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AwXit, EOT 74 b=y 7 eAWTEEBA T U0y AT 203 SEL, 6 EL VRSN TWA,

%1% s Tk, JRT-BIERERR 0 FE L RSB ISR A9 2 B IR O R HL - ILERALIZ B ALY
HrOBEZVEIZOW TR T2 & 12, BAFOSBEITECT 23 EZ R L C\b, 20 LT, F R L ntk
BT TNINBRDEST 7+ b=y Z iR EREEA A AR L TR EZELSE D ENTE L0,
Wi - fFERSEA A ITEICRVEDLZ L 2R GHTF 74+ b=y 7@ OVER, WM & 05 B AT IR O
S ZAT ) LW O ARBFEDERE HIAZ R L TV 5,

% 2 T [PolyNIPAAM)Z A &35 a7 « bt 2RO &R T, RY 2AF L PS)E 2T IC,
polyNIPAAM)NA R F V&Y 2 MZHoaT « Yo JhifaT~nPa T VA NVERETART S &4k,
polyNIPAAmM)= 7 = ¥ = /b ) J RLFOIRER T =4 MBI R OW TR L T D, ZORER. IRE AL
poly(NIPAAmM) 7 /L DILHEIZ K - T, B 7-481% 20 °C T390 nm 55 40 °C T280 nm £ THA L, 7T=F U FMck->T
BT HZEERE LTS, £72, 05M BT =4 L 2 ETKIERTICBT 527 « vz vF /2 ki+ o FIREERE
WIRE (LCST) 1. SCN (42 °C) > Br (35 °C) > NO; (34 °C) > Cl1 (30 °C) > CH3COO ™ (26 °C)DNEIZAKIBM -~ 7 kL.
IKOKEFEGDOMEDIETHDI R T~ A AF —RINHED Z L LML TN D,

% 3% 42 F v 7 Close-Packed H453 17 4 b= J a7 =438 T, polyNIPAAm)= 7 + > =)L
F ki E~A T afbF Ty S RICEBEE L ERERENE 7 4 b=y VRO L. EhE AW =405
WaEERLTWD, TZHERETCEEFOZET 80T 74+ b=y 7 /IR KE®EIKRT 5 L. polyNIPAAM)=2 7 - &
T IRFNBERCFE L. 74 b=y ZRERIIREICEIT A, BT A VIR ABIESEL L, T 240D
I CREIG U TRADOIIET D2 2 RE L TWD, IKEEREDR R, REKTIX7770m TH LN, A7~
A AL —FFNHE - T SCN (774 nm) > Br™ (758 nm) > NO3 ™ (760 nm) > C1™ (736 nm) > CH3COO (697 nm) DA K £ {7
YT NTEHZEEHLMTILTWD, HTIC BB BHARE TS 100~%% 10 nL, FUGKEITES TH D | o
WERT =4 IETHD T L EFEFEL TV D,

%4 % 42 F v 7 Non-Close-Packed H 074+ h=v /@7 4 Vo2 HWE=&BA A2y 7)) Tk, v
I IRAERYT 7 VAT ANOEDIFEREFRENE 74+ b=y Va7 4 VA (AAc 7 4 VL) Z{ERT 5
T, ENEAWEERAF BV VU EERBL TS, REAICKXVFRITZ VLT IR (poly(AA)) % E8{&
TOEOGF 74 b= IfEia 7 4V (AA 7 (V) BERLICHR, AA 7 1V 2% FTE IR NaOH ¥IRIC R ST
AA DT I REEMKGFTHZ LT, KV T 7 VN EEEHET D AAc 7 AV ANBIR IS5 2 LT LTS,
Fo. BEAA U (50 uM) B AAC T A VAICTH T LIZEZ A, BERT—28T2RI T2 UARBET VX /A
R(La*, Lu*) 2S8R ICENL T D 2 L2 L 0 FVREEN 2SRRI 5 720, KB e E O~ M ElX, Cs* (0 nm) < Sr?*
(50 nm) << La** (199 nm) < Lu** 203 nm)DNEIZ K& <5 Z &2 M L7z, SHIZ, 2D AAc 7 1 /L 1% 100 nM DR
RAZA L, & FRIT 10uM, SREHEITR/N400L THEZ ENnD, ERA Ao —L LTt Es A LT
HTEEHLMNTLE,

