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Research progress of functional SiO, composite micro-nanomaterials

JIA Wan-bao ™ , JIU Hong-fang, HUANG Chang-shui, JIAO Hong-qian, CHANG Jian-xia
(College of Science, North University of China, Taiyuan 030051, China)

Abstract: Some novel composite micro/nano materials applied in drug delivery systems, industrial catalysis,

environmental protection and energy storage have been summarized. The research difficulties in micro or nano composite

materials at present are analyzed. The research directions in the future are also prospected.

Key words: functionalized SiO, ; micro-nanomaterials; drug delivery systems; industrial catalysis

UTAEAR, ARR 2 AN W 4 58 LT [ K R
WFFEA R R T DL G Ae 90, 10 4% 16 A Bl G
Pl T URAY R E G Bt G sl £
LKA P PR S A1 O AT TS E 44
Mo FARFFEHY 55 AU R AT BN R B 5 e
AEGOREARTEG K SRS O Tk A 7 75 ThT
BOR, S TFRA B 45 77 15 O AR kL
THFE G IR B R o [, 76 LAk AF 58 A
ARG, PRI R A el 2 A ROk 1
LA B RT MEZSH I AN R T BAT O R A2 554
T, ELx B NG Z KT B 1968 4
Stober 25 Iy A B AL BE I BRE BT LUK,
AR BIBIOK U Si0, BRIZALT (1945 180 F AL S i
MZFIRI KT T Si0, HAETE B
MR E TR AR I A P S5 R, — O T2 )24
BEXSATRER 0 4E5 | 4EQKRARIR AL, 1R
HAENE W HIVE Fl. Bl n, % Sio, {81 1k
S URL AT, AMEE IR VR, 1M HL T DU e
IR A 7 A R TR 2 AT R 9 O A 1 e
PEUALBIAE TIO, ML 2 BEL 1R LR AR R
BBAE CdS R B AR 1R A B A F 5
B JRAT (HAp) I R A A

WA R AR A Y SI0, ZA AR RS
AR AT BRI A o 5 i 2 K Uk
FALE , AR AR I A2 PERE | B 22 PR RE Dt
PERE Jr2A e (ETERESE T LAE i i 22 D REZH oK

PEAT TR Y, 52 A N R4 B B R RT3
LRI KA RS BT I BE, 6 D BE B4R A i i B
TN [RJ AR B R T, e e AL |
REVERA R AR AR TR e bR A
S A L RERHIR RSl AL AR IRAE DT T B T
REAARL IIRETRIZMORLAE o il s oA & i (I
1 Si0, B A AN KA L, 6 B IR B 42 R
FESUMALL G NIRRT S A
SCHES 5 BT ST , 4 O 253 AL TR
REJR P IBE Si0, 545 BAAb A ) 48 0 1z FH 22k
R Y

1 2y haI A

TE R 25 TUAE 5 I, B — A4 R AN B A2 10
K, PR ad iR LR S RERT R A e — ik , L
TN RE RIS A AR R o 25 B2 A AR
A — T E Ty 18], VF 2 AR KR T FIRR E P 22 B 25 )
AT LAE o e R R 2 A T S AN
0 P AR A B AR 1) L AR | 2 T T 4 T 2L S B
29PN RE A RURERORI 2% PR IR N R, Xu %57
FREERIEHENE Fe; O, 1R , >R HI At 1 Stober
EHA P AL SI0, BUBIAERE MR 1R, R TR
FECPEIS G A OK M (AR 368 3 5 5 A B 37 A1 FH R
L5 B Si0, Fe)Z 0 (WA 1), i & HikE
#24E 300 nm 7247 1Y Fey0, @ Si0, @ Au B 43 B
HAT BTG IBU RAF A S 2R RS, DL

7 A A 2014 - 10 - 18

TEE BN ST E (1987 - ), 55 WA BF9E 07 1) B HLICHLAR LA B, jiawanbao@ live. en,



2015 F 4 B EHES IEek Sio

PRV A T L %o X ) A8 245 245 L ) T
UELTAN G AT BT A8 . Yang 261 fifi
RIRE ) T-BORE_E AR 2R P B0 4 8 K B HOR: T4 Fl A
+RICHEE YVO, : Eu, i T REPEDEGER, B
A BRI 5 25 B RE 7 RV BN 36 1T L) 20 506 3 B i 25
WA S T 8 P A 2 S TR 2 ek Sz
YRR O AR o

