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Evaluation of UV-Stability of Coumarins-Loaded
Porphyrin-Type Humidity Indicator
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Abstract

Cobalt-free humidity detection indicator (HDI) for silica gel was developed using tetraphenylporphyrin
(Tpp) which showed distinguishable color change depending on pH. The HDI was prepared by the mixing of
dichloro(tetraphenylporphyrinato)phosphorus chloride (PTpp) and MgCl, with SiO, beads and the drying at 130 °C
for 24 h. During the preparation, the PTpp was decomposed into the protonated Tpp (H,Tpp>"). The pH change
arose from a proton release by the reaction of MgCl, with silanol of the SiO, under dry conditions and
neutralization under humid conditions. The HDI showed green color due to H,Tpp*" under dry conditions and
orange color due to Tpp under humid conditions. However, the HDI took place partial decoloration on extended
exposure to sunlight. Here, in order to prevent this decoloration of the HDI by sun light, UV-absorbents such as
7-methoxycoumarin (1a) and 6- methylcoumarin (1b) were loaded to the HDI. The HDIs with and without 1 were
irradiated at 352 nm by black light under dry conditions. The irradiated HDI beads were analyzed by microscopic
absorption spectra on a confocal laser scanning microscope. The absorbance (4) at 650 nm of the HDI was
monitored. The light-protecting ability of UV-absorbent was evaluated by the slope (%R) for time-conversion plots
of absorbance ratio (4/4,), where 4, denotes absorbance before irradiation. Since the %R values were minimum
values at the loading of 0.100 wt% of 1a and 0.075 wt% of 1b, these were determined to be the optimized

concentrations. Thus the loading of 1 was effective to prevent the color degradation.
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Fig. 1 pH-dependent color change of free base form of tetra-
phenylporphyrin (Tpp) and the protonated form (H,Tpp>").
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Fig. 2 Proton-induced elimination of H;PO, from dichloro-

(tetraphenylporphyrinato)phosphorus chloride (PTpp).

1.3 HEEM

A7 4 U B HDI % KEE T TRRFHEMN T2 &
BRETHREN D -7, £ 2T, Fexid HDI O
WTHELTWS, Bllcz~VU 2> (o) BIOYRUY
AR ) 7 EOSEINERINA A HDLIC G2 S 5 ik
TLMEAICEE LT3 7, £72, HDIDIR T H,yTpp™
D348 nm TO UVIRIUZTER L TWH Z L& R LT
B, £ZT, AHFETIE, & DICEEE et AR
ORI 2 RS T 5 72012, Fig. 3 12381 % By

R! N 1a; R'= H, R?= OCHj
R? 0" "0 1c¢;R'=R%*=H

Fig. 3 Coumarin derivatives (1) as UV-absorbent.
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Fig. 4 HDI beads under wet (left) and dry (right) conditions in
a quartz cell.
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Fig. 5 (Upper) Absorption spectra of Tpp (a, 2x10* M in
MeCN), H,Tpp*" (b, 3.0x10° M in MeCN), 1a (¢,1.8x10* M
in MeOH), 1b (4, 2.0x10* M in MeOH) and 1¢ (e, 8.0x 10
M in MeOH). (Bottom) Emission spectrum of black light
(Hitachi FLSBL-B).
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Fig. 6 Micro-region absorption spectra of three HDI beads
under dry conditions.
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Fig. 7 Time-conversion plots of 4/4, in HDI under UV-
irradiation under dry conditions. The 4 was measured at 650
nm: HDI without UV- absorbent (O) and with 1b (0.050 wt%
(A) and 0.075 wt% (@)).
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Fig. 8 Plots of %R vs. the loading concentration of 1 in HDI. The %R value of HDI without UV-absorbents was 8.57 (O). Data

for 1¢ were referred from Ref. 7: 1a (A). 1b (B). and 1¢ (C).
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Table 1 Absorbance change under irradiation by black light (A= 306—412 nm).

Run  UV-absorbent Beads Absorbance (4) at 650 nm %R

No. (Wt%) no. th=0" | 2 3 4 5 (%h™)©

19 _ 1 0.174 0.162 0.151 0.118 0.126 0.101
2 0127 0092 0092 0125 0100 0.048 7
3 0.143 0.116 0.132 0.095 0.102 0.077

) 1a (0.025) 1 0112 0097 0101 0.100 0097 0.086 492
2 0.105 0.100 0.093 0.091 0.084 0.075
3 0.205 0.179 0.172 0.192 0.165 0.146

3 1a (0.050) 1 0249 0246 0235 0223 0233 0226 347
2 0.253 0.195 0.236 0.215 0.175 0.169
3 0.211 0.207 0.211 0.205 0.201 0.187

4 1a (0.075) 10287 0279 0295 0266 0292 0268 205
2 0.191 0.190 0.190 0.174 0.179 0.193
3 0.200 0.187 0.177 0.149 0.139 0.134

P 1a (0.100) 1 0269 0263 0234 022 0219 0226 193
2 0.195 0.204 0.196 0.218 0.192 0.184
3 0.256 0.248 0.241 0.251 0.232 0.240

6 1a  (0.125) 1 0.279 0.283 0.297 0.280 0.286 0.278 2.58
2 0.396 0.407 0.413 0.407 0.369 0.244
3 0.274 0.268 0.272 0.193 0.177 0.265

. b (0.025) I 0076 0069 0063 0058 0052 0.049 5.48
2 0.070 0.068 0.072 0.064 0.058 0.055
3 0.134 0.080 0.107 0.134 0.100 0.106

g b (0.050) 1 0206  0.198 0181 0.179 0153 0.157 ) a3
2 0.165 0.141 0.141 0.145 0.202 0.172
3 0.183 0.173 0.186 0.177 0.142 0.168

9 b (0.075) 1 0329 029 0305 0314 0321  0.266 Lss
2 0.283 0.277 0.264 0.291 0.290 0.247
3 0.333 0.331 0.332 0.316 0.321 0.320

10 b (0.100) 1 0.259 0.270 0.258 0.250 0.260 0.240 1.84
2 0.270 0.249 0.240 0.258 0.250 0.238
3 0.234 0.219 0.278 0.216 0.177 0.215

119 1c (0.125) 1 0.731 0.711 0.710 0.698 0.701 0.692 2.51
2 0.650 0.623 0.600 0.609 0.602 0.587
3 0.346 0.392 0.336 0.331 0.327 0.391

a) UV-absorbent. The values in parenthesis were concentrations in wt% of UV -absorbent. b) Irradiation time in hour.

¢) The retardation ratio (%R) was determined from the slope for the plots of 4/4, against irradiation time (¢). d) HDI

without UV-absorbent. ¢) Refereed from Ref 7.



