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ABSTRACT This article reviews recent studies on three-dimensional (3D) radiation dosimeter designs based on
photonic crystals and other structure color materials. Photonic crystals and other structure color materials have a
wide range of applications in fields such as medical detection, graphic printing, and anti-counterfeiting identification
owing to their photonic bandgap properties and bright structural colors. The responsiveness of photonic crystals and
other structure color materials to ionizing radiation has been exploited to develop a photonic crystal thin-film
dosimeter than can achieve a full visible spectral shift of Bragg absorption peaks under X- or y-ray irradiation. The
dosimeter has a highly tunable application range and a spatial resolution exceeding 30 um; moreover, it exhibits high
environmental stability to light, temperature, and humidity. This study proposes three reading methods: spectrometer
detection, naked-eye comparison with standard color cards, and mobile phone-based hue-value detection techniques.
Additionally, the sensitivity of the photonic crystal dosimeter was improved by adding polyethylene glycol as a
radiation-sensitive material. Gelatin methacrylate was used to prepare hydrogel films, which were chemically
modified to introduce unsaturated vinyl groups to achieve sensitive response to X-rays. The hydrogel photonic
crystal dosimeter demonstrated favorable dose-response performance on clinical radiotherapy equipment, which
agrees well with the measurement results of commercial film dosimeters. Finally, the photonic crystal dosimeter was
combined with three-dimensional printing technology to three-dimensionalize the hydrogel photonic crystal
dosimeter, thus providing translational potential for topographic dose mapping in clinical radiotherapy. Meanwhile,
new thin-film optical interference films have emerged, and the introduction of radiation-responsive groups such as
modified double bonds, disulfides/diselenides/disulfides, and azo groups significantly improved their sensitivity and
enabled simultaneous drug release under X-ray assistance. This study provides theoretical and technical foundation
for the development of portable, real-time, wide-ranging, and high-spatial-resolution photonic crystal radiation
dosimeters, which have demonstrated application potential, although their dose verification in actual medical
radiotherapy is yet to be realized.

KEYWORDS Photonic crystals; Radiation dosimeters; 3D printing; Hydrogels; Dose verification
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Fig.3 Schematic diagram of the overall design of radiolytic
color-changing inverse opal photonic crystal films:

(a) schematic of photonic crystal dosimeters with different
sensitivities based on three strategies: radiodegradable
materials, sensitized radiodegradable materials by
plasticization, and radiolytic cross-linking materials;

(b) principle of formation of characteristic Bragg reflections of
photonic crystals; (c) mechanism of characteristic peak shifts
of photonic crystals; (d) radiation induced patterning and
spatial resolution of photonic crystal materials"™

Tt 5% A1 A FH 56 A W TE SR FE T 1) B AR Bl A8 B
WG R T 2 AR, WARRTETFRL S
B —HIGIREE (PEGDA) B [ 4540 S Ho 1 98
Xof o SR R TR, Fma R A EAR AR
R 51 R S H RS S PEGDA 4 THE R UR
N7 i, 3 T A5 AL 4 A 1 8 4 A AR B 1 R
MEK AR N, B 4Ca)~()Z5 BEHT, Bl W)
BN, EEREETE R WS B
W, HEKSWEGHERARFMEMERR.
ZERKI, ELIRPEGDA WIUG SR ) 43— 5 X i B
PERERLI A K, {H & 42 PEGDA G 1 s AR b4 B s
IR R R 73 30 PEG 1 48 S U R kL, T BA
A o 973 LA 0~225 kGy B85 % 0~80 kGy, A3k

060102-4



MR S ES LY % 2024,42:060102

B RS RBLROL T RAAEFET. 5,
O R R i 1) B €8 AT A TE Ol 0 N 0 B M 85 v
ORFFHEIL 62 d N2, UESE T 77 R 7 i A 05
Rk, JUNER IR, ZIEBAE 70 °CHI#
TP A8 hE, AR R R K A
AL, AR, B, HAGEE Mz zEE o

G
=z

AT IR, A R R e R R R RS
B, KRITE TR AR R AF 5. stoh,
WL H BIBAE SR H T e AR AR AR v
R RIET PO RERMBAR TR, XN
HAE TV AR . ORE 72 BN T A 1 B B £
TARRAEF]

600f
5 |80.6 kGy Dose increase 0 kGy
< - c
= £550
(7} =
s e
E S500f
= >
N (]
g 450F
S
Z )
400 500 600 700 0 20 40 60 80
d) Wavelength / nm Absorbed dose / kGy
650 e 251
= PEGDA-200 PEGDA-200 :
s e
=ty *30%PEGHEGDA| T i PEGDA 0% PeG 199
= o *35% PEG+PEGDA & | EEJPEGDA+35% PEG
=550f £
= £
c =
B500 = 0.96
§ § 0.88 083
450} % \
A0 56760780200 250
80.6 kGy Group

Absorbed dose / kGy

4 PEGDA Y1 fib A5 5 1HIi RS2 PERE I T : ()« (b)  ()OPEG 3 Y8 f) PEGDA [ £ 147 1 i A R0 SR ) 17, 368, e 1
J I S Asr B BRSO B IR 5 (D« (e ANIR] 78 e W B P S B 3 A6 T R A R ey IS A28 B R €8 LI 2% hi D
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Response properties of inverse opal photonic crystals with different molecular weights and degrees of plasticization™(color online)
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Fig.5 Preparation and radiochromic properties of methacrylated gelatin inverse opal hydrogel films: (a) preparation of hydrogel
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Fig.6 Response performance of a highly sensitive hydrogel photonic crystal radiation dosimeter on clinical radiotherapy device:
(a), (b), (c) radiation response of high-sensitivity hydrogel inverse opal photonic crystals under radiotherapy X-rays: color, spectra,
and reflection peak positions with absorbed dose; (d), (e), (f) radiation response of high-sensitivity hydrogel inverse opal photonic
crystals under radiotherapy electrons: color, spectra, and reflection peak positions with absorbed dose; (g) photographs of high-
sensitivity hydrogel inverse opal photonic crystals after zonal irradiation; (h), (i), (j) distribution of patterned irradiation fields
obtained by commercial dosimeters”; all scale bars in the figures are 3 cm (color online)
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