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LROIWH AT L 2 ERBSAD S, SROSEEE %
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HAILBEC oS5 - REELEBR 2 &5 5 Audll),
Cu(IT) OFAL - BUBHEE IO WTHEFR L 72,
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Bk RWBH >V A4 7 v E LT QuadraSil™-TA
(QTA, Reaxa #) J% U QuadraSil™-MP (Q-MP, Reaxa )
Wiz, ®mERE L THAuCL (EELR TR, Ep
grade) & CuSO,'5H,0 (Koso Chemical Co., Ltd #, GR
grade 7213 ADGHIZE T3, SP grade) 220 F FH W
7z

EROSEMBOE R THEEI 70F T
Y — e - SEMIRIE A BV CTAT o 721, KEMBH S ) A
IV, HHA L 0.01 M KCHRBETAFIZ 1 HIRE ST
7=, OGBS (K YRR IX70) FC, %4 2
OXxyEs)—<=¥tal—Yar (937
MN-151, MMW-200/IM-16) 2X V), H—XKMmEH ) »
FkF (B 20~60 um) % AuCl,  PRAHH O Au(ll)
B ([Au(ID],) =5X10 °~1x107° M| 7213 cu®™ 1K
Mo cul) #E ([Cu(ID)],) =1x10°~5x107* M| %
& 2 mL @ 0.01 M KCl KGR (DO % T pH
=6 ) ICRINL7:. 20RTIE, KT REVOREIS
WARB D Rdrolz, WL Y X THE—MFORLIT
U—7REEAL, EBLREI VTR U ATHES
L7zDb, 7 7 A N—%@B LTI IVFF v v 2GRN
2 (ERER =27 2%, PMALL, C7473-36) CHGHREENE
iTofz. BROLE L THFEBOBERFISBIT 20 EE
ZH, BIRARZ MvE Lz F 7208 o B —fh
T, SECEEE L T 2 BEERDOA - T
W\ 0.01 M KCl (pH=6) F721% 0.01 M HCI (pH=2)
OKER QmL) ¥, 70Fr 5 —v=al—
a X DIIMLTAT o 72, 40BE + JBOH I 5 o0 I
Yok, WENARICH MR T2 Rm L7z mme L, &
BHAT 2 mL S — DMK T OARBEM L THET %720,
HWERZED pHIXIZE A EEILL Lh o7

Wi 23A71d, 1 mM AuCl,” 2 &€ 0.01 M KCl (pH=6)
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Fig. 1 Time dependence of the absorption spectrum

