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1. Calculation of SERS enhancement factor (EF)

The enhancement factor (EF) value of the substrate is calculated by the well-

known equation reported previous1-2:

𝐸𝐹=
𝐼𝑆𝐸𝑅𝑆 × 𝑁𝑏𝑢𝑙𝑘
𝐼𝑏𝑢𝑙𝑘 × 𝑁𝑆𝐸𝑅𝑆

………………………………………………………………………………(1)

Where the ISERS and Ibulk represent the intensity of the same Raman band for the 

SERS and bulk Raman spectra, respectively. While Nbulk is the number of bulk 

molecules probed in a bulk sample, and NSERS is the number of molecules adsorbed on 

the SERS substrate. Herein, in this experiment, a certain volume (VSERS) of R6G 

solution was distributed on an area of SSERS at a concentration of CSERS on the 

GNFs@Si SERS substrate. For non-SERS Raman spectra, a certain volume (Vbulk) of 

R6G solution was distributed on an area of Sbulk at a concentration of Cbulk on the 

silicon wafer. Thus, the foregoing equation becomes:

𝐸𝐹=
𝐼𝑆𝐸𝑅𝑆 × 𝑆𝑆𝐸𝑅𝑆 × 𝑉𝑏𝑢𝑙𝑘 × 𝐶𝑏𝑢𝑙𝑘
𝐼𝑏𝑢𝑙𝑘 × 𝑆𝑏𝑢𝑙𝑘 × 𝑉𝑆𝐸𝑅𝑆 × 𝐶𝑆𝐸𝑅𝑆

…………………………………………………………..(2)

In our experiment, Raman measurements were carried out under the same 

experimental conditions including laser power, laser wavelength, spectrometer, and 

microscope objective, etc. Typically, 10 μL of 10-6 M R6G solution was dispersed on 

the GNFs@Si SERS substrate, and 10 μL of 10-2 M R6G solution was dispersed on 

the clear silicon wafer, respectively. The intensities of 1364 cm-1 were ~11 000 for the 

GNFs@Si, 50 for the silicon wafer, respectively. We calculated the EF from the 

substrate under the hypothesis that all the probe molecules within the laser spot were 

contributed to SERS signals. According to the equation (2), the average EF values 

were calculated to be ~2.2× 106 for the GNFs@Si SERS substrate.
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2. Calculation of limit of detection (LOD)

The limit of detection (LOD) was evaluated without target xanthine producing SERS 

signal at least three times higher than background (distilled water). The standard 

curve of xanthine was plotted as

Y = A + B * X………………………………………………………………………(3)

Where, A and B are the variable obtained via least-square root linear regression for the 

signal concentration curve and variable Y represents the normalized SERS signal 

(I883/I996) at xanthine concentration of X(xanthine)

When

Y = Yblank + 3SD………………………………………………………………(4)

Where, SD represents the standard deviation and Yblank is the SERS signal of blank 

sample (diluted serum).

The LOD is estimated as: ………………….(5)LOD   =  (𝑌𝑏𝑙𝑎𝑛𝑘 + 3SD/𝑌𝑏𝑙𝑎𝑛𝑘 - A)/B 

SD is calculated on the basis of the well-known formula:

………………………………………………….(6)

SD =
1

n - 1
×

n

∑
i = 1

(Xi - Xaverage)
2

Where, n is the total number of xanthine standard sample. Xi is the “i” sample of the 

series of measurements. Xaverage is the average value of the SERS signals obtained for 

the specific series of identical samples repeated n times and in this assay n = 15. 

Meanwhile, the linear equation is determined as 

Y =  0.255 +  2.422 * 10 - 4 * X

With the correlation coefficient R2 = 0.995, where Y and X represent the normalized 

SERS intensity and the concentration of xanthine, respectively.   
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Figure S1.The UV-Vis of GNFs.
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Figure S2. The ratio of Raman intensity (I883/I996) (A) with different concentrations of 

XOD on the ratiometric SERS sensor; (B) with different pH value of buffer; (C) with 

different incubation time; (D) with different incubation temperature.
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Figure S3. The value of I883/I996 obtained in various pH values with different 

temperature.
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Figure S4. The stability of the developed ratiometric SERS sensor.
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Figure S5. SERS spectra of the proposed sensing platform used to analyze human 

serum samples. (A) Diluted Sample 1. (B) Diluted Sample 2. (C) Diluted Sample 3. 

