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Calculation of rotational temperature and vibrational temperature
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Fig. S1. Experimental (Exp.) and best-fitted (Fit.) spectral band of N (C*I1,—B°Il,) for calculating

Trot and Tyip.

The rotational temperature (7o) and vibrational temperature (7iv) of Ny (C’Il,) can be
calculated using “Specair” software,? under the assumption that the rotational states are in
equilibrium and characterized by a Boltzmann distributio.’ In the “Specair” software, a fitted N,
(C*1,-B’I,) spectral band is generated by inputting a set of Tyor and Tyib. By comparing the fitted
spectrum with the experimental one and iteratively adjusting 7w and 7., until the best-fitted
spectrum is obtained, the corresponding temperatures under the experimental conditions can be
determined. As an example, Fig. S1 shows the comparison of experimental and best-fitted curves of
N (CI1,~B>I1,) emitted from needle-to-needle discharge, when the air is selected as the carrier gas.

In this case, the corresponding 77 and Tvip are 1800 K and 3500 K, respectively.



Calculation of electron density
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Fig. S2. Experimental (Exp.) and best-fitted (Fit.) spectral line of H, for calculating electron

density.

The electron density (n.) of APDP can be calculated with the Stark broadening of H,. The
full wide at half maximum (FWHM) of spectral line of H, (A1) can be calculated by the

convolution of Gaussian profile (Adg) and Lorentz profile (A1) as following:

2
M= [AAGE + (22) +2E @m).?

Among them, Alg is composed of Doppler broadening (A4p), instrumental broadening

AAG = ;AADZ + A/112 (IlIl’l).5

The A was measured by a low-pressure mercury lamp source in this study, which is 0.078 nm.

(AlI)I

And the Alp depends on 7 as following:

Ap = 7.16 X 10-7,1\/% (nm),’
where 4, and M are the central wavelength of H, and the atomic mass of hydrogen, respectively.
For AL, it is composed of natural broadening (Aln), resonance broadening (A/r), van der
Waals broadening (AAvaw), and Stark broadening (A4s):
Adp, = Ady + AAR + Adyqw + AAg (nm).S
Among them, Adx and Alr can be ignored in the conditions of this experiment, and Adyqw can

be calculated as following:

7
Adyqw = 2.42(Tg) * (nm).



According to the above equations, the Als is determined, and n. can be calculated as the

following equation:

AA 1-5 _
ne =107 x (£2) 7 (em?).*

As an example, the calculation of #. is illustrated in Fig. S2, with air as the carrier gas. In

this case, Als is 0.095 nm, and the corresponding 7. is 1.2x10"° cm™.



Effects of experimental conditions on Cu SBR
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Fig. S3. (a) Cu SBR as a function of nebulizer gas flow rate with/without methanol in aqueous
sample; (b) Cu SBR as a function of discharge power at discharge gaps of 2, 3, and 4 mm (error

bars are the SDs of three measurements).

To investigate the applicability of the optimal conditions to other elements, the effects of
nebulizer gas flow rate, methanol additive, discharge power, and discharge gap on Cu SBR were
further examined. As shown in Fig. S3(a), the variation of Cu SBR with gas flow rate of nebulizer
follows a trend similar with that of Ni SBR. The highest SBR for Cu and Ni are both observed with
the gas flow rate of 2.2 L/min. Moreover, the addition of methanol in aqueous sample enhances Cu
SBR by a factor of 2.9, also similar with its effect on nickel detection. As shown in Fig. S3(b),
although the highest Cu SBR is achieved with 10.2 W discharge power at discharge gap of 3 mm,
its value is close to that obtained at 14.6 W, which is the optimal power for nickel detection.
Therefore, it is indicated that the optimal conditions established for nickel detection can also be

applied to other elements.



Calibration curve for Ni, Cu, Cd, and Pb
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Fig. S4. Calibration curve of AC needle-to-needle bare electrode discharge with nebulized sample

injection for detecting Ni, Cu, Cd, and Pb.



Stability of signal intensities
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Fig. S5. Stability of emission intensities of Ni, Cu, Cd, and Pb in 10 times measurement.
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