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Fabrication of Copper (1) Iodide Cluster-based Scintillator for
Highly Efficient X-ray-excited Reactive Oxygen
Species Generation

XIAO Kang, XUE Chengwen, SHEN Jiacheng, LIU Xiangmei"
(School of Materials Science & Engineering , Nanjing University of Posts and Telecommunications

Nanjing 210023, China)

Abstract Cuprous iodide cluster-based complexes exhibit significant potential in scintillator materials due to their
structural diversity, strong X-ray absorption capacity and tunable excited-state properties. However, crystalline state
is typically required to achieve efficient luminescence, and mechanical grinding often induces mechanochromic
effects, which severely limit their biomedical applications. In this study, a series of Cu,l,Py, complex-based scintilla-
tors was prepared via a facile solution processing method. The effects of crystal structure, co-crystallized solvent
molecule, and polymer matrix on their luminescent performance were systematically investigated. In addition,
polystyrene (PS) was employed as an encapsulation matrix to modulate the emission wavelength of the scintillators ,
enabling spectral overlap with the photosensitizer (methylene blue, MB) for enhanced energy transfer efficiency.
The encapsulation simultaneously improved biocompatibility and bioenvironmental stability of the scintillation

complex, yielding a type of photosensitizer nanoparticles (Cu,I,Py,-PS-MB) with high X-ray irradiation resistance.
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The results of N, N-dimethyl-4-nitrosoacniline (RNO) bleaching (RNO-imidazole) experiments confirmed that this

nanocomposite system exhibits exceptionally high singlet oxygen ('0,) yields under both UV light and X-ray irradia-
tion, demonstrating its potential for constructing efficient and stable X-ray photodynamic therapy (X-PDT) nanoplat-
form. This work provides a novel solution for deep-tumor photodynamic therapy by overcoming the limitations of tradi-
tional scintillator materials.

Keywords Cuprous iodide cluster complex; X-ray scintillator; Deep tumor therapy; Photodynamic therapy
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TR PE BRI, A XA U IR 5 PDT 4545 (X-PDT) , REAT R0 DR VR 1677 o 19 20 128 TR 1)
RSB[R, X-PDT AT Al XL UNATY , BE R4 R X SRR ARSI B, 207 IR A — Fof
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1.1 K 5{EE

WAL AR (46 98% ) , T ifgHErs B 2R E A BRA Al 5 UL AR (218 98% ) FlI N, N-—H JE-4- Al 5L
& (RNO, 2l 98%), b gz i bRAE LRI AT BR A F] 5 MERE (Py, Z05E 99%) . W7 H JE W (415 99%) | ik
M (Tm, 4L 98% ) FIERZE 2.4 (PS, M,=192000) , b ifg it it fb2p A R Heg v Ak ol
R FRFIABRA A . I R B, R — 4l fb b P .
1.2 KR
12,1 CuLPy, (1) B REE & 65 % FREC400 mg(2. 1 mmol) Cul IIAZEA 5 mLAGA KI AR b, 1558
RGN 166. 1 mg(2. 1 mmol) MEBERFE 30 min. 13, FEARSE G LB F/KEEGR 2K . ZEEET
3K, 15 Cu,LPy, IR £ .
122 CulPy, (188 &FEx  FRE20 mg CuI Py, R T T 1 mL A& H (20. 0 mg/ml) , KRG & T
LTI P R4 5 d, 13 TC etk i, B Cu,l,Py, (1) 5.
123 CulI,Py,-0.5CHCL(2)t # F 35 FREL20 mg Cu,LPy By AR MBVE T 1~2 mLEST+, TEIR TS
MR, BUNE BT A CAR AR, B Cu,lPy,-0. SCHCL,(2) 5.
124 CuJLPy,-PS %k A th & k60 mg Cu,IPy, M K MRS HET 1 mL &5, mH A
2 mL R LI AN ER (50 mg/mL) , FIBEHE 2 W ARSI . B2 mLIZIR GV, EHCEE T m g m
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A 40 mg T R BRI N (SDBS ), SR HE 2 h il H T8 /00 i 5 2212 A 20 mL Kb, TR I T hid:
48 WF S HE K . N4 5043 25 (12000 r/min, 10 min), [ 2585 FoK B 3k, IS4k mok:
DaNi G RPN e G L
1.2.5 CuLpP,-PS-MB & & 44 kK FAr 6y & k. il 45 P2 5 Cu,Lipy,-PS GOKR BRI LA A [F], HJ& 50k
2 mg JEHGRNE % (MB) ¥ T 20 mL 25 2 /K, AR5 i L iR i Cu,1,Py,-PS-SDBS S, T
FIRTERE 48 h 5 B0 8 , WAH 228 TR 4 R E IS WM O, FriS gl K Bk /i T 288 1
JKH.
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W , B G YILE AL E 1 Shel XL ER R F 45 B fie/ N iR 1B, M IEHAEAE ShelXle KR I L1l
HE AT AR B T, R TS R ALRE A . PR S Y XRD 1% AR L eif SCIE T
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EHNE RO OISR Z T RERASBESTOOEHL (FLS980 B MK, & Ek K 313 nm. K
X 2648 (Amptek X-ray tube, 50 kV, 70 pA) SHESIEIEAHZ A, MRXABHE X SH200L T 2
T MR X A B TSGR h, SCHEREA AOR IR , F X SR ik R, et i
DI R EZIEAE S, 13 X RIS 2Ok .
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i3 RNO i €8 J5 R Ay I B2k 285 41 7 2 R AR IR i (0. 025 mmol/L) I A RNO (50 pmol/L) 1l
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LT RRT & T2 E0OE . Bz A am AR TED b, i OB VR HOR R SRS B R R R
Cu,IPy, (1), FCA Y 1 FIAETESRAMT B T & U 08 . AT as R B, BeaY LEmh 44
T S B F4) ST 7 Re BGRB8 EC A, — L BE T B ) DU AZ S B S 4 [ I’ 1 (A) F1(B) |,
5530k [ 23 238 5937 5 b BRI A PO SR L S 5 A ), TR ISR &R, P2,2,2, a5 Al (36 1) 7).
FEM R FE R R B, R S T A P B S kA, TS B Cu,,Py, 5 07 8 5 BT i 1K Cu,lPy,-
0. 5CHCL(2)[E 1(C) ]. FL&W2 misashRibik, SHEEY 10T 62 mRPeRINIE] SR, LA
LHNT G T & S ZE AL . BCAY LS9 2 BT i S A4 FRs B S 8L 6 1.

