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KROKITF 2 DAETEDOT TR L FERWED—DOTHHIZE b 5T, FOMWEICITARMH
RERIZN, L0 biF, KO OMINIIEER ST T RENE. BERFEDFIC
BOWTHIEH SN TWD, O & QKB A T 5 &0 MBS ZOKAE S & E D G
S N 7= 2 AH (Freeze Concentrated Solution; FCS)3 4 U %, FCSI3oKE LD B 2 RICHERR S, Ko
HfEmE 07 LA Ny o2 —(GB)IZAFET b, FCS., T 7 H GB NOIRFHZEM O AFFFILIR
FEWZ X > TRZETH Y, ST < OIRE TIX FCS DIEN UM~ E nm 4 — ¥ —|272 5, 2D
L9 2N ZERNIC P LiA Bz FCS Tl 7SV TR BN WIS BYERNFET 2 Z &0
ZHFEIN TS, LL FCSOPERHLNCENTW NI EHHD, TOAH=XLD
EBITHEA TRV, ZD—HTFCS &4 7 74 VIRHEIESS a~ N7 T 7 4 —72 EO ML~
FIHT 2 Z EbMatan &, FCSEZHWTINE ClZhWnBfl&Z AT 2% Z & T, FCS
DT RMEZ R ESELZ LN TE D, ZNHLDOREEE X T, AW Tl 1)FCS % /1
Wt A RF 2 —F T VIR ERIKE S BEG ORI & B DY A X3 BEOES Ok GB EAUKE))
2)K GB TBARIKEN D A=A BIH E ~ D I & ONF TFEIC K DK & DAL BRI A/ER ORI, 3)7k
IFCS S I 1T 5KDE — X AL, 4KICPH E 472 FCS OREERAE & 2 OV A ZARAFME DO FEt
i1 o7,

KT VAL NG Z ) —EXIKENEDOMEN. A7 0 —ARR7 ) & r—/Lie & OKEIKZ B S &
HE, TR0 GB R EHND, GBIXIREIZL > TEORELEIIEDLZ ENAHETH D,
TDOGBEYAZF AL LTHV, A X Fa—F T AR OEREZBF L, KX
SORLDLYEE GBIZEAL, BXRIKEITEIN LN LT ¥ X VIEERD T & RERL
FREIEANT U HF Y —BEFICL ST R T vy T ENDD, /NS OVRLFITRER N DR EZ T H &
RKENTDHZENTED, ZOX I LTHA XADBENAlE L 725, 75 mM A 7 11— AKIFIR
EHRAESEH L, I 1 um FREO GB A CX 2 2 L A EOLBEMEE CHR L7, 2o GB HIC
ER3um, 1um, 0.5um OKRY AF L ki Z2FEAL, -2.0C~12.0°COIRE CEKIKE X &
7o TORER, IREHIC X o THRENVT DR OFEOE N R 2 Z L3R &7, Zhid, GB
DY A XF 2 —F TN E U THBIET D22 L2 RL TS, /2, KITLA v Ry Y
— BB RUKENE 2 A DNA D4 BES, K & R AL BEORICE < AR ZFHE+ 2 77
v N 74 —ALLTCHEDITHLZ EERLT,

KOE—ZEARE FCS THEZ 2FFRA PG DR & U CHE OBFEIRME 21T Tid7

<\ IKIFCS St ~DWE W AECKBEE OMIERIERNZE T b b, WEOFHRENRELZZ 5 L
T, KORMENMIT—OOEEREHRL72SH, L, IRNETICHESN-FETEILELE




KAFREEED HTZENTETELT, BEEOEWIIEIX Th TRy, 2T, ZEL
72KIFCS R COXKDEB—H BN EZWET H HEEZEZER LT, Thbb, L7 KFlZ~vA 7
F v FIVEF LEOF ZKENT 5 7 0 — TR OUKEEE N S, KOE —Z BALOWIE & et
L7z KOB—FEMPNADHEZRLIEZ ED, KREIFAIZHEEL WAL Z ERbND, F
72 pH O LEFIZHE S B — X BALOBEKIT, KEMEIZEK T D OH X2 7 ) > 7Ry ROKED R

