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Ab stract
Hybrid inor ga nic-or ga nic ma te rials, si li ca – diol, we re prepa red by the sol-gel process from mix tu res of te traethyl ort -
ho si li ca te (TEOS) and two diols (1,2-pro pa ne diol and 1,4-bu ta ne diol), using dif fe rent mo lar ra tios TEOS: diol, in aci -
dic ca taly sis. The re sul ted ma te rials we re stu died by ther mal analysis, FT-IR spec tros copy, 29Si-NMR and ni tro gen ad -
sorption mea su re ments. The ther mal analy sis of the gels, in air and ni tro gen, has clearly evi den ced the che mi cal bon -
ding of the stu died diols with the Si-OH groups re sul ting from the hydroly sis of TEOS, for ming hybrid gels. The mass
loss re gi ste red on TG in the ran ge 250–300 °C, cor res pon ding to the bur ning of the or ga nic chains from the hybrid net -
work al lo wed us to cal cu la te the frac tion of the bonded diol. This frac tion de pends on the ini tial mo lar ra tio TEOS:diol
and on the diol’s na tu re. By an nea ling the hybrid gels at 600 °C we ha ve ob tained si li ca ma tri ces with dif fe rent textu ral
pa ra me ters.
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1. In tro duc tion
Or ga nic-inor ga nic ma te rials with well de fi ned

morp ho logy and con trol led struc tu re at na no me tric sca le
re pre sent an in te re sting class of ma te rials stu died in the
last years due to their po ten tial ap pli ca tions in dif fe rent
fields of ad vanced tech no logy.1–3 The pos si bi lity of using
or ga nic com pounds in or der to mo dify the inor ga nic fra -
me work has long been re cog ni zed as an in te re sting in stru -
ment for the de ve lop ment of new com po si te ma te rials.
One of the pos si bi li ties to synthe si ze hybrid ma te rials was
to mo dify the inor ga nic net work by in tro du cing se lec ted
or ga nic groups lea ding to or ga nic mo di fied si li ca tes (Or -
mo sils).4,5

The pre sen ce of or ga nic compounds with small mo -
le cules, es pe cially diols sig ni fi cantly inf luen ces the struc -
tu re and morp ho logy of the si li ca ma trix, lea ding to or ga -
nic-inor ga nic hybrid ma te rials.6,7

Du ring the ge la tion pro cess, ethyle ne glycol is ca -
pab le to form hydro gen bonds with the Si-OH groups re -
sul ting from the hydroly sis reac tion of Si(OR)4. The
strong hydro gen bond net work shields the reac ti ve cen ters
(≡Si-O-) of the in com ple tely con den sed chains. This pre -
vents the ef fi cient con den sa tion which leads to the for ma -

tion of a branc hed net work and pro du ces lar ger and uni -
formly di stri bu ted mi cro po res wit hin the poly me ric net -
work.8 Glyce rol is con si de red as a spe cial che mi cal ad di -
ti ve be cau se of the three hydroxyl groups in its molecu le.
The main di sad van ta ge of glyce rol is that it re mains re tai -
ned in the po res and it is dif fi cult to re mo ve. Even at high
tem pe ra tu res, it tends to de com po se to car bo na te than to
eva po ra te.9

In li te ra tu re it is usually con si de red that the pre sen ce
of pri mary – OH groups is res pon sab le for the in terac tion
of or ga nic com pounds with si la nols con tai ning Si-OH
groups re sul ted du ring the sol-gel synthe sis.10 This in te -
rac tion bet ween or ga nic com pounds and te traethyl ort ho -
si li ca te or its hydroly sis pro ducts inf luen ces the mor fo -
logy of the si li ca ma trix and thus, the dis per sion and si ze
of the em bed ded oxi dic na no par tic les.