Be &9 2 HECE 15 &0 E R B 2L, HORXTRR BoC b & 47 1A FRC A9 Rk 4 1 A
[E1(C) ], @i PR EaWzaiaspr [ E1(D) ] a8 TR, Pdbe SRR, 5
Kirakei 25242 38 14 PO 2 e i 35 S 25 . i T30 T (298 K) FCA 9 2 i 71 20 1 & 05 58K il iR
SR, HASHEBR M TR A 1, BT — 2 7E 120 KAGHR MK, #il 7 H i
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Fig.1 Structural scheme of cubane-type Cu,I,Py, cluster complex(A), final refined structure of single crystals

1(B) and 2(C), projection of the crystal structure of 2 along the ¢ direction(D) and XRD patterns of 1

and 2 and the corresponding calculated patterns from SCXRD results(E)

Color coding: brown for Cu, purple for I, light blue for N, dark gray for C, and green for Cl; ellipticity 50%; single

crystal diffraction data was collected at room temperature ; hydrogen atoms were omitted for clarity.

Table 1 Crystallographic data and structure refinement parameters for single crystals 1 and 2

Complex 1 1 2 2

CCDC No. 2280372 2280373 2280374 2280375

Emission color Yellow Yellow Orange Orange

Crystal color Colorless Colorless Orange Orange

Temperature/K 298 120 298 120

Wavelength/nm 0.071073 0.071073 0.071073 0.071073

Refined formula C,oH,N,Cu,l, C,oH,oN,Cu,l, C,,H, NgCuyClL I C,,H,N;CugCLIg

Formular weight 1078.16 1078.16 2275.69 2275.69

Crystal system Orthorhombic Orthorhombic Tetragonal Tetragonal

Space group P2,2,2, P2,22, P4.be P4,bc

a/nm 1.17284(7) 1.1848(8) 1.9903(2) 1.95943(11)

binm 1.54854(10) 1.5359(10) 1.9903(2) 1.95943(11)

c/nm 1.60046(10) 1.5947(12) 1.5886(2) 1.59168(9)

Vinm® 2.9067(3) 2.902(3) 6.2927(16) 6.1110(8)

A 4 4 4 4

D /(g-cm™) 2.464 2.468 2.402 2.473

w(Mo Kao)/mm™ 7.150 7.162 6.736 6.936

F(000) 1984 1984 4200 4200

26 range/(°) 2.523—28.279 2.519—34.969 2.288—25.671 2.324—34.334

Index ranges -15<h< 14 -17<h<18 -24<h<24 =31 <h<30
-20<k<15 -24<k<21 -19<k<24 -18 <k <31
-21<1<21 -23<1<25 -19<I<19 -25<1<25