Fe,0,@nSi0,
@mSi0,~CTAB

. TEOS . TEOS + CTAB *

Fe,0, Fe,0,@nSi0,
Extraction
of CTAB
Adsorption
" Introducmg IBU _of Au Seeds Seeds
c1-12
CH;CH;CH
IBU
Fe,0,@nSiO, Fe,0,@nSiO,
el @mSi0,@Au @msio,

@mSi0,@Au
K1 %34k Fe,0,@nSi0,@ mSi0,@ Au
MAE AN RN T EE

[FJRE 2 Yang %51 (B 7 /AL, R 3 A ]
KIAEH) Fey O QAL TR MBS, il 45 it 3 Fhrpras
Si0, ¥k, Z & Fl Pechini 5 HBEMCEEAS M 2044

(3% 59 W)

[11] Weng X, Mei G,Li Y, et al. Preparation of flotation reagent from
waste cooking oil[ A].2011 5th International Conference on Bioin-
formatics and Biomedical Engineering [ C ]. Wuhan: Institute of
Electrical and Electronics Engineers( IEEE) ,2011.

[12] BUDE. MiRiFRE[ M. JEaTih 4 0l i Attt , 2007,

[13] B SR [ M. Uat B¢ ol Rk ,2008.

[14] Valdés A F,Garcia A B. On the utilization of waste vegetable oils
(WVO) as agglomerants to recover coal from coal fines cleaning
wastes (CFCW)[J]. Fuel,2006,85(5/6) :607 —614.

[15] Valdés A F,Gonzalez-Azpiroz M D, Blanco C G et al. Experimental
prediction of the agglomeration capability of waste vegetable
oils (WVO) in relation to the recovery of coal from coal fines
cleaning wastes (CFCW ) [ J]. Fuel,2007,86 (10/11) ;1345 -
1350.

(161 Bl , kbR, S ulE , 55, i) ) o 5 D8 7 e 4l W) i WF Y
[J]. P EEEIR ,2013,39(6) .67 —69.

[17] B30, FaUk, FR, & B BRI T B FLILHGH SEC
PR FHBIESEL T ] AR 2014, (3) 26 - 8.

(18] B4, frih b2 [ M. Jbat: v i i Attt , 2009,

[19] Sun W,Ouyang K, Zhang L, et al. Preparation of hydrolyzate of hog-
wash oil (HHO) and its application in separating diaspore from ka-

olinite[ J]. Minerals Engineering,2010,23(9) :670 —675.

, EEHMPRKITRIFZHRE - 61 -

BHTER B E th2s Si0, 3R1H , Z80 B IR B e iR 15
HAEM LI YBO, . Eu B 25 Si0, BH
Bk (HMMs@ YBO; : Eu) , £33 X[ IR 25 P B 25 2R
(DOX) fy 2454 T 2K 5 2% F DN 3k R et 90T ) 4 i 5
W, 455 3=, Bl 48 W 2 Aok 25 gkt
150 mg/g, 1fif H. Rl %5 259 2R AE PBS 28 0 5 W 1)
B2, 7 £ CIR WD tom BER R , A1 FH X — ¢
T L Ao G I 2 ' ek A AR e Ak A4 v 25 1 T
o XA EE D, MR S R A
BRI (200 pg/mL) R, 32 002 A 20 1 1< 2R
WA 95. 3% WfEiE %, RN E GV BAEEAH
F AW 25 AR W AE M . Whitaker 51 2545
JZ)Z B ALY Stober 5 K T Si0, 44K 5%
2 (UL 2) o HA R F R 2 i 5, K
BB 5 B RMB A 5 T 3 Pk iRk (AIBA)
TEK TN CBEIR A W v 3l o 43 HIOR A, i 25 R Ty
TEH ) B IE 20 ek ST Lk, T ek 1Y
Stober JE7E PS {3k LT Si0, 2, 155 PS -
Si0, ek SR 5 , FE DU i — AL i 5T 2 i
JHVHT TF oL fir 1Y) 2R R i 5 3R 04 TH ie 3R 2 R (PAHD) 4k
IE PS -Si0, #Z5e ki fii Z & 1f iy ot 2 )2 B4l
% (LbL) A4 Si0, , 35 3|4y BA5 3 (1) 78 )2 B 30
JEEE I 2B PS B 5 5 fe 43 i+ /N (i /K Ab 3

[20] 2R#r, B IE T, 4 5Lk, 55, il il & U BE O™ B 85 F iR
[J]. s E® M ,2014,23(7) ;109 - 113.

