BUNSEKI KAGAKU Vol. 57, No. 10, pp. 819-824 (2008)
© 2008 The Japan Society for Analytical Chemistry

819

HESL -V -ETHBEHEZ AV 2 BEEKLEE D

A BT

AR BE—2 A

=% A k

=] 2
EF5

%% fRH

2, REAT50 OV 150 um D 2 HHEDERIR L Y A X vicye Fad Vv (F S 722V V7 41)F )
7V FE R (1) % 0.70~3.59 mmol dm ® DEIVIEE (") TEREIETILS 7 —X (2
B L7 CLSM TORBOWEFIHIE, WL ¥ AOFERERPE Y A —VOEEXE 7 7 43— 7D
BRI > TRO SN B HEED 214 um OFTENTH 5 Z L 259500 - 72, BN, iz & o5
Mgt 2 Mat L7245 58, 4.9~ 350 um OERREFHI O W CTHIE W DS 488~ 775 nm THM W HETH S Z &
Dorinotz. 2T, CLSM IR T % &l IR E 2 I L BOBIRIGEE 534T % 1T W TR BE 2D n» T
Wat % 4T o 72, ZOREE, WhE (A) »5HRDZ2HD 1 OFNEE (C) 1 ¢" L FEHERFE0.11~0.73
THRVW—H%RL7. Lo, AD08YLEDOH Y 7T, BEEISLOTNAMHESIN, ADWEHIL0.8

UTThaIdghoiz. Dok,

CLSM % v % BERIN G T 1,

IravF—F—okER

TR NI DI IRIEZ BB T B72OIHM G HETH L Z e b o,

1 #& =l

FEARREEM R OB EEEL T, v~ f 7B —X, M
Bk, <A z7ah T eV EoB e BEI 7 urok
& X OMUNEFMEIIER SNTEBY, IOy
DERGHHMOBMENEEL 2o T3, 4% TIC,
7 — ) BRI B OEEAY vis 59, 8,
K OHIGIENT 72 212 X B~ 4 2 1 € — XD FMFHT o O
Z DR DTN HHE SN TV BEAS, BRI
WTOHEND . FRIZ, BTGNS R L
TWRWDIZ, ByNMERO TTHIOGEE 54T DS F A3
R\,

EHOIL, BV - —EAERBAMSE (confocal laser
scanning microscope, CLSM) ZBWT, 18T 2 %8
WEEZFAH L TELESNBITA50TR RV E%E
Z, CLSM % H\ 2 NI C oML EE ST B D% & H
LT3 CLSM 12 & o THBE B DM/ E D1
TR R UG R 2 TR E C & UL, S BT 2000
FEIHT & ARk S B TRV RRh DR E D FE B H DR EE %2
WETHILENTEDLEZOLNS.

FIT, K@XTlx, 370rF—%—0FRIU D7
WV (Si0y) IZT7 Y FEVRVT 4 ) VEKZRE ST
A7 =X %WBL (Fig. 1), Zhzkke L THw

VISR TR B R H e v v —
i FRARIEATE 1-1
GRS TS R BB LR © 889-2192 B IR U = Iy iy 2 ]
RIEATE 1-1

889-2192 ¥ IRF I

T CLSM (2 & 2% S G BE 53 AT 00 A 15 % O 3 1 3 P 252 12
DWTHRH 21T o 72D THIET 5.

2 % B

2-1 H E

XA 70— ZXOPBIILELY e FatF V(T b
T2V RVT 4 F N)T Y FEYRALWEEA (1
CyuHyN,O,SbBr, 77T M =848.4) X, BERICHE->TH
B L 72", 1 QBB Z RS b VvETE M= UV
FClE L, Soret iy K U8 Qi OMARINE R TH 2 417
nm K547 nm 2B 5 BIVIOERE (60, X e;) %
ZRZFN5.62x%10° dm® mol ' ecm ™' & U 2.14 X 10" dm”
mol 'em ! & PE L7

R4 70V —XORMIIE, FEHRE (b,) 50 um
(SiOga EME) KT 150 pm (SiOgb) @ 2 FFHDOIRIK Si0,
(B4 ¥ 71L%, CARIACT Q-10) %= Hw7=. BEE
HAICLER SO, R FILE (p) &, AEOE (2.2)
EUHMILEMR (P #HTX(1) ko THEHBLA
(Table 1).