Reflections collected/unique 25529/7221 39858/12347 41667/5964 74968/12654

Parameters/restraints 290/0 290/0 3277387 325/31

GOF on F? 1.046 0.999 1.048 1.045

R /wR, [1>20(1)] 0.0286/0.0494 0.0313/0.0402 0.0388/0.0868 0.0275/0.0476

R /wR,(all data) 0.0400/0.0524 0.0526/0.0436 0.0605/0.0989 0.0407/0.0507

Largest diff. peak and hole/(e+nm™) 548/-569 857/-774 698/-658 705/-879

Absolute structure parameter 0.013(13) 0.014(11) 0.017(18) 0.035(17)

Average Cu—Cu distance/nm 0.2690 0.2689 0.2667 0.2643
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(R, BLEY 1R 2 R R XRD Bl BoR , HAMEEN B 5 50 b B Bl 45 3 o8 e i [ B 1(E) ],
ULBH TSRS LA 1 A IR S AR 2 . (A5 — 32002, Kirakei SFE T AR % DU S0k w2
i 2 5 (a=b=1. 96199 nm, ¢=1.59273 nm, 293 K iz ) F1-F ) Cu—Cu £ (0. 2644 nm, 293 K il
)PS5 IRATLE 120 K FFESS 90 2 09 5 IS 50 (a=b=1. 95943 nm, ¢=1. 59168 nm) FIF-1] Cu—Cu 5 K
(0.2643 nm) 124, F5 AT T AR 45 R (a=b=1. 9903 nm, ¢=1. 5886 nm, “F-J Cu—Cu #
0.2667 nm, 298 K)AHZER K (1), X AT BB H A 73— PO S ke IG5 AS [F] AR FR Sk o i . Al A
HE o T il ELERHES AT AR /N T U Sk, BRLUREC A 2 1) S IS 8K e g /N T
ARG A AR . S — DT, S i fr R AR PSR T b, SRR P T SRR
VEFA K F USRI, 5300 A 4 2 15 o FRT b il 7 i) () MERUAR B DU S0k M 4 R E0% , BRI 540 2
() S A28 o R b KT PO SR IR A A . B AT AE R R L5 2 19T Co—Cu BB K T PO &k
e T T Y N e ) e AT N R e s AN VAN R N 25 S I

Bi 59 2 1 A R R 2805 P AR E , (BXE L BEZRIRAAAE T S E R NS A1, 1L
Tk V25 8 Hp ) 25 PR G A A TS 1, DERAAS RV 7 2Tk 25 30 d s Hh A SO AR B R, X7 DU A kg 3
A in R TP EER B T ARG . FSL b, ARG SRR R R R I, ARSI A P &
25 mg/mL, SR E T OBZET, SE e s AR A AR, AR S AMT BT R S B R 2T (5
BT A R ISR A LB 2 db A . B R € AR L, [RIERAE 2 R TR TG etk
anfA, AR SAMT U T RSS2 M0, SR AT 4E R R i C A HUIR S AR B A 1. Bl [A] 4
K, BERAAR R AP 2) K, B o ayokiig, BIECE41.
22 BOERHHIESH

K 2(A) /R H T CuLPy, (1) f4A | Cu,ILPy,-0. 5SCHCL(2) f A K Cu,IPy, B 5 A AE 300 K T B &
FILG S . AR DU AZ BLLL IV A 7 L TC A 4 1 A 2 02 B LA vl fur B R A M 0 0 R R R B . 3
RS 160 nm, 5 3L g, R ELE Y0 1SR W4y B T 252, 298 F1346 nm [T, Bl A
Y12 (AT AOR I K S LAY 1 —30, (A0 — MR LT A5 2 379 nm (HIT, v REE i F AL AR 1
SRR . Cu,1,Py, S5 R 3Ok Wt — 252188 22 390 nm BHIT, UESE TV 40 T X R I 20 5 1)
A

BCG 0 1. 2 F Cu,LPy, 505 1 W B KR 06 43 6 T 565, 600 1 676 nm, *J U5 FE 43 51 113,
111 A1114 nm, ¥R IR AHE W AR ARG AT, =0 FECA ) 1R 2 19°F-34 Cu-Cu FE 2
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Fig.2 Normalized excitation spectra under UV light and luminescence spectra of each sample under UV
light and X-ray irradiation(A), photos of single crystals 1 and 2 under UV light(B), luminescence
lifetime of single crystals 1 and 2(C) amd X-ray absorption profiles of crystals 1 and 2(D)

