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WEEFVIER2(e) 2BM) HES5N7"Y, Tris-
NH, (Z R T EHH] & KFRb~ 7% ¥ A& EKT 5
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bNGaholzl b, &THOCHOHMEN T IV —
YA MBEMgOCHAEEEL TWD I LIR
ez (3(c,d))o
SEEEGEIET A L, Tris-NH I 7V —H 4 b
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B Z2NTBY, NS TORAZESICL
TWwh,
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T& %, Tris-NH, LA = IR ES A7 1 (3385 S ik
KrxBFLTBLT, KRYELERT 572001
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FORE 5 e —Hfb35 2 LA TE b, Tris-
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C/RIEIR & NaOH RIS S OJAIC L D e L, K
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RO SEMBIZE 25, 135 N7/ LDHIZ¥H — T,
SR - 28 2510 nm (Tris-NHa 5% BE = 1.0 M), 26 nm
(FMo025M) LIEHITNSEVWF IRTTHo72 (K
4(a,b))"” FTIR B & 0°°C CP/MAS NMR % < 7 b
VS, Tris-NH i Z IR AF L CTwnind
DD, LDHF L ILHRHEL TnDH I EaRENTz,
ZOHZ &3, Tris-NH,25LDH F / ki T O #F R0 12
FBAELTWAZLEZHEKL TS, E51T, Tris-
NH, DS ECTH LB/ SV F R TR o h 2
&5, Tris-NH, X LDH 5 / KL T- O 4R KT 125 &
L, MEEEZIH L TnWb I EARBI N,
LDHIZBWEBWHE AT 5720, BE7 =4
VEBEEIREL VWD, Zok), BRICT =
F MR RE Lo ORIMEHI§T 5 2 EBWEETH -
eEEZbNL, LAL, FBAEREICBYTEZD
I %7 =4 VHEEOREINE L, ZHAIERAL A
WETEDID, RLELTH I RTPEONIZE
EZbhb,

LDH F / ¥ F DI 13 = B BC A -\ A s 7
HWETH o 720 Tris-NH, DL D 12 Tris-CH,OH %
Vs, KERILT N 7 2RI % BT 2E & s
LChH, MBRIC1I0nmfBEEDF 2 RF2155 2 L8
T&72. —7, CH,OHZ:% 20 L9 F#7z 7\ 2-ami-
no-1,3-propanediol % Jil > 72355 13 A W O R F- 13513
50 nmAERETd o 720 ZHBIEALF-233 5 D CH,OH
HIZEDTNV—H A VEEREREEERT S L
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4. (a) KF£10nm, (b) K426 nm ® LDH F /
T D SEM&. (c-e) CO TILDH F / fr F12 &
% NO; DR ZT) (QIENO; O L&, ClE
NaNO; it FE % 7R §) @ (¢) LDH AL 7 (L F 1%
106 nm), (d) LDHF / k¥ (K426 nm), (e)
LDH 7 / i 7 (R 7-#10nm). (fh) 7 =4 ¥
AL S KT BB 0 224k ¢ (f) LDHK.F Chi¥
%106 nm), (g) LDH F / #i T Chi ¥ ££26 nm),
(h) LDH 7 / k¥ (ki F#£10nm). (i-m) LDH
RENCE B AF VAL ¥ Y OSHREEE) (413 X F
VALYV D465 nm I BT BWILEE, 4013403
We S B & % 9) - () LDHF 2 BT CR T 4%
10nm), (,1) LDHJ /¥ (R 7-f826 nm), (k,
m) LDH A7 CRi7-#8106 nm). SCHK 19 & Y #F T
% 1% C 2 # Copyright 2013 American Chemical So-
ciety.

W9 ZEd, RIROKEIEIIC B AR E AL T
BY, HBBEIEIERZ2D00, FAEOA A= ALK
DWHIRCELBRTHL I ENDD D,

32. A KHAE

LDH X EIREEHOTTHE L WT =F 55
KThHY, HEWEOREFE~OISHWIFSNT
Wb, LA L, LDHIZKEET =F ¥ % 3 IZAR
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BHCHLD AATLE ) 720, K& P TIEmbi#E
FWINLCT7 =4 v RfferkbhTcLE ). WD
ARFNTRIET = ¥ &R B < 720X R ARl
W, TV I — VB 2B ER SR 7
%200 AR AR, L S X ARSI X )
WL LDHBR A RA T TOEN AT =4 &%
Wk b2 L RWMELTHYY, LDHT /KT
DT = Y MFRIEA P EF 5T D,

