literature.204 fEstimated from literature reaction of methylthiol with methyl 
acrylate.204 gEstimated from literature reaction of benzyl radical with methyl methacrylate.209 hEstimated from 
literature reaction of PhC●HCH3 reaction with TEMPO●.210 
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Table SI44: Reactions and their rate constants for TART trapping of radical thiol-ene addition, using benzyl 
mercaptan (S2.1) and alkenes S3.1, S3.4 and S3.6 as substrates (11.5.2.9, 11.10.2). Key parameters: time = 

24 h. Concentrations / M: [benzyl mercaptan]0 = 0.400; [alkene]0 = 0.200; [TART]0 = 0.020. 

Reactiona A 

S3.1 S3.4 S3.6 

S==>R1 6.81E-06b 

R1+A==>R2 3.10E+06c 3.10E+05c 3.10E+05c 

R2==>R1+A 1.30E+03d 

R2+S==>P+R1 5.00E+02c 5.00E+02c 5.00E+03c 

P+R1==>R2+S 4.00E+01d 

2R1==>T 1.00E+08e 

R1+R2==>T 1.00E+08e 

2R2==>T 1.00E+08e 

R1+TART==>R1.ART+TEMPO 3.20E+06f 

R2+TART==>R2.ART+TEMPO 4.50E+02g 

R2+TEMPO==>R2.TEMPO 1.64E+08h 

R1+R1.ART==>R1.ART.R1 3.20E+06f 

R1.ART.R1==>R1+R1.ART 1.50E+04f 

R1.ART.R1+S==>R1+R1.ART.R1.P 2.10E+03f 

R1+R1.ART.R1.P==>R1.ART.R1+S 2.30E-01f 

R1.ART.R1+ART==>R1.ART.R1.ART+TEMPO 4.50E+02g 

R1.ART.R1+TEMPO==>R1.ART.R1.TEMPO 1.64E+08h 

R1+R2.ART==>R2.ART.R1 3.20E+06f 

R2.ART.R1==>R1+R2.ART 1.50E+04f 

R2.ART.R1+S==>R1+R2.ART.R1.P 2.10E+03f 

R1+R2.ART.R1.P==>R2.ART.R1+S 2.30E-01f 

R2.ART.R1+ART==>R2.ART.R1.ART+TEMPO 4.50E+02g 

R2.ART.R1+TEMPO==>R2.ART.R1.TEMPO 1.64E+08h 

R1.ART.R1+R1==>T 1.00E+08e 

R1.ART.R1+R2==>T 1.00E+08e 

2R1.ART.R1==>T 1.00E+08e 

R1.ART.R1+R2.ART.R1==>T 1.00E+08e 

R2.ART.R1+R1==>T 1.00E+08e 

R2.ART.R1+R2==>T 1.00E+08e 

2R2.ART.R1==>T 1.00E+08e 
aS = thiol, A = alkene; P = thioether product; T = terminated product; R1.ART = R1−ART; R2.ART = R2−ART; 
R2.TEMPO = R2−TEMPO; R1.ART.R1.P = R1−ART+S2. bEstimated using experimental data and kinetic 
modelling. cEstimated from literature reaction of methylthiol with styrene204 and altered by hand until experimental 
[R1−ART]/[R2−ART] was achieved. dEstimated from literature reaction of methylthiol with styrene.204 eRadical-
radical termination rate defined by literature.204 fEstimated from literature reaction of methylthiol with methyl 
acrylate.204 gEstimated from literature reaction of benzyl radical with methyl methacrylate.209 hEstimated from 
literature reaction of PhC●HCH3 reaction with TEMPO●.210 
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Table SI45: Reactions and their kinetic factors for TART trapping of radical thiol-ene addition, using benzyl 
mercaptan (S2.1) and alkenes S3.2, S3.3 and S3.5 as substrates (11.5.2.9, 11.10.2). Key parameters: time = 

24 h. Concentrations / M: [benzyl mercaptan]0 = 0.400; [alkene]0 = 0.200; [TART]0 = 0.020. 

