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Thesis Summary (approx.2000 Japanese Characters )

AF3CiL TLocal Behavior of Organic and Biological Molecules at Solid Surfaces Investigated by Vibrational and
Nanomechanical Spectroscopy| &L, MEREIZIIT 2 A - A0 1 ORITRAE 28 2 IREh /7 ekl L O
I NFREZ AT REZATY, TORREELHEDTHY, KFETHREINTND

Chapter 1 General Introduction. ARFCiX, IRENLIEE T 7 REOME L LOHEK - £S5 FHIEICBIT S
IS, RSOGO NW TR L TN D,

Chapter 2 Principles and Theory of Vibrational and Nanomechanical Spectroscopy. A& CiX, A5 THW LT
WS HEFEDHGICOWTENTW S, IREEEE LTE, 7~ 2RoOMHE L OREER T ~ 8Ly
Stk (SERS), Jouithsh 7 ~ il ek (TERS) DR A B = X A L Citik L T\ 5. £72 TERS TiE, A
IR B W TR 2 BB IS DWW T B ER LT D, 7 J1780E T, IR+ (AFM) ZFIH L
7o 7 JIFRE DR EIZ DWW TR TN 5.

Chapter 3 Optical Setup and Technical Aspects for Vibrational and Nanomechanical Spectroscopy. A% TiX, A
TS L7 ROMIE T BT 2 HAIRRI 22 SIC DWW TRER L T 5. IREVOLIE L L CiE, BZEAEIEEZFIH
U724 RS O BRSO BEEH el & BRI TR R RIE Y 7 XE 4 u%’% T 272D DRIERAS L —F—D
WYt S AN DWW T, FEREIR 72575 (FDTD) X° Mathematica & W73t IC L > CT/RLTCWA. F£72, TERS TH
WERAEEMmEEL LI L —— 2Ky hOFLIZ bt‘ét?f)@, I::!:/ ATF—=V A%y F—ltuy A
YT T EMBPEDEIRFET TA AL MTOVTHRBRL TN,

Chapter 4 Surface-Enhanced Raman Spectroscopy: Adsorption State Analysis of Thiol and Isocyanide Derivatives on
Gold Surfaces. AXF T3, 1-pentyl isocyanide (PIC) & benzyl isocyanide (BIC) D4 FEARF M 2% 2 Wk A5 IRTE & I
e & A CHLRAEH Y 71 (SAM) Z(ERLL C, FHRMLEEDLIE (TDS) & SERS Z A L THIRE - fiftr 217 -
TW5%. TDS OfESD 6, isocyanide 1T FEAR ECTHFINE & 2 T O(LFWAEIRIE (atop 35 X O adatom W) %
L% Z & L, SERS DFfERMN D, 2 D HOLFWAEIRRE (adatom Weig) (ZHMRDIMEIZ L > TED ﬁﬁéiﬁ%ﬁ%ﬁ% Iz
BELIEMRTHLZERWLMNE R od. F b ORRIE, BN R (DFT) 3HHEIC X > THEAMT
bz, EHIZ, TDS & SERS & W KBROMR 2 b & 12, MMEZITVRD D SAM %1’@%#5 Z&T, BVLEN
DrEV adatom WAED KN D785 SAM AT 25 Z LICH I L TV D

Chapter 5 Tip—Enhanced Raman Spectroscopy: Development of a Light-transmittable Ultrasmooth Gold Substrate.
AT, FHERHROX v v 7% — N TERS 3 & T A e 2 S P o O PR e SRR IOV THIE - ffAT
ZTo TV L. BHITS v ~=7 L% | nm &4 10 nm & T ZAIEROMICEZERAE T 5 2 & TIER U2, 20T
AREFBME (SEM) 2 W TRE DTN T 4 v ¥ —iH i 217\, BEELEFEELS etk & WO EEIC K-> T
JEEER) 22 A2 T~ 2. ¥ v v 7 — N TERS JE TIX, PREMES & SIERER M ICAFET 2F A7 =/ — N4+
16D TERS ¥ 7 /L2 BRANICHUS T2 Z L ITRE LTV D

Chapter 6 Nanomechanical Spectroscopy: Quantitative Evaluation of Peptide-Material Interactions. A% CiX, #8}
BT TR (&fG_TF R (GBP)) &k~ 72 MEREE R (Au SiO,, TiO,, ALOy) & DAHAANEM Z T/ J17%
BE & H R R ffT FiE 2 v 5 2 & TEEMI ’ﬁﬂﬁ?\:ﬁb\, TR A T = X LOFREAT> TN D, AR
Hﬁ%&ﬁ@]é’]ﬁ Pt (DFS) &Rl L7BRORFIL, 1| o FIEETT 5 BER W20, IRENLAEMT 25
T OB A RECT 2 HENRVZ ERHEREZ | FIREROED1D, iNES THLZ ENETFT LD,

Chapter 7 Summary and Outlook. A TIIARFGH L Z TG L, FHRMRIFRDOBEICONWTIHERTND.

i« FSCERIT, FI3C 2000 F & 3830 300 35 % 1 HRTOHT 52, & L <ITFEIL 800 #5% 1R L T 7280,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

R RSUERE, RLKRV—FURTN (T2R)ICTAUH— Ry MARSNET O T, AR FEERFIH O TERL TTES0,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).
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Thesis Summary (approx.300 English Words )

This thesis deals with the analyses of organic and biological molecules at solid surfaces by vibrational
and nanomechanical spectroscopy.

In Chapter 1, an overview of vibrational spectroscopy and nanomechanical spectroscopy was
presented. Advantages and applications of each spectroscopic technique were discussed.

In Chapter 2, Raman spectroscopy concepts, from the basic principles of Raman effect to
surface-enhanced Raman spectroscopy (SERS) and tip-enhanced Raman spectroscopy (TERS), are
described theoretically. Finally, nanomechanical spectroscopy that provides different information
compared with vibrational spectroscopy using surface probe microscopy in TERS setup is introduced.

In Chapter 3, experimental aspects of vibrational spectroscopy and nanomechanical spectroscopy are
described. Technical details of the optical setup, fabrication of TERS probes and molecular
functionalization of AFM probes for nanomechanical spectroscopy are presented.

In Chapter 4, the adsorption states and the desorption process of 1-pentyl isocyanide (PIC) and benzyl
isocyanide (BIC) molecules on single crystal Au(111) and rough polycrystalline Au substrates were
studied via thermal desorption spectroscopy, and SERS. The PIC and BIC SAMs that were prepared
via heating formed a strong covalent bond with the Au substrate’s adatom site.

Chapter 5 is the investigation of an ultrasmooth Au film for gap-mode TERS. A mechanically stable,
light-transmittable and ultrasmooth Au substrate for gap-mode TERS spectroscopy was fabricated by
introducing a germanium wetting layer.

Chapter 6 is the investigation of peptide-material interactions by a force mapping method. The affinity
between a gold binding peptide (GBP) and various oxide materials with several probes each
presenting a different number of molecules on the probe apex through statistical analysis of the
adhesion force and probability based on AFM measurements conducted at varying probe-surface
contact times are discussed. The standardization afforded by our approach can lead to more accurate
and robust measurement of the binding affinity of peptides and other biomacromolecules to solid
supports.

Chapter 7 summarizes this PhD thesis and concludes with future perspectives. In this thesis, the
platform for TERS and nanomechanical spectroscopy has been established through the development
an optical setup and a ultrasmooth light-transmittable Au film.
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