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ABSTRACT

ABSTRACT

Organically functionalized periodic mesoporous organosilica materials (PMOs)
can be chose as favorable hosts to confine nano guests in the mesopores via physical
or chemical methods. Nano guests/PMOs composite materials possess large porosity,
high surface area and controllable pore channels. In the present paper, PMOs were
prepared by the hydrolysis and condensation of 1,2-bis(triethoxysilyl)ethane(BTESE)
in the presence of poly(ethylene glycol)-B-poly(propylene glycol)-B-poly(ethylene
glycol) (P123) surfactants under acidic conditions. Through a post-grafting method,
octadecyl and aminopropyl groups were linked to the external surface and the inner
surface of PMOs, fespectively. Highly dispersed Au nanoparticles in the channels of
PMOs were obtained by low-temperature reduction of AuCl; * 4H,O, which was
introduced into PMOs via a wet impregnation process. The final materials were
investigated in detail by means of XRD, TEM, FT-IR, solid-state CP-MAS NMR, N,
adsorption and elemental analysis, in order to examine whether functional groups
have been incorporated onto the pore surface and reveal the effect of functional
groups and synthesis conditions on the distribution status of Au nanoparticles in
PMOs.

The results show that the bridging groups in the framework do not cleave and the
. aminopropyl groups are attached covalently to the pore wall of periodic mesoporous
organosilica after functionalization. The surface area, pore vulme and pore size tend to
decrease as the concentration of APTMS increases because the coverage of
aminopropyl groups increases on the pore surface, but the mesoscopic order remains
intact. Even when the coverage of aminopropyl groups increases to 75mol%, the
functionalized PMOs still preserve a desirable pore structure, with a surface area of
536 m’g”, a pore volume of 0.62cm’g” and a sharp pore size distribution centered
between 4.5 and 5nm. It is shown that aminopropyl groups facilitate the adsorption of
(HAuCly complex. The Au ions adsorbed amount of PMOs functionalized with
75mol% aminopropyl groups reaches 35.8mg/g, which is 34 times as that of the pure
PMOs.
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External passivation of PMOs with octadecyl groups was performed to prevent
the formation of large aggregated gold particles on the exterior surface since octadecyl
groups have no chelating ability to (HAuCl) complex. The results show that the
formation of large gold particles located at the external surface of PMOs has been
avoided. Gold nanoparticles with a size not larger than the pore diameter can be
controlled to grow inside the pore channels since the inner surface is functionalized
with aminopropyl groups. The gold nanoparticles confined in PMOs exhibit good
catalytic properties in the reduction of methylene blue with sodium boron hydride as

reducing agents.
Key word organically functionalized periodic mesoporous organosilicas;

aminopropyl groups; octadecyl groups; post-grafting; external passivation;

Au nanoparticles

_.Iv_



e % RE

FAFEHFER MR ILRERNANER IS THITHHRTIERBRE
FER . REFH, BT ICREH M UAREMBEHIT 5, WP REHAb
AEZRREESIHHARR, AR EARBIER T ARFEREEHENML
2 A BRE BT A I R 53— R AR RS AT 7T B AT ST ik 2
EERIXPET B UAHRT T K.

w5 A2 ICE am. 783

KT fEAE AR

FANFETHILF T RERRRE . ERAEMRIKME, B FRER
REETWIXHR G, AFRIRERMEF; FRAT LA IR RIS E
ARE, TLCRAZE. FESEMEHFEREFILI.

(REHR M T 5 N T L E )

&4 /%_%ié—'/’ LY 2 ﬁ% H1. 2008-5-30



FIESZ

F1E &

1.1 LS FiFE T

N HAFIFRLIEER Mobil ARPTAMM Mals RIIME (B 1-1) %
REHF— KA ILAKILAE . AFLAF IR R R+ UEN R R £,
(HR B F e AR B R T A2 M 360E , B TLAF I Ak
% MR RS AT ENHARET KENAFRE. BFAILSFREUER
AR B TEUATEAR, HABRK-BRTE, BEXENREYL
B9 O 52 [ 95| E FR B 3 — TR TE 1.5~30 nm 22 [a], L2447 BT SR
FLABLZEAIB TN B LA, Besh, ANTEAE A SREL A HLRTIR A 4% T /8
N HLAEHEEPMOs)™); FIFT A FUARE N BB 25 th sl % SN LA F . A
A TFREEA L BT E B — S SRR B & O R T
KRE B EAFNTLESN, TR —44, BILAR T LR SR i
Ve AEARRGILERR, 410, BRI, MmEEn, mILA: Bk
AL AR MM, WTLEE R RBREIR, 3B TS - fR A8,
RS TR YRR, GBI, DRk,

a) MCM-41 b) MCM-48

B 1-1 M41S RFIN AR &S

Fig.1-1 Structures of mesoporous M41S materials 3
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FURS MR RS a1, HARFHIhEEMEL. T R GETIERE
HBENLEHNBENESER, TANERRXKEE TR, EMERN
RAEmnriz.

HENEFASIAZEMEN LS FIRAEPEEERRAE: 1D MTF
AN G BIATANERARE (R 2) BIEREATIERRITEY
HBEHBVRDBEUON LS TR GERIE).

BEERENM LSRN RTHENEREW. XM IEEERFIE
EASARENEAEREH#TRNE 1-2), XLFHEERHEZELZR 0):SIR
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Fig. 1-2 Grafting for organic modification of mesoporous materials®®!
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RSEENEAEILEARY—4M4, IFAELERFTREN SEE. R
RJOLT, Blin, EEUHEEFEROER, RUESBILENT2HA.
HAREXMW—FERE. EEHFANFENERLT, EANRAERE
[(RO)4Si (TEOS B TMOS)|F =5t A A PLEE((R 0);SiR) LR FIF M ML — 4K
e, BEARBHEER LN S BITLEE b, FRARERFETL
EHEEREBE 1-3). A, FHNRERRIMHEEEEY —. RANAREE
FWLEA: BHEERNBAYT R O0):SIR WEREM, ™ R&ENMRHIFE
RETR, BARERTAETFNFR. Wb, KESNAENERABEISBIE,
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Fig. 1-3 Co-condensation method Grafting for organic modification of mesoporous materials™
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122 EEARERAKRBFEEFNFLAHIRVELE

BEFENMIMEEY IR, BFOILEH, EFESEENEEMEEIEE
FENPKIL T KL FREASEIKEN. ANFRMIMEEERREE
B, FREIGUKR TR, FEEME e — a8, Bt
THABREETHRNFRFKEHR . FIRINERENKRE SR EER
BRI, B, B¥UREASSEY. ATHEXIEREARESMERNE
HBEERAAAZEMENMILEK. EENMBE 2N ALERNNTIERS,
BlFIIEE. BFRXHE. WESHIRE. REBWHE. tNheek. i
% BUERRE. BIRARENREE. ISIARNTIMEERE: €8, §ik
Y. . REB. BRITEEE,

HTFE&BAKKNTFRPKEAERTFRIRMN, 58T A 2Rk, &
BAKME G E S ERRIEE. B, BEEHR, EH&gKBaTIRE
BUEFREBENAY. EBAKMEOSEERBIOELER, HHRHE
JB 4K KT R LTS M S BB REET. FFN AR LR R H0X
B RAAKRT

BTSRRI R LA A TUM R R 414 Pt. Pd. Ru A1 Ag 40K
TR ETED. XESHEREBIKTHESELT, HHRELEYBHELN
RN AR S REALTE . Zhou 2 A PME i AR B 7 B [RusC(CO)i6][PPNL BT
TERBAZIN L - EMENILES . BRBAEZE, PEM Ru KT
FEFEFE R, B0 2B ELMENENE . FRE & BEINEL][CosRu(CO)i)
HMEIBREREN LT ERM MCM-41, REHEBME&GTHRLEERREBE
CosRu R T, B3R A KPR AR RN FLA R AT LS FIGR AL F IR 45
HI DA R M R B A

Stucky 211 SBA-15 T4, BB RFREAMENFTEHET Aus
Ag M Pt4kE. AT BIBEESBAKE, THAFNMMENILELTHE
RYZEERHERERELEE., RENERYUBISEENEBAAKE.
Yang % AUARME THFNM M E P RGKEHLFESFE, 7 410 #1580 nm A
BMEFHASEFAREH. 15, Ryoo ZPIFE MCM-48 *F, KAEHEHR
SREENHERET ZEBEFAXHN Pt BELEH. T2REZSMETE
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&, PtEBERE BEEFHAKE. MIERURENLBATAHEHRT
EF Pt AL, Cheon BITIEMERREBEVME MMM TEENTL
ZEMEILET AR T Pd KA, SRERARE. Bt SESAIENY
IS RENNRDSIARTEAILS, RGBT RN HL B E IR R
Pd k4B . BEERET LABEICIN Pd kL. BEBERILEHR
~F, B Pd SR &R R T B PR RMBERS B S BRI E RS T 45
XREAEERREALERGSES, SBRBBESY HE ARSI FE,
ENMHRERRANEBRT. AT BEXHNERRE, AMBEERT
BMARRNITE HPEERAEHSER.

