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Using the two-line intensity comparison method, the electron temperature was calculated from 
the intensity ratio of the two lines at Hα (656 nm) and Hβ (486 nm)1). Since the spectral intensity 
of a line is expressed in terms of the upper level density N, transition probability A, and energy 
per photon hν, the intensity of the line spectrum at each transition is as follows.

    (1)𝐼𝑖𝑗= ℎ𝜈𝑖𝑗𝐴𝑖𝑗𝑁𝑖

   (2)𝐼𝑘𝑙= ℎ𝜈𝑘𝑙𝐴𝑘𝑙𝑁𝑘
When discharged at high pressure, such as atmospheric pressure, the collisions between 
electrons, ions, and neutral particles are so intense that the particles exchange enough kinetic 
energy to reach thermal equilibrium. At this time, the electron temperature Te, ion temperature 
Ti, and neutral particle temperature Tn are equal, as shown in equation (3).

   (3)𝑇= 𝑇𝑒= 𝑇𝑖= 𝑇𝑛
Since the distribution of the density of each level is expressed by the Boltzmann distribution, 
the density ratio is as shown in equation (4).

   (4)

𝑁𝑖
𝑁𝑘

=
𝑔𝑖
𝑔𝑘
𝑒𝑥𝑝{ ‒ 𝐸𝑖 ‒ 𝐸𝑘𝑘𝑇𝑒 }

By transforming equation (5), equation (6) can be obtained. The values used in the calculations 
are shown in the Table S1.

I: Line spectral intensity
g: statistical weight
ν: Frequency (s-1)

A: Einstein coefficient (s-1)
Te: electron temperature (K)
K: Boltzmann constant (J/K)

E: Potential energy (J)
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Fig.S1 A basil growth test to investigate the possibility of using PAW for plant growth 
Fig.S2 CV curves for electrodeposited iridium oxide
Fig.S3 PH response gradient of iridium oxide electrodeposited electrodes (n=7)
Fig.S4 Reversibility evaluation in pH responsiveness of electrodeposited iridium oxide electrodes
Fig.S5 Fluorescence measurement results when peroxynitrite was generated under each pH 
condition
Fig.S6 Identifying the pH range in which peroxynitrite can be generated
Fig.S7 The schematic diagram of batch type in-liquid plasma system  
Fig.S8 Experimental system for measuring pH in the near of cells

Table S1 Value used to calculate electron temperature
Table S2 Power condition, Hα, Hβ and electron temperature corresponding to entry
Table S3 Mixing ratio of various stock solutions for Hoagland solution adjustment
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