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ODS ¥V AX N /KR T =Y ¥ 102 DLE T2 H 5
1% TX-100 KBEFISHML 7 <V ¥ 102 OB HE D) %
BL-E25, 77U ¥ 102 & TX-100 2531205 F A
CHLRTHLD 7<) ¥ 102 BULZEEY & K& B
D, TX-100 DWEBEHPBHTE 5 2 LRIz KR
XTI, 7Y 102 8#mETu—T7 & LT TX-100 D
KA 5 ODS ¥V H 7 VA~ E BB % HEE R
T L7z R e i3 5.

2 % B

IR ODS ¥V #40V (FDGMBE TR, Wakosil40C18,
BFEE (d): 20~60 um, MFLEE : 12 nm, MFLEM
1LOem’ g !, KM : 330 m g ') & N.N- VA F L)L
27 3 F (N,N-dimethylformamide, DMF) 2 1 H L E43
BEsEznt, 23%10 *mol L™ @2 <) ¥ 102 (FGHE
ST EH laser grade) %4t DMF-/KIR G (DMF @
EEESFEL0 %) IZBL1HU LEES S ENL —
W HEREOEHMSE U 2828, FV 1000-D) T T
~fzuxy¥y)—~=V¥al—yar-4 7=z
YaryATFA (FU VT, MN-151/IM-16) %W,
DMF-/KREEBEHF O ODS T ) 7 IV E—F; T % TX-100
(¥7= - 7NVFY v FH8 laboratory grade, F¥5F i :
625) KWL 7. B F N0 (425 ~ 525
nm) WA, 405 nm DAL —HF—20BEE L,
60 fE KR L~ X (UPLSAPO 60xH), [Hf% 100 um @
Erhk—nEHWT, Ei| (~25C) TllELE”.
7o, H—RFOH.LEFEOHIEA R bV 406 nm O P
BAKL —H— (247 =28, TC20-4030S2F4.5) % v
T, WML X D WsE L.

3 RREEH

7<) v 102 %5 SE720DS ¥ H 7V E TX-100 K
WML, FESHOEMEEIC L ) BN T2 500
FhmaRzE Lz i—RTE<vf 0¥y ET) —
A2y a VETHEMT BB, DMF-KEAERIE 107°
em® FEEERINE M5 25, TX-100 KB OWRE (~15 cm®)
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Fig. 1 Time dependence of the fluorescence depth
profile of coumarin 102 in a single ODS silica gel
microparticle (d=41 um) injected into an aqueous
0.05 mmol L' TX-100 solution
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Fig. 2 Time dependence of the total fluorescence
intensity (I) of coumarin 102 in single ODS silica gel
microparticles injected into (a) aqueous TX-100
solutions of 0 (d=49 um), 0.01 (d=54 um), 0.05
(d=53 um), and 0.2 mmol L' (d=52 pm), and (b)
an aqueous TX-100 solution of 0.01 mmol L™" (d =54
um)

The solid line in (b)
approximation curve for data at time smaller or
greater than 9000 s.

represents the linear
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Fig. 3 Dependence of ky, on r~? for single
microparticles injected into aqueous TX-100 solutions
of 0.01 and 0.05 mmol L™

LR L CIEEITH 4 L, KBEED DMF & TX-100 KA
LHRPITRET HDOT, MFEBWITHN T % DMF O 2%
BEHTEZLEEZONLY. RHTOTFH»S EH~D
HUDINC IR - 721 (4% 8.8 um) HORES H ot 7 o
TrANETOy N AL, SO S IR
FIEIT—ETHY, L EHITEBRENBD L7
(Fig. 1). RFHN OB OILECEFE 23 HEE o L B ke
THHYE, MTPNICOROBREARAEL, RT-RKEHT
BETOHERNEEIINTODDOIVEKLS L EEZLN
5% S OFFE, TX-100 23 L7 ODS ¥ ) 4 7 )V
PHD =Y ¥ 102 IRORE L AR, TR TOEHE
PBUEIERICH N L 2R LTV B,

