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Fig. 1 Variations of the forces on a 10 mm silica-glass
sphere in (a) an acoustic field and (b) a coupled
acoustic-gravity field (E,. = 10 Jm’a) with the distance
(z) from the node of the standing wave of a 500 kHz
ultrasound

The intersection of the sine curve with the solid hori-
zontal line in each figure represents the aggregation
coordinate.
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Fig. 2 Relations between the aggregation coordinates
and supplied voltage to the transducer

Samples : (A) alumina; (B) PS; (C) silica glass ; (D)
Wakogel LP40 ; (E) Wakogel C100. Solid-curves show
the results of calculations based on Eq.(3). Reproduced
with permission from ref.14
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Fig. 3 Relations between the aggregation coordinates
of different silica gel particles and supplied voltage to
the transducer

Solid curves were calculated by Eq.(3) with porosity as
an unknown parameter. Broken curves show the
results of similar calculations with the porosities deter-
mined by a water-penetration method ; i.e. € = 72.5%,
69.6%, 22.7%, and 38.9% for Silica_1, 2, 3, and 4,
respectively. Reproduced with permission from ref.15
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Fig. 4 Schematic illustration of the coupled acoustic-
gravity field channel

(1) Aluminum plate (12 mm in thickness); (2) PZT
transducer (510 kHz in resonant frequency); (3) PTFE
film (0.080 mm in thickness); (4) PTFE spacer (0.8
mm in thickness). Reproduced with permission from
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Fig. 5 Elution curves of PS latex with varying frequency and voltage : (a) 463 kHz,
30 V,,; (b) 774 kHz, 50 V., ; (c) 500 kHz, 50 V,,,,

Dotted lines represent changes in supplied voltage.

from ref.16

Reproduced with permission
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Fig. 6 Control of the elution time of PS latex by time-change in supplied voltage :
(a) a supplied voltage was turned off at 0 s ; (b) and (c), the voltage was reduced along
broken lines illustrated in the figures. Reproduced with permission from ref.16
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Fig. 7 Elution curves of the PS particles

(1) ultrasonic off ; (2) 510 kHz, V,, = 79 V, phase shift
(A9) = 260° ; (3) 510 kHz, V,, =50.8 V, Ap = 90° ;
Sample concentration : 0.001 wt%, Sample volume :
10 pL, Flow rate : 100 pL min ™" Reproduced with
permission from ref.17
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Fig. 9 Relations between the aggregation coordinates
of Dowex B0W X4 cation-exchange resins with differ-
ent countercations and supplied voltage to the trans-
ducer

Reproduced with permission from ref.18
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Fig. 10 Aggregation of Dowex 50W X4 resins in the
observation cell

Effective voltage, (a) 3.53V, (b) 3.18 V, (c) 2.83V, and
(d) 249 V. Reproduced with permission from ref.18
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OH site

O site

(1010

Fig. 11
actions of a polyether (left) and a phenol (right) on
the basal plane (0001) of water-ice crystalline Ih

Schematic illustration of the molecular inter-

Black spheres indicate the dangling bonds, i.e. OH sites
and O sites.

T2, SDXDBMREEEL COKRETCOMEERICHET S
SRR OWTO BN RINGREHL Z LA, KEEHD
PHRHRRIIBITLRkOBEZHEBET LI LICLDLHN
AHDEMFETE B,

kDO bS5 74—, BEEHOHERRAFOR
HAXRTAMEMEHICE > TRACOESNE Z DS
W, gtz u~x b o974 —BE IO NI T 4 —1T
RENZ LD TH 57, BFEIREOREMEHVS. K
BEEMTCEIBEHSOLSEP R L THRELZERL LT T
W - DREBEEZNOVBRALIENTESL., Zhid, 5
B ECTREICEDBARBSHNS L v ko
K$ 5.
TAARZORMNT 574 —DdH ) —DOO8MIE, RO
RERMMSELEL LTOMBNIPFRATNEETD
2% BEEMMEBEZOLOPEBETH LT TERL, 20
AR RS2 LEE ST, KON EEDEHFRE
Thrb. HEF)V—VrIAM)—MMEHENLHT, ¥
ov b7 4 —CREBAHTBRT LA WMENEZ L8
BHFRESI ATV, 2y - RREEHERET S

AEix, BERIEANESHEOTO N YL Sk 0iED
LFT, Tho oIz oWTEFHERT 5.

