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Estimation of the RI uncertainty 

The RI values are obtained with extinction efficiency (Qext) and surface mean diameter (Ds). The uncertainty of the Ds 

measured by SMPS is ± 1%. The uncertainty of the extinction efficiency is calculated as the following: 30 

The extinction efficiency can be expressed as: 

Qext =  αext /(
1

4
NπD2) 

The three variables αext, N, D were independent and the uncertainty of them are 3%, 10% and 1%, respectively. 

Considering the propagation of uncertainty, we can obtain the variance formula: 
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Then the uncertainty of Qext can be calculated as: 
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=  √0.0113 = 10.6% 

The measured extinction efficiency (Qext,mea) is compared to calculated extinction efficiency (Qext,cal). The best-fit RI value 

is determined by minimizing the following reduced merit function (χr): 40 
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The uncertainty of the retrieval method is ± 0.002, and the uncertainty of the measured extinction efficiency is ± 10.6%, 

resulting in the final uncertainty of the retrieved RI value to be about 0.02-0.03. 
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Figure S1: Reaction profiles of n-dodecane photo-oxidation experiments at two different temperature conditions, (a) 

time-dependent concentration of dodecane, O3, surface mean particle diameter and aerosol mass (the density used in 

the system is 1.1 g/cm3, measured with our CPMA and SMPS) at 25 ˚C; (b) time-dependent concentration of dodecane, 

O3, surface mean particle diameter and aerosol mass (the density used in the system is 1.1 g/cm3, measured with our 60 

CPMA and SMPS) at 5 ˚C; (c) number size distribution of formed aerosol particles at 25 ˚C;  (d) number size 

distribution of formed aerosol particles at 5 ˚C.  
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Figure S2: Mass specra of n-dodecane SOAs obtained by ESI-TOF-MS in positive ion mode. (a) low temperature 

condition; (b) room temperature condition.  
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Figure S3: Scheme for forming 11 types of PHA oligomers from reaction of an aldehyde of carbon length 10, with various hydroperoxy 

compounds and scheme for forming two types of furan derivatives with two kind of hydroperoxy compounds. 
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Figure S4: Evolution of optical parameters at 532 nm. Extinction coefficient (a) and efficiency (b) at room temperature; 

extinction coefficient (c) and efficiency (d) at low temperature. 
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Table S1: The calculated RI values for identified molecules under two temperature conditions. (Dod-R refers to the 

room temperature condition; Dod-L refers to the low temperature condition). 

