Hans Journal of Nanotechnology #kK$:R, 2019, 9(3), 93-100 Hans X
Published Online August 2019 in Hans. http://www.hanspub.org/journal/nat
https://doi.org/10.12677/nat.2019.93011

Application of Functionalized Mesoporous
Silica Nanomaterials

Zhengdong Yan*, Xiaolei Liang, Huiling Tang, Qiang Xiao

Key Laboratory of the Ministry of Education for Advanced Catalysis Materials, Institution of Advanced
Fluorine-Containing Materials, Zhejiang Normal University, Jinhua Zhejiang
Email: "1055139812@qq.com

Received: Jul. 28th, 2019; accepted: Aug. 9th, 2019; published: Aug. 16th, 2019

Abstract

Mesoporous silica nanomaterials have a unique structure and are easy to be modified by surface
functionalities. They can be combined with materials of different functions to form a new type of
material with specific purposes and have a wide range of uses. In this review, we discuss several
methods for synthesizing functionalized mesoporous silica and its special nanostructures. Com-
bined with the latest literature, we introduced some applications of functionalized mesoporous si-
lica nanoparticles in environmental protection, industrial catalysis, and as drug carriers.
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1. 5|8

MR [ Fralirr 5 8 AL 2 9h 22 TUPAC) I 5E S, 4 2 AL BHMRHE FLAR RN AL A ALBARCRAL=
i, FLE/NT 2 nm NflfL(micropore)s 2~50 nm 4 fL(mesopore), KT 50 nm Jy KFLA Kl (macropore).
H 1992 FEALEH S FLRFT I MCM-41 B9E FP A LSRR IE DR [1], 4L SI0, 4KAr k51 1

41 MCM-48. SBA-15 [2] [3]55 BAT #- Al fLIE 45440 IO SEACRER B 20 7E, 4L Si0, 4RA R AT i
T R L i AN Ak 4R

LA EGUR MR B A IR I AOR S5 K, BN R FLIE 45K, Bimi bE R, A2 sg e
AOBUBRHREE[4] [5], RAFHIEVIAR MR 5 R i Dh BEALAZ (6] [7] [8]. tHTIr oL ~SEALEEG KA RL 5+
HREAIRS R, JEE REAAT WL BRI A WL HL- 2L B SLA R ER BE 2 3t N TR MER 2, 388
Ry, TofEAL, WreeIRssE 2 9. ACEG BRI R, HEN GBI RERY A DAL D)
REAAT AL Si0, ZHKAT BB TE A B I REAT 1 Bk .

2. THEEHLATFL SiO, PKRATBE R B AaIR F

H 2001 4 Vallet-Regi % N5 — i AL B YUK EE MCM-41 1E N3, F R
MCM-41 A FLALE ST 2590 5 B BRAER LOR[9], TR A FL S A EE QKA R E N 25 38k 15 3
WENH. ARKEAUHERNEER, —2AMEWREAE BA — e MR E IR — 2 iR E, AL
MEHEA KRR RO LG FLES 1 FLIE 0 28 10 (4 B e Ak AR B mT LUK 2% 29 W ke, 18 B2 AU 5
AME: ZRAYBIERIE, X IEEEFEN 1R R 5 FREE [a) 45 2 AN IR TR &R [10] [11]. S FLMEHE A
SYRI P FLIE R R LR AR, vl HA LR Be U & JC i B 0 A s PR Rs e, IR A L By — Fh R A
(ZGNEAR,  REGE STELGT 254 (P HE ) 25 25 AN R A [ 12] [13] [14]6

Seema Saroj %[ 15 R ARG ITE, HET RPIGIR(PAA)BE R IE S Z AL DR tb MCM-41 1)
BRI, &R T IRt A FL - EALEE PAA-MSN, JEAb R34 1 S ms gtz K ME AT pH i 7 1k
PAA ] MSN # 0 DI REAGBEE | B EEELAl . ARAIBEST T MCM-41-PAA {EATEA R pH R AN 8 5B ik
WRFCIHTFF(ETS) A A4 o 385 P 23 T (TGA) 78 PAA-MSN &4 20.19% 184 PAA, B K5 T ETS
TERPEA B VR . ETS J8 I i fiAH T4 A 24 N2k 21 PAA-MSN (13858 . 4 4h s 6.8)F1
P pH (5.5) 1 BAVE G M pH (7.4) P43 2 o X il £ IR BURLEEA T A 75, MTT I 45 3R SR 2
25 ETS-MCM-41-PAA 43K J50kE ot 17 51) i Jes 40 JL(PC-3 F1 LNCaP) fI 40 o 251 5 197 55 ETS. 4% B AF
PAA-MSN {24 pH Wi N AR B AR KR 77, TERSRER YT WU B AT a1 a5 .