Reactiona A 

S3.2 S3.3 S3.5 

S==>R1 6.81E-06b 

R1+A==>R2 1.10E+05c 1.10E+05c 1.10E+06c 

R2==>R1+A 1.10E+07d 

R2+S==>P+R1 2.30E+05c 2.30E+05c 2.30E+05c 

P+R1==>R2+S 4.70E-02d 

2R1==>T 1.00E+08e 

R1+R2==>T 1.00E+08e 

2R2==>T 1.00E+08e 

R1+TART==>R1.ART+TEMPO 3.20E+06f 

R2+TART==>R2.ART+TEMPO 1.09E+06g 

R2+TEMPO==>R2.TEMPO 7.60E+08h 

R1+R1.ART==>R1.ART.R1 3.20E+06f 

R1.ART.R1==>R1+R1.ART 1.50E+04f 

R1.ART.R1+S==>R1+R1.ART.R1.P 2.10E+03f 

R1+R1.ART.R1.P==>R1.ART.R1+S 2.30E-01f 

R1.ART.R1+ART==>R1.ART.R1.ART+TEMPO 1.09E+06g 

R1.ART.R1+TEMPO==>R1.ART.R1.TEMPO 7.60E+08h 

R1+R2.ART==>R2.ART.R1 3.20E+06f 

R2.ART.R1==>R1+R2.ART 1.50E+04f 

R2.ART.R1+S==>R1+R2.ART.R1.P 2.10E+03f 

R1+R2.ART.R1.P==>R2.ART.R1+S 2.30E-01f 

R2.ART.R1+ART==>R2.ART.R1.ART+TEMPO 1.09E+06g 

R2.ART.R1+TEMPO==>R2.ART.R1.TEMPO 7.60E+08h 

R1.ART.R1+R1==>T 1.00E+08e 

R1.ART.R1+R2==>T 1.00E+08e 

2R1.ART.R1==>T 1.00E+08e 

R1.ART.R1+R2.ART.R1==>T 1.00E+08e 

R2.ART.R1+R1==>T 1.00E+08e 

R2.ART.R1+R2==>T 1.00E+08e 

2R2.ART.R1==>T 1.00E+08e 
aS = thiol, A = alkene; P = thioether product; T = terminated product; R1.ART = R1−ART; R2.ART = R2−ART; 
R2.TEMPO = R2−TEMPO; R1.ART.R1.P = R1−ART+S2. bEstimated using experimental data and kinetic 
modelling. cEstimated from literature reaction of methylthiol with propene204 and altered by hand until experimental 
[R1−ART]/[R2−ART] was achieved. dEstimated from literature reaction of methylthiol with propene.204 eRadical-
radical termination rate defined by literature.204 fEstimated from literature reaction of methylthiol with methyl 
acrylate.204 gEstimated from literature reaction of (CH3)3C● with methyl acrylate.225 hEstimated from literature 
reaction of (CH3)3C● reaction with TEMPO●.210
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SI8.2. α-Pinene ozonolysis 

Table SI46: Reactions and their kinetic factors used for gas phase modelling of α-pinene ozonolysis (11.7.5, 
11.10.3). Atmospheric reactions of α-pinene were imported into the Kintecus chemical simulation programme207 

from the MCM57 and truncated to remove late stage pathways. Key parameters: time = 56.5 ms. Concentrations / 
molec. cm-3: [O3]0 = 2.96×1015; [α-pinene]0 = 5.20×1016. 