Condition Molecular Formula 
Molecular 

Weight 
M+H M+Na Polarizability Unsaturation 

Predicted 

RIcal 

Dod-R C10H12O3 180 181.08  19.17 5 1.541 

Dod-R C10H14O3 182 183.10  19.51 4 1.510 

Dod-R C10H16O3 184 185.117  19.85 3 1.479 

Dod-R C10H20O2 172  195.13 19.96 1 1.415 

Dod-R C8H14O4 174  197.07 17.06 2 1.445 

Dod-R C12H22O2 198 199.17  23.32 2 1.452 

Dod-R C10H16O4 200 201.11  20.42 3 1.479 

Dod-R C8H12O6 204 205.17  17.86 3 1.476 

Dod-R C11H12O4 208 209.08  21.25 6 1.575 

Dod-R C10H20O3 188  211.13 20.53 1 1.418 

Dod-R C8H14O5 190  213.07 17.63 2 1.444 

Dod-R C11H18O4 214 215.12  22.27 3 1.481 

Dod-R C10H16O5 216 217.11  20.99 3 1.481 

Dod-R C12H20O2 196  219.13 22.98 3 1.483 

Dod-R C12H22O2 198  221.15 23.32 2 1.452 

Dod-R C10H16O4 200  223.09 20.42 3 1.479 

Dod-R C10H18O4 224 225.11  20.76 2 1.450 

Dod-R C12H18O4 226 227.13  23.78 4 1.516 

Dod-R C10H12O6 228 229.07  20.88 5 1.543 

Dod-R C11H14O4 210  233.08 21.59 5 1.545 

Dod-R C12H20O3 212  235.12 23.55 3 1.484 

Dod-R C12H22O3 214  237.14 23.89 2 1.447 

Dod-R C12H24O3 216  239.16 24.23 1 1.422 

Dod-R C10H18O5 218  241.10 21.33 2 1.449 

Dod-R C10H20O5 220  243.12 21.67 1 1.419 

Dod-R C9H18O6 222  245.10 20.39 1 1.417 

Dod-R C11H18O6 246 247.11  23.41 3 1.483 

Dod-R C12H18O4 226  249.11 23.78 4 1.516 

Dod-R C11H22O6 250 251.15  24.09 1 1.422 

Dod-R C10H20O7 252 253.13  22.81 2 1.420 
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Dod-R C11H20O5 232  255.12 23.18 2 1.452 

Dod-R C11H22O5 234  257.13 23.52 1 1.422 

Dod-R C10H20O6 236  259.11 22.24 1 1.419 

Dod-R C12H20O6 260 261.13  25.26 3 1.483 

Dod-R C11H20O7 264 265.13  24.32 2 1.453 

Dod-R C12H2OO5 244  267.12 24.12 3 1.484 

Dod-R C12H22O5 246  269.14 25.03 2 1.454 

Dod-R C12H24O5 248  271.15 23.37 1 1.424 

Dod-R C14H24O5 272 273.16  28.39 3 1.489 

Dod-R C13H22O6 274 275.14  27.11 3 1.487 

Dod-R C15H26O3 254  277.17 29.1 3 1.490 

Dod-R C16H22O4 278 279.15  30.5 6 1.586 

Dod-R C12H24O7 280 281.16  26.51 1 1.425 

Dod-R C12H20O6 260  283.12 25.26 3 1.486 

Dod-R C12H22O6 262  285.13 25.6 2 1.456 

Dod-R C16H30O4 286 287.22  31.86 2 1.461 

Dod-R C14H24O6 288 289.16  28.96 3 1.489 

Dod-R C15H24O4 268  291.16 29.33 4 1.522 

Dod-R C16H30O3 270  293.20 31.29 2 1.459 

Dod-R C15H28O4 272  295.18 30.01 2 1.459 

Dod-R C14H26O5 274  297.16 28.73 2 1.457 

Dod-R C15H22O6 298 299.15  30.13 5 1.553 

Dod-R C12H22O7 278  301.13 30.47 4 1.523 

Dod-R C14H22O7 302 303.14  29.19 4 1.521 

Dod-R C14H24O7 304 305.16  29.53 3 1.491 

Dod-R C16H28O4 284  307.18 31.52 3 1.491 

Dod-R C16H30O4 286  309.20 31.86 2 1.461 

Dod-R C15H28O5 288  311.18 30.58 2 1.459 

Dod-R C14H26O6 290  313.16 29.3 2 1.457 

Dod-R C16H26O6 314 315.18  32.32 4 1.525 

Dod-R C16H28O6 316 317.19  32.66 3 1.492 

Dod-R C16H30O6 318 319.21  33 2 1.462 

Dod-R C16H26O5 298  321.17 31.75 4 1.523 

Dod-R C15H26O6 302  325.16 30.81 3 1.491 
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Dod-R C15H28O6 304  327.18 31.15 2 1.460 