Yang U9 TPTAC ThAEMATUMTE, 3 AbRIFLEE R4 £ T E 87,
AT LI 1 T A B B AN S 7 6 R B 0 S B BV FLAE PR AT 172 MCM —
41 FHI% T Pt. Au. Pt GKE&, 7 MCM—48 & T Pd AK&M%. #H
REGE BRI A B IS BB FAEBIALE S, Guar SVHBRINAEALATL
FLiE, EENESHRYSIAZTLER, REBTRMAEREKSBAKRF.
BHEAE MR EBLRR FELEABSEK, FARTHERE, &
& BT LABIA 16.1 wi%, XH 7 EE b4 T KER FETLEINE R,

HARS R —FE R R R AT A, IF B ALE AR IRy EIFLiE
4b. Ichikawa BFFU/NAMHE HoPtCls B BN FL_EALEE FSM-16 HIFLIER, 7E
LRBESHENERT, FAE-TTAAERI T H5% T Pt. Pt-Rh 4UKKF
Mgksk. ETHRBEEMRNF, Pt 41K /FSM-16 t Pt KK F/FSM-16
EEMELIENE, T Pt-Rh GK4/FSM-16 W 7R 3t 5 T4 S iib s vt
Homebecq IR IL Ag UKFEN R~HBEFIBRAFIER N K. BRENEE
BT AgRFEREE, HABHTERRFIRERMRESE. By FEERLE
AR RFEERNTLEN, FREES TRIFMSBETLES, REEFEES
FIFRAFSIED, shi BISUMARRS T — M SIS TRBEEN T 210,
FHEIRBEST, BEBLEEN PtAKETF. XM TLE SR Lt —5
BB, FESIMNE ST LUEL CONO #4L%h COrN,, A ELF
BI{E7E 900°C RbEE, ARMRISRIFHIMLES . MBS AERLR B E
&, RERBHFAED, AREHAERS, ERERSAETHAFREFHNAR
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B ZHARNAERS T —F7E SBA-15 FLIEFFIN Pt YKL FRIFTE. B EIE
SBA-15 1% 1) Si-OH ¥1k75 Si-CHs, R/EAEFLE A Si-OH #4L4 Si-H, &5
FEFLIE A HoPtCle # Si-H R AAKKLF. BFIRERE Si-HBERTK
[ Pt GIKHKLF SR E Y Bl

13 EEEEREX

BT AU LR TLIE R R S gk 2 00 F AN Fodh #h 2 (0 SR 6 4, FURI (L2
BB THLE B, BHLEY, SRBELEWLYFRIIANRLERILERA,
BURTLBENY A RRELTHER, AURKBENTLB L, B2
RFBITDEAN TR AR, AILENEEEEHINILEH. BHLEER
AL B LR, TR R E 0 E s A R A AR, ek
BRTFEKREZHENKER, Ozin VLR HIEE Ho R R s A
(Ship-in-bottle)e B5ME-ZihZ BMEAHEMA, ETSHFOWHER. A
RERBT S, BTRSRELSEME, NHREGBHOL. B, BENN
BT, BN . S EERERIRG) . WIXAE X L, AT
BR NAMBEEE) AT SRR T FNgR. MMHELEIAN
EHIEGKRE MR (BT, Je2mMES) TENEBEEME. BT
BHEH E &5, BB RS BT AR TAILILES, TR
NHLEBHIKE AR A BRBA A REE AN TR RAE O
)RR AR BN TR I FLIE A

HT LR HEE, SRR T4 AR R iR 1 AR TR IR 4 St A
R EY, B — 2SR, WS, SRR THRERR—E
RIPE . SRR TFRZEARN MBS EE—R, b UGAEL—aENK
KT —H#, TMETLUREKR F Y AL S B, 0T LR S 4K T 15
M, MABINIKNILEAEEEMENBREE SN, BHLRERM
AR ILE, B—MIEIFHSIHEEME.

14 AR NEFEMRABTMEFS
S—HBAARUFERNSR. NEWEHRE, HAEBTHAR
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5d'%s', d BT EH, BAKREMH d BT, Eit Au BEELR /N F BRAEE
ZHT, FHEMRNSTFHORMENT, ETERONTHRE, ATIAEEE
EWELEYE . AT 20 12 80 FERJEH, Haruta EPRANREETES
BEMD LHE T ABERAHKSELT(Au K2DNT Snm), AFEL—EL
REMRE, MERFHRNBE, 7T T AAEEFELEENESERE,
{E AT AR A T IRORNEBMRE. B TEHKRT REFHIEEME.
FTHR REBY . SR BRI EYFRAYE, FEmh— RN
RAR#AR. B, SI&R2N. SmES0NERFEE RFNNARR.
ERBRISHEAREETERRS, RENEFHRIEFEE. 8 20 4
90 MM, J.S.Beck A Kuroda HPIE AZ4 b A RIS MEAME N B FLEE
BREMERA D HEHRT Ma1 RFS5 FSM-16 M iLMEE, B THEHRKHIL
REBRMSAEOARETUE— EHREAAENILE, FERER>FRIS
B YRR, B RBT RGO S S ER T BARRTRDL. KT
BAEMRER S NAPFEERANRR, MXEN LT RE SR
BB RBR R YA i DA 2 R LB 1 1 P& T 2 RO A RIS — M A R

aextraclion /
calcination

B 1-5 & PMOs M FLHE AR
Fig, 1-5 General synthetic pathway to PMOs™!

-7



EETAE ¥ AR

RN FLE MLEALEEM B PMOs (periodic mesoporous organosilicas), &
BENERFETHHRMILBREMFHEIN TN AR &£ 1999 FH
Inagaki NAPY, Stein NPT, 1 Ozin NAPY, MRS TXFME, HAK
FiEFEETEEH IE R AR [(R’0)3Si-R-Si(OR)sR’=CH;,C,Hs] /K
FEFZER RN B 1-5).

PMOs ML R A F I T

1. BNERBAHSSHRERLEY, FTL2HELE. HEALE.

2. BHLVE BEETT LU AT RAS SRR =i sk O LA 528 P AN 3R T |9 S /1 7K A o

3. BHEREE N BIRREW M —IB 6T N FLa R f 4 3 M1k 247

f, TOEATLABEREL, A5 A,

PMOs Fr fLM L& BT RE T 225 F RE LRt & RATIER B ST RN
Fik, ERNAAMENERMAFLENEY BRI T LN . BATEGTAKN LEE
it B, BURAFHIGE T ERBEIE 4L AN FLAE PMOs 84k, AT
FBHRRD FHIIRPKENF, RBEEFREME AwPMOs, ERHE
EWEE. EEARANSOE: FIEREALH PMOs KWELZEIT AL,
T FEIE I DL R BT FLE MR R BHUE BRI 4 B PMOs X 5K & 88 n W Bt
LI, i FRIE I LA R R PR s 4K & TURIZE £ 4418 PMOs FLIE A ISR &
JREHTTPKEBRL Y ARET W, NAEMHFR: FEEEEHE AwPMOs
AT EWE R R R Z 5.

AW BIH S AEIAELU T LA S H:

LRAR#DEHESERNET RN BABRENLENELESE (PMOs),
A RE—PEPRRER T SBILELFE2HMHE: aMERETUER
AEALERTEHENRT, FARRENEERNEAZSEREHKEM
NEALEANABEES, HHEHS.

2.PMOs # IR EE ST LB /e RS PR SR I K&
UKL ; MRIE S S SUE IR AT LAk S 70 VAR SR P B 1 v AU ER B iR X PMOs #4 BH B
W, RERFHAEEUIFKREHNKKXETREER, KBAKETHL.

3.PMOs MEME A BEX RSN T RSB HE, B RIKEBRE#
RS R RERETRE.



2w FRE5MRTIE

F28 KBEMLAE
2.1 FZFR
A SR R E A T
= HRBHERYIEEFP123: HO(CH,CH,0)0(CH(CH3)CH,0)70(CH,CH;0)0H
AldrichA 7]
A0 SCK A A MU BRRE SR -
1,2-=Z 8 H R L5 (BTESE) : (CH3CH,0);-Si-CH,CH,-Si-(OCH,CHa)s
% 896%, Aldrich 2]
AW SR A BB HURE ST
T N\EE=REEER (CigTMS): HiC-(CHy)19-Si-(OCHs)s
EE6%, RXHEHEME
HRE=PEHEEL (APTMS): NH,-CH,CH,CH,-Si-(OCH3);
EEI5%-98%, B KHHEEME
& IO
WKEFME: AuClyHCI4H,0 &5 E47.8%, WHAMERHAR

2.2 HFILIE

FI KA A & B AT AN EWEEME (PMOs), UW=E P HRAE
. JEBERBEBIER PMOs BHTELE BB, BEER S SR EASR,
TR LRI R &K & 7R PMOs A TR R 2-1.

2.3 MR
2.3.1 X B&G78 9

BRI RN BRENHABENTEEREN, BREEAAZ EIET G
SR EMEEFHIIN, LEEERNN. REEFNM Mg X 5
L EMTHER, RIE XRD EHE - HIUFEATH . ARIKENFLEEFIHIE
MAEHARRTREZANTLTHKRES, Bt XRD iR EATS i R HI
TERAETEERN (20=0~10°) , % XRD WEHHAETEAREARKREE
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Fig.2-1 Synthesis procedure of nano Aw/PMOs materials

-10-



B2E TREPATE

Si0, M%) fTatiE. thsh, EMERTARRAREAFNILAE, H XRD ik Lig
R E. HEMEEELEAHETRAMERAEZLN, BARXESHA IR TR
BEFNMIAMBROREEALNHARR, TEMBAEE. FLRNES. FLHEE
mHEFHNEEREE R,

2.3.2 RF 4T
A FAE A EERTE RN RFLAZ AT R R % AR a5 M HE BE B0 R B4R 47 . 4K
B2 AAARME (Brunaver-Emmett-Teller #if, BET) M@ tLF @R, BIH &%
(Barret-Joyner-Halenda) 8 AFEFLIZ > Fa R FLEH .

v D

I

adsorption

B
\

relative pressure

>

B 2-2 IV RS AR Bt — PP 5 1B 2%

Fig.2-2 Adsorption-desorption isotherms of IV

B 22 B RFNILMEES VRN, R ERL. IV E N, RSRLT -
IET, BE (ABR) MZZE (BC B BB, BRERENER (CD B
FI PR B (DE BY) . #4084k BC BLEMXT KA 0.05~0.35 JE 1 A #4K
¥&, f5BYF BET H&, "itEHMEHLLRTR: BAs%s DE BATX R MR
Bt SR E LA T CD BIBEIEREE ik T M b afLa o fm, BaR
EMK, LM, WARMHE, R, LS. ST BIH #
B, AT AR B TLAR 4 A 4% 18 8 BT B RO FLAR K/ B FLAR A B 4k B B K400

2.3.3 HESFAEBE

H#HF EMBE (scanning electronic microscopy, SEM) REFBED R,
REMEMHESHEMRAMEN _XBETFR. REESTFEMNELEGLE. RE
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R TARETEH AR

EPERE X WA, RANETHEIRENBEALETENEN. ¥E&
BB, BARH. WEADFEESTRN . HRFAMEE, HTOHE
B, AMKMERRRET TRASRTFR.

