Table S1. Elemental concentrations and chemical species obtained from low-Z particle EPMA and FT-IR absorption peaks and chemical
species obtained from ATR-FT-IR imaging data. In the last column, is given the chemical species of each particle obtained by the combined
use of the two techniques.

elemental chemical species FTIR absorption peaks chemical species chemical species by
Particle | Size ; from X-ray spectral . 1 ;
4 (in um) cqncentrqﬂons data _ (incm™) . from ATR-FTIR the comblneq use of two
(in atomic %) , (major peaks with *) data techniques
[minor elements]
(A) Ca-containing particles (41 particles)
1. CaCO;(2 particles)
*
. 4ae C(1ZA.9923|.(72)&|)(C1).(06)1.2) Caco; | 780,843 80971030450 | cog% cristoballie, CaCOy/cristoballite/
Si(1.9)Ca(15.3) [N,Mg,AlSi] 1793.2917,3401 organic(CH),H,O organic/H,0
C(23.4)0(57.5)Mg(0.9) > .
89 | 3.32 Al(1.2)Si(2.4)S(1.2) . CA?(;.O;/ E . 790,872%,1022,1404* CO3.”’ . CaCIO?»/ momlmo”'b'on'te/
K(0.6)Ca(12.2)Fe(1.0) [Mg,Al,Si,S,K,Fe] montmorillonite elemental carbon
2. amorphous CaCOj; (4 particles)
CO;",NO5,S0,7,
C(6.2N(11.2)0(57.1) | 5 co,NOL)/C | 836,864%,1111%1418*1483% | montmorillonite, ACC/Ca(S04,NO)/
57 10.12 Al(2.6)Si(3.4)CI(2.1) [ALSi S,Cll 1636.3304 organic(CO0") montmorillonite/
S(0.8)Ca(6.6) e ' g H.0 ' organic/H,0
2
CO;",NO3,S0,7,
s | 250 %(1(81'73))%(541%)05(;88)) Ca(COsNOJ)IC | 828,869+929,1031* 1415, | montmorillonite, ACCICa(NOs),/
' S(go 3.)K(1 3)'Ca(10.3) [S,Mg,AlLSi,K] 1480*,1630,1665,2939,3364 | organic(CH,COQ), | montmorillonite/organic/H,O
. . . H,0
C(20.5)N(9.0)0(56.3 Ca(COsNO3)/C | 817,862%,1120,1420% 1484+, | COs :NOs.SO4, ACC/Ca(NOs,S0.)/
62 14.01 (20.5)N(9.0)0(56.3) a(CO3NO;) ’ ’ ; ’ ' | organic(CH,COOQ) a(NO3,S0)
S(1.9)Ca(11.5)CI(0.9) [S,Cl] 1630,2865,2929,3312 H O’ ' organic/H,O
C(14.5)N(13.8)0(58.3) | Ca(COs,NOs)/C COs* NG,
63 9.70 M ('1 3)AI(1.4)Si(2 5) M A3I Si é] 830,863*,1065,1140,1409*%, quartz, ACC/Ca(NOg),/quartz/
' 9 sko 6)(:;;1(7 5) ' 9.ALS 1483*,1636,2953,3238 organic(CH,COO), organic/H,0
) ) H,O
3. chloride-containing particles (3 particles)
0(43.7)Mg(3.9)Al(2.4)
43 1.95 Ca(13.3)CI(36.7) CaCl,/MgCl, Ruinactive (Ca,Mg)Cl
0(44.9)Mg(4.4)Al(1.9) CaCl,/MgCl,
48 | 250 Ca(9.5)CI(39.0) Al (CaMg)Cl




