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H,Tpp?*
Amax= 650 nm (Green)

Fig. 1 pH-dependent color change of free base form of tetra-
phenylporphyrin (Tpp) and the protonated form (H2Tpp?*)

HFHNMAD D90 F 7 U —HDI & LT Neo Blue® (Oe et
al., 2002) <> Chameleon C® (Moreton, 2001) 7z &EA3HiflK S
TWb. FxIEpHICE > TR Y REBREFLE(ERTHRLT
+ V%M (Hambright, 2000) 127 H LC (Figurel) , &
+:2 U o7k & LR T HDI % BA% L 7= (Fueda, 2006). L2>L,
Bi#E L7z HDI & Kt T CRIEMEMT S &, BET 5 MM
N7z,

Tpp
Amax= 515 nm (Purple)
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Coumarin Dibenzosuberenone

Fig. 2 Coumarin and dibenzosuberenone as UV-absorbent
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Traus k57 2= AT 0 UF b Y R bk
(PTpp, Figure 3) 1% (Fuedaetal., 2006) (2 L7-23> TARK L
7o. 7, HDIOFKA DTV B4 & LT, BARKRS e T
AR NV ERIET % 72012, KB 2.80—3.35 mm T 72
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Fig. 3 Dichloro(tetraphenylporphyrinato)phosphorus
chloride (PTpp)
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1. PTpp IREOFEL : PTpp (10.0mg) % 2-7 1,3/ —)L (200
mL) (2 LT PTpp IRIRZ R L7,

2. MgClL IER DR « b~ 7 x> 7 25K F (MgCl, -
6H,0) 9.666 g & A % / —/L (50 mL) |Z¥fF ST MgCl,
R A s L7z,

3. V2V rBIOURUY AR ) VEROFE . s~ v
% 25,5.0,125mg #ZNENAF /—/L (30 mL) (TS
Liz. 77, PRV ARV ) % 25,50mg TR
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4. Method A |2 J % HDI dFR#HY

1) I<EBESEEI YIS LE—X (1009 2F A7 T X
2 AN, BRI L PTpp % (10 mL) , MgCl,
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1 h s, o—% ) —Z R —2— TR AL,
FHEE 130 °C ICRRE LA C 24 h MBS SE T
MgCl, DFERILEN 1.8 wi%, 7~V 723V
NRL ) OEBREEN 0.025—0.125 wi%? HDI £ — X%
L 7=. 2T, PTpp, MgCly,, SRIMERWLIANIT 9~
TY I BT ML O L LT, Zh b OMEEEITy
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LT
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IR EfEERBR Y, HDI %A%t/ (35x10x8 mm) HZ#z
RZER L L bICEE L (Figured) , IR TEAL®9.0cm L
#2577 v 2754k (Hitachi FL8BL-B, 8.0W, *Jtifif
306-412 nm, FEYEABK 350 nm) & FHVTERSMRE 1—5h |
FLTHro7=. HDIHFORL 7 4 U V3R OYIL AR
JVRIELE, AU 2724k FV- 300 M U — W — B AR
#1 (CLSM) L ZhICHBEL7=txT 2 / buartto STFL
250 4y Yeand WV B BRI Y62 L » TIT o 7=, JlEsEIR T 10
fEox L XAl > TERE 8.56 um OFINIZIRE L, KR
WZHEBED N 7 T A b &AW TRILASY MVERE L
7= (Matsumoto et al., 2005, Matsumoto et al., 2008) .

Fig. 4 HDI beads under dry (left, green) and wet (right,
orange) conditions in a quartz cell
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Z ORI T ¢ U A HDL T RIRRE Cldhka, IR
BT A L PROATHENE T, FEERO HDI O AGHEL
% Figure 4 |29, IERIEECTA L U P E%E 2 L7z HDLIE,
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Under dry conditions

ol NS

Si—OH Si~0O-

o + MgCl, — ¢ Mg?* + 2HCI (1)
/Sl\—OH /Si\—O'

H*/SIO,
PTpp + 4 H,0 Tpp + H3PO4 + 3 HCI (2)
Tpp + 2HCI ——— H,Tpp?*2Cr 3
(green)