ZZ T, 10nm®LDHF /KT ZJHv, KATFT
DT =7 YW G L 7o BFICT = oSS
R RN 2 HH T 5720, BE7=413dH o0
CORMT =4 v L, 7 =4 5@l o
INS VISR T =4 v E OB R AT o 720 FEERIT KA
TTHMWIT T WAV, ZOFEETIRIEkD I
W TEHB L7 LDHK T (R F-££ 106 nm) 134 <
T =k YRR HEST L WvAS, LDHF /KT Tl
T = AN HEIT L, EEORET =F
VAR TH B 2 E b otz (M4(ee)).
B 7 = AL TWB T Lid, HARTHEHED
ZAL» SR S 7z (4(f-h))o Langmuir2iZ &
D, WEI/NEWIZES L DIRET =7 ¥ hi5gin]
REE AL SNz LDHO T v VEIICIEE & OHM
HAEHAE L, D507 7 L ZAEDEVRIET
X UDPHETDEEZOND, DL BRRET
=% ¥ O &I LDH OR T Ffi /MR WK 3 5 72
O, T=F RS L LEE BN,

—7J5, LDHF /13 KIS & S i 2 & v )
BELALTBY, 2O L3 74 v sl
KELBEEL5 272, LDHF /T2 EHT 5
BRI L 2 10 mM (Mg/Al=3), Tris-NH, i
ZOSMETHE, E#, WHRERTHEERELTH
572 LDH F / B 13 KIS 5 0tk 2 %o 72
A, EIRIEIEE 2 50mM & L TAE L 72k ok
RS L: (@A HELDH > /i) . &8
WEIREEDSE W & LDH - / T 0SB 3 S 7 Bt
EAREIIR L2720, RTBAHEER?/ RS L, 5
B b L7z EZ BN D,

COL) EmaELDHF VT2 Hwb 2k
T, 7o VHEKBHE,SBRICKRET L LR
RETho7e T4 Y HEETHLAF VAL ¥
T OKREWNH AR IRDLDH F 7 KT % 4 & &,
AFNF VT OWREDORERZEALZ UV/Vis A X7
PO XA—=%—I12X Dl L7, K5 #HMELDH S/

R R £81250m) Rbdic Xy R L 2
LDH i (K. T-££106 nm) % MW 7284, A F v
T L 2T OREDENIZEET 5 T2 2000-4000
SOWMENLETH 72 (K4Gm))e —F, &5
HELDH 7 kT CRET810.3 nm) & V72354,
DA 20 s DN FECEE L2 (K43)),

KT EDFHSETH DD h0b 5T, FHFERE
MK E WA L720E, LDH /R T D%t
BICHET B EEZ BN D, B EMELDH F / HE
FERAFNVAL Y VKEBICTBSEL L, —K
TRV LIFEFITNS VKN T 2 LT 5%
AbNb, —J, BHHMELDHS; /K Fid~ A 2
OX—PMVAT—VORE L ZRKT& LTHRT
LEEZOBNDL, AFIVF L Y IHPLDHF /KT
WD AF NGB 7-20121E, 0 FH— 0k 7B % ik
M 5UEND L, ZOILEHRE D EE R & 7
D, EASHMELDHT /T CTldw - ) &7 =%
UEREDSHEAT LI EZ BN B, L7 LDH T
IRT DR DBAF VAL ¥ VR AT
i, FFHEEOMA NS LDH F /RO KEIZ A
FNUFL Y IRWEL, TAEHEICIND AT
%o HORBRHERERAETH Y, ZOHEEEIE Lang-
muir DU L) BB TH LY —H, A
FIF L ¥ ISR R & P9 % AR Fick
OEHH R BETH 2, 2hzho
LDH T/ K2 HWZBED X F Vv r L v TV OREE
OB 2 BMEFEICL Y 74 v 74 v L2k
A, WAHYELDH S/ RF 2 H w2 E10EE
{2 Langmuir 5 #2202 HE 9 BB 28 L, %55 #rk
LDH F / K% F 723 A 1 IR fE i
BB ERTIEDVHLNIIRo72 2DEH
2, LDHF / KF 055 #tEx FIH$T % 2 & T,
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Design of Hybrid Layered Metal Hydroxides
by Using Tripodal Ligands

Yoshiyuki Kuroda

Graduate School of Engineering, Yokohama National University

Layered compounds possess interlayer nanospaces that incorporate various molecules, and they are useful for
the potential applications in catalysis, adsorption, separation, and so on. In this paper, a novel surface modifica-
tion method for layered compounds is reported. Tripodal ligands have three hydroxymethyl groups and one termi-
nal functional group. They form a stable tridentate linkage with the surface hydroxy groups of brucite-type metal
hydroxides and layered double hydroxides, consisting of various metallic elements because the tridentate linkage
is formed by the structural matching between the hydroxymethyl groups of tripodal ligands and the surface hy-
droxy groups of the metal hydroxides. Using this method, hybrid magnesium hydroxide that can intercalate vari-
ous organic molecules and can be exfoliated into nanosheets is obtained, even though conventional magnesium
hydroxide does not have an intercalation ability. In addition, when layered double hydroxides were synthesized in
the presence of the tripodal ligands, very small nanoparticles were obtained. The layered double hydroxide
nanoparticles show improved anion exchangeabilities under ambient conditions without exclusion of CO,, and
they are used for rapid adsorption of aqueous anionic species because of their high dispersibility. They are also
useful as ion-exchanger, catalyst precursors, and catalyst supports. Consequently, tripodal ligands are quite useful

modifier for controlling brucite-type layered metal hydroxides by a generalized method.