2.3.4 EGFREMR

© BEHEFEME (transmission electronic microscopy, TEM) ZBITHEA
B3 FRES M TFSERARG —REHERFEITERERNRENRE
%. TEM FATAXRMAEHFNIMEPILREN, RRRILNAGTN, Ak
FRFNM ISR ER AT R N MHRERSYR, FaSYRIEH
BN ERETRFRFIUD RN 5ZERNRTHEN S PAFFREARR,
EREREENAR. BETFRAFERFEN T RFIERN, MEHHRERLE
EEEEAPERRENL, FERFABEFNSEZERG, BT UEENEEE
BAELEEMNEFEFOZAMER., '

2.3.5 ZHEIRS T

iR (NMR) EWSE T4 $5EST (radio-frequency radiation)
Wb, PR NMR L% NMR JB TREOLE, PIRMXZELT RS T
R F X SR ST R & RX R A VUM RER. ST ES D
MBRBE RN TR, IRTHITERMT. NMR F[5FA SiO B LA R & 42
H Si WRESBEMMERENE. SR AMEREARILEEHHIENLE
BEARFLERA.

2.3.6 LI5MRIEDHA

AN R BT 2 TR AL R MBRIT (R AL BB R KT ) T2 AE 19
PR H AL LSBT RS, BA18 B MO AMRIO I B . ST
BN R A RERIGEN PR, BEORBERE, RENREEESE
ERA, CEERARMNEFN M NR S, SHEROREANSKES
FRAUERRRARKSBEHEEWR naiER) P-4,
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B2¥W TRHSMRAHE

2.3.7 EIN R AA D

F R FTE S R RO R B 3, RTOR RS T R RE R
ek, T B RO S0 R B FRTE b B 252602 3 W B B — 0
VRN, FROTR R RO B R E . B9/8-H/R (Lambert-Beer) SEf:
S R BRI I3 5RO R Rk R B R I R R

FIER A=KbC

ASBOLEE; K ALBIES, b Ak C Rk,

BB, BRRRESAET, TRSRMRNELER, ROUR
A R BRI A . BOEREOR, MARTRCE .

2.3.8 TEMRT

TEMT B BETFRIEL S (AES) , HEREREEERLERLS
SET, BETARRTFRERESMRS, BRIEARKTH=4 B8 \TERR
S, SRHTEES NS, WELAYT C. Ho NEXTENENS
BUBELAWARNAE. |
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%3 W BHEEAHL PMOs IR RIE

£ 3E [AEERE PMOs BYH| ZFIFRAE

3.1 531&

BB LA AN (PMOs) #7182 LA% # 43 (EtO);Si-R-Si(OEt) HIfE ¥
FEF S(silsesquioxane)fE A B HIEERTIRAATT & BRI FT RN FLA R, B M 1999 19
HECREE TRKIKE. EA—FFREN TR E, E4HEAEE—
RYIR A, A B B RGUK AR % A H R KRN AE. 241,
HTERTHEIEREARERZRETILERT, ERMLFRNEEASSEALE
RIBRE, KKPRREIT PMOs MSEBRR A . BT BN ERERAR TN MBI E
ZHMERE, WRHETELEEFREEFENS FHEERME, BERAMS
HENEREANL BTN RILERT, BIENERAMNEEETH
FA1ER, e LI R AW EUT R L SR AREN AL R P 42 . Zhang
%0 7, SR BB E AN UM OTLE, R Z A Ad R A 1E
H, % ACTRHMEAEE, BETFRREMLE, KIhH AvSSRFFAET
ISR A A EBE TR IR S B 2 Pl — TV R R
MRz,

FIRZ XHREFLEREMRA — 8%, —PERRRAERIIRAEERE
EHRFARNEL T BEEES RN, MLEETRMNERUKE REANSINE
F—RMEEFTEN, EFYFFERK. —SEMERRE IR, REE
HF ENDFURBE VSR ARG RPHEEER, TERETPHNER
PITERE, RN LG MAIRE .

HEATES, BIRATEBREEME, UZREIERY (P123) HRMEHE
MR, 1, 2 ZZEEFHEZ L (BTESE) AREMHE, ERMELEGTEIKHE/RK
EHIE AT LA (PMOs) ME, U=ZEFREAET, ERE=ZFEK
HEiEbe (APTMS) A, Bid/EHL%E, B APTMS MFEES PMOs A
EXRAMRENES RN, #ERETEALSHS PMOs ALERE, £RERE
BB I — TN FLI R T AR e — Sk M APTMS BKA#
PAK BTESE B &S KBFMREFRRN, NTIARRGERENEHEHF
(REEE PMOs A FLILIE A FIE. '
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LR TN R T EALIR X

3.2 32I§

3.2.1 HHIEK

3. 2. 1.1 KB BUEHE M PMOs  H R B P123(1.6723g) I AT HCI(0.1690m1)
M H,0 (50.2713ml) BB P, 7€ 40°CIEIEKE THHE P123 TLAEME;

TR — WS ZE T MA BTESE, 7 40°CIEE/KE FRENHE 24h, KEBA
mEE T 100°CT &tk 24h B I8, T8, FIEHEREMALE HCl KNSR L
BV D SOCHIP: 24h LIBRERMEEMER, BEELE. T, /IR PMOs #
#.

3.2.2.2 RERCEEINERERRE UERNELE PMOs FLEREEEE N 10%-

25%F1 75%HI T EECH (PMOs LR K 947m%/g, WL EHE 100%FH
EHRREER 1.0x10°4/m?) H— 2 B H PMOs F1 APTMS R T 100ml &
wHT, BT ROEARRERTHH 72 /Mo, ZRME, BRAKBRIHEE
g, Wik, T, B3R RAREA NH-PMOs.

3.2.2 MHRIE

XRD JliR F % E Bruker AXS D8 Advance %! X 1 A7 51X LT « 8 Cuk,
wH, ARBESE, ERE40kV, BRI 100mA, $10.02°, F& 0.5°/min,
F VG 0.6~6°.

N, TR Fft — B Bt 43 47 F Micromeritics ASAP 2020 HR T 5 FLRE 247X L
1To 4HHTRITE 90°CFHUSEMSALTE Sh, 7E-196°C T2 HE & IR B — Fit B S5 18
%. H BET A2 vrE SR ER; T Klevin 572, XM BIH HiEHEL
el '

B A5 URR - 8 P BB R (CP-MAS NMR) B T8 8 Bruker av300
RHETEAL L 3T . 2°Si ) CP-MAS BREFEIR & F: FEARIMZE (SFO) A 59.62MHz,
Bk 55 (P3) 2k 3.60usec, {EFRATE] (D1) % 5.00sec. C K CP-MAS ¥
FARA M. FHRIE (SFO) % 7548MHz, BRI (P3) % 2.90usec, %R
&/ (D1) 4 5.00sec.

TEM R -FT JEOLIEM-2010 BUEST s 68 LiH4T. MR ATSEBATHIAF, BIEL

-16—



B3 FE FRERL PMOs A MNELT

LA IAZE Nicolet 5700 B3I M 4L X IEAUHAT, KA KBr ER . B
TR 400~4000cm™ .

FTCEM IR E Elementar Vario EL Fi#4T. HEARCELERS,
RAT RIFHH DEER IR UABESEHA.

3.3 R 510

3.3.1 S AEERE{L PMOs BUiZiE LIRE R

-Si-CHy-CHy-Si-
g i

Cq Gy
C,H5OH
$i-CH-CHp-CHy-NHo P123
Y i i c
3
C; Cy Cs c,
P123 Czl
25% 3
0%
25IO 260 1;30 1(;0 5I0 (I) —5,0

Chemical shift/ppm

Bl 3-1 ARG AEEE PMOs B PC 3 AR — BE f Ve B R 11
Fig.3-1 Solid state *C CP-MAS NMR spectra of the PMOs functionalized by different

amount of aminopropyl groups

& 3-1 HEMRTE PMOs I °C CP-MAS NMR EliE. @Bl 4n7Eibs
fI% Sppm EAFH LI EHLIRE, SNTHHERYH C BT B, &7
BB R AR B 2 PR EE R 2% C-C 48 . 7F 16 A1 70ppm FHiE Yy 3L IR 1E,
W E T REEEA P123 MfFE ), B RET LR KBS REFHN,
EARGAEER, PERE, BSEEIALLIERREREIE. Ei%E% 18ppm (3

_17_



FERERTA R TEW 20X

P123 #RBNIEFT T, RAE). 58ppm ML &R IR Z AR AFLIRIEDS, HaaHE
ARECEAZEER, XREBESETIIANY, 2EMHTRBREER.
M 25% R A EEHH PMOs # °C CP-MAS NMR B AT LIE H, BRER LR
FZE. P123. REZEEATH C RFHIAMENKILTRIE, FFHERTHM
BEREMBERS, EXFENFEME 22, 26 M 44ppm LI A A ZE
(-CH,CH,CHo-NH,) =4 C BF Cpv Cov Cs LT EAMLIRISH, 3387
KANEBIEE PMOs b REMERENRERZHTULI C 14, XZENFE
FHBKRFEERETH C FIdNKAREFRAERER K. AEME
29ppm. 32ppm # 5 I AL 4R 14, 0 H 58 AR 2, UL BRI E A P 7 164ppm
A, XA TESRIREIERNZRFEHNAEMIIAKRRTIE
B, B2, PCHBHIRERAMEN T EREREAUAMNEN T N EE L
43| PMOs L.

