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Recent Progress in Aggregation-Induced Emission-Active Organic
Small Molecule Inorganic Nanocomposites

Qin, Chengyuan Nie, Yong™ Liu, Wei Li, Tianrui Jiang, Xuchuan®
(Institute for Smart Materials & Engineering, University of Jinan, Jinan 250022)

Gao, Ying

Abstract Fluorescent organic-inorganic nanocomposites have attracted more and more attention in the fields of chemical and
biological sensing, biological imaging, energy materials, efc., due to their simple preparation, good biocompatibility and ex-
cellent imaging performance. Fluorescence quenching often occurs when traditional fluorescent organic small molecules are
combined with inorganic materials, however, organic molecules with aggregation-induced emission (AIE) properties, which
show high luminescence quantum yields in the aggregated state, provide opportunities for fluorescent organic-inorganic nano-
composites. Because of the unique advantages of the AIE fluorophore-functionalized inorganic nanomaterials, a great deal of
research has been carried out on the design, synthesis and applications of such composite materials. The recent progress in the
organic-inorganic composites of AIE-active organic small molecules and various types of inorganic nanomaterials (metal na-
noparticles, perovskites, layered materials, oxides and sulfides, etc.) is summarized. In particular, the typical applications of
these nanocomposites in chemical sensing, biosensing, bioimaging, drug transport, catalysis, photothermal therapy and energy
materials are summarized. The prospects of these AIE-active organic-inorganic nanocomposites are also discussed.

Keywords aggregation-induced emission; organic small molecule; inorganic nanostructure; organic-inorganic composite
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MERAERS, T 70 110 i 55 HE RS A0l 1 e KK ik
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et T Hl4.
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AIE F WL F-To LG8 K S 6 b RE AR SR 7L,
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Table 1 Types and interactions of AlE-active organic small
molecule inorganic nanocomposites

. i HETY o
THLKAEZ  AIE GV T AR SCRik
R kL ; —— [3[13-:]3]
LYK 3 LYBLE /S [35]
TR E 4 e pf [41]
5 LYBLik F/S [42]
6 LYBLik TS [43]
e 7 . [50]
g BT [51]
EIRNE 8 9 £k [54]
SEMN 10 BT [55]
11 £k [56]
12 gt [57]
TS 8 gt [58-59]
A B 13 [61]
14 LYBLik F/S [62]
9 [63]
SbrEER 2 13 LYBLik /S [68]
IS T e e 15 LYBLE ¥ [69-70]
E=85) 16 LYBLik TS [71]
17 LYBLik F/S [72]
18 LYBLik TS [73]
19 LYBLik TS [74]
20 o [76]
21 o [77]
22 et [78]
23 e [79]
24 A [80]
25 Hri /e [83]
26,27 £k [84]
Ak 28 e [85]
29 LYBLik TS [86]
30 e [87]
74 LYBLik F/S [162]
Atk 31 HrH /e [88]
AL 73 itmn [161]
T4 32 FEAE [89]
BREME 33 e pfr [90]
&= 34 ek [91]
K 35 LYBLik FIS [93]
REB KA 66 ek [145-146]
T At 50 70 IR [157]
iR 75 i EAE [163]
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Figure 1 Schematic illustrations of the (a) synthesis, (b) tunable
properties and (c) multimodality imaging application of Ag@1
Nps*!
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Figure 2 Absorption and emission spectra of CH3;NH;PbBr;
nanocrystals fabricated using compound 4 with varied side chain
lengths (a) in dilute solution (toluene) and (b) in the solid state
(films on quartz plates), and (c, d) schematic illustration of the
assembly of CH;NH;PbBr; nanocrystals[m
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Figure 3 (a) Schematic representation of the possible arrange-
ment of compound 7 within the MMT layer space, (b) fluores-
cence spectra of MMT and 7-MMT [the inset showed the photo-
graphs of MMT powder (left) and 7-MMT powder (right) under
ultraviolet irradiation at 365 nm] and (c) schematic representation
of visualization of 3D macrodispersion of fillers in composites™"
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g7 ik, RSP EE TPE 224 dh 25 IR,
¥ O RN = R R (CES) ML 854 T 7, RERR DY 2
BE(TEOS) N HT IR, & R T = A P A FL e rE
A Y)(MFSHs). B Ge 3L 8E K 3% I, MFSHs H F 2
(lamellan) &5 ¥)(n=4, 5, 6, T)E7% R — 4 BUZE 4L 51 J5 M/
Hii TH (cubic gyroid)Z5#)(n=38, 10, & 4a), XH[RE 5L A
W) 25 ERESN, o7 C—H---n {EF S EUHER