Key words: Metal hydroxides, Layered double hydroxides, Tripodal ligands, Nanosheets, Anion exchangers,
Solid bases
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CENHBH, XFHEO—EBIEM L, ZhASH IR
TFOBBETE %D D, OISR
% (sacrificial template method) < H C.#%5 %! % (self-
template method), in situ &4t (in situ crystallization)
GEEIFEN S F#IZIN U TSR #INL, £
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WY T T4 NOARE—ARSIETIE, RS
SiB LA S I, @ﬁMﬁgum%ﬁ#¢
bo FMFETIEMT 52 & 2T, WilERd 5
wihwﬁAﬁ®iﬁW#mw%hfwéomﬁ&
PUATNVIF (Si/AI=1) & HLFMRIZL T, NaOH
DI L > TEBEH ST 5 L, TRKD Si/ALLL
WL CTSUAI=1 D ARIY I 5 4 DSk <
T2, 3=V 254 b (SIAI=125) OH4
TIE, BRBAICE > T A ) v F KTz Gl
S (I HELEIRESES), ST AY A F
VA b (Si/Al=2) & &R L729 2 TNaOH &K
BIGEEDE, F2OL)ICAREF T4 M2
ETDLEMEShTw?, €454 M EKTO
SYANESHFFAR DB A 58 < L TW A DT, Si/Al
ZIET A AE, 2ok ERETAE
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£ MHERT 5,

Al7 Y —DEF T4 FTIE, LHEIZTY AHH



88 €t F 7

4 b (12)

M2, =Y 254 FRITTOARYF T4 + O MKE.

22, Taylor&Francis & V) 70 % 75 CTHizifk.

WHNB, WifERT YA RO 7T ABAMK) %
HTY) A T4 M1OMSEERT 5121E, HRH
POF NI IFNFNY ) r— b EREESER &
LCOKRBILT V570V 7 v ED Y A ZET
2 NZARMAF ) Y EREBUET L, VY
HWHTALLIVE R L T4 b (SIAI=0.33) DIREY
27 %o NaOH % KEWEH CHMS 2 L 2 ) 2
T ARG SEIRIE T 50T, ThEfEBie
# (F R 7TRUELT VEZYATOIR) EOR
JBIC & 5T, ZHLEL7ZL 54 F DK ZSM-5
(AIEARE DR PEREET 2,

3. EMERATHET 3 BERBERES
31. EBREKEE(

MR IR T, RAREKRERILY (LDH) o
A3 — BB AR 4 BRELIZ e A Ui =
N Tw b, LDHIF, [M{ZM " (OH),] [Al,yH,0]
THEINDEA F VRO BB TH %o Bl
Z1E, Mg B XA ofla s b TR Col
bbbl Fayivi4 b EER, 45Y
WETERGE LTAFTRETH 5. LDHIL T 1
R TIE R VO TAMHOBE D SIS D05, 4
YH—AL—Ta ViR BT A M TIRIGETH S
T2 ORAA L7z ¥ — A OB IZ X 1) LDH % %
BHI2IE, FrEoisps & eV Lo ZAliB L =44 R
£ v EEGRGKERZ pH#BE LT, &R+
YERMARSBRT B HENE RO, F72,
SRR 7 V% B &7 LOMBL ZhEFiED
ENTRALBMMT 52 & THRT 2 HE
R, RO KBALYR T L A RS S 5 2
bdbo LDHE T s 20 b oo
bEshcsYy, REY eAFFAFL VT b

(@) N=ALEVBIY (b) KHIOIKSEME. Ref.

