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Figure S-1 Process flow of electrode fabrication (a-j) and schematics of gold disc electrode 

with relevant dimensions (k). The electrode surface is coated with cylindrical nanorods with 

known height ( ), diameter ( ) and separation distance ( ) (l).  is the Debye length. ℎ 𝑑 𝑙 𝜆
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Figure S-2 Computational domain and the boundary conditions for gold planar electrodes. 

Yellow region represents the electrode.



Figure S-3 Normalized standard deviation of a) impedance magnitude, and b) phase angle 

for 50  planar gold electrode in contact with 1.5 S/m KCl solution. 𝜇𝑚



Figure S-4 Self-similar impedance spectra obtained with disc electrodes in phosphate buffer 

saline solution (PBS, ) from 100 Hz to 1MHz. Using the experimental data in REF 𝜎 = 1.5 𝑆/𝑚
2.
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Figure S-5 Self-similar impedance spectra obtained with disc electrodes in phosphate buffer 

saline solution (PBS, ) from 100 Hz to 1MHz Using the experimental data in REF  𝜎 = 1.5 𝑆/𝑚
1.



Nanorod Height Measurement

Figure S-6 SEM image of nanorods taken at a 45° angle with a depiction of nanorod viewing 

angle for height determination. 

The average nanorod height was obtained from SEM images taken at 45 degree inclination at 

various locations on the electrode. The total height of the nanorod was calculated using 

trigonometry as shown in Fig S5. To obtain a statistically meaningful value, 46 fully exposed 

nanorod where the top and bottom could be easily ascertained were measured, resulting in an 

average total height of 210 ± 12 nm. The error value corresponds to the standard deviation of the 

measurements. The height of both the Au and Ni segments were calculated in the same manner 

as above and respectively are 105 ± 12 nm. 

Surface Area Calculation

The surface enlargement factor was calculated using the standard unit cell for a hexagonal array 

as illustrated in Fig S7 a). Microscopy Image Segmentation Tool (MIST) software 3 statistically 

analyzes SEM images to determine the average diameter, center-to-center nanorod distance and 

unit cell area Fig S7 b). 

Figure S-7 a) Unit cell diagram. b) SEM image of selected nanorods for MIST analysis. c) Unit 

cell area analysis. d) Effective nanorod diameter.



The average nanorod diameter (d) is 85 ± 8 nm and the average nanorod separation (l) of 21 ± 8 

nm was calculated by subtracting the nanorod diameter from the center-to-center distance. The 

unit cell area ( ) (indicated with a red parallelogram) obtained by the MIST histogram is 9800± 𝐴𝑢𝑛𝑖𝑡

550 nm2 Fig S6 c). The area of the nanorod side ( ) 56100 ± 2100 nm2 was calculated by 𝐴𝑛𝑎𝑛𝑜𝑟𝑜𝑑

multiplying the nanorod height by the circumference, which was calculated using the MIST 

diameter Fig 2 c). The surface enlargement factor ( ) is calculated by:𝐶

𝐶 =
𝐴𝑢𝑛𝑖𝑡 + 𝐴𝑛𝑎𝑛𝑜𝑟𝑜𝑑

𝐴𝑢𝑛𝑖𝑡
(1)

 which is close to the experimentally obtained enlargement factor . The 𝐶 = 6.71 ± 0.40 𝐶 = 6.51

error is calculated at .~2.98%

Figure S-8 Computational domain and boundary conditions for gold nanorod (a) and planar 

electrodes. Yellow region represent the electrodes in contact with an electrolyte.
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