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Various analytical methods, including chromatography, microreactor etc, have been developed with
ice and salt-doped ice as functional materials. = We can, for example, detect 1000 magnesium ions
confined in a liquid inclusion with a diameter of 1 um using salt-doped ice as a microreactor. This
strongly suggests that sensitive analyses are possible with salt-doped ice as a platform for microreaction.
These analytical studies have revealed that some reactions are remarkably facilitated in a liquid phase
coexistent with ice. In addition, X-ray absorption fine structural analyses have revealed the difference
in the hydration structure of ions between in bulk doped ice and on its surface.

AR ERE
(BEHAr 2 1)
[ERESEH RECTES ¢ & &t
2009 4 23, 000, 000 6, 900, 000 29, 900, 000
2010 4FHE 10, 700, 000 3, 210, 000 13,910, 000
2011 4F 3,900, 000 1, 170, 000 5, 070, 000
L
R
&t 37, 600, 000 11, 280, 000 48, 880, 000
WHIEs 8 - AT ks

RHFF Do - B - WAL
F—U— R K, WEDEE FHIL ~ 7w YT X AFRAR

1. WHIERIAR Y HI DT 5

KiTd b HER2E K D—ERETH D,
AR et b o TR Y . RESTHEND
MRS TND D, RIFFZLG D72 < Ten,
Tz ZAF, AKROBFHEFECARIRIE DR T

B EMFIEHNILZ VR, FEFEHEEE & e
Mpemba Zh5E Bk mAK L 0 BHRET 5
B%) Ok 9 pBEMIc B2 ABRET 54512
LB STV, KBS B L EIC o
WTIHHEMETE TWVWRNWZ ENEBITEL,



FERAIHFFER] D308 6D T 7au, AFZERERE S
X, KEEEHETETA A I/a< 777
4 BT L. Fx OWESSBEN AR T%é
T BT E AT, K EBIEEL O Rz
Té%,®W%®£ﬁ%m%ﬁmE®fé
DOHENARETH D &R LT, DD,
KEHNDDEETFEN, WENERCE EED
FTOKME G 2 Rk oM FE L LT
BFHhTHdZEEHLMI LT, EBIT, K
HICARMIN G END & BI)VFERC TR
REZR LA &2 & DIRFE N BT 5, Z OO
K& ERABB B EIRITH Y . &5
L2 N EFEMRAVIZEHNC D L7 BT 0,
TS DO EITEE A, ABFFETIIOK D RHEE )
M U7 3HR 2R 2 B3 5 L kT, £
%@LT%@%%T%M%%%%#% &
ZHE LT,

2. WO HBY

ARFFED BINILLFO@ 0 Th b,
(1) JKZHEREVEBR BT B & L ST 5
:&m;of Z DOWEH - (LR A R

L. B, oeitil7e E o2 ik %
JEBT 5,

(2) k%2 FHIIR R 2@ Kiz
B0 D Bl GO RE 2 L L, %@ Tt
BRAERIAT 5,

(3) ALFERMBLIC & EE TR, HET

KILF, =FVF— « RETRF, AP
L OB THEREINTVD KO FED
RN 5L, KOFM R 2 fedEd 5 & 3t
2. 2 ENSEOERICES TS

3. Wik

LT DFEE AW TIFRE 2 21T L=,
WDTAAIa~Y NTTT 4—

(2) FAh R E LS 2 WD R—7 Kk~
A7 077X

(3) X BRI LA A 1 (XAFS)

KR ISR ERAE E i~ vTF = £ T
FlE L7z, (1) & @) IXFEITHFIERERE O
FEIZBWT, Q) IFE R —IHeRT
TERSAR B YR M FE R T T - 72,

4. WFFERE
(1 741&m7b7774—

KRBT DTAAIa~w T T 74
— DI A LR ICENT 5,
OB« W il

Whhlxa F—7L7KBETEHEHWD L.
K FR M~ D E TN 2 T ILFHF ~ D 45l
DMRFFOHIEIK 1272 5, HAFHEAE~DZ
WX, TA AT a~ N7T7 4 —DFEBRSEMIC
xwfml# FHE S AR O IR FE
&L WE ORI X 0 EHEiFRETH D,
EJ/N ﬁ&ﬁ@%#ﬁméwtémﬁmm
%ﬁ%ﬁ—ﬁ?@é&ﬁ&#:&ﬁf%&