WS IRAF L7z 8GR E i 2 3 5 2 L CH—RT
WOLEHOLIERE (1) &L, ZORMEFEEEZHS &,
Fig. 2a O & 9 ZFFBN 2 88 278 L7z, TX-100 23FFE L
WA, LR E L 12w oD B L. TX-100
PHEET DL, LIZHLHMETY- Y LKE GHEY)
L7z0b, BB CHE L. ZoFEl4Emn
CERT 5720, log Iy DiFEM & Z DI Wy [ 58 &
ZNZIHRILEM L (Fig. 2b), ZOKMOWH%Z 7 & L
7z, KAMF @ TX-100 #EE ([TX-100],) A3¥mM4 s &,
FIRA L, FEYLIED I, ORFEZHEL %o 7.

FHEHI L&D [, ORI, BB oW &
L CTIRAT L AT OBEEI (kg ZRDZ RTFHEE
(r) & kop DBRETRIZE A, kol r IZIERBIL 72
(Fig. 3). BEIZHE L7z TX-100 23 L 72 ODS 2 ) A 4
ARBD 7<) 2102 OBHHIZBWTIE, I OB
BB THE LY. Cok i, SREEEE»S
KDz ko 1, BT & NV 2 KM O 3 O3Sk HE
HTH DB E DI ko, =3D, 0/ (rPKy)' " THEIT T &
7219 2 2T Dyp AT Ot FE O HIREL (6X107° em?
s )%, Ky lZ ODS ¥ U A7V LKMot 5 EAR
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Table 1 Distribution coefficient of cumarin 102 (Kp)
and the TX-100 concentration in ODS silica
gel at the sorption equilibrium ([TX-100]¢,c)

in the ODS silica gel/water system

[TX-100],/mmol L' Ky/10* [TX-100]¢,eq/mol L™
0.01 1.6+0.3 0.14%0.01
0.05 0.62=0.09 0.15%0.01
0.2 0.34+0.04 0.25+0.03
1 0.29+0.02
2 0.25*0.04

BAERT. kg 2D LD REHZBEFRNE R0, <
4270 X ="V A4 XOWKFORTIE, BHROILHIIE
HH LRI E 25720 TH 5D, 5ORICBITLHERZH
CBRITHNT L Ky 2KD728 25 (Table 1), [TX-100],
=0.01 mmol L' T K, % TX-100 230 L 72 ODS ¥ U
HTENDFZHHROIHD {(08£0.2) 10 LY bF
WCKRE L o7y, TR ED[TX-100], TRHE D K, &
FEEHENTE =LY, ZoE»S, FEY LI
D I DI, TX-100 25 ODS ¥V 71 47 )V & KA
TIEFHE Y, 7= ¥ 102 ASRF-FE A S P E
TAMICHE SN BEPBN I TS LEWRTE 5.
F 7z, FEM O I ORHUKAAEL, TX-100 2°ODS ¥V 7
FWIZIE T 5 BRIERNT S & RIS,

7<) V102 RO & o THIEARY M VHZE
LT 50K THY, BEAOBEIME VI LB E
M) FEPR RIS 7 b 522 K, ==, RO
-4 278 = VBT O A ZRIET 5 &, ZNEFh 490
nm, 468 nm, K U462 nm THh 72 (Fig. 4a). ODS ¥V
HTEN/RRTT =) 2102 2 EFHEE L, BE—RT o0
S ZE 24T o728 25, TX100 BEFEL R0 E &
d Ao =468 nm TH Y, % ) — VB oMb L W
FETH DI ENGholz. TORBIE, Z=Y 102 134
fLEEDBUKIYEREETdH % ODS HAFIZ G L TWAHDT
X7 <, ODS/ KRFAMHIZHELTWEbDELEEZLNS.
F72, TX100 & 7= ¥ 102 B HINGETFHEHTH 5 & &,
A VZIEA L [TX-100],,=0.05 mmol L™" ¥ 2 mmol L™
T A =453 nm TH o7z (Fig. 4a). 73V ¥ 102 £BHED
RS L 72 50%, 20 [TX-100], 5= TiZMifLEED
ODS 250 TX-100 W &A% <, T TX-100-ODS/ K57
HIZZ <) Y102 0% E L TWBELDTHsETHRIN
%. [TX-100],=2 mmol L' T®D TX-100 DY #IZ, [TX-
1001,=0.05 mmol L' D3 D X W &< % B (k) 7%,
TX-100 DD T % & ODS HKDFLGI/NS L %
D, 7= 10213 TX-100/ KFH~OWAE & Bad 2 &
NCELEEZEZONL. /2, [TX-100], B3HN$ 5 &2
<) ¥ 102 DA RIIIE 2 A, KOS 5 72
DAMNZGI LT R Y Ky dEP L7 (Table 1) D
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Fig. 4 Fluorescence maximum of coumarin 102 (a)
in solvents and ODS silica gel at the sorption
equilibrium in aqueous solutions, and (b) in a single
ODS silica gel microparticle (d =54 um) injected into
an aqueous 0.05 mmol L' TX-100 solution