0(49.3)Na(2.1)Mg(3.9) CacCl,/MgCl,
52 | 114 | Gi5.0)Ca(6.4)CI(33.3) [Na,Si,Cl] (Ca,Mg)Cl
4. nitrate-containing particles (10 particles)
f\l(g(?’d%))'\,\'/flfd%%‘(‘f 'g)) Ca(COsNOJ)/C | 828*866*920,1060,1355%, | CO.>,NO;, quartz, Ca(CO4,NOs)/quartz/
17 3.64 éi(3 g)K.(O 5) ' [Na,Mg,Al, 1392*,1599,1622,1653,2988, | organic(CH,COQ)), montmorillonite/
Ca(6.0)CI((.) 2) Si,K,Cl] 3335 H,O organic/H,0
7 =
s | 401 %A(glg%%zisg%i?g%) Ca(COsNO;) | 828*869%1020,1375* 1388", m&?&dmgai’te Ca(CO5,NOy)/
' .Ca(14' 7) ' [Mg,AlSi] 1662,1790,3094,3250 organic,H,0 ' montmorillonite/organic/H,O
. 1) 2
7. =
27 | 341 | Na® oMo oA | (NaCa)COLNO) | 833*8621,1088,1352¢ 1a16%, | o 0¢ Re AL | (Na,Ca)(COWNO)quartz/
: Si0.9CH(6.9) [Mg,Al,Si] 1605,1663,2916,3230 h o ’ organic/H,0
. . 2
?\I(;(“dlz))’\l\'ﬂ(gl(oizg)%?g%) Ca(CO5NOs)IC | 760,810,840%,869*963,1026, | COs*,NO5,Si-O, Ca(COLNOYS-O
42 3.77 ~ ' ' [Na,Mg,Al, 1124,1369* 1403*,1644,2916 | organic(CH,COO), aNOs
Si(5.3)K(0.3) . organic/H,0
Cala.5)Fe(0.7) Si,K,Fe] 3211 H,0
pe =
C(16.6)N(1.9)O(63.7) CaCo, 834* 867*,1045,1364*,1385%, COs \NOs, Ca(CO5,NO,)/Si-O/
ar 393 | Mg(0.49)AI(L.0)Si(1.5) [N,Mg,Al,Si K] 1644,1793,2915,3331 SIO, organic/H,0
K(0.3)Ca(14.6) MO,ALS, 1 1199,2919, organic(CH),H,0 9 2
49 081 ﬁ;%g_'g))u&b%?ﬁ(%_g Ca(CO;NOy) | 787,798,831*,869%,1031% 141 Oﬁggﬂ;gga%“ggﬁ Ca(C0:NO3)/
Si(1.4)Ca(11.7) [C,Na,Mg,Al,Si] 2*,1615,1648,2912,3378 H,0 quartz/organic/H,O
C(24.6)N(12.5)0(51.9 CO47,NO5,Si-O,
55 10.39 I\Slg 3 s)a) /£| © 3))Si((1 3)) (Mg,c?)(lcc;S,NOB) 827*,862*,1060,1413*,1641, Orga;ic(cﬁ OO (Mg,C/a)(COg,/Nog)/
) ) ) ) Al,Si 2948,3256 ! ’ Si-O/organic/H,O
Ca(5.6) H,0
or | a4 ﬁ;%g}g%%%%%%)) Ca(COsNOs) | 845+ 869*1095,1388*1405% | COs*NO5,SO.%, | (Ca,Mg)(COsNOsSO4Cl)
' S10.9)Ca0.3CI2.0 | 1CNaMg.ALSICl 1625,3283 H,O H,0
C(15.5)N(10.1)O(46.3) .
773,788,842%,872%1038,112 | CO,*,NO5 ,quartz,
94 331 | Na2Mg(2.NAI2.9) Ca(CO3,NO;) 4,1372*,1426*,1634,2929,33 orgasnic(CI3-| qCOO') Ca(COs,NOs,Clyf
' Si(4.8)CI(9.1)K(0.7) [C,Na,Mg,Al,Si,Cl] ' ' y ' ' ' ' quartz/organic/H,O
Ca(5.8) 26 H20
C(25.5)N(5.4)0(37.2)
108 | 234 | MILIAI6.5)Si(10.0) Ca(CO3,NO5) 794,825*869%,1017,1378%, | CO,*,NOs,quartz, | (Ca,K,Mg)(CO3,NOs,Cl)/
' S(0.5)K(2.2) [C,Mg,AlLSi,S,K,Cl] 1419*,1605,2925 organic(CH,COO™) guartz/organic
Ca(9.3)CI(2.0)
5. sulfate-containing particles (8 particles)




C(7.4)0(53.3)Na(3.0)

(Mg ,Ca)(C03, NO3)

816,875*,946,1020,1100%,

CO;",NO3, SO,7,
montmorillonite,

(Mg,Ca)(SO4,CO3, NO3)/

35 4.66 Mg(s('g)zs)lélj('fia()z'd') [Na,Si,P] 13728',\’__1)29209%63?3%642’ organic(CH,COQ)), | montmorillonite/organic/H,O
' ' : : H,O
51 1.71 C(ls7 (i%)os(fga?)lgaz(f -0) Ca(CES;,]SO@ 1095* S0,.% CaSO,/elemental carbon
61 2.17 | 0O(70.9)S(14.5)Ca(14.6) CaSO0, 1125*,3509 OH,S0,” CaS0,2H,0
C(6.1)O(65.2)Na(1.1) Ca(C0;,S0,) . CO05”,S0,7, .
65 2.23 S(13.1)Ca(12.2) [Na] 1095*,1402,1605 organic CaSO,/organic
0(72.0)S(13.2) CaSO, . 2
74 2.91 CI(1.2)Ca(13.7) cl 1108 so, CaSO0,
C(3.8)0(68.7)Mg(0.7) Ca(C0;,S0,) R CO05”,S0,7, .
80 3.12 Al(0.3)S(13.2)Ca(13.4) (Mg.All 1122*,1419,1618,1486 organic, H,0 Ca(C03,S0y)/organic/H,0O
N(1.7)O(71.3)Al(1.1) CaSO0, . 2-
81 1.67 S(13.0)Ca(13.0) IN.AT 1131 so, CaSO0,
C(11.0)0(60.6)Na(1.2) COZ NO~
Mg(2.9)AI(1.0)Si(1.3) (Mg,Ca)(C0O3,S0.,) . o . . 3 S (Ca,Mg,Na)(CO3,NO;,S0,)/
99 3.26 P(1.3)S(10.3) NaAlLSiPK] 830%*,870*,904,1091*,1412 montrg(o)rllzl_onlte, T ontmorillonite
K(0.3)Ca(10.1) 4
6. nitrate- and sulfate-containing particles (14 particles)
2- T~
) 070 | C(62N(111)0(56.0) | Ca(CO;NO;SO,) | 811,865%1118,1365%1419*, O%g;ié?‘éﬁ 'CS(')'S.’) Ca(CO3,NO3,S0,,Cl)/
: S(3.4)Ca(11.4)Cl(2.0) [C,Cl] 1584,1662,2858,2925,3378 N0 : organic/H,0
2
C(6.5)N(7.4)0(58.9) NOs, SO,”,
n 457 Na(8.7)Mg(1.2)Al(0.7) (Na,Cal)\I((S)(gél,COg, 833*,1125*,1259,1346*,1618, Si-O, (Na,Mg,Ca)(S0.,NO3)/
' Si(0.8)S(6.8) M AISSi K] 1676,2846,2916,3397,3532 | organic(CH,COO), organic/H,0
K(0.3)Ca(8.8) 9.ALSI, H,O
CO5”,NO3,S04”,
C(17.8)N(6.9)0(58.6) Ca(CO3,NO5,S0.)/ 791,825,862*,1031,1125, quartz, Ca(C0O3N03,S0,)/
14 | 334 | Na(0.7)Mg(0.8)Al(0.4) c 1402* 1615,1648,3243 organic(COO") quartziorganic/H,0
Si(2.5)S(4.7)Ca(7.5) [Na,Mg,Al,Si] ’ ' : .0 : 2
2
2- E 2-
6 | 666 C(25N3gg%§’é‘?204()48'1) Ca(COsNO;) | 811,872*1125,1362* 1426%, Ofgc(’%i'c'?gj '5840.5 Ca(CO3,NO3,S0,,Cl)/
Ca(6.3)CI(1.7) [Na,S,Cl] 1593,1630,1670,2993,3378 H,0 organic/H,0
C(29.2)N(8.8)0O(47.4) CO5”,NO3,S0,,
a2 | 42 | Na(05)Mg(LO)AIL3) Ca(C03,203,804)/ 835,872%,1061,1108,1370%, quartz, Ca(CO5NOs,S0,)/
' Si(2.7)S(2.4) [Na,Mg,Al,Si,Cl] 1422*,1594,2851,2925,3331 | organic(CH,COQ), quartz/organic/H,O
Ca(6.2)CI(0.6) MEALS H,O