Reactiona,b A Ea 

OH + O3 ==> HO2 1.7E-12 940 

OH + H2 ==> HO2 7.7E-12 2100 

OH + CO ==> HO2 1 0 

OH + H2O2 ==> HO2 2.9E-12 160 

HO2 + O3 ==> OH 2.03E-16 -693 

OH + HO2 ==> H2O + O2 4.8E-11 -250 

HO2 + HO2 ==> H2O2 2.2E-13 0 

APINENE + O3 ==> APINOOA 4.83E-16 640 

APINENE + O3 ==> APINOOB 3.22E-16 640 

APINENE + OH ==> APINAO2 6.864E-12 -440 

APINENE + OH ==> APINBO2 4.236E-12 -440 

APINENE + OH ==> APINCO2 9E-13 -440 

APINOOA ==> C107O2 + OH 550000 0 

APINOOA ==> C109O2 + OH 450000 0 

APINOOB ==> APINBOO 500000 0 

APINOOB ==> C96O2 + OH + CO 500000 0 

APINAO2 + HO2 ==> APINAOOH 2.65974E-13 -1300 

APINAO2 + RO2 ==> APINAO 6.44E-14 0 

APINAO2 + RO2 ==> APINBOH 2.76E-14 0 

APINBO2 + HO2 ==> APINBOOH 2.65974E-13 -1300 

APINBO2 + RO2 ==> APINBCO 1.76E-13 0 

APINBO2 + RO2 ==> APINBO 5.28E-13 0 

APINBO2 + RO2 ==> APINBOH 1.76E-13 0 

APINCO2 + HO2 ==> APINCOOH 2.65974E-13 -1300 

APINCO2 + RO2 ==> APINCO 4.69E-15 0 

APINCO2 + RO2 ==> APINCOH 2.01E-15 0 

C107O2 + HO2 ==> C107OOH 2.65974E-13 -1300 

C107O2 + RO2 ==> C107O 6.44E-14 0 

C107O2 + RO2 ==> C107OH 2.76E-14 0 

C109O2 + HO2 ==> C109OOH 2.65974E-13 -1300 

C109O2 + RO2 ==> C109CO 1E-13 0 

C109O2 + RO2 ==> C109O 1.8E-12 0 

C109O2 + RO2 ==> C109OH 1E-13 0 

APINBOO + CO ==> PINAL 1.2E-15 0 

APINBOO +M[-H2O(1);] ==> PINAL + H2O2 1.4E-17 0 

APINBOO +M[-H2O(1);] ==> PINONIC 2E-18 0 

C96O2 + HO2 ==> C96OOH 2.5899E-13 -1300 

C96O2 + RO2 ==> C96O 7.8E-13 0 

C96O2 + RO2 ==> C96OH 2.6E-13 0 

C96O2 + RO2 ==> NORPINAL 2.6E-13 0 

APINAOOH + OH ==> APINAO2 1.83E-11 0 

APINAO ==> PINAL + HO2 1000000 0 

APINBOH + OH ==> APINBCO + HO2 1.49E-11 0 

APINBOOH + OH ==> APINBCO + OH 3.28E-11 0 

APINBO ==> PINAL + HO2 1000000 0 
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APINBCO + OH ==> C96CO3 8.18E-12 0 