Sio
13 siosic
Si0
Sio
SiO-Si-C 2

HO

T3

N 25%

f T T T v T M ¥ T
0 -20 -40 -60 -80 -100 -120 -140
Chemical shift/ppm

B 3-2 RREIEHEEBEME PMOs Bk 28i &8 XAk — B A EE R REE (HiEgdE)
Fig.3-2 Solid state ’Si CP-MAS NMR spectra of the PMOs functionalized by different amount

of aminopropyl groups
& 3-2 AE4HET S5 PMOs BIE A Si CP-MAS NMR Bif. “Si BE{&Bui%
FURIE Si RFALHMILERSE, B4, HAENELE-90~-120ppm
Z a3 R EI Q® (HO-Si-(0Si)s) F Q* (Si-(0Si)s) HRFHIFLIRIEEY, Xy
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3% ERTHAL PMOs 1R R R

TREREEWBR T —HEE R EE, XHRETRIE QM Q' kg
BHIM, HERESHNELEMTE-568. -64.0 F1-59.3. -65.7ppm At HFL T2
( R-Si(OH)(OSi),) # T .(R-Si-(OSi)35 BRERETHERE GR¥ R H-CH,.CH,-
BL-CH,CH2CH,-NH, ) o BH T 1% 7K # R [V 9 &% 40 # 6B & ¢ 0 9K /& BTESE
( (CH3CH,0);-Si-CH,CH,-Si-(OCH,CHa);) 18 HUEEE &7 APTMS (NH,-
CH,CH,CH,-Si-(OCHs);) #&4t, BTLLETE Si BT AR EI-C-Si-(OR’); (X
R’4-CH,CH; 3-CH3) M45#); 24 BTESE 5 APTMS KA /KMBAESRN/E,
FARBHNFREREEREDP KRB Q (Si(OSi)(OH)sn) ¥ HIL T
(RSi(0Si)o(OH)s.n) ¥, #HH Si RFEDS—ABEEME, LR EBFLTH
BRAY ZE T RALER M EMEREP KR TN Si R FHHIE. XiEAER
IR MBS MR TH C-Si BIEANER, ERNEEPRREHRE
BES31, T iRNIG M LRI ABNEDH R ESOKREE RN, NI Si. C
RF IR M M 4 254, FRIBEN—THFUATL Sio MRl T IRBNEMTFLER
BT REEEEREMNEL, TE PMOs FLERAH R EMHELHE S FEAER
Bi. 247 PMOs REBIHFE KRS T RSNERIBMET, T I]RshIEREHR, T/T
HEK, X Ui B PMOs FLRERIZRESERD, &R MR MR E EEE APTMS
THRRAESRERERERFE RN, BIREDBRENENNE.

3.3.2 EAREAEN PMOs BILIIh i

B 3-3 ARRIERERINE PMOs LS EE. WNERTLUE S, AR
FRTEH 3440cm™ HHEHILR R ERKIE, XEERHWEKS FRRER
%-OH BMAEREN (vou: 3650~3580cm™ ) LAK N-H BHZEIRSN (vag: 3440cm™)
0 NH, BIREIRSD (vag: 3500~3400cm™) BIi2H, BEEBIHERRE M, Zig
FEHEN; FEWE 2917cm™ A 2987cm™ MHE Y I IR MUE, X B R
(-CH3) (ve: 2960 cm™). WHE (-CHy-) (vew: 2925 cm™) # C-H B4R
HFTTIER, XEEFRIET P123. FIIKY BTESE. FHERS APTMS LK
HEESEESIANZE: ERSFE 1633cm™ HHEESHIN T PoRR &, FH
B TEF B0 BF#E; EEE 1457em™ FHEWHIT Fakiklg, XFEL
BT C. O BFHIEM FHE (-CH3) (dcu: 1470~1450 cm™ )+ T H F(-CH,-) (op:



E T RETER LML

1470~1445 cm™) FIZEFARZNA C-N BIIHLEIRE) (von: 1500~1300em™) 3]
feny, XEEREERREEER P123 MERERRSIAL, RELHT R
o P123 FIEAENFLE; 7EH4 1419 om™ MHESYHIL T PREAE, XEER

22 ]
~
c
S A
o
7
w
- o
1=
(2
=
[
~
=]
-NH, :1600-1640
— T T T ™ T T T 1
3500 3000 2500 2000 1500 1000 500

-]
Wave number/cm

B 3-3 TRZRELME PMOs 5K E

Fig.3-3 FT-IR spectra of the PMOs functionalized by different amount of aminopropyl groups

5 Si BFARERFE (.CHy) (8cu: 1470~1450 cm™). 5 Siv N BRFAHENE
FZE(-CHy-) (Jcn: 1470~1445 cm™) ZBHARSNFT5 RN, X LEFAKIE T BTESE
M APTMS, EMI T HZEFHEZE. REABIHHERENTE: EHEE 1164~
1000 em™ MHEMHIL T R M. RIBHOTIE, XEEREN C-O B4R
(vco: 1200~1000cm™). B¥ C-O-C BIFA~ C-O BABLEIREH (veo: 1250~1050cm™),
LK BTESE ! APTMS & 4 /K48 & Ja ¥ B 28 FE 1 2 [ d e 4t Si-O-Si
BB Si-0 BIHAEIRED (vsior 1130~1090cm™) FT5IAEHT. EHEL 900cm™ Ft
a&tuimq:amz;nm%, FE £ Si-OH T Si-0 BMAERS) (vsio: 910~830cm™)
1 N-H |3 (ven: 850~840cm™) FT5IEM, FRILHKERREEENERP
FERENEE™, ERERMEN 10%. 25%H 75%80H 5, 7EHH 1650~
1571cm™ 218, B3 B R Mg v o th T T L B L P SR I B A I TT R, %R
WO AT 345 F NH ZFIRSN (Oae: 1640~1600cm™), XiEM TRERREE AR
KifFdE, TERBBHERMSINRESHEMRE.
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%3 8 FETEILPMOs L AERE

3.3.3 S AEE L PMOs BYZ SR M3/ Bt B

807 _e_o%
2] —a—10% L 4
'_'_‘ 700-: _._25'%: ./.,..:::p
b0 600 —o—75% ./. pe g
e [ .
=] [
L 500 s
B O/ A
£ B e
& 300 ,.»"’.“7!/’ ';:/15‘ il
>, 200 :::"*W
i) O &
~ 100 - Mw
+
g
S 07
&
-100 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Relative pressure/l"Po'l

B34 AREREEHEN PMOs MERM — B SEL
Fig.3-4 Nitrogen adsorption-desorption isotherms of the PMOs functionalized by different

amount of aminopropyl groups

B 3-4 A4 T AFREREBE PMOs KR M — it &E % . BFETH 1
SHMBIE v RIRMERLE, FAEF HI BB, AR EFR ARG
FEMKILE, BARKNY—, SAR%E, AREWNLHE. EREHS (8
SHEHEEE), thkniE, BRRHENEERY, REBRMESRMTFEER
SRR TR, XFER—REERILE L ERM, DRAOMAFEREBN
AMELI P AT # LR . H BURA AW HIL, & N, S FEANKALFRE
FEHREIMREIRE, PPoHE 1 BRI E T —RRE, HRRERNTLE
LHRRFENAFEFREE. BT EREN PMOs ZEAEXTES 0.4-0.8 &b HIL
IBHFER, T4k PMOs IRAFF HILAEMXTE S 0.6-0.9 &b, N RAEBMERMLLA
MERETHH, XERTBHHERNEERARE TN LILENRET, FEILE
BN, ERRERFEMNMBELFHALURE. B 3-5 RATEAEREBHERN
PMOs HJFLE2 i, EREMEWERT/LILEMN 6.6nm T2 4.70om. &)L
RHAHERAEEIEERIE KT T, X2d TERENFLEANRENE
ABGTF RS, ENEBFEMEIMERRERAEN B AR EAHSF N3
&, WKL REMLEN TR, BILETHRATHE,
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R TR P T LR

—s—0%

—o—10%

—a—25%

—v—75%

i
b
ME
~
@
=]
—
=
5
®
~
[
A
Y
T T T L} T
2 4 [ 8 10 12

Pore diameter/nm

K 3-5 AREARZFEHER PMOs LS
Fig.3-5 Pore size distribution of the PMOs functionalized by different amount

of aminopropyl groups

MFZ3-1 \EY, ERAMLEEERREBHEL AR, BRE/E
REI4ED, X R BB TBERIRR.
& 3-1 NERAREME PMOs HILEHSH
Table.3-1 Textural data of the PMOs functionalized by different amount

of aminopropyl groups

Aminopropyl groups  Surface Area  Pore Vulme Mean Pore Size

(mol%) (m’g™") (em’g™) (nm)
0 947.4 1.14 4.8
10 735.1 0.69 3.8
25 603.7 0.62 4.2
75 536.2 0.59 4.5

3.3.4 EREERNL PMOs ITEHSITER

MERBTRATER (R 3-2) JLUEH, BEAREBHEMNE AT
ZEEMESN, MEEEHRY, HARRPENENEFE. BEATEFHY
EMNREINMEHARNSEREEIGEHEMERELRXER, BB 25%HFEMREE
&R 10%MFMMNETEFHEELRN 2.18/0.95=2.29, #iL 2.5, MEHEHN
T5%H B 5B ERN 25% B TR P E EH N 4.752.18=2.17, @/HT 3, X
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37 ERTHAL PMOs PIEI R AFAE

RRN 5% EMERET PMOs MEREMRMEMARTENE, LHEZRN
APTMS FHRER THEIRE .
£32 ARERELHE PMOs WTESTER
Table.3-2 Elemental analysis result of the PMOs functionalized by different amount

of aminopropyl groups

Content of Aminopropyl Percentage
groups N C H N(average)
10% 0.96 24.16 5.06 0.95

