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1. Analytic methods

1.1 Optical fiber SPR measurement system

Figure S1 shows the schematic diagram of the measurement system using the optical fiber SPR sensor. One end 

of the sensor was connected to the end of the bifurcated optical fiber (SPLIT-400-VIS-NIR, Ocean Optics), and 

the other end with the sensing area was immersed into the target solution. The white light emitted from a tungsten-

halogen light source (HL-2000-HP, Ocean Optics) was conducted into the sensor through the bifurcated optical 

fiber. The interaction between the incident light and the sensor was used to modulate the optical signal reflected 

by the silver layer and captured by a mini-spectrometer (HR4000, Ocean Optics), which was connected to the 

other end of the bifurcated optical fiber. The signal obtained could be shown and monitored by a computer 

connected with the spectrometer.

1.2 Scanning electron microscope (SEM)

The thickness of the PDA layer and the surface morphology and thickness of the gold film were characterized 

using an S-4800 field emission scanning electron microscope (FE-SEM; Hitachi Hightechnologies Co., Japan) at 

an acceleration voltage of 3 keV.

1.3 Atomic force microscope (AFM)

The surface topography of the PDA surface was characterized using a 5500 atomic force microscope (AFM) 

equipped with N9797AU-1FP Pico software in contact mode.
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2. Supplementary Figures

  

Figure S1 Schematic diagram of the measurement system using the optical fiber SPR sensor. (a) Light source; (b) 

Spectrometer; (c) Bifurcated optical fiber; (d) Sensor; (e) Target solution.

a) b)

Figure S2 AFM 2D (a) and 3D (b) images of the PDA functionalization layer.

As shown in Fig. S2, the PDA layer had a relatively smooth surface with a surface profile root-

mean-square (RMS) roughness of 1.17 nm for the whole area (1 μm × 1 μm). The PDA surface was 

topographically made up of grains, and few and small nanopores were existed between the grains. 

These features of PDA surfaces were comparable to those previously reported.1, 2 

In theory, except the main adsorption on the PDA surface, the gold seeds also could be adsorbed 

into these pores. However, on the one hand, these nanopores were very small (maximum diameter 

was about 8 nm), but the gold seeds must grow into large gold nanoparticles (with an about 65 nm 
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diameter) for the fabrication of SPR sensors. Therefore, the steric hindrance in these small pores 

may negatively affect the growth of the gold seeds. The relatively higher compactness of the formed 

PDA layer in this work perhaps was due to the rapid agitation of solution in the polymerization 

process of dopamine. On the other hand, in this work, the PDA layer had a very smooth surface 

(RMS roughness was only 1.17 nm), that is to say, the pores was very shallow compared with the 

thick gold film (about 60 nm) formed in the following electroless plating. Owing to these two 

reasons, the “penetration into the pores” (as the reported by Zhang et al. 1) likely has a negligible 

effect on this work, and it mainly help with the penetration and diffusion of small molecules in the 

pores of PDA film. 
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Figure S3 a) Reflectivity spectra of the optical fiber SPR sensor prepared using PDA-accelerated ELP after the 

following treatment steps: before treatment; rinsing with water and ethanol; ultrasonication in water and ethanol; 

tape adhesion and immersion in piranha solution. b) Regeneration of the gold film sensors treated by the piranha

solution after the immunoassays.
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Figure S4 Particle size distributions obtained from SEM images of the surface of sensors prepared with different 

plating times (a) 4 min, (b) 5 min, (c) 5.5 min and (d) 6 min.
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3. Supplementary Tables

Table S1 Refractive index (RI) values of the different solvents used to measure the sensitivity of the prepared 
sensor to surrounding refractive index change.

Solvent RI

Methanol

Water

1.328

1.333

Acetonitrile 1.344

Acetone 1.359

Ethanol 1.361

Hexane 1.375

n-Propyl alcohol 1.386

Table S2 Comparison of the refractive index sensitivities of optical fiber SPR sensors prepared by different 
methods.