Dod-R C15H30O6 306  329.19 31.49 1 1.428 

Dod-R C17H30O6 330 331.21  34.51 3 1.495 

Dod-R C17H30O5 314  337.19 33.94 3 1.494 

Dod-R C16H28O6 316  339.18 32.66 3 1.493 

Dod-R C15H26O7 318  341.15 31.38 3 1.492 

Dod-R C17H26O7 342 343.17  34.4 5 1.558 

Dod-R C16H28O8 348 349.18  33.8 3 1.494 

Dod-R C17H28O6 328  351.18 34.17 4 1.526 

Dod-R C17H30O6 330  353.19 34.51 3 1.495 

Dod-R C16H28O7 332  355.17 33.23 3 1.494 

Dod-R C16H30O7 334  357.19 33.57 2 1.462 

Dod-R C19H32O5 340  363.21 37.3 4 1.528 

Dod-R C18H30O6 342  365.19 36.02 4 1.528 

Dod-R C18H32O6 344  367.21 36.36 3 1.496 

Dod-R C17H30O7 346  369.18 35.08 3 1.495 

Dod-R C16H28O8 348  371.17 33.8 3 1.494 

Dod-R C19H32O6 356  379.21 37.87 4 1.529 

Dod-R C19H34O6 358  381.22 38.21 3 1.497 

Dod-R C18H32O7 360  383.20 36.93 3 1.497 

Dod-R C20H36O7 388 389.25  40.63 3 1.500 

Dod-R C20H34O6 370  393.22 39.72 4 1.531 

Dod-R C18H28O8 372  395.17 32.82 5 1.560 

Dod-R C19H34O7 374  397.22 38.78 3 1.498 

Dod-R C18H32O8 376  399.20 37.5 3 1.497 

Dod-R C21H36O6 388  407.24 41.57 4 1.532 

Dod-R C20H34O7 386  409.22 40.29 4 1.531 

Dod-R C20H36O7 388  411.23 40.63 3 1.500 

Dod-R C20H38O7 390  413.26 40.97 2 1.468 

Dod-R C21H42O8 422 423.30  43.73 1 1.439 

Dod-R C21H38O7 424  425.25 42.48 3 1.501 

Dod-R C20H36O8 404  427.23 41.2 3 1.50 

Dod-R C22H36O8 428 429.25  44.22 5 1.565 

Dod-R C23H40O6 416  435.27 45.27 4 1.535 
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Dod-R C22H38O7 414  437.25 43.99 4 1.534 

Dod-R C21H36O8 416  439.23 42.71 4 1.532 

Dod-R C21H38O8 418  441.24 43.05 3 1.501 

Dod-R C24H42O6 426  449.28 47.12 4 1.536 

Dod-R C22H42O9 450 451.29  45.81 2 1.472 

Dod-R C22H38O8 430  453.25 44.56 4 1.534 

Dod-R C22H42O10 466 467.29  46.38 2 1.471 

Dod-R C22H38O9 446  469.24 45.13 4 1.534 

Dod-R C22H40O9 448  471.26 45.47 3 1.502 

Dod-R C24H40O8 456  479.26 47.92 5 1.568 

Dod-R C22H40O11 480 481.26  46.61 3 1.504 

Dod-R C23H40O9 460  483.26 46.98 4 1.536 

Dod-R C22H42O11 494 495.28  46.95 2 1.472 

Dod-R C24H42O9 474  497.27 48.83 4 1.537 

Dod-R C22H42O12 498 499.27  47.52 2 1.473 

Dod-R C25H42O9 486  509.27 50.34 5 1.570 

Dod-R C23H42O12 510 511.27  49.03 3 1.506 

Dod-R C24H42O10 490  513.26 49.4 4 1.538 

Dod-R C24H42O12 522 523.28  50.54 4 1.539 

Dod-R C24H42O11 506  529.26 49.97 4 1.538 

Dod-R C28H50O8 514  537.34 55.66 4 1.542 

Dod-R C26H46O10 518  541.29 53.1 4 1.540 

Dod-R C27H48O10 532  555.31 54.95 4 1.540 

Dod-R C28H52O11 542  565.35 57.71 3 1.511 

Dod-R C27H50O13 582 583.33  57 3 1.511 

        

Dod-L C12H22O 182 183.17  22.75 2 1.451 

Dod-L C12H20O2 196 197.15  22.98 3 1.483 

Dod-L C12H22O2 198 199.17  23.32 2 1.452 

Dod-L C10H16O3 184  207.10 19.85 3 1.479 

Dod-L C10H18O3 186  209.11 20.19 2 1.447 

Dod-L C10H20O3 188  211.13 20.53 1 1.415 

Dod-L C11H16O4 212 213.11  21.93 4 1.514 

Dod-L C12H2OO3 212  235.13 23.55 3 1.484 
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Dod-L C12H22O3 214  237.14 23.89 2 1.452 

