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Fig.S1 Dynamic light scattering of the as-prepared Au seeds dispersed in 200 μL DI 

water.

Fig.S2 Histogram of nanoparticle size distribution of the as-prepared Au RDs obtained 

from SEM images.



The size of the histogram of nanoparticle size distribution (65 nm) is the same as 

the size observed by TEM and SEM (65 nm).
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Fig. S3 Dynamic light scattering of the as-prepared Au RDs dispersed in 200 μL DI 
water. PDI=0.08.

DLS measurement was carried by dissolving 25 μL concentrated Au RD NCs 

solution in 2.5 mL deionized water and sonicated for 2 min to form a light purple 

solution. Due to the hydrodynamic interactions, the size (68.1 nm) recorded with DLS 

is a little larger than the size (65 nm) observed with TEM and SEM.

Fig. S4 UV-Vis spectra of the as-prepared Au RDs measured in water.



Fig. S5 Au superlattice constructed with Au RDs concentration of 0.5 nM.

By decreasing the concentration of Au RDs solution from 2.75 nM to 0.5 nM, lots 

of defects can be observed in the central area of the Au superlattice, which may reduce 

the intensity of the SERS signal. Thus, the superlattice adopted in this study is 

fabricated by using 2.75 nM Au RDs solution. 

Fig. S6 SEM images of Au RDs before (a) and after (b) plasma treatment.



Fig. S7 SERS signals of superlattice before and after treated with plasma for 3 

minutes(a), and SERS signals of the untreated superlattice (CTAC@AuRDs) measured 

with urine samples (urine+CTAC@AuRDs), and plasma treated superlattice measured 

with urine samples (Urine+AuRDs) (b).

Fig. S8 Linear correlation curve of Raman intensities at 1648 cm-1 with the different 

concentrations of R6G.



Fig. S9 (a) 3D model of the Au compact superlattice. Each layer of the superlattice is 

also shown in (b) for a clear view of the compact superlattice.

Fig. S10 The distribution of SERS-EF with different excitation wavelengths (532 nm, 

633 nm, and 785 nm) in the calculation domain of the numerical simulation. 

The enhancement factor (EF) was typically calculated based on the following 

formula, on case 4-aminothiophene (4-ATP) was used as the probe molecule: 

EF = (I1080-1/N4-ATP)/(IRS/NRS).

Where I1080cm-1 is the measured SERS intensity of 4-ATP at 1080 cm-1, N4-ATP is 

the number of 4-ATP molecules adsorbed on the SERS substrate in each measurement, 

IRS is the measured Raman intensity of 4-ATP powder at the 1080 cm-1 band in a normal 

Raman spectrum, NRS is the number of 4-ATP molecules measured in the normal 

Raman measurement without enhancement. Based on the measured SERS intensity, the 



average amount of 4-ATP applied to the substrate, the measured Raman intensity, 

corresponding amount of 4-ATP powder, and laser spot size (1.3 μm), the EF is 

calculated to be approximately 2.8×107.

Fig. S11 Raman spectra of 4-ATP powder with the number of molecules NRS=6×1011, 

and the SERS spectra of 4-ATP on the Au RDs substrates, with estimated number of 

molecules N4-ATP =2×104.

Fig. S12 SERS spectra obtained from a same LC patient diagnosed with minimally 

invasive adenocarcinoma before (black curve) and after surgery (red curve). 



Fig. S13 The OPLS-DA plot for the urine samples from 12 LC patients before and after 

operation, and 18 healthy persons (a). The OPLS-DA plot for the urine samples from 

LC patients (24 preoperative and post-operative LC patients) and 18 healthy persons 

(b). The OPLS-DA plot for 12 LC patients before and after operation (c). The OPLS-

DA plot for 41 LC patients and 18 healthy persons (d).



Table S1 Clinical characteristics of the studied samples in this work 



Among the 59 research samples, the top 29 were LC patients, the middle yellow part was 12 postoperative LC patients, and the last blue 

part was 18 healthy individuals. Among them, 29 LC patients mainly had adenocarcinoma (including adenocarcinoma in situ (AIS), minimally 

invasive adenocarcinoma (MIA), and invasive adenocarcinoma (IAC)) and squamous cell carcinoma. 



The 'characteristics' column represents the characteristics of LC patients, while the' 

Size of nodules' column represents the size of the corresponding patient's nodules. The 

Number of nodules column is the number of nodules corresponding to the patient. Then, 

the rest columns are their corresponding concentrations of carcinoembryonic antigen 

(CEA), Keratin 21-1, and squamous cell carcinoma antigen (SCCA), Total bilirubin, 

Direct bilirubin, Urea/Creatine, Blood urea nitrogen, and Creatine in serum. 

Table S2 Major SERS peaks of urine samples and tentative vibrational mode 
assignments 
Peak position 

(cm-1) Vibrational modes Tentative assignments Reference

660 C-S stretching Cystine 1,2

685 C-H vibration Thymidine 3

725 C-H vibration, N-N vibration Adenosine 3

759 Symmetric breathing Tryptophan 4

786 Ring breathing mode Purine nucleoside 3

930~965 Skeletal C-C vibration Amino acids 1,5

1002 C-C ring stretching/C-N 
stretching Amino acids/Urea 6

1082 P-O stretching of HPO4
2− Phosphorous salts/ 

phosphodiester groups
1,7

1148 H-C-H twisting and rock Phenylalanine 3

1270 C-N stretching Amide 1

1288 C-N stretching Cytosine 8

1343~1400 Ring breathing/C-H twist 
vibration/ COO-

DNA/RNA 
bases/Amino acids

9,10

1462 C-H bending/C-N stretching Adenine 4

1542 C=C vibration/NH2 vibration Adenosine/ 
Phenylalanine

3
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