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Abstract: Core—shell nanoreactors are composed of an inner core material and an outer shell one. When the
dendritic mesoporous material serves as one component, dendritic—based core—shell nanoreactors can be developed,
covering magnetic core@dendritic shell, non—magnetic core@dendritic shell, dendritic core@mesoporous shell, and
so on. These composites combine physicochemical properties of the constituent entities and possess broad
application prospects and advantages in multiple fields, like chemical adsorption of heavy metal, catalytic synthesis,
molecular detection, enzyme immobilization, drug delivery, and so forth. Up to date, no review has been officially
published with respect to this type of nanomaterial. This paper not only systematically categorizes dendritic core—
shell nanoreactors and analyzes their structural characteristics, preparation methods, as well as application domains,

but also outlines future research priorities and development prospects in this field. It is expected that this review
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could serve as a reference for material and chemical scientists, accelerating the vigorous development of dendritic—

based core—shell nanoreactors.
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Fig.1 (a) A photograph of a tree branch in nature with

DMNs@NM

“dendritic” architecture (a,); the loop of the above tree branches
(a,); and a branched organic macromolecule with functional
groups (a,); (b) TEM (b,) and secondary electron (SE, b,) images
of a single DMSNs synthesized by our team; (c) DMSNs with
small (c,); medium (c,); large (c,); and extra—large (c,) pores in
our laboratory; (d) Structural models of simple dendritic
magnetic core—shell M@DMNs (d,); composite dendritic
magnetic core—shell M@barrier@DMNs (d,); dendritic magnetic
yolk—shell M@void@DMNs (d,); as well as dendritic non—
magnetic core—shell NM@DMNs (d,); non—magnetic yolk—shell
NM@void@DMNs (c,); and non—magnetic core—shell
DMNs@NM (d,)
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P A A AR R PR B A e 5 4 17 B T A 4 24
FAR WA HER | 200K A0 B R 1 A% 58 AL 40 K R
i (B 2a—c)™', AEF 0T T 450 5 w500 A9 1F B rL Pk
F & AEAL R AR RI S e R e B R AA (i R
VU Z, g, TEOS ) WS I EL A3 AT AILAH 32 70 o 248 55 PR 28 %
Fe,0,@DMSNs JE 5 L K F A 4 BHAL 24 M BE 1) 52 i)
( B 2c,) o & F L& J5 %k sk % 6l &
M@barrier@DMNs FI M@DMNs , {17 P 15 25 {7 JH] [
— ]S Fe,0, il 1 42 11 4% 1) Fe,0,@Si0,@DMSNs ( &
2d) Hll Fe,0,@DMSNs (8 2e.f) , WF 78 H AT BEA 0 T
25 A FEDRE ALK SR 25 T4 R g FH 4k
1.1 LR

Emrani %5 B 4% fii 1] Fe,0,@Si0,@DMSNs Xf Cd
(LD)FHEA T W BT, 5 A o 137 T 437 32 (RSMD) A 0 2 45
Bt T B (CCD) W 545 Hh B AR B 254724 pH=5.9
W BFF 57 b 1.4 o/ L CA(TD) ¥ K 59.2 mg/L LA K £
i Fs} 6] 54 4340, ) FH DMSNs 2 11 22 5 (18] 2f) nf
S AIURE e 53 v ik AR Ao 35 T ISR 7K S 166 s AL
Goharrizi 58 3-% 2L 7 4 = 1 S Ee ik e (MPTMSS,
& 3a,) k24 2K T Fe,0,@Si0,@DMSNs % [fif , =4
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FFE 1 s 712 )5 B2 1 384G Freundlich 25 7R 28 #1
B HIREL R MPTMS Bl 3-H RN E = A
FerkBE (APTES, K 3a,) , #il 15 2 D) g fk Fe,0,@Si0
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_SEM and TEM images of a Fe;0;@DMSNs
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Fig.2 (a) TEM images of magnetic core—shell DMSNs with

chainlike (a); disclike (b); and spherical (c) cores; but in forms of
small (c,); medium (c,); and large (c,) pores”™; (d) TEM mapping
images of a Fe,0,@Si0,@DMSNs in our laboratory; (e) TEM
mapping images of a Fe,0,@DMSNs in our laboratory; (f) A
three—dimensional model of a Fe,0,@DMSNs extracted by its
SEM and TEM images
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Fig.3 (a) Normal silane coupling agents for functionalization of
dendritic magnetic core—shell nanoreactors; including 3-
mercaptopropyltrimethoxysilane (a,); 3—
aminopropyltriethoxysilane (a,); 3—cyanopropyltrimethoxysilane
(a,); hexyltrimethoxysilane (a,); vinyltriethoxysilane (a); 3—
chloropropyltriethoxysilane (a,); and 3—
glycidoxypropyltriethoxysilane (a,); (b) The synthesis route of a
novel silane molecule containing 8—aminoquinoline functional
group; (c) The synthesis route of a novel silane molecule
containing rhodamine B functional group; (d) Synthesis of 2—
oxazolidinone with propargylic amines and CO, catalyzed by
Fe,0,@Si0,@DMSNs—IL—Au(I) nanoreactor; (e) Synthesis of N—
[(2=hydroxyethoxy)carbonyl]glycine with CO,; a—amino acid,
and ethylene oxide catalyzed by Fe,0,@Si0,@DMSNs-1G

nanoreactor



www.hgxb.com.cn c 5

& (GLU) J& [ 2 R AR 22 8 B g I g B(CALB) |, i
KA 93 me/g, /KA IE PR 22700 Ulg ™. 5
B CALBAH It , Fe,0,@DMONs—CALB J& 715 i #4 55% fiif
FHPER pH AR M o IR G0K RN 5 RE W5 i 1k £ IR TN
R R [) B K 1) g 7 P A 7 A0 B, T 8 10 R
it A A 700 355 P AR 45 1 85~96% 22 8] . Goharrizi %5 7F
Fe,0,@Si0,@DMSNs-APTES 2 [fi # £ = % & &l
(CC) LA 2 B BE™ . 57 s BEAE 1L, 73 mE Y
YK S g R S R 1 = i R T pH M R
SEE S PE DL G FR R R RE . Al SR 7E GLU )
BEALIY Fe,0,@DMSNs—APTES % 1 [ 5 fi% 22 1 £ I
I il (lipase) , 2k 38 A 283 mg/g™ . 5iF &5 lipase A
It , Fe,0,@DMSNs—lipase #H X 1% ¥ ¥ & (67% >
35%) o 28 K , 40K B i g T o i M R R DR
A5 1 89% , 111 U 25 A M A 25% . Qin 55 FI|
B 2R — Wy A H 2R A AR AR A IS (resorcinol—
formaldehyde , RF) i W AL , 75 Fe,0, R M4 RF A
ML & )2 (Fe,0,@RF) Ji 4k £2 4= & DMSNs #h 52",
K H P9 A 42 1 R 25 s DMISN's 435 4 5 i) 791) (A
) I A% 7 454 Fe,0,@RF@DMSNs, ity %
() S , VB & BRI FF R e DMSNs s fLiE K/,
PP HOR AR LA K . 2 DMSNs 52 )2 fLAE R 9
nm A, RSF R 4 nm (9 2 B (trypsin) 2808 =535 24
97 we/mg. 4 HUAF 9K IV 4% Fe,0,@RF@DMSNs—
trypsin XHR A5 245 H o 970 i 2 BRI k4
W fPERE | 8 URUIE PR 5 A k45 1 FH RS MR IR AR
Liu %5 & & 7F Fe,0,@Si0,@DMSNs fL i# 11 2 5 4L W)
o E ALY (CPO) J5 |, il & A 748 ¥ B i (Phase—
Transitioned Lysozyme, PTL) ¥ H: 3% i 7 15 — /2 H. 4%
PR ZE N 0 B TE M R AR 1 SRS AR A GLU JT 3%
LA — )2 CPO™, H 5 48 I 4% Fe,0,@Si0
L@DMSNs—CPO@PTL-CPO RE S a2 77 T & i A Al
), 80 °C 4 B8 91.3% it 1 P , 1 A [ 222 il 1k 14 7]
S AL B G AL A 37.5% R % 20 S Bi N 9 figt v
Vb B BRI 95.2%, 1 A& 35 SN2 CPO )
Fe,0,@Si0,@DMSNs—CPO 44K 52 I3 # B At 3 R 2490
88%.,
1.3 SRR S Bk