Our pre vi ous re search on the system TEOS – ethy le -
ne glycol – H2O, in aci dic ca taly sis,11 has shown that du -
ring the for ma tion pro cess of the si li ca ma trix, the diol
inte racts che mi cally or by H bonds with the hydroly sis
pro ducts of TEOS. Furt her mo re we ha ve shown that in de -
pen dent on the diols na tu re, the in te rac tion TEOS-diol ta -
kes pla ce by the sa me bond type but the morp ho logy of
the si li ca ma trix is mo di fied.12 The che mi cal bon ding of
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the or ga nic chains wit hin the si li ca gel is inf luen ced by
the mo lar ra tio TEOS-diol.13 The diol-TEOS in te rac tion
stu dies are im por tant for the synthe sis of ma te rials with
mag ne tic pro perties em bed ded in si li ca ma trix.14,15 The
mo lar ra tio diol-TEOS is es sen tial due to the in vol ve ment
of the diol in the for ma tion of the hybrid gel. 

In this pa per we re port the synthe sis and cha rac te ri -
za tion of the hybrid gels 1,2-pro pa ne diol-TEOS and 1,4-
bu ta ne diol-TEOS, for mo lar ra tios wit hin the ran ge 0.1 ÷
1.5, in or der to estab lish the op ti mal in te rac tion ra tio diol-
TEOS. The study was al so fo cu sed on the inf luen ce of the
diols struc tu re (na tu re) and the elu ci da tion of the in te rac -
tion mec ha nism TEOS-diol. The hybrid gels could be
used for the ob tai ning of sup port ma te rials with mo di fied
morp ho logy and for em bed ding of na no ma te rials with ca -
taly tic, mag ne tic and en vi ron men tal sen sing pro per ties. 

2. Ex pe ri men tal

2. 1. Synthe sis
Rea gents used for the synthe sis of the hybrid gels

we re of analy ti cal pu rity (Merck): 1,2-pro pa nediol
(1,2PG), 1,4-butane diol (1,4BG), et ha nol (Et OH), te -
traethyl ort ho si li ca te (TEOS), con cen tra ted HNO3.

The hybrid gels we re synthe si zed by ad ding, at
room tem pe ra tu re, un der in ten se mag ne tic stir ring, of an
etha no lic TEOS so lu tion to the hydro al co ho lic diol so lu -
tion, pre vi ously aci di fied with HNO3 (cac = 0.01 mol/L).
The ob tai ned clear so lu tion was stir red for 30 mi nu tes and
was left for ge la tion at room tem pe ra tu re. Sam ples we re
synthe si zed for dif fe rent mo lar ra tios diol/TEOS = 0.1,
0.2, 0.5, 1.0, 1.5 and the sa me mo lar ra tio H2O/TEOS
(8:1). The com po si tion of the synthe si zed gels and their
cha rac te ri stics are pre sen ted in Tab le 1.

Af ter ge la tion, the gels we re grin ded and dried at 60
°C for 2 hours. The dried gels we re ther mally trea ted at
200 and 600 °C. The ob tai ned sam ples we re stu died by

ther mal analy sis (TG, DTA), FT-IR spec tro me try, 29Si-
NMR spec tro me try on so lids. Spe ci fic sur fa ce areas we re
mea su red for the sam ples ther mally trea ted at 600 °C. 

2. 2. Ex pe ri men tal Tech niques 

Ther mal analy sis was per for med on a Dia mond Per -
kin El mer ther moba lan ce, in the tem pe ra tu re ran ge
20–550 °C, with a hea ting ra te of 10 °C /min, using α-
Al2O3 as re fe ren ce, in air and ni tro gen and on a 1500
MOM Bu dapest De ri va to graph, in air up to 500 °C. FT-IR
spec tra we re re cor ded with a Shi madzu Pre sti ge-21 FT-IR
spec tro me ter, in KB r pellets, in the ran ge 400–4000 cm–1.
29Si-NMR spec tra we re ta ken on a Bru ker MSL300 spec -
tro me ter at a fre quency of 59.53MHz (7.05 T). Che mi cal
shifts we re re por ted in parts per mil lion (ppm) re la ti ve to
te tra methyl si la ne (TMS). Tex tu ral cha rac te ri stics of the
out-gas sed sam ples we re ob tai ned from ni tro gen physi -
sorp tion using a MICROMERITICS ASAP 2020 in stru -
ment. Prior to the mea su re ments, the sam ples we re de gas -
sed in va cuum at 250 °C. The BET sur fa ce area was cal cu -
la ted by using the stan dard Bru na uer-Em mett-Tel ler
(BET) met hod, whi le the po re si ze di stri bu tions we re cal -
cu la ted appl ying the Bar ret-Joy ner-Ha len da (BJH) met -
hod to the de sorp tion branc hes of the isot herms. 