(A) Solution was for UV irradiation, A=313 nm; Ex for excitation, and Em for emission. Ru(bPy),: tris(2,2" -bipyridine) ru-

thenium hexafluorophosphate.
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45124 0. 2690 F10. 2667 nm (1), /8T 0. 28 nm, PLBHAFZE B4 Cu-Cu & B A EAER , Rt &
W 1 2 10 B 2SO T A v D BT RS RS IR (CCC) ™. S A4 10 2 18R S AE 224G BB I R & e
FNE2(B) s, BLAY 1 AR R STHSE 300, MG 2 dbiR RSB L0, 35 38 R R ST
K—2. BEW2 LM ERKER A VB, aT5eIE T & A K Cu—Cu FH DL R L f s 7
S FRIEEm . LAY 1A Cu—Cu 58 K 0. 2690 nm, 17 BL A4 2 A9 °F-3 Cu—Cu $ K
0.2667 nm(F 1), #/NE Co—Cu BRI T ML WA LB SR R PR RSB EAER , s
W EC S & EAT R, SRS 2 (0 K EHIELT R AN, ILANIAERIXT L S a5 B2, dns e
B YR AR NV, B SRR SR AR . BLA Y 2 RO LR R A b i
1o i B BRAT U R AV T 32 A% SR R PR B s i A O, i3 5 SR (29 [l — 3. S XUz i, w9
FIHC &4 AR R 5 R A R IR G & SE B AL SeRE , Qi 2(A) B, UEBH AP S A X 5t
2k SERAMEIUR TR SHETE AR T AR R B3R 2S . B 2(C) AP FMIT AR B & 40 19 = IR 2O i
WL, BCA ) 1A 2 B3R SR O BT, SISO 3 R 10,7 ws BT 7. 9 ps. LA 1H12
P TR 5300 82. 90% F158. 22% , i 2 /=5 T SCHR A fry U & ok pg 4 i o BB 1 1 78008 (28 % ) L
PRSI FR0% (4. 23%) , WE— 20 Uk L G 00 o T M AL FESS R4 (R S R 54T R, RT3 v A S5
BRAT BE R MIRLR, B A5 BE A9 B9 & 6 I K R &R ERCR™. BT 6 T 308 £ 45 %2 (Photon Cross
Sections Database ) 7155 1Y X SRR REC R R, Bo A9 1R 2 IR R BOEAR—2, $0F X G 2R R P4
SR [ 2(D) ], BT S RHGR anip F E s LUK — B REETBL A, Bon R AR XS4k
W cRE
2.3 CuJPy-PS-MB & &K BRHMEREHER = EMHEE

FBLAY ] 72 BETC 54 Cu L Py, HA PRI AT XU ZMRISCRE J7 5 . R G0 i BB A A5 AT I S
PE, 76 X SR INERAR A X-PDT R A T2 W1 . S A s vh N, e & 4 ks R
SRR RS MR iR AR DGR . TR, SR B AR A YRR M (PS)VE AL 3 i, i il
FLIR AL B L 5 B I AL B I N MRAR G KA F (Cu,1,Py,-PS) (Scheme 1). ¥ Cu,l, Py, il PS & T & 1
o, R IRTTINAOK G, FEFR NG MR SDBS AELE F 2 H T8 BUK AL B LI, Cu,L,Py, I PS
R BRI 7E 9K ROBE S i b . BERE B AR R LR, S E =0 F 18 Kk . BiE S 05 1
D PSHEWHTH, TERAUKER s [RIBS, Cu Py, M EEZRHIEIN, IMAE PSR ER P AT 4540, k75 PS
BN SRR AL F Cu,LPy,-PS.