[21] %Hﬁf’lﬁ MPGAE, £ 2200, 2. TR it s ] I — o 72 36 245 371

1. BUACH I ,2013, (3) 147 - 50.
[22] TUH BOE PR IR ). M i ) g AT SGR] T BRI A
E}"Jj:?{ig‘ CN,102240603A[ P].2011 - 11 - 16.

[23] Ut E BOERHEA B . sl il 4 no i ion Tk 4 7
W REARY T L . CN,102240602A[ P].2011 - 11 - 16.

[24] JEntEBOERHEAT B ). Hiu A i A 04t on) A 7 A PRk
A7 : CN, 102240601 A[ P].2011 — 11 - 16.

[25] JUHU R BOh BL R AT B ). v il ] 0 1 32 245 590 0 ) 45 7
A T2 . CN, 102240605 A[ P1. 2011 11 - 16.

[26] ZE30 5, 35608, 2P, 45, RSS2k 45 A= 40 S S 1o AL B R
MR R AT J]. KEHAESA4,2011,32(5) 741 -745.

[27] Pukale D D,Maddikeri G L,Gogate P R, et al. Ultrasound assisted
transesterification of waste cooking oil using heterogeneous solid
catalyst[ J]. Ultrasonics Sonochemistry ,2015,22 ;278 —286.

(28] )7 3C, ik, EITR , 55 Hbuva) il il 4 B e 4 0] B I 1oy FH %
BT[] R 2012, (6) .1 -3.

[29] Z=ifg =2 X &L i&i’@?ﬁiﬁﬁ“k?ﬁ%ﬂ%ﬁﬁﬁﬂﬁ(?ﬂﬂJ]- LT
5hnT1,2013,(6) .12 - 1

[30] Z=3, mt- 511, 2R W, 55 %ﬁ/ﬂiﬂﬁ%‘% TG A e[ ]
TR A ,2014,20(1) .1 -4. A



- 62 - LA AL T

A HLZOCR R T SR VO C R ¥ — E AL iEgR T
SRR XA AR AT T BATHUK BE ) ML EA
PENARRBESI 1 Si0, Ik, X TR, i T/
PLGCHERIES 5y e HE DG I Al AN G 2K, T 5 A
HAT At i s SR N R R T S RE AL R
(RIRITFE Lo Ren 451 7 CoFe, 0, k4 A 2 1 1%
MG T M 1 R G RE Y, 0,0 Bu, 3 B A
Si0, #H )z, AR 1E T @R L OOEE R
GO RAE T, il 4 th HA e A% 2 4L Si0, 522
B 1 i 5B S5 TR, 7T D)4 BTG 2
TESMIMRE S AE IR 51 5 2248 1 s AT 25 W) Rk
B HATIORRR

Ao [ N

NH3OHO PAH ! Oﬁ'
PS

PS-Si0,
R Bt LbLILAD RSO,

L

po——

3
gty

~ O o TAERAL
-  Si0,
SN kR
5 J:PSHt O i
\

YuHE i
Si0 ZKTE ﬁ%ﬁ'ﬁﬁsmz
L S

2 L PS sk B, LBL 3 4 4 2 Si0,
B RE W # A TR

2 EUESRERPPEINA

TEAE A T, 21 26 3R BRI 7 2 1) 2 D gk
AR SE BRI AT A 2 — . Xu 257
WA Si0, Fe T TR R 4@ 4 ok AL R rY
J5 A48 T Pt-Co/Si0, fl Au—Co/Si0, 2 F AL
o Gt — RN LLAHESY , &Pt 42 8 A0 oK kL 1
SR ALY) Z 8] ) B 4 fk, % CO By AT PR A
FARKA ), 17 H A A7) 1 48 Ak b 3 Pr—Co/
Si0, MM, J&—Fh H T 2545 & BOR AR fiE 1k
A&, Sun %™ ffi f] Fe,0, @ Si0, Ay #EH, 1| H]
Si0, FRIZS Zy YA R R | 38 2 e Bl 2 TN
Fiil Cu( Co) FiL & 4t [ 7E A5 AR % 17, 4H AR T RE M AL
RO EAR T BT [ A2 R B 9 oKk e A ), 3R
IR M R A (A A AL e AL RE T, T ELAH L4 AH
WAL A AT B A AL BE B o AT LUFI R M ek 4
A AT T AS 52 M AR AT 2 1 M SR 2 43
5 L0 e EE A A0 AR AR [T SCHR AR O T AR IR RE RE 1Y
TR FF 5 Sk b 22 AT 22 R 20K, J2
PG4 T b & e i) — > F BT 1) . TEREE LR