3. Re sults and Dis cus sion

The hybrid gels synthe si zed with diols were cha rac -
te ri zed by ther mal analy sis, in air and ni tro gen, up to 550
°C. Figu res 1 and 2 pre sent the TG cur ves regis te red in air
and in ni tro gen, for the hybrid gels G1.0

1,2PG and G1.0
1,4BG ther -

mally trea ted at 200 °C. 
The mass losses re gi ste red in air up to 250 °C cor -

res pond to the elimi na tion of the ad sor bed wa ter and vo la -
ti le com pounds of the poly-con den sa tion (Et OH, H2O) as
well as to the eva po ra tion of the diol from the ma tri ces po -

Tab le 1. Cha rac te ri stics of the synthe si zed gels (TEOS: Diol: H2O) 

Quan tity (mols) Mo lar ra tio
Sam ple Diol TEOS Diol H2O Et OH TEOS:Diol:H2O tg (hours)

G0.1
1,2PG 1,2 PG 0.05 0.005 0.4 0.12 1:0.1:8 130

G0.2
1,2PG 1,2 PG 0.05 0.010 0.4 0.12 1:0.2:8 140

G0.5
1,2PG 1,2 PG 0.05 0.025 0.4 0.12 1:0.5:8 144

G1.0
1,2PG 1,2 PG 0.05 0.050 0.4 0.12 1:1.0:8 154

G1.5
1,2PG 1,2 PG 0.05 0.075 0.4 0.12 1:1.5:8 168

G0.1
1,4BG 1,4 BG 0.05 0.005 0.4 0.12 1:0.1:8 140

G0.2
1,4BG 1,4 BG 0.05 0.010 0.4 0.12 1:0.2:8 148

G0.5
1,4BG 1,4 BG 0.05 0.025 0.4 0.12 1:0.5:8 130

G1.0
1,4BG 1,4 BG 0.05 0.050 0.4 0.12 1:1.0:8 264

G1.5
1,4BG 1,4 BG 0.05 0.075 0.4 0.12 1:1.5:8 288
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res. The pro cess that oc curs with mass loss in the ran ge
250–300 °C cor res ponds to the oxi da ti ve de com po si tion
(bur ning) of the or ga nic chains chemically bon ded wit hin
the si li ca net work. The slow mass loss re gi ste red up to
550 °C can be as sig ned to the evo lu tion of the si li ca ma -
trix poly-con den sa tion.

In ni tro gen, the evo lu tion of the TG cur ves up to 250
°C is si mi lar to the one re gi ste red in air. In inert at mosp he -
re the thermal decomposition of the organic chains takes
pla ce in the ran ge 450–500 °C. The shif ting of the ther mal
pro cess towards hig her tem pe ra tu res con firms the che mi -
cal in te rac tion bet ween the diol and the Si–OH groups.
The cor res pon ding mass losses re gi ste red in this ran ge are
iden ti cal with the ones re gi ste red in the ran ge 250–300
°C, in air. 

From the ob tai ned ther mal da ta, it re sults that up to
∼250 °C we ha ve a hybrid diol-si li ca gel. Ac cor ding to
the se da ta, all ini tial gels (Tab le 1) ha ve been ther mally
trea ted at 200 °C (in or der to eli mi na te the ad sor bed wa -
ter and the vo la ti les from the po res). The as ob tai ned hy-
brid gels ha ve been stu died by ther mal analy sis in air up
to 500 °C. 