Evaporating
CHCL; slowly
Stirring
room temperature

~n@ - SDBS; MW\ PS; '}f: CuwliPy.; @Complex nanocrystal; '\ \1 PS nanosphere

Scheme 1 Illustration of preparation process of Cu,I,Py,-PS scintillation nanoparticles

PS {032 BE A R 246 4= W) PR 5T b I W 701 A BRI BE X Cu, 1Py, A& GPEREISE I . Hi 181 3(A) AT LA
A, T Cu,LPy,-PS YRR AE 52 SNENI XL R T S SV B I 7E 610 nm BHE . AHEE T Cu,LLPy,
(1,,=565 nm) Fll Cu,I,Py,-0. 5CHCL (A, =600 nm) ft {4, RSP R A 2088, AR EC T Cu L Py, S 05 7 K
(A,,=676 nm) , H&EGHIE L A TERS , X 32 2L R T BE T s 01 ARG 704 sl b Rl /T A e e
RN, TR WCRAS , 50> TR Cu Py, FIC ARSI ZER , 70 TR R, M RO S RE &
55 B RA LMo TR AT 0TI A BEIRIN, 73 TARSNZE A2 IR, SO ASREOEHTH =
ARAR IR Bh W , DT T B T WS RS T H AR . A RIE Cu L Py,-PS A KUK 78
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Fig. 3 Luminescence spectra of Cu,I,Py,-PS nanoparticles(A), photos of Cu,,Py, and Cu,,Py,-PS
dispersions under daylight and UV light(B), TEM image(C) and DLS based size distribution(D)
of Cu],Py,-PS nanoparticles, STEM-mapping images and EDS spectrum of Cu/JI,Py,-PS-MB
nanoparticles(E) and XRD patterns of Cu,I,Py,-PS-MB nanoparticles(F)

(A) UV for UV irradiation, A =313 nm, X-ray for X-ray irradiation; (B) from left to right are initial dispersions, just adding

amino acid solution and several hours after adding amino acid solution; (C) inset shows the photos of Cu,I,Py,-PS, Cu,I,Py,-

PS-MB dispersions and Cu,I,Py,-PS-MB dispersion afier centrifugation from left to right; (E) the Si signal in EDS came from

carbon film on copper grid.

Cu,1,Py,-PS 44 >k URL B 4 (1 )6 4 311 BE B /R PS 7E 40 3 Cu, 1Py, B U8 K OKE AY [RT I, {78 T
Cu,LPy, PR GTRETT, [RIEE XS4k BEG T A2 1 Je 56 i A 615 S BEGR0 H JE (MB) AR Wz s i 4
(609, 664 nm) 7 FEIAHVCEC, J& B L] FH T4 28 X-PDT YGHSGR v 1 . LT 1, B G BGR MB 11 2% 5
Cu,I,Py,-PS A K ks rh 75 2 Cu,l,Py,-PS-MB & & K0k fIE 3(C) AT LA, IMADEHGAIMB )5, 44
KIBURL 1 JFOR A 2L A ARG MB B €6, FLESO F2TEWROC 6, SRR ON gl Ak, ks
Cu,LPy,-PS-MB & 5 4 K ks . TEM 45 R B os &5 990K BUR 2 3K0E , K% HP 7R 100~250 nm Z [7]
[E3(C) ], 5 DLSKi /A R gt AR — 30 [ K] 3(D) |, e B0k B A it g, SR [a] S AR JC A 58
T IV A 7SS T 5 4 %) r M O A RN T A% =2 [RD A TR JCRBAIG L A3 MILIC A 2 (B A BV e, DR LAl 753
FIARAR /IS AR IIURL N R A, 38075 3 A A2 ROT BRI ROK A 0. A TAE LIPS 5], SDBS 2y
FLAL , 3 LR I B A5 G K ATORE N PRAAS , DR RO ST 422 30 SRR i e (IRE . T g ok
INERARAE AR B R, RARTE R AT I FAYS PR R, W A 9K BURLAE 25 2 F /K i Zeta
HL7 R-57. 91 mV, s HA S BK ISR 2 1E. STEM-mapping 11 EDS 25 J i 7%, Cu,lI,Py,-PS-MB 4}
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KR A BB Cu AT R [ E 3(E) . XRD % ELZ IR Cu,l,Py,-PS-MB 4 KR AE 9. 357, 10. 06°Fl1
12. 694k 3 Cu,LPy, dfAH A REAEAT 06 [ B3 (F) ], ARMEE 2 Cu,LPy,-0. SCHCL, fh AH I REAE AT 5 06
(8.90%, 11.39°112.57°), R PSHEMIBL A YN Cu,l Py, GUKFRL XRD i & H H BLAY Cul (PDF#
06-0246 ) FFAF I 1] B IR T il #5325 W0 30 23 /K % . SETM-mapping A1 XRD £5 8, Cu,1,Py,-PS-
MB & A 4N K I0RE H ) Cu 1Py, B PSAUSE KLAT, [RIFHZ AN AR F 1K A B i ¥ A R R
M.