Dod-L C12H24O3 216  239.16 24.43 1 1.420 

Dod-L C14H24O3 240 241.18  27.25 3 1.488 

Dod-L C11H22O6 250 251.15  24.09 1 1.422 

Dod-L C10H20O7 252 253.13  22.81 2 1.420 

Dod-L C12H24O4 232  255.15 24.8 1 1.422 

Dod-L C12H16O6 256 257.10  24.58 5 1.548 

Dod-L C11H22O7 266 267.14  24.66 1 1.423 

Dod-L C12H22O5 246  269.14 25.03 2 1.454 

Dod-L C12H24O5 248  271.15 25.37 1 1.422 

Dod-L C14H24O5 272 273.17  28.39 3 1.489 

Dod-L C13H22O5 258  281.13 26.54 3 1.488 

Dod-L C11H22O8 282 283.14  24.66 1 1.421 

Dod-L C12H22O6 262  285.13 25.6 2 1.454 

Dod-L C12H24O6 264  287.14 25.94 1 1.421 

Dod-L C14H26O5 274  297.16 28.73 2 1.457 

Dod-L C13H24O6 276  299.15 27.45 2 1.455 

Dod-L C16H22O4 278  301.14 30.5 6 1.586 

Dod-L C14H22O7 302 303.14  29.19 4 1.521 

Dod-L C16H30O4 286  309.20 31.86 2 1.461 

Dod-L C15H30O7 322 323.21  32.06 1 1.428 

Dod-L C16H30O5 302  325.20 32.43 2 1.461 

Dod-L C16H32O5 304  327.21 32.77 1 1.428 

Dod-L C18H34O4 314  337.23 35.56 2 1.464 

Dod-L C17H32O5 316  339.21 34.28 2 1.462 

Dod-L C17H34O5 318  341.23 34.62 1 1.430 

Dod-L C19H36O4 328  351.25 37.41 2 1.465 

Dod-L C18H34O5 330  353.23 36.13 2 1.464 

Dod-L C17H32O6 332  355.21 34.85 2 1.462 

Dod-L C19H34O5 342  365.23 37.64 3 1.497 

Dod-L C19H36O5 344  367.25 37.98 2 1.465 

Dod-L C18H34O6 346  369.22 36.7 2 1.464 

Dod-L C20H38O5 358  381.26 39.83 2 1.467 

Dod-L C19H36O6 360  383.24 38.55 2 1.465 
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Dod-L C21H40O5 372  395.27 41.68 2 1.468 