(D) Real serum sample.
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Table S1. The comparison of the proposed SERS sensor with other methods for 
xanthine detection.

Method Linear range Limit of detection Reference

Photoluminescent 1-50 μM 0.34 μM 3

Electrochemical 1-100 μM 70 nM 4

Colorimetric 0.01-0.32 mM 1.964 μM 5

Colorimetric 0.01-0.5 mM 4.37 μM 6

Colorimetric 125 nM-6.0 μM 23 nM 7

Electrochemical 0.7-200.0 μM 28 nM 8

Colorimetric 0.001-0.05 mM 0.29 mM 9

Colorimetric 0.16-40 μM 0.016μM 10

Electrochemical 0.10-20 μM 0.006μM 11

Photoelectrochemical 0.04-90 μM 6.6 nM 12

Surface plasma resonance 0-3 µM 0.0127 µM 13

Electrochemical 0.8-450 µM 0.4 μM 14

SERS 10-1000 nM 5.7 nM This work
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Table S2. Comparison of RSD for reproducibility between different SERS methods.

RSD for 
reproducibility

Title Reference

9.94%
Ultra-high Sensitivity Surface-Enhanced Raman 
Spectroscopy (SERS) Substrates Based on Au 
Nanostructured Hollow Octahedra

15

2.2 %

Gold Nanorods/Metal−Organic Framework Hybrids: 
Photo-Enhanced Peroxidase-Like Activity and SERS 
Performance for Organic Dyestuff Degradation and 
Detection

16

12.4%

Preparation of a Three-Dimensional Composite Structure 
Based on a Periodic Au@Ag Core−Shell Nanocube with 
Ultrasensitive Surface-Enhanced Raman Scattering for 
Rapid Detection

17

5.40, 6.39, and 
4.60%

SERS-Active Silver Nanoprisms Deposited on Cuprous 
Oxide Microspheres for Detection of Nitrofurazone 18

7.1% and 8.6 
%

Ti3C2Tx MXene-Loaded 3D Substrate toward On-Chip 
Multi-Gas Sensing with Surface- Enhanced Raman 
Spectroscopy (SERS) Barcode Readout

19

3.9-7.2%
Large-Area Au-Nanoparticle-Functionalized Si Nanorod 
Arrays for Spatially Uniform Surface- Enhanced Raman 
Spectroscopy

20

12.48%
Detection of stx2 from Shiga toxin-producing 
Escherichia coli (STEC) by a surface enhanced Raman 
spectroscopy (SERS) sensor using recycled silicon chips

21

4.16%
Quantitative Detection of Creatinine in Human Serum by 
SERS with Evaporation-Induced Optimal Hotspots on 
Au Nanocubes

22

15.9%

Surface-Enhancement Raman Scattering Sensing 
Strategy for Discriminating Trace Mercuric Ion (II) from 
Real Water Samples in
Sensitive, Specific, Recyclable, and Reproducible 
Manners

23

10.4%

A Poly Adenine-Mediated Assembly Strategy for 
Designing Surface- Enhanced Resonance Raman 
Scattering Substrates in Controllable
Manners

24

8.06% On-demand quantitative SERS bioassays facilitated by 
surface-tethered ratiometric probes 25

2.62% and 
2.77%

Ratiometric SERS Sensor with One Signal Probe for 
Ultrasensitive and Quantitative Monitoring of Serum 
Xanthine

This work
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Table S3.Assay results for xanthine detection in diluted serum sample by the 
proposed SERS sensor

xanthine (nM)
serum samples added found (mean ± SD) RSD (%) recovery (%)

Sample 1 10.00 10.24 ± 0.48 4.69 102.40
100.00 99.87 ± 6.51 6.52 99.87
1000.00 1036.78 ± 24.87 2.40 103.68

Sample 2 10.00 9.78 ± 0.62 6.34 97.80
100.00 105.74 ± 4.95 4.68 105.74
1000.00 985.67 ± 34.06 3.45 98.57

Sample 3 10.00 10.16 ± 0.19 1.87 101.60
100.00 100.89 ± 3.99 3.95 100.89
1000.00 1045.23 ± 41.02 3.92 104.52
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