I3V RRBANCHG D L, B um o
K& L o EOR - 72 LDH D& SN 5,
Duan 5 IFBIRILK—F A7V 3 F (73
= AR BV OB P CHREBAL L 2B S
NDEALEI) JEARZEM 2 & O Ni/Al % LDH O fh
BB LT b, LDH 2R3 25 Ni** &2k
WA SR L, AT ZR—F 27V I F DS
35 L, K3D XS IZEAR 2 um O LDH A
FEE D BEICHN LB T %50 2O LDH#
B DG % A & P X D BRI LT 5 &, KD
MY O —PED KL T, BiEoAkMEERT LIS
b FAEDJTETZn/ALR LDH OFSME K b 17 -
Tw2®, F72, Zhang HIEEMEIR T L I F & Mg
1Y ¥ 7213zt 2 RBIUE S €5 L, Mg/ALR
% 7213 Zn/ALR LDH Of#E i (0.4~0.8 um)  A3dhft
R7NVIFERALETENENERET A2 E2HEL
TWa,

32. BRy 1 EBE
321. YUNRELIIEIZAY RS1 FORY
— I ZERRIC
ZARAZHARRT A V) =1, R
I EORGR A BRI, KD S O RS R Ak
BSOS, B BIERIE R LICE 0 ESshs T,
KEGHA A A4 bORTENT M T4 Mk
4 B (FRARLAE ¢ Li, (Liy, Mgs-.) SigO0 (OH) 4,
DUFAZ b4 b EMRRR) (3, HERIRAZ2 50T
Boh, YUAIVELME, Mg, BXUOT A
VERAELTHIES LYY, A2z F 54 FOR
B RERBORIE, SEFRE LCIRE Y ) A A
Hwoh, A7 74 2R T2K5D9 B Si
ESERRAMIA S, Li, Mg I3 2 & M RVESME T
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3. BRI 7 v 3 FHEAUCH LEE KR L2 NI/AILDH © SEM%. a) 3B LA SIS L% b) ida) O
KIE, o) ZWIHSEMAE, d) 138 S H 1O EDXHRHTHER. Ref. 33, Wiley-VCH & 1) #F1] % £ THiHL

THI LT 5, BlZIE, K4(a) O X5 ICHEER
R A DASEE I LIF, MgCL B X OIREZ N2
KESE SR D &, REOMAKSGFETpHA LT 5
CETHIRY Y A A EEMEASHEHL, Li'BL O
M EBEIBLTAZ T4 b ORI
BT ) A R THATT 5% mINTALIB LV
MgRaHERDO~NZ T4 MEBSM (Li:Mg: Si=
14:53:8.0)" LM L2820 S L CABSUS
(100C48 /) T2 &, b LD BIBIRE RS
FEEIEEALEZ DI ERL, RTREZZHD
ol 2 MY (N7 BT A ) BB b, TEM OFESE
HEZE (K4(b) BLT4() TIEDEDFHERY
VA (4(d) LiE8RA2Y), HE1immEE L)
F—=NERAY v 7 LIk AR LN, PV AR
L) r— MNEPEE LT OALND,
CORIBIE YY) A RETETTHOT, HEWHE
WIYRIRD V) ARET- 2V B4, KESUSHNIC
KEBWE ) A FRME T IHEMS S5 LEN D
bo TDIzHT 70y NEREMASICHAT A0
2, BIRTHOP LD YY) AR T2 KERE T507%

LERTEL (ZnE ERF[IMAGSHFEEINZ D
T, KBEOpHIZ LA T V) Bz 5
B\, T2, Y)AKRMEY—IIANZ FTFA T
W 2 IKBSUSH THRBET L e F L
{, E+XrI4 MK TIEMENZ L) Bt -2
L—7Z¢HEETELEBEHVLE, LDV
ADEE LT F FOOHPHETT S Lo oA — %
DT E Y, LAY b T4 MEEAN,
B A & RS EA (7 8 TNV AFLT
YEZY LA, 20N ML) B3 A ¥ aSH U IS
FoTA V=L =155, 205N DL %
BREA A AT T A MBI AL L, JE
MAIER () $5. ZOREHEEEOIEAZ R
LT, K50 &5 I CHAHCERIRO BRI T2 ATH
KU7zo MR 722 AR FEEDPE =TT P T4
FCHBEEINTVWDL I LZRET HHERE N 5,
THREELTOY ) AR SEHETH L LD
5, HBIZEUZDRIKRE BINT & 5 0L Ww
Z %o FHOIE, MABERIRY ) AR T2 TR L,
yua< MY BTN (BEB® 247 280 2
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@ e Heterogeneous Nucleation of
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M OGRMER S 0 )Y, ey kY 2hehn
DEHTHET LAY L 54 P OKEEEO VT it
LTWb, N7+ 4 MORE—BERIZOWTHE
B AR LEHLTEY, KDL I2nL o7
HMEIPHESLN TV,

322 HEMEDLFHERN RITTHE

POAEMELZBF LT FTA P ORE B
BACBI LT, MEER (LT, Mg, Si0, 3 X UR
F) DOHEARIDS, BUBIC KIZTRBIT DWW TR~
b0 YYAEMEIIBIFEAZ FTA FOWEINZ
ALIAM I, LiF : MgCl, : SiO; : urea=0.21:0.8:8: 8
(ENVIE) THY, 100C48 MM TRESIG SE 2 2
EERIEARL LTS,