A DL ER S R R, Cu,LPy,-PS-MB 42 4 40 K 0K AE 609 nm 1l 664 nm 4k H BLGHH MB 1y
MY [ 18] 4(A), Abs], 23 5IHJE T MB —SRARFEFAR . Cu,LPy,-PS-MB 7E 609 nm &b f) 1%
ISR J3E R T 664 nm Ab Y IESE , 1B MB B 2 DL RIRTE UAAAE . X HU A A AR kL i WSO S
5 Cu,1,Py,-PSTE X 2k BT (0966 R SHERE B 4(A), Em R, —H KR RS, R3S
Cu,1,Py,-PS-MB & & 20 K ki ¥ H A7 8¢5 14 28 6 JL PR BB & 4% B8 (Forster Resonance Energy Transfer,
FRET)RCE. Horh Cu,Lpy,-PSH X SRR 46 S 9 R 5T, FIURLIN (1) MB IR ISR S5 96T i &
DI A PLRSA. R A AR BURLE FRET R, 205108 T Cu,1,Py,-PS 44 K H0KL A Cu,l,Py,-
PS-MB & & 94 KR AE X 54k BRSO A T . XF IR B, ak MB Z )5, &6 91K Bk 7E
610 nm [T (298658 2 FRELK4(B) |, 5 Cu,l,Py,-PS M HLSRE T F&#3d 95%, /5 i Cu,l,Py,-PS-
MB &G A KATURLAE X 52 BT T 4 i 9 FRET 55025
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Fig.4 UV-Vis spectra(A) of Cu,I,Py,-PS-MB and MB(Abs), along with luminescence spectrum
of Cu,I,Py,-PS under X-ray irradiation(Em) and luminescence spectra of Cu,I,Py,-PS and
Cu,],Py,-PS-MB under X-ray irradiation(B)

ik — L BHIE Cu,Lpy,-PS-MB & G40 K fivkr )7 A FRZS AR RE T, (RS E R /R A N, N-—H
FE-4-AFFE PRI (RNO ) FITBKIE (Tm ) (19 21 A A B A AU P AR R L. AR R s RS U™ AT,
RNO 7E 440 nm B/ (W 00 25 8 25 . o e iial T MB 78 AT DGk T = AR Rk 2SS RE . an
B 5(A) iR, i MB 5 RNO TR AV L 635 nm I K A OGRS, RNO 1E 440 nm Ab 4 15 Wi i B
R, W A A (R A Lotk R LI S (AL ], D7 28 THRZR A IR R, fEMRIk
PRGN R IEREST T, MB RBIRUR = A= B A 460, RIIE Cu L, Py,-PS & 3T B2 6 al i MB 7= A BREZR S
A HEFIL, 5T Cul,Py,-PS-MB & & 40K BURLAE X B4 BT T 7= A R SA R ) . B A 90K
HREF RNO TR GV WO ILIE 5 (B). 7E X ST RESTT , 440 nm 4k RNO 114 W2 S e 558 2 i Fisf [1] B4
BHTREAR, 7E 50 min BESFETRI P, R B 0enim 3 SEAR B B) B4 SR i R [1E1 5(C) ], DERAAE X G4k R
SRS ORI RENTUR 7= Az B 5. A XS B, RIS 58 T AR IR X SR RES 25 0F F, Sl MB | PS
J Cu,1,Py,-PS G 73531 5 RNO AOTR B RSO 63, 455 /R 7E X 3 R KR ORI AE T RNO W
W e s B2 AR AR B K LI 5(C) 1, RUITEIZ X G20 & RO T , B2 A B 2 T 5 5 A R UKL 1Y
FRETRU A= . DA EZER R, D Cu L Py, FESEBC A YA N ERAR B . PS50 . MB R G RgoRl il 25
B 52 A N A OB B B Cu, I, Py,-PS-MB A] JI Ty 8 X-PDT -5 , A S He N SRR R R TR K &6 5 52
IREE 20 B LAY B IR0, A A P A R IR R Y R AL 1 S B
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Fig.5 Absorbance spectra of mixed solution of MB and RNO with time under laser irradiation(635 nm,
2.5 mW/em?)(A), absorption spectra of mixed solution of Cu,I,Py,-PS-MB and RNO with time
under X-ray irradiation(B) and absorption peak of RNO at different conditions with time under
X-ray irradiation(C)
(A) Inset shows the trend of peak intensity at 440 nm with time; (B, C) conditions of X-ray irradiation: 50kV, 70 pA,
1 c¢m distance.
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