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SYNTHESISOF SILICASWITH CARBOXYL FUNCTIONALITY
USING TEMPLATE METHOD
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A one-step method of synthesis of new materials with acidic carboxylic groups, based on the template
method, has been developed. It was found that the postsynthetic treatment of silicas in boiling HCI leads to
changesin structural parameters and changes the nature of functional groups. Efficiency of the methods was
demonstrated by powder X-ray diffraction, infrared spectroscopy, and thermal analysis.

INTRODUCTION trisodium salt (TEDA, 50% in wa'ter, Gelest) as a
o _ _ _ source of carboxylic groups during the template
Immobilization of acid functional groups into method. TetraethoxysilanelEOS) was applied
the superficial layer of silica is still a complex 55 3 structural agent a®l23 — as a template.
problem while the synthesis of organosilicas with The details of the methods of synthesis of
different functional groups of another nature is mesoporous samples are presented below.
presently a routine method [1-3]. Modification of Synthesis of SBA-15 (CO0) [5]. 8 g Pluronic
silica surface by alkoxy(chlorine)silanes, as the 153 ‘was dissolved in 60 émof water and
simplest way of obtaining of stable superficial 2535 ¢n3 HCl (2N). The mixture was stirred for
functional layers, is inapplicable in this case as 30 min in a water bath at 40°C. Thereafter
obtaining of such modifiers is problematic in 132 cni TEOS was added to the homogeneous
presence of mobile protons. Therefore multistage so|ytion under stirring. Precipitate fell down
syntheses are used, as a rule, for creation of @ sU ithin 20 min. Obtained heterogeneous system
perficial layer with acid groups. For example, 10 shyffied for 6 hours in a water bath at 40°C. Fur-
obtain silicas with residues of carboxylic acids, iher hydrothermal treatment in a teflonlined
silica surface is at first modified by nitrile grosi autoclave (HTT) was carried out for 24 hours at
saponificated later on to carboxylic ones under 1ggec. After HTT white precipitation was fil-
these or those conditions [3, 4]. tered and dried in air overnight. Template was
A similar situation is observed in case of @ removed by calcination. It was carried out by
one-stage synthesis of mesoporous silicas by agjowly increasing temperature from room one to
template method [5]. Meanwhile appearance of 500°C in 3 h and heating at 500°C for 6 h. Yield
water solutions of sodium salts of some carbo- 55 4.6 9.
xylic acids for sale [6] allows simplifying of the Synthesis C1 TEOS/CST=10:1 (mol.) 2 g
synthesis methods — using of a template method —p123 was dissolved in 50 &HICI (1.9 M) with
mesoporous silicas containing carboxylic func- -gnstant stirring in a water bath at 40°C.
tional groups in the superficial layer. The one- 1 34 cpd (0.0012M) CST was added to
stage way of synthesis of mesoporous silicas of homogenous mixture under magnetic stirring.
SBA-15 type containing residues of propionic pyrther mixing was conducted without heating.
and ethylenediaminetriacetic acids is considered Then 4.4 ¢ (0.012 M) TEOS was added to the
in this work as an example. reaction mixture and homogeneous mixture was
stirred for a few minutes. The mixture left
EXPERIMENTAL standing after stirring for 0.5 h. Precipitate fell
We used carboxyethylsilanetriol, sodium salt down. After HTT (24 h at 100°C), white
(CST, 25% in water, Aldrich) and N-(trimethoxy-  precipitation was filtered and dried in air for
silylpropyl)ethylenediamine triacetic acid, 48 h. Template was extracted by boiling in
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methanol 4times per 3 h. (1 g of sample —
30 cn? methanol). Drying was conducted in a
vacuum (0.5 h without heating, 0.5 h at 50°C,
3 hours at 110°C). Yield - 1.1 g.

Synthesis C2 TEOS/CST=10:2.
carried out like C1.

Synthesis CN1 TEOSTEDA=20:1. 6¢g
P123 was dissolved in 150 &énHCl (1.9 M)
with constant stirring in a water bath at 40°C.
4.35cm (0.003 mol) TEDA was added by
mixing at room temperature. Separately,
13.35cml (0.06 M) TEOS was dissolved in
15 cn? HCI (1.9 M) with constant stirring at
room temperature. Two solutions were mixed
above 15 min, precipitation fell was observed
throughout the volume, it still mixed at room
temperature for 30 min. White precipitation after
HTT (72 h at 100°C) was filtered and dried in air
(48 h). After drying sample was washed in
ethanol and was dried in vacuum as the sample
Cl. Yield — 3.86 g.