APINCOOH + OH ==> APINCO2 1.03E-10 0 

APINCO ==> CH3COCH3 + C720O2 1000000 0 

APINCOH + OH ==> APINCO 9.91E-11 0 

PINAL + OH ==> C96CO3 4.0144E-12 -600 

PINAL + OH ==> PINALO2 1.1856E-12 -600 

C96CO3 + HO2 ==> C96O2 + OH 2.288E-13 -980 

C96CO3 + HO2 ==> PERPINONIC 2.132E-13 -980 

C96CO3 + HO2 ==> PINONIC + O3 7.8E-14 -980 

C96CO3 + RO2 ==> C96O2 7E-12 0 

C96CO3 + RO2 ==> PINONIC 3E-12 0 

C107OOH + OH ==> C107O2 3.01E-11 0 

C107O ==> C108O2 1000000 0 

C107OH + OH ==> C107O 2.66E-11 0 

C109OOH + OH ==> C109CO + OH 5.47E-11 0 

C109O ==> C89CO3 + HCHO 800000 0 

C109O ==> C920CO3 200000 0 

C109CO + OH ==> C89CO3 + CO 5.47E-11 0 

C109OH + OH ==> C109CO + HO2 4.45E-11 0 

PINONIC + OH ==> C96O2 6.65E-12 0 

C96OOH + OH ==> C96O2 1.9E-12 -190 

C96OOH + OH ==> NORPINAL + OH 1.3E-11 0 

C96O ==> C97O2 42000000000 3523 

C96OH + OH ==> NORPINAL + HO2 7.67E-12 0 

NORPINAL + OH ==> C85CO3 2.64E-11 0 

CH3COCH3 + OH ==> CH3COCH2O2 8.8E-12 1320 

HCC7CO + OH ==> C719O2 1.19E-10 0 

C720O2 + HO2 ==> C720OOH 2.3862E-13 -1300 

C720O2 + RO2 ==> C720O 1.5E-13 0 

C720O2 + RO2 ==> C720OH 5E-14 0 

C720O2 + RO2 ==> HCC7CO 5E-14 0 

PINALO2 + HO2 ==> PINALOOH 2.65974E-13 -1300 

PINALO2 + RO2 ==> PINALO 4.69E-15 0 

PINALO2 + RO2 ==> PINALOH 2.01E-15 0 

PERPINONIC + OH ==> C96CO3 9.73E-12 0 

C108O2 + HO2 ==> C108OOH 2.65974E-13 -1300 

C108O2 + RO2 ==> C108O 4.69E-15 0 

C108O2 + RO2 ==> C108OH 2.01E-15 0 
aRO2 = [APINAO2; APINBO2; APINCO2; C107O2; C109O2; C96O2; C96CO3; C720O2; PINALO2; C108O2]. 
bAPINENE = α-pinene; APINOOA = R1; APINOOB = R2; APINAO2 = R3; APINBO2 = R4; APINCO2 = R5; C107O2 
= R1.1; C109O2 = R1.2; C96O2 = R2.1; APINAOOH = P3.2; APINAO = R3.1; APINBOH = P3.3; APINBOOH = 
P4.2; APINBCO = P4.3; APINBO = R4.1; APINCO = R5.3; C107OOH = P1.1.2; C107O = R1.1.1; C107OH = 
P1.1.3; C109OOH = P1.2.2; C109CO = P1.2.4; C109O = R1.2.1; C109OH = P1.2.3; PINAL = pinaldehyde; 
PINONIC = pinonic acid; C96OOH = P2.1.2; C96O = R2.1.1; C96OH = P2.1.3; NORPINAL = P2.1.4; C108O2 = 
R1.1.1.1; C89CO3 = R1.2.1.1; C920CO3 = R1.2.1.2; C97O2 = R2.1.1.1. 
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Table SI47: Reactions and their kinetic factors used for liquid phase modelling of TART trapping of α-pinene 
ozonolysis (11.7.5). These rate constants were estimated from assorted literature sources between reactions of 

RO2
● with methyl methacrylate226 and RO● with alkenes228 respectively. [Trap]0 = 3.01×1017 molec. cm-3. For 

liquid phase, key parameters: time = 2 min. Concentrations added / molec. cm-3
 s-1. For gas-liquid interface, key 

parameters: time = 6.79 ms; scaled to time = 2 min. Initial concentrations / molec. cm-3. 