3.2.2.1. Li/Mgit*”

A2+ 54 b OBAMKIE, M, (Li, Mge-,) SigOa
(OH), TH Y, Mg O—#HALi KB ERS LS
LTV r— MRIIAOKNENE DD, &R
BAt> (M) E—ICIELITTH BH, ART
ERFEONKIRC & - THET 2 NH, BSEEMN %
MELTWwh, Lo TL/MgltA R 5L, BRI
ABMEEL R L, €T, 1IRTLMglE
TAFEORFSI~S4 2 FHL, APOB A + %
Wz (CEC) Z2ME L7z A+ v HaHTh b
AFL Y7 I— (MB'Cl") i3 CECOFHIZAM %
RIED—DTH %, Langmuir 2 \lfi L TR L
7oA T B RK B & OSBRI 2 g 2 26 11TR
Fo AT 5 LiIF 2823 2 & Tn A
THERE RS T2,

20N THRAI S B2 B4, A7 b4 b oK
BIFRIZE LRI E R o720 6D X HIZ2C,N T
ESIDEMTIE =57, S28 X US3 Tk =7

TR, S4TENRT T4 v AL TTRALTVWS L
ZONb, TORMOEE, JE LM B O
WEABHEIBLTEY, ®NT 5 LiMglt &R
CET, YYHEIMEDANY P T A P OB
WRTHIELEEZERNIRL TS, £72, YU
KMONT T4 MIBAE SN 520N & EZDR
) (EEMEE) ICL->T, HAERICEENAAZ b
TAPOEEERMEOLI LN TED, K1IITG-DTA
O BEHE L2 2CN O E L 27z, Bl
1Z, S1TIZ2C,N " OWE B 1 0.11 mmol/g-sample T
HY, BEO2N ORI =S TRTH S,
STREOBINE & AYEDNZ N T4 D CECIE,
0.5~0.6 meq/g-hectorite™ ' CHHILEEET DL,
B O2EPAZ bS5 4 M THDERMD H5ND,
S2~S4 IOV T H FFRICEIH T 5 &, wIhdA
7 b5 A4 bOBIEIZ2EBETDH D,

3222 [RFEOP
W?umcuhfmm\%énmham{%i
L, KiE#DOpH%Z EASE L, ThIZXoTY
Uﬁﬁ%ﬁ@&?%@? KW DOEREZ —EIZ L
THRMS 2RERELEZDE, V) AOEBRRELE
bbb WERME (YU HEHR) A2 54 b
R E DBRIZOWVWTIHNS 720, BT Y AL
LT, ¥~74%4 b (Fe;0,) WAL ZET Y A
A TN &G, O KGN T TR
TAIA NHEE LA REDNE DT, @O
xRV ANTENVOELRERERLL, BLofis
N7 A4 MOEEREEDEFRERD . O
B, R2OLIIRERMEZ LT L, Bds
KT (ThbEIYAHEMESER) L, ~7 7
A NOEREDIEZ AN & oz MiERS Y A
(BB um) 235K LT, MmABR AR

#1. VIAELMMEILZBIT LT T4 b OJFEMEELAL.

. 201N MB” Langmuir/¥J X —%
B, H3AHE VI — -
LiF : MgCl : SiO; : urea A ] WA it 3K 4m
[nm] [mmol/g] [10° L/g] [mmol/g]
S1 0.21:0.80:8.0:8.0 1.9 0.11 5.7 0.12
S2 0.42:0.69:8.0:8.0 2.3 0.16 4.3 0.17
S3 0.63:0.69:8.0:8.0 2.2 0.19 4.7 0.19
S4 0.84:0.69:8.0:8.0 2.5 0.23 2.0 0.23

Langmuir 2, © C/g = 1/(Kgm) + Clgm (C : FHREE, gn @ SORE R, K FlEH)
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6. N7 b7 A4 b OIGEMHEDEND I TIEH 7
VELT ' AOB. (a) =0T, (b) #
=51, (o) 28574 VAL

(LiF : MgCl, : SiO, : urea=0.21:0.8:8:8) Tt &
VAT, ¥ I OBERENS VIO DS
A< % MR LMRT L2 (M7@). 72,
BRI A HEEPTESL, K70) O X HITH
AnmBEORKRI VA HAE L (ZoFRIRTY
AR, K7() ORAHDLHIITAZ FF A4 b
DAY —BEEDOHZ D 5 %) o REDTMED A
ZUAITHS T &, MRS Y 2 OB LERIRS Y
HOWEPRHRENLL B, BV AIDIFEAL
BN N T4 NOREH—BAERIEDR, K7(d)
BIW(e) @ L) ITHMEIR ) A AL 720