Fi gu res 3 and 4 pre sent the TG and DTA cur ves ob -
tai ned in air for the hybrid gels hea ted at 200 °C, synthe si -
zed with 1,2PG and 1,4BG for dif fe rent mo lar ra tios di-
ol:TEOS (Tab le 1). The mass losses re gi ste red in the ran -
ge 250–400 °C, as sig ned to the oxi da ti ve de com po si tion
of the or ga nic chains bon ded within the net work de pend
on the ini tial mo lar ra tio diol:TEOS and on the diols na tu -
re. At low ini tial mo lar ra tio diol:TEOS (0.1, 0.2) the oxi -
da tive de com po si tion of the or ga nics is shif ted towards
hig her tem pe ra tu res (300–400 °C) due to the dis per sion of
the or ga nic chains bon ded within the net work and to the
dif fi cult air dif fu sion within the po res. For hig her mo lar
ra tios diol:TEOS = 0.5, 1.0, 1.5, this pro cess ta kes pla ce at
lo wer tem pe ra tu res, in the sa me ran ge (250–300 °C) and
the mass los ses are clo se to each ot her. For all sam ples,
the oxi da ti ve de com po si tion of the or ga nic chains ge ne ra -
tes on the DTA cur ve a cor res pon ding exot her mic ef fect. 

Tab le 2 pre sents the re sults of the ther mal analy sis for
the hybrid gels. The amount of the diol bon ded wit hin the hy-
brid gels, was cal cu la ted from the mass losses in the temper-
ature range 250 – 400 °C cor res pon ding to the bur ning of the
or ga nic chain Si – O – R – O – Si → Si – O – Si + [OR], whe -

Fig. 1. TG cur ves in air and ni tro gen of gel G0.1
1,2PGther mally trea ted

at 200 °C
Fig. 2. TG cur ves in air and ni tro gen of gel G1.0

1,4BG ther mally trea ted
at 200 °C

Fig. 3. TG and DTA cur ves of the hybrid gels: G0.1
1,2PG (1), G0.2

1,2PG (2),
G0.5

1,2PG (3), G1.0
1,2PG (4), G1.5

1,2PG (5)
Fig. 4. TG and DTA cur ves of the hybrid gels: G0.1

1,4BG (1), G0.2
1,4BG (2),

G0.5
1,4BG (3), G1.0

1,4BG (4), G1.5
1,4BG (5)
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The de pen den ces show that the diols are che mi cal
in te rac ting at low mo lar ra tios diol : TEOS (< 0.5). For
mo lar ra tios hig her than 1.0 the in te rac tion diol-TEOS be -
co mes in sig ni fi cant.

The hydroly sis-con den sa tion reac tions and the in te -
rac tion of the sila nol groups (≡Si-OH) with the –OH
groups of the diols ta ke pla ce con cur rently. By in tro du -
cing low amounts of diol, we can pre su me that the in te rac -
tion pro cess de ve lops with a hig her ra te on ce the gel is
for med. At hig her diol con cen tra tion, the in te rac tion is li -
mi ted in ti me by the pro gress of the hydroly sis-con den sa -
tion reac tions (ge la tion). 

The evo lu tion of the pre sen ted cur ves (Fig.5)
shows that the na tu re of the diol inf luen ces the in te rac -
tion pro cess. 

We can pro po se an in te rac tion mec ha nism, ac -
cording to the sche mes be low, which shows that both hy-
droxyl groups (–OH), in de pen dent on their na tu re, par ti ci -
pa te at the for ma tion pro cess of the hybrid gels.

The in te rac tion re sults and the pro po sed mec ha nism
sug gest that a li near diol fa vors the che mi cal bon ding whi -
le a branc hed diol is mo re ste ri cally hin de red to in te ract
with TEOS.