C(10.6)N(2.3)0(61.1) , ,
Na(0.8)Mg(2.9)Al(1.6) | (Mg,Ca)(CO;,S0,) 821,865*,1115*,1368*, CO;*,NO;3,S0,%,
34 | 285 Si(0.7)S(9.7) [N.Na,Mg,Al.Si K] 1395% 1621,3391 H,0 (Ca,Mg)(COs,NO5,SO4)/Hz0
K(0.6)Ca(10.2)
C(13.6)N(6.9)0(61.1) i o 2
Ca(CO3,N05,S0,) 814,860%,1120,1375*, CO;*,NO3,S0,%,
50 3.98 Na(0.6)Mg(0.7) N Ca(C0O3,N05,S04)/H,0
S(6.8)Ca(10.4) [C,Na,Mg] 1394*,1631,3352,3466 H,O
2_ -
C(13.1)N(4.0)0(62.4) |~ o, NO,.SO,) 815,869*,1024,1112, COs" NOs, Ca(CO5,NO;,S0,)/

53 456 | Mg(0.7)AI0.9)Si(1.7) [C,Mg,Al,Si,K] 1405*,1638,3229 SO4 montmorillonite/H,O
S(6.9)K(0.2)Ca(10.1) e ' ' montmorillonite 2
C(10.5)N(5.1)0(57.7) R R CO5”,NO3,S0,,

o | 404 | NaO.7IMg(0.9)AI12) | Ca(CO;NO;SO,) ngéizzlé%%?igi;'iégi » | montmorillonite, Ca(CO3NO5,S0)/

' Si(2.2)S(10.3) [Na,Mg,Al,SiK] 28'52 29’13 3461 ' organic(CH,COQ)), | montmorillonite/organic/H,O
K(0.4)Ca(11.0) : : H,O
CO5”,NO3,S04”,
ﬁ&fg&ﬁﬂ%fg‘% Ca(CO3NO5) 821,859*,946,1017,1051, muscovite/ Ca(CO3NO5,S0,)/
70 7.60 Si(éi 6)S§(]1 é)K(O 7') [C,Na,Mg,Al, 1149,1159,1388*, (Na,Ca)-feldspar, | muscovite/(Na,Ca)-feldspar/
Cé(G 8)|5e(0 9)' Si,K,Fe] 1419*,1635,3356 organic(COQ), organic/H,0
' ' H,O
C(21.7)N(7.0)0(54.2) CO;”,NO3,S0,7,

6 | 315 | Na(05)Mg(22)Al(15) Ca[(gﬁ:l\llwos,ASlOn 827,872*926,1013%1086, | quartz,muscovite, Cﬁ;?gfm’\:ggosvﬁg)/

' Si(4.1)S(3.1)K(0.3) 'SiK Cgl] : 1388*,1625,2955,3326 organic(COO), q oraanic/H.0
Ca(5.3)CI(0.3) o H,O 9 2
C(23.7)N(7.0)0(49.8) CO5”,NO3,S0,,

85 3.79 Mg(0.7)Al(0.8)Si(1.1) C?éﬁ%&'%{%ﬁ“’ 1139,1380*,1451*,1611,3317 |  organic(COO), Ca(co?ﬂ\r'](i)cjﬁ%“’c')/

S(3.1)Ca(7.5)Cl(6.3) MALSL H,O 9 2
2- B 2-
C(13.5N(6.6)0(56.1) (Na,Ca)(COs,NOs, 841*,861*,1122,1361*,1423*, CO5", NO3, S04, (Ca,Na,Mg)(CO3,NO;,S0,)/

