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Influences of Primary Particle Size, Concentration, Ionic Species, and Aggregation States on Transport Efficiency in Single Particle-Inductively Coupled Plasma-Mass Spectrometry Analysis of Metal-Based Nanoparticles

ICP-MS method optimization and validation

Before running samples on the ICP-MS, an Elan smart tuning solution (Catalog # N8125040, Perkin Elmer) was used to check the instrumental performance. A 10 μg/L internal standard purchased from High-Purity Standards was prepared and stored in 2% trace metal nitric acid solution (Catalog # A509212, Fisher Scientific, USA). Iron calibration solutions with ferric ion concentrations ranging from 1 μg/L to 100 μg/L were made with iron standard solution (Catalog # 100026-1, High-Purity Standards, USA). 
Fig. S1 shows the interference from ArO at mass 56 in the blank sample with a signal on the order of approximately 104 counts per second (cps). In DRC mode, this interference signal could be reduced to a few hundred of cps as the reaction gas (NH3) flow increased. To achieve the lowest limit of detection (LOD) for elemental Fe, the NH3 flow was chosen within the optimized range of 0.4 to 0.7 mL/min, as indicated in Fig. S1. A similarly optimization was conducted with NH3 or O2 as a reaction gas to achieve the lowest LOD and sensitivity for other elements as shown in Table S1. The ICP-MS method was validated by 10 calibration experiments. The correlation coefficient was 0.9998, and the relative standard deviation (RSD) was 8% for n = 10.  Five standard solutions ranging from 1 μg/L to 100 μg/L were measured for calibration. Based on seven standard deviations of blank solution, the limit of quantification (LOQ) and LOD were calculated, which were at 0.04 μg/L and 0.07 μg/L for ferric, respectively.  The detection limits for other elements were determined in a similar manner, and the optimized reaction gas flows as well as other parameters are shown in Table S2. 
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Figure S1. A reduction of noise signal by four orders of magnitude in blank samples (DI water) is achievable with DRC mode, and the detection limit of 56Fe can reach less than 20 ppt.
Table S1. Analytical methods for each metal element in ICP-MS

	Element
	Mode
	Mass value
	Internal standard
	Cell gas (mL/min)
	Rejection parameter q
	Detection limit (ppb)

	Fe
	DRC
	54
	Sc
	Ammonia, 0.7
	0.65
	0.07

	Al
	DRC
	27
	Mg
	Oxygen, 0.8
	0.7
	0.12

	Zn
	DRC
	66
	Sc
	Oxygen, 0.9
	0.7
	0.06

	Ti
	DRC
	46
	Sc
	Ammonia, 0.8
	0.7
	0.09

	Ce
	Standard
	140
	Sc
	-
	-
	0.08

	Ag
	Standard
	108
	In
	-
	-
	0.01


Table S2. Transport efficiencies for different metal NPs

	NPs
	Hydrodynamic diameter (nm)
	Polydispersivity Index (PDI)
	ε

	TiO2
	151 ± 10
	0.224 ± 0.015
	0.75 ± 0.03

	CeO2
	171 ± 12
	0.196 ± 0.035
	0.86 ± 0.05

	ZnO
	255 ± 23
	0.543 ± 0.052
	0.53 ± 0.09

	Al2O3
	251 ± 35
	0.164 ±0.026
	0.36 ± 0.15

	
	853 ± 25
	0.343 ± 0.034
	0.19 ± 0.10

	Ag
	100 ± 3
	0.156 ± 0.026
	0.97 ± 0.01
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