. W H R RATI, TPE HERR S350 7 NIV S HE
MUT A, TERJZIRGE ), B 0 AR g m, ot ik
BE TR Gy R RA S, KRS B K H G BRI A R R/,
M5 3 = e XUE ST RN T 450, 54, 5is
W 25 ML, EAREEH) MFSHs [fc KR SHR K8, X
W T A0 PRI AT, 25 7T LR R A G LLE
LG5, A# TPE S In3Lihifh, 764k & B 1L fife
FEF o F A AR FHBE K, REGTEK R AL B (K 4b,
4c); FHELZF, U0 FIRBIRGE M, BiK % TPE #
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Figure 4 (a) Schematic illustration of possible packings of the
surfactants in MFSHs, (b) schematic illustration of the change of
emission color of compound 25 and MFSHs and (c, d) normal-
ized fluorescence spectra of 25 and MFSHs!®!
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1.42  AIE A AT -R M A4

AIE BN FHE AN E S, nTURZ D)
Ref ROt E &), Jana ff[“]ﬁchA% 28 5EE
ETE y-Fe,Os R IES:, Hl6% 7MiM e ik
YRR, T 28 6 4 i AR AR At AR T 4 L ) 4 45
=, 'ﬁfjﬂﬁ ) AIE 2 ZHREGIARLFAHLL, Z9 KR RL
2N, EE MR A N, BABHE /S /P
k&%?i‘%ﬁ%ﬁ, AP St 47 i 44t i 1) PR AR BV ;3]
T &M TN RE QKR NG K AE DB il . TR =
LBV ST 21 A Yekt 29 FEENE Fes04 A%, FIFR TG MR
REWs A%, IREREMNB RIS, 1931%
He- MK FAE 700 nm B B A 5 H R OGRFRE R
A e IS, R I A R LR 5 /e 70, [
B/ 20 B 5T A R SR IE L0 A 5 5

CHO ©

a-Fe,0; BA RUFHAEYMAAENE LIRS, i,
Rl e STl = ORI TOR (TR T . WHERTE 2B ERTE ) )
o-Fe O3 KRR AR, @it ib&4 30 A1 TEOS [
TR SN, 15 B = FAS [F] TR 0 4 €07 D 40 K S
Wi, HE TR, UK, 0T Hela 4HHA 200 k.
YIRS (1) TR P/ F A RO, 7EAH RS2 56 2%
PR, BRERTE 9K BURL I B % ey, TR AR Y
AR T 1T BE A 5 (1 AE PN

R
30: R = (CH,)3Si(OCHa)3
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1.43 AIE AW 4F-R Ak 5 544

AIE HHL T REARET K, HHNESREN
PR AL, RN KERA RIEFIE AIE 7071
WIRAFEE, M5 & B, XIEESCEBRE 17—k
S AIE YeblREM T AL LAY 31 71K pH FREDS
RERIE, (BIEFYE pH A K, M 31 3@ & A
HAE W E Y,0; 40K Bk L, {F pH="7.0 K AUt
AHEK, HBOERERI N 7 15, RFHass RN,
TE Y05 YK BRIAEERT, 31 £ RARAS, T T LA
73 AIE 7 T RER AT N

HOOC\©C-| /\/ :
HO COOH

31

1.5 AIE BHlNGF-EMETHAREDE SR
1.5.1 AIE A AT -8B K& LM H

X AIE 70 T3 T3E 18, MHIR. KN BsEs
KRS R UL AL, AT PASR = LR O R RE. Rl
TEEPLRAIZ 2, KieaY 32 Mk FEERSIA
TbPO, HKEH. %A MRHENR IR A=A e X
T P (D 3 8 R S T BR)AZAE T, 3R I HE B B AN [ 1) 9%
PR R S i, SRR R T, R —
oy 32, WERIL IEIREE M, FRsRIMFIRD 32 701,
B IREIE ST WNEs), WA mmE s M
FOHBRI, SGERERK, MEAT] 32 kR, K
R R B A P, AR P AT REfER
THTE L TEAR 25 1.