3223. 7yFEA+0

Ty FEAT L, SALFIE LTIEHIL Y ) A 0%
MEMRAET L EPMOEN TV A, IEHEOEIL
WEZZFI, ~27 bI A4 FOLIE% LiF 22 5 LiCl
WWEHET 2L, REOCECHBA L (N7 b
A POEFEEIES L2 L ERIB LTV B), [
K2 (001) WEIPTHRIREEASEGE D AT T A b OR
A A ETNEL s (REOMMA/NE L
%5) HCH o0 NT DT A MERITHER Y
VA OBEHEDBA L2720 E 26N, REDIT
PIZLIFOWRMED N7 b T4 FOAREIZES L
TV I ERTRHEEIELN TV S,

3224, SIIHT3LBLOMgDFHEME O
IR 22 A 3A AL (LIF : MgCl, @ SiO; : urea=0.21 :
0.8:8:8) %M, LiB XU MgDBEMED A%
Bodl, 2055127 M T4 FOENRDHE
KTBZENDH B, Li' BLUME iz, F- o
WD R LT\wWAh e, 3223 TitlbL72&9
2, N7 b4 MRELTOYY) ADHFE» S

1 b (16)

PRI TBY, ShERBLTAZ bFA4 D
ARED 272 EIRL T 5, FHEMICIE, LiF
BILOMCLOBMEZ MR TIZEANZ FTA MO
EREPHKT LI IR 205, LFRRICEE(LT
XHA7 o4 PRI, HRHRORRRIAKSFT
57290, ZTORIEMENHL LEZONL,

323. YUT— MEDRIEE

JEIRWE O LR~ ORI ZAE, Wb - 7B
WKBWTHETREETH D, EIIAZ bFA b
e L OB BEDILBIVNS WA X7 & 4 bk
THW TR, KPP TESIBEL, RMRICHE S
NTwZ b DL HE (exfoliation) 3 % W REMEAS
bHho BEHELIX, FWLOBA 4 (LiT,ca’ B
DORBEWTOWAEFENS, YU HERTEELL
N7 FTA P OARFNREEICOWTHRE L Tw
o RTURIA NENE LYY AN TNV EDH
AT, 2Na S Ca’ OBV ELEH TS, Kl
DT T4 MERROMEEZIZE A LEZ T,
KA L - TA F V2 L7z BE % RN T
x2%, M8(a) ®LIHIZ, 3Na SE OIS
WCBWTHEYBELERASR, MR U » %X
ke LA T, BEd’’ o563 MHE 425
HLTHED (M8(D)), YV AKMDNZ T4 b
SARTA Y RIRBUSASHEAT L 72 2 & 2sb 5 5%,
MB Cl” D@ TIE, CEC & [MFLEE O & T
LTBY, s TchlEA (7105 —) OER
FIFE AL AAMB THBEENTVWEI LY
bbb (K8(c))e 2 THEEKNELAZ MTA T
DO HEZET 72, 12 mM LICIKEHN 3 E MR L
THS, FHEEL 2 IZ7% KM ThH 72 (1M8(d))o
CORBNE, EEE um OMEHEIR > ) F I LIF : MgCl,
Si0, :urea=0.21:0.8:8: 2 DM THIG XE72b D
THY, REHICAZ 54 M I5BREE TN
TWbe, by ) HOKRAEM RKTED DI
MEERR) LAz b A MEARD, HEEToEE L
DEIIHBRT BTN T RIS T 5 &,
NI ITA DY) r—NEEY) HHAET L1
BEEIRTLEEZOND, T/, YU BIEE
HEed, WENRMEEHTHE LAY bIA
FOFTET 356, KITRT &9 BINERERTO
ISH OB, HEEASE X EIBROBER E 2D 5 %,
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Urea
Excess silicate | 7
Hydrolysis p 7
Precipitation ‘
OH- / Hect@silica spheres
%,  [SioH),] L
; (Mg, Li)(OH),
)
' Hect@silica fiber
Silica fiber y
substrate ~

BT, WAEIR S U A ZERE LHEOANT T4 FEEL.

Crystal growth

(a) RE DRI L\ & BUBE LR O I HER 3 2 W

L7z ) BigidE e (b) BRI (RIEAZ P74 FEfbND) (o) a, bDER#EE $ L oMK, (d) K

FORMEZIRS T L cDIUBIFEE T, H—IT~y
DU, Ref. 49, EVALFE & O FF 2 # T

oA PTHEIRZEHEOAR SN D, (¢) LEWd

F#2. RTAIAPENLLEY YA A TN (Fe,0,@SiO ™) ZHAEHE & Lz~ b 54 b ORI —HER K
IS
Sample LiF : MgCl, : SiO; : urea CEC [107° eq/g] Ms [emu/g]
Fe,0,@SiO; — — 4.0
F15 021:0.8:8:8 29 0.78
F15-1/4 0.21:0.8:8:2 1.6 3.4
F15-1/800 0.21:0.8:8:0.01 0.36 4.0
F30 042:1.6:8:8 6.1 0.71
F30-1/4 042:1.6:8:2 43 0.85