The samples Cla and CNla were obtained
after treatment of initial samples (C1 and CN1,
respectively) by boiling in concentrated
hydrochloric acid (10 cfhacid for 1 g sample),
washing to the neutral reaction of filtrate and
drying in a vacuum at 110°C.

It was

RESULTS AND DISCUSSION

Earlier [7] we tried to obtain xerogels with
such functional groups asSi(CH,),COOH and
=Si(CH,)sCOOH using the approach suggested
by O. Chuiko with co-authors as early as in 1964
[8]. It turned out, however, that after
saponification of nitrile groups in an acid
medium almost half of them were transformed
not in carboxylic but in esteric groups. It was
clearly shown with assistance of IR and solid
state *C NMR spectroscopy [7]. Taking into

increases as a result of increase in thickness of
walls between pores [5]. Template was extracted
from mesophase with the acidified alcohol at its

boiling temperature.
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Fig. 1. The nature of the active functional surface layer

To transfer the fastened functional groups in
acidic ones, the samples obtained were post-
synthesized by boiling concentrated hydrochloric
acid (Cla and CNlsample} It was assumed
that analogically to phosphorus-containing
xerogels [11] such treatment would lead to ion
exchange and improvement of parameters of the
porous structure of final materials.

The results of powder X-ray diffraction of
some synthesized samples are presented (Fig. 2,
Table 1).

Table 1 Sizes of interfacial distance;(g and distance
between the centers of poreg) (a

Sample Thewashed form
dti00, NM ag, hm
1.85 2.14
Co 1.11 1.28
0.99 1.14
C1 1.54 1.78
Cla 1.65 1.91
CN1 1.81 2.09
CN1la 181 2.09

Yfor sample C2 wasn't recorded reflex, so the calcul
tions were not conducted

Unlike initial SBA-15 diffraction patterns for

consideration this fact, as well as shortcomings Samples containing sodium salts of carbonic acids,
characteristic of functionalized polysiloxane after extraction of template contain only one clear
xerogels obtained by sol-gel method [9], the but less intensive and a bit spread reflexdat 2°.
other method that is the template method was After treatment of samples by boiling acid, an in-
applied in this work for synthesis of carboxyl- crease in intensity and some narrowing of thixefl
containing  silica.  Trifunctional  silanes in case of CN1 is observed; while in case of C1 the
containing already sodium salts of carbonic picture is just the opposite (Fig. 2). Moreovef; di
acids (nature of their spacers is schematically fraction pattern of Cla sample has a wide halo in
represented in the Fig. 1) were used as sourcethe area of anglesi2 3—4° that can testify to ap-
materials. pearance of some part of amorphous silica. It is no
P123 was used as a surfactant in the template excluded that such a difference is determined tiy ra
synthesis. In this case mechanical stability of the of TEOS / trifunctional silane for Cla sample equal
obtained mesoporous  silicas  substantially to 10:1, while in case of CN1a sample —only 20:1.
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Fig. 2. Powder X-ray diffraction patterns for SBA-15
mesoporous silicas

Presence of functional groups of input tri-
functional silanes in the samples is confirmed by
IR spectroscopy.

Thus, the IR spectra of all carboxylic-
containing silica (Fig. 3) contain an intensive dan

260

in the area of 1715-1730 Enattributed to vibra-
tions of —CO groupsvfy). A weak band reflection
is identified in the area of 1630-1650trat-
tributed to vibrationsy(CO) for CN1 and CN1la
[11]. Presence of methylene groups of the spacers
is identified by IR spectra of low intensive reflec
tion bands in the area of 1350-1485 'ciand
2850-3000 cm

Note that the most intensive absorption band is
identified in spectra of all samples in the area of
1050-1180 crtestifying to presence of a three-
dimensional framework of siloxane bonds [12].
Finally, an intensive band (Fig. 3) related to gibr
tions v(OH) of silanol groups is observed in the
range of 3655-3675 chi12).

transmission. a.u,
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Fig. 3. IR spectra of the synthesized silicas

Analysis of the thermograms (Fig. 4, pre-
sented for CN1 and CN1la samples only) testifies
to thermal stability of the synthesized samples.