105 3.28 Na(5.0)Mg(1.5) SOy) 16052860 2934 3361 organic(CH,COQ), organic/H,0

S(6.5)Ca(10.6) [Mg] : : : H,O 2
109 6.66 g((21.26.;1c):§((f.17.2)§)él5($:g; Ca(C03,S0,,Cl) 842*,1132,1449* CO;*,NO5, SO, Ca(C0O5,N0;,S0,4,Cl)

(B) NaNOgz-contai

ning particles (33 particles)

1. crystalline NaNO; particles (10 particles)
N(20.1)0(54.3) NaNO, R . 2
4 4.04 Na(23.7)Mg(1.8) [Mg] 833*,1109,1263,1349*,1788 NO;s',NO,,S0O, Na(NO3,S0,)
11 3.43 N(20.4)O(53.8)Na(25.8) NaNO; 833*,1266,1346* NO;s’,NOy NaNO;
C(9.3)N(18.0)0(49.1) (Na,Mg)(NO3,S0,) . . - - 2- (Na,Mg,Ca)(NO3,S0,4)/
18 4.12 Na(16.9)Mg(2.5) [C,Ca] 833",1141,1256,1356 NOs ,NO,,SO, elemental carbon




S(2.8)Ca(1.6)

C(11.3)N(16.4)0(47.1)

NaNO;

(Na,Mg,Ca)(NO3,SO,,Cl)/

19 2.86 | Na(17.8)Mg(2.0)S(1.0) 833*,1131,1256,1356* NO3,NO,,S0,*
Cl(2.7)Ca(1.8) [C,Mg,S,Cl,Ca] elemental carbon
60 Lol C(2.9)N(18.9) NaNO; 785,801,836*,1035,1109, NO3,NO;, Na(NO3,SO,)/quartz/
' 0(54.0)Na(24.2) [C] 1250,1346*,1788 S0,”,quartz elemental carbon
C(11.0)N(14.9)0(50.6) NaNO; . . o
75 3.08 Na(22.5)S(1.1) [C.S] 833*%,1247,1349 NO3;,NO, NaNOs/elemental carbon
C(11.6)N(16.5) NaNO; . . S
76 2.10 O(47.5)Na(24.4) (] 836*%,1259,1352 NO3;,NO, NaNOs/elemental carbon
N(21.7)0(53.7) NaNO; . . o
79 2.91 Na(23.6)Ca(1.0) [Cal 833*,1064,1254,1352*,1786 NO; " ,NO, NaNO;
C(29.7)N(13.7)0(34.4) (Na,Mg)NO; R . : (Na,Mg)NO5/
95 1.42 Na(18.2)Mg(4.2) [C] 833%,1365 NOs elemental carbon
102 3.22 | N(21.1)O(50.9)Na(28.1) NaNO; 836+,1096,1240,1356* NO5,NO,,SO,* Na(NO3,S0,)
2. NaNO; particles internally mixed with other chemical species (23 particles)
NO; ,NO,,SO,”,
1 4.46 C(7.6)N(17.5)0(50.5) NaNO; 833*,872*,1048,1118,1253, COs7%,quartz, (Na,Ca)(NO3,CO3,S0,,Cl)/
' Na(19.8)CI(3.5)Ca(1.1) [C,Cl,Cq] 1349*,1391*,1605,2923,3365 | organic(CH,COQ), quartz/organic/H,O
H,O
C(21.0)N(14.8)0(42.3) NaNO; 834*,1121,1253,1349*,1561, NO3,NO,,S0,”, .
5 2.80 Na(19.7)Mg(2.1) [C.Mg] 1605,1788,2858,2923 organic(CH,coo) | (N&Mg)(NOs,SO,)/organic
o 4 a6 N(21.0)0(53.3) NaNO, 833+,1013,1260, 1346*, O B2 NaNOy/
Na(24.7))CI(1.1) [C1] 1602,1785 organic(CO0") montmorillonite/organic
N(19.6)O(54.9)Na(17.2)) NaNO; 830%,1109,1346%,1596, NO;,S0,%, :
15 | 849 cl6.1)Ca(2.2) [Cl,Ca] 1653,3358 organic(Coo) | (NaCa)(NOsSOs)/organic
NO5,NO,,S0,7,
2z | 205 Ncé%fé‘lé)l’)\',\;l%%?c(f(gl%)) (Na,Ca)NO, 836* 865*,1125,1247,1356*, CO.Z, (Na,Ca)(NOs,SO4,COs)/
' VgL : [C,Mg,CI,K] 1404+%,1593,1625,2923,3365 | organic(CH,COO), organic/H,O
K(1.2)Ca (3.1) H.0
2
833*,1125,1259,1349*,1564, NO3,NO,, S0, Na(NO3,SOy)/
29 2.53 N(20.1)0(53.4)Na(26.5) NaNO, 1600,2846,2923 organic(CH,COQ) organic
- - -
C(25.2)N(9.7)0(44.3) NaNO, 836*,1130,1263,1349* 1410, | NOs:NO2, SO, (Na,Mg)(NO3,CO3,S0,,Cl)/
30 351 Na(16.4)Mg(2.1) [C,Mg,S,Cl] 1564,1602,2852,2929 05, organic
S(0.7)CI(1.5) PIE : : : organic(CH,CO0),
33 4.72 | N(22.7)0(57.7)Na(19.7) NaNO; 833*1115,1253,1346*,1561, | NOz,NO,,SO,%, Na(NO;,SO.,)/