3.2 KEHATRIC LD KREANOKE

3:2-1 KFREHBEY A FEBRME KoM +
NRWMEIZ Lo THRLED BEBEORSHFET LI L
BHOLRTVS, HETTERAPEEHICT A& 0
TH5s (Fig. 11). T4 Az ux 757 4 —OREEMIZ,
FROKEHE L CRAERRETS2G L TGRRLZ. 2
DEHIILTTEBKIRTENT 7 AKTH S5, K
EIXFig. 11 EFPLTBEZEZONSL. T4bb, N
N ZIRTET b IANFIVRAKGTF (223G,

KAGAKU

Vol. 57 (2008)

2 DIIKEHAN) PANFHITFVERDOAY VT -2 %
T LT\ B 25, IR (0001) REICIIEESE R UKFE
BFoFy 7)) v 7Ry FREHET S, KREREHELR
HYEE, IS 20T ) IR Y FREY A
e LTHETS. D2 ZRZEFNR-O- %1 PR
OH WA b EESR. BaAIZ, 150K LLFTRRARGTFOR
BT IZEELTWADOTKOFERIISEETD 575
150K Ti2 180, 7A A2 0= 757 4 — %47 IREMH
MTIZ95~100 TH 5 L WMEEhTWEY., Zhidko
FEFEIDDOKREL, KIBUHEOKRE VTEHAL LTH
BETAHZEABMTE L. EBIZ, HRBERPRERAHPT
DKFET~NOWEOWHE DO RBITEL L, REBEIIAE
BARETHBERTWEY, #hokHiZ, 74220
2 NI 74— BVTY, T—FIVEF FaFIn
E2FEMNEWL ENN-OH YA P UT-O- %4 MITKkE
BEEHALTHRET 2O, Fig. NIRRT LI, T—
FHNEIIKER@MDO -OH YA b &, v FaF Iy viid-OH
HA b, O-HSf FowThEBIHERAT L MRETD
5. LA L, VAEMICHIBIZELINTYS -O-% 1 F~D
WKL DDH, BRREKHFHETS-OHY AL FNOEENE
BHTH5.

3-2-2 BEHEPEHBEEORFRE KEEMER
KHIBELZ b2 bbb FRIND EBY, FEEE
WERVWET7TA A Z7u~ b7 74 =R u< M7
FTTA4—ERETILENTESL. Thbb, BEIKEN
SFIEERRA~NOBEIT®RL, 72, BEHP OB
FOREFBVIIEABOBHIIEL RS, 72/ —-VR
N7 97 v =T VOREIBEHOERTOANFH V12
MzZ2BHRFTEEICLY) EDELIIERT I %
Fig. 12 1RY. HKENFVIFNI—FLEMNRZD D,
BEXR—ZBREOTHF 2 8L ~NFH LI FTFTH -V &N
RIAERTH L. BHENIEVIES ZY, WTFhoBs
b, BB -BURGOKRETCOHRFRELZEZDLL LD
BAL2BMTE L. wiERS (PC) RURASE (5) oXkE
H-OH % 4 b~OBEFHIX, FhERDTOIHICE
INns.

K

PC+-OH = -OHPC

_ Tonrc

" [PCI on

Ks
S+n-OH £ -OH,-S

PC

_Tous

s = n
[S1 on

ZIZT, Kec RO K IZFNZFN, BiERS & RO
EFHERTHY, ToylT-OH VA M OFKAEELFET.
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71 Table 1 Number of interacting points (n)
6 compounds n DEE conc. range, % (v/v)
-~
5 57 hydroquinone 2.06 4~11
g resorcinol 2.17 4~11
S 44 2
- POE(4)-NPE 1.56 5~12
2 34 POE(6)-NPE 2.37 6~13
5 B18C6 1.77 4~11
2 21 v DB24C8 2.61 7~14
14 Q The n values were determined based on 6-8 measurements.
Abbreviation : POE(p)-NPE ; polyoxyethylene (p)nonylphenyl-
0 T T L T T T 1 . h b f . h -l . .
0 0.2 0.4 0.6 0.8 1 1.2 1.4 ether (p is the number of repeating oxyethylene units);

Concentration of polar component /M

Fig. 12 Dependence of k for hydroquinone (@, O)
and for DB24C8 (¥, V) on the concentration of polar
component in the mobile phase

Mobile phase : open symbols, diethylether in hexane ;
solid symbols, dodecanol in 0.29 M THF in hexane.
Temperature : —5C (octanol) and —10C (diethyle-
ther).

