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Homogeneous Chemical Functionalization of the Mesoporous Silica
Interior and the Utilization as the Polymerization Sites

Yuji Shibasaki* and Junko N Kondo

Preparation, surface modification of mesoporous silica, and its application to the polymer syn-
thesis were reviewed. The template synthesis of mesoporous materials by using surfactants and
block copolymers were first introduced. The surface modification within the mesoporous interior
was classified into two type reactions: Cocondensation of tetraalkoxysilane with functional
molecules having silane coupling parts. The Grignard reagent-utilized functionalization of meso-
porous material was also introduced with the analysis of the functionalization efficiency by IR spec-
troscopy. The application of the functionalized mesoporous materials to the polymer synthesis,
especially controlled synthesis, was introduced.

Key words: mesoporous material, silica gel, functionalization, pore size control, Grignard reagent,

polymerization, Xylenol, cresol
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Table 1 Classification of porous materials.

Diameter (nm) Classification

~ 2.0 microporous
2.0 ~ 50 mesoporous

50 ~ macroporous

RIFRFTOMFR SV — 72X b, FSM-16 &FFiEh 5 2
VR — I ZAMBOERE SN, IS oMEHIE— %
AV F.(2.0-50nm) 2 E T HIERED _BRILr 1 R (¥
UH)T, BREEEBIL KRS 2HMILEHEEZAL, &
WICEET, A—HECILELESELILITE
b TLBHRALKEL, 2B+ PHEERESYE
ATBIEDNTE, BHEIBIH L TCREER VY 1 %
BT AZ LB TRETH 5,

AT, TOXVR—FATUHIZESL/KD, £
KA, NENOB—2LZBHRIE, &5i7, £
VE—FGAYNAZEREHE LTHWBEEHT, #
OERBEICDOWTRBAT %,

1. AVER=FZAIUHDOER

YA T4 PERRICEEL, 2OZKIE I nm BET
H5, ALFERISE, EAHLELTHWSIE, TOKXKE
SIFEYTIELL, 2O KELRANLEREET S
MEPEENR TV, b55ARKICIIEEL LV,

REGEHER LD 5BECT, BRPTIBVEZRETS

1187



SEFHISNTWS, IELVORKIEL, FOEEIZL-
TEERREEANTNIZELT 5, — 8121, Bk, ¥
Jry—=Ik, FATZIK, YyAuA FIK FLTRS S
WIRDTCHER £ Y, {t>T, ZOIELMIZF I TN
IFLLTURBML, FOHEEEETAE, 7T
TLIFTYI I LANOETMICEELRETYY
AN B, RENEHANGME TS 20T, AHEEE
Tk, dLRESEBNTZIETH_RR I UAT L
WEROBEFRY) HTZ AL b, TOVY BT
WIZiE, 3ELVOBEFFOETFEHEEESNTEY, 20
7o, BABEREOAVEREETHAVER-T ALY
NEBRETEIENTESL (1),

YU HENEID A B =5 B0 BSE b FEAIC
fThhTwd, L2L, YIBFAVPEEETHY, #
DMK, ¥ T 7 —VOBEKFEEDLEAR R M
TTa0HL, BREBTHALTF Y, YNz
L, By, ARG ERINKS S, BEVIEEICHE
W, 0D, H—LERPEDO XV ER-F
AREERT B LDPHBETH -2 LT

T, HAHHEATI LAPBET LY, 72, BV R
EMMOTVEFVEOESEELLZLTH, IEL
DERFRAHTHIEHNTELY, iz 1,3,5-h 1) 2
FARYEL R EOEFEHTTE, LRI AF
5L THMILEEHETCEL (XY, LrL, B
EEPER] 3 2 VI RO RS R IR (2 U CTEpAY 12
HY, FEOFETIILEALAO I LVEES WZHERE
5 EIIHEETH B,