1585,1690,1788,2858,
2920,3410

organic(CH,COQ),
H,O

organic/H,0

N(20.8)0O(54.1) NaNO; 833*,1130,1259,1352*,1561, NO;,NO,,S0,*, .
38 | 31 Na(22.3)Mg(2.9) [Mg] 1609,1785,2852,2916 organic(CH,coo) | (N&Mg)(NOs,SOu)/organic
NO3,NO;,
N(20.2)0(53.0) NaNO; 833*,1253,1349*,1561,1596, . - (Na,Ca)NOs/
a4 | 302 Na(25.3)Ca(1.6) [Ca] 1791,2929 3301 organlcﬁcg,COO ), organic/H,0
2
C(12.7)N(15.1)0O(49.0) NaNO; " " - - 2-
46 1.80 Na(21.1)Ca(2.1) [C.Cal 836*,869,1255,1349*,1391 NO3;,NO,,CO3 (Na,Ca)(NO3,CO3)
- - 2_
54 6.22 C(4.9)N(22.6)0(52.2) (Na,Ca)NO; 831%,862%1013,1110,1250, | VO ,ggzz,_cos ’ (Na,Ca)(NO3,CO3,S0,)/
' Na(17.2)Ca(3.1) [C] 1349*,1400,1634,1788,3301 4o montmorillonite/H,0
montmorillonite
C(1.1)N(18.0)0(48.1)
66 332 | Na(10.5Mg(L.6)AI(2.0) | (Na,Ca)(NOs,SO,) 772,788,836*,1042,1247, NO3,NO, ,quartz, (Na,Mg,Ca)(NO3,S0,,Cl)/
' Si(3.7)S(3.7) [Mg,Al,Si,Cl] 1352*,1561,1788,2852,2923 | organic(CH,COQ) guartz/organic
Cl(4.1)Ca(7.2)
C(8.2)N(18.2)0(50.6) NaNO, . o 2 . .
68 3.56 Na(19.4)Mg(2.5)S(1.1) [C.Mg.S] 1128,1362*,1561 NO3,S0O,7,organic | (Na,Mg)(NO3,SO,)/organic
C(5.0)N(7.3)0(54.7) NO- NO, COZ
73 334 | Na(13.1)Mg(0.9)Al(4.4) (Na,Ca)NO; 824,859*,1026,1118,1349*, 3 uaﬁt’z 3o (Na,Mg,Ca)(NO;,CO3)/
' Si(11.7)CI(0.7) [Mg,Al,Si,CI,K,Ca] 1416,1593,2865,2923,3371 or anicE:(CH bOO') guartz/organic
K(0.5)Ca(1.8) 9 '
C(7.5)N(16.2)0(47.9) NAL- L
83 3.72 Na(22.7)Mg(2.5) c ’:ﬂa’\'g%i] 827*,1054,1263,1349*,1564 %?3528(263'09) ’ NaNO/organic
Al(1.6)Si(1.7) MEAL 9
90 316 NIS/}QS(?S%(?J&)I\IS?(%Z)& (Ca,Na)(NO3,S0O,) | 833*%,1042,1125,1259,1349*, NO3',N02',SO42', (Na,Mg,Ca)(NO3,S0,,Cl)/
S(4.1)CI(1.1)Ca(7.3) [Mg,Al,Si,Cl] 1564,1589,1788,2858,2916 | organic(CH,COO) organic
%6 215 | N(19.0)0(52.2)Na(24.3) NaNO; 830%,1125,1256,1349*%, NO;,NO,,S0,”, Na(NO3,SO0.,Cl)/
' S(2.2)Cl(0.9)Ca(1.4) [S,Cl,Ca] 1561,1596,2916 organic(CH,CO0) organic
100 326 C(5.0)N(21.6) NaNO; 833*%,1118,1263,1349*,1561, NO3',N02',SO42', Na(NO3,SOy)/
' 0O(51.3)Na(22.1) [C] 1599,1788,2833,2923 organic(CH,COQ) organic
103 318 N(20.3)0(50.6) NaNO; 832*,1128,1253,1352*,1567, | NOs;,NO,,SO,”, Na(NOs,SO.)/
' Na(28.2)Mg(1.0) [Mg] 1599,2858,2923 organic(CH,COQ) organic
- - -
C(84)N(139)O(516) (Na,Ca)N03 827*,872*,1051,1256, NOs 1N02 ,CO3 ’ (Na,Mg,Ca)(N03,Cos)/
104 3.89 Na_(17.8)Mg(1.1)AI(1.1) [C,Mg,Al,Si,Cl,Ca] 1356*,1391,1628 qu_artz, guartz/organic
Si(1.5)CI(0.6)Ca(4.1) TS ' ' organic(COQ)
106 2.52 N(20.1)0(52.3) NaNO, 830%*,1130,1255,1356*, NOs ,NO,,S0,%, Na(NO;,S0,,Cl)/organic




Na(25.5)Cl(2.1) [C]] 1560,2916 organic(CH,COQ)
NO;,NO,,S0,”,
107 5 85 C(ll\l'szz'\'il%ﬁgc()z(fsf)'g) NaNO; 843+ 872*,1045,1120,1256, CO4%,Si-0, (Na,Mg,Ca)(NO3,CO3,S0.)/

. . . : . N . ] )
Al(1.2)Si(2.4)Ca(0.9) [C,Mg,Al,Si,Ca] 1352*,1410*,1564,2928 organmf_'CS,COO), organic/H,0

2
(C) Silicate particles (24 particles)
1. Silicate particles without water (14 particles)
o 015 ﬁé%f‘é))ugg)z?ﬁé?) AlSiIC 786,833,044* 10271127, montmg”,'on'te’ montmorillonite/

. . . . 3, .
Si(9.8)K(1.0)Ca(2.4) [N,Na,Mg,K,Ca] 1345,1588,1652,2899,3322 organic(CH.CO0") (Mg,Ca)NOs/organic
C(7.6)N(1.3)0(56.0) . . .