L7emoT, ZOWMENLTA A~ N7
77 4 —OREFE TRITTE %, NaCl,KC1 K—
TIKEEFICHTH, B Fax /ey
) = IVOREER T (T a b)) EZEOFE
il (i) OIBERFEZX 1 IZRT, Wi
NOWEIZHONWTHMEFIFRS —&LTE
V. FEARNC Z OBEE THREFO TR & HIE N
ARETH D, Lol m1@ﬁ HTHhD
-10. 6°CLLTFIZBWT b, HFE AT REF A
LU TEY, EEHEEE T LA LD
JE & AT ANE L L CHAET D Z &N
RN,

KClI HQ
6 RS

-15 -10 -5 0
temperature / °C

1 KCl, NaCl(40mM) R — 7K [&E EFH~
De Fr¥x /) HQYBLIOLY Ly ) —L
RSDLRFFHT 7 v 1) & 2 DFHRE G

@27 T v —TF )L O AR FAOE
OOHF ERFRICYZ 7T =T D0
THRAT L2 AR AR DIRERNES
7=, K212 NaCl F—7K[EEME AV
By T v o—F )V ORF L AR EE
U 72 B AR L 2 B RAE (R &2,
MEIIIRE B0 R3H Y, EERMENT
BRI AERMEE I N TV D Z & AR
e X iz, EBRMEZ P 51213, KT
WA TY I m—F )L OFEER 10" 5
EIZETHEMLTWDE EEBEZAINERD D
ZEMbhotn, Tk E EET BHARN
BHEOKEITERRIMMEEFRFSZ & &2 <
RET AR TH S,

@FTINTAAIu~S NT T T 4 —

7 uTXARY D) E R—7LT2K
BEEMICL Y, KFEDBERFRETHDL Z L&
FLH U 7o, CD O Y738k X mim R ¢l



XD, D DI E R—7 LIKTITRSE
FERITE E 22V, LacL, & CD R FEERIC
N—7"9% & CD IZAFRABITIEME L, %
RN E D, X3 IR AR, WAER
TAH~DOSEAEEZER LIZET LV AREEL, B
FfLce 2 A, FRMANT 1t BRUN 12
@%%ﬁiufﬁb‘%iﬁﬁm%ﬁmmm
NRT23FERERELRoTWND I b
ST, ZORH @ & FRIERIAFIRAE O R A
WaEZRIHLDOTHD,

14

DB24C8 b

12 1 DB24C8 ® @ g

81/| B18C6
6
4
2f BISCS _—9
Y e—
0 0.5 1
NaCl/ mM NaCl / mM

X2 NaC F—7KEEH~DZ T =T

%%wmgw%%oﬁﬁ:%m%ﬁwgm%
W FER - EASTEI(Z OERD DA RUEE
.:+%T

(=
T T T 1

circular
dichroism |

circular dichroism
L L 1 L

20 25
time / min

0 5 10 15 300 5 10 15

time / min

X3 BCD R—7kEZHWA~NFY LY
=LA L ERTFTT F—=LB)DOFTNLT A
2ra< 7T A

@2) R—TK~A 2T I X
OHLAFEF O R X S il

e SRS A W CEME N—7
KA U DO KR E S EZFHEL-, HEiE
B TIIIEERRE IR DNLRVDOT, 7
A LAy (FL) LI K—7L, FL
NHOENEHREZFIL TREIEZREL

20 25

72o 41T KCl R—=7kop)Z x4, H1Eik
FORESIZV 7 m» 55 un TH Y | ILE
FTEMEREEORMEELICKRELS D
AR 6T, WTOFRFIZENTHE
HFEREE DA AHERER 2L 1IBLL T TH D | AR
THBRMERL REESDE S 2iEE %2 i
TEDHZERHLEMNITRoT,

Fr, MHOKRE ST R—7F 28512k -
THEDE L, LW CiX, KRnosEun
Bid A DI PREL RDEMITH T,

T T T T
30 mM
/ o

10 mM

w2

5mM |

8]
T

ﬁi& \\

radius / pm

1 mM
0.5 mM|
50 uM
5uM

-10 -8 6 4 2
temperature / °C

X4 KClF—7KIZALAWEHOKRE D
KCl B, BRI

@O~ v )T o X

OTRE 7L L 72 TO R %E
1TV, =477 7 2L L TOEMRE F—
TIKOENEERA SN T HZ 2 BIE LT,
KCl R—=7KE=7T7v h7r—LELT, <
TR hA T AT AR EGE
EOHENERE LT, ~ TR T AL F L
X AIVIR RIS R R T ISR ST
BENELS R, SHITEMIC LV EERY
BN AN BB T 5 72O, D TERYE
WZRHAIT 2 Z ERFRETH o 72, — D DHRAH
W=0 1000 HIEEDO~ SR> T AT %
BT ENTET,