Under humid conditions

N A7

Si—0° Si-OH
o Mg?* + 2H,0 =—= O, + Mg(OH), (4
Si—O Si—-OH

/N /N

H,Tpp2*2CI +Mg(OH),

—= Tpp + MgCl, +2H,0 (5)
(orange)
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Tpp (&) 1% 410 nm LD Soret # LA ZRAMRERICIT A
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W= & FE MBI & SRAMREEIIC R > T DL — 05, 7
~ U () IERMREEIIC R RIS AY 345 nm Mg IR
NZEFDL, DR AL 2 (d) 13350 nm (SRR R
NdH Y, 400 nm LV HEEEMOKIMNREEZRINT 5 Z &30
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Fig. 5 (Upper) Absorption spectra of Tpp (a, 2x10™* M in
MeCN), Hz2Tpp?* (b, 3.0x10° M in MeCN), coumarin (c,
8.0x10* M in MeOH), and dibenzosuberenone (d, 1.0x10*
M in MeOH). (Bottom) Emission spectra of black light
(Hitachi FL8BL-B)
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YENR OGN, 22T, REHFFZ®RAT 3 KD HDI B —
REELE—=RIZDOWCTUVIRRTOADHEEZITH Z & & L
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Fig. 6 Micro-region absorption spectra of three HDI beads
under dry conditions
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WIZ, WE 50%IZfR > 7= 7 > — & —NICHME: HDI % 5 d
ME L CA Ly VRICEASE. FEICRAT 3 2D E—
X OIRFARRE DY A2+ VDl % Figure 7 (273, Tpp IS
H3Rd 2 ' — 2773 515 nm (IZBIl S /5. HDI ORRETD
REMEERB L, ERIRBBOGS LRI HTIETT T v 7 I 4
b & AWTITV, BRSEREREIC 515 nm TO A ZHIE L7z, #
B1X Table 1 127”7,
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Fig. 7 Micro-region absorption spectra of three HDI beads
under wet conditions
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V(7)) ZFE L. 2 2Tk —REISHEEEE, [P H Tpp?
F 20T Tpp OIBEE, [P]old UV BEETOMRE ZKT. [PIIX A
WZHBHIL TWEDOT, KBRHFICBITS A ONREOR
JEEE (Ag) (ZKIT D EOXHE (—In(A/Ay)) & FREFIER (B (2
*TH7ey NETY, TOEEEZRDZ. 35O —XDZ
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Fig. 8 Plots of —In(A/Ao) against irradiation time under dry
conditions using HDI without UV-absorbent (@) and with
coumarin (0.125 wt%) prepared by Methods A (O) and B
(A). The A was measured at 650 nm

nENZR LCREDO 7 v > M &7V, HE 2Lz,
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Figure 9 [ZERAMEIINAI O B RIRE RO k DI AR~ 7. 4
IMERIR UL AN N FEFRFF O FBRIRRE T Kk i 0124 h L7257
(Table 1, Run No. 1). 7~ U AHEFESINT D2 L72A0, k
X/ hE< R0, 7=V OB L > CREAESTIH ST
52 DD, Method A 35 L O Method B C 0.125 wt%d 27
~ UV &HEE L7 HDI Ci k i 24 0030 h B LW
0.016 h* & 72 Y (Run No. 4 & 5), AL fE{# 72 Method B T iR
BEHEIA R ONZ. £ 2T, VY AL/ % Method B
THEFEHE72 HDL IZOW T E RF L7z, Ry A
/% 0.025 wt%Fs & T8 0.050 wtve & fHEE & 7= HDI @ k fHi%
ZHZFh 0027 h1 3B X 100.024 h' & 72> 7-(Run No. 6 & 7).
—In(A/A)E DHEHEAR AN K E VDT, 0.020 hLATF O kD
KANEHRITHDOBEHELNEHFIL, 7~ vBIRORY
AN ) v ORIERE A 4L 0.125 wt%ds T 0.050 wit%
& L7z, HoTpp? @ 348 nm DI & DFZR Y R E NN Y X
AL UIHRIRE CHIREIEISIR E RT Z L RN b ot

TEMIRAE TOIRBERTIX, 515 nm TO A % Eq. (7) (2%
ALUTKEZRH L. SIMRRINAIA IR DI5E ClE kB
130.061 h* T&H -7 (Run No. 8) . Z DIEIZFIIRAETHLR
SRR 23 FEHRER OB OME 0.124 h ™ IS~ T/ ESWETH
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Fig. 9 Plots of the rate constant (k) for the decoloration of
HDI vs. the loading concentration of UV-absorbents:
Gray bar= coumarin-loaded HDI by method A.

Black bar= coumarin-loaded HDI by method B.

White bar= dibenzosuberenone-loaded HDI by Method B.
The lines on the bar denote the standard deviations
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Figure 10 {Z Table 1 (Run No. 8-10) D5 — & % A\ = IZEIK
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HDI, Method B 7~V > (0.125 wt%) , BLOT_ v =
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U 0125 W% LN AR ) v % 0.050 widbtE S &
72 HDHE, IBEREE T L IRERIIHI TE 5 2 LN bho T,
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Fig. 10 Plots of —In(A/Ao) against irradiation time under wet
conditions using HDI without UV-absorbent (@) and with
0.125 wt% of coumarin (O) and 0.050 wt% of dibenzo-
suberenone (A) prepared by Methods B. The A was
measured at 515 nm
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SRR N & e & D Z LIk - T, HDI ORI
LD OB BE 5252 L, UVBEEMIET 5 Z
LTI LTz, Fie, A7 4 U B HDI O8MRIC K 53R
%, HTpp* o 348 nm OWUZALK LT\ 5 Z &3 5T
7p o7z, HyTpp? @ 348 nm DWRIL & F g O AR E 720 ) AR
L v OGEE, VU A OVERIZR LT 0.050 WD IRIITC
M ER B B = & pVbhso To. it Ak & B A i b % Ff
DL b7 Y —HDI 3T 2 EERO=— &L, Al
DOIFFRIZED=— X IG 2D ENTE e Ebns.