: AlSi 812,897,931,1007*,1077* muscovite,CO; . .
20 5.43 | Mg(0.9)Al(13.8)Si(17.0) A i ’ g ’ muscovite/COs/organic
K(2.2)Ca(0.5)Fe(0.7) [C,N,Mg,K,Ca,Fe] | 1134,1390,1636,2904,3654 organic(CH)
C(1.4)0(62.4)Al(0.5) SiO, R
21 3.75 Si(35.6)Ca(0.2) [C.AlCal 770,794,1051 quartz quartz
C(5.1)0(60.3)Na(1.1) . . 2
: AlSi 753,821,926,1006*,1160 muscovite,CO; . .
24 7.52 Mg(0.5)Al(14.4)Si(15.2) A ' ' A muscovite/COs/organic
K(2.9)Ca(0.4) [C,Na,Mg,K,Ca] 1400,1639,3630 organic(COQ)
uartz
C(20.8)N(4.3)0(51.5) . 779,792,836,872,1005*,1038 quartz, I
41 | 863 | MgL2AN(AISI134) | MAEI/CCa el * 1381,1404,1625,2846, m‘g‘émzc.’m'g”.“e’ (Mq“grgérgg”t{\l“g')'}g?'taer/] .
K(0.3)Ca(3.6)Fe(0.7) MG, 2923,3217 organiolChl) g NDe)/0rg
C(3.5)0(64.1) SiO, . ]
67 4.05 Al(0.3)Si(32.0)) [C.AT 769,790,1045*%,1352 quartz,NO; quartz
C(2.0)N(1.2)0(60.0) AISi
77 291 Na(1.0)Al(14.5) [C.N,NaK] 779,841,1026*,1151 montmorillonite montmorillonite
Si(20.6)K(0.8) e
C(28.8)0O(44.1)Mg(0.6) . 786,796,933,987,1014*,1040 montmorillonite, I
84 | 3.67 Al(6.5)Si(9.7)S(0.9) M élillé:a Fel *1077,1167,1378,1622, quartz,NO;, mO”tmoﬂl'gr}gf/i‘;?étzmeox/
K(0.3)Ca(0.3)Fe(8.8) 9.=.%.%L4, 2939,3302 organic(CH,COO) J0rg
C(16.4)N(1.2)0(53.7) . R
87 | 307 | MgRDAG7SIA73) | M’Z'SS'/E cal 782801850300 > | quartzNOy, CO;* | quartz/(Mg,Ca)(CO5,NO:)
S(0.9)K(0.2)Ca(1.5) AN : :
C(15.8)N(6.5)0(51.1) .
Sio,/C 2- - quartz/
Na(2.2)Mg(2.8)Al(3.3) 833,863*,1037*, quartz,COs”",NO3,
91 | 194 | 512.8)S(0.6)K(0.6) [NkNC""éMFge']S’ 1355,1415* 2988 organic(CH) (Na*'\"gga;(rﬁ?&'\‘o@’
Ca(3.8)Fe(0.6) -8, 9




C(5.8)N(1.6)0(58.0)

AlSi 871,908,990,1010%,1057*, montmorillonite, S
92 | 323 Na(‘gf?l'\g%(fk?gﬂ)(g'l) [C.N,Na,Mg, 1081*1116%1160.1420, | Na-feldspar,CO4Z, mommog'g’r)gf/ ':gige'ds"a”
ca(0 :.3)Fe(0'9) K,Ca,Fe] 1631,2910,3356,3609 organic(CH) 3019
93 2.52 C(4'4)O(63;'t))AI(0'5)S'(3 [g'(zj] 769,795,1042* quartz quartz/elemental carbon
C(10.9)N(4.7)0(52.1) AISIC
98 464 Na(0.8)Mg(1.9)Al(9.1) [N,Na,Mg,K 795,833*,1022*,1120,1352*%, montmorillonite, montmorillonite/
' Si(18.3)K(0.5) ’Ca’Feg]' ’ 1637,2858,2916,3269 NO3’,organic(CH) (Na,Mg)NOs/organic
Ca(1.1)Fe(0.8) :
101 11.15 CI\(/I58(08)4C)),&%(7382))NS?((6197) AISi/C 800,877*,913,997,1034*,112 AISi-O,CO32', montmorillonite/COa3/
' )S%O é)K(O 2.)Ca(0 ;5) [Na,Mg,S,K,Ca] 4,1418*,1619,2859,3214 organic(CH,COQ) organic
2. Silicate particles with water (10 particles)
cristobalite,CO5”
O %A(Z%?)NA(I?Z.OC)))OS(E;%) AlSIIC 776,820,855,1038", NOs cristobalite/Ca(CO,NOy)/
' S(% 2.)Ca(4 ;1)Fe(0.6) [N,Mg,S,Ca,Fe] 1400,1625,3256 organic(COQ), organic/H,0
. . . H,O
montmorillonite,
292 4.62 IC\:/I(Z(S)l%l))IX(I?ZP’A)f)OS(Eég)) AlSi/C 789,873*,950,1030%, COgZ',Nog', montmorillonite/
' K(% 2.)Ca(3 ll)Fe(1.0) [N,Mg,K,Ca,Fe] 1405*,1618,3318 organic(COQ), Ca(C03,NO3)/organic/H,O
. . . H,O
. cristobalite, CO5”,
C(19.4)N(8.7)0(52.3) Si0,/C 775,832,863,1053*,1348, NOy, cristobalite/Ca(COs,NO3)/
26 2.64 Na(0.8)Mg(0.7)Al(0.9) (Na,Mg K.Ca) 1387,1607,1641,2842, organic(CH.COO) organic/H.0
Si(14.1)S(0.3)Ca(3.0) MO 2810,3297 9 h o ’ 9 2
2
C(18.6)N(4.6)O(51.0) . montmorillonite, I
- a14 | Na(0.5Mg(1.1)AI6.5) N /NALS;\/AC < 863,987,1020*,1391, CO5%,NOy, mg;@g”',ifg't)?/
' Si(10.3)K(0.4)Ca(2.0) &:a chl] ' 1622,2859,2926,3308 organic(CH,COQ)), or aniz/H (3)
Fe(4.8)CI(0.3) ok H,O 9 2
vermiculite
C(11.6)N(7.0)0(55.3) . 753,824,833,866,910,1006*, S .y
40 3.70 | Mg(3.5)Al(5.8)Si(9.9) N MA'E'/ga Fel 1158,1367,1404,1618, Orcgnf‘ic'(ﬂgg.) Vermo'f“gfié (/:l_??é'\'of‘/
K(0.9)Ca(4.3)Fe(1.8) M0, &, 1639,1705,3314 g St 9 2
2
K-feldspar,CO3”,
45 4.27 ch:i((l‘:(’).?é))’\l\l/flig)g)flz(lélﬁ)f) AlSi 866,993,1086,1109*,1410%, NO3, K-feldspar/CO3/NOa/
' ~2)MOL. ' [C,N,Na,Mg,K,Ca] 1623,1639,3314 organic(COQ), organic/H,0