Sensor preparation method Refractive index linear 

range (RIU)

Sensitivity

(nm/RIU)

Reference

1.333-1.347 1557 3

1.333-1.354

1.338

1421

1090

4

5

Sputtering gold film

1.363 2613

Silver mirror reaction 1.333-1.386 1412-3906 6

Traditional ELP 1.333-1.359

1.359-1.386

2054

3980

7

PDA-accelerated ELP 1.328-1.386

or 1.333-1.359

1.359-1.386

1391-5346

2619

4426

This work
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Table S3 Time comparisons of the substrate functionalization and gold seeds adsorption in the processes of the 
PDA-accelerated ELP and traditional ELP.

Methods Applications Functionalization 

time

Gold seeds 

adsorption time

References

Traditional ELP Prism SPR 12h 16h 8

Optic-fiber SPR 6h 8h 7

Metallization 24h 12-15h 9

Surface coating overnight overnight 10

PDA-accelerated ELP Optic-fiber SPR 15 min 2h This work

Table S4 Resonant wavelength, wavelength shift for the change in the refractive index, and reflectivity values of 
the sensors fabricated in the same and different batches. Ten sensors were fabricated for one batch.

Batch 1 Batch 2

Number Resonant

wavelength 

(nm)

Wavelengt

h

shift (nm)

Reflectivity 

(%)

Number Resonant

wavelength 

(nm)

Wavelengt

h

shift (nm)

Reflectivity

(%)

1 682.33 74.07 58.79 1 683.11 74.31 65.39
2 682.68 74.71 67.38 2 681.95 76.87 60.12
3 681.27 76 61.12 3 682.59 75.06 57.71
4 681.26 73.56 60.09 4 683.06 73.34 65.76
5 682.75 73.74 60.71 5 682.94 75.97 62.07
6 681.04 73.78 65.13 6 682.29 76.96 60.06
7 682.11 73.46 63.89 7 683.01 74.49 58.78
8 682.35 76.58 67.69 8 681.19 74.73 60.81
9 682.93 77.2 66.37 9 681.68 76.3 67.35
10 682.28 75.15 64.69 10 682.66 74.38 67.36

aCV% 0.09% 1.72% 4.78% aCV% 0.09% 1.54% 5.48%
aCV%: Coefficient of variation.
Resonant wavelength: Resonant wavelength of the sensor in the water (RI=1.333); Wavelength shift: Shift of the 
resonant wavelength of the sensor in ethanol (RI=1.361) compared with that of the sensor in the water.

Table S5 Sensitivity values of the sensors prepared at different DA polymerization temperatures.

Polymerization

temperature (°C)

Refractive index

linear range (RIU)

Sensitivity (nm/RIU)

4 1.328-1.386 1008-4317

10 1.328-1.386 1391-5346

19 1.328-1.375 1110-4842
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Table S6 Sensitivity values of the sensors prepared with different DA polymerization times.

Polymerization

time (min)

Refractive index

linear range (RIU)

Sensitivity (nm/RIU)

15 1.328-1.386 1391-5346

20 1.328-1.386 1310-4818

25 1.328-1.386 1107-4180

Table S7 Sensitivity values of the sensors prepared with different plating times.

Plating

time (min)

Refractive index

linear range (RIU)

Sensitivity (nm/RIU)

4 1.328-1.386 868-3242

5 1.328-1.386 837-4371

5.5 1.328-1.386 1391-5346

6 1.328-1.375 1135-5457

Table S8 Comparisons of sensitivity and LOD values of the SPR sensors for the IgG detection.

Sensor Sensitivity (slope) Limit of detection (LOD) Reference
- 7.11 μg/mL 11

0.40 nm/μg/mL - 12

0.29 nm/μg/mL - 13

- 1.00 μg/mL 14

0.33 nm/μg/mL - 15

0.06-0.33 nm/μg/mL 0.6 μg/mL 16

SPR sensors

0.65 nm/μg/mL 0.22 μg/mL This work

In this work, the sensitivity was defined as the assay response per unit of analyte concentration (the slope of the 

calibration curve). The limit of detection (LOD) was calculated as the concentration corresponding to the sensor 

signal that is equal to the mean plus three standard deviations of the background noise.
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