Nomenclature

A = Absorbance of H2Tpp?* or Tpp [-]
k = Rate constant of the decoloration of HDI 4
[P] = Concentration of of H2Tpp?* or Tpp [kmol-m3]
t = Reaction time of the decoloration of HDI [h]
<Subscripts>
0 = initial
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Table 1 Absorbance change under irradiation by black light (1= 306-412 nm)

Run Method ® UV-absorbent  Beads Absorbance (A) at 650 nm (Dry conditions) k[h1@

No. [wid] ® no. t[h]=0© 1 2 3 4 5

1© - ] 1 0127 0121 0.085 0.071 0.056  0.053
2 0.29 0257 0211 0.221 0220 0208 0.124%0.030
3 0411 0402 0401 0.378 0.344  0.301

> A C  (0.025) 10385 0.385 0.330 0.329 0341 0311 (04940015
2 0.387 0.346 0310 0.320 0310 0.281
3 0.490 0467 0472 0432 0412  0.508

3 A C  (0.050) 1 0570 0510 0503 0.501 0495 0480 (03310015
2 0431 0400 0.388 0.381 0374 0.341
3 0.203 0.204 0203 0.164 0162 0.232

4 A C (0.125) 1 0908 0862 0801 0799 0793 0770 (030+0.006
2 0430 0448 0481 0423 0421 0310
3 0510 0467 0508 0433 0433 0487

c B C (0125 1 0731 0711 0710 0.698 0.701 0692 (01640005
2 0.650 0.623  0.600  0.609 0.602  0.587
3 0.346 0.392 0336 0331 0.327  0.391

6 B D (0.025) 1 0495 0440 0.418 0.406 0431 0420 (2740030
2 0.540 0490 0.489  0.442 0434 0472
3 0411 0475  0.443  0.405 0421  0.413

7 B D (0.050) 1 0339 0312 0272 0321 0271 0334 (02440006
2 0443 0443 0416 0.382 0413  0.402
3 0461 0472 0459  0.420 0.447  0.409

Absorbance (A) at 515 nm (Wet conditions)

ge - - 1 0323 0.312 0241  0.302 0351 0.266 0.061+0.124
2 0.800 0.597 0.598  0.468 0.355  0.284
3 0508 0.591 0.546  0.603 0.602  0.603

9 B C (0.125) 1 0672 0.668 0.649  0.652 0.639 0596  0.030+0.031
2 0477 0.461 0472  0.448 0440  0.491
3 0378 0.265 0.290  0.297 0.304  0.296
1 0174 0.162 0136 0.132 0161  0.140

10 B D  (0.050) 2 0270 0.259 0.246  0.244 0.247 0234  0.025+0.028

3 0.189 0.144 0.227 0.242 0.136  0.219
(a) Preparation method. (b) UV-absorbent. C= coumarin, D= dibenzosuberenone. The values in parenthesis were
concentrations in wt% of UV-absorbent. (c) Irradiation time in hour. (d) The rate constant (k) was determined from the
slope for the plots of —In(A/Ao) against irradiation time (t). () HDI without UV-absorbent.
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A cobalt-free  humidity indicator (HDI) for silica gel was developed using
tetraphenylporphyrin (Tpp), which showed a distinguishable color change depending on pH.
The HDI was prepared by mixing dichloro(tetraphenylporphyrinato)phosphorus chloride
(PTpp) and MgClz with SiOz and drying at 130 °C for 24 h. During the preparation, the PTpp
was decomposed into the protonated Tpp (H2Tpp?*). The pH change arose from proton
release by the reaction of MgCl. with silanol of the SiO2 under dry conditions and
neutralization under humid conditions. The HDI showed green color due to H2Tpp?* under
dry conditions and orange color due to Tpp under humid conditions. However, the HDI
underwent partial decoloration on extended exposure to sunlight. Here, to prevent this
decoloration, UV-absorbents coumarin and dibenzosuberenone were loaded onto the HDI.
The HDIs with coumarin and without coumarin were irradiated at 352 nm and their
microscopic absorption spectra were measured on a confocal laser scanning microscope. The
absorbance at 650 nm and 515 nm of the HDI were monitored under dry and wet conditions,
respectively. The light-protecting ability of UV-absorbent was analyzed by assuming that the
decomposition process obeyed first-order kinetics. It was concluded that the additions of
0.125 wt% of coumarin and 0.050 wt% of dibenzosuberenone were effective to prevent
decoloration of green color of H2Tpp?* as well as orange color of Tpp.