Z 2 THELEOBMGIEEE & L CTRISMEI RS &
N FPSIE, Traxsr 1 ELEWEEFS A b
FWEI{bE#EFEICL > TEZRL, MIFLOAY %
DB EHEI LTV EY,

HEHLE, AV AT P AF L (TMOS) % £
R=F ALY HIERBMIGETLHYZ /- VERBSET
iz ) h BB EHR &Y, AVER—-F X2 HOM
LEOBHFEICRI LT b (E3)Y, ZORIEGIEE
W7/ =W L THEBEIED TMOS # VW26 T

e
EoES
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Longer alkyl chain
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Fig. 2 Control of the size of a micelle.
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Fig. 3 Surface modification of mesoporous silica,
and the step-wise shrinkage in diameter.
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Fig. 4 N, gas adsorption-desorption isotherms (inset) and
pore size distribution of (a) as made, (b) the first func-
tionalized, (c) the second functionalized, and (d) the
third functionalized SBA-15. Pore size distribution
was calculated using BJH analysis.
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Table 3 Properties of SBA-15.

N2 absorption XRD

BET Pore Pore

Sample 26 d (1 0 0)
surface size ~volume
(°) (nm)
(m2/g) {(nm) (mL/g)
As made 700 7.8 1.2 1.05 8.40
First 610 6.9 1.1 1.03 8.57
Second 530 6.5 0.9 1.03 8.57
Third 380 6.0 0.7 1.05 8.40

Fig. 5 Representative TEM image of the SBA-15
functionalized with TMOS in three times.
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Fig. 6 N, gas adsorption-desorption isotherms (inset) and pore

size distribution of (a) as made, (b) the first functional-
ized, and (c) the second functionalized MCM-41.

Fig. 7 Representative TEM image of the MCM-41
functionalized with TMOS in two times.
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Fig. 8 Functionalization method of mesoporous silica.
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Fig. 11 N; gas adsorption-desorption isotherms of (a) as made,

and (b) functionalized SBA-15 by alcohol method.
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Fig. 12 N gas adsorption-desorption isotherms of (a) as made,
and (b) functionalized SBA-15 by high-temperature
dehydration method.
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Table 4 Properties of SBA-15.

BET Pore
Pore size
surface volume
Method Sample (nm)
(m2/g) (mL/g)
As made 1100 7.5 1.6
Alcohal
Functio-n
method 900 7.1 1.5
alized
As made 970 7.3 1.4
Dehydrati-
Functio-n
on method 410 5.7 0.9
alized
(©) HTRGZLBMELREICEATEL I LEEKRT 5,
4. HNEEHLEAVYR—FXTVUAERAVEESTF

_J‘\\ | (@

4000 3000 2000 1000
Wavenumber (cm™")

Fig. 13 IR spectra of (a) as made, (b) EtMgBr-functionalized
(by alcohol method), and (c) EtMgBr-functionalized
SBA-15 (by high-temperature dehydration method).
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Fig. 14 IR spectra of (a) as made SBA-15, (b) functionalized
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Fig. 16 Polymerization within a mesoporous material:
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Fig. 17 PPV synthesis within mesoporous interior.
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Fig. 20 N, gas adsorption-desorption isotherms of
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Fig. 21 N, gas adsorption—desorptfon isotherms of
(a) as made, and (b) functionalized SBA-15.
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Table 5 Oxidative coupling polymerization of 2, 6-xylenol by
mesoporous-supported catalyst.
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(moli%%) (%)
1 CuCl (0.67) ) 63,000 43
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3 MCM41 CuDiamine (2.0) 72 31,000 23
4 SBA-15 Cu-Diamine (20) 81 41,000 17
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I"Deterrninecl by GPC.
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Table 6 Oxidative coupling polymerization of 2, 5—xylenol by
mesoporous—supported catalyst.
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o-dichlorobenzen § 2- propylpmdlne
temp, 1

entry Catalyst temp  vield® b w0
(mol%) cy (%)

1¢ CucCi(30) 40 34 B30 170
2 CuCl (3.0) 70 gel

3 SBA1S CuDiamine (20) 70 22 4300 18

4  SBA15 CuDiamire (20) 0 55 4400 23

§  MCM-41 CuDismine (2.0) a0 60 6300 42

Aisolated vietd atter filtrstion end precitipation inieOH .
petermined by GPC. Folymerizationtime 1 h.

L

4 ' 2 T3
Fig. 23 'H NMR spectra (CDCls) of poly(2, 5-xylenol) by the

polymerization with a) CuCl-pyridine and b) CuCl
supported within SBA-15.
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