Supplementary Material
On the synergy between elemental carbon and inorganic

ions in the determination of the electrical conductance
properties of deposited aerosols: implications for energy
applications

Luca Ferrero 1", Alessandra Bigogno 12, Amedeo M. Cefali , Grazia Rovelli !, Luca D’Angelo 13, Marco
Casati 1, Niccolo Losi!, Ezio Bolzacchini 1

IGEMMA and POLARIS research centres, University of Milano-Bicocca, Piazza della Scienza, 1, 20126, Milano, Italy

2RSE Spa, via Rubattino 54, 20134, Milano, Italy

3Agenzia Regionale Protezione Ambiente (ARPA) Lombardia, Department of Air Quality, Via Rosellini 17, 20124
Milano, Italy

* Correspondence: luca.ferrero@unimib.it; Tel.: +39 02/64482814

i

Figure S1: Guillotine cutter for filters.
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Figure S2: Conductance and RH equilibration (steps of 30 min) within the AEC on a PM25 sample.
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Figure S3: Conductance for each RH steps at 0's, 180 s, 1200 s and 1800 s for the sample showed in Figure S1.
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Figure S54: Conductance cycles repeated two times on the same PMas sample.
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Figure S5: Normalized number size distribution of genetared salts, WI-mix, SU-mix and soot particles.



Figure S6: Active sampling spot size of a PTFE filter.
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Figure S8: Correlation between tha conductance value at the DRH overcoming with the product (i.e. synergic
effect) between the number of equivalent of inorganic ions and the mass of EC on filters both ambient (panel
a) and laboratory generated (panel b). Note that the mass of EC cannot be transformed into moles as EC is

not a well-defined molecule characterized by its own molecular weight.



Filter code _ Site Season  Sampling  Loading Spozt pETr  ED* G* F cr NO; PO SO Na*  NH K* Mg®* ca® Jlons EC oc
date (mg)  (em) (mm) (S)  (ug)  (wg) (Mg)  (vg)  (Mg)  (wg) (g)  (v9)  (v9) (H9) (Hg) (Mg) (M)