0.93 24.28 5.02

2.16 24.18 4.99
0,
25% 2.19 23.93 4.92 2.18

4.77 23.72 4.27
o :
75% 4.73 23.43 4.32 475

* 33 PRAENEEME PMOs BIFETE R E
Table.3-3 Mass of the PMOs functionalized by different amount of aminopropyl groups:

(A) before modification and (B)after modification

Content of A Amount of aminopropyl B B-A (B-A)/mass of
Aminopropyl €3} groups(ml,p=1.0005) 16:4) (€3] aminopropyl groups
groups
10% 3 0.92 3.44 0.44 0.48
25% 3 2.28 3.98 0.98 0.43
75% 3 6.78 4.98 1.98 0.29

R 33 AHRREGHAIEHRLEL RSB, TRENRE. BiidES,
A BB M5 ST (NH,-(CHa)s-Si(OCH,):) F I = 4 & (-OCH;) 5 PMOs FLER
mHEE (OH) %HE, RE=ZAFE (CH; OH), MEBEHTHMERENS FES
AMMEREERNS TEENR 1—96/179=0.464. EREBMHEN 10%F 25%
KA EREBHIIENREES & ANEREERFMEBRLED A 048
043, BNMLRMEREETHHE 0464, BREBIHEN T5%HFREL
AR EZEHEREERFMEN MR 029, T/ F 0.464 XMHHEAE,
XEATERERMEBRI THRAEIHNTFNE, TH SR APTMS FFRERK
FHERE.
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R TR TEmRA AR

3.3.5 S AEEREL PMOs B XRD RIELER

& 3-6 REAREIHERNEB TR PMOs KHE XRD 4 R. PMOs A5
“HENTTEEH (p6émm) ) PMOs, HILFE 0.8-2°Z [B] 19 =/ MT5TE 2 B4 (100)+
(110), (2100, Fr5tEMRENEEERT EMNEFE, EERREERES
Waxd FLIER PR iR /N, T UAE EME B I B IR 75%, RFFHEFrFLEH:
IR
A RE S EE T PMOs BH7E 20=0.8~2°T0F I 230 3 MiTstig, 5
FFFRLF(100). (110 (200)FhTH, AR/ K & T 8 2E 7] 6 Bragg 5 #2:

2d,90Sinf=A (3-1)
KA djpo— (100) S THEH (A
6—x S EATHAE
I—x LK '
5. djo=AM(2Sing) (3-2)
PMOs SFFLIEA L HEAR, EHAE:
a=2d00/\3 (3-3)
RF a—RmBBH

Y% XRD 4 RFTEH RS H o SRR TR IFLIZAR/N D Tt

HEFNIMENEE. w3t PMOs A:
W=a—D (3-4)

A m—FLEEEE
A RHEN

D—Fl1z
B2 D BT BRI, & 3-4 B EREFTHBREEEHEE b2 K.

ME3-4 BEEHETTLEY, ERENEIHEMTRE, BEEREGKE
R —p g, BEEIERD, XREANEM ARG TFREN, BiHEKEn
RETBHHEE, FESSEESEEN. S TERERESNEETHEN
8.78nm, 54f PMOs B2 B E{H A 1.570m, iGN HILEFL B, —LBHERE
K 1.57/2=0.785, 3G F#R#E Chem Window HAFHHE B HWERE=FEERR
KN 0.845nm, HERFEENERSTENEHERTELER, EATERE

a
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37 BEHBTHL PMOs BYFIR IR AT

RIS THE 1 o
(100)
- - d=10.91tnm
£l El
< &
= =
g @ (110)
2 g (200)
N 3 10 15 20 25 20 35 “
28/

b) EREEE 10% PMOs

a) 4 PMOs

a) Pure PMOs b) PMOs with 10% content of aminopropyl

j (100} {100)
3 d=11.15nm = d=11.69nm
2 3 (110)
. weP) o0) : w\&

=
e
~——

529/- 3 4

c) AWHEEE 25%PMOs d) RREEE 75% PMOs
¢) PMOs with 25% content of aminopropyl d) PMOs with 75% content of aminopropyl

& 3-6 FREAEBSIHER PMOs ) XRD B
Fig.3-6 XRD spectra of the PMOs functionalized by different

amountof aminopropyl groups

R 3-4 AREHERAREE T PMOs NEHMSHER

Table.3-4 Textural data of the PMOs functionalized by different amount of aminopropyl groups

Ammi;:(t):jlogioups D (amy 21;101(:1) a (nm) W (nm)
0% 4.85 10.44 12.06 7.21
10% 3.85 10.91 12.60 8.75
25% 4.23 11.15 12.88 R.65
75% 4.56 11.69 13.50 8.94
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JEH Tk K% T 042418 3

3.3.6 SIAEEREIL PMOs 89 TEM &8

a) 4li PMOs b) HEFEEE 25%PMOs
a) Pure PMOs b) PMOs functionalized by 25% amount of
aminopropyl groups

'
7 ¥ SERTY
£ e
¥ ot
. .!" ¥ - - TR
R i k] a0 - - SETTEN
c) HFEEHE 75% PMOs d) ARETE 75% PMOs
¢) PMOs functionalized by 75% amount of d) PMOs functionalized by 75% amount of
aminopropyl groups aminopropyl groups

B 3-7 AREAZEEMEL PMOs # TEM M F
Fig.3-7 TEM images of the PMOs functionalized by different amount of aminopropyl groups

3-7 RAFEMMRENET felk PMOs B4 61858 . a h4E PMOs 5FLE
FRIEEM TEM SR, ATEEIRE G AFRUMTLE: b AEREBHER 25
% ¥ mIEEFLIETT ) LK TEM R, 54 PMOs AL, FLERFEFEILER
MABE: o d HFAERRABBIHES 75% 89 PMOs H R FEHFTFATILES |
£ TEM B A, WEFLER mEBIREAHTHYINAE (dB), BKEEATE
AREHE R 75% 8, MHAIARFERIFHEFME. TEM BB 7T RARERE
ERBERFNAALETFENFEL TARRS T ERENEEE.



%3 % EIEERAL PMOs IR IR

3.4 KENLE
KA EENEHEH &S AEE RN PMOs #%H, F#HFA XRD

N, W Bt — BBt B4k CP-MAS NMR. TEM. Z4MGIERTTESTERMFE,
R EERGEHEEHE RN PMOs MR FEMILEMIEN.

1. ARBEUANBLTREEREME, FBK Si-0-Si 8, ERERINHE
Z| PMOs FLEERTE . BFRANZESHENHINMBERRENRE, BREURETE.

2. EWNEBHEMNENERENEERCHERENHIIEMSE, Nt
REM, FLBEFILRREAD. B T5%EAREBE PMOs KA REE RIFNFLEM,
HFMEAN 536.3m°g", AR 0.59em’g?, FLEBERESHT 4.5~5nm 2 /8.

3. JEEMEEMENE PMOs, RBRARHEEE (75%) NEREERE
£ PMOs #1 K, TET—HEREBHBHE 25%.
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% 4T EEATHY PMOs UE SN & TP

£ 4E REERL PMOs AFEAKREBIAR
4.1 5318

BE A 4 F IR AR, MR ST NN S FRELTTR
B A O B B, R RO SR P B LA T F 05 E b o,
BIANREZE, SR HTIHEANE N, B3, XrEOTERTEER
RRTEMEN, EECMEESMTERERS, EARZE AR TR o
R, FrAFINE PR SRR, SEMEAFIFE. BEEAE . %
SRS E. B, FRUA TR EHNES G MR TEN AT
HEEE N AE UG E BN FLE LR PMOs B AR T A%4
BRI AR BT«

KB RIS BRI & T X BB RN AT DK SR T A B
EMHW. T— RIS T AR E B 0w I LU, MR T2,
Bl S SRR, BRFNARSET OEEFEEHEE. B4, B
BEAHERLEEOARSBAT, RENEFTXEE. M MR ETAS
P B TLIERN, BEfE MR AL TE R L B SR . TOX T B4 R AR
STIAFLATEL, MR AR, RMELREEE BRI (S0,
F A AR MR TR Bk, EFR BN TR 5 B
R R A AR T L BT AR

& RAKK TR RSB RURRT & B2 5 10t AR AR TR,
T ELAR KRR E IR T 4% T35 . 58 T ERR, B E RS RAR A
AKAEERRR, ATSHRLHRNSRETFHRTTR. mEryas
Pt. Pd HREBEAN, —REARFEREGIRENSBIUE. TEL
PR Au AR, IEE AR SRR S B0 A Au
GOKRTF . BANKALRRR, BEEEREAANSBAEN . WEAS
FRAEABMAN, SEEABTAREEASEIEHIME. TXED, R4
BIAFLFEL PMOs #8554k, (B4 PMOs B AL BB S F, A RAH 5L
#, EEEHEAEFRBEIAGRET. B—7HH, PMOs RAF EWERE
TLME A RN EE AT EIL SR B R R HER. HA S BR TS
YR E AL, 0 NHY, BATBASEHLZE PMOs FLIE A AR S BRT.
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AR TALK S TR

EAES, UEREEHN PMOs M 84, RARKERHALR, B
ZERERFEE, BHAKENEN AWPMOs EAHE . MR % T BARE
B P B A R R TR R S AL O TR, (548 84846} PMOs IKAR 1R H5 BL4F
AL |

4.2 KLy

4.2.1 [ERBARRERER AN E

3.0 1

g
@

T Y =0.04783+0.00496 X+4.58882E-5 X°

Adsorption
> by N
o (4] (=]
1 1 1

g
o

o
o
1

2l0 4.D BIO 610 1(])0 12lO 1_1;40 1&0 1;0 260 2’.;0
Concentration(Au)/ppm
B 4-1 HEREBREERLERAER

Fig.4-1 Standard optical spectra of HAuCl complex solution(concentration vs adsorption)

ATHE PMOs MEEBEEYNRIME, HEELFRSRIKESR
EXRRMRERL . BB T AR EMIRERR, EH&RTBS A E KR
JEEE AME, DMRMERIRIREE AIEAAAR, B A HHPAAR, 26 A-C gk, REK
BEREEXREANREPMEEBFHERL, & HhE5E. ZHERZGTIER
PRI A {8, Mgk bR E AR IR E . Bohl &R E A 25, 50+ 100, 200ppm
FRAEE W, R 318nm (HE&RW B KR IELT 318nm MiE) K, &
RIREREARFEEAR, RAZRATZHE&NE (WE 41 i) - FIE
WARHENZE, RBAEELERENBEERARFTHNEETRE.
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B4 ERETEL PMOs B K ENTN

4.2.2 2 REERN PMOs KM R E B

FEBMAKBBEBEKEENE AuCly-HCI4H,0 FZEBKEHI TR, —
TEHIKEEASESHEKES, RER 100 ZFAFMARREHRE (0%-
10%. 75%) KR AEEREL PMOs, EHE T FHMBRFELHHE 24 pat, R
RIS, TR, HKBREMRAE PMOs #E .