HOOC

HOOC

1.52 AIE AAu)4F-H & AAK LS4

AR 2R 5P B AR GaOOH 7.5 4K it il 15 5
& 33 TR, @i 33 ML 5 YKL 7 AR T AR
g G, T LAERCE WL- VAL - ak E 6. %
B FREEHT mEIKIEMH, 24 GaOOH 133 7E/KH
TG I AL, 33 7Sk HREE S GaOOH i
i, FREUKEM RSN, BB T GaOOH K
B ACIRAS, ik — D AR T A E K S . X RE
WG| NZE ZRYER, BILERIE S thig e m s, F
RBRE T 7N TRES), tRAEFEEAELT
MLIHRAEH, ReR 518 m ALE PERE.
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HO. O(CH,)sCOOH
@N/ Na ]i ]
OH
1.5.3 AIE A #u T -Fifbs: £ 544
RYLESPNE A 34 BRI TR Lk
ZnS HK SR, 34 PRI S 40k R Zn® 3t
heh&. BT ZnS 99K & 2R M s A AR ERIC 4 78 o6, 34
DFYRBIERAAZE T, SREENETF RS T

100 f%5. 4k, ¥ 34 #:43) Mn® B2 ZnS 90K 5 L,
FIH E-BAKR AT EAEH, 8EE 2R B A6

A,
HOOC ! !
|
I 34 I COOH

1.5.4 AIE AW 5F- 8K I 44

5T GaN ] LED 1E2840-77 WL Bl 3 2 A 4 11
W, & F—ACA IR B AR AR Wong 250°0F
F GaN 2 LED {E N (0 8 6k, EY 35 Nt kot
i, il TIRG AXRGE, BFAO6 N E brig B2 R
2(CIE) 4445 4(0.32, 0.33). %7775 R F 2t ot
AIE AR A FHIE G ZALER LED, whBe | & Hi v fe
R 4F i1 E 5% LED.

33

B LR TCHLAIR S5 AL, A — L8 WL LS5
WA TR AIE BHUVN 7RG, WA J Al
—UERRAIEECR 1), RAE TRy, 45 & HEE)M
FITEREREAT 1.

2 AE NS F-RHAKREEHM BN

EREH-ENEEIOME, BT EAEZIA,
O AARIR EVRE. AL RS yT LR REVE
MORHET I s 1 AR TR . 3R 2 18 TiZkE
AR — S LA SR R N A5 S
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K2 AIE AHUMD T-TEHGUK G AR R

Table 2  Applications of AIE-active organic small molecule-inorganic nanocomposites

97 A3, TR 5 AIE BN+ R BN A Sk
b2zt POSS 20c, 36, 37, 38 o W) TR TR [95-97]
Si0, 39, 40 For il 7K R A L0 B IR E IR PR R [98-100]
Sio, 41 Rl — AL A [101]
Si0, 42 TIPS A [102]
Edeadin 43 R DU KR R 2R 26K [103]
i 44 N [104]
Ag NP 1,45 WA R G0 Ag NPs Fil Ag” [106]
POSS 36,37 K Ru** [96]
Si0, 46, 47 K cu** [107-108]
SiO, 48 K Hg [110]
Sio, 49 Kl Hg? " Fe®* [111]
ik fi 50 Kl Hg® A1l CN™ [112]
e 51 Kl CN- [113]
SiO, 52 RA Wb 2N 727 A7 [114-115]
LYt GO 53 oaillie N [122]
GO 54 KA &R [123]
GO 55 TRt H R A [124]
GO 56 o W it Ao il [125]
GO 57 For ) 48 4 2% [126]
GO 58, 54 ¥ H A% DNA 741 [127, 128]
Si0, 35 R B RR R R [129]
Sio, 59 o 0 4 T [130]
Si0,, MnO, 60 R0 I E Rk, 80 20 B B AN LB [131-133]
Si0,, Ag 61 19 H,0, [134]
LML Sio, 13 icERra o 2 Xact /| R E [139]
Si0, 62 1 A A% [140]
Si0, 63 SRR IAT B [141]
Si0, 64 1 A A% [142]
Si0, 13 P PRGBS 1 R i 557 [143]
Si0, 65 T LR A5 i 5 71 [144]
iimic  BREKA 66 PRER 25RO 7 [145-146]
Sio, 39 PSR R U AR [147-149]
Si0,-Ca0-P,0s 39 PN I R U AR [150]
SiO, 67 LRy e [151]
Si0, 68 Ziiaia i R I ik [152]
FHIAIT  SiO,, CuS 39, 69 [155, 156]
o I SRR BRI LA, WEAS G, L)
102 MoB: 7 SRR S >8]
SiO,, NaYEg YD ' Tm® 71 AN [159]
NGO 72 [160]
AL CuO 73 T [161]
Fe,0, 4 TR = [162]
REIRAUE  Ag,S 75 PR B8 2 T P IR R K ) [163]
R AR 76 FEERA R BH A HL it [165]
Si0, 77 AIE 1 ACQ JEBURCHEHA BB & [166]
21 {EfER 2.1.1 B K dn b