B09-11  MITS  Winter  11/01/09 2481 1194 yes 5 057 097 1907 27974 nd. 6005 213 9960 2306 0.8 209 486.87 35854 787.33
B384 MITS  Winter  22/12/06  2.845  11.94 yes 5 4745 059 2983 32086 nd. 11097 554 14191 2460 071 707 64208 396.09 869.77
B08-255 MI-TS  Summer 11/09/08  1.789  11.94 yes 5 1947 125 259 9028 nd. 15793 599 8419 858 104 1431 36617 354.80 448.72
B381 MITS  Winter  19/12/06 1224 1194 yes 5 924 030 1290 15261 nd. 6319 405 7349 1385 052 521 32612 16144 35451
B22 MITS  Winter ~ 10/12/05  2.566  11.94 yes 5 2080 097 3422 22615 nd. 9266 7.80 10342 2556 207 1601 508.85 369.94 812.34
B382 MITS  Winter ~ 20/12/06 2555  11.94 yes 5 5128 064 3456 25525 nd. 10261 498 127.80 17.33 119 649 55085 360.41 79142
B07-012 MITS  Winter  12/01/07  2.833  11.94 yes 5 5263 nd. 2844 44618 nd. 19570 499 19628 2014 122 699 89995 347.50 763.08
B372 MITS  Winter ~ 10/12/06 1772 11.94 yes 5 453  nd. 5910 35232 nd. 6543 289 15271 1357 043 228 64873 201.90 443.36
B373  MILTS  Winter  11/12006 2171 1194 yes 5 2249 nd. 2577 29799 nd. 7080 440 12105 1473 063 435 53973 29330 644.06
B391 MITS  Winter ~ 29/12/06  1.961  11.94 yes 5 097 nd. 1904 23039 nd. 25917 468 17186 1473 025 278 70290 22621 496.73
B328  MITS  Autumn  14/10/06 2.861 1194 yes 5 6510 026 359 57618 nd. 31561 577 28694 1191 101 668 1207.95 309.81 512.89
B329  MILTS  Autumn  15/10/06 1680  11.94 yes 5 159 020 359 7510 nd. 46151 4413 19318 1345 067 291 75474 17335 28697
B07-87  MITS  Spring  28/03/07 2795  11.94 yes 5 2253 045 483 81924 nd. 47838 508 37812 1824 260 2007 1727.01 294.54 528.17
B08-100 MI-TS  Spring  09/0408 2170  11.94 yes 5 1713 nd. 1812 49738 nd. 10323 423 189.13 884 079 503 82674 37045 664.30
B193  MITS  Spring  28/05/06 2296  11.94 yes 5 126 101 142 74053 nd. 26623 266 30459 270 064 342 132319 268.19 480.93
B08-254 MI-TS  Summer 03/07/09 1248  11.94 yes 5 250 064 122 3204 nd. 12382 448 5047 499 083 6.09 22460 25519 32275
OA08-315 OB Autumn  10/11/08  1.869  11.94 yes 5 029 nd. 1286 70925 nd. 13881 147 25005 1016 056 169 1133.84 5880 24655
OA08-330 OB Autumn  25/11/08 2167  11.94 yes 5 470 058 3182 59181 nd. 14158 284 23356 19.30 030 187 102365 91.41 383.33
OA08-331 OB Autumn  26/11/08 2203 11.94 yes 5 1824 061 3490 45040 nd. 11770 338 187.30 2975 066 324 827.95 109.94 461.04
B44 MITS  Winter  31/12/05  3.764  11.94 yes 5 3484 nd. 138 13059 nd. 56498 2234 26882 2449 168 589 102017 493.28 1083.20
B07-004 MITS  Winter ~ 04/01/07 2906  11.94 yes 5 2065 nd. 066 7804 nd. 34865 635 16491 3022 128 703 637.13 407.88 895.67
B322 MITS  Autumn  08/10/06  2.305  11.94 yes 5 1673 nd. 553 61203 nd. 15596 303 22971 522 082 224 101455 24192 40049
B08-092 MI-TS  Spring  01/0408 1818  11.94 yes 5 1937 nd. 316 27605 nd. 14323 455 15952 1072 099 816 606.38 334.15 599.20
B333  MITS  Autumn  25/10/06 2023 1194 yes 5 3803 nd. 953 13218 nd. 16962 915 9923 896 138 570 43574 297.55 492.58
B08-281 MI-TS  Autumn  07/10/08 2407  11.94 yes 5 5184 nd. 949 42390 nd. 19095 622 17397 1256 187 1318 83213 29510 488.53
B08-283 MI-TS  Autumn  09/10/08 2504  11.94 yes 5 4915 nd. 414 22184 nd. 16858 425 13082 906 110 1456 554.36 365.34 604.81
B07-282 MI-TS  Autumn  09/10/07 2119  11.94 yes 5 2719 nd. 329 59964 nd. 14676 266 24326 825 067 464 1009.17 208.07 344.45
B07-279 MI-TS  Autumn  06/10/07 1674  11.94 yes 5 519  nd. 704 36036 nd. 15879 352 18044 768 090 399 72272 17829 295.15
B390 MITS  Winter  28/12/06 2474 1194 yes 5 3784 nd. 2113 23730 nd. 18024 231 17544 1163 054 299 63158 33127 72743
B340 MITS  Autumn  01/11/06 1711 11.94 yes 5 1871 nd. 328 32069 nd. 19694 479 17724 1015 104 485 71897 18599 307.90
B07-089 MI-TS  Spring  30/03/07 2560  11.94 yes 5 4028 nd. 478 30866 nd. 17153 403 17654 737 109 17.79 69179 51523 923.91
