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To quantify slow reactant losses at pH < 3.5, the NMR signals indicated in Table 1 were followed 82 

for up to 62 h, with the integrated peak areas in the spectrum collected nearest t = 0 assumed to 83 

correspond with starting concentrations of 0.5M.  At higher pH levels, reactant losses could be 84 

quantified with shorter monitoring periods (~90 min).  Based on the behavior of other Maillard 85 

reactions at  1 M concentrations of carbonyl species and amines,15, 23-27 reaction orders in this 86 

work were assumed to be first order in HA and first order in reduced nitrogen species.  Rate 87 

constants are given for the ketone form of HA, rather than total HA (ketone + hydrate forms), but 88 

this is a small correction, as shown below.  Second-order rate constants derived from initial 89 

reaction rates using the following equation:2890 

Ratex = kx fHA [HA]tot [Am]tot (1) 91 



where Ratex represents the measured initial loss rate of reactant x in M/s, kx is the second-order 92 

rate constant calculated from the loss of x in M-1 s-1; [HA]tot and [Am]tot are the total concentrations 93 

in M of hydrated and unhydrated HA and protonated and unprotonated forms of the reduced 94 

nitrogen species, respectively; and fHA is the equilibrium fraction of HA in ketone (not hydrate) 95 

form, determined to be fald = 0.96 using NMR signals.29  (Rate constants calculated using just the 96 

total concentrations of both reactant species, without fald, would thus be 4% higher than those 97 

reported here.)  Rate constants below 2 ô10-9 M-1 s-1 were too slow to be measured reliably by this 98 

method. 99 
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Table 2:  Hydroxyacetone Experiment Conditions in the CESAM Chamber  121 

expt. fig. steady-state 

[HA](g) 

(ppb)a 

seed aerosol 

typeb 

[MeAm](g) 

(ppb) 

[HOOH]max 

molec/cm3  a 

cloud   

events c 

notes 

dark light  

A  S1 500 ±50 none 0 (6 ±0.04) ô1013 0 2 No seeds 

B  3 30 ±3d AS 0 0.8 ô1013 1  2 HA(g) + AS(p) seeds 

C  4 60 ±6d AS / glycine 0 5 ô1013 1  1 HA(g) + AS/Gly(p) 

D  5 40 ±4e AS / HA 500 (2ô) 3 ô1013 1  1 MeAm(g) + HA/AS(p)  

E  S2 0 AS 0 0 0 0 AS dry blank 

Notes:  a:  based on PTR-ToF-MS signals at m/z 75 (for HA) or m/z 33 (for HOOH) in dry 122 

chamber, calibrated by long-path FTIR 123 
-1 b:  atomizer-124 

generated and diffusion-dried before added to chamber.  c:  125 

<photolytic= indicating cloud event(s) for which 126 

d: Higher levels were briefly observed upon HA(g) addition under dry conditions, before 127 

humidification. e: HA released to the gas phase from aerosol particles.  Abbreviations: fig, figure; 128 

[HOOH]max, maximum hydrogen peroxide concentration; (g), gas; (p), particulate.  129 
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reactor PGlow Discharge135 
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3772140 

141 

PALAS welas 142 

Digital 2000, 0.4 to 15 m range Gas phase species signals were corrected for dilution using 143 

recorded gas flows into the chamber, and SMPS measurements were corrected for both dilution 144 

and size-dependent wall losses measured in an earlier control experiment.145 

146 

147 

-1148 

365149 

150 

MAC = 2.303A / bC, A is the waveguide log10 absorbance at a given wavelength, 151 

b is optical pathlength of the capillary (1000 cm), and C is the TOC level measured simultaneously 152 

in the PILS outflow (g organic carbon cm-3).  153 

154 

155 

Teflon filters (1.0-m pore size, 47 mm diam., Tisch Sci.) 156 

ð157 

158 



159 

quadrupole time-of-flight 160 

161 

32 –162 

μ −1163 

Data 164 

were analyzed using Agilent MassHunter (Version B.06.00 Build 6.0.633.0).165 
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Table 3:  Summary of Experimental Results in the CESAM Chamber  248 

expt. fig. Notes SOA productiona 

(g/m3) 

MAC365 b 

(cm2/ gOC) 

min. 

albedo,c 

450 nm  

TOC 

(ppb) 

