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DOE Optimization of Process Parameters for AuNPs Electrodeposition

Design of experiments (DOE) was performed by Model-Based Calibration Tool (The
MathWorks, Inc.) One-stage test strategies were introduced for a single source of variations
including (a) HAuCls concentration, (b) H2504 concentration, (c) scan cycles, and (d) scan rate,
which are the inputs of operating range in electrodeposition. 16 cases were performed, the
operating parameters and data were collected in Table S1 (BSA). The output is the
potentiometric measurement using open circuit potential technique also plotted in Figure 3.
Gaussian process based modeling proved the adequacy of the developed model with root
mean square error (RMSE) of 4.09, 44, and 5.2 for BSA, GOx, and Casein adsorption on
AuNPs layer.

Table S1. The trials of electrodeposition process in the potentiometric response of BSA
adsorption in design of experiments (DOE) analysis.

BSA  HAuCl (mM) H:S0: (M) Cycles Scan Rate (mV/s) DV

1 0.1 1 10 50 10
2 0.5 1 10 50 13
3 1 1 10 50 7.5
4 2 1 10 50 6
5 1 0.1 10 50 3
6 1 0.5 10 50 16
7 1 1 10 50 4
8 1 2 10 50 3
9 1 1 2 50 8
10 1 1 5 50 20
11 1 1 10 50 15
12 1 1 20 50 13
13 1 1 10 10 12.5
14 1 1 10 20 17
15 1 1 10 50 19
16 1 1 10 100 12

In the result of DOE analysis for BSA case, the contour plot of potentiometric response,
interaction of HAuCls concentration (mM) and H2SOs4 concentration (M) us shown in Figure S1
and Figure S2. The optimal region of HAuCls is the oval area of the center in 0.84 mM HAuCls
and 1M H:SOs. Likewise, the contour plot of potentiometric response, interaction of H2SOx4
concentration (M) and scan cycle (times) which indicate the optimal region of
electrodeposition condition with 1M H250s and 12 cycles CV scans. The deviation of fitting
result is shown in Figure S3, the predicted response agrees with experimental measurement
when the V is less than 18 mV. The residual plot with predicted response value also
indicates the good agreement of DOE analysis. After DOE calibration by above procedure for
all three proteins, the optimal condition as well as predicted V could be found and list in
Table S2. The optimal condition was selected within the optimal region suggested by DOE
analysis as method 1, 2, and 3 for each BSA, GOx, and Casein respectively.



18

141

=
3]
T

(H2504) [

bsa_2
=]
o

D - i i i i i i
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

bsa_1 (HAuCK)[-]

Figure S1. A contour interaction plot of potentiometric response, interaction of HAuCls
concentration (mM) and H250: concentration (M).
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Figure S2. A contour interaction plot of potentiometric response, interaction of H2SOs
concentration (M) and cycle (times).
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Figure S3. Relationship between predicted and experimental values of potentiometric

response for BSA adsorption.
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Figure S4. Normal probability plot of residuals vs. predicted (BSA).

Table S2. Design of the final parameter for the preparation of AuNPs layer.

Parameter/Protein BSA GOx Casein
HAuCls 0.8 1 1.8
H>S504 1 0.6 1
Cycles 12 5 7.5
Scan Rate 50 20 50
Predicted DV (mV) 134 14.1 16.5




Measurement of Particle Size

Analysis of the images was done using MATLAB (Mathworks, MA) and a custom written
code. Connected Component Analysis algorithm is applied in particle size measurement [1,2],
contiguous regions and discontiguous regions determination in binary image were returned
using “regionprops” in MATLAB. The procedure of image processing as follow: The image
was converted to a binary image using Otsu’s thresholding. The closing process with disk
structuring elements of 2 pixels was applied to remove noise included in the AFM image and
enhance the edge. Each individual dot was then detected by using the Connected Component
Analysis algorithm in the Image Processing Toolbox of MATLAB. The small unfilled objects of
less than 4 pixels were subsequently removed. The filling process was required because the
intensity of pixels surrounding the object was non-uniform. The sensitivity of Otsu’s
thresholding was optimized by maximizing particle size, however, when threshold is lowered
to certain level, it would cause open circle within AuNPs and greatly reduce the mean particle
size shown in Figure S5.
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Figure S5. The optimization of sensitivity in connected component algorithm for particle
measurement in AFM image, b in this example.

Collecting all size measurements for all the particles detected and measured with a track
of around 400 repeat measurements in program provides a size distribution as shown in Figure S6.
The mean size of AuNPs is 52.9 nm (6.77 pixel) for method 1. The actual particle size is
converted according to AFM image scale. All the AFM images (except (d) due to low
resolution) were processed in the same scheme and the results are shown in Table S3.



200

180

160

- N
N »
o o

Frequency
S
o

Figure S6. The distribution of nanoparticle of method 1 (a), method 2 (b),
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measured by connected component method and the fitting model is an asymmetric

distribution.



Table S3. The gold nanoparticle size determined by image processing in AFM.

Particle Size Radius Diameter (pixel) D (nm)
a 3.385 6.770 52.893
b 5.863 11.726 91.613
c 11.834 23.668 184.907
d n.a. - -
e 4.987 9.975 77.927
f 12.666 25.332 197.907




Measurement of AuNPs Coverage

Bearing analysis characterizes the relative roughness of a surface in terms of high and low
areas. The bearing ratio curve is the integral of the surface height histogram and the plots the
total percentage of the surface above a reference plane as a function of the depth of that plane
below the highest point in the image (Veeco Instruments Inc.). In the sample of analysis for
image (c) illustrated in Figure S7, the color scale is corresponded to the depth of AFM probe,
the minor peak in histogram figure indicate the surface of electrode uncovered by AuNPs
which is 301.23 nm? and 97.251% coverage [3]. The same analytic scheme is also applied for
other AFM image and the results shown in Table 54.

Figure S7. The bearing analysis in AFM image for AuNPs coverage.

Table S4. The AuNPs coverage.

D (nm) Coverage (%)
a 52.893 99.625
b 91.613 99.743
c 184.907 97.251
d - -
e 77.927 99.869
f 197.907 97.369
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