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S1. Calibration plot for ICP-OES analysis 

 
Fig. S1: Calibration plot and prediction interval for ICP – OES analysis. 

Concentration 
(ppm) 

Y[Intensity] (cts) Y(pred)-E (cts) Y(pred)+E (cts) 

0 -109921.2 -109921.7 -109920.7 
10 9889617.0 9889616.6 9889617.4 
15 14889386.1 14889385.8 14889386.5 
20 19889155.2 19889154.9 19889155.5 
25 24888924.3 24888923.9 24888924.6 
30 29888693.4 29888693.0 29888693.8 
40 39888231.6 39888231.1 39888232.1 

 
To determine the prediction interval, a calibration plot was constructed using a series of 

silver standards (0, 5, 10, 15, 20, 25, and 30 ppm), each prepared in triplicate with AgNO₃ 

in 2% HNO₃. The prediction interval quantifies the uncertainty associated with predicted 

concentration values and is calculated using the following expression(1): 

ŷ – E < y < ŷ + E 

y = 999953x - 109905 
R² = 0.9993 

 



where: 

𝐸𝐸 =  
𝑡𝑡𝛼𝛼 2� ∗ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

𝑠𝑠 ∗ �1
𝑁𝑁� + 1 𝑛𝑛� + (𝑥𝑥∗ − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚)2/�(𝑥𝑥𝑖𝑖 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚)2 

N: number of repeat measurements made on the standard solution (N = 3 for 
measurement repeated thrice)  

n: number of paired calibration points 

s: slope of the calibration curve  

x*: the value of a particular standard’s concentration  

xmean: average of the xi values  

tα/2: Student t value for the 95% conference with n-2 degrees of freedom    

S2. Porosity Calculation Methodology 

The porosity of the deposited silver (Ag) layers was determined by comparing the 

calculated apparent density (ρapp) of the coating with the known theoretical density of 

bulk silver (ρbulk,Ag). 

a. Apparent Density Calculation 

The apparent density of each deposited layer was calculated from the experimental mass 

loading (mA, in mg/cm2) and the deposition thickness (t, in µm). The apparent density is 

the ratio of the mass loading to the thickness: 

ρapp =
𝑚𝑚𝐴𝐴

𝑡𝑡  

To ensure correct unit conversion from the measured units to a standard density unit 

(g/cm3), a conversion factor of 10 is applied: 

ρapp(𝑔𝑔 𝑐𝑐𝑐𝑐3⁄ ) =
𝑚𝑚𝐴𝐴(𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐2⁄ )

𝑡𝑡 (µ𝑚𝑚) × 10 

Example calculation using the lowest loading: 

ρapp(𝑔𝑔 𝑐𝑐𝑐𝑐3⁄ ) =
0.64(𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐2⁄ )

4.4 (µ𝑚𝑚) × 10 = 1.455 𝑔𝑔 𝑐𝑐𝑐𝑐3⁄  



b. Porosity Calculation 

The porosity ε, expressed as a percentage, represents the fraction of void volume within 

the coating. It was calculated by comparing the apparent density (ρapp) to the theoretical 

density of bulk silver, which is taken as  ρbulk,Ag = 10.49 g/cm³ 

The formula used is: 

ε(%) = �1 −
ρapp

ρbulk,Ag
� × 100% 

Example calculation: 

ε(%) = �1 −
1.455 𝑔𝑔/𝑐𝑐𝑐𝑐3

10.49 𝑔𝑔/𝑐𝑐𝑐𝑐3�× 100% = 86.1% 

 

Additionally, the Relative Density (or Material Volume Fraction) was calculated. This 

represents the percentage of the coating's volume occupied by silver nanostructure 

material compared to bulk silver. 

Relative Density (%) = 100 - ε(%) 

c. Summary of Calculated Data 

The calculations were applied to each sample, as summarized in Table S2. The reported 

thickness values represent the mean of measurements, and the uncertainty corresponds to 

the standard deviation of those measurements. The average porosity and its standard 

deviation were calculated from the set of four individual porosity values. 

Table S2: Summary of Porosity Calculation Data 

 

 

 

 

 

Loading 
(mg/cm2) 

Deposition 
Thickness (µm) Porosity(%) 

Relative silver 
nanostructure 
Density (%) 

0.64 4.4 ± 0.6 86.1 13.9 
1.28 9.4 ± 0.7 87 13.0 
1.6 11.2 ± 0.8 86.4 13.6 

2.56 17.0 ± 0.9 85.6 14.4 
Average 86.3 13.7 

Standard Deviation 0.6 0.6 



Table S3. A comparative analysis of different literatures from the 
manufacturability aspect 
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