B09-054 MITS  Winter ~ 23/02/09 3.827  11.94 yes 6 9510 nd. 2086 121408 nd. 14665 461 42968 1192 155 1054 1839.89 357.28 784.56
B2 MITS  Autumn  17/11/05  3.834  11.94 yes 7 4330 nd. 3809 82761 nd. 21900 1075 34649 1193 264 1980 147630 441.88 73151
B52 MITS  Winter ~ 07/01/06 4261  11.94 yes 8 6210 nd. 8294 63322 nd. 16301 3044 27764 1489 110 693 121017 54860 1204.67
B09-074 MITS  Winter  15/03/09 4516  11.94 yes 9 7476 nd. 1890 215674 nd. 22393 338 63843 1177 141 366 305792 26210 575.55
B09-052 MI-TS  Winter ~ 21/0209 5533  11.94 yes 10 149.01 154 5003 1617.51 nd. 18244 1176 47449 1546 429 46.83 240435 562.53 1235.27
B09-055 MI-TS  Winter  24/02009 5932 1194 yes 11 12777 nd. 5998 243078 nd. 47845 671 79633 1316 095 1106 3797.43 383.85 842.91
B07-095 MI-TS  Spring 050407 2564  11.94 yes 5 4910 nd. 2229 32373 nd. 25412 425 22437 787 131 1342 85135 47242 847.15
B08-284 MI-TS  Autumn  10/10/08 2940  11.94 yes 5 5073 nd. 654 67130 nd. 21673 660 29524 1194 151 17.97 1227.84 32095 531.33
B09-073 MITS  Winter  14/03/09  3.163  11.94 yes 5 2256 nd. 1009 110133 nd. 11836 4.14 36192 855 100 452 160991 279.31 613.33
B09-057 MI-TS  Winter  26/02/09 3493  11.94 yes 5 5626 071 3618 74144 nd. 14046 580 27458 1377 252 23.02 123848 40530 890.01
B08-285 MI-TS  Autumn  11/10/08 3773 1194 yes 5 3957 nd. 1399 1190.03 nd. 24765 803 42254 1119 142 999 1904.85 350.13 579.62
B07-91  MITS  Spring  01/04/07  1.434  11.94 no 5 nd. 021 387 43873 nd. 16118 206 19220 3.75 034 270 80506 17336 310.87
B194 MI-TS  Spring  29/05/06 1829  11.94 no 5 nd. 092 343 47422 nd. 26246 254 22944 309 098 644 98323 23316 418.11
B287 MI-TS ~ Summer 03/09/06  0.893  11.94 no 5 nd. 055 067 1750 nd. 20769 465 8416 274 067 259 32121 14266 18043
B292 MI-TS ~ Summer 08/09/06 1792  11.94 no 5 nd. 067 172 18330 nd. 34955 588 18416 691 069 649 73936 26240 331.87
A09-176  MI-TS ~ Summer  10/09/08 0981  11.94 no 5 nd. 066 083 1472 nd. 14226 216 5777 248 059 555 22702 18801 237.78
OA08-333 OB Autumn  28/11/08  1.395  11.94 no 5 nd.  nd. 2109 29488 nd. 8862 182 137.32 2031 043 286 567.32 66.19 277.58
OA09-002 OB Winter  02/01/09 1670  11.94 no 5 nd.  nd. 642 35820 nd. 16150 098 18215 1646 038 175 727.84 5871 31456
OA09-010 OB Winter ~ 10/01/09  1.245  11.94 no 5 nd.  nd. 1059 27562 nd. 7931 136 12578 1546 020 145 50977 4582 24547
OB08-147 OB Spring  26/05/08 1915 1194 no 5 nd.  nd. 649 59749 nd. 32432 186 28863 322 065 325 122592 6260 26251
0B08-150 OB Spring  29/05/08 1529  11.94 no 5 nd.  nd. 694 38376 nd. 29823 401 22125 951 116 569 93056 54.38 228.05
OB08-178 OB Summer 26/06/08 1702  11.94 no 5 nd. nd. 156 20641 nd. 29046 165 17577 381 165 794 68926 99.84 343.80
OB08-179 OB Summer 27/06/08 2034 1194 no 5 nd.  nd. 223 36720 nd. 44072 245 28083 580 1.86  7.36 110845 9127 31431
OA08-211 OB Summer 29/07/08 1195  11.94 no 5 nd.  nd. 140 8038 nd. 24978 144 13142 484 041 276 47244 7125 24538
OA08-243 OB Summer 30/08/08 1334 1194 no 5 nd. nd. 178 10442 nd. 26022 224 11370 7.09 389 3985 533.19 7897 27195
B316 MITS  Autumn  02/10/06  1.757  11.94 no 5 nd.  nd. 422 18305 nd. 36929 337 18905 972 108 370 76349 186.14 308.15
B360 MITS  Autumn  28/11/06 1498  11.94 no 5 nd.  nd. 1490 25291 nd. 16498 320 13964 1072 058 358 590.51 170.02 28146
B09-127 MITS  Spring  07/05/09 1554  11.94 no 5 nd.  nd. 292 33545 nd. 12528 361 17957 663 111 843 66299 24564 44048
B08-280 MI-TS  Autumn  06/10/08  1.687  11.94 no 5 nd.  nd. 372 8141 nd. 9894 665 4231 1141 148 1159 257.51 267.98 44363
B09-063 MI-TS  Winter  04/03/09 1921 1194 no 5 nd.  nd 4995 61800 nd. 14150 216 25627 821 049 174 107801 15151 332.70
B08-101 _ MI-TS  Spring  10/04/08  1.303 1194 no 5 nd.  nd. 886 31667 nd. 8140 150 13186 7.36 032 243 550.39 207.56 372.20