Ph _OH . Ph, OH +
; < Si0 R
phx NoggNS-pn| = |PhS st X-Ph
;Nl\ N\\ &) g,
| Br
HO Ph 2B /N‘
1 Si0, OH
2

Fig. 1 Microbeads (2) absorbing 1 on SiO,
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Table 1 Characterization of SiO,
b/ P/ p/ area/
a) 3 —1b) =3¢) 2 —1d)
p.m cm g g cm m g
SiOga 54 1.17 0.616 300
SiOs-b 150 1.19 0.608 285

a) Average diameter (,,); b) Pore volume (P); c) The density
(p) was calculated according to eq 1 ; d) Surface area
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2ENENR(5) RU(6) ICXoTRDA ML~
A7 E—RFF I —F—IC AR THEZEGRIET,
CLSM #1127z, Table 2 IS L7z~ 70 —X
DCREC™ERT. TIT, ¥4 rur—XiF, Hw
72 SiOya (b, =54 um) K U SiOyb (b, = 150 um) 12 &
5T, FNFEN2a K26 LEL, HIRKNOKEIR w, ©
flizRLTWA.

Wy =12.5 V,/250 (2)
Wy = MA/ (100€4,) (3)
W= W, — W, (4)
C =100 Wy/ W, (5)
C," = 1000C,"p/ (100M) (6)
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% (Fig. 2).
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Table 2 Preparation of the microbeads (2)

2 ST v,”/cm® Vo /cm®

W, /mg

Amounts of 1 in 2

W, /mg

Ws/m ", wt% "0/ =
s/ Mg Lo mmol dm ~*
2a (0.1) SiOs-a 2 13 0.102 0.002 0.100 0.100 0.73
2a (0.2) SiOg-a 4 11 0.203 0.005 0.198 0.198 1.44
2a (0.3) SiOsa 6 9 0.305 0.007 0.298 0.298 2.16
2a (0.4) SiOsa 8 7 0.406 0.014 0.392 0.392 2.85
2a (0.5) SiOg-a 10 5 0.508 0.014 0.494 0.494 3.59
2b (0.1) SiOgb 2 13 0.100 0.002 0.098 0.098 0.70
2b (0.2) SiOyb 4 11 0.200 0.003 0.197 0.197 1.41
2b (0.3) SiOg¢-b 6 9 0.300 0.005 0.295 0.295 2.11
2b (0.4) SiOg-b 8 7 0.399 0.006 0.393 0.393 2.82
2b (0.5) SiOyb 10 5 0.499 0.009 0.490 0.490 3.52

a) Weight of SiO, (W5) was 100 mg ; b) Volume of solution I in cm’ ; ¢) Volume of solution II in cm® ; d) Amount of 1 (mg) calculated
from eq 2 ; e) Amount of 1 (mg) involved in solution III which were calculated from eq 3 ; f) Weight% calculated from eq 5 ; g) Molar

concentration of 1 calculated from eq 6
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Fig. 2 Absorption spectrophotometry in CLSM
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Fig. 3 Absorption spectra of 2b (0.2).
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Table 3 CLSM-analysis of 2