FT-IR spec tro me try has al so evi den ced the pre sen ce
of the diols che mi cally bon ded wit hin the si li ca gel. Fi gu -

Tab le 2. Mass los ses regi ste red at ther mal analy sis of the hyr bid gels

Sam ple mols Δmt % Δm % mre si due Si O2
mols OR Ini tial mo lar Ex pe ri men tal

TEOS 20–500 °C 250–400 °C (%) 500 °C che mi cally ra tio mo lar ra tio
boun ded Diol:TEOS Diol:TEOS

G0.1
1,2PG 1.50 12 7 88 0.12 0.10 0.08

G0.2
1,2PG 1.40 16 14 84 0.24 0.20 0.17

G0.5
1,2PG 1.28 23 18 77 0.31 0.50 0.24

G1.0
1,2PG 1.25 25 20 75 0.34 1.00 0.27

G1.5
1,2PG 1.25 25 20 75 0.34 1.50 0.27

G0.1
1,4BG 1.40 16 11 84 0.15 0.10 0.10

G0.2
1,4BG 1.30 22 17 78 0.23 0.20 0.18

G0.5
1,4BG 1.21 27 25 73 0.34 0.50 0.28

G1.0
1,4BG 1.08 35 31 65 0.43 1.00 0.40

G1.5
1,4BG 1.03 38 34 62 0.47 1.50 0.46

Fig. 5. De pen den ce of bounded diol: TEOS mo lar ra tio with the
ini tial diol:TEOS for: 1,2PG (1) and 1,4BG (2)

re R = – CH(CH3) – CH2 – or R = – (CH2)4 – ) and the re si -
dual mass at 500 °C (con si de red as Si O2).

Fi gu re 5 pre sents the de pen den ce bet ween the
amount of che mi cally bon ded diol and the diol amount in -
tro du ced in synthe sis. 
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res 6 and 7 pre sent the FT-IR spec tra of the hybrid gels
G1.0

1,2PG and G1.0
1,4BG dried at 60 °C and ther mally treated at

200 and 600 °C.
The hybrid gels dried at 60 °C (spec trum 1) pre sent

the bands cha rac te ri stic for the si li ca gel and for the che -
mi cally bon ded diol: ν(C-OH) – H bonds (3400 cm–1) and
the free diol wit hin the gels po res: ν(C-OH) (1100–900
cm–1), ν(CH) (3000–2800 cm–1; 1300–1400 cm–1) and
ν(C-C) 877 cm–1.16 At this tem pe ra tu re, the si li ca net work

is not well for med and its cha rac te ri stic bands are overlap -
ped with the bands of the diols.

The FT-IR spec tra of the hybrid gels ther mally trea -
ted at 200 °C (spec trum 2), when the poly-con den sa tion
de gree of the diols wit hin the ma trix is mo re ad van ced,
the in ten se bands cor res pond to the si li ca ma trix (the
bands at 1080 cm–1 (Si-O-Si), 960 cm–1 (Si-OH), 794 cm–1

(Si O4), 570 cm–1 (cyclic Si-O-Si), 450 cm–1 (Si-O)).17–22

The bands ν(CH) in the ran ge 3000–2800 cm–1 are still

Fig. 8. 29Si-NMR spec tra of the hybrid gels G1.0
1,2PG (1) and G1.0

1,4BG (2) ther mally trea ted at 200 °C

Fig. 6. FT-IR spec tra of the hybrid gel G41.0
1,2PG ther mally trea ted at

60 (1), 200 (2) and 600 °C (3)
Fig. 7. FT-IR spec tra of the hybrid gel G41.0

1,4BG ther mally trea ted at
60 (1), 200 (2) and 600 °C (3)
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pre sent. In the re gion 1000–1300 cm–1 the Si-O-C vi bra -
tions at tri bu ted to unreac ted al ko xi des which are over lap -
ped with the vi bra tions of ot her spe cies from the hybrid
gel al so exist.23

Spec trum (3) of the gels trea ted at 600 °C, when the
or ga nic chains of the bon ded diols ha ve bur ned, for ming
the si li ca ma trix, pre sents only the bands cha rac te ri stic for
the si li ca ma trix. 