E35BE4IH

ST Y A T TR, Si0, T R A
Sy NReAL iR, A8 BB JE 5 197 bk . Pinho 217
{5 FH TR P25 AL 70 R 2, 8 B B e (I S 4 TES40
TEAR B - F T M0 IE VM A7 AE I 00, ik 42
VPRI LL i 7 30, 7E S IR 4 F Tl % 1 2D F1 3D
1 BA LI TiO, -Si0, AR, 5 TE 4
AL R S FF 15 10 28 A1 R AR A TE G
IR T RN BE 7, 45 R W], TEA 1L Si0, XA
HLYSRH R TiO, Xof JLRF Y 2 40 5 i 14 B ] 42
FTF , 52 A AR A AL 22 B bR 375 53 1 fig
71 Srivastava 252 WREFE ARG S0, 454 Bk
(1) Fe, 0, i T JE i Fe;0, @ Si0, & & i 7, 1
Si0, B IE RE , ¥ 6 T X & Cr (VD) I8 7K B b
B, BEAIF T AW % FE A A BT T 428 %K
RN T — 2 W5 B2, T LSS AT L R 4 R
— YRR

3 REBRTFHEESRLTINA

TERBIRAAE 5 5% LT 1H, Si0, B A T4 K b1k
FIREAT 32 B9 B JH . Favors 250 i P 35 b W 3K 1)
AAO( ZAL IR AR ) AR, 75 228 551 T 4
SRS — W LRk e (PDMS) 28 SR BT Y 5 =0fF
Si0, YURRAE AAO F5A b, 388 3R A 42 1l AR TR I
A 18 Si0, MY A S iE S A IR 2%, Z )5
WEIR R 25 AAO BEIA w4 2 1 R4 B R Sio,
B, g M sk B B s A B 4 1
Si0, YK B REJEEEZ) A 20 nm, 4% 200 nm (I
B3 & 4) . DL SiO, 99K R B4R, #7748 X H
e 2H 25 1 2032 1 411 il J , 8 L A2 1 R 3t
TE 100 RGNS , Si0, 9K F I sy FE AR E iy Al
WA F] 1266 mAh/g, 1 HLF A ARk .
X 28 3o A8 I e R AE RIS 1Y) Si0, AR KA T
TES AL ST, Si0, KB bR T 1 T80 P i 5 3K
A B Si 20 AT REJR A BT B T B A b
238 T H 5 AR T W, U /25 v 5 54 B FEAE
RN T T R BRI AR e AR A R B R R
2 A AR Xiao 2P Si0, 5 P( VDF -HFP) %
GV G BN AR KL G R i o B, O A
Li/LiFePO, it AT 100, 28 B 45 iy AR
EPERIRIAPERE. LAk Hwang 2512 (fi ] Ag 42K
BB Si0,/TiO, &4 a5k, f HAE R
AR BARE R M ( DSSCs) A FHAR A}, B T~ 44 K 4R
F i oK 700 4 T 25 B T PR L HR AT (LSPR) ) A 2
JEE R GRS RN, , 2 45 v s BR 3R IR L 1 5 114 D' Rz i



2015 F 4 B

AEJT, 55 B G B AR AT REAR AT Ak d v 1O
HUFA AR (PCE) |, [R5 8k A L A HLAITR
TUOK BHBE HL L (Y FE AR AR e 5 A R B3t T 1A
MENZS%

E 4 SiO, 444ty TEM B F

4 WRYER

HREANRZ AR R R BUE R LR
e, Hoiil s el A 7 LA AL, A T AR A 7 A
A SRR HE [ R RSB TS 3 5, el A 2k
b3 o PR AR AR IE S R, ARG 1 22
O PERE , 751X T7 AT A AR R A U B & [R]
Zoldesi 44 412 L i 1ot V3 JE —Vt I, A [ I o B
3R — H LR 40t ( PDMS) 8%, JE B T+ 2 Si0,
PER (2 R b) FUBHE (¢ H1 d) FILALE (e FI £)
Yy TEM &1, W&l 5. 23 Ffeh 23 12 S dw al RERY
JE PR e 7 2 W A AR L R S 30 . BR
Tk [R) AN [ 23 5200 fh B B0, i B T i E
S0CHT, Al LHERX AN B4 2 40 h Z N, H=si
BRIGTEIEREZY S 20 nm, RiA2 0 200 nm, ALEFEFL
TR PR BAA K A 6 R fe 7 SR IS A 2 2R A
G TE IR I SR 22 AL B R 28 250 o 7 JBE B e
A LB A Rt T AR A5 G HA 2 i S AR )
Hs Rk, BN THO, (AL O AR IR ER . BR TV
i BRI A B LIRS AR 3 | S I SR A A Sz
B HABDTHE SO AT AR & R A P ol
HI SRR T 5 HA D BB R, Goethals 2177 )