Asghari % 7F DMSNs £ BCEEE Hoin A S A%
(CPF) 4> T1E AT , 7E Fe,0,@Si0, 74 7 427 3¢ 1 3
RAEK T DMSNs&CPF 241522 iR RE R 22
CPF Fl 45 4 F 10 7 43 F J5 . I 1% Fe,0,@Si0,@
(DMSNs&CPF-void) 44 >k & i % BE % % 5 14 1 1k

CPF. S AH A3 — F 4 AR A U 42 R (GC-ECD)
SE CPF 7 12 28 1 1B S 4G T B 4331 47 0.003 ~ 0.3 Al
0.001 ng/mL, AH X A i ffi 22 (RSD) £E 4.1 ~ 7.6% Z
] . Sun FRITA M T —KEH 8- KWk (AQ-
silane) 1Y BT B ik 2 23+ (&1 3b) JF 0 L H2 R T
Fe,0,@Si0,@DMSNs™,  fIf 15 Fe,0,@Si0,@DMSNs—
AQ REZEFEME A Zn(11), 4 G BORK I BR 4371 Ry
1.85 x10° M 1 1.08 x107M. Radhakrishnan 25531
ERT —2KEAZ P B(RB) B8 Bl b T (]
3¢) I ¥ H 2 K T Fe,0,@Mn0,@Si0,@DMSNs 2
7 K 3 A5 9 oK N 4% Fe,0,@Mn0,@SiO
L@DMSNs—-RB &% % [1] 551 Cu(11), W F= 1 7F 569
nm A GOCHETRILG KD PR A 12.3 X10" mol, K
PR APLE AL, I R B AR T —28
T 1-EEHEE (PC) A BT B RE Bt 2 T T8 HE AL T
CoFe,0,@Si0,@DMSNs # ™, 7= ¥ CoFe,0,@Si0
L @DMSNs-PC BB 5 41 51 He(I1), W B #4 L #E 456
nm 2 AE SIS LG K FR R 4.1 X107 mol , 26
JE B4 (R*=0.9906) . Zhao % 1E Fe,0,@DMSNs 2 [
MR AL B MR £ 3 = 2 B R Rk 4 (VTES, [#] 3a,)
1 3-Fi - 1- AR (MPS)™, T fH-S0, TiRefk
Fe,0,@DMSNs—(VTES&MPS )i 2 i Ht £ FH W B2 %of
KRR (DBA)E g i 28k, Fir S 9 K B N 2%
T8 Ao B0 3 e S W B AR AR ) (saccharide) o SR FH &
IR 55 G A 3 T A P A S, 2R R - W Ak
¥ (DBA-saccharide) & & %) M RE PE [ B #% 5% 11 5
B o AT UGS A RO AR (535 T A DBA-
saccharide M FP 28 K & 1, K5 00 & 34 80 ~ 100%
Gao %5 7F Fe,0,@DMONs-APTES-GLU % i #£ k¢ N,
N-XL(R B 358) - L1 24 R = 17 2% Ni(ID), 7™ ) g 4% T
M w55 2 (0-TA)™, A& w-TA FefEN T pH
4 7.5, Fe,0,@DMONs-Ni(II) fx W i pH K 7. 44
KR i B % B4 A R B T S A AR
Ti P 2 T i A R L DA 12 YRR TR PR TH
Wit 67.38% ., Hong % AAE Fe,0,@RF@DMSNs %% [fii
22 B AR IR (PED) AR (PA) 1 Ti(SO,), ,
15 F] W I §E Fe,0,@RF@DMSNs-PEI-PA-Ti**" %
0K Jz N # BE REAE A 2% /K AH ELAE €633 (HILIC) #4
BLE S N-FEIRES & 8, SORTVE S e Ak 4 ) B 1
RIS (IMAC) MRS SR BEIR K. Jin 5544 1,3,5-
=N E-1,3,5- =B (TMTA) F1 1,5- %% — i
(DHN) ¥ A Fe,0,@Si0,@DMSNs fLi ,45 “CIRE 1.5
/N A - LR AW (r—CP) T 3R T FLIE 4k



<6 - i T

¥

LA LLiZ Fe,0,@Si0,@DMSNs—(7—CP) H i %%
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JLALIE W B Aa(111) B F I FH I S Ak 4l ik )5 s |, 15 2]
Au G KA 10 2 AR BCIR B 1 A% 78 9 K B #
HAE A AL TE 360 Fb57 438 J5U il JE 2K 1), 22 0
R H BN 1.45%107s, 6 IRIG IR J5 PEREFE AN AR AE .
Sun 58 A\ R H 25 0L U7 3 il 1% Fe,0,@Si0,@DMSNs—
APTES-Ag 75 5 /MBS T 7 2350 9 8 06 3 25 [ A XoF
il 35 2 Wy 0408 0 R R R, R g R 43 il Sk 0.87 N
0.52/min™,  Sadeghzadeh 7£ Fe,0,@Si0,@DMSNs #
T R A 3— G N 3 = 2 L fE e (CPTES, 8] 3a,)
RSP s 7 Y57 R Ak G, T WS - AR A8 1
W REE S e 2 A AR i — 20 13k Au B 715 2
Fe,0,@Si0,@DMSNs-IL-Au(l), 1% 44 K 2 )i 2 fE

1k 2 B HR TR e A A 0 0 — SR A b A B 2 - e i 2K
Yt (E 3d) o 10 RFEIA T, AUA 0.2 ppm 11 Au it 2
AL, LRI T B o R 2 AE W R IR
PEA% FE RGN AL BT+ R A A g FH T T
TR a AR, il 8 T 2 545 21 i A (POSS-
NH,) LA K& Salen Bt A4 ( B 411 — i FuK 2505 )
M GIRE, 5S4 E FIENREEEY) B
i B A AL R S 2%, U Fe,0,@Si0,@DMSNs—POSS/
salen/Pd(I1) ¥, FeNi,@Si0,@DMSNs-POSS@Salen/Cu
(I FeNi,@Si0,@DMSNs— salen/Pd(I) *"'45 ., Zhang
SETE Fe,0,@DMSNs L8 WY R 425 12 44 11 192 56 145 VL
&, T 180 °C /K # 2 i & i Bi,WO, i 2k i Fe,0
L@DMSNs-Bi,WO, ™, %44 K Iz i #% 7E 1] UL 6 B 5
T 4 /N R A 83% W BE A, 4 AR I 5 RIOCR FE AR
{545 A5 . Zhiani 2515 Fe,0,@Si0,@DMSNs L 18
YR W o B8 T s R — SR B R N, S N A T R I
(IG)IE M) Fe,0,@Si0,@DMSNs-1G™, %4k [ i
IREEME AL CO, . a— S IL R A 4E 2 b A 1l N-[(2-5%
SRR I TH E R (& 3e) , 77 Rk H] 97%, 10 A
WEREE 95% ., IR IR T FeNi,@SiO
L@DMSNs-1G-Pd 44K J2 i & , 4 £k CO, ., PN e B Al
i iz 25 4k & W 2B 1 B4R AR R = TP TR R
Galehban 45 ¥ it # 30 ) Fe,0,@Si0,@DMSNs-
MPTES-Cu(11) 44K 510 # , AN RE i 148 Jir O i 2