The stu died gels whe re al so cha rac te ri zed by so lid
sta te 29Si-NMR spec tro me try in or der to des cri be the lo cal
sur roun ding of the Si atom wit hin the net work. Fi gu re 8
pre sents the 29Si-NMR spec tra of the hybrid gels G1.0

1,2PG
and G1.0

1,4BG ther mally trea ted at 200 °C, when the diol is
che mi cally bon ded wit hin the ma trix.

All NMR spec tra ha ve evi den ced the pre sen ce of the
spe cies Q4 (δ ≈ –110 ppm), Q3 (δ ≈ –100 ppm) and Q2

(δ ≈ –90 ppm), Q3 being pre do mi nant. The pre sen ce of the

spe cie Q3 and es pe cially of Q2 points to a low poly-con -
den sa tion de gree of the ma trix at this tem pe ra tu re (200
°C), which can be ex plai ned by the exi sten ce of or ga nic
chains bon ded wit hin the ma tri ces net work con cor dant to
ther mal analy sis re sults of the hybrid ma tri ces at 200 °C.

By ther mal treat ment at 600 °C, the com bu stion of
the or ga nic chains of the hybrid ma tri ces with for ma tion
of a si li ca ma trix ta kes pla ce. The 29Si-NMR spec tra of the
si li ca ma tri ces ob tai ned by cal ci na tions at 600 °C are si -
mi lar. Figure 9 pre sents the NMR spec tra of the ma tri ces
G1.0

1,2PG and G1.0
1,4BG ob tai ned at 600 °C. The spec tra are si -

mi lar with a shift at –110 ppm cor res pon ding to Q4 spe -
cies, in di ca ting a high con den sa tion de gree (Si O2).

The mi cro po rous tex tu re of the sam ples with dif fe -
rent diol con tent was stu died by N2 ad sorp tion isot herm
mea su re ments. The tex tu ral pro per ties (BET sur fa ce area,
po re vo lu me and ave ra ge po re si ze) of the si li ca sam ples,
ob tai ned by an nea ling at 600 °C of the synthe si zed gels
sho wed that the pre sen ce of the diol in the gels leads to si -
li ca ma tri ces with nar row me so po res (> 2 nm at the boun -
dary bet ween me so- and mi cro-po res). The sur fa ce area
for the gel G1.0

1,4BG was 277 m2/g, the po re vo lu me was
0.975 cm3/g and the ave rage po re dia me ter was 1.87 nm.
The va lues of the tex tu ral pa ra me ters for the gels synthe si -
zed with 1,2PG are in di ca ted in Tab le 3. 

Tab le 3. Tex tu ral cha rac te ri stics of the Si O2 ma tri ces from the BET
ad sorp tion isot herm

Sam ple Sur fa ce area Po re vo lu me Ave ra ge po re
SBET (m2/g) BJHdes (cm3/g) dia me ter

BJHdes Dp (nm)

G0.5
1,2PG 284 0.161 1.97

G1.0
1,2PG 396 0.220 3.05

G1.5
1,2PG 420 0.241 3.40

All com po si tions sho wed the sa me type of ad sorp -
tion-de sorp tion isot herms. Fi gure 10 pre sents the ad sorp -

Fig. 9. 29Si-NMR spec tra of the hybrid gels G1.0
1,2PG (1) and G1.0

1,4BG

(2) ther mally trea ted at 600 °C

Fig. 10. N2 ad sorp tion – de sorp tion isot herms for the gel G1.0
1,2PG Fig. 11. Po re si ze di stri bu tion for the gels: G0.5

1,2PG, G1.0
1,2PG, G1.5

1,2PG
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tion-de sorp tion isot herm for the gel G1.0
1,2PG. The sha pe of

the isot herm is clo se to type 1, cha rac te ri stic for mi cro po -
rous ma te rials.23 The po re si ze di stri bu tions for the gels
synthe si zed with 1,2PG are pre sen ted in Fig. 11. 

