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Figure S1: Measurement site of Taizhou (marked with stars). Filled colors represent (a) the topography of
the Jianghuai Plain. (b) the average aerosol optical depth at 550nm during the year of 2017 from Moderate

Resolution Imaging Spectroradiometer onboard satellite Aqua.
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2 Instrument Setup

CPC

— Neutralizer DMA

SP2

Figure S2. Schematic setup of the instrument.

A single particle soot photometer (SP2, Droplet Measurement Technologies, USA) was placed after a
differential mobility analyzer (DMA, model 3081, TSI, USA) to measure the size-selected mixing states of
the quasi monodisperse aerosols. The instrument setup was shown in Fig. S1. An SP2 in tandem with a
DMA was used to measure the mixing states of monodisperse aerosols that pass through the DMA. A
condensation particle counter (CPC, Model 3776, TSI, USA) was used to count aerosol number
concentration with a flow ratio of 0.28 lpm in parallel with the SP2. The sheath flow of the DMA was 4 Ipm.
The DMA was set to scan the aerosols Dp from 12.3 to 697 nm over a period of 285 seconds and repeated
after a pause of 15 seconds. More details of the instrument setup of the DMA-SP2-CPC system could refer
to (Zhao et al., 2018). The mass concentrations of BC at a given Dp could be measured for every single

particle.
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3 Dataset from DMA-SP2-CPC system

When dealing with the measured signals from SP2, all aerosols were divided into two types:
BC-contained aerosol and BC-free aerosol. Those aerosols were BC-contained when the measured
amplitude of the incandescence signal strength by the wideband incandescence high gain channel of SP2
was higher than 50. The remaining particles were treated as BC-free aerosol because the amount of BC in
the corresponding aerosol was zero or so small that was below the detection threshold of SP2.
3.1 Calibration of the SP2

Before measurement, calibrations were conducted to study the responses of the SP2 to the BC-contained
aerosol and BC-free aerosol.

For the BC-contained aerosol, Aquadag soot particles with an effective density of 1.8 g/cm> were used.
We manually changed Dps of the aerosol passing through the DMA from 80 to 400nm with a step of 20nm.
Then the measured incandescence signal heights at different diameters were studied and the results were

shown in Fig. S3. From fig. S3, the SP2 was not capable of measuring the Aquadag soot particles lower than

80 nm.
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Figure S3. The calibrated relationship between the incandescence peak height and the BC diameter for both

the incandescence high gain channel and the incandescence low gain channel.



50
51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

0 200

400

600

Time (second)

800

0 800

1600

Nepe (#/ecm?)

2400

2000 f= — _ 2 _
1500 = 104z R”=0.90 ','
-~ SP2 Lo
& 3 ] ME “ulns
£ S 1000 ogfne" =1 M40
¥ loool(a) 1] % 1b) ):f.
L -4 % .
= { y & 480
z = s00f ."i’ -
f . 420
‘l
360
0 I 1 3 - -
0 50010001500 | |s00 E
\ 2400 F y=1.05c R? ="0.81";¢"= =
! . 240 A
0' .
. e * 0 el ]280
Z 2000 f= ‘ 1 & 2000} ot o
itki l(c) \ ! 5 . 1l 120
= 1000} J 5 &0
¥ =2
)
h

Figure. S4. (a) Measured time series by CPC and SP2 in blue solid line and green dashed line respectively
for the Aquadag soot particles. (b) gives the comparison of the number concentration under different
diameters. The diameter of these particles marked with circle and star is larger than 90 nm and lower than 90
nm respectively. (c) the same as (a), but for ammonia sulfate. (d) the same as (b), but for ammonia sulfate.
The cut diameter for different markers is 180 nm. The slope in (b) and (d) are the results from these data
marked with circles.

Another calibration study was carried out to determine the detecting efficiency of SP2. The DMA was
set to scan from 10 nm to 567 nm over 5 minutes and the number concentrations measured CPC and SP2
were compared using ammonia sulfate and Aquadag soot particles separately. The calibration results were
shown in Fig. S3. The measured number concentrations for SP2 and CPC showed good consistency when
the particles were larger than 80 nm and 180 nm respectively for Aquadag soot particles and ammonia
sulfate. In the following study, these particles with Dp larger than 80 nm and 180 nm for BC-contained
aerosols and BC-free particles respectively were considered.

