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To5o0FEMLERINTND,

F1E [Fim T, vIDICERREICB T BKkOZE) & B EHEEE & OBIMR &tk L7z, fEV T, W&
B72 PESR DR A - SR W FIEZ 20T, T ORI E JIE S 2 iEofis, £ L CEIRM O/ EIc 20T
INETHOLNI R -T2 L2k, 512, BEFFIEOECHIR 2B~ K70 B %Ll Lz,

%2 % ARV IEE ZEEBARY MADRERE L7285 LW R SRR ES > IEO% ) ©
1%, ARWFFECRA%E L /Z IHEERIE ATR-IR & 228 AT MVSIRZ A DB LA SR f RS 25 eiE
DUV TEEIZ R L7z, TEROIREN 3 JEiE Tk, BRI T 250 7 K51 & FUEK Sy 700 OH HifEhR
AL MR ERSTLEY, REKSFOL 7T AETEHETD 2 L3 RA[EETH-T-, AFZETIHZ
OFEICKHLT 572, BB B L BRI EEZMAE T2 2 & CRIIKE S 2T 2 HEilF 2% Lz, #1o
(2, PERDEPIBRITRN G LT H DR BT TRV FEATRIREIZ RS W T, AR EKF T 257V XA
& B & O FEEEA T DB A R L 7o, BEBERIEE OMER CHEE O RANRIN AR M ERETHZ &
T, NI KERS L REKEEDEEEZEESET-ANT Mty h2EIE LT, TD%, FDOAT bt
v MZXF L TEEEANT MASREMCR)ZITH 2 & T, 7L 7 K EFRTAKD OH HfEIREI A~V ML E25ES
2B L7=, MCR EIE, {LZEAIRENCE SN TR MASGRELT ) TETH Y | AFFEICE WV THIkERf
BREEDFENZESNT ALY FASIREITH, LI > TAFEL, BEEREICBIT D0 23R8 L 13823
HAKRBHEAEZ LOREAD FETERE TE DREBERS, &DHIT, A7 MSRTHELNIZ/ V7 & RE
DESTa 7 7 A NNnb, REEROES 285 Z ERNARETHD, AFREEZAND LT, BERmo
DT OEENE | I OBED D EMER D EBANC O T 5 Z L N FREE 2o T,

%3 ' [KFEET A KO R EEOMIT) Tk, AFEEZHWTHE~ O T VREE KO Rz 555t
L7z BT NVAMEIE LTESBEHAENTWARY D AF Ly a4 (PDMS). B LUH SR LE Y I
(SAMs) & KD JLHE % 38T L7 F Tl fER 0 S SRAIREN 43 61k THE S T 2 KSER AIRIE(JILL OH
FoR0 4 BNIAETE 72 )2 b oKD T OFEEZHER L, AFIEOFEBEIIEZ MR Lz, S BIC, ERTIETIE
B CERDS T REEROE SN S0 E otz BT VM ENO—> T % [ 3(Quartz) & 7k O R & 4347
L 7= fEJ T, Quartz F i OB FENNEININT DI ON CTREKDKE/E SR Y b T —7 BEFE L, ik
DESHEINT S Z ERERENTZ, R ZAF L (PS)EAKDREE O LIZERTIE, 77 A~0HIC X -
TPSEMEHE L2 & T, Ak L7cilERES 77 & KO intermixing 258 Z 0 | FmK OB B S iz,

95 4 ' TENHIE ATR-IR & 2288 ART MVGIRERVE LTz A K L OKFEEOMFNT) Tix, ek
O HETITIERRETH -7, ZEO/IVT KEETe A RN OKFIKEZBIRIIZHIE T 555615
EHFE L. TOFMERLR Lz, N Fa XV EEns 2 L7 KEMLETZ E TEDREEEZRD S LT
JIHIH ATR-IR 2B L, A KaF oKk E V7 KOEEFEENRRR D AT Mty MEIRG LT,
ZD%, BERALT NVSIRELITH 2 LT, MR KFIAKARY b ERGG LTz, AFEE AW TERE#K
MEnFEEE L2 F NV OKFIREE 2458 LT-#5 5. PNVP X° PMPC ZE AT 5 2 & TRFKDHINS % 720
T, BOTEOMBEERZ L2V KIAKEERK)EZZLS G2 ERH LN 72, ¥5IZ PMPC Z LA
LIS ATIRFOZ(LITEE TH Y . BO FEHEICB T KD FRIOKEESF v bV —27 ZES 20O EE N
FIDORENEBHEICFE L TWDH EEZXBND, N Fa X LOFEREMEEE LHAICB 0 Th K
OELBHEB S NIz, vV a—vaFRME LA FaF Tk, AKRKFTOABRKOEEMENZ EBH G
Ml ote, VU a—rFaAg FaZ uidBEtEoK S8 s SN THH0, SH%OMEBRICBENT, |
HK%E % < GRBAKMER Y ~—PMPC )2 HMUNCE ST 25 2 & T, MBEOR LXK TE 5 2 LR S
iz,

Fo5E RELABORERE] Tk, AELRSCOMSERREZRIET 5 & &b, REID G L R 2/
G LEARFEOSH O BRI OV Rk Lz,
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In this PhD study, I developed a novel interface-sensitive vibrational spectroscopy by combining linear spectroscopy and
informatics.

The behavior of water at solid-liquid interfaces plays an important role in determining the properties and
functions of solid materials and has been extensively studied using various analytical techniques. However, a significant
challenge in vibrational spectroscopy lies in the overlap between the spectra of OH stretching modes of bulk water and
interfacial water. To address this issue, I applied multivariate curve resolution (MCR) method to separate the spectral signals.
The set of spectra required for this spectral deconvolution was obtained by Gap-controlled ATR-IR, which was developed
to precisely control the distance between a sample and a prism. From the signal profiles of the bulk and interface obtained
through MCR, the thickness of the interfacial water was calculated. This method enables both qualitative and quantitative
analysis of water at solid-liquid interfaces from a spectroscopic perspective.

Using this approach, the interfaces between several model materials and water were analyzed. From the
measurements of the PDMS- and SAMs-water interfaces, the interface selectivity of this method was confirmed by
comparing with the previous findings obtained by conventional techniques. Furthermore, the thicknesses of the interfacial
water were determined for the first time. Analysis of the quartz-water interface revealed that an increase in surface charge
density leads to more structured and thicker interfacial water. Analysis of the polystyrene (PS)-water interface demonstrated
that plasma treatment of the PS surface induces intermixing of dangling polymer chains with water, leading to increased
hydration water.

Finally, another new method was developed to analyze the hydration structures of hydrogels. The combination
of Pressure-controlled ATR-IR and MCR method enabled the selective measurement of hydration water of hydrogels which
contain a large amount of bulk water. This technique revealed that incorporating polymers with a large amount of hydration
water and the ability to preserve the hydrogen bonding network of water near the polymers into hydrogels enhances their
lubricity.