The tex tu ral pa ra me ters va lues of the gels synthe si -
zed with dif fe rent diols (G1.0

1,2PG and G1.0
1,4BG) are due to the

struc tu re (branc hed or li near) of the diols. The sur fa ce ar-
eas va lues of the gels G0.5

1,2PG, G1.0
1,2PG, G1.5

1,2PG de pend on the
mo lar ra tio 1,2PG – TEOS. 

The pre sen ce of diols in the system leads to much
hig her sur fa ce areas com pa red to the si li ca gel wit hout
diol (sur fa ce area of ∼ 11 m2/g),25 ma king the se ma te -
rials ap pro pria te for na no com po si tes with control led
pro per ties.

4. Conc lu sions

The pa per re ports the for ma tion of so me hybrid or -
ga nic-inor ga nic gels star ting from te traethyl ort ho si li ca -
te and two diols: 1,2-et ha nediol and 1,4-bu ta nediol for a
wi de ran ge of diol:TEOS mo lar ra tios: 0.1 ÷ 1.5. By
thermal analy sis in air and ni tro gen of the hybrid gels, we
ha ve shown that the diols are che mi cally bon ded wit hin
the si li ca net work by co va lent bonds (Si–O–C) lea ding to
the ob tai ning of or ga nic-inor ga nic gels, ther mally stab le
up to ∼ 250 °C for both diols and all ini tial diol:TEOS
mo lar ra tio. 

At low mo lar ra tios diol:TEOS, the in te rac tion de ve -
lops fa ster whi le for hig her ini tial mo lar ra tios the in te rac -
tion is in hi bi ted. Thus, the op ti mal in te rac tion ra tio was
es tab lis hed at 0.5.

FT-IR and so lid sta te Si-NMR stu dies on the gels
ob tai ned at 200 °C ha ve evi den ced a low con den sa tion de -
gree in the hybrid gels due to the che mi cal bon ding of the
diols. The ma tri ces re sul ted at 600 °C in di ca te a mo re ad -
van ced con den sa tion de gree. N2 ad sorp tion-de sorp tion
isot herms of the sam ples ob tai ned at 600 °C ha ve evi den -
ced the for ma tion of mi cro po rous si li ca. The tex tu ral pro -
per ties of the si li ca ma tri ces de pend on the mo lar ra tio di-
ol: TEOS. 

The met hod used by us al lows the ob tai ning of
ma te rials which can be used as tem pla tes for na no com -
po si tes.
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Şte fa nes cu et al.:  Or ga nic-inorga nic Hybrid Gels of Diol-TEOS Type. ...

Povzetek
Hi brid ni anor gan ski-or gan ski ma te ria li v si ste mu si li ci jev ok sid – diol so bi li pri prav lje ni po sol-gel po stop ku iz me {a -
nic si li ci je ve ga etok si da (TEOS) in dveh dio lov (1,2-pro pan diol in 1,4-bu tan diol) v raz li~nih mol skih raz mer jih TEOS:
diol s ki slin sko ka ta li zo. 
Ma te ria li so bi li ana li zi ra ni s ter mi~no ana li zo, FT-IR spek tro sko pi jo, 29Si-NMR in me ri tva mi ad sorp ci je du {i ka. 
Ter mi~na ana li za ge lov na zra ku in v du {i ku je po tr di la, da je pri{lo do na stan ka hi brid nih ge lov. Na os no vi iz gu be ma -
se v ob mo~ju od 250 °C do 300 °C, ki us tre za ter mi~ne mu raz pa du or gan skih sku pin iz hi brid ne struk tu re, je bil izra ~u -
nan de le` ve za ne ga dio la. Od vi sen je od mol ske ga raz mer ja TEOS: diol in od vr ste dio la. Z `a re njem hi brid nih ge lov pri
600 °C smo pri pra vi li si li ci jev ok sid z raz li~ni mi tek stu ra mi.