Si(23.4)K(6.1)Ca(0.3)

H,O




C(24.2)N(8.6)0O(49.6) Ca-feldspar,
56 4.80 Mg(1.6)AIl(3.0)Si(6.3) AISi/C 773,833,863,917,967*,1022*, CO;*,NO;, Ca-feldspar/Ca(CO3,NO3)/
' S(0.3)K(0.4) [N,Mg,S,K,Ca,Fe] 1114,1137,1398,1632,3275 | organic(CH,COQ), organic/H,0
Ca(5.3)Fe(0.8) H,O
C(8.1)N(2.2)0(48.7) AlS]
69 534 Na(0.3)Mg(3.3)Al(9.8) [C.N,Na,M 763,849,875,990,1088*,1366, montmorillonite, montmorillonite/
' Si(19.7)K(2.8) K éa F,e]g, 1404,1637,3326 CO3”,NO3 ,H,0 (Mg,Ca,K)(CO3,NO3)/H,O
Ca(1.4)Fe(3.8) e
quartz,CO5*,NOg,
72 358 ilg(‘(l)zl))%?lsg)%ﬁfg g)) SiO,/C 779,804,860,1055*,1106, SO42', quartz/Ca(CO3,NO3,S0,)/
$(0.9)Ca(5.3)CI(0.4) [N,Na,S,Ca,Cl] 1404,1615,2916,3314 orgamcLCS,COO ), organic/H,0
2
montmorillonite _—
C(15.8)N(5.4)0(48.7) . . 2- - montmorillonite/
o | 2 | NaGouGEOAWD | ASIC | sososisondss | coiNon | acaconoy
Si(14.0)K(0.9)Ca(7.9) oy ' ' ' ' H O' ' organic/H,0
2
(D) Miscellaneous particles (11 particles)
1. carbonaceous particles (4 particles)
organic(-CO,
965,1035,1088*,1244*,1387 :
C(34.3)N(35.6)0(26.4) : i AR | €=C,CO0’,CH,
6 7.67 S(3.2)CI(0.5) organic 1435,15523(,)1222;3,214727,2967 C=O,NO,ZSO)/NH4+ WSOA/(NH,4),SO,
' ' /SO, /H,0
a1 | 1000 | C(39-7N(8.3)0(41.1) organic/ 1166,1367,1442,1597*,1710* Cocr)gg.”'cclﬁ %9(")') ; WSOA
' Na(3.8)S(4.3)Ca(2.8) (Na,Ca)(NO3,S0,) ,2857*,2922* 3389 o
2
C(67.7)N(3.6) . 1398,1594*,1619* 1673*,324 Organic
37 2.99 0(26.1)Na(2.5) organic 2 (COO",C=0),H,0 WSOA
C(64.7)N(4.2)0(27.8)
86 3.33 S(0.2)K(0.2) organic IR-inactive elemental carbon
Ca(2.9)CI(0.2)
2. fly ash particles (2 particles)
C(2.2)N(1.1)0(62.5)
71 3.16 | Na(0.4)Mg(0.3)Al(12.3) fly ash (AISi) 826,913,1014* Si-0 fly ash - AlSi
Si(20.0)K(0.6)Fe(0.7)
C(1.5)O(55.6)Na(7.1)
78 3.01 Mg(0.6)Al(16.3)Si(17.1) fly ash (AISi) 833,1040,1349%,1392*,1557 Si-0,C03”,NO5’ fly ash - Mg(CO3,NO3)/AISI

K(0.9)Fe(0.5)