of Cu(ll) ([Cu(Il)]y=1 mM at pH=6) in a single
Q-TA microparticle (r=21 pum)
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FE BN U — @M U7z, 3B R B OB s O ST 12
1, Cu(ll)/QTARTIRE — 7 W EIEE (=5 nm) O
FEOXIEE%, Aull) 2 TIZ 410 nm (£1nm) 2B 5
WO DI A v 7z, GBI R S BV 2 ROGEE D
T () KEMEEZ 7oy b5 5L, Audll)/QTA KT
Cu(Il) /Q-TA R TIZWILEE I » \CIEMBI L7225, Au(IIl)/
QMP ATl r 2 LS TOMAERT—ETH- 72
(Fig. 2). WHEMMTWNIE TH—-IIHALTWVD L, 2r
BNEERE L7727 YNV MOFERNCHES T, BOBEL 1
IERBIBEERE 22 5. Au(lI) /Q-TA & Cu(ll)/Q-TA R TI,
Au B Cu BHTFHAMBETHEL TV L DEEZ LN
%. Au(lll)/Q-MP R TIE, Au 2SR T-EEORIHFAEL T
VB LDOBRED r IKIE L 2w oL FHER LY.
SEM-EDS % i\ T4 Bt L 72 Au Dk - 5046 % fi R
72, Au(II) /Q-MP & Au(IIl) /Q-TA RIZ B ) 2 Wil 63245
fi % Fig. 3 1SR T (HOWMP K ILENL AT D).
QTA TITR T-EFIC Au PRI SN TEBY, Au PR T-H
WETHLELTDLZ LG H -7 (Fig. 3a). Q-MP Tl
AuZEBIZOARGIELTWD I EW5h -7 (Fig. 8b).
SERTIC BT 5 QTAR Q-MP 2 5t Au TR SN 2o
72, QMP Tl>FF—VHKD S HHRFWITH—ITHFAEL
TWbZ ENnD, F4—VEIIRFICBIT HHMMILEEICE—
WBfishTwa EEz bbb, DF ) QMP OILEEH
BERRRB T ORBOARTIE R L, Au BRBEZITITHEEL
TWBEEZEZONDL., Fr—VEEAETHILAWICE Y&
TEEN AuBE F AR T 2 G S hTwbanT?, %
J& T Au2SHTH L, BT~ Au(Ill) OBE)2SHES 1
TWbd0EEZONL. ZNOORFEITHEMES LI
L BENED r RAFEOFER & WIS LTz,
QTARDEIGA & ¥ DIEL - FHHEZ Fig. 4 IZRT .
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Fig. 2 Particle-radius dependence of the absorbance of Au(Ill) in single (a) Q-TA or (b) Q-MP
microparticles for various [Au(IIl)],, (pH = 6) at the distribution equilibrium
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Fig. 3 Cross-sectional distribution of Si, O, Au or S for (a) Q-TA or (b) Q-MP at the
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Fig. 4 Time dependencies of the absorbance of (a)
Cu(Il) or (b) Au(IIl) in single Q-TA microparticles
for distribution ([Cu(II)],=3 mM, [Au(III)],=0.05
mM at pH=6) and release ([Cu(I)],,=[Au(III)],=0
at pH =16 or 2) processes

The solid curves represent the simulations of
absorbance using D, of (a) 1.4X107? cm® s™' for r=
20 um, 1.0X107° cm? s™! for r=15 pum; (b) 1.0 X107
cm?s™! for r=19 um, 1.0X107° cm? s ™! for r=16 um.
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HIMILIELE d, (Q-TA: 5.9 nm) LW BEE o (AuCl, :
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Table 1 Distribution ratio (pH =6) and D

calculated from the pore diffusion model

KAGAKU

metal R Dyore/cm® 57!
Au(IIT) 2900 0.4x107°
Cu(II) 350 1.4x10°°

/AT VIE () BUISEL, £iL% e, (0.68)'" %MW
T R=C/(g,C,) &Kz (Table 1). K(2) TIHAD
1 AR T, 8 AR OFSEEKT. 22
TREMMIEENIIEFICE O EAE L, AR 7 S5 H0E
DEHS 1,=2"E LT, BT IR Dyore (=DuH/(7,(1
+R)}) O%FHE L7z (Table 1).

pH=6 (2B1F 5 5B ORI 514 5 7z D, (Fig.
4b) & Dy, (Table 1) ZHET 2 &, Au(ll) TiXIZITFH
BETHL. QTARTIE MY T7IViIE7E b/ ELTIE
BMOWET A MEAL, AEMEZ D AuCl, PHBET S
LHERRTWRY. At v/ Y A VRTE,
RHEL7=> T ) —NVEOHUBEMEET HEREY A MIHF
F RS ENH TR CRAET 25, ZORD5HE
MBI B RMEILEAREE, FEEISHSLIFIEER
(K10 em?s™) EHEEShTW2Y, HEHHEMER
TWAET 5 Au(lll) /Q-TA RICBWTH, KimILHAREIZ
KELTH 10 em’s ' BELPEHINS. 2072040
DRZROSIBIRE, WEET VDS RIS o 720 & FFRE
o7 bDEEZHNA. Cu(l) DHELEREICBIT 5%
WAt D, (Fig. 4a) &, #4564 D, (Table 1) & b —Hi/h
S o, KEWHMOFG % ED 5 LMD KD LG
Bl D, X EHICREL 2 REMEA D Y FEWE & A D
ZEns, MALPIERIEERTEVwWEEZ ONL. 2,
2NV 2 KA S BT RO Co® T DILHAHEE & % 2 Y5
DR DOHEEER ko, (=3Dy/(°R)) 1E 7=20 pm T
0.016s ' % 0", EWOWNED VL LAY (Fig. 4a)
EHELTIEHICKRE L, Cu’ DKM P DR D Hrs B R
LBV, QTARTIZ CU® & MY 7 I Ui T %
LB SNTWEDT, 40 pH=6 T Cu(ll)/Q-TA F
D RHEE L Z O EREEZ B L Cn2d b0 L PHR
ha?.

