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1. Direct particle collection for TEM analysis

To investigate the airborne particles without manipulation, the analytical setup can be modified

according to Figure S1. In such a configuration, a transmission electron microscopy (TEM)

grid (Au 400 mesh 1.2/1.3, Quantifoil, Germany) is placed in a dedicated holder operated as

described in previous works'?. The metallic particles carried by the Ar stream are fractionated

in the DMA and trapped directly on the TEM grid for analysis. The Ar flow rate is set to 0.9

L/min and the sampling time to 30 min. Alternatively, the DMA can be omitted, and the full

particle size distribution collected on the TEM grid.

O

MFC
0.9 L/min

Explosion of metal
azides in a Glove Box

| == ———— 1 | il —I 0.9 L/min
0.9L/min 1 1 1 m >
4.5L/min \d To exhaust
frin I 7em |
- Grid !

|

Figure S1 - Schematic representation of the proposed method for collecting offline NPs on a

TEM grid after the explosion of metal azides in a glove box.

After the offline collection, the particles were analyzed by TEM (Joel JEM-ARM 200F, Japan)

operating at 200 KV. A high-angle annular dark field detector (HAADF) was used for scanning

transmission electron microscopy (STEM) imaging. Energy dispersive X-ray (EDX) analysis

was performed over 1000 s at a beam current of 130 pA. STEM-EDX maps and EDX spectra

were acquired, in order to qualitatively identify the composition of the particles (Ag, Cu and

AgCu alloy).



49 2. Energy dispersive X-ray (EDX) analysis
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50

51  Figure S2 — HAADF STEM images of NPs collected offline after the explosion of AgN3 (a)
52 and CuNs (c), respectively, in the glove box. STEM-EDX maps at the Ag L-edge (b) and Cu

53  K-edge (d).

54



55  High-resolution TEM — single metal

56

57  Figure S3 — High-resolution TEM images of NPs collected offline after the explosion of

58  AgN3s (a) and CuNg (b) in the glove box (bright-field).
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3. Setup validation for online measurement

Before running the experiment with the unknown particles generated from the explosion, the
setup of the glovebox coupled to RDD-spICP-MS was calibrated using standard nanoparticles.

As shown in Figure S4, the setup could run in association (top) and decay (bottom) mode.

In association mode, the whole glove box was flushed with argon before use, keeping the
oxygen concentration below 0.2%. The standard AgNP suspension containing 100 nm NPs
purchased from Nanocomposix (USA) was diluted into 5x10° #/mL by Milli-Q water in the
bottle of an aerosol generator (AG, TOPAS ATM220, Germany). An AG operated with argon
was used to generate the metallic NP aerosol and maintain a flow rate of 0.9 L/min. The aerosol
flow first passed through a silica gel dryer column to remove the water and was finally injected
into the glove box. After starting the aerosol generation, the spICP-MS would start to measure
the NPs at the time interval of 5 min. For each measurement, it recorded the data for 2 min and
finally summarized the PSD and PNC based on the same data treatment methods followed in
previous studies®*. The DR in RDD will be adjusted based on the last measurement to make
sure the PNC at each measurement will always stay inside the optimal PNC range (between 50
and 1000 particles per minute in spICP-MS). In theory, the NP concentration inside the glove
box and transferred to RDD-spICP-MS will follow the one-phase association process, which

is presented in Equation S1.
dc Q .
== Cin—0) ” Equation S1

Where C is the number concentration of NPs inside the glove box and transferred to RDD-
spICP-MS. Cij, is the number concentration of NPs in the aerosol generated after the AG. Q is
the flow rate of the aerosol, which is always at 0.9 L/min in this project. V is the volume of the

glove box when the NPs were homogeneously mixed inside the glove box. After the integration



82  of the time, the time-resolved number concentration of NPs in the glove box could be expressed

83 as Equation S2.

84 C=Cpx(1- e‘gf) Equation S2
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86  Figure S4 — Schematic representation of the proposed method for time-resolved single metallic
87  NPs characterization during one phase association (top) and one phase decay (bottom) process

88 inside a glove box.

89  After injecting for 45 min, when the PNC gradually gets stable into a plateau, the AG will be
90 turned off and switch from the association mode into decay mode. As is shown in Figure S4
91  (bottom), in the decay mode, the NPs have been already homogenously distributed inside the
92  glove box at the starting time. 0.9 L/min pure argon controlled by the MFC will flush out the
93  NPs from the glove box into the RDD-spICP-MS. Similar to the association mode, spICP-MS
94  would record for 2 min, at a time interval of 5 min, to obtain the PSD and PNC. The DR in

95  RDD will be adjusted manually based on the last measurement to fulfil the optimal PNC for
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characterizing NPs by spICP-MS. In theory, the concentration inside the glove box and
transferred to RDD-spICP-MS will follow the one-phase decay process, which is presented in

Equation S3.

L-_¢cxl Equation S3
dt 174

After the integration of the time, the time-resolved number concentration of NPs in the glove

box could be expressed as Equation S4.

9y

C=CyXeV Equation S4

Where Cy is the initial PNC of NPs inside the glove box.