CHODPEEREBRT L L, KLU ToXT
#zE3N5.

- AFO]—{—S - Ar(!)H"KS (6)

m TEWEBEIOKRKREICEE TS LICL > THERE
KH)FBOWET A PETHY, mKec T —D2ODFHEL
LEZTH I v, R(1) IZBWT 1< mKp[PC] AL D
Ik, log klog [PC] 70y MIHE n DEMRES R 5
Z ek, EBIC, YzFarx—5) (DEE) BEEICH
L THEODPORBORIFEMZFRS L, Table 1I1ZR7T
nDEEZEELITIERIELNL 72/ — VIO
F A INOEZ DRI VIFLH, REFO DEE BEMKFN
KBTI —FVEHEERR LN e o72. 72, Fig. 11
PHbF05E S, -O-H A MIHERT-OH ¥4 Mdk
DEBIZHB. ThbDZ s, 72/ —VEHDEHIZ
AKERSCHLTHEZ I OHTOEATYH, -OHH A4
POWEPERNTHLEEZ NS, OH X% 2 OF
SRR XF ) ELYNY = RIZOonT, EHH YL
n~2ThoIElE FLRDEFNORLHERLTVS.
RYVEZ—=FT VD s, T—FTNHEOKINIEL, n=15
C~26 THAHZ LIFFFIZHKE,. i, -7k
DOEIZHRE K BLZ 2 RKOKRER/EHH TRERICHKS
THIEERBLTWS., 72720, HXMHLEEOMSIE
T—FIVEBIEKETHNT, Ty o —shEREEIC
M5 sBEEOREBE R ERIRMICEBNTHWELEZD
ns.

3:2:3 BMEPOBRBICE>TELIFALEBEDA

B18C6, benzo-18-crown-6 ; DB24C8, dibenzo-24-crown-8

3.5+
3..
~e
= 2.5
g
Q
& i
q; 2
S 15 . .
= —‘//—-.——f \l\‘_
2 1
o
0.5
0 T T T L}
0 0.001 0.002 0.003

TetraEGDE concentration / M
Fig. 13 Dependence of k on the tetraEGDE concen-
tration in 0.29 M THF in hexane as the mobile phase

Temperature : —5C. Solute: (@) hydroquinone,
(4) DB24C8 and (H) resorcinol

b 3-2-2 THEIF-BEMH~OBREFMA L VIR H K
KE~DOEEFLBENTHTWETH ), R L OBEHFRE
DORHRRET:. —FT, HBIERIOKRRIIRET S0
FRHWD E, ZOEEICS U OKEEMHOBRAEFEIEL
L, ABORELELTS. FrSzFL U FYVa—-ny
A F )V L — F )V CHs(OCH,),OCH;(tetraEGDE) % #& 14 1%,
SELTBEHICERINL, Z0OBEIINTs 72/ — U
E7 59 T—F VD kDEALEHEL-KRZ Fig. 13
IZ7RT. tetraEGDE i3 = — 7 VEEE % 5 D& A, KL
THVCREEEZ DD, FOFR IRV U578
(DB24C8) 1%, tetraEGDE & D 8% W2 X o THR#FA
BT 5. terabEGDE 3 5 2Dz —F VD5 H, 208
EEZBUT-OHYA MEKREREGLZELT BETHLE
Zzohs. BRECEHERSL WL —FTVEEFED,
KEED -O- ¥4 MIHERTBEMHPICEHRLTEY, 7
= /) —VED LX) e KREHE FF =T 257 2%
4 PELTHEETS. chIZEh, 7o/ — LVEORF
tetraEGDE #BERME £ IO THITEL 5B, Tk
12, BEMHAOBIMES 2 BRI LICE 5T, KEEME
HOWME*BHICEZ S ENTELILERLTVDS,
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.2
=
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~ resorcinol

o gy

0 hydroquinone

-7 -6 -5 -4 -3 -2 -1 0
Temperature / °C
10+
B
a

8-
e
§ 6
z 4
= DB24C8
.2
= 4
&l
K DBB%

24 a

O 1 1 ¥ T T T 1

-7 6 5 -4 -3 -2 1 0
Temperature / °C

Fig. 14 Temperature dependencies of k for (A) phe-
nols and (B) crown ethers. Mobile phase, 3% (v/v)
THF in hexane

