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Abstract

The color formers have been developed to visually detect radiation that is harmful to the human body but cannot be
detected by the human senses. Gel dosimeters based on the color formers will be useful for the visually detection of the
area irradiated with heavy particle beams, which are used for cancer treatment. This paper presents the color development
characteristics of hydrogel dye dosimeters, including phenothiazine-type colorformers, and organogel dye dosimeters,
containing the spiropyran analog color formers, by heavy ion beam irradiation.
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Figure 1. Color former 1.
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Figure 2. Low molecular weight hydrogelator 2.
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Figure 3. Image of 1 in 2 hydrogel after 12C5+
beam irradiation ([2]o = 87.6 mM, [1]o = 0.13 mM,
[Fe2*]o = 0.65 mM).
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Figure 4. Spectral changes of 1 in 2 hydrogel
after 12C5* beam irradiation ([2]o = 87.6 mM, [1]o =
0.13 mM, [Fe?*]o = 0.65 mM).
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Figure 5. Color former 3
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Figure 6. Image of 3 in gelatin hydrogel after 12C5*

beam irradiation ([3]o = 0.13 mM, [Fe2t]o = 0.125
mM).
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Figure 7. Spectral change of 3 in gelatin hydrogel
after 12C5* beam irradiation ([3]Jo = 0.13 mM,
[Fe2t]o = 0.125 mM).
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Figure 8. Tmage of 3 in k-carrageenan hydrogel after
125+ beam irradiation ([3]o=0.13 mM, [Fe*]o=0.125
mM).
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Figure 9.  Spectral change of 3 in x-carrageenan

hydrogel after 12C5* beam irradiation ([3]o= 0.13 mM,
[Fe2'Jo = 0.125 mM)
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Figure 10. Color former 4
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Figure 11. Image of 4 k-carrageenan hydrogel after y-
ray irradiation of 0, 10, 40, 70 Gy ([TX-100]o = 0.34 mM,
[4]0o=0.25 mM, [Fe*'Jo = 1.25 mM).
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Figure 12.  Spectral change of 4 in x-carrageenan

hydrogel after y-ray irradiation ([TX-100]o = 0.34 mM,
[4]o = 0.25 mM, [Fe*']o = 1.25 mM).
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Figure 13. Image of x-carrageenan gel of 4 after 12C>*
beam irradiation of 0, 30, 60 s ([TX-100]o = 0.34 mM,
[4]o = 0.25 mM, [Fe*]o = 1.25 mM).
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Figure 14. Spectral change of x-carrageenan gel of 4
after '2C3* beam irradiation of 0, 30, 60 s ([TX-100]o =
0.34 mM, [4]o = 0.25 mM, [Fe>']o = 1.25 mM).
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Figure 15. Image of x-carrageenan gel of 4 after
12C5* beam irradiation of 0, 30, 60 s ([TX-100]o = 6.2
mM, [4]o = 0.25 mM, [Fe*']o = 1.25 mM).
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Figure 16. Spectral change of k-carrageenan gel of 4
after '>C3* beam irradiation of 0, 30, 60 s ([TX-100]o =
6.2 mM, [4]o = 0.25 mM, [Fe>Jo = 1.25 mM).
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Figure 17. Color former 5
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Figure 18. Image of k-carrageenan gel of 5 after y-ray
irradiation of 0, 10, 40, 70 Gy ([5]o = 0.13 mM, pH =
9.2).
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Figure 19. Spectral change of k-carrageenan gel of 5
after y-ray irradiation of 0, 10, 40, 70 Gy ([5]o=0.13
mM, pH =9.2).
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Figure 20. Image of x-carrageenan gel of 5 after 2C>*
beam irradiation ([5]o = 0.13 mM, pH =9.2).
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Figure 21. Spectral change of x-carrageenan gel of 5 after
12C3* beam irradiation ([5]o = 0.13 mM, pH =9.2)..

6. AEAES VLA S —T+—I— &I
DFFIVA/ TIERZRAW-BRAILA
J TIVIRERT

6.1 WFIETT 5

WL Tl B CRATHINT— T 4 —~—%
TORREFHZ X D y BRI AT 28 H 17> T
&7z, 7uaRL LR LA T L ONe T REE
BT, B OREIC X VIEFE T U H VB ER S
N, ZUTEEET OV OMIEBENSAKFEE G X W
THALKFE L 72D, VHEALRFBIER TIL, AL
WHERIFZHINDBKFEEGEHELS Z LN TE VWD
BT —T F—~—IIRO LRV, WELRFE S
BRERFCIX, P ERINGET 52 L TR EHE
{bAKRFBERAEL, T —TH—~v—5RBOIEDL T
EMTE D, Fiz, WHELRB IS OROEL A
F LR EICARLZER aaRV AL BES
IUBRERT 2 VERKT 2 DIZIHA A Th 5, AL Tl
MBIV ROATHIA T VEE T —T 3 —~
—6 LIBEAVIRBEI N ETERT D2 ENTE DK
FANT T IACH T B CERR L7z UG LR
VR EFE O TR RIS X DA OFHEIZ OV
THET D,



2021 R AR T WTIEsEENE - BT R R BN ITIE B SRS kA 2k AT E

[21005]

NM62

J 0
_ H
OaN PR ji‘/N\
o H3C(H2C)4g H (CH2)11CH3
N_T 6 % 7

Figure 22. Color former 6 and organogelator 7
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Figure 23. Image of 6 after '2C>" beam irradiation in 7 dry
tetrachloromethane gel ([6]o=0.13 mM, [7]o = 107 mM).
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