By, TR N 4— Y2 A R A WU T R 2Rk
BT, AT DU AR H AL G P R 2- S SR
Pk Pl 25 €0, 5 B 205 -2, 3~ A —~4( 1 H)— s I B il 245
HHLW, Saberi %5 B J& 7 FeNi,@Si0,@DMSNs 7
AT F22 R 3— 4 K H i 7 4803 — R AR 3 ik e (GPTMES,
Kl 3a,) , 285 A H = e RS A 5 5 Z il & R
FEI S N AILH , b 2244 2,2,6,6— DU HH FE IR BE - 148
FI tH 5L (TEMPO) R B 5 , 15 B2 /a1 Ak R A 3R 57
F5 7 T A 3 ) 25 28 HLTS Y W B AN oK R B AR
Seo % £ Fe,0,@DMSNs fL i W Ffl 2k & VU T Mg
(TBOT) Jf i Bk Je , A5 BB EK ™ Tio, 48 KL T~
Y Fe,0,@DMSNs—Ti0, , iZ 40K [ b 7 J&e 3 A1 T
Rk P25 (4 3 FORE W R i PR BE™. Wei S5 TR
Fe,0,@DMSNs—Pt £ [f] £k 2% #2 5 H 3% = B 40 3t i
Bt , KA A5 B 7K A O SR A AR TR 32 9 K B 7
Fe,0,@DMSNs—Pt/CH, BEETE 2 /NN 100% 15 45 1
b 3 5L R Dy A B ORI R K Ak A B Y
Fe,0,@DMSNs—Pt [7] 5% 14 % AL AL H 39% . Qiu 55
et FH B 162 DU S5 PR G 40,78 Fe, O, S 4k 2 14 KA RIR —
AALEEST)Z R IRBE AT BB TiO, () 78 W 1 A%
1) Fe,0,@Ti0,@DMSNs ', #H4L TRl P25, 49K
V7 #55 J 3 P00 A ) A AL SR X A fb A % i
PEfE .
1.5 YR EYIETT

Gu S RDE 2Rk (Fe,0,) 32 11 #4) S DMSNs
(Fe,0,@DMSNs, & da,) , 28 H/N, 1B e A= il i 5 JE
Fe,0,@DMSNs (8] 4a,)", 4 LA 2 40K 520 & i
AN AN, Fe,0,@DMSNs X 41 Jfd 114 75 Ak 4
fiE4%5 T Fe,0,@DMSNs , 5 [H - if #1522 PR 45 R il
BRI 8 . Atabaev S5 7E DMSNs A B RFR A %
HE A5 YA 2 TRECIR T2 I T g fk Fe,0,@
(DMSNs&dye)™ s RSN F W], iGN K S g v
FE/NF 10 ppm, XA FE A TCE | 2 )5 7 Bl e E
BERTAR A . PR, 7R i 1Bl B A s 24 4 £ 285
F Fe,0,@ DMSNs&dye)fL 18 I #4738 3% , v B FH %¢
EHARWEIMZ it B . Chen 2514 5578 FeOOH 44K
FER AL DMSNs, #5175 K] 4a BAT AU 1RDE
ZERI I FeOOH@DMSNss , 235 H/N, JBBe T RS 43k
B 38 5B A [ T (Fe& Fe,0,)@DMSNs'™ T4 52 48
b S (CAT) B 8 F A KR FLIE 9F R 2 0%
(PDA) 2 3 B J5 , o Wl £ Br & CAT il 1%
(Fe&Fe,0,)@DMSNs—void—PDA 1F & CAT EB3ii b1 %} .
AR A1 5236 3 BH < 90K VL 45 355 6910 il ok 3 4 e e )



www.hgxb.com.cn c 7

CAT A=W IGETE . BLAh, (Fe&Fe, 0 B S5
Fenton J WAk H,0, 248 3L A 3£ (- OH) , 455
I £ 4O (NIR) S R | (Fe&Fe,0,J@DMSNs—
void—PDA fi 75 2 K [ MCF-7 . HeLa F1 293T Jif 42 21
i Fiedler 5578 68 i i S8 ALK 40 KA+~ (SPION ) 3
i # $ DMSNs 72 = , #8 if T TEOS H & XI
SPION@DMSNs #7422 | 76 J& BE Ke 7 %5 B 18 52 1) (
4b) , fa7i H BA AN 6] 76 % B 1) SPION@DMSNs 7%
PRI wE 7 R 3h ) S U, JF R AR W
SPION@DMSNs S — Pl A] 45 25 1) b 15 2 A4 F- 551
1.6 BEEART

Alamri 25 7E Fe,0,@Si0,@DMSNs , Fe,0,@Si0, 1
DMSNs # T fk 2% & i 1F 2 3 = W &3 ik b
(TMOS)"", il 45 1) 3 Pk + Uk 7 T FF SA fig 75
AN ELIT , 45 21 A0 2 fl 430k 175,135
1 154°, Fe,0,@Si0,@DMSNs-TMOS E. A7 )i i £ it
MR HERER PR RE o AR SCUEF IR A 7E 2 A AN )
fLA2 Y Fe,0,@DMSNs 2 [ #2 AL 1E 1 /\ K dk = 25
Ferk e (OTES) , Hil £ FLARMK YK A 10,25 160 nm fY
B 7K Fe,0,@DMSNs—OTES (& 4¢)"', /K 7E 32
YK N 25 I BT THT %) 42 fih 71 4300 Sk 15201540 F11
158°, 3 RGN K S o 4 TV o5 1 00 VR K 2 fh £ 20 K
160°, A 1 A0 22 BR LI B9l s o /NFLAR B R
(Fl 4c,) K B R e, B FLAR S 2% (8 4e,) T
B} 1 Fx K o Wang %5 7F DMSNs & i% B o A
OTMS, i i R 7L il & T Fe,0,@ DMSNs&ODMS)
BB K G AR, 5N EAT BRI SO A A FL A
K Wi K Fe,0,@MSNs&ODMS) # [t , Fe,0,@
(DMSNs&ODMS) 44 K Jsz j #% 7K 42 fise £ B K (155° >
140°) , A7 5 155 118 e 52 o6 5 et a7k ok O o4y
2.04>1.02 g/g).

2 WERRER-%

21 HMENEREE-ZETE

WY AT IR, Qin %5 %} Fe,0,@RF@DMSNs % JH N
Fif 111 12 2 A Z= Bk DMSNs &5 ¥ 5 [i1] 70 I A% 76 45
U iZ A AR # Fe,0,@RF@DMSNs T 25 <. H1 500
°CHBEBE 5 /NI KA SIS REME HE B @ as 25 Rl @ — A 4k
TR FR FE YN K S v e (K 4d) o Al 15 B2 Fe,0,@Si0
L@RF@DMSNs 1 5 T Fe,0,@Si0,@void@DMSNs &
W -HITEE ™ ARSI AL 2 2R APTES AT GLU

=l

A 4y K SR 5 1

Jei T [ R R 22 R R D T (CRL) o 98K IR
i 2% Fe,0,@Si0,@void@DMSNs—CRL Jf& 71 H 11 i )
TARE T I T RS P R TR B

22 FERMEMBREER-FRE

221 WHKREMATE BanFHE T —8H
FEOB AL 1T 4 B0 ) 4 DMSNs 28 D ER B AR™, A ik
02, 2B B H AR = Pk A v, 3T R A i K
W AR ST R PSSR . AN IRl de i
7, TEM Bl 53 5128 S N AE 10,18 1 24 /NI (28 550) %
N R 5E R - A D5 . Yang S5 FE AN fL
£ ML Bk (mesoporous organosilica nanoparticles,
MONs) K #4951 DMONs 72 )2 , FIl H5¢ )2 A7 HLEE Al
TCHURE A AN [ 20 Jsidefs B, 22 ok 2 B 726 2% PR TE AL
BE o4l Ak, W OfH dE RE M R OB - &\ R
MONs@void@DMONSs (& 40)™, ¥ /N T R A 254
L4 AR (A QAN 1) 265 W 48016 B (G Ox) 43 31 71 2%
T4 K =20 %% 0 4% MONs 5 485 DMONs, i i
20 6L PN A5 IO R (GSHD) 48U A J5 B o B fili e 2 i Ay
HLRE ) Bk — 2 DT 24, 2 ol 52 J23 DRkt % fif O B T
GOxo GOx AL A5 , 11 55 e Ak it fik 25 9% 7 2E
TGRS | R B . B AR BE B0OE AQAN JE A
B H 5 A4 i IO 3570 CAQ4) , DT 7= A 38 R 41 i
BEPESI bR 2R K

