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Methods 19 

Section 1. Scanning electron microscopy with energy dispersive X-ray spectroscopy (SEM-20 

EDS) analysis 21 

The particle suspension was placed on a silicon wafer and dried in a dark laminar flow hood. In 22 

order to minimize the charging interference and acquire high resolution images, a thin layer of 23 

gold (2-3 nm) was coated on the sample before SEM-EDS analysis.  24 

Section 2. Raman spectroscopy and Fourier-transform infrared spectroscopy (FTIR) 25 

For both characterization methods, the particles in 0.5 mL sample were collected after 26 

centrifugation (13,500 rpm, 30 min) and re-suspended in 30 µL of nanopure water. Prior to Raman 27 

measurements, 5 µL of particle suspension was deposited on a clean gold slide, dried in a dark 28 

laminar flow hood and analyzed by a DXR Raman Spectro-microscope (Thermo Scientific, 29 

Madison, WI). The analysis was performed with a 789 nm laser at 5 mW, a 10 × confocal 30 

microscope objective, 50 μm slit aperture, 2 s integration time, 3 μm spot diameter, and 5 cm−1 31 

spectral resolution in a range of 400-3400 cm−1. In addition, the formation of nAg in the samples 32 

was confirmed by using a surface-enhanced Raman spectroscopy (SERS)-based method that was 33 

previous established in our group1 with minor revision. The approach involves using ferbam as an 34 

indicator molecule; the enhanced signals of the indicator-nAg complex can are readily detectable 35 

by SERS.1 Briefly, ferbam (5 µL, 10 mg/L in H2O) was placed on the top of dried particles on the 36 

gold slides. After air-drying in a dark laminar flow hood, the sample was analyzed by SERS using 37 

the same settings as described above. 38 

The attenuated total reflectance (ATR)-FTIR spectra were obtained using Perkin-Elmer Spectrum 39 

One FTIR Spectrometer equipped with a Lithium tantalate (LiTaO3) detector and a one-reflection 40 
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horizontal ATR accessory with a diamond Zn/Se crystal (Shelton, CT). Atmospheric background 41 

subtraction and baseline correction were achieved through Spectrum software. The samples (2 µL) 42 

were dropped on the small crystal (~1 cm) and air-dried. To ensure sufficient sample on the crystal, 43 

this process was repeated two additional times. Finally, the sample was analyzed for 200 scans 44 

with a resolution of 8 cm-1 and a scan speed of 1.0 cm/s in the range of 650-4000 cm-1.  45 

 46 
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Figures 55 

 56 

Figure S1. (a) Influence of DPI (1 µM) as a dehydrogenase inhibitor on the reduction of Ag+ (1 57 

mM) by the root enzyme extract (EE). (b) Formation of nAg as affected by deactivation of the 58 

root EE through boiling. 59 
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 66 

Figure S2. UV-Vis spectrum of TX-114 (1%, v/v) demonstrates an absorbance peak at 280 nm. 67 

 68 

Figure S3. UV-Vis absorbance of the formed AgCl particles before (NL) and after removal of 69 

AgCl (NL-AgCl).  70 
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 73 

Figure S4. Zeta potential (mV) of the formed particles at different time intervals (0-24 h).  74 
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 83 

Figure S5. Raman spectra of the formed particles at different time points (left panel) and the 84 

main peak assignment at 24 h (right panel). *Infrared and Raman spectroscopy: principles and 85 

spectral interpretation/Peter Larkin. ISBN: 978-0-12-386984-5. 86 

 87 

Figure S6. FTIR spectra of the formed particles at 0 h and 24 h (left panel) and the main peak 88 

assignments at 24 h (right panel) *Infrared and Raman spectroscopy: principles and spectral 89 

interpretation/Peter Larkin. ISBN: 978-0-12-386984-5. 90 

 91 
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 92 

Figure S7. Surface-enhanced Raman spectroscopy (SERS) detection of the formed nAg by using 93 

ferbam (10 mg/L) as an indicator.   94 
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Rate equation: 103 

2AgCl              2Ag + Cl2 104 

 r=k[AgCl]2 105 

-d[AgCl]/dt = r = k[AgCl]2 106 

1

[AgCl]𝑡
=

1

[AgCl]0
+2kt  107 

[AgCl]t=[AgCl]0-[Ag]t 108 

1

[AgCl]0−[nAg]t 
=

1

[AgCl]0
+2kt  109 

k=1.11 mM-1.h-1  110 

 111 

 112 

 113 

 114 
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 116 

 117 

Figure S8. Plot of 1/([AgCl]0−[nAg]t) versus time illustrates that the formation of nAg followed 118 

a second order reaction.  119 
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Figure S9. Sunlight-induced transformation of AgCl (0-6 h) in nanopure water as shown in the 121 

images and UV-Vis absorbance.  122 
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 127 

Figure S10. The transformation of Ag+ over 24 h of light irradiation in the presence of organic 128 

molecules with (b) and without (a) removal of Cl- in root exudates. The root exudates were 129 

collected from wheat plant roots exposed to 0.5 mM Ag+. After root exudate collection, 130 

additional Ag+ was added to ensure that Cl- ions were completely transformed to AgCl and 131 

further removed by filtration through 100 kDa ultra-centrifugal filter membranes. It was noted 132 

that the small peak in (b) at around 270 nm is the common optical adsorption peak of amino 133 

acids and proteins2,3 in root exudates and not from remaining AgCl, because it was also observed 134 

in root exudates without adding Ag+ (Figure S11). 135 

 136 

 137 

Figure S11. UV-Vis spectrum of wheat root exudates without adding Ag+. 138 

 139 
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 140 

Figure S12. Formation of nAg under sunlight irradiation (0-24 h) in root exudates that were 141 

collected from live aquatic plants (Lolium multiflorum) treated with initial [Ag+] of (a) 0.5 mM, 142 

(b) 0.1 mM, (c) 0.05 mM.  143 

 144 

Figure S13. Photoreduction of AgCl at 0 h and 24 h of sunlight irradiation in root exudates that 145 

were collected from live aquatic plants (Lolium multiflorum) treated with initial [Ag+] of (a) 0.5 146 

mM, (b) 0.1 mM, (c) 0.05 mM. 147 
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