5% 5 T [Poly(NIPAAm) % FI|H U 7= MEFEFEM MK R 1L O B RS & 3FAl) ClE. poly(NIPAAm) DFHERFSBIL % FH
TKIREP PO ERET V% /A R(Ln) » 727 F ) A N(An) & i 089 2 TE O BIR & OHERE OFEMi 217 > T\ 5,
Ln (= La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu)}% (* An(= Am, Cm)% & Tei5ifl IR EHBE IR
poly(NIPAAm) & /K MAH A (N,N,N',N'-tetra-octyl-diglycol-amide (TODGA) X | 2-ethylhexyl diamide amine(ADAAM(EH))
N TR L7214, 40 °C I FE L C poly(NIPAAmFHERE 2 T S 5 Z LI L ¥ . Ln-TODGA X% Ln/An-ADAAM(EH)
SR 2 PN L7 polyNIPAAmM) 7 /L & L TCIEIRT 2 Z LT LT\ 5, [EIRET#ORKET O ER/A 4 IEE L
ICP-MS KO o #HlIEZEE THIE L. A2 RO TFER, 2T Lo (X133 100 %, Am X 65%. Cm iE 30%HhH 412
ZEERHBLTWS, £/, H LU BC-NMR fIlEIZ L Y . Ln-TODGA K U8 Ln-ADAAM(EH) D45 15313, Ln: TODGA
i ADAAM=1:n(n=1~3)DA A 5k L LT polyNIPAAm) 7 /VIRICEE SN D Z E 2B LML TN D,

o Eml Tk, FREICBOTHLNIERERIEL, ARXofme Lz,

P& v, KRSTIeBA 4 IR BN R ) ~— L C BT VR T L bR D ES T 7+ F= v 7 ik A Al
T2 3T, RY ~—F NV OMEBEBHRICELS S KRBERD b O&JEA 4 EESHHE L MAB DR D 2 & T, ik,
i, ARBEZEM 28 L OB A A BT AT AR BR%E Lz,

% FSCE B, 3L 2000 52 & 5630 300 §F 4 1 BT DT 500, b LIS 800 554 1 i LT 2E vy,
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For decommissioning of the Fukushima Daiichi Nuclear Power Station, the chemical analysis of
radioactive wastes are one of the crucial issue. Since the wastes have large quantities and wide variety of
chemical compositions, complicated and time-consuming chemical operations are required in general
analysis methods. To overcome such problems, novel rapid and simple analysis method is expected to be
established. In this study, I aimed to develop a micro chemical sensing device, in which photonic crystal
(PC) polymer having colorimetric and ion-recognition functions is integrated on a microchip. By means
of emulsion polymerization, poly(styrene) (PS) core / poly N-isopopylacrylamide (poly(NIPAAm)) shell
nanoparticles was synthesized. To evaluate effects of anions on physicochemical properties of the core /
shell nanoparticles, the lower critical solution temperature (LCST) of the core / shell nanoparticles in
solutions containing anion species was measured. As a result, the LCST was found to be shifted to lower
temperature in order of SCN™ (42 °C) > Br (35 °C) > NO3 (34 °C) > C1" (30 °C) > CH3COO (26 °C)
according to the Hofmeister series. A polydimethylsiloxane-based microchip was fabricated by using
semiconductor processing technology, and the self-assembling core / shell nanoparticles was enclosed into
the microchip. Visual sensing and reflected light measurement of various kinds of anions were
demonstrated on the PC polymer microchip. The results showed that clear color changes of the PC
polymer could be generated depending on Hofmeister series in solutions. Moreover, in order to realize
metal ion sensing, poly(acrylic acid: AA) PC polymer film was fabricated, because the AA moiety could
coordinate with metal ions. Visual sensing and reflected light measurement of various metal ions such as
alkaline, alkaline earth, lanthanides, actinides (UO>?" and Th*"), and etc. were also performed by using the
PC polymer film. For the case of actinides, we found that color of the PC polymer was shifted drastically
from pink to blue due to shrinkage of poly(AA) by forming complex with actinide ions. Furthermore,
phase transition phenomenon of poly(NIPAAm) with hydrophobic ligands was utilized as novel
actinides-lanthanides separation medium. The poly(NIPAAm) gelification-based extraction method made
it possible to extract directly target actinides and lanthanides from aqueous waste solutions by just
temperature-swing. Consequently, in this thesis, I developed a novel rapid, simple, and waste-free

analytical system on a PC polymer-enclosing microchip.
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