4.2.3 2513 PMOs BIE R

R—ZEHE&MAE PMOs AR E FTEHNELARIEE S, BHIERRN
£ 5 120ml/min, 43HI7E 100°C. 200°C. 300°C F@S 1 /pEFI 2 B, AHE,
REBAFELAEMN PMOs 8. EREZFINE 4-2.

— mE B

VAV
AV/ANV/ANY:

B4-2 RREBREE

Fig.4-2 Reduction setup

4.2. 4 tARISRAE

XRD JUI3& F 1% E Bruker AXS D8 Advance %! X 8 £ A7 4 AX _E#H4T . SR CuK,
Ba, AEHAE, EhE 440kv, ERIR 100mA, $1 0.02°, FHi& 0.5%min,
/N ETEE 0.6~6°, T~ ATER 10~80°.

TEM #iXF JEOLJEM-2010 BiE 5T e85 EAT. MUEEATSEBATHIRE, BIEX
DOERSEAFEMRS, RAREEIEG, EFEERY 30 24, BEAERN
WEN—MTHM L, FRETEVS#THE.

B PR B YE JEOL JSM 6500F #HAT, MMk 30KV, HH X ST AEIEL.

WMERTEBTHIE, WO EHEMEMTSHEKLE BETEREUE,
% 5MET 6537 F Thermo Evolution 600 L3#4T, KA EEHMER,
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FER Tk KHE TR A F AR S

4.3 HBR51E
4.3.1 PMOs Xf & & B A9 0% B

B 4-3 AAFEEREBHER PMOs HRTEERE M SR X RE. 3
FEdh 0.1g 5&IKE A 205.8ppm KR S EVAW 100 BEAER R TR EHH. WL
B, REGHERNENHERILTEARMALR, 30 FHERBREKREN
204.8ppm, WHBRHWEABTHELRE Img &FT. BIFRNERFERE 30
SEFASIEAEK, B 10%M 75%EREEHHIERRHERFHESF
A 13.4mg 1 35.8mg.

Concentration/ppm
M

c

—

3 2‘0 4‘0 6‘0 B‘O 1(.)0 150
Time/min
B 4-3 EEMRESHRMEEZERXR: PMOs B (a) ;
FREBHEN 10% (b) M 75% () #I PMOs Rt
Fig.4-3 Optical spectra of HAuCI complex solution(concentration vs adsorption time):
Adsorption by pure PMOs (a) ; Adsorption by PMOs functionalized with 10%

(b) and 75% (c¢) amount of aminopropyl groups

B 4-4 K 23T R SIS BIES WEZE 280 B 380nm 2 (B T G R L EFHEE.
BB K R 3200m &b, BIREA R, XHHI RS MERBKREN
W RIFIAIEAI . a HHIIAEYE, b FR4 PMOs B SIRIE W, o d
S BIRTS 10%H TSR EEMORREN 30 HHEHEE, 5E 43 /1
RIFHM—E . B 4-3 f4-4 18, KEREIEMH{EHE PMOs XT R & B IIRH,
i LB S B R IR B BB K. BA G R A A TR OAS,
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F4E TREELEL PMOs RSN

AERBBEERE, 24 PMOs B EEERACENRMBZERREAE, T
ZERARBEEMOFLBHE, BEEANRTHARESLEATR. XRERAER
BOBHRETARNES BRI, FEHTHANTEBRNRN, REHERA

3.0

Absorbance

[

1.0
0.5
| d

—
340

T T T =
280 300 320 360 380

Wavelength/nm

B 4-4 [ERAEHESN-TT LR EE: R (0.14wt%Au) (a) ;
2 PMOs BFfE (b); ZKENEBIHEH 10%H7 PMOs BFHE (c);
ZBWEBITEN 75%1) PMOs BF/E (d) .
Fig.4-4 Optical spectra of AuCly solution: Original solution (0.14wt%Au) (a) ;After
adsorption by pure PMOs (b) ; After adsorption by PMOs functionalized with 10%

(¢) and 75% (d) amount of aminopropyl groups

EAF RMEREE AEH, AR THAERARN, TENERENERES
RKRE (.NHp) Bftd, —MEAERB—ADI EFHEARERBRTHE=
MEF dsp” HUPE (WE 4-5) , HRBLEN 4 WRENEFRESY
[Au(-NHo)a]*", SEEURE S RSB KERH, BUEERIRERE, BHEHAE
Do

av ULt 0] O L1 1]

Bs 6p

aueneTLTL1L]TL 14 [1L] (it ]
dsp? 1t

B 4-5 [Au(-NH,)** BAaY dsp” LB RMRER

Fig. 4-5 dsp’ hybridization in [Au(-NH2)4]3+ complex
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4.3.2 BEBHAE PMOs MEE

3008V X100000 100mm  WDOZmm
a) EAEEME 10%, 100CER 1 et b) BAEBE 75%, 100CER 1 i
a)10% aminopropyl groups, reduced at b) 75% aminopropyl groups, reduced at
100°C for 1h 100°C for 1h

JEOL 6500F SH 2008V 330,000 . 1
¢) HREBIGFE 75%, 100CEER 3 /T d) EHREEME 75%, 300CEE 1 /h
c) 75% aminopropy] groups, reduced at d) 75% aminopropyl 75%, reduced at
100C for 3h 300°C for 1h

& 4-6 REERFH T 6508 PMOs B H AR R G K

Fig.4-6 High resolution SEM image of Au-NH;-PMOs reduced under different conditions

& 4-6 ANFIE R 444 T 45180 PMOs @& Ao AR a%E, BKsh

&, MAoPRARMEERA ZKETFRE, KEE RBIIROXERBRFE. A

Eel LB HAEHERRBA LI, 2808 X SREE T mER R & B
(H4-7) . BoHIESBHLLE a BHE, TEEFEL, RTAHEZF 40-50nm,

XREAARAEGIHEMSN, FASIREBTESNERE, SERMERSR

SMREAMASREES, BRELFEIEFEARANETRESREKK. B
c b b @BHRTHEXRIRE, RTANHEZ] 70-80nm, X & E AT R e a8,
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B4TE FHEETEL PMOs HilimE TR
e

3 ¢daxI2 PENOeBIC YENMAPT.OPC 25-Iun-2047 11:03:17
LSece: 3¢

281
S
2254

163

124

| Rt e e T MO T R TR R

©.50 1.00 1.50 2.00 2.50 300 3.50 a0 .50
Enesgry - keV

4-7 ER X HkEgiER

Fig.4-7 Energy dispersive X-ray(EDX) spectrum taken from the selected point

(111)
: ‘
£
(200)
>
‘5 (220) (311)
b4 d
5]
el
= o W c Y
N ; b
" a
T T T T T T
10 20 30 402 § /0 80 70 80

& 4-8 RREEBEEHEHE PMOs M1 XRD B: EAREBME 10%, 100CEE 1/
B (a) ; ENEBIFE 75%, 100CER 1 /DB (b) ERERBIHE 75%, 100CER 3
B (c) ; EREBIE 75%, 300CERE 1 M (D

Fig.4-8 Wide-angle XRD patterns of Au/PMOs reduced under different conditions: 10%
aminopropyl groups, reduced at 100°C for 1h (a) ; 75% aminopropy! groups, reduced at 100°C for
1h(b); 75% aminopropyl groups, reduced at 100°C for 3h(c); 75% aminopropyl groups, reduced ..
at300°C for 1h (d)

B[EFHPHREK AR ACBHOA N EZREMEERLKESEAR HdLEL &
BAK, RPEH 70-80nm, XEFALRBEHFA R, REEHDIRTHE
Bh Ak ERELK K, B 4-8F a. by ¢ d 255 4-6 F as by e d FERXI,
FERERBEIT EMRFETHIE, b MEMTSIEL a R, o f d MIfTHIE
b XRBBRE, MTHTIRKRBIZE SHTHRER R, BEBE, BBRE, #
R RS RAEANSBR R THAX, HEBE, XINMERFEEM RS
BRADNER.
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a) ﬁﬁm{%ﬁﬁﬁ 10%, 100 clﬁﬁ 1 zm b) ﬁﬁ&%ﬁﬁi 75%. 100 c:d_l,? 1 /et
a)10% aminopropyl groups, reduced at b) 75% aminopropyl groups, reduced at
100°C for 1h 100°C for 1h

‘;

A < . -
c) gmﬁa%{éﬁﬁﬁ 75%, 100°CiEE 3 /M d) HNEEME 75%, 300“01&? 1 /i
¢) 75% aminopropyl groups, reduced at d) 75% aminopropyl 75%, reduced at

100C for 3h 300°C for 1h

B 4-9 NFELERAFA & 519 PMOs B 43 81
Fig.4-9 TEM image of Auw/PMOs reduced under different conditions