ma) d4) ave)
2 mrr(l:(l)l olr/m’3 A% b7/um A/b/em™ mmigl ol/m’3 mrfél olr/m’3 STD"
2a (0.1) 0.73 0.071 46.8 15.2 0.71 0.78 (0.13)
0.072 45.9 15.9 0.74
0.074 51.2 14.5 0.68
0.084 515 16.3 0.76
0.104 48.0 91.7 1.01
2a (0.2) 1.44 0.125 493 25.3 1.16 1.56 (0.54)
0.149 54.0 97.6 1.29
0.150 49.4 30.3 1.42
0.150 49.1 30.5 1.43
0.271 50.3 53.9 959
2a (0.3) 2.16 0.213 50.3 49.3 1.98 2.97 (0.24)
0.229 50.8 451 2.11
0.261 53.7 485 92.97
0.273 50.3 54.3 2.54
0.276 52.2 52.9 9.47
2a (0.4) 2.85 0.231 46.7 49.4 231 2.75 (0.45)
0.238 51.0 146.6 2.18
0.281 46.6 60.6 9.89
0.322 55.6 65.6 3.07
0.396 55.0 72.0 3.36
2a (0.5) 3.59 0.398 51.6 63.6 92.97 3.39 (0.73)
0.333 51.9 64.1 3.00
0.352 52.2 67.4 3.15
0.371 55.9 67.2 3.14
0.402 40.0 100.5 470
b (0.1) 0.70 0.161 156.7 10.3 0.48 0.66 (0.16)
0.194 164.3 11.8 0.55
0.219 160.4 13.7 0.64
0.249 161.9 15.4 0.72
0.308 154.6 19.9 0.93
b (0.2) 1.41 0.380 149.8 95.4 1.19 1.34 (0.11)
0.498 163.1 96.9 1.23
0.484 167.7 28.9 1.35
0.507 159.4 31.8 1.49
0.509 167.1 30.5 1.42
b (0.3) 2.11 0.606 141.8 4927 2.00 9.14 (0.18)
0.691 157.1 44.0 92.06
0.693 164.4 49.9 1.97
0.751 158.0 475 9.92
0.776 148.9 52.4 9.45
b (0.4) 2.89 0.813 169.4 48.0 2.94 2.49 (0.33)
0.829 163.1 50.8 2.8
0.832 168.5 49.4 9231
0.834 159.1 52.4 2.45
1.031 152.8 67.5 3.15
b (0.5) 3.52 0.909 147.0 61.8 2.89 2.78 (0.14)
0.911 158.9 57.3 2.68
0.912 150.9 60.4 9.89
0.916 165.0 55.5 2.59
0.943 148.7 63.4 2.96

a) Concentration (C,™) of 1 in the prepared 2 ; b) Absorbances (A) were determined at 551 nm by CLSM ; ¢) Diameter (b) of micro-
beads measured by CLSM ; d) Concentration of 1 (Cy) was determined by CLSM according to eq. 10 ; e) Average of Cy (Cy™); f)
Standard deviation (STD) = [(nZCy’ ~ (2Cy)%)/n(n—1)1"*;n =5

B SHTIZIRD L H 12T o7z, CLSM DA T =Y iz EE, BOLESNTOEREMEE LCTHW . EEAIC
WCBEWEATGA FHFAFIZET A0 2 2EE, 202 50 2%2EAT, AF—V2BE S THBEOHRTO
HN=HF A% FETHEELL (Fig. 2). B, 25 HIZ 2 OHLBRASR S L H I L7, RIAXRY P v g
A FHIALIZL ZFEAZIEL TV RWE URED SO, 2 500~650 nm OHFIF THIE L, 2 DMK RO 547
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Fig. 5 Plots of Cy" vs. C," for 2a (O) and 2b (@)

Slope = 0.979 (r*=0.991) for 2a and 0.936 (v’ =
0.990) for 2b.  Straight line showed the C," = C,".
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Table 4 Absorption spectrophotometry in micro-

region using CLSM @
Spectral range 488~ 775 nm
Range of diameter (b) of beads 4.9~ 352 um
Area of measurement (d) 2.14 um
Maximum of absorbance (A) 0.8
Accuracy” 0.11~0.73

a) Measurement conditions—the magnifications of objective
lens (x): 40, the diameter of fiber core (f): 100 um, the
diameter of pinhole (%): 300 um, light source : halogen
lamp ; b) Standard deviation (STD) of Fig. 5

1320936 (*=0.990) Tho7z. ThH5DIEIS NI
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In order to elucidate the applicable range and accuracy of absorption spectrophotometry in
the micro-region using a confocal laser scanning microscope (CLSM), micro-silica gel beads (2)
immobilizing a given molar concentration (C,") of dihydroxo(tetraphenylporphyrinato)-
antimony(V) bromide (1) were prepared. The measurable area on the beads was determined
to be a circle of 2.14 um diameter by magnifications of an objective lens, the diameter of fiber
core, and the diameter of a pinhole. Moreover, the range of the diameter of the beads and the
spectral range were decided to be 4 um ~ 350 um and 488 ~ 775 nm, respectively. Using a hal-
ogen lamp as a light source on CLSM, the molar concentrations (C,) of 1 in 2 were determined
by absorption spectrophotometry. The value of C, showed good agreement with C,” with 0.11
~0.73 of the standard deviation. Thus, absorption spectrophotometry in the micro-region will
be a powerful tool for the quantitative analysis of transparent materials of micron-order.

Keywords : absorption spectrophotometry ; confocal laser scanning microscope ; micro-silica gel
beads.