LEZOLND.

7<) v 102 #5772 0DS ¥ H 7V E TX-100 K
WS L, BFEBORICHE S Bk T o LaE £ O B
HOEANRT MVOREREEALZ Rl % L7z, [TX-100],=0.05
mmol L', d=54pum D& &, ~1000 s F TIZ A, =468
nm TH Y, TX-100 HFELEL B NWEED A, &E—FK LT
CNLLBEDRER T Ao 1FIHA L, ~5000 s LABEIE A, =
453 nm &2 D 2L L % < %o 72 (Fig. 4b). ~5000s T
<V V102 LEOMREEIE—BIC ko 2bDEEZ S
N5, [TX-100],=0.05 mmol L™ IZBWT, FMEED d D
I DR CBII S 5 713 ~ 5000 s T D IFITHIG
L7 (Fig. 2). COfEEDS, FHEMTIE TX-100 A5 ODS
SUBTFVICEY AT N BWED, A & Iy DREHEKLAE
ELTHATETWSEEEZLNS., Ay 37 <Y 2102
WEED TX-100 DA % KL T 525, TX-100 O &
DT 5 EEALL 2L 2B DT, TX-100 DELY AAH
BREMNT AT OHPENTH 5.

I DFEIIZ BV TIE TX-100 DYHE E 7<) ~ 102 D
BHDSFERICEZ > TE Y, TX-100 DIE=LHINT %
&7 =) V102 OBRMEEAIIEMT 5 720, FHEM O 1, il
MR L 3WEETH L. 22T, IEEPIET
5 E TOFHER © % T TX-100 OIE BIE DI 2
Tor:. TEHERTHLDT, ZOFHIIGEHEEDTF
B EREEEE RIS T 5. I VOEENSGTEND
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Fig. 5 Dependence of 7' on r ? for single

microparticles injected into aqueous TX-100 solutions
of 0.01 and 0.05 mmol L™

LEGHEL <, Fh oAV )N SHEETH B D
T, TX-100 DR I LV#EE (cme=0.2 mmol L) LA
TCHENZITo72. KT~ A 270 i—b %4 2T, M
K- T O TX-100 DHY AABEPSHEOYE, v ' 1%
BRRRL T o FEAE /AL (nr’/((4/3) 0’y =3/r), T
bbb HIERBIL, 25V 7 KHT & kT 2216 ] > TX-100
DIHHHERDOTEE, 7 1F ko DHFE L FBRIC » 7 IZIEH
B3 57, SORTIE, tEr XD I LTIER
BIOMERER L7z (Fig. 5) T, 7 '=3D,[TX-100],.,/
(r*[TX-100]0.) T Z4T 572", 22T, Dy 3AKH
HZ BT B TX-100 DILEERE (28%107° em® s )™ TH
%. [TX-100],eq KO [TX-100]0, &, &I TG TR
DOKHKTODS V) A X VHIZBIT 5 TX-100 DILEE % 5%
T MR T ORFLET SR TIL, TX-100 DYPFEDGEZ -
THHRMEF O TX-100 DPWEREIZIZEAEELL ZVOT,
[TX-100].q = [TX-100],, & LT [TX-100]0., 2 M L7z &
25, [TX-100], DEME & 12 [TX-100]0.q (THIN L 72
(Table 1). 7z, ODS ¥V #4 )V 1.00 g & TX-100 K&
30.0 cm’ & I\ 72 %R 75R THIE L 72 TX-100 DY &7
5, ODS ¥ # 7 IV OMILERE (1.0 cm® g ') LML
WA OEROEE (22 g cm ) X kDR ATOM
R T2 (0.69 g em™*) &V T [TX-100]0,, %KDz L
5, [TX-100],=0.030 mmol L' ZT* 3.8 mmol L' T
ZNZN [TX100]0,,=0.14 mol L' %7 0.80 mol L™ &
0, BT OB ER AT A 5 K 72 [TX-100], =
107°~10 *mol L' T [TX-100]0., & FIFEEDfE & % >
72, ZORRIE, SOREROFNIIZYTH L L 2R
LTHBY, TX-100 D ODS ¥ ) A7 IVA~DOHDY ;AHBFELL
BT & 2NV 7 KA O TX-100 DD ETH B &
MWTE 5.