Yan %A\ [16]311 T —F pH BURMI A FL S ARG KB T R GE N Z P8 B(RB)FIFTE R (DOX)
WAk, BTk - RBh B ARIT . B 1 BoR T pH BUKTE RB Al DOX 3k i/ AL — A Ak iE 9K 7
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Figure 1. Schematic illustration to show the synthesis of the pH-sensitive RB and DOX loaded mesoporous silica nanopar-
ticles (MSNs-AH-DOX@RB) and the function of controlled drug release

& 1. pH SUE M RB #1 DOX faEMIN FL = SRR F(MSNs-AH-DOX @RB)RI & s A5 BT R = B A

Chen Z5[17)3%E T —Fh3EF 5 A BB B FL - EALREG KRR F(MSN) B M 25 i B R G 1E1%
Ao, FPE O (THEE AL R AT R 1) i AE MSN (3R b, [RIIAE Sy db o 751 LT v T
(F 2). RINHE T BEH TGRS BRI TEMSN Zbgiksiid. KB TIRA 25615 R4
(DOX@MSNs-S-S-THEMNFER B HIK(GSH) T L TR ZE, R I H A B S b B R
Ui S RN BRI 253k R o R T ZE RS AOL O 4 M P O SR AR T B AR R TF AR THI 2025, 76 GSH
FAAE T A MSN HBE i B 5 B 1Y) DOX,  HORRIRG# 2B % GSH BUSG s n. R Tf BA RIF o
AT DOX HIEEAIE S SRR HH T AR T 78, 24 A 9K ERIRTE 58 19 FE Y 1 Py R I H A 5
M AEIARZS P, FE HAE A AR T X iR 40 B ) 240 B N AR R R BE T B8 ) o X R 22 T R 4R B VR AN 5 2
TRTAE , PEAL SRe S 2 BT Ak R I8 I ER, BT MSN QK28 1 TH At 7 %7 L
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Figure 2. Schematic representation of drug loaded and transferrin capped MSNs (DOX@MSNs-S-S-Tf), and the re-
dox-responsive drug release behavior
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KERFITURY, SESGAYIRT IREME, AL SR E AT LUE pH. B, Ot
RS RIP 2 ) S5E i S P B e 42 R 2 WORE T, BROR AR =1 1 25T R

3. THHELATFL SiO, AR B ERIPPHINA

AR, Bl tH S22 5T B PR R R A T A SRR A W R, & 1 4Bk AR IR 18] /K B4 ™ E
TG GL[19] [20]%5 ™08 (RSB o ThEEA A FL AL REG KA R AT K (A R B 25 52 RAR 558 F) W B 5751 2 i
15 XALABATITE CO, MR ATY5 7K Adb 3 255 1T 52 3 7 RMIFF TAE & 16 bk

Dindar %5 A[21]H 25T HR N-PI K b 2 W i A e Thse 4k SBA-15 /v FLIA KL SBA/NH,
SBA/SA, M T b/KIEMH ) Cr(VI), As(V)FI Hg(ID)E T T Cr(VI)AT As(V)E T W bt f2 1 B 1
X T FATL A R IS Hg (L) 1 PH B8 1~ 22 S ML) o S8 4% S VA pHL A RHVR B 70 P 2 e 8 o o 25 SRR R 5
(BT o I B & 55 B TR S RIS (ICP-OBS) I i 4 8 55 1. 45 LKW, B b &+ 7 SBA-15
I ALA R IR B R

Bao %5 A[22]#% 1 FHIZE e MCM-41 Bt i S &8 IE(UR)E, T EKHERZ Cr(VDAI
Cu(Il)o /L NH,-MCM-41 GRBFURLIE R - S35 51 2K AR B2, 7 2 A 5 B 4 8 1Ak o
IR V5 PR RE o S5 SR E IR, B A Cr(VIAT Cu(IT) W B 25 850 51 A 2.8 mg/g A1 3.7 mg/g. iE4E
UF SE5GR 8, DhReAU IR TT AR — oA 38 i I8 A kA0 & A il A R IR K o 1K S At 50 2 B o 4%
Re 56 7 SR I A A TR R AN 25 B K B SR SR AT H T — KT .