222 HWHARLEMA P DuELIFLIE A R
& B AARLT (Au T P, LARTE R 6] B A DR 2544
Jpora # o, & S T (DMSNs-APTES-Au)
@RF@MSNs (mesoporous silica nanoparticles, MSNs)
o s, 28 S BB RR 25 RF 450 31 )
5 5](DMSNs—APTES-Au)@void@MSNs & 5 - 7 /4
RIGRA T (Bl dg) o 382 P55 1 2544 5 17) 57 CTAB FlI
TAALRERTIRAR TEOS S i, i ] il 25 SR B R 35
60 #1195 nm iy MSNs 5t )22 . 5 EHA 60 F195 nm 522
(4 K SV 25 AH HE , 35 nm 78 JBE 2 I 2% fE % 5 iR
TR b A TR RS SR I e ARy . 5 %A
MSNs 7¢)Z #J DMSNs—APTES-Au A Lt , 25 B -5 7E 44
TR S0 5 TS 7 A R FH M KR T . MR E o
T YK N e % RS A B AL IR SR AR VE L IR 1)
FEALTRIE 98% , 7 W) 1,2-FR R FE IR e s T s
B BEMEAR RN 82% 6% FIl 5%, %N K I ] it
A% H (i b S AR 20 A RO SE SR 288 L R
T RN A PR R, IS ) A G A 83K 99% . (B2 Bt B
T B T R, SRR TR 2 BE S B A AT, R R B e R
PSR FIRIREZH LL(DMSNs—APTES-Au)@RF %
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WFSERT G2, foff TSR AR — S Ak Ak DMSNs 553 20 ik 25
B3 15 2] (Void—Au)@RF H 23 454 , 5 508 RF 7845
INBEIBRE AL A2 (C) J5 R FH g 2 ik — 4801k
FEAS B (Void—Au)@C H 25 45497, (Void—Au)@RF 7
8 43 il PN 52 4 1 A 3 JRUGT il L A 1, o R BN
0.215/min. Tl (Void—Au)@C f## 1 15} [8] B K, 3
AL Ky 0.059/min, 3 /N T (Void—Au)@RF 44 K Jz
V7 o

. S, 100 om
EREL TR AR
3% Fe,0,@DMSNs(a,) Fl Fe,0,@DMSNs (a,)"™'; (b) i i #8757
TEOS #8153 AN [ 4 42 1L % SPION@DMSNs (1937 5
HLBE IR (o) A SCHEH TRUEIZH i 13 B A 10,25 F160 nm £L42
Fe,0,@DMSNs—OTES Wi 5 A L GE 18] 5 (d) SR -HE5E
4544 Fe,0,@Si0,@void@DMSNs 35 S LS K5 (o) — 4 H
R S T 10 A% 7 B - FE %S 45 H DMSNGs (14
BEHFHRETE () ¥ -52 8 MONs@void@DMONS 94 %
AT BB ST R ™5 (g) DMSNs Jhy hi A% il 4 4%
(DMSNs—-APTES-Au)@void @MSNs 1175 5 i 552 K™
Fig.4 (a) TEM and inserted SEM images of elliptical magnetic
core—shell architectures; being Fe,0,@DMSNs (a,) and
Fe,0,@DMSNs (a,)"®; (b) TEM images of SPION@DMSNSs with
various diameters and pore densities adjusted by TEOS
dosage”®; (c) TEM and inserted SEM images of
superhydrophobic Fe,0,@DMSNs-OTES with 10, 25, and 60

nm pores prepared in our laboratory; (d) TEM image of yolk—
shell Fe,0,@Si0,@void@DMSNs""; (e) TEM images of core—
shell, yolk—shell, and hollow DMSNs prepared by a one-pot
self-templated interfacial diffusion method”"; (f) Schematic
illustration of the synthesis process of MONs@void@DMONs
and its TEM image™; (g) TEM image of a (DMSNs—APTES-Au)

@void@MSNs nanoreactor™

3 MR R A A Ak R B
o5 34 R

31 WRCREGMATE

FE T DMSNs 1 1 7L il 25 7515, Moon 5545 71
DMSNs 45 59 $i 78 Winsor I8 73 A £ 58 i (&
5a)7, JE LR RN SEL, UG E B T A AR K
Bk 5 DMSNs & H1 .0 #% . DMSNs fy 4F 52 19 & 51
Si0,@DMSNs HI DMSNs@DMSNs & & 44k & i, itk
Hb 5T R B0 B R AN S (S PR B L OE T B sl OE TR
M) RE % 4% 72 2L S AT FLIE K/ . Qu S8R
Si0,@DMSNSs 52 J2 45 # AN L 3% 22 07 iz A AR K T
DI #22 it X S0 AN 2 FL 2 s N
)3 P R 5 A TEOS ZK i 45 A 3 R DL S R T G
PEFRIE W SR 46540 22 57, AR Al 52 )2 B B R AR &
AR AEFHEN Si0,@DMSNs T AL 43 M I R
BRI Sh) : CO$EFEPR S A7 5 K AH B (2) 3R
AT 3% 1 7 1 6 e o S 1 e 2 P HE B A8 Sk 25 il AR
(3) 25" il HE B 1 2 1 70 70 e SR aE A S A
KA 5 (4) 33l B v 7K 9 A S 15 S0 AT AR 1Y
JUE SR 2 T 1 1 R AL R ER I A KA
JLZIRER 5 (5) FE BT E A KA B AH i e AR TE Ry
B L5, TR I TEOS 5 28 30 v i) K TR A E 4T 7K i
JZ I 5 (6) TEOS 7K fift I 1 ) RE R 4 48 v 28 I R b
PESL A, J5 48 ad Ui R) 21 256 W B s S 0 bR L 3 &5
¥ o Dai FEAEMFLIE K DMSNs A KT 3 4044
KJURE (UCNPs ) 2% If1 , 8% By 2 1 36 4 550 (1 T 1)
Ut n % ] 72 2 LR S A AE 10 ~ 40 nm Y Y
YK F2 %7 %% UCNPs@DMSNs H A7 H5 5 [ W% 1 g
2410 nm ) Cu, S Au L } 25 nm Fe,0, % T BEW H
F W B B 4 T HALIA

XA TG B R4 T 2014 4F IF & K U 23
25 OR Sk A BB 4y HE LR AR ¥ 5T () DMSNSs,
DMSNs@DMSNs &%, DMSNs@DMSNs@DMSNs £ J2 4%
ZER) (] Sc—e)™, TEOS M HIrE AR 2 3Bk AH , Fimi
SR e bt R e e/ N N @ 1 B 1 B 0 L et 1
BRI (s TS ZRBR 2 68 ) (TEOS MR JEE |
S 7 B[] 46 PR 2% {8 0] 9 4% DMSNs fL A2 40 4 2.8
~ 13 nmyE[F , DMSNs 722 JEEE AL T 5 ~ 180 nm, L
AH 43 J2 S 2 2 AR R BRI 2 B < 2 I R R
RIS A 426 8 R A FLEE AR, Tl 43 38 2o 5% g A
T2 2 PR A LR R (56 o 1328 THAR SR
A TR M 2 gL, B2 2 R T
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DMSNs # 1iE W2 —Fi B A Ry i 9 28 1 5 s ik
YK N7
3.1 MRS RE B Jalil SRR ARSI AR #E T
FEN K SN A B TR SR K Tl AR N FH O A TR
B TAES RLAy1-0i ZSM-5 . BEA . zeolite . 226
£1 (mordenite ) S 47 FL B KL SBA-15 A .0 4%, il 15
Yl K F2 I 2% ZSM—-5@DMSNs—Pt JH Tk 5 4 3L 28
hn A B S, B F fb ZSM-5@DMSNs (HZSM-
S@DMSNs) £ i 4% 5 H Edor e A6 520 1) 7= W e Bk
FIALHAE /5 ZSM-5@DMSNSs 4k CO H ke 1k )
g AP B HR 575 ZSM-5@DMSNs-Ti0, Y ff
1k B fiie 1 42 B ZSM-5@DMSNs—Ni A K ZSM-
5@DMSNs—(Ni&M)(M=Mg . Ca ,Ta 8% Ga) fi¢ #F Ff b 1
3 J7 W™ mordenite@DMSN s 4 £k CO Bl CO, B ¢
A5 ¥ 4k BEA@DMSNs (HBEA@DMSNSs) fifl 3#
C, Jt J R ot 2 1 53+ 55 46 46" . BEA@DMSNG fi¢
HEHRE RO OmE R R WO 2R Ak T e
BEA@DMSNs = Uik CO F e fb Az p= AR T R AR K
(SNG)P" Zeolite—Y @DMSNs—Pt # 1k, + — & fin & 5+
FIAE" 5 T4k Zeolite— Y @DMSNs-Pt AL A HL C5 ~
C7T & 5y 546 .SBA-15@DMSNs 5 il 4
X A% 7E 45 A 1O B JE 5 SBA-15@DMSNs—Ni
P E B g FE AL SBA-15@DMSNs—Fe,0, G AL
ok it IV P L 74