PRI IR REAE R E M, ATE A HL/
Oy TAE RS BUE S T A 585, W e AR
WA S LACR A (R VR DA B S 7Y, TS ATE
TR I TEHURE AT LA ARSI B fif {50 A R A
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THFETS BAL G 2,4,6- = FsIE KT (HTRIR, PA)
F2,4,6-—HH5E FORSERRIEYINT 22 4 . IO eI B
PR, XHEEY AT R AR A R
AR RS E N e gk, PR T EEGR
POSS % 20c f#il#% T AIE f2/&ds, HTZALEWAEBT

2263

http://sioc-journal.cn/



BIHE

PRIEY) 77 IR AN Bl R 5 ALE /Ny T OB, B
ﬁ&%ﬁﬁ%%@ﬂ%f RN S i R L
N, 43K 36 Al 37 H2ALE] POSS b, il TR
%ﬁiﬂéﬁaﬂé “AERPRL, JEIE PA HIEI KR AR R
IR BN, Kb & 38 645 2 POSS Ll & HIE &
wﬂr, LI BT a e A s () ATE S5k, B4
AR R ZIITE G, T2 PA NI & AR 5k
PR, KRR AEENNT AL, SEMER R
M RHEIR AT A T B 2 LN, I R RS 4 AT
3k PA 07, W EAMELE, FEIem K,

H

Sl—

36 37 38

T AP N A 5 39 THEEL I FLA RHME N
B AR IRER, T RIKER A H) PA. %A% ks
FH & 24 9 R0 e o] B, e B A0, WS Bn B A
B, AR 5 B Bk AL A 39 AT 40 BINA
FL A A HE 15 5 FSNPs, 39 F140 1117 T W 4R 3h i i
ZWIPERE R 2% (R BR ), FSNPs KRG, 7EKA o,
T WA R A5 J0% U 00 R W e el I 52 0 A 3R R AT AL SR 4R
A1) FSNPs KA TEHE K., DRI A7 TR T AP0 K i e e 4 5
Sh=1] WO RE S FSNPs %8 6 & SHG 1 B 2 & S
A FIF FSNPs ISR & M AT B S e R, EDLK
B TR R AR RIS 2R RS U R
T 7 b,

Br
r 39 Br 40

2.1.2 AR
FH S i O i McMurry [ R4 T AIE A &)

41, RS R R A B SN R ot keIl — A AL R (A 5a),
FAGI R — RS 41 TR TN, A R

RN, 7E TPE A =S 8] R Ay T P BT 6 72,
{EYK IR 22 Y6 519 nm(ZRE)Z0F5 3] 655 nm(4L
), AT LA A WA A A ) NO(I 5b, 5¢). T35
1 SN2 Ab A ) 42 LT R e H NR B AL
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EAHEGURBURLF, WL BB B AR,
Ja B LB F T HCL SRR SRR, R A7
FEN, RO E BIWIIRIRES. 2oRsr 55N 43 4%
BeRIEEVA IR b, FRE MR, 5208 gem N 7O R
SRR, WA AT KRN R AR RIS B,
TR IR B AN VAT, 2K R BIE B iR IR
i, WESRAEGMASG, T 43 PORERGYE
h, HOBBURGHREEIE N, (H FF 5008 3 AR Y I A1 43 1
KRN, HRZRTMBE RS T RGN
i, fe ik 43 1 7R, FRAREZOLImE. ey
SEUONBEE IR S R T BEE T BRI AL [S] 0T R 44, TE