/. XL URANLRUBORDYICAF
U EMA D & RASET & WA CH RN
DET D2 Ex R L, sEIREHT
HDHMN, (1)@ &K E LET DO K
ABYEThHDHEEZTEY, 5% KRG
EMZDHTETH D,

(3) X BRI A% 2 (XAFS)
O R—=TFKANT EREHTDA F > DJRFT
i

Eako@EYy |, EME N — 7 OKIZBE LT
T2 ORFFOGCMIEE R L2, ZOJR
KDO—>E LTA A DOKRFFEEN LT
KEBRHZ ENEZ BN, 2T, EE
B R—7 Kk Z5k e LT XAFS HIE 21T - 7=,



To—7¢ LTI INE THIEREELD
T N—TTERIDOFERED & D RALA A
Z iz, RbBr R—7 K3k Hi3-12°CT
bV, ZOREEBCEAY A A OREEDN
EDOEIITEAT D EET RILF— I
B O E— 5T A 2R L THRIE
L7z,

X 52 AT M OFIERT, ZDANXY
%w®%ﬁ#% X 6 (ZRT X DT, KINED
\CIFET D BAA Ao OREEIL, S %
BEIZ RbBr #& gk B KA Ao~ B L LT,
LU, KA DKFaA A2 O —KFnEE S
TNV 7Kk EESTFE L ThHoT, £,
RbBr DEENMEW & I EERBIEEN
EnsIThaZ &, LRSI TORET
%mﬁ4ﬁ/#méiﬁf¢é LR Em
B 50N 2o T,

)\/\/\f“ Yy “W\
VAVAA ‘w‘\n
NN AR

>

j\/\f\/\”‘f W.» Wl
-W\/ | IM ;
AN A

energy eV energy eV

K5 27 @® RbBr R—7 k()& Fim
(H)To BrK XAFS 227 L L

e e

=
1516 -[4-12-10 % 6 4 2 0O
temperature C

X6 Jfb sl TORMWA A DR
REE DR EZ, E2v5 50, 250, 500, 750
mM RbBr F—7KIZHi} % RbBr(A)¥ &
VKRB A A (W) DEE,

Shiz, KkRETOERKEZFMLT, F—

TKEHE ENETDA A DJRPTHEE.,
SURERHT COZEb &2 B LT, BEERE O
FEEEZGDLED L RHOFTHN L DKW
BEECRlET 5 & PRI N, FERITIEE
DT PEHEELTEBY . A A ORI HELT
L3bWZ Enbonolz, £7-. FHED XAFS
AR MVIENEO LD E R D R
Mol FENTOFER. RbBr OF&dh D Rb MIH»
SAKFINETT D EEZD E AT P
ERFRIATE 22 EbhoTz,

@B HIEF OIFAE L A A > O[T E D
A L

OTHARTLIITIRBEDHE Y R—7 L
7ok CiE, L SLLUTF CTHKRRIA 4 BFELE
THZENbhoT, _ODJit EDA AL EF
FEERE Lkt 2 & X 7183 X 512K
RENOHICEHEBTH A RE L, I
iﬁﬁﬂ%ﬁf SRR DEIE L. B

WCARRERARFIA F o BN EBENC L EIZE
b2 ELMIRTE D,

Z oA L CAELIEOREDOKE &
Z X BUNMAEGELCHIE L, 1 SOk MSITK
m BEOKREITHD, Z5H 10~10% @
BREESG L CRMOMEMESZER L TWD
e RPN LT,

1

08 |° o ® ° ﬂ i
o) Ll ¢
o © [ ] °
0.6 o O
° ® O o
| ® o) i
0.4 ° O 0 0 g
(24
02}

0

0 50 100 150 200 250 300 350
time / min

7 0.5 mM RbBr R—7kho Bk A
o O JFFEE OREMZE b, o« : RbBr fhidh
FORALA A B KFIRALA A D

B

DL b, ARAFZECIIOK ZMSRENER B LT
BECRHRI O k& BT 5 L 3kic, ZhEim
U CoKDBEE9 58 L2 oMl %2 Bl h
THIEMTEZ, LrL., HIFRMOYIE
IIRIREACTH 5D, ILAFWEFE R CTOREDFF R
ﬁmwé% y@%é%@k%ﬂéﬂé z