X AR o B - R4 LA BLIE J7 R 19 LTA 4 7
i 4K i (ZeoA ) SRy HCs A%, 3l 2o i 7K SR 43 2 45 A
FISH T ZeoA@DMSNs 52 4544, 1% 553 BUHEERTE
UK N 2§52 2 BT 2 ~ 10 nm A4 PO R ) B A
FL, O EA 0.5 nm B2 AL (K] Sg) o il 1A 4
EEGE IR W RN TN STWNCINYE R ok
DMSNs /M FLIRE o 40 286 B 2L 454 78 L840 A
RFIYIZZALRGE, FI L IER A L PGEL RN
BB A SN I A X — AP IE AN B A 1 S 1)
YEF o ZeoA@DMSNs fi Ak 1 5 2 Jik A5 Al T2 g Ak S
N7 77 FE 3K B 75% , BV FE K T AR AR TH B
o ZeoA K% AIBE 22 L 50 45 W RE NS 2 U /K I T K
M\ DMSNs 72 P £4 5 1] ZeoA YIS , 2 1M 4 3 4L
SV ZeoA@DMSNs—Pd Xif H JE 05| fiY) C—H J% 5t
b RN A AR B AR R 5 38 98%. 5 Tk A B
DMSNs—Pd A H , Hiiif 7K PE 58 ik 35 42 5 26%. Peng
SEAE R T OB R 207 0 TS—1 11 A= R BRIk —
EAREE S AR ERIE TS—-1@DMSNs, 94X 5 % Rh(OH)
3 T LI T i TS-1@DMSNs—Rh(OH), #1671,

()

i L ;}./l}lLQ/"" | |

1 Eg <t

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

K5 (a) HATARARAT A RIS Fa ) 7K 2 i ) =il =
HIZRG"™: (b) e FEIE AL Si0,@DMSNs HLifil 7~ 22 ()
DMSNs; (d)DMSNs@DMSNs F1(e) DMSNs@DMSNs@DMSNs ;
QAR5 (c,—e,) s FHH (e, ) AL BEIET S = HERLIE
P15 () XUFH 532145 B DMSNs B9 A L™ (o)
ZeoA@DMSNs Wit () AR (g, LBERl . ZeoA (g,) LA
Lt ZeoA #%~DMSNs 75 SAH (g,) B 25 55 HLBE 1]
Fig.5 (a) Water—surfactant—oil ternary systems with various
phase behaviors and substructures’®; (b) Schematic illustration
of formation mechanism of Si0,@DMSNs from the disturbed
interface”; (c—d) TEM (c,—e,); SEM (c,—e,); and inserted 3D
model images of DMSNs (c); DMSNs@DMSNs (d); and
DMSNs@DMSNs@DMSNs ()™, (f) Synthesis mechanism of
DMSNSs by interfacial growth from biphase stratification
approach”™; (g) TEM (g,) and SEM (g,) images of ZeoA@DMSNGs;
TEM images of ZeoA (g,) and the boundary between ZeoA core
and DMSNG shell (g,)*™

RS Sz BRI 2N K 2 07 25 RE o 265 AL A FP 2 et
AACE A AR T BEE . RIS AT T R
IR NHAE]  TEOS 1 TS—-1 B8 /K H A HLAH He 451 45 R
X4 TS-1@DMSNs JE SR 45 #4) i 52 1), LA KA ] 2
TP AR TN ) BEPE AR, Awad S BT
3 ~ 15 w9 1 3% 2 1Y La,0,@DMSNs—Ni X H ¢ T+
A& S N R A AL P AE B2 ™Y, Shabir % A T
Si0,@DMSNs—Ag i Ak i Jir i 35 Ak G 1) I i
Py

3.1.2  SATHM R S B AL R SR F
BB 2 5% A1 BA 7 Si0,@DMSNs 2 b4 B4 i T2 LA K
AR R 8053 B A SR R 8 0 FH 48k T R T
A T AR e DMSNs A9 13 7L 0 45 07 15,
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I o A ) 0 P R B R AN S (R T L IE TR
BIE ), iZ B BA SR T & 41 Si0,@DMSNs, 52 )5
£ 13 ~ 67 nm 3B [ A%, FLARREE AL T 5 ~ 16 nm, 1]
FLAE A D 500 nm 9K E 3 um", B K BE R b
OTES 24 M il £5 i) 5 7K Si0,@DMSNs-OTES F1F 5
RO (3% (HPLC) S FEA B, A HLZE G 4 25 3
P& 38 BB 3k 2.25 % 10° plates m™, B EAR = 5.8
MPa. {EZIRBAEGT T+ /U (ODA)VE R AR
XF Si0,@DMSNs W JE S 454 52 . B & ODA s fin
H (0.1 —1.0 g) , DMSNs FLA8 DA 7.1 3% % 22.3
nm"™, HPEET K Si0,@DMSNs—OTES 43 8 — F FL 2%
b4 W BRI AR BGA 219789 plates/m, bR RS
Ml T A SR (RO Be R 8 T 3R
e KN TR 2188 ) X Si0,@DMSNs JE 55 45 #4 (1) 5% 0, AN
[Fi] 71 #H {5 73 DMSNs FLAZFE 7 ~ 37 nm 78 Bl 0] 91,
Si0,@DMSNs 44K [ [ #% Al PR 43 25 /o 7 IR
G N R T ik 200 KDa 9K 43
TEA, AN E Y 5 P HUEGE 264531
plates/m, Ut Ab, % M BA 56 7E Si0,@DMSNs—APTES
FE RN AR W2 HE ) fiE Ak Si0,@DMSNs #% 7%
g4, a7 1) Si0,@DMSNs—COOH F)£L i 4k 22 111
#X Zn(NO,), 6H,0 1 2— H JL WK ms jif 3K {4 )5, = I 007
b 24 /N 75 4 B A HLAE SR (ZIF-8) B 1 40 K 2
N £ Si0,@DMSNs—ZIF"™ 38 1o #5 il 52 o7 3% 751 1A
H, ZIF-8 1] P& 455 N 29 3.4 nm 1 )2 78 o5 T BRIk A
T 177 A B UL £ 2% F LA N . Si0,@DMSNs—
ZIF X — H R S R AR 11 3 1 B B8 MR B 3K 2.1 X
10° plates/m ¥ TBOT §ij 9K {4 W [t F Si0,@DMSNs
FL I8 I 4 s, fF ] 45 TiO, 18 i f Si0,@DMSNs—
TiOM, 12 I % B 1Y 7 nm FLAE A B 9% 1 Bff A
RSFEE L, TiO, S o Bl FH A 5 0 B i R K
T e /5 6 47 P UK — 306 P ASORT i 12 Ok 25 o
) B RS DU BRAI W B 1.0 fmol/pL.  FiR TR
J8 40 38 % Si0,@DMSNs-Ti0, F T 224 L& f b &
e 40 3 18R R I 9 (PAAHSs) 1 45 B 48 43 B,
DLl e R T A AR i g R R R
3- M BL IR ) AE R o B ), A K R A4 v TiO, Bt
T R R 0 5 S W B, 8 2 R BR M 0.3 ~ 1.6 ng/mL.
JIT R ST A3 AT 5 R O TR Mk 2R 4y LA A A T A
I3 ) SF- 25 [ USCR AR 82.3 ~ 102.6% Z 7] , 5 IR 525
RSD7E2.1 ~ 8.3% JL [l N .