A S1 No seeds < 1 0 ±200 n/a 7 ±10 

B 3 HA(g) + AS(p) seeds 17 after dark cloud 500 0.98 60 

C 4 HA(g) + AS/Gly(p) 9 after dark cloud 100 0.97 40 

D 5 MeAm(g) + HA/AS(p)  19 and 12 after MeAm,  

7 after dark cloud 

400 0.97 70 

E S2 AS dry blank 0 ±3 no data no data 2 ±2 

Uncertainties listed for Experiment A are typical for all experiments unless otherwise 249 

noted.  250 

251 

Abbreviations: fig, figure; 252 

MAC365, increase in mass absorption coefficient at 365 nm; min., minimum; TOC, increase in 253 

total organic carbon; (g), gas; (p), particulate. 254 

 255 

256 

C4H6O3257 

-3258 

259 

 3260 

261 

262 

263 

264 

265 

266 

267 

268 

269 



365270 

271 

272 



 273 
274 

275 



276 

277 

278 

279 

280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

365 295 

296 

297 

298 



299 

300 

365301 

302 

303 

304 

(<Cloud 1=) 365305 

306 

307 

(<Cloud 2=) 308 

309 

310 

311 

365
2 -1312 

2 -1313 

314 

315 

316 

317 

318 

319 

320 

321 

322 



323 

 3324 

325 

326 

327 

328 

329 



 330 
331 

332 



333 

334 

335 

336 

337 

338 

339 

340 

341 

342 

343 

344 

345 

346 

347 

348 

349 

350 

351 

352 

353 

354 

355 



356 

357 

358 

359 

360 

361 

362 

363 

364 

– ô365 

366 

367 

368 

369 

370 

371 

372 

373 

C4H7NO374 

375 

376 

377 

378 

379 



380 



 381 
382 

383 



384 

385 

386 

387 

388 

389 

390 

391 

392 

393 

394 

395 

396 

397 

398 

399 

400 

401 

402 

403 

404 

405 

406 



 407 

408 

409 

410 

411 

412 

413 

414 

415 

416 

417 

418 

 m3419 



420 

421 

422 

423 

424 

425 

426 

427 

428 

429 

430 

431 

432 

433 

434 

435 

436 

–437 

438 

439 

440 

ñ441 

442 

443 



444 

445 

446 

447 

448 

449 

450 

451 

452 

 453 



454 

455 

–456 

457 

458 

459 

  460 



Table 4:  Assigned Formulas, Precursor Species, and Proposed Structures of Detected Aerosol-461 

Phase Species in Experiments B-D 462 

m/z Formula 

assigned 

Ion Unsat Precursors Proposed Structure 

85.0653 C5H8O H+ 2 2 HA - CO2 

 
97.0660 C6H8O H+ 3 3 Aald 

 
111.0907 C6H10N2 H+ 3 2 HA + 2 NH3 

 
114.0917 C6H11NO H+ 2 HA + Aald + Glycine - 

CO2 
 

122.0820 C4H11NO3 H+ 1 HA + Glycine - CO2 

 
125.1074 C7H12N2 H+ 3 HA + 2AAld + 2 NH3 

 
133.0278 C6H6O2 Na+ 4 MG +HA 

 
149.0233 C6H6O3 Na+ 4 2MG 

 
159.0623 C5H12O4 Na+ 0 HA + AAld 

 
163.1232 C10H14N2 H+ 5 2HA +2AAld +2 NH3 

 
165.0906 C10H12O2 H+ 3 2AAld +2HA 

 
167.0336 C6H8O4 Na+ 3 2MG 

 
170.1297 C8H15N3O H+ 3 GAld +2HA + NH3 

 
187.0967 C9H14O4 H+ 3 3HA 

 
191.0902 C8H14O5 H+ 2 GAld +2HA 

 
      



m/z Formula 

assigned 

Ion Unsat Precursors Proposed Structure 

195.1239 C8H18O5 H+ 0 MG +2HA -CO2 

 
202.1784 C7H19N7 H+ 2 2GX +HA +7NH3 

 
251.1436 C13H18N2O3 H+ 6 2Gald +3HA +2NH3 

 
255.1720 C13H22N2O3 H+ 4 2AAld +3HA +2NH3 

 
279.1601 C16H22O4 H+ 6 5AAld +2HA   

 
283.2251 C13H26N6O H+ 4 2GAld +3HA +6NH3 

 
285.1496 C18H20O3 H+ 9 GAld +8AAld 

 
287.1337 C10H22O9* H+ 0 2GAld +2HA 

 
288.1800 C14H25NO5 H+ 3 GAld +2AAld +2HA 

+NH3 

 
294.1551 C12H20O7 NH4+ 3 MG +3HA 

 
311.1852 C17H26O5* H+ 5 HA +7AAld 

 
322.1712 C17H23NO5* H+ 7 GAld +5HA +NH3 

 
334.1677 C18H23NO5 H+ 8 MG +5HA +NH3 

 
334.1866 C15H27NO7* H+ 3 5HA +NH3 

 
344.2425 C19H29N5O H+ 8 AAld +GAld+5HA 

+5NH3 

 
362.1952 C20H27NO5 H+ 8 AAld +6HA +NH3 

 



m/z Formula 

assigned 

Ion Unsat Precursors Proposed Structure 

365.2250 C16H32N2O7 H+ 2 2AAld +4HA +2NH3 

 
378.1908 C20H27NO6 H+ 8 GAld +6HA +NH3 

 
378.2125 C17H28O8 NH4+ 4 AAld +5HA 

 
421.2161 C18H32N2O9* H+ 4 2MG +4HA +2NH3 
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detected in a Zurich, Switzerland winter field study and assigned to a <non565 

specific= SOA principle component, , which was a <top five= 566 
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