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1 Derivation of effective density from dm and dae

The AAC is a novel instrument that selects the aerodynamic equivalent diameter of aerosol particles on the basis of their
relaxation time (Tavakoli and Olfert, 2013). The AAC consists of two cylinders rotating in the same direction at the same

speed, and it classifies particles on the basis of relaxation time, which is defined by

= Bm = $ae)Podie (S1)
18u

where  is the viscosity of air. Cc(dse) is the slip correction factor. where po is the standard density with a value of 1 g/cm?

(Johnson et al. 2018). B is the mobility, which can be expressed as

_ Cc(dm)
B= P (S2)

where dm is the mobility diameter. Then, pesr can be derived by combining equations 2 and 3:

_ m _ Cc(dae)podie 33
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where dm denotes the mode value of the number—mobility size distribution for dse-Selected particles, which was determined
using AAC-SMPS. The number—mobility size distributions were measured and fitted to log-normal distributions. The equation
of the log-normal distribution used in this study is expressed as

No (10g(Dm)_]0g(dm))2

N(Dm) = \2mlno exp( 2(Ino)? ),

(S4)

where Dy, is each setpoint of mobility size scanned by the SMPS. ¢ is the geometric standard deviation of the Dn, distributions.
dm represents the geometric mean of Dm.
The aerodynamic diameter can be calculated from the particle relaxation time according to Eq. S2. Applying the

propagation of uncertainty, the uncertainty of d.. can be derived as follows,

Edaeyz _ 1 fxy2 4 1 fuv2 | 1 Ecey2
Gy =, () +5 0 + 5% (S5)
where gulu = 1.2%, ¢Cc/Cc is the same for all particle sizes and equals 2.1%, and 7/ is associated with the sheath flow rate

Qsh, rotating rate w and dimensional parameters (length L and mean radius of inner and outer cylinders 7) of AAC

fry2 . (FQshy2 fwy2 erv2 y (ELy2
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where ¢Qs = 0.1 Lpm, ew =5 rpm, eL =2 mm, and & =5 pm.

According to Eq. S1, the uncertainty for particle mass is

EmN2 _ fry2 €BN2

D= )+ )% (S7)
and %B can be written as follows according to Eq. S2,

€By2 _ (fCcy2 4 Emy2 4 cEdmy2
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&
where % = 3%.
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As a result, the uncertainty in effective density is
Epefry 2 edmy 2 Emy2
—e)? = 9(=—= )% S9
(22 = 9(5™)? + (72 (S9)
As the sheath flow rate used in this study is a constant, there is not much difference among the uncertainty for effective

densities of selected particles with different sizes (Table S1).

Table S1: the uncertainty for effective densities of selected particles with different sizes measured by the AAC-SMPS.
Uze (NM) 7 (%) p (%)

200 1.50 3.00
235 151 3.00
277 1.52 3.01
326 1.52 3.01
384 1.54 3.02
452 1.57 3.03
531 1.59 3.05

2. Source apportionment of organic aerosols

The OA data were processed using Tofware v3 3 0_ACSM. Positive matrix factorization (PMF) analysis was performed
using an Igor Pro-based PMF evaluation toolkit (PET v3.04) on high-resolution mass spectra of OA with m/z ranging from 12
to 100. The method described in detail can be found in Zhang et al. (2024). A total of 6 sources were identified, including
hydrocarbon-like OA (HOA), cooking OA (COA), nitrogen-containing OA (NOA), oxidized primary organic aerosol (OPOA),

more oxidized oxygenated organic aerosol (MO-OOA) and less oxidized oxygenated organic aerosol (LO-OOA).

Table S2: The best hyperparameters of the RF model and R? values for particles of different sizes.

dae (nM)  n_estimators min_samples_leaf max_samples max_features max_depth R?
200 100 2 0.75 sqrt 9 0.78
235 100 2 0.75 sqrt 7 0.71
277 400 2 0.75 sqrt 8 0.65
326 300 2 0.75 sqrt 8 0.55
384 300 2 0.75 sqrt 10 0.42
452 400 2 0.75 sqrt 7 0.32
531 400 2 0.75 sqrt 9 0.22
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Figure S1: Geographical location of the measurement site.
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Figure S2: Calibration of the (a) AAC and (b) SMPS using PSL particles. (c) Size-resolved pett values of the (NH4)2SO4 and NH4sNOs3
particles measured by AAC-SMPS.
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50  Figure S3: Size-resolved peff values of PSL particles measured by AAC-SMPS
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Figure S4 Diurnal variations in the size-resolved effective density of particles with diameters of (a) 200 nm, (b) 235 nm, (c) 277 nm,
(d) 326 nm, (e) 384 nm, (f) 452 nm, and (g) 531 nm.
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Figure S6: Diurnal variations in the mass concentrations of (a) ClI-, (b) NH4*, (c) SO+, (d) NOsz", (¢) OA measured by ACSM, (f) BC
measured by AE-33, (g) POA and (h) SOA resolved from PMF analysis on organic mass spectra.
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Figure S8: Diurnal variations in the effective densities of particles at different pollution levels.
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Figure S9: Time series of mass fractions of OAs measured by ACSM and calculated from pest for particles with diameters of (a) 200
nm, (b) 235 nm, (c) 277 nm, (d) 326 nm, (e) 384 nm, (f) 452 nm, and (g) 531 nm. Time series of mass fractions of SIA measured by
ACSM and calculated from the pest for particles with diameters of (h) 200 nm, (i) 235 nm, (j) 277 nm, (k) 326 nm, (I) 384 nm, (m) 452
nm, and (n) 531 nm.
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Figure S10: the fitting coefficients of the calculated mass fraction of OAs from the measured pett and the measured mass fraction of
OAs with an ACSM for particles with diameters of (a) 200 nm, (b) 235 nm, (c) 277 nm. The OA mass fraction was calculated with
poa of 1.0-1.6 g/cm3and psc of 0.5-2.5 g/cm3
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