Wang % ¥ B 2 it (PANI) 1k 2% & 1fi T Sio
L@DMSNs 2 [fi , Ir 15 Si0,@DMSNs-PANI fig % & 4k

Al Al % H R 28 2 AR i R, RGBT
TK=BE A, 9K B N 25 DA H 6 2 il 2 45
AN MR, Az i BRI E 0.6 pg/mL ~ 0.2 ng/mL 2
8] , ¥ 46 4 F 470 ~ 660, Zhang % 7E 3 um 48,
ferEER R m A K T LR 19.9 nm FEJE A 50 ~ 100
nm [ DMSNs, 5 7K 2 PE4S Si0,@DMSNs—OTES /£ 4
HPLC [& & A8 4 5T i 98 = 2053 25 /0 oy + F i
JoM D 2B R N 1.0 mL/min B, 8% R AE E 8.5
MPa, Y4722 J 80 nm B, 2 #% GELE 10 J3-%h
B TRIVINGS L6 538 B 6 R I . Siddiki 5
B4 T Zn0, A4k (Ho) B 2% 1) Zn0,&Ho 44 K it
K, LU A o0 A% 38 Zn0,@DMSNs 1 (Zn0,&Ho)
@DMSNs B 7 251" . SO LR RO R
45 LW : DMSNs 52 )2 08 5 1 b7 47V FH A A5 PO 2k
FOCHERE —F N LK . VEH R Ho #2741
YK s RERS B H 5 16 (““Ho ~*Ho) , AT FHF4=
Yy ISAG K WA TY . Wang 2514 5578 DMSNs & 1Rk
WH R INT VTES, ¥ 51 T &4 2 & 1 1) Si0,@
(DMSNs&VTES), F-8 1f 25 bt H Ik GSH & A 4 i 2
N A B A o et — s o o A A SO, 0 H GSH
D R O TR (S0 B Sl T T Aed i
Si0,@DMSNs—-GSH 5 F2 4 J7 fL i i 3 45 % sk
o 241N K BRI 25, 1 ol o v 4R 2186 5%
N-HE R OF iz 806 R AR 1) , 55 1 /NI & B S8 BE 1)
W 2 11 FIOBE B EE & 38 45 901 35 88.3% F1179.1%. Sun
SF7E Si0,@DMSNs A5 it # X7 Si0, Hr.0o 4% Al DMSNs
ShSEA RS WA A CsPbBr, RifSRAA I CdTe 71
RQDs) #4785 IF1E b TP DA BN BT — 2
CsPbBr,"", ¥4 CsPbBr, Al CdTe & - 5 3 2 i) 4
K 2 2% (Si0,&CsPbBr,)@CsPhBr,@ DMSNs&CdTe)
B AR RUS S5 SR BE R, 38 W I P b QDs %
U 55 5 A% Ak B Bk D K R B i A% (B DA T S B0 3R 3
TN S o

3.1.3 it A AME R WMIRETRKY:D
1 3 2 4% 15 2H 7E UCNPs@DMSNs L 3 % 7k 7 48
S— A F A s (SNO) 2o AR 4 (CuO,) RG] —
SN (Ce6) 7, ¥R 2 2 (PEG) L0 45 B 7EA K
J R 7% 2 1 E 47 E i, UCNPs@DMSNs—SNO-
(Cu0,&Ce6)-PEG A i 98 41 M 2F 17 4k 2% 3h J) 2%
(CDT)IRYT NIR 5 BG3N 19715 (PDT) FAUARR
JT o CDT AR IAE o968 240 Mo S Pk A B AR CuO, 43
fi# , Cu® 1 GSH 2% A i Cu*, H,0, 5 Cu™fE FH A= il
HEAWMAEEC-OH) . PDTRIFERIMAER T UK S
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FENIRVER R = AE L A4 (10,) 4, Cu™ ik 5 SNO
B NO . SR NO FIEPEE ) Bt (ROS,
‘0, F1- OH) 2k BI% PR A ZE (RNS) o 4k, UCNPs H?
B4 22 76 28 T 4 K RO % 4 R (UCL) (T
JZ44 (CT) g a4 s (MRD) =825 iU AR M RE
Z R A MoO, 11 2k T LU B i 44 K 5k
(DCNPs ) Ky H0 2 il % 19 DCNPs@DMSNs i fLi
JEHEAT PEG H 5", 402K ) ¢ DCNPs@DMSNs—
MoOx-PEG 7E 808 nm ¥ OG5 T 3 i T 5% 4 & AL
il 7= A= WA B A T 2040 X (NIR-T1) 7 1 % Bt
U6 : 1060 nm 1 1300 nm. 75 57 20 B G R 1 34 5%
MoO, F1 H,0, Jz i 4= 5 'O, (2 HEAIR 480 ) , 7776 1Y GSH
W Mo LT FE . DCNPs HALES FHIGZE T T
YR I ALETZE (CT) F MRI R Thfg . 3T
i 270 £ 4B 241 UCNPs@DMSNs Fl DCNPs@DMSNs
e aiby, FaR A B Au 8Kk 111 2% T5e 2 FLiE
J& H CaCoO, 2 & 3", 7£ 980 nm ¥ & T,
UCNPs— & DCNPs@DMSNs—Au@CaCO, 5% I i £1 4
X 1550 nm AT UL 540 nm 7= A58 & 5 78R
FRYEIEE , CaCO, & 37 A CO, il . iR IR
277 IR S AR (PAD) A G A% (FT) , 4 F)
F IR RS B2 W . A AT 8% A1 BA A 1% 114 50
T UIHEIR Bi,S, A R, B ECIR 2549 S A SE A R
IR Bi,S,@DMSNs—APTES ( &l 6a)"7, # 2- -2-
LR (BMPA) L2401 1Y CeO, 4 K Bl 1 2% T2 2
FLiE It LA PEG ¥ , BT 5 Bi,S,@DMSNs—Ce0,-PEG
YK SN A E NIR-I1 7 A o vy #4314 484 2 (O,
A= OH) , ZM i TH #E GSH A 21 8 T @l ia 97 4F o
TE5 Bi JUE 8 R X S 4k B2t AR, S 7 4 AE 5 51
B H CT % o

WK B - 22 K A R D B DR 40 45 D
& I (Co) B2 A A rE A AR Ry o2 M 50
T (Si0,&C,,)@DMSNs—OTES 44 >k J i #5"', Z% 1k
Si0,&Cy, 1F A S 855 1 2 S AR 7], i 7K oM 1Y
DMSNs—OTES 7¢ )2 H LA s B sk e b Ake 55w pEdbt
& (mAb anti-pAkt) . 24(Si0,&C,,)J@DMSNs—pAkt #f
IR BN, 720 H BRI 4k Si0,&Cy 77 A2 51
A A RS 4 (10,) 5 anti—pAkt 3 12 FH 2 pAkt FlHT
JAT- Bel-2 Z (MG AR K o 9K N A4S &
PDT FIHTIARYT ¥ , A7 %0 BH 1k AN ZSFL IR 5 40 i MCF-7
MK . Wan %5 7E MSNs@DMSNs—Pt fL i 171 8% IR 154 it
(UK) FHLEE I 25 BT 25 (Hep) 5, JHIAL/INER IS (PM) 42,
B AR T 15 5] MSNs@(DMSNs-Pt&UK&Hep)

