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T~ VNS T OREERREL R, AHEAER 7R E DI R SERE 52 BB AR E S B CHER A E A
RizLTna, LonL, MHEENMELS, @A TE 25ECHERBIRENTH D, TV rmiamE T s FiEE LT
RAEWEIR T ~ L BEL (SERS) A HAL TN B, SERS 1Z&BOEE 7T XTI (SPR) ICE 2EHREFATH LTI~ 1E
F& 10-102 f5HR T X 5, SERS FHNCIZSRBERHOM I O8RE T /BT OBRENLETH 5, ThE TICEEICHIE S
TeFERSOT /BT DMER STV D2, A CHRBREER © OR 2\, £, &JEK i M O HEE R S124kAF L CEH-EIEIC SERS
TENEIT L7720, EEBEMENE W IFERDH D, 2N S OB S SERS OILAMEIK . ARARERAFIIR ST
e

AHFFE L C i 72 SERS Ml Z4T 5 Fyk & LT, WEICHER Lis, O, 7 o — 0 7n EEUEERTER O KRR % 5
FE 2 EWBEIOKAE D O HEBR Sav, ORISR SRR (FCS) & U T S5, BRI L 0 J / Rit-% FCS IZiME LB %
{292 & ¢, MBI SERS (2 L7 RILAMED HE 2 &5 2, (1) SIS £ B8R/ K1 (AgNP) D BRI & &2 7 SERS &t
HERAT, TOMR, BHEIZ XD SERS OB Z L L, 7~r O E2@mERELTE D2 ERbhotz, —F, i
ITREEO— > ThH D ERMEDIR S 2WETE RN -T2, T T, NEBIEAEZFIH L7 (2) #ikE SERS IC X AR DO L o7
A b U —=X°(3) SERS FREE/ AT DOFFHIEMNT 24T o 72, ZAUT KV | EEAYZe SERS FHIAAIEETH L Z & AR LTz, 2D X I,
SERS O#EZ R Lz7od, ZHETT v il CTE 20> G AR R OMA N AIREIC e o 72, ZoflE LT,
K7 7a—F% W@ v~ h7T 70— (ILC) Ot (5) REAJE T/ K7 OMEEMICEHT 2 Z LI Lz,

W) 7V ABNANLF Uy b Z2BHIH O CERE(LFRBLO A A 1T - 12, RS SERS A2 MVITHER T& 22ho
e, WHEIC K0 7 o FFVBENS DT, PR RERI AN 2 7o & & SR SERS SREEIX FCS PN D AgNP JiREE DN ER
RERIREASED L IR E e 0Tz, ZNEDFRND, HMEEASIRFER 4 N 2 3B 2 3RS 972 2 & T, SERS (T3 2%k
FREEZEBITE D2 EBHLNTR ST,

(2) DNA IZFAYGEEL 4 FREEA FIRFFHAIL . TN O AR LCRIA L LY A A N Y —%&1To 72, SERS JEDFE%}
ARSI 50 %X LA bH Y, FHBICRESEB LE, LaL, A7 MADEEE, T3 0 2NmEgE s B LT
fito> 3 FEFHDIFHNZ DN THAIXFIREE A R D72 fE R, FXHEMERZEE 10-20 %RREEICIHA LTz, Lo T, SERS OOFHXFHRHEE 4 HY
% & CSERS ITfE D MERB A WFHETE D Z ENRBE N, HEROHTR, 2 CORMERICBEL T, FI U2 s L
7o KA B L FR SRR 1 BAT 2 B AN S T, LD L A, MENEBEEYE A FIHT L4 A R —Ic kv,
SERS SR O ETIM: ok L, @k SERS O EBMFIHNTRETH D Z L 2R LTz,

(3) SERS D5 53R EE /347 (SID) Z M atight L, TREZB O REFimMIZET % RS 5 Z L CSERS ([T L 2 E R AT 7,
SERS 1T FHAEICZEE) L7228, SID 1R3BSR CRARATET T AT LD 7 4 v T 4 V7 LIRER, Tonfi L £<
—HTHHBRNE BN, TOEE, T4 T 4 I Ko TELNHEMIEIE B AR OB LAHE N H Y . OB %
FIAT 2% Z & TSERS #ERNICFIATE 5 Z EdbinoTz,

(4) WkE SERS % TLC ORI WS 2 & T, FEL o / 8k & fE e SR - BREMIT 21T > 7o, MEDITOHEEDOE 4
TEE D BIKIZ ST, TLC IZ & BIRA B4 HE & Bk SERS 12 X DM 21T o 7, REBUEEHIIZ AR MADNHERTE 20
S T2 IR EEIR O BB C b WG L 0 ARG R AT O DIZ+53 7298 D SERS A7 MM BTz, #Gfs SERS (2 £ Y 100 nM
FEIEORIMMFRETH Y | BHEIC LY TLC LR O M FIRER I % 1000 (FFEEE M EC& iz, FERk~DISHEl & LT,
4 SOEBEREA RO G BN AR FEZ WA L=, Bl U=t 2 HoRlVERM N GET 256 ThH, B & A
ETE T, £, KISZMEMYT L, KIS TR Z E&MICRETE 2 Z L8RS,

(5) WUkk SERS % AN AGNP OSAEAEATIZE T L7-, AMEMID AgNP 1K DGR L Z E Lo 12, ALI T REY I
VIHREIREEMT D 2 & CHESRE RO Vb ot SO SERS FHINC LV . Z OBLEZ RO EIFITRL T O/NE
DIKFFARCAFNVELEL FCS HOKE DHAEINRIZH D EAHLMNI R T,

% WU R, 32000 528 5630 300 §E 4 13T DT 500, b LIS 800 554 1 #fifkH LT EE 0,
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Raman spectroscopy is a powerful method to characterize molecules in various media. Although
surface—enhanced Raman scattering (SERS) is often employed to compensate for the intrinsically poor
sensitivity of Raman spectroscopy, there remain serious tasks, such as simple preparations of SERS
substrates, sensitivity control, and reproducible measurements.

The primary objective of this thesis is to propose a novel approach to address the challenges
hindering the extensive application of SERS. To this end, the author developed freeze SERS (FSERS)
which leverages freeze concentration to facilitate simple and sensitive SERS measurements. Freezing
induced the enrichment of analytes in the FCS and facilitated the aggregation of silver nanoparticles
(AgNPs). This allowed for sensitive SERS measurements in a simple and efficient way. However, FSERS
showed stochastic behavior, and the reproducibility of intensity was not dramatically improved by
freezing. To address the low reproducibility, the author explored a method for reliable FSERS
measurements using ratiometry of multi-target solutes, which acted as mutual internal standard.
Reliable quantification was feasible by measuring multiple analytes and taking intensity ratios
based on deconvolution of spectra obtained with mixtures of four DNA bases. Quantification using
FSERS was also explored from a statistical perspective. The origin of SERS signal fluctuation is
characterized by statistical analysis, which provides an analytical basis for quantification.

The secondary objective 1is to demonstrate the applicability of FSERS in the case where
conventional SERS had difficulty. One potential application of FSERS is its use in measurements on
thin-layer chromatography plates. This has been studied from various perspectives, including
experimental design, pesticide detection, quantification, and the monitoring of chemical synthesis.
FSERS has also been applied to the evaluation of unusual phenomena caused by freezing. The behavior
of antifreezing AgNPs under freezing conditions has been studied
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