Ref. 50, Elsevier X V) #F1] & 4 THxiL.
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0.12

0.1 1

0.08 A

0.06 1

Eu?* amount adsorbed (mEq/g)

Run

X8, ¥—

CAZ M A MTHBE SN2 ) AT 2 (a) Bu' " oW
WA O OGBS (iR E © 400-410 nm),

4 b (18)

200 um

(3Na " SEu’ O Y E LEIE), (b) Bu’”

(c) MB' KIS IR BB OMMIR Y VA 7 1 vy — (A

7 NI A MEEY, AAKBBOLZR L), (d) LiCIKER T3 EMRE Lz S €72~y b7 4 MEEY. Ref.

49, LA S X 0 FF & fr Tl

324, HEHEH T LFERIAOIGE®
PYAREONT M4 M GR) OEREH N
72, N7 bFA MIEMAD T 55T OWERE)
PFHUINSWEFHTE L, EEOIE, BEHLOMH
HEEZMDIMZ B2 EDTE 5% EHHPLC &
T AREHOIGH 2 MG Lize ¥ 7 V% SRR
JEART A BRIEI\CWAE 3 A BRITOWTIL, ILEREZ
WRAHBEE, BIRERFFERATFHIZOIIL > TK
DEHITHMAINTE, DA HT S MY
A% L — SR TH 2 [Rulphen)s]®”
1,I0-7 =F > ha 1) ¥) ® [Rulbpy)s]®” (bpy=22"-
YY) IN) T, BEDE o 785K TR
&ﬁﬁﬁmﬁﬁé,%wm%lf/%%v—k7t
TRAW TREAIES RICK X 2B L 57,
FrFAT—DOYh bﬁl9®ﬁ@®loVi¢m
R & o THES TR O H 2 Fid % & 2,
SFEICTERZI 7 Z2BHEFIVvTHY, 22
W D5 F-A3eE L7z DAL b &k 2 3 REICIE R
ERAFRINESEND, COBHICIEDL &,

(phen=

Racemic Enantiomer

0 102 nm

%@%ﬁi

(b)

(A)

Ko, EvFAarvaEilihRkoonizy ) r— g
2B 5 [M(phen)s]* O ZeHIELE, £ © 5
tIR|EWOYAE, LMl FrF A< —DY;
A GHARNCBRB 2 %), Ref. 54, i b5
Y FFT % 15 TR,

SR SR A W X8 72 R 4 B O BRIRRL T 13
HFEHHPLC 7 9 A FHANCSH T, fite D
F & LIREWITH L TEV S BRI R 2R
TEAWE STV, A ET 2 R A
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Silica@hectorite

\

Elute : methanol
Rate : 1.0 mL/min

2.6 (A 5 5
( ) Racemic mixture :

-0 () [Ru(acac);]

Spherical hectorite (RU-1)

191 (A)

e

Elution Time /min. Elution Time /min.

[X10. [Ru(acac)s] 7t IWEWONLFESE 7 a< b
75 5. A-[Rulphen);)* " #5ffi~2 } 5 4 b 2%
S TH Y, LAV WRER, AR
DEKANZ VIA4 P2 HOEAETDH 5.
RU-1: B4k~ Z P54 % A-[Ru(phen);]*"
Wi L7-di A 5 & O h4. Ref. 48, Oxford
Academic & V) #F0T % £ CHizifik.

49.2 (A)

#®3. flixrosEIRA

A MTHBELIZV U A7

Vol. 34, No. 3 (2017)

95

A O FInwoEE B X O P 12T B R & 4
), PEROAGHRBETHELSTSEL720, 8
R A BRIEAS Y ) AR RINTHEAE L 728 ERICH
E 2 TR U TH7zo HPLC H T A FEHFH O LK
W27z > ) #1700 (REFEH S um) & MFEEWHE &
LGB L, >V AR CAR L72REIRT 1 iR
1 A-[Ru(phen)s]* " 2 Y At &, fl 2 1ZX 10D
X 912 [Ru(acac)s;] (acac=7+tF LT bFF—1)
DT IWEWA AMKE ARG GE SN, Bk
RICHE DT A T A & R THEN ’%‘&TZ)HTFEVJ“@<
Tole, MHAEZEZTOY =7 0K CEAtR) |
BEALBDG o7z THIWEWE LTI
[Ru(acac);] 7213 Th <, HIDLHICKHARKS
JESEIRR A TR LT, FAEOFBEI LN
TWwb, ENHEEBIFEALRL, BELEF/
V= bOHBEZIZEAERVWEEZ BN,