Reproduced with permission from ref.32

3-3 KFREBLAEE

3-3-1 EFRERAHRR B RO R, B
DT 0T, REORFETF ST 888 % kT 5
ZEICEoT, RIBMRFZHEEALI-HBITERSNSH
RTH5D. BROBEHIIMHITEZ 20128 LT,
DOBBNITE A EBEINZVHEBE, HBHOXREMKET
R ENDY. ZoEh, MRTOKRE SN RB L
XETHMARTY, METFOBAREREY, BE L
FATHE D # R O KHILEAR ORI 72 E 0BG I3 K i
BEFMBELTWDLEEZLNTWD, BATEOREFIR
THEAREOBMEE Z BN T2 DIFEICHEL VS, F
BRRLHAATAOKBCEIREMBERR IR ST
5% ZoKEEE, LiZUIZRIEMEARE (quasi
liquid layer, QLL) & $FHIN%.

KIZH LT oS %A L7203 Faraday TH 5",
0C LT oOXKIZSE&TYUM T4 &M TE, HIZS&@B
BIIMEIZREET S, BKEFINE ZOBKEH
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Table 2 Partition coefficients (Kg4) of selected solutes
between 3% (v/v) THF in hexane and an
aqueous phase (3.75% THF in water) at 0C

Hydroquinone  Resorcinol B18C6 DB24C8

9.40x107° 3.83x107° 0.421
(1.65%x107% (1.29x107% (1.93x107%)

3.96x%107°

Ka (6.46xX107%¥

a) Standard deviations in parentheses (n = 3)

BI§ % 729 I EH QLL A RIE S vz, KERIED QLL
DHABR~OME 2, WHEOEEICHT2RHI1DH S
299 HAE L RIBW R WA S . RKEO QLL 2 E
BRIOICHRZE S % 7200, U RIMRIRE (ATRIR)™,
BRSNS, AEAKRRE (SFG)™, ~Y o A%H#K
APV EOFEIEH SN TVS, TSR TR S
=72 HWTK-FHRAZ R > TVEDIIHLT, K
FBESTF7e -7 L Dk-BERECT 72 —F 555

TELLFEHET D,
3:-3-2 KEEEBLAZEENDHE rdo X iz,

-3C UTDT7A4 A< 2574 —Tid QLL DFFFE
PHEHTE, WHOKNORFFIIKRFEHEIZL BB TH
B3I MW TE —HT, -3C ULodsinEHM
TIE QLL 25AK L O EMEHICKE ST 5T L%
Mot Fhbb, QULLAHAET S L, #AFHIQLLIC
SEENG. 2Fh, KIBBRTRBERECETLALTA
Az70x N7 T 7 4 —ORFED, QLL AT HIREH
BTRIOEBHEICL > TRESNS. 3% T hoe o7
Y (THE) A% 2 BE8MHE L THVS L, Aok
i Fig. 14177 &9 RREERFELZRT. wihd -2T
LT T e DBEICEIZZR VD, —15C ULETHELE
1bZRT. i QLL ~NOSFEEALEN %2 FREFRHE I 2
57ledTH b, FHEOREERTEIL, Table 2R
ANFH VTHF/KROGESECHIATE 2. T4bb,
S EARE Kaowtiriwar (= Chexriie/ Cua) DHBIZHAR TR E
W DB24C8 3 AK~DO AR Z D2 {, QLLAHKEL
THiFLAEHE SN, & L AKKREDEMED S AR
BINC2 5 2 Ik o TREREBRAE»IH ST kIVNE

{>TWwbEITHS. —FH, o3 ODBEHEIZQLL
NOFEPELEHFEBEL LY, kAWMNT S -1.2T
FETe FOaF ) e LYY ) — LDk OMHE A Wz
LTWA2D3HENOKE S THHATE .