QTART® pH=6 TORMIE, Cu(ll), Au(Il) & H il
ST & I U CIERICEDr 5 72 (Fig. 4). KA OMHH;
(L H PR T O AR & L L CHERWICKE WD T, R=
300 ~ 3000 T - ISR FH OB/ OO IXIZITE
U253 THD0, BHILTWRRHEBTIZIEALY
ZALL VDD & TN Tz, Cu(ll) TIESE AR it I
IEDEWZ EIZRET 2008 Lz, Cu(ll) % pH=6
THESE2OHICpH=2 THINEE S L, pH=2 Tk
AR LIZ W, eIt T st sheb o
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EPHLTW2 (Fig. 4). Au(lll) TIECl EDT7 =4 VK
WCTIEBEWZ D 2OWAET 4 M2 5 AuCl, s h s &
Hz bbb, pH=6 CTORMIKEIZ 1000 AR THET %
40 % FEE ORI OEERBICBR S NS EASY K
& AR ORI CHEITS 2 O T, HIFLNILE A
Zz oMb, —F, 60 % DRSO H R 1M
FLAERL X D BBV DT, AuCl, & LTHEE, AuIll) O
LFB R WA RENEN L T L REYND 5.

4 FE =l

FWEHI > ) A7V QTA £ QMP 2B % Au(lll) &
Cu(Il) D4THEL - BONZEE) O REERRIFENT 24T 072, =4
Oy Y5 ) — 30 - BERORINE 2 H v T H — ok
AT, OB, BEE, YA X, pH KD S R -
BHBEHEIC D WTEL L2 Au(Ill) /Q-TA RICBIT B4
TN, FEIME & B A S RO 7 B A R
Thofel hb, MILNILHAIHEERETHL EER S
N7z, Cu(ll)/Q-TA 5 TIIH T-WILEARE O EEAFIE
EICHRT1I/10BEE 2D L0 5, HEBRIIMILA
PHTIE RS Ly PR N MFLER O B REE oM
LM, SEBMOBREICL T, 4 - BB o g R
WERLBZEEZHLNMILT.
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Distribution and release processes of heavy-metal ions between spherical surface-modified
silica gel microparticles and water were analyzed by microcapillary manipulation and absorption
microspectroscopy. Silica gel modified with triamine (QuadraSil-TA, Q-TA) or thiol groups
(QuadraSil-MP, Q-MP) was used as a surface-modified silica gel. A single microparticle was
injected into an aqueous HAuCl, or CuSO, solution containing 0.01 M KCl (pH=6), and the
distribution rate of the metal ion from water into the microparticle was measured. The rate
of release of Au(Ill) or Cu(Il) from Q-TA into water (pH=6) was much smaller than that of
the distribution of the metal. The microparticle radius dependence of the absorbance of the
metal in the microparticle and distribution of the metal by cross-sectional SEM-EDS analysis at
the distribution equilibrium indicate that Au(IIl) and Cu(Il) distribute into the microparticle
interior for Q-TA, while Au(IIl) distributes at the outer layer in the spherical microparticle for
Q-MP. The distribution processes were analyzed as the intraparticle diffusion, and the
diffusion coefficient (D) observed in the present systems was compared with that calculated
from the theoretical pore and surface diffusion model. = We consider that the rate-determining
step of the distribution of Au(Ill) in the Q-TA (pore diameter=5.9 nm) system is the
intraparticle diffusion of AuCl,". On the other hand, the distribution of Cu(Il) into Q-TA
was much slower than the intraparticle diffusion.

Keywords: surface-modified silica gel; distribution; release; kinetics; heavy metal ion;
microspectroscopy.



