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Lithium-rich composite metal oxide material as SALDI matrix for high throughput 

analysis of small molecules 
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Lithium-rich composite metal oxide used as SALDI-MS 

matrix for the determination of small biomolecules 

Ze Li, Yi-Wei Zhang, Yue-Long Xin, Yu Bai, Heng-Hui Zhou, Hu-Wei Liu* 

 

Lithium-rich composite metal oxide was evaluated as novel 

matrix for matrix-assisted laser desorption/ionization time-

of-flight mass spectrometry (MALDI-MS). The low 

background interference and lithium-rich feature made it a 

high efficient matrix for the analysis of small molecules 5 

with high reproducibility, sensitivity and strong salt 

tolerance. 

Matrix-assisted laser desorption/ionization (MALDI) has been 

widely used in the analysis of large biomolecules such as peptides, 

proteins, nucleic acids, and synthetic polymers due to the 10 

incorporation of highly efficient organic matrices 2,5-

dihydroxybenzoic acid (DHB) and α-cyano-4-hydroxycinnamic 

acid (CHCA) since it was introduced in the late 1980s.1 These 

matrix facilitated soft and efficient desorption/ionization of the 

analytes by directly absorbing lased UV light and transferring that 15 

energy to the analysed molecules. Nevertheless, the range of 

applications, notably in the low molecule weight (LMW) region (< 

700 Da), was limited as the LMW organic matrices generally 

populated the low mass spectral region with matrix-derived 

interferences. Moreover, inhomogeneous crystallization among 20 

organic matrices and analytes often contributed to poor ionization 

reproducibility. 

In light of the inherent challenges associated with organic 

matrices, new efforts have been made in the area of inorganic 

matrices. Tanaka et al. first described the use of cobalt particles in 25 

glycerol as a possible matrix for laser desorption.2 Sunner later 

reported 2 μm activated carbon particles in glycol as matrix, and 

coined the technique, Surface-assisted laser desorption/ionization - 

mass spectrometry (SALDI-MS).3 Unlike organic matrices, these 

new inorganic matrices exhibited low background interference and 30 

facilitated homogeneous sample deposition, which contributed to 

improved shot-to-shot reproducibility. Furthermore, recent 

advances in the areas of nano-materials have enabled SALDI-

based approaches using a variety of inorganic materials, including 

carbon,4-7 silicon,8,9 metal,10-12 metal oxide,13-19 even metal-organic 35 

frameworks (MOFs).20 A wide variety of functionalized nano-

materials, especially gold-based materials have been also reported 

as useful SALDI matrices.21 Actually, more and more attention 

has been paid to the development of various SALDI matrices.22, 23 

Metal nanoparticles, such as gold,10, 24, 25 silver, 11 platinum12, 40 

palladium26 have been evaluated as potential SALDI matrices. In 

addition, sensitivity and mass range extension have been further 

improved by surface etching.12 However, surface etching has also 

introduced new issues facing matrix stability and consequently 

reproducibility. Compared with metal particles, metal oxide 45 

powders provide better stability as SALDI matrices. Commonly 

used metal oxide including FexOy,
17 CoxOy, CuO, NiO,16 ZnO,15 

TiO2,
18 MgO,19 SnO2, WO3,

13 have all been explored as possible 

SALDI matrices. Wu have demonstrated that laser 

desorption/ionization mass spectra of oligosaccharides with MgO 50 

can be obtained with a sensitivity in the nanomole range.19 

Arakawa have reported the analysis of β-cyclodextrin with 

detection of limit (LOD) at picomole level with ZnO.15 However, 

to the best of our knowledge, efforts to evaluate composite metal 

oxides as novel SALDI matrices with improved sensitivities have 55 

not been reported yet.  

Lithium-rich composite metal oxides have been widely used in 

the manufacture of lithium-ion batteries.27 Indeed, various lithium-

rich materials with different compositions and morphologies have 

been synthesized, but the applications of these materials in MS 60 

technology have not been explored. More pertinently, lithium salts 

(LiCl, LiNO3) have been already widely used in tissue fixation for 

MALDI imaging.28, 29 Moreover, lithium salt-based matrices yield 

valuable lipid structural information based on the facile formation 

of lithium-lipid adducts, although its use toward identifying other 65 

biomolecules has remained limited.  

In this work, we proposed lithium-rich composite metal oxide 

as SALDI matrix for the first time, and Li1.2Mn0.54Ni0.18Co0.13O2 

was chosen for the analysis of small biomolecules by SALDI-MS. 