QLLOE XX, -2C BETOrDELE (Ak) 25
RELAIENTED. AR, BUBABOES L 2iE
Ho QLL-BEMMTEMABICL o TRES. QLL DF
WELTOREE IV HERTRETES, 2F ) QLL
ADHEAREIL Table 2 DNV 7 DEIZEL W ERET S
L, AR E LOBICUTOMREEL ZEPTE 5,
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f=} 4 | z H S 'h ,
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2 b ¢ i £ THF2% ]

[ g o = P

3 - ] o—
0 L ¥ 1 T 1 &, 4- -
-2 -15 -1 -0.5 0 THF3%
Temperature / °C 27 A A
Fig. 15 Change in the thickness of QLL with temper- 0_7 6 5 4 -3 ) -1 0

ature

Mobile phase, 3% (v/v) THF in hexane. Probe sol-
utes : () hydroquinone, (&) resorcinol, and (O)
B18C6. Reproduced with permission from ref.32

Ak=‘fju1<;‘=fj—sl<gl (7)

ZCT, Vo ZBBHOKRE, SIZKOEXEHETDH 5.
ZORICESVTEHE L2 L OREEREEE Fig. 15 1R
T, L ORERFEIRIZ S OFETHRON TSN, F
ERHERANDKFEEDPKE VDT — ¥ DR—FHK
XV 2w, BEFTERRBELCHEREY TS
EHEVERIIZOT, ERMLERILLDS. E
BOF—F—IkFHEHOHEL LTHESR T2 0TI
F—HL T2, MOHEMEIHTREERFEIKE
WEEAH D LD THE. ZhiE, AETHRELTWS
KRFHAME L ZRRY, "WELELTWE” LK
ELERTHHLEZOLNS.

3:3:3 K NOYHHEBBOBHR Lok, 74
ArAR NS5 74 —TFa—7TES QLL 3BEHHK
HEELTWDEDOT, MK TIE% S BEMHD SBIER
SR EDYWEBBEFRAALZ-BOREGHERTHD. T2,
REBHOMEZ B LT, BEAHMRIKE L -IRER
HERY. T4bb, THF 2 OBBHPEEBEIZ
QLLICIEMT 52 L2 Lo THBOKGFOBEEET
DT, ZOREIFBHWIZEQLLOEEXMR Y. Fig. 1612,
2% KU 3% THF-~¥H 2 BEMHL LIt &De Fo
¥/ 00k OWMEERFEZRT. Fig. 16 FIIRT X H IS,
To TRBEBEOBE N, 2% ) QLL DRERMBIRE L
EFETHZILIZT D, Fig. 16 25, THF REVE WL,
Ta /NS L, KED?D QLLOEENFHE - TnbE I L
BaHhB. BIZ, THF & ) KNDOFEIPS VI T
NI—F Wi, QLLZERSEHEIAMEL, #ITK~
DFEPEKREN 1,4V FFH VFKBRE, KIETd QLL

Temperature / °C

Fig. 16 Comparison of the temperature dependence
of k for hydroquinone obtained with 2% (v/v) THF in
the hexane-based mobile phase with that with 3% (v/v)
THF

The inset illustrates the determination of Ty, for 3%
THF as an example. Reproduced with permission
from ref.32

FRESCDLILNGhol. DL, T, DEEIR
MM 7B G DR~ O GBS E BT 5. &
2, AT STKERD HRE LK CIREKRGNE 2
PBOE T, RIYKFOYWHBENEVIZE X VKR
A5 QLL ~OH BB X 16D 5 T L W35 o 7222,
i, KBDORMIAKGF Ay VT—2 2ET LW
O Fukasawa b DG FEINFEEOKRE KT 5™, i
M OBEIKIE LT Tu SV 7 b5 Lk, BE AR
TIREMLTWE LI ZEZ SRS, LaL, WIholl
b, BESBETICEZ2BELY D HHERVBEETOIS
&5 ZTWwh. Fig. 1712, THF & DEE @ T, RUFH
ENZBEEAMABETREZRT. T XEICHESL ) HEN
S EWG A BIZ, THRRKRIEINA FL—-F2 5L
—FEBETHIERHMONTENY, ZORTIE-14C
UTTHAVIOBBIIFELR. Z0LHIZ, ~"urk
WEETH Y, Fig. 14~17 2&TF 7200, wInd KR
BRZLDIDTHAE. DLEDXS5IZ, 7T4ARZu< by
T 74—, KR-BAERE QLLIZOWTOR#HE 5 215
LBYLVHETHY, SHELLERIPRFTES.