L, KEHEIZONBELTWLZ EZRBLTWD, £z, HIREN LA 25 &8 — X2 ENOMHED
Il SN HsEmA R o, 202 &%, BEREBOIGHEIZT TR EA A4 v DKEm~DW
BFEONBEBNTND Z ERNbhotz,

I ENT FCS OfhthER L Z DA KEAFHE T/ « v A 7 n ZZM IR mEA K& < 72
0. WELREEDOHEMERANKELS 25200, WRIT/NVZ SI3BR e 5WE 2R3 2 &N
WS TWD, RO EFIZZEDO—D2Th D, 2D, INFFRMENR B 1LD FCS DRk
X, KTHENTZT / » v A 7 a ZEF OB ORI AR TRIRIC R D B 272, LrL, FCS
TIOKNIEICAFTET D720, AR LU CEEIET 2 Z LN TE R, £ 2T, HFERMHIZ
N—="LTeVT =0 LAEEROIENROSEEORIE L, Mt R il Uz, £, #0tMBAStE
(FCor)IT & » THIE L7z # ot 7' v — 7 DYLHGHEE ) & FCS OREARIE L, #EROLEEZ1T-
Too BURERTD 7 U B — WREDME R DIE EMMERPRE S RDMEmN R b7, £72. FCor
IZEARFEIZBNT S OKTHENT FCS OAEMEREMNE UL Z FF2 /30 7 ORBFHFERIR LV b
REL DT EWbhrole, FEICEW TR FORBHEBICE 2 KkEZI LTWD, £07
B, S TR RO AA/ER TR | ﬁﬁﬁ%@wmimﬁm TV ZRRE R D HKST
BRIFTE>TnWb EBZ NS, TORER, Ko THENTZ~A 71 - F A XD FCS DFh
PEFRIT L 7R i@%k%<ﬁof“é&%%f%é Fio, RO LRI T~ s m R
— MY A XD FCS THROLNIZZ L0, K/FCS R DFE S N — IR ER R LY bR
EAANIPY Y oY/ Al
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At the temperature higher than the eutectic point of a system, a freeze concentrated
solution (FCS) coexists with ice in a frozen aqueous solution. Numerous interesting
phenomena occurring in the FCS have been reported so far. However, their mechanisms have
not been revealed because of unknown physicochemical natures of the FCS. On the other
hand, the FCS has been applied to the development of anaytical methods such as off-line
preconcentration and chromatography. This thesis provides the comprehensive understanding
of the nature of the FCS and ice/FCS interface, and shows possibility of the FCS as a novel
separation medium.

The primary aim of this thesis is to propose a new separation concept utilizing the
specific nature of the FCS. The author developed ice grain boundary e ectrophoresis, which
utilized the size-tunability of the FCS to size-selective separation of substances. The author
showed the size-selective identification of the particle mixtures of three different sizesin a
single FCS channel by adjusting temperatures, and that FCS channels have a high potential as
aplatform for the size separation and state-evaluation of bio-materials such as cells and DNA.

Another aim isto reveal physicochemical natures of the FCS and the ice/FCS interface.
Ice zeta potential was measured using an ice microchannel fabricated in a bulk ice. The ice
surface in contact with the FCS is negatively charged. The surface charges are generated by
the deprotonation of OH dangling bonds on the ice surface. The salt concentration
dependence of the ice zeta potential suggests us the adsorption of ions,

To discuss the interfacial effect on the physicochemical nature of the FCS, its viscosity
was measured by two different spectroscopic methods and its size dependence on the space
size is discussed. When the FCS volume decreases, its viscosity increases. Notably, the
viscosity enhancement is observed even when the FCS has a micrometer size. This suggests
that the fluctuation of the ice/FCS interface strongly affects the FCS nature.
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