
Supporting information 

 

Quantitative Profiling and Mapping of Small Molecules by Laser 

Desorption-Ionization Mass Spectrometry: Combinations of Carbon-

based Nano Matrices and Sample Preparation Protocols  

 

Ruochen Guoa, Rui Lva, Rui Shia, Enhui Wub, Chongqing Maa, Chang Sunc, Govinda 

Mandala, Jian Liua*   

a Jiangsu Key Laboratory for Carbon-based Functional Materials and Devices, Institute 

of Functional Nano and Soft Materials (FUNSOM), Soochow University, Suzhou, 

Jiangsu Province 215123, China 

b Department of Chemistry, Institutes of Biomedical Sciences, and Shanghai 

Stomatological Hospital, Fudan University, Shanghai 200000, China 

c State Key Laboratory of Molecular Engineering of Polymers, Department of 

Macromolecular Science, Fudan University, Shanghai, 200438, China 

 

 

AUTHOR INFORMATION  

Corresponding Author 

*E-mail: jliu@suda.edu.cn. 

 

 

 

Supplementary Information (SI) for Analyst.
This journal is © The Royal Society of Chemistry 2025



 

 

Fig. S1. Characterization of three carbon nano-matrices for MALDI-TOF MS. TEM 

image, Raman spectrum and UV‒Vis absorption spectrum of (A) GO; (B) CNTs; (C) 

GDs. TEM image: Scale bar of GO, CNTs and GDs are 200 nm, 200 nm and 50 nm, 

respectively. Raman spectrum: The peak at 1350 cm-1 (D band) corresponds to vibration 

of sp3-bonded carbon atoms in disordered graphite and the peak at 1595 cm-1 (G band) 

is related to the vibration of sp2-bonded carbon atoms in a two-dimensional (2D) 

hexagonal lattice. UV‒Vis absorption spectrum with a pink ellipse highlighting the 

wavelength range (337 nm-355 nm) most widely used in MALDI. 

 

 

 

 

 



 

 

 

Fig. S2. Size measurements by dynamic light scattering (DLS) of (A) GO, (B) CNTs 

and (C) GDs in water. (D) Size changes of the above carbon nanomaterials during a 

stocking period of 7 days. 

 

 

  



 

 

Fig. S3. The RSD assignment level of (A) SEM images, (B) LSCM images, MALDI 

MSI images for (C) glucose and (D) Ala-Gln. 

  



 

  
 

 

 
Fig. S4. Two additional panels of SEM images and corresponding RSD values of 

three carbon nanomaterials (GO, CNTs and GDs) combined with four sample 

deposition methods (Rapid evaporation, Seed layer, Sandwich, and Dry droplet 

method), respectively. EHT = 15kV. (Scale bar = 200 m for GO, CNTs, and GDs). 



 

 

 

Fig. S5. Two additional panels of LSCM images and corresponding RSD values of 

the dried spots containing DIL dye (1 mg/mL) using three carbon matrices (GO, 

CNTs and GDs) combined with four sample deposition methods (Rapid evaporation, 

Seed layer, Sandwich, and Dry droplet method), respectively. Substrate: ITO glass. 

(Scale bar = 100 m for GO, CNTs, and GDs). 



 



 

Fig. S6. The mass spectra of the dipeptide Ala-Gln (1 mg/mL) respectively using 

matrices of (A) GO, (B) CNTs and (C) GDs combined with four sample deposition 

methods (Rapid evaporation, Seed layer Sandwich and Dry droplet method) in the 

positive mode. The baselines of different matrices in MALDI MS spectra of (D) GO, 

(E) CNTs, (F) GDs and (G) DHB in the positive ion mode. Laser intensity: 61 μJ.  

  



 

Fig. S7. 3D histograms of the radar areas of glucose (A-D) or dipeptide (E-H) using 

matrices of GO, CNTs and GDs combined with four sample deposition methods (Rapid 

evaporation, Seed layer, Sandwich, and Dry droplet method), with different settings of 

the weight factors for the five dimensions of the radar charts. (A&E) 2% for SEM, 

LSCM, and CV; 47% for S/N and MSI. (B&F) 6% for SEM, LSCM, and CV; 41% for 

S/N and MSI. (C&G) 10% for SEM, LSCM, and CV; 35% for S/N and MSI. (D&H) 

20% for SEM, LSCM, and CV; 20% for S/N and MSI.   



  

Fig. S8. Radar maps of the dipeptide Ala-Gln (1 mg/mL) using matrices of (A) GO, (B) 

CNTs and (C) GDs combined with four sample deposition methods (Rapid evaporation, 

Seed layer, Sandwich, and Dry droplet method) in positive mode. Lightcyan color: a 

visual guide of the full area; Pink color: the practical metric evaluation of individual 

matrix/protocol within the five dimensional radar chart. (D) 3D histogram of the radar 

areas of dipeptide Ala-Gln using matrices of GO, CNTs and GDs combined with four 

sample deposition methods (Rapid evaporation, Seed layer, Sandwich, and Dry droplet 

method). 



 

 

Fig. S9. Comparison of the contact angle (o) measurement results of glucose using 

matrices of GO, CNTs and GDs combined with four deposition methods of (A) (E) (I) 

Rapid evaporation, (B) (F) (J) Seed layer, (C) (G) (K) Sandwich, and (D) (H) (L) Dry 

droplet methods, respectively. 
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Fig. S10. Histogram of the contact angle (o) measurement results of glucose using 

matrices of GO, CNTs and GDs combined with four deposition methods (Rapid 

evaporation, Seed layer, Sandwich, and Dry droplet method). 

 

 

 

 

 

 



 

 

Fig. S11 The calibration curve of glucose in mouse serum samples assayed by using the 

commercial Glucose Assay Kit (Beyotime, S0201M). 