Dod-L C20H38O6 374  397.25 40.4 2 1.468 

Dod-L C23H36O6 408 409.26  44.59 6 1.598 

Dod-L C21H40O6 388  411.27 42.25 2 1.469 

Dod-L C22H36O7 412 413.26  43.65 5 1.565 

Dod-L C21H40O8 420 421.28  43.39 2 1.470 

Dod-L C21H42O8 422 423.30  43.73 1 1.439 

Dod-L C22H42O8 424 435.30  45.24 2 1.471 

Dod-L C22H38O7 414  437.25 43.99 4 1.534 

Dod-L C21H42O9 438 439.29  44.3 1 1.439 

Dod-L C22H40O9 448 449.27  45.47 3 1.503 

Dod-L C22H42O9 450 451.29  45.81 2 1.472 

Dod-L C24H46O6 430  453.32 47.8 2 1.474 

Dod-L C24H48O6 432  455.33 48.14 1 1.443 

Dod-L C22H40O10 464 465.27  46.04 3 1.504 

Dod-L C22H42O10 466 467.29  46.38 2 1.472 

Dod-L C22H44O10 468 469.30  46.72 1 1.440 

Dod-L C24H48O7 448  471.33 48.71 1 1.443 

Dod-L C22H40O11 480 481.26  46.61 3 1.504 

Dod-L C22H42O11 482 483.28  46.95 2 1.472 

Dod-L C22H44O11 484 485.30  47.29 1 1.441 

Dod-L C21H42O12 486 487.27  46.01 1 1.441 

Dod-L C22H40O12 496 497.26  47.18 3 1.505 

Dod-L C24H44O9 476  499.28 49.17 3 1.506 

Dod-L C22H44O12 500 501.29  47.86 1 1.442 

Dod-L C24H42O12 522 523.28  50.54 4 1.539 

Dod-L C22H36O15 540 541.21  48.21 5 1.570 

Dod-L C30H56O7 528  551.39 59.13 3 1.513 

Dod-L C31H54O8 554 555.38  60.87 5 1.577 

Dod-L C29H56O10 564 565.40  59.33 2 1.481 

Dod-L C30H56O8 544  567.38 59.7 3 1.513 

Dod-L C31H52O9 568 569.37  61.1 6 1.609 

Dod-L C30H58O10 578 579.41  61.18 2 1.482 

Dod-L C32H54O9 582 583.38  62.95 6 1.610 
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Dod-L C34H58O8 594 595.42  66.08 6 1.613 

Dod-L C31H58O9 574  597.40 62.12 3 1.514 

Dod-L C34H56O7 576  599.39 65.17 7 1.517 

Dod-L C33H62O8 586  609.43 65.25 3 1.516 

Dod-L C32H60O9 588  611.41 63.97 3 1.484 

Dod-L C32H62O6 590  613.44 62.6 2 1.513 

Dod-L C33H62O11 634 635.44  66.96 3 1.519 

Dod-L C33H64O11 636 637.45  67.3 2 1.487 

Dod-L C34H64O11 648 649.45  68.81 3 1.520 

Dod-L C36H68O8 628  651.48 70.8 3 1.521 

Dod-L C33H64O12 652 653.45  67.87 2 1.487 

Dod-L C35H68O11 664 665.45  71 2 1.489 

Dod-L C34H66O12 666 667.46  69.72 2 1.488 

Dod-L C34H68O12 668 669.48  70.06 1 1.457 

Dod-L C34H64O13 680 681.44  69.95 3 1.520 

Dod-L C36H68O10 660  683.47 71.94 3 1.522 

Dod-L C34H68O13 684 685.47  70.63 1 1.457 

Dod-L C34H64O14 696 697.44  70.52 3 1.521 

Dod-L C34H66O14 698 699.45  70.86 2 1.489 

Dod-L C38H68O11 700 701.48  75.53 5 1.588 

Dod-L C36H64O12 688  711.43 72.4 5 1.585 

Dod-L C36H66O12 690  713.44 72.74 4 1.554 

Dod-L C36H68O12 692  715.46 73.08 3 1.521 

Dod-L C38H68O12 716 717.47  76.1 5 1.588 

Dod-L C35H66O15 726 727.45  72.94 3 1.522 

Dod-L C35H68O15 728 729.46  73.28 2 1.491 

Dod-L C38H66O13 730 731.46  76.33 6 1.619 

Dod-L C38H72O13 736 737.50  71.65 3 1.525 

Dod-L C40H76O10 716  739.53 79.34 3 1.526 

Dod-L C39H76O13 752 753.53  79.54 2 1.494 

Dod-L C40H78O13 766 767.55  81.39 2 1.495 

Dod-L C41H80O14 796 797.56  83.81 2 1.497 

Dod-L C42H82O14 810 811.58  85.66 2 1.498 

Dod-L C43H84O14 824 825.59  87.51 2 1.500 



15 

 

 

 

Dod-L C50H92O9 814  837.68 96.59 5 1.601 

Dod-L C48H92O10 828  851.65 94.14 3 1.536 

Dod-L C44H84O15 852 853.59  89.59 3 1.533 

Dod-L C45H84O15 864 865.59  91.1 4 1.566 

Dod-L C48H92O11 844  867.65 94.71 3 1.536 

Dod-L C45H88O15 868 869.62  91.78 2 1.502 

Dod-L C48H90O12 858  881.63 94.94 4 1.569 

Dod-L C46H90O15 882 883.64  93.63 2 1.503 

Dod-L C46H92O15 884 885.65  93.97 1 1.472 

Dod-L C46H88O16 896 897.62  93.86 3 1.536 

Dod-L C46H90O16 898 899.63  94.2 2 1.504 

Dod-L C46H88O17 913 913.61  94.43 3 1.536 

Dod-L C46H90O17 914 915.62  94.77 2 1.504 
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