Thus, at the temperature below 180°C the
mass loss up is observed (8.5% for CN1 and
10.6% for CN1a) due to water extraction. Decom-
position of organic component begins at the tem-
perature above 200°C. Heating in air at the tem-
perature above 200 caused a mass loss related to
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full oxidation of organic groups. In this case, the CONCLUSION
mass loss for sample CN1 is of 19.8% (calculated
theoretically — 15%) and for CNla — 19.7% (calcu-
lated theoretically — 19%). In the first case tife d
ference in weight loss can be attributed primarily
to desorption and decomposition of the tracers of
triblock copolymer.

The methods of synthesis which allow one-
stage obtaining of mesoporous silica of SBA-15
type functionalized by residues of propionic and
ethylenediaminetriacetic acids have been devel-
oped. It has been shown that the ordered spatial
hexagonal type structure of the samples obtained
is preserved in case of extraction of template and

O 02, ¥ its further treatment with concentrated hydrochlo-
51 DIA [0 ric acid.
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CuHTe3 KpeMHe3eMiB 3 KapOOKCHJIbHOI (PYHKIIOHAJIBbHICTIO
3 BUKOPHCTAHHSM TeMILJIATHOTO METO1Y

O.A. ynapko, I.C. bBakyaina , F0.J1. 3y0

Tnemumym ximii nosepxnui im. 0.0. Yyiika Hayionanvnoi akademii nayx Yxpainu
eyn. enepana Haymoea 17, Kuie 03164, Vkpaina, dudarko@bigmir.net
Hayionanvnuii mexniunuil ynisepcumem Yxpainu " Kuiscoxuti norimexuiunui incmumym”
np. [lepemoau 37, Kuie 03056, Vrpaina

Ha ocnosi memniamnozo memooy po3pooneno memoouxy O0OHOCMAOIIHO2O0 CUHMeE3Y HOBUX Mamepianié 3
KUCTOMHUMU  KAPOOKCUTbHUMU  epynamu. Bcemawnoeneno, wo npoyedypa nocmcunmemuunoi 06poOKu  3paskis
KpemHe3eMi6 8 KUNIAYIU CONAHIU KUCIOME NPUBOOUMb 00 3MIHU CIMPYKIYPHUX NAPAMemMPI8 | npupooUu QyHKYIOHATbHUX
epyn. E¢pexmusnicmo po3podnenux memooux oyna 0osedena 3a 00nomozorw ougpaxmomempii, I'9-cnexmpockonii ma
MepMIYHO20 aHAali3).

CuHTe3 KpeMHe3eMOB ¢ KapOOKCHIbHON (PpyHKIIMOHAIBHOCTHIO
€ HCII0JIb30BAHHEM TEMILJIATHOI'0 METO/A

O.A. ynapko, 1.C. Bakyaunna, 10.J1. 3y6

Hucmumym xumuu nosepxnocmu um. A.A. Uyiiko Hayuonanvnoii akademuu Hayx Ypaunoi
ya. lenepana Haymosa 17, Kuee 03164, Vkpauna, dudarko@bigmir.net
Hayuonanenwii mexnuuecxkuu ynusepcumem Yxpaunwr " Kuesckuil nonumexuuyeckuti uncmumym"
np. Ilobeowr 37, Kues 03056, YVrpauna

Ha ocnose memnnammnozo memooa pazpabomana memoouka 00OHOCMAOUliHO20 CUHME3d HOBbIX Mamepua-
7108 € KUCLOMHBIMU KAPOOKCUTbHBIMU 2PYRRAMU. YCmMAaHo8ieHo, Ymo npoyedypa nOCMCUHmMemuyeckou obpa-
60mKU 06pA3Y08 KPEeMHE3eMO08 6 KUnsujel CONAHOU KUCIOme NPUGOOUm K UZMEHEHUI0 CMPYKMYPHbIX napa-
Mempo8 u Npupoosbl GYHKYUOHAIbHBIX epynn. Dghexmusnocmv paspadbomanuvlx Memoouk ovlia 00KaA3ana ¢
nomowwio ouppaxmomempuu, UK-cnekmpockonuu u mepmuuecko20 anaiusd.
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