@PM"", 7E PMRFBR SR IR T, 40K 0 #48 E
] B% 3 28 M4 037 B, NIR J4 & PM R 24 I PR s A ik
UK (3 /) AR OB Hep (20 5K ), M 52 B4 #
J7 vk o R4 i 7 MSNs@DMSNs—Pt fL 18 71 %%
DOX LI 25 Y% - iR (HF) 2 54, Hvh DOX
#E A MSNs 3 £L 17 HF #E A DMSNs K AL", FEfE %
17 45 25 TR LR (SPRO RN , PeAE NIRAEH F =2
(P BK 5 MSNs@(DMSNs—Pt&DOX&HF )il 2454
0] ok A L 386 K, S R G BIR 3 A 25 36 9T R
IRIT o Liu S7E &) L CuS@DMSNs—APTES fL
T8 11 %% Hep , 7538 3 Schiff i S WK 480 AL 2 B 5 iR
(OHA) # 4% T 3% 11 # o™, HAT pH w1 P g 1)
CuS@DMSNs—Hep—-OHA 7£ 3l [k i £k 55 B2 1 25 55 ]
FE BT Hep , CuS 75 NIR /1 FROGH h#die , fh2e
HOEI PR = 2R YT KR . Xu S8 el T
4 94 K # (GNRs) i o0 #% 19 GNRs@(DMSNs&
MPTMS), 285 1 3R & — B A e 254 1 2B 5 R
(DOX)™ . 2%Zr #5ic J5 , GNRs@DMSNs—-DOX #
FH T IE R T2 AR (PET) MG (PA) 2R
TR AR -G HGRYY . PET 1 PA 45 R KB - 3
I % 5 R (EPR) SN AR A 44K 52 7 258 T e
XA, I8 B BRI AR . Wang S 7E Z LD RE AL
UCNPs@DMSNs—-APTES fLil 71 25 KA 5 KB 421
48K i (KCQs) il — S fb A L /4 BNN6™, B 15
UCNPs@DMSNs—(KCQs&BNN6) 44 K [ Jif %% 7 NIR
FEA T 7= A A B B F R NO, I3 s A e %
L T 240 L 1) 2o SO A B B 5 1~ (ONOO") |, #1717 XoF
Bl PR 05 1 HEATPUIR YL IR YT o Sadabad % il £ 1Y
TaO @DMSNs-MPTMS-Au HA K TR MERRAE 5%
o P XS TRl M i L PR A S R
TE CT A&, SOy i A8 PERE i 55 T 5 TaO,
o Au (1 54 JE 2 55 LA K I PR ol FH 1) A ife s 52 541
HAR o YRS IIE CT 5255 3K W] : TaO,@DMSNs—
MPTMS-Au AL H IAE I 3843, 10 5B 3 i A
FAH LR, A& 6b TR, Li 455K UCNPs HIE
HeE (MB) i A Ak ik Z 607, T 153 UCNPs@
(SiO,&MB)A: KA AR — A A ik b5 I 7 HFLAE
WO E OB (LYZ)"™, & 2 ¥ M K UCNPs@
(Si0,&MB)@DMSNs-LYZ 253 J2 )2 H 20 % 385 WA Jii iR
(HA) ML R &R (PLL) , & i T NIR 383 ) PDT
ATHAK R #% . HA FIPLL A A 2 AE 058 fieda il
BT LYZ, [ N g8 7E PDT 3 #2722 4E 10, REAE 3R 21 %
B9 S A A
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3.4 wEEAA H N R AR MR B T A A A
# 7 Si0,@DMSNs Fil Si0,@MSNs H 25 4% 50 4R 4 K kit
T ¥ HH AL B G (CMP) #F 58", DMSNs
F1 MSNs AR 5¢ J2 B 433l A 78 + 3 f1 72 + 4 nm, fL4E
4308 3.4 F15.0 nm. S5AEGARRIRLAR Si0, ki T4
It , Si0,@DMSNs Fil Si0,@MSNs Ji A IF 85 77 2 A3 T
AR MIE A& 22 5, ¥ 07 i (RMS) LB FZ 53 51 K
0.279 1 0.408 nm, i fIk T 1% Gt b £ X% L /9 $ ot
(RMS=0.738 nm), W4, Si0,@DMSNs k1 K} 2= 4
Z(MRR) T Si0,@MSNs, 14 25 T /i & 58 )2 B A
KA fl 1R A, IR A 5 58 T DMSNs A il BRI
I AE (1= s L 28 %8 FIE e ) el 28 X Sio
L@DMSNs JE 55 45 F4 F1 CMP P BE 2", = Ry AH
B (C—C—C) FH TS Si0,@DMSNs 1Y H R 11
9 208.1,123.6 F1 141.1 m¥/g; FLAARFL 43 51 4 0.21
0.29 F10.27 m*/g; fLAE S A b T 3.3 .3.6&8.4&11.5 Fll
3.6&8.5&11.5 nm., RMS{H %3 %] % 0.51 = 0.08.0.39
+0.03 F10.62 + 0.05 nm; MRR {8 43 %1 & 271,155 Fl
170 nm/min. 138 F BA AR IR 206 (PS) Ryt #%,
BT K58 45 #) PS@DMSNs' 38 3t 2 7E DMSNs
A R BT AE (1= s 2R BERTIE C %)
TEOS %S fin i A 4 $F 3 %, 455 il DMSNs 52 J& ( & £L
B)E34+£3~39+4mm (3.4+03~82+0.6nm)
FeN R Rea) P = B3 T AN S | TS SR L1 D DA
PS@DMSNs [ RMS {8 73 1l 24 1.39.0.16 £1 0.26 nm,
C.s F1 C,XT i PS@DMSNS [ MRR {84371 24 106 F1 72
nm/min,
3.2 WERGHAFOZ

L DMSNs R #4563 T AL E
WY RS A 458 o FiAE A T3 i 34 1, DMSNs L i&
eI, ARSI NS T F i, DMSNs BRIA 258
A AL EE B R LA DMSNs A 0 A iR 52 )2 59
% KL o A A AR BIF 5 7F DMSNs % Ifif W i
TBOT i 9K {4 Jf: &5 i 48 ke , I LA il 4% fE Bk 4% 1
DMSNs-TiO, & & 4K EK"™> . Fi#E TBOT & &1,
DMSNs 45 44 9 55 28 4k 40 & 6¢ BT 7 , B 6¢, %iF 7 LA
DMSNs i 0% Ti0, N 72 2 B Te 454 .
32.1 ALFEM & 6d s, Yu 2l K& RF 1
76T DMSNs fLifi (Kl 6d,) Ji5 , i i RF 7 35 40 K BR %
i (& 6d,)"™, #J15 DMSNs-RF@RF H- 1K {0, 22 Si0,
JRJG , Gead i AR AL AN 2 kb B Y R 2 9L
g5 R Y 40 K Bk Bk (18] 6d,) o % 52 45 ) DMSNs—
RF@RF L) & DMSNs-RF@RF@Si0, K HFri%it#1 K

DMSNs-void@C ()i LA . DMSNs—void@C W fff
i T2 1) o AR AR R B 6 Ry 100 m/g, W S 328706 o
TG J15 T BRI Langmuir SER AR A . Zhang 45
ill £ () DMSNs@Z1F—8 X U4 2 114 1 F1 0K B 25 >
751.46 mg/g (ZIF-8 1L 4 549.80 mg/g) , W i 18 115 1
TG B 12 FE AT Langmuir S5 R AR ALY

K6 (a) HEERIK Bi,S,@DMSNs—Ce0,~PEG & %4k & TEM
&M (b) 4K R #$ UCNPs@(Si0,&MB)@DMSNs—
LYZ@HP {45 i B R B (o) AR TR s
TBOT 7% e 45 2 %1l DMSNs-Ti0, & & ¥ &) TEM FI SEM
5 (d) 138 DMSNs—void@C i FE 9 S AL 1 TEM FI7R
Z 4 ; £155 DMSNs (d,); DMSNs—RF@RF (d,); DMSNs—
RF@RF@SiO, (d,)F1 DMSNs—void@C (d,)"*"

Fig.6 (a) Schematic illustration of synthetic procedure for
ellipsoidal Bi,S,@DMSNs-Ce0,~PEG"""; (b) Schematic
illustration of synthetic route for UCNPs@(Si0,&MB)@DMSNs—
LYZ@HP"*" (¢) TEM and SEM images of various DMSNs—
Ti0, composites in our laboratory by adjusting TBOT dosage
from 0 to 3 mL; (d) TEM and inserted illustration images of
involved nanoparticles towards DMSNs—void@C; including
DMSNs (d,); DMSNs—RF@RF (d,); DMSNs-RF@RF@Si0, (d,)
and DMSNs-void@C (d,)""

