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Nanoporous Organosilica Materials
for Laser Desorption/lonization Mass Spectrometry

Norihiro Mizoshita and Shinji Inagaki
Toyota Central R&D Laboratories, Inc.

Organosilica materials prepared by hydrolysis and polycondensation of bridged organosilane precursors exhibit
various functions depending on the characteristics of organic groups that are covalently fixed at high density in
the framework. In particular, nanoporous organosilicas are promising for developing new applications by utilizing
not only the physical and chemical properties of the organosilica framework, but also the interaction with guest
molecules incorporated into the porous structure. As a novel application of nanoporous organosilica materials, we
have recently found their significant behavior as an analytical substrate for laser desorption/ionization mass spec-
trometry (LDI-MS). Generation of molecular ions can be achieved simply by UV laser irradiation of analytes
supported on UV-absorbing nanoporous organosilica substrates; therefore, it is expected to establish an analysis
method that is simpler than the matrix-assisted LDI (MALDI) method generally used for mass spectrometry, and
that can avoid matrix-derived undesired events. This paper introduces the synthesis of nanoporous organosilica
thin films and fine particles by applying unique approaches such as nanoimprinting and transesterification, and
the results of LDI-MS measurements using the nanostructured substrates, and describes the characteristics of or-

ganosilicas as the LDI-assisting substrate.
Key words: organosilica, nanostructure, nanoimprinting, laser desorption/ionization, mass spectrometry

Copyright © 2022 Japan Zeolite Association All Rights Reserved.
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Fig. 1. (a) Diffuse reflectance of THAP/HM20 (e) and
solid-state THAP. UV-vis absorption spectrum of
THAP in acetonitrile is shown by a broken line for
comparison. (b) Diffuse reflectance spectrum of
THAP/HM20 (ne) .
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Fig. 2. (a) Mass spectrum of the model peptide, SubP, us-
ing THAP (without zeolite). (b) Mass spectrum of
SubP using THAP/HM20(e). (c) Mass spectrum
of SubP using THAP/HM20 (ne) .
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Fig. 5. Mass spectra of urine from a subject who took
300 mg of AAP four hours before, measured with (a)
CHCA (only), (b) CHCA/HM20 without any pre-
treatment. Mass spectra of urine from a subject who
took methamphetamine (MA) measured with
CHCA/HM20.
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Fig. 6. (a) Regression line for the plot of the peak intensi-
ty ratio vs. the amount ratio of non-labeled AAP to
D4-AAP. (b) Mass spectrum of urine containing
D4-AAP as the internal standard.
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Table 1. Measurements of AAP in urine
sample  estimated value inter overall
spot no. (mg/g) average SD RSD (%) average SD RSD (%)
#1 5.23
#2 5.60 5.45 0.16 29
#3 5.53
#4 5.35
#5 5.14 5.19 0.12 2.2 5.29 0.19 3.6
#6 5.08
#1 5.45
#8 5.20 5.23 0.17 32
#9 5.04
0.2 (a) fingerprint / CHCA (only) 0.2 (c) fingerprint / CHCA (only)
0 Ay -~ o~ POV [0 et g e
0.4 (b) fingerprint / CHCA/HM20 0.4 (d) fingerprint/ CHCA/HM20
[AAP+HT*
0.2 0.2 [Eth+H]*
; 0 0 ,-A_/\_«A_/\AAJ\-'-A-/
\‘5 T T T T T ! T T T T
> 148 150 152 154 156 165 166 167 168
‘@
s 02 (e) fingerprint / CHCA (only) 029 (g) fingerprint / CHCA (only)
£
0 = M A AAA it ()] M S e V ]
) ) (h) fingerprint \
0.4 () fingerprint / CHCA/HM20 0.4 / CHCA/HM20 (GAAPHH]*
[Caf+H]*
N L/\/\/\\’\J\«\/
O—
T T I T T T T T
193 194 195 196 197 324 326 328 330 332
Fig. 7. Mass spectra of fingerprint taken 4 h after ingesting AAP table in the mass region related to the ingredients in AAP tab-

let and AAP metabolite.
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& CHCA/HM20 % #:4ii LRIk 2 i S &7:1%, T+t
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Fig. 8. Optical micrographs of (a) unprocessed fingerprint, (b) fingerprint with activated carbon powder, and (c) fingerprint
with CHCA/HM?20. Images of fingerprint after laser irradiation for (d) 30's, (e) 1 min, and (f) 5 min.
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Application of Zeolite to Laser Desorption lonization
Mass Spectrometry
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Matrix-assisted laser desorption ionization mass spectrometry (MALDI MS) is a soft ionization method used
to determine the molecular weight of an analyte. MALDI MS enables us to detect nonvolatile compounds, such
biopolymer as proteins and peptides, which are difficult to detect by other ionization methods. Some organic ac-
ids such as a-cyano-4-hydroxycinnamic acid (CHCA), sinapinic acid (SA), 2,5-dihydroxybenzoic acid

(DHBA), and 2,4,6-trihydroxyacetophenone (THAP) are often used as the matrix. However, these organic ma-
trices dissociate during the desorption/ionization process, thereby limiting the application of MALDI MS to low
molecular weight compounds. In addition, the peak intensity of a protonated analyte is sometimes suppressed by
an alkali metal ion adducted species. In order to overcome those drawbacks, we have proposed various tech-
niques so far. Especially, we found that zeolites work very effectively on the above problems. In this commentary,
we explained how zeolite is effective for laser desorption/ionization mass spectrometry; they enhanced the peak
intensity of protonated analyte and suppressed alkaline cation addition peaks. It was also found that analyte can
be ionized by adducting alkali metal cations existing on the zeolite surface. Quantitative analysis of drugs and
metabolites contained in urine and detecting drugs contained in fingerprints were also presented.

Key words: zeolite, matrix-assisted laser desorption/ionization, mass spectrometry, drugs, quantitative analysis
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Oriented Growth of Metal Organic Frameworks on
Inorganic Surfaces Toward Functional Devices
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Metal-organic frameworks (MOFs), also called porous coordination polymers (PCPs), are crystalline micro-

porous materials assembled from metal-based nodes and organic linkers via coordination bonds. Because the size

and shape of the micropores and the chemical and physical properties are designable, research interest has been

focused on the creation of novel electronic, optical, and magnetic properties toward next-generation devices. In

order to realize MOF-based devices, the fabrication of MOF thin films with out-of-plane and in-plane orientation

over a large centimeter-scale area remains a challenge. In this review, our recent progress on the fabrication meth-

od of oriented MOF thin films using metal hydroxide as a scaffold, and their unique optical and electronic proper-

ties are reviewed.

Key words: metal organic frameworks, epitaxial growth, metal hydroxide, oriented film
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