T a—7 L UCTKRABEUARILEm TH LY L v
W5 L, TX-100 % cme LET, ODS ¥ #7 VI
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SIS LRI T v E XY L o 2B S
T, TX-100 OHUY AAHERRTFHRTE Lho 72", KiTwt
TAHRMENBVELETO -T2 Wb E, ODSTY IS
W /KB O GTRAREAVNE 2 Y, BFEOHIE 2 TX-100
OWY AAR LY HL B DFEFTELRVWEFHENS. ODS
20 /KA E O EAREAS 10" B ED 7 <) ¥ 102
i, AFED XD 2 RERNIET A O FLRTE R OB
R EMNT A LCHAZ 7O —-TThrEEZ LN
5.

4 Kk =]

7<) ¥ 102 A5 &7 0DS V) I 7V E TX-100 K
WAL, R oM — Mk T Z & oM
ALY, BEKCERENETE &A%
TX-100 DY EREEEZ 58 L TRITTE 2. RTFHND
REF M OHFTREGA DS, KO TX-100 OHLT-Hl
FLRIEBIIER IS N S E Ao e I A SIS
FEMMHAETEL, FEWDFEO GF B o f# I TX-100
PPGEFEIZE L 720b, BFERARTFRIE D S K IHLH
THHEBTHAHIEEZRLE. FEPIBOTE, 1w D
RERRAENE & 7 D r KUY [TX-100], BAEMEA S TX-100 DL
DALBERPBIENTEY, K> SRFRI~OILH
VXM THL T EEHLMIZLT.

E i B

AWZe R E: (22550069) DEBIO L LiTbihiz. B
O A RO E = RV 4 Ty vy a ) vt L A s R NG 2 ) R e 4 o
Yy — MR A =T 7 7 ) F 4 — DI
SRS i L CTfTh .
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The mass transfer of 4-(1,1,3,3-tetramethylbutyl)phenyl polyethylene glycol (Triton X-100,
TX-100) as a nonionic surfactant in the octadecylsilyl (ODS) silica gel/water system was
investigated using coumarin 102, known as a solvatochromic dye, by the single microparticle
manipulation-fluorescence microspectroscopy technique. A spherical ODS silica gel
microparticle (particle radius (r) of 10-30 um, pore diameter of 12 nm) including coumarin
102 was injected into an aqueous TX-100 solution, and the release rate of the dye from the
microparticle into the aqueous phase was measured by a confocal fluorescence microscope.
The intraparticle diffusion rates of the dye and TX-100 were much faster than the release rate
of the dye. The release rate of the dye was discussed using the time dependence of the total
fluorescence intensity (/). An induction period for Ir was observed in the short time region.
After the induction period, I; could be analyzed on the basis of the first-order reaction-type
equation, and the rate-constant values agreed with those for the release of the dye at the
sorption equilibrium of TX-100. In the induction period, the fluorescence maximum of the
dye depended on time. Therefore, we consider that the sorption of TX-100 proceeds in the
induction period. Because the inverse of the time of the induction period was directly
proportional to %, we conclude that the rate-determining step of the sorption rate of TX-100
is the diffusion between the bulk water phase and the spherical surface of the microparticle.

Keywords: surfactant; diffusion; sorption; ODS silica gel; microspectroscopy.