322 MEA G R WNHTETI A A AT i
Z %1 DMSNs-Ti0, iz T2 A 22 DMSNs 1 208 ] B 2 11
Ti0,, DAL 3 sz 07 06 P A7 45 80 (] 6¢) o {H [R] At
Ay BRI ECRIE A4S LLORAE A BT BB BT (9 3 7%
Ak . R, 356 & 6¢, T 75 DMSNs-TiO, kBl A8
45 k6 FH LA W B R A Ak I i e oBH™, Tran 55 LA
DMSNSs | 4 44 K s, 71 % 1Y) DMSNs—APTES-Au dots Al
4 A0 K RL T 671 28 19 DMSNs—APTES-AuNPs A /1.0
¥, & Zn 0 4 JR A HLHEZE (MOF) A 5E )2, M50 T
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DMSNs@MOF Fl1 DMSNs—APTES-Au@MOF #% 5¢ %%
FL g bR B S gl ok N A H T O 1k
Knoevenagel 48 & JZ N , &% 4 9% K 4 #) DMSNs—
APTES-Au@MOF Ji& ¥ %% 16 5 FE PR 4 e fe £,
5 T DMSNs@MOF

323 HAKM A S & A Zhang e H CdTe &
Tk T & ST e AL A9 DMSNs—APTES fLi# , #%
% fdi ] APTES I MPTMS IR & #it %% %F DMSNs—
APTES-CdTe #17 [85E , f J5 75 & G 9 KR 1 3R 1M
B —)2 810, sk R g 7 R R 0
~ 32 nm 5 {45 LB S S SR EE A OG . MTT 5%
55 HOGI R AR AU (CLSM) B L 3h A 40 g
P B 1R 56 6 B A% 3 B DMSNs—CdTe@Si0, 7 14
I AR M= B R PERE L8 . Huang S5 #4571
T B A B E 6 R PE 9 (DMSNs—MPTMS-QDs)
@Si0,,QDs fff CdSe ,CdS 1%, ZnS"™ . Hi%5e 25K
HTAPTES T R IFF ek M, 75 R 5L B RE A1 D) fg
I8 A 458 . FT(DMSNs-QDs)@Si0,~COOH JT &
T C RO AR 1 (CPRO) ARSI ) 3 5 2 2 AT 2 e
FAR(LFIA) o il i ped Fa i) 5o A s sOw HLEE
Leng S8R FIRB MG 1Y K S 200G SRS T RO
KL (AlEgen) # 43 T 24 2 D) fiE 1k DMSNs-APTES 3%
T, AR J5 4 1 Fe''~ 517 IR (Fe(IID)=TA) £ 471 )=,
PURTE #5 f A FH A A B8 B VR R B T ity
A DMSNs—AIEgen@TA 1 , JE R BEHE 51 LFIA ()
L) RE 9K BREE R 2% o Wu 5 78 & 90 K A 7
(AuNCs) f1 2% F DMSNs FLi# 19 & & #4 4+ (DMSNs—
AuNCs ) 7 75 Si0, P32 , (b2 HA% APTES J5 Fl
T RO RN, AR R AL ) g b DMSNs-
AuNCs@Si0,-COOH"™", it LA f 28 i ¥k , 1 & B 57
T R RR SR B AG FE VDT I AT A 1Y
DEICHIE BT KBRSk 3 CFU/MmL, 26414715 Bl Ky
10 ~ 10° CFU/mL, X HAthy £ P51 9o S AR HAT e 4%
Y. Zhang % £ 1) DMSNs@ZIF-8 1 4 HPLC [ 4
2 I B0 790 0 e 50 R Bl £ v ) R TR U A
o bRifE R AENL AL T 20 ~ 500 pe/L, [EDIE
TE85.2 ~ 90.7% Z [a]™",

4 lé‘%&%‘;ﬂ_

ARERIR T BTG BG T T ASCIR S5 A ) R
FC BRSPS i, A0 5 73
2 IIREAL T IR KOV U . 1R E A MR T

DMSNs &5 F 4 AE (BRI b 6w  RFLIRRR 3 5 fLB
B OB N 2R TH S M O ROBERON 45 )
DAL FH Sk 5 1) R AT 45 A0 . 2 o SR R IR
PR —BE R FE B REE 2R A R AZ TR A R R
LR Ui NS |8 R Dok V|| 8 o s ek i
Ao IXEENOK N A8 AE A R A A R S R
il A T 1 0 B RS R Y i R T L 24 3
MUAEYRRIT SO R A2 R RHENIEM. 55
BT T N R e S AR E LU = AN 1
4.1 MASEHIMRIEEIZIT

Xof <P IR 455 g ) A% e B 40K I 2 T R,
S LLTR 2 A g B 0, B0 A% R R R 5 2
Shky, SE A EOIR PO MGE RS . AT Bk
FERPROIR 76 2 2549 15 A0 B IR 5% B VR Y (R o
) MRS Ja & M E A TR ECR .o
TG ) B 5 A0 BB S5 4 T 422 2 Ak A T (DR 4 %
A o RO, A% B EOIR T 2 S5 R B A
B HCA R P FT I RGP , 28 7 T A2 A ) 2 Y
oK o AL 1] SR o 5o v e A% S 52 261
REIEAT 6 3 T R ) SN AR 25 4 B A% ST AL 4 K
FIL 25 AR A SRS o AR SC2E 1 Ak 22 S 451 24 i B
IR A

7% A A1 BAFE AR BLIR 98 K A R 45 1 38 43 35
N 7 S L W AR RS e o
BN, R A A AR 2 A 2 N YR B 5 2 ok
W, TR W g oK N A Y G N P RE .
M@barrier@DMSNs H [ barrier )= F B 76 8 F 194~
i B Si0, B 6 > P4 B8 B N A S 19 Tio, . & AL ik (g—
C,N,) R Z L (PDA) &5, HOu g VA i) D40 20U
W7 FE 5 Tio, Fl g-C N, BRER P TE RIS, BB 1
SR A b TR A0 DK BN A B A A R PR
DMSNs@NM #5584 v i NM 2 i BL7E 2 JF & 19 Si0,
DMSNs MOF . RF %584 4 TiO, . g—C,N, .PDA % , i
B I I AN K 527 7 Y T I A S s v 2
42 INEEWERERIZITAEK

FEAR SCHN 28 1 A 22 5545 T, DMSNs 35 TR 72 356
W RCA ML GE 4> TS D RE AL (1 2,3a) . {H
RIS, BRI AL kb Z Fp Z 4% (H AT B 0
DIV AR ZESK o — 7 i, WF 9T N L] LAE A AL A K
SR K T 75 B RE A B A RE R , DT A3 BB LA HLAE
fot 5355 DMSNs 47 “Hr 227 (W& 3b,e) o 75 —J7
Tt AT A i R 3 S ) T T L AT
PR Tve 2 = 1B i R S ) K e S o s A1 S B = B2
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¥

il

o FH TR R, 5 AT 3E A A LA e AR AT
AeA BRI A
43 HMEITTE

B L 1 I 7 i FHAR A R 235 4 1) A 76 R Al oK I
N g 25 R A AT R A5 40 A T T &, LU 3
MURRNM A RHERE . 10, 55T Yang S5 5 19 WL5E
JZ 25 045K DMSNs™ | 58 75K i VA% 51 AKL 0
e B T4 SR EL A T J2 25 44 10 PR A ST IR A ok
NEA? M, AR B 48 H IR 0 S S 4 )
filh L AT A0 ] 4 B #R (Janus )™ 2L K 3P B 35K
JRUIDMSNs 45

WA, LR o 5 0] 36 i B AR 454 b R e
GBI R A A D] G 1970 s 5 B B TR |
B HEMTR MR A RLOC R o B, B 1A
BEM ] BRERTEAMOREERTE | 90 K4k 40K A 55 4%
FREEF (1] 2a—c) , XTG4 K B 0 25 1 i 1y 4 i 52 Tl
fnfar? DMSNs iYFLAR K/ NAER (B Le) , anff 52 a1k
22 TR (A B AL %87 DMSNs 7225
JEE AR Ak QAR 5 A% A& AR AR 1 Qe 2Rt
oy SRR %, 0 R A K BN sl R BT PR RE , R
AR B IEREAFFE TAE .
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