B 4-9 A REES EER. TUEY, MERILERE , BEHTE
RAEAREELEANSER, BAFLEMRS, RTEELET Som. B
b WEBHR LA a MEZ AN, XEBTERERHENES, LEAT
HREBMBM RN RS, FHTRLRORN, TRERRNETRNEE
ZRFEAH. Bb. o d PRISTRAETLEANSEBRSEARFEES, XRH
THENEFRAK KRG MHEREER, ERAEFHEEAAT. NXM5kK
B LEH, REERZGARAR, MEHRFRFOILESH, HBREIIH
B, INERS5/ M XRD B (4-10, ab,c,d FAMNTE 4-9 # ab,c,d H&)



B4 7 EHETHEL PMOs E AN SMITHR

RIF—H. ZHHA, BIMRKALUFREERENMMBEEBAMER, B2 THR
I JR VA R Bk P P TR 0 2 AR X A A B 5 M RO R

(100)

Intensity

B 4-10 ARIEFRFMHEHME PMOs K1/ XRD B: RREBIGE 10%, 100CiEE 1
A (@) ; BEREBIFE 75%, 100CER 1 /MK (b) EREBIHE 75%, 100CER 3
N () ; BREBIEE 75%, 300CIER 1 /M (d)

Fig.4-10 Small-angle XRD patterns of gold-containing PMOs: 10% aminopropyl groups,
reduced at 100°C for 1h (a) ; 75% aminopropyl groups, reduced at 100°C for 1h (b) ; 75%
aminopropyl groups, reduced at 100°C for 3h(c¢) ; 75% aminopropyl groups, reduced at 300°C for
1h (d)

4.4 KENGE

AE A EE 189 PMOs 4 4 # BV A &8, F AREERFUE RikHI&
BB EE BRI AWPMOs #18}, RS R0, XRD, & #amks
% (HR-SEM) FUBEHBEE (TEM) FRIEFEK, IR PMOs R EERHIE
AR A8 JER 45 A 5 2 A G BURLTE = 441 8L PMOs R SRS I M

1. RREEMHRET PMOs SR EMRHIRMIER, B8N 15%HERE
B PMOs RIS RV ETX 35.8mg/g, KRB PMOs STEREBMB M EN
34 1.

2. ARAKIREREEBRIF PMOs HH FFLIELE

3. PMOs MEREFRNHALBEBEREEHRENEMUESR, T8

X JER I P A SR B (] B N T 38 K

4. PMOs FLIE P FE FL 90K 4 ORI B &0 7R BB I B 9 18 o oy O #a 9, B
AFILERAIEREER, EREFNERTERARERW, REHKEL.
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%5 wOEFERTHEM PMOs fiE AV ST

M REIE PMOs FE K E AR

51 3|8

EH & B EMAKBAMEIE D, BENEHERERE LS BRE 4%
i EEBIKRER KR . PKEBHRT/NTF Snm 4 BEH BN
M, BrEl, BEIPKEELEAE KT A EEMRAREREKK, £H&N
B ABAK SRR . ERT—FERRE T L PMOs SIEBAIKER
FRTR, HHSEREBHE PMOs M AHISMRE T S BASMREM RIS RE T
Wb, BT R B RSN RE NS BRRE 2R ILERFER, RESRE
KK, X & BRI ELBREERF.

M FA RS RE RS, %t%iffa‘ﬂ%i’%@%’tﬁwﬁ%‘c%@ﬁﬂﬁ%%
EBRM g H M FEL G KRR, FHAe%HE b RrEE 2 iR bR mE
AR S BIRH A RELKK EFEEHOEIREA BN EARTE R
e, HIOTEECHNATHXKEY) CdSe. CdS 7E MCM-41 . SBA-15 %X
PRTRHLE B 1 BT,

fEAESD, BAVFABEBIEEARSFANFLEE KK R+ )\ ek
E5E) PMOs MRISMNRIE, BHEAEBHE PMOs fJLIERRE, BEEHEMEE
HAE) PMOs #18, B#TRSREMN, RELEREASIRERGE LIRS HH
) AwPMOs #1#. #l&<EEW 5-1 Fim.

/71) /’*‘?2//
g s / P
e 42 g

ng’ P urfactant ¥ ~ External

'o/ removal passivation {ox\)/

Internal
~, functlonahzahty 7

7 23 .’ g / ey

, Am’; o Q{“"“i,,/ N ms:‘*-;f“m;/
y Reduction Q;f:i;/ S —
[HAuUCIl4] complex
adsorption

X \

B 5-1 REFLEFEHEIGK SR 58T PMOs KRR A

Fig.5-1 A modified external passivation route to control the location

of gold nanoparticles within PMOs
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5.2 3§

5.2.1 CiTMS {&ih

¥4l PMOs BT EBE F/RPHH: 6 TR, HIERTHERZEMLM PMOs,
2 JG% 3g BREALK PMOs 1 1.5g 1) C1sTMS J&E T 100ml &5 HEFIF, HraL
H—R, HUSIT, FUCREEREGE 6 N, DATEAvEE IR HEADR
EHZ R CisTMS, HUEMT 24 /M, BRIMFEMIRIEA CisTMS-PMOs.

5.2.2 APTMS f&1f

% 3g ) C1sTMS-PMOs 1 1.5mIAPTMS JB% T 100ml EA5EFIF, B TFiF
BEAREE T —RE, BRASGENBS 6 /M, Ui UgE
WM EME LKEZ R APTMS, #HEMRT 24 MW, BREFELIRIEN
NH,/C1sTMS-PMOs.

5.2.3 REBRHNKRMSER

# NH,-C;sTMS-PMOs 5 & &MBFEBIREHHE 1 /DA, Z/SHvEsT, B3
BEMARIC AN AW -PMOs, # A -PMOs ETEAESHEN 130mlmin FIRH
HHEHR, EERXWPA 10CTFTER 2 ~AF, BEHRFEH
Au-NH,/C1gTMS-PMOs #1#1.

5.2.4 MAKE55AT PMOs #HRHELRE =
B 2ml FREE A (2x10°mol/L)~ 1ml NaBH, %9 (0.05mol/L) 1 0.005g
Au-NHy/C13TMS-PMOs, FEMRATFHEMRN, &FkE—08ilze KRLEE.

5.2.5 MEIRIE

XRD 3% T4 E Bruker AXS D8 Advance & X §1 475 384T . B CuK,q
w5, ARRAZE, Gk 40kV, BEHRA 100mA, #1 0.02°, FE 0.5°min,
FAETEE 0.6~6°, T AL 10~80°

N, W% Bt — Rt Bt 247 F Micromeritics ASAP 2020 HWRTEX _E#AT. i
90C TS TALE Sh, EE—196°C FHEF &R K — B FREL. B BET
AREVTEAERMERER: ET Klevin 572, XH BIH FEHEILRE S ML,

4k CP-MAS NMR i F7##E Bruker av300 #ZBAE{X LT, Si B
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5T R FHETHEN PMOs ALK A HIN

CP-MAS #Z iR &4 : JIRINZK (SFO) A 59.62MHz, kit 5 FE(P3)4 3.60usec,
fEF A (D1) 4 5.00sec. >C #9 CP-MAS BBIILIRA&M: HARHIE (SFO)
4 75.48MHz, Bk TEE (P3) 4 2.90psec, {E&¥FASE] (D1) A 5.00sec.

=43 HHAR BB 7E JEOL JSM 6500F 4T, T H X HE&E0E. WAk
THIFE, BIRAERSMMTEEKE, ETARSUE.

B AN RIS 5 HEI7E FEI TECNAI F30 #4T, /&4 300KV. W5
BISEBHTHIRE, EEDCERSBAKRER T, RARAMESEG, BEKRS 30
S5, MERESHEER R THEM L, FEEY EV#HTILE.

48 A] B8 F Thermo Evolution 600 Li#1T, RAE2HAHER.

5.3 £R5iR

5.3. 1 IEFEMZIEX PMOs M#Jr Al aA)

CqgTMS

|

T T
120 100 80 60 40 20 [ -20
Chemical shift/ppm

& 5-2 B4k BC 3 X ARk — FE A BERE R L3R 1 PMOs(a); C1sTMS-PMOs(b);
NHz-C]gTMS-PMOS(C)
Fig.5-2 Solid state *C CP MAS NMR spectra of the samples: PMOs(a); C;sTMS-PMOs(b);

NH,-C1sTMS-PMOs(c)
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ERETALRZE T M Pt X

A 5-2 RH1EMET G PMOs #1[E 1 *C CP-MAS NMR Bi. a. b. ¢ 2504
PMOs. &1 CisTMS K] PMOs 4842184 APTMS [ PMOs # 5. 1B A 41,
AR 17 M 73 ppm WH HILREFER P123 B3LHRIE, X AEHE
FUH R Z B R EEMER P123. ALY Sppm Z2 A E IR B HI3LIRIE, St
BFHSBEFHE CRFPYY, BT BEENTEPHRNZE C-CR. &
18, 58ppm PRHE S H IR Z A E B HRIESY, XEHTHEEBLEFEFELE
EHAFIEER. b c 7E 29 B 30ppm Z A HI T RMFLIRIE, XEH CyTMS &K
WEES IR, U8 CisTMS B1iE] PMOs b. c 7E 44ppm AL H IR APTMS i 5
BAHERER (-CH,CH,CH,-NH,) Hy3tkig, HEIENEBIHE PMOs k.

g
iy

%700 —e—C1g8TMS/APTMS-PMOs A’mﬁf
"o —u— PMOs A,::,I}-‘:.l
%7 4 C4gTMS-PMO -

= 18 S £ "
© 500 - /A/

o s J

@ : /7 P
£ w00 f.‘/

@ 4«4‘?1:

o AAT

© 300+ ,,A—"" =
2 n
£ 200 5{"’4 -.,.—.-wc:una.‘

s 1 AN /o
O 100+ ',.-.*"'—o—--""""

0 T T T T T
0.0 0.2 0.4 06 0.8 10

Relative pressure/pp°'1

& 5-3 PMOs B E SR — i T iR 4

Fig.S;B Nitrogen adsorption-desorption isotherms of the PMOs

B 5-3 ik FEEHET /G PMOs £ SR UBRF-B N FiB 2. AR EN
RBMFRE, WHAME AT ARKNILE. B CsTMS KIH M 540 PMOs
BB, FREAESRTES, LRREFE, MHE—FEMH T EAREN PMOs
MENERLE M EHERE, RIRMmALKNMAXENZAD, RARREE
BT AR, XEARINE (5-4) BHERAF—B
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] ¢ —s—C4gTMS/APTMS-PMOs

—+—PMOs
—a—C4gTMS-PMOs

Pore vulme/m°g”

=M=
A e oy & ¥ 4 &
[ = e T T T
2 4 6 8 10 12 14

Pore diameter/nm

F 5-4 PMOs # 9 7LE 24 B

Fig.5-4 Pore size distribution of the PMOs

5-5 PMOs ASMEHEMEE: APTMS (a) M CigTMS(b)SF4H4;
C1sTMS 14 PMOs (c); H Al MF¥E C;sTMS-PMOs (d); APTMS {&4fi PMOs (e) .