BT DA EER LoD, KEHFT

éﬁﬁ@%@%%%ﬁ IL. Thz @R,
IR 7205 TRl B A 2 L

%%*@%hék%zf“

5. ERFEKRILE

(WFFEEA . WHIE5 R e O IE# 12



(T TR

[ﬁEn:L uFFHjC] (%‘ 25 'ﬁ:)
1. Hydration of Ions and Salt Crystallization in
Liquid Phase Coexistent with Ice at Temperature
below Eutectic Point, Makoto Harada, Yuiko
Tasaki, Hui Qu, and Tetsuo Okada, RSC Advances,
2,461-466 (2012) A Ht

2. Wide-Bore Capillary ~ Hydrodynamic
Chromatography with ICP-MS Detection for
Evaluation of Lanthanide Uptake by Molecular
Aggregates, Ryoji Umehara, Hidekazu Miyahara,
Akitoshi Okino, Makoto Harada, and Tetsuo
Okada , Analytical Sciences, 28, 359-365 (2012)
A

3. Molecular Rearrangement in a Zinc Stearate
Langmuir Film Dependent on a Film Preparation
Method Studied by Using
Polarization-Modulation  Infrared  Reflection
Absorption Spectroscopy and X-ray Absorption
Fine Structure, Maiko Muro, Makoto Harada,
Tetsuo Okada, and Takeshi Hasegawa, Journal of
Physical Chemistry B, 116, 3148-3154 (2012) Z
Bl

4. Up to Four Orders of Magnitude Enhancement
of Crown Ether Complexation in Aqueous Phase
Coexistent with Ice, Yuiko Tasaki and Tetsuo
Okada, Journal of American Chemical Society,
134, 61286131 (2012) &%

5. Anisotropic Light Absorption by Localized
Surface Plasmon Resonance in a Thin Film of
Gold Nanoparticles Studied by Visible
Multiple-Angle Incidence Resolution
Spectrometry, Akiyoshi Kasuya, Yuki Itoh, Tetsuo
Okada, Masatoshi Osawa, Yukina Takahashi,
Emiko Kazuma, Tetsu Tatsuma and Takeshi
Hasegawa, Physical Chemistry Chemical Physics,
13, 9691-9696 (2011) # ¢

6. Electrolyte-doped Ice as Platform of Femto to
Attoliter Reactor Enabling Zeptomol Detection

Takuya Hashimoto, Yuiko Tasaki, Makoto Harada,
and Tetsuo Okada, Analytical Chemistry, 83,
3950-3956 (2011) #Hi

7. Control of Ice Chromatographic Retention
Mechanism by Changing Temperature and
Dopant Concentration, Yuiko Tasaki and Tetsuo
Okada, Analytical Chemistry, 83, 9593-9599
(2011) &EHA

8. Advances of analytical methodologies with ice
as a functional material, Tetsuo Okada, Yuiko
Tasaki, Kohei Sugiya, Takuya Hashimoto, Hui Qu

Physics and Chemistry of Ice 2010, Hokkaido
University Press, 95-99 (2011) Z5¢

9. Characterization of salt-doped ice near the

eutectic temperature, Yuiko Tasaki, Makoto
Harada, and Tetsuo Okada, Physics and
Chemistry of Ice 2010, Hokkaido University
Press, 441-445 (2011). &3¢

10. JKTIHEDND, KEEFND, MEEHH.
PERM2AEZE, 24 2. 9-15 (2011) 2

1. KEHWTHREREEESZTLH—F7
NTARIa~ N7 77 40—, MBEES, &
FHBE, 80 &, 966-969 (2011) 27t

12. K =B« BHAG E LC-, miGE 0%,
MMEES. b3, 66 %25, 72-73 (2011) &

S

13.  Coupled Acoustic-gravity Field for Dynamic
Evaluation of Ion-exchange with a Single Resin
Bead, Takahiro Kanazaki, Shungo Hirawa,
Makoto Harada, and Tetsuo Okada, Analytical
Chemistry, 82, 4472-4478 (2010) 53¢

14. Eutectic Transition of Local Structure for
Bromide Ion in Bulk and on Surface of Doped Ice,
Yuiko Tasaki, Makoto Harada, and Tetsuo Okada,
Journal of Physical Chemistry C, 114,
1257312579 (2010) 3¢