EWT S ERB ORISR, 7T AFEHIT TS A-[Ru (phen)s] B~ 5

Racemic mixture Absolute V,/mL V,/mL Separation Factor (V,/V,)
configuration
[Ru(acac),] A/A 2.60 3.00 1.15
RU-1 *1 A/A 19.1 49.2 2.58
[Ru(acac),(C,y-dbm)]  A/A 1.55 1.70 1.10
[{Ru(acac),}, (baet)] A/A 1.00 1.40 1.40
[Rh(acac)s] A/A 1.05 1.20 1.20
[Ir(acac)] ANA 1.05 1.30 1.25
[Ru(acac),(phacac)] A/A 1.00 1.40 1.40
1,1’-binaphthol RS 2.10 2.30 1.10

Column : A-[Ru(phen);]**hectorite-coated silica (Elute : methanol 1mL/min)

*1 RU-1 Ceramosphoere

acac:acetylacetonate, baet:1,2-diacetyl-1,2-dibenzoylethanate

phacac: 1-phenyl-1,3-butanedionate, C,,-dbm :

1,3 (4-n-decyloxyphenyl) 1,3-propanedionate

00, 00, o b, M oy
©© OH ©© OH \gz \Ru/—;r 06(\)\0 o/(g
51),1 ’-binaphthkol [M(acac),] [{Ru(acac),}, (baet)]

Ref. 48, Oxford Academic & V) # 0] % £53 CHxifk.
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BAfR 7% < HEATT 5o A THIFEECR AL RLEK 12
IoT, "7 o4 VLR, BEMEE BX
OHERTEICE Y525, A7 b4 FOBE
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Crystal Growth of Layered Silicates
on the Surface of Silica Gels

Tomohiko Okada™

*Faculty of Engineering, Shinshu University

Cation-exchangeable layered silicates including smectite group of layered clay minerals have been investigated
in various applications such as molecular recognizable adsorbents. Here, we overview the surface coverage of an
amorphous silica with smectite-like layered silicates through the direct crystallization technique. The silica sub-
strates (e.g., monodisperse spherical particles, fibers, hollow microspheres) undergo the heterogeneous nucle-
ation of a hectorite-like silicate after the hydrothermal reactions with lithium fluoride and magnesium dichlorides
in the presence of urea. An aluminosilicate microcrystal has also grown on the surfaces by adding aluminum ions
to the initial solution. Because of partial dissolution of the silica substrates initiated by the hydrolysis of urea, the
shape of the silica substrate has been maintained after the hydrothermal reactions. Cation exchange properties are
displayed for the interlayer cations in the formed hectorite crystals to be replaced with metal (a rare-earth ion)
and organic (quaternary alkylammonium and methylene blue) cations, as is usually observed for the smectites.
We focus in this article on the reaction mechanism (affected by the chemical compositions of the starting mix-
tures) and applications of the resulting hybrids (e.g., HPLC column packing materials for chiral discrimination,
filtering, and magnetic recovery) . Such a hierarchical design including the crystal engineering on the surface of
defined morphology will be useful for separation of a target molecule especially in a flow system.

Key words: layered silicates, heterogeneous nucleation, hydrothermal reactions, crystal growth, hierarchical
design

Copyright © 2017 Japan Zeolite Association All Rights Reserved.
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2. FEUEMEDOEE

o+ 74 FOMETIE, BAL— 5 —omi%
AEAHAMEE S > THEATHS (K1), FD4L
DFELY NS VGTIRIHEENTNRATE 525,
REVSTIIRATHIENTE RV E W) %
WL, 5155 0wE LTHADRMERAMD R
2 PR EZE M EIN TS, F722DLIC
BB TR R AT+ VG HENTEY, 2
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Phosphor of Silver-Containing Zeolite

Koju Sugiyama, Toshikazu Hanatani, Kaoru Yamaguchi, Shinji Fujiki
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4-1-186, Ohiraki, Fukushima-Ku, Osaka-City, 553—0007 Japan
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Phosphors are materials emitting light by absorbing energy such as light, and rare earth elements are generally
used to them. The zeolites introduced silver which was not rare earth element by using the cation exchange meth-
od, and that the materials had the property of phosphors. These materials are cheaper than the phosphors includ-
ing rare earth elements, and are safe. At present, we push forward the development as the phosphors for high col-
or rendering white LED illuminations by the violet light excitation. Furthermore, we examine the application as
cosmetic components and anti-counterfeit materials. In this paper, we describe the results of research for the zeo-
lites containing silver as phosphors to date and future developments.

Key words: Phosphor, Silver, Zeolite, LED illumination, Cosmetics, Anti-counterfeit material
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