Kang %5231 H B AELHI MCM-41(A-MCM-41) % BRIFER L o TEAS R W P 70500 &, S MR TR], B4R
T IR R 5 RV pH 5555 1F T F A-MCM-41 B THER SRS . G508, MCM-41 g 2k L Br ]
PLZBEATE, WP EAE 0.5 A1 2.0 g/L Z 0 £ FRF<1.0%. £ A-MCM-41 FIELL T, 240 757 &
M 0.5 SEINE] 2.0 g/L B, EBRE M 73.6%3EI01E] 100%. XFKHEHT MCM-41 [T S, B E
KBRS, W B NI R, ERA BRI, MCM-41 FIBERR 5 25 bR R 5t
fiX, (A2 A-MCM-41 7ERR PRI Fh M 2541 N 2506 28(pH 3.5~7.4 B4 94.7%~97.6%)

Yuan S5 [24]5% FH H 25 73 5 PE 50 B BEVE 2 il SR, 2 UCR F E AR08 AP il 4 T kIR 8 —
5 B A FL B AL REBR(DA-RMSS), B HR IR B & 27 e LA ARG A2 K BET ELR TH A (814 m°g ™)
FEFLAR0.78 em’g ), B U FL 7 IXFBIURF A 3R TR BOIR — FALREA RHI — S A B B B, L7E 273 K,
1.0 bar FXF AL AL E N 1.36 mmol-g ™o IX—TTRAIR AL T HIME IR IR SN FL AL RE S LA R
BT, JFH N AR IR R A TR ST S . B 3 O DA-RMSSS (13 S BT B (TEM)
SEEGIERY AFS <

Yusuke Uehara £ \[2516F 1- £ FE-3-FJL DR $5 361 2 IR ((EMIM] [Lys]) 57 80 7E /i L = A0 ik ik
(MCM-41 fil SBA-15) |, & Bbe(ER B fEHAT CO, B SELG . SRR, REBBEM KGR
9 MCM-41-SA Fil SBA-15-SA)VA & JLFAW I CO,, (H72 HHT- 2R ik B (R MG 157, Xk 3
A H I [EMIM][Lys] W 7 1) CO, W B 8 1 5 B B4 « I HL 5 Sk B R S5 1R 25 T AR (A ATL)
W B 7510 P 05 VR B A AL S, AR PR SR TR V7% R 70U AS BB S 1 8 CO, TR PR - P P AR PR e o TR AR At AT
AT LYK I SBA-15(PE-SBA-15)7F I AE #idk U 28R M ALY R X 8 AAIL W I CO,
W B P 20, T ANASUAS A R 42 R SR T G PR 7)o 45 SRR W, TEATATT[EMIM] [Lys] 5135 T~ , 5] PE-SBA-15
FLIBoe ) SBA-15 PR R &, RUILY BB T LLsE Cco, Wbt ERE. 5 —Jii, 5 SBA-15-SA
Al MCM-41-SA AL, REBEH PE-SBA-15(PE-SBA-15-SA) /N4> S HUM I 71) () 25 B2 v 1 %o N A8 )
BEFR o DRI, A A v o 4 ) SR T P R RN B AR B FLY TR AN S 6 S ) AATL MR IR CO, MR B H2 4
[ 28
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—v Solid Silica Sphere (sSi0,)

Figure 3. (a) Representative transmission electron microscopy (TEM) image of the obtained DA-RMSS material, where
scale bar represents 200 nm. (b) Schematic diagram of the DA-RMSS material. Herein, yellow spherical model, gray sphere,
and small blue balls represent solid silica sphere (sSiO,), mesoporous silica shell, and incorporated diamine group, respec-
tively

B 3. ()= 3R 1509 DA-RMSS IR R MBS T EMB(TEM)E, HPLEFIRASR 200 nm. (b)5 DA-RMSS #1#}
HREE. XB, REREER, REKEMNEEKRI AR RE X ZEHEIKGSIO), NML-SULEZMBAN
ZRREH