BNEF IRk Si0, SEMUKIRIARHE - 63 -

XTEL T JRIE F AL (LL) J7 15 AR 58k il 4 10
Si0, B A oo RAE R RE , i X 2 Ff = i 1k
AE L PRy FU R A B, fok P T B ) FLAE AR e A 5 Y
TREAK I , I3 45 2R T B 45 T L BB 1Y
LbL 35 W32 B A F AN A5 19 Z 7 N B R . BEH
MBRTE TS 4  S25 ANOR BRI S5 44 55 D REATS
AR A HEE

3 um i 1pum

(b) BB 24 h

(a) VI TE] 24 h

9.

(d) S i) 48 h

() SBLIT[E] 48 h

&

- 6.5 Km

(e) S BistE) 72 h (1) BRI 72 h

BS = Si0, ik ey TEM B F

5 4hiE

1T Si0, 40015 I RE S & B K b4t v AL 5
R BACR , 455 AN R B D REAT BHE i RA i E 1]
AT BRI A T R AN, AR TR 5
AR AL AR X T30 AT B B4 44 1 2 RE 1
G AP R AR . A K RkiE
XA T SCRR , {ELR X T R R 1) & B 1 FH A
SR EL R PR, 45 1 REAL 52 5 T KA g
LTI EWRRAEARTEE N . H AR
AR Si0, DRSS ST HAT — e Btk VIR
FZ B 450, BRI F2 5, 5 IR T B sl 4 1Y
Si0, JIRES A AN R Y IT K SR /DR, PRI AE Si0,
SE REM MBI TS T 17 L, 1 8 1 G 5 A
BEH AR S A AR A SR T TS TR



. 64 - HLAK, A T

225 3k

[1] Stoher W, Fink A ,Bohn E. Controlled growth of monodisperse silica
spheres in the micron size range[ J]. Journal of Colloid and Inter-
face Science,1968,26(1) :62 —69.

[2] Sun Y,Sai H,von Stein F et al. Water-based synthesis of ultrasmall
PEGylated gold-silica core-shell nanoparticles with dong-term sta-
bility[ J]. Chemistry of Materials, 2014 ,26(18) :5201 — 5207.

[3] Mero O,Sougrati M T, Jumas J C,et al. Engineered magnetic core-
shell SiO,/Fe microspheres and “ medusa-like” microspheres of
Si0,/Tron oxide/carbon nanofibers or nanotubes [ J]. Langmuir,
2014,30(32) :9850 —9858.

[4] Shafi K VP M,Ulman A, Yan X, et al. Sonochemical preparation of

[l

silane-coated titania particles[ J]. Langmuir,2001,17(5) ;1726 -
1730.
[5

[

Gupta N, Pal B. Superior photoactivity and stability of movable CdS
(core)-CdO (shell) nanostructures formed in tubular SiO, by laser
etching of Si0, @ CdS nanorod[ J]. Chemical Engineering Journal ,
2014 ,246 .260 - 267.

[6

[

Borum L, Wilson Jr O C. Surface modification of hydroxyapatite.
Part II. Silical J]. Biomaterials,2003,24 (21) :3681 - 3688.

(7] BRSr . ZIRERG WL BRI % XA D]. Kt ZH
K2£,2009.

(8] PEXK. HREMERUANR AR 9T & RS HPERERT S [ D] Rt
M RTK2#4,2011.

[9] Xu Z,Li C,Kang X, et al. Synthesis of a multifunctional nanocom-
posite with magnetic , mesoporous , and near-IR absorption properties
[J]. The Journal of Physical Chemistry C, 2010, 114 (39 ).
16343 - 16350.

[10] Yang P,Quan Z,Hou Z,et al. A magnetic, luminescent and meso-
porous core-shell structured composite material as drug carrier[ J].
Biomaterials,2009,30(27) :4786 —4795.