Furthermore, a robust array of small biomolecules including drugs, 70 

oligosaccharides, lipids, peptides were chosen to evaluate the 

matrix performance. The method is very fast and convenient, 

which is conducted by mixing the material with the analyte 

solutions, vortex, then piped on to MALDI target for detection. 

The basic workflow is revealed in Scheme 1.   75 

The lithium-rich material was synthesized by a facile sol-

gel method using ethylenediaminetetraacetic acid (EDTA) 

and citric acid as chelating agents, which have been reported 

previously. 3 0  Details of the material  synthesis  and 

characterization are described in the ESI†. A transmission  80 
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Scheme 1  SALDI-MS using lithium-riched composite metal oxide 

matrix. 
 5 

electron microscope (TEM) image of the material (Fig. 1(a)) 

shows that the materials are homogeneously distributed as 

spherical particles with average size of 200-300 nm. The 

performance of this lithium-rich composite metal oxide as a 

potential SALDI  matrix was first evaluated with a standard 10 

analyte, α-cyclodextrin, and further compared with three 

other common  metal oxides (MnO2, NiO, Co3O4). Fig. S2 

(ESI†) shows that the analytes formed alkali metal adducts 

instead of protonated ions with all the metal oxide as matrices. 

That is because carbohydrates have a high affinity to interact 15 

with alkali metals following the order Cs>K>Na>Li>H, 

which has been noted elsewhere.24 Different from three 

common metal oxides, when the lithium-rich material was 

used as matrix, lithium-analyte adducts were observed 

besides common sodium, potassium-analyte adducts. The 20 

phenomenon showed great prospect using lithium-rich 

composite metal oxide as matrix for the reason that the 

lithium ion intensity in this matrix is much wealthier than the 

natural sodium and potassium ions in other materials.  

Matrix concentration was optimized (Fig. S3, ESI † ) for 25 

maximizing the desorption and ionization efficiency for SALDI-

MS, and 1 mg/mL were finally chosen as working concentration. 

In order to further improve the ionization efficiency, TFA was 

added in the mixed solution of analyte and matrix, because it 

facilitates the release of lithium ions from the lithium-rich matrix, 30 

improving the formation and predominance of lithium adducts 

over sodium and potassium adducts. Thus, the matrix could act 

both as ionization assistant agent and energy mediator at the same 

time. Under optimized conditions, matrix performance parameters 

were quantitatively evaluated with α-cyclodextrin as a standard 35 

benchmarking analyte (Fig. 1(b)). In this case, observed peaks 

were predominantly [M+Li]+ and [M-H+2Li]+. The method 

showed good reproducibility, linearity (Fig. 1(c)), limit of 

detection and salt tolerance. Intra- and inter-spot reproducibility 

determined with 5 picomole α-cyclodextrin (n=6) were 5.5% and 40 

6.5% RSD, respectively. The LOD was found to be 5 femtomole, 

a substantial improvement over ZnO matrices which are reported 

to have detection limits near 1 picomole.15 The analytes (5 pmol) 

can be detected (S/N >3) even in 0.5 M NaCl solution, which is 

much better than organic matrix. Furthermore, the material 45 

demonstrated excellent stability and equivalent performance after 

three month’s storage in deionized mater. As a result, the material 

would be a promising new SALDI matrix. 

SALDI-MS has become a popular tool for the analysis of 

LMW molecules due to its reduced background noise in the 50 

low-mass region.26, 31 To fully demonstrate the feasibility of 

the novel lithium-based matrices under robust applications, a 

variety of standard analytes such as drugs, oligosaccharides, 

 
 55 

Fig. 1  (a) SEM image of lithium-riched composite metal oxide 

matrix, (b) a typical SALDI mass spectra of α-cyclodextrin at 5 pmol, 
(c) the calibration curve of α-cyclodextrin. 