 

 

 

 

 

 

Fig. S12 Detection of glucose in mouse serum samples using matrix of GDs with the 

dry droplet method in MALDI MS. (A) MALDI MS spectrum of glucose using matrix 

of GDs combined with the dry droplet method. Concentration of Isotopic internal 

standard (glucose-C13): 0. 14 mg/mL. The characteristic peaks by label I: [Glucose+ 



Na]+, m/z 203.04; and label II: [glucose-C13+Na]+, m/z 204.05. (B-C) The signal 

intensity ratios of the two characteristic peaks at m/z203.04 and m/z 204.05. Repetition 

spots (n=14). (D) The calibration curve of glucose in mouse serum samples by MALDI 

MS using the matrix of GDs combined with the dry droplet method. Error bar: standard 

deviation (n=14).  
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Fig. S13 Limit of detection (LOD) for the measurements of glucose in mouse serum 

samples using the matrix of GDs combined with the dry droplet method by MALDI 

MS. Mode: the positive-ion mode. LOD = 1.85 nmol. 

 

 

 

 

 



Fig. S14 Detection of glucose in mouse serum samples using the conventional organic 

matrix (DHB) combined with the rapid evaporation method in MALDI MS. (A) 

MALDI MS spectrum of glucose using the conventional organic matrix (DHB) 

combined with the rapid evaporation method. Concentration of Isotopic internal 

standard (glucose-C13): 0. 14 mg/mL. The characteristic peaks by label I: [Glucose+ 

Na]+, m/z 203.04; and label II: [glucose-C13+Na]+, m/z 204.05. (B-C) The signal 

intensity ratios of the two characteristic peaks at m/z203.04 and m/z 204.05. Repetition 

spots (n=14). (D) The calibration curve of glucose in mouse serum samples by MALDI 

MS using conventional organic matrix (DHB) combined with the rapid evaporation 

method. Error bar: standard deviation (n=14).  

 

 

 

 

 

 

 

 

  



Table S1. Range assignment of the SEM, LSCM, S/N, CV, MSI (Glucose) 

 

Level SEM LSCM CV S/N MSI (Glu) 

5 (0.1, 0.2] (0.2, 0.3] (0.03, 0.184] (25000, 30000] (0.2, 0.3] 

4 (0.2, 0.35] (0.3, 0.5] (0.184, 0.338] (20000, 25000] (0.3, 0.4] 

3 (0.35, 0.5] (0.5, 0.8] (0.338, 0.492] (15000, 20000] (0.4, 0.5] 

2 (0.5, 0.7] (0.8, 1.2] (0.492, 0.646] (10000, 15000] (0.5, 0.65] 

1 (0.7, 0.85] (1.2, 1.6] (0.646, 0.8] (5000, 10000] (0.65, 0.8] 

 

Table S2. Range assignment of the SEM, LSCM, S/N, CV, MSI (Dipeptide: Ala-Gln) 

 

Level SEM LSCM CV S/N MSI (Pep) 

5 (0.1, 0.2] (0.2, 0.3] (0.03, 0.184] (25000, 30000] (0.1, 0.35] 

4 (0.2, 0.35] (0.3, 0.5] (0.184, 0.338] (20000, 25000] (0.35, 0.6] 

3 (0.35, 0.5] (0.5, 0.8] (0.338, 0.492] (15000, 20000] (0.6, 0.85] 

2 (0.5, 0.7] (0.8, 1.2] (0.492, 0.646] (10000, 15000] (0.85, 1.15] 

1 (0.7, 0.85] (1.2, 1.6] (0.646, 0.8] (5000, 10000] (1.15, 1. 5] 

 

 

  



Table S3. The RSD data of SEM images  

 

 Rapid evaporation Seed layer Sandwich Dry droplet 

GO 0.80 (1) 0.37 (3) 0.82 (1) 0.15 (5) 

CNTs 0.23 (4) 0.23(4) 0.16 (5) 0.21 (4) 

GDs 0.24 (4) 0.21 (4) 0.12 (5) 0.27 (4) 

 

Table S4. The RSD data of LSCM images 

 

 Rapid evaporation Seed layer Sandwich Dry droplet 

GO 0.24 (5) 0.29 (5) 0.87 (2) 0.37 (4) 

CNTs 0.88 (2) 1.11 (2) 1.54 (1) 1.07 (2) 

GDs 0.35 (4) 0.67 (3) 1.27 (1) 0.28 (5) 

 

 

  



Table S5. The MALDI MS S/N average values (AVG) and coefficient values (CV) of glucose (white) and dipeptide (orange). 

 

 

* Repetition number (n=5). Color bar as a visual guide: the highest S/N AVG and the lowest CV of glucose (Red); or the highest S/N 

AVG and the lowest CV of dipeptide (Pink).  



Table S6. The RSD data of MALDI MSI images (glucose)  

 

 Rapid evaporation Seed layer Sandwich Dry droplet 

GO 0.54 (2) 0.53 (2) 0.67 (1) 0.48 (3) 

CNTs 0.50 (2) 0.60 (2) 0.60 (2) 0.55 (2) 

GDs 0.74 (1) 0.60 (2) 0.69 (1) 0.24 (5) 

 

Table S7. The RSD data of MALDI MSI images (Ala-Gln) 

 

 Rapid evaporation Seed layer Sandwich Dry droplet 

GO 0.91 (2) 0.49 (4) 0.15 (5) 0.39 (4) 

CNTs 0.92 (2) 1.30 (1) 0.62 (3) 0.68 (3) 

GDs 0.35 (5) 0.28 (5) 0.25 (5) 0.63 (3) 

 

 

 

Table S8 Comparison of Conventional MS signal-based model and Weighted 

multivariate model 

 

 


