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Development of tissue-equivalent radiation imaging devices using photochromism
of organic molecules

Koshimizu, Masanori
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We have developed radiation imaging organic materials on the basis of
photochromic molecules. The organic materials have a tissue-equivalence characteristics of the
absorption characteristics of radiation energy. The photochromic molecules change their absorption
and photoluminescence properties upon excitation by UV photon absorption via isomerization. In this
study, we observed that the similar isomerization behavior upon irradiations of ionizing radiation.
We developed several types of radiochromic materials, in which the absorption spectra were
significantly changed upon irradiation. In addition, we have developed radiophotoluminescence
materials, in which photoluminescence characteristics appear upon irradiation. These results
indicate that the use of the photochromic molecules is an effective tool to obtain radiation imaging

organic materials.



S HHE (R RKS20 nm)

5% o e
_ - . o~ — 3 0 T
6-nitroBIPS 1,3,3- T KPR T
BTTM N-
12- (2 -1- -1,1-
3- ) 1
X
1

PMMA PS



— BBATAT

1.2
——0.65kG
BTTM y ke
p- ——6.50kGy
& 68 ——9.75kGy
o ——13.0kGy
E ——16.25kGy
2 0.6 ——19.5kG
2.3- (2.4.5— -3- 2 —22.75kéy
——26.0kG
) BTTM <04 —29.25 kéy
45 ——32.5kGy
. ——35.75kGy
——39.0kGy
BTTM 0 4 r 58.5kGy
350 400 450 500 550 600 650 =———78.0kGy
Wavelength [nm] _21'75kk§yy
2 BTTM X
2 X BTTM o015
X 043 . BTTM 0.1mol%
570 nm 011 - BTTM 0.3 mol% *
8 000 |  BTTM05mol% & | &
s~ +
360nm g o d
0.03 - ]
X * ] o L
0.01 - ‘ ]
- R e
001 g 10 20 30 40
X BTTM Wavelength [nm]
X 3 560 nm BTTM
06 — BB AT
——58.5 kGy
BTTM X —10HEB (258, )
05 —20948
— 3053488
™ —— 405
PMMA BTTM g ™ — 50558
X s - 12053458
o= b IR
H SR
3 2.,
560nm
X 0.1
0 . :
450 500 550 600 650
BTTM BTTM Wavelength [nm]
4 BTTM
4 BTTM X  58.5kGy 02
—0Gy —0.65 kGy
0.3 ——3.25kGy —6.50 kGy
X 0.16 —9.75kGy ——13.0kGy
0.14 —19.5kGy —22.75 kGy
560nm 10 son —sokoy
2 B e
@ 0.1 =
X 2008
0.06
0.04
X 0.02
0
450 500 550 600 650
Wavelength [nm]
BTTM PMMA b-PBD 5 BTTM  PMMA b-PBD
1 mol% 1 mol%
5 570 nm
06 | ——before irradiation
\ —ill{adlaredf{'ll 58 5$G}
—— 15 mun. after irradiation
b-PBD os T
A ——45 min. after irradiation
X UV \ ——060 min. after irradiation
04 \ —90 min. after irradiation
——after visible light irradiation
" fter visible light irradiati
b-PBD Zos
0.2
6  58.5 KGy
X 0.1
X 0
450 500 550 600 650
Wavelength [nm]
b-PBD 6 BTTM  PMMA b-PBD
1 mol% 58.5 kGy X
b-PBD BTTM

uv



7
1
1
8 X 365nm
1
450nm
1
9 X
1
X
1 X
1 X
10 PS 1
520nm
X
1
1
1 PMMA
b-PBD
11 b-PBD
11
b-PBD
0.5 mol%
X
b-PBD
2

Ichiro Kawamura, Masanori Koshimizu,
Yutaka Fujimoto, Hiroki Kawamoto, and
Keisuke Asai, "lsomerization behavior
of fulgide-type photochromic compounds
upon X-ray irradiation”, Jpn. J. Appl.

Phys. 58 (2019) 022003. DOl :
10.7567/1347-4065/aaf715

Kohei Asai, Masanori Koshimizu,
Yutaka Fujimoto, Keisuke Asai,

"Radiochromic properties of organic
films based on a diarylethene molecule™,
Nucl. Instrum. Methods Phys. Res. A

DOl :
10.1016/j .nima.2019.01.054

7 1
PS
05
0.45
04
035
@
2 03
'g 0.25
g : = hefore irradiation
2 02 - 195kGy
015 4 —---- 39 kGy
01 | === 78kGy
oos | — ~ 117k6y
o L===uviight
350 400 450 500 550
Wavelength (nm)
8 1
120
E n——
3100 | ——Before irradiation
> 0.1 kGy
=
g 80 0.5 kGy
R o 1.0 kGy
g 5.0 kGy
5 40 ——10.0 kGy
g
S 20 |
3
E —
0 — —
470 520 570 620 670
Wavelength / nm
9 1
450nm
1200
L A + 5.0mmol%
1000 T . © 10.0mmol%
5 : ) ' = 25.0mmol%
3 800
8 + 50.0 mmol%
£ 600 -,
£ . R i
- - s B 3 o
£ 400 | el R
< N & ]
- e o ¢ © o S
200 5 o
o o & o ® . —
L . Dose/ka
0 rﬁ" i
0 10 20 30 40 50 60 70 80
Dose / kGy
10 1
450nm
120
+ undoped b-PBD n
100 ® 0.5 mol% o
—_
S5 ¥ 1.0 mol%
a 80 [ o
— 4 2.5 mol% .
% 60 % 5.0 mol% b *
3 B
[ | ®
Ew o 2 it
< B
Euwm
20 g X £
a X %
0 g‘x ? : (n-)uo] ]Bmo\!t‘
0 2 6 8 10 12 14
Dose / kGy
11 1 PMMA
b-PBD



Kohei Asai, Takashi Ubukata, Masanori Koshimizu, Yutaka Fujimoto, Takayuki Yanagida,
Hiroki Kawamoto, Keisuke Asai, "Radiophotoluminescent organic materials based on
photoswitchable fluorescent diarylethene derivatives", J. Mater. Sci. Mater. in Electron.

’ ’ ’ ’ s , X
65

, 2018

Ichiro Kawamura, Masanori Koshimizu, Yutaka Fujimoto, Hiroki Kawamoto, Keisuke
Asai,"Development of radiochromic polymer films based on photochromic fulgides for X-ray
detection”, 14th International Workshop on lonizing Radiation Monitoring, 2018

K. Asai, M. Koshimizu, Y. Fujimoto, K. Asai, "Organic radiochromic films based on
photochromic spiropyran molecules™, 2018 IEEE Nuclear Science Symposium and Medical
Imaging Conference, 2018

Kohei Asai, Masanori Koshimizu, Yutaka Fujimoto, Keisuke Asai, “ Radiochromic
properties of organic films based on a diarylethene molecule” , SORMA XVII, 2018

http://www.che.tohoku.ac. jp/~qpc/

¢y