As shown in Figure S5a, during the association process, the number concentration of AgNPs
increased during that time. The particle size remained always around 100 nm, indicating that
there was no obvious aggregation happening in the gas phase inside the glove box and during
the transfer from glove box to the ICP-MS. When considering the time evolution of the PNC,
Figure S5c¢ shows that the PNC first increased sharply and then gradually saturated, close to a
plateau. The data fit well with the one-phase association model (Equations S1 and S2,
R2>0.95). The fitting equation was C [#/L] = 2.45 x 10* x (1 — e~%1tlminly Thjs indicates
the saturation of AgNPs PNC in the glove box towards that of the initial AgNPs PNC in the
aerosol after AG, which was 2.45 x 10* #/L. Considering the flow rate of 0.9 L/min, V is
around 9 L. This volume was far smaller than the real volume (350 L) of the glovebox, which
was due to a non-homogeneous distribution of the NPs inside the glove box at the current flow

rate.
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After getting saturation of the AgNPs, the introduction of the AG was closed and switched into

the pure argon flush still at 0.9 L/min. As shown in Figure S5b, similar to the association

process, the particle size of 100 nm AgNPs remained stable also during the decay process.

Considering the time evolution, (Figure S5d), the PNC first decreased rapidly and then more

and more slowly. These data fit well with the one-phase decay model (Equations S3 and S4,

R?>>0.95). The fitting equation could be obtained as C [#/L] = 2.45 x 10* x e~0-1tlmin]

Therefore, the initial PNC in the glovebox was equal to the saturation PNC from the association

process at 2.45 X 10* #/L. Moreover, during the decay process, with the same flow rate of 0.9

L/min, the volume from the curve fitting was around 9 L as well, indicating the same mixing

conditions during the association and decay process.
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128  Figure S5 - The time-resolved particle size distribution (a,b) and particle number concentration
129  (c,d) of 100 nm AgNPs in the glove box during the association (a,c) and decay (b,d) processes.
130  One-phase association (c) and one-phase decay (d) models were used for non-linear curve

131 fitting.
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4. Particle size calibration

Usually, the calibration of spICP-MS is based on the transport efficiency, which can be
calculated by three methods including waste collection, particle size, and particle frequency
methods®, where the waste collection method is hardly used due to its high variation for
determining the transport efficiency. The limitation of the size and frequency methods are the
scarce availability of standards or CRMs of well-characterized NPs. Recently some new
calibration methods were developed without considering transport efficiency including
standard addition calibration method®, instrumental conditions method’, and microdroplet
method®. However, all of the methods above start from the liquid standard, which cannot be
directly applied to aerosol characterization. Therefore, in this case, direct size calibration

methods were built up based on the size selected by DMA.

As confirming the shape and elemental composition of NPs with TEM measurements (Figure
S2), a calibration curve was built up between the cubic root of median intensity in spICP-MS
and the size selected by DMA, since the peak intensity is proportional to particle mass rather
than size. A linear fitting was applied between the cubic root of peak intensity and the selected
size (Figure S6). For both AgNPs and CuNPs, the results from DMA and spICP-MS fit quite
well for a particle size below 200 nm, indicating a good NP characterization at smaller sizes in
DMA-spICP-MS. When the size selected in DMA is larger than 200 nm, the intensity obtained
in spICP-MS was below the expected value. This may be due to the different mechanisms of
obtaining particle size in DMA and spICP-MS. The size selected by DMA was based on the

electrical mobility size, while spICP-MS provided a mass equivalent size.

11
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Figure S6 - The calibration curve between the cubic root of spICP-MS intensity and DMA

selected particle size of AgNPs (a) and CuNPs(b).
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5. Selected area electron diffraction (SAED)
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Figure S7 — TEM images (a-c) and selected area electron diffraction (SAED; d-f) of NPs

collected offline after the explosion of AgN3; and CuNg mixture in the glove box.

6. Estimated nucleation work

Assuming the classical nucleation theory (CNT) applicable in the condensation of liquid
droplet of metal from gas phase, the nucleation work, i.e., the activation energy barrier to
overcome in order to generate a liquid spherical droplet from a homogeneous gaseous phase,

has the Equation S5°

4 &5 v¥3

AGymy = —A_Y V"
homo ™ 57 ¢2 k272102 §

= a v?y3 Equation S5

where g4 and &, are geometrical factors, kg is the Boltzmann constant, T the temperature, S
the saturation, a the cumulative values of the symbols except y, the surface energy, and v,

the molecular volume.

Assuming a a constant value when comparing homogeneous nucleation work of Ag or Cu
nanodroplets from gas phase during the fast quenching from the explosion temperature to

room temperature, and estimating the value for y and v '°

Yag = 1.25] m™2

Yeu = 1.80 ) m™2

Vag = 1.71107%° m® molec

14



177

178

179

180

181

182

183

184

185

Vey = 1.18 10722 m3 molec

the estimated nucleation works for Ag and Cu nucleation correspond to

AGfiomong = @ - 9.67 10760

AG} omo,cu = @ * 13.14 1070

which may allow estimating that Ag requires a lower energy barrier (namely 36% lower)
compared to Cu. Thus, we may speculate that nucleation rate of Ag is probably faster than
nucleation rate of Cu. This consideration may support the experimental observation of

particles with a prevalence of Ag in the core and Cu in the shell.
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