3. Mg-containing particles (2 particles)
*
12 5.71 C(26.6)0(56.4)Mg(17.0) MgCO,/C 833 11395825_’*111?’273312221208 NO3’,organic(CH) Mg(NOs),/organic
N(8.7)O(58.9)Na(4.8) (Na,Mg,Ca)(NOs,S 739,836*,880,1006",1066, montmc())r?llyonite Mg(NOs),/montmorillonite/
36 3.23 Mg(8.1)Al(1.8)Si(5.9) ’ g’o) 3 1154,1358*,1565,1599, organic(CH coo") 9 grzganiC/H o
P(3.3)S(3.0)Ca(5.6) 4 2860,2917,3424, MO : 2
2
4. iron oxide particles (2 particles)
C(20.5)N(9.1)0(47.0) R Si-O, N .
7 2.50 S(0.6)Fe(22.8) FeO,/C 1048*,1543,1643,2905 organic(CO0",CH) FeO,/Si-O/organic
C(16.3)N(3.1)0(48.4) . . montmorillonite, _—
39 8.87 | Mg(L.7)AI(1.6)Si(2.5) FeO,/C 8821’3;': 2,3%93,311%67, organic(COO",CH), FeO./ mgrgtg:]‘i’cr"'on'te/
S(2.1)Fe(20.3)Zn(4.0) ' ’ H,O
5. aluminum particle (1 particle)
2-
C(13BN(51)O(52.1) | A0 icaco,NOy) | 786:795:824,871,1040%,1084, qﬁg”_z’scoog_ ' AlO,/quartz/
88 3.17 Mg(0.3)Al(21.3)Si(0.4) Mg.Si ST(] 3 1360*,1393*,1531,1611, or an?}é(C(;d') Ca(C0O3N03,S0,)/
S(0.9)K(0.6)Ca(5.6) 9.5k, 1641,3315 9 ’ organic/H,0

H,O




Table S2. IR peaks of observed chemical species.

Chemical species

IR peaks (in cm™) (sb : strong and broad, ss : strong and sharp, wb : weak and broad, ws - weak and sharp)

CaCOg3 3645(ws), 1795(ws), 1395(sh), 870(ss), 710(ss)
Ca(NO3), (aq) 3355(sh), 1342(sh), 1635(sb)
CaS0,4-2H,0 3495(sb), 3395(sb), 1682(ss), 1619(ss), 1100(sh)
NaNO; 1789(ws), 1315(sh), 835(ss)
(NH,4),SO,4 3195(wb), 2995(wb), 2832(wb), 1399(sb), 1044(sh)
Mg(NOs3),-6H,0 3316(sb), 1634(sh), 1359(sh), 813(ss)
ACC 1474(sb), 1420(sb), 1080(ws), 866(ss),
COs~ 1410 + 20(sb), 870 + 20(ss)
NO3’ 1345 + 30(sb), 1045 + 30(ws), 830 * 30(ss), 750 + 20(ss)
S04~ 1090 + 30(sh), 615 + 30(ss)
HSO, 1175 + 20(sb), 1045 £ 30(sh), 860 = 30(ss)
NH," 3200 + 90 (wb), 3030 + 20 (wb), 1415 + 30 (ss)
CH3- 2970~50(ss), 2880~60(ss), 1470~30(ss), 1380~70(ss)
-COOH (C=0vib.) | 1725~1700(ss)
-COO" (C=0vib.) 1610~1550(ss), 1420~1300(ss)
Alkenyl, >C=C< 1680~1620(ss)
Aryl, C=C (aromatic) | 1615~1580(sb), 1510~1450(sb)
CO-H 1270-1296(ss)
Ca-feldspar 1133(ws), 1088(ws), 1048(ws), 995(sb), 769(ws), 725(ws)
Cristobalite 1070(sb), 795(ss), 700(ws)
K-feldspar 1144(sb), 1058(ws), 1018(sh), 775(ws), 735(ws)
Montmorillonite 3615(ws), 3395(wb), 1630(whb), 1110(ws), 998(sb), 913(ws), 836(ws), 785(ws)
Muscovite 3619(whb), 974(sh), 904(ss), 820(ws), 748(ss)
Na-feldspar 1163(ws), 1145(ss), 1109(ss), 1047(sb), 1018(ws), 1001(ws), 788(ws), 770(ws), 724(ws)
Quartz 1160(ws), 1080(ws), 1050(sh), 796(ws), 776(ss), 700(ss)
Vermiculite 3680(wb), 3541(wb), 3380(whb), 950(sh), 815(ss)




Figure S1. The second SEI obtained in a higher magnification than the overall SEI shown in Figure 1.
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Figure S2. The third SEI obtained in a higher magnification than the overall SEI shown in Figure 1.
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Figure S3. The fourth SEI obtained in a higher magnification than the overall SEI shown in Figure 1.

100. Na(NO-,SO )organic

o

101. montmarillonite/CO-Jorganic

t b |
5’ 98. montmorillonite/(Na Mg)NO.forganic £t 99 (Ca,Mg.Na)(CO. NO.,SO,Yymontmorillonite

1

-

v .R\
97. montmorillonite/{(Na,Ca)(CO.,NO.)organic/H. O

f

Ll

108. (Ca,K,Mg)(CO.,NO, . Cl)ilquartzforganic
109. Ca(CO,,NO_,S0,,Cl)

!

P
-

107. (Na,Mg,Ca)(NO.,C0.,S0,)organic/H,O

20kV X1,400 10pm 0000 10 50 SEI




Figure S4. The fifth SEI obtained in a higher magnification than the overall SEI shown in Figure 1.
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