4. THREHLATFL SiO, AR R Tl EL PRI

TR BRI, R AR — B R T3 TR, AL ARG R R A K LR AR £
A B, LR DRSS S R AT AT AT, IR A AR S R AL S N TR A 22 R

Wu 25 N[261JF K T — DIk B AIE R B RE T2, @alniveith. EERAA) N L AR
REY, 4 Co/N B2 2B S iR BN L s b, 4 7 HAREREM TR FL ARk
KA K Co-NCL@SBA-15 1 Co-NCL@SBA-15-700, FFARXIMI/KIEMAL . XFE AR A & R H
(250~630 m’g™"), A FHINFL(7.0~8.4 nm)FIFEK S HLE . SR AL/ AA K& FIAHIAE A AA K&
MEAEHTE S NREL R &JE/N FAL, B fAFLBR G5 EU0/ NG Co 9K EIFEINTE L. 5k
AN FEALRAL T Co RS MER ] T4k, & 4 N Co-NCL@SBA-15 K& BT, THFEAR A H B LA
AR AN NaBH, [ 58 200 7R 2 B o DA P i A 750 0 il 255 2 179 B BB 20 R NaBH, (19 B 0B VT IE R 47 1) R S 5
J15, 100% AR R o ARAT TR0 12 G RRONE 3 FH T ) 46 LA S () 4 Ja8 4 23 R AR 1) 46 o kA A
A, BT FR B A S5 P I FH B~ 1

Barroso-Martin 25 \[27]#14¢ 73T Au (1.5 wt%) A4 & AuCu (2.0 wt%, Auw/Cu = 1)FDGHEALT, 713
TESA AR ZE AR SBA-15 5 AbhE o JEREAE/KEIFIR P 48 AR IR SR S FF I 1 (MB) R B o
WrZ M FLEBARTE AL R 2 ThEE T . AL B ALRER — S k- — SR RERE BR (0 PRl i fe A sl k2
£ Au Al AuCu GPKFTRLI A K, A3 H RS ORIFEE AT LR T S nm)N o X F/NE Au AT AuCu 99K Fi1
FESG 5 5 S DG PR A E o AR KL TS TiO, My, BN AR R L5 28, AT 50 e A 40
T BEELRINE T MB etk W& 8 AuCu ST IER M MB FH#E(E, AuCwTiSi /£
IR SRR TE] (120 3% JE 8 RIS RHEAL I 100%, 2 JE AT 200 AL B S T HLARH (AL 771

Wang 55 [28[#R1E T B A A PUKRERI B TERISEIL,  UAMENFLA HLEE(PMO) A K BR B Bt 42 B 44K
LT A Bk 22 O ek R AR A AL SRR R R TS S5 1 PMO@SIO, 45Kk T 1] LU L D gk,
HEREPEAIIRE, BEEAMANRERMELER: BA %I (NH,)EF K PMO ZMEH LAk
FEFERIBEIR(-SOH) R o 1E NAK IR NA%, B Au@SiO, GKERNT 4-RlFE 28 Wy AR 38 40 oA 1 57
ML IR TR PR RE . 15 L, 1] 4% i) PMO-NH,@Si0,-SO:H XK 7 1] FIAVE W Sh REMEAL TR, B Ak i 44 1%
- G I S = A A PR R . 15 5 DR TR 504 1 — Ak REBRTY) SEM F1 TEM &l
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Figure 4. (A) - (F) Schematic illustrations of the synthesis process of the representative Co-NCL@SBA-15 catalysts and the
tandem catalytic hydrogenation of nitrobenzene and dehydrogenation of NaBH,

4. (A~(F)X T M Co-NCL@SBA-15 #HFIME KT, MEFRNBHFEMSH NaBH, HRSHRERE

Figure 5. SEM and TEM images of (a), (b) hybrid silica spheres with PMO inner cores; (c), (d) yolk-shell structured
PMO@SiO, nanospheres; (e), (f) hybrid silica spheres with Au inner cores; and (g), (h) yolk-shell structured Au@SiO, na-
nospheres

& 5. (a), ()R EHB PMO WZHIZL Z S FELKAY SEM #1 TEM El; (c), ()AEER - LK PMO@SIO, 4HKEKHY
SEM #1 TEM E; (e), (D2EH Au ARMRML S (LEETkE) SEM M TEM E; (2), (WAER - REHH Au@Sio,
Z2KEkAY SEM #1 TEM [&
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