(CF3S0,),Bi 4L, 44 W] LIAESFE I 8] Py B g i34 746
. K 44 F1(CF5S05),Bi R 7L ik ok b i) £ i) &
RE A I S AR B P i R, A (8. =k

TICI/
NH; THF/prd

Z
NHz
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O 0 CTAB, H;O NH,4OH
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Figure 5 (a) Synthetic approach for 41 and 41@SiO, NPs, (b)
reaction for the detection of NO by compound 41 and (c) the
corresponding photoluminescence spectra of 41 and 41-1 in the
solid state!'®"

R
43 44: R = (CH,),SCH,CONHNH,
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2.1.3 BT

AR, EERIE RN E, fGE NMERE, 3
AR, R, RIEREH. R E SR S 1)
Jiik, W EEEGRMPIE R LER. AMITKT Ag NPs
K Ag EtEMA S AT T RE R R S,
F SO 1-Ag NPs FIAR B8 198 Yo AL K 3% 45, X
B4 AR F RSB TR 1-Ag NPs M Ag /AT 1
JEAL AT 2 AT, NAEIR G Ag NPs Fll Ag”
(I [R) S S A T —FiolT 77925, 36-POSS # 37-POSS
Fh A MBHBER ORI Ru®T, HFEBE S BT 36-
POSS. 37-POSS S#ke 1 Ru®" 2 [8] A% B AH BLAF FH Bk
HLm R R A SO KDY, s BRI 46 1R
FERTIRRAT TEOS 4if, il Tt A REFH TR
FBURAS 73F Wl TR R RROE 5 A 9K, 7]
DAXE Cu* HEAT R RS . mk RS, RS
47-/4L Si0, H C=N [N 75 Cu* RAEBL A
H, sIEEZ AR5, szt Cu® m R i
E’Jzy‘%ﬁj\ffﬁ“‘)”"’]. Bilr, EESEN NSRRI AEY) 48 18

JEM B SN LSRR, BTN 48-Si0, HIk
l#, A WEE ) 5 e I (LB (A B4k, Ak, 48-Si0,
X Hg®  BAPE e KRN, AAZH A4 )8 3
TTH. BESME R T EY 49, HG A R
PRIAL R, WL TR RSB AOLE SR TS
MU, SZBLT % Hg® A Fe® i e B G il %’%&%F@E
J&, EEMEBHKEERM &AM B3 S

H
~N N-N
|
oA
_N 45

MRAEFEN IR E LT 8-FR R T REAL AL 5105
KA 5 50, fERERHR B 50 % gk, A
e oz 52 2 T LA SE 77 {8 L e ARG Hg™ AT CNC . AR
AUV & 2RI AT AR 51, BRI AL R IR
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HRERIEE 7> TR 2R, PA B B AL RE, £ 51-PA
ZEY), FINPEIGE > TR RI) AIE 206, 735k, 51-PA
EEMEAERERR b, IEREEE O “IF R 7 Ty Aipkig
Kol CN°, HJEEN CN B A NH A ZE BT+
WA T 51 5 PA 17y 7 IR, MM 51 FREROEIKE.

ArHNOC

CONHAr

CONHAr
51

2.1.4 R PH-BLM AL I

T 1A B — 08 B2 7 22 Tl AN A P I 2 8 F 1)
Fnl, BRARSEMNRIE THET AIE MRS WIHE) 2
O JE A W 5 3, DL AR 2 B 1 AR A R A
2, UMGEY) 52 NERER, BB ik R 5 e R B o
BEATHEW, WA T RINAZLEAE S0, LRI Bl 2.
SERLRY, IR L% 0 ot B2 5 S B o T 1
TR/, 5 5 W P W PR S BRI % VR I
TR 6, T 03000 R A A 0ot M A R P R PRt — Rt
EFEEONERAE. FAN, A TER AL S 52 Wi R 2044
FE(PVA)EREE KL (CS) E R Bt A2 L, 52 727K F1 PVA
WG RTY, (HIRMIFE CS BT AR s R O RE,
W PRE PVA AT DL 5 38 3 R OGRCR. 52 0 T RER T
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H X 43307 25 1) PVA FII B AE CS Boki_E 1) PVA, ok
RAAT RARKZESR, HRICmER PVA A=Y
TR, kB L X R B PR e B
A, 2 min PN RIA] 58 Bl ik,