34 DRENDICH

341 RUI—FJ), TXMOFLOH8 tado
X912, AEIKEIMKRERERELTH L) LREHT
T, BUEBOZVHHIZEBELBETS. 0otk
5, KXEEMHOBEELEIREISNLHFTES. 20
) BRE LR SEAE LT, ERREVZ—F 1 L
IR ha¥rD5rHE% Fig. 18 & Fig. 191ZR9. Ky =
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[sol]g, / mol L™

Fig. 17 Relation between Ty and the concentration
of the polar solvent in QLL

Symbols : (O) THF and (@) DEE. Broken line rep-
resents the depression of the freezing point of water.
Reproduced with permission from ref.32
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T L]
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Fig. 18 Separation of POE(p)NPE, p = 3,4 and 5

Mobile phase : 3% DEE in hexane ; Detection : UV
(275 nm); Temperature : — 5.0C

=7V, p=345DREYWTHY, AFFTL ¥
DRI 1 OTORLLZTLIEFEIKREL BZ>TA. £
o, TRAMOF U TCREROEBEENRLETHEH, b

FOX I VEOEFRLLLOFSEHESNR TS, EEAH
OHEIZBDLRTWBE AT, XKiZTYAXFNVIEBL
WAEBERTHLEEZ DI ENTEDLY, KOBUEIRIR
TEIUAFNVEYREL, KEEHTEZA oy o
SHEREAS50THEDIH LT, YUBFNVTIE23T
Hol.

3-4-2 SHREREKEEH 341 TR FOLS
W2, BEEESRLE 2WHIIKEEHE OMBE/EHOKE
EHFHONICRRLDOT, HENES OO ERT 2
EFTES. LAL, BEEESHELT, RERMICKE
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Fig. 19 Separation of estrogen

Mobile phase : 5% DEE in hexane ; Detection : UV
(275 nm); Temperature : — 10T

BENZVEER, ChETOMIRLEZE—ZBIRTIE
SEENSHEETH D, BENRRETOLOITE, KEEMEE
LTHEt um BEORZEDODL DEHWTE 2D, MiBLE%
FIHT 2L 10~20um BEICT TRHEZRLSELNS
MG T BIZ, MKICHE 4 DI (NaCl, NaBr,
KCl %2 &) #MATCEOREERIALZE A, B{E7
STFNT Y EZT A (TBAB) KBBEH VL EEIZE
MTHDHILHIah o7 Fig. 20 DEMBEEEIRT &
312, TBAB KEEMH TIIKNFEIH—TH Y, EIHN
T LOBREINE W, TOREMIZE ) BRBEESK
EdESN, SEEREKIBICH L. B2, B24C8
WAL T, EBERET CHWOKE M T ERB BT 250
BREETH 7245, TBAB ZMZ 72k Tid 1500 B&lZ % -
7. 1 mMBEED TBAB 3 EORFICEEL 0,
KEOBEFERIIE, ChETOERERILTFETLIE
WTEDL., KEXZOPY—DKNFBELNLI LR ED
5# %2 C, TBAB KBROKRMRNEN LA LPOEE Y
Hz22eZEz20Nn2H, HARATIFEHIHO»TEE
Vo BERMRAZ LI DHHESEL, RFICEETSLZ
ENRFHENDLH, TBABKRTIEINA FL—F27F AL
— MAERKL, EEEROLEHIZ-05C BETHEZ

EMRMLNTWSE™, L72555T, TBAB- KR TS
LHHMOEBEZITIITARAZU< N5 7 4 — B3 HE

Thb.
COERBKEEREAVEIN T LT AT R
(OPA)-7 3 JEET A5 IV R UKEREE L 55 D 55 BB 2 7R ¥,
73/, BOLMIBAWMEEICTAHMT, OPA R AW
ToBBRMEET o7, COFEMEIE, BEICORELY
REfL, FEMLERCTHMENS F+— VHkomM:
T I BFEROKERARE I CKRELFETHI LM
Gholz Fig. 2SR T LD, sHEEOT I/ BFEHE
hEMTHI LA TER T2 TiE, OPAFEMKLLD
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Fig. 20

&

T 200um -

Micrographs of ice stationary particles prepared with an ultrasonic humidifier

(a) plain ice particles; (b) ice particles prepared from aqueous 1 mM TBAB;