Fig.5-5 Mechanism for the functionalization of external and internal surface of PMOs: Molecular
geometry of APTMS (a) and C;gTMS (b) ; Functionalization with C;gTMS (c) ; Rinsing

as-prepared C;3TMS-PMOs with chloroform (d) ; Functionalization with APTMS (e)
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BiR CisTMS B4 FIENEE, VEEBHSILETAEZERILESE,
BUSHLARMILZR TR, MRANEZRERTHM, CTMS &H SR> EEMHTFIL
EHRRME. WA 5-5, FA1H Chem Window ¥+ E 18 H # APTMS F C1sTMS
BYBEA 5 512 0.850m A1 2.60m, UM HHEERT K141 PMOs BOTLE % 6.60m. o
B F/RET CisTMS BRI 2 F, (RIFLE KN CsTMS R BB T A RIS R,
ERFWETEMTAEOME, LEORGEME, FT 14m BB, EH
CuTMS Bk BEARE 2 [ T 4 O P TG HUZEHE A PMOs FL O 4F
SRAEMBRM, EBRILOWEE, CxTMS TEXEMMIAIIE, BRAFLEN
CsTMS B FFLEW, (BARELLEN PMOs FLE&E. W d BATR, BRITHANGS
WIHPELAE R £ REGHTES CiTMS I8, REBBEEEEEILON C\sTMS, H
F 1.4nm HiBFL. APTMS %K A 0.85nm, HEZAIAREKER CisTMS Bk
2 RAEEEAMERES REMMLEN, RESHBET 1.4nm BETL(E o,
MHAFLEHEHTAEARET, BEILETR, BIRERLZERTENA
6.6-2X0.85=4.9nm, FEE TR HEERKEMEHELLERA 4.70m.

5. 3.2 BEARMAEE PMOs 35 &8 KR HHE

3.0+

254

Absorbance
= - N
o w o
1 1

bt
»n
L

0.0

2180 360 350 3:%0 3é0 3éo
Wavelength/nm
B 5-6 MEMBBILRIKERE: RER (0.14wt%Au) (a) ;C1sTMS-PMOs B HHE (b);
NH,/CisTMS-PMOs R M5 (c)
Fig.4-4 Optical spectra of AuCly solution: Original solution (0.14wt%Au) (a) ;After adsorption
by C;sTMS-PMOs (b); Afier adsorption by NH,/C;sTMS-PMOs (¢)



35 ¥ EEMRTEN PMOs AIERAXENTAR

ME 5-6 ATLLEH, EESRIREMR (a) Z{UEM C\sTMS K PMOs WK
5 (b) , TOLRRMIME, LRABPURIERELEE, HEEERAL
f, CisTMS MR ERRBTRAIL AR, BHE PMOs SHELMIEN . &
IR 80 BB T PMOs AHAIT R & RA B MR, Tt KRR (o),
WA EIGRATE M & B2 e,

5.3. 3 iEHFEMEIH PMOs SRR EIAR

5.3.3.1 ®FMEIHEPMOs BAXRENSHRE ES-7PaKAFELSFHARS
i (HR-SEM), REUMERERMEEKEMFR. ATUEH, HRRETHLE,
BRETRKHI, XEEAFRBRMBEM C\sTMS MRAEMBARSRME
A, #RETRENEIRAASHBETR. b BA@SAREEGARKEHN B
(HAADF STEM) B, RAS®EE 00KV, FHERNR, RAHESEFF
P77 RIEES, RBAEL AR, 7 FRME &R PMOs AR R RES .
AUEY, FLEEREWTR, FkemndkELEZR, RIAEE Som,
i e

a)
[ 5-7 Au-NH,-C,sTMS-PMOs B4 #HAHE A (a) M RB 5 EHEHE A ©)

Fig.5-7 HR-SEM(a) and HAADF TEM(b) images of Au-NH,-C;sTMS-PMOs

&l 5-8 5 PMOs REAK LK A X HEGHE, a. b AHRFNARR
HEHH) PMOs MBS R A AIEF B MR PMOs RBAK MR B
MHAEZT 100°C TR 1 /M, BMBMARTTT & BRATHIE, RASH
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AEF T RFE T L PR X

BIFETE. a PHFTIEE, XEER B TEMBSIREHREEASTH S &
(. 5axtth, b FRSHESTERERBR/, BE/NT AL PMOs HX R
939k R A U, 0P S URLAL T 90K B4R, FHEISN R WA A K S 0RO T Ao
BAMEREEABRMBER AN EATER LS RERA 0% RERE—.

Au(111)

Au(200)

Intensity (a.u)

210 3'0 40 5l0 GIO 7'0 ‘ 80

2Theta/degrees

B 5-8 £&5E PMOs/ f XRD E: (a) Au-NH,- PMOs; (b) Au-NH,/C;sTMS-PMOs
Fig.5-8 Wide-angle XRD patterns of gold-containing PMOs:

(a) Au-NH;-PMOs; (b) Au-NH,/C;sTMS-PMOs

population/%

size/nm

B 5-9 gKe R R~ 44

Fig.5-9 A statistical analysis of the gold nanoparicles confined in the PMOs.

St E (B 5-9) RULT 96%MAKEBHR T Snm UF, % Snm
K2 FhE, SRS REREE T, WA T AFLALE X SR06L KK KPR &I
Mg,
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5T ERHRWEN PMOs SR SR

5.3.3. 2 IRFMRINNRETR LB HH LR B 5-10 A 4L PMOs 1
FEAK SRR PMOs BIRM-BiM%E%, HABNRREMESRL, HHH
BAAK SR PMOs REFUABWNFLAN, 546 PMOs LR, No T B5/D,
T B IR B BB A FEAR 20 IR, IX U BR T FLIE 90K S 0L 10 SR PR T AR AL
AN, XREATSBHHOKARTREEILESEN. B 511 Rrizs
A, ST PKETURLHT PMOs FLAZW/D B A%, RS T 4.5 2 Snm 2
],

E‘ 800 -
3 ]
_ 700
B —e—PMOs PSR L
£ 8001 —a—Au-NHy/C1gTMS-PMOs  _*
(] o
S 500 g s
3 /4
S 400 - ¢ J
2 S
&

T 3004 ”’.’oﬂ' .,-—:/-gu—ﬁ*-l"'""""
) ] * _lz -
E 2001 {'4" e
g ] ':-‘-l""_- '
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0 -
-100 T T T Y T T
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B 5-10 PMOs £ iR SR M — Bib SR L&

Fig.5-10 Nitrogen adsorption-desorption isotherms of the PMOs
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L ]
o g ] =| —s—PMOs
- —~e—Au-NH5/C45TMS-PMOs
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=
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1 .- L]
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Pore diameter/nm

A 5-11 PMOs # @i FL2 5 76 B

Fig.5-11 Pore size distribution of the PMOs
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LR T b A% T # i #0He

®5-11 ZFEGLLRER, ILEMILGRESH . NRFRFETUESE, f
BAKEBHR IBT HANLLRER, ILARRNILERNMER, BERRET R
B FLLER .

Bl 5-12 Mg FHEEMI A EK &K PMOs BB BER A, a. b 47l%
ANEBRTFREEFTFATILET MR A a FTCUE B &G HE 08
ERFFEN, REAPKETRL, REIEALERN, RFAWAE 2 2 Snm 2 (1],
AR HEERZ. A b P LUBEHBERN - EAFTILELEH (o), FLEME
AT, HEFIEES.

#* 5-1 LB YR

Table5-1 Textural data of the PMOs

Surface Area  Pore Vulme Mean Pore Size

(m’gh) (em’gh) (nm)
Pure PMOs 892.26 1.08 4.82
Au-NH,/C,sTMS-PMOs 559.23 0.54 3.88

a) EHFLES M b) FATHIET M
a) In perpendicular of the pore axis b) Along the pore axis

B 5-12 £7E PMOs BATHERA

Fig.5-12 TEM images of Au-NH,/CisTMS-PMOs

5.3.4 PMOs fiFMNAKENATHRE=Z/IERE
EAKRFRL R EBERAEAZERNELFI DERIE. EPKABEAFIDHK
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B 5% EIFNRTIEE PMOs B MK S AT

it A FHCOFM, ZHREEML, THEEEME, KESERNTELY
B R,

TREZ (MB) HMEEFRE, EKERPEREZSTEBRREEIESR
FMEEET. HEALARZE, CREANTATEFEL. EKBRPERE
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Fig.5-13 Successive UV-vis spectra of methylene blue(MB) dye reduction, using NaBH as

the reducing agent and Au-NH,/C,;sTMS-PMOs material as the catalyst
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