2.2 £HER

UM RS B e . R . R B R
RO, BONIRIRIZI. 25905 BT S U
7 H s O TR KA RE AR (S 5 R G D
AWy TR AR oy A ) 2 R R ELAE e B A
B, NREL — HERI AL AR TR 7 1.

AMNA IR (GO) I DUFRRE 5ok 55, BHE
AIE 5T 52 & Be 3 v 1 TR 38 110 SR Jg00 3 A ade 5 e L1812
JEA B EPNE E o B S 53 S5O E N IRE,
PR T EA I e B . i IRAT R AR R AR
THEOLT, KRS, X FARBGEST 2 B
APRE L. HCREI S &Y 54 A ZOE R
W B E GO i, HT 54 fl GO 2 [RfFEE B - HE
BUER, 2K%EM 54 3 GO HIwe e ke =M, Ml
FEK 54170, M INEERE, GRS AERNER
PSR — P &Y, SRR = R85 Mtk 2 i
. HTIZESYS GO 2K E/ERRES, Al
GO R K. [FIET, 54 ﬂﬁyﬁ%wﬁfﬁﬁﬂﬁs AERE
YL, BT 54 MERE, KB EIRE. Fit, it
WA INEERIG 54 RAE TN, RESSLInt

AERNE RGN, R FRER R, ik &9 55 F
GO il & HIERLALIER, THTRIMESRE A 1K
MU @ TERRCIE I 56-GO HAMEL, AL
I 5 P e £ PRV s h AL 2L 76 g IO R Ak
G 57 BEEREHRIESE R, SAEMEAERTE
SRR, R LM R GUERIEREME. BT HE2
IR S A BLAE R, 2R T T DLSE A I B i R IA
WEES 1 2R 1 A 40 .

B EZE TR ATE /Ny R GO SRASIN AN [ f)
DNA 741, K 5.5 DNA 5| NALEY) 58 iah, Wi
(@ 5 A BAE R B EE A, 58 B4 T N Jie s 2B,
PIEIRER I, 2 GO FINARK, HsE DNA Xf
GO HHMNLE S 1, 5 58 ZIAIMEH /19859, TR
I 5 DNA S8 FTRIRITEZE R, i shiHFeRe &,
SRR, b, 7E AIE-#%5% DNA-GO &t
IINTEANDNA J5, BT H AN DNA 5 $8 DNA & %2, &
FRAUZRTE DNA 2548, PR LRI, REAd 28 63
SRE. BT 54-GO ML ERES, tnT DLk R Il B
B~ DNA 541, Kl FRAGZE 0.17X107° molsL™'H2#],

AT [F)RE 2 1) B8 A A Tk O A R k. Xk
PN 35 WA ALK T E T, BTSN
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KOkt — 20 5 B R RGBS &, 16 GO IAFAE R,
RETTRRALH LD “TF e 7 75 0RE e I MRS W B PR B R
*ﬁ”ﬁ%“”]ﬂﬁﬁ 59 1AL S Ak ek P4 222 0 TR Al oK 2 2
1, SR AT R I A R, R RSP R T —
FF Mn0,-Si0,-60 4NN T Tohric kI 23 Bt B Bk i 5
% B BCHBRIEAERE, MnO, 99K A 8 JE R Mo, B
WAL Si0, FFRFEHIF T, 60 A AAER LALLM
Si0, FEREER 60-Si0, HAEWFF K Higus, @it
J6 IR J7 R B A B H K. 1 IR AT
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DI I 1% 07 AT R 32 MnO,-Si0,-60 3 25 &4+
Bl BT AL R I, B4R 2 B IE B2 2 A
TREE R /KA, A2 BRIFAEA AT 51 % MnO, 99K F o f, Al
60-Si0, HAMRIWZOE “TF)a 7, 1A WL AT ik 2Bt
FIEL AR T TG (0 35 1, 9 A 9 e A K BR . T B 251U
Ag@61-Si0, K I/t AR AR AT M HL0,, Ky 1IEH
61 H Stober 1:15 7 2 S ALEEGR R, 1931 K 50 ¢
JEH 61-Si0, AW, 1E Si0, F M FH 5 £ T0 i AR,
JRAL S Ag KR, 7] DL ROA K 61-Si0, HIK
I, T Ag KRR AT LABE HoO0, %840 A Ag”, f# Ag@6l-
Si0, ¥k E, Hitithgi . Kk, H,0, IR el LLE
RERTRRARAG RIS e “TF )R WA T SUSE R, RS B T