Magnification : X 400

0.6
‘l Gly

Fluorescent intensity

0 10 20 30 40 50
Time / min

Fig. 21 Separation of OPA derivatives of amino acid
esters with step gradient elution

Mobile phase : 5.4% DEE in hexane (0~ 23.8 min) —
26.5% DEE in hexane (23.8 ~40.0 min) — 50.0%
DEE in hexane (40.0 ~50.0 min); Detection : fluores-
cence (A = 330 nm and A.,, = 400 nm); Temperature :

-10TC

BRI, ANVAT VLY ) —VERNTEY, HIEAS
N7 -OH EPRFESHICEDICH TS, HFHIZ,
OB LRAMEAOBHAB L L TRER S 056 %
Fig. 222" ¥. BEHZ T4 55 6% THF BB
LS 25, S Eb 15 HBEORS R
LZIEHNTEL BRECETNIESIE, »FF ¥R
Lo, zaarz4 ), 4asrrREy3I VETHLEHD
hTwa, BRIOBEHY -7, WIRARZ bvh sk
RERBLiwhIar sy ThorlEZONSL. FOMUITTAR
T 460 nm K ¥ 650 nm fHEICRIFEZ D2 &0, 7
oa7 4 VO—EThHL. KEEHD, FEAMEEHFLE 2
na7 4 VEEICEINLTVS.

ERLOMERE LTI, KEEHOZEEIME - HAT
BIFons. BHIRTELZVESTRERMEETH S
A, ThTH 1 HBLTOWEIIE L. ZEBOM LIX
TARZUR NS5 74 —DOERMLEEZ L LTIXEESR

700-‘

600

— LR—

o s 1o 15 2 25 30 35 40 45 50
Time / min
Fig. 22 Separation of ingredients in green tea leaves
with gradient elution

Mobile phase : gradient from hexane (0~ 8.7 min) to
6.0% DEE in hexane (49.0 min); Detection at 420 nm ;
Temperature : — 10C
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UED X512, FiTFOKEEERSIT2VYHE L k2
VBB OWTHRR, B TR, RNEFSBONET
HADORAYPH L LMWL FICKFHRMEEEHD

7291, A 7l FOSHEE R L T558IEREET
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B -BENHAHIANTHY, ERESLERBILBO LS
LETRERTOSEE, 44 KB R ETORISEHER &
SHRIICHBEHZTS ZEXRETHLEEZZTVA.
FARZOAT T 5T 4 —I20Th, K-KRRADHEE
HRERBRIOGTHIEL 4 HHEEZ TS, T2, YD
BYO—D>TH5S, FKH - FELEHERAIZOVWTIE, X
WM E MR 7B OBE 2 RT3 572012, X BB
MEEOWEEZBBLTVS. Z0kd RllEICESY
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This paper reviews the designs of novel physical and chemical separation fields principally
based on the authors’ work. Usual physical fields simmultaneously recognize materials and sizes
of particles and may therefore result in unnecessarily complex separation in some cases. A
physical field incapable of resolving a particular particle property, such as size, must be useful
from this point of view. We have devised a coupled acoustic-gravity field, in which particles are
aggregated at a particular position determined only by their acoustic properties. This field has
been successfully applied to probe the interior structures of silica gel particles, separation of par-
ticles based on materials, the acoustic recognition of counterions in cation-exchange resins etc.
Water-ice is related to various phenomena occurring in the global environment, and therefore
the molecular processes taking place at its surface are of broad interest. If water-ice is used as a
chromatographic stationary phase, we can effectively probe the molecular interactions at the
interface between water-ice and a mobile phase. From this perspective, we have developed ice
chromatography and have successfully verified various phenomena involved in retention pro-
cesses. At temperatures lower than —3°C, solute retention can be explained by the hydrogen
bonding of a solute with the -OH dangling bonds on the water-ice surface. However, the sur-
face of water-ice becomes liquid-like as the temperature is raised ; this surface melting has been
detected by a drastic change in the dominant retention mechanism from adsorption to partition.
Ice chromatographic separation of various compounds, which is realized by the development of
an efficient method for fine ice particle preparation, is also presented, involving estrogen, amino
acid derivatives, ingredients in green tea leaves etc.

Keywords : ultrasound ; particle separation ; acoustic recognition of counterions ; water-ice ;
quasi liquid layer ; ice chromatography.
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