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Porous organic thin films have attracted attention in recent years due to their gas adsorption
properties, which are useful for trapping contaminants and storing gases, as well as their expected
catalytic properties. Our objective is to establish characterization protocols for these materials. To
achieve this objective, we fabricate thin films and perform nanoscale structural characterization
using scanning probe microscopy (SPM)-based experimental techniques. In the first year, we
conducted the following four topics:

1)Nanoscale Analysis Using Tip-Enhanced Raman Spectroscopy: We obtained signals that would
not typically appear in conventional macroscopic Raman measurements, discovering a violation of
the so-called selection rule of vibrational spectroscopy. This is due to the localization of light at the
nanoscale. A paper on this topic has been submitted and is under review.

2)SPM Combined with Local Infrared Vibrational Spectroscopy to Characterize Metal-Organic
Framework Thin Films: Addressing technical challenges encountered previously, we have
successfully elucidated the structures of metal-organic framework thin films at the nanoscale and
obtained molecular vibrational signals. Apart from vibrations originating from ligand bonding
between organic molecules and metallic ions, we have also detected signals indicative of non-
bonded components, suggesting the presence of structural defects within the films. Nonetheless,
some questions remain, such as the inability to attribute certain vibrational peaks.

3)Observation of Cluster Formation through Self-Assembly of Functional Organic Molecules on a
Metal Substrate: While we anticipated thin film formation through molecular interactions, we
discovered a highly unusual phenomenon where chain-like clusters and clusters made of multiple
of three molecules were formed. We are currently conducting collaborative research to elucidate
the reasons behind this through theoretical simulations.

4)Fabrication and Structural Evaluation of Amorphous Covalent Organic Framework Thin Films:
Despite aiming for thin film fabrication, we observed particle-like structures. It is necessary to
reevaluate the fabrication method.

In conclusion, depending on the molecules and fabrication processes, unexpected structures
sometimes appear, but we are close to establishing the characterization of organic porous thin
films using SPM combined with local vibrational spectroscopy.

Notes




Genre

Research Paper

URL

https://koara.lib.keio.ac.jp/xoonips/modules/xoonips/detail.php?koara_id=2023000010-20230139

BREZAZZMERIRD MU (KOARA)CEBE N TLWAR OV TUY OERER. ThTIhOEEE, FLFLEFHRLRTECREL., TOERMGEHEEECELST
RBENTVET, BIACHLE> TR, BEFRELEZETLTIRAEZ L,

The copyrights of content available on the KeiO Associated Repository of Academic resources (KOARA) belong to the respective authors, academic societies, or
publishers/issuers, and these rights are protected by the Japanese Copyright Act. When quoting the content, please follow the Japanese copyright act.



http://www.tcpdf.org

2024%3H13H

20234 ZHREEBS (BEAME) momnssnss

B |EIxy B4 ERE 1,000/
WMERKRE B (5 A)
K4 EKEF K4 (FEB) [Tomoko K. Shimizu ;

HRRE (HAE
ZAMERERDOEE & RERED S / R — LN
HRERE (&:R)
Nanoscale characterization of structures and gas adsorption of porous orgamc thin films
MAKREBOHE

%%%ﬁ%ﬁﬁﬁx%WEiéﬁﬁﬁﬁé\%ﬁtLT@W%B%ﬁéné%ﬂﬁﬁ%%ﬁuﬁEEEéhé%ﬁ?
Hd, TOFRMAEOBILZEIE L., EEOFRS LUEETR 70— THEMEBESPM)AR—2 & LAEBREM ARV
et/ 27—V OS2 REL TW5, MEERUTO4IBEESEEL <,

NREHEBR STV DHICEL DT/ A—RNILRT =L 3 : BEDIIORT—ILII VDX TIIENDIZT DARWE
SHELN, WHRBIREDHDZBRAUNMESND I EZFHKR Lz, TNE T/ A—MNLRT—VIZKERESEE
Jﬁ%‘;*%%@fi)éo uHHY%?X*ﬂLEDqu:—CﬁJéo
2)SPM & BRI AHMREIDKIC L 2 £B-EREBEHREREDOBETE : FIFEX TOBMBREMRL., 7/ X—MLy
MRECER-AMBEREEOBEZMALMNILED AT, EEEZEBHT 20 FORMETE2ED I &ICHIIL 7,
B FEEBA TV OBRUBEZREKT 2RBOM. HENMEHEINTVWRWERIIHEIL2EKT IESHLE
5N, %Hiqﬂtbtiffﬁn_ﬂﬂ(ﬁb‘ﬁf?é ENRBEINE, LHL, BETEZLRWMREIE—I /RN R ERBRERK
Int,
B)VMEEMER I TOEBER L TOECHEBMILICL D VXY —FERDERE: 2 FRATOEEBEFERICEK UEBEI K
INBEFRLTUWED, HRPIDEFHOBODFNI ZRY—42FRTEEWVWIFEBICBLWRENSRR I,
REZOEAZERY I AL —YaVICKYBALONMIITARSHRARREZEREL TWDS,
AT ENT 7 AOHERBEMERBEREROFR E 2OBETM: SROFRZBE L OO FROBENER
RINIEDDH, ERAEZEZRAMNICERETVENBRALI A>T,
MET2E. MOPFPEEAEICIVFREBELRIBENTONDIIHELH DN, SPMEBATIREIZ % A
bt L WIHERMT = SAMERERICEIN T 5HEEILTONILEERX D,

2. MAKREEOHE (F:R)
Porous organic thin films have attracted attention in recent years due to their gas adsorption properties, which
are useful for trapping contaminants and storing gases, as well as their expected catalytic properties. Our
objective is to establish characterization protocols for these materials. To achieve this objective, we fabricate
thin films and perform nanoscale structural characterization using scanning probe microscopy (SPM)-based
experimental techniques. In the first year, we conducted the following four topics:
T1)Nanoscale Analysis Using Tip-Enhanced Raman Spectroscopy: We obtained signals that would not typically
appear in conventional macroscopic Raman measurements, discovering a violation of the so-called selection
rule of vibrational spectroscopy. This is due to the localization of light at the nanoscale. A paper on this topic
has been submitted and is under review.
2)SPM Combined with Local Infrared Vibrational Spectroscopy to Characterize Metal-Organic Framework Thin
Films: Addressing technical challenges encountered previously, we have successfully elucidated the structures
of metal-organic framework thin films at the nanoscale and obtained molecular vibrational signals. Apart from
vibrations originating from ligand bonding between organic molecules and metallic ions, we have also detected
signals indicative of non-bonded components, suggesting the presence of structural defects within the films.
Nonetheless, some questions remain, such as the inability to attribute certain vibrational peaks.
3)Observation of Cluster Formation through Self-Assembly of Functional Organic Molecules on a Metal
Substrate: While we anticipated thin film formation through molecular interactions, we discovered a highly|
unusual phenomenon where chain-like clusters and clusters made of multiple of three molecules were formed.
We are currently conducting collaborative research to elucidate the reasons behind this through theoretical
simulations.
4)Fabrication and Structural Evaluation of Amorphous Covalent Organic Framework Thin Films: Despite aiming
for thin film fabrication, we observed particle-like structures. It is necessary to reevaluate the fabrication
method.
In conclusion, depending on the molecules and fabrication processes, unexpected structures sometimes
appear, but we are close to establishing the characterization of organic porous thin films using SPM combined
with local vibrational spectroscopy.
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