—

E.

Ay

. Q) |
| U
(L«
)O 59 ‘i 60: R = OC4HSO5Na*
HoOC COOH
Ny, 0 O LN
ilaeVens
|
o O O 4
~N ~
/'ll(/i\o 61 O/H‘I'll\
2.3 £YImi&

FETCANKA L TS 20 3 A RO S0 AT AL, R
IR, B AT ARG IR, B, BT
AP LUR GNP X — 2 =%, =
TR R I ORI AR R Rt E e b, T
ATE BHUN FAERES A RGRIIDOE, AIE DifEth
(R TEHLAA R S R RAS 7 THT AT S 35 3

A RSB T AR B ATE-Si0, 4Kk
T, PR LA i 2Rk A ) 2 S AR B TR AT K
. A AR F AT RN L B R M g R T A T B
SRR B AR, K A R AT R e a0,
H SN ATE 431 5] AHERIE AL EE R 2 v,
F-F HeLa 40l 1. Belfield 258 B XU 1Ml i
WL IR 47T A 0 78 #E Si0, NPs 1, - BR AT AR okt 4 K i
bR AT R AL EE, R /0N B HE 1) 5 G ARk
1%.

EA RSN 5 13 SEAEE A, B2
KWL B w1 52 O S R FE 2RI 6% FT P RE, Stokes
BRIk 150 nm, B2 T 8K BRI O 1E AN ¢ 6l
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WES, £ ERE EE SRR A TR
AR IR T 2y 9%, Kim 5095 B T R TPE-SEAL A
Y 62, ZEMEERA S, H TPE #0707 WiEsh%
B, RILH IR AIE £54%, ATH] T HeLa 4 p{%R. &
f i SIS Suzuki MBBCSRNE T 1,8- 2 AT
Y 63, MANEEE R, REMEIIOLEAMEMA
VIR PEW] B3R, JETT LA AR, X ok iR dt 4T
TR, BB IG T R A 64, H
BEALH) Si0, AR FL AL, W il 40 i 1t 4T
115

HsCO  OCHj HsCO  OCHs O ‘

RHNOC (0]
b ooe N

ola¥s
64 g O N

NAEROE T RN RAG IR s (s e b, )
FIFH F127(C5RH)-Si0, FLa 7 5Rns, 15 2 KM ISk m )
13-F127-Si0, E &M kH(E 6a), 5 13-F127 NPs #Ht, 13-
F127-Si0, NPs HA 5 i 2 b om BRI AR 8 . X6
TR FARTH R B /N B AR AR 25 P L Sy A A L
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Figure 6 (a) Synthesis of 13-F127 NPs and 13-F127-SiO, NPs,
and (b) intravital two-photon fluorescence imaging for blood
vessels of mouse tibial muscle stained with 13-F127-SiO, NPs at
depths of (1) 0, (2) 20, (3) 40, (4) 60, (5) 80 mm and (6) the re-
spective Z-projected image (scale bar: 50 mm)!'*!
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Figure 7 Schematic illustration of MSNB preparation for ap-
plication in GSH/pH dual-stimuli responsive tumour theranostics
with simultaneous cell imaging!'>?
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Figure 8 (a) Schematic diagram of the preparation process of
the DOX-loaded FMSN@CuS and its intracellular drug release
process, (b) temperature changes of FMSN@CuS solution at
different concentrations after exposure to NIR light (808 nm) and
(c) drug release curves of DOX-loaded FMSN@CuS upon NIR
laser irradiation in pH 5.0 and pH 7.4 solutions!'*”
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