3.2 Determine the effective density of the BC core

For the BC-containing aerosols, we assumed that these aerosols had a core-shell structure. The RI of the
shell was assumed to be the same as that of the BC-free aerosols. Based on the field measurement results in
the North China Plain from Zhang et al. (2016), the ambient BC core had an average density of about 1.2
g/cm3, indicating that ambient BC cores have a near-spherical shape with an internal void (air). The volume

fraction of the void is defined as:

03 (7,

Ryoia =

Where D, is the non-void BC particle effective density calculated from the BC mass with the BC density of
5
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1.8 g/cm3. D, is BC particle mobility diameter. More definitions of the BC void can refer to the
corresponding references (Zhang et al., 2016;Zhang et al., 2018).

The RI of the BC core (m, = n, + k,i) was calculated as the volume-weighted average between the RI

of the void (air) (mg;,-) and rBC (m,5¢) by:

my = Myppe X (1 = Viir) + Mgir X Vo (8),

where the value m,g, was 2.26+1.26 i (Taylor et al., 2015); mg,;,- was 1+0 i and V,;. was the volume
ratio of the internal voids in the rBC core. A density of 1.8 g/cm3 for the rBC core without the void (air) was
used in this study (Bond and Bergstrom, 2006). For each of the given V,;,- and a given aerosol Dp, the Dc
can be calculated. The corresponding thickness of the shell and the RIc can be determined. Then the o
and o4, can be calculated using Mie scattering theory with the above Dc, shell thickness, and the RI for
the core and the shell.

At the same time, the optical equivalent diameter can be derived from the measured light scattering
intensity using the leading-edge-only-fit method. Therefore, the corresponding void ratio can be constrained.
Then the density of the core, the refractive index of the core can be calculated. More details of calculating
the BC core effective density can refer to Zhang et al. (2018).

Based on the method above, we derived an effective density of 0.96 g/cm® of the BC core for the
Taizhou site. The derived effective density of BC core for the Taizhou site is in accordance with that of Zhao
et al. (2020).

3. 3 Multiple Charging Corrections
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Figure S5. Measured number concentration distributions for different aerosol diameters with different core
diameters for (a) multiple-charging uncorrected and (b) corrected.
Multiple charging corrections were conducted separately for BC-contained aerosol and BC-free
particles. The distribution of BC-contained aerosol could be described using a two-variable with Dp and
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aerosol core diameter (Dc) described by 3oz (D;)I;log 5 The Dc was divided into 30 different bins from 80

to 500 nm, where the AlogDc was the same for different bins. For each Dc bin, the number size

distribution was distributed in one dimension in Dp. The multiple charging correction of

aN
dlog(Dp)
one-dimensional size distribution had been well studied (Knutson and Whitby, 1975) and not detailed here.
Therefore, the multiple charging corrections for the two-dimensional distribution of BC-contained aerosol
can be achieved. One example of the multiple charging corrections for the measured size distribution of
BC-contained aerosols was shown in Fig. S4. Before corrections, there were a great number of particles that
have Dc larger than Dp, which was mainly resulted from the multiple charging of aerosols that passing
through the DMA. After the multiple charging corrections, both the amount and the shape of the distribution
were changed. For the BC-free aerosols, the distribution was also one dimensional and the multiple charging

corrections are easy to conduct.

4 Overview of the measurement
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109 Figure S6. Measured time series of (a) oy, and MR, (b) H, and H,, (c) D, and D,, and (d) x.
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111 4 BC mixing states under different pollution levels
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113 Figure S7. The measured BC-containing aerosols under different Dp and Dc conditions during the time
114  period of (a) 27, May and 28, May, (b) 28, May and 29, May, and (c) 29, May and 30, May. The panels (d),

115 (e) and (f) are the corresponding BC core number size distributions of (a), (b) and (c), respectively.

116



117

118

119

120

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

=
=)
T

o
co
T

e
o
T

0.4

Normalized dN/dlogDc (#/cm?)

M M 1 1 1 1 2=
0% 100 200 300 400 600
Dc (nm)

Figure S8. Normalized BC PNSD under different pollution conditions corresponding to fig. S7. a (red),

b (green) and c (blue).
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