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Development of microcapsule UV actinometer
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Abstract.
irradiation reactor, we encapsulated photochromic compounds, which are organic compounds that develop
colors upon UV irradiation, in microcapsules, and prepared a microdosimeter whose diameter and specific
gravity were identical with those of the microbes to be sterilized. We then measured the intensity of the color
that was developed in individual capsules upon UV irradiation, and attempted to evaluate the distribution of the
UV dose with which individual microbes were irradiated.

10-benzoyl-N,N,N’ N’-tetramethyl-10H-phenothiazine-3,7-diamine (Benzoyl Leuco Methylene Blue : BLMB)
was found to be the most sensitive to UV irradiation among the experimented 27 photochromic compounds,
and its quenching speed was slow. Although-BLMB developed a color upon UV irradiation regardless of the
solvent in which it was dissolved, the color was intense and the quenching speed was slow particularly when it

For evaluate the UV dose and its distribution with which individual microbes pass through the UV

was dissolved in 2-propanol (isopropyl alcohol) or toluene.

Capsules made of urea resins were more spherical than those made of gelatin. The diameter of the capsules
made of urea resins had a smaller width of the distribution than that of capsules made of urea resins.

The side scatter increased with increase in UV irradiation dose; a highly linear relation was observed. This
result suggests that the distribution of UV irradiation dose can be measured with the microcapsule UV
actinometer developed.
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Table 1 Tested photochromic compounds

Compound name Abb. word CAS registry Acquisition
Spiropyrans
1-(2-hydroxyethyl)-3,3-dimethylindolino-6’-nitrobenzopyrylospiran S-1 16111-07-2 Tokyo Chemical Industry Co. Ltd.
1,3,3-trimethylindolinobenzopyrylospiran S-2 1485-92-3 Tokyo Chemical Industry Co. Ltd.
1,3,3-trimethylindolino-6’-bromobenzopyrylospiran S-3 16650-14-9 Tokyo Chemical Industry Co. Ltd.
1,3,3-trimethylindolino-8’-methoxybenzopyrylospiran S-4 13433-31-3 Tokyo Chemical Industry Co. Ltd.
1,3,3-trimethylindolino- -naphthopyrylospiran S-5 1592-43-4 Tokyo Chemical Industry Co. Ltd.
1,3,3-trimethylindolinonaphthospirooxazine S-6 27333-47-7 Tokyo Chemical Industry Co. Ltd.
1,3,3-trimethylindolino-6’-nitrobenzopyrylospiran S-7 1498-88-0 Tokyo Chemical Industry Co. Ltd.
Diarylethenes
cis-1,2-dicyano-1,2-bis(2,4,5-trimethyl-3-thienyl)ethane D-1 112440-46-7 Tokyo Chemical Industry Co. Ltd.
1,2-bis[2-methylbenzo[b]thiophen-3-yl]-3,3,4,4,5,5-hexafluoro-1-cyclopen D-2 137814-07-4 Tokyo Chemical Industry Co. Ltd.
2,3-Bis(2,4,5-trimethyl-3-thienyl)maleic anhydride D-3 112440-47-8 Tokyo Chemical Industry Co. Ltd.
2,3-bis(2,4,5-trimethyl-3-thienyl)maleimide D-4 220191-36-6 Tokyo Chemical Industry Co. Ltd.
Viologenes
4,4’-bipyridyl V-1 553-26-4 Tokyo Chemical Industry Co. Ltd.
1,1°-bis(2,4-dinitrophenyl)-4,4’-bipyridinium dichloride V-2 41168-79-0 Tokyo Chemical Industry Co. Ltd.
1,1’-dibenzyl-4,4’-bipyridinium dichloride V-3 1102-19-8 Tokyo Chemical Industry Co. Ltd.
1,1’-di-n-heptyl-4,4’-bipyridinium dibromide V-4 6159-05-3 Tokyo Chemical Industry Co. Ltd.
1,1’-dimethyl-4,4’-bipyridinium dichloride V-5 1910-42-5 Tokyo Chemical Industry Co. Ltd.
1,1°- di-n-octyl-4,4°-bipyridinium dibromide V-6 36437-30-6 Tokyo Chemical Industry Co. Ltd.
1,1°-diphenyl-4,4’- bipyridinium dichloride V-7 47369-00-6 Tokyo Chemical Industry Co. Ltd.
Others
Azobenzene AZ0 103-33-3 Tokyo Chemical Industry Co. Ltd.
2,5-Norbornadiene NOR 121-46-0 Tokyo Chemical Industry Co. Ltd.
Thioindigo IND 522-75-8 Tokyo Chemical Industry Co. Ltd.
2-(2-chloroanilino)-6-dibutylaminofluoran NCB 82137-81-3 Hodogaya Chemical Co. Ltd.
1,2-Bis(2-methoxy-5-phenyl-3-thienyl)perfluorocyclopentene DAE 359863-61-9 Yamada Chemical Co. Ltd.
hexakis(isopropylammonium)heptamolybdate trihydrate PMO Tokyo Institute of Technology
10-benzoyl-N,N,N’,N’-tetramethyl-10H-phenothiazine-3,7-diamine BLMB 1249-97-4 Yamada Chemical Co. Ltd.
4,4’ 4°*-tris(dimethylamino)triphenylmethan LCV 603-48-5 Yamada Chemical Co. Ltd.
2-dibenzylamino-6-diethylaminofluoran DCF 34372-72-0 Hodogaya Chemical Co. Lid.
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Table 2 Colored characterizes of photochromic compounds by ultraviolet irradiation

benzyl

dimethyl methanol methyl
alcohol

sulfoxide methacrylate

©)

diethyl ether 2-butanone other solvents

©
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Table 3 Fading characterizes of photochromic compounds after ultraviolet irradiation

dimethyl methyl

sulfoxide methanol methacrylate

S-1 X X X X X X X X

S-2 — — X X : X

S-3 - — — X - — X X —
- X

diethyl ether benzyl 2-butanone other solvents

tolene hexane 2-propanol alcohol

X

S4 — — — benzene O
S-5 — —
S-6
S-7
D-1
D-2
D-3
D-4
V-7
AZO
NCB
DAE
PMO
BLMB
LCcv
DCF
©; unfading
Q; changed color a little
x; changed color clearly
—; not tested
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Fig. 2 A histogram illustrating the front scatter intensity of
the untreated microcapsules contained BLMB/tolene
solution
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Fig. 3 A histogram illustrating the front scatter intensity of the
sorted microcapsules contained BLMB/tolene solution
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