15. Chiral Ice Chromatography, Taiki Shamoto,
Yuiko Tasaki, and Tetsuo Okada, Journal of
American Chemical Society, 132, 13135-13137
(2010) & HE

16. Ice chromatography: Current progress and
future developments, Tetsuo Okada and Yuiko
Tasaki, Analytical and Bioanalytical Chemistry,
396, 221-227 (2010) %t

17. Hydrodynamic chromatography in narrow
and wide-bores; whether radial diffusion is
essential or not, Tetsuo Okada, Journal of Liquid
Chromatography and Related Techniques, 33,
1116-1129 (2010) £ Ht

18. Facilitation of Applicability in Ice
Chromatography by Mechanistic Considerations
and by Preparation of Fine Water-ice Stationary
Phase, Yuiko Tasaki and Tetsuo Okada, Analytical
Chemistry, 81, 890-897(2009) i

19. Water-ice Chip with Liquid-core Waveguide
Functionality. Toward Lab on Ice, Kohei Sugiya,
Makoto Harada, and Tetsuo Okada, Lab on a
Chip, 9, 1037-1039 (2009):  Chemical
Technology, 6, T35, (2009) ¢

20. Evacuation of Counteranions from Langmuir
Monolayers of  Double-tailed  Quaternary
Ammonium Ions into Subphase at High Surface
Pressures as Studied by Total Reflection X-ray
Absorption Spectrometry, Makoto Harada and
Tetsuo Okada, Journal of Physical Chemistry C,
113, 1247612482 (2009). 2t

21. Temperature-Induced Molecular Structural
Changes of Linear Poly(ethyleneimine) in Water




Studied by Mid-Infrared and Near-Infrared
Spectroscopies, Hiroyuki Kakuda, Tetsuo Okada,
and Takeshi Hasegawa, Journal of Physical
Chemistry B, 113, 13910-13916 (2009) Z#t

22, KOALZ—FHOHIERERBE T HIER S
NTWo Wtk & BkRe. MEP S, (L%, 648
2 5. 68-69 (2009) i

23, AREA A2 SRR A A DK
M E . &, 58°%&. 87(2009) #AHi
24. Consideration of Ion Recognition Selectivity
Based on Hydration of Ions in Confined Spaces,
Tetsuo Okada, Takumi Ohki, and Makoto Harada,
Analytical Sciences, 25, 167-175(2009). %55

24, A FURHB GO L RIHICET D
FHOITEORY, MEHS. 1 4y
256, 20, 70-77 (2009) i

25. KEHWDLHEE—T A A~ T T 7
4 —. BT, MEHEE, M, 84 &,

922-928 (2009) %t

(%) (G 30 )

1. Tetsuo Okada, Chiral Ice Chromatography,
Separation Science Asia, July 28, 2011, Biopolis,
Singapore

2. Tetsuo Okada, Yuiko Tasaki, Taiki Shamoto,
Yuji Miyazaki, and Satsuki Takahashi, Separation
Modes in Ice Chromatography, HPLC 2011, June
20,2011, Budapest, Hungary

3. Tetsuo Okada, Yuiko Tasaki, Taiki Shamoto,
and Takuya Hashimoto, ICAS 2011, May 24,
2011, Kyoto

(XEF) G 1)
1. Rl MBS, s, AARF

W, SHCKER Totress) i DER %
e 3 (), 2009, A< & ),

pp33-69. FEH 144 H,

(3£ PEME)

ORI GE 1 1)

LR TSR d K O oy BT 1 )
O TS AHARTRE, HFAK T
MERIZ « 7] |k

FEEE « RreF

EE . HE2010—36718]
HFE4EA A © 201042 A 22 A
EWNsL DR [EHAN

(Zfth)
R BR— U
http://www. chemistry. titech. ac. jp/ okad
a/

6. WFIERER

(D) BFFe RS

HE  #% (0KADA TETSUO)

WO TEERT - RPEPEB Tarsesl - #ox
eSS 20183030

(2) g sy

JEE  #% (HARADA MAKOTO)

WO TEERT - KFEBEBE T 0508 - B3
WrgeEFE 60313326

E)I f# (HASEGAWA TAKESHI)
TERKRS: - AL 2 WFZERT - 2%
et Ea 30258123

(3) ELIEHF I

W F4f (FURUKAWA YOSHINORI)
AevEE K5 - ARIRBEARZERT - B
e FE 20113623