Reaction A Ea 

APINAO2 + Trap ==> APINAO2.Trap + TEMPO 1.00E-22 0 

APINBO2 + Trap ==> APINBO2.Trap + TEMPO 1.00E-22 0 

APINCO2 + Trap ==> APINCO2.Trap + TEMPO 1.00E-22 0 

C107O2 + Trap ==> C107O2.Trap + TEMPO 1.00E-22 0 

C109O2 + Trap ==> C109O2.Trap + TEMPO 1.00E-22 0 

C96O2 + Trap ==> C96O2.Trap + TEMPO 1.00E-22 0 

APINAO + Trap ==> APINAO.Trap + TEMPO 1.00E-15 0 

APINBO + Trap ==> APINBO.Trap + TEMPO 1.00E-15 0 

APINCO + Trap ==> APINCO.Trap + TEMPO 1.00E-15 0 

C107O + Trap ==> C107O.Trap + TEMPO 1.00E-15 0 

C109O + Trap ==> C109O.Trap + TEMPO 1.00E-15 0 

C96O + Trap ==> C96O.Trap + TEMPO 1.00E-15 0 
aAPINAO2 = R3; APINBO2 = R4; APINCO2 = R5; C107O2 = R1.1; C109O2 = R1.2; C96O2 = R2.1; APINAO = 
R3.1; APINBO = R4.1; APINCO = R5.3; C107O = R1.1.1; C109O = R1.2.1; C96O = R2.1.1. 

SI8.3. ●OH-initiated n-nonane degradation 

Table SI48: Reactions and their kinetic factors used for gas phase modelling of ●OH-initiated n-nonane 
degradation (11.8.2, 11.10.4). Atmospheric reactions of n-nonane were imported into the Kintecus chemical 
simulation programme207 from the MCM57 and truncated to remove late stage pathways. Key parameters: 
residence time = 129 ms. Concentrations / molec. cm-3: [●OH]0 = 3.4±0.5×1011; [HO2

●]0 = 3.4±0.5×1011; 
[n-nonane]0 = 1.01×1016. 

Reactiona,b A Ea 

OH + O3 ==> HO2 1.7E-12 940 

OH + H2 ==> HO2 7.7E-12 2100 

OH + CO ==> HO2 1 0 

OH + H2O2 ==> HO2 2.9E-12 160 

HO2 + O3 ==> OH 2.03E-16 -693 

OH + HO2 ==> H2O + O2 4.8E-11 -250 

HO2 + HO2 ==> H2O2 2.2E-13 0 

OH + NC9H20 ==> NONO2 2.51E-17 -447 

NONO2 + HO2 ==> NONOOH 2.5899E-13 -1300 

NONO2 + RO2 ==> NON3ONE 5.00E-14 0 

NONO2 + RO2 ==> NONO 1.5E-13 0 

NONO2 + RO2 ==> NONOH 5E-14 0 

OH + NONOOH ==> NON3ONE + OH 3.65E-11 0 

NONO ==> HO3C96O2 2.58E+11 3430 

OH + NON3ONE ==> C91O2 1.07E-11 0 

OH + NONOH ==> NON3ONE + HO2 1.87E-11 0 

HO3C96O2 + HO2 ==> HO3C96OOH 2.5899E-13 -1300 

HO3C96O2 + RO2 ==> HO36C9 5E-14 0 

HO3C96O2 + RO2 ==> HO3C96O 1.5E-13 0 

HO3C96O2 + RO2 ==> HO4CO7C9 5E-14 0 

C91O2 + HO2 ==> C91OOH 2.5899E-13 -1300 

C91O2 + RO2 ==> C91O 2.5E-13 0 

OH + HO3C96OOH ==> HO4CO7C9 + OH 4.55E-11 0 

HO3C96O ==> HO4CO7C9 + HO2 5.55E+11 2945 

OH + HO36C9 ==> HO4CO7C9 + HO2 2.43E-11 0 
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OH + HO4CO7C9 ==> C93O2 6.0496E-12 0 

OH + HO4CO7C9 ==> CO36C9 + HO2 1.38504E-11 0 

OH + C5H11CHO ==> C5H11CO3 2.88E-11 0 

OH + C91OOH ==> C91O2 8.8E-11 0 

C91O ==> C92O2 1.15E+11 3430 

OH + CO36C9 ==> C94O2 1.14E-11 0 
aRO2 = [NONO2; HO3C96O2; C91O2; C2H5O2; HO5C6O2; C93O2; HO1C6O2; C5H11CO3; C92O2; C94O2]. 
bNC9H20 = n-nonane; NONO2 = RO2

●; NONOOH = ROOH; NON3ONE = RCO; NONO = RO●; NONOH = ROH; 
HO3C96O2 = R(OH)O2

●.
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