Table S1. Raw data of PM2s ambient samples with sampling location (from Milano Torre Sarca, MI-TS, and
Oasi Bine, OB), season, date, mass loading, surface spot size, electrical detection (DET*), electrode distance
(ED¥), conductance (maximum detected value, G*) and chemical data.

! ] Loading _ Spot ED* G cr _NO; SO Na° NH; Slons EC
Filter code Chemistry mg)  (em) " mm) @S) (mg) (mg) (mg) (mg) (mg) (mg) (mg)
GS1 EC 0.061 11.94 yes 5 39.90 - - - - - - 0.061
GS2 EC 0.036 11.94 yes 5 2040 - - - - - - 0.036
GS3 EC 0.037 11.94 yes 5 21.00 - - - - - - 0.037
GS4 EC 0.024 11.94 yes 5 10.70 -- - - -- -- - 0.024
GS5 EC 0.098 11.94 yes 5 69.01 - - - - - - 0.098
GS6 EC 0.172 11.94 yes 5 127.60 -- - - -- -- - 0.172
GS7 EC 0.239 11.94 yes 5 180.10 - - - - - - 0.239
GS8 EC 0.090 11.94 yes 5 63.10 - - - -- -- - 0.090
G1 EC+AS 3.801 11.94 yes 5 30.36 - -- 2402 -- 0.902 3.304 0.498
G2 EC+AN 3.768 11.94 yes 5 10.95 2.480 - - 0.722 3202 0.566
G3 EC+AC 5.982 11.94 yes 5 28545 3.191 - - -- 1624 4814 1.168
G4 EC+SC 6.918 11.94 yes 5 29528 3.545 - - 2.299 -- 5844 1.074
G5 EC+SS 4.681 11.94 yes 5 13.26 - - 2.882 1379 - 4261 0420
WI-mix EC+(24%AS+76%AN) 4.081 11.94 yes 5 16.90 - 2480 0.336 -- 0.848 3.664 0417
SU-mix EC+(86%AS+14%AN) 4.392 11.94 yes 5 38.43 - 0.186 2.642 - 1.046 3.874 0.518

Table S2. Raw data of laboratory generated PM samples with generation chemistry, mass loading, surface
spot size, electrical detection (DET¥), electrode distance (ED*), conductance (maximum detected value, G*).