[11] Yang P,Gai S,Qu F et al. Si0,@ YBO; : Eu®* hollow mesoporous
spheres for drug delivery vehicle[ J]. ACS Applied Materials & In-
terfaces ,2013,5(12) ;5788 - 5796.

—
—_
%]

[

Whitaker K A, Furst E M. Layer-by-Layer synthesis of mechanically
robust solvent-permeable silica nanoshells[ J ]. Langmuir,2013,30
(2):584 -591.

[13] Graf C,Vossen D L J,Imhof A et al. A general method to coat col-
loidal particles with silica[ J]. Langmuir,2003,19 (17) :6693 —
6700.

[14] Otsuka H,Ring T A,Li J T,et al. Simultaneous adsorption of poly
(vinylpyrrolidone ) and anionic hydrocarbon/fluorocarbon surfac-
tant from their binary mixtures on polystyrene latex[ J . The Journal
of Physical Chemistry B,1999,103(36) :7665 —7670.

[15] Fischer H C,Liu L,Pang K S, et al. Pharmacokinetics of nanoscale

quantum dots: In vivo distribution, sequestration, and clearance in

E35BE4IH

the rat[ J]. Advanced Functional Materials,2006,16(10) :1299 —
1305.

[16] Ren X, Tong L, Chen X, et al. Deposition of luminescent Y,O0;:
Eu®* on ferromagnetic mesoporous CoFe, 0, @ mSiO, nanocompos-
ites[ J ]. Physical Chemistry Chemical Physics, 2014, 16 (22):
10539 - 10547.

[17] Xu X,Fu Q,Wei M, et al. Comparative studies in redox behaviors of
Pt-Co/Si0, and Au-Co/SiO, catalysts and their activities in CO
oxidation [ J]. Catalysis Science & Technology, 2014, 43151 -
3158.

[18] Sun J,Yu G,Liu L,et al. Core-shell structured Fe;0,@ SiO, sup-
ported cobalt ( Il ) or copper ( I ) acetylacetonate complexes:
Magnetically recoverable nanocatalysts for aerobic epoxidation of
styrene[ J |. Catalysis Science & Technology,2014,4 (5) ;1246 -
1252.

[19] Pinho L, Herndndez-Garrido J C, Calvino J J, et al. 2D and 3D char-
acterization of a surfactant-synthesized TiO,-SiO, mesoporous pho-
tocatalyst obtained at ambient temperature[ J]. Physical Chemistry
Chemical Physics,2013,15(8) :2800 —2808.

[20] Srivastava V,Sharma Y C. Synthesis and characterization of Fe; 0,
@ n-Si0, nanoparticles from an agrowaste material and its applica-
tion for the removal of Cr( VI) from aqueous solutions[ J ]. Water,
Air, & Soil Pollution,2014,225(1) :1 - 16.

[21] Favors Z,Wang W,Bay H H, et al. Stable cycling of SiO, nanotubes
as high-performance anodes for lithium-ion batteries[ J]. Scientific
Reports, 2014, (4). DOI:10. 1038/srep0460.

[22] Wu H,Chan G,Choi ] W,et al. Stable cycling of double-walled sil-
icon nanotube battery anodes through solid-electrolyte interphase
control[ J]. Nature Nanotechnology,2012,7(5) :310 -315.

[23] Xiao Q C,Liu H Y,Xia Q L,et al. A Nanocomposite polymer elec-
trolyte with high-temperature stability for rechargeable lithium bat-
teries[ J]. Arabian Journal for Science and Engineering,2014,39
(9) :6651 —-6657.

[24] Hwang S H,Shin D H, Yun J, et al. $i0,/TiO, hollow nanoparticles
decorated with Ag nanoparticles ; Enhanced visible light absorption
and improved light scattering in dye-sensitized solar cells [ J].
Chemistry-A European Journal ,2014,20(15) :4439 —4446.

[25] Peng S, McMahon J M, Schatz G C, et al. Reversing the size-de-
pendence of surface plasmon resonances [ J]. Proceedings of the
National Academy of Sciences,2010,107(33) :14530 - 14534.

[26] Zoldesi C I,Imhof A. Synthesis of monodisperse colloidal spheres,
capsules, and microballoons by emulsion templating[ J]. Advanced
Materials,2005,17(7) :924 - 928.

[27] Goethals E C,Shukla R,Mistry Vet al. Role of the templating ap-
proach in influencing the suitability of polymeric nanocapsules for
drug delivery: LbL vs SC/MS [ J]. Langmuir, 2013,29 (39):
12212 -12219. H