 

lipids, and peptides were further analyzed. Fig. 2(a) shows 60 

that the lithium-rich composite metal oxide resulted in less 

matrix interferences in the low mass regions (< 500 Da). Two 

major peaks, m/z 330.62 and m/z 458.80 were observed, 

responding to [gliclazide+Li]+ and [glipizide+Li]+ 

respectively. Similarly, three cyclodextrins (α, β, γ) were all 65 

detected in their lithium adducts without fragmented ions and 

protonated molecular ions in the mass spectra (Fig. 2(b)). We 

also explored the feasibility of this matrix for the analysis of 

other oligosaccharides including maltopentaose, 

maltohexaose, maltoheptaose (Fig. 2(c)). Three major peaks 70 

represented three [M+Li]+ ions and minor peaks were [M-

H+2Li]+. Moreover, mass-dependent desorption efficiency 

can be observed as the signal intensity reduced with mass is 

increased. Compared with the references on the analysis of 

oligosaccharides with SALDI reported by several groups.19, 24, 
75 

32 LOD in the femtomole range were observed for the three 

maltoses in present study, which is much lower than that with 

MgO matrices.19 These results demonstrated the material to 

be a soft and high efficient matrix for the detection of 

oligosaccharides, and this method can be utilized to detect 80 

glycans without labelling, making the analysis much easier 

and faster than the existing ESI-MS method.33  

Besides oligosaccharides, three standard lipids (Fig. 2(d)) and 

four peptides (Fig. S4, ESI†) were also detected. It has been 

reported that lipids can be detected with SALDI recently.15 Fig. 2 85 

(d) shows that SM (d18:1/17:0) and laccer (8:0) are observed as 

their lithium adducts as major peaks. Moreover, TG 

(18:1/14:0/17:1) standard was also observed as sodium adducts. 

Results for the detection of peptides showed some differences (Fig. 

S4, ESI†), and some peptides were observed as fragment ions. In 90 

detail, both lys-bradykinin and bradykin were detected as 

fragments [M-Me+H]+with a loss of 15 Da, which is due to the 

loss of –CH3, whereas the latter was also observed as a minor peak 

[M-H+2Li]+. Meanwhile, substance P was observed as common 

[M+Li]+ ions and neurotensin was observed as [M-H+2Li]+. 95 

However, when the matrix was used for the analysis of larger 

peptides with molecular weight more than 2000 Da, no signals 

were obtained, which may due to low desorption efficiency. 

Therefore, the matrix was useful for the analysis of small 

biomolecules. The material was further used for the analysis of 100 

complex real samples (Fig. S5, ESI†). Olive oils were directly 

dissolved in acetic ether, and then diluted with methanol without 

any other preparation. Satisfactory signals can be observed at the 

concentration as low as 50 μg/mL. Detected ions were mainly in 

the 800-1000 Da mass range, which mostly belong to TAGs.34 It 105 

could be concluded that this method could find more applications 

for complex real sample analysis. 
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Fig. 2 SALDI mass spectra of (a) two drugs (10 pmol): 1. gliclazide 

[M+Li]+ ( m/z 330.62), 2. glipizide [M+Li]+ (m/z 458.80); (b) three 5 

oligosaccharides (5 pmol): 1. α-cyclodextrin [M+Li]+ (m/z 980.46), 2.β-

cyclodextrin [M+Li]+ (m/z 1142.70), 3. γ-cyclodextrin [M+Li]+ (m/z 

1304.95); (c) three maltose (10 pmol): 1. maltopentaose [M+Li]+ (m/z 

834.85), 2. ,maltohexaose [M+Li]+ (m/z 996.99), 3. maltoheptaose[M+Li]+ 
(m/z 1159.09); (d) three lipids (5 pmol): 1. SM (d18:1/17:0) [M+Li]+ (m/z 10 

723.69), 2. laccer (8: 0), [M+Li]+ (m/z 756.67), 3. TG (18:1/14:0/17:1), 

[M+Li]+ (m/z 823.97), and 4. TG (18:1/14:0/17:1), [M+Na]+ (m/z 839.95). 

 

In summary, we proposed a new SALDI matrix, lithium-

riched composite metal oxide, and investigated its abilities for 15 

the detection of small biomolecules (< 2000 Da). The use of 

TFA as addictive facilitated the releasing of lithium ions from 

matrix. Due to the formation of lithium-analyte adduct, 

ionization efficiency were greatly improved. Therefore, the 

matrix could act both as ionization assistant agent and energy 20 

mediator at the same time. Satisfactory signals were observed 

for the analysis of various biomolecules including drugs, 

oligosaccharides, lipids and peptides. Low noise interference, 

high salt tolerance, good reproducibility made the lithium-

riched composite a very promising SALDI matrix. Further 25 

work on the influence of material composition and 

morphology is still under investigation. . 

This study was supported by the National Natural Science 

Foundation of China (No. 21175005 and 21175008). 
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