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ŭȆŘr3Local Behavior of Organic and Biological Molecules at Solid Surfaces Investigated by Vibrational and 
Nanomechanical Spectroscopy4mȷC, ŮřǨȴp9>cŨž�ƞµËĉTěŁðưŋÖfŌÖËÁƉ9`t�

�ÒČƏĐfƠSNƲƾfǦS, eTŀŵfZm]f^Tl5b, ǣǿlǵȓBdNSc. 

Chapter 1 General Introduction. ŭǀlr, ŌÖËÁƉm��ÒČƏĐTźǭ9`tŨž�ƞµËĉƏĐp9>c

ĹƠ, ŭȆŘTźƦpMSNǵȓCNSc. 

Chapter 2 Principles and Theory of Vibrational and Nanomechanical Spectroscopy. ŭǀlr, ŭƲƾlƠSadN

ScƏĐłƉTƝȆpMSNȓvNSc. ŌÖËÁƉmCNr, ���ÕŵTƝȆ9`tǨȴăİ���Ŗ§Ë

ÁƉ (SERS), Àǁăİ���Ŗ§ËÁƉ (TERS) Tăİ�o�|�pȪCNǵȓCNSc. Zf TERS lr, ŭ
Ʋƾp9SNƙĶƫoÁČȟǘpMSN^ǱȀCNSc. ��ÒČƏĐlr, ßĉȩÒȸĵȦ (AFM) fÍƠC

f��ÒČƏĐTßƝpMSNȓvNSc. 

Chapter 3 Optical Setup and Technical Aspects for Vibrational and Nanomechanical Spectroscopy. ŭǀlr, ŭƲ

ƾlŻǉCfÁČǌ_ƏĐpȪbcņǧƫoƒpMSNǵȓCNSc. ŌÖËÁƉmCNr, ƯƿǥưƉfÍƠ

CfȣĞŎȤT¶Ǭ_ŎȤÀǁmĀŲȩlÕŵƫpěû��|��ÅȿfǾȐbcf]TŦȚoÂė��x�T

¾ÁŚípMSN, ŢȩȶÿĢËƉ (FDTD) _ Mathematica fƠSfǳǆp`iNƵCNSc. Zf, TERS lȠ

ǭmocŎȤÀǁfȮÁCf��x�{���T¥ķpêedcf]T, �l~{��z{q���m��si

�h��fǑ[êedfÁČh�i���pMSN^ǵȓCNSc. 

Chapter 4 Surface-Enhanced Raman Spectroscopy: Adsorption State Analysis of Thiol and Isocyanide Derivatives on 
Gold Surfaces. ŭǀlr, 1-pentyl isocyanide (PIC) m benzyl isocyanide (BIC) TȣĀŲǨȴpĕbcðưƚľmǟ

ȰșƻfǡģǑǗØÜËĉǠ (SAM) f¶ǬCN, şƎǟȰËÁƉ (TDS) m SERS fÍƠCNƏĐ�ǱųfǦi

NSc. TDS TǓŵ:a, isocyanide rȣĀŲ¢lƘƝðưm 2 ƼȺTØČðưƚľɀatop 9`t adatom ðưɁf

mc@mm, SERS TǓŵ:a, 2 MƬTØČðưƚľɀadatom ðưɁrĀŲTÔƖp`iN`bĎĐoðưƚľp

ȜƺCfǓŵl5c@m;Ša:moif. Zf@daTǓŵr, ēĬƈȪŗƝȆ (DFT) ǳǆp`iN^ǫ®>

adf. Bap, TDS m SERS fƠSfđȽTƱǮf^mp, ÔƖfǦSo;a SAM f¶Ǭbc@ml, ƖĎĐĺ

TȾS adatom ðưT[:aoc SAM f¶Ǭbc@mp^ŀÓCNSc. 

Chapter 5 Tip-Enhanced Raman Spectroscopy: Development of a Light-transmittable Ultrasmooth Gold Substrate. 
ŭǀlr, ǝȴƕėþTr������ TERS Ǫǘl¸ƠçǞoÁȔșĺTȾSħýoȣĀŲpMSNƏĐ�Ǳų

fǦiNSc. ĀŲru���j�f 1 nm fȣ 10 nm mp�{ĀŲTȩpƯƿǥưbc@ml¶ǬCf. ĀŲr

ȏŶþȲĉȸĵȦ (SEM) fƠSNǨȴT���m�z�ǸºfǦS, ŤǰȡŖ§ËÁƉmðÁÁĬƉp`iN

ÁČƫoǸºfǦif. r������ TERSƏĐlr, ŎȤÀǁmȣĀŲǨȴȩpċûbc�n�k���Ëĉ

:aT TERS yt��fȝňƫpäĴbc@mpŀÓCNSc. 

Chapter 6 Nanomechanical Spectroscopy: Quantitative Evaluation of Peptide-Material Interactions. ŭǀlr, Ůř

ǼȈ����ɀȣǓê����ɀGBPɁɁmż2oƔžŮřǨȴɀAu, SiO2, TiO2, Al2O3ɁmTƭ«¶Ơf��ÒČ

ƏĐmȖĬȆƫoǱųłƉfƠSc@mlĐȢƫpǱųfǦS, ËĉǼȈ�o�|�TǱŠfǦiNSc. ŭǱ

ųłƉTÖƫÒËÁƉ (DFS) mƆȑCfȭTƙĶr, 1 ËĉƏĐfǦTĸǭ;oSf], ŎȤpØČ½ȻbcË

ĉTŗfŦȚØbcĸǭ;oS@m_ƏĐöŗf 1 ŷƻĬƍadcf], Ǳų;Ēšl5c@m;ŋ?adc. 

Chapter 7 Summary and Outlook. ŭǀlrŭȆŘfǕŉC, ĘŰƫoƲƾTĝũpMSNȓvNSc. 
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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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